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RE: 1985 Animal Science Research Report (ASRR)

The 1985 ASRR is the biggest, and we believe best, that we have
published so far, with information for all segments of Animal Agriculture.
This has been accomplished in spite of reductions in appropriations, Tive-
stock income, faculty amd staff, and with escalating costs, and is a real
tribute to the continuing commitment and innovativeness of our scientists
and support staff.

Keep in mind, however, that much of the research reported today was
initiated two to five years ago. With continuing resource constraints
the flow of useful research results is bound to decrease dramatically.

The purpose of this research report is to provide technol for
Bnimal Agriculture. What is its significance? Host of today's critieal
problems in Animal Agriculture were caused by external forces (nmational
debt, lack of export, high interest rates, high costs), and the individual
producer can do little about them.

What the individual producer can do is apply all available technology,
and be the best possible manager, and maximize profit in his/her operation
in today's economic environment. It is to this end that this publication
is intended.

Yours truly,

Robert Totusek, Head
Animal Science Department
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Confidence in Research Results

Variability among animals can lead to problems in interpreting ex-
perimental results. When animals on one treatment gain more rapidly
than those on another treatment, it may be that, by chance the animals
on the first treatment were faster gaining animals than those on the se-
cond, or it may be that the first treatment caused the animals to gain
faster. Scientists use statistical analysis procedures to calculate the pro-
bability that such differences are due to chance rather than treatment.

In some of the articles in the Animal Science Research Report, the
writers state that two averages are ‘‘significantly different’” or the nota-
tion **P < .05"" is used. This means that the probability the differences
referred to in the article resulted from chance is less than 5 in 100. In
other words it is quite unlikely that the results obtained were due to chance
and it is likely that the treatment caused the differences that were
observed.

In some articles there are tables of values with a & and another
value, such as: 3.6 £ .5. The 3.6 is called the mean, or average, of
the sample of animals that was studied and is an estimate of the mean
of the larger group of animals from which the sample came. The .5 is
called the standard error and is a measure of the precision of the estima-
tion procedure. This means that the probability is .68 that the value
being estimated by the sample mean is within one standard error of the
estimate.

Some papers report *‘correlation’’ coefficients. These are measures
of positive or negative relationships between traits or variables. Positive
relationships mean that when one variable is higher than average the
other variable tends to also be higher than average. Negative correla-
tions mean that larger than average values in one trait are associated
with smaller than average values of the other trait, Correlations range
from —1 for negative to + 1 for positive relationships. The nearer the
values are to 1 or — 1 the stronger the relationship. When a correlation
is statistically significant there is strong evidence that the relationship
found was not due to chance. Correlation does not mean cause and ef-
fect but rather gives us insight into potential relationships between traits,

Statistical analysis procedures benefit scientists by helping them place
the proper amount of confidence in their experimental results. Readers
of these research reports can also benefit from the proper interpretation
of the statements from the statistical analysis.



PRODUCTIVITY OF VARIOUS TWO-BREED CROSS COW GROUPS
R.R. Frahm! 2
R. Frahm™ and D.M, Marshall

Story in Brief

Performance of wvarious two-breed cross cow goups (Hereford X Angus,
HA; Angus X Hereford, AH; Simmental X Angus, 5A; Simmental X Hereford,
SH: Brown 5Swiss X Angus, BA; Brown 5Swiss X Hereford, BH; Jersey X Angus,
JA and Jersey X Hereford, JH) producing 1,721 three-breed cross calwves
gver a seven year period was evaluated. Cows ranged in age from three
to nine years and were mated to two sire breeds each year (Charolais and
Brahman, two years; Charolais and Limousin, four years; Limousin and
Gelbvieh, one wyear). Calves were born in the spring and weaned at an
average age of 205 days. Compared to average birth weights of calves
from HA and AH cows (Bl.3 1b), calves from S and B cross cows were
averaged 5.5 1b heavier, and calves from J cross cows averaged 4.2 1b
lighter. ° Freguency of calving difficulty for SA cows (21.7%) was
greater than for AH, BH and J cross cows {averaged 10.1%). Weaning rate
averaged Bl.2% for J cross cows, 74.2% for HA, AH, 5A and BA cows and
68.9% for 5H and BH cows. Compared to the weaning weight of calves from
HA and AH cows (averaged 47Z 1b), calves from 5, B and J cross cows were
10, 12 and 7% heavier, respectively. Compared to the average weight of
HA and AH cows (928 1b}, 5 cross cows were 8% heavier, B cross cows were
4% heavier and J cross cows were 113 lighter. Jersey cross cows weaned
the heaviest calves as a proportion of cow weight. Calf weaning weight
per cow exposed to breeding, a measure of cow productivity, averaged 353
Ibfcow for HA and AH cows. Compared to HA and AH, productivity was 7%
greater for 5H and BH cows, 13% greater for BA and JH cows and 17%
greater for JA cows.

(Key Words: Crossbreeding, Cow productivity, Hereford, Angus, Simmental,
Brown Swiss and Jersey.

Introduction

Crossbreeding has become increasingly accepted and recommended for
commercial beef production., In addition to potential heterosis benefits
from crosshreeding, the wide variety of cattle types currently available
allows considerable flexibility im matching complementary breed types to
local environmental resources and management systems. Thus, it is
impartant te characterize breed types for an array of performance traits
affecting sconomic merit.

The present study is a portion of a comprehensive research project
designed to evaluate lifetime productivity of various two-breed cross
cows when mated to bulls of a third breed, Efficient production of
woaned calves is an important component contributing to the overall
efficiency of producing retail beef, The objective of this study was to
evaluate and compare cow productivity and calf performance to weaning of
yvarious two-breed cross cow groups.

2
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Materials and Methods

Data wsed in this study were collected from 1976 through 1982.
Crossbred females were produced in 1973, 1974 and 1975 by Angus (A) and
Hereford (H) cows mated to H, A, Simmental (5), Brown Swiss (B} and
Jersey (J) bulls to produce eight two-breed cross groups (HA, AH, 3A,
5H, BA, BH, JA and JH). Two-breed cross heifers were mated to Shorthorn
and Red Poll bulls to produce three-breed cross calves at two years of
age (Belcher et al., 1978). Data wused in the present study were
collected from these cows as three- to nine-year-olds when mated to
relatively larger sire breeds (Table 1),

Table 1. Mating design®.

Year of No.

calf birth Cow age(s) Sire breeds siresb
1976 3 Charalais 4
Brahman 3
1977 3, 4 Charaolais a(3)
Brahman 3
1978 P g Charolais a(4)
Limousin 8
1974 A Bh Charolais a8(3)
Limousin g
1480 i Charalais 804
Limousin 8
1981 P Charolais 8(6)
Limpusin 8
1952 e T Limousin T
Gelbvieh 7

Each crosshred cow group (Hereford x Angus, Angus x Herefard,
Simmental x Angus, Simmental x Hereford, Brown Swiss = Angus,
Brown Swiss x Hereford, Jersey x Angus and Jersey x Hereford)
and calf sex (steer and heifer) was represented in each sire,
cow age and year.

Number in parentheses is the number of sires previously used.

Twa sire breeds were used each year: Charolais and Brahman for two
vears, Charolais and Limousin far four years and Limousin and Gelbvieh
for 1 year. The number of bulls of a given sire breed used in a given
year ranged from three to nine. Some of the Charolais bulls were used
more tham one year. In a given year, each bull was mated to
approximately the same number of cows, and bulls were randomly assigned
to cows within each crossbred cow group X cow age subclass. Cows were
bred predominantly by artificial insemination, however, some were bred
by matural service in single sire breeding pastures.

Cows were managed on native tall grass and bermudagrass pastures at
the Lake Carl Blackwell Research Range near 5tillwater. Supplementary
prairie hay and cottonseed meal were provided as needed in the winter
months to meet protein requirements and to assist cows in maintaining
condition adequate for rebreeding.

2 Oklahoma Agricultural Experiment Station



The breeding season started May 1 and lasted for approximately 75
days. Thus, calves were born mostly in February and March. Calves
remained with their dams with no cresp feeding until weaned in the fall
at an average age of 205 days. Cows were closely observed during the
calving season and each birth was assigned a calving score by the
herdsman (l=no difficulty, Z=minor assistance without mechanical puller,
J=moderately difficult puwll, d=hard pull, 5=Caesarian birth and
G=abnormal presentation). Birth data for abnormally presented calves
and twins were deleted prior to analysis. Calves receiving a calving
difficulty score of 3, 4 or 5 were considered as being difficult births.
At weaning, each calf was weighed and assigned a subjective condition
score (l=very thin to %=very fat) and conformation score (lL3=average
choice). Cows were weighed prior to the start of the breeding season
and at weaning.

Calving rate, percent live calves and weaning rate are all based on
the numbar of cows exposed to breeding. Percent live calves was
calculated based on the number of calves alive approximately 24 hours
after birth. Crossbred cow group means for oercent weaned were used as
weighting factors for individual 205-day weights in calculating pounds
of weaning weight per cow exposed to breeding. Cows were generally
culled for failure to conceive two consecutive years or because of
seripus spundness or disposition problems, Crossbred cow group means
for calving rate, percent live calves and weaning rate were calculated
within years and then averaged over years.

Results and Discussion
Cow Reproductive Performance
Crossored cow group means for reproductive traits are presented im
Table 2. Calving rate averaged 88,3 & for J cross cows, B1.0 ¥ for HA,

AH, SA and BA cows and 73.7 % Tor 5H and BH cows. Percentage of cows
producing a live calf 24 hours after birth averaged 386.5 % for JA cows

Table 2. Cow reproductive performance.

Crossbred % calves % live % calves
COow gruupa I:mrnh ca]vesh Heaﬂeﬂh
HA 83.0 80,2 761
£H 81.0 716.6 73.2
SA 8l.1 75,9 12.5
SH 73.8 £9.3 o7 .9
BA 18.7 76.7 75.0
BH i1.6 el 69.8
Ja 89.7 86.5 83.2
JH 86,8 8l.6 9.2
Chi-square 40, 0% 40, 9% 30,9

E“r-l=H13:"1'=t1’|:|n1":|:|, Azfngus, 5=5immental, B=Brown 5Swiss and
Jedersey.
fased on number of cows exposed to breeding.

*kpo 01
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80.9 % for HA and JH cows, 76.4 ¥ for AH, 54 and BA cows and 70.2 % for
5H and BH cows. Percentage of cows producing a calf at weaning averaged
81.2 % for J cross cows, /4.2 % for HA, AH, 5A and BA cows, and 68.9 %
for 5H and BH cows. Angus cross cows consistently produced a higher
percentage of calves than Hereford cross cows. Excluding the HA and AH
groups, calving rate and weaning rate, respectively, averaged 23.2 ¥ and
6.9 ¥ for Angus crosses and 73.1 and 72.3 % for Hereford crosses. The
overall reproductive performance of these cows was somewhat lower than
normal due to artificial insemination during a restricted breeding
season under extensive range conditions.

Cow Weight and Calf Preweaning Traits

Cow weights, calf birth weights and calf weaning weights are
presented by crossbred cow group and cow age in Table 3. The dam age X
crossbred cow group subclass least squares means for cow weight indicate
that J cross cows reached a higher proportion of their mature weight at
an earlier age relative to the other cow bred types evaluated., Three-
year-old cow weight as a percentage of mature weight averaged B&7.8,
g85.4, 38,1 and 94.4% for HA and AH, 5, B and J cross cows, respectively.
This helps explain the higher relative weights at birth and weaning of
calves from J cross cows at younger ages. MWeights of these cows at two
years of age (Belcher et al., 1978) as a percentage of mature cow weight
averaged 71.9, 72.7, 72.3 and 78.5 ¥ for HA and &H reciprocal, 5, B and
J cross cows, respectively.

Birth weights of calves from J cross cows were heavier, relative to
other crossbred dam groups, among three- and four-year-old dams than
among mature dams. Compared to birthweight of calves from HA and AH
cows, calves from 5 and B cross cows, respectively were & and 6% heavier
for three-year-old cows, o6 and 11% heavier for four-year-old cows and @
and 5% heavier for mature cows, whereas calves from J cross cows were 3,
4 and 9% lighter for three-year-old, four-year-old and mature cows,
respectively.

similar to the pattern of the crossbred cow group X cow age inter-
action for birth weight, weaning weights of calves from J cross cows
were higher relative to other crossbred cow groups when the cows were
three and four years of age than when the cows were mature, Compared to
weaning weights of calves from HA and AH cows, calves from 5, B and J
cross cows, respectively, were 9, 11 and 9% heavier for three-year-old
cows, 12, 14 and 7% heavier for four-year-old cows and 10, 13 and 4%
heavier for mature cows. For these same cows as two- year-olds, Belcher
et al. (1978) reported calf weaning weights of 370, 419, 437 and 417 1b
for calves from & X H reciprocal, 5, B and J cross cows, respectively.
Compared to calves from A x H reciprocal cross cows, calves from 5, B
and J cross cows were 13, 18 and 13% heavier, respectively. Crossbred
cow group least sguares means for cow weight, calf birth weight and
calving difficulty are presented in Table 4. Averaged over all age
groups, HA cows were 37 lb heavier than AH cows. Compared to the
average weight of HA and AH cows (928 1b), S cross cows were 75 1b (8%)
heavier, B cross cows were 33 1b (4%) heavier and J cross cows were 106
1b (11%) lighter.

Calves from HA cows were 4.4 1b heavier at birth than calves from AH
cows. Compared to the average birth weight of calves from HA and AH
cows (Bl.4 1b), calves from 5 and B cross cows avaraged 5.5 1b heavier,
and calves from J cross cows averaged 4.2 1b lighter,

4 Oklahoma Agricultural Experiment Station
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Frequency of calving difficulty for 5A cows (21.7%) was greater than for
AH, BH and J e¢ross cows (averaged 10,1%). The only other significant
(P£,05) difference was between HA (17.4%) and JA (7.2%) cows. Crossbred
cow group rankings for calving score were similar to those for
percentage of calving difficulty.

Least squares mezans for average daily gain from birth to weaning,
weaning weight and weaning scores are presented in Table 5. Calves from
HA cows had the slowest rate of gain from birth to weaning {1.88 Th/day)
and were excesaded by calves from AH cows (1.93 Thfday)l, 5H and J cross
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Table 4. Least squares means for cow weight, calf birth weight and calving

difficulty.
calf
Cow weight birth weight Calving difficulty
Crossbred. No. calyes ————0———— T v -
cOW group born b £ HALAH  Thb % HA,AH Score X
HA 210 6% 1020 anE 2y L. Bat
A 205 0B, . 980 792l Bha L3 10.2
S 242 1001, 1080 . £5.80 5.4 LgEel .
SH 176 1003 108.2 . 87,358 10%.3  1.45.5% 13.94°¢
BA 189 DEES  j02.7 #5370 10k Q07 15,7,
BH 171 9705 104.6 89,17 109,65  1.29% 9.5¢
Jn 272 8189 BB.2 76,17, 945 LA T
JH 255 8259 88,9  73.0% peg Lt 13.4°
Overall 1712 928 80,9 1.41 13.6
EH-Herefnrd, A=Angus, 5=5immental, B=Brown 3wiss and J=Jersey.

1=no difficulty, 2=Tittle difficulty, I=moderate difficulty, 4=major
difficulty and S=Caesarian.
Fercentage of calves with a calving score of 3, 4 or 5,

defghheans in the same columm not sharing a common superscript differ (P<.06).
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Table 5. Least squares means for calf average daily, gain, weaning weight and
. weaning scores,

fAvg daily gain Weaning weight Weaning scores
Crosshred No. calves —— B :
COW qQraup weaned Ib/day % HA,AH Ik % HA,AH Condition” Conformation
HA 198 1.8 98.8 a709 9g9_8 5.0 13.2"
AH 196 1.937  10L.2 4723, 100.2 5.1 13.4]
54 221 21af mp.c 520°°  110.5 5.1 13,8
SH 165 2.09,  109.8 5155 109.6 5.1 13.st
BA 183 2,18y  114.4 Bar s T 5.0 136,
BH 165 2.151,*-‘ 113.5 53l  112.9 4.9 13.6]
JA 254 2,050 107.7 500,  106.3 5.1 12
JH 242 2.07 108, 6 503 106.8 5.1 13.0
Overall 1624 .06 505 5.0 13.4

alH=Herefurd, A=Angus, S=Simmental, B=Brown Swiss and J=Jersey.
Condition score equivalents: l=very thin to S=moderate to 9=very fat.
Conformation score equivalents: lZslow choice, 13=average choice and ld=high choice.

defahiyaans in the same column not sharing a common superscript differ (P<.05).
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Table 6. Least sguares means for measures of cow productivity.

]

Calf weaning wtfcow wt Calf weaning wt/cow wt® Calf weaning wt

Erussbr‘eda No. Calves- gr cow exposed
COW group weaned 1b/1b £ HALAH 16/1b % HA,AH iE ¥ HE,EH
Hi 198 503 97.8 2,78 98,3 178 101.3

aH 196 .526, 102,2 2.885 101.7 8, 9.8

SA 221 .EZ?d 102.4 2.95dE 104.3 379 ¢ 107,5

SH 165 .519 10,9 2,91 103.0 351° 99,4
BA 183 559° 108.6 3.00¢ 109.5 399" 113.1
BH 165 .554h 107 .7 3,0?‘; 108.6 373, 105.6

JA 254 .ﬁZCIb 120.5 3.29h 116.4 41:2: 116.9

JH 242 617 119.9 3.29 116.4 397 112.5

Overall 1624 553 3.03 37

aHnHerefnr'd, A=fingus, 5=5immental, B=Brown Swiss and J=dersey.
hcdefmeans in the same column not sharing a common superscript differ (P<.06).



Conclusion

These data indicate that important differences exist in  herd
productivity among the warious two-breed cross cow groups evaluated,
For specific production objectives under various management systems
practical by Oklahoma cattlemen, these data provide basic information
useful in selecting specific crossbred cows and designing crossbreeding
systems that will maximize production efficiency.

Literature Cited
Belcher, C. G., et al, 1978. Productivity of two-year-old crossbred

cows producing three-breed cross calves. Okla. Agr. Exp. Sta. Res.
Report MP-103:1056,
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FEEDLOT PERFORMANCE OF THREE-BREED CROSS CALVES PRODUCED
BY VARIOUS TWO-BREED CROSS COW GROUPS

(.M. Harﬁhall} and R.R. Frahm?

Story in Brief

Over a seven year period, feedlot data were coliected om 1,514
three-breed cross steers and heifers produced by Hereford X Angus (HA),
Angus X Hereford (8H), Simmental X Angus (34), Simmental X Hereford
(5H), Brown Swiss X Angus (BA), Brown Swiss X Hereford (BH}, Jersey X
Angus (JA) and Jersey X Hereford (JH) cows mated to Charolais, Brahman,
Limousin and Gelbwvieh bulls. Calves entered the feedlot each wear at
weaning and were fed to an anticipated low choice carcass grade. Com-
pared to calves from HA and AH cows (averaged 476 1b), initial weights
were heavier for calves from 5, B and J cross cows by 10, 12 and 5%,
respectively. Compared to the average slaughter weight of calves from
HA and AH cows (1102 1b), calves from 5 and B cross cows were 9% and 6%
heavier, respectively, and calves from J cross cows averaged 4% lighter.
For the entire feeding period, averaae daily gains for calves from HA,
AH, 5 and B cross cows (averaged 7.53 Ib/day) exceeded that of calves
from J cross cows by 8%. Daily gains of calves from 5 Cross cows
exceeded gains of calves from HA cows by 4%. Calves from 5 cross, BH
and HA cows were on feed an average of 261 days, followed by calves from
BA, AH and JH (averaged 248 days) and JA (237 days). Compared to the
average daily feed intake of calves from HR and AH cows (18.5 lb/day),
calves from BA cows consumed 9% more and calves from 5 cross and BH cows
consumed 5% more feed per day. Feed conversion favored calves from HA
and AH cows (7.43 1b feed/1b gain) over calves from 54, BA and JH cows
by an average of 5% and calves from J& cows by 7%,

(Keywords: Crossbreeding, Feedlot Performance, Angus, Hereford,
Simmental, Brown Swiss, Jersey)

Introduction

This study is one of a series designed to evaluate and compare life-
time productivity of two-breed cross cows when mated to bulls of a third
breed. The preceeding paper characterized cow productivity and calf
prewganing performance for these cows. Evaluation of cow breed types
for use in commercial beef production should be based on a wide spectrum
of important production traits. Thus, the objective of this study was
to evaluate feedlot performance of three-breed cross calves from various
two-breed cross cow groups when fed a finishing ration from weaning to a
low choice carcass grade,

1 i
Graduate Assistant zPrufessar
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Materials and Methods

Feedlot data were collected on 1,514 three-breed cross calves (771
heifers and 743 steers) over a seven year peripd. The calves were born
in the spring (1976-1982) from Hereford X Angus (HA)}, Angus X Hereford
(AH), Simmental X Angus (5A), Simmental X Hereford (5H), Brown Swiss X
Angus (BA), Brown Swiss X Hereford (BH), Jersey X Angus (JA) and Jersey
X Hereford (JH) cows mated to Charolais, Brahman, Limousin and Gelbwvieh
bulls. Only two sire breeds were used in a given year and they were
randomly assigned to one-half of the cows in each crossbred cow group.
Cow ages ranged from three to nine years.

Calves were reared with their dams on native tall grass and bermuda-
grass pastures at the Lake Carl Blackwell Research Range west of 5till-
water. Calves were born mostly during February and March and were
weaned in Qctober at an average age of 205 days. Immediately after
weaning, calves were transported to feedlot facilities at the Southwest-
ern Livestock & Forage Research 5tation near E1 Reno, OK.

Calves were fed ad libitum the diet shown in Table 1. Feed intake
data were available for the last five years of the study when calves of
a given three-breed cross and sex were fed together in a randomly
assigned pen, Feed intake was measured on a pen basis, Feading
facilities consisted of two pole barns open to the south, each with 14
concrete floored pens. Each pen was 36 ft wide x 47 ft long with 21 ft
of length under a roof. Because of the limited number of pens,
contemporary calves from HA& and AH reciprocal crosses were combined in a
single pen.

Table 1. Composition of feedlot diet.

Percent in diet (as fed)

Ingredient 1976-78 1979-82
Corn 39 78
Milo 39 0
Ground alfalfa hay g g
Cottonseed hulls 4 4
Sugarcane molasses 5 5
Supplemental pellets 5 5

a5up|:|1emental pellets consisted of 67.6% soybean
meal, 12% urea, 10% calcium carbonate, 8% salt,
plus Aurofac, Vitamin A and trace mingrals.

Based on wisual appraisal of finish and feeling degree of finish
over the loin and ribs, and hands-on appraisal of finish, calves were
individually removed from the feedlot for slaughter when an anticipated
low choice carcass grade was attained. Cattle were weighed and
appraised for finish and selected individuals sent to slaughter at two
week intervals,

The actual weaning weight was used as the initial feedlot weight. &
shrunk final weight was obtained on each animal prior to shipment for
slaughter. Average daily gain was calculated separately for the first
120 days on test, after 120 days and for the overall feedlot test
peripd, Final age was the age of the calf when the final live weight
was obtained.

1985 Animal Science Research Report 11



Results and Discussion
Weights, Gains, Final Age and Days on Feed

The intended target of slaughtering cattle at a low choice carcass
was achieved quite well. On a scale of 9=high Good, 10=Tow Choice and
ll=average Choice, the average carcass grade over all groups was 10.0.
Average carcass grades for crossbred groups ranged from 9.8 to 10.1.
Thus, the following comparisons concerning feedlot performance are made
among crossbred groups fed to a similar carcass grade.

Least squares means are presented for these traits by crosshred cow
group in Table 2. Initial weights of calves from HA and AH cows
{averaged 476 1b) were exceeded by weights of calves from 5, § and J
cross cows by 49, 58 and 26 1b (10, 12 and 5%¥), respectively. Compared
to the average final live weight of calves from HA and AH cows {averaged
1102 1b), calves from 5 and B cross cows were 101 1b {9 percent) and 67
Ib (6%) heavier, respectively, and calves from J cross cows averaged 46
b (4%) lighter. Calves from JH cows were 26 1b (3%) heavier at
slaughter than calves from JA cows.

For the first 120 days on feed, daily gains were similar for calves
from AH, 5A and SH cows (averaged 2.80 Ib/day), exceeding gains of
calves from HA and J cross cows by .11 and .31 1b/day, respectively.
Calves from HA and B cross cows (averaged 2.74 1b/day) gained .25 lb/day
faster than calves from J crosses. After 120 days on feed, there was
relatively less wvariation in daily gains among crossbred cow groups.
Gains were similar for calves from HA, AH, 5 and B cross cows {averaged
2.31 1b/day) and exceeded gains of calves from JA cows by .19 Tb/day.
Calves from SA, SH and BH cows gained faster than calves from JH cows
(2.34 vs 2.20 Tb/day).

Over the entire feedlot period, daily gains of calves from HA, BH, 5
and B cross cows (averaged 2.53 1b/day) exceeded gains of calves from J
cross cows by .19 Tb/day (8%). Calves from 5 cross cows gained .09
1b/day (4%) faster than calves from HA cows, Relative to other
crossbred cow groups, postweaning growth rates of calves from J cross
cows were less thanm preweaning growth rates (Frahm and Marshall, 1985).
This likely reflects the effects of high milk producing ability relative
to mature size of the Jersey crosses (Belcher et al., 1979).

Averaged over all crossbred cow groups, calves were on feed 253 days
and were slaughtered at 461 days of age. Calves from 5 cross, BH and HA
cows were fed an average of 261 days, followed by calves from AH, BA and
JH cows (averaged 248 days) and calves from JA cows (237 days). Calves
from HA cows were 9 days older at slaughter than calves from AH cows.
Compared to the average final age of calves from HA and AH cows (462
days), calves from 5 cross cows were 11 days older, calves from B cross
cows were similar in age and calves from J cross cows were 13 days
younger.

Feed Intake and Feed Conversion

Least squares means for feed intake and conversion are presented by
crossbred cow group in Table 3. Compared to the daily feed intake of
calves from HA and AH cows (18.5 1bfday), calves from BA cows consumed
1.7 lb/day (9%} more, calves from 5 cross and BH cows consumed 1.0
1b/day (5%) more and calves from J cross cows had similar intakes (18.2
Thfday). Compared to feed conversion of calves from HA and AH cows
{7.43 1b feed/1b gain), calves from 5A, BA and JH consumed .37 1b (5%)
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Table 2. Least sguares means for feedlot traits.

Average daily gain Final":r Na,
Crossbred No. Initial wt Final wt 1st 120 days After 120 days Overal | age, days
cow group” calves 1B % HA,AH b % HA,AH ih/day Th/day T6/day ¥ AR,AH  days fed
He s a2 eol 1105° 1003 2.69° 2.0 . M ok ogst® geatt
AH 169 431'3d 100.9 1098°%  99.7 2.78¢ 2.29¢ 256459 101.3 457 249 °
54 glg . . swSi ity e SHRcee pmb 2,365 2.56¢ 102,z 470%9  263¢
SH 161 5220 109.7 12065 109.5  2.82°, 2.5 2.565, 102.2 4755, 2657
BA 175 S 1INy 171D 106.8 2,785 2,295 2.51‘3 100.4 4625 . 250 g
BH 158 - 53 0 g0 1l6E SMEGS . .96 2,315 25150 100.4 463%®" 2507
A 236 498,  104.6 1043] 947 2.497 2.123 Zaal 42,5 78 2%
JH 229 507 106.5 1069 97.1 2.49% 2.20% 2.36° 9.3 4509  2a6"
461 253

Dverall 1514 509 1131 2.71 £ah 2.47

“H=Herefnrd, A=Angus, S=Simmental, B=Brown Swiss and J=Jersey.

Average age of cattle when removed from the feedlot for slaughter at an anticipated low choice carcass grade.

cdefOy ans in the same column not sharing a common superscript differ (P<.05).



more feed per 1b gain and calves from JA cows consumed .54 1b (7%) more
feed per 1b gain. Calves from 5H and BH were intermediate in feed
conversion (averaged 7.63 1b feed/l1b gain) and differed significantly
{P<.05) from BA and JA. Excluding the HA and AH groups, calves from H
cross cows consumed .16 1b (2%} less feed per 1b gain than calves from A
Cross cCows.

Table 3. Least squares means for feed intake and conversion.

Crossbred No. Daily feed intake Feed/gain
cow grnup& pens Th/day % HA,AH Th/1b ¥ HA,AH
HA, AH 20 18,50 100.0 7.430, 100.0
1) 20 19.?C 106 .6 ?.?lbc 103.8
SH 20 19.4. 105.0 ?.EﬂdE 102.3
BA 20 ED.EC 109.2 ?.Eﬂhc 106.1
BH 20 1";‘4.-4I:l 104.8 ?.EEE 103.0
JA 20 18.2, 98,4 ?'g?cde 107.3
JH 20 18.1 95.2 7.82 105.2
Overall 140 19.1 1.72

aH-Herefnrd, A=fngus, 5=5immental, B=Brown Swiss and J=Jersey.

t:"':d"H'LI"'Ileans in the same column not sharing a common superscript differ
(P<.05}.

Conclusions

Important differences exist among crossbred cow groups evaluated in
this study with respect to calf feedlot performance. Relative to the
other crossbred cow groups, postweaning growth rate of J cross calves
was inferior to their preweaning growth, while the opposite was true for
calves from HA and AH cows, This apparently reflects the effects of cow
milk yield relative to potential calf mature size or growth rate. Calves
from 5 and B cross cows performed well, both before and after weaning,
with respect to growth rate.

Literature Cited
Belcher, C.G., et al. 1979, Comparison of lactational performance among
various four-year-old crossbred cow groups. Okla. Agr. Exp. 5ta.
Res. Report MP-104:132.

Frahm, R.R. and D.M. Marshall. 1985, Productivity of various two-breed
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CARCASS EVALUATION OF THREE-BREED CROSS CALVES PRODUCED
BY VARIOUS TWO-BREED CROSS COW GROUPS

2 2

D.M. Marshalll, R.R. Fraha® and L.E. Walters

Story in Brief

Carcasses from 1506 three-breed cross calves produced by Hereford X
Angus (HA), Angus X Hereford (AH), Simmental X Angus (5A), Simmental X
Hereford (SH}, Brown Swiss X Angus (BA), Brown Swiss X Hereford {(BH),
Jersey X Angus (JA) and Jersey X Hereford (JH) cows mated to Charolais,
Brahman, Limgusin or Gelbvieh bulls were evaluated over a seven year
period. Calves were placed in a feedlot at weaning and fed ad libitum a
finishing ration until being individually removed for slaughter as each
calf attained an estimated low choice carcass grade. As per design,
rib-eye marbling and carcass grade did not vary significantly among
crossbred cow groups. Compared to carcass weights for calves from HA
and AH cows (averaged 703 1b), carcasses of calves from 5, B and J cross
cows, respectively, averaged 9% heavier, 6% heavier and 5% lighter.
Carcass weight per day of age was similar for calves from 5 and B
crosses (averaged 1.3 1b/day) and exceeded the average of calves from HA
and AH cows by 6%. External fat thickness of calves from HA and AH cows
{averaged .60 in) was .10 in greater than for calves from S cross and JA
cows and .14 in greater than for calves from BH and JH gows. The
avgrage rib-eye area of calves from HA and AH cows (12.7 in"),, was .8
in® smaller thanm that of calves from 5 cross cows, but .6 in” larger
than that of calves from JA cows. Calves from J cross cows had slightly
more estimated KHP fat than did calves from HA and SH cows (3.3 vs
3.1%). Dressing percentage was greater for calves from AH, SH and BH
cows (64.3%) than for calves from HR and J cross cows (averaged 63.4%).

(Keywords: Crossbreeding, Carcass traits, Angus, Hereford, Simmental,
Brown Swiss, Jersey)

Introduction

This paper is one of a series reporting evaluation of productivity
of various types of two-breed cross cows when mated to terminal cross
sires. Preceeding papers characterized crossbred dam groups for the
cow-calf and feedlot segments of production. Carcass merit of calves
should also be considered when evaluating cow breed types for use in
commercial beef production, especially in a terminal crossing system in
which all calves are slaughtered. Relatively few studies have included
both steers and heifers in carcass evaluation of breed types. The
objective of this study was to evaluate carcass traits of three-breed
cross calves from various two-breed cross cow groups, when calves were
fed to a Tow choice carcass grade.

2
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Materials and Methods

Carcasses from 1,506 three-breed cross calves (769 heifers and 737
steers) were evaluated over a seven year period. The calves were born
in the spring (1976-1982) from Hereford X Angus (HA), Angus X Hereford
(AH), Simmental X Angus (5A), Simmental X Hereford (5H), Brown Swiss X
Angus (BA), Brown Swiss X Hereford (BH}, Jersey X Angus (JA) and Jersey
¥ Hereford (JH) cows. Cows ranged in age from three to nine years and
were mated to Charolais, Brahman, Limgusin or Gelbvieh bulls, Only two
sire breeds were used in a given year and were randomly assigned to
one-half of the cows in each crossbred cow group.

Following weaning in the fall at an average age of 205 days, the
three-breed cross calves were placed in a feedlot and fed a cormn or
conr-milo finishing diet. Based on wisual appraisal of finish and
feeling degree of finish over the Join and ribs, calves were
individually removed from the feedlot upon attaining an estimated Tlow
choice carcass grade and sent to a commercial slaughter plant. During
the time cattle were being slaughtered, cattle were weighed and
appraised for finish and selected individuals were sent to slaughter at
two week intervals., After a minimum 4B-hour chill, carcasses were
evaluated for marbling and were assigned quality grades by university
persannal .

Crossbred cow group means for percentage of calves weaned, calf
survival in the feedlot and calf carcass weight were used in the
calculation of carcass weight per cow exposed to breeding. Estimated
yield of retail lean cuts per cow exposed to breeding was calculated by
multiplying the mean estimated cutability by the mean carcass weight per
cow exposed to breeding for each crossbred cow group.

Results and Discussion
Carcass Trait Evaluation

Least-squares means for carcass weight traits, fat thickmess and
rib=-gye area are presented by crossbred cow group in Table 1. Compared
to the average carcass weight of calves from HA and AH cows (703 1b),
calves from 5 and B cross cows, respectively, produced 65 1b (9%) and 43
1b (6%) heavier carcasses. Calves from Ji and JH cows, respectively,
produced 44 1b (6%) and 28 1b (4%) lighter carcasses than calves from HA
and AH cows. Carcass weight per day of age was greater for calves from
AH cows (1.55 1b/day} than for calves from HA or J cross cows {averaged
1.50 1bfday). Calves from 5 and B cross cows attained similar carcass
weights per day of age (averaged 1.63 Ib/day), and exceeded the average
of calves from HA and AH cows by 6%.

External carcass fat thickness was greatest for calves from HA and
AH cows (averaged .60 in) and least for calves from BH and JH cows
(averaged . in). Compared to the avgrage for calves from HA and AH
cows (12.7 in:), ribzeye area was .8 in~ (6%) larger for calves from S
cross cows and .§ in~ (5%) 5ma1ler2Fur calves from JA cows. Calves from
B cross (13.1 in") and JH (12.4 in") cows were similar to that of calves
from HA and AH cows.

Least-squares means for estimated KHP fat, dressing percentage,
cutability, marbling and quality grade are presented in Table 2. Calves
from J cross cows had slightly more estimated internal (KHP) fat than
did calves from HA and 5H cows (3.31 vs 3.08%). Carcasses of other
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Table 1. Least squares means for carcass weight traits, fat thickness and rib-eye area.

Carcass wtf Fatb Rih-ayeh
Carcass wt day of age thickness area

Crosshred No. %

COW group™ carcasses b ¥ HA,AH 1b/day % HA,AH in % HA,AH in % HA,AH
HA 175 e a7 g 98.6 .61, 102.6 12.6;. 99.8
Ak 168 7052 100.3  1.55 1014 B85 9.4 12,75  100.2
SA 208 767C 2021 1635 1066  ADL. Ba8 1350 1068
S 159 7605 10914 1,480 . 106.2 M09 B2.a | 335 1061
BA 173 745, 106.0  1.62 105.8  .54¢ 90,1 . da.ece 101
BH 158 7470 106.3  1.62] 106.0 470 79.5 13.2 104.3
JA 236 6597  93.7  1.490 97.0 .50 8.8 1213 955
M 229 675 95.9 1,51 98,3 .459 75.5 12.49 97.9

Overall 1506 721 1.57 .52 12.8

EH=Herefnrd, AsAngus, 5=5immental, B=Brown 5Swiss and J=Jersey.
Measured at the lZth rib.

cdefOycans in the same column not sharing a common superscript differ (P<.05).
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There were no significant

(49.9 versus 49.4%).

differences in cutability among S, B and J cross groups.

calves from AH cows

Cross-

On the average, calves were slaughtered at the intended Tow choice

carcass grade with little variation among crossbred cow groups.
5.1) and ranged from 9.8 to 10.1 for carcass quality grade (averaged

bred cow group means ranged from 5.0 to 5.2 for marbling score (averaged
10.0).

Presented in Table 3 are measures of production of carcass weight
per cow exposed to breeding and estimated boneless, closely trimmed

Characterization of crossbred

retail cuts per cow exposed to breeding.
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types by these measures takes into consideration cow reproduction, calf
survival, calf carcass growth and cutability. Production of carcass
weight per cow exposed was 18 Tb/cow (3.5%) greater for HA cows than for
the AH cows. Compared to the average of HA and AH groups, production of
carcass waight per cow exposed averaged 13 lb/cow (2.6%) Tess for the BH
group, similar for 5H and JH groups and 28 1b/cow (5.4%) greater for SA,
BA and JA groups. Excluding the HA and AH groups, A crosses produced
5.7% more carcass weight per cow exposed than H crosses, largely
reflecting the advantage in reproductive performance of the A cross cows
over the H cross cows (Frahm and Marshall, 1985). Similar rankings were
attained for production of retafl cuts per cow exposed to breeding. The
HA group produced 7 1b (2.8%) more retail cuts per cow exposed than the
AH group. Compared to the average of HA and AH (255 1b/cow), production
of retail cuts per cow exposed averaged 7 1b/cow (2.6%) for SH and JH
cows and 17 1b/cow (6.5%) greater for SA, BA and JA cows. Excluding the
HA and AH cows, A cross cows produced 5% more retail cuts per cow
exposed than H cross cows.

Table 3. Production of carcass weight and estimated retail cuts per
cow exposed to breeding.

Carcass weight per Retail lean cut
Crossbred cow exposed per cow exposed
cow group ———————
1b/cow % HA,AH 1b/cow % HA,AH
HA 527 101.7 258 101.3
AH 509 98.3 251 98.7
3A 547 105.5 271 106.5
SH 520 100.4 260 102.2
BA 551 106.4 273 107 .4
BH 505 97.4 251 98.7
JA 540 104.3 269 105.6
JH 525 101.3 262 103.0
Overall 520 262

aH’HETEfﬂTd, Asfngus, 5=5immental, B=Brown Swiss and J=Jersey.
Based on number of cows exposed to breeding.

Conclusion

While maternal traits are generally emphasized in studies evaluating
cow breed types, carcass merit of calves is also an important consider-
ation, especially in a terminal breeding program. With the exception of
carcass weight, magnitudes of differences among crossbred cow groups in
this study were relatively small for the traits evaluated. In general,
both steer and heifer carcasses of all breed groups were quite accept-
able and desirable from a consumer standpoint,
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ECONOMIC EVALUATION OF TOTAL BEEF PRODUCTION FROM
VARIOUS TWO-BREED CROSS COW GROUPS

D.M. Harsha1ll and R.R. Frahm2

Story in Brief

B systems approach was used to evaluate economic efficiency of calf
production of various two-breed cross cow groups (Hereford X Angus
reciprocal crosses, HAx; Simmental X Angus, S5A; Simmental X Hereford,
SH; Brown Swiss X Angus, BA; Brown Swiss X Hereford, BH; Jersey X Angus,
Ji and Jersey X Hereford, JH) in a terminal crossbreeding system,
Crossbred cow group differences in reproductive performance, feed
requirements, calf growth rate, calf survival, calf carcass merit and
cow salvaoe weight were considered in the system., Land area for the
breeding herd was held constant and supplemental feed was purchased as
needed to meet requirements, Feedlot nutrients were purchased as needed
to allow calves to attain a low choice carcass grade. The number of
cow=-calf units per herd for the specified land area was greatest for J
cross cows and Towest for 5 cross cows. Herds using 5H and BH cows
required the most replacement heifers to maintain constant herd size
{(herds using J crosses reguired the fewest), but gross returns from the
sale of cull cows were also greater for 3H and BH cow groups. Gross
returns from the sale of slaughter calves was greatest for herds using
BA, J cross and HAx cows and lowest for herds using 5 cross cows. Total
costs were greatest for herds using 3H cows and lowest for herds using
Ji and SA cows. The relative advantages and disadvantages of the
varigus cross- bred cow groups tended to largely offset one another,
resulting in small differences among groups in relative profitability of
slaughter calf production. Gross margin per herd, used to evaluate
relative profit- ability among crossbred cow groups, was greatest for
the EA group. Herds wuwsing J cross, HAx, BH and S5H cows produced
slightly lower gross margins, followed closely by herds using 5A cows,
However, rankings for gross margin changed when the cost of replacement
heifers was varied. Rankings changed only slightly when the cost of
feedlot TON was varied. In a separate analysis inm which calving rate
was held constant across erossbred cow groups, gross margins  for
slaughter calf production were highest for herds using 3H cows, followed
in order by herds using B cross, HAx, 5A and J cross cows.

(Key Words: Crossbreeding, Economic efficiency, Angus, Hereford,
Simmental, Brown 5wiss and Jersey)

Introduction

This study 1is a portion of a comprehensive research project
evaluating lifetime productivity of various two-breed cross cow groups
{Hereford ¥ Angus reciprocal crosses, HAx; Simmental X Angus, 5A;
Simmental X Hereford, SH; Brown Swiss X Angus, BA; Brown 3Swiss X
Hereford, BH; Jersey X Angus, JA& and Jersey X Hereford, JH) when mated

Graduate Assistant 2Frufessur'
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to bulls of a third breed. To accurately determine the net worth of a
crossbred type to the entire beef industry, it is necessary to evaluate
crosshred types for a variety of important production traits, taking
intg consideration  all production  segments (1.e., cow-calf,
stocker-feedlot and slaughter-packing). Important differences among The
two-breed cross dam groups have been reported for milk productien
(Belcher et al., 1979), nutrient reguirements (Marshall et al., 1%22),
cow productivity and calf performance to weaning (Frahm and Marshall,
1985), calf feed- lot performance (Marshall and Frahm, 1985) and calf
carcass characteristics (Marshall et al., 1985). Crossbred cow group
rankings were quite wariable across the spectrum of traits evaluated,
suggesting relative advantages and disadvantages of each crossbhred type.
The objective of this study was to evaluate economic differences among
these two-bresd cross cow groups, utilizing biological differences from
experimental resylts and economic considerations  under speciftied
management situations,

Materials and Methods

Economic comparisons of crossbred cow groups were evaluated using a
simulated beef production system that included the cow herd, feedlot and
slaughter phases. A spring calving season was assumed and calves were
weanad in the fall at 205 days of age. Replacement heifers were
purchased in the spring at ome year of age and exposed to bulls during
the summer breeding season, Pregnant heifers entered the cow herd in
the fall when calves were weaned from the existing cow herd,

Crossbred cow groups were compared under two alternative cow culling
systems: CULLL, nonpreonant cows and heifers were culled at weaning
time in the fall; CULLZ2, nompregnant cows and heifers were culled in the
fall and cows and heifers without a live calf in the spring were culled
at the end of the calving season. In addition, 1 percent management
culls (sald at weaning) and 2 percent annual cow death Toss were assumed
for each crossbred cow group.

Land size for the breeding herd was fixed at 1000 acres. Within
gach culling system, the given Jland area was assumed sufficient to
provide pasture for 100 HAx cow-calf units (cows of approximately 1000
1b mature size), including replacements, under typical north central
Oklahoma range conditions, Supplementary cottonseed meal and bermuda-
grass hay were purchased to allow cows to meet protein and enargy
reguirements. Hutrients reguired for the feedlot segment of production
were purchased as needed. A11 calves entered the feedlot immediately
after weaning and were fad a corn-milo finishing ration until attaining
a low choice carcass grade.

The carrying capacity {or equivently, herd size) far a given cross-
bred cow group was a function of the land requirements of the breeding
herd, reproductive performance and culling alternative, A sufficient
number of replacement heifers were purchased to maintain a constant herd
cize from year to year, even though herd size varied during the vear,
In addition, the proportion of yearling replacement heifers, first calf
cows and older cows remained constant over years., Crossbred cow group
comparisons were made over one production cycle and measured froo
weaning one year to weaning the next wear, For greater precision in
calculations, fractions of animals were allowed to exist. Hence, it
desirable to think in terms of numbers of animals per herd, where herd
is the total conglomeration of cattle produced under the specified land
area restriction,
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The bigeconomic model considered crossbred cow group differences for
reproductive performance, nutrient requirements, calf growth rate, calf
survival, carcass comppsition and cow salvage weights. The performance
data assumed in the amalysis were based on actual research data from
these crossbred cow groups and reported in three preceeding papers of
this series. Crossbred cows were mated to Red Poll and Shorthorn bulls
as two-year-olds and to Charolais, Brahman, Limousin and Gelbwvieh bulls
at subsequent ages. All three-breed calf performance data used in this
analysis were the average of steer and heifer performance., Nutrient
requirements of yearling replacement heifers and two-year-old cows were
calculated from NRC (1974), based on weights and first lactation milk
yields measured on these crossbred cow groups (Belcher et al., 1978).
Nutrient requirements of older cows were based on individual feed intake
data of drylotted cows (Marshall et al., 1982).

It is uncertain if existing environmental conditions allowed cows to
reproduce at rates typical of the respective crossbred cow groups.
Under the assumption that the lewels of pasture and supplement provided
were appropriate for cow size and lactation level, and should provide
adeguate nutrition for all crossbred cow groups to reproduce at the sams
lTevel, an additional amalysis was done in which a constant calving rate
of 90 percent was assumed for all crossbred groups.

Since land area utilized by the breeding herd was the same for each
crossbred dam group (within a given culling system), pasture costs were
not considered. Im addition, the cost of establishing existing herds
was assumed to be the same for all crossbred cow groups and thus was
ignored. Relative profitability of crossbred cow groups was estimated
by substracting all costs for a given herd, except fixed herd costs,
from total gross returns. Thus, crossbred cow groups were compared on
gross margin per herd. Differences among crossbred cow groups in gross
margin per herd would be equivalent to differences in net income per
herd. Gross margin was calculated for selling calves at weaning and for
selling calves at slaughter. Three different product end points were
considered for slaughter calf production: live weight, carcass weight
and boneless, closely trimmed retail cuts.

Economic coefficients assumed for cattle and feedstuffs were based
on a six year (1977-1982) average of Oklahoma prices. The cost of
cottonseed meal and bermudagrass hay were set at 5.1221 and %.0200 per
pound of dry matter, respectively. The cost of nutrients for feedlpt
calves was set at $.0790/1b TDN. To test the sensitivity of crossbred
cow group rankings to the relative cost of nutrients for the breeding
herd versus the feedlot, the cost of feedlot TON was later varied.

Calf prices were averaged over steers and heifers. Prices assumed
for weaned weight, live slaughter weight, carcass weight and retail cuts
were $.65, $.61, $.95 and $1.91/1b, respectively. Yearling replacement
heifers were purchased for $.65/1b, calculated as a $.05/1b premium over
feader heifer prices (variations in heifer costs were later examined).
Nonpregnant heifers were sold for 3.80/1b (the price of slaughter
heifers) and cull cows were sold for $.39/7D.

A breeding cost of $15.60 was charged per cow exposed to breeding.
This figure assumes that a bull was purchased at $1200, maintained at a
cost of $300/year, serviced 30 females per year, and was sold for $700
after three years of service. A direct cost of 320 per difficult birth
was assumed in this study. This figure was pbtained by charging $4 per
non-Caesarian difficult birth and 35100 per Caesarian birth and assumes
that 17 percent of all difficult births required Caesarian sections
(unpublishd data), Effects of calving difficulty on subsequent calf
mortality and fertility were assumed to be reflected in weaning rates.
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Other operating costs were based on enterprise budgets supplied by
the Oklahoma Cooperative Extension Service. Per head costs of $50 for
cows remaining in the herd for the full annual production cycle, $30 for
cows culled in the spring and $28 per yearling heifer were charged to
cover veterinary supplies and services, utilities, labor, machinery and
miscellaneous expenses of the breeding herd. Mon-feed expenses for the
feedlot segment included a charge for veterinary supplies and services
of 55.80/head, a marketing cost of §13.25/head and a lot charge of
$.05/head/day fed.

Cumulative capital expenditures and returns were updated monthly and
intergst expense or interest income was computed at monthly intervals,
assuming an annual interest rate of 13 percent. Interest was not
charged on fixed herd costs, since the value of these were assumed to be
the same for all crossbred cow groups.

Results and Discussion

A1l tabular results are presented by crossbred cow group and culling
system. Comparisons among crossbred cow groups were made within culling
system. Comparisons of culling systems were not generally made since
the intent of including alternative culling systems was not to aid in
making management decisions, but rather to determine whether or not
crossbred cow group rankings differed over different culling systems.
Except when noted otherwise, rankings among crossbred cow groups were
consistent over culling alternatives,

Herd inventory for various classes of cattle are presented in Table
1. These results are quite useful in evaluating relationships between
nutrient requirements, reproductive performance, culling system and
replacement rate. The number of cows calving was fixed at 100 for the
HAx group. Since land area available for the breeding herd were the
same for each crossbred dam group, fewer animals werg maintained for
those groups with higher Tand requirements. Under culling system CULLL,
for example, compared to the HAx group, the number of cows calving was
greater for the J crosses by an average of seven cows per herd, while
the B and 5 groups averaged nine and 13 cows less, respectively. Lower
reproductive rates required that a higher proportion of nutrients be
used for development of replacement heifers, leaving less land available
for pregnant and lactating cows. The number of heifers purchased and
the number of heifers and cows sold were greater under culling system
CULLZ2 than under system CULL1, since most of the cows culled in the
spring under system CULLZ would have become pregnant and retained in the
herd under system CULLL.

Considerably more yearling heifers were purchased for herds using 5H
and BH cows than for herds using other crossbred cow groups because of
the poor rebreeding performance of these cows under extensive range
conditions and the lower reproductive rate of heifers during the limited
breeding season. The latter factor affected the 5H group in particular.
For example, the number of yearling heifers needed for the 5H group was
greater than for the BH group, even though the number of cows culled
{s0old) was similar for those two groups. The fewest cows and
nonpregnant heifers were sopld and fewest replacements were needed in
systems using J cross cows.

The number of calves weaned and slaughtered depended primarily an
the number of cows calwing, but alse on calf survival. (Under culling
system CULL]1 for example, HAx cows produced 7.9 more calves than BA cows
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Table 1. Herd inventory for various classes of cattle.

No. Ho.
Mo. yearling heifers No. nonpragnant M. No. calves
cows calving purchased cows sold heifers sold calves weanad slaughtered

Crasshrada B L
cow group” CULLL1™ CULLZ CuLLl cuLL2 CULL1 CULLZ? CULL1I CULLZ CuLLl CULLZ2 CULLl <CuLLg

HAx 100.0 100.0 17.1 21.5 128 17 2.3 2.9 84.9 g88.7 &Bf.7 BL.A
SA ag.1 B7.4 17.1 22.9 eSS 3.2 4.3 78.0 .3 6.6 759
3H 43.9 B82.5 34.0 a0.2 8.0 20.8 144 170 164 715.2 76.2 T4.9
BA 82,1 92,1 15.0 20.1 1500 183 1.2 1.3 B86.2 88,1 8502,  Bh.H
EH B7.8 BF.3 26.6 29.4 19.0 20.6 5.9 6.5 B1.9 Bl.4 79.4 78.9
JA 105.6 104.6 7.9 11.8 5.0 8.2 B 1. 9.6 96.0 95.3
JdH 167.5 106.1 11.1 17.0 8.4 13.6 8] S8 91,7 9.6 95.7 94.7

§H=Herefurd, B=Angus, S=Simmental, B=Brown Swiss and J=Jersey.
Culling systems: CULLI, open cows were culled at weaning in the fall; CULLZ, open cows were culled
in the fall and cows without a live calf at the end of the calving season were culled in the spring.



at birth, but the difference was reduced to 2.7 calves at weaning and
2.5 calves at slaughter. Compared to the 5A group, there were 4.0 more
BA calves at birth, but 8.2 and 8.6 more calves at weaning and
slaughter, respectively. The consequences of these differences are
discussed later in the paper. Even though the numbers of cows calving
in herds using HAx cows were the same under both culling systems, the
cow age distribution varied, resulting in slightly more calves weaned
and slaughtered under culling system CULL1 than under CULLZ.

Non-feed expenses per herd for the cow-calf phase to weaning and the
feedlot phase are presented in Table 2. Variation among crossbred cow
groups in dollars spent purchasing yearling heifers contributed the most
of any source to variation in total expenses. The expense of purchasing
yearling heifers was greatest for the SH and BH groups and least for
herds using J cross cows. Non-feed operating expenses for the bresding
herd were generally higher for those groups with higher numbers of cows
and heifers, but the magnitudes of differences were relatively small.
Jersey cross cows produced the most milk, especially in proportion to
body size, and thus supplement reguirements per cow were similar to
other groups even though the J cross cows were smaller. Total herd
supplement costs were greatest for J cross cows and least for SH cows.
Replacement heifers were purchased in the spring when pasture conditions
required 1ittle supplementation. Thus, herds using SH cows had rela-
tively low supplement costs, since this group had a relatively high
proportion of heifers.

The gross returns per herd when calves were sold at weaning are
presented in Table 3. The proportion of total gross returns, consisting
of income from the sale of cull cows and nonpregnant heifers, was
greater for culling system CULLZ than for CULLL.,  Both reproductive
perfarmance and salvage weight contributed to the amount of returns from
these sources. Returns from the sale of cull cows was greatest for SH
and BH cows, intermediate for BA, 5A and HAx cows and lowest for J cross
COWS. However, rankings of 5 and B crosses differed over culling
systems. Under system CULLL, cull cow returns wer 3789/herd greater for
BA than for SA cows, and 3137/herd greater for BH than for SH cows,
Howaver, under system CULLZ, cull cow returns were $227/herd greater for
SA than for BA cows, and 3302/herd greater for 5H than for BH cows.
These changes in rank occurred because a higher proportion of pregnant B
cross cows produced a live calf at birth as compared with 5 cross cows.
Rankings for gross returns from the sale of nonpregnant heifers were the
same as rankings for number of nonpregnant heifers sold.

If calves were sold at weaning and calves from all crossbred cow
groups were sold at the same price per unit weight, returns were
greatest for calves from J cross cows, followed in order by calves from
B cross, HAx and 5 cross cows. Total gross returns per herd were great-
est for herds wusing 5H and B cross cows, as a result of the large
numbers of culled cows.

Even though feed costs comprised a large proportion of total non-
fixed herd expenses (Table 2), differences in feed costs among crossbred
coW groups were relatively small. This is Jlargely due to crossbred
groups with higher per calf feed requirements (i.e., 5 and B crosses)
had fewer calves in the feedlot. The largest difference in feed costs
under culling system CULL1 was the 33250 greater feed costs for calves
from JH cows than for calves from 5H cows. Although the lot charge
depended on the number of calves fed and length of the feeding period,
crossbred cow group differences fin non-feed operating costs in the
feedlot primarily reflected differences in number of calves fed., Total
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Table 2. MNon-fixed expenses per herd for calves sold at weaning or at slaughter.
e __ Expenses to weaning ($/herd) Feedlot expenses (§/herd)
Yearling Hon-feed Feedlaot Total herd
heifer operating operating BXpenses
Crossbred  purchase costs Supplement Total Feadlot TON costs $/herd
CowW
gr‘nupa CULL ].E CLILLEh CULL1l cCwLL2 CULL1 cCuiL? CcuLLl cuLL? CuLLl cuLLz cCuLLl CULLZ CwLLl cuLLz
HAx 5444 6334 8926 9110 7963 7807 22,333 23,781 22,588 22,291 3744 3647 48,665 49,689
SA 6125 ala0 8252 B4zl 7938  Teed 22,314 24,270 21,600 21,033 3371 3207 47,285 4B,510
SH 11,250 13,289 8924 49159 7064 6811 27,237 29,259 20,639 19,962 3136 2966 51,012 52,187
BA 6209 6920 8406  B569 B036 7936 22,651 23,425 23,386 23,219 3582 3526 49,619 50,171
BH 8651 9554 8511 B6BY 7335 7207 24,497 25,448 21,453 21,139 3280 3194 49,230 49,781
JA 2401 3569 8673  BBBS 9093 8899 20,167 21,356 23,286 22,936 4036 3929 47,489 48,220
JH 3362 5170 9115 9267 8983 8643 21,460 23,120 23,889 23,293 4076 3893 49,425 50,306

gH=Herefﬂrd, A=Angus, 5=Simmental, B=Brown 3wiss and J=Jersey,

Culling system: CULLL, open cows were culled at weaning in the fall; CULLZ, open cows were culled in the fall
cows without a live calf at the end of the calving season were culled in the spring.
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non-fixed herd expenses for slaughter calf production were lowest for SA
and JA groups and greatest for herds using 5H cows.

Gross returns from the sale of slaughter calves was estimated at
three product endpoints: live weight, carcass weight and retail cuts
{Table 4}). The use of carcass weight Favored groups with relatively
high dressing percentage and the use of retail cuts favored groups with
high dressing percentage and high cutability. However, crossbrad cow
group rankings were guite similar for each product end point and culling
system combination. Gross returns from the sale of slaughter calves was
greatest for herds using J cross cows, followed by herds using BA and
HAx cows. The relatively heavy weights of calves from 5 cross cows did
not completely compensate for their smaller numbers of calves per herd,
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Table 4.

Gross returns per herd when calves sold at slaughter.

Gross returns at three end points, §5/herd

Tatal returns

at three end points, $/herd®

Live weight Carcass weight Retail cuts Live weight Carcass weight Retail cuts

Crasshreda s B -

cow group CULLL CULLZ CULL1 CULLZ CULLL CULLE  CULEY  CULLZ  CuUill  GUiL2 GULLY - cHLL2
HAx 56,420 55,703 56,061 55,275 55,440 54,586 61,739 62,561 61,379 62,133 60,758 61,445
SA 53,36 52,142 53,088 51,776 53,031 51,623 59,234 p0,201 58,976 59,B35 58,919 59,682
SH 52,137 50,572 51,727 450,105 651,420 49,696 64,088 64,443 63,688 53,976 63,381 63,569
BA 57,804 57,532 57,362 56,966 56,919 56,487 63,738 64,157 63,207 63,592 62,764 63,112
BH 53,088 52,405 52,874 52,095 52,509 51,734 62,041 62,095 61,776 61,785 61,461 51,424
JA 59,633 58,764 58,850 57,922 58,976 57,976 61,478 61,734 60,695 60,892 A0,817 60,947
JH g0,505 59,092 59,450 57,899 569,591 57,913 63,345 63,643 62,290 62,450 62,431 62,454

aH=Her'efc|r'd, A=Angus, S=3immental, B=Brown Swiss and J=Jersey.

Culling systems: CULLL, open cows were culled at weaning in the fall; CULLZ, open cows were culled in the

ofall and cows without a live calf at the end of the calving season were culled in the spring.
Includes returns from the sale of culled females (Table 3) and slaughter calves.
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resulting in lower gross returns per herd. Herd total gross returns,
including returns from the sale of slaughter calves and culled cows,
were greatest for herds using 5H and BA cows.

Gross margin for selling calves at weaning or slaughter are present-
ed in Table 5. For production systems in which calves were =gld at
weaning, gross margin per herd was greatest for J cross cows, followed
in order by B cross, HAx and 5 cross cows. Gross margins for slaughter
calf production was greatest for the BA group at all 3 product end
points. Herds using J cross, HAx, BH and 5H cows produced slightly
lower gross marging, followed closely by herds using 5A cows. Cross-
bred cow group rankings for gross margin for slaughter calf production
were similar across product end point and culling system with the only
rank changes being between groups for which pafr-wise differences were
yery small.
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Rankings for J crosses reflect their advantage 1in reproductive
performance and moderate preweaning growth rate, but relatively poor
postweaning calf feedlot performance. Brown 5wiss crosses had moderate
reproductive performance, produced the heaviest calves at weaning and
had relatively good postweaning performance. Hereford X Angus
reciprocal cross cows had moderate reproductive performance, produced
the lightest calves at weaning, but their calves were the most efficient
in the feedlot. The 5 crosses ranked last in gross margin, despite
relatively high weaning weights and good feedlot performance. The Tow
ranking of the 5H group was largely because of poor reproductive
performance under the extensive range conditions. The relatively high
energy requirements for 3A cows contributed to their low rankings.
Another important factor in the ranking of 5 crosses, especially for the
SH group, was preweaning calf losses. As mentioned previously, the
number of calves alive at 24 hours after birth and the number weaned, in
proportion to the number of cows calving, was Towest for 5 crosses.
Females which went inte the pregnant herd in the fall, but failed to
wean a calf, had to be maintained for much or all of the year (depending
on when the calf died and the culling system assumed)}. This was less
desirable than a cow failing to become pregnant.

Differences among crossbred cow groups for gross margin when calves
were sold at slaughter were quite small, reflecting the trade-offs among
the relative merits and disadvantages of the various crossbred groups.
The relative economic advantage of BA and J cross cows over HAx, S cross
and BH cows was considerably less when calves were sold at slaughter
than when calves were sold at weaning. The better feedlot performance
for calves from HAx, 5 cross and BH cows indicates that feedlot
operators should pay less per unit weight for calves from J cross and BA
cows at weaning. It is interesting to note that crossbred cow groups
which produced the highest average milk yields {i.e., BA and J crosses)
also produced calves which were less efficient (in terms of feed
conversion) in the feedlot. Unfortunately, had a reasonable land charge
for the breeding herd been included in expenses, all crossbred cow
groups would likely have been operating at a loss. This would seem
consistent with the economic situation many cattlemen have experienced
in recent years.

In experimental data collected previously for this project, A cross
cows have consistently had better reproductive performance than H
crosses. On the other hand, H crosses have consistently had superior
feed conversion, among drylotted cows producing weaned calves and among
feedlot calves. Results from these economic analyses indicate that the
relative advantages and disadvantages of A and H crosses were apparently
offsetting when all segments of production were considered, resulting in
similar gross margins for A and H cross cows.

The extent to which environmental conditions allowed cows to
reproduce at rates typical for these crossbred cow groups is uncertain.
However, the extensive range conditions apparently failed to provide
sufficient energy for desirable reproductive performance for the larger
S and B cross cows, in particular. Presented in Table 6 are gross
margins for herds producing weaned calves or slaughter calves, when a
constant birth rate of 90 percent was assumed for all crossbred cow
groups. If calves were sold at weaning, B cross cows produced the
highest gross margins, followed in order by J cross, SH, HAx and 3A
cows. If calves were sold at slaughter, herds using 3H cows produced
the highest gross margins, followed closely by B cross cows. Herds
using HAx cows produced slightly lower gross margins, followed closely
by herds using 3A and J cross cows. The 3H and BH cows had the lowest
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reproductive rates among the crossbred cow groups evaluated, and thus
their relative profitability improved the most by assuming a constant

increased

ignore potential

These calculations (Table &)
feed costs associated with increased reproductive performance.

birth rate.

It has been assumed in this analysis that economic coefficients are

If the assumed coefficients were to change, the

known with certainty.

results of this

unless all

One concern in this study

It was assumed that the cost of

likely change as well,
producing yearling replacement heifers from these two-breed crosses was

econgmic coefficients changed proportionmally.

analysis would
was the cost of replacement heifers.

In a fully integrated system,

the efficiency of purebred herds producing the crossbred replacements
Since the cost of producing replacement heifers

the same per unit weight for all crosses.

would be considered.
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was not known, the sensitivity of crossbred cow group ranking to cost of
replacement heifers was examined by calculating gross margin  at
alternative replacement costs.

Figure 1 shows gross margins for calves sold at weaning, under
culling system CULLl, at Tlow, moderate and high costs of purchasing
replacement heifers. The moderate cost represents the cost previously
assumed, while low- and high-cost heifers, respectively, were purchased
at 350/head below the 550/head above the cost of moderate-cost heifers.
Results indicate that crossbred cow group rankings were fairly stable
over the range of heifer costs evaluated, although magnitudes of
differences in gross margins increased as heifer costs increased. The
SH group was most affected by varying heifer replacement costs because
of the larger number of yearling heifers reguired for this group. For
example, the gross margin of the HAx cows was 3608 less than that for SH
cows at the low heifer cost, but 51,215 greater at the high heifer cost.

Figure 2 shows gross margins for slaughter calf production under
culling system CULL1 at high, moderate and low heifer costs, assuming
retail cuts as the product endpoint. The 5H group ranked second in
gross margin at low heifer costs, but ranked next to last at high heifer
costs. However, the magnitudes of differences were relatively small.
At Tow and moderate heifer costs, the largest difference between pairs
of crosshred dam groups was between BA and 5A (difference was $£1,945 and
$18597 for low and moderate, respectively). At high heifer costs, the
largest difference was between JA and SA groups (32,011).

Figure 3 shows gross margins for production of retail cuts under
culling system CULL1 when the cost of feedlot TON was set at lewels 25
percent below (low) and 25 percent above (high) the originally assumed
price (moderate). Crossbred dam group rankings were guite stable aver
the ranoe of feedlot TDN costs evaluated, with the only changes in rank
occurring between groups for which gross margins were similar.

e sH | @R T m 1T »

."Il;w ':'r‘rrm‘.c'*d'.rj:l' high

$1000/HERD

GROSS MARGIN.

Figure 1. Gross margins at low, moderate and high replacement heifer costs
under culling system CULL1 when calves are sold at weaning.
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Figure 2. Gross margins at low, moderate and high replacement heifer costs
under culling system CULL1 when calves are sold at slaughter.
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Figure 3. Gross margins at low, moderate and high costs of feedlot TON under
culling system CULL1 when calves are sold at slaughter.

1985 Animal Science Research Report 33



Conclusions

Differences among crossbred cow groups for various production traits
resiulted in consfderable variation in herd size, replacement rate and
herd compositian, However, the relative advantages and disadvantages of
the yarious crossbred cow groups tended to offset one another to varying
degrees, resulting in small to moderate differences in overall gross
margin. Gross marains for slaughter calf production was greatest for
the BA group, followed closely by herds using J cross, HAx, BH and SH
cows. Herds using 5A cows were slightly less profitable. Results are
dependent on sampling of the breed types uSed, the enyironmental
conditions under which tha experimental data were collected and on the
assumptions used in the analysis. Any deviations from these may have
given different results. For example, the extensive range conditions
apparently did not provide sufficient eneragy for desirable reproductive
rates for the larger 5 and B eross cows.  However, it 15 uncertain
whether or not the potemtial increase in reproductive efficiency would
have offset the increased feed costs, Hopefully, data from other
studies inyalving these crossbred cow aroups under different sets of
environmental conditions may orovide additional dinformation to help
determing which crossbred types perform best under given enviranmental
conditions.
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PERFORMANCE TRENDS OF TESTED BOARS AT THE
OKLAHOMA SWINE EVALUATION STATION

Rl Euchanaﬂl and W.G. Lute2

Story in Brief

Performance data from 2263 boars tested from 1971 to 1983 at the
Dklahoma Swine Evaluation Station were used to evaluats time trends for
average daily gain, age at 230 pounds, backfat thickness, and Toin eye
area. There has been a gemeral improvement in growth rate and feed
efficiency. Both backfat thickness and lpin eye area have decreased
gver time. To the extent that these results reflect the changes fin
genetic merit in the Oklahoma Swine industry they indicate improvement
in all traits measured except for loin eys area.

Introduction

Swine testing stations aid in the identification of superior boars
by providing a constant environment under which boars from various herds
can bhe tested together. Examination of the time trends at such a
station will {illustrate the performance changes that have occurred
during the 1ife of the station. These changes are partially due to the
changes in genetic merit of the herds that test bpars at the station.
The purpose of this study was to evaluate the changes in performance of
boars tested at the Oklahoma Swine Evaluatfon Station.

Materials and Methods

The Oklahoma Swine Evaluation Station was bulit in 1970.  The
station originally had gne barn with 24 open-front pens measuring 5 by
15 ft. A second barn was constructed in 1975 which increased capacity
to 48 pens. Pens of three boars and one barrow or two boars and two
barrows were tested until 1974, From 1975 to 1981 all pens contained
three boars, 1In 1982 and 1983 each pen contained either three boars or
two boars and a barrow, Pigs within a pen were progeny of one sire,
One test in the spring and one in the fall were conducted from 1971 to
1974 and in 1982 and 1983. There were two tests conducted each season
from 1975 to 1981, Pigs were put on test when the pen averaged 70 1b,
There was a change in off-test weight from 220 1b to 230 Ib in 1975.

When the pigs reached off-test weight average dafly gain and pen
fead efficiency were measured. In addition there was a scanogram
(Ithaco Scanogram, Model 721) estimate of back fat thickness and lain
eye area obtained. Feed efficiency for pans containing barrows was
adjusted to a boar-equivalent basis. Backfat thickness was the average
of measurements taken at the shoulder, the last rib and the Tast Tumbar
vertehra. Loin eye area was measured at the tenth rib, Backfat
thickness and Toin eye area were adjusted to 230 1b with adjustment
factors recommended by the National Swine Improvement Federation,

i 2
lﬂssuc1ate Professor “Professor
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These results describe the perfarmance of 2263 Chester White, Duroc,
Hampshire, Spot and Yorkshire boars tested from 1971 though 1983, The
number of boars of each breed for each year is shown in Table 1.
Berkshire, Landrace and Poland China bpars were also tested at the
station but were excluded from these analyses due to the small number of
boars from these breeds.

The analysis procedure allowed estimation of yearly means and the
average yearly change in performance for each breed. The means were
adjusted for the effects of season and test group.

Table 1. MNumber of boars tested at the Oklahoma Swine Evaluation

Station
Breed e e
Chaster e P P
Year White Duroc Hampshire Spot Yorkshire
1971 11 il 28 6
1972 a H 29 9 17
1973 11 42 32 23 20
1974 17 43 17 21 2h
1975 38 62 32 37 39
1976 42 66 50 49 60
1977 3l 71 2B 6l 58
1978 30 90 43 28 53
1979 20 a4 27 34 75
1980 14 93 19 12 94
1981 35 64 33 13 54
1982 17 13 la 5 23
1983 9 33 15 9 30

Results and Discussion

The trends for average daily gain and age at 230 1b are shown in
Figures 1 and 2. There has been a genral improvement in growth rate
over the 12 years shown. The improvement has been most pronounced in
the Hampshire and Yorkshire breeds. The breeds are not substantially
different in growth rate overall except that the Chester White boars
werg consistently the slowest growing. Feed efficiency generally
improved at the station over the 13 years of this study although the
trend lines show considerable fluctuatiom (Figure 3).

A11 breeds showed a decrease in backfat thicknmess through the 1970's
(Figure 4). This trend appears to have levelled off or has possibly
reversed in the recent years. There has been a large decrease in loin
eye area in all breeds (Figure 5). There were few differences between
breeds for these traits except that Hampshire boars generally had the
least backfat and the largest loin eye area,

Regressions of performance on time are shown in Table 2. These tell
the average change per year for each trait in each breed. Thay are
consistent with the graphs presented previously. There has been a
significant improvement in average daily gain in all breeds except
Chester White. The improvement in Age at 230 pounds was significant
only in the Hampshire boars. Feed efficiency showed significant
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improvement in Duroc, Hampshire and Yorkshire boars. There was a
significant decline in both backfat thickness and loin eye area in all
bresds. The regression coefficients do not i1lustrate the large amount
of year to year fluctuation that was present, especially for age at 230
pounds and feed efficiency.
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Table 2. Average yearly change in performance of boars at the Oklahoma
Swine Evaluation Station.

Breed .
Chester
Trait White Duroc Hampshire Spot Yorkshire
Avg. daily
gain (lbfday) .007 L7 022wk 07 ek LG
Days to
230 1b -.367 -.131 -. 733w -.191 -.3M
Lb feed/
1b gain -.009 =01 3% - 0239 .no7 -. 013>
Backfat
(in) =.02Lax =021~ =.01 3% -. 004 % - 024 +%
Loin eye area
(sq in) -.Dag+* -.Dag+* =.09]** -.0p4** -. 104 %%
SR e e o e RIS

These changes may be due to several factors including real gemetic
changes in herds that have supplied boars for the Evaluation Station,
The breeders that bring boars to be tested may have learned the
characteristics or management of young boars that will enable them to
perform well in the statiom or they may have simply decided that it is
worthwhile to bring some of their superior boars to the station,

If these changes are the result of genetic changes in the Oklahoma
swine industry they are generally encouraging. They indicate that pigs
in commercial herds that purchase boars from the Evaluation Station
should be Faster growing, more efficient and leaner than pigs of 10 to
15 years age. They also indicate that they will have a smaller loin eye
measurensnt.
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THE RELATIONSHIP BETWEEN PERFORMANCE AND
SELLING PRICE FOR BOARS TESTED AT THE
OKLAHOMA SWINE EVALUATION STATION

5 Suchananl and W.G, Luce2

Story in Brief

Sale prices and performance records from 1090 boars tested at the
Oklahoma Swine Evaluation Station from 1971 through 1983 were used to
evaluate the degree ta which varipus measures of performance contributed
to the selling price of the tested boars, Perfarmance tralts evaluated
were average daily gain, age at 230 1b, pen feed efficiency, backfat
thickness and loin ays area. 0On an individual basis the traits all had
fairly low correlations with selling price. All measures of performance
together accounted for more than half the variation in selling price
anly in Chester White boars, Average dally gain genarally had the
largest influsnce on selling price.

Introduction

Central test stations such as the Oklahoma 5wine Evaluation 5tation
have been in wuse for several years to promote the use of performance
vecords, to evaluate potential herd boars from a variety of nherds and to
provide a source of boars with performance information for the
commarcial boar market. The Oklahoma Swine Evaluation Station has been
testing boars since 1971, Most of the tested boars, if they met the
performance reguirenents, were sold in an auction held following the end
of the test. This information was used to evaluate the contibution of
gach of the measures of performance to the selling price to see if the
buvers were willing to pay a premium for the boars with superior
performance .

Materials and Methods

There have beesn 22631 boars From the Chester White, Duroc,
Hampshire, Spot and Yorshire breeds tested at the Oklahoma Swine
Evaluation 5tation sfince 1971. Nearly all boars that met minimum
performance standards {generally upper B0 percent of the boars in a
test) have been offered For sale at an auction after the end of the test
pariod. From the boars offered for sale 1090 have actually sold.
Failure to sell may have been the wresult of poor performance,
unsoundness, lack of demand or a decision on the part of the owner not
to offer the boar for sale. Berkshire, Poland China and Landrace boars
were alsp tested but were not included in these analyses due to
insufficent numbers.

Prospective buyers have access to a sale catalog that provides
information on ownership, breeding of the boar and performance
information on average daily gain, age at 230 1b, pen feed efficiency,
backfat thickness and loin eye area. 1In all cases a pen includes hoars
with the same sire. An index value which combined information on

Iﬁsﬁuciate Professor 2PruFessur
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average daily gain, backfat thickness and pen feed efficiency was also
included. The formula for this index has changed several times during
the 1ife of the station but the relative importance of the three traits
in the index has not undergone large changes.

The relationship between selling price and each measure of
performance was estimated by obtaining the correlation between the price
and each trait after accounting for variation due to year, season, test
group and breed. The contribution of each trait to the selling price
was obtained by simultaneously calculating partial regressions of price
on all measures of performance. These regression coefficients were
obtained for each breed separately. Traits that did not contribute
significantly to selling price were eliminated from the equation one at
a time until only those traits with a significant contribution remained.

Results and Discussion

Correlations between selling price and each performance trait are
shown in Table 1. All are relatively small with the measures of growth
rate having the largest tendency to be associated with a high selling
price. Despite their small values they are all significantly different
than 0.

Table 1. Correlations between selling price and performance traits of
boars at the Oklahoma Swine Evaluation Station.

Performance traits

" Average  Age at  Pen feed Backfat Loin eye
daily gain 230 1b efficiency thickness araa
Price . 265 -.221 -.191 -.136 .097

Table 2, Partial regressions of price on measures of performance of
boars tested at the Oklahoma 3wine Evaluation Station.

Average Age at Pen faed Backfat Loin eye
daily gain 230 1b efficiency thickness area
(%/.1 1b {$/.1 1b feed (%/.1
Breed per day) (§8/day) /b gain) {5/.1 in) sq in)
Chester
White 176,06 -158.70
Duroc 21.53 =3.27 -10.34 -52.11
Hampshire 159.41 -8.67 -50,38 14,01
Spot 56 .62
Yorkshire 41,01 -3.22 -34.49 -8.60

The partial regressions of selling price on each trait are shown in
Table ?. These values tell the average chamge in selling price per unit
change in the performance trait while holding all other wvariables
constant, They show that in all bresds average daily gain contributed
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to selling price with a range of $21.53 to 3176.05 paid for each .1 1b
per day increase in gain. Despite the large corrvelation betwean average
daily gain and age at 230 1b there was an additional significant partial
regression of selling price on age at 230 1b in the Duroc, Hampshire and
Yarkshire boars. Pen feed efficiency contributed significantly to
se1ling price in Duroc and Yorkshire boars. Backfat thickness
contributed significantly to selling price in Chester White, Duroc and
Hampshire boars with a range of $50.38 to $158.70 more paid for each .l
in decrease in backfat thickness. lLoin eye area had a significant
contribution to selling price only in the Hampshire and Yorkshire boars,
These values were the most unusual in that buyers paid $14.01 more for
each .1 sg in increase inm loin eye area of Hamphsire boars while they
Eafd $8.60 more for each .1 sg in decrease im loin eye arsza of Yorkshire
0ars.

The percentage contribution of all measures of performance together
on selling price is shown in Table 3. The first value for each breed
represents the percentage contribution of just the performance traits to
salling price. The second value represents the percentage contribution
of the performance traits plus the effect of the gwner of the bpar, The
difference between the two wvalues should indicate the relative
importance of the name of the owner in determining the selling price of
the boar. The performance traits alone accounted for 27 percent of the
variation in selling price of Spat boars, 66 percent of the variation in
selling price of Chester White boars and about 40 percent of the
variation inselling price of the boars of the other three breeds. 1In
all breeds other than the Chester White including the effect of the
owner greatly increased the values shown. The remaining variation would
be due to several factors. 1In sSoie cases a premium is paid on certain
boars which rank high in the test group because of a desire on the part
of buyers to own the winners. The general appearance of the boar alse
plays a large role in how much buyers are willing to pay. This
appearance may have little to do with performance <$o would not
contribute to variation due to the performance traits.

Table 3. Percentage contribution on performance traits on the selling
price of boars tested at the Oklahoma Swine Evaluation

station.
Braad Performance alone Performance plus owner mame
Chester White T R e
Duroc A0 T
Hampshire .41 .69
Spot il 6L
Yorkshire .40 i

Perfarmance does appear to have had an effect on the selling price
of tested boars although not a Targe effect in most breeds. The owner
of the boar had a large effect on the selling price. Test stations were
established, 1in part, to educate swine producers on the use of
performance records. Ruyers are apparently paying at Jeast some
attention to the importance of good performance records and are also
concerned with the reputation and the breeding program of the owners of
the boars, These are both desirable results of the educatignl process
involved in having test statioms.
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GROWTH PERFORMANCE OF THREE- AND FOUR-BREED CROSS PIGS INVOLVING THE
DURDC, YORKSHIRE,LANDRACE AND SPOTTED BREEDS

3 4

0.G. HcLarenl, 0.5, Buchananz, R.K. Johnson

and R. Vencl

Story in Brief

Purebred and crosshred boars were mated to two-breed cross females
ta produce all possible three- and four-breed crosses invalving the
Durpoc, Yorkshive, Landrace and Spotted breeds. A total of 3,456 pigs
were evaluated for pen feed efficiency and for individual postweaning
average daily gain and probed backfat thickness. Genotype by
environnent interactions, namely breed by year-season and (for gain)
breed by parity, were found to be highly significant in these data. The
fact that relative performance of the breeds wvaried in different
year-seasons and parities made it difficult to draw overall conclusions
as to breed performance, Certain resulits, however, did appear
reasanably consistent. Duroc sired pigs grew more efficiently  than
ather breed groups. They were also leaner than other three-breed cross
pigs involwing the same dam breeds, whereas Landrace sired pigs were
fatter. Ho real differences betwean pigs sired by purebred and
crossbred boars were apparent for feed efficiency, average daily gain or
probed backfat thickness. This would suggest that mating two-breed
cross rather than purebred males to females of different breeding would
have little or no impact on these traits in offspring produced.

(Key Words: Crosshred Boars, Growth Performance.)

Introduction

A project aimed at evaluating purebred and crossbred performance of
Duroc, Yorkshire, Landrace and Spotted breeds of swine was conducted at
the Oklahoma Agricultural Experiment Station betwsen 1976 and 1979. As
part of this project, threes- and four-breed cross litters were produced
over five consecutive farrowing seasons starting in fall of 1977 at the
Sputhwest Livestock and Forage Research Station, E1 Reno.

Litter performance of different two-breed cross females, and the
effect of crossbred versus purebred boars on conception rate, have been
reported previously (Buchaman, et. al. 1983). This report will
summarize the growth and feed efficiency data from pigs farrowed during
the fall of 1977 and the spring and fall of 1978 and 1979 at E1 Reno.

Materials and Methods

Seadstock for the three- and four-breed c¢ross phase of the
experiment was produced at the Stillwater Experimental Swine Farm by
mating purebred Duroc, Yorkshire, Landrace and Spotted males and females
in all possible combinations to produce purebred and two-breed cross
pffspring. Boars were selected for use in the second phase of the

Esraduate Assistant zﬂssaciate Prafessgr, Animal Science
Professor, Animal Science, Nebraska Herdsman
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experiment based on an index of age and backfat thickness at 220 1bs,
Boars from each breed group were transported to E1 Reno to be used as
herd sires each season. Crossbred gilts were sent to E1 Reno wupon
detection of estrus.

Generally three boars from each breed agroup were used at El Reno
each season, although for some breeds in some seasons as few as two and
as many as five different boars were used, Purebred bpars were mated to
crosshred females to produce all possible three-breed cross litters, and
crosshred bpars were mated to crossbred females to produce four-bresd
cross litters. The breeding season extended over an eight-week perfiod
starting in mid-May and mid-November each year. The total number of
litters farrowed per breed group is given in Table 1. Only gilts wera
farrowed in the first season (fall 1977). In subsequent seasons about
half the Titters were from second parity sows and half from gilts. A
total of 309 gilt and 178 sow litters were analyzed in this study.

Table 1. MNumber of litterg farrowed, and pigs completing gain test, for
each mating type®.

Breedbaf No. of greed of damsb’c
girestst sires e ————
D-¥ D-L 0-% ¥al ¥ag L-5
D o 22(168) 26(l63) 28(212)
¥ 1075 2192y 23(15L) 24{189)
L 15 200146 25(189) 2301507
5 14 27(189) 26(187) 23(181)
b=y 15 310192)
b=l 15 a0(174)
0-5% 15 34(250)
¥-L 14 34(242)
¥-5 15 35(268)
L= 15 29(213)

ENumher of pigs in parentheses.

Reciprocal crosses combined (e, D-Y =D x ¥ and ¥ x [}
D = Duroc, T = Yorkshire, L = Landrace, S = Spotted.

Females were maintained thoughout gestation in pasture lots and
hand-fed 5 1b of a 15% protein ration daily. Litters were farrowed in a
barn with individual crates and slatted floors. Sows and litters were
moved to a nursery approximately one week post-farrowing, where they
remained in individual pens until weaning at six weeks of age. Creep
feed was made available, and male pigs castrated, at three weeks of age.

Pigs were moved to a confinement finishing house for gafn test
approximately two weeks post-weaning, and penned in groups of 12-20 pigs
per pen by breed of sire (Duroc, Yorkshire, Landrace, Spotted or
Crossbred), A ane week adjustment period was allowed bafore pigs were
weighed on test at approximately nine weeks of age. A& l6% crude protein
ration was fed ad libitum until average pig weight per pen was
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approximately 120 1b. A 14% crude protein ration was fed ad libitum for
the duration of the test period. Pigs were weighed off test weekly at
220 1b, at which time probed backfat thickness was measured. Total
gain, total feed consumed and total days on test were obtained for each
pen. During the five seasons of this phase of the experiment, B880
four-breed cross pens and 133 three-breed cross pens were tested.

Results and Discussion
Fead Efficiency

Statistical analysis of the pen data indicated no significant
differences between average daily feed consumption for the different
breed of sire groups. Highly significant differences in feed
efficiency, however, were found between breeds of sire and year-seasons,
as well as a significant breed of sire by year-season interaction., This
interaction indicated that differences in feed efficiency between sire
breed groups were not consistent from one year-season to the next.

Pen feed efficiency means by breed of sire and year-season are
presented 1in Table 2, and 1illustrated graphically in Figure 1.
Differences between sire breeds were only significant in the spring of
1978 and fall of 1979 farrowed pigs (although differences in the fall
1978 group approached significance). It should be noted that pigs
farrowed in the fall of 1977 suffered badly from Atrophic Rhinitis, and
those farrowed in the spring of 1979 from Mycoplasmal Preumonia. It is
conceivable that disease stress prevented expression of potential
differences in feed efficiency between breed groups in these two
year-seasons.

Table 2. Pen feed efficiency (1b feed/1b gain) least-squares means by
year-season farrowed and breed of sire.

~ Breed L Year-seasan farrowed®

Uf S-'iF'E! e - L eyl Ep—
T7F 185 78F 795 79F Mean

Duroc 3.20 L T 3.13 FA1200 st

Yorkshire 3,22 165 3.2 3.20 3.188 3.203

Crossbred 3,27 3.192 3.11 3.19 3.26, 3.20,

Landrace 3.24 3'321‘.! 3.09 3.16 3.30 b 3.22‘:I

Spotted  3.18 3.37 3.18 3.22 3.20% 3.73

(S=spring, F=fall) eqg 77F=fall 1977,

Byeans in a column with different superscripts differ significantly.

Duroc sired pens were significantly more efficient than both
Landrace and 5potted sired pens in the spring 1978 farrowed group, and
more efficient than Landrace $ired pens in the fall 1979 farrowed group
(see table 2). As is evident, particularly from Figure 1, Duroc sired
pigs were consistently more efficient relative to the other breed groups
throughout the experiment., The significant breed by year-season
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Figure 1. Pen feed efficiency for growing-finishing pigs by
year-season.

throughout the experiment. The significant breed by year-season
interaction was due to the similarity of the breeds for the fall 1977
and spring 1979 farrowings, and changes in rank by breed groups other
than the Duroc sires in other year—seasons, A contributor to this may
be that a different set of boars were used each breeding season, It 1s
possible that specific sires selected were more important than the breed
the sires were from, with the exception of the consistent advantage far
Duroc sired pigs.

Comparing averags feed efficiency for purebred sired pens to that
for crossbred sired pens revealed no significant difference in  any
individual year-season or overall. This would suggest that mating
two-bread cross rather than purebred males to females of different
breeding would have little or no impact on subseguent feed efficiency of
offspring produced.

Backfat Thickness

Sex of pig, breed of pig, year-season farrowed and the breed by
year-season interaction were all highly significant fgr probed backfat
thickness at 220 Ib. PBreed group means for backfat thickness are
presented in Table 3. Backfat differences betwsen breeds were
significant in all but the first year-season of the experiment,
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However, caution must be employed in interpreting breed differences due
to the significant breed by year-season interaction. The interaction
reflects the fact that breeds ranked differently in different
YEAT-5RAS0NS.

Table 3. Probed backfat thickness least-squares means by breed of pig.?

Breed pf . Breed of dam D*°
sires °* — — e
0-Y f-L N=5 ¥-L ¥a5 L=5
)] .99 .98 1.01
X 1.08 1.02 1.05
L { b ol il Bl 1.08
5 1.07 1.09 1.06
n-¥ 1.07
D-L 1.00
b=-5 1.09
Y=L 1.08
¥=5 1.07
L-5% 1.09
Ainches

Reciprocal ¢rosses combined (fe. D-Y =D 2 ¥ and ¥ x 0}
D=Duroc, Y=Yorkshire, L=Landrace, S=Spotted,

~ Despite many changes in ranking of breeds in different year-seasons,
certain consistant results were observed. Rank of the thres sire breed
groups mated to Yorkshire-Landrace dams was consistent from one
year-season to the next and, for all practical purposes, consistent for
the three sire breed groups with Landrace-Spotted dams. Duroc-Landrace
% Yorkshire-Spotted pigs were the leanest four breed cross pigs in all
but the first year-season. Pairwise comparisons between purebred breeds
of sire mated to the same breed of dam revealed that Landrace sired pigs
were Fatter than the alternative purebred sired pigs for each breed of
dam each year-season (i.e. Landrace x Duroc-Yorkshire pigs were fatter
than Spotted x Duroc-Yorkshire plgs each year-season; Landrace x
Duroc-Spotted pigs were fatter than Yorkshire x Duroc-Spotted pigs each
year-season; etc.). Similarly, Duroc sired pigs were leaner than the
alternative sired pigs for each breed of dam sach year season. When
comparing average backfat of all purebred sired pigs and all crossbred
sired pigs, no significant difference was Found between the three- and
four-breed cross pigs either overall or in any indiyidual year-seasons
data.

Average Daily Gain

Sex of pig, breed of pig, year-season farrowed and the breed hy
year-season interaction were all highly significant for postweaning
average daily gain, as they were for probed backfat, However, parity of
the dam {whether pigs were born to a gilt or to a second parity sow),
and the interaction of breed and parity, although non-significant for
backfat, were  highly significant for average daily gain, Thus
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interpretation of breed effects is even more complicated than for
backfat. Not only did breeds rank differently for gain in different
year-seasons, but also depending upon parity of the dam. The data were
therefare analyzed separately by parity. For both parity one and two
the terms sex, breed, year-season and the breed by year-season
interaction remained highly significant.

Mean average dafly gains are presented by parity and breed of pig in
Tables 4 and 5. Considering how sire breeds ranked in each parity
within each breed of dam group, rank changes were evident for all but
the Yorkshire-Spotted dams. However, when considering only pursbred
sired pigs, the only rank change was for Duroc and Yorkshire sired pigs
with Landrace-Spotted dams, Duroc sired pigs from second parity sows
grew .07 1bfday faster than Yorkshire sired pigs, whereas Yorkshire
sired pigs ogafned .09 Ib/day faster than Durpc sired pigs in gilt
litters. Im addition to rank changes, differences between breed groups
were of noticeably different magnitudes in different parities in many
cases.

In addition to summarizing breed performance, an important
consideration is the comparison of pigs sired by purebred wversus
crossbred boars. Average daily gain of crossbred sired pigs from second
parity litters was not found to be significantly different from that of
purebred sired second parity litter pigs in any year-season's data, or
overall. For pigs farrowed in gilt litters, significant differences in
growth rate were found in two year-seasons. Crossbred sired pigs
farrowed in the spring of 1978 grew significantly faster than purebred
sired pigs. However the reverse was true in the fall of 1979 pigs, the
three breed cross pigs gaining an average significantly faster thanm the
four breed cross pigs. Overall, no significant difference was detected
between growth rate of purebred and crossbred sired pigs.

Table 4. Parity 1 puitweaning average daily gain least-squares means by

breed group®.
Braed e Breed of Damb’c
of sira’:t LS
=Y D=L n-5 Y=L ¥-5 L-5
)] 1.58 1,55 L. 51
¥ 1.54 1.57 1.a60
L 1.44 1.54 1.37
5 1.43 1.45 1.48
D=¥ 1.52
D-L 1.41
D=5 1.49
Y=L 1.50
¥-5 1.58
L-% 1.51
b/day

Reciprocal crosses combined (je. N-Y =D x ¥ and ¥ x O}
D=Duroc, Y=Yorkshire, L=Landrace, 5=5potted.
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Table 5. Parity 2 Pogtueaning average daily gain least-squares means by

breed group®.
Breed . Breed of Dam”:*
of sire™? L L
n-Y D-L b-5 ¥-L ¥-5 L-5
1] 1.62 1.62 1.58
Y 1.57 1.63 1.51
L 1.70 1.58 1.56
5 1.45 1.5 1.57
D-Y 1,54
D-L 1.56
0-5 1.64
¥-L 1.60
¥-5 1.56
L-5 1.63
S1b/day

CRecipruca1 crosses combined (fe. 0-Y =D x ¥ and ¥ 2 0
D=0uroc, YsYorkshire, L=lLandrace, S=5Spottaed.

Work will continue to further characterize the important genotype by
environment interactions evident in this data. Im addition, information
obtained from this crossbreeding experiment will be pooled and evaluated
in grder to establish the expected relative efficiencies of the Duroc,
Yorkshire, Landrace and Spotted breeds 1in alternative crossbreeding
systems.
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INFLUENCE OF LACTOBACILLUS ACIDOPHILUS ON SERUM CHOLESTEROL LEVELS

5. E. Gill4land!, C. R. NelsonZ, and C. Maxwelll

Story in Brief

The uptake of cholesterol by Lactobacillus agidophilus occurred only
when the culture(s) was growing in the presence of bile under anaerobic
conditions, Strains of Lactobacillus acidophilus fisolated from the
fecal flora of pigs varied with regard to thé ability to assimilate
cholesterol from a laboratory growth medium. Dietary supplementatiaon
with L. acidophilus RPF32, which was selected for its ability to grow
well in the presence of bile and to assimilate cholesterpl from the
laboratory medium, significantly inhibited (P<0.05) increases in serum
cholesteral levels of pigs fed a high cholesterol diet. Supplementation
with L. acidophilus P47 which was selected for fts ability to grow in
the presence of bile and lack of ability to remave cholesteral from the
growth medium, failed to have a similar effect. This findicates that
certain strains of L. acuy¥¥ﬁ1us can act directly on cholesterol in the
gastrointestinal tract, and thus may be beneficial in reducing serum
cholestaral Tavels,

(Key Words: Lactobacillus acidophilus, cholesterol, cultured dairy
products]

Introduction

Results from a seven year study conducted by the Lipid Research
Clinics  Program (1984) indicates that reduction of total plasma
cholesterol can lower the incidence of coronary heart dissase in that
relatively small portion of the population suffering from primary
hypercholesterolemia. Because of the associated risk of heart dissase
thera has been a thrust toward finding ways to lower plasma cholesteral
levels in such people.

Consumption of certain cultured dairy products can result in
reduction of serum cholesterol (Grunewald, 1982; Hepner et al, 1979;
Mann, 1977; Mann and Spoerry, 1874). Conclusions from some of these
studies have Jndicated that the starter culture bacteria produce
metabolites, during their growth in milk, which inhibit cholesterol
synthesis in the body. None have suggested that the decrease in serum
cholesterol Tevels was related to a direct action of the bacteria in the
cultured milk products on cholesterol in the intestinal tract.

The objectives of this study were to determine whether L.
acidophilus would assimilate cholesterol and to confirm whether or not
consumption of selected strains would significantly prevent an increase
of serum cholesteroal in pigs fed a high cholesterol diet.

Materials and Methods

A broth culture of L. acidophilus was inoculated (1 percent) into 10

lprafessnr 2Fnrm\er' graduate student
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ml of sterile lactobacilli MRS broth (Difco Laboratories) containing
1 percent pleuropneumonia-like organism (PPLO) serum fraction (Difco
Laboratories) as the cholesterol source and 0.3 percent dried bile
(oxgall). The broth was fincubated anaerobically 24 h at 37 C. Cells
were removed from the broth by centrifugation and resuspended in a
volume of distilled water equal to that of the original broth culture.
A colorimetric methed (Rudel and Morris, 1973) was used to determine
the ampunt of cholesterol in the resuspended cells and spent broth.

Pigs were selected as an animal model to determine if selected
cultures varied in their ability to influence serum cholesterol since
their digestive system, distribution of coronary arteries, and
atherosclerotic tendencies resemble that of the human (Ratcliffe and
Luginbuhl, 1971). Since L. acidophilus exhibits host specificity in the
intestinal tract, strains of L. acidophilus of pig origin were tested.
Rectal swabs were obtained from & ta ‘n' manth old pigs in the Oklahoma
State University swine herd and from a commercial producer. The fabric
portion of the swab was broken of f into a sterile plastic bag and placed
in fce water for transport to the laboratory. The swab was aseptically
transferred to a tube containing sterile diluent, appropriate dilutions
were prepared and the material was plated on a medium selective for
lactobacilli. Plates were fincubated at 37 C in a partial CO
atmosphere, Cultures were isolated from individual colonies an
identified using established procedures {Gi1liland, et al, 1980).

