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ABSTRACT 

Seven yearling crossbred steers fitted with per

manent abomasal fistulas were fed twice daily a diet con

taining 82fo sorghum grain in five trials to determine the 

effect of: 1) level of intake (95 vs 75% ad libitum)of 

steam processed flaked sorghum grain (Trials 1 and 2); 

2) steam processed flaked vs dry .rolled sorghum grain fed 

at 95% of ad libitum (Trials 3 and k); 3) length of collec

tion period (6-day, Trial ^ vs 2-day, Trial 5)> on ruminal, 

postruminal and total digestion of protein. 

In Trials 1 through 4, abomasal and fecal grab 

samples were collected at 12 hr intervals for a 6-day 

collection period. During the 2-day collection period 

(Trial 5)> abomasal and fecal grab samples were taken at 

^ hr intervals to provide the same number of samples (12) 

obtained in Trials 1-^. Total fecal collection and feed 

refusal were measured at 2k hr intervals during Trials 1 

through Dysprosium incorporated into the diet (30 ppm) 

was used as a marker for determination of partial digesti

bilities. Dysprosium recovery in Trials l-^J-, respectively, 

was 86, 91, 85 and 92%. Bacterial protein in abomasal 

digesta was estimated by use of diaminopimelic acid (DAP) 

as a marker, and bacterial contribution to the feces was 

xiii 
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estimated "by subtracting percent acid detergent fiber pro

tein (undigested feed protein) from 100. 

Several amino acids were used for estimation of 

bacterial protein in abomasal digesta. Reasonable esti

mation of bacterial protein was made by the use of DAP, 

lysine and a combination of DAP x leucine, using simul

taneous equations. Acid detergent fiber was not applicable 

for determining undigested feed in abomasal digesta. 

Steers fed at 95$ of ad libitum consumed 32$ more 

protein than steers fed at 75$ ad libitum. No difference 

(B>.05) was noted in ruminal (-26 vs -20%), postruminal 

(76 vs 75$) and total protein digestibility (70 vs 70$) due 

to level of intake. Trichloroacetic acid (TCA) precipitable 

protein digestibilities followed a similar pattern as that 

of crude protein. Increase in level of intake resulted in a 

reduction (Pc.01) in bacterial contribution to the aboma

sal protein pool (67 vs 75$)• Organic matter digestibility 

was approximately 8^$ and not affected by level of intake. 

Steam processing and flaking, compared to dry rol

ling increased (P<.05) digestibility of organic matter in 

the rumen (^0 vs 22$) and total tract (82 vs 75$); however, 

most protein parameters were not affected. There was a 

trend for increased (P>.05) postruminal (75 vs 69$) and 

total (65 vs 60$) digestion of protein with steam processed 

flaked grain as compared to dry rolled grain. Again, TCA 
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protein digestibilities followed a similar pattern as that 

of crude protein. Postruminal digestion of bacterial pro

tein was greater (P<.05) with the steam processed flaked 

diet than the dry rolled grain diet (65 vs h-6fo) . 

With the exception of digestion coefficients for 

total crude protein and total TCA protein with the dry 

rolled sorghum grain diet, length of collection period did 

not affect digestibility coefficients of organic matter or 

nitrogen fractions. Thus, a 2-day collection was adequate 

for partitioning digestibility of protein and organic matter 

with steers fed a steam processed flaked sorghum grain diet 

but not with dry rolled grain. 

Results indicate that level of intake did not alter 

coefficients of digestibility for protein fractions. Thus, 

quantity of protein digested in the tract was proportional 

to level of intake. Steam processing and flaking of sorghum 

grain appears to increase the amount of bacterial protein 

digested and absorbed postruminally by steers as compared to 

dry rolling the grain. 



CHAPTER 1 

INTRODUCTION 

Ruminants are basically forage consumers; however, 

during the past two to three decades the use of grain in 

their diet has increased greatly. Grains are added to 

ruminant diets mainly to increase digestible energy intake. 

Even with soaring grain costs, it is likely that 

grain will remain as a large constituent of the diet of 

feed lot cattle since it is generally the least expensive 

source of dieting energy. At present, grain accounts for 

about 50-70$ of these diets. Corn and sorghum grain 

represent 95% of the total grain used in this country for 

animal feed (Brethour, 1977)• Since grain is purchased 

as an energy source, there is a tendency to overlook the 

contribution of the grain protein to the diet. Perhaps 

when formulating a least cost diet we should be concerned, 

not only with the cost per Meal of energy, but also be 

aware of changes in protein content resulting from 

substitution of one grain for another in the diet. For 

example, replacing sorghum with wheat in a high concentrate 

diet may also eliminate the need for any supplemental 

protein. 

1 
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In the southwestern United States, sorghum grain is 

the most widely used grain. A feed lot fattening diet for 

cattle containing 80$ sorghum grain provides 6-5 to 10.4$ 

crude protein in the diet (dry matter basis) depending on 

the grain source. This is 55 "t° 90$ of the animal's 

protein requirement. 

Sorghum grain has the lowest protein digestibility 

of the four most widely used grains (sorghum grain, corn, 

wheat and barley) ranging from 33 "t° (Keating et al, 

1965; Buchanan-Smith, Totusek and Tillman, 1968; Hale et al., 

1966). The large variations reported in digestibility 

are partly due to: (1) different varieties and hybrids, 

(2) level of grain in the diet, (3) different sources of 

supplemental nitrogen and (4) different dietary regimens 

(intake level, feeding frequency, etc.). 

The reason for this low digestibility is not known; 

however, sorghum protein is relatively insoluble in rumen 

fluid and may therefore be less available to microbial 

fermentation). This low solubility of sorghum protein 

may be partly due to the waxy coat of the grain and prob

ably partly due to the protein structure. Another reason 

for the low digestibility of the sorghum grain protein may 

be its resistance to deamination (Ely et al., 1967; Mangan, 

1972; Purser, 1970). 

The extent of dietary protein degradation to am

monia in the rumen and subsequent synthesis of microbial 
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protein can greatly alter amount and kinds of amino acids 

available for absorption in the samll intestine. Therefore, 

the site of protein digestion could have an important 

effect on net nitrogen utilization in ruminants depending 

on the extent of dietary protein losses as ammonia absorbed 

from the rumen and relative biological value of dietary 

protein as compared to microbial protein. 

There are conflicting reports in the literature 

regarding the effect of intake on the amount and composi

tion of nitrogenous compounds (bacterial protein, non

protein nitrogen, etc.) reaching the abomasum, the extent 

of amino acid absorption in the small intestine, and overall 

nitrogen disappearance. For example, with increasing levels 

of dietary protein Hogan and Weston (1967b) and Goshtasb-

pour-Parsi et al. (197^) reported no change in amount of 

non-ammonia crude protein passing through the abomasum; 

however, Orskov, Fraser and McDonald (1971a) noted an 

increase in percent crude protein entering the abomasum by 

increasing the level of dietary soybean meal. Several 

workers (Orskov, Fraser and McDonald, 1971a, t>» Coelho 

Da Silva et al. 1972a, b) have reported greater absorption 

of amino acids in the small intestine when greater amounts 

of amino acids entered the small intestine. This is in 

contrast to the findings of Harrison et al. (1973)-

Since bacterial nitrogen constitutes between 

^0-80% of nitrogen entering the duodenum (depending on the 



diet) (Smith, I969); the method employed to estimate the 

amount of bacterial nitrogen may partly explain some of 

these differences. The marker technique used to estimate 

partial digestion appears to greatly influence these 

estimates and may largely explain these conflicting reports. 

Different methods of grain processing such as dry 

rolling, steam flaking, reconstituting, etc. are effective 

in improving the energy value of certain grains, particu

larly corn and sorghum grain. The effect of different 

processing methods on the utilization of sorghum grain 

protein is inconsistent. 

Only reconstitution of grain has consistently 

improved total digestibility of protein (Hale and Theurer, 

1972). Some grain processing methods have been shown by 

some authors to alter the composition of nitrogenous 

material (bacteria, feed, amino acids) entering the duo

denum (Potter, McNeill and Riggs, 1971; Meyer et al., 

1967; Hudson et al., 1970); however, intestinal disap

pearance of nitrogen is reported by Potter, McNeill and 

Riggs (I97I) to be unaffected by grain processing. 

The objectives of this study were 1) to evaluate 

various methods for estimating microbial nitrogen in 

abomasal digesta and fecal samples, 2) to determine the 

effect of level of feed intake (restricted vs full fed) and 

grain processing methods (dry rolled vs steam processed 

flaked) on the site and extent of protein digestion and 
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extent of microbial protein synthesis in abomasally 

fistulated steers fed 82% sorghum grain diets and 3) "to 

compare the effect of length of collection period (2 vs 

6 days) on nutrient and marker concentrations and on 

protein digestibility in various segments of the gastro

intestinal tract. 



