
































































































































































































































































































































intake as that for the US treatments. Ground corn was fed at a level
of 6.2 to 7.7 lb/head/day to all steers to meet net energy requirements
for the desired level of performance. Minerals and vitamins were in-
cluded in the supplement to satisfy NRC (1970) requirements for Ca, P,
S, Mg, K and vitami ns A, D, and E. Straw was ammoni ated by the stack
method (Sundstol et al., 1978; 4.4 percent NH of as-fed straw).
Individual daily intakes of straw were calculated by weekly recording
of refusals. Initial and final body weights were recorded after with-
holding feed and water for 18 hours. All steers were fed a maintenance
level of alfalfa hay for five days prior to the final shrink. Samples
of rumen fluid (stomach tube) and blood plasma (jugular vein) were
obtained from each animal at 2, 4 and 8 h after feed had been offered.
Rumen fl uid was analyzed for pH, ammonia nitrogen concentration
(NH1-N, mg/dl) and total volatile fatty acids (TVFA, mmoles/liter).
BlOOd plasma samples were analyzed for total protein (TP, g/dl) and
urea (BU/dl).

Results and Discussion

Results on intakes and animal performance are summarized in Table
1. Total DM intake was similar among treatments, while N intake of
steers fed US increased linearly (P(.Ol) with increasing intakes of
SBM. The proport i on of total DMintake as straw DMand daily gai ns of
steers increased in a linear fashion (P(.Ol) with higher SBM-nitrogen
intakes. Average daily gain for1trt 4 (AS) was not different from that
of trt 3 (US + 1. 3 1b/head. day- of SBM). Therefore, the differences
in ADGamong treatments can be interpreted as a response to increased
intake of N. Increasing the N content of US by ammoniation (4.2 to
11.0 percent), had a sparing effect of 1.3 lb of SBM(50 percent CP,
dry matter basis) for 634 lb steers gaining at a rate of 1 lb/day.

Rumen fermentation measurements are shown in Table 2. Time after
feeding resulted in a linear reduction (P(.Ol) in ruminal pH and the
acetic/propionic acid ratio (Ac/Pr). Total VFA concentrations in-
creased (P(.Ol) with time after feeding. In general, ruminal pH could
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Table 1. Animal performance of steers fed untreated wheat straw
(US) and increasing amounts of soybean meal (SBM)or
ammoniated wheat straw (AS).

Treatments: 1 2 3 4 SBMlinearity
Straw type: US US US AS ( level of
SBM, lb/head/day: 0 .385 1.3 0 significance) SEM

Total intake,lb/day
Dry matter 13.9 14.5 14.7 14.7 NS .2
Straw DM 7.1 7.6 7.9 7.8 Not tested
Corn DM 5.6 5.3 4.5 5.7 Not tested
Crude protein 1.17 1.38 1.69 2.10 .01 .02

DM intake, % BW 2.09 2.16 2.16 2.16 NS .03
Straw DM/total, % 51.0 52.6 53.7 53.5 .01 .57
Average dai ly

gain, lb .616 .722 .970 .990 .01 .04





observed in the AS diets (trt 4) as compared to the highest level of
SBMsupplementation to US diet (trt 3) may reflect a greater uptake of
nitrogen by ruminal bacteria. By this mechanism, the nitrogen added to
the ammoniated straw becomes of nutritional value to the host animal.
The degree to which convent i ona1 protei n can be spared by ammoniat i on
will depend to some extent on other nutritional and physiological
factors that may influence ruminal microbial activity. Nevertheless,
under cond it ions where no energy or minera 1 defi c i enc i es are apparent,
it may be considered that for growing steers gaining at a rate of 1
lb/day, no supplementary nitrogen from conventional sources of protein
are required if ammoniated wheat straw represents 50 percent of the

. total daily dry matter intake.
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Materials and Methods

~otal dai 1y fecal. output (FO) of eight ruminal1y cannulated
grazed a single paddock of wheat pasture (var. TAM-105)from March 7 to
March 27 (immature stage) and April 22 to May 14 (mature stage), with
forage dry matter availabilities of 1642 and 1565 1b/acre,
respectively. Three external markers were investigated: Vb-labeled
wheat forage (Yb-WF), cobalt EDTA solution (CoEDTA)and chromium
(Cr 0 powder administered in gelatin capsules). All markers were
admfnfstered to steers by rumina1 dosing twice daily (12 hours apart)
for eight days prior to sampling. Fecal grab samples(GS) were obtained
once for each animal at each of the following hours after the am
dosing: 0, 3, 4, 6, 9 and 12. Total FO was measured with collection
bags over a 4-day period with bags being replaced every 24 hours.
Feca 1 marker concentrat ions were determi .oed by atomic absorpt i on
spectrophotometry. Estimates of daily output from GS were calcul ated
for each of the markers. The uncorrected FO from the GS samples was
estimated by the following equation:

UFGS= marker dose/marker concentration in feces

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

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

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

Results and Discussion

Data obta i .oed with Yb duri ng the grazi ng of immature wheat forage
were inconsistent and samples are being reanalyzed. Therefore, these
results were not available at the time of preparation of this report.

Recovery of Markers From Total Fecal Collections

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

Comparison of Marker Concentrations in Fecal Grab Samples (6S) and
Samples of Total Fecal Collections (TFC)

The concentration of Cr in GS at 3 and 9 (immature stage) and 9 h
(mature stage) postdosing were different (P<.05) from the concentra-
tions in TFC (Figures 1 and 2). Significant differences were detected
for Yb (mature stage) at 0, 3 and 4 h postdosing (P<.02).
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hour. Mature wheat forage (April 22-May 14).

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

Fecal Output Predicted FromMarker Concentration in Grab Fecal Samples
Uncorrected and Corrected For Recovery of Markers. as Compared to Total
Fecal Collection

The accuracy of estimating true fecal output from GS, either
corrected or uncorrected for marker recovery, was dependent upon type
of marker. With Cr and Vb, correction for recovery had no significant
effect in the predicted fecal output, except for Cr at the 9 h sampling
with mature wheat forage. Cobalt estimates during the immature stage,
were different among corrected and uncorrected val ues at all hours of
sampling, except hour 4. No difference was observed for Co estimates
with mature forage. The close 100..percent recovery of Yb and Cr in
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feces caused correction for recovery to have no effect on the pre-
dictions of fecal output. Comparisons of true fecal output obtained by
total collection and fecal output estimated from GS are presented as un-
corrected and corrected values (Table 2). An indicat i on of vari abil i ty
within each method of measurement of Fa was considered. This was de-
rived from the uncorrected total sum of squares obtained in the
analysis (General Linear Model) of the differences among fecal output
es t imated by the di 1ut i on marker techn i que as compared with total
fecal collections. Fecal output estimated with Cr had the smallest
variation followed by Yb while those obtained with Co exhi biting the
greatest variation.

In conclusion, these data confirm sources of variation and their
implications with regard to obtaining estimates of fecal output of
cattle grazing wheat pasture. The need to validate both choice of
marker and its time of sampling after dosing is also demonstrated.
Failure to do this may result in biased estimates of Fa. Chromium
oxide powder and Yb-WFgave comparable estimates of Fa, while Co-EDTA
gave highly variable estimates of Fa.
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Materials and Methods

Eight ruminally and duodenally (T-type) cannulated Hereford steers
(approximately 1000 lbs. body weight) were allowed to graze a single
paddock of wheat forage. Measurements of duodenal digesta flows were
undertaken during the immature (March 7-27) and mature (April 22-May 14)
stages of wheat forage maturity. Hand clipped wheat forage samples
representative of each stage of maturity were labeled with YbC116'H?0 by
the immersion procedure described by Mader et al. (1984). Each steer
received intraruminal dosages of knownamounts of Vb-labeled wheat for-
age and Cr?03 powder in gelatin capsules twice daily at 7:00 am and 7:00
pm. A total of six duodenal samples were collected at 4 h intervals
beginning 10 days after dosing of markers was initiated. Samples were
composited by weight over sampling times for subsequent analysis. Wheat
forage and duodenal samples were freeze-dried, and together with
Vb-labeled forage and Cr 0, analyzed for marker concentrations
utilizing atomic absorptio~ 3spectophotometry. Nitrogen content of
forage and duodenal samples was determined by the macro-Kjeldahl
technique. Daily flow of digesta and nutrients to the duodenum was
calculated assuming 100 percent recovery for each marker as follows:

Duodenal Flow of Digesta = Daily Dose of Marker
Marker Concentrat1on 1n Duodenal D1geSfa

Duodenal Nutrient
Flow

Duodenal Flow X
of Digesta

Nutrient Concentration
of Duodenal Digesta

The criteria used to compare estimates
were: (1) Coefficient of variation (C.V.);
perimenta2 variation accounted by the model
nation, R ); (3) Observed significance levels
square means of the two main effects; (4)
among the two main effects.

obtained from each marker
(2) Total amount of ex-
(coefficient of determi-

of difference among least
Detection of interactions

Results and Discussion

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

Even though the absence of absolute measurements makes interpre-
tation of the data obtained with the two markers difficult, the criteria
in table 2 should aid decisions relative to the appropriateness of the
two markers. Measurements obtained from Vb-labeled wheat forage had a
lo~ C.V. and accounted for a greater proportion of the total variation
(R ), except for the flow of N to the duodenum (table 2). A higher
level of significance for differences among main effect means was ob-
tained for measurements in reference to ytterbium as compared with
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Table 2. Sources and amount of variation and level of significance
obtained for differences among least square means of flow of
nutrients to the duodenum, as estimated from ytterbium (Yb)
or chromium (Cr) as single markers (n=4).
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--

Duodena1 Flow

Organi c Matter Ni trogen
-

Item Marker 1bl day '.t intake glday % intake
------

C.v.l Vb 9.22 9.99 8.53 10.85
Cr 13.84 15.09 14.21 17.88

2 Vb .89 .94 .75 .96R-sq
Cr .56 .76 .82 .84

TRT3 Vb .51 .02 .26 .02
Cr .27 .05 .12 .06

PER4 Vb .01 .01 .05 .01
Cr .35 .03 .01 .01

------

C.v. = Coefficient of variation.

3R-sq = Coefficient of determination.
4TRT = With or without lasalocid.

PE.R = Immature vs mature forage.
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block. Four s\eers were ruminally dosed twice a day (0700 and 1900),
300 mq/head.d- of lasalQcid. The other four steers remained as
controis. During each of two distinct stages of maturity of wheat
forage, immature (March 7-27) and mature (April 22-May 14), rumen
samples from all steers were obtained once at 1000 h, 3 h after the am
dose, corresponding to 27 and 67 days after the dosing of lasalocid
started. Strained rumen fluid was used for measurement of oH, ammonia-
nitrogen concentrations (NH~-N) by direct distillation of acidified
strained rumen fluid over Mg~.and volatile fatty acids (VFA) concentra-
tions by standard chromatograph analysis. Samples of wheat forage
grazed at each stage of maturity were obtained by hand clipoing and
were freeze-dried for further analysis. Total nitrogen was determined
by the Kjeldahl method; soluble N by Kjeldahl analysis of the filtrate
obtained after extraction of wheat foraQe in a buffer (Ohio buffer, pH
6.5) solution, for 1 h at 39 C. In vitro dry matter digestibility
(IVDMD)measurements \~ere conducted by incubat ion of wheat forage for
48 h in buffered rumen fl uid obtained from the same steers grazing
wheat pasture, followed by a further 48 h exposure to HC1-pepsin
digestion.

Results and Discussion

Chemical comoosition of wheat forage for each stage of maturity is
1i sted in Table 1. Sol uble N in buffer sol ution ~Ias 27.0 and 34.0 per-
cent of total N for the immature and mature wheat forage, respectively.
Advance maturity in wheat forage reduced the concentrat i on of total N
and soluble ~ by 44 and 39 percent, respectively, while IVDMDdecreased
13 percent. Measurements of rumen fermentation are shown in Table 2.

Table 1. Chemical composition of wheat forage (var. TAM-I05)
at two stages of maturity.

r-
Stage of maturity

1Immature: March 7-27; Mature: April 22-May 14.

- -.-------
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Nutrient Immature Mature
---- ----

Observat ions 3 4
Dry matter, % 24.3 22.7
Organic matter, % of OM 92.5 93.7
Nitrogen, %

Total 4.39 2.03
Soluble 1.184 .691
Non-protein .438 .201

Rat i os
Soluble N/total N 27.0 34.0
NPN/total N 10.0 9.9

In vitro dry matter
digestibility, % 75.6 66.4

Forage in offer, 1642 1565
1b/acre





Maturity of wheat forage influenced (P<.05) all rumen measurements,
except for pH and propionate concentrations (Table 2). Ruminal pH
duri ng the grazi ng of immature wheat forage might be borderl i ne for
optimum cellulolytic activity at certain periods of the feeding cycle.

The high ruminal NH -N, total VFA and branched-chain fatty acid
concentrat ions observed at both stages of maturity of wheat forage, are
indicative of the high ruminal degradability of wheat forage organic
matter and protein, particularly when immature. Observations on the
extent and rate of in situ disappearance of wheat forage dry matter and
nitrogen at both stages of maturity further support this observation
(Zorri11a-Rios et al., 1985).

Lasalocid supplementation decreased ruminal concentrations of
acetate (P<.08), and increased the concentrations of isobutyrate and
isovalerate (P<.08 and P<.04, respectively). Although no effect of
lasalocid on ruminal propionate concentrations was observed, the
acetate:propionate ratio 'was decreased (P<.08). Ruminal ammonia
nitrogen concentrations were not significantly (P>.10) affected by
lasalocid supplementation, a response that cast doubt on a possible
inhibitory proteolytic effect of lasalocid within the rumen, on ~Iheat
forage protei n.

The beneficial effect of lasalocid on weight qains of stocker
cattle grazing wheat forage supplemented with lasalocid reported by
Horn et al. (1984), may be due to effects other than a significant
shift in the amounts of acetic and propionic acid produced in the
rumen.
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wheat forage at two stages of maturity and 2) estimate ruminal dis-
appearance of nitrogen from three conventional plant protein
supplements known to differ considerably in their ruminal availability
of nitrogen under different dietary regimes. The plant protein
supplements were corn gluten meal (CGM), cottonseed meal (CSM) and
soybean meal (SSM).

Materials and Methods

During the spring of 1984 (March to May), eight rumen fistulated
steers (average body weight 1000 lb) grazed a single paddock of wheat
forage (var. TAM-I05) and had free access to a commercial salt block.
At the immature stage (March 7 to March 27), wheat forage dry matter
(DM) available was 1642 lb/acre versus 1565 lb/acre at the mature stage
of growth (Apri 1 22 to May 14). Samples of wheat forage during both
stages of maturity were hand clipped and cut to an average particle
length of 1 1/2 inches. Subsamples (20 g fresh basis) were placed in
duplicate nylon bags and incubated in the rumen of each animal for 3,
6, 12, 24 and 48 h. Extent of di sappearance of dry matter and ni trogen
at each incubation time was estimated as the difference between initial
and final dry weight or nitrogen content, respectively. Rates of
ruminal dry matter and nitrogen disappearance were calculated as the
slopes obtained by regressing the natural log of the percentage of
residual dry matter or nitrogen against incubation time and with later
slopes peeled from earlier slopes when the regression was obviously cur-
vilinear. Time required for half the material in the pool described by
the fractional rate of disappearance (slope) to be degraded (T,/?'
hours) was obtained by the equation: T (h) = 2 In/slope. Repre~~n-
tat i ve samples of wheat forage for eac~/~tage of maturity were freeze-
dried for dry matter determination and subsequently analyzed for ash
and total and sol uble nitrogen. Approximately 10 g samples of CGM,CSM
and SSM were also incubated in situ simultaneously with the wheat
forage, and treated in the same manner, except that the longest
incubation time was 24 hand subsamples for analysis were oven-dried.

Results and Discussion

Chemical composition of wheat forage at both stages of maturity is
presented in Table 1. Stage of maturity of the wheat forage had a
significant effect (P<.OU on the extent of in situ disappearance of
wheat forage DMand N (Table 2), In the immature stage, 77 and gO per-
cent of the initial DMand N had disappeared after 24 h of incubation.
These values were 145 and 33 percent higher, respectively, than for
mature wheat forage. These differences were declined to 38 and 13 per-
cent, respectively, at 48 h of incubation.

Visual examination of the plots of the natural log of the percent N
remaining at each h of incubation on time revealed that two distinct
poo1s were present. Stat i st i ca 1 ana lys i s of the slopes obtai ned be-
tween 3 and 24 h of incubation and 24 and 48 h for the immature wheat
forage, and between 3 and 12, and 12 and 48 h for mature wheat forage,
indicated that rate of disappearance differed (P<.OI) between these two
time intervals (Table 3; Figures 1 and 2). Two distinct pools were
present. For nitrogen in immature wheat forage, one highly sol uble
pool of 75 percent of total N disappeared at a rate of 13 percent/h. A
second pool of 15 percent of total N had a lower (Pc.Ol) rate of dis-
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Table 3. Kinetics of wheat forage nitrogen disappearance from
in situ ruminal measurements in steers grazing wheat
forage at two stages of maturity.

Stage of maturity

aDRowmeans within same stage of maturity with different
superscripts, are different (P<.01).

CEstimated from the intercepts of each slope.
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Figure 1. Description of the rate of in situ disappearance
of two nitrogen pools identified in immature
wheat forage.

Overall ruminal degradation of forage protein, particularly for the
immature wheat forage, was very high. This means that the extent of
ruminal digestion of wheat forage nitrogen will ultimately depend on
its ruminal retention time. Therefore, cattle grazing immature wheat
forage may have a low supply of bypass protein and might be greatly de-
pendent on protein of microbial origin to meet their amino acid needs.
For high levels of production, total true protein and/or specific amino
acids available for absorption from the intestine might limit perfor-
mance and supplemental protein with a high ruminal bypass may be
useful.

172 Oklahoma Agricultural Experiment Station

Immature Mature
Measurement 3-24 h 24-48 h '3-12 h 12-4

Rate of N disappearance
13.0a 2.2b 28.1 a 2.8b(%/h)

Time for half of N to
31.6b 24.8bdisappear, (h) 5.3a 2.5a

N pool size at 0 h
(% of total N)c 75.2 15.6 52.2 58.7

0.0
0
z:

-0.5......
z:
......

-1.0

w -1 5C<:

z: -2,0
""

0
-2.5

a
-' -3.0
I-
<:( -3.5
z:

-4 0





Table 5. Kinetics of nitrogen disappearance from in situ ruminal
measurements for corn gluten meal (CGM), cottonseed meal (CSM)
and soybean meal (SBM) in steers grazing wheat forage at two
stages of maturity.

SBM

T1/2(h)

~~
21.9aB
15.7

IMeans along rows for the same measurement with different upper case
2superscripts are significantly different at P<.OI.
Means in each column with different lower case superscripts, are

3significantlY different at: a,b P<.OI; e,f P<.10.
4Rate of N disappearance (kd, X/h).

T1/2 is time for half of N to disappear (h).

Time for half of the nitrogen to disappear within the rumen was there-
fore lowest for SBMand highest for CGM. Oata indicate that ruminal de-
gradation of CGMnitrogen is much lower than either CSMor SBMwhich
may make CGMmore useful as a feedstuff to supplement protein for
cattle grazing wheat pasture if supplemental amino acids are needed.
The effect of these nitrogen sources on animal performance remains to
be investigated. Greater benefit would be expected with immature than
mature forages and with younger, rapidly growing cattle with higher
protein requirements and limited capacity to consume wet feeds.
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Source of nitrogen supplementI

2 CGM CSM
Stage of

Kd(%/h)3
4maturity T1/2(h) Kd(%/h) T1/2(h) Kd(%/h)

Immature .89aA 81.6aA 4.39aB 17.7aB 6.45eC

Mature .73aA 147.4bA 4.39aB 16.9aB 4.97fB
SE .52 15.7 .52 15.7 .52





Intake of forage dry matter (OM)was calculated as follows:

. Fecal output
Forage OMlntake = r:- IVDMD

Daily intake of OMand TN were calculated from forage composition
and forage OMintake. Total tract apparent digestibility of OMand TN
(OMDand TND, respectively) was calculated by the following expression:

Total Tract Apparent _ Nutrient intake - nutrient in feces
digestibility of nutrient- Nutrient intake

Estimates of diqesta flow to the duodenum were obtained using
ytterbium labeled wheat forage (Yb-WF) as a single marker.

Results and Discussion

Chemical composition, IVDMDand amounts of available forage during
the grazing of immature and mature wheat forage is shown in Table 1. A
reduction of 54 percent in the total N concentration of mature wheat
forage was accompanied by an unexpected increase of 26 percent in the
proportion of sol uble nitrogen. No explanation for this observation is
apparent at this time. With increasing forage maturity, more nitrogen
would be expected to be part of the insoluble true protein and cell
wall fractions. More detailed chemical analysis of the nitrogen
fractions af wheat forage at different stages of maturity together with
composition of structural and soluble carbohydrates is pending
ana1ys is.

Because of differences in forage intake, compari sons among treat-
ments for the extent of nutrient disappearance in the rumen and flow of
nutrients to the duodenum have been expressed as a percentage of total
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Table 1. Chemical composition of wheat forage
(var. TAM-I0S) during the immature (March 7 to
March 27) and mature (April 22 to May 14) stage
of growth (percent).

Stage of maturity
Nutrient Immature Mature

Observations 3 4
Dry matter 24.3 22.7
Organic matter 92.5 93.7
Nitrogen (N)

Total 4.39 2.03
Sol uble 1.184 .691
Nonprotein .438 .201

Ratios
Soluble N/total N 27.0 34.0
NPNItota 1 N 10.0 9.9

In vitro dry matter
digestibility, % 75.6 66.4

Forage available, (lb/acre) 1642 1565





-'-I00 Table 2. Effect of stage of maturity and lasalocid supplementation on site of
digestion and flow of nutrients in steers grazing wheat pasture.
(Least square means, n=4).
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Lasalocid, mg/h'd

Stage of maturity
Immature Mature

o 300 0 300- SE

16.8b

(%) .800b
81.9c
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16.0b
.422a

73.1b
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.354a
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69.5a
69.3a

78.2c
70.6c

55.3a
36.6a

7.2
9.5
4.2
6.3
2.6
3.4
2.6
2.1
1.8

4.7
2.8

Level of
Significance

Maturity Lasalocid

.64

.02

.35

.60

1.5
2.1

NS
NS
NS

.05

.03
NS

.03
IA

.01

.01

.01

IA2
IA

.04

.08

IA
IA

IA
IA

Intakes, lb/d b1
Organic matter 17.6 b
Nitrogen .836

Total tract apparent digestibil~ty
Organic matter 82.6
Nitrogen 82.1 c

True rumen digestion/intake (%)
Organic matter 79.7c
Nitrogen 73. 8c

Duodenal flow of nitrogen
Total, g/d 152.8 161.6 162.6 170.8
Nonammonia, g/d 89.4 90.6 106.3 101.9

NAN/total, % 58.7 56.3 b 65.2b 60.3 b
Microbial, g/d 53.2a 54.8a 70.8b 68.7ab
Microbial/total, % 34.7ab 33.9~ 43.6 39.8~
Dietary, g/d 99.6~ 106.8b 91.8a 102.1 b
Dietary/total, % 65.3 66.1a 56.4~ 60.2a
Dietary/intake, % 3 26.2a 29.4 47.8b 63.4c
Microbial efficiency 8.4a 9.2a 15.2 20.6c

Postruminal digestion/duodenal '~ow, % b b
Organic matter 41.1 47.7 31.2a 50.8b
Nitrogen 62.4a 65.7a 63.6a 74.2

~Means in the same row with different superscripts differ (P<.10).
3Significant stage of maturity by lasalocid supplementation interaction (P<.10).
Micrdbial efficiency in g microbial N per kg of OMtruly digested in the rumen.
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THE INFLUENCEOF POSTPARTUMNUTRITIONANDWEANINGAGEOF CALVES
ON COWBODYCONDITION, ESTRUS, CONCEPTIONRATE ANDCALF

PERFORMANCEOF FALL-CALVING BEEF COWS

1 2 2 3
K.L. Hancock, J.R. KroPP4'K.S. Lusby, R.P.5Wettemann,

D.S. BuchananandC. Worthington

Story in Brief

Data from a four-year study were collected on 104 fall-calving beef
cows, ranging from 2-8 years of age, to determine the influence of
postpartum nutrition on cow and calf performance. The cows were fed
either a Moderate (5 lb cottonseed meal/hd/day) or a Low (no
supplemental protein) level of nutrition from calving (OCtober 1) to the
start of the breeding season (January 1). All cows were fed the
Moderate level from the start of the 63 day breeding season until warm
season grasses began to grow (April 30).

Moderate cows lost less body weight and were able to remain in
acceptable body condition to the start of the breeding season. As a
result, Moderate cows had a 4.7 percent higher return to estrus (97.7 vs
93.0 percent), exhibited postpartum estrus 15 days earlier (52.1 vs 67.1
days) and had a 14.9 percent higher conception rate (94.9 vs 80.0
percent) than Low cows. The added supplement provided Moderate cows
from calving to the start of the breeding season amounted to $56.00 per
cow.

Calves nursing Moderate cows to 210 days were 15 lb heavier than
calves nursing Low cows (631 vs 612 lb). The additional weight was
insufficient to compensate for the greater supplement costs unless
pounds of calf weaned per cow exposed to the bull were considered.

Weaning and selling calves at 9-10 months of age rather than 7
months resulted in 199 lb additional selling weight or $77.09 per calf.
Calves remaining on their dams for 285 days were 66 lb heavier and
$42.24 more valuable than calves weaned at 210 days and run as stockers
on native pasture for 75 days. Cows weaning calves at 285 days were
lighter in weight and thinner in condition at 285 days postpartum than
cows weaning their calves at 210 days; however, body condition was still
acceptable.

(Key Words: Postpartum Nutrition, Estrus, Conception, Weaning Age,
Fall-Calving)

Introducti on

Two of the most important traits in any cow-calf operation are the
reproductive performance of the cows and the weaning weights of their
calves. Since these traits are the keys to profitability, cows and
calves must be managed to optimize these economically important traits.
Previous research has shown that the level of nutrition prior to calving
primarily influences when a cow will return to estrus, while postpartum

~Graduate Assistant 2~ssociate Professor 3professor
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breeding season) and monthly from March 3 to September 1. The condition
scores were based on a scale of 1 (very thin) to 9 (very fat).

All calves were weighed and eartagged within 24 hours after birth.
The calves remained with their dams on native pasture until weaning and
did not receive creep feed. Calf weights were obtained after a 6-hour
shrink every two weeks until the end of the breeding season and monthly
thereafter. To determine the effect of weaning age on calf and cow
performance, calves were weaned from their dams at 210 or 285 days of
age (+7 days). Weaning occurred every two weeks from April 1 to
September 4. Assignments to weaning age within postpartum nutritional
level were made on the basis of calving date to equalile the effects
within treatment groups. The age-corrected weaning weights were
adjusted for age of dam by Beef Improvement Federation Guidelines and
all heifer calves were corrected to a steer equivalent by multiplying by
1.05. Calves weaned at 210 days were fed a high roughage weaning ration
(ad-libitum) for two weeks to reduce weight loss associated with the
stFess ot weaning. After the two-week period, the weaned calves were
placed on native pasture similar to that graled by the nursing calves
and received no additional feed. Steer calves were implanted with
Ralgro in February and reimplanted in June.

Results and Discussion

Cowweight and condition

At calving, cows assigned to both nutritional levels had nearly
identical body weights and condition scores (Table 1). Moderate cows

TABLE 1. The effect of postpartum nutrition on cow weights, weight
change and body condition scores from calving to end of
breeding season.

Postpartum Nutrition Level

182 Oklahoma Agricultural Experiment Station

Moderate Low

No. of cows 214 200
Initial wt., post calving 1020 1021
Wt., start of breeding season 977 937
Wt., end of breeding season 886 866

Wt. change
Initial to start of breeding -43 -84
Initial to end of breeding -134 -155

Conditi on score
Initial 5.9 5.8
Start of breeding 5.5 4.9
End of breeding 5.3 4.9





days would result in weaning during December, January and February, the

poorest months in terms of nutritive value of the forage.

Reproductive Performance

The effect of postpartum nutrition level on the reproductive
performance of cows is presented in Table 3. Moderate cows had a 4.7

percent higher return to estrus and exhibited estrus 15 days sooner than
Low cows. As a result of fewer cows actually cycling, a longer
postpartum interval to first estrus and a 63 day breeding season, Low
cows had 14.9 percent fewer cows exposed to the bull that actually
conceived. In addition, only 83.9 percent of the Low cows actually
serviced by a bull settled as compared to 96.2 percent for the Moderate
cows. Therefore, the low postpartum nutritional level prior to the
breeding season apparently had an adverse effect on conception rate.

TABLE 3. The effect of postpartum nutrition on the reproductive

performance of fall-calving cows.

---- ----

Postpartum Nutrition Levels

Moderate Low

No. of cows

No. exhibiting estrus

Days postpartum to first estrus
No. of cows bred

Percent cows exposed actually bred

Percent cows serviced that settled

214
209
52.1
203
94.9
96.2

200
186
67.1
160
80.0
83.9

--
Calf Performance

Calves suckling Moderate cows were 15 and 19 lb heavier than calves

suckling Low cows at 210 and 285 days, respectively (Table 4). The

Moderate cows were fed protein supplement from calving to the start of

the breeding season (January I), while the Low cows received none. This
increased supplementation cost $56.00 (560 lb x $0.10/lb) for the
Moderate cows. The additional 15 lb at 210 days for the Moderate calves
was worth $11.25 (15 x $0.75/lb). Therefore, theadditionalweight was
insufficientto make up the difference in protein cost. However, if
conception rate is considered (Table 3), the Moderate calves were 81 lb
heavier (441 vs 360 lb) per cow exposed to the bull. The market price
for 300 - 500 lb feeder steers at Oklahoma City from April to July
(approximately 210 days) for the past four years has averaged $75/cwt.
This 81 lb difference amounts to a $60.75 advantage to the Moderate
calves. The added cost of supplementing Moderate cows is offset by the
added revenue received as a result of differencesin pounds of calf
weaned per cow exposed to the bull.

Delaying weaning of fall-born calves until 285 days of age to take
advantage of the high quality su~er forage resulted in an average of
199 lb additional selling weight than weaning and selling at 210 days.
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THE INFLUENCEOF BODYCONDITIONSCOREON WINTERWEIGHTAND
CONDITIONLOSSESBY SPRINGCALVINGCOWS

121
J.J. Wagner, K.S. Lusby and J. Rakestraw

Story in Brief

The effect of condition score (CS) on winter weight and condition
change was studied using 64 Hereford and Angus cows bred to calve in the
spring of 1984. Cows ranged in CS from 4 to 7 units at the start of the
tri al, grazed together in two commonpastures of native tall grass range
and were individually fed 3 lb/head/day of soybean meal from mid-
November until calving and 4 lb/head/day of soybean meal from calving
through May. During winter, cows lost a mean of 93.4 lb and .94 units
CS. Fat cows tended to lose more weight (P<.10) and lost more condition
(P<.OOI) than thin cows (24.22 lb and 1.06 units per unit CS). The util-
ity of manipulating body condition during winter under Oklahoma range
conditions appears limited.

(Key Words: Body Condition Score, Weight:Height Ratio, Urea Water
Space, Carcass Composition, Beef Cows.)

Introduction

The (:ost of maintaining the cow herd is often the major expense
limiting the efficiency of beef production. Up to 91% of the total
energy consumed by a cow may be partitioned toward maintenance. Even a
small savings in maintenance may dramatically improve net returns per
cow.

The i nfl uence of body condition on maintenance energy requirements
is poorly understood. Previous research indicated that fat cows of the
same 1ean body mass had lower maintenance costs than thin cows. These
authors concluded that a cow must be kept in fat condition for 10 years
in order to realize a savings in maintenance costs.

The objective of this research was to study the effect of body con-
di t i on on wi nter wei ght and condition loss by spring calving Hereford
cows.

Materials and Methods

Sixty-four Hereford and Angus cows (904 lb, CS = 5.5 units), bred
to calve in the spring of 19B4 were stratified by breed, weight, CS and
expected calving date and assigned to three feeding regimes in August of
1983. From August through mid-November, 22 cows were group fed 2.2
I b/ he ad/ day of soybean meal, 21 were group fed .9 1b/head/ day of soybean
meal, and the remaining cows were fed no supplemental protein. By Novem-
ber, CS ranged from 4 to 7 units. All cows were individually fed 3.16
lb/head/dayof soybean meal from mid-November until calving (March) and
4.0 lb/head/day of soybean meal from calving through May.

From August through mid-November, each group of cows grazed similar

IGraduate Assistant 2Associate Professor
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2.4 1bs for each pound of soybean meal consumed. The results of this
study may be interpreted to suggest that cows with more condition enter-
ing the winter lose more weight and condition during winter than thin
cows when supplemented alike.

It appears that under Oklahoma range conditions, the utility of ma-
nipulating body fatness in order to realize a savings in maintenance
costs is limited. Perhaps body weight and condition are more readily
maintained under production systems utilizing higher quality harvested
forages.

Table 2. Regressions of winter (November15, 1983 to May25, 1984)
condition change on cowbreed, Decembercowweight, December
condition, calving date, calf birth weight and calf sex.

~probability of a greater T for the hypothesis, H : parameter = O.
Condition score. 0

Literature Cited

Wagner, J.J. et al. 1984. An alternative supplementation schedule with
and without Lasalocid for wintering beef cows. OSUMP-116:120.
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Regression Standard
Variable Coefficient pa Error

Intercept 3.710 .001 .847
Breed of cow: Angus 0.075 .714 .203

Hereford 0.000
Sex of calf: bull -0.394 .030 .177

steer -0.312 .169 .224
heifer 0.000

December weight, lb 0.003 .001 .001
December CS , units -1. 062 .001 .125
Calving date, days 0.001 .880 .004
Calf birth weight, lb -0.015 .065 .008





ned cattle in nonstressful environm~gts with minimal activity is esti-
mated by the express ion 77 kcal.W. , where Wis body weight in kilo-
grams. Energy requi rements for maintenance can be adjusted for dif-
ferences in environmental temperature, humidity and wind velocity. Prev-
ious research has demonstrated variations in maintenance requirements
due to breed, season of the year, previous plane of nutrition and body
composition as related to feed intake and stage of production.

The objectives of this research were: 1) to evaluate the relation-
ship between body condition score and winter maintenance energy expendi-
tures in mature Hereford cows and 2) to develop equations based on
weight and/or body condition score representing energy requirements for
maintenance.

Materials and Methods

Thirty-five cows in 1982 and 36 cows in 1983 were randomly assigned
to one of three feeding regimes to either lose, maintain or gain weight
and condition. By November in year 1 and October in year 2, live weight
(LW) ranged from 606 to 1311 lb and CS ranged from 2 to 8 units. In
December of each year, 12 cows representing the entire range of CS were
slaughtered. Regression equations were developed from the initial
slaughter groups to predict the initial composition of the remaining
cows. Remaining cows were individually fed a complete diet (Table 1) in
drylot for an average of 114 days in year 1 and 115 days in year 2.
Dai ly feed intakes were adjusted each week to maintain LWthroughout the
winter. In March, all cows were slaughtered and final composition was
determined.

Dai ly weather data were obtained during each winter from the Okla-
homa State University Agronomy Weather Station. Average daily tempera-
ture, rainfall and snow were computed for each week of the feeding
trial. The effects of temperature and precipitation on metabolizable en-
ergy required for maintenance were examined.

Table 1. Composition of diet fed to cows.

Ingredient

Rolled corn
Alfalfa pellets
Cottonseed hulls
Cane molasses
Salt

Int. feed no. Percentagea

4-02-931
1-00-023
1-01-599
4-04-696

39.5
36.0
21. 7
2.5
.3

90.2
12.0

1.13

Dry matter, %
Crude protein b
Metabolizable energy

~Dry matter basis.
Mcal/lb dry matter.

Results and Discussion

Throughout year 1 (Table 2), cows gained a mean of 3.7 lb LWand .2
units CS while cows in year 2 (Table 3) gained a mean of 9.7 lb LWand

190 Oklahoma Agricultural Experiment Station





.1 units CS. Cows in year 1 consumed from 10.24 to 16.77 meal/day and
gai ned a mean of 12.1 1b carcass fat, 12.6 lb carcass protein and 79
meal carcass energy while cows in year 2 consumed from 10.14 to 17.76
meal. day and gained a mean of 6.6 lb carcass fat, 5.7 lb carcass pro-
tei nand 43 meal carcass energy. Average daily MEintake was 13.4 meal
in year 1 and 14.5 meal in year 2. The MErequired for maintenance was
estimated by solving the following mUltiple regression equation for z~§o
energy retention, ME intake = k- .retained energy + f(CS).LW" ,
where k = the efficiency of MEutilization for carcass energy change and
f(CS) =function of CS and LW= kilograms live weight.

In year 1, daily maintenance energy requirement (zero energy reten-
tion) wa~ bes7 fit by the equation: ME(meal) = (.0308 + .0474 CS -.0046 CS )LW. 5 (Table 4). Daily carcass energy change and the quad-
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Table 5. Regression of Mily metabolizable energy intake per kilogram
live we}~ht. on live weight change per kilogram live
weight. and the maintenance function of condition score
and on the function of environment.

~Probability of a greate~5T for the hypothesis, H : parameter = O.Kilograms.(live weight. )-. a
cCondition score x temperature interaction, units.oC.

39.7%of the variation in maintenance. The influence of temperature and
the interact i on between temperature and CS were highly significant
(P<.OOOl> indicating that the effect of temperature on MErequired for
maintenance was dependent on CS. The interaction between average daily
temperature for the week and CS is illustrated in Figure 2. For ea7~
°C decrease in average temperature, MErequired per kilogram LW.
for mai ntenance was increased .0055, .0039 and .0025 mcal for cows with
CS 3, 5 and 7 units, respectively. These data indicate that the effect
of temperature on ME required for maintenance may be greater for thin
cows than for cows in moderate or fat conditions.

.25

w.20

~
~
z

1

..............

~ ...............z
:ci:
~ .15

- CSz3
CS- 5

_.- CS-7

.10
-12 -8 a 8 12

TEMPERAT~E (e)

Figure 2. Relationship between metabolizable enerY¥5(mcal) required for
maintenance per kilogram body weight. and average weekly
temperature for cows of condition score 3, 5 and 7 units.
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Regression
pa

Standard
Variable Coefficient Error

Intercept b .1151 .0001 .0199
Weight change .3127 .0001 .0581

Condition scoreZ units .0295 .0004 .0082
Condition score -.0034 .0001 .0008
Temperature, °c -.0076 .0001 .0008
CS x temperaturec .0007 .0001 .0002





BODYCONDITIONSCORE,LIVE WEIGHTAND WEIGHT:HEIGHTRATIO AS ESTIMATORS
OF CARCASSCOMPOSITIONIN NONPREGNANT,NONLACTATING,

MATUREHEREFORDCOWS

121
J.J. Wagner, K.S.3Lusby, J. Rakest~aw,R.P. WettemannandL.E. Walters

Story in Brief

Body condition score (CS), live weight (LW) and weight:height ratio
(WTHT) were evaluated and compared as estimators of carcass composition
in beef cows. Seventy-one mature, nonpregnant, nonlactating Hereford
cows rangi ng in LW, CS and WTHTfrom 606 to 1311 lbs, 2.0 to 8.0 units

and 12.82 to 25.86 lb/inch of height, respectively, were slaughterZd.
Live weight, CS or WTHT predicte~ total carcass energy (meal; r =
.81, .85 or2.83), carcass fat (lb; r = .78, .82 or .80), ~arcass pro-
tein (lb; r = .71, .74 or .70) and carcass water (lb; r = .78,.71
or .77) with similar accuracy, respectively. When composition was ex-
pressed on a per unit weight basis, condition score was superior to live

weight or weight:height ratio as a predictor of energy/lb of hot carc~ss
weight, energy/lb live weight, and percent fat in the carcass (r =
.82 vs .60 and .64, .83 vs .58 and .62, and .82 vs .64 and .68, respect-
ively). Correlation coefficients between predictor variables and per-
cent water or percent protein in the hot carcass were low and regression
eq uat ion s developed to predi ct percent water or percent protei n were of
limited value. These data indicate that CS was the more useful
predictor of carcass composition in mature cows.

(Key Words: Body Condition, Weight:Height Ratio, Carcass Composition,
Beef Cows.)

Introduction

The relationship between weight, body condition and reproduction in
beef cows has been well established. For many years animal scientists
and producers have been searching for accurate, precise and nondestruct-
ive methods to estimate carcass energy stores in beef cows for research
and management. Objective techniques range in sophistication from sim-
p 1e measur ements of 1i ve wei ght (LW) to compl ex double isotope dil ut ion
procedures. In addition, a number of subjective scoring systems have
been developed to describe body condition. Relatively few attempts have
been made to quantify these scoring systems.

The objective of this research was to evaluate and compare condi-
tion score (CS), lW, and weight:height ratio (WTHT) as estimators of car-
cass composition in mature, nonpregnant, nonlactating Hereford cows.

Materials and Methods

Sev enty- 0 ne mat ur e, nonpregnant, nonl actat i ng Hereford cows were

lGraduate Assistant 2Associate Professor 3professorProfessor Emeritus
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ed in the calculation of FAT. Carcass energy content per pound HCW
(ECCW) and per pound LW(ECLW)was computed by dividing TMCALby HCWor
LW, respectively. Proportion FAT (FATPR), PRO (PROPR)and carcass water
(WATPR) were computed by dividing FAT, PROand carcass water (WAT)
respectively, by HCW. Contribution of carcass bone to carcass fat, pro-
tein and water was not accounted for.

Results and Discussion

The mean and standard deviation of each of the variables in the
data set are summari zed in Table 2. Cows varied widely in LW(606 to
1311 lbs) and CS (2.0 to 8.0 units). Hip height and WTHTranged from
43.75 to 50.75 inches and from 12.82 to 25.86 lb/inch of height,
respectively.

Simple correlation coefficients between LW, CS, WTHT,HPHTand esti-
mates of composition are displayed in Table 3. These data were obtain-
ed from cows utilized in a study in which large ranges in body condition
and LW were created prior to the initiation of the trial. Increasing
the range of these data may increase the magnitude of correlation coef-
ficients.

The measurements of LW, CS or WTHTshow a similar degree of associa-
tion with TMCAL(r = .90, .92 and .91), FAT(r = .88, .91 and .90), PRO
(r = .84, .86 and .84) and WAT(r = .88, .84 and .88), respectively.
When energy and fat are expressed on a percentage basis, however, CS (r
= .90, .91 and .91) appeared to be more closely related to ECCW,ECLW
and FATPR respectively, than LW (r = .76, .76 and .80) or WTHT(r = .80,
.77 and .83).

The correlation between WTHTand LWin this study was greater than
.98. Consequently, the degree of relationship between WTHTor LWand
the other variables measured is likely to be similar. Correlation coef-
ficients between HPHTand other variables were low (r = .30, .19, .14,
.28, .19, .36, -.03, .38 and -.17 for TMCAL,ECCW,ECLW,FAT, FATPR,

Table 2. Summary of slaughter data used to generate correlation coef-
ficients and prediction equations.

Item Mean Standard Deviation

Live weight, lb
Condition score, units
Hip height, in
Weight:height, lb/in
Carcass fat, 1b
Carcass protein, lb
Carcass water, lb
Hot carcass weight, lb
Total carcass energy'amcal
Carcass energy/lb HC~
Carcass energy/lb LW
Carcass fat, %
Carcass protein, %
Carcass water, %

~Hot carcass weight.
Live weight.

877.4
5.1

47.8
18.5
59.9
67.4

249.0
472.5
426.7

.86

.45
11. 7
14.3
53.1

146.57
1.45
8.05
2.86

40.18
14.08
45.05

101.87
202.15

.25

.15
5.83
1.48
3.63
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Table 4. Equat ion s for est i mati ng carcass energy from 1i ve weight.
condition score or weight:height ratio.

Equations

TMCALb
-221.5 + 128.19 hSc
-661.5 + 1.24 LW
-756.7 + 64.49 WTHTe
.067 + .1572 CS
-.313 + .0013 LW
-.441 + .0710 WTHT
-.024 + .0971 CS
-.241 + .0008 LW
-.319 + .0428 WTHT

~Standard error of the regression.
cTotal carcass energy, meal.
dCondition score, units.
Live weight, lb.

iWeight:height ratio, lb/in.
Mcal/lb carcass.

gMcal/lb live weight.
*P<.OOI.

Table 5. Equations for estimating carcass fat from live weight. con-
dition score or weight:height ratio.

Equations

FATb

FATPRf

-66.96 + 25.093 Cac
-152.91 + .243 LW
-172.22 + 12.650 WTHTe
-6.75 + 3.645 CS
-16.30 + .032 LW
-19.34 + 1.690 WTHT

~Standard error of the regression.
Total carcass fat, lb.

~Condition score, units.
Live weight, lb.

~Weight:height ratio, lb/in.
Percent fat in hot carcass.

*P<.OOI.

Discussion

The close relationship between CS and the estimates of carcass ener-
gy and composition indicates that CS can be used to estimate carcass com-
position in cows. Whenestimates of carcass components are expressed on
an absolute basis (lb or meal). LWand CS predict composition with about
equal accuracy. However, when carcass components are expressed on a per-
centage basis, CS is superior to LW as a predictor of composition.
A1though subject i ve in nature, CS offers sufficient accuracy for many
research and management situations. Data from this study indicate that
76% of the vari ation in LW, 85% of the variation in carcass energy and
82% of the variation in carcass fat was explained by condition score.
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Sy.xa R2
-
79.14 .85*
89.06 .81*
85.16 .83*
.242 .82*
.355 .60*
.338 .64*
.143 .83*
.223 .58*
.213 .62*

Sy.xa R2
-
7.72 .82*
8.56 .78*
8.14 .80*
2.46 .82*
3.52 .64*
3.32 .68*
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EFFECTOF LATE SPRINGAND SUMMERPROTEINSUPPLEMENTATIONWITH
AND WITHOUTLASALOCIDON LACTATINGBEEF COWS

121 . 1
A.T. Fleck, K.S. Lusby, J.J. Wagne3' J.C. Garmendlaand R.P. Wettemann

Story in Brief

The feeding of low levels of protein supplement with and without
lasalocid during late spring and summer was compared to a conventional
program where animals grazed native range without any supplementation.
Seventy-two 1actat i ng Angus, Hereford, and Hereford X Angus cows were
allotted to three supplemental protein treatments: (I) control (supple-
mented with 4 lb SBM/dayfrom 2-4 weeks postcalving to April 27, 1984,
and no suppl ement thereafter); (II) protein (supplemented with 4 lb
SBM/day from 2-4 weeks postcalving to April 27, 1984, and 1 lb SBM/day
until July 16, 1984); and (III) protein plus lasalocid (same as the pro-
tei n treatment wi th the addition of 300 mg/hd/day lasalocid). During
1ate spri ng and summer, cows fed protein or protein + lasalocid gained
more (P<.05) weight and condition than control cows (91.19 lb, .58
units, and 86.32 lb, .57 units, -vs- 62.25 lb, .26 units). Protein plus
lasalocid cows tended to produce slightly more milk (l3.l1lbs -vs-
10.94 1band 10.84 lbs for control and protein groups, respectively).
Calf weaning weights were similar for all treatments (429 lbs, 418 lbs,
and 435 1bs for the control, protei n and protein plus lasalocid,
respectively). Feeding low levels of protein in late spring and summer
effectively increased cow weight and body condition but did not increase
milk production, calf weaning weight or pregnancy rate. No advantage
was seen from feeding 300 mg/hd/day lasalocid over protein
supplementation alone. Approximately 2.9 lbs of SBMwere required for
each lb of added cow weight.

(Key Words: Protein Supplements, Lasalocid, Beef Cattle.)

Introduction

The months of May and June typically coincide with the beginning of
the spring breeding season when an adequate level of nutrition is essen-
ti al to insure a short postpartum interval to the onset of estrus.
Typically, oilseed meal-based protein supplements are fed to spring calv-
ing cows grazing dormant winter range from mid-November until late April
when spring forage becomes available. A supplementation program into
May and June that would efficiently increase cow weight and condition
during this period might increase rebreeding enough to offset the cost
of the supplement. Additional benefits could be greater milk produc-
t ion, increased weaning weights and better cow body condition in late
summer and fall when forage quality is declining.

Lasalocid, a polyether ionophore, improves average daily gain and
feed efficiency in feedlot and stocker cattle. Recent work at the Okla-
homa Agricultural Experiment Station (Wagner et al., 1984) suggests a
possible increase in weight gain when lasalocid was added to a protein

IGraduate Assistant 2Associate Professor 3professor
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supplement fed to cows at the rate of 200 mg/day from August to April.
Thi s amount is typically fed to stocker calves that weigh considerably
less than mature beef cows.

The objectives of this study were: (1) to determine the effects of
feedi ng 300 mg of lasalocid from 2-4 weeks post calving to mid-July on
cow weight and condition change; and (2) to determine the effects of
feedi ng a low level of supplemental protein with 0 or 300 mg of lasalo-
cid from the time winter supplementation normally ceases (mid to late
Apri 1) through May and June, on cow weight and condition change, concep-
tion rates, milk production, and calf performance of spring calving Here-
ford and Angus cows.

Materials and Methods

Seventy-two 1actating Angus, Hereford, and Angus X Hereford cows,
ranging in age from 4-10 years, bred to calve from late February to mid-
Apri 1, were blocked and assigned to three treatments based on breed,
calving date, weight and body condition score. Actual assignment to
treatments was made at each weighing when cows were 2-4 weeks postcalv-
i ng (T ab 1e 1). Eac h cow was fed 4 1b of soybean meal after cal vi ng.
Treatments were (I) control, 4 lb SBM/hd/day from 2-4 weeks postcalving
to April 27, 1984, and no suppl ement thereafter; (I1) same as treatment
I, except that 1 1b SBM/hd/day was fed from April 27 to July 16; and
(III) same as treatment II with 300 mg of lasalocid/hd/day fed from 2-4
weeks postcalving to July 16. All cows and their calves were maintained
in a single pasture. Cows were gathered on Monday, Wednesday and Friday
morni ngs and fed the prescri bed supplement individually in covered
stalls. Supplement amounts were prorated for 3 times/week feeding. Con-
tro 1 cows were gathered along with treatments II and III during the May
to July 16 phase of the trial.

Table 1. Supplementation schedule.

Time Period

Supplement Intakea

Control Protein Prot/Lasalocidb

Trial startC to April 27 4.0
April 28 to July 17 0.0

apounds/head/day.
b300 mg lasalocid/head/day.
cTrial start = 2-4 weeks postcalving.

4.0
1.0

4.0
1.0

Cow weights and body condition scores were measured after overnight
withdrawal from feed and water at 14 day intervals. Milk production was
estimated for a 24 hour period on May 1, June 5 and July 17, using the
weigh-suckle-weigh procedure.

A 60-day breeding season began on May 20, 1984. Cows that were at
least 60 days postpartum at the start of the breeding season were syn-
chronized with prostaglandin at the beginning of the breeding season and
artificially inseminated at the synchronized estrus. Chin-ball equipped
breedi ng bull s were then run with the cows for the remainder of the
breeding season. Pregnancy status was determined by rectal palpation on
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October 11, 1984.
Blood samples were obtained weekly via the tail vein from May 25

un t i 1 J u 1y 13. An ant i coa9u 1ant was added to each samp1e and the sam-
ples were cooled in an ice bath. Samples were centrifuged and plasma
decanted and stored at -lOoC until glucose was quantified colorimetri-
cally.

Rumen samples were obtained from a sample of cows within each treat-
ment 24 hours after their last supplementation. Samples were taken via
stomach tube, pH recorded, and then stored to be later analyzed for ace-
tate, proprionate, and butyrate concentration by gas chromatography.

Results and Discussion

Cow weight and body condition changes during the trial are shown in
Table 2. FromMay8 to July 17, cows receiving protein supplement gain-
ed more (P<.05) weight and body condition than unsupplemented control
cows (104 and. 71 units, -vs- 76.03 and .33 units, respectively). No
di fference was seen due to the addition of lasalocid to the protein
supplement.

aLeast squares means adjusted for cow breed, initial weight, initial
bcondition and calving date.
~ondition change in units (l=very thin, 9=very fat).

c Means in same row with different superscripts differ (P<.04).

Milk production estimates and calf performance are presented in
Table 3. Cows fed the protein plus lasalocid supplement had slightly
(nonsignificant) greater milk production at each time measured. Calf
weaning weights did not differ between treatments (429, 418 and 435 for
treatments I, II and III, respectively).

Pregnancy rates are presented in Table 2. Treatments did not
affect pregnancy rates which were 87.5, 79.0 and 83.3% for treatments I,
I I and I I I, respectively. Intervals from calving to conception wi11 be
calculated from calving dates in 1985.

Concentrations of glucose in plasma are summarized in Figure 1.
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aLeast squares means, expressed in pounds, and adjusted for breed of
bCow, breed of calf, initial weight, initial condition and calving date.

Least sq uares means, expressed in pounds, and adjusted for breed of
BOw, calf age, calf sex, initial cow weight and initial cow condition.

c Means in same row with different superscript differ (P<.05).
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Figure 1. Plasma glucose concentrations (mg %) for Control (I), Protein
(II) and Protein/Lasalocid (III) treatments.
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Table 3. Cowmilk production and calf performance.

Treatment

Control Protein Prot/Lasa loci db

Number of cows 24 24 24
Milk productiona:

May 1 10.54 9.50 12.60
June 5 10.20 10.95 13.23
July 17 12.11 12.06 13.50
Average 10.94 10.84 13.11

Ave. daily gain, calvesb:
1. 64cd 1. 55c 1. 76d8i rth to May 8

May 8 to July 17 1. 96cd 1. 84c 1. 94d
Birth to July 17 1.65 1. 56 1.77
Birth to October 2 1.94 1.86 1.98

Adjustsd weaning weight,calves:
Oct 2 429 418 435



Polynomial response curves were fit to plasma glucose concentrations and
tests of heterogeneity of regression coefficients were used to determine
treatment effects. Concentrations of glucose in plasma were not in-
fl uenced by treatment. Glucose averaged 67 mg%for all cows on May 25
and concentrations decreased slightly until July 13.