Cultures of selected strains of L. acidophilus were grown in 2.4 1
of sterile MRS broth for 18 hour at . Cells were harvested by
centrifugation and resuspended in two times their weight of cold sterile
10 percent nonfat milk solids (NFMS). The resulting concentrated
culture was dispensed in 2 g portions into sterile cryogenic wvials,
frozen and stored in liguid nitrogen until used.

Eighteen five-week old Yorkshire gilts from seven litters were
randomly assigned to individual metal pens and subsequently to three
treatment groups to provide six pigs per treatment. The location of
each pig was random with respect to treatments.

A1l pigs were fed a corn base diet without added crystaline
cholesterol (Table 1) twice daily (0.28 kg each feeding) for a one-week
adjustment period. During the experimental period which began the
second week, all pigs were Ffed the corn diet supplemented with
crystaline cholesterol to supply approximately 1,500 mg of cholesteral
per day initially. On days 1 through 7 of the feeding trial, all pigs
were fed 0.41 kg of feed at each feeding. For days B-10 the amount of
feed for each was increased to 0.69 kg per feeding., If any feed was
left after a 2 hour period it was removed from the pens, MWater was
available at all times.

In addition to the corn base diet Group 1 (control group) was fed 50
ml of sterile 10 parcent NFMS, Group 2 was fed 50 ml of 10 percent NFMS
containing 5 x 10~ cells of L. acide hiéus P47, and Group 3 was fed 50
ml of 10 percent NFMS containing & x i cells of L. acidophilus RP32
once daily (at the evening feeding). The desired numbers of ceTls of L.
acidophilus were provided by adding the appropriate amount of frozen
concentrated cultures after thawing. The milk with and without
lactobacilli was fed to the pigs in individual bowls just prior to
feeding the corn base diet each evening.

Blopd samples were taken from each pig after a 12 hour fast by
anterior vena cava puncture during the experimental period on days 0, 5,
and 10 to be analyzed for total serum cholesteral. Serum from each
sample was analyzed for total serum cholesterol using an enzymatic
assay kit (Sigma Chemical Co.).
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Table 1. Composition of corn base diet used in pig feeding trial.

Component Amount (kg)

Ground shelled corn 153.5
Butter et
ODried Sweet Whay 72.6
Soybean meal 93.0
3alt 0.9
Dicalcium phosphate 5.4
Calcium Carbonate 4 1.3
Vitamin and trace mineral premix 145

Total 362 .4

Ayitamin trace mineral premix supplied 1760 mg riboflayin; 8,800 mg
pantothenic acid; 8,800 mg niacin; 8.8 mg vitamin Byas 176,000 mg
choline chloride: 1,760,000 I.U. vitamin A; 176,00023.u. vitamin D.;
4,400 I.U, vitamin E; 44 mg menadiane dimethyl-primidianol bisulfi%e;

39.6 mg selenfum; ?99.2 mg iodine: 19.8 g iron; 11 g manganese; 2.2 g
copper; and 39,6 g zinc per kilogram of premix.
b

After mizing with a Marion Mixer (Rapids Machinery Co., Marion, Towa)
78.7 kg was rempved for adjustment pericd feeding and 450 g cholesterpl
(purity at least eguivalent to USP; Sigma Chemical Co., 5t. Lowis, MO}
was added and mixed into the remaining 283.7 kg. Including that from
the butter, the diet contained 177% mg cholesterol/kg.

Results and Discussion

Cholesterol was taken up by L. acidophilus in the Lroth medium
containing PPLD serum and o0xgall only during anaerobic growth of L.

acidophilus.

IndTvidual strains of L. acidophilus exhibited considerable
variation with regard to the ability to assimilate cholesterol. For
example L. acidophilus RP32 removed more cholesterol from the growth
medium and accumulated more in the cells than did strain P47 (Table 2}.

Table 2. Assimilation of cholesterol by Lactobacillus acidophilus
during anaercbic growth im MRS broth containing PPLO
serum and oxgall,

Cholasteral (ug/ml)?

Culture Control Spent Cells
Broth Broth

RP32 67.2 0.6 28.6

P47 6.2 61.4 8.2

3Fach valus represents the average from 3 trials.
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In the feeding trial all pigs appeared to remain healthy and there
were no significant differences in weight gains among the treatment
groups. Consumption of the diet fed was not a problem and intake did
not differ among treatment groups. The pigs weare fed a diet high in
cholesterol in order to cause an fincrease in serum cholesterol. All
groups exhibited increases in serum cholesterol during the feeding trial
as expected (Table 3). The mean serum cholesterol concentration for all
treatament groups on day O was between 52 and 56 g/dl; there were no
significant differences among groups (P>0.05), There were no
significant interactions among treatments and days (P>0.05). The mean
serum cholesterol values on Day 5 for the control group and P47 group
had increased significantly (P<D.05) to 69.10 and 72.01 g/dl
respectively. The group receiving L. acidophilus RP32 did not exhibit a
significant (P>0.05) increase from day 0 to day G5. The mean
concentration for the latter group on day 5 was significantly Tlower
(P<0.05) than for the P47 group. The mean value of the RP3Z group on
day 10 was also significantly lower (P<0,05} than both the control and
P47 groups. None of the groups exhibited significant increases from day
& to day 10 (P>0.05).

Table 3. Influence of feeding cells of Lactobacillus acidophilus on serum
cholesterol levels in pigs on a high cholesterol diet.

Cholesteral (mg/d1)2

Group Day 0 Day 5 Day 10
Control 52.23 (1.88)C) 69.10 (3.9)507  74.44 (4.64)2

L. acidophilus P47 55.58 (4.70)C1 72.01 3.02)2  73.48 (4.68)52
. acidophiTus RP32 52.84 (3.00) 61.48 (3.30) 62.29 (4.91)

3ach value is the mean from six pigs; numbers in parentheses = standard
deviation; values in same column followed by different superseript letters
are significantly different (P<.05); values in the same row followed by
different superscript numbers are significantly different (P>.05). There
were ng significant interactions among days and treatments (P>.05).

Some strains of L. acidophilus have the ability to assimilate
cholesterol as indicated by the appearance of cholesteral in the cells
during growth which was associated with decreases in the concentrations
of cholesterol in the growth medium during anmaerobic growth in a medium
containing bile. The amount of bile required to enable the cultures to
remove cholestrol from the growth medium was not in excess of the levels
normally encountered in the intestimes, Thus, the conditions required
in the in vitro system for cholesterol uptake by L. acidophilus would
also be expected to occur in the intestinal tract. 15 should enable
the grganism to assimilate at least part of the cholesterol ingested in
the diet, thus making it umavailable for absorption into the blood. A
similar action could be exerted on endogenous cholesterol in the
intestines,

Both strains of L. acidu%hi1u$ selected for use in the pig feeding
trial exhibited resistance tfo bile; however, strain RP32 exhibited
maximal ability and strain P47 exhibited minimal ability to assimilate
cholesterol in vitro. These two strains were selected for the feeding
trial to determine if the difference in ability to assimilate
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cholestera]l would influence any effect that consuming cells of L.
acidophilus might have on serum cholesteral levels in the pigs. The
51gnig1cant1y lower levels of serum cholesterel in the pigs that
received the "cholestarol-assimilating® strain (RP32) further supports
the idea that the ability of L. acidophilus to cause reductions in serum
cholestero]l is a result of the direct action of the culture on
cholesterol.

Further research 15 needed to determine the mechanism of cholesterol
uptake and to determine whether or not ingestion of cells of a selected
strain of L. acidophilus could decrease serum cholesterg] levels in
adult humans with primary hypercholesterolamia.
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COLLAGEN AS A LEAN OR FAT MEAT REPLACEMENT IN PORK SAUSAGE
1 2 3
G.C.Arganosa; R.L.Henricksen and B.R.Raoc

Story in Briesf

Collagen was used to replace various levels of efther lean or fat
meat (5. 10, 15 or 20 %) in pork sausage and stored at 0 C to determine
the effect of collagen level and storage period on the quality
characteristics of the sausage. 3Sensory evaluation indicated that
products with collagen were fndistinguishable from the control suggesting
that collagen may be used as a suitable replacement for either the lean
or fat tissue in pork sausage.

{Key words: Collagen, replacement, fat or lean.)

Intreduction

Pork sausage is one of the more common meat items on the breakfast
menu. In fiscal year 1983 alone, 1,114,663,000 pounds were prepared and
processed under federal inspection. With such large volume of sausage
products on the market; there has been a definite trend to develop
products suitable fo use as extenders. Collagen is one such product that
is undsr investigation,

Hydrolysates of beef or pork skin used to replace non=-fat dry milk
in cooked sausage formulation had greater water holding and fat holding
ability. The higher protein content of the hydrolysate gave the sausage
emulsion improved stability during cooking (Satterlee and Zachariah,
1973). The effect of food grade collagen substitution on the functional
properties of coarse beef bologna by replacing lean meat at 10, 20 or 30
% levels 1indicated the potential of this ingredient (Schalk, 1981).
Collagen also has been used in fine-emulsion bolognas, replacing lean meat
at 5, 10 or 15 % levels while keeping fat content constant at 25 %
(Gielissen, 198l1). The addition of wet collagen to ground beef at 0. 10
or 20 % levels as a lean meat replacement and the mixed products stored
at =15 C for Z wesks had no change in the eating quality characteristics
(Chavez, 1983). Collagen has been used in varicus bakery products such as
whole wheat muffins, sweet wheat loaf, corn meal muffins, plain cakes,
carrot cake, oatmeal cookies and in plain and wheat bread spatzie (Ebro
et al., 1979, 1980).

Tha purpose of this investigation was to determine the Teasibility
of substituting collagen for varying portions of the total lean tissue or
the fat tissue of pork sausage.

Materials and Methods

Forty-five kg of raw pork shoulders and 10 kg of pork back fat were
purchased from Ralph's Packing Co.(Perkins, Oklahoma) for the four
replications in this experiment. After manually separating the fat tissue
from the shoulders, the fat trim. lean trim and pork back fat were each
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ground separately once throwgh a 1.27 om plate inte separate containers
and sampled at random lecations in their centainers for fat determinaticn
by the modified Babcock method for cream (ACGAC,1980).

Eight numbsr 10 cans of food grade bovine hide collagen ware used
for this study. The calculated amounts of ground lean, ground fat and
bovine hide ecollagen for each of the nipe formulations (Table 1) were
mixed with 6l.6 g salt, 2.2 g sage, 4.4 g ground red pepper and .8 g
ground black pepper using a Hobart paddie type mixer for 2 min.,

Table 1. Pork sausage formulations.

Code Tissue Level Lean Fak Collagen
replaced g | solid water
% (1) (2} (3} (4]
Cog none 0 2776 1224 ] 0
LOS Tean E 2576 1224 g1 109
L10 Tean 14 2276 1224 182 218
bk Tean 15 2176 1224 21 32
L20 Tean 20 1978 1224 364 436
FOs fat B 2176 1024 91 108
F1l0 Tat 10 2176 g24 182 z18
F15 fat 15 2776 B4 273 327
F20 fat 20 2776 424 364 436

(1} based on the 10 ¥ average fat content of the 4 lots of lean tissue,
(2) based on the 75.4 % average fat content of the 4 Tots of fat tissue.
{3} s=olid obtained from filtration. (4) aqueous portion obtained from
filtration of collagen from the cans.

The resulting sausage mixture was ground once through a 0.64 cm
grindsr plate to provide uniform distribution of fat, lTean and collagen.
Supralom casings were filled with sausage using a mechanical stuffer to
produce twelve 300 g chubs.

Triplicate samples from each formulation and the fibreus pertion of
the food grade collagsn were used to determine the amount of moistures
protein and fat accerding to the ADAC methods (1980).The protein content
of collagen was calculated as a percentage of nitrogen times 5.56
(Henrickson et al. 1984},

Twelve chubs prepared from each formulation were randomly assigned
to 0, Z» 4 or 6 weeks of storage. At the end of each storage periocds
samples from each formulation were obtained for taste panel evaluation
for colors juiciness. texture, flaveor and overall acceptability of the
cooked sausage wusing a semi trafned laboratery pamel. The panel used a
descriptive scale, a modification of a score card, suggested by Stona et
al.(1974}, the modification being a 1ine across each subjective trait. 14
cm  leng, with ancher points at Zem interval. The left end point of the
line was given a value of 0 with each succeeding anchor point assigned
values in increments of 1 with the right end point having a value of 7.
The wertical 1fines marked by each panelist on the score card were
converted to numerical wvalues using a template. Patties from each
formulation were cooked on a pre-heated electric griddle set at 162.,8 C
and turned over every 5 min yntil each side had been cooked for a total
of 10 min.
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The results were analyzed statistically for analysis of variance and
where differences were found the means were separated by Duncan's method.

Results and Discussion
Chemical Composition

The chemical compesition of the collagen and the nine different pork
sausage formulations are shown 1n Table 2. Collagen from all the four
lots revealed similar percentages of fat, protein and moisture. Thae
factoer 5.56 was used to convert the percent nitrogen to percent protein
in the collagen. Although the addition of collagen may affect the total
protein {in the pork sausage, the factor 6.25 was still used to calculate
the percent protein. The amont of protein contributed by collagen: on a
weight basis, 1z a small fraction of the total protein contributed by the
other components of the sausage, i.e., the lean and fat tissue. Therforae
any calculation 1invelving a different factor for collagen would yield
protein values that are slightly higher than the protein values of the
control sausage.

The sausage formulations with replaced lean tissue possessed similar
percentages of fat, protein and mofsture. The percentage of fat decreased
while the percentage of moisture increased when fat tisssue was replaced.
The decrease in fat was attributed to the low fat content of collagen,

Table Z. Chemical compositifon of collagen and pork sausage.

Product fat protein moistura
% & =
Collagen 0.40 19,53 79.09
0.31 18.00 79.15
0.33 17.56 78.27
0.31 19.97 78.80
coo 29,86 13.68 55.19
LOS 30.02 13.34 55.18
L1 28.66 12.94 56.39
L15 29,56 12.49 55.59
L20 28.88 12,74 58.12
FO5 27 .44 13.87 56.61
F10 2466 13.58 58.30
F15 20.29 14.60 63.90
F20 17.17 14.42 67 .45

Sensory Evaluation

Sensory evaluatien was conducted to determine if the taste panelists
could discriminate any differences in the guality attributes of the pork
sausage such as cooked color, Jjuiciness, texture, flaver and overall
acceptabilty. The semi-irained laboratory panmelists found no significant
differences in the guality attributes of the cooked pork sausage patties
involving both +types of replacement ({(Table 3.) except for the fat
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Table 3. Effects of storage time and replacement of lean or fat meat with
collagen on the mean values of sensory attributes(¥) of pork

Sausage.
SENsary callagen Storags wasks
trait Taveal [ 4 s)
Cag 4.76 4.09 4.00 4,12
LO5 4.45 4.25 4,76 4.16
L1 4.42 4.50 3.92 3.97
L1& 4.15 4.25 4.08 4.00
Color L20 4.22 3.81 4,58 3.89
FO5 4,48 4.58 4.18 4.16
Flo 4.79 4.14 4.11 3.73
F15 4.79 3.54 3.90 4,21
F20 4.20 4,14 4.17 4.28
coo 4.40 Ede 3.40 2T
LO& 4.15 3.87 4,18 3.56
L10 3.97 3.84 3.79 3.71
Juiciness L20 4.18 3.95 4.25 3.44
FO5 4,22 3.54 F:50 3.18
F10 4.11 4.18 3.74 3.34
F15 3.98 3.43 3,11 3.04
FZ0 3.96 3.54 3.069 3.43
cag 3.76 3.44 3.39 2.99
LOS 3.81 A3 3.95 3.29
L10 3.77 F.53 3.57 3.66
L1 3.91 gl 3.1%9 3.47
Texture L20 3.63 3.78 3.82 3.05
FO& 4.04 3.81 3.61 3.46
F10 3.86 3.99 3.46 3.22
F15 3.91 3.34 3.36 3.20
Fa0 396 3.54 3,89 3.43
coo 4.72 4,24 Fa k2 3.83
LO& 4,40 4.13 4.34 4.03
L1 4.02 4,17 4.05 3.95
L1S 4.18 4.16 4.38 3.86
Flavor L20 4.0z 3.62 4. 08 3.96
FOS 4.1%9 4,17 4.05 3.78
F10 4.17 4.35 4.21 3.93
F15 4.01 3.11 3.B0 3.65
FZ0 3.85 4.18 e 3.66
GO0 4,76 3.97 3.74 3.40
LG 4.45 3.98 4.39 3.80
L1t 4.02 4.26 4.01 4.04
L15 4,16 3.87 4,22 3.54
Over all L20 4.08 3.49 4.14 3.63
accepta- F{5 4.30 3.97 3.74 3.40
piity FLQ 4,47 4.53 o2 3.86
F15 4,25 3.02 C i ol Ry
F20 3.92 3.88 377 3.29

* Yaluas based on eight-point scales where 7 = wary desirable
color or very juicy or very fine or intense pork flavor or
1ike moderately; 1 = very undesirable or very dry or very
coarse or extremely off flavor or dislike moderately.
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replaced patties at 15 % Tlevel which had a significantly lower taste
pane]l score for flavor. This difference may primarily be attributed to
differences among the panelists (P< 0.05). There were also no significant
differences in these quality attributes due to storage pericds of the fat
tissue replaced sausages; no sinificant differences in the color and
flaver due to storage, These sausages, however, were found to be Jess
Jjuicy (P<D.05) and less acceptable (P<0.05) at weeks 4 and & compared to
weak 0. The patties at week 6 also were found to have a less desirable
(P<0.05) texture compared to patties at week 0.

Differences 1in the Juiciness, flavor and overall acceptability of
the cooked patties were probably not detected because of the differences
among panelists. It is also possible that the spices used in the
formulations may have shielded the effect that collagen may have had upon
the juiciness and flaver of the patties.
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EFFECT OF COOKING METHOD ON THE CHOLESTEROL CONTENT OF HAMBURGER PATTIES
R.L.Henr1cksog and E+R.Rao2

Story in Brief

Cooking hamburger patties om an Instant Burger Cocker did not result
in any appreciable reduction in the cholestercl comtent. Even though the
fat content of some hamburger brands decreased slightly their cholestaro]
level showed an fncrease suggesting that cholesterol may alse be present
in the structural 1ipids (intracellular membranes and structures) in
additicn to external and Intramuscular fat.

(Key words: Cook method., cholesterol, hamburger.)

Introduction

Animal +tissues contain a great variety of stercids of which
cholesterol 15 quantitatively the most important, It is a constituent of
all body tissues and therefore appears to be necessary for the integrity
of the animal cell. Man derives his cholesterol stores by two processes,
by endogenous synthesis and by absorption of dietary cholesteral. Since
it s a unfversal constitwent of all animal cells. cholestercl occcurs in
all fopds of animal origin.

Cholestero] is {nvolved in the organization and permeability of cell
membranes. Progestagens. glucocorticeids. mineralocorticoidss androgens
and estrogens are the major steroid hormones derived from cholesterol. It
is a precursor of vitamin D which is important in the control of calcium
and phosphorus metabolism. Reduction in blood cholestercl levels by
dietary means 15 difficult under conditions consonant with good
nutrition, The daily intake of cholesteral in the mixed diet of an adult
varies from 200 to 360 mg.

In spite of many useful roles played by cholesterol in the human
body, & school of thought exists that diets of animal origin high in
cholestercl are responsible for certain cardiovascular diseases, Even
though +the average cholesterol content of cocked meats is less than 100
mg/ 100g. the increasing consumption of fast foods necessitates a closer
lock at the cholestercl levels in these foods, Janciki and Appledorf
(1574) reported a decrease 1in the cholesterol content of beef patties
broiled er grill fried compared to raw cnes while microwave cooking had
no effect, However, they noticed no significant difference between
cooking methods.

This investigaticn was undertaken to determine whether a new type of
cooker (Instant Burger} affected the chelesterc]l content of cooked
hamburger when compared to a conventional grill.

Materials and Methods

Hamburger patties sach weighing approximately 4 oz {raw) ware
obtained from two logal fast food outlets (Brands B and C) and from OSU
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food service center (Brand A). All the patties after wrapping in wax
coated paper were packaged in freezer paper and stored at -10 C.

The fast food cutlets also provided cooked patties. The raw Brand A
patties were cooked on an electrical griddle preheated to 350 F, to
medium well degree of doneness. This constituted the conventional cocking
method. The cooked patties were wrapped in freezer paper and stored at
=10 C.

Cooking the patties using the Instant Burger (Smokaroma Inc. Boley
0.K. 74829) was the new method of cooking. Two patiies were cooked at a
time to medium well done. The cooked patties were transferred on to a wax
coated paper, wrapped and stored in a freezer at -10 C along with all
other cooked patties until analysis {not more tham a week).

Chemical amnalysis: The patties were analyzed for protein, ether extract
and moisture following the ADAC methods (1980).

Cholestero]l determination: The cooked patties were ground through a 1/8
in plate of a hand grinder and Z g were weighed into a stainless stesal
container attachment of a Scrvall Omnimixer. Crude fat was extracted with
a chloroform methanol mixture 2:1 by volume (Hubbard et al. 1977). The
chloroform extract was evaporated to dryness using a water bath at 60 C
with a thin stream of air flowing over the-sample and finally dried to a
constant weight in a hot air oven at 60 C. The dried fat was redissolved
in ethyl ether to known volume and 1 ml was pipetted into a clean test
tube and once again dried at room temperature {about 25 C). Cholesterol
was determined spectrophotometrically using o-phthaldialdehyde reagent
(Bachman et al. 1976). The results were expressed as mg cholestero] per
100 g of sample,

Results and Discussion

Brand A burgers (Table 1) showed a moderate increase in the
cholestaro] level due to Instant Burger cooking even though their fat
content was slightly decreased. The Brand B patties (Table 1) had a
s1ight increase in the cholestercl level and a slight decrease in the fat
content when cooked on Instant Burger. The Brand C patties (Table 1)
cogked on the Instant Burger had a moderate decrease in their chelesterol

Table 1. Chemical composition and cholesterol values of hamburger
patties cooked by Instant Burger and Conventional methods

Instant Burger cooked Griddle cooked
Sample
Pre Mois Fat Chol Pre Mois Fat Chol
¥ % ] % mg,/100g & ] £ mg/100g

Brand A 24.9 58.8 14.8 27.06 26.5 B532.9 17.0 22,53
Brand B 24,6 59,2 15.6 30.44 28.1 54,5 17.0 28.84
Brand C 23.6 59.5 16.6 27.58 26.4 47,5 Z6.5 33.43

Average 24.4 59,2 15.7 2B.48 27.0 52.0 20.2 28.3
(54 patties)
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value and a moderate decrease in the fat content. These results are not
in general agreement with Janciki and Appledorf (1974) whe reported that
the methed of cookings broiling, grill fryimg or microwave cookings had
ne significant effect cn the cholestero]l content of cooked beef patties.

Brand C patties conventicnally cooked had 26.5 & fat and those
cooked on Instant Burger had 16.6 £ fat (Table 1). This increased Toss of
fat from Brand C patties on Instant Burger cooking may be responsible for
thair Tow cholesteral values compared to conventicnally cooked ones. The
conventionally cocked Brand A patties (Table 1) had an aveage fat content
ef 17.0 % while the same patties cocked on Instant Burger showed an
average fat content of 14.8 %. Similarly the Brand B (Table 12
conventicnally cooked and Instant Burger patties had a fat content of
17.0 and 15,6 percent respectively. Even though the fat content of Brand
f and Brand B decreased slightly, their cholestero] levels showed an
increase which suggested that cholesterel may alse be present in the
structural lipids { intracellular membranes and structures) in addition
to the external and intramuscular fat which is in agreement with Rhee et
al, (1982).

When +the data were summarized (54 patties per cooking method) from
all samples {Table 1) it was observed that the cholesterc] level of the
cooked patties did mot differ greatly due to the method of cooking.
Eventhough the patties cooked by the Instant Burger unit contained less
fat (15.7 %)s the cholesterol level was not greatly different from the
patties cooked by the conventional method although thair fat content was
much higher (20.2 %). Patties cooked on the Instant Burger possessed mors
moisture but less protein than patties cooked by the conventicnal method.
Therefore 1t may be concluded that the cholesterol type lipids are also
pressnt within the lean portion of the ground beef patties and not
directly related to the total fat contemt of the cooked patties.
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EFFECT OF COOKING METHOD OM THE FAT CONTEMT OF HAMBURGER PATTIES
R.L.H&nr1cksun]and B.R.Rao?

Story in Brief

Hamburger patties prepared using an Instant Burger Cooker had 4.5 %
less fat than those cocked on a griddle. The data suggested that the
Instant Burger method would provide a lower calorie content per cooked
patty.

(Key words: Cook method, fat content, hamburger.)

Intreduction

Consumers presently are very conscious of the nutritive content of
foods as this is related to their health. The segment of the population
which 15 at risk to coronary heart disease are advised to be cognizant of
their dietary intake of cholesterol (Reiser, 1978). Some epidemiclogical
studies have demonstrated positive correlations between high fat
consumption and colon cancer (Reddy, 1981} and pancreatic cancer
(Wyndler, 1975), Janciki and Appledorf (1974) recommended microwave
cooking of ground beef patties for persons on low fat diets as this
method provided less crude fat than broiling or grill frying.

This dinvestigation was undertaken to determine whether a new type
cooker{Instant Burger) affected the total fat content of cocked burgers
compared to the griddle method.

Materials and Mathods

Hamburger patties each weighing approximately 4 oz (raw) were
cbtajned from two local fast food outlets and from 05U food service
center (Brand A). A1l the patties after wrapping in wax coated paper were
packaged in freezer paper and stored at -10 C.

The fast food outlets alse provided both raw and cooked patties,
Brand B and Brand C. The raw Brand A patties were cooked on an electrical
griddle preheated to 350 F, to a medium well degree of doneness. This
constituted the conventional cooking method. The cocked patties were
wrapped in freszer paper and stored at -10 C,

Cooking the patties using the Instant Burger (Smokaroma Inc. Boley
0.K. 74829) was the other method of cooking. Two patties were cooked at a
time to medium well done. The cooked patties were transferred on to a wax
coated paper, wrapped and stored in a freezer at -10C along with all
other cooked patties until analysis (not more than a week).

Chemical analysis: The patties were analyzed for protein, ether extract
and moisture following the ADAC methods (1980).
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Results and Discussion

The chemical compesition of the ground beef patties (Fig. 1) shows
the fat content of patties cooked by the Instant Burger method to have
4.5 & less fat than those cooked by the regular grill method. When one
considers that 1 g of fat contains 9.02 calories, this would suggest that
beef patties cooked by the Instant Burger method provide a lower calorie
intake per patty. Janciki and Appledorf (1974) reported a similar
detrease in crude fat content of ground beef patties cooked by microwave,
but found no differemce in the fat levels of patties cooked by breiling
or grill frying. Therefore, based on these data, one may conclude that
Instant Burger coocking of hamburger patties may be beneficial for persons
on & low fat diet as well as for that segment of the populatiom prone to
the risk of cardiovascular diseases and for all other peocple whe are
concerned about fat in the diet.

It 1= of further interest to note that beef patties cooked by the
Instant Burger method retained 7.2 % more moisture than those cooked on
the grill. This greater mofsture Tevel would indicate more palatability
in the form of a juicier burger. Eventhough the protein centent of
Instant Burger cooked patties was 2.7 % lowsr than the grilled patties,
the protein level would sti171 be adequate for good human nutrition.

PMF PMF PHF PMF P MF PMF

15

15k ¢

481 P=prot-301
rs eln

{58 ¢ M=mois-30¢+
ture

F=fat 2@

A B L A E C
Instant Griddle
Fig 1.Chemical composition of patties cooked
by different methods.
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INFLUENCE OF TEMPERATURE, TIME, AND SOLVENT ON
COLLAGEN AND SALT-EXTRACTABLE MEAT PROTEINS

1

P.B. Kenney®, R.L. Henrickson®

, and P.L, E1aypﬂul3

Story in Brief

This study was conducted to gain some understanding of the
functional attributes of fibrous hide collagen as a potential ingredient
in processed meats, Fibrous collagen was used to replace either 0, 10,
20, 30 or 100X of minced muscle. The meat portion (meat and/for
collagen) was treated with either 3% NaCl or 3% NaCl + 0.44% sodium
tripolyphosphate and the resulting slurry was heated at either 50, 60 or
J0C for either 0, 15, 30, 45, 60, 75 or 90 min and nitrogen solubility
was determined,

Protein denaturation, as monitored by changes in nitrogen
solubflity, was manifested as a reduction in solubility for the 0%
collagen {100% muscle) substitution level or an increase in solubility
for the 100% collagen level. The degree of these responses was
dependent on the solvent used as demonstrated by qreater release of
soluble nitrogen for 3% NaCl + 0.44% STPP than 3% Natl at the 100%
collagen substitution Tevel and S0C.

{Key words: Collagen, Functional attributes, Meat proteins).

Introduction

The basic functional property of proteins is their solubility and in
the case of muscle food the response to subsequent heat treatment.
These two essential factors will determine the efficacy of using a novel
protein, hide collagen, as an additive or extender in processed muscle
foods.

Loss of nitrogen solubility is one of the most readily measurable
properties of proteins and has been used widely as a criterion for
denaturation. Monitoring changes in solubility for variows fractions of
muscle as a conseguence of heat denaturation; to determine whether the
functional performance of combinations of meat and extender proteins is
greater in combination than the sum of their individual performance;
were some of the earlier studies.

It was the purpose of this experiment to study changes in nitrogen
solubility as a indication of protein response to varipus hydrathermal
conditions and to gain more knowledge concerning the functional proper-
ties of hide collagen as a potential ingredient in processed meat items.

Materials and Methods
Materials

The Eastern Regional Research Center at Philadelphia, PA, provided

lﬁraduate Student, EPrafessar Animal Science, 3Prafe55ur Statistics
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comminuted native wet collagen, frozen in Mo, 10 cans and classified
as product Mo, 1, based on pH, particle slze, protein denaturation, and
viscosity.

Methods

A11 collagen was removed from frozen storage (-13C) and thawed at
40C.It was strained through a Bunchner funnel to separate the fibrous
and liguid partions of the material. A ratie of 2.18:1 (solids:liquid)
was obtained, This ratio was determined so a constant proportion of
sglids to 1iquid could be maintained if more collagen were needed for
conducting further esperiments. Following filtration, the 1iguid and
solids were recombined and thoroughly mised. This standardized material
was packaged in 250 g portions into 454 g freezer containers for -13C
storage.

A beef inside round from a choice grade carcass was removed from
frozen staorage and thawed at 4C, manually freed of separable fat and
superficial connective tissue, ground once through a 1.25 cm plate and
ground twice through a 4.8 mm plate, Fifty gram portions of the minced
muscle were packaged in plastic bags for storage at -13C. The
individually packaged frozen meat and collagen were thawed (4C) as
necessary for experimentation. Food-grade NaCl, granular food-grade
sodium tripolyphosphate (5TPP), and distilled water were wused to
formulate the extracting solutions.

Three percent NaCl and a combimation of 3% NaCl and 0.44% STPP were
used as the extracting solutions, Meat veplaced with 0, 10, 20, 30 or
100% Tlevels of collagen served as the meat portion. Fifteen and
nine-tenths grams of the meat block were weighed into a 400 ml blender
cup and blended with 159.1 gms of extractant at 6400 rpm for one minute
using a Sorvall Omni-mixer., The resulting slurry was blended for an
additional min following a three min rest period. This preparation of
175 gms of slurry was repeated four times to obtain sufficient sample
for the heat treatment. The four blends were combined and the pH of the
composite blend was adjusted te 6.00 with either IN NaOH or LN HCI.

Table 1. Effect of Solvent and Collagen Substitution on Meat Slurry pH
Prior to Ajustment to pH 6.00a,b

Collagen Lavel 3% NaCl 3% MaCl +
(%) (pH) 0.44% STPP
(pH)
0 5.46 (0.15) 6.57 (D.07)
10 5.45 (0.06) 6.62 (0.15)
20 5,52 (0,13) 6.81 (0.11)
an 5.67 (0.08) 6.87 (0.13)
100 7.38 (0.17) 8,38 (0,22}

aValues 1n parentheses represent the standard deviation.

hHean of & observatians.
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Fifty grams of the resulting slurry were weighed into each of 12
test tubes for heat treatment in an oscillating water bath at either 50,
60 or JOC depending on the treatment comditions. Two tubes ware removed
at 15 min intervals wuntil 90 min had elapsed. lUpon removal from the
water bath, the contents of each tube were immediately filtered through
Watman Mo. 4 filter paper and the filtrate was placed in an ice bath.

The griginal slurry, in excess of that needed for heat treatment,
was used for determination of the nitrogen content of the
time-temperature control (0 min., heating time). The meat slurry was
weighad into a 50 ml teflon tube and placed in an RC2-B refrigerated
centrifuge for centrifugation at 10,000 rpm for 10 min. The resulting
slurry supernatant was filtered through eight Jayers of cheese cloth and
the filtrate was used in the nitrogen analyses.

Kjeldahl nitrogen was obtained using the Tecator 1013 digestion unit
and the Kjeltec 1030 autoanalyzer and pH was measured. In addition to
the & fifteen min intervals, nitrogen analysis was conducted in
duplicate on the unheated filtrate obtained from the previously
described centrifugation step.

Experimental Design and Data Analysis

The experiment was conducted wusing a Randomized Complete Block
Design with a split-plet arrangement of treatments. In each block, 5
collagen Tevels, 3 temperature levels, and 2 phosphate levels denote the
main-unit treatment factors for a total of thirty possible treatments (5
¥ 3K 2) and within each treatment, seven time intervals represent the
subunit treatment factors. Each treatment was replicated three times
for a total of three blocks.

The data were anlyzed using Statistical #Analysis System (SAS).
F-tests from the analysis of variance was performed to determine iF
significant differences occurred between lavels of each treatment and
the significance of any two-way interactions among whole unit treatment
factors, and between whole unit treatment factors and subunit treatment
factors, The presence of quadratic trends in the data associated with
Lime of heating was verified wsing the gemeral linear models procedure
of 5A5.

Results and Discussion

Effect of Temperature and Time

The premise on which this experiment was based is that heat
denaturation results in changes in solubility depending on the severity
of the heat treatment. The quantity of soluble nitrogen was
significantly reduced, when the meat slurry was exposed to heat, as a
result opf the heat induced denaturation and subsequent coagulation of
meat proteins (Table 2). The major reduction in solubility occurred
during the initial 15 min of heating for 50, 60 and 70C, From 30 to 90
min of heat treatment, the amount of soluble nitrogen maintained a
ralatively constant value for each of the three temperatures studied.
However, & step-wise loss in solubility was observed as temperature
increased for 50 to VOC at all the time intervals from 30 min onwards.
This step-wise reduction indicated that sufficient energy became
available to overcome the resistance to heat denaturation of more
thermally stable proteins scluble in either of the solvents studied,
Since myosin 1s the most abundant and one of the more heat sensitive
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Table 2. Effect of temperature, time, and solvent on soluble nitrogen
(%) for 9.210. 20, 30 and 100% meat replacement with

collagen
50C BOC 700
Iggﬁ) FENACT  FENaCT TNaCT—  3%NaCT  TENaCT — JaWaCT
U.ﬂd;STPP 0.44;3T?P ﬂ.a;xsrpp

0% Meat Replacement
o a,128% a.1sﬂ*“'"‘ﬁ?fgﬁg““‘ﬁ,mgga 150 3 sl 1 k.

15 0.094]  0.15°  0.080°  0.092 0.058)  0.069"
a0 0.094°  0.008° . 0,068° u+nrgg 0,055 n.nmb-c
45 n.ngzb-ﬁ n.ugqcvd 0,065° 0.075 0.054°  0.0g0":C
B0 0.088°¢ 0.0935* 0.064° 0.075) D.oszg 0.058°
;g g,ggﬁﬁ : g.n&ad {i,nsz; 0,070,  0.050, D.DE';E
.089°» .088 0.062 0.074 D.052 0.057
2 10% Meat Replacement
0 0.1037 0,133 0.1I6; U.lﬁSE ﬁ.llzg 0.1417
15 0.089) 0.098)  0.074; 0.083) 0,058 0,058
30 0.087) 0,003 0,074 0.083  0.058]  0.058]
45 0,085, 0.093 0.0645 0.067°  0.056 0.054
60 0,083 0.088°  0.064° 0.069°  0.0560  0.045
;g g.gg%h H’Egéb g.ggag 0.069°  0.056, u.ussg
; : .064 0.068 0.057 0.058
g 0.1 Meat Replacement a
0 N 0.111° 0.1943 9.0953
15 0.0842+) 0.089)  0.068 0.073) _ 0.057, 0,056
0 0.0822:0  0.087)  0.064F 0,066°°¢ 0.058°  0.057°
a5 0.0833:° o0.085)  0.0587°C  0.061° o.nsrg ﬂ.us?g
B0 0.081  0.082) ﬂ.a5gb=f 0.062°5 0.060,  0.059)
75 0.083%% Do 0.0602:  0.062° 0.059 0.060
%0 0.081°  o0.o82®  o0los0®C  0.081°  D.os7Y  0.ose”
;gﬁ_ﬂeat Replacement
0 ﬂ+084; 0.1097 078, u+na?§ 0,062  p.0912
15 0.0760 0.083 0.064 0.067 0.051°  p_ns1D
30 0.07°2  0,077p  0.0597°C  0.062"¢ 0.052°  0.050"
15 0.075)  0.0772  0.057°:C  0.059"+¢ 0ln53%D glosp”
60 0.074 0.075 0.0562*¢  n.056°  0.0542:2 p.p52D
a0 0.075" 0.077°  0.053° 0.056°  0.056%:" p.ps51P
100% Meat Rgplacement
i 0.006% 0.00T 0.0 0.0047 0.0005  0.0025
15 u.uuﬁg 0.022 ﬂ.D3ﬂE 0.024 0.0847 0,047
a0 0.0162 . 0.028° . 0.050 0,033 , 0.0515°9 0,042
45 0.022¢°% E.USED’E n.uaa: D.HE?E‘ 0.0555 . 0.052%:
B0 0,029 °F  0.036.. 0.062 0.046,  0.058 ~§ 0.054%:
75 0.03523-°  p.0403+* 0.0602 0,046 0.0652°° 0.0592
a0 0.041 0,046 0.059 0.056* 0.071*  0.060°

I Means in colamns not follpwed by the same letter are significantly
different (p < 0.05),
2 Each value is a mean of six observations with predicted valuss
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prateins, the majority of the initial raduction in solubility at the 15
min heating period for 50 and &60C could be accounted for by the
denaturation of myosin with further reduction at 70C representing the
denaturation of more thermally stable components of the salt-extractable
fraction.

During the initial 15 to 30 min heating peripds (Table 2), the loss
of solubility is a time dependent response. The denaturation of protein
constituents coagulable at BOC would be expected to be time-dependent at
temperatures egual to or greater than &0C. The dependence on time was
observed during the initial 15 tao 30 minutes, any further changes in
solubility would be tempsrature dependent as evidenced hy decreased
soluble nitrogen as temperature increased at these prolonged heating
periads. Therefore, temperature dependency occurs as a result of
increasing stability associated with the more thermally resistant
proteins in solution.

Effect of Collagen Replacement

The heat treatment control (0 min time interval) illustrates that
replacing portions of the minced muscle with hide collagen reduced the
quantity of mitrogen soluble in either 3% NaCl (Table 2) or 3% NaCl +
0,.44% STPP. Quantitative determinations of salt-soluble protein in
varipus meats wused in the processing industry revealed that
approximately 7% of muscle is salt-extractable,

Thare are two opposing reactions affecting the quantity of soluble
nitrogen as a result of heat denaturation; precipitation of heat
coagulable muscle proteins and thermal solubilization of collagen. At
50C the Tloss in sSolubility attributed to the heat dematuration aof
salt-extractable muscle proteins influenced te a greater extent the
quantity of mitrogen in the filtrate whereas at 60C with 3% MaCl as the
extractant and at 70C for both solvent conditipns (Table 2) and
disparity associated with collagen substitution levels was nobt as
distinct after 30 min of heating. This pattern for these three
hydrothermal conditions may be due to more complete coagulation of the
salt-extractable muscle proteins and an opposing increase in solubility
associated with thermal hydrolysis of collagen and consequently reducing
the disparity associated with greater dilution of muscle proteins by
collagen,

Table 2 illustrates that at all hydrothermal conditions studied for
100% collagen substitution, the amount of nitrogen in the filtrate
increased with increasing temperature and time at a given temperature.
In the presence of 3% MaCl at 50C there was no significant increase in
solubility until 30 min, whereas at 70C under the same solvent
conditions there was a marked increase in solubility attributable to the
thermal hydrolysis of collagen after heating for 15 min.

The initial decrease in solubility at 50C may be due to a release of
newly synthesized tropocollagen molecules that have not undergons
extensive crosslinking. The shrinkage temperature of collagen (Ts =
39C) is marked by a sudden release of soluble collagen as a consequence
of the disruption of the secondary structure, The primary bond
responsible for stabilizing the collagen triple helix is extensive
hydrogen bonding associated with structural water and the hydroxyl group
of hydroxyproline. At 70C, sufficient heat may be present to break the
continuity of the interchain waterbridges, the hydrodyproline related
stability, and the aldel type crosslinkages associated with
hydroxylysine.
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The fnitially sharp increase in soluble nitrogen at 70C and 15 min
of heating time for 100% collagen (Table 2) changed to a more gradual
increase for the remaining time increments., This initial increass may
represent more extensfve rupture of collagen crosslinks of mature
collagen in addition to the soluble material released at 50C., At the
remaining heating time any increase in collagen solubility may be dus
strictly to the denaturation of more mature collagen Fibrils. The same
response for 100X collagen with 3% WaCT as the solvent was observed at
60C. There was a gradual increase in the percent soluble nitrogen from
Q=45 min, after which the soluble nitrogen laveled off at approximataly
0.060% nitrogen that was comparable te the values for 70C under the sams
solvent conditions.

Effect of Solvent

STPP increased the amount of protein solubilized in the presence of
3% NaCl as evidenced by more soluble nitrogen in the filtrate. This
effect was evident for all heating conditions for 0% collagen
substitution (100% meat). A comparison of the unheated sample (0 min
time interval) and the 15 min time interval reveals that the difference
associated with the use of STPP was greater before heat treatment than
following 15 min of heating at 50C (Table 2). This abservation
suggested that the protein components, (1.e. myosin)] most susceptible to
heat coagulation,were affected more by the action of STPP. This may be
due to the larger portion of myosin available for the action of STPP as
compared to other proteins rather than a preferential association of
S5TPP and myosin.

The improved solubility attributable to the action of STPP was not
observed for 10, 20 and 30% collagen substitution laevels at 70C for
heating periods 1longer than 15 min (Table 2), Therefore, it is
understandable why replacing portions of muscle tissue with a rather
insoluble protein such as hide collagen reduces tha total amount of
protein extractable with either solvent. This dilution effect is
consistent with other research workers in that they reported a decrease
in the guantity of sarcoplasmic and myofibrillar proteins as collagen
replacement of meat increased. The equality of the values for the two
solvent conditions at JOC and heating times longer than 15 min may be
due to the opposite manner in which collagen and salt-extractable
proteins manifest protein denaturation and solubilization in 3% NaCl and
3% NaCl + 0.44% 5TPP, At 70C those factors contributing to a decrease
in soluble nitrogen {i.e. muscle protein dilution by collagen and heat
coagulation of muscle proteins) are no  longer predominant  and
subsequantly thermal hydrolysis of collagen dominates and consequently
increases the guantity of nitrogen in the filtrate. Therefore, thermal
hydrolysis reduces the disparity between the two solvent conditions.

The solubility increase associated with the use of STPP at 0, 10, 20
and 30% collagen substitution Tevels s a result of the effect of
increased pH and jonic strength on the muscle tissue component of the
meat block, Table 1 illustrates that pH, prior to adjustment to 6,00,
was significantly greater in the presence of STPP and it is also correct
to assume that jonic concentration was greater when S5TPP was combined
with NaCl than when NaCl was used alons. Also, the initially small
particle size, the mechanical action of the omni-mixer and the high
ratip of extractant to the meat block would facilitate the diffusiom and
action of the solvent in regard to the solubilization of the meat
proteins.
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In regard to solvent effects on the fibrous collagen wused in this
experiment, Table 2 reveals that at 50C, 3% NaCl and 0.44% STPP produced
an increase in soluble nitrogen for the 100% collagen above that found
using 3% MNaCl alone as the extractant. The collagen solubilized at 50C
may represent newly synthesized tropocollagen since this substituent has
not undergone significant crosslinking and is stabilized by weak
hydrogen bonds. Therefore, the addition of 5TPP and subsequent pH and
ionic strength effects may destabilize the hydrogen bonds to the point
that allows more complete relszase of the soluble component after heating
at 50C for 15 min. The increased pH from 7.38 to B.38 produced by STPP
(Table 1) would change the net negative charge on the protein and
thus affect the solubility of tropocollagen by increasing the repulsive
forces on the protein and comsequently improve hydration.

at 60 and 70C, solubility increased less with time in the presence
of 5TPP. Other researchers using native hide collagen reported that at
6% NaCl, hydration was reduced at pH values greater than 5.00. This was
attributed to a shielding of water by either Na or C1 ions at these
extreme pH's. The reduction in hydration may explain the difference in
solubility associated with pH changes. However, the temperature effect
was preeminent since at both solvent conditions more collagen s
solubilized at 70C followed by 60C and 50C respectively. A
consideration of what portion of the thermally solubilized collagen was
due to newly synthesized collagen and what portion was due to mature
collagen would aid in understanding the mechanism of action on fibrous
hide collagen.

Conclusion

The degree of response was dependent wpon the solvent, as
demonstrated by a greater release of soluble nitrogen, for 3% NaCl +
0.44% S5TPP, at the 0, 10, 20, and 30% collagen substitution levels;
where as, 3% NaCl elicited the greatest release of soluble nitrogen for
100% collagan at 50C.
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ANALYSIS OF CARCASS TRENDS IN AN OKLAHOMA YOUTH BARROW SHOW

W 6. Lucel, F. . Ray?, 3. W. 01tign,
M. L. Scott™ and ¥. L. Stevens

Story in Brief

Carcass data from 1294 barrows - 144 Berkshire, 151 Chester White,
207 Duroc, 194 Hampshire, 137 Poland China, 114 3Spot, 152 Yorkshire and
200 Crossbreds - slaughtered in the Oklahoma City 4-H and FFA Livestock
Shows from 1972 to 1984 is presented. The barrows were the top end of
each respective breed selected by a judge in the live show.

In general barrows had significantly higher backfat thickness,
smaller loin eye area, shorter carcass length and decreased estimated
percent carcass lean from 1982 to 1984 as compared to all previous
years. The Hampshire breed tended to be superior in all carcass traits
measured except carcass length.

(Key Words: O5wine Shows, % Lean, Length, Backfat, Loin Eye Area)

Introduction

Many individuals involved in the swine industry, including swine
producers, educators, meat processors and others, have expressed concern
over the changes in type of animals selected by 1live show judges in
barrow shows 1in recent years. These barrows appear to be fatter,
shorter, lower to the ground, larger and more wasty in the head and jowl
and less desirable in carcass merit. Thus, data from barrows
slaughtered in the Oklahoma City 4-H and FFA Livestock Show from 1972 to
1984 were analyzed to determine if changes had occurred in various
carcass measurements.

Materials and Methods

The Oklahoma City 4-H and FFA Livestock Show has from 1400 to 2700
barrows exhibited each year., From 1972 to 1984, the top two to five
animals of each breed weight class were slaughtered. The actual number
slaughtered per breed weight class was the same within any one given
year, However, the number slaughtered per breed each year varied
depending on the number of weight classes per breed.

The barrows were slaughtered at Cornett Packing Company, Oklahoma
City and processed at Schwab Meats, Oklahoma City. Adjusted slaughter
weight, carcass length, backfat thickness and Jloin eye area were
obtainmed from 1968 to 1984. The percent lean pork of carcass and l0th
rib fat depth is also reported for 1980 to 1984,

The adjusted slaughter weight was based on cold carcass weights and
4 standard dressing percentage of 71.7, 72.0, 72.4, and 72.7 percent for
carcasses weighing 143 1b and less, 144-188, 169-176 and 177 1b and wup,

3
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Livestock Specialist
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respectively. The average adjusted slaughter weights were 221.5, 223.4,
22h.2, 235.2, 252.4, 253.4, 241.B, 243.0, 251.3, 239.7, 251,3, 245.5 and
247.6 1b for years 1972 to 1984, respectively. Increases in  maximum
weight allowed in the show of 10 1b in 1975 and an additional 10 1b in
1976 through 1984 account for the marked increases in adjusted s)aughter
weights for these years. Carcass length, backfat thickness and loin eye
area were adjusted to a 220 1b equivalent each year wusing adjustments
recommended by the Mational Association of 3wine Records.

Results and Discussion

Records on 1294 barrows that were slaughtered form 1972 to 1984
were analyzed (table 1). The 3pot breed was not recognized as a
sgparate breed class until 1974, Prior to 1974, Spots were considered
Polands and were in the Poland class.

Average adjusted backfat thickmess for barrows of each breed and
each year is presented in table 2, Barrows were fatter in the last
three years, 1982 through 1984, thanm in all previous years (P<,08). The
yearly average adjusted backfat thickness ranged from 1,297 to 1.411
inches from 1982 to 1984 as compared to 0,988 to 1.199 inches in the
garlier years. The increase in backfat thickness 1in recent years
probably reflects the emphasis by some live show judges and breeders to
promote the thicker, deeper bodied pigs that are actually fatter. In
breed comparisons, the Hampshires with an average backfat thickness of
1.0893 inches were lganer (P<.05) than all the other breeds.

The average adjusted loin eye area for barrows of each breed and
each year is show in table 3, Average adjusted loin eye area tended to
decrease in a linear manner (P<.05) over time. The loin eye areas of
4.20 and 4,12 sg. in. for 1983 and 1984 were smaller (P<.05) than all
previous years, The largest average loin eye area was 6.13 sg. in. for
1972 which was the earliest year measured and this value was higher
(P<.05) than all subseguent years except 1975 which was 6.03 sg. in.
The Hampshire breed had the largest (P<,05) average adjusted loin eye
arga of 5,54 sq. in, among all breeds, The 5Spot and Durgc breeds had
the smallest loin eye areas of 4.97 and 4.98 sq. inches, respectively,
which were smaller (P<.05) than all the other breeds except the
Yorkshire breed's loin eye area of 5.13 sq. in.

The average adjusted carcass length for barrows of each breed and
each year 1is shown in table 4. Carcass length tended to increase from
1972 to 1981 with the 33.8 in. reported in 1981, being Tonger (P<.05)
than all other years. Carcass length tended to decrease from 1981 to
1984 with the 30.7 inches for barrows in 1984 being shorter (F<.08) than
all previous years, The increase in carcass length from 1972 to 1981
reflected the emphasis by purebred breeders, live show judges and others
to produce a longer hog. The decrease shown in carcass length from 1981
to 1984 probably illustrates the tendency of some live show judges and
breeders to emphasize a shorter, deeper set and thicker hog. The
Yorkshire breed had the longest carcass Tlength of 32.7 in. and was
longer (P<.05) tham all other breeds. The Poland breed was shorter
{31.8 in.} than all the other breeds (P<.05).

The average percent lean of the carcass as shown in Table 5 was
estimated from 1980 to 1984 using the procedures recommended by the
National Pork Producers Council. The barrows tended to decrease in
percent carcass lean over time with the barrows in the most recent year,
1984, having the Towest percentage of 50.72. This wvalue was less
(P<.05) than all previgus years. The Hampshire breed had the highest
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Table 1.

Numbeér of barrows of each breed slaughtered per year.
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Year of Show
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Table 3. Average adjusted loin eye area of barrows of sach breed per year ($q. in.)

Year of Show
Duqr511

Bread 1972 1973 197 1975 197 1977 1978 1979 1980 1961 1982 1983 1984 Awg.
Barkshire 5. 76 5.33 587 59 547 506 60l 498 4.4 4.7 4,21 4.13 - T
Chester 5, 5l 5,61 5,79 582 5.69 5,51 590  4.83  4.40  5.10 4,58 4,14 L0 5270
Durec 6. 08 542 Bk Eap  Eamy SEmad Sem s Swiael S way s Spthn 1,87 T EN TR
Hampshire 6.50 5.8l .27  6.20 602 541 6.38 520 4.8  5.58 5,13 4.62 465 5,500
Poland 6,07 5.5 513 6.3 59 548 571 4,94 4,51 5. 40 20 4@ 403 5.
Spat 5.5 5.8 542 517 564  4.40  4.35  A4.86 445 L7 4.18 1.9?"d
Yorkshire 5.9 5. 78 548 5,48 5,49 543 5. B0 4,03 4,14 4,58 4.13 q_ 47 4,131 5.]3;
Crossbred 6.40 5.9 .35 662 580 57 622 481  4.83 5. 00 4.5 428 4.04 532
overall Awg.!  6.13° 5@ smt  em® sn® sw®  565® am® as’ S0 saf a8 ar?

1 Any Lwp means without a common superscript differ significantly {P<, D8},

Table 4. Average adjusted carcass lemgth of barrow of each breed per year (in.)

Year af Show
ﬂweral]

fresd 1972 1973 1974 1975 1976 77 978 farg 1980  1eal 1982 1983 1981 Avg,
Berkshire .4 )16 SRR e 1 - T - 2.7 ki 3.1 330 1.8 31,9 w9 R
Chester .4 1.6 CTH T T N TR T 2.9 3.7 3.5 3.5 1.4 2.1t
furoc .9 1.3 JE7 piE 3R 25 @3 A e 337 3.7 3.4 ws  11°
Hamps hire 3.2 3.5 e s e 2.5 WD 133 BB 3d 0.4 11,6 05 32,05
Foland 0.7 0.9 .8 0.8 3.5 @2 N I T 1pis 1.4 3.2 1.7 3.1 3,80
Spot Po 5 PIF  BE @me a2 e T | 3.4 2.2 W5 325
Torkshire 3.8 4 omw o3 3.9 2.9 1.4 .3 38 M7 1.4 1.8 30.7 32,78
Erossored e .6 il 3.4 2.1 2.4 3.2 B I 3zE 3.4 1.4 0.7 2.0
ovarall mvg.!  302? st maf e w® o ane"™ ;' ma® med maet e oaoh

! Any two means without a common superscript differ significantly (P<.05).



Table 5. Average percent lean of carcasses of barrows of each breed
per year (in.)

Year of Show

Qver f' 1
Breed 18980 1981 1987 1983 1984 Avg.
Berkshire L85 ES.10 BR2Y . 178 50.38  52.6450
Chester 54,46 56.16 52.94 51,13 48.99 52.?5d
Duroc 56.31 55,44 51.B5 50. 46 49,16 52'16.1
Hampshire REAT . o B8 TB - BEE 5T 52,40 55,047
Poland 3 M r8F AT, 53,16 8L 97 50,02 §3.500
Spot 53.74 55.48 G2.81  49.07 49.46  52.18p 4
Yorkshire 53.33 54.60 52.39  52.66 51.73  52.850
Crossbred BAR B51r Bi4l  Eiam 51.30  53.69
overall avg.l 55.04° 56.127 5314 s2.m:¥  so72®
1

Any two means without a common superscript differ significantly
(P<.05).

Table 6. Averaie 10th rib fat depth of barrows of each breed per year

(in.)
Year g‘f Show

Overall
Breed 1980 1981 1982 1983 1984  Avg.
Berkshire .86 .88 L1l 114 1.6 1.06° ,
Chester .84 .88 1.18 1.28 T H gl
Duroc ] .87 1.06 1.25 TR O 1 T
Hampshire 5 .78 .88 .89 .25 950
Poland 1.04 .82 1.03 1.17 1.37  1.87
Spot .94 .89 1.13 1.43 1.54 1.183
Yorkshire .86 .88 1.04 1.12 .22 Lok
Crossbred .72 .88 1.04 1.00 1.30 1037
overall avg.?  .82¢ 86 108 11 1.33%

1 Average slaughter weights were 251.3, 239.7, 251.3, 245.5 and
247.6 1b. for 1980 through 1984 respectively.

2 Any two means without a common superscript differ significantly
(P<.05),
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percent carcass lean of 55.04 which was greater (P<.05) than all other
breads.

The average lDth rib fat depth which is wused in estimating the
percent lean pork of the carcass is shown in Table 6. Barrows tended to
ingrease in 10th rib fat depth measurements each year from 1980 to 1984
with the 1.33 inches reported for 1984 being higher {P<.05) than all
previous ysars. Among breeds, the Hampshire breed had the TJeast 10th
rib fat depth of .95 in, which was less [F<.05) than the other breeds
except the Crossbreds,

The data from the barrows slaughtered in this show reveals a trend
in the last three years of fatter, shorter pigs with less lain eye area
and estimated percent carcass lean. Although the barrows slaughtzred in
this show cannot be considered a representative sample of the industry,
they do reveal a declining trend in carcass merit in all breeds which
many people feel is alarming.

78 Oklahoma Agricultural Experiment Station



ANALYSIS OF TRENDS IN OKLAHOMA SWINE CARCASS CONTESTS

W. G. Lucel, J. W. Ultjenz, | S Rayg, Y. L5 Stevensi.
M. L. Scott” and L. E. Walters

Story in Brief

Data from 946 market hogs - 277 Durocs, 321 Hampshires and 348
Crossbreds - entered by producers in the 5tate Fair of Oklahoma "Golden
Pork Chop Contest™ (a swine carcass contest) from 1968 to 1984 were
analyzed. Backfat thickness was greater for pigs slaughtered in 1983
and 1984 tham in all previous years. Carcass length tended to increase
from 1968 to 1981 and then decrease from 1982 to 1984, The animals
decreased in loin eye area in a linear manner over time from 1973 to
1984 with the 1loin eye area in 1983 and 1984 being smaller than all
previous years. Pigs slaughtered in 1983 and 1984 had lower percentage
carcass lean than animals slaughtered in all previous years.

Data from 536 market hogs - 76 Durocs, 101 Hampshires and 359
Crossbreds entered by producers in  the Oklahoma National Barrow Show
Performance Contest from 1975 to 1983 were also analyzed to determine
performance trends. Pigs increased in average daily gain over time.
Backfat thickness tended to decrease from 1975 to 1979 and increase in
all subsequent years. Carcass length increased over time with the pigs
in the first year being shorter tham the pigs in  all subsequent years,
Loin eye area tended to decrease over time with the loin eye area in
1983 being smaller than all previous years. Percent carcass lean was
significantly Jlower for the pigs slaughtered in 1983 than all previous
years except 1980, Average pounds of lean pork produced per day on test
was greater for pigs slaughtered in 1979 and 1980 than all subsequent
years,

(Key Words: 5wine, Carcass Trends, Backfat, Length, Loin Eye Area)

Introduction

There has been considerable comcern recently that Tess emphasis is
being placed on carcass merit by many swine breeders. [t appears that
some swWwine carcass traits such as loin eye area and backfat thickness
may be actually becoming inferior as reported by the popular press.
Data from pigs slaughtered in the Golden Pork Chop Contest, an 0Oklahoma
State Fair Swine Carcass Contest, from 1968 to 1984 and the Oklahoma
Mational Barrow Show Performance Contest from 1975 to 1983 were analyzed
to determine if changes had occurred in various carcass measurements.

Materials and Methods

The Golden Pork Chop Contest and the Oklahoma National Barrow Show
Performance Contest are open to any pork producer in the world; however,

lFrufEssur 2Ass’lstant grafessar EAsSGEiate Professor 4Area

Livestock Specialist “Professor Emeritus
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the vast majority of entries have been from Oklahoma, In the Golden
Pork Chop Contest, all animals from 1968 to 1984 were slaughtered
at Cormett Packing Company, Oklahoma City, and processed at Schwab
Meats, Oklahoma City., In the Oklahoma National Barrow Show Performance
Contest, the animals were slaughtered and processed at Wilson's Foods,
Oklahoma City from 1975 to 1980. From 1981 to 1983 the Oklahoma
Hational Barrow Show animals were slaughtered at Cornett Packing
Company, Oklahoma City and processed at Schwab Meats, Oklahoma City.

Slaughter weight, carcass length, backfat thickmess and loin eye
arga were obtained in both contests each year except loin eye area was
not measured for the Golden Pork Chop Contest from 1968 to 1972. Data
for percent carcass lean was obtained for the QOklahoma MNational Barrow
Show starting in 1979 and the Golden Pork Chop Contest starting in 1980.

Adjusted slaughter weight was determined by using carcass weights
and a standard dressing percentage of 71.7, 72.0, 72.4 and 72.7% for
cold carcasses weighing 143 1b and below, 144-168, 169-175, and 176 b
and wup, respectively. Carcass length, backfat thickness and loin eye
area were adjusted to a 220 Tb equivalent each year using adjustments
recommended by the National Association of Swine Records. The percent
lean pork of carcass was determined wsing the formula recommended by the
MNational Pork Producers Council. Premium winners in both contests were
required to have acceptable pork quality and meet certification
standards adopted by the National Association of Swine Records.

Golden Pork Chop Contest

A1l animals entered in the Golden Pork Chop Contest were farrowed
after March 1 of each year and were exhibited and slaughtered in
September of the same year. Only barrows were exhibited from 1968 to
1977 with both barrows and gilts being exhibited in 1978 through 1984.
Winners in the contest were determined by the percent Jlean cuts of
adjusted Tlive weight from 1968 to 1972, ham=loin index from 1973 to 1979
and percent lean pork of carcass weight from 1980 to 1984, No attempt
was made to determine average daily gain or to consider any growth data
in the contest.

The average adjusted slaughter weights were 207.7, 213.9, P214.2,
2Rty 2ElLh, 2LV.3, 23207, 23202, PRRLT, A0.1, 237.0, 225.6, 21908,
233.8, 225.9, 227.4 and 223.5 1b for each year from 1968 through 1984,
respectively. Increase in maximum weight allowed in the contest from
%ggﬁtu 250 1b accounts for the large increase im  slaughter weight in

Oklahoma National Barrow Show Performance Contest

A11 animals entered in the 0Oklahoma National Barrow  Show
Performance Contest were farrowed after February 1 and weighed and
identified with an ear tattoo at one of approximately 14 weigh stations
in Oklahoma 1in early April. The animals were then exhibited, weighed
and slaughtered in QOklahoma City in August., Both barrows and gilts were
accepted in the contest.

Winners from 1975 to 1978 were determined by considering carcass
merit, average daily gain and soundness wsing the following formula:
Daily Gain X 75 + Ham-Loin Index + 3Soundness Score.  3Soundness scores
were determined by a committee of three using a range of scores from 1
to 20 with 20 being ideal.
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Winners from 1979 to 1983 were determined by pounds of muscle
produced per day on test adjusted for soundness score and on-test weight
as outlined by Stevermer et al., (1979). The show was discontinued at
the end of 1983.

Average starting weights were 31.7, 47.6, 41.2, 42.2, 42.5, 42.6,
45.8, 39.8 and 43.7 1b for the years 1975 through 1983, respectively.
Average adjusted slaughter weights were 231.5, 240.4, 241.0, 259.9,
265.8, 261.9, 251.1, 241.0 and 248.4 1b for the years 1975 through 1983,
respectively.

Results and Discussion
Golden Pork Chop Contest

The number of pigs of each breed slaughtered sach year from 1968 to
1984 1in the Golden Fork Chop Contest is shown in table 1, Statistical
analysis was conducted only on the Ouroc, Hampshire and Crossbreds
because the number of pigs representing the other breeds was small.
These three breeds represented 946 of the 1129 total animals
slaughtered.

The average adjusted backfat thickness for each year i35 shown fin
table 2. There was generally a decrease in backfat thickness over time
until 1980, From 1981 to 1984 backfat tended to increase with backfat
thickness for the pigs in 1983 and 1984 being greater (P<.05) than all
previous years. This reflects the emphasis swine breeders placed on a
decreasing percent fat and increasing percent lean until recent years
when it appeared that breeders were placing less emphasis on carcass
traits. Mo significant differences were noted in backfat thickness
amang breeds but the Hampshires tended to be trimmer thanm the Durocs and
Crossbreds,

The average adjusted carcass length for each year is shown in  table
qc There was generally an increase in carcass length from 1968 to 1981
with the animals slaughtered in 1980 and 1981 being longer (P<.05) than
all other years. The animals slaughtered in 1982 through 1984 were
shorter (P<.05) than those slaughtered in 1980 and 1981, The general
increase in carcass length from 1968 to 1981 reflected the emphasis by
purebred breeders, commercial producers, Tive show judges and others to
produce a longer hog. The decrease in length for 1981 to 1984 probably
illustrates the tendency of some live show judges and breeders to
emphasize & shorter, deeper set and thicker hog. The crossbreds tended
to be longer than the other two breeds and were significantly longer
(P<.05) than the Hampshires.

The average adjusted loin eye area for each year is shown in  table
4, The animals tended to decrease in loin eye area in a linear manner
(P<.01) over time with the pigs slaughtered in 1983 and 1984 having a
smaller 1loin eye area {P<.05%) than pigs slaughtered in all previous
years, The Hampshires had the largest average Toin eye area (5.88 sq.
in} which was significantly larger (P<.05) than the Durocs (5.29 sq.
in).

The average 10th rib fat depth which is wused in estimating the
percent 1lean pork of the carcass is shown in Table 5, The 10th rib fat
depth was greater in 1983 and 1984 than all previous years, except 1980,
No significant differences were noted among breeds but the Hampshires
tended to have less l0th rib fat depth than the other two breeds,

The average percent lean pork of the carcass for each year is shown
in table 6. Pigs tended to decrease in percent lean over time. The
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Table 1. MWumber of pigs of each broed for each year at the Goldem Pork Chop Contest.

fear of Shaw

Breed 196 1969 1970 1971 1872 19F3 194 197E 976 1937 1978 I9F9  19Ad 19l lag  19p3y  10&4 Tatal

Rerishire a 1 o a [ o a o 0 a L a 1 z a 2 ? ?

[hester & 2 3 1 g 3 3 | £ 1 b a k] 2 4 4 12 7l

[urat 11 14 L2 23 12 19 13 14 L2 b 17 11 H EL jC ] 22 21 21T

Hampskire # 12 n = 1% 13 a2 14 19 2 9 b 2 14 5 11 14 3121

oland fi (] & [ q k] fi Z 2 1 1] 1 [ 1 1 q q 53

Spot 5 1] a il L a ] 0 # 1 = hi 2 a 2 2 4 27

Yarkshire 1 2 4 a 0 a [ 4 1 1 ] 2 (i} ] 3 4 o 25

Lrassbrad 17 11 0 17 24 £ EE] (33 e L] 9 15 14 23 18 25 an M3

Tatal 5 HL ih a9 71l s ar ] a2 B a4 41 i 'l 45 i 102 1129

Tahle 2. Mwerage adjusted backfat thickness for each year in the Golden Pork Chop Contest [in.].

5. Ypar of Contest S ¥ - fiu
R, e Y p\'el"i] 1

Beied 196N 1089 Ta70 1671 MWFE 1973 lgM  lers 197§ le7F 1936 1979 19800 1WB1  lgAP 1663 1064 Mg

Duros 1.21 1.25 1-23 1.15 1.19 1.17 1,13 L.11 1.13 L2 1.2 1.1 Lkl 1.14 Lol lidh 128 1.1?:

Hampshire 1.12 142 L.14 1.14 1.07 1.06 1.04 L.y 1.08 .11 0.9 1.04 1.07 1.04 1.1%  1.17 1.25 1'”5

Crossbrad 1,16 1.18 L.1E 1.13 1.10 1.12 1.07 1.13 1.13 L.a3 1B 9.98 1,08 1.9 113 TaaEs TEs AUk

PG L B L T R T T e B LU T I 1L SR L B A R i A Gt B S B L -

1 Any two dedns without 3 comnon superscript differ significantly [Pe S0&).
Tahle 3. Average adjusted carcass lenath for each year in the Golden Pork Chop Contest [in.]. o - Y

= EnipNaTe - % L T sV 1 5 S S S - S B T
I:Ne'ri'l'l

Braed 1960 199 1970 1973 l972 1973 3M 1595 1s%6  1S8?  197m le70  J9RD 1981 J9E2  (9A3  NOBY Mwg.'
Durac o es 30,56 .0l 30.86 10,22 31,33 31,35 300 1433 1L.96 A2.06 A28 Ieh J2.Ae 3E.AT 32.E 31.63 31-55:h

Hamopshire 030 M.t A 30.AR 10,500 3131 3142 31.62 a.m L6 32,06 32,63 32.7H 3285 2.4l 1273 3557 3lEd
Crossbred ol 30092 Ioovo 0. 30,79 3l.25 3110 31.8D 11.35 12,16 2.6 3261 316 3327 37s 0 3.9 3T ALY

ayerall Avg, 1a0.52" 3074
1

s.90% 3309 s2ea® azel st

i f L]

: v
wart s snst aaant 312t et giaet st seet aziset

f

Any two moeans without 4 conmon superscript differ significantly [P 05).
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Table 4. Awerage adjusted lodn

eye area for each year in the Goldem Pork Chop Contest {sq. in.l.

Year of Show
g I}I’Eril 1
Bresd 1973 1474 1875 1976 L9737 1978 1979 1980 1931 1942 1343 1389 Avg.,
[wsrar 5.14 6,23 5,93 5.62 5.52 £.41 &7 5,41 4.90 4,95 4.2 4.21 5.2‘3;
Hampshire 5, bl &, Al .41 6. 14 b6 &, 0 &.07 553 5. 08 580 467 4.6 5.8,
Crasshred .04 B.20 612 Butl L 5. 6L 5.0 5.23 4, 5% 4.9 .89 4.5 5,44
At A, Y BT e B s LRF st s@l smic w00 L oA Wi

1 finy tag mEans without a comma

0 superscript differ sigmificantly [P<.05),

Table 5. 10th rib fat depth for each year im the golden pork chop
contest (in.)
Year of Show
fi ﬂveri1]

Bread 1980 1851 1982 1983 1984 Avg.
Durac 0.88 0.73 0.78 1.10 .94 .89%
Hampshire i) 0,77 0,74 .98 .39 ,85a
Crossbred 0.97 0,86 (.82 1.04 .98 95

Qverall avg
1
(P<.05%,

A gt gt o7esd 1p3®  Lgs?el

Any two means without a common superscript differ significantly



Table 6. Percent lean of carcasses for each year in the Golden Pork
Chop Contest.

Year of Show

ﬁvera]{
Ereed 1980 19581 l9gz 1983 1984 Avg.
Duroc 57.40  56.54  56.43 52,35  53.Z5 54.333
Hampshire 58.70 56,88 59.41  G4.02 53,96  55.66
Crossbred 6517  S5.000 Bb.06 SABT  H3.6E 5893

Overall avg. ) 56.70° 56.42% 56.65% 53.97° 63.61°

1 Any two means without a common superscript differ significantly
(P<.06).

animals slaughterad in 1983 and 1984 had a lower (P<.0%) percent carcass
lean than the animals slaughtered in all previous yesars. Again this
trend probably reflects the lack of emphasis being placed on carcass
traits by many leaders of the swine findustry. Ho significant
differences were noted among breeds but the Hampshire bresd tended to
have higher percent carcass lean than the other two breeds.

Mational Barrow Show Performance Contest

The number of pigs of each breed evaluated annually from 1975 to
1983 4in the Oklahoma Mational Barrow Show Performance Contest 1s shown
in table 7. Statistical anmalysis was conducted on the Duroc, Hampshire
and Crossbred pigs which represented 536 head of the 535 total
eyvaluated.

The average daily gain of pigs for each year is shown in table B.
The pigs tended to increase in average daily gain over time with the
pigs from 1975 to 1977 having lower average daily gain (F<.05) than the
pigs in all subsequent years. The crossbreds tended to gain faster than
the Ourocs or Hampshires.

The average adjusted backfat thickness for each year fs shown fin
table 9. Backfat thickness tended to decrease each year from 1975 to
1979 and increase in subsequent years, The trend reflects the lack of
emphasis being placed in recent years on reducing backfat thicknass.
The animals slaughtered in 1978 and 1579 had less backfat (P<.05) than
animals slaughtered in all subsequent years. No significant differences
were noted among breeds but the Hampshires tended to have less backfat
thickness than the other two breeds,

The average adjusted carcass length for each year is shown in table
10, The adjusted carcass length tended to increase over time with the
pigs in the first year (1975) being shorter(P<.05) than the pigs in all
subsequent years, Little difference was noted for carcass length amang
the three breeds amalyzed.

The average adjusted loin eye area for each year is shown in  table
11. Loln aye area tended to decrease over time (P<.0l) with the loin
gye area in 1983 being smaller (P<.05) than all previous ysars. HNo
significant differences were noted among breeds but Hampshires tended to
have larger loin eyes than the other two breeds,
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Table 7, Number of pigs for each year at the Oklahoma Mational Barrow Show Performance Comtest

Year of Show
Hrann 157% lats 1477 1978 laty 1580 lanl l9g2 1543 Total
Berkshire o ) o a 1 H L o o 5
Chester White 2 5 I 2 2 3 0 o 3 Ia
D 1] 15 12 ) 4 7 3 11 7 Th
Hampshire 18 25 15 i} 9 z2 5 3 i 101
Poland ] 0 o i ] o] L1 o o 1
Spat 1 & 7 ] ] 4 1 o 1] L]
Yorkshire o o 9 a o 1 L o 1 11
Grossored 17 L 55 a7 M 19 43 n ] 159
Total L Ll a4 15 & 54 58 LK 45 595

Table B. Average dafly galm for each year at the Oklahoma Natfonal Barrow Show Performamce Comtest 1.z

Year of Show
Dweral r3
Breed 1975 1978 Ty 1978 1973 1940 1961 1982 1983 A,
Durat 1.508 I.51 1.58 L.58 L.66 I.42 1.5 1.53 1.73 1.5?:
Hampshire 1. 56 196 1. 56 L. 66 L. 62 1,38 163 1.83 150 l.E:J“1
1.57 1,41 L.hd 1.71 1.74 1.8 1.72 178 1,67

orossbred 1,87

Ouerall dwg,? 1.58% p.mi®  josede  gabcd g ggab g gptt g gadb g gedh 5 gy0

1 Any twd means without 4 common seperscript differ significantly (P.DS5).

Table 5. Awerage adjusted backfat thickmess for each year at the Oklahoma Matiomal Barrocw show
Performance Contest (in.)

Year of Show
l{]-aer.!.'l'l1
Brapgd 1975 1976 1977 1978 1979 1580 1381 1882 1983 Bg.
Daroc 1.19 1,24 1.13 1.08 1.1 -1 1.17 1.24 1.21 1. lﬂ:
Haspshire 1.11 117 1.0& 1.00 .o 1.41 1.1&6 1.31 1.12 l'na
Crossbred 1.23 1.15 1.1z L1 l.08 1.2% 1.2z l.28 1.22 L.1?
overall avgt 18 1™ L™ Lt Lot L™ LA™ 2 L™
L gy two means withost & comson superscript differ significastly [P<.05.
Table 10. Average adjusted carcass length for each year at the Oklahoma Kational Barrow Show
Performance Contest (in. )
Year of Show 1
== - — = Overall

Breed 1975 1976 1977 1978 1979 1980 1981 1382 1983 Avg.
Durac 3.1 .7 3.5 2.3 3.3 3.2 3.1 .9 1.2 !l.}:
Hampshire 31.2 1.6 3l.8 31 32.2 3.8 325 1.9 3.0 31.8
Crosshred 30.9 3.7 il.6 32.3 32.0 32.1 33.0 32.2 32,5 317

Oirai T Ay p ) O g RS TR S e R0 Pl 0 ppioPR apgeb

. Any two means without a common superscript differ significantly [P .05).
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Table 11, Average adjusted loin eye area for each year at the (klakhome National Sarrow Show
Performamce Comtest (sgq. in.)

Year of Show

Overall
Bread 1975 1976 1977 1978 1879 I1sAp 1381 1982 1983 Avg.
Dwroc 5. 69 513 4,61 4. 4] 583 4,71 £ 13 4 4% 4,18 4.33:
Hampsh ire il 542 A A3 S 506 Ad2 A6 433 S0
Crosshred 6.22 5.8 47l 5.0 B3 493 483 495 4.2 505
Overall dvg. 5.00% s e aal® s ae® ot amt o4z

* Any two means withoul a common supersicript differ sigmificantly (P<_D5),

The percent lean pork of carcass and average pounds of lean park
produced per day on test for each year 15 shown in tables 12 and 13,
respectively. The percent carcass lean was significantly Jlower (P<.05)
for the pigs slaughtered in 1983 than all previous years except 1980,
The average pounds of Tean pork produced per day on test was greater
(F<.05) for pigs slaughtered in 1979 and 1980 than subsequent years,
Hampshires tended to have more percent lean of carcass than the Durocs
or Crossbreds. Crossbreds produced more pounds of lean pork per day on
test (P<.05) than the other two breads,

The comparison of barrows vs gilts is shown in  table 14. Barrows
had greater (P<.05) average daily gain, backfat thickness and carcass
length tham gilts, G&ilts had greater (P<.05) loin eye area and percent
lean of carcass than barrows. Little difference existed between barrows
and gilts for pounds of lean pork produced per day on test,

Data from the Oklahoma Matignal Barrow Show and the Golden Pork
Chop Contest reveal a trend in recent years of fatter pigs with
decreased loin eye area and estimated percent carcass lean. This trend
probably reflects the Jlack of emphasis being placed by many leaders of
the swine industry on carcass traits,

Table 12. Percent lean of carcass for each year at the Oklahoma
Mational Barrow Show Performance Contest,

Year of Shaw

ﬂveri11
Breed 1979 1980 1981 1982 1983 Avg.
Duroc hi. 2 7. &3 h7.41 h4,08 R31.55 54.05:
Hampshire 56.24  55.40  59.14  54.85 53.86 55,72
Crossbred 54,51 53,07 56.31 55.73 52,64 54.692

overall avg.l 54.82" 53.00° s6.62% 55.33%0 53,00

= Any two means without a common superscript differ significantly
(P<.06),
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Table 13. Average pounds of lean per day on test for each year at the
Oklahoma National Barrow Show Performance Contest.(1b.)

Year of Show

ﬂFETi1I
Breed 19749 1980 1981 1982 1983 Avg.
Duroc 688 .500  .602 .564  .639 6057
Hampshire .673 . 650 .614 . 659 578 .E??b
Crossbread o .738 . 649 . 636 .Bbg .BBS

1

Overall avg.l .704% 3t eaad 637° g2

s Any two means without a common superscript differ significantly
(P<.05).

Table 14, Barrows vs gilts atltﬁe Oklahoma MNational Barrow Show
Performance Contest™*

Barrows Gilts
Avg. daily gain, 1b. 1653 .59
Adj. backfat, in. 1.24 1.13b
Adj. carcass length, in. 32.12: 31.?2b
Adj. loin eye area, sq. in, 4,70 S.EED
% lean of carcass 53.072 55'?5a
Lb./lean per day on test 0.65% 0.67

1 Any two means without a common superscript differ significantly

(P<.05).

2 There were 256 barrows and 339 gilts exhibited.
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POSTPARTUM WEIGHT L0OSS INFLUEMCES OVARIAN FUNCTION OF RANGE COWS
1 2 3
R.P. Wettemann, K.5. Lusby and J. Rakestraw

Story in Brief

Fall <calving Hereford cows were used during four years to determine
the effects of postpartum weight loss on ovarian function and
reproductive performance, Percentage of cows with ovarfan function,
based on progesterons in bleod plasma. and pregnancy rate can be reduced
by body weight loss before or during the breeding period. If cows lose
weight before and during the breeding peried luteal function after estrus
may also be reduced.

(Key Words: Cows fertility, nutrition, pestpartums progesteraones
reproduction)

Introduction

Loss of weight after calving may result in a longer interval to
estrus and conception and pregnancy rate may be reduced, Reproductive
responses of range cows vary tremendously betwesn years because of
avallable nutrients, body energy reserves and climatic conditions. The
objectives of this experiment were to evaluate the effects of postpartum
weight loss of fall calving cowss, before and during breeding, on presence
of ovarian function during the breeding pericds ovarian function
immediately after estrus and pregnancy rate,

Matarials and Methods

Mature Hereford range cows calving in September and October during
four consecutive years were used to evaluate the effects of postpartum
weight loss on ovarian activity and reproductive performance. Resulis of
waight changes &nd reproductive performance of years 1, 2 and 3 were
reported previously (Rakestraw et al,, 1983, 1984}, A& total of 217 cows
in bedy conditien scores (1 = emaciated.D = obese) that averaged 6.7,
6.9, 5.5 and 5.4 at calving during 1980, 1981, 1982 and 1983,
respectively, were assigned to the following treatments at calving: (1)
Maintain weight from calving through rebreeding., (2) Lose about 10
percent of the first postcalving weight by the beginning of breeding and
ba fed the same as Group 1 during breedings, and (3) Maintain weight from
calving to the beginning of breeding, followed by a loss of 10-15 percent
of the first postpartum weight during the bresding seasen. Cows wers
maintained on native range and supplemental hay and protein were fed to
obtain the desired welight changes.

Tha breeding season was 60 days commencing about December 1 sach
year., Estrus was detected by sterile bulls with chin=ball markers before
breeding and with fertile bulls during breeding. Blood plasma samples
were collected at weekly intervals during the breeding peried.
Progestarone in plasmé was guantified to assess ovarian activity.

lProfessor “Associate Professor 7 Graduate Assistant
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Ovarian activity was defined as the presence of greater than 1 ng/ml of
progesterone in plasma for itwo successive weeks.

Results and Discussion

Body waight losses during the four years were influenced by climatic
conditions and available forage. Weight losses for the four years from
calving to breeding ranged from .6 - 4.4% for Group 1, 3.0 - 17.1% for
Group 2 and .9 - 2,283 for Group 3. During breeding, weight lTosses for
the 4 years ranged from 3.1 - B.5% for Growp 1, 1.6 - 6.6% for Group 2
and 9.5 - 14,58 for Group 3.

The percentage of cows in estrus during the breeding pericd was not
significantly {influenced by treatment, however there was a tendency for
more cows that maintained weight to exhibit estrus (Table 1). The number
of days from calving to the first estrus, for those cows that initiated
estrous cycles was not significantly influenced by treatment but cows
that lost weight before breeding tended to have a lTonger interval.

Table 1. Influence of postpartum weight changes on reproductive
characteristics of fall calving cows.

Ireatment —
Maintain Lose weight Lose weight
Criteria weight before breeding during breeding
Cows (no) 70 Tl 76
Cows in estrus (%) 89 76 79
Calving to estrus (da) 58 69 58
Ovarfan activity at a b b
start of breeding (&) 49 2B 38

2,BTreatment in rows differ (P<,05),

Percentage of cows with ovarian activity during the first two weeks
of breeding was influenced by treaiment. Forty-nine percent of the cows
that maintained weight until and during breeding had functional ovaries
at the start of breeding and only 285 of the cows that lost weight before
bresding had owvarian activity. Also, fewer cows that were fed to lose
weight during breeding had ovarian activity during the first two weeks of
the breeding pericd. Reduced ovarian functicn in these cows could be
associated with reduced nutrient intake and rapid weight loss during the
time estrous cycles were Initiated.

The parcentage of cows with increased progesterone in plasma (luteal
activity) during the first week after behavioral estrus was significantly
influenced by treatment in two of the four years (Table 2). In 1980-81.
when cows lost weight during the breeding period only 41% had increased
progesterone after estrus whereas 93% of the cows that maintained weight
had Tuteal activity. In 1982-83, luteal activity after estrus was
reduced 1n cows that lost weight either before or during breeding
compared to cows that maintained weight. Although the effect was not
significant, 1n 1981-82 71% of the cows that lost weight before breeding
had 1luteal activity after estrus compared to 100% of the cows that
maintained weight. Nutrient intake, ambient temperature and body
condition are probably factors that influence the cccurance of Tuteal
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activity after estrus. For example, Tuteal activity after estrus was
extremely reduced for cows on all treatments in 1983-84. This may be
associated with the thinner bedy condition that all cows were in at
calving and breeding during that year and extremely cold weather during
the breeding pericd. These data indicate that weight loss after calving
may result in estrus without normal develcpment of a corpus luteum.

Table Z. Influence of postpartum weight changes of fall calving cows on
luteal activity after estrus.

Year
Treatmant B0-81 Bl-82 BzZ=-83 83-84
Maintain weight QSE 100 g4 b 33
Lose weight before breading Fo 71 64 40
Lose weight during bresding 41° 92 62° 20

Jpercent of cows with increasad progesterone in plasma during the week
O after estrus.
" Treatments in columns differ (P<.05).

Postpartum weight change 1influenced the pregnancy rate (Table 3).
In 1%80-81 only 508 of the cows that lost weight during bresding were
pregnant compared toa 798 of the cows that maintaired weight and 88% of
the cows that 1Tost weight before the breeding period. In 1981-82,
pregnancy rate tended to be reduced 1n cows that lost weight sither
before or during breeding but pregnancy rate was not significantly
fnfluenced by treatment in 1982-83. Extreme varfations 1n pregnancy
rates between years may be associated with nutrient intake, temperature
and body condition. Pregnancy rate was reduced for all treatment groups
in 1983-84 when cows were thinner and were exposed to very cold
environmental temperatures. Those cows that lost weight either before aor
during breeding had the Jlowest pregnancy rates during these adverse
conditions.

Table 3. Influence of postpartum weight changes on pregnancy rate (%) of
fall calving cows.

Year
Treatment a0-81 81-82 8Z-63 83-64
a a
Maintain weight 195 87 B9 EQb
Lose waight before breeding 88 53 B4 159
Lose weight during breeding 50 65 BS 2B

a,b Treatments in columns differ (P<.05).

This experiment demonstrated that 1f cows are in good body condition
at calvings this will not insure adequate rebreeding of fall calving

COWS. Percentage of cows with ovarfan function at the start of breeding
and pregnancy rate cam be influenced by weight loss before or during the
breeding period. If cows Jlose weight before or during the breeding
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pericd: the percentage of cows with normal luteal functicn after estrus
may be reduced.
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THE RELATIOMSHIP BETWEEN PREFARTUM NUTRITION AND POSTPARTUM PLASMA
GLUCOSE. BODY WEIGHT CHANGES. BODY COMDITION SCORE CHANGES AND
REPRODUCTIVE PERFORMANCE IN BEEF COWS

1
G.E. Selk, R.P. Wettemann and K.S. Lusby

Story in Brief

Seventy-two Hereford range cows (3-6 years of age) were used in 1983
and 45 Hereford cows (2-3 years of age) were used in 1984 to determine
the effect of prepartum nutrition on postpartum plasma glucose, body
waight and condition score changes and the subsequent reproductive
performance. Four nutritional treatment groups before calving were used
each year of the study. Bleod samples were obtafined weekly after
calving, whereas weights and condition scores were recorded biweekly.

Nutritional treatments, body welght change and condition score
change were not related to postpartum concentrations of glucose in the
plasma. However, those cows that became pregnant in 1983 had greater
concentrations of plasma glucose than those that failed to conceive. In
the second year (1984), the differences in plasma glucose concentrations
between cows conceiving and those that did not were not significant but
cows that conceived tended to have greater concentrations of glucose in
the plasma than those that did not conceive. This study suggests that
postpartum concentrations of plasma glucese may be related to the
potential for comception during the breeding season.

(Key Words: Body condition score, cow, glucose, nutrition, postpartum,
reproduction)

Intreduction

Prepartum nutrition 93 an  important factor that regulates
repreductive performance of beef cows. The physiological 1inks between
the nutritional status of the beef cow and the onset of postpartum estrus
and eventual concepticn have not been elucidated. Plasma glucose is a
primary socurce of energy of most mammalian cells. Previous research
indicates that concentrations of plasma glucose prepartum could be
altered by changing amounts of supplemental feed to gestating beef cows.
The purpose of this study was to investigate the response of plasma
glucose 1in beef cows postpartum to prepartum nutrition and to evaluate
the relationships between plasma glucose, changes in body weight, body
condition score and reproductive performance.

Materials and Methods

Pregnant Hereford cows grazing native range near 5tillwater,
Oklahoma were assigned to one of four nutritional treatment groups. In
Movember, 1982 (72 cows), and 1in Movember, 1983 (45 cows), cows were
blocked by age and body condition score and assigned to treatments,

lGraduate Assistant ‘Professor ? Associate Professor
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Group 1 cows were supplemented to mafintain their November weights until
calving in March and April. Groups 2, 3 and 4 were restricted in
supplementation; s0 as to lese & percent of their Movember weights by
January 20 (approximately 45 days prior to calvingl. After January 20.
Group £ was continued on the restricted diet so they would lose another
5% of their weight before calving. Group 3 cows were supplemented the
same as Group 1 cows from January 20 to calving. Cows in Group 4 were
given 140 percent the supplemental feed given to Group 1 cows during the
last 45 days of gestation, In 1982-83 cows were 3 to 6 years old, and in
1983-84 all first or second-calf heifers were used. Supplement consisted
of differing amounts of soybean meal. During the first year, cows were
group fed their supplement and during the second year cows wWere
individually fed 3 days per week. Cows were majintained on range pasture
with supplemental hay and approximately 4 pounds of 40% protein cubes
were fed daily postpartum, In 1983 the severity and length of the winter
season depleted hay supplies by May and forage quality and quantity was
Timited. In the early spring of 1984, standing forage and hay were both
more available. Table 1 summarizes the treatments.,

Table 1. Supplementation scheme used fn 1983 and 1984 calving cows,

= T P
Group 1 Maintain Maintain NRC for

Fall weight Fall waight lactating cow
Group 2 Lose 5% of Lose 5% of Same as

Fall weight Fall weight Group 1
Group 3 Lose 5% of Same as Same as

Fall weight Group 1 Group 1
Group 4 Lose 5% of Fed 140% of Same as

Fall weight Group 1 Group 1

Cows were weighed and body condition scores were assigned biweskly
from the beginning of the trial until 85 days postpartum. Body condition
scores were determined by at least two individuals and vtilized a scale
of 1 = emaciated; to 9 = obese. Tail vein blcod samplies (20 ml) were
cbtained weekly after calving until 85 days postpartum. An anticoagulant
{oxalic acid) was added to each sample and the samples were cooled in an
ica bath. Samples were centrifuged and the plasma was decanted and
stored at =20 C until assayed for glucose, via an enzymatic, colorimetric
procedure.

Weight and condition scores were evaluated by analyses of variance.
Treatment effects on plasma glucose were analyzed by split-plot analysis
of wariance over time. Glucose means for cows that became pregnant were
compared with those that failed to conceive by Hotelling's test of
multivariate regression coefficients.

Results and Discussion
Body weights of the cows that calved in 1983 are depicted in Figure

1. Body weights and scores were similar for cows on all treatment groups
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Figure 1. Mean body weights in fall. at Jan. 20, after calvings &t the
start eof the breeding seasen, and 30 days into the breeding
seasen for cows calving in 1983.

in Movember. Cows on all treatments lost weight by January 20. Group 1
Tost Z.7%8 of the fall weight whereas Groups 2, 3, and 4 (fed together)
lost 5% of their Movember weight. Group 4 had lost 1B% of the fall
weight after parturition and Groups 1 and 2 had lost 208 of the fall
weight, Group 3 had lest 228 of the fall weight after calving. Bedy
condition scores indicated that the 1983 cows were 1in a negative
nutritiomnal state uwmtil calving. Initial body scores (November) were
similar for all groups ({mean = 5.6). However, the Group 4 cows had a
51ightly greater body conditien after calvirg and at the start of the
breeding season. All Groups had average condition scores less than 5.0
after calving. Only slight improvement in mean body cendition scores was
observed by the start of the breeding seascn (May 1). A particularly
longs late winter season delayed the availability of summer grasses until
late May, and premsturely depleted the hay supplies. The slow recovery
of body weights and bedy condition scores after calving are evidence of
the weather-related nutritional stresses. The undesirable reproductive
performance of the cows in 1983 reflects the weight and condition losses
incurred by all groups of cows before calving and slow gains after

calving (Table 2). There was no effect of prepartum treatment on
concentrations of glucose in plasma postpartum or on  reproductive
performance. Weight change or cendition score change (from fall) was

unrelated to plasma glucose after calwing. Postcalving weight change and
condition scora change were correleted (r = .52, P<,01), Multivariate
regression curves for plasma glucose concentraticnss by week postpartums
for cows that beceme pregnant or fafled to conceive during & 90 day
breeding season are shown in Figure Z, Plasma glucose concentrations in
cows that became pregnant were greater (P<,0%) during the first 12 weeks
after calving compared te concentraticons in cows that did not conceive.
The shapes of the regression curves wers similar (P>.5).
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Table 2. Mean conception rates and days to conception by treatment group
for cows calving in 1983.

Group 1 Group 2 Group 3 Group 4
Total cows 18 17 18 19
Cows pregnant (no.) [ 2 4 8
Cows pregnant (%) 39 12 22 42
Mean days to
concaption 103 + 11 9B + 35 102 + 11 65 + 3
62
]
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Figure 2. Multivariate predictions of plasma glucose by week postpartum

for cows that became pregnant versus cows that failed to
conceive in 1983.

For cows on the 1984 trial. weight losses were similar from Movember
until the time of nutrition change in January to those in the previous
year. Group 1 cows mafntained their body weight from Movember unti]
January 26. Groups Z, 3 and 4 lost 5% of the fall weight by January 26.
Weight Jlosses were quite similar for all four Groups from January until
after calving. Contrary to the postpartum weight changes in 1983, all
cows calving 1in 1984 consistently gained weight after calving and
continued to gafim during the breeding season. The condition scores of
the cows in 1984 further indicate less nutriticnal stress after calving
than 1in 1%83. Mean body condition scores for all four Groups were above
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Figure 3. Mean body welghts im fall, at Jan. 26, after calving., at the
start of the breeding season, and 30 days inte the breeding
seasen for cows calving inm 1984,

5,0 by the start of the breeding season on May 1, 1284. Body condition
scores continued to improve inte the first month of the breeding season.
As was observed 1in 1983:; treatment prepartum again had ne significant
effect on reproductive performance. The greater conception rates for

cows in all groups is testimony to the mors faverable nutrition in
1983-84 (Table 3).

Table 3. Mean conception rates by treatment group for cows calving in

1984,
Group 1 Group 2 Group 3 Group £
Total cows 1z 10 10 13
Cows pregnant (ne.) 1413 & G 9
Cows pregnant () 92 a0 &0 &9

Similar to the results in 1983, {treatment had no effect an
postpartum concentrations of plasma glucose, and body weight changes body
condition score change and plasma glucose were unrelated. The
correlation between body weight change and condition score change from
fall to post-calving was similar to that in 1983 (r = .52Zs P<.01).
Multivariate regression curves of plasma glucose for cows that became
pregnant and thosa +that failed to conceive are plotted in Figure 4.
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Figure 4. Multivariate predictions of plasma glucose by week postpartum

for cows that became pregnant versus cows that fafled to
conceive in 1984.

Although glucose concentration was slightly higher 1in cows that
conceived, the curves were not significantly different. There was a
tendency for the shapes of the curves to be different (P = .09). Similar
to data from 1983, glucose in plasma of cows that eventually concelived
was consistently greater than for cows that failed to conceive. The
alterations 1in the magnitude of the differences in plasma glucose for
cows that became pregnant and those that did not could be attributed to
the difference in the severity of nutritional stress endured by the cows
in their respective years.

Plasma glucose concentrations are quite variable within a single cow
or between different cows due to the many physiolegical factors
regulating glucose. One blood sample will not give an accurate
indication of the long-term glucose status of & cow. The results of this
study indicate that plasma concentrations of glucose may be related to
the potential of beef cows to become pregnant. especially in those that
have been under nutritional stress.
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SEASONAL CHAMGES IN SCROTAL CIRCUMFERENCE AND SEXUAL FLUSH IN MATURE
FINNISH LANDRACE X DORSET RAMS

K.A. Ringwalls> R.P. Wettemann and J.V. Whiteman

Story in Brief

Scrotal circumferences; sexual flushs body weight and body condition
score were recorded monthly on 31 mature Finm x Dorset Fy rams for 2
years., All rams were classified as seasonal or nonseasonal based on the
decrease 1In scrotal circumference from October to April. Rams with the
graatest decreases in scrotal circumference wersa classified as seasonal.
The objective was to determine if rams have the same seasconal scrotal
circumference changes from year te year. During the first year, seasonal
rams attained a maximal fall scrotal circumfersnce of 34.18 cm followed
by a minimal scrotal circumference of 29.07 cm. Maximal fall scrotal
circumference of nonseasonal rams was 30.74 cm and decreased to 29.83 cm
in the spring. Change in screotal circumference of individual rams was
consistent from the first year to the second. Both ram classes had
seasonal changes in  sexual flush, but nonseasonal rams had greater
intensity and quantity of flush throughout tha year. We conclude that
seasonal rams have repeatable annual changes in scrotal circumference.
The majority of nonseasonal rams had similar circumference changes during
the year as seascnal rams, but the magnitude of the changes was greatly
reduced.