CHAPTER 2 

LITERATURE REVIEW 

Nitrogen Utilization in Ruminants 

It is generally considered that nitrogen metabolism 

in various tissues of ruminants and monogastrics is the 

same (McDonald, I968); however, great differences exist 

in the digestion of nitrogenous compounds "between the two 

groups of animals. 

Initial digestion of nitrogenous compounds in 

ruminants begins in the rumen and reticulum. This consists 

essentially of a fermentation of feed and endogenous 

nitrogen by proteolytic action of microbial enzymes into 

amino acids, ammonia and non-nitrogen carbon compounds. 

These products may be absorbed into the vascular system 

of the animal (either directly from the rumen or after 

passage to the intestine); however, the greater part of 

the nitrogenous products are normally utilized for syn

thesis of bacteria and protozoa (Smith, 1969). Therefore, 

microbial nitrogen constitutes a considerable portion of 

the nitrogenous material presented to the lower alimentary 

tract. This conversion is of great benefit to the animal 

when the feed protein is of low quality or of non-protein 

nitrogen (NPN) material and a detriment when good quality 

6 
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protein is consumed. A general schematic for nitrogen 

digestion in ruminants is shown in Figure 1 (modification 

of Church, 1975). 

A variety of nitrogenous compounds (protein, amino 

acid, amides, ammonium salts, nitrates, etc.) are utilized 

by ruminants. In naturally occurring feed materials, 

protein provides the major portion of the nitrogen con

sumed by animals (Hungate, 1968; Morrison, 1959)- With 

the exception of globular absorption in the newborn, it is 

necessary to hydrolyze protein to smaller molecules for 

utilization by microorganisms in the rumen or absorption 

in the small intestine. 

Rumen Degradation of Nitrogenous Compounds 

Dietary Protein. Intact proteins are hydrolyzed 

first, to peptides and amino acids by proteolytic enzymes 

secreted in the rumen by microbes. Both bacteria and 

protozoa are involved in this proteolysis (Abou-Akkada and 

Howard, 19^2; Abou-Akkada and El-Shazly, 196^; Purser and 

Moir, 1966). In working with pure cultures of bacteria, 

Abou-Akkada and Blackburn (1963). concluded that 10$ of 

the rumen bacteria which were cultivated are proteolytic. 

The proteolytic activities of these bacteria are different 

and all strains studied showed both exo- and endo-peptidase, 

deaminase, amidase and, to a lesser degree, urease activity. 

El-Shazly (1952) noted that hydrolysis of protein by rumen 
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microorganisms results in the production of ammonia and 

branched chain volatile fatty acids (isobutyric and 

isocaproic). Thus, ammonia is the principal end product 

of dietary nitrogenous compounds fermented in the rumen. 

Proteins are degraded to different degrees in the 

rumen. The reasons for this are not clearly understood; 

however, there is no doubt that solubility of proteins 

in rumen fluid is of major importance. Proteins with 

higher solubility are hydrolyzed much more rapidly than 

insoluble ones (McDonald, 1952; Annison, 1956; Lewis, 1962; 

Ely et al. 1967; Wohlt, Sniffen and Hoover, 1973)* 

Therefore, insoluble proteins have a greater chance of 

escaping rumen fermentation by microorganisms. This does 

not necessarily indicate that less soluble proteins are 

more valuable to the animal than soluble ones. In an 

experiment conducted with lambs supplemented with heat 

treated (insoluble) or untreated soybean meal (very sol

uble), Little Burroughs and Woods (1963) report no differ

ence in gain between treatments. In this same experiment, 

lambs receiving soybean meal (very soluble) performed 

better than lambs supplemented with corn gluten meal (less 

soluble) even though nitrogen digestibility and retention 

were similar between nitrogen treatments. 

An inverse relationship between nitrogen solubility 

(1M sodium chloride) and nitrogen retention by lambs fed 

fish meal, ground nut meal and heated ground nut meal was 
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reported by Whitelaw, Preston and Dawson (1961). The order 

of decrease in nitrogen retention was fish meal, heated 

ground nut meal and untreated ground nut meal (which had 

the greatest solubility). 

Hudson et al. (I97O) conducted an experiment to 

determine the affect of protein solubility as affected by 

dry heating on ruminal and postruminal utilization of nitro

gen in wethers. Heating soybean meal at 1^9 C for 4 hr re

sulted in an increase in the quantity of dry matter and non

protein nitrogen in the abomasum; however, protein nitrogen 

and amino acids reaching the abomasum were unchanged. The 

authors also reported that there was no effect due to heat 

treatment of soybean meal on total digestibility of dry 

matter, cellulose and protein. Similarly, nitrogen reten

tion by wethers was not affected due to treatment. 

Using a linear programming technique, Wohlt et al. 

(1976) formulated four isonitrogenous diets from common 

feedstuffs. These diets were formulated for protein and 

amino acid profiles similar to those of hominy or soybean 

meal and protein solubilities of either 13 or 35f°- They 

reported an increase in nitrogen intake, nitrogen absorbed 

and urinary nitrogen loss with increasing protein solu

bility for both hominy and soybean meal. No differences 

in fecal nitrogen or nitrogen retention were noted in 

these wethers due to treatments. 
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Some other factors which affect the rate of protein 

digestion in the rumen are, 1) level of nitrogen in the 

diets, 2) rate of passage through the rumen, 3) amount of 

energy that becomes available during ruminal fermentation 

for synthesis of microbial protein, the resistance of 

dietary nitrogen to deamination and, 5) presence of growth 

factors or other nutrients (Purser, 1970s Hogan and Weston, 

1967b; Orskov, Fraser and McDonald, 1971a, b; Dror, May-

evsky and Bondi, 1969). 

McDonald (1968) states that the biological value 

of a fodder protein to the animal is directly affected by 

the quality of insoluble protein which escapes rumen hy

drolysis. If this protein has higher biological value 

than the microbial protein that could have been formed 

from it, it would be of benefit to the animal and vice 

versa. 

Solubility of proteins is affected by rumen pH 

as shown by Proksova (I969) Osman (1966) . Solubilities 

are usually greater at higher pH. Another possibility for 

differences in solubility of proteins may be due to in

hibitors (such as tannin) present in plant tissue, as 

indicated by Leroy, Zelter and Francois (I968). This point 

is supported by the findings of Hant and Moore (1958) who 

found that a proteinase isolated from rumen bacteria was 

susceptible to various inhibitors. 
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Mangan (1972) indicates that differences in protein 

digestibility may also be partly due to molecular structure 

of proteins. This means that even though two proteins 

could have similar quantities of amino acids, the sequen

cing (primary structure) of these amino acids could be 

different, therefore, resulting in different tertiary 

structures and consequently differences in susceptability 

to enzymatic attack. Peptides formed in the rumen from 

proteolysis of protein could either be fermented to amino 

acids or escape to the lower gastrointestinal tract intact. 

Nonprotein Nitrogen. According to Church (197^)> 

Zuntz (1891) was the first to produce evidsnce that 

ruminants are capable of utilizing nonprotein nitrogen. 

In an experiment with sheep fed purified diets containing 

eithc-r soy protein or urea as the only nitrogen sources, 

Loosli et al. (19^9) showed that all the essential amino 

acids for rats were synthesized in the rumen of these sheep. 

Animals receiving the diet containing urea were in positive 

nitrogen balance. 

Ruminants ingest variable amounts of nonprotein 

nitrogen depending on the type of diet they consume. 

Dietary nonprotein nitrogen includes peptides, amino acids, 

amides, nucleic acids, urea, ammonia, and nitrates. All of 

the above are rapidly degraded in the rumen, and with the 

exception of nucleic acids, all form ammonia (Lewis, 1955; 
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Lewis arid Emery, 1962; Wright and Hungate, 19^7; McAllan 

and Smith, 1968; Li Chuan Wang, Garcia-Rivera and Burris, 

I96I). Pasture plants may contain as much as 1/3 of their 

total nitrogen in the form of nonprotein nitrogen (Hogan, 

196^; Morrison, 1959)- Silage contains even a greater 

portion of its total nitrogen as nonprotein nitrogen 

(Morrison, 1959)* 

Smith et al. (i960), reviewing results from 63 

lambs fed diets containing different levels of urea (5^ "to 

68% of the dietary nitrogen), concluded that up to $0 days 

of adaptation period, nitrogen retention was increased "by 

2fo for every 10 days of additional adaptation. Similar 

results have been reported by McLaren et al. (1965) working 

with data collected from 83 lambs fed semipurified diets 

containing urea as the only source of supplemental nitrogen. 