Rumen volatile fatty acid concentrations and pH from samples taken
24 hours after the last supplemental feeding were similar between treat-
ments (Table 4). The lasalocid fed cows had a slightly lower acetate to
proprionate ratio (8.25 -vs- 8.57 and 8.07 for the control, protein and
protein plus lasalocid groups, respectively).

Table 4. June 19 rumen volatile fatty acid concentrationa and pH.

Control

Treatment

Protein Prot/lasalocidb

Number of cows sampled
Total VFA's
Acetate
Proprionate
Butyrate
Acetate/Proprionate
pH

13
66.57
53.14

6.93
5.72
8.25
7.15

15
76.28
61.93

7.01
6.20
8.57
7.24

11
59.36
47.54

5.91
4.99
8.07
7.34

aRumen volatile fatty acid concentration expressed in umoles/ml.

Conclusions

late spri ng and summer protein supplementation for lactating cows
grazi ng nat i ve range effectively increased cow weight and condition.
level of mi 1k production and calf weight were not improved due to pro-
tein or protein plus lasalocid supplementation. Although protein supple-
mentat ion increased cow weight and condition, pregnancy rates were not
improved when compared to the control group. The addition of 300 mg
lasalocid did not improve cow weight, cow body condition, or calf wean-
ing weight.
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INTAKE AND DIGESTIBILITY OF LOW QUALITY NATIVE GRASS HAY
BY BEEF COWS FED INCREASING QUANTITIES OF CORN GRAIN

C.C. Chase, Jr.1 and C.A. Hibberd2

Story in Brief

Supplements providing 0, 2, 4 or 6 lb ground corn/d were fed to six-
teen beef cattle (12 Hereford cows, 4 mature ruminally cannulated
heifers) maintained on native grass hay (4.2 percent CP) to determine
the effect of corn feeding on utilization of low quality forage. Corn
supplementation decreased hay intake, especially when 4 or 6 lb corn was
fed. Feeding 4 or 6 lb corn/d decreased (P<.05) hay digestibility from
33.7 percent (no corn) to 23.2 percent (6 lb corn/d). Digestible dry
matter intake (DDMI) was unaffected (P<.05) when 0, 4 or 6 lb corn was
fed although 2 1b corn/ d increased (P<. 05) DDMIcompared to 4 or 6 1b
corn/d. Feeding grain-based supplements that provide more than 2 lb
grai n/d appears to decrease forage intake and seri ous ly hi nder forage
utilization.

Introduction

Beef cows wintered on native range are commonly supplemented with
small quantities (1-2 lb) of a high protein cube (40 percent). Under
some circumstances such as inadequate forage supply or high nutrient re-
quirements (cold weather), feeding larger quantities of a high energy,
low protein cube may be justified. Previous research suggests that feed-
ing high energy supplements composed of high starch cereal grains such
as corn may decrease forage ut il i zat ion. Starchy supplements appear to
decrease forage digestibil ity which may result in decreased forage in-
take. Little research, however, indicates the amount of corn that can
be fed or the extent to which forage intake and digestibility are de-
pressed. Thus, the objecti ve of thi s experiment was to determi ne the
effect of feeding increasing quantities of supplemental corn on digesti-
bility and intake of low quality native grass hay by beef cows.

Materials and Methods

Twe1ve Hereford cows (873 1b) and four rumina lly cannul ated
Hereford x Angus heifers (724 lb) were blocked by weight into four
groups and utilized in four simultaneous 4 x 4 Latin squares. Four iso-
nitrogenous supplements providing 0, 2, 4 or 6 lb of ground corn were
fed daily (table 1). These supplements supplied from .1 (0 lb corn/d)
to 4.2 lb (6 lb corn/d) starch/d. Native grass hay (4.2 percent CP,
52.6 percent ADF) harvested in mid-November was coarsely chopped through
a 2 in screen and offered free choice daily to all animals.

1Gradu~t; Assist~Assistant Professor, Animal Science
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Table 1. Supplement intake and nutrient supply (DMbasis).

Corn

After 10 days of adaptation in each period, fecal samples were
co11ected twi ce daily (0800 and 2000 h) on days 11 through 14. Supp1e-
ment and native grass hay, offered and refused, were weighed and sampled
daily. All samples were composited by animal, dried and ground through
a 1 mmscreen prior to analysis. Acid-insoluble ash was used as an indi-
gestible marker to determine dry matter (OM) and acid detergent fiber
(ADF) digestibility. Hay digestibility was estimated by difference
assuming a supplement digestibility of 80 percent. The data were sub-
jected to least squares ana lys is and di fferences between means detected
with Tukey's HSDtest.

Results and Discussion

Feeding 0 or 2 lb of corn/d had no significant effect on hay intake
(table 2, figure 1). When corn supplementation was increased to 4 or 6
lb, hay intake decreased (P<.05) by 5.1 and 8.1 lb, respectively, when
compared to no corn. Feeding 6 lb corn/d decreased hay intake from 2.3
(no corn) to 1.3 percent of body weight. Similarly, hay digestibility
was not different (P).05) when 0 or 2 lb of corn were fed. Consumption
of 4 or 6 lb of corn/d decreased (P<.05) hay digestibility by as much as
31 percent. Acid detergent fiber digestibilities mimicked estimated hay
digestibility. Much of the decrease in hay intake observed with grain
feeding is probably due to the observed depression in fiber digestion.

Apparent dry matter digestibility (DMD) increased as corn intake in-
creased, a reflection of the high digestibility of corn grain. Greater
increases in DMDmight be expected when feeding corn; however, the
depression in hay digestibility negated some of the beneficial effects
of corn feeding. Digestible dry matter intake [DDMI = (hay +
supplement) x DMD]was similar for 0, 4 or 6 lb of corn/d (figure 1).
Feeding 2 lb of corn increased (P<.05) DDMIwhen compared to higher quan-
tities of corn. Although DDMIis a very crude estimator of energy in-
take, the energy status of cows fed 4 or 6 lb corn/d was probably
little, if any, better than cows receiving 2 lb corn/d. This observa-
tion emphasizes the importance of forage digestibility as a major contri-
butor to the energy intake of grazing cattle.
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0 2 4 6-
Daily intake, lb

Corn, ground 0 1.9 3.8 5.8
Cottonseed mea! 1.3 .9 .4 0
Mineral premix .3 .3 .3 .3

Tota1 1.6 3.1 4.5 6.1
Nutrient supply, lb/d

Crude protein .57 .60 .60 .54
Sta(;ch .1 1.3 2.6 4.2
TON 1.0 2.4 3.7 5.2

aMineral premix contained 63.4%dicalcium phosphate, 15.1%
potassium chloride, 20.9%trace mineralized salt and .6%

b Vitamin A (20,000 IU/d).Estimated.
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Figure 1. Hayintake (---), digestibility (---) and digestible dry
matter intake (-'-'-) of beef cows fed increasing
quantities of corn.
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Table 2. Daily intake and digestibility of hay and supplements.

Corn 1bs/day
Item

0 2 4 6 SE

Hay intake, 1b 19.2a 18.0a 14.1b 11.lc .62
Hay intake, % body wt 2.3 2.2a 1. 7b 1.3b
Hay digestibility, % 33.7a 33.5 24.6 23.2 1.41
Acid detergent fiber a a b b

digestibility, % 33.6ab 33.2a 27.2bc 25.9b 1.18
Dry matter intake, lb 20.8 21.1 18.6 17.2 c .62
Apparent dry matter

37.4b 40.8ab 39.3b 44.2adigestibility, % 1.08
Digestible dry matter

7.7ab 8.6a 7.3b 7.5bintake, lb .26

abcMeans with different superscripts differ (P<.05).



This study suggests that feeding more than 2 lb cornld will drama-
tically depress digestibility (31 percent decrease) and intake (39 per-
cent decrease) of low quality native grass hay. Although minor depres-
sions were noted (P).05), feeding 2 lb cornld had little effect on hay
utilization. Consequently, feeding large quantities of corn-based
supplements in an attempt to enhance the energy status of beef cows graz-
ing native range may not be successful. Because forage intake ~Ias de-
pressed, feeding hi!1h grain supplements provides a management tool to
spare available forage. The utilization of consumed forage under these
circumstances, however, was very inefficient (23.2 percent hay digesti-
bility). Alternate high energy, low starch supplements may allow better
forage ut i 1i zat ion when forage supp1i es are low or cattle requi rements
are high.
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FEEDINGFREQUENCYOF HIGH GRAIN SUPPLEMENTS
WITH LOWQUALITY NATIVE GRASSHAY

C.C. Chase, Jr.1 and C.A. Hibberd2

Story in Brief

Two 1evels of a corn-based supplement were fed daily or on alternate
days (2 x da i 1y amount) to 12 Hereford cows and 4 Hereford x Angus
heifers maintained on coarsely chopped native grass hay (5.0 percent CP)
to determine the effect of feeding frequency of grain supplements on for-
age utilization. Feeding frequency did not influence hay (P<.62) or dry
matter (P<.62) intake. Alternate day feeding tended to depress both hay
(P<.22) and dry matter (P(.20) digestibility. Digestible dry matter in-
take was decreased (P<.03) by .5 lb by alternate day feeding. Alternate
day feeding of high grain supplements appears to alter rumen environment
to a greater extent than daily feeding. If grain-based supplements are
to be fed, small quantities (less than 2 lb) provided on a daily basis
may minimize deleterious effects on forage utilization.

Introduction

Infrequent feeding (2 or 3 feedings/week) of high protein supple-
ments to wintering beef cows has been shown to maintain performance as
effectively as daily feeding. Certainly, feeding high grain supplements
on alternate days would also be an appealing production practice. There
is little data, however, on the effect of infrequent feeding of grain-
based supplements on forage utilization. Daily feeding of more than 2
lb of corn has been shown to decrease forage digestibility and intake.
Continuous feeding of high starch supplements may produce a rumen envir-
onment deleterious to forage digestion. Feeding twice the daily allow-
ance on alternate days may decrease this effect on days when no grain is
fed, allowing better overall forage utilization. Thus, the objective of
this study was to determine the effect of daily or alternate day feeding
of corn-based supplements on digesti bil ity and intake of low qual ity na-
tive grass hay by beef cows.

Materials and Methods

Twelve Hereford cows (876 lb) were blocked by weight into three
groups. Four ruminally cannulated Angusx Hereford heifers (754 lb) com-
prised a fourth group. The four groups were utilized in four simultan-
eous 4 x 4 Latin squares with treatments arranged in a 2 x 2 factorial
design. Two isonitrogenous corn based supplements (levels) provided
either 1.8 or 3.8 lb corn/d (table 1). Supplements were fed daily or on
alternate days (2 x daily amount). Thus, 1.8 lb of corn was fed daily
(Low-daily) or twice that amount (3.6 lb) fed on alternate days (Low-al-
ternate) while 3.8 lb was fed daily (High-daily) or 7.6 lb on alternate
days (High-alternate, table 2). All cows were offered free choice

1Graduate Assistant 2Assistant Professor, Animal Science
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Table 1. Supplement intake and nutrient supply (DMbasis).

Corn level

aMinera1 premix contained 63.4%dica1cium phosphate, 15.1%
potassium chloride, 20%trace mineralized salt and .6%

b Vitamin A (20,000 IU/d).Estimated.

Table 2. Supplementation schedule.

Day

Schedule 1 2 3 4 13 14

Low-dai 1y
Low-alternate
High-daily
High-alternate

Corn intake,lb/d
1.8 1.8 1.8 1.8
3.6 _n 3.6
3.8 3.8 3.8 3.8
7.6 --- 7.6

-----------
1.8 1.8
3.6
3.8 3.8
7.6

coarsely chopped (2 in screen) low quality native grass hay (5.0 percent
CP, 46.2 percent ADF).

Each 14 day period incl uded eight days for diet adaptation and six
days of fecal sampling twice daily (0800 and 2000 h). Supplement and
hay, offered and refused, were weighed and sampled daily. All samples
were composited by anima1, dri ed and ground through a 1 mmscreen before
analysis. Dry matter and acid detergent fiber digestibility were esti-
mated using acid-insoluble ash as an indigestible marker. Hay digesti-
bility, assuming supplement digestibility of 80 percent, was estimated
by difference. The data were subjected to least squares analysis.
Because the Level x Frequency interaction was not significant (P = .19
or greater) for any variable, simple effect means were averaged and main
effect means presented.
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Item Low High

Average daily intake,lb
Corn, ground 1.8 3.8

Cottonseed meal .9 .4
Mineral premix .3 .3

Total 3.0 4.5
Average nutrient supply,lb/d

Crude protein .56 .55

Sta\)ch 1.2 2.6
TON 2.3 3.7



Results and Discussion

Level of Feeding

Supplements providing a daily average of 3.8 lb corn decreased (P<
.0001) hay intake from 21.1 to 19.3 lb/d (table 3). Much of the depres-
sion in hay intake is attributable to decreased hay (P<.02) and acid
detergent fiber (P<.009) digestibilities. Although less severe than in
previous studies, digestible dry matter intake was slightly decreased by
feeding 3.8 lb corn/d. Certainly, the additional corn did not improve
the digestible dry matter intake of the cows as might be expected.

Feeding frequency had no effect (P<.62) on hay intake (table 3). Al-
though not significant, alternate day feeding tended to decrease acid
detergent fiber and hay digestibility. Apparent dry matter digestibil-
ity was also depressed (P<.20) by alternate day feeding resulting in
reduced (P< .03) digestible dry matter intake.

Feeding large quantities of grain on alternate days appears to
create a ruminal environment that is more deleterious to forage
digestion than daily feeding (figure 1). These conditions apparently
carryover into the second (no grain feeding) day. The resulting depres-
sion in apparent dry matter digestibility produced a small but signifi-
cant decrease in digestible dry matter intake. A.5 lb depression in di-
gestible dry matter intake, however, may not be large enough to justify
the added expense of daily supplementation.

This study suggests that the most efficient method of providing
grain supplements to CO~ISwintered on low qual ity native grass is in
small quantities fed frequently. Unfortunately, daily supplement
feeding results in interrupted grazing patterns, unequal supplement con-
sumption and increased labor. Perhaps self-feeding grain supplements
with the use of intake regulators such as salt would allow frequent con-
sumption with minimal labor inputs.
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Table 3. Daily intake and digestibility of hay and supplements.

Level Frequency
-

Item Low High pa Daily Alternate pa

Hay intake, lb 21.1 19.3 .0001 20.3 20.1 .62
Hay digestibility, % 47.8 44.8 .02 47.0 45.6 .22
Acid detergent fiber

digestibility, % 42.3 39.0 .009 41.3 40.1 .32
Dry matter intake, lb 24.2 23.8 .29 24.0 23.9 .62
Apparent Dry matter

digestibility, % 52.0 51.8 .83 52.5 51.2 .20
Digestible dry matter

intake, lb 12.5 12.3 .33 12.7 12.2 .03

aprobability.

Feeding Frequency
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CORNGlUTEN FEED OR A CONVENTIONALPROTEINCUBE
FORSTOCKERSON SUMMERNATIVE RANGE

F.T. McCollum1,D.R. Gil12 andR.L. Bal13

Story in Brief

Crossbred beef steers (avg initial wt = 616 lb) grazing tall grass
range 1and, recei ved ei ther no supplement, 7 1b/hd/wk of a 38 percent CP
cube (38 percent) or 14 lb/hd/wk of a 19 percent CP cube containing corn
gluten feed (CGF). During the 62-day feeding trial (7/20/84 to
9/20/84), unsupplemented steers gained 66 lb/hd, 38 percent steers
gained 85 lb/hd and CGF steers gained 65 lb/hd. These results suggest
that CGF-protein is not a viable supplement for stockers on summer
native range.

(Key words: stocker cattle, summer supplements, corn gluten feed)

Introduction

Past stud i es at OSU (Lusby and Horn, 1983) demonstrated the bene-
fits of feeding high protein supplements to stocker cattle on summer na-
tive range. These studies generally show a supplement conversion rate
of 2.0 to 2.5 lb supplement/lb added gain when 6 to 8 lb
supplement/hd/wk are fed during the late summer grazing season (mid-July
to late September). Recently, several by-product feeds have become rel-
atively inexpensive due to import restrictions in Europe. Corn gluten
feed, a by-product of the corn milling industry, is one such feedstuff.
CGF contains 23 to 25 percent crude protein. The relatively low protein
cost ($/lb of protein) of CGF would make a 20 percent protein
supplement, based on the by-product, competitive with conventional natur-
al protein supplements. However, little is known about CGF as a supple-
ment for medium-to-low quality forages.

Materials and Methods

On July 20, 52 head of crossbred beef steers (avg i nit i a1 wt = 616
lb) were weighed, allocated to one of three supplement treatments and
then placed on one of three native pastures at the Pawhuska Research Sta-
tion. The steers had been on another grazing study since April, 1984.
The supplement groups were 1) control - no supplement 2) 7 1b per head
per week of a commerci a1 38 percent CP cube and 3) 14 1b per head per
week of a 19 percent CP supplement containing corn gluten feed as the
primary protei n source (table 1). Prorated amounts of the supplements
were fed three times weekly during the 62-day trial. The treatment
groups were kept in separate pastures throughout the tri a1 and pastures
were rotated every 10 to 14 days to help remove any effects of location
or pasture. The cattle were weighed off pasture on September 20. Both
the initial and final weights were taken in the morning following a 12
to 16 hour period without feed or water.

1Assistant Professor 2professor 3Herdsman
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Table 1. Composition of supplements.

Ingredient, % 19%1 cube 38%1 cube

Corn gluten feed
Wheat midds
Soybean meal
Cottonseed mea1
Dicalcium phosphate
Molasses
Fat
Vitami n A
Binder

76.45
10.00

.50
6.97
1.00

.08
5.00

43.00
47.00

1.00
5.00

.16
3.84

Iproduced by A&Mfeeds, Stillwater, OK.

During the trial one steer died and two steers developed eye
problems which reduced performance; therefore, only 49 steers were used
in statistical analyses. Analysis of variance and a protected LSO were
used to separate treatment means. Least squares procedures were used to
adjust for missing values.

Results and Discussion

During the 62-day trial, unsupplemented steers gained 1.06 lb/day
for a total gain of 66 lb/head (table 2). Feeding 1 lb daily of the
commercial 38 percent CP cube boosted total gain 20 lb/head and ADG
about .33 lb/day. Supplement conversion (3.0 lb suppl/lb added gain)
was less efficient than noted in previous studies by Lusby and Horn
(1983) and Gill et al. (1984). The corn gluten feed (CGF) based cube
had no influence on steer performance. Gains were similar to the
unsupplemented steers despite a supplemental protein intake similar to
the 38 percent CP group. The lack of response to CGF cannot be
explained at this time. The form of supplemental crude protein in CGF
may have influenced steer response. Data from Van Soest (1984) indi-
cates that in excess of 50 percent of CGF crude protei n is present as
nonprotein nitrogen. As a rule, NPN supplements (urea-based or
bi uret-based) are not as benefi ci alas natural protei n supplements for
ruminants consuming low-to-medium quality forages. Research is current-
ly underway to define the influences of CGFsupplements on digestion and
utilization of low-to-medium quality prairie hays.

In summary, supplementation with 38 percent CP cubes increased late
summer gains 20 lb/head over unsupplemented controls. In contrast, CGF
steers were supplemented at the same protein level as the 38 percent
group but gained no more weight than the controls. These results
suggest that CGF has no value as a supplement for stockers grazing
native range during late summer. However, more research is needed
before any definite conclusions can be made.
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Table 2. Weights and performance of steers receiving no supplement or
a commercial 38% CP cube or a 19% CP corn gluten feed cube.

Sig.
level

P<.05
P<.05
P<.05
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Control 38%cube 19%cube

No. steers 15 18 16
Weekly supplement, lb/hd/wk 0 7 14
Initial wt, lb (7/20/84) 614 618b 616
Fina 1 wt, 1b (8/20/84) 680a 704b 681a
62-day gain, lb/hd 66a 86 65a
AOG, lb/hd/day 1.06a 1.3gb 1.05a
Supplement conversion,

lb suppl./lb added gain --- 2.6/1 1/0



WINTERPROTEINSUPPLEMENTSFORSTOCKERSON NATIVE RANGE

F.T. McCo11um1.D.R. Gil12 and R.L. Bal13

Story in Brief

One hundred eleven crossbred beef steers averaging 491 1b were fed
one of three winter supplements from November 11. 1983. until April 17.
1984. Supplements were 1) 14 1b/hd/wk of a 42 percent CP cube (HP) 2)
16 1b/hd/wk of a 23 percent CP cube (LP) and 3) 16 lb/hd/wk of a 23
percent cube containing .05 percent sarsaponin (LPS). During the
wi nter. HP steers gained 5 1b/hd while the LP and LPS groups lost 8 and
34 1b/hd. respectively. From April 17 to July 20. cattle were grazed on
native range un supplemented; gains were 229.243 and 243 lb/hd for the
HP. LP and lPS groups. respectively. As generally noted. despite
d if f eren ce scorn in gout of th e wi nter peri od. steers compensated and
there were no differences in group weights on July 20.

(Key words: stocker cattle. winter. protein supplements. rangelands)

Introduction

Winter nutri t i on of stocker cattle on native range is of interest
since feeder cattle prices are generally lower in late fall than in the
spri ng months. However. the expense of maintaining the cattle through
the winter with little or no weight gain can makea dry-winter program
unattractive. Besides interest on borrowed capital. supplemental feeds
are the primary costs of these programs. Thus. any method of improving
wi nter performance or reducing feed costs for maintenance would be of
value to the cattleman.

Sarsaponins are a group of naturally occurring steroid saponins of
the yucca pl ant and have been suggested to enhance rumen fermentation.
On high concentrate diets. performance responses most often occur when
dietary protein is marginal. In dairy cows. both ruminal and total
nitrogen and organic matter digestibi1ities were increased by
supplementing a 50 percent concentrated diet with sarsaponin (Goetsch
and Owens. 1984). Total tract fiber digestibility also tended to
be hi gher on the sarsaponin diet. Other work has shown that certain
fractions of sarsaponins have urease-inhibiting properties (Goodall.
personal communication). Since dry wintered stockers exist on diets
with marginal protein. rely on nitrogen recycled to the rumen as urea
and could also benefit from enhanced organic matter. fiber and nitrogen
digestion. the following study was conducted to monitor the influences
of sarsaponin in a low-protein supplement on winter steer performance.

Materials and Methods

On November 11. 1983. 111 head of crossbred beef steers averaging
491 1b were wei ghed and allocated to one of the three winter feeding
treatments. The steers were assembled by a cooperator and delivered to
the Pawhuska Research Station after an initial receiving period. The

1Assistant Professor 2professor 3Herdsman
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three wi nter feeding treatments were 1) 14 lb/hd/wk of a 42 percent CP
cube (HP) 2) 16 lb/hd/wk of a 23 percent CP cube (LP) or 3) 16 lb/hd/wk
of the 23 percent CP cube containing .05 percent sarsaponin (LPS).
Composition of the supplements are shown in table 1. The treatment
gro u ps wer e pas t ur ed sep a rat e 1y on three nati ve tall grass pastures.
Pastures were rotated bi -weekly to remove any effect of location or
pasture. Salt, mineral and fresh water were available free choice. The
cattle were weighed off trial on April 17, 1984, and subsequently
allocated to grazing management treatments for the summer. Steer
weights were measured again on July 20 to determine if winter
performance infl uenced early summer gains on pasture. All weights
(November, Apri 1 and July) were taken in the morning after a 12'"1:016
hour overni ght period without feed or water. Supplement influences on
winter weight gain and subsequent summer gains were analyzed by analysis
of variance. A protected LSDwas utilized to separate treatment means.

Table 1. Supplement composition. as-fed basis.

Supplement

Ingredient. % HP

50.00
48.89

LP

20.00
20.00
42.14
15.00

.11
2.70

LPS

20.00
20.00
42.14
15.00

.11
2.70

.06

Soybean meal
Cottonseed mea1
Corn, ground
Alfalfa, ground
Vitamin A
Dicalcium phosphate
Sevarin

.11
1.00

Results and Discussion

The wi nter of 1983-84 was characterized by periods of extremely
harsh, cold weather with subzero chill factors occurring for several
days at a time. This unusually cold weather undoubtedly had an
i nfl uence on steer gai ns recorded in this trial. Winter weight gain
ranged from -102 to +65 lb for all 111 head. The range of weight losses
noted within each treatment group were similar; however, the mean weight
ga ins (l os s e s) vari ed between treatments. The HP group gai ned 5 1b/hd
over the wi nter while the LP group lost 8 lb/hd. Adding sarsaponin to
the LP cube reduced weight gains (P<.05). From previous work with other
types of diets, one might have expected sarsaponin to moderate
differences between the HP and LP treatments. The reduction in weight
gain may be related to the urease-inhibiting properties of the
sarsaponin. Ruminants on diets with marginal and/or deficient protein
contents depend upon nitrogen which is conserved and recycled into the
rumen as urea. If ruminal urease activity was inhibited then ruminal
forage di gestion. forage intake and total nutrient supply to the animal
may have been reduced.

The previous winter, another group of steers gained 50 Ib/hd from
January 4 to Apri 1 14 (Gill et al., 1984). Those cattle had received
either 9 lb/hd/wk of a 38 percent cube or 13 lb/hd/wk of a 25 percent CP
cube. From these results, 1.25 lb/hd (9 lb/hd/wk) was suggested as a
minimum supplementation level for 500 lb steers on dormant winter range.
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The disparity between the current trial and the previous year
compl icate any feeding recommendations. Generally, 2 lb/hd/dayof a 40
percent CP supplement would be expected to produce 0 to .5 lb/day gain
(Gi 11, personal communi cation). Despite differences in winter gain,
steers in the current study compensated and by July 20 there were no sta-

tistical differences in steer weights (table 2).

Table 2. Winter and summer performance of steers receiving
high protein, low protein or low protein plus
sarsaponin during dry winter phase.

HP LP LPS

No. of steers 37 37 37
Weekly supplement,lb/hd/wk 14 16 16

Initialweight, lb (11/11/83) 490 489 b 496b
Final weight, lb (4/17/84) 49Sa 481~ 462
Winter gain, lb/hd Sa -8 _34c

Summer weight,lb (7/20/84) 724d 724 705
Early summer gain, lb/hd 229 243e 243e

~,b,cMeans with different superscripts are different (P<.OS).
,eMeans with different superscripts are different (P<.10).

In summary, winter gains were lower than expected for the rates of

supplementation. Severe cold weather may have reduced performance below

the anticipated level. Addition of sarsaponin reduced steer performance

significantly. This influence may have resulted from inefficient utiliza-

tion of recycled nitrogen. Unfortunately, a 42 percent CP + sarsaponin

cube could not be tested due to limited pasture space.
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THE EFFECTOF MASS-MEDICATION.LASALOCIDOR DECOQUINATE.AND
MEDICAl TREATMENTONTHE GAINS AND HEALTHOF NEWlY-ARRIVED

STOCKERAND FEEDERCATTlE

R.B. HiCkS1, R.A. Smith2, D.R. 6il13. F.N. Owens3and R.L. Bal14

Story in Brief

Eleven loads of newly-received steer and bull calves and yearlings
(1047 head) averaging 474 pounds were divided into two groups; one
received routine processing on arrival. and the other received the rou-
tine processing plus long-acting oxytetracycline and sustained release
sulfadimethoxine. Morbidity was reduced (P<.05) from 33.5 percent in
the non-mass medication cattle to 14.7 percent in those receiving mass-
medication at processing. The 524 head of non-mass medicated cattle had
1179 sick pen days. while the 523 mass-medicated cattle had 424 sick pen
days, a reduction (P<.05) from 2.25 to 0.81 sick days per head. Average
daily gains of the mass medicated cattle were significantly higher than
those not receiving mass-medication (1.57 vs 1.45 1b/day). The above
cattle were fed supplements containing no drugs, 1asa10cid (150
mg/head/day) or decoquinate (100 mg/head/day). Daily gains were not
significantly altered by feed treatments (1.52, 1.56, and 1.47 1b/day,
respectively). Sick cattle in the group not mass medicated at
process i ng were ass i gned to one of four treatments: (1) negative
control, (2) R05-0037, an experimental drug, (3) oxytetracycline and
sulfamethazine boluses, or (4) amoxicillin. Recovery rate was 91% for
R05-0037, 85% for oxytetracycline and sulfamethazine, and 47% for
amox i c ill in. Responses of 70% to the first treatment is considered
excel1~nt in previous studies. The negative controls (animals not
administered antimicrobials on signs of sickness) were sick for more
(P<.05) days than either of the treated groups and death losses were
higher (4.7 vs 2.9% of the sick cattle).

(Key Words: Lasa10cid, Decoquinate, Bovine Respiratory Complex, New1y-
Arrived Cattle.)

Introduction

Between 2 and 5 percent of newly-received stocker cattle received
in Oklahoma die of stress related diseases, primarily the Bovine
Respiratory Disease (BRD) complex, shortly after shipping. Morbidity
ranges from 0 to 100 percent, with an average probably between 25 and 30
percent. Catt 1emen receiving stressed cattle must be prepared with a
complete health program to prevent excessive death loss and decreased
performance. Most cattleman and their veterinarians follow programs
similar to the one outlined in OSURP-9104 0481, treating sick animals
as they are detected. Another approach is to mass-medicate all animals
on arrival based on the premise that a high percentage of the cattle
will get sick shortly after arrival and that sickness is not easily
identified on arrival.

~6raduate A,pistant 2Associate Professor, Vet Medicine & SurgeryProfessor Herdsman II
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Bri stol (1969) showed that if treatment was started early, most of
the approved antimicrobial drugs were very effective, but if treatment
was de 1ayed the response to antimicrobial drugs could be very poor.
Early attempts to reduce the incidence of BRDby the injecting a single
antibiotic at the point of origin before shipping were not successful
(Addis et al., 1973). But more recently developed long acting
oxytetracycl i ne and sustai ned release sulfonamides can provide more
prolonged medication and have shown promise when administered at
processing time (Lofgreen, 1983; Swafford et al., 1983).

Materials and Methods

All eleven loads of cattle used in this study were assembled by
order buyers wi th the majori ty comi ng from auct i on barns in the
southeastern United States and trucked to Pawhuska, Oklahoma.
Newly-received cattle were weighed individually off the truck and ear
tagged. The ear tag number pre-assigned the medical treatment if the
animal became sick. Cattle were poured with famphur systemic
insecticide and randomly assigned by pen to mass-medication (MM)or
non-mass medication (NMM) groups. Following weighing and tagging,
cattle were placed in one of nine pens of 20 to 25 animals in each pen.
Water and nat i ve bluestem grass hay were provided free choice. On the
morning following arrival, cattle were processed by pen as follows:

1.
2.

Body temperature and time were recorded.

Cattle were vaccinated with IBR-PI3 OM MLV) vaccine, Leptospira
pomona bacterin, and 4 Way Clostridia bacterin (Cl. chauvoei,
septicum, novyi, sordellii)
Branded.
Dewormedwith levamisole gel.
Cattle in the MMgroup received an injection of long-acting
oxytet6acyc 1 i nea (10 mg/l b) and sustai ned release sulfadimethoxine
boluses (label dosage).
Sick cattle received antibiotic treatment if clinical signs of
illness were detected or if body temperature exceeded 1040 F
(non-mass medicated cattle).
Hospital card was initiated (NMM).
Animal s from the NMMgroup which were not sick and all MMcattle
(sick or well) were returned to their home pen. Sick animals from
the NMMgroup were placed in the hospital pen.

3.
4.
5.

6.

7.
8.

By processing only one pen at a time, cattle were seldom out of
their pen for more than 35 minutes. Consequently, body temperatures
should be more useful to identify sick animals. As soon as cattle were
placed in their pens, they had ad libitum access to prairie hay and were
offered a pelletted feed supplement (Table 1) at a rate of two lb/hd/day
for the first 21 days and one lb/hd/day during day~ 22-28. The
supplements containad (1) no added drugs, (2) lasalocid (75 mg/lb),
and (3) decoquinate (50 mg/lb). Three hospital pens were maintained
so that sick animals received their assigned feed while out of their

~LA-200~,Pfizer, Inc., NewYork, NY 10017.
Albon-SR~, Hoffman-LaRoche, Inc., Nutley, NJ 07110.

cBovatec~, Hoffman-LaRoche, Inc., Nutley, NJ 07110.
dDeccox~, Rhone-Poulenc, Inc., MonmouthJunction, NJ 08852.
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homepen.
Mass-medication was assigned at random to either 4 or 5 pens in

each trial. In each trial, each feed medication was fed to at least one
pen. Numbers of pens assigned to treatment were balanced between
trials. Non-mass medicated cattle were placed in the remainder of the
nine pens. Mass-medication was administered at processing time and
cat t 1e wer e returned to thei r home pen even if the catt 1e were detected
as sick at that time. If the mass-medicated cattle were detected sick
24 hours or more after processing they were removed from their home pen
and treated wi th the second drug in the sequence of antibiotics (Table
2).

Table 1. Composition of feed supplement.

Ingredient Percent

Soybean Mea1
Salt
Vitamin A-30000 IU / Gram
Premixa
Cottonseed Meal
Oica1cium Phosphate

88.9
3.0

.22

.18
5.0
2.75

a to provide: 0 for control, 75 mg. 1asa10cid per pound, or 50 mg.
decoquinate per pound.

The medication schedule assigned to non-mass medicated cattle were
(A) no treatment (negative controls), (B) a sequence of antimicrob~a1
drugs (T ab1 e 2), or (C) an experimental potentiated sulfa (R05-0037 ).
Cattle treated by schedule B were treated with the first drug in the
sequence. If body temperature dropped 2°F or to less than 104°F, or
c1 inica11y improved within 24 hours, the first drug was continued for at
least two more days. If no improvement was apparent after 24 hours,
the next drug in the sequence was used and the process was repeated
unt i 1 improvement was detected as out1 ined in OSURP-9104 0481. In
t ria 1s 3, 4, and 5, treatments 1 and 3 were reversed in order so that
the first treatment was amoxicillin. Cattle treated by schedule C were
administered R05-0037 boluses orally at 30 mg/1b on day one and 15 mg/1b
on days 2-5, regardless of response to therapy. If additional
treatment was required at the end of the 5 day treatment with R05-0037,
they were started on the second drug in the sequence (Table 2).

After processing, cattle were checked twice daily for signs of
illness. If an animal was sick it was taken to the processing area
where its body temperature was taken and a severity of illness score
(sl ight, moderate or severe) was assigned. If the body temperature was
over 104°F or if the animal exhibited clinical signs, it was considered
sick and treated.

At the end of the 28 day tri a1, the cattle were held overnight
without feed or water, weighed the following morning and, when
necessary, castrated and horns were tipped. They were then returned to
their owner.

Results in this study are reported as least square means. This

eprimor~, Hoffmann-LaRoche, Inc., Nut1ey, NJ 07110.
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technique corrects for variations due to the trial (origin and possibly
the time of year), truck (origin), treatment interactions, and unequal
sample sizes. Models for the variables studied (gains, sick days and
morbidity) originally included truck, feed treatment, mass vs non-mass
medication and all two way interactions and were adjusted for initial
weight. The final models for each variable included only those
interactions having probabilities less than 0.20. Initial weight was
also only included if its probability was less than 0.20.

Table 2. Sequence of drugs used for treatment of BRD.

Treatment No 1: OXYTETRACYCLI NE (B i omyci n-CG!» subcutanously
- 5 mgl1b.

Plus

SULFAMETHAZINE BOLUSES (SulmetG!> - 15 gm) 1
bolus/150 lb on day 1. One bolus/300 lb on sub-
sequent days.

Treatment No 2:1

Treatment No 3:1

ERYTHROMYCIN (GallamycinG!» deep in the
muscles - 10 mg/lb

AMOXICILLIN (Amoxi-jectG!» subcutanously 5
mgl1b.

Treatment No 4:1 Procaine Penicillin G subcutanously - 30,000
I U/l b.

Treatment No 5:1 TYLAN200 - 10 mg/lb.
Treatment No 6:1 SPECTINOMYCIN (SpectamG!» - 5 mg/lb.

1 Some of the antimicrobial drugs used in this study were used for
extra-label purpose or at extra-label dosages and require a
veterinarian-client-patient relationship before use.

For statistical analysis on all cattle, the model for average
daily gain included truck, feed freatment, medical treatment,
truck-medical treatment interaction, and was adjusted for initial
weight. The model for sick days included truck, feed treatment, medical
treatment, truck-feed treatment interaction, and truck-medical treatment
interaction. The model for morbidity was the same as that for sick days
except that an adjustment for initial weight was included. Those cattle
in trial 4, truck 1 were not included in the analysis for sick days and
morbidity because of an error in allocation to feed treatment.

For stati stical analysis of the sick cattle, the model for average
daily gain included truck, feed treatment, sick treatment, and was
adjusted for initial weight. The model for re-pu11s and morbidity were
the same except initial weight was not included. Mass vs. non-mass
med i cat ion was not i nc1uded in these mode1s because it caused too many
empty ce 11s.

Data on feed intakes and efficiencies were analyzed using pens as
the experimental unit since feed records were kept on a pen basis. The
model for feed intake included trial, medical treatment, feed treatment,
and trial-feed treatment interaction. The model for feed efficiency was
the same except a correction for initial pen weight was also included.
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All cattle dying during this trial were submitted to the Oklahoma
Animal Disease Diagnostic Laboratory for gross and histological
examination, virus isolation, bacterial culture and antibiotic
sensitivity testing.

Results and Discussion

Gains were significantly affected by truck (Table 3). Initial
weight on trial also affected gains (P<O.OOOl)with lighter calves
gaining at a faster rate than the heavier calves, the opposite of what
was expected. Cattle buyers apparently were purchasing older, heavier,
lower quality calves to reduce the purchase price per pound.

The administration of mass-medication reduced (P<.OOOl) sick days
(2.25 vs 0.81) and morbidity (33.5% vs 14.7%). Gains in the 28 day
receiving period were significantly increased (P<.Ol) by mass-medication
(1.57 vs 1.45 lb/day). These reductions in morbidity, hospital pen days
and improvements in gain are consistent with results from other research
stations. The effect of feed treatment, while not significant, was most
apparent in the cattle that were sick.
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Table 3. Rate of gain, sick days and morbidity--all cattle.

Item, Origin &Date
b In Wt Dai ly Gaina Sick Daysa MorbidityaNo.

Tri a1 1
2.25h 2.25f 37.2fTruck 1 FL 9/15/83 101 429

Trial 2
0.59cdTruck 1 OK 10/20/83 95 439 1. 90gf

c
9.6dTruck 2 FL 10/20/83 92 484 1. 47e 0.91d 20.5

Tri al 3 hTruck 1 OK 12/1/83 104 438 e e
2.15f 1. 63c 28.9cTruck 2 OK 12/8/83 88 440 1.63 0.20 3.3

Tri aI 4
1. 58efTruck 1 TN 1/10/84 93 491

Truck 2 TN 1/12/84 99 482 1. 40e 4.06g 49.9g
Trial 5

1. 07d 27.8defTruck 1 AK 2/18/84 79 532 1. SSe
Truck 2 AK 2/24/84 90 538 0.83c 3.93g 59.8h

Tri a1 6 dTruck 1 MO 3/21/84 101 471 l.13d o.nc 3.3c
Truck 2 MO 3/28/84 105 487 1.20 0.05c 1. 7c

--------------------------------------------------------------------------
Medical Treatment

No Mass 524 c c c
1.45d 2.25d 33.5dMass-Medication 523 1. 57 0.81 14.7

Feed Treatment
Control 343 1. 52
Lasalocid 348 1. 56
Oecoquinate 356 1.45

Gain, Sick Days and Morbidity expressed as LSMEAN.
Rriginal number of calves on trial.

c- Means with different superscripts differ (P<0.05).



Gai ns by the sick cattle (Table 4) were not significantly affected
by any of the feed treatments, however, cattle receiving either lasalo-
cid or decoquinate tended to gain faster. Sick cattle receiving
treatment for sickness (schedule B or C) had higher gains than sick
cattle receiving no treatment (schedule A, P<0.0037), and were sick for
significantly fewer days.

Sick days in the sick cattle were reduced when supplements
contained lasalocid or decoquinate (P<0.0762). Decoquinate tended to
reduce sick days more than lasalocid. Sick treatment had a significant
effect on sick days, with those cattle receiving treatment having fewer
sick days than the negative control cattle. Death loss in the negative
treatment cattle was 4.7% of those getting sick, compared to 2.9% of
those becoming sick in the group that received medical treatment when
ill.

~ Gain, Sick Days and Re-Pulls expressed as lSMEAN.
grotocol requires at least a 5 day treatment.

c, Means with different superscripts differ (P<0.05).

Table 5. Feed intakes and feed efficiencies.

~ Fe8d Intakes, Feed Efficiencies expressed as lSMEAN.
,c, ,e Means with different superscripts differ (P<0.05).
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Table 4. Rates of gain, sick days and re-pulls--sick cattle.

Item Number Daily Gaina Sick Daysa % Re-Pullsa

Feed Treatment
Control 82 0.95 6.48 13
lasalocid 83 1.12 6.22 17
Decoquinate 88 1. 21 5.42 2

Effect Of Sick Treatment d
Negative Control 43 0.84 7.56c
ConventiBnal 63 1. 25 5.31 7
R05-0037 68 1.28 6.01c 17
Mass-conventional 79 1.02 5.28c 15

Item Number Feed Intkes, Feed/Gaina
of Pens 1b/ day

Trial 1 6 12.13 b
7.16bTrial 2 9 13. 36e 8.69bTrial 3 9 16.05c 9.62b

Trial 4 9 13. 50d 9.02
Trial 5 9 c14.60 16.74dTrial 6 9 15. 57e 13.45
Feed Treatment

Control 17 14.35 11.52
lasalocid 17 14.32 10.55
Decoqui nate 17 13.94 10.27

Medical Treatment b b
No Mass 26 14.68 c 11.64cMass 25 13.72 9.92



Feed intakes and feed efficiencies (Table 5) were significantly
affected by the trial and the administration of mass-medication. Mass-
medication reduced (P<.OI) feed intakes from 14.7 to 13.7 lbs per day.
Mass-medication improved (P<.04) feed efficiencies (11.6 vs 9.9 lb feed
per 1b ga in) .

Ten head died in the study, three of which died of causes not
related to the experimental treatments. Post-mortem findings are
presented in Table 6.

Table 6. Post-mortem findings.

Trial No./Calf No. Cause of Death No. of Days on Trial

1-710

2-65

2_85a

Acute fibrinonecrotic
pneumonia
Bovine respiratory disease
syndrome (P. hemolytica)
Chronic necrotizing and
purulent arthritis with
secondary lung abscessation
(P. hemolytica and C. pyogenes)
Fibrinous pneumonia
(P. hemolytica)
Acute fibrinopurulent
pneumonia (P. hemolytica)
Bovine respiratory disease
syndrome
Bovine respiratory disease
syndrome (P. hemolytica)
Castration hemorrhage
Acute fibrinous pneumonia
(P. hemolytica)
Bloat and peritonitis

4-47

4-103

4-136

4-163

4-100a
5-71

6-145a

4

13

29

6

13

15

15

29
10

20

a Died of causes not related to diseases being studied.
Death loss rate for the project this season was: overall.76%,
mass-medication 0.76, and non-mass medication .76%

The economics of mass-medicating cattle depends on the cost and
success of conventional treatment, availability of labor, ability to
detect sick cattle early, and on the health status of cattle received.
Mass medi cation at processing usually is not economical for fresh local
cattle which experience peak illness at a later time (7-14 days after
arrival). Mass medication should reduce labor and drug costs, and
increase performance for long-haul, stale, or otherwise stressed calves.

The use of a coccidiostat in the diet or the drinking water for new-
ly arrived shipped cattle has proven more beneficial in previous years
at Pawhuska and in fi el d tri al s reported elsewhere in this research
report. No clinical coccidiosis was detected in any cattle during this
study. Nevertheless, a coccidiostat should be included in the receiving
ration for stale, stressed, or even local sale barn calves as
subclinical coccidiosis even without clinical appearance can reduce
performance.
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INTENSIVE EARLYSTOCKINGVS. SUMMER-LONGSTOCKINGPROGRAMS
FORSTOCKERCATTLEONCROSSTIMBERSRANGELAND

1 . 2 3 4
F.T. McCollum, R.L. Glllen , D.M. Engle and G.W. Horn

Story in Brief

One hundred-seventy four head of crossbred beef steers (avg wt =
475 lb) were divided into two replications of two grazing management pro-
grams. Steers were grazed at double normal stocking density (steers/ad
for 84 days (4/27 to 7/20; IES) or at normal density for 146 days (4/27
to 9/20; SLS) during the sunmer of 1984. Average 84 day gains were 207
1b/steer for IES and 209 1b/steer for SLS. Total sunmer gain for SLS
was 293 lb/steer. Cost and return analyses yielded profits of
$28.10/head for IES cattle and $26.74/head for SLS cattle. Since twice
as many steers were grazed on IES, profit would have increased 110 per-
cent under this program.

(Key words: grazing management, stocker cattle, economics, rangeland)

Introduction

Intensive early stocking (IES) is an adaptation of seasonal suita-
bility grazing and involves grazing range areas by growing animals
duri ng the peri od of hi gh forage quality. The intent of an IES program
is to maximize gain/acre without reducing individual animal performance;
this is accomplished by stocking heavily during the period when forage
qual ity is high (Smith and Owensby, 1978). "Heavy" stocking is imple-
mented by increasing stock density (animals/acre) rather than stocking
rate (animals days/acre).

For the past several years, researchers have studi ed IES on both
short grass and tallgrass ranges in Kansas (Smith and Owensby, 1978;
Launchbaugh et al., 1983). These studies have shown that IES can
increase gain/acre, maintain or improve range condition and increase
profitability of the stocker operation. These and other benefits should
make IES attractive to Oklahoma stocker operators but few have adapted
this grazing management program. The following results are from the
first year of a four year study to compare IES and SLS program for stock-
ers on the Cross Timbers range type.

Materials and Methods

In 1984, four pastures on the Pawhuska Research Station were random-
ly assigned to either intensive-early stocking (IES) or sunmer-long
stocking (SLS). The pastures are comprised of a mosaic of savannah and
prairie sites. Proper stocking rates (animal unit days/ac) for each pas-
ture were estimated from SCS soil surveys, visual appraisal of pasture
condition and experience of the station herdsman. After yearlong stock-
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ing rates had been established for each pasture, stocking density
(animal units/ac) was adjusted to achieve the proper stocking rate under
IES and SLS.

On April 27, 174 head of crossbred beef steers averagi ng 475 1b/hd
were weighed and all ocated to one of the four treatment pastures. One
hundred sixteen head and 58 head were assigned to IES and SLS, respec-
tively. Steers had free access to minerals and ponded water at all
times during the summer. Protein supplement (1 1b/hd/day) was fed to
SLS cattle during the last 62 days of the summer. All cattle were
weighed on the morning of July 20 and SLS cattle were weighed again on
the morni ng of September 20. Weights were taken after a 12 to 16 hour
overnight period without feed or water.

Cost-and-return analyses were based on gain data from the steers,
market information from the Oklahoma City National Stockyards and the
following assumptions: cattle were purchased in March and put through a
28-day receiving program (2 percent death loss, $14/head feed costs,
$7/head medical costs), interest rates were 14 percent, pasture lease
was $40 per 153 steer days and protei n supplement was $200/ton. In
addition, costs for labor and implanting were included.

Results and Discussion

Grazing at double stock density had no apparent effect on steer per-
formance during the first 84 days of the summer season (table 1). Aver-
age gains were 207 and 209 1b/hd on IES and SLS, respectively. Lower
gains on pasture 2 may indicate that stocking rate was over estimated.
Despite pasture differences, gains were very acceptable. Adjusting for
differences in stocking density, we find that for every pound of gain
produced on SLS, IES produced 1.98 lb of gain (206.5 x 2/208.5). Hence,
SLS steers would have had to maintain their early summer rate of gain in
order to equal i ze total summer gain between grazing programs. Instead,
SLS cattle, supplemented with protein, only gained 85 1b/hd during late
summer yielding a total summer gain of 293 1b/hd. If no supplement had
been fed, gain would have been 20 to 25 1b less than reported in table
1. Summarizing performance data, IES did not reduce early summer gains
but, instead produced 1.41 lb gain for each 1 1b of gain on the conven-
tional summer long program.

Breakeven prices for IES and SLS were $60.06/cwt and $58.31/cwt, re-
spectively (table 2). At the end of the IES period, feeder prices were
$64.18/cwt for 680 1b steers and yielded an estimated $28.10
profit/head. Likewise, 770 lb cattle were bringing $61.80/cwt at the
end of the SLS program and est imated profits were $26. 74/head. There-
fore, IES increased net returns 110 percent since twice as many cattle
were pastured on this program. For purposes of comparison, cattle
without late summer protein supplements would have returned about
$22.00/head or 82 percent of SLS with protein and only 39 percent of IES
returns.

The increased profitability of IES lies in the optimal use of allow-
able grazing days on a given pasture. Simplistically, during early sum-
mer, approximately two thirds of the potential summer gain is paying for
all fixed costs plus one half of rent, labor and interest. During late
summer, approximately one third of the potential summer gain is paying
for one half of rent, labor and interest and all of the supplementation
costs. In the current study, cost of gain was $ .345/1 b for the fi rst 84
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Table 2. Cost-and return analyses for IES and SLS grazing.

Initial wt, lb/hd
Initial value, $/cwt
Initial value, $/hd
Final wt, lb/hd
Final value, $/cwt
Final value, $/hd
Gross return, $/hd
Cash costs, $/hd
Breakeven, $/cwt
Net return, $/hd
Adjusted net return, $l/hd

TAdjusted for differences in
IES Adj net return = IES net
SLS Adj net return = SLS net

Stocking scheme

Season-long
4/27-9/20

475
71. 23

338.34
768
61.80

474.63
136.29
109.55
60.06
26.74
26.74

Intensive-early
4/27-7/20

475
71. 23

338.34
681
64.18

437.71
99.37
71.27
58.31
28.10
56.20

stocking density
return/head x 2
return/head x 1
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Table 1. Weights and gains of steers.

Gain
Gain 7/20 Gain

Ad}Init 7/20 to 9/20 to 146
Pasture wt wt 7/20 wt 9/20 days gain

Intensive
early stocking

84 days 1 474 689 215
2 475 673 198

mean 475 681 207 -- -- -- 413

Season-long
stocking

146 days 3 472 684 212 764 80
4 480 685 205 774 89

mean 476 685 209 768 85 293 293

IAdjusted gain = gains adjusted for differences in stocking density.
For every 1 steer on SLS, 2 steers were on IES. Thus, Adj gain for
IES = 84 day gain x 2 and Adj gain for SLS = 146 day gain x 1.



days and $.45/lb for the final 62 days. These results suggest that by
stocking heavily for shorter periods of time one can increase gain/acre,
maintain lower costs of gain and increase profit potential. The study
will continue for three more years so that a variety of climatic and mar-
ket conditions should be encountered.

literature Cited
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EFFECTOF LASALOCIDON PERFORMANCE,RUMINALFERMENTATIONAND
FORAGEINTAKE OF WHEATPASTURESTOCKERCATTLE

M.A. Andersen1 and G.W. Horn2

Story in Brief

Twenty-seven fall-weaned Hereford hei fers that averaged 460 1b in
year 1 (1982-83), and twenty-seven Hereford and Hereford x Angus
heifers that averaged 488 1b in year 2 (1983-84), were blocked by
initial weight (year 1), initial weight within breed (year 2), and were
randomly allotted to three treatments. The heifers grazed a common
wheat pasture for 100 days in year 1, and 101 days in year 2 and were
individually fed a supplement supplying either 0, 100 or 200 mg
1asa10cid/head/day. Daily weight gains of heifers were increased .25
1b (2.51 vs 2.26) by the highest level of 1asa10cid. Digestibility of
wheat forage and forage intake were not infl uenced by either level of
1asa10cid.

(Key Words: Stocker Cattle, Wheat Pasture, Lasa10cid.)

Introduction

Supplementation programs for stocker cattle grazing winter wheat
pasture offer a means of increasing daily gains and efficiency of
forage utilization. Lasa10cid, an ionophore, was recently cleared by
,the Food and Drug Administration for increased rate of weight gain in
pasture cattle. However, little information is available on the effect
of lasalocid on stocker cattle grazing winter wheat pasture. Results
of a two year study to determine effects of lasalocid on weight gains,
ruminal fermentation, and forage intake of stocker cattle grazing
winter wheat pasture are reported herein.

Materials and Methods

Twenty-seven fall-weaned Hereford hei fers that averaged 460 1b in
year 1 (1982-83), and twenty-seven Hereford and Hereford x Angus
heifers that averaged 488 lb in year 2 (1983-84) were blocked by
initial weight in year 1, and initial weight within breeds in year 2,
and allotted to three treatments. Treatments consisted of 0, 100 and
200 mg 1asa10cid/head/day. Heifers grazed a commonwheat pasture for
100 and 101 days in years 1 and 2, respect i ve1y. The heifers were fed
in individual feeding stalls 6 days/week, 2.33 1b supplement that was
prorated to supply 0, 100 or 200 mg 1asa10cid/head/day. Ground corn
was used as the carri er feed in year 1. In year 2, supplements con-
sisted of (percent as fed): ground corn, 75 percent; cottonseed hulls,
10 percent; ground alfalfa hay, 8 percent; liquid molasses, 7 percent;
and the desired amount of 1asalocid. Supplements were fed in pe1leted
form (3/16 inch pellet).

1Graduate Assistant 2professor
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Init i aI, intermedi ate and fi na1 weights were measured each year
following a 15 to 17 h drylot shrink without feed or water.