(Key Words: Rams, reproduction, scrotal circumference, season, testes)

Introduction

The most Timiting facter to increased efficiency of sheep production
is seasonal infertility. The term seascnal 1s used to mean the lack of
opticnal  fertility during some periods of the year. Ssasonal
reproduction is  partially dependent on the duration of 1ight in a day.
and both ewes and rams underge physiclogical changes throughout the year.

The mature ram f1s well suited for studying methods to improve
fertility because the primary reproduction organ, the testis, can be
readily observed and measured. FPlus, the ram has distinct color changes
of the skin (sexual flush} which occur with changing reproductive stages.

Several breeds have been evaluated for changes in scrotal
circumference throughout the year. Suffelks Linceln: Columbia and
Polypay rams have a minimal scrotal circumference in January and February
in Worth fmerica (Mickelsen et al., 1982), Suffolk and Managra breeds in
Manitoba have maximal scrotal circumference in September throwgh Meovember
and minimal circumferences during March to April (Sanfeord and Yarney.
1983}, Rambowillet in Oklahoma have a maximal scrotal circumference in
October to Movember, with the smallest circumference im February to
March.

If rams with constant scretal circumference are more independent of
changes in daylength, these rams may sire daughters that are less
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seasonal 1in their reproductive cycles. The ability to identify rams and
verify that they are less responsive to light cues has not been reported.
The purpose of the following study was to 1dentify rams which have the
least and greatest change 1n scrotal circumference from fall through
spring and to determine if these rams repeat the same scrotal
circumference profile from year to year.

Materials and Meathods

Thirty-cne F, Finn x Dorset rams, born during the springs of 1980
and 1981, were maintained under Oklahoma pasture conditions until spring
of 1984. Rams were managed in a single group throughout the study. with
the exception of the May and June breeding period. Rams were weighed
each month and supplemented with alfalfa and grain when forage was
limited during dry and (or) winter periods. Condition scores (on a scale
of 1 = extremely emaciated to 9 = fat deposits over the lTumbar vertebrae
and ribs) were assigned each month,

Starting im May 1982, 1two independent scrotal circumference
measurements were made on each ram while the ram was resting on his rump.
The testes were held firmly 1in the lower portion of the scrotum and
measured with a fiberglass tape measure. The testes were palpated
betwesn scrotal circumference measurements for testicular or epididymidal
abnormal ities.

Sexual flush was also monitored throughout the study. Flush was
scored for quantity and intensity. The intensity of flush was scored: O
= no colors 1 to 3 = shades of pink, 4 to 5 = 1ight red; 6 to 7 = red, 8
= dark red, and 9 = purple. The quantity of flush was scored: O = none,
1l = a band of color no wider than 1 cm within each inguinal regions 2 = a
band of color no wider than 3 cm within sach inguinal regions, 3 = a band
of color wider than 3 cm but st111 within each inguinal region and not
including the teat, 4 = a band of coler which included the inguinal area,
the teat and spotting of color between the two teats, and 5 = a solid
band of coler across the two teats and including both inguinal regions.

For the purpose of evaluating the consistency of changes in total
circumference, rams with the greatest (n=8) and least (n=7) change in
scrotal circumference between October and April were selected from the
original 31 rams. The degree of change was calculated by subtracting the
mean March and April scrotal circumference from the mean October to
HWevember scrotal circumference. Rams that had the greatest decrease in
scrotal circumference from fall to spring were classified as seasonal and

rams with the 1least change were classified as nonseasonal. The
classification of rams was based on measurements from October 1982 to
April 1983,

Data were analyzed by multivariate analysis of variance (MANOVA)
performed on the regression coefficients. A full sinusoidual regressicn
model with 1Z months per period was fit to sach ram for the variables
scrotal circumference, sexwal flushs, body weight and condition score.
The independent variables for the model wers month, sine of month, cosine
of months month X cosine of month and month X sine of month.

Results and Discussion
Scrotal circumference for seasonal rams changed at a greater rate

each month during 24 consecutive months (P<.0l, figure 1}. Seasonal rams
had maximal scrotal circumferences during September of each year (34.18
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Figure 1. &crotal circumference of seasonal and nonseasonal rams over a
two yedar period.

and 34.39 cm). In contrast, nonseasonal rams had maximal scrotal
circumferances of 30.74 cm in Movember of the first year and 31.59% cm in
October of the second year. Seaszonal rams had minimal scrotal

circumferences during March of both years (29.07 and 28,58 em) and the
minimal scrotal circumferences for nonseasconal rams were 29.83 cm during
April of the first year and 30,28 cm during March of the second,
However, there was an interaction for scrotal circumference between ram
classification and month. Seasonal rams had the largest scrotal
circumference during the fall months, but the smallest during the sarly
winter months. The only time of year that nonseasonal rams had a larger
scrotal circumference than seasonal rams was from February threugh April
(figure 1). During the normal fall breeding season, rams less responsive
to season had smaller scrotal circumferences.

The classification of +the rams based on the degree of scrotal
circumference change from fall to spring was essentially the same for
both years. The Spearman correlation coefficient for ram ranks between
years was .82 (P<.00l). Inftially. when ranked from the lTeast scrotal
circumference change to the greatest. nonssasonal rams ranked lst to 7th.
while seasocnal rams were 8th to 15th. Except for two rams. all seascnal
rams remained 1in the wupper half, and nonseasomal rams remained in the
lowsr half when ranked om scrotal change the second year. The rams were
not reclassified based on scrotal changs during the second years but
maintained +their seasenal and nonseasenal designation from the first
year.

The influence of season on intensity of sexual flush 15 summarized
in figure 2. Maximal flush 1intensity precesded maximal scrotal
circumference by one month for beth ram classes. The flush intensity
profiles wers different for the two ram c¢lasses (P<.05) 3Seasonal rams
had maximal flush intensity prior to nonseasonal rams the first year but
both groups were similar the second year. The guantity of flush was also
affected by ram class (P<.04, figure 3). Monseasonal rams had a larger
area of flush during the fall which was alse the time of maximal flush
intensity (figure 3).

Monseasanal rams had heavier body weights throughout the study
(P<.058). However, there were no significant differences in seasonal
welght changes between the twe ram classes. Body condition alzo tended
to be greater (P<.10) for nonseasonal rams during tha two year study.
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Figure 2. Sexual flush (intensity) of seasonal and nonseasonal rams
over a two year period.
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Figure 3. Sexual flush (guantity) of seasonal and nonseasonal rams
over a two year period.

The seasonal change in body weight and condition score were expected
since the rams were maintained under pasture conditions and subjected to
seasenal changes im pasture forage. However, two sources of evidence
indicate that change in scrotal circumference is not strongly influenced
by change in body weight. MNonseasonal and seasonal rams were similar in
body wefght change, but the scrotal circumference profiles were
distinctly different for the twoe ram types. In addition, change in
scrotal circumference for individual rame was consistent from the first
year to the second (Spearman rank correlatien = .82, P<.001) but
individual change 1in body weight was not consistont (Spearman rank
correlation = -.39, P>.5).
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Although this classification system clearly produced two distinct
ram classes, & note of caution must be expressed, Only the extremes of
the rams 1in our herd were evaluated. The one type of ram that could be
classified fdncorrectly with this system is the ram that has an extreme
decline in scrotal circumference in December and January. but then
regafns scrotal circumference so the March wvalue 1s similar to the
October and MWovember average circumference., A February and March average
may be an alternative measurement to use to classisfy rams,

Seasonal rams have repesatable annual changes in  scrotal
circumference. Tha majority of nonseasenal rams had similar changes in
scrotal circumference as seasonal rams, but the magnitudes of the change
were greatly reduced. Additional selection could have been made within
nonseasonal rams since some rams had cycles that approximated six monthss
whilea 4 rams had no seasonal pattern of monthly change in scrotal
circumference.
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SEASONAL CHAMGES IN TESTOSTEROME AND LUTEINIZING HORMONE
IN THE SERUM OF MATURE F, FINNISH LANDRACE X DORSET
RAMS CLASSIFIED AS SEASONAL OR NOWSEASONAL

1 2 3
K.A. Ringwall; R.F. Hettamannf J.V. Wniteman and P.E. Juniewicz

Story in Brief

Thirty-one mature Finn x Dorset F, rams were classified as seasonal
or nonseasonal based on the decrease in scrotal circumference from
October 1982 to April 1983. Rams with the greatest decreases in scrotal
circumference were classified as seasonal. Eight seasonal and seven
nonseascnal rams were selected to evaluate changes 1in serum LH and
testosterone during Aprils July and October of 1983 and January of 1984.
Concentrations of LH and testostercne in serum were gquantified before and
after two infusions of 1 wug of GnRH at an hourly interval. During
January. serum testosterone was greater (P<.05) before GnRH infusion for
nonseasonal rams compared to seasonal  rams, Tha greatest (P<,05)
concentrations of testostercne in serum were during October for both ram
classes. The response of testosterone in serum to infusion of GnRH was
similar between ram classes each month except in January when seasonal
rams had less testostercne than nonseasonal rams. Both ram classes had
the greatest (P<.05) serum LH concentrations in April and nonseasonal
rams had greater (P<,05) serum LH than seasonal rams during October and
January. Rams classified as seasonal or nonseasonal based on changes in
scrotal circumference have idfferent reproductive endocrine functions.

(Key Words: LH, rams, reproduction, scrotal circumference, season,
testosterons)

Introduction

The mature ram 1s well swited for studying seasonal changes in
reproductive activity. Scrotal circumference in the ram can be readily
measured, seasonal anatomical changes can be recorded for individual
rams, and rams can be classified as seasonal or nonseasonal based on
scrotal changes (Ringwal] et al., 19B5). Seasonal rams have consistent
annual cycles in scrotal circumferences while nonseasonal rams have a
less conspicuous change in scrotal circumference throughout the year.

Recent {investigations have determined the roles of LH. testosterone
and gonadetrepin releasing hormone (GnREH) im rams. Determination of
endocrine changes for seasonal and nonseasonal rams could help clarify
the association beitween observed scrotal circumferesnce change and
hermonal changes associated with alterations in daylength. The purpose
of this study was to compare reproductive endocrine changes in seasonal
and nonseasonal rams during April. July. October. and January.

3 Graduate Assistant 2 Professor A Research Scientist
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Materials and Methods

Thirty-one F, Finn x Dorset rams, born during the springs of 1980
and 1981, were maintained wnder Oklahoma mnative bermuda pasture
conditions until the spring of 1984. Rams were managed and classified as
seasonal and nonseasonal (Ringwall et al., 1985). Rams with the greatest
{n=B, seasonal) and Tleast (n=7, nonseasonal) change in scrotal
circumference between October and April were selected from the original
31 rams, Unaqual numbers between ram classes resulted from the death of
one ram.

Intravenous catheters were placed in the venae cavae of seasonal and
nonseasonal rams in April, July, and October of 1983 and January of 1984,
Rams were exposed +to natural photopericds except on the day of blood
sampling when they were exposed to continuous 1ight. Rams were isolated
from ewes and fed at 0600 h amd 1300 h. Blood samples (10 ml)} were
obtained at 30 min intervals from 0730 h to 1530 h, After a blood sample
was takem at 1530 hs 1 wg of GnRH (courtesy of National Hormone and
Pituitary Program, Baltimore, Maryland) was infused fnto the cannulae.
Bleod samples were obtained at 15 min intervals until 1630 h, then an
additional 1 wug of GnRH was infused. Blood samples were obtained every
15 min wntil 1730 hs then blood samples were taken every 30 min until
2030 h. Blood samples were immediately placed on ice, stored at 4 C for
24 h; centrifuged at 2000 x g for 30 min and serum was frozem until
hormones Wero quantified. Testosterone was quantified by
radioimmunoassay in samples obtained at 1130, 1330, 1530, 1600, 1630,
1700, 1730, 1830, 1930 and 2030 h. LH concentrations were quantified by
radfoimmuncassay in all samples.

One way analysis of variance was used to evaluate the effects of ram
class within date or date sampled within ram class on concentrations of
LH and testosterons prior to GnRH infusion, the magnituds of LH spikes
{serum LH concentration greater than two standard deviations above the
mean for the Individual ram within a date) and the concentrations of
serum LH and testosterone after infusion with GnRH.

Serum LH response to GnRH was calculated as the difference between
the LH cencentration in the serum sample pricr to each infusion of GnRH
and the serum sample obtafned 15 min post GnRH infusion.  Sarum
testosterone response to GnRH was calculated as the difference betwesen
testosterone concentration in the serum sample prior to the first
infusion of GnRH and the serum sample obtained 30 min after the second
GnRH infusion, The time period selected to evaluate response to GnRH
infusion coincided with the periods of maximum response to GnRH. The
guick release and decline in LH resulted in two response pericds while
the slow increase 1in testosterone produced only one maximum period of
serum concentration of testosterone.

Results and Discussion
Seasonal Effects on Concentrations of Testosterone in Serum.

Prior to GnRH infusion, nonseasonal and seasonal rams had similar
concentrations of testosterone during Aprils, July and October (table 1).
In January, nonseasonal rams had greater testosterone in serum than
seasonal rams (P<.05). Serum testosterone concentrations were similar
before and after GoRH 1infusion between seasonal and nonseasonal rams
except during January, when seasonal rams had reduced (P<.05)
testosterone concentrations compared to nonseasonal rams,
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Table 1. Mean sacretory patterns of LH and testosterone in serum during
April, July., October and January 1in nonseasonal (N) and
seasonal (5) mature F; Finn-Oorset rams.

Ram
Hormone {(ng/ml) Class April July October January
LH concentration =
Mean i 3,049 1,24 1.450 1 .ﬁgﬁ
5 1.86% 1.03 72 .74
Spikes/8 h (no) N 1.88 1.50 2.25 2.38
5 2.29 1.86 2.57 1.71
. ac c
Spike magnitude 5 B.92 5.82 4.51 5.67
5 5.22°0  4.68° 2.499 3.41
Testosterone
concentration
Mean M 3.49 4.20 6.41: 4.243
5 3.28 4,18 5.61 2.53

#:Bugans w1tﬁ_d1ffarent superscripts within a rn;‘are different (P<.05).
C.0pepans with different superscripts in columns for the same trait are
different (P<.05).

Concentrations of testosterons in serum of nonseascnal rams wee
similar during April, July and January (table 1) but concentrations were
greater in COctober. Ssasonal rams had similar monthly variaticns in
serum  testosterone as nonseasonal rams. Seasonal rams responded
similariy to GnRH during April, July and October, but the January
testosterone response was less than October (table 2, P<.0l).

Seasonal effects on concentrations of LH in serum.

Honseasonal rams had greater (F<.05) concentrations of LH in serum
than seasonal rams during October and January (table 1). MHonseasonal
rams had greater concentration of LH during spikes than seasonal rams in
April (P<.05) and Octobers but the ram classes had similar concentrations
during July and January (table 1). The number of LH spikes was similar
for seasonal and nonseasonal rams during each month (table 1).

The increase 1in LH concentrations 1in serum following the first
infusion of GnRH was similar between ram classes during April (table 2).
In July, seasonal rams tended to respond less than nonseasonal rams to
GnAH and during October and January seasonal rams had reduced
concentrations of LH in the serum after the first infusien of GnRH (table
2, P<.05). The response of LH after the second infusion of GnRH was
similar between ram classas for all months (table 2).

The increase in LH following the first minus the second infusion of
GnRH was similar between classes of rams during April (table 3). Im
Julys; the respense 1im LH concentratiom in serum following the second
infusion of GnRH minus the first was greater for seasonal rams (table 3.
P<.05) and a similar trend was observed during October and January.
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Table 2. Mean secretory patterns of LH and testostercne in serum in
response to GnRH during April, July. October and January in
nonseascnal (N) and seasonal (5) mature F, Finn-Dorset rams,

Ram
Hormone (ng/ml) Class  April July October  January
LH response to GnRH
lst infusicn M 32.67° 22,69 24+“Eﬁ 23.003
5 30, 40° 17.44% 13.01 17.90
2nd infusicn M 32.86° 23.54 21.?3E 23.07
5 3z, 112 32,408 20.16 24.00
Testosterone
response to GnRH
Znd infusion K 6.17 6,649 6.293 E.ZUh
5 7.16% 6.89% 7.79 5.73

a,bﬁhaaghaixE‘d1fferﬁnt sLEérscrfpts within a row are different (P(.DE}T“
¢sd Means with different superscripts in columns for the same traft™ are
different (P<.05).

Table 3. Mean secretory LH in serum after the second GnRH infusion minus
tha first GnRH infusion during April. July. October and January
in nonseasonal (W) and seasonal (5) mature F?F1nh-Dors&t rams.,

LDifferance in LH Hesponse nygfml
Ram Class April July October January
N 0.19 0.685 -2.41 0.07
5 e by 14,95% 7.15 £.10
8pe, 05

Seasonal trends were evident within sach ram class for serum LH
copcentrations prier to GnRH  imfusion. Concentrations of LH were
greatest 1in April (P<.05) followed by & decline in July for both ram
classes, Nonseasonal rams reached a minimal concentration of LH in July
and LH gradually dncreased through Cctober and January (table 1). In
contrasts concentrations of LH in  seasonal rams comtinued to declina
unt11! October and remained at Tow concentrations in January (table 1).

The magnitudes of the LH spikes for nonseasonal rams were graatest
(P<,05} during April and then declined to similar concentrations during
July, October and Janwary (table 1}, The magnitudes of LH spikes for
saasonal rams were greater (P<.05) for April and July than October and
January (table l).
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Conclusion

Testosterone concentrations were greatest in October for both ram
classes and the main difference in testostercne concentraticns between
the two classes 1= that seasonal rams had decreased tesiosterone

concentrations in  January. Seasonal rams had an increase in serum LH
response to a second GnRH infusion compared to the first GnRH infusion,
while nonseascnal rams did not. Results of this study support the

concept that changes in scrotal circumference of rams is related to
saasonal changes in endocrine functiom.
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REPRODUCTIVE DEVELOPMENT AND PERFORMAMNCE
OF HEREFORD HEIFERS CALVING
AT 24 OR 30 MONTHS OF AGE

JE: Euadrichlﬁ E.J.jTurmangﬁ R.F. He%temannz,
0.5, Buchanan~, and K.5. Lushy

Story in Brief

A three year study fnvolving 129 weaner and yearling Hereford
heifers compared calving at 24 or 30 months of age. The heifers calving
at 24 months were fed at a high level (1 1bfday gain) during the winter
as weaner heifers. The heifers top calve at 30 months were fed at a
mpderate (0.5 1b/day gain) or low (no gain) after reaching 600 1bs body
weight, The results suggest that if weaner heifers are fed at a high
level the winter prior to bresding, delaying calwing until 30 months may
not improve conception rates at either the first or second breeding or
greatly reduce the postpartum interval to conception. Heifers calving
at 30 months weaned heavier calves, suffered less calving difficulty and
required less supplemental feed during the winter prior to the first
breaeding. However, calving problems were not eliminated since
approximately 50 percent of the 30 manths calvers required assistance
comparad to over 70 percent of the 24 months calvers.

(Key Words: Beef Heifers, Calving Age, Reproduction, Calwing
Difficulty, Rebreeding)

Introduction

Two of the most important problems associated with calying heifers
at 2 years of age are increased calving difficulty and delayed
rebreeding. One way to reduce these problems is to delay calving of
replacement heifers, Unfortunately, since the most common system of
production is to calve in a single season, the heifers will not calve
first until three years of age. Although reducing problems associated
with earlier calving, delaying calving of replacement heifers until
three years of age results in the Tloss of one year of production from
the cow.

An alternative that might combine advantages of both 2- and 3-year
old calving would be to calve heifers first at 30 months of age.
Results reported previously from this station (Lusby et al., 1979)
suggest that heifers calving at 30 months of age will have improved
conception rates at both first breeding and rebreeding after calving,
and will wean heavier calves than heifers calving at 24 months of age.
Therefare, this study was conducted to further investigate the
feasibility of calving replacement helfers at 30 months of age and to
compare two levels of nutrition prior to first breeding of the heifers
that calve first at 30 months of age.

IGraduate BAzsistant EPruFesSDr 3ﬂssuc1ate Praofessaor
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Materials and Methods

This study was conducted at the Livestock and Forage Research
Laboratory, (Ft Reno), E1 Reno wtilizing a total of one hundred twenty
nine Hereford heifers obtained in the fall of three consecutive years
from an experimental herd at the Lake Carl Blackwell range near
Stillwater., The heifers obtained each year had been born in the spring
of that year or the previous fall to cows of similar breeding bred to
similar bulls in both seasons of a given year. Thus, heifers of similar
breeding could be bred to calve in the same season at either 24 or 30
months of age. Trial 1 begun in the fall of 1979, used 20 heifers
calving at 28 months, and 20 heifers calving at 30 months. Trial 2
consisted of two replications, initiated in the falls of 1980 and 1981,
and involved a total of 30 heifers calving at 24 months, and 59 heifers
calving at 30 months. A1l fall-born heifers were bred in the spring at
?l months to calve at 30 months, and all spring-born heifers were bred
at 15 months to calve at 24 months.

Before breeding, heifers were wintered on dormant native grass
range supplemented with cottonseed meal and ground milo or ground corn
to gain according to their respective treatments. All heifers ran
together on native tall-grass pasture during the two summers they were
on the experiment, with no effort made to control weight changes.
During the second wintering period the bred heifers ran together and
were fed at the Moderate level used in previous Fort Reno studies, which
is the appropriate amount of cottonseed meal fed to heifers grazing
dormant native agrass range to allow them to lose 10 percent of their
fall weight fapproximately November 15) through and including the Toss
at calving.

In trial 1, the first wintering period was from November 29, 1979
to April 17, 1980. Heifers to be bred at 15 months were fed at the High
level wsed in earlier Ft Reno studies, which was the amounts of ground
milo and cottonseed meal necessary to achieve an average gain of 1.0
1b/day during the entire period. Heifers to be bred at 21 months were
fed at the same level as the younger heifers until they reached a mean
body weight of 600 1b, after which they were fed at the moderate leyel
used in previous Fort Reno studies invelving developing heifers to be
bred to calve at 24 months of age, which was to gain .5 1bfday until the
end of the wintering period. The heifers were randomly assigned to two
fertility-tested Hereford bulls during the first breeding season from
May 1, 1980 to July 20, 1980.

In trial 2, the first wintering periods began on MNovember 14, 1980
and Movember 12, 1981 for replications 1 and 2, respectively, and ended
the following May 5 for each replication. Heifers to be bred at 15
months were fed similarly to those in trial 1, with the exception of
ground corn being fed instead of ground milo. Heifers to be bred at 21
months were fed similarly wntil each heifer reached &00 1b, after which
they were fed to either maintain their weight wntil the end of the
wintering peripd (30 month-maintain), or fed to gain .5 1bfday unti] the
end of the wintering period (30 month-gain). The breeding season
lasted from May 7 to July 7 each year. The heifers were randomly
assigned to single-sire breeding groups with three fertility tested
Angus bulls used in replication 1, and two different fertility tested
Angus bulls used in replication 2. Heifers in both trials were rebred
using two fertility tested Hereford bulls assigned at random to single
sire breeding groups. The respective replications of each trial ended
when the calves were weaned.
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Data were analyzed by analysis of variance, Student's t-test, and
Duncan's multiple rangs test.

Results and Discussion

Trial 1: At the beginning of the trial, the weaner heifers to be
bred to calve at 24 months were 103 1b l1ighter than the yearling heifers
to be bred to calve at 30 months (Table 1)}. The younger heifers gained
.95 Tb/day to weigh 550 1b by the beginning of the breeding season. The
30 mo heifers averaged .55 1b/day gain to reach an average weight of 593
1h. MWeight loss during the second wintering period was near the desired
Tevel of 10% (24 mo calwers = 10.3%, and 30 mo calvers = 3.9%).

Conception rate during the first breeding season was wvery good and
similar for both groups (100% and 95% for the 30 mo and 24 mo calvers,
respectively). The average date of conception was similar for both
treatments.

Calf birth weight was similar for the two groups of heifers, but
the younger heifers suffered more calving difficulty than did the 30 mo
heifers (calving difficulty scores of 3.21 vs 1.89) and a greater number
of heifers had difficult calvings (72% ws 50%). The 24 month calvers

Table 1. Performance of heifers calved at 24 or 30 months of age.

(TRIAL 1) 5y
Item 24 Month 0 Manth
Mo. of Heifers (11/29/79) 20 20
Heifer Weights (1bs)
Beg. lst Winter (11/29/79) 405 508
Beq. lst Brdg. (5/1/80) 558 593
Beg. 2nd Winter (11/13/80) g2l 974
Beg. 2nd Brdg. (5/5/8l) 7493 83
Weaning (10/13/81) a7l 1027
First Breeding Seasan:
Conception Rate (%) 95 100
Date of Conception {Avg) May 31 May 24
Calving Data:
No. heifers calving 15 20
No. live calves 9 14
Calf Birth Wt (lbs) 79 i
Heifers Req. Assist. (%) 72 50
Calwing Diff. Score {Awvg)
[5cale = 1 to &) A2 1.9
Second Breeding Season:
Conception Rate (%) B4 88
Post Partun Interval to
Conception (days) 91 75
205 Day Adj Wn Weight (lbs) 407 425
Supplemental Winter Fesed
per Heifer 1st Winter {]bs)
Cottonsesd Meal 325 arl
Milo 736 462
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also lost more calves at calving (50% ws 30%) but Tosses were excessive
in both groups. Excessive calving problems and deaths were the result
of a combination of factors, with one of the mast important being the
necessity to change herdsmen just prior to the start of the calving
season. In addition, there was a large number of heavy calves. The
average birth weight of calves that died was 81.9 1bs compared to 76.6
1b for the 1ive calves.

During the second breeding season conception rates were similar (24
mo = 84%, and 30 mo = BBX), but the postpartum interval to conception
was 16 days longer for the 24 mo heifers. Adjusted weaning weights were
18 1b heavier for calves from 30 mo heifers. The 30 mo heifers weaned a
greater percentage of calves (65%) than did the 24 mo heifers (50%) but
this was influenced by calf losses at calving. Under the conditions of
this study, the 24 mo heifers required 19 1b less C5M and 274 1b more
ground milo per heifer during the first wintering period (139 days) than
did the 30 mo heifers.

Trial 2: This trial included 30 heifers calving at 24 months that
were started on trial an average of 124 1bs lighter than the 30 mo
heifers (Table 2). The 24 mo heifers gained .97 1b/day to weigh 563 1b
by the beginning of the breeding season. The two groups of 30 mo
heifers gained at different rates during the first wintering period (.71
1b/day and 1.0 Tb/day, respectively) to reach respective weights of £39
1b and 703 1b at the beginning of the breeding season. Weight losses
during the second wintering period were not influenced by the previous
treatment and were 7.7%, 7.4%, and B.1% of their MNovember 15 weight for
24 mo, 30 mo-Maint, and 30 mo-Gain, respectively. Treatment did not
influence conception or date of conception during the first breeding
Season.

The 30 mo-Gain heifers gave birth to the heaviest calves (Bl 1b),
followed by the calves from the 30 mo-Maint heifers (76 1b), and the 24
mo heifers (72 1b}. The heifers calving at 24 months of age suffered
more calving difficulty ({calving difficulty score 2.9 wvs 2.2). A
greater number of 24 mo heifers had calving difficulty (72%) than did
the 30 mo-Maint and 30 mo-Gain heifers (53% and 50%, respectively).
Calf losses at birth were less than 3.5% for all treatments. Compared
ko trial 1, calf losses and calving difficulty were greatly reduced in
trial 2. However, it fis important to note that the percentage of
heifers requiring some level of assistance was the same in each trial,
and at least 50% of the older heifers required assistance.

The postpartum interval to conception was similar for the 24 mo
heifers (91 days) and the 30 mo-Gain heifers (84 days). Conception
rates during the second breeding season were slightly less for the 24 mo
and 30 mo-Maint heifers (B0O% and B3X, respectively) than for the 30
mo-Gain heifers (93%). Adjusted weaning weight of calves from the 24 mo
heifers (400 1b) was 1lighter than that of the calves from the 30
mo-Maint heifers (458 1b) and the 30 mo-Gain heifers (453 lb). The
number of calves weaned per number of heifers exposed was similar for 24
ma Eeifers (90%) and 30 mo-Gain (93%), but slightly less for 30 mo-Maint
[83%).

During the first wintering period (172 days) the 24 mo heifers
required an average of 27 1bs more C5M and 178 1bs more corn per heifer
than did the 30 mo-Gain heifers. They also required 70 1bs more C5M and
232 1bs more corn than did the 30 mo-Maint heifers.

Body condition scores of the heifers ranged from about 6.5 at the
beginning of the second winter to about 5.2 at rebreeding after calving
and the 24 mo heifers were consistently 0.3 of a score lower than the 30
mo heifers. Body weights were not significantly different between the
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Table 2. Performance of Heifers Calved at 24 Months of Age or 30
Months of Age Fed to Maintain or Gain Weight After Reaching
600 Tbs Until Breeding.

> [TRIAL 2)
[tem 24 Manth 0 Ma-Maint 30 Mo-Gain
No. of Heifers (11/13) 30 31 28
Heifer Weights (1bs)
Beg. lst Winter (11/13}) 395 515 523
Beg. 1st Brdg. (5/7) 563 639 703
Beg. Znd Winter {11/13}) 798 Q922 354
Beg. ?nd Brdg. (5/7) 706 a0s 823
Weaning (10/13) 269 a7l o34
Body Condition Scores (Avg)
t5cale = 1 to 9)
Beg. Znd Winter (11/13) 6.3 6.6 6.5
End ?nd Winter (4/15) BT 6.0 5.9
Beg. #nd Brdg. (5/7) Bl o 5.3
Weaning {10/13} BT 6.0 5.8
First Braeding Season:
Conception Rate (%) 96 100 100
Date of Conc. (Avg) May 22 May 25 May 25
Calving Data:
Mo, heifers calving 24 24 28
Mo. Tive calves 27 27 28
Calf Birth WE (1bs) 12 76 a1
Heifers Reqg. Assist. (%} 7? 53 50
Calv. Diff. Score {Avg)
(5cale - 1 to &) 2.9 2 2.2
Second Breeding Season:
Conception Rate (£) a0l a3 93
Post Partum Interval to
conception (Days) g1 a7 a4
205 Day Adj Wn Wt [1bs) 400 458 453
Supplemental Winter Feed
per Hfr lst Wint {1bs)
Cottonseed Meal 483 413 456

Corn 432 200 254

30 mo-Maint heifers (971 1b} and the 30 mo-Gain heifers {984 1bs) by the
end of the trial, however heifers that calved at ?4 mo were about 100
pounds lighter when the calves were weaned.

Considering the results from both trials, it is apparent that when
weaner heifers are fed at a Tevel as high as was used in this trial,
delaying calving until 30 months did not improve conception rates for
gither the first or second breeding seasan, or reduce the postpartum
interval to conception. This was not unexpected since the high level in
previous Ft Reno studies, although costly, had given good reproductive
performance in young heifers. Heifers calving at 30 manths of age did
wean heavier calves than the heifers calwing at 24 months of age. In
addition, heifers calwing at 30 months of age had less calwing
difficulty than did the heifers calving at 30 months of age; their
calving difficulty was less severe; and they required less supplemental
feed the winter prior to breeding.

112 Oklahoma Agricultural Experiment Station



Economic Analysis:

An analysis of costs and returns for calving at 24 months wvs 30
months was made using the COWHERD E microcomputer program developed by
Dr. Keith Lusby, Animal S5cience Dept., and Dr., 0Odell Walker,
Agricultural Economics ODept., Oklahoma 3tate University. The budgets
developed by this analysis suggests that calving heifers at 30 months is
a favorable alternative when they could be maintained on forage
following weaning until 1 year of age, and subsequently fed to weigh at
least &00 1bs by the beginning of the breeding season. Calwing at 30
months would also be advantageous when cash outlay for additional feed
is high, and heifers must be fed greater amounts in order to conceive by
15 months of age. However, when cash outlay for additional feed is
potentially low, calving at 24 months may be justified.
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INFLUENCE OF HIGH DIETARY PROTEIM ON REPRODUCTIVE FUNCTION IN DAIRY
CATTLE: A PROGRESS REPORT

i 2z 3 L 5
H.J. Howard., E.P. Aalseth, L. Dawson, G.D. Adams, L.J. Bush

Story in Brief

In the first year of a Z year study, 82 dairy cows were fed moderate
(15%) and high (20%) crude protein diets from 10 4+ 4 fo 145 days
postpartum. High protein increased milk production by 4 Tbs per day over
the entire experiment. MNutriticnal stress as fndicated by body weight
and body condition change appeared similar between the twe groups during
early lactation. Plasma urea was elevatsd 12 mg/l00 ml in cows fed the
high crude protein diet. Interval to first estrus. interval frem calving
te conception, services per conception amd percent pregnant were similar
between cows on the high versus mederate levels of crude protein.

(Key Werds: Dietary protein, fertility, days open, bedy condition)

Introduction

Average milk prodution has Jincreased by over two times for all
United GStates dafiry herds and by over one and onse-half times in DHIA
dairy herds in the past thirty years. In order to realize the milk
preducing potential of these high preducing cows, quality and guantity of
diet have fincreased substantially. Since peak dry matter intake usually
lags behind peak milk preduction by some four to eight weeks, the protein
and energy components 1in the diet must be higher fnitially in hopes of
mesting the cows requirements during early lactation.

Of primary concern in this study 1s the effect of high dietary
protein on rebreeding performance. Recent reports have indicated crude
protein percentages above 168 may be detrimental to reproducticn (Folman
et al.. 198l; Jordan and Swanson, 1979). It has been suggested that
diets high 1in protein may alter the uterine enviromnment in such a way
that fertilization failure and/or early embrycnic mortality are enhanced
(Jordan et al., 1983}, According to Mational Research Council
recommendations, a 1300 1Tb cow in her second lactation, milking 60 1bs
per day with a milk fat & of 3.5 would require a diet of 158 crude
protein to meet her requirements (NRC, 1978). However, if that same cow
was milking at 100 1bs per day, a diet containing 19% crude protein would
be necessary. This is well within the range of dietary concentrations of
c¢rude protein thought to be detrimental for reproductive performance,

The objective of this study was to compare two levels of dietary
crude protefn on: 1) fertility, 2) onset of estrus and ovarian activity,
3) concentration of plasma metabolites as 1ndicators of nutriticnal
status, 4) feed consumption, 53 body weight and body condition score
changes as indicators of nutritional stress and 6) milk production aver
the first 145 days postpartum.

lGraduate Students Animal Science ZAssistant Professor. Animal Science
dpssistant Professor, Veterinary Medicine and Surgery “Instructor,
TAnimal Science Professor: Animal Science
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Materials and Methods

Sixty Holstein and 2Z Ayrshire cows of second lactation or greater
wers randomly assigned to receive either moderate (15%) or high (20%)
levels of crude protein in the diet, beginning 10 * 4 days from calving.
Cows were allotted to diets according to breeds lactation number and date
of calving. They were fed a complete mixed ration formulated for the
level of crude protein desired. consisting of 45% sorghum sflage and 55%
grain concentrate on a dry matter basis. Protein levels were varied by
modifying the amount of corn and soybean meal in the concentrate. Cows
were fndividually fed three times dafly to the 1imit of consumption for
the first 145 days postpartum. Daily feed intake and feed refusals were
recorded. Dietary dry matter and protein intake were determined on a
weekly average basis. Weight and body condition scores were recorded
every 1two weeks through the duraticn of the study to follow any changes
in nutritional stress that may cccur. The body condition scoring system
was as described by Aalseth et al. (1983), using a 1 to 9 scale (1 =
extremely thin, 9 = over-conditicned). Weekly average milk producticn
was caclulated from daily milk production. Average milk fat and milk
protein were determined from samples taken from four consecutive milkings
during each week. Plasma urea=nitrogen and E=hydroxybutyrate
concentrations were measured on a weekly basis to determine metabolic
status.

To monitor reproductive performance, cows were: 1) palpated weekly
to follow uterime involution, ovarian function, and later to diagnose
pregnancy, Z) bled once weekly for progesterone analysis to determine
onset of ovarian activity, 3) cbserved twice daily for behavicral estrus
and bred on the first and subsequent heats 55 or more days postpartum.

Results and Discussion

Data presented represent the initial year of 2 two year study. The
data were averaged over lactation number and breed for each diet. Cows
fed the high protein diet produced 7 1bs more milk per day at the peak of
lactation, and had 4 1bs more milk per day averaged over the whole
experiment (Table 1). Percent milk fat and protein were not altered by
level of crude protein in the diet.

Table 1. Dietary 1intake and productive characteristics of dairy cattle
fed two levels of crude protein.

— ¥ Crude Protein .
15 20
Cows per treatment - 43 b 39
Crude protein (% of dry matter) 14.6 + .03 19.5 % .03
Dry matter intake (1bs/day)? 48.8 * .3 49.8 * .3
Actual milk (1bs/day)? 59.5 % .4 64.4 + .5
4% fat corrected milk Elbsid&y}a 58.9 + .4 62.8 + .5
Milk fat 2 3,97 + .02 3.87 + .02
Milk protein %2 3.3 £ .01 3.3 % .01

2 Weekly average over the experiment.
b+ standard Error
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Losses 1n body weight and condition were similar for cows on both
diets, thus cows on either diet appeared to sxperience the same magnitude
of nutritional stress during early lactatien. The high pretein cows had
an 1initial average weight of 1385 Tbs and an initial condition score of
5.4 that decreased to 1373 1bs and 5.0 by weeks 5 and 7, respectively.
The mederate protein group had an initial average weight of 1354 1bs and
inftfal average condition score of 5.3 that decreased to 1339 1bs and 4.8
by wesks 5 and 7, respectively. Both groups of cows regafned initial
body condition by the end of the experiment.

Protein 1intake on & dry matter basis was calculated as a percentage
of MNRC requirsments based on body weight, milk production, percent milk
fat and Jlactation number. At week 5 of the experiment moderate protein
cows were consuming 1008 of MRC requirements for protein and high protein
Cows  were consuming 120F. Protein 1ntake, as a percentage of
reguirements increased linsarly over the experimsnt reaching levels of
123% and 167% by completion of the experiment for cows on medium and high
protein diets. respectively, The influence of different levels of crude
protein on {ts metabolism was apparent after 1 week on the diets based on
plasma wurea Tlevels. Further increases in plasma urea were small., By
week 5 cows on high pretain diets averaged 27 mg urea/l00 ml, about 12
mg/100 ml above cows fed moderate protedin,

Reproductive performance did not appear to be affected by different
levels of dietary crude protein (Table 2). Onset of estrous behaviors
interval from calving te conception and percent pregnant while on
experiment were similar for cews on both diets. While the high pretein
group had an apparent advantage of .3 services per conceptions 1imited
cow numbers per treatment prevent any definite conclusions.

Table 2. Reproductive performance for dafry cattle fed two levels of
crude protein.

—b, Crude Proteln
15 20

Cows per treatment 9 42 b 35
Interval to first estrus (days) A1.1 #+ 3.3 oS e e
Interval from calving to conception (days) 85,3 + 4.7 8l.3 + 4.0
% Pregnant gl.8 88.6
Services/conception (cows conceiving) 16 # . 2 I8 B <
Services/conception

(total services/total cows) 2.0 1

ICows with abnormal uterine Jinvoluticon were aliminated from the
brepruductfve data,
+ Standard Error

In summary, there may not be a conflict between a dairy cow's
distary requirements for protein needed for lactation and reproductive
performance. However, these conclusicns are based on a limited number of
observations. Completion of tha second year of this controlled
expariment should previde a confident answer concerning the effect of
high dietary protein on repreduction in dairy cattle.
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RESPOMSES OF DAIRY COWS TO DIFFERENT AMOUNTS OF WHEAT
MIDDLINGS IN THE CONMCENTRATE MIXTURE

E% ﬁcedal, Eal Bushz, and G.D. Adamsa

Story in Brief

A feeding trial was conducted with 18 lactating dairy cows to com-
pare the nutritional wvalue of rations containing different amounts of
wheat middlings. Concentrate mixes containing none, 40, or 60 ¥ wheat
middlings comprised 60 % of the total ration, with alfalfa hay used as
the forage component. Cows were assigned near the peak of lactation to
treatment sequences of a switchback design with three 4-wk periods.
There was a significant quadratic trend for a reduction in milk yfeld as
the level of middlings in the ration increased, being more pronounced at
the highest level., Similar feed consumption for all treatment groups
indicated no ration acceptability problems when middlings comprised as
much as 60 ¢ of the concentrate mix. Blood wurea and ruminal ammonia
concentrations at 3 hours after concentrate feeding were similar for all
groups.

[Key words: Wheat middlings, dairy cows, intake, ruminal ammonia, blood
urea]

Introduction

Al though wheat middlings (mids) are a widely used byproduct for
livestock feeding, the amount that canm be used to advantage in formulat-
ing concentrate rations for dairy cows has not been well defined. The
amount used is often limited to no more than one-fourth of the concen-
trate mixture because of concern about an adverse effect on palatability
ar reduced animal performance. Pelleting has proved bemeficial in alle-
viating the problem of lowered palatability of mixtures containing a
high proportion of mids; however, few trials have compared the effect of
different levels of mids on milk yield. van Horn (1982) fed cows
rations in which wheat mids comprised up to 45 % of the concentrate (25
% of the total diet) without an adverse effect on milk yields, fead
intake or milk fat test. 1In an experiment designed to determine the
effect of pH on ammonia trapping, Kertz et al. (1983) fed dairy cows a
concentrate mixture containing 60 % wheat mids and observed no signifi=
cant effects on feed intake in comparison to mixtures containing 51 % or
36 % mids, respectively. In a previous experiment at this station
{Aicedo, 1984), inclusion of up to 40 % mids in the concentrate mixture
tended to reduce milk yield of cows with no effect on feed intake.

This experiment was conducted to determine the effect of a rela-
tively high proportion of wheat mids in the concentrate mixture on feed
intake and milk yield of lactating dairy cows.

lﬁraduate Student zpmfessur E'Inst.r'u:tur'
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Materials and Methods

Eighteen Tactating Holstein cows were wused in a feeding trial to
compare concentrate mixtures containing (a) Mone (b) 40 % and (c) 60 %
wheat mids. The total ration consisted of 60 % concentrates and 40 %
alfalfa hay. The three concentrate mixtures were calculated to be 1iso-
caloric and isonitrogenous, with variation in crude fiber content mini-
mized to the extent considered feasible [Table 1), To accomplish this,
each added pound of mids substituted for .15 b corn, .64 1b  sorghum
grain and .21 1b of cottonseed meal. The wheat mids had 17.4 % protein
and 13.1 ¥ acid detergent fiber, on a dry basis. A1l the concentrate
mixes were pelleted (3/8 inch pellets). Cows were fed concentrate and
hay separately, with sufficient amounts provided to allow for a small
amount of weighback by each cow.

Table 1. Composition and calculated analysis of concentrate
mixtures.

Item Control 40% Mids 60% Mids

Ingredients, % as fed
Corn, ground
Sorghum grain, ground
Wheat middlings
Cottonseed meal
Molasses, liquid
Picalcium phosphate
salt
Sodium bicarbonate
Magnesium oxide
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Calculated analysis, as fed
NE , Mcal/lb .73 .73 .73
Total protein, % 15.2 15.2 15.2
Crude fiber, % g 4.5 5.1

Soluble nitrogen, % of total W% 27.4 £3.3 40.0

Asolubility in .15N NaCl,

A switchback design was used, with three 5-week periods. The cows
were assigned to four blocks based on date of calving and then to treat-
ment sequences. Milk yield was recorded at each milking and samples for
fat test were taken at four consecutive milkings each week. A sample of
hay and each of the concentrate mixes was taken weekly and analyzed for
protein and dry matter. At the end of each period, samples were taken
for determination of blood urea and ruminal ammonia concentrations at
approximately 3 hours after concentrates were fed,

An "in situ” dacron bag nitrogen disappearance study was performed
to provide additional information about utilization of protein in wheat
mids. 0One cannulated Hereford cow was used for the experiment which
consisted of two feeding periods. In the first, the cow was fed &0%
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control concentrate and 40% alfalfa hay for a 10-day adaptation period
followed by a 3-day incubation period, In the second feeding period,
the cow was fed in  the same manner, but the control concentrate was
substituted by wheat middiings. The cow was fed three times daily.
Dacron bags (5 x 10 cm) with a mesh size of 20 to 40 microns were used
for the incubation of control concentrate and wheat middlings samples in
both periods. Duplicate samples of each feed were incubated for 4, 8,
12, 24, and 72 hr.

Results and Discussion

Milk yields of cows fed rations containing wheat middlings were
lower thanm those of cows fed the control concentrate (Table 2).
Although the yield of cows fed the concentrate containing 40 % mids did
not differ greatly from the control, there was a significant (P<.05)
quadratic trend for reduction 1in milk production as the percentage of
mids was increased in the concentrate. The reduction in milk yield was
particularly pronounced for cows fed the mixture containing 60 % mids.
Similarly, Waldern and Cedeno (1970) observed that cows fed a concen-
trate mix containing a high proportion of wheat mixed feed produced
significantly less milk than cows fed a control concentrate. Consid-
ering both the present trial and others in which cows were fed concen-
trate mixtures containing up to 40 or 45 % mids (Acedo, 1984; Van Horn,
1982), it was concluded that no appreciable decline in milk yield should
be expected from use of wheat mids in the ration unless the percentage
exceeds around 40 % of the concentrate. Use of as much as 60 % mids to
replace high energy feed grains and an oilmeal supplement to some extent
may indeed result in lower milk yield than could otherwise be expected.
On the other hand, use of mids to replace lower energy ingredients would
not be expected to have the same effect.

Table 2. Responses of cows fed experimental rations.

Item Control 40% Mids 60% Mids

Feed intake, 1b/fday

concentrate DM 26.8 T 27.1
Hay DM 17.6 13.0 17.2
Total [ 44 .4 a5 7 44.3
Total protein 2.1 8.3 7.9
Milk Yield
Milk Yield, 1h/day® 57.6 56,9 54.6
Fat test, % 3.6 3.7 3.7
FCM, Tb/day 54.3 5.2 2.3
Rumen ammonia, mg/dl 8.2 8.2 8.5
Blood urea, mg/dl 22.7 21.0 21.8

Agignificant quadratic trend (P<.05).
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Dry matter intake was similar for all treatment groups (Table 2),
which indicated no problem with acceptability of a pelleted concentrate
mixture containing as much as 60 ¥ mids. This was in agreement with
results of other studies in which mixtures with a similar percentage of
mids were fed to dairy cows. Thus, it appears that intake of pelleted
mixtures with a high percentage of mids s not a factor that need Timit
the use of this ingredient in dairy rations.

Blood wrea and ruminal ammonia concentrations at 3 hours after
feeding concentrates were similar for all  treatment groups (Table 2).
Thus, the trend for higher concentrations of these with increasing
levels of mids observed in a previous trial (Acedo, 1984) was not evi-
dent in this trial. The difference in results in the two trials can bhe
attributed partly to the fact that cows in the present trial received
dietary protein more in excess of requirements than did those in the
previous trial (i.e., 136 to 139% vs. 123 to 126% of requirements). In
this trial, efficiency of protein wtilization did not appear to be a
factor limiting the value of the rations for milk production,

Solubility of nitrogen in wheat middlings has been observed to be
greater than that of some other feedstuffs. However, the values for
solubility of nitrogen in an MaCl solution did not differ greatly for
the control and the 40% mids concentrate mix, whereas that for the &0%
wheat mids concentrate was considerably higher (Table 1). In the dacron
bag trials, the incubation time of 72 hr was considered too long to be
meaningful in regard to degradation of wheat middlings by rumen bac-
teria in dairy cows. Therefore, the rate of degradation was calculated
for the 4 to 24 hr period. MNitrogen disappearance rate for protein in
wheat middlings was higher than that in concentrate when the cow was fed
wheat middlings; however, when the cow was fed control concentrate, dis-
appearance of nitrogen from the concentrate was more rapid (Table 3).

Table 3. Dry matter and nitrogen disappearance rates.

Dry matter disappearance Nitrogen disappearance
Conc. fed Mids fed Conc. fed Mids fed
Time® cC Mids cc Mids ce Mids cC Mids
12 92.4 B9.2 97.2 89.9 -= 95.8 == 96.0
24 91.7 70.8 81.5 710.3 83.7 a1.8 63.8 14.4
12 63.2 70.5 57.9 58.1 53.8 88.5 40.7 51.1
8 6l.2 67.7 53.4 52.0 48.9 a7.4 40.8 43.6
4 51.2 64.8 37.6 36.1 43.3 9.0 er.7 26.0
Rateh 9.07 .85 6.09 3.59 6.49 4.13 3.35 5.20

gInCubatiun time in hours

Rate of disappearance, % N or DMfhr, 4 to 24 hr of incubation.
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The time needed for the disappearance of one-half of the original amount
of nitrogen in the substrate was less for wheat middiings than that for
the control concentrate. Thus, there was some evidence that rate of de-
gradation of protein in wheat mids was more rapid than that in a control
concentrate containing typical ingredients; however, inconsistency of
the results provides 1ittle basis to account for the difference in per-
formance of cows fed rations containing different amounts of mids,
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NITROGEN SOURCE AND DIGESTION IN DAIRY COWS

AL Gﬂetschl and F.N, Dwen52

Story in Brief

Cannulated dairy cows were fed 55 percent concentrate diets at 90
percent of ad libitum intake with no supplemental nitrogen (basal diet;
11.1 percent crude protein) or diets supplemented with urea, casein or
soybean meal to increase crude protein content to 15 percenmt. Ruminal
organic matter digestion was not affected by diet. Disappearance of
starch in the rumen tended to be lower for the soybean meal diet (54.5
vs B0.8, 63.8 and 62.9 percent for soyvbean meal, basal, urea and casein
diets, respectively), while total tract acid detergent fiber digestion
was lowest for the basal diet (26.3 vs 39.5, 38.8 and 40.5 percent for
basal vs urea, casein and soybean meal-fed cows, respectively).

Key Words: Protein, Rumen Digestion, Fiber Digestion, Soybean Meal.

Introduction

In one previous trial, efficiency of microbial growth was increased
from below 10 to over 15 g of microbial nitrogen per kg of organic fer-
mented in the rumen when plant protein (soybean meal or cottonseed
meal) was added to a 50 percent concentrate, 17 percent protein diet to
increase the crude protein content to 17 percent (Goetsch et al.,
1984). Such a change could be due to changes in the rumen population
or in concentrations of specific nutrients for ruminal microbes. These
include ammonia, peptides, aminop acids, branched chain wvolatile fatty
acids, certain minerals and B-vitamins. This trial was conducted to in-
vestigate the effect of source and level of dietary nitrogen on diges-
tion and microbial efficiency in the ruman of dairy cows.

Materials and Methods

Four cannulated dairy cows (three Ayreshires and one Holstein; 1047
16} in late lactation were fed diets (Table 1) twice daily and milked
two times each day. The basal diet contained no supplemental nitrogen
(11.1 percent crude protein). Urea, casein or soybean meal was substi-
tuted for corn starch in the basal diet to 15 percent crude protein
levels. The soybean meal diet was fed in a 14 day preliminary period
to determine ad libitum consumption., Intakes were restricted to 90 per-
cent of this amount throughout the experiment.

Peripds lastecd 14 days with sampling on the last three days of each
period. Feed, duodenal and fecal samples were obtained and subjected
to all or part of the following analysis: dry matter, ash, nitrogen,
acid detergent fiber, starch, chromium, nucleic acid-N and ammonia-M.
Means were statistically contrasted.

anrmer Research Associate EPFDfESSGT
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Table 1. Diet compositions, ¥ of dry matter?,

S T R
Ingredient Basal Orea ~  Caseln  SBM
Corn starch i 6.0 3.4 ———-
lirea Sia 1.2 = TEE s
Casein —--- -—-- 1.8 -
Soybean meal ———— - i 7.2
Ground milo 43,5 43.5 43.5 43.5
Dehydrated alfalfa pellets 20.0 20.0 20.0 20.0
Chopped sorghum s1lage 5.0 25.0 25.0 25.0
Cane molasses 1.5 155 1.5 1.5
Dicalcium phosphate 1iah L 1.5 L.b
Limastone 5 5] o B
Trace mineralized salt 2l A ih .
Chromic oxide 33 45 o o3

A rude protein contents were 11.1, 15.0, 14.9 and 15.1%, respectively.

Results and Discussion

Ruminal and total tract digestion of organic matter were similar
for all diets (Table 2) but Tower than anticipated. Sfilage was cut at
a late stage of maturity which may explain the low diet digestibility.
Ruminal starch digestion was Tower for the soybean meal than the urea
diet. This may be due partially to the dietary level of corn starch.
Postruminal starch digestion of the soybean meal diet compensated for
depressed digestion of starch in the rumen. The acld detergent fiber
content of the soybean meal diet was slightly greater than in other
diets and ruminal acld detergent fiber digestien tended to be highest
with this diet.

Table 2. Digestion measures.

i 3 i sty Diet
I tem Basal Urea Casein  SBM
Organic matter digestion, ¥ of intake
Ruminal, true a4.9 45 .6 d6.1 4z2.9
Fostruminal 9.5 12.3 11.4 12.7
Tatal 4.4 57.9 57.9 85 6
Starch digestion, % of intake
Fuminal &0.8 A3.8 62.9 54 .5
Fostruminal 3.4 1.6 2.3 15.5
Tatal 64 .0 65.4 B .2 70.1
Total acid detergent fiber
digestion, % of intake 26.3 39.5 iz.8 40.5
Nitrogen disappearance, % of intake
Ruminal (total} 3.0 22.0 6.0 6.0
Ruminal {non-microbiall 36.5 48.8 43.9 42,1
Total 42.1 8.2 59.3 55 .6
Micrabial efficiency, g micrabial
nitrogan/kg organic matter intake 15.0 15.2 1545 15.3
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Addition of protein to the diet increased (P<.05) fiber digestibility.
Slower degradation of soybean meal than the other protein sources in
the rumen would provide products of protein degradation more comtin-
ually owver the 12 hour feeding cycle which might increase fiber
digestion.

Monammgnia nitrogen flow to the duodenum was egual te 97, 78, 94
and 94 percent of nitrogen intake for basal, urea, casein and soybean
meal diets, respectively. Microbial efficiency (Table 2) was similar
for all groups, contrasting with the earlier experiment in which intact
protein supplementation of a 12 percent crude protein basal diet in-
creased MOEFF from 10 to over 15 g N per kg organic matter truly fermen-
tation in the rumen (Goetsch et al., 1984). In the previous trial,
urea supplied 18 percent of the protein in the basal diet so protein by-
products may have been lower im that trial. Further, feed intake in
the earlier experiment was slightly greater than in this trial which
would elevate passage rate through the rumen. A faster ruminal passage
rate may increase the effect of natural protein on microbial
efficiency.

Assuming that wrea and casein are totally degraded im the rumen,
ruminal N disappearance with the basal diet was lower than anticipated.
In mpst cases urea has nmot influenced escape of dietary protein, so it
was surprising that ruminal escape of dietary N was increased by 10 per-
cent with urea feeding in this trial. An increased rate of particle
disintegration with urea supplementation would be expected to enhance
passage rate of ruminal particles and decrease the extent of disappear-
ance of basal dietary N, but ruminal OM digestibilities do not reflect
such a change.

In summary, N level and source had 1ittle impact on site of diges-
tion of nutrients with the exception of ADF. Total tract digestion of
ADF was increased by N supplementation regardless of N source as has
been aobserved previously (Kropp ot al., 1977; Weakley et al., 1983).
This may have been due to deficiency of ammonia-N in the rumen in this
trial but not in the other trials. Im this study, an ammonia defi-
ciency would have been expected to reduce microbial efficiency based on
in yitro studies but microbial efficiency values did not increase with
added protein or non-protein nitrogen.
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HWITROGEN SOURCE AND DIGESTION IN RUMEN CULTURES

M.A. Funkl, ALL. Erc:ss_!t'sr:h‘E and F.N. Dntens‘]'

Story in Brief

Semi-gontinuous  rumen cultures were fed 55 percent comcentrate
diets with no supplemental nitrogen (B; 9.2 percent crude protein) or
diets supplemented with urea (U; 13.2 percent crude protein), casein
{C; 12.1 percent crude protein) or sgybean meal (5; 12.4 percent crude
protein). Digestion of organic matter, starch and nitrogen did not
differ with nitrogen source but acid detergent fiber digestion was in-
creased by addition of all sourcges of N (29.7 vs 39.9, 41.7 and 44.4
percent for B vs U, C and 5 treatments, respectively). Microbial effi-
ciency and composition of bacterial cells were not altered by nitrogen
source or level.

key Words: Protein Source, Sovbean Meal, Urea, Fiber Digestion.

Introduction

Ruminants can be maintained entirely on nonprotein nitragen (NN,
but level of production generally is lower with NPN than with protein
in the diet. This may be duge to ruminal or post-ruminal differencas.
Supply of microbial protein may be inadequate to satisfy the aming acid
requirements of high producing ruminants. In the rumen, ammonia nitro-
gen permits most species of ruminal microbes to survive though some
bacteria reguire preformed N compounds such as amino acids or peptides
for survival or growth. This trial was conducted to investigate the
effect of level and source of dietary nitrogen on digestion and micro-
bial efficiency in semi-continuous rumen cultures. [t was conducted in
tandem with a trial in which similar diets were fed to dairy cows
(Goetsch and Owens, 1985).

Materials and Methods

Twelve culture flasks were used in a completely randomized design
trial for 14 days. Ruminal fluid, buffer, finely ground substrate
(Table 1) and a magnetic stir bar were introduced finto 250 mi
Erlenmeyer flasks and incubated at 39 C. Twice daily, flasks with a
fluid volume of 200 ml were stirred to a homogeneous mix and 37 percent
of the wvolume (75 ml) was removed. Fresh substrate, buffer and water
ware injected into the cultures to obtain a discomtinuous removal rate
equal to 3.1 percent/hour. Cultures were gassed with CO, at transfer
times., Days 1 through 6 were for culture stabilizatiof and samples
were taken on days 7 through 14. Effluent material was analyzed for
dry matter, ash, N, acid detergent fiber (ADF), starch, total nucleic
acid=N (NAN}, ammonia-N, MAN and ammonia-N. Bacterial cells were isa-
lated by centrifugation (IBC) and bacteria and protozoa were counted.

gFarmer Undergraduate Student 2F.:.rrrner fesearch Associate
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Table 1. Diet compositions.

- Bt
Ingredient, % of dry matter B ] C 5

Corn starch 7.2 6.0 3.4 ———-
Urea === 1.2 -——- ———
Casain ———- ---- 3.8 “=a-
Soybean meal - - ———— T.2
Ground milo 45.3 45.3 45.3 45,3
Ground alfalfa hay 20.0 20.0 20.0 £0.0
Dried sorghum silage 25.0 25.0 25.0 25.0
Dicalcium phosphate 1.5 1 1.5 125
Limestone 5 o 5 .5
Trace mineralized salt b =] g 5

Results and Discussion

Protozoa numbers were not maintained but decreased over time so
that levels from day 7 to 14 were lower than found in vivo (Table ZJ.

Table 2. WNumbers of bacteria and protozoa, pH, ammonia-nitrogen
concentration and composition of isglated bacterial cells.

Diet
I tem B 1 C =
] T [ TR i
Bacteria numbers, 1103 fml 6.2 5.5 Tu 6.3
Protozoa numbers, X107 /ml A 6.9 7.7 1.7
Culture pH 6.7 6.8 6.7 6.7
Isolated bacteria cells
Nitrogen, % of dry matter 7.1 6.7 6.5 7.0
Nucleic acid-nitrogen,
% of nitrogen 20.2 29.7 2.7 20.2
Ash, ¥ of dry matter 13.1 18.4 19.2 16.4

Dilution rates were the same for liguid and solid which may have washed
out protozoa. In the rumen, protozoa associate with particles and pass
more Slowly than liquid. MNumbers of protozoa tended to be higher with
U and C diets. With the low protein treatment, protozoa were absent
and ADF digestion was reduced (Table 3). This may reflect protozoal in-
volvement in physical disruption of fiber though ADF digestion was not
reduced with low protozoal numbers with soybesan meal as a source of pro-
tein. N content of IBC was similar for all treatments {(Table 2} but,
the NAN:W ratio of IBC for U cultures tended to be slightly greater
than for other diets,

Extent of QM digestion tended to be greater for C and 5 than for B
and U diets (Table 3) and was slightly greater than ruminal OM dis-
appearance of similar diets in vivo (Goetsch and Owens, 1985). Starch
digestion was similar for all diets and higher than in wivo ruminal
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Table 3. Digestion measures for the B-day collection period.

Diet
B i} G 5
Organic matter digestion (true),

%t of input 50.8 50.6 54.2 4.0
Starch digestion, % of input 9.6 0.0 0.2 89.2
Acid detergent fiber digestion, B b b

% of input 29.7" 39.9 41.7° 44.4
Nitrogen disappearance,

% of input 49,7 45.7 50.9 51.0
Witrogen passage, mg

Input 168.0 238.2 2lo.9  223.6
Outf low
Total 215.9 23R.5 2h6.5  249.0
Microbial 5.4 52l 56 .9 60.2
Feed a0.1: 137.6 114.2 116.3
Ammonia 70.4 4B.8 a5.4 i
Microbial efficiency,
q microbial nitrogen/kg organic
matter fermented 10.5 9.9 10.0 0.7

a’bﬂeans in a row with different superscripts differ (P<.05).

starch disappearance (Goetsch and Owens, 1985). This difference may be
dus to finer grinding of the diet for use in witro or to culture condi-
tions. In witro, grain settled due to lack of culture agitation.
Settled particles are more subject to washout in yive than in vitro due
to their particle size, specific gravity and proximity to the exit
paint. Extent of ADF digestion and treatment differences observed in
vitro were similar to those observed in vivo {Goetsch and Owens, 1985).

Conversion of feed N in wvitra to ammonia and to microbial matter
was similar for all treatments and was slightly lower tham measured in
the rumen of cows (Goetsch and Owens, 1985). Extent of digestion of N
far the U diet tended to be Tower than far [ and S diets. Since many
bacteria in the rumen which hydrolyze urea are facultative anaerobes,
urease activity in this amaerobic culture media may have been low.
Microbial efficiency was Tower in witro than in vivoe (Goetsch and
Owens, 1985), but differences due to source or level of N were negli-
gible in both trials. Similarities between in yitro and in yivo
responses to these protein spurces and levels indicate that in vitro
procedures may be useful to predict animal responses to diet changes
providing specific ruminal factors such as passage rate and gqut volume
are not altered by treatments.
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EFFECT OF SARSAPONIM IN THE RATION OF LACTATING DAIRY COWS OM RUMEN
FERMENTATION AND PRODUCTION PERFORMANCE

1

F.R. Yaldez™ and L.J. Bush2

Story in Brief

The effect of daily supplementation of sarsaponin to a complete ra-
tion was determined using 16 Holstein cows in their first lactation. A
switchback design with three 4-wk periods was used. Treatments were:
1) 70 g of sarsaponin/ton of air-dry feed. 2) Ho sarsapenin (control).
Complete rations were formulated daily in a proportion of G55:45
concentrate:silage (dry basis), and equal quantities were fed individu-
ally three times a day. Mo significant differences in milk production
(45.8 and 45.3 1b/day), fat test (3.5 and 3.5 %) and milk protein per-
centage (2.8 and 2.8 %) were ohserved between groups of cows fed sarsa-
ponin and control rations. Rumen ammonia (4.8 and 4.7 mg/d1) and blood
urea (10.4 and 10.5 ma/d1) were si-ilar for the respective treatment
groups. Molar percentage of individual ruminal volatile acids also were
similar for the two treatment groups.

[Key Words: Sarsaponin, Steroidal glycoside, Digestion, Milk yield,
Dairy cows.]

Introduction

Peekstok (1979) ohserved a stimulating effect of sarsaponin, a
sterpidal glycoside, on anaerohic fermentation of organic matter in
activated sludge waste treatment systems. Enhancement of anaerobic fer-
mentation in ruminant digestion of starch and fibrous feedstuffs could
have some heneficial effect in utilization of many livestock feeds,

There is a possibility that changes in fermentation patterns, due
to enhancement of ruminal fermentation, may improve the utilization of
nutrients by the animal, Grobner et al. (1982) observed a higher total
nitrogen output (P<.05) in continuous flow fermenter systems treated
with 30 ppm sarsaponin., In contrast, Goetsch and Owens (1984) observed
increased ruminal and total N digestion due to the addition of 44.1 ppm
of sarsaponin to the ration of cannulated dairy cows. Ruminal and total
tract digestibilities of organic matter were also increased.

The objective of this experiment was to determine the effect of
sarsaponin supplementation on responses of lactating dairy cows under
conditions where dietary intake of natural protein was limited in re-
lation to HRC requirements.

Materials and Methods
Sixteen Holstein cows in their first lactation were started on ex-

periment 6 to 10 weeks postpartum. A switchback design with two blocks
(eight cows per block) and three 4-wk periods was used. Cows were as-

lﬂraduate Student, EPrnfessar, Animal Science.
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signed at random to each block and then.to treatment sequences. The
treatments were: 1) 70 g of sarsaponin® [SARS)/ton  of air-dry feed.
2} No sarsaponin (control), Complete rations were formulated daily in a
proportion of 55:45 concentrate:silage (dry basis), and approximately
equal quantities were fed in individual pens three times a day (1100,
1900 and 0300 hours). The cows had free access to water. Milk weights
were recorded daily and samples taken at four consecutive milkings each
week were analyzed for fat and protein percentage. Daily feed weigh-
backs were taken to determine weekly dry matter (DM} and protein intake.
Each cow was weighed two times each week to obtain an average body
weight for purpose of calculating ration allowances. Intake of natural
protein was restricted by 1Tncluding only enough soybean meal in the
ration for each cow so that sufficient natural protein was supplied to
meet 30% of estimated MRC requirements. Urea was added to provide pro-
tein equivalent value equal to 15% of the total protein requirement for
each cow.

Blood and rumen fluid samples were taken the last day of each
period 3 to 4 hr after the 11:00 AM feeding. Rlood was withdrawn from
the tail wefn with vacutainer tubes and rumen fluid was sampled by
stomach tube. The respective samples were analyzed for blood plasma
urea, ruminal ammonia concentration and individual ruminal wvolatile
fatty acids.

Results and Discussion

Addition of sarsaponin to the ration resulted in no significant
difference (P>.05) in milk production, fat percentage or milk compo-
sition (Table 1). Intake of natural protein was restricted in relation
to the MRC requirements for total protein (Table 1); therefore the pos-
sibility existed for the cow to benefit from bypass of more natural
protein or increased microbial synthesis of protein in the rumen. Pro-
duction responses provided no indication of any benefit from the ad-
dition of sarsaponin to the ration. This 5 in agreement with results
of a previous feeding trial where natural protein was less restricted
(Valdez et al., 1984}, and also with the observation of Goetsch and
Owens (1984) that ruminal nitrogen digestion tended to be greater for
cows fed a diet supplemented with 44.1 ppm of sarsaponin than for cows
fed a contral diet. Whether or not a positive response to  supplemen-
tation with sarsaponin would be obtained with older cows in not  known.
Roffler et al. (1978) reported no increase in milk yield of first lac-
tation cows as protein concentration in the ration increased, whereas a
positive response was obtained in multiparous cows,

Mo significant difference was observed between treatment groups in
DM intake and body weight change. The level of SARS supplementatian
used in this trial had no adverse effect on feed intake. Moreover, it
15 doubtful that energy intake limited production by the cows since they
were allowed as much dry matter as they would consume with natural pro-
tein content adjusted weekly to maintain the desired restriction of this
companent of the ration.

3Snurce of sarsaponin was Sevarin, a commercial product manufactured by
Distributors Processing, Inc., Porterville, CA  93257.
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Table 1. Milk yield and feed intake.

ITEM SARS CONTROL
Milk yield, 1h/day 45.8 45.3
Fat test, % 3.5 3.5
Milk protein, = 2.8 2.8
Total protein intake, Th/day £.0 5.0
Protein intake/requirements, % 99.7 99.7
Dry matter intake, 1b/day 44.0 43.7
Body weight change, 1b/period 2.3 -1.0

aIm:'FLtr]irlg protein equivalent value from urea.

Ruminal ammonia and blood urea concentrations were similar for both
treatments (Table 2), suggesting very little or no effect on urease in-
hibition by sarsaponin, even when urea supplementation was increased to
provide 15 % of the total protein required, as compared to 10 % in a
previous feeding trial (valdez et al., 1984). In contrast, Grobner et
al. [1982) reported a decrease in ammonia levels in in vitro fermenters
when 60 ppm of sarsaponin was added to the substrate.

Molar percentages of acetic, propionic, butyric and valeric acids
as well as total VFA concentration were similar for both treatment
groups (Table 3). In contrast, Goodall (1980) observed higher propionic
acid and lower acetic acid (P<.05) in steers when feedlot diets were
supplemented with 60, 120, and 240 ppm of sarsaponin,

Table 2. Blood urea and rumen ammonia levels.

ITEM SARS CONTROL
------- (mg/dl)-mmmmmm
Rumen ammaonia 4.8 4.7
Blood urea 10.4 10.5
Table 3. Rumen wolatile fatty acids.
ITEM SARS CONTROL
Total VFA concentration, mM/ 153.5 144 .7
Individual YFA, molar %
Acetic 63.1 63.4
Propionic 22.6 22.2
Butyric 13.0 13.1
Valeric 1.3 1.3
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Supplementation of ratfons for lactating dairy cows with 70 g of
sarsaponin/ton of air-dry feed did not have a beneficial effect on milk
production, fat percentage, dry matter intake or body weight change.
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EFFECT OF SARSAPOMIN OM IN SITU DIGESTION OF A COMPLETE DAIRY RATION

F.R. ‘famezl, M.A. Fa'!ctetz, F.N. cmens3, and L.dJ. Eu5h3

Story in Brief

Disappearance of nitrogen (N), organic matter (OM) and acid deter-
gent fiber (ADF) of a grain supplement (Gr), hay, soybean meal (SBM),
and a complete dairy ration with sarsaponin (5) and without sarsaponin
(NS) was measured in situ. Two rumen cannulated animals, in a cross-
over design, were ~fed a complete ration of concentrate:silage (55:45)
three times a day. The total ration had 15.5% crude protein and sarsa-
ponin was added at a level of 70 g/ton of air-dry feed. Di sappearance
of OM, N, and ADF was greater for SBEM than for all other substrates.
ADF disappearance from grain was greater than from 5 and N5 and disap-
pearance from 5 tended to be lower than from the N5 ration. N disap-
pearance was not significantly different for Gr, hay, 5 and N5. OM
disappearance from 5 was less than from NS and hay.

[Key Words: In situ digestion, Sarsaponin, Dry matter disappearance,
Rumen . ]

Introduction

Goodall (1980) reported that sarsapanin caused a reduction of
passage of liquids and solids from the rumen and the total digestive
tract. Zinn and Owens (1980) reported that 10 to 20 % of the starch of
high grain feedlot diets were excreted in the feces. The reduction of
this nutrient loss, by slowing the rate of passage, could result in an
improvement in animal performance when using mixed diets by Jimproving
both starch and fiber digestion.

Peekstok [(1279) ohserved a stimulating effect of sarsaponin on
anaerobic fermentation in biological waste treatment systems. The en-
hancement of anaerobic fermentation in ruminal digestion of starch and
fiber could have an effect on fermentation patterns. Goodall (1980)
observed that total digestive tract nutrient digestibility tended to be
roughly 6 ¥ higher as a result of supplementing rations with 100 ppm of
sarsaponin. Particulate and ligquid flow rates to the abomasum averaged
15.6 and 17.0 % lower for diets containing 100 ppm of sarsaponin.

The ohjective of this study was to evaluate the in situ rate of
disappearance of different components of a protein supplement, roughage,
grain, and a complete ration with and without sarsaponin.

Materials and Methods

Two rumen-cannulated animals, one large framed Angus steer and a
Hereford heifer, were fed a complete ration suitable for lactating dairy
cows. It contained 15.5% crude protein (CP), and consisted of
concentrate:silage (55:45, dry basis) fed three times a day (1100, 1900

loraduate Student 2
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and 0300 hours). A cross-over design that involved two 12-day periods
was used., Ration treatments were: (1) 70 g of sarsaponin/ton of air-dry
feed and (2) no  sarsaponin (control). The dnftial eight days of each
period were used for adjustment, and during the following 72 hr dif-
ferent substrates were incubated in situ in dacron bags (5 x 10 cm) with
a pore size of 55 microns, Substrates were a complete ration with 70 g
sarsaponin/ton of air-dry feed (S5) and the same ration with no
sarsaponin (W5), a roughage source (hay), 5BM and a hasal grain. The
latter three were the ingredients of the complete ration. These were
attached to a 50 cm string with a weight at the end so that they would
stay submerged in the ventral part of the rumen in order to have a com-
plete and unfform exposure to microbial action. Measurements of rate of
digestion were made for different incubation times (4, B, 12, and 72 hr)
during each Eerfod+ After incubation, the bags were washed, dried for
72 hr at 55 “C and later analyzed for dry matter (DM), organic matter,
nitrogen, and acid detergent fiber,

Results and Discussion

Whether the animals were fed the ration with sarsaponin or the one
without sarsaponin had no significant effect on the rate of disappear-
ance of the substrates from dacron bags during fncubation. Therefore,
values for each treatment obtained from the two animals were averaged
without regard to the ration fed.

Rate of disappearance of ADF, N and OM were greater for SBM than
for all other substrates (Table 1), ADF disappearance for 5 tended to
he lawer than from NS, whereas ADF disappearance from the grain  supple-
ment was higher than from S and NS substrates. This is in contrast to
results of Goetsch and Owens (1984) who observed greater ADF digesti-
bilities for rations supplemented with 60 g sarsaponin/ton of ration.
Mso, Zinn et al, (1983) reported small increases im ADF digestion due
to sarsaponin supplementation.

Rate of disappearance of M tended to be greater for the substrate
without sarsaponin as compared to grain, hay and 5. In contrast,
Goetsch and Dwens [1984) reported that ruminal N digestion tended to  be
greater for cows fed 60 g/ton of sarsaponin. On the other hand, Zinn et
al. (1982) observed that duodenal flow of feed N increased when sarsa-

Table 1. Rate of disappearance for nitrogen, organic matter
and acid detergent fiber.

Substrates N M ADF
a a d
Saybean meal 2.53b E.Eﬂd 2.44(
Hay 0.40h 0+EU¢ D+45é
No Sarsaponin 1.I'_'IDIJ ﬂ.ﬁﬂd D.34E
Sarsaponin (S) 0,58, 0.60, 0.12,
Grain 0.7% 1.20 0,72

ahcdheans in & colusn with different superscripts are
different (P<.06).
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ponin was supplemented to high concentrate, high protein diets. Organic
matter disappearance from 5 and hay was lower than from N5 and grain
{P<.05). Less nitrogen and organic matter of rations supplemented with
60 gfton of sarsaponin may be degraded in the rumen and hy-passed to the
small intestine. More research s required to explain the conflicting
results from this and other trials.
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EFFECTS OF DIETARY SARSAPONIN COMCENTRATION ON FERMENTATION AND
DIGESTION IN SEMI-CONTINUOUS RUMEN CULTURES

1

F.R. valdez™, A.L. Gnetsnhz, L.d- Bush3

Story in Brief

Sixteen in wvitro, semi-continuous rumen cultures were used to
determing the eFFect oF sarsaponin concentration (0, 30, 50 and 70 g/ton
air dry feed) on fermentation. The hasal diet comsisted of ground corn,
soybean meal, and ground alfalfa with a 55:45 concentrate:roughage
ratio, MNumbers of protozoa decreased linearly while bacterial numbers
tended to increase with increasing levels of Sarsaponin. Culture pH was
similar for all treatments. MWitrogen digestion tended to be lowest for
the highest concentration of sarsaponin. Microbial nitrogen production
was similar for all groups. Acid detergent fiber digestion fincreased
linearly with increasing concentrations of Sars. in the diet.

[Key Words: sarsaponin, In wvitro fermenters, Digestion, Steroidal
glycosides.] F

Introduction

Sarsaponin, a sterpidal glycoside, has been used in rations for
finishing cattle. There 1is some evidence that it has an effect on
microbial growth through the stimulation of anaerobic fermentation
(Peekstok, 1979). There 15 a possibility that sarsaponin could dmprove
ur?duﬁtfvity through more efficient utilization of feed by ruminant
animals.

The objective of this experiment was to determine the effects of
sarsaponin concentration in  semi-continuous in vitro fermentors under
controlled conditions on fermentation of feed by rumen cultures,

Materials and Methods

A modification of a semi-continuous in vitro digestion system was
used. Sarsaponin [SARS) was added at concentrations of 0, 30, 60, and
70 gfton to a substrate consisting of 55% concentrate on an  air
dry-basis (Table 1). A total of 16 rumen cultures were in a completely
randomized experiment with four cultures per treatment. The experiment
lasted 22 days with sampling conducted on the last 12 days. Sarsaponin
was administered as Sevarin (Distributors Processing, Inc., Porterville,
CA), a commercial product containing @ high percentage of steroidal
sasaponins extracted from the plant Yucca shidigera.

Inftially, egch fermentor contained 150 ml buffer (McDougall, 1948)
preheated at 39 "C, and 50 ml rumen fluid obtained from two mature
Hereford heifers fed a 58 % concentrate diet of ground corn and chopped
alfalfa. At 12-hour intervals (0645 and 1845), 50 ml samples were
removed from each culture via suction with a plastic syringe and a mix

lﬁraduate Student ZFarmer Research Associate 3Prﬂfessnr
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Tabhle 1. Composition of basal substrate.

Item %
Ground Corn 45
Ground Alfalfa 45
Soybean Meal 10

of .5 g substrate and 50 ml buffer was introduced into each fermentor
flask through short tube, Cultures were then gassed with carbon dioxide
for 15 seconds.

The initial 10 days of the experiment served as a stabilization
period. Samples were obtained daily gt 1845 hours pH was measured
imediately. Samples were dried at 55 “C and analyzed for dry matter
(DM}, ash, nitrogen (M), acid detergent fiber (ADF), starch, nucleic
acids and ammonia nitrogen (NH.,-N).

Bacterial and pmtﬂmgl counts were conducted in duplicate.
Protozoal numbers were determined with phase contrast microscopy at a
magnification of 100 ¥. Bacteria were enumerated with a Petroff-Hauser
chamber at a magnification of 600 X,

Data were analyzed by analysis of wariance, and treatments were
tested for linear and quadratic effects and a contrast of control diets
versus supplementated diets with sarsaponin was made.

Results and Discussion

There was a tendency for bacterial numbers to increase with in-
creasing levels of SARS. When the control was contrasted with the aver-
age of all treatments, the difference was found to be statistically
significant (Table 2). The higher bacterial numbers were also asso-
ciated with aﬂsignificant 'I'inﬁar decrease (P<.05) in numbers of protozoa
from 3.6 x 107 /ml to 2.9 x 10" /ml respectively, as concentration of SARS
increased from 0 to 70 g/ton.

Table 2.- Numbers of bacteria and protozoa.

SARS concentration, g/ton

Item 0 30 50 70 SE
Bacteria, X lﬂiofl'ﬂ l.?a 1.2 1.3 1.3 .09
Protozoa, X 10*/m 3.6 3.3 2.8 2.9 2

" Significantly different from average of other means

(P<.05]).
Linear effect (P<.05).
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The pH values for all treatments wvaried from 6.76 to 5.78 (Table
3). Slyter (1966) reported that cultures maintained at pH 6.7 normally
contained most types of bacteria often found in large numbers in  the
rumen of cattle.

Armonia-N values for all treatments were similar, with a range fin
total concentration of 4.6 to 4.9 mg/dl {Table 3). This is in contrast
to results reported by Grobner et al. (1982), where NH.-N values were
depressed upon addition of &0 ppm of SARS to fermentor dfets.

Addition of sarsaponin in the diet had a quadratic effect on starch
digestibility (P<0.1), increasing digestion wup to a concentration of
50 g/ton, and then decreasing with a concentration of 70 g/ton (Table
4). There is no explanation for this decrease, similar to that observed
by Zinn et al. {1983) with high concentrate diets containing 60 g of
sarsaponin per ton. Increasing starch digestibilities may be associated
with an increase in the number of bacteria. Higher starch digestibility
{P<.05) was observed for the average of all treatments with SARS than
for control. Apparent digestibility of ADF increased T1inearly with
increasing levels of SARS approaching significance (P<.10) (Table 4),

Table 3.- Culture pH and HHS-N concentration.

5AR Concentration, g/fton

Item ] an 50 70
pH 6.77 6.77 6.78 6.76
HH =N, mg, d1 4.7 4.8 4.9 4.6

Table 4.- Mutrient utilization.

SAR Concentration, G/Ton

Item ] an 50 7o

Apparent gigestib11ity, %

Stapch 96.4 97.6 98.2 a7.4

ADF 10.2 21.5 30.6 47.7
Met digestibility, %

Feed nitrogen i 67.4 67.4 63.9 449.8

Organic matter 52.9 68.7 60.7 Tl
Microbial efficiency,

g MN/kg [M ferm, a4.7 32.7 30.1 33.5

o Significant difference between control vs. Trts.
b (P<.05).

Linear effect (P<.10).

Linear effect (P<.08).
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There was no significant difference (P>.05) among treatments in
nitrogen digestion, which tended to be Towest at the highest level of
SARS. Similar non-significant differences were observed for microbial-N
and microbial efficiency (Table 4). In contrast, Zinn et al.(1983)
reported increased microbial protein synthesis, and decreased ruminal-N
digestion by cultures with 80 g/ton of SARS in high concentrate diets.
Differences among treatments in net organic matter digestibility
approached significance (P<.08), and a significant contrast (P<.05) was
observed between treatments with SARS over control (Table 4), similar to
observations by Goetsch and Owens (1984).

Sarsaponin caused changes in fermentation in the semi-continuous
fermentation trial, as evidenced by an increase in net digestibility of
organic matter and apparent digestibility of ADF and starch. Sarsaponin
also increased numbers of bacteria and decreased numbers of protozoa
with increasing concentrations.
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ASSOCIATIVE EFFECTS OF UNTREATED AND AMMONIATED
WHEAT STRAW DIETS AND ALFALFA FED TO SHEEP

A P-'I—an1l, J. Zorrilla-Rios® and G.W. Horn®

Story in Brief

Thirty-five and twenty-eight wether lambs (50 1b) were individually
fed ad Tibitum once a day untreated (US) or ammoniated wheat straw (AS)
in combination with different proportions of high quality roughage
CHOR) as alfalfa hay (ALF} or dehydrated alfalfa pellets (DEHY) (100:0;
67:33; 33:67 and 0:100 for US/AS:ALF:DEHY) in two separate experiments,
The substitution of HOR produced a linear increase (P<.01) in organic
matter (OM) fintake for both types of straw diets. Digestibility of
dietary organic matter (OMD) was linearly fincreased in bath US and AS
diets as the proportion of HOR increased. For US:HOR up to 33:67, the
digestibility of dietary neutral detergent fiber (NDFD) remained
similar, while a reduction was observed with AS based diets,
Amnontation of straw increased OM intake, OMD and NOFD.

Associative effects observed between straw and HOR varied depending
on the type of straw and the HOR. With US:ALF diets, negative
assoclative effects were observed for total diet OMD and NDFD, while
positive associative effects were observed for OMD and NDFD with AS:ALF
diets, DEHY depressed KDFD of the total diet for both types of straws.

Armoniation of straw resulted in a similar metabolizable energy
intake betwsen the 100:0 AS diet and that observed with 67:33 US:HOR in
the diet, A higher level of production could be expected from diets of
AS plus HOR, particularly with DEHY. Calculated metabolizable energy
intakes indicats that mature non-pregnant, non-lactating ewes could be
maintained on a diet of 67:33 AS:ALF while a ratio of 33:67 would be
required with US based diets.

Key Words: Ammoniation, Wheat Straw, Alfalfa, Associative Effects,
Digestibilities, Sheep.

Introduction

The poor digestibility and low woluntary fdntake of low guality
roughages result from their low protein content and extensive
lignification of cell walls. Both physical processing and chemical
treatment have been used to improve the feeding value of low quality
roughages such as wheat straw (Streeter and Horn, 1980). Alfalfa hay
is a good source of supplemental protein and minerals and a logical
cholce for addition to low quality roughages, such as wheat straw, to
increase the extent of ruminal organic matter digestion by correcting
for nutrient deficiencies.

The objective of this study was to determine the effect of
combining alfalfa hay (ALF) or dehydrated alfalfa pellets {(DEHY) with
untreated ({US) and ammoniated (AS) wheat straw in  different
propartions, onm feed intake, apparent digestibility of organic matter
(OMD} and neutral detergent fiber (NDFO). The identification of
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possible associative effects between US or AS and HOR on OMD and NOFD
was also an objective of the experiments, and was determined as a
significant difference between observed and calculated digestibilities
of the diets, Calculated percent nutrient digestibilities were
obtained by the following relationship:
CPND = (A x B) + (C x D), 100
E

where
LR Calculated percent nutrient digestibility

Nutrient intake from straw

Observed nutrient digestibility in 100 percent straw diet
Nutrient intake form HOQR

Observed nutrient digestibility inm 100 percent HOR diet
Total nutrient intake

moOmag

Materials and Methods

Thirty-five and twenty-sight wether lambs (50 1b) were housed in
individual pens and randomly assigned to seven treatments in  two
separate experiments (five and four lambs/treatment for ezperiments 1
and 2, respectively; Table 1).

In experiment 1, U5 was blended with either ALF or DEHY, while AS
was used in experiment 2, Straws and ALF were ground through a 1.5
inch screen. Lambs were fed once a day, ad libitum, and supplemented
daily with 45 g of mineral-vitamin supplement shown in Table 1. Lambs
on the 100 percent US diet also received 5 g of urea/day. Individual
feed refusals were recorded and sub-sampled daily. After a 15-day
adaptation period, individual collection of total feces was achiewed by
means of bags during a 7-day period in experiment 1 and a 5-day period
in experiment 2. Animals were weighed at the beginning and end of
each peripd. Representative samples of feed, feed refusals and feces
were analyzed for dry matter, ash and NDF. Data were anmalyzed by
analysis of variance with a test made for linear and gquadratic effects
on OM intake, OMD and NOFD,

Results and Discussion

Substitution of ALF or DEHY for both types of straws resulted in an
increase (P<.0l) in OM intake (Figure 1) and organic matter
digestibility (Figure 2). The NDFD was linearly increased (P<.0l) with
the progressive inclusiom of HOR in U5 based diets, but it was linearly
decreased (P<.01l) in AS based diets, This was due to the marked
increase in NDFD caused by ammoniation and the relatively low NOFD of
0:100 AS:HOR diet (Figure 2). Ammoniation of wheat straw also improved
its OM intake and digestibility (Figures 1 and 2).

Different associative effects were observed between wheat straw and
HJR depending on type of straw and HOR used. For the US:HOR diets, the
combination of US with HOR resulted in a decrease in OMD and a negative
associative effect on NDFD of the whole diets. On the other hand, with
AS:ALF diets, positive associative effects were observed for (MD and
NOFD. Substitution for AS with DEHY resulted in negative associative
effects on OMD and NDFD of the whole diet (Table 2).

Calculated metabolizable energy (ME) intake increased as the level
of substitution of HOR increased in the diet with US:HOR diets, The ME
intake was not sufficient to meet maintenance ME requirements of lambs
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Table 1. Formulation and composition of diets.

Digtary treatment

Experiment 1T ~ Experiment 2
LS ALF U5 ; DEHY AS:ALF AS: DERY

IED: S Lo AT s SRR LMo hBE: 33 0 A A
0 a3 67 oo 33 &7 100 0 33 B7 oo 33 a7 100
[ngredients (% as Ted basis) { 5
5 g 67 33 -- al 33 -- -- -= - -- -- -- --
a5 - == - -= -- -- == 100 a7 A -- &7 33 --
ALF -- 33 67 100 -- s - -- a3 67 100 -- -- --
DEHY b - == - -- 33 67 100 - -- -- -- 33 &7 100

Vit & Min

suppliement + + dh + + + + + + + + + + +

Composition (% DM basis)

Organic matfer 93.6 33.5 923.3 93.2 92.0 90.3 88.7 95,8 4.7 93.7 92.6 93.9 91.8 #o.9
Crude protein b3 RasE TSR SRR A 11.4 13,8 18,3 1B.7 146 17.8 21.0
Meutral detergent

fiber 8.7 FlL.d BELds TR TIIRS BldT RS 776 9.3 60.7 52.4 GB.B S55.7 44.9

2100% US treatment received § g of urea daily,

Supplement level and composition: 45 g/head/day, molasses 20.25 g, dicalcium phosphate 19,18 0.
trace mineralized salt 2.0 g, potassium sulfate 4.46 g, plus vitamins A, D and E to supply 970, 21
and 05 TU/head/day, respectively.




B.0

DEHY

DAILY OM INTAKE (% OF BODY WT)
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Figure 1. Effects of addition of ALF or DEHY to wheat straw diets

when fed ad libitum on daily organic matter (OM) intake
% of body wt).
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Figure 2. Effect of addition of ALF or DEHY to straw diets when
fed ad libitum on OMD and NODFD (%).

1985 Animal Scicnce Rescarch Report 143



Table 2. Associative effects as estimated by the differences in
percentage units between observed and calculated
digestibilities of organic matter and neutral detergent
fiber of whole diets.

& Observed Calculated Level of
Treatment digestibility digestibility Difference Significance

US/ALF
67:33 41.1 44.8 -3.7 NS
33:67 50.9 51.4 - .5 NS
US /DEHY
67: 33 41.9 43.6 -1.7 N5
33:67 50.7 49.6 1:%E NS
AS/ALF
6733 46.1 43.1 3.0 NS
33:67 51.2 46.3 4.9 .02
AS/DEHY
T Br:33 40.5 45.1 -4.6 .02
33:67 51.2 50.4 .B NS
---------------- Neutral detergent fiber, ¥ =-=e-ceecea.
US/ALF
67: 33 36.2 41.5 -5.3 .10
33:67 9.1 44.2 =5.1 NS
US/DEHY
67:33 3.6 a0.0 -6.4 05
33:67 40.3 41.4 -1.1 N5
AS/ALF
B/:33 52.1 48.9 3.2 NS
33:67 45.6 44 .9 3.7 .08
AS/DEHY
67:33 44.9 £0.3 -5.4 .01
33:67 46.6 46.6 0.0 N5

3 = untreated wheat straw; AS = ammoniated wheat straw,
ALF = chaffed alfalfa hay; DEHY = pelleted dehydrated alfalfa.

(55 1b BW) or non-pregnant, non-lactating ewes (80 1b BW)}, until the
level of substitution reached 33:67 US:HOQR. With AS:HQR diets, the
67:33 combination resulted in ME intakes sufficient to meet the above
requirements (Table 3).

Ammoniation of straw increased ME intake. The ME intake of lambs
fed the 100:0 AS diets and 100:0 US diets were 769.6 and 442.2
Kcal/fday, respectively. The 100:0 AS diet resulted in am ME intake
similar to the 67:33 US:HQR diets. Therefore, ammoniation of wheat
straw spared 33 percent of HQR from the total diet. The ecomomical
implication of this saving nesds to be considered by each producer
using prices for his available feedstuffs.

144 Oklahoma Agricultural Experiment Station



Table 3. Potential to meet metabolizable energy
requirements for maintenance (MEMT) for
lambs or ewes, with observed intakes of
calculated ME(MEIn), under different wheat
straw/high quality roughages diets.

ME In/ME ue?
ME Inm
Diet® (Kcal/day) 55 1h Tamb 80 1b ewe
US/ALF
100:0 442.2 .41 .37
67:133 726.6 .67 .61
33:67 1300.2 1.21 1.09
0: 100 1541 .6 1.43 1.29
US/DEHY
GJ:33 786.3 73 LB6
33:67 1371.9 1.28 1.15
0: 100 1486 .6 1.38 1.24
AS/ALF
100:0 769.6 g2 .64
67:33 1190.2 1.11 1.00
33:67 1864.2 1.73 1.56
0:100 2103.2 1.95 1.76
AS/DEHY
~67:33 1058.8 .98 .89
3367 2313.5 2,15 1.94
0:100 3209.8 2.98 2.69

s = untreated wheat straw; AS = ammoniated wheat
straw; ALF = chaffed alfalfa hay; DEHY = dehydrated
alfalfa pellets.

Ratio = calculated ME intake/ME maintenance
requirement , 55 15 lamb = 1075.5; B0 1b ewe = 1195.0
Kcal/day.

Literature Cited

Stregter, C.L. and G.W. Horn. 1980. Crop Residue Management in
Livestock Production and Conservation Systems. Part I: The use of
crop residues as feedstuffs for ruminant animals. Okla. Agr. Exp.
Sta. P-795.
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ENERGY SUPPLEMENTATION OF UNTREATED AND AMMONIATED
WHEAT STRAW DIETS FOR SHEEP

3

Zorrilla-Rios, J.l, G.W. HDF‘HE R.W. Mchew

B I
and K.B. Poling

Story in Brief

Sixteen yearling lambs (84 1b} housed in metabolism cages were used
to study the effect of ammoniation of wheat straw and energy supplemen-
tation as 0, 10 or 20 g of whole shelled corn per kg of metabolic body
weight fday on wvoluntary intake of untreated or ammoniated wheat straw,
apparent digestibility of total dietary dry matter, organic matter,
neutral detergent fiber and nitrogen, retention of nitrogen, ruminal
ammonia-nitrogen concentrations and pH. Sheep consuming untreated
straw diets were supplemented with 15 g of ureafhead/day.

Ammoniation increased (P<.0l) intake of straw organic matter and
total dietary organic matter apparent digestibility but the apparent
digestibility of dietary nitrogen decreased (P<.0l). There was a tend-
ency to reduced nitrogen retention with ammoniation. Eneray supplemen-
tation resulted in a linear increase (P<.0l) in daily intake of digest-
ible organic matter and nitrogen and the retention of nitrogen.

The beneficial effect observed in sheep consuming diets based on
straw plus nonprotein nitrogen, in terms of total digestible arganic
matter intake and retention of nitrogen with the supplementation of
energy in the form of whole shelled corn, emphasizes the nature of the
first limiting nutrient in such type of regimes.

(Key Words: Wheat Straw, Ammoniation, Energy Supplementation,
Digestibility, Nitrogen Retention.)

Introduction

Ammoniation of Tow guality roughages increases voluntary intake and
improves the apparent digestibility of organic matter. The net benefit
obtained from the added nitrogen with regard to meeting the crude pro-
tein requirements of ruminant livestock is still a subject of research.

The faster ruminal availability of nitrogen than eneray in
ammoniated straw diets may not be optimal for micrebial utilization of
the increased nitrogen. Supplementation with a source of energy that
would match ruminal nitrogen release may improve microbial fermentation
and therefore, diet wtilization.

The objective of the present experiment was to obtain additional in-
formation relative to nutritive wvalwe of the added nitrogen of
ammpniated straw, and to evaluate the effect of using whole shelled
corn as a source of energy in low quality roughage-nonprotein nitroogen
diets.

iResear:h Azsociate szFHsnr aPeressnr, Statistics
Animal Care Supervisor
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Materials and Methods

An experiment was conducted with sixteen rumen fistulated yearling
lambs (average weight &0 1b), housed in metabelism pens, to study the
effects of ammoniation of wheat straw and level of energy supplementa-
tion in the form of whale shelled corn (WSC), on voluntary intake of wn-
treated (USY or ammoniated wheat straw (A5), total intake of dietary
nutrients, apparent digestibility, nitrogen balance, and rate of
passase of ruminal particulate matter, pH and ammonia nitrogen cencen-
tration (NH,-N). Wheat straw was ammoniated with 35 q Hhsfkg of
straw dry rrl-"btter' by the stack method. Supplementary WSC was™ fed to
lambs receiving US and A5 at levels 0, 10 or 20 g per day per kilo-
gram of metabolic body weight (kg™ 7). _llJ-ntreated straw based diets
were supplemented with 15 g ureafhead.d . A1l animals received a
supplement of trace minerals and salt during the trial and were dosed
via intramuscular injection, with witamins A, D and E at the beginning
of the experiment. Feed was offered once a day and refusals weighed
avery morning. Daily output of total feces and urine were measured far
each lamb during three consecutive peripds of 7 days each, each period
preceded by 15-20 days during which woluntary intake of straw was re-
corded. At the end of each period, samples of rumen fluid were ob-
tained at 0, I, 2, 4, B and 12 h after feeding for pH and NH.-NM
measurements. Rate of passage and mean retention time (MRT} of rumiga1
particulats matter were measured each period by means of a pulse dose
of Yb=labeled straw followed by fecal sampling at 36, 48, 60 and 72 h
post-dpsing.