Similar results have been shown in dairy cows (Campbell et 

al., 1963) and in steers (Oltjen and Putman, 1966). As of 

yet no explanation has been verified for the adaptation of 

.ruminants to utilization of supplemental nonprotein nitrogen 

such as urea. McLaren et al. (i960) reported that diethyl-

stilbestrol reduces the adaptation period. It is suggested 

by Lewis (i960), Caffrey et al. (1967) and Wortham et al. 

(1968) that this adaptation is due to changes in the 

composition of rumen microflora. There are contrary (Barth, 

McLaren and Anderson, 1961; Waymack, 1976) and supporting 

(Caffrey et al., 1967) reports to this suggestion. 
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Amino acids are probably deaminated at a faster 

rate to ammonia and volatile fatty acids than the hydrol

ysis of proteins and peptides to amino acids, since (1) 

concentrations of free amino nitrogen in the rumen are very 

low (range from 9 "to 1000 p. mole/100 ml of rumen fluid) 

(Annison, 1956) and even though absorption of amino acids 

through the rumen wall may take place the quantity would be 

insignificant (Lewis and Emery, 19^2; Cook, Brown and Davis, 

1965)» (2) the concentration of ammonia in the rumen 

increases with time after feeding (1 to 5 M- moles/100 ml) 

(Lewis, 1957) and (3) the activity of deaminases increases 

with increasing percentage of protein in the diet (Warner, 

1956). 

Lewis (1955)» infusing single amino acids into the 

rumen of sheep, reports that different amino acids are 

deaminated at different rates. In a later study with 

washed rumen microorganisms, Lewis and Emery (1962) cat

egorized the amino acids into three groups according to 

their deamination rates. Most completely deaminated were 

serine, cysteine, aspartic acid, threonine and arginine. 

Moderately deaminated were glutamic acid, phenylalanine 

and lysine. Only slightly deaminated were tryptophane, 

amino valeric acid, methionine, alanine, valine, isoleucine, 

ornithine, histidine, glycine, proline and hydroxyproline. 

Critical Role of Ammonia in the Rumen. Most of the 

dietary protein as well as urea and other soluble nonprotein 



nitrogen are hydrolyzed in the rumen to ammonia. Conse

quently, ammonia is a very important end product of ruminal 

metabolism of nitrogenous compounds. Ammonia is used by 

many rumen bacteria in preference to other nitrogen con

taining compounds and possibly ammonia is the principal 

nitrogen compound used by many bacteria (Smith, 19&9; Acord, 

Mitchell and Little, 1968; Acord et al., I966) . There is 

also evidence which shows that mixed rumen bacteria utilize 

starch more efficiently in the presence of ammonia than the 

presence of amino acids (Acord, Mitchell and Little, 1968; 

Acord et al., 1966) • Smith (1969) suggests that rumen 

protozoa obtain their nitrogen from bacteria and small 

particles of food. 

If the rate at which ammonia is produced in the 

rumen exceeds that of microbial synthesis, the concentration 

of ammonia will increase in the rumen. The increase in 

ammonia concentration is also dependent on the composition 

of rumen microflora. Abou-Akkada and El-Shazly (1964) 

showed that suppressing the protozoal population caused 

the ammonia concentration to decrease. The same is true 

when there is a source of readily available carbohydrate 

such as starch in the rumen (Hogan, 1964; Deif, El-Shazly 

and Abou-Akkada, 1968). Excess ammonia is absorbed from 

the rumen and lower gastrointestinal tract (Smith, 1969)-

The portal vascular system carries the ammonia to the liver 

(McDonald, 1948a) where most of it is converted into urea 
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(Maynard and Loosli, I969)• There are :two possible fates 

for the newly formed urea. It is either excreted in the 

urine or returned to the rumen via saliva and direct 

transfer across the rumen wall (Houpt, 1959). This recy

cling of urea is believed by Smith (1969) ̂ 0 138 greatest 

importance to animals on normal or low nitrogen intake. 

However, he also states that the magnitude of the recycling 

benefit is yet to be determined. 

Nucleic Acids. It is shown by Coelho Da Silva 

et al. (1972a, b) and Smith and McAllan (1970) that 

nucleic acid could account for up to 9*5$ of the total 

nitrogen ingested by ruminants. McAllan and Smith 

(1973a, b) and Smith and McAllan (1970) showed that nucleic 

acids are rapidly hydrolyzed by rumen microorganisms (both 

in vivo and in vitro). Based on the accumulation of dif

ferent intermediates, McAllan and Smith (1973b) showed 

that the probable degradation pathway is from nucleic acids 

to nucleotides, then nucleosides and finally purine and 

pyrimidine bases. Blaxter (I96I) showed that when rumi

nants were starved, the excretion of allantoin (product of 

nucleic acid metabolism in most mammals) in the urine of 

ruminants was reduced to a much greater degree than in 

nonruminants. Smith (1969) suggests this is due to the 

fact that a great deal of allantoin in the urine of rum

inants is of dietary origin. He concluded that apart 

from the loss of excess ammonia found when dietary nitrogen 
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compounds are attacked by microorganisms, there is also an 

additional loss which is due to the formation of nucleic 

acids "by the microorganisms and the consequent loss of the 

nitrogen as allantoin in the urine. 

Microbial Protein Synthesis in the Rumen. After 

reviewing the literature, Smith (1969) reported that about 

40 to 80$ of the food nitrogen is converted to microbial 

nitrogen in the rumen before entering the small intestine, 

although there are obvious deviations from the range given. 

(For example, zein is only 20 to ^0% converted and casein 

is almost completely hydrolyzed in the rumen). Thus, the 

amount and composition of microbial protein is of great 

importance to ruminants. As was indicated earlier, the 

conversion of feed nitrogen to microbial nitrogen is 

beneficial to animals if low quality protein and nonprotein 

nitrogen such as urea is consumed. On the other hand, it 

is wasteful to degrade high quality protein such as soybean 

meal and in the process lose nitrogen (as ammonia) and 

energy. 

Amino acid composition of protozoa and bacteria 

was reported in a review by Purser (1970) and by Meyer 

et al. (1967) to be rather constant and not affected by 

different diets or processing. Purser (1970) also reported 

there is a high correlation (r = 0,97) between amino acid 

composition of bacteria and protozoa; however, the amino 
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acids lysine, leucine, phenylalanine and tyrosine are 

slightly higher in protozoa than "bacteria. 

It has "been shown that increasing the amount of 

readily available carbohydrate (such as starch) increases 

microbial protein production, when the quantity of nitrogen 

is not the limiting factor in the synthesis of rumen 

microbes. Pearson and Smith (19^3) were among the first 

to show increased urea utilization by rumen microbes (in 

vitro) in the presence of readily available carbohydrates. 

Similarly, Arias et al. (1951) demonstrated that a variety 

of soluble carbohydrates were able to increase in vitro 

nitrogen utilization. 

Meyer et al. (1967)1 working with cattle fed 

different diets, noted that processing grain to achieve 

10095 gelatinization of starch resulted in a 50$ decrease* 

in the ammonia concentration in the rumen and to the same 

extent increased the concentration of bacterial nitrogen. 
1 Zl 

As indicated by C-labeled glucose and amino 

acid studies of Borchers (1967)1 carbohydrates are used 

not only for energy in microbial synthesis, but are in

corporated into microbial protein to a substantially 

greater amount than the carbon skeleton of deaminated amino 

acids. Indeed, Isaacs and Owens (I97I), have shown that 

the carbon in microbial amino acids can come from many 

different compounds, even urea and sodium bicarbonate. 

Other factors in the rumen (in addition to available energy 
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dietary protein and ammonia level) such as particular 

amino acids, volatile fatty acids and sulphur can also 

influence the synthesis of rumen microorganisms (Smith, 

1975; Hume, 1970; Hume and Bird, 1970). 

There are many reports in the literature which 

indicate high concentrations of ammonia in the rumen are 

accompanied "by a decrease in the nitrogen reaching the 

small intestine (Hogan, 1965; Hogan and Weston, 1967a, t>; 

Beever et al. 1969; Nicholson and Sutton, 1969) . 

To avoid the loss of nitrogen from the rumen due 

to excess ammonia formation researchers have tried rumen 

by-pass with some feeds. In general, it has been shown 

that infusion of casein or soybean protein into the abomasum 

of sheep results in an increase in retention of nitrogen 

relative to oral ingestion of these protein sources (Reis 

and Schinckel, I96I, 1963; Little and Mitchell, 1967). 

Formaldehyde and tannin are also used to protect 

dietary protein from hydrolysis in the rumen. Both have 

been shown to be effective in increasing nitrogen retention 

in ruminants (Ferguson, Hemsley and Reis, 1967; Faichney 

and Davies, 1973; Schmidt, Benevenga and Jorgensen, 197^; 

Hatfield, 1970). 

