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cell enlargement, or incorporation of materials from the environment . 

Despite the complexities involved, physiological studies have produced 

some basic principles of growth and fattening, a knowledge of which is 

essential for more efficient meat animal production. 

The Growth Curve 

McMeekan3 has shown that at any given weight the composition of the 

animal's body is related to the shape of its growth curve. This takes 

into consideration that the rate and composition of growth can be drastically 

altered by differences in nutrition. The growth curve of the rat is shown 

in figure 1 as a typical example of the growth curve of all animals (Brody4). 

The curve of growth is sigmoid, i.e., roughly S- shaped, and is produced by 

the interaction of two opposing forces, a growth accelerating force and 

a growth retarding force. The former manifests itself in the tendency of 

the reproducing units to reproduce at a constant percentage rate indefinitely, 

with the number of new individuals produced per unit of time always being 

proportional to the number of reproducing units. 

Within the closed system represented by the animal body there comes 

a stage in growth when the increase in size tends to be limited by the 

available resources necessary for growth, e.g., nutrients and lack of space. 

From this point growth is limited by the growth retarding force. Ultimately 

growth is completely inhibited by the environment and this is followed by 

senescence and finally by death. 

3 McMeekan, C. P. 1940. J , Agr. Sci. 30:511. 

4 Brody, S. 1945. Bioenergetics and Growth. Reinhold Publishing Co., 
New York, N. Y. 
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Figure 1. Growth in weight of the rata. 

a Brody, S. 1928. An analysis of the course of growth and 
senescence . Growth. Edited by W. J. Robbins . New Haven: Yale 
University Pres~. 31- 66. 

4 



Ill 

E 
D .. m 
~ 
~ 
...... 
&. 
m ·; 
~ 

7 

200 

100 

50 

• 

• 
• 

10 ........................................... ~ ... ...-i,._ ______ .... 
100 500 

Age, Days 

1000 

Figure 3. Proportionate growth of ~uscle, 
fat and bone in the bovine body 

a From the data of Moulton, c. R., P. F. Trowbridge and L. D. 
Haigh . 1922. Studies in animal nutrition . II. Changes in the pro
portions of carcass and offal ort different pl anes of nutrition. ~· 
Agr. Exp. Sta. Res . Bul. 54 . 
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Figure 4, Relative growth curves of ether ~xtract, 
nitrogen and ash in the bovine carcass • 

a From the data of Moulton, C. ·R., P. F. Trowbridge and L. D. 
Haigh. 1922 . Studies in animal nutrition. III . Changes in the 
chemical composition on different planes of nutri tion, Mo . !!&!:.· ~· 
Sta. ~· Bul. 55 . 



90 

80 

70 

60 

50 

40 

30 

.. 
E a .. 
Ill 
.! 
:iii: .. 
~ 
Ill 

j 

10 

9 

8 

6 

5 

4 

0 

.-o----~-- k•.00037 
>"-- k•.00245 

; 
-""'; k:.00603 

\..----,...--· k:.00161 ;" 
/k: .00476 

; 

30 60 90 120 150 

. . . . 
e 

•• ••• .. 
k:.00130 

-F.at 

• • •Bone 

--•Edible Portion 

180 210 240 270 

Time on Feed, Days 

Figure 5. Growth constants , k, of carcass tissues 
of steers and heifers. 

9 



10 

the limbs and trunk to the lumbar region, which is the last part of the body 

to attain its maximum growth rate. 

A similar pattern of early high growth intensity near the extremities 

passing with an increasing growth rate backwards and upwards to the lumbar 

region is also evident within each of the tissues . Bone growth in length 

takes place earlier than growth in thickness. The different tissues also 

attain their maximum rate of growth in a definite order with age as follows, 

(1) bone, (2) muscle, and (3) fat. This is illustrated in figure 2. Figure 

3 shows the chemical analysis of the composition of the carcass of cattle 

fed a high plane of nutrition. It is evident from these data that with 

increasing age fat has a higher relative growth rate than either nitrogen 

or ash. 

Moreover, fat is accumulated in the various fat depots at different 

rates over time in the following order of increasing rate: mesenteric fat, 

kidney fat, intermuscular fat, subcutaneous fat and intramuscular fat. 

The r elative growth rates of the primal cuts (round, loin, rib, and 

chuck) and the thin cuts (plate, brisket, flank, neck , and shank) are shown 

in figure 4. These data show that as the animals grew older the weight of 

the thin cuts increased at a more rapid r ate than the primal cuts. 

6 Recent work at Texas Tech (Zinn ) shows the apparent growth gradients 

in bone, fat, and edible portion (boneless closely trimmed retail cuts) 

during a 270 day feeding period of steers and heifers (figure 5). Diffe rences 

observed in the r elative growth rates of the various tissues within periods 

is in agreement with othe r investigators that well defined growth gradients 

6 Zinn, D. W. 1967. Quantitative and qualitative beef carcass 
characteristics as influenced by time on feed. Ph. D. Dissertation. 
U. of Missouri, Col umbia, Mo . 
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occur within skeletal units and other tissues of the body . 

Commercial Application of Growth Principles 

Of immediate concern is the application of the basic principles of 

growth and fattening to improve the efficiency of livestock production. 

In developing a concept of livestock management we must consider 

that the growth of an organism is ultimately a function of the heredity 

of the species subject to individual variability. We must also take 

into account that the rate of growth can be altered by environmental 

conditions, e.g. , nutrition. This is illustrated in figure 6 which shows 

weight growth curves with age of beef cattle from birth to maturity. 

Thus, nutrition is an essential factor determining how rapidly growth 

will proceed; the optimum nutritional regimen being one which enables 

the organism to take full advantage of its heredity. 

It is evident that nutritional discoveries during the past three 

decades have resulted in an accelerated rate of growth. It is also re

cognized that improvements in breeding and management have been concerned 

in these developments. Improved rates of growth do not imply that the 

development fixed by heredity is actually being exceeded, but, that we 

are learning how to take more complete advantage of the hereditary capacity to 

grow and that the attainment of the maximum possible development lies in 

the future. 

The interaction of genetics and nutrition as applied to meat 

production is indicated by the following basic principles: (1) no animal 

can produce muscle to the maximum level without being fed a sufficient 
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quantity of protein, and (2) no animal can be forced, through exceptionally 

high levels of protein in the ration, to produce more muscle than that 

limited by its genes. 

·From the standpoint of animal production we are particularly 

interested in the influence of growth rate on feed efficiency and on the 

composition of the final product produced. Changes in the growth rate 

of meat animals brought about by varying planes of nutrition directly 

affect the rate of turnover and the efficiency of conversion of food into 

meat. Varying planes of nutrition at different stages of development also 

affect the composition and, therefore, the value of the carcass. 

Research studies indicate that under-nutrition disturbs the normal 

relationship between chronological and physiological age in such a way 

that, in the case of an animal on a low plane of nutrition, physiological 

age proceeds at a slower rate. When animals whose growth has been retarded 

by under-nutrition are put on a high plane of nutrition they tend to grow 

at a rate appropriate to their physiological age rather than at a rate 

appropriate to their chronological age . Consequently, they grow faster than 

animals of the same chronological age whose growth has not been retarded. 

It is important to bear in mind that true growth is more adequately 

represented by increases in protein depos ition and skeletal development, 

and that in this sense growth resulting from increased fat deposition, 

which is typical of post-retarded ·growth, does not constitute an accelerated 

growth rate. A second factor to consider is that during late fetal life 

to maturity any part, organ or tissue, of the animal's body is proportionately 

most retarded in development by restricted nutrition at the age when it has 

its highest natural growth intensity. 



14 

In applying this to beef production we have observed the following: 

(1) at birth skeletal development is approximately 50% completed and has 

its maximum growth intensity in very early life. (2) Muscle tissue growth, 

and consequently protein deposition, has the greatest impetus for growth 

early in life up to the point of inflection, after which growth intensity 

decreases rapidly. (3) The total body fat of the newborn calf averages 

4.1%. Under adequate nutrition, this gradually increases up to the point 

of inflection, after which the growth intensity for fat is very high. 

Thus, in steers on a high plane of nutrition, Moulton~ al. 7 observed 

that the lean flesh decreased from 67% at a carcass weight of 100 pounds 

to 42% at 1200 pounds. The fatty tissue, on the other hand, increased 

from 6% to nearly 48% and bone decreased from 25.5% to 10%. 

The growth pattern of the body tissues indicate that the young growing 

animal must have the very best nutrition to make the most efficient use 

of his genetic potential for muscle growth. This implies potential 

changes in beef cattle management systems as they now exist. 

As world population increases, it is conceivable that available 

grazing l ands will be completely utilized by the brood cow. The hypothesis 

is advanced that grazing of feeder and stocker cattle will not be feasible 

for several reasons which will soon become apparent. Under present manage-

ment conditions, the calf remains with the cow on pasture for a period of eight 

to ten months. During periods of drouth or short grass supply the nutrition 

of the calf may be severly restricted at a time when adequate nutrition 

7 
Moulton, C.R.,~.!!.· 1922. Mo. Agr. Exp. Sta. Bul. 54. 
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is most essential for maximum true growth. This implies that the calf 

be weaned at a young age (two to three months or at any period where growth 

is restricted by inadequate nutrition) and placed on a ration adequately 

balanced for protein, energy, vitamins and minerals necessary for 

maximum growth. This will be continued on through the fattening period 

to market. 

