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Dear Missouri Beef Producers: 

It is indeed a pleasure for me to write this foreword for 
the 1981 Beef Cattle Production and ~anagement report. Contained in 
this publication are progress reports of some of the beef cattle 
resea rch that is on goi ng at the Uni versity of r~i ssouri . 

Scientific research at UMC and at the branch experiment stations 
help develop new information and new answers for use by Missouri 
Cattlemen and agri-business. Our goal is to be innovative and 
forward in our thinking to develop a research effort that will be 
beneficial to the beef industry of r'·1issouri. 

The beef industry is faced with some great challenges. The 
problems and questions being asked are complex, this creates a 
situation of a needed team approach. We appreciate the support 
given to our program in the past, and are looking forward to working 
together in the future. Listed on page 96 are the organizations 
that have supported the beef cattle research program this past year. 
We would like to take this opportunity to say a big IIthank you ll to 
these supporters. 

He are very proud of our beef cattle research program in 
Missouri. It continues to grow and strengthen in it's breadth 
and depth. We encourage you to visit our research farms and centers. 
t~e enjoy showing people our facilities and visiting about the work 
we are doing. If we can be of help to you please let us know. 

Sincerely. 

/J-C&! ~ 1 L ,f ","", , " , \ )'!/ ,/ ~f .... ,;" 1. 1; " , i " (/\,Lv."'---'" 
C " L,; 1" ~ ""' " 

'" Bobby D. Moser 
Department Chairman 
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SELENIUM AND REPRODUCTION IN YEARLING BEEF BULLS 

T. J. Gall, E. D. Heimann, L. Sp. Agudo, J. S. Morris, 
R. E. Morrow, R. G. Elmore and M. F. Smith 

SUMMARY 

A study was conducted to determine the relationships among the 
selenium (Se) concentration of semen, Se concentration of reproductive 
tissues, and semen quality. Thirty-six Angus (A) and Simmental (S) 
bulls were randomly assigned to one of two treatment groups [limit fed 
(L) or full fed (F)] at weaning (205 days). Approximately 160 days 
postweaning, two semen samples were collected (50 days apart) from each 
bull by electroejaculation. Measurements of seminal Se concentration, 
primary sperm abnormalities, and secondary sperm abnormalities were 
obtained at each collection. Following the second collection 8 A and 
4 S bulls were slaughtered, various body tissues collected, and the 
tissues analyzed for Se. 

The results indicate that sperm abnormalities were not highly 
related to seminal Se concentration. Conversely, the Se concentration 
of testis and epididymis was negatively related to the incidence of 
sperm abnormalities. 

INTRODUCTION 

Recent studies suggest that the trace mineral selenium (Se) may be 
involved in the male reproductive process. In Se deficient mice, an 
increase in sperm abnormalities and a decrease in sperm motility have 
been reported. Although Se is reportedly incorporated into the repro
ductive tissues and semen of bulls, the function of this element is 
unclear. The addition of Se to bovine semen reportedly increases sperm 
motility before and after freezing. Recent studies also indicated that 
Se supplementation (in vitro) to bull semen increased the percent 
motility without affecting sperm viability. 

The objectives of the present study were to: 1) develop a method 
of quantifying the Se concentration of sperm, seminal plasma, and semen 
using rapid Instrumental Neutron Activation Analysis (INAA), 2) 
determine the relationship between seminal Se concentration and semen 
quality in young bulls, 3) determine the relationships among the Se 
concentration of reproductive tissues, semen, blood plasma, and semen 
quality in young bulls. 

MATERIALS AND METHODS 

DeveZopment of INAA For Quantifying Seminal Se Concentration. 

Semen was collected from six Angus (A) and six Simmental (S) bulls 
using an artificial vagina. Following arrival at the laboratory, 
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aliquots (in triplicate) of semen (.2 ml), seminal plasma o {·2 ml! and 
spermatozoa (recovered from .5 ml semen) were fr~z~n (-20 C) untll . . 
analyzed by INAA. The separate fractions, contalnlng unknown quantltles 
of Se, were exposed to a neutron (N) disch~rge (flux = 1.x 101:N/c~~/sec) 
for five seconds, resulting in the productlon of the radlonucllde mSe. 
The 162 KeV gamma-ray peak associated with the decay of 77mSe (t~ = 17.4 
sec) was quantitatively measured in the sample and compared to standards 
containing known quantities of Se. 

Seminal Se Concentration and Semen Quality. 

Thirty-six A and S bulls were randomly assigned to one of two 
treatment groups [limit fed (L) or full fed (F)] at weaning (205 days). 
Approximately 160 days later two semen samples were collected 50 days 
apart using electroejaculation. Measurements of sperm morphology and 
concentration were determined following semen collection. Seminal Se 
concentration was determined as previously described. 

A blood sample was collected prior to electroejaculation via 
puncture of a tail vessel. Following centrifugation, plasma was 
collected and stored at -20°C until analyzed for Se using INAA. 

Selenium Concentration of Reproductive Tissues. 

Following the second semen collection, 8 A and 4 S bulls were 
sacrificed at the UMC Abattoir. Approximately 10 gm of the following 
tissues were frozen (-20°C) within 4 hours of slaughter: testis, 
epididymis, vas deferens, vesicular glands, prostate gland, bulbo
urethral glands, penis, pituitary gland, cerebellum, cerebrum, spinal 
cord, skeletal muscle, lung, liver, pancreas, spleen, and kidney. The 
tissue samples were lyophilized, placed in polyethylene vials (.4 mg/ 
vial) and analyzed for Se in triplicate using INAA. 

The data were analyzed by analysis of variance of least square 
means and simple correlations were determined. 

RESULTS 

Deve lopment of INAA For Quantifying Seminal Se Concentration. 

There was no difference in Se concentration of seminal components 
(semen, seminal plasma, or sperm) between breeds. Mean (x ± S.D.) Se 
concentration of semen, seminal plasma and spermatozoa were .431 ± .316 
~g/ml, .241 ± .156 ~g/ml and .179 ± .045 ~g/109 cells, respectively. 
The Se c~nc~ntr~tion ~f sperm was relatively constant which suggests 
that varlatlon ln semlnal Se concentration results from differences in 
sperm concentration and/or differences in the Se concentration of 
seminal plasma. 

This study indicates that INAA is a fast and reliable method of 
analyzing the Se concentration of bull semen and seminal components. 
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Seminal Se Concentration and Semen Quality. 

The Se concentration of semen and blood for the limit fed and full 
fed groups are outlined in table 1. The seminal Se concentration was 
similar for both feed groups; however, the blood plasma Se level was 
higher in the full fed bulls. The higher Se level in the blood may have 
been due to an increase in Se intake among the full fed bulls. 

A significant difference was observed in seminal Se levels between 
breeds (A = .612 wg/ml; S = .394 ~g/ml). These values were 6 to 10 times 
higher than the blood plasma Se levels for the same bulls. 

Correlation coefficients for seminal Se level, blood Se level, and 
sperm abnormalities are reported in table 2. A positive correlation was 
noted between seminal Se level and sperm concentration which supports a 
previous finding that seminal Se concentration should increase as sperm 
concentration increases. 

The correlation between seminal Se concentration and primary (r = 
-.29) or secondary (r = .16) sperm abnormalities were low. Consequently, 
seminal Se concentration does not appear to be highly related to sperm 
abnormalities. 

Selenium Concentration of Reproductive Tissues. 

Mean Se concentrations for individual tissues are reported in 
figure 1. As expected, the highest Se level was found in the kidney 
cortex (6.882 ± .034 ppm), the major location for concentration and 
secretion of Se. High levels of Se were also found in the pituitary 
(3.211 ± .016 ppm). 

The relatively high Se levels in testis and epididymis support the 
hypothesis that the testicle actively takes up Se from the blood. 

Correlations between Se concentration of tissues and sperm 
abnormalities are reported in table 3. There was a negative correlation 
between the incidence of sperm abnormalities and the Se concentration of 
the testis and epididymis. 
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TABLE 1. CONCENTRATION OF SELENIUM IN SEMEN AND BLOOD PLASMA 

BY TREATMENT GROUP 

Selenium concentration {flg/m1 } 

Treatment Semen Blood 

Limit fed .525 ± .013 .054 ± .002a 

Full fed .555 ± .013 .067 ± . 002 

a,bp<.Ol. 
Numbers represent mean ± standard error. 

TABLE 2. CORRELATIONS BETHEEN SELENIUM CONCENTRATION AND 

SPERM ABNORMALITIES 

b 

Semen (Se) Blood (Se) Primary abn . Secondary abn. 

Sperm Cone. .50* .06 -.49* .06 

Secondary abn. .16* .15* .31 

Primary abn. -.29* .07 

Blood (Se) - . 12* 

*P<.01. 
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TABLE 3. CORRELATIONS BETWEEN TISSUE SELENIUM CONCENTRATION AND SPERM ABNORMALITIES 

Epidid. Epidid. Epidid. Vas 
Testis head body tail def. Vasicular Bulbo Prostate Blood 1° 2° 

Semen Se .046 .276** .103 .049 -.021 .202* -.302** .079 .195* -.454** -.377** 

2° -.426** -.081 -.057 -.540** .125 -.108 .227** .164* -.030 .337** 

1° -.444** -.051 -.388** -.626** -.450** -.247** .153* .129* -.454** 

Blood .346** -.068 .360** .194* .392** .541** .400** .140* 

* P<.05. 
-...] 

**P<.Ol. 
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ADMINISTRATION OF GONADOTROPIN RELEASING HORMONE 
IN EARLY POSTPARTUM BEEF COWS 

P. K. Forrest, M. F. Smith, T. A. Mollett, H. J. Irvin 
and H. A. Garverick 

SUMMARY 

Sixteen suckled beef cows were utilized to determine the dose 
response to different levels of repetitive doses of gonadotropin 
releasing hormone (GnRH) prior to a 100 ~g GnRH challenge. The plasma 
luteinizing hormone (LH) levels were monitored following the challenge 
and revealed no difference among the various pre-treatment dose 
concentrations. 

INTRODUCTION 

One of the primary goals of a cattle operation is to maximize the 
pounds of calf/cow/year. In order to achieve this goal, the beef cow 
calving interval should not exceed one year. This requires that cows 
exhibit estrus and conceive by 90 days post calving. 

The ability to exhibit early postpartum estrus is dependent upon 
such factors as: level of nutrition, body condition at calving, age of 
cow, and suckling stimulus. Several of these factors reportedly alter 
the synthesis and/or secretion of reproductive hormones. 

Gonadotropin releasing hormones is a neurohormone which acts 
directly on the anterior pituitary gland to cause a dose dependent 
release of LH. In cattle, LH is reportedly released in a pulsatile 
manner before and during the preovulatory LH surge which suggests that 
GnRH may also be secreted in a pulsatile manner. Consequently, the 
objective of the present study was to determine if repetitive doses of 
GnRH increase pituitary responsiveness to a 100 ~g GnRH challenge in 
beef cows 12 to 15 days postpartum. 

PROCEDURE 

Sixteen beef cows at the UMC South Farm in late gestation were 
utilized for this study. The cows were randomly assigned to one of four 
treatment groups. Groups 1 to 4 received 0, 250, 500, or 1000 ng GnRH 
(1M), respectively, at 90 min intervals commencing 24 hr prior to the 
100 ~g GnRH (1M) challenge on day 12 to 15 postpartum. Blood samples 
were collected by tail vessel puncture prior to the 100 ~g GnRH 
challenge (Oh) and at 30 min intervals thereafter for 4 hours. The 
blood samples were immediately placed in ice water. Following 
centrifugation (1700 x g 4 C), the plasma was stored at -20 C until 
assayed by radioimmunoassay for LH. 
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RESULTS 

The mean LH concentrations for Groups 1 to 4 over the blood sampling 
periods are shown in Figure 1. There were no differences in plasma LH 
concentrations prior to 100 ~g of GnRH among Groups 1 to 4 (x ± SE = 
2.1 ± .2, 1.3 ± .3, 1.8 ± .3 and 2.1 ± .5 ng/ml, respectively). All cows 
released LH in response to 100 ~g of GnRH, with peak values averaging 
(x ± SE) 24.7 ± 4.0, 30.5 ± 2.6, 32.8 ± 2.6 and 33.7 ± 6.1 ng/ml for 
Groups 1 to 4, respectively. Statistical analysis of the GnRH induced 
LH release patterns (0 to 4 hrl were not different among Groups 1 to 4. 
Areas under the LH curve were not different among Groups 1 to 4 (x ± SE 
= 54.2 ± 8.2, 71.5 ± 11.6, 70.8 ± 7.0 and 68.9 ± 11.2 units 2 , 
respectively). These results indicate that repetitive GnRH doses for 
24 hr prior to the 100 ~g GnRH challenge do not alter the GnRH induced 
LH release 12 to 15 days postpartum. 
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COW CALF PERFORMANCE ON TALL FESCUE - RED CLOVER 
VERSUS TALL FESCUE - NITROGEN PASTURES 

J. M. Gubas and R. E. Morrow 

SUHMARY 

Thil'ty eight mature, lactating, crossbred cows (Hereford x Charolais) 
with calves sired by Shorthorn bulls of two different frame scores were 
utilized to determine animal performance on pure tall fescue pastures 
fertilized with nitrogen (TFN)versus tall fescue pastures overseeded 0ith 
red clover (TFC). The experiment was a 142 day grazing trial (April 18 to 
September 4, 1980). Calves grazing the TFC pastures had significantly 
higher average daily gains and consumed significantly more milk than calves 
grazing TFN pastures. Cows grazing the TFC pastures gained significantly 
more weight but there was no difference in fat changes of cows between the 
treatments. Chemical composition of the available forage did not differ 
between treatments but was significantly different by period. There was 
no period by treatment interaction. There was no difference in ADG of 
large frame vs average frame calves. 

IiHRODUCTION 

The state of Missouri currently ranks second in beef cow-calf numbers 
in the United States. r10st of these cow-calf numbers are maintained 
primarily with forages, with little or no concentrate supplementation. 
Therefore the development and comparison of different forage systems is 
essential to the increased productivity of cow-calf producers. 

Tall Fescue (Festuca Arundinacea Schreb) is one of our major cool
season grasses and occuries over thirty-five million acres in the United 
States. It is widely adapted due to its ability to survive climatic 
extremes, to tolerate alkalinity and salinity, to grow on wet or poorly 
drained soils, and to resist drought. The use of nitrogen fertilization 
on pure tall fescue sVJords is a common practi ce and appears to increase 
the total available forage. However, there appears to be an apparent 
correlation between fescue toxicity and nitrogen fertilization. Lov/er 
forage intakes, lower weight gains and lower milk production have been 
associated with increasing levels of nitrogen fertilization. The use of 
legumes, particularly red clover (Trifolium Pratense L) in a mixture with 
tall fescue has become a wide spread practice and is reported to support 
higher levels of animal performance. 

The objective of this research was to compare pastures of tall fescue 
fertilized with nitrogen with those overseeded with red clover, in rela
tion to animal performance and chemical composition of the forage. 
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PROCEDURE 

An imal s 

Nineteen cow-calf pairs were allotted to each of the two treatments. 
Allotment was made by a stratified randomization according to cowage, cow 
weight. sex of calf. age of calf and sire of calf. Calf average daily 
ga i ns and cow wei ght changes VJere determi ned every twenty ei ght days. The 
weights were taken after a fifteen to eighteen hour shrink. Calf milk 
comsumption was determined every twenty eight days utilizing the weigh
suckle-weigh technique. Cow condition changes were determined at the 
beginning. middle and end of the trial. utilizing the K40 whole body counter. 

Pastures 

Pastures cons i sted of II Kentucky 31" tall fescue with ei ther of tvJO 
treatments: 1) fertil i zati on with one hundred pounds of ammoni um nitrate 
(NH4N03) per acre during late winter; or 2) overseeding with "Kenstar" red 
clover at the rate of ei ght pounds per acre. Four twenty acre pastures 
were available for each treatment. Rotational grazing. put and take ani
mals and clipping were utilized as needed to maintain uniformity and as 
high quality of pasture as possible. Pasture quality components were 
determined from random clippings taken weekly from the pastures being 
grazed. Clippings were analized for crude protein (CP), neutral-detergent
fiber (NDF), acid detergent-fiber (ADF) and lignin. 

All data were subjected to Gills analysis for repeated measurements 
over time. Mean differences were determined utilizing Fishers· LSD test. 

RESULTS 

Average daily gains of calves grazing the two pasture types are shown 
in Table 1. Calves grazing TFC pastures had higher average daily gains 
than calves ~razing TFN pastures during all periods, however significant 
differences lP .05) were found only for periods 2,3,5 and total. Since 
calves have been documented as selective grazers it appears that as the 
growing season progressed selection for the higher quality clover resulted 
in greater gains. ~~ith increasing maturity of the tall fescue it is 
possible tllat a palatability problem exists which resulted in lower 
intakes for calves grazing TFN pastures. Higher gains may also be attri
buted to a greater milk consumption (Table 2) by calves grazing TFC pastures. 
Calves grazing TFC pastures had significant higher (p .01) milk consumptions 
than calves grazing the TFN pastures during periods 3,4 and 5. This quite 
possibly indicates a higher level of milk production by cows grazing TFC 
pastures VJhich could indicate a higher intake of digestible energy by the 
TFC cow. Table 3 shows cow weight changes by period. Cows grazing TFC 
pastures never lost weight during any period and had significantly higher 
(pc.Ol) total weight gains than cows grazing TFN pastures. TFN cows were 
more variable with weight gains and lost weight during periods 3 and 5, 
perhaps indicating an inability to consume adequate energy. The percentage 
fat changes for cows on the two pasture types are shown in Table 4. Al
though not agreeing completely with the weight change data they are some
what simil ar. Differences caul d perhaps be accounted for by differences 
in gut fill between time of weighing and time of fat measurement. 
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The mean squares for the forage quality components are given in Table 
5. Treatment had no effect on any forage qual i ty component, hovJever all 
components were affected by period (P .01). There vias no significant 
treatment by period interaction. The crude protein content of the TFC and 
TFN forages are represented graphically in Figure 1. As expected the CP 
content of both forages was initially high and rapidly decreased with in
creased plant maturity but then increased in period 5. This increase cor
responds with cooler, vletter \!Jeatiler. The TFN forage was hi gher in CP for 
the first two periods but then the TFC became higher until regrowth 
started. The ADF content of the TFC and TFN forages are shown in Figure 2. 
As expected the ADF content of both forages increased with increasing 
plant maturity and then decreased as regrowth started. ADF is the chemical 
component which is the most closely associated with digestibility by ani
mals. The NDF content of the TFC and TFN forages are shown in Figure 3. 
NDF is the chemical component which is highly correlated with intake by 
the animal. As with the ADF, ~mF increases with plant maturity and then 
decreases with plant regrowth. Figure 4 shows the lignin content of the 
TFC and TFN forages. Lignin also increases rapidly with increasing plant 
maturity. 

TABLE 1: Average Daily Gains of Calves Grazing Tall Fescue-Red Clover 

TRT 

TFC 

TFi'~ 

and Tall Fescue-Nitrogen Pastures 

Period 
2 3 4 5 

2.03 1.44a 1.25a 1.77 1.02a 

1. 90 1.1gb 1 .04 b 1. 67 0.4l b 

abMeans in the same column with different superscripts are 
significantly different (P<.05). 

