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PHYSIOLOGY

Reproductive Characteristics of
Young Boars Exposed to 8 or 16

Hours of Light Daily

J. E. Minton, R. W.Fent
and R. P.Wettemann

Story in Brief
Crossbred boars were exposed to either 8 or 16 hours of fluorescent light daily

from 75 to 175 days of age to determine the influence of duration of daily light
exposure on growth rate, testicular characteristics and endocrine function.
Growth rate was similar between the two groups of boars. However, serum
concentrations of testosterone, the areas under plotted l2-hr testosterone profiles
and the number and magnitude of testosterone secretory spikes were elevated in
boars exposed to 16 hours of light. Serum luteinizing hormone (LH) concentra-
tions were not influenced by treatment. Infusion of gonadotropin releasing
hormone (GnRH) resulted in similar concentrations of LH in both groups of
boars. Serum testosterone response to GnRH-mediated LH release was greater at
0.5 and 1.0 hr following GnRH in boars exposed to the longer photoperiod, but
was similar between both groups of boars thereafter. Testicular and epididymidal
weights and sperm reserves were not significantly influenced by treatment. We
conclude that exposure of young boars to 16 hr of light daily enhances testicular
endocrine function compared to boars exposed to 8 hr of light.

Introduction

The duration of daily light that animals are exposed to regulates certain
physiological processes. Reproductive cycles of sheep and horses are directly
affected by the duration of photoperiod. In addition, exposure to longer day-
lengths accelerates growth rate of both nonseasonally (cattle) and seasonally
breeding animals (sheep). Since the pig is not a seasonal breeder, the influence of
duration of photoperiod on reproductive development and growth rate has
received little attention.

Data obtained in recent years suggests that boars which are exposed to in-
creased photoperiods are more sexually aggressive, and semen can be collected at
a younger age compared to boars exposed to shorter photoperiods. Limited
information is available on the extent to which duration of photoperiod affects
testicular endocrine and spermatogenic function of the young boar. Conse-
quently, we designed an experiment to evaluate the influence of duration of daily
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light exposure on growth rate, testicular characteristics and serum concentrations
of LH and testosterone of young boars.

Experimental Procedures
A total of 30 pairs of full-sib crossbred boars of Duroc, Landrace, Spot and

Yorkshire breeding were used in three replicates for this study. Each boar of a
full-sib pair was assigned to either 8 or 16 hours of light daily from 75 to 175 days
of age. All boars were maintained on solid concrete floors and supplied with feed
and water ad libitum. Body weights were obtained every two weeks throughout
the experiment.

When the boars averaged 160 days of age, a venous catheter was placed in each
of 10 boars from both treatment groups. Serum samples were obtained at
30-minute intervals for 12 hours. Then, 200 I-'-gof GnRH were infused, and
serum was obtained at frequent intervals for 4 hours. All serum samples were
analyzed, using specific radioimmunoassays, to determine concentrations of LH
and testosterone.

All boars were castrated at about 175 days of age. One testis from each boar was
saved and weighed, a sample of testicular parenchyma was homogenized and
sperm numbers were determined by microscopic count. The epididymides were
removed from the testes and sectioned into pieces containing the head and body
(capita-corpora) and the tail (cauda). These tissues were weighed and
homogenized and sperm numbers were determined.

Results and Discussion

Average daily gain tended to be increased for boars exposed to 8 hours of light
daily (1.70 :t 0.07Ib/day) compared to boars in the longer photoperiod (1.59 :t
0.04Ib/day), but this difference was not statistically significant (Table I). Testicular
weights and weights of the capital-corporal and caudal epididymides were similar
for boars in both treatment groups. Likewise, sperm reserves in the epididymides
were not influenced by photoperiod. But, there was a tendencv for boars exposed
to 16 hours of light daily to have more sperm in their testes.

Table 1. Characteristics of boars exposed to 8 or 16 hours of light daily

Criteria

Number of boars

ADG (Ib/day)
Testicular wt (g)
Total testicular sperm (x109)

Capital-corporal wt (g)
Total capital-corporal sperm (x109)
Caudal wt (g)
Total caudal sperm (x109)

"Mean :t SEM.

8 hr

25
1.70:!: .07a

281.3 :!:15.9
25.2 :!: 2.4
28.6 :!: 1.5
28.0 :!: 3.2
31.8 :!: 2.1
69.5 :!: 13.2

Duration01photoperiod
16 hr

28
1.59:!: .04

278.3 :!: 14.5
30.3 :!: 3.3
29.6 :!: 1.5
26.8 :!: 3.0
30.8 :!: 1.6
57.0 :!: 7.1

Average serum LH concentrations (Table2) were not influenced by treatment.
In addition, the frequency and magnitude of LH secretory spikes and the area
under plotted 12-hr LH profiles were similar for boars in both treatment groups.
In addition, the LH release in response to GnRH infusion did not differ signifi-
cantly between boars in either treatment.

2 Oklahoma Agricultural Experiment Station



Table2. Serum LH and testosterone in boars exposed to 8 or 16 hours of light
daily

Durationot photoperiod
8 hr

Testos-
Criteria LH terone

Number of boars 9 9

Concentration(ng/ml) 1A::!: .1b 3.2::!: .8c
Area under 12-hr curve (ng'hr/ml) 16.1 ::!:1.3 35.9::!: 9.2c

Secretoryspikesaper12hr(no) 2.3::!:.3 1.7::!: Ad
Magnitude of secretory spikes (ng/ml) 2.0::!:.2 7.1 ::!:1.1c

alncreasesin serum concentrationsgreater than one SO above the mean.
bMean :t SEM.
CSignificantdifference,8 hr vs 16 hr (p<O.10).
"Significantdifference,8 hr vs 16 hr (p<O.05).

Boars exposed to 16 hours of light daily had increased (p<O.IO) serum testos-
terone concentrations (4.9 :t 0.8 ng/ml; Table 2 and Figure I) compared to boars
exposed to 8 hours of light (3.2 :t 0.8 ng/ml). Even though secretory spikes of LH
were not influenced bv treatment, boars in the longer photoperiod had more

LH
10

1.5::!: .1
17.8::!:1.3
2.5::!: .3
2.1::!: .2

16 hr
Testos-
terone

10
4.9::!: .8c

57.7:t8.8c
2.8::!: Ad
9.5::!:1.1c

o
o I 2 3 4 5 6 7 8 9 10 II 12

Hour
Figure 1. Average testosterone concentrations in boars exposed to 8 (~)

or 16 (0- -0) hours of light daily
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testosterone secretory spikes per 12 hours (p<0.05), and these spikes were of a
greater magnitude (p<O.lO) than those observed for boars in 8 hours of light per
day. The increased frequency and magnitude of testosterone pulses (and perhaps
altered testosterone clearance rate) resulted in an increased area under plotted
testosterone profiles (p<O.lO) for boars in 16 hours of light. Serum testosterone
response to GnRH-mediated LH release was greater in boars exposed to 16 hours
of light per day at 0.5 and 1.0 hr following GnRH treatment, but testosterone
concentrations were similar for boars of both treatment groups thereafter (Figure
2).
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Figure 2. Testosterone response to GnRH in boars exposed to 8 (~)
or 16 (cr -0) hours of light dally

These results indicate that growth rate of boars is not significantly influenced
by photoperiod, at least between 75-175 days of age. Duration of photoperiod did
not significantly influence the weight or sperm reserves of the testes or epididy-
mides when the boars were castrated at 175 days of age. However, photoperiod
significantly enhanced testicular endocrine function in boars exposed to 16 hours
of light. This suggests that photoperiod may alter androgen synthesis or secre-
tion, perhaps by increasing the sensitivity of the testes of boars in the longer
photoperiod to endogenous LH.

The results of this work and other research in progress at the Oklahoma
Agricultural Experiment Station may lead to a more complete understanding of
the influence of duration of photoperiod on the boar. This information should
aid in identifying an optimum environment in which to rear young boars in order
to maximize growth rate and hasten the onset of sexual activity.
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Influence of Prepartum Nutrition on
Reproductive Performance and

Plasma Glucose, Protein and
Esterified Fatty Acids in Range Cows

R.}. Rasby, R. P. Wettemann, K.S. Lusby,
B.R. Pratt and E.}. Turman

Story in Brief
Sixty-eight mature, pregnant Hereford Cows were used to determine blood

constituents prior to calving when subjected to different prepartum nutritional
regimes. Starting November 19, 1980, one group of cows was supplemented to
maintain their November weight until calving. Three other groups were fed a low
level of nutrition from November 19 to January 22, 1981; then the level of
nutrition was increased for two of the three groups. One group was fed to return
to their November weight by calving (low-high) and another group was fed to
maintain their weight until calving (low-moderate). The third group was fed to
continue to lose weight (low-low), so that approximately 10 percent ofthe Novem-
ber weight was lost by the time of calving. All animals were treated alike after
calving.

Projected weight losses were probably not achieved because of a mild winter,
but losses were in the desired directions. Total esterified fatty acids in plasma were
not affected by treatment. However, plasma glucose and protein were affected by
treatment. When nutrition was increased, the concentration of glucose and pro-
tein in plasma were increased. Pregnancy rates ranged from 74 to 95 percent for
the various treatments.

Introduction

Many factors dictate the interval from calving to first estrus and subsequent
ovulation in beef cows. One factor, the level of winter nutrition, or energy intake
during the final trimester of gestation, affects pregnancy rate the following
breeding season.

The nutritional requirement of a cow increases tremendously during the last
trimester of pregnancy to meet the needs of the rapidly growing fetus. In
addition, changes are also taking place in the placenta. Many essential hormones
that regulate reproductive functions are produced by the placenta and fetus.
Fetal and placental hormones produced during late pregnancy may influence
constituents found in the blood plasma of range cows, or plasma constituents may
regulate reproductive processes. Glucose is the major source of energy at the
cellular level and may influence secretion of hormones. Total plasma protein may
indicate the health of the animal, or it may be related to protein metabolism.
Esterified fatty acids in the plasma are related to fat absorption. Therefore, this
experiment was designed to determine the changes in blood constituents that
occur during late pregnancy and to relate these changes to subsequent rebreed-
ing performance in range cows on different levels of winter nutrition.
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Materials and Methods

Sixty-eight pregnant, mature Hereford cows were maintained on native
tallgrass range at the Range Cow Research Center, 12 miles west of Stillwater.
Starting November 19, 1980, one-fourth of the cows were randomly assigned to a
moderate level of nutrition so as to maintain their November body weight until
calving. The remaining animals were assigned to a low level of nutrition so they
would lose about 7.5 percent of their November weight by January 22, 1981
(approximately 45 days prepartum). At this time the nutritional levels of the cows
were altered. One-third of the cows remained on the low level of nutrition (Iow-
low group) so they would lose about 10 percent of their November weight prior to
calving; another group (low-high) was changed to a high level of nutrition so they
would gain back their November weight by the time of calving; and a third group
(low-moderate) was fed the same level of nutrition as the moderate group to
calving. It was anticipated that the moderate, low-low, low-high and low-moderate
cows would lose about 0, 10, ° and 7.5 percent, respectively, of their fall weights
prior to calving. Therefore, during the 45 days before calving, moderate cows
would be maintaining weight, low-high cows would be gaining weight, low-
moderate cows would be gaining weight but at a lower rate than low-high cows,
and low-low cows would be losing weight. Feed levels were adjusted on the basis
of body weights taken every 2 weeks and are summarized in Table I. All cows
were managed in the same pasture after calving and supplemented at the same
rate.

Table 1. Feeding program

Date

Nov. 19. 1980

Moderate

21 Ib of 41%

protein CSMa

pellets/week

Nutritional treatment

Low

5 Ib of 41 %

protein CSM
pellets/week

High

Jan. 22, 1981 21 Ib of 41%
protein CSM
pellets/week

5 Ib of 41 %

protein CSM

pellets/week

30 Ib of 41%

protein CSM
pellets/week

Postpartum 28 Ib of 41% protein CSM pellets/week
°41% protein cottonseed meal pellet.

Body condition scores of the cows, based on visual appraisal, were determined
independently by at least two individuals at monthly intervals for the duration of
the experiment. The scores were based on a scale from I =very thin, to 9=very
fat. Blood samples were collected at 2-week intervals starting January 22, 1981,
until calving. Plasma protein was measured with a refractometer. Plasma glucose
and total esterified fatty acids were quantified by colorimetric methods.

Results and Discussion

Winter weight losses for the low treatments were not achieved even at the low
supplemental level (Table 1), probably as a result of an unusually mild winter with
no snow and warmer temperatures than normal. However, as indicated in Table
2, body weight losses were in the direction desired. Moderate cows lost 2.8
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Table2. Percent weight change at 45 days prepartum8 and at calvlngb
Nutritionaltreatment 45Daysprepartum Calving

Moderate 1.5:t .9 - 2.8:t 1.8
Low-Low - 1.8:t 1.0 - 5.3:t 1.3
Low-Moderate - 1.2 :t .8 - 1.4 :t .8

Low-High O:t .8 + 2.0:t 1.2
"Weight change from November.
b Weight change from November prior to calving, does not include calving loss.

percent of their fall weight prior to calving, low-low cows lost 5.3 percent of their
fall weight, low-moderate cows lost 1.4 percent of their fall weig-ht and low-high
cows gained 2.0 percent of their fall weight.

Body condition scores were similar for all treatment groups on November 19
and did not differ significantly on January 22, ahhoug-h cows on the low-
moderate and low-high treatments had slightly lower scores than the other two
groups (Table 3). By March 19 (the average calving date for all cows), the
moderate cows had decreased .5 units from I\'ovember, low-low cows had
decreased .8 units, low-moderate cows had decreased .5 units and low-high cows
had decreased only .2 units from November. The low-high cows had a reduction
in body condition although they gained weight because the gain was associated
with an increase in weight of the calf and placental fluids.

The concentration of total esterified fam' acids (TEFA) was not affected bv
treatment at any time period prepartum' (Table 4). Cows, regardless of th~
treatment, had a concentration of approximately 25 mg/IOO ml TEFA in plasma.

Table 3. Body condition score8 for cows maintained on different prepartum
nutritional treatments

Date

Nov. 19, 1980
Dec. 18, 1980

Jan. 22, 1981

Feb. 19, 1981

Mar. 19, 1981.1 = very thin, 9 = very fat.

Moderate

6.5 :t .2
6.4:t .1
6.0:t .1
6.5:t .1
6.0:t 0

Nutritionaltreatment
Low-Low Low-Moderate

6.5:t.1 6.4:t.1
6.3:t .1 6.1 :t .1
6.1 :t .1 5.8 :t .1
6.0:t .1 6.2:t .1
5.7:t .1 5.9:t .1

Low-High

6.5:t .2
6.3 :t .1
5.6:t .2
6.4:t.1
6.3:t .2

Table 4. Influence of nutrition and stage of gestation on total esterified fatty
acids (mg% on triacetin basis) In range cows

Nutritionaltreatment
Low-Low Low-ModeratePeriod

1
2
3
4
5

Average

Days
prepartum

0-11
12-25
26-39
40-53
54-67

Moderate

25.3:t 1.3
26.7:t1.4
27.8:t 1.4
25.5:t 1.9
25.7 :t 2.5
26.3:t .7

24.2:t 1.6
23.6:t 1.5
25.7:t1.4
24.7:t.7
23.0:t 1.2
24.3:t .6

23.9:t 1.4
24.9:t 1.0
25.8:t 1.3
24.6:t 1.1
22.7:t 1.0
24.5:t .5

Low-High

27.3:t1.4
28.0:t 1.2
25.1 :t 1.0
23.2:t 1.4
23.7:t 1.2
25.5 :t .6

- - -
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Plasma glucose concentrations (T<lble5) were affected by treatment at some
time periods prepartum. The moderate cows at period 2 (between 12 and 25 days
before calving) had lower glucose concentrations than did the low-low, low-
moderate or low-high (P<.l). At periods 2 and 3 the glucose concentrations of
low-low cows were less than those for low-moderate and low-high cows (P<.I and
P<.025 in periods 2 and 3, respectivelv). This indicates that as nutrition
increased, the glucose concentration also increased.

Plasma proteins (Table 6) were influenced by treatment. Low-low cows had
significantly lower concentrations of plasma protein at period 2 than did low-
moderate and low-high cows (P<.OI). Plasma protein concentrations were also
reduced in low-low cows at period 4 (P<'()05) compared to low-moderate and low-
high cows. This period was about 45 days prepartum and was near the time the
supplementation was increased for the low-moderate and low-high cows. A
difference in the treatment groups at this specific period indicates that when cows
~re changed from a low level of nutrition to a higher level, plasma proteins also
mcrease.

The reproductive data (Table 7) indicate that acceptable reproductive perform-
ance was obtained with moderate nutrition. Interpretation of the effects of these
nutritional treatments on reproductive performance is difficult with the limited
number of cows per treatment. This experiment will be replicated for 4 veal's to
evaluate the effect of these treatments on the interval from calving to estrus and
on conception and conception rate.

Period
Days

prepartum

Nutritional treatment

Low-Low Low-Moderate

Table 5. Influence of nutrition and stage of gestation on plasma glucose
(mg%)in range cows

Moderate

1 0-11 61.3:!:4.S 54.7:!:1.3
2 12-25 52.6:!: 1.f!f 54.0:!: 1.6
3 26-39 53.9:!: 1.98.b 52.0:!: 1.38
4 40-53 54.7:!:.9 54.1 :!:1.2
5 54-67 55.9:!: 1.7 54.3:!: 1.7

Average 55.5:!: 1.2 53.7:!: .6
a."Means in a row with different superscripts differ (P<.025).

59.6:!:.7
5S.5:!: 1.1
5S.7:!:1.6b
54.7:!:1.4

61.2:!:4.S
5S.4 :!:.S

Low-High

59.3:!: 2.2
56.0:!: 1.5
55.6:!: 1.9b
59.6:!:2.1
61.7:!:2.0
57.9:!:.9

Table 6. Influence of nutrition and stage of gestation on plasma protein (%) In
range cows

Days Nutritionaltreatment
Period prepartum Moderate Low-Low Low-Moderate

1 0-11 7.5:!:.15 7.3:!:.13 7.5:!:.10
2 12-25 7.3:!:.118.b 7.1 :!:.018 7.5:!:.09b
3 26-39 7.1 :!:.15 7.1 :!:.09 7.3:!:.OS
4 40-53 7.1 :!:.15c.d 6.S:!:.09c 7.2:!:.OSd
5 54-67 7.1 :!:.1S 6.S:!:.07 7.0:!:.11

Average 7.2:!:.06 7.0:!:.05 7.3:!:.04
.'"Means in a row with different superscripts differ (P<.01).
c.dMeans in a row with different superscripts differ (P<.005).
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Table7. Influence of prepartum nutrition on pregnancy rate of range cows
Level01nutrition No.pregnant/No.exposed (%pregnant)

Moderate 11/12 (92)
Low-Low 13/17 (76)
Low-Moderate 18/19 (95)
Low-High 15/19 (79)

This study, when complete, will provide much information on the relationships
between winter supplemental feeding programs, body weight loss, body condi-
tion score, blood metabolites and reproductive performance of range cows.
These data should allow us to determine desirable winter feeding programs and
assist in the elucidation of causes of extended intervals from calvinl{ to first estrus.

Effect of Dexamethasone on

Gonadotropin Secretion in
Postpartum Anestrous Range Cows

R.P. Wettemann, T.W. Beck,
E.J. Thnnan and B. Pratt

Story in Brief
An extended interval from calving to first estrus in beef cattle may be associ-

ated with environmental stress and, suckling which increase the secretion of
adrenocorticotropic hormone (ACT H) by the pituitary gland. Increased
secretion of ACTH causes greater amounts of corticoids to be secreted by the
adrenal gland. This experiment was designed to determine if treatment of
anestrous cows with dexamethasone, a synthetic corticoid, would inhibit the
release of ACTH by the pituitary and, as a result, alter secretion of the luteinizing
hormone (LH) and alter the interval from calving to estrus. Treatment with
dexamethasone did not influence the percentage of cows in estrus by 85 days
after calving, however, it tended to lengthen the interval from calving to first
estrus in those cows that exhibited estrus. The. pattern of LH secretion was
altered for several days after treatment.

Introduction

Studies with laboratory animals suggest that exposure to stressful conditions
alters secretion of pituitary hormones. Stresses imposed before breeding have
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been found to influence different stages of the reproductive process in many
species, presumably by acting through the nerve pathways which stimulate
secretion of ACTH from the pituitary. When rats are adrenalectomized and
ovariectomized, the secretion of ACTH increases, and the increase in gonadotro-
pins normally occurring after castration is not observed. This would suggest that
the pituitary cannot react to ovariectomy by increasing pituitary output of
gonadotropins when it needs to secrete increased amounts of ACTH in an
attempt to increase the output of corticoids from the adrenal gland to combat the
stress. A similar situation may exist in postpartum cattle. Environmental stress
and the suckling stimulus cause release of ACTH, which could cause gonadotro-
pin secretion to be inhibited and could result in abnormally long postpartum
intervals from calving to first estrus.

Treatment of cycling heifers with synthetic corticoids will decrease serum
concentrations of endogenous corticoids by decreasing ACTH secretion, but
luteal function is maintained, and estrous cycle lenghts are increased (Kanchev et
aI., 1979). These data and work by others suggest that corticoids may be involved
in the regulation of gonadotropin secretion. Therefore, treatment of postpartum
cows with dexamethasone (a synthetic corticoid) should inhibit ACTH, which is
normally' released due to stress and suckling, and may enhance gonadotropin
secretion, thus stimulating ovarian activity.

Materials and Methods

Fall calving Angus and Hereford cows were maintained on tall grass native
range with a sterile bull wearing a chin ball marker to detect estrus. At 35 to 41
days postpartum, 11 Angus and 6 Hereford anestrous cows were randomly
assigned by breed to receive injections of dexamethasone (n =8) or saline (n =9).
Three days before treatment, cows were transported 12 kilometers from the
range and confined in a barn.

On day 0, cows were treated intramuscularly with 20 mg of dexamethasone or
saline (control). On day 1, a cannula was inserted in a jugular vein, and blood
samples were collected at lO-minute intervals for 3 hours. On day 2 cows were
retreated with 20 mg of dexamethasone or saline, and on day 3 blood samples
were obtained at lO-minute intervals for 3 hours. On day 4, cows were treated
with 5 mg of dexamethasone or saline, returned to the range and run with bulls
wearing chinball markers. Serum LH was quantified in samples obtained at the
frequent bleeding period on days 1 and 3 to determine gonadotropin secretion.

Results and Discussion

Five of eight cows treated with dexamethasone and six of nine control cows
exhibited estrus by 85 days postpartum. Treatment of cows with dexamethasone
tended (P<.lO) to lengthen the interval from calving to first estrus compared to
control treatment in those cows that were in estrus (69:': 5 vs 58:,: 6 days, respect-
ively).

Serum LH concentrations were similar for Angus and Hereford cows. Serum
LH averaged 1.85 ng/ml and was not affected by dexamethasone treatment.
However, there were significant interactions between sampling day, sampling
time and dexamethasone treatment (Figure 1). This suggests that serum LH
concentrations were affected differently by dexamethasone treatment on the two
sampling days. The number of increases in LH that were more than one standard
deviation greater than the average, during a sampling day, were not influenced
by treatment.
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Figure 1. Serum luteinizing hormone concentrations after treatment with
dexamethasone

In contrast to the original hypothesis, this experiment suggests that treatment
of anestrous beef cows with dexamethasone may delay the onset of the first
postpartum estrus. In addition, concentration of serum LH may be altered for
several days after treatment.

Literature Cited
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Relationship between Changes in
Prepartum Body Weight and
Condition and Reproductive
Performance of Range Cows

R. P. Wettemann, K. S. Lusby
and E. J. Turman

Story in Brief
Thirty-five Hereford cows were maintained in two groups under range condi-

tions. One group was fed so that only 3.5 percent of the November weight was
lost prior to calving in March. The other group of cows lost about 14 percent of
the fall weight prior to calving. On an individual cow basis, the range in body
weight change was from a 5 percent increase to a 20 percent loss. Body condition
score averaged 6.1 in November, and percentage change in condition from
November to calving was between + 23 percent and - 43 percent. Percentage
changes in body weight and body condition score during the winter before
calving were both correlated with days to first estrus and days to conception, and
the correlations were of similar magnitudes. Therefore, either body weight
change or body condition score change before calving can be used to estimate
rebreeding performance.

Introduction

Only about 70 to 75 percent of beef cows wean a calf each year. A major reason
for this reduced calf crop is that about 15 percent of the cows are not pregnant at
the end of the breeding season. In many cases, the cause of cows being open after
the end of the breeding season is the failure of these cows to resume normal
estrus cycles after calving.

The ovary is nonfunctional, and estrus does not occur for varying lengths of
time during the postpartum period. Level of nutrition before and after calving
has been shown to have a major influence on how quickly ovarian function is
resumed after calving. Obviously, the level of nutrition provided the cows also
affects body weight and condition. Therefore, th~ purpose of this study was to
evaluate the relationships among changes in prepartum body weight and body
condition with the intervals from calving to first estrus and to conception in range
cows.

Materials and Methods

Spring calving Hereford cows were maintained in two groups under native tall
grass range conditions. One group of 18 cows was fed so that the November body
weight was maintained through the winter until the time of calving. The other
group of 17 cows was fed so that they would lose 10 to 15 percent of the
November weight by the time of calving. Feed levels (supplemental protein) were
adjusted on the basis of body weights taken every two weeks. Body condition
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scores,based on visual observations, were determined independently by three
individuals on November 14 and March 8. The scores were based on a scale from
1 = very thin, to 9 = very fat. Cows were exposed to bulls wearing chin-ball
markers to aid in detecting breeding activity. Days to conception was calculated by
subtracting 283 days from the date of birth.

Results and Discussion

The characteristics of the cows used to determine what relationship precalving
weight and body condition change have with reproductive performance are listed
in Table l. The large variation for the traits would be expected since the cows
were divided into two groups and maintained during the winter on two levels of
nutrition. At the start of the trial (November) these Hereford cows weighed
between 755 and 1250 pounds and body condition scores ranged from 4.7 to 8.0.
Just prior to calving in the spring, cows weighed from 5 percent more to 20
percent less than they did in the fall and the percentage change in body condition
score ranged from +23 to -43 percent.

Table 1. Characteristics of spring calving Hereford cows used to determine
the relationships between weight and condition changes and repro-
ductive performance

Characteristic Average Minimum Maximum

As observed in previous research, the percentage decrease in body weight from
November until just prior to calving was correlated with days to first estrus
(r=.58;P<.01) and days to conception (r=.60;P<.OOI). The relationships among
percentage weight lost before calving and days to first estrus and days to concep-
tion are plotted in Figure l. Each 10 percent of body weight lost before calving
delayed first estrus by about 19 days and delayed conception by about 16 days.

Use of body condition score allows the evaluation of potential reproductive
performance of cows without weighing them. The relationships between percent-
age change in body condition score from mid pregnancy (NO\'ember) to calving,
and days to first estrus and days to conception are depicted in Figure 2. The
percentage decrease in body condition score during the winter before calving was
correlated with days to first estrus (r=.61;P<.005) and days to conception
(r=.62;P<.OOI). These correlations are of similar magnitude as those between
body weight change and days to estrus and conception. Thus, either body weight
change or body condition score change can be used to estimate potential rebreed-
ing performance,
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Number of cows 35

November weight (Ib) 986 755 1250
November body condition scorea 6.1 4.7 8.0

Precalving weight (Ib) 893 655 1160

Precalving body condition score 5.1 3.8 6.5
Weight change (November to

precalving) (%) -9 +5 -20
Body score change (November to

precalving) (%) -14 +23 -43
Calving to first estrus (days) 70 35 109
Calving to conception (days) 73 39 127

a1 = very thin, 9 = very fat.
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A 20 percent decrease in body condition score from Nov'ember to calving in the
spring (a cow changing from a 6.0 to a 4.8) would be associated with an additional
15 days to first estrus after calving compared to a cow that maintained body
condition. Similarly, a 20 percent decrease in body condition score would be
associated with an additional 16 days to conception.

This study reemphasized the relationship between weight loss during preg-
nancy and rebreeding performance. Either body weight loss or change in body
condition are good indicators of potential reproductive performance of range
cows.

A Comparison of Different Breeds
for Growth Rates, Performance Traits

and Scrotal Circumference in Young
Beef Bulls

J. H. Baker,J. R. Kropp,
E. J. Turman and D. S. Buchanan

Story in Brief
Performance data and testicular measurements from 497 Hereford, Polled

Hereford, Angus, Brangus and Charolais bulls were collected from December 19,
1979, through April 2, 1981, at Oklahoma Beef, Incorporated, a performance
bull test station. The on-test age of these bulls was approximately 7 months, and
they remained on-test for 140 days.

Charolais bulls were taller, heavier, faster gaining and trimmer, and they pos-
sessed larger rib eye areas than the other breeds. Hereford, Polled Hereford and
Angus bull on-test and off-test hip heights were similar (43.2 in.), while Brangus
(44.5 in.) and Charolais (45.8 in.) were taller, representing differences in breed
frame and mature size. However, skeletal growth as measured by hip height
growth rate per day was similar for all breeds, averaging. 0328 in. per day or 1 in.
per month. Average daily gains on test were very similar for Charolais, Polled
Hereford, Angus and Brangus bulls, ranging from 3.37 to 3.58 Ib per day, while
Hereford bulls gained slightly less (3.18 Ib per day).

Angus bulls had the largest on-test scrotal circumference measurement (27.7
cm) while the Hereford and Polled Hereford bulls had the smallest (25.6 cm).
Brangus, Angus and Charolais were similar in their off-test scrotal circumference
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(35.2 cm) with Hereford and Polled Hereford bulls being smaller (33.3 cm).
Scrotal size tended to increase at the rate of l. 7 cm per month while on test.

Brangus, Angus and Polled Hereford bulls tended to be faneI' off-test (.44 in.)
than Hereford (.38 in.) and Charolais bulls (.21 in.). Rib eve area measurements
of 15.1, 13.5, 13.0, 12.6 and 12.5 were recorded 11)1'Charoiais, Angus, Herell)rd,
Brangus and Polled Hereford bulls, respectively.

Introduction

In beef cattle herds, the level of reproductive perform<mce of both cows and
bulls is probably the single most important factor contributing to gross returns.
Therefore, it is especially important to understand all the factors influencing the
reproductive performance of the bull. One such factor is testicular size, with
scrotal circumference being the most common measurement of size.

With the influence of manv breeds of beef canle in this country, there has been
some concern about wheth~r these breeds are similar in their' skeletal growth,
performance and testicular growth. Most canlemen would agree that there are
definitely size differences in many breeds, but their growth rates are not clearly
defined.

The purpose of this study was to evaluate the breed differences between scrotal
circumference in young beef bulls and their respective growth traits as measured
by linear hip height, body weight and average daily gain on a performance test
program.

Materials and Methods

This study utilized performance data and testicular measurements from
Hereford, Polled Hereford, Angus, Brangus and Charolais bulls on test at Okla-
homa Beef, Incorporated, a performance bull test station, located 8 miles west of
Stillwater. A total of 497 bulls in 20 diflerent groups were placed on test, and 485
bulls completed the 140-day test period. l\\'eIve bulls were removed because of
health or unsoundness.

All bulls were approximately 7 months of age when placed on test. The bulls
were acclimated to the feed and surroundings for a 14-day warm-up period prior
to beginning the official 140-day gain test. Therefore, all bulls completed test at
approximately 12-13 months of age. DifIerent breeds were fed different rations
(Table I); therefore, breed and ration effects could not be separated. The
Hereford and Polled Hereford bulls were fed the same ration; however, the

Table 1. Oklahoma Beef, Inc. bull test rations

Angus,Brangus, Charolais Hereford, Polled Hereford

Ingredient

Crimped corn
Crimped oats
Molasses

Dehydrated alfalfa
Cottonseed hulls

Soybean oil meal
Mineral mix
Cottonseed oil meal

% %

36
30

7
5

10
10
2

33
30

5
3

17
5
2
5
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Hereford bulls were bunk-line fed while the Polled Herefords were self-fed. The
Angus, Brangus and Charolais were also fed the same ration; but the Angus were
self-fed with 10 bulls per pen, Charolais were self-fed with 25 bulls per pen and
Brangus were bunkline fed twice per day.

Measurements of weight, hip height and scrotal circumference were obtained
prior to the start and upon completion of the official 140-day test. In addition, fat
thickness and rib-eye area were estimated with a scanogram upon completion of
the test. Average daily gain, weight per day of age, hip height growth rate and
scrotal circumference growth rate were calculated.

Results and Discussion

Table 2 presents means for all on-test and off-test performance and testicular
traits.

Body weight
Charolais bulls were heavier on-test, heavier off-test, gained more and had

more weight per day of age than the other breed groups. Since different rations
were fed to different breed groups (Table I), interpretation of off-test weight and
average daily gain differences among breeds is difficult. Average daily gains were
similar for Charolais, Polled Hereford, Angus and Brangus, ranging from 3.581b
per day for Charolais to 3.37 Ib per day for Brangus. Although Polled Hereford
bulls gained well (3.47 Ib per day), they were lowest in off-test weight and weight
per day of age due to a low on-test weight. Hereford bulls had the lowest average
daily gain on test (3.18 Ib per day) but were bunk-line fed the lowest energy diet.
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Table 2. Breed least squares means for performance traits of tested bulls

Breed

Polled
Hereford Hereford Angus Brangus Charolais

On-testperformancedata
Number 119 120 141 90 27

HH (in) 43.5:!: .13c 43.2:!: 15cd 43.1 :!:.13d 44.5:!: .1b 45.8:!: .25a

SC(em) 25.7:!: .25c 25.6:!: .30c 27.7:!: .25a 26.6:!: .38b 26.0:!:.51bc

Wt(lb) 605 :!:]b 562:!:9c 620 :!:]b 602:!:11b 722:!: 14a

WtJday(Ib) 2.51:!:.03bc 2.31:!: .03d 2.58:!: .03b 2.45:!: .04c 3.11:!:.06a

Off-testperformancedata

Number 116 118 135 90 26

HH (in) 48.2:!: .13c 47.6:!: .15d 48.0:!: .13c 49.2:!: .19b SO.8:!:.26a

HGR (in/day) .0322:!:.0000a .0318:!:.0007a .0339:!: .0006a .0332:!:.0000a .0335:!: .0012a

SC(em) 33.6:!:.21b 33.1:!:.26b 35.2:!:.21a 35.6:!: .31a 34.9:!: .43a

SCGR (em/day) .054:!: .002bc .054:!: .OO2bc .052:!: .002c .062:!: .003a .059:!: .003ab

Wt(lb) 1073:!:9cd 1047:!:11d 1118:!:9b 1082:!:13c 1251:!:18a

ADG (Ib/day) 3.18:!: .00c 3.47:!: .04ab 3.45:!: .04ab 3.37:!: .06b 3.58:!: .09a

WI/day (Ib) 2.77:!:.02" 2.72:!: .03c 2.89:!: .02b 2.79:!: .03c 3.27:!: .05a

Fat (in) .38:!:.01b .44:!: .01a .45:!:.01a .42:!:.02ab .21:!:.02c

REA (sq in) 13.0:!:.Oge 12.5:!:.01d 13.5:!:.09b 12.6:!:.13d 15.1:!:.18a

a.b.c.dMeans in the same row that do not share at least one superscriptare significantlydifferent by LSD test
(P<.05).



Hip height
Breed rankings for on-test and off-test hip height were very similar. Charolais

bulls were tallest, followed by Brangus. Polled Hereford, Herefi)rd and Angus
bulls were smaller framed. Differences in skeletal height both on and off-test
represent differences in mature size of the breeds. Hip height growth rate from
on-test to on~test were similar regardless of the mature size of the breed, ranging
from .0318 to .0339 in. per day or approximately I in. per month.
Scrotal circumference

The on-test scrotal circumference was larger for Angus bulls than the other
breed groups. Off-test scrotal circumference measurements were similar for
Brangus, Angus and Charolais bulls, while Hereford and Polled Hereford bulls
were smaller in their average circumference by approximatelv 2 em or .8 in.
However, all breed averages for yearling scrotal circumference were in the accept-
able range.

The scrotal circumference growth rate between the on-test measurement and
off-test measurement, representing basically a weaning to yearling period, was
greatest for the Brangus bulls (9 em), followed by the Charolais (8.9 em),
Hereford (7.9 em), Angus (7.5 em) and Polled Hereford (7.5 em). Differences in
scrotal growth rate between breeds may be due to: first, Brangus and Charolais
are larger, later-maturing breeds that mature sexually later in their growth curve,
and secondly, Hereford, Polled Hereford and Angus bulls are smaller, earlier-
maturing breeds that possibly reach sexual maturity sooner.
Fat thickness

Upon completion of the 140-day test, Charolais bulls were leaner than the
other breed groups. This advantage in leaness is associated with a later physiolog-
ical maturity pattern and a larger mature size. Cattle sired by Charolais bulls
should be leaner and have higher cutability than cattle sired by the other breed
groups. Hereford bulls tended to be leaner than Polled Herefi)rd, Angus and
Brangus bulls. However, energy density of the ration is confounded with breed;
therefore, interpretation of the differences are difficult.

Rib eye area
Rib eye area, as measured between the 12th and 13th rib by scanogram

procedures, was used as an indicator of muscle. Charolais bulls were more heavily
muscled, followed by Angus, Hereford, Brangus and Polled Herefi)rds, respec-
tively. Cattle sired by Charolais bulls should have higher muscle-to-bone ratios
than cattle sired by the other breed groups.
Conclusions

Definite breed differences exist among Charolais, Brangus, Hereford, Polled
Hereford and Angus bulls for on-test weight, on~test weight, hip height, scrotal
circumference, average daily gain on test, fat thickness and muscling. Differences
among breeds tended to parallel differences in breed physiological and sexual
maturity patterns. Charolais bulls were taller, heavier, faster gaining and trimmer
and possessed larger rib eye areas than the other breeds.

All breeds tended to grow in height at the same rate during the test period or
from weaning to yearling; however, Charolais and Brangus were generally taller
at the completion of test due to their large mature size.
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Growth Rates of Hip Height,
Scrotal Circumference and Weight
for Purebred Hereford and Angus

Bulls

J. H. Baker,J. R. Kropp,
E. J. Turman and R. L. Hintz

Story in Brief
Seasonal differences and growth rates were studied on 60 Hereford and Angus

bulls born in the spring and fall calving seasons at Oklahoma State University.
Hip height, scrotal circumference and weight measurements were taken over the
two IO-month experiments.

Season of birth had no influence on scrotal circumference for either Hereford
or Angus bulls. Season of birth in Angus bulls did not show a difference in hip
height, scrotal circumference, or weight between spring and fall-born bulls.

Hip height and scrotal circumference growth rate, along with average daily
gain, showed a linear decline from 6 to 17 months of age in both Hereford and
Angus bulls. Hip height growth rate from 180 to 365 days of age averaged .0325
and .0321 in./day for Hereford and Angus bulls, respectively. In addition, hip
height growth rate from 365 to 510 days of age averaged .0222 and .0207 in./day
for Hereford and Angus bulls, respectively. Scrotal circumference growth rate
from 180 to 510 days of age ranged from .0790 to .0000 ern/day for Herefords
and .0843 to .0040 cm/day for Angus. Adjustment factors for scrotal circumfer-
ence at 6 and 12 months of age were .08 and .04 cm/ day, respectively. Average
daily gain was faster for Angus bulls at the start of the test than for Herefords,
but declined much faster later in the test period. Average dailv gain of Angus
bulls from 180 to 510 days of age averaged 2.51 Ib/d av. Hereford bulls averaged
2.42 Ib/day.

Introduction

In today's marketing and production systems it would be beneficial to have fast
growing, rapidly gaining cattle that reach sexual maturity as young as possible.
The desire to increase frame size and growth rate in cattle has generated con-
siderable interest in hip height growth rates. Manv studies have looked at hip
height growth rate up to 12 months of age, but little has been reported on bulls
after a year of age. In addition, some concern exists in the beef industry relative
to the effect of increasing frame size and growth rates on scrotal circumference
and sexual development. Relatively little is known about scrotal circumference
growth rates in young bulls of different breeds. Although many studies have
looked at the effect of age on scrotal circumference, few have reported actual
growth rates that may be important for scrotal circumference adjustment factors
at different ages.
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The purpose of this study was to examine growth rates for hip height, scrotal
circumference and body weight. In addition, a major objective was to evaluate the
effect of breed, season and ambient temperature on scrotal circumference meas-
urements in young beef bulls.

Materials and Methods

The data used in this study were the performance traits and scrotal meas-
urements on Hereford and Angus bulls in the Oklahoma State University
purebred herd. Data was collected from 20 Hereford and 12 Angus bulls born
between January I and May 30, 1979, and these bulls were classified as spring-
born. An additional 12 Hereford and 12 Angus bulls born between September 1
and December 10, 1979, were classified as fall-born. The Hereford bulls were
mainly out of D4 Mischief dams and sired by seven different Ll Domino sires.
The Angus bulls were straight-bred Emulous with four different sires
represented.

Bulls used in this study were weaned at an average age of 6 months and placed
on a warm-up period for 14 days prior to the start of this study. All bulls were fed
the same ration (Table 1), grouped by season of birth and penned together on
Bermuda grass pasture during the entire study. Hip height, scrotal circumference
and weight were obtained every 30 days until the bulls reached approximately 17
months of age

Table1. a.s.u. purebredbull ration
Ingredients

Alfalfa hay (ground or pellet)
Rolled corn

Soybean meal
Cotton seed hulls
Rolled oats
Molasses
Trace mineral salt

Percent of ration

30.0
32.0
12.5
10.0
10.0
5.0

.5

Results and Discussion

Hip height and scrotal circumference data were measured by two different
technicians, and repeatabilities of .99 and .97 were recorded, respectively. These
highly-significant values are mainly due to great care being taken in each meas-
urement as well as the bulls' becoming extremely gentle and accustomed to the
handling procedures during the two lO-month studies.

There was a difference (P<.05) between spring and fall-born Angus calves for
hip height and weight from 6 to 17 months of age. Angus bulls born in the spring
averaged 1.26 in. taller and 66.4 Ib heavier from 6 to 17 months of age than
Angus bulls born in the fall (Table 2). Season of birth had little influence on hip
height and weight of Hereford bulls from 6 to 17 months of age.

The desire to increase frame size and growth rate in cattle has generated
considerable interest in hip height growth rate from weaning to yearling and
beyond. In addition, some concern exists in the beef industry relative to the effect
of increasing frame size and growth rate on sexual development.

Figures 1,2 and 3 depict the effect of age on hip growth, scrotal circumference
growth and average daily gain. These traits decrease linearly in growth rate as
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Table 2. Season of birth means for hip height, scrotal .circumference and
body weight from 6 to 17 months of age

>.bMeans in the same row that do not show at least one superscript are significantly different by LSD test
(P<.05).

days in age increases. Hip height growth rate from 180 to 365 days of age ranged
from .0373 to .0277 in.lday (average = .0325) in Hereford bulls and from .0373
to .0270 in.lday (average = .0321) in Angus bulls (Figure I). These results are in
agreement with the .03 in.lday adjustment factor for height recommended by the
Beef Improvement Federation Guidelines. Hip height growth rate from 365 to
510 days of age ranged from .0267 to .0183 in.lday (average = .0222) in HeJ'eford
bulls and from .0247 to .0163 in.lday (aveJ'age = .(207) in Angus bulls.

Scrotal circumference growth rates also declined linearly at a rapid rate with
increasing age (Figure 2). The increase in scrotal circumference as age increased
ranged from .0790 to .0000 em/day from 180 to 510 days of age for HeJ'eford
bulls and from .0843 to .0040 em/day for Angus bulls. Verv J'apid growth in
scrotal circumference was observed up to 13 months of age with a gradual decline
in rate of growth until the end of the test. The average scrotal circumference
growth rates from 180 to 390 days of age in Hereford and Angus bulls were .0543
and .0602 em/day. Therefore, between weaning and yearling weigh periods, the
Hereford and Angus bulls in this study tended to increase in scrotal circumfer-
ence by approximately 12 em or 4.7 in. Because of the very rapid decline in
growth rate of scrotal circumference with increasing age. adjustment factors for
scrotal circumference measurements for each month are recommended (Table 3).

Table 3. Scrotal circumference adjustment factors for Hereford and Angus
bulls

Monthsof age

6-7
7-8
8-9
9-10

10-11

11-12
12-13
13-14
14-15
15-16
16-17

Scrotalcircumference
growthrate(em/day)

.080

.070

.060

.055

.050

.040

.030

.025

.015

.010

.000
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Scrotal Weight
Season Hip height(in) circumference(em) (Ib)

Hereford

Spring 47.8:t .038 32.1 :t 108 955.8:t 3.08
Fall 47.7:t.038 32.3:t .098 967.9:t 2.68

Angus
Spring 49.2:t .048 34.4:t .108 1081.5:t 3.28

Fall 47.9:t.03b 33.5:t .068 1015.1 :t1.8b



Average daily gain was faster for Angus initially but decreased at a faster rate as
age increased (Figure 3). Average daily gain from 180 to 510 days of age in
Hereford bulls ranged from 2.97 to 1.83lb/day (average = 2.42) while the Angus
bulls ranged from 3.23 to 1.80 Ib/day (average = 2.5 I). Feed intakes were
acUusted every 28 days so that the average daily gain for all bulls would be 2.5
Ib/day for the entire study. Even though feed intakes were controlled, a definite
separation in average daily gains occurred.

In general, performance traits and scrotal circumference tend to differ
between breeds and between different frame sizes. Further study is necessary on
the influence of season, preweaning effects of dam and nutrition on skeletal size
and growth rates prior to weaning and after 365 days of age.
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Figure 1. Predicted effect of age on hip height growth rates (in/day in
Herefordand Angus bulls
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Figure 2. Predicted effect of age on scrotal circumference growth rate
(em/day) in Hereford and Angus bulls
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Figure 3. Predicted effect of age on average dally gain (Ib/day) in Hereford
and Angus bulls
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Growth Rates and Relationships
Among Frame Size, Performance

Traits and Scrotal Circumference in

Young Beef Bulls

J. H. Baker,J. R. Kropp,
E. J. Tunnan and D. S. Buchanan

Story in Brief
Hereford, Polled Hereford, Angus, Brangus and Charolais bulls showed an

increase in on-test and off-test scrotal circumference as frame size increased when
bulls were classified by groups according to their on-test frame size. When bulls
were classified by groups according to their off-test frame size, no significant
relationship between on-test or off-test scrotal circumference and frame size was
observed although scrotal circumferences tended to increase as frame size
increased. However, when weight was held constant, the relationship between hip
height and scrotal circumference was near zero.

All breeds showed an increase in weight as frame size increased. Hereford,
Polled Hereford, Angus and Brangus bulls showed an increase in off-test weight
as frame size increased while Charolais bulls did not. Correlations between off-
test hip height and off-test weight were moderate to high (average .56) for all
breeds, while correlations between on-test or off-test hip height and average daily
gain were low to moderate, averaging .14 and .33, respectively.

Overall, all breeds showed an increase in hip height growth rate as off-test
frame size increased when bulls were classified into groups by their off-test frame
size. However, when bulls were classified into groups by their on-test frame size, a
decrease in hip height growth rate was observed as frame size increased.

Overall, no difference was observed between fat and frame size. Correlations
between fat and other performance traits and scrotal measurements were gener-
ally low.

Hereford, Polled Hereford, Angus, Brangus and Charolais bulls all showed an
increase in rib eye area as frame size increased. Pooled within class, correlation
coefficients between rib eye area and off-test weight were high, averaging .73 for
all breeds.

Introduction

With the trend in beef selection in the 1980's toward larger-framed, later-
maturing bulls, many concerns have been expressed by cattlemen relative to the
effect of increased size and body growth on the reproductive development and
performance of the bull. Although extensive data exists on the relationship
between body size and testicular growth, especially in dairy bulls, few results have
been published concerning the relationship between reproductive development
and skeletal size.
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The purpose of this study wasto evaluate the relationshipsbetween skeletal size
as measured by hip height in young beef bulls and scrotal circumference, body
weight, average daily gain, fat thickness and rib eye area.

Materials and Methods

This study utilized performance data and testicular measurements from
Hereford, Polled Hereford, Angus, Brangus and Charolais bulls on test at
Okahoma Beef, Incorporated, as outlined in the previous paper (Baker et aI.,
1982).

The hip height measurement was used as the basis for classifying each bull into
a skeletal frame size group. The frame size classification used was based on
adjusted hip height calculated as the number of days to the closest month of age
multiplied by .03 in.lday plus or minus the actual hip height depending on
whether the actual hip height was nearer to the younger or older month of age
(Hubbard, 1981). The actual classifications used in this study are presented in
Table 1 and were developed from data collected on bulls (Prosser, 1978). Skeletal
frame size is a classification system based on hip height at a certain age in months.
In this study, hip height measurements were obtained and classified into a frame
size. Data were separately analyzed for on-test and off-test frame size because
some bulls changed frame size during the test period. Bulls were classified in a
frame size when they went on test and remained in this group even though their
frame size changed during the test. In addition, these same bulls were classified
for off-test frame size and, for the purpose of analysis, were considered to be in
the same off-test frame size regardless of what their actual on-test frame score
was.

Results and Discussion

Scrotal circumference and scrotal growth rates
When bulls were classified into groups on the basis of on-test frame size, there

was an increase in on-test scrotal.circumference in Hereford, Angus and Brangus
bulls as frame size increased. Similar trends were observed in Polled Hereford
and Charolais bulls (Table 2).

Similar trends were observed in off-test scrotal circumference of bulls based on
their on-test frame size classification. Hereford and Brangus bulls showed an
increase in off-test scrotal circumference as on-test frame size increased. Angus,
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Table 1. Hip height measurement in inches to determine various frame sizes
at different ages

Agein Frame Frame Frame Frame Frame Frame
Months Size Size Size Size Size Size

1 2 3 4 5 6

6 35 37 39 41 43 45
7 36 38 40 42 44 46
8 37 39 41 43 45 47
9 38 40 42 44 46 48

10 39 41 43 45 47 49
11 40 42 44 46 48 50
12 41 43 45 47 49 51
13 41.5 43.5 45.5 47.5 49.5 51.5



Table 2. Scrotal circumference least square means classified by on-test
frame scores

Polled Hereford and Charolais bulls showed similar increasing trends in scrotal
circumference as on-test frame size increased although these relationships were
small (Table 2).

When bulls were classified into frame size groups on the basis of their off-test
hip height, differences between scrotal circumference and frame size were gener-
ally not observed (Table 3). Thus, when bulls finished their 140-day test at
approximately 12 months of age, there was little basic relationship between frame
size and either on-test or off-test scrotal circumference. However, when bulls were
classified into frame size groups on the basis of their on-test hip height, there was
a tendency for larger-framed bulls to have larger on-test and off-test scrotal
circumferences.

..b Means in the same row that do not share at least one superscript are significantly different by LSD test
(P<.05).
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FrameScore 2 3 4 5 6
Breed On-test

Hereford 22.9:t .97d 25.0:t .34c 26.0:t .29b 27.8:t .558
Polled H"reford 24.4:t .948 25.3:t .408 26.1 :t.418 25.7:t.728

Angus 27.0:t .87bc 26.7:t .33c 28.3:t .288b 29.4:t .768
Brangus 26.2:t .72c 28.0:t .56b 28.7:t .748b 29.5:t 2.28
Charolais 24.2:t 1.078 25.1 :t .558 26.3:t .778

Off-test

Hereford 31.7:t .78c 33.3:t .28b 33.4:t .25b 35.5:t .468
Polled Hereford 32.2:t .818 32.7:t .368 33.3:t .368 33.3:t .618

Angus 33.6:t .938 34.7:t .348 35.5:t .298 36.4:t .878

Brangus 34.6:t .598C 36.2:t .408b 36.3 :t .558b 37.8:t 1.68
Charolais 33.4:t .978 34.7:t .538 35.0:t .718

..b.c,Means in the same row that do not share at least one superscript are significantly different by LSD test
(P<.05).

Table 3. Scrotal circumference least square means classified by off-test
frame scores

FrameScore 2 3 4 5 6

Breed On-test

Hereford 25.6:t 1.118 25.1 :t .468 25.8:t .348 26.5:t .498
Polled Hereford 25.1 :t .408 26.3:t .408 25.0:t .768

Angus 27.0:t .42b 27.4 :t .29b 29.6:t .568

Brangus 27.5:t.808 27.2:t .548 29.2:t .548 26.3:t 2.298
Charolais 24.8:t 1.558 25.6:t .588 25.2:t .828

Off-test

Hereford 32.8:t .868 32.9:t .358 33.8:t .268 34.3:t .388
Polled Hereford 32.5:t .348 33.4:t .358 33.5:t .658

Angus 34.5:t.418 35.1 :t .288 36.4:t .528

Brangus 35.0:t .608 35.8:t .398 36.6:t .568 35.5:t 1.708
Charolais 34.4:t 1.238 33.9:t .46b 35.9:t .648



Correlations between on-test hip height and on-test scrotal circumference were
.43, .49, .32, .35 and .56 while correlations between off-test hip height and off-test
scrotal circumference were .25, .33, .28, .23 and .12 for Hereford, Polled
Hereford, Angus, Brangus and Charolais bulls, respectively. When pooled within
class, correlations were calculated with weight held constant, and the correlations
between hip height and scrotal circumference were near zero for all breeds. This
indicates that weight, and not height, is responsible for the relationship between
hip height and scrotal circumference.

The pooled-within-dass correlation coefficient between scrotal circumference
and on-test weight, averaged among breeds, was .62 while the correlation
between off-test scrotal circumference and off-test weight, averaged among
breeds, was .38. These results suggest a highef relationship between scrotal
circumference and weight at 7 months of age than at 12 months of age.

Correlations between on-test scrotal circumference and scrotal circumference
growth rate were highly negative, averaging -.66, suggesting that bulls with larger
scrotal circumference at 7 months of age had slower scrotal growth until 12
months of age. However, correlations between off-test scrotal circumference and
scrotal circumference growth rate were positive, averaging .39, suggesting that
bulls with larger testicles off-test had a faster scrotal growth rate during the
testing period. Therefore, measurement of scrotal circumference at yearling time
may be a better indication of scrotal growth than a weaning measurement.
BOdy weight and performance traits

The larger framed, taller bulls were also the heavi8St bulls on-test, regardless of
breed (Table 4). Hereford, Polled Hereford and Angus bulls showed an increase
in on-test weight of 222, 139 and 167 Ib, respectively, as frame size increased from
2 to 5. Brangus bulls showed a similar increase of 208 Ib as frame size increased
from 3 to 6, and Charolais bulls increased 1271b as frame size increased from 4 to
6. Correlations between on-test hip height and on-test weight averaged .67 for all
breeds.

The larger framed, taller bulls on-test also tended to be the heavier bulls off-
test, regardless of breed. Hereford, Polled Hereford, Angus and Brangus bulls
showed an increase in off-test weight of 132, 118, 176 and 1311b, respectivelv, as
frame score increased from 3 to 6. Little difference was noted for yearling

Table4. Body weight least square means classified by on-test frame scores

FrameScore 2 3 4 5 6
Breed On-test

Hereford 474:t 25d 546 :t9c 633 :t7b 696:t 14a
Polled Hereford 491 :t23c 535 :t 1Oc 578:t10b 630:t 18a

Angus 550:t21c 586 :t8c 652 :t7b 717:t 19a

Brangus 587:t 14d 637:t 6c 676:t 14b 795 :t 43a

Charolais 634:t 37b 692:t 19b 761 :t27a

Off-test

Hereford 927:t 32d 1013:t13c 1079:t10b 1145:t 14a
Polled Hereford 99.9:t12b 1077:t 12a 1117 :t 23a

Angus 1054:t 15c 1118 :t 1Ob 1218:t 19a

Brangus 1066:t21c 1080:t 14c 1197 :t20ab 1231:t 60a
Charolais 1253:t 71a 1204:t 26a 1287:t 37a

.,b,e,dMeansin tnesamerowthatdo notshareat leastonesuperscriptaresignificantlydifferentby LSD
test (P<.05).
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weights of Charolais bulls of different frame size.
Pooled-within-class correlation coefficients between on-test hip height and

average daily gain for Hereford, Polled Hereford, Angus, Brangus and Charolais
bulls were .00, .36, .25, .21 and -.10, respectivelv, suggesting little relationship
exists between initial frame size and average daily gain on test. Correlations
between off-test hip height and average daily gain were somewhat higher, averag-
ing .33, but still low in terms of relationship.

When bulls were classified into groups on the basis of on-test frame size, there
were no significant differences in average daily gain as on-test frame size
increased, regardless of breed. However, when bulls were classified into groups
by their off-test frame size, average daily gain increased as frame size increased
from 3 to 6 for Polled Hereford, Angus and Brangus bulls, but not for Hereford
or Charolais bulls. Hereford and Charolais bulls possibly would have shown the
same relationship if these bulls had been taken to an older end point because the
smaller framed bulls would be physiologically older. Thus, they would be more
mature in their growth curve and gaining less weight.

Hip height growth rate
Hip height growth rate was similar for all breeds from approximately 7 to 12

months of age (.0328 in.lday) (Table 5).

Table5. Hipheight growth rate least square means classified by on-test and
off-test frame scores

2Frame

Breed

3 5 64

On-test

.0337:!: .001 ab .0322:!: .001 ab .0288:!: .001 c

.0331 :!:.001 ab .0299:!: .001 abc .0309:!: .002c

.0368:!: .001 ab .0322:!: .001 c .0305:!: .002c

.0344:!: .002a .0319:!: .001 a .0303:!: .002a .0295:!: .005a
.0383:!: .003a .0342:!: .002a .0310:!: .002a

Oil-test

Hereford .0292:!:.002b .0310:!:.001b .0315:!:.001b .0351 :!:.001a

Polled Hereford .0310:!:.001a .0318:!:.001a .0358:!:.002a

Angus .0303:!:.001b .0351 :!:.001a .0368:!:.001a

Brangus .0282:!: .002ac .0324:!: .001 ab .0350:!: .002ab .0380:!: .005a
Charolais .0309:!: .004a .0324:!: .002a .0374:!: .002a

..b.eMeans in the same row that do not share at least one superscript are significantly dillerenl by LSD tesl
(P<.05).

When bulls were classified into groups on the basis of their on-test hip height,
there was a constant decline in hip height growth rate as frame size increased
from 2 to 6. Larger framed bulls at the beginning of the test period grew more
slowly in hip height than did smaller framed bulls to the completion of the 140-
day test or approximately 12 months of age.

When bulls were classified into groups on the basis of their off-test hip height,
all breeds showed an increase in hip height growth rate as frame size increased.
Thus, bulls of larger frame size at 12 months tended to grow faster in hip height
from 7 to 12 months of age than did bulls of smaller frame size, denoting
differences in the physiological maturity and growth pattern of the bulls.

Differences in hip height growth rate between bulls classified by em-test and
off-test frame size may possibly be explained by three points. First, the bulls went
on test in varying degrees of condition, and there was no way to accurately

Hereford
Polled Hereford
Angus
Brangus
Charolais

.0359:!: .002a

.0365:!: .002a

.0389:!: .002a
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measure preweaning effects of the dam, environmental conditions and (or)
management of the bulls prior to arrival at the test station. Thus, bull calves that
were on a higher plane of nutrition prior to arrival were possibly larger in their
skeletal development due to preweaning influences but did not grow in height as
rapidly as smaller framed calves in poorer body condition on arrival. Secondly,
the physiological ages of the calves were different; thus, some bulls were simply
earlier maturing in their growth pattern than others. Finally, there were no
means of confirming the true birth date of all bulls.

These results suggest that a 12-month yearling hip height measurement is the
best future indicator of hip height growth since maternal preweaning influences
should have less drastic effects on frame size.

Fat thickness and rib eye area
There were no significant differences in fat thickness as frame size increased in

any breed (Table 6). Correlations between fat thickness and all traits measured
were generally low and not significant. All bulls in this study were fed similar
high-energy rations and were of a fairly constant age on completion of test;
therefore, little difference in fat deposition at the 12th rib would be anticipated at
different frame sizes.

Table6. Fat thickness and rib eye area least square means classified by off-
test frame scores

When bulls were classified by off-test frame size, rib eye area increased as frame
size increased in Hereford, Polled Hereford, Angus and Brangus bulls, but not in
Charolais bulls. Correlations between off-test weight and rib eye area averaged
.74 for all breeds, while correlations between off-test height and rib eye area
averaged .47. However, when weight was held constant, the correlations between
off-test hip weight and rib eye area were generally very low. Therefore, most of
the relationship between hip height and rib area is probably due to weight.
Conclusions

Weaning and yearling frame size, as denoted by on-test and off-test hip heights,
have marked influence on scrotal circumference, on-test weight, final weight,
average daily gain, and rib eye area.

1981 Animal Science Research Report 29

Fatthickness

Framescore 2 3 4 5 6

Breed On.test

Hereford .31 :t .058 .39:t .028 .39:t .028 .39:t .028
Polled Hereford .45:t .028 .44:t .028 .37:t .048

Angus .45:t .028 .45:t .028 .45:t .038

Brangus .44:t .048 .40:t .028 ,45:t .038 .45 :t .108
Charolais .20:t .058 .20:t .028 .23:t .038

Rib eyearea

Hereford 12.1 :t.4c 12.5:t .2c 13.0:t .1b 13.7:t .28
Polled Hereford 11.9:t.1b 12.8:t .1b 13.5:t .38

Angus 12.9:t .1c 13.5:t .1b 14.4:t .28

Brangus 12.6:t .2c 12.6:t .1c 13.4:t .28b 14.3:t 1.58
Charolais 15.1 :t 1.68 14.9:t .38 15.3:t .48

.,b,eMeans in the same row that do not share at least one superscriptare significantlydifferent by LSD test
(P<.05),



Hip height growth rates were similar for all breeds from weaning to yearling.
However, a yearling hip height measurement is probably a more accurate growth
indicator since maternal preweaning influences should have less drastic effects on
frame size.
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Factors Related to Ram Fertility
During May and June

J.v. Whiteman,K.A. RingwaIIand R.P.Wettemann

Story in Brief
A flock of 160 Rambouillet ewes was purchased to combine with existing ewes

to create 10 test groups to be used to measure the breeding effectiveness (aggres-
siveness and fertility) of rams. Two rams that showed little response in testicular
circumference to the season of the year and two rams that responded strongly
were tested to determine if this measurement was related to ram effectiveness in
May and June. Three pairs of twin rams were used to determine if subjecting
rams to reduced light for about 2 months before the breeding season would affect
breeding effectiveness. One ram of each pair was subjected to reduced light, and
one received normal light prior to the May-June breeding season. The rams
selected to be more fertile on the basis of testicular size made considerably more
matings and therefore sired more lambs than those thought to be less fertile, but
so few rams were tested that cautious optimism prevails about the possibilities of
using this procedure. The rams that were subjected to only 8 hours of light daily
before breeding produced slightly higher conception rates than rams exposed to
normal light, but the evidence that this was due to restricted light is inconclusive.

Introduction

Successful fall lambing is the result of an effective late spring (May-June)
breeding season. Many sheepmen who attempt to lamb their ewes during the fall
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do not experience a high level of success asjudged by the percent of the ewes that
lamb (fertility) or the number of lambs born per ewe lambing (prolificacy),
suggesting that the breeding season the previous spring was not very effective.

An effective breeding season results when fertile and aggressive rams are
exposed to ewes, all of which are cycling regularly. Since ewes of onlv a few breeds
or breed crosses of sheep (Dorsets, Rambouillets, Dorset x Rambouillet crosses)
cycle reasonably well during the spring, it is common to blame the ewes when
breeding failures occur. Mating records have been maintained routinely on the
experimental sheep flock at the Southwest Livestock and Forage Research Station
near £1 Reno since 1955. These records indicate large differences in breeding
effectiveness of different rams when exposed to the same kind of ewes. They also
indicate that most rams are much more effective during the fall than during the
spring. Similar observations have been noted by sheep producers and by scientists
at other research locations.

The use of light control to reduce the amount of light to which sheep (ewes or
rams) are exposed has been shown by several scientists to cause seasonally
infertile (or less fertile) ewes and rams to become more fertile. If the more fertile
rams could be detected, or if a practical svstem of light control would make rams
generally more effective under spring breeding conditions, it should result in
more effective spring breeding followed bv more successful fall lambing.

The purpose of this report is to give some preliminary results obtained from
research designed to estimate the improved breeding performance of rams
subjected to light control and the differences in performance of untreated rams
selected on the basis of testicular measurements to be mOTI'vs less fertile.

Experimental Procedure
The most accurate method of measuring a ram's fertility is to expose him to

enough ewes to measure the speed with which he mates with them and the
percent of pregnancies resulting from the matings. One hundred sixty
Rambouillet ewes were purchased to combine with the existing flock so that
mating groups could be created to test to rams per year. The flock ewes that were
placed with the Rambouillets included F2 Dorset x Finn crossbreeds, Dorset x
Rambouillet ewe lambs and old Dorset x Rambouillet ewes. The to mating
groups were balanced to contain the same proportion of ewes of each breed cross
and age group.

The rams to be tested involved two kinds of tests. One test concerned the ability
to select mOTevs lessfertile rams on the basis of testicular size measurements. The
second was concerned with whether reduced light prior to the breeding season
would increase the breeding effectiveness of Dorset x Finn F2 rams.

The possibility of selecting rams for fertilitv based on testicular size (scrotal
circumference) is based on the idea that testicular size follows a rhythm during
the year with a larger size prior to and during the regular breeding season and
smaller size prior to and during the period when rams are infertile or less fertile
(the period when seasonally anestrous ewes will not breed). The period of lowest
fertility varies with different animals and different breeds but is 'some time
between late winter and late summer. Since some rams are much more fertile and
sexually aggressive during this p'eriod than others, the question arises, "Do these
rams show the usual reduction in testicular size during this period?" 1(>test this
idea a group of Dorset x Finn yearling rams were measured monthly for a year
to characterize their individual testicular size changes prior to the May-June 1981
breeding season. From this group two rams were selected as showing the least
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response to season in testicular size, and two were selected as showing the most
response. Each of these four rams was placed with one of the test groups of ewes
for breeding.

To test for the effect of reduced light on breeding effectiveness, seven Dorset x
Finn yearling rams were placed on a schedule of 8 hours of light and 16 hours of
dark for the last 10 weeks prior to the 1981 May-June breeding season. An equal
group of the same kind of rams was maintained under normal light conditions
for the same period of time. The 14 rams included three pairs of twins with one
ram of each pair in each group. These six rams were tested for fertility by mating
each with a test group of ewes.

The breeding season was from May 5 to June 30. Each group of ewes with the
ram to be tested was in a different pasture containing similar grazing
opportunities. The rams were fitted with marking harnesses to monitor mating
activity. The ewe groups were observed daily or on alternate davs, and the rump
marks (indicating possible matings) were recorded. One of the rams in the groups
that received normal light prior to the breeding season would not mate and was
replaced 10 days after the breeding season began in order to get the ewes bred.

Results
These results must be considered very preliminary because only a few rams

have been tested in one year. The data show promise at this point, and we are
encouraged.

The performance of the rams whose fertility was predicted from testicular size
changes is shown in Table 1. The percent mated column is a measure of the
aggressiveness of the rams. It is obvious that the two rams predicted to be more
fertile were more aggressive. They not only found and marked a higher
percentage of their ewes; they also made about 40 percent more total matings

Table 1. Measures of breeding effectiveness of rams selected to be more or
less fertile based upon testicular size changes

(not shown) as indicated by recorded rump marks. The rams predicted to be
more fertile were especially more effective in finding and mating with the less
sexually active ewes-the Dorset x Finn and the Dorset x Rambouillet ewe
lambs.

The conception rate is the percent of the mated ewes that lambed and shows
only a slight advantage for the rams predicted to be more fertile. The lambing
rate is the number of lambs born per ewe lambing and shows no important trend.
The lambs per ewe exposed favors the rams predicted to be more fertile and
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Predicted No. % Cone.. Lambing" Lambs/ewe
fertility ewes mated rate(%) rate exposed

More fertile
1 29 100 66 1.26 .83
2 29 93 81 1.32 1.00

Less fertile
1 27 78 67 1.29 .67
2 28 71 60 1.25 .54

aPercentof mated ewes thatconceived.
" Lambs born per ewe lambing.



results largely from their aggressiveness in mating with a higher percent of their
ewes. These data suggest that the rams whose testicular size changes showed the
least seasonal effect were more effective because they were more aggressive in
finding and mating with the ewes in their flock.

The breeding effectiveness of the rams on the light control test is presented in
Table 2. A study of this table suggests that the results are quite inconclusive. Two
of the pairs of rams (Is and 2s) responded similarly whether they were su~jected
to normal light or were exposed to light restriction. The two number 3 rams were
twins also. The one on light control certainly performed better than his twin on
normal light, but there is no way to prove that the light control caused the
difference. If the two number 3 rams are ignored, the other rams performed
similarly except that a higher percent of the ewes that were mated to twins on
light control became pregnant. This test needs to be and will be repeated.

Table2. Measures of breeding effectiveness of rams subjected to 8 hours of
light vs normal day length prior to the May-June breeding season
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Light No. % Con." Lambing" Lambs/ewe
treatment ewes mated rate (%1 rate exposed

8 hr light
1c 29 97 75 1.14 .83
2 27 100 74 1.30 .96

3 28 82 65 1.40 .75

Normal light
1c 29 97 68 1.42 .93
2 28 96 67 1.33 .88
3d 27 15 25 1.00 .04

"Percent of mated ewes that lambed.
b Lambsbornperewelambing.
C Thetworamswiththesamenumberweretwins.
dThis ram replaced after 10days because of failure to make enough matings.



Induced Lactation of Infertile

Dairy Cows

G. D. Adams, R. A. Smith,
R. P.Wettemann and L. J. Bush

Story in Brief
A trial was conducted to determine the lacteal response and subsequent fertility

in non-lactating dairy cows that had failed to conceive. This was replicated in
1980 and 1981.

Seven of eight cows that were induced to lactation by hormone treatment
produced in excess of 35 Ib of milk per day. Two of three cows in the first replicate
conceived, had normal gestations and calved normally. The second replicate is in
progress, and conception data are not available yet.

Introduction

During any year, most dairymen have one or more of their genetically superior
cows that fail to conceive by the end of lactation. Many times milk production of
these cows decreases to a very low level, and it is not feasible to continue milking
them. If lactation could be induced at a profitable level, efforts to get them bred
could be continued. In addition, injection of the steroid hormones to induce
lactation may alter the reproductive endocrine system of the cow and increase
reproductive efficiency (Collier et aI., 1975). The purpose of this study was to
evaluate this treatment regime for the induction of lactation and to determine
rebreeding performance of "problem breeders.»

Material and Methods

Seven cows and one heifer in the University herd that were scheduled to be
culled because of reproductive failure were used. These cows had all been dry at
least 40 days. The animals ranged in age from a 30-mo-old heifer that had never
calved to a 14-yr-old cow that had completed 10 lactations. All animals were given
subcutaneous injections of estradiol (.1 mg/kg per day) and progesterone (.25
mg/kg per day) for 7 days. These materials were dissolved in ethanol with one
half of the daily dose given at 12-hr intervals. Reserpine (5 mg/day) was given 1M
in the hip region. The injection schedule in 1980 was on days I, 6, II, 16 and 21.
The injection schedule in 1981 was on days 8, 10, 12 and 14. Dexamethasone (20
mg/day) was injected 1M on days 18, 19 and 20 in 1981. Dexamethasone was not
used in 1980.

Milking of the cows was initiated when the teats became engorged or on day 21.
The earliest milking was initiated on day 14.

Results and Discussion

The history and lactation performance of the seven cows and one heifer
induced to lactate are presented in Table I. Milk production varied from 41b to 57
Ib per cow per day. Seven of the eight cows produced over 35 Ib of milk per day.
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"H = Holstein,J = Jersey.
b305day production is not complete for 1981animals.

This level of production is comparable to that reponed by Collier et al. (1977). Fat
test was higher in the induced lactation than in the previous normal lactation of
the induced cows.

l\vo of the four cows treated in 1980 conceived, after two and four services.
One cow did not milk and was not bred. The 14-yr-old cow became cystic and
cycled irregularly after she was treated. She was bred four times but did not
conceive. The two cows that conceived have calved and are milking normally this
lactation. Conception information is not complete for the cows induced in 1981.

Previous research indicates that the hormones necessary for development of
the mammary gland (similar to late pregnancy) and the initiation of lactation are
estrogen, progesterone, glucocorticoids and prolactin. In this experiment the
natural hormones estrodiol and progesterone were given, followed by injection of
the reserpine and dexamethasone. Reserpine is a tranquilizer and hypotensive
agent and also causes release of prolactin from the pituitary gland of the cow. The
cows in this study showed various degrees of sedation after reserpine treatment.
Reserpine injection was stopped after the third dose on one cow because of nasal
congestion and labored breathing. After the fourth injection, one cow was
sedated to the point she would not get on her feet for 24 hr. Both cows later
returned to a normal healthy condition.

In this trial it was demonstrated that lactation can be induced in dairy cattle,
and the hormonal treatment may enhance rebreeding. Although the level of
production was below what one could expect following calving, it was high
enough to offset the expense of keeping the cows in the herd for additional
attempts at rebreeding.
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Table 1. History and lactation performance of cows hormonally induced into
lactation

Inducedlactation
Previous Peakmilk 305-dayb %

Animal Breed" lactations yield,Ib/day yield fat
1980

1 H 10 57 12340 4.3
2 H 3 39 9600 4.2
3 H 0 35 8480 4.4
4 J 2 4

1981

5 H 2 52 - 4.5
6 H 1 49 - 4.2
7 H 7 45 - 3.9
8 H 2 44 - 3.5



NUTRITION-
COW-CALF AND STOCKER

Energy vs Protein Supplementation
of Steers Grazing Native Range in

Late Summer and Early Fall

K. S. Lusby, G. W. Hom
and M. J. Dvorak

Story in Brief
Forty-seven Hereford steers and 36 Angus x Hereford crossbred vearling

steers weighing about 5751b were grazed on native range from July 16 to October
20,1981. Steers were divided into four groups and fed no supplement (control),
.8 or 1.5 Iblday of protein supplements, or 3.0 Iblday of a 10 percent protein corn-
based supplement. Soybean meal was the protein source. Supplements were fed
on Monday, Wednesday and Friday. Average daily gains for the 96-day period
were 1.44, 1.88, 1.97 and 1.78 pounds, respectively. Pounds of supplement per
pound of added gain were 1.8, 2.8 and 8.8 for the .8, 1.5, and 3.0 Ihlday
supplements. A small amount of supplemental protein apparently increased
forage intake and digestibility. Feeding supplemental energy was not efficient in
increasing gains in steers grazing native range.

Introduction

Feeding small amounts of high protein meals to ruminants consuming low
quality roughages has been shown to increase forage digestibility and intake.
Increased weight gains from feeding high protein meals to cattle fed low quality
roughages have generally been more efIicient than increased gains from feeding
energy supplements. Native grass is relatively low in protein from mid-summer to
the end of the growing season. If efficient increases in weight gains could be
accomplished with small amounts of soybean meal-based supplements, the cost of
gain for summer grazing could be reduced. The o~jective of this research was to
compare gains and efficiency of gains of yearling steers grazing native range from
mid-summer to early fall and being fed two levels of high protein supplement
and a high energy supplement.

Experimental Procedures

Forty-seven Hereford steers and 36 Angus x Hereford crossbred steers,
approximately 16 months old, were allotted by breed to four treatments. Treat-
ments were (1) control, no supplement, (2) .8 lb per day of a 39 percent protein
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supplement, (3) 1.5 Ib per day of a 43 percent protein supplement and (4) 3.0 Ib
per day of a 10 percent protein supplement. Composition of the supplements is
shown in Table 1.Treatments 2 and 4 provided the same amount of supplemental
protein, but treatment 4 provided additional supplemental energy. Treatment 3
provided twice the amount of supplemental protein as treatments 2 and 4. Each
supplement provided approximately 9 g of calcium, phosphorus and potassium
per day. The additional mineral in a small amount of supplement necessitated the
feeding of .8 Ib of supplement 2 in order to provide the desired amount of
soybean meal. All supplements were fed on Monday, Wednesday and Friday with
supplement amounts prorated to give the prescribed daily amount.

The trial was conducted at the Lake Carl Blackwell Range 10 miles west of
Stillwater in North Central Oklahoma. Each group of steers was grazed on 160
acres of native range and group-fed from July 16, 1981, to October 20, 1981.
Weights of the steers were taken after the steers were held off pasture and water
overnight. Prior to the start of the study, all steers were implanted with 36 mg of
Ralgro, wormed with TBZ paste and vaccinated for lBR, PI-3, Lepto and BVD.
Salt and minerals were provided free-choice for control steers.

Gains of steers and pounds of supplement required per pound of added gain
are shown in Table 2. Steers fed no supplement gained 1.44 Ib/day. Feeding .8
Ib/day of protein supplement increased daily gains over the 96-day period by .44
Ib/day (1.88 vs 1.44) with a conversion of 1.8 Ib supplement per pound of added
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Table 1. Supplement composition (as-fed)

Treatment
2 3 4

.8 Ib/day 1.5Ib/day 3.0Ib/day
39%protein 43%protein 10%protein

Ingredients,%
Soybeanmeal 87.5 95.0 4.0
Corn - - 92.85
Limestone 1.5 2.0 .6
Oicalciumphosphate 10.0 3.0 1.8
Potassiumchloride 1.0 - .75

Composition,%
Crude protein 39.0 42.6 10.0
TON 62.0 68.0 72.0
Calcium 2.3 1.5 .6
Phosphorus 2.2 1.1 .6
Potassium 2.1 1.9 .7

Supplied/dayin supplement
Crude protein, Ib .31 .64 .30
TON,lb .50 1.0 2.2

Calcium,grams 8.3 10.5 8.2
Phosphorus,grams 8.0 7.8 8.2
Potassium,grams 7.9 12.6 9.3

Results and Discussion



Table 2. Weight gains of steers grazed on native range and fed protein or
energy supplements

No steers/treatment
ADG (96 days)

Hereford

47
1.68

Hereford X Angus
36

1.90 (P<.005)

a Supplements fed 3 days/week (Monday. Wednesday and Friday).
b.c.d Means with different superscript letters are significantly different (P<.05).

gain. Feeding 1.5 Ib of protein supplement impro\'ed gains b\' .5~ Ib/da\' (1.97 ,'s
1.44) with a con\'ersion of 2.8 Ib supplement per pound of added gain. Gains of
steers fed 3.0 Ib of the high energy (corn-based) supplement were greater than
control steers but less than steers fed protein supplements. The con\'ersion of
pounds of supplement to pounds of added gain for the corn-based supplement
was 8.8: I, roughly three times the con\'ersion rate of the high le\'el of protein and
fi\'e times the con\'ersion rate for the low le\'el of protein supplement.

Daily gains are also shown by period in Table 2. Steers fed 1.5 Ib of protein
supplement made the fastest gains during the first 50 days of the stud\' Uul\' 16-
September 4). Steers fed .8 Ib of protein supplement and 3.0 Ib energ\' supple-
ment gained at similar rates. All supplemented cattle gained faster than control
steers during the first period.

Supplemented steers gained faster than control steers during the last 46 days of
the study (September 4-0ctober 20). Highest gains for the second period were
made by the group fed .8 Ib of protein supplement (1.83 Ib/day) followed by
steers fed 3.0 Ib of energy supplement (1.71lb/day) and those fed 1.5 Ib of protein
supplement (1.50 Ib/day). The lower gains of steers fed 1.5 Ib of supplement
compared with the .8 and 3.0 Ib groups may have been due to the rapid gains of
the 1.5 Ib group during the first period and their higher degree of condition
going into the second period.

Forage samples, hand plucked to estimate forage selected by steers in all four
pastures, a\'eraged 9.0 percent crude protein on a dr\' matter basis and 52.3
percent dry matter on September 4. The protein le\'el ma\' seem high compared
to typical levels for mid-summer nati\'e range but probabl\' reflects the ditlerence
between forage the steers were consuming and whole-plant forage ,',dues. The
trial period was unusually cool for the July-October period and marked b\'
frequent rainfall.
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Treatmer.ts'
Control .Blb 1.51b 3.01b

nosuppl. 39%protein43%protein10%protein

No. steers/treatment 21 21 21 20

Initialwt., 7/16/81 578 576 578 590

Intermediatewt., 9/4/81 666 673 692 680
Final wt., 10/20/81 717 757 764 760

WI. gains, Ib/day
96 days, 7/16-10/20 1A4b 1.88c 1.97d 1.78c (P<.001)
1st period, 7/16-9/4 1.76b 1.94b 2AOd 1.81b (P<.05)
last period, 9/4-10/20 1.09b 1.83d 1.50c 1.71Cd(P<.001)

Lb supp.llb added gain (96 days) - 1.8 2.8 8.8



Abundant forage was available in all pastures and alon~ with the mild tempera-
tures accounted for the very good steer gains even when no supplement was fed.

The dramatic response in gain to a small amount of supplemental protein was
likely the result of increased libel' digestihilit\, and increased forage illlake. It is
obvious that the protein or energv in the supplemelll alone could not accoulll li)r
an extra pound of gain for each I.HII>of supplement fed to the group recei\'ing .H
Ib of protein supplement. The hlct that the convel'sion of pounds of supplemelll
to extra gain for steers fed 1.5 Ib of protein supplement per dav was poorer
(2.8: I) suggests that the smaller le\'el of sovhean meal probablv was producing
most of the possible improvement in li)ra~e digestihilit\, and illlake.

The poor conversion of supplement to added ~ain li)r the energ\' supplement
indicates that the high grain supplemelll did not imprm'e forage digestihilit\, or
intake and mav have reduced both. Feeding starch has heen shown to reduce
rumen pH and inhibit libel' di~estion. The conversion value of H.H:I is tvpical of
many grain-on-grass experiments.

The elfect of crosshreeding is dramatically illustrated in '!ilhle 2. Hereliml x
Angus calves gained .22 Ih/day faster than straight Hereford steers. All steers
were from the same Hereford cow herd.

If supplements used in this studv were priced at $245/ton, $2401ton and
$1351ton for supplements fed at .H, 1.5 and 3.0 Ih/da\', respecti\'elv, feed costs li)r
each pound of added gain would ha\'e been 20.H\l, :{(i.O\land (iO.(1fIi)!' the .Hand
1.5 Iblday protein supplements and the :{.O Ih/da\ ener~\' supplement,
respectively.
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Condensed Molasses Solubles and

Corn Steep Liquor As Protein
Supplements for Range Cows

K.S. Lusby, S.L. Armbruster
and M.J. Dvorak

Story in Brief
Corn steep liquor (CSL) and condensed molasses solubles (CMS) were com-

pared in two trials to cottonseed meal as protein supplements for wintering dry,
pregnant Hereford cows on native range. In trial I, 48 cows were assigned to four
protein treatments: negative control, positive control, CMS and CSL that fur-
nished .30, .64, .57 and .66 Ib supplemental crude protein per head per day,
respectively. Cows were group-fed 6 days per week. Weight losses for 112 days
were greatest for negative control and CMS and least for positive control and
CSL. Rumen ammonia-N levels at I-and 4-hr postfeeding were higher (P<.05) for
CMS and CSL than for either control. In trial 2, 60 cows were individuallv fed 6
days each week four protein supplements: negative control, positive contro'l, CSM
and CSL to provide .18, .51, .40 and .511b crude protein per day for 84 days,
respectively. Weight losses after 56 and 84 days of supplementation and condition
losses after 84 days were lower (P<.Ol) for cows fed the positive control and CSL
than for the negative control and CMS. Weight losses for the negative control,
positive control, CMS and CSt,. were 44.0, 11.0,44.0 and 14.0 Ib after 56 days and
57.0,11.0,51.0 and 22.0 Ib after 84 days, respectively. Condition losses were .96,
.33, .90 and .28, respectively, after 84 days. Rumen ammonia levels were higher at
I-and 4-hr postfeeding for cows fed both liquid supplements than for controls.
The CSL supplement contained 72 percent of the crude protein as amino acids
compared to 39 percent for CSL. Tungstic acid precipitable protein was much
higher in CSL (35 percent) than in CMS (12 percent). Corn steep liquor appeared
to be about equal to cottonseed meal for wintering dry, pregnant cows on native
range.

Introduction

Liquid supplements contain a variety of ingredients, many of which are by-
products from the manufacture of foods, alcoholic beverages, glutamic acid and
other products. The increased use of liquid by-products as feed ingredients has
been caused by several factors, among which are the high cost of molasses, poor
results with urea-molasses for cattle consuming low quality roughage and
environmental regulations prohibiting the dumping of wastes.