Some will say that the resultant product will be too fat for market 

acceptability; not if the animal has the genetic potential for muscle 

development rather than fat deposition. Also, such an animal may not 

necessarily be slaughtered at today's typical slaughter weight. It 

follows that for any particular breed, strain, or cross of beef animal 

there is an optimal weight and age at which the animal should be slaughtered 

for the most efficient production of protein for human food. I anticipate 

that slaughter weights will increase as the animal breeder improves the 

muscular development of the beef animal and the nutritionist establishes 

better guidelines for obtaining this genetic potential. Likewise, slaughter 

age will probably decrease under this management system· because of the 

greater rate of growth. Should there be concern that the slaughter of 

extremely young animals will result in a loss of meat quality and flavor, 

the pattern of tissue growth indicates that restricting the diet to obtain 

more maturity at slaughter should be confined to the later stages of the 

fattening period. This would result in a decrease in growth rate at a time 

when it would not be critical to muscle development, and, in fact, would 

tend to reduce fat deposition. 
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Another factor which strengthens this concept of management is the 

cost involved in carrying an inventory of livestock. The more rapid the 

turnover of livestock, the lower the over head costs per animal unit. This 

is another reason that grazing of feeder and stocker cattle must eventually 

be discontinued. Living is an expensive process. Circulation, respiration, 

excretion, and muscle tension never cease while life remains, even under 

conditions of absolute rest . There are, moreover, energy wastes associated 

with inevitable activities of enzyme systems in their own right, independently 

of physiological usefulness as well as the specific dynamic action of food 

digestion. These related processes add up to the l arge energy cost of 

maintenance and over time increase the total cost of production. Thus, 

from the standpoint of efficiency of production, a rapid turnover of livestock 

is indicated. 

The highly productive, and consequently, highly efficient, animal 

is such because of a hereditary configuration in which all the participating 

efficiency factors are developed harmoniously for a given production 

level. Mismanagement which unbalances anyone of the participating factors 

may be catastrophic to the animal and to the producer. 



Milo Hominy Feed as a Part of a Liinited.All-Concentrate 
Ration for Growing Cattle 

Jim Rasberry and Ralph M. Durham 

This region is subject to short duration and long duration droughts. 

Thi~ research was undertaken as a means of developing stop-gap measures 

to save a herd from drought, and in an effort to establish a systematic 

short term dry lot program. 

One hundred twenty high quality Hereford calves weighing 372 pounds pay 

weight at the Colorado City ranch were hauled to Lubbock on September 1. 

They were worked, randomized, placed into 6 pens of 20 cattle each, 

and immediately started on the rations shown in table 1. ·rwo pens (17 

and 18) were to be fed 9 pounds for 50 days and the others were .7 

pounds for 50 days ·. The plan was to raise each pen 1 pound pei: day at 

50 days and another pound increase was planned for 100 days. Some 

variation was necessary due to rather severe incidence of bloat. 

We had observed in earlier experiments that there was some incidence 

of bloat on limited intake feeding. The incidence here wail severe enough 

that it was decided to terminate the limited fed trial after 112 days. 

The cattle were then put on self feeders with a mile-cottonseed meal 

all-concentrate ration being fed. 

Results 

The data are shown in table 1. The low level cattle gained more 

slowly and had worse feed conversion than the modestly fed groups. Urea 

was less satisfactory than cottonseed meal for the limited fed phase. 

Hominy feed was a satisfactory replacement for milo in this ration. 

17 
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Table 1. Performance of Limited Fed Cattle on Different Rations and 
at Different Levels of Intake - Followed by Self Feeding on 

an All-Concent rate Ration 

112 Day Limited 

141 , 
173 184 

No. Completing is-

In weigh t 7 372 373 376 372 

Final weight 8 461 462 511 509 

Daily gain .8 . 8 1.19 1.22 

Feed consumption 7.57 7.55 9.02 9.03 

Feed conversion 8 9.46 9.47 7.56 7.40 

Death loss 0 0 2 0 

77 Daxs Self Fed 

Avg . final weight 9 650 661 661 667 

Daily gain 2 . 45 2 . 57 2 .02 2.06 

Feed consumption 15.?. 15.6 14. 9 14.5 

Feed conversion 6.21 6.06 7.38 7.04 

Death l oss 0 0 0 0 

Combined 189 Daxs 

Dail y gain 1.47 1.51 1.53 1.56 

Feed consumption 10 . 7 10.8 11.4 11.3 

Feed conversion 7. 25 7 .11 7 .46 7.24 

Rat ions 
1940 lbs. milo, 60 lbs. urea premix. 
2840 l bs. milo, 100 lbs. milo hominy, 50 lbs. urea premix. 
3953 lbs. milo, 47 lbs. urea pr emix. 
4853 lbs. milo, 100 lbs. milo hominy, 47 lbs. urea premix . 
5840 lbs. milo, 100 lbs. CSM, 60 lbs. premix (no urea) . 
6740 lbs. milo, 100 lbs. CSM, 60 l bs. urea premix. 
7 
Based on pay weights at ranch in Colorado City. 

8Based on weights without feed overnight. 

195 

370 

474 

. 93 

7.66 

8.22 

0 

654 

2. 33 

15 . 0 

6 . 43 

0 

1.50 

10.6 

7 .09 

9All performance traits on self feeder based on (8) at start and 
final weight pencil shr unk 4%. 

216 

371 

475 

. 92 

7.64 

8. 33 

l 

662 

2 . 42 

15. 6 

6. 46 

0 

1.53 

10. 9 

7.14 

Significance: 14 and 15 significantly different from 17, 18, 19, and 21. in 
112 day phase, for all performance traits. 

19 and 21 significantly different from 17 and 18 for all performance 
traits in 112 day phase. 
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When the cattle were placed on self feeders the situation changed. 

Compensation occurred and the pens which had performed poorly, now 

excelled in performance. The 189 day complete results show only negligible 

differences in any of the performance traits. 

The conclusions which may be deduced from these data are: 

1. A finish feeder might prefer to buy cattle which had been 

restricted. 

2. It is not profitable for the "grower" to severely restrict the 

cattle. 

3. If you own the cattle all the way it does mot make much difference 

which method you use. 

One calf from each of three pens was killed at the end of the 112 

days. The grade at this time was U. S. Good Calf. Dressing percentage 

was quite good, since the cattle were consuming a limited amount of feed. 



A Study of the Value of Hominy Feed from Corn and 
Milo in Cattle Fattening Rations 

Troy Brasher and Ralph M. Durham 

Hominy feed is a by-product of the milo and corn manufacturing 

industries. These products have been used in commercial feeding 

activities and there has been some indication that carcass grades have 

been improved where corn hominy constitutes a part of the fatten5.ng 

ration. This study was conducted to determine what effect hominy feed 

has on feedlot performance and carcass characteristics when used as a 

partial or total replacement for milo grain in an all-concentrate 

fattening ration. 

Procedure 

One hundred fifty yearling black Oakie steers weighing approximately 

630 pounds were randomized into ten groups of fifteen each. The ten 

groups were then randomly assigned to five treatments of two pens each. 

Thus each treatment consisted of thirty animals. The treatments were: 

1. Control - 91% milo grain, 7% cottonseed meal, 2%: minerals and 

additives . 

2. 10% Milo Hominy - 81% milo grain, 10% milo hominy, 7% CSM, 

2% minerals and additives. 

3. 20% Milo Hominy - 71% milo grain, 20% milo hominy, 7% CSM, 

2%. minerals and additives . 

4. 1 91% Milo Hominy - 91% milo hominy, 7%. CSM, 2%. minerals and additives. 

5. 10% Corn Hominy - 81% milo grain, 10% corn hominy, 7%» CSM, 2%. mineral 

and ·additives·. 

1 
Changed to treatment 3 after 55 days. 

20 
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The cattle were placed on feed in the usual manner practiced at 

Texas Tech. On the first day they r~ceived 1 1/2 percent of their 

body weight split into two feedings. This was raised one pound per 

day until unconsumed feed was found in the feed bank. The cattle ~ere 

then placed on self feeders for the duration of the experiment, 

After 55 days it was apparent that the cattle receiving the 91% 

milo hominy ration were gaining so slowly that they would not be ready 

for market in a reasonable period of time. It was therefore deemed 

advisable to change them to a ration containing 20% mile hominy feed. 

Results 

There were no statistically significant differences between the 

average daily gains of treatments. Treatments 1 and 5 had significantly 

better feed conversions. The control and treatment 5 had better marbling 

scores than the mile hominy groups, but corn hominy showed no marbling 

score advantage over the control. There was apparently little difference 

between the 10% and 20% level of mile hominy feed on performance. The 

91% level of hominy feed was unsatisfactory as a total replacement for 

mile grain. 
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Table 1. Performance of Cattle Fed Milo Hominy and Corn Hominy 
Feeds in Comparison with Cattle Receiving No Hominy Feed 

Treatments 
1 2 3 4 

ADG1 2.43 2.3[, 2.47 2 .24 
1 ' Conversion 8.74 9 . 47 9.44 10.09 

Consumption 21 . 21 22.06 22 . 80 22.61 

Marbling 2 
12.65 10 . 40 10.50 9 . 95 score 

Dressing percent 3 60.70 61.43 60.76 60.15 

% choice 89.95 66.65 83.33 79.95 

1Based on pay weights at the ranch in Los Alamos , N. M. and final 
feedlot weights ~rithmetically shrunk 4%. 

7, small= 10, modest= 13, moderate= 16, etc. 

3Based on final feedlot weight arithmetically shrunk 4% and hot 
carcass weight arithmetically shrunk 2.5%. 

5 

2.56 

8.36 

21.34 

12.10 

61. 05 

93.20 



The Utilization of Castor Meal in Livestock Rations 

Robert C. Albin, Fred G. Harbaugh, and Dale W. Zinn 

I. Castor Meal of Three Ricin Levels for Growing-Fattening Cattle . 

Castor meal, as a protein source, has been viewed with concern 

for use in livestock rations because of its ricin content. Ricin is a 

protein compound known to be toxic to monogastric animals and thought 

to be toxic to ruminants. However, processing methods have been 

developed to detoxify castor meal. The objectives of experiment I 

were to determine the quantity of ricin in the ration that cattle 

could ingest before showing a) toxic symptoms and b) death. Each 

of these observations were made at three ricin dilution levels: low 

(1:200), medium (1:1,600), and high (1:4,750) . 