Wheat forage intake and digestibility of dry matter (OMO) and
organic matter (OMO)were measured once during each of the 2 trials.
Heifers were bolused with gelatin capsules that contained 4 g of
chromic oxide twice daily (0800 and 1600 h) during 6-day preliminary
and 5-day fecal collection periods. Fecal samples were taken from the
rectum at the time of bolusing, dried, and were composited across
sampling times for each heifer. Fecal outputs were calculated by the
chromium dilution technique while forage OMOand OMOwere determined
using indigestible neutral detergent fiber (lNOF) as an internal in-
di gest i bIe marker. The INOF concentrat ions of fecal and hand-cl i pped
forage samples were determined as neutral detergent fiber remaining
after a 144-h in vitro incubation with 40 ml of buffered rumen fluid.

At the end of each forage intake trial, rumen fluid samples were
co11ected by stomach tube from 7 hei fers per treatment. Samples were
obtained 4 h after feeding the lasalocid supplements. Heifers grazed
wheat pasture after consuming the supplements until rumen fluid samples
were obtained. Ruminal fluid pH was measured with a pH meter and glass
electrode. Arnnonia and volatile fatty acid concentrations were
measured by the magnesium oxide distillation method and by gas
chromatography, respectively.

Results and Discussion

Effects of lasalocid on heifer performance are shown in Table 1.
During the first 57 days of year 1, daily gains of heifers that
received 200 mg lasalocid/day were greater than gains of heifers that
received 0 or 100 mg lasalocid/day. However, differences among treat-
ments were not significant (P>.05). During the last 43 days, daily
gains of heifers that received 200 mg lasalocid/day were greater
(P<.05) than those that received 0 or 100 mg lasalocid/day. Daily
gains of heifers fed 200 mg lasalocid/day for the entire 100-day
grazing period of year 1 were .23 to .26 lb greater (P<.05) than gains
of heifers fed 0 or 100 mg lasalocid/day.

In year 2, increasing levels of lasalocid tended to increase dai ly
gains of heifers over the entire grazing period. However, differences
among treatments were not significant (P>.05).

Effects of lasalocid on weight gains of heifers in both years are
shown at the bottom of Table 1. The year by treatment interaction was
not significant (P>.15). Dai ly gains of heifers fed 200 mg
lasalocid/day were .25 lb greater (P<.05) than those of heifers fed 0
or 100 mg lasalocid/day.

Forage Intake Trials

Effects of increasing levels of lasalocid on fecal outputs, OMO,
OMDand intake of wheat forage by heifers are shown in Table 2. Data
were pooled across years. Year x treatment interaction was not signif-
icant (P>.15) for any of the measurements. Forage OMand OMdigesti-
bilities were similar for heifers fed 0, 100 and 200 mg lasalocid/day.
Forage DMintakes were unusually high. However, fecal ash concentra-
tions were also high (7.0 to 15.0 percent) suggesting that the heifers
consumed a considerable amount of soil with the forage. Because in-
so1ubIe ash appears as a cell wall component in the NOF procedure,
fecal NDFconcentrations expressed as a percent of fecal OM)would have
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Table 1. Effect of lasalocid on daily weight gains (lb)
of heifers grazing wheat pasture.

Mg lasalocid/head/day
o 100 200

a,bMeans in rows with no or different superscripts are different
(P<.05).

c100- and 101-day grazing intervals of years 1 and 2, respectively.

Table 2. Effect of lasalocid on fecal output. digestibility
of forage dry matter (OM)and organic matter (OM),
and forBge intake of heifers grazing wheat
pasture .

apooled data of years 1 and 2. Differences among treatment
means are not significant (P>.05).
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Year 1 SE(N=7)
NO:"OT heifers 7 9 9
Mean initial weight, lb 460a 462a 459a
Grazing Interval Days

1.5a 1. 54a 1. 7112/28/82-2/24/83 57 .076
2/25/83-4/8/83 43 2.17a 2.03a 2.42b .081
12/28/82-4/8/83 100 1.76a 1. 73a 1.99 .069

Year 2 SE(N=8)
No. of heifers 8 8 9
Mean initial weight, lb 491a 497a 484a
Grazing Interval Days

2.25a 2.54a 2.56a1/13/84-2/27/84 45 .123
2/28/84-4/24/84 56 2.75a 2.79a 3.7a .117
1/13/84-4/24/84 101 2.51 a 2.68a 2.85 .113

Years 1 and 2 N=15)
No. of heifers 15 17 18
Mean initial weight, lb 477a 478a 472a
Average daily gainC,lb 2.26a 2.26a 2.51 b .067

Mg lasalocid/head/day
Item 0 100 200 SE

No. of heifers 16 17 18
Fecal output,

% of body wt
OM .66 .64 .68 .023
OM .59 .58 .61 .021

Forage digestibility, %
OM 84.78 84 .25 83.83 .370
OM 82.26 81.42 81.27 .449

Forage intake,
% of body wt

OM 4.40 4.13 4.23 .187
OM 3.36 3.12 3.33 .141



~ObservedSignificance level.
Acetic, propionic, isobutyric, butyric, isovaleric and valeric acids.

cVFAmolar proportions (moles/100 moles).
d,eMeans in rows within year with different superscripts are different (P<.05).

t-:)
c..o
C">

0
c:

i:1'
0

8
Table3. Effect of lasalocid on ruminal fermentation.;>-

, Year 1 Year 2"
OSlaE. Mg lasalocid/head/day Mg lasalocid/head/day=- 0 100 200 SE 0 100 200 SE year x trt...

No. of heifers 6 d 7 7
7 d 7 d 7 d6 9d 6.6e'CI pH 6.9 d .07 7.2 d 7.1 d 7.0 d .14 .49" . e 17.81e...

Ammona (mg/100 ml) 10.57 d 15.22d 1.71 8.32d 11 .95d 11.66d 1.44 .40e'" Total VFA,mmole/liter 96.95 109.35 128.58e 8.90 74.54 83.74 77.82 9.45 .21
!? VFAmolar proportionsc d d d d d d'" Acetic 56.6d 58.1d 56.6d .89 59.8d 59.0d 60.0d .93 .08
o' Propionic 20.7d 20.1d 18.9d .62 21.0d 21.7d 21. 7d .57 .09
:: Isobutyric 1.9d 1.9d 2.2d .18 1.3d 1.3d 1.3d .07 .33

Butyric 16.3d 14.9d 17.4d .86 14.8d 15.6d 13.4e .84 .02
Isovaleric 2.9d 2.9d 2.8d .23 1.2d 1.4d 1.7 d .13 .20
Valeric 1.6d 1.8d 2.1d .24 2.0d 1.9d 1.8d .15 .27

Acetic:propionic ratio 2.7 2.9 3.0 .11 2.9 2.7 2.8 .10 .17



been bi ased upwards. Thus, forage OMintakes would be bi ased upwards.
Estimates of forage OM intakes would not be biased by high fecal ash
concentrations. Intakes of forage OM were not, however, affected
(P>.05) by either level of lasalocid.

Ruminal Fermentation Measurements

Ruminal fluid pH, ammonia and VFAconcentrations of the heifers are
shown in Table 3. Rumen fermentation data are presented by year since
year x treatment interaction was significant (P<.10) for molar propor-
tions of acetic, propionic and butyric acids.

In year I, 200 mg lasalocid reduced rumen pH (P<.05). A similar,
nonsignificant (P>.05) trend was observed for rumen pH in year 2.
Rumen ammonia concentrations were increased (P<.05) by both levels of
lasalocid in year 1. A somewhat similar trend for rumen ammonia con-
centrations was observed in year 2, but treatment means were not
different (P>.05).

Consi stent general trends were not observed with regard to effects
of lasalocid on total VFA concentrations, molar proportions of in-
dividual acids and acetic :propionic acid ratios. Total VFAconcentra-
tions of heifers fed 200 mg lasalocid were increased (P<.05) in year 1.
This effect was not observed in year 2. Neither level of lasalocid
affected (P>.05) the molar proportions of acetic, propionic or butyric
acids, or the acetic:propionic acid ratio in ruminal fluid samples.
Isovaleric acid concentrations of heifers of year 2 were increased
(P<.05) with increasing level of lasalocid.

This study indicates that 200 mg lasalocid/day is effective in in-
creasing weight gains of stocker cattle on wheat pasture. The mech-
anism(s) by which weight gains were increased needs further study.
Alterations by lasalocid of site of digestion of forage OMand flow of
forage protein to the post-ruminal tract may be involved.
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USE OF SILAGE IN WHEATPASTUREAND BERMUDAGRASSSTOCKERPROGRAMS

G.J. Vogel1, W.A. Phillips2, G4W.Horn3
and M.A. Worthington

Story in Brief

Ninety-s i x fall-weaned steers averagi ng 425 1b were pl aced on wheat
pasture and subsequently bermudagrass. Steers of treatment 1 received
no s i 1age, whil e those of treatments 2, 3 and 4 had ad 1i bi tum access
to sorghum silage on pasture. Initial stocking densities on wheat
pasture were 2.25, 2.25, 1.69 and 1.12 acres per steer and .8, .8, .56
and .38 acres per steer for treatments 1 through 4, respectively, on
bermudagrass. Mean intakes of silage dry matter (DM) by steers on
wheat pasture were 1.46, 1.64 and 2.40 lb DMfor treatments 2, 3 and 4,
respectively. Silage was fed on bermudagrass only when amounts of
bermudagrass became limiting. Silage was fed for 6 and 99 days with
mean DMintakes of 8.14 and 6.67 lb per head per day for treatments 3
and 4. Daily gains of steers on wheat pasture and bermudagrass were
not different (P>.05) among treatments. Use of supplemental silage in
wheat pasture and bermudagrass stocker programs allowed stock ing
densities to be doubled and gains of cattle to be maintained during
periods of inadequate forage availability.

(Key Words: Wheat Pasture, Bermudagrass, Stocker Cattle, Silage.)

Introduction

Rate of weight gain of stocker cattle is of primary importance to
the stocker cattle operator. Gains of cattle grazing wheat pasture and
bermudagrass are potentially good. However, these gains may be
depressed because of inadequate amounts of avai lable forage. In
addition, performance of cattle on wheat pasture may be limited because
of snow and(or) ice cover. A sound supplementation program using
silage might alleviate these problems. The silage could serve as a
substitute during periods of bad weather or serve to stretch existing
forage supplies during periods of inadequate growth. Therefore, a
study was initiated in the fall of 1981 to investigate the effects of
silage supplementation on performance of stocker cattle on wheat
pasture and bermudagrass. The primary objective of the study was to
attempt to add stability to the existing forage supply by using silage.
The data herein represent the third year of the study. Data from years
1 and 2 were reported by Ford et al. (1983) and Phillips et al. (1984).

~Graduate Assistant, 2Research Scientist, USDA/ARS, 3professor
Herdsman Supervisor
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Materials and Methods

Wheat Pasture

Twenty-four Hereford, 40 Hereford x Angus and 32 Limousincross
steers averaging 425 lb were randomly allotted (within breed by weight)
into 2 blocks of 48 steers, with each block consisting of 4 treatments.
Treatment 1 served as the control and received no silage, while steers
of treatments 2, 3 and 4 had ad libitum access to sorghum silage on
pasture. Stocking densities were 2.25, 2.25, 1.69 and 1.12 acres per
steer for treatments 1 throu9h 4. On December 7, initial availa-
bil it ies of forage OMwere 875, 1112, 674 and 600 1b/hd for treatments
1 through 4. Because of the large amounts of forage that were
initially available to the steers, silage supplementation began on
January 9 and continued through March 19 (68 days). The silage had a
mean dry matter, crude protein and in vivo dry matter digestibility of
24.7 percent, 9.5 percent of OMand 53.4 percent, respectively. During
days of snow and ice cover, steers of treatment 1 recei ved 01d worl d
bluestem hay. Approximately 6.7 lb/hd/day were fed for 9 days.

During the wheat pasture grazeout period (March 21 to May 23),
steers of all treatments were combined within blocks and allowed .6
acres/steer. During the grazeout period, no supplemental silage was
fed. Forage availabil ity was estimated throughout the wheat pasture
grazing period by hand clipping 3 one-half square meter plots at
selected times to coincide with major changes in climatic conditions.

Bermudagrass

The same steers used for the wheat pasture phase were subsequently
grazed on bermudagrass. All steers remained in their assigned treat-
ments from the wheat phase. Initial stocking rates for treatments 1
through 4 were .8, .8, .56 and .38 acres of bermudagrass per steer.

During the bermudagrass phase (May 23 to September 11), steers in
each treatment followed a rotational grazing system in which each
pasture was divided by electric fencing into two paddocks. Cattle
grazed a single paddock until the bermudagrass became limiting and then
were subsequently rotated between paddocks unt i 1 the forage supply of
both paddocks became low. At this point steers were given access to
both paddocks. The object i ve of the rotat i ona1 grazi ng was to keep the
available forage between 1 to 4 inches tall. If the available forage
of ungrazed pastures became too abundant and the cattle could not main-
tain the pasture, the ungrazed pastures were mowedand baled as hay.

Silage was fed to steers in each treatment only when the avai lable
forage became limiting. Silage was fed to steers in treatments 3 and 4
for 6 and 99 days, respectively. Bermudagrass never became limiting in
treatment 2. Hence, no silage was fed.

All pastures were fertilized with 50 lb of nitrogen (as urea) on
May 8, June 18, and August 8. Additionally, all pastures were mowed
following the initial grazing to remove senescent cool season annual
grasses.

Results and Discussion

Wheat Pasture

Silage dry matter intakes of steers and forage availabilities are
presented in Figures 1 and 2. During the week of January 12, silage
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Figure 1. Silage DMintakes of steers grazing wheat pasture.
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consumption of steers of all treatments increased rapidly due to snow
cover of wheat forage. Silage intake subsequently decreased as the
snow melted. Because of extremely cold weather during the study,
forage growth was depressed. Available forage for treatment 4 was
lowest on February 1 when forage availability was 190 lb DM/hd (Figure
2). Steers of treatment 4 compensated by increasing silage consump-
tion. Silage intakes of steers of treatments 2 and 3 were similar, re-
flecting the similarities in forage availability. Silage DMconsump-
tion ranged from .93 to 4.91 lb DM/hd/day for steers of both treatments
2 and 3 (Figure 1).

Average daily gains (Table 1) of steers of all treatments were
similar, indicating that supplemental silage will maintain gains of
stocker cattle on wheat pasture during periods of inadequate forage
growth. Additionally, gains of steers of all treatments were not
different (P>.05) during the grazeout period.

aMeans are not different (P>.05).

Bermudagrass

Silage DMintakes of steers on bermudagrass are shown in Figure 3.
Silage was fed only when amounts of bermudagrass became limiting and
could not withstand grazing pressures. Silage was fed for 6 days
(September 6 to September 10) and 99 days (June 4 to September 10) for
steers of treatments 3 and 4, respect i vely. Bermudagrass never became
limiting for steers in treatment 2. Hence, no silage was offered.
Si 1age intakes increased steadily for steers of treatment 4 from 5.0
(July 9) to 13.8 lb/hd/day (September 10) as the amount of available
bermudagrass decreased. Daily gains of steers of all treatments during
both periods were similar (Table 1). Gains of cattle at the higher
stocking densities were maintained with supplemental silage when avail-
able forage became 1imit i ng.

Results from this year indicate the use of supplemental silage will
allow stocking densities to be increased on wheat pasture and bermuda-
grass without decreasing cattle performance as amounts of avai lable
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Table 1. Mean initial body weights and daily gains of steers on
wheat pasture and bermudagrass.

Treatment
1 2 3 4

No. of steers 24 24 24 24
Wheat pasture

Initial wt, lb 427 428 419 426
Daily gains, lb

2.09a 2.37a 2.55a a
12/7/83-3/21/84(105 days) 2.33a
3/21/84-5/23/84(61 days) 2.41a 2.27a 2.17a 2.56
(grazeout period)

Bermudagr as s
Initial wt, lb 794 814 819 826
Daily gains, lb

1. 23a 1. 36a 1.44 a 1. 37a5/23/84-9/11/84(112 days)
Wheat pasture and

1. 82a 1. 94a 2.02a 1. 99aBermudagrass (278 days)



JULY12 AUG23 SEPT10

D TRT 3 + TAT 4

Figure 3. Silage DMintakes of steers grazing bermudagrass.

forage decrease for stocker cattle of the higher stocking densities.
An economic analysis will be conducted upon completion of this project.
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RESPONSEOF FALL BORNCALVESTO SYNOVEX.CIMPLANTSAND REIMPLANTS

D.R. Gill1, H.R.jpireS2, F.E. BatzFs3,B.L. Peverley and K.S. Lusby

Story in Brief

Two trials, involving 469 steer and heifer calves, were conducted
to evaluate the practices of implanting or reimplanting suckling fall
born calves with Synovex.C implants. Calves having an average initial
weight of 148 lb were randomly allocated within sex and location to re-
main either as nonimplanted controls or to receive a Synovex<l!>Cimplant
in the late fall, in the spring, or in both fall and spring.
Nonimplanted calves in Trial 1 gained 1.26 lb/day during the winter
months, and Synovex<l!>C implants improved growth rate by 7% to 1.34
lb/day (P<.05). Average daily gain (ADG) of calves during the winter
months of Trial 2 was only .45 lb/day, and was not affected by implant-
i ng wi th Synovex<l!>C. ADGof calves during the spring and summer was im-
proved an average of 4.3 to 10% (P<.05) by Synovex<l!>Cin both trials
regardl ess of when they were implanted. ADGof calves over the entire
8-month trials was 1.46 lb/day for nonimplanted calves and was improved
(P<.Ol) to 1.55,1.55 and 1.56 lb/day for calves on the two single im-
plant and reimplant schedules, respectively. Implanted calves gained an
average of 23 lb more than nonimplanted calves during the study.

(Key Words: Synovex<l!>CImplants, Suckling Calves, Growth Promotion.)

Introduction

Research wi th Synovex<l!> implants has demonstrated that a 4-pellet
implant containing 10 mg of estradiol benzoate and 100 mg of progester-
one is both safe and effective for improving growth rates of suckling
steer and heifer calves (Spires et a1., 1983; FDA, 1983). All efficacy
trials supporting those claims, however, were conducted using spring
calves in which cows and calves were grazing pastures of sufficient qual-
ity to maintain minimum ADGof calves above 1.4 lb/day at all times dur-
ing the study (Spires et a1., 1983; Gill et a1., 1984). Rearing of
fall calves constitutes a different situation than rearing of spring
calves, since poor pastures decrease available dietary energy to the
suck 1i ng calf at a time when cold environmental temperatures increase
the mai ntenance energy requirement. Consequently, gains of suckling
calves on winter pastures typically are lower than on spring pastures
and the benefits of implanting with Synovex@Cunder those conditions
have not been established. Furthermore, effects of early calfhood im-
planting upon growth rate of the calf several months later also is a sub-
ject on which little information is available.

T his s t udy was conducted to monitor the performance until weani ng
of fall calves which were implanted with Synovex<!!>C,either in the fall,
the spring, or both the fall and spring, and to compare those gains with
calves that remained nonimplanted throughout the entire study.

I 2
Professor Syntex Research, Palo Alto, CA

Livestock Agent 4Associate Professor
3 Area Extension
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Materials and Methods

Four hundred sixty-nine suckling calves, having an average initial
wei ght of 148 1bs, were selected for two trials. One hundred thirty-
ei ght steer and 155 heifer Hereford calves were used for Trial 1 near
Claremore, Oklahoma, while 82 steer and 94 heifer Hereford and Hereford
X Angus cross calves were used for Trial 2 at Mill Creek, Oklahoma.
Calves were pastured with their dams on native bluestem range throughout
the study. The forage was dormant from the start of the trials until
the begi nning of the growing season, about May 1. Calves were individ-
ually identified by eartags and were randomly assigned, within sex, to
one of the following four treatments: (1) control-control, no implants
throughout the study; (2) Synovex-control, implanted only on the first
day of the study; (3) control-Synovex, nonimplanted during the first pe-
riod of the study but received an implant just prior to green grass; and
(4) Synovex-Synovex, implanted both at the beginning of the trial and
reimplanted just prior to green grass. The start, reimplant, and end
dates were November 30, April 17, and July 25, respectively, in Trial I,
while the same dates for Trial 2 were December 8, April 5 and August 15.

Synovex<l!>Cimplants were placed in the top central one-third of the
ear. All calves were weighed on the first day of the study and re-
ceived blackleg vaccinations. All bull calves were castrated at that
time. Calves were reweighed at the reimplant dates and again at the end
of the trials. ADGof each calf was calculated for both the first and
second periods and for the total trial. Data were analyzed by analysis
of variance (GLM, SAS, 1979) and treatment means were compared by
Duncan's Multiple Range Test in the event that a treatment effect
(P<.05) was detected.

Results

Performance of calves between the two locations was different
(Table I, P<.OOOl). Calves in Trial 2 were larger than in Trial 1 at
the start of the study, but calves in Trial 1 gained faster in both the
wi nter and summer months so that the average weights of calves at
reimplanting and weaning were larger in Trial 1 than in Trial 2. Steers
and heifers gained at a similar rate during the winter months, but steer
calves gained slightly faster than heifer calves (2.20 -vs- 2.10 lb/day
across all treatments) when green grass was available (P<.OI). No inter-
actions between locations, sex and implant treatments were detected, in-
dicating that both sexes tended to respond similarly to implants at both
of the trial locations (Table 1).

In Tri al I, nonimplanted calves gained 1.26 lb/day during the win-
ter months, and Synovex<l!>Cimpl ants improved ADGapproximately 7% to
1.34 lb/day (Table 2, P<.05). However, during the winter months in
Tri al 2, ADG of all calves was less than .5 lb/day, and no differences
in growth rates of implanted -vs- nonimplanted calves were observed
(Table 3). Consequently, the combined results for both studies illus-
trate a trend toward improved ADGof implanted calves during the winter
months (Table 4), but the lack of response in the slower gaining calves
in Trial 2 precluded statistical significance.

The combi ned analysi s revealed that ADGof calves in the summer
months was increased by Synovex<l!>Cimpl ants regardless of when the
cal ves had been implanted (Table 4) and the same observation was appar-
ent in both of the i ndi vi dual trials (Tables 2 and 3). Calves which
remai ned nonimpl anted throughout the entire study gained 2.04 lb/day
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Table 1. Analysis of variance of average daily gaina of calves
implanted or reimplanted with Synovex.C.

Source of Variation df

Prob F for Average Daily Gain

Period 1 Period 2 Cumulative

gError mean square was used as the error term to compute all F-ratios.
Steers gained faster than heifers during Period 2.

Table 2. Performance of calves implanted with Synovex.C at the
Ingersol Ranch (Trial 1).

abMeans with different superscripts differ (P<.05).
CLength of trial was 139 days for Period 1 and 99 days for Period 2.
*ADG of calves implanted with Synovex.C during Period 1 was 1.34 lb/day

compared with 1.25 lb/day for nonimplanted calves (P<.05).

Table 3. Performance of calves implanted with Synovex.C at the Daube
Ranch (Trial 2).

Location 1 .0001 .0001 .0001
Treatment 3 .2191 .0009 .0080

Location x treatment 3 .4103 .6552b .5610
Sex 1 .5379 .0070 .1560

Location x sex 1 .7837 .4712 .9458
Treatment x sex 3 .6817 .8249 .5594
Location x treatment x sex 3 .1652 .4123 .0792

Error 468

Control- Synovex.C- Control Synovex.C-
Variable Control Control Synovex.C Synovex.C SE

Number of calves 75 75 70 73
Initial wt, lb 141 139 133 137 4
Reimplant wt, lb 315 322 305 328 b 8

Period 1 ADG*,lb 1. 26ab 1. 321ab 1. 24a 1. 37 .04
Final wt, lb 524 547 b 533 b 544 10

Period 2 ADG, lb 2.12a 2.29b 2.31 b 2.20ab .05
Overall ADG, lbc 1. 62a 1.72 1. 69a 1. 72b .03

% increase 6.2 4.3 6.2

Control- Synovex.C- Control Synovex.C-
Variable Control Control Synovex.C Synovex.C SE

Number of calves 45 44 52 45
Initial wt, lb 165 165 164 162 8
Reimplant wt, lb 215 214 220 218 7

Period 1 ADG, lb .43 .41 .47 .47 .03
Final wt, lb 467 a 480 495 b 489 b 11

Period 2 ADG, lb 1. 91a 2.0ab 2.09b 2.05b .04
Overall ADG, lbc 1.20 1. 26 b 1. 32 1. 30 .03

Percent increase 5.0 10.0 8.3

abMeans with different superscripts differ (P<.05).
CLength of trial was 119 days in Period 1 and 132 days in Period 2.
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during the last 110 days of the trial (Table 4). ADGof calves which
were implanted with Synovex.C only at the beginning of the trial was
2.19 lb/day, while ADGof calves implanted during the last 110 days and
tho s e imp 1anted both at the begi nni ng and middl e of the study were 2.23
and 2.14 lb/day, respectively. Summer gains of calves which were
impl anted either at the start of the study, the middle of the study, or
at both times were greater than gains of calves that remained
nonimplanted (P<.Ol), but no differences in ADGof calves among any of
the three implanting schedules were observed.

ADG of calves calculated over the entire study also was increased
by Synovex<!!>Cregardless of the time of implanting. ADGof calves im-
planted either at the beginning of the study or at the midpoint was 1.55
lb/day compared to 1.46 lb/day for calves which were not implanted
(Table 4, P<.Ol). Reimplanted calves also gained faster than
nonimplanted controls (1.56 lb/day, P<.Ol), but no benefit of
reimplanting compared with a single implant either at the beginning or
middle of the study was observed.

Discussion

The growth rate of suckling fall calves implanted with Synovex<B>C
averaged 6 to 7%faster than nonimplanted calves. Consequently, the fi-
nal weaning weights, adjusted for equal starting weights, averaged 22
1bs heavi er for calves implanted once during the trial and 24 lbs heav-
ier for calves which were reimplanted with Synovex<B>C.This 6 to 7% im-
provement in performance of fall calves agrees closely with the per-
centage increases previously observed when Synovex<B>Cand other anabolic
implants have been used in trials with spring calves (Basarab et al.,
1984; Gill et al., 1984; Lammand Greathouse, 1984; Lewis et al., 1978;
Simms, 1984; Spires et al., 1983).

Thi s study hel ped to allay some of our primary concerns regarding
the use of growth promot i ng implants in suck 1i ng calves pastured on dry
winter pastures. It has been reported that the estrogenic implants
(Synovex<B>S,zeranol, and formerly DES) increase the concentration of
thyroxin in plasma by increasing its secretion from the thyroid gland
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Table 4. Performance of cal yes impl anted with Synovex.C in the two
trials combined.

-
Control- Synovex<B>C- Control Synovex.C-

Variable Control Control Synovex<B>C Synovex<B>C SE

Number of calves 120 119 112 118
I nit i a1 wt, 1b 150 148 145 147 4
Reimplant wt, lb 278 282 273 286 5

ADG,winter, 1b .95 .98 .95 1.03 .03
Final wt, lb 502 522 b 519 b 523 b 7

ADG, sUlTlller,!b 2.04a 2.19b 2.23b 2.14b .03
Overall ADG, lb 1. 46a 1. 55 1. 55 1. 56 .02

Percent increase 6.2 6.2 6.8

aOMeanswith different superscripts differ (P<.Ol).
CWeighted average length of the two trials was 131 days for Period 1

and 110 days for Period 2.



(Gopi nath and Kitts, 1982; Kahl et al., 1978). In addition, slight in-
creases in heart rate, fasting urinary nitrogen excretion and fasting
heat production also have been observed in cattle fed or implanted with
DES and impl anted with Synovex@Swhich suggest that the estrogenic im-
plants slightly increase maintenance energy requirements (Rumsey et al.,
1973; Rumsey et al., 1980; Tyrell et al., 1975). Early research also in-
dicted that animals fed a submaintenance diet lost weight more rapidly
if DES was included (Oltjen et al., 1973). More recently, Rumsey and
Hammond (1984) demonstrated a typical 22% increase in ADGof feedlot
steers impl anted wi th Synovex@Sand fed ad libitum, but they were un-
able to detect a response to Synovex@Sin steer~ fed a restricted ener-
gy diet which supported an ADGof only 1.9 lb/dcry. Consequently, one of
the major concerns in designing this trial was the prospect that perfor-
mance of cal ves over winter might actually be depressed if maintenance
energy requirements were increased by the Synovex@Cimplants.

Fortunately, no depression in growth rate of implanted calves over
the winter was observed. ADGof nonimplanted calves in Trial 2 was only
.45 lb/day during the winter months and average growth rate of calves im-
pl anted wi th Synovex@C duri ng that period also remained at the same
rate or .45 lb/day. Calves on better pastures and gaining 1.26 lb/day
duri ng the wi nter in Trial I, however, benefited from Synovex@Cduring
that time period. Consequently, maintenance energy requirements were
not increased by Synovex@Cimplants to an extent that their use was con-
traindicated over the winter months. In previous studies conducted to
identify the optimum steroid combination and optimum dose for suckling
calves, it was found that the 8-pellet Synovex@Himplants were not as
effective as a half dose of the same estradiol benzoate-testosterone pro-
pionate formulation in calves gaining less than 1 lb/day (Spires et al.,
1983). Likewise, the same tendency also was true when the 8-pellet
Synovex@S impl ant was compared with the 4-pellet Synovex@C. Those ob-
servations also support the hypothesis that the growth promoting im-
pl ants may tend to increase mai ntenance energy requirements and,
consequently, was a major reason that a 4-pellet -vs- an 8-pellet
Synovex implant was developed for suckling calves.

The extended effectiveness into the spring and summer months of the
Synovex@C implant in calves implanted only in the fall was not really
expected. Overall ADGthroughout the trials, which averaged 241 days,
di d not di ffer among any of the implant treatments, regardless of when
the implants were administered. Furthermore, performance during the av-
erage 110 days in the spring-summer period of these trials was improved
more than 7% (P<.Ol) by implanting calves during the preceding winter,
131 days before the spring-summer period began. Rumseyet al (1984) re-
cently reported that approximately 75% of the original doses of both pro-
gesterone and estradiol were absorbed by 60 days and 85% by 120 days in
growi ng-fi ni shi ng steers implanted with Synovex@S. Those observations
seem somewhat inconsistent with out observation that a larger improve-
mentin the performance of suck 1i ng calves was observed dur i ng the per i -
od from 131 to 241 days after implanting than from 1 to 131 days.
Greathead (1984) recently reviewed studies with zeranol implants and con-
cl uded that the response may be large and of relatively short duration
in rapidly growing cattle on high levels of energy intake. However,
smaller improvements in growth rate, but occurring over a longer
duration, are more typically observed in cattle gaining less than about
1. 5 1b/day. Observations we have made in studies with Synovex@Calso
tend to support that hypothesis (H.R. Spires, et al., unpublished
observations). However, any differences in absorption, tissue distribu-
tion and/or metabolism and elimination of the implant materials, which
may explain those different responses, have not been elucidated.
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Observations that a positive response from Synovex~C can be realiz-
ed regard1 ess of whether fall calves are implanted in the fall or the
spri ng gives cow-calf producers considerable flexibility in implementing
an implant program.
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SALT-LIMITED CREEPFEEDFOR NURSINGCALVES

123
K.S. Lusby, K.C. Barnes and J.W. Walker

Story in Brief

Seventy-two spring-born nursing calves were allotted to Control (no
creep) or Creep-fed cottonseed meal in a creep feeder with salt added to
1 imi t intake to about 1 lb/head/day from July 17 to October 2. Thirty
eight fall-born calves were similarly allotted to Control (no creep) or
Creep-fed treatments and fed from June 1 to August 3. Spring-born
calves and their dams grazed native range near Stillwater while fall-
born calves and their dams grazed bermudagrass pastures near Muskogee.
Spring-born calves consumed an average of .88 lb of cottonseed
meal/head/day and gained .32 lb/day faster (P<.OI) than Control calves.
Fall-born calves ate an average of.68 lb of cottonseed meal/head/day
and gained .3 lb/day faster (P<.OI) than Control calves. The percent
salt required to limit intake to about Ilb/head/day was 10% for fall
calves and 15% for spring calves. At a cottonseed meal cost of $.10/lb,
the cost of added gain for fall-born calves was $.23/lb and $.28/lb for
spring-born calves.

(Key Words: Salt-Limited, Protein, Creep Feed, Beef Cattle.)

Introduction

Creep feeds for nursing calves have traditionally consisted of
grain mixtures fed free-choice. Daily intakes typically reach 6-8
lbs/head/day with conversions of creep to added gain between 5:1 and
15: 1. The hi gh costs of mixed rations and the poor feed conversions
have seldom made creep feeding feasible for commercial cow-calf oper-
ations. Research has shown that supplementing relatively small amounts
of high protein feeds to stocker cattle grazing native grass or bermuda-
grass from mi d- to late summer increases forage intake and digestibil-
ity and results in efficient conversions of supplement to added gain.
If nursing calves would respond to protein supplementation as efficient-
ly as stocker calves, limit-fed high protein creep feeds might offer a
method of profi tably increasing weaning weights in commercial cow-calf
operations.

Materials and Methods

Trial 1

Thirty-eight fall-born Simmental crossbred calves nursing Hereford
x Angus cows were used to study the effects of a salt-limited cottonseed
meal creep on the rate and efficiency of calf gain. This trial was con-
ducted at the Eastern Research Station near Muskogee in eastern Okla-

lAssoCi ate Professor 2Area Livestock Specialist 3Superintendent,
Eastern Research Station
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homa. Forage consisted of bermudagrass that was 8-10 inches tall at the
start of the study. Calves were allotted by sex, birthdate and age of
dam on June 1 to two treatment groups; (1) Control, grazing with no
creep feed, and (2) Creep Feed, to receive free-choice salt-limited cot-
tonseed meal at a rate of about 1 1b/head/day. Creep was provided in a
whirlwind mineral feeder equipped with a rubber pan that could hold ap-
proximately 50 1b of cottonseed meal and salt. A small creep feeding ar-
ea was constructed with portable panels and a creep gate allowing access
only to calves. Initial mixtures consisted of 5% salt and 95% cotton-
seed meal with a small amount of hay to entice the cattle into the creep
fee din gar ea. Creep intake was measured three times each week and the
percent of salt was increased as necessary to maintain cottonseed meal
i nt ake at about 1 1b/head/day. The trial lasted from June 1 to August 3
when calves were weaned at about 10 months of age. Calves were weighed
after overnight withdrawal from feed and water.

Trial 2

Seventy-two Hereford, Angus and Hereford X Angus calves nursing
Hereford and Angus cows were used. Procedures were similar to Trial 1
with the following exceptions. Calves were born between late February
and mid-Apri 1. Cows and calves grazed native range near Stillwater in
North Central Oklahoma. Allotment to treatment groups was based on calf
bi rth date and breed of dam. The study began on July 17 and ended on
October 2 when the calves were weaned.

Table 1. Gain and efficiency of calves fed salt-limited creep on
bermudagrass pastures.

Number of calves
Initial weight, June 1 (lb)
Daily gain, 63 days (lb)
Lb creep/lb added gain
Cowweight, June 1 (lb)
Cowweight change, 63 days (lb)

Control

18
437

1. 24

931
53

Creep-fed Prob.

20
442

1. 54
2.27

903
70

P<.OI

Table 2. Gain and efficiency of calves fed salt-limited creep on native
grass pastures.

Number of calves
Initial weight, July 17 (lb)
Daily gain, 76 days (lb)
Lb creep/1b added gain
Cowweight, July 17 (lb)
Cowweight change, 76 days (lb)
Cow condition score, July 17
Cow condition change, 76 days

a1=very thin, g=very fat.

Control

36
247

1. 60

942
116

5.2
+.6
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Creep-fed Prob.

36
261

1.92
2.79

950
115

5.4
+.4

P<.OI



Results and Discussion

Trial 1

The calves were 7-9 months of age at the start of creep feeding and
averaged 440 lbs in weight (Table 1). Creep-fed calves gained 1.54
lb/head/day compared to 1.24 for Control calves (P<.OI). Creep consump-
t ion ran ge d from .25 to 1. 55 1b/head/ day and averaged .68 1b/head/ day
for the 63 day trial period. Two weeks were required for the calves to
begi n consumi ng the creep, and then the desired cottonseed meal intake
was sustained by adjusting the salt content to between 5 and 10%. A lev-
el of 15% salt reduced intake below the 1 lb/head/day level. Creep-fed
calves had slicker haircoats and appeared thriftier than Control calves.
Thi s di fference in appearance is consistent with observations of stock-
er cattle fed protein supplements during the summer. Weight changes
were similar for dams of Control and Creep-fed calves.

Tri a1 2

The calves used in Trial 2 were younger (4-6 months old) and ligh-
ter (254 1bs) than the fall-born calves used in Trial 1. The native
grass pastures had not been grazed during the summer prior to the creep
feeding study and contained ample forage. The creep feeding area was es-
tablished under a shade tree close to a stock pond in a 160 acre pas-
ture. A period of about 10 days was required for daily cottonseed meal
consumption to reach the desired 1 1b/head/day. A salt level of 15%was
adequate to maintain the desired intake of cottonseed meal. Creep-fed
calves gained .32 1b/head/day more than Control calves (P<.OI) with a
conversion of 2.79 lb cottonseed mea1/1b of added gain. Differences in
animal appearance was obvious, similar to results of Trial 1.

No. differences in weight or condition change were noted among dams
of Control and Creep-fed calves. This observation is consistent with
other studies that have shown no effect of creep feeding on milk intake
of calves.

The eff i c i ent conversion of cottonseed meal to added gain seen in
both trials strongly suggests that forage intake and/or digestibility
was increased. At a cottonseed meal cost of $.10/lb, the cost of added
gain would have been about $.23 for calves in Trial 1 and $.28 for
calves in Trial 2.

As in all programs dependent on forage intake responses, a protein-
based creep feeding program assumes that adequate forage is available.
Aside from the low cost of added gain, a salt-limited high protein creep
feedi ng program has the advantage of reducing the amount of creep feed
that must be handled. It is likely that the addition of growth promot-
ives such as Rumensin could further improve the efficiency of creep feed
conversion to added gain. It is also probable that the addition of
Rumens i n wi 11 permit a reduction in the amount of salt needed to limit
intake. This comparison is planned for future studies at OSU.
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EFFECTOF PROTEINSUPPLEMENTATIONON STOCKERSGRAZINGNATIVE GRASS
IN SOUTHEASTERNOKLAHOMA

Jim Cantrell1, Gerald Bryan1 and K.S. Lusby2

Story in Brief

A cooperative field trial was conducted to determine the effect of
supplemental protein on the performance of calves grazing native grass
on reclaimed timber land in southeastern Oklahoma. Forty calves were
assigned to either a control group receiving no supplement, or a supple-
ment e d group whi ch rece i ved 1. 07 1bs/ day of soybean meal cubes (44% CP)
per day (2.5 lbs/head fed Monday, Wednesday and Friday). For the 56 day
trial period in late summer, the supplemented calves gained .49 lbs/day
more than control calves 0.32 lbs/day -vs- .83 lbs/day, respectively).
The results of this trial indicate that protein supplementation can sig-
nificantly increase gain of stocker calves grazing native grass in south-
eastern Oklahoma.

(Key Words: Protein, Stocker Cattle, Brushland.)

Introduction

Severa 1 studi es have been conducted in central and north-central
Oklahoma to determine the effectiveness of protein supplementation in im-
provi ng the gains of stocker calves grazing native grass pastures. The
harvesting of timber and the use of herbicides to remove forest cover
have released a substantial amount of land to forage production. Much
of t his 1and is too rough to pl ant improved forages, and consequently is
typically covered by native grasses released after removal of the forest
canopy. The objective of this field trial was to determine if protein
supplementation would economically increase gains of stockers grazing
native grasses grown on reclaimed forest land.

Materials and Methods

Forty Angus and Angus X exotic crossbred steers, approximately 10
months 01 d, were assigned to either a control or a supplemented treat-
ment group. The supplemented group recei ved 1. 07 1b/head/ day of soybean
mea 1 cubes and were fed 2.5 lbs/head on Monday, Wednesday and Friday.
Both treatment groups had access to a free choice salt/mineral mix.

This trial was conducted on the Kerr Foundation Ranch in southeast-
ern Okl ahoma, and utilized 160 acres of land that had been treated four
years earl ier with GraslanCl!>herbicide. This tract was divided into two
pastures of 80 acres each, and stocked at a rate of four acres per calf.
Pastures were rotated at the intermediate weigh period to reduce any
pasture effects.

lKerr Foundation, Inc., Poteau, OK 2Associate Professor
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Results and Discussion

The results of this trial are in agreement with similar trials con-
ducted in other sections of Oklahoma (Lusby et al., 1982; Lusby and
Horn, 1983). Feeding small amounts of high protein supplement resulted
in a significant improvement in stocker performance (Table 1). This
tri al was conducted August 16 to October 11, and as the season progres-
sed the control calves showed a dramatic drop in performance. This drop
in performance was partially offset by the use of the high protein sup-
plementation. The apparent feed conversion of the protein supplement
was 2.0 lbs of feed per pound of added gain. At a cost of $O.lO/lb of
protei n suppl ement, the cost of added gain (feed alone) would be about
$0.20/lb of gain. This conversion would be very economical for produc-
ers with stockers on this type of forage. These results could have ap-
pl i cat i on to producers who purchase stocker calves during the summer
months when prices frequently are low. These calves could then be held
wi th acceptabl e rates of gain until cool season forages such as small
grains or fescue are ready to be grazed in the fall.

Table 1. Performance of steers grazing reclaimed native range and fed
protein supplements. '

Treatments

Control Supplement

Number steers
Initial wt, lb (8/16)
Gain, lb/day (total)

8/16 to 9/18, 33 days, lbs 1.41 (46)a
9/18 to 10/11, 23 days, lbs .01 (.28t
18/16 to 10/11, 56 days, lbs .83 (47)

abMeans with different superscript letters differ (P<.05).

20
494

20
489

b
1.73 (57)b

.75 (l7)b
1.32 (74)
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EFFECTOF DIFFERENTMANAGEMENTPRACTICESON WEIGHTGAINS OF STOCKER

CALVESGRAZINGBERM~DAGRASS
Jim Cantrell!, Gerald Bryan and K.S. Lusby2

Story in Brief

A cooperative field trial was conducted at the Kerr Foundation
Ranch to determine the effectiveness of different management practices
in imp r 0vi ng gains of stocker calves grazi ng bermudagrass. One hundred
for ty- 0ne calves averagi ng 442 1bs were separated into three groups and
were grazed on bermudagrass with no supplement (control), received one
lb of protein supplement/head/day (supplement), or were assigned to a
pasture that was managed to maintain high quality forage (rotation).
For the 57 day trial conducted in late summer, supplemented calves gain-
ed 0.3 lbs/day faster than unsupplemented calves and 0.15 lbs/day faster
than calves of the rotation group (1.25, 1.10 and .95 lbs/day for supple-
mented, rotation and control groups, respectively). The results of this
tri al indicate that protein supplementation will improve gain of stocker
calves grazing mature bermudagrass, but may not be economical if
pastures are maintained in a state of high quality.

(Key Words: Pasture Rotation, Beef Cattle, Bermudagrass.)

Introduction

Summer stockers or fall-born calves are typically grazed on bermuda-
grass in much of eastern Oklahoma. Although bermudagrass can tolerate
very heavy grazing pressure, daily gains are often disappointing.
Research wi th native grass indicates a very favorable response to pro-
tein supplementation and this response may also apply to bermudagrass.
In addition, work in Louisiana, Texas and Oklahoma indicates that with
very heavy stocking rates and high fertilization, bermudagrass can pro-
duce impressive gains per head and per acre. This trial was designed to
compare the effects of protein supplementation, and a more intensive
pasture management system to a traditional bermudagrass grazing program.

Experimental Procedure

One hundred forty-one Angus, Angus X exotic, and Angus X Brahman
calves, approximately 10 months old, were assigned to one of three treat-
ments. Forty calves were assigned to a control group (no supplement),
forty calves to a supplemented group (1.0 lb soybean meal cubes per head
per day, fed 2.5 lbs/head on Monday and Friday and 2.0 lbs/head on Wed-
nesday) and 61 calves to a pasture management group (rotation group)
where high quality forage was maintained. All three pastures were ap-
proximately 25 acres in size with forage consisting predominantly of
bermudagrass with a small amount of ladino clover. The stocking rate
was 1. 5 c a 1vest acre for both the contro 1 and supp 1ement groups, and 2.5
calves/acre for the rotation group.

lKerr Foundation, Inc., Poteau, OK 2Associate Professor
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The control and supplement pastures were fertilized with 300
lbs/acre of 17-0-31 on June 7,1984 and with 150 lbs/acre of 34-0-0 on
July 18. The rotation pasture was fertilized with 300 lbs of 17-17-17
on June 7, and with 150 lbs of 34-0-0 on July 18. All the pastures had
been cut for hay three to four weeks prior to onset of the trial, and
were in good to excellent grazing condition.

The rotation treatment was designed to maintain the forage in a
high quality state by keeping the grass grazed to a short, rapidly grow-
ing condition. This management was accomplished by subdividing the rota-
tion pasture into three smaller pastures with electric fence and then
rotating the calves among the three small pastures. Any excess forage
was clipped to maintain quality. The rotation dates were based on visu-
al apprai sal of forage quality and quantity, and not on a strict time
schedule.

The control and supplemental groups were also rotated between
pastures at two week intervals to reduce pasture effects. All cattle
were held off water and feed overnight before each weighing.

Results and Discussion

Results of this trial are shown in Table 1. All three pastures
i nvol ved in thi s study had been cut for hay three to four weeks before
the start of the study, and the similar gains for the first weight
period indicate that all pastures were of comparable quality.

When quality of bermudagrass is adequate to support a daily gain of
1.86 lb/day without supplementation (control group), there is apparently
no advantage for protein supplementation. During the second 28 days of
the study, the apparent forage quality dropped substantially in all
pastures. This decrease in quality is probably a combination of
factors--increased height and maturity of the forage in addition to
seasonal factors. This decrease in forage quality was partially offset
by feeding supplemental protein. The more intense management of the
pasture rotation treatment also appeared to improve gain, although gain
differences between the control and rotation groups were not signifi-
cant. It should be pointed out that the trial was carried out during a
serious drought, and consequently all forage was probably lower than
normal in quality.

~bMeans with different superscripts differ (P<.05).
2Bermuda + no supplement.
Bermuda + 1.0 lb soybean meal/day (three times/week).

31.5 times the stocking rate of control and supplement pastures, rotated
through three pastures with no supplement.
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Table 1. Weight gains of calves grazing bermuda pasture.
1

Supplement2 Rotation3Control

Number calves 40 40 61
I nit i a1 wt, 1b 438 440 446
Gain/day, lb, (total)

1.86 (52)a 1. 89 (53) 1. 82 (52) a b8/16-9/14 (28 days) a
9/14 -10/12 (29 days) .08 (2.2) a . 62 (8) .37 00.7)\
8/16-10/12 (57 days) .95 (54.4) 1.25 (71.4)b 1. 10 (62. 5)a



The results of this trial indicate that the response to protein
supplementation by stockers grazing bermudagrass in late sUlllller is
hi ghly dependent in forage quality. Apparent feed conversion was 3.3
1bs soybean meal per pound of gain in the supplemented group over the
controls. Although the rotation group did not gain significantly faster
than the control group, the pasture rotation did appear to improve gains
over the control pasture. Protein supplementation may be a more viable
opt i on than intensive rotation for some producers because less fencing
is required and a greater stock pile of forage can be accumulated.
These results indicate that protein supplementation of stockers grazing
bermudagrass in 1ate summer is beneficial and economical if stocking
rates are traditional, and forage quality is low. If the forage is main-
tained in a short, fast growing condition, supplementation may not be
economical.
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DECCOX-MINERALFEEDINGSTUDIES--OKMUlGEECOUNTY,OKLAHOMA

K.C. Barnes1, K.S. LUSby2'4Fred Stil13
and D.R. Taylor

Story in Brief

Two tri al s with 100 heifers each were conducted to determine the
effectiveness of Deccox (decoquinate), a coccidiostat, on sickness and
wei ght gai n of newly-arri ved stocker cattle. Studies were conducted
from November to February on a ranch near Okmulgee, Oklahoma. Deccox-
fed heifers gained about .5 lb/day faster (P<.Ol) and had less sickenss
than Control heifers. Some bloody stools, indicating coccidiosis, were
noted for Control heifers in both trials.

(Key Words: Deccox, Coccidiosis, Beef Cattle.)

I ntroduct ion

Cocc i di os is is a common occurance among newly arrived cattle on
Ok 1ahoma catt 1e operations. The infection causes economic losses from
death loss, high labor and treatment costs and poor performance of some
cattle following recovery. Chronic infections may occur in all seasons
of the year but are more frequently seen during the fall and winter.
There is some evi dence that sub-cl i nical levels of coccidiosis can
reduce performance as well as increase susceptibility to other diseases.
It is often difficult to administer anticoccidial agents to cattle that
are not normally fed supplemental feed or maintained at locations where
treatment through feed or water is possible. In these circumstances,
administration of an anticoccidial drug through self-fed mineral mixes
might be an efficient and economical means of protecting cattle from
both clinical and sub-clinical coccidiosis. The following trials were
conducted to study the effectiveness of Deccox when self-fed in a miner-
al mix during the receiving period on the performance and health of new-
ly arrived stocker calves.

Materials and Methods

Two field trials were conducted in Okmulgee County, Oklahoma, ap-
proximately 35 miles south of Tulsa in East Central Oklahoma. Cattle
and land were provided by Mr. Fred Still and the studies were supervised
by Kent Barnes, Area Livestock Specialist, located in Muskogee and Don
Taylor, Okmulgee County Extension Director.

Trial 1

One hundred and one heifers were purchased from auction barns and
local ranches and were received in four groups over a 2 week period on
November 21, November 24, November 29 and December 6, 1983. Average

lArea Livestock ~ecialist 2Associate Professor 3Rancher,
Okmulgee, Oklahoma Extension Director, Okmulgee County
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weight was 394 pounds. Each load was randomly split into two treatments,
Deccox or Control. Heifers were individually weighed when received, mid-
way through the trial and again at the end of the trial, about 58 days
from the start. All heifers were vaccinated for IBR-PI3 (1M), Lepto,
Blackleg (3-way), wormed with tramisol, treated with systemic grubicide
and impl anted wi th ralgro. Each heifer was branded, ear notched, and
number tagged for identification. Cattle with horns were tipped.

Hei fers were confi ned by treatment in receiving traps about 10
acres in size and fed ad libitum low quality grass hay and 2 pounds of a
38% protei n suppl ement. The feeding program was designed to minimize
purchased feed and provide for daily gains in the .5 to .75 lbslheadlday
range. Heifers were observed daily and pulled for treatment when depres-
sion, respiratory distress, scouring or other obvious clinical signs
were noted. Treatment regimes recommended by the consulting veterinar-
ian were followed.

A commercial mineral mix (Table 1) was offered to all cattle
throughout the length of the trial in whirlwind feeders equipped with
rubber pans. Deccox was hand mixed into one mineral mix (1.5 lbs. of 6%
Deccox premix per 50 lb of mineral) to deliver at least 23 mg. of deco-
qui natel 100 1b of body weight if anticipated intake occured (.2 to .3
1blheadl day).

Table 1. Ingredient composition of mineral mix.

Ingredient

Dicalcium phosphate
Salt
Limestone
Corn, ground
Cottonseed meal
Alfalfa pellets, ground
Molasses
Vitamin and trace mineral premix
Vitamin A, D and E

1blton batch Percent

650
300
250
300
300
100
100
10
2

32.5
15.0
12.5
15.0
15.0
5.0
5.0

10 1blton
2 1blton

To test the consistency of mixing, mineral samples were collected
duri ng the course of the study and analysed fer decoquinate at Hess and
Clark Analytical Lab, Walland, Ohio. Mineral intake was measured weekly
with cottonseed meal added (5-20%) and feeder locations adjusted when
needed to induce adequate intake of mineral.

Trial 2

One hu ndred hei fers were purchased from auct i on barns and recei ved
in four groups over a 4 week period on December 10, December 31, January
1 and January 7, 1983-1984. Average weight was 383 pounds. Experimen-
ta 1 procedure was the same as in Trial 1 except for a period of 5 days
in mid-January. Extreme cold with snow and ice was encountered during
the first few days that this group of calves was assembled. Ice had to
be chopped on wateri ng ponds and the calves probably consumed minimal
water. As a result of weather conditions and/or.animal preference, min-
eral consumption by both Control and Deccox calves was inadequate. In
order to insure adeq uate Deccox intake, Deccox was hand mixed with
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cot tonseed meal into the protein supplement and fed in addition to the
medicated mineral.

Trial 1

Results and Discussion

Resul ts are shown in Table 2. Mineral consumption averaged 1.94
oz./head/day and calculated Deccox consumption averaged 92 mg/head/day
during the trial. Mineral consumption varied with daily intakes of
Deccox ranging from 38 mg up to 166 mg. Laboratory analyses showed that
actual Deccox concentrations in mineral mixes exceeded the calculated
amount in every sample taken.

Table 2. Performance of heifers in Trial 1.

Control Deccox

Number of Heifers
Start weight, lbs.
Daily gain, 1st. period (32 days)
Daily gain, 2nd. period (26 days)
Daily gain, total period (58 days)
Final weight

Sick pulls, %c
Repu11ed, %
Sick pulls with scours, %
Dead, %

abMeans differ (P<.Ol)
cOne sick pull signifies that a calf was removed for treatment and

treated until deemed well.

50
388

.73
-.14 a

.34a
408

51
400

.80b

.78b.79
446

54
60

100
o

38
10
10
o

Oai ly gai ns were similar for both Control and Deccox heifers (.73
vs .80 lbs./day) during the first 32 days of the study, which would have
mostly taken place in December. However, during the final 26 days,
Deccox heifers gained .78 lbs./day compared to -.14 lbs./day for Control
heifers (P< .01) For the entire 58 day period, Control heifers gained
.34 lb/day compared to .79 lb/day for Heifers receiving Deccox (P< .01).
The increased weight gain for the Deccox-fed heifers was readily
apparent in the physical appearance of the calves.