Little is known about the composition of many liquid feed ingredients or their
usefulness as protein sources to ruminants fed low quality roughage. If these
ingredients have nitrogenous fractions that are mostly ammonia, urea or
ammonium compounds, they will likely perform no better than urea-molasses
mixes. However, if their nitrogen fractions are high in amino acids, peptides and
proteins of plant or microbial origin, some by-products could be acceptable
protein sources for ruminants,
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Two of the most common by-products in liquid suppl~ments are condensed
fermented corn extractives, commonly referred to as corn steep liquor (CSL) and
condensed molasses solubles (CMS). Corn steep liquor is obtained during the wet
milling of corn and contains most of the soluble proteins of corn. Condensed
molasses solubles is the residue from molasses that has been used in various
fermentations to produce glutamic acid, citric acid, ethanol and other products.

The objective of this research was to evaluate CSL and CMS as protein sources
for beef cows grazing dormant native range.

Materials and Methods

mall.
Forty-eight dry, pregnant Hereford cows were allotted by weight to four

supplemental protein treatments (Table I). Treatments were: negative control, .30
Ib crude protein (CP) per day; positive control, .62 Ib CP per day; CMS, .62 Ib CP
per day; and CSL, .62 Ib per day. Each treatment was replicated twice with each
replicate grazing a pasture of about 80 acres. Forage consisted of native tallgrass
with little bluestem, big bluestem, switchgrass and Indiangrass. All supplements
were calculated to be approximately isocaloric and to provide equal amounts of
phosphorus and potassium.

Initially cows were offered liquid supplements ad libitum in lick tanks filled
twice weekly. However, it was apparent after I week that the liquid supplements
were very palatable and that all supplement was consumed within a few hours
after the tanks were filled. Thereafter, supplements were fed 6 days per week
with dry supplements fed in metal troughs and liquid supplements fed in lick
feeders made from metal drums.

Table1. Percent composition of supplements fed in trial 1

Ingredient
Negative
control

Cottonseedmeal
Corn, ground
Dicalciumphosphate
Salt
Potassiumchloride
Tracemineral premix
VitaminA (30,000 IUlg)
Cane molasses
CMS
CSL
Ammoniumpolyphosphate
Phosphoricacid

7.2
82.5
6.9
2.2
1.0
.1
.1

Analysis (as fed)
Dry matter,%
Crude protein, %

90.1
10.1

61.0
16.2

Treatments
Condensed
molasses

Positive solubles
control (CMS)

40.8
51.3

5.0
2.2

.5

.1

.1
.1
.3

39.1
55.0

Corn
steep
liquor
(CSL)

.1

.3
41.6

55.0
3.0
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90.0
20.2

66.0
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Liquid supplements were mixed at a commercial facilityand stored in 55 gal
steel drums until feeding. Dry supplements were manufactured at the Oklahoma
State University feedmill.

Cows were weighed after overnight withdrawal from feed and water at the
beginning of the study and at 28-day intervals thereafter. The trial was conducted
for 112days, from November 22, 1978, to March 3, 1979. One animal from each
CSL replicate refused to eat supplement and was removed from the study; both
cows were extremely timid and refused to approach the feeders with others
present. One cow was removed from the positive control because she aborted,
and one cow was removed from the negative control because she calved during
the study.

In mid-January cows from one replicate of each treatment were fed their
supplements individually. Rumen fluid samples were withdrawn via stomach tube
at I hour and 4 hours after feeding for rumen ammonia analyses. Microbial
action was stopped in rumen fluid by adding 5 g of meta-phosphoric acid per 50
ml of rumen fluid. Samples were then frozen for subsequent rumen ammonia
analysis.
mal 2

Sixty dry, pregnant Hereford cows were allotted by weight to four supplemen-
tal protein treatments (Table 2). Treatments were: negative control (8 percent
CP), positive control (24 percent CP), CMS (16 percent CP) and CSL (18 percent
CP). Liquid supplements were again mixed at a commercial facility but were
delivered and stored in bulk rather than drums as in trial 1.

42 Oklahoma Agricultural Experiment Station

Table 2. Percent composition of supplements fed in trial 2

Treatments
Condensed Com
molasses steep

Negative Positive solubles liquor
Ingredient control control (CMS) (CSL)

Cottonseedmeal 48.0

Corn,ground 89.0 44.0
Dicalciumphosphate 6.8 4.8
Sail 2.0 2.0
Potassiumchloride 2.0 1.0
Tracemineral mix .1 .1 .1 .1
VitaminA (30,000 IU/g) .1 .1 .1 .1
CMS 71.1
CSL 71.1
Water 7.1 .7
Cane molasses 17.2 25.5
Sulfuric acid .5 .5
Phosphoricacid 3.9 2.0

Analysis (as-fed)
Dry matter,% 90.3 91.2 59.2 54.4
Crude protein, % 8.4 23.0 15.9 17.9
pH 4.1 4.1



Cows were gathered at 8 a.m., 6 days each week and fed their suppiements
individually. Cows on all treatments grazed a common pasture with ample
standing tallgrass forage as described in trial 1. The trial lasted 84 days, from
December 7, 1979, to February 29, 1980. Large round bales of wheat straw were
offered free choice on days when snow or ice covered the grass.

During the first 56 days of the study, the positive control, CMS and CSL
supplements were fed in isonitrogenous amounts based on bi-weekly analysis of
supplements. The negative control was fed to provide one-third the CP of the
positive control. At these levels of consumption, all supplements were formulated
to provide equal amounts of supplemental energy. During the last 28 days of the
study, supplement levels were increased to maintain weight of the positive control
cows. However, CMS was less palatable than the other supplements, so cows fed
CMS were allowed to consume all they would in 45 minutes.

Weights were taken, and rumen fluid was sampled from 10 cows on each
treatment as described in trial 1. Cows were visually scored for condition at the
beginning and end of the trial based on a rank of I '= very thin to 10 = very fat.
Supplements were sampled weekly for analysis.

Results and Discussion
mall.
Supplements were readily consumed by all cows (Table 3) except two that refused
to approach the lick feeders and thus were removed from the study. The liquid
supplements were palatable, evidenced by the fact that during the first week of

Table 3. Weights, weight changes and rumen ammonia levels for cows in
trial 1
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Treatments

Negative Positive
Item control control CMS CSL

Number of cows
Replication 1 6 5 6 5

Replication 2 5 6 6 5

Initial cow wt
Replication 1 922 891 919 930

Replication 2 946 922 942 917

Wt change, 112 days
Replication 1 16.0 - 7.0 -38.1 5.1

Replication 2 -83.8 -35.9 -41.0 14.9

Supp consumption, kg/day 1.41 1.41 1.82 1.82

Crude protein intake .30 .64 .57 .66

Rumen Ammonia-N mg/dl
1 hr postfeeding 1.78c 1.48c 22.90a 13.70b
4 hr postfeeding .46b 2.28b 8.84a 8.88a

a.b,cMeanswithdifferentsuperscriptlettersdiffersignificantly(P<.05).



the study cows on CSL and CMS consumed a 3-day allowance (over 12 Ib per
head) within 4 hours. Apparently, ammonia toxicity is not a major problem with
CSL- or CMS- based supplements. A similar intake of a urea-molasses supple-
ment with 90 percent of the crude protein equivalent from urea would have
provided about .30 gramsllb body weight of urea to a 950-lb cow and probably
would have been toxic.

Cows fed CSL gained weight during the II2-day trial, and their performance
slightly exceeded that of positive control cows. Positive control cows tended to lose
less weight than negative control cows. Weight losses of CMS cows tended to be
between the positive and negative controls.

Rumen ammonia-N levels at I-hour postfeeding were highest (P<.05) for the
liquid supplements and lowest for control supplements. CSM produced higher
(P<.05) levels than did CSL. Ammonia-!\' concentrations at 4-hour postfeeding
were similar for CMS and CSL, with both liquid supplements producing more
rumen ammonia (P<.05) than the control supplements.
'!Hal 2.

Cows grazing a single pasture were individually fed to measure supplement
intake of each animal and to eliminate the pasture effects encountered in trial 1.
Sulfuric .acid, a common intake limiter, was added to both liquid supplements
(Table 2) at the manufacturing plant; and as a result, they were not as palatable as
in trial 1.Three cows refused to eat the CMS supplement and were switched with
two cows from the positive control and one cow from the negative control that
would readily consume CMS. All CSL supplement and most of the CMS was
readily consumed at the levels offered for the first 56 days of the trial (Table 4).
When the supplement levels were increased during the final 28 days of the trial to
maintain weight of the positive control cows, all but one cow on CSL consumed
the increased supplement. Several cows fed CMS refused to consume a level that
was isonitrogenous to the positive control. In addition to the presence of sulfuric
acid, reduced supplement intake in trial 2 compared to trial 1 could be attributed
to the absence of feeding competition and to the lower molasses content of the
liquid supplements.

The negative controls lost more (P<.OI) weight than the positive controls after
56 and 84 days. Cows fed CSL lost 8.0 Ibduring the final 28 days compared to no
weight loss for the positive controls; however, one-half the weight loss in the CSL
group occurred in one cow that consumed only 65 percent of her supplement
during the last 28 days. Weight losses for the negative control and CMS groups
were almost identical throughout the study. Condition score changes followed
weight change patterns, with negative control and CMS cows losing more (P<.O 1)
condition during the trial than positive control or CSL cows.

Rumen ammonia-N concentrations for CMS and CSL were similar at I-hour

postfeeding but were higher (P<.05) for CSL than CMS at 4 hours. Both liquid
supplements produced higher (P<.05) rumen ammonia-N levels than the control
supplements at both sampling times.

Weight changes for cows fed CSL were similar to those of cows fed the
cottonseed meal-based positive control supplements in both trials, indicating CSL
is an effective protein source for cows on dormant range grass. Conversely, the
performance of cows on CMS was about equal to that of cows fed the negative
control supplements in both trials, suggesting CMS is a poorly utilized protein
source for cows on low quality forage.

A detailed analysis of the nitrogen fractions in the CMS and CSL supplements
fed in trial 2 is shown in Table 5 and provides some explanation for the perform-
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Table4. Mean weights, weight changes and rumen ammonia levels for cows
in trial2

Item

Number of cows

Condensed
molasses

Negative Positive solubles
control control (CMS)

15 15 15

Initial cow wt 895 895 915

Wt change, 56 days - 44.0b - 11.0. - 44.0b

Last 28 days - 13.0 0.0 - 11.0

Total, 84 days - 57.0b -11.0. - 55.0b

Condition score,
initial 5.47 5.95 5.78

Condition score change,
84 days

Supplement consumption,
Ib/day

First 56 days
Last 28 days
Total 84 days

1.7 1.7 2.2
2.2 2.2 2.5
1.9 1.9 2.3

Crude protein intake, Ib/day
First 56 days
Last 28 days
Total 84 days

.13 .40 .35

.18 .51 .40

.15 .44 .37

Rumen Ammonia-N, mg/dl
1 hr postfeeding 6.13b 6.79b
4 hr postfeeding 3.89c 5.11c

a.b,cMeanswithdifferentsuperscriptlettersdiffersignificantly(P<.05).

Corn
steep
liquor
(CSL)

15

920

- 14.0.

- 7.9

- 22.0.

5.64

2.4
2.8
2.6

.44

.51

.46

ance differences. Although the analyses are of the complete supplements rather
than of CSL and CMS alone, they should represent these ingredients since the CP
of molasses is low, and molasses made up small and similar proportions (17.2 and
25.5 percent) of the CMS and CSL supplements, respectively. Amino acid analysis
of unhydrolyzed samples of each supplement indicate the concentrations of free
amino acids, while analysis after hydrolysis indicates total amino acids including
those in peptides and proteins.

Corn steep liquor contained 72.5 percent of the CP as amino acids compared to
39.3 percent for CMS. Subtracting free amino acids (unhydrolyzed) from total
amino acids (hydrolyzed) shows that CSL contained about twice the level of amino
acids in the form of peptides and proteins as CMS. TunKstic acid precipitable
protein was much higher in CSL (35 percent) than in CMS (12 percent).
Ammonia-N contributed 35.3 percent of the CP in CMS compared to 6.3 percent
of the CP in CSL.
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CSL

Unhydrolyzed

.47

.29

.51

.57
1.10
.32
.87

.51

.25

.29
1.14

.56

.18

.41

7.79

Crude protein,
% of dry matter

Composition (%) of crude protein,
Ammonia-N
Free amino acids8

Peptide and protein
amino acidsb

Tungstic acid precipitable
protein

"Calculated from unhydrolyzed sample.
"Calculated from hydrolyzed sample.

25.4 32.5

35.3
12.1

6.3
24.0

27.2 48.5

12.0 35.0

Other research has shown that amino acids are utilized by rumen bacteria and
that rumen microbial protein yield can be increased by adding amino acids to a
diet containing urea as the sole nitrogen source. Amino acids are also converted
to volatile fatty acids by rumen bacteria and have been shown to stimulate rumen
cellulolytic activity. An Ohio study showed that corn steep liquor significantly
increased crude fiber, cellulose and dry matter digestibilities in lambs when added
to a 50 percent roughage ration.

Results of this research indicate tht liquid supplement ingredients must be
evaluated for type as well as amount of NPI\'.
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Table 5. Analysis of liquid supplements fed In trial 2
CMS

Item Hydrolyzed Unhydrolyzed Hydrolyzed

Amino acids, % of
dry matter

Aspartic acid .64 .02 1.74
Thereonine .17 .08 .91
Serine .22 - .99
Glutamic acid 5.65 2.12 4.28
Proline .17 - 3.00
Glycine .47 .06 1.72
Alanine .88 .49 1.67
Cystine .16 - .64
Valine .35 .08 1.23
Methionine .17 .01 .34
Isoleucine .21 .02 .74
Leucine .28 .03 2.85
Tyrosine .21 .10 .43
Phenylalanine .10 .05 .80
Histidine .06 - .88
Lysine .14 .02 .80
Arginine .12 - .52

Total amino
acids, % of
dry matter 10.00 3.08 23.54



Corn Steep Liquor and Fermented
Ammoniated Condensed Whey as
Protein Sources for Lactating Cows

and Yearling Heifers Grazing Winter
Native Range

J. J. Wagner, K. S. Lusby,
G. W. Horn and M.J. Dvorak

Story in Brief
Corn steep liquor (CSL) and fermented ammoniated condensed whey (FACW)

were compared to cottonseed meal (CS1\I) as protein sources f())' wintering 6 I
lactating first-calf Hereford heifers and 32 yearling HerefOl'd heifers on nati\'e
range. Cattle were allotted by weight and individually fed 6 days per week fill' 12
weeks one of four protein treatments: negative control (I\C). positi\'e control
(PC), CSL and FACW to provide .7. 1.5. 1.5 and 1.51b crude protein «;1') per day.
respectively, to the lacating heifers and .2. .4. .4 and .4 Ib CP per da\'. respecti\'eIy.
to the yearling heifers. CSM was supplied in the CSL and FACW treatmellls at the
same level as in the negative control. Lactating heifers fed the I\C lost more
(P<.005) weight and body condition (120 Ib and 1.6 units) than those fed the PC
(45.8 Ib and .9 units). Weight and condition losses were similar (1'>.05) f(lr
lactating heifers fed PC, CSL and FACW. Yearling heifers fed the NC lost more
(P<.005) weight than those fed the PC (49.4 \'S 10.6 Ib). Yearling heifers fed CSL
and FACW gained more (P<.005) weight than those fed the PC (17.6 and 9.3 vs
- 1O.6Ib). Feeding CSL resulted in significantly lower rumen pH, lower ruminal
acetate and higher ruminal butyrate, isovalerate and caproate le\-els than did
feeding either control. Supplementing with FACW produced significantly lower
rumen pH, higher rumen ammonia and soluble carbohydrate levels. lower
ruminal acetate, and higher ruminal propionate and butyrate concentrations
than did either control supplement. In vitro ammonia concentrations fi))' FACW
were similar at 1,2,4 and 8 hours incubation and were higher (I' < .05) than the
CSL ammonia concentrations. Ammonia nitrogen, amino acid nitrogen and long
chain polypeptide and protein nitrogen accounted for 13.3. 17.0 and 29.6 percent
of total nitrogen, respectively. in CSL and 60.0, 7.0 and 13.2 percent of total
nitrogen, respectively, in FACW. Corn steep liquor and FAC\\' appear to be
effective protein sources for cows and heifers grazing winter native range.

Introduction

Modern liquid supplements contain a variety of by-product ingredients from
the sugar, paper or fermentation industries. Corn'steep liquor (CSL) is obtained
during the wet milling of corn and contains most of the soluble proteins of corn.
Fermented ammoniated condensed whey (FACW) is manufactured from liquid
whey, a by-product of the cheese industry, and contains ammonium lactate as its
primary nitrogen source.
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Datacomparing CSLand FACW-basedliquid supplements to dry, processed oil
meal protein supplements for cattle consuming low qualitv roughages is limited
although previous research has shown that CSL and FACW are effective sources
of crude protein for feedlot cattle fed corn silage-based rations. The o~jective of
this study was to compare CSL and FACW to cottonseed meal as protein sources
for lactating first-calf heifers and yearling heifers grazing winter native range.

Materials and Methods

Sixty-one lactating first-calf Hereford heifers and 32 yearling Hereford heifers
were allotted by weight to four supplemental protein treatments. During the 84-
day trial lasting from mid-November to mid-February all cattle grazed together in
two pastures (220 acres) of native tallgrass range in north central Oklahoma. The
predominant forage species were little bluestem, switchgrass, big bluestem and
Indian grass. .

Cattle were gathered from the pastures at 8;00 a.m. six days each week and fed
their supplements individually in covered stalls. Supplement treatments were:
negative control (NC), positive control (PC), CSL and FACW to supply .7, 1.5, 1.5
and 1.5 Ib CP per day, respectively, to the lactating heifers and .2, .4, .4 and .4 Ib
CP per day, respectively, to the yearling heifers. Cattle fed the liquid supplements
received cottonseed meal to supply equal CP as the negative control. Corn steep
liquor or FACW was then fed to make up the difference between the NC and PC.
All supplements were formulated to be approximately isocaloric and to provide
equal amounts of calcium, phosphorus and potassium. The composition of each
supplement is shown in Table 1.

Cattle were weighed after an overnight shrink (16 hI') at 28-day intervals and
visually scored for body condition (1 = very thin, 9 = very fat) at the beginning and
end of the trial.

Table 1. Percent composition of protein supplements fed to lactating
first-calf heifers and yearling heifers

Analysis (as-fed)

Dry matter,% 89.8 91.0 53.7 69.0
Crude protein, % 12.9 29.0 16.8 16.0
Totaldigestible nutrient, % 72.0 72.6 55.0 62.0
pH 4.2 5.0

"Ingredients in trace mineral premix, %: Zn, 16.0: Fe, 12.0: Mg, 3.0: Mn, 6.0: Cu, 1.0: Co, .3: I, .6: K, 1.0.
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Ingredient
Treatment

NC PC CSL FACW
Cottonseedmeal 11.5 66.7
Corn, ground 41.8 30.6
Sorghum,grain 41.8
Dicalciumphosphate 3.2 .6
Limestone .7 2.2
Potassiumchloride 1.2
VitaminA (30,000 lu/g) .1 .1 .3 .3
Tracemineral premixa .1 .1 .1 .1
CSL 69.9
FACW 37.2
Cane molasses 27.4 60.3
Sulfuric acid 1.1 1.0



Rumen liquor samples were obtained at I and 4 hours postfeeding via stomach
tubes on day 49 of the trial from 10 random Iv selected first-calf heifers from each
treatment. Rumen pH was determined immediatelv at sampling time. Ruminal
fluid was analvzed for ammonia, soluble carbohvdrate and volatile fattv acid
(VFA) concent~ations. ' ,

Fermentation in vitro was used to compare the rate of ammonia release from
CSL and FACW to the rate of ammonia release from sovbean meal (SBM), urea
and ammonium lactate (AL). '

Corn steep liquor and FACW were analyzed for total nitrogen, ammonia
nitrogen, amino acid nitrogen and long chain polypeptide and protein nitrogen.
Dry matter and lactic acid concentrations were also determined.

Results and Discussion

The performance of lactating first-calf heifers is shown in Table 2. Heifers fed
the NC supplement lost more (P < .(05) weight and body condition (120 Ib and
1.6 units) than those fed the PC (45.8 Ib and .9 units). Differences in weight and
condition losses between heifers fed the PC, CSL (55.llb and .8 units) and FACW
(49.6 Ib and .7 units) were not significant. Calves of the NC supplemented cattle
tended to gain less weight than calves whose dams received PC, CSL or FACW,
Differences in conception rates between treatments were not significant. Poorer
conception rates for the positive control cattle in both trials were probably a
function of low animal numbers per treatment.

The performance of yearling heifers is shown in Table 3. Yearling heifers
receivingthe NC supplement lost more (P < .0(5) weight than those consuming
the PC (49.4vs 10.6Ib).Weight gains bv yearling heifers supplemented with CSL
and FACW were similar (17.6 and 9.3Ib, respectively) and greater (P < .(05) than
weight gains of heifers fed the PC (- 10.6 Ib). Differences in body condition and
conception rates between treatments were not statisticallv significant.

Lower ruminal pH was observed in cattle fed CSL and FACW than in cattle fed
NC and PC (Table 4). Rumen ammonia and soluble carbohydrate levels are also
presented in Table 4. At 1 and 4 hours postfeeding, rumen ammonia and soluble
carbohydrate levels were highest (P < .(5) in FACW fed cattle. Rumen ammonia
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Table 2. Performance of lactating first-calf heifers and their calves

Item
Treatment

NC PC CSL FACW

Number of pairs 15 15 15 16

Initial cow weight, Ib 890.6 884.2 884.2 889.5

Cow weight change, Ib -120.0" - 45.8b -55.1b -49.6b

Initial body condition 6.5 6.4 6.4 6.4

Body condition change -1.6" -.9b -.8b -.7b

Initial calf weight, Ib 110.2 110.2 118.8 126.7

Calf weight gain, Ib 69.9 83.1 76.9 79.3

Conception rate, % 86 60 80 81

abMeanswith different superscript letters differ (P < .05).



Table 4. Rumlnal pH and the concentration of ammonia and soluble carbo-
hydrate in rumen fluid collected 1 and 4 hours postfeeding

concentrations were higher (P < .05) in CSL supplemented cattle than in the i':C
or PC cattle at I hour post feeding and similar (P > .05) to the ammonia level in
the PC cattle at 4 hours postfeeding.

Ruminal VFA concentrations are shown in Table 5. 1()\al VFA concentrations
were similar (P > .05) for cattle fed NC, PC, CSL and FACW. Feeding FACW
resulted in a lower (P < .05) acetate to propionate ratio than feeding i':C, PC or
CSL. Rumen fluid from FACW supplemented cattle contained lower (P < .(5)
acetate and higher (P < .05) propionate and butyrate levels than rumen fluid
from NC or PC supplemented cattle. Feeding CSL resulted in higher (P < .(5)
butyrate and lower (P < .05) acetate levels than did feeding NC and Pc. The
molar concentrations of isovalerate and coproate were higher (P < .(5) in rumen
fluid from the CSL treatment.
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Table 3. Performance of yearling heifers

Item Treatment
NC PC CSL FACW

Number 8 8 8 8

Initialweight,lb 779.3 768.1 768.3 770.5
Weightchange, Ib - 49.48 -10.6b + 17.6c +9.3c

Initialbody condition 7.2 7.0 7.2 7.1
Body conditionchange -.9 -.7 -.7 -.8

Conceptionrate, % 83 67 100 100

eans with differentsuperscript letters differ (P< .05).

Item
Treatment

NC PC CSL FACW

Number 10 10 10 10

RumenpH
1 hr postfeeding 7.078 7.248 6.73b 6.79b
4 hr postfeeding 6.83b 7.068 6.89b 6.79b

Rumenammonia, mg/d1
1 hr postfeeding 8.4c 10.5c 18.9b 26.28
4 hr postfeeding 3.8c 11.3b 14.8b 23.18

Rumensoluble
Carbohydrates,u moles/1
1 hr postfeeding 1865.6b 2268.9b 5016.1b 17271.18

4 hr postfeeding 2144.4b 1705.0b 2169.9b 3703.98

-Means insamerowwithdifferentsuperscriptsdiffer(P < .05).



The in vitro ammonia concentrations are presented in Table 6. Ammonia was
released gradually in vitro from SBM and CSL. presumably due to dig-estion by
microbial proteases and the subsequent deamination of amino acids. The concen-
tration of ammonia in the urea system was initially low but rapidly increased due
to the hydrolysis of urea to ammonia. The ammonia in AL and FAC\\' apparenth'
established an immediate equilibrium between the disassociated free ammonium
ion and the closely associated ammonium salt form.

Table 6. In vitro ammonia concentratllon from nitrogen sources8
Time of incubation(hrl

Nitrogensource 1 2 4 8

SBM
CSL
FACW
AL
Urea

13.83b
23.58c
42.59de
71.119
24.38c

mg NH3- N/dl
15.33bc 19.89bc
23.23c 22.71bc
44.51def 50.13ef
71.479 69.169
53.00' 71.829

36.83d
36.00d
43.86def
62.929
85.33h

8Nitrogensource by incubation time interaction (P < .005).
bcdalghMeanswith different superscripts differ (P < .05).
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Table 5. Volatile fatty acid concentration In rumen fluid collected at 1 and 4
hours postfeedlng8

Treatments
Item NC PC CSL FACW

One hour postfeeding
Total VFA, u moles/ml 92.42 95.53 93.60 93.88
Acetate 71.90b 71.48b 69.87bc 68.77c
Propionate 16.06c 16.21c 16.76c 19.83b
Isobutyrate 1.07b 1.19b 1.13b .28c
Butyrate 9.24c 8.78c 10.74b 10.71b
Isovalerate 1.07b 1.99b 1.32b .39c
Valerate .59b .72b .68b .44c
Caproate .08 .07 .05 .02
Acetate/propionate 4.53b 4.32b 4.38b 3.62c

Four hours postfeeding
Total VFA, u moles/ml 93.37 73.63 92.92 83.33
Acetate 71.13b 71.76b 65.90c 61.05d
Propionate 15.15c 15.85c 15.31c 17.93b
Isobutyrate 1.12b 1.23b 1.12b .56c
Butyrate 10.26d 9.36d 14.42C 18.80b
Isovalerate 1.06c .83c 1.52b .42d
Valerate 1.02 .85 1.34 1.15
Caproate .26bc .12cd .39b .10d
Acetate/propionate 4.74b 4.65b 4.33b 3.54c

8Molar%.
bcdMeansin same row with different superscripts differ (P < .05).



The percentage of dry matter, lactic acid, crude protein and the composition of
crude protein in CSL and FACW is presented in Table 7. The CSL supplement
contained 53.74 percent dry matter, 5.6 percent lactic acid and 16.85 percent CP
(Nx6.25). The nitrogen in CSL was composed of 13.3 percent ammonia nitro~en,
29.6 percent long chain polypeptide and protein nitro~en, and 17.0 percent
amino acid nitro~en. The FACW supplement contained 68.95 percent dry matter,
10.2 percent lactic acid and 16.0 percent CP (N 6.25). The nitrogen in FACW was
composed of 60.0 percent ammonia nitro~en, 13.2 percent long chain polypep-
tide and protein nitrogen and 7.0 percent amino acid nitro~en.

Table 7. Dry matter, lactic acid and crude protein composition of CSl and
FACW

Greater weight and body condition losses by cattle fed the NC supplement
indicated that a protein deficiency was established in the NC cattle. Improved
performance by yearling heifers fed either liquid and similar weight and condi-
tion losses by lactating heifers fed the PC, CSL and FACW suggest that CSL and
FACW are effective protein sources for cattle wintered on native range. Corn
steep liquor appears to be a good source of amino acids and natural proteins. The
high non-protein nitrogen (NPN)content of FACW is apparently well utilized by
cattle grazing low quality fora~e.
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Supplement
Item CSL FACW

Dry mattera 53.74 68.95
Lactic acida

L( +) lactate 1.49 3.64
D( -) lactate 4.11 6.56
Total lactate 5.60 10.20

Crude protein (Nx6.25)a 16.85 16.00

Protein fractionationb

NH3 - N 13.3 60.0

Long chain polypeptide
and protein N 29.6 13.2

Amino acid N 17.0 7.0
Undetermined N 40.1 20.0

.Percent composition, as fed basis.
bpercent of total nitrogen.
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The Influence of Postpartum
Nutrition and Weaning Age of Calves

on Cow Body Condition, Estrus,
Conception Rate and Calf

Performance of Fall-Calving Beef
Cows

J. A. Cantrell, J. R. Kropp, S. L. Armbruster,
K. S. Lusby, R. P.Wettemann and R. L. Hintz

Story in Brief
One hundred one fall-calvin~ An~us X Hereford cows rangin~ in age from 3 to

6 years were assigned to either a Moderate (maimain post-calving weight) or Low
(lose 10 percent of post-calving weight) level of supplementation from calving to
the start of the breeding season. From the start of the 67-day breeding season
until warm season grasses began to grow, all cows were fed the Moderate level of
supplementation.

Moderate level cows exhibited postpartum estrus an average of 21.7 days
sooner (54.1 vs 75.8 days) and had a higher conception rate (96 vs 82.3 percent)
than Low level cows. Adjusted weaning weight of the calves was not significantly
affected by the dam's level of supplementation prior to breeding but was affected
by breed of sire and month of birth. Calves weaned at 285 days were 73.5 and
93.5 Ib heavier for the Moderate and Low levels, respectively, than calves weaned
at 210 days and grazed on native pasture for 75 days. Charolais-sired calves were
approximately 751b heavier at 285 days than Hereford-sired calves, regardless of
weaning method.

Introduction

Approximately 30 to 40 percent of the beef cows in Oklahoma calve in the fall
(September-December). Fall-calving cows vary considerably in body condition at
calving due to differences in forage availability and level of protein supple-
mentation. Many producers wean fall-born calves late (9-10 months of age) to
take advantage of summer grasses and thus wean heavier calves. However, late
weaning may have an adverse effect on cow condition.

Research with spring-calving cows indicates that cows on an adequate plane of
nutrition prior to calving and in moderate flesh at calving have short postpartum
intervals to first estrus and high conception rates. .Fall-calving cows are typically in
better condition going into the calving season than spring calving cows; however,
little is known about the combined effects of condition at calving and postpartum
level of nutrition on the reproductive performance of fall-calving cows, especially
when the availability and quality of forage is decreased. While it may be possible
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to increase the pay weight of the calves by extending the weaning period to 9-10
months, the effect on cow condition and reproductive performance is unknown.

The purpose of this study was to determine the influence of postpartum
nutrition and weaning age of cah.es on cow body condition, postpartum inten.al
to first estrus, conception rate and calf performance of fall-calving beef cows.

Experimental Procedure
One hundred thirty-live fall-calving Angus X Hereliml cows ranging in age

from 3 to 6 years and bred to Charolais and Hereford bulls were assembled at the
Southwestern Livestock and Forage Research Station in the summer of 1980. The
range on the Research Station, cIassilied in excellent condition, is little bluestem
(Andmpogon scorparius) predominantly and has a carrying capacity of approx-
imately 7 acres per cow-calf unit on a year-long basis. The range forage is
normally dormant from early Novembe,. (Iirst frost) to late April.

At calving (September I. 1980, to November 5, 1980) each female was assigned
to a level of postpartum nutrition on the basis of calving date and age of dam to
equalize these effects within treatment. The Moderate level of nutrition consisted
of that amount of supplemental feed necessary li)r fall-calving cows to maintain
their post-calving weight from calving to the start of the breeding season. 1()
achieve this level of postpartum nutrition, the cows were maintained on abundant
forage and fed 7 Ib of collonseed cake (41 percent CP) per head per day from
calving to the start of the breeding season. The Low level of nutrition consisted of
that amount of supplemental feed necessary for fall-cah.ing cows to lose 10
percent of their post-calving weight from cah.ing to the start of the breeding
season. 1() achieve this level of postpartum nutrition, the cows were maintained
on abundant forage and fed 1;2Ib of cOllonseed cake (41 percent CP) per head per
day until !\:ovember 25 and 3112Ib per dav to December 15, 1980.

At the start of the breeding season (December 15), all cows were fed 5 Ib of
cottonseed cake daily to March 30, 1981. and 2 Ib daily until April 20. 1981.
Throughout the study, all cows were fed three times per week (daily allowance x
7 -;-3). After April 20, 1981, all cows grazed common pasture through weaning.

Individual cow weights and body condition scores were taken after a 12-hour
shrink biweekly from September I. 1980, to February 20, 1981 (end of breeding
season), and monthly from February 20, 1981. to September I, 1981. The condi-
tion scores were based on a scale of I (very thin) to 9 (very fat) (Table I).

All calves were weighed and identified by ear tag within 24 hours after birth.
The calves remained with their dams on native pasture until weaning and did not
receive creep feed. Calf weights were obtained after a 6-hour shrink biweekly
until the end of the breeding season and monthly thereafter. 1() determine the
effect of weaning age on calf performance as well as to create a 1.0 to 1.5 unit
difference in cow body condition going into the subsequent calving season, calves
were weaned from their dams at 210 or 285 days of age, :!:.7 days, by weaning
biweekly from March 30, 1981, to August 17, 1981. Assignments to weaning age
within postpartum nutrition level were made on the basis of calving date to
equalize the effect within treatment groups. The age-corrected weaning weights
were adjusted for age of dam by Beef Improvement Federation Guidelines, and
all heifer calves were corrected to a steer equivalent by multiplying by 1.05. Calves
weaned at 210 days were fed a high roughage weaning ration (ad-libitum) for two
weeks to reduce weight loss associated with the stress of weaning. After the 2 -
week period, the weaned calves were placed on native pasture similar to that
grazed by the nursing calves and received no additional feed. All calves were
implanted with Ralgro in February and reimplanted in June.
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Table 1. System of body condition scoring (BCS) for beef cattle

Group BCS Description

Thin
Condition

EMACIATED- Cow is extremely emaciated with no detectable
fat over spinous processes, transverse processes, hip bones or
ribs. Tail-headand ribs project quite prominently.

2 POOR - Cow still appears somewhat emaciated but tail-head
and ribs are less prominent. Individual spinous processes
are still rather sharp to the touch but some tissue cover
exists along spine.

3 THIN - Ribs are still individually identifiable but not quite as
sharp to the touch. There is obvious palpable fat along
spine and over tail-head with some tissue cover over dorsal
portion of ribs.

Borderline
Condition

{'

BORDERLINE- Individual ribs are no longer visually obvious.
The spinous processes can be identified individually on
palpation but feel rounded rather than sharp. Some fat cover
over ribs, transverse processes and hip bones.

Optimum
Moderate
Condition

5 MODERATE - Cow has generally good overall appearance.

Upon palpation, fat cover over ribs feels spongy and areas on
either side of tail-head now have palpable fat cover.

6 HIGH MODERATE - Firm pressure now needs to be applied to

feel spinous processes. A high degree of fat cover is palpable
over ribs and around tail-head.

7 GOOD - Cow appears fleshy and obviously carries
considerable fat. Very spongy fat cover over ribs and over and
around tailhead. In fact "rounds" or "pones" beginning to be
obvious. Some fat around vulva and in crotch.

Fat
Condition

8 FAT - Cow very fleshy and over conditioned. Spinous
processes almost impossible to palpate. Cow has large fat
deposits over ribs, around tail-head and below vulva. "Rounds"
or "pones" are obvious

9 EXTREMELY FAT - Cow obviously extremely wasty and

patchy and looks blocky. Tail head and hips buried in fatty tissue
and "rounds" or "pones" of fat are protruding. Bone structure
no longer visable and barely palpable. Animal's mobility may
even be impaired by large fatty deposits.

From calving to the start of the breeding season, teaser bulls, equipped with
chin-ball markers, were placed with the cows. Teaser bull activity and visual
observation twice daily were used for detection of estrus. During the breeding
season (December 15, 1980, to February 20, 1981), the cows were divided into
four breeding groups on the basis of postpartum nutrition level and weaning age
of the calf. All cows were exposed to fertile Beefmaster bulls, which were rotated
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biweekly among pastures during the breeding season. Cows were observed for
breeding activity twice daily, and herd bulls were equipped with chin-ball markers
to assist in determination of breeding dates.

Results and Discussion

Cow weight and condition
Up to the start of the breeding season, the Moderate cows were able to maintain

their post-calving weight and condition with 7 Ib of cottonseed cake daily (Table
2). The cows were in moderate flesh (5.5 condition score). However, the Low level
cows, fed Y2Ib of cottonseed cake daily from calving until November 25 and 3 Y2Ib
daily from November 26 to December 15, 1980, lost a full condition score but only
3.8 percent of their post-calving weight. The use of 5 Ib of cottonseed cake daily
from the start of the breeding season (December 15) to the end of the breeding
season (February 20) was not adequate to maintain the weight of either treatment
group. However, the additional supplement fed the Low level cows during the
breeding season tended to improve their body condition, possibly a factor of
increased forage intake and digestibility. The drop in condition of the Moderate
level cows was attributed to increased milk production; however, at weaning, no
differences in body condition between treatments were noted.

With the advent of warm season grass growth in early April, 1981, all cows were
able to regain considerable weight to weaning.

Table2. Weights, weight change and condition score data
Moderate

No.of cows
Initialwt, postcalving
Wt, start of breeding season
Wt, end of breeding season
Wt, at weaning

Calf weaned at 210 days
Calf weaned at 285 days

50
959
952
873

Low

51
949
913
853

924
1075

907
1089

Wt change, %
Initialto start of breeding
Initialto end of breeding
End of breeding to weaning

Calf weaned at 210 days
Calf weaned at 285 days

Initialto weaning
Calf weaned at 210 days
Calf weaned at 285 days

-.69
-8.8

-3.70
-9.9

+5.84
+23.14

+6.33
+27.67

-3.65
+12.10

-4.42
+14.75

Condition score
Initial
State of breeding
End of breeding
Weaning

Calf weaned at 210 days
Calf weaned at 285 days

5.7
5.5
5.15

5.4
4.6
4.9

5.49
6.0

5.4
5.98
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Reproductive performance
The reproductive performance of fall-calving c()\\"s appears to be afTected bv

level of postpartum nutrition (Bible ~), Cows on the Moderate le\'el of nutrition
postpartum returned to normal estrus acti\'it\, 21.7 days sooner than cows fed the
Low level. As a result of the long postpartum interval to first estrus for the Low
level cows and only a 57-dav breeding season, 12 percent fewer cows conceived as
compared to the Moderate level. In addition, the Moderate level cows were in
much better body condition going into the breeding season (5.4 \'s 4,(j condition
score).

Table 3. Reproductive performance data

No. of cows
No. exhibiting estrus
Days postpartumto 1st estrus
Days postpartumto apparent conception
No, of females bred

Moderate
50
42
54,1
96.3
48

Low

51
38
75.8
95.4
42

Calving data
The mean birth weights and adjusted weaning weights are presented in 'BIble

4. The level of postpartum nutrition had little effect on the weaning performance
of the calves. However, breed of sire and age at weaning exhibited marked
influences on calf performance,

Charolais-sired calves were heavier at birth (approximately 4 Ib) and were an
average of 75 Ib heavier at weaning than the Hereford-sired calves. This differ-
ence in birth weight and weaning weight is largelv due to the increased mature
size and growth potential of the Charolais breed.

Delaying the weaning of fall-born calves to 9-10 months to take advantage of
summer forage appears to be a m;~jor improvement regardless of level of

Table 4. Calving data
Moderate Low

Charolais Hereford Charolais Hereford

No. of calves 31 19 24 22
Males 14 10 14 12
Females 17 9 15 10

Avg birth wt
Males 81,8 70.1 81.4 80.6
Females 77.4 75.8 73.1 69,8

Adj 210 day wt
WNGRP l' 451 357 426 348
WNGRP 2 456 375 450 375

Adj 285 day wt
WNGRP1 578 492 540 468
WNGRP 2' 641 576 636 559

.Adjustedweaningweightfor respectiveweaninggroups,
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postpartum nutrition of the cow. Calves weaned at 285 days were 73.5 and 93.5 Ib
heavier for the Moderate and Low levels, respectively, than calves weaned at 210
days and grazed on native pasture for 75 days and fed a high roughage ration
during the initial 14 days of the grazing period. The 20-lb advantage to the Low
level group is unclear.

Effect of Yeast Culture 1on Nitrate

Toxicity of Lambs and Steers Fed
High-Nitrate Sorghum-Sudan Hay

G. W.Horn, G. E. Burrows
and K. S. Lusby

Story in Brief
Lambs and steers were fed low-nitrate hay and supplements that supplied 0 or

.llb (Iambs) or .251b (steers) of Yeast Culture per head per day for 14and 12days,
respectively, before being fed high-nitrate sorghum-sudan hay. The effect of
Yeast Culture on blood methemoglobin concentrations was evaluated. Nitrate
consumption by lambs 6 hr after being fed the high-nitrate hay was similar
among treatments and ranged from about .3 to .5 g/kg body weight during 3
challenge days. Similar rates of nitrate consumption were observed for steers.
Blood methemoglobin concentrations of lambs and steers fed Yeast Culture were
not lower than those of control animals. Results of the study do not indicate that
Yeast Culture will decrease the toxicity of high-nitrate forages consumed by sheep
or cattle.

Introduction

In previous studies conducted at the University of Missouri by Grebing (1974
and 1976), the feeding of about 0.1 pound per day of Diamond V Yeast Culture
markedly decreased death losses of lambs that received a ruminal drench of
potassium nitrate and sodium nitrate. In these studies the nitrate dosage was
about 0.8 g nitrate per kg of lamb body weight. In the 1976 study lambs were fed
a cottonseed hull, cracked corn, soybean meal based ration that contained 24.5
percent corn.

Sapiro et at. (1949) reported that very severe blood methemoglobin concentra-
tions were produced in sheep fed a poor quality grass hay and dosed with 0.4 g

IDiamond \' Yeast Culture. Di.nnond V ~tills. ItK.. Cedar Rapids. Iowa.

58 Oklahoma Agricultural Experiment Station



nitrate per kg of body weight. One of four sheep died. In the studies of Lewis
(1951),0.3 g nitrate per kg of body weight resulted in methemoglobin concentra-
tions of 60 percent in wethers fed meadow hav.

Nitrate toxicity remains a very significant animal health problem. Feed ingre-
dients that would reduce the incidence of nitrate toxicity in ruminants fed and(or)
grazing forages which tend to accumulate nitrates would be welcomed aids.

Diamond V Yeast Culture is very palatable and, when mixed with a self-fed
mineral mixture at levels of 33 and 50 percent, increased consumption of the
mineral mixture from .08 to .14 and .24 Ib per head per day, respectively, by
stocker cattle on wheat pasture (Streeter et aI., 1981). The effect of Yeast Culture
on blood methemoglobin concentrations of lambs and steers challenged with a
high-nitrate hay was evaluated in this study.

Experimental Procedure
Lamb Trial

The trial consisted of a 14-day preliminary period and a 5-day experimental
period. Twenty-four (24) yearling wethers that weighed 78.0 :!: 7.8 Ib were
housed in individual pens and randomly allotted to two treatment groups. The
lambs were fed .5 Ib of supplement per head per day that supplied .llb of wheat
middlings (control) or Yeast Culture (Table 1). Time was allowed for complete
consumption of the supplements before hay was fed. During the preliminary

Table 1. Composition of supplements fed to lambs8

.Supplements fed at level of .5 Ib/head/day to supply .10 Ib of yeast culture/head/day.
* Vitamin A and D added to furnish 2000 and 250 IU per head per day.

period, all lambs had free choice access for 1 1;2hours each day to 2 Ib of a control
(i.e., low-nitrate) sorghum-sudan hay. Hay that was not consumed during the 1 'A,
hour period of each day was removed in an attempt to encourage rapid hay
consumption. Mean hay consumption of all lambs during the last 6 days of the
preliminary period was 1.7 percent of body weight. If the hay had contained
29,300 ppm nitrate, it would have supplied .50 g nitrate per kg of body weight,
which was the desired nitrate dosage.

On day I of the 5-day experimental period, all lambs were fed a high-nitrate
(i.e., 29,300 ppm nitrate) sorghum-sudan hay in place of the control hay. Because
of previous difficulties with rate of consumption of the high-nitrate hay, the lambs
were not fed any hay for 43 hours prior to feeding the high-nitrate hay. Supple-
ments were fed daily during the 43-hour period. The lambs had ad libitum access
to the high-nitrate hay during the 5-day experimental period. Blood samples
were collected from the jugular vein for methemoglobin analysis at 6 hr after
feeding the-high-nitrate hay on days 1,2 and 5 of the experimental period. Blood
methomoglobin analyses were conducted by a modification of the procedure of
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Item Control Yeastculture

Dehydratedalfalfa meal, % 74.7 74.7
Wheat middlings,% 20.0
DiamondV YeastCulture, % - 20.0
Dicalciumphosphate, % 4.4 4.4
Trace-mineralizedsalt, % .9 .9
VitaminA* + +
Vitamin D* + +



Table 2. Composition of supplements fed to steers8

a Supplements fed at level of 2 Ib/head/day to supply 0.25 Ib yeast culture/head/day.

Table3.Composition of hays fed in lamb and steer trials

Leahy et aI., 1960. Number of lambs that were bled per treatment are shown in
Table 4.

Hay fed during the preliminary and challenge periods of both the lamb and
steer trials was ground in a hammermill through a % inch screen to minimize
sorting by the animals. Because of bale-to-bale variation in nitrate concentration,
the high-nitrate hay was mixed in an Oswalt mixer-feeder wagon before feedings
of individual animals were weighed out. The hay was sampled during mixing for
crude protein, in vitro dry matter digestibility (IVDMD) and nitrate analyses.
Results of these analyses are shown in Table 3.
Steer Trial

Ten yearling Hereford steers that weighed 561 ::f::82 Ib were paired by weight,
placed in individual pens and randomly assigned within pairs to two treatments.
A crossover design that consisted of two 14-day periods was used. Periods con-
sisted of a 12-day preliminary period and a 2-day challenge period during which
high-nitrate hay was fed. During the first 10 days of the preliminary periods,
steers were fed prairie hay (Period 1) and a control (i.e., low-nitrate) sorghum-
sudan hay (Period II) at a level of about 2.2 percent of body weight and 2 Ib of
supplement per head per day that contained 0.25 Ib of wheat middlings (control)
or Yeast Culture. Composition of the supplements is shown in Table 2. On days 11
and 12 of the preliminary periods, steers were fed prairie hay at a level of 1
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Item Control Yeastculture

Soybean meal, % 81.4 81.4
Wheat middlings,% 12.5
Yeastculture, % - 12.5
Molasses,% 2.6 2.6
Dicalciumphosphate, % 1.75 1.75
Trace-mineralizedsalt, % 1.75 1.75
VitaminA, IU/lb 11,918 11,918

Crudeprotein Nitrate
Trial (%ofDM) IVDMD,% (%as-fed)
Lamb

Control sorghum-sudan" 7.8 52.7 <1,000
High-nitratesorghum-sudan 14.7 58.0 29,300

Steer
Period I
Prairie hay" 5.6 41.9 NAb
High-nitratesorghum-sudan 13.7 59.0 32,000

Period II
Control sorghum-sudan" 6.4 55.7 1,330
High-nitratesorghum-sudan 15.4 56.8 29,900

aFed during preliminaryperiod only.
bNot analyzed.



percent of body weight (Period I) and 2 lb per head per day of the control
sorghum-sudan hay (Period II). Supplements were fed as usual.

A high-nitrate sorghum-sudan hay was fed at levels to supply 0.5 g nitrate per
kg of body weight on each of the 2 days of the challenge period. Blood samples
were obtained from jugular vein catheters, by crowding the steers into a corner of
the pens at various times after feeding the high-nitrate hay, for methemoglobin
analysis. The times in which blood samples were taken are shown in Tables 5 and
6.

Results and Discussion
Lamb mal

Intake of hay (percent of body wt) and nitrate (g/kg body wt) by the lambs
during the 5-day period in which high-nitrate hay was fed is shown in Table 4.
The lambs did not consume the high-nitrate hay as rapidly as hoped. Nitrate
intake of six lambs per treatment, which had consumed the most hay at 6 hours
post-feeding on day I, was .51 and .57 g/kg body weight, respectively, for lambs
fed the control and Yeast Culture supplements. Blood methemoglobin concentra-
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Table 4. Effect of yeast culture on blood methemoglobin concentrations of
sheep

Observed
Yeast significance

Item Control culture level

Number of wethers 11 12

Weight, Ib 76.8 79.1

Day 1 (6 hr post-feeding)
Number of wethers 6 6

Hay intake, % of body wt 1.73 1.95 .09

Nitrate intake, g/kg body wt .51 .57 .09

Methemoglobin,% 28.7 29.2 .98

Day 2 (6 hr post-feeding)
Number of wethers 11 12

Hay intake,% of body wt .95 1.08 .33

Nitrate intake, g/kg body wt .28 .32 .33

Methemoglobin,% 6.4 8.2 .55

Day 3 (24 hr post-feeding)
Number of wethers 11 12

Hay intake, % of body wt 2.87 2.71 .33

Nitrate intake, g/kg body wt .84 .79 .33

Day 4 (24 hr post-feeding)
Number of wethers 11 12

Hay intake, % of body wt 2.74 2.77 .77

Nitrate intake, g/kg body wt .80 .81 .77

Day 5 (6 hr post-feeding)
Number of wethers 8 7

Hay intake, % of body wt 1.52 1.80 .20

Nitrate intake, g/kg body wt .44 .53 .20

Methemoglobin,% 6.4 14.4 .20
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Table5. Hay and nitrate Intake and blood methemoglobin concentrations of steers fed high-nitrate sorghum-sudan hay
(period 1)8

Supplement
Control YeastCulture

Hayintake Nitrateintake Methemoglobin HayIntake Nitrateintake Methemoglobin
Item (%01bodywt) (g/kgbodywt) (%) (%01bodywt) (g/kgbodywt) (%)

Challenge Hr post-
d feeding
1 0 - - 0 - - 0
1 4 0.78 0.25 - 0.76 0.24
1 6 0.92 0.29 13.1 0.93 0.30 25.8*"
1 12 1.55 0.50 - 1.57 0.50
1 24 - - 2.5 - - 0.7
2 4 0.83 0.27 26.1 0.65 0.21 40.1*
2 7 1.28 0.41 19.3 1.07 0.34 31.9*
2 12 1.55 0.50 5.5 1.57 0.50 18.2*
2 24 - - 0.6 - - 0.6

aFourand five steers (561 :!: 82 Ib) fed control and yeast culture supplements. respectively.Sorghum-sudanhay contained 32,000 ppm nitrate.
Significandygreater (*"P<.01, 'P<.10) than methemoglobinconcentrationsof control steers.



Table6. Hay and nitrate intake and blood methemoglobin concentrations of steers fed high-nitrate sorghum-sudan hay
(period 11)8
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Supplement
Control Yeastculture

Hayintake Nitrateintake Methemoglobin Hayintake Nitrateintake Methemoglobin
Item (%ofbodywi) (g/kgbodywi) (%) (%ofbodywi) (g/kgbodywi) (%)

Challenge Hr post-
D feeding

1 4 0.93 0.28 14.1 1.01 0.30 21.8
1 7 1.17 0.35 52.3 1.11 0.33 34.4
1 12 1.49 0.45 29.7 1.69 0.50 23.3
2 4 0.81 0.24 22.1 0.82 0.25 38.7
2 7 1.34 0.40 27.0 1.32 0.39 37.1
2 12 1.67 0.50 14.4 1.69 0.50 19.7
2 24 - - 0.7 - - 1.1.Five steers(551 ::t 871b) per treatment. Sorghum-sudanhay contained29,900 ppm nitrate.



tions of lambs on the two treatments were very similar (i.e., 28.7 vs 29.2 percent)
at this time. Nitrate intake of all lambs by 6 hours post-feeding on day 2 was .28
and .32 g/kg body weight for the two treatments and was less than that of day l.
Data of one control lamb was deleted because he pulled large amounts of hay out
of the feeder, and accurate measurements of hay consumption were not possible.
Blood methemoglobin concentrations were low at 6 hours post-feeding on day 2
and were not significantly different between treatments.

By day 5 there was enough high-nitrate hay remaining for only 15 lambs.
Nitrate intake of lambs fed the control and Yeast Culture supplements was .44
and .53 g/kg body weight, respectively, at 6 hours post-feeding. Mean blood
methemoglobin concentrations were 6.4 and 14.4 percent, respectively, and were
not significantly different.

Steer 1Hal

Intake of high-nitrate hay (percent of body weight), nitrate intake (g/kg of body
weight) and blood methemoglobin concentrations of steers during Periods I and
II are shown in Tables 5 and 6, respectively. Data of one control steer during
period I was deleted because of low hay intake. Blood methemoglobin concentra-
tions are also shown graphically in Figures I and 2. Nitrate intakes of steers fed
the control and Yeast Culture supplements were similar at the various time
intervals after feeding of both Periods I and II. The steers consumed enough hay
during the first 4 hours post-feeding to supply about .25 g nitrate/kg body weight.
The remainder of the high-nitrate hay was generally consumed by 12 hours post-
feeding.

HOURS POST -FEEDING

Figure 1. Blood methemoglobin concentration of steers (Period 1)
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Figure 2. Blood methemoglobin concentration of steers (Period 2)

Blood methemoglobin concentrations at 6 hours post-feeding on day 1 (Period
1) were 13.1 and 25.8 percent (P<.O I), respectively, for steers fed the control and
Yeast Culture supplements. Blood methmoglobin concentrations at 4,7 and 12
hours post-feeding on day 2 (Period 1) were higher (P<.1O) for steers fed the
Yeast Culture supplement.

None of the differences among blood methemoglobin concentrations of steers
fed the control or Yeast Culture supplements during Period II were significant
(P> .10). Methemoglobin concentrations of control steers were, however, higher at
7 and 12 hours post-feeding on day I. Definite clinical signs of nitrate toxicity (i.e.,
depression, cyanosis and staggering) were observed in one steer of each treat-
ment at 7 hours post-feeding of day I (Period II). At 12 hours post-feeding, the
steers were much more alert and were not staggering. A pinkish color had
returned to the nose and skin around the eyes of the steers.

Results of this study do not indicate that Yeast Culture will decrease the toxicity
of high-nitrate forages. While the nitrate challenge was not nearly as acute as in
the studies of Grebing (1974 and 1976), definite clinical signs of nitrate toxicity
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were produced in the steer trial of this study. Clinical signs of nitrate toxicity
become apparent at methemoglobin concentrations of 30 to 40 percent, and
death occurs at methemoglobin concentrations of about 80 to 90 percent (Van
Gelder, 19i6). Mean methemoglobin concentrations of about 20 to 50 percent at 4
to i hours after feeding the high-nitrate hay to the steers and the calculated
nitrate intakes indicate that the steers did receive a nitrate challenge. Reasons for
the apparent discrepancy in these results and those of Grebing (l9i4 and 19i6)
are not understood.
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Effect of Breed of the Calf on the

Response to Assembly Stress and
Subsequent Postassembly

Performance

W.A. Phillips and R. R. Frahm

Story in Brief
Steer calves representing four crossbred groups were used to determine the

effect of calf breed on the amount of weight lost during assembly and the
subsequent postassembly performance. All breed groups were raised under the
same environmental and managerial conditions and subjected to two periods of
fasting and one period of refeeding to simulate the stress of assembly and transit.
Calf breed had no effect on the amount of weight lost during the first period of
fasting in the assembly process. There were differences among breeds in the
amount of weight regained during a refeeding period following the first fast and
in the amount of weight lost during the second period of fasting, which simulated

USDA, Agricultural Research Service, Southern Region In cooperation with the Oklahoma Agricul-
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the transit phase. Postassembly feed consumption and rate of gain was not
significantly affected by calf breed, but the cost of a pound of gain over the
weaning weight increased as the percentage of Brahman breeding increased.
Thus, it appears that calf breed can affect the amount of weight lost during
assembly as well as the cost of gain during the early feeding period.

Introduction

During the past 5 years the USDA in cooperation with various state experiment
stations has been conducting research to reduce the losses in beef calves due to
the stresses imposed at the points of assembly and as the result of transit. The
farm of origin from which the calves were purchased has consistently had a
significant impact on the performance and health of stocker calves after they have
been exposed to the stressors found in the assembly and transit system, which
moves beef calves from the cow-calf farms to the next production point. It is
logical to anticipate that the farm of origin would be important because it is a
broad classification taking in the breed and age of the calf, prior nutrition level
and parasite exposure, just to list a few. Of all these components, the genetic
variation (breed) could be one of the most important factors. To date, no observa-
tions have been reported on calves of different definable breeds born and raised
at the same farm of origin.

It is important to identify factors which influence how much weight is lost
during assembly and how quickly the weight can be regained. The arrival weight
of the calf at the final destination is much less (4-10 percent) than the amount
purchased. This loss is due to periods of fasting and refeeding associated with
assembly and transit. Until the calf regains the lost weight, it is not a productive
unit. Thus, the amount of weight lost should be reduced, or the recovery time for
the lost weight ,should be shortened. The objective of this experiment was to
determine the effect of calf breed on feed consumption and weight changes
during and after exposure to the stressors associated with assembly and transit.

Materials and Methods

Ninety-two crossbred steer calves, representing five different definable breed
groups, were born and raised under the same management and environmental
conditions at the Southwestern Livestock and Forage Research Station, El Reno,
Oklahoma. The breed groups consisted of either 0, 25 or 50 percent Brahman
breeding. Hereford and Angus dams served as the foundation herd. The various
percentages of Brahman breeding were incorporated through the use of
purebred and crossbred Brahman sires. The resulting calves were classified as 112
Hereford 'l2Angus (HA), 1ftBrahman lit Hereford 'l2Angus (BA), 1ftBrahman lit
Angus 'l2Hereford (BH), 112Brahman 1/2Hereford or 'l2Brahman 'l2Angus. Due
to the small number of calves in the last two groups, these calves were combined
to form a 50 percent Brahman breed group (B). Thus, there were only four
breed groups.

Calves were weaned and weighed at an average age of 205 days. All calves were
commingled in a 12 ft by 112 ft pen without feed or water for the first 24 hr to
simulate the stress which would be associated with the auction barn phase of the
normal assembly process. After the initial fast the calves were weighed, moved to
a larger pen (200 x 225 ft) and allowed access to medium quality hay and water
for the next 72 hr to simulate the order-buyer barn phase of the assembly process.
This pha~e was followed by weighing each calf and crowding them into a 12 ft x
112 ft pen without feed and water for 24 hr to simulate the fasting and restraint
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associated with transit. On the following day the calves were moved a short
distance and placed in 25 ft: x 50 ft dirt-surface pens. Six calves from the same
breed were allotted to each pen based on weaning weight. Four pens, each
containing one breed group, were used per replicate. Animal numbers were not
equal, so only three full replicates could be constructed. The remaining calves
formed an incomplete replicate. There were 22 HA, 34 BA, 17 BH and 19 B
calves.

The same ration was fed daily to all calves for 28 days and contained 53.7
percent corn, 35.2 percent cottonseed hulls, 7.9 percent soybean meal, .9 percent
dry molasses, .3 percent urea, .6 percent calcium sulfate, .1 percent calcium
carbonate and 1.3 percent potassium chloride. The ration allowance for the first
day was 5 Ib per head. That amount was increased at the rate of 2 Ib per head per
day until refusals were noted. Body weights were determined at weekly intervals
just prior to the morning feeding. Feed consumption was also deter-
mined weekly for each pen. Each calf was observed daily for clinical symptoms
of respiratory disease or other clinical problems. Sick calves were treated with
antibiotics and then returned to the original pen. At the termination of the study,
the calves were fasted for 18 hI' then weighed.

The data from the three complete replications were analyzed as a randomized
block design. No differences due to replication were noted, so the complete data
was then analyzed as a one-factor experiment to determine differences among
the four crossbred groups.

Results and Discussion

The weight at weaning and the changes in body weight during the assembly
process are shown in 1able 1. The average weaning weight was 505 Ib, with the B
calves being the heaviest and the BH calves being the lightest at weaning. Calves
lost an average of 43.2 Ib (8.7 percent) during the initial 24-hr fast. There was no
difference in the amount of weight lost during this period due to the breed of the

Table 1. The effect of calf breed on weight changes during fasting and
refeedlng

.HA = 1/2Hereford 1/2 Angus, BA = 1/4 Brahman 1/4 Hereford 1/2 Angus.
BH = 1/4 Brahman 1/4 Angus 1/2 Hereford, and B = 1/2 Brahman 1/2 Hereford or
1/2 Brahman and 1/2 Angus.

b wwt = weaning weight.

c.dMeansin the same row with different superscripts differ (P<.05).
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Weightandweightchanges Breed01call"
al eachassemblypoint HA BA BH B Mean- - -

Weaning weight, Ib 486 515 468 542 503

After 24-hr fast; Ib lost 41.2 43.6 40.6 47.0 43.2
% of wwtb 91.4 91.5 91.0 91.3 91.3

After 72-hr refeed; Ib gained 31.0c 29.3c 21.2d 29.8c 28.1
% of wwt 98.1c 97.2cd 95.72d 96.8cd 97.0

After 2nd fast; Ib lost 28.0 27.2 25.11 30.4 27.6
% of wwt 92.2c 91.9c 90.2d 91.2cd 91.5



calf when expressed as pounds lost or as a percentage of the weaning weight.
There was, however, a significant difference in the amount of weight gained
during the subsequent 72-hr refeeding period. Calves within the HA, BA and B
groups gained 29.9 Ib during this period, which was 68 percent of the 44 Ib of
weight lost during the previous 24-hr fast. After the refeeding period these calves
weighed 97.4 percent of their weaning weight. BA calves gained only 21.2 Ib
during the refeeding period, which was 8.7 Ib less than the other three groups.
Although the calves and dams were reared in a research environment, the
weaning procedure seemed stressful as judged by observations of the calves
postweaning. The calves walked around the perimeter of the pens during both
fasting and refeeding phases, which is characteristic of the stress of separation
from the dam. It was approximately 48 hr after hay and water were afforded
during refeeding before the majority of calves began to eat hay. The difference in
the amount of weight gained during the refeeding period probably reflects a
difference in the amount of hay and water consumed or the time at which the
calves began to consume hay.

The importance of regaining as much of the weaning weight as possible during
the refeeding period is illustrated in Table 1.After the refeeding period a second
period of fasting was imposed to simulate the transit phase. The HA, BA and B
groups gained more weight during the refeeding period but lost more weight
during the second fasting period. The amount of weight lost by the calves in these
three groups was 28 Ib, which was 1.7 Ib less than the amount previously gained.
Thus, these calves entered the conditioning lot at 91.8 percent of their weaning
weight. Although the BH calves lost less weight during the second fasting period,
they had already lost 8.7 Ib more than the other calves. After regaining 21.2 Ib
during the refeeding period, they lost 25.1 Ib during the second fast; thus, an
additional 3.9 Ib were lost over and above the amount regained. As a result, these
calves entered the conditioning lot at 90.2 percent of their weaning weight. The
BH calves tended to be slower in regaining previously lost weight during the
refeeding phase. Although the calves were not actually transported, the average
amount of weight lost during this period was 5.6 percent of the prefast body
weight, which was comparable to previous observations of calves transported 850
miles by a commercial carrier (Phillips et a!., 1981). No differences were noted in
ration consumption among the different breed groups (Table 2). The calves
readily consumed the ration provided. As described previously, the initial

Table 2. The effect of the calf breed on the amount of ration consumed
during each week

I HA = 1/2 Hereford 1/2 Angus, BA = 1/4 Brahman 1/4 Hereford 1/2 Angus,
BH = 1/4 Brahman 1/4 Angus 1/2 Hereford and B = 1/2 Brahman 1/2 Hereford and
1/2 Brahman 1/2 Angus.

b Pounds of 90% dry matter ration per head per day.
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Breedof calf"

lime period HA BA BH B Mean- - - -
Week 1 9.50b 9.50 9.48 9.48 9.50
Week 2 13.24 13.86 13.64 13.29 13.56
Week 3 17.26 18.02 17.90 19.60 18.10
Week 4 20.41 20.60 20.66 22.70 20.96
Mean 15.10 15.49 15.42 16.27 15.52



allotment of ration was 5 Ib per calf on day 1.The amount was then increased at 2
Ib increments each day if no refusal was noted. In order to prevent digestive
problems, the calves were held at 121b of ration per head for 2 days (days 5 and 6)
before increasing the amounts provided. As a result, there were no refusals
during the first week, and intakes were the same for all pens. As noted in Table 2,
ration consumption increased weekly from 9.6 Ib per head per day during week 1
to 21.0 Ib per head per day during week 4. The average daily ration consumption
for the 28-day long experimental period was 15.9 Ib per head per day. This level
of feed consumption was approximately lIb more per day than previously noted
for Angus calves, which had been transported 850 miles (Phillips et aI., 1981).

The BH calves were the lightest group at weaning and lost more weight during
the assembly process (Table 1) than the other three groups, but they consumed as
much feed during the 28-day postassembly period as the other three breed
groups. Thus, the BH calves consumed more ration as a percentage of their body
weight than the other three groups, but this was only significantly greater during
weeks 1 and 2. By the fourth week of the postassembly period, ration consump-
tion was 3.9 percent of body weight and similar for all four breed groups.

During the assembly period, the calves appeared to be distressed over the
change in surroundings and the absence of the dams. The amount of weight lost
during the various phases of fasting was similar to previously observed values
when calves were moved through the normal industry channels. Thus it was felt
that the stresses found in the normal channels were accurately simulated, but
recently published data by Galyean et al. (1981) indicates that the physiological
response to fasting alone is different from transit. Transit can have a negative
effect on rumen function, which would influence posttransit ration consumption.
Subsequent experiments to study these breed groups will employ an actual transit
phase.

The amount of weight gained each week and the accumulative weight gain for
the 28-day period are shown in Table 3. There were no differences in the amount
of weight gained due to the breed of the calf, but large increases were noted
during weeks 1 and 2 because the initial weight was a shrunk weight taken at the
end of the last assembly fast. The subsequent weights taken 7 and 14 days later

Table 3. The effect of the calf breed on the amount of weight gaIned each
week after assembly

· HA = 1/2 Hereford 1/2 Angus, BA = 1/4 Brahman 1/4 Hereford 1/2 Angus,
BH = 1/4 Brahman 1/4 Angus 1/2 Hereford and B = 1/2 Brahman 1/2 Hereford or
1/2Brahman 1/2 Angus.

b Adjusted weight gain was corrected for gut fill by fasting the calves overnight before weighing.
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Breedof cal"

TImeperiod HA BA BH B Mean- - - - -
Week 1 25.3 29.0 32.8 34.5 29.9
Week 2 32.8 33.2 26.3 26.2 30.4
Week 3 20.2 16.8 23.7 22.4 20.1
Week 4 12.2 10.2 10.1 9.9 10.6

Total 90.5 89.2 92.9 93.0 91.0
Adj. weightb

gain 59.4 54.6 69.1 54.9 58.8



were full weight. Thus a large part of these weight gains are due to replacing the
gut fill. Approximately 30 Ib were gained each week for the first 2 weeks, then 20
and 10 Ib per head per week for the last 2 weeks. The average increase in weight
for the 28-day period was 91 lb. Using data from Table I, the net amount of
weight lost after weaning can be calculated. Subtracting this from the weight
gained after assembly yielded a net gain of 48.5 Ib over weaning weight or 1.73 Ib
of additional gain per day.

Adjusted weight gains are also shown in Table 3. These gains are the difference
between the initial postassembly weight and a shrunk weight taken at the end of
the 28-day period. This should account for any gut fill differences and be a more
accurate reflection of body mass changes during the 28-day experiment. HA, BA,
and B groups have similar adjusted weight gains. Although the BH appeared to
have gained more body mass during the 28-day postassembly period, it was not
significantly greater than the other three groups. The BH group had already lost
almost 9 Ib more than the other three groups during assembly. So the net gain
over weaning was similar for all groups.

Calculated from the weight change data in Tables 1 and 3 and the feed
consumption data from Table 2, the net gain over weaning weight and the cost
per pound of this gain are presented for each breed group in Table 4. A price of
$135 per ton was established as the cost of the postassembly ration, and the total
feed cost is presented in Table 4. The cost of the feed consumed during the 28-
day period was charged against the net weight gain (gain above weaning weight).
The HA calves had a cost of gain of 54.57~ per Ib of gain over weaning weight,
which was 6.79~ to 13.14~ less than the other groups. This difference was due to a
slightly greater rate of net gain and lower feed consumption. These differences
were not statistically significant, but the number of observations was small. Addi-
tional collection of data on these breed groups over the next 3 years will increase

Table 4. The effect of the calf breed on net weight gain and cost of gaIn

b Cost of feed was calculated from ingredient prices at the time of the trial (Oct. 1981) and includes a 15%
markup.
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Breedofcall"
Item HA BA BH B

Total amount of feed consumed, Ib 423 434 432 455
Feed cost at $135 tonb $28.54 $29.27 $29.15 $30.74

Gain for 28 day, Ib 90.5 89.2 92.9 93.0

Totalweight lost
during assembly, Ib 38.2 41.5 44.5 47.6

Net gain over weaning
weight, Ib 52.3 47.7 48.4 45.4

Cost per Ib of gain over
weaning weight 54.57e 61.36e 64.21e 67.71e

.HA = 1/2Hereford1/2Angus.BA = 1/4Brahman1/4Hereford1/2Angus.BH = 1/4Brahman1/4
Angus1/2HerefordandB = 1/2Brahman1/2Herefordor 1/2Brahman1/2Angus.



the number of observations and help to determine if the trends noted in this
report are consistent over years.
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Adaptation of Stocker Calves to NPN
as the Result of Consuming Wheat

Forage

W.A. Phillips

Story in Brief
Twenty-four heifer calves were divided into two groups. A control group was

fed wheat straw, soybean meal and corn, and another group was fed wheat
forage. Consumption of wheat forage resulted in significantly higher ruminal
ammonia and nonprotein nitrogen (NPN) concentrations than found in the
control group. A change in the ruminal metabolism of the forage nitrogen was
noted 30 days after consumption of forage began. Concentrations of ammonia
and NPN in the rumen decreased, and plasma protein concentration increased.
Although the wheat forage group appeared to be going through an adaptation
phase to NPN while grazing, the utilization of a urea supplement fed to both
groups following the grazing phase was not different from that of the unadapted
control group. The consumption of wheat forage during March and April did
not increase the utilization of urea following the grazing period, but there may be
another form of NPN to which adaptation had occurred.

Introduction

Wheat pasture has been used extensively in the southern plains area as a high
quality forage for young ruminants from November to March and even as late as
May if a grain crop is not harvested. The protein content of wheat forage will vary
within the grazing period and between different years. The protein content as a
percentage of the dry matter has been reponed to range from 25 to 32 percent,

USDA, Agricultural Research Service, Southern Region, In cooperation with the Oklahoma Agricul-
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and the nonprotein/nitrogen (NPN) content can represent 12 to 2H percent of the
total protein content Uohnson et aI., 1973). 1'\»1'\ sources are not efliciently
utilized by the ruminant immediately upon addition to the diet, and an adapta-
tion period of 20 to 40 days is required before they can be effective as nitrogen
sources for growth of young ruminants. Once adaptation has been achieved, it is
not permanent and can be lost with removal of the 1'\»1'\ from the diet for a few
days. Thus, another period of adaptation is required when I'\PI'\ is again rein-
troduced in the diet. It would appear that voung ruminants, such as stocker
calves, should be adapted to I'\PI'\ after 40 days of grazing winter wheat pasture.
This information would facilitate the formulation of protein-efficient rations for
feeding calves prior to grazing wheat pasture, during periods of no wheat forage
availability and during the subsequent finishing period. The objective of this
experiment was to determine if ruminants are adapted to NPN after grazing
winter wheat pasture.

Materials and Methods

Hereford-Angus crossbred heifer calves weighing an average of 455 Ib were
assigned to two groups of 12 heifers each. During Phase I of the experiment,
group 1 grazed wheat pasture for 45 days from March 3 to April 16, I9HO,and
the other 12 heifers were confined in drylot and fed 6.8 Ib of a 15 percent plant
protein supplement (Table 1). The combination of supplement and straw fed to
heifers of group 2 was calculated to promote the same rate of gain as heifers of
group 1.

At the end of phase 1,all heifers were confined in a drvlot and individually fed
S.Ilb per head per day of the supplement which contained urea (phase 2); see
Table 1. Each heifer was individually fed the supplement in two equal portions at
OS30and 1530 each day. Approximately 30 minutes were needed at each feeding
for all heifers to consume the supplement. When not in individual stalls, the
heifers were maintained as a group in drylot. Wheat straw was fed once each day
after the afternoon feeding of the supplement.

Rumen and blood samples were collected at I5-day intervals during phase I
and at IO-day intervals during phase 2. Rumen samples were collected 2 hours
after feeding and blood samples 6 hours after feeding during both phases.
Rumen ammonia concentration was determined by an ion specific electrode;
NPN concentration was determined by extracting the soluble nitrogen with
buffer and precipitating the protein with tungstic acid. Plasma protein was
determined by biuret reaction. The data were analyzed within each phase as a
one-way classification over time.

Results

The changes in the concentration of ammonia in the rumen fluid during phase
1 for the two experimental groups are shown in Table 1.The initial concentration
of ammonia (day 0) was equal for the two groups because both groups had been
receiving the same diet, indicating that there was no built-in bias. Group I had a
significant increase in the rumen ammonia concentration from the initial value of
IS.5 mg/IOO ml to 75.4 mg/IOO ml after grazing wheat forage for 15 days. This
increase was due to an increase in the dietary nitrogen level. On day 30 the
ammonia concentration declined to 57.3 mgllOO ml and did not significantly
change for the remainder of phase 1. The crude protein content of the wheat
forage initially and at the subsequent three I5-day intervals was 24, 2S, 25 and 23
percent of forage dry matter. Thus, the decline in rumen ammonia concentration
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at day 30 was not due to a drastic drop in forage crude protein content. The
decline was probably due to either a change to a more efficient utilization of the
forage protein by the animal in terms of assimilating more of the ammonia into
microbial protein or a change in the composition of the protein fractions in the
forage. As anticipated, the rumen ammonia concentration of group 2 was lower
than group 1 and remained lower throughout phase \. The combination of
supplement and straw was adequate for a moderate rate of gain (.6 Ib/day) but did
not contain the excess protein level that was found in wheat forage.

The pattern of change in ruminal NPN concentration for the two experimental
groups was the same as noted for ruminal ammonia concentration. Consumption
of the wheat forage resulted in an elevation of the NPN concentration at day 15,
but that concentration significantly declined at day 30. No differences were noted
between day 30 and day 45. Group 2 had a lower ruminal NPN concentration
than group \. Since ruminal ammonia is a large part of the ruminal NPN fraction,
the factors which were previously discussed as affecting ruminal ammonia con-
centration would also have an influence on ruminal NPN. Previous research in
the area of NPN adaptation has indicated that NPN concentration in the rumen
decreased as adaptation occurred over a 30 to 40-day period of time (Ludwick et
at., 1972). Thus, it would appear that group 1 was utilizing the protein in the
wheat forage more efficiently with time.

As previously noted, there appeared to be a change in the ruminal metabolism
of forage protein in wheat by day 30. A significant increase in total plasma protein
concentration was also noted by day 30 in group I (Table 1).

Table1. Composition of supplements8

Group
2

Phase I
Com, ground
Soybean meal
Molasses
Dical

Phase II
Corn,ground
Soybean meal
Urea
Molasses
Dical

76.5
17.1
4.2
2.2

88.2
2.8
2.1
5.0
1.9

88.2
2.8
2.1
5.0
1.9

.Percent of dry matter.

Although the heifers in group 1 appeared to be undergoing some metabolic
changes which had the same characteristics as those experienced by ruminants
adapting to NPN, the real test of adaptation was during phase 2 of this experi-
ment. On day 45 both groups of heifers were individually fed a urea supplement.
The subsequent changes in ruminal ammonia, NPN concentrations and plasma
protein concentrations at lO-day intervals after initiation of phase 2 are shown in
Table 2.

Ten days after introduction of the urea diet, the rumen ammonia concentration
of group 2 had increased four-fold, but no change was noted in group 1. There
was, however, a significant increase in NPN concentration in the rumen fluid for
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Table 2. Concentration of ruminal and plasma nitrogen' components during
phase 1

..b,CMeans in the same row with different superscripts are different (P<.01).
"Comparison of the two groups within each sampling period: NS = nonsignificant, .05 = P<.05, and .01 =

P<.01.

both groups I and 2. For the remainder of the trial, significant diH'erences were
noted between groups I and 2 for any of the measurements except the NPN
concentration at day 40. Ruminal ammonia and NPN concentrations decreased to
significantly lower levels at day 20. Another significant decline was noted on day
40. Plasma protein concentration is inversely related to rumen ammonia and
NPN concentration when nitrogen intake is held constant. When these two
ruminal measurements increase, plasma protein concentration usually decreases
because less nitrogen is being incorporated into microbial protein for later diges-

Table 3. Concentration of ruminal and plasma nitrogen components during
phase 2

.,b,C'"Meansin the same row with different superscripts are different (P<.01).

.Comparison of the two groups within each sampling period: NS = nonsignificant, .05 = P<,05, and .01 =
P<.01.
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Samplingperiod,days
Concentrationofnitrogencomponents 0 15 30 45

Rumenammonia, mg/100 ml
Group 1 18.5a 75.4b 57.3c 52.4c
Group 2 18.3a 14.8b 12.8b 13.8b
1 vs 2d NS .01 .01 .01

Rumennon-protein nitrogen, mg/100 ml
Group 1 32.6a 92.6b 73.3c 85.5b.c
Group 2 31.8a 28.4a.b 24.6b 22.3b
1 vs 2 NS .01 .01 .01

Plasma protein g/100 ml
Group 1 6.46a 6.60a 6.85b 6.82a.b
Group 2 6.61a 6.60a 6.49a.b 6.36b
1 vs 2 NS NS .05 .05

Samplingperiod,days
Concentrationofnitrogen

components 0 10 20 30 40 50

Rumenammonia, mg/100 ml
Group 1 52.4a 57.5a 28.5b 30.1b 21.4c 23.0c

Group 2 13.8a 51.6b 29.7c 29.7c 23.2d 22.5d
1 vs 28 .01 NS NS NS NS NS

Rumennon-proteinnitrogen,
mg/1oo ml

Group 1 85.5a 124.4b 51.0c 40.4c.d 26.4d 30.2c,d

Group 2 22.3a 112.5b 61.3c 36.2a 30.4a 31.4a
1 vs 2 ,01 NS NS NS .05 NS

Plasma protein g/100 ml
Group 1 6.82a 6.40b 6.96a 6.98a 6.85a 6.61a.b
Group 2 6.36a 6.34a 6.89b 6.89b 6.92b 6.73b
1 vs 2 .05 NS NS NS NS NS



tion and absorption. As the ruminal metabolism of NPN improved with time,
indicated by lower ammonia and !\:P!\: concentrations, plasma protein concentra-
tion also increased, with the exception of days 40 and 50. On day 40 another
significant decrease in rumen ammonia and NPN concentration was observed
although the plasma protein concentration was only slightly lower than on day 30.

The anticipated response of heifers in group 1 was not observed. Had these
heifers been better prepared to utilize NPN in the form of urea as a result of
consuming wheat forage, the changes in ruminal nitrogen components would
have been lower in amplitude than they were in group 2, which were considered
to be unadapted animals.

It is concluded that the consumption of wheat forage during March and April
did not increase the utilization of a urea supplement following the grazing phase.
The change in ruminal nitrogen metabolism during phase I for group I warrant
further investigation. There may be another form of NP!\: to which the animals
are adapting during the forage period.

Literature Cited

Ludwick, R. L. et aI., 1971, J. Anim. Sci. 33: 1298.
Johnson, R.R. et aI., 1973, Okla. Agr. Exp. Sta. Res. Rep. MP-90: 13.
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Corn Gluten Meal Plus Urea For

\YoA. Phillips

Story in Brief
Steer calves lost more weight than heifer calves during assembly and process-

ing. Substituting corn gluten meal plus urea for soybean meal resulted in lower
feed intake and weight gain initially, but during the second 28-day period,
performance of the steer calves fed the corn gluten meal plus urea diet was
slightly superior to those fed the soybean meal diet. When urea provided 10
percent of the total dietary nitrogen, and corn gluten meal was the supplemental
protein source, calves ate less feed but gained as much weight as calves consuming
a higher level of urea or no urea.

Introduction

During assembly and transportation of stocker calves from the farm of origin to
the next production point, periods of starvation and refeeding are encountered.
During these periods, the stressed calf will mobilize body reserves of protein and
energy to meet metabolic needs. At the same time, rumen function may cease due
to infrequent feeding, stress, and diet changes. Since the ruminant depends upon
the microorganisms of the rumen for conversion of various nitrogen sources into
protein, protein supply is reduced, forcing the calf to draw upon body reserves
further. Diets rich in energy and protein are needed following the stress of
assembly and transit both to meet current needs and to replace body reserves
quickly and efficiently. When protein needs of the calf are high, and microbial
protein production is low, special supplementation may prove helpful. To
increase the amount and type of protein reaching the intestinal tract for absorp-
tion, protein which bypasses ruminal fermentation can be fed. Some nitrogen
available to the ruminal microorganism also must be provided so that rumen
function is not depressed. The objective of this experiment was to measure the
effect which the composition of the protein supplement in the receiving diet of
stressed calves has on feed intake, health and performance.

Materials and Methods

Seventy-two crossbred calves (33 heifers and 39 steers) were weighed, weaned
from their dams and subjected to a 24-hr fast without feed and water to simulate
the first phase of assembly (movement from the farm of origin and through the
auction barn). Next, the calves were moved several miles by trailer to another
assembly point and provided hay and water for the next 24 hr. A second period of
fasting was then imposed for 24 hr to simulate the transit. Calves were then
divided into six pens. One pen of steers and one pen of heifers were fed each of
the diets shown in Table 1.

USDA, Agricultural Research Service, Southern Region In Cooperation with the Oklahoma Agricul-
tural Experiment Station.
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Diets differed only in the source of the supplemental protein. The control diet
(C) contained soybean meal as the supplemental protein source while the other
two diets contained corn gluten meal plus urea. Urea provided either 10 percent
(U-IO) or 20 percent (U-20) of the total dietary nitrogen in these two rations.
Corn gluten meal, a by-product of the corn milling industry, has a crude protein
content of 60 percent. Much of this protein source supposedly bypasses ruminal
digestion and is digested and absorbed postruminally. Urea provides a readily
available nitrogen for rumen microorganisms.

All diets provided equal amounts of crude protein and energy, and calves had
free access to diets for 56 days. Feed consumption and body weight changes were
measured each week. Body weights were taken prior to the morning feeding and
after a 16-hr period without water in order to reduce gut fill. Data were analyzed
statistically as a randomized block design. The sex of the calf was the block, and
the stress diets were the treatments within each block.

Results

The average weight of the calves at weaning was 357 lb with steer calves
weighing more than the heifer calves (Table 2). During the first 24-hr fast, the

Table 2. The effect of sex of the calf on weight changes during assembly,
fasting and refeedlng
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Table 1. Composition of receiving ratlons8

Diets

Ingredients Control U-10 U-20

Corn, ground 55.0 61.0 62.6
Cottonseedhulls 25.9 23.4 24.1
Soybean meal 11.1

Corn gluten meal - 6.6 4.0
Molasses 5.0 5.0 5.0
Urea - .45 .9
Minerals 3.0 3.6 3.4

NutrientcompositionS
Crude protein 12.5 12.5 12.5
Net energy-Maint.,Meal .84 .85 .85
Net energy-Gain,Meal .49 .50 .50

.Percent of dry matter.
bNetenergy as Meal per pound of dry matter.

Heifer Steer Mean
No. of calves 33 39
Weaningweight, Ib 334.3 376.1 356.9
First fast weight, Ib 299.3 335.1 318.7
Weight lost, Ib 35.0 41.0 38.2
Weight losf,'% 10.5 10.9 10.7
Refed weight, Ib 320.8 364.1 344.3
Refed weight, % 95.9 96.8 96.4

Second fast weight 302.7 339.2 322.5

.pereentage of weaning weight.



steer calves lost 4llb, an~ heifer calves lost 35 lb. Expressed as a percentage of the
weaning weight, weight losses were 10.5 vs 10.9 percent for steers and heifers.
During the subsequent refeeding period, both groups were visibly distressed but
regained over 60 percent of their weight loss. Steer calves regained 29 Ib and
weighed 96.8 percent of their weaning weight while the heifer calves regained 22
Ib to weigh 95.9 percent of their weaning weight. During the second fasting
period, steer calves again lost more weight than heifer calves. When all losses and
gains over the assembly period (fast-refeed-fast) had been totaled, the steer calves
had lost 37 Ib and weighed 90.2 percent of their weaning weight while heifer
calves had lost 32 Ib and weighed 90.5 percent of weaning weight. Although steer
calves changed weight more rapidly, both groups entered at the feedlot with the
same percentage of the original weaning weight.

Few health problems were encountered, and no calves were treated for bovine
respiratory disease. No comparison of the effects of diet on health were possible.
The steer calves gained more weight than the heifer calves; both groups
responded similarlyto the three diets (Table3).

