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Confidence in Research Results

Variability among animals can lead to problems in interpreting experimen-
tal 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 second, or it may be that the first
treatment caused the animals to gain faster. Scientists use statistical analysis
procedures to calculate the probability 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 notation “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 table of values with a + and another value, such
as: 3.6 + .5. The 3.6is 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 estimation 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 relation-
ships mean that when one variable is higher than average the other variable
tends to also be higher than average. Nepative correlations 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 insignificant there is strong evidence that the
relationship found was not due to chance. Correlations does not mean cause and
effect 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 state-
ments from the statistical analysis,
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A PRELIMINARY EVALUATION OF THE SALERS BREED
IN A COMMERCIAL BEEF HERD

D.S. Buch:mzml, D.K. Darnell? and J. Dhu}wﬂtﬂ:"

Story in Brief

The Salers breed has been recently introduced into North America. In
an effort to evaluate the breed as a component of a commercial cow herd a
study was initiated comparing Salers x Hereford females to Hereford x
Angus and Hereford females. Fifty females from each breed group were
identified for use in the study at a large commercial ranch in Wyoming. Two-
year old Salers x Hereford females had substantially heavier calves at
weaning than two-year old females from the other breed groups. Calving
difficulty in the three groups showed the Salers x Hereford females in the
middle. Despite fairly low average body condition at weaning all Salers x
Hereford females were diagnosed as pregnant to calve as three-year old
cows. These results provide preliminary evidence that the Salers breed should
be considered for use in the commercial beef industry as a component of a
crossbred cow herd.

(Key Words: Crossbreeding, Salers, Birth Weight, Weaning Weight.)

Introduction

Numerous breeds of beefl cattle have been introduced into North
America in the last three decades. As each has been introduced careful
consideration of its general merits has been important in establishing
appropriate use in the commercial beef industry. A relatively recent import
has been the Salers (pronounced Sah-lairs) from France. It is a dark red
breed that was formed in a mountainous region where conditions are
relatively severe. The breed has been studied as a terminal sire (Tinker et al.,
1988), but little information to date has been reported on its utility as a
component of a commercial cow herd.

This study was initiated to investigate the cfficiency of Salers crossbred
cows in a relatively harsh location (northwest Wyoming).

Lprofessor ZUnd:‘.:rg;raduam Assistant SAmerican Salers Association,
Englewood, CO
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Materials and Methods

Pregnant females representing three breed groups were set aside from
the herd at the Pitchfork Ranch near Meteetsee in northwest Wyoming, Fifty
females cach of Hereford, Hereford x Angus and Salers x Hereford were
identified for this study and were managed together. Calves were sired by
Salers and Angus bulls,. The year in which results for this report were
obtained was characterized by low rainfall which was a common problem
throughout much of the Northern Plains during 1988, All Salers x Hereford
females were two years of age while some of the females in the other groups
were three- or four-years old and had calved previously.

Calves were born in January, February and March, Each calf was
weighed within 24 hours of birth and a calving ease score was assigned (1 =
no difficulty, 2 = minor difficulty, 3 = major difficulty). Calves were weaned
at approximately 8 months of age. A weaning weight was obtained and all
weights were adjusted to 205 days. At weaning, pregnancy status of each cow
was determined and cow condition score was evaluated (1 = emaciated to
9 = obese).

Data were analyzed by ordinary least squares procedures with breed of
female, sire breed, sex, age of the dam and appropriate two way interactions
in the model.

This study will be continued through three years. Open cows will be
culled according to the usual management procedures followed in this herd.

Results and Discussion

The results of this study are shown in Table 1. The primary comparisons
of interest are between the Salers x Hereford females and the two-year old
females from the other two breed groups. Salers x Hereford and Hereford x
Angus cows had their calves earlier in the calving season than did Hereford
cows (P<.05). Salers x Hereford cows had calves that were heavier (P <.05)
and resulted in more calving difficulty (P<.05) than Hereford x Angus two-
year old females. Differences with the Hereford females for birth weight and
calving difficulty were not significant. Salers x Hereford cows weaned much
heavier calves (P<.01) than two-ycar old cows from the other two breed
groups. Calves from Salers x Hereford two-year old cows were similar in size
to calves out of older cows from the other breed groups.

Two-year old Hereford x Angus cows had higher (P<.05) body
conditions scores at weaning than either two-year old Hereford or Salers x
Hereford cows. Despite the lower average body condition score and the
heavy calves at weaning all of the Salers x Hereford cows were diagnosed as
pregnant.,

2 Oklahoma Agricultural Experiment Station



Table 1. Performance of cows (and their calves) representing three
breed groups.

Breed Age Ca1§ing Cow

of of Birth Birth ease Weaning condition %

dam dam N date? weight score  weight score  Pregnant

Herafsedin Bl 524 (883 . g8 . G2 #EEE | 5.8 90
¥ Angus

Hereford 3 i B - T 68.5 Il 413.8 5.0 100
X Angus

Hereford £ 29 48,5 65.5 1.8 354 .4 4.5 97

Hereford 3 12 579 72.2 1.2 401.5 5.2 100

Hereford 4 8 &6.2 68.9 .59 393.4 5.4 100

Salers x 2 B0 33.6 66.0 1.5 400.¢ 4.7 100
Heraford

#Birth dates calculated as days from January 1.

These preliminary results suggest that the Salers may have a role in the
commercial beef cattle industry as a component of a crossbred cow herd.
They weaned heavy calves as two-year olds and had little apparent trouble
establishing a new pregnancy. Additional data from this study will yield
important information pertaining to the continued productivity of these
females.

Literature Cited

Tinker, E.D. et al. 1988. Limousin vs Salers as a terminal sire: Birth and
weaning characteristics. Okla. Agr. Exp. Sta. Res. Rep. MP-1257,

1989 Animal Science Research Report 3



different environments may make herd sire selection very difficult. One
method of decreasing some of the variation among bulls, especially during
the post-weaning phase, is central bull testing. Central bull test stations
provide both purebred and commercial cattlemen an opportunity to compare
and evaluate bulls managed under common nutritional and environmental
conditions.

In light of the current selection trends in the beef cattle industry toward
larger framed cattle with greater growth potential, buyers need to understand
relationships among performance mecasurements of growth and other
economically important traits as they evaluate bulls for their particular
breeding program. In addition, it may be helpful for potential buyers to
know the extent to which various performance traits have contributed to
selling price in the past.

The objectives of this study were to evaluate the relationships among
measurements of growth and other performance traits as well as to
determine the influence of performance measurements on the selling price of
performance tested beef bulls.

Materials and Methods

Performance data were collected on 1183 Angus, 519 Hereford and 601
Polled Hereford bulls completing the 140 day test at Oklahoma Beef, Inc.
during the period from 1981 to 1987. The bulls, approximately 7 to 8 months
of age upon delivery to the test station, were allowed a two-week warm-up
prior to starting the official gain test. Initial measurements of hip height,
weight and scrotal circumference were taken on all bulls. Upon completion
of the 140-day test, final measurements of hip height, weight, scrotal
circumference, rib fat thickness and ribeye area were obtained. Ribeye fat
thickness and ribeye area were estimated with a scanogram manufactured by
the Ithaca Company, Ithaca, New York. Hip height growth rates and average
daily gains were calculated by using on-test and off-test measurements.

Performance records were correlated with sale prices of 448 bulls that
sold from 1983 to 1987 to determine the influence of various performance
traits on the selling price of performance tested beef bulls. WVariables
included were off-test measurements of hip height, weight, average daily gain,
rib fat, ribeye area and scrotal circumference along with the sale price of 208
Anpus, 94 Hereford and 146 Polled Hereford bulls that sold in eight
Oklahoma Beel, Inc. All Breed Performance Tested Bull Sales from 1983 to
1987.

Sale catalogs were available to buyers prior to each sale. The catalogs
included identification of each bull, a two-generation pedigree, birth date and
owner. Since the fall sale of 1985, expected progeny differences of each bull’s
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sire were also available if reported within the respective breed sire summary.
Performance data reported in each catalog were: on-test weight, off-test
weight, adjusted yearling weight, adjusted yearling height, scanogram
measurements of ribeye area and ribeye fat, scrotal circumference, average
daily gain and weight per day of age. In addition, the number of bulls within
each test group as well as an index of on-test performance were included.
The index was a composite score with basically three traits considered:
average daily gain, weight per day of age and adjusted yearling weight.

The relationship among selling price and performance traits were
evaluated by calculating the correlation between price and performance
traits. Contributions of each trait to selling price for each breed were
independently evaluated by using a multiple regression procedure to obtain
partial regression of price on each performance trait. These regressions were
obtained simultaneously for all the traits after accounting for variation due to
year. The trait that contributed the least in each breed was removed from
consideration and the analyses were repeated until only those traits that
made significant contributions to selling price remained. In this way traits
were ranked by magnitude of effect.

Table 1. Correlation coefficients among various performance traits.

Trait I 2 3 4 5 ] T 8 9
On-test

height (1) 1.00

On-test i

weight (2} .75 1.00

off-test A

height (3) .86 L56 1,00

OFF-test * w2 ww

weight (4) .72 .BD. &7 1.00

Average daily  ** e

gain (T, SR R T o

HE’] qht da-l 1:||| wk ol & *% 4k

growth (8) -.30 -.37 R LR T
Scrotal circum- ** el b - o

ference (7) .22 26 20 33 (B0 -.040 1oDn

Ribeyea *k ke ok P r TS
area [8) . h6 .53 57 k| .45 -.01 .30 1.00
Rib fat ok ke *k * = ET

(9] .04 .16 .01 Sk S | SR L .10 .05 1.00

**Significance level (P<.01).
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Results and Discussion

Phenotypic correlation coefficients associated with the performance
traits measured during the study are presented in Table 1. On-test height
and on-test weight were strongly and positively related to off-test height and
off-test weight, indicating that taller, heavier bulls at the beginning of the test
were also taller, heavier bulls at the end of test. However, average daily gain
during the test was weakly correlated with on-test height and on-test weight.
Taller, heavier bulls at the beginning of the test tended to grow at a slower
rate in hip height than smaller framed bulls, as indicated by a negative
correlation of -30. Average daily gain was most highly associated with off-
test weight (r =.57).

Ribeye area or muscling was strongly correlated to all weight traits,
especially off-test weight (r =.71). However, degree of fatness as indicated
by ribeye fat thickness was not strongly correlated to any trait.

Scrotal circumference was also positively correlated to all growth traits.
Even though the correlations were small, heavier and taller bulls tended to
have larger scrotal circumference measurements.

Table 2. Angus least squares means by year.

1981 1982 1983 1984 1985 1986 1987

Number of bulls 212 221 235 190 134 118 73
On-test

height (in) 43.6 43.9 44.2 44.6 45.2 45.9 4.0
Off-test

height (in) 48.2 45.7 48.9 49.5 50.2 50.8 51.1
On-test

weight (1b) 600 601 623 632 Bad 672 694
0Off-test

weight (1b) 1119 1135 1139 1183 1173 1226 1265
Average daily

gain (1b) 3.70 3.81 3.67 3.94 3.78 1.96 4.11
Height daily

growth (in) 032 .034 034 .035 .036 .035 036
Scrotal circum-

ference (cm) -=== 37,26 37.29 3B.1 37.44 37.70 38.B6
Ribeye

area (sg in) 13.2 13.1 13.8 13.4 13.5 14.1 .-
Rib fat

[in) 42 A2 .43 .44 .41 41 .24
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The least squares means for Angus, Hereford and Polled Hereford bulls
are presented in Tables 2, 3 and 4, respectively. From 1981 through 1987, the
height and weight of bulls entered in the OBI Test Station in all three breeds
increased appreciably, indicating an emphasis by breeders entering bulls in
the test toward larger bulls. Off-test hip height increased over 2.5 in in all
three breeds, while off-test weight increased over 139 Ib. Average daily gain
tended to increase slightly over the seven years; however, ribeye area and
ribeye fat remained relatively constant. A slight trend for increased ribeye
area during the later years of the study was noted. The hip height growth
rates noted in all three breeds were similar to recommended adjustment
factors by Beef Improvement Federation.

Correlations among the various off-test performance traits and selling
price are presented in Table 5. With the exception of rib fat, all were
significant and of favorable direction. Measures of off-test weight and height
had the strongest correlation to selling price, although only moderate in value
at .49 and .47, respectively. Relationship of rib fat and scrotal circumference
to selling price was extremely weak, Moderate to low correlations between

Table 3. Hereford bulls least squares means by year.

198] 1987  ]9@3 1984  J9BS 1986 1987

Humber of bulls 147 123 65 72 58 49 5
On-test

height (in) 441 44.6 45.3 45,2 45.9 45.7 45.8
Off-test

height {in) 48.7 49.3 49.7 49.9 50.8 50.5 ] B
On-test

weight (1b) f3d E48 662 680 709 701 687
Off-test

weight (1b) 1093 1136 1173 1178 1247 1220 1242
Average daily

gain {1b} 3.ze 3.48 3.65 3.54 3.85 3.72 3.96
Height daily

growth (in) 032 .033 032 033 .035 034 .038
Scrotal circum-

ference (cm) 3577 35.99 36.51 36.41 36.48 36.58 37.24
Ribeye

area {sq in) 12.6 1331 13.9 13.5 13.6 13.9  --n--
Rib fat

(im} .31 .31 .28 ol LT L43 44
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Table 4. Polled Hereford bulls least squares means by year.

1381 1982 1983 ]984 1985 1986 1987

Number of bulls 123 117 115 17 63 46 &0
On-test

height (in} 42,9 440 449 449 458 464 45.4
Off-test

height (in) 47.8 48.7 49.5 49.9 K06 5l.1 50.5
On-test

weight {(1b) 538 615 641 639 688 686 641
Off-test

weight (1b) 1037 1113 1150 1165 1205 1237 1176
Average daily

gain {1b} 3.56 3.56 3.63 376 3.70 3.94 3.83
Height daily

growth (in) .035 .033 033 036 034 033 037
Scrotal circum-

ference (cm) ==== 34,95 35.55 36.33 36.62 35.87 36.07
Ribeye

area (sq in) 12.4 12.7 13.4 134 13.8 13,9  saaa-
Rib fat

{in) .43 .43 .43 .40 .39 .41 .30

Table 5. Correlation coefficients between sales price
and off-test traits.

Price
Weight gk
Height o ik
Ribeye area R
Rib fat .05
Scrotal
circumference i
Average
daily gain Wi

*Significance level: (P < .05).
**Significance level: (P < .01).
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ribeye arca and average daily gain with selling price were .37 and .32,
respectively. Since the larger framed, heavier bulls tended to sell for the
higher prices, breeders readily recognized the importance of frame and
height. Therefore, the trend by breeders to emphasize on-test height and
weight when entering bulls in the test station can be easily explained by the
association of these two traits and subsequent selling price.

Table 6 presents the impact that a per unit change in each trait had on
selling price. Only off-test weight and off-test height made significant
contributions to selling price in the Angus and Hereford bulls, while average
daily gain also contributed significantly in the Polled Hereford breed. Ribeye
area, ribeye fat and scrotal circumference did not significantly contribute
toward the variation in selling price in any breed. A 100 Ib differential in off-
test weight was associated with a $233, $258 and $172 difference in selling
price in the Angus, Hereford and Polled Hereford bulls, respectively. Even
more pronounced was the importance of height. A one inch change in final
height off-test was associated with a change in selling price of $182, $176 and
$195 in Angus, Hereford and Polled Hereford, respectively. The row headed

Table 6. Partial regressions of sale price on off-test traits.

Polled

Angus Hereford Hereford
Mumber 208 94 146
Weight
($/1b) T £.58mw o s
Height
{3/in) 182.00** 175.56%* 199, 5] %
Ribeye area
(3/5q in)
Rib fat
($/in)
Scrotal
circumference
($/cm)
Average
daily
gain ($/1b) 285.53*
gZb

37 .38 40

gChange in price per unit change indicated for each trait.
Proportion of variation in price accounted for by traits having
coefficients for that breed.

*Significance level: (P < .05).

**Significance Jevel: (P < .01).
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R? indicates the proportion of the variation in selling price that can be
attributed to the performance traits indicated. In this study, only 409% of the
selling price variation in the Polled Hereford breed could be accounted for by
off-test height, off-test weight and average daily gain. Off-test height and off-
test weight accounted for 3896 and 37% of variation in selling prices of the
Angus and Hereford bulls, respectively. The additions of other factors into
the model did not increase the percentage of the variation accounted for by
the various performance traits.

A simple ranking of the traits obtained through these analyses is given
in Table 7. These rankings indicate that measures of growth, most notably
off-test height and weight generally had the greatest effect on selling price.
Frame size has been a trait of major economic importance, primarily due to
demand for larger, heavier, more efficient cattle. Breeders realized the
significant impact of frame on selling price and simply tested larger framed,
heavier bulls each year.