More Control heifers were pulled for treatment than Deccox heifers
(54% vs 38%) and more Control heifers had to be repulled at a later date
for additional treatment (60% vs 10%). The primary reason for sickness
in both groups of heifers was respiratory disease. Clinical coccidiosis
di d not appear to be a major problem with either group of heifers al-
though some bloody stools were noticed in the Control group. It is
interesting to note that 100% of the Control heifers that had to be
treated for sickness showed scouring compared to 10%for Deccox heifers.
Sin c e the die t for the hei fers was 2 1bs. of a soybean meal-cottonseed
meal pellet and free choice medium to low quality grass hay, there is
little reason to suspect that the diet could have been responsible for
any scouri ng. The increased weight gain and the reduced incidence of
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scouri ng seen wi th heifers fed Deccox and the presence of some bloody
stool sin the Control group suggests that subclinical coccidiosis may
have been a problem in these heifers. No death loss was seen in Trial
1. The pronounced difference in gains between treatments during the
second period suggests that some stress was affecting the heifers and
the ex t r eme cold weather encountered in 1ate December and early January
may have been enough additional stress to retard performance of the Con-
trol group.

Trial 2

As was stated in the Materials and Methods section, heifers in this
tri al were received during a period of extreme cold and it was not pos-
sible to achieve adequate Deccox intake through the mineral mix. Palat-
ability of the drug did not appear to be the problem because Control
mi nera 1 mi x was not consumed either. For a 5 day period, additional
drug was admi ni stered in cottonseed meal blended with the regular pro-
tei n suppl ement. After this 5 day period the drug was again fed with
the mineral mix. Medicated mineral was available throughout the trial,
and consumption averaged 1.66 oz./head/day. Calculated Deccox intake
averaged 86 mg./head/day but ranged from 0 to 135 mg./head/day at weekly
measurements.

Minera 1 de 1i ver y of any product must be monitored closely with
preparations made for altering the palatability of the mineral mix to
ei ther increase or reduce intake and to use some other delivery system
if adequate mineral intake is not possible. The emergency delivery
system used in this study was a small supply of sacked cottonseed meal
that cou 1d be hand mixed with the drug and substituted for a portion of
the regular protein supplement.

Cattle performance is shown in Table 3. During the approximately
57 day trial period, Control heifers lost .03 lbs/day compared to a gain
of .57 lbs./day for Deccox heifers (P< .01). In contrast to Trial 1, a

Table 3. Performance of heifers in Trial 2.

Control Deccox

Number of Heifers
Start weight, lbs.
Daily gain, 1st period (29 days)
Daily gain, 2nd period (28 days)
Daily gain, total period
Final weight

Sick pulls, %c
Repulled, %
Sick pulls with scours, %
No. dead

abMeans differ (P<.01)
cOne sick pull signifies that a calf was removed for treatment and
treated until deemed well.

49
397

.09a
_.15a
_.03a

396

51

379 b
. 6 B

.47b.57
412

65
30

100
2

16
60

100
1
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highly significant gain advantage was seen for Deccox heifers during the
first half of the trial as well as during the second half. Gains for
Control hei fers were poor (.Og lbs./head/day) for the first 29 days of
the study and weight loss was seen during the final 28 days (-.15
lbs./head/day). Heifers receiving Deccox gained .66 lbs./day for the
first 29 days and .47 lbs. for the final 28 days.

Clinical coccidiosis was noted in the Control group. As was the
case in Trial I, more Control heifers than Deccox heifers were pulled
for treatment (65% vs 16%) although scours was noted in most of the sick
heifers from both groups. More Deccox heifers had to be repulled for
treatment than Control heifers although the low number of sick heifers
in the Deccox group limits interpretation about the relationship between
coccidiostat and retreatment of sick cattle in this trial. It is likely
that some heifers may not have received sufficient drug during the first
few days of the study because of previously noted difficulties with min-
era 1 intake during the early part of Trial 2. Two heifers died in the
Control group compared to one in the Deccox group. The low mortality in
comparison to the high morbidity (sickness) rate, especially in the Con-
trol group was a reflection of the excellent treatment received. This
level of morbidity would likely result in a higher death rate in many
circumstances.

Conclusions

Mineral mixes may be used to deliver Deccox to newly arrived cattle
provi di ng the intake is carefully monitored and preparations are made
for altering the palatibility of the mineral mix and for delivering the
drug though some other feed source if mineral intake is not adequate.
In a total of 4 trials at this ranch, 2 in the spring and the 2 winter
trials reported here, mineral consumption was adequate in 3 of the 4
studies.

A significant gain response was seen in both winter trials as well
as a reduction in the number of cattle treated for sickness. Clinical
coccidiosis was seen in both studies and the degree of scouring noted
suggested that subclinical coccidiosis could have been a problem. Coc-
cidiosis is very commonin the fall and early winter in stressed calves.
Prevention of the disease with coccidiostats is an obvious recommenda-
tion and mineral delivery of coccidiostats may be an additional manage-
ment tool in situations where the feeding program limits the number of
feeds that can be stored and fed. Consumption must be monitored, how-
ever, and alternate feeding plans available.
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EFFECTSOF FEEDINGDECCOXIN GROWINGRATIONSFOR STOCKERHEIFERS

123
K.S. Lusby, V.J. Brorsen , V4L. Stevens

and R.M. Farabough

Story in Brief

A field trial was conducted on a ranch in Noble County in north cen-
tral Oklahoma. Ninety-eight heifer calves, purchased in a western Arkan-
sa s au c t ion, were shi pped to the ranch on October 11, 1984 and allotted
to the study on October 13. Heifers were maintained in dry10t pens and
full -fed wheat hay and crabgrass hay for 56 days. All hei fers were fed
2 1b of 38 percent cottonseed meal-based pellets per day with half the
heifers receiving 100 mg of Deccox in their supplement. Heifers fed Dec-
cox gai ned 1. 34 1b/day compared to 1.06 1b/day for control heifers
(P<.Ol). One case of clinical coccidiosis was seen in control heifers.
These data suggest that these newly received calves were affected by sub-
-clinical coccidiosis enough to reduce performance.

(Key Words: Deccox, Coccidiosis, Stocker Calves.)

Introduction

Cocc i d i os is is a commonhealth problem among newly arrived stocker
calves in Oklahoma. Clinical cases with signs of bloody scours and
death loss cause obvious economic losses. However, recent research sug-
gests that coccidiosis may reduce performance in some cattle without
causing the most apparent clinical signs of the disease. Because Deccox
(Decoquinate) is an effective coccidiostat that should not have any oth-
er growth promot i ve effects, feeding Deccox during the receiving and
growi ng phase should provide evidence of the effects of subclinical coc-
cidiosis in cattle.

Materials and Methods

A 56-day field trial was conducted on a ranch in Noble county near
Perry in north central Oklahoma. Ninety-eight heifer calves weighing
about 340 1b were purchased in a western Arkansas auction and trucked to
the ranch on October 11, 1984. The heifers were vaccinated for IBR,
PI-3, Haemophy1us somnus, Pasteurella hemo1ytica-mu1ticida, Lepto and S-
way Clostridia. All heifers were injected with Ivermectin and implanted
wi th Synovex<8>H. Hay was provided free choice to all heifers in round
bale feeders and 2 1b/head/day of cottonseed meal was fed in feed
troughs. Hay consisted of high quality wheat and crabgrass hay for the
first 28 days and lower quality wheat hay for the last 28 days of the
study.

On October 13, all heifers were randomly allotted to either Con-
t r 01 or Deccox treatments. Deccox was admini stered through the cotton-
seed meal pellets at the rate of 50 mg/lD or 100 mg/head/day in 2 1b of

I ------
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supplement. All heifers were individually identified with a color coded
and numbered ear tag at the time of allotment to treatments. Thirteen
heifers had been pulled for sickness at the time of arrival and proces-
sing and were allotted to treatment groups while in the sick pen. All
weights were unshrunk weights taken immediately after moving cattle from
thei r pens to the scales. Heifers were maintained in adjacent drylot
pens throughout the study.

Heifers were observed daily and pulled for treatment when signs of
sickness such as anorexia and depression were noted. Rectal temper-
atures were taken on all calves pulled for sickness. Sick calves were
treated with antibiotics prescribed by the consulting veterinarian. The
veteri nari an was called to examine calves not responding to treatments
and to evaluate severe cases.

Results and Discussion

Duri ng the fi rst 28 days of the trial, calves fed Deccox in their
cottonseed meal supplement gained 1.53 lb/day (Table 1) compared to 1.24
lb/day for control calves (P<.05). Control calves appeared to have
s 1i g ht 1y rougher hai rcoat s and showed more loose stoo 1s than calves fed
Deccox during the first 28 days in drylot. One case of clinical coccidio-
si sin a Control heifer was diagnosed by the consulting veterinarian on
the tenth day of the trial. This heifer showed bloody scours, extreme
incoordination and weakness. After treatment with Amprolium and antibi-
otics, the heifer recovered. Weather was generally mild during this per-
iod with limited rainfall.

Table.l. Performance and health of heifers fed Deccox for 56 days fol-
lowing arrival.

Prob.

P<.05
P<.OI
P<.01

During the second 28 days of feeding, calves fed Deccox again gain-
ed faster than control calves (1.17 lb/day vs .88 lb/day, P<.Ol).
Approx i mately 5 inches of snow fell during this period. At the time of
the final weighing, about 70 percent of the control cattle showed some
signs of loose stools although no blood was apparent in their feces. No
Deccox-fed ca 1ves were observed to show any scouring. The fact that
feed related scouring would not be expected with a diet of low quality
wheat hay and 2 1b/day of cottonseed meal, and that no scouring was
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Control Deccox

Number heifers 49 49
I nit i a1 wei ght 352 342
Daily gain, lb/day

1st 28 days 1.24 1.53
2nd 28 days .88 1.17
56 days 1.06 1.34

Number dead 0 0
Number treated at processing 7 6

Sick days/calf pulled 3 3
Number treated after Deccox

feeding began 24 17
Sick days/calf pulled 5.5 5.9



observed in the Deccox group, suggests that some other factor was
involved. These data suggest that these heifers were affected with sub-
clinical coccidiosis severely enough to reduce weight gain without caus-
ing clinical signs of coccidiosis. No heifers died during the trial.
Slightly more Control calves required treatment for sickness than Deccox-
-fed calves although there was no apparent effect of treatment on the
number of days each calf was sick. Respiratory illness was the most com-
mon sign among calves pulled for treatment.

For the entire 56 day trial, calves fed Deccox gained 1.34 lb/day
compared to 1.06 lb/day for Control calves (P<.OI). Deccox-fed heifers
gai ned a total of 15.7 lb more than Control heifers during the trial.
At a value of $58 per hundred, the added gain would be worth $9.09 per
heifer. The cost of the drug will be between 2 and 5 cents per head per
day depending on the source. Deccox is normally recommended for feeding
the first 28 days after arrival. It was fed for 56 days in this study
to estimate effects of controlling coccidiosis on performance of growing
calves. Typically, a growth promotive feed additive would be used after
the first 28 days. This study, along with others in Oklahoma (Barnes et
a 1., 1984 a and b), suggest that feedi ng a cocci di ostat in growi ng and
receiving rations can improve gains, particularly in the fall and spring
months and in locations with a history of coccidiosis.

Literature Cited

Barnes, K.C. et al.
County, Oklahoma.

Barnes, K.C. et al.
fed Decoquinate.

1984. Deccox-mineral feeding studies--Okmulgee
OSUMP-116:130.

1984. Performance of newly-arrived stocker cattle
J. Anim. Sci. 59:382 (abstr.).

264 Oklahoma Agricultural Experiment Station



THE EFFECTOF RESPIRATORYSYNCYTIALVIRUS VACCINEON HEALTHAND
PERFORMANCEOF NEWLY-ARRIVEDSTOCKERCATTLE

R.A. Smith!, R.B.Hicks2, D.R. Gil13, andR.L. Ba1l4

Story in Brief

One-hundred forty one newly-received steer and bull calves and year-
lings averaging 475 1b were divided into two groups. Eighty-one
received routine processing upon arrival, and 60 received routine
processing plus respiratory syncytial virus (RSV) vaccine. Vaccination
with RSVvaccine decreased daily gain (1.61 vs 1.35 1b/head). Morbidity
was 66% for the RSVvaccine group which was higher (P<.05) than for the
controls (47%). Sick days also were higher in the RSVvaccine group
(6.8 vs 4.3 days/animal). Death loss also tended to be higher in the
vaccinated groups (13.3 vs 2.5%). In this study, the use of RSVvaccine
was detrimental to health and performance of newly-received stressed
calves in this 28 day receiving period.

(Key Words: RSV, BRD, Newly-received cattle, Shipping fever

Introduction

Respiratory syncytial virus (RSV) has been detected in re~piratory
infections of cattle with severe clinical and pathological features
(Rosenquist, 1974) and recent work has suggested that RSVmay be
associated with the Acute Respiratory Distress Syndrome of calves.
Antibody surveys have shown that the virus is common in cattle
populations. A modified live virus vaccine was recently introduced onto
the market for use in cattle. As part of ongoing stressed cattle and
s hi pp in g f ever research, calves were randomly selected from three loads
of cattle to study the effect of RSV vaccine on the health and
performance of newly arrived stocker and feeder calves.

Materials and Methods

All cat t 1e werepurchased by order buyers from auct ion markets in
Tennessee or Alabama and sh i pped by truck to the Pawhuska, Oklahoma
Research Stat i on. Newly-received cattle were weighed individually off
the truck, ear tagged and treated with Lysoff<ll>a. Following weighing
and tagging cattle were placed in pens of 20 to 25 animals each
depending on the number of cattle received. For this study, animals
from three different truckloads were used in trials starting on August
18, 1984, October 11, 1985 and November 14, 1984. Water and native
b1 uestem grass hay were available free choice. The morning following
arrival, the cattle were processed as follows:

1AssociatJ Profess04, Veterinary Medicine and Surgery 2GraduateAssistant Professor Herdsman II
aCutter Laboratories, Shawnee Mission, KS 66201.
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1.
2. Bodytemperature and time were recorded.

A11 cat t 1e were vacc i nated wi th I BR- PI 1 (MLV) 1M, Leptospira
pomona bacterin and Clostridia chauvoeT, septicum, nOVYl
sordellii bacterin. ------
S i xV head were vacc i nated with respiratory syncytial virus vac-
cine and 81 head served as unvaccinated controls.
One-half the cattle were dewormed with ivermectinC, the other half
in e ac h va cc i nat ion group served as controls as part of a deworming
trial superimposed on this study.
Calves were started on antibiotic treatment if clinical signs of
ill ness were detected or if body temperature exceeded 104°F except
for the one-third of the calves which received no treatment if they
became sick.
For sick calves, a hospital card was initiated and the calf was
placed in a hospital pen.

Bluestem hay was available at all times and a supplement (Table 1)
was offered at a rate of 2 1b/head/day for the first 21 days and 1
lb/head/day during days 22-28.

5.

3.

4.

6.

Table 1. Composition of feed supplement.

Ingredient Percent

Soybean meal 88.9
Salt 3.0

Vitamig A-30000 IU/gm .22Premix .18
Cottonseed meal 5.0
Oicalcium phosphate 2.75

aTo provide 75 109lasalocid per pound.

After processing, cattle were checked twice daily for signs of
ill ness. If an animal was suspected to be sick, it was taken to the
processing area where its body temperature was determined and a severity
of i 11ness score (sl ight, moderate or severe) was ass i gned. If the body
temperature exceeded 104°F the animal was considered sick. The animal
could also be classified as sick based on clinical signs.

Medical treatment for sick animals was determined by the ear tag
number which was applied at random on arrival. Treatment schedules were
(A) no treatment (negative controls), (B) a sequence of antimicrobial
drugs 1 is~ed in Table 2 or (C) an experimental potentiated sulfa
(R05-0037 ) substituted for Treatment 1 in Table 2. Thirteen control
cattle and seven in the RSV vaccine group were randomly assigned to
treatment schedule A. Cattle treated by schedules Band C were
initially treated with the first drug in the sequence. If body
temperature dropped 2°F or to less than 104°F, or clinical signs were
improved within 24 hours, the first drug was continued for at least

bBoVi ne Respiratory Syncytial Vaccine (serial number 57), Norden Labor-
atories, Lincoln, NE.

~Ivornecqj),MSOAgvet, Rahway, NJ 07065
Primorqj), Hoffmann-LaRoche, Inc., Nutley, NJ 07110.
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another two consecutive days. If no improvement was apparent within 24
hours, the next drug in the sequence was applied and the procedure
repeated until improvement was detected (procedure outlined in OSU
RP-9104-04/81). Cattle treated by schedule C received R05-0037 boluses
orally (30 mg/lb on day one and 15 mg/lb/day thereafter.

At the end of the 28 day trial, the cattle were held overnight with-
out feed or water, weighed the following morning and, when necessary,
cattle were castrated and horns were tipped. Cattle were then returned
to the owner.

All cattle dying during this study were admitted to the Oklahoma
Animal Disease Diagnostic Laboratory for gross and histological examina-
tion, virus isolation, bacterial culture and antibiotic sensitivity test-
i ng.

Table 2. Sequence of drugs used for treatment of BRD.

Treatment No.1: OXYTETRACYCLINE(Biomycin-C4!» subcutanously - 5
mgn b.

Pl us

SULFAMETHAZINE BOLUSES (Sulmet4!> - 15 gm) 1
bol us/150 1b on day 1. One bolus/300 lb on subse-
quent days.

Treatment No 2:1

Treatment No 3:1

Treatment No 4:1

ERYTHROMYCIN(GALLAMYCIN4!»deep in the muscles -
10 mg/lb.

SPECTINOMYCIN(Spectam$) 5mg/lb 1M.

PROCAI NE PEN I CILL I N G - Sub cut a no u sly - 30,000
I Unb.

Treatment No 5:1 TYLAN200 - 10 mg/lb 1M.

ISome of the antimicrobial drugs used in this study were used for
extra-label purpose or at extra-label dosages and require a
veterinarian-client-patient relationship before use.

Results and Discussion

Least square means are presented in Table 3. Average daily gains
(ADG) during the 28 day receiving period were 1.61 lb/day for the
controls and 1.35 lb/day for those vaccinated with RSVvaccine. Data
from cattle that died during the study were not used to calculate gains.
Morbidity was high in both groups, but greater (P<0.05) in the group
vaccinated with RSVvaccine (66 vs 47%). Number of repulls (cattle that
had to be treated more than once for respiratory disease) were higher in
the RSV vaccinated group and death loss tended to be increased with the
RSV vaccine group (13.33% compared to 2.47%). The death loss percentage
among cattle that were treated when they became ill by treatment
schedule B or C was 5% in the RSV vaccinated group and 0% in the
unvaccinated controls.
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Table 3. Effect of RSVvaccine on morbidity, mortality and performance
of stressed calves.

Under the conditions of this study, health and performance of newly-
arrived calves were impaired by treatment with respiratory syncytial
virus vaccine. This vaccine offered no economic advantage in processing
of stressed calves in this study.

Literature Cited

Rosenqui nst, B.D. 1974. Isolation of respiratory syncytial virus from
calves with acute respiratory disease. J. Infect. Dis.
130: 177-182.
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Controls RSVVaccine Vaccine
(81 head) (60 head) Effect (%)

Average daily gain, lb 1. 61 1. 35 -16
Morbidity, % 47. 66. +59
Repu 11s, % 26. 37.
Sick days 4.3 6.8 +40
Total mortality, % 2.5 13.3 +540
Percent mortality excluding

treatment schedule A cattle o. 5.



THE EFFECTOF COMPUDOSEAND FINAPlIX ALONEAND IN COMBINATION
ON GROWTHOF FEEDlOT STEERS

R.B. Hicks1, D.R.Gi1l2, L.H. cargo1l3, J.J.Martin4andC.A. Strasia

Story in Brief

One-hundred-twenty yearl ing steers were divided into five treat-
ments as follows: (1) no implant, (2) Compudose on day 1, (3)
Trenbolone acetate (TBA) on days 1 and 63, (4) Compudose on day 1 and
TBA on days 1 and 63, and (5) Compudose and TBA on day 1.

Daily gains and feed efficiencies were improved for the steers
receiving a combination of Compudose and TBA. Compudose plus a single
TBA implant improved gains 8.6 percent and feed efficiency 4.6 percent
on a carcass basis. Compudose plus two TBA implants improved daily gain
7.6 percent and feed efficiency 3.9 percent on a carcass basis. Gain
and feed efficiency were improved 4.3 and 1.0 percent by Compudose alone
on a carcass basis. The TBA implants alone reduced gain and efficiency
7.3 and 3.9 percent, respectively on a carcass basis. Dressing percent-
ages and marbling tended to be lower for steers receiving TBA implants.

(Key Words: Feedlot Steers, TBA, Compudose, Growth Promotants.)

Introduction

Estrogenic anabolic implants have been used to increase rate of
"ga in and improve feed efficiency in feedlot cattle in the U.S. for many
years. One such implant is Compudose. The use of the androgenic ster-
oid trenbolone acetate (TBA) to improve beef cattle performance has been
reported in European 1iterature. It has been suggested that the growth
response to TBA is additive to that produced by estrogens. The object-
ive of this study was to evaluate the effect of Compudose and Finaplix
(200 mg TBA) alone and in combination on growth and carcass characterist-
ics of feedlot steers.

Materials and Methods

One-hundred-twenty crossbred steers of predominantly one-half
Brahman breeding were weighed on trial at Goodwell, Oklahoma on April
25, 1984. These steers had been grazed as a single group on winter
wheat pasture near Purcell, Oklahoma since October 1983. They were
implanted on January 4, 1984 with Ralgro (36 mg zeranol) and had receiv-
ed no additional implants prior to the initiation of this study.

The steers were wei ghed twice on day 1 of the trial, and had an
average initial weight of 762 lbs. They were blocked by weight and
breed type into three groups of 40 head each. Each block was further
divided into five pens of eight head each with the five treatments being

1Graduate Assistant 2profess04 3Research Associate, Lilly
Research Laboratories, Da!laS, TX Chairman, Division of Agriculture,
Panhandle State University Area Specialized Agent
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randomly assigned within each block. The treatments were (1) control,
(2) Compudose on day 1, (3) TBAon days 1 and 63, (4) Compudose on day 1
and TBAon days 1 and 63, and (5) Compudose and TBAon day 1.

The Compudose implants were placed subcutaneously in the posterior
surface of the left ear. The TBA implants were placed subcutaneously in
the posterior surface of the right ear. Second TBA implants administer-
ed on day 63 were also placed in the right ear.

A complete concentrate ration consisting of whole shelled corn, cot-
tonseed hulls and pelleted supplement was fed for the full 126 day trial
(Table 1). Dehydrated alfalfa pellets and cottonseed hulls were used to
d i 1ute the rat i on to 60 percent concentrate for start i ng the catt 1e on
feed, these were decreased in 5 steps unti 1 the cattle were on the
final ration at 28 days on feed. Steers were weighed full on days 28,
56, 84, 112 and 126. They were weighed twice on day 126. On days 56
and 112 each animal was evaluated for male characteristics in the head,
neck and shoulder areas.

Steers were trucked 70 mi les to Booker, Texas on day 127 of the
trial (August 30, 1984) for slaughter and carcass data was obtained. In
addition, each carcass was evaluated for masculinity traits. Live
weights are reported on a full basis while gains and feed efficiencies
were calculated using a 4 percent shrink. Gains and feed efficiencies
for the total trial were calculated from hot carcass weights assuming a
dressing percentage of 62, and are indicated as "O-slaughter" in Table
2.

Table 1. Ration composition, dry matter basi sa.

Ration

I ngred i ent

Corn, whole shelled, %
Cottonseed hulls, %
Alfalfa, dehydrated, %
Pelleted supplement,%

51.85
15.00
25.00
8.15

2

86.85
5.00

8.15

Supplement Composition, % of OM

Soybean meal
Cottonseed meal
Calcium carbonate
Urea
Salt
Molasses
Potassium Chloride
Vitamin A-30
Trace mineral

3.84
2.05
1.00
0.45
0.30
0.28
0.20
0.02
0.01

aCal cul ated to contain 11.65% crude protein, .60% potassium, .42% cal-
bcium and .33% phosphorus.

Starting ration only.

Results and Discussion

Performance and carcass data are presented in Table 2. Steers
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Table 2. Performanceand carcass data.

Control

Weights, lb
Ini t i al
126 days

Dai ly gain, lb
0-126 days
O-slaughter

Daily feed, lb
0-126

F eedj ga i n
0-126
O-slaughter

Carcass weight, lb
Dress i ng percent
Liver abscesses,

Incidenc~, %
Severity

Rib eye area, sq in
KHP, %
Fat thickness'din.
Marbling score
Cutability, %

Yield grade f
Federal grade

762
1156b

2.76b
3.03ab

17.7

6.41:b

769§~
61. 3

o
o

12.8
2.10
0.40

12.5
50.9
2.5

11.1

762
1170ab

2.87ab
3.16a

18.3

6.36a
5 78ab

719A
61. 5

8.3
.17

12.7
2.19
0.46

12.4
50.4
2.8

11. 2

*
Treatment

TBAdays,
1 & 63

762
1150b

b
2.72b2.81

17.0

6.28ab
6 07a

691~
60.1

8.3
.13

12.3
1.85
0.41

11. 6
50.8
2.6

10.5

E2B, day 1;
TBA, days
1 & 63

761
1205 a

3.14a
3.26a

18.23

5.82~b
5A61727

60.3

4.2
.04

13.0
2.10
0.48

11.8
50.4
2.7

10.8
*

E B= Compudose 200 (Estradiol control release implant).

b~A= Finaplix (Trenbolone acetate).
~ Means in a row with different superscripts differ (P<.05).

11=average slight; 12=slight plus.
~O = one; 1 = small size; 2 = many or moderate sized abscess.

Average Good = 10; Good Plus = 11.

E28, day 1;
TBA, day 1

762
1204 a

3.12a
3.29a

18.3

5.86bc
5 57b

730A
60.6

o
o

12.7
2.10
0.47

11.7
50.3
2.8

10.4

implanted with Compudose had significantly higher daily gains (carcass
weight basis) than steers receiving TBAalone. Improvements in rate of
carcass adjusted gain with these implants were 8.6 percent for Compudose
plus a single TBA implant, 7.6 percent for Compudose plus two TBA
implants and 4.3 percent for Compudose alone. TBAalone decreased gains
7.3 percent on a carcass basis. On a live weight basis, steers receiv-
ing both Compudose and TBA implants had significantly higher gains than
the control s and steers receiving TBA alone. Gains reported on a live
weight basis were higher for steers receiving Compudose plus two TBA
implants. Compudose alone or in combination with TBA increased feed
intake 3.4 percent, whereas TBAalone decreased feed intake 4.0 percent.

Steers receiving Compudose and a single TBA implant had a signifi-
cantly improved feed efficiency (carcass weight basis) compared to TBA
alone. Improvements in efficiency of feed use reported on a carcass
weight basis were 4.6 percent (Compudose plus one TBA implant), 3.9 per-
cent (Compudose pl us two TBA i mpl ants) and 1.0 percent (Compudose
alone). TBA alone reduced efficiency of feed use 3.9 percent on a
carcass weight basis, whereas TBAalone improved efficiency 2.0 percent
on a live weight basis.

Carcass weight differences correspond with differences in rate of
ga in d is c u sse d above. Dress i ng percentages and marbling scores tended
to be lower for steers implanted with TBA. Only five steers had liver
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abscesses in the trial. No differences in masculinity traits were
observed on a live basis or carcass basis.

The combination of Compudose and TBA implants in this study
increased daily gains and improved efficiency of feed use for feedlot
cattle over either implant alone. (Caution!! TBA implants are not
approved for use alone or in combination with other implants in the
Unites States at the time this report is being written.)
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EFFECTSOF MGAe. TYLOSIN. LASAlOCID AND MONENSINFED IN COMBINATION
ON THE PERFORMANCEOF FEEDLOT HEIFERS

J. J. MartinI, C.A. Strasia24 D. R. Gil13and R. B. Hicks

Story in Brief

Add it i ves in the following combinations were tested for a 110 day
feeding test: I, MGA;2, tylosin; 3, lasalocid; 4, MGA+ tylosin; 5,
MGA+ lasalocid; 6, lasalocid + tylosin; 7. MGA+ lasalocid + tylosin;
and 8, MGA+ monensin + tylosin. If the averages for treatments 1 and
2 (MGAor tylosin only) are used as the reference point then carcass ad-
justed feed efficiencies were improved 6%for lasalocid only (3), 10%
for MGA+ tylosin (4), 8% for MGA+ lasalocid (5), 1%for lasalocid +
tylosin (6), 6% for MGA+ lasalocid + tylosin (7), and 15%for MGA+ mon-
ensin + tylosin (8). The data from this test will be most meaningful
when pooled with tests of the same design conducted at the same time at
other universities. Only the combination of MGA+ monensin + tylosin
had significantly improved feed efficiency over MGAalone.

None of the additives or combinations had any effect on carcass mea-
surements or 1i ver abscesses. The fact that all test cattle were fed
decoqui nate for the first 28 days of the 64 day warm up period before
the test additives were administered may have affected the results.

(Key Words: Feedlot Heifers, MGA,Lasalocid, Monensin, Tylosin.)

INTRODUCTION

A major problem which greatly reduces the efficiency of beef pro-
duct i on is the lack of safety-efficacy clearances by the FDAfor a num-
ber of proven effective feed additives. The lack of necessary clear-
ances often prevents cattlemen from using two or more proven effective
additives at the same time in the diet. This study is a part of a num-
ber of studies conducted to obtain clearances which ultimately will al-
low cattle feeders to feed combinations of Monensin + Tylosin + MGA,or
lasalocid + Tylosin + MGAat the same time. The feeding of combina-
t ions of proven safe and effective feed additives which in most cases
are both complimentary and additive to one another can greatly improve
the efficiency of beef production. Since modes of action of MGA,tylo-
si n and the i onophores are different, administration of them in either
two or three-way combinations should result in improved performance of
feedlot heifers over that achieved with any additive fed singly. Two of
the s e dr u gs, MGAan d ty 10 sin, have unique non-overl appi ng cl aims not
shared with monensin or lasalocid. Therefore, these two drugs will con-
tribute separate added claims to either of the ionophores utilized in
three-way combinations. Because of MGA's estrus suppressing activity ap-
proval to administer this drug in two and/or three way combination with
other feed additives will be of considerable benefit to the feedlot
heifer industry.

~Chairman, Division 03 Agricult~re, Panhandle State University
Area Specialized Agent Professor Graduate Assistant
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Experimental Procedure

A group of 192 heifers were selected for uniformity from a larger
group purchased at sale barns in south central Oklahoma. At preprocess-
ing, the heifers were pregnancy checked and heifers detected pregnant
were not used. The test heifers were then injected with 5 ml LutalyseG!>
and shipped to Goodwell, Oklahoma for feeding. The heifers were placed
on a high silage ration containing decoquinate to provide 150 mg per
head per day for the first 28 days. The heifers then were placed on ad-
ditive-free starter ration and gradually moved up to the concentrate lev-
el of the test ration. They were held on the final additive-free
ration until at least 50% of the animals had been observed cycling. In
total, the heifers were fed 64 days before the test additives were added
to the diets. At this time the heifers were palpated to further demon-
strate that the he i fers were in fact cycl ing. The animal s were then
stratified into three weight groups and randomly allocated to eight ex-
perimental feed groups consisting of three pens each.

Table 1. Treatment designation.

1. MGA0.5mg/hd/day
2. Tylosin 10 g/ton of complete feed
3. Lasalocid 30 g/ton of complete feed.
4. MGA(0.5mg)-tylosin (10 g)
5. MGA(0.5mg)-lasalocid (30g)
6. Lasalocid (30g)-tylosin (lOg)
7. MGA(0.5mg)-lasalocid (30g)-tylosin (lOg)
8. MGA(0.5mg)-monensin (30g)-tylosin (lOg)

Special supplements containing the additives were added each day at
feeding time so that MGAcould be administered at a rate of 0.5
mg/head/day, while tylosin, lasalocid, and monensin were administered at
specific concentrations per ton as indicated in Table 2.

Heifer weights were recorded following a 12 hour withdrawal from
feed and water and were weighed at 28 day intervals. Final weights were
taken after a 48 hour drug withdrawal. The animals were transported ap-
proximately 75 miles to Booker, Texas for slaughter and collection of
rout i ne carcass information, including liver abscess data. Data from 8
hei fers were excluded from the trial because of apparent errors in the
data collected at the packing plant. One heifer was injured in weighing
and was slaughtered at Panhandle State University. The net energy equa-
tions were used to calculate feed consumed by the nine animals and these
data were deleted from the analysis.

Results and Discussion

The design of this experiment dictated that open cycling heifers
were to be used for the test. It was presumed that the heifers were
both old and big enough to be cycling at time of purchase. However,
they had to be held on feed for 64 days before these criteria could be
met. As a result the pay to pay performance of these cattle greatly ex-
ceeded the performance in the trial summary. Because this design was
dictated by the requirements of the FDAand a limitation in facilities
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Table 2. Diet composition and additive concentrations.

Ingredient Percent

Corn Sil age
Whole Shelled Corn
Supplement

Limestone
Salt
Urea
Soybean Meal
Vitami n A-30000
Cottonseed Meal

Cane Mo1assasAdditive Carrier
Ground Corn + additives
Soybean Meal

4.00
85.98

5.02

5.00

1.00
.30
.45

2.08
.02

1.00
.17

2.50
2.50

---------------------------------------------------------------------
aAdditive Carrier pellets contained:

Add~tive Theory
MGA 3000 mg. per ton
Ty10sinC 600 gr. per ton
Lasa10cidc. 1800 gr. per ton
Monensinc d 1800 gr. per tonBlank no additives

Assay
2860

598
1583
1690

DMGAcarrier fed at a rate of 0.33 lb/head/day (0.5 mg).
cFed at a rate of 1.85% of ration dry matter to provide 30 grams per

90% dry matter basis ton of 1asa10cid or monensin, or to provide ty10-
dsin at io grams.

Added at feedi ng time so that total additive carrier equals 5%of the
ration dry matter.

and funding no negative control could be included. The reader of this
report should use these data with those of 4 or 5 other experimental lo-
cations which conducted the similar tests using the same protocol. The
level of MGAfed gave complete estrus suppression, and appeared to be ad-
ditive with tylosin and the two ionophores.

The results of this test are presented in Table 3. The grading as
indicated by the marbling scores on these light weight heifers was out-
standing with only 2 animals not reaching the choice or better grade.
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aOMeans in a row with different superscripts differ (P<.05).
~Adjusted live weight calculated by dividing hot carcass weight by 0.62.

12 = slight plus, 13 = small minus, 14 = average small, 15 = small plus, 16 = modest minus.
eO = none, 1 = small, 2 = 2 or more small, 3 = extensive.

t-:>
'-!
Q'\

0
iii'"

0
51..
01- Table 3. The effect of treatment on heifer performance.(JQ

,n
Treatment NumberE.

='... Item 1 2 3 4 5 6 7 8
t"

Number of Heifers 22 23 21 23 24 23 24 23'CI
Start i ng wt 677 672 672 672 672 667 674 678"... Final wt 924 909 932 936 936 904 930 952

S'" ADG, live 2.25 2.15 2.36 2.40 2.40 2.16 2.33 2.50
:? Feed intake 15.77 a 14.45a 14.97 b 14.92 b 14. 79 b 14.48 14. 76ab 14.55b

Feed/gain, lve 7.01 6.71 6.33a 6.25a 6.17a 6.79a 6.32 5.84
ADG, carcass 2.42a 2.26ab 2.50 b 2.59ab 2.50ab 2.30 b 2.45 b 2.67b

0' Feed/gain, carcassc 6.50 6.40 6.07a 5.80 5.92 6.39a 6.05a 5.45
='

Dress, % 63.42 63.03 63.18 63.54 62.88 63.28 63.03 63.37
Fat Thickness, in .37 .36 .36 .40 .35 .38 .40 .36

Ribeye Area, i9 11. 43 11. 86 12.09 12.09 11. 70 11.88 11. 72 12.03
Marbling score 15.63 15.13 14.72 13.88 14.96 15.41 14.42 14.06
Cutability % 51. 07 51. 70 51. 58 51. 33 51. 28 51. 54 51. 21 51. 40
Liver abscessese .42 .08 .33



COMPARISONOF IONOPHORESFORFEEDlOT HEIFERS: LASALOCIDA.M. PLUS
OXYTETRACYCLINEP.M. -VS- CONTINUOUSMONENSIN-TYLOSIN

C.A. Strasia1 andL.J. Jordan2

Story in Brief

Forty-eight yearling heifers which had been in the feedyard for 60
days and had been receiving monensin (300 mg/hd/day) plus tylosin (90
mg/hd/day) were fed 96 days on an 88% concentrate ration (NE = 1.25
mcal/kg) with (1) monensin (300 mg/hd/day) plus tylosin (90 mg?hd/day)
or with (2) lasalocid (300 mg/hd/day) fed A.M. plus oxytetracycline (75
mg/hd/day) fed P.M. Supplements were top dressed on the ration at each
feeding. Feed intake was 4.7% greater, average daily gain was 4.8%
higher, and feed efficiency 4.7% better in the monensin-tylosin
treatment. Hot carcass weights, fat thickness over the rib, marbling
scores and kidney-heart and pelvic fat were 1.9, 2.2, 5.8, and 4.9
percent, respectively, higher for the monensin-tylosin cattle. Dressing
percent, rib eye area and yield grade were .20, 1.0 and 8.9 percent
greater, respectively, in the lasalocid A.M. andoxytefracycline P.M.
treatment.

Animals may be crossed over from one ionophore to another without
any significant performance changes (i.e. monensin-tylosin to lasalocid
A.M.-oxytetracycline P.M.).

(Key Words: Feedlot Heifers, Monensin, Lasalocid, Oxytetracycline,
Tylosin.)

Introduction

The two ionophores, currently approved for use in beef cattle,
monensin (Rumensin<l!» and lasalocid (Bovatec<l!», are extensively fed to
feedlot cattle to improve efficiency of feed utilization. it has been
demonstrated that several antibiotics are effective in reducing the inci-
dence of 1iver abscess in feedlot cattle. Two of these antibiotics are
oxytetracycl i ne (Terramycin) and tylosin (Tylan). To date, only
tylosin is cleared for use with an ionophore, and only with monensin.
The combination of two drugs, such as ionophore and antibiotic, requires
a voluminous documentation of efficacy prior to being cleared for use by
the Food and Drug Administration. Consequently, two methods may be used
to deliver an oral antibiotic for liver abscess control when an
ionophore is used in the ration which has no combination clearance: (1)
a high therapeutic level fed a few days each month, or (2) A.M.-P.M.con-
tinuous low level where all the ionophore is fed A.M. and all the antibi-
otic fed P.M. The objective of this study was to determine the efficacy
and feasibility of A.M.-P.M. lasalocid + oxytetracycline versus the com-
bination monensin-tylosin supplementation program.

r---------

Area Extension Livestock Specialist 2Manager, L&WFeedyard,
Follett, TX
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Materials and Methods

For ty- e i gh t c ro SSbred hei fers were i ndi vi dually weighed, i dent i-
fied with ear tags and randomly allocated to two treatment and six pens
on June 14, 1983. This design allowed each treatment to be replicated
three times. The heifers had been in the L&WFeedyard, Follett, Texas
since April 22,1983 and had received routine feedlot vaccinations and
imp 1ant s, and had been managed on the standard feedlot nutr i t iona 1 pro-
gram which included use of monensin-tylosin in the rations (Table 1).

The initial shrunk weight of the heifers on June 14,1983 was 701
lb. The heifers were receiving the finishing ration upon initiation of
the study and continued receiving this ration until completion of the
study on day 96. Full weights were taken on days 28, 56, 84 and 96, and
were subjected to a 4% pencil shrink for reporting purposes.

The purpose of the study was to test the efficacy of a monensin-
tylosin (300 mg + 90 mg) feeding regime versus a lasalocid A.M. -
oxytetracycl ine P.M. (300 mg-75 mg) feeding program.

The heifers were trucked 42 miles to Booker, Texas for slaughter.
Gai ns and feed efficiencies for the total trial were calculated from hot
car cas s we i ght s assumi ng a dress i ng percentage of 62. Performance and
carcass data were compared using analysis of variance (Steel and Torrie,
1960) .

I ngred ient

Table 1. Diet consumption, dry matter basis. a

Percentage

Corn, steam flaked
Alfalfa, ground
Wheat mids
Calcium carbonate
Meat meal
Urea
Sunflower meal
Salt
Cot tonseed meal
Potassium chloride
Ammoniumsulfate
Dicalcium phosphate
Premix

83.10
10.58
1.13
1.09

.80

.90

.80

.64

.48

.18

.16

.12

.01

aTo provide 12.5 percent crude protein, .65 percent calcium, .39 per-
cent phosphorus, .68 percent potassium, and 1.25 mcal/kg dry matter

b(NE ).
Peflleted supplement composed 7.9 percent of the ration dry matter.
The supplement for treatment 1 was formulated to supply 30 g/ton Rum-
ensin per ton of air dry feed and 90 mg tylosin/head/day.

Results and Discussion

Prior to the start of this study the animals were receiving a stan-
dard feedlot finishing ration indicated in Table 1 which contained
monensin + tylosin. The ration was contained monensin + tylosin at a
level of 300 mgs + 90 mgs per head per day, respectively. The animals
receiving the monensin-tylosin tre~tment continued receiving this ra-
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tion. The pens receiving the lasalocid-A.M.-oxytetracycline':'P.M. were
immedi ately crossed over to this feeding regime. Feed delivery to the
pens was by mixer truck. The supplements were top dressed on the ration
to assure that the proper amount of supplement was delivered to each
pen. Feedlot performance data are shown in (Table 2).

Average daily gain, daily feed intake and feed conversion was en-
hanced by 5.0, 0.5, and 4.9 percent, respectively, by the monensin-
tyl os i n treatment. Thi s same pattern has been observed in steers fed
intermittent high levels of antibiotics (Gill et. a1., 1984). One of
the problem areas with A.M.-P.M. feeding of additives is that more than
half the rat i on is fed in the A.M. whereas only half the supplement is
apportioned at this time. In the typical custom feedlot situation, this
may be a problem that is logistically insurmountable.

Table 2. Gains and feed efficiencies of heifers on different
ionophore antibiotic feeding regimes.

Treatments

aInterval weights are reported after a 4% shrink; weights for the test
bare based on hot carcass weight with 62 dressing percentage.
All consumption data on an as fed basis. (Ration dry matter =87%).

~Feed/gain for the trial is expressed on a 100%dry matter basis.
eMeans within a row with different superscripts differ (P<.05).
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Monensin lasalocid A.M.
+ Tylosin Oxytetracycline P.M.

Heifers, numer 24 23
Weights, lbs

704d 700dInitial
28 days 785d 782d
56 days 870d 859d
84 days 937d 915d
96 days, live 959d 935d
96 days, carcass 1005d 986d

Daily gains, lbs d d
0-28 days 2.80d 2.82d
28-56 days 2.91d 2.77 d
56-84 days 2.77 d 2.55d
84-96 days 2.66d 2.45d
96 days, 6arcass 3.13 2.98

Daily feed, lb d d
0-28 days 21. 72d 21. 54d
28-56 days 20. 14d 20.44d
56-84 days 25.01d 24.30d
84-96 days 17.91d 18.40d
0-96bdays 21. 74 21. 63

Feed/ ga in d d
0-28 days 7.49d 7.38d
28-56 days 6.61d 7.41d
56-84 days 10. 52d 12. 16d
84-96 days 9.59d 10.69 d
0-96 days 6.92 7.26

Metabolizable Energy,
3.11 d 3.02dmeal/kg



Table 3. Carcass measurements for hei fers on different ionophore
antibiotic feeding regimes.

Parameters

Carcass weight
Dress percent
liver absces s

incidence, %
Rib eye area, square

inches
Sq. In. I CWT

Kidney-heart-pelvic fat, %
Fat thickness, in.
MarblingC
Yield grade

abMeans within a row with
c14=small; 15=small plus;

different superscripts differ (P<.05).
16=moderate minus.

There were no significant differences in the carcass parameters mea-
sured (P<.05). Hot carcass weights, fat thickness and marbling score
were 1.9, 2.2 and 5.8 percent, respectively, higher for the monensin-
tylosin cattle. Dressing percent, rib eye area and yield grade were
.16,1.0 and 8.9 percent, respectively, improved in the lasalocid
A.M.-oxytetracycline P.M. treatment. One small liver abscess was noted
in the study and occurred in the monensin-tylosin treatment. The 4 per-
cent rate in this treatment and zero level in the 1asalocid-
oxytetracycl i ne treatment is substantially below industry averages of
condemned livers due to abscess (Foster and Woods, 1970).

Animals may be successfully crossed over from an ionophore-
antibiotic combination to an A.M.-P.M. ionophore-antibiotic feeding re-
gime with no significant differences in performance or carcass
characteristics.
The suppl ement for treatment 2 was formulated to supply lasalocid at

30 g/ton and oxytetracycline at 75 mg/hd/day.
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Treatments

Monensin lasalocid A.M.
+ Tylosin Oxytetracycline P.M.

623a 6Ila
61. 9a 62.0a

4.2a Oa

11. 88a 12.00a
1 90a 1. 96a. a 2.22a2.33a.46 .45a

15.66a 14.79a
2.68a 2.46a



COMPARISONOF SALINOMYCINTO OTHERIONOPHORESFORFEEDLOTSTEERS

R.B. HiCkS,1 D.R. Gil12 and F.N. Owens2

Story in Brief

One hundred thirty-seven yearling steers were fed whole shelled
corn diets (1) without additives, (2) with salinomycin (10 g/ton of
feed), (3) with 1asalocid (30 g/ton of feed) or (4) with monensin (25
g/ton of feed) plus tylosin (10 g/ton of feed). Feed intake was reduced
by 4.2% wi th sal i nomycin, 1.3% with lasalocid and 6.0% with monensin-
tylosin. Rate of gain was increased with salinomycin (5.0%) and with
lasalocid (5.3%), and monensin-tylosin decreased gains 2.5% on a carcass
basis. Efficiency of gain was increased by salinomycin (8.7%), lasa10-
cid (5.4%) and monensin-tylosin (2.4%) on a carcass basis. Dressing per-
centages were higher for those steers fed salinomycin. Fat thickness
tended to be lower with an ionophore in the diet and cutabi1ity higher.

(Key Words: Feedlot Steers, Sa1inomycin, Lasa10cid, Monensin, Tylosin.)

Introduction

Feed additives of a class called ionophores have proven to increase
efficiency of feed use by feedlot cattle. Monensin, 1asa10cid and sa1in-
omycin are three ionophores. Monensin is widely fed today. Sa1inomycin
appears promising based on earlier studies (Owens and Gill, 1982;
Ferrell et a1., 1983; Martin et a1., 1984) and approval by the FDA for
feeding to feedlot cattle is expected shortly. In these studies, salino-
myc in improved gains from 7 to 18.6% and feed efficiencies from 5.2 to
9.6%. This trial was conducted to further evaluate salinomycin and to
compare the effects of salinomycin, lasalocid and monensin-tylosin on
the performance of finishing cattle.

Materials and Methods

One hundred forty yearl i ng crossbred steers were purchased from
Okl ahoma auct i on barns and assembled at a backgrounding operation in
Purcell, Oklahoma. On arrival at this facility, the steers were ear tag-
ged and received IBR, PI , BVD, Lepto, clostridial, and pasturella
haemolytica (live) vaccines~ After assembly the cattle were trucked to
Stillwater, Oklahoma on December 9,1983. On arrival they were held in
drylot for two weeks. On December 26, the steers were weighed and divid-
ed into fi ve weight groups (average initial weight of 723 1b). Steers
wi th in each weight group were allocated to one of four pens (seven head
per pen) and the four feed treatments were randomly allotted to pens
withi n a weight group. Cottonseed hulls, alfalfa pellets and whole corn
comprised 92.9% of the ration with the percentage hulls and alfalfa pel-
lets in the ration decreasing sequentially from 40 to 30 to 20 to 10 and
6% over a three week period (Tables 1 and 2). Drug assays agreed well
with proposed drug concentrations (Table 3). Steers received the 40%

IGraduate Assistant 2professor

1985 Animal Science Research Report 281



roughage diet for three days, 30% for five days, 20% for 7 days, 10%for
6 days, and 6%for the remainder of the trial. Steers were weighed full
at the start of the trial and on days 28, 56, 84 and 112. The steers
were swi tched to an additive-free diet on day 112 of the trial and fed
this ration for nine days. The steers were trucked to Emporia, Kansas

5

86.88
4.00
2.00
7.12

aTo provi de 11. 94% protein, .46% calcium, .33% phosphorus, .52% potas-
sium and 1500 I.U. vitamin A per pound of ration dry matter.

on day 121 of the trial for slaughter and carcass evaluation. Two
steers died during the trial and one steer was removed from the trial
for causes not related to the experimental treatments. Weights are
reported on a full basis while the total trial gain and efficiency (day
112) were calculated using a 4% pencil shrink. Gains and feed efficien-
cies for the total 121 day trial were calculated from hot carcass
weights assuming a dressing percentage of 62.

Table 2. Pellet composition, dry matter basisa.

Ingredient Percent

Soybean meal
Cottonseed meal
Calcium carbonate
Urea
Cane molasses
Salt
Trace minera 1
Vitamin A - 30
Drug premix

3.15
2.00
1.00

.40

.25

.30

.01

.01

Tot a1 7.12

apellet supplement for specific treatments contained .2367% Salinomy-
cin 30, .3140% Bovatec 68, or .3017% Rumensin 60 plus .1775% Tylan 40.

Results and Discussion

Daily gains were influenced little by the addition of ionophores to
the diet (Table 4). During the first half of the trial, gains tended to
be higher wi th added i onophores, whereas in the latter half of the
feeding period the control steers had the highest gains. Changes in
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Table 1. Diet composition, drymatter basisa.

Ration Sequence
Ingredient 1 2 3 4

%
Corn, whole shelled 52.88 62.88 72.88 82.88
Cottonseed hulls 15.00 10.00 10.00 5.00
Alfalfa, dehy-pellets 25.00 20.00 10.00 5.00
Pelleted supplement 7.12 7.12 7.12 7.12



gains adjusted to an equal carcass basis with these additives were: +5,
+5.3 and -2.5% for salinomycin, lasalocid and monensin-tylosin,
respectively. Feed intakes generally decreased with an added ionophore.
Sal i nomyc i n decreased feed intake 3.9%. This is in contrast with
previous studies at OSU (Owens and Gill, 1982; Ferrell et al., 1983;
Martin et al., 1984) in which it increased feed intakes by 2.0,1.4 and
7.4%. Feed intake did not increase with time on feed but was similar
for the first and second half of the tr i a1 despite the increase in body
weight.

The presence of an ionophore in the diet slightly improved feed
eff i c i enc i es on a carcass weight adjusted basis (8.7, 5.4 and 2.4% for
salinomycin, lasalocid and monensin-tylosin, respectively). Those
steers fed sal i nomycin were significantly more efficient than the con-
trol steers (P<0.05) but other differences were not significant

Diet

Table 3. Drug assay resultsa.

Theory level, g/ton Assayed, g/ton

Salinomycin 142
lasalocid 427
Monensin 362
Tylosin 142

aAssayed for A.H. Robbins Company.

Item

Table 4. Performance data.

Control

143.7
447.5
373.1
122.4

Salinomycin lasalocid Monensin-Tylosin

Weight, lb
Initial
28 days
56 days
84 days
112 days

Daily gains, lb
0-56 days
57-112 days
0-112 days
O-slaughterC

Daily feed, lb
0-56 days
57-112 days
0-112 days
O-slaughter

Feed/ ga in
0-56 days 6.11 5.50 5.60 5.81
57-112 days 7.34 7.31 7.69 7.31
0-112 days c 6.66a 6.29b 6.44 b 6.33 b
O-slaughter 6.35 5.80 6.01a 6.20a

a,bMeans in a row with different superscripts differ (P<.05).
cBased on carcass weight divided by .62, an assumed dressing

percentage.

731
855
959

1055
1127

4.07
3.00
3.13
3.23

20.6
21.1
20.8
20.5

729
859
972

1062
1130

4.34
2.81
3.18
3.39

20.0
19.7
20.0
19.7

715
858
962

1056
1118

716
838
945

1045
1107

4.40
2.80
3.20
3.40

4.10
2.88
3.10
3.15

20.7
20.4
20.6
20.4

19.4
19.8
19.6
19.4
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statistically. The improvement in efficiency with salinomycin compares
favorably with those observed in earlier trials at OSU (5.5, 5.2, and
9.6% improvements).

Carcass wei9hts (Table 5) were higher for those steers that had
higher rates of ga in. Dressing percentages were significantly higher
for those steers fed salinomycin or lasalocid as compared to the
monensin-tylosin cattle (P<0.05). About 14% of the steers had liver
abscesses and one steer had liver flukes. None of the steers fed
monensin-tylan had liver abscesses, suggesting that tylan prevented this
disorder. Steers receiving ionophores had greater cutability and a more
desirable yield grade.

Results of this trial correspond well with previous benefits noted
wi th sa 1 i nomyc i n in earl ier trial s at OSU (Table 6). Averaged across
these trials, rate of gain increased 10% and efficiency of feed use
increased 7.7% with the addition of salinomycin to the diet.

Table 5. Carcass characteristics.