6 

1.50a 

1.23b 

TABLE 2: Milk Consumption of Calves Grazing Tall Fescue-Red Clover 

TRT 

TFC 

TFN 

and Tall Fescue-Nitrogen Pastures 

l:eriQQ 
1 2 3 4 5 

15.71 11 .47 12.38a 9.38a 10.19a 

14.95 11 .71 8.08b 3.21 b 3.45b 

abMeans in the same column with different superscripts are 
significantly different (P<.Ol). 
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TABLE 3: Weight Changes of Cows Grazing Tall Fescue-Red Clover 
and Tall Fescue-Nitrogen Pastures 

TRT Period 
2 3 4 5 Total 

TFC 22.35a 9.06 19.00a 2.79a 14.38a 67.61 a 

TFN 66 . 32b 4.16 -33.95b 35.21 b -35 . 47 b 36.28b 

abMeans in the same column with different 
significantly different (P <.Ol). 

superscripts are 

TABLE 4: Percentage Fat Change of Cows Graiing Tall Fescue-Red Clover 
and Tall Fescue-Nitrogen Pastures 

TRT 

TFC 

TFr~ 

Period 
2 3 4 

5.58 -3.26a -3.45a -1.13 

5.13 0.66b -7.34b -1.55 

lrnitial fat percentages were 19.0% for TFC and 18.5% for TFN. 
abMeans in the same column with different superscripts are 

significantly different (.P<.Ol). 

TABLE 5: Analysis of Variance of Forage Quality Components 

Source of Mean Sguares 

Variation df CP ADF NDF Lignin 

Treatment (T) 2.75 1. 65 0.28 0.95 

Period (P) 4 178.15** 379.67** 585.75** 9.79** 

T*P 4 4.75 8.42 11.85 0.83 

Error 21 4.84 6.19 14.96 12.67 

**Significant at the 0.01 level. 
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Figure 2: 

Acid Detergent Fiber Content Of Tall Fescue-Red Clover (TFC) 

Versus Tall Fescue-Nitrogen (TFN) By Period. 
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Figure 3: 

Neutral Detergent Fiber Content Of Tall Fescue-Red Clover (TFC) 

Versus Tall Fescue-Nitrogen (TFN) By Period. 
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Figure 4: 

Lignin Content Of Tall Fescue-Red Clover (TFC) 

Versus Tall Fescue-Nitrogen (TFN) By Period. 
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THE INFLUENCE OF FRAME SIZE ON PERFORMANCE AND 
ENERGETIC EFFICIENCY OF CROSSBRED STEERS 

J. E. Williams, R. E. Morrow, T. Stroud, 
A. Decker and S. Grebing 

SUMMARY 

A performance trial using Shorthorn X Charolais X Hereford crossbred 
steers differing in frame size (500 lbs.) was conducted to compare gain, 
intake, net energetic efficiency for gain, protein and fat deposition. 
Steers were fed a corn silage base diet with 7.5% soybean meal (SBM). 

Total gains for the small frame (SF) and large frame (IF) steers 
were similar during the 91 day trial. Daily gains were slightly higher 
for the SF steers for periods 2 and 3 while IF steers had 19% higher 
daily gains for period 4. 

Net energetic (NEp) efficiency was consistently lower for the IF 
steers as compared to the SF steers during each period. Protein and 
fat deposition in the carcasses of SF and LF steers were similar for 
all periods except the fourth period. Carcasses of SF steers had 5% 
greater amount of fat than LF steers. This study demonstrates the 
difference in performance, energy utilization and protein and fat 
deposition of SF vs IF steers. 

INTRODUCTI ON 

Cattle are traditionally fed to a common age, slaughter weight, 
days on feed or expected quality grade. However, smaller frame cattle 
appear to reach physiological maturity at lighter weights and/or younger 
ages than larger framed cattle. As time on feed increases, it has been 
found that conversion of feed to gain decreases resulting in carcasses 
from smaller framed cattle possessing more waste fat in comparison to 
larger frame cattle. This gain in fat is more expensive than structural 
tissue gain. Since frame size influences physiological maturity, it 
would be interesting to measure (1) energetic efficiency; and (2) protein 
and fat deposition throughout the growing and finishing period in order 
to determine if net energetic efficiency may be used as an endpoint for 
the growing and finishing phase. Data for the finishing period has not 
been completed at this time. 

PROCEDURE 

Twelve Shorthorn X Charolais X Hereford crossbred steers averaging 
503.7 lbs. were assigned according to frame size (4 vs 7) to one of four 
pens with three animals per pen (six animals per treatment). The pens 
were equipped with electronically operated feed gates (American Calan 
Company) which were controlled by a sensing key suspended from a polycord 
around the animal's neck. The steers were fed ad libitum a corn silage 
base diet and supplemented with one pound of soybean meal per head per 
day as shown in Table 1. 
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The steers were weighed on the appropriate days (1-28, 2-18, 3-26 
and 4-6) preceded by 24 hours without feed and 18 hours without water. 
Body protein and fat contents were estimated by potassium40 content of 
the body, as determined by the Whole Body Counter. Shoulder and hip 
measurements were also taken at this time. 

The net energy for maintenance and net energy for production for 
the ration was calculated by using the two stage in vitro digestion 
method to estimate dry matter digestibility (IVDMD). Using regressiona1 
equations established for forages, the total digestible nutrient (TON) 
value of the silage was calculated and converted to net energy for 
maintenance and net energy for gain. The dry matter (OM) intake for 
maintenance was determined by dividing NEm requirements of each steer 
per day by NEm of the feedstuff as shown in Table 2. Available net 
energy for production (NEp) was determined by subtracting OM required 
for maintenance from total OM intake during each period and multiplying 
by the calculated value for NEg for each period as shown in Table 2. 
NEp efficiency was calculated by available NEp divided by individual 
weight gains during each period. 

RESULTS 

As shown in Table 3, total gains for the SF and LF steers were 
similar (121.2 vs 120.3 1bs.) during the first 91 days of the trial. 
In looking at individual periods, SF steers revealed a 9% overall 
improvement in average daily gain over the LF steers during periods 
2 and 3. This improvement in gain was possibly a reflection of higher 
OM intake for the SF steers over the LF steers. During the fourth 
period, LF steers showed a 19% improvement in daily gain over the SF 
steers. This difference in daily gain was not a reflection of OM 
intake since it was similar for both groups. 

The NEp efficiency for the SF-and LF steers remained relatively 
constant during the four periods. During the first period, the higher 
NEp efficiency (3.02 Mca1/lb. gain) for the SF steers was attributed 
to low daily gains for two steers. The NEp efficiency was consistently 
lower for the LF as compared to the SF steers. The lower NEp efficiency 
of the LF steers would suggest that they were more efficient in converting 
feed to animal gain than the SF steers. The more efficient utilization 
of feed by the LF steers was attributed to the lower maintenance require
ments for energy as compared to the SF steers. 

As shown in Table 4, protein and fat deposition in the carcasses 
of SF and LF steers were similar for the first three periods. During 
period 4, a greater amount of fat was deposited in the carcasses of SF 
vs LF steers. This suggested that SF steers were reaching physiological 
maturity sooner than LF steers and accounting for the increase in NEp 
efficiency over the subsequent periods. 
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Table 1. Composition of the diet (% dry basis) 

Corn Silage, % OM 91.9 

Supplement 
Soybean Meal 
Dicalcium Phosphate 
Trace Mineralized Salt 
Vitamin A & 0 

7. 5 
.2 

.3 

. 1 

Table 2. IVOMO and energy value of corn silage and soybean 

meal (SBM) fed to crossbred steers 

Corn Sil age Corn Silage + SBM 
NEm1 NEg2 

OM, % IVOMO, % TON, % Meal/lb. Mea 1 /l b. 

1-28-81 to 
2-18-81 30.4 67.3 66.5 .76 .431 

2-18-81 to 
3-26-81 30.9 64.7 64.6 .73 .406 

3-26-81 to 
4-6-81 29.1 63.5 63 .7 .72 .396 

4-6-81 to 
4-29-81 28.0 67.4 66.6 .76 .431 

1Net energy value for maintenance based upon 91.5% corn silage and 
7.5% soybean meal in the ration having a NEm value of .94 Meal/lb. 

2Net energy value for production based upon the same ration with NEg 
of .62 Meal/lb. for soybean meal. 
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Table 3. Performance of crossbred steers differing 

in frame size 

Frame No. of No. of Initi a 1 Final Da ily OM NEp 1 
Period Size Anim. Days Wt. Lb. Wt. Lb. ADG Intake, Lb. Eff. 

1-28-81 to SF 6 21 504.9 519.2 .68 10.1 3.02 
2-18-81 LF 6 21 502.5 520.1 .84 9.9 1.66 

2-18-81 to SF 6 36 519.2 565.6 1.30 11.9 1.88 
3-26-81 LF 6 36 520.1 565.6 1.28 11.4 1.56 

3-26-81 to SF 6 11 565.6 588.3 1. 91 13.8 1.62 
4-6-81 LF 6 11 565.6 583.2 1. 61 12.6 1.45 

4-6-81 to SF 6 23 588.3 626.1 1.65 14.6 2.02 
4-29-81 LF 6 23 583.2 622.8 2.00 14.3 1.77 

lEfficiency of net energy available for growth in Meal/lb. gain. 

Table 4. Body composition, shoulder and hip measurements 

of crossbred steers differing in frame size 

Frame No. of Protein Fat Shoulder Hip 
Period Size Anim. Content, 1 b. Content, 1 b. Ht, in. Ht., in. 

1-28-81 to SF 6 98.8 65.6 41.5 42.8 
2-18-81 LF 6 99.4 65.8 43.5 45.5 

2-18-81 to SF 6 101.0 70.0 42.0 43.0 
3-26-81 LF 6 101.2 69.7 44.3 45.9 

3-26-81 to SF 6 109.1 81.0 42.8 44.6 
4-6-Bl LF 6 109.3 80.7 44.7 47.1 

4-6-Bl to SF 6 113.5 B4.7 43.2 44.9 
4-29-81 LF 6 113.3 BO.7 45.1 47.0 
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COMPARISON OF BEEF CARCASS QUALITY Ar4D YIELD GRADE FACTORS TO 
WARNER-BRATZLER SHEAR AND SENSORY PANEL CHARACTERISTICS OF 
Lom STEAKS AND ROUND ROASTS 
H. B. Hedrick, J. A. Paterson, A. G. Matches, R. E. Morrow 
W. C. Stringer, M. R. Ellersieck and G. F. Krause 

SUMMARY 

Data from 1024 beef carcasses were used to determine the effect 
USDfI. beef carcass qual i ty and yi el d grade factors have upon l4arner
Bratzler shear values and sensory panel tenderness, juiciness, flavor 
and acceptability scores. Degree of marbling, fat thickness at the 12th 
rib and ribeye area were not related to tenderness of loin steaks or 
round roasts. Loin steaks from carcasses with slight and traces of 
marbling were rated lower by a sensory panel for juiciness, flavor and 
overall acceptabil ity than steaks with more than sl ight degree of ma)'
bling. Similarly round roasts were rated lower for flavor and overall 
acceptability. When marbling was compared in conjunction with fat
thickness, these two factors had no consistent effects on tenderness or 
other sensory characteristics of beef loin steaks or round roasts. 

I NTRODUCTI ON 

Since the Federal Meat Grading Service was established in 1925, 
several changes and revisions have been made in the standards. Recently, 
there have been discussions concerning another change in the standards. 
One change suggested is the reduction in degree of marbling for the choice 
grade and a requirement for a minimum fat thickness over the ribeye of 
0.3 inch for carcasses with the reduced marbling. 

Currently the factors considered in beef carcass quality grades in
clude degree of marbling and maturity and for yield grades, carcass 
weight, ribeye area, fat thickness at the 12th rib and percent kidney, 
pelvic and heart fat. ~~arbling and maturity are indicative of palata
bility and the acceptability of meat products to consumers. 

In view of recent discussions concerning a change in beef quality 
grades and the importance placed on marbling in quality grades, the objec
tive of the present study was to compare the tenderness and other sensory 
attributes of beef steaks and roasts from carcasses that varied in mar
bling, carcass weight, fat thickness and ribeye area. 

PROCEDURE 

Data from 1024 beef carcasses were used to determine the effect 
USDA quality and yie1~ grade factors have upon Warner-Bratzler shear 
values (objective measure of tenderness) and sensory panel tenderness, 
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juiciness, flavor and acceptability scores. The carcasses were from 
steers and heifers of the Angus, Hereford and Charolais breeds and 
crosses of these breeds. The dietary regimens, as well as management 
systems, were varied. However, all animals received a high energy grain 
diet prior to slaughter. Average daily gains prior to slaughter were in 
excess of two pounds per day. 

After the animals were slaughtered, the carcasses were chilled at 
34-36oF for 10 days. The quality and yield grades were determined 24-48 
hours after slaughter. All carcasses were of A maturity. After the 10 
day aging period, short loins and top rounds were removed,frozen at OOF 
and steaks or roasts were subsequently cut for Warner-Bratzler shear and 
sensory panel evaluation. 

Steaks from the short loins were broiled (modified oven broiling) to 
an internal temperature of 158oF. Top round roasts were roasted at 3500 F 
to an internal temperature of 158oF. Either one or one-half inch cores 
(indicated in tables) were removed from cooked steaks and roasts and 
sheared on a Warner-Bratzler shear device. A six member sensory panel 
evaluated cooked samples of loin steaks and round roasts for tenderness, 
flavor, juiciness and overall acceptability using an 8 point scale (8 = ex
tremely desirable, 1 = extremely undesirable). 

RESULTS 

The data presented in table 1 were obtained from 271 Angus-Hereford 
crossbred steers used in a recently compl eted "Forage Beef" study. How
ever, the data from the grass-fed animals are not included. The data were 
compared on the basis of marbling score, fat thickness at the 12th rib, 
ribeye area and carcass weight. There were no significant differences 
(P>.05) in Warner-Bratzler shear values or sensory panel tenderness scores 
of loin steaks or round roasts attributable to degree of marbling. Loin 
steaks with slight and traces of marbling were scored by the sensory panel 
less juicy, less flavorful and less acceptable than steaks having a small 
or greater degree of marbling. Similarly, round roasts from carcasses 
with slight or less marbling were scored less flavorful than those with 
more marbling. 

No significant differences (P>.05) were observed for Warner-Bratzler 
shear values or sensory panel scores for loin steaks or round roasts which 
could be attributed to fat thickness or ribeye area. Loin steaks from 
carcasses that weighed 499 pounds or less had lower shear values (more ten
der) than steaks from heavier weight carcasses. No other significant dif
ferences in tenderness or sensory panel scores were observed for loin steaks 
or round roasts which could be associated with carcass weight. 

Data presented in table 2 were obtained from 753 Angus, Hereford, 
Charolais and reciprocal cross steers and heifers. Only Warner-Bratzler 
shear data were obtained. No significant differences (P>.05) were observed 
for shear values which could be associated with degree of marbling, fat 
thickness at the 12th rib, ribeye area, or carcass Itleight. 
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From the data presented in tables 1 and 2 one can conclude that mar
bling score, fat thickness and ribeye area had no significant effect on 
tenderness. Steaks from carcasses with a slight degree of marbling or 
less were less juicy and less flavorful and similarly roasts were less 
flavorful. It appears that feeding cattle, of the type used in this 
study, to achieve higher degrees of marbling, more fat thickness and 
heavier carcass weights will not result in improved tenderness. However, 
marbling in excess of slight will improve flavor and juiciness of cooked 
meat. Also, heavier weight carcasses will yield more meat per animal unit. 

The data presented in tables 3 and 4 illustrate the relationship be
tween fat thickness (12th rib) and degree of marbling. Differences in 
shear and sensory characteristics existed between degrees of marbling of 
slight-traces versus small and greater degrees of marbling for some of 
the fat thickness groups but significant differences did not exist between 
degree of marbling comparisons for all fat thickness groups. The recent 
suggestion to change beef carcass grade standards to allow carcasses with 
slight degree of marbling to grade Choice provided the carcasses have 0.3 
inch fat or more is not supported by data in tables 3 and 4. The only 
significant differences between the marbling comparisons were for the fat 
thickness groups in excess of 0.3 inch and not in those with less than 0.3 
inch fat. 

One reason given for the fat thickness requirement in recent proposals 
is to- minimize the effect of cold shortening of muscle during carcass chill
ing, which contributes to decreased tenderness. The thicker fat would 
serve as insulation and reduce rate of temperature decline during carcass 
chilling. In the present study the carcasses were chilled for 10 days and 
if cold shortening occurred in carcasses with less than 0.3 inch fat, the 
effect on tenderness was diminished during the 10 day aging period. 

Based on the data presented in tables 3 and 4 one can conclude that 
fat thickness in conjunction with degree of marbling had no consistent effect 
on shear values or sensory characteristics of beef loin steaks or roasts. 
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TABLE 1. TENDERNESS AND OTHER SENSORY CHARACTERISTICS OF BEEF LOIN STEAKS AND ROUND ROASTS AS INFLUENCED BY 
MARBLING, CARCASS FAT THICKNESS, RIBEYE AREA AND CARCASS WEIGHT (STUDY 1) 

Number l~arner-Bratzl er Sensory panel scorec 

Item carcasses shear, lb./~ inch ienaerness Juiciness Fl avor Acceptabi 1 ity 

Marbling score Loin steaks a a a Sl i ght and 1 ess 98 8.60 5.97 5.79b 6.25b 6.10b 
Small 119 8.45 6.13 6.17 6.41 6.31 

Modest 38 8.16 6.08 6.17b 6.44b 6.36b 

Moderate 16 8.38 6.26 6.30b 6.46b 6.42b 

Marbling score Round roasts 
N Slight and less 98 9.85 5.75 5.45 6.14a 5.91 a 
'-J 

Small 119 9.93 5.82 5.56 6.28b 6.03ab 

Modest 38 9.73 6.00 5.75 6.33b 6.17b 

Moderate 16 9.56 5.92 5.50 6.23b 6.01 ab 

Fat thickness, in. Loin steaks 

Less than 0.30 31 7.83 6.51 6.06 6.51 6.48 

0.31 - 0.50 145 8.48 6.07 6.08 6.33 6.25 

0.51 - 0.70 75 8.79 5.93 5.98 6.35 6.15 

More than 0.71 20 8.06 5.94 5.95 6.38 6.25 

Fat thickness, in. Round roasts 

Less than 0.3 31 10.97 6.04 5.69 6.27 6.13 

0.31 - 0.50 145 9.82 5.76 5.50 6.19 5.97 

0.51 - 0.70 75 9.94 5.84 5.59 6.29 6.03 

More than 0.71 20 9.39 (cant.) 5.87 5.43 6.22 5.91 



TABLE 1. TENDERNESS AND OTHER SENSORY CHARACTERISTICS OF BEEF LOIN STEAKS AND ROUND ROASTS AS INFLUENCED BY 
MARBLING, CARCASS FAT THICKNESS, RIBEYE AREA AND CARCASS WEIGHT (STUDY 1, Cont.) 

Number Harner-Bratzler Sensor~ ~anel scorec 
Item carcasses shear, lb./~ inch Tenderness Juiciness Flavor Acceptability 

Ribe~e area, s9. in. Loin steaks 
Less than 9.0 19 7.98 6.27 5.86 6.41 6.31 

9.01 - 11.0 153 8.51 6.02 5.97 6.33 6.21 
11.01 - 13.65 98 8.47 6.11 6.21 6.40 6.31 

Ribe~e area, s9. in. Round roasts 
Less than 9.0 19 10.04 5.76 5.62 6.19 5.97 

N 
90 9.01 - 11.0 153 9.98 5.81 5.59 6.23 6.03 

11 .01 - 13.65 98 9.60 5.86 5.45 6.24 5.96 
Carcass weight, lb. Loin steaks 
499 and less 28 7.86a 6.21 5.93 6.43 6.33 
500-599 63 8.70b 6.00 5.91 6.28 6.17 
600-699 149 8.43b 6.04 6.07 6.36 6.24 
over 700 31 8.65b 6.19 6.22 6.46 6.37 
Carcass weight, lb. Round roasts 
499 and less 28 9.88 5.81 5.61 6.23 6.00 
500-599 63 10.00 5.72 5.47 6.20 5.99 
600-699 149 9.73 5.87 5.56 6.26 6.04 
over 700 31 10.05 5.82 5.53 6.10 5.87 

a,bMeans bearing different superscripts within a column and variable comparison are different at 0.05 
level of probability. Means bearing no superscripts do not differ at the 0.05 level of probability. 

cSensorv Danel scores ranqe from 8 = extremely desirable to 1 = extremely und~sirable. 