During the first 28 days of the trial, the corn gluten meal and urea rations
produced slower rates of gain than the soybean meal ration. The opposite effect
was noted during the second 28-day period with greater gain with the D-IO.
Overall, rates of gain during the 56-day feeding period for calves fed the three
different rations were not significantly different.

No difference in feed consumption attributable to diet or sex of the calves was
apparent, but slightly less of the D-IO and D-20 diets was consumed, especially
during the first 28 days. Lower intake may explain the poor performance noted
for both steer and heifer calves during the initial 28-day period. For the 56-day
feeding period, intake of the D-IO diet was 10.3 percent less than the soybean
diet. Since animal gains were equal, feed efficiency data favored the D-IO diet.

Table 3. The effect of dIet on the average dally gain and feed consumptIon

Heilers Steers

Items c U-10 U-20 c U-10 U-20

Averagedaily gainS,Ib
0-28 days 2.15c 1.75cd 1.72d 2.71c 2.08d 2.31cd

29-56 days 2.52c 3.04d 2.58cd 2.66c 3.05d 2.92cd

0-56 days 2.34 2.39 2.15 2.68 2.57 2.62

Feed consumptionb
0-28 days 11.76 9.56 10.05 12.64 11.07 12.05

29-56 days 17.33 16.40 16.92 18.68 17.09 18.09

0-56 days 14.54 12.98c 13.49cd 15.64c 14.08d 15.06c

Feed efficiency
0-28 days 5.47 5.46 5.84 4.66 5.32 5.22

29-56 days 6.88c 5.39d 6.56cd 7.02c 5.60d 6.20cd

0-56 days 6.21 5.43 6.27 5.84 5.48 5.75

Crude protein intake
0-28 days 1.61 1.43 1.45 1.69 1.47 1.54

29-56 days 1.87 2.33 1.94 1.96c 2.42d 2.07c

0-56 days 1.74 1.87 1.69 1.83 1.96 1.78

.Pounds/head/day.

.Pounds 0190% dry matter feed consumed per head per day.
e.dMeansin the same row within one sex with different superscripts are different (P<.05).
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Analysis of the weekly feed samples revealed that diets were similar in protein
content during the first 4 weeks of the experiment. On week 6 for reasons
unknown, the protein content of the U-W was 16.6 percent (dry matter basis)
whereas the other two diets remained at 12.5 percent. Protein intake of calves
tended to be lower for diets containing corn gluten meal plus urea during the
first 28-day period, but during the second 28-day period, crude protein intake of
the U-lO diet increased dramatically due to the increased protein content of the
diet. Whether the gain response to U-lO during the second 28-day period was
due to protein source or the protein intake is uncertain. Additional research is
needed concerning the source and concentration of protein needed for stressed
calves.

Corn gluten meal is used primarily in the poultry industry, and the supply and
price can fluctuate, depending upon local demand. At the time of this experi-
ment, the costs of protein from corn gluten meal and soybean meal were similar.
Cost per ton of ration was slightly less for the corn gluten meal and urea diets
than for the soybean meal diet. Cost of gain for the 56-day trial was 8 cents per
pound lower for calves receiving the U-lO diet than calves fed the soybean meal
diet. Net gain over weaning weight was lower for the U-lO and U-20 rations
during the first 28-day period and resulted in a higher cost per pound of gain
than for the C ration. During the second 28-day period the calves receiving the
corn gluten meal and urea rations ate slightly less feed than the calves receiving
the C ration but gained more weight. This resulted in a lower cost of gain
especially for those calves receiving the U-lO ration. Results suggest that corn
gluten meal plus urea is a useful protein source for stressed calves. Although
initial intake and gain may be reduced, later performance should compensate
and decrease the cost of gain. Further study of long-term and health effects of
rations containing high bypass protein is needed.
Table 4. Weight changes and cost of gain of steer and heifer calves fed three

different diets

Items

Feed cost, $a

0-28 days
29-56 days
0-56 days

Gain over weaningb
0-28 days

29-56 days
0-56 days

Cost per pound of
gain over weaningC
weight
0-28 days 95.84 110.05 136.82 77.98

29-56 days 54.75 42.37 50.00 56.00
0-56 days 66.23 54.78 65.50 63.19

aCost 1 ton C = $159.53, U-10 = $157.05 and U-20 = $152.67.
bJotalpounds of gain that period.
CCostas cents per pound of gain over weaning weight.

Heifers
U-10

26.60
38.71
64.97

21.02
36.06
57.08

21.48
36.16
57.64

28.23
41.72
69.95

U-20

27.4

70.7
98.1

19.1
85.1

104.2

15.7
72.3
88.0

36.2
74.5

110.7

106.71
44.42
57.64

91.02
50.48
61.42
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Steers
U-10 U-20

24.33 25.76
37.58 38.67
61.91 64.43

22.8 28.3
84.6 76.6

107.4 104.9
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Protein vs Energy in Receiving Diets
for Stocker Cattle

E. J. Richey, D. R. Gill
R N. Owens and K. S. Lusby

Story in Brief
One hundred eighty head, one load of calves and one load of yearlings, were

fed 2 Ib of pellets containing 40 percent protein or 6 II>of a 13 percent protein-
energy feed daily.

Daily gains averaged IAi Ib per dav for the cattle receiving the high protein
feed and 1.55 Ib per day for the animals fed the high energy feed. Free-choice
hay intake averaged 9.0 Ib per day for the protein cattle and i.i for the energy
cattle. Total feed fed was 10.5 and 13.1 Ib per day for the cattle fed protein and
energy, respectively, for the 28 or 29-day receiving period. Response of calves to
supplemental energy was more favorable than response of yearlings.

Additional expense of feeding 6 Ib of high energy feed in addition to grass hav
did not improve weight gains or animal health. These cattle will be weighed again
after being pastured on wheat and again out of a feedlot. Those results will be
reponed in the future.

Introduction

One receiving program for stressed, shipped cattle has evoh"ed at the
Pawhuska Research Station. The diet has consisted of a high quality, locallv
produced native grass hay fed free choice supplemented with 2 Ib of a 40 percent
protein pellet fed once daily. This program has resulted in an excellent recovery
of health and is considered economical by local ranchers, who pay for the feed.
They produce the hay. and their only added expense is for protein pellets. In the
past all loads of cattle have received 2 Ib of pellets for at least the first week, after
which the rate has been reduced to I Ib per dav if the cattle appear strong.

Results of Lofgreen at Clayton, !'\ew l\lexico, suggest that much more rapid
gains can be achieved with a i2 percent concentrate program. His data shows
consistently higher rates of gain with a higher concentrate receiving program,
and this advantage is maintained in subsequent grazing or feeding periods.
However, rations fed at Clayton are usually complete milled rations rather than
concentrate pellets added to loose-fed long grass hay as used in the Osage.

The objective of this research was to determine if there is an economic response
to providing additional energy in receiving diets based on long grass hav fed free-
choice.

Experimental Procedure
1\vo truckloads of steers were purchased on successive days on the Oklahoma

City market and delivered to the OSC research facilitv at Pawhuska, Oklahoma.
On' arrival the cattle were handled as outlined in OSC 'Fact Sheets 9102 and 9103
and OSU RP-9104. Cattle were processed on 2 successive days, and each load was
divided into four pens, The loads were kept in separate pens except when sick
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cattle went to one of two sick pens. One sick pen was maintained for each
nutritional treatment. '1\\"0pens of cattle from each load were assigned to diets
consisting of free choice grass hay plus either 2 Ib of 40 percent protein pellets or
6 Ib of 13percent protein high energy pellets (k,ble I).

Table1. Compositionof experimental supplements

Ingredients,%

Soybean meal
Corn

Dicalcium phosphate
Salt
Vitamin A-30000 I.U.lG
Cottonseed hulls
Calcium carbonate
Trace mineral

Protein,%

Supplementtype
Energy Protein

13.00
84.96

1.00
1.00
0.036

90.80
0.00
2.75
3.00
0.11
1.75
1.50
0.10

40.13.

Hay waskept in feeders at all times, and concentrate pelletswere fed twicedaily
in feed bunks. All animals in a pen had an equal opportunity to eat pellets. It took
several days before the animals recei,'ing the high energy pellet would consume 6
Ib each day. Initial weights were determined as cattle were unloaded from trucks.
Final weights were taken after 12 hours without feed or water. These cattle will
continue on test on wheat pasture and willbe followed through the feedlot.

Results and Discussion

There appeared to be a difference in the age of the cattle in the two loads
received. One load was designated as calves and the other as yearlings. Perform-
ance differed with age (Table 2).

Response to additional grain feeding was very poor. Concentrate intake with
the high energy supplement was 40 percent of total intake. As in other trials (Gill,
et aI., 1982; Lusby, et aI., 1982) grain had an unfavorable negative associative
effect on forage intake and/or digestibility.

Table 2. Animal performance

Feed

Days
Number of animals

Initial weight, Ib

Final weight, Ib
Average daily gain, Ib

Average daily hay, Ib
Average daily cone., Ib
Total daily feed, Ib
Feed per Ib gain
Percent sick once
Percent sick twice
Percent dead

2#-40% CP
29
49

456
489
1.11
8.52
1.91

10.43
9.40

55.10
14.29
2.13

Calves

6#-13% CP
29
46

455
494
1.31
7.27
5.26

12.53
9.56

51.10
4.26
0.00

Yearlings
2#-40% CP 6#-13% CP

28 28
42 43

448 460
503 512
1.89 1.81
9.54 8.24
1.93 5.41

11.47 13.65
6.07 7.24

38.10 51.16
0.00 9.30
0.00 0.00
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Probably starch in the energy feed reduced the digestibility of the hay to an
extent that intake of digestible energy was not increased, and value of added
energy was not realized. Some of the advantage of feeding more grain also may
have been lost due to greater fill of forage-fed steers.

Typical of many stressed cattle, about half the cattle on both treatments were
sick but responded well to treatments outlined in OSU RP-9104. It is possible that
calves and yearlings differ in their health response to protein or energy supple-
mentation. With the yearlings there was less sickness with the high protein diet,
consistent with other observations. The response of these cattle in subsequent
periods of grazing on wheat pasture and finishing in a feedlot is being followed.

Literature Cited

Gill, D. et al. 1982. OSU MP-\l2
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The Effect of Low Level Energy vs
Protein on Just-Received Stocker

Steers

D. R. Gill, EN. Owens,
K. S. Lusby, and E. J. Richey

Story in Brief
Ninety-nine yearling steers were fed 2 Ib of a 40 percent supplement for 10

days, then either I Ib of a 40 percent protein pellet or 3 Ib of 13 percent protein
energy feed. Average daily gain averaged l.24 Ib per day for the high protein
treatment and l.18 Ib per day for those changed to 3 Ib of energy feed. While
supplemental protein intake of both groups of cattle was held constant, the
energy group received 3 vs I Ib of supplement per day but did not gain as well.
Intake of free-choice hay averaged 8.50 Ib per day for the high protein cattle and
8.27 Ib per day for those which got the 3 Ib of energy feed. The extra feed fed in
the energy treatment saved 0.23 Ib of hay per day and resulted in the total feed
conversion of 8.08 for protein and 9.32 for energy.

If 3 Ib of high energy, 13 percent protein feed had cost more than one-third the
cost of I Ib of 40 percent protein feed, however, it would not have been
economical.

Introduction

A constant program for evaluating rations for just-received cattle is a part of
the nutrition and health program at the Pawhuska Research Station. There is
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some question as to the possible benefits of feeding more energv in receiving
rations to increase gains and thus reduce both feed and overhead costs. See
"Protein vs Energy in Receiving Diets for Stocker Cattle" also found in this
publication.

Experimental Procedure

Ninety-nine yearling steers averaging 475 Ib were assembled on the Oklahoma
City market and shipped to Pawhaska on September 10, 1981. The cattle were
divided into two nutritional treatments. Both groups were started on free-choice
native grass hay plus 2 Ib per day of a 40 percent protein pellet. After 10 days one
group had the 40 percent protein pellet reduced to 1 Ib per dav, and the other
group was changed to receive 3 Ib per day of a 13 percent protein energv pellet.
Pellets were fed twice daily, and cattle had access to grass hay at all times. The
pellet composition is given in ~r;lble 1.

On arrival the cattle were handled as outlined in OSU Fact Sheets 9102 and
9103 and OSU RP-9104. After 25 days on test, the cattle were weighed after 12
hours without feed or water.

Table1. Composition of experimentalsupplements

Supplementtype
Protein Energy

Ingredients, %
Soybean meal
Corn
Dicalcium phosphate
Salt
VitaminA-30000 I.U./G
Cottonseed hulls
Calcium carbonate
Tracemineral

Protein, %

00.00
0.00
2.~
3.00
0.11
1.~
1.~

.10
~.OO

13.00

84.96
1.00
1.00
0.036

13.00

Table 2. Animal performance

Feed

Days
Number of animals

Initial weight, Ib
Final weight, Ib
Average daily gain, Ib
Average daily hay, Ib
Average daily concentrate, Ib
Total daily feed, Ib
Feed per Ib gain
Percent sick once
Percent sick twice
Percent dead

Dailysupplement
2# 40% -> 1# 40% 2# 40% -> 3# 13%

25 25
50 49

473 476
504 505

1.24 1.18
8.50 8.27
1.40 2.60
9.90 10.87
7.98 9.21

60.00 54.00
2.00 4.00
0.00 2.00
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Results and Discussion

Daily gains were not improved by adding extra energy feed during the last 18
days of the receiving period. This is somewhat surprising because it is usually
presumed that cattle respond in gain to extra energy (Table 2).

Since most of the sick cattle (95 percent) were detected as sick at first process-
ing, this problem could not be attributed to nutritional treatment. The cattle
responded well to the treatment procedures listed in OSU-RP-9104. The poor
response of calves to extra energy added to a grass hay diet was similiar to
responses in other reports.

Effect of Lasalocid on Weight Gains
of Stocker Steers

D. R. Gill, E. J. Richey,
EN. Owens, and K. S. Lusby

Story in Brief
Seventy-one yearling steers (399 Ib) were fed fed 2 pounds per day of a 10

percent protein pellet containing 0 or 50 mg of lasalocid per pound. Cattle were
grazed on native pasture for the grazing season. Daily gain was greater for steers
fed lasalocid (2.17 vs 2.34 Ib) for a 7.8 percent response from the drug. No
coccidiosis problems were observed in this trial.

Introduction

Lasalocid is a polyether ionophore antibiotic related to monensin which may
help control coccidiosis and acidosis in cattle. In previous tests with stocker cattle
at this station, benefits to coccidiostats have been observed in some studies (Rust
et aI., 1981). In feedlot cattle, lasalocid appears to improve efficiency while not
depressing feed intake to the extent observed with monensin (Davis, 1978). Little
information is available on dose level for this drug. The level selected for this test
should be adequate for coccidia control with lightweight cattle.

Experimental Procedures
Seventy-one 399-pound yearling steers were assembled at the Oklahoma City

market and shipped to Pawhuska in April, 1981. Processing procedures were as
outlined in OSU Extension Fact Sheets 9102, 9103 and 9104. The cattle were
placed in eight drylot pens for about a week before being asigned to one of two
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pasture groups. Four lots were assigned as controls and four lots as the lasalocid
group. Cattle received 2 pounds per day of a 10 percent protein pellet (Table 1).

Table1. Compositionof experimental supplement

Ingredient
Soybean meal
Salt
Ground mila
Dicalcium phosphate
Vitamin A-30000/G
Ground corn

Lasalocid premix

Percent
5.00
3.00

47.00
1.50
0.10

43.40
(a)

(a) control = none; treatment = 50 miligtams per lb.

The cattle were rotated among pastures to remove pasture effects. The cattle
were pastured for 97 days and weighed following a 12-hour period without feed
or water.

Results and Discussion

Lasalocid increased weight gains of these lightweight yearlings by 7.8 percent.
These differences in weight gain (Table 2) were significant (P<.05).

Table2. Pasture weight gain

Treatment

Days
Number of steers

Initial weight, Ib
Final weight, Ib
Average gain, Ib
Average daily gain, Ib

Control

97
35

401
608
211

2.17

Lasalocid

97
36
397
628
227
2.34

All of the cattle in this experiment were in good health when allocated to
treatment, and no differences in sickness were observed. No signs of coccidiosis
were seen in any of the animals. The response to lasalosid, 7.8 percent, is similiar
to that reported with monensin on similar cattle. All animals consumed their feed
containing lasalocid readily from the start of the trial. The lack of feed rejection
with 50 milligrams of lasalocid per pound is encouraging.
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Compudose - A Long-Lasting
Implant

for Pastured and Feedlot Steers

D. R. Gill, EN. Owens,
R. P.Wettemann,

C. W. Nichols,
L. H. Carroll, and

D. B. Hudman,

Story in Brief
Compudose implants, new long-lasting growth stimulants, were administered

to steers in two trials. Implants were solid or coated with the active ingredient
estradiol; coated implants ranged from .25 to 1.5 in. in length. The first trial had
three periods-suckling (140 days), grazing (120 days) and feedlot (139 days).
Implants were administered at the start of the suckling phase. Gains were not
significantly increased during the first two periods, but during the feedlot period,
gains were increased 11.7 percent, and feed efficiency was improved a mean of
7.4 percent with I-in. coated Compudose implants. The second trial was divided
into two periods-grazing (104 days) and feedlot (84 days). Implants were
administered at the start of the grazing period. Pasture gains were not signifi-
cantly increased during the grazing period. On the average, implants increased
rate (3.6 percent) and efficiency (5.7 percent) of gain during the feedlot period.
Combining trials, Compudose implants increased rate and efficiency of gains
during the feedlot period of steers implanted 104 to 260 days earlier. Coated
implants with a length of I in. gave the greatest response. These data indicate that
the implants worked very well. This new concept shows promise of improving the
efficiency of beef production.

Introduction

Commercially available growth promoting implants effectively increase rate
and efficiency of gain in cattle. Responses in weight gain are restricted to the
period of release of drug from the implant, usually 75 to 100 days. To maintain
beneficial effect of implants beyond 100 days, reimplantation is necessary.

A new implant (to be marketed under the trade name COMPUDOSE by
Elanco Products Division of Eli Lilly Company) has been developed. This implant
has several advantages: 1) release of compound from the surface is controlled to
prevent any burst effect and to reduce the chance of side effects due to implant
crushing, and 2) the active hormone is estradiol 17-beta, a naturally-occurring
estrogen.

Compudose is an implant with greater longevity. The hormone is released
uniformly for up to 400 days. To test these implants, calves were implanted in two
trials, and gain and efficiency were measured during subsequent grazing and
feeding periods.
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Experimental Procedures
Experimental implants were constructed by mixing a non polymerized silicone

rubber with microcrystaIline estradiol 17-beta, adding catalyst and molding in
long cylinders 4.7 mm in diameter. Implants were then cut to the desired length.

Implants were prepared in both solid and coated forms. The coated implant
had the same outside dimension as the solid implant; however, the core of the
coated implant was composed of non medicated silicone rubber (Dow Corning
MDX-42 10).The coating was .500 mm thick and had the same composition as the
solid implant. Coating reduced the amount of drug which was needed in the
implant. The active drug, estradiol, migrates through the silicone rubber at a
constant rate. Release of compound is proportional to the drug concentration on
the surface of the implant which contacts animal tissue.

The release pattern of hormone from the implant appeared to be relatively
constant throughout the 399 days of this test.

Suckling phase: Dial I
Sixty crossbred steer calves from the Kerr Foundation herd at Poteau, Okla-

homa, ranging in age from 60 to 138 days, were divided on the basis of sire into
one of six experimental groups. Table 1 shows the experimental treatments.

Table 1. Experimental design

Lengthof implant
1.00 in.
1.00 in.
0.25 in.
0.50 in.
1.00 in.
1.50 in.

Type
control
solid
coated
coated
coated
coated

Number of steers

10
10
10
10
10
10

The control implant was made of non-medicated silicone rubber (Dow Corning
MDX-42 10).

The calves were implanted on February 24, 1976. The cows and calves were
placed on taIl fescue winter pastures. Treatments were divided into two replica-
tions. One replication grazed pasture not previously grazed while the other
grazed a pasture which had been grazed. Both pastures provided adequate
forage. After 56 days, the cows and calves were moved to pastures containing
both ~escue and ladino clover. Calves were run with the cows for 140 days before
weamng.

Growing phase: Dial I
FoIlowing weaning, the cattle in trial 1were pastured as a group for 120 days on

pastures consisting of dormant fescue, fescue and ladino clover, or hybrid sudan.
Pasture conditions were unfavorable due to extreme drought. .

Feedlot phase: Dial I
The cattle were trucked to Stillwater and fed in 14 pens at the Beef Cattle

Center with two replicate pens per implant treatment. The diet consisted of
whole shelled corn and supplement with cottonseed huIls for roughage. Rumen-
sin was included at 30 grams per ton. The animals were fed 139 days on test, at
which time the cattle were weighed after an overnight stand without feed or
water. The implants were removed, and the cattle were fed for 35 additional days.
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Growing phase: Trial 2
Ninety-six yearling three-way-cross (H x A) x Charolais steers were divided into

six treatment groups as listed in Table I with 16 steers per treatment. Steers
grazed native range near Arnett, Oklahoma, for 104 days.

Finishing phase: Trial 2
Steers were trucked to Goodwell, Oklahoma, and fed in 12 pens for 84 days

and an additional 42 days after removal of implants. The diet was the same as
used in trial 1.

Results and Discussion

The results from trial I are shown in Table 2.

Table 2. The effect of Compudose Implants of various lengths on weight
gains, trial 1

The improvement in gain due to the implants was most pronounced in the
feedlot phase. This was probably because gains during the suckling and stocker
periods were restricted by drought conditions and poor pastures.

The effect of the implants on both gain and feed efficiency were measured
during the feedlot phase (Table 3). Because of the long withdrawal period, weight
gains are expressed as a shrunk basis, not a carcass basis as they usually are. No
differences in carcass traits were apparent. Blood samples were taken 288 days
after implanting and plasma estradiol 17-b levels determined using 10 control
steers, 10 steers with I.OO-in. solid, and 10 steers with I.OO-in.coated implants.
The results of these assays are shown in Table 4.

Table 3. The effect of various dose levels of Compudose on feedlot and gain
efficiency, trial 1

Results of the pasture and finishing periods of trial 2 are presented in Table 5.
Gains were not significantly increased during either period with implants
although gain and efficiency were improved by 3.6 and 5.7 percent, respectively,
by implants.
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Implant Type Suckling Growing Finishing
length 140days 120days 139days

1.00 Control 1.94 .88 2.40

1.00 Solid 2.10 1.05 2.41

0.25 Coated 2.01 .99 2.30

0.50 Coated 1.94 .86 2.69

1.00 Coated 2.00 1.03 2.68

1.50 Coated 2.04 .97 2.48

Implant pe Inilial AUG AUF FIG
length weight Ib Ib

1.00 Control 596 2.40 14.97 6.24
1.00 Solid 630 2.41 15.63 6.47
0.25 Coated 596 2.30 14.48 6.30
0.50 Coated 571 2.69 15.26 5.68
1.00 Coated 618 2.68 15.44 5.78
1.50 Coated 609 2.48 15.65 6.31



Results from these two trials have been combined for comparison in Table 6.
Greatest rates of gain were for steers which received I-in. solid or coated
implants, with an average increase of 9 percent over the control implanted steers.
Coated implants appeared as effective as solid implants. Efficiency of feed use was
best for steers with the I-in. coated implants. Shorter implants had less effect on
performance. Increased rates of gain are usually observed with implants for
pastured steers. Failure to see a response in these two trials may be attributed to
the lack of available grass.
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Table 4. Plasma estradiol of steers, trial 1

Implant Type Numberof Plasma E2b
length animals pg/ml SE
1.00 Control 10 1.5 0.8
1.00 Solid 10 6.8 4.4
1.00 Coated 10 4.3 1.8

Table 5. Performance of cattle, trial 2

Implant Type Pasture Feedlot Total Feedto
length gain,lb gain,lb gain gainratio
1.00 Control 2.00 3.30 2.58 6.04
1.00 Solid 2.15 3.62 2.81 5.91
0.25 Coated 1.99 3.62 2.72 5.72
0.50 Coated 1.97 3.33 2.58 5.62
1.00 Coated 2.06 3.73 2.48 5.61
1.50 Coated 1.98 3.74 2.77 5.54

Table 6. Combined results, trials 1 & 2

Implant Type Pasture Feedlot Total Feedto
length gain,lb galn,lb gain,lb gain ratio

1.00 Control 1.72 2.85 2.02 6.13
1.00 Solid 1.88 3.02 2.19 6.09
0.25 Coated 1.77 2.96 2.10 5.92

0.50 Coated 1.71 3.01 2.06 5.79
1.00 Coated 1.80 3.21 2.21 5.70
1.50 Coated 1.88 3.11 2.14 5.97



NUTRITION-
FORAGE EVALUATION

Ammoniated Wheat Straw for

Wintering Beef Cows

G. W. Horn, D. W. Pace,
C. L. Streeter and K. S. Lusby

Story in Brief
Effects of ammoniation of wheat straw on performance and straw intake of

non-pregnant, non-lactating cows in drylot were studied. Forty-eight mature
Hereford cows (812Ib) grazed dormant native range pasture (treatment 1)or had
ad libitum access in drylot to either untreated (treatment 2) or ammoniated
(treatment 3) wheat straw. All cows were individually fed 2.1 Ib/day of a cotton-
seed meal-based supplement that supplied. 70 Ib of crude protein. Ammoniation
increased crude protein content and in vitro dry matter digestibility (lVDMD) of
straw from 4.2 to 8.7 percent and from 40.9 to 53.9 percent, respectively. Cows on
native range gained .52 Ib/day and improved in body condition by about .5 units
(9 point scale). Cows fed untreated straw maintained body weight and condition.
Gains of cows fed ammoniated wheat straw (.40 Ib/day) were similar to those of
cows that grazed native range, but the cows did not improve in condition as much
as cows grazing native range. Ammoniation increased intake of straw about 20
percent. Ammoniated wheat straw would be an alternative feed for wintering
cows when amounts of dormant native range are inadequate.

Introduction

Large amounts of wheat straw are available as a feedstuff each year in Okla-
homa. The digestibility and crude protein content of wheat straw are both low.
Treatment of crop residues with chemicals can increase digestibility, voluntary
feed intake and animal performance. When ammonia is the chemical used for
treatment, it (1) can reduce the chemical cost of treatment, (2) can increase the
crude protein content of treated residues and (3) does not pollute the environ-
ment. Effects of ammoniation of wheat straw on body weight and condition
changes of cows in drylot were ~xamined in this study.

Experimental Procedure
The trial was conducted from December 2, 1980, to January 29, 1981 (58 days),

at the Range Cow Research Center, Stillwater, Oklahoma. Forty-eight (48) non-
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pregnant, nonlactating Hereford cows that were 5 years old and weighed 812 :t 52
Ib were stratified by weight and randomly assigned to three treatments with two
replications per treatment. The cows grazed dormant native range pasture (treat-
ment 1) or had ad libitum access in dry lot to either untreated wheat straw
(treatment 2) or ammoniated wheat straw (treatment 3).

The wheat straw was ammoniated by the "stack method" similar to that
described by Sundst<f>1et al. (1978). Two separate stacks of 28 large round bales
per stack were ammoniated. The bales of straw (2 rows of 14 bales placed end-to-
end per row) were placed on one edge of a 40 x 100 foot sheet of black plastic
(.20 mm thick). The free portion of the plastic sheet was pulled over the bales,
and the edges were rolled together and sealed. The ends of the stack were tied
closed with nylon cord after a 0.5 inch (O.D.) black pipe had been placed in the
stack. The end of the black pipe entered an empty oil drum in the middle of the
stack. Anhydrous ammonia (3.7 percent w/w of straw DM) was injected into the
sealed stack through the pipe. Straw was ammoniated during cool weather of the
fall, and the stack remained sealed for 30 days after injection of ammonia.
Untreated and ammoniated bales of straw were sampled with a forage probe
immediately prior to feeding in panel-type feeders. Samples were stored in
double plastic bags in a freezer until analyses were completed.

All cows were individually fed 2.1 Ib/day of a supplement that contained 34
percent crude protein. Ingredient composition of the supplement is shown in
Table 1. The cows were weighed after being held off feed and water for 24 h on
days 0, 16, 46 and 58 of the trial and assigned a body condition score of 1 to 9 (1
= very thin, 9 = very fat) on days 0 and 58.

Table1. CompositionSof supplement fed to cows

Ingredient
Cottonseed meal
Molasses
Calcium carbonate

Dicalcium phosphate
Trace mineralized salt

8Vitamin A added (11,917 IU/lb of supplement).

%as-fed
90.5

3.1
2.7
1.2
2.5

Voluntary consumption of wheat straw by the cows in drylot was measured
during days 28 through 42 of the trial. Cows were fed 11.6 g chromic oxide in
their daily allotment of supplement during IO-day preliminary and 5-day fecal
collection periods. Fecal samples were collected each time the cows were fed
supplement and were composited across days, within cows, on an equal wet
weight basis for drying at 60 C and subsequent analyses. Fecal outputs were
estimated by dilution of the chromium. Yearling Hereford steers, fitted with fecal
collection bags and harnesses, were used to adjust for incomplete or cyclic recov-
ery of chromium. At the start of the preliminary period, three steers were placed
in one pen of each group of cows fed untreated or ammoniated straw and were
fed the same amount of chromic oxide containing supplement as the cows. Acid-
insoluble ash (AlA) was used as an internal marker, and the AlA content of feces,
straw, and supplement was used to calculate straw intake. Fecal AlA concentra-
tions were corrected for fecal recovery of AlA (94.2 percent) obtained in a
previous straw feeding trials with lambs. The 2N HCL procedure (Van Keulan
and Young, 1977) was used for analysis of AlA.
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Results and Discussion

Crude protein content and in vitro dry mater digestibility (IVDMD) of
untreated and ammoniated straw are shown in Table 2. Crude protein content of
straw DM was increased from 4.2 to 8.7 percent by ammoniation. Calculated
recovery of ammonia injected into the two stacks was only 23.4 :t 3.7 percent. This
is lower than the 33 percent reported by Sundst<f>1et at. (1978). Ammonia may
have been lost through small punctures in the plastic. Punctures in plastic are an
important practical problem with ammoniation by the stack method. Recovery of
ammonia might be greater if lower levels of ammonia were used. The IVDMD of
wheat straw was increased about 32 percent (Table 2) by ammoniation.

Table2. Composition of untreated and ammoniated wheat straw fed to cows

IVDMDC, %

83.7% NH3 w/w of straw OM.
.Increased N content of straw in stack

Amount of NH3.N added

cln vitro dry matter digestibility.

40.9

Ammoniated'
8.7

23.4::!:3.7%

(N=2)
53.9

Item

Crude protein, % of DM
NH3-N recoveryb, %

Untreated
4.2

x 100.

Body weight gains and condition score changes of the cows are shown in Table
3. Cows on native range gained .52 Ib/day and improved in body condition by
about .5 units. Cows fed untreated wheat straw maintained body weight and
condition. Rate of gain of cows fed ammoniated wheat straw in drylot was similar
to that of cows that grazed native range, but the cows fed ammoniated straw did
not improve in condition as much as cows grazing native range. Part of the
improved condition of the range cows may have been due to the consumption of
cool-season annual grasses that remained green during the extremely mild winter
weather.

Digestibility and intake of wheat straw DM, calculated using AlA as an internal
marker, were increased. respectively. from 65.4 to 72.8 percent and 2.48 to 2.92
percent of cow body weight by ammoniation (Table 4). These unrealistically high
values are probably due to sorting of straw by the cows and consumption of straw

Table 3. Mean body weight gains and condition score changes of cows

Drylot

No. of cows

Average daily gain, Ib
Condition scorec

Initial 4.94
Final 5.42

Change +.48

"Means with a common superscript are not different (P>.05).
c1 to 9 scale; 1 = very thin, 9 = very fat.

Native
range
16

.528

Untreated
straw

16
.09b

Ammoniated
straw

16
.408

4.97
5.02

+.05

5.00
5.12

+.12
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Table4. Effect of ammoniation on intake and digestibility of wheat straw by
cows in drylot

No. of cows.

Method of estimating in vivo
digestibility (and/or intake of straw)
AIAb

Straw OM digestibility, %
Straw OM intake

Ib/day
% of body WI

IVOMOc

Straw OM digestibility<!, %
Straw OM intake

Ib/daye
% of body WI

aData of 1 and 2 cows fed untreated and ammoniated straw, respectively, were deleted because of
extremely high fecal AlA concentrations.

"Straw intake, Ib DM/day = Acid-insoluble ash (AlA) in feces from straw, Ib

AlA content of straw, % of DM

Untreated Straw

15

AmmoniatedStraw

16

Cln vitro dry matter digestibility.
dCalculated from regression equation of Oh et al. (1966):

In vivo DMD, % = 16.7 + .74 (IVDMD).
.Straw intake, Ib/day = Fecal output (Ib) corrected for Cr recovery and

indigestibility of supplement

1-(in vivo DMD/100)
"P<.01.
'P<.05.

containing less AlA than the samples of straw obtained with the forage probe.
Failure to account for AlA content of refused feed has been identified (Block et
aI., 1981)as a problem where AlA is used as a marker. This was not possible in the
present study where cows had ad libitum access to large round bales of straw in
panel-type feeders.

Intakes of straw, calculated from in vivo DMD estimates from IVDMD values,
were 1.50 and 1.81 percent of body weight (Table 4). Irrespective of which
procedure was used to estimate straw intake, ammoniation increased intake of
straw (percent of body wt) about 20 percent. This value agrees with other studies
(Horton and Steacy, 1979; Saenger et aI., 1981) with ammoniated crop residues.

Results indicate that ammoniated wheat straw is an alternative feed for win-
tering cows when amounts of dormant native range are inadequate.
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65.4 72.8**

19.9 24.4**
2.48 2.92'

47.0 56.6

12.3 15.1**
1.50 1.81**



Effect of Source of Supplemental
Crude Protein on Intake and

Digestibility of Wheat Straw
by Lambs

D. W.Pace, G. W. Horn
and C. L. Streeter

Story in Brief
Thirty lambs with a mean initial weight of 85 lb were housed in individual pens

and fed untreated chopped wheat straw free choice and either soybean meal
(SBM), dehydrated alfalfa pellets (DEHY) or harvested wheat forage in amounts
to supply .13 Ib of supplemental crude protein per day. Straw dry matter (DM)
intake was greatest for lambs supplemented with SBM (1.26 percent of body
weight). Intake of straw by lambs fed DEHY (1.12 percent of body weight) was
slightly lower than lambs fed SBM. Supplementation with wheat forage
decreased (P<.05) straw consumption as compared with lambs supplemented
with SBM and DEHY. Total feed intake was highest for lambs supplemented with
DEHY. Dry matter digestibility of wheat straw was 37.2, 36.4 and 49.2 percent,
respectively, for lambs supplemented with SBM, DEHY and wheat forage. The
decreased straw consumption of lambs supplemented with wheat forage would be
of concern in situations where an abundant supply of straw or other low-quality
roughage was to serve as the base of the feeding program. In these situations,
supplemental protein should enhance intake and utilization of the low-quality
roughage.

Introduction

Effects of protein supplementation in increasing consumption and digestibility
of low-quality roughages by ruminants are well known. While oil seed meals such
as cottonseed and soybean meal are commonly used as sources of supplemental
protein, high-protein forages may also be used. Wheat forage commonly contains
25 to 30 percent crude protein (DM basis). Utilization of wheat forage to supple-
ment low-quality roughages would be particularly appropriate since large
amounts of wheat pasture are grown on the southern Great Plains. The o~jective
of this study was to determine the effect of three sources of supplemental crude
protein (soybean meal, dehydrated alfalfa and wheat forage) on intake and dry
matter digestibility of wheat straw by lambs.

Experimental Procedure
Thirty wether and ewe lambs with a mean initial weight of 85 Ib were randomly

assigned, within sex, to three treatments. The lambs were housed in individual
pens and had free-choice access to chopped wheat straw. Supplements of either
soybean meal (SBM), dehydrated alfalfa pellets (DEHY) or wheat forage were fed
to supply .13 lb crude protein per day. Amounts u[ wheat [ora~e that were fed
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were adjusted daily according to dry matter and crude protein analyses of the
forage. The wheat straw contained 4.3 percent crude protein and had an in vitro
dry matter digestibility of 37.4 percent. Dicalcium phosphate, limestone, trace
mineralized salt and vitamins A and D were added to the supplements to fulfill
daily requirements. Wheat forage was harvested in early April with a small pull-
type flail harvester. After harvesting, the forage was placed in large plastic bags
(about 25 lb/bag), excess air was removed and the bags were sealed. The bagged
forage was stored in a walk-in freezer at _2°C and fed as needed during the trial.

Samples of wheat straw and the three sources of supplemental protein were
collected daily and composited over 5-day intervals during the trial for chemical
analysis. The trial included a 1O-daypreliminary period for the lambs to adapt to
the diets and a 13-day period in which straw consumption was measured. Total
fecal excretion of five lambs per treatment was measured during the last 5 days of
the trial by use of fecal collection bags.

Dry matter (DM) digestion coefficients of wheat forage and dehydrated alfalfa
were obtained by feeding an additional five lambs per supplement for a period of
10days with total fecal output collected the last 4 days. The supplements were fed
at a level of 1.6 percent of body weight. The TDN value of 81 percent (NRC) was
used as the DM digestion coefficient of SBM. Straw dry matter digestibility was
calculated by "difference" (Schneider and Flatt, 1975).

The data were analyzed by analysis of variance procedures. Duncan's multiple
range test was used to test differences among treatment means for significance.

Results and Discussion

Dry matter and crude protein content and dry matter digestibility of the three
supplements are shown in Table I. The wheat forage was harvested at the three-
joint, pre-boot stage of maturity. Its crude protein content and digestibility were
therefore lower than that of wheat forage grazed during the "normal" November
15 to March 15 grazing period.

Table 1. Dry matter and crude protein content and DM digestibility of
supplements

Dry matter, %
Crude protein, % of DM

Dry matter digestibility, %

8FromTDN value of S8M of 81% (NRC).
"From lamb digestion trial.

88.1
47.7
81.0.

Sourceof supplementalcrudeprotein

Dehydratedallalla
pellets

91.4
16.9
60.1b

Wheat lorageSoybean meal

23.6
20.7
64.Sb

Total DM intake expressed as a percentage of body weight is presented in
Figure I. Dry matter consumption from supplements was greatest for lambs fed
DEHY (.89 percent of body weight) followed closely by wheat forage (.74 percent
of body weight). Soybean meal DM intake was only .32 percent of body weight.
Straw DM intake (Table2) was greatest (1.26 percent of body weight) for lambs
fed soybean meal. Intake of straw by lambs fed DEHY (1.l2 percent of body
weight) was slightly lower than lambs fed SBM. Supplementation with wheat
forage decreased (P<.05) straw consumption as compared with lambs supple-
mented with SBM and DEHY. Total feed intake was highest for lambs supple-
mented with DEHY.
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Figure 1. Total DMIntake. Period 1, 2 and 3 relate to days 11-15,16-20and 21-
23 of the 23-day trial. Overall Is days 11-23.

Table 2. Feed dry matter (DM)Intake and DMdigestibility of wheat straw

Source01supplementalcrudeprotein

Soybean Dehydrated Wheat
meal alfalfa pellets lorage

Supplementalcrude protein,
IblheadJday .13 .13

Lamb weights, Ib
Initial 85.9 86.3
Final 83.5 85.2

Feed DM intake
Supplement,Ib/day .27 .76
Wheat straw

Ib/day 1.068 .968
% of body wt 1.268 1.128

Supplementplus wheat straw,
% of body wt 1.588 2.02b

Straw DM digestibility,% 37.28 36.48
abMeansin thesamerowwithdifferentsuperscriptsaredifferent(P<.05).

.13

84.1
83.3

.62

1.598
49.2b
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Digestibility of straw DM (Table 2) was similar (37.2 and 36.4 percent) for lambs
supplemented with SBM and DEHY and was highest (49.2 percent) for lambs fed
wheat forage. Some of the improvement in straw DM digestibility of lambs
supplemented with wheat forage would be attributable to the lower wheat straw
intakes.

The decreased straw consumption of lambs supplemented with wheat forage
would be of concern in situations where an abundant supply of straw or other
low-quality roughage was to serve as the base of the feeding program. In these
situations, supplemental protein should enhance intake and utilization of the low-
quality roughage. If adequate amounts of low-quality roughage were not avail-
able, the reduction in consumption of straw by wheat forage supplementation
would be of less concern.

Literature Cited

Schneider and Flatt. 1975. The evaluation of feeds through digestibility experi-
ments. p. 165.

The Digestibility of Wheat Straw
After Being Ensiled with Alfalfa or

Wheat Forage

W.A. Phillips and L. C. Pendlum

Story in Brief
The addition of wheat straw to wheat forage prior to ensiling increased the

initial dry matter content and the amount of dry matter lost during storage. Even
though the silage made of wheat forage and straw (DCS) lost more dry matter
during storage, there was still more dry matter present in the silo at the time of
feeding than with direct cut silage (DC). DCS silage was less digestible than DC
silage. Wilting wheat forage to 43 percent dry matter before ensiling decreased
dry matter digestibility (DMD). The amount of dry matter lost during ensiling
and the DMD were greater for alfalfa silages than for wheat forage silages.
Wilting alfalfa forage or adding wheat straw prior to ensiling decreased DMD of
the silage. Wheat straw DMD was significantly decreased when added to alfalfa
forage but was increased when added to wheat forage.

Introduction

There is good probability that less grain will be fed to beef cattle in the future as
a result of increased demand for corn and sorghum for other purposes and
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higher prices for these grains. It will be necessary to provide increased amounts
of digestible energy for beef production from forages to replace the grains
presently used. The southwestern U.S. is fortunate to be able to utilize small grain
forages as pasture during the fall and winter months to grow stocker calves. At
the end of the wheat pasture stockering phase, perennial grass species adapted to
this area are available to continue an adequate rate of gain, but as the amount of
rainfall decreases during the summer months and the maturity of the species
increases, daily gains will decline. In order to continue an adequate rate of gain,
high quality harvested forages are necessary. These harvested forages can be
employed at the beginning of the stocke ring season before adequate supplies of
wheat forage are available or during periods of snow cover when wheat forage is
unavailable. They can also be used to continue growth if the grain option is
selected in March.

Harvesting available forages as a silage affords the producer the opportunity to
completely mechanize the harvesting, storage and feeding system; to decrease the
probability of the loss of the forage due to climatic conditions; and to store the
forage in a very stable form. Some forages have too high a moisture content to be
ensiled as direct cut silage at the tinie of cutting and must be field wilted prior to
ensiling. This allows the plant to continue to respire and consume the most
desirable plant components. An alternative means of increasing the dry matter
content without increasing the time period from cutting to ensiling would be
beneficial. The objective of this study was to determine what effect the addition of
wheat straw to direct cut silage as a means of increasing the dry matter would
have on dry matter digestibility and ensiling losses.

Materials and Methods

Wheat forage in the soft dough stage of maturity and alfalfa forage at .1 bloom
were harvested on separate dates and ensiled in 55-gallon containers that were
lined with plastic bags. Approximately one third of the forage was ensiled
immediately after harvesting and designated as direct cut silage (DC). Another
third was allowed to wilt (W) before ensiling while the remaining forage was
blended with chopped wheat straw before ensiling (DCS). Thus, two methods of
increasing the dry matter content of the forage were used. The dry matter
content of DC forage was anticipated to be approximately 30 percent. The W
silage was allowed to wilt and the DCS contained enough straw to increase the dry
matter content to 40 percent. Actual dry matter percentages are shown in Table 2.
Wheat straw made up 21 and 22 percent of the total silage dry matter for wheat
and alfalfa silages, respectively.

Twelve crossbred steers weighing 517 Ib were used in six digestion trials to
determine the digestibility of each of the different silages. Two digestion trials
were used to establish the digestibility of the concentrate supplement fed with the
silages and of the wheat straw which was used to formulate the DCS treatment.
Only three silages from the same forage source were fed within a trial, and two
trials were conducted for each forage source. Total dry matter consumption was
limited to 1.5 percent of body weight. The silage and concentrate supplement
were fed in a 2: I ratio twice daily. The composition of supplements used for
wheat and alfalfa-based silages is presented in Table 1. The digestion trials
consisted of a 2-day transition, a 7-day preliminary period and a 5-day collection
period. Animals were blocked according to weight, and treatments were ran-
domly assigned for each trial with the restriction that no animal would receive the
same treatment twice. Data were analyzed as a randomized block design within
each trial.
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Table 1. Composition of concentrate supplements

Foragesource

"Percentage of dry matter.
bMinerals mix was 25% dicalcuim phosphate and 75% trace mineralized salt.

Results and Discussion

The initial and final dry matter content of the six silages used in this study are
presented in Table 2. They were determined by drying a sample of each silage at
150 F for 72 hours. The initial dry matter content of DC forages was higher than
anticipated and was within an acceptable range (35-45 percent) for ensiling; thus,
after wilting or having wheat straw added, the Wand DCS silages were drier than
planned. The dry matter percentage of the wheat forage after either wilting or
adding wheat straw was 4.2 and 7 percentage units greater than DC. A more
drastic shift in the dry matter percentage was noted for the alfalfa silages. Again
the DC forage was drier than anticipated, and the addition of wheat straw
increased the dry matter percentage by 7.3 units, similar to the DCS wheat forage.
The wilted silage (W) was much drier than calculated.

Table2. The dry matter and crude protein content of the different silages and
the amount of dry matter lost during ensiling

The final dry matter content was determined at the time of feeding, which was
18 months after ensiling. This was an unusually long storage period, but har-
vested forages used in a stocker program may be harvested one year and not fed
until one to two years later, depending on the needs of the system. There was a
significant decline in dry matter content during the ensiling and storage period as
organic acid, water and carbon dioxide were produced by the microorganism
metabolizing the plant components. Each silo was weighed at the time of ensiling
and at the time of feeding. By multiplying the weight of the silage by the dry
matter percentage, the amount of dry matter in the silo initially and after the 18-
months storage period was determined. As anticipated, the amount of dry matter
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Ingredients Wheat Alfalfa
Corn 71.08 76.2
Soybeanmeal 8.6
Molasses 14.0 16.9
Mineralb 6.4 6.9

Forage source
Wheat Alfalfa

Item DC DCS W DC DCS W

Dry matter, % ;8
Initial 38.7 45.7 42.9 34.5 41.8 51.4
Final 35.0 42.4 39.1 27.8 31.4 41.3

Dry matter lost, %8 6.8b 11.6C 10.3c 20.3b 26.0c 21.1 be
Crude protein content, %8 9.4 8.4 9.0 17.9 15.1 18.6

"Expressedas a percentageof the dry matter.
b,cMeansin the same row and forage source with different superscripts are different (P<.05).



in the silo at the time of feeding was less than at the time of ensiling. These losses
are expressed as a percentage of the initial dry matter present at the time of
ensiling and are presented in Table 2.

Wilting the wheat forage or adding wheat straw prior to ensiling significantly
increased the amount of dry matter lost during ensiling and storage. Alfalfa
forage silage lost more dry matter than wheat forage silage. The addition of
wheat straw increased the amount of dry matter lost, but wilting was not signifi-
cantly different from DC or DCS silage. Differences in the amount of dry matter
lost are a reflection of fermentable substrates if it is assumed that the initial
population of microorganisms was the same within a forage source (Edwards et
aI., 1978). Wilting of the forage reduced the amount of soluble carbohydrates
through plant respiration while adding wheat straw diluted the soluble carbo-
hydrate source. Crude protein content was similar among treatments and lowest
for the DCS silages.

The dry matter digestibility (DMD) of the total ration of wheat straw forage
plus the concentrate supplement was significantly reduced when wheat straw was
added or the forage was wilted prior to ensiling (Table 3). The DMD of the
concentrate supplement was determined in a separate trial using corn silage as
the forage source and was used to calculate the silage DMD presented in Table 3.
Wilting the wheat forage from 38.7 percent dry matter to 42.9 percent prior to
ensiling decreased the DMD of the forage. It was anticipated that the addition of
wheat straw would result in a lower DMD since the wheat straw used in these trials
had a DMD of 48.5 percent prior to its addition to the wheat or alfalfa forage.
Assuming that the wheat forage in the DCS silage was as digestible as W silage,
the digestibility of the wheat straw fraction of the DCS silage was 56 percent. This
was a 15.4 percent improvement in the DMD of the wheat straw as a result of
being ensiled with DC wheat forage.

Table3. DigestIbilityof the total rationand the silage component

Replication

Forage
Wheat

Digestibility
Ration dry matter
Silage dry matter
Ration dry matter
Silage dry matter

DC
66.60"
69.63"
68.78"
74.92"

1

DCS

61.16c
60.61b

62.66b
64.60c

W
64.02b
6S.29"b

67.07"
71.8Sb

DC
66.19"
69.02"

68.01"
74.13"

2
DCS

62.18b
62.27b
62.8b
64.26c

W
63.10b
63.79b
67.0S"b
72.34b

Alfalfa

.,b,CMeans in the same row and replication with different superscripts are different (P<,05),

Wilting of alfalfa forage prior to ensiling did not significantly decrease the
DMD of the ration, but the addition of wheat straw did. The DMD of the
supplement fed with the alfalfa based rations was also determined in a separate
trial using corn silage as the forage source. After accounting for the DMD
contributed by the supplement, both Wand DCS silages had a lower DMD than
DC silage. The DMD of the wheat straw component of the DCS. silage was
calculated to be 37 percent. This was a decrease in DMD of 23 percent. The
addition of wheat straw to alfalfa forage resulted in a lower DMD of the wheat
straw component than when it was added to wheat forage. The combination of a
highly digestible dietary component with one of low digestibility will decrease the
digestibility. of the latter. Given a limited amount of time for digestion of fibrous
material by the rumen microorganisms, the priority by which digestion occurs is
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based on susceptibility. Since alfalfa DC silage is more digestible than wheat DC
silage, it is more susceptible. Thus, less time was alloted for digestion of the wheat
straw.

From these data it would appear that ensiling wheat or alfalfa forage as direct
cut silage at 39 and 34 percent dry matter, respectively, will result in a silage that is
more digestible than when the forage is wilted prior to ensiling. The addition of
wheat straw to wheat forage prior to ensiling increased the D1\lD of the wheat
straw by 15 percent, but a decrease of 23 percent was noted when alfalfa forage
was used. If silage storage space does not limit how much wheat forage is
harvested as silage, then it would be advantageous to add wheat straw at the time
of ensiling to increase the DMD of the wheat straw. If storage space is limited,
more digestible dry matter would be realized if the straw is mixed with wheat
silage at the time of feeding.

Literature Cited
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Calibration of a Near Infrared

Reflectance Spectrometer for
Prediction of Forage Quality

S. \v. Coleman, F. E. Barton, II
and R. D. Meyer

Story in Brief
In order for near infrared (NIR) reflectance spectroscopy to be used to esti-

mate forage quality, the instrument must first be calibrated using a set of samples
of known chemical composition. Regression analysis is used to develop a relation-
ship (calibration equations) between one or more of the wavelengths and the
chemical or quality component in question. Seventy-six "Old World" Bluestem
samples, collected in 1974-75, were used to calibrate the instrument. Chemical
data determined near the time the samples were collected could not be used for
calibration purposes after the samples had aged either because of changes in
composition or erroneous laboratory determinations. Coellicients of determina-
tion were increased when the samples were reanalyzed chemically within a few
weeks of the time the spectral data were collected. Those with significant differ-
ences between "actual" determination and that "predicted" by NIR were reanaly-
zed a third time and the new data entered into the calibration file. This procedure
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improved the agreement between NIR spectra and chemical analysis. Another
study indicated that the width of the derivative segment of the spectral data may
influence calibration for some constituents. Further, 40 samples selected at ran-
dom do not appear to be enough to calibrate the instrument. Calibration equa-
tions derived from small sample sets tend to be dependent on the sample set and
do not have general applicability.

Introduction

Near infrared (NIR) reflectance spectroscopy has been suggested as a method
that will decrease the time for laboratory analyses of chemical components of
forages used as quality indices (Barton and Coleman, 1981). Cltimately the
technique may be capable of predicting the animal performance potential of
forages. Previous research suggests that calibration data must be obtained from
forages similar in taxonomy, age, location grown, em'ironment, etc., to those
being predicted, rather than using data from one kind of forage to develop a
general prediction equation which would work for all kinds of feeds and forages.
Several variables appear to influence the suitability of calibration data and the
resulting equations used to predict quality. Some of these are age of samples,
number of samples, accuracy of chemical analysis, derivative segment width of
the /l.:IRspectral data and the number of wavelengths (A)chosen. The purpose of
these experiments was to characterize the effects of certain variables on the
calibration of NIR spectrometers.

Experimental Procedures
Samples of 5 "Old World" Bluestem (OWBS) varieties (Plains, Caucasian, B,L,

and T blends) were collected over two growing seasons (1974 and 75). The
samples were oven dried and ground in a Wile\' MillI to pass through a I mm
screen. Between the years 1976-78 the samples were analyzed for dry matter
(OM), ash, crude protein (CP), neutral detergent fiber (/l.:OF), acid detergent
fiber (AOF), permanganate lignin (PML), and in vitro dry matter disappearance
(lVOMO) by a modified 'Tillyand Terry procedure.

In 1981, a random subset of the samples was reground with a Cdv! cyclone
grinder fitted with a I mm screen and packed into sample cups approximately 5
cm in diameter by I cm thick and sealed with foam-filled poster board backing.
Seventy-six of the samples were scanned with a NIR spectrometer through a
range of wavelengths from 1100-2500 nm. Reflectance spectra containing 700
data points were smoothed and derivatized (2nd derivative). Chemical analvses,
conducted from 1976-78, were regressed on to the spectral data using stepwise
linear multiple regression procedures. Statistical comparisons between actual and
predicted values were conducted.

Chemical components of the samples were routinely determined a second time,
and the new chemical data were subjected to statistical analvsis with the original
spectra. Chemical components were "predicted" using the spectral data, and
samples with "predicted" values deviating by more than two standard deviations
from chemical determination were reanalvzed a third time. A third data set,
identical to the second data set except f(;r replacement of aberrant chemical
values by the new chemical values, was reanalyzed statistically.

IMention of trade name. proprietary produu of specific equipment dOl'~not imph its appro\'allo the exdusion of olher
prodU(.1.Sthat ma,. also he suitable.
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The 76-sample subset plus 24 other samples from the same large data set were
randomly divided into two subsets of 40 and 60 samples each. Prediction equa-
tions were derived from each set, and the reciprocal set was used as a "blind"
comparison to test effect of samples' set size and the derivative segment width on
calibration equations derived from regression analysis and their relative
usefulness for predicting the chemical components in question.

Results and Discussion

The NlR spectrum as log( lIreflected energy) for two diverse samples is pre-
sented in Figure 1. Note obvious differences in the absorbance of the two samples
from 1100-1300 nm (lignin), 1500 nm (fiber). 1940 nm (water), 2150 nm (pro-
tein), 2200 nm (fiber) and 2350 nm (carbohydrates). However, several physical
factors, such as fineness of grind may shift the entire spectrum vertically, thus
precluding its usefulness as a predictor. To overcome these nonchemical prob-
lems, the spectrum may be normalized by derivative spectroscopy. The first
derivative depicts the slope of the various peaks, and the second derivative
(Figure 2) depicts the rate of change of the slope of the peak. Compound peaks

OWBS LOG 1..'R FOR HIGH A"~O LOW QUALI TY

II)DMO CP NDF ADF

16

196

16 68.24 14.5566.73 38.94

196 52.31 7.48 70.85 42.23

1100 1300 1500 2100 2300 25001700 1900
NM

Figure 1. Log (1/Reflectance) spectra for a high and low quanity forage
sample

104 Oklahoma Agricultural Experiment Station



Qi.j8S 2 NO. OERV. FOR HIGH At~O LOW QUALI T'(

16 68.24 14.55 66.73 38.94

196 52.31 7.48 70.85 42.23

PML

3.83

4.89

llee 1700 1900
NM

2100 2300 250013130 1500

Figure 2. Second derivative transformation of spectra for a high and low
quality forage sample using 36 nm smoothing and derivative
function

comprised of several overlapping peaks require second derivative treatment to
deconvolute the peak. The spectrum is made up of 700 data points at 2nm
intervals. To overcome "noise" which is accumulated with the spectra, the curve is
smoothed using a running average technique. The number of data points taken
in each segment for smoothing and derivatization influences the degree to which
the peaks are resolved. Figure 3 shows a second derivative spectrum in which the
derivative segments were half as wide as those in Figure 2. Note the increased
number of peaks in the 2100-2200 nm range (protein).

Age of sample
Seventy-six OWBS samples were used to determine the effect of age of chem-

ical data on calibration of the NIR (Table 1.) Three sets of calibration data were
obtained: (I) chemical data collected 3-5 years ago (I); (2) data collected on the
same samples in 1981 (R); and (3) data in which outliers from the "predicted"
value were two standard deviation units from the "actual," were reanalyzed
chemically and were then added to the calibration data file (C). Only the "actual"
means of crude protein and ADF were not changed appreciably by one or more
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16
196

68.24
52.31

CP

14.55
7.48

NDF

66.73
70.85

ADF

38.94
42.23

3.83
4.89

PML

1100 1300 150e 17e0 1900 210e 2300 2500
t~

Figure 3. Second derivative transformation of spectra for a high and low
quality forage sampleusing narrow(18nm) smoothingand deriva-
tive function

of the reanalyses. In all cases except IVDMD, R2 was higher and standard error
of calibration lower in data sets Rand C compared to 1. It appears from these
data that some chemical constituents change with time, but location and reanaly-
sis of probable "error" samples resulted in more consistent improvement in
calibration. Further, NIR may be used to detect inaccurate chemical data in a
sample set. In every case where predicted vs actual values did not agree, the
reanalysisproved the NIR to be more correct. The final equations (C) appear to
be satisfactory to predict quality components of OWBS. However, they must be
tested against a "blind" set to see if the equation will predict the chemical con-
stituents of samples not included in the calibration data set.

Effect of sample set size and derivative segment width
Results for calibrating the NIR for dry matter (IOO-moisture) produced mixed

results (Table 2). Unpublished results from our lab showed that variations in
moisture of 1-2 percentage units occurred due to variations in time the samples
spent in the dessicator after oven drying. In our estimate, oven drying samples is
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not sufficiently accurate to calibrate the NIR for dry matter. For this reason, the
Karl Fisher method is being investigated by the national USDA-NIR project.

Calibration and prediction data for crude protein is presented in Table 3. The
best prediction equation was obtained with the 60 samples and 36 nm (wide)
derivative segment. A slight bias (.18 percent) did occur when the predicted
values of the 40 samples were compared to the actual wet chemistry values. It
might be noted that agreement between actual and predicted values was better
for crude protein than the fiber components or IVDMD. The reason is that crude
protein measures a distinct chemical entity whereas fiber and IVDMD are not
chemically defined. The lowest bias was found with the narrow (18 nm) derivative
segment though the standard error of prediction (.65) was higher, and the
coefficient of determination (R2 = .88) was lower than that for the wide derivative
segment. The standard errors are similar to those for multiple runs of the same
samples in the laboratory.
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Table 1. Effect of lab data on calibration
Analysis Run Mean+ SD" #I\'s' R2c SECd Repeat'

Dry mailer If 93.3:t 1.82 3 .63 1.11 .03
R9 95.3:t 1.16 .73 .61 .06
Ch 94.7:t 1.06 .84 .43 .02

Protein I 12.2:t 1.96 3 .84 .80 .03
R 12.4:t 2.00 .87 .71 .04
C 12.3:t 2.01 .94 .49 .05

Neutral
detergent
fiber I 67.7:t3.12 5 .65 1.86 .16

R 68.2:t 2.91 .73 1.52 .08
C 67.6:t2.71 .82 1.15 .27

Acid
detergent
fiber I 38.8:t 2.55 3 .63 1.55 .10

R 38.6:t 2.95 .81 1.27 .25
C 38.8 :t 2.90 .87 1.04 .09

Permanganate
lignin I 4.9:t1.14 3 .38 .90 .05

R 3.7:t 1.23 .66 .71 .01
C 3.7:t .87 .61 .54 .01

IVDMD I 60.4:t 4.10 3 .68 2.33 .21
R 60.2:t 5.78 .65 3.40 .33
C 62.5:t 3.34 .83 1.36 .11

"Standard deviation.
bNumberof wavelengths used in equation.
cR2 = Coefficient of determination.
dSEC= Standarderrorof calibration.
"Repeat= Repeatabilityerror.
'I = Filedataseveralyearsold.
9R= Sampleswereall reanalyzedroutinely.
hC = Samplesfrom R which were statistical outliers were reanalyzed and the new data were incorporated
into the file.



"Number of wavelengths used in the equation.
bDifferencein mean of "actual""and "predicted" values.
cSE = Standarderror of calibration for calibrate; standard error of the difference of actual vs predicted for
predict.

dR2 = Coefficient of determination.
"Repeat = Repeatability error.
'W = Wide derivative segment - 36 nm.
9N = Narrow derivative segment - 18nm.

"Number of wavelengths used in the equation.
bDifferencein mean of "actual" and "predicted" values.
cSE = Standarderror of calibration for calibrate; standard error of the difference of actual vs predicted for
predict.

dR2 = Coefficient of determination.
"Repeat = Repeatability error.
'W = Wide derivative segment - 36 nm.
9N = Narrow derivative segment - 18 nm.
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Table 2. Effect of sample number and derivative width on calibration and
prediction of dry matter

File Function #'A's' Bias' SEe R2d Repeat'

OWBS60Wf Calibrate 3 - .61 .74 .04
OWBS40 Predict .79 1.05 .84

OWBS60N9 Calibrate 3 - .58 .76 .14

OWBS40 Predict .15 .70 .81

OWBS40W Calibrate 2 - .45 .88 .01

OWBS60 Predict -.58 US .32

OWBS40N Calibrate 2 - .44 .89 .05

OWBS60 Predict -.38 1.18 .24

OWBS100W Calibrate 3 - .64 .74 .04

OWBS1OON Calibrate 2 - .70 .69 .10

Table 3. Effect of sample number and derivative width on calibration and
prediction of crude protein

File Function #).,'s' Bias' SEe R2d Repeat'

OWBS60Wf Calibrate 3 - .46 .97 .04
OWBS40 Predict .18 .57 .96

OWBS60N9 Calibrate 2 - .52 .96 .10
OWBS40 Predict -.05 .65 .88

OWBS40W Calibrate 3 - .53 .93 .04

OWBS60 Predict .33 .71 .94

OWBS40N Calibrate 3 - .51 .92 .09
OWBS60 Predict -.09 .62 .95

OWBS1OOW Calibrate 3 - .49 .96 .04
OWBS100N Calibrate 2 - .57 .95 .10



Neutral detergent fiber (NDF) (Table 4) is one of the more difficult parameters
for which to calibrate the NIR because it is not a single chemical entity but
represents both the hydrolyzable and non-hydrolyzable cell wall components. As
such, the NIR attempts to predict total cell wall components including carbo-
hydrate (pentose and hexose chains), lignin and residual protein, most of which
we cannot measure chemically with any degree of accuracy. Bias was approx-
imately half as large using 60 samples to calibrate and 40 to predict than when the
reverse was used. Both 18 and 36 nm derivative width gave similar results. Five
wavelengths significantly contributed to the calibration equation for the 60-
sample set, but may result in "overfitting" the data.

'Number of wavelengths used in the equation.
bDifference in mean of "actual" and "predicted" values.
cSE = Standard error of calibration for calibrate; standard error of the difference of actual vs predicted for
predict.

dR2 = Coefficient of determination.
"Repeat = Repeatability error.
'W = Wide derivative segment - 36 nm.
9N = Narrow derivative segment - 18 nm.

The best calibration equation to predict ADF (Table 5) was from 40 samples
using the wide derivative segment. ADF appears easier to calibrate for than NDF.
Further, the range of ADF in the 40 samples may be more representative of the
100-sample population than the 60 samples. 1\'0 differences were observed in
calibration errors with the wide and narrow derivative segments, but predictions
were better when the wide derivative segment was used. This would suggest that
broad, smooth peaks, including some combinations, may be best for parameters
which are not well defined chemically.

Permanganate lignin (Table 6) contained little variation from which to predict;
therefore, R2 was quite low. Bias and standard errors were also low. However,
general observation of individual predicted vs actual values would suggest the
prediction may be about as good as the chemical determination.

Although IVDMD (Table 7) is not a chemical component, several chemical
components have a bearing on its magnitude. Therefore, with a combination of
wavelengths, it is possible to predict IVDMD. The R2 value was not as high as with
other constituents, and it appears that the narrow derivative segment might be
more beneficial than the wide. Bias was high, but the IVDMD procedure itself
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Table 4. Effect of sample number derivative width on calibration and predic-
tion of neutral detergent fiber

File Function #).'s' Bias' SEe R2. Repeat'
OWBS60W Calibrate 5 - 1.06 .89 .19
OWBS40 Predict .57 1.67 .60

OWBS60N9 Calibrate 5 - 1.10 .88 .26
OWBS40 Predict .65 1.44 .67

OWBS40W Calibrate 3 - 1.13 .75 .16
OWBS60 Predict -1.04 2.21 .64

OWBS40N Calibrate 3 - 1.09 .77 .19
OWBS60 Predict - 1.47 2.44 .63

OWBS100W Calibrate 3 - 1.38 .77 .22
OWBS100N Calibrate 4 - 1.19 .83 .24



aNumberof wavelengthsused in the equation.
bDifferencein mean of "actual" and "predicted" values.
cSE; Standarderrorof calibrationforcalibrate;standarderrorof thedifferenceofactualvs predictedfor
predict.

dR2 ; Coefficientof determination.
aRepeat; Repeatabilityerror.
'w ; Widederivative segment- 36 nm.
9N ; Narrowderivativesegment- 18nm.

aNumberof wavelengthsused in the equation.
bDifferencein mean of "actual" and "predicted" values.
cSE ; Standarderror of calibration for calibrate; standard error of the differenceof actual vs predicted for
predict.

dR2; Coefficientofdetermination.
"Repeat; Repeatabilityerror.
'w ; Widederivative segment - 36 nm.
9N ; Narrowderivativesegment- 18nm.
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Table 5. Effect of sample number and derivative width on calibration and
prediction of acid detergent fiber

File Function #Io.'s. Bias' SEe R2d Repeat'

OWBS60Wf Calibrate 3 - .94 .90 .06

OWBS40 Predict 1.00 2.00 .72

OWBS60N9 Calibrate 3 - .96 .90 .14

OWBS40 Predict .37 1.64 .59

OWBS40W Calibrate 4 - .73 .91 .07
OWBS60 Predict .04 1.32 .81

OWBS40N Calibrate 4 - .74 .91 .15

OWBS60 Predict -1.15 2.07 .77

OWBS100W Calibrate 5 - .87 .91 .09
OWBS100N Calibrate 4 - .98 .88 .15

Table 6. Effect of sample number derivative width on calibration and predic-
tion of permanganate lignin

File Function #Io.'s. Bias' SEe R2d Repeat'

OWBS60W Calibrate 3 - .49 .73 .03
OWBS40 Predict .04 .67 .63

OWBS60N9 Calibrate 3 - .46 .75 .08
OWBS40 Predict -.06 .67 .38

OWBS40W Calibrate 4 - .49 .68 .06

OWBS60 Predict .15 .70 .56

OWBS40N Calibrate 4 - .49 .68 .14

OWBS60 Predict .51 .97 .42

OWBS1QOW Calibrate 3 - .55 .66 .04
OWBS100N Calibrate 5 - .51 .71 .09



"Number of wavelengths used in the equation.
bDifference in mean of "actual" and "predicted" values.
cSE ; Standarderror of calibration for calibrate; standard error of the differenceof actual vs predicted for
predict.

dR2 ; Coefficientof determination.
"Repeat ; Repeatabilityerror.
'W ; Wide derivative segment - 36 nm.
9N ; Narrowderivativesegment - 18 nm.

can only be used for ranking taxonomically similar plant samples and not Illr
widespread comparisons across sample types and plant ecotypes.

These data would suggest that different smoothing and derivative segment
widths are desirable for predicting different plant constituents. The classical
method for selecting derivative width is to take the interval width of a peak at half
its height. Computer programs for instruments in the national NIR project are
presently being written to arrive at the proper width for each constituent.

The number of samples required for calibration appears to be greater than 40
for most chemical constituents. Even when the set of 40 gave the best equation,
the equation may be sample set dependent and may not be of general value for
predicting other OWBS data sets. Samples used for calibration should be scanned
with the NIR instrument as soon as possible after the chemical laboratory analysis
is obtained. These data indicate that changes in the samples may take place over a
period of time which affect the relationship between NIR spectra and laboratory
chemical data.
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Table 7. Effect of sample number and derivative width on calibration and
prediction of in vitro dry matter disappearance

File Function #h's' Bias. SEe R2d Repeat'

OWBS60Wf Calibrate 3 - 1.53 .86 .07
OWBS40 Predict -1.94 2.75 .76

OWBS60N9 Calibrate 3 - 1.73 .82 .16
OWBS40 Predict -.80 1.58 .78

OWBS40W Calibrate 3 - 1.02 .88 .16
OWBS60 Predict .63 2.32 .73

OWBS40N Calibrate 4 - 1.08 .86 .29
OWBS60 Predict -1.81 2.98 .67

OWBS100W Calibrate 3 - 1.45 .85 .20
OWBS100N Calibrate 5 - 1.38 .87 .43



Brassica and Beet Crops as Potential
Livestock Feedstuffs

u. G. Bokbari and F.P. Horn

Story in Brief
A number of Brassica crops such as kale, turnips, rape, swede and beets were

studied in 6 x 9 m plots during the 1979 and 1980 growing seasons to evaluate
their forage potentials and nutritive values. Dry maUer yield varied from a
minimum of 2321lb/A to a maximum of 86611b/A. Average protein concentra-
tion ranged from 17 to 22 percent in leaves and from 8 to 19 percent in roots
while dry matter digestibility ranged from 71 to 82 percent in the leaves and from
47 to 91 percent in the roots.

Introduction

In many European countries, Brassica crops are an important and integral
component of the grazing system, especially for sheep grazing (Greenhalgh et aI.,
1977). These crops can provide abundant forages for livestock during periods
when most of the warm or cool season grasses are not available. Brassica and beet
crops are low in dry matter but high in protein and carbohydrate contents, with
highly digestible dry matter. When blended with grain crops or grasses, these
crops can fill in some of the gaps in the grazing system in Oklahoma and other
adjacent states.

This study was undertaken to study the forage production potentials, nutritive
characteritics and growth habits of Brassica crops under central Oklahoma
conditions.

Materials and Methods

Seeds of kale, rape, turnips, swede and beets were planted in 6 x 9m plots
during the 1979 and 1980 growing seasons in replicated and completely ran-
domized plots. The soil at this site at the USDA-Research Station in El Reno is
classified as Dale fine silty, mixed, thermic, pachic haplustolls with a pH of
approximately 6.6. At the time of each planting, 35.7 lb NIA and 71.4 lb PIA was
applied as a top dressing. Samples for dry matter, crude protein, total nonstruc-
tural carbohydrates (TNC), in vitro dry matter digestibility (IVDMD) and neutral
detergent fiber (NDF) determination were taken at frequent time intervals dur-
ing each of the two growing seasons. Samples were taken from a 2-foot row in the
center of each plot. Plants were separated into roots and shoots except the first
samplings which had not yet developed a sizable root system. Samples were
weighed, dried at 70 C for 72 hr and reweighed.

Crude protein was determined by Kjeldahl N x 6.25. In vitro dry matter
digestibility was determined by the two-stage technique of Tilley and Terry (1963)
as modified by Monson et al. (1969). Total nonstructural carbohydrate was deter-
mined by the method described by Smith (1969).
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Results and Discussion

Brassica crops produced dry matter yield ranging from 23211b/ A to 88611b/ A
during the 1979 and 1980 growing seasons (Tables 1,2). Contribution to the total
dry matter yield was over 50 percent by leaves and 37 to 45 percent by roots. All
the Brassica crops were very low in dry matter content, ranging from 8 to 13
percent in leaves and from 15 to 23 percent in the roots. However, the roots and
leaves of these crops were very high in TNC and protein contents, respectively
(Tables 3, 4). In pure stands, Brassica crops may not be able to provide sufficient
dry matter for growing animals. Blending grain crops or grasses with Brassica or
beet crops could compensate for their low dry matter contents, and the latter will
compensate for the low concentration of protein and carbohydrates in grasses.

Both leaves and roots were quite high in IVDMD (Table 5). In leaves IVDMD
ranged from 71 to 82 percent and in roots from 47 to 91 percent. At the same
time, the roots of these crops contained higher amounts of TNC (Table 3) than
their corresponding leaves. Except for polyeura beets, the leaves of the rest of
Brassica crops contained relatively higher amounts of NDF than the roots (Table
6). In leaves NDF ranged from 18 to 25 percent and in roots from 18 to 28
percent.

Many of the Brassica crops were found to be less tolerant to the drought
condition during the 1980 growing season. Mako and Marco turnips and Perko
and Fora rape were relatively more drought tolerant than the rest of the crops.
One of the major problems, especially during hot summer months in Oklahoma,
appears to be susceptibility of these crops to hosts of insects and other parasitic
diseases.

During 1981, we established three pastures of equal size (0.95 hectare) of three
types of turnips (purple top, Sirius and Marco) and allowed pregnant cows to
graze these under a 12-hr observation period for about 3 weeks. At the begin-
ning, for about 1 week cows preferred to graze pig weed and then began to graze

Table 1. Dry matter yield (Ib/acre) of different types of Brassica and beet
crops during 1979 growing season

Leaves
Type Date Roots Leaves & roots

Fora rape July2 - - 3790

July20 2314 3610 5920

Aug.15 2058 3415 5473

Perkorape July2 - - 3238

July20 2063 3334 5396
Aug. 15 1878 2263 4136

Marco stubble July 2 - - 3611
turnip July 20 2111 2975 5086

Aug. 15 1906 2339 4246

Rova turnip July 2 - - 5074
July 20 2046 3406 5453

Aug. 15 1906 2415 4321

Polyeurabeet July 2 - - 3660
July 20 2303 2866 5170

Aug. 15 832 2638 3471
Sept. 17 3778 1427 5205
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Table 2. Dry matter yield (Ib/acre) of different types of Brassica crops during
1980 growing season

Leaves
Type Date Roots Leaves & roots

Grummer kale May 27 - - 2690
June 26 301 2870 3171

July 10 2280 1447 3728

Mako turnip May 27 - - 5509
June 26 2658 6008 8667
July 10 2613 2729 5342

Marco stubble May 27 - - 6887
turnip June 26 2011 6246 8257

July 10 2946 3153 6099

Texisummer May 27 - - 6165
turnip June 28 339 7796 8136

July 10 2896 2190 5330

Sirius turnip May 27 - - 8055
June 26 255 2351 2606
July 10 1401 1563 2959

Perko rape May 27 - - 6542
June 26 294 7168 7463
July 10 1691 896 2588

Silona rape May 27 - - 8162
June 26 698 6669 7367
July 10

Marrow stem May 27 - - 4355
kale June 26 1921 5432 7354

July 10

Fora rape May 27 - - 6662
June 26 455 5426 5879
July 10

New Zealand May 27 - - 4708
sensitive June 26 230 2133 2363
swede July 10

Doom Major May 27 - - 7896
swede June 26 339 3459 3798

July 10
Mako summer May 27 - - 6854

turnip June 26 614 7380 7994

July 10 - - 7994

turnips. Our observations indicated that cows would pull out the whole plants,
discard the leaves and utilize the root system more efficiently. At the time cows
were allowed to graze these crops the leaves had become very brittle and full of
tiny epidermal hairs. At an earlier stage, leaves were not as brittle and were more
palatable. We have been able to establish Brassica crops during spring and late
fall. These two periods appear to be more critical in the grazing system in much
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Table3. Total nonstructural carbohydrates (TNC) In Brassica and beet crops
during 1980 growing season

Table4. Crude protein percent in the roots and leaves of Brasslca and beet
crops during 1979 and 1980 growing season

Table5. In vitro dry matter digestibility of Brassica and beet crops from 1979
growing season

Table 6. Neutral detergent fiber (NDF)In Brasslca and beet crops (percent
dry weight) during 1980 growing season

Type

Fora rape
Perko rape
Marco turnip
Mako turnip
POlyeura beet
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%

'lYpe Roots Leaves

Fora rape 30.86 8.58
Perko rape 30.35 12.93
Marco turnip 32.0 9.56
Mako turnip 32.13 12.37
Polyeurabeet 39.05 8.73

1979 1980

lYPe Roots Leaves Roots Leaves

Fora rape 8.18 17.06 11.12 22.32
Perko rape 7.88 17.41 10.55 20.15
Marco turnip 12.85 18.18 18.75 20.87
Rova turnip 13.67 18.11
Mako turnip - - 16.38 22.35
Polyeurabeet 9.93 18.14

Leaves&
'lYpe Roots Leaves roots

Fora rape 46.9 81.8 64.9
Perko rape 70.5 74.2 69.0
Marco turnip 74.5 71.2 71.2
Rova turnip 75.6 82.2 82.6
Polyeurabeet 90.8 79.5 90.1

Roots Leaves

19.07 20.44
20.56 25.08
18.70 25.00
17.94 18.40
27.81 22.62



of Oklahoma when warm season or cool season grasses are not available. Brassica
crops can fill in these two gaps if properly managed and blended with grain
crops, especially in the fall.
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Forage Potentials of
Legume- Interseeded Pastures

u. G. Bokhari

Story in Brief
Old World BIuestems (Bothriochloa sp.) pastures of five cultivars were over-

seeded with lespedeza and alfalfa during the 1979 and 1980 growing season.
There was a significant increase in dry matter production of lespedeza over-
seeded pastures as compared to the control treatment during 1979, but in 1980,
due to severe drought, the legume contribution was relatively insignificant. All
the Old World Bluestems cultivars were found to be very poor utilizers of
photosynthetically active radiation.

Introduction
Old World Bluestems (Bothriochloa sp.) or "Asiatic Bluestems" are very pro-

ductive and nutritionally acceptable grasses in much of Oklahoma and the adja-
cent states. 1\\'0 varieties of Old World Bluestems, "Plains" and "Caucasian," and a
number of experimental blends have been found to be very high yielding,
relatively drought tolerant and winter hardy (Ahring et aI., 1978). These grasses
respond to high fertility levels and can tolerate both acid and alkaline soils. As a
result. of increasing cost of fertilizer materials, it is imperative to search for
alternative sources of nutrients, especially nitrogen. Legumes that are otherwise
compatible with these grasses need to be studied to evaluate their contribution to
the nitrogen economy of a grass legume system. This study was untertaken to
understand the interactions between Old World Bluestems and le~umes in terms
of compatibility and the effect of legumes on productivity under dry land
conditions.

Materials and Methods

Ten replicated pastures containing two replicates each of "Plains" (B.
Ischaemum L. Keng.), "Caucasian" (B. caucasica C. E. Hubb.) and three blends,
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experimentally designated as "B," "L," "T" (B. intermedia var. indica), were
divided into three subpastures of equal size. One of the subpastures under each
variety or blend was overseeded with lespedeza (lespedeza stipulacea. Maxim.) in
March, the second was fetilized at a rate of 57 pounds N/ha and the third was the
untreated control. The same procedure was followed during the 1980 growing
season with the exception that the untreated control of 1979 was overseeded with
alfalfa (Medicago sativa L.) variety "Cody."

Samples for dry matter determination were taken from at least five 0.25 M2
quadrates from each subpasture. Aboveground plant materials from each qua-
drate were separated into grass and legume species, dried at 70 C for 48 hI' and
weighed.

Photosynthetic conversion efficiency of Old World Bluestems was determined
by first converting the dry matter biomass into Kcal/ha on the basis of 4.7 K
cal/g.dr.wt, and then dividing this by incoming solar irradiance. The latter was
measured with Lamda Corporation Quantum Sensor, Model LI-188.

Results and Discussion
All cultivars produced more aboveground dry matter under fetilization or

lespedeza overseeding, as compared to the untreated control, during the 1979
growing season (Table I). The fertilized and lespedeza overseeded pastures of
"Plains" produced significantly higher yield than the rest of the cultivars. The two

Table2. Percent contribution by lespedeza and fertilization to the total forage
productionduring 1979

Treatment Plains Caucasian "B" "L" "T"

Control

Fertilized

Lespedeza overseeded

53
55

38
18

28
-11

27
-11

13
4
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Table 1. Old World Bluestem production (pounds/A) during 1979 growing
season

Varieties/Blends

DatehalVest Treatment Plains Caucasian "B" "L" "T"

June Control 2291 2971 3441 3388 2609
Fertilized 4873 4478 3767 4012 2198
Lespedeza

overseeded 5052 4149 2300 3582 2428

August Control 2130 3251 2222 3559 2928
Fertilized 4767 5584 4175 5502 4205
Lespedeza

overseeded 5093 3486 2797 2675 3389

Season total
production Control 4497 6222 5664 6947 5538

Fertilized 9640 10062 7942 9513 6404
Lespedeza

overseeded 10145 7903 5097 6257 5817



blends, "B" and "L: produced less dry matter from the lespedeza overseeded
pasture than that of the untreated control. The increase in dry matter production
from the lespedeza overseeded pasture is not due to increase in the dry matter
productivity of Old World Bluestems but is merely a result of additional plant
biomass of the legume community. Legumes contributed 55, 18 and 4 pel'cent to
the total dry matter production of "Plains: "Caucasian" and "1'" blend respec-
tively (Table 3). There was no evidence of direct transfer of symbiotically fixed
nitrogen from the legumes to the companion plants of the grass species.
Legumes' contribution to nitrogen economy of plant communities could be made
through decomposition of legume residues as well as through below ground root
and nodule biomass. When some of the lespedeza plants were brought from the
field to the laboratory for determination of their N2-fixation potentials, it was
found that most plants were able to fix about 53 to 70 pounds !\"/ha'year. Partial
analysis of samples for protein determination indicated increase in crude protein
from 12 percent in the untreated control pasture to 15 percent in the lespedeza
overseeded pastures.

Fertilized pastures produced 53, 38, 28, 27 and 13 percent more dry matter
from the "Plains: "Caucasian: "B: "L" and "1'" pastures than the untreated
control,. respectively (Table 2). In this case the increase in dry matter could be
attributed directly to nitrogen fertilization. The data from the 1980 growing
season are not conclusive as a result of very droughty conditions (Table 2), which

Table 3. Old World Bluestems production (pounds/A) during 1980 growing
season

VarietieS/Blends

Dateharvest Treatment Plains Caucasian "B" "L" "T"

June Fertilized 3024 3522 2158 2757 2430
Lespedeza

overseeded 1951 2648 1917 2053 2057
Alfalfa

overseeded 1672 2741 2134 2778 2110

July Fertilized 3977 5965 3854 3479 2875
Lespedeza

overseeded 2733 4098 2385 3321 2462
Alfalfa

overseeded 3316 3689 2802 3369 2438

August Fertilized 3646 4718 3195 6063 3713
Lespedeza

overseeded 3182 4661 2130 2599 2482
Alfalfa

overseeded 3236 4544 2571 3213 3017

Season total
production Fertilized 10638 14205 9208 12298 9018

Lespedeza
overseeded 7867 11407 6429 7973 7001

Alfalfa
overseeded 8224 10974 7503 9361 7564
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affected legumes more adversely than the grasses. Like many other warm season
grasses, Old World Bluestem cultivars were found to be very poor utilizers of
solar energy (Table 4). Peak solar energy conversion efficiency was exhibited
during July and August, which also coincided with the peak aboveground bio-
mass. More work should be done on genetic manipulation of these grasses to
increase their photosynthetic efIiciency.

lime

May-June
July-August
Sept.-Oct.
Average

Table 4. Solar energy conversion-efficiency (%) of Old World Bluestems
Specieslblends

"8" "l"

0.34 0.53
1.12 1.33
0.16 0.16
0.54 0.67

Plains Caucasian

0.48
1.52
0.13
0.71

0.48
1.50
0.23
0.73

'T'

0.28
1.22
0.25
0.58

Avg.

0.42

1.33
0.18
0.64
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Evaluation of Legumes in Micro Plot
Studies

U. G. Bokhari

Story in Brief
Different types of legumes planted in 20 x 30 ft micro plots indicated that they

can be integrated into local grazing systems which will provide adequate dry
matter during spring, summer and fall. Dry matter digestibility was high at early
growth stages but in some cases declined towards the end of the growing season.

Introduction

Certain types of legumes adapted to particular soil and climatic conditions will
benefit farmers in a number of ways depending upon the specific purpose for
which the legumes, are included in any farming operation. Generally, almost all
types of legumes, if interseeded into an otherwise compatible grass pasture, will
improve forage quality, extend grazing period and improve gain of livestock on a
per animal or per acre basis. Compatability of legumes with companion plants.
persistence of legumes under grazing and N2-fixation in a sward are some of the
problems associated with a grass-legume system. This study was undertaken to
study adaptation, growth and some nutritive characteristics of a number of
legumes under field conditions in micro plots.

