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CHAPTER I 

INTRODUCTION 

Due to the continuing advances in modern farming technology, there 

has been a yearly increase in the quantity of soybeans harvested on the 

High Plains. In 1969, Texas harvested a total of 7,598,000 bushels of 

soybeans, an increase of 11.71% over soybean production in 1967 (Texas 

County Statistics, 1970a; Texas Field Crop Statistics, 1970b). This 

increase in production has provided an increased quantity of soybeans 

available for use in livestock feeds. At the same time, activity and 

interest has increased in the different processing methods for soybeans 

in the hope of further increasing the availability of soybean nutrients. 

To date, research concerning heat processed soybeans in ruminant rations 

is limited. 

The objective of the digestibility and nitrogen metabolism studies 

reported herein was to compare soybean meal, micronized soybeans, and 

rolled raw soybeans with and without urea in finishing rations for beef 

cattle. 



CHAPTER II 

LITERATURE REVIEW 

History. Soybeans (Glycine max (L.) Merrill), a member of th.e 

legume family, are first in cash value among the oil seeds in the Western 

Hemisphere (Mayo, 1968). The soybean is a native of East Asia where 

the first written account of its production appeared in 2838 B.C. in 

China (Barnhart, 1954). Averaging 37.9% protein, soybeans are richest 

In nutrients of all common seeds used for feed. They average 18;o ether 

extract, 5% crude fiber and rank above corn in percent total digestible 

nutrients (Morrison, 1961). 

Soybeans are a relatively new crop in the United States and were 

first produced in Pennsylvania in 1804. Soybeans were initially grown 

as a forage and pasture crop, but by 1939, 40^ of the seeds were processed 

for soybean oil and meal; today the percentage has risen to 95% (Burnett, 

1969). In 1969, Texas ranked 17th among all states producing soybeans, 

harvesting 262,000 acres with an average yield of 29 bushels per acre 

(Texas County Statistics, 1970a; Texas Field Crop Statistics, 1970b). 

Today, soybeans and soybean products are the most important U.S. crop 

in terms of exports (Burnett, 1969). 

Soybean Meal. Properly processed soybean meal has been universally 

accepted as the primary source of protein for use in livestock and 

poultry feeds (Burnett, 1969). This is because soybean meal provides 

a good source of essential amino acids for non-ruminants which can be 
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used to balance the protein of feed grains such as sorghum, corn, wheat, 

and barley. Much of the early ruminant work with soybean meal was 

conducted using soybean meal as a protein supplement for wintering cattle 

(Ross et al., 1947; Stephens et̂  al., 1948; Thomas, Clanton and Wilson, 

1953; and Richardson et_ al., 1956). Urea has been used in nuiierous 

experiments with soybean meal to provide the supplemental nitrogen in 

fattening rations for cattle. Various proportions of urea and soybean 

meal were tested with satisfactory results (Harris, Work and Henke, 

1943; Baker, Arthaud and Gregory, 1949; Culbertson et_ al., 1952; 

Bell, Gallup and Whitehair, 1953; Schoonover et_ al., 1953; Gallup, 

Whitehair and Bell, 1954; Groves et. al., 1954; and Wise et_ al^., 1962). 

Raw Soybeans. Full-fat soybeans are defined as heat processed 

soybeans which contain all the oil, protein and other nutrients, analys

ing between 38% and 41% protein and 17% to 19% ether extract. Full-fat 

soybeans have a high lecithin content in the oil which acts as a 

natural preservative and permits full-fat beans to be stored for 

extended periods of time. Soybeans that have not been heat treated 

contain the enzymes urease and lipoxidase in addition to a trypsin 

inhibitor (Beuscher, 1969). Urease promotes the breakdown of urea, 

whereas lipoxidase is a strong oxidizing agent that speeds up the oxida

tion of many nutrients. This may in turn result in growth inhibition. 

The trypsin inhibitor has no effect on ruminants, except in the young 

before the rumen becomes fully functional (Burnett, 1969). Therefore, 

ruminants can utilize raw soybeans. Conversely, raw soybeans and under

cooked soybean meal are poorly utilized by monogastric animals, especially 

the young, due to the presence of the trypsin inhibitor. 