It is important to note that both sale order and the physical appearance
of the bulls on sale day may have had a profound effect on these results.
Certain bulls have phenotypic characteristics which may lead to an increase
or decrease in price on sale day. The extent to which visual appraisal is used
to determine price is unknown but may be quite large. In addition, certain
pedigrees and bloodlines as well as expected progeny difference values of a
bull’s sirc may have a significant impact on the selling price of performance
tested beef bulls. The reputation of the breeder and his/her business
relationships with potential customers may also have a significant bearing on
selling price.

Table 7. Ranking of off-test traits in order of importance as
contributors to sales price.

Polled

Angus Hereford Hereford
Number 208 94 146
Weight 2 Z 2
Height 1 1 |
Ribeye area 6 4 4
Rib fat 5 6 B
Scrotal
circumference 4 5 5
Average
daily
gain 3 3 3
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OVERALL PRODUCTIVITY OF YOUNG CROSSBRED
COWS CONTAINING 0, 1/4 OR 1/2 BRAHMAN BREEDING
IN SPRING VERSUS FALL CALVING SYSTEMS

M.N. McCarter, D.§. Buchanan?, R R, Frahm?Z,
L.W. Knori° and J.W. Castree

Story in Brief

Productivity of two- to six-year old crossbred cows with 0, 1/4 or 1/2
Brahman breeding was evaluated using 201 records on spring calving and 172
records on fall calving cows collected from 1983 to 1987, Significant genotype
(crossbred cow group) x environment (season of calving) interactions were
found for age at first calf, lifetime percentage weaned, average adjusted
weaning weight and weight weaned per year. Angus x Hereford in both
seasons and Hereford x Angus in the fall group tended to calve earlier than
the other groups. All spring calving groups calved first at an earlier age than
did their respective fall calving counterparts. Average calving interval was
389 days, with no differences attributable to effects included in model. All
groups weaned higher percentages in the spring than in fall. Spring and fall
calving cows within each crossbred group tended to have similar average
adjusted weaning weights. Weight weaned per year tended to be greater for
spring calving groups than for fall calving groups. Spring calving Angus x
Hereford dams had the lowest average adjusted weaning weight (345 Ib) and
fall calving Brahman x Angus tended to have the highest (475 Ib). Spring
calving Brahman-Hereford x Angus tended to wean the most weight per year
(438 Ib), while fall calving Brahman x Hereford tended to wean the least
weight per year (273 Ib). These results show that spring calving has some
advantages to fall calving and Brahman breeding can be used to increase
some aspects of cow productivity.

(Key Words: Crossbreeding, Beef Cattle, Brahman, Lifetime Productivity,
Genotype x Environment Interaction.)

lGradunte Assistant 2mecssﬂr 3Herdsman
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Introduction

Crossbreeding is used by commercial producers in an attempt to
increase production efficiency. However, different environments may have
varying effects on different genetic types (genotype x environment
interactions).  Evaluation of this genotype (crossbred cow group) x
environment (season of calving) interaction is the purpose of a study
currently being conducted by the Oklahoma Agricultural Experiment Station.
This project was designed to evaluate the effects of crossbred cow group,
season of calving and the interaction between the two using crossbred cows
with different proportions of Brahman, Angus and Hereford breeding,
managed in spring or fall calving systems. The objective of this portion of the
study was to evaluate productivity of young (two- to six-year old) cows. The
traits analyzed were age at first calf, average calving interval, lifetime weaning
percentage, average adjusted weaning weight of calves weaned and weight
weaned per year.

Materials and Methods

Cows for this project were produced by assigning Angus and Hereford
dams at random to spring and fall calving groups. The cows were then
mated to Angus, Hereford, Brahman, Brahman x Angus and Brahman x
Hereford sires to produce calves with 0 Brahman (Hereford x Angus and
Angus x Hereford), 1/4 Brahman (1/4 Brahman-1/4 Hereford-1/2 Angus
and 1/4 Brahman-1/4 Angus-1/2 Hereford) and 1/2 Brahman (Brahman x
Angus and Brahman x Hereford). The mating system, origin of foundation
breeding stock and growth and performance of crossbred calves were
presented by Bolton et al. (1986). Productivity and milk production of these
cows was presented by McCarter et al. (1987ab, 1988). Cows were
maintained at the Southwestern Livestock and Forage Research Laboratory,
El Reno, Oklahoma, for production of 1983 through 1986 calf crops on native
tallgrass pastures. After weaning the 1986 calf crop, cows were moved to the
range north of Lake Carl Blackwell in Stillwater, Oklahoma. Cows were
exposed to Limousin bulls, in single sire pastures, for a 75 day breeding
season to produce 1983 and 1984 calf crops. For 1985 and 1986 calf crops,
cows were synchronized and bred once artificially to Limousin sires before
being placed in single sire pastures with Limousin bulls for a total breeding
season of 75 days. The calf erop in 1987 was produced by artificially breeding
cows to Limousin and Salers bulls, then placing these in single sire pastures
with Limousin bulls for a total breeding season of 75 days. Spring calving
groups were bred to calve in February, March and April and fall calving cows
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were bred to calve in September, October and November. Spring and fall
born calves were weaned at an average age of 205 and 240 days, respectively.
Fall-born calves were weaned at an older age, a common practice of
Oklahoma producers.

Apge at first calf was computed in days using dam’s birth date and her
first calving date. Calving interval was computed using first and last calving
dates and the total number of calves produced. Lifetime weaning percentage
was computed by dividing the parity of the dam by the total number of
possible calvings. Average age adjusted weaning weight, adjusted to 205- and
240-day basis for spring and fall groups, respectively, was computed by
dividing the total weight weaned by a dam by the total number of calves
produced. Weight weaned per year was computed by dividing the total
weight weaned by the age of dam (in years) minus one. The distribution of
records used in this analysis are presented in Table 1 by crossbred cow group
and season of calving. Data were analyzed using least squares procedures to
determine the effect of crossbred cow group, season of calving and the
interaction of crossbred cow group with season of calving.

Table 1. Distribution of records by crossbred group and season of

calving.

Crossbred Season of calving
cow group? Spring Fall Total
0 Brahman:

HxA 24 25 49

AxH 12 13 25
1/4 Brahman:

1/4 B-1/4 H-1/2 A 48 40 88

1/4 B-1/4 A-1/2 H 38 28 66
1/2 Brahman:

BxA 42 38 80

BxH 37 28 65
Total 201 172 373

34=Hereford, A=Angus and B=Brahman.

Results and Discussion

Age at first calf was significantly affected by the interaction between
crossbred cow group and season of calving (Table 2). Within the spring
calving group, Angus x Hereford calved earlier (P<.01) than all other spring
calving groups. Within the fall calving group, the two groups of 0 Brahman
cows tended to calve earlier than 1/4 or 1/2 Brahman cows. Cows out of
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Table 2. Least squares means for age at first calf in days by crossbred
coW group X season of calving interaction.

Crossbred Season of calving
cow group? Spring Fall
0 Brahman:
HxA g150 112388
AxH 629¢ 10574
1/4 Brahman:
1/4 B-1/4 H-1/2A 7600 1173¢f
1/4 B-1/4 A-1/2H 7930 12167
1/2 Brahman:
BxA 784D 11918f
BxH 7950 13709
E

H=Hereford, A=Angus and B=Brahman.
Means not sharing at least one common superscript differ
{P<.05).

b,c.d.e.f.g

Angus dams tended to calve earlier than those out of Hereford dams. Due to
the fact that no fall calving two-year old Brahman x Hereford cows weaned a
calf, this group gave birth to their first calf later (P<.01) than all other
groups. Spring calving cows in all breed groups calved first at an earlier
(P <.05) age than their fall calving counterparts.

Average calving interval was 389 days. No factors included in the model
significantly affected this trait.

Lifetime weaning percentage was significantly affected by the
interaction between crossbred cow group and season of calving (Table 3).
All crossbred groups, with the exception of Angus x Hereford, weaned a
higher (P<.05) percentage of calves in the spring than in the fall. Within

Table 3. Least squares means for lifetime percentage weaned by
crossbred cow group x season of calving interaction.

Crossbred Season of calving
cow. group? Spring Fall
0 Brahman:
HxA 90.2b¢ 78.34e
AxH 71.49f 75.4cdf
1/4 Brahmdn:
1/4 B-1/4 H-1/2 A g2 P g7.58f
1/4 B-1/4 A-1/2 H 7844 64.0f
1/2 Brahman:
BxA g0.5¢%d 67.7%F
BxH 73.64f 51.39

HuHereford, A=Angus and B=Brahman.
*OMeans not sharing at least one common superscript differ
(P<.05).

b,c,d,e,f
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cach proportion Brahman, cows out of Angus dams tended to wean higher
percentages than those out of Hereford dams. Within the spring calving
group, 1/4 Brahman-1/4 Hereford-1/2 Angus and Hereford x Angus cows
were similar and were superior (F<.05) to Angus x Hereford, 1/4 Brahman-
1/4 Angus-1/2 Hereford and Brahman x Hereford. Within the fall calving
group, groups were similar with the exceptions that Hereford x Angus
weaned a higher (P<.05) percentage than did 1/4 Brahman-1/4 Angus-1/2
Hereford and Brahman x Hereford weaned the lowest (P <.05) percentage.

The interaction between crossbred cow group and season of calving was
significant for average adjusted weaning weight (Table 4). Within the spring
group, Angus x Hereford and Brahman x Hereford tended to wean the
lightest calves with the remaining four breed groups being similar. No
differences existed between the breed groups in the fall calving herd. All
breed groups produced calves of similar weights across seasons with the
exception of Angus x Hereford which produced heavier (P <.01) calves in the
fall than in the spring.

Weight weaned per year was significantly affected by the crossbred cow
group x season of calving interaction (Table 5). Weight weaned per year
combines reproductive performance with mothering ability of the dam to give
a more precise estimate of a cow’s total productivity. Within the spring
group, 1/4 Brahman-1/4 Hereford-1/2 Angus, Brahman x Angus and
Hereford x Angus were similar with only 1/4 Brahman-1/4 Hereford-1/2
Angus producing more (P <.05) weight per year than Angus x Hereford, 1/4
Brahman-1/4 Angus-1/2 Hereford and Brahman x Hereford. Angus x
Hereford produced less (P <.03) weight per year than all breed groups except
Brahman x Hereford. Within the fall calving group, 0 and 1/4 Brahman and

Table 4. Least squares means for average adjusted weaning weight for
calves weaned® by crossbred cow group x season of calving

interaction.
Crusshredh Season of calving
COW group Spring Fall
0 Brahman:
HxA 207.3¢d 209,44
AxH 156.4% 211.1%
1/4 Brahman: ;
1/4 B-1/4 H-1/2 A 211.1¢ 206.1%4
1/4 B-1/4 A-1/2 H 212.6% 211.2¢
1/2 Brahman:
BxA 205.1¢d 215.5¢
BxH 190,74 212,450

4Tgtal weight weaned during lifetime divided by number of calves
b-.ueaned, in 1b.
H=Hereford, A=Angus and B=Brahman.

€.d:Beans not sharing at least one common superscript differ (P<.058).
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Table 5. Least squares means for weight weaned per year? by crossbred
cow group x season of calving interaction.

Crussbredh Season of calving
COW group Spring Fall
0 Brahman:
HxA 184 7¢de 153.1“;
AxH 141.69 153.64f9
1/4 Brahman: ¢
1/4 B-1/4 H-1/2 A ]93.5; 143_5f9
1/4 B-1/4 A-1/2 H 175.5%¢ 142.8"9
1/2 Brahman:
BxA 181, 4¢de 160.59f
BxH 166.8¢8F 123.79

Total adjusted weight weaned divided by age of dam in years
minus one, in 1b.
A H=Hereford, A=Angus and B=Brahman.
Crln ey ‘nganES?ut sharing at least one common superscript differ
<. 05].

Brahman x Angus were similar and tended to be superior to Brahman x
Hereford. Only Hereford x Angus and Brahman x Angus were significantly
superior to Brahman x Hereford. Only the 1/4 Brahman groups differed
across scasons as the spring calving 1/4 Brahman groups weaned more
(P <.05) weight per year than their fall calving counterparts. As in lifetime
weaning percentage, cows out of Angus dams tended to be superior to those
out of Hereford dams within the same proportion Brahman.

In summary, spring calving was advantageous to fall calving for all
crossbred groups except Angus x Hereford, Cows with Angus dams tended
to be more productive than those out of Hereford dams within the same
proportion Brahman group. Owerall, spring calving 1/4 Brahman-1/4
Hereford-1/2 Angus tended to be the most productive indicating that
Brahman breeding can be incorporated into a commercial crossbreeding
system to increase production efficiency. Due to genotype x environment
interactions, environment and management systems need to be considered
when sclecting breeds for use in a crossbreeding system.
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SOME FACTORS AFFECTING WEANING RATE OF
YOUNG CROSSBRED COWS CONTAINING 0, 1/4 AND 1/2
BRAHMAN BREEDING IN SPRING OR FALL
CALVING SYSTEMS

M.N. McCarter!, D.§. Buchanan, R R, Frahm?,
L.W. Knori~ and J.W, Castree

Story in Brief

Weaning rate was calculated as the proportion of cows exposed to
breeding that weaned a calf and was evaluated using 1060 records on
crossbred cows (three- to six-years old) containing 0, 1/4 or 1/2 Brahman
breeding. Scason of calving, lactational status at breeding, prebreeding
weight and condition score significantly affected weaning rate. Interactions
affecting weaning rate include crossbred cow group x lactational status,
crossbred cow group x condition score, crossbred cow group x weight, season
of calving x weight and year of calving x age of dam. Angus x Hereford, 1/4
Brahman-1/4 Angus-1/2 Hereford and Brahman x Angus dams lactating at
breeding weaned lower percentages than those cows of similar breeding that
were dry at breeding. Angus x Hereford cows receiving a condition score of
5 tended to wean a higher percentage of calves than cows of similar brecding
receiving other scores whereas a score of 6 resulted in the higher weaning
rate for 1/4 Brahman-1/4 Hereford-1/2 Angus. More calves were weaned
by 1/4 Brahman-1/4 Angus-1/2 Hereford dams receiving a score of 3, with
weaning rate decrcasing as condilion score increased. No 0 Brahman cows
weighing less than 660 Ib at breeding weaned a calf. As proportion of
Brahman breeding increased, the effect of weight on weaning rate decreased.
Across all calving groups, weaning rate increased as weight increased.

(Key Words: Crossbreeding, Beef Cattle, Brahman, Weaning Rate.)

Introduction

Crossbreeding is a recommended management technique for increasing
the efficiceny of commercial beef production. Successful crossbreeding

1Graduata Assistant zFrD[ESSUT 3Hcrd5man
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requires the choice of breeds appropriate for the production environment.
Brahman-cross cows have been widely evaluated in the Gulf Coast region of
the United States. However, few studies outside of this region have involved
Brahman breeding and information concerning lactational status,
prebreeding score and prebreeding weight and their effects on weaning rate
in Brahman-cross dams is limited, The data used for this study come from a
project by the Oklahoma Agricultural Experiment Station designed to
evaluate the effects of genotype (crossbred cow group), environment (season
of calving) and the interaction between genotype and environment. The
purpose of this portion of the study was to determine the effects of crossbred
cow group, season of calving, lactational status, prebreeding condition score
and prebreeding weight on weaning rate of crossbred cows containing 0, 1/4
or 1/2 Brahman, Angus and Hereford breeding in spring or fall calving
systems.

Materials and Methods

Angus and Hereford dams were assigned at random to spring and fall
calving groups and mated to Angus, Hereford, Brahman, Brahman x Angus
and Brahman x Hereford sires to produce crossbred calves that were 0
Brahman (Angus x Hereford and Hereford x Angus), 1/4 Brahman (1/4
Brahman-1/4 Hereford-1/2 Angus and 1/4 Brahman-1/4 Angus-1/2
Hereford) and 1/2 Brahman (Brahman x Angus and Brahman x Hereford).
The mating system, origin of foundation breeding stock and growth and
performance of crossbred calves were presented by Bolton et al. (1986).
Productivity and milk production of these cows was presented by McCarter et
al, (1987a,b, 1988). Lifetime productivity of young cows was presented by
McCarter et al. (1989). Cows were maintained at the Southwestern
Livestock and Forage research Laboratory, El Reno, Oklahoma for
production of 1983 through 1986 calf crops. After weaning the 1986 calf
crop, cows were moved to the North Lake Carl Blackwell Range, Stillwater,
Oklahoma. Pastures were typical tallgrass pasturcs with some bermudagrass.
Cows were exposed to Limousin bulls, in single sire pastures, for a breeding
period of 75 days to produce the 1984 calf crop. For 1985 and 1986 calf
crops, cows were synchronized and bred artifically to Limousin sires and then
placed in single sire pastures with Limousin sires for a total breeding period
of 75 days. The calf crop in 1987 was produced by breeding cows artifically to
Limousin and Salers sires, twice if necessary, before being placed in single
sire pastures with Limousin sires. Spring calving cows were bred to calve in
February, March and April and fall calving cows were bred to calve in
September, October and November.
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Records of two-year old dams were deleted from the analysis so that all
cows had the opportunity to produce a calf and be lactating at the onset of
this study. Weaning rate was analyzed as the proportion of cows exposed to
breeding that weaned a calf. Values of 0 and 1 were assigned to cows not
weaning a calf and to cows weaning a calf, respectively. Data were analyzed
using least squares procedures to determine the effects of crossbred cow
group, season of calving, lactational status, conditon score, weight and all two
factor interactions on weaning rate.