The objectives of this experiment were completed by using 8 steers 

and 8 heifers, two of each sex , fed one of four feeding treatments. The 

animals were individually fed for periods of three hours, twice daily and 

were contained in a common pen when not in the feeding stalls . The feeding 

treatments (table 1) were i sonitrogenous at 12.5% crude protein. The 

treatments consisted of a basal ration supplemented with cottonseed meal, 

and three test rations containing the same level of castor meal but with 

different dilutions of ricin. rhe length of the feeding period was 113 days . 

The animals were observed daily for symptoms of ricin toxicity. The 

dilution level refers to the measurement obtained from the standard blood 

agglutination of red blood cells of guinea pigs due to the ricin contained 

in a saline extraction of the castor meal. The attempt was made to provide 

a constant level of ricin intake daily, regardless of daily feed consumption. 

23 
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Table 1. Composition and Analysis of Rations for the Castor Meal Study Ia 

Rations 

Ricin Dilution Level 
Item Control 1:200 1:1600 1:4750 

Ingredient, lb. 

Milo, dry rolled 1,499.6 1,459.6 1,459. 6 1,459.6 

Cottonseed hulls 180 180 180 180 

Cottonseed meal (41%) 285 

Castor meal 325 325 325 

Calcium carbonate 18 18 18 18 

Salt 12 12 12 12 
Vitamin Ab 5.4 5.4 5.4 5.4 

Analysis (Castor meals only) , %c 

Organic matter 82.0 83 .4 85.3 
Crude protein 37 . 6 37.9 37.7 
Ether extract 1.5 0 .9 0 . 7 
Crude fiber 32.8 34.4 37.4 
Nitrogen free extract 19. 3 17.9 15 . 6 

aThe cottonseed hulls were cemoved from all rations after SO days on feed. 

b 
Estimated feed consumption of 14 lb./hd./daily. 

~ry matter basis. 
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Therefore, on days of low feed intake, the quantity of castor meal 

represented as much as 40% of the diet. A constant level of cottonseed 

meal consunption was also maintained. 

Data obtained from the feeding trial are presented in table 2. 

Table 2. Mean Animal Performance During the Castor Meal 
Feeding titudy I (pounds) 

Ratfons 

Ricin Dilution Level Si~nificant 
Item Control 1 £200 1£i600 1:4750 Difference 

No. of animals 

Ini tial weight 

Final weight 

Daily gain 

Daily feed intake 

'Feed/lb. gain 

8i><. 05. 

(1) 

3 

449 

711 

2.49 

16.9 

6. 77 

(2) 

4 

454 

733 

2.47 

15.0 

6. 05 

(3) (4) 

4 4 

459 482 

634 634 

1.55 1.35 1 , 2>3, 4a 

12.2 12 . 0 1, 2>3, 4a 

7.85 8 . 1:!9 

Table 3 presents the effect of sex upon feedlot performance of all 

animals . The heifers gained 15 .6% faster than the steers which could partially 

be attributed to their 11% higher level . of feed consumption. Efficiency of 

feed utilization favored the heifers over the steers by 5 . 2% . 

Table 3. Mean StP.er and Heifer Performance During the Castor 
Meal Feeding Study I (pounos) 

Cottonseed Meal Castor Meal 
Item Steers Heifers Steers Heifers 

No . of animal s 1 2 6 6 
Initial weight 475 408 501 429 
Final weight 775 680 678 656 
Daily gain 2.65 2 . 41 1.57 2.01 
Daily feed intake 18.8 15 . 9 11.9 14.2 
Feed/lb . gain 7.09 b.60 7.58 7.06 
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One steer receiving the medium level ricin castor meal (1:1,600) 

was judged to be a chronic bloater. Feed consumption declined as the 

level of ricin increased in the castor meal. Animals consuming the 

castor meal of 1:200 dilution gained at the same rate as those receiving 

the cottonseed meal, but feed consumption was lower, resulting in a 

10.6% increase in efficiency of feed utilization. Both the cottonseed 

meal and the 1:200 dilution castor meal groups of animals gained faster, 

consumed more feed, and utilized their feed more efficiently than the 

animals consuming the 1:1,600 and the 1:4,750 dilutions of castor meal . 



31 

The inoculation may serve two purposes. It provides the proper 

varieties of microorganisms, suited for a particular ration; it also may 

provide selected strains of these organisms, especially if some emphasis 

is placed on selecting the inoculum from high performing animals. It is 

known that microorganisms reproduce, for the most part, by asexual means. 

This allows for genetic change through the process of mutation and survival 

of the fittest. What apparently happens is that some change occurs in 

a cell, and if the change is favorable, then the descendants of that cell 

will take over the situation until a still more favorable change occurs. 

Thls phenomenon is simply evolution in practice , and we are merely helping 

evolution along by our techniques. 

Transfer Problems 

the process of transfer of the material created some problems . Quite 

obviously it would be difficult to make mass transfers of absolutely fresh 

material. I hit on the idea of placing the material in sausage casings 

which could then be sharp frozen and later inoculated into the host 

animals. Critics argues that we could not freeze the material without 

killing the organisms, and that even if we did, it would not survive after 

the inoculation. I believe that the critics were honest in thinking what 

they did, but I believe t hey missed one very important point in the whole 

situation - the rumens of the host animal must have a few days to become 

adapted to the all-concentrate situation, as regards pH. I kept the 

animals on the all-concentrate six days before making the inoculation, and 

this lapse of time seems to be all important. At least our results have 

been rather dramatic and quite consistent. 
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The accompanying table shows the results of three experiments. 

Two of these experiments were conducted with feeder cattle. The first 

used 600 lb. yearling steers, and the second used 450 lb. short yearling 

heifers. In the third experiment I used old thin cows, and the feeding 

period was only 40 days. 

The results are quite consistent. Gains and feed conversions were 

distinctly better the first 50 days in the first two experiments, and this 

was true also for the old cows during the 40 day trial. It can be seen, 

however, that the control cattle "came on strong" in the second phase 

of the first two experiments. The overall data show that the inoculated 

cattle gained faster and used less feed per hundredweight gain, but the 

advantage was all achieved during the first 50 days. The fact that the 

control cattle seemed to finally gain and convert well is evidence for the 

fact that they developed their own adapted microorganism populations, but 

they took a while to get this accomplished. 

Thus it can be seen that the principal effect of the inoculation is a 

rapid adaptation of the cattle. This will become more important as feeding 

t i mes become shorter. 

We have recently inaugurated a new series of studies involving the 

possibility of utilizing brush, such as mesquite, for maintenance diets. 

The theory here i s that we might be able to find some microorganisms which 

could live in the rumen and which could digest the woody material enough 

to provide maintenance feed for cows. We have found that the mesquite 

can be ground in a knife-hammer combination mill. We have some cattle 
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Performance of Inoculated ver9t1S Non-Inoculated Cattle 
Fed All- Concentrate Rations 

No. Da:t:s 
Trial I Animals 1-56 57-126 1-126 

Daily gain kg. kg. kg. 

Control 24 0.84 1.23 1.07 

Inoculated 24 1.06 1.23 1.1~ 

Feed conversion 
(kg. feed/kg. gain) 

Control 24 8. 54 7.61 7.90 

Inoculated 24 7.38 7. 81 7.65 

Trial II 1-49 
Da:t:s 

50-118 1-118 

Daily gain 

Control 26 1.03 1.29 1.18 

Inoculated 26 1.21 1.34 1.25 

Feed conversion 

Control . 26 6.52 6.86 6.74 

Inoculated 26 5.82 7.11 6.63 

Trial III 1~40 
Da:t:s 

Daily gain 

Control (kg.) 10 t .34 

Inoculated (kg.) 10 1.15 

Feed conversion 

Control 10 23.0 ' Inoculated 10 8.6 
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eating it now, and they are consuming about 12 lb. a day, plus some 

concentrate. We obtained some rumens from deer and have deposited that 

material in the rumens of these cattle . The idea behind this procedure 

is that perhaps the deer may have some organisms which are already 

adapted to digesting fibrous material, since they consume browse. We plan 

to maintain a set of pregnant cows on ground mesquite and supplement during 

the res t of this winter. 

The use of the inoculation technique opens up some new horizons in 

nutrition. It also casts some doubt on many of the digestibility studies 

which have been done without allowing adequate time for the microorganisms 

to become adapted to the specific rations being studied. 



Feedlot Design and Management for Pollution Control
1 

W. Grub, R. C. Albin, D. M. Wells and T. R. Owens 

The livestock industry, as related to the production of cattle for 

slaughter, has undergone considerable change. Increasing numbers of 

cattle are being confined at high population densities as a means of 

simplifying materials handling and reducing the unit cost of feeding and 

managing. This concentrat ion of animals on relatively small land areas 

has resulted in management problems involving by-products of the production 

process. These by-products, consisting of organic waste in a highly 

unstable form, are attractive to a wide variety of biological organisms 

which utilize this waste as a food or as a reproductive environment. This 

waste, accumulating at an exceedingly high daily rate per unit land area, 

has gained the attention of the feeder cattle industry as a potential source 

of air and water pollution. The control and management of this potential 

pollution is the concern of this paper. 

Manure Composition 

Organic waste in the form of raw cattle manure is deposited on a 

feedlot floor at a rate of approximately 60 pounds per day by each animal . 