Materials and Methods

Seeds of the following legumes were planted in March-April in 20 x 30 ft plots
at I-ft row spacing. All the seeds were inoculated with appropriate rhizobia
before planting.
. Alfalfa (Medicago Sativa L.): varieties, "Cody" and Spreador 11 (Spreador 11

was supplied by Northrop King Seed Co.)
. White clover (Trifolium repens L.): variety, "Louisiana S-I"
. Hairy vetch (Vicia villosa (RELL.) HERMANN). Korean lespedeza (Iespedeza stipulacea Maxim.)
. Sericea lespedeza (Iespedeza cuneata (DUMONT) G. DON)
. Birdsfoot Trefoil (lotus corniculatus L.)
. Arrowleaf (Trifolium vesiculosum L.)

Each type was replicated three times in a completely randomized block design.
The soil at this site is classified as Dale Fine Silty, mixed, thermic, pachic haplus-
tolls with a pH of approximately 6.6. Urea fertilizer at the rate of 26.8Ib/acre was
applied as top dressing before planting and again in October at the same rate.
The soil at this site contained less than 4.5 Ib of nitrate nitrogen per acre. Average
monthly temperature (CO)and precipitation (CM) data are given in Table 3.

Samples for dry matter and IVDMD determination were taken from a 2-ft row
in the center of each plot at monthly intervals from April to November. At the
same time, soil cores containing whole plants were taken from each plot and
brought to the laboratory for acetylene reduction using Perkin Elmer gas
chromatograph 990.
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Results and Discussion

Dry matter productivity of different types of legumes is given in Table 1.Except
for lespedeza, B. F. Trefoil and Arrowleaf, all the other legumes exhibited peak
productivity during July. Both types of lespedeza had two distinct peaks during
July, September and November. Among the different types of legumes which
were planted at the same time, lespedeza (Korean type), B. F. Trefoil and Arrow-
leaf continued producing new growth in December and may do so during the
subsequent months.

Except for hairy vetch, none of the roots of the rest of the legumes were
nodulated in June. The slow growth during the initial stage could be attributed to
poor nodulation and almost negligible N2-fixation. However, almost all the
legumes were found nodulated during their subsequent growth, which resulted
in increasing productivity during the late growth period.

Preliminary analysis of N2-fixation potentials indicated that about 53 to 160 Ib
N/acre was fixed by these legumes.

There was a gradual decrease in IVDMD of all the legumes towards the end of
the growing season (Table 2) except for white clover and Arrowleaf. Both types of
lespedeza had lower IVDMD throughout the growing season than the rest of the
legumes tested. Among all the legumes, maximum IVDMD of 78 percent was
recorded for white clover and 70 percent for Arrowleaf in September. Minimum
digestibility of 30 percent was recorded for Sericia lespedeza in October. Both

Table 1. Drymatter production (pounds/acre) of legumes during 1981 grow-
ing season

SpecieslVariely Dateharvest

Alfalfa, Cody
Alfalfa, Spreader II
White clover, Lousiana S-1

Hairy vetch
Lespedeza (Korean)
Lespedeza (Sericia)
B. F. Trefoil

Arrowleaf, Yuchi

June
2565
3371
697

5464
1468
413

1643
2108

July
3092
3223
3030
5581
6762
4710
4480
7619

Aug.
1719
2136
1983
3425
6131
3830
4255
4584

Sep.
1783
1967
3313
3679

16478
8809
4253
7149

Oct.
1918
2246
1501
2929

Nov.
609
572

3290

6905
4289
9485

12180
19826

Table 2. In vitro dry matter digestibility of legumes during 1981 growing
season

SpecieslVariely Dateharvest

June July Aug. Sep. Oct.
Alfalfa, Cody 61.02 59.53 54.50 54.32 47.58
Alfalfa Spreader II 64.48 54.02 58.39 56.49 46.19
White clover, Lousiana S-1 60.66 72.55 63.08 78.68 74.82

Hairy vetch 57.66 68.32 50.92 69.73 51.68
Lespedza (Korean) 55.27 52.12 51.31 49.39
Lespedza (Sericia) 44.11 40.41 46.62 35.30 30.06
B. F. Trefoil 64.46 60.36 51.27 60.52 46.42
Arrowfeaf, Yuchi 63.86 69.77 64.00 70.05 58.34
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types of alfalfa were high in IVDMD during June and low during October.
Samples were not taken during the early growth from April to June due to slow
and inconsistent growth of these legumes. Digestibility may be somewhat higher
at earlier growth periods.

This preliminary data indicated that legumes of different species planted even
at the same time will provide adequate green materials throughout the summer
and early fall, and maybe during late fall, if planted at different times during
early spring or late fall. There is a great potential for these legumes in our local
grazing system if integrated with other small grains and grasses. Spacing planting
dates according to types of legumes will also help extend the grazing season
through much of the winter, spring and summer.

Most of these legumes except lespedeza are usually planted in September-
October, depending on the moisture situation, and will provide adequate mate-
rials for grazing during winter and spring.
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Table 3. Average monthly precipitation (cm) and temperature (CO)
during 1981 growing season

J F M A M J

Temperature(C) 3.3 5.8 11.4 19.7 19.1 26.6

Precipitation(cm) 0.36 2.24 6.78 4.37 10.69 16.41

J A S 0 N D

Temperature(C) 29.5 26.1 23.5 15.1 10.2 5.1
Precipitation(cm) 6.71 11.25 7.21 17.12 2.62 0.56



Digestibility of Hays from Improved
Selections of Old World Bluestems

I. Londono, L. J. Bush,
D. G. Wagner and P.L. Sims

Story in Brief
The digestibility of various nutrient components of hay from four selections of

Old World bluestems was compared in a feeding trial with lambs. Digestibilities of
all four varieties, WW-506, WW-573 (WW Spar), WW-474 and WW-517, were
similar and relatively high considering that the hays were obtained after seed had
been harvested from the grasses.

Introduction

Development of improved types of grasses that are well adapted to the climatic
conditions and soils of this area is very important to the economy of Oklahoma.
From a collection of over 750 accessions of Old World bluestems mainly by
Harlan et aI. (1958, 1961), several varieties have been developed that have poten-
tial as productive pasture grasses in the semi-arid regions of the Southern Great
Plains. With proper management, these can be used to renovate deteriorated
native range and marginal cropland areas.

Characteristics considered in selection of ecotypes for potential use include
adaptability to soil type, drouth resistance, winter hardiness, disease and pest
resistance, ease of establishment, yield and quality of forage produced. Horn and
Taliaferro (1979) made an assessment of the seasonal changes in the nutritive
value of five selected varieties of Old World bluestems, including .Plains" and
.Caucasian." There was a downward trend in in vitro dry matter digestibility as
the season progressed, but not as great as is seen in most grasses. Crude protein
declined with season, yet was high enough that protein supplementation of
grazing cattle would rarely be needed during the growing season. Digestibilities
of dry matter in hays made from the same varieties were similar, although
differences among cuts during the growing season were sizeable (Horn and
Jackson, 1979). All the hays were relatively high-quality forages.

During the last few years, information has been obtained at the Southern Plains
Range Research Station at Woodward, Oklahoma, indicating considerable poten-
tial for some selections of Old World bluestems which are being considered for
release to seed producers. Included in the comparisons on yield, voluntary
consumption by cattle and weight gains by grazing cattle are .Caucasian" and WW
Spar bluestem, a selection within the group of accessions used to develop .Plains"
bluestem (Dewald et aI., 1981). Weight gains of steers grazing WW Spar were
equal or higher than those of steers grazing other varieties being tested. Gains of
steers fed hay from stands harvested for seed were higher than for other varie-
ties, indicating forage of relatively high nutritive value. However, the nutritional
characteristics of such forage have not been studied extensively, especially with
respect to relatively mature forage from which seed has been harvested.

In cooperation with Southern Plains Range Research Station, Woodward, OK.
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Old World bluestem seed is in great demand; therefore, one can expect that
considerable forage residue or hay made after seed harvest will be available. Little
is known about the nutritional characteristics of such material and the differences
that might exist among genetic lines of these forages. Therefore, the objective of
this study was to evaluate the in vivo digestibility of four varieties of Old World
bluestem hay baled after seed had been harvested, using lambs as test animals.

Materials and Methods

Mature hay was made from four varieties of Old World bluestem after seed was
harvested in July of 1980 at the Southern Plains Range Research Station at
Woodward, Oklahoma. The varieties compared in a digestibility trial using young
lambs were:

Variety
WW-506
WW-573 (WW Spar)
WW-477
WW-517

Scientific name

Bothriochloa ischaemum var. sengarica
Bothriochloa ischaemum var. ischaemum
Bothriochloa ischaemum var. sangarica
Bothriochloa intermedia var. indica

Each hay was chopped and fed to each of 16 lambs in sequences of a replicated
4X4 Latin Square design. Experimental periods were 2 weeks, with 8 days for
adjustment to rations and 6 days for collection. Hay was fed twice daily in
sufficient quantity to allow some feed refusal in most instances. Soybean meal
(75g per head per day) was added to assure adequate protein intake for mainte-
nance. A mineral supplement containing 13-15 percent calcium, 7 percent phos-
phorus, and 30-36 percent salt was fed( 109 per head per day) to assure adequate
intake of these minerals. In addition, a trace mineral supplement was available
for ad libitum consumption.

Feed refusals and total feces collections were made once daily. Representative
samples of all feed, feed refusals and feces were analyzed for dry matter, crude
protein, acid detergent fiber (ADF) and neutral detergent fiber (NDF).

Results and Discussion

As expected, the crude protein content of the hays was somewhat low because
they were harvested after seed harvest (Table 1). In comparison, protein content
of hays harvested three times during the growing season from Old World blue-
stem plots at the Southwestern Livestock and Forage Research Station (SLAFRS)
at El Reno, Oklahoma, was substantially higher in most instances (Horn and
Jackson, 1979). Nevertheless, cows fed hay with a crude protein content of 6.1 to

Table 1. Chemical composition of Old World bluestem hays8

"Dry matter basis.
"This variety released as WW Spar Old World bluestem.
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Acid Neutral
Crude detergent detergent

Variety protein fiber fiber

(%)
WW-506 6.7 45.6 74.0

WW-573b 6.6 44.0 72.8

WW-474 7.0 43.6 70.8

WW-517 6.1 44.3 73.4



7.0 percent, as observed in this study, would not require as much protein supple-
mentation as those consuming some other types of dry forage available during
the wintering period in Oklahoma.

Intake of the hays by the sheep was relatively low, being less than the amount
needed to meet their energy requirements of maintenance (Table 2). During the
8-wk trial, average weight loss was 1.5 Ib per lamb. Intake of dry matter averaged
only 1.75percent of body weight, probably due to its advanced stage of maturity.
This was reflected in ADF values ranging from 44.0 to 45.6 percent.

Since the most likely use for hay of this type would be as an energy source
under conditions where a protein supplement would be provided, digestibility of
the hays was determined under similar conditions. Thus, sufficient protein, as
SBM, was provided to complete protein requirements of the lambs for mainte-
nance. This must be taken into account in interpretation of the values obtained
since it has been demonstrated in other trials that supplemental protein does
enhance both intake and digestibility of relatively low quality forage by ruminant
animals.

Table2. Intake by sheep durIng dIgestIon trIal

"Values include about 34 g/day from soybean meal supplement.
bReleased as WW Spar Old World bluestem.

Digestibility values (Table 3) of various components of the Old World bluestem
hays ranged from 59.0 to 61.4 percent for dry matter, 68.7 to 71.4 percent for
crude protein, 50.9 to 54.6 percent for ADF and 58.4 to 61.0 percent for NDF. In
general, all four varieties of hay were similar and relatively high in digestibility of
the various nutrient components, considering the stage of maturity at harvest.
The somewhat higher values for digestibility of dry matter than previously
observed by scientists at the SLAFRS may be attributed to the associative effect of

Table 3. DIgestibility of varIous components of Old World bluestem hays

"Values reflect high digestibility of S8M supplement; see text.
bReleased as WW Spar Old World bluestem.

CDigestibility of WW-506, WW-573 and WW-474 vs WW-517 significanlly different (P<.OO2 for DM, < .01 for
protein and < .02 for ADF and NDF).
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Dry Crude
Variety matter protein'

(g/day)

WW-506 585 66.3
WW-573b 612 66.1
WW-474 601 68.4
WW-517 600 63.5

Neutral Acid
Dry Crude detergent detergent

Variety matter protein' fiber fiber

(%)
WW-506 61.1 70.2 61.0 54.6
WW-573b 60.7 69.6 60.3 53.5
WW-474 61.4 71.4 60.3 52.0
WW-517" 59.0 68.7 58.4 50.9



adding supplemental protein as noted above and to the fact that sheep rather
than steers were used as test animals. Digestibility of Variety WW-5l7 was slightly
and consistently lower than that of the other three varieties; however, the differ-
ences were probably not of sufficient magnitude to be of practical significance.

The high digestibility of protein (Table 3) reflects the fact that approximately
one-half of the daily crude protein intake by the sheep was from soybean meal.
Assuming a digestibility coefficient of 80 percent for SBM, it can be calculated
that 27g of the digestible protein in the daily ration was derived from this source.
Total intake of digestible protein minus that from SBM gives an estimate of 199 as
the average amount of digestible protein from the hay. Thus, digestibility of
protein in the forage could be estimated to be approximately 59 percent. Since
SBM contributed only a small proportion of the other nutrient components in the
diet, its effect on overall digestibility of those components, if any, would probably
be via an associative effect.
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Gains of Stocker Cattle on Midland

and Hardie Bermudagrass Pastures:
A 5-Year Summary

\v. E. McMurphy, G. W.Horn
and J. P.O'Connor

Story in Brief
Hardie and Midland bermudagrass have been evaluated in a 5-year grazing

trial with steers. Average daily gain was 1.80 Ib for Hardie and 1.61 Ib for
Midland. Stocking rates were adjusted to utilize available forage and averaged 2.4
steers per acre for Hardie and 2.3 steers per acre for Midland. Total beef
production per acre was 636 Ib for Hardie and 492 Ib for Midland. These results
reveal that Hardie bermudagrass produced higher daily steer gains, had a greater
carrying capacity and produced more beef per acre.

Introduction

The selection and release of two new bermudagrass varieties, Hardie and
Oklan, were based upon laboratory tests for forage quality. The purpose of this
study was to compare these grasses with Midland bermudagrass in regard to
animal performance. This report includes results of steer grazing trials con-
ducted in 1981, plus a 5-year summary of results for 1977 through 1981.

Experimental Procedure
The trials were conducted at the Agronomy Research Station, Perkins, Okla-

homa. Two blocks of pastures, containing one pasture each of the hybrid ber-
mudagrass varieties Midland, Hardie, Oklan and SS-16 (an unreleased
experimental strain), were used in a randomized complete block design. The soils
were the Dougherty, Konowa and Teller fine sandy loams (Arenic Haplustafs,
Ultic Haplustafs and Udic Argiustolls). Soil tests revealed that the pH was 5.7 to
6.5, and soil phosphorus and potassium were very high. Soil moisture meas-
urements have been taken at several dates each season with a neutron moisture
probe for the 1978 through 1981 seasons.

The pastures were sprigged in 1975, and grazing trials began in 1977. Each of
the pastures was about 3 acres in area and was subdivided with electric fences into
three paddocks to facilitate rotational grazing during the grazing trials. The
rotational grazing objective was I-week grazing of the pastures followed by a 2-
week deferment. Thus, throughout most of the bermudagrass growing season,
the forage was 2, and never over 3, weeks of age.

In early June of each year, when steers were rotated, each paddock was mowed
to remove cool season annuals. The pastures were fertilized with 150 Ib of actual
nitrogen in three equal applications in early April, late June and early August.

Hereford and Hereford x Angus steers for the 1980 trial were purchased at a
livestock auction in March and grazed on small grain with limited forage until the
trial began. Average daily gain during this pretrial period was about 0.8 lb. Details
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of the steers and their management in the earlier years were reported by Horn
and McMurphy (1981). The steers were assigned to treatment groups on the basis
of source, breed and weight. These were the tester steers which remained on the
pasture all season. Stocking rates were adjusted to utilize available forage using
additional steers, put-and-take animals.

Daily gains were calculated from weight gains of steers that remained in the
pastures throughout each grazing trial (tester steers). Average initial weight
(mean :t: SEM) of all tester steers in 1977 was 518 :t: 8.4lb; in 1978,520 :t: 6.3Ib; in
1979,486 :t: 1O.9Ib; 1980,453 :t: 9.1Ib; and in 1981,499 :t: 10.1 lb.

Stocking rates on the pastures were adjusted according to the amount of
available forage throughout the grazing trials by use of put-and-take steers. For
calculation of total steer gain, put-and-take steers were assigned daily gains of
tester steers during each period. Steer weights were measured after about a 16-
hour overnight shrink without feed or water.

All 1980 and 1981 steers were implanted with Ralgro at the beginning of each
trial. In previous years the steers were implanted with diethylstilbestrol. Tramisol
(Ievamisole phosphate) was given for internal parasite control in April. Excellent
fly control was achieved during each trial by spraying the steers on each weigh
date, except July 1 when a pour-on insecticide for grub control was applied, and
by keeping dust bags in the pastures. Steers in all pastures had access to trees or
constructed shades. A commercial mineral supplement that contained 12 percent
calcium and 12 percent phosphorus was fed free-choice during the trials.

Results and Discussion

Rainfall recorded at the station during the first 9 months of each year is
compared with the long-term average in Table 1. This 9-month total has varied
from 73 to 106 percent of the long-term average. The driest season was in 1978,
and the greatest total precipitation was in 1980 although distribution of rainfall in
1980 was very poor. The 1981 season began very dry. Soil moisture was adequate
only in the surface three feet, and the subsoil moisture in the fourth and fifth feet
of the soil profile remained dry throughout 1981. In normal seasons it is the
moisture from the lower soil profile that supports growth during short dry spells.
Production in 1981 was very much dependent upon the timely precipitation
which occurred. The bermudagrass did stop growth twice, once in May and again

Table 1. Seasonal precipitation (Inches) for Agronomy Research Station,
Perkins

Month

January
February
March
April
May
June
July
August
September

Total

1977
0.22
1.16
2.50
2.23
8.46
1.90
3.15
2.88
1.77

24.27

1978
0.92
2.63
1.46
1.85
7.28
4.59
0.90
0.53
0.49

20.65

1979

2.11
0.25
3.80
3.42
6.83
3.01
0.42
1.62
1.94

23.40

1980

2.14
0.86
2.39
4.07
7.57
8.78
0.05
1.56
2.88

30.30

1981

0.05
1.02
1.66
1.05
6.92
4.52
4.89
5.06
1.93

27.10

Long-term
average

1.53
1.46
2.20
3.16
5.09
4.58
3.45
3.19
3.81

28.47
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in July, and exhibited signs of severe moisture stress. Thus, while the overall
grazing production results for 1981 were excellent, we were on the brink of
disaster twice.

The rotation grazing was discontinued by September 5. With the slower
regrowth rate in September, steers were given free access to all three paddocks in
each pasture.

Details of the results for 1977 through 1980 seasons were published by Horn
and McMurphy (1979, 1980, 1981). The original study included Oklan and SS-16
bermudagrass; however, these two varieties suffered enough winterkilling dam-
age in the winter of 1978-79 that they were dropped from the test.

Average daily gains (Table 2) were highest in May and lowest in July. The
differences between Hardie and Midland have not been statistically significant.
The 1981 season average daily gains were 1.89 Ib for Hardie and 1.54 Ib for
Midland. This was close to the 5-year average of 1.80 Ib and 1.611b (P<.05) for
Hardie and Midland, respectively.

Table 2. Average dally gains (ADG)of steers, total steer grazing days per
acre, and total gain per acre for Intervals in 1981 with 5 years of
seasonal averages and the 5-year average

The average gains are a product of environment plus good animal and pasture
management practices. The animal management includes selection of good
steers, implantation with growth hormones, excellent internal and external para-
site control, shade and mineral supplement. Pasture practices of nitrogen fertili-
zation, proper stocking rates and rotation to provide young forage between 2 and
3 weeks of age are also factors favorable to good steer gains.

Stocking rates are expressed as steer days per acre. Dividing steer days per acre
by the number of days in that interval gives a quotient of steers/acre for that
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Totalsteer Totalgain/acre,
Grazing Number ADG,lb days/acre" Ib
Interval ofdays Midland Hardie Midland Hardie Midland Hardie

4-28 to 6.2 35 2.64 3.10 76 103 199 317
6-2 to 7-2 30 1.64 1.97 88 65 144 128
7-2 to 8-4 36 0.69 1.04 122 122 85 127
8-4 to 9.2 29 1.03 1.47 72 72 75 105
9-2 to 10-7 35 1.64 1.83 65 87 106 159
1981

Season 165 1.54 1.89 422 448 609 837
1980

Season 111 1.39 1.57 245 265 351 454
1979

Season 147 1.83 1.99 381 406 658* 861
1978

Season 114 1.82 1.84 242* 259 419 487
1977

Season 153 1.45 1.73 281 313 416* 552
5-year

Average 138 1.61* 1.80 315* 337 492* 636

*Indicatesa significantdifference(P< 0.05)betweenMidlandandHardie.
Steerdays/acre.Steers/acre= .

No.ofdaysin grazinginterval



interval. Thus, Hardie bermudagrass for the entire 1981 season had an average
stocking rate of 2.7 steers per acre (448/165).

Producers do not have the option to adjust stocking rates as freely as in our
research. The only way most producers can use this program and keep the
available forage young will be with rotation grazing and hay removal at peak
growth periods. Therefore, the lowest stocking rate at any grazing interval
becomes an important value to a producer. A producer must not run out of
forage. The lowest stocking rate for a grazing interval was 2.2 steers per acre for
Hardie in June and 1.9 steers per acre for Midland in September. Thus, the base
stocking rate at which a producer should attempt to operate has been about 2
steers per acre.

Total gain per acre for 1981 was 837 Ib of beef for Hardie and 609 for Midland.
The total gain per acre as well as the carrying capacity has fluctuated widely over
the 5 years. The high production figures for 1979 and 1981 are a result of the late
summer drought of the preceding years. The August fertilizer application of 50
Ib of nitrogen per acre in 1978 and 1980 never received the precipitation to make
it effective for production. The increased production of 1979 and 1981 may well
reflect use of residual soil nitrogen from the previous years.

These results reveal excellent average daily gains in some years. The 5-year
averages reveal distinct differences between Hardie and Midland bermudagrass,
with Hardie being superior in total gain per acre and carrying capacity. t>.Iuchof
the advantage to Hardie was produced during !\lay when Hardie had a higher
carrying capacity due to its earlier and faster growth rate at that time.

The results emphasize the importance of a complete program for both steer
and pasture management to provide and maintain high quality young forage for
maximum animal production. There will be great fluctuations in total forage
production from year to year as measured in steer days per acre. However, the
minimum stocking rate of about 1.8 to 2.0 steers per acre appears to be consistent
with hay removal at peak growth periods. The program is vulnerable to late
summer drought in that grazing was terminated in early September in 2 of the 5
years when bermudagrass growth ceased.
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NUTRITION-FEEDLOT

Salinomycin Levels for Feedlot Steers

EN. Owens and D. R. Gill

Story in Brief
A new feed additive, salinomycin, was fed to 140 finishing steers (initial weight

of 788 lb) for 110 days. Salinomycin was fed at 0, 5, 10, 15 and 30 g per ton of an
89 percent whole shelled corn, 5 percent cottonseed hull diet. Averaged across
salinomycin levels, gain was increased 9.4 percent, and efficiency of feed use was
increased 7.8 percent. Feed intake was increased 1 percent by salinomycin. At the
optimum drug level in this trial, 10 g per ton of feed, gain and feed efficiency
were increased by 12.9 and 9.5 percent. Feces tended to be drier and contain
more starch when the drug was fed. Carcass measurements were not changed by
salinomycin feeding. This drug shows excellent promise for improving efficiency
and rate of gain of feedlot steers.

Introduction

Feed additives of a class called ionophores have proven to increase efficiency of
feed use by feedlot cattle. Monensin, lasalocid and salinomycin are three
ionophores. Monensin is fed widely today, and approval for lasalocid is expected
shortly. Salinomycin has been evaluated previously in one study in Virginia. In
that trial, gain and efficiency increases of 21 percent for beef steers fed a 20
percent roughage diet were reported. In this trial, salinomycin was fed at five
levels to finishing steers to examine its effect on rate and efficiency of gain.

Materials and Methods

Steers of mixed breeding which had commonly grazed pasture in Purcell,
Oklahoma were sorted, vaccinated for bovine rhinotracheitis, leptospirapomona,
bovine virus diarrhea, parainfluenza 3, blackleg and malignant edema and
trucked to Stillwater. On arrival, steers were held on pasture for 3 weeks and were
then divided into four weight groups. Steers within each weight group were
randomly allocated to one of five pens and the five levels of salinomycin, 0, 5, 10,
15 and 30 g/ton of feed, and were randomly assigned to pens within each weight
group. Cottonseed hulls and corn comprised 94 percent of the ration, with the
percentage hulls in the ration sequentially decreasing from 40 to 30 to 20 to 12.5
and 5 percent at 3-day intervals at the start of the trial until the final ration (Table
1) was being fed. Steers had access to feed from self-feeders throughout the 124-
day trial. Steers were weighed following withdrawal of feed and water at the start
of the trial and on day 110. Other weights were taken full. Three steers were
removed from the experiment due to sudden death and chronic health problems.
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Table 1. Feed and pellet compositions, dry matter basis.

Ingredient

Corn, whole shelled
Cottonseed hulls

Pelleted supplement

Pellet ingredient"

Soybean meal
Limestone
Urea
KC1
Salt
Alfalfa meal

Dicalcium phosphate
Trace minerals
Vitamin A-30

Percent
89.0
5.0
6.0

Percent
57.0
16.0
7.75
6.25
4.75
4.50
3.50
0.25
0.18

.Average analysis: 90.2% dry matter, 11.8% protein, ME = 2.80 on as fed basis.
"0, 83, 167, 333 or 500 g active drug added per ton of pelleted supplement.

Table 2. Performance data

Salinamycinlevel,gIIan
Item 0 5 10 20 30 SE

Weight, Ib
Initiala 779 786 795 786 792 8.7

28 daysb 912 907 924 922 922 12.0
56 daysb 1002 1018 1040 1020 1021 12.0
84 daysb 1084 1108 1128 1110 1107 14.5

110daysa 1121b 1158ab 1180a 1155ab 1158ab 14.4
124 daysb 1177b 1214ab 1231a 1209ab 1208ab 14.1
125daysc 1169 1205 1215 1204 1190 13.9

Daily gains, Ib
0-56 days 3.08 3.23 3.44 3.27 3.18 .15
57-110days 3.13b 3.54a 3.56a 3.45ab 3.49a .11
0-110days 3.10b 3.38ab 3.50a 3.36ab 3.33ab .10
0-125 days 3.14 3.38 3.39 3.37 3.20 .07

Feed/Intake,Ib/day,
dry matter
0-56 days 20.4 20.9 21.2 20.9 19.4 .55

57.110days 20.1 20.3 20.2 19.7 20.6 .40
0-110days 20.2 20.6 20.7 20.3 20.0 .44
0-124 days 19.9 20.3 20.3 20.2 20.2 .50

Feed/gain.dry matter
0-56 6.68 6.49 6.17 6.39 6.14 .22

57-110 days 6.42a 5.76b 5.71b 5.71b 5.97ab .17
0-110days 6.53a 6.09b 5.91b 6.05b 6.05b .14
0-125 days 6.34 6.02 5.99 6.03 6.27 .13

Metabolizableenergy<!,
mcallkg 2.81b 2.93ab 3.01a 2.958 2.988 1.2

.Shrunk weights.
bFullweights x .95.
"Carcassweight /.62.
"Calculatedfromgainandfeed intake,asfedbasis.
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On day 106, fecal samples were obtained for analysis. Salinomycin was withdrawn
from the pelleted supplement on day 110 and on day 124, and steers were
trucked to Booker, Texas, for slaughter and carcass evaluation.

Results

Daily gain and feed intake were increased with salinomycin added to the diet
(Table 2). Efficiency of feed and energy use was maximized when intake was
maximum with 10 g per ton salinomycin. With this diet, gain and feed efficiency
were improved by 12.9and 9.5 percent. Higher salinomycinlevelsgave slightly
less response.

Feces of steers fed the 10 g per ton salinomycin diet were drier and contained
more starch than feces of steers fed the control diet (Table 3). Carcass char-
acteristics, obtained 15 days after withdrawal of the drug, were unchanged with
salinomycin supplementation (Table 4) although the incidence of liver abscesses
tended to increase with this drug. Increased incidence of liver abscesses has
occasionally been reported when monensin has been supplemented as well.
Though performance and efficiency responses were less than observed in the
trial reported from Virginia,comparison with other ionophores (Table5) suggests
that this compound has promise as a feed additive for feedlot steers. Responses to
drugs differ with ration composition, environment and feeding conditions so
reponses from experiment stations will differ. The summary indicates that for
feed savings, feeding an ionophore to feedlot cattle is consistently beneficial.

Table 3. Feces composition

Sallnomycin,gIIon
Item 0 5 10 20 30 SE

Drymatter,% 23.9b 24.9b 30.7a 23.2b 28.4a 1.0
Starch,% of DM 17.0e 24.5ab 27.2a 17.9be 21.gabe 2.3
pH 5.95 5.95 5.94 5.95 5.92 0.22

al>CMeansinarowwithdifferentsuperscriptsdiffersignificantly(P<.05).

Table 4. Carcass characteristics

Sallnomycln,gIIon
item 0 5 10 20 30 SE

Carcass weight, ib 724 747 753 746 738 8.6
Dressing percent 64.2 64.1 63.8 64.3 63.7 .37
Liver conditions

Abscesses
incidence, % 29 43 36 43 41 8.3
Severity 1.9 1.9 1.8 1.6 1.5 0.3

Flukes, % 3.6 0 7.1 0 5.0 3.3
Rib eye area

sq. in. 12.9 13.4 13.1 12.9 13.0 .33
sq. in.lcut carcass 1.78 1.80 1.73 1.74 1.17 .002

Fat thickness, in. .54 .58 .54 .59 .59 .033
KHP,% 2.69 2.75 2.84 2.79 2.63 .090
Marbling score 13.7 13.5 13.6 14.5 13.7 .41
Federal grade 12.8 12.8 12.9 13.1 12.9 .11
Cutability 49.8 49.7 49.5 49.3 49.3 .43
Percent choice 61 71 64 68 64 9.1
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Lasalocid for Feedlot Steers

F. N. Owens and D. R. Gill

Story in Brief
Lasalocid and monensin were supplemented at 0, 20 or 30 grams per ton with a

shelled corn diet and fed to 140 steers (initial weight 6791b) for 119 days. Rate of
gain tended to be greater with the higher level of lasalocid than the higher level of
monensin addition to the feed. Feed intake was reduced by 4.1 percent with
lasalocid and 2.0 percent with monensin. Efficiency of gain was improved by 5.9
percent with addition of either drug and was slightly greater (7.6 percent vs 4.3
percent) with lasalocid than monensin. Calculated metabolizable energy was
increased with either drug (3.8 percent) and greater with lasalocid than monensin
(5.1 vs 2.4 percent). Fecal starch tended to be lower with lasalocid than with
monensin feeding. Fat thickness tended to be lower with drug feeding, and
percent of carcasses graded choice was significantly greater for steers fed lasalocid
than those fed monensin due to slightly higher marbling score. Results indicate
that lasalocid increases efficiency of feed use by feedlot steers to a level equal to or
greater than monensin. The lower feeding level (22 ppm) proved as effective as
the higher level of either drug. When legally cleared for feedlot cattle, lasalocid
should be a useful feed additive.

Introduction

Monensin is fed widely to feedlot cattle to improve efficiency of feed use. A
summary of six trials in Oklahoma (Witt et aI., 1980) indicated that at 33 ppm,
monensin depressed rate of gain very slightly but reduced feed intake (19.2 vs
18.2 Ib/day) and improved feed efficiency by 4.8 percent. Monensin is cleared for
feeding in the range of 5 to 30 grams per ton. In one previous trial (Gill et aI.,
1978), monensin was fed to steers at 15 or 30 grams per ton with a high-moisture
corn diet. Gains and feed efficiencies with the 0, 15or 30 grams per ton monensin
diets were 3.22, 3.20 and 3.17 Ib/day and 5.51, 5.36 and 5.33 Ib feed/lb gain.
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Table 5. lonophore comparisons from feedlot trials at Oklahoma State

Cattle Dallygain Feedeniciency
lonophore fed Trials Control Drug Response Control Drug Response

Ib Ib % Ib %
Monensin 800 7 3.33 3.33 0.0 5.82 5.53 5.0
Lasalocid 84 1 3.38 3.40 0.6 5.75 5.31 7.7

Salinomycin 140 1 3.10 3.39 9.4 6.53 6.02 7.8



Thornton and Owens (1976) reviewed the available literature and concluded that
though monensin reduces feed cost most when fed at 30 grams per ton of feed,
lower levels are more economically advantageous when yardage and interest costs
are high relative to feed costs. Lasalocid functions in a manner similar to monen-
sin. The objective of this experiment was to determine the effect of feeding
monensin or lasalocid at 20 or 30 grams per ton on performance and carcass
characteristics of feedlot steers.

Materials and Methods

Steers of mixed breeding which had been pastured together for several months
near Purcell, Oklahoma, were sorted, and 140 steers were trucked to Stillwater,
Oklahoma, on January 23, 1981. Steers had an average shrunk weight of 679
pounds following arrival. Steers were blocked into two weight groups averaging
640 and 719 pounds and randomly allocated within group to pens. Treatments
were randomly allotted to pens within a weight group. Within each weight group,
half of the pens received a starting ration diluted with cottonseed hulls while for
the other half, the ration was diluted with dehydrated alfalfa meal. Steers were
ear tagged and vaccinated for IBR-BVD-PI3 and blackleg (5-way) on arrival. The
ration (Table 1) was diluted with roughage to a level of 40 percent roughage for 3
days, 30 percent roughage for 3 days, 20 percent roughage for 2 days and 12.5
percent roughage for 2 days. On days 28, 55 and 90 of the trial, steers were
weighed full. Samples of feces from three steers per pen were obtained on day 20
and day 115 of the trial for pH, dry matter and starch analysis. On day 119of the
trial, steers were weighed after 18 hours without feed and water. Steers were then
re-fed and trucked to Booker, Texas, for slaughter the following morning.
Slaughter and carcass data were obtained, and livers of steers fed lasalocid were
discarded.

Table 1. Ration composition (dry matter basis)

Ralionroughagelevel("!oj
Ingredient 40 30 20 12.5 5"

Whole shelledcorn 53.87 63.87 73.87 81.37 88.87
Cottonseedhulls 25 15 10 5 5
Alfalfa meal or cottonseed hulls 15 15 10 7.5 0
Pelleled supplemenlb 6.13 6.13 6.13 6.13 6.13
.Calculated composition (dry matter basis) is 3.15 meal MElkg; 12.08% protein; .65% K; .47% Ca; .37%

phosphorus. Analyzed between 89 and 91% dry matter.
.Contained, as a percent of the total ration, soybean meal, 3.4; limestone, 1.03; urea, .50; KC1, .40; salt, .30;
dehy, .27; diealcium phosphate, .23. Vitamin A at 30,000 IU/g, .01; and monensin (60 gI1b) at 0, .016 or .025
or lasalocid (20%) at .011 or 0.16.

Results and Discussion

Rate of weight gain was influenced little by drug source or level (Table 2). Gains
were slightly faster with the low than with the high monensin level when cal-
culated on a shrunk or a carcass weight basis. Daily feed intake was reduced by 0.9
lb per head daily (4.1 percent) with lasalocid and 0.5 Ib (2.0 percent) with
monensin. Efficiency of gain was 5.9 percent greater with addition of either
ionophore and tended to be greater (7.6 vs 4.3 percent) with lasalocid than
monensin. Metabolizable energy content of the ration was calculated from weight
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gain, rate of gain and net energy equations. Metabolizable energy was increased
3.8 percent by ionophore addition, with lasalocid being superior (5.1 vs 2.4
percent) to monensin.

Fecal dry matter, pH and starch (Table 3) were all increased with ionophore
addition. Fecal pH tended to be greater and starch content tended to be lower
from steers receiving lasalocid than those receiving monensin.

Carcass characteristics are presented in Table 4. Dressing percentage tended to
be lower with feeding of either ionophore. While only three steers had liver

Table3. Feces compositon

Lasalocid
Monensin

o
o

19.9b
5.94ab

13.6b

20
o

24.7a
6.13a

17.9ab

Druglevel,gllon
30
o

21.6ab
6.24a

15.0b

Dry matter, %
pH
Starch, % of DM
Whole kernels,

% of samples 17 29 21

ebMeans in a row with different superscripts differ significantly (P<.05).
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Table 2. Steer performance and intakes

Druglevel,gllon
Lasalocid 0 20 30 0 0
Monensin 0 0 0 20 30

Weights, Ib
Initial 680 684 675 677 676
55 days 919 928 922 922 915
119 days

Live 1090 1103 1109 1100 1094
Carcassa 1085 1089 1085 1080 1083

Daily gain, Ib
0-55 3.53 3.59 3.65 3.61 3.52

56-119 3.38 3.46 3.64 3.50 3.50
0-119 live 3.45 3.52 3.64 3.55 3.51
0-119 carcassa 3.38 3.37 3.42 3.36 3.39

Daily feed, Ib dry matter
0-55 19.3 18.8 18.4 18.4 18.4

56-119 20.2 18.8 19.8 20.1 20.5
0-119 19.8 18.8 19.2 19.3 19.5

Feed/gain
0-55 5.50 5.26 5.07 5.11 5.26

56-119 5.98b 5.44c 5.45c 5.72bc 5.86b
0-119 live 5.75b 5.35cd 5.27c 5.43cd 5.58bc
0-119 carcassa 5.86 5.86 5.63 5.71 5.79

ME carcasse 2.91d 3.05b 3.07a 3.01bc 2.95cd

aCalculatedas hot carcass weighV.62.
bcdMeansin a row with different superscriptsdiffer significantly (P<.05).

.Calculated from feed intake and rate of gain.

0 0
20 30

25.1a 23.4ab
5.61b 6.02ab

25.8a 20.1ab

50 37



flukes, over 40 percent had liver abscesses. Abscesses were of moderate severity.
Rib eye area was smaller than in most previous trials but was not affected by
treatment. Fat thickness over the 12th rib was lower with addition of either drug.
Marbling score and federal grade tended to be lower with drug addition. Percent
of carcasses graded choice was greater for steers fed lasalocid than for those fed
monensin. Cutability and yield grades were not altered with drugs.
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Table 4. Carcass characteristics

Druglevel,gIIon
Lasalocld 0 20 30 0 0
Monensin 0 0 0 20 30

Carcass weight, Ib 673 675 673 670 671

Dressing percent 61.8 61.2 60.7 60.9 61.4
Liver abscesses

Incidence, % 36 36 59 32 39
Severitya 2.0 1.8 1.9 1.5 1.8

Fluke incidence, % 3.6 0 4.2 0 3.6
Rib eye area

Square in. 12.0 12.2 12.2 12.1 11.9
In.2/cwt 1.79 1.82 1.82 1.82 1.78

Fat thickness, in. .44d .34e .39de .39de .39d8
KHP,% 2.3 2.3 2.3 2.3 2.3
Marbling scoreb 13.0 13.1 12.6 12.4 12.7

Federal gradeC 12.7 12.6 12.6 12.4 12.4
Percent choice 67.9d 60.]d8 56.7d8 39.3e 40.08

Cutability, % 50.4 51.1 50.8 50.8 50.6

Yield grade 2.90 2.70 2.84 2.82 2.73
Carcass value, $/cwt 61.40 61.82 60.56 61.54 61.78

.Scored from1 = a singlesmallabscess to 3 = several severe or active abscesses.
bSlightplus = 12;smallminus = 13.
cGoodplus = 12;choice minus = 13.

daMeans in a row with different superscripts differ si9nificantly (P<.OS).



Alfalfa vs Cottonseed Hulls

for Starting Cattle on
High Concentrate Rations

D. R. Gill and F. N. Owens

Story in Brief
Rations for starting feedlot steers were diluted with cottonseed hulls or a

mixture of cottonseed hulls plus alfalfa meal and fed for the first 24 days of a 119-
day feeding period for 140 steers weighing 678 Ib at the start of the trial.
Compared with steers receiving cottonseed hulls in their starting rations, steers
fed alfalfa meal consumed 1.4 percent more feed and gained about 2.5 percent
more rapidly for a slight improvement (1.7 percent) in feed efficiency. Results
suggest that with these starting rations, a protein content as low as 11percent for
700-lb feedlot cattle had no marked adverse effect on subsequent feedlot per-
formance. Though dehydrated alfalfa meal produced no significant perform-
ance or carcass benefit, economics in this trial justified including a low level of
alfalfa meal in the starting ration.

Introduction
Rations for starting feedlot cattle on feed generally contain moderate amounts

of roughage to prevent overeating and acidosis. Intake of many essential nutri-
ents, such as protein and potassium, may be considerably below animal require-
ments because intake of newly received cattle is often low, and chemical
composition of roughages differ markedly. Dehydrated alfalfa meal (62 percent
TON, 19 percent protein) and cottonseed hulls (41 percent TON, 4.3 percent
protein) are two roughages which are used to start cattle on feed. Unidentified
growth factors also have been ascribed to alfalfa meal, and it is included in many
rations designed for starting cattle on feed. The objective of this trial was to
compare performance of feedlot steers fed starting rations with roughage
provided 1) by cottonseed hulls alone or 2) by a mixture of alfalfa meal and
cottonseed hulls to maintain protein content.

Material and Methods

Ration composition is presented in Table 1. From 40 to 70 percent of the
roughage was provided from dehydrated alfalfa meal in the starting rations to
maintain protein content near 13 percent (Table 1) compared with 10.3 to 11.9
percent protein for the cottonseed hull rations. Potassium levels for the two
roughages and thereby for the rations were similar, but phosphorus and calcium
were IQwer with the cottonseed hull rations. Steers had access to feed at all times
in self-feeders. Steers received approximately 80 Ib of each ration consecutively so
that all steers were on each ration for 4 to 7 days and reached the top ration by
day 24 of the experiment. During this period, each alfalfa-fed steer received a
mean of 40 Ib of dehydrated alfalfa. Other procedures were as described in
"Lasalocid for Feedlot Steers" found elsewhere in this publication.
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a Protein content of the starting rations with alfalfa meal present were 12.5. 13.1, 12.9 and 13.0% of dry
matter compared with 10.3, 10.9, 11.4 and 11.9% with cottonseed hulls as the only roughage present.

"Calculated composition (dry matter basis) is 3.15 meal ME/kg; 12.08% protein; .65% K; .47% Ca; .37%
phosphorus. Analyzed between 89 and 91% dry matter.

e Contained,as a percentof the total ration,soybeanmeal, 3.4; limestone, 1.03;urea, .50; KCI, .40;salt, .30;
dehy, .27; dicalcium phosphate, .23. Vitamin A at 30,000 IUlg, .01; and monensin (60 glib) at 0, 0.16 or .025
or lasalocid (20%) at .011 or 0.16.
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Table 1. Ration composition (dry matter basis)8

Rationroughagelevel(%)
Ingredient 40 30 20 12.5 5"

Whole shelled corn 53.87 63.87 73.87 81.37 88.87
Cottonseedhulls 25 15 10 5 5
Alfalfa meal or

cottonseed hulls 15 15 10 7.5 0
Pelletedsupplement" 6.13 6.13 6.13 6.13 6.13

Table 2. Steer performance and intake

Item Alfalfa Hulls

Steers, number 70 70

Weights, Ib
Initial 677 679
55 days 924 919
119days

Live 1103 1095
Carcass 1090 1079

Daily gain, Ib
0-55 3.63 3.52

56-119 3.52 3.46
0-119live 3.57 3.49
0-119 carcass 3.43 3.33

Daily feed, Ib
0-28 19.3 19.2
0-55 21.0 20.6

56-119 22.2 22.0
0-119 21.6 21.3

Feed/gain
0-55 5.78 5.87

56-119 6.31 6.34
0-119live 6.06 6.12
0-119 carcass 6.30 6.41

Metabolizableenergy,a Mcallkg 3.00 2.99

· Calculated from gain and feed intake.



Results and Discussion
Performance information is presented in Table 2. No significant differences in

performance were detected. Steers receiving alfalfa in their starting ration con-
sumed an average of 1.4 percent more feed, which increased gain by 2 to 3
percent and improved feed efficiency by I.7 percent. Energy availability of the
ration was unchanged. Based on the averages, replacing 40 Ib of cottonseed hulls
with dehydrated alfalfa meal during the starting period saved 44 Ib of feed over
the 119-day trial.

Carcass characteristics (Table 3) were not significantly altered by composition of
the starting ration though fat thickness, KHp, marbling score and cutability all
indicate that carcasses were slightly fatter for steers which received dehydrated
alfalfa meal.

Table3. Carcass characteristics

Item

Carcassweight
Dressingpercent
Liver abscesses

Incidence,%
Severity

Rib eye area
Square inches
In. 2/cwt

Fat thickness, in.
KHp,%
Marblingscore
Federal grade
Percent choice
Cutability,%
Carcass value, $/cwt

Startingroughage
Alfalfa

676
61.3

Hulls

669
61.1

45
1.78

36

1.84

12.1
1.79
.41

2.33
12.9

12.5
55
50.5
61.34

12.1
1.82
.37

2.24
12.6
12.5
51
50.9
61.50
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Table 4. Composition of feces

Day Startingration
of

trial Component Alfalfa CSH
20 pH 6.36 6.37

Dry matter,% 21.8 22.4
Starch, % of DM 17.7 16.5
Samples with

whole kernels, % 27 17

115 pH 5.63 5.60
Dry matter,% 23.1 24.5
Starch, % of DM 17.3 22.5
Samples with

whole kernels, % 23 57



Feces samples were obtained on day 20 when steers were fed receiving diets
containing cottonseed hulls (12.5 percent) or a mixture of cottonseed hulls (5
percent) plus alfalfa meal (7.5 percent) as a,source of roughage. No marked effect
of roughage source at this time or later in the feeding period was apparent (Table
4). The dry matter, starch and whole kernel percentages were higher later in the
feeding trial, and pH was lower. Whether this difference is due to a reduced
digestibility with age and time on feed or a ration composition difference is under
study.

Influence of Starting Weight and
Breed on Performance of Feedlot

Steers

EN. Owens and D. R. Gill

Story in Brief
Steers were grouped by initial weight and fed high concentrate rations in two

finishing trials. Feed intake was greater for heavier steers but, expressed as a
fraction of body weight, declined from 2.5 to 2.2 percent per day as mean steer
weight increased from 850 to 1137 lb. Efficiency of feed use has generally been
lower for heavier cattle, but energetic efficiency, calculated from net energy
equations, is consistently higher for heavier cattle. Fat cover and marbling have
generally increased with starting weight and carcass weight. Comparison of
breeds in these trials revealed lower rates of grain for Angus steers, especially late
in the finishing period; lower dressing percentages for Hereford steers than
other types; and high rates of gain and carcass cutability for exotic crossbred
steers.

Introduction

Effect of starting weight on feedlot performance has been studied previously
with 500 and 600-lb steers (Gill et aI., 1980). Intakes and gains were greater for
heavier steers, but heavier steers had less desirable feed efficiencies. These effects
need examination with heavier steers.

Feedlot performance and carcass characteristics among common cattle breeds
have been reviewed (Owens et aI., 1979; Gill et aI., 1981). Total feedlot gain for
Angus-Hereford crossbred steers has exceeded the mean of Angus and Hereford
steers by 6 to 8 percent. Marbling score and percent of carcasses grading choice
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have consistently favored the Angus steers. Carcass traits of Angus-Hereford
crossbred steers appears intermediate in all measurements. In these trials, per-
formance and carcass traits of 280 steers of mixed breeding were examined.

Materials and Methods
Steers used in both trials had been assembled in Purcell, Oklahoma, and

pastured together for several months prior to transport to Stillwater for finishing.
Steers used in the "Lasalocid for Feedlot Steers" trial reported elsewhere in this
publication were subdivided into two groups based on initial weight (640 vs 714
Ib). Steers in the "Salinomycin for Feedlot Steers" trial were divided into four
weight groups based on initial weight. Steers were classified into four breed types
by appearance in both trials and assigned randomly to pens. Therefore, no feed
intake or efficiency data are available for steers by breed type.

Results and Discussion

Animal performance information by weight group is presented in Tables 1 and
2. Feed intake was greater for the heavier set of steers in both trials (4.3 and 5.6
percent for every increase of 100 Ib in the two trials), especially early in the
feeding study when intake was 5.9 and 6.8 percent greater per hundred pounds.
These differences are less than the 10 percent observed with steers averaging 100
Ib heavier in a previous trial. Overall, feed intake was equal to 1.33 times weight to
the .41 power. Subdividing feed intake by periods reveals that feed intake

Table 1. Steer performance by Initial weights

Item

Steers, no.
Pens

Weights,Ib
Initial
55 days

119days

Daily gain, Ib
0-55 days

56.119days
0-119days

Daily feed, Ib

0-55 days
56-119days
0-119days
% of body weight

Feed/gain
0-55 days

56-119 days
0-119 days

Metabolizable energy,
meal/kg

abMeansina rowwithdifferentsuperscriptsdiffer(P<.05).
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Weightgroup
Light Heavy
70 70

10 10

640b 7178
881b 9628

1061b 11378

3.59 3.57
3.50 3.49
3.54 3.53

19.8b 21.78
22.3 21.9
21.1 21.8

2.48 2.35

5.55b 6.098
6.37 6.28
5.98b 6.198

2.97 3.02



increased proportionately to body weight the first 56 days on test (Intake = 5.66
+ .019 weight). Intake was not influenced by body weight during the last half of
the feeding study when average steer weight exceeded 950 lb.

Daily gain was not influenced by weight group at any period of this trial. This
contrasts with an 8 percent increase in gain per hundred pounds initial weight in
the previous trial. No explanation for this difference is apparent. Efficiency of
feed use was 4.6 percent lower for every hundred pounds increase in initial
weight in the first trial compared with 0.6 percent in the second trial and 3.1
percent in the previous trial. Efficiency of conversion of feed to gain is depressed
when feed intake above maintenance is low or when tissue gain is higher in fat
and lower in protein and water. Yet, availability of energy, estimated from net
energy equations, indicated a superiority for heavier animals in both studies as
was true in the previous trial. This increase may be due to minor errors inherent
in the net energy equations used to calculate energy efficiency. Digestibility might
be expected to decline with greater intake and weight. Carcass characteristics
(Tables 3 and 4) indicate that heavier steers were depositing more fat both over
the rib and in the rib eye than lighter steers. Rib eye area per hundred pounds of
carcass declined as carcass weight increased as expected.

The influence of breed type on performance and carcass characteristics is
presented in Tables 5 and 6. In these trials, rate of gain of Angus-Hereford
crossbred steers was 98 and 103 percent of the average of Angus and Hereford
steers, somewhat below previous values (106 and 108 percent). Other crosses
including Brahman and Charolais type steers gained at rates 2 and 5 percent
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Table 2. Steer performance by Initial weights

Weightgroup
1 2 3 4

Steers, number 35 35 35 35

Weight, Ib 755a 768a 799b 828c
Initial

56 days 984a 1003ab 102Sb 1069c
120days 1158a 1180ab 1202b 1247"

Daily gain, shrunk, Ib
0-56 3.18 3.29 3.12 3.35

57-110 3.57a 3.22b 3.44ab 3.50ab
0-120 carcass 3.38 3.25 3.28 3.42

Daily feed, Ib
0-56 22.2 22.8 22.9 23.3

57-110 21.5 22.5 23.0 22.7
0-120 22.0 22.3 22.5 22.9

% of body weight 2.30 2.28 2.25 2.20

Feed/gain
0-55 6.97 7.02 7.34 6.99

57-110 6.06 6.99 6.69 6.53
0-120 6.80 6.74 6.96 6.77

Metabolizableenergy,
meal/kg 2.98a 2.87b 2.90ab 3.01a

abcMeansin a row with differenlsuperscripts differ (P<.05).
"Calculated from gain and feed intake.



above the Angus-Hereford crossbred steers. Rate of gain of Angus steers was
considerably less (6 and 3 percent) than for other breed types during the second
half of the feeding trial as has been observed in previous trials (6 and 7 percent).

Table 3. Carcass characteristics of trial 1

Initialweight

Carcass weight, Ib
Dressing percent
Liver abscesses

Incidence, %
Severity"

Rib eye area
Square inches
In2/cwt

Fat thickness, in.
KHp, %

Marbling score
Federal.grade
Percent choice

Cutability
Value

8bMeans in a row with different superscripts differ (P<.05).
CSlight = 1; severe = 3.

Table 4. Carcass characterIstics from trIal 2

640
647b

61.0

717
6988

61.4

Weightgroup

Carcass weight
Dressing percent
Liver abscesses

Incidence, %
Severity

Rib eye area
Square inches 12.7 12.8
In2/cwt 1.78 1.75

Fat thickness, in. .56 .51
KHP, % 2.74 2.68
Marbling scorec 13.3 13.9
Federal graded 12.8 13.0
Percent choice 70 60
Cutability 49.5 49.8
"Means in a row with different superscripts differ (P<.05).
cLow choice = 13; average choice = 14.
dSlight plus = 12; small minus = 13.

41
1.73
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43
1.62

38.6 41.9
1.65 1.98

11.9b 12.38
1.848 1.77b
.36 .41

2.31 2.26
12.4b 13.18
12.5 12.5
49.5 56.3
51.0 50.5
61.5 61.3

3 4

745b 7738
64.2b 64.5b

32 37
2.00 1.55

13.3 13.4
1.79 1.75
.59 .60

2.75 2.80
13.8 14.3
12.9 13.0
64 69
49.4 49.3



Table 5. Breed effects on performance, trial 1

Item

Number
Weights

Initial
55 day
119 day

Daily gains
0-55 3.55 3.47

56-119 3.51ab 3.22b
0-119 3.35 3.26

Carcass hot weight 660 689
Dressing % 61.0 61.7
Rib eye area, in.2 11.8 12.3
Rib eye area, in.2/cwt 1.80 1.80
Fat over rib, in. .40a .48a
KHP, % 2.3 2.3
Marbling 12.7ab 13.6a
Federal grade 12.5 12.6
Yield grade 2.8ab 3.0a
Cutability 50.6b 50.3b
Choice, % 52 64

abcMeans in a row with different superscripts differ significantly (P<.05).

Hereford Angus
1542

Table 6. Breed effects on performan~e, trial 2

Hereford
Breedtype

AngusItem

Number
Weights

Initial
56 days
124 days

Daily gains
0-56

57-124
0-124

Carcass weight
Dressing %
Ribeye area

sq. in. 12.6 12.7
sq. in./cwt 1.70 1.72

Fat over rib, in. .58ab .64ab
KHP, % 2.6 2.8
Marbling 12.8 14.6
Federal grade 12.6 13.1
Cutability 49.2 49.0
Choice, % 62 63

abMeans in a row with different superscripts differ significantly (P<.05).

13 8

780
1014

1206

803
1018
1198

3.27ab
3.60
3.43

737
63.7

2.94b
3.35
3.14

738
64.2

Breed

Blackbaldy

37

688b
929ab

1095

3.54
3.4 7ab
3.39

679
61.5
12.1

1.78
.43a

2.3
12.9ab
12.6
2.9ab

50.4b
63

Blackbaldy

33

798
1019
1207

3.05b
3.40
3.22

743
64.2

13.2
1.79

.65a
2.8

14.0
12.9
49.1
70

Crosses

45

672bc
918ab

1084

3.65
3.57a
3.45

673
61.1
12.3

1.83
.32b

2.3
12.4b
12.4
2.7b

51.3a
41

Crosses

78

785
1027
1212

3.41a
3.40
3.40

746

64.1

13.1
1.77
.53b

2.8
13.8
12.9
49.8
63
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This as well as the consistently increased marbling of the Angus steers and
generally higher Federal grade suggests that the Angus steers are closer to
mature size than other types tested and need to be marketed more promptly
when finished than other breeds. Again, in these two studies dressing percent was
lower for the Hereford than other breed types. Carcass value estimated from
cutability favored the exotic crossbred steers. When sold on a live basis, exotic
crosses are often discounted. Grade and yield marketing may improve the eco-
nomic return on such cattle as these data suggest that carcasses were fully as
valuable and cutability was higher than for other steers in these two trials.
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Propylene Glycol and Feed Intake by
Steers

D. C. Weakley,EN. Owens,
K. W.Milliner and

D. A. Phelps

Story in Brief
Propylene glycol (PC), a compound which supplies glucose for tissues and is

used to prevent ketosis, was added to a high concentrate diet for 14 finishing
steers. Feed intake over 3 weeks was reduced by 36 percent and gain by 93
percent with the addition of 5 percent PC. In another trial, PC and other glucose
and non-glucose forming compounds were fed to nonruminant animals (rats) at
levels up to 20 percent of their diet. Feeding propylene glycol, triacetin, tributy-
rin, glucose or corn oil for one week had little effect on feed intake. However,
feeding 14 percent acetic acid, a compound not used to form glucose, increased
intake by 37 percent. Intake has not been depressed at PC levels over 15 percent
in diets of dairy cows and nonruminant animals. Results suggest that supply of
glucose-producing compounds like propionate limit feed intake of steers fed high
concentrate rations.

Introduction

For treatment of ketosis of dairy cows, it is common to feed propylene glycol
(PC), a compound which, like propionate, is used by the liver to form glucose.
Some work has suggested that PC fed to dairy cows at 6 percent of the concen-
trate ration helps in prevention of ketosis, and a level of 9 percent is not
detrimental. This experiment was conducted to determine the effect of this
glucose-forming compound on feed intake of rats and steers.

Materials and Methods

Fourteen steers (mean weight 864 Ib) in individual pens were fed a diet
containing 89 percent whole shelled corn, 5 percent cottonseed hulls and 6
percent pelleted supplement, primarily soybean meal, with or without addition of
5 percent PC (industrial grade) for 21 days. Feed was available at all times, and PC
was added each day to the new feed. Treatments were rotated and feed intake
again was measured for 21 days. Feed intake the final 10 days of each period was
used for calculations to remove the time period of adaptation to the diet. Steers
were weighed on 2 consecutive days at the start and end of each period to
calculate gain.

In another experiment, 56 rats (mean weight 325 g) were fed the diets shown in
Table lover two periods. In each period, eight rats were fed diets containing
either tributyrin (TB), propylene glycol (PC), triacetin (TA), acetic acid (AA),
glucose (C) or corn oil (CO) as supplementary energy sources. All diets were
formulated to be of equal digestible energy content and contain glycerol in
amounts equivalent to the control diet (C). Bomb calorimetry was performed on
all diets to determine gross energy content. Daily dry matter consumptions,
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Table 1. Rat trial diet composition

Item c 1B PG
Diet"

TA AA G co

Tributyrin
Propylene glycol
Glucose
Triacetin
Acetic acid
Glycerol
Corn oil
Ground corn and

SSM mixture 86.7 57.8
Polyethylene 5.7 17.8
Gross energy, kcal/g 4.1 3.9
"Dietsincluded.6%vitaminmixand1.1%mineralmix.

% of dry matter n..
22.8

21.4
24.2

16.9

5.9 5.7
15.6
5.7 5.8 5.7

11.6

59.9
11.4
3.6

72.9
8.5
4.5

72.9
4.1
4.0

68.3

4.2

66.6
14.5
4.2

expressed as a percentage of each rat's average weight, were measured the final 5
days of each 14-day period.

Results and Discussion

Feed intake of these feedlot steers was decreased by 36 percent, and gain was
decreased by 93 percent with addition of 5 percent PC to the diet. Dairy cows
have been fed rations with 9 percent of the concentrate portion of their ration
being PC. This was fed with oat silage so that 3.5 percent of dietary dry matter
was PC. Intake was reduced by only 8 percent (Fisher et aI., 1973). Levels up to 16
percent PC have not depressed intake of dairy cows (Emery, 1964). Propionate
production in the rumen may be lower with the higher roughage di~ts normally
fed to dairy cows than high concentrate diets usually fed to feedlot steers. The rat
trial responses (Table 3) indicate no effect on intake of supplementary ketone-
forming triglycerides (TB, TA) or corn oil. Even though the intake of the PC-fed
rats was elevated 12 percent above the C-fed rats, the gross energy content of the
PC diet was 12 percent less than the control diet, suggesting little effect by PC on
energy intake. Clucose, as well, had little effect on feed intake. A 37 percent
increase in intake was noted for rats fed acetic acid, a compound used fOTfat
synthesis. However, a portion of this response may be due to slow evaporation of
acetic acid from the diet in the feeders. An increase in intake with acetic acid is
impressive considering its odor. This change might be expected if synthesis of fat
from glucose is related to mechanisms which control feed intake.

Table2. Intake and gain by steers

Propyleneglycol, %
~m 0

Dry matter intake, Ib 18.5a
Daily gain, Ib 4.45a

abMeansin a row with different superscriptsdiffer statistically (P<.05).
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Table 3. Rat trial dry matter consumption

Diet Addedenergysource

C Glycerol
TB Tributyrin
PG Propyleneglycol
TA Triacetin
AA Acetic acid
G Glucose

CO Corn oil
abcMeans with different superscripts differ statistically (P<.05).

Dally dry matter
consumed as % of

average rat wt

4.88c
4.60c

5.47b

4.92bC
6.568
4.84c
4.40c

Species and diet differences suggest that supply of glucose-producing com-
pounds may control intake of feedlot steers. Methods are under study to decrease
propionate production and increase rate of metabolism of propionate in order to
increase energy intake of feedlot steers.
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Roughage Source in Feedlot Diets

S. R. Rust and EN. Owens

Story in Brief
The influence of roughage source on digestion of :1 high grain diet was

measured with 24 Hereford-Angus steers. The six roughages tested were cotton-
seed hulls, prairie hay, alfalfa hay, sorghum plant silage and two varieties of corn
plant silage. The diet consisted of 82 percent whole shelled corn, 10 percent
roughage and 8 percent supplement. Daily feed intake was restricted to 2 percent
of body weight. Digestion of organic matter, starch, ADF and nitrogen were not
significantly different for the diets containing the six roughages. Total diet
organic matter and starch digestibilities tended to be higher for cottonseed hulls
and prairie hay diets than the diets containing silage. The more completely
digested roughages were not necessarily associated with the more digestible grain
diets. Results indicate that cattle feeders may ignore forage digestibility and
energy ,content in selection of roughages for whole corn finishing diets and be
more concerned with roughage availability, palatability, ration handling char-
acteristics and cost. Traditional roughages such as corn silage and alfalfa hay,
which are often preferred by cattle feeders, appeared to have little advantage in
this study.

Introduction

Corn is usually processed to increase its energy availability. Feeding corn in the
whole shelled form eliminates one processing step and some costs. Cattlemen
often prefer alfalfa hay or corn silage as a roughage source in feedlot diets. One
possible reason for this preference may be the presence of unidentified growth
factors. The purpose of this research was to examine the influence different types
of forages have on digestion of whole shelled corn in typical feedlot finishing
diets.

Experimental Procedures
Twenty-four Hereford-Angus steers (800 Ib) were utilized to examine the

effects of six different roughage sources on digestion of a high concentrate diet.
The six roughages (Table 1) were cottonseed hulls (CSH), prairie hay (PH), alfalfa
(AH), sorghum plant silage (SS) and two corn plant silages (FCS = forage corn
silage and GCS = grain corn silage). Four steers were randomly allocated to each
of the six roughages. Animals were housed in individual pens on slatted concrete
floors. Steers were fed the assigned diets for 21 days. The last 5 days of this
period, fecal grab samples were collected at 0600 hr, pH was determined and
samples were frozen for laboratory analysis. Chromic oxide was added at .2
percent of the diet as an indigestible marker to calculate digestibility. Steers were
fed twice daily. Diets contained whole shelled corn (WSC) plus supplement and
roughage (Table 2). Supplement composition is shown in Table 3. Protein was
added to obtain a minimum protein level of 10.5 percent with some of the rations
being above this level. Feed and fecal samples were analyzed to determine the
digestibility of organic matter, nitrogen, starch and fiber. Fiber content was
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Table 2. Diet composition (DM basis)

Ingredient

Whole shelled corn

Forage
Supplement

%

82
10
8

Table 3. Supplement compositionS (DM basis)

CSH& PH
Ingredients %

SSM 72.3
Ground corn 5.1
Dicalcium phosphate 10.7
Limestone 2.7
Potassiumchloride 0
Salt 1.6
Urea 3.8
Sodium sulfate 2.4
Trace mineral mix .2
Chromic oxide 1.3
"Vitamin A and 0 were added to supply NRC requirements.

AH
%

o
50.4
13.1
15.1
5.6
3.1
7.5
2.4

.3
2.5

Silages
%

45.3
4.9

13.1
15.1
5.6
3.1
7.5
2.4

.3
2.5

estimated by analyzing the samples for acid detergent fiber (ADF). Rumen
samples were obtained using a stomach tube on the final day of the study and
analyzed for pH, ammonia concentration and volatile fatty acid concentrations.

Results and Discussions

Total tract digestibility estimates for organic matter, starch, nitrogen and ADF
for the six diets are shown in Table 4. At low levels in the diet, source and
digestibility of roughage appear less important than in diets composed entirely of
roughage. In comparison of predicted vs determined digestibilities, alfalfa and
two of the three corn silage diets appeared considerably below expected values.
Starch digestion of these diets was also lower with those three roughages. This
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Table 1. Ingredient analysis (%)

Drymatterbasis
Item DM Starch ADF Protein

Cottonseed hulls 88.5 3.9 64.2 7.5

Prairie hay 91.2 3.8 46.2 5.9

Alfalfa hay 90.6 2.0 40.1 18.2

Sorghum silage 27.9 18.5 37.3 7.7

Corn silage (grain) 33.8 21.1 31.3 8.4

Corn silage (forage) 32.8 23.2 30.0 7.6
Whole shelled corn 88.4 73.8 2.4 9.9



suggests that the influence of roughage on corn digestibility in diets containing
high levels of whole shelled corn is an important factor when considering value of
a roughage. Using roughages which are available and palatable and do not
reduce starch digestion may have economic advantages in high-grain diets.

The effect of roughage source on fecal parameters is shown in Table 5. Fecal
pH and fecal starch tended to be higher when silages were fed. Fecal fiber was
highest and fecal ash lowest with CSH. Fiber digestibility tended to increase as
fecal pH increased. This suggests low pH in the large intestine may have reduced
fiber digestion with these rations. If fiber digestion in the rumen decreases as
grain intake increases, much of the fiber digestion with feedlot diets may be de-
pendent upon fermentation in the large intestine and cecum. Rumen ammonia
tended to be higher with the silage diets, and ruminal pH tended to be higher
with alfalfa and prairie hay (Table 6). Ruminal volatile fatty acids were similar
except for isobutyrate and isovalerate, which are branch chain fatty acids derived
primarily from protein degradation. With the low protein roughages, low levels
of these acids might be expected.

Although roughage source at 10 percent of the diet did not greatly influence
digestion of high concentrate diets in the total digestive tract, the site of digestion
may have been altered, which could influence starch digestion. Since forage
contributes little energy to the total dietary energy concentration, the energy
value or digestibility of a roughage would appear to be of secondary importance
to palatability, availability and cost in whole corn finishing diets. Though alfalfa
and corn silage are often preferred by cattlemen, no special characteristics or
advantages of these roughages could be detected. In fact, the less digestible
roughages, cottonseed hulls and prairie hay, seem preferable to improve digesti-
bility of starch in the ration.

Table5. Effects of forage source on fecal parameters

Item CSH PH AH SS

Fecal
pH 5.68d
Dry matter, % 28.2
Starcha 20.6
Nitrogena 2.83
ADFa 24.7c
Asha 7.7e

.percentage of fecal dry matter.
bcMeans in a row with different superscripts differ statistically (P<.01).
deMeans in a row with different superscripts differ statistically (P<.05).

5.75d
26.0
26.6

2.76
18.2bc
10.8d

5.86de
29.0
35.2

2.76
14.3b
8.2de

5.88de
28.9
36.7

2.36
12.7b
11.3d
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Table 4. Effects of forage source on nutrient digestibility

Item CSH PH AH SS GCS FCS

Digestibility,%
Organic matter

Determined 73.8 77.1 65.2 69.6 67.8 74.1
Calculateda 74.4 75.5 74.5 74.4 75.8 75.8

Starch 90.8 89.2 77.4 79.7 77.4 84.8
ADF 27.1 37.2 25.0 34.2 44.8 47.0
Nitrogen 62.3 66.1 51.6 63.8 55.5 68.3

"Calculatedfrom TDN of ingredients listed in NRC for dairy cattle.

GCS FCS

6.128 6.078
31.4 28.7
37.4 34.2
2.61 2.39

10.5b 11.2b
11.7d 11.5d
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Table 6. Effect of forage source on rumen pH, ammonia and volatile fatty acid
concentration

Item CSH PH AH SS GCS FCS

Ruminal

pH 5.98 6.20 6.22 5.94 5.91 5.83
Ammonia, mg/dl 4.98c 8.77cd 9.97ooe 16.65e 15.05de 10.65cde

Volatile fatty acid,
moles/100 moles
Acetate 59.72 57.03 56.18 57.32 55.89 59.5
Propionate 28.59 30.56 23.03 28.26 21.31 21.9

Butyrate 7.68 9.04 12.24 8.81 12.39 13.57

Isobutyrate .16 .16 1.02 .48 1.77 .73
Valerate 1.62 1.39 3.55 1.57 3.44 1.69
Isovalerate 1.90a 1.82a 3.69ab 2.47a 4.96b 2.39a
Caproate .33 0 .29 1.08 .24 .22
Total, ""MImi 81.29 79.36 69.07 110.55 71.80 102.50

.bMeans in a row with different superscripts differ statistically (P<.05).
-Means in a row with different superscripts differ statistically (P<.01).



Effect of Limestone on Digestibility of
Feedlot Diets

S. R. Rust and E N. Owens

Story in Brief
Two levels oflimestone (.7 and 2.0 percent) were fed with two levels of chopped

alfalfa hay (10 and 50 percent) to 22 Hereford steers (517 lb). The diet also
contained whole shelled corn and supplement. Animals were fed individually at a
level equal to 2.5 percent of body weight daily in two equal meals. Organic matter,
fiber and nitrogen digestibility were increased with added limestone. Fiber and
nitrogen digestibility also increased as alfalfa was added to the diet. Beneficial
effects of additional limestone involved increased fiber and nitrogen digestibility
primarily, not increased starch digestibility. If increased fiber digestion speeds
Clearance from the rumen, limestone supplementation beyond nutritional re-
quirements may increase feed intake as well as digestibility of higher roughage
diets.

Introduction

Several researchers have reported that limestone supplementation increases
energy availability of high concentrate diets. Increased starch digestion has been
suggested as one explanation. Limestone has been suggested to increase starch
digestion by preventing ruminal and intestinal pH from falling so low as to inhibit
starch digestion. However, Zinn and Owens (1982) reported limestone altered
ruminal and intestinal pH very little. Fiber digestion may be more susceptible
than starch digestion to low ruminal pH.

The purpose of this study was to determine the influence of additional lime-
stone on starch and fiber digestion.

Experimental Procedure
Twenty-two Hereford steers (517 Ib) were fed one of two levels of alfalfa (10

and 50 percent) with two levels of limestone (.7 and 2.0 percent). Steers were fed
2.5 percent of their body weight as feed dry matter in two equal meals each day.

Table 1. Diet composition (% of dry matter)

Diet

Whole shelled corn
Alfalfa

Supplement

Analysis (%)
Protein
Starch
ADF

Ca, (calculated)

Highroughage
42
50

8

Low roughage
82
10

8

13.6

31.57
24.63

.97-1.65

12.4

58.54
6.70

.44- .87
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The diet included whole shelled corn (42 or 82 percent), alfalfa (10 or 50 percent)
and 8 percent supplement (Table 1). Steers were fed each diet for 21 days. The
limestone was incorporated into a pelleted supplement (Table 2). Chromic oxide
was included in the supplement as an indigestible marker to calculate digestibility.
Animals were housed in individual pens with concrete slatted floors. Samples of
feces were collected the last 5 days of each period. Samples were analyzed for pH,
dry matter, ash, nitrogen, starch, ADF (a fiber estimate) and chromium. Rumen
samples were collected with a stomach tube the last day of each period. Rumen
samples were analyzed for pH and volatile fatty acid concentrations.

Table2. Supplement composition (% of dry matter)

Diet

Dry rolled corn
Urea
Potassium chloride

Calcium carbonate

Dicalcium phosphate
Salt
Chromic oxide
Trace mineral
Vitamin A

Lowlimestone

67.7
6.0

10.3
9.1
2.2
2.5
2.0
.3
+

High limestone

51.0
6.0

10.3
25.8

2.2
2.5
2.0

.3
+

Results and Discussion

Limestone addition increased digestibility of organic matter, nitrogen and fiber
(Table 3). Starch digestion tended to be greater with limestone addition, but effect
was much less than for fiber. Limestone addition had little effect on rumen pH
(Table 4). This suggests that the positive influence of additional limestone in this
study probably was not due to a ruminal pH dfect. Other possible benefits of
added limestone include altered ruminal outflow rates, increased salivation and
rumination or an effect of the calcium on enzyme action or stability. Calcium
concentration of the low calcium-low roughage diet was .44 percent, which meets
the NRC requirement, while the higher limestone diet contained .87 percent
calcium. Limestone had similar effects on digestibility with both roughage levels
(Table 5). The response in starch digestibility to addition of limestone tended to
be greater with the lower roughage level (2.6 percentage units) than the higher
roughage level (1.6 percentage units).

Table3. Influence of llmestone on diet digestibility

Limestone level, %

2.0.7

Digestibility (%)
Organic matter 68.8a
Starch 90.3
Fiber 27.9a

Nitrogen 62.1 a

abMeansin a row with different superscripts differ statistically (P<.01).

74.0b
92.3
35.6b
67.6b
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Table 4. Effect of limestone level on rumlnal parameters

Limestone1%)
.7 2.0

Rumen:

pH 6.57 6.57

Volatilefatty acidsd
Total fJ.moles/ml
Acetate
Propionate
Butyrate
Isobutyrate
Valerate
Isovalerate
Caproate
CiC3
NGRc

90.1
56.9
22.0

9.5
6.6
2.1
2.2
0.7
3.1b
3.9b

90.4
56.2
23.3
9.5
6.6
1.9
2.1
0.5
2.78
3.48

abMeanswith differentsuperscripts differ statistically (P<.05).
cNon-glucogenicratio.
"Individual VFA in moles/100moles.
TotalVFA in ILmoles/ML.

Table5. Effect of limestone addition within two roughage levels

Roughagelevel
Limestoneleyel

Digestibility (%)
Organic matter
Starch
Fiber

Nitrogen

10 50
.7 2.0 .7 2.0

72.4
88.8
16.3
60.9

77.4
91.4
23.0
68.9

65.7
91.5
37.6
63.2

71.2
93.1
46.1
68.2

Fiber digestion was significantlyincreased with added alfalfa (Table 5). Starch
and nitrogen digestibility tended to increase with added roughage while organic
matter digestibility was reduced. Since much of the protein in alfalfa is associated
with fiber, increased fiber digestion should increase nitrogen digestibility.
Though roughages in some trials have reduced starch digestibility, roughage
addition to the diet also may increase rumination and digestion of the whole
shelled corn. Studies with intestinally cannulated cattle and pigs suggests that with
whole corn, the kernel surface limits digestion. With ground or processed corn,
other factors may limit digestion.

Volatile fatty acid concentrations (Table 4) were similar; however, the ratio of
acetate to propionate (C2/C3) was less with added calcium. This could decrease
methane loss and increase energetic efficiency. Efficiency of energy utilization
also has been related to the ratio of non-glucogenic to glucogenic fatty acids
(NGR). Ratios from 2 to 3.5 appear to be utilized efficiently for growth while
ratios above or below this range may be used less efficiently for growth. Lime-
stone decreased the NGR from 3.9 to 3.4. Forage addition to the diet decreased
concentrations of total volatile fatty acid, propionate, valerate, isovalerate and
caproate (Table 7). Acetate levels increased greatly with additional roughage.
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Table6. Roughage level effect on diet digestibility

Roughagelevel (%)
10 50

Digestibility(%)
Organic matter 74.9b
Starch 90.1
Fiber 19.7a
Nitrogen 63.9

abMeansin a row with different superscripts differ statistically (P<.01).

68.4a
92.3
41.9b
65.7

Table 7. Effects of roughage level on ruminal parameters

Roughagelevel (%)
10 50

Rumen:
pH
Volatilefatty acids

Total
Acetate
Propionate
Butyrate
Isobutyrate
Valerate
Isovalerate
Caproate
C2C3
NGR

6.35 6.77

94.3'
48.4a
29.0b
9.8
6.8
2.8b
2.5b
0.8d
1.9a
2.5a

87.0e
63.0b
17.6a
9.2
6.4
1.4a
1.9a
O.4c
3.7b
4.5b

abMeans in a row with different superscripts differ statistically (P<.01).
cdMeans in a row with different superscripts differ statistically (P<.05).
.'Means in a row with different superscripts differ statistically (P<.10).
9Non-glucogenic ratio.

In summary, limestone addition to increase dietary calcium from .44 to .87
percent of diet dry matter increased digestibility of organic matter, nitrogen and
fiber. With high roughage diets, the increased fiber digestibility due to added
limestone may increase clearance of fiber from the rumen and thereby permit
feed intake and gain to increase. Added calcium might be beneficial in a similar
manner for stressed cattle. Benefits from added limestone in this trial were
related primarily to increased fiber and nitrogen digestion rather than increased
starch digestibility. Results would support feedlot trial findings elsewhere in tbis
report that when added calcium increases feed intake, it will improve animal
performance.

Literature Cited

Zinn, R.A. and EN. Owens. 1982. Okla. Agr. Exp. Sta. Res. Rep. MP-1l2.
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Limestone and Potassium for
Feedlot Steers

R. A. Zinn, R N. Owens,
D. R. Gill and D. E. Williams

Story in Brief
A high moisture corn diet was supplemented with limestone to increase calcium

content to 1 percent of dry matter in two trials and with potassium chloride to
increase potassium to 1percent of the ration in one trial with feedlot steers. In the
first trial, calcium supplementation decreased feed intake by 10 percent and rate
of gain by 13percent. But in the second trial, gain was increased by 9 percent with
addition of the same level of calcium from the same source, largely due to a 4
percent increase in feed intake. Results indicate that if calcium supplementation
increases feed intake, it will increase animal performance and vice versa. Review
of experiments from across the United States reveals that only one location has
reported consistent benefit from calcium supplementation while little or no
benefit has been reported from other locations. Potassium supplementation
increased dry matter digestibility and live weight gain, but carcass gain was
changed little.

Introduction

Calcium supplementation of feedlot rations has increased rate of gain and
efficiency of feed use in some feedlot studies. Lack of response has been attrib-
uted by some workers to low solubility and large particle size of the limestone.
Previous studies with cannulated steers have shown that digestion of starch and
fiber may be increased with added limestone. Previous studies with cannulated
steers have shown that digestion of starch and fiber may be increased with added
limestone, but digestibility of starch in the small intestine has not increased (Zinn
and Owens, 1980). Similarly, added potassium may increase digestion in the
rumen due either to buffering properties or more frequent and smaller meals.
The objectives of these studies were to determine the influence of supplemental
calcium and potassium on performance of feedlot steers.

Materials and Methods

Ninety-six steers were allocated to 12 pens in each trial with four pens (32
steers) receiving each treatment. The first trial used 717 lb steers in a I2I-day
trial. In the second trial, steers weighed 6I3lb initially and were fed for 147 days.
Rations used in both trials were similar (Table 1),consisting of high moisture corn
and corn silage. The first trial began in April. One source of calcium, obtained
from Texas, was added to the diet to increase dietary calcium to 1 percent of dry
matter. Potassium chloride was added in a second treatment to produce a dietary
K level of 1 percent. The second trial started in November to double check results
of the first trial. For the second trial, two sources of calcium - the same relatively
low solubility limestone as used in trial 1 as well as a "high reactivity" form from
Carthage, Missouri - were used.
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Table 1. Ration composition

Ingredient Percentage"

Corn, high moisture
Corn silage
Alfalfa, chopped
Soybean meal
Cottonseed meal
Limestone
Urea

Dicalcium phosphate
KCI
Salt

81.0
8.0
4.0
2.4
2.6
.8 - 2.5
.35
.20
.15 - 1.00
.30

8Vitamin A, Tylan and Rumensin also included.

Results and Discussion

Added limestone in the first trial reduced feed intake by 10 percent, gains by 13
percent and efficiency of feed use by 4 percent, calculated on a carcass weight
basis (Table 2). These results indicate that extra calcium supplementation may
depress feed intake and reduce gains of rapidly growing steers under some
conditions. This suggests some type of toxicity of the added limestone. However,
in the second trial, using identical diets, addition of limestone from the same
source increased gains of steers that were gaining less rapidly. Limestone used in
the second trial had smaller particle size than in the first study. Carcass meas-
urements were not consistently changed by limestone (Table 3).

The "more reactive" limestone in the second trial produced performance equal
to that of the less soluble limestone, suggesting that solubility or reactivity alone
was not responsible for the difference. Results from these trials indicate that
when the limestone reduced feed intake, it had a deleterious effect on steer
performance, but when it increased feed intake, it improved performance. These
effects are probably due to extent of ruminal fermentation, clearance of fiber
from the rumen, or levels of specific acids produced in the rumen.

Potassium supplementation increased feed intake and live weight gain slightly.
When corrected for the slight difference in dressing percentage, gains and
efficiencies were influenced very little by added potassium. Potassium may have
increased fluid intake and retention. Some of the benefit attributed to high
potassium levels for newly received cattle may be due to increased intake and
retention of fluids.

Response to supplemental calcium from trials in the literature is summarized in
Table 4. Though overall, favorable effects are noted, consistently favorable
responses come from one location only. Calcium supplementation has not consis-
tently improved performance at other locations. Calculations from that location
indicate that the unsupplemented corn-corn silage diet they have used has a
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much lower net energy value than expected, and supplementation increased the
value of their ration to a point equal to what would be expected from their ration.
Though responses have been inconsistent, calcium does not increase energy value
of feeds beyond table values. Some of the differences in response to limestone
sources from trials may be due to toxic effects of some sources rather than
unidentified benefits from the "better" limestone sources.
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Table2. Feeding trial results

1rial1 1rial2

Calciumlevel 0.46 1.00 0.46 0.46 1.00 1.00
Calciumsource - TX - - TX MO
Potassium level 0.65 0.65 1.00 0.65 0.65 0.65

Weights
Initial 715 716 720 608 606 626

57-62 days 991 970 1008 834 876 880

121-147days 11488 1093b 11618 1014 1055 1068

Daily gain, Ib
Early 3.828b 3.46b 4.008 2.60 3.36 3.08
Late 2.75 2.52 2.90 2.86 2.86 2.96
Total 3.308 3.00b 3.468 2.76 3.05 3.01
Totald 3.588 3.11b 3.658 2.65 2.90 2.82

Daily feed, Ib
Early 19.98 18.2b 20.48 14.0 14.9 14.9
Late 19.48b 17.8b 19.68 17.4 18.1 17.8
Total 19.98 18.0b 19.98 16.1 16.9 16.7

Feed/gain
Early 5.22 5.26 5.13 5.388 4.45c 4.84b
Late 7.14 7.11 6.75 6.088b 6.338 6.02b
Total8 5.55 5.78 5.47 6.00 5.83 5.96

ME, meal/kg 3.28 3.22 3.30 3.01 3.06 3.06

Fecal pH 5.68b 5.88 5.5b

Digestibility,%
Dry matter 73b 708 74b
Starch 92 91 91
Nitrogen 61 57 60

abcMeanswithina trialwithdifferentsuperscriptsdiffer(P<.05).
dBasedoncarcassweights.



Table4. Influence of calcium on feedlot performance - literature summary

--------------------------------.....---------......-----.....----............--.........----------......---------......------......---..---.........-------------...-

One
Others

19
20

+7.5
+ .5

-3.9
+2.3

+12.3
- 1.8

Literature Cited

Zinn, R. A. and F.N. Owens. 1980. Okla. Agri. Exp. Sta. Res. Rep. MP-107:131.
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Table 3. Carcass measurements

Trial 1 Trial2

Calciumlevel 0.46 1.00 0.46 0.46 1.00 1.00
Calciumsource - TX - - TX MO
Potassiumlevel 0.65 0.65 1.00 0.65 0.65 0.65

Carcassweight 7128 678b 7208 618 641 645

Dressingpercent 61.3 60.3 60.7 60.9 60.7 60.4
Rib eye area

Sq. inches 12.2 11.9 12.1 12.6 12.9 13.1
In.%wt 1.72 1.76 1.69 2.05 2.04 2.02

Fat thickness, in. .54 .50 .60 .29 .31 .31
KHp,% 3.088 2.75b 3.008 2.36 2.52 2.33

Marblingscorec 13.7 13.0 13.0 9.9 10.6 10.2

Federal graded 12.9 12.6 12.6 11.7 12.0 11.9
Percentchoice 81 62 67
Cutability,% 49.78 49.28b 48.8b 52.1 52.0 52.2
Cooler shrink, % 1.7 1.5 2.0

obMeansina rowwithina trialwithdifferentsuperscriptsdiffersignificantly(P<.05).
"Slightminus=10;slightaverage=11.
dHighgood=12;lowchoice=13.