Results and Discussion

All main effects, with the exception of crossbred cow group, significantly
affected weaning rate. The amount of variation attributable to crossbred cow
group was reduced by the addition of condition score and weight to the
model as differences did exist between crossbred groups. Two way
interactions found to be significant were crossbred cow group x lactational
status, crossbred cow group x condition score, crossbred cow group x weight,
season of calving x weight and year x age of dam. Subclass least squares
means are presented for these significant interactions.

Table 1 contains the least squares means for weaning rate by crossbred
cow group x lactational status. No differences were found between dry and
lactating Hereford x Angus, 1/4 Brahman-1/4 Hereford-1/2 Angus and
Brahman x Hereford. For the remaining three groups, Angus x Hereford,
1/4 Brahman-1/4 Angus-1/2 Hereford and Brahman x Angus, weaning rates
for lactating cows were lower (P <.05) than for dry cows.

Least squares means for weaning rate by crossbred cow group x
condition score are presented in Table 2, Weaning rates for Hereford x

Table 1. Least squares means for weaning rate by crossbred cow group X
lactational status.

Crossbred Lactational status
COow gmupa‘ Dry Lactating
0 Brahman: i =
HxA 77.6bcd §7.8b¢
AxH g6.70d 53.7C
1/4 Brahman:
1/4 B-1/4 H-1/2 A g9.gPd 81.gbe
1/4 B-1/4 A-1/2 H 111.67 78.1be
1/2 Brahman:
BxA 100, 0df g3.7be
BxH g4 sdef gs.7bd

"y e . - _— =

b FH-Heref'n'rd, A=Angus and B=Brahman. X 5 g .
1£+0:84TMaans not sharing at least one superscript differ (P<.05).
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Table 2. Least squares means for weaning rate by crossbred cow group x prebreeding condition score.

Crossbred Prebreeding condition score
cow group? 3 4 5 [ T+
0 Brahman:
HxA 74.7P 66.00 78.8P 76.30 67.40
AxH 77.7b¢ 74.0b¢ 92.8P 53.0¢ 53.4C
1/4 Brahman:
1/4 B-1/4 H-1/2 A 86.30¢ 76.70 88.4¢ g9.6b¢ gg.4bc
Ul,«’g Br-.m A-1/2 H 111.8b¢ 109.7P 90.69 74.9° g7.4cde
Z Brahman:
BxA 96.90 88.60 g99.1b g0. 0P g4.gb
BxH 101.8Y 91.7P 836" g3,7b 92.1P

bl A4=Hereford, A=Angus and B=Brahman.
+€+8:8Means not sharing at least one superscript differ (P<.05).

Table 3. Least squares means for weaning rate by crossbred cow group x prebreeding cow weight.

HWeight Crossbred cow uraqpb
class?, 1b HA AH BHA BAH BA BH
<660 =7 -- 62.1 81.0 Tren 90.2
6gl - 770 87.3 63.2 98.1 74.0 98.1 BT .8
771 - 880 93.2 66.4 20.0 83.1 78.9 85.3
881 - 990 B3.7 94.6 89.2 87.4 82.7 80.0
991 - 1100 i | 80.9 89.5 90.4 94.4 82.7
1101 - 1210 g7.1 91.8 80.0 113.9 g8.8 94.0
=1210 68.5 104.2 102.3 134.3 112.8 104.3

ACows were group by increments of 110 1b.



Angus, Brahman x Angus and Brahman x Hereford were not affected by
condition score. Angus x Hereford cows receiving a condition score of 5
tended to wean more calves than those receiving other scores. Cows receiving
scores of 3 or 4 tended to have higher weaning rates than those receiving
scorcs of 6 or more. For 1/4 Brahman-1/4 Hereford-1/2 Angus dams, those
receiving scores of 3, 5, 6 or 7 were similar (P>.10). The only difference
(P <.05) for this group occurred between those receiving condition scores of
5 (88.4%) and 4 (76.79%). For 1/4 Brahman-1/4 Angus-1/2 Hereford,
weaning rate tended to decrease as condition score increased.

Table 3 contains the least squares means for weaning rate by crossbred
cow group x weight. For all groups, weaning rate tended to increase as
weight increased. Zero Brahman cows were more affected by low weights
than were 1/4 and 1/2 Brahman cows as no 0 Brahman cows weighing 660 Ib
or less at breeding weaned a calf. As proportion of Brahman increased, the
effect of weight decreased.

Least squares means for weaning rate by season of calving x weight are
presented in Table 4. No differences were found between the two seasons
for those weight classes below 1100 1b. Spring calving cows weighing more
than 1100 Ib had higher (P < .05) weaning rates than did fall calving cows with
similar weights. With the exception of the 660 Ib and less weight class, spring
calving cows tended to have higher weaning rates than fall calving cows of
similar weights.

Least squares means are presented in Table 5 by the year x age of dam
interaction. Due to the age distribution of the herd and the limited amount
of data available, few differences were found between the age groups present
in each year. For 1985, weaning rates for three- and four-year old dams were
similar (P>.15). The same was true for three-, four- and five-year olds in
1986. In 1987, four- and five-year olds were similar and four-year olds had a

Table 4. Least squares means for weaning rate by season of calving x
prebreeding cow weight.

Weight Season of calving
class?, 1b Spring Fall
TR T b becd
<660 35.1 B2.4
661 - 770 g7.gcde g4_9td
771 - 880 g6.acd 75.59
881 - 990 94, 1c® BS.Uég
991 - 1100 89.6cf 8209t
1101 - 17210 102.3° 86.2°d
%1210 125.79 g3.1¢c

dCows were grouped infa increments of 110 1b.
d.2.F . 9Mpans not sharing at least one common superscript differ
{P<.05).

b,c,
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Table 5. Least squares means for weaning rate by year x age of dam.

Age of dam
Year 3 4 5 B
1984 g4 530
1985 91.03¢ 94.1%
1986 g].2%c g4 5¢ 93.93¢
1987 70.4d 76.4bde §3.2%
a,b,c,d

+*®Means not sharing at least one superscript differ {P<.05).

higher (P<.05) weaning rate than did six-year olds, 70.4 and 63.2%,
respectively.

In summary, Brahman x British crossbred cows were affected by
lactational status at breeding in a manner similar to British crosses.
However, condition score and weight had less effect on Brahman x British
crossbred dams than British crosses. Thus, the condition scoring system
developed for British and British cross cows may be of less use for evaluation
of Brahman and Brahman x British crossbred cows.
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LIMOUSIN VERSUS SALERS AS A TERMINAL SIRE:
POSTWEANING AND CARCASS TRAITS

S.R. McPeakel, E,DtTinkarl, DS. B%chananz,
R.R. Frahm* and L.W. Knori

Story in Brief

Limousin and Salers sires were used in this study to compare the
usefulness of these breeds as a terminal sire. Twelve different sires were
used each year. These consisted of six sires from the Limousin breed and six
sires from the Salers breed. Carcass data were collected on 289 calves. The
Limousin sires were represented with 152 calves and the Salers sires were
represented with 137 calves, There were small advantages for Limousin-sired
calves relative to Salers for days on feed (199 vs 204 days) and slaughter age
(409 vs 415 days). Carcass weight per day of age was the same for the two
sire breeds (1.79 Ib/day of age). Feedlot daily gains for the two sire breeds
were very similar (approximately 2.9 Ib/day). There were no substantial
differences in carcass characteristics between the breed groups. These
results indicate that the Salers breed can be as useful as the Limousin breed
for serving the purposes of a terminal sire in order to produce calves for use
in a feedlot and for slaughter.

(Key Words: Limousin, Salers, Terminal Sire.)

Introduction

The beef cattle industry is constantly concerned with meeting consumer
demands. As consumer demand shifts toward a leaner product use of a
“terminal sire” breed in a breeding program becomes important. The
terminal sire serves as one way in which the producer can change the product
which he or she wants to put on the market to the consumer.

A producer must be concerned with producing a product as efficiently
as possible as well as meeting consumer demands. The choice of terminal
sires in a program becomes important. Selection of an appropriate terminal
sire should enhance growth rates and carcass merit of calves,

lGraduate Assistant 2’Prn:rfi:ss.t:u' 3[-iv:n.‘lsman
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Selection of the appropriate sire breed to implement in a crossbreeding
system is a very important decision to the producer. As new beef breeds
have arrived in the United States it has become important to evaluate them
for use in a terminal sire crossbreeding system. The Limousin breed is
known for its benefits to a terminal crossbreeding system. This study was
established to compare the usefulness of Salers as a terminal sire in
comparison with the Limousin.

Materials and Methods

Two different cow herds were used in this study. Calves born in 1986
were from 11-, 12-, and 13-year old cows from eight different breed groups:
Hereford x Angus, Angus x Hereford, Simmental x Angus, Simmental x
Hereford, Brown Swiss x Angus, Brown Swiss x Hereford, Jersey x Angus
and Jersey x Hereford.

The 1987-born calves were produced by 4-, 5- and 6-year old erossbred
cows of six different breed groups. These different crossbred cow groups
consisted of Hereford x Angus, Angus x Hereford, Brahman x Angus,
Brahman x Hereford, 1/4 Brahman-1/4 Hercford-1/2 Angus and 1/4
Brahman-1/4 Angus-1,/2 Hereford.

The bulls used in this study were sclected by the North American
Limousin Foundation and the American Salers Association. The semen was
donated by the owners of the bulls. A total of 12 bulls were used each year.
Within each year there were six different bulls from each breed. Bulls were
randomly assigned to each cow group with approximately an equal
representation of each bull within each cow group. Birth and weaning
characteristics have been reported by Tinker et al. (1988).

The 1986-born calves were shipped to the feedlot operation with the on-
test weight recorded approximately 24 hours after arrival. The 1987-born
calves received a pencil shrink of 4% off the actual weaning weights. Calves
received a grower-type ration in the early part of the feeding period and
were shifted to a high concentrate ration later in the feeding period.

Carcass information obtained on these calves included rib eye area,
yield grade, quality grade, marbling score, rib fat thickness, adjusted fat
thickness and hot carcass weight. Other postweaning traits included feedlot
daily gain, days on feed, and days birth to slaughter.

Calves were taken out of the feedlot when trained personnel working
for the feedlot decided that the calves were at a desired endpoint in terms of
weight and carcass grade.
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Results and Discussion

A total of 289 calves were evaluated in this study for carcass and
postweaning traits. Sire breed means were averaged over years, crosshred
dam groups and sexes (Table 1). Among the traits evaluated in this study
only days on feed and slaughter age had a tendency (P<.10) to be diffcrent
for the two breeds. The Limousin-sired calves averaged 199 days on feed
while the Salers-sired calves averaged 204 days on feed. Slaughter age for the
Limousin-sired calves averaged 409 days while the Salers-sired calves
averaged 415 days. The remaining traits included on-test weight, slaughter
weight, feedlot daily gain, hot carcass weight, carcass weight per day of age,
dressing percentage, rib fat thickness, adjusted fat thickness, kidney, pelvic
and heart fat percentage, yield grade, ribeye area, marbling score and quality
grade. The two sire breeds did not exhibit any significant differences (P>.10)
for these traits

These results provide preliminary indication that Salers-sired calves
provide similar carcass and postweaning merit in comparison with the
Limousin-sired calves. However, more research is needed to clarify the
uscfulness of Salers in a breeding program. This study suggests that the
Salers breed has potential as a terminal sire breed.

Table 1. Crossbred calves sired by Limousin and 5alers bulls.

Bréed of sire?

Trait Limousin Salers
Number of animals 152 137
On test weight,lb 528 541
Slaughter weight,lb 1107 1127
Days on feed* 199 204
Slaughter age,d* 409 415
Feedlot daily gain,lb/day 2.91 Z.88
Hot carcass weight,lb 729 - 741
Carcass wt. per day of age,lb/day 1.79 1.79
Dressing percentage 65.9 65.8
Rib fat thickness/in .42 LAl
Adjusted fat thickmess/in .48 .48
Kidney, pelvic and heart fat,% 2.1 2.11
¥ield grade z.34 2.47
Ribeye area,sq in 14.3 14.0
Marbling scorel 470 486
Quality grade® 8.59 8.95

%l east squares means with adjustments for years, crossbred dam groups
and sexes.

DMarbling score: 41]E|Es'l‘.ght_;
CQuality grade: 8-Se”, 9-Se'.
P<.10.

500=small.
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EFFECT OF COW TYPE AND BODY CONDITION SCORE
ON POSTPARTUM CYCLICITY OF VARIOUS
TWO-BREED-CROSS COWS

ED. Tinkerl, DS. Bufhananz, R.F. Wettemann?’,
R.R. Frahm? and L.W. Knori*

Story in Brief

The effect of body condition score on reproductive performance was
evaluated with two-breed-cross cows representing various biological types.
The study consisted of 188 aged crossbred cows nursing calves from single
births. Cows were bled twice, 7 days apart, at an average of 85 days after
calving and body condition scores were assigned at time of blood sampling
during one of the two weeks. Blood plasma was analyzed for progesterone
concentration by radioimmunoassay to determine luteal activity. Body
condition score at time of sampling did have an effect on the percentage of
cows with luteal activity at 85 days postpartum. Crossbred group did affect
the percentage of cows with luteal activity but no crossbred group x body
condition score interaction was detected. Jersey-cross cows had a greater
percentage of cows with luteal activity than Simmental-cross, Brown Swiss-
cross and Hereford x Angus cows. This provides evidence that the desired
body condition score to enhance reproductive performance may be different
for cows of differing breeds and biological types.

(Key Words: Body Condition Score, Crossbred Cows.)

Introduction

Many studies have shown the importance of adequate body condition in
beef cows to ensure rebreeding early in the ensuing breeding season. Much
of this work has been conducted with cows of a single breed type. Whether
cows of different breeds or breed combinations, and thus biological types,
will perform the same reproductively while at a similar body condition score
(BCS) remains to be addressed. If response varies by cow type, it would be
appropriate to have different BCS recommendations for the different types.

1Graduate Assistant ZProfessor 3Rege.nls Professor *Herdsman
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Therefore the purpose of this research was to determine reproductive
performance of cows of various types and breed combinations at similar BCS.

Materials and Methods

The cow herd used in this study was composed of cight crossbred cow
groups produced by mating Hereford, Angus, Simmental, Brown Swiss and
Jersey bulls to Angus and Hereford cows. The 188 cows were 11, 12 and 13
years old when they calved during the spring of 1986 at the Lake Carl
Blackwell Research Range west of Stillwater. Only cows which had normal,
single births and were nursing a calf 85 days after calving were included in
the study. Two blood samples were collected by venipuncture from these
cows at a seven day interval approximately 85 days after calving. BCS was
assigned to each cow at the time of blood sampling during one of the two
weeks that a blood sample was collected. A panel of four people familiar
with the 1 - 9 scoring system (1 = emaciated, 9 = very obese) assigned the
scores to cows. Average BCS was determined for the panel and utilized in
the analysis. Cows were assigned to one of three groups based on condition
score, with groups consisting of cows with a BCS of 4 or less, BCS 5 and BCS
6 or greater. Progesterone concentrations of blood samples were measured
by radioimmunoassay to identify those cows with luteal activity (LA), which
indicates those cows which have initiated cyclic ovarian activity since calving.
Data were analyzed to determine the percentage of cows cycling in each
crossbred cow group, BCS and crossbred cow group x BCS combination,

Results and Discussion

Body condition score at time of blood sampling had an effect on
percentage of cows with LA, Only 42% of cows with a BCS 4 or less had LA
whereas cows with BCS 5 and those with BCS 6 or greater had 71% and 87%
cows cycling, respectively. The eight crossbred cow groups were separated
into breed of cows' sire and breed of cows’ dam for evaluation. The
Hereford x Angus reciprocal cross cows were omitted from the breed of dam
analysis and grouped together to make comparisons with the other breed of
sire groups. Mo difference was found for breed of cows’ dam (Angus vs
Hereford) but breed of cows’ sire did have an effect. Least squares means
for the crossbred groups are listed in Table 1. A greater percentage of cows
from Jersey sires had LA than cows of the other three crossbred groups.

No interaction was present between crossbred group and BCS but
comparisons within a BCS show differences in LA between some crossbred
groups. Least squares means for these subgroups are also presented in Table
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Table 1. Least squares means for percentage of cows with luteal
activity 85 days postpartum for crossbred groups and crossbred
groups ¥ body cendition score subgroups?®.