This material, consisting of 85 percent water and 15 percent dry matter, 

contains complex organic compounds that under certain condit ions not only 

1 
This paper constitutes a preliminary report of research on pollution 

problems of cattle feedlots in progress at Texas Technological College. 
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serve as a host media for a variety of flies and insects, but also provide I 
a parent material for noxious air and water pollution. The raw manure con-

tains tmdigested food from the digestive tract, waste from the body in the 

form of tmabsorbed digestive juices, cells and mucous from the lining of 

the digestive tract, and waste mineral matter such as calcium, magnesium, 

iron and phosphorus. Some of these excreted compounds are highly unstable, 

and capable of considerable biological and chemical change after leaving 

the body . Others, consisting of lignoprotein complexes, are extremely stable. 

These latter materials, which are products of the combination of plant 

lignins with primarily bacterial proteins, are produced in the digestive 

tract of the ruminant and are identical with humus found in soil. Still 

other stabilized materials found in raw manure are cellulose and hemicellu-

lose. In all , approximately 25 percent of the total organic matter in raw 

manure is humus or cellulose; materials so biologically inactive that they 

are considered stable. 

Kidney excreta in the form of urine is the major source of nitre-

genous waste found in manure, although a small quantity is also present 

in the feces. Urine also contains other products of metabolism anG serves 

as the major carrier of mineral wastes from the body. 

Characteristics of Accumulated Waste 

Moisture from the feces and urine, once deposited on the feedlot 

floor , either evaporates into the air or passes into the soil through 

the feedlot surface , leaving a large percentage of the water soluble 

compoi.mds held by the dehydrated organic material . The accumulated 

organic waste when dry becomes biologically and chemically inactive 
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with little or no opportunity to progress toward a more stable form. 

Any addition of moisture to this dehydrated mass brings the water 

solub l e compounds back into solution and reactiviates the biological 

and chemical potential of the feces and urine. 

Stabilization of the raw organic material in the manure pack is 

normally limited by lack of moisture content or low temperature. Digestion 

and resulting stabilization of organic waste by microorganisms requi re a 

moisture content of 40 percent or more . Exposure t o sun and dry air 

normally reduces the moisture content of the organic waste as low as 

2 percent, a mois ture level at which little bacterial action is evident. 

Temperature also plays an important role in the microbial diges tion of 

the organic waste. At high temperatures, activity is high; at low tem

peratures furth er stabilization comes to a virtual halt . During the 

period of low moisture, the organic matter of the manure pack, pulverized 

by the movement of the animals, reduces to a fine powdered form and becomes 

a source of offensive airborne dust. 

During periods of rainfall the manure pack, reconsituted t o i t s 

near original raw manure state, becomes odoriferous, and a source of f ly 

and insect infestation. Both conditions are essentially a result of 

warm weathe r and high manure pack temperatures . During cold weather 

when normal biological activity is low or limited, neither odor nor 

insec ts is evident. 

Quality of Runoff 

Water that comes in contact with the accumulated organic waste 

serves as a solvent for water soluble organic and inor ganic compounds 
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and holds them in solution. These compounds and salts are in most 

part biologically and chemically active and undergo considerable change 

when exposed to the proper environmental conditions. When this water 

accumulates in excess of the water holding capacity of the feedlot, it 

leaves the area either by infiltration into the soil where it becomes 

a source of ground water pollution or by surface water runoff. Surface 

runoff is the source of pollution that has gained the most attention and 

concern. The quality of this runoff is extremely poor with a BOD value 

r>\nging as high as 9000 mg. per liter as compared to a typical municipal 

sewage BOD of 250 mg. per liter. This high biological loading is further 

increased when the runoff water floats or washes quantities of solid waste 

off the lot surface. 

Factors Affecting Runoff 

Surface runoff from feedlots is affected by various factors . The 

most important, is the ~uantity and intensity of rainfall . If the rate of 

rainfall is in excess of the rate of infiltration into the feedlot or if 

it is in excess of the rate of absorption into the accumulated manure 

pack, runoff will occur. The feedlot surfacing materials, such as concrete 

or macadam, seal the ground surface from infiltration of surface water 

and the excess water must be absorbed by the organic mass or leave the 

lot as surface water. Under ideal conditions each inch of depth of 

organic accumulation will hold approximately 1/2 inch of rainfall; there

fore, when sufficient dry organic matter has accumulated, considerable 

rainfall can be held on the lot without nmoff. This water, held loosely 

by the organic material, becomes subject to evaporation to the air during 

dry weather conditions, the only pollution being from dust, odor, or insect 

infestation. 



Feedlot Surfacing 

Feedlot surfacing plays an important role in the water holding capacity 

of the lot in addition to controlling soil infiltration. Paved concrete 

or macadam surfaces are usually smooth and provide a minimum of pockets 

for ponding of water. Consequently, most rain that falls on a clean lot 

surface .runs off , Earth fill surfaced lots usually contain numerous 

surface irregularities, each of which retain small pools of emponded water. 

These not only serve as retention devices but increase the time retention 

of rainfall on the lot surface, and thereby increase the amount of infiltration 

into the ground. 

This runoff develops into a large volume flow . Considerable organic 

waste is often caught up in the floodtide and carried along with the 

surface water. This conveyance of organic waste is increased by high 

velocity of water flooding down the steep sloped surf aces of some feedlots 

and serves as an effective but undesirable solid waste removal mechanism. 

Foreign Water 

The quantity of runoff water is greatly increased by the inflow of 

water from adjacent land surfaces. This water serves as an uncontrolled 

addition to the normal flow from the lot area. Not only does this foreign 

water greatly increase the total volume of biologically active or polluted 

water, but increases its solid waste holding capacity, and in most cases 

results in the pollution of water that would normally join the streams 

and rivers in a clean, unpolluted state . 

The inflow of surface water from adjacent land, roads, and work areas 
I 

should be diverted to prevent flow through the lots. This diversion can 

~e accomplished by use of diversion terraces, grassed waterways, and land 
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shaping. Selection of feedlot location is a prime requisite. The lot 

should not straddle a surface water channel nor should access roads, work 

areas and buildings be located or constructed so that water drainage from 

them flows into or through the waste material. 

Drainage of surface water should be controlled to prevent the flow of 

water from one pen into or through an adjacent one. This would require the 

lot sur f ace to be shaped so that each pen would drain surf ace water into a 

clean channel, free from accumulated.. organic waste. This drainage pattern 

should be such that each pen is independent, and does not contribute to 

the surface water of the next pen. The collection waterway would have a 

wide base and be designed to carry the surf ace flow of the most intense 

rainfall over some select period of years, according to · the United 

States of Interior Weather Bur eau probability tables. 'The waterways 

should be covered with suitable species of grass to prevent erosion of 

the waterway surface and to serve as a filter for organic particles t hat 

are carried by the runoff water. The network of channels shoul d be 

arranged to facilitate the collection of feedlot surface water independent 

of the runoff from clean areas of the feedlot system. 

Storage 

The runoff water should be fed into a collection and settlement pond. 

This holding device would serve two purposes; it would retain the polluted 

water in an area away from the normal surface channels, and it would act 

as a settlement basin for suspended solids in the runoff water. The holding 

basin should be designed and constructed to prevent accidental overflow 

during periods of heavy rainfall. Engineering design criteria for a suitable 

basin are well known and are readily available from var ious engineering agencies . 



Treatment and Disposal 

After surface water has been accumulated, ultimate stabilization can 

be accomplished by various means. The stabilization pond is probably the 

best known means of liquid waste stabilization and is almost universally 

used for the treatment of water loaded with organic waste . Unfortunately, 

its application to waste stabilization in a semi- arid climate is extremely 

limited due to the high evaporation rate of the area. The surface area 

of the pond is often required to be as large as the feedlot from which 

the runoff drains. The evaporation frvm such a pond in West Texas 

averages in excess of 6 feet of surface water a year, an amount far 

beyond the normal yearly supply. In new ponds , the reported seepag~ 

rate through the bottom of the pond has been recorded from some soils 

to be as high as 3 inches of water per hour. This not only causes the 

loss of large quantities of water, but creates a potential source ground 

water pollution. In most cases bottom sealing is required to prevent 

excessive seepage and infiltration. 

Surface Spreading 

Spreading the water on the land, as for irrigation, is a more suitable 

means of treating runoff water. Feedlot runoff contains the basic plant 

nutrients of nitrogen, phosphorus, and potassium along with certain minor 

elements. These elements vary in amounts according to the type of feed, 

the degree of dilution, and the amount of leaching or stabilization of 

waste in the feedlot. The liquid can be distributed by normal surface 

flooding or by a sprinkling system and can be applied at rates according 

to plant needs. Surface spreading or sprinkling on waste land also is 

41 
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a practical disposal means. This method utilizes high rates of disposal 

in exc~ss of normal plant needs and provides means of disposal independent 

of normal agricultural requirements. In both cases, for crop irrigation 

and open land spreading, ultimate treatment, stabilization, and disposal 

of water-borne organic and inorganic waste can be accomplished without 

creating offensive odors or insect infestation. In both ~ases, microbial 

digestion of complex organic compotmds takes place on or beneath the soil 

surface when certain limits of water application rates, yet to be defined, 

are not exceeded. The basic plant nutrients ar e incorporated into growing 

plants, thus preventing the ultimate contamination of surface or grotmd 

water. 



Influence of the Thyroid and Other Endocrine Factors 
on Growth and Fattening of Steers on Different Rations 

Sam E. Curl, Jay Wiginton, Dale W. Zinn, 
Robert C. Albin, and B. B. Breidenstein 

The f undamental process of growth is of utmost importance to the 

livestock producer. Basic information concerning the physiology of growth 

and related factors in farm animals, however, is quite limited. Investigation 

of the various complex facets of growth from the embryological stages 

to maturity has been a major concern of animal resear chers at Texas 

Tech for the past several years. Based on a smaller study conducted 

in 1966 to develop techniques and obtain preliminary information on 

growth-endocrine interrelationships, the investigation reported herein 

was designed to add new knowledge with regard to the influence of certain 

endocrines, particularly the thyroid, on growth patterns of s teers on 

distinctly different nutritional regimes . 