~,D,CMeans in a row with different superscript
l=abscess of small size; 2=many abscesses

size.
e 11=average slight; 12=slight plus.

differ (P<.05).
or one of moderately large

Table 6. Effects of Salinomycin feeding in trials at OklahomaState.
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Item Control Salinomycin Lasalocid Monensin-Tylosin

Carcass wt, lb 695 706 698 680
Dressing percent 61. 7ab 62.5a 62.5a 61.4b
Liver abscesses

12.4ab 20.0ab O.ObIncidenca, % 22.9a
Severity 0.48 0.25 0.40 0.00

Rib eye area 12.5 b 13.0 ab 12.8 ab 12.9 a
KHP, % 1. 41a 1. 55ab 1. 65b 1. 76b
Fat thickness,jn. 0.47 0.44 0.39 0.39
Marbling score 12.4 12.0 12.5 12.0
Cutabi 1ity, % 50.6 51.1 51. 3 51.4
Yield 2.6 2.4 2.4 2.3
Percent choice 534 48 52 40

Effects (%)
Daily Feed Feed/ Steers/

Reference Gain Intake Gain Treatment

Owens and Gill, 1982 8.0 2.0 5.5 28
Ferrell et al., 1983 7.0 1.4 5.2 14
Martin et al., 1984 18.6 7.4 9.6 32
This trial 5.0 -3.9 8.7 35
Weighted average 10.0 1.6 7.7
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WHEATTO CORNRATIOS FORFEEDLOTCATTLE

J.J. MartinI, C.A. Strasia2, F.N. Owens2 and D.R. Gil13

Story in Brief

One hundred fifty black and black baldy implanted yearling steers
were fed cracked grain diets containing (1) 50% corn and 50%wheat
(50W), (2) 25% corn and 75%wheat (75W) or (3) 100%wheat (100W). Diets
conta i ned monensin (30 g/ton of feed) and tylosin (90 mg/hd/d) and 12%
roughage of which 7%was cottonseed hulls, 2.5% was alfalfa pellets and
2.5% was in the supplement.

Feed consumption, rate of gain, shrunk live weight, carcass
adjusted gain, hot carcass weight and marbling score all favored the 50W
diet. Daily feed intake was depressed by 7.6% or about 1.7 pounds per
head by 75W and 100W diets. Daily gains for cattle fed 50W, 75Wand
100W diets were 3.23,3.09 and 3.09 pounds (live basis) or 3.44,3.32
and 3.22 pounds (carcass weight adjusted basis). Fat thickness and
yield grades slightly favored steers fed 75Wand 100Wdiets. Efficiency
of feed use was best for the 75Wdiet (6.13 vs 6.44 and 6.39 pounds of
feed per pound of gain for 75Wvs 50Wand 100Wdiets). Metabolizable
energy va 1ue was between 3 and 14%greater (mean 8.4%) for wheat than
corn depending on level of substitution in the diet.

(Key words: Wheat, Corn, Energy value, Steers.)

Introduction

I n the past, hard red wi nter wheat was never fed as more than
one-third of the grain in diets for finishing steers. Bloat and
acidosis became prevalent at higher levels of wheat incorporation. With
the advent of ionophores, problems with bloat and acidosis decreased
(Bartley et al., 1983). Hence, when attractively priced, wheat would be
idea 1 as the only grain in the diet and in 1984 there was a resurgence
in the use of wheat in diets for finishing cattle. level of roughage in
whea t diet s may be important. Gill et al. (1981) with corn-based diets
i ndi cated that rate and eff i c i ency of gain are improved as roughage
1eve 1s are reduced to 12% or be low though type of grai n, method of
process i ng and type of roughage may make other levels more desirable.
The 12% level of roughage will still provides some margin of safety
while providing sufficient energy for rapid and efficient gains. This
trial was conducted to (1) test the feasibility of feeding wheat as 100%
of the grain portion of the diet, (2) determine the relative energy
va 1ues of cracked wheat and corn grains for feedlot steers and (3) test
the effects of a elevated wheat levels on feedlot performance, liver
abscesses and carcass characteristics of steers.

1Chairman, Division of Agriculture, Panhandle State U~iversity
Area Extension livestock Specialist, Guymon, OK Professor
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Materials and Methods

One hundred fifty black and black baldy yearling steers, some of
whi ch were crossed with exotic breeds and had been pastured together on
wheat near Alva, OK were trucked 185 miles to Panhandle State
University, Goodwell, OK on May 17, 1984. On arrival, all steers
received routine feedlot vaccinations, were ear tagged and received a
Synovex-SII!> implant. A second Synovex-SII!>implant was administered 56
days later.

Steers had an average shrunk weight initially of 711 pounds. They
were blocked by weight into two groups (674 and 749 lb means) and
randomly allocated within block to three treatments. A total of 6 pens
(2 per treatment) with 25 steers per pen were used in this experiment.
Composition of the finishing diets is shown in Table 1. Animals were
gradually switched from the initial diet (50% roughage) to their
finishing diet (12% roughage) during the first 56 days of the study.
Animals were weighed after trucking (shrunk) initially and on full feed
on days 28, 56,84 and 126 with a pencil shrunk of 4% applied to
calculate shrunk weights and weight gains.

After feedi ng for 126 days, cattle were trucked for slaughter at
National Beef, Liberal, KS and data on hot carcass weight, marbling
score, preliminary yield grade, fat thickness at the 12th rib, and liver
abscess incidence were obtained. Treatment means for performance and
carcass characteristics were compared by Analysis of Variance (Steel and
Torrie, 1960).

Table 1. Diet composition, dry matter basis.

Percentage Wheat

50%(50W) 75%(75W) 100%(100W)

Ingredients
Wheat, cr acked
Corn, cracked
Cottonseed hulls
Alfalfa pellets
Molasses
Supplementa

Calculated composition, % of
Crude protein, %
Calcium, %
Phosphorus, %
Potassium, %
NEm,mcal/100 lb
NE , mcal/lOO lb
ME?meal/kg

40.7
40.7

7.00
2.55
4.00
5.00

dry matter
11.8

.438

.336

.776
90.8
56.6
2.93

61.1
20.4

7.00
2.55
5.00
4.00

12.6
.383
.334
.874

90.6
57.2
2.97

81.4
o
7.00
2.55
5.00
4.00

13.6
.381
.371
.932

91.0
57.8
2.97

aSupplements, formulated to provide Monensin, (30 mg/hd/d) and
Tylosin, (90 mg/hd/d) in the total diet contained (%): Alfalfa meal,
59.7; cottonseed meal, 10.4; CaCOl' 15.6; urea, 7.68; salt, 5.76;
Monensin 60, .47; Vitamin A 30, .23; and Tylosin 40, .23 percent.
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Results and Discussion

Dai 1y gai ns favored cattle fed the 50Wdiet (Table 2). Daily gain
tended to decrease linearly as percentage of wheat in the diet
increased. Steers fed 100Wgained less rapidly (P<.05) than steers fed
other diets during 56 to 84 days on feed.
Feed consumption tended to be lower as wheat became more than 50%of the
grain in the diet. But feed efficiency was improved by replacing corn
by wheat in the diet with 75Wproducing the lowest feed intake and best
efficiency. Part of this effect may be due to energy (starch)
digestibi 1 ity of the wheat being higher than for corn though the higher
level of protein in the higher wheat diets (Table 1) may be involved as
well.

Table 2. Animal performance with various wheat levels.

Animals
Pens

50

50
2

Wheat, percentage

75

50
2

100

50
2

Period daily gain, 1bs
0-28 days
29-56
57-84
85-126

Cumulative daily gain, 1bs
0-56
57-84, live basis
0-126, live basis
0-126, carcass basis

Period daily feed, 1bs
0-28 days
29-56
57-84
85-126

Cumulative daily feed, 1bs
0-56
57-84
0-126

Period feed/gain ratio
0-28, live basis
29-56, live basis
57-84, live basis
85-126, live basis

Cumulative feed/gain ratio
0-56, live basis
57-84, live basis
0-126, carcass basis

Calculated Metabolizable Energy
meal/kg diet dry matter

3.42

3.17 a3.31
3.07

3.30
3.12
3.23
3.44

17.42
21. 72
23.75
24.60

19.57
23.91
22.17

5.09
6.85
7.17
8.01

5.93
7.67
6.44

2.60

3.32

2.91a3.22
2.95

3.12
3.01
3.09
3.32

16.08
19.49
21. 80
22.90

17.79
22.14
20.38

4.84
6.69
6.77
7.76

5.70
7.35
6.13

2.69

3.50

3.34b2.76
2.85

3.42
2.77
3.09
3.22

16.20
19.34
22.19
23.27

17.78
22.51
20.59

4.62
5.79
8.03
8.16

5.19
8.12
6.39

2.64

abMeans within a row with different superscripts differ '(P<.05).
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Animals with lower initial weights had lower feed intakes, higher
rates of gain and more favorable feed efficiency than animals with
heavier initial weights (Table 3). This difference could be due to
being on an earlier part of the growth curve or to genetic or background
differences in the two weight groups. Feed intake continued to increase
throughout the feeding trial for lighter steers but intake plateaued for
heavier steers near the end of the trial. Intake and efficiency
differences match patterns often observed in commercial feedlots.

Most carcass measurement i ncl udi ng adjusted gain, hot carcass
weight, marbling score and dressing percentage tended to favor steers
fed the 50W diet (Table 4). Since the treatment differences in fat
thickness and other carcasses measurements were small, the slightly
lowered marbling score with the 100W diet may be due to random
biological variation.

The incidence of liver abscesses were all high for diets containing
the antibiotic tylosin. Incidence of abscesses tended to greater with
higher levels of wheat in the diet though the difference was not
significant (P>.05). The incidence of liver abscesses was typical of
that found in the feedlot industry though higher than most previous
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Table 3. Effects of initial weight grouping on performance and
efficiency.

Starting weight, lb.

674 749

Animals 75 75

Cumulative daily gain, lbs
0-56, live basis 3.28 3.28
57-126, live basis 2.87 3.07
0-126, carcass basis 3.35 3.31

Period daily feed, lbs
0-28 16.27 16.86
29-56 19.70 20.67
57-84 21. 76 23.40
85-126 23.06 24.11

Cumulative daily feed, lbs
0-56 17.98 18. 77
57-84 22.22 23.48
0-126 20.52 21. 58

Period feed/gain ratio
0-28, live basis 4.39 5.40
29-56, live basis 6.88 6.06
57-84, live basis 6.63 8.01
85-126, live basis 8.63 7.44

Cumulative feed/gain ratio
0-56, live basis 5.48 5.72
57-84, live basis 7.74 7.65
0-126, carcass basis 6.12 6.51

Calculated Metabolizable Energy
meal/kg diet dry matter 2.56 2.66



Table 4. Effects of different wheat levels on animal performance and
carcass characteristics.

~11 = good plus; 12 = choice minus.
Measured at the 12th rib.

stud i es from the Goodwell station with small pens of cattle and corn or
milo based diets.

The metabolizable energy values for the total diet tended to favor
the diets containing more wheat. The first increment of cracked wheat
added to the 50W diet to increase the percentage of wheat to 75%
cal cul ates to have a va 1ue 114% that of cracked corn. In contrast,
wheat ad de d to the 50Wdi et to increase wheat to 100%of the di et had a
va 1ue 103% that of cracked corn for an overall mean advantage for wheat
over corn of about 8% for the total ration or about 10%for the wheat
alone considering that 81% of the ration dry matter is grain. This
advantage for wheat confl icts with tabular values (NRC, 1984) which
indicate that dry corn grain has about 102%the metabolizable energy
val ue of wheat. Differences in grain processing and varieties as well
as feeding conditions (roughage level and source) may be responsible for
this discrepancy. Metabolizable energy values all were about 12% lower
than expected from composition of the finishing diet (Table 1). This is
probably due to the 56-day period which was needed to adapt cattle to
the 88% concentrate diets.

Based on the pri ce of corn grain ($6.61) and wheat ($5.83) when
this trial was conducted, the feed cost of gain favored diets higher in
wheat. Si nce wheat at 75% of the grain in the diet gave the highest
efficiency, little economic advantage to feeding more than 75%wheat was
apparent.

Diets containing up to 100%of their grain from rolled wheat were
well utilized by growing steers at a roughage level of 12%. For
prevention of metabol ic disorders, which appear more frequently with
wheat than corn or milo diets, wheat diets should contain an ionophore
pl us a 1i ver-abscess preventing antibiotic. Good bunk management can
make high wheat diets work in the feedlot though the optimal level for
wheat feeding may be less than 100%.
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Wheat, percentage

50 75 100

Dressing percentage 63.5 63.6 62.9
Live weight, lbs 1119.1 1101.6 1102.4
Gain/head, live, lbs 407.2 389.2 389.4
Gain/hd, 62% carcass adjusted 434.6 418.5 406.8
Carcass weighta lbs 710.5 701. 2 693.8
Marb1i ng score 12.8 12.7 11.8
Yield grade 3.22 3.13 3.13
Fat thickness, inchesb tL .48 .45 .45
Liver abscesses, % of cattle 16 32 22
Cost of gain, $/cwt 54.28 50.68 49.68
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POTASSIUMLEVELS AND DIGESTIBILITIES IN FEEDLOTSTEERS

1 2 3
B.E.Doran,A.L.Goetsch, andF.N. Owens

Story in Brief

Effect of potassium (K) level on site and extent of digestion was
investigated with four cannulated steers receiving a 90 percent concen-
trate rolled corn diet with 10 percent cottonseed hulls as a roughage
source. Four levels of potassium [.48 (control), .64, .79, and .95
percent of diet dry matter] with supplemental potassium from potassium
chloride were fed in a 4 x 4 latin square design experiment. Ruminal,
duodenal, and fecal pH were not significantly different (P>.05).
Ruminal ammonia nitrogen concentration was greatest for the .95K diet.
Ruminal organic matter (OM), starch, and nitrogen digestibilities did
not differ significantly (P>.05), but tended to be greatest for the .95K
diet (70.3, 83.1, and 54.8 percent), lowest for the .79K diet (62.0,
76.6, and 42.2 percent), and intermediate for the .48K and .64K diets.
Post ruminal digestibilities of organic matter, starch and nitrogen
tended to be the greatest at the .79K level. Although fluid dilution
and particulate passage rates were not significantly affected by K
level, the overall correlation of ruminal liquid (CoEDTA) with solids
(Yb-labeled corn) passage rates was positive (r=.46; P<.07). Ruminal
starch digestion was inversely related to fluid dilution rate (r=-.36;
P<.18) and to particulate passage rate (r=-.65; P<.OI). Microbial
efficiency was maximized at the .79K level (16.4 percent) and was lowest
at the .95K level of supplementation (12.2 percent). Statistical analy-
sis revealed a significant cubic effect (P<.02) of K on microbial effi-
ciency being greatest with .79 percent K in the diet.

[Key Words: Feedlot, Potassium Chloride, Steers, Site of Digestion,
Passage Rate.]

Introduction

Early research indicated that potassium (K) levels of .5-.6 percent
in the ration dry matter was adequate for rapid weight gains in finish-
ing steers (Roberts and St. Omer, 1965). Currently, K recommendations
for growing and finishing steers range from .5-.7 percent ration dry
matter, with a suggested value of .65 percent (NRC, 1984). Because most
concentrate feeds are below this percentage, K supplementation of high
concentrate rations is a common practice.

Previous trials at Oklahoma State UniverSity suggest that with in-
creased K supplementation levels, feedlot performance may be increased.
Limited research suggests K supplementation might benefit the animal in
several ways: 1) through maintenance of a desirable moisture content of
the rumen fluid for bacterial fermentation (Ward, 1966); 2) by enhanc-
ing ruminal digestion, particularly of fiber (linn et al., 1983); 3)
through buffering since K may be converted to KHC03 in the rumen (linn
and Owens, 1983); 4) by stabilizing feed intake (lrnn et al., 1981);

-------
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and 5) through ;ncreas;ng water ;ntake and water turnover rate (Ward,
1966). The object;ves of th;s study were to exam;ne the ;nfluence of
var;ous KCl supplementat;on levels on the s;te and extent of d;gest;on
and on ruminal passage rates.

Mater;als and Methods

Four da;ry steers (254 lb) f;tted w;th rum;nal and duodenal
cannulas were used ;n a 4 x 4 lat;n square des;gn exper;ment to study
s;te and extent of d;gest;on of a h;gh concentrate, complete, m;xed
d;et. The control d;et (C) had no supplemental K (Table 1), but was
calculated to conta;n .48 percent K. Potass;um chlor;de replaced rolled
corn ;n the test d;ets to produce test d;ets wh;ch conta;ned .64, .79,
and .95 percent K on a DM bas;s. All d;ets conta;ned chrom;c ox;de as
an ;nd;gest;ble marker at.3 percent above the total rat;on. Steers
were fed tw;ce da;ly at 0800 and 2000 hr, and daily DMintake was 2.25
percent of body we;ght.

Table 1. Completem;xed d;et compos;t;ons.

Ingred;ent Percent of Dry Matter

Corn Dent #2, Rolled
Cottonseed Hulls
Soybean Meal, Solvent process
Cottonseed Meal, Solvent process
Calc;um Carbonate
Salt
Urea
Cane Molasses
Trace M;neral s
VHam;n A-30
Rumens;n, 60 gram per pound
Tylan, 10 gram per pound
Corn gra;n
Potass;um chlor;dea
Chrom;c oxi de

80.54
10.36
4.03
2.01
1.00

.30

.56

.25

.01

.01

.02

.04

.87-.0

.0-.87

.3

aTo prov;de .64, .79, and .95 percent d;etary
potass;um from added potass;um chlor;de (.29, .58,
and .87 percent).

per;ods lasted 14 days w;th sampl;ng on days 13 and 14.
One-hundred grams of ytterb;um labeled corn was added to each d;et at
2000 hr on day 11 to est;mate part;culate passage. A flu;d marker
(CoEDTA)was ;ntrarum;nally dosed pr;or to the morn;ng feed;ng on day
13. Rumen samples were obta;ned v;a cannula on day 13 before dosing and
1, 3, 6, 9, and 12 hr post feed;ng. Samples from the duodenum and
rectum were obta;ned 39, 45, 51, 57, 66, 72, 78, and 84 hr after feed;ng
ytterb;um-labeled corn. Feed samples were collected on days 11-14.
Feed, rum;nal flu;d, duodenal, and rectal samples were subjected to all
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or part of the following analyses: pH,

nitrogen (N), ammonia-N (NH,-N), nucleic
chromium, ytterbium, and cobalt.

dry matter (DM), Kjeldahl
acid-N (NAN), ash, starch,

Results and Discussion

Mean ruminal, duodenal, and fecal pH (Table 2) did not differ
significantly(P>.05)with increasingK supplementation levels. How-
ever, fecal pH tended to be higher with K levels of .64 percent or
greater. In this trial ruminal and fecal pH in all treatments was

higher than expected for a 90 percent concentrate ration. However, this
may be related to modest feed intake level which should reduce the inci-

dence of subacute and acute digestive disturbances. Duodenal pH was
similar to other reports in which similar concentrate levels were fed.

Since pH was not increased with added KC1, increased buffering capacity
of ruminal contents seems unlikely.

Table 2. Mean digestive tract measurements.

Item Diet

.48%K .64%K .79%K .95%K

Ruminal pH

Duodena 1 pH
Fecal pH

Ruminal ammonia-N, mg/dl
Ruminal fluid

Dilution rate, %/h

Volume, liter

Particulate passage rate, %/h

6.22
2.33

6.3B
3.5

4.14
12.7
4.32

a,bMeans in a row with different superscripts differ (P<.05).

Ruminal ammonia-N (Table 2) was greater (P<.05) for steers receiv-
ing .95 than those fed .48 percent K. This may be due to increased
ruminal N degradation or reduced use of ammonia-N for synthesis of
microbial protein. Microbial N (MN) entering the duodenum tended to be
greater for the .48K and .79K (23.2 and 23.4 g/day) than with the .64K
and .95K diets (20.7 and 21.0 g/day). Also ruminal fluid dilution rates
tended to be lower with the .48K and .79K diets (Table 2). Ruminal
fluid volumes were not significantly different (P>.05). Rumen volume
and ruminal fluid dilution rate were inversely related (r=-.88;
P<.OOOl); rumen volume and particulate passage rate also were inversely
related (r=-.45; P<.08). Urinary excretion of K may have increased
water intake and rumen fluid dilution rate, but this was not measured in

this study. Water intake and urine excretion volume usually are

directly related to K intake. Ruminal liquid and solids passage rates
were correlated positively (r=.46; P<.07).
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6.17 6.24 6.21
2.39 2.33 2.34

6.4&b 6.5b 6.4
3.8 3.7 5.6

5.15 4.61 6.00
10.8 12.0 10.5
3.37 3.80 4.03



Table 3. Site and extent of digestion of diets varying in percent
potassium.

Diet Contrastd
.48%K .64%K .79%K .95%K

Organic matter, %
Ruminal
Post ruminal (apparent)
Total tract

Starch, %
Ruminal
Post ruminal
Total tract

Nitrogen, %
Intake, g/ d
Duodena1, g/ d

Total, g/d 50.6 48.9
Microbial, g/d 23.2 20.7
Feed, g/d 23.9 24.9

Total tract digestibility, % 71.0 74.0
Microbial efficiency, b b

g MN/kgorganic matter fermented 13.8a 12.4

67.9
14.5
82.4

66.9
18.7
85.6

82.4
13.1
95.5

80.7
16.7
97.4

46.1 45.3

62.0
22.4
84.4

76.6
19.8
96.4

46.1

53.0
23.4
25.7
72.3

16.4a

70.3
15.7
86.0

83.1
13.9
97.1

46.2

45.2
21.0
20.8
75.1

12.2b C

abMeansin a row withdifferent superscripts differ (P<.05).
~Digestion measures, % of intake.

Indicative of linear (L), quadratic (Q), and or cubic (C) effect
(P<.05).

Although dietary level of K had no significant (P>.05) impact on
ruminal organic matter digestibility, ruminal organic matter (OM)
digestion coefficients (Table 3) tended to be higher for the .95K ration
(70.3 percent) and lower for the .79K diet (62.0 percent). Zinn (1983)
found enhanced ruminal OMdigestion with increased K supplementation,
particularly with rations containing more fiber. Ruminal OM digesti-
bility and particulate passage rate were negatively correlated (r=-.64;
P<.Ol). Rumen fluid dilution rate also was inversely related to ruminal
OMdigestion (r=-.31; P<.24).

Post ruminal OMdigestion did not differ significantly (P>.05) with
K level of the diet. At the .79K level, post ruminal OM digestion
tended to be greatest. This may be due to compensation for decreased
ruminal OMdigestion with this diet. Total tract OMdigestion did not
differ significantly (P>.05) but total tract OM digestion tended to
increase with increasing dietary K in agreement with previous potassium
trials (Zinn and Axe, 1983).

Ruminal and total tract N digestibility (Table 3) was not
significantly different (P>.05) but tended to be greatest with .95K
supplementation. A negative correlation (r=-.52; P<.04) existed between
particulate passage rate and ruminal N digestibility.

Statistical analysis revealed a significant cubic effect (P<.02)
with microbial efficiency tending to decrease as levels of K in the diet
increased. Microbial efficiency was higher at .79 K than at the .95 K
level (P<.05). Elevated liquid and particulate passage rates may
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inhibit theefficiencyof microbial growth and decrease flow of MN from
the rumen if time of fermentation is inadequate for maximummicrobial
colonization. However, ruminal OMdigestibility and microbial effi-
ciency were negatively correlated (r=-.95; P<.OOOI). Relative rates of
1) microbial dilution, 2) feed removal, 3) fermentation rate and capa-
city, and 4) lag time for fermentation are needed to assess the total
effect of altered dilution rates on microbial output from the rumen
(Goetsch and Owens, 1984). Lower dilution and particulate passage rates
may enhance the proportion of duodenal chyme which is microbial protein
but decrease microbial efficiency. This may be due to marker problems
or reflect ruminal flow conditions more optimal for efficient microbial
growth. Ward (1966) has also proposed that potassium increases the os-
motic pressure of the rumen fluid and functions to maintain a desirable
moisture content in the rumen fluid which could increase bacterial
fermentation.

Ruminal starch digestion (Table 3) did not differ (P>.05) with K
level but was 7 percent greater for the .95K diet than the .79K diet.
Incorporation of starch into microbial protein might be involved.
Post-ruminal starch digestion inversely related to ruminal starch
digestion. Whether this was due to increased digestion in the small in-
testine or increased fermentation of starch in the small intestine plus
colon was not determined in this study. Total tract starch digestion
paralleled total tract OMdigestion. Ruminal starch digestion was nega-
tively correlated with fluid dilution rate (r=-.63; P<.18) and with
particulate passage rate (r=-.65, P<.OI); particulate passage rate was
also inversely related to total starch digestion (r=-.63; P<.OI).

Results from this trial indicate that a moderate level of K supple-
mentation (.79 percent K diet dry matter) tended to increase icrobial
efficiency (P<.02). However, total tract OM, starch, and N digesti-
bilities did not differ significantly. K supplementation to the .95K
level shifted greater OM, starch, and nitrogen digestibility to the
rumen and tended to reduce microbial efficiency. A moderate K level
(.79 percent) shifted starch and N digestibility to the post ruminal
tract and maximized microbial efficiency. Further research is needed to
determine the optimum K supplementation to maximize microbial efficiency
and extent of digestion. The relationship of potassium intake to water
intake, particulate passage rate, rumen fluid dilution rate, and water
turnover rate ust be examined to understand the physiological
importance of the K level in the diet.
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STARCHDIGESTIONBY FEEDLOTCATTLE: INFLUENCEOF
ROUGHAGEAND INTAKE LEVEL AND PARTICLE SIZE

Y. K. Kim1and F. N. Owens2

Story in Brief

Three steers were fed an 80 percent concentrate di et at 1. 5 or 2
percent of body weight or a 60 percent concentrate diet a 2 percent of
body weight. Cottonseed hull s were added to decrease the concentrate
level. Addition of cottonseed hulls to the diet increased starch diges-
t i on in the tota 1 tract by about 3 percent and reduced the amount of
starch found in fecal particles over 2000 microns in diameter. Starch
digestion in the rumen tended to decrease with added cottonseed hulls.
Of the starch found in the feces, over 85 percent was in particles ex-
ceeding 2000 microns in diameter. Starch particles greater than 2000
microns in diameter escaped intestinal digestion while particles under
1000 microns in diameter were extensively digested in the rumen.
Particles between 1000 and 2000 microns tended to escape ruminal diges-
tion and disappear most extensively in the intestines. Particle si ze
reduction by grain processing will increase extent of starch dig€~:i::m
in the total tract, especially in the rumen. Accelerating rate of
passage of processed grain or addition of certain roughages like cotton-
seed hulls should shift site of digestion to the intestines and may
improve energetic efficiency.

(Key Words: Starch Digestion, Particle Size, Feed Intake, Roughage
Level. )

Introduction

Extent of digestion of dietary starch is usually much higher in
swine, poultry and sheep than in feedlot cattle (>99 percent versus 85
to 98 percent). Various factors such as low enzyme activity or 1imited
absorptive capacity have been proposed to be responsible. Steam flak-
ing will increase extent of starch digestion and this response has
generally been attributed to gelatinization of the starch. But fine
grinding also can increase extent of starch digestion. Smaller par-
ticles expose more surface area both to microbial attack in the rumen
and large intestine and to enzymatic action in the small intestine.
Passage rate of particles from the rumen can be influenced by particle
size. Particles of forage greater than 1200 microns (1.2 millimeters)
in diameter seldom leave the rumen while forage particles less than 100
microns (.1 mi11imeter) tend to be fl ushed along with fl ui ds from the
rumen. Density also infl uences passage rate, with very dense or very
light particles being retained in the rumen for a longer times and
continued digestion. Hence, particle size can alter site and extent of
di ges t i on.

~Visiti;-professo;from Dong-A University, Busan, Korea-Professor
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Feed particle si ze can be reduced by 1) mechanical processing prior
to feeding, 2) chewing of feeds during eating and rumination and 3) mic-
robia 1 fermentat i on which weakens the phys i ca 1 structure and combined
with ruminal contractions will graduallY reduce particle size. Previous
studies (Zinn and Owens, 1983) suggest that at higher feed intake
levels, ruminal digestion of organic matter is reduced. In another
study (Teeter and Owens, 1981), addition of cottonseed hulls to a whole
corn grain diet increased extent of starch digestion. Both of these ob-
servations might be related to extent of particle size reduction in the
rumen due to decreased fermentation time or to increased chewing or rum-
ination of the grain. The objective of this study was to check the
influence of feed intake level and cottonseed hull addition to the diet
on particle si zes at the start and end of the small intestine and in
feces and on starch digestion of a high concentrate diet fed to growing
steers.

Materials and Methods

Three steers (250 kg) equipped with "T" cannulas in the proximal
duodenum and distal ileum were used in a 3 by 3 Latin square experiment
to measure the influence of level of feed intake on starch digestion, N
metabolism and particle size distribution at the start (duodenum) and
end (ileum) of the small intestine and in feces. The basal rolled corn
diet (Table 1) was fed twice daily (0800 and 2000) at a daily level
equal to 1. 5 or 2 percent of body wei ght or at 1. 5 percent of body
weight with .5 percent of body weight added from cottonseed hulls.

Table 1. Concentrate composition.

Ingredient

Rolled corn
Cottonseed hulls
Soybean meal
Canemo~asses
Limestone
Trace mineralized salt
Chromic oxide

Percentage (as fed)

65.7
20.0
10.0
3.0
0.5
0.5
0.3

Experimental periods lasted 11 days with digesta samples collected the
final 3 days of each period. During the collection period, samples
were obtained simultaneously from the duodenum, ileum and rectum at 2,
6 and 10 hours postfeeding with a minimumof 12 h between sampling
times. Chromic oxide was used as a digesta marker. Rumensamples were
obtained for measurement of pH and NH and isolation of ruminal bac-
teria by differential centrifugation ~ h post-feeding after digesta
samples had been collected on the final day of each period. Samples of
feed, duodenal digesta, ileal digesta and feces were separated into par-
ticle sizes by flushing the sample with 25 C water though standard
screen si eves with mesh sizes of 4000, 2000, 1000, 500, 250 and 125
microns .
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Dry matter content of feed, digesta and feces were determined
through oven drying at 65 C. Dried samples were ground and subjected
to all or part of the following analyses: Kjeldahl nitrogen, ammonia N,
acid detergent fiber, chromium, starch, ash and purines.

Results and Discussion

The effects of intake and roughage level on digestive tract measure-
ments are presented in Table 2. Higher intake of the high concentrate
diet decreased ruminal pH but did not alter other measurements. Added
cottonseed hulls tended to increase fecal pH and dry matter content of
duodenal, ileal and fecal samples. Ruminal ammonia concentrations were
all quite low considering that concentrate dry matter contained 13.6
percent crude protein.

Site and extent of di gest ion of organi c matter, starch and nitrogen
are presented in Table 3. Increased feed intake increased flow of or-
ganic matter to the duodenum and ileum and decreased extent of ruminal
digestion of organic matter. In this study, increasing feed intake did
not increase flow of starch to the duodenum in agreement with results
of Zinn and Owens (1983). Total tract starch di gest i on was not re-
duced, as might be expected with hi gher feed intakes. With an even
higher feed intake or ad libitum access to feed of feedlot cattle,
extent of chewing may be reduced which would increase particle si ze in
the rumen and poss i bly depress both rumina1 and total tract starch
digestion. Adding cottonseed hulls to this cracked corn diet shifted
site of starch digestion from the rumen to the small intestine and also
tended to increase total tract starch digestibility. Small intestinal
di gest i bil ity tended to be low but was not reduced by added cottonseed
hulls. These results support the earlier work of Teeter et al (1981)
where cottonseed hulls increased the extent of starch digestion.
Previously, this was thought to be due to greater rumination and in-
creased digestion in the rumen, not in the small intestine as suggested
from the present study. Total tract digestion of dry matter, starch
and N were all lower than anticipated with the basal diet.

To determine the influence of particle size on site and extent of
starch digestion, feed, duodenal, ileal and fecal samples were sieved
and starch content of subsamples measured (Table 4). Most of the
starch in all samples had a particle size greater than 2000 microns.
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Table 2. Digestive tract measurements.

Intake level 1.5 2.0 2.0
Concentrate level, % 80 80 60

Ruminal pH 6.17 5.98 6.15
Ruminal NH, mg/dl 2.14 2.53 2.25
Duodenal p 2.20 2.17 2.13
Duodenal dry matter, % 4.9 7.4 6.8
Ileal pH 7.53 7.58 7.59
Ileal dry matter, % 10.3 12.5 14.4
Fecal pH 6.29 6.23 6.44
Fecal dry matter, % 19.3 22.8 22.8



Table 4. Passage of starch
Measurement site

Particle size, microns
.>4000
2000-4000
1000-2000
500-1000
250-500
125-250

in particles of various size.
Feed Duodenum Ileum Feces

g starch daily ----------
246 21.1 0.6 13.8
542 27.3 15.5 27.2
137 13.8 13.4 0.9
499 0.4 2.6 2.7

24 1.3 1.3 0.8
12 0.0 0.3 0.3

Passage of large particles conflicts with the concept developed from
forage diets that few particles greater than 1200 microns in diameter
leave the rumen. The high density of grain particles and absence of a
ruminal mat to filter and trap coarse particles may be responsible for
the more extens i ve passage of 1arge part ic les with a hi gh concentrate
diet.

From the amount of starch of each particle size at various points
in the digestive tract, digestion of each particle size was calculated
(Table 5) even though particle may be reduced in si ze during rumina-
tion or digestion. Sampling through T-cannulas will reduce recovery of
very large or whole corn kernels, but with the smaller particles,
digesta samples should be representative.
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Table 3. Site and extent of digestion.

Intake level 1.5 2.0 2.0
Concentrate level, % 80 80 60

Organic matter
Intake, g 2923 3907 3936
Duodenal, g 786 1240 1297
I lea 1, g 574 662 666
Fecal, g 668 661 624

Digestibility, %
Total tract 77 .2 82.4 84.6
Ruminal

Apparent 73.5 68.9 66.6
True 81.4 78.0 74.9

Starch
Intake, g 904 1208 925
Duodenal, g 130 105 159
Ileal, g 70 76 54
Fecal, g 61 61 25

Digestibility, %
Total tract 93.3 94.5 97.4
Ruminal 86.0 90.9 82.2
Small intestine 6.2 2.7 11.7
Large intestine 1.0 0.9 3.5

Digesta ash percent
Duodenum 11.9 11.7 13.0
I lEium 9.7 10.9 11.4
Feces 5.9 7.7 7.4



Table 5. Disappearanceof starch fromparticles of various sizes.

Generally the smaller the grain particle, the more extensively it
was digested in the rumen and in the total digestive tract. Extent of
starch digestion in the rumen appeared lower for particles between 1000
and 2000 microns than smaller particles which would be more rapidly
digested and larger particles which may be retained in the rumen for
further digestion. Galyean et al. (1981) ill ustrated that the rate of
rumina1 disappearance from dacron bags suspended in the rumen was much
greater for small than large particles but possible differences in rate
of passage prevented extrapo 1at i on of that work to extent of rumina1
digestion. These results show that extent of ruminal digestion of
cracked corn is low for larger particles. The fact that fine grinding
and steam flaking increase extent of digestion in the rumen and total
tract partially reflect surface area for fermentation. Extent of diges-
tion of starch in the small intestine and renewed fermentation in the
large intestine did not react in a similar fashion to size of particles
entering those points. Over 89 percent of fecal starch was in
particles exceeding 2000 microns or one-tenth of an inch in diameter.
With added CSH in the diet, very little starch was found to exceed 2000
microns as observed previously by Teeter (1981) with whole corn diets.

The prevalence of large particles containing starch in duodenal,
ileal and fecal samples leads to the suggestion that particle si ze is a
major factor limiting digestion of starch in both the rumen and the
intestines. Though larger particles escape digestion in the rumen more
extensively than small particles, large particles pass through the
intestines largely intact. Further study of particle si zes of digesta
samples is needed to examine the optimal particle si ze to escape the
rumen but not escape digestion in the small intestine.
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Digestion site Rumen Small plus Large Total
intestine tract

--
Particle size, microns --------- Percent digested ---------

>4000 91.4 34.6 94.3
>2000 95.0 0.4 95.0
>1000 89.9 93.5 99.3
>500 99.9 -575.0 99.5
>250 94.6 38.4 96.6
>125 100.0 ---- 97.5



SARSAPONINLEVEL AND DIGESTIONWITH HIGH CONCENTRATEDIETS

1 2 3A.L. Goetsch, F.N. Owensand B.E. Brown

Story in Brief

Three dairy steers (196 lb) were fed 92 percent concentrate rolled
milo based diets, at 2.5 percent of body weight to provide 0,300 or
500 mg sarsaponin (S). All diets contained 200 mg Rumensin per head
per day. Ruminal fluid passage rate increased while volume decreased
with addition of S. Ruminal organic matter digestion decreased whi le
postruminal disappearance of organic matter increased as level of
di etary S increased. Duodenal flows of both tot a1 N and nitrogen of
feed origin were '?levated by dietary S. Likewise, disappearance of
feed nitrogen in the rumen decreased while nitrogen disappearance in
the small intestine increased linearly with increasing dietary S level.
In this study, sarsaponin shifted protein digestion of high concen-
trate, rolled milo based diet from the rumen to the intestines which
could increase performance under certain feeding conditions.

Key Words: Sarsaponin, Digestion, Rumen, Protein Bypass.

Introduction

For lightweight feedlot animals, increasing ruminal protein bypass
may be of benefit. Sarsaponin has been suggested to increase bypass of
protein in moderately high concentrate feedlot diets (Zinn et al.,
1983). However, with 50 percent concentrate rat ions, S tended to in-
crease ruminal organic matter digestion (Goetsch and Owens, 1984).
This trial investigated effects of S on digestion of a high concen-
trate, rolled milo diet, containing Rumensin.

Materials and Methods

Three cannulated dairy steer calves (196 lb) were fed the basal
diet (Table 1) at 2.5 percent of body weight (dry matter basis) plus a

special premix. Premixes were wrmulated and fed to supply dai ly to
each anim~l: 200 mg Rumensin (C), 200 mg Rumensin and 300 mg
sarsaponin (300) or 200 mg Rumensin and 500 mg sarsaponin (500).
Periods lasted 21 days with sampling of feeds, duodenal and fecal mate-
rials on days 19 through 21. Digesta markers (CoEDTA, Vb-labeled
forage) were used to determi ne passage rates. Samp1es were subjected
to all or part of the following analyses: ammonia-nitrogen (NH -N),
markers, dry matter, ash, nitrogen (N), starch, chromium, acid d~ter-
~ent fiber (ADF) and nucleic acid-No

r--
4Former Research Associate 2professor
5Eli Lilly, Greenfield, IN 46140.
Chemical name for Sevarin, Distributors
168, Porterville, CA93257.

\ab Technician

Processing Inc., 17656 Ave
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Table 1. Basal diet composition.

Ingredient % of dry matter

Rolled milo
Cottonseed hulls
Chopped alfalfa
Cane molasses
Ammoniumsulfate
Potassium chloride
Urea
Dicalcium phosphate
Limestone
Trace mineralized salt
Chromic oxi de

86.49
5.00
3.00
2.00

.10

.10

.90

.66

.95

.50

.30

Results and Discussion

Ruminal NH1-N concentration decreased linearly with increasing 5
level at 11 hOUrs postfeeding (8.6, 7.5 and 5.9 mg NH-N/dl for C,
300 and 500 steers, respectively). It has been suggest~d that 5 de-
presses ruminal urease activity. Urea influx from the blood into the
rumen would be expected to be highest at later periods in the feeding
cycle. These data support the concept that 5 affects ruminal wall tran-
sfer of urea, possibly through slowing urea hydrolysis and thereby re-
duci ng the concentrat i on gradient of urea between the rumen 1umen and
bloodstream.

Increasing 5 linearly increased ruminal fluid passage rate and de-
creased volume markedly (Table 2). Fluid passage rate and ruminal
volume were negatively related (r=-.90). Particulate passage rate was
tended to increase with addition of 5 to the diet (Table 2).

Table 2. Digesta kinetics.

Item o

6.7
29.2
4.6

Treatment
300

7.6
21.1
6.4

sna

9.7
18.6

5.6

Ruminal fluid dilution rate, %/h
Ruminal fluid volume, liters
Particulate passage rate, %/h

Organic matter (OM) digestion linearly decreased in the rumen and
increased in the small intestine with increasing 5 (Table 3). Hindgut
OM digestion tended to decrease with increasing 5 so that total tract
0~1 digestion was similar for all treatments. Ruminal fluid dilution
rate may be a reflection of altered ruminal OMdigestion. With high
concentrate diets in which ruminal fi 11 does not 1imit intake, changes
in transient volume of undigested material in the rumen could affect
dilution rate. As digestion was decreased with 5, undigested material
might stimulate greater ruminal motility, accelerate ruminal passage
rate and decrease ruminal fl uid vol ume. 501uble fl uid markers used to
estimate fluid dilution rate, however, describe kinetics of total
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ruminal liquids and do not partition fluid into the amounts associated
with particles or free in the rumen.

Ruminal starch digestion tended to be lowest and small intestinal
starch disappearance tended to be greatest for 500 diet (Table 3).
Total tract digestion of ADFtended to be greater for 300 and 500 diets
(Table 3).

Entry of total N and feed N into the duodenum increased linearly
with increasing S (Table 3) similar to a previous report by Zinn et al.
(1983). Ruminal fluid dilution rate was related to duodenal passage of
N. Rumina1 and small intest i na1 N di sappearance vari ed linearly with S
level and microbial efficiency tended to increase with increasing S
level. The decrease in ruminal OMdigestion increased microbial effi-
ciency and protein bypass may be due to the large reduction (36
percent) in rumen volume with 500 S. Sarsaponin shifted site of N
disappearance in the presence of an ionophore. Hence, sarsaponin must
act differently from or in addition to the ionophore used in this
study. However, in feeding studies an interaction between Sarsaponin
and ionophores might be detected as both could improve protein status
of cattle but alter ruminal volume or passage in opposite directions.
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Table 3. Digestion measures.

Treatment
Item 0 300 500

Organic matter digestion, % of intake
Ruminal, true 57.9 51.3 45.9
Small intestinal 10.5 16.1 28.4
Hindgut 8.2 5.6 0
Tot a1 76.6 73.0 74.2

Starch digestion, % of intake
Ruminal 69.4 69.6 58.5
Small intestinal 11.2 11.2 27.9
Hindgut 5.6 4.3 -1.0
Total 86.2 85.2 85.4

Total acid detergent fiber digestion,
% of intake 23.5 30.7 31. 7

Nitrogen, g/day
Intake 44.9 44.8 45.0
Duodena1

Total 40.9 55.0 58.7
Microbial 26.2 25.9 24.0
Feed 11.6 25.7 31.4
Arrmonia 3.0 3.4 3.4

Fecal 9.0 12.6 10.9
Microbial efficiency, g microbial

nitrogen/kg organic matter fermented 22.1 24.1 26.7



DUODENALDOSESOF CASEIN OR GLUCOSEAND RUMINALFLUID
PASSAGERATE

1 ?
A.L. Goet~ch , F.N. Owens4,
M.A. Funk and B.E. Doran

Story in Brief

To study the impact of supply of protein to the small intestineon
passage of material from the rumen, two dairy calves (364 lb) \~ere fed
an 80 percent concentrate diet at 1.8 percent of bodyweight and were
dosed with hydrolyzed casein or glucose into the duodenum twice daily.

Ruminal fluid dilution rate outflow and volume were slightly greater
with glucose administration to the duodenum.

Key Words: Protein,Ruminal Passage Rate, Rumen Volume.

Introduction

In an earlier report (Goetsch et al., 1985) protein supplementation
of a marginal protein diet decreased ruminal digestion of the dietary
protein. Such an effect could be due to changes either in the rumen
directly or by postruminal feedback to the rumen. Perhaps, increasing
the amino acid supply to the small intestine could speed flow of
digesta from the rumen. This study was designed to examine the effect
of duodenal administrationof casein hydrolysate or glucose on ruminal
fl uid kinetics.

Materials and Methods

In this pilot study, two dairy steer calves (364 lb) \~ere used in a
a crossoverdesign with two 14 day periods. Steers were fedan 80 per-
cent concentrate diet (Table 1) twice daily at 12 hour intervals at a
level of 1.8 percent of body weight. The diet contained 11.1 percent
crude protein on a dry matter basis.

Table 1. Diet composition.

Ingredient % of dry matter

Ground corn
Prairie hay
Urea
Dicalcium phosphate
Limestone
Molasses

75.0
20.0

1.6
.5
.94

1.96

~rmer Research Associate
Former Undergraduate Student

2pr~fessor
Graduate Assistant
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Steers were dosed with casein hydrolysate or glucose solutions two
hours before each meal. Each dose cons i sted of 65 or 70 ml volume of
fluid. With casein hydrolysate, this provided additional crude protein
equal to 10 percent of the daily N intake or about 33 grams of casein.
The amount of glucose was equal in weight of dry matter. Ruminal
samples were obtained at various times after dosing a water sol uble
marker. Fluid passage rate, volume and outflow rate were calculated
from concentration of this marker in rumen samples.

Results and Discussion

Ruminal fluid dilution rate, volume and outflow were 14, 21 and 38
percent greater with duodenal doses of glucose than of casein (Table
2). The diet should have been adequate to support ruminal fermentation
though lower than needed for a rapid growth rate. Based on the earlier
study, we had reasoned that an improved amino acid status in the intes-
tine might have an influence on ruminal function via hormonal or neural
paths and increase ruminal motility or emptying. Results from this
study were opposite to that expected and suggest that the added amino
acid supply to the small intestine slowed flow of liquid from the rumen
or that glucose administration increased flow.

Table 2. Ruminal fluid kinetics.

Treatment

Item Casei n Glucose

Fluid passage rate, %/h
Rumen volume, liters
Rumen outflow, liter/h

8.48
18.53

1.57

9.65
22.33

2.16

. An increased energy to protein ratio in duodenal digesta from in-
fused glucose may have signaled the rumen to enhance fluid passage from
the rumen in order to 1) increase the amount of protein from feed which
would escape from ruminal destruction, 2) increase ruminal outflow of
microbial protein or 3) increase rumen microbial efficiency. Each of
these could increase protein supply and depress the ratio of energy to
protein in duodenal digesta. Conversely, infused casein hydrolysate
would depress the energy:protein ratio in the intestines and could
signal the rumen to hold materials longer. With high grain diets, par-
ticle size may limit intestinal utilization of starch. A longer rumi-
nal retention time usually increases the quantity of energy 1i berated
in the rumen and in the total digest i ve tract. Rumina1 volume and pas-
sage rates may be controlled to regulate site of digestion of energy
and protein. These results warrant further exploration of the in-
fluences of body energy:protein status on rumen function and suggest
that bypassed nutri ents might be employed commerci ally to infl uence re-
tention time and site of digestion by ruminant animals.
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ILEAL ANTIBIOTIC ADMINISTRATIONAND DIETARY PROTEINLEVEL
FOR BEEF HEIFERS FED ROUGHAGEDIETS

A.L. Goetsch1, F.N. Owens2andK.B. Po1ing3

Story in Brief

Four beef heifers were fed prairie hay diets with a low (L) or a
high (H) level of crude protein (9 or 12.5 percent), and received daily
doses into the ileum of either anti biotics (A) in salt sol ution or the
salt solution (S) without antibiotics. Antibiotic infusion tended to
increase rumina1 ammonia-nitrogen concentration with the high protein
diet but to decrease it with the low protein diet. Digestion of
organ i c matter, aci d detergent fi ber and starch in the rumen tended to
be lower in animals receiving antibiotics. Passage of nonammonia-N to
the duodenum was equal to 128, 142, 92 and 104 percent of N intake for
LS, LA, HS and HA treatments indicating that antibiotics tended to
increase the amount of recycled N which was utilized in the rumen.
Antibiotic infusion tended to speed passage of fluid from the rumen and
to increase volume of digesta in the large intestine.

Key Words: Digestion, Antibiotic, Protein Level, Infusion.

Introduction

Gastrointestinal tract fill may limit intake of forage-fed
ruminants. Since the rumen represents the major contributing organ to
gut fill, signals originating at the rumen may regulate intake of
grazing cattle. Removal of feed particles from the rumen, either by
digestion or passage, re1 ieves rumina1 distention. Since all undigest-
ed residues must pass out of the rumen, certain signals originating
from digesta in the postrumina1 tract ultimately could control rumen
emptyi ng .

The contri bution of fermentation in the hindgut to total digestion
has received limited attention. Microbial activity in the cecum and
proximal colon may influence both digestion and passage rate and either
liberate ammonia for recycling to the rumen or capture ammonia for ex-
cretion in feces. With a low protein-high fiber diet such as low
qual ity native range grass, rumina1 fermentation becomes quite depen-
dent on N recycling and methods to increase recycling could be useful.

By dosing antibiotic into the end of the small intestine,
fermentation in the large intestine should be reduced. This could
reduce the demand for ammonia in the large intestine. Postrumina1
antibiotics would have different effects from fed antibiotics, as
dietary antibiotics can have direct effects on microbes in the rumen or
may be absorbed and have systemic effects. The anti biotic used in this
study was not absorbed so it should have no systemic effects. With
coating technology, protected antibiotics could be developed to be
released past the rumen. Value and effects of post-rumina1 antibiotics
with various feeding conditions remain to be determined. This study

1Former Research Associate 2professor 3Anima1 Care Supervisor
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investigated the effects of antibiotic doses into the ileum and of
dietary protein level on site of digestion and passage rate in beef
heifers fed a roughage diet.

Materials and Methods

Four beef heifers (569 lb) in a Latin square experiment were fed
diets shown in Table 1. The unabsorbed anti biotic or the wash salt
solution were dosed via cannula at 0600 each day in each of the four
14-day periods. Corn labeled with ytterbium and cobalt EDTAwere used
to measure ruminal and post-ruminal passage rates. Specific dosing,
sampl ing and analytical procedures were descri bed previously (Goetsch
and O~lens, 1984).

Table 1. Diet compositions.

Diet

Ingredient, % of dry matter L

81.3
8.5

.4
9.0

.5

.3

H
----

Chopped prairie hay
Ground corn
Cane molasses
Soybean meal
Trace mineralized salt
Chromic oxide

81.3

.4
17.5

.5

.3

Results

Ruminal ammonia-N (NH1-N) was greater with the high protein diet
at 2, 6 (P<.05) and 10 h ,P>.05) after feeding (Table 2). NH3-Ntend-
ed to decrease with antibiotic infusion with the L diet, but to
increase with the H diet. This could be due either to changes in the
extent of ruminal fermentation and ammonia release or capture or to
changes in the amount of ammonia recycled to the rumen.

1Treatments include diet (L = 9% crude protein; H = 12.5% crud~---
protein) and ileal antibiotic infusion (S = none; A = antibiotic).

a,bMeans in a row within treatment, infusion or diet headings differ
(P<.05).

1985 Animal Science Research Report 309

Table 2. Ruminal ammonia-nitrogen concentrations.
I Diet Infus i onTreatment

Time after
feeding,h LS LA HS HA L H S A

2 a a
8.85b 10.12b

a b 7.685.81 b 5.24b 5.53a 9.48b 7.33
6 2.91a .86 4.21a 5.04a 1. 89 4 .62 3 .56 2.95

10 5.20 3.00 4.10 6.99 4.10 5.55 4.65 4.99



Protein level had little effect on extent ruminal digestion of
organic matter (OM), but ileal antibiotic infusion tended to depress OM
disappearance in the rumen (Table 3). Hindgut OMdigestion compensated
and tended to be greater with antibiotic addition. Disappearance of OM
in the hindgut as a percent of OMexiting the ileum was 20.3, 27.1,
22.2 and 29.5 percent for LS, LA, HS and HA treatments, respectively.
Hence, the ileal antibiotic did not reduce hindgut or total tract
digestion.

Protein level had little effect on acid detergent fiber (ADF)
digestion but antibiotic infusion reduced (P<.08) ruminal ADF
digestion. Again, postruminal digestion compensated for this
difference. Ruminal microbial efficiency tended to increase with
antibiotic doses, increasing as ruminal OM fermentation decreased.
Ruminal passage of particles was related to microbial efficiency
(MOEFF), passage of microbi a1 N through the duodenum, and rumina1 OM
digestion (r=.61, .55 and -.52, respectively).

Increasing the protein level tended to decrease (P<.08) ruminal
starch digestion in the rumen but to increase starch digestion in the
total tract. Such a change in site of digestion should increase
energetic efficiency. Ileal infusion of antibiotic had a similar
effect on site of starch digestion, reducing (P<.12) starch digestion
in the rumen and increasing (P<.06) starch digestion in the hindgut.

Passage of nonammonia-N to the duodenum was equal to 128, 142, 92
and 104 percent of N intake for LS, LA, HS and HA treatments,
respectively. An interaction (P<.lO) between infusion and diet was
observed for small intestinal N disappearance (Table 3) in which
antibiotics tended to increase disappearance of N from the small
intestine at the low protein level but decrease it with the higher
protein diet. Amount of microbial N (MN) in feces, estimated from
purine concentration, tended to be greater (P<.10) with the lower
protein diet and represented 36, 34, 22 and 28 percent of total
non-ammonia N in feces for LS, LA, HS and HA diets, respectively.
Total tract N digestibility corrected for nondietary N, tended to
increase with antibiotic infusion with the higher protein diet. Total
tract N digestibility, not corrected for nondietary N, was higher with
the higher protein level.

Antibiotic infusion tended to reduce passage rate of fluid from the
rumen (Table 4), but ruminal fluid passage rate and ruminal volume were
inversely related (r=-.60). An interaction between antibiotic infusion
and protein level (P<.19) on ruminal volume and passage rate of fluid
through the hindgut approached significance with antibiotic infusion
increasing ruminal volume and decreasing passage rate of fluid from the
large intestine only with the higher protein diet. The first kinetic
component of passage rate of particles from the rumen (k,) estimated
from ileal samples was reduced (P<.08) with antibiotic infusion. An
increase in ruminal or hindgut volume with antibiotic infusion cause
this difference. Passage rate (kJ) for ruminal particles estimated
from samples from the ileum dif~red from k1 estimated from fecal
samples in this trial, but the two were related (r=.5g).

Discussion

Since the antibiotic was infused into the small intestine and not
into the rumen and this antibiotic is not absorbed, effects on ruminal
digestion were surprisingly large. These must be due to alterations
hormone levels or in nutrient recycling to the rumen which alter
ruminal volume or passage rate through the upper digestive tract. The
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Table 3. Digestion measures.