Smith (1969) points out that it is possible to gain 

an advantage from rumen by-pass of protein, but that 

researchers should keep in mind that this by-pass could 
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result in a secondary effect such as reduced cellulolytic 

activity and volatile fatty acid production. 

Fate of Nitrogen Material 
Reaching the Small Intestine 

The quantity of nitrogenous material passing into 

the small intestines of ruminants may be greater or less 

than the level of dietary nitrogen. In separate reviews, 

McDonald (1968) and Smith (1969) concluded that as a rule 

the nitrogen output from the rumen is greater than the 

input with diets low in nitrogen; the opposite being true 

for high nitrogen intake. This phenomenon is believed to 

be due to addition of nonprotein nitrogen to the rumen 

via saliva and direct transfer across the rumen wall, which 

would provide an extra source of nitrogen for microbial 

growth and consequently the output of nitrogen would 

increase over dietary input into the rumen. A decrease in 

nitrogen output below dietary input, would be due to high 

levels of ammonia production, resulting in excessive am

monia absorption from the rumen. 

Since ammonia is readily absorbed from the rumen 

and concentrations of free amino acids in the rumen are of 

insignificant magnitude, most of the nitrogen reaching the 

duodenum should be either from undigested feed protein or 

microorganisms synthesized in the rumen. 

Smith (1975) summarized crude protein composition 

of mixed rumen bacteria obtained from many different 



21 

laboratories and found that the values ranged from 32 to 

57$ on a dry matter basis. This same summary shows the ash 

content of mixed rumen bacteria to be quite high, ranging 

from 18 to 27$. This high ash value is definitely one 

reason for the low protein content of rumen bacteria. 

McNaught et al. (195^) reported true digestibilities 

for bacteria and protozoa (as determined with rats) to be 

7^ and 91$, respectively. The biological value and net 

protein utilization reported for bacteria were 81 and 60$; 

and for protozoa, 80 and 73$ > respectively. 

In a recent paper, Bird (1972) infused abomasally 

fistulated sheep with -^S-labeled rumen microorganisms and 

reported a value of 73$ for true digestibility and a net 

protein utilization of 52$. Smith (1975) reports that 

1 when pepsin incubated, -^N-labeled rumen bacteria were 

infused into the duodenum of a fistulated calf, that 

estimated digestibility of microbial crude protein prior to 

the ileum in five experiments was 64 ± 12$. This indicates 

that the digestibility in ruminants of bacteria may be 

less than that determined in rats. 

In a recent review, Purser (1970) reported dif

ferent rates of amino acid release from bacteria, protozoa 

and egg, when incubated in pepsin for 180 min and then in 

pancreatin for 24 hr at 37 C. Consequently, composition 

and rate of absorbed amino acids in the small intestine 
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would be affected by the kind of protein reaching the 

abomasum and lower gastrointestinal tract. 

Microbial protein and undigested feed protein are 

hydrolyzed in the small intestine to peptides and further 

to amino acids and are abosrbed as such (Church, 1975: 

Maynard and Loosli, I969) . Amino acids are differentially 

absorbed in the small intestine (Harrison et al., 1973; 

Purser, 1970. Coelha Da Silva et al., 1972a, b). Harrison 

et al. and Purser (1970) reported that essential amino 

acids (especially methionine and lysine) are absorbed in 

greater proportions than non-essential amino acids. In 

addition, there is evidence which indicates that diamino-

pimelic acid (a bacterial amino acid) is absorbed in the 

small intestine very poorly or not at all (Harrison et al., 

1973; Mason and Milne, 1971; Mason and White, I97I), 

although the latter two reports point out that considerable 

amounts of this acid disappear in the caecum and large in

testine . 

The quantity of amino acid absorbed in the small 

intestine of sheep (12 to 20 g/2b hr) is reported by Coelho 

Da Silva et al. (1972a, b) to be directly related to the 

quantity of amino acids entering the small intestine. 

This is in contrast to the findings of Harrison et al., but 

in agreement with results of Orskov, Fraser and McDonald 

(1971a, b) when they fed sheep barley diets supplemented 

with different levels of soybean meal, or urea. Neudoerffer 
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et al. (1971) also reported that when heifers were fed 

two levels of maize (4 vs 2 kg/day) the quantity of amino 

acids absorbed in the small intestine increased with the 

highest grain level (121 vs 80 g/2^ hr). 

In sheep, 15 to 25$ of the postruminal nitrogen 

disappears in the caecum and large intestine (Ben-Ghedalia. 

Tagari and Bondi, 197^> Orskov, Fraser and McDonald, 1971b). 

Therefore, it is probable that microbial protein synthesized 

in the caecum and large intestine may constitute a sizable 

portion of the nitrogen present in the feces. This is 

especially true if large amounts of carbohydrate reaches 

these parts of the gastrointestinal tract (Orskov et al., 

1970). 

Smith, McAllan and Hill (1969) and McAllan and 

Smith (1972) show that up to 18$ of the total nitrogen 

passing to the abomasum of sheep and calves may be of 

nucleic acid origin. It is reported by McAllan and Smith 

(I968) that nucleic acids present in the feed are rapidly 

fermented and all nucleic acids present in the lower 

gastrointestinal tract are of microbial origin. Several 

reports (Smith and McAllan, 1971; Coelho Da Silva et al., 

1972a, b) indicate that 75 to 90$ of the nucleic acids 

entering the duodenum are digested to nucleotides and 

purine and pyrimidine bases and absorbed prior to the ileum. 
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Metabolism of Absorbed Nitrogen Substances 

The end products of protein digestion are absorbed 

from the digestive system into the portal vein and trans

ported to the liver (McDonald, 1948a; Lewis, Hill and 

Annison, 1957)- Lewis, Hill and Annison (1957) and Tillman 

and Sidher (1969) reported that the liver removes all the 

ammonia from the portal vein by converting it to urea. 

Lewis, Hill and Annison (1957) also report that the periph

eral concentration of ammonia is relatively constant 

until the portal level exceeds 80 p. mole/100 ml of blood. 

The presence of urea cycle enzymes (carbamoyl phosphate 

synthetase, ornithine transcarbamoylase, argininosuccinate 

synthetase, arginine synthetase and arginase) in the liver 

strongly reinforces the belief that urea is synthesized 

in the liver in a similar pathway as in nonruminants. As 

is evident from the review by Fontenot (1974), and 

previously mentioned here, the level of urea recycled to the 

rumen or excreted in the urine is directly related to the 

nitrogen intake. Fontenot (1974) also concluded 

that amination of carbon skeletons to form nonessential 

amino acids in the liver of ruminants is not of significant 

importance. However, he believes that transamination 

involving glutamic acid and appropriate alpha keto carbon 

skeletons is of substantial importance. 

The fate of absorbed amino acids within the tissues 

of ruminants is similar to that of monogastrics (McDonald, 
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posed of by either synthesis into tissue protein and other 

amino acid containing compounds such as enzymes, hormones, 

milk, etc. or they are deaminated (Maynard and Loosli, 

1969). The deamination of amino acids results in keto 

acids and ammonia. The carbon skeleton can undergo some 

oxidation to carbon dioxide and water, resulting in produc

tion of energy. On the other hand, the formation of urea 

from ammonia as mentioned above requires energy. Nucleic 

acids are of little nutritional value to the host animal. 

Condon, Hall and Hatfield (I970) and Condon and Hatfield 

(1970) abomasally infused sheep with ribonucleic acid and 

reported that most of the purine was excreted as allantoin 

and the remainder as urea in the urine and only very 

little nucleic acid nitrogen was retained. This is in 

agreement with Smith, McAllan and Hill (1969) who orally 

dosed preruminal calves with ribonucleic acid. 

Methods for Determination of 
Microbial Protein in Digesta 

Microbial nitrogen is determined in ruminant 

digesta for a variety of reasons: 1) to determine the 

extent of microbial synthesis in the rumen and reticulum, 

2) to determine the extent of feed protein degradation, 

3) to determine the effect of different treatments on 

availibility of feed nitrogen for hydrolysis by rumen 
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microorganisms, and 4) to determine the effect of the 

source of feed protein on rumen fermentation, losses, etc. 

Basically, two different approaches are used: 

(1) Microbial (often only bacterial) nitrogen is directly 

estimated by the use of some kind of a marker or indicator 

which is particular to those microorganisms (such as 

specific amino acids, nucleic acids or radioactive tracers) 

or, (2) the undigested feed protein is determined first 

and then microbial protein and other metabolic nitrogens 

are determined by difference. 

In direct determination of bacterial nitrogen, in 

abomasal digesta, the use of 2-6-diaminopimelic acid (DAP), 

NH, NHp 
\ \ 

HOO-C-C-C-C-C-C-COOH, as a marker of bacterial nitrogen is 

most widely used (Weller, Gray and Pilgrim, 1958; Hutton, 

Bailey and Annison, 1971; Orskov, Fraser and McDonald, 

1971a, b; El-Shazly and Hungate, I966). Diaminopimelic 

acid is an amino acid which to date seems to be a component 

of some bacteria (including several rumen bacteria) and 

has not been reported in protozoa or common feedstuffs. 