TABLE 2. TENDERNESS OF BEEF LOIN STEAKS AS INFLUENCED BY MARBLING 
SCORE, CARCASS FAT THICKNESS, RIBEYE AREA AND CARCASS 
WEIGHT (STUDY 2) 

Item 

Marbling score 
Traces 
Slight 
Small 
Modest 
Moderate and greater 

Fat thickness, in. 
0.30 and less 
0.31 - .50 
0.51 - .70 
0.71 - more 

Ribeye area, Sq. in. 
8.99 and less 
9.0 - 10.99 

11.0-12.99 
13.0 - greater 

Carcass weight, lb. 
499 and less 
500 - 599 
600 - 699 

700 - greater 

Number 
carcasses 

36 
140 
211 
181 
185 

39 
379 
214 
121 

52 
346 
310 
45 

135 
330 
222 

66 

Warner-Bratzler 
shear, 1 b.ll.0 inch 

15.39 
15.56 
14.75 
14.44 
14.58 

15.20 
14.60 
14.96 
15.10 

15.10 
14.61 
15.04 
14.51 

15.31 
14.69 
14.74 
14.63 

Means within a variable comparison do not differ at the 0.05 level 
of probabil ity. 
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TABLE 3. TENDERNESS AND OTHER SENSORY CHARACTERISTICS OF BEEF LOIN STEAKS AND ROUND ROASTS AS INFLUENCED BY 
MARBLING SCORE AND CARCASS FAT THICKNESS (STUDY 1) 

Number Harner-Bratzler Sensory panel scorec 

Item carcasses shear, lb./~ inch Tenderness Juiciness Flavor Acceptability 

Marbling score Loin steaks - carcass fat thickness, less than 0.30 in. 
Slight and less 27 7.77 6.53 6.01 6.50 6.47 
Small and greater 4 8.25 6.37 6.37 6.63 6.54 
Marbling score Round roasts - carcass fat thickness, less than 0.30 in. 
Slight and less 27 10.16 6.01 5.67 6.25 6.10 
Small and greater 4 9.44 6.21 5.79 6.42 6.37 

tN 
0 

Marbling score Loin steaks - carcass fat thickness, 0.31-0.50 in. 
Slight and less 44 8.73 5.85a 5.78a 6.14a 6.02a 

Small and greater 101 8.37 6.16b 6.21 b 6.41 b 6.35b 

Marbling score Round roasts - carcass fat thickness, 0.31 - 0.50 in. 

Slight and less 44 9.73 5.67 5.30a 6.06a 5.84 
Small and greater 101 9.86 5.80 5.59b 6. 25b 6.03 

Marbling score Loin steaks - carcass fat thickness, 0.51 - 0.70 in. 
Slight and less 22 9.53a 5.59a 5.57a 6.16a 5.85a 

Small and greater 53 8.49b 6.07b 6. 15b 6.43b 6.27 b 

Marbling score Round roasts - carcass fat thickness, 0.51 ~ 0.70 in. 

Sl i ght and 1 ess 22 9.68 5.61 5.54 6.19 5.87 

Small and greater 53 10.05 
(cont. ) 

5.94 5.62 6.34 6.10 



Vl 
I-' 

TABLE 3. TENDERNESS AND OTHER SENSORY CHARACTERISTICS OF BEEF LOIN STEAKS AND ROUND ROASTS AS INFLUENCED BY 
MARBLING SCORE AND CARCASS FAT THICKNESS (STUDY 1, Cant.) 

Number Harner-Bratzl er Sensory panel scorec 

Item carcasses shear, lb./~ inch Tenderness Juiciness Fl avor AccepTao-,Ti ty 

Marbling score Loin steaks carcass fat thickness, more than 0.71 in. 
Slight and less 5 7.84 5.53 5.63 6.27 5.93 
Small and greater l5 8.13 6.08 6.05 6.42 6.35 

Marbling score Round roasts carcass fat thickness, more than 0.71 in. 
Slight and less 5 9.88 5.57 5.27 5.97 5.67 
Small and greater 15 9.22 5.98 5.49 6.31 6.00 

a,bMeans bearing different superscripts within a column and variable comparison are different at the 0.05 
level of probability. Means bearing no superscripts do not differ at the 0.05 level of probability. 

cSensory panel scores range from 8 = extremely desirable to 1 = extremely undesirable. 



TABLE 4. TENDERNESS OF BEEF LOIN STEAKS AS INFLUENCED BY MARBLING 
SCORE AND CARCASS FAT THICKNESS (STUDY 2) 

Item 

Marbling score 
Slight and less 
Small and greater 

r·1arbl ing score 

Slight and less 
Small and greater 

~1arbling score 
Slight and less 
Small and greater 

Marbling score 
Slight and less 
Small and greater 

Number 
carcasses 

Harner-Bratzler 
shear, 1 b./l.O inch 

Carcass fat thickness, 0.30 inch and less 
8 15.72 

31 15.07 

Carcass fat thickness, 0.31 - .50 in. 
120 15.78a 

259 14.05b 

Carcass fat thickness, 0.51 - .70 in. 

133 
181 

14.18 
15.11 

Carcass fat thickness, 0.71 in. and more 
15 

106 
16.31 
14.93 

a,bMeans bearing different superscripts within a column and fat thick
ness comparison are different at the 0.05 level of probability. 
Means bearing no superscripts do not differ at the 0.05 level of 
probabi 1 ity. 
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THE INFLUENCE OF AMMONIA TREATMENT OF FESCUE HAY ON INTAKE, 
NUTRIENT DIGESTIBILITY, AND A~IMAL PERFORMANCE 

R. T. Brandt, J. A. Paterson and D. K. Bowman 

SUMMARY 

Two laboratory trials, a lamb intake and digestion trial, and a 
calf growth trial were conducted to evaluate the effects of anhydrous 
ammonia (NH 3 ) treatment of poor quality tall fescue hay on nutrient 
digestibility. The calf growth trial was conducted to measure rate 
of gain as well as to determine the potential use of NH as a means 
of reducing supplemental protein needs for calves consu~ing treated 
fescue. For the laboratory trials (1 and 2) NH3 treatment of fesc'ue 
decreased cell wall content and increased both the rate and extent 
of in vitro dry matter disappearance compared to the untreated hay. 
Ammonia. treatment increased the crude protein equivalent from ap
proximately 5% to 13%. When fed ~ libitum. lambs consumed more NH3 
treated fescue hay than untreated fescue hay (P<.05). Both dry mat
ter digestibility and cell wall digestibility were higher (P<.05) 
for lambs fed NH1 treated fescue hay than for lambs fed untreated hay. 
Calves fed NH3 treated fescue gained 15% faster (P<.05) than those 
fed untreated fescue, even though they received 35% less supplemental 
protein than the calves fed untreated fescue hay. 

INTRODUCTION 

With the advent of increasing production costs and often neg
ative profit margins in the livestock industry, researchers and pro
ducers are challenged to develop more efficient and inexpensive feed
ing systems. This is particularly true for cow maintenance and calf 
backgrounding production programs. There is tremendous potential for 
accomplishing these goals due to the ability of the ruminant animal 
to utilize low quality roughages such as grain crop residues, feed 
byproducts, and low quality grass hays. 

The inherent problems with poor quality forages are: 1) a lack 
of adequate amounts of protein for rumen microbial synthesis, 2) a 
low energy availability, associated with forage maturity and a high 
degree of cell wall lignification, and 3) low levels of intake, pri
marily due to the previous two factors exerting negative effects on 
the rate and extent of rumina1 forage digestion. Beef stocker gains 
from low quality forages could be significantly improved if crude 
protein content, energy availability, and level of intake could be 
increased. 

One of the current methods used for improving crop residue feed
ing quality is the application of anhydrous ammonia to baled or chopped 
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roughages. Ammonia treatment has been shown to increase digestibility 
of low quality forages, probably through (1) the breaking of ligno
cellulose bonds or hemicellulose hydrogen bonds (Van Soest, 1980) and 
(2) possibly through the physical swelling of the plant fiber, allowing 
for a greater extent of microbial attachment. In addition, NH1 provides 
a non-protein nitrogen (NPN) source to the rumen microorganisms. Energy 
required by the microorganfsms to convert NPN to microbial protein 
may be supplied through the increased availability of forage cell wall 
carbohydrates. Increasing the availability of energy and in addition 
providing a nitrogen source for rumen microorganisms should enhance 
both microbial numbers and microbial activity. The result is a great
er rate and extent of fiber digestion in the rumen, allowing the an
imal capacity for higher levels of intake, and subsequently increased 
performance. 

The objectives of this investigation were: (1) to evaluate the 
effects of NH1 treatment on cell wall (NDF) and crude protein equiva
lent(CP) content, availability of nitrogen, and rate and extent of 
in vitro dry matter disappearance (IVDMD) of tall fescue hay; (2) to 
determine differences in dry matter intake, dry matter digestibility, 
and cell wall digestibility for NH1 treated vs. untreated fescue hay; 
and (3) to measure performance of calves fed either NH treated or 
untreated fescue and evaluate the potential of NH3 tre~tment as a 
technique for reducing supplemental protein needs. 

PROCEDURE 

Thirty-six large round bales of tall fescue hay harvested in 
August, 1980, were used for this investigation. Eighteen bales were 
set aside to be fed as untreated control hay. The remaining eighteen 
bales were placed on the ground in two rows. A post was driven in 
the approximate center of the rows and a one inch poly-vinYl chloride 
(PVC) pipe connected to an anhydrous ammonia tank was attached to it. 
The bales were covered with 6 mil thick black plastic sheeting and 
anchored firmly around all edges with dirt. NH3 was applied at a 
rate of 3.5 pounds per 100 pounds of dry matter forage. The bales 
were allowed to react for 60 days, after which time the plastic 
sheeting was removed and the bales were allowed to aerate. 

For laboratory trial 1 and the lamb intake and digestion trials, 
one bale each of untreated control hay and NH treated hay were un
rolled and divided into inner and outer halve~. The inner and outer 
halves were then baled into square bales and ground through a hammer 
mill equipped with a one inch screen. The resulting four chopped 
hay treatment groups were: 1) untreated inner ~, 2) untreated outer 
~, 3) NH3 treated inner~, and 4) NH3 treated outer~ .. 

For laboratory trial 1, cell wall (NDF) content, acid-detergent 
fiber (ADF), crude protein equivalent (CP), and nitrogen in the ADF 
fraction from random grab samples were measured. From ADF - nitro
gen, estimates of fiber-bound nitrogen were made. Forage lignin may 
combine with cell wall protein (or nitrogen) rendering it nutritionally 
unavailable to the animal (Bailey, 1973; Harkin, 1973). In vitro dry 
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matter disappearance (IVDMD) for the hay treatments were determined 
according to the proaedure described by Tilley and Terry (1963). 
Rates of in vitro dry matter disappearance (kIVDMD) for the hay treat
ments were-also determined. Ten milliliters of strained rumen fluid 
was added to 20 milliliters of buffer solution (Tilley and Terry, 1963) 
and 200 milligrams of forage sample in 50 ml Ehrlenmeyer flasks. The 
flasks were stoppered and placed in a shaker water bath at 98.60 F. 
Fermentation was stopped and remaining residue measured at 6, 12, 24, 
48 and 72 hours. Rate of digestion (kIVDMD) for the hay treatments 
was calculated based on potential extent of dry matter disappearance 
(Goodrich, 1978). The potential extent of dry matter disappearance 
was assumed to be that amount digested after 72 hours fermentation. 

Prior to the lamb digestion trial, an ad libitum intake trial 
was conducted. Twenty-four lambs with an average initial weight of 
55 pounds were randomly allotted to the four treatments. Following 
a 10 day prefeeding phase, intake was recorded for the following 7 
days. Lambs were supplemented with soybean meal (44% protein) and 
minerals to meet their daily nutrient requirements (NRC, 1976). 

For the digestion trial, lambs were restricted to approximately 
equal intakes for a 4 day adjustment period followed by a 7 day fecal 
collection period. Total feed offered was recorded, and feed refusals 
and feces were collected to determine dry matter digestibility (DMD) 
and cell wall digestibility (NDF dig.) for the diets. 

For the calf growth trial, 16 steers and 16 heifers with an average 
initial weight of 410 pounds were blocked by sex to 4 pens and fed 
intact bales of either untreated or NH1 treated fescue hay in large, 
round bale feeders. All calves receiv~d 2 pounds of whole shelled 
corn/head/day. In addition, calves fed untreated fescue received 2 
pounds of dehydrated alfalfa pellets/head/day, while calves fed NH 
treated fescue received 1 pound of dehydrated alfalfa/head/day. S~lt, 
trace minerals and dicalcium phosphate were provided in free choice 
mineral boxes. This trial lasted for 78 days, with initial and final 
weights measured after a 16 hr shrink without feed or water. 

For laboratory Trial 2, grab samples were taken from the inner ~ 
and outer ~ of each bale as it was fed to the calves. Following dry 
matter determination, the samples were ground and analyzed for both NDF, 
ADF content, and also for ~ vitro dry matter digestibility. 

RESULTS AND DISCUSSION 

Laboratory Trial 1 

NH treatment of fescue decreased NDF content by an average of 
11.3% admpared to untreated fescue hay (table 1). A greater difference 
was noticed between outer halves of the treated vs. untreated bales, 
where NDF was reduced by 14.8% as compared to a 7.8% reduction for 
treated VS. untreated inner halves. IVDMD for the hay treatments were 
41.6% for untreated inner ~, 38.4% for untreated outer ~, 51.9% for 
NH1 inner ~, and 64.1% for NH3 treated outer~, respectively. The 
average increase in IVDMD for the NH treated fescue compared to the 
untreated was 18 percentage units (5~% vs 40% respectively). This 
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increase may be partially due to the location of the NH~ treated bale 
used for the trial, which was the closest bale to the ammonia hose 
under the plastic sheeting. The IVDMD for the outer ~ of the NH 
bale was 12.2 percentage units greater than for the inner ~ sugg~sting 
less penetration of ammonia. 

Rates of IVDMD were: 3.08%/hr for untreated inner ~, 2.49%/hr 
for untreated outer ~, 3.08%/hr for NH3 treated inner ~ and 4.76%/hr 
for NH treated outer~. NH treated fescue had a mean rate of diges
tion of 3.92%/hr compared to32.78%/hr for untreated fescue. It has 
been proposed that a slow rate of ruminal fiber digestion affects rumen 
fill and therefore decreased forage intake (Gill, et~, 1969). By 
increasing the rate of ruminal fiber digestion, it is suggested that 
ruminal fill pressure is relieved, allowing a greater intake of forage 
per unit time by the animal. 

Crude protein content for the four hay treatments were 5.2%, for 
untreated inner ~, 5.4%, for untreated outer ~, 12.3% for NH~ treated 
inner ~ and 13.5% for NH3 treated outer~. NH~ treatment increased 
the crude protein equivaTent of the fescue by an average of 7.6 per
centage units (12.9 vs. 5.3 respectively). Crude protein content was 
greater for the outer ~ of the NH treated bale than for the inner ~ 
(13.5% vs. 12.3%) suggesting that3not as much ammonia penetrated the 
bale. Percent fiber-bound protein (ADF - N) or that cell wall protein 
fraction theoretically unavailable, was estimated from measurement of 
nitrogen in the ADF fraction. Previous research has indicated that a 
portion of the NH~ applied to forages may be fiber-bound and unavail
able. Data presented here found on the average only a .25 percentage 
unit increase in fiber-bound protein for the NH3 treated fescue com
pared to the untreated fescue. The estimates Of digestible protein 
content for the hay treatments were obtained by subtracting the 
estimated CP% in ADF from crude protein equivalent. Data indicate 
that while CP and estimated d,gestib~e protein were significantly 
increased by NH treatment, there was little increase in the amount 
of added nitrog~n that was nutritionally unavailable in the forage. 

Laboratory data presented here as well as other research indicate 
that NH3 treatment of low quality forages improves potential feeding 
value by increasing rate and extent of fiber digestion, and also by 
increasing the CP content of the forage. By influencing factors that 
affect rumen digestive kinetics and microbial protein synthesis, in
creases in intake and in vivo dry matter digestibility of low quality 
forages as well as improved animal performance should be expected. In 
order to further substantiate this, a lamb intake and digestion trial 
and a calf growth trial were conducted. 

Lamb Intake and Digestion Trials 

For the ad libitum hay intake trial, daily dry matter intake of 
hay was 1.14 T'bs for lambs fed the untreated inner~, 1.33 lbs for lambs 
fed untreated outer . ~, 1.54 lbs for .lambs fed NH~ treated inner~, and 
2.12 lbs for lambs fed NH treated outer ~ (Tabl~ 2). Ammonia treatment 
increased intake of fescu~ by an average of 47.5% compared to untreated 
hay (1.83 lb/day vs. 1.24 lb/day respectively). In vivo dry matter 
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digestibility for the four hay treatments were 51.2%, 48.1%, 53.7% and 
56.7%, for untreated inner ~, untreated outer ~, NH3 treated inner ~ 
and NH treated outer ~ respectively. Cell wall digestibility for the 
hay tr~atments were 46.6%,46.9%, 51.5% and 54.2%, respectively. Both 
DMD and NDF digestibility were higher for the NH treated fescue when 
compared to untreated fescue, with a greater per~entage unit increase 
noted for the NH3 treated outer one-half. 

There appears to be a difference within the bales with respect to 
NH3 penetration. Data from laboratory trial 1 and the lamb digestion 
trTal would indicate a greater treatment effect on the outer half of 
the bale compared to the inner one-half. 

Calf Growth Trial 

Calf daily gains were .73 lbs per day for calves fed untreated fes
cue hay and .84 lbs per day for calves fed NH treated hay. For the 
trial, calves fed untreated fescue received a3total of 2496 lbs of dehy
drated alfalfa while calves fed NH1 treated fescue received a total of 
1248 lbs (Table 4). With a 3.5% aadition of anhydrous ammonia, calves 
gained 15% faster on 1248 lbs less supplemental dehydrated alfalfa. 

The potential for increased beef cattle production due to NH 
treatment of forages is presently being investigated by several u~i
versities. Of particular significance is its use in cow maintenance 
and calf backgrounding rations where low quality forages with sub
optimal crude protein content and energy availability are extensively 
used. 

Laboratory Trial (2) 

Laboratory trial 2 was conducted to evaluate NDF content and in 
vitro digestibility of the 17 NH3 treated and 17 untreated fescue bales 
used in the calf growth trial. Grab samples were taken from the inner 
~ and outer ~ of each bale as it was fed to the calves. NDF content 
for the hay treatments were: 73.3% for untreated inner ~, 74.8% for 
untreated outer ~, 71.5% for NH treated inner ~ and 70.3% for NH 
treated outer ~ (Table 5). Com~ared to untreated fescue, NH tre~ted 
fescue had 4.44% less cell wall. In vitro digestibilities fdr the hay 
treatments were: 53.5%, 45.8%, 60.9% and 62.6% for untreated inner ~, 
untreated outer ~, NH3 treated inner ~ and NH J treated outer ~, respec
tively. NH1 treatment of fescue improved IVD~D 24.3% (61.75 vs 49.65) 
when compared to untreated hay. Data indicate that the addition of 
3.5% NH3 partially solubilized the fiber fraction of the fescue hay, 
allowing a greater potential extent fiber digestion. 
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Table 1. Fescue hay analysis for laboratory trial 1. 