Item

Treatment

LS LA

DietC

HS HA L H

Infusionc

S A

Organic matter digestion, % of intake
Ruminal, true
Small intestinal
Hindgut
Tota 1

Acid detergent fiber digestion, % of intake
Rumina1
Postrumi na1
Tota 1

Nitrogen disappearance, % of intake
Ruminal
Sma11 intes t ina1
Hindgut
Tota 1 ,

corrected for nonfeed constituents
Total,

uncorrected for nonfeed constituents
Nitrogen passage to the duodenum, g/day

Tota 1
Microbia 1
Feed
Ammonia

Microbial efficiency, g microbial
nitrogen/kg organic matter fermented

53.4
4.3

10.0
67.7

47.6
4.3

14.4
66.2

51.5
6.3
9.5

67.2

50.5
4.3

12.2
67.0

50.4
4.9

12.0
67.3

52.4
5.3
9.8

67.5

48.5
3.9

14.4
66.8

60.1 56.0 60.1
1.6 4.2 2.0

61.6 60.2 62.1

58.8 38.9 59.9
9.3 32.5 20.0
8.2 1.9 -3.1

76.3 73.4 76.8

62.5 59.0 70.0

79.3
49.9
23.7
5.8

88.0
46.7
35.2
6.1

80.6
41.8
32.0
6.7

49.4
3.6

14.5
67.4

58.3 58.0 59.2
4.1 2.9 3.0

62.4 60.9 62.3

58.0 48.9 58.9
17.0
5.9 5.1 1.4

80.9

73.2

91.0
49.8
33.5
7.8

83.6 85.8
48.3 45.8

29.4 32.7b5.9a 7.2

60.1 57.2
1.8 4.2

61.9 61.3

59.4 48.6

2.5 3.9

26.3 31.4 23.3 28. 7 28.9 26.0

79.9
45.9
27.8
6.2

89.5
48.3
34.3
6.9

24.8 30.1

Treatments include diet
infusion (S = none; A =
abMeans in a row within

differ (P<.05).
cOmitted means denote an interaction between infusion and diet (P<.10).

(L = 9%crude protein; H = 12.5% crude protein) and ileal antibiotic
antibiotic).

treatment, infusion or diet headings with different superscripts



Hindgut starch disappearance increased (r=.66)
increased. This relationship between ruminal
digestion of starch and fiber is probably due
escape of fermentable substrate and passage
di ges t i on .

Ruminal OMdigestion increased as particle passage rate decreased.
This suggests that the time needed for particle size reduction probably
did not delay passage of particles from the rumen. When particles in
the rumen disintegrate slowly, the relationship between ruminal
digestion and passage rate will be positive. As passage rate of

as ruminal ammonia
ammonia and hindgut
to increased ruminal
to the hindgut for
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particles from the rumen (k ) increased, OM digestion in the total
tract decreased (r=-.49; P<.66) as well. With this prairie hay diet,
extent of digestion in the rumen and the total tract were both limited
by digestion of cell walls which occurs primarily in the rumen.

ADF digestion in the rumen increased as passage rate of particles
from the rumen decreased (r=-.38; P<.15). In contrast, ADF digestion
decreased as rate of FLUID passage from the rumen decreased (r=.46;
P<.07). No explanation for this relationship is apparent. Usually
fl ui d and part ic le passage rates vary together. Increased ruminat i on
should increase both fluid passage and extent of ADF digestion.
Possibly changes in the relative volumes of fluid and particles in the
rumen or passage of fl ui d imbi bed in undegraded forage part i c les are
responsible. Decreased water intake can increase digestibility of
certain forages like wheat pasture.

In this trial, microbial efficiency (MOEFF)increased as passage
rate of particles increased. Increased efficiency would be expected
when microbes leave the rumen more rapidly since the idling time and
energy cost for microbes will decrease. In a previous experiment with
concentrate diets (Goetsch and Owens, 1984) no relationship of MOEFFto
particle passage rate was detected. The relationship of MOEFFto
passage rate may be stronger with roughage than concentrate diets,
since 1) with concentrate feeds, less ruminal action is needed to
prepare particles for ruminal exit and 2) microbes may associate more
intimately with roughage than concentrate particles. Nonammonia-N
passage to the duodenum, expressed as a percent of N consumed, was
higher for the lower protein diet and increased with antibiotic
infusion. This may reflect differences in ruminal ammonia
concentration since ammonia absorption from the rumen increases as its
concentration increases.

Assuming that ileal digesta contained 10 percent dry matter,
hindgut volumes were 12.4, 15.0, 10.6, and 17.0 ml/kg of body weight,
representing 4.5, 5.1, 5.3, and 6.9 percent of the estimated ruminal
fluid volume for LS, LA, HS and HA treatments, respectively. Thus,
large intestinal plus cecal volume increased with antibiotic infusion
whether expressed on a body weight basis or relative to ruminal volume.
Antibiotic-fed or germ-free nonruminants usually have a larger cecal or
large intestinal volume than animals with their normal microbial
population in the intestine. Enlargement of the hindgut may be due to
presence of undigested osmotic compounds which pull water into the
intestine, to entry of greater amounts of digesta or to reduced gut
motility or gut wall thickness. The increase in hindgut volume with
antibiotic infusion can explain the lower passage rate for fluid
through the hindgut.

Results indicate that anti biotic doses into the intestine increases
volume of the large intestine. These changes can affect rumen function
through altering recycling of N to the rumen and thereby change site of
digestion. Hence, interactions between antibiotic effectiveness and
protei n level and concentrate level shoul d be expected. Addit i ona1
mechanisms (hormonal, neural) which infl uence vol ume of and passage
rate from various sections of the digestive tract need further study.
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EFFECTSOF BODYWEIGHT. FRAMESIZE AND PREVIOUSRATEOF GAIN
ON THE ENERGYCONTENTOF GAIN OF STEERS

J. W.Oltjen1

Story in Brief

The energy concentration or composition of gain is an important
variable in beef cattle feeding systems. The National Research Council
(NRC, 19766 and 1984) use equations based on body weight, rate of gain.
frame size and calf or compensating yearling designation to predict this
value. A recently developed dynamic computer growth model (Oltjen,
1983) also makes this estimate. The factors affecting energy
concentration of gain in the NRC system and the computer model are
compared in this study. The results from the computer model agree with
the NRC (1984) system regarding body weight and frame size unlike NRC
estimates, model estimates of composition of gain for calves and
compensating yearlings converge as body weight increases. In this
model, energy composition of gain is more sensitive to rate of gain than
the NRCequations are.

(Keywords: growth model, body composition, net energy)

Introduction

Predicting gain of beef cattle not only requires some estimate of
energy available for gain, but also an estimate of the energy
concentration of that gain, so that the retained energy may be converted
to the more familiar weight gain. Conversely. when the weight gain of
cattle is known, a prediction of the composition of that gain also
requires an estimate of the energy concentration of gain. Feeding
standards make an estimate of this concentration for several different
conditions; however, more recent computer models of animal growth allow
this to be estimated directly. The objective of this paper is to
compare estimates of the energy concentration of empty body weight gain
of beef steers for the National Research Council (NRC, 1976 and 1984)
feeding standards and for the dynamic model of beef cattle growth of
Oltjen (1983).

Materials and Methods

Equations for the energy content of gain of implanted steers as
given by the NRC (1976 and 1984) is shown in Table I, assuming empty
body weight gain is 95.6% of live weight (shrunk) gain (NRC, 1984).

Energy content of gain for the Oltjen (1983) model was calculated
using NRC (1984) net energy values for desired rates of gain. and then
iterating on feed intake each day to achieve that rate of gain
throughout the feeding period. Because the model predicts both empty
body fat and protein accretion. the energy concentration in the gain is
the energy in the protein and fat gain divided by the rate of empty body
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weight gain. Medium frame implanted calves and compensating yearlings
were started at 200 and 300 kg 1i ve weight with cond i t i on scores (1,
extremely thin - 10, extremely fat) of 5 and 3, respectively; large
frame cattle were 20% heavier.

Table 1. Energy concentration of empty body weight gain (EBG, kg) for
steers of different type and body weight (BW, kg).

Steer type Energy in gain (Meal/kg) Source

All (.05515+.00748*EBG) BW.75

.0635 EBG.097BW.75

.0562 EBG.097BW.75

.0562 EBG.097BW.75

.0498 EBG.097BW.75

NRC (1976)

NRC (1984)Medium frame calves
Medium frame yearlings

Large frame calves
Large frame yearlings

Results and Discussion

Energy value of gain increases from about 3 to 6 Meal/kg as body
weight increases from 200 to about 500 kg when rate of gain is held
constant at a kg/d (figure 1). The former NRC (1976) did not
differentiate between frame size and age (calf or compensting yearling),
and its estimate is nearest to the more recent NRC (1984) value for
medium frame calves (MC). Medium frame compensating yearlings (MY) and
large frame calves (LC) have corresponding lines which reflect less
energy in gai n than for the medi um frame calves, but greater than for
large frame compensating yearlings (LY). In figure 2, body weight is
held constant but gain is allowed to vary. The same sort of comparison
between the two NRC pub1i cat ions and between frame size and age or
previous nutrition as in figure 1 may be made, with similar magnitude of
effects. The ,variation in the energy value of gain, however is less for
rate of gain (figure 2) than for body weight (figure 1).

Using the Oltjen (1983) model to compare the effect of body weight
on the energy value of gain, energy in gain increases from about 3 to 66
Mea1/kg as body weight increases from 200 to about 500 kg (fi gure 3).
Frame size effects are si mi1ar to the NRC (1976), with 1arge frame
cattle about 1 Meal/kg lower at similar body weights. However, the
1ines for compensating yearl ings, although starting at nearly the same
point as the NRC, do not remain below the calf lines as body weight
increases. Instead they converge as the animal becomes larger,
suggesting a similar composition of gain later in a feeding period.

A direct comparison of the NRCequations and Oltjen (1983) model is
made in figures 4 and 5 for medium frame steers. NRC(1984) calves have
energy concentrations of gain above all other lines (figure 4), but the
lines for NRC (1984) compensting yearlings is within .2 Meal/kg of the
model's calf line throught and the model's compensating yearling line
between about 350 and 500 kg body weight. Whether calves' gain consists
of more fat at all weights than genetically similar cattle which have
experienced a period of restricted nutrition should be investigated.
The dynamic model used here contradicts this hypothesis and the slightly
higher line for the compensating yearlings at greater body weight causes
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Energy Value of Gain
EBWG = 1.0 kg

1976

MY& LC

LY

2
200 300 400 500 600

BODYWEIGHT (kg)

Figure 1. Energy concentration of daily empty body weight gain (1 kg, EBWG)for
steers of different body weight: 1976 - NRC(1976); MC- medium frame
calves, MY-mediumframecompensating yearlings, LC- large frame calves
and LY- large frame compensating yearlings from NRC(1984).

Figure 2. Energy concentration of different empty body weight gain for steers of
350 kg body weight: 1976 - NRC(1976); MC- mediumframe calves,
MY - medium frame compensating yearlings, LC -large frame calves and
LY - large frame compensating yearlings from NRC(1984).
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Figure 3. Energy concentration of daily empty body weight gain (1 kg, EBWG)for
steers of different body weight: MC- medium frame calves, MY- medium
frame compensating yearlings, LC - large frame calves and LY - large
frame compensating yearlings from Oltjen (1983).

Figure 4. Energy concentration of daily empty body weight gain (1 kg, EBWG)for
steers of different body weight: MCNRC- mediumframe calves and MY
NRC- medium frame compensating yearlings from NRC (1984), MC- medium
frame calves and MY- medium fr~me compensating yearlings from Oltjen (1983).
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Figure 5. Energy concentration of different empty body weight gain for
medium frame yearling steers of 350 kg body weight: 1976
NRC(1976), 1984 - NRC(1984) and MODEL- Oltjen (1983).

o 2

compositional differences to narrow as the animals grow.
In figure 5 the effect of rate of gain for yearlings weighing 350 kg

is compared. As shown previously, the former NRC (1976) equation
estimates higher values than NRC(1984). The lines for the more recent
NRC and the Oltjen (1983) model intersect at about 1.1 kg/d gain, with
the model being more sensitive to gain. Corresponding compositions of
9ain (% fat) for the NRC(1976), NRC(1984) and the model are 43, 37 and
30 for .5 kg/day; 47, 41 and 40 for 1.0 kg/d; and 51, 43 and 45 for 1.5
kg/d empty body 9ain, respectively.

In concl usi on, the effects of body weight and frame size on energy
content of gain of beef steers are similar for the Oltjen (1983) model
and the NRC (1984). Model estimates for both yearlings and calves are
more similar to NRC compensating yearling estimates, with NRC calf
energy content of gain particularly greater at increased body weight.
However, the Oltjen (1983) model is more sens iti ve to rate of gai n than
the NRC(1976 and 1984) equations.
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FEEDINTAKEBYFEEDLOTBEEFSTEERS: INFLUENCEOF
INITIAL WEIGHTANDTIMEONFEED

J. H. Thornton1,F. N. Owens2and O. R. Gil12

Story in Brief

Feed intake records from a large commercial feedlot were analyzed
to determine the influence of initial weiqht and time on feed on dry
matter intake (OMI) by yearling beef steers. Information was available
for OMI of a high concentrate feedlot diet at 14 day intervals from 675
pens of cattle over a period of one year. Pens held a mean of 175 beef
steers per pen for a total of 119,482 animals. Initial weight averaged
687 pounds and all animals were rapidly switched to their high concen-
trate finishing ration. Mean OMI for pens of cattle averaged 21.5
pounds per65lfay 2and increased as mean feeding wei ght increased
(AOF=.258W' ; R =.54; N=212). OMI was about 20 percent greater
than predicted from published equations. This relationship of OMI to
animal weight did not fit OMI during a feeding period, however.

Instead, considering all feed intake intervals, O~5 was 2 more
curvilinearly related to body weight (OMI=.978W' ; R =.30;
N=3896). Mean OMI increased about 1. 5 pounds per hundred pound
increase in starting weight. The feed intake curves consisted of three

different segments with intake during t~ O~irst 14 days on feed being
proportional to body weight (OMI=.0214W' ), an intake plateau from
day 28 to day 140 followed by a sl i ght decrease as steers reached
slaughter weight. Since the observed shape of the OMI curve during the
feeding period differs from that used to calculate nutrient require-
ments, requirements during different parts of the finishing period need
to be reconsidered and recalculated.

(Key words: Feed intake, Ory matter intake, Start i ng wei ght, Time on
feed. )

Introduction

Performance of feedlot steers can be predicted quite accurately
when net energy content of the diet and feed intake are known. Net
energy val ues can be estimated from tables of feed composition, but
less information is available to predict feed intake. Equations to pre-
dict feed intake have been advanced by several workers (Table 1). Most
of these equations were developed from AVERAGEfeed intakes from
feeding trials and AVERAGEfeeding weight and relate intake to
metabo 1i c body size (body weight to the three-quarter power). This
means that intake would increase continually as steers gain weight.
Such is not the case based on field experience of cattlemen. Instead,
feed intake during a feeding period first increases and later declines
with time on feed. Three of the equations predict this rise and
decline in intake, but two predict a gradual rise and fall while the
third predicts a relatively flat plateau during the feeding period.

IHitch Feeders II, Garden City, KS 2professor
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Table 1. Dry matter intake equations for feedlot cattlea.

Gill (1979)
OMI, lb = (.08968+.0000498INWT+.00498FG)w.75

-«WT-500)/210.8)2; with feeder grade (FG)

between 1 and 10, usually near 5.
ARC(1980)

OMI, lb = w.75(.1423-.0129ME);
Goodrich & Meiske (1981)

OMI, lb = 3.39+.1249W.75_1.571ME;
Owens & Gill (1982)

OMI, lb = -11.21+.0636W-.0000325W2+.0039(INWT-610);
NRC(1984)

OMI,

Plegge et al.

OMI,

Plegge et al.

OMI,

Fox &

lb = w.75(.1819NE -.056NE 2_.0239);m m
(1984) for mean intake
lb = -16.87+.0063MW+.0000085MW2+20.73ME-4.187ME2;

(1984) for intake during a feeding trial
lb = -95.21-.004INWT+.0000136INWT2+B1.22RELWT-45.89RELWT2

+53.9ME-9.696ME2;
Black (1984) 75

OMI, lb = W' (.11 to .12 depending on W)[1+(.03(1.27-NE »]
g

aTerms include OMI, daily dry matter intake; W, shrunk weight in
pounds; INWT, starting shrunk weight in pounds; ME, metabolizable
energy in mcal/kg feed dry matter; MW,mean shrunk weight for the feed-
ing trial; NE, net energy for maintenance in meal/kg feed dry
matter; RELWT,~urrent shrunk weight as a fraction of slaughter weight;
NE , net energy for gain in mcal/kg feed dry matter.g

Since feed intake is the basis on which both nutrient requirements and
gain and profit are predicted, the shape of the feed intake equation
needs to be defined. The objective of this study was to determine the
pattern of the feed intake of commercially fed yearl ing steers and the
impact of starting weight on feed intake.

Materials and Methods

Oaily pen records from a large feedlot in Western Kansas were ana-
lyzed to determine the impact of various factors on feed intake of
finishing cattle. Mean OMIfor sequential 14 day intervals of 246 feed-
yard pens were obta i ned from feeding records from Oecember 1981 unt i 1
November 1982. This represented 675 different sets of non-dairy steers
including primarily steers of British breeding, usually crossbred and a
small percent of steers with some Brahman breeding. Most cattle were
yearlings or older when placed on feed and were fed for 98 to 168 days.
For analysis, pens with less than 50 head were removed to reduce varia-
tion, so that the mean number of animals in each pen was 175 (range of
50 over 500; standard devi at ion = 82). Hence, intakes for the year
represented values from a total of 119,482 cattle. A mean of 18 observa-
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tions were
observat ions.
in Table 2.

Data available for each set of cattle included starting feedlot
weight (weight on arrival into the feedyard typically after trucking at
least 24 hours), sex, breed, number of cattle in the pen, number in the
hospital pen for all reasons, deaths per pen for all reasons and number
of animals removed due to riding by other animals (bullers), projected
current weight which was updated daily based on initial weight, feed
intake and NE plus NE content of the diet. No information on
origin, lengthmof haul o~ backgrounding of cattle was available. All
cattle were dipped at the start, received routine medical attention and
growth-stimulating ear implants. During the first 28 days on feed,
level of roughage in the diet was decreased stepwise from about 40
percent to the 14 percent of the finishing diet. This diet was fed
thereafter. The high energy diet consisted primarily of high moisture
harvested corn grain, corn silaqe, chopped alfalfa hay and soybean meal
or urea. Monensi n was inc 1uded between 20 and 25 g per ton of feed.
On a dry basis, the diet contained 3.18 mcal ME per kg or 2.18 mcal
NE per kg throughout the year. For statistical analysis and
comparisons, components included initial weight, days on feed and
current weights. To calculate mean weights and OMI for a pen of
cattle, data from the first 112 days of feeding were averaged.

available per pen for a total of 3897 period-pen
Further information on the sets of cattle are presented
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Table 2. General information on beef steers.

Item Mean Standard deviation
Pens 675
Cattle/pen 175 82
Total cattle 119,482
Pen-period
observations 3897
Weights

Initial 687 80
112 days 1029 79

ADG 2.97
Bullers, % 2.8 2.7
Hospital, % 1.4 3.0
Dead, % .7 1.2
Dry Matter Intake

Across all pens
0-14 days 17.4 3.0
15-28 days 21.8 2.7
29-42 days 21.9 2.1
43-56 days 22.1 2.0
57-70 days 22.3 2.0
71-84 days 22.4 2.1
85-98 days 22.3 2.1
99-112 days 21.9 1.9

113-126 days 20.9 1.6
129-140 days 19.7 1.6

Within the same set of cattle
0-112 days 21.5 1.9



Results and Discussion

Mean DMI for 212 pens of steers for 112 days or longer were calcu-
lated from intakes at 14 day intervals are plotted in Figure 1. Mean
feed intake increased as mean weight increased. This is s imil ar to
most feed intake equations which have been developed (Table 1).
Generally, feed intake has been expressed relative to body weight
raised to a power or exponent, usually .75. Mean feed intake in this
study was related to mean2body weight during the feeding period taken
to the .656 (+ .044; R =.54) power as drawn in Figure 1. This
power changed wlth time on feed, however. The power function best
matching feed intake during individual 14 day intervals ranged from a
low of .47 at feeding intervals beyond 56 days on feed to 1.02 during
the first 14 days on feed. This means that the relationship of DMIto
body weight changes during the feeding period.
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Figure 1. Mean weight vs feed intake (n=188).

Measured mean feed intakes are compared with predicted mean intake
values from equations of the ARC (1980), NRC (1984) and Plegge et al.
(1984) data from Minnesota in Figure 2. Since these equations incorpor-
ate values for energy content of the diet, those for the finishing diet
(3.18 mca1 ME or 2.18 mca1 NE per kg feed dry matter) were used.
Measured mean feed intakes excee'!led predicted feed intakes by 20 to 30
percent though all equations predict intake at zero when weight is
zero. This discrepancy may be due to differences in environment or in
background of the cattle. Further, the predicted reduction in feed in-
take for higher energy diets in various equations may exceed that ob-
served with implanted, monensin-fed yearl i ng beef steers. Few equa-
tions were developed for cattle rapidly adapted to a diet this high in
energy.

1985 Animal Science Research Report 323

26

25

24

co
....J

23

I..LJ

22
z:-
::E: 21
C

z: 20

::E:

19

18

17



+ + + + +-----
600 700 800 900 1000

MEANWEIGHT,LB

Figure 2. Mean feed intake vs mean feeding weight of beef steers
(n=188) .

Feed intakes for all pens of steers at 14 day intervals are plotted
against shrunk weights at the end of each 14 day interval in Figure 3.
This line is definitely curved indicating that feed intake does not
increase linearly with weight. The line designated as "mean" repre-
sents intakes of animals grouped in 100 pound live weight segments.
Feed intake tended to plateau as higher weights were reached'455itO~~
t02 a power function of body weight, OMI was equal to .976W" -'
(R = .301). This is lower than the power function suggested by
others (Table 2) and indicates that the relationship between feed
intake and body weight changes as feedlot steers grow as previously
suggested by Gill (1979), Owens and Gill (1982), Plegge et al. (1984)
and Fox and Black (1984). A lot of variation remains, however, as
individual letters represent the number of pens of cattle at each point
(A=l; B=2; Z=26 or more). The low initial point on the "mean" line
represents either lighter starting weights or earlier periods of
feeding. To subdivide these effects, feed intake was plotted against
starting weight (Figure 4). Feed intake definitely increased as
start i ng weight increased, with dai ly feed intake increas i ng about 1. 5
pounds for every increase in starting weight of 100 pounds.

The overall curve (Figure 3) was averaged across pens and initial
weights. Intakes of individual Dens might differ from this curve. To
look at OMI with individual pens of cattle without being confounded by
differences in initial weight, data from 5 pens. which had starting
wei ghts which were s imil ar to each other (685 to 688 pounds) and near
to the mean starting weight for all cattle were plotted (Figure 5).
Feed intake was lowest for virtually all pens during the first 14 days

324 Oklahoma Agricultural Experiment Station

I x
x x xx X

25.0 ... XXXX

I

XX X
.258W"656X xxx X

X xxx y (R2 = .54)x x xx xxx
22.5 +

CO

I

x xxxxxxxx x x .-.. MINN-'
W::.:: 20.0 +
c:(

I
./: XXXXxxx/.

NRCI-
z: x X X XX X X XXX

ARC..... X X X M N.u.o'!.
::E:
C) 17.5 +

z:

I

i:5
:::!:

15.0 +

I
12.5 +

I



+ + + + +-----
400 600 800 1000 1200

WEIGHT, LB

Figure 3. Feed intake and steer weight at l4-day intervals (n=3896).

INITIAL WEIGHT, LB

Figure 4. Feed intake vs initial weight.
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Figure 5. Feed intakes by selected pens of steers (685-688 lb)
initial weight.

when animals were being adapted to a high concentrate diet. There-
after, feed intake tended to plateau or possibly decline slightly.
Often, the maximum feed intake for pens of catt le occurred on day 28
(the mean feed intake from day 14 to day 28).

Intake the first 14 days was n02 closely related to feed intake at
day 56 or for peri ods thereafter (R =.37 to .47). However, corre 1a-
tions between feed intake from day 14 to d¥ 28 were highly correlated
with feed intakes at subsequent periods (R = .53 to .73). Hence, in-
take during the third to the sixth week on feed might be useful to pre-
dict subsequent feed intake. Feed intake during the first 14 days on
feed was most closely related to starting weight (Figure 6). During
this interval, feed intake was related to body weight to the first
power. Feed intake increased almost proportionally to weight at which
the steers entered the feedyard. Some of the feed intake equat ions in
the literature adjust for initial weight or relative weight to correct
for this difference. Since this differs from the plateau portion of
the intake curve, it probably should be considered separately as a
component of the total feed intake curve.

To determine the effect of time on feed on feed intake, steers were
grouped by time periods. Oaily feed intakes are plotted in Figure 7.
As was apparent for the few individual pens graphed above, intake
reached a plateau at 28 days and remained at that point for the next 96
days. Thereafter, intake tended to decline slightly as steers reached
slaughter weights. The shape of these curves do not coi nci de with the
shape of the feed intake curve suggested previously by Owens and Gill
(1982) or by Plegge et al. (1984) who determined that intake continued
to increase to a peak when cattle reached 88 percent of slaughter
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Figure 7. Feed intake vs time on feed (n=3896).
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weight. In contrast to previous prediction equation, these feedlot
records ind icate that intake is cons i derably hi gher with shorter times
on feed and rapi dly reaches a pl ateau. Later, intake dec 1i nes as
steers reached market weight. Differences in energy content of the
diet, cattle background or age may be involved. Another alternative is
that initial weights, final weights and days on feed complicate inter-
pretation of the curves. The only steers remaining on feed for 140
days or longer are those which started on feed at light initial
wei ghts . Hence, the average intake curve wi11 be bi ased downward at
that point.

The infl uence of starting weight on the shape of the feed intake
curve with time on feed is illustrated in Figure 8. Here, cattle have
been grouped by 100 pound weight increments and mean intake at 14 day
intervals was plotted. Little overlap in intakes between weight groups
is apparent, but the overall shape of the intake curve for all weight
groups is surprisingly similar. In all cases, intake at 28 days was
near or at the maximum. Feed intake tended to decline as cattle ap-
proached slaughter weight which would be with fewer days on feed for
cattle at heavier than at lighter initial weights. The point at which
feed intake for a pen of cattle declines might be used as a signal that
cattle have reached slaughter weight and continued feeding will be less
economical. To illustrate how these differences in intake pattern give
a curved appearance to the graph of feed intake versus \~eight, intakes
were plotted against current weiqhts for steers of different initial
weights in Figure 9. The overall curve of Figure 3 is can be ascribed
to lower feed intakes of cattle during the first period on feed as well
as lower feed intakes of cattle started at lighter weights. Means
here, however, suggest that at heavier initial weights, feed intake may
not plateau but continue to increase gradually as such cattle gain
wei ght.

+ +_u___+ + + + +________
14 42 70 98 126 154 182

TIME ON FEED, DAYS

Figure 8. Feed intake vs time on feed for steers with different
initial weights.
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Based on these data, the feed intake curve for cat t 1e moved to a
high concentrate diet rapidly appears to consist of three segments.
Ouring the first 14 days, when cattle are moved through diets contain-
ing sequentially less roughage, feed intake is proportional to body
weight. During the next 84 to 140 days, feed intake p1ateaus or grad-
u~ly creeps upward at a level proportional to starting weight. After
84 days for heavier cattle or 140 days for lighter starting weight
cattle, feed intake will decline slightly. Equations relating feed in-
take during the feeding period are presented in Table 3. Input vari-
ables chosen were those which coul d be apprai sed eas i ly. Vari ab les
known at the time cattle are delivered such as initial weight and days
on feed would be preferable for predict i on purposes. Vari ables were
chosen by stepwise regression procedures and were included only when
sign ifi cant at a probabil Hy level of 20 percent and when addi t i on im-
proved the precision of prediction. Percent of finished (market)
weight was not included as a variable since the time of marketing is
dictated by many factors in addition to carcass fat.

Weight gains and nutrient requirements can be predicted from these
feed intakes and body weights. Formulas provided by NRC(1984) permit
requirements to be calculated at various rates of gain providing feed
intake is specified. When contrasted with requirements predicted from
NRC (1984), predictions from these intake curves indicate that the pro-
tein needed, expressed as a percentage of the diet, is lower than pre-
dicted by NRC (1984) for cattle at lighter weights. However, the re-
quirement for protein does not decrease as steeply as predicted by NRC
since feed intake does not increase with time on feed as the NRC
equation projects.

1985 Animal Science Research Report 329

27

24

21

CQ
...J

LJ.J 18
><:

j::
z:..... 15
::E:c

12

9

6



Table 3. Dry matter intake prediction equations for feedlot beefsteers .
Time peri od

First 14 days

Total feeding period

After 14 DOF

Equation

DMI=.0214Wl.02

DMI=3.91+.259DOF-.002700F2+.0162INWT

+.000008300F3

OMI=4.36+.20700F-.OO286DOF2+.0164W

.OO00095DOF3

OMI=-3.04-.175INWT+.000235INWT2+.196W

-.000196WT2+.00000007W3-.0000001INWT3

OMI=4.73+.0177INWT+.0716DOF+.0002400F2

+.OOOI00F*INWT-.0000016INWT*OOF2

OMI=15.27+.04200F-.0002800F2

+.OOOOI13INWT2

OMI=-2.81-.0005100F2+.0655W-.000061W2

+.000001300F3+.000000024W3

OMI=I.22+.109W-.00012W2+.000000044W3

-.0729INWT+.000112INWT2-.000000048INWT3

OMI=10.27+.0106INWT+.0000059INWT2

+.052800F-.OO000053INWT*OOF2

.50

.55

.39

.47

.38

.47

.36

.39

aTerms include OMI, daily dry matter intake in pounds; W, shrunk
weight in pounds; INWT,starting shrunk weight in pounds; DOF, days on
feed.

Since feed intake can vary with breed, sex, season, initial weight
and environmental conditions, diets can be tailored to meet specific
conditions providing the impact of these factors can be measured. In
addition, seasonal effects on feed intake of feedlot cattle in various
regions of the US need to be studied to more accurately estimate re-
quirements and the economics of cattle feeding of various types and
backgrounds.
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FEEDINTAKEBYFEEDLOTCATTLE: INFLUENCEOF
BREEDANDSEX

1 2 3F. N. Owens, J. H. Thornton andS. R. Arp

Story in Brief

Records from a large commercial feedlot were analyzed to determine
the feed intake and health differences attributable to sex and breed
type. Feed intakes adjusted for differences in live weight averaged 10
percent greater for Holstein steers than beef steers but intake of beef
heifers was equal to that of beef steers. Incidence of bullers and
death losses was greater for Holstein than beef steers though a sea-
sonal effect on incidence of bullers and on death losses was apparent.
These peaked during midwinter and were lowest during midsummer suggest-
ing that day length may be involved.

(Key words: Sex, Feedlot, Feed intake, Animal health.)

Introduction

Cattle fed in feedlot of the Great Plains vary in type and sex with
economic conditions. Certain types are more desirable at specific
cattle prices. Greater feed intakes are usually expected for steers
than heifers and for Holstein than beef-bred steers (Plegge et al.,
1984; Fox and Black, 1984). Hmlever, effects of sex and breed on feed
intake with various times on feed and on incidence of riding (bullers),
hospita 1i zat ions and death losses have not been reported. The objec-
tive of this report was to determine the influence of breed type and
sex on feedlot performance and health.

Materials and Methods

The feedlot conditions and records screened in this report have
been described in a companion paper (Owens et al., 1985). Records in-
cluded information from 745 different sets of cattle (3 sets of cattle
per pen during the year) of which 22 were for Holstein steers, 48 were
non-dairy heifers and 675 were non-dairy steers of British, British
crossbred and (a limited number) Brahman crossbred cattle. Most cattle
were yearlings or long yearlings when placed on feed and were fed for
98 to 168 days. Intakes for the year represented values from a total
of 132,393 cattle. A mean of 18 observations were available per pen
for a total of 4316 period-pen observations. Data from pens with less
than 50 cattle were removed prior to analysis. Further information on
the sets of cattle are presented in table 1.

Data available for each set of cattle included starting feedlot
weight (weight on arrival into the feedyard typically after trucking at
least 24 hours), sex, breed, number of cattle in the pen, number in the
hospital pen for all reasons, deaths per pen for all reasons, number of

~professor 2Hitch Feedlot II, Garden City, KS.Former Graduate Student
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animals removed due to riding by other animals (bullers), and projected
current weight. This weight was calculated and updated daily based on
initial weight, feed intake and calculated energy contents (net energy
for maintenance and gain) of the diet. No information on origin,
length of haul or backgrounding of cattle was available.

For statistical analysis, the dry matter intake, percent bullers,
hospita 1i zed and dead were cl assed for means compari son by sex (beef
heifers vs beef steers) and breed (Holstein steers vs beef steers), by
initial weight and by days on feed.

Results and Discussion

In Table 1, feed intakes for steers and heifers are presented for
vari ous lengths of time on feed. Holstei n steers ate more feed than
beef steers (25.1 vs 21.4 pounds of dry matter per day) with a mean
difference of 3.7 pounds or 17% during each period.

TABLE 1. General information on cattle subdivided by type.

Variable

Pens
Cattle/pen
Total cattle
Pen-period records
Weights

Initial
112 days

ADG
Bull ers, %
Hospita 1, %
Dead, :(
Dry matter intake
across all pens of

0-14 days
15-28 days
29-42 days
43-56 days
57-70 days
81-84 days
85-98 days
99-112 days
113-126 days
129-140 days

Beef steers
Mean SO

675
175

119,482
3897

687
1029

2.97
2.8
1.4

.7

cattle
17.4
21.8
21.9
22.1
22.3
22.4
22.4
21.9
20.9
19.7

81

80
79

2.7
3.0
1.2

Beef heifer Holstein steer
Mean SO Mean SO

48
104

5012
289

622
916

2.63
.1

1.3
.6

3.0
2.7
2.1
2.1
2.1
2.1
2.1
1.9
1.6
1.6

17.1
21.5
21.3
21.6
21.8
21.6
21.4
21.4
20.2
18.8

51
22

101
2056

130

757
1136

3.35
3.6
1.3
1.2

33

78
78

3.7
1.8
1.6

2.7
2.1
1.5
1.7
1.4
1.6
1.5
1.1
1.1
1.7

61
68

.4
2.2
1.1

2.3
2.2
1.7
2.2
2.2
2.4
1.8
1.7

.9
1.5

22.2
25.7
25.0
25.7
26.0
26.0
25.7
25.0
24.1
22.8

The difference was largest from 14 to 28 days on feed which was near
the peak feed intake for the all cattle (Figure lJ. During the first
two to three weeks, diets were increased in concentrate level. For
beef steers and heifers, dry matter intake was almost constant from 14
days to 112 days on feed. For dairy steers, daily intake tended to
decline after 98 days on feed. Despite large differences in intake
between pens of cattle, feed intake within each pen was surprisingly

1985 Animal Science Research Report 333



TIME ON FEED, DAYS

Figure 1. Influence of time on feed on feed intake of feedlot cattle.

constant, usually varying by no more than .5 pounds of dry matter per
head from one 14-day period to the next. Feed intake of a subsequent
period could be predicted reasonably well (r = .80) by feed intake the
previous period. Hence, intakes did not fluctuate and compensate over
time, but pens with high intakes "'remained high.

Overall, feed intake of beef steers exceeded feed intake of heifers
by 2.8 percent (21.4 vs 20.8 lb). Feed intake for heifers tended to
peak at 28 days and decline thereafter while with beef and Holstein
steers, intake peaked after about 70 days on feed. The decline was
steeper for Ho1stei n than beef steers or heifers. The time poi nt at
which intake declined tended to be earlier (fewer feeding days) for
heifers than for steers.

These differences in feed intake due to sex and breed may be asso-
ciated with differences in weight of cattle in itially and during the
feeding period even though most equations estimating feed intake do not
include initial weight as a variable. Starting weights were much
higher for Holstein than beef steers, and higher for steers than
heifers during all months of feeding (Figure 2). Note that few
Halstei n steers were fed duri ng the sunmer months. As feed intake is
greater for Holstein steers than beef steers, a seasonal effect on feed
intake would be expected in this feedlot due to the prevalence of
Holstein steers on feed during certain seasons. Adjusting for this
difference in weight during the feeding period might pull feed intake
estimates for breeds and sexes together.

Intakes at various weights during the feeding period are presented
in Figure 3. Feed intake by heifers and steers were very s imil ar when
compared at a similar live weight. Since mature weight of steers
should exceed that of heifers, the similar feed intake of the two
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sexes was surprising. Difference due to sex was under 1 percent, con-
siderably less than the 3.3 percent reduction in feed intake proposed
for heifers of the same weight as steers by the NRC(1984) and the 4.7
percent calculated by Plegge et al. (1984).

Dry matter intake by Holstein steers remained about 2 pounds or 9
percent above that of beef steers and heifers of equal feeding weight.
This difference is slightly greater than the difference predicted for
Holsteins of 8.2 percent by Plegge et al. (1984) but less than the 17
percent proposed by Fox and Black (1984). Increasing frame score from
medium to large according to NRC (1984) would increase feed intake by
5.6 percent. Higher feed intake of Holstein steers might be ascri bed
to their larger mature si ze or to genetic selection of Holstein cattle
for high milk production and, thereby, high feed intake.

Incidence of bullers, hospitalized cattle and death losses sub-
divided by breeding and sex is presented in Table 1. The proportion of
bullers and death losses were higher for Holstein steers than beef
steers with little difference between types. in incidence of hospitaliza-
tion. This is plotted across months in Figure 4 for pens of cattle
with starting weights between 900 and 1000 pounds and with starting
wei ghts between 650 and 750 pounds. These 1imits remove the infl uence
of starting weight and feedlot weight on incidence of bullers. Part of
the higher incidence of bullers with Holstein steers relates to the
month of feeding. Most dairy steers were fed during the winter when
bullers are more prevalent. Buller incidence for beef and Holstein
steers peaked in midwinter and was lowest in midsumner, possibly due to
a photoperiod effect on sex hormone levels.

Death losses also tended to be highest during the fall, especially
for steers, and lowest during the sumner. This is plotted in Figure 5
for the same pens of cattle as used above. No explanation for this
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Figure 4. Influence of season on incidence of bullers.
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Figure 5. Influence of season on death loss.
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Figure 6. Influence of time on feed on percentage of cattle
in hospital pens.
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seasonal effect is apparent. Higher death losses with Holstein cattle
might be due to the longer trucking times and distances for movement to
the Great Plains area' for feeding or to greater problems adapting
Holsteins to high concentrate diets. Yet, the percent of the cattle in
a pen hospital i zed duri ng the fi rst 14 days on feed was lower for
Holstein than beef steers or heifers (Figure 6>' Only after 14 days on
feed was the incidence of hospitalization higher for Holstein than beef
steers. This corresponds to the time of greater death loss. The per-
cent of heifers in hospital pens tended to increase with time on feed
while numbers of steers in hospital pens tended to decrease with
feeding time.

These differences in feed intake and animal hea lth and interact ions
with season due to sex and breed can be useful to predict feedlot
performance and profits.
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THE EFFECTOF THE RATIO OF DRYROLLEDCORNTO HIGH MOISTUREHARVESTED

SORGHUMGRAIN ONTHE SITE ANDEXTENT~F ORGANIC
MATTERDIGESTIONIN HEIFERS

2 3. 4 5
M.N.Streeter,D.G.Wagner, C.A. H,bberd andM.R.Putnam

Story in Brief

Dry roll ed corn (ORC) and high moisture harvested sorghum grain
(HMS) were blended in a variety of ratios (100 percent ORC, 75:25,
50: 50, 25: 75, 100 percent HMS)to determine the effect of blending on
site and extent of organic matter digestion. Five blends were fed (two
percent of body weight) in a 5 x 5 Latin square using five
Hereford-Angus heifers (693 lb) equipped with ruminal, duodenal and
ileal T-type cannulae. Total tract organic matter disgestibility
decreased 1 i nearl y as corn was repl aced with high moisture sorghum.
Ruminal and large intestinal organic matter disappearance tended to
decrease in a linear manner as greater amounts of high moisture sorghum
was added to the grain mix. Small intestinal organic matter
disappearance was not influenced by altering the ratio of corn to high
moisture sorghum. The factors causing depression of ruminal organic
matter disappearance may be responsible for decreasing large intestinal
and total tract digestion. Based on ruminal, large intestinal and total
tract OM digestion it appears that small amounts of high moisture
sorghum grain blended with large amounts of dry rolled corn may be more
advantageous than the reverse condition.

Introduction

The use of high moisture grains has become more commonover the
1 ast ten years. High moisture sorghum is typically harvested at 25 to
30 percent moisture andstored in a ground or rolled form to facil itate
packing. Blending of dry and high moisture grains does occur, but the
specific ratio of dry to high moisture grain is usually determined by
the supply of each. Little work has been conducted blending dry
coarsely rolled corn and high moisture sorghum grain in a variety of
ratios. Even less work has been conducted to determine the effects of
such blends on the site and extent of organic matter digestion in
feedlot cattle. Therefore, this study was conducted to determine the
effect of bl endi ng dry coarsely rolled corn and high moisture sorghum
grain on the site and extent of organic matter digestion and also to
determine if any associative affects occur between ORC and HMS.

Materials and Methods

Five rations, listed in Table 1, were created using coarsely ground
corn and commercially obtained HMS(70 percent toluene OM). The ratios

IAuthors wish to express appreciation to Lowan Feeders for furnishing

~igh moisture harve~ted sorghum4 5Graduate Student Professor Assistant Professor Associate
Professor, College of Veterinary Medicine, Auburn, Univ.
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of the grains in each diet, on a dry matter basis were as follows:
ration A 100 percent ORC, ration B 75 percent ORC:25 percent HMS,ration
C 50 percent ORC:50 percent HMS,ration 0 25 percent ORC:75 percent HMS,
ration E 100 percent HMS. Analysis of initial grain samples indicated
that urea could not be used as the only nitrogen supplement. Therefore,
soybean meal was added at equal levels to all diets and urea was used in
an attempt to make diets isonitrogenous.

Rations were fed to five Hereford-Angus heifers (693 lb), fitted
with ruminal, duodenal and ileal T-type cannulae to allow determination
of site and extent of organic matter digestion. Heifers and rations
were arranged in a 5 x 5 Latin square and fed twice daily at two percent
(OM basis) of initial body weight. Experimental periods lasted 10 days
with days 1 through 7 serving for diet adaptation and days 8 through 10
serving for sample collection, performed at 1000, 1400 and 1800 hours.
Oigesta samples were cornposited across day and time within each period.
Feed samples were ground through a 1 mmscreen in a Udy mill using dry
ice to facilitate grinding and stored frozen prior to analysis. Oigesta
samples were dried using a lyophilizer prior to grinding through a 1 mm
screen in a Udy mill and analysis. Grain, feed and digesta samples were
analyzed for all or part of the following: dry matter, starch (glucose
polymers), crude protein and ash. Organic matter digestibility was de-
termined by chromic oxide ratios. Orthogonal polynomials determined if
the rel at i onsh i p between organic matter digestion and increasing the
percent corn in the ration was linear or not.

Results and Discussion

The chemical composition of the grains and diets used is listed in
Tabl e 2. Starch content of the blends tended to reflect the higher
starch content of HMS(84.0 percent) versus ORC(78.5 percent). Crude
protein conte"nt of HMSwas slightly higher than that of corn, but does
not expl ain the variation observed in the complete feeds. Ash content
of HMS and corn were nearly identical; however, ash content of the
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Table 1. Ration compositions of experimental diets.

A B C 0 E
Ingredient 100% ORC 75:25 50:50 25:75 100%HMS-
High moisture sorghum grain --- 20.8 41. 8 62.7 83.8
Dry corn 83.2 62.6 41.8 20.9
Cottonseed hulls 8.0 8.0 8.0 8.0 8.0
Soybean meal 5.2 5.2 5.2 5.2 5.2
Urea 1.0 .87 .76 .65 .53
Supplement

Oicalcium phosphate .44 .44 .44 .44 .44
Calcium carbonate .93 .93 .93 .93 .93
Potassium chloride .57 .57 .57 .57 .57
Sodium sulfate .17 .14 .13 .11 .09
Chromic oxide .20 .20 .20 .20 .20

Trace mineral salt .25 .25 .25 .25 .25
Vitamin A 2200 IU/kg



Table 2. Chemical characteristics of grains and feeds.

Item
A

100% DRC
BCD E

75:25 50:50 25:75 100% HMS

Feed
Starch

Cruge proteina
AshbADF

Grain
Starch
Crude protein
Ash

66.53
12.84
4.04

10.87

78.54
9.50
1. 33

65.69
13.99
4.55
8.53

65.80
13.37
4.40
7.80

66.54
13.42
4.41
8.51

71.05
12.92
4.65
8.53

84.01
9.82
1. 32

~Quadratic polynomial (P<.05).
Quartic polynomial (P<.05).

complete feeds showed considerably greater variation. Diet A (100
percent DRC) had the lowest ash value (4.04 percent) while diet E (100
percent HMS) had the greatest ash value (4.65 percent). Diet A (100
percent DRC) had the greatest acid detergent fiber content and diet C
(50 percent DRC:50 percent HMS)the lowest, while diets B, D and E were
intermediate.

Organic matter (OM) intake (Table 3) tended to increase as greater
amounts of HMS were added to the grain mix; however, the difference in
intake between the highest and lowest values was only 103 g/day.
Ruminal OM disappearance corrected for microbial OMand expressed as a
percent of OM intake tended to decrease in a linear manner (P<.lO) as
greater amounts of HMSwere added to the grain mix (100 percent DRC70.2
percent vs 100 percent HMS64.8 percent). When ruminal OMdisappearance
was expressed as a percent of total tract digestion and diet A was
ignored, values tended to increase with the exclusion of corn (86.5
percent for B vs 89.0 percent for E). Organic matter disappearance in
the small intestine was relatively low and constant across all
treatments, with the mean value being 34.1 percent of entry. Organic
matter disappearance in the small intestine, expressed as a percent of
total tract digestion, tended to respond quarticly (P<.20).
Disappearance of OMthrough the ileum expressed as a percent of intake
showed no trend across diets. However, within diets containing both HMS
and corn (B, C and D), increasing amounts of HMSappeared to depress
ileal OM disappearance. Ileal OMdisapperance (percent of total tract)
tended to increase as corn was removed from the grain mix, reflecting a
greater importance of pre-ileal digestion as HMSincreased in the diets
(F i gure 1). Large intestinal OMdisappearance (percent of entry) tended
to decrease 1 inearly (P<.lO) as corn levels were reduced (100 percent
corn 25.7 percent vs. 100 percent HMS7.9 percent). Total tract OM
digestibility decreased (P<.05) lineraly as HMSwas substituted for corn
(100 percent corn 80.0 percent vs. 100 percent HMS73.0 percent).
Ruminal and large intestinal organic matter fermentation tend to reflect.
the same affects of adding greater amounts of HMSto the grain mix,
indicating that the same factors causing reduced ruminal OMdigestion
may have a s imi lar effect in the large intestine. The small intestine
appears to be unaffected by treatment at these levels of intake, with
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Table 3. Site and extent of organic matter digestion of ORC-HMS
blends.

Item
A

100 % ORC-
5966

70.2
88.1
62.8
78.6

34.7
15.7

72.6
92.0

25.7
8.0

80.0

OMIntake (g/day)

Ruminal disappearanEe
% of Intake (c)a a
% of total trac~ (c)% of intake (u)
% of total tract (u)

OMdisappearance 51
% of entry (u) d
% of total tract (u)

OMdisappearance Ileal
% of Intake
% of total tract

OMdisappearance LI
% of entryC
% of total tractb

Total tract OMdig.

B
75:25

5927

68.6
86.5
60.6
76.5

40.3
19.4

76.4
95.4

19.1
4.6

79.6

C
50:50

6011

69.3
87.4
61. 2
77.3

32.0
15.9

74.3
93.2

21. 2
6.8

79.5

~Ruminal OM disappearance corrected for microbial OM.
Linear polynomial (P<.05).

~Linear polynomial (P<.10).
Quartic polynomial «.20).
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Figure 1. Site and extent of organic matter digestion of ORC-HMS
blends (ruminal digestion uncorrected for microbial OM).
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disappearance (percent of entry) values being rather low and similar on
all diets. Increasing feed intake may increase the importance of small
intestinal digestion; however, a 1 arge portion of the diet organic
matter would be starch and the digestive capacity of the organ may soon
be exceeded. Rates of passage were not determined and differences in
flow rates may play an important role in creating the trends observed.

Associative effects may have occurred in the small intestine
(percent of total tract); however, no associative effects were observed
in other segments of the digestive tract, assuming that associative
effects of DRCand HMSwould result in a non-linear increase or decrease
in OM disappearance or digestion. Based on rumil)al and total tract OM
digestion values, there is some suggestion that high levels of DRCand
low 1evel s of HMSmay be more advantageous than the reverse condition.
Protein may have 1 imited organic matter accessibility within the HMS
res ul t i ng in decreased total tract digestion. The same differences may
or may not be expected with dry rolled and high moisture sorghum blends.

Blends do appear to alter the importance of ruminal and large intes-
tinal fermentation and may cause differences in animal performance.
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EFFECTOF SORGHUMGRAIN VARIETY ONTHE SITE
AND EXTENTOF NITROGENDIGESTION IN HEIFERS

1 . 2 3 4
M.N. Streeter, C.A. Hlbberd , D.G. Wagner andM.R. Putnam

Story in Brief

Dwarf Redlan, 1133, Darset and millrun sorghum grain varieties were
dry rolled and fed in a high grain ration with all supplemental nitrogen
coming from urea to determine the effect of variety on site and extent
of nitrogen digestion. Dwarf Redlan is a low tannin, waxy endospermed
sorghum. 1133 is a waxy high tannin-bird resistant type, while Darset
is a normal endosperm, high tannin-bird resistant type. Millrun was pur-
chased commercially through the OSU feedmill. The four sorghum
varieties were fed (two percent of body weight) in a 4 x 4 Latin square
using four Hereford-Angus heifers (506 lb) equipped with ruminal,
duodenal and ileal cannulae. Total tract nitrogen digestion was higher
for non-bird resistant types, Dwarf Redlan (69.0 percent) and mill run
(63.8 percent) than bird resistant types, 1133 (54.0 percent) and Darset
(47.8 percent). Ruminal feed nitrogen disappearance was highest for
Dwarf Redl an (51. 7 percent) and lowest for 1133 (27.9 percent), with
millrun (42.2percent) and Darset (35.4 percent) .being intermediate.
For all varieties, nitrogen disappearance was nearly complete by the
ileum. Waxy type grains tended to have improved nitrogen digestion post
ruminally when compared within bird resistant or non-bird resistant
groupings. Sorghum grain variety does appear to alter both site and
extent of nitrogen digestion in beef heifers and may result in variation
in animal performance.

Introduction

Sorghum grain is an ever increasingly important feed grain in the
Great Plains region. Constantly decreasing water supplies in combina-
t i on with i ncreas i ng water demands increase the importance of sorghum
grain research and util ization for feedlot cattle. Sorghum grain,
although less popular than corn due to the increased processing
required, is drought resistant. Unlike corn, sorghum varieties vary
greatly in physical and chemical composition. Variation between
varieties leads to inconsistent and often lower animal performance.
Sor g hum grai n protein degradat i on is probably of greater importance than
is corn prote i n degradation, because sorghum starch is encapsul ated in
protein. Digestion of protein has been suggested as a limiting factor
in starch availability. Therefore, the following study was conducted to
determine the relationship of four sorghum grain varieties to the site
and extent of protein digestion in heifers.

Materials and Methods

Three varieties of sorghum grain, Dwarf Redlan (Owf), 1133 and

IGraduate Student 2Assistant Professor 3professor 4Associate
Professor, College of Veterinary Medicine, Auburn Univ.

344 Oklahoma Agricultural Experiment Station



Darset (Dar) were grown under dryland conditions at the Perkins Agronomy
Experiment Station. A fourth variety, millrum (MR), was purchased
commerc i all y through the OSUfeedmill. Origin of MRwas unknown, but
appeared to be representative of that commonly purchased on a canmercial
basis. Observable physical characteristics of the varieties are listed
in Tabl e 1.

Table 1. Descriptive characteristics of sorghumgrains.

Endosperm

Each grain variety was dry rolled and incorporated at the same
level of dry matter into an 88.8 percent sorghum grain ration (Table 2).
Complete mixed diets were stored at room temperature until fed.
Rat ions were fed to four Hereford-Angus heifers (506 1b) fitted with
ruminal, duodenal and ileal T-type cannulae to allow determination of
the site and extent of protein digestion. Heifers and rations were
arranged in a 4 x 4 Latin square design. Heifers were fed equal
portions twice daily to total two percent (OMbasis) of initial body
weight. Experimental periodS 1 asted 10 days with days 1 through 7
serving for diet adaptation and days 8 through 10 for digesta sampling,
performed at 1000, 1400 and 1800 hours. Ruminal fl uid was collected on
day 10 of each period. Digesta and ruminal samples were composited
across time and day within each period. Digesta samples were dried
using a lyoiphil izer and ground through a 1 mmscreen in a Udy mill
prior to analysis. Ruminal fluid was acidified by adding 3.3 ml of 36N
H SO per 1000 ml of fl ui d and frozen prior to analysis. Ruminal
dui~ was also collected at 1400 hours during periods two and four and
used to determine bacterial nitrogen reaching the small intestine.

Grain, feed, ruminal and digesta samples were analyzed for all or
part of the following: dry mater, ash, tannin (catechin equivalents),
ammonia-nitrogen, RNA-nitrogen (total purines) and crude
protein-nitrogen. Protein digestibility was determined by RNAand
chromic oxide ratios. Differences between means were detected by
orthogonal contrasts. Contrast BR compared bird resistant to non-bird
resistant varieties. Contrast Dwf compared Dwarf Redland to millrun,
and 1133 canpared 1133 to Darset.