Change,percentforevery1%addedCa

location Trials Gain Feedintake feed/gain

All 39 +3.1 - .1 + 3.4



Effect of Age, Size and Biological
Type on Feedlot Performance of
Steers Following Two Planes of

Nutrition

S. W.Coleman and B. C. Evans

Story in Brief
The objective of this experiment was to determine the effect of two levels of

nutrition for two durations during the growing phase on subsequent perform-
ance of steers during the finishing phase. Angus and Charolais weanling steers
were fed either a moderate (control) or restricted growing ration for 306 days
(older steers) or 95 days (younger steers). Steers were then switched onto a high
energy finishing ration (80 percent concentrate).

Compensatory growth was observed in the older restricted steers when com-
pared to the older control steers during the first part of the finishing phase for
Charolais but not for Angus. Dry matter efficiency followed a similar trend in that
the Charolais restricted steers were more efficient than their controls, but no
differences were observed in the Angus steers. Growth rates for the growing and
finishing phases combined were greater for the younger than the older steers.
Further, the younger steers were more efficient in conversion of dry matter and
metabolizable energy for live weight gain. From a practical viewpoint, holding
steers on a growing ration for a long period of time offers no advantage in overall
rate of gain or nutrient efficiency. When steers were held on a growing ration for
a shorter period of time on either level of nutrition, no differences were seen in
nutrient efficiency for live weight or carcass gain.

Introduction

During recent years, the need for more efficient and economical beef produc-
tion has become increasingly apparent to the beef cattle industry. When cereal
grain prices increase, the producer seeks alternative methods of feeding cattle
and often looks toward higher roughage feeding programs. This means of
reducing his costs must be weighed, however, against the increased inventory
time necessary for the cattle to reach the final endpoint. In the post weaning
segment of production it is believed that calves which enter the feedlot after being
grown on a relatively low plane of nutrition will gain faster than calves reared on
a high plane of nutrition, other factors being equal.

Data from many experiments support the phenomenon of compensatory
growth. However, the physiological cause of the accelerated growth has not been

this work was a cooperative effort between USDA.ARS, Southern Region, Southwestern Livestock
and Forage Research Station, EI Reno, and OSU Animal Science Dept.
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satisfactorily explained since the conditions under which the animal is subjected
to the nutrient restriction (age, severity and duration of the restriction, genetic
type, ete.) influence the animal's ability to compensate.

The objective of this study was to determine the effect of a low vs moderate
growing diet on rate of gain and nutrient efficiency of steers during the subse-
quent finishing period. The design allowed for the evaluation of the effect of
animal age and animal weight at the end of this period on successive perform-
ance. Steers entering the finishing phase were either of equal weight but different
ages or of different weight but the same age. Further, two breeds were used to
evaluate the effect of frame size (large frame, late maturing vs small frame, early
maturing steers) in conjuction with age and size on steer performance.

Materials and Methods

A 2 x 2 x 2 factorial design which included age, resulting from the duration of
the growing phase (older vs younger); biological type (large frame vs small
frame); and plane of nutrition during the growing phase (control vs restricted)
was used. Thirty-four spring-born weanling Angus steers and thirty-four
Charolais steers purchased in November, 1978, represented the older steers. An
equal number of fall-born steers of each breed were purchased from the same
producers in June, 1979, and represented the younger steers. The Angus steers
were representative of the small frame, early maturing biological type, and the
Charolais steers were representative of the large frame, late maturing type. All
steers were maintained in confinement pens (2 animals per pen) at the Southwest-
ern Livestock and Forage Research Station, £1 Reno, Oklahoma.

Growing phase
Twelve older and 12 younger steers of each biological type were stratified based

on weight, height at the withers and ultrasonic backfat thickness to one of three
reps. Within each rep, the calves were randomly allotted to either the control or
the restricted growing ration for a final distribution of six animals per treatment-
type-age subgroup. Those calves on the control ration were fed pelleted dehy-
drated alfalfa ad libitum. Gains of approximately .75 kg per day were expected.
The restricted steers were limit fed a ration which had a digestible energy content
of 81.8 McaVkg. Adjustments were made in the amount of the ration fed until
average daily gains of approximately .2 kg per day were attained. Ration composi-
tion, chemical analyses and nutrient values are described in Table 1.

The steers were weighed onto trial and at 28-day intervals following a 16-hour
shrink without feed and water. The growing phase was terminated for each rep
when the younger steers fed the control growing ration reached approximately
the same weight as the older steers fed the restricted ration. At this point, half of
the steers (six animals) of each treatment were slaughtered, and the remaining
steers were switched to a high concentrate finishing ration (Table 2). A schematic
drawing of the design of the experiment is in Figure 1.

Finishing phase
During the first, second and third weeks of the finishing phase, the steers were

fed a 50:50, 60:40 and 70:30 concentrate:roughage ration, respectively. Begin-
ning the fourth week and for the remainder of the experiment, all steers received
a typical 80 percent concentrate ration (Table 1), fed ad libitum.

The final slaughter point was determined by ultrasonic measurement of back-
fat thickness. Angus steers were slaughtered at 12 mm backfat and Charolais
steers at 8 mm backfat.

1981 Animal Science Research Report 163



Item

Table 1. Ingredients and chemical analysis of the rations

Ingredients
Alfalfa hay
Dehydrated alfalfa pellets
Cracked shelled corn

Soybean meal
Cottonseed hulls

Mixed grass hay
Wheat straw
Molasses

Salt
Calcium carbonate

Proximate analysisC
Dry matter, %
Organic matter, %
Crude protein, %
Neutral detergent fiber, %
Energy, Mcal/lb
Digestible protein, %
Digestible energy, Mcal/lb
Metabolizable energy, Mcal/lb

IRH" GrowingRation Finishingratlonb

Control Restricted

(%)
1-00-059
1-00-023
4-02-931
5-04-604
1-01-599
1-02-244
1-05-175
4-04-696

100.0
10.0

92.6
89.5
17.2
50.5
2.2
9.4
1.2
1.0

13.0

10.0
45.0
19.0
13.0

93.5
93.6
10.1
75.4

1.8
4.7

.8

.7

70.3
3.9

10.0

5.0
0.6
0.2

87.6
95.3
10.8
30.1
2.0
7.4
1.5
1.3

"International reference number.

bFinishing ration contains 250 mg monensin per ton.
cAli components except % dry matter are expressed on a dry matter basis.

600 _ _ - older - control
older - restricted
younget - control
younger - restricted500

"'"
.; 400.<:"
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'"..o
'" 200

----- .,'--- .,'-
".'

'-'-'-'- -.-'- "., ,.,,,'~

100

~ U ~ D ~ B R 0

~ f-

Growing Phase Finishing Phase

Time9 months from onset of the experiment

Figure 1. Basic design of the experiment with regard to nutrient level, animal
age and duration of the growing and finishing phases
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Results and Discussion

Growing phase
The objective of the growing phase was to create differences in body weight

and/or composition due to breed, treatment and age in order to determine their
effect on steer performance during the subsequent finishing phase. Average daily
gains (ADG) during this period directly reflected the energy level of the diets as
the control steers gained significantly faster than the restricted steers within their
respective breed/age subgroup (Table 2). Final weight was greater (P<.05) for the
older control steers within both breeds (Angus, 361.8; Charolais, 471.7 kg), but
weight was similar for the older restricted and younger control steers (P> .05) as
was predetermined in the design of the experiment. The younger restricted
steers were the lightest groups within breed. On the average, Charolais steers
remained in the growing phase longer than the Angus steers (215 vs 186 days),
and the older steers were on trial longer than the younger steers (306 vs 95 days).

Finishing phase
Live weight performance of all steers during the finishing phase is presented in

Table 3. At the onset of this phase, the older control steers were heavier (P<.05)
than the other three sub-groups with both breeds, and the older restricted and
younger controls were similar in weight. At the end of the finishing phase (12 mm
backfat for Angus steers; 8 mm backfat for Charolais steers) the Charolais steers
were heavier (P<.05) than the Angus steers, and the older steers within each
breed were heavier (P<.05) than the younger steers. In addition, the older control
steers required less time to reach the final endpoint (P<.05) than did the other
sub-groups within a breed, as was expected due to their heavier weight at the
beginning of the finishing phase.

Average daily gain (ADG) did not differ due to breed but was greater (P<.05)
for the older steers than the younger steers (1.25 vs l.lO kg). When comparing
ADG among the groups of steers, however, one environmental factor must be
considered. Just after the first group of steers reached the final endpoint and
were slaughtered, several weeks of very cold and wet weather conditions pre-
vailed, resulting in a period of maintenance for about 45 days. This resulted in a
decrease in ADG of the remaining steers from that time until their respective
time of slaughter. Therefore, it is necessary to compare ADG during the finishing
phase in two periods: from the onset until the first group was slaughtered, and
from that time until the remaining steers were slaughtered (Table 4). During the
first period, the Angus and Charolais older restricted and younger control steers,
which entered the finishing phase at similar weights within breed, showed no
difference (P>.05) in ADG.

These results support those of Coleman et aI. (1976) which indicated that
feedlot gains were independent of animal age and of previous plane of nutrition
and are closely related to animal weights upon entering the finishing phase. The
older, restricted Charolais steers exhibited a compensatory growth (P<.05)
response when compared with their control counterparts (1.54 vs 1.25 kg/day),
but no difference in ADG (P= .57) was observed between these two groups of
Angus steers (restricted 1.65; control, 1.59 kg/day). The compensatory growth
seen in the Charolais steers is similar to results from other studies with both large
frame steers (Drori et aI., 1974) and with smaller frame steers (Fox et aI., 1972)
but is in contrast with results of Levy et aI. (1971) where Israeli-Friesian bull calves
(large frame) failed to show compensatory growth following a restricted period.
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~ Table 2. Effect of breed, age and treatment on weight gain of steers during the growing phase
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S" Table3. Effect of breed, age and treatment on weight gain of steers during the finishing phase-c".o
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Older Younger

"em Cb Rb

Initalweight, Ib 838 488
Finalweight, Ib 954d 927d
Numberof dayson feed 58d 1828
Averagedaily gain, Ib 2.84d 2.49d

"Least square means; number of observations/mean= 6.
be = control growing ration; R = restricted growing ration.
c5EM = standarderror of the mean.
d.8.f.9Meansin the same row with different superscriptsare different (P<.05).

C
492
8398

1608
2.318

R

380
8198
2028

2.188

Angus Charolais
Older Younger Older Younger

Item Cb Rb C R C R C R SEM'

Initialweight, Ib 379 356 321 317 507 494 493 608 59
Finalweight, Ib 796 491 471 378 1038 690 696 617 36
Dayson feed 314 330 108 108 291 289 82 83 8
Averagedaily gain, Ib 1.36 .35 1.28 0.51 1.85 0.66 1.36 0.35 0.19

"Leastsquaremeans;numberof observations/mean= 12.
be;= controlgrowingration;R = restrictedgrowingration.
CSEM= standarderrorof themean.

Charolais

Older Younger
C R C R SEM'

1043 660 649 636
1468' 1437' 13039 13629 101
163' 2799 2609 2699 12

2.84d 2.82d 2.518 2.688 0.63



Table4. Effect of breed, age and treatment on weight gain of steers before and after the first group was slaughtered during
the finishing phases

Angus

-
~
00-

Older

Cb Rb

61'

3.638
121

1.91

328
3.708

128
1.82

lIem

Days to first slaughter
ADG to first slaughter Ib/day
Days after first slaughter
ADG after first slaughter Ib/day

"Leastsquaremeans;numberofobservations/mean= 12.
be = controlgrowingration;R = restrictedgrowingration.
'5EM = standarderrorof themean.
dADG= averagedailygain.
..f.g.hMeansin thesamerowwithdifferentsuperscriptsaredifferent(P<.05).
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348
3.508
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Younger
C R

84f
2.5i

118
1.85

Charolais
Older Younger

C R C R SEM'

1219 154h 1339h 1409h 13
2.75f 3.398 3.348 3.288 0.39

89 124 126 130 13
1.80 1.94 1.56 1.94 0.92



The results of the Angus steers, however, conflict with those previously men-
tioned for smaller frame steers. A possible explanation is that the older control
steers may have also been exhibiting compensatory growth following the growing
phase, since they were not growing to their maximum potential on the pelleted
alfalfa diet.

Reasons for the compensatory growth observed in the Charolais but not the
Angus steers are not apparent. Periods of energy restriction in larger frame
steers generally have not resulted in compensatory growth since the composition
of the gain is unaltered (Levy et aI., 1971); but in smaller frame steers, a restric-
tion was associated with an increase in protein and water accumulation (Fox et aI.,
1972) and a resulting decrease in fat deposition during the subsequent refeeding
period and thus increased ADG.

Table 5. Effect of breed, treatment on feed and energy efficiency of steers
during the finishing phases

Angus
Item c"
OMld,lb/day 18.1
OMI, % body weight 2.35
OMI, Ib/live weight gain, Ib 7.04'9
MEle, Meal/day' 23.88
MEI, Mealilive weight gain, Ib 9.3'9
"Least square means; number of observations/mean = 12.
be = control growing ration; R = restricted growing ration.
cSEM = standard error of the mean.

dDMI = dry matter intake.
"MEI = metabolizable energy intake.
'.9Means in the same row with different superscripts are different (P<.05).

16.1
2.47
7.09'

21.41
9.4'

Charolais
R" SEM'

3.4
.22
.47

2.04
0.28

The older steersconsumed more dry matter per day during the finishing phase
(P<.05) than the younger steers of either breed (Table6). However,most of the
increase was the result of animal size. When intake was divided by metabolic body
size, the differences were not significant (P>.05). The compensatory growth
response observed in the older restricted Charolais steers was not, theref()re, due
to an increase in dry matter intake, but to an increase (P<.05) in utilization.

Dry matter efficiency for liveweight gain was greater for the younger steers of
both breeds (P<.05) throughout the feedlot phase. Within the Angus steers, there
was no difference in dry matter efficiency (Table 6) for any treatment group. In

Table 6. Effect of age on feed and energy efficiency of steers during the entire
finishing phases

C

20.4
1.80
8.219

27.19
10.99

R

17.8
1.69
6.619

23.86
8.8f

Item Older

OMlc,lb/day 19.8e
OMI, % body weight 2.07

OMI, Ib/live weight gain, Ib 7.61e
MEld, Meal/day 26.34e
MEI, Meal/live weight gain, Ib 10.1e

"Least square means; number of observations/mean = 12.
bSEM = standard error of the mean.
cDMI = dry matter intake.
dMEI = metabolizable energy intake.
e.'Means in the same row with different superscripts are different (P<.05).
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Younger
16.4'
2.07
6.86'

21.83'
9.1'

SEM

1.2
.02
.16
.70
.10



contrast, the restricted Charolais steers were more etlicient than their controls
(P<.OI), suggesting not only compensatory gain for the Charolais steers (during
the early part of the finishing phase) but compensato'ry efficiency as well.
Metabolizable energy (ME) efficiency for live weight gain followed the same trend
as did dry matter efficiency during the finishing phase. The younger steers were
more efficient (P<.05) than the older steers, and the restricted Charolais steers
required less ME per unit of live weight gain than the control steers (P<.OI). No
differences occurred due to treatment for the Angus steers (P> .10). The younger
steers had a lower average weight during the finishing period and, therefore, a
lower maintenance requirement.

These results further indicate that efficiency was not affected by previous plane
of nutrition in the small frame steers, which supports results of Coleman et al.
(1976) with crossbred steers. Restricting the larger frame steers resulted in
greater efficiency during the feedlot phase similar to work by Levy et al. (1971)
and Fox et al. (1972).

Carcass parameters
Slaughter data for steers at the end of the finishing phase, adjusted to a

constant backfat thickness, are presented in Table 7. Charolais steers were heavier
than the Angus steers, and the control steers were heavier than the restricted
steers. No differences (P>.05) were observed in hot dressing percent or rib eye
area due to breed or treatment although the Charolais steers did tend to have
larger rib eyes. In addition, quality grade was higher for older steers than for
younger steers.

Table 7. Effect of breed and age on carcass characteristics of steers at the
end of the finishing phase8

aLeast square means (backfat thickness is the actual measurement); number of observations/mean = 12.
bSEM = standard error of the mean.

c10 = average good; 13 = average choice; 16 = average prime.
d.a,IMeans in the same row with different superscripts are different (P<.05).

Growing and finishing phases combined
The older restricted steers of both breeds had the lowest (P<.05) ADG of any

age and treatment group for the growing and finishing phases combined. As a
result, they were on the experiment longer (P<.05) than any other group. The
time required from the onset of the study to final slaughter was similar for the
younger control and restricted steers of both breeds. Within treatment, the older
Angus steers, which had equal gains and energy efficiencies during the finishing
phase, had lower ADG and a greater length of time on trial than the younger
Angus steers. Similar results have been reported, both in studies where compen-
satory growth was observed (Fox et aI., 1972) and not observed (Levy et aI., 1971).
No difference was observed in ADG for the An~us and Charolais steers within
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Angus Charolais
Item Older Younger Older Younger SEM'

Slaughter weight, Ib 930d 8199 13531 12769 105

Hot carcass weight, Ib 600d 5419 8811 8339 51

Hot dressing percent 64.38 65.78 65.18 65.37 1.14
Backfat thickness, in. .61 .54 .31 .28 .03
Rib eye area, in.2 1.89 1.74 2.39 2.37 .01
Quality gradeC 13.5d 12.39 12.4d 11.29 0.6



the control group. Within the restricted steers, daily gains of Angus were lower
than those of Charolais steers. Therefore, while no difference due to breed
occurred with control steers, small frame steers were more adversely affected by
the restriction than were larger frame steers.

The results indicate that nutrient restriction for a short period of time may not
affect overall steer performance, especially in the larger frame steers. Longer
periods of restriction will lead to an increased inventory time which may more
than offset any increased efficiency of steers exhibiting compensatory gain during
the finishing period. Thus, even if compensatory gains can be expected, overall
profitability of the production scheme is questionable. Producers may take advan-
tage of the compensatory growth response when attempting to make more effi-
cient utilization of forages or homegrown grains where availability is influenced
by season, rainfall, temperature, ete. But, more commonly, the compensatory
growth phenomenon is used when different owners are involved in the growing
and finishing phases, and then by one at the expense of the other.

Literature Cited

Coleman, S. w., F. M. Pate and D. W. Beardsley. 1976. Effect of level of supple-
men~al energy fed grazing steers on performance during the pasture and
subsequent drylot period. J. Anim. Sci. 42:27.

Drori, D., D. Levy, Y. Folman and Z. Holzer. 1974. Compensatory growth of
intensively raised bull calves. II. The effect of feed energy concentration. J.
Anim. Sci. 38:654.

Fox, D. G., R. R. Johnson, R. L. Preston, T. R. Dockerty and E. W. Klosterman.
1972. Protein and energy utilization during compensatory growth in beef
cattle. J. Anim. Sci. 30:310.

Levy, D., Y Folman, Z. Holzer and D. Drori. 1971. Compensatory growth In
intensively raised bull calves. J. Anim. Sci. 33: 1078.

170 Oklahoma Agricultural Experiment Station



Carcass Compositional Changes
and Nutrient Efficiency of Steers

as Affected by Size, Age
or Biological Type

S. W.Coleman, B. C. Evans
and J. J. Guenther

Story in Brief
Angus and Charolais weanling steers were fed either a control or restricted

growing ration for 306 days (older steers) or 95 days (younger steers). Steers were
then switched to a high energy finishing ration (80 percent concentrate). Repre-
sentative steers from each breed, treatment and age subgroup were slaughtered
initially and at the end of the growing and finishing phases to determine carcass
composition and nutrient efficiency data. The older control Angus steers yielded
leaner carcasses when compared to other treatment groups at the end of the
finishing period. Few differences were noted in Charolais carcasses due to age or
treatment. Younger steers were more efficient in conversion of dry matter and
metabolizable energy to live weight gain and in conversion of metabolizable
energy to carcass energy. From a practical viewpoint, small-framed, fast maturing
cattle should be used in a system for growing the cattle on a forage ration up to
about 700-800 Ib before placing them on a high concentrate ration. If placed in
the feedlot at a light weight, either because of age or near-maintenance nutri-
tionallevel, they fatten too quickly, and the final carcass composition could exceed
30 percent fat. Charolais cattle, on the other hand, should be placed in the feedlot
as early as possible to facilitate finishing quality grade, but some trade-off in
efficiency may be encountered.

Introduction

The physiological causes of compensatory growth and the composition of that
growth have not been satisfactorily explained. It is generally accepted that the
conditions under which the animal is subjected to nutrient restriction (age,
severity and duration of restriction, genetic type, etc.) have a profound influence
on the animal's ability to compensate. Further, it is now recognized that changes
in carcass composition can be accomplished with nutrition as well as genetics and
that the two may interact. The objectives of this study were to determine the
influence of size, age and carcass composition on the rate and composition of gain
of different biological types of cattle following a period of restricted feeding or
adequate energy intake.

This work was a cooperative effort between USDA-ARS, Southern Region, Southwestern Lives-
tock and Forage Research Station, EI Reno, and OSU Animal Science Department.
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Materials and Methods

The overall design was described by Coleman and Evans (1982). Slaughter
groups were taken at the initation of the study (6 steers per breed-age), during
the switch from the growing to finishing diets (6 steers per treatment-breed-age),
and after the cattle finished (6 steers per treatment-breed-age). All steers were
weighed (after a 16-hr shrink) and transported to the Oklahoma State University
Meat Laboratory where they were penned overnight without feed and water and
slaughtered the following morning. Each steer was weighed immediately prior to
slaughter. Reticulo-rumen and omasum contents were weighed and subtracted
from pre-slaughter live weight to determine empty body weight.

The right side of each carcass was physically separated into bone, soft tissue,
and kidney and pelvic fat. After the soft tissue was ground and mixed, two 1O-lb
samples were removed. These samples were again ground and mixed. Four
samples (.5 Ib) were then taken, homogenized using a Sorvall Omnimixer, frozen
and stored at -20 C while awaiting chemical analysis. Proximate analysis proce-
dures (A.O.A.C., 1975) were used to determine percent moisture, protein, ether
extract and ash of the carcass soft tissue. Gross energy was calculated using
equations reported by Garrett and Hinman (1969).

Results and Discussion

Growing Phase
Weight changes and gains of various tissues are presented in Table 1. Daily

protein gain, fat gain and, consequently, energy gain were greater for the control
vs restricted steers within age groups of both breeds. Further, the older Charolais
steers deposited more protein and less fat than the older Angus steers within
treatment level. However, energy gain was not different (P>.05) among breed.

Control steers were more efficient in utilizing metabolizable energy for live-
weight gain (Table 2) than the respective restricted groups within breed and age
(P<.05). In addition, the younger Angus steers were more efficient than the older
Angus steers. This can be attributed to the shorter duration of the growing phase.
A reverse trend occurred in the Charolais steers. This difference is credited to the
younger steers having lost weight early in the experiment and not to a true
difference between the two breeds. The older control steers of both breeds and
the Charolais younger control steers were more efficient than their restricted
subgroups in converting metabolizable energy intake (MEI) to carcass energy
gained. The younger Angus steers were similar in efficiency (10.7 Mcal MEIIMcal
gain) across treatments, which is probably associated with their shorter growing
phase.

The Angus and Charolais steers differed in the efficiency of utilization of
digestible protein intake (DPI). The younger Angus steers were more efficient
than the older steers (4.1 vs Il.lg DPIIg protein gain), but no difference was
observed for the Charolais steers (10.3 g DPIIg protein gain).

Finishing phase
Rate of daily energy gain (P<.05) and protein gain (P=.IO) in the carcass was

greater for the older steers than for the younger steers (Table 3). While no
difference was observed in the Charolais steers (P>.2) due to treatment, the
control Angus steers had an increased rate of protein gain (P= .07) when com-
pared to the restricted Angus steers (122.7 vs 86.9 g protein/day, respectively)
(Table 4). Fat deposition (g/day) was similar (P> .1) for all steers. There was a
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Table1.Effectof breed, treatment and age on weight gain and components of carcass gain of sters during the growing phase8
Angus Charolais

Older Younger Older Younger

Item Cb Rb C R C R C R SEM'

Initialweight,
Ib (kg) 378 (172) 356 (162) 321 (146) 317 (144) 507 (231) 494 (225) 537 (244) 608 (276) 27 (12)

Finalweight,
Ib (kg) 796 (362) 491 (223) 471 (214) 328 (172) 1038 (472) 690 (314) 696 (316) 617 (280) 16 (8)

- Numberof days
on feed 314 330 108 208 291 289 82 83 800-

> Averagedailygain,=
S" Ib (kg) 1.36 (.62) .35(.16) 1.28 (.58) .51 (.23) 1.85 (.84) .66 (.30) 1.36 (.62) .35 (.16) .09 (.04)
e!.
c:n Proteingaind,/')
;" g/day 57.4 24.0 87.7 42.5 94.8 32.8 68.7 3.8 4.64=
/')

Fat gaind,
g/day 132.1 15.9 62.5 32.4 110.4 10.2 78.9 18.4 2.79'"

...

Energygaind,/')
=-

Meal/day 1.56 0.28 1.07 0.54 1.56 0.20 1.12 0.19 0.05

'tS
Q

"Leastsquaremeans;numberofobservations/mean= 12.::t
bC= controlgrowingration;R = restrictedgrowingration.
'SEM = standarderrorof themean.- "Carcasscompostitionalchanges are based on hot carcass weight.-.J
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Table 2. Effect of breed, treatment and age on feed, energy and Drotein efficienc
Angus

Older Younger Older

Item Cb Rb C R C

MEld, Meal 17.71 9.45 11.71 5.86 20.18

MEI, Meal/liveweight
gain, kg 22.82 70.36 17.17 51.38 18.35

MEI, Meal/carcassgain,
gain, Meal 10.01 33.74 11.26 10.14 11.54

DPle,
g/day 795.2 223.3 525.5 173.4 905.8

DPI, g/eareassprotein
gain, g 12.83 9.33 4.96 3.28 8.68

'Leastsquaremeans;numberof observations/mean= 12.
be = controlgrowingration;R = restrictedgrowingration.
c5EM= standarderrorof themean.
dMEI= metabolizableenergyintake.
'DPI = digestibleproteinintake.

of steers during the arowina Dhase8
Charolais

- Younger

R C R SEMc

12.54 16.15 8.19 .39

40.85 21.00 43.84 25.07

48.79 13.29 49.41 14.77

292.7 725.2 235.3 15.15

9.36 10.04 13.20 2.58



trend, however, towards an increased fat deposition rate for the older steers vs
the younger steers and for the older restricted steers vs the older control steers.
These results support data of Byers and Rompala (1979) which indicated an
increase in fat deposition with increased ADG but contrasts their observation of
greater rates of protein gain with larger vs smaller-frame steers.

Metabolizable energy (ME) efficiency for liveweight gain was greater for the
younger steers of both breeds (P<.05) (Table 3). The restricted Charolais steers
required less ME per unit of live weight gain than Charolais control steers (P<.O1)
(Table4). No differences occurred due to treatment for the Angus steers (P> .1).
These results indicate that dry matter and energy utilization, as measured by live
weight gains, are dependent on animal age and that younger steers are more
efficient. Two factors need to be considered here: first, the younger steers had a
lower average daily weight during the finishing period and, therefore, a lower
maintenance requirement; second, the gain of the younger steers (especially the
Angus) contained less energy. As a result, the difference in e£Iiciency observed on
the basis of live weight gain does not occur when efliciency is expressed on an

Table 3. Effect of age on components of carcass gaIn and energy efficIency
of steers during the finIshing phase8

Item Older

Protein gainC,g/day 110.5
Fat gainC,g/day 391.6
Energy gainC,Meal/day 4.2878
MEld, Meal/day 26.34
MEI, Meal/liveweight gain, kg 22.25
MEI, Meal/carcassgain, Meal 7.10
"Least square means: number of observations/mean = 24.
"SEM = standard error of the mean.

"Changes based on hot carcass weight.
dMEI = metabolizable energy intake.
"Means in the same row with different superscripts are different (P<.05).

Younger

96.9

345.9
3.782'

21.83
20.11

6.01

4.77
18.84
0.161

.70

.47

.44

Table 4. Effect of breed and treatment on feed and energy and proteIn effI-
ciency of steers during the fInishing phase8

Angus Charolais
lIem

MEld, Meal/day
MEI, Mcailliveweight

gain, kg
MEI, Meal/carcass

gain, Meal
DPI8,g/day
DPI, gIeareass protein

gain, kg
Conversion of DPI for

gain8,% 40.21' 30.679
"Least square means; number of observations/mean = 12.
"C = control growing ration; R = restricted growing ration.
cSEM = standard error of the mean.
~EI = metabolizableenergy intake.
eDPI = digestible protein intake.
fgMeansin the same row with different superscripts are different (P<.05).

23.88 21.41

20.76'

6.17
592.5

5.26
531.2

5.17'

C

27.19

24.079

8.80
671.9
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R SEM'

23.86 2.04

19.44' 1.36

5.99 1.27
589.0 50.8

6.50'g 0.52

34.07'g 3.40
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Table5. Body compositon based on hot carcass weight of steers slaughtered Initiallyand at the end of the growing and
finishing phases8

Angus Charolals
Older Younger Older Younger SEMb

Initial

Hot carcass weight, Ib (kg) 88.9 75.2 122.5 149.7 9.11
Moisture, % 79.5 70.2 78.7 72.3 3.29
Fat", % 5.6 8.3 4.8 3.6 1.01
Protein, % 19.5 19.8 20.0 20.5 0.15
Ash % 1.0 1.0 1.0 1.0 0.01

Treatmentlevel Cd Rd C R C R C R SEM

End of growing phase
Hot carcass weight, Ib (kg) 261.7 109.6 112.7 89.9 280.9 176.6 188.5 151.5 7.28
Moisture, % 60.9 77.2 73.9 74.1 68.8 78.0 76.4 78.7 1.16
Fat,% 21.4 7.7 10.0 9.3 13.6 5.1 6.5 4.5 1.13
Protein, % 16.1 18.7 19.2 18.9 18.7 19.5 20.4 20.2 0.40
Ash, % 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.01

End of finishing phase
Hot carcass weight, Ib (kg) 295.2 274.6 271.8 232.6 402.4 386.7 352.4 372.0 6.11
Moisture, % 55.4 49.0 50.2 50.3 62.4 59.2 62.2 61.9 1.31
Fat, % 28.7 35.6 34.9 33.8 20.2 24.3 21.3 21.5 1.45
Protein, % 15.3 14.5 14.4 15.2 17.7 16.9 17.2 17.5 0.40
Ash, % 0.8 0.7 0.7 0.8 0.8 0.9 0.9 1.0 0.03

"Numberof observation/mean = 6
bSEM = standard error of the mean.
CFatcontent was determined from ether extract procedure (A.O.A.e.,1975).
de = controlgrowingration;R = restrictedgrowingration.



energy basis (Mcal intake/MCal gain). These results further indi-cate that effi-
ciency was not affected by previous plane of nutrition in the small-frame steers.

Metabolizable energy required per Mcal carcass gain, however, did not differ
for any breed, treatment or age subgroup (P>.05). A trend (non-significant
P>.05) was observed for the restricted Charolais steers to be more efficient. The
fact that no significant differences occurred when comparing energy efficiency
for carcass energy gain suggests differences in the composition of the gain.
Therefore, energy utilization may be more accurately compared among groups
by considering the composition of the gain and not weight gain alone.

Daily digestible protein intake (DPI) was greater (P<.05) for older steers than
younger steers (651.6 vs 540.7 g/day). Protein efficiency, as measured by DPI per
unit of protein gain and by the conversion of digestible crude protein for protein
gain above maintenance (%), was not different (P>.05) due to treatment or age
within the Charolais breed (Table 4). These results agree with results of Fox et al.
(1972) where no difference in protein efficiency above maintenance (%) was
observed between compensatory and control Hereford steers slaughtered at 454
kg. However, Angus control steers were more efficient according to both these
efficiency measurements than their restricted counterparts. No difference
(P>.05) occurred in protein efficiency due to age.

Carcass composition
Carcass composition of all slaughter groups is presented in Table 5. Little

differences occurred among the initial weaning calves. However, after the grow-
ing phase, carcass composition reflected the treatments in that those fed the
control ration for a long period of time were fatter. Also, Angus were fatter than
Charolais as expected. Little difference occurred between older restricted and
younger controls, which is similar to results reported by Burton and Reid (1969)
that size, not age, is the predominate. factor in determining body composition.
However, the ran kings had reversed at final slaughter, and older Angus cattle
which had been grown at the higher level finished with less total carcass fat at a
higher carcass weight than the other groups. This suggests that fast maturing
cattle are more suited to a scheme of production utilizing a period of back-
grounding or forage feeding up to approximately 700-800 Ib before placing them
in the feedlot. However, few differences in carcass composition of Charolais were
noted at final slaughter. Older-restricted steers tended to be slightly fatter. Most
of the Charolais were slaughtered with less backfat than the Angus, but logistic-
ally it was not practical to keep them until they reached .5 in backfat, to which the
Angus were carried. Charolais and similar slow-maturing cattle should be placed
in the feedlot as quickly as possible to facilitate finishing rather than growing.
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Effect of Stage of Maturity on the
Chemical Composition and In Vitro

Digestibility of Sorghum Grain

C.A. Hibberd, D.G. Wagner
and R.L. Hintz

Story in Brief
Dwarf Redlan (waxy), Redlan (normal) and Darset (bird-resistant) varieties of

grain sorghum were coIlected at weekly intervals starting 35 days preharvest. The
early maturing Darset (BR =Bird-resistant) variety contained 78.6 percent dry
matter on day 35 while the Dwarf Redlan (waxy) was much less mature (58.6
percent dry matter) at the same point, indicating black layer formation and
physiological maturity had not yet occurred for Dwarf Redlan. Moreover, dry
seed weight did not plateau until day 28 preharvest for the Dwarf Redlan
although the earlier maturing Darset (BR) and Redlan (normal) varieties had
reached final dry matter deposition bv day 35 preharvest. Dry matter deposition,
as measured by dry seed weight, was essentiaIly complete when the dry matter
content of the grain reached 70 percent. Although the concentration of starch,
ash and crude protein was very similar from day 35 through harvest for all three
varieties, changes in soluble protein (Landry-Moureaux Fraction I) and tannin
content continued throughout maturity, suggesting that physiological changes in
the kernel may continue even after dry matter deposition is complete. In vitro dry
matter disappearance (IVDMD) of the Dwarf Redlan (waxy) remained unaf-
fected through maturity. Relative digestibility (IVDMD) of the Darset (BR) vari-
ety, however, continued to increase as maturity approached and as tannin levels
decreased. These studies suggest that the success of early-harvesting sorghum
grain may be partiaIly dependent on the particular variety that is utilized.

Introduction

Underground water depletion in many areas, soaring costs of irrigation water
and recent drought conditions in the Southern Great Plains have increased the
appeal of sorghum grain as a production alternative. More livestock producers in
Oklahoma wiIl be faced with the opportunitv or necessity of using sorghum grain
in their feeding programs. In order to insure adequate utilization of sorghum
grain, some form of processing is required. Cnfortunately, sorghum grain is a
highly variable product due to numerous factors such as variety, source, endos-
perm type and environmental conditions during growth. This variation may
influence the success of sorghum grain processing efforts. One energy etlicient
grain processing alternative of current interest is to harvest grain before maturity
(about 30 percent moisture) and store the material in a silo. Little is known,
however, of the physiological changes that occur as the kernel matures, especiaIly
with BR sorghums. Consequently, the objective of this study was to monitor
changes in chemical composition and in vitro digestibility of several varieties of
sorghum grain as they progess through maturity.

178 Oklahoma Agricultural Experiment Station



Materials and Methods

Three varieties of sorghum grain crable I) were grown and harvested under
similar conditions at the Southwestern Livestock and Forage Research Station, EI
Reno, Oklahoma. Grain samples were collected at weekly intervals starting about
5 weeks preharvest. Each sample was hand-threshed, cleaned and ground
through a 20-mesh screen in a laboratory Wiley mill. Starch content was meas-
ured as a-linked glucose polymers using an enzymatic method, and tannin
content was determined by a modified vanillin-HCI assay. Crude protein was
determined by Kjeldahl analysis and soluble protein by the first stage of the
Landry-Moureaux Fractionation Sequence D. Relative digestibility of each sam-
ple was estimated by an in vitro dry matter disappearance (IVDMD) technique.
Ground grain samples (.4 g dry matter) were placed in 50-ml centrifuge tubes
and inoculated with buffered rumen fluid (15 ml McDougall's bufler: 15 ml
strained rumen fluid) from a concentrate (80 percent corn) fed steer. After 18
hours of incubation at 39° C (102° F), the samples were centrifuged, decanted and
dried. Percent IVDMD was calculated by difference.

Seedcoat Testa"
Variety color layer

Dwarf Redlan red absent
Redlan red absent
Darset brown present
"Presence of testa layer indicative of high tannin lE1vels.
"Waxy starch contains essentially 100% amylopectin.
cNormal starch contains about 75% amylopectin and 25% amylose.

Table 1. Descriptive characteristics of sorghum grain
Endosperm

starch
type

waxyb
normalC
normal

color

white
white
white

Classification

waxy
normal

bird-resistant

Results and Discussion

The three varieties used in this study appeared to mature at different rates
(Figure I). The Darset (BR) sorghum matured the earliest (78.6 percent dry
matter on day 35 preharvest) while the Dwarf Redlan (waxy) matured much more
slowly (58.6 percent dry matter on day 35). This pattern is also reflected in dry
seed weight (Figure I). The dry weight of 100 kernels for the Darset and Redlan
varieties had reached harvest levels by day 35 preharvest, except for a slight
deviation for the Redlan on day 21 preharvest, suggesting that the deposition of
seed components (starch, protein, etc.) was complete. The slower maturing Dwarf
Redlan, however, increased dry matter deposition until day 28 preharvest. These
observations reinforce the theory that the deposition of dry seed components is
complete when the dry matter of the kernel reaches about 70 percent.

The concentration (percent of dry matter) of starch and ash in each of the three
varietieswas very similar from day 35 preharvest to maturity (Figure 2). Crude
protein content (percent of dry matter) was also fairly constant during this period
(Figure 3). In contrast, the concentration of Landry-Moureaux Fraction I protein
(highly soluble albumins and globulins) appeared to decrease during maturation
for the Darset and increase for the Redlan (Figure 3). Although total protein
deposition may be complete, changes in the physiological characteristics of that
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Figure 1. Effect of stage of maturity (mean:!: S.E.) on dry matter content and
dry seed weight (Dwarf Redlan -, Redlan-.-,Darset. -)

protein appear to continue. Tannin content of the Darset (BR) variety decreased
between days 35 and 28 pre harvest (Figure 4). If tannin content does decrease
with maturity, as this study suggests, perhaps bird-resistant (high tannin) sor-
ghums should not be harvested too early.

The digestibility (IVDMD) of the Darset (BR) variety appeared to increase as
maturity progressed (Figure 4). The decrease in tannin content noted earlier may
be partially responsible for this effect. The lVDMD of the Dwarf Redlan (waxy)
was very constant from day 35 preharvest through maturity as was the Redlan
variety except for an unexplainable depression on day 20 pre harvest. Conse-
quently, the digestibility of some varieties (Darset) may be affected by physiologi-
cal changes in certain kernel components, i.e., tannin, while digestibility of other
sorghum grain varieties remain unchan~ed.
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High-moisture harvest of sorghum grain is normally initiated when the grain
reaches about 30 percent moisture. These studies indicate that this practice is
sound, at least for normal and waxy sorghums. The tannin content of the Darset
variety declined in early maturity, suggesting that early harvesting of bird-
resistant sorghums may not be feasible. However, in previous studies of recon-
stitution, fermentation of sorghum grain appeared to either inactivate or destroy
most of the tannin in sorghum. If one can insure adequate fermentation of early
harvested bird-resistant sorghum during ensiling, this concern may be of little
consequence.
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Effect of Length of Reconstitution on
the Chemical Composition and In

Vitro Digestibility of Sorghum Grain

C. A. Hibberd, D. G. Wagner
and R.L. Hintz

Story in Brief
Dwarf Redlan (waxy), Redlan (normal) and Darset (BR= bird-resistant) varie-

ties of sorghum grain were reconstituted to 30 percent moisture and stored under
oxygen-limited conditions for varying lengths of time ranging from 1 to 21 days.
Length of reconstitution had little effect on the starch or protein content of any of
these three varieties. Highly soluble albumin and globulin protein (Fraction I),
however, increased markedly on day 1 for all three varieties. Decreases in the
concentration of the less soluble prolamine protein (Fraction II) during recon-
stitution may be responsible for the increased concentration of albumin and
globulin protein. Tannin content of the Darset (BR) sorghum was decreased by
almost 60 percent on day 1 of reconstitution. Length of reconstitution had little
effect on the in vitro dry matter disappearance (IVDMD) of the Dwarf Redlan
and Redlan varieties. The IVDMD of the Darset variety, however, was increased
by 35 percent on day I, perhaps due to increased soluble protein and decreased
tannin content. These studies suggest that most, but not all, of the beneficial
effects of reconstitution occur in the early stages of this process.

Introduction

Utilization of sorghum grain in beef cattle rations has received renewed inter-
est due to water conservation and increased energy costs in grain production. In
order to maximize utilization of sorghum grain, however, some type of processing
is required to increase starch availability. One low-energy grain processing alter-
native is to reconstitute the grain by raising the moisture level to 30 percent and
storing it under oxygen-limited conditions for 21 days. Previous work in this
laboratory has indicated that reconstitution is less effective for some varieties
(waxy or normal) than for others (bird-resistant). In order to gain a better
understanding of the sequence of events that occur during reconstitution, the
chemical composition and relative digestibility (IVDMD) of several varieties of
sorghum grain were monitored from day 1 through day 21 of reconstitution.

Materials and Methods

Three varieties of sorghum grain (Table I) were grown and harvested under
similar conditions at the Southwestern Livestock and Forage Research Station, EI
Reno, Oklahoma. Seventy grams of whole berries of each variety were placed in
250-ml glass bottles and sufficient water added to raise the moisture level to 30
percent. The bottles were sealed and agitated frequently until all free water had
been absorbed. Duplicate bottles were removed on days 1,2, 3,4,5, 7, 9, 12, 16
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Table 1. Descriptive characteristics of sorghum grain

Seedcoat Testa'
Variety color layer

Dwarf Redlan red absent
Redlan red absent
Darset brown present

.Presence of testa layer indicative of high tannin levels.
"'Waxystarch contains essentially 100% amylopectin.
cNormal starch contains about 75% amylopectin and 25% amylose.

color

Endosperm
starch
type
-b

waxy
normal"
normal

Classification

white
white
white

waxy
normal

bird-resistant

and 21 of incubation and the samples were composited and ground through a 20-
mesh screen in a laboratory Wiley mill with the aid of dry ice. Starch content was
measured as ex_linked glucose polymers using an enzymatic method and tannin
content measured as catechin (tannin-like substance) equivalents by a modified
vanillin-HCI assay.Crude protein was determined by Kjeldahl analysis and solu-
ble protein by the first two stages of the Landry-Moureaux Fractionation
Sequence D. Relative digestibility was measured by an in vitro dry matter disap-
pearance (IVDMD) procedure. Ground grain samples (.4 g dry matter) were
placed in 50-ml centrifuge tubes and inoculated with buffered rumen fluid (15 ml
McDougall's buffer: 15 ml strained rumen fluid) from a concentrate (80 percent
corn) fed steer. After 18 hours of incubation at 390 C (1020 F), the tubes were
centrifuged, decanted and dried. Percent IVDMD was calculated by difference.

Results and Discussion

Reconstitution had little effect on the starch content of any of these three
varieties (Figure 1).Similarly, crude protein content was not markedly changed by
length of reconstitution (Figure 1). Solubility properties of the sorghum protein,
however, did appear to be altered. Highly soluble albumin and globulin protein
increased on day 1 for all three varieties (Figure 2). This increase in soluble
protein on day 1 may be due to water imbibition by the kernel as well as the
initiation of germination. The concentration of these proteins decreased on day 2
for the Dwarf Redlan (waxy) and Redlan (normal) varieties. Perhaps fermentative
action by bacteria reduces the concentration of soluble protein at this stage. By
day 16, however, highly soluble Fraction I protein concentration had returned to
pretreatment levelsand continued to rise for the Redlan and Darset (BR) varie-
ties through day 21. Soluble protein in Fraction I may have been increased at the
expense of Fraction II protein (Figure 2). The concentration of prolamine
(Fraction II) protein decreased as reconstitution progressed for all three varieties.

Other kernel components may also be changed by reconstitution. For example,
tannin content of the Darset variety decreased markedly on day 1 (Figure 3), and
continued to decrease, although' more slowly, through day 21. The initial stages of
the germination process may result in degradation or inactivation of tannin.
Relative digestibility (IVDMD) of the Dwarf Redlan (waxy) and Redlan (normal)
varieties was largely unaffected by reconstitution (Figure 3). In contrast, IVDMD
of the Darset (BR) variety was increased almost 35 percent on day 1of reconstitu-
tion, which raised this variety to a level similar to that of the Redlan variety. This
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Figure 1. Effect of day of reconstitution (mean:!: S.E.) on crude protein and
starch content of different sorghum grains (Dwarf Redlan -,
Redlan-.-, Darset - - -)

effect is probably related to the increase in soluble (Fraction I) protein and
decrease in tannin observed for the Darset variety on day I.

Rapid changes in the chemical constituents of sorghum grain in the early stages
of reconstitution indicate that much of the benefit of this process may be accrued
fairly early in the normal 21-day period. For example, increased soluble protein
and decreased tannin content of the Darset (BR) variety on day I apparently
resulted in a rapid increase in IVDMD. Although a 21-day incubation is probably
required to maximize the effect of reconstitution, much of the response
generated by this process appeared in this study to occur by day 2 or 3. Conse-
quently, this study suggests that in situations where turnover time of processed
grain is crtitical, shorter reconstitution periods of 3 to 5 days might be considered.
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Finishing Heifers on High vs Low
Roughage Feedlot Diets With and

Without Monensin

D. G. Wagner and S. C. Ostlie

Story in Brief
Sixty-four 535-lb crossbred heifers were allotted to four finishing treatments:

1) high roughage (50 percent) ration, no monensin; 2) high roughage + monen-
sin; 3) low roughage (10 percent), no monensin; and 4) low roughage + monen-
sin. Monensin was included in two of the four rations at 30 g/ton, to provide
about 300 mg per head per day at a 20-lb daily feed intake. The heifers were
slaughtered after 119 days on feed, and routine carcass parameters were
measured.

The to percent roughage finishing ration resulted in a higher average daily
gain (+ .32 Ib), final live slaughter weight (+ 38.6 Ib), dressing percent (+ 2.5
percent) and carcass weight (+ 44.2 Ib) than the 50 percent roughage ration.
Interestingly, the increase in carcass weight approximated the increase in final
live slaughter weight. Monensin had no effect on gain. Intake was reduced
slightly by monensin as in past trials, but feed efficiency (lb feed/lb gain) was
improved only + 3.6 and + 3.3 percent on the 50 and to percent roughage
rations, respectively. This is less improvement from monensin than generally
reponed in other feedlot trials where high concentrate rations were used. Never-
theless, a $1 expenditure on monensin would have saved approximately $4 on
feed cost in this trial.

Introduction

A major limitation of finishing cattle on high forage diets is lower gains and
usually higher costs of gain. Unless fed much longer, such cattle also tend to grade
lower, using past or existing grading standards. However, cattle finished on
higher forage diets should be I<!aner or lower in fat content while containing
nearly the same quantity of total protein. The type of fat may also differ although
this has received only very limited study. The long-term trend in the beef industry
will likely be toward the production of leaner market beef than we have been
accustomed to in the past. Reasons include high costs of production (fat is
expensive to produce), consumer desire for leaner beef, more worldwide demand
for grains, etc. Past changes in the grading standards have fostered a gradual
shift to leaner beef. Potential future changes (several proposals for changes in
grading are currently under consideration) will further promote the production
of beef with a lower fat content. In general, such changes should result in a
shorter feeding period on high grain diets and/or permit greater use of forages in
market beef production.

Monensin is a biologically active compound with the trade name Rumensin. It
is produced by an organism Streptmnycescinnamonesis in a fermentation process
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and has been shown to improve efficiency of feed utlitzation in high concentrate
finish rations and in high forage diets in stocker programs. The effect of monen-
sin on certain carcass characteristics in different types of finishing diets has
received very limited study, including the effects of fat content and composition
(e.g. type of fat and cholesterol level).

The objective of this study was to determine the feedlot performance and
carcass characteristics of feedlot cattle fed conventional, high concentrate or high
roughage finish rations, with or without monensin. Although not reported here,
lipid analyses are being conducted to assess effects of roughage level and monen-
sin on carcass fat composition.

Materials and Methods

Sixty-four Angus x Hereford heifers were blocked into four groups by weight
and then randomly allotted within block to four treatments, giving 16animals per
treatment (four animals/pen and four pens/treatment). The treatments were:

1) 50 percent roughage finish ration, no monensin
2) 50 percent roughage finish ration + monensin
3) 10 percent roughage finish ration, no monensin
4) 10 percent roughage finish ration + monensin

Composition of the rations is shown in Table 1.

Table1. Compositionof high and low roughage finishing rations

Monensin was incorporated in the two monensin-containing rations at 30 g/ton
to yield an intake of approximately 300 mg per head per day. The heifers
averaged 535 Ib at the beginning of the experiment and were fed 119 days before
slaughter. Routine carcass measurements were obtained after 48 hr. A one-inch
steak from the 12th rib section was removed from the right side of the carcass for
later lipid analyses.

Results and Discussion

Feedlot performance data are shown in Table 2. Heifers on the 10 percent
roughage treatments gained approximately 0.3 Ib/day more than those on the two
50 percent roughage rations, resulting in a 38-lb heavier slaughter weight.
Monensin had no effect on gain or slaughter weight on either the high or low
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Highroughage1 Low roughage

Ingredient - Monensin+ Monensin- Monensin+ Monensin-
% % % %

Corn, rolled 21.5 21.5 39.9 39.9
Sorghum, rolled 21.5 21.5 39.9 39.9
Cottonseedhulls 25.0 25.0 10.0 10.0
Dehydratedalfalfa pellets 25.0 25.0
Cottonseedmeal 4.0 4.0 7.0 7.0
Molasses,blackstrap 2.0 2.0 2.0 2.0
Salt, T.M. 0.2 0.2 0.2 0.2
Ca carbonate 0.5 0.5 0.7 0.7
Dicalciumphosphate 0.3 0.3 0.3 0.3
Monensin - 30g/ton - 30g/ton
'ViI.A added.



Table2. Feedlot performance (119days)

Highroughage
Rumensin + RumensinItem

No. of animals
ADG,lb
Initial wt, Ib

Final wt, Ib
Feed intake/day, Ib
Feed/gain, Ibllbc
Improvement, %
8.b(p<.OS).

cDMbasis.

16
2.338

535.2
812.98

21.3
9.148

16
2.338

534.9
812.68

20.5
8.818

+3.6

Lowroughage
Rumensin + Rumensln

16
2.69b

534.8
855.4b

17.9
6.63b

16
2.61b

535.6
847.2b

16.8
6.41b

+ 3.3

roughage treatment. This is in agreement with other research showing similar
daily gains when monensin is included in high concentrate feedlot rations.
Monensin supplementation resulted in a slight reduction in daily feed intake and
produced only a 3.6 and 3.3 percent improvement in feed efficiency on the high
and low roughage finishing rations, respectively. The improvements from
monensin noted in this trial are considerably less than that generally reported in
most other studies. However, an economic analysis would still show a favorable
costlbenefit ratio for using monensin. In this trial, a $1.00 input for monensin
would have produced approximately a $4.00 saving in feed costs, using realistic
current prices.

Carcass parameters are indicated in Table 3. Generally, the low roughage
rations resulted in somewhat higher carcass weights, including dressing percent.
Little difference was noted in most other carcass parameters between the high
and low roughage finishing programs, but fat thickness averaged .10 in. more on
the low roughage diets. Monensin produced no major changes in carcass parame-
ters on either diet, but monensin tended to produce a small increase in rib eye
area, marbling score and quality grade on both the high and low roughage diets.
This is in agreement with catcass trends repoted with monensin use in a previous
study emphasizing a higher roughage finishing program (Ostlie et aI., 1981).

Table 3. Carcass measurements

50%Roughage
Rumensin + Rumensin

483.78
59.58

9.21
.55

15.7
12.4

486.38
59.88

9.45
.47

16.8
12.9

10% Roughage

Rumensin+ Rumensln

532.3b
62.2b

9.87
.60

14.8
12.2

526.0b
62.1b
10.2

.62
15.81
12.6
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Item

Carcass weight, Ib
Dressing percent
Rib eye area, in2
Fat thickness, in
Marbling scorec
Quality graded

8.b(p<.OS).
cMarbling score: 14=avg small, 17=avg modest, 20=avg moderate.
dauality grade: 10 = avg good, 13 = avg r.hoice.
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Protein Deposition Prediction
Equation

R. L. Hintz and EN. Owens

Story in Brief
The protein deposition prediction equation which is a component of a model

being developed by the S-156 Regional Project to simulate forage-beef produc-
tion is as follows: protein gain (Ib/day) from conception to maximum rate

of gain = .37485 [e(ln(.006174/.37485)(DC.566)2/5662»);protein gain (lb/daI) from maxi-
mum rate of gain to maturity = .37485 [e(ln(.00002867/.37485)(DM21l177"n) where e is
2.71828, In is the natural logarithm, DC is days after conception and DM is days
after maximum rate of gain. Comparison with other protein deposition and gain
predictions indicates that the equation predictions agree with predictions of other
equations, particularly at lighter cattle weights.

Introduction

A computer model to simulate forage-beef production in the Southern region
is being developed by the S-156 Regional Project. The purpose of this paper is to
present a component of this forage-beef model which describes the protein
deposition from conception to maturity.

Materials and Methods

Data reported by Moulton et al. (1922)were used to determine parameters of a
sigmoidcurve to describe protein deposition of steers from conception to matur-
ity.The followingparameters of a sigmoid curve were estimated:
Rate of protein gain at conception (Ib/day) = .006174;
Maximum rate of protein gain (Ib/day) = .37485;
Rate of Protein gain at maturity (Ib/dav)= .00002867;
Days from conception to maximum rate of protein gain = 566;
Day~ from maximum rate of protein gain to maturity = 1177.
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Results and Discussion

The equation derived from data reported by Moulton et al. (1922) is: net
protein gain (lb/day) from conception to maximum rate of protein gain = .37485
[e(lll(000617olio:l74K'>)(DC.-,I;h)"I'>li6"J]where DC = days after conception and protein gain
(lb/day) from maximum rate of protein gain to maturity = .37485
[e(ltl(000002867Io37485)(DM21l1772))[where DM = days after maximum rate gain. (Figure
1).
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Figure 1. Plot of 5-156 Equation and data reported by Moulton et al. (1922)

Similar equations as components of this forage-beef model have been devel-
oped to simulate retention of fat, water and ash. The summation of fat, water,
ash and protein gain is an estimate of empty body weight gain. This approach
can simulate animals of similar weights with different body composition. Also,
simulation of animals with similar protein deposition and different empty body
weights can be achieved.

Regression equations have been estimated to predict protein deposition
and/or gain as a function of weight, average daily gain and/or mature weight
(Reid and Robb, 1971; Reid, 1974; Byers and Rompala, 1979; Garrett, 1981;
Lofgreen, 1981; ARC, 1980). An animal has been simulated with the S-156
forage-beef model to make comparisons with other predictions. In studying the
results, recall that the S-156 forage-beef model can simulate animals with similar
protein deposition and different empty body weights since fat, water, ash and
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protein deposition are predicted with different equations. Comparison of other
protein deposition predictions with the S-156 prediction indicates that they
agree well at lighter cattle weights, but the S-156 equation predicts a greater rate
of protein for heavier cattle (Table I). The S-156 equation predictions and
predictions from two equations developed by Reid agree very closely from birth
to 725 Ib (Figure 2). The difference in protein deposition of the heavier weights
of cattle can be reduced by simulating an animal with a faster rate of fat
deposition without changing the protein deposition. Similar conclusions are

Table 1. Protein deposition predictions (Ib)
Emp~ Emp~
body body

welghl gain
~ (Ib/day)

77 .68
193 1.28
381 1.81
612 1.96
837 1.70
983 .88

1066 .51
'Reidl = ReidandRobb,1971.
Reid2= Reid,1974.

Source1

Reldl Reld2 ARC

16.8
37.0
65.7
99.0

133.0
161.0
176.6

S-156

13.9
37.7
76.6

121.1
160.4
188.9
206.0

14.5
36.9
73.1
117.4

12.3
37.8
75.7

116.3
150.1
168.7
178.2

75 183 291 399 507 615 723 831

EMPTY BODY UEISHTCLB)

LEGEND. SOURCE --- ARC
REID2

Figure 2. Protein deposition predictions
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drawn when comparing other protein gain predictions with the S-156 prediction
(Table 2). The protein gain increases as the animal grows until it reaches a
certain weight; then the protein gain decreases as the animal grows (Figure 3).
With the simulated animal, protein deposition and gain predictions agree at
lighter weights of cattle but differ at heavier weights of cattle. The decrease in
gain is a function of (I) decreased rate of gain and (2) decreased protein content
of deposited tissue.

The flexibility of the S-156 forage-beef model allows one to simulate animals
with different body composition. Simulation of the components, fat, water, ash
and protein, will improve our ability to simulate animal performance (e.g. aver-
age daily gain and carcass composition). Continual refinement of these equations
for the S-156 forage-beef model will improve their flexibility and usability.

76 183 291 399 687 616 723 831 939 1947 1166

EMPTY BODY IIE:IGHTCLB)

LEGEND. SOURCE ARC-- LOFeR
- 5-1615

Figure3. Proteingain predictions

-- BYERS-- REm I
GARRE
RE:I1>2
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Table 2. Protein gain predictions (ib/day)
Empty Empty Source1body body
weight gain Reld1 Reld2 Byers Garrell Lofgreen ARC S-156(lb/day) -

77 .68 .131 .154 .118 .135
193 1.28 .247 .272 .204 .267
381 1.81 .348 .344 .320 .296 .259 .366
612 1.96 .377 .319 .348 .290 .275 .260 .360
837 1.70 .233 .237 .212 .200 .220 .288
983 .88 .104 .129 .101 .090 .117 .189

1066 .51 .057 .059 .057 .048 .070 .101
'Reid1 Reidand Robb, 1971.
Reid2 Reid, 1974.
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Effect of Intake and Roughage Level
on Digestion

S. R. Rust and F.N. Owens

Story in Brief
Twenty-four Hereford-Angus steers (800 Ib) were fed two roughage levels

(10 and 50 percent) at two intake levels (I and 2 percent of body weight). The diet
included whole shelled corn (WSC), forage and 8 percent supplement. As intake
increased, the digestibilities of organic matter, starch, fiber and nitrogen all
decreased. Additional forage in the diet decreased organic matter digestion but
increased digestibility of starch and fiber. Intake and roughage level effects on
rumen retention time and ruminal pH may explain these results. Forages which
increase retention of grain in the rumen may increase digestion of WSC. The
influence of forage level on starch digestion may be less important with processed
grains where fermentation is more rapid and starch digestion is higher.

Introduction

The digestibility of rations is depressed as the level of intake increases
(Andersen et aI., 1959). Reduced digestibilities at higher intakes may be the result
of an increased rate of passage through the digestive tract and less time for
digestion. Since forages may influence passage rates differently, the effect of
increased forage intake may differ with physical and chemical characteristics of
the forage. The objective of this research was to examine the influence of level of
feed intake on digestibility of mixed diets containing whole shelled corn supple-
mented with various forage sources at two forage levels. Corn was fed in the
whole form to enhance effects of intake and roughage level on digestibility.
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Effects may have been different with corn fed in the rolled, ground, high
moisture or steam flaked form.

Experimental Procedures
Twenty-four Hereford-Angus steers (800 lb) were fed six roughages including

cottonseed hulls (CSH), prairie hay (PH), alfalfa (AH), sorghum plant silage (SS)
and two types of corn plant silage (GCS - grain variety; FCS - forage variety).
Steers were fed at I or 2 percent of body weight with feed presented twice daily.
The diet (Table I) consisted of 10or 50 percent forage, 8 percent supplement and
whole shelled corn (WSC). Supplements were formulated to ensure a minimum
crude protein level of 10 percent. Chromic oxide was added to the supplement at
.2 percent of ration dry matter as an indigestible marker to calculate digestibility
from fecal samples. Animals were housed in individual pens with concrete slatted
floors. Steers were fed their respective diets for 21 days. Fecal grab samples were
collected at 0600 hr the last 5 days of each period. Fecal samples were analyzed
for pH and frozen for future analysis. Feed and fecal samples were analyzed for
organic matter, starch, acid detergent fiber (a fiber estimate) and nitrogen.
Rumen samples were collected at 1330 hr the last day of each period. Rumen
samples were analyzed for pH, ammonia and volatile fatty acid (VFA) content.

Table 1. Diet composition

Feedstuff

Corn, whole shelled
Foragefrom one of six sources
Supplement

Foragelevel,%
10 50

82 42
10 50
8 8

Results and Discussion

As feed intake increased, digestibility of organic matter, starch, fiber and
nitrogen decreased markedly (Table 2). Data with dairy cattle suggests a 50
percent increase in feed intake results in an II percent reduction in rumen
retention time (Campling et a!., 1961). The faster WSC leaves the rumen, the
lower the digestibility since little digestion of WSC occurs in the lower gastrointes-
tinaltract. Substitution of roughage for grain in the diet reduced the digestibility
of organic matter but increased fiber and starch digestion (Table 3). A reduction
in ruminal retention and ruminal digestion of fiber would increase the amount of

Table2. Effects of intake on digestibility
Intakelevel', % 01bodyweight

Item 2
%

change

Digestibility: (%)
Organic matter
Starch
ADF
Nitrogen

"bMeansina rowwithdifferentsuperscriptsdifferstatistically(P<.01).

76.0b
91.3b
43.5
67.3b

69.7"
84.5"
42.0
60.9"

-8.4
-7.5
-3.5
-9.5
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Table3. Effect of roughage level on digestibility
Roughagelevel, %

10 50 Difference

Digestibility: (%)
Organic matter
Starch
ADF

Nitrogen

"bMeansin a row with different superscriptsdiffer statistically (P<.01).

74.8b
86.8
36.6a
64.9

70.8a
89.0
49.0b
63.2

-5.3
+2.6

+33.9
-2.6

material presented to the large intestine and colon for digestion. The small
reduction in fiber digestion as intake was doubled in this study would suggest that
fiber digestion in the large intestine and colon compensated for any reduction in
digestibility in the rumen. Intakes of I and 2 percent of body weight approximate
1.2 and 1.9 multiples of maintenance, respectively. For each multiple of mainte-
nance, organi!= matter digestibility was reduced 8.7 and 6.2 percent for the 10 and
50 percent roughage level diets, respectively. For example, increasing intake from
IX to 2X maintenance requirements would reduce organic matter digestion from
80 to 73 percent. These depressions are more than those suggested from experi-
ments with dairy cows at higher intake levels. Differences may be due to the form
of corn being fed. Studies with dairy cows indicate that form of corn definitely
influences the degree of depression in digestibility due to feed intake (Moe and
Tyrrell, 1977).

The term "associative effect" is used to describe the non-additive response in
digestibility when two feedstuffs are fed in combination. Several studies have
reported the presence of associative effects between feedstuffs. Increased intake
level or accumulation of bulky feeds can increase ruminal passage rates and thus
decrease digestion of organic matter in the rumen. Increased passage rate may be
responsible for a portion of the associative effect. Passage rate should be greater
at higher levels of feed intake and with higher forage diets.

Intake effects on digestibility within roughage levels are shown in Table 4. Since
effect of intake level on digestibility was similar at both roughage levels, and effect
of roughage level was similar across both intake levels, the overall effects of intake
and roughage level on digestibility were calculated (Table 5). Digestion of organic
matter was decreased for both increased intake and roughage. Effects of these
two factors on starch and fiber digestion differed markedly. Deviation from
expected digestion at the high intake and high forage diet can be used to calculate
how much of the digestibility response can be explained by intake and roughage
level. This interaction is often termed an associative effect. Difference between

the observed and predicted digestibility of the high roughage-high intake diet is

198 Oklahoma Agricultural Experiment Station

Table 4. Roughage-intake level interaction effects on digestibility
Intake, NutrientDigestibility,%

%01 Organic
BW Roughage,% matter Starch Fiber Nitrogen

1 10 78.4 90.3 37.3 68.6
2 10 73.6 83.2 35.9 61.3
1 50 71.3 92.3 49.8 66.0
2 50 68.1 85.7 48.2 60.5



Table5. Effect of intake and roughage level on digestibility (% change)
Organic
matter Starch Fiber Nitrogen

Intake (% of BW)
Roughagelevel
Associative

effect, %a + .6 - .2 - .8 + .3
.Percentagedifferencebetweenobservedandpredictedvalueforhighintakeandhighroughageleveldiet.

-8.4
-5.3

-7.5
+2.6

-3.5
+33.9

-9.5
-2.6

listed as "associative effect" in -Iable 5. The size of the associative effects noted,
from only .2 to .8 percent, indicates that associative effects beyond those attribut-
able to intake and feed composition ditferences are small. Many of the associative
effects noted with feeds in the past may be attributable to feed intake. Etfects of
specific roughage sources on organic matter digestibility of the diet are presented
in Table 6. As intake increased, digestibility depressions were similar with all
roughages tested. The influence of roughage level on digestibility can be attrib-
uted primarily to the differences between the digestibility of the specific
roughage source and that of the rest of the diet, which is being displaced by
added roughage.

Table6. Influence of roughage source on digestibility

Roughagesource

CSH
PH
AH
SS
GCS
FCS

Depression
in organicmatterdigestibility (%)

Intakelevel Roughagelevel

-6.1
-7.6

'-10.1
-9.7
-9.5
-7.0

-12.9
-13.2

-2.8
-1.1
+6.5
-7.0

Since intake and roughage level influence digestibility of nutrients differently,
one can suggest why these etfects occur. High levels of intake and of roughage
probably increase passage rate and decrease digestion, especiallv of grain.
Because of the lower density and large particle size of forage, retention time
would be influenced less. Added forage alone may increase chewing during feed
consumption as well as rumination. With equal amounts of chewing and less grain
fed in the higher roughage ration, starch digestion might be expected to increase.
Another explanation relates to ruminal pH. High levels of grain intake reduce
ruminal pH and alter volatile fatty acid concentration (TIlble 7). Work from
USDA has shown fiber digestion and volatile fatty acid production is signiticantly
reduced at ruminal pH values below 6.0. Ruminal ammonia values were highest
for the low intake-high roughage diet. This is probably the result of increased
protein degradation in the rumen due to greater retention time and higher pH.
No relationship between ruminal ammonia levels and digestion was apparent in
this study. The high grain diets produced greater concentrations of propionate
and lower levels of acetate than the high roughage diets.

Increasing dietary intake had a larger effect on organic matter digestion and
acetate and propionate concentrations with the low level than with the high level
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Table7. Roughage intake level interaction effects on ruminal parameters
Intake,
%of Rumen Volatilefattyacid
BW Roughage pH NH3 Total Acetate Propionate

1% 10% 6.25 10.1d 81.5 63.1b 20.3b
2% 10% 6.01 11.0d 85.8 57.6a 25.6c
1% 50% 6.54 14.0e 75.2 67.0c 16.6a
2% 50% 6.38 10.9d 87.9 66.1c 16.6a

abcMeans in a column with different superscripts differ statistically (P<.05).
deMeans in a column with different superscripts differ statistically (P<.10).

Butyrate

11.1

10.6

11.8

12.8

of roughage. This suggests finishing diets are more susceptible to intake effects
on digestion than higher forage diets, and the depression in digestibility is due to
reduced ruminal retention time.

In summary, altered digestibility seen with roughage addition to high concen-
trate diets can be subdivided into effects of level of feed intake and effects of level
of roughage. Both would appear to alter passage rate through the gastrointestinal
tract and influence ruminal pH. Passage rate and ruminal pH, in turn, influence
the rate and extent of ruminal fermentation. Feeding forage sources which
increase ruminal retention time or rate of digestion should maximize digestibility
but, through fiber accumulation in the rumen, roughages retained in the rumen
may decrease feed intake.
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Forage Sources with Whole Corn
Receiving Diets for Cattle

.
In

S. R. Rust and F. N. Owens

Story in Brief
Six different forages were fed in 50 percent roughage rations to 24 Hereford-

Angus steers (800 Ib).The diets of 50 percent forage. 42 percent whole shelled
corn and 8 percent supplement were fed at a level equal to 2 percent of body
weight daily. The six forages examined were cottonseed hulls (CSH). prairie hay
(PH). alfalfa hay (AH). sorghum plant silage (SS) and two varieties of corn plant
silage (FCS and GCS). Organic matter digestibility was greater with the corn
silage diets. Some forage diets (CSH. PH and two of the three silages) were more
digestible (+ 18, + 4, + 5 percent) than expected while alfalfa hay diets were 14
percent less digestible than expected. Results suggest that although forage diges-
tibility is important in selecting a roughage for receiving cattle diets, forages may
interact differently with whole shelled corn and have considerably more or less
value in mixed diets than expected. Starch digestion was greatest with the cotton-
seed hull-supplemented diet.

Introduction

Upon arrival in commercial feedlots yearling feeder calves are fed diets con-
taining 40 to 60 percent forage. Such high forage diets may be fed for 5 to 120
days depending on cattle size and economic conditions. Source of forage may
influence energy availability from grain (Teeter amd Owens. 1981). The purpose
of this research was to evaluate the influence various types of forages have on
efficiency of nutrient utilization with high roughage diets.

Experimental Procedures
Procedures used in this study are presented elsewhere in this publication (Rust

and Owens, 1982). The level of forage was 50 percent in this study whereas in the
other study, diets contained 10 percent forage. Diets and supplement composition
are shown in Tables 1 and 2. The forage sources were cottonseed hulls (CSH),
prairie hay (PH), alfalfa hay (AH), sorghum plant silage (SS) and two varieties of
corn plant silage (GCS and FCS).

Table 1 Diet composition (DMbasis)
Item %

Whole shelled corn 42

~ffi~ ~
Supplement 8
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Table2. Supplement compositionS (DMbasis)

Item
Supplement

eSH& PH AH Silages

---- % - ------
SBM
Ground corn
Dicalcium phosphate
Limestone
Potassium chloride
Salt
Urea
Sodium sulfate
Trace mineral mix
Chromic oxide

"Vitamin A and D were added to supply NRC requirements.

72.3
5.1

10.7
2.7

50.4
13.1
15.1
5.6
3.1
7.5
2.4

.3
2.5

1.6
3.8
2.4

.2
1.3

Results and Discussion

45.3
4.9

13.1
15.1

5.6
3.1
7.5
2.4

.3
2.5

Organic matter digestion was greatest for the corn silage diets and lowest for
the alfalfa hay-supplemented diet (Table 3). CSH, PH and two of the three silage-
supplemented diets yielded greater than expected digestibilities based on TDN
values from the NRC for dairy cattle while the alfalfa hay-supplemented diet
produced lower than expected values. When digestibilities were higher than
expected, starch digestibilities were also high and vice versa. Results suggest that
certain forages may enhance the digestibility of whole corn while others, such as
alfalfa, may reduce starch digestion from whole shelled corn. The selection of a
forage for mixed diets to be used in receiving rations should be based not only on
digestibility and nutrient content of the forage, but also on the influence the
forage has on digestibility of the grain in the ration.

Starch digestion tended to be lower for the SS and PH-supplemented diets.
Starch digestionwasgreatest (96.3 percent) for the cottonseed hull-supplemented
diet, which agrees with previous studies (Rust and Owens, 1982; Teeter and
Owens, 1981). A trend for greater fiber digestion was seen with the PH and silage
diets.

Table3. Effect of forage source on nutrient digestibility

"Calculated from TDN of ingredients listed in NRC for dairy cattle.
bcMeans in a row with different superscripts differ statistically (P<.06).

de'Means in a row with different superscripts differ statistically (P<.10).
ghMeans in a row wijh different superscripts differ statistically (P<.15).
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ForageSource
Item eSH PH AH SS DeS FCS

Digestibility,% organic matter
Determined 68.0de' 65.9de 61.3d 65.2de 76.6' 71.6el
Predicted8 57.7 63.1 65.8 64.4 71.9 71.9

Starch 96.3c 78.7b 83.7bc 76.7b 90.4bc 88.5bc
ADF 43.69 56.3h 40.49 46.59h 56.0h 46.59h
Nitrogen 54.4 57.0 57.1 60.4 69.7 64.4



Effects of forage source on composition of feces is shown in Table 4. Fecal pH
increased as fecal ash content increased (P<.0005). Some researchers have sug-
gested that indigestible fiber or minerals bound to the indigestible fiber buffer
intestinal and fecal pH. The relationship between fecal starch or fecal fiber with
pH was poor in this study. Fecal starch content was lowest for the CSH-
supplemented ration. Ruminal pH and ammonia levels were not significantly
different for diets containing the six roughage sources (Table 5). Results conflict
with the suggestion that certain forages produce higher ruminal pH than other
forages. Volatile fatty acid concentrations were similar except for isobutyrate and
valerate. These are branch chain fatty acids derived primarily from protein
degradation. With lower protein forages, one might expect lower levels of these
acids.

When selecting a roughage to supplement whole corn diets used for growing
cattle, feeders need to consider not only digestibility of the forage has but also the
influence forage has on grain digestibility. Based on expected digestibilities, the
cottonseed hull diet was 18 percent more digestible than expected while the

- --

Table 4. Effect of forage source on fecal parameters
Foragesource

Item CSH PH AH SS GCS FCS

Fecal
pH 6.04i 6.11 ij 6.32jk 6.41k 6.36k 6.27ijk
Dry maUer,% 25.5h 23.9gh 20.8'g 22.7'9h 24.1h 20.51

Starcha 3.8' 19.5gh 13.0'g 25.1h 14.7'gh 14.5fgh
ADFa 57.7d 30.0c 33.8c 30.0c 27.9c 28.6c
Nitrogena 2.61k 2.03 2.4gik 2.04' 2.14ij 2.19ijk
Asha 6.ge 10.5de 10.9de 16.4bc 21.7b 14.8cd

"Percentage of dry matter.
bcdeMeans in a row with different superscripts differ statistically (P<.01).
IghMeans in a row with different superscripts differ statistically (P<.05).
ij'Means in a row with different superscripts differ statistically (P<.10).

Table 5. Effect of forage source on rumen pH, ammonia and volatile fatty
acid concentration

Forage source

Item CSH PH AH SS GCS FCS

Ruminal

pH 6.12 6.79 6.34 6.38 6.32 6.33
Ammonia, mg/dl 9.53 5.58 15.22 13.74 15.22 6.25
Volatile fatty acid,

moles/100 moles
Acetate 68.56 66.66 63.44 64.70 63.77 9.63
Propionate 13.78 17.93 15.54 18.26 17.56 16.29
Butyrate 13.88 12.06 13.51 12.81 13.85 10.53
Isobutyrate .48cd .76cde 1.35e .19c 1.03de .21c
Valerate 1.14a .85a 2.64b 1.53a 1.49a .81a
Isovalerate 1.51 1.50 2.78 1.85 1.89 1.10
Caproate .65 .25 .76 .66 .40 1.43
Total 90.47 95.73 81.78 81.28 72.29 105.57

"bMeansin a row with different superscriptsdiffer statistically (P<.10).
ccMeansin a row with different superscriptsdiffer statistically (P<.15).
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alfalfa diet was 7 percent less digestible than expected. Prairie hay, sorghum and
corn silages were near expected values (+ I to + 5 percent). Forage quality and
type is more critical in diets containing high levels of roughage than feedlot
finishing type diets. Positive and negative effects may be less when the grain in the
ration has been more extensively processed. With steam-rolled barley, associative
effects of alfalfa were not detected in a California study, but in Colorado, corn
silage has consistently reduced digestibility of cracked corn diets. Selection of a
forage should be based on the influence that forage has on digestion of the entire
diet as well as forage digestibility, palatability, availability. protein content, physical
characteristics and cost.
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Influence of Infrequent Feeding on
Ruminal Digestion

D. C. Weakley and R N. Owens

Story in Brief
Four ruminally cannulated Hereford heifers were fed once daily either a high

concentrate or high roughage diet. Dacron polyester bags containing either
soybean meal (SBM) or cottonseed meal (CSM) were placed in the rumen of these
animals for six consecutive four-hour exposure periods to study the influence of
time after feeding on ruminal digestion. Disappearance of dry matter (DM) from
CSM and SBM was greatest in those animals fed the high concentrate diet.
Furthermore, disappearance of these materials from bags was not constant over
the entire 24-hr period after feeding. Disappearance tended to be highest
immediately after and before feeding. This demonstrates that rumen fermenta-
tion is not constant. Feeding protein 4 to 12 hr after feeding energy may increase
protein bypass.

Introduction

Studies of rumen fermentation usually assume a steady rate of digestion.
Constant conditions may not exist when animals are fed only once or twice daily.
Infrequent feeding practices are often utilized in laboratory studies and in dairy
parlors.

204 Oklahoma Agricultural Experiment Station



A procedure to study digestion rate in the rumen is to suspend a feed in dacron
bags within the rumen and measure feed loss. The objective of this study was to
measure the variation in digestion rate in the rumen of cattle fed once daily.

Materials and Methods

Four ruminally cannulated Hereford heifers (950 Ib) were fed once daily either
a high concentrate or a high roughage diet at a level equal to 1.4 percent of their
body weight. The high roughage diet consisted of 81 percent chopped prairie hay
and 19 percent soybean meal with a crude protein content of 12.5 percent. The
high concentrate diet contained 62 percent corn, 14 percent cottonseed hulls, 10
percent soybean meal, 6 percent ground alfalfa hay, 6 percent molasses and 2
percent minerals and vitamins with a crude protein content of 12.8 percent. Two
heifers were placed on each of the two rations in the first period and switched for
the second feeding period.

Polyester bags received 2 g of either SBM or CSM. The two protein sources had
been sieved to a particle size between .5 and 1.0 mm and extracted with .9 percent
saline solution for 6 hr to remove soluble components.

Five days after the ration was first fed, two bags of each protein source were
suspended in the rumen of each heifer during six consecutive 4-hr exposure
periods after feeding (0 to 4, 4 to 8, 8 to 12, 12 to 16, 16 to 20 and 20 to 24 hr).
Upon removal from the rumen, bags were rinsed and contents analyzed for dry
matter disappearance, an index of digestion rate.

Rumen samples were collected at 0, 4, 8, 16and 24 hr after feeding for analysis
of rumen ammonia to determine whether ammonia was adequate for microor-
ganisms in the rumen.

Results and Discussion

Rates of disappearance of SBM and CSM dry matter from dacron bags in the
rumen of roughage or concentrate-fed heifers are presented in Figure 1. Protein
disappearance was more variable. Since protein and DM disappearance from
bags are closely related, only DM disappearance is presented.

For all exposure periods studied, disappearance of both SBM and CSM was
faster in the concentrate than roughage-fed animals. Exposure periods in the
rumen longer than 4 hr have shown faster protein digestion with roughage diets
in other studies, but little effect of diet on disappearance from dacron bags was
observed at shorter exposure times. Whether differences are due to different
ruminal pH, ammonia level or bacterial species is uncertain. Greater disappear-
ance observed at longer exposure periods in animals fed roughage is probably the
result of increased degradation of the cellulose, exposing more dry matter to
microbial attack and digestion.

Rate of ruminal degradation was greater for SBM than CSM. Protein bypass
has been consistently greater for cottonseed meal than soybean meal in steer
trials.

Influence of time after feeding on ruminal digestion rate of SBM and CSM in
the rumen of high concentrate and roughage-fed animals is presented in Table 1.
Rate of digestion was lowest from 4 to 12 hr after feeding. Ruminal ammonia
concentrations followed a similar pattern in animals fed the high concentrate
ration (Table 1). Results suggest that the once-daily feeding regimen established a
pattern of digestion in the rumen that was not constant over the day. Conse-
qu~ntly, feeding frequency and diet composition probably alter the utilization
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and ruminal bypass of protein. Feeding protein supplements 4 to 12 hr after
energy is fed, as might be possible in dairy parlors, may enhance escape of
protein from ruminal digestion.

. SSM
)( CSM

. SSM. CSM

HIGH CONCENTRATE DIET
HIGH CONCENTRATEDIET
HIGH ROUGHAGEDIET
HIGH ROUGHAGEDIET

,
FED

.
FED

0-4 4-8 8-12 12-16 16-20 20-24

TIME AFTERFEEDING, HR
Figure 1. Dietary influence on DM disappearance of S8M and CSM from

dacron bags

Table 1. Percent DM disappearance from dacron bags exposed for adjacent
time periods in the rumen

Rumen NH3-N, mgtdl

High concentrate 13.3 7.9 7.3
High roughage 10.2 12.2 5.6

~eans ina rowwithdifferentsuperscriptsdifferstatistically(P<.05).

14.1 12.4
4.5 5.5
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Corn Moisture and Processing

D. R. Gill, EN. Owens, J. J. Martin
R. A. Zinn, D. E. Williams

and R. J. Hillier

Story in Brief
Corn harvested at 24 and 31 percent moisture was stored at these moisture

levels and compared with corn harvested at 24 percent moisture and recon-
stituted with water to 31 percent moisture. Each moisture level of corn was ensiled
in the ground form or as a blend consisting of 60 percent whole kernel corn plus
40 percent ground corn. These six types of corn were fed to 150 steers (673 Ib) for
112 days. Higher moisture content, whether present at harvest or from water
added prior to ensiling, improved feed efficiency (8.5 percent) over corn at 24
percent moisture. Except for a slight sacrifice in rate of gain, adding water to
high-moisture corn improved its feeding value. Corn processing prior to ensiling
had little effect on performance. Feed efficiency was improved 1.5 percent by
grinding. Source of supplemental protein also had little effect on animal per-
formance. Results confirm previous studies which indicate that efficiency of feed
use of high-moisture corn is greater when it contains about 30 percent moisture
than when it contains only 24 percent moisture.

Introduct\on
Moisture level of high-moisture corn alters efficiency of feed use according to

previous trails from Oklahoma (Teeter et aI., 1979) and Kansas (Davis, 1981).
High-moisture corn containing 20 to 24 percent moisture is not as well utilized as
either dry corn or corn containing more than 27 percent moisture. To obtain
higher moisture levels, corn can be harvested earlier, or water can be added at
ensiling time. Method of processing high-moisture corn at ensiling time also is
debated. Fine grinding assures packing and may improve digestibility of starch
but requires additional energy and time. Nebraska trials with high-moisture corn
stored and fed in the whole form seem promising, but packing of the grain to
avoid air penetration and molding in trench silos is simplified when fine particles
are present. The objectives of this trial were to determine the influence of
moisture content (harvested or reconstituted high-moisture corn) and grain pro-
cessing on value of high-moisture corn for feedlot steers. Because the ideal
protein supplement for high-moisture corn is uncertain, soybean meal, urea and
a mixture were tested as supplements.

Materials and Methods

Corn from western Kansas was harvested at 31 percent moisture or at 24
percent moisture and transported to Goodwell, Oklahoma. A portion of each
batch of corn was ground with a tub grinder for storage in the ground form. A
blend of high-moisture corn in the whole form (60 percent) with ground corn (40
percent) also was prepared for storage. These two processing methods will be
termed "blend" and "ground" in this report. The corn was stored at harvest
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moisture levels, and half of the 24 percent moisture corn was reconsituted to 31
percent moisture by adding water to corn mixing in feed trucks. Each of the three
grains was stored in plastic bags (Ag-Bag) from November until the following
April.

One hundred fifty steers of mixed breeding weighing 673 Ib were divided into
30 pens of 5 head each and fed the rations (Table I) for 112 days. Steers had been
on feed at Hitch Feedlot for over a month prior to initiation of this feeding trial.