Treatments 

Untreated 3.5% ~tl3 
Item inner ~ outer ~ inner ~ outer ~ 

Dry matter, % 92.2 90.6 90.0 88.8 
NDF, % 73.1 71.4 67.8 62.2 
ADF, % 43.4 44.7 43.5 43.0 
IVDMD, % 41.6 38.4 51. 9 64.1 
kIVDMD %/hour 3.08 2.49 3.08 4.76 
CP (N x 6.25), % 5.2 5.4 12.3 13.5 

N in ADF, % .34 .38 .47 .44 
Estimated digestible protein, % 4.3 4.3 11.0 12.3 

Table 2. Average lamb intake and digestibility data. 

Treatments 

Untreated 3.5% NHd 
Item i nner ~ outer ~ inner ~ outer ~ 

No. lambs 6 6 6 6 
Ad lib. --- Dr-1I, lbsjday 1. 14 1. 33 1.54 2.12 
UMD, % 51.2 48.1 53.7 56.0 
NDF Di g. % 46.6 46.9 51. 5 54.2 
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Table 3. Performance of calves fed untreated 
and NH3 treated fescue 

Treatments 
Item Untreated 3.5% 3.5% NH3 

No. calves 16 16 

Initial wt, lbs. 409 415 
Dai ly gain, lbs .73 .84 

Total gain, 1 bs. 57 66 

Table 4. Protein supplement composition for calf growth trial 

Treatments 

Item Untreated 3.5% NH3 

Whole shelled corn, 1 bs/hd/day 2 2 
Total fed, lbs. 2496 2496 

Dehydrated alfalfa, 1 bs/hd/day 2 1 
Total fed, lbs. 2496 1248 

Tab 1 e 5. Fescue hay ana lysi s for fescue samples (Tri a 1 ·,2' ) 

Treatments 

Untreated 3.5% NH3 
Item inner outer inner outer 

NDF, % 73.3 74.8 71. 5 70.3 
ADF, % 41.4 44.3 41.2 43.9 
IVDMD, % 53.5 45.8 60.9 62.6 
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INTAKE AND DIGESTIBILITY OF FESCUE-STILLAGE WITH 
i~aOH ADD IT IONS 

C. W. Hunt and J. A. Paterson 

SUMMARY 

Whole corn grain stillage and sodium hydroxide (NaOH) treated tall 
fescue combinations were evaluated with three lamb digestion trials and 
one lamb growth trial. For Trial 1, whole stillage was ensiled with 
chopped fescue hay. Diets were: (a) fescue haylage, (b) fescue pl us 20% 
stillage, (c) fescue plus 20% stillage plus one percent NaOH, and (d) 
fescue plus 20% stillage plus four percent NaOH. Diets were allowed to 
ensile for at least ten days prior to feeding. Dry matter intake and 
digestibility were greatest for lambs fed 20% stillage plus 4% NaOH. 
Lambs fed this diet consumed .40 percent more dry matter and had a 26 
percent improvement in digP3tibility compared to the average of the 
other three diets. 

For Trial 2, lambs were fed increasing amounts of stillage (0, 15, 
30, or ··60% of diet dry matter) mixed with chopped fescue hay. One half 
of the diets were treated with NaOH. All diets were allowed to ensile 
for ten days prior to feeding. Average dry matter intake and digesti
bility values were greater for lambs fed stillage diets with NaOH com
pared to diets without NaOH. Diets with 60% stillage addition contained 
75% moisture and showed signs of spoilage within 10 days. 

For Trial 3, lambs were fed 70% fescue and 30% stillage diets with 
increasing additions of NaOH (0, 2, 4 or 6%). One half of the diets were 
ensiled for 10 days while the other one half were mixed at time of feed
ing. Lambs receiving diets with 0 and 6% NaOH had a lower dry matter 
intake than lambs receiving diets with 2 or 4% NaOH addition. Diets 
showed a progressive increase in dry matter digestibility with increasing 
level of NaOH. Overall) diets that were mixed at time of feeding had a 
greater digestibility than ensiled diets. 

For Trial 4, rate and efficiency of gain were measured for lambs 
fed; (a) corn silage, (b) fescue plus stillage or (c) fescue plus stillage 
with NaOH addition. Lambs fed the NaOH treated fescue plus stillage diet 
gained faster and had a better feed efficiency than did lambs fed corn 
silage or untreated fescue plus stillage. 

INTRODUCTION 

Fermentation and distillation of cereal grains to ethyl alcohol 
could partially reduce the requirements for mobile fuels. After the fer
mentation of one bushel of corn only seventeen pounds of grain remain. 
Usually this seventeen pounds of grain is in 350 pounds of water and to
gether comprise what is known as whole stillage. Disposal of stillage 
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into streams or ponds is probably not an alternative because of the very 
acidic nature (pH = 3.5) of the product. Also, drying of the stillage, 
as is done in the beverage industry, is expensive and counterproductive 
to producing a competitive mobile fuel. A better approach would be to 
develop livestock feeding programs whereby the stillage could be incor
porated into animal diets. 

Incorporating whole stillage into predominately forage based rumin
ant diets has several advantages. First, the farmer does not require 
additional fossil fuels to dry the grains. Secondly, if animals can com
sume adequate amounts of whole stillage, a potential pollution problem 
can be averted by marketing the stillage direr.tly into farm animals. 
Thirdly, by incorporating whole stillage into rations with crop residues, 
economical yet productive diets might be achieved and at the same time 
the diets would be non-competitive with feedstuffs desired by the hu-
man population. The objectives of this research were to: (1) compare 
intake and digestibility of fescue-stillage combination diets, (2) eval
uate the effects of NaOH additions to these diets and (3) compare rate 
and efficiency of gains for lambs fed corn silage 9 fescue-stillage or 
NaOH treated fescue-stillage diets. 

PROCEDURE 

Trial 1 

Twenty-four crossbred wether lambs averaging 72 lb body weight were 
randomly assigned to one of four diet treatments: (1) fescue haylage, 
(2) fescue + 20% stillage, (3) fescue + 20% stillage + 1% NaOH and, (4) 
fescue + 20% stillage + 4% NaOH, Table 1. For the haylage control diet, 
enough water was added to one inch chopped fescue hay to raise the mois
ture level 55% and then ensiled for 10 days. Diets 2, 3, and 4 were also 
mixed and ensiled for ten days. All diets were packed and sealed in 55 
gal drums lined with polyethylene bags. 

Lambs were housed in metabolism crates and fitted with canvas fecal 
bags for the entire trial. Lambs were prefed the diets for 10 days with 
total feed refusals and feces collected for the following seven days. 
Feed samples were collected daily and composited. At the completion of 
the trial, feed samples, feed refusals, and total fecal output were 
weighed, with a 1.00 lb subsample saved for dry matter determination. 

Trial 2 

The objectives of this factorial experiment were to determine in
take and digestibility values for diets containing 0, 15, 30 or 60% 
stillage with or without 4% NaOH addition, Table 2. Twenty-four lambs 
were randomly assigned to one of the eight diets. There were two col
lection periods which gave six observations per diet. Lambs were re
randomized between periods. 

Enough water was added to diets 1 and 5 to raise the moisture con
tent to 53%. NaOH was added to diets 5, 6, 7 and 8 to comprise 4% of 
final ration dry matter. Ingredients for all diets were thoroughly 
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mixed and packed in 55 gal drums lined with polyethylene bags and then 
taped shut. All diets were allowed to ensile for 10 days prior to feed
ing. Soybean meal was fed as a supplemental protein source for lambs re
ceiving diets 1 and 5. 

Lambs were prefed the diets for 10 days followed by a seven day feces 
and feed refusal collection period. Dry matter determinations for feed, 
feed refusal and feces were determined the same way as in Trial 1. Dry 
samples of feed, feed refusals and feces were also analyzed for neutral 
detergent fiber (NDF) so that cell wall digestibility could also be cal
culated. 

Trial 3 

The objectives of this factorial experiment were to determine intake 
and digestibility values for fescue-stillage diets containing 0, 2, 4, 
or 6% NaOH which were either ensiled or feedstuffs mixed at time of feed
i~9, Table 3. Twenty-four lambs were assigned to one of the eight diets 
and the experiment was replicated as in Trial 2. Feedstuffs for diets 
1, 2, 3 and 4 were mixed in an upright mixer. NaOH was added to the fes
cue and then whole stillage added. After five minutes of mixing, silages 
were placed in 55 gal barrels lined with polyethelyne bags and then taped 
shut. Silages were allowed to react for a minimum of 10 days prior to 
being fed. For diets 5, 6, 7 and 8, fescue was treated with NaOH and 
allowed to react for a minimum of 24 hr prior to being mixed with stillage. 
For each period lambs were pre-fed diets for 10 days with feed samples, 
feed refusals and feces collected for the following seven days. 

Trial 4 

Thirty crossbred wether lambs with an initial weight of approximately 
69 lb were blocked by weight to one of three dietary treatments: (a) corn 
silage; (b) untreated fescue + 30% stillage and (c) 4% NaOH treated fes
cue + 30% stillage, Taba,e 4. There were 2 reps/treatment with 5 lambs 
per pen. Stillage diets were mixed and ensiled for 10 days prior to be
ing fed. Lambs were weighed initially and finally after 16 hr without 
feed or water. Lambs were fed once per day and the trial lasted 59 days. 

RESULTS AND DISCUSSION 

Sodium hydroxide (NaOH) is a caustic chemical that has been used 
to treat low quality crop residues. Data from the University of Mis
souri has shown that NaOH is effective in increasing dry matter intake 
and dry matter digestibility with a corresponding improvement in animal 
performance. The mode of action of NaOH has been to increase both the 
rate and extent of cell wall digestion. NaOH addition in stillage-for
age diets may serve to increase cell wall digestion and also to neu
tralize acidic stillage (pH = 3.5) with an improvement in ensiling 
characteristics. 

For Trial 1, lambs fed fescue plus 20% stillage with 4% NaOH 
addition had a greater dry matter intake and digestibility (P<.05) 
than did lambs fed only fescue, fescue plus 20% stillage, or fescue plus 
20% stillage with 1% NaOH addition, Table 5. Adding 1% NaOH to the 
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stillage did not appear to have any significant effect on improving either 
intake or digestibility compared to ensiling fescue plus stillage alone. 
Laboratory trials have shown that 1% NaOH addition will partially neutral
ize stillage pH, but it probably is not enough to have much of an effect 
of increasing cell wall digestibility of the fescue. 

Ensiling 20% stillage with fescue significantly increased intake 
and digestibility (P<.05). This is probably a response to added energy 
and protein with the addition of stillage. Supplementing soybean meal 
to fescue haylage in Trial 2 increased dry matter intake and digestibil
ity compared to Trial 1, Tables 5 and 6. 

For Trial 2, lambs fed stillage at increasing levels with fescue 
hay and 4% NaOH consumed on an average more dry matter and had greater 
digestibilities than lambs fed increasing levels of stillage without 
NaOH addition (P<.05), Table 6. Neutral detergent fiber digestibility 
was also increased for lambs fed diets with NaOH addition compared to 
lambs fed diets without NaOH. Lambs fed diet 8 consumed more dry matter 
(P<.05) than lambs fed diet 4, which could be due to the NaOH addition. 
Diets 1 and 4 did not completely ensile and mold was evident within 10 
days. Diets 2, 3, 6 and 7 appeared to ensile much more completely with 
little mold detected after 10 days. The moisture content ranged from 
an average 54 percent for diets 2 and 6 up to an average of 68 percent 
for diets 3 and 7, Table 2. Adding 60 percent stillage to fescue, 
(diets 4 and 8) increased the moisture content to 74.5 percent. This 
level of moisture addition prevented fermentation from occurring and it 
was necessary to refrigerate diets at 40 C in walk in coolers. When fed, 
much excess water from these diets drained through cracks in the wooden 
feed bunks causing loss of both water and probably soluble nutrients. 

For Trial 3, lambs fed diets with 2 or 4% NaOH addition had a great
er dry matter intake compared to lamms fed 0 or 6% NaOH (P<.05), Table 7. 
It appeared that 6% NaOH addition exceeded the optimal level of these 
caustic agents and the diets were unpalatable to the lambs. There were 
no differences in intake between diets ensiled vs diets mixed at time of 
feeding. Digestibility was increased with increasing amount of NaOH ad
dition with diets having 6% NaOH addition having the greatest digestibil
ity, (P<.05), Table 7. Diets that were mixed at time of feeding had a 
greater average dry matter digestibility compared to diets that were mixed 
and ensiled (P<.05). A possible reason for this improvement in digesti
bility is that for the mixed diets the NaOH was allowed to react with the 
fescue for at least 24 hours prior to mixing with stillage. This may 
have provided a greater hydrolysis of cell walls in the fescue. Again, 
neutral detergent fiber digestibility followed the same trends as dry 
matter digestion with greater NDF digestion occurring as NaOH addition 
increased and greater digestion for diets mi~ed at feeding versus those 
ensiled (Table 7). 

For the lamb growth trial (Trial 4), lambs fed NaOH treated fescue
stillage diet~ hid significantly greater average daily gain than lambs 
fed corn silage or untreated fescue-stillage diets (P<.05), Table 8. 
This also corresponded to an improved g.ain to feed r.atio for lambs fed 

44 



the NaOH treated diets (Table 8). In vitro studies indicated that the 
treated diet had a greater digestibTfity than did the untreated diet 
but was not as great as the corn silage diet. Similarly, neutral de
tergent fiber was less in the treated diet compared to the untreated, 
however contained more NDF than the corn silage diet (Table 4). 

Table l. Diet Com~osition for Trial 1 (Dr~ basis} 

Treatment 
Fescue + Fescue + 

Fescue + Sti 11 age + Stillage + 
Ingredient Fescue Sti 11 age 1% NaOH 4% NaOH 

Fescue 100 80 80 80 

Stillage a 20 20 20 

Diet OM, % 45.0 43.0 44.0 42.0 

Table 2. Diet Com~osition for Trial 2 (Dr~ basis} 

Diet Treatments 

1 2 3 4 5 6 7 8 
Level of Sti 11 age % 

a 15 30 60 a 15 30 60 

Ingredient 0% NaOH 4% NaOH 

Fescue 90.4 85 70 40 90.4 85 70 40 

Stillage 15 30 60 15 30 60 

Soybean meal 9.6 9.6 

Diet OM % 47.0 44.0 30.0 27.0 49.0 48.0 34.0 24.0 
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Table 3. Diet Composition for Trial 3 (Dry Dlasis) 

Level of NaOH, % 

0 2 4 6 0 2 4 6 

Ingredient Ensiled Mixed at Feeding 

Fescue 70 70 70 70 70 70 70 70 

Still age 30 30 30 30 30 30 30 30 

Table 4. Diet ComEosition for Trial 4 {Dry basis~ 

Treatment 

Corn Silage Untreated Treated-4% NaOH 

Corn Si lage 94 

Soybean meal 6 

Fescue 70 70 

Still age 30 30 

Chemical Analysis: 

Dry Matter, % 27.1 28.0 29.7 

Crude Protein,% 12.6 14.0 12. 1 

NDF, % 57.7 68.0 65.2 

ADF, % 32.6 34.0 36.7 

IVDMD, % 48.2 37.4 40.5 
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Table 5. Intake and Dry Matter digestibility Values for Lambs 
Fed Stillage and Fescue Hay With 1 or 4% NaOH Addition (Trial 1) 

Fescue + Fescue + 
Fescue + Sti 11 age + Sti 11 age + 

Fescue Stillage 1% NaOH 4% NaOH 

No. lambs 6 6 6 6 

As Fed Intake, lb/day 2.35 2.35 3.80 4.80 

OM Intake, lb/day 1.06a 1.60b 1.67b 2.02c 

OM Digestibility, % 38.6a 47.8b 48.4b 56.8c 

abc Values on same line with different superscripts are dif~erent (P<.05). 

Table 6. Intake and Digestibility Values for Lambs Fed Increasing 
Amounts of Stillage with Fescue Ha~ with 0 or 4% NaOH Addition {Trial ?J_ 

Di et Trea tments 

1 2 3 4 5 6 7 8 
Level of Stillage % 

0 15 30 60 0 15 30 60 

0% NaOH 4% NaOH 

No. 1 ambs 6 6 6 6 6 6 6 6 
As Fed Intake 
lb/day 3. 43 3.78 5.11 6.75 3.69 4.14 5.64 9.82 
OM Intake lb/day 1.61 a 1.66a 1.53a 1. n a 1.81 a 1.99a 1.92a 2.36b 

OM Dig., % 50.7a 50.5a 55.0ab 68.7cd 56.8ab 57.5ab 62.0bc 75.8d 

NDF Dig., % 52.4 52.3 54.9 61.4 58.3 66.2 53 . 4 64.3 

abcd Values on same line with different superscripts are different, (P<.05) 
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Table 7. Intake and Digestibility Values for Lambs Fed Increasing 
Amounts of NaOH in Fescue-Stillage Diets either 
Ensiled or Mixed at Time of Feeding (Trial 3) 

Level of NaOH, % 

0 2 4 6 0 2 4 6 

Ensiled Mix at Feeding 

No. lambs 6 6 6 6 6 6 6 6 

OM Intake 
1.58a 1. 94bc 2.15c 1. 95ab 1.65a 2.l7c 2.13c 1 .74 ab lb/day 

OM Di g., % 5l.7a 53.3a 59.5b 64.9c 52.2a 6l.9bc 62.2bc 62.9 bc 

NDF Dig., % 43.0 46.7 53.9 57.0 43.7 60.4 59.2 52.3 

abcValues on same line with different superscripts are significantly 
different (P<.05). 

Table 8. Lamb Growth Trial (Trial 4) 

Treatments 
Untreated 4% NaOH 

Corn Silage Fescue + Stillage Fescue + Stillage 

No. lambsa 10 10 10 
Initial weight, Kg 70.0 67.4 68.3 
D~1 Intake, 1 b/day 1. 95 1.88 2.09 
ADG, lb/day . 1 cP .l~ .1 ac 
Gain/Feed .05 .06 .09 

a 2 reps/treatment, trial lasted 59 days 

bCValues on same line with different superscripts are significantly dif.;.' 
ferent (P<.05). 
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INTAKE AND DIGESTIBILITY OF O~E VS FOUR INCH GROUND 
~JHEAT STRA~l TREATED ~HTH SODIUM HYDROXIDE 

C. W. Hunt and J. A. Paterson 

SUMMARY 

Two lamb trials were conducted to evaluate dry matter intake and 
digestibility of wheat straw ground to two particle lengths and then 
treated with sodium hydroxide (NaOH). Straw was of either one or four 
inch particle length and was treated to contain 4% NaOH (4 lb NaOHj 
100 lb straw). Diets for both trials were: one inch untreated (lU); 
one inch NaOH treated (IT); four inch untreated (4U) and four inch 
NaOH treated (4T). For Trial 1, lambs were fed ad libitum once per 
day, while for Trial 2, lambs were fed four timeS-per day at six hour 
intervals. When comparing main effects, average dry matter intake was 
only slightly increased for one inch straws compared to four inch 
straws.- Lambs fed four inch straws had a greater dry matter di gesti
bility than lambs fed one inch straws and this would suggest an in
creased rumen fermentation time. NaQH treatment of straws signifi
cantly increased both intake and digestibility compared to untreated 
straws. Intake was increased for lambs fed lT but digestibility was 
greater for lambs fed 4T possibly suggesting a slower rate of passage 
and an increased extent of microbial fermentation. Cell wall digestibil
ity data from Trial 2 would indicate that increased frequency of feeding
did not change intake or digestibility rankings when compared to Trial 1. 

I NTRODUCTI ON 

In recent years ration costs have increased dramatically due in 
part to increased demand from other consuming nations. As the price 
of grains has risen, interest has developed for increasing the util
ization of poor quality crop residues as feed sources for ruminants. 
Examples of crop residues found most commonly in the midwestern states 
include; corn cobs, corn stalks, wheat straw and milo stubble. Two 
major limitations for increasing the usage of crop residues for grow
ing cattle are a low level of intake and a low extent of digestibility. 
Most mature crop residues have digestibility values less than 50%. If 
these crop residues are to assume a more acceptable place in ruminant 
diets then methods must be developed to improve both level of intake 
and extent of digestibility. 