Crossbred Body condition score Group
group <4 h >b average
Hereford x Angus 10.1° (3) 61.30(28) 77.0(18)  55.70(49)
Simmental-sired 36.4D¢(8) 65.10(27) 82.8 (3)  61.4D[4a)
Brown Swiss-sired 51.45¢(g) 59.60(26) 57.6 (2)  59.50(37)
Jersey-sired 62.55(43) 98.6(15) --- (0)  89.0%(58)

ANumber of cows in each group or subgroup is shown in parentheses next
b to the mean.
’:GTﬂup averages within a column with a different superscript are
different (P<.05).

1. The number of cows classified in each subgroup is given in parentheses
after each mean. There were no Jersey-sired cows with a BCS 6 or greater to
establish a mean for that subgroup. At BCS 4 or lower more cows from
Jersey sires had LA than Hereford x Angus cows, with cows from Simmental
and Brown Swiss sires intermediate and not different from Jersey-sired or
Hereford x Angus cows. More Jersey-sired cows had LA than cows of the
other three crossbred groups at BCS 5. There were no differences between
Simmental-sired, Brown Swiss-sired and Hereford x Angus cows at BCS 6 or
greater and there were no Jersey-sired cows with this degree of body
condition.

This research reinforees that BCS does have an effect on percentage of
cows returning to estrous by 85 days after calving. Crossbred group did affect
percentage of cows with LA but there was no interaction between crossbred
cow group and BCS. A greater percentage of the Jersey-cross cows exhibited
LA than the other two-breed combinations. Since cows of this breed type do
not need to be in as high a BCS as other types of crossbred cows in order to
cycle 85 days after calving, they would not need to be fed to the same body
condition. Thus money could be saved due to reduced feed cosls while
attaining a desirable level of reproductive performance. Therefore some
refinements of the BCS recommendations for enhancing reproductive
performance may need to be investigated for cows of various breed
combinations and biological types.
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CHARACTERISTICS OF PIGS SELECTED FOR
RAPID OR SLOW GAIN AND FED
AD LIBITUM OR LIMITED RATIONS

M.D. Wultmannl, AC. utterz, DS. uchananB,
H.G. Dolezal” and R. Vencl

Story in Brief

Two lines of pigs selected for divergent growth rate were evaluated on
either ad libitum or restricted diets. A total of 180 barrows from the second,
third and fourth generations of selection in a spring-farrowing replicate and
36 barrows from the third generation in a fall-farrowing replicate were either
fed individually or as littermate pairs. Carcass data were collected from an
additional littermate barrow at the start of each test to allow estimation of
lean tissue growth rate of tested barrows. Complete carcass separation data
were collected after barrows were removed from test. Barrows from a rapid
growth line were faster growing, consumed more feed and deposited more fat
than slow growth line barrows when both lines were fed ad libitum.
Restricted feeding decreased gain and deposition of fat and improved total
body weight feed cfficiency of rapid growth line barrows relative to slow
growth line barrows.

(Key Words: Swine, Selection, Gain, Intake, Composition.)

Introduction

The primary goal of the swine industry should be to produce each unit
of pork as efficiently as possible. With increasing emphasis on lean pork, this
goal needs to be modified to an ultimate goal of improving the efficiency of
lean tissue production. A number of preweaning and posiweaning traits
determine the overall efficiency of swine production. Selection for gain,
backfat and efficiency has been shown to be successful. However, single-trait
selection for one of these traits often results in undesirable changes in one or
more other traits.

IGraduatc Assistant zAssistant Professor 3Pruf¢ssur
Associate Professor Herdsman
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The purpose of this study was to evaluate the effect of selection for
divergent postweaning growth rate on lean tissue growth rate, lean tissue feed
conversion and other growth and carcass traits. Divergent lines were
evaluated under ad libitum and restricted intake to determine the role of feed
intake in response to selection for growth rate.

Materials and Methods

Lines of pigs selected for rapid (RGL) and slow (SGL) postweaning
growth rate were established from litters born during 1981 at the Southwest
Livestock and Forage Research Station. Boars purchased from central test
stations were mated to a crossbred population of gilts to begin the lines. The
tested boars were ranked on an index that gave primary emphasis to
increased gain and decrcased fat and were puchased in pairs (one high-
indexing and one low-indexing boar in cach pair). The RGL was initiated by
mass selection for rapid gain in pigs sired by high-indexing boars and the
SGL was established by mass sclection for slow gain among pigs sired by low-
indexing boars. Each line was represented in spring- and fall-farrowing
replicates. The lines were closed at this point and divergent selection for
growth rate continued on both males and females.

Barrows representing two, three and four generations of selection in
spring-born litters (n=180 barrows) and three generations of selection in fall-
born litters (n=36 barrows) were fed individually or in littermate pairs
starting at approximately 80 Ib. Barrows from the RGL and SGL were
evaluated on either an ad libitum ration or a ration restricted to 83% of
predicted ad libitum intake. Ad libitum intake was predicted using an
equation based on live weight. This 2 X 2 factorial arrangement of line and
ration was blocked nine times per trial. Each test was designed to end when
the average weight of the block was 230 Ib. Feed intake and weight were
measured weekly throughout the test and ultrasonic backfat probes at the
first rib, last rib, and last lumbar vertebra were taken weekly starting at
approximately 150 Ib. Upon removal from test, barrows were slaughtered
and carcasses were separated into lean, bone and fat. Carcass backfat, loin
cye arca and length were also measured. The same carcass data were
collected on an additional littermate barrow at on-test weight to establish
initial composition of the lines and allow estimation of lean tissue growth rate
of the tested barrows.

Results and Discussion

An earlier study of these lines following four generations of divergent
selection showed that the RGL gained faster and were more efficient (total
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feed/total body weight gain) from nine weeks of age through 220 Ib and had
more backfat at 230 Ib (Clutter et al., 1988) than the SGL. Growth and
performance traits for the spring replicate of the current study are presented
in Table 1. The line x ration interaction was significant (P <.05) for average
daily gain (ADG). The RGL gained faster than the SGL on the ad libitum
ration (P<=.05), but there was no difference in gain between the lines when
feed was restricted. The line x ration interaction was also significant (P <.05)
for average daily feed intake, feed efficiency on a total body weight basis
(FE) and average probed backfat (BF). The lines were not significantly
different for feed efficiency under ad libitum conditions, but the RGL was
more efficient (P<.05) than the SGL when intake was restricted. On ad
libitum intake, the RGL consumed more feed and were fatter than the SGL
(P<.05), however differences between lines for these traits were not
significant when feed was restricted. It appears that a difference in intake
was responsible for a large portion of the difference in gain between the two
lines and that much of the additional feed consumed by the RGL under ad
libitum conditions was used to produce fat. Ewven though selection in both
lines had been under ad libitum conditions, the RGL pigs were able to gain
body weight more efficiently than pigs from the SGL when feed was
restricted.

The line x ration interaction was not significant for any of the traits in
the fall replicate (Table 2). The difference in gain between the lines was not
significant, but the RGL was fatter, less efficient and had a higher feed intake
than the SGL (P<.05). Barrows on limited intake gained more slowly, were

Table 1. Least-squares means for growth and performance traits in the
spring replicate.

Line-ration?

RGL-AL RGL-LIM 5GL-AL SGL-LIM
ADG (1b/day)C 1.87 1.76 1.76 1.74
FE (feed/gain)® 3.50 N8 348 3.37
Intake (1b/day)C 6.47 5.58 .11 5.B8
BF (in)PC 1.23 1.11 1.17 1.13
LTeRd 457 447 .451 442
LTFcCe .068 .080 .075 .076

3RGL=rapid. growth 1ine, SGL=slow growth line, Al=ad 1ibitum ration and
LIM=Timited to B3% of ad libitum.

Average backfat in an average of three probed measurements at the first
r1|:| last rib and last lumbar vertebra adjusted for final weight.
Slgmflcant {P<.05) for 1ine by ration interaction.

LTGR=1ean gain/day.

BLTFC=1ean gain/feed consumed.
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Table 2. Least-squares means for growth and performance traits in the
fall replicate.

Line or ration®

RGL SGL AL LIM
ADG (1b/day)d 1.84 1.86 1.98 1.72
FE (feed/gain)<d 3.59 3.40 3.55 3.45
Intake (1b/day)© 6.60 6.35 7.03 5.91
BF (4in)bcd 1.15 1.08 1.20 1.03

RGL=rapid growth line, 5GL=slow growth line, AL=ad 1ibitum ration and
LIM=Timited to 83% of ad 1ibitum.

Average backfat in an average of three probed measurements at the first
rib, Tast rib and last lumbar vertebra adjusted for final weight.
Csignificant (P<.05) for line.

Significant (P<.05) for ration.

more cfficient and deposited less fat than barrows allowed ad libitum intake
(P<.05).

Lean tissue growth rate (LTGR) and lean tissue feed conversion
(LTFC) was defined as the daily lean gain and the lean gain per feed
consumed, respectively. Initial lean content was predicted from littermate
barrows slaughtered at on-test weight (80 to 100 lb). Total lean gain was
estimated by the difference between total dissected lean and predicted initial
composition of lean. Estimates of LTGR and LTFC are not presented for
the fall replicate due to the small numbers of barrows and the subsequent
error associated with estimating these traits. The line x ration interaction
was significant (P <.05) for LTFC in the spring replicate. The SGL tended to
be more efficient than the RGL in converting feed to lean when fed ad
libitum, with only small differences when the lines were restricted. These
results also indicated that the additional feed consumed by the RGL was
used for the deposition of fat, with no improvement in lean gain.

In the spring replicate, the line x ration interaction was significant
(P<.05) for dissected lean and dissected fat, each expressed as a percent of
the chilled carcass weight (Table 3). The RGL had a lower percentage lean
and a greater percentage fat than the SGL when feed intake was not limited
(P <.05), but line differences for these traits were not significant when feed
was limited. Differences in percent bone were not significant. In the fall
replicate (Table 4) the RGL had a larger percentage fat and bone (P<.05)
and tended to have a smaller percentage lean (P<.10) than the SGL.
Differences between rations for percentage fat and loin eye area were also
significant (P<.05). In both replicates, means for average carcass backfat
were consistent with those for probed backfat on the live pig.
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Table 3. Least-squares means for carcass traits in the spring

replicate.
Line-ration?

RGL-AL RGL-LIM SGL-AL  SGL-LIM
% LeanDC 53.71 63.32 62.76 63,29
& Fatbe 79.22 24.40 25_67 25.37
% Bone® 12.07 12.28 11.57 11.34
Length (in) 31.8 31.9 31.5 31.3
Loin eye arealin?)P 4.43 4.73 4.45 4.33
Average hackfatb 1.22 1.03 1.12 1.08

qnGL=rapid growth line, SGL=slow growth 1ine, Al=ad libitum ration and
LIM=1imited to 83% of ad libitum. :

Significant (P<.05) for line by ration interaction.

CExpressed as percent of chilled carcass weight.

Table 4. Least-squares means for carcass traits in the fall replicate.

Line-ration®

RGL SGL AL LIM
% Leanbef 58.92 61.47 58.27 go.11
& Fatbed 29.60 25.93 30.33 25.30
% Bonel® 11.48 12.61 11.51 12.58
Length{in) 30.0 31.1 31.0 30.8
Loin eye area(in®)d 4.20 4.32 4.57 1.95
Average backfat® 1.12 .58 1.10 1.00

IpGL=rapid growth line, SGL=slow growth line, Al-ad libitum ration and
LIM=11imited to 83% of ad libitum.

Expressed as percent of chilled carcass weight,

ESigniFicant (P<.05) for line.

Significant (P<.05) for ration.

ESignificant (P<.10) for Tine.

Significant (P<.10) for ration.

Growth curves for the spring replicate, estimated by regressing weight
on age, are presented by line x ration subclass for each of the three
generations of selection (Figures 1a, 1b and 1¢). In all gencrations, curves
for the RGL ad libitum pigs tended to have the steepest slope. The curves of
the SGL for both rations were very similar for all three generations. This
indicates that SGL pigs were limited less than the RGL by the restricted
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Figure la. Regression of weight on age.
Generation 2: Spring replicate.
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Figure 1b. Regression of weight on age.
Generation 3: Spring replicate.
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Figure 1c. Regression of weight on age.
Generation 4: Spring replicate.

levels of feed. Both restricted- and ad libitum-fed pigs from the RGL tended
to diverge from the SGL as selection progressed. It should be noted that
occasional weigh-back of feed was observed in SGL pigs on restricted rations.
Also, most of the pigs were removed from test prior to reaching 250 Ib, but
off-test weights were as large as 296 Ib. A change in rank was seen in the
growth curves for the fall replicate (Figure 1d). The RGL and SGL on
limited rations had curves that were very similar, indicating that restricted
feeding had more of an effect on the RGL in the fall replicate than in the
spring replicate.

The regression of average backfat on weight for each of the spring
replicate line x ration subclasses and across all subclasses are plotted in
Figure 2. The ad libitum fed RGL pigs tended to deposit fat at a greater rate
between 180 and 240 1b, but none of the differences in the subclass curves
were significant.

These results indicate improvement in postweaning gain from selection
was due in large part to increased appetite. The additional feed consumed
appeared to be primarily used in the deposition of fat. Selection for gain did
not appear to change LTGR and tended to decrease LTFC. Restriction of
feed in the RGL resulted in a 5.9% decrease in gain, an 8.9% improvement

38 Oklahoma Agricultural Experiment Station



250-
)
200
=
E“ A6 e cpTi iy
E 100+ -- RGL-LIM
2 E .- SGL-AL
-~ SGL-LIM

0 t y 4 } $ 4 f—t T
15 18 17 18 19 20 21 22 23 24 25 28
Age (weeks)

Figure 1d. Regression of weight on age.
Fall replicate.
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Spring replicate: Across generation.
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in FE, and a 9.8% decrease in BF. Feed restriction in pigs sclected for gain
has been practiced in other marketing systems as a way of changing
composition and efficiency of growth. This strategy may be practical when
feed costs are high in relation to product and increased premiums are paid
for lean carcasses. Even though selection in both lines was under ad libitum
intake, pigs selected for rapid gain under these conditions were able to gain
total body weight more efficiently than pigs selected for slow gain when
intake was restricted, This suggests a possible strategy for selection for lean
tissue gain. Selection of animals under the condition of restricted intake will
be evaluated as a way to identify individuals with genetic merit for growing
lean tissue more efficiently.
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WHEAT MIDDLINGS VERSUS SOYBEAN MEAL AND
TWO WHEAT MIDDLINGS/SOYBEAN MEAL
SUPPLEMENTS FOR WINTERING
SPRING CALVING BEEF COWS

D.A. Cox!, KH. Ovenelll, K.S. Lusby? and R.P. Wettemann>

Story in Brief

Eighty-cight spring calving Hereford and Hereford x Angus cows and
heifers wintered on dormant native tallgrass range were fed supplements to
provide equal daily amounts of crude protein. The supplements consisted of
soybean meal (40% crude protein), soybean meal and wheat middlings (32%
crude protein), wheat middlings and soybean meal (249 crude protein) and
wheat middlings (16% crude protein). Each supplement was fed to provide
8 Ib of protein per day from November 5 to December 9, 1987 and 1.2 Ib of
protein per day from December 9, 1987 to May 4, 1988. Cow weight changes
from November 5 to calving were 50, 68, 89 and 125 |b for 40, 32, 24 and 16%
protein supplements, respectively. Winter weight changes, including calving
weight losses, were -110, -79, -84 and -62 Ib for the same treatments. Cows
on treatments with the greatest weight and body condition gains before
calving tended to lose more weight from calving until spring. Weaning
weights and cow rebreeding rates were not significantly affected by
treatments. Linear increases in precalving cow weight changes with
increased levels of wheat middlings indicate that protein from wheat
middlings is efficiently utilized and that wheat middlings are a good source of
supplemental energy for beef cows. However, weight responses to different
supplements may be different for nonlactating vs lactating cows.

(Eey Words: Beef Cows, Energy, Protein, Soybean Meal, Wheat Middlings,
Winter.)
Introduction

Wheat middlings are the offal of the wheat kernel after the milling
process for removal of flour and germ. Over 140,000 tons per year are
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available for use in livestock feeds in Oklahoma. Wheat middlings contain
about 16% crude protein (CP), but are discounted for their relatively high
(8%) crude fiber content. Fiber from bran-type feeds has been shown to be
highly digestible and to be an excellent energy source for grazing cattle,
Lusby and Wettemann (1988) found that spring calving cows performed
similarly when fed supplements containing 16% protein from either wheat
middlings or mixtures of corn and soybean meal. The objective of this study
was to compare winter performance of spring calving beef cows and their
calves when supplemented with soybean meal, wheat middlings or two
mixtures of soybean meal and wheat middlings.

Materials and Methods

Eighty-eight two- to five-year old spring calving Hereford and Hereford
X Angus cows wintered on dormant native tallgrass range were fed
supplements to provide equal daily amounts of crude protein (CP).
Supplements consisted of soybean meal (40% CP), soybean meal and wheat
middlings (32% CP), wheat middlings and soybean meal (24% CP) and
wheat middlings (16% CP). Each supplement was fed to provide .8 Ib of
protein per day from November 5 to December 9, 1987 and 1.2 Ib of protein
per day from December 9, 1987 to May 4, 1988, Supplements were
formulated to provide equal daily amounts of calcium, phosphorus and
potassium. Composition of supplements and daily amounts fed are
summarized in Table 1.