Table 1. Ration compositIon (% of dry matter)8

Ingredient

Corn, high moisture
Corn silage
Alfalfa, chopped
Soybean meal
Limestone
Urea
Ammonium sulfate
KCI
Salt

Supplementalprotein
Soybeanmeal Urea

82.1 87.7
6.4 6.4
3.6 3.6
5.84 0

.86 .82
o .87

.15 .15

.23 .43

.38 .38

Mixture
83.9

6.4
3.6
3.55

.84

.34

.15

.31

.38

"Crude protein of negative control was 9.4% and of other rations was 11.8% of dry feed. All rations
contained..7% K, .5% Ca and .34% P plus rumensin (30 g/ton), Tylan (90 mglhead daily) and vitamin A
(30,000 IU/headdaily).

Results and Discussion

No interactions of moisture level, processing and protein source were appar-
ent. A discussion of three factors follows.

Moisture level

Dry matter intakes were greater for the drier (24 percent moisture) corn than
for corn with water added or corn higher in moisture at harvest. This has been
observed in previous trials. Gains differed little with moisture content. Wetter and

Table 2. Influence of grain moisture on steer performance

"bMeansin a row with different superscripts differ statistically (P<.05).

208 Oklahoma Agricultural Experiment Station

-

Moisture
Item Dry Wet Recon

Daily gain, Ib
0-55 2.83 2.84 2.58

56-112 3.08 3.21 3.15
0-112 2.96 3.03 2.87

Daily feed, Ib
0-55 16.4 15.4 14.3

56-112 17.3" 16.48b 15.4b
0-112 16.88 15.9b 14.8b

Feed/gain
0-55 5.81 5.43 5.60

56-112 5.658 5.13"b 4.89b
0-112 5.708 5.25b 5.18b

ME, meal/kg 3.15b 3.338 3.368



reconstituted grain improved feed efficiency by 8.5 percent, and calculated
energy content was 6.2 percent greater for grain containing more moisture than
the 24 percent moisture corn. One could conclude that adding water to drier
high-moisture corn decreases feed intake (5.3 percent) and increases efficiency of
feed use (9.1 percent) with a slight sacrifice (3.0 percent) in daily gain. Higher
moisture harvested grain does not appear to depress gains to the extent recon-
stitution may.

Grain processing
Effects of grain processing on steer performance are presented in Table 3.

Performance of steers fed high-moisture corn stored and fed ground was little
different than that of steers fed high-moisture corn in which 60 percent of the
grain was stored and fed in the whole form. The advantage in feed efficiency
attributable to grinding (1.5 percent) may not justify the additional cost of
grinding. However, when corn is stored in a pit silo instead of being encased in
plastic as it was in this study, packing and spoilage will be more of a problem with
a product that has whole kernels than with a ground product.

Table3. Influence of processing on steer performance

Protein source
Effect of protein source on animal performance is presented in Table 4. Rate of

gain and feed intakes were slightly lower for steers fed the soybean meal supple-
ment. Differences in feed efficiency were very small. Previously, soybean meal
supplements have usually proven superior to urea supplements with high mois-
ture corn. Compared with other years, the urea supplements this year were
balanced with the soybean supplement not only for nitrogen, calcium, phos-
phorus and potassium but also for sulfur from sodium sulfate. Also, monensin
was included in the supplement. Sulfur and monensin additions to urea supple-
ments for moisture corn diets need further research.

Gains and feed efficiencies for all treatments are presented in Table 5 for those
who have interests in certain specific combinations.
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Processing
Item Blend Ground

Daily gain, Ib
0-55 2.73 2.73

56-112 3.08 3.19
0-112 2.91 2.96

Daily feed, Ib
0-55 15.4 15.3

56-112 16.2 16.5
0-112 15.8 15.9

Feed/gain
0-55 5.65 5.64

56-112 5.29 5.20
0-112 5.44 5.36

ME, mcallkg 3.25 3.29



Table 5. Gains and feed efficiency with high moisture corn diets

Moisture

24Ha

Process
Blend

Ground
Blend

Ground
Blend

Ground

Daily gain, Ib
Proteinsource

Urea Mix 88M

2.83 2.83 2.99
2.88 3.21 2.99
2.84 2.90 2.84
2.99 2.90 2.74
3.25 3.03 2.88
3.20 2.79 3.02

Feed/gain
Proteinsource

Urea Mix 88M

5.70 5.53 5.88
5.90 5.66 5.53
5.37 5.19 5.10
5.05 5.11 5.25
5.22 5.12 5.71
5.08 5.38 4.98

"Harvested at this moisture level.
bHarvested at 24% moisture and reconstituted to 31% moisture.

Literature Cited

Davis, G. V. 1981. Cattle Feeders' Day, Garden City, KS. p. 14.
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Table 4. Influence of protein source on performance of feedlot steers

Proteinsource
Item 88M Urea Mixture

Daily gain, Ib
0-55 2.68 2.72 2.79

56-112 3.11 3.18 3.11
0-112 2.90 2.95 2.95

Daily feed, Ib
0-55 14.9 15.7 15.5

56-112 16.6 16.4 16.1
0-112 15.7 16.0 15.8

Feed/gain
0-55 5.59 5.79 5.55

56-112 5.36 5.18 5.20
0-112 5.42 5.43 5.35

ME, meal/kg 3.27 3.27 3.27



Protein Sources with Steam Flaked

Corn Diets for Finishing Steers

R. A. Zinn, R N. Owens and D. R. Gill

Story in Brief
Soybean meal, urea, casein and no additional protein supplements were fed

with steam flaked corn to 48 finishing steers (701Ib) for 139 days. Gain and feed
efficiency increased with added protein. Gains, ruminal ammonia and blood urea
levels were low for steers not receiving supplemental protein. Protein was added
to their ration on day 89. Refeeding protein to the deficient group for 49 days
restored efficiency but not rate of gain equal to that of other steers. Gains and
feed efficiency favored urea over the soybean meal supplement by II and 3
percent, primarily due to greater feed intake of the urea supplemented diet.
Steers fed casein consumed less feed and had gains similar to steers fed soybean
meal . Efficiency of feed use was best for steers fed casein, with apparent
metabolizable energy being about 7 percent superior to other diets.

Introduction

Protein needs for cattle over 700 pounds have been widely debated. Some
researchers have recommended protein withdrawal while others have suggested
that soybean meal is more useful than' urea due to the amino acids it provides for
ruminal digestion and the potential protein bypass. 1\vo lines of evidence suggest
that ammonia concentrations in the rumen of steers fed high levels of high
concentrate rations may be deficient for bacteria to thrive. First, ruminal
ammonia concentrations are sometimes low. Secondly, in a trial by Zinn with
intestinally cannulated steers, efficiency of microbial protein synthesis in the
rumen decreased when feed intake was increased from 1.8 to 2.1 percent of body
weight, which might be due to inadequate amounts of ammonia in the rumen.

If ruminal ammonia is inadequate, deficits of postruminal protein could be
alleviated by feeding either I) more protein to bypass the rumen or 2) more urea
to increase the production of microbial protein in the rumen which is flushed to
the small intestine. When steers get heavier, and postruminal protein needs
decline, it is unclear whether an ammonia deficiency reduces steer performance
if postruminal protein needs are met. The objecti,'e of this trial was to determine
the relative value of supplementing a steam flaked ration with soybean meal, urea
or casein. Only about 30 percent of soybean protein may be degraded to amino
acids and subsequently to ammonia in the rumen when fed with a high concen-
trate ration at high feed intake levels. Crea should be entirely degt'aded to
ammonia within the rumen. Casein also should be extensively degraded to
ammonia in the rumen but will provide amino acids for microbial use, which has
been suggested by California workers to be beneficial. The zero supplementation
treatment was included to check that the ration without supplementation was
deficient for growth of these steers.
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Materials and Methods

Forty-eight steers (70 lib) were allotted to eight pens at Panhandle State
University, Goodwell, OK, and fed steam naked corn rations without added
protein or with added soybean meal, urea or casein (Table I). The trial lasted 139
days, but after 89 days on feed, steers in the two pens fed no supplemental
protein were switched to rations containing a protein supplement. One pen of
steers received supplemental soybean meal while the other pen received a soy-
bean meal-urea supplement for the remaining 49 days of the trial.

Table 1. Ration composition (% of dry matter)8

Ingredient

Corn, steam flaked

Corn silage
Alfalfa, chopped
Soybean meal
Limestone
Urea
Ammonium sulfate
KCI
Salt

Supplementalprotein

Soybeanmeal Urea
82.1 87.3

6.4 6.4
3.6 3.6
5.84 0

.86 .82
o .87

.15 .15

.23 .43

.38 .38

Noneb

87.6
6.4
3.6
o

.82
o

.15

.43

.38

aCrude protein of negative control was 9.4% and of other rations, 11.8% of dry malter. All
rations contained .7% K, .5% Ca and .34% P plus rumensin (30 g/ton), Tylan (90 mglhead
daily) and vitamin A (30,000 IUlhead daily).
bCasein-supplemented steers received a mixture of 50% "urea" supplement and 50% of the
"none," plus 100 g of casein per steer twice daily.

Results and Discussion

Results are presented in Table 2. Performance and etliciency of feed use were
very poor for steers fed no supplemental protein for 89 days. Ruminal ammonia
and blood urea levels were much lower for these steers but not below the level
indicated by some workers as required (5 mg/dl). Performance and efficiency
indicate that protein was deficient for these steers. When protein was fed to these
deficient steers, they responded well in gain and efficiency even though they
weighed 864 pounds at that time. Feed intakes did not recover completely, but
feed efficiency for the total trial was surprisinglv good despite the long period of
protein depletion and reduced gain. Results indicate that efficiencv of gain of
nutritionally deprived cattle can be very good.

Responses in gain and efficiency were greater with urea than with soybean
meal supplementation. This same effect was apparent when the protein depleted
steers were returned to soybean meal or urea plus soybean meal supplements.
Greater gain response with urea than with soybean meal supplementation might
be expected if the level of ruminal ammonia normally is low with sovbean meal.
Steam naking of the grain may emphasize this effect since heat treatment usually
reduces ruminal breakdown of protein to ammonia. This would make urea more
useful with naked corn diets than with high moisture corn diets as discussed in a
1980 review (Martin et aI., 1980). However, ruminal ammonia on dav 89 was
almost equal for these two treatments. Possiblv, buffering of rumen contents from

212 Oklahoma Agricultural Experiment Station



urea or saliva may have been greater 'with the urea diet which speeded fiber
digestion and clearance from the rumen. Alternatively, production of end prod-
ucts in the rumen which are signals of food intake control may have differed with
the two supplements.

Feed intake and gains were lower with casein than urea as a source of dietary
nitrogen. This suggests that amino acid release in the rumen, one of the proposed
benefits of soybean meal as a protein supplement, is probably not useful to
increase gain of growing steers. Feed efficiency, however, in steers receiving
supplemental casein was considerably superior (7 percent) to efficiency of steers
fed other diets. Factors responsible are under study. With casein priced at $2 per
pound, this efficiency advantage will not be pursued with feedlot steers.

Literature Cited

Martin, J.J.et at. 1980. Okla. Agr. Exp. Sta. Res. Rep. MP-107: 114.
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Table 2. Steer performance
Recovery

Supplement Period"
S8M
+

S8M Urea Casein None" S8M Urea

Pens 2 2 2 2 1 1
Steers 12 12 12 12 6 6

Daily gain, Ib
0-89 day 2.56ab 2.65a 2.40b 1.84c

90-139 day 2.83ab 3.46a 3.17ab 3.25ab 2.84 3.66
0-139 day 2.66b 2.94a 2.68b 2.35C

Daily feed, Ib
0-89 day 15.7ab 16.1ab 14.1bc 13.6c

90-139 day 15.1bc 17.6a 14.0c 13.9c 13.2 14.6
0-139 day 15.5bc 16.7ab 14.2cd 13.8d

Feed/gain
0-89 day 6.15b 6.06b 5.92b 7.39a

90-139 day 5.32b 5.16b 4.40b 4.32b 4.7 4.0
0-139 day 5.84ab 5.69ab 5.29b 5.87ab

Metabolizable
energy, meal/kg 3.46b 3.49b 3.71a 3.49b

Ruminal ammoniae 24.6 22.9 27.5 10.0
N, mg/dl

Blood ureae 15.8 16.8 20.9 10.3

N, mg/dl
"OCMeans with different superscripts differ (P< .05).

dProtein readded on day 89. and recovery period is subdivided by type of protein fed during recovery.
"Measurements obtained on day 89 of the trial.



Protein Source and Potassium for

Heavy Feedlot Steers

R. A. Zinn, E N. Owens, D. R. Gill,
D. E. Williams and R. P.Lake

Story in Brief
Ninety finishing steers (976 Ib) received urea, soybean meal, or soybean meal

plus potassium in their protein supplements with high moisture corn diets for the
final 28 days of a finishing trial. Added potassium increased live weight gain and
efficiency by 21 percent. Gain with urea was 39 percent more rapid and 19
percent more efficient than with the soybean meal supplement. Feed intake was
greatest with urea supplementation. Further studies are needed to examine how
much of these effects are due to gastrointestinal fill and how much is tissue
retention of fluid or dry matter.

Introduction

Protein source and postassium level for finishing steers can influence rate and
efficiency of gain. These differences have been noted primarily at the start of a
finishing trial, but withdrawal of supplemental protein for steers over 850 Ib has
not reduced performance in some trials. This suggests that one would expect
little effect from alteration of the diet for steers nearing 1000 pounds. This trial
was conducted to determine if protein source or postassium level would influence
performance of steers approaching market weight.

Material and Methods

Steers fed high moisture corn in a trial elsewhere in this publication (Gill et aI.,
1982) were used in this 28-day study. Two steers from each of the 30 pens were
marketed leaving three steers (976 Ib) in each of the 30 pens for this study. All
steers received high moisture corn with corn silage. Each pen received one of
three different supplements (Table 1). These supplements contained urea, soy-

Table 1. Ration composition (% of dry matter)8
Supplement

Ingredient Soybeanmeal S8M&.K Urea
Corn, high moisture 82.1 82.1 86.7
Corn silage 6.4 6.4 6.4
Alfalfa, chopped 3.6 3.6 3.6
Soybean meal 5.84 5.84
Limestone .86)36 .82
Urea 0 0 .87
Ammonium sulfate .15 .15 .15
KCI .23 1.22 .43
Salt .38 .38 .38

.Crude protein of rations was 11.8% of dry matter. All rations contained .7% K, .5% Ca and .34% P plus
rumensin (30 g/ton), Tylan (90 mg/head daily) and vitamin A (30,000 IU/head daily).
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bean meal or soybean meal plus added potassium (K) to increase dietary potas-
sium level to 1 percent of the diet dry matter. Steers were weighed following 18 hr
without feed and water at the start and end of this 28-day study.

Results and Discussion

Addition of K to the ration slightly reduced feed intake but improved live
weight gain and fed efficiency by 21 percent in this short study (Table 2).
Unfortunately, carcass data from this trial was not obtained to measure effects of
added potassium on carcass weight. Dressing percentage decreased with supple-
mental K in another trial in this publication (Zinn et a\., 1982). A decrease in
dressing percentage of .7 percent could explain the gain response seen in this
study. Nevertheless, more frequent feeding and increased ruminal buffering and
digestion with added potassium could prove beneficial for these heavy steers.

Similar to results noted in the "Corn Moisture and Processing" study by Gill et
a\. (1982), gains, feed intakes, and feed efficiency favored the urea supplement.
This also supports the suggestion that ruminal ammonia may be deficient with
soybean meal supplementation of diets for finishing steers.

Table2. Steer performance results

Item

Daily gain, Ib
Daily feed,lb
Feed/gain

88M
2.0Sb

1S.1b
7.878

Supplement
88M&K
2.488b

14.9b
6.1gb

Urea
2.8S8

17.78
6.3Sb
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Protein Bypass Estimates for
Finishing Steers

R. A. Zinn and F. N. Owens

Story in Brief
Protein bypass has been measured for five different protein sources using

steers equipped with intestinal cannulas. Bypass decreased with higher amounts
of roughage in the diet. To predict bypass, a combination lest of solubility and
disappearance from polyester bags was devised. Bypass of specific feed proteins
varies with I) level of roughage, 2) level of feed intake and 3) time of digestion in
the rumen. Consequently, a bypass value determined with one intake level and
one roughage level is not applicable to other feeding conditions. Intestinal diges-
tibility of protein may be estimated by digestion of the protein source wilh pepsin.

Introduction

Value of supplemental protein for high producing dairy cattle and rapidly
growing young steers is dependent on the amount that escapes degradation in the
rumen and passes to the small intestine for digestion. High bypass proteins are
widely advertised, and chemical treatments to increase bypass have been devel-
oped. Bypass values for different sources have been sought in many trials, and
values for protein sources based on bypass have been calculated. Bypass values
also differ among experiments. Bypass trials with animals are expensive and
complex to conduct, so methods to predict bypass have been sought. 1() develop
chemical methods to predict bypass, reliable bypass values from animals are
needed.

Materials and Methods

Passage of several protein sources to the small intestine was measured using
steers equipped with cannulas at the start of the small intestine. Bacterial protein
was subtracted from total flow based on nucleic acid content of bacteria and of
intestinal samples. Flow of protein to the intestine with or without the added
protein was measured and bypass calculated. The difference was expressed as a
percentage of the protein source fed. Bypass of soybean meal (SBM), cottonseed
meal (CSM), dehydrated alfalfa meal (Dehy) of two types, meat meal (MM) and
hardened casein (HCAS) were estimated with an 80 percent concentrate ration
(Table 1). Bypass of soybean meal and cottonseed meal were also measured with a
40 percent concentrate ration which would be more similar to a starting feedlot or
a dairy ration (Table 1). Steers also had cannulas at the end of the small intestine
so digestibility in the small intestine could be measured. Additional characteristics
of these protein sources which were measured included solubility in a salt solu-
tion, indigestibility by a pepsin-HCI mixture and disappearance from dacron bags
suspended in the rumen of steers fed the diets being fed.
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Table 1. Composition of basal diets

Ingredient
Concentrate

Trials1 and2
Roughage

Trial3

---------------- ----% -----.-- -------
Chopped prairie hay
Dry rolled corn
Soybean meal
Starch
Solka floc
Molasses
Urea
Trace mineral salt
CaCOa
CaHP04
Na2S04
KCI
Cr20a

20.0
74.4

2.0
1.2
.3
.6
.3
.3
.7
.2

60.0
16.0
9.9
5.0
5.0
1.0
1.0
.3

1.0
.2
.4
.2

Results and Discussion

Bypass values for the protein sources tested are presented in Table 2. Bypass of
SBM and CSM were considerablv lower when fed with a rougha~e than with a
concentrate ration. This confirms earlier measurements with dehv as a source of
protein which showed that ration composition influences bypass (Zinn and
Owens. 1980). Bypass was not related to solubility of the protein source. Casein
was of a "hardened" var.iety and had a lower solubility (Table 2) than most types of
caseinand also had a higher bypassthan in a previous study (Zinn et al.. 1981).So
solubility within a single protein source may sometimes be a predictor of bypass.
Degradation rates in the rumen were measured for periods up to 24 hr. Since
disappearance from dacron bags during the first 4 hr would include the fraction
which is soluble in a dilute salt solution plus fine material which will sift through
pores in the dacron bag. the first 4 hr of ruminal digestion were i~nored.
Disappearance rates for subsequent 8 and 12-hr periods differed by type of ration
being fed, with the higher rou~hage ration having much higher degradation
rates.

Table 2. Bypass and chemical characteristics of proteins

Bypass.% Solubility Dacronbagdisappearance
Ration in .15N Concentratediet Roughagediet

Item Cone. Rough. NaCI 4-12hr 12-20hr 4-12hr 12-20hr

S8M 43 24 27.27 3.6 5.2 5.7 6.9
CSM 50 43 33,12 2.2 3.4 4.6 1.6
Dehy 1 57 42 0 1.0 5.3 1.4
Dehy 2 62 23 0 1.7 3.2 4.0
MM 76 24 0 .9 1.5 .2
Casein 36 6 8.6 8.3
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Assuming bypass includes the fraction which is insoluble and not degraded
from nylon bags, bypass values were predicted based on the amount of protein
which is insoluble plus the rates of degradation at the various times. Predicted
bypass values are compared in Figure I with measured bypass from these studies
and one previous study. The relationship suggests that bypass may be predictable
based on one chemical measurement-protein solubility-plus an index of
ruminal activity of animals fed the diet of interest-disappearance from dacron
bags. Systems employing chemical or enzyme measurements alone or dacron bag
measurements with only one diet result in a single estimate for bypass and cannot
account for differences in the ruminal environment.

Digestion of nitrogen, not including ammonia, in the small intestine averaged
65 percent, matching other literature estimates (62 to 67 percent). To calculate
digestibility of bypassed protein, the relationship of intestinal digestibility of
nitrogen to amounts of bacterial and feed protein entering the small intestine was
determined. That relationship: intestinal digestibility of nitrogen (IDN)= -8.6 +
.73 x bypass N + .73x microbial N indicates that true digestibility of microbial
protein and bypass N are about equal at 73 percent and that the amount of
protein escaping digestion is approximately equal to the amount which resists

20 40 60 80

OBSERVED PROTEIN BYPASS (0/0)

Figure 1. Observed vs predicted bypass from solubility and dacron bag
values

218 Oklahoma Agricultural Experiment Station

80- /
-:!!. DEHY e A MM0-
0

/
0 /e M & B

60 CGM e /£1-
> / e DEHYm CSM e
Z /e CSM-w
I- 40 CSM e eLSM
0 /
a:
£1- I DEHY e /
C
w

j /

I-
U

20 /
e HCAS-

c
w

/:AS

PRED = 3.3 + .9320BS
a: r = .94£1-



digestion by pepsin. Pepsin digestibility can be used to calculate "intestinally
digestible protein" or "metabolizable protein" values. Table 3 presents predicted
bypass minus the indigestible fraction estimated by determining the amount of
protein not solubilized by acid plus pepsin compared with measured "metabo-
lizable protein." Except for dehydrated alfalfa meal, which had a much lower
observed than predicted value, the relationship between expected and observed
intestinally digested protein was reasonably good. Results indicate that bypass of
intestinally digested protein can be predicted reasonably well based on a combina-
tion of solubility, degradation in dacron bags in the rumen and pepsin indigesti-
bility. Solubility and pepsin indigestibility would be the primary factors with high
intakes of high concentrate diets, but with higher roughage levels, all three
factors appear important.

Table3. Observed versus predicted metabolizable N
value of test proteins

Observed
metabolizableN

Predicted"
metabolizableN

-..- %-----.-- ------
Trial 1

CSM
Dehy
S8M

28
32
32

34
33
34

Trial 2
Casein
Dehy
MM

28
21
49

19
47
53

Trial 3
CSM
S8M

.Standard reference bypass minus pepsin insoluble N.

31
16

35
15
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Ionophores and Digestibility of
Feedlot Rations

M. C. Ferrell, EN. Owens
D. A. Phelps and D. R. Gill

Story in Brief
Monensin, lasalocid and salinomycin were added to a 95 percent concentrate

whole shelled corn ration at a level of 30 g per ton. Adding ionophores increased
digestibilities of dry matter, organic matter and nitrogen. Starch digestibility
tended to increase with ionophores, but nitrogen retention was unaffected.
Results suggest that these compounds may have slight biological differences.
Increased organic matter digestion can explain increased biological ef1iciency of
3.2 percent with these compounds.

Introduction

lonophores are a class of feed additives which increase the efficiency of the
feed use by feedlot cattle. Monensin is the most widely known ionophore.
Salinomycin and lasalocid have been shown to have similar eflects on efficiency
but often depress intake less than monensin.

Energy, protein and starch digestibility were increased slightly with the addition
of monensin to a whole shelled corn ration in two previous trials (Thorton, et aI.,
1978; Rust et aI., 1979). Effects of these drugs on fecal measurements are outlined
from other feeding studies in this report, but due to animal and feed intake
differences, those measurements may be unreliable. This experiment was con-
ducted to compare the effects of three similar compoundsnmonensin, lasalocid
and salinomycin--on digestibility of a high concentrate ration.

Experimental Procedures
A ration containing whole shelled corn and cottonseed hulls (Table I) was fed at

2 percent of body weight to 12 crossbred steers. The average initial weight of the
steers was 640 lb, and the feed intake was limited to II Ib dry matter per head
daily. Steers were rotated among diets so each steer received each drug for 14
days. Supplements containing lasalocid, salinomycin and monensin were fed to
achieve dietary levels of 30 g per ton of feed or 33 ppm of dry matter. Periods
were 14days in length, with total urine and feces collected during the final 5 days.
Rumen samples were collected by stomach tube on day 15 of each period.
Digestibilities of dry matter, starch, protein and organic matter were calculated.
Ruminal and fecal pH were measured.

Results and Discussion

Addition of ionophores to this ration had no significant effect on ruminal pH
but increased fecal pH (Table 2). Nitrogen percentage in fecal dry matter was
higher with monensin than lasalocid or salinomycin supplementation. Fecal ash
was also higher when steers were fed the monensin supplement than when fed
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Table 1. Ration composition, dry matter basis

Ingredients

Whole shelled corn
Cottonseed hulls
Pelleted supplement

Soybean meal 3.39
Alfalfa meal .279
Dicalcium phosphate .234
Calcium carbonate 1.069
Potassiumchloride .418
Sa~ 218
Urea .512
Trace mineral mix .017
Vitamin A-30 .01
Druif +

"Premixadded in amounts to yield dietary levels of 30 g per ton of feed of monensin, salinomycin or
lasalocid.

Table 2. Ruminal, fecal and urinary measurements

88.58
5.16

%

NoneItem

Ruminal pH
Fecal pH"
Fecal dry matter, %C
Fecal starch, % DM
Fecal N, % DMb
Fecal ash, % wet matterb
Whole kernels in fecesd

Urine, liter/day
Total fluid output, liter/day.

"Drugs altered measurement (P<.05).
bResponseto monensin differs from other drugs (P<.05).
<Responseto lasalociddiffers from response to salinomycin (P<.05).
dKernelsnot detected = 0; few particles = 1; large amounts = 3.
"Fecal plus urinary water output.

6.23
5.67

29.3
15.7
2.90
2.25
1.25
5.92
8.22

Monensin

6.16
6.15

29.9
13.5
3.11
2.47
1.33
7.06
8.82

Lasalocid

6.23
6.03

31.1
15.2
2.89
2.36
1.58
6.99
8.90

the other two drugs. Fecal dry matter was greater with lasalocid than with
salinomycin. Fecal starch tended to be slightly higher with control and lasalocid
supplements. The amount of whole kernels of corn observed in the feces was
slightly lower with supplemental salinomycin than with other drugs. Output of
fluid in urine plus feces was increased by 16 percent with added drugs suggesting
that these compounds may increase water intake.

Digestibility of both organic matter and dry matter was increased by the
addition of all three ionophores (Table 3) with greater effects from added monen-
sin than either lasalocid or salinomycin. On the average, organic matter digestion
was increased by 3.2 percent by added ionophores. Starch digestion also tended
to increase with drug additions, but the .difference was not significant. Ash
digestion tended to be greater with monensin and lasalocid supplementation.

Ionophores decreased fecal nitrogen output (Table 4) but had little effect on
loss of nitrogen in the urine. The digestibility of nitrogen was enhanced by added
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drugs whilenitrogen retention wasnot significantly altered. Although thesethree
compounds are chemically similar, some of their effects differ slightly. Since all
three increased digestibility of most nutrients, they should all increase biological
efficiency of feedlot steers.

Literature Cited

Rust, S. R. et al. 1979. Okla. Agr. Exp. Sta. Res. Rep. MP-104:55.
Thorton, J. H. et al. 1978. Okla. Agr. Exp. Sta. Res. Rep. MP-103:70.
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Table 3. Digestibility

Drug
Item None Monensin Salinomycin Lasalocid

Dry matter"b,% 81.4 84.8 82.5 83.0

Organic matter"b, % 81.0 85.0 82.6 83.1

Starch, % 95.4 96.7 96.3 96.0

Ash, % 62.0 66.3 61.6 65.4

"Drugsalteredmeasurement(P<.05).
bResponseto monensindiffersfromotherdrugs.

Table 4. Nitrogen metabolism

Drug
Item None Monensin Salinomycin Lasalocid

Nitrogen intake, g/day 87.42 85.09 82.74 89.63

Fecal nitrogen outputa,g/day 27.40 23.14 24.59 25.24

Urinary nitrogen output, g/day 24.53 26.35 22.00 23.45

Digestibility, %a 68.6 72.6 70.0 71.7

Retention, g/day 35.49 35.60 36.13 40.94

"Drugs altered measurement (P<.05).



NUTRITION-POULTRY

Influence of Feed Withdrawal1ime
and Broiler Activityon Carcass Yield

R. G. Teeter, A. M. Saleh and J. G. Berry

Story in Brief
Ninety barred rock broilers were studied in a trial to determine the effects of

fasting and differing levels of physical activity during the fasting period on
broiler carcass characteristics. Physical activity was controlled by regulating the
amount of environmental light available to the birds. Treatments included fasting
in the presence or absence of light for 0, 12, 24, 36 and 48 hours prior to
slaughter. Dressing percentage was enhanced by a mean of 5.7 percent at the 12,
24 and 36-hour time periods, but this effect was reduced to only 2.4 percent at 48
hours after feed withdrawal. Physical activity was reduced by the removal of light,
but this had no effect upon carcass yield. Carcass weight remained constant
through 24 hours of fasting but declined linearly (P<.05) thereafter. Liver weight
declined linearly throughout the feed withdrawal period but at 24 hours
accounted for only .4 percent of the marketable weight. The data indicates that
purchasers of live broilers derive an economic advantage when the broilers are
fasted for 12 to 24 hours before tallying purchase weight and that this advantage
is reduced when the fasting period is extended beyond 24 hours.

Introduction

Broilers frequently undergo periods of intentional as well as unavoidable
fasting prior to processing. Purchasers of live broilers prefer to buy birds that
have undergone a period without feed so that dressing percentage will be in-
creased, and they will not be forced fo pay live broiler prices for the feed contents
of the gastrointestinal tract. Broilers are commonly held off feed but permitted to
consume water before the purchase weight is tallied. Unavoidable periods of
fasting (without feed and water) are encountered during transit to processing
facilities. Although some fasting seems desirable from the purchaser's ,'iewpoint,
extensive time periods without feed may reduce the carcass weight. The following
experiment was conducted to examine the influence that time without feed prior
to slaughter has on the yield of.saleable carcass and, further, to determine if bird
activity during the deprivation period influences carcass yield.

Materials and Methods

Ninety barred rock cockerels with a mean initial live weight of 3.8 pounds were
allocated to one of nine treatment groups. Replicates consisted of two pens of five
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birds each. The ration birds received 4 weeks prior to processing is shown in
Table 1.Birds were fasted, either in the presence or absence of light, for 0, 12,24,
36 and 48 hours. Lighting was used to control bird activity. Birds normallv exhibit
little physical activity when exposed 10 a dark environment. Presence or absence
of light and length of fasting period coupled to form the treatment group. All
birds were individually weighed 4H hours prior to and at the time of slaughter.
Yield measurements obtained at slaughter included carcass weight (dressed and
eviscerated bird weight without giblets) and liver weight. Feed contained in the
crop and gizzard was collected, dried, weighed and used as an index of gastroin-
testinal tract fill.

Table 1. Ration composition
Ingredient

Ground corn grain
Soybean meal (44%)
Ground milo

Meat and bone scrap (50%)
Tallow
Alfalfa meal
Blood meal
Salt
Vitamin mix
dl methionine
Trace mineral

%

39.4
22.5
14.8
10.9
4.8
4.0
2.6

.5

.25

.2

.05

Results and Discussion

Broiler live weight (Table 2) at processing decreased linearly (1'< .05) as length
of fasting period increased. Live weight at slaughter was not inf1uenced (1'>. I) by
the presence or absence of light, indicating that bird activity during the fasting
period has little inf1uence on li,'e body weight. Carcass weight remained constant
for the first 24 hours of fasting and then declined linearly (1'<.05) as the fasting
duration increased. Since carcass weight remained constant while live weight
declined during the tirst 24 hours, dressing percentage (Figure I) increased by a
mean of 5.4 percent. Fasting birds Pl'ior to tallving live body weight l'eslllts in a
savings for the purchaser without reducing the quantity of edible carcass. The GH
percent reduction in crop and gizzard till indicates that at least a portion of the
enhanced dressing percentage is due to a reduced gastrointestinal tract fill. Even
though carcass weight was declining after 24 hours of fasting, the dressing
percentage remained high through 36 hours, indicating that live body weight and
carcass weight are reduced in equal proportions during the 24 to 36-hour fasting
period. However, dressing percentage at 4H hours of fasting was red uced (P< .(5)
compared to the 36-hour value, demonstrating that within the latter fasting
period, carcass weight is lost at a higher rate than the other tissues included in li,'e
body weight. Data from this experiment indicates that in order fiJI' the maximum
quantity of carcass to be obtained, broilers should not be without food fi)r O\'er 24
hours prior to processing.

A linear (1'<.05) reduction in liver weight CTIibie2) was detected as the length of
fasting period increased. Liver tissue is metabolically active and constitutes the

224 Oklahoma Agricultural Experiment Station



Table 2. Broiler carcass characteristics
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o 12 24 36 48

Figure 1. Dressing percentage as influenced by fasting period

Time (hr)

principle storage site for glycogen. Glycogen is a readily available energy source
and may constitute up to 30 percent of the liver's wet weight. The decrease in
liver weight suggests that during the fasting period, liver glycogen is being
mobilized to provide energy. The liver appears to be a sensitive organ for
monitoring food deprivation. After broilers spent 24 hours without feed, liver
weight was reduced by a mean of 10.7 percent. However, since the reduction in
liver weight was only .2 percent of the carcass weight, and the savings which the
fasting technique afforded the purchaser amounted to 5.4 percent of the pur-
chase weight, it is advantageous for broiler purchasers to fast broilers prior to
tallying purchase weight.
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NUTRITION-SWINE

Swine Internal Parasites: Effect of

Anthelmintic and Management
System

W. R. Walker, C. V. Maxwell
H. E. Jordan, and W. G. Luce

Story in Brief
A total of 96 growing-finishing swine were used to study the effect of an

anthelmintic treatment regime and management system on pig performance,
liver lesions and intestinal worm burdens. Anthelmintics had no significant effect
on rate of gain in pigs fed in confinement or in pasture lots. Feed efficiency was
significantly (P<.OI) improved by anthelminics only during the grower phase of
pigs fed in pasture lots. Anthelmintics were effective in reducing the number of
internal parasites in both confinement and pasture management systems. The
type of parasites involved as well as the type of management system used may
determine the most economical internal parasite control system for each swine
producer.

Introduction

Infections of swine by internal parasites cause sizeable monetary losses in the
swine industry because of growth retardation, uneconomical gains and occasional
deaths. These losses have been estimated to average as much as $3.00 per pig.

A number of drugs with anthelmintic properties are available. However, con-
flicting results appear in the literature regarding the effectiveness of these com-
pounds in improving rate of gain and efficiency of feed utilization. These
inconsistent responses may result from environmental differences and/or disease
variables. Swine reared in total confinement may require a different parasite
control program than those reared in pasture lots.

The purpose of this study was to determine the effect of two anthelmintic
treatment programs on rate of gain, efficiency of feed conversion, liver damage
and number of internal parasites in Specific Pathogen Free (SPF) pigs fed in total
confinement or in pasture lots.

Materials and Methods

A total of90 SPF Yorkshire pigs and 6 SPF crossbred pigs (York x Hamp) from
the Oklahoma State University research and teaching herd were used in this
experiment. Sows that served as the source for the experimental pigs were treated
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with dichlorvos (Atgard) at approximately 110 days of gestation. The pigs were
reared in total confinement facilities cleaned with water pressure and disinfec-
tant. No additional anthelmintic was administered before allotment to treatment.
The pigs, averaging 50 Ib initially, were randomly allotted to one of six pens on
pasture or total confinement in pens with solid concrete 1100rs.One crossbred pig
was assigned to each management treatment subclass. Each pen contained a self
feeder and automatic waterer. All pens had been used in a continuous swine
feeding program for years. Care was taken to clean and disinfect the concrete
growing-finishing pens prior to the initiation of the trial. Composition of the basal
diet used throughout the trial is shown in Table 1. Treatments were as follows:
Treatment I: Basal diet with no anthelmintic.
Treatment 2: Basal diet plus dichlorvos (Atgard) at 348 grams/ton fed as the sole

ration for 2 consecutive days at the initiation of the trial and at
monthly intervals thereafter.

Treatment 3: Basal ration plus 12 grams/ton of Hygromycin fed continuously.
Pigs were removed from the trial at an average weight of 232 lb. At the end of

the trial, pigs were examined for liver lesions, and an intestinal parasite count was
made. In addition, a fecal egg count was made on a fecal sample obtained from
the digestive tract.

Table1 Compositionof basal diet

Ingredient

Yellow corn

Soybean meal (44%)
Dicalcium phosphate
Calcium carbonate
Salt
Vitamin trace-mineral mixa
CTC-50b

Total

%

75.50
21.15

1.50
0.75
0.50
0.50
0.10

100.00

'Supplied 4,000,000 IU vitamin A, 300,000 IU vitamin D. 4 9 riboflavin, 20 9 pantothenic acid, 30 9 niacin,
800 9 choline chloride, 15 mg vitamin B'2' 10,000 IU vitamin E, 2 9 menadione, 200 mg iodine, 90 giron, 20
9 manganese, 10 9 copper, 90 9 zinc and 100 mg selenium per ton of feed.
"Contains 50 9 chlortetracycline per Ib of premix.

Results and Discussion

Performance data are presented in Table 2. Anthelmintics had no significant
effect on rate of gain in pigs fed in solid concrete pens or in pasture lots. Average
daily gain over the entire trial was 1.72, 1.74 and 1.73 pounds for the untreated
control, Atgard and Hygromycin treatments, respectively. It should be noted that
during the growth phase average daily gain was similar for both management
systems.

Anthelmintics had no significant effect on the efficiency of feed utilization
during both the grower and finishing phases in pigs fed in solid concrete pens.
However, in pigs fed in pasture lots, the efficiency of feed utilization was im-
proved (P<.OI) by both the periodic and continuous anthelmintic treatment when
compared with the untreated control during the grower phase, but not during
the finishing phase. When compared to the untreated control diet, this repre-
sented a 14.5 percent improvement in feed efficiency in pigs treated with Atgard
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Table 2. Effect of anthelmintics and management system on average daily
gain and feed efficiency

Pasture
Avg. daily gain, Ib

Grower phase (50-120 Ib)
Finishing phase (120 Ib-market)
Total (50 Ib-market)

Feed per Ib gain, Ib
Grower phase (50-120 Ib) 3.37a 2.88b 2.84b
Finishing phase (120 Ib-market) 3.75 4.01 3.86
Total (50 Ib-market) 3.61 3.56 3.44

.bMeanswithdifferentsuperscriptswithinmanagementsystemaresignificantlydifferent(P<.01).

1.45

1.84
1.67

1.50
1.84

1.69

1.52
1.85

1.70

and a 15.7 percent improvement in feed efliciency in pigs treated with Hygromy-
cin during the growing phase. The imprm'ement in feed efliciency in treated pigs
on pasture, but not confinement, is similar to trends obsen'ed in pre\'ious studies
(Maxwell et aI., 1980).

The effects of anthelmintics and management system on necropsy e\'aluation
are presented in Table 3. The number of h\'er lesions was not significantly
affected by treatment in pigs fed on pasture or concrete. Ascarids and whip-
worms were the only parasites found in the intestine upon necrops\". The total
number of both parasites was extremely small in pigs on all treatments and both
management systems but tended to be lower in pigs on either anthelmintic
treatment. This reduction was significant in the number of ascarids (I'.<.0;)) in
pigs fed Atgard in confinement and the number of whipworms (1'<. I) in pigs fed
Atgard on pasture. Pigs fed Atgard at 348 grams/toll of ration for 2 consecuti\'e
days and at monthly interyals thereafter on pasture or concrete had no ascarids or
whipworms. The fecal egg counts followed the same trends as the intestinal
parasite counts with the number of fecal ascarid eggs being higher for pigs on the
untreated control diet. Both Atgard and Hygromycin reduced the fecal ascarid
egg count (P<.OI)in pigs fed in confinement and the whipworm fecal egg count
(1'<.1) in pigs fed in pasture lots.

These data indicate that amhelmintics are a\'ailable which can effecti\"ely con-

trol ascarids and whipworms in swine fed on pasture or in total confinemeni. The
type of parasite involved as well as the type of management system used should be
considere,d in determining the most economical control system for each swine
produce):
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Treatment

Management Control Atgard Hygromycin
Concrete

Avg. daily gain, Ib
Grower phase (50-120 Ib) 1.66 1.55 1.67
Finishing phase (120 Ib-market) 1.86 1.97 1.83
Total (50 Ib-market) 1.78 1.80 1.76

Feed per Ib gain, Ib
Grower phase (50-120 Ib) 2.67 2.80 3.23
Finishing phase (120 Ib-market) 3.65 3.35 3.77
Total (50 Ib-market) 3.28 3.16 3.56



Table 3. The effect of anthelmintics and management system on average
number of liver lesions, intestinal parasites and fecal egg counts

Pasture
Liver lesions
Ascarids

Intestinal parasites
Fecal egg count

Whipworms
Intestinal parasites 6.368 O.OOf
Fecal egg count 0.148 O.OOf

abMeans in the same row with different superscripts are significantly different (P<.01).
cdMeans in the same row with different superscripts are significantly different (P<.05).
.'Means in the same row with different superscripts are significantly different (P<.10).

17.63 20.96

1.68
34.32

0.00
0.43

Literature Cited

Hygromycin

14.00

.51cd
0.21b

0.00
0.00

10.44

1.00
3.38

1.818f
O.OOf

Maxwell, C.Y. et al. 1980. Oklahoma State Agr. Exp. Sta. Rep. MP-107; 162.
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Treatments

Management Control Atgard

Concrete
Liver lesions 7.70 6.94
Ascarids

Intestinal parasites 2.25c O.OOd

Fecal egg count 71.79a O.OOb
Whipworms

Intestinal parasites 0.00 0.00

Fecal egg count 0.07 0.00



The Effect of Increased Feed Intake

During Late Gestation on the
Reproductive Performance of Sows

W. R. Walker, C. V. Maxwell,
R. L. Hintz and K. Brock

Story in Brief

The effect which increased feed intake during late gestation has on the
reproductive performance of sows was studied in a trial utilizing 77 York-
shire sows and 45 Yorkshire gilts. Treatments were a normal level of feed
intake (4 Ib per head per day in summer and 5 Ib per head per day in
winter) throughout gestation and a high level of feed intake (7 Ib per head
per day in summer and 8 Ib per head per day in winter) from 90 days of
gestation to farrowing. Sows on the high intake treatment were fed a
normal intake from breeding to 90 days of gestation followed by the higher
feed intake to farrowing.

No significant treatment differences were observed for litter size, sow
weight, sow feed consumption, creep feed consumption, or pig survival.

A three-way interaction between treatment, parity and season of birth
was significant.

The pigs from sows and gilts on the higher late gestation feed intake
were consistantly heavier at birth, 21 and 42 days and had higher survival
rates, resulting in increased litter size and larger pigs at weaning. Sow feed
consumption during the first 21 days of lactation and creep feed consump-
tion by pigs during the last 21 days of lactation were also higher for sows
and gilts on the high intake treatment.

Introduction

A low survival rate of baby pigs from bith to weaning is a major problem
in the swine industry. Estimates of survivability range from 70 to 80 per-
cent. One of the major factors that has been shown to influence survival in
baby pigs is birth weight. Past research indicates that heavier birth weight in
pigs results in increased survival to weaning. Early studies demonstrate that
most of the weight, protein, calcium and phosphorus is deposited in the
fetuses during the last 21 days of pregnancy. Since birth weight may be
related to energy intake of the sow during gestation, the level of nutrient
intake during the last trimester of pregnancy should have an influence on
the weight and composition of the newborn pig, thus having a major effect
on the pig's chances for survival.

This study was conducted to determine what effect total feed intake level
of the sow during late gestation has on litter size. birth weight, pig survival
and subsequent pig performance.
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Materials and Methods
A feeding study was conducted with 77 Yorkshire sows and 45 Yorkshire

gilts to determine the effect on subsequent productivity of increasing the
fevel of nutrition during late gestation. Prior to breeding, gilts and sows
were fed a standard 14-percent crude protein corn-sO\'bean meal ration.
The specific feeding regime for each treatment through the entire gesta-
tion period is eXplained in '1;lble I. After bUTowing, all sows were allowed to
consume the 14-percent protein diet on an ad libitum basis throughout
lactation, Creep feed was prO\'ided to pigs at 3 weeks of age and continued
until weaning at () weeks of age. After weaning, all sows were returned to
the prebreeding le\'eI of feed intake (4,0 Ib per head per day) and rebred,
when possible, on the first estrus,

Table 1. Feed intake for each treatment (Ib)
Treatment'

Normal Intake

Gills Sows

High Intake

Gills Sows

Gilts and sows were kept in dirt lots throughout the breeding and earh'
gestation period. Pens were equipped with indi\'idual feeding stalls and
nipple waterers. Gilts and sows were fed once dailv in the morning. Shelter
was provided in each lot with foggers for cooling during periods of high
temperature and straw for bedding during periods of cold temperature. At
approximately I IO days of gestation, gilts and sows were moved to a
farrowing unit and kept in farro\\'ing crates until 21 days after farrowing.
Heat lamps were prO\'ided to supph' supplemental heat to pigs. At 21 da\'s
postfarrowing, sows and litters were mO\'ed to nursery pens where pigs
were allowed access to creep feed and water on an ad libitum basis. :\ursery
pens were on concrete floors with shelter I)J'O\'ided for both sow and pigs. A
hover area was pro\'ided with heat lamps to suppl\' supplemental heat
during the winter months. At 42 da\'s post farrowing pigs were weaned and
sows returned to dirt lots. l\leasurements made included: I) gilt and sow
weight at breeding, 90 da\'s and 110 days of gestation as well as within 24
hours of farrowing, on da\' 21 of lactation and at weaning: 2) indi\'idual pig
weight at birth (Ii\'e and dead pigs). 21 days and at weaning: 3) total and li\'e
pigs at birth, 21 days and at weaning: 4) feed consumption of sows from
parturition to day 21: 5) consumption of creep feed 1)\' the baby pigs from 3
weeks until weaning.

Results and Discussion
1'0 significant treatment differences were obsen'ed for sow weight at

breeding. gOor 110 da\'s of gestation. farrowing and 21 or 42 days post far-
rowing (lable 2). Sows and gilts on the high intake treatment showed a
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Prior to breeding 5 4 5 4

After breeding (day 1-90) 4 4 4 4

90 days (gestationto farrowing) 4 4 7 7

"Feed increased 1 additional pound during the months of December to February,



Table 2. Least square means for sow weight, sow feed consumption and
creep feed consumption for each treatment

Treatment

NormalIntake(Ib) HighIntake(Ib)

Sow weight
Breeding
90 Days gestation
110 Days gestation
Farrowing
21 Days lactation
42 Days (weaning)

Sow feed intake (farrow to 21 day
postfarrowing

Creep feed consumption (21 days
postfarrowing to weaning)

388.9
434.4

454.3
426.4
408.2
418.3

375.9

441,0
465,5
437.5
405.5
416.3

338.2 349.8

27.8 32.3

tendency to gain more weight from 90 days of g-estation to farrowing- and
lose more weight during lactation than sows and gilts on the normal intake
treatment. In addition, sow feed consumption from f;ItTowing to 21 days
postfarrowing was higher in sows fed the high intake leyel during gestation
(349.8 Ib ys 338.2 Ib for the high \'s normal intake, respectiyely). Likewise,
pig creep consumption from 2 I days posthltTO\\'ing to weaning at 42 days
post farrowing- was higher in litters from sows fed the high intake during
late gestation (32.3 Ib vs 27.8 Ib for the hig-h vs normal intake, respecth'eIv).
These differences in sow feed consumption and creep feed consumption
were not significant.

Differences in individual pig weight at birth, 21 and 42 days post farrow-
ing were significant, but interpretation is diflicult due to a significant three-
way interaction between treatment, parity and season of birth Cl;lble 3).
However, averaged by treatment, pigs from sows and gilts on the high
intake treatment were consistentlv heavier than pigs from sows and gilts on
the normal intake at each weight period.

The number of live pigs and the pig survi\'al rate at birth, 2 I and 42 days
postfarrowing were not significantly affected by the le\'el of feed intake of
the sow (Table 4). It should be noted, however, that the trend for larger pigs
at birth from sows and gilts on the hib>'!}intake treatment resulted in higher
survival rates for pigs at birth, 2 I and 42 days postfarrowing. which in turn
led to more live pigs at weaning (7.39 \'S6.86 for the high ys normal intake,
respectively). The survival rate was improved by 9.4 percent at 42 days. and
survival rate from 2 I to 42 days was improved by 10.7 percent.

These data suggest that no significant benefits are deriyed from increas-
ing the feed intake of sows during the last trimester of gestation. However,
performance was consistently higher for sows and gilts on the high leyel of
feed intake. With the high degree of variation associated with the reproduc-
tive traits, a study with more animals may be necessary to accurately deter-
mine the real effect which nutritional treatment during gestation has on
subsequent reproductive performance.
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Table 3. Least square means of individual pig weight for each treatment parity and farrowing season
=-

Season 21 Days 42 DaysQ
E! Treatment Parity otbirth Birthweight(Ib) post-farrowing(lb) post-farrowing(Ib)
> Normalintake Gilt Jan-Mar 2.5 11.2 21.0

(Jq Normalintake Gilt Apr-Jun 3.3 11.4 19.0:I.I') Normal intake Gilt Jul-Sept 2.9 10.5 21.9c
i Normalintake Gilt Oct-Dee 2.7 11.3 23.2

Normalintake Sow Jan-Mar 3.0 11.9 21.5- Normalintake Sow Apr-Jun 3.0 12.1 24.2
Normal intake Sow Jul-Sept 2.4 9.4 21.9." Normalintake Sow Oct-Dee 2.8 12.5 23.7t'I>

:I.
E! Averagefornormal 2.8 11.3 22.1t'I> intaketreatment=...
1JJ Highintake Gilt Jan-Mar 3.1 10.5 18.3Sj=. High intake Gilt Apr-Jun 3.1 12.3 24.2Q

High intake Gilt Jul-Sept 2.9 12.1 22.6=
High intake Gilt Oct-Dee 2.5 12.5 22.1
High intake Sow Jan-Mar 3.1 12.6 22.6
High Intake Sow Apr-Jun 3.3 12.3 23.9
High intake Sow Jul-Sept 2.5 8.7 19.4
High intake Sow Oct-Dee 3.3 13.4 26.5

Averagefor high 3.0 11.8 22.5intake treatment



Table4. Average litter size and survival rate
Number01live pigs

21days 42 days
Birth lactation (weaning)

9.14 8.02 6.86
8.14 7.81 7.39

Normal intake
High intake

Birth'

87.7
89.0

Survivalrate (%)
21 days2 42 days3
lactation (weaning)

88.1 75.6
89.9 85.0

21-42"
days

83.8
94.5

'Number of pigs born alive + total pigs born.
2Number01pigs alive at 21 days + number of pigs born alive.
3Numberof pigs alive at 42 days + number of pigs born alive.
'Number 01pigs alive at 42 days + number of pigs alive at 21 days.

Direct Comparisons of Antibiotics for
Growing-Finishing Swine

C.V.Maxwell, D.S. Buchanan, W.G.Luce,
D. McLaren and R. Vend

Story in Brief
Two trials were conducted to make direct comparisons among antibiotics com-

monly used by Oklahoma swine producers. In the first trial, gain, feed efficiency
and daily feed intake were similar for pigs receiving the non-medicated control
diet and pigs receiving chlortetracycline, tylosin or bambermycins. Pigs fed bam-
bermycins tended to grow more slowly than pigs fed the other treatments during
the growing period. In the second trial, pigs fed virginiamycin grew 9 percent
faster and were 5 percent more efficient than pigs fed chlortetracycline. The pigs
fed virginiamycin also grew 6 percent faster and were 4 percent more efficient
than pigs fed the non-medicated control diet during the growing period. During
the finishing period, average daily gain was similar among all treatments. Chlor-
tetracycline in the diet during the finishing period improved feed efficiency by 4
percent when compared with virginiamycin-fed pigs. Backfat thickness was
greater in antibiotic-fed pigs. Results of these trials suggest that substantial
differences in antibiotic responses are likely to occur. More direct comparisons
are needed to formulate specific antibiotic recommendations over the wide vari-
ety of environmental and management conditions found among swine
producers.

Introduction

Antibiotics have been used extensively in growing-finishing swine rations for
three decades. Such wide acceptance is attributed to their established benefits of
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increasing growth rate, improving feed efficiency and reducing the adverse
effects of specific swine diseases.

Although a considerable volume of data concerning the effectiveness of anti-
biotics in improving performance for growing-finishing hogs has been published,
the continued evaluation of the relative eflicacy of both currently available and
new drugs is needed. !\lost current data permits only indirect compal"ison of the
relative effects of available antibiotics on performance. Data making direct com-
parisons are more limited. The objective of the research was to compare the
feedlot performance of growing-finishing swine fed diets containing several
antibiotics currently used by swine producers.

Materials and Methods

All pigs were housed in indoor concrete pens equipped with self feeders and
waterers. Both trials were conducted at the Southwestern Livestock and Forage
Research Station near EI Reno, Oklahoma. In both trials, pigs from various breed
groups in the animal breeding herd were randonly allotted within breed group,
sex and litter to the experimental treatments.

Trial I consisted of 80 pigs with four pens (five pigs per pen) on each of four
treatments. A 0.75 percent lysine corn-soybean meal ration (Table I) was fed to all
pigs fron an average weight of 49 to 112 lb. The lysine level was reduced to 0.62
percent during the finishing phase (122 to 222 Ib). The four treatments consisted
of a non-medicated control and three antibiotics: (I) chlorteu"acvcline (Aureomv-
cin'), (2) tylosin (Tylan2) and (3) bambermycins (Flavomycin:l) t'ed at the highe'st
levels recommended for increased rate of weight gain and improved feed effi-

.Supplied 4,000,000 IU vitamin A. 400,000 IU vitamin D, 4 9 riboflavin, 20 9 pantothenic acid, 20 9 niacin,
400 9 choline chloride, 20 mg vitamin B'2' 10,000 IU vitamin E, 1 9 menadione, 680 mg iodine, 45 giron, 25
9 manganese, 5 9 copper, 90 9 zinc, and 90 mg selenium per ton of feed in Trial 1 and 4,000,000 IU vitamin
A. 300,000 IU vitamin D, 4 9 riboflavin, 20 9 pantothenic acid, 30 9 niacin, 800 9 choline chloride, 15 mo
vitamin B'2' 10,000 IU vitamin E, 2 9 menadione, 200 mg iodine, 90 9 iron. 20 9 manganese, 10 9 copper, 9(,
9 zinc and 100 mg selenium per ton of feed in Trial 2.

IDiamondShamrockCorporation. AnimalHealth Division.Clc\'eland.Ohio.
2Elanco. Division of Eli Lilly Company, Indianapolis, 1:\.
:\American Uoechsl Corporation. Animal Heahh Division. Somerville. ~.J.
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Table 1. Composition of experimental rations

Trial1, % Trial2, %

Ingredient Grower Finisher Grower Finisher

Corn, yellow 78.25 83.0
Wheat, hard red winter - - 81.70 86.93
Soybeanmeal (44%) 19.00 14.25 15.36 10.10
Dicalciumphosphate 1.35 1.25 0.97 1.00
Calcium carbonate 0.75 0.85 0.97 0.97
Salt 0.40 0.40 0.50 0.50
Vitamintrace-mineralmixa 0.25 0.25 0.50

Total 100.00 100.00 100.00 100.00
% Lysine 0.75 0.62 0.75 0.62
% Calcium 0.68 0.65 0.66 0.65
% Phosphorus 0.59 0.55 0.55 0.54



ciency in growing-finishing swine. Levels of each antibiotic during both the
growing and finishing phases are given in Table 2.

Trial 2 consisted of 498 pigs with 9 pens on treatment 1, 16 pens on treatment 2
and 17 pens on treatment 3. The unbalanced design was employed in this study
because antibiotic responses compared to a negative control are well docu-
mented; therefore, the primary o~jective of this study was to make direct com-
parisons between the two antibiotics. A 0.75 percent lysine wheat-soybean meal
r9tion (Table 1) was fed to all pigs from an average weight of 40 to 118 lb. The
lysine level was reduced to 0.62 percent during the finishing phase (118 to 214 Ib).
The three treatments were: (I) a wheat-soybean meal non-medicated basal diet,
(2) basal plus 10 g of virginiamycin (Stafac4) per ton during both the growing and
finishing phase and (3) basal plus 50 g of chlortetracycline per ton of feed (Table
2). These levels of antibiotics are the highest levels recommended for increased

rat,e of weight gain and improvement in feed efficiency in growing-finishing
swme.

Table2. Treatments and antibiotic levels used

Item

Treatment - Trial 1

Basal
Basal plus Chlortetracycline
Basal plus Tylosin
Basal plus Bambermycins

Antibiotic level, glton

Grower Finisher
o 0

50 50
100 20

4 2

Treatment - Trial 2

Basal
Basal plus Virginiamycin
Basal plus Chlortetracycline

o
10
50

o
10
50

Results and Discussion

Results of Trial 1 for the growing, finishing and combined growing-finishing
periods are presented in Tables 3, 4 and 5, respectively. Average daily gain was
affected by treatment only during the growing period where pigs fed bambermy-
cins tended to grow more slowly (P<.I) than pigs fed tylosin, chlortetracycline or
the non-medicated control diet. It should be noted, however, that American
Hoechst Corporation recommends starting pigs on bambermycin only after they
reach 75 lb. Pigs fed tylosin had the highest average dailv gain during the
growing period, with pigs growing 9 percent faster than those fed bambermycins,
4 percent faster than those fed chlortetracycline and 3 percent faster than those
receiving the non-medicated control diet, but differences were not significant.
Gains during both the finishing and combined growing-llnishing periods were
similar across all treatments.

Average daily feed intake followed a pattern similar to that observed for
average daily gain with pigs fed bambermycins consuming less feed (P<.I) than
those fed tylosin, chlortetracycline or the non-medicated control diet during the

1SmithKline Animal Hcalth Products, Philidelphia, PA.
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Table 3. The effect of chlortetracycline, tylosin and bambermycins on per-
formance and feed efficiency in growing swine: Trial1

Treatments

1 2 3
Control Chlortetracycline Tylosin

Antibioticlevel,gllon
Item 0 50 100

Pigs per treatment, no.a 20 20 20
Pens per treatment, no. 4 4 4
Avg. initial wt, Ib 49.6 49.3 50.3
Avg. final wt, Ib 121.9 121.9 126.3
Avg. daily gain, Ib 1.48b 1.47b 1.53b
Avg. daily feed intake, Ib 3.67b 3.69b 3.99b
Feed per Ib gain, Ib 2.62 2.58 2.63
.Onepigwasremovedfromtreatments1and3, andonepigontreatment4 died.

b,cValueswithdifferentsuperscriptsaresignificantlydifferentP<.1.

4
Bambermycins

4

20
4

48.2
118.1

1.40c
3.36c
2.58

Table 4. The effect of chlortetracycline, tylosin and bambermycins on per-
formance and feed efficiency of finishing swine: Trial1

Treatments
1 2 3

Control Chlortetracycline Tylosin
Antibioticlevel,gllon

Item 0 50 20

Pigs per treatment, no.a 20 20 20
Pens per treatment, no. 4 4 4
Avg. initial wt, Ib 121.9 121.9 126.3
Avg. final wt, Ib 218.6 222.5 226.6
Avg. daily gain, Ib 1.68 1.66 1.75
Avg. daily feed intake, Ib 5.28 5.36 5.51
Feed per Ib gain, Ib 3.59 3.40 3.50
.One pig was removed from treatments 1 and 3. and one pig on treatment 4 died.

4
Bambermycins

2

20
4

118.1
221

1.67
5.38
3.35

Table5. The effect of chlortetracyclin, tylosin and bambermycins on perform-
ance, feed efficiency and backfat of growing-finishing swine: Trial 1

Treatments
1 2 3

Control Chlortetracycline Tylosin
~m ~~~~~,~oo
Growing 0 50 100
Finishing 0 50 20

Pigs per treatment, no.a 20 20 20
Pens per treatment, no. 4 4 4
Avg. initial wt, Ib 49.6 49.3 50.3
Avg. final wt, Ib 218.6 222.5 226.6
Avg. daily gain, Ib 1.58 1.58 1.64
Avg. daily feed intake, Ib 4.56 4.62 4.83
Feed per Ib gain, Ib 3.10 3.06 3.10
Avg. adjusted backfat, in. 0.88 0.91 0.88
.One pig was removed from treatments 1 and 3 and one pig on treatment 4 died.
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4
Bambermycins

4
2

20
4

48.2
221

1.55
4.42
3.04

0.88



growing period. Differences in average daily feed intake were non-significant
during both the finishing and combined growing-finishing periods. Likewise,
feed efficiency of pigs fed all three antibiotics and those receiving the non-
medicated control diet was similar in the growing, finishing and growing-
finishing periods.

The lack of an antibiotic response in this trial is inconsistent with a considerable
volume of published literature demonstrating improved gains and efficiency of
gain with antibiotic supplementation. There are, however, many studies in the
literature in which little or no response was observed to a recommended level of
an antibiotic. It should be noted that the population density of animals in this trial
was low, which is consistent with the observations that either a low disease level or
low animal density may tend to reduce the antibiotic response.

In Trial 2 pigs fed virginiamycin during the growing period (40 to 1181b, Table
6) grew faster (P<.05) and were more efficient (P<.05) than those receiving
chlortetracycline. Likewise, pigs fed virginiamycin grew faster (P<.05) and
tended to be more efficient (P<.I) than pigs fed the non-medicated control diet.

Table6. The effect of vlrglnlamycln and chlortetracycline on performance of
growingswine: Trial2

Treatments
1 2

ConlTOl Virginiamycln
Antibioticlevel(gllon)

~ 0 ro

Pigs per treatment, no. 93 196
Pens per treatment, no. 9 16
Avg.initialwt, Ib 42.28 42.38
Avg.finalwt, Ib 118.8 117.7
Avg.dailygain,Ib 1.338 1.41b
Avg.dailyfeed intake, Ib 3.56 3.60
Feed per Ibgain, Ib 2.678b 2.56b
..b Means in the same row with different superscripts differ significantly (P<.05).

3
Chlortetracycline

50

209
17
36.7b

118.3
1.298
3.56
2.698

Average daily gain of pigs receiving virginiamycin was 9 percent faster than in
pigs receiving the non-medicated control diet. Feed efficiency of pigs receiving
virginiamycin during the growing period was improved by 5 percent over that
observed in pigs fed chlortetracycline and 4 percent over that observed in pigs fed
the non-medicated control diet. Average daily feed intake was similar for all three
treatment groups. The lack of a response in pigs fed chlortetracycline may have
been due to lighter weights (P<.05) at the initiation of the trial for chlortetracyc-
line-fed pigs compared to pigs fed virginiamycin or the non-medicated controls.
Since pigs were randomly allotted to treatments, this lower initial weight can only
be attributed to chance.

The overall average daily gain response to virginiamycin and chlortetracycline
was positive during the finishing period (1I8 to 214 Ib, Table 7) although differ-
ences were not significant. Pigs fed chlortetracycline and virginiamycin grew 3
and 1 percent faster, respectively, than pigs fed the non-medicated control diet.
Chlortetracycline tended to improve feed efficiency (P<.I) when compared with
virginiamycin fed pigs. This represented an improvement in feed efficiency of 4
percent. Feed efficiency in pigs fed the non-medicated control diet and vir-
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Table7. The effect of virginiamycin and chlortetracycline on performance of
growingswine: Trial2

Treatments
1 2

Control Virginiamycin
Antibioticlevel(gllonl

~ 0 ro

Pigs per treatment,no. 93 196
Pens per treatment, no. 9 16
Avg. initial wt, Ib 118,8 117.7
Avg. final wt, Ib 213.0 215.9
Avg. daily gain, Ib 1.46 1.49
Avg. daily feed intake, Ib 4.56 4.78
Feed per Ib gain, Ib 3.49ab 3.50a
s,bMeans in the same row with different superscripts differ significantly (P<.1).

3
Chlortetracycline

50

209
17

118.3
212.6

1.51
4.86
3.36b

giniamycin during the finishing phase was similar. Likewise, average daily feed
intake was similar across all dietary treatments.

Means for average daily gain, feed efficiency, average daily feed intake and
backfat during the entire growing-finshing phase are presented in Table 8. Pigs
fed virginiamycin grew 5 percent (P<.05) than pigs fed chlortetracycline. Differ-
ences in gain between either antibiotic and non-medicated control were not
significant. The overall response to chlortetracycline and virginiamycin was pos-
itive for both average daily feed intake and feed efficiency during the entire
growing-finishing period although these differences were not significant. Backfat
thickness was higher in pigs fed either virginiamycin or chlortetracycline when
compared to the non-medicated control-fed pigs. This may be due to the faster
rate of gain observed in pigs fed virginiamycin during both the growing and the
finishing phases and chlortetracycline during the finishing period.

Table8. The effect of virginiamycin and chlortetracycline on performance of
growing-finishingswine: Trial2

Treatments
1 2

Control Vlrginiamycin

Item Antibioticlevel(gIIon)
Growing 0 10
Finishing 0 10

Pigs per treatment, no. 93 196
Pens per treatment, no. 9 16
Avg. initial wt, Ib 42.2a 42.3a
Avg. final wt, Ib 213.0 215.9
Avg. daily gain, Ib 1.42ab 1.47a
Avg. daily feed intake, Ib 4.09 4.24
Feed per Ib gain, Ib 3.10 3.05
Avg. adjustedbackfat, in. 0.93a 0.96b
s,b Means in the same row with different superscripts differ significantly (P<.05).
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3
Chlortetracycline

50
50

209
17
36.]b

212.6
1.40b
4.24
3.05
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NUTRITION-DAIRY

Effect of Heating of Soybean Meal
on Milk Production and Degradation
of Protein in the Rumen of Lactating

Dairy Cows

j.W. Ward, L.J. Bush,
D. Griffin and G.D. Adams

Story in Brief
A feeding trial utilizing lactating cows was conducted to compare soybean meal

(SBM) processed in a conventional manner with meal which received extra heat
during processing. There was a trend for higher milk yield by cows fed the extra-
heat SBM compared to cows fed control SB1\1 in a higher production group;
however, no response was observed in cows in a lower production group. Weight
change was positive and similar for cows fed both types of SBM.

The extent of ruminal degradation of protein in rations containing the two
types of SBM was estimated using lactating cows previously fitted with cannulae
in the proximal duodenum. The percentage of feed protein bypassing the rumen
was 28.8 percent in cows fed extra-heat SB1\1compared to 27.8 percent in those
fed control SBM.

Introduction

The demand for nutrients for milk synthesis are especially high in the dairy
cow during early lactation. A ration relatively high in protein content is needed to
meet the requirements of lactating cows. partially because of a high rate of
degradation of feed protein in the rumen. A great potential for imprm'ing the
utilization of dietary protein has been demonstrated in trials wherein alternate
sources of protein have been compared. 1\lethods of treating soybean meal to
enable a larger fraction of the protein to pass through the rumen without
breakdown to the lower digestive tract and thus increase its feed value have been
of particular interest. Alteration of soybean meal to reduce rumen degradation
may increase the amount of metabolizable protein a\'ailable at the site of absorp-
tin and result in a more ellicient use of this feed protein to meet the protein needs
for milk synthesis. The objectives of this stUdy were to compare the feeding \'alue
of regular soybean meal with meal heated more extensiveh' during processing
and to compare ruminal bypass of feed nitrogen in rations containing regular and
extra-heat soybean meal.
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Materials and Methods

Continuous Feeding Trial
Soybean meal with a protein dispersion index (PDI) value of 10 and regular

soybean meal (PDI -40) were compared in a continuous feeding trial using
lactating dairy cows. Solubility of nitrogen in NaCI was II and 19 percent of total
nitrogen in the two soybean meals, respectively. These were included in concen-
trate rations at two protein levels (Table I). The higher protein rations with the
two types of soybean meal were fed to cows producing 70 Ib or more of milk daily,
and the lower protein rations to those with lower production. It was intended that
protein intake would be sufficient to meet approximately 90 percent of the
National Research Council standard for milk production during the early part of
the trial, thus allowing ample opportunity for any difference in efficiency of
utilizing protein in the two types of soybean meal to be reflected in a difference in
milk yield.

Table 1. Composition of concentrate mixtures used in feeding trial
Proteinlevel

On a dry matter basis, all four rations initially consisted of 60 percent grain
mix, 28 percent sorghum silageand 12percent prairie hay; thus, they were equal
in energy content. Adjustments in concentrate-to-forage ratio were made to
minimize overfeeding protein as milk production declined over the lactation
period.

Prior to initiating the study, 40 cows (28 Holsteins; 12Aryshires) were adjusted
to rations with a 60:40 concentrate-to-forage ratio. The cows were paired within
two production groups. The higher production group consisted of cows produc-
ing 70 to 84 Ib daily during the preliminary period, whereas cows in the lower
production group ranged from 55 to 67 Ib daily during this period. The cows
were approximately 4 weeks postpartum when started on the trial. Cows were fed
in individual stalls twice daily, and feed weighbacks were recorded daily. Suffi-
cient feed was offered each cow to allow some feed weighback nearly every day.
When the amount of weigh back exceeded 10percent of the feed offered on 2 or 3
days during a given week, the amount of ration was reduced. Milk yield was
recorded twice daily, and samples were taken at four consecutive milkings each
week for fat and protein analysis. Cows were weighed on 3 consecutive days at the
end of the preliminary adjustment period and at the end of each 4 weeks of the
16-week trial.
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Item High Low

Ingredients,% as fed

Corn, ground 66 72

Soybean meal 26 20
Molasses, liquid 5 5
Dicalcium phosphate 1 1
Limestone 1 1
Salt 1 1

Protein content, % air dry 17.8 16.0



Ruminal Bypass mal
Soybean meal with a PDI value of 10 and regular soybean meal (PDI-40) were

compared in a ruminal bypass study to determine the amount of feed nitrogen
that bypassed the rumen. Soybean meal comprised 32 percent of the total concen-
trate mixtures used in this trial. Rations were formulated to meet NRC feeding
standards for all required nutrients and consisted of 60 percent grain mix, 28
percent sorghum silage and 12 percent prairie hay on a dry basis.

Prior to initiation of the study, five cows (four Holsteins; one Aryshire) were
fitted wtih T-cannulae in the proximal duodenum. ,'\fter calving they were
adjusted to rations with a 60:40 concentrate-to-forage ratio and were continued
on rations with this percentage of concentrates throughout the trial from 4 to 22
weeks of lactation.

In a replicated crossover design, diets with chromic oxide as a digesta flow
marker were fed in equal portions every 8 hours. Cows were fed in individual
stalls three times daily, and feed weighbacks were recorded daily. Cows were fed
the diets 2 weeks prior to two 4-day sampling periods. Duodenal digesta and fecal
samples were collected every 8 hours during each of the 4-day periods.

Results and Discussion

In the feeding trial, intakes of dry matter by cows were similar for the two
soybean meal treatment groups within production levels (Table 2). Soybean meal
protein represented approximately 53 percent of the total protein intake by the
high production group and 47 percent of the total by the lower production
group. ~n both groups soybean meal protein constituted a high enough percent-

Table 2. Responses of cows In feeding trial
Productiongroup

"Means adjusted by covariance for initial production.

age of the total protein intake that the treatment of the soybean meal could
influence production responses. Protein intakes were higher in relation to the
NRC standard than planned, especially in the higher production group during
the second 4-week period of the trial (Table 3). This was the result of milk yield
declining to the lower part of the range stipulated for cows to receive the higher
protein ration. Although this situation probably decreased the likelihood for a
difference between types of soybean meal to be expressed in milk yield, a
response to feeding extra-heat soybean meal was observed in a previous trial
(Bush et aI., 1980) wherein protein intake exceeded NRC requirements.
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Low High
Item PDI-40 PDI-10 PDI-40 PDI-10
Feed intake

Dry matter, Ib/day 43.2 43.9 49.8 50.5
Total protein, Ib/day 6.2 6.4 8.4 8.6
Protein, % of DM 14.3 14.6 16.8 17.0

Weight change, Ib/day .95 .97 1.08 1.12

Milk yield
Milk, Ib/day" 57.2 55.4 69.4 73.9
Fat, % 3.8 3.7 3.6 3.6
Protein, % 3.10 3.17 2.96 2.98



"Each period represents 4 weeks of the trial.

In both production groups, actual milk yield averaged over the entire 16-week
trial was slightly higher for the cows fed PDI-lO soybean meal than for those fed
regular soybean meal. However, in the lower production group initial dailv
production of cows assigned at random to receive extra-heat SBM was higher
than that of cows fed control SBM (Figure I); therefore, it was obvious that there
was no response to extra-heat SBM. On the other hand, initial dailv yield of cows
fed both types of SBM averaged nearlv the same amount in the high production

SOYBEANMEALEXPERIMENT1980
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Figure 1. Milk yield of cows fed different types of soybean meal in low
production group
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Table 3. Protein intake relative to NRC standard

Periodofexperiment"
Item 1 2 3 4
Low group

S8M PDI-40 75 91 97 85
S8M PDI-10 81 98 107 95

High group
S8M PDI-40 100 117 104 105
S8M PDI-10 105 115 108 102

64

60
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I
L
K 56

L
B 52
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D
A 48
Y

44
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group. There was a definite trend toward hi~her milk \'ield by cows fed extra-
heat SBM than by the control cows in this production ~roup (Fi~ure 2), Com-
parative performance of one pair of cows in Ihe ~roup accounted fill' most of the
inconsistency in response and, hence, lack of stalistical si~nificance of the differ-
ence between treatment groups. l\lilk composition was not affected bv treatment
(Table 2). Weight change was positive and similar fi)r cows fed ralions containin~
both types of soybean meal. The magnitude of the \\'ei~ht ~ains, i.e.. approx-
imately lib/day over the 16-week trial, reflected adequate energy intake bv cows
in all groups.

In the bypass study, total nitrogen in digesta samples collected from the prox-
imal duodenum was corrected for microbial nitro~en and non-ammonia nitrogen
so that the portion ofthe protein in the total diet that bypassed degradation in the
rumen was measured. Protein intake, expressed as a percentage of dry matter,
and milk yield were similar for both treatments (T.'lble4).

SOYBEANMEALEXPERIMENT1980
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Figure 2. Milk yield of cows fed different types of soybean meal in high
production group

Table 4. Effects of heating SSM on ruminal bypass of protein
88M treatment

PDI-40

54.9
41.7

7.3
17.5
27.8

PDI-10
55.1
45.0
7.9

17.6
28.8

Item

Milk, Ib/day
OM intake, Ib/day
Total protein, Ib/day
Protein, % of OM
% ruminal bypass of feed N
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The protein from SBM in the rations comprised approximately 61 percent of
total protein intake. The estimated percentage of ruminal bypass of feed protein
was only slightly higher in cows fed extra-heat SBM compared to the control
group (28.8 vs 27.8 percent). Therefore, based on these data and those in the
feeding trial, it appeared that the extra-heat SBM (PDl-IO) used in this trial was
not heated extensively enough during processing to make it a high bypass feed
protein source. Nevertheless, the values obtained on percentage of feed protein
bypassing the rumen of cows consuming a 60 percent concentrate ration at the
rate achieved in this trial are of interest. These data will be useful as reference
points for future trials in which extent of degradation of different sources of feed
protein will be estimated.
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The Effect of Pasteurization of

Colostrum on Absorption of Immune
Globulins by Calves

L.J. Bush, R. Contreras,
T.E. Staley and G.D. Adams

Story in Brief
Seven batches of colostrum, collected at the first two milkings after calving,

were divided so that one-half was pasteurized and the other was a control. Each
was fed to an equal number of newborn calves obtained before nursing their
dams. Concentration of the IgG class of immune globulins, as measured by radial
immunodiffusion, was higher at 12 hours in serum of calves fed pasteurized
colostrum. IgG values at subsequent sampling periods were similar for both
treatment groups as were concentrations of IgM at all sampling periods.

Introduction

The importance of the transfer of passive immunity against disease from a cow
to her newborn calf by way of colostrum is well established. Moreover, this is
especially important in large dairy operations where newborn calves are likely to
be exposed to a wide range of disease organisms due to concentration of animals
and repeated use of the same facilities for raising calves. In some instances calves
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left with their dams either consume an inadequate amount or no colostrum
during the critical period soon after birth. 1() avoid this problem, a practice
followed in some dairies is to feed colostrum to each newborn calf by nipple bottle
or pail, or else administer it by drenching.

Regardless of the method by which calves are given colostrum soon after birth,
there is concern about the effects of giving a calf colostrum that is heavily
contaminated with bacteria due to udder infection in the cow. Although earlier
work at this station (Corley et aI., 1977) demonstrated that cells of infectious
Esclurit;hiacoli were prevented from penetrating the intestinal barrier in the calf
when introduced simultaneously with colostrum, the concern about feeding col-
ostrum from infected cows continues to persist. One recommended method for
handling the problem is to pasteurize colostrum prior to feeding it to calves.
However, no information is available regarding the effects of this practice on the
well-being of calves. The objective of this study was to evaluate the effects of
pasteurizing colostrum on the absorption of immune globulins by newborn
calves.

Materials and Methods

Seven batches of colostrum were collected from cows at the first two milkings
postpartum. One-half of each batch was pasteurized by heating at 1450 F for 30
minutes. Then, both the pasteurized and unpasteurized portions were packaged
and frozen for storage. A sufficient amount of the appropriate type of colostrum
was thawed and warmed for feeding to each calf as needed in the experiment.

Forty-eight calves were obtained immediately after birth, before nursing their
dams. These were assigned at random to treatments within groups which were of
a given breed and designated to receive a given batch of colostrum. One-half the
calves within each group were fed pasteurized colostrum, whereas the other half
received unpasteurized or control colostrum. The colostrum was fed at the rate of
10% of metabolic size per feeding generally within one hour after birth and 12
and 24 hours afterward.

Blood samples were obtained before the first feeding and at 12, 16,20,24,28,
32 and 36 hours afterward. These were allowed to clot and then were centrifuged
to separate the serum which was frozen until analysis for immune globulin
concentration. The concentration of two classes of immunoglobulins, designated
I~G and IgM, at each sampling period was determined by radial immunodiffu-
sIon.

Results and Discussion

The concentration of IgG in the blood serum of calves fed pasteurized colos-
trum was higher (P<.005) at 12 hours after first feeding than in calves fed control
colostrum (Figure 1). Subsequently, the difference between groups was smaller
and less consistent. Since the IgG class of immune globulins is the one occurring
in greatest concentration in bovine serum, a higher concentration soon after first
colostrum intake would have significance in terms of resistance of calves to
infectious agents. A possible explanation for greater uptake of IgG in calves fed
pasteurized colostrum than in control calves is that bacteria which might other-
wise interfere with IgG uptake were destroyed. It has been demonstrated that
bacteria penetrate the vacuolar tubules of the epithelial cells lining the intestine in
much the same way as immune globulins (Staley et aI., 1972). However, other
work (James and Polan, 1978) has provided evidence that the presence of bacteria
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Figure 1. Concentration of IgG In blood serum of calves at different times
after first feeding of colostrum

does not interfere with immune globulin absorption, unless exposure to bacteria
occurs prior to colostrum consumption.

An alternative explanation for the higher concentration of IgG at 12 hours in
serum of calves fed pasteurized colostrum is that the zones of antigen-antibody
precipitate measured in the radial immunodiffusion test are not indicative of the
actual quantity of intact IgG in the serum. If fragments of the IgG molecules
resulting from breakdown of some of the IgG during pasteurization were pre-
cipitated, resulting values would tend to be high. Since it is important that a calf
absorb sufficient intact immunoglobulins to afford some degree of resistance to
infectious agents, the point as to whether the immune globulin concentrations
measured in serum of calves fed pasteurized colostrum represent intact
molecules capable of reacting with appropriate antigenetic agents, e.g., bacteria,
needs to be resolved. Preliminary data from another experiment provide some
evidence that antibody activity against specific antigens may be reduced in serum
of calves fed pasteurized colostrum. Further work is planned to clarify this point.

Concentrations of IgM in the serum of calves were similar at each sampling
period (Figure 2). Moreover, the highest average concentration of both IgM and
IgG occurred at 32 hours after first feeding. indicating that closure of the
intestinal epithelium to immune globulin transfer probably was between 24 and
32 hours. This demonstrates that intake of colostrum during the early life of a
calf is important both from the standpoint of providing protection against infecti-
ous agents within the intestine and the attainment of satisfactory serum concen-
tration of immune globulins.
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Figure 2. Concentrationof IgMIn blood serum of calves at different times
afterfirst feeding of colostrum
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FOODS AND
CARCASS EVALUATION

Short-Term Preservation of Cattle

Hide for Collagen and Leather
Production

B. R. Rao, L. A. Sweet
and R. L. Henrickson

Story in Brief
Fresh cattle hide is a highly perishable commodity. Bacterial action and autoly-

tic changes are responsible for this spoilage. Lowering the water activity (aw) of
the hide sufficiently to retard autolysis and bacterial activity would preserve it in a
condition suitable for leather manufacture as well as food-grade collagen produc-
tion. Absorption flakes (Super-Slurpers) in combination with sodium chloride,
each 5 percent by weight of the hide, were found to lower the aw enough to
prevent mold growth and hair slippage (decomposition). Soda ash and anhydrous
sodium carbonate in a 15 or 20 percent solution in water also seemed to prevent
mold growth and hair slippage for 9 days storage after being immersed for 24
hours.

Introduction

Raw cattle hide is a highly perishable product due to autolysis and bacterial
action immediately after its removal from the carcass. This perishability reduces
the value of the hide for leather manufacturing. Development of collagen, a
fibrous component of hide, as a possible protein extender or for other food uses
has set new limits and demands on potential preservation methods for cattle hide.
Several methods have been proposed for short-term preservation of hide; only a
few of the methods have been found to be satisfactory for leather production.
However, most have been developed without food quality considerations.

Water is essential for the growth of microorganisms, germination of bacterial
spores and enzyme activity. If the water activity (aw) of hide is controlled or
brought to a level where microorganisms fail to grow and the enzymes are
inactivated, the hide can be preserved for the production of leather as well as
food-grade collagen.

The purpose of this research was to develop a short-term (up to 7 days) method
of preserving cattle hide suitable for leather production and the manufacture of
food-grade collagen at a reasonable cost, keeping in mind the current industrial
procedures and pollution control guidelines.
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Materials and Methods

Experiment 1
Various combinations of Super-Slurper (hydrolyzed starch-polyacrylonitrile

graft co-polymers) and sodium chloride were used to adjust the a". of raw cattle
hide to a microbiostatic state. Immediately following flaying, the hide was washed
thoroughly by spraying cold water to remove blood, dirt and manure and to cool
the hide. Samples of hide (20 em x 25 em) were placed over saw horses flesh side
down and allowed to drain for 45 minutes. After draining, the samples were
weighed and each sample rubbed, on the flesh side, with a dry mixture containing
Super-Slurper and granulated sodium chloride (each 5 or 2.5 percent of hide
weight). The samples were stacked on racks. Completed packs were covered with
butcher paper to control evaporation and air-borne mold contamination and
stored at room temperature (25 to 28°C). Each pack contained five hide samples.
The top, bottom and middle sample served as controls while the remaining two
samples were used to test for moisture, residual salt and total plate counts.

Moisture was determined using the microwave oven drying method developed
by Kellenberger and Loller (1979). Drying cycles were extended to 30, 45, and 60-
second intervals, separated by a 2-minute moisture evaporation period for each
of the four cycles. The carousel feature in the oven alleviated the problem of
sample location. Microwave dried samples were placed in a 105°C forced air
drying oven for I hour and then allowed to cool for I hour in a desiccating
cabinet before weighing.

Residual salt content was determined using AOAC (1980) and a Dicromat 1-20
Salt Analyzer (Diamond Crystal Salt Co., S1. Clair, Minnesota). Standard plate
counts were done in duplicate every 4 days using the FDA-AOAC Aerobic Plate
Count Method (AOAC, 1975).

Experiment 2
Granular soda ash (100 percent pure, 58 percent Na20 minimum) and anhy-

drous sodium carbonate were dissolved separately in water to make a concentra-
tion of 10, 15and 20 percent (w/v) each. Raw hide samples about 10 em x 15 em
were washed thoroughly in water to remove blood, dirt and manure and drained
for about 30 minutes. Four samples of hide were placed in each of the above
solutions taking care that the hides were completely immersed and that there was
at least 2.5 em high excess fluid over the samples. The solutions and the samples
were occasionally agitated to ensure thorough distribution. Samples were tested
over a 7-day period. After each day's treatment one hide sample from each of the
solutions was removed, drained and allowed to dry at room temperature (25 to
28°C). Each sample was packaged in a PVC bag and left at room temperature
without sealing the bag. The samples were examined visually for hair slippage
and mold growth.