Procedure 

One hundred and twenty Here ford steers weighing from 317 to 565 

pounds with an average weight of 421 pounds were divided by stratified 

randomization according to weight into three ration groups. The 

nutritional treatments consisted of an all-concentrate ration and two 

rations containing different sources of roughage (Table 1), and were 

replicated. When the average weight of the steers in each starting 

ration (Phase I) group reached 600 pounds, the ration formulation for 

that group was changed to provide for finishing (Phase II). As 

indicated in Table 1, s teers consuming the silage ration required a 

43 
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Table 1. Ration Composition (air-dry basis; pounds) 

All-concentrate a 
Ration 

b 
Ingredient Cottonseed hullsa Silage 

Nutritional phase c I II I II I !I 

Milo, dry rolled 1780 1840 940 1640 1764 1840 

Cottonseed meal (41%) 120 100 so 100 106 100 

Supplement d 100 60 60 60 130 60 

Cottonseed hulls 9SO 200 
e Sweet sorghum silage .lliL _ill__ 

2000 2000 2000 2000 2000 2000 

a Changed from I to II after 98 days on feed . 

b 
Changed from I to II after 124 days on feed . 

cPhase I = starting ration; Phase II = finishing ration. 

d Supplement composition 

Ingredient 

Cottonseed meal 
Calcium carbonate 
Salt 
Vitamin A (30,000 IU/gm.) 
Diethylstilbestrol 

(2 gm./lb .) 
Chlortetracycline 

(SO gm. /lb.) 

pounds 

974 .20 
600.00 
400.00 

1.13 

20.00 

4.70 
2000.03 

ePer head daily . Ration I was hand-fed and average daily consumption 
reached 23 pounds before Ration II was fed in self-feeders. 
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greater number of days to reach the heavier weights iJhen compared with 

the cattle receiving the all-concentrate and cottonseed hull rations. 

The resultant difference in slaughter ages could have accounted for a 

portion of the variation, or lack of variation, in endocrine measurements 

between ration groups . 

The steers were slaughtered at weights ranging from 558 to 1036 pounds. 

Average slaughter weight was 814 pounds. An attempt was made to slaughter 

approximately equal numbers of steers within each 100 pound increment 

within each ration group. Immediately following slaughter, pituitary 

glands, thyroids and adrenals of all steers were excised and weighed. 

Blood samples were taken from the jugular vein of 28 steers prior 

to slaughter. Nine all-concentrate, nine cottonseed hull, and ten silage 

steers were selected for sampling by stratified randomization according 

to weight. Protein-bound iodine, an indicator of the level of circulating 

thyroid hormone and a value closeiy related to the basal metabolic rate, 

was determined by precipitation and colorimetric techniques. The i odine 

content of the thyroid gland, used as an indicator of glandular content 

of thyroid hormone, was determined for the same 28 steers by using a 

modification of a colorimetric technique employed by earlier researchers 

working with rat thyroids. Such an alteration of existing methods for 

chemical determination of thyroidal iodine was necessary due to the 

relatively high iodine and colloid content of bovine thyroids. 

The endocrine measurements were compared with measurements of 

feedlot performance, growth patterns and carcass characteristics. For 

purposes of statistical analysis of data, the steers were divided into 

ten weight groups according to 50-pound slaughter live weight increments 

from 550-600 to 1000-1050 pounds. 



Results and Discussion 

Weights of thyroid, pituitary and adrenal glands of the experimental 

animals are shown in Table 2. Body weight significantly (P<.025) influenced 

the weights of the thyroid and pituitary. For each 100 lb . increase in 

body weight, weights of the thyroid, pituitary, and adrenals increased 

1 . 108, 0. 129 and 0.875 gm. , respectively . Gland weight was not significantly 

influenced by ration. 

Determinations of protein-bound iodine (PB!) and thyroid content of 

iodine are indicated in Table 3. Effect of body weight on thyroid iodine 

content was significant at the . 10 level of probability . Total thyroidal 

iodine increased by.4.929µg . for each 100 lb. increase in body weight. 

Body weight gain of 100 lb. resulted in a decline of 0.219 mg. PB! per 

100 ml. serum. Neither PB! level or thyroid iodine content was significantly 

influenced by ration. 

Correlations of endocrine measurements with various live animal 

and carcass measurements are presented in Table 4. As would be anticipated 

since iodine is generally considered to account for slightly over one-half 

of the weight of the thyroid, thyroid weight and iodine content were 

highly (P<.001) correlated . None of the other correlations were found to 

be statistically significant . Relationships observed between daily gain 

and PB! level (negative) and thyroidal iodine (positive) are in agreement 

with results obtained during the preliminary trial. 

Summary 

An investigation was conducted to determine certain endocrine-growth 

relationships among steers on different rations. Thyroid, pituitary 

and adrenal glands were excised and weighed following slaughter of 120 

46 
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Table 2. Endocrine Gland Weights 

Ration and Body Mean Bodya Mean Thyreida a Mean Pituitary Mean Adrenal a 
Wt . (lb. ) Range Wt. (lb.) Wt. (gm.) Wt. (gm.) Wt . (gm.) 

All-Concentrate 
600-650 618.14 (7) 14.108 (6) 1.818 (7) 13.280 (7) 
650-700 656.00 (1) 12.063 (1) 1.817 (1) (0) 
700-750 710.38 (8) 15 . 464 (8) 1.836 (7) 13.666 (7) 
800-850 817 . 50 (8) 19.011 (8) 1.870 (8) 15. 494 (8) 
900-950 917.00 (9) 15.490 (9) 2 . 083 (8) 14.832 (9) 
950-1000 997.00 (3) 20 . 622 (3) 2.563 (3) 16.427 (3) 

1000-1050 1006.25 ~4l 16.800 (4) 1.994 ~4) 15.796 ~42 
Mean Wt. 811. 88 ~40l 16.436 {392 1.965 ~382 14.698 P8l 

Cottonseed .Hulls 
550-600 576.71 (7) 11.883 (7) 1.405 (7) 12.152 (7) 
600-650 606.00 (1) 15.400 (1) 1.693 (1) 17.603 (1) 
650-700 692.67 (3) 15.912 (3) 1. 703 (3) 12.504 (2) 
700-750 716.40 (5) 19.164 (5) 2.069 (4) 13.337 (5) 
750-800 774.50 (2) 16.029 (2) 2.175 (2) 15.259 (2) 
800-850 823.50 (6) 17.097 (6) 1.928 (6) 16.941 (6) 
850-900 890.33 (3) 16.181 (3) 2.150 (3) 14.063 (3) 
900-950 909.20 (5) 17.766 (5) 2.050 (5) 14.857 (5) 
950-1000 988.00 (4) 17.556 (4) 2.066 (4) 17.868 (4) 

1000-1050 1009.25 ~4) 15.530 ~4) 2.019 (4) 16.028 (4) 
Mean Wt. 784.98 {402 16.162 {40l 1.894 P9l 14.821 ~392 

Silage 
550- 600 593.67 (3) 14.470 (3) 1. 313 (3) 13. 710 (3) 
600-650 610.40 (5) 11.313 (5) 1 . 618 (4) 11. 379 (5) 
650-700 696. 50 (2) 16.052 (2) 1.606 (2) 15. 205 (2) 
700-750 722.50 (6) 14 . 823 (6) 2.134 (6) 13.273 (6) 
750-800 790.00 (1) 15 . 050 (1) 2.257 (1) 14.937 (1) 
800-850 816.14 (7) 17.067 (7) 1.925 (6) 14.471 (7) 
850-900 889.75 (4) 16.608 (4) 2.052 (4) 15.925 (4) 
900-950 918.50 (4) 17.124 (4) 2.107 (4) 15.004 (4) 
950-1000 999.00 (1) 16.497 (1) 2 .552 (1) 19.439 (1) 

1000-1050 1019 . 14 {7) 20.148 {7) 2.108 (7) 16.430 (7) 
Mean Wt. 810.75 {40l 16.200 ~402 1.952 P8l 14.562 {402 

Grand Mean 806 . 87 16.34 1.94 14.71 
+ S. D. + 143.91 (120) ± 3 .20 (119) ± 0.44 (115) + 2,80 (117) 

a 
Figures in parentheses denote number of animals within weight range 

subgroups . 
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Tabl e 3 . Thyroid Iodine Content and Protein-Bound I odine (PBI) in Seruma 

Ration and Thyroid Iodine/gm. Iodine/Thyroid Thyroid PBI/100/ml. 
Body Wt. Wt. of Thyroid (µg.) Iodine/100 lb . Serum 

(lb.) (gm.) (µg . ) Body Wt. (µg.) (mg.) 