Altering physical form of the roughage either by chopping, grind
ing or cubing and(or) chemical treatment with caustic chemicals are two 
methods that have been used to increase intake and partially increase 
digestiblity. Physical treatment of roughages has been shown to sig
nificantly increase intake but often digestibility is reduced because 
of an increased rate of passage through the intestinal tract. 
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Chemical treatment of roughages using such caustic chemicals as sodium 
hydroxide, ammonia (either as aqueous or anhydrous) or calcium hydroxide 
has been shown to increase animal response because of a partial solubil
ization of the plant cell wall. 

The objectives of this research were to: (1) compare the effects 
on dry matter intake and digest i bility of wheat straw ground to a one 
or four inch particle length and (2) evaluate these parameters when 
4% NaOH was added to the two particle length straws. 

PROCEDURE 

Tri all 
Twenty four wether lambs (average weight of 70 lb) were randomly 

assigned to one of four ration treatments: (a) one inch untreated 
straw (lU); (b) one inch NaOH treated straw (IT); (c) four inch un
treated straw (4U) and (d) four inch NaOH treated straw (4T). Wheat 
straw harvested during the summer of 1980 was ground through a one or 
four inch screen in a tub grinder (Farmhand Mode1880-B). Water was 
added to all the straw to raise moisture level to approximately 65%. 
Untreated straws were ensiled directly into 55 gal barrels lined with 
polyethylene bags and then taped shut. Treated straws were also 
mixed with water but 4% NaOH (4 lb NaOH/100 lb straw dry matter) was 
added, allowed to mix for approximately three minutes, and then en
siled. Straws were allowed to react for a minimum of 48 hr prior to 
feeding. Lambs were fed untreated or NaOH treated straw ad libitum 
plus .39 lb per day protein-mineral supplement (Table 1). 

Lambs were housed in individual digestion crates and had canvass 
fecal collection bags attached for the entire trial. Lambs were pre
fed respecti ve di ets for 10 days with feed refusals and total feces 
collected for the following seven days. Feed stuff samples were col
lected each day and composited at the end of the trial. All samples 
were analyzed in the laboratory for percent dry matter and neutral 
detergent fiber (cell walls). 

Tri al 2 
The same experimental procedures followed for Trial 1 were again 

used for this trial with the exception that lambs were fed four times 
per day at six hour intervals. Feedstuff samples, feed refusals and 
total fecal output were collected for seven days following a 10 day 
pre-feeding phase. 

RESULTS AND DISCUSSION 

For Trial 1, lambs fed the NaOH treated straw rations had a greater 
dry matter intake than lambs fed untreated straw, (average 1.40 versus 
1.05 lbs per day), Table 2. Treated straw rations also had a greater 
dry matter digestibility than untreated straw rations, ~verage 62.8 
versus 54.2 percent). Digestibility of 4T straw appeared to be somewhat 
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greater than lT straw, 64.3 versus 61.4 percent, however lambs fed lT 
straw had a higher dry matter intake than lambs fed 4T straw, (1.47 
versus 1.33 lbs per day), Table 2. As a result, daily dry matter di
gested was not different for the two groups. The same trends existed 
for the 4U versus the lU straw diets. 

Neutra 1 detergent fi ber di gesti bi 1 ities for the treated straw di ets 
were greater than the untreated straw diets (36.2 versus 22.9 percent) 
suggesting that NaOH was successful in increasing the extent of cell 
wall digestion of the straw. Four inch straw diets tended to have a 
greater NDF digestibility than their one inch straw counterparts (aver
age 32.5 versus 26.6 %) which is probably due to an increased passage 
rate for the smaller particle size straw through the digestive tract. 

The same trend in dry matter intake and digestibility existed for 
lambs fed the straw diets four times per day, Table 3. Dry matter 
intake was greater for lambs fed treated straw compared to lambs fed un
treated straw diets, (average 1.37 versus .88 lbs per day). Digestibil
ity of treated straw was also greater than untreated straw diets, (aver
age 57.7 versus 54.5%). There appeared to be no effect of frequency of 
feeding on either dry matter intake or digestibility (Tables 2 and 3). 

Table 1. Composition of Protein-Mineral Supplement 

Ingredient % 

Soybean Meal 58.5 
Urea 10.2 
Molasses 28.7 
Limestone .9 

Trace Mineral Salt l.7 
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Table 2. Average Dry Matter Intake and Digestibility Values 
For Tri all. (once per day feedi ng) 

Treatmenta 

Item lU IT 4U 

No. lambs 6 6 6 
Dry matter intake, 1 b/ day 1. 1 0 1.47 1. 1 0 
Dry matter digestibility, % 50.7 61.4 57.6 
Dry matter digested, 1 b/day .56 .90 .58 
NDF digestibility, % 18.6 34.6 27 . 2 

a lU one inch untreated wheat straw = 
IT = one inch 4% NaOH treated straw 
4U = four inch untreated straw 
4T = four inch 4% NaOH treated straw 

4T 

6 
1. 33 
64.3 

.86 
37.8 

Table 3. Average Dry Matter Intake and Digestibility Values For 
Trial 2. (4x a day feeding) 

Item lU 

No. lambs 6 

Dry matter intake, 1 b/day .85 
Dry matter di gesti bi 1 ity, % 50.0 
Dry matter digested, 1 b/day .44 
NDF digestibility, % 39.7 

a 
lU = one inch untreated wheat straw 
IT = one inch 4% NaOH treated straw 
4U = four inch untreated straw 
4T = four inch 4% NaOH treated straw 
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Treatments 

IT 4U 4T 

6 6 6 
1.42 .90 1. 32 
54.6 59. 1 60.8 

.81 .53 .77 
55.7 40.3 54.9 
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DIGESTIBILITY AND RATE OF PASSAGE FOR SODIUM HYDROXIDE TREATED 
WHEAT STRAW FED WITH CORN SILAGE, SOYBEAN HULLS OR CHOPPED 
ALFALFA HAY 

J. A. Paterson, C. W. Hunt, R. T. Brandt and J. Carni 

SUMMARY 

Three trials were conducted to compare dry matter digestibi1ty and 
rates of fiber passage for rumina11y fistua1ted rams fed sodium hydrox
ide (NaOH) treated wheat straw in increasing amount~ (0, 20, 40, 80 or 
100%) to corn silage (Trial 1); ground soybean hull (Trial 2) or chopped 
alfalfa hay (Trial 3) diets. For each trial rams were rumina11y dosed 
with 150 ppm cerium (ee) and rumen samples collected 6, 12, 24, 48 or 
72 hr post dosing to estimate rate of fiber passage. Cerium concentra
tion was determined via neutron activation analysis. 

For trial 1, positive associative effects for digestibility were 
measured with 20 or 40% treated straw addition but not for the other 
diets. Rate of rumen fiber passage was fastest for rams fed corn silage 
and slowest for rams fed 100% treated straw (4.87%/hr vs 3.65%/hr, re
spective1y). For trial 2, no associative effects for digestibility were 
detected. Rams fed only soybean hulls had the greatest average digesti
bility (78.2%) while rams fed 80 or 100% treated wheat straw had the low
est average digestibility (58.0%). Rate of fiber passage decreased as 
level of treated straw addition increased. For trial 3, positive asso
ciative effects for digestibility were measured with 20 or 40% treated 
straw addition. Rate of passage was slower for these two diets com
pared to rams fed only alfalfa hay or treated wheat straw. 

This data would suggest that greater than expected digestibilities 
(ie. positive associative effects) occurred when 20 or 40% treated wheat 
straw was mixed with corn silage or chopped alfalfa hay diets. No as
sociative effects were found with ground soybean hulls, indicating that 
particle size may be significantly slowing rate of passage. 

INTRODUCTION 

Sodium hydroxide (NaOH) treatment of poor quality crop residues 
has been a technique used to increase intake and rate of gain for grow-
ing ca,lves and gestating cows. The modes of action for NaOH treatment 
should 'lbe to: (1) solubilize part of the plant cell wall; and (2) in
crease wall digestion. Several researchers when evaluating NaOH treat
ment effects in vitro (artificial rumen) have found a 10-20 percent in
crease in digestibility compared to untreated roughages. However, when 
evaluating NaOH effects in vivo (lamb or calf digestion trials) no improve
ment in digestibility ha~been measured even though intake was signifi
cantly increased. The reason for this discrepancy between in vitro and 
in vivo results has been theorized to be due in part to an-rncreased 
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rate of passage for NaOH treated roughage from the rumen with decreased 
rumen fermentation time. The end result is that the potential extent of 
fiber digestion for treated forage is not fully realized. 

Previous research has already suggested that positive associative ef
fects for digestibility and rate of steer gain occurred when alfalfa hay 
was mixed with NaOH treated corn cobs. Limited feedlot data has shown 
positive associative effects for NaOH straw additions to corn silage diets. 

The general objective of this research was to determine if a combina
tion of NaOH treated wheat straw and an untreated roughage would exhibit 
positive associative effects for digestibility. The specific objectives 
of this research were: (1) to compare digestibilities for rams fed NaOH 
treated straw at increasing amounts (0, 20, 40, 80 and 100%) with corn 
silage, ground soybean hull or chopped alfalfa hay diets; (2) to deter
mine rates of fiber passage for the different diets and (3) to compare 
differences in mean ruminal retention times for the different diets. 

PROCEDURE 
Trial 1 (NaOH straw + corn silage) 

Wheat straw harvested during the summer 1979 was chopped through a 
one inch screen. Enough water was added to the straw to increase mois
ture content to 65% and then 5% NaOH was added (5 lbs NaOHjlOO lbs 
straw dry matter). After mixing for five minutes the treated straw was 
ensiled into 55 gal barrels lined with polyethylene bags. The bags were 
taped shut and the straw was allowed to react for a minimum of 10 days 
prior to being fed. Five ruminally cannulated rams (average weight of 
85 lbs.) were randomly assigned to one of the five diets, (Table 1). 
Each digestion period consisted of a 10 day pre-feeding adaptation phase 
followed by a seven day total fecal collection phase. Rams were re
stricted to approximate equal intakes. Feed samples, any feed refu8als 
and feces were analyzed for percent dry matter by oven drying at 70 C 
for 48 hr so that dry matter digestibility could be calculated. 

Rate of fiber passage for the different diets was determined by 
dosing through the rumen fistula 150 ppm cerium (as ceric ammonia ni
trate) dissolved in 30 ml of distilled water. Rumen samples were col
lected at 6, 12, 24, 48 and 72 hr post dosing'ostrained through cheese
cloth and the particulate fraction dried at 70 C for 48 hr. Cerium con
centration in the samples was determined via neutron activation at the 
UMC Research Reactor. Rate of fiber passage was calculated from the slope 
of a regression line using the methodology illustrated by Goodrich (Uni
versity of Minnesota, 1978). 

Each digestion period was repeated four times (rams rerandomized 
to diets each time) so that there were four observations per diet. 
Trial 2 (NaOH straw + ground soybean hulls) 

The composition of diets for this trial is given in Table 2. Sim
ilar methodology to Trial 1 was again followed with five tams and four 
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periods. NaOH treated wheat straw was prepared in the same manner. Soy
bean hulls were of a fine grind. 

Trial 3 (NaOH straw + chopped alfalfa hay) 

The composition of diets for this trial is given in Table 3. Sim
ilar methodology to that from Trial 1 was again followed. Alfalfa hay 
was chopped through a hammer mill equipped with a one inch screen. 

RESULTS AND DISCUSSION 

Chemical treatment of crop residues with NaOH has been shown to in
crease intake and sometimes in vivo digestibility compared to untreated 
residues. It has been already shown by previous researchers that NaOH 
increases rate of fiber passage through the intestinal tract with a 
reduced rumen fermentation time. T.he end result is that the potential 
extent of fiber digestion is not fully realized. One approach to slow 
rate of treated fiber passage is to feed an untreated roughage in com
bination with NaOH treated roughage. There may be several advantages 
for this including;(a) a dilution of Na load which may result in a more 
favorable animal mineral balance ~specially for K and Cl), (b) less Na 
is excreted back on the soil and (c) dry matter digestibility may be 
increased. 

Dry matter digestibility data from Trial 1 found that lambs fed 
only corn silage had an average DMD value of 65.3% while lambs fed 
only treated wheat straw had an average DMD value of 58.3%, Table 1. 
Theoretically any combination of silage and treated straw should have 
a digestibility value somewhere between these two values. When 20% 
treated straw was added to corn silage diet,DMD increased to 71.6% which 
was approximately 7.7 percentage units greater than what would have been 
expected (63.9%), Figure 1. This improvement over what would be ex
pected is termed a "positive associative effect" for the feedstuff com
bination. A similar response was also found for 40% treated straw addi
tion with DMD approximately 6.1 percentage units greater than expected. 
Rate of passage was slower for these two diets than for rams fed only 
corn silage (4.59 and 4.01 %/hr vs 4.87/hr for 20%, 40% and 0% respec
tively) with mean rumen retention time (MRT) correspondingly increased. 
This increase in MRT may be allowing for a greater extent of corn silage 
digestion or wheat straw digestion or combination of both. 

Dry matter digestibility data from Trial 2 found essentially no im
provement in DMD for any of the levels of treated straw addition. There 
was almost a linear decrease (r = .974) in digestibility as level of 
treated straw increased in the diet. Lambs fed only soybean hulls had 
an average DMD of 78.2% while lambs fed only treated wheat straw had a 
DMD of 58.3%, Table 2 and Figure 2. Although soy hulls appear to be an 
excellent source of energy they also passed out of the rumen at the 
fastest rate (5.52%/hr). When treated wheat straw was added to the hulls 
rate of passage decreased (MRT increased) but no increase in digestibility 
was measured. No explanation forany "improvement could be measured from 
this experiment, but it might be suggested that there were two different 
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rates of fiber passage occurring. The Ce technique does not distinguish 
between soyhu11s or wheat straw when added to the diet but rather attaches 
to "a11" the present fiber. Soyhulls because of their fine grind may 
be passing from the rumen at a different rate than was the wheat straw. 
For Trial 1 the particle sizes for the silage and wheat straw were ap
proximately equivalent and may have passed from the rumen together at a 
more similar rate. 

For Trial 3, rams were fed chopped alfalfa hay with treated straw. 
Positive associative effects for DMD were found with 20 or 40% treated 
straw addition. Rams fed 20% treated straw had a DMD value approximately 
6.8 percentage units greater than what would be expected from rams fed 
only alfalfa hay or only treated straw, Table 1, Figure 3. Rate of fi
ber passage was decreased (MRT increased) which may have allowed for a 
greater extent of both alfalfa and straw digestion. The particle sizes 
were initially similar for alfalfa and straw and rate of passage may 
have been similar for both feedstuffs. 
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Table 1. Composition of Diets for Trial I. 

Percent NaOH Straw 

Item 0 20 40 80 100 

NaOH straw 20 40 80 90.12 
Corn sil age 96.11 75.47 54.46 11 .20 
Soybean meal 3.18 3.68 4.42 6.93 8.04 
Urea .54 .68 .90 1. 30 1. 32 
Dicalcium 
phosphate 0 .05 .40 .50 
Salt . 15 .15 . 15 . 15 
Trace Minerals .02 .02 .02 .02 .02 

Table 2. Composition of Diets for Trial II. 

Percent NaOH Straw 

Item 0 20 40 80 100 

NaOH straw 20 40 80 90.12 
Soybean hulls 99.75 79.83 59.04 14.68 
Soybean meal 0 3.44 8.04 
Urea 0 .61 1. 37 1.32 
Dicalcium 
phosphate .34 .50 
Salt . 15 . 15 . 15 . 15 
Monosodium 
phosphate .18 
Trace Minerals .02 .02 .02 .02 .02 
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Table 3. Composition of Diets for Trial III. 

Percent NaOH Straw 

Item 0 20 40 80 100 

NaOH straw 20 40 80 90. 12 

Alfalfa hay 99.83 79.83 59.83 13.13 

Soybean meal 5.80 8.04 

Urea .90 1. 32 

Oicalcium 
Phosphate .50 

Salt . 15 . 15 • 15 . 15 • 15 

Trace minerals .02 .02 .02 .02 .02 

Table 4. Average Intake ~ Digestibility and Rate Data for Trial I. 

Percent NaOH Straw 

Item 0 20 40 80 100 

No. 1 ambs 4 4 4 4 4 
OM intake~ 1b/day 2.17 2.46 2.33 2.18 2.11 
OM dig.~ % 65.3 71.6 68.6 6l.4 58.3 
Rate of Ce 
disappearance~ %/hr 4.87 4.59 4.01 3.92 3.65 
MRT~ hrsa 20.68 22.22 25.93 25.77 27.40 

aMRT = mean rumen retention time 
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Table 5. Average Intake, Digestibility and Rate Data for Trial II. 

Percent NaOH Straw 

Item 0 20 40 80 100 

No. lambs 4 4 4 4 4 
OM intake, 1 b/day 2.38 2.46 2.37 2.19 2.11 
OM dig., % 78.2 76.3 70.6 57.6 58.3 
Rate of Ce 
disappearance, %/hr 5.52 4.36 4.00 4.11 3.65 
MRT, hra 18.12 22.94 25.00 24.33 27.40 

aMRT = mean rumen retention time 

Table 6. Average Intake, Digestibility and Rate Data for Trial III. 

Percent NaOH Straw 

Item 0 20 40 80 100 

No. lambs 4 4 4 4 4 
OM intake, lb/day 2.24 2.22 2.24 2.03 2.11 
OM dig., % 58.5 65.8 63.1 60.2 59.6 

Rate of Ce 
disappearance, %/hr 4.01 3. 13 3.28 3.76 3.65 
MRT, hra 24.94 31.95 30.49 26.60 27.40 

aMRT = mean rumen retention time 
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THE USE OF THE DACRON BAG TECHNIQUE FOR EVALUATING FORAGE 
QUALITY 

B. M. Anderson and J. A. Paterson 

SUMMARY 

The dacron bag (in situ) technique was used to evaluate rate of 
dry matter disappearance for tall fescue, timothy and orchardgrass har
vested during October, November and December, 1979. Dacron bags (1.0 
in x 7.0 in) were filled with respective forage and placed in the ru
men of a fistulated cow fed fescue hay. Bags were removed after 1, 
3, 9, 15, 24, 48 or 72 hours. Potential rate of dry matter disappear
ance (%/hr) for tall fescue was; 4.89, 4.76 and 3.40 %/hr for October, 
November and December, respectively. Potential extent of dry matter 
disappearance (72 hr) for tall fescue was 49.5, 57.6 and 49.6% for 
October, November and December, respectively. Potential rate of dry 
matter disappearance for timothy was; 3.94, 4.55 and 3.47%/hr for 
October, November and December, respectively. Potential extent of 
digestion for timothy was 57.0, 47.3 and 49.4% for October, November 
and December, respectively. Potential rate of dry matter disappearance 
ior orchardgrass was 4.56 and 5.04%/hr for October and November, re
spectively. Potential extent of digestion was 53.8 and 55.4% for Oc
tober and November respectively. 

This data would suggest that tall fescue has a sli9htly greater 
rate of digestion compared to timothy (4.35 vs 3.99%/hr) but that the 
extents of digestion were similar (52.2 vs 51.2%). 

INTRODUCTION 

The Missouri cattleman is committed to beef cattle production sys
tems based on pasture grazing and possibly crop residue feeding. The 
researcher is committed to developing grasses and legumes that have 
both a maximal extent and rate of digestion so that subsequent cattle 
gains are economical and profitable for the producer. The objective 
of today's beef producer is to provide cattle with adequate amounts 
of forage that are readily digestible and support better than average 
gains with acceptable pasture carrying capacity. 