Results and Discussion

Experiment 1
"Super-Slurpers" are water jelling absorbents made by chemically grafting

man-made acrylic compounds to cereal grain starch and hydrolyzing the combi-
nations. These co-polymers were introduced in various forms between 1973 and
1977 by the USDA Northern Regional Research Center, Peoria, Illinois. None of
the Super-Slurpers tested alone or in various combinations with sodium chloride
were effedive in preventing hair slippage andlor mold growth except Absorption
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Flakes (Table 1).Yellow Absorption Flakes in combination with sodium lactate and
sodium chloride were tested over a 5-day period (Table 2). Sodium chloride 5 or 7
percent combination with the Super-Slurper was found to be more effective in
preventing hair slippage and mold growth.

Hydrophillic colloids have a higher affinity for the unbound water than does
the hide; as a result, the colloid draws water away from both the hide and bacteria
causing osmotic stress and an uninhabitable environment for the microbes. Mi-
crobial growth within the colloid itself is hindered by lack of nutrients. The
resulting low water in the hide also retards enzyme activity, thus preventing
autolytic changes. A combination of sodium chloride and Super-Slurper resulted
in a awwhich prevented the spoilage of hide even after 5 days. However, an excess
of colloid may remove too much moisture from the hide making it unsuitable for
leather production. Lower concentration of colloid can be incorporated by addi-
tion of sodium chloride.

Experiment 2
This experiment is in progress. The effect on hair slippage and mold growth

only were examined with the following results.
Samples treated with 10 percent soda ash solution for 24 hours showed slight

mold growth but no hair slippage after 9 days storage. No mold or hair slippage
was noticed for any of the other treatments. Samples which received a treatment
with 10 and 15 percent solution of anhydrous sodium carbonate for 1 and 2 days

Table1. Effectof Super-Slurperson haIrslippage and mold growth

Super-SlurperCombinations

Stasorb 372 (A.E. Staley Co., Decatur, IL)
5% Stasorb

2.5% NaCI + 2.5% Stasorb
2.5% NaCI + 5% Stasorb
5% NaCI + 2.5% Stasorb

Hair slippage Mold growth

Extensive - 6 days
Extensive -6 days
Extensive -6 days

Extensive -6 days
Extensive - 6 days
Extensive - 6 days
Extensive - 2 weeks

Waterlock (Grain Processing Co., Muscatine, IA)

5% Waterlock Extensive -6 days
2.5% NaCI + 2.5% Waterlock Extensive - 6 days
5% NaCI + 2.5% Waterlock

Extensive - 6 days
Extensive -6 days
Extensive -2 weeks

SGP Absorbent Polymer 502 S (Henkel Corp., Minneapolis, MN)

5% SGP Extensive - 6 days
2.5% NaCI + 2.5% SGP
5% NaCI + 2.5% SGP
2.5% NaCI + 5% SGP
2.5% NaCI + 5% SGP + 0.1% Pot Sorbate
2.5% NaCI + 7.5% SGP + 0.25% Pot Sorbate

Extensive -2 weeks
Extensive -2 weeks
Moderate -6 days
Scattered

Scattered around edges

Absorption Flakes (Spenco Medical Corp., Waco, TX)

5% YellowAbsorption flakes (YAF)
2.5% NaCI + 2.5% YAF
5% NaCI + 2.5% YAF
5% NaCI + 2.5% YAF + 2.5% White AF

Minute amount
Minute amount
No mold growth
No mold growth
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Table 2. Effect of Absorption Flakes on hair slippage and mold growth

5%YellowAbsorptionFlakes,1%sodiumlactate,0%sodiumchloride
Average Moisture Content = 52.18% Residual Salt Content = 9.50% (hide only)
Day 2 - developed filamentous white growth
Day 3 - developed black and green colonial growth
Day 4 - developed moderate hair slip
Day 5 - extreme hair slippage and mold growth evident

5%YellowAbsorptionFlakes,1%sodiumlactate,2.5%sodiumchloride
Average MoistureContent = 51.00% Residual Salt Content = 2.00%
Day 2 - developed minute hair slip
Day 3 - developed green and white colonies and moderate hair slip
Day 4 - developed extensive hair slip
Day 5 - extreme hair slippage and mold growth evident

5%YellowAbsorptionFlakes,1%sodiumlactate,5%chloride
AverageMoistureContent= 46.83% ResidualSaltContent= 3.65%
Day 5 - developed minute green and white scattered colonies, but no hair slip was

apparent

5%YellowAbsorptionFlakes,1%sodiumlactate,7.5% sodiumchloride

Average Moisture Content = 45.63% Residual Salt Content = 4.04%
Day 5 - developed scattered minute green and white colonies, but no hair slip was

apparent

5%YellowAbsorptionFlakes,0%sodiumlactate,5% sodiumchloride
Average Moisture Content = 47.63% Residual Salt Content = 3.53%

Day 5 - no signs of decay (no mold growth or hair slippage)

5%YellowAbsorptionFlakes,0%sodiumlactate,7.5% sodiumchloride
Average Moisture Content = 44.07% Residual Salt Content = 3.77%
Day 5 - no signs of decay (no mold growth or hair slippage)

developed mold growth after 9-day storage but no hair slippage while none of the
other treatments showed evidence of spoilage (hair slippage, mold growth).
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Bovine Hide Collagen as a Protein
Extender in Bologna

B. R. Rao, D. Schalk,
R. Gielissen and R. L. Henrickson

Story in Brief
Slaughter of beef animals in the U.S. yields approximately 1.5 million tons of

hide each year. The price paid for the "f1esh"splits varies considerably; periods of
low demand result in underutilization. Periods of low price have encouraged
investigations into alternate uses for these splits. The USDA Eastern Regional
Research Center has developed a process to manufacture foodgrade collagen
from the "f1esh" splits. This research reports the use of food-grade collagen to
replace a part of lean meat in bologna formulations.

Coarse bologna was made with 0, 10, 20 and 30 percent replacement of lean
meat with fibrous collagen. In the fine emulsion bologna, lean meat was replaced
with fibrous collagen at 0, 4.7, 8.9 and 12.8 percent levels. Crude protein, lipid,
moisture, pressed f1uid, cooking loss, emulsion stability, pH, color and shear
studies were conducted.

No adverse effects of added collagen were found on shrinkage, volume change,
emulsion stability, free and total water or fat and protein content of coarse
bologna as compared to that of control. Significant objective color and textural
changes were noticed in the product with higher levels of collagen. However, such
changes were not apparent upon visual inspection.

Replacement of lean meat with hide collagen in the fine emulsion bologna did
not significantly affect the lipid, moisture, or crude protein in the raw or cooked
emulsion. The pH, pressed f1uid, cooking loss and color differences due to
collagen replacement were also not significant. However, the peak force required
to shear the bologna slices increased significantly but no visible textural changes
were evident. Collagen also significantly decreased emulsion stability but not
below acceptable levels.

Based on these results it was concluded that the use of bovine hide collagen in
coarse bologna and fine emulsion bologna is feasible.

Introduction

Sausage products such as weiners and bologna are frequently made with less
tender cuts (more collagen). Partially defatted tissue high in collagen is a common
ingredient in such products. Sausage manufacturers use meat with high collagen
content to reduce processing costs. However, the collagen content is often limited
to 12 to 15 percent of the total meat ingredients to avoid major defects in the final
product such as gel-pockets, gel-caps and poor peelability. Satterlee et al. (1973)
reported the use of limed bovine f1esh splits in sausage as a binder-extender. They
found that hydrolyzed collagen preparations could be used to replace nonfat
dried milk in meat emulsion. Whitmore et al. (1970) suggested that the binding
and texturizing properties of fibrous collagen may have other functions in food.
Elias et al. (1970) pointed out some possible use of collagen in fiber or granular
form in meat products.
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A process has been developed for the production of fibrous collagen from
bovine hide for food uses (Komanowsky et aI., 1974) which ensures its availability
on a commercial scale. The use of this food-grade collagen as a protein extender
offers great potential for the meat industry in the area of processed meats. The
utilization of collagen in sausage would be advantageous from a labeling point of
view since it could be listed under beef. This research reports the effects of food-
grade fibrous collagen when used as a protein extender in coarse bologna and in
a fine emulsion bologna.

Materials and Methods

Coarse bologna
Ground beef from a canner grade cow carcass and food-grade bovine hide

collagen (USDA Eastern Regional Research Center, Philadelphia, Pennsylvania)
having an average moisture content of 78.2 percent and an average solids content
of 2\.8 percent were the raw materials used. The chilled boned meat (48 hr
postmortem) was ground (.54 em plate) and blended in a paddle type mixer,
frozen and stored at - 20°C until use. The frozen ground beef and collagen were
thawed overnight at 3.3°C. Food-grade collagen was added to the ground beef at
levels of 0, 10, 20 and 30 percent (Table 1). The meat and collagen were mixed
and ground twice (.32 em plate), spices and water were added and the product
was mixed for 5 minutes in a paddle type mixer. The seasoned batter was held in
a cooler at 3.3°C for 22 hours and then stuffed into #2.5 Union Carbide fibrous
casings using a Vogt hand stuffer, making approximately 1000 g sticks of bologna.

Table 1. Formulation of coarse bologna sausage, containing different
levels of food-grade fibrous bovine hide collagen

Each of the four batches was added with the following spices and additives: salt 136.0 g; white pepper 16.8
g; coriander 5.6 g; allspice 2.8 g; sage 2.8 g; garlic powder 0.7 g; onion powder 1.4 g; sodium nitrite 0.45 g;
erythorbate 2.5 g; water (5 C) 1026 g. Lean: fat ratio was kept constant at 75:25.

Just before stuffing, samples were taken for emulsion stability of the batter. Each
bologna stick was marked to keep the identity of front and back end to ensure
that all the bologna sticks were placed in the oven for cooking in the same
manner, and to ensure that slices were cut from identical locations for color and
texture studies. The bologna was cooked in a Blodget convection air oven by
following a heating schedule of 54.4°C for the first 90 minutes, 65.5°C for the
next 60 minutes, 71.1°C for the next 60 minutes and 76.6°C for about 30 minutes
until an internal temperature of 68°C was reached. The internal temperature was
recorded by inserting thermocouples to the geometrical center of the product.
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Collagen Collagenadded Groundbeef Fatadded
% g g g

0 0 4471.90 68.10

10 340.50 4063.30 136.20

20 681.00 3586.60 272.40

30 1021.50 3132.60 385.90
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Table 2. Functionaland chemical characteristics of cooked, coarse bologna containing different levels of food-grade
bovine hide collagen
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Characteristics Food-gradehidecollagen
0% 10% 20% 30%

Percentshrinkagea 7.19:t 0.07 7.58:t 0.13 7.51 :t 0.47 7.47:t 0.38
Volumechangebcc 9.37:t 1.76 10.84:t 2.54 9.07:t 3.50 9.50:t 1.84
Emulsionstability of rawc 5.63:t 1.22 6.63:t 0.52 6.75:t 0.51 7.15:t 2.63
Expressiblejuiceb 54.60:t 30.40 54.80:t 20.60 54.60:t 28.20 56.26:t 37.20

Percentmoistureb 62.23:t 0.38 62.05:t 0.31 62.36:t 0.45 63.22:t 0.84
Percentproteinb 13.92:t 0.09 13.67:t 0.05 13.84:t 0.12 14.04:t 0.05
Percent fatb 20.24:t 0.59 20.81 :t 3.18 19.81:t 4.94 19.21 :t 1.28
Colorvalue

L valueb 41.34:t 0.64 41.98:t 0.65 42.66:t 0.99 42.52:t 0.68
a valueb 10.67:t 0.28 10.52:t 0.35 9.86:t 0.64 9.43:t 0.22
b valueb 7.65:t 0.22 7.67:t 0.19 7.50:t 0.19 7.43:t 0.14

Texture

Peakforcebkg-! 22.69:t 2.82 19.38:t 2.94 21.40:t 2.59 20.19:t 2.54
Peak areab cm2 2.30:t 0.31 2.11 :t 0.29 2.26:t 0.21 2.11 :t 0.32

aNumber of observations = 48.
bNumber of observations = 64.
cNumber of observations = 16.



Table3. Meanvalues of chemical composition of collagen #1

... Collagen Fet Moisture Ash Crudeprotein Soluble Insoluble Total
Ie batch (%) (%) (%) (%) collagen collagen collagen00... (mg/g) (mg/g) (mg/g)

i 1 0.23 74.01 0.17 21.98 22.51 161.08 184.09
2 0.28 78.81 0.16 20.41 23.18 157.10 184.77

tI.I 3 0.26 75.48 0.18 19.89 21.10 159.14 182.75n... 4 0.25 78.97 0.19 22.07 22.14 158.91 184.009n 5 0.27 74.50 0.15 21.08 23.01 159.61 182.31
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Fine emulsion bologna
The source of raw meat was the lean and fatty tissue from an electrically

stimulated bullock carcass. The lean and fat trim was ground (1.27cm plate)
separately. The lean was throughly mixed in a paddle type mixer. The ground
lean and fat trim was frozen separately and stored at - 20°C until used. Bovine
hide collagen #1 as described by Turkot et al. (1978) was used to replace lean in
the sausage formula. This product was selected because its composition most
closely resembled the lean meat to be replaced. Samples of lean, fat trim and
collagen were analyzed for proximate composition. Based on this analysis, four
different 9.08 kg sausage recipes were formulated using hide collagen to replace
fractions of the non-lipid constituents. The lipid to non-lipid ratio was held at
25:75, making the non-lipid collagen levels 0, 4.7,8.9 and 12.8 percent prior to
the addition of water. Water was added to bring the moisture up to a level of 4
times the percent protein plus 10 percent (Table 4). Ground lean, fat trim and
collagen were thawed at 1°C for 24 hours. The lean was chopped first in a cold
silent cutter, then water in the form of ice and the seasonings (Table 5) were
added, and the chopping was continued until the mixture reached 8°C. Then fat
trim was added and chopping continued at high speed until the emulsion temper-
ature reached 13°C. The emulsion was stuffed into 2.5 x 16 inch Union Carbide
clear fibrous casings using a Vogt hand stuffer. Before the emulsion was stuffed,
samples were taken for analysis. The sausage was cooked in a preheated (54°C)

Table5. Bologna Ingredients. (fine emulsion)

Item Grams

Sodium chloride
White pepper
Coriander
Allspice
Sage
Garlic powder
Onion powder
Sodium nitrite
Sodium erythorbate

272.0
33.6
11.2
5.6
5.6
1.4
2.8
0.9
5.9

"Added to each 9.08 kilogram formulation.
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Table 4. Bologna formulations (fine emulsion)

Nonlipld Lean Fatty
replacement tissue tissue Collagen Water

level(percent) (kg) (kgl (kg) (kg)

0.0 6.760 2.320 0.000 1.094
4.7 6.397 2.361 0.318 1.085
8.9 6.084 2.388 0.608 1.080

12.8 5.766 2.447 0.867 1.067



Blodgett model convection oven. The cooking schedule was 54°C for I hour 20
minutes, 66°C for the next I hour and 77°C until an internal temperature of 67°C
was reached. The internal temperature in the sausage was monitored by inserting
thermocouples to the geometrical center. After cooking, the sausage was cooled
by immersion in ice water for to minutes, removed, dried with paper towels,
wrapped in freezer paper and stored at 1°C for 48 hours.

Raw emulsion stability was tested by the method of Same et al. (1964), and pH
was determined by the method of Sebranek (1978). Volume change was measured
by Archimedes' principle of water displacement. Extractable lipid, crude protein,
moisture and ash were determined following the AOAC methods (1970). Cook-
ing loss was calculated by weighing the sausage before and after cooking and
chilling. Color of the sausage was evaluated with a Hunter Lab Colorimeter as
described by Hunter (1976). Results were recorded as L, a, b values. Textural
changes were estimated using an Instron Universal Testing Instrument Model
1122 with a LEE Kramer Shear Cell. The resistance force experienced by the cell
was expressed as kilograms of peak and area force. The water holding capacity
was measured by the filter paper moisture absorption technique of Grau and
Hamm (1953), modified by Urbin et at. (1962). The soluble and insoluble frac-
tions of food-grade bovine hide collagen were determined as described by Wiley
et at. (1979). The results were statistically analyzed by one-way analysis of variance
(Steel and Torrie, 1960) and calculations made by the computer program of Barr
et at. (1976).

Results and Discussion

Coarse bologna
The mean values for shrinkage (cooking loss), volume change, moisture per-

centage, expressible juice, fat and protein content of coarse bologna with 10, 20
and 30 percent hide collagen were not statistically different (Table 2) from the
control (0 percent collagen). Color of the bologna showed a significant difference
(P<.05) in the L value (lightness, darkness), a value (redness, greenness) and b
value (yellowness, blueness) among the treatments. The lightness tended to
increase whereas redness and yellowness tended to decrease with increase in
collagen levels. This tendency may be due to the whitish color of the collagen.

The texture of cooked bologna was determined as a shear value obtained from
the resultant force/distant curve (Figure I). The force measured at the yield point
A indicated firmness whereas the area under the shear curve indicated the total
work performed by the Kramer cell to shear the bologna sample. The results on
textural study (Table 2) indicated that firmness of bologna decreased at the to
percent level, increased at the 20 percent level and decreased again at the 30
percent level of added collagen. The total area under the curve showed a similar
trend. The changes in texture may be associated with the chemical changes in the
collagen although relatively more gelatinization of collagen would be expected in
cooked bologna containing higher levels of added collagen and, hence, a decrease
in firmness. Although the data on emulsion stability did not reveal any significant
differences (Table 2) between treatments, the emulsion stability values were
generally higher than the acceptable levels for a true emulsion. According to
Same et at. (1967) emulsion stability values up to 4 are within an acceptable range;
beyond that a weak emulsion results. Even though coarse bologna is not an
emulsion type sausage, the emulsion stability test was done to compare the effects
of added collagen at different levels. The mean values for protein, fat, ash,
soluble collagen, insoluble collagen and total collagen (Table 3) did not vary
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Figure1. 1Yplcalforce/distance curve for shear of bologna sausage (cas-
Ing and about 10 mm peripheral portion was reamed before
shear). A = yield point Indicative of firmness.

significantly between cans of collagen used in this study. Figure 2 shows no
deformations in the appearance of external surface of bologna. The physical
texture and shape of the cross sectional area of the bologna did not show any gel-
pockets due to added collagen. This supports the findings of Wiley et al. (1979)
that only the soluble fraction of collagen is responsible for gel-pocket formation
in the sausages.

Fine emulsion bologna
Replacing lean with hide collagen did not significantly (P>.05) affect the lipid,

moisture or crude protein in the raw or cooked emulsion (Table 6). The press
fluid, cooking loss and color differences in the cooked sausage were also deemed
non-significant (P>.05). Collagen was also found to have no effect on the pH of
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Figure2. Coarse bologna sausages, preparedfrom beefadded with 10, 20
and 30% food-grade collagen from hide. The cross-sectional
area and external surface appearance do not show any differ-
ence from control (0%).

Table 6. Mean values of cooked, fine emulsion collagen-bologna parameters
as Influenced by collagen levels

raw or cooked emulsion. Emulsion stability testing revealed significant (P<.05)
differences between the treatments; the control group was more stable while no
difference was found between 8.9 and 12.8 replacements (Table 7). However,
according to Same et al. (1964), emulsion stability values below 4 are acceptable.
Collagen replacement significantly (P<.05) increased the peak force required to
shear bologna slices (Table 6). The collagen added to the sausage formula in this
study was of a fibrous nature with a low soluble fraction and may therefore have
resulted in an increase in the force required to shear the slices. Again, the
collagen which was incorporated into the aqueous phase of the emulsion might
have been- enmeshed in the web of myofibrillar proteins. Cooking would have
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Crude Pressed Peak
Collagen Cookloss3 Lipid' Moisture' proteinS pH2.6 fluid' shear"

level (%) (%) (%) (%) (cooked) (%) (kg)

0 5.78 20.75 60.18 14.77 6.07 47.68 16.16
4.7 6.04 20.65 60.28 14.96 6.09 46.18 16.91
8.9 6.12 20.59 60.12 14.76 6.04 43.03 20.93

12.8 6.00 20.66 60.21 14.71 6.06 44.40 22.30

'Nonlipid replacement level.
2Basedon the mean hydrogen ion concentration.
3Basedon 24 observationsat each replacement level.
"Based on 96 observationsat each replacement level.
sBasedon 48 observationsat each replacement level.
"Based on 12observationsat each replacement level.



- - -

Table 7. Mean values of raw, fine emulsion collagen-bologna parameters as
influenced by collagen levels

fixed the insoluble collagen in the three dimensional overlap of myosin
molecules, resulting in a higher tensile strength. However, it may be noted that
the textural changes as well as the changes noticed in emulsion stability were not
obvious upon casual inspection of the product but could only be detected
objectively.
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Collagen Lipid2 Moisture2 Protein3 Emulsion pH3
level (%) (%) (%) stability4 (raw)

0.0 20.14 62.17 14.07 0.77 5.78
4.7 19.73 62.29 14.26 1.84 5.79
8.9 19.87 62.30 14.18 1.57 5.78

12.8 19.60 62.30 14.16 2.86 5.79

'Nonlipid replacementlevel.
2Basedon 90 observationsat each replacement level.
3Basedon 12observationsat each replacement level.
4Basedon 72 observationsat each replacement level.



Influence of Lactobacillusacidaphilus
Added to Milk on Lactose

Malabsorption in Humans
s. E. Gilliland and H. S. Kim

Story in Brief

Consumption by lactose malabsorbers of milk containing viable cells of
Lactobacillll.5acidoPhilll.5from a frozen concentrated culture si~nificantly
reduced lactose malabsorption. The degree of lactose malabsorption was
measured using a breath hydrogen test (BHT). The effect of I.. (/cidojJhillls
on lactose malabsorption was determined by comparing the amount of
hydrogen excreled in the breath of six human test su~jects in each experi-
mental group at t.he start of the trial and after consuming milk containing
either 0, 2.5 x lOb, 2.5 X 10', or 2.5 X lOll L. acidophilll.5per ml daily for 6
days. Consumption of milk without cells of L. acidl1Jhilllsdid not allect
lactose malabsorption, but consumption of milk containing 2.5 x lOb OJ'
2.5 X 108 L. acidophilllSper 011significantly reduced_ malabsorption. How-
ever, milk containing an intermediate level (2.5 x 10'/011)did not influence
malabsorption. The lack of a signilicant effect in the latter ~roup of test
subjects was probably due 10 large increases in excreted hydro~en on dav 7
as compared to day 0 by two of the six test su~jects. An additional trial
showed that the beneficial effect of L. acidophilll.5on lactose malabsorption
did not require that the milk be consumed daily. The reduced malabsorp-
tion was not due to hydrolysis of the lactose prior to consumption. which
indicated that the beneficial ellect must have occurred in the digestive tract
after consuming milk containing L. (/cidl1Jhilll.5.

Introduction

The inability to absorb lactose. which is one of the several causes for milk
intolerance in humans, has been associated with deficiencv of lactase in the
intestines. In lactase-deficient individuals the ingestion of ;me or two glasses
of milk often leads 10 a gastrointestinal disorder which is called lactose
intolerance and includes such symptoms as cramps, flatulence. and
diarrhea. These symptoms discourage lactose malabsorbers from consum-
ing milk.

The objectives of this study were to determine if the addition of cells of L.
acidophilllSto milk can prevent or reduce lactose malabsorption in humans
and, if so, to determine whether or not the effect is dependent on consum-
ing the milk over a period of time.

Materials and Methods

Frozen concentrated cultures of L. (/cidophilll.'jNCFM (of human origin)
were obtained from Marschall Products, Miles Laboratories, Ine. (Madison.
WI) and stored at -196 C in liquid nitrogen. The milk containing the
desired numbers of L. acidl1Jhilll.5was prepared by adding the needed
amount of thawed concentrated culture to pasteurized whole milk obtained
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from the Dairy Processing Plant in the Animal Science Department of
Oklahoma State University. The frozen concentrated culture was thawed by
submerging the container' (5 g cryogenic vial) in one liter of tap water at 30'-
35 C until thawing was complete. unal populations of L. (/cido/Jhil/lsin milk
were confirmed by plate counts using lactobacilli l\IRS agar (Speck. 1976).
The milk was stored in a refrigerator until used (not more than 3 days).

The breath hydrogen test (BHT) used to measure lactose malabsorption
in human test subjects was a slight modification of that reported by Leviu
and Donaldson (1970). Breath hvdrogen was quantitated using a Varian
Model 920 Gas Chromatograph equipped with a thermal conductivity
detector. a I ml sample loop, and a six port gas sampling valve. Separation
of hydrogen from other gaseous components of the breath was obtained
using a column (12 h long, 1/",in. inside diameter) packed with 60-HOmesh
5A molecular sieve (Supeloco. Inc., Bellofonte. PA). Separation was
achieved at a column temperature of 53 C with argon as the carrier gas at a
flow rate of 18cdmin. The detector temperature was 107 C. ''''hen a breath
sample was to be analyzed. a I-ml sample from the sample bag was transfer-
red into a sample loop via the gas sampling valve by vacuum created with a
25-ml gastight syringe. Concentrations of hydrogen (ppm) were deter-
mined by comparing the area of the hydrogen peak obtained from each
sample with a standard curve prepared using mixtures of hydrogen
(99.998 percent purity) and nitrogen.

The breath hydrogen test was conducted in the morning following a 12-
hr fasting period. The sample bags were flushed with nitrogen and
evacuated by vacuum prior to each use. While standing. the su~ject inhaled
deeply, retained his breath fOl' 10 sec. then exhaled into the sample bag.
Following the initial breath sample the test su~jects consumed the indicated
milk product (5 ml/kg body wt) as the lactose dose. Additional breath
samples were collected by the same procedure 60 min after consuming the
test dose and thereaher at 30-min inten"als for 2 to 3 hr. The collected
samples were analyzed immediately for hydrogen content by gas
chromatography, and the average hydrogen content (ppm) of the three
consecutive samples exhibiting the greatest leyels of hydrogen was used as
the hydrogen concentration in the bl'eath of each su~jecL

Test su~jects determined to be lactose malabsorbers were selected from
international students (20 to 31 \T of age) at Oklahoma State University.
Only those lactose malabsorbers excreting at least 30 ppm hydrogen were
accepted as test subjects. All were appal'enlly healthy with no recent history
of gastrointestinal disturbance and were not currently using oral antibiotics.
None of the su~jects had consumed commercially available acidophil us
milk. All subjects gave consent for participating in the study after being
informed of the nature and the purpose of the stuck The individuals were
not told whether or not the milk they were to consume contained cells of L.
acidophil/ls. "

1\velve test subjects who were determined to be lactose malabsorbers
were randomly assigned to one of two groups. One group was assigned
milk containing 2.5 x IOHcells of L. (/cido/Jhil/lsper ml (acidophilus group)
and the other was assigned milk without the cells of L. (/cidophil1L5(control
group). Using the assigned milk, subjects consumed O.Hoz (5 g) per 2.21b (1
kg) body wt twice daily f()r 6 days. The milk was deli\"ered to the su~jects
with instructions to keep it refrigerated until consumed. Sufficient milk for

264 Oklahoma Agricultural Experiment Station



3 days was delivered each time; thus, none of the milk was used beyond 3
days after preparation.

The intensities of lactose malabsorption for each su~ject in both groups
were determined on day 0 using the BHT in which pasteurized whole milk
was used as the test dose. On day 7, the BHT was repeated. The lactose test
dose for the subjects in the control group was again pasteurized whole milk.
The test dose for the subjects in the acidophilus group was pasteurized
whole milk containing 2.5 x WI!L. acidophilllsper ml. Neither the test sub-
jects nor the analyst knew which subjects received control milk or milk
containing lactobacilli until the trial was completed. Comparison of breath
hydrogen content of test subjects on day 0 and day 7 for each group was
made by treating the data as a paired experiment for statistical analysis.

Additional trials were conducted to determine if the number of cells of L.
acidophilm in the milk was critical. Milk containing different populations of
L. acidophilmcells was evaluated in a manner similar to that in the first trial.
Twelve test subjects (not used in the previous trial) who were determined to
be lactose malabsorbers were randomly assigned to one of two groups and
drank the assigned milk for 6 days. One group was assigned milk contain-
ing 2.5 x 107 cells ~f L. acidophilm per ml, and the other received milk
containing 2.5 x 106cells of L. acidophilm per ml. Control milk was used as
the test dose for the BHT on day 0, and the milk containing lactobacilli as
assigned was used as the test dose on day 7. Neither the test su~jec~s nor the
analyst knew which subjects received milk containing 2.5 x 10' cells or
2.5 X 106 cells of L. acidophilllsper ml. The data was treated for statistical
evaluation as in the first trial.

To determine if consumption of milk containing cells of L. acidophilllshad
an immediate effect on lactose malabsorption, milk containing 2.5 x 106
cells of L. acidophilm per ml was evaluated using a randomized complete
block design. A BHT was done on five new subjects twice (day 0 and day 7)
using pasteurized whole milk as the lactose test dose: The BHT was
repeated on days 14 and 21 using milk containing 2.5 x 106L. acidophilm per
ml as the test dose. No milk was consumed by any of the su~jects during the
periods between the breath hydrogen tests.

To determine if lactose in refrigerated milk containing cells of L.
acidophilm was hydrolyzed prior to consumption, the amounts of lactose
were quantitated periodically during refrigerated storage of the milk using
an enzymatic method (Taylor, 1970)

Results

Concentrations (ppm) of breath hydrogen before (day 0) and after (day
7) from each of six subjects consuming pasteurized whole milk (control)
twice daily for 6 days are shown in Table 1.While there was some individual
variation, the average values for day 0 and day 7 were essentially the same.
Statistical analysis of the data revealed no significant difference (P>0.50)
between day 0 and day 7. For the group that consumed milk containing
2.5 x 108 L. acidophilm per ml, the breath hydrogen was significantly
(P<O.OI) lower on day 7 than on day 0 (Table 2). All subjects, except for the

second one, exhibited much lower levels of hydrogen on day 7 than on da~
O. Thus, daily consumption of pasteurized whole milk containing 2.5 x 10
cells of L. acidophilmper ml reduced lactose malabsorption in humans.
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Table 1. Effect of dally consumption of pasteurized whole milk on lactose
malabsorption in humans

PPMH2in Breath
Subject

1
2

3
4
5
6

Day0

70.6
34.5
59.1
38.0
30.1
35.5

Average

"Notsignificantlydifferent(P>O.50).

44.68

Day7

60.1
29.3
74.4
39.4
28.1
34.4

44.38

In the second trial the effect of daily consumption of pasteurized whole
milk containing 2.5 x 106cells of L. acidaphilus per ml on lactose malabsorp-
tion also was significant (P<O.025) (Table 3). Each test subject included in
this group excreted less hydrogen on day 7 than on day O.

The group of six test subjects that daily consumed pasteurized whole
milk containing 2.5 x 107L. acidaphilusper ml for 6 days did not reveal a
significant (P>O.35) reduction in breath hydrogen (Table 4). Three of the
six subjects (2, 3 and 4) excreted more hydrogen on day 7 than on day O.
The remaining subjects exhibited lower levels of breath hydrogen on day 7
than on day O.

Table 2. Effectof dally consumption of pasteurized whole milkcontaining
2.5 x 108cells of L. acldophllus per ml on lactose malabsorption
in humans

PPMH2In Breath

Su'1ect
1
2
3
4
5
6

Average
"Significantly lower on day 7 (P<O.01).

Day0

47.0
56.0
33.8
45.9
49.1
53.5

47.68

Day7

12.1
53.0
13.9
19.4

33.9
38.0

28.48
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Table 3. Effect of daily consumption of pasteurized whole milk containing
2.5 x 106cells of L. acidophilus per ml on lactose malabsorption
in humans

PPMH2in Breath

Subject
1
2
3
4
5
6

Average

"Significantly lower on day 7 (P<O.025).

Day0

49.0
58.5
72.8
37.7
72.7
43.9

58.88

Day7

43.3
23.0
44.8
23.8
69.7
38.8

40.68

Table 4. Effect of daily consumption of pasteurized whole milk containing
2.5 x 107cells of L. acldophilus per ml on lactose malabsorption
In humans

PPMH2in Breath

Subject
1
2
3
4
5
6

Average

"No significant difference (P>O.35).

Day0

34.6
31.5
34.5
41.1
38.3
40.1

36.78

Day7

22.7
50.0
51.6
46.1

33.9
9.5

35.68

To determine if daily consumption of milk containing L. acidophiluswas neces-
sary to reduce lactose malabsorption, an additional trial was conducted (Table 5).
In this trial the subjects did not consume milk with or without lactobacilli during
the periods between breath hydrogen tests. Concentrations of breath hydrogen
for tne test subjects were determined on days 0 and 7 (control milk as test dose)
and on days 14and 21 (milk containing 2.5 x 106L. aci1vphilusper ml as test dose).
For the 2 days (0 and 7) on which control milk was used as the test dose, there was
not a significant difference in BHT results (P>0.70). There also was not a
significant difference (P>0.95) between the concentrations of hydrogen in the
breath of the subjects for the days (14 and 21) on which milk containing L.
acidophiluswas used as the test dose. However, the overall average of breath
hydrogen concentrations on days 14 and 21 was significantly lower than that for
days 0 and 7 (P<O.OI). Thus, the presence of L. acidophilus(2.5 x J06tml) in the
milk used as a test dose for the BHT significantly reduced lactose malabsorption,
and it was not necessary to consume tfie milk daily for it to be beneficial in this
regard.

The lactose content of the milk did not change during 7 days of refrigerated
storage. No free glucose due to the hydrolysIs of lactose was detected. The
J>Opu]ation of L. iJcidophilusin milk during refrigerated storage also did not
change.
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Table 5. Immediateeffect of consuming milk containing L. acidophilus on
lactose malabsorptionIn humans8

PPMHzIn Breath

Subject
1
2
3
4
5

Day0
51.3
57.9
39.5
54.8
35.2

Day7
46.1
40.9
38.8
66.0
37.0

Miik containing
L. acidophllusb

Day14 Day21

17.4 35.7
45.6 45.3
21.3 21.6
58.2 38.7
30.3 29.9

Control
Miik

Averages

Overall

averages

aNamilk withor without L. acidophilus was consumed during the periods between breath hydrogen tests.
"2.5 x 10. cells of L. acidophilus per ml.
CDay0 not significantlydifferentfrom day 7 (P>0.70); day 14not significantlydifferentfrom day 21 (P>0.95).
dSignificantlylower for L. acidophilus milk (P<0.01).

47.~ 45.8C

Discussion

Many individuals who are classified as lactose malabsorbers on the basis of
clinical tests involving a standard lactose dose of 1.8 oz (50 g) can consume dietary
amounts of lactose, such as would be contained in a glass of milk, without
experiencin~ symptoms of lactose intolerance (Tomn et aI., 1979). From a prac-
tical standpomt the lactose dose for determining lactose malabsorption should be
a smaller dose, such as 0.18 oz (5 g) of milk per 2.2 Ib (I kg) of body wt. For most
of the test subjects in this study this resulted in test doses similar to 8 to 9 oz of
milk, which contained about 0.42 oz (12 g) of lactose. This amount of milk should
not have resulted in the digestive system merely being "overloaded" with lactose.

Since the lactose content of milk containing cells of L. acidophilus remained
unchanged during refrigerated storage, the reduction of lactose malabsorption
was not due to the lactose in milk being hydrolyzed prior to ingestion. Thus, the
L. acidophilusmust have exerted its beneficial effect in the digestive system.

It seems that daily consumption of pasteurized whole milk contaimng 2.5 x 107
cells of L. acidophilusper ml snould have shown a significant difference between
the hydrogen excretions on days 0 and 7 since milk containing both 2.5 x 108and
2.5 x 106cells per ml effectively reduced lactose malabsorption. The unexpected
result was probably due to the abnormally increased liydrogen excretlon by
subjects 2 and 3 on day 7. The possible explanations of this unexpected result
induded variations in diet and other activities of the test subjects tfiat may have
imposed stresses on the digestive system.

Individual variations among the test subjects appeared to influence the degree
of hydrogen excretion as welr as the effect of consuming milk containing cells of
L. ai:idophuus.For some subjects, the effect was very beneficial; for others it was
not. Thus, we might expect that every lactose malabsorbing rerson who con-
sumes milk containing L. acidophilusmight not realize total relie from symptoms
associated with lactose malabsorption.
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Frozen Concentrated Cultures from

Cells of LactobacillusacidophilUSGrown
in Pepsinized Whey Media

S. E. Gilliland and S. L. Mitchell

Story in Brief
Three pepsinized whey based media were compared for ~rowing cells of

Lactobacillusacidophilus to be used in" preparing frozen concentrated cultures.
Concentrations of dried sweet whev tested in the media were 2.5, 5.0, and 7.5
percenl. The pH of the media \\:as maintained at 6.0 dUJ"ing growth of L.
acidophilusat 37 C with a neutralizer consisting of 20 perecent Na~CO:\ in 20
percent NH40H. As the level of whey solids was increased in the media, max-
imum populations attained during growth decreased. The culture reached max-
imum populations in the media containing 2.5 percent and 5.0 pel"cent whey
solids after 12 and 18 hr, respectively, then remained constant Ii>r the remainder
of the 24-hr incubation period. However, in the medium containing 7.5 percent
whey solids, the culture appeared to enter a death phase after onlv 12 hr of
incubation. The maximum population in the 7.5 percent medium was also con-
siderably lower than those in the other two media. Frozen concentrated cultures
were prepared from cells of L. lIcidaphilusgrown in the media containing 2.5
percent and 5.0 percent whey solids and stOt'ed in liquid nitrogen at - 196 C. The
viability and bile resistance of the cultures during storage in liquid nitrogen and
subsequent storage in refrigerated milk was highest for cells which had been
grown in the 2.5 percent pepsinized whey medium.

Introduction

Currently there is much interest in the use of LactobllcilluslIcidaphilu.5as a dietary
adjuncl. Cells of L. acidophillLl',in the form of a concentrated culture added to
refrigerated low-fat milk, may help maintain intestinal health and improve intes-
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tinal function. Consumption of milk containing this organism can help maintain a
desirable balance among bacteria in the intestinal tract. It GII1also aid in pre"ent-
ing symptoms associated with lactose malabsorption in persons suffering from
this malady.

Originally, acidophilus milk was available only as a fermented product which
had an unpleasant flavor. Cells of L. (/cidoPhilllsrapidlv died during refrigerated
storage in such a product. Because of low numbers of viable cells of L. (/ridophill/.\
in the fermented milk and the milk's unpleasant flavor, an unfennented
acidophilus milk was developed. A low-fat non-fermented milk product contain-
ing L. acidophilliswas made commercially available in 1975. The milk is prepared
by adding a concentrated culture of L. acidaphill/.\to pasteurized low-fat milk. The
flavor is the same as ordinary milk, but the milk contains several million ,'iable
and bile resistant cells of L. a;idophilllsper ml.

One of the most important considerations in preparing a fn>zen concentrated
culture of L. acidophill/.\to be used as a dietary adjunct is the growth medium used
to grow the cells. The growth medium should permit maximum growth of the
bacterial cells and produce cells that will retain viability and their desirable
characteristics during frozen storage of the resulting concentrated culture. These
characteristics should also be maintained during subsequent refrigerated storage
of the milk containing the cells of L. (/ridophillls.

The objective of this study was to develop a pepsinized whey based medium in
which to grow cells of L. (/ridophilllsto be used in the preparation of frozen
concentrated cultures for use as dietary acUuncts.

Materials and Methods

Dried sweet whey (Associated Milk Producers Inc., Tulsa. OK) was recon-
stituted at the desired concentration (2.5 percent, 5.0 percent or 7.5 per percent)
in 4 liters of distilled water containing 0.1 percent l\\'een 80 (Sigma Chemical
Co.). The pH was adjusted to 3.0 with 5N phosphoric acid, and I g of pepsin
(Sigma Chemical Co.) was added. This mixture was incubated 30 min in a 37 C
water bath. The digested whey was adjusted to pH 7.0 with 51'\ ammonium
hydroxide. One-tenth percent yeast extract and 1.0 percent thiotone were added
to the mixture. After the added ingredients were dissolved, the medium was
equally divided into two 4-liter flasks and autoclaved for 15 min at 121 C.

The 4 liters of sterile pepsinized whey medium were asepticalh' added to an
empty sterile fermenter jar. The fermenterjar, equipped with a combination pH
electrode, was connected to an automatic pH controller. The temperature of the
whey was adjusted to 37 C, and the automatic pH controller was adjusted to
maintain the growth medium at pH 6.0. The whey medium was then inoculated
with 40 ml of an IS-hr milk culture (37 C) of L. (/ridophilllsNCFM and incubated
for 24 hr at 37 C. The medium was maintained at pH 6.0 during growth of the
culture wirh a neutralizer consisting of 20 percent Na~ CO:\ in 20 percent
NH~OH.

Beginning at lO-hr and at 2-hr intervals thereafter, \0 ml samples of the culture
were aseptically removed from the fermenter using sterile pipettes and placed
into sterile screw-capped test tubes in an ice-water bath. The total numbers of
lactobacilli and bile resistant lactobacilli were determined bv plating appropriate
dilutions of the samples on f\IRS and f\IRSO agar media. The MRS agar pmvided
total numbers of lactobacilli, and the MRSO agar (MRS plus 0.1 percent oxgall)
provided numbers of bile resistant lactobacilli.

Cells were harvested after 16 hI' of growth from 800 ml of the cultures of L.
acidophillisgrown in the 2.5 and 5 percent whey media. The cells were harvested
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by centrifugation and resuspended in twice their weight of cold sterile 10 percent
NFMS. The resulting concentrated cultures were dispensed into sterile freezing
vials (2 g each), then frozen and stored in liquid nitrogen (- 196 C).

r\'umbers of L. acidophillL~in the concentrated cultures were determined prior to
freezing (Day 0) and after I, 14 and 28 da\'s of storage in liquid nitrogen by
plating appropriate dilutions on !\IRS and ~IRSO agar. The \'ials of frozen
concentrated cultures were thawed by submerging them in I liter of tap water at
30 C for 5 min.

Milk for preparing non fermented acidophilus milk was pl"epared by dividing
400 miaI' IO percent reconstituted nonfat milk solids (r\'F!\IS) illlo four bottles
and heating at 1O0C for 30 min. The heated milk was immediately cooled to 5 C.
Thawed concentrated culture was diluted, as required, and added to each of four
bottles containing the cold IOpercent r\'FMS to achieve a population of about 2 x
106/ml. The milk was then stored at 5 C. BOllles were removed for examination
on Days I, 7, 14 and 21. The total numbers of lactobacilli and bile resistant
lactobacilli were determined.

Results

Considerable variation was observed in the growth of L. arido/Jhilll.\'NCFl\1 in
the media containing different concentrations of whey solids (Figure I). In this
figure the loglll of counts on MRS agar (solid lines) and on i\IRSO agar (broken
lines) are plolled against incubation time. The highest population allained, based
on counts on l\IRS agar, was I x J(f'/ml in the 2.5 percent whey medium, which
was significantly higher than that obtained in the 5 percent or the 7.5 percent
media (P<.05). Growth of L. aridoPhillisin the 2.5 percent and 5.0 percent whey
media reached maximum numbers at 16-18 hr and then remained constalll with
little or no reduction in numbers for the remainder of the incubation time. The
growth of L. acidophilllSin the medium containing 7.5 percent whey solids, how-
ever, reached its maximum at approximately 12 hr and then decreased through-
out the remainder of the incubation period. It is apparent from this data that as
the level of whey solids was increased in the media, the maximum populations
allained during growth at pH 6.0 decreased. The differences between MRS and
MRSO counts for the culture growing in each level of whey solids increased as the
level of whey solids was increased. Due to the poor performance of the culture in
the 7.5 percent medium, further experiments with this medium were not done.

The survival of the concentrated cultures of L. acidophillisr\'CFM during storage
in liquid nitrogen is shown in Table 1.The data in this table represent the average
loglll counts from six trials. For the concentrated cultures prepared from cells
grown in the medium containing 2.5 percent whey solids. counts on both the

Table 1. Survival of Lactobacillus acidophilus NCFMin concentrated cultures
during storage in liquid nitrogen8

Daysin 2.5%Wheysolids
liquidnitrogen MRS MRSO

o 10.31 10.26
1 10.27 10.13

14 10.28 10.24
28 10.27 10.21

5.0%Wheysolids
MRS MRSO

9.81 9.65
9.67 9.53
9.61 9.51
9.63 9.36

"Each value is the average 10910counVg from 6 trials,
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Figure 1. Growth of lactobacillus acidophilus NCFMat pH 6.0 in pepsinized
whey based media. . 2.5% whey solids (averages from 6 trials);
.A 5.0% whey solids (averages from 6 trials); . 7.5% whey (aver-
ages from 4 trials); plotted on semi-logarithmic paper; solid lines =
counts on MRSagar; broken lines = counts on MRSOagar

MRS and MRSO agar remained fairly constant, exhibiting only slight reductions
during 28 days of storage in liquid nitrogen. However, the MRS and MRSO
counts for the concentrated cultures prepared from cells grown in the 5.0 percent
medium showed greater reductions after I day of storage in liquid nitorgen. The
MRS counts then remained about the same from Day I to Day 28, but the MRSO
count was further reduced after 28 days of storage in liquid nitrogen.

Figure 2 shows the effect of storage in refrigerated milk on the viability and bile
resistance of cells of L. acidophilusNCFM which were grown in the 2.5 percent
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Figure 2. Stability in refrigerated milk of cells of Lactobacillus acidophilus
NCFM grown in medium containing 2.5% pepsinized whey solids.
(Averages from 6 trials, plotted on semi-logarithmic paper)

medium. The concentrated culture used to prepare the milk had been stored in
liquid nitrogen for 28 days. Counts obtained on MRS and MRSO agar decreased
during storage in the milk at 5 C. The MRS counts showed the sharpest decrease
from Day 14 to Day 21. The counts. obtained on MRS agar were significantly
higher than the MRSO counts (P<0.005), and the greatest difference in counts
was observed after 14 and 21 days of refrigerated storage.

The storage stability in refrigerated milk of cells of L. acidophilus grown in the
medium containing 5.0 percent whey solids is presented in Figure 3. Once again
the milk was prepared using concentrated cultures which had been stored 28 days
in liquid nitrogen. Both the MRS and MRSO agar counts dropped steadily during
storage in milk at 5 C, bUt the MRSO counts dropped much more rapidly than
the MRS agar counts. The counts obtained on MRS agar were significantly higher
than the MRSO agar counts (P<0.005). As in the 2.5 percent medium, the
greatest difference between MRS and MRSO counts was seen after 14 and 2 I days
of refrigerated storage.

Discussion

The reductions in maximum populations observed as the amount of whey
solids in the growth medium was increased could be due to inhibitory metabolic
products produced from the higher concentration of whey components. Increas-
ing concentrations of whey components might also have created an "imbalance"
among nutrients in the medium. For instance, the media with higher levels of
whey solids might require different levels of yeast extract, thiotone, or Tween 80
to attain maximum growth of lactobacilli.

The type of neutralizer used to maintain the pH at 6.0 during growth of the
culture could influence the maximum populations attained. The type of neUtral-
izer has been shown to influence the growth of other lactic acid bacteria. It is
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Figure 3. Stability In refrigerated milk of cells of Lactobacillus acidophilus
NCFMgrown In medium containing 5.0% pepsinlzed whey solids
(averages from 6 trials, plotted on semi-logarithmicpaper)

possible that a different neutralizer may have been more effective in the media
containing higher concentrations of whey. While there is no inlimnation available
as to the optimum level of various minerals and/or salts on the growth of L.
lKidophilus,an alteration in the amounts of the various salts caused by increasing
the whey solids could have influenced the culture.

The lower stability of the concentrated cultures in liquid nitrogen prepared
from cells grown in the 5.0 percent medium could be due to some damage to the
cells during growth at 37 C. Damage or injury to the cells is also indicated by
larger differences between MRS and MRSO agar counts Ii»' the culture grown in
the 5.0 percent medium than for the cells grown in the 2.5 percent medium. The
lower counts on MRSO agar indicated reduced resistance of the culture to bile
salts.

In summary. the medium containing 2.5 percent pepsinized whev solids would
be the most desirable for producing cells of L. acidof}hilllolfor preparing frozen.
concentrated cultures to be used as dietary adjuncts. However. the survival of the
culture during storage in refrigerated milk needs to be improved. Factors other
than the level of wheynsuch as pH during growth. neutralizer used for maintain-
ing pH. and growth temperature need to be researched.
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Effect of Seeding Raw Milk with
Lactobacillus lactis on Growth of

Spoilage Organisms during
Refrigerated Storage

S. E. Gilliland and H. R. Ewell

Story in Brief

Cells of La<:tobacilluslactis from frozen concentrated cultures were added to
refrigerated raw milk to determine their effect on growth of psychrotrophic
spoilage bacteria in the milk during storage at 5 or 7 C. Some strains of L. lactis
were significantly inhibitory at both temperatures. 1\\'0 selected strains of L. lactis
were added along with potassium sorbate to refrigerated raw milk stored at 5 C to
determine their combined effect on growth of the psychrotrophs. The combina-
tion of cells of lactobacilli and sorbate was more inhibitory than either lactobacilli
or sorbate alone.

Introduction

The growth of psychrotrophic microorganisms in raw milk during refrigera-
tion in bulk storage tanks can reduce the quality of the milk. While they are easily
killed by heat treatment, some of them produce heat stable enzymes that can
survive pasteurization or sterilization treatments and adversely affect the quality
of products made from the heat processed milk.

Lactic acid bacteria including lactobacilli can inhibit the growth of food-borne
pathogens and spoilage microorganisms in various foods at refrigeration temper-
atures. The inhibitory agent produced by the lactobacilli has been identified as
hydrogen peroxide. Since cells of lactobacilli accumulate hydrogen peroxide in
the suspending menstrum during refrigerated storage even though they do not
grow, the possibility exists that they might produce sufficient peroxide to inhibit
the growth of psychrotrophs in refrigerated food.

Sorbic acid has been used in many foods as a preservative. It is said to be more
inhibitory to bacteria similar to those causing spoilage of refrigerated foods than
to the lactobacilli. Therefore, a combination of sorbate and cells of L. lactismight
be expected to exert greater inhibitory action on psychrotrophic spoilage mic-
roorganisms in raw milk than would either alone.

The objectives of this study were to determine if the growth of psychrotrophic
microorganisms in refrigerated raw milk could be retarded by adding cells of L.
lactisand to determine if the additions of potassium sorbate along with cells would
enhance any inhibition caused by the lactobacilli.
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Materials and Methods

The cultures of L. lac/is were maintained by subculturing (1 percent inocula)
weekly into sterile (121 C for 15 min) 10 percent non-fat milk solids (NFMS). The
inoculated milk was incubated at 37 C for 24 hr. These cultures were stored in a
refrigerator between weekly subcultures. Before use in experiments, the cultures
were subcultured twice in 10 ml of sterile lactobacilli MRS broth (Difco) using a
one percent inocula and incubating 18 hr at 37 C.

Each of the cultures of L. wc/ic was inoculated into 600 ml of lactobacilli MRS
broth (Difco) and incubated at 37 C until the culture reached the late exponential
or early stationary phase of growth. The cells were harvested by centrifugation
and resuspended in 30 ml of cold, sterile 10 percent NFMS. The resulting
concentrated cultures were dispensed in 2 g portions into sterile plastic freezing
vials and placed immediately into liquid nitrogen (-196 C) for storage. For
experimental use, each frozen concentrated culture was thawed by submerging in
1 liter of tap water (24 C) for 5 min.

Raw milk was obtained from the bulk storage tanks at the Oklahoma State
University Dairy Cattle Center. The raw milk was aseptically placed into a sterile
flask contained in an ice-water bath for transport to the laboratory and held there
until used (never held longer than 2 hr). The raw milk was then dispensed in 100
ml volumes into sterile 250 ml flasks. Thawed concentrated cultures were added
to the raw milk in the quantities necessary to obtain I x IOHlactobacilli per ml.
One flask of raw milk was used as a control. The flasks were then placed in a
refrigerated Gyrotory Water Bath Shaker for storage. The bath was at either 5 or
7 C, and agitation was adjusted to 160 RPM. Samples for microbial analyses were
taken from each flask initially and daily for 6 days. In all trials pH values were
determined on the final day of storage.

Lactobacilli were enumerated in the initial samples by plating the appropriate
dilutions with MRS agar (Speck, 1975). The plates were incubated for 48 hr at 37
C. Non-lactobacilli were enumerated by plating appropriate dilutions with Plate
Count Agar (PCA) and incubating the plates at 21 C for 5 days. The lactobacilli
used in this study did not form colonies on PCA under these conditions. This
enabled us to follow the growth of psychrotrophic bacteria in the milk during
storage.

Thawed concentrated cultures of selected strains of L. lactis (39A I and 39A2)
were added to raw milk to yield populations of I x 1O!!/ml.Three flasks of raw
milk (100 ml) were prepared for each strain. A set of three flasks of raw milk
without lactobacilli was also prepared. To each set of three flasks with and without
lactobacilli, a sterile 10 percent solution of potassium sorbate was added to yield
final concentrations of 0, 0.1 percent, and 0.2 percent. The samples were stored at
5 C as in previous experiments. Samples (10 ml) were taken from each flask
initially and on the third and fourth days of storage for microbial analyses as
indicated in the previous experiments.

Results

Table I is a summary of results from four trials in which the antagonistic action
of six strains of L. l11c/istoward the growth of psychrotrophs in raw milk was
measured at 7 C. The data are presented as the loglOof counts of non-lactobacilli
per ml obtained after the milk samples had been stored 4 days at 7 C. When
compared to the average count for the control samples, L. l11c/is403E-15 was the
most inhibitory followed in order by strains 39AI, 12315, B, 39A2, and Farr.
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There were no differences in the amounts of inhibition produced by strains B,
12315 and 39A2. Statistical analysis of the data revealed that strains B, 12315, and
39A2 were significantly inhibitory at P<0.05 and strains 403£-15 and 39A 1 were
significantly inhibitory at P<O.O1. Little or no change in acidity was observed in
any of the milk samples during storage at 7 C.

Table 2 is a summary of results from six trials in which the antagonistic action of
the six strains of L. lactis toward the growth of psychrotrophs in raw milk was
measured at 5 C. The data are presented as log 10of counts of non-lactobacilli per
ml after the milk samples had been stored 4 days at 5 C. L. lactis 39A 1 was the
most inhibitory followed in order by strains B, 403£-15, Farr, and 39A2. Strains
403£-15, 12315, Farr, and 39A2 exhibited minimal differences in inhibition. Only
L. lactis 39A I and B were significantly inhibitory (P<O.O1 and P<0.05 respec-
tively). The pH of none of the milk samples changed during the storage period.

L. lactisin conjunction with potassium sorbate exhibited greater inhibition of
the growth of psychrotrophs in raw milk at 5 C than did either treatment alone
(Table 3). The data from four trials are represented as the log 10count of non-
lactobacilli per ml after the milk samples had been stored 4 days at 5 C. Strains
39Al and 39A2 combined with either 0.1 percent or 0.2 percent potassium
sorbate were significantly (P<O.O1) more inhibitory than either strain or sorbate
alone. Sorbate alone had minimal inhibitory effect on the growth of the psychro-
trophs. Both strains in combination with 0.2 percent sorbate were significantly
more inhibitory than either strain combined with 0.1 percent sorbate (P<O.O1).

Discussion

We observed in a previous study (Martin and Gilliland, 1980) that cells of L.
bulgamus had an antagonistic effect toward a psychrotrophic bacteria (isolated
from raw milk) in autoclaved milk at 5.5 C. However, the L. bulgaricusdid not
inhibit growth of psychrotrophs in raw milk at 5.5 C. Apparently, the cultures of
L. bulgamus did not produce sufficient peroxide to inhibit psychrotrophs in raw
milk. Since L. lactis reportedly produces more hydrogen peroxide than L. bul-
gamus, it might be more likely to have an inhibitory effect on psychrotrophs in
raw milk during refrigerated storage than would L. bulgamus. In experiments
related to the present study" the strains of L. lactisexerting the greatest inhibition
of psychrotrophs in raw milk also produced the greatest amounts of peroxide.
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Table 1. Numbers of non-lactobacilli in raw milk with and without added cells
of Lactobacillus lactis after 4 days of storage at 7 C

Non-lactobacillicounVmlb

Daysat
Sample 7 C Irlal1 Irial2 Irial3 Irlal4 Avg.

Control 0 3.56 3.63 4.04 3.40

Control 4 6.20 7.20 7.65 5.64 6.67

L. factis B 4 5.70 7.18 6.30 5.18 6.09
L. factis Farr 4 5.60 7.04 7.11 5.60 6.34
L. factis 12315 4 5.86 6.85 6.38 5.28 6.09
L.factis 403E-15 4 5.62 6.53 6.45 5.08 5.92
L. factis 39A1 4 5.85 6.64 6.88 4.43 5.96
L. factis 39A2 4 6.15 6.91 6.20 5.08 6.09

aL.lactiscountswereapproximately1x 108/ml.
"Countsrecordedas log,oof numbersof non-Iactobacilli/ml.



N
~
IX>

o
z::
~
:r
Q
:1
~

>
~.
n=
i
...
~
t!j
~"0
/II
:I.
:1
/II
=...
rIJ"
C'.
Q=

Table 2. Numbers of non-lactobacilli in raw milk with and without added cells of Lactobacillus lactts. after 4 days of
storage at SOC

Non-lactobacllll/mib

Daysat
Sample SOC Trial1 Trial2 Trial3 Trial4 TrialS Trial6 Avg.

Control 0 3.72 3.18 3.34 3.45 3.82 3.60

Control 4 4.20 3.61 7.23 5.40 4.58 7.38 5.40

L. lactis B 4 4.00 3.34 5.85 5.40 4.20 6.76 4.93
L. lactis Farr 4 4.04 3.56 5.79 5.72 4.59 6.69 5.07
L. lactis 12315 4 3.96 3.77 5.92 5.23 4.53 6.70 5.02
L. lactis 403E-15 4 4.08 3.20 5.69 5.76 4.67 6.68 5.01
L. lactis 39A1 4 4.15 3.15 5.77 3.89 4.41 6.57 4.66
L. lactis 39A2 4 4.18 3.57 5.79 5.79 4.54 6.91 5.13

8L.lactiscountswereapproximately1x 108/ml.
bCountsrecordedas log '0 of numbersof non-Iactobacilli/ml.



"Counts recorded as 10910of numbers of non-lactobacilli on day four of storage; the counts on day zero
were as follows: Trial 1 = 3.11;Trial 2 = 3.42; Trial3 = 3.11;Trial 4 = 3.28.
bL. factis counts were approximately 1 x W"/ml.

The differences in the intensity of the inhibition of psychrotrophs in raw milk
by L. lac/isamong different trials in the present study may have been in part due
to variations in the microllora present in the dillerent lots of raw milk. There was
no attempt to control types of microllora other than to include those organisms
naturally present in the raw milk. These organisms might vary in susceptibility to
the inhibitory action of lactobacilli. If the initial population of non-lactobacilli in
the raw milk was too great and increased too rapidly, the high numbers may have
overcome the inhibitory action of the lactobacilli. A slight variation in storage
temperature can have considerable inlluence on the growth of psychrotrophs in
raw milk. Storage of the raw milk samples at 7 C appeared to result in faster
growth of the psychrotrophs than at 5 C. However, the degree of inhibition was
similar at both temperatures.

Some have suggested that sorbate might inhibit catalase. If the catalase in raw
milk were inhibited by the addition of sorbate, the hydrogen peroxide produced
by L. la£/isshould be more inhibitory toward psychrotrophs in the milk. Thus, the
use of sorbate in conjunction with L. we/is should significantlyincrease the inhibi-
tion of psychrotrophs in raw milk. The combined treatments of L. la£/is with
sorbate were more inhibitory to the growth of psychrotrophs in refrigerated raw
milk than was either L. wetisor sorbate alone. At present we do not know whether
or not this enhanced inhibition was due to reduced catalase activity in the raw
milk.

The hydrogen peroxide production by the lactobacilli appears to be the most
important means whereby they inhibit psychrotrophs in refrigerated raw milk.
Additional research is needed to find means of improving the hydrogen peroxide
production by L. lactisto increase the antagonism towards psychrotrophs.
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Table 3. Numbers of non-lactobacilli in raw milk with added cells of Lac.
tobacillus lactis and/or sorbate after 4 days of storage at 5 °C

Treatment Non-lactobacilli/mi"
Percent

Cultureb sorbate Trial1 Trial2 Trial3 Trial4 Avg.
0 3.85 3.96 4.26 3.88 3.99

Control 0.1 3.52 3.54 4.26 3.75 3.77
0.2 3.52 3.49 4.26 4.90 3.79

0 3.54 3.63 4.20 3.57 3.74
L. lactis 39A1 0.1 3.26 3.62 3.91 3.54 3.58

0.2 2.70 2.59 3.91 3.59 3.20

0 3.65 3.70 4.11 3.71 3.79
L. lactis 39A2 0.1 3.20 3.20 4.00 3.59 3.50

0.2 3.26 3.00 3.98 3.60 3.46



Evaluation of Certain Electrical

Parameters for Stimulating Lamb
Carcasses

N. H. Rashid, R. L. Henrickson, A. Asghar,
P. L. Claypool and B. R. Rao

Story in Brief

The efficiency of electrical stimulation at two \'Oltages (50 V and 350 V) and
three frequencies (10. 100 and 250 Hz) was evaluated on lamb carcass sides using
direct current pulsed as a square wave with a 20 percent duty factor. The carcass
sides were electrically stimulated within 15 minutes of bleeding using appropriate
voltage and frequency for 4 minutes. All sides were kept in a 16°Ccooler until the
pH of the Longissimu.5dorsi (LD) and Semimembml/os1L5(SM) muscles reached 6.0
and then transferred to a chilling room at 2°C. LD, SM and Selllilendil/os1L5(ST)
muscles were used to study some physico-chemical changes. Stimulating lamb
sides at 350 Vand 10 Hz gave the fastest glycolysis (drop in pH) at 2 and 4 hours
postmortem, and the period required to reach pH 6.0 was much shorter than
achieved by stimulation with any other combination of voltage and frequency in
LD and SM muscles. The energy output per pulse which was highest at 350 V and
10 Hz was the governing factor for glycolysis rather than the total energy output.
Cold shortening was minimal in the ST muscle of electrically stimulated sides at
350 V and 10 Hz compared to the controls. In general, electrical stimulation,
while reducing cold shortening, had no effect on lean color. Similarly, different
protein fractions (Sarcoplasmic, myofibrillar and stroma proteins) were not
affected by any combinations of voltage and frequency.

Introduction
There is ample evidence that postmortem electrical stimulation of carcasses of

food animals provides many benefits. However, there appears to be much varia-
tion in the electrical parameters - type of current, voltage, frequency, pulse
duration, pulse shape, etc. - used. In most cases a particular electrical stimula-
tion condition was used empirically rather than based on any theoretical con-
siderations. Voltages as high as 3600 and as low as 5 and frequencies ranging
from 2400 Hz to 5 Hz were used. It is likely that a relationship between electrical
parameters like voltage and frequency exists for accelerating postmortem muscle
glycolysis. Such a relationship has not been studied pre\'iously on intact carcasses.
This study was conducted to investigate the effect of electrical stimulation of lamb
carcasses at different voltages and frequency levels on some biochemical and
quality characteristics of lamb muscles.

Materials and Methods
1\\'0 voltage levels, 50 and 350 volts, and three frequencies, 10, 100 and 250 Hz,

within each voltage were used to stimulate Suffolk lamb carcasses. The lambs
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were slaughtered, skinned, eviscerated and divided into sides (carcass weight 19
to 25 kg.) The sides were randomly assigned to electrical stimulation within 15
minutes postmortem. 1\\'0 electrodes were applied, one at the neck near the 5th
and 6th cervical vertebrae and the other at the muscular portion of the achilles
tendon. A direct current with a square wave pulse at the designated voltage and
frequency was applied to each carcass side in a cooler at )6°C for 4 minutes. The
physical response of the muscles during stimulation was observed and recorded.
Samples from LD and SM muscles were taken for measurement of pH. Internal
temperature of intact LD and SM was recorded at 0, 2, 4, and 24 hour post-
mortem, the same time at which pH was measured. The extent of cold shortening
was measured on ST muscle strips, and the lean color was measured using a
Hunterlab tristimulus colorimeter and recorded as L, a, b values. The ratio of
redness to yellowness was calculated. The solubility of different protein fractions
(sarcoplasmic, myofibrillar and stroma protein) was studied. Samples from the
homogenous LD muscles were extracted sequentially with different buffer sys-
tems using protein extraction apparatus.

Results and Discussion

Based on visual observations, the cervical and thoracic regions of the sides
flexed more vigorously in a lateral direction when stimulated at a high voltage
(350 V) than at a low voltage (50 V). Most of the muscles on the carcass surface
exhibited fast twitching at low frequency (10 Hz) without regard to voltage;
however, twitching continued for a longer period at the low voltage. At 250 Hz
the whole side went into tetanic contraction without showing any twitching of
individual muscle at both the voltages.

How fast the postmortem muscle pH drops to 6.0 has been used as a criterion
to determine the effectiveness of electrical stimulation in accelerating glycolysis.
Significant differences in time for the LD and SM to reach pH 6.0 were observed
when carcass sides were stimulated at 350 V and 50Y, and the frequency varied
from IOto 250 Hz as shown in Figure I. Stimulation at 350 Vand IOHz provided
the shortest time for the muscles to reach pH 6.0, while other stimulation
treatments required more time; yet they were significantly different from the
controls for both the LD and SM muscles. Frequency also had an effect in
reducing the time for the muscle to reach pH 6.0. Low frequency was more
effective. This study provided evidence that frequency, along with voltage,
increases the rate of postmortem glycolysis in muscles due to stimulation.

Stimulation of the sides with 350 V resulted in a much higher total energy
output than at 50 V.A change in frequency from IOto 250 Hz had liule effect on
the total energy output. The output energy per pulse decreased as the frequency
was increased. The decrease in jules per pulse was also affected by voltage.
Electrical stimulation at 350 V and IOHz provided the greatest energy ouput per
pulse. The energy per pulse was markedly lower at 50 V and further decreased
with an increase in frequency.

Electrical stimulation at 350 Vand IOHz caused the greatest pH drop in the LD
and SM muscles at the 2 and 4 hour poststimulation periods. At 24 hour postmor-
tem the ultimate pH of the muscles was not significantly different between
treatments. The pauern of postmortem temperature changes of intact LD and
SM muscles at 0, 2, 4, and 24 hour poststimulation was not significantly different
at any given time among treatments.

Electriql stimulation had a significant influence on the potential of Ca++

induced shortening of muscle. High voltage (350) had a greater effect than
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Figure 1. l1me required to reach pH for Intact LDand SM muscles as
affected by electrical stimulation at different voltages (V) and fre-
quencies (Hz)

stimulation at a low voltage (50 V). At 50 V, the frequency had no effect on the
shortening of the ST whereas at 350 V different frequencies exhibited a signifi-
cant effect (Figure 2). The excised ST muscle from the carcass side which was
stimulated at 350 V and 10 Hz experienced the least shortening. The postmortem
release of Ca+ + from the sarcoplasmicreticulum and (or) from the mitochondria
at the lime that the adenosine triphosphate (ATP) level in muscle is still high
results in a significant levelof cold shortening. However if the Ca ++ is released
after some depletion of ATP from muscle has taken place, on Iv a minor amount
of shortening occurs. It is known that electrical stimulation causes rapid depletion
of ATp, which is the primary source of energy for the cold shortening. This study
suggested that stimulation of carcasses at 350 V and 10 Hz resulted in a more
rapid depletion of the energy source from muscle than the other treatments.

Lean color of the muscle, measured and calculated as L, a, b values and the a/b
ratio, which is an indicator of redness, was not significantly different among the
treatments. Similarly, the protein solubility of different fractions of muscle pro-
teins was not affected by electrical stimulation with any of the combinations of
voltage and frequency.
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Figure 2. The effect of electrical stimulation at different voltages (V) and
frequencies (Hz)on the extent of shortening of ST muscle strips
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GENETICS---
ANIMAL BREEDING

Consumption and Utilization of Total
Digestible Nutrients by Various

Two-Breed Cross Cows Through a
Prod uction Cycle

D. M. Marshall, R. R. Frahm
and G. W. Horn

Story in Brief
Individual consumption of total digestible nutrients (TON) was measured on

105 two-breed cross cows managed in drylot over a 3-yr period (35 per year).
Records from Hereford-Angus reciprocal crosses, Simmental-Angus, Simmental-
Hereford, Brown Swiss-Angus, Brown Swiss-Hereford, jersey-Angus and jersey-
Hereford cows and their three-breed cross calves were included in the study.
Cows were 4 to 6 years of age and mated to Charolais or Limousin bulls.

Cows were allowed ad libitum consumption of corn silage for about 4 hours
each day supplemented with fixed amounts of protein and grain as needed.
Intake of TON varied among crossbred cow groups. For a production cycle (365-
day period), Hereford-Angus, Simmental-Hereford and Brown Swiss cross cows
had similar TON consumption (averaged 4588 lb). Compared to these inter-
mediate crossbred cow groups, Simmental-Angus cows consumed 503 lb
(11 percent) more TON and jersey cross cows consumed 293 Ib (6.4 percent) less
TON. Heavier cows tended to consume more TON than cows of lighter weights
although the smaller jersey crosses consumed more TON per unit of body weight
than other crosses. Oaily TON intake per 100 Ib cow weight was 1.48 lb/day for
jersey crosses, 1.34 lb/day for Simmental-Angus and Brown Swiss-Angus, 1.28
lb/day for Hereford-Angus and Brown Swiss-Hereford and 1.24 lb/day for Sim-
mental-Hereford cows. On the average, Angus cross cows consumed 5.8 percent
more TON per 100 lb body weight than Hereford cross cows.

Efficiency of TON conversion to calf weaning weight (lb TON/lb calf weight)
favored jersey-Hereford, Brown Swiss-Hereford and Simmental-Hereford cows
(averaged 10.0 lb), followed by Hereford-Angus and Brown Swiss-Angus cows
(averaged 10.5 lb) and jersey-Angus and Simmental-Angus cows (averaged 10.9
Ib). Hereford cross cows consistently required less TDN to produce a pound of
weaned calf than Angus cross cows (10.0 vs 10.8 lb).
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Introduction

Due to increased production costs, many cattlemen have been seeking new
methods of improving production efficiency of their breeding herds. Research
has indicated that systematic crossbreeding can effectively increase production
output of commercial beef cow herds. Studies have been conducted to identify
specific breed combinations that are most desirable under given mating systems
and particular environmental conditions.

An extensive research project is in progress at the Oklahoma Agricultural
Experiment Station to evaluate lifetime productivity of various two-breed cross
cows when mated to bulls of a third breed. It is important to consider feed
requirements of the various crossbred groups to adequately measure efficiency of
production since feed costs constitute a major portion of production expenses in
a beef cow herd. Thus, the objectives of this study were to compare TDN
requirements and efficiency of TDN conversion to calf weaning weight of various
two-breed cross cows and their calves through a production cycle.

Experimental Procedure
The crossbred cows involved in this study were produced in 1973, 1974 and

1975 by Angus and Hereford cows mated to Angus, Hereford, Simmental,
Brown Swiss and Jersey bulls. All heifer calves produced by these matings were
introduced into the herd for subsequent evaluation as cows. Cows were main-
tained on native and bermudagrass pastures at the Lake Carl Blackwell Research
Range west of Stillwater.

Five pregnant cows of each crossbred group (Hereford x Angus and Angus x
Hereford crosses were combined into one group) were transported to a drylot at
the Southwestern Livestock and Forage Research Station near El Reno in the fall
of 1976, 1977 and 1979 to measure individual feed intake for one production
cycle (approximately one year). Thus, a total of 105 cows were involved in the
study (35 per year). Each cow had weaned a calf just prior to entering the drylot
and remained in drylot until weaning her next calf. If a cow or her calf died in
drylot, a replacement cow (or cow-calf pair) of the same age and breed group was
brought into drylot from the cow herd on range. Cows entering the drylot in the
fall of 1976, 1977 and 1979 were 4-,5- and 6-yr-old, respectively, at calving time in
the spring. Cows entering the drylot in 1976 were mated to Charolais bulls
whereas those entering the drylot in 1977 and 1979 were mated to Charolais or
Limousin bulls.

Cows were moved into individual feeding stalls each morning at about
8:00 a.m. and were allowed ad libitum consumption of corn silage (for about a 4-
hr period) plus a specific amount of grain and (or) protein supplement as needed.
Weights of cows in drylot and on range were analyzed monthly so that consump-
tion of supplement could be adjusted to keep weight changes of drylot cows
parallel to those of range cows. Creep feed was available to drylot calves during
the later portion of lactation.

Composition of feedstuffs utilized by drylot cows and calves is presented in
Table l. Weekly silage samples were analyzed for content of dry matter and crude
protein at the station research lab. In vitro dry matter digestibility (lYDMD) was
estimated each month on a composite of weekly silage samples. Tabular values
were used to estimate composition of grain, protein supplement and calf creep
feed.

l\venty-four hour milk yield of drylot cows was estimated by the calf nursing
method during the first 2 years of the study and by machine milkout during the
last year of the study.
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Table 1. Composition of feedstuffs utilized in drylot

Year

One

Year

Two

Year

Three

Total TON consumption and TON consumption per 100 Ib cow weight are
presented in Table 2. Feed intake was adjusted to 160 and 205 days for non-
lactating and lactating periods, respectively, to account for variation among cows
with regard to calving date. The 205-day lactating period corresponds to the
average lactation length of the entire cow herd (drylot and range cows). Lactating
intake includes calf creep feed consumption along with cow intake.

Overall, cows consumed an average of 1590, 2981 and 4576 Ib TON for the
160-day non-lactating, 205-day lactating and 365-day total periods, respectively.
Relative differences in intake among crossbred cow groups were similar for the
non-lactating and lactating periods. Simmental-Angus cows consumed 5091 lb
TON for the 365-day total period, which was significantly more than all other
crossbred groups, and Jersey cross cows consumed 4295 lb TON which was
significantly less than all other crossbred cow groups. Hereford-Angus, Simmen-
tal-Hereford and Brown Swiss crosses consumed similar amounts of TON
(averaged 4588 lb) for the 365-day period. Compared to this intermediate group,
Simmental-Angus cows consumed 503 lb (11.0 percent) more TON whereas the
Jersey cross cows consumed 293 Ib (6.4 percent) less TON.

Although heavier cows tended to consume more TON than cows of lighter
weights, the smaller Jersey crosses consumed the most TON per unit of body
weight. Oaily TON intake per 100 Ib cow weight averaged 1.48 lb/day for Jersey
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Drymanerbasis
Drymaner TON Crudeprotein

Ingredient (%) (%) (%)

Corn silage 34.3 61.1 8.0

Protein supplement 89.4 67.0 56.7

Whole shell corn 89.0 91.0 10.0

Calf creep feed 89.5 81.1 15.4

Corn silage 37.2 58.5 9.2

Protein supplement 89.4 67.0 56.7

Calf creep feed 89.5 81.1 15.4

Corn silage 39.1 61.1 9.4

Protein supplement 89.4 67.0 56.7

Ground milo 89.0 80.0 12.4

Calf creep feed 89.5 81.1 15.4

Results and Discussion



Table 2. TDN consumption by each crossbred cow group

DailyTONintakeper 100Ib
TONintake(Ib) cow weight (lb/day)

160-day 205-day 160-day 205-day
Crossbred No. non-lactating lactating 365-day non-lactating lactating 365-day
cowgroup cows period period tolal period period total

Hereford-Angus 15 1578bc 2997b 4576bC .998d 1.487bc 1.274bc

-
Simmental-Angus 15 1775a 3311a 5091a 1.056bCd 1.552b 1.336b<.C

00-
> Simmental-Hereford 15 1598bC 3011b 4575bc .989d 1.449c 1.239c::I
s.

Brown Swiss-Angus 1651b 3000b 4672b 1.083bc 1.540bc 1.345b15
rIJn

1584bc 2953bc 4530bc 1.031cd;. Brown Swiss-Hereford 15 1.496bC 1.289bc
::In

Jersey-Angus 15 1449d 2770d 4248d 1.198a 1.7548 1.514a
::=
'"

1497cd 2822cd 4342cd 1.124abJersey-Hereford 15 1.677a 1.439a
..n
=-

Totalor Average 105 1590 2981 4576 1.068 1.565 1.348
::=
.a abcdMeansin the'same column not sharing at least one superscript significantly differ (P<.05).
Q
::1

NI
00



crosses, 1.34 Ib/day for Simmental-Angus and Brown Swiss-Angus cows, 1.28
Ib/day for Hereford-Angus and Brown Swiss-Hereford cows and 1.24 Ib/day for
Simmental-Hereford cows during the 365-day total period. Averaged over all
crossbred groups, cows consumed 47 percent more daily TON per 100 Ib body
weight during lactation than during non-lactation. Excluding the Hereford-
Angus group, Angus crosses consumed, on the average, 6.1, 4.8 and 5.8 percent
more daily TON per 100 Ib cow weight than Hereford crosses for the dry,
lactating and 365-day total periods, respectively.

Various productivity and efficiency traits of the drylot cows and their three-
breed cross calves are presented in Table 3. Productivity comparisons of these
crossbred groups based on evaluation of the entire herd (range and drylot cows)
have been previously reported by Belcher et al. (1978), Frahm et al. (1979),
Frahm et al. (1981) and Marshall et al. (1981).

Birth weights were heaviest for calves from Brown Swiss-Hereford and Sim-
mental-Angus cows (averaged 94.5 Ib) followed by calves from Simmental-
Hereford, Brown Swiss-Angus and Hereford-Angus cows (averaged 84.5 Ib).
The lightest calves at birth were produced by jersey crosses (averaged 74.9 Ib).

Twenty-four hour milk yield averaged 14.2 Ib/day over all crossbred cow
groups. Milk yields were 1.8 and 2.1 Ib/day higher for Brown Swiss-Angus cows
than for Hereford-Angus and Simmental-Hereford cows, respectively. No other
differences between breed groups were statistically significant.

The average 205-day weaning weight for all drylot calves was 444 lb. Cows in
drylot generally produced calves that were lighter at weaning than calves pro-
duced on range, especially during the last 2 years of the study. Orylot calves
produced by jersey-Angus cows averaged 50 Ib lighter at 205-days than calves of
the other crossbred groups. This surprisingly low weaning weight is atypical for
this breed group based on weaning weights obtained from calves produced by
cows on range and reflects the relatively low birth weights and cow weights of the
jersey-Angus group. Although the means varied from 436 to 464 Ib among other
breed groups, the differences were not statistically significant.

Cow weights ranged from 1048 lb for Simmental-Angus cows to 762 lb for
jersey-Angus cows. Weights were intermediate for Hereford-Angus cows (1002
lb), Simmental-Hereford cows and Brown Swiss crosses (averaged 959 lb) and
jersey-Hereford cows (827lb). Relative to other crossbred cow groups, weights of
Hereford-Angus cows in drylot were heavier than the average of Hereford-
Angus cows in the entire herd while the reverse situation occurred for jersey-
Angus cows.

Efficient production of weaned calves is critical to maximize profit in a com-
mercial beef cow enterprise. Larger cows have higher feed requirements for body
maintenance and thus need to produce larger calves to be as efficient as smaller
cows. Three measures of cow efficiency are presented in Table 3. The ratio of
365-day TON intake (of cow and calf) to calf weaning weight is a more direct and
probably more useful measure of efficiency than the other two ratios. Pounds of
TON required to produce a pound of 205-day calf weight ranged from 9.9 for
jersey-Hereford cows to 11.0 for Simmental-Angus cows. The most efficient
groups were jersey-Hereford, Brown Swiss-Hereford and Simmental-Hereford
(averaged 10.0 lb/lb) followed by Hereford-Angus and Brown Swiss-Angus
(averaged 10.5 lbllb). The least efficient groups were jersey-Angus and Simmen-
tal-Angus (averaged 10.9 lb/lb). The Hereford crosses were consistently more
efficient than the Angus crosses (10.0 vs 1O.8Ib/lb excluding the Hereford-Angus
group). The unusually low weaning weights of calves produced by jersey-Angus
cows in drylot may have caused the ratio of TON intake to calf weaning weight to
be higher than it might have been with a different sample of Jersey-Angus cows.
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Table 3o Herd productivity traits and measures of efficiency

24-hour 205-day 365-dayTON
Crossbred No. cow- Birth milk weaning Average intake(lb) Calfwn wt (Ib) Calfwn wt (lbl

cowgroup calf pairs wt (lb) yield (Ib) wt Ilbl cow wt (Ib)' calf wn wt (lbl cow wt (lbl cow metabolicwt (lb)

Hereford-Angus 15 82.2cd 13.8b 436a 1002ab 10.5abc .440c 2.47c

Simmental-Angus 15 92.2ab 14.0ab 464a 1048a 11.0a .446bC 2.53bc

Simmental-Hereford 15 86.0bC 13.5b 445a 961b 10.1bc .465bc 2.58abc

Brown Swiss-Angus 15 85.2bc 15.6a 448a 958b 10.5abc .475bc 2.63abc

Brown Swiss-Hereford 15 96.8a 14.1ab 464a 958b 10.0bC .488ab 2.70ab

Jersey-Angus 15 73.3e 14.2ab 401b 762d 10.8ab .527e 2.76a

Jersey-Hereford 15 76.4de 14.2ab 447a 827c 9.9c .529a 2.83a

Total or average 105 85.6 14.2 444 931 10.4 .481 2.64

'Average of eight monthly weights (March through October).
abcd"Meansin the same column not sharing at least one common superscript are significantlydifferent at the .05 probability level.



Another measure of cow efficiency is the ratio of calf weaning weight to cow
weight. On this basis, Jersey crosses were most efficient, weaning 53 percent of
their body weight, followed by Simmental crosses and Brown Swiss-Angus cows
(averaged 46 percent) and Hereford-Angus cows (44 percent).

Feed requirements for maintenance of a cow are dependent upon the
metabolic size of the animal, which can be estimated as the cow's weight taken to
the 0.75 power. Differences in feed requirements should be estimated more
accurately when based on metabolic cow weight. Thus, the ratio of calf weaning
weight to cow metabolic weight was calculated as a third estimate of efficiency. On
this basis, rankings of crossbred cow groups were the same as when calculated
based on cow weight.

These data suggest important differences in feed requirements, herd produc-
tivity and efficiency of feed conversion to calf weaning weight among the various
crossbred cow groups involved in this study. While the differences reported in
this study are important, reproductive performance must also be considered to
evaluate net efficiency of weaned calf production.
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Growth and Carcass Performance of

Calves Sired by Bulls from Hereford
and Angus Lines Selected for
Weaning or Yearling Weight

D.K.Amron,R.R.Frahm
and C. G. Chenette

Story in Brief
Growth and carcass performance of calves sired by bulls chosen from two lines

selected for weaning weight (WWL) and yearling weight (YWL), respectively,
were evaluated in both Hereford and Angus cattle. The final group of selected
Hereford bulls (top three bulls from each line born in 1976 and 1977) in a 15-yr
selection project were mated randomly to a group of Angus cows to produce 83
crossbred calves in 1979. The final group of selected Angus bulls (top four bulls
per line born in 1978) were mated randomly to a group of Angus cows to produce
98 straightbred calves in 1980.

Sire lines were compared separately for each breed. In both breeds differences
between the WWL and YWL sires were small and generally nonsignificant.
Within the Hereford breed, calves from WWL sires were 2.8 lb lighter at birth,
gained .08 lb/day faster preweaning (P<.IO), were 17 lb heavier at weaning,
gained .13 lb/day slower post weaning and thus were 14 Ib lighter in yearling
weight than calves from YWL sires. WWL sired calves were in the feedlot 7 fewer
days, required .lllb more feed per pound of gain, were 38 Ib lighter (P<.IO) and
9 days younger at slaughter and thus were 32lb lighter (P<.05) in carcass weight.
Calves from WWL sires tended to mature earlier as indicated by a higher
marbling score (5.2 vs 4.7 units, P<.05) and higher carcass grade (10.1 vs 9.6 units,
P<.IO) even though they were lighter and younger at slaughter.

Within the Angus breed, calves sired by WWL bulls were 1.6 lb heavier- at birth,
gained equally fast from birth to weaning, were 3 lb heavier at weaning and 10 lb
lighter in yearling weight. Calves sired by bulls from WWL gained .17 lb/day
(P<.05) slower in the feedlot, were in the feedlot 9 more days (P<.05), were 9 days
(P<.IO) older but 14 Ib lighter at slaughter and had lllb lighter carcass. Also,
calves sired by WWL bulls had .08 in. (P<.O 1) more fat over the rib eye. All other
carcass traits were similar for both lines.

These data indicate that selection for weaning weight or yearling weight has
resulted in similar responses in total growth performance and carcass merit.