Table 1. Composition of supplements and daily feeding rates.

Treatments (% crude protein)

40% 32% 24% 6%
5BM2 SBM/MIDDS MIDDS/SEM  MIDDS

Ingredients, %

Soybean meal 94 .45 63.4 31.05

Wheat middlings 31.95 66 .85 98,35

Dicalcium phosphate 5.0 3.0

Limestone « 5 5 2.1 1.6

vit A (30)P .05 .05 .03 .025
Crude protein,

0% DM basis, % 44 4 35.6 26.7 17.8
Feeding rates per day, 1bt

11/05/87 to 12/09/87 2.0 2.5 3.3 5.0

12/09/87 to 5/04/88 3.0 3.75 5.0 7.5

ESBH 15 soybean meal and MIDDS is wheat middlings.
30,000 IUS1b.
“7-day basis,
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All cows grazed a single pasture and were gathered six mornings each
week for supplement feeding in individual covered stalls, Supplement
amounts were prorated for 6-day per week feeding. Cows were weighed and
body condition determined (1 = very thin, 5 = moderate, and 9 = very fat) at
28-day intervals until carly February, after which time cows were weighed
and scored at 14-day intervals. The last weight and condition score prior to
calving was used to estimate final pregnant weight and condition score. All
weights were taken after overnight withdrawal from feed and water. Hay was
fed during periods of extreme cold, snow and ice, and in April when adequate
forage was unavailable. Calves were weaned on September 13, about 30 days
earlier than normal because of extreme drought conditions.

Cows were exposed to Hereford bulls for natural service from April 28
to June 29, 1988 (62 days). Cows were vaccinated on January 5 and January
28, 1988 with Calf Guard (Norden Laboratories) to prevent calf scours. All
cows and calves were treated with Ivermectin on May 4. Pregnancy was
determined by rectal palpation at weaning. Calf weaning weights were
adjusted for sex, age of calf and age of dam. Birth weights were similarly
adjusted for calf sex and age of dam.

Results and Discussion

Cow weight and condition changes are summarized in Table 2. Cows
fed wheat middlings gained more weight (P<.01) from November to calving
than cows fed soybean meal (125 vs 50 Ib). Precalving responses to wheat
middlings/soybean meal mixtures at 24 and 32% protein were similar and
intermediate between soybean meal and wheat middlings (+68 and +89 Ib).
Precalving cow weight gains increased linearly with amount of wheat
middlings in the diet (P <.001).

Feeding wheat middlings also reduced cow weight losses (P<.01)
through the entire supplementation period compared to feeding soybean
meal (-62 vs -110 Ib). Woeight changes for cows fed 24 and 32% protein
supplements were intermediate between soybean meal and wheat middlings
(-79 and -84 Ib). Cow body condition changes reflected weight changes.

While feeding increased amounts of wheat middlings significantly
increased cow weight before calving, weight changes from calving to the end
of the supplementation period were similar for all treatments. There was, in
fact, a trend for cows on treatments with the greatest body condition at
calving to lose more weight after calving. In a companion study (Ovenell et
al., 1989), weight changes of lactating, fall calving cows fed these same dicts
were not different during the winter. This suggests that weight change
responses of cows to supplements may depend on stage of production.
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Table 2. Weight and body condition changes and rebreeding rates of cows
fed soybean meal (5BM) and wheat middlings (MIDDS) supplements

{least squares means).

Treatments (% crude protein)

0% I2% 24% 16%
SEM SEM/MIDDS MIDDS,/SEM MIDDS
Ho. of cows 22 22 22 22
Initial wt, Wov. 5, 1987 929 931 38 944
Initial cond. score® 5.6 5.7 5.5 5.5
Weight Changes, 1b
precalving

Nov 5 to Dec 3 392 5pab 550 550

Dec 3 to Jan & -2 2 -14h 5 d

Jan 5 to Jan 28 o? 143¢ 230c z4%

Jan 28 to Feb 12 23 24 28 31

Nov 5 to Precalving 502 ggab goP 125¢
Postcalvi m;f

Precalving to Apr 5 -194 -178 -220 -274

Apr 5 to May 4 33 31 47 B7

Precalving to May 4 -160 -147 -173 -187
Winter wt change

Nov 5 to May 4 -110% -7gb _g4b .g2b
Body condition changes b

Mov 5 to Preg cond. =izd -.7 —.1A 02

Preg cond. to May 4 -.8 =3 b -0 § S

Nov 5 to May 4 -1.08 -1.0% e L
Rebreeding rat.eF 5 84 3 6B

3,b.¢,dMaans on the same line with different superscripts

differ (P<.05).

BBody condition scale: 1 = very thin, 5§ = moderate,

9 = yery fat.

Includes data only from those cows weaning a calf.

Calf birth weights (Table 3) tended to be greater for calves of cows fed
greater amounts of supplement. Calf weight gains from birth to May 4, 1988,
which should indicate level of milk production, also tended to be greater for
calves of cows fed higher levels of daily supplements. Similarly, weaning
weights also tended to be greater for calves of cows that received greater
amounts of wheat middlings during winter supplementation (450, 445, 473

and 469 Ib for 40, 32, 24 and 16% protein supplements).
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Table 3. Calf birth weights, weight gains and weaning weights
(least squares means).

Treatments (% crude protein)

40% 2% 24% 16%
spMd SEM/MIDDS MIDDS/SBM  MIDDS

Avg calving date 3/02/88 3/04/88 2/27/88 3/06/88
Calf birth weights, 1b 83 a3 86 &7
Calf gain, 1b

Birth to May 4 B3 83 9l 9l
Weaning weight, 1b 450 445 LYE] 469

45EM s soybean meal, MIDDS is wheat middlings.

Rebreeding rates were not significantly different among treatments
(Table 2). Considering the good body condition of all cows at calving, fewer
cows than expected became pregnant. Greater than expected weight and
condition losses from calving through breeding occurred because of drought
conditions which severely reduced spring forage growth. These weight and
condition losses, coupled with a high percentage of first and second calf
females and only a 62-day breeding season, probably are related to the
poorer than expected rebreeding rates.

In conclusion, precalving cow weight gains increased linearly (P<.001)
as supplements containing greater amounts of wheat middlings were fed.
This suggests that the protein value of wheat middlings is similar to that of
soybean meal and{or) energy deficiencies are met with the additional
middlings. After calving, additional amounts of supplement did not increase
cow weight, demonstrating that increases in cow weight and condition must
be achieved before calving. Wheat middlings can be effectively used as a
protein and(or) energy source for wintering beef cows in Oklahoma.
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WHEAT MIDDLINGS VERSUS SOYBEAN MEAL AND
TWO WHEAT MIDDLINGS/SOYBEAN MEAL
SUPPLEMENTS FOR WINTERING
FALL CALVING BEEF COWS

K.H. Ovenelll, D.A. Cox!, K.S. Lusby? and R.P. Wettemann®

Story in Brief

Fifty-eight mature fall calving Hereford, Hereford x Angus and
Limousin x Angus beef cows wintered on native tallgrass range were allotted
to four supplemental feed treatments to provide equal daily amounts of crude
protein, The supplements consisted of soybean meal (409% Crude Protein),
soybean meal and wheat middlings (32% Crude Protein), wheat middlings
and soybean meal (249 Crude Protein) and wheat middlings (16% Crude
Protein). Each supplement was fed to provide .8 Ib of protein per day from
November 29 to December 9, 1987 and 1.2 Ib of protein per day from
December 9, 1987 to March 15, 1988. There were no significant differences
in cow weight or condition score changes between the four supplemental
treatments. No significant differences were noted in calf weight gains or
weaning weights. Additionally, rebreeding rates of cows were not affected by
the treatments.

(Key Words: Beef Cows, Soybean Meal, Wheat Middlings, Native Tallgrass
Range, Winter.)

Introduction

Wheat middlings are the offal of the wheat kernel after the milling
process for removal of flour and germ. Over 140,000 tons per year are
available for use in livestock feeds in Oklahoma. Wheat middlings contain
about 16% CP but arc discounted for their relatively high (8%) crude fiber
content. Fiber from bran-type feeds has been shown to be highly digestible
and is an excellent energy source for grazing caitle. A previous study, Lusby
and Wettemann, 1988b) demonstrated that spring calving cows wintered on
wheat middlings performed similarly to cows fed 16% protein supplements of
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corn and soybean meal. A companion study (Lusby and Weltemann, 1988a),
however, suggested that while increased supplemental energy increased body
weight in spring calving cows before calving, weight was not increased with
lactating fall calving cows. The objective of this study was to compare winter
performance of lactating, fall calving beef cows and their calves when
supplemented with soybean meal, wheat middlings or one of two mixtures of
soybean meal and wheat middlings fed at rates to provide the same amount
of daily protein.

Materials and Methods

Fifty-eight mature fall calving Hereford, Hereford x Angus and
Limousin x Angus cows were allotted by breed and body weight to four
supplemental feed treatments to provide equal daily amounts of crude
protein (CP). Supplements consisted of soybean meal (40% CF), soybean
meal and wheat middlings (32% CP), wheat middlings and soybean meal
(249 CP) and wheat middlings (16% CP). Each supplement was fed to
provide .8 Ib CP/head/day from November 29 to December 22, 1987 and
12 Ib CP/head/day from December 22, 1987 to March 15, 1988
Supplements were formulated to provide equal daily amounts of calcium,
phosphorus and potassiom. Composition of supplements and daily amounts
fed are shown in Table 1.

Table 1. Composition of supplements and daily amounts fed.

Treatments (% crude protein)

0% 3z 24% 16%
sEM3 SBM/MIDDS  MIDDS/SBM  MIDDS

Ingredients, %

Soybean meal 94 .45 63.4 31.05

Wheat midd]ingss 31.95 66,85 95.35
Dicalcium phosphate 5.0 3.0

Limestone b .5 5 2.05 1.625
Vit A (30) .05 .05 .03 .025

Crude protein,
90% DM basis, % 44.4 35.6 26.7 17.8

Feeding rates/day, 1b°
11/29/87 to 12/22/87 2.0 2.5
12/22/87 to 3/15/88 3.0 3.75

LE S
(=1 FU}
=4 L
[Lig =]

85AM is soybean meal, MIDDS is wheat midd]ings.
30,000 IU/1b.
£7-day basis.
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All cows were grazed in a single pasture of native tallgrass range and
were gathered 6 days each week for supplement feeding in individual covered
stalls. Supplement amounts were prorated for 6-day per week feeding. Cows
and their calves were weighed at 28 day intervals after overnight withdrawal
from feed and water. Cows were also scored visually for body condition
(scale of 1 = very thin, 5 = moderate and 9 = very fat) at each weigh period.
All cows were treated with Ivermectin on September 25, 1987. Prairie hay
was fed during 27 days when snow or ice covered standing forage or when
extremely cold temperatures were encountered. All calves were born from
August 29 to November 2, 1987. Cows were exposed by natural service to
Hereford bulls from November 30, 1987 to January 20, 1988 (a 51-day
breeding season). Calves were weaned on May 17, 1988. Pregnancy was
determined by rectal palpation on May 24, 1988, Weaning weights were
adjusted for sex, age of calf and age of dam.

Results and Discussion

Cow weight and condition changes over the total trial were not
significantly different for the four treatments (Table 2). In contrast, spring
calving cows fed these same supplemental diets had increased weight gains to
calving with increasing amounts of wheat middlings (Cox et al,, 1989). Calf
gains tended to be greater during the supplementation period for calves of
cows fed greater daily amounts of middlings. Weaning weights in May
reflected the slight increases in gain made during the supplementation
period. The small increases in calf gains, however, suggest that milk
production of the cows was not greatly improved by feeding additional energy
in the form of wheat middlings. Rebreeding rates were high and similar for
all treatments, ranging from 87 to 96%.

The amount of wheat middlings fed and lack of significant
improvements in cow and calfl weight changes strongly suggests that forage
intake and(or) digestibility was reduced as the amount of energy in the form
of wheat middlings was increased. Forage supply was adequate during the
trial period. Because pregnant, nonlactating cows fed the same supplements
(Cox et al., 1989) responded differently, these results suggest that stage of
production can affect performance responses to supplements. The excellent
rebreeding rates for all treatments indicate that body condition and nutrition
were adequate and supplemental protein requirements were met. In
agreement with a previous experiment (Rakestraw et al., 1986), if fall calving
cows are in good body condition at the start of breeding (BCS =55) and lose
a minimal amount of weight during the breeding season (approximately 50
Ib), a high percentage of cows will become pregnant (>90%).
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Table 2. Effects of supplement treatments on lactating, fall calving
cow and calf performance.

Treatments {% crude protein)

40% 32% 24% 16%
seM? SBM/MIDDS ~ MIDDS/SBM  MIDDS
No. of cows 14 15 15 14
Initial wt ugzwarh 1009 1011 1000 1001
Initial cond. score 5.5 5.4 5.4 5.3
Weight changes, 1b
Nov 29 to Dec 22 -59 =50 =54 -55
Dec 22 to Jan 20 15 4 1 8
Jan 20 to Feb 16 0 =15 -1 -4
Feb 16 to Mar 15 =70 -58 -42 -51
Nov 29 to Mar 15 -114 -118 -96 -102
Mar 15 to May 24 178 183 154 177
Nov 29 to May 24 6l B 53 75

Body condition changes

Mov 29 to Mar 15 -.8 -.8 -.9 -7

Mar 15 to May 24 1.3 1.2 1.2 1.4

Hov 29 to May 24 .5 4 aidh .3
Rebreeding rate, % 87 96 0 a3
Calf data

Weight gains, 1b

Mov 29 to Mar 15 98 109 113 113

Hov 29 to weaning 207 215 224 223

Weaning weights, 1b 387 3BT 393 384

;SBH is soybean meal, MIDDS is wheat middlings.
Body condition scale: 1 = very thin, 5 = moderate, 9 = very fat.

In conclusion, when fall calving beef cows are in good body condition,
have adequate forage and are provided hay during conditions of extreme cold
and snow cover, performance may not be improved by feeding additional
energy supplements after protein needs have been met. The effects of
protein or energy supplements on cow weight and condition change are
apparently influenced by stage of production,
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THE EFFECT OF DECCOX ON WEIGHT GAIN OF
NEWLY-WEANED BEEF CALVES

S.C. Smithl, K.S. LusbyZ, T.L. Evicks>, DR. Bailey’,
G.R. Jones* and E.D. Allen

Story in Brief

The effect of the addition of Deccox, a coccidiostat, to the supplement
of 199 newly-weaned beef calves was evaluated in two separate trials in
Pittsburg and McCurtain counties in southeastern Oklahoma. Deccox
improved weight gains of the Deccox-fed calves by 15 Ib in Trial 1. Weight
gains were also improved by 3.5 Ib in Trial 2. No illness was observed in
either treatment groups of both trials. These studies suggest that weaned
calves retained on the ranch are subject to subclinical coccidiosis and respond
to a coccidiostat.

(Key Words: Coccidiosis, Decoquinate, Wheat Pasture, Beef Cattle,
Weaning.)

Introduction

Coccidiosis is a parasitic disecase commonly found in newly-received
stocker cattle. Symptoms include dehydration, anemia, loss of condition, and
bloody scours. Economic losses result from reduced cattle performance,
increased medication and labor costs, increased susceptibility to other
diseases, and death loss. Coccidiosis is caused by coccidia commonly found
in the intestine of cattle. The incidence of coccidiosis is mostly prevalent in
spring and fall. The addition of Deccox, a coccidiostat, to the receiving ration
of newly-arrived stocker cattle has been shown to increase average daily gain
and reduce illness in numerous trials in Oklahoma (Barnes et al., 1985).
These trials, demonstrating the incidence of subclinical coccidiosis in stressed
stocker cattle, raise the question of whether the stress of weaning could
predispose young calves to the effects of the parasite. The following trials

Larea Livestock Specialist 2professor 3'Cgum],.r Extension Director

Manager, McCarty Ranch, Arpelar, OK ~Owner/Operator, Huffman
Ranch, Broken Bow, OK

1989 Animal Science Research Report 51



were conducted to determine the effects of the addition of Deccox to a
supplement for newly-weaned calves retained on the ranch.

Materials and Methods

A total of 199 newly-weaned calves were used to evaluate the effects of
the addition of Deccox to a supplement fed post weaning. The trials were
conducted in southeastern Oklahoma.

In Trial 1, one hundred heifers in Pittsburg County, primarily of Angus
breeding, weighing an average of 457 Ib, were weancd seven days prior to the
beginning of the trial period, December 3, 1987, At the start of the trial the
calves were vaccinated for blackleg and brucellosis, implanted, treated with
ivermectin, weighed and randomly assigned to equal control and treatment
groups of 50 head. Each group was moved to adjacent, similar native grass
pastures and fed 2 lb/day of a 41% crude protein cottonseed meal
supplement. One group received 125 mg Deccox/day in their supplement.
The cattle were then weighed again at 32 days with the final weight taken at
60 days after initial weighing and processing.