Results and Discussion
Effects of Ammoniation

Ammoniation of wheat straw resulted im a 33 and 9 percent increase
in straw OM idntake and total diet OM digestibility, respectively
(P<.01; Table 1). Ammoniation of straw had no effect on apparent di-
gestibility of total fiber (NDF) of the diet, and decreased in 29 per-
cent the apparent digestibility of total dietary N (P<.01}). The net
effect of the abgve factors was?g 4] percent increase in total diges g
ible organic wmatter intake/kg™ '~ (TOOMI; P<.01l), but K balance/kg’
was only B5.5 percent of that observed in the untreated straw plus urea
diets, though not significantly different. The reduced apparent digest-
ibility of nitrogen by lambs fad the AS diets may have resulted from in-
creased microbial fermentation in the caecum of a more potentially di-
gestible straw OM that escaped rumen fermentation. The reduction in
KRT of ruminal particulate matter of AS diets supports this suggestion,
Therefore, more nitrpgen from the ammonia poal in the caecum may have
been incorporated into caecal microorganisms, most of which will pass
undigested in the feces. Indeed, fecal nitrogen output was signifi-
cantly increased (2.3 times, P<.0l) in lambs consuming AS diets, while
urinary nitrogen output was similar among US and AS. This inc¢reased
caecal fermentation and the resultant Tosz of nitrogen may adversely
effect the nitrogen econcmy of ruminants fed ammoniated roughages.

Rumen pH walues were always abowe &, regardless of the type of
straw, level of eneraqy supplementation or time of sampling after
feeding (Table 2). Therefore, microbial actiwity apparently was not im-
paired at amy time by an unfavorable pH in the rumen,
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Table 1. Daily intake and apparent digestibility of nutrients and nitrogen balance
in sheep fed untreated (US) or ammoniated wheat straw (AS), supplemented with
different levels of whole shelled corn (WSC).

Wheat straw Level of significance
= Untreated (051 Bomoniated [ASY N B T N
i — s st S _._'h'i'"'.___..._.
1] K- n n 20 0 13 2 Errpr AS WSL LIN  {HUAD
T T T S e S e sl s s e b S e = T
Straw OM 555 555 444 736 728 609 274 01 Sl Bl O
Tatal diet (M 590 704 728 750 861 870 27:0 e R
Total diet W 14.1 .3 12.3 13.5 15.8 16.4 .64 01 .01 .01 NS
Total diet apparent digestibility (#):
aM 3.9 59.5 62.1 58.7 62.6 63.7 1.1 Z0ED 01 N5
NDF 53.2 0.9 42.0 hpsE haR 45.2 2.3 Ny .01 .01 .08
] 73.3 0.1 70.1 51.9 54.3 56.7 L6 -- -- -- --
Daily intake of digastible nutrients (gfkg® *):
(M 22.09 20.72 3Z.49 3l.19 39.48 39,78 1.24 .01 0] .01 A3
] .519 562 .64 +500 626 LGB 033 N3Z .01 .M NS
W bhalance 145 .202 274 124 221 U 035 NS Ll .01 NS

]'Suup]e:uentar'y whole shelled corn: O, 10, 20 g Mfkg'h.
Significant interaction type of straw * linear effect from grain supplementation (P<.03).
WS = Mot significant (P>.10).
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During the first four hours after feeding, rumen __.__Iu.z concentra-
tions 1n lambs fed A5 diets was lower as compared to” US fed lambs
(P<.D1), At 8 and 12 h postfeeding, the differences were nonsignif-
icant (P>.10). For both types of straw diets, z:w-z increased aftar
feading and reached maximum concentrations at 2 h postfeeding (Table
2). In most instances, NH.-N was above 5 mg/d]l, a cancentration con-
sidered adequate for growth 1f ruminal microorganisms,
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Effects of Energy Supplementation

SHDD]EME‘%E“UH (Table 1} with WSC resulted in a net increase in
TOOMI (g /kq" of 34 and 47 percent for US and A5, respectively, at
the low level of supplementation, and of 23 and 28 percent at the
higher level as compared with unsupplemented diets. Intake of AS and
5 straw OM was maintained with the Tow level of WSC supplementation
but reduced by 17 and 20 percent, respectively, at the higher level of
W5C supplementation (gquadratic response, P<.04). A linear interactfion
(P<.03) was found for apparent digestibility of dietary N between type
of straw and level of WiC supplementation with an increase for AS
diets.

Nitrogen balance (g N,-'kg'?sil of lambs fed US diets was increased
linearly (P<.01) due to supplementation with WSC by 39 and 178 percent,
and by 90 and 169 percent for AS diets. This marked increase in nitro-
gen retention as a result of W5C supplementation supports the concept
of energy being the first limiting nutrient im Tow quality roughage
diets (Zorrilla-Rios et al., 1984). Therefore, to achieve an efficient
utilization of the increased crude protein of ammoniated low quality
roughages, it 1is reguired that the supplemental energy will become
available to the rumen microflora as synchronously as possible with the
nitrogen,

In bnth t;urpes of straw, except for the first hour after feeding,
ruminal =N concentration decreased linearly (P<.01) with the in-
crease in %mergy No consistent imteraction (P>.10) between type of
straw and level of energy supptementatiun was found (Table 2). The con-
sistent lower levels of ruminal -N observed with AS as compared to
U5 plus urea diets at all samp‘l'lr? times after feeding, suggests a
greater uptake of nitrogen by the rumen microflora, and therefore a
more EFFic’lent utilization of M at the rumen level. The reduction in
ruminal -N found as the Jlevel of WS5C supplementation increased
with hﬂth %}'pes of straws supports the concept of energy being the
first limiting nutrient for an efficient utilization of dietary nitro-
gen at the rumen Tevel. The further reduction obseryed in ruminal
MH, in the AS diets, emphasizes a greater benefit to be expected in

ﬁms of proximal microbial fermentation, when AS diets are supple-
mented with energy.

Literature Cited

Zorrilla-Rios, J. et al. 1984. MNutritive value of ammoniated wheat
straw for ruminants. Can, J. Anim, 5ci. 64(Suppl.):158,
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CRUDE PROTEIN SPARING EFFECT OF AMMONIATED WHEAT STRAW
FOR GROWING STEERS

Zorrilla-Rios, 3.1, wa, phittipse,
G.W. Horn™ and M.A. Worthington

Story in Brief

Thirty-two Beefmaster =z Hereford-Angus crossbred steers (634 1b)
were individually fed for 90 days with umtreated wheat straw (US) plus
corn-sovbean meal (5BM) mix to supply 70 (trt 1), 80 (trt 2) or 100
{(trt 3) percent of estimated crude protein requirements for a daily
gain of 1.0 1b., A fourth treatment consisted of ammoniated straw (4.4
g MNH./kg straw) supplemented with cormn only (trt 4), and fed at a
51'M11%r dry matter intake as the US treatments. UODaily gains (ADG) of
steers fed US was linearly increased (P<.01) as 5BM supplementation
increased, with ADG for trt 4 (AS + corn) being no different than that
of steers fed US and the highest Tlevel of 35BM (trt 3). The crude
protein sparing effect with ammoniated wheat straw was comparable to
1.3 1b of 5BM. Results are discussed in terms of animal performance
and concentrations of ruminal and blood metabolites.

(Key Words: Ammpniation, Wheat Straw, Protein Value, 5Steers.)

Introduction

Substantial work has focused on changes in chemical composition,
animal performance and overall digestibility of ammoniated crop
residues, in particular wheat straw based rations (Horton, 1978).
Various levels of supplementation, usually with some source of conven-
tional protein and less frequently, energy (Streeter et al., 1983) have
been included in the diet. Estimates of the potential sparing effect
of dietary protein as a result of the increased mitrogen content of
ammoniated residues is poorly documented in the literature.

The objective of the present study was to estimate the nutritional
value of the nitrogen added to wheat straw by ammoniation, in terms of
animal performance and rumen and blood metabolites measurements. Soy-
bean meal was used as the reference nitrogen source.

Materials and Methods

Thirty-two Beefmaster x Hereford-Angus crossbred steers {634 1b) of
a common cow herd were individually allocated according to weight to
eight blocks of four animals each. Steers within each block were
randomly assigned to the four treatments. Three treatments consisted
of untreated wheat straw (US), supplemented with soybean meal (5BM) to
supply 70 (trt 1), 80 (trt 2) or 100 (trt 3) percent of crude protein
requirements for a daily gain of 1 1b. Treatment 4 was ammoniated
wheat straw (AS) with no SBM, offered at a similar dry matter (DM}

iﬂeﬁearch Asspciate EResear‘:h Scientist, USDA, ARS ame'Essnr

Herdsman Supervisor
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intake as that for the US treatments. Ground corn was fed at a level
of 6.2 to 7.7 1b/head/day to all steers to meet net energy requirements
for the desired level of performance. Minerals and vitamins were in-
cluded in the supplement to satisfy NRC (1970) requirements for Ca, P,
S, Mg, K and vitamins A, D, and E. Straw was ammoniated by the stack
method (Sundstol et al., 1978; 4.4 percent NH, of as-fed straw).
Individual daily intakes of straw were caTculate& by weekly recording
of refusals. Initial and final body weights were recorded after with-
holding feed and water for 18 hours. A1l steers were fed a maintenance
level of alfalfa hay for five days prior to the final shrink. Samples
of rumen fluid (stomach tube) and blood plasma (jugular vein) were
obtained from each animal at 2, 4 and 8 h after feed had been offered.
Rumen fluid was analyzed for pH, ammonia nitrogen concentration
(NH,-N, mg/d1) and total volatile fatty acids (TVFA, mmoles/liter).
B]ogd plasma samples were analyzed for total protein (TP, g/dl1) and
urea (BU/d1).

Results and Discussion

Results on intakes and animal performance are summarized in Table
1. Total DM intake was similar among treatments, while N intake of
steers fed US increased linearly (P<.01) with increasing intakes of
SBM. The proportion of total DM intake as straw DM and daily gains of
steers increased in a linear fashion (P<.0l) with higher SBM-nitrogen
intakes. Average daily gain for,trt 4 (AS) was not different from that
of trt 3 (US + 1.3 1b/head.day = of SBM). Therefore, the differences
in ADG among treatments can be interpreted as a response to increased
intake of N. Increasing the N content of US by ammoniation (4.2 to
11.0 percent), had a sparing effect of 1.3 1b of SBM (50 percent CP,
dry matter basis) for 634 1b steers gaining at a rate of 1 Tb/day.

Table 1. Animal performance of steers fed untreated wheat straw
(US) and increasing amounts of soybean meal (SBM) or
ammoniated wheat straw (AS).

Treatments: 1 2 < 4 SBM linearity
Straw type: us Us us AS (level of
SBM, 1b/head/day: 0 $385 T3 0 significance) SEM
Total intake,lb/day
Dry matter 3.9 14.5 14.7 14.7 NS -2
Straw DM ol 7.6 7.9 7.8 Not tested --
Corn DM hh 5ed 4.5 Bl Not tested --
Crude protein 117051 .38 1.69 2.10 .01 .02
DM intake, % BW 2.:00 e le 2.16 2.16 NS .03
Straw DM/total, % 51.0 52.6 53.7 53.5 .01 Y
Average daily
gain, 1b shlhtw C7aR .970 .990 .01 .04

Rumen fermentation measurements are shown in Table 2. Time after
feeding resulted in a linear reduction (P<.0l) in ruminal pH and the
acetic/propionic acid ratio (Ac/Pr). Total VFA concentrations in-
creased (P<.0l) with time after feeding. In general, ruminal pH could
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Table 2. Effect of ammoniation of wheat straw and soybean meal supplementation on blood
plasma urea and ruminal fermentation measurements at different hours after
feeding.

Treatmants Rumen f'Iuid3

Hours i e A e Blood -— —_—

after Strawl SBM 1 2 Urea pH HH =N TVA Ac /BT

feeding type® (Ib/h.d"') 085%  (mg/dl) (mgidl)  (mMoles/L)

2 us 0 g 3.0 508 2.712 60.9 4.5
s . 385 g 8.18 7.00 5.02,4 B5.3 4.3
us 1.3 7 15-”;:3 7.05 10.88_ 64.3 4.6
45 0 g 5.70 7.03 B.74 59,4 4.7
5F .33 L0 Nl 3.0 .27
4 s 0 8 5.947 6.88 2,253 67.0 4.0
s . 385 8 14.21 6.86 2.493 657 3.9
s 1.3 7 25.79; 6.93 9,01, 75.6 3.8
a5 ] g 13.45 6.91 3.00 Fai 4.4
SE .82 .05 1.01 3.4 .31
8 us 0 8 1.93%  6.64 913 fazl 2.9
us .385 8 3.632 6,58 1.987 73.07 3.8
U5 1.3 7 g.mﬁ f.45 6.80 81.0 3.0
nS 0 ] 4.05 6.72 2 502 69.6% 4.3
SE .21 .09 .80 3.4 .56
QStPaw type: US = wuntreated: AS = ammoniated.

0B85 = Number of pbservations.
NH,-N = ammonia nitrogen; TVFA = total volatile fatty acids:
Rngr = Acetic/Propinnic.
Means in a column for each hour with different superscripts are different at:
a,b,c,d, P<.0L.



observed in the AS diets (trt 4) as compared to the highest level of
SBM supplementation to US diet (trt 3) may reflect a greater uptake of
nitrogen by ruminal bacteria. By this mechanism, the nitrogen added to
the ammoniated straw becomes of nutritional value to the host animal.
The degree to which conventional protein can be spared by ammoniation
will depend to some extent on other nutritional and physiological
factors that may influence ruminal microbial activity. Nevertheless,
under conditions where no energy or mineral deficiencies are apparent,
it may be considered that for growing steers gaining at a rate of 1
1b/day, no supplementary nitrogen from conventional sources of protein
are required if ammoniated wheat straw represents 50 percent of the
“total daily dry matter intake.
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COMPARISON OF EXTERNAL MARKERS FOR ESTIMATING FECAL
OUTPUT OF CATTLE GRAZING WHEAT PASTURE

G.J. Vngell, d. Eurri11a-Ri052, G.W Hﬂrns, R.W. HcNewq

and K.B. Poling

Story in Brief

Fecal output (FO) of stears grazing immature and mature wheat for-
age were obtained by total collection and marker dilution using three
external markers: Cobalt EDTA solution, Chromium oxide powder and
Ytterbium-labeled wheat forage. Percent recovery of markers varied
from 86 te 97 percent for Cobalt (Co), after correction for an assumed
& percent absarption, and from 99 to 106 percent for Chromium (Cr) and
Yiterbium (¥b}, Diurnal wvariation in fecal marker concentrations was
much higher for Co, while Cr and Yb concenmtrations of fecal grab
samples were much less wvariable. Fecal outputs estimated from Cr and
¥ markers were in good agreement with FO obtained by total collection,
while Co overestimated FO. Use of Cr resulted in estimated FQO that
were the least variable, while those obtained with Co exhibited the
greatest amount of variability.

Key Words: Fecal OQutput, Markers, Grazing, Wheat Pasture, Steers.

Introduction

Estimates of forage intake of grazing ruminants are of primary
importance in predicting animal perfarmance and in planning supplementa-
tion programs, Daily forage intake can be calculated from measurements
of fecal output and digestibility of the consumed forags by the
following relationship:

Intake = Fecal Output/(1-Digestibility)

Several methods are available to determine fecal output. Among these,
the direct measurement of total fecal excretion during the feeding
cycle is considered the most reliable approach, though not entirely
free of biases. MNevertheless, the amount of labor required and the
relative stress imposed on the animals, among other considerations, are
factors that 1imit collection of total feces. The accuracy and reli-
ability of external markers to estimate fecal output needs verification
under esach manmagerial situation. The objective of this study was to in-
vestigate the usefulness of three external markers to estimate fecal
putput as compared with total collection of feces from steers grazing
wheat pasture. Also, specific factors influencing the results, such as
percentage marker recovery, postdosing fluctuations in fecal marker con-
centrations, and their dinteraction with the experimental conditions
(stage of wheat forage maturity) were considered.

lﬁraduate Assistant zﬂeﬁearch Associate aPruFessgr
Professor, Statistics “Animal Care Superyisor
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Materials and Methods

Total daily fecal output (F0) of eight ruminally cannulated

grazed a single paddock of wheat pasture (var. TAM-105) from March 7 to
March 27 (immature stage) and April 22 to May 14 (mature stage), with
forage dry matter availabilities of 1642 and 1565 1b/acre,
respectively. Three external markers were investigated: Yb-labeled
wheat forage (Yb-WF), cobalt EDTA solution (CoEDTA) and chromium
(Cr,0, powder administered in gelatin capsules). All markers were
adm?n?stered to steers by ruminal dosing twice daily (12 hours apart)
for eight days prior to sampling. Fecal grab samples(GS) were obtained
once for each animal at each of the following hours after the am
dosing: 0, 3, 4, 6, 9 and 12. Total FO was measured with collection
bags over a 4-day period with bags being replaced every 24 hours.
Fecal marker concentrations were determined by atomic absorption
spectrophotometry. Estimates of daily output from GS were calculated
for each of the markers. The uncorrected FO from the GS samples was
estimated by the following equation:

UFGS = marker dose/marker concentration in feces

With this approach it is assumed that the daily dosage of marker is
completely recovered in feces of the same 24 hour period. Total fecal
outputs and corresponding marker concentrations were used to calculate
the percentage recovery of each marker (R). Estimated fecal outputs
from GS were adjusted for recovery of markers by:

CFGS = dose of marker x R/marker concentration in feces

Extent of postdosing fluctuation in fecal marker concentrations was in-
vestigated by comparing GS to samples of total fecal collections (TFC).

Results and Discussion

Data obtained with Yb during the grazing of immature wheat forage
were inconsistent and samples are being reanalyzed. Therefore, these
results were not available at the time of preparation of this report.

Recovery of Markers From Total Fecal Collections

Recovery of markers from total fecal collections are listed in
Table 1. Recovery of Co is presented as observed and after corrected
for an assumed 5 percent absorption along the gastrointestinal tract.
Regardless of the way it 1is expressed, cobalt recovery was lower
(P<.01) than those for Cr and Yb. Stage of wheat forage maturity in-
fluenced recovery of markers (interaction P<.05).

Comparison of Marker Concentrations in Fecal Grab Samples (GS) and
Samples of Total Fecal Collections (TFC)

The concentration of Cr in GS at 3 and 9 (immature stage) and 9 h
(mature stage) postdosing were different (P<.05) from the concentra-
tions in TFC (Figures 1 and 2). Significant differences were detected
for Yb (mature stage) at 0, 3 and 4 h postdosing (P<.02).
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Table 1. Recovery of markers from total fecal collections of steers
grazing immature and mature wheat forage.

Parcent recovery

Stage of

Mmaturity n Cn1 Crl ?hl 5E

Immature 32 81.0(85.3)%7 99,208 nad 2.26

Mat ure 32 91.9(96.7) 106.2 105.8 217
SE 028 028

él:n = CoEDTA, Cr = Cr,0, powder, Yb = Yb-labeled wheat forage.

Dbseryed values {cnrgeéted values for an assumed 5 percent
3 absorption of Co from the gastrointestinal tract).

= phat avallable. : |

C’dHeans in a row with different superscripts are different (P<.01).
*“Maans in columns with different suparscripts are different (P<.OL).
*'Means in columns with different superscripts are different (P<.04).
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Figure 1. Marker difference by hour. Immature wheat forage (March 7-27).
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Figure 2. Marker difference by hour. Mature wheat forage (April 22-May

Concentrations of Co in GS were different (P<.01) from TFC at all times
postdosing, except 0 h during grazing of immature wheat forage.
Therefore, time of fecal sampling after dosing is an important factor
that should be considered when GS are used to estimate fecal output.
Percent differences in hourly marker concentrations among GS and TFC of
steers grazing immature and mature wheat forage are shown in Figures 1
and 2, respectively. Percent hourly differences were calculated as
marxer concentrations in TFC minus marker concentrations in GS divided
by marker concentrations in TFC. Ytterbium and Cr appeared to flow
more similarly than did Co, indicating a possible differential flow of
markers within digesta.

Fecal Output Predicted From Marker Concentration in Grab Fecal Samples
Uncorrected and Corrected For Recovery of Markers, as Compared to Total
Fecal Collection

The accuracy of estimating true fecal output from GS, either
corrected or uncorrected for marker recovery, was dependent upon type
of marker. With Cr and Yb, correction for recovery had no significant
effect in the predicted fecal output, except for Cr at the 9 h sampling
with mature wheat forage. Cobalt estimates during the immature stage,
were different among corrected and uncorrected values at all hours of
sampling, except hour 4. No difference was observed for Co estimates
with mature forage. The close 100 percent recovery of Yb and Cr in
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Table 2. Fecal output prediction from grab fecal samples using three
different markers vs total collection of feces as influenced
by stage of maturity of wheat forage and adjustment for
recovery of marker (kg/hd/day) (LS means, n = 8).

Stage of maturityl

2 Immature Mature

Hour  Marker Uncarrected Corrected Uncorrectad Corrected

b ¥ 3,730 2,359 3,427 1,317
Cr 2.07, 7. 05 2 .46 264,
vh NA A .63 2,78
True 2,06 2,38°

i 6.69°¢ 5,774 5,08° 4.81°
Cr 5% 2,30 2,33 2.47
fh NA A 2.67 2.8
True 7.06" 2.38°

& igh £.36" 462" 3.60° 3.48°
tr 7.71 2.20 2.18 .31
¥h N M 7_69 2,85
True 2.06" 2,380

& E 8.a40 7.27% g.23" 7.962
Cr 2,78 276 .65 2.81
¥h HA NA .53 .67
True ?.Dﬁa ?‘353

9 Co 3.37." B 3.397 3,28,
Cr 2,50 2.48 .68 5 84
Yh A Mk .54 ?.69
True 2.06% i i

i 4.88% a.20° 182" 4,560
Cr 1.97 1.9 2.25 238
Yb M N 2.3 2.44
True 7,067 2.38%

24 h Mean
Co 5,445 P e 1.70" 3557
Ly 2.21 2,20 7,42 7,56
Yh A T 2_56 .71
True 2,06% 2.38%

liwmature = March 7-27: Mature = April 22-May 14.

“Co = CoEDMA splution: Cr = Er:,[fl3 powder: ¥h = Yb-labaled wheat
jforage. 3

hh = not available.

Means are different from true valuss = a,b [P<,05),

Corrected vs uncorrected mzans are different: c,d (P<.05).
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feces caused correction for recovery to have no effect on the pre-
dictions of fecal output. Comparisons of true fecal output obtained by
total collection and fecal output estimated from GS are presented as un-
corrected and corrected values (Table 2). An indication of variability
within each method of measurement of FO was considered. This was de-
rived from the uncorrected total sum of squares obtained in the
analysis (General Linear Model) of the differences among fecal output
estimated by the dilution marker technique as compared with total
fecal collections. Fecal output estimated with Cr had the smallest
variation followed by Yb while those obtained with Co exhibiting the
greatest variation.

In conclusion, these data confirm sources of variation and their
implications with regard to obtaining estimates of fecal output of
cattle grazing wheat pasture. The need to validate both choice of
marker and its time of sampling after dosing is also demonstrated.
Failure to do this may result in biased estimates of FO. Chromium
oxide powder and Yb-WF gave comparable estimates of FO, while Co-EDTA
gave highly variable estimates of FO.
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CHROMIUM OR YTTERBIUM AS SINGLE MARKERS FOR ESTIMATING DUODENAL DIGESTA
FLOW OF STEERS GRAZING WHEAT PASTURE

M. A, Andersenl. J. Enrriiia-ﬂiosz, G.H. Hnrna.

M.J. Ford® and R.W. McHew

Story in Brief

puodenal digesta flow was estimated by reference to chromnium (Cr,D
powder} or ytterbium (YbC1,"6H,0) 1labeled wheat forage, from samn?eg
obtained from eight steers ?avegage body weight 1000 lbs} eguipped with
rumen and duodenal cannulae (T-type). Measurements were made over 2
periods during which the steers grazed immature and mature wheat forage,
Effects of lasalocid supplementation (treatment) on ducdenal flow of di-
gesta during each stage of wheat forage maturity were also measured,
Estimates of ducdenal digesta flow were affected by marker, with signi-
ficant two and three way interactions detected among marker and stage of
maturity and marker, stage of maturity and treatment, respectively
{P<.10). Measurements obtained in reference to ytterbium had lower
coefficients of variation, accounted for a larger proportion of the to-
tal variation, resulted in a higher observed significance levels for
main effect differences and resulted in significant interaction be-
tween stage of maturity and lasalocid supplementation (P<.10)}. Based on
the selected criteria, Yb-labeled forage appears to be more effective
than chromium as a single, particulate marker for measurement of duo-
denal digesta flow of steers grazing wheat pasture.

[Key Words: Chromium, Ytterbium, Digesta flow, Wheat pasture, Stears, ]

Introduction

The accuracy of using chromium (Cr.0, powder} as an external marker
in combination with spot sampling of dee ta to estimate flow of digesta
along the gastro-intestinal tract of ruminants, has been a freguent and
controversial topic of discussion. The primary concern is the apparent
independent flow of chromium in relation to either the particulate o
liquid phase of digesta. The rare earth ytterbium, as its salt
Ybiil 'EHEG, haz been used as an external particulate marker when bound
to wheat“forage (Mader et al., 1984). \Under these conditions, Yb may
more closely mimic the flow of particulate digesta than chromium. The
pbjective of this study was to compare relative differences among esti-
mated dundenal flow of nutrients ocbtained by using chromium oxide powder
or ytterbium labeled wheat forage markers in steers grazing wheat
pasture. In order to examine the ability of the markers to Identify
treatment differences, effects of stage of maturity of the wheat pasture
and lasalecid supplementation on flow of nutrients were measured.

lﬁraduate As;istant zﬁesearth Associate 3Prufessnr I"Fc.nﬂn'usw Graduate
Assistant “Professor, Statistics
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Materials and Methods

Eight ruminally and duodenally (T-type) cannulated Hereford steers
(approximately 1000 1bs. body weight) were allowed to graze a single
paddock of wheat forage. Measurements of duodenal digesta flows were
undertaken during the immature (March 7-27) and mature (April 22-May 14)
stages of wheat forage maturity. Hand clipped wheat forage samples
representative of each stage of maturity were Tabeled with YbC1,6 H,0 by
the immersion procedure described by Mader et al. (1984). Eaéh LEe
received intraruminal dosages of known amounts of Yb-labeled wheat for-
age and Cr 05 powder in gelatin capsules twice daily at 7:00 am and 7:00
pm. A totgl of six duodenal samples were collected at 4 h intervals
beginning 10 days after dosing of markers was initiated. Samples were
composited by weight over sampling times for subsequent analysis. Wheat
forage and duodenal samples were freeze-dried, and together with
Yb-labeled forage and Cr 03, analyzed for marker concentrations
utilizing atomic absorptioﬁ spectophotometry. Nitrogen content of
forage and duodenal samples was determined by the macro-Kjeldahl
technique. Daily flow of digesta and nutrients to the duodenum was
calculated assuming 100 percent recovery for each marker as follows:

Duodenal Flow of Digesta = Daily Dose of Marker
Marker Concentration in Duodenal Digesta
Duodenal Nutrient = Duodenal Flow X Nutrient Concentration
Flow of Digesta of Duodenal Digesta

The criteria used to compare estimates obtained from each marker
were: (1) Coefficient of variation (C.Y.); (2) Total amount of ex-
perimental, variation accounted by the model (coefficient of determi-
nation, R%); (3) Observed significance levels of difference among least
square means of the two main effects; (4) Detection of interactions
among the two main effects.

Results and Discussion

Least square means for flow of nutrients to the duodenum in refer-
ence to ytterbium and chromium are shown in table 1. Sources of vari-
ation and level of significance for the measurements are presented in
table 2. While the marker by treatment (lasalocid) interaction was not
significant, the two and three way interactions of marker by period and
marker by period by treatment, respectively, for flow of OM and N to the
duodenum were significant (P<.10). The presence of these interactions
suggests a true difference between the measurements obtained in refer-
ence to chromium or ytterbium.

Even though the absence of absolute measurements makes interpre-
tation of the data obtained with the two markers difficult, the criteria
in table 2 should aid decisions relative to the appropriateness of the
two markers. Measurements obtained from Yb-labeled wheat forage had a
low C.V. and accounted for a greater proportion of the total variation
(R®), except for the flow of N to the duodenum (table 2). A higher
level of significance for differences among main effect means was ob-
tained for measurements in reference to ytterbium as compared with

162 Oklahoma Agricultural Experiment Station



Table 1. Ytterbium (Yb) vs chromium (Cr) as a single marker to estimate
flow of nutrients to the duodenum of steers grazing wheat
forage at two stages of maturity, with and without lasalecid
supplementation (LS means; n=4).

Duodenal Flow

Organic Matter Nitrogen

Stage of Lasalocid
Maturity {Mg/heads/d} Marker 1b/day % intake q/fday % intake

Irmature 0 oo MT Sana? gl WS
Cr 7.7h q4.1 257 67.5
300 ¥h et gl angh 52,4
Cr 9.35" RR.T 319 Br.9"
Mature 0 ¥h L 84.7
cr 9,23  57.8° 200 108.8
300 Yb ?.45‘; 55.4‘; 1?12" 105.12
tr 9.12°  58.0 211 131.1
SE .359 2.3 9.5 4.2
a,b.c.de & FRE :

Means in a column with different superscripts are different
Pe. 10,

chronium, with the exception of N flow to the duodenum at both stages of
maturity (table 2). The stage of maturity by lasalocid interaction for
flow of nutrients to the duodenum relative to intake was significant

{P<.10) when measured in referesnce to ytterbium (table 2}.
In summary, based on the selected criteria, Yb—1abaied wheat forage

appears to be more effective than chromium as a single, particulate
marker for measurement of duodenal digesta flow of steers grazing wheat
pasture.
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Table 2. Sources and amount of variation and level of significance
obtained for differences among least square means of flow of
nutrients to the duodenum, as estimated from ytterbium (Yb)
or chromium (Cr) as single markers (n=4).

Duodenal Flow

Organic Matter Nitrogen
Item Marker 1b/day % intake g/day % intake
cev:t Yb 9.22 9.99 8.53 10.85
Cr 13.84 15.09 14.21 17.88
R-sq? Yb .89 .94 .75 .9
Gr <50 .76 .82 .84
RT3 Yb .51 .02 .26 .02
Cr .27 .05 .12 .06
per? Yb .01 .01 .05 .01
Cr s 35 03 .01 .01
éC.V. = Coefficient of variation.
R-sq = Coefficient of determination.

3

4TRT = With or without lasalocid.

PER = Immature vs mature forage.
Literature Cited

Mader et al. 1984. Comparison of forage labeling techniques for
conducting passage rate studies. J. Anim. Sci. 58:208.
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EFFECT OF LASALOCID AND STAGE OF MATURITY OF WHEAT FORAGE ON RUMINAL
FERMENTATION OF STEERS GRAZING WHEAT PASTURE

M.A. Andersen13 1 zgrrma-.q&ﬂs?,
G.W. Horn™ and M.J. Ford

Story in Brief

The effect of supplementing the ionophore, lasalecid, and stage of
maturity of wheat forage on ruminal Termentation of steers grazing
wheat forage was studied in eight rumen fistulated steers. Lasalocid
supplementation reduced {F<.08) the acetata:prapiomate vatio but had no
effect on total wolatile fatty acid cencentrations, ruminal pH or can=
centrations of ammonia-nitrogen. Llasalocid seemed to have no influsnce
on the axtent of deamination of wheat forage protein in the rumen,

Ruminal ammonia nitrogen, total wolatile fatty acids and butyric
acid concentrations were higher in steers grazing the immature wheat
forage as compared with mature forage. Ruminal pH of steers was lower
far steers grazing the immature wheat forage. The data indicate that
wheat forage organic matter and protein are extensively degraded in the
rumen. Lasalocid may ingcrease weight gains of stocker cattle on wheat
pasture by mechanisms other than shifting the amounts of acetic and
propionic acid produced in the rumen.

Key Words: Wheat Fasture, 5Stage Maturity, Lasalocid, Rumen
Fermentation, Stears.

Introduction

Wheat forage is a high quality forage. The crude protein content
and dry matter digestibility of wheat forage will commonly ranoe,
respectively, from 25 to 30 percent and 65 to B0 percent. Little data
is  available relative to the extent of ruminal digestion of the
nutrients of wheat forage at different stages of maturity.

Reduced ruminal protaplysis of plant protein by cattle supplemanted
with monensin has been reported (Foos et al., 1979]). Therefore,
amounts of nonammonia nitrogen reaching the small intestine might be in-
creased. 5Similar information is not available for cattle arazing wheat
pasture at different stages of maturity and suoplemented with
fonophores .

The objective af this study was to obtain information om ruminal
fermentation of steers grazing wheat pasture as influenced by stage of
forage maturity and lasalacid supplementation.

Materials and Methods
Ouring the peripd of March through May 1984, eight rumen fistulated

Hereford steers (average hody weight 1000 1b) grazed a single paddack
of wheat forage (var. TAM=-105%) with free access to a commercial salt

lEraduate Assistant 2Research Associate 3Frufessur
Formar Graduate Assistant
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block. Four s&eers were ruminally dosed twice a day (0700 and 1900),
300 mg/head.d”™ of lasalocid. The other four steers remained as
controls. During each of two distinct stages of maturity of wheat
forage, immature (March 7-27) and mature (April 22-May 14), rumen
samples from all steers were obtained once at 1000 h, 3 h after the am
dose, corresponding to 27 and 67 days after the dosing of lasalocid
started. Strained rumen fluid was used for measurement of oH, ammonia-
nitrogen concentrations (NH,-N) by direct distillation of acidified
strained rumen fluid over Mgo% and volatile fatty acids (VFA) concentra-
tions by standard chromatograph analysis. Samples of wheat forage
grazed at each stage of maturity were obtained by hand clipping and
were freeze-dried for further analysis. Total nitrogen was determined
by the Kjeldahl method; soluble N by Kjeldahl analysis of the filtrate
obtained after extraction of wheat forage in a buffer (Ohio buffer, pH
6.5) solution, for 1 h at 39 C. In vitro dry matter digestibility
(IVOMD) measurements were conducted by incubation of wheat forage for
48 h in buffered rumen fluid obtained from the same steers grazing
wheat pasture, followed by a further 48 h exposure to HCI-pepsin
digestion.

Results and Discussion

Chemical composition of wheat forage for each stage of maturity is
listed in Table 1. Soluble N in buffer solution was 27.0 and 34.0 per-
cent of total N for the immature and mature wheat forage, respectively.
Advance maturity in wheat forage reduced the concentration of total N
and soluble N by 44 and 39 percent, respectively, while IVDMD decreased
13 percent. Measurements of rumen fermentation are shown in Table 2.

Table 1. Chemical composition of wheat forage (var. TAM-105)
at two stages of maturity.

Stage of maturityl

Nutrient ITmmature Mature
Observations 3 4
Dry matter, % 24.3 220
Organic matter, % of DM gath 93.7
Nitrogen, %
Total 4.39 25003
Soluble 1.184 .691
Non-protein .438 .201
Ratios
Soluble N/total N 27.0 34.0
NPN/total N 10.9 g5
In vitro dry matter
digestibility, % 75.6 66.4
Forage in offer, 1642 1565
1b/acre

llmmature: March 7-27; Mature: April 22-May 14.
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Table 2. Effect of stage of maturity of wheat forage and lasalocid supplementation on

ruminal fermentation of steers.

Lasalocid; Level of
Maturity Stage (mg/head.d ) Significance
Variable Immature Mature SE ] 200 SE  Maturity Lasalocid
Observations 8 8 8 ]
pH .06 6.36 .11 .15 .28 11 .10 N5
Ammonia-N [(mg/fdl) 43.0 19.8 B 21.5 35.3 2.6 0l NS
Volatile fatty acids
Total (mMoles/L) 146.2 113.0 .06 127.82 13l.39 6.76 .01 N5
Individual {Molar, %)
Acetate {Ac) 60. 35 A6.B3 B9 64.84 62,34 .69 .01 .04
Fropionate (Pr) 20.78 20.00 .47 19.8 20,89 A7 WS NS
Butyrate 12,75 8.97 .44 10.48 11.23 LA L0l WS
Valerate 1.79 ke 1 I: 35 1.51 R . W5
[spbutyrate 1.96 1.40 .4 1.58 1.78 L4 01 .08
Isovalerate oA l.e6 .08 1.85 210 L8 L1 .04
10 Hha 3.01 1 2 .08

AC P 2.92 3.36

NS = Not significant (F>.10).



Maturity of wheat forage influenced (P<.05) all rumen measurements,
except for pH and propionate concentrations (Table 2). Ruminal pH
during the grazing of immature wheat forage might be borderline for
optimum cellulolytic activity at certain periods of the feeding cycle.

The high ruminal NH,-N, total VFA and branched-chain fatty acid
concentrations observed 5& both stages of maturity of wheat forage, are
indicative of the high ruminal degradability of wheat forage organic
matter and protein, particularly when immature, Observations on the
extent and rate of in situ disappearance of wheat forage dry matter and
nitrogen at both stages of maturity further support this observation
(Zorrilla-Rios et al., 1985).

Lasalocid supplementation decreased ruminal concentrations of
acetate (P<.08), and increased the concentrations of isobutyrate and
isovalerate (P<.08 and P<.04, respectively). Although no effect of
lasalocid on ruminal propionate concentrations was observed, the
acetate:propionate ratio was decreased (P<.08). Ruminal ammonia
nitrogen concentrations were not significantly (P>.10) affected by
lasalocid supplementation, a response that cast doubt on a possible
inhibitory proteolytic effect of lasalocid within the rumen, on wheat
forage protein.

The beneficial effect of lasalocid on weight gains of stocker
cattle grazing wheat forage supplemented with Tlasalocid reported by
Horn et al. (1984), may be due to effects other than a significant
shift in the amounts of acetic and propionic acid produced in the
rumen .

Literature Cited
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IN SITU DISAPPERRANCE OF DRY MATTER AND NITROGEN OF WHEAT
FORAGE, CORN GLUTEN MEAL, COTTOMWSEED MEAL AND SOYBEAN MEAL
IN STEERS GRAZING WHEAT FORAGE AT TWO STAGES OF MATURITY

3. Zorrilla-Rios', G.W.Horn?, M.J. Ford?,
R.W. McMew™ and K.EB. Poling

Story in Brief

Eight rumen fistulated Hereford steers [average body weight, 1000
161, were used to measure the extent of ruminal digestion and kinetics
of dry matter and nitrogen from wheat forage ;and three conventional
plant protein supplements ({sovbean meal, cottomsesd meal and carn
gluten meal) in the rumen of steers grazing wheat forage at two stages
of maturity (immature and matura).

Extent of dry matter and nitrogen disappearance during 24 h of in
gitu ruminal incubation was, respectively, 145 and 33 percent higher
{P<.0L) for immature wheat forage than for mature forage. Wheat forage
nitrogen existed kinetically as two distinct pools with different rates
of disappearance over time (P<.01; 3-724 h, 13.0 percent/h and 24-48 h,
2.2 percent/h for immature; P<.01; 3-12 -h, 28.0 percent/h and 12-48 h,
2.8 percent/h for mature). By 48 h of incubation, 95 and 84 percent of
the initial N from the immature and mature forage had disappeared fn
situ indicating that wheat forage nitrogen degradation within the rumen
is dependent largely upon its retentiogn time in the rumen. The extent
and rate of ruminal nitrogen disappearance was Tlower for corn gluten
meal than far cottonseed and soybean meals. Because of the rapid and
extensive ruminal degradation of wheat forage protein, post-ruminal
pratein supply for growth of stocker cattle on wheat pasture may be
limiting and weight gains of stocker cattle on wheat pasture might be
increased by supplementation with feoeds of Tow ruminal protein
degradation,

(Key Words: Im 5itu, Nitrogen Disappearance, Wheat Pasture, 0ilseed
Supplements, Cattle.)

Introduction

Extent and kinetics of dietary dry matter and nitrogen disappear-
ance within the rumen of animals grazing forages needs to be examined
ta properly supplement with nutrients and to select the best protein
sgurce for supplementation.

Wheat forage has a high nutritive value, often containing over 20
parcent protein and 75 percent digestible organic matter on a dry
matter basis. A substantial amount of information is available concern-
ing the cultural and managerial aspects of grazing wheat pasture (Horn,
1984). But information on digestion and uwtilization of wheat Fforage
within the animal is lacking. The objectives of the present study were
to: 1) determine the extent and rate of disappearance of wheat forage
dry matter and nitrogen within the rumen of cattle grazing
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wheat forage at two stages of maturity and 2) estimate ruminal dis-
appearance of nitrogen from three conventional plant protein
supplements known to differ considerably in their ruminal availability
of nitrogen under different dietary regimes. The plant protein
supplements were corn gluten meal (CGM), cottonseed meal (CSM) and
soybean meal (SBM).

Materials and Methods

During the spring of 1984 (March to May), eight rumen fistulated
steers (average body weight 1000 1b) grazed a single paddock of wheat
forage (var. TAM-105) and had free access to a commercial salt block.
At the immature stage (March 7 to March 27), wheat forage dry matter
(DM) available was 1642 1b/acre versus 1565 1b/acre at the mature stage
of growth (April 22 to May 14). Samples of wheat forage during both
stages of maturity were hand clipped and cut to an average particle
length of 1 1/2 inches. Subsamples (20 g fresh basis) were placed in
duplicate nylon bags and incubated in the rumen of each animal for 3,
6, 12, 24 and 48 h. Extent of disappearance of dry matter and nitrogen
at each incubation time was estimated as the difference between initial
and final dry weight or nitrogen content, respectively. Rates of
ruminal dry matter and nitrogen disappearance were calculated as the
slopes obtained by regressing the natural log of the percentage of
residual dry matter or nitrogen against incubation time and with later
slopes peeled from earlier slopes when the regression was obviously cur-
vilinear. Time required for half the material in the pool described by
the fractional rate of disappearance (slope) to be degraded (T,,,,
hours) was obtained by the equation: T / (h) = 2 In/slope. Repreééa-
tative samples of wheat forage for eac% %tage of maturity were freeze-
dried for dry matter determination and subsequently analyzed for ash
and total and soluble nitrogen. Approximately 10 g samples of CGM, CSM
and SBM were also incubated in situ simultaneously with the wheat
forage, and treated in the same manner, except that the longest
incubation time was 24 h and subsamples for analysis were oven-dried.

Results and Discussion

Chemical composition of wheat forage at both stages of maturity is
presented in Table 1. Stage of maturity of the wheat forage had a
significant effect (P<.0l) on the extent of in situ disappearance of
wheat forage DM and N (Table 2). In the immature stage, 77 and 90 per-
cent of the initial DM and N had disappeared after 24 h of incubation.
These values were 145 and 33 percent higher, respectively, than for
mature wheat forage. These differences were declined to 38 and 13 per-
cent, respectively, at 48 h of incubation.

Visual examination of the plots of the natural log of the percent N
remaining at each h of incubation on time revealed that two distinct
pools were present. Statistical analysis of the slopes obtained be-
tween 3 and 24 h of incubation and 24 and 48 h for the immature wheat
forage, and between 3 and 12, and 12 and 48 h for mature wheat forage,
indicated that rate of disappearance differed (P<.0l) between these two
time intervals (Table 3; Figures 1 and 2). Two distinct pools were
present. For nitrogen in immature wheat forage, one highly soluble
pool of 75 percent of total N disappeared at a rate of 13 percent/h. A
second pool of 15 percent of total N had a lower (P<.0l) rate of dis-
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Table 1. Chemical composition of wheat forage
(var. TAM-105) during the immature (March 7 to
March 27} and mature (April 22 to May 14) stage
of growth (percent).

Stage of maturity

Mutrient Irmature Mature
Observations g 4
Dry matter 24.3 22.7
Organic matter 92.5 5
Nitragen (M)
Total 4.3 2.03
Soluble 1.184 691
Nonpratein 438 201
Ratios
Soluble M/total N | 3.0
HPN ftatal N 10.0 9.9
In vitro dry matter
digestibility, % 5.6 66 .4
Forage available, {1bfacre) 1642 1365

Table 2. Wheat forage extent of in situ dry matter (DM) and nitrogen
(N) disappearance in steers grazing wheat forage at two
stages of maturity (percent of initial).

Hours of incubation

3 B 12 24 48
Stage of _
maturity L] N M i} Ly i oM i DM i3

Immature 32.6 32.1 43.3 54.1 57.1 71.8 76.9 90.1 33.B 95.0
Mature 13.3 ?6.8 17.0 38.0 25.¥ 59,7 3l.4 6.7 bH4.2 BA.3
SE TR FR R ey R i T el I T - 1521 1.5

aStage of maturity differed (P<.0l) at all hours of incubation for dry
matter and nitrogen,

appearance (2.2 percentfh}. Both nitrogen poal were almost completely
available with 90 percent of total W disappearing by 24 h of
incubatian.

In mature wheat forage, the more soluble N pool with 52 percent of
total M disappeared at a rate of 28,1 percent/h, while the secomd poal,
at 59 percent of total N, had a rate of disappearance of 2.8 percent/h.
Extent of total nitrogen disappearance at 24 h was only 68 percent.

1985 Animal Science Hesearch Report 171



Table 3. Kinetics of wheat forage nitrogen disappearance from
in situ ruminal measurements in steers grazing wheat
forage at two stages of maturity.

Stage of maturity

Immature Mature

Measurement e R i e D
Rate of N disappearance

(%/h) 1808 22"  owitie el
Time for half of N to b s b

disappear, (h) e R g 21 2.5 24.8
N pool size at O h

(% of total N)© 75.2 15.6 52.2 58.7

abRow means within same stage of maturity with different
superscripts, are different (P<.01).
Estimated from the intercepts of each slope.

IMMATURE WHEAT FORAGE
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Figure 1. Description of the rate of in situ disappearance

of two nitrogen pools identified in immature
wheat forage.

Overall ruminal degradation of forage protein, particularly for the
immature wheat forage, was very high. This means that the extent of
ruminal digestion of wheat forage nitrogen will ultimately depend on
its ruminal retention time. Therefore, cattle grazing immature wheat
forage may have a low supply of bypass protein and might be greatly de-
pendent on protein of microbial origin to meet their amino acid needs.
For high levels of production, total true protein and/or specific amino
acids available for absorption from the intestine might limit perfor-
mance and supplemental protein with a high ruminal bypass may be
useful.
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Figure 2. Description of the rate of in situ disappearance
of two nitrogen pools identified in mature
wheat forage.

In situ ruminal disappearance of nitrogen from plant protein supple-
ments incubated for wvaripus times in the rumen 95 shown in Table 4.
Extent of N disappearance at all times of incubation was the lowest for
CGM while 5BM had the highest disappearance with C3M being inter-
mediate. Two poals of nitrogen were not detected with these feeds, but
aextent of disappearance at 24 hours appeared slightly greater in the
rumen of steers receiving immature than those receiving mature forage
for SBM and CSM. Mitrogen from SBM had the fastest rate of disappear-
ance (6.45 percent/h, P<.0l), CGM had the Towest (.89 percent/h) and
CSM was intermediate (4.39 percent/h; Table 5).

Table 4. Extent of nitrogen disappearance in situ of
corn gluten meal (CGM), cottonseed meal (C3M)
and soybean meal (SBM) in steers grazing wheat
forage at two stages of maturity
(percent of initial).

Hours of incubation

Stage of =
maturity Substrate 3 6 12 24
Inmature g tea loR T2 a:
C5M A5 42 .6 h5.5 73.2
SBM o #kn hEe B
Wi nrs CGM o SR R T S
C5M BE @7 S  mE
SBM 26.7 30.5 41.8 B7.2
HE: 1.9 1.4 2.0 2
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Table 5. Kinetics of nitrogen disappearance from in situ ruminal
measurements for corn gluten meal (CGM), cottonseed meal (CSM)
and soybean meal (SBM) in steers grazing wheat forage at two
stages of maturity.

Source of nitrogen supplementl
i CGM 7w SBM
Stage of 3 1
matuizty Kd(%/h) Tl/2(h) Kd(ﬁih) Tl/Z(h) Kd(%/h) T1/2(h)
Imnature  .89%M 81.6% 5.39%8 Siqg 38 6.45¢ 11,538
Mature  .73%R 147 .4 q.3%% 15978 4.97'8 21 g2B
SE .52 5.7 h2 157 .52 15.7

lMeans along rows for the same measurement with different upper case
superscripts are significantly different at P<.0l.

Means in each column with different lower case superscripts, are
3signiﬁcant'ly different at: a,b P<.0l; e,f P<.10.
4Rate of N disappearance (kd, %/h).

T1/2 is time for half of N to disappear (h).

Time for half of the nitrogen to disappear within the rumen was there-
fore lowest for SBM and highest for CGM, Data indicate that ruminal de-
gradation of CGM nitrogen is much lower than either CSM or SBM which
may make CGM more useful as a feedstuff to supplement protein for
cattle grazing wheat pasture if supplemental amino acids are needed.
The effect of these nitrogen sources on animal performance remains to
be investigated. Greater benefit would be expected with immature than
mature forages and with younger, rapidly growing cattle with higher
protein requirements and limited capacity to consume wet feeds.
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EFFECT OF STAGE OF MATURITY OF WHEAT PASTURE AND LASALOCID
SUPPLEMENTATION OM INTAKE, SITE AND EXTENT OF
NUTRIENT DIGESTION BY STEERS

J. Earri]]a—ﬂiaﬁl, G.N. HErnz, M.A. AndersgnS,
G.J. Vogel~, M.Jd. Ford  and K.B. Poling

Story in Brief

Effects of stage of maturity of wheat forage (immature and mature)
and lasalocid supplementation (0 ws 300 mg/h*d} on site and extent of
digestion of nutrients were studied with efght steers fitted with rumen
and dugdenal cannulae. Increasing forage maturity and lasalocid supple-
mentation shifted the site of digestion of consumed organic matter and
nitrogen toward the post-ruminal tract. Lasalocid increased the post-
ruminal utilization organic matter and nitrogen reaching the dupdenum
by 32 and 11 percent, respectively (P<.0L).

Key Words: Wheat Pasture, Maturity, Lasalocid, Intake, 3ite of
Digestian, Steers.

Introduction

Efficient utilization of grazed forage is dependent on an under-
standing of the agronomic and animal processes invalved and their inter-
action. Very 1little of the available information on grazing wheat
pasture deals with the process of digestion of wheat forage within the
gastrointestinal tract of ruminant livestock. This data is essential
for improving the utilization of nutrients of grazed wheat pasture and
for identification of sound supplementation strategies.

The fionophore, lasalocid, has been found to increase daily gains of
stocker cattle ~razing wheat pasture (Horn et al., 1984). Additignal
data relative to its mode of action are neaded.

Materials and Methods

Exparimental animals, treatments and conditions under which measura-
ments were obtained have been described elsewhere in this research re-
port (Vogel et al, 1985; Andersen et al., 1985). Measurements of fecal
output by total collection during four consecutive days were obtained
from steers grazing immature (March 7-27) and mature (April 22-May 14)
wheat forage, which corresponded to approximately 20 and &7 days after
imitiation of Tasalocid supplementation. Forage samples for in witro
dry matter digestibility (IVOMD}, organic matter (OM) and total and
soluble nitrogen (TN and 5N, respectively) determinations were obtained
by hand ¢lipping wheat forage of each stage of maturity. Forage
samples were freeze-dried for later analyses.

IResearch Associate EPrnfes ar 3Graduate Assistant
Former Graduate Assistant “Herdsman Supervisor
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Intake of forage dry matter (DM) was calculated as follows:

Fecal output
1 - IVDMD

Daily intake of OM and TN were calculated from forage composition
and forage DM intake. Total tract apparent digestibility of OM and TN
(OMD and TND, respectively) was calculated by the following expression:

Forage DM intake =

Total Tract Apparent _ _ Nutrient intake - nutrient in feces
digestibility of nutrient Nutrient intake

Estimates of digesta flow to the duodenum were obtained using
ytterbium labeled wheat forage (Yb-WF) as a single marker.

Results and Discussion

Chemical composition, IVDMD and amounts of available forage during
the grazing of immature and mature wheat forage is shown in Table 1. A
reduction of 54 percent in the total N concentration of mature wheat
forage was accompanied by an unexpected increase of 26 percent in the
proportion of soluble nitrogen. No explanation for this observation is
apparent at this time. With increasing forage maturity, more nitrogen
would be expected to be part of the insoluble true protein and cell
wall fractions. More detailed chemical analysis of the nitrogen
fractions of wheat forage at different stages of maturity together with
composition of structural and soluble carbohydrates is pending
analysis.

Table 1. Chemical composition of wheat forage
(var. TAM-105) during the immature (March 7 to
March 27) and mature (April 22 to May 14) stage
of growth (percent).

Stage of maturity

Nutrient Immature Mature
Observations 3 4
Dry matter 24.3 22.7
Organic matter 92.5 93.7
Nitrogen (N)
Total 4.39 2.03
Soluble 1.184 .691
Nonprotein .438 .201
Ratios
Soluble N/total N 27.0 34.0
NPN/total N 10.0 9.9
In vitro dry matter
digestibility, % 1516 66.4
Forage available, (1b/acre) 1642 1565

Because of differences in forage intake, comparisons among treat-
ments for the extent of nutrient disappearance in the rumen and flow of
nutrients to the duodenum have been expressed as a percentage of total
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nutrient intake., Extent of disappearance of nutrients postruminally
were calculated as the difference between duodenal flow and fecal out-
put and have alsp been expressed as a percentage of nutrient flow to
the duodenum.

Significant finteractions (P<,10) between the two main effects
{stage of maturity and lasalocid supplementation) were observed for
total tract apparent digestibility of OM and 8, the percentage of OM
and M intake truly digested in the rumen, percentage of N intake reach-
ing the dupdenum and the postruminal digestion of 0 and N (Table 2).

Daily intakes of OM and N by steers decreased (P<.0l), respectively
with increasing stage of wheat forage maturity from 17.2 to 14,7 and
from .Bl8 to .388 1b. Lasalocid supplementation decreased (P<.08) OW
and N intakes, respectively, from 16.8 to 15.1 and from .629 to .577
1b/day.

Apparent digestibility of OM and M was decreased by 12 percent
{P<.05) with inecreasing maturity of wheat forage. Lasalocid supplemen-
tation did not affect apparent digestibility of OM and M of immature
wheat forage, but decreased (P<.08) apparent digestibility of both
nutrients of mature wheat forage by 5 percent,

True ruminal digestion of distary OM and N was decreased (P<.05) by
19 and 25 percent, respectively, with increasing maturity of wheat for-
age. Lasalocld supplementation of steers grazing immature wheat forage
did not affect true ruminal digestibility of OM and N, but decreased
(P<.08) true ruminal digestibility of O and N by 14.4 and 30 percent,
respectively, during grazing of mature wheat forage. With regard to
the amount and nature of the nitrogen flowing to the duodenum, the main
effacts observed were on the quantity and proportion of microbial nitro-
gen to total M flow. Both measurements increased (P<.0%) during the
grazing of mature wheat forage. The proporticn of forage N that was un-
degraded in the rumen, expressed as a percentage of total N flowing to
the ducdenum, was decreased (P<.05) by 13.6 percent with increasing for-
age maturity. The percentage of consumed wheat forage N that reached
the duodenum was increased by 82 percent (P<.08) during grazing of
mature wheat forage. Lasalocid supplementation increased by 9 percent
(P<.05) the actual amount of wheat forage N bypassing the rumen at both
stages of forage maturity. When this dietary bypass N was expressed as
a percentage of wheat forage W intake, lasalocid increased (P<.05) the
ratio by 52 percent only during the grazing of mature wheat forage.

The amaunt of microbial N flowing to the duodenum as a proportion
of the quantity of distary OM truly digested in the rumen (microbial
afficiency) was increased by 81 percent (P<.08) during the grazing of
mature wheat forage. Lasalocid increased microbial efficiency by 35.%
percent only during grazing of mature forage. Stage of maturity had no
effect on the relative postruminal digestion of OM and M, while
lasalocid supplementation increased (P<.05) both measurenents by 63 and
17 percent, respectively during the mature stage aonly.

These estimates of daily intake of digestible organic matter per kg
of body weight for immature wheat forage (13-14 g DOMI/fkg BW} are
similar to values reported by Losada et al. (1982) for cattle grazing
ryegrass (13-18 g DOMIfkq BW}. In contrast, the flows of nonammonia N
{MAN) to the duodenumfkg DOMI for immature wheat forage of Chis study
are much lower than wvalues reported for ryegrass {13-14 ys 27-41 g
MAN kg DOMI, respectively). Differences in type of animals, forage and
methodology amang experiments may have influenced these comparisons,
Nevertheless, these data suggest a possible shortage of the amount of
nonammonia N available for absorption from the small intestine, and per-
haps some limitations dn the total fintake of OM (energy) for high
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Table 2. Effect of stage of maturity and lasalocid supplementation on site of
digestion and flow of nutrients in steers grazing wheat pasture.
(Least square means, n=4).

Stage of maturity Level of
Immature Mature Significance
Lasalocid, mg/h"d 0 300 0 300 S Maturity Lasalocid
Intakes, 1b/d b1 b b o
Organic matter 17.6 b 16.8" 15.0 5 13.4 . SBil & apl .04
Nitrogen .836 800 422 .354 02" = 0L .08
Total tract apparent digestibiTéty (%) - b - 2
Organic matter 82.6 81.9 73.1, 69.5 .3h IA IA
Nitrogen 82.1¢ 82.3° 72.9 69.3 .60 A IA
True rumen digestion/intake (%), 9 b 4
Organic matter 79.7C ?S.EC 64.6, 55.3a 125 IA IA
Nitrogen 3.8 70.6 2L 36.6 25 IA IA
Duodenal flow of nitrogen
Total, g/d 152.8 161.6 162.6 170.8 7o? NS NS
Nonammonia, g/d 89.4 90.6 106.3 101.9 9.5 NS NS
NAN/total, % 58.7a 56'3ab 65.2, 60'3ab 4.2 NS NS
Microbial, g/d 53.27 54.8a 70.8, 68.7ab 6.3 .05 NS
Microbial/total, % 34.7 0 33.9, 43.6, 39.8, 2ih .03 NS
Dietary, g/d 99.6, 106.8b 91.8a 102.1ab 3.4 NS .05
Dietary/total, % 65.3a 66.1a 56.4, 60.2. 2.6 .03 NS
Dietary/intake, % 3 26.2 29.4 47.8, 63.4 2.1 IA IA
Microbial efficiency 8.4° 9,28 15.2 20.6° g _ ot NS
Postruminal digestion/duodenal gEow, % b 3 b
Organic matter 41.1a 4?.?a 31.2a 50.8, 7 IA IA
Nitrogen 62.4 65.7 63.6 74.2 2:8 IA IA

lMeans in the same row with different superscripts differ (P<.10).
Significant stage of maturity by lasalocid supplementation interaction (P<.10).
Microbial efficiency in g microbial N per kg of OM truly digested in the rumen.



levels of performance of growing cattle agrazing wheat forage,
particularly during the immature stage of forage growth.

Literature Cited

Andersen, M.A. et al. 1985. Effect of lasalocid and stage of maturity
of wheat forage on ruminal fermentation of steers grazing wheat
pasture. Okla. Agr. Exp. Sta. Res. Rep. MP-117:

Horn, G.W. et al. 1984. Effect of lasalocid on performance of stocker
cattle on wheat pasture. Okla. Agr. Exp. 5ta. Res. Rep.
MP-116:154.

Losada, H. R. et al. 1982, The effect of forage species and stocking
rate on protein supply to the ducdenum of cattle. In: Forage
protein in ruminant animal production. British Society of Animal
Production. Occasfonal Publication No. 6:144,

Vogel, G.J. et al. 1985. Comparison of external markers for estimating
fecal output of cattle grazing wheat pasture. Okla. Agr. Exp. Sta.
Res, Rep. MP-117:

1985 Animal Science Research Report 179



THE INFLUENCE OF POSTPARTUM NUTRITION AND WEANING AGE OF CALVES
ON COW BODY CONDITION, ESTRUS, CONCEPTION RATE AND CALF
PERFORMANCE OF FALL-CALVING BEEF COWS

Kol Hancockl, J.R. Kropng, K.S. Lushyz, R.P. HettemannB,

D.S. Buchanan® and C. Worthington

Story in Brief

Data from a four-year study were collected on 104 fall-calving beef
cows, ranging from 2-8 years of age, to determine the influence of
postpartum nutrition on cow and calf performance. The cows were fed
either a Moderate (5 1b cottonseed meal/hd/day) or a Low (no
supplemental protein) level of nutrition from calving (October 1) to the
start of the breeding season (January 1). A1l cows were fed the
Moderate level from the start of the 63 day breeding season until warm
season grasses began to grow (April 30).

Moderate cows lost less body weight and were able to remain in
acceptable body condition to the start of the breeding season. As a
result, Moderate cows had a 4.7 percent higher return to estrus (97.7 vs
93.0 percent), exhibited postpartum estrus 15 days earlier (52.1 vs 67.1
days) and had a 14.9 percent higher conception rate (94.9 vs 80.0
percent) than Low cows. The added supplement provided Moderate cows
from calving to the start of the breeding season amounted to $56.00 per
cow.

Calves nursing Moderate cows to 210 days were 15 1b heavier than
calves nursing Low cows (631 vs 612 1b). The additional weight was
insufficient to compensate for the greater supplement costs unless
pounds of calf weaned per cow exposed to the bull were considered.

Weaning and selling calves at 9-10 months of age rather than 7
months resulted in 199 1b additional selling weight or $77.09 per calf.
Calves remaining on their dams for 285 days were 66 1b heavier and
$42.24 more valuable than calves weaned at 210 days and run as stockers
on native pasture for 75 days. Cows weaning calves at 285 days were
Tighter in weight and thinner in condition at 285 days postpartum than
cows weaning their calves at 210 days; however, body condition was still
acceptable.

(Key Words: Postpartum Nutrition, Estrus, Conception, Weaning Age,
Fall-Calving)

Introduction

Two of the most important traits in any cow-calf operation are the
reproductive performance of the cows and the weaning weights of their
calves. Since these traits are the keys to profitability, cows and
calves must be managed to optimize these economically important traits.
Previous research has shown that the level of nutrition prior to calving
primarily influences when a cow will return to estrus, while postpartum
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nutrition primarily influences conception rate. As a result of summer
grazing, Tall-calving cows are typically in better nutritional condition
prior to calving than spring-calving cows. However, if available forage
is low and inadequate winter supplementation is provided, the postpartum
nutritional level of fall-calving cows may be quite low. Little 1is
known about the combined effects of condition at calving and postpartum
nutritional level on the reproductive performance of fall-calving cows,
especially when the availability and quality of forage is decreased.
While it may be possible to increase weaning weights of calves by
extending the suckling period to 9-10 months, the effect on cow
condition and reproductive performance is not clearly understood.

The purpese of this study was to determine the influence of level
of nutrition from calving to breeding and weaning age of calves on cow
body weight, cow body condition, postpartum interval to first estrus,
conception rate and calf performance of fall-calving beef cows.

Materials and Methods

Data from a four-year study were collected on 104 fall-calving
Angus x Hereford cows, ranging in age from 2 to B years, at the
Southwestern Livestock and Forage Research Station, The forage on  the
research station, classified in excellent condition, is predominantly
Tittle bluestem (Andropogon scorporius) with a carrying capacity of
approximately 7 acres per cow-calf unit on a year-long basis. The range
forage is normally dormant from early Hovember (first frost) to late
April,

Two postpartum nutritional levels were evaluated. Moderate cows
were maintained on native pasture at a stocking rate of one cow-calf
unit per 12 acres and were supplemented with cottonseed meal (41 percent
CP) at the rate of 2 b prior to calving and 4 to 5 1b postcalwing per
head per day unti]l warm season grasses began to grow (April 30).
Available forage was abundant and the additional winter supplementation
was deemed adeguate to maintain fall-calving cows in good breeding
condition (body condition score 5.5 to &.0).

To mimic an overstocked, short forage supply situation with 1ittle,
if any, winter supplementation prior to the breeding season, the Low
cows were maintained on native pasture at a stocking rate of
approximately one cow-calf unit per two acres and received no
supplemental protein prior to the start of the breeding season.

At the start of the breeding season (January 1}, all cows were
maintained at a stocking rate of one cow-calf unit per 12 acres and
received 5 1b of cottonseed meal per head daily to April 30. Throughout
the study, all cows were fed three times per week [(daily allowance x 7)
- 3)]. After April 30, all cows grazed common pasture through weaming.

From calving to the start of the breeding season, teaser bulls with
chin ball markers and visual observation were used to detect estrus.
During the breeding season (January 1 to March 3), the cows were divided
into four breeding groups on the basis of postpartum nutrition lewvel and
weaning age of the calf. All cows were purchased bred to Charolais and
Hereford bulls. Cows were exposed to Beefmaster bulls in year 1 and 2,
Charolais bulls in year 3 and Limousin bulls in year 4. The bulls were
rotated among pastures every two weeks. Cows were observed for breeding
activity twice dafly and herd bulls were equipped with chin-ball markers
to assist in determination of breeding dates.

Individual cow weights and body condition scores were taken after a
12-hour shrink every two weeks from September 1 to March 3 (end of the
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breeding season) and monthly from March 3 to September 1. The condition
scores were based on a scale of 1 (very thin) to 9 (very fat).

A1l calves were weighed and eartagged within 24 hours after birth.
The calves remained with their dams on native pasture until weaning and
did not receive creep feed. Calf weights were obtained after a 6-hour
shrink every two weeks until the end of the breeding season and monthly
thereafter. To determine the effect of weaning age on calf and cow
performance, calves were weaned from their dams at 210 or 285 days of
age (+7 days). Weaning occurred every two weeks from April 1 to
September 4. Assignments to weaning age within postpartum nutritional
level were made on the basis of calving date to equalize the effects
within treatment groups. The age-corrected weaning weights were
adjusted for age of dam by Beef Improvement Federation Guidelines and
all heifer calves were corrected to a steer equivalent by multiplying by
1.05. Calves weaned at 210 days were fed a high roughage weaning ration
(ad-1ibitum) for two weeks to reduce weight loss associated with the
stress of weaning. After the two-week period, the weaned calves were
placed on native pasture similar to that grazed by the nursing calves
and received no additional feed. Steer calves were implanted with
Ralgro in February and reimplanted in June.

Results and Discussion
Cow weight and condition
At calving, cows assigned to both nutritional levels had nearly

identical body weights and condition scores (Table 1). Moderate cows

TABLE 1. The effect of postpartum nutrition on cow weights, weight
change and body condition scores from calving to end of
breeding season.

Postpartum Nutrition Level

Moderate Low

No. of cows 214 200
Initial wt., post calving 1020 1021
Wt., start of breeding season 977 937
Wt., end of breeding season 886 866
Wt. change

Initial to start of breeding -43 -84

Initial to end of breeding -134 -155
Condition score

Initial AL 5.8

Start of breeding L 4.9

End of breeding b.3 4.9
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lost 4.2 percent of their initial postcalving weight and 0.4 body
condition score wunit from calving until the start of the hreeding
sedson. Even though abundant forage was available, the TDN comtent of
the forage plus the TDM content of the cottonseed meal was fnadeguate to
meet the TDW requirement of 1000 1b. lactating mature bheef cows,
resulting in body weight and condition loss. . However, the Moderate cows
were still 1in good breeding condition (5.5) entering the breeding
season, The vreduced nutrient supply to the Low cows resulting from
overstocking and no winter supplementation prior to the hreeding season
resulted in double the weight 1loss (8.2 percent of postcalving weight)
and double the body condition losses (0.9 condition score] of the
Moderate cows. Therefore, the Low cows entered the breeding season with
a condition score {4.9) below the recommendsd level for good breeding
performance .

Abundant forage plus & Tbh of cottonseed meal during the bresding
season were insufficient to maintain the weight of either treatment
group; however, the additional winter supplement fed the Low cows during
breeding helped maintain their body condition. Nevertheless, the Low
cows were still lighter in weight and thinner in body condition at the
end of the breeding season than the Moderate cows.

With the advent of warm season grass growth inm April and May, all
cows were able to regain considerable weight and condition to weaning.
By 210 days postpartum, Moderate and Low cows were similar inm weight and
condition {Table 2}. The weight and condition score patterns continued
to 285 days postpartum regardless of weaning age of calves.  However,
cows weaning calwves at 2B5 days postpartum were still acceptable in
weight and condition, It should be noted that these were fall-calwing
cows and the additional 75 days encompassed the peak nutritional period
of the pative forage. Under a spring-calving regime, an additional 75

TABLE 2. The effect of postpartum nutrition and weaning age on cow
woights and body condition scores at 210 and 285 days

postpartum.
Postpartum Mutrition Levels
Days Postpartum Moderate Low
210 days
Weight 440 938
Condition score 5.4 5.3
285 days
Calves weaned at 210 days
Weight 1147 1114
Condition score B.7 6.6
Calves weaned at 285 days
Weight 1069 1082
Condition score 5.0 5.9
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days would result in weaning during December, January and February, the
poorest months in terms of nutritive value of the forage.

Reproductive Performance

The effect of postpartum nutrition 1level on the reproductive
performance of cows is presented in Table 3. Moderate cows had a 4.7
percent higher return to estrus and exhibited estrus 15 days sooner than
Low cows. As a result of fewer cows actually cycling, a Jlonger
postpartum interval to first estrus and a 63 day breeding season, Low
cows had 14.9 percent fewer cows exposed to the bull that actually
conceived. In addition, only B83.9 percent of the Low cows actually
serviced by a bull settled as compared to 96.2 percent for the Moderate
COWS. Therefore, the low postpartum nutritional level prior to the
breeding season apparently had an adverse effect on conception rate.

TABLE 3. The effect of postpartum nutrition on the reproductive
performance of fall-calving cows.

Postpartum Nutrition Levels

Moderate Low
No. of cows 214 200
No. exhibiting estrus 209 186
Days postpartum to first estrus 52.1 67.1
No. of cows bred 203 160
Percent cows exposed actually bred 94,9 80.0
Percent cows serviced that settled 96.2 83.9

Calf Performance

Calves suckling Moderate cows were 15 and 19 1b heavier than calves
suckling Low cows at 210 and 285 days, respectively (Table 4). The
Moderate cows were fed protein supplement from calving to the start of
the breeding season (January 1), while the Low cows received none. This
increased supplementation cost $56.00 (560 1b x $0.10/1b) for the
Moderate cows. The additional 15 1b at 210 days for the Moderate calves
was worth $11.25 (15 x $0.75/1b). Therefore, the additional weight was
insufficient to make up the difference in protein cost. However, if
conception rate is considered (Table 3), the Moderate calves were 81 1b
heavier (441 vs 360 1b) per cow exposed to the bull. The market price
for 300 - 500 1b feeder steers at Oklahoma City from April to July
(approximately 210 days) for the past four years has averaged $75/cwt.
This 81 1b difference amounts to a $60.75 advantage to the Moderate
calves. The added cost of supplementing Moderate cows is offset by the
added revenue received as a result of differences in pounds of calf
weaned per cow exposed to the bull.

Delaying weaning of fall-born calves until 285 days of age to take
advantage of the high quality surmer forage resulted 1in an average of
199 1b additional selling weight than weaning and selling at 210 days.
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Since the average weight aof calves at 210 days was 457 1b, the gross
return for calves weaned and sold at 210 days was $342.75. The average
weight of calves weaned at 285 days was 656 1b. The market price for
500 - 700 b feeder steers at Oklahoma City from July to September
{approximately P85 days) for the past four years has averaged $64/cwt.
Therefore, the gross return for calves weaned at 285 days was $419.84.
Delaying weaning by 75 days increased gross calf revenue by 577.00
without adding any expense or detrimental effects on the cows.

TABLE 4. The effect of dam's postpartum nutrition and weaning age on
adjusted calf weights.

Adjusted Adjusted
Ho. 210 day wt. 285 day wt.

Dam's postpartum nutrition

Moderate 214 455 631

Low 200 450 612
Weaning age

Weaned at 210 days 214 454 540

Weaned at 285 days 200 451 656

Calves weaned at 285 days were 66 1b heavier than calves weaned at
210 days and grazed as stockers on native pasture for 75  days. The
reduction in stress at weaning plus the additional milk of the dam
resulted in an added daily gain of 0.9 1h. This management practice
alone resulted in an increased revenue of 342.24.

While extending the suckling period by 75 days did result in  lower
body weight and body condition scores of the dams, their weight and body
condition were still acceptable. Therefore, delaying weaning under a
fall-calying regime may be an fmportant management practice to increase
the profitability of the cow-calf program providing that the additional
farage consumed by the calves does not hamper the weight and condition
gain of the cows during the summer grazing period and does not 1imit the
availability of forage the coming year.
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THE INFLUENCE OF BODY CONDITION SCORE ON WINTER WEIGHT AND
CONDITION LOSSES BY SPRING CALVING COWS

2

J.d. Hagnerl, K.S. Lusby® and J. Rakestrm«r1

Story in Brief

The effect of condition score (CS) on winter weight and condition
change was studied using 64 Hereford and Angus cows bred to calve in the
spring of 1984. Cows ranged in CS from 4 to 7 units at the start of the
trial, grazed together in two common pastures of native tallgrass range
and were individually fed 3 1b/head/day of soybean meal from mid-
November until calving and 4 1b/head/day of soybean meal from calving
through May. During winter, cows lost a mean of 93.4 1b and .94 units
CS. Fat cows tended to lose more weight (P<.10) and lost more condition
(P<.001) than thin cows (24.22 1b and 1.06 units per unit CS). The util-
ity of manipulating body condition during winter under Oklahoma range
conditions appears limited.

(Key Words: Body Condition Score, Weight:Height Ratio, Urea Water
Space, Carcass Composition, Beef Cows.)

Introduction

The cost of maintaining the cow herd is often the major expense
limiting the efficiency of beef production. Up to 91% of the total
energy consumed by a cow may be partitioned toward maintenance. Even a
small savings in maintenance may dramatically improve net returns per
COW.

The influence of body condition on maintenance energy requirements
is poorly understood. Previous research indicated that fat cows of the
same lean body mass had lower maintenance costs than thin cows. These
authors concluded that a cow must be kept in fat condition for 10 years
in order to realize a savings in maintenance costs.

The objective of this research was to study the effect of body con-
dition on winter weight and condition loss by spring calving Hereford
cows. )

Materials and Methods

Sixty-four Hereford and Angus cows (904 1b, CS = 5.5 units), bred
to calve in the spring of 1984 were stratified by breed, weight, CS and
expected calving date and assigned to three feeding regimes in August of
1983. From August through mid-November, 22 cows were group fed 2.2
1b/head/day of soybean meal, 21 were group fed .9 1b/head/day of soybean
meal, and the remaining cows were fed no supplemental protein. By Novem-
ber, CS ranged from 4 to 7 units, A1l cows were individually fed 3.16
1b/head/day of soybean meal from mid-November until calving (March) and
4.0 1b/head/day of soybean meal from calving through May.

From August through mid-November, each group of cows grazed similar

1Glr*a\du.‘:\te Assistant 2Jﬂ\s*sociate Professor
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pastures (220 acres) of native tallgrass range in North Central Okla-
homa. From mid-November through May all cows grazed together in two com-
mon pastures (440 acres). The predominant forage species were little
bluestem (Andropogan scoparius), big bluestem (Andropogan gerardii),
switchgrass (Panicum virgatum) and Indiam grass (Sorghastrum nutans),
Large round bales of prairie hay were offered ad libitum on days when
snow or ice covered native grass. Cows were weighed and assigned C5 af-
ter an overnight withdrawal of feed and water initially, and at 28 day
intervals throughout the trial,

Results and Discussion

The effects of cow condition on winter (November 15, 1983 to May
25, 1984) weight and condition change were analyzed by regressing winter
weight (Table 1) and condition (Table 2) change on cow breed, December
cow weight and CS, calving date, calf birth weight and calf sex, Cow
breed, December weight, calf sex and calf birth weight did not signif-
icantly influence winter weight loss (93.4 1b) by spring calving cows,
Cows calving early in the season lost more weight (P<.0l5) than cows
calving late in the season {(1.28 Ibfday). Cows which were fat when en-
tering the winter tended to Tose more weight (P<.10) during the winter
than cows entering the winter thin (24.22 Tbfunit C5). Winter C5 Tosses
by spring calving cows (.94 units) were not influenced by cow breed or
calving date. Cows nursing bull or steer calves tended to lose ,394 or
.312 units more condition (P<.10) than cows nursing heifer calves. Cows
that gave birth to heavier calves tended to lose more condition (P<.10})
than those giving birth to lighter calves (.015 wnits C3 per pound birth
weight}). Cows with more condition in December lost significantly more
condition (P<,001) than thinner conditioned cows (1,062 units per unit
C5).

Table 1. Regressions of winter (November 15, 1983 to May 25, 1984)
weight change on cow breed, December cow weight, December
condition, calving date, calf birth weight and calf sex.

Regression 1 Standard
Variable Coefficient P Error
Intercept 29,71 . 165 95.175
Breed of cow: Angus 3.77 873 23.548
Heraford .00
Sex of calf: bull -18,45 373 20, 535
steer -21.71 LA07 25,965
heifer (.00
December wejght, 1b -0.11 .17 .229
December C57, units -24.22 L0099 14,443
Calving date, days 1,28 L015 Bt |
Calf birth weight, 1b -0.95 - b330 Z.021

nghahthy of a greater T for the hypothesis, HD: parameter = 0.
Conditian score,

Hagner‘ et al, (1984) demonstrated that cow weight and condition can
be efficiently increased prior to winter. Spring calving cows gained
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2.4 1bs for each pound of soybean meal consumed. The results of this
study may be interpreted to suggest that cows with more condition enter-
ing the winter lose more weight and condition during winter than thin
cows when supplemented alike.

It appears that under Oklahoma range conditions, the utility of ma-
nipulating body fatness in order to realize a savings in maintenance
costs is limited. Perhaps body weight and condition are more readily
maintained under production systems utilizing higher quality harvested
forages.

Table 2. Regressions of winter (November 15, 1983 to May 25, 1984)
condition change on cow breed, December cow weight, December
condition, calving date, calf birth weight and calf sex.

Regression = Standard
Variable Coefficient P Error
Intercept Ak .001 .847
Breed of cow: Angus 0.075 .714 20
Hereford 0.000
Sex of calf: bull -0.394 .030 =177
steer -0.312 . 169 .224
heifer 0.000
December we%ght, 1b 0.003 .001 .001
December CS™, units -1.062 .001 ~Aigh
Calving date, days 0.001 .880 .004
Calf birth weight, 1b -0.015 .065 .008

aProbabiTity of a greater T for the hypothesis, Ho: parameter = 0,
Condition score.
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RELATIONSHIP BETWEEN BODY CONDITION SCORE AND DAILY METABOLIZABLE
ENERGY REQUIREMENT OF MATURE, WONPREGMANT, WONLACTATING HEREFORD
COWS DURING WINTER

Jad. Hagnerl, K.5. Lush}rz, J. W, ﬂ]&jena, J. Rakestrawl

and L.E. Walters

Story in Brief

Thirty-five cows in 1982-83 and 36 cows in 1983-84 were utilized in
a comparative slaughter trial to investigate the effects of carcass com-
pasition an winter metabolizable energy (ME) reguirements for mainten-
ance. Prigr to initiation of the study, all cows were randomly assigned
to ane of three feeding regimes to either lose, maintain or gain weight
and condition, By the start of the trials, live weight (LW) ranged from
606 to 1311 1b and condition score (C5) ranged from 2 to B units (1 =
very thin, 9 = very fat). In December of each year, 12 cows represent-
ing the entire range of CS were slaughtered. Regression eguations based
an CS and LW were developed from the initial slaughter groups to predict
the initial composition of the remaining cows. Remaining cows were indi-
vidually fed differing amounts of a complete diet (1.13 mcal ME per
pound dry matter) in drylot for an average of 115 days, Daily feed in-
takes were adjusted each week to maintain live weight throughout the win-
ter, In March, all cows were slaughtered and carcass composition was
etermined. Data were analyzed by fitting the model, ME intake = k-
{carcass energy change) + F{CSILW*"~, where k = efficiency of ME use
for carcass emergy change, LW = kilograms Tive weight and f(C5) = func-
tion of cﬂnd'it'iun score, The expression, .1028 + .0234(C5) -
LO025(C51°, accounted f05541£ of the variation in ME (mcal) for main-
tenance per kilogram LW*'". These data suggest that cows in thin (C5
= 3) condition and cows in fat (C5 = 7) condition require 4.4 and 8,9%
less ME per kilogram metabolic weight, respectively than cows in moder-
ate {C5 = 5) condition. Daily ME requirements for 950 Tb cows with C3 =
3, 5or 7 vwere 14.7, 14.9 or 13.6 mcal, respectively.

(Key Waords: Carcass Compositiaon, Metabolizable Energy, Beef Cows.)

Introduction

In recent years, improving the efficiency of beef production has re-
ceived increased emphasis, Tremendous improvement in understanding and
predicting the performance of feedlot cattle has been achieved with the
application of modern ration formulation programs such as the Cali-
fornia Met Energy system.

Current Natiomal Ressearch Council feeding standards compute energy
requirements for beef cattle factorially. Energy expenditures for main-
tenance, tissue gain, and in the case of cows, pregnancy and lactation
are summed and their total is considered to egual the requirement.

Cow size, as determined by cow weight, is the major factor determin-
ing energy expenditures for maintenance. The r-IErrl requirement for pen-
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ned cattle in nonstressful environmggts with minimal activity is esti-
mated by the expression 77 kcal*W* ~, where W is body weight in kilo-
grams. Energy requirements for maintenance can be adjusted for dif-
ferences in environmental temperature, humidity and wind velocity. Prev-
jous research has demonstrated variations in maintenance requirements
due to breed, season of the year, previous plane of nutrition and body
composition as related to feed intake and stage of production.

The objectives of this research were: 1) to evaluate the relation-
ship between body condition score and winter maintenance energy expendi-
tures in mature Hereford cows and 2) to develop equations based on
weight and/or body condition score representing energy requirements for
maintenance.

Materials and Methods

Thirty-five cows in 1982 and 36 cows in 1983 were randomly assigned
to one of three feeding regimes to either lose, maintain or gain weight
and condition. By November in year 1 and October in year 2, live weight
(LW) ranged from 606 to 1311 1b and CS ranged from 2 to 8 units. In
December of each year, 12 cows representing the entire range of CS were
slaughtered. Regression equations were developed from the initial
slaughter groups to predict the initial composition of the remaining
cows. Remaining cows were individually fed a complete diet (Table 1) in
drylot for an average of 114 days in year 1 and 115 days in year 2.
Daily feed intakes were adjusted each week to maintain LW throughout the
winter. In March, all cows were slaughtered and final composition was
determined.

Daily weather data were obtained during each winter from the Okla-
homa State University Agronomy Weather Station. Average daily tempera-
ture, rainfall and snow were computed for each week of the feeding
trial. The effects of temperature and precipitation on metabolizable en-
ergy required for maintenance were examined.

Table 1. Composition of diet fed to cows.

Ingredient Int. feed no. Percentagea
Rolled corn 4-02-931 9.5
Alfalfa pellets 1-00-023 36.0
Cottonseed hulls 1-01-599 21.7
Cane molasses 4-04-696 28
Salt el
Dry matter, % 90.2
Crude protein b 12.0
Metabolizable energy 113

a

t)Dw matter basis.

Mcal/1b dry matter,
Results and Discussion

Throughout year 1 (Table 2), cows gained a mean of 3.7 1b LW and .2
units CS while cows in year 2 (Table 3) gained a mean of 9.7 1b LW and
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Table 2. Data used to estimate maintenance requirements of cows fed
during year ane.

Standard

Item Mean Deviation
Live weight, 1b

Initial 87¢.6 138. 68

Final a76.3 143.90
Conditign score, units

Initial 5.0 1.33

Final 5,2 1.18
Carcass Bnerygy, mcal

Initial 378.7 1711

Final 458.0 174.7
Carcass fat,_1b

Initial? 52.0 34, 56

Final fid. 1 35007
Carcass prutgin, 1b

Initial ha.9 B, 27

Final 725 Ll
Daily energy intake, mcal 13.4 1l.64

3 ctimated using eguations developed from initial kill data.

Table 3, Data used to estimate maintenance requirements of cows fed
during year two.

Standard

Item Mean Deviatiaon
Live weight, 1b

Initial B59.6 159.79

Final 869, 3 159,44
Condition score, umits

Initial 5.1 1,59

Final 5l 1.47
Carcass energy, meal

Initial 3812 207.5

Final 423.8 198.0
Carcass fat, 1b

Initial? 52.5 9. 69

Final 59,1 .03
Carcass pratﬁin, 1b

Initial 6l.7 17.50

Final 67.4 1Ll )
Daily energy intake, mcal 14.5 1.77

qctimated using equations developed from initial kill data.
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.1 units CS. Cows in year 1 consumed from 10.24 to 16.77 mcal/day and
gained a mean of 12.1 1b carcass fat, 12.6 1b carcass protein and 79
mcal carcass energy while cows in year 2 consumed from 10,14 to 17.76
mcal*day and gained a mean of 6.6 1b carcass fat, 5.7 1b carcass pro-
tein and 43 mcal carcass energy. Average daily ME intake was 13.4 mcal
in year 1 and 14.5 mcal in year 2. The ME required for maintenance was
estimated by solving the following mulltiple regression equation for 260
energy retention, ME intake = k™ ""retained energy + f(CS) LW "",
where k = the efficiency of ME utilization for carcass energy change and
f(CS) = function of CS and LW = kilograms live weight.

In year 1, daily maintenance energy requirement (zero energy reten-
tion) was bes}'sfit by the equation: ME (mcal) = (.0308 + .0474 CS -
.0046 CST)LW"® (Table 4). Daily carcass energy change and the quad-
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ratic functinl}ﬁof C5 accounted for 29% of the variation in ME intake per
k‘llngram? W*'". In year 2, 34% of the variation in ME intake per kilo-
gram LW* was explained by daily carcass energy change and the guad-
ratic function of CS5 {(Table 4). Daily maintenance energy requirement
ws 25 Hﬂated by the expression: ME (mcal) = (.1324 + .0151 C5 - .0017
i ol ) g

Figure 1 shows the relationship between Mcal HE'LH'?E}'l re-
quired for maintenance and C5 for years 1 and 2. Energy required for
maintenance averaged 12% higher in year 2 than year 1. The winter of
1983-84 was more severe than the winter of 1982-83. Average daily tem-
perature ranged from -1.4 to 10.7°C in year 1 and from -11.8 to 11.2°C
in year 2. When data from hggh years were combined, the rEgreasinn, ME
intake per kilogram LW® = B 4+ BI{ES} + |32|:CS:I , Was non-
significant (P<.18) and only accnuntgd for "11% of the“observed variation
in maintenance., When year was 1ncluded2as a class variable, the expres-
siom, .1028 + ,0234 (C5) - .0025(C%)" accounted for 41% of the varia-
tion in maintenance per Kilogram th'?s' (Table 4),

Equating the first derivative of the maintenance function of C5,
-0234 -,.003 (S, to zero and solving for C5 indicates that maximum mcal
ME®(LW""")"" occurs at CS = 4.68. Cows in thin condition (CS = 3)
required 95,6% of the maximum mcal ME" (LW* ") wh‘slﬁﬁco‘fs in fat
condition (CS = 7) required 91,1% of the maximum mcal ME“(W* ") -,

The effects of environment on daily metabolizable energy required
or maintenance were evaluated by fitting thﬁmdeh ME intake = k

LW change each week + [f(CS) + f(ENV)] LW*"~, where k = the effi-
ciency of LW change, f(C5) = the maintenance function of C3 and f(ENV) =
the function of average daily temperature and precipitation for each
week. The interactions between environment and C5 were also examined.
The full mggl accounted for 41,2% of the variation in ME intake per ki-
logram LW®"~. Rainfall, snow, C5 x rain and C5 x snow were not signif—
icant (P>.10) sources of variation in ME intake per kilogram LW""~ and
were removed from the model, The reduced model (Table 5) explained

MAINTEMAMNCE

3 . 5 6 7
AVG WINTER CONDITION SCORE

Figure 1. Relationship between metabolizable epgray required for main-
tenance per kilogram body weight™'~ and average condition
score during winter,
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Table 5. Regression of )d§i1y metabolizable energy intake per kilogram
live weight‘ on live weight change per kilogram live

weight”® and the maintenance function of condition score
and on the function of environment.
Regression Standard

Variable Coefficient pa Error
Intercept <2151 .0001 .0199
Weight change .3127 .0001 .0581
Condition score, units .0295 .0004 .0082
Condition score -.0034 .0001 .0008
Temperature, °C ¢ -.0076 .0001 .0008
CS x temperature .0007 .0001 .0002

aProbabﬂity of a greate%T_for the hypothesis, HO: parameter = 0.
Kilograms® (live weight®"~) =,
Condition score x temperature interaction, units-°C.

39.7% of the variation in maintenance. The influence of temperature and
the interaction between temperature and CS were highly significant
(P<.0001) indicating that the effect of temperature on ME required for
maintenance was dependent on CS. The interaction between average daily
temperature for the week and CS is illustrated in Figure 2. For eagg
°C decrease in average temperature, ME required per kilogram LW®
for maintenance was increased .0055, .0039 and .0025 mcal for cows with
CS 3, 5 and 7 units, respectively. These data indicate that the effect
of temperature on ME required for maintenance may be greater for thin
cows than for cows in moderate or fat conditions.

.25 4

MAINTENANCE
8

o

10 ——— T T — T T

=12 -8 -4 0 4 8 12
TEMPERATURE (C)

Figure 2. Relationship between metabolizable energ,ys(mcai) required for
maintenance per kilogram body weight’'~ and average weekly
temperature for cows of condition score 3, 5 and 7 units.
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Regression coefficients for C5 {.0295£.0082) and CSE (= 0034%
L0008} appeared similar to thezr‘egres&ian coefficients reported earlier
for C53 (.0234+,.0116) and C5° (.0025+.0011) when year was included in
the model as a class variable. This indicates that mpst of the varia-
tion associated with year could be attributed to differences in enviran-
mental temperature.

Discussian

Data reported in this study suggest that cows in fatter body condi-
tion (C5 =7 units) and cows in thin condition (C5 = 3 units) have lower
ME requirements per kilogram body weight than cows with a moderate de-
gree of fat (L5 = § units). Maintaining the cow herd, especially dur-
ing winter, is often regarded as the most important expense Timiting the
efficiency of beef production. Consequently, even a small savings in
maintenance could improve net returns per cow.

Daily metabolizable energy requirements of nonpregnant, nonlactat-
ing cows for maintenance during winter are shown in Table 8. Frame
score 3, condition score 3 Hereford cattle would weigh approximately 750
Ibs and require 11.9 mcal ME for maintenance. The same cow at S &
would weigh B850 Tbs and would require 13.7 mcal ME. At C5 7, this cow
would weigh 1050 Tbs and would require 14.4 mcal ME.

The utility of manipulating body fatness in an attempt to reduce
maintenance costs is limited., Fat cows weigh more than thin cows of the
same frame size. For cows of given breeding and type, fattening increas-
es weight and additional energy i3 required to maintain this added
weight. FPerhaps in northern climates the insulatory benefits of addi-
tional fat may overcome the cost of maintaining additional weight. A
14.0% savings in feed costs, primarily due to Tower LW, could be realiz-
ed by maintaining cows in thin condition., The relationship between re-
production and cow weight and condition is well estahlished. At
present, it is not feasibie to keep cows in thin condition and maintain
satisfactory reproductive performance., If factors initiating estrus and
maintaining pregnancy could be identified and managed to promote satis-
factory reproduction under adverse conditions, maintaining cows in thin
condition may become a viable option for cattlemen,

Table 6. Daily metabolizable energy required for maintenance by cows
of various weights and condition scores.

Body Condition Score

Cow Weight (1b) 3 4 5 B 7
750 iz 12.4 12.5 12.1 11.4
B850 1321 13.5 13.7 13.3 12.5
950 14.2 14.8 14.9 11.5 13.6
1050 15,3 15.9 16.10 15.6 14.4
1150 16.4 17.1 17.2 16.7 15.7

The results obtained from the current study are most useful as a
tool to help budget feed reguirements more precisely. Maintsnance re-
guirements per unit metabolic weight are not static and vary with envir-
cnmental conditions, plane of nutrition, genotype, physiological status
and carcass composition, Daily metabolizable energy (mcal) required by
mature, nonpregnant, nonlactating Hereford cows during winter wepe heﬂ:)
described by the expression, [.1028 + .0234(C5) - .0025(C5)°ILu"
(LW = kg Tive weight).
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BODY CONDITION SCORE, LIVE WEIGHT AND WEIGHT:HEIGHT RATIO AS ESTIMATORS
OF CARCASS COMPOSITION IN NONPREGNANT, NONLACTATING,
MATURE HEREFORD COWS

J.d. Nagnerl, K.S. Lusbyz, J. Rakestaawl,
R.P. Wettemann” and L.E. Walters

Story in Brief

Body condition score (CS), live weight (LW) and weight:height ratio
(WTHT) were evaluated and compared as estimators of carcass composition
in beef cows. Seventy-one mature, nonpregnant, nonlactating Hereford
cows ranging in LW, CS and WTHT from 606 to 1311 Tbs, 2.0 to 8.0 units
and 12,82 to 25.86 1b/inch of height, respectively, were s]aughtersd.
Live weight, CS or WTHT predicted2 total carcass energy (mcal; r© =
s81:.:85 or2.83), carcase fat (1hyrs = 78,482 or .B0); garcass pro-
ey ng Glbremes =t 710 roras 700 and: caccassowater (Bbai g% = adfBa ¥l
or .77) with similar accuracy, respectively. When composition was ex-
pressed on a per unit weight basis, condition score was superior to live
weight or weight:height ratio as a predictor of energy/1b of hot carcass
weight, energy/1b live weight, and percent fat in the carcass (r° =
.82 vs .60 and .64, .83 vs .58 and .62, and .82 vs .64 and .68, respect-
ively). Correlation coefficients between predictor variables and per-
cent water or percent protein in the hot carcass were low and regression
equations developed to predict percent water or percent protein were of
limited value. These data indicate that CS was the more useful
predictor of carcass composition in mature cows.

(Key Words: Body Condition, Weight:Height Ratio, Carcass Composition,
Beef Cows.)

Introduction

The relationship between weight, body condition and reproduction in
beef cows has been well established. For many years animal scientists
and producers have been searching for accurate, precise and nondestruct-
ive methods to estimate carcass energy stores in beef cows for research
and management. Objective techniques range in sophistication from sim-
ple measurements of live weight (LW) to complex double isotope dilution
procedures. In addition, a number of subjective scoring systems have
been developed to describe body condition. Relatively few attempts have
been made to quantify these scoring systems.

The objective of this research was to evaluate and compare condi-
tion score (CS), LW, and weight:height ratio (WTHT) as estimators of car-
cass composition in mature, nonpregnant, nonlactating Hereford cows.

Materials and Methods

Seventy-one mature, nonpregnant, nonlactating Hereford cows were

2
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slaughtered as part of a regression study investigating the effects of
carcass composition on energy requirements for maintenance during the
winter., Prior to slaughter and after an overnight (16h) withdrawal of
feed and water, each cow was weighed and evaluated visually and by palpa-
tion and assigned a body condition score (Table 1) by two independent gb-
servers, Hip height (HPHT} was determined on all cows prior to the
initiation of the trial. WTHT was computed hy dividing LW(1b) by
HPHT (in].

Cows were slaughtered at a commercial slaughter plant. Hot carcass
weight (HCW) was measured, Kidney, heart and pelvic fat were removed,
weighed and sampled within 30 min nf death. Carcasses were cooled Fnr
two days and the right side of each carcass was delivered to the Okla-
homa State University meat laboratory where the chemical composition of
the edible carcass tissue was determined.

Ory matter was determined by drying duplicate samples for 48 h at
212°F in a vacuum oven. DOry samples were weighed and extracted with
ethyl ether (B.P. 95°F) in a Soxhlet apparatus for 48 h (ADAC, 1975),
Ash content was estimated by combusting the remaining residue at 1112°F
for B h, Total nitrogen was determined on duplicate samples by the
Kjeldahl procedure (ADAC, 1975). Percent protein was calculated as
kjeldahl nitrogen x 6.25.