Heat Processed Soybeans and Processing Methods. During the last 

10 to 15 years, there has been an increasing amount of interest in 

different heat processing methods for soybeans. Several methods have 

been investigated from the standpoint of increasing the digestibility 

and availability of nutrients of the soybean. There are basically 

three different heat processing methods that have been employed. These 

include expansion-extrusion, infrared cooking, and high pressure steam 

cooking (Buescher, 1969). Expansion-extrusion equipment can process 

up to 2,000 pounds per hour, whereas infrared processors can prepare 

up to 750 pounds per hour. Both processes are of the continuous flow 

type, as opposed to the high-pressure steam cooking methods which are 

batch operated. In contrast, overheating or overcooking will reverse 

Heat Treated Soybeans and Soybean Meal for Cattle. Little research 

has been conducted with heat treated soybeans in cattle rations, which 

is probably due to their ability to utilize the raw soybean. Perry 

and Macleod (1968) investigated the effects of feeding raw soybeans on 

rumen metabolism and milk composition in dairy cattle. They encountered 

no problems in feed intake or with the health of dairy cattle when raw 

soybeans were fed, but they did notice an increase in the levels of 

stearic and oleic acids in the rumen fluid. Milk flavor was acceptable. 

Hudson, Glimp and Little (1968a) worked with post-ruminal nitrogen 

utilization of heated soybean meal and observed improved digestibility 

in heated soybean meal (the mean digestibility for regular soybean meal 

was 66%, while heated soybean meal was 68%), but not enough improvement 

to be statistically significant. Heating also caused a slight depression 



in protein digestibility from 89.9% for regular soybean meal to 88.6/^ 

for heated soybean meal. Nitrogen balance data tended to favor the 

heated soybean meal over the regular soybean meal. 

Heat Treated Soybeans and Soybean Meal for Sheep. Dysli el al̂ . 

(1967) investigated the effects of steam-heating upon the nutritive 

value of full-fat soybeans for sheep and rats. The soybeans were heated 

for varying time periods from zero to ninety minutes at 121°C and at 

1.05 kg/CM of steam pressure, and then fed to sheep. The heating 

time did not affect protein or ether extract digestibility, but digesti

bility of total organic matter and cellulose was significantly (P<.05) 

reduced with increased heating time. Tillman and Kruse (1962), studying 

the effect of gossypol and heat upon the digestibility and utilization 

of soybean protein by sheep, found that iieating alone oi the auoILiun 

of 1% gossypol acetic acid had no significant effect. The digestion 

coefficient for crude protein was 66.5% for the unheated soybean meal 

and 64.0% for the heated soybean meal. Hudson, Glimp and Little (1968b) 

investigated the nitrogen fraction in the abomasum of lambs fed heated 

soybean meal. Protein nitrogen was not affected by heat or the time 

of sampling, but heating the soybean meal did significantly (P<.05) 

increase the amount of non-protein nitrogen reaching the abomasum. 

Glimp el al. (1967) studied the effects of reducing soybean solubility 

by dry heat upon nutrient utilization of two levels of ration crude 

protein, 12.1% and 17.2%, and on rate and efficiency of gain in young 

lambs. When the meal was heated, protein solubility was reduced from 

72% to 35%. Performance was highest when the protein level was 17%, 

but heating the soybean meal resulted in increased gains at the 12% 



level so that it compared favorably to the 17% protein level. This 

interaction was significant (P<.05). Nitrogen retention was also increased 

(P<.01) when the soybean meal was cooked in the 12% protein ration. 

Heat Treated Soybeans and Soybean Meal for Swine. Noland (1970), 

working with dry-cooked soybeans in swine rations, found that extruded 

full-fat soybeans produced faster and more efficient gains than soybean 

meal plus 4.7% fat (the same amount of fat added by the extruded beans). 

Also, full-fat soybeans cooked with an infrared process satisfactorily 

replaced either 50% or 100% of the soybean meal in growing-finishing 

rations for swine. Harmon (1970) reported that the higher energy diet 

acquired when replacing soybean meal with cooked soybeans produced 

more efficient swine gains, but resulted in a softer carcass. Hanson 

el al. (1970) also noted a decreased fat firmness of swine carcasses 

from pigs fed cooked soybeans rather than soybean meal. Kuechenmeister 

(1970) pointed out that although the full-energy soybean produced a 

softer carcass in swine, it also produced a carcass slightly higher 

in unsaturated fat. 