The use of the dacron bag is one technique that has been used to 
study the extent of dry matter disappearance for different grasses, 
legumes and supplements. The bags allow for the influx of bacteria 
for forage degradation without permitting the efflux of undigested 
forage sample. The objectives of this research were to: (1) determine 
rate of dry matter and (2) extent of dry matter disappearance for tall 
fescu~ timothy andorchardgrass harvested during the months of October, 
November and December. 
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PROCEDURE 

Dacron bags (1 in x 7 in) with a pore size of 17 micron were filled 
with forage samples of tall fescue, timothy and orchardgrass which were 
previously ground through a Wiley Mill with a 5mm screen. Approximately 
19 of sample was analytically weighted and placed into each bag. The 
dacron bags were attached to plexiglass spools and fastened in place 
with rubber tubing. The plexiglass spools containing the forage sam
ples were placed ventrally into 2 ruminally fistulated beef cows on 
a previously adjusted fescue hay diet. The bags, removed after 1, 3, 
9, 15, 24, 48 and 72 hours, were rinsed thoroughly under running tap 
water, dried in a 55 0 C oven and then reweighed. This procedure was 
repeated for a total of three replications. The calculations of rate 
and extent of dry matter disappearance were based on techniques by 
Goodrich, 1978. 

RESULTS AND DISCUSSION 

In observing the 72 hr data (Tables 1, 2 and 3), the tall fescue 
for November showed a greater potential extent of dry matter disappear
ance than the October and December tall fescue (57.6 vs 49.5 and 49.6% 
respectively). However, the greatest potential extent of dry matter 
disappearance for timothy was seen in October over the November and 
December months (57.0 vs 47.3 and 49.4% respectively). Orchardgrass 
showed a slightly greater dry matter disappearance for the November 
over the October sample (55.4 vs 53.8%, respectively). 

In comparing the average extent of dry matter digestibility after 
72 hrs for tall fescue, timothy and orchardgrass, it is observed that 
the extent of dry matter disappearance was greatest for orchardgrass 
(54.6%) while tall fescue and timothy showed a lesser extent of diges
tion (52.2 and 51.2%). 

In table 4, the potential rate of dry matter digestibility showed 
a progressive decrease for tall fescue from October (4.89%/hr), Novem
ber (4.76%/hr) and December (3.40%/hr). Rate of dry matter digestibil
ity for timothy increased from October to November (3.94 to 4.55%/hr) 
and then sharply decreased in December (3.47%/hr). Orchardgrass showed 
an increase in potential rate of dry matter digestibility from October 
to November (4.56 to 5.04%/hr). To summarize, the average potential 
rate of dry matter digestibility was greatest for orchardgrass, 4.80 
%/hr with tall fescu~ being slightly greater than timothy (4~ : 35 vs 
3.99%/hr). 

This data would suggest that tall fescue has a slightly greater 
rate of digestion than does timothy (4.35 vs 3.99%/hr) but that the 
extents of digestion were similar (52.2 vs 5l.2%/hr). 

In addition to this data, research is continuing to determine rate 
of crude protein digestibility. This is being done so as to determine 
when the feeding of rumen bypass protein sources may be justified under 
pasture grazing systems. 
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Table 1. Average Percent Dry Matter Disappearance 
by Month for Tall Fescue (K 31) 

Month 1 

Octobera 17.3 
Novemberb 16.5 
Decemberc 11.4 

Average 15. 1 

aOct 10, 1979 sampling 
bNov 7, 1979 sampling 
cDec 5, 1979 sampling 

3 

20.8 
19.6 
13.8 

18. 1 

Hours of ~ Situ Digestion 

9 15 24 

27.4 31.1 37.0 
27.8 31.6 41.5 
23.7 25.B 29.2 

26.3 29.5 35.9 

48 

45.9 
51. 5 
41.6 

46.3 

Table 2. Average Percent Dry Matter Disappearance 
by Month for Timothy 

Hours of ~ Situ Digestion 

Month 3 9 15 24 48 

October a 14.5 lB.4 24.4 30.6 37.5 50.3 
Novemberb 10.B 12.7 19.B 26.2 33.0 41. 7 
Decemberc 12.3 21.1 24.7 28.6 33.5 45.0 

Average 12.5 17.4 23.0 28.5 34.7 45.7 
aOct 10, 1979 sampling 
bNov 7, 1979 sampling 
cOec 5, 1979 sampling 
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49.5 
57.6 
49.6 

52.2 

72 

57.0 
47.3 
49.4 

51.2 



Table 3. Average Percent Dry Matter Disappearance 
by Month for Orchardgrass 

Hours of l!!. Situ Digestion 

Month 1 3 9 15 24 48 

Octobera 15.5 18.6 26. 1 31.2 38.2 48.5 
Novemberb 13.4 16.9 26.8 31.6 41. 5 48.1 

Average 14.5 17.8 26.5 31. 4 39.9 48.3 

aOct 10, 1979 sampling 
bNov 7, 1979 sampling 

Table 4. Potential Rate { K~ of Dr~ Matter Digestion for Forages 

Month 

72 

53.8 
55.4 

54.6 

(%Lhr ~ 

Grass October November December Average 

Fescuea 

Timothyb 

Orchardgrass C 

aOct 10, 1979 sampling 
b 

Nov 7, 1979 sampling 
cDec 5, 1979 sampling 

4.89 
3.94 
4.56 
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4.76 3.40 4.35 
4.55 3.47 3.99 
5.04 4.80 
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COMPARISON OF SOYBEAN MEAL AND BYPASS PROTEIN 
SUPPLEMENTS WITH LASALOCID 

J. A. Paterson, B. Anderson, D. K. Bov~an, R. Morrison 
K. Cunningham and K. Barstow 

SUMMARY 

Three trials were conducted to compare protein quality of a soy
bean meal (SBM) and a bypass protein (BP) supplement with or without 
lasalocid addition. For trial 1, rate of protein digestion for control 
supplements was determined via the dacron bag technique. Bags with pro
tein supplement samples were removed from ruminally fistulated cows at 
1, 3, 9, 15, 24, 48 or 72 hr. Extent of nitrogen (N) digestion at 24 
hr. was 47% for SBM and 26% for BP. At 72 hr extent of N digestion was 
63% for SBM and 64% for BP. 

For trial 2, dry matter (OM) and N digestibility were determined 
for lambs fed chopped fescue hay supplemented with SBM, SSM + lasalocid 
(L), BP or SP + L protein sources. Average OM digestibility for all 
treatments was 55.25% with no differences measured. Nitrogen diges
tibility for the SBM supplement fed lambs was 63% and was 59% for the 
BP supplement. Lasalocid addition improved N digestibility for SB~1 by 7.0% 
and improved N digestibility Of the BP supplement by 9.0%. 

For trial 3, steers grazing winter tall fescue pastures and fed 
only supplemental fescue hay did not gain any weight over a 105 day 
period. Steers supplemented with SP protein gained 12% faster than 
did steers fed SSM supplement (1.05 lb/day vs. 94 lb/day respectively). 
Steers fed SSM + L gained 17% faster than did steers fed SSM. Steers 
fed SP + L gained 9.5% faster than did steers fed BP. 

Lasalocid addition to either SBM or SP protein supplements in
creased both N digestibility and rate of gain compared to supplements 
without lasalocid. Daily gain was improved for steers fed BP supple
ments compared to SBM supplement but no differences in N digestibility 
were measured. 

I NTRODUCTI ON 

Previous research has demonstrated that rumen microbial protein 
alone will often not meet the total protein requirements of growing 
calves or lactating cows. Supplementation of protein sources that re
sist bacterial degradation have been shown to increase nitrogen (crude 
protein) retention and growth rate. Examples of such protein sources 
(termed bypass protein) include; dehydrated alfalfa, corn gluten meal, 
distillers dried grains, blood meal and brewers dried grains. Soybean 
meal is a protein source that normally is extensively degraded to am
monia in the rumen with reduced amounts of protein bypassing into the 
small intestine. 
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Lasalocid sodium has been shown to be an effective feed additive 
for improving both feed efficiency and rate of gain for feedlot steers. 
Limited research however, has been conducted to determine its effects 
on grazing calves fed different protein supplements. 

This study was conducted to determine: (1) rate of nitrogen diges
tion for a soybean meal and bypass protein supplement (2) nitrogen di
gestibilities for these supplements with lasalocid addition and (3) rate 
of gain for steers grazing winter tall fescue pastures supplemented with 
soybean meal or bypass protein with lasalocid addition. 

PROCEDURE 

Trial 1 (In situ) 

Dacron bags (1 in x 7 in) with a 17 micron pore size were weighed 
and then each filled with approximately 1.00 g of either soybean meal 
(SBM) , bypass protein (BP) or fescue hay (Table 1). Samples were ground 
through a Wiley Mill equipped with a 1 mm screen. After filling each 
bag they were attached to a plexiglass spool with the spool then sub
merged in rumen contents of a ruminally fistulated cow. Cows were 
fed ad libitum fescue hay and 2 lb cracked corn per day. Bags were re
move~at 1, 3, 9, 15, 24, 48 or 72 hr after insertion. After removal 
bags were washed thoroughly with tap water, dried at 1300 F for 48 hr 
and weighed. 

The remaining residue in each bag was washed onto filter paper with 
Kjeldahl nitrogens determined on the paper plus residue. Nitrogen re
maining at each time period was expressed as the percent of total nitro
gen digested •. Each time period is the average of three individual re
plications. 

Trial 2 

Twenty four wether lambs with an average weight of 60 lbs were ran
domly assigoed to one of four supplemental protein treatments: (1) SBM; 
(2) SBM + Lasalocid (L), (3) BP or (4) BP + L (Table 1). Lasalocid was 
fed at a rate of 25 ppm. All lambs were fed 1 .21bjday chopped fescue 
hay. Lambs assigned to the SBM or SBM + L treatments were given.35 lb 
of supplement while lambs assigned to BP or BP + L treatments were fed 
.41 lb of supplement. This difference was done so as to equalize the 
amount of crude protein and total digestible nutrients (TON) offered 
between protein sources. Lambs were pre-ted respective diets for 14 
days with total fecal output collected for the following seven days. 
Grab samples of all feedstuffs were collected daily and composi~ed at 
the end of the trial. Feed and fecal samples were dried at 135 ' F for 48 
hr, ground through a 1 mm screen and Kjeldahl nitrogens determined. 

Trial 3 

Fifty Hereford steers with an average initial weight of 464 lb were 
blocked by weight to 10 tall fescue pastures. Treatments for this trial 
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were: (1) no protein supplement; (2) SBM, (3) SBM + L, (4) BP and 
(5) BP + L. 

Lasalocid was fed at a rate of 200 mg/head/day. Steers fed SBM or 
SBM + L supplement received 3.86 lb/head/day while steers fed BP or BP 
+ L received 4.43 lb/head/day. This was done so as to equalize crud~ 
protein and TON intake. 

Steers were fed supplement once per day in feedbunks. Fescue pas
tures were approximately 4.3 ac in size and each had an automatic water
er. Steers were removed from feed and water for 16 hr when initial and 
final weights were collected. The trial lasted 105 days. When neces
sary due to snow cover fescue hay was fed to all animals. 

RESULTS AND DISCUSSION 

For Trial 1 the rate of dry matter disappearance (OM, Table 2) was 
approximately equal for the two protein supplements. After one hour of 
digestion an average of 34% of the dry matter disappeared for both pro
tein supplements, (33.8 and 34.1 % for SBM and BP respectively). This 
loss is felt to be primarily due to soluble carbohydrates. The extents 
of digestion for SBM and BP closely paralelled each other with potential 
extent after 72 hr for SBM being 78.2% and 83.7 % for BP. The potential 
extent of fescue hay digestion was 43.7% after 72 hr. Comparing in vitro 
and in situ digestibility techniques found similar values for BP and fes
cue hay but the in vitro technique may have over estimated digestibility 
for SBM supplement (91.64 vs 70.73, Table 1) compared to the in situ 
techni que. - --

The in situ technique appeared to give expected incremental increases 
in OM disappearance for the various time periods. However when N diges
tibilities were calculated from the remaining residues little increase 
was measured until after 24 hr (Table 3). Part of the problem was that 
variation between replications was great and inconsistant. Comparing 
only the 24 hr values found a SBM nitrogen digestibility of 47.5% and a 
BP nitrogen digestibility of 26.1 % which may still be an indicative meas
ure of protein degradability and bypass protein value. After 72 hr the 
extent of N digestion was similar for both protein supplements, (63.4% 
vs 64.5% for SBM and BP respectively). 

For the lamb digestibility trial, lambs fed lasalocid (25 ppm) di
gested more N than did lambs fed control protein supplements (65.88 vs 
60.94%), Table 4. Lambs fed SBM + L had an average N digestibility value 
of 67.87%. The addition of lasalocid to the BP supplement increased N 
digestibility 5.5 percentage units (64.50% vs 59.01). Dry matter diges
tibility values were not different among the different treatments. 

For the steer pasture trial, animals fed lasalocid gained on the aver
age 13.5 lb/head more than did animals fed control supplements (117.5 lb 
vs 104 lb respectively) which was approximately 13% faster, Table 5. 

Steers fed BP supplement gained 12 lb per head more than did steers 
fed SBM supplement (110 lb vs 98 lb respectively) which was a 12% improve
ment. Lasalocid addition appeared to have a more positive effect on 
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improving weight gains for steers fed SBM than for steers fed BP. This 
improvement may possibly be due to the nature of the protein source and 
lasalocids effect on rumen nitrogen degradation. 

Overall, steers fed supplemental proteins gained an average 1.06 
lb/day compared to steers fed no supplement which did not gain any 
weight during the trial. Based on this data, it might be difficult to 
not consider some type of winter supplemental feeding program. 

Table 1. Composition anc Chemical Analysis of Protein 
Supplements for Trials 1, 2 and 3 (dry matter basis) 

Protein Supplementa 

Ingredient Soybean Mea 1 (SB~1) Bypass(BP) 

% 

Soybean meal 26.93 
Dehydrated alfalfa 28.24 
Distillers dried grains 21.66 
Cracked corn 51. 73 45.17 
Corn starch 15.69 
Molasses 4.56 3.98 
TM salt .80 .69 
Dicalcium phosphate .29 .25 
Lasalocid + + 

Chemical anal~sis 

Crude protein, % 19.06 16.78 
In vitro digestibility, % 91. 64 77 .87 ---
48 hr in situ 
digestibility, % 70.73 75.58 

aOn a dry matter basis: 

Fescue Hay 

6.11 
34.16 

40.80 

SBM supplements fed at a rate of 3.86 lb/head/day so as to supply ap
proximately .71 bl protein and 3.45 lb TON (Steer trial); 

BP supplements fed at a rate of 4.43 lb/head/day so as to supply ap
proximately .71 lb protein and 3.45 TON (Steer trial). 
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Table r Rate of Dry Matter Disappearance for Supplements (. . 
% of Dry Matter Digestec (hr)a 

Supplement 3 9 15 24 48 72 

Soybean Meal 33.8 34.0 40.8 46.9 58.1 70.3 78.2 
Bypass Protei n 34. 1 32.4 41. 7 50.9 62.5 75.6 83.7 
Fescue Hay 18.0 18.4 22.5 26.0 32.8 40.8 43.7 

aEach value is the mean of three individual dacron bag determinations 

Table 3. Rate of Nitrogen Disappearance for Supplements 

% of Total Nitrogen Digested (hr)a 

Supplement 1 3 9 15 24 48 72 

Soybean meal 39.6 40.9 31.8 38.0 47.5 52 .8 63.4 
Bypass protein 27.0 22.2 17.9 28.9 26.1 49.5 64.5 
Fescue Hay 37.4 24.0 15.7 20.9 22.9 25.2 30.6 

aEach value is the mean of three individual dacron bag determi na ti ons 

Table 4. Intake and Digestibility for Lambs fed Different 
Protein Sources with Lasalocid 

Item SBM 

No. 1 ambs 6 
OM intake, lb/day 1.57 
OM dig, % 56.96 
Crude Protein intake, 
g/day 64.13 
Nitrogen intake, g/day 10.26 
Nitrogen di ges ti bil ity, % 62.87 

aTrea tmen ts : 

SBM = soybean meal 
SBM + L = soybean meal + 25 ppm lasalocid 
BP = bypass protein 
BP + L = bypass protein + 25 ppm lasalocid 
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Treatmentsa 

SBM + L BP 

6 6 
1. 57 1.62 

54.91 54.91 

63.75 64.50 
10.20 10.32 
67.25 59.01 

BP + L 
----

6 
1.62 

54.23 

64.13 
10.29 
64.50 



Table 5. Performance of Steers Grazing Winter Fescue 

Treatmenta 

Item No Supplement SBM SBM + L 

No. steers 10 10 10 
I nit i a 1 wt., 1b 463 461 466 
Fi na 1 wt., 1 b 463 559 581 

Total gain, 1b 0 98 115 
Daily gain, lb 0 .94 1. 10 

aNo supplement = hay only 

SBM = soybean meal supplement 
SBM + L = soybean meal supplement + 200 mg lasa10cid 
BP = bypass supplement 
BP + L=bypass supplement + 200 mg 1asa1ocid 
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(105 da~s} 

BP BP + L 

10 10 
464 464 
574 584 
110 120 

1.05 l. 15 
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BOVINE PINKEYE: EVALUATION OF AN AUTOGENOUS MORAXELLA BOVIS 
BACTERIN AND INVESTIGATION OF THE M. BOVIS CARRIER STATrTN 
LACRIMAL AND NASAL SECRETIONS -

J. J. Webber~ L. A. Selby, T. Fairbrother and R. E. Morrow 

SUMMARY 

An autogenous Moraxella bovis bacterin dirl not reduce the incidence 
and severity of Pi nkeye in vacci nated cattle compared to non-vacci nated 
controls. There was no difference in average daily gain between vaccinates 
and controls. 

At initial sampling in April 1980~ M. bovis was isolated from 11% of 
cows and none of the calves. All positive cultures were from nasal swabs. 
Frequency of isolation of M. bovis increased as the summer progressed and 
incidence of Pinkeye increased, with the majority of positive cultures from 
ocular swabs. 

INTRODUCTION 

Vaccination of cattle against Infectious Bovine Keratoconjunctivitis 
(IBK) or Pinkeye, with Moraxella bovis derived preparations has met with 
variable results under field conditions. This is in part due to the nature 
of the vaccine, and in part due to erratic vaccine administration, often 
in the face of a Pinkeye epizootic. 

Cows and calves have been proven to harbor M. bovis in their lacrimal 
secretions for extended periods of time, in the absence of clinical disease. 
It has been postulated that the primary sites of M. bovis colonization are 
the sinuses and nasal cavities, and that infection of the conjunctiva is 
secondary to the former sites. 

The objectives of this study were (1) to evaluate the efficacy~ under 
field conditions, of an autogenous M. bovis bacterin and (2) to investigate 
the M. bovis carrier state in nasal-secretions of cows and calves. 

PROCEDURE 

Vaccination: An autogenous M. bovis bacterin was prepared by Grand 
Laboratories~ Irwin~ Missouri~ usTng a smooth hemolytic isolate of M. bovis 
that was cultured from the cattle at FSRC in July 1979. Cows (n=172) , calves 
(n=170) and yearling heifers (n=20) were randomly assigned to vaccine and 
control groups. Cows and heifers were vaccinated with 5 ml and calves 2 ml 
subcutaneously on the lateral aspect of the neck. Initial vaccination was 
administered on April 22 and a booster given 2 weeks later. All cattle 
were examined once weekly for evidence of keratoconjunctivitis; the severity 
of any lesions was recorded using the scoring system listed in Table 1. 
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TABLE 1 

Code for Scoring Pinkeye Lesions - Cornett Farm 1980 

o = Normal eye 

1 = Mild pinkeye (includes any of the following) 
lacrimation with no corneal lesion 
photophobia with no corneal lesion 
small ulcer covering less than 1/3 of corneal surface 

2 = Moderate pinkeye 
lacrimation and a corneal ulcer or blemish that covers 1/3 to 
2/3 of corneal surface 

3 = Severe pinkeye 
lacrimation, with an ulcer or blemish that covers more than 2/3 
or corneal surface 

4 = Healing 
less lacrimation, accompanied by ingrowth of blood vessels and 
shrinkage of lesion 

5 = Healed 
small or no lesion, with no tearing or discomfort 

9 = Cancer eye 



Carrier State: All the cows and calves in Rep 2 had nasal and con
junctival swabs taken every 28 days from April through September. Swabs 
were streaked on to 5% bovine blood agar for isolation of M. bovis. Iden
tification of ~. bovis was done by the direct fluorescent antibody test. 
All cattle in the 2 herds in Rep 2 were examined twice weekly for evidence 
of clinical keratoconjunctivitis, and the results recorded. 