Total carcass emnergy (TMCAL, mcal) was estimated by the equation:
THCAL = carcass fat (FAT, 1b)*4.26 mcal/lb + carcass protein (PRO,
1b)*2.54 mcalflb (NRC, 1984), Kidney, heart and pelvic fat was includ-

Table 1. Condition scoring system,

Score Description

1l -- Severely emaciated., A11 ribs and bone structure easily visible
and physically weak, Animals have difficulty standing or walk-
ing. MNo external fat present by sight or touch,

2 -- Emaciated. Similar to 1, but not weakened.

3 -- ¥ery thin, No palpable or visible fat on ribs or brisket. Indiv-
1dual muscles in the hind gquarter are easily visible and spinus
processes are very apparent,

4 -- Thin. Ribs and pin bones are easily visible and fat is not appar-
ent by palpation on ribs or pin bones. Individual muscles in the
hind quarter are apparent,

5 == Moderate., Ribs are Tess apparent than in a 4 and have less than
1/2 cm of fat on them. Last 2-3 ribs can be felt easily. Mo fat
in the brisket, At Teast 1 ecm of fat can be palpated on pin-
bones, Indiyidual muscles im hind quarter are not apparant,

6 -- Good. Smooth appearance throughout., Some fat deposition inm bris-
ket, Individual ribs are not visible. About 1 cm of fat an the
pin bomes and on the Tast 2-3 ribs.

7 -- Yery good. Brisket is full, tailhead and pin bones have protrud-
ing deposits of fat on them, Back appears square due to fat. In-
dentation over spinal cord due to fat on each side. One to two
cm of fat on last 2-3 ribs.

8 -- Obese. Back is very sguare, Brisket is distended with fat.
Large protruding deposits of fat on tailhead and pin bones. Meck
is thick., Three to four cm of fat on Tast 2-3 ribs. Large
indentation over spinal cord.

9 —- Yery obese. Description of 8 taken to greater extremes,
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ed in the calculation of FAT. Carcass energy content per pound HCW
(ECCW) and per pound LW (ECLW) was computed by dividing TMCAL by HCW or
LW, respectively. Proportion FAT (FATPR), PRO (PROPR) and carcass water
(WATPR) were computed by dividing FAT, PRO and carcass water (WAT)
respectively, by HCW. Contribution of carcass bone to carcass fat, pro-
tein and water was not accounted for.

Results and Discussion

The mean and standard deviation of each of the variables in the
data set are summarized in Table 2. Cows varied widely in LW (606 to
1311 1bs) and CS (2.0 to 8.0 units). Hip height and WTHT ranged from
43.75 to 50.75 inches and from 12.82 to 25.86 1b/inch of height,
respectively.

Simple correlation coefficients between LW, CS, WTHT, HPHT and esti-
mates of composition are displayed in Table 3., These data were obtain-
ed from cows utilized in a study in which large ranges in body condition
and LW were created prior to the initiation of the trial. Increasing
the range of these data may increase the magnitude of correlation coef-
ficients.

The measurements of LW, CS or WTHT show a similar degree of associa-
tion with TMCAL (r = .90, .92 and .91), FAT (r = .88, .91 and .90), PRO
(r = .84, .86 and .84) and WAT (r = .88, .84 and .88), respectively.
When energy and fat are expressed on a percentage basis, however, CS (r
= .90, .91 and .91) appeared to be more closely related to ECCW, ECLW
and FATPR respectively, than LW (r = .76, .76 and .80) or WTHT (r = .80,
.77 and .83).

The correlation between WTHT and LW in this study was greater than
.98. Consequently, the degree of relationship between WTHT or LW and
the other variables measured is likely to be similar. Correlation coef-
ficients between HPHT and other variables were low (r = .30, .19, .14,
2830w 19,0536, ~.03, .38 and =.17 for TMCAL,. ECCW, ECLMW, FAT, FATPR,

Table 2. Summary of slaughter data used to generate correlation coef-
ficients and prediction equations.

Item Mean Standard Deviation
Live weight, 1b 877.4 146.57
Condition score, units 5.1 1.45
Hip height, in 47.8 8.05
Weight:height, Tb/in 18.5 2.86
Carcass fat, 1b 59.9 40.18
Carcass protein, 1b 67.4 14.08
Carcass water, 1b 249.0 45,05
Hot carcass weight, 1b 472.5 101.87
Total carcass energy, _mcal 426.7 202.15
Carcass energy/1b HCl® .86 .25
Carcass energy/1b LW .45 .15
Carcass fat, % 11,7 5.83
Carcass protein, % 4.3 1.48
Carcass water, % B3l 3.63

4ot carcass weight.
Live weight,
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PRO, FROPR, WAT and WATPR, respectively)., There appeared to be Tittle
relationship between PROPR and LW, C5, HPHT or WTHT (r = nearly zera).

Equations for predicting carcass energy from LW, C5 and WTHT are
shown in Table 4. When carcass energy was expressed on an absolute
basis (TMCAL}), C5, LW E“'j WTHT predicted carcass energy with a similar
degree of accuracy (r°- = _B5, .Bl and .83, respectively). However,
when carcass energy was expressed on a per unit weight basis, C5 account-
ed f%r more of the Hariat"lunszin ECCW and ECLW (r® = .82 and .B3) than
LW (r~ = .60 and .58) or WTHT (r~ = .64 and .52).

Equations for estimating carcass fat from LW, C5 or WTHS are shown
in Table 5. When carcass fat was expressed on a total pﬁunds basis, C5,
LW and WTHT predicted FAT with similar accuracy {r"= = _82, .78 and
.B0, respectively). When carcass fat is expressed as a percentage of
hot caycass weight, C5 accounted for more variation in FATPR than LW or
WTHT (r~ = .82 vs. .64 and .68, respectively).
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Table 4. Equations for estimating carcass energy from live weight,
condition score or weight:height ratio.

Equations Sy*x2 R®
TMCAL® = -221.5 + 128.19 gt 79.14  .85%
= -661.5 + 1.24 LW 89.06  .8l1*

¢ = -756.7 + 64,49 WTHT® 85.16  .83*
ECCW = 067 + .1572 CS 242 .82%
= -.313 + .0013 LW .355 .60%

= -.441 + .0710 WTHT .338 .64%

ECLWY = -,024 + .0971 CS .143 .83%
= -.241 + .0008 LW .223 .58%

= -.319 + .0428 WTHT L33 .62%

dStandard error of the regression.
Total carcass energy, mcal.
Condition score, units.
Live weight, 1b.
fHeight:height ratio, 1b/in.
Mcal/l1b carcass.
SMcal/1b Tive weight.
*P<, 001,

Table 5. Equations for estimating carcass fat from live weight, con-
dition score or weight:height ratio.

Equations Sy'xa R2
FATD = -66.96 + 25.093 C§° 7.72 .82%
= -152.91 + .243 LW 8.56  .78%

£ =-172,22 + 12.650 WTHT® 8.14 -80%
FateRT = _6.75 + 3.645 €S 2.46  .g2*
= -16.30 + .032 LW 3.52 L6a4%

= -19.34 + 1.690 WTHT 3.3 . 68*

standard error of the regression.
Total carcass fat, 1b.

Condition score, units,

Live weight, 1b.

Weight:height ratio, 1b/in.
Percent fat in hot carcass.

*P<, 001,

Discussion

The close relationship between CS and the estimates of carcass ener-
gy and composition indicates that CS can be used to estimate carcass com-
position in cows. When estimates of carcass components are expressed on
an absolute basis (1b or mcal), LW and CS predict composition with about
equal accuracy. However, when carcass components are expressed on a per-
centage basis, CS is superior to LW as a predictor of composition.
Although subjective in nature, CS offers sufficient accuracy for many
research and management situations. Data from this study indicate that
76% of the variation in LW, 85% of the variation in carcass energy and
82% of the variation in carcass fat was explained by condition score.
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EFFECT OF LATE SPRING AND SUMMER PROTEIN SUPPLEMENTATION WITH
AND WITHOUT LASALOCID ON LACTATING BEEF COWS

A.T. Fleck}, K.S. Lusby?, J.J. Wagner!, J.C. Garmendial
and R.P. Wettemann

Story in Brief

The feeding of low levels of protein supplement with and without
lasalocid during late spring and summer was compared to a conventional
program where animals grazed native range without any supplementation.
Seventy-two lactating Angus, Hereford, and Hereford X Angus cows were
allotted to three supplemental protein treatments: (I) control (supple-
mented with 4 1b SBM/day from 2-4 weeks postcalving to April 27, 1984,
and no supplement thereafter); (II) protein (supplemented with 4 1b
SBM/day from 2-4 weeks postcalving to April 27, 1984, and 1 1b SBM/day
until July 16, 1984); and (III) protein plus lasalocid (same as the pro-
tein treatment with the addition of 300 mg/hd/day lasalocid). During
late spring and summer, cows fed protein or protein + lasalocid gained
more (P<.05) weight and condition than control cows (91.19 1b, .58
units, and 86.32 1b, .57 units, -vs- 62.25 1b, .26 units). Protein plus
lasalocid cows tended to produce slightly more milk (13.11 Tbs -vs-
10.94 1b and 10.84 1bs for control and protein groups, respectively).
Calf weaning weights were similar for all treatments (429 lpos, 418 lbs,
and 435 1bs for the control, protein and protein plus lasalocid,
respectively). Feeding low levels of protein in late spring and summer
effectively increased cow weight and body condition but did not increase
milk production, calf weaning weight or pregnancy rate. No advantage
was seen from feeding 300 mg/hd/day lasalocid over protein
supplementation alone. Approximately 2.9 1bs of SBM were required for
each 1b of added cow weight.

(Key Words: Protein Supplements, Lasalocid, Beef Cattle.)

Introduction

The months of May and June typically coincide with the beginning of
the spring breeding season when an adequate level of nutrition is essen-
tial to insure a short postpartum interval to the onset of estrus.
Typically, oilseed meal-based protein supplements are fed to spring calv-
ing cows grazing dormant winter range from mid-November until late April
when spring forage becomes available. A supplementation program into
May and June that would efficiently increase cow weight and condition
during this period might increase rebreeding enough to offset the cost
of the supplement. Additional benefits could be greater milk produc-
tion, increased weaning weights and better cow body condition in late
summer and fall when forage quality is declining.

Lasalocid, a polyether ionophore, improves average daily gain and
feed efficiency in feedlot and stocker cattle. Recent work at the Okla-
homa Agricultural Experiment Station (Wagner et al., 1984) suggests a
possible increase in weight gain when lasalocid was added to a protein
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supplement fed to cows at the rate of 200 mg/day from August to April.
This amount is typically fed to stocker calves that weigh considerably
less than mature beef cows.

The objectives of this study were: (1) to determine the effects of
feeding 300 mg of lasalocid from 2-4 weeks post calving to mid-July on
cow weight and condition change; and (2) to determine the effects of
feeding a low level of supplemental protein with 0 or 300 mg of lasalo-
cid from the time winter supplementation normally ceases (mid to late
April) through May and June, on cow weight and condition change, concep-
tion rates, milk production, and calf performance of spring calving Here-
ford and Angus cows.

Materials and Methods

Seventy-two lactating Angus, Hereford, and Angus X Hereford cows,
ranging in age from 4-10 years, bred to calve from late February to mid-
April, were blocked and assigned to three treatments based on breed,
calving date, weight and body condition score. Actual assignment to
treatments was made at each weighing when cows were 2-4 weeks postcalv-
ing (Table 1). Each cow was fed 4 1b of soybean meal after calving.
Treatments were (I) control, 4 1b SBM/hd/day from 2-4 weeks postcalving
to April 27, 1984, and no supplement thereafter; (II) same as treatment
I, except that 1 1b SBM/hd/day was fed from April 27 to July 16; and
(I11) same as treatment II with 300 mg of lasalocid/hd/day fed from 2-4
weeks postcalving to July 16. A1l cows and their calves were maintained
in a single pasture. Cows were gathered on Monday, Wednesday and Friday
mornings and fed the prescribed supplement individually in covered
stalls. Supplement amounts were prorated for 3 times/week feeding. Con-
trol cows were gathered along with treatments II and III during the May
to July 16 phase of the trial.

Table 1. Supplementation schedule.

Supplement Intake®

Time Period Control Protein Prot/Lasal ocidh
Trial start® to April 27 4.0 4.0 4,0
April 28 to July 17 0.0 1.0 1.0

gPounds/headIday.
300 mg lasalocid/head/day.
Trial start = 2-4 weeks postcalving.

Cow weights and body condition scores were measured after overnight
withdrawal from feed and water at 14 day intervals. Milk production was
estimated for a 24 hour period on May 1, June 5 and July 17, using the
weigh-suckle-weigh procedure.

A 60-day breeding season began on May 20, 1984. Cows that were at
least 60 days postpartum at the start of the breeding season were syn-
chronized with prostaglandin at the beginning of the breeding season and
artificially inseminated at the synchronized estrus. Chin-ball equipped
breeding bulls were then run with the cows for the remainder of the
breeding season. Pregnancy status was determined by rectal palpation on
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October 11, 1984,

Blood samples were obtained weekly via the tail vein from May 25
until July 13. An anticoagulant was added to each sample and the sam-
ples were cooled in an ice bath. Samples were centrifuged and plasma
decanted and stored at -10°C until glucose was quantified colorimetri-
cally.

Rumen samples were obtained from a sample of cows within each treat-
ment 24 hours after their last supplementation. Samples were taken via
stomach tube, pH recorded, and then stored to be later analyzed for ace-
tate, proprionate, and butyrate concentration by gas chromatography.

Results and Discussion

Cow weight and body condition changes during the trial are shown in
Table 2. From May 8 to July 17, cows receiving protein supplement gain-
ed more (P<.05) weight and body condition than unsupplemented control
cows (104 and .71 units, -vs- 76.03 and .33 units, respectively). No
difference was seen due to the addition of lasalocid to the protein
supplement.

Table 2. Cow weight change, condition change, and conception rates.

Treatment?

Control Protein Prot!Lasa10cidb

Number of cows 24 24 24
Time period:
Trial start to May 8:
Weight change, 1Es -13.77 -13.55 -12.25
Condition change -.07 -.13 .03
May 8 to July 17: " d q
Weight change, 1bs 76.03 104.74d 98.58 d
Condition change 33" .71 .54¢
Trial start to July 17: . d d
Weight change, 1bs 62.25 91.19d 86.32d
Condition change . 26° .58 .57
Conception rate, % 875 79.0 83.3

3 east squares means adjusted for cow breed, initial weight, initial
condition and calving date.

ondition change in units (l=very thin, 9=very fat).

Means in same row with different superscripts differ (P<.04).

Milk production estimates and calf performance are presented in
Table 3. Cows fed the protein plus lasalocid supplement had slightly
(nonsignificant) greater milk production at each time measured. Calf
weaning weights did not differ between treatments (429, 418 and 435 for
treatments I, II and III, respectively).

Pregnancy rates are presented in Table 2. Treatments did not
affect pregnancy rates which were 87.5, 79.0 and 83.3% for treatments I,
IT and III, respectively. Intervals from calving to conception will be
calculated from calving dates in 1985.

Concentrations of glucose in plasma are summarized in Figure 1.

204 Oklahoma Agricultural Experiment Station



Table 3.

Cow milk production and calf performance.

Treatment
Control Protein Prut/Lasaiocidb
Number of cows 24 24 24
Milk production?:
May 1 10.54 9,50 12.60
June 5 10.20 10.95 13 .79
July 17 12.11 12.06 13, 50
Average b 10.94 10.84 3.3,
Ave. daily gain, calves : ol & d
Birth to May 8 1.64 155 1.76
May 8 to July 17 1°95cd 1.84C 1.94d
Birth to July 17 1.65 1.56 1T
Birth to October 2 1.94 1.86 1.98
Adjustﬁd weaning weight,
calves :
Oct 2 429 418 435

3 east squares means, expressed in pounds, and adjusted for breed of
cow, breed of calf, initial weight, initial condition and calving date.
Least squares means, expressed in pounds, and adjusted for breed of

cd

ow, calf age, calf sex, initial cow weight and initial cow condition.

Means in same row with different superscript differ (P<.05).

e

66—

B

PLASMA GLUCOSE CONCENTRATION (mg %)

Figure 1.

|
|
I
6/1 6/8 6/15 6/22 6/29 7/6 7/13

Plasma glucose concentrations (mg %) for Control (I), Protein
(IT) and Protein/Lasalocid (III) treatments.
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Polynomial response curves were fit to plasma glucose concentrations and
tests of heterogeneity of regression coefficients were used to determine
treatment effects. Concentrations of glucose in plasma were not in-
fluenced by treatment. Glucose averaged 67 mg% for all cows on May 25
and concentrations decreased slightly until July 13.

Rumen volatile fatty acid concentrations and pH from samples taken
24 hours after the last supplemental feeding were similar between treat-
ments (Table 4). The lasalocid fed cows had a slightly lower acetate to
proprionate ratio (8.25 -vs- 8.57 and 8.07 for the control, protein and
protein plus lasalocid groups, respectively).

Table 4. June 19 rumen volatile fatty acid concentration® and pH.

Treatment

Control Protein Prot/Lasa]ocidb

Number of cows sampled 13 15 11

Total VFA's 66.57 76.28 59. 36
Acetate 53.14 61.93 47.54
Proprionate 6.93 7.01 5.91
Butyrate 5.72 6.20 4,99
Acetate/Proprionate 8.25 g5 8.07
pH TolD 7.24 7.34

3Rumen volatile fatty acid concentration expressed in umoles/ml.

Conclusions

Late spring and summer protein supplementation for lactating cows
grazing native range effectively increased cow weight and condition.
Level of milk production and calf weight were not improved due to pro-
tein or protein plus lasalocid supplementation. Although protein supple-
mentation increased cow weight and condition, pregnancy rates were not
improved when compared to the control group. The addition of 300 mg
lasalocid did not improve cow weight, cow body condition, or calf wean-
ing weight.
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INTAKE AND DIGESTIBILITY OF LOW QUALITY NATIVE GRASS HAY
BY BEEF COWS FED INCREASING QUANTITIES OF CORN GRAIN

C.C. Chase, Jr.l and C.A. Hibberd?

Story in Brief

Supplements providing 0, 2, 4 or 6 1b ground corn/d were fed to six-
teen beef cattle (12 Hereford cows, 4 mature ruminally cannulated
heifers) maintained on native grass hay (4.2 percent CP) to determine
the effect of corn feeding on utilization of low quality forage. Corn
supplementation decreased hay intake, especially when 4 or 6 1b corn was
fed. Feeding 4 or 6 1b corn/d decreased (P<.05) hay digestibility from
33.7 percent (no corn) to 23.2 percent (6 1b corn/d). Digestible dry
matter intake (DDMI) was unaffected (P<.05) when 0, 4 or 6 1b corn was
fed although 2 1b corn/d increased (P<.05) DDMI compared to 4 or 6 1b
corn/d. Feeding grain-based supplements that provide more than 2 1b
grain/d appears to decrease forage intake and seriously hinder forage
utilization.

Introduction

Beef cows wintered on native range are commonly supplemented with
small quantities (1-2 1b) of a high protein cube (40 percent). Under
some circumstances such as inadequate forage supply or high nutrient re-
quirements (cold weather), feeding larger quantities of a high energy,
low protein cube may be justified. Previous research suggests that feed-
ing high energy supplements composed of high starch cereal grains such
as corn may decrease forage utilization. Starchy supplements appear to
decrease forage digestibility which may result in decreased forage in-
take. Little research, however, indicates the amount of corn that can
be fed or the extent to which forage intake and digestibility are de-
pressed. Thus, the objective of this experiment was to determine the
effect of feeding increasing quantities of supplemental corn on digesti-
bility and intake of low quality native grass hay by beef cows.

Materials and Methods

Twelve Hereford cows (873 1b) and four ruminally cannulated
Hereford x Angus heifers (724 1b) were blocked by weight into four
groups and utilized in four simultaneous 4 x 4 Latin squares. Four iso-
nitrogenous supplements providing 0, 2, 4 or 6 1b of ground corn were
fed daily (table 1). These supplements supplied from .1 (0 1b corn/d)
to 4.2 1b (6 1b corn/d) starch/d. Native grass hay (4.2 percent CP,
52.6 percent ADF) harvested in mid-November was coarsely chopped through
a 2 in screen and offered free choice daily to all animals.
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Table 1. Supplement intake and nutrient supply (DM basis).

Corn
0 2 4 6
Daily intake, 1b
Corn, ground 0 1.9 3.8 5.8
Cottonseed mea; § B .9 .4 0
Mineral premix - i3 o3 3
Total 1.6 3.1 4.5 6.1
Nutrient supply, 1b/d
Crude protein 5] .60 .60 .54
StaEch il 1.3 2.6 4.2
TDN 1.0 2.4 3.7 5,2

Mineral premix contained 63.4% dicalcium phosphate, 15.1%
potassium chloride, 20.9% trace mineralized salt and .6%
Vitamin A (20,000 IU/d).

Estimated. :

After 10 days of adaptation in each period, fecal samples were
collected twice daily (0800 and 2000 h) on days 11 through 14. Supple-
ment and native grass hay, offered and refused, were weighed and sampled
daily. A1l samples were composited by animal, dried and ground through
a 1 mm screen prior to analysis. Acid-insoluble ash was used as an indi-
gestible marker to determine dry matter (DM) and acid detergent fiber
(ADF) digestibility. Hay digestibility was estimated by difference
assuming a supplement digestibility of 80 percent. The data were sub-
jected to least squares analysis and differences between means detected
with Tukey's HSD test.

Results and Discussion

Feeding 0 or 2 1b of corn/d had no significant effect on hay intake
(table 2, figure 1). When corn supplementation was increased to 4 or 6
1b, hay intake decreased (P<.05) by 5.1 and 8.1 1b, respectively, when
compared to no corn. Feeding 6 1b corn/d decreased hay intake from 2.3
(no corn) to 1.3 percent of body weight. Similarly, hay digestibility
was not different (P>.05) when 0 or 2 1b of corn were fed. Consumption
of 4 or 6 1b of corn/d decreased (P<.05) hay digestibility by as much as
31 percent. Acid detergent fiber digestibilities mimicked estimated hay
digestibility. Much of the decrease in hay intake observed with grain
feeding is probably due to the observed depression in fiber digestion.

Apparent dry matter digestibility (DMD) increased as corn intake in-
creased, a reflection of the high digestibility of corn grain. Greater
increases in DMD might be expected when feeding corn; however, the
depression in hay digestibility negated some of the beneficial effects
of corn feeding. Digestible dry matter intake [ODMI = (hay +
supplement) x DMD] was similar for 0, 4 or 6 1b of corn/d (figure 1).
Feeding 2 1b of corn increased (P<.05) DDMI when compared to higher quan-
tities of corn. Although DDMI is a very crude estimator of energy in-
take, the energy status of cows fed 4 or 6 1b corn/d was probably
little, if any, better than cows receiving 2 1b corn/d. This observa-
tion emphasizes the importance of forage digestibility as a major contri-
butor to the energy intake of grazing cattle.
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Table 2. Daily intake and digestibility of hay and supplements.

Corn 1bs/day

Item
0 2 4 6 SE
Hay intake, 1b 10" rdee | Y .62
Hay intake, % body wt 2.3a 2‘2a 1.7b 1.3b ---
Hay digestibility, %  33.7 33.5 24.6 23.2 1.41

Acid detergent fiber &
digestibility, #% 335

33.28 27.2 25.9 1.18
Dry matter intake. 1b  20.820 i pe

21.1" 18605 s~ lTip .62

Apparent dry matter B abs 6 &
digestibility, % 37.4 40.8 39.3 44.2 1.08
Digestible dry matter
intake, 1b Pt ag 7.3 7.5 .26
aBCMeans with different superscripts differ (P<.05).
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Figure 1. Hay intake (---), digestibility (—) and digestible dry
matter intake (-°-°'-) of beef cows fed increasing
quantities of corn.
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This study suggests that feeding more than 2 1b corn/d will drama-
tically depress digestibility (31 percent decrease) and intake (39 per-
cent decrease) of low quality native grass hay. Although minor depres-
sions were noted (P>.05), feeding 2 1b corn/d had little effect on hay
utilization. Consequently, feeding 1large quantities of corn-based
supplements in an attempt to enhance the energy status of beef cows graz-
ing native range may not be successful. Because forage intake was de-
pressed, feeding high grain supplements provides a management tool to
spare available forage. The utilization of consumed forage under these
circumstances, however, was very inefficient (23.2 percent hay digesti-
bility). Alternate high energy, low starch supplements may allow better
forage utilization when forage supplies are low or cattle requirements
are high.
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FEEDING FREQUENCY OF HIGH GRAIN SUPPLEMENTS
WITH LOW QUALITY NATIVE GRASS HAY

C.C. Chase, Jr.l and C.A. H1'bher‘cl2

Story in Brief

Two levels of a corn-based supplement were fed daily or on alternate
days (2 x daily amount) to 12 Hereford cows and 4 Hereford x Angus
heifers maintained on coarsely chopped native grass hay (5.0 percent CP)
to determine the effect of feeding frequency of grain supplements on for-
age utilization. Feeding frequency did not influence hay (P<.62) or dry
matter (P<.62) intake. Alternate day feeding tended to depress both hay
(P<.22) and dry matter (P<.20) digestibility. Digestible dry matter in-
take was decreased (P<.03) by .5 1b by alternate day feeding. Alternate
day feeding of high grain supplements appears to alter rumen environment
to a greater extent than daily feeding. If grain-based supplements are
to be fed, small quantities (less than 2 1b) provided on a daily basis
may minimize deleterious effects on forage utilization.

Introduction

Infrequent feeding (2 or 3 feedings/week) of high protein supple-
ments to wintering beef cows has been shown to maintain performance as
effectively as daily feeding. Certainly, feeding high grain supplements
on alternate days would also be an appealing production practice. There
is 1ittle data, however, on the effect of infrequent feeding of grain-
based supplements on forage utilization. Daily feeding of more than 2
1b of corn has been shown to decrease forage digestibility and intake.
Continuous feeding of high starch supplements may produce a rumen envir-
onment deleterious to forage digestion. Feeding twice the daily allow-
ance on alternate days may decrease this effect on days when no grain is
fed, allowing better overall forage utilization. Thus, the objective of
this study was to determine the effect of daily or alternate day feeding
of corn-based supplements on digestibility and intake of low quality na-
tive grass hay by beef cows.

Materials and Methods

Twelve Hereford cows (876 1b) were blocked by weight into three
groups. Four ruminally cannulated Angus x Hereford heifers (754 1b) com-
prised a fourth group. The four groups were utilized in four simultan-
eous 4 x 4 Latin squares with treatments arranged in a 2 x 2 factorial
design. Two isonitrogenous corn based supplements (levels) provided
either 1.8 or 3.8 1b corn/d (table 1). Supplements were fed daily or on
alternate days (2 x daily amount). Thus, 1.8 1b of corn was fed daily
(Low-daily) or twice that amount (3.6 1b) fed on alternate days (Low-al-
ternate) while 3.8 1b was fed daily (High-daily) or 7.6 1b on alternate
days (High-alternate, table 2). A1l cows were offered free choice

1(:'.r‘adi.la‘ce Assistant Zﬂssistant Professor, Animal Science

1985 Animal Science Research Report 211



Table 1. Supplement intake and nutrient supply (DM basis).

Corn level
Item Low High
Average daily intake,l1b
Corn, ground 1.8 3.8
Cottonseed mea .9 4
Mineral premix 0, o3
Total 3:0 4.5
Average nutrient supply,lb/d
Crude protein .56 55
Stchh 1.2 2.6
TDN 2.3 3.7

qMineral premix contained 63.4% dicalcium phosphate, 15.1%
potassium chloride, 20% trace mineralized salt and .6%
Vitamin A (20,000 IU/d).

Estimated.

Table 2. Supplementation schedule.

Day
Schedule 1 2 3 4 vvae 13 14
--------- Corn intake,lb/d -----------
Low-daily Lefasslesly 4o 8 .8 1.8 » 1.8
Low-alternate 3.6 === 30 -2 3.6 ---
High-daily BB a 8813, 80 1n308 SeBaund .5
High-alternate 7.6 --- 7.6 --- 7.6 ---

coarsely chopped (2 in screen) low guality native grass hay (5.0 percent
CP, 46.2 percent ADF).

Each 14 day period included eight days for diet adaptation and six
days of fecal sampling twice daily (0800 and 2000 h). Supplement and
hay, offered and refused, were weighed and sampled daily. A1l samples
were composited by animal, dried and ground through a 1 mm screen before
analysis. Dry matter and acid detergent fiber digestibility were esti-
mated using acid-insoluble ash as an indigestible marker. Hay digesti-
bility, assuming supplement digestibility of 80 percent, was estimated
by difference. The data were subjected to least squares analysis.
Because the Level x Freguency interaction was not significant (P = .19
or greater) for any variable, simple effect means were averaged and main
effect means presented.
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Results and Discussion

Level of Feeding

Supplements providing a daily average of 3.8 1b corn decreased (P<
.0001) hay intake from 21.1 to 19.3 1b/d (table 3). Much of the depres-
sion in hay intake is attributable to decreased hay (P<.02) and acid
detergent fiber (P<.009) digestibilities. Although less severe than in
previous studies, digestible dry matter intake was slightly decreased by
feeding 3.8 1b corn/d. Certainly, the additional corn did not improve
the digestible dry matter intake of the cows as might be expected.

Table 3. Daily intake and digestibility of hay and supplements.

Level Frequency

Item Low High p2 Daily Alternate pe
Hay intake, 1b 2] A 193§ BR0A 20.3 20.1 .62
Hay digestibility, % 47.8 44.8 .02 47.0 45.6 i
Acid detergent fiber

digestibility, #% 42.3 39.0 .009 41.3 40.1 .32
Dry matter intake, 1b 2R 23084 24.0 2900 .62
Apparent Dry matter

digestibility, % b @ BloRY L83 G2, 5 hL .2 .20
Digestible dry matter

intake, 1b It s el 12.7 2.2 .03

3probability.

Feeding Frequency

Feeding frequency had no effect (P<.62) on hay intake (table 3). Al-
though not significant, alternate day feeding tended to decrease acid
detergent fiber and hay digestibility. Apparent dry matter digestibil-
ity was also depressed (P<.20) by alternate day feeding resulting in
reduced (P< .03) digestible dry matter intake.

Feeding 1large quantities of grain on alternate days appears to
create a ruminal environment that is more deleterious to forage
digestion than daily feeding (figure 1). These conditions apparently
carry over into the second (no grain feeding) day. The resulting depres-
sion in apparent dry matter digestibility produced a small but signifi-
cant decrease in digestible dry matter intake. A .5 1b depression in di-
gestible dry matter intake, however, may not be large enough to justify
the added expense of daily supplementation,

This study suggests that the most efficient method of providing
grain supplements to cows wintered on low quality native grass is in
small quantities fed frequently. Unfortunately, daily supplement
feeding results in interrupted grazing patterns, unequal supplement con-
sumption and increased labor. Perhaps self-feeding grain supplements
with the use of intake regulators such as salt would allow frequent con-
sumption with minimal labor inputs.
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Figure 1. Effect of feeding frequency on digestible dry matter
intake.
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CORN GLUTEN FEED OR A CONVENTIONAL PROTEIN CUBE
FOR STOCKERS ON SUMMER NATIVE RANGE

2 3

F.T. McCollum!, D.R. Gi112 and R.L. Ball

Story in Brief

Crossbred beef steers (avg initial wt = 616 1b) grazing tallgrass
rangeland, received either no supplement, 7 1b/hd/wk of a 38 percent CP
cube (38 percent) or 14 1b/hd/wk of a 19 percent CP cube containing corn
gluten feed (CGF). During the 62-day feeding trial (7/20/84 to
9/20/84), unsupplemented steers gained 66 1b/hd, 38 percent steers
gained 85 1b/hd and CGF steers gained 65 1b/hd. These results suggest
that CGF-protein is not a viable supplement for stockers on summer
native range.

(Key words: stocker cattle, summer supplements, corn gluten feed)

Introduction

Past studies at 0SU (Lusby and Horn, 1983) demonstrated the bene-
fits of feeding high protein supplements to stocker cattle on summer na-
tive range. These studigs generally show a supplement conversion rate
of 2.0 to 2.5 1b supplement/lb added. gain when 6 to 8 1b
supplement/hd/wk are fed during the late summer grazing season (mid-July
to late September). Recently, several by-product feeds have become rel-
atively inexpensive due to import restrictions in Europe. Corn gluten
feed, a by-product of the corn milling industry, is one such feedstuff.
CGF contains 23 to 25 percent crude protein. The relatively low protein
cost ($/1b of protein) of CGF would make a 20 percent protein
supplement, based on the by-product, competitive with conventional natur-
al protein supplements. However, Tittle is known about CGF as a supple-
ment for medium-to-low quality forages.

Materials and Methods

On July 20, 52 head of crossbred beef steers (avg initial wt = 616
1b) were weighed, allocated to one of three supplement treatments and
then placed on one of three native pastures at the Pawhuska Research Sta-
tion. The steers had been on another grazing study since April, 1984,
The supplement groups were 1) control - no supplement 2) 7 1b per head
per week of a commercial 38 percent CP cube and 3) 14 1b per head per
week of a 19 percent CP supplement containing corn gluten feed as the
primary protein source (table 1). Prorated amounts of the supplements
were fed three times weekly during the 62-day trial. The treatment
groups were kept in separate pastures throughout the trial and pastures
were rotated every 10 to 14 days to help remove any effects of location
or pasture. The cattle were weighed off pasture on September 20. Both
the initial and final weights were taken in the morning following a 12
to 16 hour period without feed or water,

lAssistant Professor éProfessor 3Herdsman
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Table 1. Composition of supplements.

Ingredient, % 19%1 cube 38%1 cube
Corn gluten feed 76.45 ---
Wheat midds 10.00 ---
Soybean meal -— 43.00
Cottonseed meal -—- 47 .00
Dicalcium phosphate .50 1.00
Molasses 6.97 5.00
Fat 1.00 -
Vitamin A .08 .16
Binder 5.00 3.84
1

Produced by A&M feeds, Stillwater, OK.

During the trial one steer died and two steers developed eye
problems which reduced performance; therefore, only 49 steers were used
in statistical analyses. Analysis of variance and a protected LSD were
used to separate treatment means. Least squares procedures were used to
adjust for missing values.

Results and Discussion

During the 62-day trial, unsupplemented steers gained 1.06 1b/day
for a total gain of 66 1b/head (table 2). Feeding 1 1b daily of the
commercial 38 percent CP cube boosted total gain 20 1b/head and ADG
about .33 1b/day. Supplement conversion (3.0 1b suppl/1b added gain)
was less efficient than noted in previous studies by Lusby and Horn
(1983) and Gill et al. (1984). The corn gluten feed (CGF) based cube
had no influence on steer performance. Gains were similar to the
unsupplemented steers despite a supplemental protein intake similar to
the 38 percent CP group. The lack of response to CGF cannot be
explained at this time. The form of supplemental crude protein in CGF
may have influenced steer response. Data from Van Soest (1984) indi-
cates that in excess of 50 percent of CGF crude protein is present as
nonprotein nitrogen. As a rule, NPN supplements (urea-based or
biuret-based) are not as beneficial as natural protein supplements for
ruminants consuming low-to-medium quality forages. Research is current-
ly underway to define the influences of CGF supplements on digestion and
utilization of low-to-medium quality prairie hays.

In summary, supplementation with 38 percent CP cubes increased late
summer gains 20 1b/head over unsupplemented controls. In contrast, CGF
steers were supplemented at the same protein level as the 38 percent
group but gained no more weight than the controls. These results
suggest that CGF has no value as a supplement for stockers grazing
native range during late summer. However, more research 1is needed
before any definite conclusions can be made.
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Table 2. Weights and performance of steers receiving no supplement or
a commercial 38% CP cube or a 19% CP corn gluten feed cube.

Sig.
Control  38% cube 19% cube Level

No. steers 15 18 16
Weekly supplement, 1b/hd/wk 0 7 14
Initial wt, 1b (7/20/84) 614 618b 516a
Final wt, 1b (8/20/84) 680: ?04b 681a P<.05
62-day gain, 1b/hd 66 £ 86 b 65 - P<.05
ADG, 1b/hd/day 1.06 1.39 1.05 P<.05
Supplement conversion,

1b suppl./1b added gain -— 2.6/1 1/0
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WINTER PROTEIN SUPPLEMENTS FOR STOCKERS ON NATIVE RANGE

F.T. McCollum, D.R. Gi112 and R.L. Ball3

Story in Brief

One hundred eleven crossbred beef steers averaging 491 1b were fed
one of three winter supplements from November 11, 1983, until April 17,
1984, Supplements were 1) 14 1b/hd/wk of a 42 percent CP cube (HP) 2)
16 1b/hd/wk of a 23 percent CP cube (LP) and 3) 16 1b/hd/wk of a 23
percent cube containing .05 percent sarsaponin (LPS). During the
winter, HP steers gained 5 1b/hd while the LP and LPS groups lost 8 and
34 1b/hd, respectively. From April 17 to July 20, cattle were grazed on
native range unsupplemented; gains were 229, 243 and 243 1b/hd for the
HP, LP and LPS groups, respectively. As generally noted, despite
differences coming out of the winter period, steers compensated and
there were no differences in group weights on July 20.

(Key words: stocker cattle, winter, protein supplements, rangelands)

Introduction

Winter nutrition of stocker cattle on native range is of interest
since feeder cattle prices are generally lower in late fall than in the
spring months. However, the expense of maintaining the cattle through
the winter with little or no weight gain can make a dry-winter program
unattractive. Besides interest on borrowed capital, supplemental feeds
are the primary costs of these programs. Thus, any method of improving
winter performance or reducing feed costs for maintenance would be of
value to the cattleman.

Sarsaponins are a group of naturally occurring steroid saponins of
the yucca plant and have been suggested to enhance rumen fermentation.
On high concentrate diets, performance responses most often occur when
dietary protein is marginal. In dairy cows, both ruminal and total
nitrogen and organic matter digestibilities were increased by
supplementing a 50 percent concentrated diet with sarsaponin (Goetsch
and Owens, 1984). Total tract fiber digestibility also tended to
be higher on the sarsaponin diet. Other work has shown that certain
fractions of sarsaponins have urease-inhibiting properties (Goodall,
personal communication). Since dry wintered stockers exist on diets
with marginal protein, rely on nitrogen recycled to the rumen as urea
and could also benefit from enhanced organic matter, fiber and nitrogen
digestion, the following study was conducted to monitor the influences
of sarsaponin in a low-protein supplement on winter steer performance.

Materials and Methods

On November 11, 1983, 111 head of crossbred beef steers averaging
491 1b were weighed and allocated to one of the three winter feeding
treatments. The steers were assembled by a cooperator and delivered to
the Pawhuska Research Station after an initial receiving period. The

lAssistant Professor 2Professor 3Herdsman
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three winter feeding treatments were 1) 14 1b/hd/wk of a 42 percent CP
cube (HP) 2) 16 1b/hd/wk of a 23 percent CP cube (LP) or 3) 16 1b/hd/wk
of the 23 percent CP cube containing .05 percent sarsaponin (LPS).
Composition of the supplements are shown in table 1. The treatment
groups were pastured separately on three native tallgrass pastures.
Pastures were rotated bi-weekly to remove any effect of location or
pasture. Salt, mineral and fresh water were available free choice. The
cattle were weighed off trial on April 17, 1984, and subsequently
allocated to grazing management treatments for the summer. Steer
weights were measured again on July 20 to determine if winter
performance influenced early summer gains on pasture. All weights
(November, April and July) were taken in the morning after a 12>to 16
hour overnight period without feed or water. Supplement influences on
winter weight gain and subsequent summer gains were analyzed by analysis
of variance. A protected LSD was utilized to separate treatment means.

Table 1. Supplement composition, as-fed basis.

Supplement

Ingredient, % HP LP LPS

Soybean meal 50.00 20.00 20.00
Cottonseed meal 48.89 20.00 20.00
Corn, ground - 42.14 42.14
Alfalfa, ground ——— 15.00 15.00
Vitamin A =l AT .11
Dicalcium phosphate 1.00 2.70 2.70
Sevarin --- --- .06

Results and Discussion

The winter of 1983-84 was characterized by periods of extremely
harsh, cold weather with subzero chill factors occurring for several
days at a time. This unusually cold weather undoubtedly had an
influence on steer gains recorded in this trial. Winter weight gain
ranged from -102 to +65 1b for all 111 head. The range of weight losses
noted within each treatment group were similar; however, the mean weight
gains (losses) varied between treatments. The HP group gained 5 1b/hd
over the winter while the LP group lost 8 1b/hd. Adding sarsaponin to
the LP cube reduced weight gains (P<.05). From previous work with other
types of diets, one might have expected sarsaponin to moderate
differences between the HP and LP treatments. The reduction in weight
gain may be related to the urease-inhibiting properties of the
sarsaponin, Ruminants on diets with marginal and/or deficient protein
contents depend upon nitrogen which is conserved and recycled into the
rumen as urea. If ruminal urease activity was inhibited then ruminal
forage digestion, forage intake and total nutrient supply to the animal
may have been reduced.

The previous winter, another group of steers gained 50 Tb/hd from
January 4 to April 14 (Gill et al., 1984). Those cattle had received
either 9 1b/hd/wk of a 38 percent cube or 13 1b/hd/wk of a 25 percent CP
cube. From these results, 1.25 1b/hd (9 1b/hd/wk) was suggested as a
minimum supplementation level for 500 1b steers on dormant winter range.
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The disparity between the current trial and the previous year
complicate any feeding recommendations. Generally, 2 1b/hd/day of a 40
percent CP supplement would be expected to produce 0 to .5 1b/day gain
(Gi11, personal communication). Despite differences in winter gain,
steers in the current study compensated and by July 20 there were no sta-
tistical differences in steer weights (table 2).

Table 2. Winter and summer performance of steers receiving
high protein, low protein or low protein plus
sarsaponin during dry winter phase.

HP LP LPS
No. of steers 37 37 37
Weekly supplement, 1b/hd/wk 14 16 16
Initial weight, 1b (11/11/83) 490 489, 496,
Final weight, 1b (4/17/84) 4952 481a 462)
Winter gain, 1b/hd 52 -8° =30"
Summer weight,1b (7/20/84) 724d 724 705
Early summer gain, 1b/hd 229 243® 2438

g +0:CMeans with different superscripts are different (P<.05).
>€Means with different superscripts are different (P<.10).

In summary, winter gains were lower than expected for the rates of
supplementation. Severe cold weather may have reduced performance below
the anticipated level. Addition of sarsaponin reduced steer performance
significantly. This influence may have resulted from inefficient utiliza-
tion of recycled nitrogen. Unfortunately, a 42 percent CP + sarsaponin
cube could not be tested due to limited pasture space.
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THE EFFECT OF MASS-MEDICATION, LASALOCID OR DECOQUINATE, AND
MEDICAL TREATMENT ON THE GAINS AND HEALTH OF NEWLY-ARRIVED
STOCKER AND FEEDER CATTLE

1

R.B. Hicks®, R.A. Smith%, D.R. Gil1>, F.N. Owens> and R.L. Ball?

Story in Brief

Eleven loads of newly-received steer and bull calves and yearlings
(1047 head) averaging 474 pounds were divided into two groups; one
received routine processing on arrival, and the other received the rou-
tine processing plus long-acting oxytetracycline and sustained release
sulfadimethoxine. Morbidity was reduced (P<.05) from 33.5 percent in
the non-mass medication cattle to 14.7 percent in those receiving mass-
medication at processing. The 524 head of non-mass medicated cattle had
1179 sick pen days, while the 523 mass-medicated cattle had 424 sick pen
days, a reduction (P<.05) from 2.25 to 0.81 sick days per head. Average
daily gains of the mass medicated cattle were significantly higher than
those not receiving mass-medication (1.57 vs 1.45 1b/day). The above
cattle were fed supplements containing no drugs, lasalocid (150
mg/head/day) or decoquinate (100 mg/head/day). Daily gains were not
significantly altered by feed treatments (1.52, 1.56, and 1.47 1b/day,
respectively). Sick cattle in the group not mass medicated at
processing were assigned to one of four treatments: (1) negative
control, (2) R05-0037, an experimental drug, (3) oxytetracycline and
sulfamethazine boluses, or (4) amoxicillin. Recovery rate was 91% for
R0O5-0037, 85% for oxytetracycline and sulfamethazine, and 47% for
amoxicillin. Responses of 70% to the first treatment is considered
excellent in previous studies. The negative controls (animals not
administered antimicrobials on signs of sickness) were sick for more
(P<.05) days than either of the treated groups and death losses were
higher (4.7 vs 2.9% of the sick cattle).

(Key Words: Lasalocid, Decoquinate, Bovine Respiratory Complex, Newly-
Arrived Cattle.)

Introduction

Between 2 and 5 percent of newly-received stocker cattle received
in Oklahoma die of stress related diseases, primarily the Bovine
Respiratory Disease (BRD) complex, shortly after shipping. Morbidity
ranges from O to 100 percent, with an average probably between 25 and 30
percent. Cattlemen receiving stressed cattle must be prepared with a
complete health program to prevent excessive death loss and decreased
performance. Most cattleman and their veterinarians follow programs
similar to the one outlined in OSU RP-9104 0481, treating sick animals
as they are detected. Another approach is to mass-medicate all animals
on arrival based on the premise that a high percentage of the cattle
will get sick shortly after arrival and that sickness is not easily
identified on arrival.

éGraduate Agsistant 2;ﬂu.;sociate Professor, Vet Medicine & Surgery

Professor Herdsman II

1985 Animal Science Research Report 221



Bristol (1969) showed that if treatment was started early, most of
the approved antimicrobial drugs were very effective, but if treatment
was delayed the response to antimicrobial drugs could be very poor.
Early attempts to reduce the incidence of BRD by the injecting a single
antibiotic at the point of origin before shipping were not successful
(Addis et al., 1973). But more recently developed long acting
oxytetracycline and sustained release sulfonamides can provide more
prolonged medication and have shown promise when administered at
processing time (Lofgreen, 1983; Swafford et al., 1983).

Materials and Methods

ATl eleven loads of cattle used in this study were assembled by
order buyers with the majority coming from auction barns in the
southeastern United States and trucked to Pawhuska, Oklahoma.
Newly-received cattle were weighed individually off the truck and ear
tagged. The ear tag number pre-assigned the medical treatment if the
animal became sick. Cattle were poured with famphur systemic
insecticide and randomly assigned by pen to mass-medication (MM) or
non-mass medication (NMM) groups. Following weighing and tagging,
cattle were placed in one of nine pens of 20 to 25 animals in each pen.
Water and native bluestem grass hay were provided free choice. On the
morning following arrival, cattle were processed by pen as follows:

1. Body temperature and time were recorded.

2. Cattle were vaccinated with IBR-PI, (IM MLV) vaccine, Leptospira
pomona bacterin, and 4 Way Clostridia bacterin (Cl. chauvoei,
septicum, novyi, sordellii)

3. Branded,

4. Dewormed with levamisole gel.

5. Cattle in the MM group received an injection of long-acting
oxytetf;acyc]1'nea (10 mg/1b) and sustained release sulfadimethoxine
boluses™ (1label dosage).

6. Sick cattle received antibiotic treatment if clinical signs of
illness were detected or if body temperature exceeded 104° F
(non-mass medicated cattle).

7. Hospital card was initiated (NMM).

8. Animals from the NMM group which were not sick and all MM cattle
(sick or well) were returned to their home pen. Sick animals from
the NMM group were placed in the hospital pen.

By processing only one pen at a time, cattle were seldom out of
their pen for more than 35 minutes. Consequently, body temperatures
should be more useful to identify sick animals. As soon as cattle were
placed in their pens, they had ad libitum access to prairie hay and were
offered a pelletted feed supplement (Table 1) at a rate of two 1b/hd/ day
for the first 21 days and one 1b/hd/day during dayé 22-28. The
supplements containgd (1) no added drugs, (2) lasalocid~ (75 mg/1b),
and (3) decoquinate™ (50 mg/1b). Three hospital pens were maintained
so that sick animals received their assigned feed while out of their

BLA-2008, Pfizer, Inc., New York, NY 10017.

cAIbon—SRW, Hoffman-LaRoche, Inc., Nutley, NJ 07110,
dBovatec®, Hoffman-LaRoche, Inc., Nutley, NJ 07110.
Deccox®, Rhone-Poulenc, Inc., Monmouth Junction, NJ 08852.
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home pen.

Mass-medication was assigned at random to either 4 or 5 pens in
each trial. In each trial, each feed medication was fed to at least one
pen., Numbers of pens assigned to treatment were balanced between
g e Non-mass medicated cattle were placed in the remainder of the
nine pens. Mass-medication was administered at processing time and
cattle were returned to their home pen even if the cattle were detected
as sick at that time. If the mass-medicated cattle were detected sick
24 hours or more after processing they were removed from their home pen
and treated with the second drug in the sequence of antibiotics (Table
ol

Table 1. Composition of feed supplement.

Ingredient Percent
Soybean Meal 88.9
Salt 3.0
Vitamin A-30000 IU / Gram i
Premix .18
Cottonseed Meal 5.0
Dicalcium Phosphate 2k

@ to provide: 0 for control, 75 mg. lasalocid per pound, or 50 mg.
decoguinate per pound.

The medication schedule assigned to non-mass medicated cattle were
(A) no treatment (negative controls), (B) a sequence of antimicrobéal
drugs (Table 2), or (C) an experimental potentiated sulfa (R05-00377).
Cattle treated by schedule B were treated with the first drug in the
sequence., If body temperature dropped 2°F or to less than 104°F, or
clinically improved within 24 hours, the first drug was continued for at
least two more days. If no improvement was apparent after 24 hours,
the next drug in the sequence was used and the process was repeated
until improvement was detected as outlined in OSU RP-9104 0481. In
trials 3, 4, and 5, treatments 1 and 3 were reversed in order so that
the first treatment was amoxicillin. Cattle treated by schedule C were
administered R05-0037 boluses orally at 30 mg/1b on day one and 15 mg/1b
on days 2-5, regardless of response to therapy. If additional
treatment was required at the end of the 5 day treatment with R05-0037,
they were started on the second drug in the sequence (Table 2).

After processing, cattle were checked twice daily for signs of
illness. If an animal was sick it was taken to the processing area
where its body temperature was taken and a severity of illness score
(slight, moderate or severe) was assigned. If the body temperature was
over 104°F or if the animal exhibited clinical signs, it was considered
sick and treated.

At the end of the 28 day trial, the cattle were held overnight
without feed or water, weighed the following morning and, when
necessary, castrated and horns were tipped. They were then returned to
their owner.

Results in this study are reported as least square means. This

€primor®, Hoffmann-LaRoche, Inc., Nutley, NJ 07110,
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technique corrects for variations due to the trial (origin and possibly
the time of year), truck (origin), treatment interactions, and unequal
sample sizes., Models for the variables studied (gains, sick days and
morbidity) originally included truck, feed treatment, mass vs non-mass
medication and all two way interactions and were adjusted for initial
weight. The final models for each variable included only those
interactions having probabilities less than 0.20., Initial weight was
also only included if its probability was less than 0.20.

Table 2. Sequence of drugs used for treatment of BRD.

Treatment No 1: OXYTETRACYCLINE (Biomycin-C®) subcutanously
- 5 mg/Tb.

Plus

SULFAMETHAZINE BOLUSES (Sulmet® - 15 gm) 1
boTus/150 1b on day I. One bolus/300 1b on sub-
sequent days.

Treatment No 2: ERYTHROMYCIN (Gallamycin®) deep in the
muscles - 10 mg/1b

Treatment No EI:1 AMOXICILLIN (Amoxi-ject®) subcutanously 5
mg/1b.

Treatment No 4:1 Procaine Penicillin G subcutanously - 30,000
TU/1b.

Treatment No 5:% TYLAN 200 - 10 mg/1b.

Treatment No 6: SPECTINOMYCIN (Spectam®) - 5 mg/1b.

* Some of the antimicrobial drugs used in this study were used for
extra-label purpose or at extra-label dosages and require a
veterinarian-client-patient relationship before use.

For statistical analysis on all cattle, the model for average
daily gain included truck, feed Treatment, medical treatment,
truck-medical treatment interaction, and was adjusted for initial
weight. The model for sick days included truck, feed treatment, medical
treatment, truck-feed treatment interaction, and truck-medical treatment
interaction. The model for morbidity was the same as that for sick days
except that an adjustment for initial weight was included. Those cattle
in trial 4, truck 1 were not included in the analysis for sick days and
morbidity because of an error in allocation to feed treatment.

For statistical analysis of the sick cattle, the model for average
daily gain included truck, feed treatment, sick treatment, and was
adjusted for initial weight. The model for re-pulls and morbidity were
the same except initial weight was not included. Mass vs. non-mass
medication was not included in these models because it caused too many
empty cells.

Data on feed intakes and efficiencies were analyzed using pens as
the experimental unit since feed records were kept on a pen basis. The
model for feed intake included trial, medical treatment, feed treatment,
and trial-feed treatment interaction. The model for feed efficiency was
the same except a correction for initial pen weight was also included.
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A1l cattle dying during this trial were submitted to the Oklahoma
Animal Disease Diagnostic Laboratory for gross and histological
examination, virus isolation, bacterial culture and antibiotic
sensitivity testing.

Results and Discussion

Gains were significantly affected by truck (Table 3). Initial
weight on trial also affected gains (P<0.0001)with lighter calves
gaining at a faster rate than the heavier calves, the opposite of what
was expected. Cattle buyers apparently were purchasing older, heavier,
lower quality calves to reduce the purchase price per pound.

The administration of mass-medication reduced (P<.0001) sick days
(2.25 vs 0.81) and morbidity (33.5% vs 14.7%). Gains in the 28 day
receiving period were significantly increased (P<.01) by mass-medication
(1.57 vs 1.45 1b/day). These reductions in morbidity, hospital pen days
and improvements in gain are consistent with results from other research
stations. The effect of feed treatment, while not significant, was most
apparent in the cattle that were sick.

Table 3. Rate of gain, sick days and morbidity--all cattle.

Item, Origin & Date  No.? In Wt Daily Gain® Sick Days® Morbidity®
Trial 1 h f f
Truck 1 FL 9/15/83 101 429 2.25 2.25 37,2
Trial 2 d
Truck 1 0K 10/20/83 95 439 1909 0.59 9.63
Truck 2 FL 10/20/83 92 484 1.47¢ 0.91 20.5
Trial 3 h " "
Truck 1 0K 12/1/83 104 438 2.15¢ 1.63 28.9.
Truck 2 OK 12/8/83 88 440 1.63 0.20 3.3
Trial 4 ¢
Truck 1 TN 1/10/84 93 491 1.58 g i
Truck 2 TN 1/12/84 99 482 1.40° 4.069 49.99
Trial 5 d 5 def
Truck 1 AK 2/18/84 79 532 1.07, 1.58 27.8,
Truck 2 AK 2/24/84 90 538 0.83 3.939 59.8
Trial 6 d
Truck 1 MO 3/21/84 101 471 1.13; L 3,37
Truck 2 MO 3/28/84 105 487 1.20 0.05° s
Medical Treatment
No Mass 524 1.453 2.253 33.53
Mass-Medication 523 1.57 0.81 14.7
Feed Treatment
Control 343 1.52
Lasalocid 348 1.56
Decoquinate 356 1.45

% Gain, Sick Days and Morbidity expressed as LSMEAN.
c_ﬂriginal number of calves on trial.
Means with different superscripts differ (P<0.05).
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Gains by the sick cattle (Table 4) were not significantly affected
by any of the feed treatments, however, cattle receiving either lasalo-
cid or decoguinate tended to gain faster. Sick cattle receiving
treatment for sickness (schedule B or C) had higher gains than sick
cattle receiving no treatment (schedule A, P<0.0037), and were sick for
significantly fewer days.

Sick days in the sick cattle were reduced when supplements
contained lasalocid or decoguinate (P<0.0762). Decoquinate tended to
reduce sick days more than lasalocid. Sick treatment had a significant
effect on sick days, with those cattle receiving treatment having fewer
sick days than the negative control cattle. Death loss in the negative
treatment cattle was 4.7% of those getting sick, compared to 2.9% of
those becoming sick in the group that received medical treatment when
ill.

Table 4. Rates of gain, sick days and re-pulls--sick cattle.

Item Number  Daily Gain®  Sick Daysa % Re-Pulls?
Feed Treatment
Control 82 0.95 6.48 13
Lasalocid 83 1.12 6.22 e
Decoquinate 88 1.21 5.42 2
Effect Of Sick Treatment d
Negative Control 43 0.84 7.56C
Conventignal 63 1,25 5.31C 7
RO5-0037 68 1.28 ﬁ.ch 17
Mass-conventional 79 1,82 5.28 15

& Gain, Sick Days and Re-Pulls expressed as LSMEAN.
grotocol requires at least a 5 day treatment.
*~ Means with different superscripts differ (P<0.05).

Table 5. Feed intakes and feed efficiencies.

Item Number Feed Intgkes, Feed/Gain®
of Pens 1b/day
Trial 1 6 12.135 7.16;
Trial 2 9 1336 8.69b
Trial 3 9 16.05° 9.62,
Trial 4 9 13.50 9.02)
Trial By 9 14,60 16.74d
Trial 6 9 15.57¢ 13.45
Feed Treatment
Control 17 14,35 11.52
Lasalocid 17 14.32 10.55
Decoquinate 17 13.94 102y
Medical Treatment b b
No Mass 26 14,68 11.64
Mass 25 13.72¢ 9.92¢

g Eeﬁdelntakes, Feed Efficiencies expressed as LSMEAN.
*=>7*= Means with different superscripts differ (P<0.05).
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Feed intakes and feed efficiencies (Table 5) were significantly
affected by the trial and the administration of mass-medication. Mass-
medication reduced (P<.01) feed intakes from 14.7 to 13.7 1bs per day.
Mass-medication improved (P<.04) feed efficiencies (11.6 vs 9.9 1b feed
per 1b gain).

* Ten head died in the study, three of which died of causes not
related to the experimental treatments. Post-mortem findings are
presented in Table 6.

Table 6. Post-mortem findings.

Trial No./Calf No. Cause of Death No. of Days on Trial
1-710 Acute fibrinonecrotic 4
pneumonia
2-65 Bovine respiratory disease 13
syndrome (P. hemolytica)
2-852 Chronic necrotizing and 29

purulent arthritis with
secondary lung abscessation
(P. hemolytica and C. pyogenes)

4-47 Fibrinous pneumonia 6
(P. hemolytica)

4-103 Acute fibrinopurulent 13
pneumonia (P. hemolytica)

4-136 Bovine respiratory disease 15
syndrome

4-163 Bovine respiratory disease 15

3 syndrome (P, hemolytica)

4-100 Castration hemorrhage 29

5-71 Acute fibrinous pneumonia 10
(P. hemolytica)

6-145% Bloat and peritonitis 20

3 Died of causes not related to diseases being studied.
Death loss rate for the project this season was: overall .76%,
mass-medication 0.76, and non-mass medication .76%

The economics of mass-medicating cattle depends on the cost and
success of conventional treatment, availability of labor, ability to
detect sick cattle early, and on the health status of cattle received.
Mass medication at processing usually is not economical for fresh local
cattle which experience peak illness at a later time (7-14 days after
arrival). Mass medication should reduce labor and drug costs, and
increase performance for long-haul, stale, or otherwise stressed calves.

The use of a coccidiostat in the diet or the drinking water for new-
ly arrived shipped cattle has proven more beneficial in previous years
at Pawhuska and in field trials reported elsewhere in this research
report. No clinical coccidiosis was detected in any cattle during this
study. Nevertheless, a coccidiostat should be included in the receiving
ration for stale, stressed, or even local sale barn calves as
subclinical coccidiosis even without clinical appearance can reduce
performance.
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INTENSIVE EARLY STOCKING VS. SUMMER-LONG STOCKING PROGRAMS
FOR STOCKER CATTLE ON CROSS TIMBERS RANGELAND

F.T. McCollum!, R.L. Gillen?, D.M. Engle3 and G.W. Horn®

Story in Brief

One hundred-seventy four head of crossbred beef steers (avg wt =
475 1b) were divided into two replications of two grazing management pro-
grams. Steers were grazed at double normal stocking density (steers/ac)
for 84 days (4/27 to 7/20; IES) or at normal density for 146 days (4/27
to 9/20; SLS) during the summer of 1984. Average 84 day gains were 207
1b/steer for IES and 209 1b/steer for SLS. Total summer gain for SLS
was 293 1b/steer. Cost and return analyses yielded profits of
$28.10/head for IES cattle and $26.74/head for SLS cattle. Since twice
as many steers were grazed on IES, profit would have increased 110 per-
cent under this program.

(Key words: grazing management, stocker cattle, economics, rangeland)

Introduction

Intensive early stocking (IES) is an adaptation of seasonal suita-
bility grazing and involves grazing range areas by growing animals
during the period of high forage quality. The intent of an IES program
is to maximize gain/acre without reducing individual animal performance;
this is accomplished by stocking heavily during the period when forage
quality is high (Smith and Owensby, 1978). "Heavy" stocking is imple-
mented by increasing stock density (animals/acre) rather than stocking
rate (animals days/acre).

For the past several years, researchers have studied IES on both
shortgrass and tallgrass ranges in Kansas (Smith and Owensby, 1978;
Launchbaugh et al., 1983). These studies have shown that I[ES can
increase gain/acre, maintain or improve range condition and increase
profitability of the stocker operation. These and other benefits should
make IES attractive to Oklahoma stocker operators but few have adapted
this grazing management program. The following results are from the
first year of a four year study to compare IES and SLS program for stock-
ers on the Cross Timbers range type.

Materials and Methods

In 1984, four pastures on the Pawhuska Research Station were random-
ly assigned to either intensive-early stocking (IES) or summer-long
stocking (SLS). The pastures are comprised of a mosaic of savannah and
prairie sites. Proper stocking rates (animal unit days/ac) for each pas-
ture were estimated from SCS soil surveys, visual appraisal of pasture
condition and experience of the station herdsman. After yearlong stock-

iAssistant Professor 2Ass?stant Professor 3Associate Professor
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ing rates had been established for each pasture, stocking density
(animal units/ac) was adjusted to achieve the proper stocking rate under
IES and SLS.

On April 27, 174 head of crossbred beef steers averaging 475 1b/hd
were weighed and allocated to one of the four treatment pastures. One
hundred sixteen head and 58 head were assigned to IES and SLS, respec-
tively. Steers had free access to minerals and ponded water at all
times during the summer. Protein supplement (1 1b/hd/day) was fed to
SLS cattle during the last 62 days of the summer. All cattle were
weighed on the morning of July 20 and SLS cattle were weighed again on
the morning of September 20. Weights were taken after a 12 to 16 hour
overnight period without feed or water.

Cost-and-return analyses were based on gain data from the steers,
market information from the Oklahoma City National Stockyards and the
following assumptions: cattle were purchased in March and put through a
28-day receiving program (2 percent death loss, $14/head feed costs,
$7/head medical costs), interest rates were 14 percent, pasture lease
was $40 per 153 steer days and protein supplement was $200/ton. In
addition, costs for labor and implanting were included.

Results and Discussion

Grazing at double stock density had no apparent effect on steer per-
formance during the first 84 days of the summer season (table 1). Aver-
age gains were 207 and 209 1b/hd on IES and SLS, respectively. Lower
gains on pasture 2 may indicate that stocking rate was over estimated.
Despite pasture differences, gains were very acceptable. Adjusting for
differences in stocking density, we find that for every pound of gain
produced on SLS, IES produced 1.98 1b of gain (206.5 x 2/208.5). Hence,
SLS steers would have had to maintain their early summer rate of gain in
order to equalize total summer gain between grazing programs. Instead,
SLS cattle, supplemented with protein, only gained 85 1b/hd during late
summer yielding a total summer gain of 293 1b/hd. If no supplement had
been fed, gain would have been 20 to 25 1b less than reported in table
1. Summarizing performance data, IES did not reduce early summer gains
but, instead produced 1.41 1b gain for each 1 1b of gain on the conven-
tional summer long program.

Breakeven prices for IES and SLS were $60.06/cwt and $58.31/cwt, re-
spectively (table 2). At the end of the IES period, feeder prices were
$64.18/cwt for 680 1b steers and yielded an estimated $28.10
profit/head. Likewise, 770 1b cattle were bringing $61.80/cwt at the
end of the SLS program and estimated profits were $26.74/head. There-
fore, IES increased net returns 110 percent since twice as many cattle
were pastured on this program. For purposes of comparison, cattle
without Tlate summer protein supplements would have returned about
$22.00/head or 82 percent of SLS with protein and only 39 percent of IES
returns.

The increased profitability of IES Ties in the optimal use of allow-
able grazing days on a given pasture. Simplistically, during early sum-
mer, approximately two thirds of the potential summer gain is paying for
all fixed costs plus one half of rent, labor and interest. During late
summer, approximately one third of the potential summer gain is paying
for one half of rent, labor and interest and all of the supplementation
costs. In the current study, cost of gain was $.345/1b for the first 84

230 Oklahoma Agricultural Experiment Station



Table 1. MWeights and gains of steers.

Gain
Gain 7/20  Gain
Init 74205 Sitoia w9 /20 bk 146 Adj
Pasture wt wt 7/20 wt 9/20 days gain

Intensive
early stocking
84 days 1 474 689 215 -- -- -
2 475 673 198 -- == --
mean 475 Bh8l.  POiaiEs -- -- 413
Season-long
stocking
146 days 3 472 684 212 764 80

4 s O Lo DT Sl T
mean 476 685 209 768 85 293 293

IAdjusted gain = gains adjusted for differences in stocking density.
For every 1 steer on SLS, 2 steers were on IES. Thus, Adj gain for
IES = 84 day gain x 2 and Adj gain for SLS = 146 day gain x 1.

Table 2. Cost-and return analyses for IES and SLS grazing.

Stocking scheme

Season-long Intensive-early

4/27-9/20 4/27-7/20
Initial wt, 1b/hd 475 475
Initial value, $/cwt 71,23 71.23
Initial value, $/hd 338.34 338.34
Final wt, 1b/hd 768 681
Final value, $/cwt 61.80 64.18
Final value, $/hd 474 .63 A%t
Gross return, $/hd 136.29 99.37
Cash costs, $/hd 109.55 Al
Breakeven, $/cwt 60.06 58.31
Met return, $/hd 26.74 28.10
Adjusted net return, $1/hd 26.74 56.20

lAdjusted for differences in stocking density
IES Adj net return = IES net return/head x 2
SLS Adj net return = SLS net return/head x 1
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days and $.45/1b for the final 62 days. These results suggest that by
stocking heavily for shorter periods of time one can increase gain/acre,
maintain lower costs of gain and increase profit potential. The study
will continue for three more years so that a variety of climatic and mar-
ket conditions should be encountered.
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EFFECT OF LASALOCID ON PERFORMANCE, RUMINAL FERMENTATION AND
FORAGE INTAKE OF WHEAT PASTURE STOCKER CATTLE

M.A. Ander‘sen1 and G.W. Hor‘n2

Story in Brief

Twenty-seven fall-weaned Hereford heifers that averaged 460 1b in
year 1 (1982-83), and twenty-seven Hereford and Hereford x Angus
heifers that averaged 488 1b in year 2 (1983-84), were blocked by
initial weight (year 1), initial weight within breed (year 2), and were
randomly allotted to three treatments. The heifers grazed a common
wheat pasture for 100 days in year 1, and 101 days in year 2 and were
individually fed a supplement supplying either 0, 100 or 200 mg
lasalocid/head/day. Daily weight gains of heifers were increased .25
1b (2.51 vs 2.26) by the highest level of lasalocid. Digestibility of
wheat forage and forage intake were not influenced by either level of
lasalocid.

(Key Words: Stocker Cattle, Wheat Pasture, Lasalocid.)

Introduction

Supplementation programs for stocker cattle grazing winter wheat
pasture offer a means of increasing daily gains and efficiency of
forage utilization. Lasalocid, an ionophore, was recently cleared by
the Food and Drug Administration for increased rate of weight gain in
pasture cattle. However, little information is available on the effect
of lasalocid on stocker cattle grazing winter wheat pasture. Results
of a two year study to determine effects of lasalocid on weight gains,
ruminal fermentation, and forage intake of stocker cattle grazing
winter wheat pasture are reported herein.

Materials and Methods

Twenty-seven fall-weaned Hereford heifers that averaged 460 1b in
year 1 (1982-83), and twenty-seven Hereford and Hereford x Angus
heifers that averaged 488 1b in year 2 (1983-84) were blocked by
initial weight in year 1, and initial weight within breeds in year 2,
and allotted to three treatments. Treatments consisted of 0, 100 and
200 mg lasalocid/head/day. Heifers grazed a common wheat pasture for
100 and 101 days in years 1 and 2, respectively. The heifers were fed
in individual feeding stalls 6 days/week, 2.33 1b supplement that was
prorated to supply 0, 100 or 200 mg lasalocid/head/day. Ground corn
was used as the carrier feed in year 1. In year 2, supplements con-
sisted of (percent as fed): ground corn, 75 percent; cottonseed hulls,
10 percent; ground alfalfa hay, 8 percent; liquid molasses, 7 percent;
and the desired amount of lasalocid. Supplements were fed in pelleted
form (3/16 inch pellet).

Tgraduate Assistant 2Professar
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Initial, intermediate and final weights were measured each year
following a 15 to 17 h drylot shrink without feed or water.

Wheat forage intake and digestibility of dry matter (DMD) and
organic matter (OMD) were measured once during each of the 2 trials.
Heifers were bolused with gelatin capsules that contained 4 g of
chromic oxide twice daily (0800 and 1600 h) during 6-day preliminary
and 5-day fecal collection periods. Fecal samples were taken from the
rectum at the time of bolusing, dried, and were composited across
sampling times for each heifer. Fecal outputs were calculated by the
chromium dilution technique while forage DMD and OMD were determined
using indigestible neutral detergent fiber (INDF) as an internal in-
digestible marker. The INDF concentrations of fecal and hand-clipped
forage samples were determined as neutral detergent fiber remaining
after a 144-h in vitro incubation with 40 ml of buffered rumen fluid.

At the end of each forage intake trial, rumen fluid samples were
collected by stomach tube from 7 heifers per treatment. Samples were
obtained 4 h after feeding the lasalocid supplements. Heifers grazed
wheat pasture after consuming the supplements until rumen fluid samples
were obtained. Ruminal fluid pH was measured with a pH meter and glass
electrode. Ammonia and volatile fatty acid concentrations were
measured by the magnesium oxide distillation method and by gas
chromatography, respectively.

Results and Discussion

Effects of lasalocid on heifer performance are shown in Table 1.
During the first 57 days of year 1, daily gains of heifers that
received 200 mg lasalocid/day were greater than gains of heifers that
received 0 or 100 mg lasalocid/day. However, differences among treat-
ments were not significant (P>.05). During the last 43 days, daily
gains of heifers that received 200 mg lasalocid/day were greater
(P<.05) than those that received 0 or 100 mg lasalocid/day. Daily
gains of heifers fed 200 mg 1lasalocid/day for the entire 100-day
grazing period of year 1 were .23 to .26 1b greater (P<.05) than gains
of heifers fed 0 or 100 mg lasalocid/day.

In year 2, increasing levels of lasalocid tended to increase daily
gains of heifers over the entire grazing period. However, differences
among treatments were not significant (P>.05).

Effects of lasalocid on weight gains of heifers in both years are
shown at the bottom of Table 1. The year by treatment interaction was
not significant (P>.15). Daily gains of heifers fed 200 mg
lasalocid/day were .25 1b greater (P<.05) than those of heifers fed 0
or 100 mg lasalocid/day.

Forage Intake Trials

Effects of increasing levels of lasalocid on fecal outputs, DMD,
OMD and intake of wheat forage by heifers are shown in Table 2. Data
were pooled across years. Year x treatment interaction was not signif-
icant (P>.15) for any of the measurements. Forage DM and OM digesti-
bilities were similar for heifers fed 0, 100 and 200 mg lasalocid/day.
Forage DM intakes were unusually high. However, fecal ash concentra-
tions were also high (7.0 to 15.0 percent) suggesting that the heifers
consumed a considerable amount of soil with the forage. Because in-
soluble ash appears as a cell wall component in the NDF procedure,
fecal NDF concentrations expressed as a percent of fecal DM) would have
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Table 1.

of heifers grazing wheat pasture.

Effect of lasalocid on daily weight gains (1b)

Mg Tasalocid/head/day

0 100 200
Year 1 SE(N=7)
No. of heifers 5 9 9
Mean initial weight, 1b 4602 4622 4592
Grazing Interval Days
12/28/82-2/24/83 57 152 1.542 1.712 .076
2/25/83-4/8/83 43 " 2.03% 2.42, .081
12/28/82-4/8/83 100 1.762 1:13% 1.99 .069
Year 2 SE(N=8)
No. of heifers 8 8 9
Mean initial weight, 1b 4912 4972 2842
Grazing Interval Days
1/13/84-2/27/84 a5 2.25% 2.542 2.562 .123
2/28/84-0/24/84 56 5758 B 10c 3.g?a 117
1/13/84-4/24/84 101 2.51° 2068 9.5 .113
Years 1 and 2 SE(N=15)
No. of heifers 15 17 18 =i
Mean initial weight, 1b 4778 4782 a7z
Average daily gain®,1b g 26 2.26° 2.51 .067

a’bMeans in rows with no or different superscripts are different

Al

€100- and 101-day grazing intervals of years 1 and 2, respectively.

Table 2. Effect of lasalocid on fecal output, digestibility
of forage dry matter (DM) and organic matter (OM),
and forgge intake of heifers grazing wheat
pasture®.

Mg lasalocid/head/day

Ttem 0 1 200 SE

No. of heifers 16 17 18

Fecal output,

% of body wt
DM .66 .64 .68 .023
om .59 .58 .61 .021
Forage digestibility, %
DM 84.78 84.25 83.83 .370
oM 82.26 81.42 81.27 .449
Forage intake,
% of body wt
DM 4.40 q.13 4.23 .187
oM 3,36 312 SR .141

2pooled data of years 1 and 2. Differences among treatment

means are not significant (P>.05).

1985 Animal Science Research Report 235



uonje)g Juswradxy [eamymouly ewoyepQ 96z

Table 3. Effect of lasalocid on ruminal fermentation.

Year 1 Year 2 -
Mg Tasalocid/head/day Mg lasalocid/head/day 0sSL
0 100 200 5% 0 100 200 SE year x trt
No. of heifers 6 7 7 7 7 7
pH 5955 sOBE 58 C .0p e B NS S .49
Ammonja (mg/100 ml) 10.57d 15.22d 17.81e il 8.32 11.95d 11.66, 1.44 .40
Total "VFA,mmole/liter 96.95 109.35 128.58 8.90 74 .54 83.74 77.82 9.45 2]
VFA molar proportions d d d d d d
Acetic 56.6 58.14 56.6 .89 59.8 SQ.Od 60.0d .93 .08
Propionic 20.7, 20.1d 18.9, .62 21.0, 21.74 2l.7, 5 .09
Isobutyric 1.94 1.9, 2.24 .18 1.3d 1.34 1.3d 07 39
Butyric 16.3d 14.9, 17.4, .86 14.8 15.6d 13.4e .84 .02
Isovaleric 2.94 2.9, 2.8, 223 1.2, l.4d 1.74 - il .20
Valeric : 1.5d 1.8d 2.1d .24 2.0d l.gd 1.8d .15 o2
Acetic:propionic ratio 2.7 2.9 3.0 w11 2.9 2 2.8 .10 Wl

dobserved Significance Level.
cAcetic, propionic, isobutyric, butyric, isovaleric and valeric acids.
d VFA molar proportions (moles/100 moles).
*“Means in rows within year with different superscripts are different (P<.05).



been biased upwards. Thus, forage DM intakes would be biased upwards.
Estimates of forage OM intakes would not be biased by high fecal ash
concentrations. Intakes of forage OM were not, however, affected
(P>.05) by either level of lasalocid.

Ruminal Fermentation Measurements

Ruminal fluid pH, ammonia and VFA concentrations of the heifers are
shown in Table 3. Rumen fermentation data are presented by year since
year x treatment interaction was significant (P<.10) for molar propor-
tions of acetic, propionic and butyric acids.

In year 1, 200 mg lasalocid reduced rumen pH (P<.05). A similar,
nonsignificant (P>.05) trend was observed for rumen pH in year 2.
Rumen ammonia concentrations were increased (P<.05) by both levels of
lasalocid in year 1. A somewhat similar trend for rumen ammonia con-
centrations was observed in year 2, but treatment means were not
different (P>.05).

Consistent general trends were not observed with regard to effects
of 1lasalocid on total VFA concentrations, molar proportions of in-
dividual acids and acetic:propionic acid ratios. Total VFA concentra-
tions of heifers fed 200 mg lasalocid were increased (P<.05) in year 1.
This effect was not observed in year 2. Neither level of lasalocid
affected (P>.05) the molar proportions of acetic, propionic or butyric
acids, or the acetic:propionic acid ratio in ruminal fluid samples.
Isovaleric acid concentrations of heifers of year 2 were increased
(P<.05) with increasing level of lasalocid.

This study indicates that 200 mg lasalocid/day is effective in in-
creasing weight gains of stocker cattle on wheat pasture. The mech-
anism(s) by which weight gains were increased needs further study.
Alterations by lasalocid of site of digestion of forage OM and flow of
forage protein to the post-ruminal tract may be involved.
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USE OF SILAGE IN WHEAT PASTURE AND BERMUDAGRASS STOCKER PROGRAMS

G.J. Voge11, W.A. Ph?]]ipsz, G, W. Horn3

and M.A. Worthington

Story in Brief

Ninety-six fall-weaned steers averaging 425 1b were placed on wheat
pasture and subsequently bermudagrass. Steers of treatment 1 received
no silage, while those of treatments 2, 3 and 4 had ad libitum access
to sorghum silage on pasture. Initial stocking densities on wheat
pasture were 2.25, 2.25, 1.69 and 1.12 acres per steer and .8, .8, .56
and .38 acres per steer for treatments 1 through 4, respectively, on
bermudagrass. Mean intakes of silage dry matter (DM) by steers on
wheat pasture were 1.46, 1.64 and 2.40 1b DM for treatments 2, 3 and 4,
respectively. Silage was fed on bermudagrass only when amounts of
bermudagrass became limiting. Silage was fed for 6 and 99 days with
mean DM intakes of 8.14 and 6.67 1b per head per day for treatments 3
and 4. Daily gains of steers on wheat pasture and bermudagrass were
not different (P>.05) among treatments. Use of supplemental silage in
wheat pasture and bermudagrass stocker programs allowed stocking
densities to be doubled and gains of cattle to be maintained during
periods of inadequate forage availability.

(Key Words: Wheat Pasture, Bermudagrass, Stocker Cattle, Silage.)

Introduction

Rate of weight gain of stocker cattle is of primary importance to
the stocker cattle operator. Gains of cattle grazing wheat pasture and
bermudagrass are potentially good. However, these gains may be
depressed because of inadequate amounts of available forage. In
addition, performance of cattle on wheat pasture may be limited because
of snow and(or) ice cover. A sound supplementation program using
silage might alleviate these problems. The silage could serve as a
substitute during periods of bad weather or serve to stretch existing
forage supplies during periods of inadequate growth. Therefore, a
study was initiated in the fall of 1981 to investigate the effects of
silage supplementation on performance of stocker cattle on wheat
pasture and bermudagrass. The primary objective of the study was to
attempt to add stability to the existing forage supply by using silage.
The data herein represent the third year of the study. Data from years
1 and 2 were reported by Ford et al. (1983) and Phillips et al. (1984).

1Graduate Assistant, 2Research Scientist, USDA/ARS, 3Professor
Herdsman Supervisor
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Materials and Methods
Wheat Pasture

Twenty-four Hereford, 40 Hereford x Angus and 32 Limousin cross
steers averaging 425 1b were randomly allotted (within breed by weight)
into 2 blocks of 48 steers, with each block consisting of 4 treatments.
Treatment 1 served as the control and received no silage, while steers
of treatments 2, 3 and 4 had ad 1ibitum access to sorghum silage on
pasture. Stocking densities were 2.25, 2.25, 1.69 and 1.12 acres per
steer for treatments 1 through 4. On December 7, initial availa-
bilities of forage DM were 875, 1112, 674 and 600 1b/hd for treatments
1 through 4. Because of the large amounts of forage that were
initially available to the steers, silage supplementation began on
January 9 and continued through March 19 (68 days). The silage had a
mean dry matter, crude protein and in vivo dry matter digestibility of
24.7 percent, 9.5 percent of DM and 53.4 percent, respectively. During
days of snow and ice cover, steers of treatment 1 received old world
bluestem hay. Approximately 6.7 1b/hd/day were fed for 9 days.

During the wheat pasture grazeout period (March 21 to May 23),
steers of all treatments were combined within blocks and allowed .6
acres/steer. During the grazeout period, no supplemental silage was
fed. Forage availability was estimated throughout the wheat pasture
grazing period by hand clipping 3 one-half square meter plots at
selected times to coincide with major changes in climatic conditions.

Bermudagrass

The same steers used for the wheat pasture phase were subsequently
grazed on bermudagrass. A1l steers remained in their assigned treat-
ments from the wheat phase. Initial stocking rates for treatments 1
through 4 were .8, .8, .56 and .38 acres of bermudagrass per steer.

During the bermudagrass phase (May 23 to September 11), steers in
each treatment followed a rotational grazing system in which each
pasture was divided by electric fencing into two paddocks. Cattle
grazed a single paddock until the bermudagrass became limiting and then
were subsequently rotated between paddocks until the forage supply of
both paddocks became low. At this point steers were given access to
both paddocks. The objective of the rotational grazing was to keep the
available forage between 1 to 4 inches tall. If the available forage
of ungrazed pastures became too abundant and the cattle could not main-
tain the pasture, the ungrazed pastures were mowed and baled as hay.

Silage was fed to steers in each treatment only when the available
forage became limiting. Silage was fed to steers in treatments 3 and 4
for 6 and 99 days, respectively. Bermudagrass never became limiting in
treatment 2. Hence, no silage was fed.

A1l pastures were fertilized with 50 1b of nitrogen (as urea) on
May 8, June 18, and August 8. Additionally, all pastures were mowed
following the initial grazing to remove senescent cool season annual
grasses.

Results and Discussion
Wheat Pasture

Silage dry matter intakes of steers and forage availabilities are
presented in Figures 1 and 2. During the week of January 12, silage
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Figure 2. Availabilities of wheat forage.

240 Oklahoma Agricultural Experiment Station




consumption of steers of all treatments increased rapidly due to snow
cover of wheat forage. Silage intake subsequently decreased as the
snow melted. Because of extremely cold weather during the study,
forage growth was depressed. Available forage for treatment 4 was
lowest on February 1 when forage availability was 190 1b DM/hd (Figure
2). Steers of treatment 4 compensated by increasing silage consump-
tion. Silage intakes of steers of treatments 2 and 3 were similar, re-
flecting the similarities in forage availability. Silage DM consump-
tion ranged from .93 to 4.91 1b DM/hd/day for steers of both treatments
2 and 3 (Figure 1).

Average daily gains (Table 1) of steers of all treatments were
similar, indicating that supplemental silage will maintain gains of
stocker cattle on wheat pasture during periods of inadequate forage
growth. Additionally, gains of steers of all treatments were not
different (P>.05) during the grazeout period.

Table 1. Mean initial body weights and daily gains of steers on
wheat pasture and bermudagrass.

Treatment
1 2 3 4
No. of steers 24 24 24 24
Wheat pasture
Initial wt, 1b 427 428 419 426
Daily gains, 1b 5 = 4 o
12/7/83-3/21/84(105 days) 2.09 2.37 2.55 2.33
3/21/84-5/23/84 (61 days)  2.41° 2,210 217 2.56°
(grazeout period)
Bermudagrass
Initial wt, 1b 794 814 819 826
Daily gains, 1b . 5 " "
5/23/84-9/11/84(112 days) 1.23 1.36 1.44 137
Wheat pasture and
Bermudagrass (278 days) )80 1.94° 2.00% 1.99°

3Means are not different (P>.05).

Bermudagrass

Silage DM intakes of steers on bermudagrass are shown in Figure 3.
Silage was fed only when amounts of bermudagrass became 1limiting and
could not withstand grazing pressures. Silage was fed for 6 days
(September 6 to September 10) and 99 days (June 4 to September 10) for
steers of treatments 3 and 4, respectively. Bermudagrass never became
limiting for steers in treatment 2. Hence, no silage was offered.
Silage intakes increased steadily for steers of treatment 4 from 5.0
(July 9) to 13.8 1b/hd/day (September 10) as the amount of available
bermudagrass decreased. Daily gains of steers of all treatments during
both periods were similar (Table 1). Gains of cattle at the higher
stocking densities were maintained with supplemental silage when avail-
able forage became limiting.

Results from this year indicate the use of supplemental silage will
allow stocking densities to be increased on wheat pasture and bermuda-
grass without decreasing cattle performance as amounts of available
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Figure 3. Silage DM intakes of steers grazing bermudagrass.

forage decrease for stocker cattle of the higher stocking densities.
An economic analysis will be conducted upon completion of this project.
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RESPONSE OF FALL BORN CALVES TO SYNOVEX®C IMPLANTS AND REIMPLANTS

D.R. 6il1}, H.R. Spires?, F.E. Bates®,
B.L. Peverley~ and K.S. Lusby

Story in Brief

Two trials, involving 469 steer and heifer calves, were conducted
to evaluate the practices of implanting or reimplanting suckling fall
born calves with Synovex®C implants. Calves having an average initial
weight of 148 1b were randomly allocated within sex and location to re-
main either as nonimplanted controls or to receive a Synovex®C implant
in the late fall, in the spring, or in both fall and spring.
Nonimplanted calves in Trial 1 gained 1.26 1b/day during the winter
months, and Synovex®C implants improved growth rate by 7% to 1.34
1b/day (P<.05). Average daily gain (ADG) of calves during the winter
months of Trial 2 was only .45 1b/day, and was not affected by implant-
ing with Synovex®C. ADG of calves during the spring and summer was im-
proved an average of 4.3 to 10% (P<.05) by Synovex®C in both trials
regardless of when they were implanted. ADG of calves over the entire
8-month trials was 1.46 1b/day for nonimplanted calves and was improved
(P<.01) to 1.55, 1.55 and 1.56 1b/day for calves on the two single im-
plant and reimplant schedules, respectively. Implanted calves gained an
average of 23 1b more than nonimplanted calves during the study.

(Key Words: Synovex®C Implants, Suckling Calves, Growth Promotion.)

Introduction

Research with Synovex® implants has demonstrated that a 4-pellet
implant containing 10 mg of estradiol benzoate and 100 mg of progester-
one is both safe and effective for improving growth rates of suckling
steer and heifer calves (Spires et al., 1983; FDA, 1983). A1l efficacy
trials supporting those claims, however, were conducted using spring
calves in which cows and calves were grazing pastures of sufficient qual-
ity to maintain minimum ADG of calves above 1.4 1b/day at all times dur-
ing the study (Spires et al., 1983; Gill et al., 1984). Rearing of
fall calves constitutes a different situation than rearing of spring
calves, since poor pastures decrease available dietary energy to the
suckling calf at a time when cold environmental temperatures increase
the maintenance energy requirement. Consequently, gains of suckling
calves on winter pastures typically are lower than on spring pastures
and the benefits of implanting with Synovex®C under those conditions
have not been established. Furthermore, effects of early calfhood im-
planting upon growth rate of the calf several months later also is a sub-
ject on which little information is available.

This study was conducted to monitor the performance until weaning
of fall calves which were implanted with Synovex®C, either in the fall,
the spring, or both the fall and spring, and to compare those gains with
calves that remained nonimplanted throughout the entire study.

1Pr"ot’.e-s'sm* 2Syntex Research, Palo Alto, CA 3

Area Extension
Livestock Agent 4pssociate Professor
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Materials and Methods

Four hundred sixty-nine suckling calves, having an average initial
weight of 148 1bs, were selected for two trials. One hundred thirty-
eight steer and 155 heifer Hereford calves were used for Trial 1 near
Claremore, Oklahoma, while 82 steer and 94 heifer Hereford and Hereford
X Angus cross calves were used for Trial 2 at Mill Creek, Oklahoma.
Calves were pastured with their dams on native bluestem range throughout
the study. The forage was dormant from the start of the trials until
the beginning of the growing season, about May 1. Calves were individ-
ually identified by eartags and were randomly assigned, within sex, to
one of the following four treatments: (1) control-control, no implants
throughout the study; (2) Synovex-control, implanted only on the first
day of the study; (3) control-Synovex, nonimplanted during the first pe-
riod of the study but received an implant just prior to green grass; and
(4) Synovex-Synovex, implanted both at the beginning of the trial and
reimplanted just prior to green grass. The start, reimplant, and end
dates were November 30, April 17, and July 25, respectively, in Trial 1,
while the same dates for Trial 2 were December 8, April 5 and August 15.

Synovex®C implants were placed in the top central one-third of the
B2ar. A1l calves were weighed on the first day of the study and re-
ceived blackleg vaccinations. A1l bull calves were castrated at that
time. Calves were reweighed at the reimplant dates and again at the end
of the trials. ADG of each calf was calculated for both the first and
second periods and for the total trial. Data were analyzed by analysis
of variance (GLM, SAS, 1979) and treatment means were compared by
Duncan's Multiple Range Test in the event that a treatment effect
(P<.05) was detected.

Results

Performance of calves between the two locations was different
(Table 1, P<.0001). Calves in Trial 2 were larger than in Trial 1 at
the start of the study, but calves in Trial 1 gained faster in both the
winter and summer months so that the average weights of calves at
reimplanting and weaning were larger in Trial 1 than in Trial 2. Steers
and heifers gained at a similar rate during the winter months, but steer
calves gained slightly faster than heifer calves (2.20 -vs- 2.10 1b/day
across all treatments) when green grass was available (P<.01). No inter-
actions between locations, sex and implant treatments were detected, in-
dicating that both sexes tended to respond similarly to implants at both
of the trial locations (Table 1).

In Trial 1, nonimplanted calves gained 1.26 1b/day during the win-
ter months, and Synovex®C implants improved ADG approximately 7% to
1.34 1b/day (Table 2, P<.05). However, during the winter months in
Trial 2, ADG of all calves was less than .5 1b/day, and no differences
in growth rates of implanted -vs- nonimplanted calves were observed
(Table 3). Consequently, the combined results for both studies illus-
trate a trend toward improved ADG of implanted calves during the winter
months (Table 4), but the lack of response in the slower gaining calves
in Trial 2 precluded statistical significance.

The combined analysis revealed that ADG of calves in the summer
months was increased by Synovex®C implants regardless of when the
calves had been implanted (Table 4) and the same observation was appar-
ent in both of the individual trials (Tables 2 and 3). Calves which
remained nonimplanted throughout the entire study gained 2.04 1b/day
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Table 1. Analysis of variance of average daily gain® of calves

implanted or reimplanted with Synovex®C.

Prob F for Average Daily Gain

Source of Variation df Period 1 Period 2 Cumulative
Location 1 .0001 .0001 .0001
Treatment 3 .2191 . 0009 .0080
Location x treatment 3 .4103 .6552b .5610
Sex 1 .5379 .0070 .1560
Location x sex 1 . 7837 L4712 .9458
Treatment x sex 3 .6817 .8249 .5594
Location x treatment x sex 2 . 1652 .4123 L0792
Error 468 -- -- --

gError mean square was used as the error term to compute all F-ratios.
Steers gained faster than heifers during Period 2.

Table 2, Performance of calves implanted with Synovex®C at the
Ingersol Ranch (Trial 1).

Control-  Synovex®C- Control Synovex®C-

Variable Control Control Synovex®C  Synovex®C SE
Number of calves 75 75 70 73 --
Initial wt, 1b 141 139 133 137 4
Reimplant wt, 1b 315 b 322 lab 305 328 b 8

Period 1 ADG*,Tb  1.26% A 1.34% 137 .04
Final wt, 1b 524 " 547 b 533 b 544 . 10

Period 2 ADG,Cib 2.12a 2.29b 2.31ab 2.20b .05
Overall ADG, 1b 1.62 16 1.69 1. 7% .03

% increase 6.2 4.3 6.2

abMeans with different superscripts differ (P<.05).

Length of trial was 139 days for Period 1 and 99 days for Period 2.
*ADG of calves implanted with Synovex®C during Period 1 was 1.34 1b/day
compared with 1.25 1b/day for nonimplanted calves (P<.05).

Table 3. Performance of calves implanted with Synovex®C at the Daube
Ranch (Trial 2).

Control-  Synovex®C- Control Synovex®C-

Variable Control Control Synovex®C  Synovex®C SE
Number of calves 45 44 52 45 --
Initial wt, 1b 165 165 164 162 8
Reimplant wt, 1b 215 214 220 218 7

Period 1 ADG, 1b .43 .41 .47 .47 .03
Final wt, 1b 467 3 480 = 495 b 489 b 1k

Period 2 ADG,clb 1.91a 2.0§b 2.09b 2.05b .04
Overall ADG, 1b 1.20 .26 148 1.30 .03

1.2
Percent increase ] 10.0 8.3

abMeans with different superscripts differ (P<.05).
Length of trial was 119 days in Period 1 and 132 days in Period 2.
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Table 4. Performance of calves implanted with Synovex®C in the two
trials combined.

Control-  Synovex®C- Control Synovex®C-

Variable Control Contro]l Synovex®C  Synovex®C SE
Number of calves 120 119 112 118 -
Initial wt, 1b 150 148 145 147 4
Reimplant wt, 1b 278 282 273 286 5

ADG, winter, 1b .95 .98 .95 1.03 =08
Final wt, 1b 502 522 b 519 b 523 b 7

ADG, summer, 1b 2.042 2,185 2,29, 2.14) .03
Overall ADG, 1b 1.46% 1.55 1.55 1.56 .02

Percent increase 6.2 6.2 6.8

abI'~‘Iean*s, with different superscripts differ (P<.01).

Weighted average length of the two trials was 131 days for Period 1
and 110 days for Period 2.

during the Tast 110 days of the trial (Table 4). ADG of calves which
were implanted with Synovex®C only at the beginning of the trial was
2.19 1b/day, while ADG of calves implanted during the last 110 days and
those implanted both at the beginning and middle of the study were 2.23
and 2.14 1b/day, respectively. Summer gains of calves which were
implanted either at the start of the study, the middle of the study, or
at both times were greater than gains of calves that remained
nonimplanted (P<.01), but no differences in ADG of calves among any of
the three implanting schedules were observed.

ADG of calves calculated over the entire study also was increased
by Synovex®C regardless of the time of implanting. ADG of calves im-
planted either at the beginning of the study or at the midpoint was 1.55
1b/day compared to 1.46 1b/day for calves which were not implanted
(Table 4, P<.01). Reimplanted calves also gained faster than
nonimplanted controls (1.56 1b/day, P<.01), but no benefit of
reimplanting compared with a single implant either at the beginning or
middle of the study was observed.

Discussion

The growth rate of suckling fall calves implanted with Synovex®C
averaged 6 to 7% faster than nonimplanted calves. Consequently, the fi-
nal weaning weights, adjusted for equal starting weights, averaged 22
1bs heavier for calves implanted once during the trial and 24 1bs heav-
ier for calves which were reimplanted with Synovex®C. This 6 to 7% im-
provement in performance of fall calves agrees closely with the per-
centage increases previously observed when Synovex®C and other anabolic
implants have been used in trials with spring calves (Basarab et al.,
1984; Gill et al., 1984; Lamm and Greathouse, 1984; Lewis et al., 1978:
Simms, 1984; Spires et al., 1983). :

This study helped to allay some of our primary concerns regarding
the use of growth promoting implants in suckling calves pastured on dry
winter pastures. It has been reported that the estrogenic implants
(Synovex®S, zeranol, and formerly DES) increase the concentration of
thyroxin in plasma by increasing its secretion from the thyroid gland
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(Gopinath and Kitts, 1982; Kahl et al., 1978). In addition, slight in-
creases in heart rate, fasting urinary nitrogen excretion and fasting
heat production also have been observed in cattle fed or implanted with
DES and implanted with Synovex®S which suggest that the estrogenic im-
plants slightly increase maintenance energy requirements (Rumsey et al.,
1973; Rumsey et al., 1980; Tyrell et al., 1975). Early research also in-
dicted that animals fed a submaintenance diet lost weight more rapidly
if DES was included (01tjen et al., 1973). More recently, Rumsey and
Hammond (1984) demonstrated a typical 22% increase in ADG of feedlot
steers implanted with Synovex®S and fed ad libitum, but they were un-
able to detect a response to Synovex®S in steers fed a restricted ener-
gy diet which supported an ADG of only 1.9 1b/day. Consequently, one of
the major concerns in designing this trial was the prospect that perfor-
mance of calves over winter might actually be depressed if maintenance
energy requirements were increased by the Synovex®C implants.