Results and Discussion

The crude protein content of bird resistant grain varieties tended
to be hi gher than non-bird resistant varieties (Table 3). Varieties
with waxy endosperm (Owf and 1133) were more similar to each other than
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Sorghum Pericarp Starch Tes t a
Variety Abbreviation color Color type Layera

1133 1133 brown yellow waxy present
Darset Dar brown white normal present
Dwarf Redl an Dwf red whit e waxy absent
Millrun MR mixed non-descript normal absent

apresence of a testa layer indicative of high tannin content and bird
resistance.



Table 2. Ration composition of experimental diets (dry matter
basis).

Ingredient %

Sorghum grain
Cottonseed hulls
Supplement

Urea
Oicalcium phosphate
Calcium carbonate
Potassium chloride
Sodium sultate
Chromic oxi de
Vitamin A

88.78
7.22

1. 20
.44
.93
.57
.36
.20

2200 I U/kg

were varieties with normal endosperm (Oar and MR). Millrun was
considerably lower in crude protein content (10.3%) than all other
varieties. Tannin contents of the grains reflect brown seed coats and
the presence of a testa layer. Bird resistent varieties (1133 and Oar)
contained more tannin (P<.05) than did non-bird resistant varieties
(Owf and MR). Oarset (1.44 cat.eq.) also tended to contain greater
amounts of tannin than 1133 (1.19). Crude protein and tannin content of
the compl ete mixed feeds tended to reflect differences observed for the
grains.

Table 3. Chemical characteristics of sorghlJll grains and complete feeds
(dry matter).

Dwarf
1133 Oarset Redlan Millrun SE

~Bird resistant varieties vs non-bird resistant varieties (P<.05).
Dwarf Redlan vs Millrun (P<.05).

cl133 vs Oarset (P<.05).

All differences observed in nitrogen digestion between grain
varieties were between bird resistant and non-bird resistant varieties
(Table 4). However, within each bird resistant or non-bird resistant
group, trends are present that may become increasingly important as feed
intake increased. Nitrogen intake was not equal for all diets. Greater
nitrogen intakes occurred when heifers were fed Dwarf Redlan 003.5
g/d) and Darset 003.2 g/d) versus 1133 (96.7 g/d) and millrun (87.0
g/d), due primarily to higher protein contents of Dwf and Oar grains.
Crude protein intake was below NRCrecommemdedlevels for 500 pound
heifers for the MR diet. With all diets there was a net gain in the
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Grain b
Crude protein %a c 12.0 13.2 12.4 10.3 .1
Tannin (cat eq/g)a 1.19 1.44 0.00 0.00 .07

Feed
Crude protein %abc 13.5 14.4 14.3 12.1 .2
Tannin (cat eq/g)ac 1. 24 1. 54 0.02 0.02 .05



amount of nitrogen reaching the duodenumabove nitrogen intake levels.
A g a in inn i t r ogen through the rumen may be a refl ect i on of inadequate
nitrogen intake and increased nitrogen recycling to the rumen. Low
rumen ammonia concentrations across all diets may also reflect
inadequate nitrogen for maximummicrobial growth. The extent of feed
nitrogen disappearance in the rumen was greatest for Dwarf Redlan (51.7
percent) and lowest for 1133 (27.9 percent), with millrun (42.2 percent)
and Darset (35.4 percent) being intermediate. Bird resistant varieties
(1133 and Dar) had lower ruminal nitrogen disappearance than non-bird
resistant varieties (Dwf and MR). The rumenwas the major site of
nitrogen degradation for Dwf (76.4 percent), Dar (75.2 percent) and MR
(72.6 percent) and tended to be of less importance for 1133 (54.7
percent). Microbial efficiencies did not vary greatly between
varieties.

Table 4. Site and extent of nitrogen digestion of sorghumvarieties.

Dwarf
RedlanItem

N-Intake g/day
Non-Urea-N Intake g/day
Ruminal N disappearance:

Ruminal NH g/dl
Nitroge~ a~pearing at duodenum,

g/day
Nitrogen disappearance in rumen:

Feed-N g/day
Feed-N, % of intake
Feed N, % of total tract

Microbial efficiency g Microbial
N/kgOMfermented

Non-NH1nitrogen disappearance
in small intestine

g/ day
%

Non-NHrlnitrogen disappearancethro gh il euma% of Intake
% of total tract

Total tract N digestibility %a

1133

96.7
71. 7

3.42

118.6

26.9
27.9
54.7

20.5

69.8
61. 6

55.0
103.1

54.0

Darset

103.2
78.2

4.47

119.8

36.6
35.4
75.2

21. 7

57.6
49.8

46.2
97.1
47.8

aBird resistants vs non-bird resistants (P<.05).

103.5
78.2

3.74

105.5

53.6
51. 7
76.4

21.1

62.8
62.7

64.4
93.6
69.0

Mill run

87.0
61.8

4.55

98.7

40.2
46.2
72.6

20.3

62.6
66.8

63.8
100.2
63.8

Non-ammonia nitrogen disappearance in the small intestine tended to
be higher for non-bird resistant than bird resistant varieties. Within
bird resistant varieties, the extent of non-ammonia nitrogen
disappearance in the small intestine tended to be greater in heifers fed
1133 than Dar (61. 6 percent vs 49.8 percent). Non-ammonia nitrogen
disappearance through the ileum (percent of intake) suggests that
greater amounts of nitrogen disappear with non-bird resistant versus
bird resistant sorghum grain varieties. Within each group, waxy
varieties (Dwf and 1133) tended to have greater disappearance through
the ileum than normal varieties (MRand Dar). Non-ammonia nitrogen
disappearance through the ileum (percent of total tract) was nearly
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equal to or in two cases greater than total tract digestibility, indi-
cating that nitrogen digestion was almost complete at the ileum. Total
tract non-ammonia nitrogen digestion was greatest for MR(69.8 percent)
and Dwf (69.0 percent), the non-bird resistant varieties, and lowest for
1133 (54. 0 per c e n t) and Dar ( 42 . 8 per c e n t ), the b i r d res i stan t
var i et i es. As was the case in the small intestine, varieties within
each group with waxy endosperm, Dwf (69.0 percent) and 1133 (54.0
percent), tended to have greater non-ammonia nitrogen digestibil ities
than normal endosperm varieties, MR (63.8 percent) and Dar (47.8
percent).

Differences observed between bird resistant and non-bird resistant
varieties may be caused by tannin, present in bird resistant varieties,
binding to feed and endogenous protein making the feed nitrogen less
available and possibly making proteinatious enzymes less active. The
bird resistant characteristic may also result in decreased protein solu-
bi 1 i ty. Waxy varieties may have greater nitrogen digestibil ity due to
increased protein solubility. Bird resistant varieties may have reduced
ruminal feed nitrogen disappearance due to tannin binding of feed
protein or through inhibition of ruminal microbes by tannin. Rates of
passage may differ between varieties resulting in depressed nitrogen
dig est i b i 1 i ty for bi rd res i stant types. However, passage measurements
were not made in this study and statements about passage rates are
speculative.

The site and extent of nitrogen digestibility of the four sorghum
grain varieties tested are different. These differences would be expect-
ed to result in animal performance differences at these levels of feed
intake. At higher levels of feed intake (more typical in feedlot situa-
tions) larger differences in digestibility and animal performance would
be expected. Further research is needed to determine more clearly the
effects of the bird resistant characteristic and of condensed tannins on
nitrogen digestion in feedlot cattle.
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EFFICACYOF BIO-COX,3-NITRO-IO ANDBACIFERM-50COMBINATIONSFED TO
BROILERCHICKENSIN A FLOORPEN STUDY

M.O. Smith1 and R.G. Teeter2

Story in Bri ef

A combination of an ionophore (bio-cox), a coccidiostat
(3-nitro-l0) and an antibiotic (baciferm-50) was administered in the
feed to 4800 commercial broiler chicks during a 46 day floor pen trial.
Day old chicks were placed in two forty-pen houses which had previously
been occupied by other chickens. Body weight gain and feed efficiency
was improved when the drugs were fed in combination. Males gained 19%
more than females and showed a greater response to the higher drug com-
binations. Mortality was not affected by drug treatment.

[Key Words: Ionophore, Coccidiostat, Antibiotics, Gain, Mortality.]

Introducti on

Antibiotics are widely used in the broiler industry to reduce the
incidence of common debilitating diseases and to improve growth rate and
feed efficiency. The growth-promoting effects of antibiotics in poultry
is concerned with decreasing the magnitude of the "environmental disease
level", by inhibiting the growth of nutrient-destroying organisms and
those that produce excessive amounts of toxic nitrogenous wastes, while
concomitantly improving the availability or absorption of certain
nutrients.

Ionophores are commonly used as coccidiosats in poultry rations and
like antibiotics, have been credited with increases in growth and feed
efficiency. Low level continuous feeding of antibiotics or ionophores
have been used to effectively control the low disease levels found in
good poultry operations. A combination of an ionophore and antibiotic,
with the required FDAclearance, could possibly improve performance over
that observed with administration of either drug independently. Three
drugs Bio-cox, 3-nitro-l0 and baciferm-50 have been successfully used in
improving the performance of broiler chicks when administered singly,
but to date, no documented combinations of these three have been used.

This study was conducted to evaluate the efficacy of the combina-
tion of bio-cox, 3-nitro-l0 and baciferm-50 in broiler chickens raised
on deep litter.

Materials and Methods

Forty-eight hundred commercial day-old broiler chicks were randomly
allotted to eight pens in two houses (30 males and 30 females per pen).
To ensure the proper environmental disease level, this trial followed a
previous feeding study with no clean-up between groups. A starter mash
was fed for the first 28 days of age and a finishing ration was fed from

IGraduate Assistant 2Associate Professor
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28 to 46 days (Table 1). Treatment designations are shown in Table 2.
Each dead bird was weighed and recorded and the weight used to adjust
for feed efficiency. Data collection and measurement included body
weight gain, feed consumption for 46 days, mortality and adjusted feed
efficiency.

Table 1. Starter and finisher rationsa.

a .4% ground polyethylene was added to the basal
ration with all drug mixtures substituted for
polyethylene.

Table 2. Experimental treatments.

Treatment Bio-Coxa
(g/ton)

3-Nitro-l0b
(g/ton)

Baci ferm-50c
(g/ton)

abCInternational Minerals and Chemical Corporation,
Terre Haute, Indiana 47808.

Results and Discussion

Body weight gain, feed efficiency and percent ortality at
forty-six days of age is presented in Table 3. Birds administered
Bio-cox (Treatment 1) alone gained s~nificantly less weight than those
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Starter Fi ni sher
Ingredient % %
-

Ground Corn 52.8 69.76
Soybean Meal 39.0 25.0
Fat 4.0 2.0
Dicalcium Phosphate 2.35 1. 75
Calcium Phosphate .9 .6
Vitami n 1ix .4 .4
Salt .3 .3
dl-Methionine .15 .09
Trace Mineral .1 .1

rmr- rmr-

1 60 0 0
2 60 22.7 0
3 60 34.1 0
4 60 45.4 0
5 60 0 50
6 60 22.7 50
7 60 34.1 50
8 60 45.4 50



Table 3. Bodyweight gain, feed efficiency and
percent mortality of 46-day old birds.

Treatment
No.

Body Weight
Gain(g)

Feed
Galr1 Mortali ty(%)

1
2
3
4
5
6
7
8

1513~
1536

1617~
1595
1582e
1584de
1705a
1634b

2.02
1.95
1.83
1.86
1.87
1.86
1. 73
1. 75

1.84
2.08
2.76
1.76
1.20
1.59
2.43
2.21

abcdefgMeans in column having different
superscripts differ (P<.05).

given biocox in combination with 3-nitro-l0 or baciferm-50. The combi-
nation of biocox, baciferm-50 and 3-nitro-l0 at the 34.1 g/ton level
(Treatment 7) produced significantly greater gains than all other treat-
ment. Feed efficiency paralleled body weight gain with the tendency be-
ing for birds given the combination of all three additives at the higher
levels of 3-nitro-l0 to be more efficient. Percent mortality was unaf-
fected by drug treatment.

Examining the body weight gains of males and females independently
(Table 4) revealed that males gained 19%more weight than females. The
gain response to the feed additives was more pronounced in the females
where the combination of biocox, baciferm-50 and 3-nitro-l0 at the two
highest levels (Treatments 7 and 8) was greater (P<.05) than any other
combination.

Table 4. Bodyweight gain of male and
female birds at 46 days of age.

----.--.---

Treatment
No.

1
2
3
4
5
6
7
8

------

Body Weight Gain(g)
-------

------

abcdefgMeans in columns having different
superscripts differ (P<.05).
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Ma1es Females
-----

1644 1382

1651c 1420c
1770d 1463c
1730f 1459bc
1693e 1470c
1718a 1463a
1895b 1513b
1786 1482



These results indicate that with
drug combination of biocox, 3-nitro-lO
improving gain and feed efficiency of
litter.
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AlOE VERABY-PRODUCTSAS POTENTIAl ENERGYSOURCES

R.G. Teeter1

Story in Bri ef

Two experiments were conducted to evaluate the potential energy
value of 4 Aloe Vera by-products. The addition of by-product to broiler
rations did not impact body weight gain, but generally depressed feed
efficiency. In vitro dry matter disappearance of the by-products was
high averaging 90% disappearance while solubility averaged 29% sugges-
ting a significant microbial fermentation.

[Key Words: Aloe Vera, By-Products, Poultry, Ruminants.]

Introduction

Thousands of tons of Aloe Vera by-products are produced in Oklahoma
annually. These products are normally discarded after the juice is
squeezed out of the leaves. However, the remaining residue may contain
useable energy for livestock classes. The following study was conducted
to estimate the energy value of 4 Aloe Vera by-products.

Materials and Methods

To estimate the feeding value for animals with limited microbial
digestion, the chick was utilized as the experimental model. Arbor
Acres x Vantress broiler chicks were weighed and allotted to ten treat-
ment groups at random such that each group was replicated 3 times with
12 chicks per replicate. Birds were housed in electrically heated bat-
teries for the duration of the two week experiment. All additions to
the basal diet (Table 1) were made by dilution to the desired level.
Feed and water were available continuously. Bird body weight gain and
feed consumption were tallied at the end of the two week feeding period.

To estimate the feeding value of the by-products in animals with
extensive fermentation processes, in vitro dry matter disappearance was
determined.

Results and Discussion

Body weight gain, feed consumption and feed efficiency are summa-
rized in table 2. In this study, no significant impact of by-products
upon body weight gain was detected. Birds were able to increase diet
consumption to offset the decline in nutrient density which apparently
accompanied by-product addition. Feed efficiency declined linearly

lAssociate Professor
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Table 1. Treatments.

1 Poultry Ration
2 Aol + .3% pulp with
3 Aol + 1% pulp with
4 Aol + 3% pulp with
5 Aol + .3% pulp
6 Aol + 1% pulp
7 Aol + 3% pulp
8 Aol + 5% waste
9 Aol + 10% waste

10 Aol + 5% waste
11 Aol + 10% waste

aloin
aloin
aloin

leaves cooked
1eaves cooked
1eaves uncooked
leaves uncooked

*All by-produc ts were dri ed pri or to
evaluation to reduce the possibility
of mold growth. Dietary additions
are on a dry matter basis.

Table 2. Average Live Body Weight, Gain, Feed Consumption, Feed
Efficiency and Feed Efficiency Corrected By-Product
Consumption.

IFeed efficiency corrected for by-product consumption.

2Means within a column with unlike superscripts significantly diff.
(P<.05).

(P<.05) with increasing levels of by-product. The by-products examined
have a poor feeding value for poultry and other animals with limited
microbial digestion capacity. Toxicity of the products at the levels
examined appears slight though rations containing high levels of aloin
may be of concern.

The in vitro disappearance values are shownin table 3. Contrary
to the poultry experiment. data collected from this phase of the study
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Feed
Gain/ Adj FeedlTreatment Gain (g) Consumption (g) Gain/Feed

1 61 111 a .55.55ab2 55 110 .50ab .50
3 56 110 .51b .51
4 54 113 .48a .49
5 59 104 .57ab .57
6 55 107 .51ab .52
7 55 108 .50ab .53
8 54 105 .51 ab .54
9 55 109 .50ab .56

10 54 109 .50ab .52
11 56 112 .50 .56



Table 3. In vitro dry matter digestibility of 4
cosmetic specialities aloe vera by-products.

Digestibility (%)

pulp with aloin
pulp without aloin
cooked waste leaves
uncooked waste leaves

94.6a
88.6ab
88.9ab
85.9b

abMeans with unlike superscripts significantly differ
(Pc.05).

Table 4. In vitro dry matter solubility of 4
cosmetic specialities aloe vera by-products.

Solubility (%)

pulp with aloin
pulp without aloin
cooked waste leaves
uncooked waste leaves

b
20.7a
50.2b
25.0b19.4

abMeans with unlike superscripts significantly differ
(Pc.05).

Table 5. By-product composition (dry matter basis).

pu 1 p wi th
aloin pulp

cooked
leaves

uncooked
leaves

Dry r~atter
Crude Protei n
Acid Detergent Fiber
Neutral Detergent Fiber
Ash

1.6
4.0
46.7
31.4
15.0

3.8
5.7
23.8
19.6
14.9

9.7
7.3
39.1
34.0
12.6

4.4
4.8
49.4
34.0
13.1

Means within a row with unlike superscripts significantly differ
(Pc.05).
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are encouraging as disappearance averaged 90%. This would imply that
the products would be extensively fermented by microorganisms in the
ruminants digestive tract. A second study conducted to characterize
digestible constitutents through solubility (Table 4) indicated that
solubility was low for all the by-products except pulp without aloin
suggesting that the in vitro values do indeed represent, at least in
part, a significant microbial digestion. By-product analysis (Table 5)
indicates that principle constituents are fibrous components and that
protein is quite low. Ruminants fed the product exclusively would not
perform well. However, it should be possible to benefit from the
by-products fermentable energy content.

One concern regarding the utilization of the by-products is the
high moisture content. Drying the products prior to feeding would most
likely not be cost effective. Alternatives include feeding the mate-
rial fresn or ensiling prior to feeding.
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EVALUATIONOF SAlINOMYCINFOR IONOPHOREACTIVITY IN BROILERCHICKENS

M.O. Smith1 and R.G. Teeter2

Story in Bri ef

Two experiments were conducted to determine if the toxic effect of
feeding high salinomycin levels could be overcome through potassium sup-
plementation. Rations contained soybean meal, fish meal or casein as
the protein source to achieve basal potassium concentrations of .96, .75
and .2% respectively. Salinomycin levels evaluated in the first experi-
ment included 60 and 75 g per ton with levels of 100 and 200 g per ton
evaluated in the second. Salinomycin depressed weight gain only at the
200 g per ton level. Potassium supplementation failed to enhance weight
gain.

[Key Words: Ionophore, Potassium, Salinomycin.]

Introducti on

Including salinomycin, a known ionophore, in broiler rations at
70 g/ton is frequently efficacous. However, when Salinomycin dietary
levels exceed 100 g/ton, growth depressions may be noted. Ionophores
are known to interact with nutrients in the diet; noticeably the elec-
trolytes, sodium, potassium and chloride. The ion carriers facilitate
the passage of mineral ions through biological membranes and in some
instances exhibit selectivity. Austic and Smith (1980) have shown that
Salinomycin facilitates entry of sodium into animal cells with gradual
intracellular potassium depletion. This suggests that Salinomycin re-
lated growth depressions may be related to broiler potassium status.
Cervantes et al., (1982) reported a significant interaction between the
ionophore manesin and diets containing soy or fish meal as the major
protein source. Potassium supplementation increased growth rate of
chicks fed the low K fish meal diet but had no effect on the high K
soybean meal based ration.

The purpose of this study was to evaluate the impact of salinomycin
upon broiler growth rate in rations containing varying amounts of
potassium.

Materials and Methods

Two experiments were conducted to evaluate Salinomycin for iono-
phore activity. In the first experiment, one week old Arbor Acre x
Vantress broiler chicks were weighed and allotted to 24 experimental
groups at random such that each group was replicated 4 times with 10
chicks per replicate. Birds were housed in electrically heated starter
batteries under continuous lighting for the duration of the 3 week
growth study. Rations (Table 1) and water were available for ad
libitum consumption. Treatments within each ration type incluaed:

----------
1Graduate Assistant 2Associate Professor
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Basa1
Basal
Basa1
Basa1
Basa1
Basa1
Basa1
Basa1

+ 60 g Salinomycin/ton
+ 60 g Salinomycin/ton + 0.2% K
+ 60 g Salinomycin/ton + 0.4% K
+ 75 g Salinomycin/ton
+ 75 g Salinomycin/ton + 0.2% K
+ 75 g Salinomycin/ton + 0.4% K
+ 0.2%K

All diets contained 0.3% sodium.

Table 1. Composition of basal diets for experiment 1.
------------ -------

Protein Source

------.- -~--
Ingredients Soybean Meal Fi sh ~Iea 1 Casein

------------- --_._---------

%--------------------

In experiment two, Salino~ycin levels were increased to 100 g and

200 g per ton with the potassium supplement level at .25% (Table 2).

The basal ration contained .96% K. Body weight gain and feed consump-
tion were measured.

Results and Discussion

Results for the first experiment are displayed in tables 3-5.
Adding 60 or 75 g salinomycin to rations containing .96, .75 or .2% K
did not effect (P>.l) live gain. Potassium addition to the basal
rations, averaged across ration type, enhanced (P<.05) body weight gain
by a mean of 8.6%. However, addition of K to rations containing salino-
~ycin, averaged across ration typed, depressed weight gain (P<.05) by a
mean of 11.3%.
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Ground Corn 49.1 61. 54 55.3

Soybean Ieal 39.8 8.50
Fi sh Meal --- 20.0
Casein --- --- 18.5
Fat 5.0 5.0 5.0
Dicalcium Phosphate 3.20 --- 3.64
Calcium Phosphate 1.23 1.03 .67
Salt .48 .47 .61
Vitamin Mix .40 .40 .30
Trace li nera 1 .lD .lD .10
D-L Methionine .24 .10

Polyethylene .45 2.86 15.43

L-Arginine --- --- .45- - -
100 100 100

----------------------------------------------------



Table 2. Composition of basal diet

for experiment 2.

Ingredient

Ground Corn

Soybean Meal
Alfalfa
Dicalcium Phosphate

Calcium Phosphate

Vitamin Mix

Salt
Trace Mineral

D-L Methionine

54.85
38.0
3.0
2.35
.9
.4
.3
.1
.1

100

abedMeans in rows with unlike superscripts differ (P<.05).

Table 4. Body weight gain, feed consumption and feed efficiency
of birds on a fish meal diet.

60 9 Salinomycin
perton

75 9 Salinomycin
per ton

Table 3. Body weight gain, feed consumption and feed efficiency
of birds on a soybean meal ration.

60 9 Salinomycin 75 9 Salinomycin
per ton per ton

------
Potassi urn (%) 0 .2 0 .2 .4 0 .2 .4

Gain (g) 443ab 487a 410be 341d 403be 426abc 374cd 399be
Feed (g) 779 b 789

679a 696b 763 b 762ab 708 b 736ab
Gain/Feed .57a .61a .60 .49 .53a .56 .53a .54

Potassium (%) 0 .2 0 .2 .4 0 .2 .4

-

Grain (g) 436a 446a 453a 368d 378cd 437a 390abcd 414abc

Feed (g) 731 763 819 701 730 784 709 754
Gai n/Feed .59 .58 .55 .52 .52 .56 .55 .55

--------.--
abcdMeans in rows with unlike superscripts differ (P<.05).
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Birds fed the diet (.2% K) containing casein as the major protein
source (Table 5) gained significantly less weight than those on either
soybean meal or fish meal suggesting that palatability may have been a
problem. The casein ration met or exceeded all known nutrient
requirements. If salinomycin impacts the K requirement of the growing
broiler, the effect should be maximized here as the diet provided just
.2% K. Salinomycin failed to impact growth rate, however, supplementing
the ration with K resulted in a linear (P<.OI)decline in growth.

The second experiment was conducted to evaluate
salinomycin-potassium effects in the corn-soybean meal based ration at
higher salinomycin levels. Salinomycin depressed weight gain by 2.3 and
24.6% for the 100 and 200 g per ton inclusion levels respectively. Add-
ing .25% K to the ration increase weight gain 4.5% in birds fed the
control ration but was without numerical effect with salinomycin
treatments. Additional work is needed to adequately understand this
area.

Table6. Bodyweightgain,feed consumption and feed efficiency of
birds in experiment 2.

Austic, R.E. and J.B. Smith. 1980. Pages 2-10 in Proc. Georgia Nutr.
Conf.

Cervantes et al. 1982. Poultry Sci. 61:1107-1112.
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Table 5. Bodyweightgain,feed consumption and feed efficiency of
birds on a casein diet.

60 g Salinomycin 75 g Salinomycin
per ton per ton

_._--------
Potassium (%) 0 .2 0 .2 .4 0 .2 .4

Gain (g) 281abc 324a 300ab 285abc 261be 286abc 276abc 234c
Feed (g) 574 620a 631a 630a 630ab 622a 615a 617b
Gain/Feed .49a .52 .47 .45 .41 .46 .45 .38
-

abcdMeans in rows with unlike superscripts differ (P<.05).

Salinomycin (g/ton) Salinomycin (g/ton) + .25% K

0 100 200 0 100 200

Gain (g) 175 171 132 183 173 133
Feed (g) 37 377 362ab 397 374 372b
Gain/Feed .47 .45a .37 .46a .45a .35

-
abMeans in row with unlike superscripts differ (P<.05).

Literature Cited



ILEAL CANNULATIONOF THE NEONATALPIG WITH A SIMPLET-CANNULA

1 2 3
W. R. Walker, G. L. Morgan and C. V. Maxwell

Story in Bri ef

A cannula and surgical procedure suitable for ileal cannulation of
pre-weaned pigs were devised. Cannulas were installed in pigs at 18
days of age to study digestion immediately following weaning. The
lightweight, durable T-cannula provided adequate ileal samples from pigs
fed both semi-purified and practical diets. The screw cap and collar
provided adjustment for growth and simplified maintenance and
collection. Cannulas provided repeated ileal samples from pigs up to
135 lb at which time cannulas were nonsurgically removed from the
conscious pig and replaced with larger cannulas for subsequent studies.

(Key Words: Swine, Neonatal Pig, Ileal Cannulation, T-Cannula)

Introduction

In order to maximize production efficiency, further understanding
is needed concerning nutrient availability in pigs during all phases of
production. Ileal sampling to estimate pre-ileal bioavailability is the
~ethod of choice for determining availability of nutrients in the pig
since modifications of nitrogen and essential amino acids by microbial
organisms in the cecum and small intestine of pigs makes availability
calculation based on fecal samples questionable. Digestion and
absorption of most nutrients is essentially complete in the small
intestine and nitrogen and amino acids that disappear from the hindgut
are of little or no value to the pig.

The neonatal pig at weaning is subjected to extreme changes in diet
and digestive capacity is rapidly developing. Since these conditions
limit the pigs ability to adapt to dietary changes and result in reduced
gain and efficiency, the effect of diet on nutrient availability may be
more critical in neonatal pigs than in older growing-finishing swine.
Several ileal cannulation techniques have been described using
T-cannulas for collecting intestinal samples in growing-finishing pigs,
but no such techniques have been reported for the neonatal pig. The
cannula for the young pig must be small enough to fit within the lumen
of the small intestine yet have a large enough internal diameter to
allow suitable digesta flow through the cannula. In addition, the
cannula must be designed to minimize protrusion beyond the body wall
since restraint, which is the typical means of protecting a cannula, is
impractical in the neonatal pig.

This paper describes a lightweight, ileal T-cannula which allowed
repeated sample collection in early weaned pigs.

IGraduate Assistant 2Associate Professor 3professor
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Materials and Methods

Cannula Design

The cannula for ileal cannulation of 18 day old pigs (figure 1) was
constructed of a rigid lightweight yet extremely durable plastic (Delrin
600). The cannula was milled from a solid stock bar of Delrin. One end
of this bar was machine cut to form the cannula body which was then
threaded externally (25 threads/in). This body was machine cut on two
opposite sides leaving an ovoid shaped body with two flat smooth sides
and threaded ends. The bar was then centrally drilled through its
entire length to provide an ovoid shaped barrel for digesta passage
during collection. The large diameter end of the bar was hand tooled to
provide the flanged end with a concave inner surface to conform to the
shape of the small intestine.

1
3.0

ALL DIMENSIONS

IN CENTIMETERS

Figure 1. Design of the intestinal ~nnula for early weaned pigs.
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To secure the cannula in place against the body of the pig, a
lucite collar was constructed and threaded internally to match the
threads on the body of the cannula. The collar secured the cannula in
place and allowed adjustment to compensate for thickening or swelling of
the body wall. A cap, also made of lucite, was designed in a similar
fashion to fit the collar to prevent leakage during periods between
sample collection.

Surgical Procedure

yorkshire gilt pigs weighing 10 to 12 lb were removed from the
litter approximately 1 hour prior to surgery. Halothane anesthesia was
administered via face mask and maintained with an endotracheal tube.
The pigs were placed on their left side on padded cotton towels provided
for warmth. The right flank was shaved with surgical clippers and
prepped with a surgical scrub.

An incision was made in the right abdominal wall through which the
cecum was located and exteriorized and the ileo-cecal ligament
identified. A section of ileum near the anterior attachment of the
ileo-cecal ligament was isolated and packed off with saline saturated
cotton gauze. A purse-string suture approximating the circumference of
the body of the cannula was placed in the surface of the ileum and a
longitudinal incision of minimal length to accommodate the flange of the
cannula was made in the center of the purse-string. With gentle
manipulation and the use of thumb forceps the cannula was inserted into
the lumen of the ileum and the purse-string was tightened around the
base of the cannula body. Two simple interrupted sutures were placed
across the ileum at the anterior and posterior borders of the body of
the cannula.

A stab incision was made through the right body wall above and
behind the original incision. The length of the stab incision was
sufficient to barely accommodate the body of the cannula thus avoiding
the necessity of skin sutures in this incision. The cannula was then
brought up through the stab incision. It is essential that the cannula
not be rotated and that the proximal end of the ileum remain ventral and
the posterior end remain dorsal to allow gravity to facilitate sample
collection.

The original incision site was closed with a continuous
interlocking pattern of sutures in the muscle layers and an interrupted
pattern in the skin. After closing, a topical antibiotic spray was
applied to the two incisions sites. The cannula collar was placed on
the body of the cannula and tightened until the internal flange and
ileum were pulled snugly against the internal peritoneal surface of the
body wall. Care should be taken to avoid getting the collar so tight as
to cause restriction of peripheral circulation in the area surrounding
the cannula. The cap was then screwed tightly on the top of the cannula
to prevent leakage of intestinal contents. In the final step, cotton
gauze was placed over the cannula and surgical area and an adhesive
bandage wrapped over the gauze and around the abdomen of the pig. This
wrap provided protection of the incision site and cannula from trauma or
foreign material and from other pigs in the litter during the recovery
period. Care should be taken with male pigs to avoid enclosing the
prepuce in the adhesive wrap.

Post Surgical Care

Immediately following surgery the pigs were returned to the litter
and remai ned with the dam for a 7 day recovery peri od. To avoi d i nj ury,
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from the sow or other pigs in the litter, the cannulated pigs were
closely observed for 2 to 3 hours after surgery or until the effects of
the anesthesia were no longer evident. Following surgery, procaine
penicillin was administered twice daily for 5 days at a dose of 9,000
IU/lb body weight.

In addition to the milk provided by the dam, the pigs were allowed
continuous access to an 18%crude protein starter diet in creep feeders
and water was available at all times from nipple waters. The adhesive
wrap was changed when necessary. In general, this was necessary only
when the wrap was loosened by other pigs in the litter. The recovery
period was generally uneventful and skin sutures were removed
approximately 10 days postsurgery. Pigs were weaned and moved to
individual metabolism crates 7 days postsurgery and digestibility
studies began following a 2 day adjustment period.

Results and Discussion

This cannula has been installed in 6 pigs at 18 days of age
weighing between 10 and 12 lb. All pigs completely recovered within 7
to 10 days postsurgery as evidenced by a lack of inflammation around the
surgical area and normal appetite and growth. Following weaning at 25
days of age, the adhesive wrap was removed and the cannula was left
unprotected. Pigs were housed in smooth sided metabolism crates to
minimize trauma caused by catching the cannulas on the sides of the
crate. Crates were located in an environmentally controlled feeding
room. Five of the 6 pigs were used in a 5 week digestion study starting
when pigs were 27 days of age. During this time all pigs were fed
semi-purified cornstarch based diets. Samples were collected from the
cannulas by removing the cap and unscrewing the collar until the outside
edge was flush with the end of the body of the cannula. A small plastic
bag was then attached over the collar and around the body of the cannula
to collect digesta. This procedure could be performed within the
metabolism crate with the unrestrained pig. After the 5 week trial, all
6 pigs were fed an 18%crude protein corn-soybean meal starter diet
until they reached about 55 lb at which time the diet was switched to a
16%crude protein growing diet until the cannulas were removed. Samples
were collected from all pigs periodically during this time to insure
that function of the cannula was maintained. When pigs reached
approximately 75 lb live weight, the cannulas were removed from 3 of the
pigs in the unanesthetized state by hand manipulation of the cannula
until the cannula was dislodged. A larger, flexible cannula was
inserted into the fistula immediately following removal of the small
rigid cannula. The larger T-cannula were maintained for subsequent
trials as the pigs grew larger. The remaining 3 pigs with rigid
cannulas as well as the 3 with flexible cannulas were maintained with
periodic collections until they reached a weight of about 135 Ib at
which time all cannulas were nonsurgically removed.

Other cannula designs were also tested in this age and weight of
pig. Cannulas made of flexible tubing large enough for sample
collection resulted in intestinal blockage, frequent loss of cannula or
were too large to fit within the lumen of the small intestine. Thin
walled stainless steel cannulas could not be threaded and therefore
provided no practical means of securing the cannula in place or of
adjusting the cannula for changes in body wall thickness. Stainless
steel cannulas thick walled enough to be threaded were too heavy and
difficult to maintain in the pig. Initial cannulas were designed with
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two circular openings, one for intestinal blockage with an inflatable
catheter and the other for digesta collection, but the diameter of the
openings with this system proved to be too small to allow suitable
cannula flow in pigs fed semi-purified diets.

The cannula described in this paper was small, lightweight but
sturdy enough to use in digestion studies with neonatal pigs. This
cannula does not protrude excessively from the body of the pig and
avoided certain problems encountered such as cannula loss and intestinal
blockage previously encountered with other types of cannulas in
neonatal pigs. Collections can be accomplished by one person on
unrestrained pigs. The cannula was large enough to provide sufficient
sample flow for routine analysis from pigs fed either semi-purified or
practical diets. The screw on cap and collar allowed adjustment for
changes in body wall thickness that accompanies pig growth and provided
a method to easily attach bags to collect digesta.
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EFFECTOF PROTEINSOURCEON NUTRIENTDIGESTIBILITY
IN EARLYWEANEDPIGS

1 2 2
w. R. Walker, C. V. Maxwell, 3. N. OwensandD. S. Buchanan

Story in Bri ef

Practical diets with supplemental protein from either calcium
caseinate (CAS), isolated soybean protein (ISP), ethanol extracted
soybean protein (ESOY) or soybean meal (SBM) were fed to 72 Yorkshire
boar pigs weaned at 21 days to determine dry matter (DM), starch,
nitrogen (N) and amino acid (AA) digestibility. Diets contained 1.01 to
1.03% lysine on a dry matter basis. Digestibilities were determined
from fecal samples collected after 3 weeks of feeding the experimental
diets. Digestibilities of DM (P<.05), lysine (P<.05), valine (P<.05),
methionine (P<.OI) and proline (P<.OI) were greater for pigs fed the CAS
diet than for pigs fed any of the soybean protein diets. The average
apparent digestibilities for the essential amino acids (EAA) were 86.8,
82.4, 84.1 and 80.2% and for lysine were 86.2, 82.8, 83.8 and 80.1% for
the CAS, ISP, ESOYand SBMdiets, respectively.

(Key Words: Swine, Early Weaned Pig, ~ino Acid Digestibility)

I ntroduc t ion

Performance of young pigs weaned between 1 and 28 days of age is
usually better when starter diets contain protein from milk than from
soybean meal, soy flour or isolated soybean protein. The reasons for
the milk protein superiority have not been determined. Older pigs
perform equally well with protein from milk or soybean products, so an
age factor must be involved.

Various treatments of SSM (alkali or acid treatment) as well as
supplementation of corn-soybean meal rations, with AA and digestive
enzymes in an attempt to improve the utilization of soybean protein by
the early weaned pig have met with only limited success. Ethanol
extraction of soy flour has been shown to prevent intestinal disorders
of calves fed milk replacers containing heated soy flour but this has
not been tested with early weaned pigs.

Differences observed in the rate and efficiency of gain of early
weaned pigs fed either milk or soybean protein diets may be due to
differences in the bioavailability of the essential amino acids (EAA)
from these protein sources. Several studies have shown that the
requirement for lysine (the limiting AA in common grain-SBM diets) for
the 11-22 lb pig fed a grain-SBM diet is considerably higher than the
.95% currently recommended by NRC (1979). Therefore, diets formulated
to meet the minimum requirements for lysine as recommended by NRC (1979)
may be deficient in lysine and small differences in the availability of
lysine could cause large differences in pig performance. Current
information on AA availability for young pigs is limited.

IGraduate Assistant 2professor 3Associate Professor

366 Oklahoma Agricultural Experiment Station



This study was conducted to determine the effect of source of
protein and method of processing of soybean protein upon DM,N, AA and
starch digestibility for pigs weaned at 21 days of age.

Materials and Methods

Seventy-two Yorkshire boar pigs were used to study the effect of
dietary protein source on nutrient availability. Twelve pigs in each of
6 replicates were weaned at approximately 21 days of age and randomly
allotted within litter to one of the four dietary treatments providing a
total of 18 pigs per treatment with a mean initial weight of 12 lb. One
Qilk and 3 soybean protein sources were used to formulate practical
diets (Table 1) which met NRC(1979) requirements for the 11-22 lb pig.

TABLE1. Composition of Diets.

gAS fed basis, calculated to contain .80% Ca and .60% P.
CAS: calcium caseinate diet;ISP: isolated soybean protein diet;
ESOY:ethanol extracted soybean protein diet;SBM: soybean meal diet.

CUltra supreme calcium caseinate, Erie Casein Co. Inc., Erie, IL.
dSoybean protein grade II, United States Biochemical Corp., Cleveland,
eOH.
fPromocaf, Central Soy, Fort Wayne, IN.

Supplied 4,000,000 IU vitamin A, 3,000,000 IU vitamin D, 4 g
riboflavin, 20 9 pantothentic acid, 30 9 niacin, 800 9 choline
chloride, 15 mg vitamin B12' 10,000 IU vitamin E, 2 9 menadione, 200
mg iodine, 90 giron, 20 9 manganese, 10 g copper, 90 9 line and 100
mg selenium per ton of feed.

gEach pound of ASP-250 contained 20 9 Chlortetracycline, 20 9
sulfamethiline and 10 9 penicillin.
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Protein sources were calcium caseinate (CAS), isolated soybean protein

(ISP), ethanol extracted soybean protein (ESOY) and 44% crude protein

solvent extracted soybean meal (SBM). Protein sources were substituted

for corn on a lysine basis to provide .95% lysine as fed. All other

amino acids exceeded NRC (1979) requirements and crude protein ranged

from 17 to 19% among diets. Pigs were housed in individual 2.0 by 3.3
foot metal pens in an environmentally controlled feeding room maintained

between 80 and 90 F. Pigs had ad libitum access to feed and water

throughout the trial. Pigs remained on trial for 35 days with weights

and feed intakes recorded weekly. During the third week of each

replicate, chromic oxide, added to each diet at the rate of .25%, served

as an indigestible marker for calculating nutrient digestibility. A
fresh fecal sample was collected from each pig on the last day of the

3rd week of each replicate. Samples were lyophilyzed and ground prior

to determination of DM, starch, Nand AA content in both feed and feces.

Amino acid concentrations were determined from acid hydrolysates by ion

exchange chromatography using a Beckman model 121 automatic amino acid

analyzer. Acid hydrolysis was conducted under nitrogen reflux in 6N HCl
for 24 h.

Results and Discussion

The protein and amino acid composition of diets is shown in table

2. Crude protein as well as the essential amino acids (EAA) arginine,
phenylalanine and threoninewere highest in the soybean diets while
methionine and valine were highest in the CAS diet. The remainderof
the EAAwere similar among all diets.

The performancedata including feed intake, rate and efficiency of
gain have been reportedpreviously (Walker et al., 1984). The apparent
digestibilityof DM was highest in pigs fed the CAS diet averaging 2.7,
3.4 and 5.2 percentage units higher (P<.05) than for pigs fed the ISP,
ESOY and SBM diets, respectively (table 3). Theapparent digestibility
of DMby pigs fed the ISP diet was similar to that observed for pigs fed
the ESOY diet but higher (P<.Ol) than that observed for pigs fed the SBM
diet. Dry matter digestibilitywas similar (P>.l) in pigs fed the ESOY
and SBMdiets. Differences in DMdigestibilitybetween pigs fed the CAS
and ISP diets were due primarily to differences in N availability since
the digestibilitiesfor starch were similar among all dietary treatments
ranging from a low of 98.3% in pigs fed the SBMdiet to a high of 99.0%
in pigs fed the CAS diet. Greater DMdigestibility for ISP and ESOY
than SBMmay be due to the removal of complex indigestible carbohydrates
during the isolation and extraction procedures.

Apparent digestibility of N differed among dietary treatments
(P<.l) and was highest in pigs fed the CAS diet and lowest in pigs fed
the SBM diet (table 3). The difference in N digestibility between pigs
fed the CAS and ISP diets (3.1 percentage units) was similar to the
difference in DM digestibility (2.7 percentage units) for these same
protein sources. Apparent digestibilitywas higher for methionine
(P<.Ol), lysine (P<.05) and valine (P<.05) in pigs fed the CASdiet than
for pigs fed any of the soybean protein diets (table 3). The apparent
digestibility of methionine and lysine was similar among pigs fed all of
the soybean protein sources while digestibility of valine was higher
(P<.05) in pigs fed the ESOYdiet than in pigs fed the SBM. Other EAA
for which differences among dietary treatmentswere observed (P<.l) were
isoleucine and leucine.
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TABLE2. Protein and amino acid composition of diets.
-------------

Item CAS

--------------
SBM

Crude protein, % 17.9

Amino acids, %
Essential
Arginine
Histidine
Iso1euci ne
leuci ne
lysine
Methionine
Phenylalanine
Threonine
Valine

tJonessenti al
Alanine
Aspartic acid
Cystine
Glutamic acid
Glyci ne
Proli ne
Seri ne
Tyros i ne

.78

.51

.78
1.87
1.03

.46

.88

.72
1.01

.87
1.28

.23
3.51

.51
1. 73

.93

.87

ISP

19.9

1.31
.52
.85

1.90
1.02

.37
1.00

.75

.95

1.07
1.96

.40
3.61

.81
1.28
1.00

.79

ESOY

19.5

1.30
.51
.82

1.85
1.02

.34

.97

.76

.92

1.05
1.94

.42
3.51

.81
1.27
1.00

.77

19.1

1.24
.50
.80

1.77
1.01

.36

.94

.76

.90

1.02
1.91

.40
3.40

.81
1. 21

.97

.77
-----

gDry matter basis.
For explanation of diet code names, see table I, footnote b.

The apparent digestibility of these AAappeared to be higher in pigs
fed the CASdiet than in pigs fed any of the soybean protein diets with
the greatest differences in digestibility being between the CASand SBM
diets. Differences in apparent digestibility were not observed (P>.l)
for the remaining EAA, but, except for arginine, digestibility was
higher for all of these AAin pigs fed the CASdiet than by those fed
any of the soybean protein diets. Differences in the digestibility
among dietary treatments for the nonessential AAwere observed only for
proline (P<.Ol) and tyrosine (P<.l) for which digestibility was highest
in pigs fed the CAS diet and lowest in pigs fed the SBM diet. The
apparent digestibility of the remaining nonessential AA was similar
among all dietary treatments. These diets were formulated to meet the
NRC(1979) requirement for lysine (.95%) for the 11-22 lb pig. This
lysine level is below the level of lysine (1.15 - 1.20%) reported to
provide maximumrate and efficiency of gain for young pigs fed grain-SBM
diets. Since lysine digestibility was higher for CASthan for the
soybean proteins, better performance would be expected.
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TABLE 3. Apparent digestibility of DM. starch. Nand AAmeasured over
the total digestive tract in 42 day old pigs.

"---------

Item CAS

-------.---.----
SB~1

---------------------

Pigs per treatment, nob 17.0

87.6d
99.0
83.7

Dry matter, %
Starch, %
Nitrogen, %c

Amino acids, %
Essential
Arginine
Histidine

Isoleuc~necLeuci ne .
Lysine
Methionine
Phenylalanine
Threonine
Valine

88.4
89.7
86.1

88.4d
86.3g87.7
86.5

82.4d85.6

Average 86.8

Nonessential
Alanine
Aspartic acid
Cysti ne
Glutamic acid
Glyci ne
Pro 1i ne
Serine
Tyrosinec

78.9
81.5
95.3
90.4
75.0
93.2g
87.5
88.1

Average 86.2

ISP

18.0

84.ge
98.5
80.6

90.6
86.8
81.0

82.2e
82.8h79.6
82.6
77.2 f78.8e

82.4

75.3
85.0
96.0
87.7

78.6h87.7
84.4
82.4

84.6

ESOY

17.0

84.2ef
98.6
80.8

91.1
88.4
82.6

85.0e
83.8h81.0
83.8
80.0
81. Ie

84.1

78.4
86.0
97.8
89.1

80.4h88.2
85.9
83.5

86.2

17.0

82.4f
98.3
76.2

88.1
86.0
77 .6

80.ge
80.1h78.9
78.5
75.6f
75.7

80.2

73.5
82.1
95.2
86.0
75.3.
84.21
81.3
79.0

82.1

SE

.8

.3
1.1

.6

.8
1.2
1.2
.9

1.2
1.1
1.2
1.2

1.5
.9
.8
.8

1.2
.9

1.0
1.1

--------

~For explanation of diet code names, see table 1, footnote b.
One pig on the CASdiet died from causes unrelated to dietary treat-
ment. One pig was removed from each of the ESOYand SBMdiets for

cprolonged feed refusal.
d~featment effect (P<.I).

h.Means in the same row with different superscripts differ P<.05.
g 1Means in the same row with different superscripts differ P<.OI.

Results of this study as previously reported (Walker, 1984)
indicate that faster growth and a higher gain to feed ratio can be
achieved during the first 2 \Ieeks postweaning in pigs weaned at 3 weeks
of age when casein is substituted for soybean protein but gain and
efficiency was equal for the two protein sources after the 2nd week
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postweaning. These differences in performance may be accounted for by
the differences observed in nutrient digestibility especially for the
EAAlysine and methionine.
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EFFECTOF PROTEINSOURCEON ILLEAL AVAILABILITY
IN EARLYWEANEDPIGS

1 2 2
W.R. Walker, C. V. Maxwell, §. N. OwensandO.S. Buchanan

Story in Bri ef

Two 5 X 5 Latin square designed trials were conducted using either
five 4 week old gilts or five 200 lb barrows fitted with simple ileal
T-cannulas to determine the effect of protein source and age of pig upon
protein and amino acid availability. The apparent availability of
nitrogen (N) and amino acids (AA) in pigs fed hydrolyzed casein (HCAS),
calcium caseinate (CAS), isolated soybean protein (ISP), ethanol
extracted soybean protein (ESOY) and soybean meal (SBM) were determined
at the ileum in 4 to 9 week old pigs and at both the ileum and over the
total digestive tract in finishing pigs. The pigs were fed
semi-purified diets formulated to contain 22% protein. The apparent
availability of N and essential amino acids (EAA) at the terminal ileum
in both early weaned and finishing pigs and over the total digestive
tract of finishing pigs was higher (P<.OI) in pigs fed HCAS, CAS, ISP
and ESOYthan in those fed SBM. For the early weaned pig, the apparent
availability of Nand AA was generally higher for the casein protein
sources than for the soybean protein sources. In addition, the apparent
availability of N and all AA except cystine and glycine significantly
increased with increasing age of the young pigs. The apparent pre-ileal
availability of lysine, threonine and methionine for early weaned pigs
fed SBMwas 69.3, 69.3 and 59.3%, respectively. The apparent pre-ileal
availability was lower in the young pigs with an average availability
for the EAA of 91.3, 89.5, 85.8, 85.2 and 70.5% compared to 95.3, 93.1,
93.4, 92.7 and 80.6% for the older pigs fed HCAS, CAS, ISP, ESOY and
SBM, respectively. Apparent availability values over the total
digestive tract were higher than values estimated in samples obtained at
the ileum in the finishing pigs indicating a net disappearance of Nand
AA in the hindgut.

(Key Words: Swine, Early Weaned Pig, Amino Acid Availability)

Introduction

Although weaning as early as 18 days can be an economic advantage,
many swine producers experience postweaning problems with this
management practice. The reduced performance accompanying early weaning
is associated with a reduced feed intake and little or no weight gain.
Early weaned pigs also experience a longer postweaning growth depression
and higher mortality rate than those weaned later.

Several studies have reported inferior performance in early weaned
pigs fed soybean protein diets compared to those fed milk protein diets.
Our studies (Walker et al., 1984) have demonstrated that the effect of
protein source on performance is more evident during the first 2 weeks
postweaning than during the subsequent 3 week period when pigs were
weaned at 3 weeks of age. The fact that the neonatal pig is subjected

IGraduate Assistant 2professor 3Associate Professor
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to extreme diet changes during

undergoing rapid development may

dietary protein sources observed

normally seen in older pigs.

Protein sources have been shown to vary not only in AA content but

also in availability when measured at either the ileum or in fecal

sa~ples of growing-finishing pigs. However, studies in the early weaned

pig where the effect of protein source may be even greater have not been

conducted. Furthermore, it is common practice to formulate diets to

barely meet the requirement for the most limiting AA. Recent studies

have shown that the requirement for lysine, the first limiting AA for

maximum growth in typical grain-soybean diets, may be much higher than

the current NRC recommendation for pigs weighing from 11 to 22 lb. Pigs

fed diets containing lysine levels below the requirement for maximum

gain and efficiency of gain would be responsive to small decreases in

amino acid availability.

This study was conducted to determine the apparent biological

availability of dry matter (OM), starch, N and individual AA in milk and

soybean proteins fed to ileally cannulated early weaned pigs and to

compare these values to those of finishing pigs fed the same diets.

a period when digestive capacity is
account for the higher sensitivity to
in early weaned pigs compared to that

Materials and Methods

Five Yorkshire gilt pigs were surgically fitted with simple
T-cannulas located in the distal ileum near the ileocecal junction.
Pigs were removed from the sow at 18 days of age at which time the
cannulas were surgically installed. Immediately following surgery pigs
were returned to the sow where they remained with the rest of the litter
for a 7 day recovery period. Creep feed and water were available to
pigs at all times during the recovery period. After recovery the pigs
were moved to an environmentally controlled feeding room where they were
housed in individual elevated metal pens measuring 2.0 by 3.3 ft.
Temperature in the feeding room was maintained between 80 and 90 F for
the duration of the trial. After a 2 day adjustment period, the pigs
were started on a 5 X 5 Latin square designed trial at 27 days of age.

Dietary treatments consisted of two milk and three soybean protein
sources in semi-purified cornstarch-cerelose based diets (Table 1).
Protein sources included hydrolyzed casein (HCAS), calcium caseinate
(CAS), isolated soybean protein (ISP), ethanol extracted soybean protein
(ESOY) and 44% crude protein solvent extracted soybean meal (SBM).

Twenty-two percent crude protein diets were formulated to exceed the NRC

(1979) requirement for crude protein forthe 10 - 22 lb pig by 10% such
that no single AA would be limiting. Chromic oxide was added as an
indigestible marker for availability determinations. Each pig was fed a
measured quantity of feed twice daily at 8:00 a.m. and 8:00 p.m. and
allowed continuous access to the feed for a 1 hour period after which

all uneaten feed was removed. To increase intake, dry diets were mixed
with an equal portion of water and fedas a gruel. Alluneaten and
wasted feed was collected, dried and weighed so daily feed intake for
each pig could be monitored. Water was available from cup waterers at
all times.

Each of the five 7-day experimental periods consisted of a 4-day
adjustmentperiod followed by a 3-day collection period. Ileal samples
were collected continuouslyon each collection day, beginning one hour
after the morning feeding and continuing until either 1.75 oz of wet
sample was collected for each pig or until feeding time of the evening
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meal. Samples were collected in plastic bags suspended from the
cannula. Bags containing sample were changed at a maximumof 1 hour
intervals. Ileal samples collected over the 3 collection days of each
period were composited by treatment prior to lyophilyzation and grinding
for laboratory analysis.

aHCAS:acid hydrolyzed casein diet; CAS:calcium caseinate diet; ISP:
isolated soybean protein diet; ESOY:ethanol extracted soybean protein

bdiet; SBM:soybean meal diet.
cAcid hydrolyzed casein, type 1, Sigma Chemical Co. St. Louis, MO.
dUltra supreme calcium caseinate, Erie Casein Co. Inc., Erie, IL.

Soybean protein grade II, United States Biochemical Corp.,
eCleveland, OH.
fPromocaf, Central Soy, Fort Wayne, IN.

Supplied 4,000,000 IU vitamin A, 3,000,000 IU vitamin D, 4 9
riboflavin, 20 g pantothentic acid, 30 9 niacin, 800 9 choline
chloride, 15 mg vitamin B12' 10,000 IU vitamin E, 2 g menadione, 200
mg iodine, 90 giron, 20 9 manganese, 10 9 copper, 90 9 zinc and 100 mg
selenium per ton of feed.

gEach pound of ASP-250 contained 20 g Chlortetracycline, 20 9
sulfamethizine and 10 9 penicillin.