Data Analysis: Data was summarized, coded and key-punched onto cards 
for analysis using statistical programs available in the Statistical Analysis 
System (SAS). 

RESULTS AND DISCUSSION 

Vaccination: The incidence of Pinkeye in cows and calves at FSRC in 
the summer of 1980 is shown in Table 2. Overall, 24.1% of cows and 34% of 
calves developed moderate to severe Pinkeye. Herd 7 had the highest inci
dence of Pinkeye in cows (51% with moderate-severe). This herd also con
tained 20 yearling heifers. Herds 3, 5, and 8 had the highest incidence 
of Pinkeye in calves (52%). The incidence of moderate-severe Pinkeye within 
each herd for vaccinated and control cattle is presented in Table 3. There 
was no difference in either incidence or severity of Pinkeye between vaccinates 
and controls. Similarly, there was no difference in average daily gain over 
the study period between vaccinated and control cattle (Table 4). 

The vaccine used in this trial was ineffective in reducing the inci
dence and severity of Pinkeye when vaccinated cattle were compared to those 
given a placebo. This further emphasizes the importance of using virulent, 
antigenic strains of M. bovis for bacterin production. No reliable markers 
of virulence have been identified and described for ~. bovis. 

Carrier State: When cattle from Rep 2 were cultured for the first time 
in April, hemolytic M. bovis was isolated from 5 of the cows (11%), and none 
of the calves. All positive cultures were from nasal swabs. As the summer 
progressed, the frequency of isolation of ~. bovis from cows and calves in
creased, with the majority of positive cultures from ocular swabs. While 
these findings need further investigation, there is a suggestion that cows 
can harbor M. bovis in the nasal passages during the winter months, and 
that these cows can then be a potential source of infection, for other cows 
in the herd, and for the newborn calves. 
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TABLE 2 

Incidence of Pinkeye at FSRC Cornett Farm 1980 

Incidence and Severity of Pinkeye 

Cows (%) Calves (%) 

Herd Rep Past None/Mil d Moderate/Severe None/Mild Moderate/Severe 

1 1 1 91 9 77 23 

2 1 2 72 28 88 12 

3 2 1 77 23 48 52 

4 2 2 88 12 72 28 

5 3 1 83 17 48 52 

6 3 2 100 a 83 17 

7 4 1 49 51 48 52 

avera 11 75 24 66 34 
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TABLE 3 

Incidence of Pinkeye in Vaccinated and Control Cows and Calves 

Cornett Farm 1980 

% with moderate-severe Pinkeye 

Cows Calves 

Herd Vacc Control Vacc Control 

1 0 16.7 27.3 18.2 

2 23 33.3 25 0 

3 27.3 18.2 54.5 50 

4 7.1 20 30.7 25 

5 16.7 20 38.5 70 

6 0 0 16 . 7 16.7 

7 55 48 46.7 57.1 

Total 23.1 25 . 9 35.3 32.9 
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TABLE 4 

ADG of Cows and Calves at FSRC Cornett Farm 

April - September 1980. Vaccinates and Controls. 

ADG Cows (lb) ADG Calves (1 b ) 

Herd Vacc Controls Vacc Controls 

1 -0.25 -0.20 1. 35 1. 36 

2 -0.30 -0.34 1. 32 1. 26 

3 0.27 0.35 1. 51 1. 50 

4 0.34 0.32 1. 44 1.43 

5 -0.17 -0.07 1. 62 1. 72 

6 -0.16 -0.01 1. 46 1.44 

7 0.21 0.26 1. 63 1. 57 
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PINKEYE - FACE FLY STUDIES 

D. Berkebile, R. Hall, J. vJebber, T. Fairbrother, 
D. Jacobs and R. Morrow 

SUMMARY 

Female face flies, Musca autumnalis De Geer, were swept from bloody 
boards placed near herds of cattle infected with pinkeye (infectious bovine 
keratoconjunctivitis). These flies were analyzed by culture, cytochrome 
oxidase evaluation, and fluorescent antibody labeling to determine the 
presence of viable Moraxella bovjs (Hauduroy). Of 5314 such flies tested 
over a 2 year period, less than 1% were positive carriers of the bacterium. 
Correlations calculated between data indicated that face fly contamination 
with ~. bovis was positively related to active infection in a herd, but not 
significantly proportional to the total fly populations sampled. The face 
fly did not appear to constitute an abundant type of M. bovis dissemination 
for the herds and time frame tested. 

INTRODUCTION 

Since its introduction to North America in the early 1950's, the face 
fly, Musca autumnalis De Geer, has been associated with increased incidence 
of eye disorders in cattle. Of the various bacterial, psittacosial, rickett
sial and viral pathogens connected with infectious bovine keratoconjunctivitis 
(IBK or "pinkeye"), Moraxella bovis (Hauduroy) has been the etiologic agent 
most commonly linked with the disease. Laboratory reared face flies contam
inated with M. bovis were capable of transmitting the organism to caged cattle. 
We investigated the relative association of female face flies with M. bovis 
when these flies were caught near 18K-infected cattle herds. - --

PROCEDURES 

Identification of Moraxella bovis. -- Field collected face flies were 
anesthetized with C02 and triturated singly in 1 ml of sterile saline. The 
resultant brei was then plated over 5% blood agar and incubated 24 hr at 370 
C. Preliminary identification was made by searching for bacterial colonies 
exhibiting beta-hemolysis, circular with edge entire, convex, translucent 
greyish white, and slightly idented into the blood agar. Such colonies were 
subjected to cytochrome oxidase testing at this point during the 1980 season. 
In all cases, suspected isolates were confirmed via fluorescent antibody (FA) 
staining. Suspect colonies were macerated in distilled water and transferred 
to 6-\'.ell glass slides, fixed ih 95% ethanol, rinsed in phosphate buffered 
saline, and stained for 30 min. with fluorescent antibody conjugate. Slides 
with known viable ~. BOYis were processed concurrently as a check on technique. 
Slides thus made were examined at 1250X with a compound microscope equipped 
with mercury vapor illumination, BG-12 exciter, BG-23 red absorber, and UV 
barrier filters. Approximately 50 fields in a Z-pattern were examined on 
each smear prior to a negative determination. A positive smear contained 
apple-green fluorescing short rods with rounded ends, typically in pairs or 
short chains. 
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Cattle used and fly collection protocol. -- Eight beef herds, princi
pally Hereford, were monitored for M. bovis positive face flies from June -
September, 1979. Three were pastured in western Missouri near Clinton, 1 in 
central Missouri near BoonVille, and 4 in northern Missouri at the Forage 
Systems Research Center (FSRC) near Linneus. The herd sizes ranged from 40-
62 head and all were maintained on summer forage for the duration of the 
study. Each herd was chosen after IBK infection was diganosed by competent 
veterinary authority. 

Weekly sampling was done using blood covered boards, and face fly females 
attracted to such traps were collected with a hand net. Face flies taken 
proximate to each herd were kept alive in small cages and transported to the 
laboratory for processing with 8 hours. 

At the FSRC, clinical signs of IBK were checked semiweekly by a techni
cian to monitor the progress of the disease in each herd. All eyes were 
swabbed 4 times between May and September with the resultant samples processed 
for FA determination. Eye lesions were scored semiweekly using a 0-5 index 
system. 

During 1980, four herds of Hereford cattle were surveyed from late April
September. The herds ranged from 45-96 head and were pastured at the FSRC. 
Our fly collection protocol and IBK monitoring were essentially identical to 
those used during 1979. After the early part of the summer, face fly counts 
were made on samples of 10 head/herd/week. 

RESULTS 

A low percentage (1.9) of face fly females collected proximate to IBK
infected cattle herds tested positive for viable M. bovis during 1979. 
Seasonal averages ranged from a high of 4.1% in l-herd at Clinton to a low 
of 0.6% in another at the FSRC. The percent of cattle eyes at the FSRC 
showing active IBK signs varied from 49.4 to 8.6. The incidence of disease 
was greatest during late May - mid July. Eye swabs positive for~. bovis 
were recovered from all FSRC herds during this time frame. 

M. bovis recoveries were fewer (0.2%) during the 1980 season. Face 
flies trapped proximate to 4 herds at the FSRC tested negative for the 
bacterium except for those caught near herd 4. Here, such flies produced 
a seasonal average of 0.5% infection. IBK surveys indicated that the per
cent of eyes showing active signs ranged from 27.6 to 17.0. 

The incidence of M. bovis positive face flies was positively correlated 
with ~. bovis recoveries from eye swabs during 1979, but not with 1BK signs. 
In contrast, a positive correlation was established between eye swabs and 
1BK signs for cattle tested that year. We did not find a significant 
correlation in either year between total flies tested and the incidence of 
M. bovis positive flies, or between these flies and face counts during 1980. 
It is likely that contamination of face flies with M. bovis is a phenomenon 
not principally related to the size of the fly populations sampled, but 
additionally to other factors including attractiveness of bovine eyes to 
female face flies. 
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We conclude that f~ce fly females did not appear to constitute an 
abundant type of ~. bovis dissemination for the herds and time frame 
studied. Of 5314 flies analyzed, only 0.8% were positive carriers of 
the pathogen. The importance of this small proportion of contaminated 
flies to the etiology of 1BK remains unknown. 
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A DEMONSTRATION OF SHORT TERM CREEP FEEDING SPRING CALVES 
PRIOR TO WEANING 

D. Sicht, C. Wren, A. Decker and R. Morrow 

SUt~MARY 

T~e objective of this trial was to evaluate the economics of creep 
feeding spring-born calves for a short time period when forage availability 
is low. Creep fed calves gained an additional 22 pounds over 28 days at a 
cost of $.53 per pound of additional gain. 

WTRODUCTION 

Research results indicate routine long term creep feeding of calves 
may no': be profitable. It is generally recognized that a beef cov[ is a 
low milk producer at the end of the nursing period. Therefore, to insure 
good calf gains some type of feed should be available to the calf. An 
advantage of spring calving is that by the time the cow decreases in milk 
production, the calf is able to utilize pasture. In times of extremely 
dry weather and poor forage conditions creep feeding calves could be 
profitable. Because of the dry weather last summer a short term creep 
feeding trial was conducted to determine if creep feeding in that situation 
would be profitable. 

PROCEDURE 

On September 4, 1980 a 28-day creep feeding vs non-creep feeding 
demonstration trial was conducted at the University of Missouri Beef 
Cattle Research Farm at Columbia, Missouri. The calves used were steers 
and heifers sired by two different body type (medium and large) Polled 
Shorthorn bulls and were from Charolais x Hereford and Charo1ais x Angus 
cows. Some of the calves were from Simmental cross dams. The calves 
had been randomly allotted in the spring for another trial and this 
al10ttment was used for this trial. 

RESULTS 

The average on trial weight for the creep fed pasture was 309 pounds. 
The average weight for the non-creep fed pastrue was 352 pounds. There 
were 13 calves in the non-creep group and 19 in the creep fed group. The 
summer of 1980 was extremely hot and dry. The pastures oroduced little 
feed during this period accounting for the light weights of the calves. 

A creep feeder was moved into the pasture on September 4, 1980 and 
creep feed was kept in the feeder at all times. The trial ended on Oct
ober 1, 1980. The creep feed was made up of 740 pounds of cracked corn, 
540 pounds of crimped oats, 300 pounds of soybean oil meal, 200 pounds of 
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of bran, 100 pounds of cottonseed hulls, 10 pounds of salt, 10 pounds of 
dicalcium phosphate, and 100 pounds molasses. The cost was $166.90/ton 
or $8.64 per pound. Each calf consumed an average of 141 pounds of feed 
for a total feed cost per calf of $11.76 for the 28 day trial . 

The non-creep fed calves weighed an average of 384 pounds off test 
making their gain per calf of 32 pounds. The creep fed calves had an 
average weight of 363 pounds making their average gain per calf 54 pounds. 
The gain above the non-creep fed calves was 22 pounds per calf. Assuming 
this is attributed to the creep feeding, t~e feed consumed per pound of 
gain was 6.4 pounds and the feed cost per pound of gain was $.53 per pound. 

There was no observable difference in condition in the two groups of 
calves at the end of this trial. It is our feeling that the calves could 
have been creep fed at least another 28 days without adding an observable 
amount of condition in the calves and the amount of gain in favor of creep 
feeding would have been even greater. 

TABLE 1: Performance of Calves 

Initial weight (lbs) 

Final Weight 
Gain (28 days) 
ADG 

Additional Gain 
Feed/calf 
Feed cost/calf 

Feed/pound of gain above controls 
Feed cost/pound for additional gain 
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No Creep Creep 

352 

384 
32 

1. 14 

309 

363 
54 

1. 93 

22 

141 
$11. 76 

6.4 
$ .53 



Progress 
Report 

A DEMONSTRATION OF USING LIQUID PROTEIN SUPPLEMENT 
AS A CREEP FEED 

A. Decker and R. Morrow 

SUMt:1ARY 

Sixty-six fall calving Angus and Simmental cows with calves were 
divided into three groups for a wintering trial using a conventional grain 
creep feed vs a liquid creep. One group of calves received a grain base 
creep feed ina conventi ona 1 creep feeder. One group recei ved a s i xte e n 
percent crude protein liquid supplement in a lick tank. The third group 
served as a control and received no creep. All groups of cow-calf pa; rs 
had access to large round bales of mixed grass hay fed free choice in bale 
feeders. The calves on grain creep were considerably heavier at the end of 
56 days than either of the other groups. The calves on liquid creep consumed 
3.9 lbs per day of supplement while the calves on grain creep consumed ~.6 
lbs per day. Average daily gain (ADG) for the calves on lick was 0.16 1 bs 
higher than the controls. The ADG for the calves on grain creep was 1 _ 53 
lbs per day higher than the controls and 1.37 lbs per day above the 1; ck 
group. 

INTRODUCTION 

Additional weight at weaning without large a~ounts of supplemental 
grain and its accompanying increase in calf condition has long been a goal 
of the cow-calf producer. Grain feeding is a proven method of increas; ng 
calf weights, but it has its shortcomings. Grain is usually expensive, 
often overconditions calves, and is hard to limit feed to calves on a prac
tical basis. The purpose of this trial was to look at the feasibility of 
using liquid supplement as a source of creep feed for nursing calves. 

PROCEDURE 

Twenty-two Simmental cows with calves and 44 Angus cows with calves 
were used in this trial conducted in the winter months of 1981. The CO"'JS 
were wormed and sorted into three groups according to age of cal f, sex. 0 f 
ca lf, and breed. All three groups had access to 1 a rge round bales of m; xed 
grass hay at all times. All cattle had free access to fresh water and a 
mineral mix consisting of dicalcium phosphate, trace mineral salt, and 
magnesium oxide. The three treatment groups were as follows: 

1) Cows having access to hay and calves having access to a grain 
creep in a conventional creep feeder. 

2) Cows having access to hay and calves having access to a 16% 
crude protein liquid supplement in a lick tank. 

3) A control group with cows having access to hay and calves rece; ving 
no supplemental feed. 

82 



The trial was 56 days long preceeded by a 21 day period necessary to train 
the calves on the lick tank to turn the wheels. Training was accomplished 
by putting some liquid supplement on top of the tank and the lick wheels 
daily until the calves learned to use them. The lick tank was located near 
the water source in a small pen with two creep gates to allow calves easy 
access. Two creep feeders were used for the calves on grain creep. They 
were also located near the water source to allow calves easy access. 

The composition of the grain creep ration is shown in Table 1 and the 
analysis of the liquid supplement in Table 2. 

RESULTS 

The performance of the cows and calves is shown in Table 3. The 
calves on grain creep were heavier at the start due to the fact that they 
had access to creep during the 21 days it took to train the calves on the 
lick tank. The calves on grain creep had the highest average daily gain, 
while the controls had the lowest. The calves on grain creep had a conver
sion ratio of 5.63 lbs of feed for each pound of additional gain above the 
controls. The calves on lick had a converison of 24.33 lbs of liquid per 
pound of additional gain above the controls. The liquid was 71% dry matter 
which gives a conversion of 17.28 lbs of supplement per pound gain on a 
dry matter basis. Although the lick did give on additional gain it was 
very inefficient in that it required 219 lbs of liquid for an additional 
9 lbs of gain. 

The calves quickly learned to eat the supplement. He feel this type 
of supplementation should be investigated in a summer system when calves 
do not have good grazing. A concern of the inefficiency shown in this 
trial is whether the calves were able to utilize the urea in the liquid 
supplement. A natural plant protein supplement might have yielded differ
ent results. 

This trial illustrates the need for additional feed for fall calves 
when milk production of the cow has declined during the late winter months. 
More work is needed to look at liquid supplements with natural plant 
protein or other types of feedstuffs that will increase growth but not 
increase condition of the calf. 
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TABLE 1: Composition of Grain Creep Ration 

Cracked Shelled Corn 
Soybean oil meal 
Bran 
Crimped Oats 

37% 
15% 
10% 
27% 

Cottonseed hulls 
Molasses 
Trace mineral salt 
Dicalcium phosphate 

TABLE 2: Analysis of Liquid Supplement Used as Creep Feed 

Crude Protein, not less than 
(not more than 12% equivalent crude protein from 
non protein nitrogen) 

Crude Fat, not less than 
Crude Fiber, not more than 
Total Sugars, not less than 
Dry Matter, not less than 
Phosphorus, not less than 
Vitamin A, USP Units per lb 
Vitamin D, USP Units per lb 
Vitamin E, Units per lb 
Calcium, not less than 
Calcium, not more than 

TABLE 3: Performance of Cow-Calf Pairs 

No. Animals 
Initial weight - preliminary phase 
Initial weight - calf 
Final weight - calf 
Gain 
ADG 

Total feed consumption/calf 
Feed/calf/day 
Feed per pound of gain 

above controls 

84 

Control 
21 

269 
291 
326 

35 
.63 

16% 
0.1% 
0.1% 

38% 
71% 

0.6% 
12,500 
3,125 

3.75 
0.5% 
1. 5% 

Dry 
Creep 

23 
260 
339 
460 
121 

2.16 

484 
8.64 

5.63 

5% 
5% 

0.5% 
0.5% 

Liquid 
Creep 

22 
276 
293 
337 

44 
.79 

219 
3.91 

24.33 
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AN ILLUSTRATION OF EVALUATION OF COW SIZE AND EFFICIENCY 

J. Abbott, G. Abbott, R. Morrow and A. Decker 

SUMMARY 

An Angus cow and bull calf are used as an illustration of cow-calf 
efficiency of production during three management phases from birth of the 
calf in August 1980 to weaning in March 1981. The calf gained.2.32 pound~ 
per day until 87 days of age, at which time creep feed was avallable. Galn 
then increased to 2.47 pounds per day at 157 days. The cow and calf were 
then individually fed. The cow consumed 70 pounds of corn silage (30% DM) 
per day and produced 15 pounds of milk per day. The calf ate 9 pounds of 
creep feed each day and gained 4.18 pounds per day. 

INTRODUCTION 

The cow-calf producer today must put more emphasis than ever before on 
a selection program for total herd efficiency in order to maintain a profit
able enterprise. One of the major problems with selecting for efficiency is 
defining the characteristics involved. The female represents by far the 
largest percentage of the cost of production; therefore, selecting for an 
efficient female will result in a more productive cow-calf operation. 