Fortunately, no depression in growth rate of implanted calves over
the winter was observed. ADG of nonimplanted calves in Trial 2 was only
.45 1b/day during the winter months and average growth rate of calves im-
planted with Synovex®C during that period also remained at the same
rate or .45 1b/day. Calves on better pastures and gaining 1.26 1b/day
during the winter in Trial 1, however, benefited from Synovex®C during
that time period. Consequently, maintenance energy reguirements were
not increased by Synovex®C implants to an extent that their use was con-
traindicated over the winter months. 1In previous studies conducted to
identify the optimum steroid combination and optimum dose for suckling
calves, it was found that the 8-pellet Synovex®H implants were not as
effective as a half dose of the same estradiol benzoate-testosterone pro-
pionate formulation in calves gaining less than 1 1b/day (Spires et al.,
1983). Likewise, the same tendency also was true when the 8-pellet
Synovex®S implant was compared with the 4-pellet Synovex®C. Those ob-
servations also support the hypothesis that the growth promoting im-
plants may tend to increase maintenance energy requirements and,
consequently, was a major reason that a 4-pellet -vs- an 8-pellet
Synovex implant was developed for suckling calves.

The extended effectiveness into the spring and summer months of the
Synovex®C implant in calves implanted only in the fall was not really
expected. Overall ADG throughout the trials, which averaged 241 days,
did not differ among any of the implant treatments, regardless of when
the implants were administered. Furthermore, performance during the av-
erage 110 days in the spring-summer period of these trials was improved
more than 7% (P<.01) by implanting calves during the preceding winter,
131 days before the spring-summer period began. Rumsey et al (1984) re-
cently reported that approximately 75% of the original doses of both pro-
gesterone and estradiol were absorbed by 60 days and 85% by 120 days in
growing-finishing steers implanted with Synovex®S, Those observations
seem somewhat inconsistent with out observation that a larger improve-
ment in the performance of suckling calves was observed during the peri-
od from 131 to 241 days after implanting than from 1 to 131 days.
Greathead (1984) recently reviewed studies with zeranol implants and con-
cluded that the response may be large and of relatively short duration
in rapidly growing cattle on high levels of energy intake. However,
smaller improvements in growth rate, but occurring over a longer
duration, are more typically observed in cattle gaining less than about
1.5 1b/day. Observations we have made in studies with Synovex®C also
tend to support that hypothesis (H.R. Spires, et al., unpublished
observations). However, any differences in absorption, tissue distribu-
tion and/or metabolism and elimination of the implant materials, which
may explain those different responses, have not been elucidated,
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Observations that a positive response from Synovex®C can be realiz-
ed regardless of whether fall calves are implanted in the fall or the
spring gives cow-calf producers considerable flexibility in implementing
an implant program.
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SALT-LIMITED CREEP FEED FOR NURSING CALVES

K.S. Lusbyl, K.C. Barnes? and J.W. Walker3

Story in Brief

Seventy-two spring-born nursing calves were allotted to Control (no
creep) or Creep-fed cottonseed meal in a creep feeder with salt added to
limit intake to about 1 1b/head/day from July 17 to October 2. Thirty
eight fall-born calves were similarly allotted to Control (no creep) or
Creep-fed treatments and fed from June 1 to August 3. Spring-born
calves and their dams grazed native range near Stillwater while fall-
born calves and their dams grazed bermudagrass pastures near Muskogee.
Spring-born calves consumed an average of .88 1b of cottonseed
meal/head/day and gained .32 1b/day faster (P<.01) than Control calves.
Fall-born calves ate an average of .68 1b of cottonseed meal/head/day
and gained .3 1b/day faster (P<.0l) than Control calves. The percent
salt required to Timit intake to about 1 1b/head/day was 10% for fall
calves and 15% for spring calves., At a cottonseed meal cost of $.10/1b,
the cost of added gain for fall-born calves was $.23/1b and $.28/1b for
spring-born calves.

(Key Words: Salt-Limited, Protein, Creep Feed, Beef Cattle.)

Introduction

Creep feeds for nursing calves have traditionally consisted of
grain mixtures fed free-choice. Daily intakes typically reach 6-8
1bs/head/day with conversions of creep to added gain between 5:1 and
15:1. The high costs of mixed rations and the poor feed conversions
have seldom made creep feeding feasible for commercial cow-calf oper-
ations. Research has shown that supplementing relatively small amounts
of high protein feeds to stocker cattle grazing native grass or bermuda-
grass from mid- to late summer increases forage intake and digestibil-
ity and results in efficient conversions of supplement to added gain.
If nursing calves would respond to protein supplementation as efficient-
1y as stocker calves, limit-fed high protein creep feeds might offer a
method of profitably increasing weaning weights in commercial cow-calf
operations.

Materials and Methods

Trial 1

Thirty-eight fall-born Simmental crossbred calves nursing Hereford
x Angus cows were used to study the effects of a salt-limited cottonseed
meal creep on the rate and efficiency of calf gain. This trial was con-
ducted at the Eastern Research Station near Muskogee in eastern Okla-

lAssociate Professor 2Area Livestock Specialist 3Superintendent,
Eastern Research Station
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homa. Forage consisted of bermudagrass that was 8-10 inches tall at the
start of the study. Calves were allotted by sex, birthdate and age of
dam on June 1 to two treatment groups; (1) Control, grazing with no
creep feed, and (2) Creep Feed, to receive free-choice salt-limited cot-
tonseed meal at a rate of about 1 1b/head/day. Creep was provided in a
whirlwind mineral feeder equipped with a rubber pan that could hold ap-
proximately 50 1b of cottonseed meal and salt. A small creep feeding ar-
ea was constructed with portable panels and a creep gate allowing access
only to calves. Initial mixtures consisted of 5% salt and 95% cotton-
seed meal with a small amount of hay to entice the cattle into the creep
feeding area. Creep intake was measured three times each week and the
percent of salt was increased as necessary to maintain cottonseed meal
intake at about 1 1b/head/day. The trial lasted from June 1 to August 3
when calves were weaned at about 10 months of age. Calves were weighed
after overnight withdrawal from feed and water.

Trial 2

Seventy-two Hereford, Angus and Hereford X Angus calves nursing
Hereford and Angus cows were used., Procedures were similar to Trial 1
with the following exceptions. Calves were born between late February
and mid-April. Cows and calves grazed native range near Stillwater in
North Central Oklahoma. Allotment to treatment groups was based on calf
birth date and breed of dam, The study began on July 17 and ended on
October 2 when the calves were weaned.

Table 1. Gain and efficiency of calves fed salt-limited creep on
bermudagrass pastures,

Control Creep-fed Prob.
Number of calves 18 20
Initial weight, June 1 (1b) 437 442
Daily gain, 63 days (1b) 1.24 1.54 P<.01
Lb creep/1b added gain 2 27
Cow weight, June 1 (1b) 931 903
Cow weight change, 63 days (1b) 53 70

Table 2. Gain and efficiency of calves fed salt-limited creep on native
grass pastures.

Control Creep-fed Prob.
Number of calves 36 36
Initial weight, July 17 (1b) 247 261
Daily gain, 76 days (1b) 1.60 1.92 p<.01
Lb creep/1b added gain 2.79
Cow weight, July 17 (1b) 942 950
Cow weight change, 76 days (1b) 116 115
Cow condition score, July 174 5.2 5.4
Cow condition change, 76 days +.8 +.4

alzvery thin, 9=very fat.
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Results and Discussion
Trial 1

The calves were 7-9 months of age at the start of creep feeding and
averaged 440 1bs in weight (Table 1). Creep-fed calves gained 1.54
1b/head/day compared to 1.24 for Control calves (P<.01). Creep consump-
tion ranged from .25 to 1.55 1b/head/day and averaged .68 1b/head/day
for the 63 day trial period. Two weeks were required for the calves to
begin consuming the creep, and then the desired cottonseed meal intake
was sustained by adjusting the salt content to between 5 and 10%. A lev-
el of 15% salt reduced intake below the 1 1b/head/day level. Creep-fed
calves had slicker haircoats and appeared thriftier than Control calves.
This difference in appearance is consistent with observations of stock-
er cattle fed protein supplements during the summer. Weight changes
were similar for dams of Control and Creep-fed calves.

Trial 2

The calves used in Trial 2 were younger (4-6 months old) and ligh-
ter (254 1bs) than the fall-born calves used in Trial 1. The native
grass pastures had not been grazed during the summer prior to the creep
feeding study and contained ample forage, The creep feeding area was es-
tablished under a shade tree close to a stock pond in a 160 acre pas-
ture. A period of about 10 days was required for daily cottonseed meal
consumption to reach the desired 1 1b/head/day. A salt level of 15% was
adequate to maintain the desired intake of cottonseed meal. Creep-fed
calves gained .32 1b/head/day more than Control calves (P<.0l) with a
conversion of 2.79 1b cottonseed meal/1b of added gain. Differences in
animal appearance was obvious, similar to results of Trial 1.

No-differences in weight or condition change were noted among dams
of Control and Creep-fed calves. This observation is consistent with
other studies that have shown no effect of creep feeding on milk intake
of calves.

The efficient conversion of cottonseed meal to added gain seen in
both trials strongly suggests that forage intake and/or digestibility
was increased., At a cottonseed meal cost of $.10/1b, the cost of added
gain would have been about $.23 for calves in Trial 1 and $.28 for
calves in Trial 2.

As in all programs dependent on forage intake responses, a protein-
based creep feeding program assumes that adequate forage is available.
Aside from the low cost of added gain, a salt-limited high protein creep
feeding program has the advantage of reducing the amount of creep feed
that must be handled. It is likely that the addition of growth promot-
ives such as Rumensin could further improve the efficiency of creep feed
conversion to added gain. It is also probable that the addition of
Rumensin will permit a reduction in the amount of salt needed to limit
intake. This comparison is planned for future studies at OSU.
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EFFECT OF PROTEIN SUPPLEMENTATION ON STOCKERS GRAZING NATIVE GRASS
IN SOUTHEASTERN OKLAHOMA

Jim Cantrelll, Gerald Br'yanl and K.S. Lusby2

Story in Brief

A cooperative field trial was conducted to determine the effect of
supplemental protein on the performance of calves grazing native grass
on reclaimed timber land in southeastern Oklahoma. Forty calves were
assigned to either a control group receiving no supplement, or a supple-
mented group which received 1.07 1bs/day of soybean meal cubes (44% CP)
per day (2.5 lbs/head fed Monday, Wednesday and Friday). For the 56 day
trial period in late summer, the supplemented calves gained .49 1bs/day
more than control calves (1.32 1bs/day -vs- .83 1bs/day, respectively).
The results of this trial indicate that protein supplementation can sig-
nificantly increase gain of stocker calves grazing native grass in south-
eastern Oklahoma.

(Key Words: Protein, Stocker Cattle, Brushland.)

Introduction

Several studies have been conducted in central and north-central
Oklahoma to determine the effectiveness of protein supplementation in im-
proving the gains of stocker calves grazing native grass pastures. The
harvesting of timber and the use of herbicides to remove forest cover
have released a substantial amount of land to forage production. Much
of this land is too rough to plant improved forages, and consequently is
typically covered by native grasses released after removal of the forest
canopy. The objective of this field trial was to determine if protein
supplementation would economically increase gains of stockers grazing
native grasses grown on reclaimed forest land.

Materials and Methods

Forty Angus and Angus X exotic crossbred steers, approximately 10
months old, were assigned to either a control or a supplemented treat-
ment group. The supplemented group received 1.07 1b/head/day of soybean
meal cubes and were fed 2.5 1bs/head on Monday, Wednesday and Friday.
Both treatment groups had access to a free choice salt/mineral mix.

This trial was conducted on the Kerr Foundation Ranch in southeast-
ern Oklahoma, and utilized 160 acres of land that had been treated four
years earlier with Graslan® herbicide. This tract was divided into two
pastures of 80 acres each, and stocked at a rate of four acres per calf.
Pastures were rotated at the intermediate weigh period to reduce any
pasture effects.

lKerr Foundation, Inc., Poteau, OK 2Associate Professor
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Results and Discussion

The results of this trial are in agreement with similar trials con-
ducted in other sections of Oklahoma (Lusby et al., 1982; Lusby and
Horn, 1983). Feeding small amounts of high protein supplement resulted
in a significant improvement in stocker performance (Table 1). This
trial was conducted August 16 to October 11, and as the season progres-
sed the control calves showed a dramatic drop in performance. This drop
in performance was partially offset by the use of the high protein sup-
plementation. The apparent feed conversion of the protein supplement
was 2.0 1bs of feed per pound of added gain. At a cost of $0.10/1b of
protein supplement, the cost of added gain (feed alone) would be about
$0.20/1b of gain. This conversion would be very economical for produc-
ers with stockers on this type of forage. These results could have ap-
plication to producers who purchase stocker calves during the summer
months when prices frequently are Tow. These calves could then be held
with acceptable rates of gain until cool season forages such as small
grains or fescue are ready to be grazed in the fall.

Table 1. Performance of steers grazing reclaimed native range and fed
protein supplements.

Treatments
Control Supplement
Number steers 20 20
Initial wt, 1b (8/16) 494 489
Gain, 1b/day (total) o b
8/16 to 9/18, 33 days, 1bs 1.41 (46) 2 l#3 (57)b
9/18 to 10/11, 23 days, 1bs .01 (.283 75 (17)h
18/16 to 10/11, 56 days, 1bs .83 (47) 1:38 674
ab

Mean§ with different superscript letters differ (P<.05).
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EFFECT OF DIFFERENT MANAGEMENT PRACTICES ON WEIGHT GAINS OF STOCKER
CALVES GRAZING BERMUDAGRASS 2
Jim Cantrell*, Gerald Bryarl1 and K.S. Lusby

Story in Brief

A cooperative field trial was conducted at the Kerr Foundation
Ranch to determine the effectiveness of different management practices
in improving gains of stocker calves grazing bermudagrass. One hundred
forty-one calves averaging 442 1bs were separated into three groups and
were grazed on bermudagrass with no supplement (control), received one
1b of protein supplement/head/day (supplement), or were assigned to a
pasture that was managed to maintain high quality forage (rotation).
For the 57 day trial conducted in late summer, supplemented calves gain-
ed 0.3 1bs/day faster than unsupplemented calves and 0.15 1bs/day faster
than calves of the rotation group (1.25, 1.10 and .95 1bs/day for supple-
mented, rotation and control groups, respectively). The results of this
trial indicate that protein supplementation will improve gain of stocker
calves grazing mature bermudagrass, but may not be economical if
pastures are maintained in a state of high quality.

(Key Words: Pasture Rotation, Beef Cattle, Bermudagrass.)

Introduction

Summer stockers or fall-born calves are typically grazed on bermuda-
grass in much of eastern Oklahoma. Although bermudagrass can tolerate
very heavy grazing pressure, daily gains are often disappointing.
Research with native grass indicates a very favorable response to pro-
tein supplementation and this response may also apply to bermudagrass.
In addition, work in Louisiana, Texas and Oklahoma indicates that with
very heavy stocking rates and high fertilization, bermudagrass can pro-
duce impressive gains per head and per acre. This trial was designed to
compare the effects of protein supplementation, and a more intensive
pasture management system to a traditional bermudagrass grazing program.

Experimental Procedure

One hundred forty-one Angus, Angus X exotic, and Angus X Brahman
calves, approximately 10 months old, were assigned to one of three treat-
ments. Forty calves were assigned to a control group (no supplement),
forty calves to a supplemented group (1.0 1b soybean meal cubes per head
per day, fed 2.5 1bs/head on Monday and Friday and 2.0 1bs/head on Wed-
nesday) and 61 calves to a pasture management group (rotation group)
where high guality forage was maintained, A1l three pastures were ap-
proximately 25 acres in size with forage consisting predominantly of
bermudagrass with a small amount of Tadino clover. The stocking rate
was 1.5 calves/acre for both the control and supplement groups, and 2.5
calves/acre for the rotation group.

1Kerr Foundation, Inc., Poteau, OK ZAssociate Professor
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The control and supplement pastures were fertilized with 300
1bs/acre of 17-0-31 on June 7, 1984 and with 150 1bs/acre of 34-0-0 on
July 18. The rotation pasture was fertilized with 300 1bs of 17-17-17
on June 7, and with 150 Tbs of 34-0-0 on July 18, All the pastures had
been cut for hay three to four weeks prior to onset of the trial, and
were in good to excellent grazing condition.

The rotation treatment was designed to maintain the forage in a
high guality state by keeping the grass grazed to a short, rapidly grow-
ing condition. This management was accomplished by subdividing the rota-
tion pasture into three smaller pastures with electric fence and then
rotating the calves among the three small pastures. Any excess forage
was clipped to maintain quality. The rotation dates were based on visu-
al appraisal of forage quality and quantity, and not on a strict time
schedule.

The control and supplemental groups were also rotated between
pastures at two week intervals to reduce pasture effects. All cattle
were held off water and feed overnight before each weighing.

Results and Discussion

Results of this trial are shown in Table 1. A1l three pastures
involved in this study had been cut for hay three to four weeks before
the start of the study, and the similar gains for the first weight
period indicate that all pastures were of comparable guality.

When quality of bermudagrass is adequate to support a daily gain of
1.86 1b/day without supplementation (control group), there is apparently
no advantage for protein supplementation. During the second 28 days of
the study, the apparent forage quality dropped substantially in all
pastures. This decrease in quality is probably a combination of
factors--increased height and maturity of the forage in addition to
seasonal factors. This decrease in forage quality was partially offset
by feeding supplemental protein. The more intense management of the
pasture rotation treatment also appeared to improve gain, although gain
differences between the control and rotation groups were not signifi-
cant. It should be pointed out that the trial was carried out during a
serious drought, and consequently all forage was probably lower than
normal in quality.

Table 1. Weight gains of calves grazing bermuda pasture.

[Zontrc)]1 Supplement2 Rotat10n3
Number calves 40 40 61
Initial wt, 1b 438 440 446
Gain/day, 1b, (total)
8/16-9/14 (28 days)  1.86 (52)2 1.89 (53)‘; 1.82 (52)2 .
9/14-10/12 (29 days) .08 (2.2)° .62 (18)° B (1010
8/16-10/12 (57 days) .95 (54.4)% 1,25 (71.4) 1.10 (62.5)%

Ehl‘~1eans with different superscripts differ (P<.05).

Bermuda + no supplement.

éBermuda + 1.0 1b soybean meal/day (three times/week).

1.5 times the stocking rate of control and supplement pastures, rotated

through three pastures with no supplement,
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The results of this trial indicate that the response to protein
supplementation by stockers grazing bermudagrass in late summer is
highly dependent in forage quality. Apparent feed conversion was 3.3
1bs soybean meal per pound of gain in the supplemented group over the
controls. Although the rotation group did not gain significantly faster
than the control group, the pasture rotation did appear to improve gains
over the control pasture. Protein supplementation may be a more viable
option than intensive rotation for some producers because less fencing
is required and a greater stock pile of forage can be accumulated.
These results indicate that protein supplementation of stockers grazing
bermudagrass in late summer is beneficial and economical if stocking
rates are traditional, and forage quality is low. If the forage is main-
tained in a short, fast growing condition, supplementation may not be
economical.
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DECCOX-MINERAL FEEDING STUDIES--OKMULGEE COUNTY, OKLAHOMA

K.C. Barnes!, K.S. Lusby?, Fred sti11?
and D.R. Taylor

Story in Brief

Two trials with 100 heifers each were conducted to determine the
effectiveness of Deccox (decoquinate), a coccidiostat, on sickness and
weight gain of newly-arrived stocker cattle. Studies were conducted
from November to February on a ranch near Okmulgee, Oklahoma. Deccox-
fed heifers gained about .5 1b/day faster (P<.0l) and had less sickenss
than Control heifers. Some bloody stools, indicating coccidiosis, were
noted for Control heifers in both trials.

(Key Words: Deccox, Coccidiosis, Beef Cattle.)

Introduction

Coccidiosis is a common occurance among newly arrived cattle on
Oklahoma cattle operations. The infection causes economic losses from
death loss, high labor and treatment costs and poor performance of some
cattle following recovery. Chronic infections may occur in all seasons
of the year but are more frequently seen during the fall and winter.
There is some evidence that sub-clinical levels of coccidiosis can
reduce performance as well as increase susceptibility to other diseases.
It is often difficult to administer anticoccidial agents to cattle that
are not normally fed supplemental feed or maintained at locations where
treatment through feed or water is possible. In these circumstances,
administration of an anticoccidial drug through self-fed mineral mixes
might be an efficient and economical means of protecting cattle from
both clinical and sub-clinical coccidiosis. The following trials were
conducted to study the effectiveness of Deccox when self-fed in a miner-
al mix during the receiving period on the performance and health of new-
ly arrived stocker calves,

Materials and Methods

Two field trials were conducted in Okmulgee County, Oklahoma, ap-
proximately 35 miles south of Tulsa in East Central Oklahoma. Cattle
and land were provided by Mr. Fred Still and the studies were supervised
by Kent Barnes, Area Livestock Specialist, located in Muskogee and Don
Taylor, Okmulgee County Extension Director.

Trial 1
One hundred and one heifers were purchased from auction barns and

local ranches and were received in four groups over a 2 week period on
November 21, November 24, November 29 and December 6, 1983. Average

T;ﬂwea Livestock Sjaeciaﬁst ZAssociate Professor 3Rancher,
Okmulgee, Oklahoma Extension Director, Okmulgee County
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weight was 394 pounds, Each load was randomly split into two treatments,
Deccox or Control. Heifers were individually weighed when received, mid-
way through the trial and again at the end of the trial, about 58 days
from the start. A1l heifers were vaccinated for IBR-PI3 (IM), Lepto,
Blackleg (3-way), wormed with tramisol, treated with systemic grubicide
and implanted with ralgro. Each heifer was branded, ear notched, and
number tagged for identification. Cattle with horns were tipped.

Heifers were confined by treatment in receiving traps about 10
acres in size and fed ad libitum low quality grass hay and 2 pounds of a
38% protein supplement. The feeding program was designed to minimize
purchased feed and provide for daily gains in the .5 to .75 1bs/head/day
range., Heifers were observed daily and pulled for treatment when depres-
sion, respiratory distress, scouring or other obvious clinical signs
were noted. Treatment regimes recommended by the consulting veterinar-
ian were followed,

A commercial mineral mix (Table 1) was offered to all cattle
throughout the length of the trial in whirlwind feeders equipped with
rubber pans. Deccox was hand mixed into one mineral mix (1.5 1bs. of 6%
Deccox premix per 50 1b of mineral) to deliver at least 23 mg. of deco-
quinate/100 1b of body weight if anticipated intake occured (.2 to .3
1b/head/day).

Table 1. Ingredient composition of mineral mix.

Ingredient 1b/ton batch Percent
Dicalcium phosphate 650 329
Salt 300 1550
Limestone 250 125
Corn, ground 300 15.0
Cottonseed meal 300 15.0
Alfalfa pellets, ground 100 5.0
Molasses 100 5l
Vitamin and trace mineral premix 10 10 1b/ton
Vitamin A, D and E 2 2 1b/ton

To test the consistency of mixing, mineral samples were collected
during the course of the study and analysed fcr decoquinate at Hess and
Clark Analytical Lab, Walland, Ohio. Mineral intake was measured weekly
with cottonseed meal added (5-20%) and feeder locations adjusted when
needed to induce adequate intake of mineral.

Trial 2

One hundred heifers were purchased from auction barns and received
in four groups over a 4 week period on December 10, December 31, January
1 and January 7, 1983-1984. Average weight was 383 pounds. Experimen-
tal procedure was the same as in Trial 1 except for a period of 5 days
in mid-January. Extreme cold with snow and ice was encountered during
the first few days that this group of calves was assembled. Ice had to
be chopped on watering ponds and the calves probably consumed minimal
water., As a result of weather conditions and/or animal preference, min-
eral consumption by both Control and Deccox calves was inadequate. In
order to insure adequate Deccox intake, Deccox was hand mixed with
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cottonseed meal into the protein supplement and fed in addition to the
medicated mineral.

Results and Discussion
Trial 1

Results are shown in Table 2. Mineral consumption averaged 1.94
oz./head/day and calculated Deccox consumption averaged 92 mg/head/day
during the trial. Mineral consumption varied with daily intakes of
Deccox ranging from 38 mg up to 166 mg. Laboratory analyses showed that
actual Deccox concentrations in mineral mixes exceeded the calculated
amount in every sample taken.

Table 2. Performance of heifers in Trial 1.

Control Deccox
Number of Heifers 50 51
Start weight, 1bs. 388 400
Daily gain, lst. period (32 days) .73a .8[)b
Daily gain, 2nd. period (26 days) -.14 .78b
Daily gain, total period (58 days) .3° .79
Final weight 408 446
Sick pulls, %° 54 38
Repulled, % 60 10
Sick pulls with scours, % 100 10
Dead, % 0 0

Byeans differ (P<.01)
One sick pull signifies that a calf was removed for treatment and
treated until deemed well.

Daily gains were similar for both Control and Deccox heifers (.73
vs .80 1bs./day) during the first 32 days of the study, which would have
mostly taken place in December. However, during the final 26 days,
Deccox heifers gained .78 1bs./day compared to -.14 1bs./day for Control
heifers (P< .0l1) For the entire 58 day period, Control heifers gained
.34 1b/day compared to .79 1b/day for Heifers receiving Deccox (P< .01).
The increased weight gain for the Deccox-fed heifers was readily
apparent in the physical appearance of the calves.

More Control heifers were pulled for treatment than Deccox heifers
(54% vs 38%) and more Control heifers had to be repulled at a later date
for additional treatment (60% vs 10%). The primary reason for sickness
in both groups of heifers was respiratory disease., Clinical coccidiosis
did not appear to be a major problem with either group of heifers al-
though some bloody stools were noticed in the Control group. It is
interesting to note that 100% of the Control heifers that had to be
treated for sickness showed scouring compared to 10% for Deccox heifers.
Since the diet for the heifers was 2 1bs. of a soybean meal-cottonseed
meal pellet and free choice medium to low quality grass hay, there is
little reason to suspect that the diet could have been responsible for
any scouring. The increased weight gain and the reduced incidence of
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scouring seen with heifers fed Deccox and the presence of some bloody
stools in the Control group suggests that subclinical coccidiosis may
have been a problem in these heifers. No death loss was seen in Trial
1 The pronounced difference in gains between treatments during the
second period suggests that some stress was affecting the heifers and
the extreme cold weather encountered in late December and early January
may have been enough additional stress to retard performance of the Con-
trol group.

Trial 2

As was stated in the Materials and Methods section, heifers in this
trial were received during a period of extreme cold and it was not pos-
sible to achieve adequate Deccox intake through the mineral mix. Palat-
ability of the drug did not appear to be the problem because Control
mineral mix was not consumed either. For a 5 day period, additional
drug was administered in cottonseed meal blended with the regular pro-
tein supplement., After this 5 day period the drug was again fed with
the mineral mix. Medicated mineral was available throughout the trial,
and consumption averaged 1.66 oz./head/day. Calculated Deccox intake
averaged 86 mg./head/day but ranged from 0 to 135 mg./head/day at weekly
measurements.

Mineral delivery of any product must be monitored closely with
preparations made for altering the palatability of the mineral mix to
either increase or reduce intake and to use some other delivery system
if adequate mineral intake is not possible. The emergency delivery
system used in this study was a small supply of sacked cottonseed meal
that could be hand mixed with the drug and substituted for a portion of
the regular protein supplement.

Cattle performance is shown in Table 3. During the approximately
57 day trial period, Control heifers lost .03 1bs/day compared to a gain
of .57 1bs./day for Deccox heifers (P< ,01). In contrast to Trial 1, a

Table 3. Performance of heifers in Trial 2.

Control Deccox
Number of Heifers 49 51
Start weight, 1bs. 397 A 379 -
Daily gain, lst period (29 days) 'Dga v Gg
Daily gain, 2nd period (28 days) -.15 .47b
Daily gain, total period <. {3 .57
Final weight 396 412
Sick pulls, %° 65 16
Repulled, % 30 60
Sick pulls with scours, % 100 100
No. dead 2 1

ElbMeans differ (P<.01)

One sick pull signifies that a calf was removed for treatment and
treated until deemed well.
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highly significant gain advantage was seen for Deccox heifers during the
first half of the trial as well as during the second half. Gains for
Control heifers were poor (.09 1bs./head/day) for the first 29 days of
the study and weight loss was seen during the final 28 days (-.15
1bs./head/day). Heifers receiving Deccox gained .66 1bs./day for the
first 29 days and .47 1bs. for the final 28 days.

Clinical coccidiosis was noted in the Control group. As was the
case in Trial 1, more Control heifers than Deccox heifers were pulled
for treatment (65% vs 16%) although scours was noted in most of the sick
heifers from both groups. More Deccox heifers had to be repulled for
treatment than Control heifers although the low number of sick heifers
in the Deccox group limits interpretation about the relationship between
coccidiostat and retreatment of sick cattle in this trial. It is likely
that some heifers may not have received sufficient drug during the first
few days of the study because of previously noted difficulties with min-
eral intake during the early part of Trial 2. Two heifers died in the
Control group compared to one in the Deccox group. The low mortality in
comparison to the high morbidity (sickness) rate, especially in the Con-
trol group was a reflection of the excellent treatment received. This
level of morbidity would likely result in a higher death rate in many
circumstances.

Conclusions

Mineral mixes may be used to deliver Deccox to newly arrived cattle
providing the intake is carefully monitored and preparations are made
for altering the palatibility of the mineral mix and for delivering the
drug though some other feed source if mineral intake is not adequate.
In a total of 4 trials at this ranch, 2 in the spring and the 2 winter
trials reported here, mineral consumption was adequate in 3 of the 4
studies.

A significant gain response was seen in both winter trials as well
as a reduction in the number of cattle treated for sickness. Clinical
coccidiosis was seen in both studies and the degree of scouring noted
suggested that subclinical coccidiosis could have been a problem, Coc-
cidiosis is very common in the fall and early winter in stressed calves.
Prevention of the disease with coccidiostats is an obvious recommenda-
tion and mineral delivery of coccidiostats may be an additional manage-
ment tool in situations where the feeding program limits the number of
feeds that can be stored and fed. Consumption must be monitored, how-
ever, and alternate feeding plans available.
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EFFECTS OF FEEDING DECCOX IN GROWING RATIONS FOR STOCKER HEIFERS

K5y Lusbyl, Ml Bror‘sen2, VqL. Ste\.fens3
and R.M, Farabough

Story in Brief

A field trial was conducted on a ranch in Noble County in north cen-
tral Oklahoma. Ninety-eight heifer calves, purchased in a western Arkan-
sas auction, were shipped to the ranch on October 11, 1984 and allotted
to the study on October 13. Heifers were maintained in drylot pens and
full-fed wheat hay and crabgrass hay for 56 days. All heifers were fed
2 1b of 38 percent cottonseed meal-based pellets per day with half the
heifers receiving 100 mg of Deccox in their supplement. Heifers fed Dec-
cox gained 1.34 1b/day compared to 1.06 1b/day for control heifers
(P<.01). One case of clinical coccidiosis was seen in control heifers.
These data suggest that these newly received calves were affected by sub-
-clinical coccidiosis enough to reduce performance.

(Key Words: Deccox, Coccidiosis, Stocker Calves.)

Introduction

Coccidiosis is a common health problem among newly arrived stocker
calves in Oklahoma. Clinical cases with signs of bloody scours and
death loss cause obvious economic losses. However, recent research sug-
gests that coccidiosis may reduce performance in some cattle without
causing the most apparent clinical signs of the disease. Because Deccox
(Decoquinate) is an effective coccidiostat that should not have any oth-
er growth promotive effects, feeding Deccox during the receiving and
growing phase should provide evidence of the effects of subclinical coc-
cidiosis in cattle.

Materials and Methods

A 56-day field trial was conducted on a ranch in Noble county near
Perry in north central Oklahoma. Ninety-eight heifer calves weighing
about 340 1b were purchased in a western Arkansas auction and trucked to
the ranch on October 11, 1984. The heifers were vaccinated for IBR,
PI-3, Haemophylus somnus, Pasteurella hemolytica-multicida, Lepto and 5-
way Clostridia. All heifers were injected with Ivermectin and implanted
with Synovex®H. Hay was provided free choice to all heifers in round
bale feeders and 2 1b/head/day of cottonseed meal was fed in feed
troughs. Hay consisted of high quality wheat and crabgrass hay for the
first 28 days and lower quality wheat hay for the last 28 days of the
study.

On October 13, all heifers were randomly allotted to either Con-
trol or Deccox treatments. Deccox was administered through the cotton-
seed meal pellets at the rate of 50 mg/1b or 100 mg/head/day in 2 1b of

:{R—ssociate Professor 2Catt]e owner 3

County Extension Director
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supplement. All heifers were individually identified with a color coded
and numbered ear tag at the time of allotment to treatments, Thirteen
heifers had been pulled for sickness at the time of arrival and proces-
sing and were allotted to treatment groups while in the sick pen. ATl
weights were unshrunk weights taken immediately after moving cattle from
their pens to the scales. Heifers were maintained in adjacent drylot
pens throughout the study.

Heifers were observed daily and pulled for treatment when signs of
sickness such as anorexia and depression were noted. Rectal temper-
atures were taken on all calves pulled for sickness. Sick calves were
treated with antibiotics prescribed by the consulting veterinarian. The
veterinarian was called to examine calves not responding to treatments
and to evaluate severe cases.

Results and Discussion

During the first 28 days of the trial, calves fed Deccox in their
cottonseed meal supplement gained 1.53 1b/day (Table 1) compared to 1.24
1b/day for control calves (P<.05). Control calves appeared to have
sTightly rougher haircoats and showed more loose stools than calves fed
Deccox during the first 28 days in drylot. One case of clinical coccidio-
sis in a Control heifer was diagnosed by the consulting veterinarian on
the tenth day of the trial. This heifer showed bloody scours, extreme
incoordination and weakness. After treatment with Amprolium and antibi-
otics, the heifer recovered. Weather was generally mild during this per-
iod with limited rainfall.

Table.1l. Performance and health of heifers fed Deccox for 56 days fol-
Towing arrival.

Control Deccox Prob.
Number heifers 49 49
Initial weight 352 342
Daily gain, 1b/day
1st 28 days 1.24 1.53 P<.05
2nd 28 days .88 1517 P<.01
56 days 1.06 1.3l p<.0l
Number dead 0 0
Number treated at processing 7 6
Sick days/calf pulled 3 3
Number treated after Deccox
feeding began 24 7]
Sick days/calf pulled 5.5 5.9

During the second 28 days of feeding, calves fed Deccox again gain-
ed faster than control calves (1.17 1b/day vs .88 1b/day, P<.0l).
Approximately 5 inches of snow fell during this period. At the time of
the final weighing, about 70 percent of the control cattle showed some
signs of loose stools although no blood was apparent in their feces. No
Deccox-fed calves were observed to show any scouring. The fact that
feed related scouring would not be expected with a diet of low quality
wheat hay and 2 1b/day of cottonseed meal, and that no scouring was
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observed in the Deccox group, suggests that some other factor was
involved. These data suggest that these heifers were affected with sub-
clinical coccidiosis severely enough to reduce weight gain without caus-
ing clinical signs of coccidiosis. No heifers died during the trial.
Slightly more Control calves required treatment for sickness than Deccox-
-fed calves although there was no apparent effect of treatment on the
number of days each calf was sick. Respiratory illness was the most com-
mon sign among calves pulled for treatment.

For the entire 56 day trial, calves fed Deccox gained 1.34 1b/day
compared to 1.06 1b/day for Control calves (P<.01). Deccox-fed heifers
gained a total of 15.7 1b more than Control heifers during the trial.
At a value of $58 per hundred, the added gain would be worth $9.09 per
heifer. The cost of the drug will be between 2 and 5 cents per head per
day depending on the source. Deccox is normally recommended for feeding
the first 28 days after arrival. It was fed for 56 days in this study
to estimate effects of controlling coccidiosis on performance of growing
calves., Typically, a growth promotive feed additive would be used after
the first 28 days. This study, along with others in Oklahoma (Barnes et
al., 1984a and b), suggest that feeding a coccidiostat in growing and
receiving rations can improve gains, particularly in the fall and spring
months and in locations with a history of coccidiosis.

Literature Cited
Barnes, K.C. et al. 1984, Deccox-mineral feeding studies--Okmulgee
County, Oklahoma. 0SU MP-116:130.

Barnes, K.C. et al. 1984, Performance of newly-arrived stocker cattle
fed Decoquinate. J. Anim, Sci. 59:382 (abstr.).
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THE EFFECT OF RESPIRATORY SYNCYTIAL VIRUS VACCINE ON HEALTH AND
PERFORMANCE OF NEWLY-ARRIVED STOCKER CATTLE

R.A. Smithl, R.B. Hicksz, D.R. GiH3, and R.L. Ba11?

Story in Brief

One-hundred forty one newly-received steer and bull calves and year-
lings averaging 475 1b were divided into two groups. Eighty-one
received routine processing upon arrival, and 60 received routine
processing plus respiratory syncytial virus (RSV) vaccine. Vaccination
with RSV vaccine decreased daily gain (1.61 vs 1.35 1b/head). Morbidity
was 66% for the RSV vaccine group which was higher (P<.05) than for the
controls (47%). Sick days also were higher in the RSV vaccine group
(6.8 vs 4,3 days/animal). Death loss also tended to be higher in the
vaccinated groups (13.3 vs 2.5%). In this study, the use of RSV vaccine
was detrimental to health and performance of newly-received stressed
calves in this 28 day receiving period.

(Key Words: RSV, BRD, Newly-received cattle, Shipping fever

Introduction

Respiratory syncytial virus (RSV) has been detected in reSpiratory
infections of cattle with severe clinical and pathological features
(Rosenquist, 1974) and recent work has suggested that RSV may be
associated with the Acute Respiratory Distress Syndrome of calves.
Antibody surveys have shown that the virus is common in cattle
populations., A modified Tive virus vaccine was recently introduced onto
the market for use in cattle. As part of ongoing stressed cattle and
shipping fever research, calves were randomly selected from three loads
of cattle to study the effect of RSV vaccine on the health and
performance of newly arrived stocker and feeder calves.

Materials and Methods

A1l cattle were purchased by order buyers from auction markets in
Tennessee or Alabama and shipped by truck to the Pawhuska, Oklahoma
Research Station. WNewly-received cattle were weighed individually off
the truck, ear tagged and treated with Lysoffed. Following weighing
and tagging cattle were placed in pens of 20 to 25 animals each
depending on the number of cattle received. For this study, animals
from three different truckloads were used in trials starting on August
18, 1984, October 11, 1985 and November 14, 1984, Water and native
bluestem grass hay were available free choice. The morning following
arrival, the cattle were processed as follows:

lnssociat% Professor,, Veterinary Medicine and Surgery 2Graduate
%Ssistant Professor "Herdsman II
Cutter Laboratories, Shawnee Mission, KS 66201.
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1, Body temperature and time were recorded.

2. All cattle were vaccinated with IBR-PI., (MLV) IM, Leptospira
pomona bacterin and Clostridia chauvoe?, septicum, novyi and
sordellii bacterin,

3. Six head were vaccinated with respiratory syncytial virus vac-
cine” and 81 head served as unvaccinated controls.

4, One-half the cattle were dewormed with ivermectinc, the other half
in each vaccination group served as controls as part of a deworming
trial superimposed on this study.

5. Calves were started on antibiotic treatment if clinical signs of
illness were detected or if body temperature exceeded 104°F except
for the one-third of the calves which received no treatment if they
became sick.

6. For sick calves, a hospital card was initiated and the calf was
placed in a hospital pen.

Bluestem hay was available at all times and a supplement (Table 1)
was offered at a rate of 2 1b/head/day for the first 21 days and 1
1b/head/day during days 22-28.

Table 1. Composition of feed supplement.

Ingredient Percent
Soybean meal 88.9
Salt 3.0
Vitamig A-30000 IU/gm L2
Premix .18
Cottonseed meal 5.0
Dicalcium phosphate 2.75

o provide 75 mg lasalocid per pound.

After processing, cattle were checked twice daily for signs of
illness. If an animal was suspected to be sick, it was taken to the
processing area where its body temperature was determined and a severity
of illness score (slight, moderate or severe) was assigned. If the body
temperature exceeded 104°F the animal was considered sick. The animal
could also be classified as sick based on clinical signs.

Medical treatment for sick animals was determined by the ear tag
number which was applied at random on arrival. Treatment schedules were
(A) no treatment (negative controls), (B) a sequence of antimicrobial
drugs Tisaed in Table 2 or (C) an experimental potentiated sulfa
(R05-0037") substituted for Treatment 1 in Table 2. Thirteen control
cattle and seven in the RSV vaccine group were randomly assigned to
treatment schedule A. Cattle treated by schedules B and C were
initially treated with the first drug in the sequence. If body
temperature dropped 2°F or to less than 104°F, or clinical signs were
improved within 24 hours, the first drug was continued for at least

bBOVinE Respiratory Syncytial Vaccine (serial number 57), Norden Labor-
atories, Lincoln, NE.

Ivomec®, MSD Agvet, Rahway, NJ 07065

Primor®, Hoffmann-LaRoche, Inc., Nutley, NJ 07110.
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another two consecutive days. If no improvement was apparent within 24
hours, the next drug in the sequence was applied and the procedure
repeated until improvement was detected (procedure outlined in OSU
RP-9104-04/81). Cattle treated by schedule C received R05-0037 boluses
orally (30 mg/1b on day one and 15 mg/1b/day thereafter.

At the end of the 28 day trial, the cattle were held overnight with-
out feed or water, weighed the following morning and, when necessary,
cattle were castrated and horns were tipped, Cattle were then returned
to the owner,

A11 cattle dying during this study were admitted to the Oklahoma
Animal Disease Diagnostic Laboratory for gross and histological examina-
tion, virus isolation, bacterial culture and antibiotic sensitivity test-
ing.

Table 2. Sequence of drugs used for treatment of BRD.

Treatment No. 1: OXYTETRACYCLINE (Biomycin-C®) subcutanously - 5
mg/ 1b.

Plus

SULFAMETHAZINE BOLUSES (Sulmet® - 15 gm) 1
bolus/150 1b on day 1. One bolus/300 1b on subse-
quent days.

1

Treatment No 2: ERYTHROMYCIN (GALLAMYCIN®) deep in the muscles -

mg

1

Treatment No 3: SPECTINOMYCIN (Spectam®) 5mg/1b IM,

1

Treatment No 4: PROCAINE PENICILLIN G - Subcutanously - 30,000

TU/1b.

Treatment No 5:1  TYLAN 200 - 10 mg/1b IM.

1Some of the antimicrobial drugs used in this study were used for
extra-1label purpose or at extra-label dosages and require a
veterinarian-client-patient relationship before use.

Results and Discussion

Least square means are presented in Table 3. Average daily gains
(ADG) during the 28 day receiving period were 1.6l 1b/day for the
controls and 1.35 1b/day for those vaccinated with RSV vaccine. Data
from cattle that died during the study were not used to calculate gains.
Morbidity was high in both groups, but greater (P<0.05) in the group
vaccinated with RSV vaccine (66 vs 47%). Number of repulls (cattle that
had to be treated more than once for respiratory disease) were higher in
the RSV vaccinated group and death loss tended to be increased with the
RSV vaccine group (13.33% compared to 2.47%). The death loss percentage
among cattle that were treated when they became ill by treatment
schedule B or C was 5% in the RSV vaccinated group and 0% in the
unvaccinated controls.
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Table 3. Effect of RSV vaccine on morbidity, mortality and performance
of stressed calves.

Controls RSV Vaccine Vaccine
(81 head) (60 head) Effect (%)

Average daily gain, 1b 1.6l 1.35 -16
Morbidity, % 47, 66. +59
Repulls, % 26. 37. ——
Sick days 4.3 6.8 +40
Total mortality, % 2.5 13.3 +540
Percent mortality excluding

treatment schedule A cattle 0. e —-———

Under the conditions of this study, health and performance of newly-
arrived calves were impaired by treatment with respiratory syncytial
virus vaccine. This vaccine offered no economic advantage in processing
of stressed calves in this study.
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THE EFFECT OF COMPUDOSE AND FINAPLIX ALONE AND IN COMBINATION
ON GROWTH OF FEEDLOT STEERS

R.B. Hicksl, D.R. Gi112, L.H. Cargol13, J.J. Martin

and C.A. Strasia

4

Story in Brief

One-hundred-twenty yearling steers were divided into five treat-
ments as follows: (1) no implant, (2) Compudose on day 1, (3)
Trenbolone acetate (TBA) on days 1 and 63, (4) Compudose on day 1 and
TBA on days 1 and 63, and (5) Compudose and TBA on day 1.

Daily gains and feed efficiencies were improved for the steers
receiving a combination of Compudose and TBA. Compudose plus a single
TBA implant improved gains 8.6 percent and feed efficiency 4.6 percent
on a carcass basis. Compudose plus two TBA implants improved daily gain
7.6 percent and feed efficiency 3.9 percent on a carcass basis. Gain
and feed efficiency were improved 4.3 and 1.0 percent by Compudose alone
on a carcass basis. The TBA implants alone reduced gain and efficiency
7.3 and 3.9 percent, respectively on a carcass basis. Dressing percent-
ages and marbling tended to be lower for steers receiving TBA implants.

(Key Words: Feedlot Steers, TBA, Compudose, Growth Promotants.)

Introduction

i Estrogenic anabolic implants have been used to increase rate of
gain and improve feed efficiency in feedlot cattle in the U.S. for many
years. One such implant is Compudose. The use of the androgenic ster-
oid trenbolone acetate (TBA) to improve beef cattle performance has been
reported in European literature. It has been suggested that the growth
response to TBA is additive to that produced by estrogens. The object-
ive of this study was to evaluate the effect of Compudose and Finaplix
(200 mg TBA) alone and in combination on growth and carcass characterist-
ics of feedlot steers.

Materials and Methods

One-hundred-twenty crossbred steers of predominantly one-half
Brahman breeding were weighed on trial at Goodwell, Oklahoma on April
25, 1984. These steers had been grazed as a single group on winter
wheat pasture near Purcell, Oklahoma since October 1983. They were
implanted on January 4, 1984 with Ralgro (36 mg zeranol) and had receiv-
ed no additional implants prior to the initiation of this study.

The steers were weighed twice on day 1 of the trial, and had an
average initial weight of 762 1bs. They were blocked by weight and
breed type into three groups of 40 head each. Each block was further
divided into five pens of eight head each with the five treatments being

1Gr'aciua'ce Assistant 2Professoli' 3Resear‘ch Associate, Lilly
Research Laboratories, Dayas, TX "Chairman, Division of Agriculture,
Panhandle State University “Area Specialized Agent
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randomly assigned within each block. The treatments were (1) control,
(2) Compudose on day 1, (3) TBA on days 1 and 63, (4) Compudose on day 1
and TBA on days 1 and 63, and (5) Compudose and TBA on day 1.

The Compudose implants were placed subcutaneously in the posterior
surface of the left ear. The TBA implants were placed subcutaneously in
the posterior surface of the right ear. Second TBA implants administer-
ed on day 63 were also placed in the right ear.

A complete concentrate ration consisting of whole shelled corn, cot-
tonseed hulls and pelleted supplement was fed for the full 126 day trial
(Table 1). Dehydrated alfalfa pellets and cottonseed hulls were used to
dilute the ration to 60 percent concentrate for starting the cattle on
feed, these were decreased in 5 steps until the cattle were on the
final ration at 28 days on feed. Steers were weighed full on days 28,
56, 84, 112 and 126. They were weighed twice on day 126. On days 56
and 112 each animal was evaluated for male characteristics in the head,
neck and shoulder areas.

Steers were trucked 70 miles to Booker, Texas on day 127 of the
trial (August 30, 1984) for slaughter and carcass data was obtained. In
addition, each carcass was evaluated for masculinity traits. Live
weights are reported on a full basis while gains and feed efficiencies
were calculated using a 4 percent shrink. Gains and feed efficiencies
for the total trial were calculated from hot carcass weights assuming a
dressing percentage of 62, and are indicated as "O-slaughter" in Table
2,

Table 1. Ration composition, dry matter basis?,

Ration
Ingredient 1 2
Corn, whole shelled, % 51.85 86.85
Cottonseed hulls, % 15.00 5.00
Alfalfa, dehydrated, % 25.00  -----
Pelleted supplement,% 8.15 8.15

Supplement Composition, % of DM

Soybean meal 3.84
Cottonseed meal 2.05
Calcium carbonate 1.00
Urea 0.45
Salt 0.30
Molasses 0.28
Potassium Chloride 0.20
Vitamin A-30 0.02
Trace mineral 0.01

8%Calculated to contain 11.65% crude protein, .60% potassium, .42% cal-
cium and .33% phosphorus.
Starting ration only.

Results and Discussion

Performance and carcass data are presented in Table 2. Steers
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Table 2. Performance and carcass data.

Treatment
E.B, day 1;
TBA days, T8A. days E.B, day 1;
Control EB, dyl 1&63 14 63 T8A. day 1

Weights, 1b

Initial 762, 762, 762, 761 762

126 days 1156 1170 1150 12052 1204°
Daily gain, 1b b b b

0-126 days 276, 2.872 272, 3.142 3 e

0-slaughter 3.03% 3.16° 2.81 3.26° 3.29%
Daily feed, 1b 3

0-126 177 18.3 17.¢ 18.23 18.3
Feed/gain

0-126 6.412, 6.362, 6 28" 580t 5.86,¢

0-slaughter 5.84° 5,78° 6,07° 5,61° 5,57
Carcass weight, 1b 709 719 691 V127 730
Dressing percent 6l.3 61.5 60.1 60.3 60.6
Liver abscesses,

Incidencg, % 0 8.3 8.3 4.2 0

Severity 0 17 .13 .04 0
Rib eye area, sq in 12.8 12.7 123 T3vd 12.7
KHP, % 2.10 2.19 1.85 2,10 2.10
Fat thickness, ,in. 0.40 0.46 0.41 0.48 0.47
Marbling score 125 12.4 11.6 11.8 11.7
Cutability, % 50.9 50.4 50.8 50.4 50.3
Yield grade 2.5 2.8 2.6 2oy 2.8
Federal grade 11.1 112 10.5 10.8 10.4

A= Finaplix (Trenbolone acetate).

Means in a row with different superscripts differ (P<.05).
1l1=average slight; 12=slight plus.
0 = one; 1 = small size; 2 = many or moderate sized abscess.
Average Good = 10; Good Plus = 11.

*EEB: Compudose 200 (Estradiol control release implant).
b

implanted with Compudose had significantly higher daily gains (carcass
weight basis) than steers receiving TBA alone. Improvements in rate of
carcass adjusted gain with these implants were 8.6 percent for Compudose
plus a single TBA implant, 7.6 percent for Compudose plus two TBA
implants and 4.3 percent for Compudose alone. TBA alone decreased gains
7.3 percent on a carcass basis. On a live weight basis, steers receiv-
ing both Compudose and TBA implants had significantly higher gains than
the controls and steers receiving TBA alone. Gains reported on a live
weight basis were higher for steers receiving Compudose plus two TBA
implants. Compudose alone or in combination with TBA increased feed
intake 3.4 percent, whereas TBA alone decreased feed intake 4.0 percent.

Steers receiving Compudose and a single TBA implant had a signifi-
cantly improved feed efficiency (carcass weight basis) compared to TBA
alone. Improvements in efficiency of feed use reported on a carcass
weight basis were 4.6 percent (Compudose plus one TBA implant), 3.9 per-
cent (Compudose plus two TBA implants) and 1.0 percent (Compudose
alone). TBA alone reduced efficiency of feed use 3.9 percent on a
carcass weight basis, whereas TBA alone improved efficiency 2.0 percent
on a live weight basis.

Carcass weight differences correspond with differences in rate of
gain discussed above. Dressing percentages and marbling scores tended
to be lower for steers implanted with TBA. Only five steers had liver
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abscesses in the trial. No differences in masculinity traits were
observed on a live basis or carcass basis.

The combination of Compudose and TBA implants in this study
increased daily gains and improved efficiency of feed use for feedlot
cattle over either implant alone. (Caution!! TBA implants are not
approved for use alone or in combination with other implants in the
Unites States at the time this report is being written,)

272 Oklahoma Agricultural Experiment Station



EFFECTS OF MGA®, TYLOSIN, LASALOCID AND MONENSIN FED IN COMBINATION
ON THE PERFORMANCE OF FEEDLOT HEIFERS

J. J. Martinl, C.A. Strasia’, D. R. 6i11°
and R. B. Hicks

Story in Brief

Additives in the following combinations were tested for a 110 day
feeding test: 1, MGA; 2, tylosin; 3, lasalocid; 4, MGA + tylosin; 5,
MGA + lasalocid; 6, lasalocid + tylosin; 7, MGA + lasalocid + tylosin;
and 8, MGA + monensin + tylosin. If the averages for treatments 1 and
2 (MGA or tylosin only) are used as the reference point then carcass ad-
Jjusted feed efficiencies were improved 6% for lasalocid only (3), 10%
for MGA + tylosin (4), 8% for MGA + lasalocid (5), 1% for lasalocid +
tylosin (6), 6% for MGA + lasalocid + tylesin (7), and 15% for MGA + mon-
ensin + tylosin (8). The data from this test will be most meaningful
when pooled with tests of the same design conducted at the same time at
other universities. Only the combination of MGA + monensin + tylosin
had significantly improved feed efficiency over MGA alone.

None of the additives or combinations had any effect on carcass mea-
surements or liver abscesses. The fact that all test cattle were fed
decoquinate for the first 28 days of the 64 day warm up period before
the test additives were administered may have affected the results.

(Key Words: Feedlot Heifers, MGA, Lasalocid, Monensin, Tylosin.)
INTRODUCTION

A major problem which greatly reduces the efficiency of beef pro-
duction is the lack of safety-efficacy clearances by the FDA for a num-
ber of proven effective feed additives. The lack of necessary clear-
ances often prevents cattlemen from using two or more proven effective
additives at the same time in the diet. This study is a part of a num-
ber of studies conducted to obtain clearances which ultimately will al-
low cattle feeders to feed combinations of Monensin + Tylosin + MGA, or
lasalocid + Tylosin + MGA at the same time. The feeding of combina-
tions of proven safe and effective feed additives which in most cases
are both complimentary and additive to one another can greatly improve
the efficiency of beef production. Since modes of action of MGA, tylo-
sin and the ionophores are different, administration of them in either
two or three-way combinations should result in improved performance of
feedlot heifers over that achieved with any additive fed singly. Two of
these drugs, MGA and tylosin, have unique non-overlapping claims not
shared with monensin or lasalocid. Therefore, these two drugs will con-
tribute separate added claims to either of the ionophores utilized in
three-way combinations. Because of MGA's estrus suppressing activity ap-
proval to administer this drug in two and/or three way combination with
other feed additives will be of considerable benefit to the feedlot
heifer industry,

1Chairman, Division n§ Agr‘icultHre, Panhandle State University
Area Specialized Agent “Professor ‘Graduate Assistant
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Experimental Procedure

A group of 192 heifers were selected for uniformity from a larger
group purchased at sale barns in south central Oklahoma. At preprocess-
ing, the heifers were pregnancy checked and heifers detected pregnant
were not used. The test heifers were then injected with 5 ml Lutalyse®
and shipped to Goodwell, Oklahoma for feeding. The heifers were placed
on a high silage ration containing decoguinate to provide 150 mg per
head per day for the first 28 days. The heifers then were placed on ad-
ditive-free starter ration and gradually moved up to the concentrate lev-
el of the test ration. They were held on the final additive-free
ration until at least 50% of the animals had been observed cycling. In
total, the heifers were fed 64 days before the test additives were added
to the diets. At this time the heifers were palpated to further demon-
strate that the heifers were in fact cycling. The animals were then
stratified into three weight groups and randomly allocated to eight ex-
perimental feed groups consisting of three pens each.

Table 1. Treatment designation.

1. MGA 0.5mg/hd/day

2. Tylosin 10 g/ton of complete feed

3. Lasalocid 30 g/ton of complete feed.

4, MGA (0.5mg)-tylosin (10 g)

5. MGA (0.5mg)-Tlasalocid (30g)

6. Lasalocid (30g)-tylosin (10g)

7. MGA (0.5mg)-lasalocid (30g)-tylosin (10g)
8. MGA (0.5mg)-monensin (30g)-tylosin (10g)

Special supplements containing the additives were added each day at
feeding time so that MGA could be administered at a rate of 0.5
mg/head/day, while tylosin, lasalocid, and monensin were administered at
specific concentrations per ton as indicated in Table 2.

Heifer weights were recorded following a 12 hour withdrawal from
feed and water and were weighed at 28 day intervals. Final weights were
taken after a 48 hour drug withdrawal. The animals were transported ap-
proximately 75 miles to Booker, Texas for slaughter and collection of
routine carcass information, including liver abscess data. Data from 8
heifers were excluded from the trial because of apparent errors in the
data collected at the packing plant. One heifer was injured in weighing
and was slaughtered at Panhandle State University. The net energy equa-
tions were used to calculate feed consumed by the nine animals and these
data were deleted from the analysis.

Results and Discussion

The design of this experiment dictated that open cycling heifers
were to be used for the test. It was presumed that the heifers were
both old and big enough to be cycling at time of purchase. However,
they had to be held on feed for 64 days before these criteria could be
met. As a result the pay to pay performance of these cattle greatly ex-
ceeded the performance in the trial summary. Because this design was
dictated by the requirements of the FDA and a limitation in facilities
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Table 2. Diet composition and additive concentrations.

Ingredient Percent
Corn Silage 4,00
Whole Shelled Corn 85.98
Supplement 5.02
Limestone 1,00
Salt .30
Urea .45
Soybean Meal 2.08
Vitamin A-30000 .02
Cottonseed Meal 1.00
Cane Molassgs T
Additive Carrier 5.00
Ground Corn + additives 2250
Soybean Meal 2.50
ddditive Carrier pellets contained:
Addﬂtive Theory Assay
MGA 3000 mg. per ton 2860
Tylosin® 600 gr. per ton 598
Lasalocid®. 1800 gr. per ton 1583
Monensin 1800 gr. per ton 1690

Blank no additivesd

EMGA carrier fed at a rate of 0.33 1b/head/day (0.5 mg).

Fed at a rate of 1.85% of ration dry matter to provide 30 grams per
90% dry matter basis ton of lasalocid or monensin, or to provide tylo-
sin at 10 grams.

Added at feeding time so that total additive carrier equals 5% of the
ration dry matter.

and funding no negative control could be included. The reader of this
report should use these data with those of 4 or 5 other experimental lo-
cations which conducted the similar tests using the same protocol. The
level of MGA fed gave complete estrus suppression, and appeared to be ad-
ditive with tylosin and the two ionophores.

The results of this test are presented in Table 3. The grading as
indicated by the marbling scores on these light weight heifers was out-
standing with only 2 animals not reaching the choice or better grade.
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Table 3. The effect of treatment on heifer performance.

Treatment Number
Item 1 2 3 4 5 6 7 8
Number of Heifers 22 23 21 23 24 23 24 23
Starting wt 677 672 672 672 672 667 674 678
Final wt 924 909 932 936 936 904 930 952
ADG, live 2y 2:15 2.36 2.40 2.40 2.16 2.33 2.50
Feed intake 15.77 14,45 14,97 14,92 14,79 14.48 14.76 14,55
Feed/gain, 1jve 7.012 6.712 5.33%° 6.25%° 6.172P 6.79° 6. 3220 5.84°
ADG, carcass 2.42 2.26 2.50 2.59 2-50 2.30 2.5 2.67
Feed/gain, carcass 6.502 6.402° 6.0720 5.8020 5.9220 6.39° 6.052° 5.45°
Dress, % 63.42 63.03 63.18 63.54 62.88 63.28 63.03 63.37
Fat Thickness,in ok .36 .36 .40 .35 .38 .40 .36
Ribeye Area, i 11.43 11.86 12.09 12.09 1170 11,88 1172 12,03
Marbling score 15.63 15.13 14,72 13.88 14.96 15,41 14.42 14,06
Cutability % 51.07 51.70 51.58 B 51.28 51.54 5L.21 51.40
Liver abscesses .42 .08 Vg8

ab,

d

12 = slight plus, 13 = small minus,
0 = none, 1 = small, 2 = 2 or more small, 3

Means in a row with different superscripts differ (P<.05).
CAdjusted live weight calculated by dividing hot carcass weight by 0.62.

14 = average small, 15 = small plus, 16 = modest minus.

= extensive.



COMPARISON OF IONOPHORES FOR FEEDLOT HEIFERS: LASALOCID A.M. PLUS
OXYTETRACYCLINE P.M. -VS- CONTINUOUS MONENSIN-TYLOSIN

Gl Str‘asia1 and L.J. Jor‘dan2

Story in Brief

Forty-eight yearling heifers which had been in the feedyard for 60
days and had been receiving monensin (300 mg/hd/day) plus tylosin (90
mg/hd/day) were fed 96 days on an 88% concentrate ration (NE_ = 1.25
mcal/kg) with (1) monensin (300 mg/hd/day) plus tylosin (90 mgPhd/day)
or with (2) lasalocid (300 mg/hd/day) fed A.M. plus oxytetracycline (75
mg/hd/day) fed P.M. Supplements were top dressed on the ration at each
feeding. Feed intake was 4.7% greater, average daily gain was 4.8%
higher, and feed efficiency 4.7% better in the monensin-tylosin
treatment. Hot carcass weights, fat thickness over the rib, marbling
scores and kidney-heart and pelvic fat were 1.9, 2.2, 5.8, and 4.9
percent, respectively, higher for the monensin-tylosin cattle, Dressing
percent, rib eye area and yield grade were .20, 1.0 and 8.9 percent
greater, respectively, in the lasalocid A.M, and oxytetracycline P,M,
treatment.

Animals may be crossed over from one ionophore to another without
any significant performance changes (i.e. monensin-tylosin to lasalocid
A.M, -oxytetracycline P.M.).

(Key Words: Feedlot Heifers, Monensin, Lasalocid, Oxytetracycline,
Tylosin.)

Introduction

“The two ionophores, currently approved for use in beef cattle,
monensin (Rumensin®) and lasalocid (Bovatec®), are extensively fed to
feedlot cattle to improve efficiency of feed utilization. It has been
demonstrated that several antibiotics are effective in reducing the inci-
dence of liver abscess in feedlot cattle. Two of these antibiotics are
oxytetracycline (Terramycin) and tylosin (Tylan). To date, only
tylosin is cleared for use with an ionophore, and only with monensin.
The combination of two drugs, such as ionophore and antibiotic, requires
a voluminous documentation of efficacy prior to being cleared for use by
the Food and Drug Administration. Consequently, two methods may be used
to deliver an oral antibiotic for liver abscess control when an
ionophore is used in the ration which has no combination clearance: (1)
a high therapeutic level fed a few days each month, or (2) A.M.-P.M. con-
tinuous Tow level where all the ionophore is fed A.M. and all the antibi-
otic fed P.M. The objective of this study was to determine the efficacy
and feasibility of A.M.-P.M. lasalocid + oxytetracycline versus the com-
bination monensin-tylosin supplementation program.

TAnruea Extension Livestock Specialist 2Manager, L&W Feedyard,
Follett, TX
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Materials and Methods

Forty-eight crossbred heifers were individually weighed, identi-
fied with ear tags and randomly allocated to two treatment and six pens
on June 14, 1983. This design allowed each treatment to be replicated
three times. The heifers had been in the L&W Feedyard, Follett, Texas
since April 22, 1983 and had received routine feedlot vaccinations and
implants, and had been managed on the standard feedlot nutritional pro-
gram which included use of monensin-tylosin in the rations (Table 1).

The initial shrunk weight of the heifers on June 14, 1983 was 701
1b. The heifers were receiving the finishing ration upon initiation of
the study and continued receiving this ration until completion of the
study on day 96. Full weights were taken on days 28, 56, 84 and 96, and
were subjected to a 4% pencil shrink for reporting purposes.

The purpose of the study was to test the efficacy of a monensin-
tylosin (300 mg + 90 mg) feeding regime versus a lasalocid A.M. -
oxytetracycline P.M. (300 mg-75 mg) feeding program.

The heifers were trucked 42 miles to Booker, Texas for slaughter.
Gains and feed efficiencies for the total trial were calculated from hot
carcass weights assuming a dressing percentage of 62. Performance and
carcass data were compared using analysis of variance (Steel and Torrie,
1960).

Table 1. Diet consumption, dry matter basis,?
Ingredient Percentage
Corn, steam flaked 83.10
Alfalfa, ground 10.58
Wheat mids 1.13
Calcium carbonate 1.09
Meat meal .80
Urea .90
Sunf lower meal .80
Salt .64
Cottonseed meal .48
Potassium chloride +18
Ammonium sulfate .16
Dica1c£um phosphate 12
Premix 208

1o provide 12.5 percent crude protein, .65 percent calcium, .39 per-
cent phosphorus, .68 percent potassium, and 1.25 mcal/kg dry matter
(NE ).

Pefleted supplement composed 7.9 percent of the ration dry matter.
The supplement for treatment 1 was formulated to supply 30 g/ton Rum-
ensin per ton of air dry feed and 90 mg tylosin/head/day.

Results and Discussion

Prior to the start of this study the animals were receiving a stan-
dard feedlot finishing ration indicated in Table 1 which contained
monensin + tylosin. The ration was contained monensin + tylosin at a
level of 300 mgs + 90 mgs per head per day, respectively. The animals
receiving the monensin-tylosin treetment continued receiving this ra-
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tion. The pens receiving the lasalocid-A.M.-oxytetracycline-P.M. were
immediately crossed over to this feeding regime., Feed delivery to the
pens was by mixer truck. The supplements were top dressed on the ration
to assure that the proper amount of supplement was delivered to each
pen, Feedlot performance data are shown in (Table 2).

Average daily gain, daily feed intake and feed conversion was en-
hanced by 5.0, 0.5, and 4.9 percent, respectively, by the monensin-
tylosin treatment. This same pattern has been observed in steers fed
intermittent high levels of antibiotics (Gill et. al., 1984). One of
the problem areas with A.M.-P.M. feeding of additives is that more than
half the ration is fed in the A.M. whereas only half the supplement is
apportioned at this time, 1In the typical custom feedlot situation, this
may be a problem that is logistically insurmountable.

Table 2. Gains and feed efficiencies of heifers on different
jonophore antibiotic feeding regimes.

Treatments
Monensin Lasalocid A.M.
+ Tylosin Oxytetracycline P.M,
Heifers, numger 24 23
Weights, 1bs d d
Initial 704d 7004
28 days 785d 782d
56 days 8704 859d
84 days 93)‘d 915d
96 days, live 9594 935d
96 days, carcass 1005 986
Daily gains, lbs d d
0-28 days 2.80d 2.82d
28-56 days 2.91d 2.77d
56-84 days 2.?7d 2‘55d
84-96 days 2.66d 2.45d
96 days, garcass 3.13 2.98
Daily feed, 1b d d
0-28 days 21.72d 21.54d
28-56 days 20.14 , 20.44d
56-84 days 25.01d 24.30d
84-96 days 17.91d 18.40d
0-96bdays 21.74 21.63
Feed/gain d d
0-28 days 7.49d ?.38d
28-56 days 6.61d 7.41d
56-84 days 10.52d 12.16d
84-96 days 9.59, 10.69d
0-96 days 6.92 7.26
Metabolizable Energy, d d
mcal/kg et 3.02

qnterval weights are reported after a 4% shrink; weights for the test
are based on hot carcass weight with 62 dressing percentage.

A1l consumption data on an as fed basis. (Ration dry matter = 87%).
dFeed/gain for the trial is expressed on a 100% dry matter basis.

Means within a row with different superscripts differ (P<.05).
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Table 3. Carcass measurements for heifers on different ionophore
antibiotic feeding regimes.

Treatments
Monensin Lasalocid A.M.

Parameters + Tylosin Oxytetracycline P.M.
Carcass weight 6232 6112
Dress percent 61.92 62.0%
Liver abscess

incidence, % 4.2% 0?
Rib eye area, square

inches 11.488° 12.002

Sq. In./CWT 1.902 1.96°

Kidney-heart-pelvic fat, % oitond S
Fat thickness, in. .46° .45
Marbling 15.66° 14,792
Yield grade 2.68° 2,462
ab

Means within a row with different superscripts differ (P<.05).
1l4=small; 15=small plus; l6=moderate minus.

There were no significant differences in the carcass parameters mea-
sured (P<.05). Hot carcass weights, fat thickness and marbling score
were 1.9, 2.2 and 5.8 percent, respectively, higher for the monensin-
tylosin cattle., Dressing percent, rib eye area and yield grade were
.16, 1.0 and 8.9 percent, respectively, improved in the lasalocid
A.M,-oxytetracycline P.M, treatment. One small liver abscess was noted
in the study and occurred in the monensin-tylosin treatment. The 4 per-
cent rate in this treatment and zero level in the lasalocid-
oxytetracycline treatment is substantially below industry averages of
condemned livers due to abscess (Foster and Woods, 1970).

Animals may be successfully crossed over from an ionophore-
antibiotic combination to an A.M.-P.M, ionophore-antibiotic feeding re-
gime with no significant differences in performance or carcass
characteristics.

The supplement for treatment 2 was formulated to supply lasalocid at
30 g/ton and oxytetracycline at 75 mg/hd/day.
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COMPARISON OF SALINOMYCIN TO OTHER IONOPHORES FOR FEEDLOT STEERS

R.B. Hicks,! D.R. Gi112 and F.N. Owens’

Story in Brief

One hundred thirty-seven yearling steers were fed whole shelled
corn diets (1) without additives, (2) with salinomycin (10 g/ton of
feed), (3) with lasalocid (30 g/ton of feed) or (4) with monensin (25
g/ton of feed) plus tylosin (10 g/ton of feed). Feed intake was reduced
by 4.2% with salinomycin, 1.3% with lasalocid and 6.0% with monensin-
tylosin. Rate of gain was increased with salinomycin (5.0%) and with
lasalocid (5.3%), and monensin-tylosin decreased gains 2.5% on a carcass
basis. Efficiency of gain was increased by salinomycin (8.7%), lasalo-
cid (5.4%) and monensin-tylosin (2.4%) on a carcass basis. Dressing per-
centages were higher for those steers fed salinomycin. Fat thickness
tended to be lower with an ionophore in the diet and cutability higher.

(Key Words: Feedlot Steers, Salinomycin, Lasalocid, Monensin, Tylosin,)

Introduction

Feed additives of a class called ionophores have proven to increase
efficiency of feed use by feedlot cattle. Monensin, lasalocid and salin-
omycin are three ionophores. Monensin is widely fed today. Salinomycin
appears promising based on earlier studies (Owens and Gill, 1982;
Ferrell et al., 1983; Martin et al., 1984) and approval by the FDA for
feeding to feedlot cattle is expected shortly. In these studies, salino-
mycin improved gains from 7 to 18.6% and feed efficiencies from 5.2 to
9.6%. This trial was conducted to further evaluate salinomycin and to
compare the effects of salinomycin, lasalocid and monensin-tylosin on
the performance of finishing cattle.

Materials and Methods

One hundred forty yearling crossbred steers were purchased from
Oklahoma auction barns and assembled at a backgrounding operation in
Purcell, Oklahoma. On arrival at this facility, the steers were ear tag-
ged and received IBR, PI,, BVD, Lepto, clostridial, and pasturella
haemolytica (live) vaccines. After assembly the cattle were trucked to
Stillwater, Oklahoma on December 9, 1983. On arrival they were held in
drylot for two weeks. On December 26, the steers were weighed and divid-
ed into five weight groups (average initial weight of 723 Tb). Steers
within each weight group were allocated to one of four pens (seven head
per pen) and the four feed treatments were randomly allotted to pens
within a weight group. Cottonseed hulls, alfalfa pellets and whole corn
comprised 92,9% of the ration with the percentage hulls and alfalfa pel-
lets in the ration decreasing sequentially from 40 to 30 to 20 to 10 and
6% over a three week period (Tables 1 and 2). Drug assays agreed well
with proposed drug concentrations (Table 3). Steers received the 40%

lG‘n'a\dualte Assistant ZProfessor
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roughage diet for three days, 30% for five days, 20% for 7 days, 10% for
6 days, and 6% for the remainder of the trial. Steers were weighed full
at the start of the trial and on days 28, 56, 84 and 112. The steers
were switched to an additive-free diet on day 112 of the trial and fed
this ration for nine days. The steers were trucked to Emporia, Kansas

Table 1. Diet composition, dry matter basis?,

Ration Sequence

Ingredient 1 2 z 4 5
%

Corn, whole shelled 52.88 62.88 72.88 82.88 86.88

Cottonseed hulls 15.00 10.00 10.00 5.00 4.00

Alfalfa, dehy-pellets 25.00 20.00 10.00 5.00 2.00

Pelleted supplement T2 712 hel T 7.12

70 provide 11,94% protein, .46% calcium, .33% phosphorus, .52% potas-
sium and 1500 I.U. vitamin A per pound of ration dry matter.

on day 121 of the trial for slaughter and carcass evaluation. Two
steers died during the trial and one steer was removed from the trial
for causes not related to the experimental treatments. Weights are
reported on a full basis while the total trial gain and efficiency (day
112) were calculated using a 4% pencil shrink, Gains and feed efficien-
cies for the total 121 day trial were calculated from hot carcass
weights assuming a dressing percentage of 62.

Table 2. Pellet composition, dry matter basis?.

Ingredient Percent
Soybean meal 3. 15
Cottonseed meal 2.00
Calcium carbonate 1.00
Urea .40
Cane molasses ek
Salt .30
Trace mineral .01
Vitamin A - 30 .01

Drug premix

Total Zul2

dpeltet supplement for specific treatments contained .2367% Salinomy-
cin 30, .3140% Bovatec 68, or .3017% Rumensin 60 plus .1775% Tylan 40.

Results and Discussion
Daily gains were influenced 1ittle by the addition of ionophores to
the diet (Table 4). During the first half of the trial, gains tended to

be higher with added ionophores, whereas in the latter half of the
feeding period the control steers had the highest gains. Changes in
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gains adjusted to an equal carcass basis with these additives were: +5,
+5.3 and -2.5% for salinomycin, lasalocid and monensin-tylosin,
respectively. Feed intakes generally decreased with an added ionophore.
Salinomycin decreased feed intake 3.9%. This is in contrast with
previous studies at 0SU (Owens and Gill, 1982; Ferrell et al., 1983;
Martin et al., 1984) in which it increased feed intakes by 2.0, 1.4 and
7.4%. Feed intake did not increase with time on feed but was similar
for the first and second half of the trial despite the increase in body
weight.

The presence of an ionophore in the diet slightly improved feed
efficiencies on a carcass weight adjusted basis (8.7, 5.4 and 2.4% for
salinomycin, lasalocid and monensin-tylosin, respectively). Those
steers fed salinomycin were significantly more efficient than the con-
trol steers (P<0.05) but other differences were not significant

Table 3. Drug assay results®,

Diet Theory Level, g/ton Assayed, g/ton
Salinomycin 142 143.7
Lasalocid 427 447 .5
Monensin 362 373.1
Tylosin 142 122.4

dassayed for A.H. Robbins Company.

Table 4. Performance data.

Item Control Salinomycin Lasalocid Monensin-Tylosin
Weight, 1b
Initial 731 729 715 716
28 days 855 859 858 838
56 days 959 972 962 945
84 days 1055 1062 1056 1045
112 days 1127 1130 1118 1107
Daily gains, 1b
0-56 days 4.07 4,34 4,40 4.10
57-112 days 3.00 2.81 2.80 2.88
0-112 days 3.13 3.18 3.20 3.10
0-slaughter® 3.23 3.39 3.40 3.15
Daily feed, 1b
0-56 days 20.6 20.0 20.7 19.4
57-112 days 2 19.7 20.4 19.8
0-112 days 20.8 20.0 20.6 19.6
0-slaughter 20.5 19.7 20.4 19.4
Feed/gain
0-56 days 6.11 5.50 5.60 5.81
57-112 days 73 B3l 7.69 7.31
0-112 days 6.66 6.29 6.44 6.33
0-slaughter®  6.35° 5.80° 6.01% 6.20%°
a,b

Means in a row with different superscripts differ (P<.05).
Based on carcass weight divided by .62, an assumed dressing
percentage.
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statistically. The improvement in efficiency with salinomycin compares
favorably with those observed in earlier trials at 0SU (5.5, 5.2, and
9.6% improvements).

Carcass weights (Table 5) were higher for those steers that had
higher rates of gain., Dressing percentages were significantly higher
for those steers fed salinomycin or lasalocid as compared to the
monensin-tylosin cattle (P<0.05). About 14% of the steers had liver
abscesses and one steer had liver flukes. None of the steers fed
monensin-tylan had liver abscesses, suggesting that tylan prevented this
disorder. Steers receiving ionophores had greater cutability and a more
desirable yield grade.

Results of this trial correspond well with previous benefits noted
with salinomycin in earlier trials at 0SU (Table 6). Averaged across
these trials, rate of gain increased 10% and efficiency of feed use
increased 7.7% with the addition of salinomycin to the diet.

Table 5. Carcass characteristics.

ITtem Control  Salinomycin Lasalocid Monensin-Tylosin
Carcass wt, 1b 695 b 706 698 680 b
Dressing percent 61,72 62.5° 62.5% 61.4

Liver abscesses

Incidencg, %  22.92 12.4%0 20,020 0.0°

Severity 0.48 0.25 0.40 0.00
Rib eye area 12.5 13:0 12.8 12.9
KHP, % 1.412 1.55:E l.ﬁagb 1.76
Fat thickness,in. 0.47 0.44 0.39 0.39
Marbling score 12.4 12.0 1255 12.0
Cutability, % 50.6 51,1 5.3 514
Yield 2.6 2.4 2.4 23
Percent choice 534 48 52 40

3,0.Cyeans in a row with different superscript differ (P<.05).

l=abscess of small size; 2=many abscesses or one of moderately large
size.
£ ll=average slight; 12=slight plus.

Table 6. Effects of Salinomycin feeding in trials at Oklahoma State.

Effects (%)

Daily Feed Feed/ Steers/
Reference Gain Intake Gain Treatment
Owens and Gill, 1982 8.0 il 5.5 28
Ferrell et al., 1983 7.0 1.4 5.2 14
Martin et al., 1984 18.6 7.4 9.6 32
This trial 5.0 -3.9 8.7 35
Weighted average 10.0 1.6 Z:T
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WHEAT TO CORN RATIOS FOR FEEDLOT CATTLE

2

J.J. Martin®, C.A. Strasia®, F.N. Owens? and D.R. Gil13

Story in Brief

One hundred fifty black and black baldy implanted yearling steers
were fed cracked grain diets containing (1) 50% corn and 50% wheat
(50W), (2) 25% corn and 75% wheat (75W) or (3) 100% wheat (100W). Diets
contained monensin (30 g/ton of feed) and tylosin (90 mg/hd/d) and 12%
roughage of which 7% was cottonseed hulls, 2.5% was alfalfa pellets and
2.5% was in the supplement.

Feed consumption, rate of gain, shrunk live weight, carcass
adjusted gain, hot carcass weight and marbling score all favored the 50W
diet. Daily feed intake was depressed by 7.6% or about 1.7 pounds per
head by 75W and 100W diets. Daily gains for cattle fed 50W, 75W and
100W diets were 3.23, 3.09 and 3.09 pounds (live basis) or 3.44, 3.32
and 3.22 pounds (carcass weight adjusted basis). Fat thickness and
yield grades slightly favored steers fed 75W and 100W diets. Efficiency
of feed use was best for the 75W diet (6.13 vs 6.44 and 6.39 pounds of
feed per pound of gain for 75W vs 50W and 100W diets), Metabolizable
energy value was between 3 and 14% greater (mean 8.4%) for wheat than
corn depending on level of substitution in the diet.

(Key words: Wheat, Corn, Energy value, Steers.)

Introduction

In the past, hard red winter wheat was never fed as more than
one-third of the grain in diets for finishing steers. Bloat and
acidosis became prevalent at higher levels of wheat incorporation. With
the advent of ionophores, problems with bloat and acidosis decreased
(Bartley et al., 1983). Hence, when attractively priced, wheat would be
ideal as the only grain in the diet and in 1984 there was a resurgence
in the use of wheat in diets for finishing cattle, Level of roughage in
wheat diets may be important. Gill et al. (1981) with corn-based diets
indicated that rate and efficiency of gain are improved as roughage
levels are reduced to 12% or below though type of grain, method of
processing and type of roughage may make other levels more desirable.
The 12% level of roughage will still provides some margin of safety
while providing sufficient energy for rapid and efficient gains. This
trial was conducted to (1) test the feasibility of feeding wheat as 100%
of the grain portion of the diet, (2) determine the relative energy
values of cracked wheat and corn grains for feedlot steers and (3) test
the effects of a elevated wheat levels on feedlot performance, liver
abscesses and carcass characteristics of steers.

;Chairman, Division of Agriculture, Panhandle State Ugiversity
Area Extension Livestock Specialist, Guymon, OK Professor
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Materials and Methods

One hundred fifty black and black baldy yearling steers, some of
which were crossed with exotic breeds and had been pastured together on
wheat near Alva, 0K were trucked 185 miles to Panhandle State
University, Goodwell, OK on May 17, 1984. On arrival, all steers
received routine feedlot vaccinations, were ear tagged and received a
Synovex-S® implant. A second Synovex-S® implant was administered 56
days later.

Steers had an average shrunk weight initially of 711 pounds. They
were blocked by weight into two groups (674 and 749 1b means) and
randomly allocated within block to three treatments. A total of 6 pens
(2 per treatment) with 25 steers per pen were used in this experiment.
Composition of the finishing diets is shown in Table 1. Animals were
gradually switched from the initial diet (50% roughage) to their
finishing diet (12% roughage) during the first 56 days of the study.
Animals were weighed after trucking (shrunk) initially and on full feed
on days 28, 56, 84 and 126 with a pencil shrunk of 4% applied to
calculate shrunk weights and weight gains.

After feeding for 126 days, cattle were trucked for slaughter at
National Beef, Liberal, KS and data on hot carcass weight, marbling
score, preliminary yield grade, fat thickness at the 12th rib, and liver
abscess incidence were obtained. Treatment means for performance and
carcass characteristics were compared by Analysis of Variance (Steel and
Torrie, 1960).

Table 1. Diet composition, dry matter basis.

Percentage Wheat

50% (50W) 75%(75W)  100% (100W)

Ingredients
Wheat, cracked 40.7 61.1 81.4
Corn, cracked 40.7 20.4 0
Cottonseed hulls 7.00 7.00 7.00
Alfalfa pellets 2,55 2.55 2.55
Molasses 4.00 5.00 5.00
Supplement® 5.00 4.00 4,00

Calculated composition, % of dry matter
Crude protein, % 11.8 12.6 1346
Calcium, % .438 .383 .381
Phosphorus, % .336 .334 il
Potassium, % .776 .874 <32
NE_, mcal/100 1b 90.8 90.6 91.0
NE™, mcal/100 1b 56. 6 57.2 57.8
MEJ mcal/kg 2.93 2.97 2.97

aSupp1ements, formulated to provide Monensin, (30 mg/hd/d) and

Tylosin, (90 mg/hd/d) in the total diet contained (%): Alfalfa meal,
59.7; cottonseed meal, 10.4; CaC0,, 15.6; urea, 7.68; salt, 5.76;
Monensin 60, .47; Vitamin A 30, .23; afid Tylosin 40, .23 percent.
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Results and Discussion

Daily gains favored cattle fed the 50W diet (Table 2). Daily gain

tended to decrease linearly as percentage of wheat in the diet
increased. Steers fed 100W gained less rapidly (P<.05) than steers fed
other diets during 56 to 84 days on feed.
Feed consumption tended to be lower as wheat became more than 50% of the
grain in the diet., But feed efficiency was improved by replacing corn
by wheat in the diet with 75W producing the lowest feed intake and best
efficiency. Part of this effect may be due to energy (starch)
digestibility of the wheat being higher than for corn though the higher
level of protein in the higher wheat diets (Table 1) may be involved as
well,

Table 2. Animal performance with various wheat levels.

Wheat, percentage

50 75 100

Animals 50 50 50
Pens 2 2 2
Period daily gain, 1bs

0-28 days 3.42 3.3 3250

29-56 3.17a 2.91a 3.34,

57-84 2L 8 3.22 2476

85-126 3.07 2.95 2.85
Cumulative daily gain, lbs

0-56 3.30 3.12 3.42

57-84, live basis 312 3.01 2. 00

0-126, live basis By 3.09 3.09

0-126, carcass basis 3.44 3.32 3.22
Period daily feed, 1bs

0-28 days 17.42 16.08 16.20

29-56 21,72 19.49 19,34

57-84 2375 21.80 22.19

85-126 24.60 22.90 23527
Cumulative daily feed, 1bs

0-56 19.57 17.79 17.78

57-84 23.91 22.14 22.:51

0-126 22. 17 20.38 20.59
Period feed/gain ratio

0-28, live basis 5.09 4.84 4.62

29-56, live basis 6.85 6.69 5.79

57-84, live basis Tl 6. 47 8.03

85-126, live basis 8.01 7.76 8.16
Cumulative feed/gain ratio

0-56, live basis 5.93 5.70 5.19

57-84, live basis 7.67 7:35 di 12

0-126, carcass basis 6.44 6.13 6.39
Calculated Metabolizable Energy

mcal/kg diet dry matter 2.60 2.69 2.64

abMeans within a row with different superscripts differ -(P<.05).
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Animals with lower initial weights had lower feed intakes, higher
rates of gain and more favorable feed efficiency than animals with
heavier initial weights (Table 3). This difference could be due to
being on an earlier part of the growth curve or to genetic or background
differences in the two weight groups. Feed intake continued to increase
throughout the feeding trial for lighter steers but intake plateaued for
heavier steers near the end of the trial. Intake and efficiency
differences match patterns often observed in commercial feedlots.

Table 3. Effects of initial weight grouping on performance and

efficiency.
Starting weight, 1b.
674 749
Animals 25 75
Cumulative daily gain, 1bs
0-56, live basis 3.28 3.28
57-126, live basis i) 3.07
0-126, carcass basis 3.35 3.31
Period daily feed, lbs
0-28 16.27 16.86
29-56 19.70 20.67
57-84 2176 23.40
85-126 23.06 24.11
Cumulative daily feed, 1bs
0-56 17.98 18.77
57-84 22.22 23.48
0-126 20.52 21.58

Period feed/gain ratio

0-28, Tlive basis 4.39 5.40
29-56, live basis 6.88 6.06
57-84, live basis 6.63 8.01
85-126, live basis 8.63 7.44

Cumulative feed/gain ratio
0-56, live basis 5.48
57-84, live basis 7.74 7.65
0-126, carcass basis 6.12

Calculated Metabolizable Energy
mcal/kg diet dry matter 2.56 2.66

Most carcass measurement including adjusted gain, hot carcass
weight, marbling score and dressing percentage tended to favor steers
fed the 50W diet (Table 4). Since the treatment differences in fat
thickness and other carcasses measurements were small, the slightly
lowered marbling score with the 100W diet may be due to random
biological variation.

The incidence of liver abscesses were all high for diets containing
the antibiotic tylosin. Incidence of abscesses tended to greater with
higher levels of wheat in the diet though the difference was not
significant (P>.05). The incidence of liver abscesses was typical of
that found in the feedlot industry though higher than most previous
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Table 4. Effects of different wheat levels on animal performance and
carcass characteristics.

Wheat, percentage

50 75 100
Dressing percentage 63.5 63.6 62.9
Live weight, 1bs 1119.1 1101.6 1102.4
Gain/head, live, 1bs 407.2 389.2 389.4
Gain/hd, 62% carcass adjusted 434.6 418.5 406.8
Carcass weight& 1bs 710.5 701.2 693.8
Marbling score 12,8 12,7 11.8
Yield grade b 3,22 313 213
Fat thickness, inches 4 .48 .45 .45
Liver abscesses, % of cattle 16 3 22
Cost of gain, $/cwt 54.28 50. 68 49, 68

a11 = good plus; 12 = choice minus.
Measured at the 12th rib.

studies from the Goodwell station with small pens of cattle and corn or
milo based diets.

The metabolizable energy values for the total diet tended to favor
the diets containing more wheat. The first increment of cracked wheat
added to the 50W diet to increase the percentage of wheat to 75%
calculates to have a value 114% that of cracked corn. In contrast,
wheat added to the 50W diet to increase wheat to 100% of the diet had a
value 103% that of cracked corn for an overall mean advantage for wheat
over corn of about 8% for the total ration or about 10% for the wheat
alone considering that 81% of the ration dry matter is grain. This
advantage for wheat conflicts with tabular values (NRC, 1984) which
indicate that dry corn grain has about 102% the metabolizable energy
value of wheat, Differences in grain processing and varieties as well
as feeding conditions (roughage level and source) may be responsible for
this discrepancy. Metabolizable energy values all were about 12% lower
than expected from composition of the finishing diet (Table 1). This is
probably due to the 56-day period which was needed to adapt cattle to
the 88% concentrate diets.

Based on the price of corn grain ($6.61) and wheat ($5.83) when
this trial was conducted, the feed cost of gain favored diets higher in
wheat. Since wheat at 75% of the grain in the diet gave the highest
efficiency, 1ittle economic advantage to feeding more than 75% wheat was
apparent.

Diets containing up to 100% of their grain from rolled wheat were
well utilized by growing steers at a roughage level of 12%. For
prevention of metabolic disorders, which appear more frequently with
wheat than corn or milo diets, wheat diets should contain an ionophore
plus a liver-abscess preventing antibiotic. Good bunk management can
make high wheat diets work in the feedlot though the optimal level for
wheat feeding may be less than 100%.
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POTASSIUM LEVELS AND DIGESTIBILITIES IN FEEDLOT STEERS

1

B.E. Doran—, A.L. Goetschz, and F.N. 0wens3

Story in Brief

Effect of potassium (K) level on site and extent of digestion was
investigated with four cannulated steers receiving a 90 percent concen-
trate rolled corn diet with 10 percent cottonseed hulls as a roughage
source. Four 1levels of potassium [.48 (control), .64, .79, and .95
percent of diet dry matter] with supplemental potassium from potassium
chloride were fed in a 4 x 4 latin square design experiment. Ruminal,
duodenal, and fecal pH were not significantly different (P>.05).
Ruminal ammonia nitrogen concentration was greatest for the .95k diet.
Ruminal organic matter (OM), starch, and nitrogen digestibilities did
not differ significantly (P>.05), but tended to be greatest for the .95K
diet (70.3, 83.1, and 54.8 percent), lowest for the .79K diet (62.0,
76.6, and 42.2 percent), and intermediate for the .48K and .64K diets.
Post ruminal digestibilities of organic matter, starch and nitrogen
tended to be the greatest at the .79k 1level. Although fluid dilution
and particulate passage rates were not significantly affected by K
level, the overall correlation of ruminal 1iquid (CoEDTA) with solids
(Yb-1abeled corn) passage rates was positive (r=.46; P<.07). Ruminal
starch digestion was inversely related to fluid dilution rate (r=-.36;
P<.18) and to particulate passage rate (r=-.65; P<.01). Microbial
efficiency was maximized at the .79K level (16.4 percent) and was lowest
at the .95K level of supplementation (12.2 percent). Statistical analy-
sis revealed a significant cubic effect (P<.02) of K on microbial effi-
ciency being greatest with .79 percent K in the diet.

[Key Words: Feedlot, Potassium Chloride, Steers, Site of Digestion,
Passage Rate.]

Introduction

Early research indicated that potassium (K) levels of .5-.6 percent
in the ration dry matter was adequate for rapid weight gains in finish-
ing steers (Roberts and St. Omer, 1965). Currently, K recommendations
for growing and finishing steers range from .5-.7 percent ration dry
matter, with a suggested value of .65 percent (NRC, 1984). Because most
concentrate feeds are below this percentage, K supplementation of high
concentrate rations is a common practice.

Previous trials at Oklahoma State University suggest that with in-
creased K supplementation levels, feedlot performance may be increased.
Limited research suggests K supplementation might benefit the animal in
several ways: 1) through maintenance of a desirable moisture content of
the rumen fluid for bacterial fermentation (Ward, 1966); 2) by enhanc-
ing ruminal digestion, particularly of fiber (Zinn et al., 1983); 3)
through buffering since K may be converted to KHCO, in the rumen (Zinn
and Owens, 1983); 4) by stabilizing feed intake (Z?nn et al., 1981);

lGraduate Assistant 2Research Associate 3Professor
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and 5) through increasing water intake and water turnover rate (Ward,
1966). The objectives of this study were to examine the influence of
various KC1 supplementation levels on the site and extent of digestion
and on ruminal passage rates.

Materials and Methods

Four dairy steers (254 1b) fitted with ruminal and duodenal
cannulas were used in a 4 x 4 latin square design experiment to study
site and extent of digestion of a high concentrate, complete, mixed
diet. The control diet (C) had no supplemental K (Table 1), but was
calculated to contain .48 percent K. Potassium chloride replaced rolled
corn in the test diets to produce test diets which contained .64, .79,
and .95 percent K on a DM basis. All diets contained chromic oxide as
an indigestible marker at .3 percent above the total ration. Steers
were fed twice daily at 0800 and 2000 hr, and daily DM intake was 2.25
percent of body weight.

Table 1. Complete mixed diet compositions.

Ingredient Percent of Dry Matter
Corn Dent #2, Rolled 80.54
Cottonseed Hulls 10.36
Soybean Meal, Solvent process 4.03
Cottonseed Meal, Solvent process 2.01
Calcium Carbonate 1.00
Salt .30
Urea .56
Cane Molasses o)
Trace Minerals .01
Vitamin A-30 .01
Rumensin, 60 gram per pound .02
Tylan, 10 gram per pound .04
Corn grain 3 .87-.0
Potassium chloride .0-.87
Chromic oxide w3

810 provide .64, .79, and .95 percent dietary
potassium from added potassium chloride (.29, .58,
and .87 percent).

Periods lasted 14 days with sampling on days 13 and 14.
One-hundred grams of ytterbium labeled corn was added to each diet at
2000 hr on day 11 to estimate particulate passage. A fluid marker
(CoEDTA) was intraruminally dosed prior to the morning feeding on day
13. Rumen samples were obtained via cannula on day 13 before dosing and
1, 3, 6, 9, and 12 hr post feeding. Samples from the duodenum and
rectum were obtained 39, 45, 51, 57, 66, 72, 78, and 84 hr after feeding
ytterbium-labeled corn. Feed samples were collected on days 11-14.
Feed, ruminal fluid, duodenal, and rectal samples were subjected to all
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or part of the following analyses: pH, dry matter (DM), Kjeldahl
nitrogen (N), ammonia-N (NH,-N), nucleic acid-N (NAN), ash, starch,
chromium, ytterbium, and cob91t.

Results and Discussion

Mean ruminal, duodenal, and fecal pH (Table 2) did not differ
significantly (P>.05) with increasing K supplementation levels. How-
ever, fecal pH tended to be higher with K levels of .64 percent or
greater. In this trial ruminal and fecal pH in all treatments was
higher than expected for a 90 percent concentrate ration. However, this
may be related to modest feed intake Tevel which should reduce the inci-
dence of subacute and acute digestive disturbances. Duodenal pH was
similar to other reports in which similar concentrate levels were fed.
Since pH was not increased with added KC1, increased buffering capacity
of ruminal contents seems unlikely.

Table 2. Mean digestive tract measurements.

Item Diet
LA8%K .BAEK . 79%K -95%K
Ruminal pH 6.22 6.17 6.24 6.21
Duodenal pH 2:33 2.39 233 2.34
Fecal pH 6.39 6.4gh G.S%b 6.4§
Ruminal ammonia-N, mg/dl 3.5 3.8 37 5.6
Ruminal fluid
Dilution rate, %/h 4.14 i 4.61 6.00
Volume, liter 12.7 10.8 12.0 10.5
Particulate passage rate, %/h 4.32 3.37 3.80 4.03

a’bMeans in a row with different superscripts differ (P<.05).