All- Concentrate 
605 14.954 1.446 21.623 3.574 2. 55 
708 19.991 1.994 39.862 5.630 2. 38 
712 12.994 1 . 542 20.037 2.814 4. 23 
809 14.509 1.845 26 . 769 3.308 3.90 
813 22.596 1. 703 38.481 4.733 3.55 
904 15 . 643 2.121 33.179 3.670 3. 47 
910 10.304 1.994 20.546 2.258 1.90 
991 23.833 2.245 53.505 5. 399 3. 58 

1001 16.336 2.293 37.458 3.742 2.43 
Mean Value 

828.11 16.796 1.909 32.384 3. 910 3.11 

Cottonseed Hulls 
558 12.272 1. 735 21.292 3.816 4.05 
589 13. 288 1.345 17.872 3. 034 3. 68 
734 19.515 1.945 37 . 957 5 . 171 3. 20 
826 21.898 1.824 39.942 4 . 836 2. 48 
828 16.692 1.831 30.563 3.691 1.60 
896 18.285 2.015 36.844 4.112 4.15 
906 15.564 2 . 112 32.871 3. 628 3.40 
982 20 . 914 2. 453 51.302 5.224 2. 10 
986 11.961 2.106 25.190 2. 555 2.45 

Mean Value 
811.-67 16.710 1.930 32.648 4.007 3 . 01 

Silage 
590 11.098 1.312 14 . 561 2 . 468 2.45 
593 15. 298 1.461 22 . 350 3.769 3. 93 
726 16.849 1. 704 28 . 711 3. 955 4. 30 
747 13. 957 1.215 16.957 2.270 2.25 
810 14.331 1. 782 25.538 3.153 3. 33 
830 13.582 1 . 650 22.410 2.700 3. 03 
883 20.250 1. 832 37 . 098 4.201 2. 43 
917 18.452 2. 096 38.675 4.218 2.10 
999 16.497 2. 138 35.271 3.531 3.10 

1035 19.872 2. 355 46.799 4.522 1.45 
Mean Value 

813 . 00 16. 019 1.755 28.837 3.479 2.84 

Grand Mean + S.D. 
817.43 16.49 31.21 2.98 

+ 143.66 + 3. 61 + 10 . 73 + 0.83 

~ese data pertain only to 28 randomly-selected steers from which 
blood s amples were collected immediately prior to sl aughter. 
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Table 4 . Coefficients of Correlation Between Live and Carcass 
Measurements and Endocrine Measurementsa 

Thyroid Thyroidal PBI Pituitary Adrenal 
Wt. Iodine Value Wt . Wt. 

Initial Wt . - .1041 - . 0005 . 1963 -.1609 . 1780 

Finished Wt. .3602 .6326 -.3870 .5491 • 7252 

Net Gain .4051 . 6346 - .4304 .6122 .6771 

Days on Feed .2953 .5289 - . 4429 . 4917 .6471 

Average Daily 
Gain .3976 .4091 -.1067 .3553 .1505 

Feed 
Efficiency -.2820 -.3042 .0389 - .2595 -.0483 

Slaughter 
Wt . . 3773 . 6410 -.3940 . 7451 . 7366 

Liver Wt. .6162 .6714 - .2462 .6367 . 4375 

Kidney Wt. .4907 . 6633 -.2098 .3806 .4249 

Wann Carcass 
Wt. . 3621 .6427 -.3779 .5715 .7094 

Dressing 
Percentage .1933 . 3997 -.1075 .1019 .2399 

Chilled 
Carcass Wt. .3683 . 6474 - . 3761 .5693 . 6989 

Thyroid Wt . .9000* - . 0784 .2380 . 1651 

Thyroidal Iodine .0411 .0364 .3716 

PBI Value . 1274 - . 3591 

Pitl!i.tary Wt. .4512 

* P<.001 

a These data pertain only to 28 (nine all- concentrate , nine cottonseed 
hull and ten silage) steers sel ected by stratified randomization according 
to weight for thyroid iodine content and protein- bound iodine (PBI) 
detenninations. 
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Hereford steers ranging in weight from 558 to 1036 pounds. Effects of 

three ration treatments, to whieh steers were randomly a:l.lotted, were 

studied. Determination of protein-bound iodine level and thyroidal 

content of iodine were made for 28 randomly-selected steers. Body 

weight significantly (P<.025) influenced thyroid and pituitary weights, 

which increased 1.108 and 0.129 gm., respectively, for each 100 lb. gain 

in body weight. Effect of body weight on thyroid iodine content was 

significant at the .10 level of probability. PB! level decreased 0.219 mg. 

per 100 ml. serum for each 100 lb. increase in body weight. Thyroid 

weight and iodine content were highly (P<.001) correlated. None of 

the endocrine measurements were significantly influenced by type of ration. 



Rate of Norethandrolone Release from Subcutaneous Implants 
in Beef Cattle 

Sam E. Curl, William Durfey, Robert Patterson, and Dale W. Zinn 

Recent studies at Texas Tech of the physiological response of ewes 

to intravaginal treatment with flurogestone acetate, a synthetic progestin, 

have led to commercial application of this technique of synchronizing estrus 

and ovulation in the sheep industry. It is felt that the intravaginally-

administered pessary may provide for considerably more uniform levels of 

progestin dosage than that which results when progestins are mixed in 

small amounts with the feed and animals are group fed on a free- choice 

basis. 

Although the pessary technique has shown considerable promise in ewes, 

there remains the necessity of either leaving the animals penned throughout 

the 14 to 18 day treatment period or gathering them twice; once for insertion 

and again for removal of the pessaries. Either alternative presents certain 

economic problems for the rancher. Since these problems can be expected 

to be still more critical in range cattle, interest has arisen in the 

development of some method whereby cattle might be treated with a capsule 

with a metered dose-dispensing capability, inseminated after a certain 

number of days without the necessity of removing anything from them, i . e., 

when the capsule ' s activity is depleted, and conceive at a satisfactory rate . 

Research designed to evaluate the subcutaneous implantation of 

1 progestinated capsules as a technique for synchronizing estrus and 

ovulation in cattle is currently in progress at Texas Tech. A preliminary 

1 
G.D. Searle and Co., Chicago, Illinois. 
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study, summarized in this paper, was designed (1) to develop a suitable 

capsule implantation technique, (2) to ascertain if Hydron, a plastic 

material, will serve as an inert, releasing carrier for a steroid in 

cows, and (3) to determine the rate of release of Norethandrolone (SC-5914) 

from Hydron into subcutaneous tissue, and the factors which influence its 

absorption. 

Procedure 

Fourteen capsules of different size (1.0, 2.0 and 4.0 gm.) and 

Norethandrolone concentration (O, 100, 200, 225 and 300 mg.) were 

subcutaneously implanted in each of three mature, non-pregnant Hereford 

cows. Palpatory examination one day prior to initiation of treatment 

indicated that one of the cows was approaching estrus, one was in the 

luteal phase of the estrous cycle, and the other had apparently not 

experienced return to estrus since calving 90 days previously. 

Capsules were cylindrical in shape, of equal diameter, of varying 

length and surface area, and were beveled to a point on one end for ease 

of implantation. Seven capsules were placed on each side of each cow's 

back, between the scapula and hip, four inches from the midline and two 

inches apart. Two capsules were removed from each cow at 24 hours following 

their implantation (Day 1), two on Day 2, two on Day 4, two on Day 8, and 

the remaining six on Day 16. All capsules were assayed for Norethandrolone 

content. 

Results and Discussion 

Data indicating rate of Norethandrolone release from capsules of 

varying size (weight and surface area) and Norethandrolone concentration 

are shown in Table 1. Rates of release are graphically illustrated in 
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Figure 1. As might be anticipated, Norethandrolone absorption rate 

increased with increases in capsule surface area. Percentage of 

Norethandrolone released declined as the Norethandrolone content of 

the capsules increased. Amounts of the steroid sufficient to 

inhibit estrus were released from the implants at a gradual rate. None 

of the capsules lost more than 57% of their Norethandrolone content 

during the 16 day treatment period. 

Palpatory examination on Day 18 indicated the presence of a large 

ovarian follicle in each cow, and each cow was in estrus. It is of 

interest that the physiological changes necessary to precede estrus had 

occurred in each cow within 48 hours after removal of relatively high 

levels, i.e., totals of 300, 600 and 825 mg., of Norethandrolon~. 

Table 1. Rate of Norethandrolone (SC-5914) Release 
from Hydron Capsul es 

Initial Norethandrolone .Content, mg • . , Aftei. Total 
Capsule Norethandrolone ·Treatment Intervals Norethandrolone 
Size,gm. <..:ontent, mg. 1 Day 2 Days 4 ·nays 8 ·Days 16 .Uays Lost, % 

1.0 100 89 . 0 85.0 81.5 75 . 0 69.0 31.0 

1.0 200 186 .0 181.0 177.0 166.0 145.0 27 . 5 

1.0 225 213.0 208 . 0 204.0 198.0 176.0 21. 7 

2.0 100 83 . 0 76.0 73.5 66.0 52.0 48.0 

2.0 200 183.0 172.0 162.0 151.0 125.0 37.5 

2.0 300 284.0 274 . 0 266.0 250.0 220.0 26. 6 

4.0 100 77.0 70.0 65.0 58.0 43.0 57.0 

4.0 200 175.0 162.0 153.0 137.5 105.0 47·. 5 

4 . 0 300 268.0 254.0 .242.0 219.0 174 .• 0 45 . 3 
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Summary 

A capsule implantation technique for use in later studies involving 

the synchronization of estrus and ovulation in cattle was developed. 

Forty- two Hydron capsules of varying sizes and levels of concentration 

of Norethandrolone (SC-5914), a synthetic steroid with progestational 

activity, were subcutaneously implanted in three Hereford cows, removed 

after 1, 2, 4, 8 and 16 days, and assayed for Norethandrolone content. 

Rate of release of the steroid was positively associated with capsule 

surface area. Percentage of Norethandrolone released declined as the 

Norethandrolone content of the capsules increased. Daily absorption rate 

was relatively constant after Day 2. None of the capsules released more 

than 57% of their Norethandrolone content during treatment . None of the 

cows exhibited symptoms of estrus during the 16 day treatment period, 

but all were in estrus within two days following the final capsule 

removal date. 
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A New' Method for Synchronization of 
Estrus in Cattle 

Sam E. Curl, Willian· Durfey, Robert Patterson, and Dale W. Zinn 

Based on information obtained in preliminary absorption rate studies, 

an investigation was designed to determine the influence of subcutaneous 

implantation of plastic (Hydron) capsules containing various levels of 

Norethandrolone (SC- 5914) 1 , a synthetic steroid with progestational 

activity, on synchronization of estrus and conception rate in cattle. 