A search of the literature reveals that these conclusions 

are primarily based on reports by Weller, Gray and Pilgrim 

(1958) and Work and Dewey (1953)* The former authors 

report that Synge (1953) found that DAP "was absent from 

hydrolysates of all the usual feeding-stuffs he had 

examined". However, the only feed ingredient examined by 
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Synge (1953) was found to be casein. In addition, from his 

paper, it is not clear what the lowest detectable level 

of standard DAP was, but the low level of his standard 

curve was 0.2|ig DAP nitrogen. Work and Dewey (1953) found 

DAP in several bacteria, absent in two strains of protozoa 

but do not report studies on DAP levels in any feedstuffs. 

A search of papers cited by Work and Dewey (1953) show 

only a footnote by Klungson and Synge in a paper by Work 

(1950) which says "the spot was not found on chromatography 

of acid hydrolysis of the food" fed to sheep. They also 

mention that, since rumen contents of sheep showed this 

spot, it was thought that the material is a component of 

ruminal microorganisms and not food. 

Contrary to this, Hutton, Bailey and Annison (1971) 

and Weller, Gray and Pilgrim (1958) reported small quan

tities of DAP present in rumen protozoa. The former authors 

attribute the small quantities of DAP found in protozoa 

as being due to the consumption of bacteria by protozoa. 

These data indicate that DAP fails to account for the 

contribution of protozoa to the nitrogen pool. 

The validity of DAP as an indicator of bacterial 

nitrogen in feces is jeopardized by the reports from 

Harrison et al. (1973). Mason and Milne (I97I) and Mason 

and White (1971) that there is little if any absorption 

of DAP in the small intestine. Consequently, this may 
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result in a greater quantity of DAP being present in the 

feces than found in mixed rumen bacteria. 

Two-amino-ethylphosphonic acid (AEP), also referred 

to as ciliatine (H2N-C-C-P0^) is an amino acid which is 

present in ciliated rumen protozoa (Horiguchi and Kndatsu, 

i960). Abou-Akkada et al. (1968) reported mixed rumen 

bacteria and the ration fed to cows to be free of AEP. 

(The ration contained 27.2% corn, 35$ sorghum grain, 22% 

dehydrated alfalfa hay, 11% soybean meal, 2.8% urea, 1% 

dicalcium phosphate and 1% salt). They reported that the 

percentage of AEP nitrogen of total nitrogen in mixed 

rumen protozoa to be I.96 and that of rumen solids to be 

0.9%. These authors suggested since AEP is absent from 

bacteria and the ration, it could be used as a reference 

substance to measure rumen protozoal populations. 

Ibrahim, Ingalls and Bragg (I970) reported the 

detection of AEP in mixed rumen protozoa and rumen contents 

using an automated amino acid analyzer; however, later they 

reported a correction note indicating that the time of 

elution for AEP was different from that reported earlier. 

This would leave their earlier results on detection of 

AEP in mixed rumen protozoa and rumen content in doubt. 

Ribonucleic acid (RNA) and deoxyribonucleic acid 

(DNA) are used by some investigators as indicators of 

rumen microorganisms (Smith and McAllan, 1971; Smith and 
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McAllan, 1970; McAllan and Smith, 1969; Coelho Da Silva 

et al., 1972a, b). The assumption made with this technique 

is that any nucleic acid present in digesta is of microbial 

origin and not from feed. However, Beever et al. (197*0 

points out that this is unsatisfactory since, depending on 

the type of feed consumed, variable quantities of undigested 

feed reach the abomasum and consequently different amounts 

of RNA and DNA would be from fed material. 

Nucleic acids are reported by Smith (I969) and 

Smith (1975) "t° have advantages over the DAP method for 

estimating microbial nitrogen in abomasal digesta. The 

advantages cited were: 1) smaller variation in ratio of 

nucleic acid nitrogen to total nitrogen in mixed rumen 

bacteria, 2) .the presence of nucleic acids in protozoa. 

In fact, Smith (1975) indicates that variation of RNA-N: 

total-N is even less than that of DNA-N:total-N, conse

quently RNA being preferred to DNA. In addition, McAllan 

and Smith (1973c) compared DAP and RNA techniques for 

estimating the contribution of microbial nitrogen to total 

nitrogen of duodenal samples of a cow fed hay and concen

trate . They noted great discrepancy between the two 

techniques, and suggested that this is due to under

estimation of microbial protein by the DAP method since it 

does not account for the protozoal contribution. 

Radioactive elements have been employed to de

termine microbial concentrations in abomasal digesta. 
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Basically, solutions containing -^S or "Ttf are infused in 

the rumen for various lengths of time and the extent of 
ric 

incorporation of either -^S into methionine, cysteine or 

cystine, or in amino acids is determined (Walker and 

Nader, 1968; Pilgrim et al., 1970; Leibholz, 1972) . The 

use of radioactive tracers would result in labeling of 

both bacteria and protozoa and consequently their con

tribution to the nitrogen pool can be determined; however, 

tracer methods are at a disadvantage due to the diffi

culties in handling and disposal of the material and the 

experimental animals involved. 

Based on the fact that there is little lysine and 

large quantities of leucine present in feed compared to 

the levels in rumen microorganisms (particularly for 

lysine), these two amino acids have been used in deter

mining microbial nitrogen present in rumen digesta (McDonald, 

I9^8b; Ely et al., 19&7; Potter, McNeill and Riggs, I97I). 

Unique properties of certain feedstuffs are used 

in the determination of undigested feed protein reaching 

the duodenum. The following are classical examples of 

some techniques employed. 

McDonald (195*0 used the physical property of zein 

(soluble in ethanol) as the tool to determine zein digesti

bility. The digesta was extracted with ethanol and the 

precipitate contained the microbial and metabolic nitrogen 

(endogenous). The supernatant was heated and vacuumed to 
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dryness; it contained the feed and non-protein nitrogen. 

This fraction was then extracted with 5$ TCA; the precip

itate contained zein protein and the supernatant contained 

nonprotein nitrogen. A modification of this technique 

was employed by Ely et al. (1967) to measure the extent 

of corn protein digestion in the rumen. 

Another technique utilizes the special property 

of the phosphorus content of casein. When casein is hy-

drolyzed in weak solution of NaOH at 37 C, phosphorus is 

liberated as inorganic phosphate. The quantity of this 

inorganic phosphate is then determined (at 625 mp.) by the 

intensity of the blue color developed as SnClg solution is 

added. This technique was developed and effectively used 

by McDonald and Hall (1957) for determination of conversion 

of casein into microbial protein in the rumen of sheep. 

These methods do not work for all feedstuffs, but 

only with feeds in which the protein has the characteristics 

mentioned above; however, methods similar to these may be 

devised for other feedstuffs. 

A new method has recently been used for determin

ation of undigested feed in fecal samples. In this method, 

Mason (I969) "took advantage of the physical property of 

feed cell walls being resistant to acid or neutral detergent 

extraction and ultrasonic probe, while microbial and other 

animal cells are destroyed by these techniques. Feces 

were treated with one of the above procedures and then 
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filtered through a #5^ Whatman filter paper. The residue 

left on the filter paper contained undigested feed protein 

while the liquid portion contained the degraded microbial 

and other nitrogenous material. This technique apparently 

is not feasible for determination of undigested feed in 

abomasal digesta (Van Soest, 197&)• 

In summary, from the literature reviewed, it be

comes clear that there are many methods available to 

investigators, each having its own advantages and dis

advantages for determination of microbial protein. However, 

the choice of technique employed would depend on the type 

of feedstuff or diet being studied, the precision and ease 

of determination, and the results obtained. This is es

pecially true since there is no way to check the accuracy 

of any of these procedures. Nucleic acids and DAP have 

most often been used as indicators of rumen bacterial or 

microbial nitrogen. 

Effect of Level of Intake on the 
Site and Extent of Protein Digestion 

It is generally accepted that increasing the level 

of feed intake usually results in reduced retention time 

and consequently reduced nutrient utilization. However, 

the net utilization of nutrients is greater with a greater 

level of feed intake and consequently of benefit to the 

animal (Castle, 1956; Blaxter, Wainman and Wilson, 1961; 

Hogan and Weston, 1971; Weston and Hogan, 1971). In order 
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for an animal to consume more feed the rate of digesta 

passage through the gastrointestinal tract has to increase. 

Obviously, there is a point at which the advantages due to 

increased turnover rate is neutralized "by the loss in 

digestibility and absorption and therefore no change in 

net utilization of nutrients occurs. 