~lost literature defines efficiency as ratio of inputs to outputs. The 
output is considered the pounds of salable products. the calf, and the 
salvage value of the cow when she is culled. 

Measuring inputs involves quantifying both direct and indirect expenses. 
Energy represents the largest input, making its utilization the major factor 
in determining efficiency. The producer must realize that sources of energy 
involve not only the purchased feed or grain, but also pasture and hay 
production and other forage products produced on the farm. 

The objective of this paper is to illustrate concepts of cow efficiency 
by partitioning energy expenditures of a cow-calf pair. 

PROCEDURE 

Seventeen fall-calving Angus cows and their calves were individually 
fed from January 28 through March 24, at which time the calves were weaned. 
The cows were fed corn silage ad lib and the calves had free access to 
creep feed in individual stall~ Cows and calves were weighed every 14 days 
and milk consumption estimated monthly using the weigh-suckle-weigh tech
nique. Cows and calves were taken through the whole body counter to estimate 
body fat and protein content. 
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We will discuss one particular cow and calf pair in this paper to 
illustrate calculations that can be used to evaluate cow efficiency. The 
discussion will involve three phases of production from birth of the calf 
until weaning with primary emphasis on the individual feeding (drylot) 
phase. The first is the pasture phase where the cows were on fescue pasture 
from calving until creep feeding began on November 19. We are assuming calf 
gains during this phase are totally dependent on milk consumption. The 
second is a pasture and creep feed phase. Calf gains in this phase are 
influenced to some extent by the creep feed consumption but still largely 
denendent upon milk production of the cow. The last phase is the individ
ual feeding. Calf gains at this point are largely dependent upon creep 
feed consumption. We should emphasize that the pasture available at this 
time was of 1 m" quality because of the extreme hot and dry weather and very 
little fall regrowth was available to the cow. 

RESULTS 

Weight gains and other information relating to animal performance are 
shown in Table 1. The cow calved August 24 and had a bull calf weighing 
70 pounds. Her weight after calving was 1,325 pounds. Her shoulder height 
was 49.5 inches. The weight height ratio was 26.8. The ratio is sometimes 
used to estimate condition of cattle and this figure would be considered 
above average condition. Items of interest during the first phase of 
production are milk production of the cow, weight gain or loss of the cow 
and weight gain of the calf. The weight gain of the calf is determined 
by milk production of the cow for first few months. It is generally felt 
that a beef cow will reach peak milk production by 90 days after calving 
and decline steadily thereafter. Some people prefer to use weight of the 
calf at this time for selection yather than weaning. Weaning weight is 
influenced more by environmental conditions. The calf gained 2.32 pounds 
per day from birth until creep feeding was started at 87 days of age. 
Creep feeding was begun at that time because of the anticipated decrease 
in milk production. Based on a conversion of 9 pounds of milk required 
per pound of gain the calf was consuming approximately 20 pounds of milk 
per day. This would be considered superior milk production in formulation 
of rations for a lactating beef cow. 

At this point the cow was losing weight. The weight loss was fat loss 
indicating the cow was decreasing body fat reserves to offset lack of feed 
intake to maintain her body weight and produce milk. The maintenance needs 
of a cow are related to the metabolic weight of the animal which is the 
weight O.7~. Energy for maintenance (NEm) does not increase at the same 
magnitude as body weight. The estimated NEm for this cow at calving was 
9.5 Mcal per day. This would increase during cold weather. Research 
indicates a 1% increase for each degree below 300 F. Added to the NEm is 
the energy required for lactation. When giving 20 pounds of milk, an addi
tional 6.1 Mcal of energy is needed to give a total requirement of 15.6 Mcal 
of energy per day. The cow would have to eat 33 pounds of good quality 
fescue to meet this requirement. Based on an expected consumption 2.5% of 
body weight, this cow would eat about that much. Considering this was low 
quality pasture and the cow carrying excess condition, consumption would 
probably be closer to 2% or 26 pounds. Therefore, she could not maintain 
body weight and produce 20 pounds of milk per day and, consequently, lost 
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weight until whe went in the drylot. At that point her weight was 1,162 
and weight:height ratio was 23.5. This indicates that even though the cow 
lost weight, she was still in average condition and probably would breed 
back on time, even though these cows were not rebred in order to change 
them to spring calving. 

The calf gain increased to 2.47 pounds per day when going on creep 
feed. Based on a projected estimate of 1.8 pounds per day gain on milk 
and average creep feed consumption of 4 pounds, additional gain of over 
half a pound was added with creep. 

The drylot or individual feeding phase of the study was conducted for 
56 days. The cow consumed an average of 70 pounds of silage per day (30% 
dry matter) and the calf consumed 9 pounds of creep feed per day. Milk 
consumption averaged 15 pounds per day. The consumption of silage was 
adequate to produce 15 - 20 pounds of milk per day and allow the cow to 
gain some weight. The efficiency of the calf in converting milk plus creep 
feed to gain was excellent. His gain was 4.18 pounds per day indicating he 
was using 6 - 8 pounds of milk per pound of gain and 5 - 6 pounds of creep 
feed per pound of gain. Feed costs for the 56 day period were $.70 per 
day for the cow and $.75 per day for creep feed for the calf, giving a total 
feed cost of $1.48 for 4.18 pounds of gain or $.35 per pound. 

There are many management implications in this discussion of cow-calf 
efficiency. First, this was not an average cow and calf. The cow is the 
top-producing cow in the herd, a daughter of Emulation 31. The bull calf 
was sired by Byergos Black Revolution 36 and was 43 inches tall at the 
shoulder and 45 1/2 inches at the hip at weaning. Modern selection programs 
emphasize larger framed cattle. More importantly, as this illustration 
points out, the cattle need the capacity to eat to make good gains. Cows 
should have the genetic ability to produce milk at the expense of body 
condition, yet our management programs must satisfy nutrient requirements 
for production and allow the animal to remain reproductively sound. 

Another decision relates to calving season. Proponents of fall calving 
a~ue, as in this case, that cows calvingin the fall are in better condition 
at calving than cows calving in late winter and normally forage production 
is good in the fall. Proponents of spring calving argue that when milk 
production begins declining, forage is available to maintain good gains on 
the calves whereas a large amount of creep feed had to be used as in this 
example. Again, this cow was a superior milk producing animal which also 
indicates a need to be able to match feed resources to genetic potential of 
the cow. It is doubtful if this cow's production could have been maintain
ed on medium quality hay. 
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TABLE 1: Cow and Calf Performance 

Calving date 

Weight of cow 

Shoulder height of cnw 

Weight:height ratio 

Birth weight of calf 

VJeight of calf - Nov. 19 (87 days) 

ADG 

Weight of calf - Jan. 28 (157 days) 

ADG 

Weight of calf at weaning (213 days) 

ADG 

Overall ADG 

Average creep feed consumption in drylot 

Milk consumption by calf (Feb.) 

Weight of cow - Jan. 28 

Loss from calving 

Weight:height ratio 

Average daily silage consumption 

Weight of cow - Mar. 25 
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August 24, 1980 

1,325 

49.5 

26.77 

70 

272 

2.32 

445 

2.47 

675 

4.18 

2.84 

9 

15 

1,162 

163 

23.47 

70 

1 ,178 
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DIGESTIBILITY OF LARGE ROUND HAY BALES 

R. Morrow, A. Decker, B. Hires, J. Gubas 
J. Paterson and G. Garner 

SUMMARY 

The objective of this trial was to study the estimates of digestibility 
of large round bales of orchardgrass hay stored inside, stored outside or 
wrapped in plastic. Digestibilities and intake were lower with hay stored 
outside and wrapped in plastic than hay stored outside. Digestibility of 
the inner portion of the bale was lower than the outer third for hay stored 
outside. It should be pointed out that the extremely hot and dry weather 
in the summer and fall of 1980 probably influenced these results and the 
trial should be repeated. 

INTRODUCTION 

In recent years the utilization of the big round hay bale has become a 
management problem for cow-calf producers. The initial concern was decreas
ing the amount of waste at feeding time by suing racks around the bales. A 
concern now is the loss of quality of the bale ~vhen stored outs i de. The 
objectives of this study were to evaluate the digestibility of orcnardgrass 
hay stored outside compared to hay stored inside or wrapped in plastic and 
to compare orchardgrass hay to red clover hay stored outside. 

PROCEDURE 

Orchardgrass hay was cut in June, 1980 and baled in large round bales. 
After baling three bales of hay were stored in a machinery shed and three 
bales stored outside on crushed rock. Also at baling three ba~es were 
wrapped in clear plastic (ends open) and these were stored outside. Three 
bales of red clover hay stored outside were also used in this study for a 
comparison of legume to grass hay. 

In February of 1981 the four groups of hay were used to study the 
influence of storage on digestibility. The bales of hay were separated 
into three parts by weight representing the inner, middle and outer third 
of the bales. The portions of the bales were then ground and fed to sheep 
in metabolism crates. A ten-day adjustment period and seven-day collection 
period was used to determine digestibility of the hay. Four sheep were 
used for each treatment. Total feed intake and feces excretion were measured 
for each seven day period so that digestibility of the diets could be 
determined. 
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RESULTS 

The digestibilities and hay intakes are shown in -,able 1. As could be 
expected the average digestibility of the hay stored inside was higher than 
the average of the hay stored outside (58.9% vs 51.6%). The digestibility 
of the red clover hay (58.1%) was the same as the orchardgrass hay stored 
inside. The average digestibility of the orchardgrass hay wrapped in plastic 
was only 38 . 8%, indicating a need for further research to see if this is a 
real effect. 

Another point for discussion is the digestibility estimates for the 
various portions of the bales. Of particular significance is that the inner 
third of the orchardgrass hay stored outside is less than the outer portion 
(46.7% vs 56.7%). The opposite trend was noted with regard to the red clover 
hay. The outer third had a lower digestibility estimate than the inner third 
and middle third (55.8% vs 57.9% and 60.7%). There was essentially no dif
ferences in the portions of the bales stored inside or wrapped in plastic. 

It should be noted that these results were probably affected greatly by 
the lack of rainfall. The hay stored outside had weathered only about five 
inches deep. The red clover hay had experienced more weathering. The lower 
digestibility of the inside portion of the grass bales stored outside and 
the bales wrapped in plastic needs more study. One possible explanation is 
the heating of the bales, particularly in the case of the bales wrapped in 
plastic. Lab analyses of the hay samples are not complete at this time. 

Another concern we have in our own beef cattle operation is the appar
ent decrease in consumption of hay when using large round bales. We have 
noticed our cows do not eat as much hay as we would expect. This seems to 
be unique to hay stored outside. With these thoughts in mind we looked at 
the intakes of the hay by the sheep on the digestibility trial. Although 
the results are in no way conclusive, the average consumption was 1.39 
pounds per sheep per day for the hay stored outside and 1.61 pounds for the 
hay stored inside. The hay wrapped in plastic was only slightly higher than 
the hay stored outside without protection even though very little weathering 
was observed in the plastic wrapped hay. 
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TABLE 1: Digestibilities and Intakes of Hay 

Treatment 

*Orchardgrass Hay 
Stored Outside - On rock 

Inner third of bale 
Middle third of bale 
OUter third of bale 

Average 

Stored Inside 
Inner third of bale 
Middle third of bale 
Outer third of bale 

Average 

Wrapped in Plastic - Outside on rock 
Inner third of bale 
Middle third of bale 
Outer third of bale 

J?,verage 

*Red Clover Hay - Outside 
Inner third of bale 
Middle third of bale 
Outer third of bale 

Average 
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Di ges t i bil ity 
(percent) 

46.7% 
51.3% 
56.7% 

51.6% 

59. 4~~ 
57.8% 
58.5% 

58.9% 

37.6% 
38.6% 
40.3% 

38.8% 

57.9% 
60.7% 
55.8% 

58.1% 

Intake 
(l bs/day) 

1.39 
1.21 
1.56 

1.53 
1. 70 
1. 59 

1.55 
1.32 
1.46 

2.35 
2.41 
2.29 

1.39 

1.61 

1.44 

2.26 



Progress 
Report 

EFFECTS OF IMPLANTING AND WORMING CALVES SHORTLY BEFORE 
WEANING 

T. Fairbrother, D. Jacobs and R. Morrow 

SUMMARY 

A total of 144 Polled Hereford cow-calf pairs were used to determine 
if worming or implanting calves shortly before weaning would improve per
formance during the weaning period. The treatments used were worming with 
Thiabendazole paste (TBZ) or not wormed, implanted with Ralgro or not im
planted and the cow-calf pair placed on KY-3l tall fescue, MO 96 tall fescue 
or orchardgrass pastures prior to weaning. The fall grazing period was for 
41 days starting September 9th and the weaning period was for 15 days. 
Calves on both MO 96 and KY-3l fescue pastures gained about .2 lb/day more 
than the calves on orchardgrass pasture. There was no advantage in average 
daily gain (ADG) for the wormed calves over the controls. The ADG of im
planted heifer calves was comparable to implanted bull calves. However, the 
ADG of non-implanted heifer calves \'Jas about .2 lb/day less than non-implant
ed bull calves. 

INTRODUCTION 

The practice of pre-conditioning calves prior to being sold is being 
used by many producers throughout Missouri. Pre-conditioning calves means 
that the producer must accept the risks of the weaning period. The purpose 
of this study as to determine if implanting and worming the suckling calf 
about a month prior to weaning would reduce the stresses of weaning and, 
therefore, promote fast gain during the weaning period. 

PROCEDURE 

The 144 Polled Hereford cow-calf pairs used in this experiment were 
randomly assigned to one of twelve treatments. There were an equal number 
of bull and heifer calves in the experiment. Calves were born between Feb
ruary 15th and April 8th. 

The treatments given to the calves were: wormed with Thiabendazole paste 
(TBZ) or not wormed, implanted with Ralgro or not implanted and cow-calf pairs 
placed on either orchardgrass, KY-31 tall fescue or MO 96 tall fescue pastures 
during the last 41 days of the suckling period. 

On September 9th the calves were given their appropriate treatment and 
the cow-calf pairs were placed on their respective pasture treatments. 
Forty-one days 1 ater the calves \tJere weaned and placed ina lot. The calves 
were fed ad libitum timothy hay in round bales and a corn-protein supplement 
rati on for 15 days. The ration \AlaS fed at a rate starti ng at 1 1 b/day and 
gradually increasing the amount to 4 lb/day. Weights were taken at the begin
ning of the experiment, at weaning and 15 days post \'Ieaning. 
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RESULTS AND DISCUSSION 

During the 41 day suckling period calves on the MO 96 and KY-3l 
fescue pastures gained about .2 lb/day faster than the calves on the orchard
grass pasture. This result is often seen during the fall months and is due 
to fescue storing sugar in its lower leaves at this time of the year while 
orchardgrass does not. 

There was no advantage in ADG for the wormed calves over the non
wormed calves during the suckling or weaning period. 

The non-implanted bull calves gained about .2 lb/day greater than the 
non-implanted heifer calves. However, the implanted heifer and bull calves 
gained at about the same rate. The short duration of the experiment could 
be the reason that the wormed and implanted calves did not show a distinct 
advantage. 
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ESTROUS SYNCHRONIZATION IN FENPROSTALENE TREATED BEEF COWS 

D. Jacobs, C. Bierschwal, R. Elmore, 
J. Balke and T. Fairbrother 

SUj\1MARY 

A total of 92 Polled Hereford cows were divided into three groups in 
an estrus synchronization trial. The cows in group I were examined rectal
ly for an active corpus luteum (CL) on day 1 and if not bred on day 13, 
those cows with active CL were injected with fenprostalene. The cows de 
tected in estrus between days 2 and 6, and between days 13 and 18 were bred 
by artificial insemination. The cows in group II \'/ere injected with fen
prostalene on days 1 and 13 and bred by artificial insemination betvleen 
days 14 and 18. The cows in group III served as controls and were bred as 
estrus occurred between days 1 and 24. The conception rate for groups I, 
II and III were 33.3; 38.1 and 58%, respectively. The results of this 
trial emphasized the need to have all cows cycling prior to the start of 
an estrus synchronization program. 

INTRODUCTION 

An experimental drug fenprostalene was recently developed to be used 
in estrus synchronization programs by Syntex Research. Fenprostalene is a 
luteolytic prostaglandin which causes the regression of an active corpus 
luteum (CL) on the ovary of cattle. Following the injection of fenprosta
lene, cows with active CL will return to estrus in 3 to 5 days. 

The purpose of this study was to determine the conception rate of beef 
cows synchronized with fenprostalene use in two breeding programs. 

PROCEDURE 

The 92 Polled Hereford cows used in this experiment were between the 
ages of 2 to 11 years old. All cows had calved at least 50 days prior to 
the beginning of the experiment. The cows were maintained in five herds. 
Four herds were on fescue pasture and one herd was on red clover pasture. 

The cows were randomly divided into three groups within each pasture. 
The treatment for group one was on day 1 of the experiment all cows were 
examined rectally for an active CL. Those cows with an active CL were in
jected with fenprostalene and bred using artifical insemination when de
tected in estrus between days 2 and 6. On day 13 those cows not bred were 
examined again for an active CL. Those with an active CL were injected and 
bred between day 14 and 18 when detected in estrus. 

All cows in group II were injected with fenprostalene on day 1 and 
again on day 13. Those cows detected in estrus were bred between day 14 
and 18. The treatment for group III cm'ls was a 24 day normal artificial 
insemination period. 
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Fenprostalene was , ~t-njected subcutaneously in the neck at a rate of 2 
ml per injection. CarVing dates and breeding records were used to determine 
conception dates. Percent conception rate is the number of pregnant cows 
divided by the total number of cows in the group. Percent detected in 
estrus is the number of cows detected in estrus during the AI period divided 
by the total numbers of cows in the group. 

RESULTS AND DISCUSSION 

The conception rates for group I, II and III were 33.3,38.1 and 58%, 
respectively. The low conception rate of the cows in groups I and II can 
be explained by the fact that at the beginning of the trial not all of the 
cows were cycling. According to the palpation results of group 1,33.1% 
of the cows were examined to have active CL on day 1 of the experiment. 
If all of the cows in the group had been cycling, about 75% of the cows would 
be expected to have active CL. The low number of cows cycling on day 1 
would favor a higher conception rate for the control group III because fen
prostalene has no effect on non-cycling cows and because cows in group III 
have 24 days to begin cycling. 

Another reason for the lower conception rate for the synchronized 
groups is that the first service conception rates for the cows in groups 
I and II were lower than group III (Table 1). 

The results of this experiment emphasize the need to have all of the 
cows selected for an estrus synchronization program cycling before the 
start of the program in order to insure satisfactory results. 

TABLE 1: Reproduction Data for Estrus Synchronization Groups 

Number Pregnancy Cycling 1st service 
Group of cows rate % % conception % 

I 30 33.3 50.0 66.6 

II 31 38.1 61.3 63.1 

III 31 58.0 63.9 90.0 
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1980-81 CONTRIBUTORS TO BEEF CATTLE PROGRAM 

American Dehydraters Association, Shawnee Mission, KS 
Ashburton Farm, Eolia, MO 
Bekaert Steel Wire Corp, Niles, IL 
Circle F Cattle Company, Richland, MO 
Dien Manufacturing Co., Burlington, Iowa 
Felton Polled Herefords, Maryville, MO 
Hoffman-LaRoche, Inc., Nuttl ey, NJ 
Master Key Polled Herefords, Fulton, ~10 

Meier Angus, Jackson, MO 
~lerck and Company, Rahway, NJ 
MFA Nutrition Division, Columbia, MO 
Missouri Cattlemen's Association, Ashland, MO 
Missouri Soybean Merchandising Council 
National Molasses Company, Willow Grove, PA 
Oval F Ranch, Winston, MO 
Sunbelt Manufacturing, Inc., Grand Prairie, TX 
Syntax Research, Palo Alto, CA 
Waterman-Loomis Research, Bakersfield, CA 
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