In Trial 2, ninety-nine spring born Brahman x English crossbreed steers
and heifers weighing 544 Ib were sorted off their dams east of Broken Bow in
McCurtain County, October 5, 1987. They were immediately weighed,
eartagged, vaccinated for IBR, BVD, blackleg, lepto and vibrio, implanted,
treated with ivermectin and gate cut into a control group of 49 head and a
Deccox treatment group of 50 head. The cattle were then moved to adjacent
4 acre traps and offered medium-good quality bermuda grass hay ad libitum
and 2 Ib/head/day of a cottonseed meal supplement. One group received
Deccox at a rate of 125 mg/day. The cattle were weighed at the end of 28

days.

Results and Discussion

In Trial 1, the Deccox-fed cattle gained an average 1.32 Ib/day (Table 1)
compared to 1.07 Ib/day for the calves of the control group (P<.01). Weight
gains during Period 1 (32 days) were .81 and 65 lbs/day (P<.15) for the
Deccox and control groups, respectively. Second period gains were 1.91 and
1.56 Ib/day (P<.05) for the Deccox and control groups, respectively.
Weather during Period 1 was wet with cool, variable temperatures. Period 2
weather consisted of prolonged periods of extreme cold with snow.

In the first 28 days of Trial 2, the Deccox-fed cattle gained 5.1 1b (.18
Ib/day) (Table 2) with the control group gaining an average of 1.6 Ib (.06
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Table 1. Effect of Deccox on weight gains of newly-weaned calves.

(Trial 1)®

Contraol Deccox Prob.P
Humber of calves 50 50
Avg beginning wt, 1b 459 456
Period 1 wt, 1b 480 482
Period 1 gain, 1b 20.8 26.0 <.12
Period 1 ADG, 1b/day .65 .B1 <.12
Period 2 wt, 1b 523 545
Period 2 gain, 1b 43.6 53.3 <.20
Period 2 ADG, 1b/day 1.56 1.90 <.20
Total gain, 1b 64.3 79.4 <.01
Total ADG, 1b/day 1.07 1.32 <.01

a

bLeast squUares means.

Probability that the difference between means could occur by chance.

Table 2. Effect of Deccox of weight gains of newly-weaned calves.

(Trial 2)®
Control Deccox Prob.P

Period 1 &

Humber of calves 49 50

Avg beginning wt, 1b 542 545

End wt, 1b 544 550

Total gain, 1b 1.6 5.1 <. 08

ADG, Tb/day 06 .18 <.09

hL east sguares means.

Probability that the difference between means could occur by chance.

Ib/day) (P<.10). There was no evidence of bloody scours or other disease.
Low apparent weight gains may be explained in that all calves in the trial
were weighed immediately after sorting off the cows without shrink. Other
weights were taken in the morning before cattle were allowed to feed. Cattle
may also have lost weight in the first days of the trial due to the stress of
weaning.

The additional weight gains achieved by the Deccox-fed calves in these
two trials would indicate that the stress of weaning could predispose calves to
subclinical coccidiosis and that supplements containing a coccidiostat would
economically benefit producers retaining these calves in a backgrounding or
stockering program. Increased gains of 15 Ib, valued at $95/cwt would yield
a gross return of $14.25. Also, although there were no signs of illness in any
of the cattle involved in these two trials, previous trials with stocker cattle
have shown that cattle supplemented with Deccox have fewer sick animals
and shorter periods of required medication.
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THE EFFECT OF YEAST CULTURE ON
CALF PERFORMANCE

Jorge Quinunuzl, D.G. "v.?in"agmsr2 and L.J. Bush®

Story in Brief

The effect of supplementing corn or wheat based rations with yeast
culture (Saccharomyces cerevisiae, YEA-SACC™) on dry matter intake and
weight gain and on ruminal pH was evaluated in a 70 day trial using 48
Holstein calves approximately 3 weeks of age (24 bulls, initial weight 109 Ib
and 24 heifers, 99 Ib). Calves were randomly assigned to either corn or 30%
wheat-based high concentrate diets containing 15% dehydrated alfalfa
pellets, with or without added yeast culture. Yeast culture was added at the
rate of 2 Ib/ton to those dicts_ containing yeast. Additionally, calves were fed
whole milk (8% /body weight' ') during the first 2 weeks of the experimental
period. The average dry matter intake for days 1 to 70 was similar, being
4.39, 4.01, 3.99 and 4.11 Ib per day for corn, corn-yeast, wheat and wheat-
yeast treatments, respectively., Live weight gains were 1.89, 1.74, 1.56 and
167 Ib/day for the same treatments, respectively. Improved daily gain (1.82
vs 1.62 Ib/day) and feed efficiency (2.3 vs 2.5 Ib feed/Ib gain) were noted for
animals fed corn based diets compared to those diets containing wheat.
Neither feed intake, weight gain nor pH of the ruminal fluid was affected by
the addition of yeast.

(Key Words: Corn, Wheat, Yeast, Calves.)

Introduction

Feeding and managing dairy calves is an important phase of dairy
production. The need to develop good dairy replacement animals and to
properly feed young, male dairy calves not to be sold for veal (e.g. dairy
stocker and feedlot steers) and the need to divert less milk to calf feeding has
led to many changes in calf feeding practices. Proper feeding of very young,
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early weancd beef calves also is becoming increasingly important in some
beef operations.

Grains such as corn or wheat provide an excellent source of dietary
energy in the rearing of calves. However, it has been suggested that young
calves may lack adequate salivary amylases and other carbohydrate digesting
enzymes for proper starch utilization (Rose, 1970). The inclusion of yeast
culture in the concentrate rations for dairy calves has been proposed as a
potential means to improve digestion. According to Lyons (1987), yeast
contains both protein (proteases) and starch digesting (amylases) enzymes
and supplies protein, vitamins and other nutrients in the diet. Some have
suggested that yeast may improve diet digestibility. Few reports exist on
supplementing dairy calf rations with yeast cultures. This experiment was
conducted, therefore, to determine the effect of adding yeast culture to corn
and wheat based rations for dairy calves.

Materials and Methods

Twenty-four Holstein bull calves (109 Ib) and 24 Holstein heifer calves
(99 Ib) were blocked according to sex, then randomly assigned at 3 wk of age
to the following treatments: a) Control, consisting of a corn based diet (C);
b) C plus 2 Ib of yeast (Saccharomyces cerevisiae, YEA-SACC)/ton (CY);
¢) 30% wheat based diet (W); and d) W plus yeast (WY). Diets contained
15% dehydrated alfalfa pellets (Table 1) and were formulated to meet NRC
(1978) requirements for growing dairy calves. Diets were calculated to be
isonitrogenous and appruximal%%' equal in cnergy content. Calves were fed
whole milk (89:/body weight' ') during the first two weeks of the trial
Animals were individually penned. Feed and water were available at all
times. Feed orts were removed and weighed weekly. Feed samples were
taken weekly for analyses. Calves were weighed weekly. During the fourth
and ninth weeks, ruminal samples were obtained by stomach tube to
determine ruminal pH. Ruminal fluid pH was measured immediately, and
rumen fluid was strained through a double layer of cheesecloth. Fifty
milliliters of strained rumen fluid were mixed with 0.5 ml of saturated
mercuric chloride and then frozen for later volatile fatty acid (VFA)
determination. Data were analyzed as a 2 x 2 factorial experiment with a
randomized, complete block design with sex as the blocking factor (Steel and
Torrie, 1980). The adjusted treatment means were compared using pre-
planned orthogonal contrasts as follows: corn-wheat; yeast-no yeast; and
grain x yeast.
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Table 1. Composition of diets.

Corn & Wheat &
Corn yeast Wheat yeast
Ingredients, % as fed
Corn 30.0 30.0 i ShiT=
Wheat? - == 30.0 30.0
Sorghum grain 17.5 17.5 20.0 20.0
Soybean meal, solv. 20.0 20.0 16.5 16.5
Dats 7.0 7.0 8.0 8.0
Fixed portionP 25.5 25.5 25.5 25.5
Yeast culture
(YEA-SACC)® Z + £ +
Nutrient amalyses:
Net energy, Mcal 49.8 49 .8 49.2 45.2
NE. /100 1b
Totdl protein, % 17.0 17.0 17.0 17.0
Rumen undegradable
protein, % 7.14 7.14 5.78 5.78
Calcium, % .56 .56 .55 55
Phosphorus, % .51 .51 <51 .51

Hard red winter wheat, No. 2 grade.

Fixed portion of concentrate mix: Alfalfa dehy pellets, 15.0, molasses
liquid 5.0, dicalcium phosphate 1.0, salt .5, sodium bicarbonate 4.0%.
“Product produced by ALLTECH, Nicholasville, K¥: included in mix at a
dleve] of 2.0 1b/ton.

Calculated

Results and Discussion

Feed intake was similar (P>.05) on all treatments, averaging 4.39, 4.01,
3.99 and 4.11 Ib per day on the C, CY, W and WY trcatments, respectively
(Table 2). Calves fed corn based diets had slightly greater feed intake than
those fed 309% wheat, but the differences were not significant (P>.05). These
results are in agreement with previous Oklahoma observations with lactating
dairy cows. Wheat starch is generally more readily fermented in the rumen
than corn starch (Axe et al., 1987), which may reduce intake. However, no
differences in ruminal fluid pH were noted in this study, averaging 5.7 on
both corn and wheat treatments. Since feed was available at all times,
frequent consumption may have moderated feed intake at any one time and
thus any potential changes in pH.

Calves fed corn rations gained more (181 Ib/day, P<.02) than animals
fed wheat rations (1.61 Ib/day). This is in agreement with results of
Oklahoma studies in which lactating dairy cows produced more milk on corn
than on wheat based dicts. Increased gain on corn diets is probably,in part, a
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Table 2. Feed intake and liveweight gains by dairy calves.

Statistical significance

Corn & Wheat & Grain Inter-

Corn yeast Wheat yeast type Yeast action SE
Number of animals 10 12 9 12 == - -- --
Initial body weight, 1b 106 106 99 108 -- -— -- --
Final body weight, 1b 240 229 209 221 = = - -
Liveweight gain, 1b/day 1.89 1.74 1.56 1.67 P<.02 N5 NS A2
Dry matter intake, 1b/day 4,39 4.01 3.99 4.11 NS ME NS 22
Feed conversion, 1b feed/1b gain 24 2.3 2.54 2.44 P<.001 NS NS .05
Ruminal fluid pH L B 5.6 5.8 NS NS NS .09

N5 = Not significant (P>.05).
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Table 3. Effect of diet on total concentration and molar proportion of ruminal VWFA of dairy calves.

Statistical significance

Corn & Wheat & Grain Inter-

Corn yeast Wheat yeast type Yeast action SE

Total conc., mmol/] 408 370 363 369 NS NS NS 39.7
Molar %

Acetic 6.7 49.4 51.8 54.7 P<.04 NS NS 1.53

Propionic 36.4 37.3 ig.4 35.7 NS NS NS 1.12

Butyric 7.8 8.7 6.0 6:1] p<.002 NS NS .67

Isovaleric .65 .36 .44 .76 NS NS NS =15

Valeric 4.36 4.20 3.37 2.73 P<.004 NS N3 .39

NS = Not significant (P>.05)



consequence of improved feed intake. Feed efficiency also was improved
(P<.001) on corn over wheat diets (2.3 vs 2.5 Ib feed/lb gain). Though not
significant, feed intake, daily gain and feed efficiency tended to show a slight
improvement when the wheat based diet was supplemented with yeast. The
inclusion of yeast had no effect on either the total concentration of VFA or
the molar proportion of individual fatty acids (Table 3). Under the
conditions of this trial, inclusion of yeast (YEA-SACC) in either corn or
wheat based diets for calves did not improve performance.
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EFFECT OF YEAST CULTURE ON INTAKE AND
PRODUCTION OF DAIRY COWS FED CORN OR WHEAT
BASED CONCENTRATE MIXTURES

Jorge Dujnnnt:zl, D.G. Wagnﬂrz and LJ. Bush?

Story in Brief

The effect of supplementing corn or wheat based concentrate mixtures
with yeast culture (Saccharomyces cerevisiae, YEA-SACC4) on feed intake
and milk yield was evaluated using 24 Holstein cows. Treatments included
feeding either corn or 60% wheat based concentrate mixtures, with or
without added yeast culture. Yeast culture was added at the rate of 3.0
Ibfton of concentrate mixture to the two yeast containing treatments.
Concentrate mixtures were calculated to be isonitrogenous and
approximately equal in energy content. Alfalfa hay (50:50) and the
concentrate mixture were each fed separately in individual stanchions twice
each day at about 12 hour intervals. Dry matter intake by cows fed corn was
higher (corn, 52.6; corn-yeast, 51.9 1b/day) than for cows fed wheat (wheat,
48.0; wheat-yeast 473 lb/day). Additionally, average milk yield was higher
for cows fed corn than for cows fed wheat based concentrate mixtures (69.5
vs 67.0 Ib/day) as was butterfat test (3.42 vs 3.19%) and fat corrected milk
yield (63.6 vs 59.2 Ib/day). Dry matter intake and milk yield were unaffected
by the addition of yeast. Ruminal pH was higher (6.20 vs 5.94) in cows fed
corn than in those fed wheat.

(Key Words: Corn, Wheat, Yeast, Milk Production, Dairy Cows.)

Introduction

In many areas of the United States, periodically wheat is competitively
priced with other feed grains as a potential energy source for use in
concentrate mixtures for dairy cows. In recent Oklahoma studies (Faldet et
al., 1986), feed intake and milk yicld were reduced, however, when cows were
fed isonitrogenous concentrate mixtures in which hard red winter wheat

1Gradual¢ Assislant 2F‘ru.:ml'::.s,.su::rr 3Prul’cssur Emeritus
rovided by Alltech Biotechnology Center, Nicholasville, KY
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replaced 0, 40, 60 or 80% of the corn and some protein supplement. Little
research on supplementing ruminant rations with yeast cultures has been
reported during the last two decades, although some nutritionists recommend
the inclusion of yeast in rations for high producing dairy cows (McCullough,
1986). Therefore, this study was conducted to explore the effects of adding
yeast culture to corn or wheat based concentrate mixtures on feed intake,
milk production, ruminal fluid pH and volatile fatty acid (VFA) production in
lactating dairy cows.

Materials and Methods

Twenty-four Holstein cows were allotted to four treatments:
a) Control, consisting of a corn based concentrate mixture (C), b) C plus
yeast (CY), c) 609 wheat-based concentrate mixture (W), and d) W plus
yeast (WY). Yeast (YEA-SACC) was added at the rate of 3.0 Ib,/ton of grain
mixture. Yeast levels were those suggested by the manufacturer. The
concentrate mixtures and alfalfa hay were fed individually in a 50:50 ratio
(Table 1). Cows were fed the experimental rations in a switchback design

Table 1. Composition of concentrate mixtures.

Corn & Wheat &
Corn yeast Wheat yeast
Ingredients, % as fed
Corn 65 65 18 18
Wheat® -- -- 60 60
Sorghum grain & & = -
Cottonseed meal,
solv, ext,-b 9.5 9.5 2.5 2.5
Fixed portion 19.5 19.5 19.5 19.5
Yeast culture
{YEA-5ACC)® . + - +
Calculated analysis:
Het energy, Mcal
NE; /100 1b 75.5 75.5 76.8 76.8
Tota“ protein, % +12.0 12.0 12.0 12.0
Rumen undegradable
protein, % 5.8 5.8 3.3 3.3
Crude fiber 7.9 1.9 7.7 7.7

gHard red winter wheat, No. 2 grade.

Fixed portion of concentrate mix: soybean hulls 15, dicalcium
phosphate 2.0, salt .75, sodium bicarbonate 1.25, and magnesium
oxide 0.5%

CProduct produced by ALLTECH, Nicholasville, KY; included in concentrate
mix at a level of 3.0 1b/ton.
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with three 4-week periods (Lucas, 1956). The first two weeks of each period
were allowed for adjustment to rations with data from the final two weeks
being used for treatment comparisons. Cows were assigned by calving date
to treatment sequences. The concentrate and forage were fed in individual
stanchions in two equal portions twice daily at approximately 12 hour
intervals. The hay was fed separately from the concentrate mixture
approximately 4 hours after feeding of the concentrate mixture. Feed intake
was recorded daily. Feed orts or weighbacks for each cow were composited
on a weekly basis and analyzed for dry matter (DM) and crude protein (CF).
Milk yield was recorded twice daily, and samples were taken at four
consecutive milkings each week to determine fat and protein content. Each
cow was weighed on two consecutive days prior to the trial and on the first
and last day of each period. Cows were weighed just prior to milking, with
milk weight being deducted from the respective body weights.