Level of nitrogen intake can be altered by level 

of dry matter intake or by varying the percent of nitrogen 

in the diet. Most studies have been conducted using the 

latter approach. Amos et al. (1970) conducted two exper

iments with 65 lambs to observe growth, plasma amino acid 

pattern and to compare the nitrogen components of digesta 

in different segments of the digestive tract (slaughter 

technique) of 15 lambs fed graded levels of corn gluten 

meal and urea (0, 10, 20, 30 or ^0% of total nitrogen from 

urea and the rest from corn gluten meal). They noted the 

following: 1) Lambs consuming the two diets with the 

highest levels of corn gluten meal gained significantly 

faster than the other three dietsj 2) high levels of urea 

in the diet tended to increase levels of lysine in plasma, 

while plasma leucine levels were higher with corn gluten 

meal; 3) abomasal recovery of nitrogen was highest when 

urea supplied 10% of the total dietary nitrogen, and it 

tended to decrease with increasing levels of urea in the 

diet; *0 recovery of total nitrogen in the colon was about 

33dietary nitrogen and was not affected by treatment; 
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5) molar percentage of lysine, phenylalanine and valine 

tended to increase and that of threonine tended to decrease 

in abomasal contents as level of corn gluten meal in the 

diet decreased. 

In another experiment with rumen and abomasal 

cannulated mature wethers (60 kg) fed ad libitum either 

high (16.^0 crude protein) or low quality (9. crude 

protein) bermuda grass, Amos, Evans and Burdick (1976) 

noted that with both diets more crude protein was found 

in the abomasum than present in feed. With the high 

quality diet only methionine and cysteine of the essential 

amino acids were increased from feed to abomasum; however, 

with low quality bermuda grass all essential amino acids 

were increased 2 to 2.5 times. They also estimated that 

about ^3.6 and 62.3% of the protein from high and low 

quality diets, respectively, escaped rumen hydrolysis. 

Undigested feed protein in the abomasum was estimated from 

bacterial protein (using diaminopimelic acid as a marker) 

and assuming 12.5 g endogenous abomasal crude protein/ 

lamb/day. 

When four crossbred wether lambs (^5 kg) with both 

omasal and abomasal cannulas were fed 650 g of a semi-

purified diet containing corn starch, cellulose and soy

bean meal at two levels (15-3 °r 3^-3f° providing either 

7.0 or 1*K0fo dietary crude protein), Goshtasbpour-Parsi 

et al. (197*0 reported that the level of nitrogen intake 
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had no effect on the total nitrogen and amino acids 

reaching the omasum or abomasum. With low nitrogen intake, 

more total nitrogen reached the omasum and abomasum of the 

lambs than was present in the feed. The opposite was true 

for high nitrogen intake. These results are in agreement 

with those reported by Hogan and Weston (1967b) when sheep 

were fed diets containing 7-8 or 19.8$ crude protein. They 

reported a significant absorption of free amino acids 

between the omasum and abomasum and suggested that the 

omasum can serve as a site for absorption of certain amino 

acids. They support their hypothesis by the finding of 

Boyne et al. (1956) that volatile fatty acids are absorbed 

from the omasum, as well as the rumen. 

To determine the effect of level and source of 

dietary protein on the flow of nitrogen into the duodenum, 

Leibholz and Hartmann (I972), fed sheep hay and barley 

roughage with three levels of nitrogen (gross nitrogen 

intake per day = lA, about 16 and 30.0 grams) supplied 

from casein and wheat gluten. They noted no difference in 

the quantity of total nitrogen flow into the duodenum with 

the medium or high level of nitrogen intake (both being 

less than what was ingested), however, with low dietary 

nitrogen (1.k g per day) less total nitrogen reached the 

duodenum than the two higher levels of nitrogen intake. 

Only with the low dietary nitrogen intake was there an 

increase in the level of nitrogen between the diet and 
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duodenum. Significant differences in the apparent digesti

bility of nitrogen for all three diets were noted, even 

though the quantity of nitrogen in the feces were similar. 

In another publication, Leibholz (1972) indicated 

that the level of alpha amino acids flowing into the duo

denum was higher (especially lysine) than the dietary 

intake with a low level of nitrogen (1 A g/day). It was 

the opposite with high and medium nitrogen intake. She 

also pointed out that percent microbial nitrogen in the 

duodenum ranged from kj to 97% varying inversely with level 

of dietary nitrogen, and being dependent on the dietary 

source of nitrogen. 

Orskov, Fraser and McDonald (1971a) conducted a 

trial to determine the effect of four different levels of 

protein (soybean meal) on the disappearance of feed 

constituents along the digestive tract of four sheep 

(about 35 kg body weight). The sheep were fitted with 

abomasal and ileal cannulas and were fed ad libitum dry 

rolled barley two times daily plus ^.5. 8.8, 18.^ and 26fo 

soybean meal. Dietary crude protein levels were 10.3, 

13«3» 16.1 and 19.9$« They noted that increasing the 

level of protein in the diet resulted in higher intake of 

dry matter. The only feed constituent to show a signif

icant increase, by increasing the level of protein intake 

was protein digestibility (59.8, 71«9» 65.0 and 78$, 

respectively). Similarly, the apparent absorption of 



non-ammonia crude protein from the small intestine increased 

markedly with increasing protein intake. With all four 

diets, greater percent of crude protein was found in the 

abomasum than the feed. The authors also suggest that due 

to the relatively constant fecal nitrogen output it is 

believed that the majority of this nitrogen is of microbial 

origin and very little feed protein is present in the 

feces. 

In another experiment, when Orskov, Fraser and 

McDonald (1971b) fed sheep rolled barley with either four 

levels of urea or four levels of fish meal they noted 

that the non-ammonia crude protein digestibility was 

increased with supplementation of either urea or fish meal 

(61.6 vs 88.1 for lowest to highest urea level and 66.1 and 

85-9 for fish meal). With urea they attributed this 

higher percent digestibility to greater absorption of 

crude protein (probably ammonia from the rumen) and with 

no change further along the tract. A similar trend but to 

a lesser degree was reported for fish meal in the rumen; 

however, the amount of non-ammonia crude protein passing 

through the abomasum and disappearing from the small in

testine increased. Addition of fish meal changed the 

pattern of amino acids in the abomasum (for example, more 

methionine was present). Also, total amino acids were 

higher with fish meal. No difference in fecal nitrogen 

was noted with the addition of urea, however, with the 
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fish meal addition, fecal crude protein was less with the 

three higher levels, than for the lowest level of fish meal. 

The work of Pilgrim et al. (1970) shows that with 

low dietary protein intake recycled urea (ammonia) may be 

used for synthesis of microbial protein and this causes an 

increase in the duodenal nitrogen over the feed nitrogen 

intake. 

Utley, Bradley and Boling (1970a), working with 

Angus steers (250 kg), fed a diet of greater than 95% 

ground ear corn at two levels of nitrogen to determine the 

effect of water restriction on nitrogen metabolism. They 

reported that reducing nitrogen intake from 80 to 60 g/day 

resulted in a reduction of 1.5 liters of water ingested per 

day. This significantly reduced fecal and urine output. 

They also noted that crude protein digestibility was higher 

with the high level of nitrogen intake regardless of water 

consumption. They also concluded that restricting water 

availability tends to increase nitrogen retention regard

less of the level of nitrogen intake. In another study, 

Utley, Bradley and Boling (1970b) showed similar results 

in reduction of feed intake and water loss and an increase 

in nitrogen retention in steers when water was restricted 

to 80 or 60fo ad libitum. 

In regard to the effect of level of dry matter 

intake on the quantity of nitrogen digestibility in var

ious parts of the tract, the following reviews are reported. 



Brown, Tillman and Totusek (1968) conducted four trials to 

determine the effect of three levels (maintenance, inter

mediate and high) of grain intake (sorghum and corn) on 

digestibility of different feed nutrients and nitrogen 

retention in Hereford steers. They reported no signif

icant changes in digestibility of proximate components due 

to diet. However, nitrogen retention was reported to be 

higher with intermediate and high than maintenance levels , 

with no difference between corn and milo. Similarly, 

Buchanan-Smith, Totusek and Tillman (1968) reported no 

change in the protein digestibility with steers or wethers 

fed sorghum grain at three levels of intake (maintenance, 

150$ and 175$ of maintenance). 

In an experiment conducted with two Ayrshire 

heifers fitted with rumen, abomasal and ileal cannulas 

and fed either a high maize diet (^ kg maize and 2 kg hay) 

or low maize diet (2 kg maize and 4*.5 kg hay) to observe 

the effect of grain intake on protein digestion, Neudoerf-

fer et al. (1971) reported the following: 

1. There was a loss of protein and total amino 

acids in the rumen (between feed and duodenum) with both 

diets. This nitrogen disappearance is in contrast to the 

findings of many authors such as Nicholson and Sutton 

(I969) and Orskov, Fraser and McDonald (1971a» b). 