Introduction

Selection is the primary force by which breeders can change the genetic compo-
sition of their herds. This study was part of a long-term selection project at the
Oklahoma Agricultural Research Station designed to evaluate the effectiveness of
selection for increased weaning weight and yearling weight. The purpose of this
study was to compare growth and carcass performance of calves sired by bulls
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from two lines selected for weaning weight and yearling weight, respectively, in
both Angus and Hereford cattle. Differences between calves sired by bulls
selected for weaning weight and bulls selected for yearling weight in each bt'eed
would indicate if selection for weaning weight gives different responses than
selection for yearling weight.

Materials and Methods

The data utilized in this study was collected in 1979 and 1980 for the Hereford
and Angus sired calves, respectively, as a portion of a beef cattle selection project.
In both Hereford and Angus one line was selected for increased weaning weight
and one line for increased yearling weight during the 15-yr period, 1964 through
1979. The final group of selected Hereford and Angus bulls from this project
sired calves utilized in this study. In the two Hereford lines the top three bulls per
line were selected in 1976 and 1977 and randomly mated to a group of Angus
cows to produce 83 crossbred calves in 1979. In the two Angus lines the top four
bulls per line were selected in 1978 and mated to Angus cows to produce 98
straightbred calves in 1980.

Managerial procedures were similar in both breeds. Cows were managed on
native and bermudagrass pastures at the Southwestern Livestock and Forage
Research Station at £1 Reno. Calves were born from early February through
April, and birth weights were recorded within 24 hours after birth. Calves were
allowed to run with their dams on pasture and received no creep feed. After
weaning at an average age of 205 days, all calves were placed in the feedlot and
fed ad libitum a corn based finishing ration. Calves were individually removed
from the feedlot and slaughtered when an anticipated low choice carcass grade
was reached. Growth and carcass traits were analyzed separately for each breed
by least squares procedures.

Results and Discussion

Calves sired by selected Hereford bulls
Performance through a year of age of calves sired by selected WWL and YWL

Hereford bulls is presented in Table 1. Generally, differences between sire lines
were small and nonsignificant. WWL sired calves were 2.8 pounds lighter at birth
than YWL sired calves but gained .08 pounds per day (P<.IO) faster from birth to
weaning and were 17 pounds heavier at 205 days. After weaning, however, calves
sired by WWL bulls gained more slowly (2.29 vs 2.42 Ib) and were lighter at 365
days (837 vs 8511b) than calves sired by YWL bulls.

Table 1. Performance through a year of age of calves sired by selected
weaning weight line and yearling weight line Hereford bulls

Trait

Number of calves

Birth weight (Ib)
Preweaning ADG (Ib/day)
205-day weaning weight (Ib)
Weaning to yearling ADG (Ib/day)
365-day weight (Ib)

+Differencesignificant at the .10 probability level.

WWL

41
77.3

1.91
469

2.29
837

Difterence

(WWL-YWL)

-2.8
.08+

17

-.13
-14
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Feedlot and carcass performance of calves sired by selected WWL and YWL
Hereford bulls is summarized in Table 2. In general, differences between prog-
eny of sires from the two selection lines were small and nonsignificanl. WWL
sired calves were heavier going into the feedlot (467 vs 5521b), were in the feedlot
fewer days (212 vs 219 days) but required .lllb more feed per pound of gain than
YWL sired calves. Final feedlot weight was lighter (-38 lb, P<.lO) for calves of
WWL sires, and, as a result, hot carcass weight was also lighter (-32Ib, P<.05) than
calves of YWL sires. Calves sired by WWL bulls were in the feedlot fewer days
(212 vs 219 days) and were younger at slaughter (415 vs 424 days) than calves by
YWL bulls. Differences in carcass traits between progeny of the two sire lines were
small and generally nonsignificant although calves by WWL sires had higher
marbling scores (+.5 units, P<.05) and higher carcass grades (+.5 units, P<.lO)
than calves by YWL sires.

Table 2. Feedlot and carcass performance of calves sired by selected wean-
ing weight line and yearling weight line Hereford bulls

Trait

Number of calves

Initial weight on test (Ib)
Final weight (Ib)
ADG on test (Ib/day)
Days on feed
Feed efficiency (Ib feed/lb gain)
Age at slaughter (days)
Hot carcass weight (Ib)
Average fat thickness (in)
KHP fat (%)
Marbling scores
Carcass gradeb

Rib eye area (sq in)
Carcass cutability (%)

" Differencesignificant at the .05 probability level.
+Differencesignificant at the .10 probability level.
8 Marblingscore: 4 slight. 5= small.
· Carcassgrade: 9 = high good. 10 = low choice.

WWL

41
467
925

2.19
212

7.35
415
585

.76
2.9
5.2

10.1
11.0
49.1

Sireline
YWL

42
552
963

2.31
219

7.24
424
617

.75
3.1
4.7
9.6

11.1
49.1

Dinerence

WWL-YWL)

15
-38+

-.12
-7

.11
-9

-32'
-.01
-.2
-.5"

.5+
-.1
o

Calves sired by selected Angus bulls
Performance through a year of age of calves sired by selected WWL and YWL

Angus bulls is presented in Table 3. Although differences between WWL and
YWL were not significant, calves sired by WWL bulls were slightly heavier at birth
(69.7 vs 68.1Ib), gained equally fast from birth to weaning and were similar at
weaning (383 vs 380 Ib). Weaning to yearling ADG and yearling weight were
slightly lower for calves from WWL bulls (2.55 vs 2.62 Ib/day and 729 vs 802 Ib,
respectively).

Feedlot and carcass performance of calves sired by selected WWL and YWL
Angus bulls is summarized in Table 4. Calves from the two sire lines had similar
weights upon entering the feedlot (398 vs 397 Ib for WWL and YWL sired calves,
respectively), bm WWL sired calves gained more slowly in the feedlot (2.46 vs
2.63 Ib/day), were in the feedlot longer (228 vs 219 days, P<.05) and were older
(442 vs 433 days) than YWL sired calves. Also, WWL sired calves were lighter at
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Table 3. Performance through a year of age of calves sired by selected
weaning weight line and yearling weight line Angus bulls

Trait

Number of calves

Birth weight (Ib)
Preweaning ADG (Ib/day)
205-day weaning weight (Ib)
Weaning to yearling ADG (Ib/day)
365-day weight (Ib)

8Noneof the differenceswere significant.

WWL

51
69.7

1.53
383

2.55
792

Difference'

(WWL.YWL)

Sire line

YWL

47

68.1
1.52

380
2.62

802

1.6
.01

3
-.07

-10

Table 4. Feedlot and carcass performance of calves sired by selected wean-
ing weight line and yearling weight line Angus bulls

Sire line Difference

Trait

Number of calves
Initial weight on test (Ib)
Final weight (Ib)
ADG on test (Ib/day)
Days on feed
Feed efficiency (Ib feedl1b gain)
Age at slaughter (days)
Hot carcass weight (Ib)
Average fat thickness (in)
KHP fat (%)
Marbling scoreS
Carcass gradeb
Rib eye area (sq in)
Carcass cutability (%)

.. Differencesignificant at the .01 probability level..Differencesignificant at the .05 probability level..Differencesignificant at the .10 probability level.
8Marblingscore: 5= small.
"Carcass grade: 10= low choice.

slaughter (952 vs 9661b) and had a lighter carcass (602 vs 613 lb) than YWL sired
calves. Calves sired by WWL bulls had less fat over the rib eye (.80 vs .88 in,
P<.O 1),less KHP fat (3.1 vs 3.3 percent) and higher carcass cutability (48.3 vs 47.6
percent) than calves sired by YWL bulls. Sire line differences for other carcass
traits were small and nonsignificant.

Summary
In summary, these data indicate that selection for weaning weight or yearling

weight has resulted in similar response in growth and carcass traits in both
Hereford and Angus cattle. Thus, the breeder has the option of using either
weaning weight or yearling weight or a combination of the two and can expect
similar selection responses. Since weaning weight can be selected for earlier in
life, selection for weaning weight may be more economical than selection for
yearling weight.

WWL

51
389
952

2.46
228

6.9
442
602

.80
3.1
5.0

10.0
10.3
48.3

YWL

47
397
966

2.63
219

7.1
433
613

.88
3.3
5.2

10.2
10.4
47.6

(WWL-YWL)

1
-14

- .17'
9'
-.2
9+

-11
.08**

-.20
-.20
-.20
-.10
-.70
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Direct and Correlated Responses to
Selection for Increased Weaning and
Yearling Weights in Hereford Cattle
I. Measurement of Selection Applied

C.G. Chenette, R.R. Frahm,
J.Y. Whiteman and D.S. Buchanan

Story in Brief
The objective of this portion of the study was to quantifv selection pressure in

two lines of Hereford cattle selected for weaning weight (WWL) and yearling
weight (YWL) over a I5-year period from 1964 to 197H. An Angus control line
(CL) was also maintained to monitor environmental fluctuations. The primary
data were collected on 1273 Hereford calves and 723 Angus calves. Each line
consisted of 50 cows with two bulls and 10 heifers heing selected each year.
Selection was for heaviest weaning weight (WW) in the WWL, and hea\'iest
yearling weight (YW) at 365 days for bulls and 425 days for heifers in the YWL.
Over the I5-year period, 3.22 generations of selection had been practiced in the
WWL and YWL. Cumulative selection differentials (CSD), a measure of applied
selection pressure, in 197Hwere Wllb (3.420'" pheontypic standard de\'iation) for
WW in the WWL and 279 Ib (3.610',,) for VW in the VWL. Rates of accumulation
for these CSDs were 12.11 :t .53 Ib/year and 21.42 :t .70 Ib/year, respectivelv.
Correlated CSDs for YW in the WWL and WW in V''''L were 75 percent and H7
percent, respectively, as effective as direct selection. Selected bulls accounted for
74 percent and 83 percent of the selection pressure fi)r WW in the WWL and Y\\'
in the YWL, respectively. The proportion of potential selection pressure achieved
for WW in the WWL were 88 percent for sires and 70 percent for dams while the
corresponding values in the YWL for YW were WO percent and 43 percent.

Introduction

Improvement of the genetic composition of a cattle herd can essentially be
achieved only through selection of individuals geneticallv superior fi)r eco-
nomically important traits. Most producers today put considerable emphasis on
growth rate of cattle. We need fast growing, eflicient cattle from birth to slaughter
- cattle that will produce heavy weaning weights for cow calf producers; efIicient

gains for stocker operators and feedlots; heavy, lean, high yielding carcasses for
packers; and tasty, tender products li)r the consumer.

Many selection studies have been conducted with lahoratory species that dem-
onstrate selecting for increased growth rate can be effective, but very few experi-
ments have been designed to evaluate selection li)r growth rate in livestock
species, especially cattle. Information is needed to demonstrate how rapid
improvement can be made in certain traits along with an evaluation of how this
selection also affects other economically important traits.
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This study was staned in the earlv sixties, but this article will focus on only one
o~jective of the study: to quantify selection pressure achieved in a long-term
study involving selection for growth in beef cattle.

Materials and Methods

Data used in this study were collected from 1964 to 1979 as pan of the beef
cattle breeding project at the Oklahoma Agricultural Experiment Station. Per-
formance records of 1273 purebred Hereford calves, 239 selected Hereford cows
and 57 selected Hereford bulls were analyzed. In addition, records of 723
purebred Angus calves, 126 Angus cows and 31 Angus bulls were also analyzed
from an unselected control line (CL). Ideallv, a control line has no selection
pressure put on it for any trait, so the on1'y fluctuations in average animal
performance should be due to the management, environment or other
non genetic year-to-year variation. Comparisons between the selection lines and
control line should give accurate measures of genetic trends realized by selection.

Foundation animals for the herd were assembled in 1960, and Hereford cows
were randomly alloted to one of the two lines: (1) increased weaning weight line
(WWL) and (2) increased yearling weight line (YWL). All lines were closed by
1967. An animal was considered "selected" if it produced at least one offspring in
the selection line. Each year two bulls were selected from each line based upon the
respective selection criteria, used for two years. then discarded. Thirteen top
ranking heifers were retained from WWL and YWL each year and bred as
yearlings. The 10 highest ranking pregnant heifers were selected to replace cows
culled in each line. Fifty breeding age females were maintained per line.

Prior to 1969 the Angus line had been a progeny test line with selection based
on increasing yearling weight. The decision was made in 1969 to conven this line
to an unselected control line to monitor yearly environmental fluctuations. Up to
this time only two calf crops had been sired by progeny tested bulls, so very little
selection had actually occurred.

All lines were managed as a single herd except during breeding season, and
every effort was made to insure as uniform an em'ironment as possible for all
cattle. Calves were born from early February through April of each year, and
actual calf weights were recorded within 24 hours of binh. Calves were main-
tained with their dams on native and bermuda grass pastures without creep feed
until weaning at an average age of 205 days. Following a 2-week warm up period
after weaning, all bull calves were put on full feed for a 140-day gain test. Heifers
were grazed out on wheat pasture, supplemented with prairie hay, alfalfa and
concentrate to gain from .75 to 1.00 Ib/day, and long yearling weights were taken
at an average age of 425 days.

Complete performance records were collected on each calf through 365 days
or 425 days for bulls and heifers, respectively. The following trait records were
used in this study; birth weight (BW), preweaning average daily gain (WADG),
weaning weight (WW), weaning grade (WG), weaning condition score (WC),
postweaning average daily gain (YADG), yearling weight (YW), yearling grade
(YG) and yearling condition score (YC).

Results and Discussion

Generations of selection

The first selectionswere made in 1964,and over the following 15-yearperiod
both WWLand YWLhad undergone 3.22 generations of selection,while the CL
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was similiar, involving 3.21 generations by the time th~ 1978 calf crop was
produced. Interpretation of selection intensity and response to selection was
easier since all lines were at the same state of selection. The generations of
selection also point out that due to the long generation interval in cattle, it takes
many years to substantially increase the frequencies of beneficial genes in a cattle
herd through selection.

Cumulative selection applied
The average cumulative selection differential (CSD) for a trait measures the

total amount of selection pressure applied since the beginning of the selection
program in producing calves born in a given year. The total average cumulative
selection differentials for each trait realized by the 1978 calf crop are given in
Tables I and 2 for the WWL and YWL, respectivelv. These are presented as

Table 1. Cumulative selection differentials for sires (.lS), dams (.lD) and
parent average (.lM) in WWL

- - - -- - --- -

Averagecumulative
selectiondifterential(1978)

Standard Regression
Trait Type01CSD Lb measureIT. onyear

Birth weight S 17.96 2.13
(Ib) D 10.14 1.17

M 14.05 1.65 1.04:!: .08

PreweaningADG S .93 4.23
(Ib/day) D .50 2.44

M .72 3.35 .05:!:.00

Weaning weight S 209.22 4.32
(Ib) D 113.63 2.51

M 161.42 3.42 12.11:!: .53

Weaning gradea S 2.60 3.07
D 1.35 1.68
M 1.98 2.38 .15:!:.01

Weaning conditionb S 1.53 2.01
D 1.26 1.68
M 1.39 1.85 .11:!: .00

Yearling weight S 250.47 3.28
(Ib) D 146.00 2.12

M 198.19 2.71 15.94:!: .84

PostweaningADG S .27 .74
(Ib/day) D .24 .77

M .26 .76 .03:!:.00

Yearling gradea S 2.30 3.10
D 2.04 1.81
M 2.17 2.46 .18:!: .02

Yearling conditionb S .80 1.28
D .84 1.37
M .82 1.33 .07:!:.01

a17-pointscoringsystem where 13 = average choice. 14 = high choice. etc.
b17-pointscoring system where 13 = average lat cover.
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amount due to sires (~S), amount due to dams (~D) and parent average (~M).
Also, the CSDs are reported in standard measure so comparisons can be made
between various traits in amount of selection pressure realized even though the
actual trait measurements are in various units (i.e., Ib vs Ib/day). In addition, ~M
was regressed on years to give an estimate of the average yearly selection pressure
on each trait during the IS-year period.

Selection for WW in WWL and YW in YWL progressed at fairly regular rates
throughout the study. In 1978, ~M was 161 Ib (3.420"p.phenotypic standard
deviations) for WW in the WWL and had accumulated at a rate of 12.11 :t .53 Ib
per year, while corresponding values for YW in the YWL were 2791b (3.610"1')and
21.42:t .531b per year, while corresponding values for YW in the YWL were 279
Ib (3.610"1')and 21.42 :t .70 Ib per year. These CSDs occurred during 3.22

Table 2. Cumulative selection differentIals for sires (S), dams (D) and
parent averages (M) in YWL

Averagecumulative
selectiondifferential(19781

Standard Regression
Trait Type01CSD Lb measure(Jp onyear

Birth weight /lS 21.80 2.52
(Ib) D 10.48 1.23

M 16.14 1.88 1.07:':.07

PreweaningADG S .80 3.54
(Ib/day) D .44 2.07

/lM .62 2.81 .05:':.00

Weaning weight /lS 185.02 3.76
(Ib) /lD 101.78 2.20

/lM 143.40 2.98 10.76:':.47

Weaning gradea /lS 2.30 2.74
/lD 1.18 1.45
/lM 1.74 2.09 .13:,: .01

Weaning conditionb S 1.37 1.87
D .82 1.10
M 1.10 1.49 .07:':.00

Yearling weight S 362.84 4.59
(Ib) D 194.98 2.63

M 278.91 3.61 21.42:,: .70

PostweaningADG S 1.19 3.47
(Ib/day) D .59 1.89

M .89 2.68 .07:':.00

Yearling gradea S 1.27 3.03
D 1.79 1.54
M 1.60 2.29 .12:': .01

Yearling conditionb S 1.60 2.53
D 1.14 1.64
M 1.37 2.08 .11:': .01

a17-pointscoring system where 13 = average choice, 14 = high choice, etc.
b17-pointscoringsystem where 13 = average fat cover.

298 Oklahoma Agricultural Experiment Station



generations of selection, which means that selection pressute occurred at the rate
of 1.06 and I.l2up per generation for WW and YW, respectively.

Although selection was for WW in the WWL and YW in the YWL, other
correlated traits also experienced selection pressure because genes that affect
WW also affect other trait~. Correlated CSDs in the WWL were 14 Ib, .72 lb/day,
1981b, .26Ib/day, 1.98 units, 1.39 units, 2.17 units and .82 units for BW, WADG,
YW, YADG, WG, WC, YG and YC, respectively. Comparisons of the various traits
in standard measure CSDs indicate most selection pressure occurred on W\V in
the WWL followed by WADG. It is of primary interest to evaluate the correlated
CSD for YW in the WWL because if appreciable selection can be applied for YW
by selecting for WW, considerable savings in time and money can be realized by
selecting animals at weaning instead of waiting until calves are a year of age. YW
underwent 2.7lup of selection pressure in the WWL or 75 percent as much
pressure as direct selection for YW in the YWL. This suggests that animals
selected for heaviest WW are also above average for YW.

In the YWL, correlated CSDs were 161 lb, .62 lb/day, 143 lb, .89 lb/day, 1.74
units, 1.10units, 1.79 units and 1.37 units for BW, WADG, WW, WG, WC, YG and
YC, respectively. Most selection pressure occurred for YW (3.6lup) with con-
siderable correlated pressure in WW (2.98up); therefore, selecting for YW alone
will also tend to increase WW. Since WW and YW are both traits that are
influenced by numerous components, it is important to evaluate correlated selec-
tion intensity. BW is of specific concern since heavy BWs have been associated
with calving difficulty. CSD for BW in both lines was positive, increasing 1.06
lb/year or approximately accumulating at 50 percent of the selection pressure
exerted on primary selection traits for each line.

Concern has also been expressed by some in the industry that selection for
performance will result in the deterioration of conformation unless conformation
is included in the selection program. Another concern is that selection for
increased weight will increase fatness of animals at a given age. Weaning con-
formation (WG) and yearling conformation (YG) both showed considerable pos-
itive selection pressure in both lines. Correlated emphasis on fatness, although
positive, was much smaller.

Table 3 presents CDSs for the control line. CSDs accumulated in a sporadic
manner for most traits with most of it occurring in the first few years prior to the
conversion of the line to a control line. Although positive CSDs were realized for
all traits, they were generally small with only 13.0 Ib (.36up) and 42.llb (.70up)
CSD for WW and YW, respectively, in the 1978 calf crop.

Cumulated selection differentials are the result of sire and dam selection over
the long term. In this experiment the proportion of the total selection pressure
attributable to sires was 74 percent for WW in the WWL and 83 percent for YW in
the YWL. Sire selection pressure is usually greater than dam selection because of
the large proportion of heifers that must be saved for replacement. Replacement
of females in the lines was somewhat faster than replacement rates in most
commerical herds; thus, in most practical situations the relative contribution of
bull selection to genetic improvement of the herd would be expected to be even
larger than experienced in this study.

Maximum potential selection
The proportion of potential selection realized can be evaluated by comparing

the actual vs potential selection differentials for the traits of primary selection in
each line. Selection differentials per generation were calculated for the selected
parents of calves born in the study and for the actual top bulls and heifers
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available for selection in each line according to line criteria. In the WWL, 88
percent and 70 percent of potential selection was realized in WW for sires and
dams, respectively, while corresponding values in the YWL for YW were 100
percent and 43 percent respecti\'ely. Selection criteria for bulls in the YWL was
followed exactly: however, heifer selection in the YWL was quite a bit poorer than
in the W\\'L. In heifers, failure to concei\'e was pn)hahlv the largest reason for
loss of selection pressure, with other unsoundnesses also contributing.
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Table 3. Cumulative selection differentials for sires (S), dams (D) and
parent averages (M) in Cl

Averagecumulative
selectiondifterential(1978)

Standard Regression
Trait Typeof CSD Lb measure" p on year

Birth weight olS -.42 -.03
(Ib) olD 1.57 .19

olM .57 .08 .70:!:.06

Preweaning ADG olS .05 .30
(Ib/day) . olD .07 .40

olM .06 .35 .08:!:.03

Weaning weight olS 10.08 .30
(Ib) olD 15.91 .42

olM 12.99 .36 10.92:!:.72

Weaning gradea olS .29 .48
olD .21 .34
olM .25 .41 .10:!:.01

Weaning conditionb olS .22 .25
olD .14 .06
olM .18 .16 .07:!:.01

Yearling weight olS 36.81 .56
(Ib) olD 47.29 .83

olM 42.50 .70 15.37:!: 1.28

Postweaning ADG olS .23 .99
(Ib day) olD .22 .83

olM .23 .93 .17:!:.15

Yearling gradea olS .42 .53
olD .78 1.06
olM .60 .80 .08:!:.01

Yearling conditonb olS .60 .29
olD .29 .97
olM .47 .63 .03:!:.01

a17-point scoring system where 13 = average choice, 14 = high choice. etc.
b17-pointscoringsystem where 13 = average fat cover.



Direct and Correlated Responses to
Selection for Increased Weaning and
Yearling Weights in Hereford Cattle

II. Evaluation of Response

C.G. Chenette, R.R. Frahm,
J.v. Whiteman and D.S. Buchanan

Story in Brief
This portion of the study dealt with estimating phenotvpic and genetic

response to selection for increased weaning (WWL) and vearling weight (YWL) in
two lines of Hereford cattle from 1964 \0 197H.An Angus control line was also
maintained to monitor year-to-year em'ironmental variations. Data was collected
on a total of 1273 Hereford calves and 723 Angus cah'es. Each line maintained 50
cows, with two bulls and 10 heifers selected each \'ear. The basis for selection was
hea\'iest weaning weight (WW) in the "'WL and I;ea\'iest 3(i:i-dav weight Ii»' bulls
and 425-day weight for heifers in the Y\\"L. Bulls and heifers in the colllrolline
were selected to have as close to zero selection dilferentials li)r bot h \\"W and YW
as possible.

I\'egative phenotypic trends for WW and YW were observed in all three lines,
indicating a negative or degenerating environmental trend. However, a larger
negative phenotypic trend in the control line indicated genetic progress had
occurred in the selection lines. Genetic change estimated as deviations of WWL \'S
control line showed direct response for WW of :.t06 Ib/year li)r bulls and L6H
Ib/year for heifers. Correlated response li)r WW in the YWL was 2, Hi Ib/vear li)r
bulls and 1.94 Ib/year for heifers. The direct response for YW in the YWL was
3.27 Ib/year and 2.67 Ib/year for bulls and heifers, respectivelv, while as a corre-
lated response in the WWL. it was considerably lower in bulls (L50 Ib/year) and
similar in heifers (2.23 Ib/year). Realized heritabilities were .20 fi»' WW and. 14
for YW. All genetic responses and realized heritabilities were probablv underes-
timated as some selection pressure was indicated in the control line for WW and
YW. Positive correlated genetic changes occurred in all other traits measured in
both selection lines,

Introduction

Producers often place considerable emphasis on growth rate in order to
improve their efficiency of beef production. The alterations that selection pro-
duces in the genetic makeup of a herd or population are diflicult to see or directly
measure. but these changes are cumulative over generations. Changes made by
selection often are difficult to evaluate as they often are coupled with the impact
of improved management practices as well as large environmental variations
which influence levels of performance.

Few studies have dealt with the long-term effects of selection on a cattle
population although information is needed to quantify how much imprO\'ement
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can be made in economically important traits throul{h selection. The cattle selec-
tion research at OSC was initiated in the earh' sixties with the objecti\'es of: (I)
estimating direct response to selection for weaninl{ and \'earlinl{ weil{hts in
Hereford cattle and (2) estimatinl{ correlated responses in other economicallv
important traits. Hopefullv. information I{ained from this studv will aid the
industry in developinl{ selection prol{rams aimed at choosinl{ cattle genetically
superior for economicallv important traits.

Materials and Methods

Performance records of 127:~ purebred Hereford cah'es. 2~9 selected
Hereford cows and 57 selected Hereliml bulls were anal\"Zed for this stuck
These records were collected O\'er the 15-\'ear period from '1964 to 1979 at th'e
Oklahoma Al{ricuhural Experiment Station. Records of 72:~ purebred Anl{us
calves, 126 Angus cows and :~I Anl{us bulls from an unselected control line were
also analvzed.

1\\-0 Hereford lines, one selected fi))' increased weaninl{ weil{ht (WWL) and one
for increased yearlinl{ weight (Y\\'L). and the unselected Angus control line (CL)
were each maintained as 50 cow lines. Each vear. on the averal{e. IWObulls and 10
heifers were selected. An animal was considelTd "selected" if it produced at least
one offspring in the selection line.

Prior to 1969 the Angus line had been maintained as a prol{env test line with
selection criteria based on incrcasinl{ \'earlinl{ weil{ht. In 1969 the line was
converted to a control line in which animals with selection differentials as near
zero as possible for W\\' and YW were used as replacements. Cp to this point onlv
two calf crops had been sired b\' prol{ell\' tested hulls. so \'erv little selection had
been practiced.

Every effort was made to keep the em'ironment similar for all lines. Cattle were
pastured on native range typical of central Oklahoma durinl{ most of the Year.
Calves were born in the spring and remained with their dams until weaninl{ at an
average age of 205 days. Followinl{ weaning. bull cakes were placed on a 140-clav
feedlot gain test after a 2-week warm up period. Heifers were placed on pasture
gain tests, including wheat pasture when a\'ailable. to I{ain from .7:i to 1.00 Ih/dav.
and long yearling weights were taken at an a\'erage of 42:i davs of age.

Complete perlimnance records were collected on all cah'es, Birth weil{hts (BW)
were obtained within 24 hours of birth, In addition. preweaning a\'erage daily
gain (WADG). 205-dav adjusted \\'eaninl{ weil{ht (\\'W). weaning I{racle (\\'(;).
weaning condition (WC), yearling weight (YW). post weaning averal{e daily gain
(YADG). yearling grade (YG) and vearling condition (Ye) were all collected. Y\\'
was adjusted to 365 days fi>rbulls and 425 da\'s for heifers. \\'(; and YG are both
indicators of calf confi>rlllation or muscling degree while WC and YC are indi-
cators of fatness.

Results and Discussion

Phenotypic trends
Annual phenotypic trends I'm each line are presented in Figures I-:~ for BW.

WW and Y\\'. Since the two Herefi>rd lines were developed from a common
foundation, they should not difler except I'm sampling error until 19(j{j when the
first calves from selected parents were born, Differences between the Angus CL
and Hereford selection lines until 19{j6 should be due lIIosth' to breed differ-

ences. Since the CL was a progenv tested line until the 197!1 calf crop. some
selection pressure for growth had heen applied. but from 1970 on, anv increase in
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the differences between selection lines and CL should be due to genetic response
to selection for increased weaning or yearling weights.

Generally, WWL and YWL followed similar patterns of phenotvpic response
for all traits. To help clarify phenotypic time trends for the nine traits, regression
coefIicients of performance on year are given in 'Iable I for each line averaged
over sex. There were negative trends over time for WW and YW in all three lines,
with larger negative coefficients in the CL. This indicates a negative environ-
mental trend over the IS-year period. A trend for hotter, drier climatic conditions
as the study progressed could have contributed to deterioration in the environ-
ment at the experiment station, which resulted in less available f(Jrage for beef
production on the experimental range.

Table1. Coefficients of regression of performance on year averaged over sex
Trait WWL YWL CL

BW (Ib/year) - .21 - .24 - .75
WADG (Ib/day/year) - .009 - .010 - .018
WW (Ib/year) - 1.96 - 2.28 - 4.33
WG (units/year)a .092 .093 .050
WC (units/year)b .097 .089 .065
YW(Ib/year) - 3.03 - 1.92 - 4.89
YADG(Ib/day/year) - .003 .003 - .004
YG (units/year)a .097 .084 .059
YC (units/year)b .057 .070 .066
a17-point scoring system where 13 = average choice. 14 = high choice, etc.
b17-point scoring system where 13 = average fat cover, etc.
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Genetic change estimated as deviations for control line
Since phenotypic trends are the combined result of genetic and em'ironmental

effects, and a direct estimation of environmental trends was obtained from the
CL, genetic trends due to selection pressure in WWL and YWL could be obtained
simply by deviations of the selection lines from the CL. Figure 4 portra\'s annual
genetic trends in WW averaged over sex for WWL and Y\\'L. (;eneticallv the two
lines progressed at similar rates over time, imprO\'ing until the 19ii calf crop,

64 65 66 67 68 69 70 71 72 73 74 75 76 77 78

Year

Figure 4. Annual genetic trend for weaning weight averaged over sex as
deviations from control

Figures 5 and 6 represent genetic trends for YW of bulls and heifers, respectively,
in WWL and YWL. Again the annual genetic means I()r both Hereford lines
followed similar patterns; however, there was considerably more fluctuation in
genetic trends of bulls than heifers,

Table 2 gives the genetic trends realized per year of bulls and heifers and
averaged over sex for the nine traits of primary interest. Direct genetic I'esponse
for WW in the WWL was estimated 10 be 3,06 Ib/vear in bulls and !.IiI{Ib/vear in
heifers for an average of 2,37 Ib/year. Correlated j'esponse of \\'W when se'lecting
for YW was 2,16 Ib/year and 1.94 Ib/year for bulls and heifers. respectively,
averaging 2.05 Ib/year. !\lore genetic response in WW was realized bv direct
selection than indirect selection in bulls while the opposite was true for heifers.
When considering YW, direct genetic response was 3,27 Ib/year in bulls and 2.67
Ib/year in heifers (average 2,97 Ib/year) while correlated response was con-
siderably lower in bulls (1.50 Ib/year) and similar in heifers (2.23 Ib/year).

Realized heritabilities based on genetic response and mean accumulated selec-
tion differentials were ,20 for WW and .14 for YW. These realized heritabilities
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are probably underestimated as there was some selection pressure on the CL for
WW and YW as previously discussed. Selection pressure realized in the CL would
also tend to make the deviation for CL an underestimate of genetic trends in the
selection lines.

Correlated genetic changes also occurred. BW increased in both lines by .54
and .51 Ib/year for WWL and YWL, respectively. WADG also had positive corre-
lated genetic change per year in both lines with bulls in the WWL increasing twice
as much as heifers (.012 vs .006 Ib per day per year). In the YWL, correlated
WADG increase was similar in both sexes averaging .008 Ib per dav per year. This
data indicates selection for WW or YW give similar effects on WADG. Correlated
response for YADG was twice as large in YWL as in WWL (.006 vs .003 Ib per day
per year) indicating, unlike WADG, YW selection puts more emphasis on YADG
than does WW selection. Also, correla~d response in the YWL for bulls was twice
the magnitude of response in heifers.

Other concerns of beef cattle producers are indirect responses in conformation
and fatness when selecting for weight traits. Conformation or degree of muscling
as a correlated response at weaning increased in both lines by a similar magnitude
(.043 units/year). Correlated YG responses were greater in the WWL (.038
units/year) than the YWL (.025 units/year). Condition scores measure degree of
finish at a particular weight. Correlated genetic changes in WC were similar in
WWL bulls, WWL heifers and YWL heifers (average .033 units/year). while Y\\'L
bulls were lower (.014 units/year). Negative genetic changes occurred in YC for
heifers of both lines (average -.013 units/year) with a positive change in YWL
bulls (.015 units/year) and essentially no change in YC of WWL bulls. All corre-
lated measures of response in conformation and condition were quite small, with
more positive change occurring in degree of muscling than fatness, which is
desirable from an industry viewpoint.

1981 Animal Science Research Report 307

Table 2. Estimates of genetic trend per year from differences of the control
line and selection lines

WWL YWL
Trait Bulls Heilers Average Bulls Heilers Average

BW,lb .58 .50 .54 .53 .49 .51
WADG, Ib/day .012 .006 .009 .008 .007 .008
WW,lb 3.06 1.68 2.37 2.16 1.94 2.05

VVG8 .024 .059 .042 .021 .065 .043
web .030 .035 .033 .014 .034 .024

YW,lb 1.50 2.23 1.86 3.27 2.67 2.97

YADG,lb/day .002 .003 .003 .008 .004 .006
YG8 .031 .044 .038 .024 .025 .025
yeb .001 -.019 -.009 .015 -.008 .004

"17-point scoring system where 13 = average choice, 14 = high choice. etc.
b17-point scoring system where 13 = average lat cover.



Performance of Swine Sired by High
vs Low Indexing Hampshire Boars

D. S. Buchanan, D. G. McLaren,
H. R. Gaugler, W. G. Luce,
L. E. Walters and R. Vencl

Story in Brief
Hampshire boars were purchased from test stations in pairs, with each pair

including one high indexing boar and one low indexing boar. The index used
included average daily gain, backfat and feed efficiency. Offspring of these boars
were evaluated for postweaning performance and carcass traits to compare use of
high vs low indexing boars. Barrow and gilt offspring of high indexing boars
were faster growing (P<.I), had less backfat (P<.I) and were more efficient (P<.I).
A sample of barrow offspring showed little advantage for either high or low
indexing sires for carcass traits. These results indicate that high performing boars
from test stations will sire pigs that perform better during the postweaning phase
and will, therefore, improve the efficiency of production during that period.

Introduction

Selection is the practice of allowing only those animals that are superior to
reproduce. It is the way that populations of animals are improved genetically.
There are two primary ways that selection in swine is practiced. The first, and
potentially the most important, is the on-farm testing program. The second is the
boar test station. The function of a boar test station is to evaluate average daily
gain, feed efficiency and back fat of boars from various sources in a common
testing environment. Numerous research studies have shown that selection for
these traits could be effective. These studies were conducted under rather rigid
experimental conditions and did not include some aspects, such as varying pre-
test nutrition, which the buyer of a test station boar would encounter. This study
was initiated to compare the offspring of boars that performed well in a test
station with offspring of boars that performed poorly.

Materials and Methods

The test station index recom_mended _by the !\a~ional Swine Improvement
Federation is I = 100 + 60 (G-G)-75 (F-F) -70 (B:BL wher~ G is average daily
gain, F is feed efficiency, B is backfat thickness and G, F and B are the test group
means for these three traits. The index is constructed in such a way that the
average boar has an index of 100, and approximately 68 percent of the boars
have an index between 75 and 125. Most test stations keep any boar with an index
below 80 out of the sale.

1\velve Hampshire boars were purchased for each of two seasons from test
stations which test boars in pens of three boars with the same sire. Boars were
purchased in pairs, with each pair including one boar with an index over 120 and
one boar with an index below 90. More than one pair of boars was purchased at a
given sale on several occasions. Performance summaries of the purchased boars
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are shown in Table l. There were 48 and 41 index units separating the high
indexing and the low indexing boars for the two seasons, respectively. These
differences were largely due to differences in average daily gain and feed
efficiency.

The 12 boars were randomly mated to 100 crossbred gilts in each season of
mating. Pigs were farrowed in a central farrowing barn, weaned at 42 days of age
and put on test when they were approximately 63 days old. Test pens contained
between 12 and 18 pigs (single sire groups as much as possible). They were fed a
growing ration with 16 percent crude protein until the pen averaged 120 Ib and
then a 14 percent crude protein finishing ration until the end of the test. Pigs
were weighed weekly and were removed from lest when they exceeded 220 lb.
An estimate of backfat thickness was obtained with an ultrasonic backfat probe
when each pig was removed from the test. Average daily gain was calculated for
each pig from the beginning of the tesl to the time when that pig reached 220 Ib,
and feed efficiency (Ib feed/lb gain) was calculated for each pen.

One barrow was chosen at random from each liner for obtaining carcass data.
These barrows were slaughtered at the OSU Meat Laboratory and length (first
rib to tip of the aitchbone); backfat lhickness (average of first rib, last lumbar
vertebrae); loin eye area at the tenth rib; the weights of the ham, loin, shoulder
and belly; and percent lean culS (percent of the live weight) were obtained.

There were 790 barrows and gilts measured for average daily gain, feed
efficiency and backfat and 127 barrows slaughtered for carcass dala. Data were
analyzed so that high vs low sired pigs could be compared with the effects of sex,
season and breeding of the dam accounted for.

Table 2. Performance of barrows and gilts sired by Hampshire boars pur-
chased from test stations

LineofSire

High

Numberof
offspring

409

Average
daily gain

Ib/day

1.400a

Feedefficiency
Ib feed/lbgain

2.981b

Backfat
in.

.855c

Low 381 1.375 3.041 .901

a.b.cThe high vs low comparison for these traits approaches statistical significance (P<.10).
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Table 1. Performance of Hampshire boars purchased from test stations

Average
dailygain Feedefficiency Backfat Index

Season Ib/day Ibfeedllbgain in. units

High Indexing Boars
Fall 1979 2.27 2.34 .73 131
Spring 1980 2.19 2.55 .69 128

Low Indexing Boars
Fall 1979 1.80 2.62 .74 83
Spring 1980 1.87 2.84 .71 87
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Table 3. Carcass traits of barrows sired by Hampshire boars purchased from test stations

Number01 Length Backlat Loin eye Hamwt Loinwt Shoulderwt Belly wt %
Line01Sire barrows in. in. area in2 Ib Ib Ib Ib lean cuts
High 59 31.09 1.034 4.270 33.25 28.66 28.06 17.42 39.27

Low 68 31.31 1.041 4.208 34.92 28.97 27.74 17.47 39.11



Results and Discussion

The performance of barrows and gilts sired by high and low indexing Hamp-
shire boars is shown (Table 2). The pigs sired by the high indexing boars grew
faster (P<.l), were more efficient (P<. I) and had less backfat (P<. I). The differ-
ences were not large but were similar to what was expected based on the
heritabilities of the traits. The expected heritability of the index, based on
heritabilities of .30, .35 and .50 for average daily gain, feed efficiency and backfat,
respectively, was .36. The effective heritability based on the high vs low compari-
sons was .32. This difference between expected and effective heritability is unsur-
prising in view of the widely varying pre-test conditions the boars were exposed
to.

Comparison of carcass traits of barrows sired by high vs low indexing Hamp-
shire boars showed little advantage for either type of sire. Barrows sired by high
indexing boars had less length and backfat; larger loin eye; less ham, loin and
belly weight; and more shoulder weight as well as a higher proportion of lean cuts
(percent of live weight) than those barrows sired by low indexing boars. None of
these differences were statistically significant. These results suggest that fairly
small changes in carcass composition would be expected when selection is for
postweaning performance.

These results indicate that superior performing boars sire offspring that per-
form better during the postweaning period than boars with inferior perform-
ance. The differences were not large but were close to the expected differences,
based on the heritabilities of the traits. Test stations should be a good source of
boars for both commercial and seedstock producers interested in improving the
performance of their pigs. They provide confidence that the boars were objec-
tively appraised and were tested fairly. Use of high indexing boars from test
stations should gradually improve the performance of a swine herd. Each small
increment should be reasonably permanent, and they will accumulate with time.

A very important aspect of this study is that it provides an example of how
testing will work when it is used on the farm by seed stock producers. Routine
evaluation of growth rate and backfat of boars and gilts in seed stock herds will
result in improved performance in the herds of their commercial customers if the
information is used in making selection decisions.
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Inbreeding and Relationship Among
Prominent Hampshire Boars

G. A. Highfill, D. S. Buchanan
and C. V.Maxwell

Story in Brief
A listing of leading Hampshire boars published by the Hampshire Swine

Registry was used to evaluate the inbreeding of and the relationships among
prominent Hampshire boars during the 1970's. The average inbreeding coeffi-
cient in the most recent listing was .103. The average relationship of these boars
to the five most prominent boars of the 1970's ranged from .202 to .385. These
results indicate that while the average inbreeding has remained relatively low, the
average relationship is close to what would be expected from a half-sib or grand-
parent-grand offspring relationship. If the inbreeding and relationship coeffi-
cients of these 45 boars reflect levels in the Hampshire breed in general, then
Hampshire breeders must remain cautious that the average inbreeding level does
not increase much more and that such high relationships are maintained with
only truly superior herdsires.

Introduction

Seedstock producers who are trying to develop a uniform set of breeding stock
to sell frequently resort to inbreeding, which is the mating of individuals more
closely related than the average of the breed. Extensive inbreeding results in a
detrimental effect called inbreeding depression. This depression in performance
can be substantial for traits associated with reproduction. However, inbreeding
does promote uniformity and makes family development possible. The purpose
of this study is to evaluate the level of inbreeding in some widely used Hampshire
boars.

Materials and Methods

In the July issue of the Hampshire Herdsman the Hampshire Swine Registry
publishes a list of the top herdsires of the breed. The list for 1981 included 45
boars. The ranking was based on the performance of descendents in breeding
shows, barrow shows and test stations. More than 1200 total descendents of these
45 boars were used to establish the ranking for 1981.

Pedigrees were developed for these 45 boars which included at least three
generations and, in most cases, up to seven or eight generations. These pedigrees
were combined to form a composite pedigree of 203 individuals. This pedigree
illustrated the relationships among all individuals and made the high degree of
relationship among the leading boars apparent. The composite pedigree was
used to identify all sires and dams of pigs, and this information was submitted to
the Inbreeding Program that is part of the Statistical Analysis System. This
program was used to calculate all inbreedings and relationships among the pigs in
the composite pediwee.
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The inbreeding coefficient is a measure of the probability that an individual
received identical genes from each parent as a result of the parent's having
ancestors in common. It is a function of how often the common ancestors appear
in the pedigree and how closely they are related to the individual in question. The
inbreeding is increased if the common ancestor is also inbred.

The coefficient of relationship is the probable proportion of genes that are the
same for two individuals because of common ancestry. It is also a function of how
closely the common ancestors are related to the two individuals in question and
the number of times they appear in the pedigree.

Results and Discussion

The inbreeding coefficients of the 45 boars in the 1981 listing are shown in
Table 1 along with their relationships to five prominent Hampshire boars of the
1970's. The averages and ranges of these coefficients are in Table 2 to provide a
summary. The average inbreeding was .103, with a range of 0 to .297. The
average is slightly less than the .125 which would be expected when a half-sib
mating is made. It is not large enough to expect a large decline in performance
due to inbreeding depression.

The highest inbreeding level for any of these boars was .297 for a boar named
Willie whose parents were full sibs. The inbreeding for an individual resulting
from mating non-inbred full-sibs is .25. The added inbreeding is a result of
Willie's parents being inbred themselves.

Five of the boars in the composite pedigree were designated as the most
prominent boars (Ugh, Roughneck, Gem, Oh and Eric). This was based upon the
number of offspring they had that were also in the composite pedigree. These
boars were prominent boars in the Hampshire breed throughout the 1970's. Ugh,
Roughneck and Gem were still on the list of leading herdsires in 1981. Oh and
Eric were both on the list during previous years. None of these boars have very
high inbreeding coefficients. Ugh has the highest with a coefficient of .076.

The average relationship of these boars to the leading herdsires of 1981 is quite
high. Ugh, Roughneck and Gem all have an average relationship to the other
boars on the 1981 list over .34. Individual boars have relationships to these boars
of near .60. An offspring-parent relationship is .50 if there are no other sources of
relationship. Full sibs also have a relationship of .50. A half-sib or a grandparent-
grand offspring relationship is .25. The average relationship of the leading
herdsires of 1981 with Ugh, Roughneck and Gem is between those offull-sibs and
half-sibs.

Oh and Eric were active herdsires in the early to mid-1970's. They appeared in
the pedigrees of the sires on the 1981 list no closer than grandsire and frequently
from four to eight generations back. Despite this, their average relationships to
the boars on the 1981 list were .202 and .234 for Oh and Eric, respectively. These
were nearly as high as if they were grandsires of all the boars. The magnitude of
the relationships is due to the large number of times they appear in the pedigrees
of many of the boars. An example of this was the relationship of Ark and Eric
(.238). The nearest Eric appears in Ark's pedigree is five generations back but he
is in the pedigree more than 10 times.

Linebreeding is a commonly used practice in pure breeds of livestock. The goal
of linebreeding is to maximize relationship to a certain outstanding individual
while keeping inbreeding at an acceptably low level. It appears that if Hampshire
breeders have been trying to linebreed to some of these prominent boars they
have been successful. The dangers of linebreeding are that inbreeding may
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Table 1. Inbreeding coefficients of leading Hampshire boars of 1981 with their
relationships to 5 prominent" :>ars of the last decade

1981 Relationship
Sire Rank Inbreeding Ugh Roughneck Gem Oh Eric

Roughneck 1 .075 .572 - .567 .121 .350

Ugh 2 .076 - .572 .370 .169 .262
Brad 3 .082 .397 .576 .347 .147 .320

Sap 14-3 4 .126 .606 .447 .452 .148 .243
Gem 5 .054 .370 .567 - .190 .236
Dino 6 .093 .248 .335 .579 .398 .116
Ha Invoice 7 .170 .240 .340 .546 .238 .224
Willie25-2 8 .297 .236 .324 .523 .315 .214
Ha Oliver 9 .121 .602 .433 .447 .252 .186
M 43-1 9 .133 .366 .611 .420 .105 .342
DL Bracer 11 .116 .276 .422 .432 .270 .173
Slim 12 .016 .322 .530 .315 .191 .180
Flex 13 .160 .628 .490 .456 .207 .240

Haymaker 14 .081 .254 .340 .571 .362 .175
Ark 11-2 15 .109 .422 .410 .351 .117 .238
Wildman 16 .039 .161 .208 .324 .277 .119
Gembo 17 .088 .276 .386 .575 .356 .232
Ha Noel 18 .133 .610 .459 .451 .129 .299
Capt Ugly 18 .054 .220 .356 .197 .072 .206
Bombshell 20 .145 .148 .172 .211 .309 .113
Pioneer 21 .134 .341 .451 .458 .203 .242
TWA 21 .123 .280 .393 .598 .169 .343
Bulldozer 23 .066 .211 .249 .353 .374 .117
Ha Trigger 24 .151 .622 .474 .453 .160 .241
Lumbeack 24 .128 .164 .214 .158 .072 .457
Izaac 26 .062 .174 .227 .348 .256 .177
Fred 27 .153 .479 .485 .378 .136 .247
Ha Acutron 28 .138 .468 .461 .331 .162 .235
DL Eric 28 .151 .353 .485 .392 .215 .212
PBR 30 .041 .342 .547 .352 .217 .178
DL Kevin 31 .165 .339 .527 .315 .161 .239
Clout 32 .173 .468 .448 .447 .163 .266
ELK 32 .080 .259 .399 .236 .086 .175

Waylon 32 .137 .613 .445 .458 .259 .213
Guts 32 .204 .210 .313 .358 .186 .207

Bigfoot 36 .000 .209 .317 .147 .057 .483

Smokey 36 .023 .334 .145 .177 .222 .180
Duff 22-2 38 .086 .273 .374 .320 .140 .204
Flat Tires 39 .016 .315 .530 .315 .191 .180
Ha Quota 39 .151 .622 .474 .453 .160 .241
Iron Horse 39 .029 .115 .148 .138 .070 .283

Grouchy 42 .081 .258 .353 .571 .343 .233

Harvey 42 .100 .360 .190 .186 .319 .347

Stump 44 .025 .119 .144 .130 .131 .258
W Trucker 45 .052 .137 .167 .221 .257 .118



eventually build up and cause a decline in performance and that the individuals
that are line bred to may not be truly outstanding. Hampshire breeders need to
be aware of these dangers if they plan on continuing the types of breeding
systems they currently have.

Table 2. Average inbreeding of the leading Hampshire boars of 1981 and the
average relationship between those boars and the most prominent
boars in the pedigrees

Correlations Between Type and
Performance of Boars at the

Oklahoma Swine Evaluation Station

R. O. Bates, D. S. Buchanan,
W. G. Luce and S. E. Everett

Story in Brief
Visual scores and performance data accumulated on 20 I boars during the fall

of 1980 and the spring of 1981 were used to evaluate the relationship between
visual appraisal and performance data. Performance traits measured were: aver-
age daily gain, backfat thickness, feed efficiency and loin eye area. Visual scores
for frame, capacity, muscling, front and rear leg structure and movement were
assigned at the beginning and the end of the test.

Few of the visual scores were highly correlated with the performance traits.
The correlations between average daily gain and final frame score (.329) and
final capacityscores (.664) suggest that larger framed, higher capacityboars grow
faster than smaller framed boars with less capacity. Correlations between initial
and final body type scores were moderate (.449 to .613) while correlations
between initial and final leg structure and movement scores were small (.078 to
.226). There was more agreement among scorers for body type scores than for
feet and leg scores, and the scores agreed more closely at the end of the test than
at the beginning.
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Relationship
Inbreeding Ugh Roughneck Gem Oh Eric

Average .103 .341 .385 .373 .202 .234
Range 0-.30 .12-.63 .14-.58 .13-.60 .06-.40 .11-.48



Introduction

Trends in the swine industry have often been dominated by the selection of
visual characteristics that were thought to be correlated with performance traits.
Performance testing was introduced so that traits of economic importance to the
commercial producer could be properly evaluated prior to the selection of seed-
stock. Despite this, many seedstock producers still use visual evaluation as the
main criterion in their selection program.

The purpose of this study was to determine if relationships exist between
measurable performance traits and those traits evaluated visually. Data were
obtained from boars of similar ages that were tested at the Oklahoma Swine
Evaluation Station in the fall of 1980 and spring of 1981.

Materials and Methods

During the fall of 1980 and the spring of 1981, 201 boars from several swine
breeders in Oklahoma were evaluated at the Oklahoma Swine Evaluation Station.
The station has been in operation since 1970 and tests boars in two barns with 24
open-front pens (5 ft by 15 ft) in each barn.

Each pen held three boars or two boars and a barrow, representing a single sire.
Pigs averaged 70 Ib at the start of the test period and were removed from test on a
weekly basis when they reached 230 lb.

Performance data included: pig weight at the beginning and end of test,
average daily gain, pen feed efficiency and ultra sonic scanogram (lthaco Scano-
gram Model 721) estimates for loin eye area and backfat thickness. Feed effi-
ciency for pens containing barrows was adjusted to a boar equivalent basis. Loin
eye area was measured at approximately the tenth rib. Backfat thickness was the
average of the measurements at the shoulder, the last rib and the last lumbar
vertebrae. Loin eye area and backfat thickness estimates were adjusted to a 230 Ib
basis by adjustment factors suggested by the National Swine Improvement Feder-
ation.

Pigs were scored at the beginning and the end of the period for visual traits by a
committee of three comprised of an Animal Science Department faculty member,
a University swine herdsman and an independent purebred swine breeder.
Categories considered for visual appraisal were: frame size, body capacity, mus-
cling and front and rear feet and leg structure and movement. The numerical
scores and criteria used when assigning visual scores are given in Table 1. The
scores were assigned independently, and the scores of the three evaluators were
averaged.

The statistic used to estimate the association between the performance data and
the visual scores is the correlation. A correlation can have any value within the
range of - 1.0 to 1.0. A value of 1.0 would indicate a complete agreement between
two traits, and high values of one would be associated with high values of the
other. A value of - 1.0 also indicates a complete association between two traits, but
high values of one trait would be associated with low values of the other. A value
near zero (- .10 to .10) would suggest that no relationship exists between the two
traits. A correlation should have an absolute value of at least .6 to have much
predictive value.

Results and Discussion
Correlations between initial visual scores and performance traits are shown in

Tables 2 and 3. The only correlation over .3 is that between initial capacity and
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Table 1. Scoring system for conformation and soundness

Frame(1-10)
1-4 small frame, short bodied
5-6 medium frame, moderate body length
7-10 large frame, long bodied

Capacity(1-10)
1-4 thin, shallow body
5-6 medium thickness and depth of body
7-10 thick, deep body

Muscling(1-10)
1-4 thick, heavy,bulging muscling
5-6 moderately thick muscling
7-10 flat muscling

FeetandLegs(frontandrear)
Movement

1-2 buckkneed, goose stepping, choppy strides
3 moderate in movement faults

4-5 shows a balanced animated stride, free of faults
Structure (front and rear)

1-2 straight set of shoulders, winged shoulders, knockkneed, toes in, etc.
Straight and stiff hocks, sickle hocks, weak pasterns, steep rump, etc.

3 moderate in structural faults
4-5 free of structural faults

Table 3. Correlations between performance traits and initial feetand leg
scores

-- --- -

Table 2. Correlations between performance traits and initial body type
scores

Averagedaily Backlat Feedefficiency Loin eye
gain Ib/day in. Ib leed/lb gain area

sq in.

Frame .024 -.149 .206 -.021

Capacity .307 .047 .009 -.028

Muscling - .114 .039 .143 -.081

Averagedaily Backlat Feedefficiency Loineye
gainIb/day in. Ibfeed/lbgain area

sqin.

FrontLeg
Structure .055 -.085 -.120 -.042
Movement .190 -.029 -.092 -.034

RearLeg
Structure -.182 -.093 -.176 .092
Movement -.165 -.037 - .161 .058
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average daily gain (.307). This suggests a small tendency for boars that have more
capacity to also be faster growing.

The correlations between performance traits and initial feet and leg scores
were quite low.

Similarly, performance traits were correlated with final visual scores (Tables 4
and 5). These correlations were also generally quite low. The only correlation
with much predictive value was the correlation between final capacity and aver-
age daily gain (.664). This, along with the moderate correlation between frame
and average daily gain (.329), indicates that higher capacity, larger framed boars
tended to grow faster than smaller framed boars with less capacity. None of the
correlations between the performance traits and final feet and leg scores were
large enough to have any predictive value.

The low-to-moderate correlation (.499-.613) between initial and final body
conformation scores (Table 6) suggests that initial body conformation is not a
really good predictor of final conformation. Both the subjective nature of the
scores and actual changes in the pigs may have contributed to the size of the
correlations. The low correlations (.078-.226) between initial and final feet and
leg scores indicate the lack of predictive value of the initial scores.

Table4. Correlations between performance traits and final body type scores

Table 5. Correlations between performance traits and final feet and leg
scores

Table 6. Correlations between initial and final visual scores

Frame

.613

Capacity

.449

Muscling

.579

FrontLeg RearLeg

Structure

.078

Movement

.147

Structure

.141

Movement

.226
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Averagedaily Backlat Feedefficiency Loin eye
gain Iblday in. Ib feedllb gain area

sq in.

Frame .329 -.199 .020 .015

Capacity .664 .113 .249 .051

Muscling -.044 -.126 .198 -.108

Averagedally Backlat Feedefficiency Loin eye
gain Iblday in. Ib feedllb gain area

sq in.

FrontLeg
Structure .168 .032 -.117 -.011
Movement .178 .006 -.104 -.019

RearLeg
Structure .228 -.107 -.063 .097
Movement .188 -.101 -.069 .103



Tables 7 and 8 contain correlations among scorers and show the amount of
agreement among the committee members on visual appraisal. There was more
agreement on the body type scores than on the leg movement and structure
scores. The correlations among the scorers were moderate to small in size,
suggesting that there was a partial agreement regarding visual evaluation. How-
ever, the scorers certainly differed in some instances. There was more agreement
among scorers at the end of the test period.

The data in this study gives evidence that visual appraisal cannot accurately
predict how boars will grow and perform. There is some suggestion that higher
capacity, larger framed boars tend to gain at a faster rate than do small capacity,
smaller framed boars; however, the relationship is too small to be of much
practical use. Correlations among scorers suggest that there is only partial agree-
ment among individuals assigning visual scores to visual traits of interest.
Improvement in performance wiII more likely occur when producers incorporate
objective measures of performance into their selection of replacement breeding
stock.

Table7. Correlations among scorers for initial visual scores

Frame

.545
Capacity

.554
Muscling

.524

FrontLeg RearLeg
Structure

.316

Movement

.271

Structure

.140

Movement

.184

Table8. Correlations among scorers for final visual scores

Frame

.609
Capacity

.668
Muscling

.564

FrontLeg RearLeg
Structure

.402

Movement

.476

Structure

.294

Movement

.343
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Progress in Developing a Fall
Lambing Dorset X Finnsheep Line

J. V.Whiteman, K. A. Ringwall
and R. P.Wetteman

Story in Brief
A flock of Y2Dorset Y2Finnish Landrace (Finn or Finnsheep) has been

assembled gradually since 1976 to serve as the basis for developing a new line of
sheep that are both fertile and prolific when bred during May and June. The
purpose of this line would be to furnish rams for mating to Rambouillet ewes to
produce highly productive fall lambing ewes for commercial sheep production.
There are currently in excess of 130 second cross (F2) ewes that are being mated
during May and June. The descendants of those matings will become the line.
During the development period, procedures have peen perfected relative to ram,
ewe and lamb management. The current status of the prqject is that the base is
established and procedures perfected. The next few years will produce the data
that will determine the feasability of the endeavor.

Introduction

Many Oklahoma sheep producers prefer their ewes to lamb during fall to
utilize wheat pasture and market the lambs produced during the period of
seasonally highest prices in the spring. Dorset x Rambouillet crossbred ewes are
the most productive breed combination available but have only a moderate
lambing rate when lambing during October and November. The introduction of
Finnsheep breeding into the ewe flocks to increase prolificacy results in a lowered
fertility (percent of ewes lambing) and no net gain in lambs born per ewe
exposed.

One of the most serious restrictions that prevents sheep from supplying more
meat on a continuous basis to the consumers is the seasonal nature of reproduc-
tion in most sheep breeds. The vast majority of lambs are born during the period
of January through April of each year.

If a new line of sheep could be developed that were both fertile in May and
June, such as the Dorset breed, and prolific, such as the Finnsheep (Finn), rams
from the line mated to Rambouillet ewes should produce excellent fall lambing
ewes. Further, the successful development of such a line would demostrate that
the seasonal restriction of reproduction in sheep could be corrected by selection.

This progress report summarizes our effort to develop a line of sheep based on
a Dorset x Finnsheep foundation that is fertile and prolific when bred during
May and June.

Materials and Methods

The crossbred foundation for the line has been assembled slowly since 1975
through the purchase of 39 ewes from two sources and the production of
additional ewes annually until we have had about 100 F. (first cross) ewes. Over 15
different sources of breeding stock have contributed to the flock.
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The management of the F) ewes has involved exposing each ewe during the
spring (at least two times) to record her willingness to mate and her fertility if
mated. Following this test period, ewes have been mated during the fall to speed
the production of F2 (second cross) ewes froOmwhich, it is anticipated, the more
fertile animals will be selected to create the new line.

There are now in excess of 130 F2 ewes, most of which are ewe lambs or
yearlings. These ewes will be mated only during the spring, and those ewes and
rams that are most productive will produce the next generation. Thus, natural
selection under the defined conditions will determine the future direction and
success of the line.

Initially the ewes were mated in one-sire pastures with rams rotated frequently.
Poor breeding performance by some rams indicated that several rams should be
in each pasture to increase the likelihood that any fertile ewe would be mated to a
fertile ram.

All ewe lambs have been mated first during the spring breeding season. Rams
have been used first as yearlings. Inability to determine which ewes or rams are
most fertile has forced the use of most physically sound rams. (In order to
investigate possible ways to detect which rams are more fertile, a new study has
been added, and preliminary results are reported in a separate paper in the 1982
Research Reports.)

No culling of ewes that are physically sound has been done in order to build as
large a base for fertility selection as possible. Some new FI crossbred ewe and ram
lambs are being added each year, also, to broaden the base.

Early observations indicated that the Dorset x Finn crossbred animals were
apparently less fertile in May and June than in April. Because it is the intent of
the study to develop a line of sheep that are not seasonal in their fertility, it was
decided to time the mating season when the flock was the least fertile, thereby
insuring that those individuals that are most fertile during the critical time will
produce the next generation. During the breeding season the rams are fitted with
marking harnesses with different colors of crayons. The flock is observed for
rump marks daily or every other day to monitor the mating behavior of the rams
and ewes. After the lambing season, the lambing records plus the mating records
are used to get the best estimates of the mating behavior of the various rams and
ewes. This information plus the actual lambing performance data make it possi-
ble to identify the most fertile rams and ewes.

Results

A summary of the reproductive performance of the various groups of F I ewes
is presented by season of breeding in Table I. The reproductive performance is
below expectations, especially from fall breeding. Our analysis of the causes leads
us to believe (1) the relatively few animals involved during the early years were
not given adequate care and attention because of our other, more extensive
studies, (2) an outbreak of epididymitis interrupted our plans for about 2 years
and (3) these sheep require a different nutritional and perhaps climatic environ-
ment than the sheep that we are familiar with.

Nevertheless, the data suggest that 70 to 80 percent of these ewes mate during
the spring, but only 40 to 50 I1ercent lamb. Blood tests taken on the ewes that
mate during May and June indicate that about 20 percent of the ewes that mate
probably do not produce eggs (ovulate). The records further suggest that
perhaps as. high as 30 or 40 percent of the ewes that do ovulate do not become
pregnant or do not maintain their pregnancy to term. Further research is
planned to more accurately estimate the nature and extent of these losses.
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The early results from the F2 (second generation) ewes is presented in Table 2.
The majority of these ewes are ewe lambs or yearlings. These ewes are mated only
during May and June. These ewes and rams are expected to be highly variable in
fertility and prolificacy (lambing rate). When we have completed study of this
generation of ewes and rams over several years of performance. we can more
accurately evaluate the likelihood of success with the effort. It is expected that a
few of the ewes and rams in this generation will obtain both the out-of-season
breeding ability of the Dorset ancestry and the high prolificacy of the Finnsheep
ancestry. If identifiable, these animals should be the basis of the new line.

It is believed that at least part of the relatively poor performance shown in
Table 2 can be corrected by improved feeding of the ewes prior to breeding and
prior to lambing.

Table 2. The reproductive performance of the F2 and F3 (second and third
generation) ewes of Dorset x Finn breeding

Observations
The establishment of this flock under the desired conditions was a challenging

experience for all personnel concerned. Through experience the following
observations seem warranted:. The Dorset x Finn sheep are apparently reasonably fertile about April I but
become less fertile from then until sometime in June at which time there is little
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Table 1. Historical record of reproductive performance (spring and fall breed-
ing) of the F1 Dorset x Finn ewes

Breeding Ewes Percent Percent Lambs/ewe Birth
season exposed mated lambed lambing wi

Spr1976 10 90.0 40.0 1.75 5.23

Spr 1977 35 88.6 17.1 2.00 5.86

Spr1978 58 72.4 25.9 2.13 5.70
Fall 1978 31 90.3 35.5a 2.27 6.97

Spr1979 72 93.1 44.4 1.75 5.36
Fall 1979 53 88.0 81.0 2.33 6.66

Spr1980 32 78.0 50.0b 1.63 6.22
Fall 1980 51 98.0 86.3 2.45 7.11

Spr 1981 46 82.6 43.5b 1.75 5.83

"Rams infectedwith epididymitis.
bAilewes were ewe lambs or yearlings.

Breeding Ewes Percent Percent Lambs/ewe Birth
season exposed mated lambed lambing wi

Spr1979 20 95.0 50.0 1.50 4.47

Spr 1980
Ewes' 17 64.0 29.4 1.80 5.24
Ewe lambs 19 73.7 31.6 1.67 4.52

Spr 1981
Ewes1 81 81.5 38.3 1.68 5.48
Ewe lambs 17 94.1 52.9 1.78 4.54

'Yearlingandolderewes.



sexual activity. For this reason the breeding season is in May and .June so that
those breeding animals that are most fertile at that time are the ones that produce
the next generation.. These sheep are not good foragers. ,"Then grazed with ewes that are one-half or
more Rambouillet, they do not maintain themseh'es nearly as well as do the ewes
that are part Rambouillet. At least a portion of the poor productivity of the ewes
may have resulted from their lack of adequate nutrition at breeding.. The newborn lambs are smaller than expected, and they do not grow well as
compared to usual commercial lambs with which the personnel are more familiar.
Small lambs during the fall can result from the effect of summer heat on the
pregnant ewes. This does not explain the frequent smaller-than-expected spring-
born lambs, however. Also, when ewes produce litters of 4 to 6 lambs, the lambs
are usually quite small and difficult if not impossible to raise.

These observations might lead one to conclude that with all these problems,
why be concerned with sheep of this kind? Past research has demonstrated that
ewes that are Y, Finn 1ftDorset and !h Rambouillet are excellent commercial ewes
except that they do not lamb well during October and I\'ovember. Therefore, the
rewards to be obained with success in the endeavor will make the effort worth-
while and it is the purpose of research to try to learn what can be done.
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RESEARCH IN PROGRESS

Effect of Feeding Choline and
Dichlorvos to Gestating Sows

\V, G. Luce, D. S. Buchanan, H. E. Jordan,
C. V. Maxwell, and R. Vend

Reproductive efficiency, the number of pigs marketed per sow kept for breed-
ing, is the most important economic factor in swine production. Therefore, it is
essential that all breeding females conceive promptly, farrow large litters and
wean a high percentage of pigs farrowed. The feeding of nutritional supplements
is one plausible method of improving reproductive efficiency.

Previous research at the Oklahoma Agricultural Experiment Station and other
institutions has shown that feeding high levels of choline (approximately 350 mg
per lb of diet) to bred sows throughout the gestation period may result in
increased litter size at birth and weaning and heavier litter weights at weaning.
However, previous research at the Oklahoma Agricultural Experiment Station
and other institutions did not show choline to be beneficial in reducing the
incidence of the spraddle leg syndrome in baby pigs as reported several years ago
in the popular press.

Research at other institutions has also shown that the feeding of the anthel-
mintic, dichlorvos (2, 2-dichlorovinyl dimethyl phosphate) at approximately 250
mg per lb of diet during the last 30 days of gestation may result in improved
reproductive performance. Improvements usually observed included increased
litter size at birth and weaning, heavier litter weights at birth and weaning and
increased mean birth or weaning weight. Research also reveals that the
improvement in reproductive performance is apparently not the result of the
anthelmintic effect of dichlorvos.

There appears to be no previous research conducted that presents any infor-
mation as to whether an additive effect would occur on reproductive perform-
ance if both choline and dichlorvos were fed to gestating females. Thus, this
project was initiated in November, 1980, at the Southwestern Livestock and
Forage Research Station, EI Reno (Fort Reno) to determine whether there is an
additive or interactive effect on litter size at birth, litter size at weaning, birth
weights and weaning weights when supplementing diets for gestating sows with
choline and/or dichlorvos.

An experiment, involving two replicates of 100 brood sows each, has been
conducted to date. All sows were fed a 14 percent and 16 percent crude protein,
grain sorghum-soybean meal type ration during gestation and lactation, respec-
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tively. The sows in each trial were divided into four experimental treatments as
follows:

1. Control. No supplemental choline or dichlorvos was fed during gestation.
2. 350 mg of choline per lb of diet during the entire gestation period was fed.
3. 250 mg of dichlorvos per lb of diet during the last 30 days of gestation was

fed.
4. Combination of treatments 2 and 3 was fed.
Data collected included total number of pigs at birth, number of live pigs at

birth and number of live pigs at 21 and 42 days of age. Individual pig and litter
weights at birth, 21 and 42 days were also collected. Fecal examination for
gastrointestinal parasites in each sow and two randomly selected pigs from her
litter when 42 days of age was also conducted. One randomly selected pig from
each of 10 different sows in each treatment was examined at slaughter for
evidence of parasite migration.

Data from the two described trials will be analyzed to stUdy the effects of
supplemental choline and dichlorvos and the interaction of the two on reproduc-
tive performance. In addition, it is planned for two additional trials involving 100
brood sows each to also be conducted.

Utilization of Wheat Silage in Wheat
and Bermudagrass Stocker Programs

G. W.Horn, W.A. Phillips, L. E. Walters,
O. L. Walker,W.E. McMurphy, and Ann Kountz

Problems associated with cattle grazing wheat pasture have been described for
many years and include wheat pasture poisoning of cows and frothy bloat of
stocker cattle. Although these problems may result in substantial economic losses,
losses incurred by wheat pasture stocker operators as a result of poor stocker
weight gains, due to (I) inadequate fall and(or) winter wheat forage and (2)stock-
ers being out of feed because of snow and(or) ice cover of wheat forage,while
being much less dramatic, are probably greater. Identification of sound feeding
programs for wheat pasture stockers, therefore, has the potential of increasing
total beef production from wheat pasture and adding stability to' wheat pasture
stocker operations.

Large variations in the amount of forage available for grazing also represents a
critical management problem in bermudagrass stocker programs. Stocking rates
designed for the periods of lower forage production coupled with hay removal
during periods of peak forage growth represent the usual approach to this

1981 Animal Science Research Report 325

--



problem. Use of heavier stocking rates and a silage supplemental feeding pro-
gram would be an alternative approach.

A large percentage of total beef produced in this country is merchandised as
ground beef. Many studies have been conducted relative to producing choice
beef on all forage or limited-forage production systems. Similar studies in which
the beef carcass was intended primarily for the ground beef market have not been
conducted.

This research project was initiated at the Southwestern Livestock and Forage
Research Station, El Reno (Ft. Reno) in the fall of 1981 and will continue through
the bermudagrass growing season of 1984. The objectives of the project are:
1. To determine the effect of feeding wheat silage to stockers grazed on wheat

and bermudagrass pastures on:. Live and carcass weight gains, and total beef production per acre. The effect
of stocking rate on silage consumption will also be measured.. Amount of forage produced, and quality of available forage..Wheat and bermudagrass forage intake.. Total ration (wheat or bermudagrass forage plus silage) dry matter
digestibility.. Carcass characteristics of the cattle at the end of the bermudagrass growing
season.

2. To determine the economics of the two beef production systems (i.e., wheat
and bermudagrass pasture alone versus wheat and bermudagrass pasture plus
supplemental silage).
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Reproductive Development and
Performance of Hereford Heifers

Calving at 24 and 30 Months of Age

E. J. Turman, R. P. Wettemann
and K. S. Lusby

"11\'0m,~jor problems are associated with cah"ing heifers at :!4 months of age: (I)
the large number of heifers requiring assistance and (:!) poor rebreeding per-
Ii)rmance. Research has shown that these problems Gm be greatl\" reduced by
dehl\"ing cah'ing until the heifers are :~(j months of age. Howe\"er. it is \'ery
diflicult. on an economic basis. to justif\" dela\"ing the onset of a heifer's produc-
tiw life b\" a \"ear. Cah'ing at :HJ months of age ma\' reduce the problems
associated with earlier cah"ing and also be economically feasible. but there has
been \"er\" little research conducted to date on cah"ing at this age.

This stud\" \\"as initiated at the Soutll\l"estern Li\"estock and Forage Research
Station. EI Reno (Fort Reno) in the EIII of 1!J7!) and will continue until December

31. I!)H,t The objen i\'es are : 1) to compare the reprod uni\"e perfeJl'lllance of
heifers cah'ing at :HJ months of age \\"ith heifers fed at a high le\"el of \\"inter
supplemental feeding of protein and energ\" and cal\'ing in the spring at :!4
months of age: and :!) to determine the effects of a low and moderate le\'eI of
winter supplemental leeding on the growth. de\'e!opment and reproducti\'e
perfeJrlllance of heifers cah"ing in the spring at :HJ mont hs of age. Reproducti\'e
perfeJl'lllance traits being mcasured include breeding per(eJrlllance as heifers.
incidence and magnitude of cah'ing dillicuities and rebreeding performance
following their lirst cah'ing.

The heifers being wilized in this stud\' are produced in experimental cow
herds at the Lake Carl Blackwell Range Area. The totallHlmbel' of heifers that
are ,I\'ailable to be placed on experiment in a gi\'en \"ear is limited. Therele)re. in
order to obtain sullicient numbers of heifers leJl' the results to be meaningful. the
stll(h' will consist of three replications. Three groups of \\'caner and \'earling
heifers were obtained in the falls of 1!17!J. I!)HOand I!JHI. The\" \\"ill remain in the

stud\' until the\' \\"ean their lirst call'. \\'hen the third replicate "iscompleted in the
fall of 1!lH:~.the results le)r all three replicates will be combined. anahzed and
published.

The heifers of replicate I cah"ed during spring. 19HI. weaned their cah'es last
fall. tllllS completing replicate I. Heilers of replicate:! obtained in the EIII of
I!JHO.were bred during a (jO-c!;1\ period beginning ~Ia\' . I!JHI.and will cahe in
spring. I!)H:!, Ileilers of replicate ,~ were placed on trail n :\O\"ember. I!IHI. and
will be bred in spring. I!IH:!.
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Development of a Systems Analysis
Model for Lean Beef Production

D. S. Hale, L. E. Walters,
R. L. Hintz and E N. Owens

To meet the demand for leaner beef, management systems which most effi-
ciently produce lean beef of acceptable quality must be identified. The objective
of this research is to analyze production data from different management systems
to determine the most efficient procedures for the production of lean beef.
Ration composition, feedlot performance, carcass characteristics and breed group
data were obtained from 1,972 head of cattle used in nutrition trials at the
Panhandle State University at Goodwell, Oklahoma, and Oklahoma State Univer-
sity, Stillwater, Oklahoma.

Five identifiable breed groups, ration protein levels of 9 to 13 percent, concen-
trate levels of 25 to 95 percent and feeding periods of 112 to 196 days illustrate
the diversity of trials. Some trials utilized feed additives (monensin), non-protein
nitrogen and cement dust. In addition, implants (ralgro or Synovex) were
administered to some animals both before and during the trials. Feed consump-
tion and gain data were recorded at regular intervals throughout each feeding
trial.

Initial and final weights, rib-eye area, fat thickness, marbling score, carcass
quality grades, carcass cutability and yield grade are presented by breed group in
Table I. Among the identifiable breed groups, mean initial weights were highest
for the Exotic X Exotic crossbred cattle while weights for other groups were
similar. Further analyses of these and other data sets will be used to identify those
variables (i.e. breed group, initial weight, days on feed, type of ration, etc.) most
closely related to economically important carcass characteristics, including dres-
sing percentage, carcass quality grade and carcass cutability.
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3 Table 1. Means and standard deviations of performance traits from feedlot cattleI»
> Initial Ending Fat Ribeye Cut-(Jq... weight weight th. area ability Yield Marbling Quality;:;.
Eo Breedgroup No. Ib Ib inches sq. in. % grade score' grade

=' British 661 632 1083 .60 11.9 48.9 3.5 14.4 Ch-
... S02 86 92 .19 1.2 1.7 3.02:-
t'fj British x British 660 612 1101 .59 12.5 49.4 3.3 14.6 Ch-

SO 121 49 .20 1.3 1.7 3.0"0"
... British x Exotic 346 621 1114 .48 13.0 50.5 2.8 13.3 Ch-
3' so 100 94 .18 1.2 1.7 2.9"
:I

12.8 51.8.. British x Brahman 154 614 1041 .32 2.2 10.7 Gd
CJJ

SO 47 99 .15 1.3 1.7 2.2g
o' Exotic x Exotic 141 682 1109 .49 12.4 50.2 2.9 12.8 Ch

-

:I
SO 69 99 .16 1.4 1.5 2.6

Unknown 10 692 1112 .36 13.5 51.4 2.4 11.9 Gd+
SO 61 89 .18 1.1 2.0 2.6

'Slight- is 10, Slight is 11. Slight + is 12. Small- is 13. Small is 14 and Small+ is 15.
2Standarddeviation.



Potential Utilization of By-Product
Feeds Varying in Fiber Level

and Fiber Composition by Poultry

R. G. Teeter and \v. N. Cannon

With the high cost of production encountered today, poultry producers are
continually looking for ways to reduce operating cost. One potential method to
cut feed costs is the incorporation of by-product feeds into poultry rations. By-
product feeds can frequently supply energy and protein, but, unfortunately, they
often contain 20 percent or more crude fiber. Incorporation of high fiber feeds
into poultry rations reduces productivity if the birds are not able to adjust their
feed intake up and maintain adequate energy consumption. Fiber characteristics
that limit feed consumption in poultry, if any, are not well understood, and
information is needed to ensure that by-product feeds can be adequately utilized.

A preliminary trial was initiated in the fall of 1981 to examine what inf1uence
purified fiber sources added to a nutritionally complete basal diet would have
upon feed intake, rate of ration passage through the gastrointestinal tract and
body weight of 16-day-old chicks. Purified fiber sources fed to chicks constituting
40 percent of the ration included wood cellulose, lignin I and hemicellulose2 as
well as polyethylene, a synthetic fiber. The degree to which fiber sources influ-
enced the parameters measured varied (P<.05) among fiber sources even though
they were all present at a level of 40 percent of the ration composition. Ration
intake (pounds per 100 birds per day), ration digestibility (percent), relative
ranking for rate of feed passage (I = fastest rate, 5 = slowest rate) and body weight
gain (pounds per day per 100 birds) were, respectively, 2.2, 53, 2, .76 for the basal
ration; 2.8,47,3,.4 for basal plus cellulose; .8, 31,4, -.6 for basal plus hemicellu-
lose; 2.5, 32, 5, .65 for basal plus lignin; and 3.3, 33, I, .73 for basal plus
polyethylene.

Purified fiber sources should not be considered as a homogeneous class even
though they are all highly indigestible. Fiber characteristics such as density, water
absorbing capacity, particle size and palatability may be responsible for the differ-
ences observed. Deleterious effects caused by hemicellulose addition appeared to
be due to the ration's forming a sticky material during consumption. This mate-
rial held the birds' beaks together and thereby inhibited feed consumption.
Postmortem anaylsis indicated that birds fed the ration high in hemicellulose
performed poorly due to starvation. Whether the fiber effects observed in this
study for the purified sources are exhibited in natural feedstuffs containing these
fibers is unknown. Additional work in this area is under consideration.

IWest Yaco. Charlcslon Height. CharlclToton.S.c.
2Wilhrop Lab. 90 Park A\"enuc. ~ew \()rk. :\. Y.
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Nutrition-Environmental Temperature
Interactions in Broilers

R.G. Teeter and M.O. Smith

Total productivity and(or) production efficiency of broilers declines as the
ambient temperature diverges from the zone of thermoneutrality. Decreased
productivity due to environmental temperature changes results in substantial
economic hardship to poultry producers and consumers. The economic strain
during periods of environmental stress is due only in part to increased mortality.
Substantial declines in productivity result from altered feed consumption and
efficiency of feed utilization. At environmental temperatures below the ther-
moneutral zone, the maintenance requirement for energy is increased. Broilers
eat more feed to maintain normal levels of production, and efficiency of feed
energy use declines. At environmental temperatures above the thermo neutral
zone, maintenance requirements for energy are also increased, but feed intake is
reduced. This lowers productivity and feed efficiency.

Since the nutritional and economic principles that govern poultry feeding
practice are based largely upon studies conducted within the zone of thermoneut-
rality, and both heat and cold stress occur seasonally in Oklahoma, optimal
feeding practices under conditions of environmental temperature stress need to
be researched. Research is currently being initiated to study interactions between
nutrition and environmental temperature.
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The Effect of Dietary Fiber Source
on Apparent Digestibility of Specific

Fiber Components and Other
Nutrients

\v. N. Cannon and C. V. Maxwell

Swine producers have always maintained an interest in the utilization of by-
products in their feeding program as a means of reducing feed cost. Many of the
by-products available for use in swine rations are higher in fiber than more
traditional feedstuffs. While earlier studies have demonstrated the efficacy of
feeding these fibrous feedstuffs to swine, little is known about the digestibility of
specific fiber components and their effect on digestibility of other nutrients. We
have initiated a series of studies to determine effect(s) of dietarv fiber source on
digestion of specific fiber components using ileally cannulated pigs.

In an initial trial wheat bran and beet pulp were selected because they are
readily available to producers and consist of widely differing fiber components.
In this trial three ileally cannulated pigs weighing 160-180 Ib were fed diets
consisting of a corn-soybean meal basal, basal plus 25 percent wheat bran and
basal plus 25 percent beet pulp. Chromic oxide was added as a digesta marker.
The experimental design was a 3x3 Latin square with each treatment period
consisting of 10 days. Each pig was maintained in an individual metabolism crate
and fed twice daily in two equal feedings. Ileal samples were collected 3 hours
after feeding until 100 ml of digesta was collected. Fecal samples were collected
daily.

In a second trial 10 ileally cannulated pigs were used in a 5x5 Latin square
design to determine the effects of semi-purified fiber sources on the apparent
digestion of different fiber components and other nutrients. The rations used in
this study consisted of: control (corn-soybean meal); control + 10 percent Solka
floc, a source of cellulose; control + 10 pel"cent mucilose flakes, a hemi-cellulose
source; control + 10 percent guar gum: and control + 10 percent lignin.

Analysis of these samples should provide data on the effects of digestion and
absorption of fiber on other nutrients when diflerent fiber sources are added to
swine rations. These data should be useful for producers considering fibrous by-
product feeds for swine.
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FARR BETTER FEEDS, Guymon, Oklahoma
GRAIN UTILIZATION RESEARCH, Guymon, Oklahoma
MR. LAWRENCE HAM, Stillwater, Oklahoma

HITCH FEEDLOTS, Guymon, Oklahoma
IMC CHEMICAL GROUp, INC., Terre Haute, Indiana
MARSCHALL PRODUCTS, MILES LAB. INC., Madison, Wisconsin
MASTER FEEDERS, INC., Hooker, Oklahoma

MASTER FEEDERS II, INC., Garden City, Kansas
MASTER VETERINARY SERVICE, Guymon, Oklahoma
MERCK CO., INC., Rahway, New Jersey
MOORMAN MANUFACTURING CO., Quincy, Illinois
MONSANTO INDUSTRIAL CHEMICALS CO., St. Louis, Missouri

NAMOLCO, INC.,Willow Grove, Pennsylvania
NATIONAL LIVESTOCK COMMISSION COMPANY, Oklahoma City,

Oklahoma

NATIONAL PORK PRODUCERS COUNCIL, Des Moines, Iowa
NORTH AMERICAN LIMOUSIN FOUNDATION, Denver, Colorado
OKLAHOMA CATTLEMEN'S ASSOCIATION

OKLAHOMA DAIRY HERD IMPROVEMENT ASSOCIATION, INC.,
Stillwater, Oklahoma

OKLAHOMA ECONOMIC DEVELOPMENT ADMINISTRATION

OKLAHOMA FEED MANUFACTURERS ASSOCIATION, Stillwater,
Oklahoma

OKLAHOMA SWINE BREEDERS ASSOCIATION, Stillwater, Oklahoma
PFIZER AGRICULTURAL DIVISION, Lee's Summit, Missouri

PHILLIPS PETROLEUM CO., B~rtlesville, Oklahoma
RALPH'S PACKING CO., Perkins, Oklahoma
RALSTON PURINA, St. Louis, Missouri

RODEO MEATS, INC., Beef Division, Arkansas City, Kansas
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SCHWAB AND CO., Oklahoma City, Oklahoma

SMITH KLINE ANIMAL HEALTH PRODUCTS, Philadelphia, Pennsylvania
STAR LABS, St. joseph, Missouri
THE KERR FOUNDATION, INC., Oklahoma City, Oklahoma
UPJOHN COMPANY, Kalamazoo, Michigan
USDA-ARS RANGE RESEARCH STATION, Woodward, Oklahoma

USDA AGRICULTURAL RESEARCH SERVICE, Southern Region
USDA SCIENCE AND EDUCATIONAL ADMINISTRATION, Western

Region
U. S. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION,

Washington, D.C.
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and June 30, 1914, in cooperation with the U.S. Department of Agriculture, Cha~es B. Browning, Director of Cooperative
Extension Service, Oklahoma State Univers~, Stillwater, Oklahoma. This publication is printed and issued by Oklahoma State
Univers~ as authorized by the Dean of the Divisionof Agriculture and has been prepared and distributed at a cost of $13,980.00
for 2400 copies.
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