CHAPTER III 

EXPERIMENTAL PROCEDURE 

Processing Methods and Rations. The soybeans used in this study 

were obtained from an elevator in Plainview, Texas. The soybeans fed 

raw were stored, then ground immediately before mixing and feeding to 

reduce chances of rancidity. The rest of the soybeans were micronized 

before the studies were initiated. Micronization involved infrared 

heat exposure to 110°C for approximately 60 seconds. The beans were 

then rolled and stored until fed. Soybean meal, containing 44% crude 

protein, was obtained locally in Lubbock. The rations were isonitrogenous, 

containing either soybean meal, micronized soybeans, raw ground soybeans 

or one of the previous rations with one-half of the soybean protein 

replaced by urea, making six rations altogether. Dry-rolled grain 

sorghum was the basal ingredient for the rations. Ingredients and 

chemical analyses for the rations are listed in table 1. 

Digestibility Study. Three separate digestion and nitrogen metabo

lism trials were conducted using a total of twenty-seven steers averaging 

277.6 kg. The steers and the rations were randomly allotted to the 

metabolism stalls. The animals were allowed to adjust to their respec

tive rations for 10 to 14 days with the maximum feeding rate for each 

animal based on one and one-half times their maintenance requirement as 

determined by their respective metabolic weights. Daily intake was 

gradually increased during the adjustment period until each animal was 
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TABLE 1. 

Ration 

RATIONS FOR THE SOYBEAN DIGESTION AND NITROGEN BALANCE STUDIES 

1 2 3 4 5 6 

Ingredients i 1 ^ i ?. ?. 
Grain sorghum, 

dry rolled 85.9 83.9 84.9 88.5 87.7 88.1 

Soybean meal 5.49 — — 2.49 

Soybeans, raw — 7.49 --- --- 3.29 

Soybeans, micronized — 

Sudan hay, ground 7.49 

Calcium carbonate .5 
T-M salt .5 .5 .5 .5 .5 .5 

Chlortetracycline 
(10 g/lb) .054 .054 .054 .054 .054 .054 

Vitamin A 
(10,000 lU/g) .066 .066 .066 

Urea (45% N) — -- ---

- -

7.49 

.5 

6.49 

7.49 

.5 

— 

7.49 

.5 

— 

7.49 

.5 

2.89 

7.49 

.5 

.066 

.4 

100.0 

.066 

.4 

100.0 

.066 

.4 

100.0 

• 
1 
• 
• 

« 
1 
fl 

m 

« 
1 
1 
« 

i 

100.0 100.0 100.0 

Chemical analyses, dry matter, % 

Dry matter 90.58 91.13 

Crude protein 11.63 12.19 

Ash 2.95 3.22 

Ether extract 0.65 1.36 

Calcium 0.61 0.68 0.48 0.69 0.58 0.70 

Phosphorus 0.42 0.48 0.68 0.62 0.62 0.51 

Gross energy, 
kcal/g of dry matter 4.345 4.290 4.417 4.189 4.347 4.348 

91.26 

12.38 

4.97 

1.55 

91.14 

11.72 

2.68 

0.70 

91.22 

12.69 

3.98 

1.48 

90.72 

11.25 

3.36 

1.58 



consuming his allotted amount at the twice daily feedings. After the 

steers were placed in the collection stalls, the 7-day collection period 

was started as soon as all animals were regularly consuming their daily 

feed allotment. Water was provided ad libitum. Rations were sampled 

for analysis at each feeding. Total wet feces were collected, weighed 

and sampled (5% aliquot), with the samples being composited daily. 

After collection, total daily urine was diluted to a constant volume, 

with a 120 ml aliquot composited for analysis. A five cc blood sample 

was drawn from each steer at five different intervals (prior to feeding, 

then .5, 1, 3, and 5 hours after feeding) the morning after the 7-day 

collection period had been completed. All samples were refrigerated 

until analyzed. Proximate analyses of feed and feces and urinary nitrogen 

analvsis were conducted according to A.O.A.C. (1965) methods. Gross • 

energy determinations were made with a Parr adiabatic bomb calorimeter. 