2. The percent protein disappearing in the small 

intestine was reduced (69.2 vs 75^?°) with increasing 
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intake levels of maize. This was true even though more 

protein and amino acids entered the small intestine with 

higher grain intake. 

3« With the low maize diet, most of the protein 

entering the duodenum was from microbial origin, while 

the opposite was true for the high maize diet. 

4. The amounts of glycine, isoleucine, lysine 

and arginine showed marked increases while that of glutamic 

acid, alanine and leucine decreased between diet and 

duodenal ingesta. 

When sheep were fed chopped or pelleted rye-grass 

either at $00 g dry matter or 1^-00 g dry matter per day, 

there was a negative total nitrogen disappearance between 

the ingested feed and small intestine (Coelho Da Silva 

et al., 1972b). They also reported that its apparent 

digestibility was lower for the high level vs low level of 

pelleted diet and with no difference in the chopped diet. 

Nitrogen retention as percent of total nitrogen ingested 

was greater with high levels of intake for both chopped 

and pelleted, than low levels of intake. Methionine, 

cystine/cysteine, tryptophane and lysine showed the great

est increase between the feed and duodenum. This study 

also showed that greater quantities (g/2^ hr) of total 

amino acid nitrogen reached the duodenum of sheep on high 

levels of intake (both chopped and pelleted) .vs the low 

level. Digestibility of total amino acid nitrogen was 
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lower for high levels of intake than low levels in the 

small intestine regardless of processing method (chopped or 

pelleted). This may indicate a limit to the total amounts 

of acid which may be digested and absorbed in the small 

intestine as was reported by Karr, Little and Mitchell 

(1966) for starch utilization. 

Weller, Pilgrim and Gray (1971), working with 

sheep fed pelleted Lucerne hay either at 600 or 1500 g/day, 

noted no difference in the level of nitrogen entering the 

rumen (feed) and leaving the abomasum, as estimated by 

lignin or polyethylene glycol ratio technique. Goshtasb-

pour-Parsi, Ely and Boling (1977) reported more total 

nitrogen per day reached the omasum and abomasum than was 

consumed in the feed, when four wether lambs fitted with 

omasal and abomasal cannulas were fed either $00 or 1000 

g of two different diets containing 90-2 or kk.J% alfalfa 

hay, respectively, but equal amounts of nitrogen (11.2 

g/day). Omasal and abomasal samples were collected from 

these sheep at 0, 1, 2, 6, 8, 10, 11 and 11^ hr 

after both morning and afternoon feedings. Their data 

showed a loss of total nitrogen between the omasum and 

abomasum of these sheep consuming 1000 g/day and a gain 

in sheep consuming 500 g/day feed. With both levels of 

intake there was a decrease in the amount of protein and 

an increase in the amount of nonprotein nitrogen between 

the two collection sites. This decrease in protein and 
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increase in nonprotein nitrogen is postulated by Amos et al. 

(1970) to be a result of protein hydrolysis in the abomasum. 

With high dry matter intake, significantly more total 

nitrogen, protein and nonprotein nitrogen reached the 

omasum and abomasum than with a low level of intake (ex

cept for protein in the abomasum which was higher with 

low dry matter intake). 

They also reported greater levels of methionine 

in the omasum and abomasum than in the feed for both levels 

of intake. However, significantly greater amounts of 

isoleucine, leucine, phenylalinine, arginine, histidine, 

lysine, alanine, proline, glycine, tyrosine and total 

amino acids reached the omasum with the higher level of 

feed intake. 

In summary, the literature cited reveals a general 

lack of research on the effect of level of feed intake on 

protein digestibility and nitrogen retention. This is 

particularly true for high grain diets. It shows con

tradictions between different reports, probably due to 

different diets, animals, collection techniques, markers, 

analysis of samples and sources of nitrogen used in the 

experiments. However, in general, it can be concluded that: 

1. Increasing the level of nitrogen in a diet 

will result in an increase in the apparent nitrogen digesti

bility and may also increase nitrogen retention. 
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2. Usually a higher quantity of total nitrogen 

reaches the duodenum than is present in the diet with low 

levels of nitrogen intake. 

3. Little change is noted in the total nitrogen 

reaching the duodenum due to level of nitrogen intake; 

however, the nitrogen composition may be affected. 

k. When the level of feed intake is increased 

little change, if any, in the apparent digestibility is 

noted. 

5. Altering level of feed intake also results 

in changes in the nitrogen composition of duodenal contents 

and also the percent intestinal digestion of amino acids 

may be affected. 

Effect of Grain Processing Methods on 
Protein Utilization by Ruminants 

Performance of ruminants is generally improved by: 

1. Increasing the level of grain in their diet. 

2. Use of various kinds of feed additives and 

implants. 

3. Processing of grain and roughages. 

Some of the grain processing methods are dry grind

ing, dry rolling, steam rolling, steam flaking, micronizing, 

popping and reconstituting. The exact changes that occur 

to the grain protein during processing are not well under

stood. Harbors (1975) noted that steam flaking, micro

nizing or popping of sorghum grain left the protein bodies 



(kafrin) unchanged) however, the matrix protein was 

stretched between starch granules with steam flaking. The 

matrix protein disappeared among the starch sheets with 

popping or micronizing. Reconstitution of sorghum grain 

is reported by Sullins and Rooney (I97I) to result in 

actual breakdown of protein matrix within the kernel. The 

change of kernel structure in the peripheral endosperm 

area is believed by these authors to be especially impor

tant, since this is usually hard to disrupt by normal 

grinding techniques. Hansen and Johnston (1976) reported 

that moist heat treatment of wheat flour resulted in re

duced accessibility of peptide bonds to pepsin and trypsin 

attack. This reduction was directly related to the level 

of heat used. 

Haurowitz (1965) points out that heat usually 

leaves a protein molecule in the Zwitterionic state. He 

also states that heat causes charges in the protein mole

cule due to peptide linkage between free amino and carboxyl 

groups. Heating also causes cleavage of peptide bonds and 

rearrangement of the molecualr chain. These changes in 

conformation result in a decrease in solubility of the 

protein. 

Sorghum Grain Processing Effects 

A trial was conducted by Hale et al. (I966) with 

steers to determine the affect of processing of milo and 
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barley on digestibility of nutrients and performance of 

steers. The steers were fed diets containing 60 to 70fo 

grain (barley or milo). The grains were steam processed 

and flaked and compared to dry rolled. The authors reported 

an increase in feed intake, but no significant effect on 

feed efficiency or protein digestibility due to processing. 

In a similar study to determine the effect of 

processing methods on digestibility of nutrients, Husted 

et al. (I968) conducted two trials with steers fed 77f° 

milo grain diets. In trial 1, apparent digestibility was 

significantly lower for steam decorticator cut milo (^$.2%) 

than dry rolled, steam processed flaked and water soaked 

cut, (52.7» 56.9 and 5^-9» respectively). True protein 

digestibility for both dry rolled and steam cut treatments 

(73*9 and 69.2, respectively) were significantly lower than 

that of steam processed flaked or water soaked cut (79*6 and 

78.1^, respectively). In trial 2, no differences in ap

parent or true protein digestibility were noted for any of 

the treatments (dry rolled, fine ground, steam processed 

flaked and pressure cooked flaked). 

Riggs et al. (1970) reported no differences in 

crude protein digestibilities in Hereford steers of 100% 

popped, partially popped, dry rolled or untreated milo in 

92% grain diets. With in vitro and in vivo (steers) stud

ies, Prased et al. (1975). using differently processed 

sorghum grain and wheat (dry rolled, expanded, pressure 
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cooked, flaked and extruded), reported that as compared with 

dry rolling other processing methods generally decreased 

crude protein digestibility. In general, flaking, ex

panding or pressure cooking showed a trend (although not 

significant) for lower crude protein digestibility and 

higher nitrogen retention (g/day). 

Buchanan-Smith, Totusek and Tillman (1968) con

ducted a digestion trial with steers and wethers fed 

sorghum grain processed differently, to determine the 

effect of processing on the digestibility of sorghum grain. 

The processing methods were: finely ground, coarsely 

ground, steam processed and rolled and reconstituted and 

rolled. They noted a decrease (P < . 05) in nitrogen 

digestibility in sheep (but not cattle) due to steam pro

cessing. Nitrogen retentions were not affected (P > .05) 

by treatment in either species. 

In contrast to other processing methods, reconsti-

tution has been shown by some authors to be effective in 

improving crude protein digestibility of grains. Ap

parent digestibility of crude protein determined by 

McGinty, Breuer and Riggs (1967) in a digestion trial using 

four yearling angus bulls were 44.^5 and 51-7°$ for dry 

and reconstituted sorghum grain, respectively. 