Ruminal ammonia-N (Table 2) was greater (P<.05) for steers receiv-
ing .95 than those fed .48 percent K. This may be due to increased
ruminal N degradation or reduced use of ammonia-N for synthesis of
microbial protein. Microbial N (MN) entering the duodenum tended to be
greater for the .48K and .79K (23.2 and 23.4 g/day) than with the .64K
and .95K diets (20.7 and 21.0 g/day). Also ruminal fluid dilution rates
tended to be Tlower with the .48K and .79K diets (Table 2). Ruminal
fluid volumes were not significantly different (P>.05). Rumen volume
and ruminal fluid dilution rate were inversely related (r=-.88:
P<.0001); rumen volume and particulate passage rate also were inversely
related (r=-.45; P<.08). Urinary excretion of K may have increased
water intake and rumen fluid dilution rate, but this was not measured in
this study. Water intake and urine excretion volume wusually are
directly related to K intake. Ruminal liquid and solids passage rates
were correlated positively (r=.46; P<.07).
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Table 3. Site and extent of digestion of diets varying in percent

potassium,
Ttem® Diet Contrastd
Organic matter, %
Ruminal G719 690 6PaD, . 70.3 -
Post ruminal (apparent) 14.5° 18,7 . 22:.4  _1h.7 -
Total tract 82.4 85.6 84.4 86.0 -
Starch, %
Ruminal 82.4. 80.7 . Ta.6 83.1 -
Post ruminal 131 ‘Ied  19:.8 13.9 -
Total tract 95.5 97.4 96.4 97.1 -
Nitrogen, %
Intake, g/d 46.1 45.3 46.1 46.2 -
Duodenal, g/d
Total, g/d 50.6 48.9 53.0 45.2 -
Microbial, g/d 23,2 207 . 234 .21.0 -
Feed, g/d 23,9 24.9 2h.7 20,8 -

Total tract digestibility, % T1.0: 780 oie3. . Ihal -
Microbial efficiency, i b p b
g MN/kg organic matter fermented 13.87 12.4~ 16.4" 12.2

yeans in a row with different superscripts differ (P<.05).
"Digestion measures, % of intake.
Indicative of linear (L), quadratic (Q), and or cubic (C) effect
(P<.05).

Although dietary level of K had no significant (P>.05) impact on
ruminal organic matter digestibility, ruminal organic matter (OM)
digestion coefficients (Table 3) tended to be higher for the .95K ration
(70.3 percent) and lower for the .79K diet (62.0 percent). Zinn (1983)
found enhanced ruminal OM digestion with increased K supplementation,
particularly with rations containing more fiber. Ruminal OM digesti-
bility and particulate passage rate were negatively correlated (r=-.64;
P<.01). Rumen fluid dilution rate also was inversely related to ruminal
OM digestion (r=-.31; P<.24).

Post ruminal OM digestion did not differ significantly (P>.05) with
K level of the diet. At the .79k 1level, post ruminal OM digestion
tended to be greatest. This may be due to compensation for decreased
ruminal OM digestion with this diet. Total tract OM digestion did not
differ significantly (P>.05) but total tract OM digestion tended to
increase with increasing dietary ¥ in agreement with previous potassium
trials (Zinn and Axe, 1983).

Ruminal and total tract N digestibility (Table 3) was not
significantly different (P>.05) but tended to be greatest with .95K
supplementation. A negative correlation (r=-.52; P<.04) existed between
particulate passage rate and ruminal N digestibility.

Statistical analysis revealed a significant cubic effect (P<.02)
with microbial efficiency tending to decrease as levels of K in the diet
increased. Microbial efficiency was higher at .79 K than at the .95 K
level (P<.05). Elevated 1liquid and particulate passage rates may
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inhibit the efficiency of microbial growth and decrease flow of MN from
the rumen if time of fermentation is inadequate for maximum microbial
colonization. However, ruminal OM digestibility and microbial effi-
ciency were negatively correlated (r=-.95; P<.0001). Relative rates of
1) microbial dilution, 2) feed removal, 3) fermentation rate and capa-
city, and 4) lag time for fermentation are needed to assess the total
effect of altered dilution rates on microbial output from the rumen
(Goetsch and Owens, 1984). Lower dilution and particulate passage rates
may enhance the proportion of duodenal chyme which is microbial protein
but decrease microbial efficiency. This may be due to marker problems
or reflect ruminal flow conditions more optimal for efficient microbial
growth. Ward (1966) has also proposed that potassium increases the os-
motic pressure of the rumen fluid and functions to maintain a desirable
moisture content in the rumen fluid which could increase bacterial
fermentation.

Ruminal starch digestion (Table 3) did not differ (P>.05) with K
level but was 7 percent greater for the .95K diet than the ,79K diet.
Incorporation of starch into wmicrobial protein might be involved.
Post-ruminal starch digestion inversely related to ruminal starch
digestion. Whether this was due to increased digestion in the small in-
testine or increased fermentation of starch in the small intestine plus
colon was not determined in this study. Total tract starch digestion
paralleled total tract OM digestion. Ruminal starch digestion was nega-
tively correlated with fluid dilution rate (r=-.63; P<.18) and with
particulate passage rate (r=-.65, P<.01); particulate passage rate was
also inversely related to total starch digestion (r=-.63; P<.01).

Results from this trial indicate that a moderate level of K supple-
mentation (.79 percent K diet dry matter) tended to increase icrobial
efficiency (P<.02). However, total tract OM, starch, and N digesti-
bilities did not differ significantly. K supplementation to the ,95K
level shifted greater OM, starch, and nitrogen digestibility to the
rumen and tended to reduce microbial efficiency. A moderate K Tlevel
(.79 percent) shifted starch and N digestibility to the post ruminal
tract and maximized microbial efficiency. Further research is needed to
determine the optimum K supplementation to maximize microbial efficiency
and extent of digestion. The relationship of potassium intake to water
intake, particulate passage rate, rumen fluid dilution rate, and water
turnover rate ust be examined to understand the physiological
importance of the K level in the diet.
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STARCH DIGESTION BY FEEDLOT CATTLE: INFLUENCE OF
ROUGHAGE AND INTAKE LEVEL AND PARTICLE SIZE

O K1’m1 and & N, Owen52

Story in Brief

Three steers were fed an 80 percent concentrate diet at 1.5 or 2
percent of body weight or a 60 percent concentrate diet a 2 percent of
body weight. Cottonseed hulls were added to decrease the concentrate
level. Addition of cottonseed hulls to the diet increased starch diges-
tion in the total tract by about 3 percent and reduced the amount of
starch found in fecal particles over 2000 microns in diameter. Starch
digestion in the rumen tended to decrease with added cottonseed hulls.
Of the starch found in the feces, over 85 percent was in particles ex-
ceeding 2000 microns in diameter. Starch particles greater than 2000
microns in diameter escaped intestinal digestion while particles under
1000 microns in diameter were extensively digested in the rumen,
Particles between 1000 and 2000 microns tended to escape ruminal diges-
tion and disappear most extensively in the intestines. Particle size
reduction by grain processing will increase extent of starch digection
in the total tract, especially in the rumen. Accelerating rate of
passage of processed grain or addition of certain roughages like cotton-
seed hulls should shift site of digestion to the intestines and may
improve energetic efficiency.

(Key Words: Starch Digestion, Particle Size, Feed Intake, Roughage
Level.)

Introduction

Extent of digestion of dietary starch is usually much higher in
swine, poultry and sheep than in feedlot cattle (>99 percent versus 85
to 98 percent). Various factors such as low enzyme activity or limited
absorptive capacity have been proposed to be responsible. Steam flak-
ing will increase extent of starch digestion and this response has
generally been attributed to gelatinization of the starch. But fine
grinding also can increase extant of starch digestion. Smaller par-
ticles expose more surface area both to microbial attack in the rumen
and large intestine and to enzymatic action in the small intestine.
Passage rate of particles from the rumen can be influenced by particle
size. Particles of forage greater than 1200 microns (1.2 millimeters)
in diameter seldom leave the rumen while forage particles less than 100
microns (.1 millimeter) tend to be flushed along with fluids from the
rumen. Density also influences passage rate, with very dense or very
light particles being retained in the rumen for a longer times and
continued digestion. Hence, particle size can alter site and extent of
digestion.

lvisiting Professor from Dong-A University, Busan, Korea
“Professor
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Feed particle size can be reduced by 1) mechanical processing prior
to feeding, 2) chewing of feeds during eating and rumination and 3) mic-
robial fermentation which weakens the physical structure and combined
with ruminal contractions will gradually reduce particle size. Previous
studies (Zinn and Owens, 1983) suggest that at higher feed intake
levels, ruminal digestion of organic matter is reduced. In another
study (Teeter and Owens, 198l), addition of cottonseed hulls to a whole
corn grain diet increased extent of starch digestion. Both of these ob-
servations might be retated to extent of particle size reduction in the
rumen due to decreased fermentation time or to increased chewing or rum-
ination of the grain. The objective of this study was to check the
influence of feed intake level and cottonseed hull addition to the diet
on particle sizes at the start and end of the small intestine and in
feces and on starch digestion of a high concentrate diet fed to growing
steers.

Materials and Methods

Three steers (250 kg) equipped with "T" cannulas in the proximal
duodenum and distal ileum were used in a 3 by 3 Latin square experiment
to measure the influence of level of feed intake on starch digestion, N
metabolism and particle size distribution at the start (duodenum) and
end (ileum) of the small intestine and in feces. The basal rolled corn
diet (Table 1) was fed twice daily (0800 and 2000) at a daily level
equal to 1.5 or 2 percent of body weight or at 1.5 percent of body
weight with .5 percent of body weight added from cottonseed hulls.

Table 1. Concentrate composition.

Ingredient Percentage (as fed)

Rolled corn

Cottonseed hulls
Soybean meal

Cane molasses

L imestone

Trace mineralized salt
Chromic oxide

= Oy

COoOoOwWwoOowm
WMo oo~

Experimental periods lasted 11 days with digesta samples collected the
final 3 days of each period. During the collection period, samples
were obtained simultaneously from the duodenum, ileum and rectum at 2,
6 and 10 hours postfeeding with a minimum of 12 h between sampling
times. Chromic oxide was used as a digesta marker. Rumen samples were
obtained for measurement of pH and NH, and isolation of ruminal bac-
teria by differential centrifugation % h post-feeding after digesta
samples had been collected on the final day of each period. Samples of
feed, duodenal digesta, ileal digesta and feces were separated into par-
ticle sizes by flushing the sample with 25 C water though standard
screen sieves with mesh sizes of 4000, 2000, 1000, 500, 250 and 125
microns.
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Dry matter content of feed, digesta and feces were determined
through oven drying at 65 C. Dried samples were ground and subjected
to all or part of the following analyses: Kjeldahl nitrogen, ammonia N,
acid detergent fiber, chromium, starch, ash and purines.

Results and Discussion

The effects of intake and roughage level on digestive tract measure-
ments are presented in Table 2. Higher intake of the high concentrate
diet decreased ruminal pH but did not alter other measurements. Added
cottonseed hulls tended to increase fecal pH and dry matter content of
duodenal, ileal and fecal samples. Ruminal ammonia concentrations were
all quite Tlow considering that concentrate dry matter contained 13.6
percent crude protein.

Table 2. Digestive tract measurements.

Intake level 15 2l 2.0
Concentrate level, % 80 80 60
Ruminal pH 6.17 5.98 f.db
Ruminal NH,, mg/d] 2.14 2593 2,28
Duodenal pA 2.20 2.17 213
Duodenal dry matter, % 4.9 7.4 6.8
Ileal pH TiELE] 158 7. 59
Ileal dry matter, % 10.3 ik 14.4
Fecal pH 6.29 6.23 6.44
Fecal dry matter, % 19.3 228 22.8

Site and extent of digestion of organic matter, starch and nitrogen
are presented in Table 3. Increased feed intake increased flow of or-
ganic matter to the duodenum and ileum and decreased extent of ruminal
digestion of organic matter. In this study, increasing feed intake did
not increase flow of starch to the duodenum in agreement with results
of Zinn and Owens (1983). Total tract starch digestion was not re-
duced, as might be expected with higher feed intakes. With an even
higher feed intake or ad libitum access to feed of feedlot cattle,
extent of chewing may be reduced which would increase particle size in
the rumen and possibly depress both ruminal and total tract starch
digestion. Adding cottonseed hulls to this cracked corn diet shifted
site of starch digestion from the rumen to the small intestine and also
tended to increase total tract starch digestibility. Small intestinal
digestibility tended to be low but was not reduced by added cottonseed
hulls. These results support the earlier work of Teeter et al (1981)
where cottonseed hulls increased the extent of starch digestion.
Previously, this was thought to be due to greater rumination and in-
creased digestion in the rumen, not in the small intestine as suggested
from the present study. Total tract digestion of dry matter, starch
and N were all lower than anticipated with the basal diet.

To determine the influence of particle size on site and extent of
starch digestion, feed, duodenal, ileal and fecal samples were sieved
and starch content of subsamples measured (Table 4). Most of the
starch in all samples had a particle size greater than 2000 microns.
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Table 3. Site and extent of digestion.

Intake level 1.5 2.0 2.0
Concentrate level, % 80 80 60
Organic matter
Intake, g 2923 3907 3936
Duodenal, g 786 1240 1297
Ileal, g 574 662 666
Fecal, g 668 661 624
Digestibility, %
Total tract i 82.4 84.6
Ruminal
Apparent 3.5 68.9 66.6
True 8l.4 78.0 74.9
Starch
Intake, g 904 1208 925
Duodenal, g 130 105 159
Ileal, g 70 76 54
Fecal, g 6l 61 25

Digestibility, %

Total tract 93.3 94.5 97.4

Ruminal 86.0 90.9 82.2

Small intestine hi2 27 1.7

Large intestine 1.0 0.9 3.5

Digesta ash percent

Duodenum 11.9 11.7 13.0

[leum 9.7 10.9 11.4

Feces 5.9 T 7.4

Table 4. Passage of starch in particles of various size.

Measurement site Feed Duodenum [Teum Feces
Particle size, microns = =---=m-mmmeu-- g starch daily ----------
->4000 246 21.1 0.6 13.8
2000-4000 542 273 15.5 212
1000-2000 137 13.8 13.4 0.9
500-1000 499 0.4 2.6 257
250-500 24 1.3 1:3 0.8
125-250 12 0.0 0.3 0.3

Passage of 1large particles conflicts with the concept developed from
forage diets that few particles greater than 1200 microns in diameter
leave the rumen. The high density of grain particles and absence of a
ruminal mat to filter and trap coarse particles may be responsible for
the more extensive passage of large particles with a high concentrate

From the amount of starch of each particle size at various points
in the digestive tract, digestion of each particle size was calculated
(Table 5) even though particle may be reduced in size during rumina-
tion or digestion. Sampling through T-cannulas will reduce recovery of
very Tlarge or whole corn kernels, but with the smaller particles,
digesta samples should be representative.
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Table 5. Disappearance of starch from particles of various sizes.

Digestion site Rumen Small plus Large Total
intestine tract

Particle size, microns = --------- Percent digested ---------
>4000 91.4 34.6 94.3
>2000 95.0 0.4 95.0
>1000 89.9 L5 9853
>500 09 .49 -575.0 99.5
>250 94.6 38.4 96.6
2125 100.0 ——-- 97.5

Generally the smaller the grain particle, the more extensively it
was digested in the rumen and in the total digestive tract. Extent of
starch digestion in the rumen appeared lower for particles between 1000
and 2000 microns than smaller particles which would be more rapidly
digested and larger particles which may be retained in the rumen for
further digestion. Galyean et al. (1981) illustrated that the rate of
ruminal disappearance from dacron bags suspended in the rumen was much
greater for small than large particles but possible differences in rate
of passage prevented extrapolation of that work to extent of ruminal
digestion. These results show that extent of ruminal digestion of
cracked corn is low for larger particles. The fact that fine grinding
and steam flaking increase extent of digestion in the rumen and total
tract partially reflect surface area for fermentation. Extent of diges-
tion of starch in the small intestine and renewed fermentation in the
large intestine did not react in a similar fashion to size of particles
entering those points. Over 89 percent of fecal starch was in
particles exceeding 2000 microns or one-tenth of an inch in diameter.
With added CSH in the diet, very little starch was found to exceed 2000
microns as observed previously by Teeter (1981) with whole corn diets.

The prevalence of large particles containing starch in duodenal,
ileal and fecal samples leads to the suggestion that particle size is a
major factor limiting digestion of starch in both the rumen and the
intestines. Though larger particles escape digestion in the rumen more
extensively than small particles, Tlarge particles pass through the
intestines largely intact. Further study of particle sizes of digesta
samples is needed to examine the optimal particle size to escape the
rumen but not escape digestion in the small intestine.
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SARSAPONIN LEVEL AND DIGESTION WITH HIGH CONCENTRATE DIETS
AL. G 1 2 3
.L. Goetsch™, F.N. Owens~ and B.E. Brown

Story in Brief

Three dairy steers (196 1b) were fed 92 percent concentrate rolled
milo based diets, at 2.5 percent of body weight to provide 0, 300 or
500 mg sarsaponin (S). A1l diets contained 200 mg Rumensin per head
per day. Ruminal fluid passage rate increased while volume decreased
with addition of S. Ruminal organic matter digestion decreased while
postruminal disappearance of organic matter increased as level of
dietary S increased. Duodenal flows of both total N and nitrogen of
feed origin were n~levated by dietary S. Likewise, disappearance of
feed nitrogen in the rumen decreased while nitrogen disappearance in
the small intestine increased linearly with increasing dietary S level.
In this study, sarsaponin shifted protein digestion of high concen-
trate, rolled milo based diet from the rumen to the intestines which
could increase performance under certain feeding conditions.

Key Words: Sarsaponin, Digestion, Rumen, Protein Bypass.

Introduction

For lightweight feedlot animals, increasing ruminal protein bypass
may be of benefit. Sarsaponin has been suggested to increase bypass of
protein in moderately high concentrate feedlot diets (Zinn et al.,
1983). However, with 50 percent concentrate rations, S tended to in-
crease ruminal organic matter digestion (Goetsch and Owens, 1984).
This trial investigated effects of S on digestion of a high concen-
trate, rolled milo diet, containing Rumensin.

Materials and Methods

Three cannulated dairy steer calves (196 1b) were fed the basal
diet (Table 1) at 2.5 percent of body weight (dry matter basis) plus a
special premix. Premixes were @Prmu1ated and fed to supply daily to
each animg]: 200 mg Rumensin® (C), 200 mg Rumensin and 300 mg
sarsaponin® (300) or 200 mg Rumensin and 500 mg sarsaponin (500).
Periods lasted 21 days with sampling of feeds, duodenal and fecal mate-
rials on days 19 through 21. Digesta markers (CoEDTA, Yb-labeled
forage) were used to determine passage rates. Samples were subjected
to all or part of the following analyses: ammonia-nitrogen (NH,-N),
markers, dry matter, ash, nitrogen (N), starch, chromium, acid d&ter-
gent fiber (ADF) and nucleic acid-N.

iFormer Research Associate 2Professor 3Lab Technician

5615 Lilly, Greenfield, IN 46140.

Chemical name for Sevarin, Distributors Processing Inc., 17656 Ave
168, Porterville, CA 93257.
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Table 1. Basal diet composition.

Ingredient % of dry matter
Rolled milo 86.49
Cottonseed hulls 5.00
Chopped alfalfa 3.00
Cane molasses 2.00
Ammonium sulfate 10
Potassium chloride .10
Urea .90
Dicalcium phosphate .66
Limestone .95
Trace mineralized salt .50
Chromic oxide .30

Results and Discussion

Ruminal NH,-N concentration decreased linearly with increasing S
level at 11 h%urs postfeeding (8.6, 7.5 and 5.9 mg NH,-N/d1 for C,
300 and 500 steers, respectively). It has been suggestzd that S de-
presses ruminal urease activity. Urea influx from the blood into the
rumen would be expected to be highest at later periods in the feeding
cycle. These data support the concept that S affects ruminal wall tran-
sfer of urea, possibly through slowing urea hydrolysis and thereby re-
ducing the concentration gradient of urea between the rumen lumen and
bloodstream.

Increasing S Tlinearly increased ruminal fluid passage rate and de-
creased volume markedly (Table 2). Fluid passage rate and ruminal
volume were negatively related (r=-.90). Particulate passage rate was
tended to increase with addition of S to the diet (Table 2).

Table 2. Digesta kinetics.

Treatment
Item 0 300 500
Ruminal fluid dilution rate, %/h 6.7 TR 9.7
Ruminal fluid volume, liters 29.2 ZI L 18.6
Particulate passage rate, %/h 4.6 6.4 5.6

Organic matter (OM) digestion linearly decreased in the rumen and
increased in the small intestine with increasing S (Table 3). Hindgut
OM digestion tended to decrease with increasing S so that total tract
OM digestion was similar for all treatments. Ruminal fluid dilution
rate may be a reflection of altered ruminal OM digestion. With high
concentrate diets in which ruminal fill does not limit intake, changes
in transient volume of undigested material in the rumen could affect
dilution rate. As digestion was decreased with S, undigested material
might stimulate greater ruminal motility, accelerate ruminal passage
rate and decrease ruminal fluid volume. Soluble fluid markers used to
estimate fluid dilution rate, however, describe kinetics of total
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Table 3. Digestion measures.

Treatment
Item 0 300 500
Organic matter digestion, % of intake
Ruminal, true 57.9 513 45.9
Small intestinal 105 16.1 28.4
Hindgut 8.2 5.6 0
Total 76.6 73.0 74.2
Starch digestion, % of intake
Ruminal 69.4 69.6 58.5
Small intestinal 1.2 11.2 27.9
Hindgut 5.6 4.3 -1.0
Total 86.2 85.2 85.4
Total acid detergent fiber digestion,
% of intake 23.5 30.7 Nl
Nitrogen, g/day
Intake 44 .9 44.8 45.0
Duodenal
Total 40.9 55.0 58.7
Microbial 202 25.9 24.0
Feed 11.6 251 31.4
Ammonia 3.0 3.4 3.4
Fecal 9.0 12.6 10.9
Microbial efficiency, g microbial
nitrogen/kg organic matter fermented 22.1 24.1 26.7

ruminal liquids and do not partition fluid into the amounts associated
with particles or free in the rumen.

Ruminal starch digestion tended to be lowest and small intestinal
starch disappearance tended to be greatest for 500 diet (Table 3).
Total tract digestion of ADF tended to be greater for 300 and 500 diets
(Table 3).

Entry of total N and feed N into the duodenum increased linearly
with increasing S (Table 3) similar to a previous report by Zinn et al.
(1983). Ruminal fluid dilution rate was related to duodenal passage of
N. Ruminal and small intestinal N disappearance varied linearly with S
level and microbial efficiency tended to increase with increasing S
level. The decrease in ruminal OM digestion increased microbial effi-
ciency and protein bypass may be due to the large reduction (36
percent) in rumen volume with 500 S. Sarsaponin shifted site of N
disappearance in the presence of an ijonophore. Hence, sarsaponin must
act differently from or in addition to the ionophore used in this
study. However, in feeding studies an interaction between Sarsaponin
and ionophores might be detected as both could improve protein status
of cattle but alter ruminal volume or passage in opposite directions.
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DUODENAL DOSES OF CASEIN OR GLUCOSE AND RUMINAL FLUID
PASSAGE RATE

o
A.L. GoetgchI ; Owensa,

TEAS
M.A. Funk™ and B.E. Doran

Story in Brief

To study the impact of supply of protein to the small intestine on
passage of material from the rumen, two dairy calves (364 1b) were fed
an 80 percent concentrate diet at 1.8 percent of body weight and were
dosed with hydrolyzed casein or glucose into the duodenum twice daily.
Ruminal fluid dilution rate outflow and volume were slightly greater
with glucose administration to the duodenum.

Key Words: Protein, Ruminal Passage Rate, Rumen Volume.

Introduction

In an earlier report (Goetsch et al., 1985) protein supplementation
of a marginal protein diet decreased ruminal digestion of the dietary
protein. Such an effect could be due to changes either in the rumen
directly or by postruminal feedback to the rumen. Perhaps, increasing
the amino acid supply to the small intestine could speed flow of
digesta from the rumen. This study was designed to examine the effect
of duodenal administration of casein hydrolysate or glucose on ruminal
fluid kinetics.

Materials and Methods

In this pilot study, two dairy steer calves (364 1b) were used in a
a crossover design with two 14 day periods. Steers were fed an 80 per-
cent concentrate diet (Table 1) twice daily at 12 hour intervals at a
level of 1.8 percent of body weight. The diet contained 11.1 percent
crude protein on a dry matter basis.

Table 1. Diet composition.

Ingredient % of dry matter
Ground corn 75.0
Prairie hay 20.0
Urea 1.6
Dicalcium phosphate ol
Limestone .94
Molasses 1.96
éFormer Research Associate 2Prgfessor
Former Undergraduate Student Graduate Assistant
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Steers were dosed with casein hydrolysate or glucose solutions two
hours before each meal. Each dose consisted of 65 or 70 ml volume of
fluid. With casein hydrolysate, this provided additional crude protein
equal to 10 percent of the daily N intake or about 33 grams of casein.
The amount of glucose was equal in weight of dry matter. Ruminal
samples were obtained at various times after dosing a water soluble
marker. Fluid passage rate, volume and outflow rate were calculated
from concentration of this marker in rumen samples.

Results and Discussion

Ruminal fluid dilution rate, volume and outflow were 14, 21 and 38
percent greater with duodenal doses of glucose than of casein (Table
2). The diet should have been adequate to support ruminal fermentation
though lower than needed for a rapid growth rate. Based on the earlier
study, we had reasoned that an improved amino acid status in the intes-
tine might have an influence on ruminal function via hormonal or neural
paths and increase ruminal motility or emptying. Results from this
study were opposite to that expected and suggest that the added amino
acid supply to the small intestine slowed flow of liquid from the rumen
or that glucose administration increased flow.

Table 2. Ruminal fluid kinetics.

Treatment
Item Casein Glucose
Fluid passage rate, %/h 8.48 9.65
Rumen volume, liters 18.53 Pecad
Rumen outflow, liter/h 14T 2.16

~ An increased energy to protein ratio in duodenal digesta from in-

fused glucose may have signaled the rumen to enhance fluid passage from
the rumen in order to 1) increase the amount of protein from feed which
would escape from ruminal destruction, 2) increase ruminal outflow of
microbial protein or 3) increase rumen microbial efficiency. Each of
these could increase protein supply and depress the ratio of energy to
protein in duodenal digesta. Conversely, infused casein hydrolysate
would depress the energy:protein ratio in the intestines and could
signal the rumen to hold materials longer. With high grain diets, par-
ticle size may limit intestinal utilization of starch. A longer rumi-
nal retention time usually increases the quantity of energy liberated
in the rumen and in the total digestive tract. Ruminal volume and pas-
sage rates may be controlled to regulate site of digestion of energy
and protein. These results warrant further exploration of the in-
fluences of body energy:protein status on rumen function and suggest
that bypassed nutrients might be employed commercially to influence re-
tention time and site of digestion by ruminant animals.
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ILEAL ANTIBIOTIC ADMINISTRATION AND DIETARY PROTEIN LEVEL
FOR BEEF HEIFERS FED ROUGHAGE DIETS

ol Gaetschi, Fas Owen52 and K.B. Po]ing3

Story in Brief

Four beef heifers were fed prairie hay diets with a low (L) or a
high (H) level of crude protein (9 or 12.5 percent), and received daily
doses into the ileum of either antibiotics (A) in salt solution or the
salt solution (S) without antibiotics. Antibiotic infusion tended to
increase ruminal ammonia-nitrogen concentration with the high protein
diet but to decrease it with the low protein diet. Digestion of
organic matter, acid detergent fiber and starch in the rumen tended to
be lower in animals receiving antibiotics. Passage of nonammonia-N to
the duodenum was equal to 128, 142, 92 and 104 percent of N intake for
LS, LA, HS and HA treatments indicating that antibiotics tended to
increase the amount of recycled N which was utilized in the rumen.
Antibiotic infusion tended to speed passage of fluid from the rumen and
to increase volume of digesta in the large intestine.

Key Words: Digestion, Antibiotic, Protein Level, Infusion.

Introduction

Gastrointestinal tract fill may 1limit intake of forage-fed
ruminants. Since the rumen represents the major contributing organ to
gut fill, signals originating at the rumen may regulate intake of
grazing cattle. Removal of feed particles from the rumen, either by
digestion or passage, relieves ruminal distention. Since all undigest-
ed residues must pass out of the rumen, certain signals originating
from digesta in the postruminal tract ultimately could control rumen
emptying.

The contribution of fermentation in the hindgut to total digestion
has received limited attention. Microbial activity in the cecum and
proximal colon may influence both digestion and passage rate and either
liberate ammonia for recycling to the rumen or capture ammonia for ex-
cretion in feces. With a Jlow protein-high fiber diet such as Tow
quality native range grass, ruminal fermentation becomes quite depen-
dent on N recycling and methods to increase recycling could be useful.

By dosing antibiotic into the end of the small ‘intestine,
fermentation in the large intestine should be reduced. This could
reduce the demand for ammonia in the large intestine. Postruminal
antibiotics would have different effects from fed antibiotics, as
dietary antibiotics can have direct effects on microbes in the rumen or
may be absorbed and have systemic effects. The antibiotic used in this
study was not absorbed so it should have no systemic effects. With
coating technology, protected antibiotics could be developed to be
released past the rumen. Value and effects of post-ruminal antibiotics
with various feeding conditions remain to be determined. This study

lFormer Research Associate 2Professor 3Anima1 Care Supervisor
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investigated the effects of antibiotic doses into the ileum and of
dietary protein level on site of digestion and passage rate in beef
heifers fed a roughage diet.

Materials and Methods

Four beef heifers (569 1b) in a Latin square experiment were fed
diets shown in Table 1. The unabsorbed antibiotic or the wash salt
solution were dosed via cannula at 0600 each day in each of the four
14-day periods. Corn labeled with ytterbium and cobalt EDTA were used
to measure ruminal and post-ruminal passage rates. Specific dosing,
sampling and analytical procedures were described previously (Goetsch
and Owens, 1984),

Table 1. Diet compositions.

Ingredient, % of dry matter L H

Chopped prairie hay 81.3 81.:3
Ground corn 8.5 ———-
Cane molasses .4 4
Soybean meal 9.0 17.5
Trace mineralized salt <5 25
Chromic oxide 3 3

Results

Ruminal ammonia-N (NH,-N) was greater with the high protein diet
at 2, 6 (P<.05) and 10 h {P>.05) after feeding (Table 2). NHB-N tend-
ed to decrease with antibiotic infusion with the L diet,” but to
increase with the H diet. This could be due either to changes in the
extent of ruminal fermentation and ammonia release or capture or to

changes in the amount of ammonia recycled to the rumen.

Table 2. Ruminal ammonia-nitrogen concentrations.

Treatmentl Diet Infusion

Time after -
feeding,h 1S LA HS HA L H S A

2nces ElAE o580 g.057 w02 5,59 9.480 7.33 7.68

6 2.91 .86 4.21 5.04 1,897 4,62 3.56 2.95

10 £.20 3.00 4.10 6.99 4.10 5.55 4.65 4.99
1Treatments include diet (L = 9% crude protein; H = 12.5% crude

protein) and ileal antibiotic infusion (S = none; A = antibiotic).

a’bMeans in a row within treatment, infusion or diet headings differ
(P<.05).,

1985 Animal Science Research Report 309



Protein level had little effect on extent ruminal digestion of
organic matter (OM), but ileal antibiotic infusion tended to depress OM
disappearance in the rumen (Table 3). Hindgut OM digestion compensated
and tended to be greater with antibiotic addition. Disappearance of OM
in the hindgut as a percent of OM exiting the ileum was 20.3, 27.1,
22.2 and 29.5 percent for LS, LA, HS and HA treatments, respectively.
Hence, the 1ileal antibiotic did not reduce hindgut or total tract
digestion.

Protein level had little effect on acid detergent fiber (ADF)
digestion but antibiotic infusion reduced (P<.08) ruminal ADF
digestion. Again, npostruminal digestion compensated for this
difference. Ruminal microbial efficiency tended to increase with
antibiotic doses, increasing as ruminal OM fermentation decreased.
Ruminal passage of particles was related to microbial efficiency
(MOEFF), passage of microbial N through the duodenum, and ruminal OM
digestion (r=.61, .55 and -.52, respectively).

Increasing the protein level tended to decrease (P<.08) ruminal
starch digestion in the rumen but to increase starch digestion in the
total tract. Such a change in site of digestion should increase
energetic efficiency. Ileal infusion of antibiotic had a similar
effect on site of starch digestion, reducing (P<.12) starch digestion
in the rumen and increasing (P<.06) starch digestion in the hindgut.

Passage of nonammonia-N to the duodenum was equal to 128, 142, 92
and 104 percent of N intake for LS, LA, HS and HA treatments,
respectively. An interaction (P<.10) between infusion and diet was
observed for small intestinal N disappearance (Table 3) in which
antibiotics tended to increase disappearance of N from the small
intestine at the low protein level but decrease it with the higher
protein diet. Amount of microbial N (MN) in feces, estimated from
purine concentration, tended to be greater (P<.10) with the Tower
protein diet and represented 36, 34, 22 and 28 percent of total
non-ammonia N in feces for LS, LA, HS and HA diets, respectively.
Total tract N digestibility corrected for nondietary N, tended to
increase with antibiotic infusion with the higher protein diet. Total
tract N digestibility, not corrected for nondietary N, was higher with
the higher protein level.

Antibiotic infusion tended to reduce passage rate of fluid from the
rumen (Table 4), but ruminal fluid passage rate and ruminal volume were
inversely related (r=-.60). An interaction between antibiotic infusion
and protein level (P<.19) on ruminal volume and passage rate of fluid
through the hindgut approached significance with antibiotic infusion
increasing ruminal volume and decreasing passage rate of fluid from the
large intestine only with the higher protein diet. The first kinetic
component of passage rate of particles from the rumen (k,) estimated
from ileal samples was reduced (P<.08) with antibiotic T%fusion. An
increase in ruminal or hindgut volume with antibiotic infusion cause
this difference. Passage rate (k,) for ruminal particles estimated
from samples from the ileum diff%red from k, estimated from fecal
samples in this trial, but the two were related &r=.59).

Discussion

Since the antibiotic was infused into the small intestine and not
into the rumen and this antibinotic is not absorbed, effects on ruminal
digestion were surprisingly large. These must be due to alterations
hormone levels or in nutrient recycling to the rumen which alter
ruminal volume or passage rate through the upper digestive tract. The
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Table 3. Digestion measures.

Treatment Diet Infusion®
Item LS LA HS HA I H 5 A
Organic matter digestion, % of intake
Ruminal, true 53.4 47.6 51.5 49.4 50.5 50.4 52.4 48.5
Small intestinal 4.3 4.3 h.3 3.6 4.3 4.9 5:3 3.9
Hindgut 190 144 9.5 145 122 12.0 9.8 14.4
Total 67.7 66.2 67.2 67.4 67.0 67.3 67.5 66.8
Acid detergent fiber digestion, % of intake
Ruminal 60.1 56.0 60.1 58.3 58.0 59.2 60.1 57.2
Postruminal 1ah =2 2.0 4.1 2.9 330 1.8 .4.2
Total 61.6 60.2 62.1 62.4 60.9 62.3 61.9 61.3
Nitrogen disappearance, % of intake
Ruminal 58.8 38.9 59.9 58.0 48.9 58.9 59.4 48.6
Small intestinal 9.3 32.5 20.0 17.0
Hindgut 8.2 1.9 -3.1 5.9 54 1.4 2.5 3.9
Total,
corrected for nonfeed constituents 76.3 73.4 76.8 80.9
Total,

uncorrected for nonfeed constituents 62.5 59.0 70.0 73.2
Nitrogen passage to the duodenum, g/day

Total 79.3 88.0 8.6 91.0 83.6 8.8 79.9 89.5

Microbial 49.9 46.7 41.8 49.8 48.3 45.8 45.9 48.3

Feed 23.7 35.2 32.0 33.5 29.4 32.7b 27.8 34.3

Ammonia 5.8 6.1 6.7 7.8 5.9% 7.2 6.2 6.9
Microbial efficiency, g microbial

nitrogen/kg organic matter fermented 26.3 31.4 23.3 28.7 28.9 26.0 24.8 30.1

Treatments include diet (L = 9% crude protein; H = 12.5% crude protein) and ileal antibiotic
infusion (S = none; A = antibiotic).

abMeans in a row within treatment, infusion or diet headings with different superscripts
differ (P<.05).
Omitted means denote an interaction between infusion and diet (P<.10).
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Hindgut starch disappearance increased (r=.66) as ruminal ammonia
increased. This relationship between ruminal ammonia and hindgut
digestion of starch and fiber 1is probably due to increased ruminal
escape of fermentable substrate and passage to the hindgut for
digestion.

Ruminal OM digestion increased as particle passage rate decreased.
This suggests that the time needed for particle size réduction probably
did not delay passage of particles from the rumen. When particles in
the rumen disintegrate slowly, the relationship between ruminal
digestion and passage rate will be positive. As passage rate of
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particles from the rumen (k,) increased, OM digestion in the total
tract decreased (r=-.49; Pc.gﬁ) as well. With this prairie hay diet,
extent of digestion in the rumen and the total tract were both limited
by digestion of cell walls which occurs primarily in the rumen.

ADF digestion in the rumen increased as passage rate of particles
from the rumen decreased (r=-.38; P<.15). In contrast, ADF digestion
decreased as rate of FLUID passage from the rumen decreased (r=.46;
P<.07). No explanation for this relationship is apparent. Usually
fluid and particle passage rates vary together. Increased rumination
should increase both fluid passage and extent of ADF digestion.
Possibly changes in the relative volumes of fluid and particles in the
rumen or passage of fluid imbibed in undegraded forage particles are
responsible. Decreased water intake can increase digestibility of
certain forages like wheat pasture.

In this trial, microbial efficiency (MOEFF) increased as passage
rate of particles increased. Increased efficiency would be expected
when microbes leave the rumen more rapidly since the idling time and
energy cost for microbes will decrease. In a previous experiment with
concentrate diets (Goetsch and Owens, 1984) no relationship of MOEFF to
particle passage rate was detected. The relationship of MOEFF to
passage rate may be stronger with roughage than concentrate diets,
since 1) with concentrate feeds, less ruminal action is needed to
prepare particles for ruminal exit and 2) microbes may associate more
intimately with roughage than concentrate particles. Nonammonia-N
passage to the duodenum, expressed as a percent of N consumed, was
higher for the Jlower protein diet and increased with antibiotic
infusion. This may reflect differences in  ruminal ammonia
concentration since ammonia absorption from the rumen increases as its
concentration increases.

Assuming that 1ileal digesta contained 10 percent dry matter,
hindgut volumes were 12.4, 15.0, 10.6, and 17.0 ml/kg of body weight,
representing 4.5, 5.1, 5.3, and 6.9 percent of the estimated ruminal
fluid volume for LS, LA, HS and HA treatments, respectively. Thus,
large intestinal plus cecal volume increased with antibiotic infusion
whether expressed on a body weight basis or relative to ruminal volume.
Antibiotic-fed or germ-free nonruminants usually have a larger cecal or
large intestinal wvolume than animals with their normal microbial
population in the intestine. Enlargement of the hindgut may be due to
presence of undigested osmotic compounds which pull water into the
intestine, to entry of greater amounts of digesta or to reduced gut
motility or gut wall thickness. The increase in hindgut volume with
antibiotic infusion can explain the lower passage rate for fluid
through the hindgut.

Results indicate that antibiotic doses into the intestine increases
volume of the large intestine. These changes can affect rumen function
through altering recycling of N to the rumen and thereby change site of
digestion. Hence, interactions between antibiotic effectiveness and
protein level and concentrate Tlevel should be expected. Additional
mechanisms (hormonal, neural) which influence volume of and passage
rate from various sections of the digestive tract need further study.
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EFFECTS OF BODY WEIGHT, FRAME SIZE AND PREVIOUS RATE OF GAIN
ON THE ENERGY CONTENT OF GAIN OF STEERS

J. W. Oltjen!

Story in Brief

The energy concentration or composition of gain is an important
variable in beef cattle feeding systems. The National Research Council
(NRC, 19766 and 1984) use equations based on body weight, rate of gain,
frame size and calf or compensating yearling designation to predict this
value. A recently developed dynamic computer growth model  (01tjen,
1983) also makes this estimate. The factors affecting energy
concentration of gain in the NRC system and the computer model are
compared in this study. The results from the computer model agree with
the NRC (1984) system regarding body weight and frame size unlike NRC
estimates, model estimates of composition of gain for calves and
compensating yearlings converge as body weight increases. In this
model, energy composition of gain is more sensitive to rate of gain than
the NRC equations are.

(Keywords: growth model, body composition, net energy)

Introduction

Predicting gain of beef cattle not only requires some estimate of
energy available for gain, but also an estimate of the energy
concentration of that gain, so that the retained energy may be converted
to the more familiar weight gain. Conversely, when the weight gain of
cattle is known, a prediction of the composition of that gain also
requires an estimate of the energy concentration of gain. Feeding
standards make an estimate of this concentration for several different
conditions; however, more recent computer models of animal growth allow
this to be estimated directly. The objective of this paper is to
compare estimates of the energy concentration of empty body weight gain
of beef steers for the National Research Council (NRC, 1976 and 1984)
feeding standards and for the dynamic model of beef cattle growth of
Oltjen (1983).

Materials and Methods

Equations for the energy content of gain of implanted steers as
given by the NRC (1976 and 1984) is shown in Table 1, assuming empty
body weight gain is 95.6% of live weight (shrunk) gain (NRC, 1984).

Energy content of gain for the 0ltjen (1983) model was calculated
using NRC (1984) net energy values for desired rates of gain, and then
iterating on feed intake each day to achieve that rate of gain
throughout the feeding period. Because the model predicts both empty
body fat and protein accretion, the energy concentration in the gain is
the energy in the protein and fat gain divided by the rate of empty body

I;ssistant Professor
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weight gain. Medium frame implanted calves and compensating yearlings
were started at 200 and 300 kg live weight with condition scores (1,
extremely thin - 10, extremely fat) of 5 and 3, respectively; large
frame cattle were 20% heavier.

Table 1. Energy concentration of empty body weight gain (EBG, kg) for
steers of different type and body weight (BW, kg).

Steer type Energy in gain (Mcal/kg) Source
ATl (.05515+.00748*EBG) BN'75 NRC (1976)
Medium frame calves 0635 £86" 078U 72 NRC (1984)
Medium frame yearlings .0562 EBG'~"'BW® 0
Large frame calves 0562 £86°007Bu-72 .
Large frame yearlings .0498 EBG""7'BW" i

Results and Discussion

Energy value of gain increases from about 3 to 6 Mcal/kg as body
weight increases from 200 to about 500 kg when rate of gain is held
constant at a kg/d (figure 1). The former NRC (1976) did not
differentiate between frame size and age (calf or compensting yearling),
and its estimate is nearest to the more recent NRC (1984) value for
medium frame calves (MC). Medium frame compensating yearlings (MY) and
large frame calves (LC) have corresponding lines which reflect less
energy in gain than for the medium frame calves, but greater than for
large frame compensating yearlings (LY). In figure 2, body weight is
held constant but gain is allowed to vary. The same sort of comparison
between the two NRC publications and between frame size and age or
previous nutrition as in figure 1 may be made, with similar magnitude of
effects, The variation in the energy value of gain, however is less for
rate of gain (figure 2) than for body weight (figure 1).

Using the 01tjen (1983) model to compare the effect of body weight
on the energy value of gain, energy in gain increases from about 3 to 66
Mcal/kg as body weight increases from 200 to about 500 kg (figure 3).
Frame size effects are similar to the NRC (1976), with large frame
cattle about 1 Mcal/kg lower at similar body weights. However, the
lines for compensating yearlings, although starting at nearly the same
point as the NRC, do not remain below the calf lines as body weight
increases. Instead they converge as the animal becomes Tlarger,
suggesting a similar composition of gain later in a feeding period.

A direct comparison of the NRC equations and Oltjen (1983) model is
made in figures 4 and 5 for medium frame steers. NRC (1984) calves have
energy concentrations of gain above all other lines (figure 4), but the
lines for NRC (1984) compensting yearlings is within .2 Mcal/kg of the
model's calf line throught and the model's compensating yearling line
between about 350 and 500 kg body weight. Whether calves' gain consists
of more fat at all weights than genetically similar cattle which have
experienced a period of restricted nutrition should be investigated.
The dynamic model used here contradicts this hypothesis and the slightly
higher line for the compensating yearlings at greater body weight causes
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Energy Value of Gain

EBWG = 1.0 kg
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Energy concentration of daily empty body weight gain (1 kg, EBWG) for
steers of different body weight: 1976 - NRC (1976); MC - medium frame
calves, MY - medium framecompensating yearlings, LC - large frame calves
and LY - large frame compensating yearlings from NRC (1984).
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Energy concentration of different empty body weight gain for steers of

350 kg body weight: 1976 - NRC (1976); MC - medium frame calves,
MY - medium frame compensating yearlings, LC - large frame calves and
LY - large frame compensating yearlings from NRC (1984).
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Figure 3. Energy concentration of daily empty body weight gain (1 kg, EBWG) for
steers of different body weight: MC- medium frame calves, MY- medium
frame compensating yearlings, LC - large frame calves and LY - large
frame compensating yearlings from Oltjen (1983).

Energy Value of Gain

EBWG = 1.0 kg

8
MC NRC
-l
MY NRC

L)
o
e
B & o
L5]
=
St
= 5 -
[+]
z
>
RS
Lt
=
w

3 4

2 T T L T T T L

200 300 400 500 BOO

BODY WEIGHT (kg)

Figure 4. Energy concentration of daily empty body weight gain (1 kg, EBWG) for
steers of different body weight: MC NRC - medium frame calves and MY
NRC - medium frame compensating yearlings from NRC (1984), MC - medium
frame calves and MY - medium frame compensating yearlings from Oltjen (1983).
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Figure 5. Energy concentration of different empty body weight gain for
medium frame yearling steers of 350 kg body weight: 1976 -
NRC (1976), 1984 - NRC (1984) and MODEL - Oltjen (1983).

compositional differences to narrow as the animals grow.

In figure 5 the effect of rate of gain for yearlings weighing 350 kg
is compared. As shown previously, the former NRC (1976) equation
estimates higher values than NRC (1984). The lines for the more recent
NRC and the Oltjen (1983) model intersect at about 1.1 kg/d gain, with
the model being more sensitive to gain. Corresponding compositions of
gain (% fat) for the NRC (1976), NRC (1984) and the model are 43, 37 and
30 for .5 kg/day; 47, 41 and 40 for 1.0 kg/d; and 51, 43 and 45 for 1.5
kg/d empty body gain, respectively.

In conclusion, the effects of body weight and frame size on energy
content of gain of beef steers are similar for the 01tjen (1983) model
and the NRC (1984). Model estimates for both yearlings and calves are
more similar to NRC compensating yearling estimates, with NRC calf
energy content of gain particularly greater at increased body weight.
However, the 0ltjen (1983) model is more sensitive to rate of gain than
the NRC (1976 and 1984) equations.
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FEED INTAKE BY FEEDLOT BEEF STEERS: INFLUENCE OF
INITIAL WEIGHT AND TIME ON FEED

il =

J. H. Thornton™, F. N. Owen52 and D, R. Gill

Story in Brief

Feed intake records from a large commercial feedlot were analyzed
to determine the influence of initial weight and time on feed on dry
matter intake (DMI) by yearling beef steers. Information was available
for DMI of a high concentrate feedlnt diet at 14 day intervals from 675
pens of cattle over a period of one year. Pens held a mean of 175 beef
steers per pen for a total of 119,482 animals. Initial weight averaged
687 pounds and all animals were rapidly switched to their high concen-
trate finishing ration. Mean DMI for pens of cattle averaged 21.5
pounds per65€jay 2and increased as mean feeding weight increased
(ADF=,258W" L Ro=oBge N=2127, DMI was about 20 percent greater
than predicted from pub]ished equations. This relationship of DMI to
animal weight did not fit DMI during a feeding period, however.
Instead, considering all feed intake intervals, Dggs was 2 more
curvilinearly vrelated to body weight (DMI=.978W" =,.30;
N=3896). Mean ODMI increased about 1.5 pounds per hundred pound
increase in starting weight. The feed intake curves consisted of three
different segments with intake during thf d51rst 14 days on feed being
proportional to body weight (DMI=,0214W ), an intake plateau from
day 28 to day 140 followed by a slight decrease as steers reached
slaughter weight. Since the observed shape of the DMI curve during the
feeding period differs from that used to calculate nutrient require-
ments, requirements during different parts of the finishing period need
to be reconsidered and recalculated.

(Key words: Feed intake, Dry matter intake, Starting weight, Time on
feed.)

Introduction

Performance of feedlot steers can be predicted quite accurately
when net energy content of the diet and feed intake are known. Net
energy values can be estimated from tables of feed composition, but
less information is available to predict feed intake. Equations to pre-
dict feed intake have been advanced by several workers (Table 1). Most
of these equations were developed from AVERAGE feed intakes from
feeding trials and AVERAGE feeding weight and relate intake to
metabolic body size (body weight to the three-quarter power). This
means that intake would increase continually as steers gain weight.
Such is not the case based on field experience of cattlemen. Instead,
feed intake during a feeding period first increases and later declines
with time on feed. Three of the equations predict this rise and
decline in intake, but two predict a gradual rise and fall while the
third predicts a relatively flat plateau during the feeding period.

1—Hitch Feeders II, Garden City, KS ZProfessor
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Table 1. Dry matter intake equations for feedlot cattle?.

Gill (1979)

DMI, Tb = (.08968+.0000498INKT+.00498FG)W" >
~((WT-500)/210.8)%; with feeder grade (FG)
between 1 and 10, usually near 5.
ARC (1980)

DMI, 1b = W*’2(.1423-.0129ME);

Goodrich & Meiske (1981) 7
DMI, 1b = 3.39+.1249W"

Owens & Gill (1982) 2
DMI, 1b = -11.21+.0636W-.0000325W"+.0039( INWT-610);

NRC (1984) 75 2
DMI, 1b = W° (.1819NEm~.056NEm -.0239);

Plegge et al. (1984) for mean intake
DMI, 1b = -16.87+.0063MW+.0000085MW +20.?3ME—4.187ME2;
Plegge et al. (1984) for intake during a feeding trial
DMI, 1b = -95.21-.004 INNT+.0000136 INWT2+31 . 22REL KT -45 . 89RELWT 2

+53.9ME-9., 696MEZ;
Fox & Black (1984) 75
DMI, 1b = W*"7(.11 to .12 depending on N)[1+(.03{1.27—NEQ))]

>_1.571ME;

2

%Terms include DMI, daily dry matter intake; W, shrunk weight in
pounds; INWT, starting shrunk weight in pounds; ME, metabolizable
energy in mcal/kg feed dry matter; MW, mean shrunk weight for the feed-
ing trial; NE , net energy for maintenance 1in mcal/kg feed dry
matter; RELWT, Murrent shrunk weight as a fraction of slaughter weight;
NEg, net energy for gain in mcal/kg feed dry matter.

Since feed intake is the basis on which both nutrient regquirements and
gain and profit are predicted, the shape of the feed intake equation
needs to be defined. The objective of this study was to determine the
pattern of the feed intake of commercially fed yearling steers and the
impact of starting weight on feed intake.

Materials and Methods

Daily pen records from a large feedlot in Western Kansas were ana-
lyzed to determine the impact of various factors on feed intake of
finishing cattle. Mean DMI for sequential 14 day intervals of 246 feed-
yard pens were obtained from feeding records from December 1981 until
November 1982. This represented 675 different sets of non-dairy steers
including primarily steers of British breeding, usually crossbred and a
small percent of steers with some Brahman breeding. Most cattle were
yearlings or older when placed on feed and were fed for 98 to 168 days.
For analysis, pens with less than 50 head were removed to reduce varia-
tion, so that the mean number of animals in each pen was 175 (range of
50 over 500; standard deviation = 82). Hence, intakes for the year
represented values from a total of 119,482 cattle. A mean of 18 observa-

1985 Animal Science Research Report 321



Table 2. General information on beef steers.

Item Mean Standard deviation

Pens 675
Cattle/pen 175 8z
Total cattle 119,482
Pen-period
observations 3897
Weights
Initial 687 80
112 days 1029 79
ADG goa
Bullers, % 2.8 7
Hospital, % 1:4 3.0
Dead, % ot i.2

Dry Matter Intake
Across all pens

0-14 days 17.4 3.0
15-28 days 2led 2T
29-42 days ?21.9 2.1
43-56 days 22 2.0
57-70 days 22 200
71-84 days 22.4 2.1
85-98 days 22,3 2.
99-112 days 21.9 1.9
113-126 days 20.9 1.6
129-140 days 19.7 1.6
Within the same set of cattle

0-112 days 2.5 1.9

tions were available per pen for a total of 3897 period-pen
observations. Further information on the sets of cattle are presented
in Table 2.

Data available for each set of cattle included starting feedlot
weight (weight on arrival into the feedyard typically after trucking at
least 24 hours), sex, breed, number of cattle in the pen, number in the
hospital pen for all reasons, deaths per pen for all reasons and number
of animals removed due to riding by other animals (bullers), projected
current weight which was updated daily based on initial weight, feed
intake and NE_ plus NE_ content of the diet. No information on
origin, Tlength "of haul of backgrounding of cattle was available. ATl
cattle were dipped at the start, received routine medical attention and
growth-stimulating ear implants. During the first 28 days on feed,
level of roughage in the diet was decreased stepwise from about 40
percent to the 14 percent of the finishing diet. This diet was fed
thereafter. The high energy diet consisted primarily of high moisture
harvested corn grain, corn silage, chopped alfalfa hay and soybean meal
or urea. Monensin was included between 20 and 25 g per ton of feed.
On a dry basis, the diet contained 3.18 mcal ME per kg or 2.18 mcal
NE per kg throughout the year. For statistical analysis and
comparisons, components included initial weight, days on feed and
current weights. To calculate mean weights and DMI for a pen of
cattle, data from the first 112 days of feeding were averaged.
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Results and Discussion

Mean DMI for 212 pens of steers for 112 days or longer were calcu-
lated from intakes at 14 day intervals are plotted in Figure 1. Mean
feed intake increased as mean weight increased. This is similar to
most feed intake equations which have been developed (Table 1).
Generally, feed intake has been expressed relative to body weight
raised to a power or exponent, usually .75. Mean feed intake in this
study was related to mean,body weight during the feeding period taken
to the .656 (+ .044; R"=.54) power as drawn in Figure 1. This
power changed with time on feed, however. The power function best
matching feed intake during individual 14 day intervals ranged from a
low of .47 at feeding intervals beyond 56 days on feed to 1.02 during
the first 14 days on feed. This means that the relationship of DMI to
body weight changes during the feeding period.
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Figure 1. Mean weight vs feed intake (n=188).

Measured mean feed intakes are compared with predicted mean intake
values from equations of the ARC (1980), NRC (1984) and Plegge et al.
(1984) data from Minnesota in Figure 2. Since these equations incorpor-
ate values for energy content of the diet, those for the finishing diet
(3.18 mcal ME or 2.18 mcal NE_ per kg feed dry matter) were used.
Measured mean feed intakes exceeded predicted feed intakes by 20 to 30
percent though all equations predict intake at zero when weight is
zerg. This discrepancy may be due to differences in environment or in
background of the cattle. Further, the predicted reduction in feed in-
take for higher energy diets in various equations may exceed that ob-
served with implanted, monensin-fed yearling beef steers. Few equa-
tions were developed for cattle rapidly adapted to a diet this high in
energy.
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Figure 2. I\(1ean ﬂ;ed intake vs mean feeding weight of beef steers
n=188).

Feed intakes for all pens of steers at 14 day intervals are plotted
against shrunk weights at the end of each 14 day interval in Figure 3.
This line is definitely curved indicating that feed intake does not
increase linearly with weight. The line designated as "mean" repre-
sents intakes of animals grouped in 100 pound live weight segments.
Feed intake tended to plateau as higher weights were reached.45§1tbﬁi
toza power function of body weight, DMI was equal to .976W*"~°=°
(R® = .301). This is TJower than the power function suggested by
others (Table 2) and indicates that the relationship between feed
intake and body weight changes as feedlot steers grow as previously
suggested by Gill (1979), Owens and Gill (1982), Plegge et al. (1984)
and Fox and Black (1984). A lot of variation remains, however, as
individual letters represent the number of pens of cattle at each point
(A=1; B=2; Z=26 or more). The low initial point on the "mean" Tline
represents either 1lighter starting weights or earlier periods of
feeding. To subdivide these effects, feed intake was plotted against
starting weight (Figure 4). Feed intake definitely increased as
starting weight increased, with daily feed intake increasing about 1.5
pounds for every increase in starting weight of 100 pounds.

The overall curve (Figure 3) was averaged across pens and initial
weights. Intakes of individual pens might differ from this curve. To
Took at DMI with individual pens of cattle without being confounded by
differences in initial weight, data from 5 pens- which had starting
weights which were similar to each other (685 to 688 pounds) and near
to the mean starting weight for all cattle were plotted (Figure 5).
Feed intake was lowest for virtually all pens during the first 14 days
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Figure 3. Feed intake and steer weight at 14-day intervals (n=3896).
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Figure 5. Feed intakes by selected pens of steers (685-688 1b)
initial weight.

when animals were being adapted to a high concentrate diet. There-
after, feed intake tended to plateau or possibly decline slightly.
Often, the maximum feed intake for pens of cattle occurred on day 28
(the mean feed intake from day 14 to day 28).

Intake the first 14 days was noE closely related to feed intake at
day 56 or for periods thereafter (R™ = .37 to .47). However, correla-
tions between feed intake from day 14 to d%y 28 were highly correlated
with feed intakes at subsequent periods (R® = .53 to .73). Hence, in-
take during the third to the sixth week on feed might be useful to pre-
dict subsequent feed intake. Feed intake during the first 14 days on
feed was most closely related to starting weight (Figure 6). During
this interval, feed intake was related to body weight to the first
power. Feed intake increased almost proportionally to weight at which
the steers entered the feedyard. Some of the feed intake equations in
the literature adjust for initial weight or relative weight to correct
for this difference. Since this differs from the plateau portion of
the intake curve, it probably should be considered separately as a
component of the total feed intake curve.

To determine the effect of time on feed on feed intake, steers were
grouped by time periods. Daily feed intakes are plotted in Figure 7.
As was apparent for the few individual pens graphed above, intake
reached a plateau at 28 days and remained at that point for the next 96
days. Thereafter, intake tended to decline slightly as steers reached
slaughter weights. The shape of these curves do not coincide with the
shape of the feed intake curve suggested previously by Owens and Gill
(1982) or by Plegge et al. (1984) who determined that intake continued
to increase to a peak when cattle reached 88 percent of slaughter
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weight. In contrast to previous prediction equation, these feedlot
records indicate that intake is considerably higher with shorter times
on feed and rapidly reaches a plateau. Later, intake declines as
steers reached market weight. Differences in energy content of the
diet, cattle background or age may be involved. Another alternative is
that initial weights, final weights and days on feed complicate inter-
pretation of the curves. The only steers remaining on feed for 140
days or Tlonger are those which started on feed at light initial
weights. Hence, the average intake curve will be biased downward at
that point.

The influence of starting weight on the shape of the feed intake
curve with time on feed is illustrated in Figure 8. Here, cattle have
been grouped by 100 pound weight increments and mean intake at 14 day
intervals was plotted. Little overlap in intakes between weight groups
is apparent, but the overall shape of the intake curve for all weight
groups is surprisingly similar. In all cases, intake at 28 days was
near or at the maximum. Feed intake tended to decline as cattle ap-
proached slaughter weight which would be with fewer days on feed for
cattle at heavier than at lighter initial weights. The point at which
feed intake for a pen of cattle declines might be used as a signal that
cattle have reached slaughter weight and continued feeding will be less
economical. To illustrate how these differences in intake pattern give
a curved appearance to the graph of feed intake versus weight, intakes
were plotted against current weights for steers of different initial
weights in Figure 9. The overall curve of Figure 3 is can be ascribed
to lower feed intakes of cattle during the first period on feed as well
as lower feed intakes of cattle started at lighter weights. Means
here, however, suggest that at heavier initial weights, feed intake may
not plateau but continue to increase gradually as such cattle gain
weight.

30+
a7+
24+
o
o |
o Dy
Ll
=
=
=
=
(=]
1B
f
9 +
—————— e T
14 a2 70 98 126 154 182

TIME ON FEED, DAYS

Figure 8. Feed intake vs time on feed for steers with different
initial weights.
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Based on these data, the feed intake curve for cattle moved to a
high concentrate diet rapidly appears to consist of three segments.
During the first 14 days, when cattle are moved through diets contain-
ing sequentially less roughage, feed intake is proportional to body
weight. During the next 84 to 140 days, feed intake plateaus or grad-
ually creeps upward at a level proportional to starting weight. After
84 days for heavier cattle or 140 days for lighter starting weight
cattle, feed intake will decline slightly. Equations relating feed in-
take during the feeding period are presented in Table 3. Input vari-
ables chosen were those which could be appraised easily. Variables
known at the time cattle are delivered such as initial weight and days
on feed would be preferable for prediction purposes. Variables were
chosen by stepwise regression procedures and were included only when
significant at a probability level of 20 percent and when addition im-
proved the precision of prediction. Percent of finished (market)
weight was not included as a variable since the time of marketing is
dictated by many factors in addition to carcass fat.

Weight gains and nutrient requirements can be predicted from these
feed intakes and body weights. Formulas provided by NRC (1984) permit
requirements to be calculated at various rates of gain providing feed
intake is specified. When contrasted with requirements predicted from
NRC (1984), predictions from these intake curves indicate that the pro-
tein needed, expressed as a percentage of the diet, is Tlower than pre-
dicted by NRC (1984) for cattle at lighter weights. However, the re-
quirement for protein does not decrease as steeply as predicted by NRC
since feed intake does not increase with time on feed as the NRC
equation projects.
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Table 3. Dry magter intake prediction equations for feedlot beef

steers”.
Time period Equation RE
First 14 days oMI=.0214u1 02 .54
Total feeding period  DMI=3.91+.259DOF-.002700F2+.0162 INWT
+.000008300F 3 .50
DMI=4 . 36+.207DOF - . 00286 D0F 2+.0164MW
.0000095D0F 3 .55
DMI=-3.04-.175INWT+.000235 INWT 2+ . 196W
- .000196WT 2+.00000007W°- . 0000001 INWT 3 .39
DMI=4.73+.0177 INWT+.0716D0F +.00024 DOF 2
+.0001D0F * INKT - . 0000016 INWT *DOF 2 .47
After 14 DOF DMI=15.27+.042D0F - . 0002800F 2
+.0000113 INWT2 .38
DMI=-2.81 -.00051D0F 2+ .0655M- . 000061W°
+.000001300F 3+.000000024W> .47

DMI=1.22+.109K- .00012W+.000000044H>

-.0729 INWT+.000112 INWT 2~ 000000048 INWT3 .36
OMI=10.27+.0106 INWT+.0000059 INWT 2

+.052800F - . 00000053 INWT*DOF .39

3Terms include DMI, daily dry matter intake in pounds; W, shrunk
weight in pounds; INWT, starting shrunk weight in pounds; DOF, days on
feed.

Since feed intake can vary with breed, sex, season, initial weight
and environmental conditions, diets can be tailored to meet specific
conditions providing the impact of these factors can be measured. In
addition, seasonal effects on feed intake of feedlot cattle in various
regions of the US need to be studied to more accurately estimate re-
quirements and the economics of cattle feeding of various types and
backgrounds.
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FEED INTAKE BY FEEDLOT CATTLE: INFLUENCE OF
BREED AND SEX

F. N. Owensl, J. H. Thornton? and S. R. Arp>

Story in Brief

Records from a large commercial feedlot were analyzed to determine
the feed intake and health differences attributable to sex and breed
type. Feed intakes adjusted for differences in live weight averaged 10
percent greater for Holstein steers than beef steers but intake of beef
heifers was equal to that of beef steers. Incidence of bullers and
death losses was greater for Holstein than beef steers though a sea-
sonal effect on incidence of bullers and on death losses was apparent.
These peaked during midwinter and were lowest during midsummer suggest-
ing that day length may be involved.

(Key words: Sex, Feedlot, Feed intake, Animal health.)

Introduction

Cattle fed in feedlot of the Great Plains vary in type and sex with
economic conditions. Certain types are more desirable at specific
cattle prices. Greater feed intakes are usually expected for steers
than heifers and for Holstein than beef-bred steers (Plegge et al.,
1984; Fox and Black, 1984). However, effects of sex and breed on feed
intake with various times on feed and on incidence of riding (bullers),
hospitalizations and death losses have not been reported. The objec-
tive of this report was to determine the influence of breed type and
sex on feedlot performance and health.

Materials and Methods

The feedlot conditions and records screened in this report have
been described in a companion paper (Owens et al., 1985). Records in-
cluded information from 745 different sets of cattle (3 sets of cattle
per pen during the year) of which 22 were for Holstein steers, 48 were
non-dairy heifers and 675 were non-dairy steers of British, British
crossbred and (a limited number) Brahman crossbred cattle. Most cattle
were yearlings or long yearlings when placed on feed and were fed for
98 to 168 days. Intakes for the year represented values from a total
of 132,393 cattle. A mean of 18 observations were available per pen
for a total of 4316 period-pen observations. Data from pens with less
than 50 cattle were removed prior to analysis. Further information on
the sets of cattle are presented in table 1.

Data available for each set of cattle included starting feedlot
weight (weight on arrival into the feedyard typically after trucking at
least 24 hours), sex, breed, number of cattle in the pen, number in the
hospital pen for all reasons, deaths per pen for all reasons, number of

;Professor 2Hitch Feedlot II, Garden City, KS.
Former Graduate Student
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animals removed due to riding by other animals (bullers), and projected
current weight. This weight was calculated and updated daily based on
initial weight, feed intake and calculated energy contents (net energy
for maintenance and gain) of the diet. No information on origin,
length of haul or backgrounding of cattle was available.

For statistical analysis, the dry matter intake, percent bullers,
hospitalized and dead were classed for means comparison by sex (beef
heifers vs beef steers) and breed (Holstein steers vs beef steers), by
initial weight and by days on feed.

Results and Discussion
In Table 1, feed intakes for steers and heifers are presented for
various lengths of time on feed. Holstein steers ate more feed than

beef steers (25.1 vs 21.4 pounds of dry matter per day) with a mean
difference of 3.7 pounds or 17% during each period.

TABLE 1. General information on cattle subdivided by type.

Beef steers Beef heifer Holstein steer

Variable Mean SD Mean SD Mean SD
Pens 675 48 22
Cattle/pen 175 81 104 51 101 33
Total cattle 119,482 5012 2056
Pen-period records 3897 289 130
Weights

Initial 687 80 622 61 757 78

112 days 1029 79 916 68 1136 78
ADG 2.97 2.63 335
Bullers, % 2.8 AL o1 4 3.6 3.7
Hospital, % 1.4 3.0 123 27 1:3 1.8
Dead, # iy 4 12 .6 1=1 1.2 1.6

Dry matter intake
across all pens of cattle

0-14 days 17.4 3.0 . 2.3 22,2 257
15-28 days 21.8 2.7 21.5 2. 25 2:]
53-32 days 2L.9 2:1 21.3 3:d 25.0 16

-56 days 22.1 2.l 21.6 2 25, 1.7
57-70 days 22.3 2l 21.8 2l 26.0 1.4
81-84 days 22.4 2l 21.6 2.4 26.0 1.6
85-98 days 22.4 2.1 21.4 1.8 20 125
99-112 days 21.9 1.9 21.4 L.7 2h.0 1.1
113-126 days 20.9 1.6 20.2 .9 24.1 1.1
129-140 days 19.7 1.6 18.8 1.5 22.8 17

The difference was largest from 14 to 28 days on feed which was near
the peak feed intake for the all cattle (Figure 1). During the first
two to three weeks, diets were increased in concentrate level. For
beef steers and heifers, dry matter intake was almost constant from 14
days to 112 days on feed. For dairy steers, daily intake tended to
decline after 98 days on feed. Despite large differences in intake
between pens of cattle, feed intake within each pen was surprisingly
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Figure 1. Influence of time on feed on feed intake of feedlot cattle.

constant, usually varying by no more than .5 pounds of dry matter per
head from one l4-day period to the next. Feed intake of a subsequent
period could be predicted reasonably well (r = .80) by feed intake the
previous period. Hence, intakes did not fluctuate and compensate over
time, but pens with high intakes “remained high.

Overall, feed intake of beef steers exceeded feed intake of heifers
by 2.8 percent (21.4 vs 20.8 1b). Feed intake for heifers tended to
peak at 28 days and decline thereafter while with beef and Holstein
steers, intake peaked after about 70 days on feed. The decline was
steeper for Holstein than beef steers or heifers. The time point at
which intake declined tended to be earlier (fewer feeding days) for
heifers than for steers.

These differences in feed intake due to sex and breed may be asso-
ciated with differences in weight of cattle initially and during the
feeding period even though most equations estimating feed intake do not
include initial weight as a variable. Starting weights were much
higher for Holstein than beef steers, and higher for steers than
heifers during all months of feeding (Figure 2). Note that few
Holstein steers were fed during the summer months. As feed intake is
greater for Holstein steers than beef steers, a seasonal effect on feed
intake would be expected in this feedlot due to the prevalence of
Holstein steers on feed during certain seasons. Adjusting for this
difference in weight during the feeding period might pull feed intake
estimates for breeds and sexes together.

Intakes at various weights during the feeding period are presented
in Figure 3. Feed intake by heifers and steers were very similar when
compared at a similar 1live weight. Since mature weight of steers
should exceed that of heifers, the similar feed intake of the two
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sexes was surprising. Difference due to sex was under 1 percent, con-
siderably less than the 3.3 percent reduction in feed intake proposed
for heifers of the same weight as steers by the NRC (1984) and the 4.7
percent calculated by Plegge et al. (1984).

Dry matter intake by Holstein steers remained about 2 pounds or 9
percent above that of beef steers and heifers of egual feeding weight.
This difference is slightly greater than the difference predicted for
Holsteins of 8.2 percent by Plegge et al. (1984) but less than the 17
percent proposed by Fox and Black (1984). Increasing frame score from
medium to large according to NRC (1984) would increase feed intake by
5.6 percent. Higher feed intake of Holstein steers might be ascribed
to their larger mature size or to genetic selection of Holstein cattle
for high milk production and, thereby, high feed intake.

Incidence of bullers, hospitalized cattle and death losses sub-
divided by breeding and sex is presented in Table 1. The proportion of
bullers and death 1losses were higher for Holstein steers than beef
steers with little difference between types in incidence of hospitaliza-
tion. This is plotted across months in Figure 4 for pens of cattle
with starting weights between 900 and 1000 pounds and with starting
weights between 650 and 750 pounds. These limits remove the influence
of starting weight and feedlot weight on incidence of bullers. Part of
the higher incidence of bullers with Holstein steers relates to the
month of feeding. Most dairy steers were fed during the winter when
bullers are more prevalent. Buller incidence for beef and Holstein
steers peaked in midwinter and was lowest in midsummer, possibly due to
a photoperiod effect on sex hormone levels.

Death losses also tended to be highest during the fall, especially
for steers, and lowest during the summer. This is plotted in Figure 5
for the same pens of cattle as used above. No explanation for this
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Figure 4. Influence of season on incidence of bullers.
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seasonal effect is apparent. Higher death losses with Holstein cattle
might be due to the longer trucking times and distances for movement to
the Great Plains area for feeding or to greater problems adapting
Holsteins to high concentrate diets. Yet, the percent of the cattle in
a pen hospitalized during the first 14 days on feed was Tlower for
Holstein than beef steers or heifers (Figure 6). Only after 14 days on
feed was the incidence of hospitalization higher for Holstein than beef
steers. This corresponds to the time of greater death loss. The per-
cent of heifers in hospital pens tended to increase with time on feed
while numbers of steers in hospital pens tended to decrease with
feeding time.

These differences in feed intake and animal health and interactions
with season due to sex and breed can be wuseful to predict feedlot
performance and profits.
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THE EFFECT OF THE RATIO OF DRY ROLLED CORN TO HIGH MOISTURE HARVESTED
SORGHUM GRAIN ON THE SITE AND EXTENT OF ORGANIC
MATTER DIGESTION IN HEIFERS

M.N. Streeter’?, D.G. Hagner3, C.A. Hibberd4 and M.R. Pul:nam5

Story in Brief

Dry rolled corn (DRC) and high moisture harvested sorghum grain
(HMS) were blended in a variety of ratios (100 percent DRC, 75:25,
50:50, 25:75, 100 percent HMS) to determine the effect of blending on
site and extent of organic matter digestion. Five blends were fed (two
percent of body weight) in a 5 x 5 Latin square using five
Hereford-Angus heifers (693 1b) equipped with ruminal, duodenal and
ileal T-type cannulae, Total tract organic matter disgestibility
decreased linearly as corn was replaced with high moisture sorghum.
Ruminal and large intestinal organic matter disappearance tended to
decrease in a linear manner as greater amounts of high moisture sorghum
was added to the grain mix. Small intestinal organic matter
disappearance was not influenced by altering the ratio of corn to high
moisture sorghum. The factors causing depression of ruminal organic
matter disappearance may be responsible for decreasing large intestinal
and total tract digestion. Based on ruminal, large intestinal and total
tract OM digestion it appears that small amounts of high moisture
sorghum grain blended with large amounts of dry rolled corn may be more
advantageous than the reverse condition.

Introduction

The use of high moisture grains has become more common over the
last ten years. High moisture sorghum is typically harvested at 25 to
30 percent moisture and stored in a ground or rolled form to facilitate
packing. Blending of dry and high moisture grains does occur, but the
specific ratio of dry to high moisture grain is usually determined by
the supply of each. Little work has been conducted blending dry
coarsely rolled corn and high moisture sorghum grain in a variety of
ratios. Even less work has been conducted to determine the effects of
such blends on the site and extent of organic matter digestion in
feedlot cattle. Therefore, this study was conducted to determine the
effect of blending dry coarsely rolled corn and high moisture sorghum
grain on the site and extent of organic matter digestion and also to
determine if any associative affects occur between DRC and HMS.

Materials and Methods

Five rations, listed in Table 1, were created using coarsely ground
corn and commercially obtained HMS (70 percent toluene DM). The ratios

TAuthor‘s wish to express appreciation to Lowan Feeders for furnishing

Eigh moisture harvegted sorghum 5
Graduate Student “Professor 'Assistant Professor TAssociate
Professor, College of Veterinary Medicine, Auburn, Univ.
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Table 1. Ration compositions of experimental diets.

A B B D E

Ingredient 100% DRC Fhzdb D50  25:7h  100% HMS
High moisture sorghum grain --- 20.8 41.8 62.7 83.8
Dry corn 8327 62.6 41.8 20.9 -
Cottonseed hulls 8.0 8.0 8.0 8.0 8.0
Soybean meal T 5,2 B2 52 b
Urea 15(0] .87 =78 .65 03
Supplement

Dicalcium phosphate .44 .44 LA4 .44 .44

Calcium carbonate .93 .93 .93 .93 .93

Potassium chloride T o =57 Ly )

Sodium sulfate k7 .14 il A il .09

Chromic oxide nah w20 .20 . 20 .20
Trace mineral salt .2h A S 2h G A 525

Vitamin A i

of the grains in each diet, on a dry matter basis were as follows:
ration A 100 percent DRC, ration B 75 percent DRC:25 percent HMS, ration
C 50 percent DRC:50 percent HMS, ration D 25 percent DRC:75 percent HMS,
ration E 100 percent HMS. Analysis of initial grain samples indicated
that urea could not be used as the only nitrogen supplement. Therefore,
soybean meal was added at equal levels to all diets and urea was used in
an attempt to make diets isonitrogenous.

Rations were fed to five Hereford-Angus heifers (693 1b), fitted
with ruminal, duodenal and ileal T-type cannulae to allow determination
of site and extent of organic matter digestion. Heifers and rations
were arranged in a 5 x 5 Latin square and fed twice daily at two percent
(DM basis) of initial body weight. Experimental periods lasted 10 days
with days 1 through 7 serving for diet adaptation and days 8 through 10
serving for sample collection, performed at 1000, 1400 and 1800 hours.
Digesta samples were composited across day and time within each period,
Feed samples were ground through a 1 mm screen in a Udy mill using dry
ice to facilitate grinding and stored frozen prior to analysis. Digesta
samples were dried using a lyophilizer prior to grinding through a 1 mm
screen in a Udy mill and analysis. Grain, feed and digesta samples were
analyzed for all or part of the following: dry matter, starch (glucose
polymers), crude protein and ash. Organic matter digestibility was de-
termined by chromic oxide ratios. Orthogonal polynomials determined if
the relationship between organic matter digestion and increasing the
percent corn in the ration was linear or not.

Results and Discussion

The chemical composition of the grains and diets used is listed in
Table 2. Starch content of the blends tended to reflect the higher
starch content of HMS (84.0 percent) versus DRC (78.5 percent)., Crude
protein content of HMS was slightly higher than that of corn, but does
not explain the variation observed in the complete feeds. Ash content
of HMS and corn were nearly identical; however, ash content of the
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Table 2. Chemical characteristics of grains and feeds.

A B C D E

Item 100% DRC 75:25 50:50 25:75 100% HMS
Feed

Starch 5 66.53 65.69 65.80 66.54 71.05

Crude protein 12.84 13.99 13.37 13.42 12.92

Ashb 4,04 4,55 4.40 4,41 4,65

ADF 10.87 8.53 7.80 8.51 8.53
Grain

Starch 78.54 84,01

Crude protein 9.50 9.82

Ash 1.33 1:32

El[]uach“atin: polynomial (P<.05).
Quartic polynomial (P<.05).

complete feeds showed considerably greater variation. Diet A (100
percent DRC) had the lowest ash value (4.04 percent) while diet E (100
percent HMS) had the greatest ash value (4.65 percent). Diet A (100
percent DRC) had the greatest acid detergent fiber content and diet C
(50 percent DRC:50 percent HMS) the Towest, while diets B, D and E were
intermediate.

Organic matter (OM) intake (Table 3) tended to increase as greater
amounts of HMS were added to the grain mix; however, the difference in
intake between the highest and lowest values was only 103 g/day.
Ruminal OM disappearance corrected for microbial OM and expressed as a
percent of OM intake tended to decrease in a linear manner (P<.10) as
greater amounts of HMS were added to the grain mix (100 percent DRC 70.2
percent vs 100 percent HMS 64.8 percent). When ruminal OM disappearance
was expressed as a percent of total tract digestion and diet A was
ignored, values tended to increase with the exclusion of corn (86.5
percent for B vs 89.0 percent for E). Organic matter disappearance in
the small intestine was relatively low and constant across all
treatments, with the mean value being 34.1 percent of entry. Organic
matter disappearance in the small intestine, expressed as a percent of
total tract digestion, tended to respond quarticly (P<.,20).
Disappearance of OM through the ileum expressed as a percent of intake
showed no trend across diets. However, within diets containing both HMS
and corn (B, C and D), increasing amounts of HMS appeared to depress
ileal OM disappearance. Ileal OM disapperance (percent of total tract)
tended to increase as corn was removed from the grain mix, reflecting a
greater importance of pre-ileal digestion as HMS increased in the diets
(Figure 1), Large intestinal OM disappearance (percent of entry) tended
to decrease linearly (P<.10) as corn levels were reduced (100 percent
corn 25.7 percent vs. 100 percent HMS 7.9 percent). Total tract OM
digestibility decreased (P<.05) lineraly as HMS was substituted for corn
(100 percent corn 80.0 percent vs. 100 percent HMS 73.0 percent).
Ruminal and large intestinal organic matter fermentation tend to reflect’
the same affects of adding greater amounts of HMS to the grain mix,
indicating that the same factors causing reduced ruminal OM digestion
may have a similar effect in the large intestine. The small intestine
appears to be unaffected by treatment at these levels of intake, with
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Table 3. Site and extent of organic matter digestion of DRC-HMS

blends.
A B C D E
Item 1007%°DRE = 75425 50:60  P5:75 IGO0 B HME
OM Intake (g/day) 5966 5927 6011 6040 6032
Ruminal disappearagse
% of Intake (c) 4 70.2 68.6 69.3 66.2 64.8
% of total tracE (c) 88.1 86.5 87.4 88.8 89.0
% of intake (u) 62.8 60.6 6l.2 57.6 56.4
% of total tract (u) 78.6 76.5 77.3 1753 1.5
OM disappearance SI
% of entry (u) d 34.7 40.3 32.0 33.5 32.0
% of total tract (u) 1607 19.4 159 19.0 19.0
OM disappearance Ileal
% of Intake 12:6 76.4 74.3 71,3 70.7
% of total tract 92.0 95.4 93.2 96.8 96.6
oM disappearagce LI
% of entry 25.7 19.1 il 5.9 7.9
% of total tractb 8.0 4.6 6.8 3.2 3.4
Total tract OM dig. 80.0 79.6 79.5 74.6 e
quminal OM disappearance corrected for microbial OM.
Linear polynomial (P<.05).
Linear polynomial (P<.10).
Quartic polynomial (<.20).
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Figure 1. Site and extent of organic matter digestion of DRC-HMS

blends (ruminal digestion uncorrected for microbial OM).
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disappearance (percent of entry) values being rather low and similar on
all diets. Increasing feed intake may increase the importance of small
intestinal digestion; however, a large portion of the diet organic
matter would be starch and the digestive capacity of the organ may soon
be exceeded. Rates of passage were not determined and differences in
flow rates may play an important role in creating the trends observed.

Associative effects may have occurred in the small intestine
(percent of total tract); however, no associative effects were observed
in other segments of the digestive tract, assuming that associative
effects of DRC and HMS would result in a non-linear increase or decrease
in OM disappearance or digestion. Based on ruminal and total tract OM
digestion values, there is some suggestion that high levels of DRC and
low levels of HMS may be more advantageous than the reverse condition.
Protein may have limited organic matter accessibility within the HMS
resulting in decreased total tract digestion. The same differences may
or may not be expected with dry rolled and high moisture sorghum blends.

Blends do appear to alter the importance of ruminal and large intes-
tinal fermentation and may cause differences in animal performance.
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EFFECT OF SORGHUM GRAIN VARIETY ON THE SITE
AND EXTENT OF NITROGEN DIGESTION IN HEIFERS

M. N. Str‘eeterl, C.A. Hibberdz, D.G. Hagner3 and M.R. Putnam£l

Story in Brief

Dwarf Redlan, 1133, Darset and millrun sorghum grain varieties were
dry rolled and fed in a high grain ration with all supplemental nitrogen
coming from urea to determine the effect of variety on site and extent
of nitrogen digestion. Dwarf Redlan is a low tannin, waxy endospermed
sorghum. 1133 1is a waxy high tannin-bird resistant type, while Darset
is a normal endosperm, high tannin-bird resistant type. Millrun was pur-
chased commercially through the 0SU feedmill. The four sorghum
varieties were fed (two percent of body weight) in a 4 x 4 Latin square
using four Hereford-Angus heifers (506 1b) equipped with ruminal,
duodenal and ileal cannulae. Total tract nitrogen digestion was higher
for non-bird resistant types, Dwarf Redlan (69.0 percent) and millrun
(63.8 percent) than bird resistant types, 1133 (54.0 percent) and Darset
(47.8 percent). Ruminal feed nitrogen disappearance was highest for
Dwarf Redlan (51.7 percent) and lowest for 1133 (27.9 percent), with
millrun (42.2 percent) and Darset (35.4 percent) being intermediate.
For all varieties, nitrogen disappearance was nearly complete by the
ileum. Waxy type grains tended to have improved nitrogen digestion post
ruminally when compared within bird resistant or non-bird resistant
groupings. Sorghum grain variety does appear to alter both site and
extent of nitrogen digestion in beef heifers and may result in variation
in animal performance.

Introduction

Sorghum grain is an ever increasingly important feed grain in the
Great Plains region. Constantly decreasing water supplies in combina-
tion with increasing water demands increase the importance of sorghum
grain research and utilization for feedlot cattle. Sorghum grain,
although less popular than corn due to the increased processing
required, is drought resistant. Unlike corn, sorghum varieties vary
greatly in physical and chemical composition. Variation between
varieties leads to inconsistent and often lower animal performance.
Sorghum grain protein degradation is probably of greater importance than
is corn protein degradation, because sorghum starch is encapsulated in
protein., Digestion of protein has been suggested as a limiting factor
in starch availability. Therefore, the following study was conducted to
determine the relationship of four sorghum grain varieties to the site
and extent of protein digestion in heifers.

Materials and Methods

Three varieties of sorghum grain, Dwarf Redlan (Dwf), 1133 and

IGraduate Student 2Assistant Professor 3Professor 4Associate
Professor, College of Veterinary Medicine, Auburn Univ,
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Darset (Dar) were grown under dryland conditions at the Perkins Agronomy
Experiment Station. A fourth variety, millrum (MR), was purchased
commercially through the OSU feedmill. Origin of MR was unknown, but
appeared to be representative of that commonly purchased on a commercial
basis. Observable physical characteristics of the varieties are listed
in Table 1.

Table 1. Descriptive characteristics of sorghum grains.

Endosperm
Sorghum Pericarp Starch Testa
Variety Abbreviation color Color type Layer
1133 1133 brown yellow waxy present
Darset Dar brown white normal present
Dwarf Redlan Dwf red white waxy absent
Millrun MR mixed non-descript  normal absent

dpresence of a testa layer indicative of high tannin content and bird
resistance.

Each grain variety was dry rolled and incorporated at the same
level of dry matter into an 88.8 percent sorghum grain ration (Table 2).
Complete mixed diets were stored at room temperature until fed.
Rations were fed to four Hereford-Angus heifers (506 1b) fitted with
ruminal, duodenal and ileal T-type cannulae to allow determination of
the site and extent of protein digestion, Heifers and rations were
arranged in a 4 x 4 Latin square design. Heifers were fed equal
portions twice daily to total two percent (DM basis) of initial body
weight. Experimental periods lasted 10 days with days 1 through 7
serving for diet adaptation and days 8 through 10 for digesta sampling,
performed at 1000, 1400 and 1800 hours. Ruminal fluid was collected on
day 10 of each period. Digesta and ruminal samples were composited
across time and day within each period. Digesta samples were dried
using a lyoiphilizer and ground through a 1 mm screen in a Udy mil]
prior to analysis. Ruminal fluid was acidified by adding 3.3 ml of 36N
H,S0, per 1000 ml of fluid and frozen prior to analysis. Ruminal
ffuid was also collected at 1400 hours during periods two and four and
used to determine bacterial nitrogen reaching the small intestine.

Grain, feed, ruminal and digesta samples were analyzed for all or
part of the following: dry mater, ash, tannin (catechin equivalents),
ammonia-nitrogen, RNA-nitrogen (total purines) and crude
protein-nitrogen. Protein digestibility was determined by RNA and
chromic oxide ratios. Differences between means were detected by
orthogonal contrasts. Contrast BR compared bird resistant to non-bird
resistant varieties. Contrast Dwf compared Dwarf Redland to millrun,
and 1133 compared 1133 to Darset.

Results and Discussion
The crude protein content of bird resistant grain varieties tended

to be higher than non-bird resistant varieties (Table 3). Varieties
with waxy endosperm (Dwf and 1133) were more similar to each other than
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Table 2. Ration composition of experimental diets (dry matter

basis).
Ingredient %
Sorghum grain 88.78
Cottonseed hulls i
Supplement
Urea 1.20
Dicalcium phosphate .44
Calcium carbonate .93
Potassium chloride D7
Sodium sultate .36
Chromic oxide .20
Vitamin A 2200 IU/kg

were varieties with normal endosperm (Dar and MR). Millrun was
considerably lower in crude protein content (10.3%) than all other
varieties., Tannin contents of the grains reflect brown seed coats and
the presence of a testa layer. Bird resistent varieties (1133 and Dar)
contained more tannin (P<.05) than did non-bird resistant varieties
(Dwf and MR). Darset (1.44 cat.eq.) also tended to contain greater
amounts of tannin than 1133 (1.19). Crude protein and tannin content of
the complete mixed feeds tended to reflect differences observed for the
grains,

Table 3. Chemical characteristics of sorghum grains and complete feeds
(dry matter).

Dwarf
1133 Darset Redlan Millrun  SE

Grain
Crude protein xabg 12.0 - 13.2 12.4 10.3 .1
Tannin (cat eq/gq) 1,101 vhda 0.00 0.00 .07
Feed
Crude protein xabgc 13.5 14.4 14.3 12.1 o8
Tannin (cat eg/qg) 1.24 1.54 0.02 0.02 .05

83ird resistant varieties vs non-bird resistant varieties {P <050
Dwarf Redlan vs Millrun (P<.05).
1133 vs Darset (P<.05).

All differences observed in nitrogen digestion between grain
varieties were between bird resistant and non-bird resistant varieties
(Table 4). However, within each bird resistant or non-bird resistant
group, trends are present that may become increasingly important as feed
intake increased. Nitrogen intake was not equal for all diets. Greater
nitrogen intakes occurred when heifers were fed Dwarf Redlan  (103.5
g/d) and Darset (103.2 g/d) versus 1133 (96.7 g/d) and millrun (87.0
g/d), due primarily to higher protein contents of Dwf and Dar grains.
Crude protein intake was below NRC recommemded levels for 500 pound
heifers for the MR diet. With all diets there was a net gain in the
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amount of nitrogen reaching the duodenum above nitrogen intake levels.
A gain in nitrogen through the rumen may be a reflection of inadequate
nitrogen intake and increased nitrogen recycling to the rumen. Low
rumen ammonia concentrations across all diets may also reflect
inadequate nitrogen for maximum microbial growth. The extent of feed
nitrogen disappearance in the rumen was greatest for Dwarf Redlan (51.7
percent) and lowest for 1133 (27.9 percent), with millrun (42.2 percent)
and Darset (35.4 percent) being intermediate. Bird resistant varieties
(1133 and Dar) had lower ruminal nitrogen disappearance than non-bird
resistant varieties (Dwf and MR). The rumen was the major site of
nitrogen degradation for Dwf (76.4 percent), Dar (75.2 percent) and MR
(72.6 percent) and tended to be of less importance for 1133 (54.7
percent). Microbial efficiencies did not vary greatly between
varieties,

Table 4. Site and extent of nitrogen digestion of sorghum varieties.

Dwarf
Item 1133 Darset Redlan Millrun
N-Intake g/day 96.7 103.2 103.5 87.0
Non-Urea-N Intake g/day Ti.7 78.2 78.2 61.8
Ruminal N disappearance:
Ruminal NH, g/dl 3.42 4.47 3.74 4,55
Nitrogeg aBpearing at duodenum,
g/ day 118.6 119.8 105.5 98.7
Nitrogen disappearance in rumen:
Feed-N g/day 26.9 36.6 53.6 40.2
Feed-N, % of intake 27.9 35.4 51 46.2
Feed N, % of total tract 54,7 Fae 76.4 72.6
Microbial efficiency g Microbial
N/kgOM fermented 20.5 21T 211 20,3
Non-NH, nitrogen disappearance
in s%a]l intestine
g/ day 69.8 57.6 62.8 62.6
% 61.6 49.8 62.7 66.8
Non-NH., nitrogen disappearance
throdgh ileun_
% of Intake 55.0 46,2 64.4 63.8
% of total tract 4 103.1 97.1 93.6 100.2
Total tract N digestibility % 54.0 47.8 69.0 63.8

3Bird resistants vs non-bird resistants (P<.05).

Non-ammonia nitrogen disappearance in the small intestine tended to
be higher for non-bird resistant than bird resistant varieties. Within
bird resistant varieties, the extent of non-ammonia nitrogen
disappearance in the small intestine tended to be greater in heifers fed
1133 than Dar (6l1.6 percent vs 49.8 percent). Non-ammonia nitrogen
disappearance through the ileum (percent of intake) suggests that
greater amounts of nitrogen disappear with non-bird resistant versus
bird resistant sorghum grain varieties. Within each group, waxy
varieties (Dwf and 1133) tended to have greater disappearance through
the ileum than normal varieties (MR and Dar). Non-ammonia nitrogen
disappearance through the ileum (percent of total tract) was nearly
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equal to or in two cases greater than total tract digestibility, indi-
cating that nitrogen digestion was almost complete at the ileum. Total
tract non-ammonia nitrogen digestion was greatest for MR (69.8 percent)
and Dwf (69.0 percent), the non-bird resistant varieties, and lowest for
1133 (54.0 percent) and Dar (42.8 percent), the bird resistant
varieties. As was the case in the small intestine, varieties within
each group with waxy endosperm, Dwf (69.0 percent) and 1133 (54.0
percent), tended to have greater non-ammonia nitrogen digestibilities
than normal endosperm varieties, MR (63.8 percent) and Dar (47.8
percent).

Differences observed between bird resistant and non-bird resistant
varieties may be caused by tannin, present in bird resistant varieties,
binding to feed and endogenous protein making the feed nitrogen less
available and possibly making proteinatious enzymes less active. The
bird resistant characteristic may also result in decreased protein solu-
bility. Waxy varieties may have greater nitrogen digestibility due to
increased protein solubility. Bird resistant varieties may have reduced
ruminal feed nitrogen disappearance due to tannin binding of feed
protein or through inhibition of ruminal microbes by tannin. Rates of
passage may differ between varieties resulting in depressed nitrogen
digestibility for bird resistant types. However, passage measurements
were not made in this study and statements about passage rates are
speculative.

The site and extent of nitrogen digestibility of the four sorghum
grain varieties tested are different. These differences would be expect-
ed to result in animal performance differences at these levels of feed
intake, At higher levels of feed intake (more typical in feedlot situa-
tions) larger differences in digestibility and animal performance would
be expected. Further research is needed to determine more clearly the
effects of the bird resistant characteristic and of condensed tannins on
nitrogen digestion in feedlot cattle.
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EFFICACY OF BI0O-COX, 3-NITRO-10 AND BACIFERM-50 COMBINATIONS FED TO
BROILER CHICKENS IN A FLOOR PEN STUDY

M.0. Smith! and R.G. Teeter?

Story in Brief

A combination of an ionophore (bio-cox), a coccidiostat
(3-nitro-10) and an antibiotic (baciferm-50) was administered in the
feed to 4800 commercial broiler chicks during a 46 day floor pen trial.
Day old chicks were placed in two forty-pen houses which had previously
been occupied by other chickens. Body weight gain and feed efficiency
was improved when the drugs were fed in combination. Males gained 19%
more than females and showed a greater response to the higher drug com-
binations. Mortality was not affected by drug treatment.

[Key Words: Ionophore, Coccidiostat, Antibiotics, Gain, Mortality.]

Introduction

Antibiotics are widely wused in the broiler industry to reduce the
incidence of common debilitating diseases and to improve growth rate and
feed efficiency. The growth-promoting effects of antibiotics in poultry
is concerned with decreasing the magnitude of the "environmental disease
level", by inhibiting the growth of nutrient-destroying organisms and
those that produce excessive amounts of toxic nitrogenous wastes, while
concomitantly improving the availability or absorption of certain
nutrients.

Ionophores are commonly used as coccidiosats in poultry rations and
like antibiotics, have been credited with increases in growth and feed
efficiency. Low level continuous feeding of antibiotics or ionophores
have been used to effectively control the low disease levels found in
good poultry operations. A combination of an ionophore and antibiotic,
with the required FDA clearance, could possibly improve performance over
that observed with administration of either drug independently. Three
drugs Bio-cox, 3-nitro-10 and baciferm-50 have been successfully used in
improving the performance of broiler chicks when administered singly,
but to date, no documented combinations of these three have been used.

This study was conducted to evaluate the efficacy of the combina-
tion of bio-cox, 3-nitro-10 and baciferm-50 in broiler chickens raised
on deep litter.

Materials and Methods

Forty-eight hundred commercial day-old broiler chicks were randomly
allotted to eight pens in two houses (30 males and 30 females per pen).
To ensure the proper environmental disease level, this trial followed a
previous feeding study with no clean-up between groups. A starter mash
was fed for the first 28 days of age and a finishing ration was fed from

1Graduate Assistant 2Assoc‘late Professor
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28 to 46 days (Table 1). Treatment designations are shown in Table 2.
Each dead bird was weighed and recorded and the weight used to adjust
for feed efficiency. Data collection and measurement included body
weight gain, feed consumption for 46 days, mortality and adjusted feed
efficiency.

Table 1. Starter and finisher rations?®.

Starter Finisher
Ingredient % %

Ground Corn 52.8 69.76
Soybean Meal 39.0 25.0
Fat 4.0 2.0
Dicalcium Phosphate 2.35 1.75
Calcium Phosphate ey .6
Vitamin Mix .4 .4
Salt 3 v
dl-Methionine .15 .09
Trace Mineral ol 21

00— 100

3 1y ground polyethylene was added to the basal
ration with all drug mixtures substituted for
polyethylene.

Table 2. Experimental treatments.

Treatment  Bio-Cox? 3-Nitro—10b Baci ferm-50°

{g/ton) (g/ton) (g/ton)
1 60 0 0
2 60 oA 0
3 60 34.1 0
4 60 45.4 0
5 60 0 50
6 60 22.7 50
i 60 34.1 50
8 60 45.4 50

abcInter‘nationa) Minerals and Chemical Corporation,

Terre Haute, Indiana 47808.