Calcium was determined as reported by Hunt (1963), while phosphorus was ; 

determined as reported by Sumner (1944). True protein digestibility \ 
% 
t 

was calculated by using the value of 0.45 g metabolic fecal nitrogen * 

per 100 g dry matter intake (Blaxter, 1964). Blood was analyzed for 

urea nitrogen by the microdiffusion method of Conway (1950). Statistical 

analysis of the data was by analysis of variance according to Steele 

and Torrie (1960). 

1 



CHAPTER IV 

RESULTS AND DISCUSSION 

Digestibility data are presented in tables 2 and 3. Although the 

raw ground soybean ration possessed relatively higher digestibility 

values, there were no significant differences (P>.05) among digestion 

coefficients for energy components of the six rations. Crude protein 

digestion and percent nitrogen retained was significantly (P<.05) higher 

for the raw ground soybean ration as compared to the soybean meal ration. 

Nitrogen balance was significantly (P<.05) greater for the raw ground 

soybean and urea ration versus the soybean meal ration. 

The digestibility data for the energy components are shown in 

table 2. The data in this study tend to give a favorable advantage to 

the raw ground soybean ration in the digestion of energy components as 

compared to soybean meal and micronized soybeans. Dysli el al. (1967) 

reported that the digestibility of total organic matter and cellulose 

in diets of sheep was significantly (P<.05) reduced by increasing the 

heating time for soybeans. The increase in digestibility of the energy 

components shown by the micronized soybeans and soybean meal rations 

when urea was added may have been due to the increased amount of nitrogen 

that was available to the rumen microorganisms; or possibly, it was a 

result of the increased energy concentration of the rations due to adjust

ments (increased milo content) for urea addition. As a result of these 

adjustments, the rations were not isocaloric. Lofgreen, Mendel and 

10 
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TABLE 2. DIGESTION COEFFICIENTS FOR RATION ENERGY COMPONENTS 

Percent Digested^ 
Dry Gross Organic 

Ration Matter Energy Matter 

67.67 67.38 69.56 

77.52 76.20 78.28 

67.31 66.41 67.94 

72.75 70.82 73.68 

72.34 72.02 73.18 

70.84 69.80 71.98 

No statistical differences among these values (P>.05). 
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TABLE 3. RATION NITROGEN DIGESTION COEFFICIENTS AND 
NITROGEN BALANCE VALUES 

Ration 

1 

CVJ 

3 

4 

5 

6 

Percent 
Crude 

Protein 

56.29^ 

72.48 

58.26 

63.36 

68.61 

59.70 

Digested 
True 

Protein 

78.24 

93.51 

78.99 

82.20 

88.79 

82.43 

Per Head 
Nitrogen 

Balance (g) 

14.15^ 

44.93 

24.24 

23.66 

46.89 

31.51 

Daily 
Nitrogen 

Retained {%r 

15.94^ 

43.22 

26.39 

26.89 

38.76 

32.55 

^Statistically different (P<.05) from ration 2. 

Statistically different (P<.05) from ration 5. ; 
3 

^Nitrogen retained per head daily expressed as a percentage of [ 
nitrogen intake. • 

« 
I 

< 
) 
\ 
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Mcllory (1968) found that when cottonseed meal was partly replaced by 

urea, there was a reduction in crude fiber and ash and an increase in 

fat and nitrogen-free-extract in grain sorghum rations. They stated 

that the increase in gain brought about by the urea rations was a result 

of the increased energy concentration in the rations rather than improved 

nitrogen utilization promoted by the addition of urea. 