During the last week of each period, a rumen fluid sample was taken
from each cow by stomach tube 3 to 4 hours after fecding concentrate. A
minimum of 300 ml of rumen fluid was strained through a double layer of
cheese cloth, and pH was measured immediately. Two hundred ml of rumen
fluid was then acidified with 8 ml of 50% hydrochloric acid and frozen for
later ruminal fluid ammonia-nitrogen (NH5-N) analyses, and 100 ml of
strained rumen fluid was mixed with 1 ml of saturated mercuric chloride and
frozen for volatile falty acid analyses. At the same time rumen fluid samples
were taken, blood samples were taken from the media caudal vein for
subsequent plasma urea nitrogen determination. However, data for NH4-N
and plasma urea-N are not included herein.

Statistical analysis was conducted by summarizing response variables on
a per period basis. Analysis of variance (Lucas, 1956) was performed with
block, period, cow and treatment included in the model. The adjusted
treatment means were compared using pre-planned orthogonal contrasts as
follows: eorn-wheat; yeast-no yeast; and grain x yeast.

Results and Discussion

Dry matter feed intake on wheat diets (avg 47.6 lb/day) was lower
(P<.001) than on corn diets (52.1 Ib) (Table 2). Since hay and the
concentrate mix were fed in a fixed ratio, intake of both hay and grain were
reduced on wheat diets. Wheat starch is more readily fermented in the
rumen than corn starch (Axe et al, 1987). Decreased feed intake by cows fed
wheat based diets may have been due to altered ruminal fermentation.
Ruminal pH was lower (P<.01) in cows fed wheat (5.93) than in cows fed
corn (6.22) diets. Feeding concentrates more frequently than twice daily may
have reduced the differences in ruminal pH and may have increased feed
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Table 2. Feed intake, milk yield and ruminal pH.

Statistical significance

Corn & Wheat & Grain Inter-
Corn yeast Wheat yeast type Yeast action SE

Dry matter intake, Th/day

Concentrate mix 26.6 26.2 24.6 24.0 P<.001 NS NS 1.08

Alfalfa hay 26.0 25.7 23.3 23.3 P<.001 WS NS 1.03

Total 52.3 51.9 47.9 47.3 P<.001 NS N5 1.91
Protein intake,, 1b/day

Concentrate mix 3.41 1,32 3.45 3.45 NS NS WS .132

Alfalfa hay 5.39 5.39 4.93 4.88 P<.001 NS NS .198

Total &.80 8.71 g.38 3.34 P<.02 N5 NS L286
Milk yield

Milk, 1b/day 70.4 68.6 67.1 66.9 P<.003 NS NS 1.50

Fat test, % 3.36 .48 & I 3.22 P<. 009 N5 ME 07

FCM, Tb/day 63.8 63.4 59.2 59.2 P<.001 NS NS P

Protein, % 2.99 3.01 3.00 J.0¢ NS NS NS 02
Gross feed efficiency

(Milk/total DM intake) 1.35 1.33 1.4]1 1.43 P<.01 N5 NS .02
Ruminal pH 6.18 6.27 5.86 6.01 P<.01 NS K5 .09

NS = Mot significant (P>.05}.



intake on the wheat based diets. The inclusion of yeast, however, had no
effect on pH. Faldet et al. (1986) also noticed a decrease in both concentrate
and hay intake when cows were fed rations containing increasing levels of
wheat. However, McPherson and Waldern (1969) reported similar DM
intakes when soft white wheat replaced barley at up to 93% of the
concenirate mixture.

Intake of DM tended to be lower (P>.3) for cows fed rations containing
yeast culture than for those fed rations without yeast; however, the
differences were relatively small (5 Ib/day). Several authors (Fallon and
Harte, 1987; Hughes, 1987; Lyons, 1986; Gomez-Alarcon et al, 1987) have
suggested increased DM intakes by ruminants fed yeast cultures which were
attributed to buffering effects of the additive. Lassiter et al. (1958), however,
observed no effect of yeast culture on feed intake by dairy cows.

Milk vield of cows fed corn-based concentrate mixtures was higher
(P<.03) than for cows fed grain mixtures containing 60% wheat (69.5 vs 67.0
Ib/day) which could be attributed to a higher DM intake of cows fed the corn
based grain mixture. Since wheat is higher in protein than corn and the diets
were formulated to be isonitrogenous, the wheat based grain mixes contained
7.0% less cottonseed meal than did the corn based diets and also were lower
in rumen undegradable protein. In what ways these items may have
contributed to reduced intake and milk yield on wheat based diets are not
known but need further study. Milk fat test of cows fed the corn based
mixture (3.42%) was higher (P<.01) than for those fed wheat (3.19%),
resulting in an advantage in 4% fat corrected milk (FCM) of 4.5 Ib/day for
cows fed corn instead of wheat (Table 2). Milk yield and fat content,
however, were not affected by the inclusion of yeast culture (P> .05). Neither
grain type nor the addition of yeast culture affected milk protein content.

The total concentration of VFA was greater (P<.03) when cows were
fed wheat compared to being fed corn based diets. The molar percentage of
acetic acid in the ruminal fluid was higher (654 vs 60.99%, P<.007) and
propionic acid was lower (21.9 vs 26.6%, P<.004) for cows fed corn based
grain mixtures (Table 3), which was consistent with the observed difference
in milk fat content. No significant differences in either total VFA
concentration or in proportions of VFA were observed by the inclusion of
yeast culture.

In summary, the addition of yeast culture to concentrate mixtures for
dairy cows fed either corn or wheat as the principal energy source in the
grain mixture did not affect performance under the conditions of this trial.
Yeast had no effect on feed intake, milk yield and composition, pH of the
ruminal fluid or VFA.
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Table 3. Effect of diet on molar proportion of ruminal VFA.

Statistical significance

Corn & Wheat & Grain Inter-

Corn yeast Wheat yeast type Yeast action SE

Total conc., mm/1 450.2 335.8 470.4 472.1 P<.03 NS NS 32.05
Molar %

Acetic 65.60 65.10 60.94 B0.90 P<.007 NS NS 1.37

Propionic 22.00 21.82 26.60 26.60 P<.004 NS HS 1.32

Isobutyric .35 .45 .35 .33 NS NS H5 .08

Butyric 10.03 10.23 9,46 9.61 NS NE NS .b6f

Isovaleric 1.02 1.22 .86 BB P<.03 N5 NS .09

Valeric 1.0 11.18 1.719 1.73 P<.001 NS NS 1

NS = Mot significant (P>.05).
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EFFECTS OF DIET ON RUMINAL LIQUID AND ON
BLOOD SERUM OSMOLALITY AND HEMATOCRIT IN
FEEDLOT HEIFERS

1D, Garza F.1, EN. OwensZ and J.E. Breazile>

Story in Brief

Eight ruminally cannulated beef heifers were used in a crossover
experiment to examine osmolality changes in ruminal liquid and blood
serum. Blood hematocrit and ruminal pH also were examined. Heifers were
adapted for 20 days to ad libitum intake of either a concentrate or a hay diet.
After the adaptation period, ruminal and blood samples were obtained for
three consecutive days at -2, 1, 2, 4 and 6 hours after feeding. Ruminal pH
varied with diet and post-prandial time, being higher prefeeding than post-
feeding. Ruminal osmolality peaked 1 and 2 hours post-feeding for the hay
and concentrate diet at 265 and 296 mOsm/kg, respectively. Serum
osmolality was consistently higher than ruminal osmolality. Hematocrit was
higher for heifers fed hay than for heifers fed concentrate but post-prandial
changes were minor. Ruminal liquid and serum osmolality ranged within
normal physiological values indicating that drastic changes in these
parameters may occur only under special dietary conditions, and that peak
values can be expected between 2 to 4 hours post-feeding.

(Key Words: Ruminal Osmolality, Serum Osmolality, Hematocrit, Beef
Cattle.)

Introduction

Dietary constituents and metabolites markedly influence the ruminal
environment, Ruminal pH has been studied extensively because of its special
importance to ruminal fermentation and volatile fatty acid utilization. Other
important wvariables within the rumen, which might influence rumen
fermentations, such as osmotic pressure have received less attention,
Previous experiments have demonstrated that osmotic pressure in the rumen
is important. (Warner and Stacy, 1965; Ternouth and Beattie, 1971; Bergen,

1Graduate Student zkegents Professor ~Professor
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1972; Warner and Stacy, 1977; Phillip et al., 1981). Although most of these
studies have been conducted with sheep, they generally agree that ruminal
fluid hypertonicity limits feed intake and causes an influx of water from blood
into the rumen. After feeding, ruminal liquid normally is thought to be
hypotonic to blood, but it rises (350-380 mOsmol/l) soon after feeding.
According to Phillip et al. (1981), high ruminal osmolalities (525 mOsm/kg)
depressed feed intake of ruminally cannulated lambs within 30 min after
feeding. Based on these findings the authors concluded that ruminal
osmolality inhibited short term feed intake. The purpose of this experiment
was to measure changes in osmolality in ruminal liquid and blood serum with
time after feeding in cattle fed two different types of diets. Packed red cell
volume (hematocrit) and ruminal pH also were monitored.

Materials and Methods

Eight crossbred beef heifers averaging 1210 Ib body weight, each fitted
with a rumen cannula (10 cm ID), were used in two 23-day experimental
periods. Animals were randomly assigned to individual pens and received a
concentrate diet (Table 1) or chopped Prairie hay plus 1.5 kg daily of a 50%
protein concentrate in a crossover experiment. During the first 20 days of
each period, animals were adapted to ad libitum intake of the experimental
diets. Feed intake was recorded daily. Fresh feed was provided twice daily at
8:30 am. and 4:30 p.m. during the entire trial at 1209 of the previous days
intake. After day 20, intake was restricted to 90% of the mean intake of days
14 to 19. Water and mineral premix were available ad libitum. Ruminal and
blood samples were collected sequentially during the last 3 days of each
experimental period, at -2, 1, 2, 4 and 6 hours after the 830 am. feeding. A

Table 1. Diet composition (dry matter basis).

Ingredients Eunce;’tr‘ate
Dry rolled corn 63.06
Dehydrated alfalfa pellets 6.03
Cottonseed hulls 14.07
Soybean meal (44%) 10.05
Cane molasses 5.03
5alt (trace mineralized) 50
Ground limestone .50
Dicalcium phosphate .50
Aurofac-10 .15
Urea (42% N) .10
total 100.00
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30 ml blood sample was withdrawn at each time via jugular venipuncture,
Blood was placed in siliconized tubes to harvest serum. Immediately after
collection, 10 ml of blood were transferred into heparinized tubes for
microhematocrit determination. Blood plasma samples were frozen at -20°C
until osmolality was analyzed. Aliquots from heparinized blood samples
were transferred to microhematocrit capillary tubes. Hematocrit was
determined in triplicate soon after blood sampling,

Ruminal liquid samples were taken prior to each blood sample.
Approximately 250 ml of fluid were withdrawn from the ventral ruminal sac
with a suction flask and a manual pump. This ruminal fluid was filtered
through two layers of cheesecloth and pH was determined immediately with
a glass electrode. Thereafter, the samples were centrifuged at 10,000 g for 15
min; aliquots of the supernatant fluid were frozen and stored at -70° C until
analyzed. At the time of analysis the serum and the ruminal samples were
thawed and osmolalitics were determined in duplicate in an osmometer using
the freezing point depression procedure. Data were analyzed using the
general linear model procedure.

Results and Discussion

Ruminal pH was altered (P<.05) by diet (Table 2). Heifers fed the high
concentrate diet had lower ruminal pH. Ruminal pH at -2 hours was higher
(P<.0001) than the mean pH post-feeding (Figure 1). Post-feeding, linear
quadratic, cubic terms revealed quadratic (P<.04) effects of time on pH.
Mean values for ruminal pH were in the range expected for concentrate (5.5
and 6.5), and roughage (6.2 and 7.0) diets suggested by Owens and Goetsch
(1988). These authors indicated that pH usually is lowest between 1/2 and 4

Table 2. Effect of diet on ruminal pH, hematocrit, ruminal .1iquid and
serum osmolalities of heifers fed hay or concentrate diets.

Diets
Parameter Concentrate Hay SE
Ruminal pH 6,20 §.72 .09
Hematocrit % 344D 37.0% 43

--------- osmolality (mOsmol/kg)--------

Ruminal 1iquid 284.0 250.4 13.80
Serum 303.0 296.0 4.61

2, byean values in a row with different superscripts are significantly
different [P<.05).
SE=3tandard ervor of the mean.
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Figure 1. Ruminal pH versus time in beef heifers fed
concentrate and hay diets.

hours after a meal, which agrees with our concentrate diets. In this study pH
was lowest two hours after feeding for the concentrate diet versus 4 hour
post-feeding for the hay dict (Figure 1).

Osmolalities for ruminal liquid and serum are presented in Tables 2
and 3. Post-prandial values for both materials were higher (P<.05) than
before feeding. Peak values never reached those reported by other authors
(Phillip et al., 1981; Engelhardt, 1975; Ternouth, 1967, Warner and Stacy,
1965). One explanation for these differences in our results may be attributed
to the type of animal and diet composition. Most of the above studies
measured osmolality in sheep which had been deprived of food or water for a
certain period of time and in some studies salt loads were infused into the
rumen. Such experimental procedures would dramatically alter ruminal
liquid osmolality. Presumably, the preprandial osmolality values in the range
of 200 to 280 mOsmol/kg as we observed, are more physiological.
Postprandial ruminal osmolality values, however, can vary considerably
depending on the concentration of either the dissolved substances in the feed
or the products of microbial activity. Lower ruminal osmolality values for the
roughage diet presumably are due to lower production of solutes and greater
dilution of these solutes (VFA and mineral salts) by saliva. Intraruminal
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Table 3. Postprandial changes in ruminal pH, hematocrit, ruminal liquid
and serum osmolalities of beef heifers fed hay or concentrate

diets.
Time before or after feeding (h)
Farameter Diet” "“:é ------- 1 -------- 2 ------- :1 -------- 5 SE
Ruminal pH 10 530 [nEf eoil 6067 sas> .09
Z 65.742 6.68% 6.55% 65.60%  5.68°
Hematocrit (%) 34.80° 34.800 34,000 34.100 34 20b .53

1]
z 37.20% 36.70% 36.e0? 37,502  37.00%
————————— osmolality (mdsmoles/kg)---------

Ruminal Lig 1 278.5 288.9 296.0 280.2 277 .8 14.26
2 241.2 264.7 256.9 247.2 241.9

Serum 1 296.5 g AD3A 04.4 308.?; 6.11
2 285.6 1.1 299.5 304.9 288.9

;Diet 1 = Concentrate diet. Diet 2 = Prairie hay.
2:0Mean values in a column with different superscript are significantly
different (P<.058).
SE=5tandard error of the mean.

infusions of water or hypertonic solutions altered the osmotic pressure of the
rumen liquid and blood (Warner and Stacy, 1977). If the rumen becomes
hyperosmolar as a result of feeding, direct addition of water to the rumen will
lower the ruminal osmolality (Ternouth, 1967). Yet Engelhardt (1969) stated
that hypotonicity of the rumen contents cannot be explained either by the
inflow of saliva or by influx of water into the rumen. He concluded that a
major cause of ruminal liquid hypotonicity was due to absorption of VFA
through the ruminal epithelium. Similarly Ternouth (1967) indicated that 2
hours after feeding, VFA concentration and osmelality dropped
simultaneously, and that ruminal osmolality always remained higher than
normal serum levels. Serum osmolality (Figure 2) increased after feeding
and remained elevated for up to 4 hours. Thereafter osmolality decreased
slightly to return to their preprandial level. Serum osmolality values never
were lower than the ruminal fluid osmolalities as suggested by Ternouth
(1967). Thus, VFA uptake or influx of water across the rumen wall cannot
explain the difference between rumen and serum values.

Whether changes in salivary flow were associated with the low
osmolality of rumen contents of heifers fed the hay diet is not known.
Further studies should consider both how saliva production alters osmotic
status of the rumen and the converse, how osmolality of serum alters salivary
flow. Packed red cell volume (hematocrit) was higher (P<.004) for heifers
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Figure 2. Serum osmolality versus time in beef heifers
fed concentrate and hay diets.

fed hay than for heifers fed concentrate (Figure 3). No difference between
preprandial and postprandial times or between postprandial times proved
significant. Hematocrits were close to the normal physiological values (32 to
35) reported in the literature (Swenson, 1984). Published information on the
effects of different types of diets on hematocrit is limited. Warner and Stacy
(1965) indicated that high ruminal osmolalities (near 400 mOsmol/kg) were
accompanied by hemoconcentration in sheep. They attributed these changes
to transfer of body water from the blood into the rumen. Similarly, Ternouth
(1967) with Merino ewes observed that packed cell volume and serum
proteins in blood increased during the first hour post-feeding. Unfortunately
neither of these reports presented absolute hematocrit changes to compare
with the values obtained in our study. As ruminal osmolality averaged about
240 mOsm kg with the roughage diet, water should be absorbed from, not
diffuse into the rumen. This would decrease hematocrit, not increase it as we
observed.