Dry matter, starch, Nand AAcontent of both feed and ileal samples
were determined. Amino acid concentration was determined from acid
hydrolysates by ion exchange chromatography using a Beckman model 121
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TABLE 1. Composition of Diets.
----

Diet (as fed basis)a

Ingredient HCAS CAS ISP ESOY SBM

Corn starch 30.82 31. 35 30.48 25.93 18.91

Cerelose b 30.82 31. 35 30.48 25.93 18.91
Acid hydrolysed csein 25.43

Calcium caseinate d 25.43
Isolated soy protein 26.11
Ethanol extracted soy proteine 35.25
Soybean meal 49.64
So1ka floc 5.00 5.00 5.00 5.00 5.00
Corn oi 1 4.00 4.00 4.00 4.00 4.00
Calcium carbonate .70 .79 .78 .90
Dicalcium phosphat, 1. 73 1.73 2.00 1.97 1.50
Vitamin, TM premix .35 .35 .35 .35 .35
Salt .30 .30 .30 .30 .30
ASP 250g .25 .25 .25 .25 .25
Chromic oxi de .25 .25 .25 .25 .25
DL-tryptophan .35

---

100 100 100 100 100



-------

automatic AAanalyzer. Acid hydrolysis was conducted under nitrogen
reflux in 6N HCl for 24 hours.

A second study was conducted using five Yorkshire barrows averaging
200 lb liveweight with simple T-cannulas constructed of pliable tygon
tubing surgically installed in the ileum of the small intestine. The
experiment consisted of a 5 X 5 Latin square arrangement of treatments
using the same diets (table 1) as those fed the neonatal pigs, with the
exception of a .1% reduction in the amount of vitamin trace mineral
premix. Each pig was fed 2.2 lb of unwetted feed twice daily at 8:00
a.m. and 8:00 p.m. with water available from nipple waterers at all
times. These pigs were housed in an environmentally controlled feeding
room in individual crates (2.0 by 5.3 ft) for the duration of the trial.
Each of the five 7-day experimental periods consisted of a 4-day
adjustment period followed by ileal collections on the 5th and 7th day
of each period. Ileal samples were collected continuously on each
collection day beginning 1 hour after the morning feeding and continuing
until either 7.0 oz of wet sample was collected for each pig or until
feeding of the evening meal. In addition, a fresh fecal grab sample was
collected from each pig on both the 5th and 7th day of each period for
fecal availability determination. All samples were collected, stored
and analyzed in a similar manner as described for the early weaned pig
study. Fifth and 7th day ileal samples within each period were
composited by treatment prior to laboratory analysis while 5th and 7th
day fecal samples were analyzed separately.

Results and Discussion

Early weaned pigs.

Protein and AAcomposition of the complete diets are shown in table
2. The two casein protein diets were similar in lysine and threonine
content but higher in methoinine content than the 3 soybean protein
sources. These are the AAthat tend to be most limiting in diets that
are commonly fed to early weaned pigs and, therefore, are of the most
interest.

The apparent pre-ileal availability of DM, starch, N and individual
AAin the various protein sources is shown in table 3. The apparent
pre-ileal DMavailability in pigs fed HCAS,CAS, ISP and ESOYwas higher
(P<.05) than in those fed SBMwhile DMavailability in pigs fed CAS and
ISP was higher (P<.05) than those fed ESOY. These differences, at least
to some extent, reflect differences in dietary crude fiber content. The
availability of starch exceeded 95% and was similar for all protein
sources except in pigs fed HCASwhen starch availability was slightly
reduced.

The apparent pre-ileal availability of N, the EAA and the
nonessential AA (NEAA), with the exception of cystine and glycine, was
lower (P<.05) in pigs fed SBM than in those fed all other protein
sources. The average apparent pre-ileal availability of the EAAin pigs
fed SBMwas 70.5% compared to 91.3, 89.5, 85.8, and 85.2% for those fed
HCAS, CAS, ISP and ESOY, respectively. The apparent pre-ileal
availability of both lysine and threonine was higher (P<.05) in pigs fed
HCASthan in those fed ISP or ESOYwhile the availability of these AA
was intermediate in pigs fed CAS. The apparent pre-ileal availability
of methionine was similar in pigs fed HCAS,CAS, ISP or ESOY. For the
remainder of the EAA, effects similar to those reported for lysine and
threonine were evident for histidine, isoleucine, leucine and valine
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while effects similar to those reported for methionine were evident for
arginine and phenylalanine. Although differences were not always
significant, there was a trend for higher apparent availabilities in the
casein protein sources when compared to the soybean protein sources. In
addition, when CASwas compared to the average of the soybean proteins
the apparent pre-ileal availability was higher (P<.05) for CASin each
of the EAAwith the exception of arginine. The low value reported for
the average apparent pre-ileal availability of the EAAin SSM(70.5%) is
not surprising since the digestive capacity of this age pig is
undergoing rapid development. In addition, the presence of proteolytic
enzyme inhibitors in SSMis likely to have a greater effect in young
pigs than that normally apparent in older growing-finishing pigs. .

TABLE2. Protein and amino acid composition of diets.
------

Dieta,b

A linear increase over time (P<.05) was observed for the apparent
pre-ileal availability of N, all of the EAAand the NEAA with the
exception of cystine and glutamic acid (Table 4). Increasing
availability with increasing age has been observed for several nutrients
in young animals.
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------ ------------
Item CAS ISP ESOY SSM
-----

Crude protein, % 17.9 19.9 19.5 19.1

Amino acids, %
Essenti a1

Arginine .78 1.31 1.30 1.24
Histidine .51 .52 .51 .50
I so 1euc i ne .78 .85 .82 .80
Leuci ne 1.87 1.90 1.85 1. 77
Lysi ne 1.03 1.02 1.02 1.01
Methionine .46 .37 .34 .36
Phenylalanine .88 1.00 .97 .94
Threonine .72 .75 .76 .76
Valine 1.01 .95 .92 .90

tJonessential
Alanine .87 1.07 1.05 1.02
Aspartic acid 1.28 1.96 1.94 1. 91
Cystine .23 .40 .42 .40
Glutar.1ic ac i d 3.51 3.61 3.51 3.40
Glycine .51 .81 .81 .81
Proline 1. 73 1.28 1.27 1.21
Serine .93 1.00 1.00 .97
Tyrosine .87 .79 .77 .77

-----------

Dry matter basis
For explanation of diet code names, see table I, footnote b.



~Values are means of five observations.
For explanation of diet code names, see table I, footnote a.

c~~M differs from other diets P<.05.
d Means in the same row with different superscripts differ P<.05.

Pigs fed diets limiting in EAAwould be responsive to small
differences in AAavailability. Recent studies have shown that the
lysine requirement for the 11 to 22 lb pig is higher than the .95'.t
currently recommended by NRC. Therefore, the differences in
availability observed in this study may account for reduced growth and
efficiency observed in pigs fed soybean protein diets compared to those
fed CASdiets during the first 2 weeks postweaning in pigs weaned at 3
weeks of age and fed these same protein sources in practical diets
formulated to meet minimum NRC requirements for lysine (Walker et al.,
1984).
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TABLE 3. Apparent pre-ileal availabilities of DM, starch, N andaAA in
milk and soybean protein sources in early weaned pigs.

Dietb

Item HCAS CAS ISP ESOY SBM SE

Dry matter, ,{
de d d e

80.7 e 85.4 d 83.0 d 77.0 d 65.0 d!.6
Starch, '.t c 94.5 98.7 98.5 98.8 97.3 .9
Nitrogen, '.t 86.0 84.5 81.8 83.4 68.4 2.1

Amino acids, '.t
Essenti a1

ArginineC 88.8d 86 . 7de 90.9de 90.5 77.8 1.6
Histidinec 89.5d 89.2de 84.4de 83.ge 70.3 1.8
Isoleucnec 93.6d 89.6de 87.7 de 87.2: 73.3 2.1
Leuci n 93.3d 92.8de 86.ge 86.0e 72.2 2.3

Lysine c 92.0 89.6 84.1 85.0 69.3 2.2
Methionine 93.8 92.8 85.9 82.6 59.3 4.8

Phenylalar.inec 86.4d 89.3 de 86.5e 86.2e 71.8 2.2
Threonne . 90.5d 85.3de 80.4e 81. 2e 69.3 2.0
Valine 94.1 90.4 85.0 84.1 71.2 2.2

Avg 91.3 89.5 85.8 85.2 70.5

Nonessental d 82.ge 83.1e 83.2e 68.5 1.9Alanine c 90.9
Aspartic acid 87.4d 86.9d 89.0 88.7f 76.4 1.6

Cystine c 100.0 100.0 70.0e 77.5 64.0e 2.4

Glutamic acid 90.1d 90.9d 89.5d 89.1d 77.2 2.2

Glycine 78.5d 72.1d 76.9 76.7 64.5e 2.3

prolinc 96.5d 94.3e 85.7e 85.8e 73.5 1.9

Serine c 93.6 86.2 87.2e 86.7 74.7 1.9
Tryosine 90.2 94.0 88.4 88.3 74.6 2.1

Avg 90.9 88.4 83.7 84.5 71.7



Significant differences were not observed between values obtained

from fecal samples collected on either the 5th or 7th day of each period

and, therefore, these values were averaged and analyzed as a single

sample. The apparent availability of DM and starch at both the terminal

ileum and over the total digestive tract is shown in table 5. The

apparent DM availability was similar at the terminal ileum in pigs fed

HCAS, CAS and ISP and over the total digestive tract in pigs fed HCAS,

CAS, ISP and ESOY. The apparent DM availability was lower (P<.Ol) in

pigs fed SBM than in pigs fed all other protein sources at both sites

and was lower at the terminal ileum (P<.Ol) in pigs fed ESOY than for

those fed HCAS, CAS and ISP. Dry matter disappearance from the hindgut

ranged from 21.8% for SBM to 3.2% for HCAS which may be a reflection of

the higher crude fiber content of SBM and the high digestibility of
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TABLE 4. Effect of time on apprent pre-ileal amino acid availability
in early weaned pigs.

----
Week

Item 1 2 3 4 5

Dry matter 'c%
77.7 75.5 79.9 79.4 78.6 1.6

Nitrogen, % 78.9 75.9 81.5 85.8 81.8 2.1

Amino acids, %

Essential b
81.8 84.2 87.7 91.7 89.4 1.6Arginine

Histidinecb
81.1 79.2 83.8 88.2 85.1 1.8

Isoleuclne
83.0 81.6 86.4 92.0 88.3 2.1

Leucins
82.7 82.1 86.2 91.6 88.6 2.3

Lysine C 81.3 77.4 84.6 89.8 87.0 2.2

Methionine b 78.2 74.6 83.7 91.6 87.0 4.8

Phenylalasine
80.5 79.7 84.3 88.7 86.9 2.2

Threonlne
78.1 75.8 82.1 86.9 83.9 2.0

Valine' 82.2 79.7 85.0 90.7 87.2 2.2

Nonessental
78.5 76.2 81.5 87.9 84.4 1.9Alanine

Aspartic acidb 82.5 82.3 86.7 89.7 87.3 1.6
Cystine 83.3 78.9 77.7 89.2 82.3 2.4

Gl utamifi aci d
85.1 84.4 87.8 92.0 87.5 2.2

Glycine 69.1 68.4 76.3 81.0 73.9 2.3

prolin{ 85.0 83.0 87.3 91.8 88.9 1.8
Seri ne' 83.3 80.5 86.8 90.8 87.0 1.9
TryosineC 84.8 83.0 87.2 91.2 89.3 2.1

Values are means of five observations.
Linear effect P<.OI.

cLinear effect P<.05.

Finishing pigs.



nutrients in HCAS. Starch availability was similar for all protein
sources and approached 100% when estimated at both the terminal ileum
and over the total digestive tract.

The apparent pre-ileal availability of N and all EAA was lower
(P<.05) in pigs fed SBM than for those fed HCAS, CAS, ISP and ESOY
(table 6). The apparent pre-ileal availability of lysine and threonine
was similar for pigs fed HCAS, CAS, ISP and ESOY while that of
methionine was higher (P<.05) for pigs fed HCAS than those fed either
ISP or ESOYwith those fed CAS being intermediate. Similar trends were
evident for the remainder of the EAA and the NEAA. The average apparent
pre-ileal availability was 95.3, 93.1, 93.4, 92.7 and 80.6% for the EAA
and 93.2, 88.4, 88.8, 91.0 and 75%, for the NEAA in pigs fed HCAS, ~AS,
ISP, ESOYand SBM, respectively. These values are all higher than those
observed in the early weaned pig.

TABLE 5. Apparent availabilities of dry matter and starch at the end

of the small in£estine and over the total tract of
finishing pigs.

:values are means of five observations.
For explaination of diet code names, see table 1, footnote a.

cOifferences obtained by subtraction of ileal availabilities from

~~tal tract availabilities.
d Meansin the sa~e row with different superscripts differ P<.OI.

The apparent availability of the EAA measured over the entire
digestive tract averaged 97.3%, 96.8%, 95.3%, 95.4% and 85.9% in pigs
fed HCAS,CAS, ISP, ESOYand SBM, respectively (table 7). The apparent
availability of the EAA and N over the entire tract was higher (P<.05)
in pigs fed HCAS,CAS, ISP and ESOYthan in those fed SBM. In addition,
the availability of lysine over the entire tract was higher (P<.05) in
pigs fed CAS (97.7%) than in those fed ISP (96.2%) or ESOY (95.7%) and
higher (P<.05) in pigs fed HCAS (97.2%) than in those fed ESOY.

Similarly, the fecal availability of threonine was higher (P<.05) in
pigs fed CAS (95.4%) than in those fed ISP (93.8%) or ESOY (93.7%) while
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Oietb

Item HCAS CAS ISP ESOY SBM SE
-

Ory matter, % d d d e
61.0fTerminal ileum 88.5d 85.6d 85.7d 76.1d 1.1

Total trac 91.7 91.3 90.3 90.5 82.8e .5
Oi fference . 3.2 5.7 4.6 14.4 21.8

Starch, %
Terminal ileum 99.8 99.8 99.9 99.9 99.6 .1
Total trac 99.9 99.9 99.8 100.0 99.6 .1
Oifference . .1 -.1 .1 .1

------



availability was similar in pigs fed HCAS (95.0%). The fecal
availability of methionine was higher (P<.05) in pigs fed CAS (97.7%)
and HCAS(97.6%) than in those fed ISP (93.1%) or ESOY(94.7%). Similar
patterns were observed for the remainder of the EAAand the NEAA. The
low apparent fecal availability for AAmay be due to the low apparent
availability of DMin the small intestine (61%). as was previously
mentioned. This would provide more energy substrate to the hindgut than
would normally be expected to occur with this type diet which in turn
would result in an increase of microbial AA in the feces and
consequently lower fecal availability estimates.
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TABLE6. Apparent ileal availability of nitrogen and amino acigs
in milk and soybean protein sources in finishing pigs.

--
Dietb

---
Item HCAS CAS ISP ESOY SBM SE

Nitrogen. %c 92.3d 88.1e 90.6de 89.7de 79.5 1.2

Amino acids. %
Essential

94.7de 97.0d 96.1dArginineC 93.1e 87.3 .8
Histidinec 92.3d 9S.1e 94.4 92.8de 79.8 1.1

ISoleuc!neC 96.3d 91.3d 93.1e 93.8 82.4 .9
Leuci n 96.7 95.4 e 93.3e 93.3e 81.8 1.0

Lysine c 96.7d 96.3de 95.4e 94.3 81.8 1.2
Methioni ne' c 97.7 9S.8 93.8 94.2e 86.1 1.0

Phenylalapine 94.3 95.4 94.7 93.4 82.6 .9
Threon!ne' 92.4d 84.9 87.4d 8S.8e 67.S 2.7
Valine 96.4 90.Se 91. 7 e 90.7 76.1 1.S

Average 95.3 93.1 93.4 92.7 80.6

Nonessential
94.6d 8S.0e 90.5d 90 . 1de 75.2 1.8Alanine

Aspartic acidc 92.2d 90.2d 93.4e 93.4e 79.8e 1.2
Cystine 100.0e 100.0de 84.Sd 86.4d 78.8 8.S
Glutamic acidc 89.6d 91. 9de 9S.5d 9S.2d 80.6e 1.6
Glycine 82.S 7S.S 87.0 8S.3 64.1 4.S
Prolinec 97.1d 93.1 93.2d 91.0d 76.3e 2.4
Sed ne 94.9 81.0e 92.9 91.2 75.7 1.8
Tyrosinec 96.S 97.0 96.7 9S.7 84.4 .8 ,

..

Average 93.2 88.4 88.8 91.0 7S.0 1
.

Values are means of five observations. I
cFor explaination of diet code names. see table 1. footnote a. J

dBM differs from other diets (P<.Ol).
Means in the same row with different superscripts differ P<.OS.



TABLE 7. Apparent fecal availabilities of nitrogen and amino ac1ds
in milk and soybean protein sources in finishing pigs.

Item HCAS CAS ISP

---------

ESOY SBM SE

-------_._--------------_._----
.4Nitrogen, 'l,c

Amino acids, %
Essential
Arginine
Histd i ne
I so 1e uc i ne
Leuci ne
Lysi ne
Methionine
Phenylalanine
Threonine
Valine

Avg

Nonessenti al
Alanine
Aspartic acid
Cystine
Glutamic acid
Glycine
Proline
Seri ne
Tyros i ne

Avg

95.5

97.3

94.5c
94.0d

lOO.Oc
97.9c
91. 6de
98.8c
96.2c
96.7d

96.1

95.4

96.5d
97.6c
95.4c
97.0c
97.7c
97.7c
97.3d
95.4c
96.4c

96.8

--------------------

94.4

97.9c
c

96.6c
95.ld
94.9de
96.2d
93.ld
95.6d
93.8d
94.6

95.3

93.4c
97.{
94.ld
98.0c
94 6c
96:9d
96.{
96.ld

95.8

94.8

97.8c
96.7c
95.0c
95.4d
95.7e
94.7d
95.7d
93.7d
94.6d

95.4

92.9c
96.7c
95.3d
97.7c
94 2d
96:8d
95 9c
95:6d

95.6

87.5

91.3e
88.7d
84.4d
84.8e
85.Sf
88.le
85.6e
81.4e
83.Se

85.9

79.9d
87.4e
89.ge
90.7d
82.5f
89.0e
86.ge
86.3e

86.6

.3

.4

.5

.3

.4

.7

.4

.5

.5

.6

.5
1.2
.4
.9
.3
.7
.4

---------------------------

~Values are means of five observations.
c~g¥ explanation of diet code names, see table I, footnote a.
. Means in the same row with different superscripts differ P<.OS.

Most of the apparent fecal availability estimates were larger than
ileal availability estimates indicating a net disappearance of Nand AA
from the hindgut. Since these pigs were fed cornstarch based diets that
were all highly available (greater than 99% starch availability at the
terminal ileu~) a net disappearance of Nand AA in the hindgut would he
expected.

In general, the availability of Nand AAin pigs fed SBMwas lower
than for those fed the other dietary protein sources. This may reflect
differences in proteolytic enzyme inhibitors or carbohydrate complexes
within the dietary protein source and may account for the inferior
growth and efficiency observed for early weaned pigs fed SBM diets
compared to those fed milk protein diets. The apparent ileal
availability of Nand AAwas higher for the older finishing pigs than
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for the early weaned pigs and the EAAaveraged 4.0, 3.6, 7.1, 7.5 and
10.1 percentage units higher availability for pigs fed HCAS,CAS, ISP,
ESOYand SBM, respectively. These differences in availability should be
considered when formulating diets for young pigs especially when using
SBMas a supplemental protein source and formulating diets to meet
minimum HRCrequirements for lysine.
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EFFECTOF PROTEINSOURCE(SOYBEANVERSUSWHEY)
UPONSERUMCHOLESTEROLLEVELSOF THE PIG

123
S.A. Norton, C.G. Beames,Jr. and C.V. Maxwell

Story in Bri ef

Four Yorkshire barrows were used in a Latin square experiment to
determine the effect of whey versus soybean protein on blood cholesterol
in pigs. Diets were fed without or with .5% supplemental cholesterol.
When soybean protein was replaced by whey with no supplemental
cholesterol, there was a slight but nonsignificant increase in blood
cholesterol. Added dietary cholesterol increased serum cholesterol, but
when soybean protein was replaced by whey in diets containing .5%
cholesterol, serum cholesterol was significantly reduced. A protein
source by cholesterol interaction was noted. In swine fed a high
cholesterol diet, whey is more hYPocholesteremic than soy protein.
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Introduction

Previous biomedical investigations have demonstrated a correlation
between the incidence of atherosclerosis, diet, and serum cholesterol
levels. Researchers have shown that serum cholesterol levels can be
elevated by adding high levels of chemically isolated cholesterol, and
by varying the ratio of polyunsaturated to saturated fats.

. Other dietary nutrients may also influence levels of serum
cholesterol and the incidence of atherosclerosis. Specifically, milk
and milk products have been suggested to exacerbate hypercholesteremic
(increasing blood cholesterol) effects by increasing both fat and animal
protein intake Dietschy, et al.,1978). Recently, however, several
reports have indicated that certain components of whole, skim, fermented
and unfermented milk products may be hypocholesteremic (decreasing blood
cholesterol) (Kritchevsky et al., 1979; Mann, 1977; Richardson, 1978).

The hypocholesteremic effects of milk and milk products have not
been monitored in swine extensively. Declines in both total and
HDL-cholesterol have been observed in pigs fed large amounts of whey,
but only slight depressions in serum triglyceride titers were apparent.
The exact mechanism of this response in swine to whey feeding, and the
nature of the interaction of whey with other dietary components remains
unknown. A clearer understanding of the hypocholesteremic effect of
whey is particularly important since it conflicts with the general
attitude that animal proteins are hypercholesteremic relative to
vegetable proteins. This study was conducted to further investigate the
influence of dietary protein source (whey versus soybean meal) and
dietary cholesterol on serum cholesterol levels in the pig.
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Materials and Methods

Four Yorkshire barrowsweighing approximately 60 kg were utilized
in a 4 X 4 Latin square design with a 2 X 2 factorial arrangement of
diets. Each pig was surgically fitted with an indwelling jugular
catheter to accomodate daily blood collection and randomly assigned to
one of four diets (Table 1). Diets consisted of 11.3% soybean meal + 0%
cholesterol (Dietl), 11.3% soybean meal + .5% cholesterol (Diet 2), 40%
dried whey + 0%cholesterol (Diet 3), and 40% whey and .5% cholesterol
(Diet 4). Wheyor soybean meal was provided as the supplemental protein
source in corn-soy based diets formulated to supply .62% lysine. Each
experimental period lasted 14-d followed by a 7-d interim during which a
basal diet was fed to allow serum cholesterol levels to stabilize before
the initiation of the next period. In addition, at the start of each
period pigs were weighed to readjust feed intake to 2.8% of bodyweight.
Water was available ad libitum.

At 0700 h each day a 10 ml whole blood sample was drawn and the
cannulas immediately flushed with 10 ml of 2.8% sodium citrate in .9%
saline. Blood samples were allowed to clot at approximately 4 C for 3
hours after which time the serum was extracted from the sample by
centrifugation at 3000 x g for 20 min. Serum was stored at -20 C until
total cholesterol analyses were performed.

Item Basal

Table 1. Percent composition of basal and experimental diets.

Diet 4

- --------

Diet 1 Diet 2 Diet 3
- - _.-- - - - -- -- - _.- - -----

Corn, ground
Whey, dried
Soybean Meal
Animal Fat
Meat and Bone Meal

Dicalcium P90sphate
Cholesterol
Salt
Vitamin-TM Premix
Calcium Carbonate

75.60
0.00
21.15
0.00
0.00
1.50
0.00
.50
.50
.75

74.45
0.00

11.30
8.00
5.00
.55

0.00
.35
.25
.10

73.95
0.00
11.30
8.00
5.00
.55
.50
.35
.25
.10

46.40
40.00
0.00
8.00
5.00
0.00
0.00
.35
.25

0.00

45.90
40.00
0.00
8.00
5.00
0.00
.50
.35
.25

0.00

COMPOS IT I ON

-- --- - - -- -- --- -- --- _.- ---

- --- - ---

a Sigma Chemical Co., USP Grade

-- -'---'--- -- ---

Results and Discussion

Mean serum cholesterol concentrations across all sam~ing days for
four experimental diets are presented in Table 2. Serum cholesterol
values were low but similar in pigs fed diets without supplemental
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Dry Matter 87.65 89.57 89.66 92.02 91.83
Crude Protein 15.96 14.04 14.00 11.40 11.36
Ether Extract 2.53 9.95 9.02 9.17 9.52
Lysine .79 .62 .62 .62 .62
Calcium .69 .71 .71 .90 .90
Phosphorus .63 .63 .63 .68 .68



Table 2. Serum cholesterol concentrations as
influenced by basal and experimental diets.

----------------------------------------------------------
Diet

Description N
Serum

Cholesterola,b
----------------------------------------------------------

Diet 1
--------------------

Control w/o
Cholesterol

16

Diet 2
--------------------

Control
wi Cholesterol

16 158.36d

Diet 3
--------------------

Whey w/o
Cholesterol

16

Diet 4
--------------------

Whey
wi Cholesterol

a-v;i~;~-;;~~;~~;d-;~-~~idi:------------------------------

b
Standard error of mean for all values +1- 2.46.

16 135.02e

c,d,e Means in the same column with different
superscripts differ (P<.OOOI).

dietary cholesterol. Adding .5% cholesterol (diets 2 and 4) increased

serum cholesterol levels (P<.OOOI). However, response to added

cholesterol differed with protein source (P<.OOOI). Serum cholesterol

was approximately 15% lower with whey than with soybean meal as a source

of dietary protein (diet 4 versus diet 2). This response indicates that

whey had a hypocholesteremic effect only when the diet contained .5%

supplemental cholesterol.

The response of serum cholesterol over time on each test diet is

presented in Figure 1. Serum cholesterol of pigs offered diet 1 and 3

increased slightly and linearly (P<.OOOI) from day 0 to 4 with only a

small fluctuation between 85 and 95 mg/dl for the remainder of the 14-d

period. The slight increases observed between days 0 and 4 may

represent an adaptation to the switch from the lowfat basal ration (%

ether extract = 2.8%) to the higher fat content of experimental diets (%

ether extract = 9.28%).

Among pigs fed the soy with added cholesterol (diet 2), serum

cholesterol exhibited a Quadratic increase (P<.OOOI) to approximately

200 mg/dl at day 11 after which levels decreased and stabilized at 185

mg/dl for the duration of the period. A similar Quadratic increase

(P<.OO01) in serum cholesterol was observed for pigs fed the whey

protein diet with added cholesterol (diet 4), except that the increase

was more gradual.
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Figure 1. Response of serum cholesterol over time to experimental and
basal diets.

The results of this trial indicate that dietary whey protein
reduces the increase in serum cholesterol in pigs fed a high cholesterol
diet. This supports the position that milk and milk products do contain
a hypocholesteremic factor(s). Since blood levels had not fully
stabilized by day 14, longer-term studies are needed to determine the
effects under steady state conditions. The mechanism whereby this
effect occurs still remains to be elucidated. Since the human diet
varies in composition from day to day, and milk and milk products have
hypocholesteremic effects with variable diets, past criticism of milk
products should be reevaluated.
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THE EFFECTOF WHEATVS. CORNON PERFORMANCEIN TWOLINES
OF GROWING-FINISHINGSWINE

Charles Maxwe111, Dave Buchanan2, B1ll Luce1, Ron Bates3,and Rex Venc1

Story in Brief

Three feeding trials with a total of 570 growing-finishing pigs
were conducted to compare corn vs wheat as a feedstuff for swine using
rations formulated on an equal lysine basis. Average daily gain,
average daily feed intake, feed efficiency and backfat were similar in
pigs fed either the wheat or corn diet although some differences in
response between a rapid growth line and a slow growth line were
observed for average daily gain. This study suggests that when proper
formulation procedures are used, wheat is comparable with corn as a
feedstuff for growing and finishing swine.

(Key Words: Wheat, Growing-Finishing Swine, Performance)

Introduction

Although wheat has been the grain source in swine rations which
would produce the least cost gains at times during the past several
years, swine producers have been reluctant to feed wheat because of
previous uns~tisfactory experiences or because of an unfamiliarity with
feeding wheat. Producers who do choose to feed wheat will commonly
limit the amount of wheat in swine rations to no more than half of the
grain portion of the ration.

One of the potential problems encountered with wheat feeding is
improper ration formulation. To take advantage of the higher levels of
protein and amino acids in wheat, standard rations must be reformulated
specifically for feeding wheat. Wheat-soybean meal rations formulated
from standard growing or finishing ration and substituting wheat for
either corn or milo will result in overfeeding both protein and the
limiting amino acids. Conversely, formulating wheat rations to contain
crude protein levels similar to those commonly used in mi10 or corn
rations will result in a lysine deficiency and reduced performance.
These trials were conducted to compare performance of growing-finishing
swine fed wheat or corn based diets formulated on an equal lysine basis.

Materials and Methods

This trial was conducted at the Livestock and Forage Research
Laboratory at El Reno and consisted of 570 pigs in 31 pens over three
seasons. All pigs were housed in a feeding unit with indoor concrete
floors and pens equipped with self-feeders and waterers. Pigs from a
1i~e selected for rapid growth and a line selected for slow growth were
randomly allotted within line to two treatments (Table 1). All diets
were fornlu1ated to contain 0.75% lysine during the growing period (42
121 lb) and 0.62% lysine during the finishing period (121 - 222 1b).

Iprofessor 2Associate Professor 3Graduate Assistant 4Herdsman
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The two treatments consisted of either a corn-soybean meal diet or a
hard red winter wheat-soybean meal diet.

TABLE1. Composition of experimental rations.
-----------------

% Composition (as-fed)

-.-.-.------------.----------.---

Grower Finisher
------- ---------

--------------.--------.-.
aSupplied 4,000,000 IU vitamin A, 300,000IU vitamin0, 4 g

riboflavin, 20g pantothenir. acid, 30 g niacin,800 g choline chloride,
15 mg vitamin B1?, 10,000 IU vitamin E, 2 g menadione, 200mg iodine,
90 giron, 20 g manganese,10 g copper, 90 g zinc and 100 mg selenium
per ton of feed.

Results and Discussion

During the growing period (42 - 121 lb, Table 2), pigs from
the rapid growth line grew 2% faster when fed the wheat diet but pigs
from the slow growth line grew faster (4.4%) when fed the corn diet.
Although treatment differences were not significant for either line,
this inconsistent response between lines resulted in a line by treatment
interaction (P<.Ol). Average daily feed intake followed a pattern
similar to that observed for average daily gain, although neither
treatment effects nor the interaction was significant. Feed efficiency
was similar for both corn and wheat fed pigs within each line. As
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Ingredient Corn Wheat Corn Wheat

---------------- -----_._-

Corn, yellow 77 .12 82.65
Wheat, hard red winter 81.00 86.80
Soybean meal (44%) 19.03 15.37 14.06 10.15
Dicalcium phosphate 1.84 1.46 1.68 1.25
Calcium carbonate 0.76 0.92 0.76 0.95
Salt 0.50 0.50 0.50 0.50
Vitamin trace mineral mixa 0.25 0.25 0.25 0.25
Tylan 10 0.50 0.50 0.10 0.10
Total 100.00 100.00 100.00 100.00

Calculated Analysis
% Protei n 15.16 16.64 13.46 15.06
% Lysine 0.75 0.75 0.62 0.62
% Met + Cys 0.53 0.48 0.49 0.44
% Threonine 0.60 0.59 0.52 0.51
% Calcium 0.75 0.75 0.70 0.70
% Phosphorus 0.65 0.65 0.60 0.60



expected, pigs from the rapid growth line grew more rapidly and had a
higher feed intake than pigs from the slow growth line. The results of
this summary of three trials is similar to observations over a single
trial (Maxwell et al., 1983) and suggest that hard red winter wheat is
comparable with corn as a feedstuff for the growing pigs when diets are
formulated on an equivalent lysine basis.

TABLE 2. Treatment means of two lines of pigs fed either wheat or
corn during the growing period.

Treatments

Rapid Growth Line Slow Growth Line

Item Corn I~heat Corn Wheat

Pigs per treatment, no
Pens per treatment, no
Avg initial wt, lb
Avg final wt, lb
Avg daily gain, lbab
Avg daily feed intake, lba
Feed per lb gain! lb

167
11
47.5

123.9
1.50
3.99
2.67

156
10
45.0

122.8
1.53
4.03
2.67

116
8

35.1
118.9

1.42
3.79
2.73

131
9

38.9
115.2

1.36
3.62
2.72

gLine effect (P<.OOI).
Line by treatment interaction (P<.OI).

During the finishing period (121 - 222 lb; Table 3), pigs fed corn
grew slightly faster than pigs fed wheat in both the rapid growth line
and the slow growth line although differences were not significant and
resulted in only a 2.8% overall improvement in gain. Since this
difference in gain was greater in the slow growth line (6.2%) than in
the rapid growth line (0.5%), a line by treatment interaction (P<.08)
was observed. Similarly, average daily feed intake averaged over both
lines was only slightly higher (2.2%) for pigs fed the corn diet than
those fed the wheat diet. Feed efficiency was similar for pigs fed the
corn or wheat diet when summarized over both lines (3.44 vs 3.42 lbs of
feed per lb of gain, respectively). Backfat was not affected by dietary
treatment in this study. Pigs from the rapid growth line grew more
rapidly, had a higher feed intake and were more efficient than pigs from
the slow growth line. This summary of results of three feeding trials
suggest that pigs perform similarly when fed corn or hard red winter
wheat during the finishing period although there is some indication that
slower growing pigs may have more of a tendency to prefer corn over
wheat than faster growing pigs.
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TABLE 3. Treatment means of two lines of pigs fed wheat or corn

during the finishing period.

------_._---

Treatments

Rapi d Growth Li ne Slow Growth Line

Item Corn Wheat

Pigs per treatment, no

Pens per treatment, no

Avg initial wt, lb

Avg final wt, lb b
Avg daily gain, lba

Avg daily feed intakc' lba
Feed per lb gain, lb

Backfat, in

167
11
123.9
224.8
1.95
6.52
3.31
1.04

155
10
122.8
224.3
1.94
6.35
3.36
1.03

Corn Wheat

--------

114
8

118.9
220.3
1.70
5.36
3.56
0.97

130
9

115.2
215.0
1.60
5.28
3.49
0.99

gLine effect (P<.OOI).
Line by treatment interaction (P<.08).

cLine by effect (P<.05).
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AMINOACID SUPPLEMENTATIONOF WHEATDIETS FORGROWING-FINISHINGSWINE

1 2 3 1
C.V. Maxwell, D.S. Buchinan , R.O. Bat~s , F.N. Owens,

W.G. Luce and Rex Vencl

Storyin Brief

To determine the effect of replacing a portion of the soybean meal
in wheat rations with lysine with or without added threonine on
performance, 348 growing-finishing pigs were fed wheat-soybean meal
diets. Substituting only lysine for soybean meal reduced daily gains
and efficiency of feed use. Addition of threonine together with lysine
improved daily gain in the growing period but not in the finishing
period. Gains by pigs fed wheat plus lysine and threonine were equal to
those fed the control wheat-soybean meal diet for slow growth line pigs
but not for those from a rapid growth line. Following lysine, threonine
limited feed intake and gain from wheat diets for growing pigs but not
for finishing pigs.

Introduction

Portions of the soybean meal used to supplement diets of sorghum or
corn grain for swine can be replaced by addition of limiting amino
acids. Levels of the primary amino acids which may limit growth
(lysine, sulfur amino acids, tryptophan and threonine) are higher in
wheat than in corn or milo grains, but research information to determine
the feasibility of replacing a portion of the soybean meal in wheat
diets with semipurified amino acids is not available. All the limiting
amino acids are available in sufficient quantities to supplement though
cost is currently quite high. Amounts required to supplement wheat
diets are considerably less than needed for corn or sorghum grain diets.
This study was conducted to determine the effect of replacing half or
all of the supplemental soybean meal in wheat diets with lysine or with
lysine plus threonine on performance of growing-finishing swine.

Materials and Methods

This trial was conducted at the Livestock and Forage Resarch
Laboratory at El Reno, Oklahoma. A total of 348 pigs in 22 indoor pens
equipped with self-feeders and waterers were fed the test diets. Pigs
came from groups genetically selected for slow growth or rapid growth
and were randomly allotted within growth line to the three dietary
treatments (table 1). All diets contained 0.75 percent lysine from
wheat plus soybean meal or lysine during the growing phase (42-116 lb)
and 0.62 percent lysine during the finishing (116-217 lb) phase. The
three treatments consisted of: (1) a wheat-soybean meal diet; (2) wheat
supplemented with lysine but formulated to supply only the required
amount of threonine which was calculated to be the second limiting amino
acid or (3) diet 2 plus threonine at 120%of the NRC (1979) requirement.

Iprofessor 2Associate Professor 3Graduate Assistant 4Herdsman
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aSupplied 4,000,000 IUvitamin A, 3,000,000 IU vitamin D, 4 g ribo-
flavin, 20 g pahtothenic acid, 30 g niacin, BOOg choline chloride,
15 mg vitamin Bp' 10,000 IU vitamin E, 2 g menadione, 200 mg iodine,
90 giron, 20 g manganese, 10 g copper, 90 g zinc and 100 mg selenium
per ton of feed.

These levels of amino acids (.32 and .40% of the diet) replaced 7.4%
(over half) and 10.1% (all) of the soybean meal in the diet during the
growing phase and the finishing phase, respectively.

Results and Discussion

A block (growth rate selection line) by treatment interaction for
average daily gain and average daily feed intake was detected, so
results are presented within line of selection (table 2). During the
growing period, pigs fed the wheat-soybean meal diet (treatment 1) grew
faster (P<.OI) than pigs fedthewheat-lysine diet (treatment 2).
Lysine substitution for soybean meal reduced growth rate by 22.0 and
12.9 % for the rapid growth and for the slow growth line, respectively.
Addition of threonine (treatment 3) to the wheat-lysine diet (treatment
2) increased gain (P<.OI) by 16.4 for pigs from therapid growth line

.392 Oklahoma Agricultural Experiment Station

TABLE1. Compositionof experimental rations.
---

Grower Diets Finisher Diets

---
I 2 3 1 2 3

wheat wheat wheat wheat wheat wheat
+ lys + lys + lys + lys

Item + thr + thr

-------
-----------% Composition (as-fed)------------

Wheat, hard red winter 81.00 89.00 88.92 86.80 96.53 96.45
Soybeanmeal (44%) 14.37 7.00 7.00 10.15 0.00 0.00
Dicalcium phosphate 1.46 1.60 1.60 1.25 1.38 1.38
Calcium carbonate 0.92 0.90 0.90 0.95 0.92 0.92
Salt 0.50 0.50 0.50 0.50 0.50 0.50
Vit TMmixa 0.25 0.25 0.25 0.25 0.25 0.25
Lysine hydrochloride 0.00 0.25 0.25 0.00 0.32 0.32
Threonine 0.00 0.00 0.08 0.00 0.00 0.08
Tylan 10 0.50 0.50 0.50 0.10 0.10 0.10
---------
Calculated analysis

% Protei n 16.64 13.94 13.93 15.06 12.06 12.06
% Lysi ne 0.75 0.75 0.75 0.62 0.62 0.62
% Met + cys 0.48 0.41 0.41 0.44 0.35 0.35
% Threonine 0.59 0.46 0.54 0.51 0.37 0.44
% Calcium 0.75 0.75 0.75 0.70 0.70 0.70
% Phosphorus 0.65 0.65 0.65 0.60 0.60 0.60

----------------



and by 14.S% for pigs from the slow growth line. Compared to growth
rates of pigs fed the wheat-soybean meal diet (treatment 1), growth rate
with the wheat-lysine-threonine diet (treatment 3) remained low (P<.01)
for pigs from the rapid growth line. In contrast, gains from treatments
1 and 3 were equal for pigs from the slow growth line. This
differential response to supplemental amino acids between the rapid and
slew growth lines caused a selection line by treatment interaction
(P<.001) and indicates that amino acid requirements as a percentage of
the diet change as potential growth rate changes.

TABLE2. The effect of level of soybean meal and amino acids on gain
and feed intake in two lines of growing-finishing swine fed
wheat based diets.

------------- ------------------------------------

Rapid Growth Line
Treatments

Slow Growth Line
Treatments

Finishing period (116-217 lb)
Avg daily gain, lbab 2.17c 1.85d 1.85d
Avg daily feed intake, lb 6.64c 6.21cd 5.aad

1.60f 1.519 1.54f9
5.00 5.06 5.07

-----------------_._------_._- --------

gGrowth rate line by treatment interaction (P<.OO01).
H~owth rate line effect (P<.OOOlJ.

c Means in the same row with a different superscript within line

f differ (P<.01).
gMeans in the same row with a different superscript within line

differ (P<.l).

Feed intake during the growing period also responded differently to
supplementation in the two growth rate lines. For pigs from the rapid
growth line, feed intake was highest for pigs fed the wheat-soybean meal
diet (treatment 1) and lower (P<.10) for pigs fed the wheat-lysine diet
(treatment 2) with intake of the wheat-lysine-threonine diet (treatment
3) being intermediate. In contrast, feed intake of pigs from the slow
growth line was equal for the wheat-soybean meal (treatment 1) and
wheat-lysine (treatment 2) diet but tended to increase (P<.1) with added
threonine (treatment 3). Most of the added gain can be explained by the
additional feed consumed. These data suggest that threonine limited
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--------- ----------------
1 2 3 1 2 3

wheat wheat wheat wheat wheat wheat
+ soy + lys + lys + soy + lys + lys

+ thr + thr
------------------------------------- --- --------------

Pigs per treatment, no 60 55 41 61 58 62
Pens per treatment, no 4 3 3 4 4 4

Growing period (42-11g lb) 1.64c 1. 28d 1.4ge 1.32c 1.15d 1.32cAvg daily gain, lba
Avg daily feed intake, lb 4.24f 3.S2g 4.0Sf9 3.42f 3.41f 3.789



feed intake and gain of pigs fed a wheat-lysine diet calculated to meet
the threonine requirement. Possibly lysine supply for the rapid growth
line limited response to added threonine. Effects of threonine on
growth hormone release also could differ between pigs selected for slow
versus rapid growth. Responses in feed intake but not in gain could
indicate that threonine, not lysine, was the first limiting amino acid
in wheat diets for pigs from the slow growth line.

TABLE3. The effect of level of soybean meal and amino acids on feed
efficiency and backfat in two lines of growing-finishing
swine fed wheat based diets.

------------.--.------.-------------------

Treatments
--------------------------------

1
wheat

2
wheat
+ lys

3
wheat

+ lys
+ thrItem

--------------------------

abMeans in the same row with different superscripts differ (P<.Ol).

c~Means in the same row with different superscripts differ (P<.OS).
e Means in the same row with different superscripts differ (P<.l).

Duringthe finishing period (116-217 lb), pigs selected for rapid
growth again gained more rapidly than those selected for slow growth
(P<.OOOI). The wheat-soybean meal diet (treatment 1) produced more
rapid gains than the wheat-lysine diet for pigs from the rapid (P<.Ol)
and from the slow (P<.10) growth line. The addition of threonine failed
to improve performance in pigs from either selection line. Differences
in growth rate between pigs fed the wheat-soybean meal diet and those
fed the wheat-lysine diet was much greater for pigs from in the rapid
growth line than for pigs in the slow growth line which resulted in the
selection line by treatment interaction (P<.OOl). Responses could
suggest that some amino acid other than lysine or threonine was limiting
growth rate or feed intake with these wheat diets and that threonine may
be limiting for slowly but not rapidly growing pigs. Feed intake during
thefinishingperiOd was lower (P<.Ol) for pigs from the rapid growth
line with toe ~noat-lysine-threonine diet (treatment 3) than with the
wheat-soybean meal diet (treatment 1). Since the addition of threonine
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Pigs per treatment, no 122 118 108
Pens per treatment,no 8 7 7

Growing period (42-116 lb)
2.70ae 3.01 bf 2.88abfFeed per lb gain, lb

Finishing period (116-217 lb)
3.3Sce 3.61df 3.40cdeFeed per lb gain, lb

Growing-finishing period (42-217 lb)
1.14e 1.12e 1.11 fBackfat, in

------------------------------------- ------_._-------



did not produce a growth rate or feed intake response, these data
support the suggestion that threonine was not the amino acid limiting
growth in finishing swine fed a wheat-lysine diet or that a combination
of amino acids was limiting.

No interaction between growth rate line and diet was detected for
feed efficiency so trial means are presented in table 3. Feed
efficiency was poorer for the wheat-lysine than the wheat-soybean meal
diet in both the growing (P<.Ol) and finishing (P<.05) periods. Feed
efficiency was improved slightly by adding threonine to the wheat-lysine
diet for both growing and finishing pigs. Feed efficiency tended to be
poorer for pigs fed the wheat-lysine-threonine diet than for pigs fed
the wheat-soybean meal diet during the growing period (P<.10) but not
during the finishing period. Backfat tended to be lower for pigs fed
amino acid supplemented diets. These data suggest that supplementing
wheat diets with threonine and lysine to meet the NRC(1979) threonine
requirement will restore feed efficiency during the finishing, but
notduring the growing period. The observation that feed efficiency of
finishing swine was improved by addition of both lysine and threonine is
inconsistent with the observation that average daily gain was not
improved in either line by adding threonine to the wheat-lysine diet.
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WITHIN HERDVARIATIONFORFEEDLOTPROFIT

J. W. 01tjen1 and D. R. Gil12

Cattle feeders have long since recognized that cattle within a pen
vary tremendous ly in thei r profi t potent i a1. This observati on appears
true within a relatively homogenous group of cattle, even for those
originating from the same herd. Although factors affecting this
variation may be genetic and environmental, our interest has been in
relating easily measured individual traits with subsequent feedlot
profits.

A preliminary data set containing individual birth date, weaning
weight, off-pasture (feedlot-in) weight, feedlot check (75 day on feed)
weight, carcass weight, yield and grade data was collected for 148
Charolais x (Hereford-Angus) steers from one herd fed in a Panhandle
feedlot. Feed intake was estimated based on National Research Council
equations for gain. Financial data were feedlot-in price, $61/cwt;
carcass price, $93/cwt-GOODand $103/cwt- CHOICE;and $182/ton feed dry
matter (includes all miscellaneous costs). Greater weaning weight,
pasture daily gain and feedlot-in weight were associated with less
profit; increased feedlot gain, quality and yield grade, and early
feedlot gain were associated with more profit (table 1). Quality grade
had the greatest effect on profit due to a $10/cwt differential between
good and choice carcasses. When this effect was removed statistically,
a remaining change in profit was -$12 per 100 lb weaning weight, -$18
per 100 lb off pasture weight, -$15 per lb prefeedlot (pasture) daily
gain, -$1 per unit yield grade, +$10 per lb feedlot daily gain and +$6
per lb 75 day feedlot daily gain.

Table 1. Relationship of feedlot profit with various traitsa.

Effectb
Item Correlation (r) ($/unit change)

Weaning weight
Weaning age
Weaning weight/day age
Pasture daily gain
Off pasture weight
Feedlot daily gain
Feedlot intake
Final weight/day age
Final weight
Final age
Quality grade
Yield grade
75 day feedlot weight

-.17*
+.03
-.15
-.22**
-.34**
+.25**
+.12
+.01
+.00
+.03
+.77**
+.32**
+.20*

.12

-15.28
.18

+ 9.70

+27.64
- 1.19
+ 6.25

~Weight (lb); time (D); quality grade (Choice=10, choice-=9, etc.).
After adjustment for quality grade effect.

*P<.05, **P<.Ol.

1Assistant Professor 2professor
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FEEDINGWHEATTO DAIRY COWS

123L. J. Bush, M.Faldet , and G. D. Adams

In Oklahoma, an abundant supply of wheat is generally available for
livestock feeding. At times, the price is competitive with that of
other feed grains used as an energy source in dairy rations. When this
is the situation, wheat can be used to advantage in formulating high
energy rations for lactating dairy cows; however, the limits on the ex-
tent to which other grains can be replaced by wheat in dairy rations
have not been well defined. Much of the earlier work on the subject was
conducted using cows producing considerably less milk and fed much less
concentrates than is common in the industry today. Also, there is a
lack of information concerning the feasibility of using wheat as a major
component of a complete mixed ration where silage is the only forage.

A feeding trial is underway to compare the performance of lactating
cows fed concentrate mixtures containing different amounts of wheat in-
cluded in a complete ration with sorghum silage as the only forage. The
concentrate mixtures contain 0, 40, and 60 % wheat, with the latter
level representing the highest percent that can be used and still main-
tain protein, fiber and energy content of the total ration at an
acceptable level. The rations were calculated to be isocaloric and iso-
nitrogenous with wheat replacing some soybean meal as well as corn.

The rations consist of 55 % concentrates and 45 % forage on a dry
basis. The respective rations are fed to individual cows in three por-
tions at a-hour intervals. A total of 21 cows in their second or
greater lactation are being used in a switchback trial with three
periods of 4 wks each. Measurement criteria are: milk yield and
composition, feed intake, incidence of off-feed, weight change, body
condition change, concentration of blood plasma urea, rumen pH, lactic
acid and volatile fatty acids.

Data from the last two weeks of each period will be used for com-
parisons among treatments. To date, feed intake by cows fed the three
rations appears to be similar. Also, no serious off-feed conditions or
apparent digestive disturbances have been observed.

Iprofessor 2Graduate Assistant 3Instructor
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DEVELOPMENT OF RESTRUCTUREDBEEF PRODUCTS

1 2 3 4
J.R.Busboom, H.G. Dolezal , J.J. Guenther, and F.K. Ray

The chuck comprises over 25%of the beef carcass and because of
it's inherent lack of tenderness, cuts from the chuck are used primarily
for roasts and/or hamburger. U.S. consumers generally des ire more
steaks and fewer roasts. The preference for steaks is relfected in the
price differential between steaks and roasts. Current lifestyles
indicate that this preference will continue since in many families both
husband and wife are employed outside the household. Therefore products
such as steaks that can be prepared quickly, conveniently and in
individual portions will be in demand.

Restructuring of chuck muscles is a manufacturing process that
imparts to chuck meat desirable palatability characteristics.
Currently available restructured products lack palatability
characteristics necessary to merit success in the market place.
Therefore, research is being conducted to improve consumer acceptability
of currently available restructured beef products, such as chunked and
formed beef steaks, and also to develop a new restructured beef product
made from muscles of the chuck and other low to intermediate value cuts.
The new product will more closely resemble intact muscle cuts of meat in
such characteristics as appearance, palatability, texture and "bite"
than do conventional restructured products. Technology for
manufacturing the new product will involve removal of individual muscles
from the low value wholesale cuts of beef and reorientation of the
muscl es to achi eve the des i red effect. Appropri ate equi pment has been
obtained and placed in operation. Consumer response to experimental
products has been extremely favorable. The products have received
comments such as "very good flavor", "very tender" and "steak-like
texture".

Individual chuck muscles are being characterized to ascertain
their suitability for inclusion in restructured products. Twenty chucks
varying in quality (U.S. Choice vs U.S. Good) and yield (U.S. 2 vs U.S.
3) grade will be physically separated into fat, individual muscles and
bone. Eighteen muscles from each chuck wi11 be analyzed for weight,
chemical composition, connective tissue, shear resistance, fiber
diameter, oxidative enzyme activity and binding strength.

In addition, experiments are planned to:
1. Compare new products with conventional restructured products and

intact muscle using trained and consumer taste panels.
2. Evaluate the effects of type and quantity of added binding materials

on functional and sensory characteristics of the product.
3. Determine the most efficient method for extraction of binding

protein.
4. Determine the effects of long term modified atomosphere storage on

product stability.

1Research Associa4e, 2Assistant Professor, Animal Science, 3professor,
Animal Science, Associate Professor, Animal Science.
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EFFECTSOF DIFFERENTLEVELS OF CORNGLUTEN
FEED IN RATIONSFOR BEEF CATTLE

Rajiha Younis1 and Don Wagner2

Corn gluten feed (CGF) is by-product of wet-milling corn in the man-
ufacture of corn starch or syrup. On the--average this product contains
about 22.0% crude protein, 2.0% ether extract and 9.0% crude fiber. Some
studies with species other than ruminants, such as swine and poultry,
h ave demon s t rated th at CGFmight be sati sfactory to replace a part of
the protein supplement although CGFgenerally is low in protein quality.
Possible replacement with CGF in ruminant rations has received little
study, especially with forage based diets. Therefore, there is a need
for research to establish the limits and value of corn gluten feed in
rations for grazing beef cattle.

Past OSU research has shown supplementation with soybean meal to
produce very positive and economical responses in daily gain in stocker
cattle. Moreover, intake and digestibility of forage were improved sub-
stantially by soybean meal when stocker cattle were fed medium quality
prairie hay. The objective of this study, therefore, is to determine
the effects of replacing soybean meal supplements with different levels
of CGF when beef cattle heifers are fed a basal diet of medium quality
prairie hay (harvested in early to mid July). Fifteen heifers will be
fed five different protein supplements in a replicated 5 x 5 Latin
square design trial. Hay will be labeled with markers of chromium oxide
and ytterbium to estimate digestion parameters and rate of passage.

The next stage of the study will involve a feeding trial using five
heifers with ruminal and duodenal cannulae. Animals will be fed rations
as in trial 1 to estimate the rate of disappearance of CGFfrom dacron
bags placed in the rumen and to measure the protein bypass to the duode-
num by using a dual marker system.

This study should provide information on the potential usefulness
and preferable level of CGFin supplements for grazing beef cattle such
as stockers and perhaps beef cows.

1 2Graduate Student Professor
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Miscellaneous Publication 116

p. iii. Authors and page number for second article under Foods and
Carcass Evaluation are incorrect. This listing should be "Effect of
Electrical Treat.ent on the Diffusion of Nitrate Ion8 into Porcine

MU8cle ... A.M.S. AI_, J.J. Guenther, P.L. Claypool and It.1:. Novotny
31".

p. 292. The equations given in the third paragraph are incorrect.
These should read as follows:

"For yearling8, ME (Meal/day)- .0390 W.75;.

For yearling 8teers, ME (Meal/day)I

(.0122 ADG + .000717 ADG2) w.75;

For yearlinl heifers, HE (Meal/day)
I

(.0130 ADG + .00133 ADG2)W.75;"
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