A source of readily available energy and a source of nitrogen are 

two of the factors known to be necessary for protein synthesis in the 

rumen. Protein and non-protein-nitrogen sources, such as urea, are 

converted in the rumen to ammonia, the key intermediate in microbial 

protein synthesis (Woods, 1964). He indicated that unless certain 

conditions were met in the rumen, a considerable quantity of ammonia was 

absorbed from the rumen, then converted to urea by the liver, and excreted j 
a 

in the urine. This may represent a large loss of nitrogen to the animal ' 

as well as energy used for the conversion (Blaxter, 1964). j 

Protein digestibility data is shown in table 3. The higher crude i 
> 

protein digestibility for the raw ground soybean ration was probably due ! 

to higher protein solubility; the higher ether extract content would 

provide additional energy; both factors would enhance microbial protein 

synthesis in the rumen. Woods (1964) found that the physical properties 

of a protein or nitrogen source tend to influence their utilization, 

especially their solubility. Bailey (1965) noted that while heating 

improves protein value to a certain extent, excessive heat treatment will 

have a reverse effect and make the protein less soluble and less available. 

TEXAS TECH LIBRARY 
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With the addition of urea to the soybean meal and micronized soybean 

rations, a corresponding increase in crude protein digestion was observed. 

In the case of the raw ground soybean ration, addition of urea resulted 

in slightly decreased crude protein digestibility. Harris el al. (1943) 

indicated that poor utilization of urea nitrogen probably means that it 

was fed above the maximum conversion rate to true protein by the rumen 

microorganisms. Addition of urea to the soybean meal and the micronized 

soybean rations could have provided the rumen microorganisms with a more 

readily available source of nitrogen to complement the protein already 

present. 

The trends and differences in true protein digestibility, nitrogen 

balance and percent nitrogen retained all favored the raw ground soybean 

ration, either with or without urea. True protein digestion favored the ! 

raw ground soybean ration over the others, but there were no statistical 
I 
1 

differences. Nitrogen balance data showed the raw ground soybean ration ; 

with urea to be significantly (P<.05) greater than the soybean meal } 

ration. These differences were likely influenced by the same factors 

which affected crude protein digestibility. 

Blood urea nitrogen for the rations are shown in table 4. The 

micronized soybean ration with urea was significantly (P<.05) higher in 

blood urea nitrogen than the micronized ration without urea. This 

difference was probably due to the increased volume of ammonia produced 

in the rumen and absorbed through the rumen wall into the blood stream. 

There were no significant differences due to time or ration x time 

interaction. Differences in blood urea nitrogen between the urea and 

non-urea rations are shown in figure 1. 
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TABLE 4. MG BLOOD UREA NITROGEN/100 ML BLOOD PLASMA 

Ration 

1 

CVJ 

3^ 

4 

5 

6 

0 

7.80 

9.20 

5.80 

7.10 

7.80 

9.40 

.5 

9.00 

9.63 

7.50 

7.00 

9.20 

10.40 

Hours^ 
1 

7.20 

8.70 

8.20 

10.50 

8.60 

10.40 

3 

8.70 

8.10 

7.40 

7.30 

8.40 

10.70 

5 

7.90 

7.80 

6.50 

7.70 

7.60 

9.90 

^The animals were fed after sampling at zero hour 

Statistically different (P<.05) from ration 6. 
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Data from this study indicate that raw ground soybeans have the 

potential to replace soybean meal as a protein supplement in ruminant 

rations. Important factors to consider are cost, higher digestibility 

and nitrogen retention values for raw ground soybeans and a lower freight 

rate than processed products since they can be moved at grain rates 

(Buescher, 1969). 



CHAPTER V 

SUMMARY 

Three separate digestion and metabolism trials were conducted to 

evaluate three differently processed soybean products in finishing rations 

for beef cattle. The rations used were isonitrogenous, containing 

either soybean meal, micronized soybeans, raw ground soybeans or one 

of the previous rations with one-half the soybean protein replaced by 

urea, for a total of six rations. Dry-rolled grain sorghum was used 

as the grain base for the rations. 

There were no significant differences (P>.05) among digestion 

coefficients for the energy components of the six rations. Crude protein ; 

digestion and percent nitrogen retained were significantly (P<.05) ^ 

higher for the raw ground soybean ration as compared to the soybean ' 

meal ration. Nitrogen balance was significantly (P<.05) greater for j 

the raw ground soybean and urea rations versus the soybean meal ration. 1 

The micronized soybean ration with urea was significantly (P<.05) higher 

in blood urea nitrogen than the micronized ration without urea. 

Results of this study would indicate that raw ground soybeans have 

the potential to replace soybean meal as a protein supplement in ruminant 

finishing rations. 

18 
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