Ruminal liquid osmolalities in our study never attained the high values
reported by Warner and Stacy (1965). One interesting finding was the
higher (P<.05) (Table 2 and Figure 4) hematocrit and the lower ruminal
osmolality (2504 mOsm/kg) of the heifers fed the hay diet. Serum
osmolality remained constant for both diets. Hence, hematocrit changes may
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Figure 3. Hematocrit versus time in beef heifers fed
concentrate and hay diets.
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Figure 4. Rumen osmolality versus time in beef heifers
fed concentrate and hay diets.
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be due to differences in saliva production. Warner and Stacy (1977)
indicated that salivary flow was affected by the osmotic status of the animal.
When water was infused into the rumen of sheep, rate of saliva flow
decreased. When rumen contents were hypotonic due to the addition of
water to the rumen, a clear decrease in salivary flow was observed. These
findings would be opposite to our results, because the animals consuming hay
had lower ruminal osmolality and presumably had greater saliva flow.

As indicated previously, little water moves across the rumen wall when
rumen osmotic pressure is isotonic (260 to 340 mOsmol/kg). If true, one
cannot attribute our higher hematocrits to net transfer of water from blood
into the rumen. Red blood cell size variation also alters hematoerit.
Increased serum osmolality would shrink red blood cells (RBC) and decrease
hematocrit. As diet did not alter serum osmolality, altered size of RBC
would be unlikely as an explanation for the change in hematocrit.
Nevertheless this assumption deserves study.

In conclusion, our results suggest that osmolality values of rumen
contents are maximum between 1 to 2 hours after feeding, and are higher
with grain than low quality forage. Serum osmolality peaked later (4 to 6
hours after feeding). Increased hematoerits with the low quality forage diet
were not expected and have not been reported previously. Differences
between diets and post feeding changes in osmolality of the blood serum and
ruminal fluid do not support the idea that flux of water across the rumen wall
is extensive under normal feeding conditions. Flux may be more evident with
restriction of water or salt feeding or infusion into the rumen. High
hematocrit and low ruminal osmolality may reduce salivary flow; whether
such changes depress forage intake deserves study.

Literature Cited

Bergen, W.G. 1972. Rumen osmolality as a factor in feed intake control of
sheep. J. Anim. Sci. 34:1054,

Engelhardt, W.V. 1969. Der Osmotische Druck im Paseninhalt. Zent. Vet.
Med. 16A:665,

Owens, F.N. and A.L. Goetsch. 1983. In: D.C. Church (Ed.) The Ruminant
Animal. Digestive Physiology and Nutrition. pp 145-171. Prentice Hall,
Englewood Cliffs, New Jersey.

Phillip, L.E. et al. 1981. Food intake and ruminal osmolality in sheep:
differentiation of the effect of osmolality from that of the products of
maize silage fermentation. Agric. Sci., Camb. 96: 439,

Swenson, M.J. 1984, In: M.J. Swenson (Ed.) Dukes’ Physiology of Domestic
Animals. (10th Ed.) pp 15-40. Comstock Publishing Associates, Ithaca,
New York.

1989 Animal Science Research Report 75



Ternouth, J.H. 1967. Post-prandial ionic and water exchange in the rumen.
Res. Vet. Sci. 8:283.

Ternouth, J.H. and AW, Beattie. 1971. Studies of the food intake of sheep
at a single meal. Br. J. Nutr. 25:153.

Warner, A.C.I. and B.D. Stacy. 1965. Solutes in the rumen of the sheep. J.
of Exp. Physiol. 50:169.

Warner, A.CI. and B.D. Stacy. 1977. Influence of ruminal and plasma
osmotic pressure on salivary secretion in sheep. J. Exp. Physiol. 62:133.

76 Oklahoma Agricultural Experiment Station



EFFECT OF DIET AND LEVEL OF INTAKE ON RUMEN
LIQUID AND SOLID VOLUMES, PASSAGE RATES, AND
WATER CONSUMPTION OF BEEF CATTLE

J.D. GarzaFl and F. N. Owens>

Story in Brief

Twelve Hereford x Angus heifers (1330 Ib) fitted with large rumen
cannulas were used to determine the effect of diet and feed intake level on
rumen liquid and solid volumes. Animals were adapted to either concentrate
or hay diets and fed once daily at one of three levels of intake (1.0, 1.4, 1.8%
of body weight) for a minimum of 14 days. Rumen contents were evacuated
and screened to separate solids from free liguid. Water intake tended to be
greater with the hay diet. Rumen liquid volumes were higher for hay diets
(713 liters vs 46.5 liters). Liquid outflow was higher with the hay than the
concentrate diet (132 vs 75 liters/day). As dry matter intake was increased,
water intake doubled and total solids in the rumen increased. Ruminal liquid
volumes were not altered by feed intake but outflow increased linearly with
intake. Blood hematocrit declined as feed and water intake increased.

(Key Words: Liguid Passage Rate, Rumen Evacuation, Water Intake.)

Introduction .

More knowledge about the interactions between level of feed intake,
diet quality and ruminal digestion should aid in developing nutrition
programs to improve the efficiency of livestock production. Level of feed
intake presumably is one of the major factors regulating rumen turnover.
Increased dry matter consumption, increasing turnover rate of both fluid and
particulate digesta from the rumen, should shift site of digestion from the
rumen to the intestines. Physical characteristics of the diet (bulk, particle
size) also have an impact on rumen volume and gut fill, affecting not only
ruminal turnover, but also mastication and rumination which in turn can
increase saliva production. Both salivary secretion and water consumption
can be affected by the nature of the diet, and might be expected to promote
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greater washout of smaller particles and soluble substances from the rumen.
The objectives of this study were to determine the effect of diet type
(concentrate vs hay) and three different levels of intake on water
consumption, rate of passage and rumen liquid and solid volumes measured
directly by ruminal evacuation,

Materials and Methods

Twelve Hereford x Angus beef heifers (1330 Ib) fitted with large
ruminal and T-type duodenal cannulas were fed a concentrate dict or an
60% alfalfa: 40% prairic hay diet at three intake levels (1.0, 1.4, 1.8% of
individual body weight daily). Animals were housed in individuals pens,
adapted to their diets for a minimum of 14 days, and fed once daily at 8 am,;
water intakes were recorded daily. Each animal received three levels of
intake but remained on the same diet throughout the experiment. Blood and
ruminal liquid samples were collected two hours after feeding, three days
before ruminal evacuation for pH and hematocrit determination. At 21 h
prior to ruminal evacuation, cobalt EDTA was administered into the rumen
(CoEDTA acetate containing 1g of Co) of each animal. An equal volume of
tap water was used to rinse residual marker left in the graduated cylinder and
funnel. Total rumen contents were removed mechanically using a vacuum
device at the end of each experimental period 21 h after the cobalt was
dosed. Ruminal contents were sereened twice (1/4 x 1/4 inch square pores)
manually to separate the particulate solids from the liquid phase; each phase
was weighed separately and representative samples were collected and frozen
for subsequent chemical analysis. The remaining ruminal contents were
returned to the rumen. All ruminal samples were analyzed for dry matter.
Data were analyzed using general lineal model procedures and orthogonal
contrasts were used to separate treatment means.

Results and Discussion

Daily water intake tended to be greater (22%) with the hay diets
(Figure 1) and increased (P<.001) with levels of feed intake for both the
concentrate and the hay diets. Although information on water consumption
by cattle under normal commercial management is scarce, Hicks et al. (1988)
indicated that feedlot cattle fed during the summer consumed an average of
38 liters of water per day. They concluded that water intake was influenced
by both dry matter intake and environmental temperature. Differences
between the average water intake observed in our study and in Hicks’
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Figure 1. Daily water consumption in beef heifers fed
concentrate vs. hay diets.

experiment can be explained, not only by lack of heat stress and lower level
of feed intake in our study, but also by the fact that our observed daily water
intakes were made on an individual basis while their intakes were determined
as total water disappearance for pens of 16 animals.

Weights of dry matter in the rumen are shown in Figure 2. No
differences (P> .05) were observed between the concentrate and the hay diet,
however as level of intake increased, total weight of solids in the rumen
increased.

Ruminal liquid volumes were much larger (P <.001) for the hay than the
concentrate (71 vs. 46 liters; Figure 3), indicating that intake of fibrous
materials increased rumen liquid volume markedly. This may increase
residence time for more extensive microbial fermentation (Owens and
Goetsch, 1988). However, level of feed intake did not affect rumen liquid
volume (P>.05). Total outflow (Figure 4) from the rumen was estimated by
the recovery of CoEDTA 21 hours after dosing. Water outflow was much
higher for the hay than for the concentrate diet (132 vs 75 liters/day), similar
to values reported by Owens and Goetsch (1988).

Ruminal liquid pH was lower (P<.01) with the concentrate than with
the hay diet (6.0 vs 6.5; Figure 5). Differences in pH due to level of intake
were not detected.
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Figure 5. Ruminal liquid pH in heifers fed concentrate
vs. hay diets.
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Diet type did not affect hematocrit values, but a linear (P<.01)
depression was observed as hay intake increased (Figure 6). Similar trends
were seen with the concentrate diet. Hematocrit values for heifers fed hay at
high levels of intake were very similar to values reported previously (37%;
Garza et al., 198%). In contrast, hematoerit values for the concentrate diet
were higher than valucs reported previously. Reasons and implications for
these decreases in hematocrit are not clear.

With the hay diet, water intake tended to be greater than with the
concentrate diet, Hicks et al. (1988) suggested that water intakes were 25 to
50% higher for dairy cows than for feedlot steers because of the higher
roughage dict fed to cows. Though the quantity of solids in the rumen was
similar for the two diets, almost 50% more water was present in the rumen of
heifers fed forage. Hence, solids were more concentrated in the rumen with
the concentrate diet. Of this liquid in the rumen, an average of 67 and 26
liters (over 20% and 70%) were closely associated with the particles in rumen
contents of the roughage and concentrate fed heifers, respectively. Thus,
turnover of free liquid must be quite high.

In summary, water intake almost doubled as feed intake was increased
by 80% but changes in ruminal volume and dilution rate with increased feed
and water intake were small. Ruminal solids tended to increase as feed and
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Figure 6. Hematocrit of heifers fed concentrate vs.
hay diets,
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water intake increased. Drops in hematocrit could reflect direct escape of
drinking water or fluid absorption through the rumen wall. How flux of
water in and out of the rumen changes with intake needs more study, as
salivary flow and influx through the rumen wall would be expected to be
altered by ruminal conditions which alfect rumination and osmolarity.

Literature Cited

Garza F,, J.D. et al. 1989. Effects of diet on ruminal liquid and of blood
serum osmolality and hematocrit in feedlot heifers. Okla. Agr. Exp. Sta.
Res. Rep. MP-127:68,

Hicks, R.B. et al. 1988. Water intake by feedlot steers. Okla. Agr. Exp. Sta.
Res. Rep. MP-125:208.

Owens, F.N. and A.L. Goetsch. 1988. In: D.C. Church (Ed.) The Ruminant
Animal. Digestive Physiology and Nutrition. pp 145-171. Prentice Hall,
Englewood Cliffs, New Jersey.

1989 Animal Science Research Report 83



QUANTITATIVE ORIGIN OF RUMINAL LIQUID WITH
VARIOUS DIETS AND FEED INTAKES

1. D Gara Pl atd B 5 Omsoss

Story in Brief

Heifers fed hay diets drank more water (25.6 liters/day) than heifers fed
concentrate (21.5 liters/day). As level of feed intake was increased, daily
water consumption increased linearly. The amount of drinking water which
entered the rumen was higher for the roughage than the concentrate diet (9
liters/day vs 4 liters/day). Percent of ruminal water from drinking water was
greater for the hay diet (7.59%) than for the concentrate diet (5.3%). It was
estimated from this study that 92 to 96% of ruminal fluid originates from
saliva and water flux through the rumen wall, and not from drinking water.
Type of diet and level of intake did not alter ruminal osmolality, but it
influenced serum osmolality. Of drinking water consumed, 60 to 80%
bypassed the rumen. Thus, drinking water may be an ideal vehicle to permit
compounds (electrolytes, amino acids, vitamins, glucose) to evade ruminal
fermentation.

(Key Words: Water Intake, Ruminal Water Origin, Beef Cattle.)

Introduction

Fluid in the rumen may originate from feed, drinking water, saliva and
diffusion through the rumen wall. Feeding forages will increase the amount
of time spent masticating and ruminating, both of which increase saliva
production. Saliva is an important source of water in the rumen for buffering
and for flushing fluid through the rumen.

Saliva and solutes such as volatile fatty acids (VFA) and salts in the
rumen create osmotic gradients that can affect water absorption from the
rumen into the blood. If the rumen contents are highly concentrated (salts,
and VFA) water from blood diffuses into the rumen. Such fluxes of water
are difficult to quantify because of the constant turnover of material. Digesta
(liquids and solids) rate of passage techniques have evolved, but how water
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moves in and out of the rumen still is not clearly defined. When lactating
cows were given water after several hours of water deprivation in one
previous study (Woodford et al, 1984) up to 18% of the consumed water
bypassed the rumen. The objective of this study was to assess quantitatively
the origin of ruminal water by using an external liquid marker.

Materials and Methods

Two diets composed of either concentrate or hay (60% alfalfa, 40%
prairie) were fed to 1320 Ib heifers in two 3x3 Latin squares. Feeding
methods are described in a companion paper by Garza and Owens (1989).
Starting three days before ruminal evacuation polyethylene glycol (PEG) was
added at a rate of 10 g per gallon of drinking water for each animal. The
polyethylene glycol concentrations in drinking water and ruminal samples
were determined by a turbidimetric method. Ruminal liguid and serum
osmolalities were determined by the freezing point depressing procedure.
Total PEG intake (g/day) was calculated by multiplying PEG concentration
in the drinking water times daily water intake. Amount of PEG leaving the
rumen (g/day) (PEG outflow) was calculated by multiplying PEG
concentration in ruminal liquid times rumen volume times the liquid dilution
rate. Liquid dilution rate was calculated from cobalt dosage and cobalt
concentration in ruminal fluid 21 h later when the rumen was evacuated.

Results and Discussion

Results are presented in Table 1. As discussed previously, water intake,
rumen volume, particle-associated liquid and liquid outflow were greater with
the hay than with the concentrate dict. Also, as DM intake increased, water
intake and ruminal dilution rate increased in a stepwise fashion. However,
ruminal liquid volume did not increase as feed (and water) intake increased.

Amount of consumed water which entered the rumen with the roughage
diet was more than double (P<.01) that with the concentrate. Yet based on
PEG concentrations only 4.5 to 8.4% of ruminal liquid was obtained from
consumed water. The remaining 90% presumably was derived from saliva
and diffusion from blood. Some diffusion from blood would be expected
when ruminal fluid osmolality is greater than blood serum osmolality. But in
this study, differences in osmotic pressure between blood serum and ruminal
fluids were quite small (Figure 1), so net influx of ruminal liquid from blood
presumably would be minor.

Based on PEG analysis the percentage of drinking water which did not
mix with rumen contents and thereby evade the rumen was greater (P<.035)
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Table 1. Origin of ruminal Tiquid in beef heifers fed hay and concentrate diets.

Diets
Hay Concentrate Hay Conc
Intake of DM, % wt/day 1.0 1.4 1.8 1.0 1.4 1.8 Diet E 0 L ]
Water intake, 1/day 19.6 26.3 30.5 15.0 20. 29.0 .10 .001 NS .001 .001
Rumen outflow, 1/day 106.1 143.0 147.3 68.3 77.3 T9.3 .00l .001 NS NS NS
Rumen outflow, %/h 6.1 8.1 8.8 6.4 6.6 7.4 NS .001 NS .06 NS
Rumen volume, 1 70.5 74.0 69.5 44.6 49.1 45.7 .001 NS NS NS NS
Free 1iguid, 1 45.3 40.6 36.3 34,2 36.8 32.0 NS 008 NS NS NS
Bound 1iquid, 1 25.0 ‘32.7 32.% W3 12.0 439 .001 003 .02 NS NS
Rumen water from drinking water.
Drinking water
entering the
rumen, 1/day 9.0 9.3 11.4 3.0 4.0 5.0 .00z NS NS NS NS
% from drinking 8.4 6.3 8.0 4.5 5.0 6.3 .08 NS NS NS NS
Bypass of
drinking water, 1/day 10.6 16.5 22.0 13.2 17.0 24.1 NS 001 NS .001 NS
% of consumed 54.1 64.6 66.6 Bl4 - 71957 A2 .002 NS NS NS NS
L = Linear effect of level (treatment).

Q
NS

Quadratic effect of level (treatment).
No significance.
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Figure 1. Ruminal liquid and serum osmolality changes
in heifers fed concentrate vs. hay diets.

with the concentrate than the roughage diet (81.0 vs 60.4%), values much
higher than following water deprivation (Woodford et al., 1984). This water
presumably was flushed through the rumen due to the proximity of entry and
exit points. Such a high level of water evasion has a number of nutritional and
health implica