Procedure 

Thirty-two mature non-pregnant Hereford cows of uniform age and body 

size were divided by stratified randomization according to stage of the 

estrous cycle into six groups as follows: 

Group I (four cows) -

1.0 gm. Hydron capsules containing 57.7 mg. Norethandrolone 

were subcutaneously implanted on December 18, 1967, and were 

removed on January 3, 1968. One capsule, beveled to a point 

• on one end, was inserted three to four inches to the left of 

the midline of each cow's back, and six inches posterior to the 

scapula. Approximately three inches of a nylon withdrawal cord, 

the other end of which was incorporated within the plastic 

capsule, was left hanging outside the point of implantation. 

In one-half of the cows, the external part of the cord was 

1G. D. Searle and Co., 'Chicago, Illinois. 
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secured to the back with an adhesive. Cows were checked for 

symptoms of estrus twice daily with vasectomized bulls during 

the 16-day treatment period. 

Group II (seven cows) -

Same procedure , except that 1 .0 gm. capsules containing 168.0 mg. 

Norethaildrolone were employed. 

Group III (seven cows) -

Same procedure, except that 2 .0 gm. capsules containing 76.1 mg. 

Norethandrolone were employed. 

Group IV (six cows) -

Same procedure, except that 2.0 gm. capsules containing 153. 7 mg. 

Norethandrolone were employed. 

Group V (four cows) -

Same procedure, except that 2.0 gm. capsules containing 248.5 mg. 

Norethandrolone were employed. 

Group VI (four cows) -

Control . 

Following removal of capsules from the treated cows, all cows were 

checked three times daily with va5ectomized bulls for indications of estrus. 

All cows were artificially inseminated with Angus semen wheq first detected 

in estrus, and again 8 to 12 hours later. This procedure was continued and 

breeding data were recorded in drylot for 45 days following capsule removal. 

Results and Discussion 

Synchronization and conception rate data are summarized in Table 1. 

Three of the treated cows whose capsule withdrawal cords were not secured 



Table 1. Estrus Synchronization and Conception Rates 

No. Day of Onset of. Estrus % of Cows in Estrus Within % Non-Returns ·(45 Days ) % of Cows Diagnosed 
Cows Following CaEsule Removal 2 Days Following Capsule after First Insemination as Pregn~t 

1 2 3 4 or More Removal Mar. 15 

Group I 4a 0 1 0 2 25.0a 100.0 50.0g, 66.7h 

Group II 7b 4 2 0 0 85.7b 50.0 g h 71.4 ~ 83,3 

Group III 7C· 2 0 0 2 28.6c 100,0 57.lg, 100.0h 

Group IV 6 3 3 0 0 100.0 83. 3 66.7g~h 

Group V 4d 3 0 0 0 75.0d 100. 0 g h 50 .• 0 • 66. 7 

Treated 
Groups e 
(I through V) 28 12 6 0 4 e f 64 .3 • 81.8 81.8 g h 60, 7 ·, 77 . 3 

Group VI 
50.0g,h (Control) 4 0 1 0 3 25.0 100.0 

8rwo cows exhibited estrus during treatment (Days 13 and 15), although capsules ·were retained , 

b One cow exhibited estrus during treatment (Day 15), although capsule was retained; one cow lost capsule on 
Day 11 of treatment, but failed to exhibit estrus. 

cOne cow lost capsule and exhibited estrus on Day 10 of treatment. 

d One cow lost capsule and exhibited estrus on Day 10 of treatment. 

~ree cows exhibited estrus during latter stages of treatment although capsules wete retained, Three cows 
lost capsules during treatment and two of these promptly exhibited estrus. 

fBased on number of cows which did not lose capsules and/or exhibit estrus during treatment. 

gBased on total number of cows . 

hBased on number of cows inseminated. 

i 72 days after capsule removal. 

VI 
00 
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with adhesive lost !:heir capsules duri.ng the treatment period. Two of 

these cows lost their capsules on Day 10 and the other on Day 11 of 

treatment. Both of the "Day 10" cows promptly exhibited estrus. Three 

treated cows exhibited estrus prior to capsule removal but late in the 

treatment period (two on Day 15 and one on Day 13). Four treated cows, 

although not exhibiting estrus, expelled what appeared to be cervical 

mucus on Days 12, 14, 14 and 15. These observations, none of which involved 

cows on the hiBhest Norethandrolone levels (Group V), indicate that 

amounts of the progestin contained in the lower level capsules may have 

fallen beluw the critical level in some of the cows just prior to the 

completion of the treatment , thus permitting follicle maturation and estrogen 

release sufficient to cause physiological and psychological manifestations 

of estrus. Assay of the capsules for Norethandrolone content has not yet 

been completed. 

When the six cows which exhibited estrus prior to the date of capsule 

removal are not considered, as shown in Table 1, 81.8% (18 of 22) of the 

treated cows exhibited estrus within 48 hours following capsule removal. 

Data shown in Table 1 indicate that failure of cows to return to 

estrus was not a reliable indicator of early pregnancy in this trial. 

Of the 28 treated cows, 60.7% were diagnosed as pregnant as a result of 

rectal palpation at 72 days after capsule removal. Of the 22 treated 

cows which exhibited estrus and were inseminated, however, 77.3% were 

found to be pregnant. Since the fertility of the treated cows which were 

successfully synchronized appears to have compared favorably with expected 
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first-service conception rates resulting from artificial insemination i n 

healthy, untreated cows, it appears, in contrast· to the majorit y of 

previous cattl e synchronization results, that fer tility was probably 

not significantly reduced, if at all, as a consequence of the progestin 

treatment. Only two of the four control cows were diagnosed· as pregnant . 

Summary 

A study was conducted· to det ermine the influence of various levels 

of subcutaneously- implanted Norethandrolone on synchronization of estrus 

and conception rate in cattle . Twenty- eight Hereford cows were used to 

test five levels of the progestin t r eatment, and four cows served as 

cont rols. Data indicated that the lower levels of Norethandrolone 

tested were not adequate to inhibit the expression of estrus in all cows 

duri ng a 16 day t reatment period. The need for externally secur ing the 

nylon cords used for capsule withdrawal was also established. Of the 

22 t reated cows which did not lose their capsules and/or exhibit estrus 

during treatment, 18 (81.8%) exhibited estrus within 48 hours following 

capsule removal, compar ed with 25% (1 of 4) of controls. ·Percentages 

of total treated and control cows diagnosed· as pregnant -at 72 days fol lowing 

capsule removal were 60.7 and 50 . 0, respectively . These per centages 

were 77.3 and 50.0, however, when based on number of cows inseminated. 

Considering overall response, administration of 2.0 ·and 1.0 gm. Hydron 

capsules containing 153.7 and 168.0 mg. Norethandrolone · (Groups I V and I I , 

respectively) appeared to be t he most e f fective treatment s empl oyed. 



The Effect of Oral and Implant Administration 
of Hormones for Fattening Cattle 

Robert C, Albin, Jim Jenkins, and Dale W. Zinn 

The use of hormonal implants and oral administration of hormones for 

fattening cattle has received much attention. Individual use of each method 

of administration has resulted in favorable increases in the daily gain of 

feedlot animals. Combining the two methods of administration has resulted 

in rather inconsistent, beneficial responses. The specific objectives of 

this study were to determine the effect of three feed~ng treatments and 

two methods of hormonal administration to provide feedlot ca~tle with two 

different hormones on a) daily gains and efficiency of feed utilization and 

b) carcass characteristics. 

One htmdred-eight nU111ber one Oakie steers were randomly allotted to 

nine pens of twelve head each by weight and breed . Three feeding treatments 

(table 1) were randomly allotted to three pens each. Each of three hormonal 

implant treatments (table 2) were randomly allotted to one pen in each of 

the three feeding treatments. An extra pen contained twelve heifers consuming 

the control ration (table 1) and treated with two different hormones (table 2) . 

After 116 days on feed, the animals were slaughtered at a local packing plant. 

Carcass data were obtained following a 24-hour chill. 

Steer Feeding Trial Performance and Carcass Characteristics 

The feedlot data are presented on two bases; pay WP.ights and shrtmk 

weights. "The final weights were taken on two consecutive mornings, averaged, 
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Tab1e 1. Physical Composition of Rations (air-dry basis, pounds) 

Ration 

Ingredients Control Adaptation a Urea Heifer 

Milo, dry-rolled 1 , 840 " 1,910 1,840 

Cottonseed llleal 100 " 100 

Prelllix Qb 60 " 60 

Urea prelllixc " 60 

Trace lllineral d premix " 20 

TOTAL 2,000 2,000 2,000 2,000 

Calculated C.P . , % 11.83 ll.83 ll.83 11.83 

8.rhe cattle were fed the cottonseed llleal ration for 10 days; then 
gradually adapted· to the urea ration over the next SO days. 

b 
Supplies per pound of ration; 2,SOO I.U. of vitam.in A, O. S lllg. of 

diethylstilbestrol, and 3. S !Ilg. of chlortetracycline . 
c .. 
Urea premix 
Limestone 
Salt 
Vitamin A (325,000 I .U./gm. ) 
Stilbestrol (2 gm./lb.) 
Aurofac (SO gm. /lb . ) 
Urea (45%N) 
Polyphos 
Milo 

d -Trace lllineral premix 
Magnesiun oxide 
Potassium chloride 
Sulphur 
Copper s ulphate 
Iron carbonate 
Manganese sulfate 
EDDI (iodine) 
Zinc sulphate 
Limestone 

lb . 
600.00 
S00.00 

1.13 
16.67 
4. 70 

s3s·.oo 
12S.OO 
217.SO 

2,000. 00 

lb. 
.2so.10 

1,022~ 20· 
. 92.70 

s.20· 
3S.30 

7.SO 
.OS 

30.60 
SS6.3S 

2,000.00 
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Table 2. Hormonal Implant Treatments 

Treatments 

No Implant Diethylstilbestrol 
(!JES) 

Testosterone Heifer 

Number of animals 

Dosage 

36 

0 

36 

2-15 mg. 
pellets 

+ DESa Pen 

36 

120 mg. 
testostP.rone, 
plus 24 mg. 
DES in 
polyglycolic 
paste form 

12 

6 head 
2-15 mg. DES 
pellets. 
6 head 
120 mg . 
testesterone, 
plus 24 mg. 
DES in 
polyglycolic 
paste form 

a E. R. Squibb and Sons, Inc., East Brunswick, New Jersey. 
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and arithmetically shrunk 47.. The animals were not held off feed and 

water before the final weights were taken, but weights wete made early 

each morning before there was much activity among the· cattle. 