Results and Discussion
Body weight gain, feed efficiency and percent ortality at

forty-six days of age is presented in Table 3. Birds administered
Bio-cox (Treatment 1) alone gained shgnificantly lTess weight than those
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Table 3. Body weight gain, feed efficiency and
percent mortality of 46-day old birds.

Treatment Body Weight Feed

No. Gain(g) Gain Mortality(%)
1 15137 2.02 1.84
3 675 1.3 2.7
d . .
4 1595e 1.86 195
5 1582de 1.87 1.20
6 1584a 1.86 1.59
Fi l?DSb 1.73 2.43
8 1634 1.75 2.21

adeEngeans in column having different
superscripts differ (P<.05).

given biocox in combination with 3-nitro-10 or baciferm-50. The combi-
nation of biocox, baciferm-50 and 3-nitro-10 at the 34.1 g/ton 1level
(Treatment 7) produced significantly greater gains than all other treat-
ment. Feed efficiency paralleled body weight gain with the tendency be-
ing for birds given the combination of all three additives at the higher
levels of 3-nitro-10 to be more efficient. Percent mortality was unaf-
fected by drug treatment.

Examining the body weight gains of males and females independently
(Table 4) revealed that males gained 19% more weight than females. The
gain response to the feed additives was more pronounced in the females
where the combination of biocox, baciferm-50 and 3-nitro-10 at the two
highest levels (Treatments 7 and 8) was greater (P<.05) than any other
combination.

Table 4. Body weight gain of male and
female birds at 46 days of age.

Body Weight Gain(g)

Treatment

No. Males Females
3 16449 13825
2 16512 1420¢
3 1770y 1463
4 1730¢ 14595
5 1693, 1470
6 17185 1463
7 1895, 15137
8 1786 1482

adeengeans in columns having different
superscripts differ (P<.05).
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These results indicate that with the required FDA clearance, the
drug combination of biocox, 3-nitro-10 and baciferm-50 has potential for
improving gain and feed efficiency of broiler chickens reared on deep
litEer,
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ALOE VERA BY-PRODUCTS AS POTENTIAL ENERGY SOURCES

R.G. Teeter1

Story in Brief

Two experiments were conducted to evaluate the potential energy
value of 4 Aloe Vera by-products. The addition of by-product to broiler
rations did not impact body weight gain, but generally depressed feed
efficiency. In vitro dry matter disappearance of the by-products was
high averaging 90% disappearance while solubility averaged 29% sugges-
ting a significant microbial fermentation.

[Key Words: Aloe Vera, By-Products, Poultry, Ruminants.]

Introduction

Thousands of tons of Aloe Vera by-products are produced in QOklahoma
annually. These products are normally discarded after the juice is
squeezed out of the leaves. However, the remaining residue may contain
useable energy for livestock classes. The following study was conducted
to estimate the energy value of 4 Aloe Vera by-products.

Materials and Methods

To estimate the feeding value for animals with Timited microbial
digestion, the chick was utilized as the experimental model. Arbor
Acres x Vantress broiler chicks were weighed and allotted to ten treat-
ment groups at random such that each group was replicated 3 times with
12 chicks per replicate. Birds were housed in electrically heated bat-
teries for the duration of the two week experiment. All additions to
the basal diet (Table 1) were made by dilution to the desired Tevel.
Feed and water were available continuously. Bird body weight gain and
feed consumption were tallied at the end of the two week feeding period.

To estimate the feeding value of the by-products in animals with
extensive fermentation processes, in vitro dry matter disappearance was
determined.

Results and Discussion

Body weight gain, feed consumption and feed efficiency are summa-
rized in table 2. In this study, no significant impact of by-products
upon body weight gain was detected. Birds were able to increase diet
consumption to offset the decline in nutrient density which apparently
accompanied by-product addition. Feed efficiency declined linearly

1Associate Professor
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Table 1. Treatments.

1 Poultry Ration

2 Aol + .3% pulp with aloin

3 Aol + 1% pulp with aloin

4 Aol + 3% pulp with aloin

& Aol + .3% pulp

6 Aol + 1% pulp

7 Aol + 3% pulp

8 Aol + 5% waste leaves cooked

9 Aol + 10% waste leaves cooked
10 Aol + 5% waste leaves uncooked
11 Aol + 10% waste leaves uncooked

*Al1l by-products were dried prior to
evaluation to reduce the possibility
of mold growth. Dietary additions
are on a dry matter basis.

Table 2. Average Live Body Weight, Gain, Feed Consumption, Feed
Efficiency and Feed Efficiency Corrected By-Product
Consumption.

Feed
Treatment Gain (g) Consumption (g) Gain/Feed Gain/Adj Feed1

1 61 111 .ssab .55
2 55 110 .5uab .50
3 56 110 .513 .51
4 54 113 .48 .49
5 59 104 Sy .57
6 55 107 .513b .52
7 55 108 .50, .53
8 54 105 B .54
9 55 109 5050 .56
10 54 109 .503, .52
11 56 112 .50 .56

1Feed efficiency corrected for by-product consumption.

2Means within a column with unlike superscripts significantly diff.
{P<.05).

(P<.05) with increasing levels of by-product. The by-products examined
have a poor feeding value for poultry and other animals with Tlimited
microbial digestion capacity. Toxicity of the products at the Tlevels
examined appears slight though rations containing high levels of aloin
may be of concern.

The in vitro disappearance values are shown in table 3, Contrary
to the poultry experiment, data collected from this phase of the study
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Table 3. In vitro dry matter digestibility of 4
cosmetic specialities aloe vera by-products.

Digestibility (%)

pulp with aloin 94.62,
pulp without aloin BB.Gab
cooked waste leaves 88.9h
uncooked waste leaves 85.9

abi?eans ?ith unlike superscripts significantly differ
P<.05).

Table 4. In vitro dry matter solubility of 4
cosmetic specialities aloe vera by-products.

Solubility (%)

pulp with aloin 20.75
pulp without aloin 50.2b
cooked waste leaves 25.0b
uncooked waste Teaves 19.4

ab

Means with unlike superscripts significantly differ
(P<.05).

Table 5. By-product composition (dry matter basis).

pulp with cooked uncooked
aloin pulp leaves leaves

Dry Matter 16 3.8 9.7 4.4
Crude Protein 4.0 bl Fe3 4.8
Acid Detergent Fiber 46.7 23.8 39.1 49.4
Neutral Detergent Fiber 31.4 19.6 34.0 34.0
Ash 15.0 14.9 12.6 131

Means within a row with unlike superscripts significantly differ
(P<.05).
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are encouraging as disappearance averaged 90%. This would imply that
the products would be extensively fermented by microorganisms in the
ruminants digestive tract. A second study conducted to characterize
digestible constitutents through solubility (Table 4) indicated that
solubility was Tow for all the by-products except pulp without aloin
suggesting that the in vitro values do indeed represent, at least in
part, a significant microbial digestion. By-product analysis (Table 5)
indicates that principle constituents are fibrous components and that
protein is quite low. Ruminants fed the product exclusively would not
perform well, However, it should be possible to benefit from the
by-products fermentable energy content.

One concern regarding the utilization of the by-products is the
high moisture content. Drying the products prior to feeding would most
1ikely not be cost effective. Alternatives include feeding the mate-
rial frésh or ensiling prior to feeding.
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EVALUATION OF SALINOMYCIN FOR IONOPHORE ACTIVITY IN BROILER CHICKENS

M.0. Smith! and R.G. Teeter?

Story in Brief

Two experiments were conducted to determine if the toxic effect of
feeding high salinomycin levels could be overcome through potassium sup-
plementation. Rations contained soybean meal, fish meal or casein as
the protein source to achieve basal potassium concentrations of .96, .75
and .2% respectively. Salinomycin levels evaluated in the first experi-
ment included 60 and 75 g per ton with levels of 100 and 200 g per ton
evaluated in the second. Salinomycin depressed weight gain only at the
200 g per ton level. Potassium supplementation failed to enhance weight
gain.

[Key Words: Ionophore, Potassium, Salinomycin.]

Introduction

Including salinomycin, a known ionophore, in broiler rations at
70 g/ton is frequently efficacous. However, when Salinomycin dietary
levels exceed 100 g/ton, growth depressions may be noted. Ionophores
are known to interact with nutrients 1in the diet; noticeably the elec-
trolytes, sodium, potassium and chloride. The ion carriers facilitate
the passage of mineral jons through biological membranes and in some
instances exhibit selectivity. Austic and Smith (1980) have shown that
Salinomycin facilitates entry of sodium into animal cells with gradual
intracellular potassium depletion. This suggests that Salinomycin re-
lated growth depressions may be related to broiler potassium status.
Cervantes et al., (1982) reported a significant interaction between the
ionophore monesin and diets containing soy or fish meal as the major
protein source. Potassium supplementation increased growth rate of
chicks fed the 1low K fish meal diet but had no effect on the high K
soybean meal based ration.
The purpose of this study was to evaluate the impact of salinomycin
upon broiler growth rate in rations containing varying amounts of
potassium.

Materials and Methods

Two experiments were conducted to evaluate Salinomycin for iono-
phore activity. In the first experiment, one week old Arbor Acre x
Vantress broiler chicks were weighed and allotted to 24 experimental
groups at random such that each group was replicated 4 times with 10
chicks per replicate. Birds were housed in electrically heated starter
batteries under continuous lighting for the duration of the 3 week
growth study. Rations (Table 1) and water were availabhle for ad
1ibitum consumption. Treatments within each ration type included:

1Graduate Assistant 2Associate Professor
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Basal

Basal + 60 g Salinomycin/ton

Basal + 60 g Salinomycin/ton + 0.2% K
Basal + 60 g Salinomycin/ton + 0.4% K
Basal + 75 g Salinomycin/ton

Basal + 75 g Salinomycin/ton + 0.2% K
Basal + 75 g Salinomycin/ton + 0.4% K
Basal + 0.2% K

All diets contained 0.3% sodium.

Table 1. Composition of basal diets for experiment 1.

Protein Source

Ingredients Soybean Meal Fish Meal Casein
___________________ A R e
Ground Corn 491 61.54 5553
Soybean Meal 39.8 8.50 -—-
Fish Meal -— 20.0 -——
Casein - -—- 18.5
Fat 5.0 5.0 5.0
Dicalcium Phosphate 320 ——— 3.64
Calcium Phosphate AL 23 1.03 .67
Salt .48 A7 .61
Vitamin Mix .40 .40 .30
Trace Mineral 10 .10 .10
D-L Methionine .24 .10 -—=
Polyethylene .45 2.86 15.43
L-Arginine = 2o .45
100 100 100

In experiment two, Salinomycin levels were increased to 100 g and
200 g per ton with the potassium supplement level at .25% (Table 2).
The basal ration contained .96% K. Body weight gain and feed consump-
tion were measured.

Results and Discussion

Results for the first experiment are displayed in tables 3-5.
Adding 60 or 75 g salinomycin to rations containing .96, .75 or .2% K
did not effect (P>.1) 1live gain. Potassium addition to the basal
rations, averaged across ration type, enhanced (P<.05) body weight gain
by a mean of 8.6%. However, addition of K to rations containing salino-
mycin, averaged across ration typed, depressed weight gain (P<.05) by a
mean of 11.3%.
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Table 2. Composition of basal diet
for experiment 2.

Ingredient %
Ground Corn 54.85
Soybean Meal 38.0
Alfalfa 3:0
Dicalcium Phosphate 2.35
Calcium Phosphate .9
Vitamin Mix L4
Salt o3
Trace Mineral al
D-L Methionine il

100

Table 3. Body weight gain, feed consumption and feed efficiency
of birds on a soybean meal ration.

60 g Salinomycin 75 g Salinomycin
per ton per ton
Potassium (%) 0 o2 0 Fid .4 0 2 4
Gain Eg; 443%® 487% 410%™ 3419 403 426%PC 37469 399"¢
Feed (g 910 708§, 696, 763.. 162, T0B. 7136
Gain/Feed R Bt i R aall . agPR PP
abcd 4

Means in rows with unlike superscripts differ (P<.05).

Table 4. Body weight gain, feed consumption and feed efficiency
of birds on a fish meal diet.

60 g Salinomycin 75 g Salinomycin

per ton per ton
Potassium (%) 0 2 0 .2 = | 0 o2 .4
grain (g) 436° a46° 453% 3689 378°9 4372 39009 4142PC
Feed (g) 731 763 819 701 730 784 709 754
Gain/Feed s W p v W .5 .55

adeMeans in rows with unlike superscripts differ (P<.05).
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Table 5. Body weight gain, feed consumption and feed efficiency of
birds on a casein diet.

60 g Salinomycin 75 g Salinomycin
per ton per ton
Potassium (%) 0 .2 0 g .4 0 2 .4
Gain (g) 28125 3242 300" 2852 2617 286%™ 276%C 2:°
Feed (g) 574 620_ 631_ 630 630_, 622 615 617
Gain/Feed e @t ' b g sl g
abcd

Means in rows with unlike superscripts differ (P<.05).

Birds fed the diet (.2% K) containing casein as the major protein
source (Table 5) gained significantly 1less weight than those on either
soybean meal or fish meal suggesting that palatability may have been a
problem. The casein ration met or exceeded all known nutrient
requirements. If salinomycin impacts the K requirement of the growing
broiler, the effect should be maximized here as the diet provided just
.2% K. Salinomycin failed to impact growth rate, however, supplementing
the ration with K resulted in a linear (P<.01) decline in growth.

The second experiment was conducted to evaluate
salinomycin-potassium effects in the corn-soybean meal based ration at
higher salinomycin levels. Salinomycin depressed weight gain by 2.3 and
24.6% for the 100 and 200 g per ton inclusion levels respectively. Add-
ing .25% K to the ration increase weight gain 4.5% in birds fed the
control ration but was without numerical effect with salinomycin
treatments. Additional work is needed to adequately understand this
area.

Table 6. Body weight gain, feed consumption and feed efficiency of
birds in experiment 2.

Salinomycin (g/ton) Salinomycin (g/ton) + .25% K

0 100 200 0 100 200
Gain (g) 478 3 Y70t i 183 173 133
Feed (g) gl 1. Wy 397 374 372,
Gain/Feed .47 a5 .46° .45° .35

Bpeans in row with unlike superscripts differ (P<.05).

Literature Cited
Austic, R.E. and J.B. Smith. 1980. Pages 2-10 in Proc. Georgia Nutr.

Conf.
Cervantes et al. 1982. Poultry Sci. 61:1107-1112.
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ILEAL CANNULATION OF THE NEONATAL PIG WITH A SIMPLE T-CANNULA

1 2

W. R. Walker!, G. L. Morgan 3

and C. V. Maxwell

Story in Brief

A cannula and surgical procedure suitable for ileal cannulation of
pre-weaned pigs were devised. Cannulas were installed in pigs at 18
days of age to study digestion immediately following weaning. The
lightweight, durable T-cannula provided adequate ileal samples from pigs
fed both semi-purified and practical diets. The screw cap and collar
provided adjustment for growth and simplified maintenance and
collection. Cannulas provided repeated ileal samples from pigs up to
135 1b at which time cannulas were nonsurgically removed from the
conscious pig and replaced with larger cannulas for subsequent studies.

(Key Words: Swine, Neonatal Pig, Ileal Cannulation, T-Cannula)

Introduction

In order to maximize production efficiency, further understanding
is needed concerning nutrient availability in pigs during all phases of
production. Ileal sampling to estimate pre-ileal bioavailability is the
nethod of choice for determining availability of nutrients in the pig
since modifications of nitrogen and essential amino acids by microbial
organisms in the cecum and small intestine of pigs makes availability
calculation based on fecal samples questionable. Digestion and
absorption of most nutrients is essentially complete in the small
intestine and nitrogen and amino acids that disappear from the hindgut
are of little or no value to the pig.

The neonatal pig at weaning is subjected to extreme changes in diet
and digestive capacity 1is rapidly developing. Since these conditions
limit the pigs ability to adapt to dietary changes and result in reduced
gain and efficiency , the effect of diet on nutrient availability may be
more critical in neonatal pigs than in older growing-finishing swine.
Several ileal cannulation techniques have been described wusing
T-cannulas for collecting intestinal samples in growing-finishing pigs,
but no such techniques have been reported for the neonatal pig. The
cannula for the young pig must be small enough to fit within the 1lumen
of the small intestine yet have a 1large enough internal diameter to
allow suitable digesta flow through the cannula. In addition, the
cannula must be designed to minimize protrusion beyond the body wall
since restraint, which is the typical means of protecting a cannula, is
impractical in the neonatal pig.

This paper describes a lightweight, ileal T-cannula which allowed
repeated sample collection in early weaned pigs.

1Graduate Assistant 2Associate Professaor 3Professor
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Materials and Methods
Cannula Design

The cannula for ileal cannulation of 18 day old pigs (figure 1) was
constructed of a rigid 1ightweight yet extremely durable plastic (Delrin
600). The cannula was milled from a solid stock bar of Delrin. One end
of this bar was machine cut to form the cannula body which was then
threaded externally (25 threads/in). This body was machine cut on two
opposite sides leaving an ovoid shaped body with two flat smooth sides
and threaded ends. The bar was then centrally drilled through its
entire length to provide an ovoid shaped barrel for digesta passage
during collection. The large diameter end of the bar was hand tooled to
provide the flanged end with a concave inner surface to conform to the
shape of the small intestine.

L“\x>; ALL DIMENSIONS
- o IN CENTIMETERS

Figure 1. Design of the intestinal cannula for early weaned pigs.
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To secure the cannula in place against the body of the pig, a
Tucite collar was constructed and threaded internally to match the
threads on the body of the cannula. The collar secured the cannula in
place and allowed adjustment to compensate for thickening or swelling of
the body wall. A cap, also made of lucite, was designed in a similar
fashion to fit the collar to prevent leakage during periods between
sample collection.

Surgical Procedure

Yorkshire gilt pigs weighing 10 to 12 1b were removed from the
litter approximately 1 hour prior to surgery. Halothane anesthesia was
administered via face mask and maintained with an endotracheal tube.
The pigs were placed on their left side on padded cotton towels provided
for warmth. The right flank was shaved with surgical clippers and
prepped with a surgical scrub.

An incision was made in the right abdominal wall through which the
cecum was located and exteriorized and the ileo-cecal ligament
identified. A section of ileum near the anterior attachment of the
ileo-cecal ligament was isolated and packed off with saline saturated
cotton gauze. A purse-string suture approximating the circumference of
the body of the cannula was placed in the surface of the ileum and a
longitudinal incision of minimal length to accommodate the flange of the
cannula was made in the center of the purse-string. With gentle
manipulation and the use of thumb forceps the cannula was inserted into
the lumen of the ileum and the purse-string was tightened around the
base of the cannula body. Two simple interrupted sutures were placed
across the ileum at the anterior and posterior borders of the body of
the cannula.

A stab incision was made through the right body wall above and
behind the original incision. The 1length of the stab incision was
sufficient to barely accommodate the body of the cannula thus avoiding
the necessity of skin sutures in this incision. The cannula was then
brought up through the stab incision. It is essential that the cannula
not be rotated and that the proximal end of the ileum remain ventral and
the posterior end remain dorsal to allow gravity to facilitate sample
collection.

The original incision site was closed with a continuous
interlocking pattern of sutures in the muscle layers and an interrupted
pattern in the skin. After closing, a topical antibiotic spray was
applied to the two incisions sites. The cannula collar was placed on
the body of the cannula and tightened until the internal flange and
ileum were pulled snugly against the internal peritoneal surface of the
body wall. Care should be taken to avoid getting the collar so tight as
to cause restriction of peripheral circulation in the area surrounding
the cannula. The cap was then screwed tightly on the top of the cannula
to prevent leakage of intestinal contents. In the final step, cotton
gauze was placed over the cannula and surgical area and an adhesive
bandage wrapped over the gauze and around the abdomen of the pig. This
wrap provided protection of the incision site and cannula from trauma or
foreign material and from other pigs in the litter during the recovery
period. Care should be taken with male pigs to avoid enclosing the
prepuce in the adhesive wrap.

Post Surgical Care

Immediately following surgery the pigs were returned to the Tlitter
and remained with the dam for a 7 day recovery period. To avoid injury,
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from the sow or other pigs in the 1litter, the cannulated pigs were
closely observed for 2 to 3 hours after surgery or until the effects of
the anesthesia were no longer evident. Following surgery, procaine
penicillin was administered twice daily for 5 days at a dose of 9,000
IU/1b body weight.

In addition to the milk provided by the dam, the pigs were allowed
continuous access to an 18% crude protein starter diet in creep feeders
and water was available at all times from nipple waters. The adhesive
wrap was changed when necessary. In general, this was necessary only
when the wrap was loosened by other pigs in the litter. The recovery
period was generally uneventful and skin sutures were removed
approximately 10 days postsurgery. Pigs were weaned and moved to
individual metabolism crates 7 days postsurgery and digestibility
studies began following a 2 day adjustment period.

Results and Discussion

This cannula has been installed in 6 pigs at 18 days of age
weighing between 10 and 12 1b. A1l pigs completely recovered within 7
to 10 days postsurgery as evidenced by a lack of inflammation around the
surgical area and normal appetite and growth. Following weaning at 25
days of age, the adhesive wrap was removed and the cannula was Tleft
unprotected. Pigs were housed in smooth sided metabolism crates to
minimize trauma caused by catching the cannulas on the sides of the
crate. Crates were located in an environmentally controlled feeding
room. Five of the 6 pigs were used in a 5 week digestion study starting
when pigs were 27 days of age. During this time all pigs were fed
semi-purified cornstarch based diets. Samples were collected from the
cannulas by removing the cap and unscrewing the collar until the outside
edge was flush with the end of the body of the cannula. A small plastic
bag was then attached over the collar and around the body of the cannula
to collect digesta. This procedure could be performed within the
metabolism crate with the unrestrained pig. After the 5 week trial, all
6 pigs were fed an 18% crude protein corn-soybean meal starter diet
until they reached about 55 1b at which time the diet was switched to a
16% crude protein growing diet until the cannulas were removed. Samples
were collected from all pigs periodically during this time to insure
that function of the cannula was maintained. When pigs reached
approximately 75 1b live weight, the cannulas were removed from 3 of the
pigs in the unanesthetized state by hand manipulation of the cannula
until the cannula was dislodged. A 1larger, flexible cannula was
inserted into the fistula immediately following removal of the small
rigid cannula., The larger T-cannula were maintained for subsequent
trials as the pigs grew 1larger. The remaining 3 pigs with rigid
cannulas as well as the 3 with flexible cannulas were maintained with
periodic collections until they reached a weight of about 135 1b at
which time all cannulas were nonsurgically removed.

Other cannula designs were also tested in this age and weight of
pig. Cannulas made of flexible tubing Tlarge enough for sample
collection resulted in intestinal blockage, frequent loss of cannula or
were too large to fit within the 1lumen of the small intestine. Thin
walled stainless steel cannulas could not be threaded and therefore
provided no practical means of securing the cannula 1in place or of
adjusting the cannula for changes 1in body wall thickness. Stainless
steel cannulas thick walled enough to be threaded were too heavy and
difficult to maintain in the pig. 1Initial cannulas were designed with
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two circular openings, one for intestinal blockage with an inflatable
catheter and the other for digesta collection, but the diameter of the
openings with this system proved to be too small to allow suitable
cannula flow in pigs fed semi-purified diets.

The cannula described in this paper was small, lightweight but
sturdy enough to wuse in digestion studies with neonatal pigs. This
cannula does not protrude excessively from the body of the pig and
avoided certain problems encountered such as cannula loss and intestinal
blockage previously encountered with other types of cannulas in
neonatal pigs. Collections can be accomplished by one person on
unrestrained pigs. The cannula was large enough to provide sufficient
sample flow for routine analysis from pigs fed either semi-purified or
practical diets. The screw on cap and collar allowed adjustment for
changes in body wall thickness that accompanies pig growth and provided
a method to easily attach bags to collect digesta.
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EFFECT OF PROTEIN SOURCE ON NUTRIENT DIGESTIBILITY
IN EARLY WEANED PIGS

1 2

W. R. Walker™, C. V. Maxwe112, 5. N. Owens

and D. S. Buchanan

Story in Brief

Practical diets with supplemental protein from either calcium
caseinate (CAS), isolated soybean protein (ISP), ethanol extracted
soybean protein (ESOY) or soybean meal (SBM) were fed to 72 Yorkshire
boar pigs weaned at 21 days to determine dry matter (DM), starch,
nitrogen (N) and amino acid (AA) digestibility. Diets contained 1.01 to
1.03% lysine on a dry matter basis. Digestibilities were determined
from fecal samples collected after 3 weeks of feeding the experimental
diets. Digestibilities of DM (P<.05), lysine (P<.05), valine (P<.05),
methionine (P<.01) and proline (P<.01) were greater for pigs fed the CAS
diet than for pigs fed any of the soybean protein diets. The average
apparent digestibilities for the essential amino acids (EAA) were 86.8,
82.4, 84.1 and 80.2% and for lysine were 86.2, 82.8, 83.8 and 80.1% for
the CAS, ISP, ESOY and SBM diets, respectively.

(Key Words: Swine, Early Weaned Pig, Amino Acid Digestibility)

Introduction

Performance of young pigs weaned between 1 and 28 days of age is
usually better when starter diets contain protein from milk than from
soybean meal, soy flour or isolated soybean protein. The reasons for
the milk protein superiority have not been determined. O0lder pigs
perform equally well with protein from milk or soybean products, so an
age factor must be involved.

Various treatments of SBM (alkali or acid treatment) as well as
supplementation of corn-soybean meal rations, with AA and digestive
enzymes in an attempt to improve the utilization of soybean protein by
the early weaned pig have met with only 1limited success. Ethanol
extraction of soy flour has been shown to prevent intestinal disorders
of calves fed milk replacers containing heated soy flour but this has
not been tested with early weaned pigs.

Differences observed in the rate and efficiency of gain of early
weaned pigs fed either milk or soybean protein diets may be due to
differences in the bioavailability of the essential amino acids (EAA)
from these protein sources. Several studies have shown that the
requirement for lysine (the 1imiting AA in common grain-SBM diets) for
the 11-22 1b pig fed a grain-SBM diet 1is considerably higher than the
.95% currently recommended by NRC (1979). Therefore, diets formulated
to meet the minimum requirements for lysine as recommended by NRC (1979)
may be deficient in lysine and small differences in the availability of
lysine could cause 1large differences in pig performance. Current
information on AA availability for young pigs is limited.

1Graduata Assistant ZPrnfessor 3Associate Professor
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This study was conducted to determine the effect of source of
protein and method of processing of soybean protein upon DM, N, AA and
starch digestibility for pigs weaned at 21 days of age.

Materials and Methods

Seventy-two Yorkshire boar pigs were used to study the effect of
dietary protein source on nutrient availability. Twelve pigs in each of
6 replicates were weaned at approximately 21 days of age and randomly
allotted within litter to one of the four dietary treatments providing a
total of 18 pigs per treatment with a mean initial weight of 12 1b. One
nilk and 3 soybean protein sources were used to formulate practical
diets (Table 1) which met NRC (1979) requirements for the 11-22 1b pig.

TABLE 1. Composition of Diets.

Diets:P

Ingredient CAS ISP ESOY SBM

% - ————
Corn (IFN 4-02-935) 87.14 83.17 77.87 69.99
Calcium caseinate” 9.74
Isolated soy protein 13.39
Ethanol extracted soy protein 18.69
Soybean meal (IFN 5-04-504) 26.67

Calcium carbonate (IFN 6-01-069) 0.87 1.21 1.15 1.19
Dicalcium phosphatg (IFN 6-01-080) 1.35 1.33 1.39 1.25

Vitamin, TM premix -2h .35 oh =i

salt (IEN 6-14-013) .30 .30 .30 .30

ASP-2509 .25 .25 .25 .25
Tider te 00 00 T00 100

a

As fed basis, calculated to contain .80% Ca and .60% P.

CAS: calcium caseinate diet;ISP: isolated soybean protein diet;
ESOY: ethanol extracted soybean protein diet;SBM: soybean meal diet.
Ultra supreme calcium caseinate, Erie Casein Co. Inc., Erie, IL.
Soybean protein grade II, United States Biochemical Corp., Cleveland,
OH.

ePrumocaf, Central Soy, Fort Wayne, IN.

Supplied 4,000,000 IU vitamin A, 3,000,000 IU vitamin D, 4 g
riboflavin, 20 g pantothentic acid, 30 g niacin, 800 g choline
chloride, 15 mg vitamin B,,, 10,000 IU vitamin E, 2 g menadione, 200
ng iodine, 90 g iron, 20 §°manganese, 10 g copper, 90 g zinc and 100
ng selenium per ton of feed.

Each pound of ASP-250 contained 20 g Chlortetracycline, 20 g

sul famethizine and 10 g penicillin.

b
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Protein sources were calcium caseinate (CAS), isolated soybean protein
(ISP), ethanol extracted soybean protein (ESOY) and 44% crude protein
solvent extracted soybean meal (SBM). Protein sources were substituted
for corn on a lysine basis to provide .95% lysine as fed. All other
amino acids exceeded MNRC (1979) requirements and crude protein ranged
from 17 to 19% among diets. Pigs were housed in individual 2.0 by 3.3
foot metal pens in an environmentally controlled feeding room maintained
between 80 and 90 F. Pigs had ad libitum access to feed and water
throughout the trial. Pigs remained on trial for 35 days with weights
and feed intakes recorded weekly. During the third week of each
replicate, chromic oxide, added to each diet at the rate of .25%, served
as an indigestible marker for calculating nutrient digestibility. A
fresh fecal sample was collected from each pig on the last day of the
3rd week of each replicate. Samples were lyophilyzed and ground prior
to determination of DM, starch, N and AA content in both feed and feces.
Anino acid concentrations were determined from acid hydrolysates by ion
exchange chromatography using a Beckman model 121 automatic amino acid
analyzer. Acid hydrolysis was conducted under nitrogen reflux in 6N HC1
for 24 h.

Results and Discussion

The protein and amino acid composition of diets is shown in table
2. Crude protein as well as the essential amino acids (EAA) arginine,
phenylalanine and threonine were highest in the soybean diets while
methionine and valine were highest in the CAS diet. The remainder of
the EAA were similar among all diets.

The performance data including feed intake, rate and efficiency of
gain have been reported previously (Walker et al., 1984). The apparent
digestibility of DM was highest in pigs fed the CAS diet averaging 2.7,
3.4 and 5.2 percentage units higher (P<.05) than for pigs fed the ISP,
ESOY and SBM diets, respectively (table 3). The apparent digestibility
of DM by pigs fed the ISP diet was similar to that observed for pigs fed
the ESOY diet but higher (P<.01) than that observed for pigs fed the SBM
diet. Dry matter digestibility was similar (P>.1) in pigs fed the ESOY
and SBM diets. Differences in DM digestibility between pigs fed the CAS
and ISP diets were due primarily to differences in N availability since
the digestibilities for starch were similar among all dietary treatments
ranging from a low of 98.3% in pigs fed the SBM diet to a high of 99.0%
in pigs fed the CAS diet. Greater DM digestibility for ISP and ESOY
than SBM may be due to the removal of complex indigestible carbohydrates
during the isolation and extraction procedures.

Apparent digestibility of N differed among dietary treatments
(P<.1) and was highest in pigs fed the CAS diet and lowest in pigs fed
the SBM diet (table 3). The difference in N digestibility between pigs
fed the CAS and ISP diets (3.1 percentage units) was similar to the
difference in DM digestibility (2.7 percentage units) for these same
protein sources. Apparent digestibility was higher for methionine
(P<.01), lysine (P<.05) and valine (P<.05) in pigs fed the CAS diet than
for pigs fed any of the soybean protein diets (table 3). The apparent
digestibility of methionine and lysine was similar among pigs fed all of
the soybean protein sources while digestibility of wvaline was higher
(P<.05) in pigs fed the ESOY diet than in pigs fed the SBM. Other EAA
for which differences among dietary treatments were observed (P<.1) were
isoleucine and leucine.

368 Oklahoma Agricultural Experiment Station



TABLE 2. Protein and amino acid composition of diets.

piet?:P

Item CAS ISP ESOY SBM

Crude protein, % 1759 19.9 19,5 19.1

Amino acids, %

Essential
Arginine .78 123} 1.30 1.24
Histidine gt ot = | =5
Isoleucine .78 .85 .82 .80
Leucine 1.87 1.90 1.85 [
Lysine 1.03 1.02 1.02 1.01
Methionine .46 +37 .34 .36
Phenylalanine .88 1.00 .97 .94
Threonine 72 215 .76 .76
Valine 1.01 .95 .92 .90

Honessential
Alanine .87 1.07 1.05 1:02
Aspartic acid 1 1.96 1.94 1.91
Cystine Bk .40 .42 .40
Glutamic acid 3. 5L 3361 351 3.40
Glycine 9] .81 .81 .81
Proline 1.3 1528 1.27 Y2l
Serine .93 1.00 1.00 .97
Tyrosine .87 .79 ST Y7

gDry matter basis.
For explanation of diet code names, see table 1, footnote b.

The apparent digestibility of these AA appeared to be higher in pigs
fed the CAS diet than in pigs fed any of the soybean protein diets with
the greatest differences in digestibility being between the CAS and SBM
diets. Differences in apparent digestibility were not observed (P>.1)
for the remaining EAA, but, except for arginine, digestibility was
higher for all of these AA in pigs fed the CAS diet than by those fed
any of the soybean protein diets. Differences 1in the digestibility
among dietary treatments for the nonessential AA were observed only for
proline (P<.01) and tyrosine (P<.1) for which digestibility was highest
in pigs fed the CAS diet and lowest in pigs fed the SBM diet. The
apparent digestibility of the remaining nonessential AA was similar
among all dietary treatments. These diets were formulated to meet the
NRC (1979) requirement for lysine (.95%) for the 11-22 1b pig. This
lysine level is below the level of lysine (1.156 - 1.20%) reported to
provide maximum rate and efficiency of gain for young pigs fed grain-SBM
diets. Since lysine digestibility was higher for CAS than for the
soybean proteins, better performance would be expected.
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TABLE 3. Apparent digestibility of DM, starch, N and AA measured over
the total digestive tract in 42 day old pigs.

Diet?
Item CAS ISP ESOY SBM SE
Pigs per treatment, nob 17.0 18.0 17.0 17.0
Dry matter, % gr.6d as® w2 aa’ el
Starch, % 5 99.0 98.5 98.6 98.3 o3
Nitrogen, % 83.7 80.6 80.8 76.2 Vi3
Amino acids, %
Essential
Arginine 88.4 0.6 91.1 88.1 .6
Histidine 2 89.7 86.8 88.4 86.0 .8
Iso1eucéne' 86.1 81.0 82.6 77.6 2
Leucine” 88.4d 82.Ze 85.0e 80.9e 152
Lysine 86.3 82.8h 83.8h 80.1h <9
Methionine 87.79 79.6 81.0 78.9 1.2
Phenylalanine 86.5 82.6 83.8 78.5 11
Threonine 82.4d ??.2ef 80.0e 75.5f 1.2
Valine 85.6 78.8 81.1 75.7 12
Average 86.8 82.4 84.1 80.2
Nonessential
Alanine 78.9 75.3 78.4 T35 1.5
Aspartic acid 81.5 85.0 86.0 82.1 .9
Cystine 95.3 96.0 97.8 95.2 .8
Glutamic acid 90.4 87.7 89.1 86.0 a8
Glycine 75.0 ?B.Bh 80.4h Thi 3 1.2
Proline 93.29 87.7 88.2 84.2 .9
Serine 87.5 84.4 85.9 81.3 i)
Tyrosine” 88.1 82.4 83.5 79.0 jat
Average 86.2 84.6 86.2 82.1

9For explanation of diet code names, see table 1, footnote h.
One pig on the CAS diet died from causes unrelated to dietary treat-
ment. One pig was removed from each of the ESQY and SBM diets for
Epr-o1onged feed refusal.
dl;eatment effect (P<.1).
hiMeans in the same row with different superscripts differ P<.05.
Means in the same row with different superscripts differ P<.01.

Results of this study as previously reported (Walkasr, 1984)
indicate that faster growth and a higher gain to feed ratio can be
achieved during the first 2 weeks postweaning in pigs weaned at 3 weeks
of age when casein 1is substituted for soybean protein but gain and
efficiency was equal for the two protein sources after the 2nd week
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postweaning. These differences in performance may be accounted for by
the differences observed 1in nutrient digestibility especially for the
EAA lysine and methionine.
Literature Cited
NRC. 1979. Nutrient Requirements of Domestic Animals, No. 2. Nutrient
Requirements of Swine. Eighth Revised Ed. National Academy of
Sciences-National Research Council, Washington, DC.

Walker, W. R. et al. 1984. O0Okla Agr. Exp. Sta. MP 116:310-313.
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EFFECT OF PROTEIN SOURCE ON ILLEAL AVAILABILITY
IN EARLY WEANED PIGS
W. R. Walker!, C. V. Maxwel1Z, E. N. Owens?
and D. S. Buchanan

Story in Brief

Two 5 X 5 Latin square designed trials were conducted using either
five 4 week old gilts or five 200 1b barrows fitted with simple ileal
T-cannulas to determine the effect of protein source and age of pig upon
protein and amino acid availability. The apparent availability of
nitrogen (N) and amino acids (AA) in pigs fed hydrolyzed casein (HCAS),
calcium caseinate (CAS), isolated soybean protein (ISP), ethanol
extracted soybean protein (ESOY) and soybean meal (SBM) were determined
at the ileum in 4 to 9 week old pigs and at both the ileum and over the
total digestive tract in finishing pigs. The: pigs ‘were = fer
semi-purified diets formulated to contain 22% protein. The apparent
availability of N and essential amino acids (EAA) at the terminal ileum
in both early weaned and finishing pigs and over the total digestive
tract of finishing pigs was higher (P<.01) in pigs fed HCAS, CAS, ISP
and ESQY than in those fed SBM. For the early weaned pig, the apparent
availability of N and AA was generally higher for the casein protein
sources than for the soybean protein sources. In addition, the apparent
availability of N and all AA except cystine and glycine significantly
increased with increasing age of the young pigs. The apparent pre-ileal
availability of lysine, threonine and methionine for early weaned pigs
fed SBM was 69.3, 69.3 and 59.3%, respectively. The apparent pre-ileal
availability was lower in the young pigs with an average availability
for the EAA of 91.3, 89.5, 85.8, 85.2 and 70.5% compared to 95.3, 93.1,
93.4, 92.7 and 80.6% for the older pigs fed HCAS, CAS, ISP, ESOY and
SBM, respectively. Apparent availability wvalues over the total
digestive tract were higher than values estimated in samples obtained at
the ileum in the finishing pigs indicating a net disappearance of N and
AA in the hindgut.

(Key Words: Swine, Early Weaned Pig, Amino Acid Availability)

Introduction

Although weaning as early as 18 days can be an economic advantage,
many swine producers experience postweaning problems with  this
management practice. The reduced performance accompanying early weaning
is associated with a reduced feed intake and little or no weight gain.
Early weaned pigs also experience a longer postweaning growth depression
and higher mortality rate than those weaned later,

Several studies have reported inferior performance in early weaned
pigs fed soybean protein diets compared to those fed milk protein diets.
Our studies (Walker et al., 1984) have demonstrated that the effect of
protein source on performance is more evident during the first 2 weeks
postweaning than during the subsequent 3 week period when pigs were
weaned at 3 weeks of age. The fact that the neonatal pig is subjected
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to extreme diet changes during a period when digestive capacity is
undergoing rapid development may account for the higher sensitivity to
dietary protein sources observed in early weaned pigs compared to that
normally seen in older pigs.

Protein sources have been shown to vary not only in AA content but
also in availability when measured at either the ileum or in fecal
samples of growing-finishing pigs. However, studies in the early weaned
pig where the effect of protein source may be even greater have not been
conducted. Furthermore, it is common practice to formulate diets to
barely meet the reqguirement for the most 1imiting AA. Recent studies
have shown that the requirement for lysine, the first limiting AA for
maximum growth in typical grain-soybean diets, may be much higher than
the current NRC recommendation for pigs weighing from 11 to 22 1b. Pigs
fed diets containing 1lysine levels below the requirement for maximum
gain and efficiency of gain would be responsive to small decreases in
amino acid availability.

This study was conducted to determine the apparent biological
availability of dry matter (DM), starch, N and individual AA in milk and
soybean proteins fed to ileally cannulated early weaned pigs and to
compare these values to those of finishing pigs fed the same diets.

Materials and Methods

Five Yorkshire gilt pigs were surgically fitted with simple
T-cannulas located in the distal ileum near the ileocecal junction.
Pigs were removed from the sow at 18 days of age at which time the
cannulas were surgically installed. Immediately following surgery pigs
were returned to the sow where they remained with the rest of the litter
for a 7 day recovery period. Creep feed and water were available to
pigs at all times during the recovery period. After recovery the pigs
were moved to an environmentally controlled feeding room where they were
housed in individual elevated metal pens measuring 2.0 by 3.3 ft.
Temperature in the feeding room was maintained between 80 and 90 F for
the duration of the trial. After a 2 day adjustment period, the pigs
were started on a 5 X 5 Latin square designed trial at 27 days of age.

Dietary treatments consisted of two milk and three soybean protein
sources in semi-purified cornstarch-cerelose based diets (Table 1).
Protein sources included hydrolyzed casein (HCAS), calcium caseinate
(CAS), isolated soybean protein (ISP), ethanol extracted soybean protein
(ESOY) and 44% crude protein solvent extracted soybean meal (SBM).
Twenty-two percent crude protein diets were formulated to exceed the NRC
(1979) requirement for crude protein for the 10 - 22 1b pig by 10% such
that no single AA would be 1limiting. Chromic oxide was added as an
indigestible marker for availability determinations. Each pig was fed a
measured quantity of feed twice daily at 8:00 a.m. and 8:00 p.m. and
allowed continuous access to the feed for a 1 hour period after which
all uneaten feed was removed. To increase intake, dry diets were mixed
with an equal portion of water and fed as a gruel. A1l uneaten and
wasted feed was collected, dried and weighed so daily feed intake for
each pig could be monitored. Water was available from cup waterers at
all times.

Each of the five 7-day experimental periods consisted of a 4-day
adjustment period followed by a 3-day collection period. Ileal samples
were collected continuously on each collection day, beginning one hour
after the morning feeding and continuing until either 1.75 o0z of wet
sample was collected for each pig or until feeding time of the evening
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meal. Samples were collected in plastic bags suspended from the
cannula. Bags containing sample were changed at a maximum of 1 hour
intervals. Ileal samples collected over the 3 collection days of each
period were composited by treatment prior to lyophilyzation and grinding
for laboratory analysis.

TABLE 1. Composition of Diets.

Diet (as fed basis)?

Ingredient HCAS CAS ISP ESOY SBM
Corn starch 30.82 31.35,.-30:48 . 25:93 « 18.9]
Cerelose b 30.82. 31.35..+30.48 25,93« 18:91
Acid hydrolysed cgsein 25.43

Calcium caseinate 25.43

Isolated soy protein . 26,11

Ethanol extracted soy protein 35.25

Soybean meal 49 .64
Solka floc 5.00 5.00 5.00 5.00 5.00
Corn oil 4.00 4.00 4.00 4.00 4.00
Calcium carbonate .70 .79 .78 .90
Dicalcium phosphatg 1.73 k.73 2.00 1.897 1.50
Vitamin, TM premix .35 +:38 35 L .35
Salt .30 el .30 .30 .30
Asp 2509 .25 .25 .25 .25 .25
Chromic oxide - L e S o0 2B
DL-tryptophan 135

100 100 100 100 100

3HcAS: acid hydrolyzed casein diet; CAS: calcium caseinate diet; ISP:
isolated soybean protein diet; ESOY: ethanol extracted soybean protein
diet; SBM: soybean meal diet.
Acid hydrolyzed casein, type 1, Sigma Chemical Co. St. Louis, MO.
Ultra supreme calcium caseinate, Erie Casein Co. Inc., Erie, IL.
Soybean protein grade II, United States Biochemical Corp.,
Cleveland, OH.
Promocaf, Central Soy, Fort Wayne, IN.
Supplied 4,000,000 IU vitamin A, 3,000,000 IU vitamin D, 4 g
riboflavin, 20 g pantothentic acid, 30 g niacin, 800 g choline
chloride, 15 mg vitamin B 2 10,000 IU vitamin E, 2 g menadione, 200
mg iodine, 90 g iron, 20 & manganese, 10 g copper, 90 g zinc and 100 mg
selenium per ton of feed.
9Igach pound of ASP-250 contained 20 g Chlortetracycline, 20 g
sulfamethizine and 10 g penicillin.

Dry matter, starch, N and AA content of both feed and ileal samples
were determined. Amino acid concentration was determined from acid
hydrolysates by ion exchange chromatography using a Beckman model 121
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automatic AA analyzer. Acid hydrolysis was conducted under nitrogen
reflux in 6N HC1 for 24 hours.

A second study was conducted using five Yorkshire barrows averaging
200 1b liveweight with simple T-cannulas constructed of pliable tygon
tubing surgically installed in the ileum of the small intestine. The
experiment consisted of a 5 X 5 Latin square arrangement of treatments
using the same diets (table 1) as those fed the neonatal pigs, with the
exception of a .1% reduction in the amount of wvitamin trace mineral
premix., Each pig was fed 2.2 1b of unwetted feed twice daily at 8:00
a.m. and 8:00 p.m. with water available from nipple waterers at all
times. These pigs were housed in an environmentally controlled feeding
room in individual crates (2.0 by 5.3 ft) for the duration of the trial.
Each of the five 7-day experimental periods consisted of a 4-day
adjustment period followed by ileal collections on the 5th and 7th day
of each period. Ileal samples were collected continuously on each
collection day beginning 1 hour after the morning feeding and continuing
until either 7.0 oz of wet sample was collected for each pig or until
feeding of the evening meal. In addition, a fresh fecal grab sample was
collected from each pig on both the 5th and 7th day of each period for
fecal availability determination. A1l samples were collected, stored
and analyzed in a similar manner as described for the early weaned pig
study. Fifth and 7th day ileal samples within each period were
composited by treatment prior to laboratory analysis while 5th and 7th
day fecal samples were analyzed separately.

Results and Discussion
Early weaned pigs.

Protein and AA composition of the complete diets are shown in table
2. The two casein protein diets were similar in lysine and threonine
content but higher in methoinine content than the 3 soybean protein
sources. These are the AA that tend to be most limiting in diets that
are commonly fed to early weaned pigs and, therefore, are of the most
interest.

The apparent pre-ileal availability of DM, starch, N and individual
AA in the various protein sources is shown in table 3. The apparent
pre-ileal DM availability in pigs fed HCAS, CAS, ISP and ESOY was higher
(P<.05) than in those fed SBM while DM availability in pigs fed CAS and
ISP was higher (P<.05) than those fed ESOY. These differences, at least
to some extent, reflect differences in dietary crude fiber content. The
availability of starch exceeded 95% and was similar for all protein
sources except in pigs fed HCAS when starch availability was slightly
reduced.

The apparent pre-ileal availability of N, the EAA and the
nonessential AA (NEAA), with the exception of cystine and glycine, was
lower (P<.05) 1in pigs fed SBM than 1in those fed all other protein
sources., The average apparent pre-ileal availability of the EAA in pigs
fed SBM was 70.5% compared to 91.3, 89.5, 85.8, and 85.2% for those fed
HCAS, CAS, ISP and ESOY, respectively. The apparent pre-ileal
availability of both lysine and threonine was higher (P<.05) in pigs fed
HCAS than in those fed ISP or ESOY while the availability of these AA
was intermediate in pigs fed CAS. The apparent pre-ileal availability
of methionine was similar in pigs fed HCAS, CAS, ISP or ESOY. For the
remainder of the EAA, effects similar to those reported for lysine and
threonine were evident for histidine, isoleucine, Tleucine and valine
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while effects similar to those reported for methionine were evident for
arginine and phenylalanine. Although differences were not always
significant, there was a trend for higher apparent availabilities in the
casein protein sources when compared to the soybean protein sources. In
addition, when CAS was compared to the average of the soybean proteins
the apparent pre-ileal availability was higher (P<.05) for CAS in each
of the EAA with the exception of arginine. The low value reported for
the average apparent pre-ileal availability of the EAA in SBM (70.5%) is
not surprising since the digestive capacity of this age pig is
undergoing rapid development. In addition, the presence of proteolytic
enzyme iphibitors in SBM is likely to have a greater effect in young
pigs than that normally apparent in older growing-finishing pigs.

TABLE 2. Protein and amino acid composition of diets.

Diet?:P

Item CAS ISP ESOY SBM

Crude protein, % 17.9 199 19.5 1951

Amino acids, %

Essential
Arginine .78 1.31 1.30 1.24
Histidine 51 .52 .51 .50
Isoleucine .78 .85 .82 .80
Leucine 1.87 1.90 1.85 0
Lysine X 3 102 1.02 1.01
Methionine .46 37 .34 .36
Phenylalanine .88 1.00 .97 .94
Threonine 90 .75 .76 .76
Valine 1.01 .95 .92 .90
Honessential

Alanine .87 1.07 1. 05 1.02
Aspartic acid 1.28 1.96 1.94 1.91
Cystine s .40 .42 .40
Glutamic acid 3.51 3.61 3.51 3.40
Glycine 5] .81 .81 .81
Proline 1.73 1.28 es 2y A |
Serine .93 1.00 1.00 .97
Tyrosine .87 .79 o i By

aDry matter basis
For explanation of diet code names, see table 1, footnote b.

A linear increase over time (P<.05) was observed for the apparent
pre-ileal availability of N, all of the EAA and the NEAA with the
exception of cystine and glutamic acid (Table 4). Increasing
availability with increasing age has been observed for several nutrients
in young animals.
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TABLE 3. Apparent pre-ileal availabilities of DM, starch, N and_AA in
milk and soybean protein sources in early weaned pigs.

Diet?

Item HCAS CAS 15P ESOY SBM SE

Dry matter, 2°  80.7% g5.4 83.0% . 77.0° ;65.0 1.6
starch, % g94.5* sa. 79 o5 e w.9%
Nitrogen, % 86.0 84.5 81.8 83.4 68.4 2.1

Amino acids, %
Essential

[ 54
b, g, %67, 22, 05, 70 Le
s’ e min w0 ws 0y
Lyeine’ 92.09 89.6% 84.1° 85.0° 69.3 2.2
Methionine - 93.8 92.8 85.9 82.6 59,3 4.8
Pheny1?1agine' 86.4d 89.3de 86.5e 86.2e 71.8° 2.2
Thrgon&ne 90.5d 85.3de 80.4e 81.2e 69.3 2.0
Valine 94.1 90.4 85.0 84.1 e ? ieae
Avg 91.3 89.5 85.8 85.2 70.5
Nonessential
Alanine’ L B00% 820" @31t p3.dY 685 1.8
Aspartic acid 87.4d 86.9d 89.0e 88.7f ?6.4e 1.6
Cystine . 100.0% 100.09 70.0° 77.5" 64.0° 2.4
Glutamic acid 90.1d 90.9d 89.5d 89.1':I ??'29 2.0
Glycine_ 78.5, 72.1, 76.9, 76.7, 64.5° 2.3
Prn1in8 96.5d 94.3e 85.7e 85.8 . L 0
Serine” LS I e e M T (SRR L
Tryosine™ 90.2 94.0 88.4 88.3 74.6 2.1
Avg 90.9  88.4 83.7 84.5  71.7

aVa1ues are means of five observations.
cfor explanation of diet code names, see table 1, footnote a.
AEF" differs from other diets P<.05.

Means in the same row with different superscripts differ P<.05.

Pigs fed diets 1limiting in EAA would be responsive to small
differences in AA availability. Recent studies have shown that the
lysine requirement for the 11 to 22 1b pig is higher than the .95%
currently recommended by NRC. Therefore, the differences in
availability observed in this study may account for reduced growth and
efficiency observed in pigs fed soybean protein diets compared to those
fed CAS diets during the first 2 weeks postweaning in pigs weaned at 3
weeks of age and fed these same protein sources in practical diets
form?1ated to meet minimum NRC requirements for lysine (Walker et al.,
1984).
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TABLE 4. Effect of time on appgrent pre-ileal amino acid availability
in early weaned pigs.

Week

Item 1 2 3 4 5

Dry matter, % 7 ik Ay | 79.9 79.4 78.6° * 1.6

Nitrogen, % 78.9 75.9 81.5 85.8 81.8 il

Amino acids, %

Essential
Arginine” 81.8 84.2 a7.7 91.7 89.4 1.6
Histidine 81.1 79.2 83.8 88.2 85.1 1.8
[so1eucéne 83.0 81.6 86.4 92.0 88.3 2.1
LeucinB 82.7 82.1 86.2 91.6 88.6 2.3
Lysine 5 81.3 77.4 84.6 89.8 87.0 2l
Methionine™ 78.2 74.6 83.7 91.6 87.0 4.8
PhenyIaIaBine 80.5 1951 84.3 88.7 86.9 2.2
Threonéne 8.1 75.8 82.1 86.9 83.9 2.0
Valine 82.2 79.7 85.0 90.7 B7.2 2.2
Nonessentga1

Alanine b 78.5 76.2 81.5 87.9 84.4 1.9
Aspartic acid 82.5 82.3 86.7 89.7 87.3 1.6
Cystine 84.3 78.9 Tl 89.2 82.3 2.4
G1utami8 acid 85.1 84.4 87.8 92.0 87.5 2.z
G1yCinec 69.1 68.4 76.3 81.0 73.9 2.3
ProTinS 85.0 83.0 87.3 91.8 88.9 1.8
Serine - 83.3 80.5 86.8 90.8 87.0 1.9
Tryosine 84.8 83.0 87.2 91.2 89.3 Lol

aVaIues are means of five observations.
Linear effect P<.01.
Linear effect P<.05.

Finishing pigs.

Significant differences were not observed between values obtained
from fecal samples collected on either the 5th or 7th day of each period
and, therefore, these values were averaged and analyzed as a single
sample. The apparent availability of DM and starch at both the terminal
ileum and over the total digestive tract 1is shown in table 5. The
apparent DM availability was similar at the terminal ileum in pigs fed
HCAS, CAS and ISP and over the total digestive tract in pigs fed HCAS,
CAS, ISP and ESOY. The apparent DM availability was lower (P<.01) in
pigs fed SBM than in pigs fed all other protein sources at both sites
and was lower at the terminal ileum (P<.01) in pigs fed ESOY than for
those fed HCAS, CAS and ISP. Dry matter disappearance from the hindgut
ranged from 21.8% for SBM to 3.2% for HCAS which may be a reflection of
the higher crude fiber content of SBM and the high digestibility of
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nutrients in HCAS. Starch availability was similar for all protein
sources and approached 100% when estimated at both the terminal ileum
and over the total digestive tract.

The apparent pre-ileal availability of N and all EAA was lower
(P<.05) in pigs fed SBM than for those fed HCAS, CAS, ISP and ESOY
(table 6). The apparent pre-ileal availability of lysine and threonine
was similar for pigs fed HCAS, CAS, ISP and ESOY while that of
methionine was higher (P<.05) for pigs fed HCAS than those fed either
ISP or ESOY with those fed CAS being intermediate. Similar trends were
evident for the remainder of the EAA and the MEAA. The average apparent
pre-ileal availability was 95.3, 93.1, 93.4, 92.7 and 80.6% for the EAA
and 93.2, 88.4, 88.8, 91.0 and 75%, for the NEAA in pigs fed HCAS, - CAS,
ISP, ESOY and SBM, respectively. These values are all higher than those
observed in the early weaned pig.

TABLE 5. Apparent availabilities of dry matter and starch at the end
of the small ingestine and over the total tract of
finishing pigs.

Dietb
Item HCAS CAS 1sp ESOY SBM SE
Dry matter, % d d £
Terminal ileum 88.5, 85.65 85.7g 76.13 61.0, 1.1
Total trac 91.7 91,3 90.3 90.5 82.8 :B
Difference” 3.2 5.7 4.6 14.4 21.8
Starch, %
Terminal ileum 99.8 99.8 99.9 99.9 99.6 e |
Total tr'ac(l; 99.9 99.9 99.8 100.0 99.6 |
Difference” ~l -.1 il 9|

8yalues are means of five observations.
For explaination of diet code names, see table 1, footnote a.
‘Differences obtained by subtraction of ileal availabilities from
d&gta1 tract availabilities.

Means in the same row with different superscripts differ P<.01.

The apparent availability of the EAA measured over the entire
digestive tract averaged 97.3%, 96.8%, 95.3%, 95.4% and 85.9% in pigs
fed HCAS, CAS, ISP, ESOY and SBM, respectively (table 7). The apparent
availability of the EAA and N over the entire tract was higher (P<.05)
in pigs fed HCAS, CAS, ISP and ESOY than in those fed SBM. In addition,
the availability of lysine over the entire tract was higher (P<.05) in
pigs fed CAS (97.7%) than in those fed ISP (96.2%) or ESOY (95.7%) and
higher (P<.05) in pigs fed HCAS (97.2%) than in those fed ESOY.

Similarly, the fecal availability of threonine was higher (P<.05) in
pigs fed CAS (95.4%) than in those fed ISP (93.8%) or ESOY (93.7%) while
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availability was similar in pigs fed HCAS (95.0%). The fecal
availability of methionine was higher (P<.05) in pigs fed CAS (97.7%)
and HCAS (97.6%) than in those fed ISP (93.1%) or ESOY (94.7%). Similar
patterns were observed for the remainder of the EAA and the NEAA. The
low apparent fecal availability for AA may be due to the Tlow apparent
availability of DM in the small intestine (61%), as was previously
mentioned. This would provide more energy substrate to the hindgut than
would normally be expected to occur with this type diet which in turn
would result in an increase of microbial AA 1in the feces and
consequently lower fecal availability estimates.

TABLE 6. Apparent ileal availability of nitrogen and amino acigs
in milk and soybean protein sources in finishing pigs .

Diet?
Item HCAS CAS ISP ESOY SBM SE
Nitrogen, %° 82,40 .1 05% 80.7%* w5 1.2
Amino acids, %
Essential
Arginine®_ o o g wmay w3
Histid‘ine'r 92.3d 95.1e 94.4e 92.8de 79.8 151
Iso1eucine‘ 96.3 91.3 93.1 93.8 82.4 L
Leucing” 95.7° 95.4% 93.3* 93.3° @m.8 1.0
Lysine = 96.?d 96'3de 95.4e 94.3e 81.8 1.2
ﬁﬁthionine: - 97.7 95.8 93.8 94.2 86.1 1.0
Eny1a1ap1ne 94.3 95.4 94.7 93.4 82.6 .9
Threongne' 92.4d 84.9e 8?.4de 85.8e 675 20t
Valine 96.4 90.5 gi.7 90.7 .l 1.5
Average 95.3 93.1 93.4 92.7 80.6
Nonessential
Mlanine . 9.6? 85.0° 90.5% 90.1% 752 1.8
Aspartic acid 92.2d 90.2d 93.4e 93'49 79.8 10
Cystine . 100.05 100.05 84.57 86.45 78.8° 8.5
Glutamic acid 89.6 91.9 95.5 95.2 80.6 1.6
Glycine 82,59 75,59 g7.09 85.39 64.1° 4.5
Proline 97.1d 93.1e 93.2d 91.0d 76.BE 2.4
Serine 94.9 81.0 92.9 91.2 75.7 1.8
Tyrosine 96.5 97.0 96.7 95.7 84.4 .8
Average 93.2 88.4 88.8 91.0 75.0

gValues are means of five observations.
r_For explaination of diet code names, see table 1, footnote a.
4sBM differs from other diets (P<.01).

Means in the same row with different superscripts differ P<.05.
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TABLE 7. Apparent fecal availabilities of nitrogen and amino acgds
in milk and soybean protein sources in finishing pigs.

D'ietb

Item HCAS CAS ISP ESOY SBM SE

Nitrogen, %° 95.5 85,4 B MR TS A

Amino acids, %

Essential
Arginine 96,87 oe8! T vl sE 43
Histdine 96.6.  97.6. 96.6. 96.7c 88.7 .4
Isoleucine 9.6 95.4¢ 95.13 95.03 gt g
Leucine 96.8°, 97.0° 94.9c 95.4, 84.8% .3
Lysine 9.2 9.7 el 07 S .4
Methionine 97.6 9?.?d 93.1d 94.7d 88.1 a7
Phenylalanine  94.8°, 97.3% 95.6% 195.7% 85.6° .4
Threonine 8.0 gr it 91l 93 @At s
valine 07.3° 96.4° o4.69 oa.¢9 835 .5
Avg 97.3 96.8 95.3 95.4  85.9
Nonessential
Alanine 04,5  93.00, 93.45 92.9° 79.99 6
Aspartic acid  94.0 95.6°" 97,1 96.?3 8745 .8
Cystine 100.07 100.0° 94.1° 95.3 39.93 1.2
Glutamic acid ~ 97.95 ~ 97.5. 98.0° 9?.?3 90.7¢ .4
glyc1ne 91.6. 90.8c 94.6d 94.2d 82.5e +9
roline 98.8°  98.50 96.9° 96.8° 89.05 .3
%er1n§ 9.2, oM. 9.1, 9.9 8.9 .7
yrosine 96.7 98.1 96.1 95.6 86.3 .4
Avg 96.1 96.0 95.8 95.6 86.6

a‘u’aIues are means of five observations.
rﬁgg explanation of diet code names, see table 1, footnote a.
3 Means in the same row with different superscripts differ P<.05.

Most of the apparent fecal availability estimates were larger than
ileal availability estimates indicating a net disappearance of N and AA
from the hindgut. Since these pigs were fed cornstarch based diets that
were all highly available (greater than 99% starch availability at the
terminal ileum) a net disappearance of N and AA in the hindgut would be
expected.

In general, the availability of N and AA in pigs fed SBM was lower
than for those fed the other dietary protein sources. This may reflect
differences in proteolytic enzyme inhibitors or carbohydrate complexes
within the dietary protein source and may account for the inferior
growth and efficiency observed for early weaned pigs fed SBM diets
compared to those fed milk protein diets. The apparent ileal
availability of N and AA was higher for the older finishing pigs than
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for the early weaned pigs and the EAA averaged 4.0, 3.6, 7.1, 7.5 and
10.1 percentage units higher availability for pigs fed HCAS, CAS, ISP,
ESOY and SBM, respectively. These differences in availability should be
considered when formulating diets for young pigs especially when using
SBM as a supplemental protein source and formulating diets to meet
minimum NRC requirements for lysine.
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EFFECT OF PROTEIN SOURCE (SOYBEAN VERSUS WHEY)
UPON SERUM CHOLESTEROL LEVELS OF THE PIG

S.A. Nortonl, C.G. Beames, .]r'.2 and C.V. Maxw9113

Story in Brief

Four Yorkshire barrows were used 1in a Latin square experiment to
determine the effect of whey versus soybean protein on blood cholesterol
in pigs. Diets were fed without or with .5% supplemental cholesterol.
When soybean protein was replaced by whey with no  supplemental
cholesterol, there was a slight but nonsignificant increase in blood
cholesterol. Added dietary cholesterol increased serum cholesterol, but
when soybean protein was replaced by whey in diets containing .5%
cholesterol, serum cholesterol was significantly reduced. A protein
source by cholesterol interaction was noted. In swine fed a high
cholesterol diet, whey is more hypocholesteremic than soy protein.

Key Words: (Serum Cholesterol, Dietary Cholesterol, Whey, Soy Protein)

Introduction

Previous biomedical investigations have demonstrated a correlation
between the incidence of atherosclerosis, diet, and serum cholesterol
levels. Researchers have shown that serum cholesterol 1levels can be
elevated by adding high levels of chemically isolated cholesterol, and
by varying the ratio of polyunsaturated to saturated fats.

Other dietary nutrients may also influence 1levels of serum
cholesterol and the incidence of atherosclerosis. Specifically, milk
and milk products have been suggested to exacerbate hypercholesteremic
(increasing blood cholesterol) effects by increasing both fat and animal
protein intake Dietschy, et al.,1978). Recently, however, several
reports have indicated that certain components of whole, skim, fermented
and unfermented milk products may be hypocholesteremic (decreasing blood
cholesterol) (Kritchevsky et al., 1979; Mann, 1977; Richardson, 1978).

The hypocholesteremic effects of milk and milk products have not
been monitored in swine extensively. Declines in both total and
HDL-cholesterol have been observed in pigs fed large amounts of whey,
but only slight depressions in serum triglyceride titers were apparent.
The exact mechanism of this response in swine to whey feeding, and the
nature of the interaction of whey with other dietary components remains
unknown. A clearer understanding of the hypocholesteremic effect of
whey is particularly important since it conflicts with the general
attitude that animal proteins are hypercholesterenic relative to
vegetable proteins. This study was conducted to further investigate the
influence of dietary protein source (whey versus soybean meal) and
dietary cholesterol on serum cholesterol levels in the pig.

1Graduate Assistant 2Professor 3Professor
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Materials and Methods

’ Four Yorkshire barrows weighing approximately 60 kg were utilized
in @ 4 X 4 Latin square design with a 2 X 2 factorial arrangement of
diets. Each pig was surgically fitted with an indwelling jugular
catheter to accomodate daily blood collection and randomly assigned to
one of four diets (Table 1). Diets consisted of 11.3% soybean meal + 0%
cholesterol (Dietl), 11.3% soybean meal + .5% cholesterol (Diet 2), 40%
dried whey + 0% cholesterol (Diet 3), and 40% whey and .5% cholesterol
(Diet 4). Whey or soybean meal was provided as the supplemental protein
source in corn-soy based diets formulated to supply .62% lysine. Each
experimental period lasted 14-d followed by a 7-d interim during which a
basal diet was fed to allow serum cholesterol levels to stabilize before
the initiation of the next period. In addition, at the start of each
period pigs were weighed to readjust feed intake to 2.8% of bodyweight.
Water was available ad 1ibitum.

At 0700 h each day a 10 ml whole blood sample was drawn and the
cannulas immediately flushed with 10 ml of 2.8% sodium citrate in .9%
saline. Blood samples were allowed to clot at approximately 4 C for 3
hours after which time the serum was extracted from the sample by
centrifugation at 3000 x g for 20 min. Serum was stored at -20 C until
total cholesterol analyses were performed.

Table 1. Percent composition of basal and experimental diets.

Item Basal Biet 1 Diet 2 Diet 3 Diet 4
Corn, ground 75.60 74.45 71395 46.40 45.90
Whey, dried 0.00 0.00 0.00 40.00 40.00
Soybean Meal 2 A L 11.30 11.30 0.00 0.00
Animal Fat 0.00 8.00 8.00 8.00 8.00
Meat and Bone Meal 0.00 5.00 5.00 5.00 5.00
Dicalcium PEGSDhate 1.50 + 55 55 0.00 0.00
Cholesterol 0.00 0.00 .50 0.00 .50
Salt .50 o i 38 + 35 « 30
Vitamin-TH Premix .50 S0 e + 25 +25
Calcium Carbonate i L. .10 .10 0.00 0.00
COMPOSITION
Dry Matter 87.65 '89.57 89.66 92.02 91.83
Crude Protein 15.96 14.04 14.00 11.40 11.36
Ether Extract 2.53 9.95 9.02 9.17 9.52
Lysine .79 62 .62 .62 .62
Calcium .69 e w11 .90 .90
Phosphorus .63 .63 s 53 .68 .68

9 Sigma Chemical Co., USP Grade

Results and Discussion
Mean serum cholesterol concentrations across all sampling days for

four experimental diets are presented 1in Table 2. Serum cholesterol
values were Tow but similar in pigs fed diets without supplemental
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Table 2. Serum cholesterol concentrations as
influenced by basal and experimental diets.

Diet Serum o
Description N Cholesterol °°?
Diet 1
Control w/o 16 86.62°
Cholesterol
Diet 2
Control 16 158.369
w/ Cholesterol
Diet 3
Whey w/o 16 89.70°
Cholesterol
Diet 4
Whey 16 135.02°%

w/ Cholesterol

Values expressed as mg/dl.

b Standard error of mean for all values +/- 2.46.

T Means in the same column with different
superscripts differ (P<.0001).

dietary cholesterol. Adding .5% cholesterol (diets 2 and 4) increased
serum cholesterol 1levels (P<.0001). However, response to added
cholesterol differed with protein source (P<.0001). Serum cholesterol
was approximately 15% lower with whey than with soybean meal as a source
of dietary protein (diet 4 versus diet 2). This response indicates that
whey had a hypocholesteremic effect only when the diet contained .5%
supplemental cholesterol.

The response of serum cholesterol over time on each test diet is
presented in Figure 1. Serum cholesterol of pigs offered diet 1 and 3
increased slightly and linearly (P<.0001) from day 0 to 4 with only a
small fluctuation between 85 and 95 mg/dl for the remainder of the 14-d
period. The slight increases observed between days 0 and 4 may
represent an adaptation to the switch from the lowfat basal ration (%
ether extract = 2.8%) to the higher fat content of experimental diets (%
ether extract = 9.28%).

Among pigs fed the soy with added cholesterol (diet 2), serum
cholesterol exhibited a quadratic increase (P<.0001) to approximately
200 mg/d1 at day 11 after which levels decreased and stabilized at 185
mg/d1l for the duration of the period. A similar quadratic increase
(P<.0001) in serum cholesterol was observed for pigs fed the whey
protein diet with added cholesterol (diet 4), except that the increase
was more gradual.
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Figure 1. Response of serum cholesterol over time to experimental and
basal diets.

The results of this trial indicate that dietary whey protein
reduces the increase in serum cholesterol in pigs fed a high cholesterol
diet. This supports the position that milk and milk products do contain
a hypocholesteremic factor(s). Since blood 1levels had not fully
stabilized by day 14, Tlonger-term studies are needed to determine the
effects under steady state conditions. The mechanism whereby this
effect occurs still remains to be elucidated. Since the human diet
varies in composition from day to day, and milk and milk products have
hypocholesteremic effects with variable diets, past criticism of milk
products should be reevaluated.
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THE EFFECT OF WHEAT VS. CORN ON PERFORMANCE IN TWO LINES
OF GROWING-FINISHING SWINE

Charles Maxwe111, Dave Buchananz, 811] Lutel, Ron Bates3,
and Rex Vencl

Story in Brief

Three feeding trials with a total of 570 growing-finishing pigs
were conducted to compare corn vs wheat as a feedstuff for swine using
rations formulated on an equal 1lysine basis. Average daily gain,
average daily feed intake, feed efficiency and backfat were similar in
pigs fed either the wheat or corn diet although some differences in
response between a rapid growth 1line and a slow growth 1line were
observed for average daily gain. This study suggests that when proper
formulation procedures are used, wheat is comparable with corn as a
feedstuff for growing and finishing swine.

(Key Words: Wheat, Growing-Finishing Swine, Performance)
Introduction

Although wheat has been the grain source in swine rations which
would produce the Tleast cost gains at times during the past several
years, swine producers have been reluctant to feed wheat because of
previous unsatisfactory experiences or because of an unfamiliarity with
feeding wheat. Producers who do choose to feed wheat will commonly
1limit the amount of wheat in swine rations to no more than half of the
grain portion of the ration.

One of the potential problems encountered with wheat feeding is
improper ration formulation. To take advantage of the higher levels of
protein and amino acids in wheat, standard rations must be reformulated
specifically for feeding wheat. Wheat-soybean meal rations formulated
from standard growing or finishing ration and substituting wheat for
either corn or milo will result in overfeeding both protein and the
limiting amino acids. Conversely, formulating wheat rations to contain
crude protein levels similar to those commonly used in milo or corn
rations will result in a lysine deficiency and reduced performance.
These trials were conducted to compare performance of growing-finishing
swine fed wheat or corn based diets formulated on an equal lysine basis.

Materials and Methods

This trial was conducted at the Livestock and Forage Research
Laboratory at E1 Reno and consisted of 570 pigs in 31 pens over three
seasons. All pigs were housed in a feeding unit with indoor concrete
floors and pens equipped with self-feeders and waterers. Pigs from a
line selected for rapid growth and a line selected for slow growth were
randomly allotted within line to two treatments (Table 1). A1l diets
were formulated to contain 0.75% lysine during the growing period (42 -
121 1b) and 0.62% lysine during the finishing period (121 - 222 1b).

2
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The two treatments consisted of either a corn-soybean meal diet or a
hard red winter wheat-soybean meal diet.

TABLE 1. Composition of experimental rations.

% Composition (as-fed)

Grower Finisher

Ingredient Corn Wheat Corn Wheat
Corn, yellow T 12 82.65
Wheat, hard red winter 81.00 86.80
Soybean meal (44%) 19.03 15 3 14.06 10.15
Dicalcium phosphate 1.84 1.46 1.68 s 25
Calcium carbonate 0.76 0.92 0.76 0.95
Salt & 0.50 0.50 0.50 0.50
Vitamin trace mineral mix 0.25 0.25 0.25 0.25
Tylan 10 0.50 0.50 Ll 0.10
Total 100.00 100.00 100.00 100.00
Calculated Analysis

% Protein 15595 16.64 13.46 15.06

% Lysine 0.75 0.75 0.62 0.62

% Met + Cys 0.53 0.48 0.49 0.44

% Threonine 0.60 0.59 0.52 0.51

% Calcium Bgh 0.75 0.70 0.70

% Phosphorus 0.65 0.65 0.60 0.60

qsupplied 4,000,000 TU vitamin A, 300,000 IU vitamin D, 4 g
riboflavin, 20 g pantothenic acid, 30 g niacin, 800 g choline chloride,
15 mg vitamin Bl , 10,000 IU vitamin E, 2 g menadione, 200 mg iodine,
90 g iron, 20 g %anganese, 10 g copper, 90 g zinc and 100 mg selenium
per ton of feed,

Results and Discussion

During the growing period (42 - 121 1b, Table 2), pigs from
the rapid growth line grew 2% faster when fed the wheat diet but pigs
from the slow growth line grew faster (4.4%) when fed the corn diet.
Although treatment differences were not significant for either line,
this inconsistent response between lines resulted in a line hy treatment
interaction (P<.01). Average daily feed intake followed a pattern
similar to that observed for average daily gain, although neither
treatment effects nor the interaction was significant., Feed efficiency
was similar for both corn and wheat fed pigs within each 1line. As
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expected, pigs from the rapid growth line grew more rapidly and had a
higher feed intake than pigs from the slow growth line. The results of
this summary of three trials is similar to observations over a single
trial (Maxwell et al., 1983) and suggest that hard red winter wheat is
comparable with corn as a feedstuff for the growing pigs when diets are
formulated on an equivalent lysine basis.

TABLE 2. Treatment means of two lines of pigs fed either wheat or
corn during the growing period.

Treatments

Rapid Growth Line Slow Growth Line
Item Corn Wheat Corn Wheat
Pigs per treatment, no 167 156 116 131
Pens per treatment, no 11 10 8 9
Avg initial wt, 1b 47.5 45.0 35.1 38.9
Avg final wt, 1b - 123.9 122.8 118.9 115.2
Avg daily gain, 1b & 1.50 Ixh3 1.42 1.36
Avg daily feed intake, 1b 3.99 4.03 3.79 3.62
Feed per 1b gain, 1b 2.67 2.67 2.73 272

8 ine effect (P<.001).
Line by treatment interaction (P<.01).

During the finishing period (121 - 222 1b; Table 3), pigs fed corn
grew slightly faster than pigs fed wheat in both the rapid growth 1line
and the slow growth line although differences were not significant and
resulted in only a 2.8% overall improvement in gain. Since this
difference in gain was greater in the slow growth line (6.2%) than in
the rapid growth 1ine (0.5%), a line by treatment interaction (P<.08)
was observed. Similarly, average daily feed intake averaged over both
lines was only slightly higher (2.2%) for pigs fed the corn diet than
those fed the wheat diet. Feed efficiency was similar for pigs fed the
corn or wheat diet when summarized over both Tines (3.44 vs 3.42 1bs of
feed per 1b of gain, respectively). Backfat was not affected by dietary
treatment in this study. Pigs from the rapid growth 1line grew more
rapidly, had a higher feed intake and were more efficient than pigs from
the slow growth line. This summary of results of three feeding trials
suggest that pigs perform similarly when fed corn or hard red winter
wheat during the finishing period although there is some indication that
slower growing pigs may have more of a tendency to prefer corn over
wheat than faster growing pigs.
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TABLE 3. Treatment means of two lines of pigs fed wheat or corn
during the finishing period.

Treatments

Rapid Growth Line Slow Growth Line
Item Corn Wheat Corn Wheat
Pigs per treatment, no 167 155 114 130
Pens per treatment, no 3] 10 8 9
Avg initial wt, 1b 123.9 122.8 118.9 115.2
Avg final wt, 1b a6 224.8 224.3 220.3 215.0
Avg daily gain, 1b a 1.95 1.94 1.70 1.60
Avg daily feed intake, 1b 6.52 6.35 5.36 5.28
Feed per 1b gain, 1b 3.31 3.36 3.56 3.49
Backfat, in 1.04 1.03 0.97 0.99
ELine effect (P<.001).

Line by treatment interaction (P<.08).
Line by effect (P<.05).
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AMINO ACID SUPPLEMENTATION OF WHEAT DIETS FOR GROWING-FINISHING SWINE

.V Maxwe11l, 0.5, Buchinanz, R.0. Batgsa, F.N. Owensl,
W.G. Luce™ and Rex Vencl

Story in Brief

To determine the effect of replacing a portion of the soybean meal
in wheat rations with 1lysine with or without added threonine on
performance, 348 growing-finishing pigs were fed wheat-soybean meal
diets. Substituting only 1ysine for soybean meal reduced daily gains
and efficiency of feed use. Addition of threonine together with Tlysine
improved daily gain in the growing period but not in the finishing
period. Gains by pigs fed wheat plus lysine and threonine were equal to
those fed the control wheat-soybean meal diet for slow growth line pigs
but not for those from a rapid growth line. Following lysine, threonine
limited feed intake and gain from wheat diets for growing pigs but not
for finishing pigs.

Introduction

Portions of the soybean meal used to supplement diets of sorghum or
corn grain for swine can be replaced by addition of limiting amino
acids. Levels of the primary amino acids which may 1imit growth
(1ysine, sulfur amino acids, tryptophan and threonine) are higher in
wheat than in corn or milo grains, but research information to determine
the feasibility of replacing a portion of the soybean meal in wheat
diets with semipurified amino acids is not available. Al11 the 1limiting
amino acids are available in sufficient quantities to supplement though
cost is currently quite high. Amounts required to supplement wheat
diets are considerably less than needed for corn or sorghum grain diets.
This study was conducted to determine the effect of replacing half or
all of the supplemental soybean meal in wheat diets with lysine or with
lysine plus threonine on performance of growing-finishing swine.

Materials and Methods

This trial was conducted at the Livestock and Forage Resarch
Laboratory at E1 Reno, Oklahoma. A total of 348 pigs in 22 indoor pens
equipped with self-feeders and waterers were fed the test diets. Pigs
came from groups genetically selected for slow growth or rapid growth
and were randomly allotted within growth 1ine to the three dietary
treatments (table 1). All diets contained 0.75 percent 1ysine from
wheat plus soybean meal or lysine during the growing phase (42-116 1b)
and 0.62 percent lysine during the finishing (116-217 1b) phase. The
three treatments consisted of: (1) a wheat-soybean meal diet; (2) wheat
supplemented with 1lysine but formulated to supply only the required
amount of threonine which was calculated to be the second 1imiting amino
acid or (3) diet 2 plus threonine at 120% of the NRC (1979) requirement.

3
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TABLE 1. Composition of experimental rations.

Grower Diets Finisher Diets
1 2 3 i 2 3
wheat wheat wheat wheat wheat wheat
+ lys & lys + lys + lys
Item + thr + thr

Wheat, hard red winter 81.00 89.00 88.92 86.80 96.53 96.45

Soybean meal (44%) 14,37 7.00 7.00 10.15 0.00 0.00
Dicalcium phosphate 1.46 1.60 1.60 1.25 1.38 1.38
Calcium carbonate 0.92 0.90 0.90 0.95 0.92 0.92
Salt 5 0.50 0.50 0.50 0.50 0.50 0.50
Vit TM mix 0.25 0.25 0.25 g.25 0.25 0.25
Lysine hydrochloride 0.00 0.25 0.25 0.00 0.32 0.32
Threonine 0.00 0.00 0.08 0.00 0.00 0.08
Tylan 10 0.50 0.50 0.50 0.10 0.10 0.10

Calculated analysis

% Protein 16.64 13.94 13.93 15.06 12.06 12.06
% Lysine 0.75 0.75 0.75 0.62 0.62 0.62
% Met + cys 0.48 0.41 0.41 0.44 0.35 0.35
% Threonine 0.59 0.46 0.54 0.51 0.37 0.44
% Calcium 0.75 0.75 0.75 0.70 0.70 0.70
% Phosphorus 0.65 0.65 0.65 0.60 0.60 0.60

aSuppHed 4,000,000 IU vitamin A, 3,000,000 IU vitamin D, 4 g ribo-
flavin, 20 g pahtothenic acid, 30 g niacin, 800 g choline chloride,
15 mg vitamin B1 , 10,000 IU vitamin E, 2 g menadione, 200 mg iodine,
90 g iron, 20 g ﬁanganese, 10 g copper, 90 g zinc and 100 mg selenium
per ton of feed.

These levels of amino acids (.32 and .40% of the diet) replaced 7.4%
(over half) and 10.1% (all) of the soybean meal in the diet during the
growing phase and the finishing phase, respectively.

Results and Discussion

A block (growth rate selection line) by treatment interaction for
average daily gain and average daily feed intake was detected, so
results are presented within line of selection (table 2). During the
growing period, pigs fed the wheat-soybean meal diet (treatment 1) grew
faster (P<.01) than pigs fed the wheat-lysine diet (treatment 2).
Lysine substitution for soybean meal reduced growth rate by 22.0 and
12.9 % for the rapid growth and for the slow growth line, respectively.
Addition of threonine (treatment 3) to the wheat-lysine diet (treatment
2) increased gain (P<.01) by 16.4 for pigs from the rapid growth 1line
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and by 14.8% for pigs from the slow growth line. Compared to growth
rates of pigs fed the wheat-soybean meal diet (treatment 1), growth rate
with the wheat-lysine-threonine diet (treatment 3) remained Tow (P<.01)
for pigs from the rapid growth line. In contrast, gains from treatments
1 and 3 were equal for pigs from the slow growth Tline. This
differential response to supplemental amino acids between the rapid and
slcw growth Tlines caused a selection 1line by treatment interaction
(P<.001) and indicates that amino acid requirements as a percentage of
the diet change as potential growth rate changes.

TABLE 2. The effect of level of soybean meal and amino acids on gain
and feed intake in two lines of growing-finishing swine fed
wheat based diets.

Rapid Growth Line Slow Growth Line
Treatments Treatments

1 2 3 1 2 3
wheat wheat wheat wheat wheat wheat
+ soy +1lys + 1lys + soy + lys + lys

+ thr + thr
Pigs per treatment, no 60 55 41 61 58 62
Pens per treatment, no 4 3 ‘£ 4 4 4

Growing period (42-116 1b)
Avg daily gain, 1baP 1.64C 1.28d 1,49 1.32¢ 1,154 1.32C
Avg daily feed intake, 1b 4.24T 3,829 4.08f9 3.42F 3.41F 3.789

Finishing period (116-217 1b)
Avg daily gain, 1b2P 2.17¢ 1.859 1.85d 1.60T 1.519 1.54f9
Avg daily feed intake, 1b 6.64C 6.21¢d 5.88d 5,00 5.06 5.07

gGrowth rate line by treatment interaction (P<.0001).
rggowth rate line effect (P<.0001).
"““Means in the same row with a different superscript within line
differ (P<.01).
Means in the same row with a different superscript within line
differ (P<.1).

Feed intake during the growing period also responded differently to
supplementation in the two growth rate 1lines. For pigs from the rapid
growth line, feed intake was highest for pigs fed the wheat-soybean meal
diet (treatment 1) and lower (P<.10) for pigs fed the wheat-lysine diet
(treatment 2) with intake of the wheat-lysine-threonine diet (treatment
3) being intermediate. 1In contrast, feed intake of pigs from the slow
growth line was equal for the wheat-soybean meal (treatment 1) and
wheat-lysine (treatment 2) diet but tended to increase (P<.1) with added
threonine (treatment 3). Most of the added gain can be explained by the
additional feed consumed. These data suggest that threonine Tlimited
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feed intake and gain of pigs fed a wheat-lysine diet calculated to meet
the threonine requirement. Possibly lysine supply for the rapid growth
line limited response to added threonine. Effects of threonine on
growth hormone release also could differ between pigs selected for slow
versus rapid growth. Responses in feed intake but not in gain could
indicate that threonine, not lysine, was the first limiting amino acid
in wheat diets for pigs from the slow growth Tine.

TABLE 3. The effect of level of soybean meal and amino acids on feed
efficiency and backfat in two 1ines of growing-finishing
swine fed wheat based diets.

Treatments

1 2 3
wheat wheat wheat
+ Jys + lys

Item + thr
Pigs per treatment, no 122 118 108
Pens per treatment, no 8 7 7
Growing period (42-116 1b)

Feed per 1b gain, 1b 2.70% 3.0PF 2.88%®f
Finishing period (116-217 1b)

Feed per 1b gain, 1b 3.35%¢  3.619F 3.400%€
Growing-finishing period (42-217 1b) " - £

Backfat, in 1.14 18 s 1.1l

:gﬂeans in the same row with different superscripts differ (P<.01).

afteans in the same row with different superscripts differ (P<.05).
Means in the same row with different superscripts differ (P<.1).

During the finishing period (116-217 1b), pigs selected for rapid
growth again gained more rapidly than those selected for slow growth
(P<.0001). The wheat-soybean meal diet (treatment 1) produced more
rapid gains than the wheat-lysine diet for pigs from the rapid (P<.01)
and from the slow (P<.10) growth line. The addition of threonine failed
to improve performance in pigs from either selection line. Differences
in growth rate between pigs fed the wheat-soybean meal diet and those
fed the wheat-lysine diet was much greater for pigs from in the rapid
growth line than for pigs in the slow growth line which resulted in the
selection 1ine by treatment interaction (P<.001). Responses could
suggest that some amino acid other than lysine or threonine was limiting
growth rate or feed intake with these wheat diets and that threonine may
be 1limiting for slowly but not rapidly growing pigs. Feed intake during
the finishing period was lower (P<.01) for pigs from the rapid growth
line with the wheat-lysine-threonine diet (treatment 3) than with the
wheat-soybean meal diet (treatment 1). Since the addition of threonine
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did not produce a growth rate or feed intake response, these data
support the suggestion that threonine was not the amino acid 1limiting
growth in finishing swine fed a wheat-lysine diet or that a combination
of amino acids was limiting.

No interaction between growth rate line and diet was detected for
feed efficiency so trial means are presented in table 3. Feed
efficiency was poorer for the wheat-lysine than the wheat-soybean meal
diet in both the growing (P<.01) and finishing (P<.05) periods. Feed
efficiency was improved slightly by adding threonine to the wheat-lysine
diet for both growing and finishing pigs. Feed efficiency tended to be
poorer for pigs fed the wheat-lysine-threonine diet than for pigs fed
the wheat-soybean meal diet during the growing period (P<.10) but not
during the finishing period. Backfat tended to be lower for pigs fed
amino acid supplemented diets. These data suggest that supplementing
wheat diets with threonine and lysine to meet the NRC (1979) threonine
requirement will restore feed efficiency during the finishing, but
notduring the growing period. The observation that feed efficiency of
finishing swine was improved by addition of both lysine and threonine is
inconsistent with the observation that average daily gain was not
improved in either line by adding threonine to the wheat-lysine diet.
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WITHIN HERD VARIATION FOR FEEDLOT PROFIT
| £ny 400
J. W. Oltjen” and D. R. Gill

Cattle feeders have long since recognized that cattle within a pen
vary tremendously in their profit potential. This observation appears
true within a relatively homogenous group of cattle, even for those
originating from the same herd. Although factors affecting this
variation may be genetic and environmental, our interest has been in
relating easily measured individual traits with subsequent feedlot
profits.

A preliminary data set containing individual birth date, weaning
weight, off-pasture (feedlot-in) weight, feedlot check (75 day on feed)
weight, carcass weight, yield and grade data was collected for 148
Charolais x (Hereford-Angus) steers from one herd fed in a Panhandle
feedlot. Feed intake was estimated based on National Research Council
equations for gain. Financial data were feedlot-in price, $61/cwt;
carcass price, $93/cwt-GO0D and $103/cwt- CHOICE; and $182/ton feed dry
matter (includes all miscellaneous costs). Greater weaning weight,
pasture daily gain and feedlot-in weight were associated with Tless
profit; increased feedlot gain, quality and yield grade, and early
feedlot gain were associated with more profit (table 1). Quality grade
had the greatest effect on profit due to a $10/cwt differential between
good and choice carcasses. MWhen this effect was removed statistically,
a remaining change in profit was -3$12 per 100 1b weaning weight, -$18
per 100 1b off pasture weight, -$15 per 1b prefeedlot (pasture) daily
gain, -$1 per unit yield grade, +$10 per 1b feedlot daily gain and +%6
per 1b 75 day feedlot daily gain.

Table 1. Relationship of feedlot profit with various traits?,

Effectb
Item Correlation (r) ($/unit change)
Weaning weight -.17* = .12
Weaning age +.03
Weaning weight/day age -.15
Pasture daily gain -, 22%% -15.28
Off pasture weight - .34 %% o
Feedlot daily gain L + 9,70
Feedlot intake .12
Final weight/day age +,01
Final weight +.00
Final age +.03
Quality grade +,77%* +27 .64
Yield grade +,32%% -1.19
75 day feedlot weight +.20% + 6.25
a

bNeight (1b); time (D); quality grade (Choice=10, choice-=9, etc.).
After adjustment for quality grade effect.
*p<.05, *#*p<.0l.
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FEEDING WHEAT TO DAIRY COWS

2 3

L Bushl, M. Faldet®™, and G. D. Adams

In Oklahoma, an abundant supply of wheat is generally available for
livestock feeding. At times, the price 1is competitive with that of
other feed grains used as an energy source in dairy rations. When this
is the situation, wheat can be used to advantage in formulating high
energy rations for lactating dairy cows; however, the 1imits on the ex-
tent to which other grains can be replaced by wheat in dairy rations
have not been well defined. Much of the earlier work on the subject was
conducted using cows producing considerably less milk and fed much Tless
concentrates than is common in the industry today. Also, there is a
Tack of information concerning the feasibility of using wheat as a major
component of a complete mixed ration where silage is the only forage.

A feeding trial is underway to compare the performance of lactating
cows fed concentrate mixtures containing different amounts of wheat in-
cluded in a complete ration with sorghum silage as the only forage. The
concentrate mixtures contain 0, 40, and 60 % wheat, with the latter
level representing the highest percent that can be used and still main-
tain protein, fiber and energy content of the total ration at an
acceptable Tevel. The rations were calculated to be isocaloric and iso-
nitrogenous with wheat replacing some soybean meal as well as corn.

The rations consist of 55 % concentrates and 45 % forage on a dry
basis. The respective rations are fed to individual cows in three por-
tions at 8-hour intervals. A total of 21 cows 1in their second or
greater lactation are being used in a switchback trial with three
periods of 4 wks each. Measurement criteria are: mwilk yield and
composition, feed intake, incidence of off-feed, weight change, body
condition change, concentration of blood plasma urea, rumen pH, lactic
acid and volatile fatty acids.

Data from the last two weeks of each period will be used for com-
parisons among treatments. To date, feed intake by cows fed the three
rations appears to be similar. Also, no serious off-feed conditions or
apparent digestive disturbances have been observed.

2
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DEVELOPMENT OF RESTRUCTURED BEEF PRODUCTS

J.R. Busboom', H.G. Dolezal?, J.J. Guenther3, and F.K. Ray®

The chuck comprises over 25% of the beef carcass and because of
it's inherent lack of tenderness, cuts from the chuck are used primarily
for roasts and/or hamburger. U.S. consumers generally desire more
steaks and fewer roasts. The preference for steaks is relfected in the
price differential between steaks and roasts. Current Tlifestyles
indicate that this preference will continue since in many families both
husband and wife are employed outside the household. Therefore products
such as steaks that can be prepared quickly, conveniently and in
individual portions will be in demand.

Restructuring of chuck muscles is a manufacturing process that
imparts to chuck meat desirable palatability characteristics.
Currently available restructured products lack palatability
characteristics necessary to merit success in the market place.
Therefore, research is being conducted to improve consumer acceptability
of currently available restructured beef products, such as chunked and
formed beef steaks, and also to develop a new restructured beef product
made from muscles of the chuck and other low to intermediate value cuts.
The new product will more closely resemble intact muscle cuts of meat in
such characteristics as appearance, palatability, texture and "bite"
than do conventional restructured products. Technology for
manufacturing the new product will involve removal of individual muscles
from the 1low value wholesale cuts of beef and reorientation of the
muscles to achieve the desired effect. Appropriate equipment has been
obtained and placed in operation. Consumer response to experimental
products has been extremely favorable. The products have received
comments such as "very good flavor", "very tender" and "steak-like
texture”,

Individual chuck muscles are being characterized to ascertain
their suitability for inclusion in restructured products. Twenty chucks
varying in quality (U.S. Choice vs U.S. Good) and yield (U.S. 2 vs U.S.
3) grade will be physically separated into fat, individual muscles and
bone. Eighteen muscles from each chuck will be analyzed for weight,
chemical composition, connective tissue, shear resistance, fiber
diameter, oxidative enzyme activity and binding strength.

In addition, experiments are planned to:

1. Compare new products with conventional restructured products and
intact muscle using trained and consumer taste panels.

2. Evaluate the effects of type and quantity of added binding materials
on functional and sensory characteristics of the product.

3. Determine the most efficient method for extraction of binding
protein.

4, Determine the effects of long term modified atomosphere storage on
product stability.

1Research Associa&e, 2Assistant Professor, Animal Science, 3Professor,

Animal Science, 'Associate Professor, Animal Science.
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EFFECTS OF DIFFERENT LEVELS OF CORN GLUTEN
FEED IN RATIONS FOR BEEF CATTLE

Rajiha Younis! and Don Wagner?

Corn gluten feed (CGF) is by-product of wet-milling corn in the man-
ufacture of corn starch or syrup. On the?"‘a'verage this product contains
about 22.0% crude protein, 2.0% ether extract and 9.0% crude fiber. Some
studies with species other than ruminants, such as swine and poultry,
have demonstrated that CGF might be satisfactory to replace a part of
the protein supplement although CGF generally is low in protein quality.
Possible replacement with CGF in ruminant rations has received little
study, especially with forage based diets. Therefore, there is a need
for research to establish the limits and value of corn gluten feed in
rations for grazing beef cattle.

Past 0SU research has shown supplementation with soybean meal to
produce very positive and economical responses in daily gain in stocker
cattle. Moreover, intake and digestibility of forage were improved sub-
stantially by soybean meal when stocker cattle were fed medium quality
prairie hay. The objective of this study, therefore, is to determine
the effects of replacing soybean meal supplements with different levels
of CGF when beef cattle heifers are fed a basal diet of medium quality
prairie hay (harvested in early to mid July). Fifteen heifers will be
fed five different protein supplements in a replicated 5 x 5 Latin
square design trial. Hay will be labeled with markers of chromium oxide
and Ytterbium to estimate digestion parameters and rate of passage.

The next stage of the study will involve a feeding trial using five
heifers with ruminal and duodenal cannulae. Animals will be fed rations
as in trial 1 to estimate the rate of disappearance of CGF from dacron
bags placed in the rumen and to measure the protein bypass to the duode-
num by using a dual marker system.

This study should provide information on the potential usefulness

and preferable level of CGF in supplements for grazing beef cattle such
as stockers and perhaps beef cows.

lGraduate Student 2Pr'cn‘es.scnf-
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ERRATA
1984 ANIMAL SCIENCE RESEARCH REPORT
Miscellaneous Publication 116

p. 11i, Authors and page number for second article under Foods and
Carcass Evaluation are incorrect. This listing should be "Effect of
Electrical Treatment on the Diffusion of Nitrate Ions into Porcine
Muscle ... A.M.S. Alam, J.J. Guenther, P.L. Claypool and K.K. Novotny
T ! )

p. 292. The equations given in the third paragraph are incorrect.
These should read as follows:

"For yearlings, NE_ (Mcal/day) = .0390 W’ ?5;

For yearling steers, NES (Mcal/day) =

(.0122 ADG + .000717 anc?) w'?‘r’;

For yearling heifers, NEg (Mcal/day) =

(.0130 ADG + .00133 ADGZ) w*7%;"
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