Data obtained from the feeding trial and carcass characteristics 

as affected by rations are presented in table 3. A significant difference 

(P<.01) among the three treatments was noted for average daily gains. 

Animals consuming the control ration containing cottonseed meal gained 

faster than those animals receiving the urea and adaptation-to-urea 

rations. Efficiency of feed utilization favored, though not statistically, 

the control animals, followed in order by the adaptation steers and the 

urea cattle. 

Data obtained from the feeding trial and subsequent slaughter as 

affected by hormone implants are presented in table 4. No statistically 

significant differences were observed among these data. One animal in the 

urea+ testosterone pen appeared lame in its hindquarters after 100. days 

on feed and gained poorly during the last days of the test. 

Individual pen data for mean daily gains and efficiencies of feed 

utilization are presented in tables 5 and 6. 

Heifer Performance - One Pen 

Twelve heifers were used in a pilot study by implanting six with DES 

and six with testosterone+ DES. ·The data are presented in table 7. Daily 

gains were not statistically different. ·A trend (P~.10) was noted in 

dressing percentage favoring .the DES implanted heifers. Two. of the 

heifers that received the testosterone + DES implant wete pregnant at the 

time of slaughter. However, the dressing percentages of these two heifers 

were not different from the others receiving the same treatment, 



Table 3. Ration Effects Upon Mean Animal Performance 
and Carcass Characteristics During the Feeding Trial 

Item 

No. of animals 

Animal respopse, pay 
weight basis, lb. 

Initial wt • b 

Final wt.c 

Daily gain 

Daily feed intake 

Feed/lb. gain 

Animal response, shrunk 
weight basis, lb. 

Initial wt.d 

Final wt. c 

Daily gain 

Feed/lb .gain 

Carcass data 

Dressing percente 
f U.S.D.A. grade 

U.S.D.A. marbling 
scores 

Fat over loin, mm. 

Loin-eye area, 
sq.in. 

No. of abscess ed 
livers 

Control 
1 

36 

628.1 

940.8 

2. 70 

19.92 

7.38 

588.2 

940.8 

3.04 

6.55 

60.58 

8.6 

7.9 

18.6 

11.6 

1 

Ration 
Adapt 

2 

630.4 

912.4 

2.43 

18.32 

7. 54 

589.6 

912.4 

2.78 

6.59 

61.13 

8.2 

6.7 

16.0 

12.l 

3 

aOne steer died of undetermined cause. 

Urea 
3 

36 

623.8 

899 . 3 

2.38 

18 .76 

7.88 

583.8 

899.3 

2. 72 

6.90 

60 . 59 

8.2 

7.2 

16.4 

11.5 

2 

b . . 
Purchase weight before hauling 300 mi . to ~ubbock. 

cArithmetically shrunk 4%. 
d 
On feed weight, after 300 mi . haul. 

eChilled carcass basis; 2% shrink of warm carcass weights. 

f 
Good c 8, Good + = 9 and choice - = 10. 

gSlight - = 6, Slight= 7, and Slight+= 8. 

hP<.01. 
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Significant 
Difference 

ns 
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ns 

ns 

ns 
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Tabl e 4. Hormone Implant Ef fects Upon Mean Animal Performance 
and Carcass Characteristics During the Feeding Trial 

Hormone Im11l ant s 

Item None DES Tes t osterone 
+ DES 

No . of animals 36 35a 36 

Animal response, pay 
weight basis, lb . 

Initial wt ,b 623.4 627 . 5 631.3 

Final wt . c 909.1 925.7 918. 1 

Daily gain 2.46 2.57 2.47 

Daily feed intake 19.18 19.10 18.73 

Feed/lb . gain 7. 80 7.43 7.58 

Animal r esponse , shrunk 
weight basis/lb. 

I nitial wt . d 582.9 587 .0 591. 7 
Final wt . c 909.1 925.7 918.1 

Daily gain 2.81 2.92 2.81 

Feed/l b . gain 6.83 6.54 6.67 

Carcass data 

Dressing percente 60 . 53 61.23 60 . 55 

U.S .D.A. grade f 8.5 8 . 2 8.3 

U. S.D.A. marbling 
scoreg 7.8 6. 8 7 .3 

Fat over l oin, mm. 18.1 16.6 16 . 3 

Loin-eye ar ea, 11. 5 12.2 11.5 
sq . in . 

No. of abscessed 
livers 1 2 3 

aOne steer died of undetermined cause . 

b 
Purchase weight before hauling 300 mi . to Lubbock. 

cArithmetically shrunk 4%. 

d 
On feed weight, after 300 mi . haul. 

eChill ed carcass basis; 2% shrink of warm carcass weights. 

f 
Good = 8, Good + = 9 , and Choice - = 10. 

gSlight - = 6, Slight = 7, and Slight+ s 8. 

Significant 
Difference 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



Table 5. Mean Dailv Gains by Ration and Hormone Treatments by 
Pens (pay weight basis) 

Ratic>n 

1..ontrol Adapt Urea 

None 2,73 2,29 2.37 

Hormone 

DES 2.59 2,53 2.59 

Implants 

Testosterone 
+ DES 2, 77 2.48 2.17 

Table 6. Mean Efficiencies of Feed Utilization by Ration 
and Hormone Treatments by Pens (pay weight basis) 

Ration 

Control Adapt Urea 

None 7,56 7.78 8.06 

Hormone 

DES 7.37 7.59 7.37 

Implants 

Testosterone 
+ DE5 7.25 7,25 8. 36 
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Table 7. Hormone Implant Effects Upon Mean Wei~ht Gains 
and Carcass Characteristics of One Pen of Heiters. 

Item DES 

No . of animals 6 

Animal response, 

Initial wt.a 

Final wt.b 

Daily gain 

pay weight basis, lb. 

'581. 3 

866.7 

2 . 46 

Animal response , shrunk weight basis, lb. 

Initial wt.c 549.3 

Final wt.b 866.7 

Daily gain 

Carcass data 
d Dressing percent 

U.S:D.A. gradee 

U.S.D .A. marbli ng scoref 

Fat over loin, mm. 

Loin-eye area, sq. in. 

No. of abscessed livers 

Fetils at slaughter 

Group performance, lb. 

Daily f eed intake 

Feed/lb. gain (pay wt.) 

Feed/lb. gain (shrunk wt . J 

2.74 

60.78 

8.7 

7.8 

14.7 

12.0 

0 

0 

19.68 

7. 72 

6 . 97 

Hormone Implants 

Testosterone + DES 

6 

582 .0 

888 . 8 

2 . 64 

550.2 

888.8 

2.92 

58.67 

8.3 

8.0 

18.7 

10.6 

1 

2 

8Furchase weight before hauling 300 mi. to Lubbock. 

bArithmetically shrunk 4%. 

cOn feed weight, after 300 mi. haul. 

dChilled carcass basis ; 2% shrink of warm carcass weights . 

eGood = 8 and Good + = 9. 

£Slight = 7 and Slight + = 8. 
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Difference 

ns 

ns 
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ns 

ns 

ns 

ns 
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TABLE 1. EFFECT OF PROGESTOGEN ON CONCEPTION RATE AND REPRODUCTIVE ORGANS 

Days treated with progestogen 

No. of concept! 

No . of inseminations 

Conception rate, % 

Multiple concepti, no. 

Uterine wt., gm., av. 

Cervical wt • • gm. , av. 

Ovarian wt., gm., av. 

Follicles, no./ovary 

~ 
64-84 

5 

22 

33 

0 

172. 7 

51.8 

6.9 

29 .9 

Follicles, 12 mm. and larger, av. 0.3 

Corpora lutea/ovary 0.7 

~ 
0-63 

11 

20 

73 

0 

180.1 

49.1 

7.0 

24.1 

0.3 

0 . 7 

Qb..2 
0-84 

2 

23 

14 

0 

160. 4 

54 . 5 

6.4 

21.8 

0.3 

0.6 

TABLE 2. WEIGHT GAINS AND FEED CONVERSION 

Days treated with progestogen 

Starting wt., av., lb. 

Final wt . , av •• lb. 

Av. daily gain, lb. 

Av. feed conversion ratio 

~ 
64-84 

434 

805 

2.53 

8.0C 

~ 
0-63 

433 

796 

2.47 

8.28 

~ 
0-84 

432 

785 

2.40 

8.52 

TABLE 3. CARCASS CHARACTERISTICS, LIVER AND RUMEN 

Days treated with ~rogestogen 

Dressing percent 

Marbling score1 

Grade score2 

Livers, abscessed, pe~cent 

Rumen, ulcerated, percent 

Pat thickness, 12th rib, cm. 

~ 
64-84 

59.6 

11.3 

18 .9 

13.0 

7.0 

1.2 

~ 
0-63 

59 .9 

10.3 

18.1 

27.0 

0 

1.1 

~ 
0-84 

59.8 

9.4 

17.9 

7.0 

7.0 

1.0 

None 

2 

19 

13 

0 

179.5 

52.8 

6.0 

25.0 

0.3 

1.0' 

~ 
None 

432 

801 

2 .51 

8.28 

~ 
None 

59.6 

10.6 

17.6 

20.0 

0 

1.0 

~arbling score: slight plus = 9 ; small minus = 10; small av. 

2 
Grade score: av. good= 17; high good = 18; low ch. = 19. 

11. 
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