Similar results were reported in another trial 

conducted by McGinty and Riggs (1967). In this experiment 

finishing cattle were fed either reconstituted sorghum 



grain containing 23 to JZfo moisture or dry rolled milo. 

Crude protein digestibilities were reported to be 56.^6 

and 47.3^ for reconstituted and dry sorghum grain, 

respectively. In another experiment, Riggs and McGinty 

(1970) reported a 16 to 22fo improvement in the crude pro

tein digestibility of reconstituted (25 to moisture), 

over the dry milo grain when the reconstituted grain was 

stored for 21 days and ground prior to being fed to beef 

cattle. 

Danley and Vetter (I97^a, b, c) conducted a series 

of in vitro studies to determine the effect of various 

processing methods on corn grain harvested at three dif

ferent moisture levels (16, 18 and 22$). The experiment 

was conducted to determine solubility, digestibility and 

losses of the grain's dry matter, nitrogen and carbohydrate 

content. Corn grain was treated in the following ways: 

1. untreated-ensiled, 2. dried reconstituted-ensiled, 

3. formic acid reconstituted-ensiled, dried, 5- micro-

waved, and 6. steamed. They reported total nitrogen losses 

due to storage were greater (P < .05) for heat treated 

than for ensiled corn. Total nitrogen solubility was 

altered due to the treatments, the order of increasing 

solubilities being: microwaved, dried, steamed, untreated, 

ensiled, reconstituted, and formic acid reconstituted-

ensiled. Their data showed that heat treatment resulted 

in lower in vitro soluble nitrogen digestibility. With 
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the exception of untreated ensiled grain the increase in 

digestibilities exactly paralleled the increase in nitrogen 

solubilities. This agrees with the reports of Riggs (1969) 

and Potter, McNeill and Riggs (I97I) who suggested that 

microwaving of sorghum grain could denature the poorly 

soluble endosperm protein and render it even less soluble. 

They also indicated that steam flaking increased rumen 

protein utilization and grinding and microwaving impairs 

utilization of sorghum grain protein. 

Loynachan (1970) conducted several (nylon bag) 

experiments to evaluate the effect of temperature (-17 "to 

iJ-9 C), moisture level (10 to 38%) and storage period (1 to 

32 days) on dry matter, starch and protein utilization of 

reconstituted sorghum grain. He noted an increase in 

protein disappearance (63.4 vs 23-6$) when reconstituted 

sorghum grain was stored for 21 days at 38 C and 3°% 

moisture, over the dry ground control. 

Keating et al. (1965)» working with Hereford 

steers fed 50f° dry rolled or cooked sorghum grain reported 

that cooking significantly reduced the digestibility of 

crude protein. Ward and Morrill (1966) reported nitrogen 

digestibility was reduced in yearling dairy steers when 

milo was moist heat treated compared to dry rolled grain. 

They also reported no change in the nitrogen balance due 

to treatment. 
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Processing Effects on Corn, Wheat and Barley-

Clark and Harshbarger (1972) fed cows high moisture 

corn plus hay, high moisture corn plus corn silage, dry 

corn plus hay and dry corn plus corn silage. The forage 

was fed free choice and the grains were fed to provide 

equal dry matter intake by feeding 1 kg concentrate for 

each 2.75 kg of milk produced. They reported the highest 

crude protein digestibility (68.5$) for high moisture corn 

plus hay and the lowest digestibility (63.2$)for dry corn 

plus corn silage. 

In an in vivo and vitro digestion trial conducted 

by White et al. (1973) with corn processed differently (raw, 

roasted, high moisture, reconstituted, fatty acid treated 

and urea added), crude protein digestibility was not af

fected by treatments. Coefficients of protein digesti

bility ranged between 60.^1- and 63.5$ for raw and high 

moisture corn. Similarly, Mudd and Perry (1969) reported 

digestibility of crude protein decreased by in a di

gestion trial with steers when gelatinized corn was com

pared with that of raw cracked corn. 

When barley was used in two digestion trials with 

steers fed an 85-5$ grain diet, Parrot et al. (1969) 

reported no difference in crude protein digestibility due 

to processing (dry rolled, steam processed regular flaked 

and steam processed flat flaked. In trial 2, barley from 
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two different sources was used, and with one of the barley 

sources, protein digestibility was reduced by steam pro

cessing as compared to dry rolling. Autoclaving grain 

(mixture of 50$ barley and 50$ milo) for 3° min at 17 psi 

lowered crude protein digestibility of a diet containing 

80$ grain fed to fattening beef cattle as compared to a 

diet containing grain subjected to steam rolling (Riley 

et al., 1965)• 

Cornett, Sherrod and Albin (1971) studied the 

effect of processing wheat (dry rolled, steam flaked and 

micronizing) on digestibility of proximate components, 

in 21 sheep and 18 steers. The animals were fed a diet 

consisting of 78.2$ wheat grain and 20$ roughage (cotton

seed hulls). They found no significant differences in 

crude protein digestibility in either sheep or cattle due 

to processing. 

Similarly, no significant difference in crude 

protein digestibility was noted when steam flaked wheat 

was compared with dry rolled in digestion trials conducted 

by Carrillo, Hale and Theurer (1975)- Wheat grain consti

tuted 82.6 and 93-25$ of the diets. Crude protein di

gestibilities for dry rolled vs steam flaked treatments 

respectively, were: 7^.2 and 7^-0$ for 82.6$ grain diets; 

and 82.9 and 81.1$ for 93-25$ grain diets. 



Effect of Processing on Ruminal 
and Postruminal Protein Digestion 

Four half-sib steers fitted with permanent abomasal 

fistulas were used by Potter, McNeill and Riggs (I97I) in 

digestion trials to determine the effect of processing on 

conversion of feed to microbial protein. The steers were 

fed four different diets (83.25$ sorghum grain) varying 

only in the processing of the grain. Grain processing 

methods were: dry-ground, reconstituted, steam-flaked 

and micronized. They reported an increase in synthesis of 

microbial protein with reconstituting and steam flaking 

and a decrease in microbial synthesis when micronized grain 

was fed as compared to dry-ground grain. Percent microbial 

protein for dry ground, reconstituted, steam flaked and 

micronized treatments were: 51-28, 79-^8, 62.16 and 36.11, 

respectively. No significant differences were reported 

in intestinal digestion of the diet due to processing; 

however, there was a tendency for reconstituted grain to 

have a higher digestibility. Intestinal digestibilities 

were 78.8, 80.^, 76.7 and 77*3% dry rolled, reconsti

tuted, steam flaked and micronized, respectively. The 

amino acid content (molar %) of the abomasum was similar 

for all treatments except for lysine which was highest 

with reconstituted and lowest with micronized grain diet, 

with the opposite being true for leucine. They also 

reported that the amount of nitrogen reaching the abomasum 



was slightly increased over dietary nitrogen ingested. 

They concluded that processing has a minimal effect on 

total digestion of sorghum grain protein. However, they 

suggested that since the amino acid pattern of sorghum 

grain is poor relative to essential amino acid require

ments, there could "be a "benefit to the animal when more 

high quality microbial protein is synthesized due to the 

processing. 

Drennan, Holmes and Garrett (1970) conducted two 

experiments with ̂ eep and steers. The animals were fed 

two diets containing 80$ steam flaked milo grain and dif

fered only in the pressure used to steam the grain (atmo-

spheric pressure vs 3.5 kg/cm ). The sheep were maintained 

on 80% milo diets for five weeks, then slaughtered and 

samples were collected to determine digestibilities of 

protein, starch and dry matter in different segments of 

the gastrointestinal tract. The steers were fitted with 

abomasal fistulas and samples were collected at 12 hr 

intervals advancing 2 hr each day, so that 2^ samples were 

collected (2 samples for each 2 hr of the day). Lignin 

and chromium oxide were used as markers for estimation of 

partial digestion. When chromium oxide was used, more 

crude protein (2 times for sheep, 1.5 times for steers) 

reached the abomasum than was present in the feed; however, 

when lignin was used positive ruminal digestibilities 

ranging from 12.55 "to 39.22 was reported for the different 



grain treatments with both sheep and steers. Generally, 

more crude protein reached the abomasum with the diet 

containing the milo processed under pressure. They re

ported total crude protein digestibilities of 62.03 and 

65.36% in sheep and 5^*06 and 61.72% for steers when the 
o  

milo was processed at atmospheric or 3*5 kg/cm pressure, 

respectively. 

Post abomasal crude protean digestibility was 

higher in both sheep and cattle when the chromium oxide 

ratio rather then lignin ratio was used. For cattle, 

2 values for grain processed at atmospheric or 3*5 kg/cm 

pressure were ^2.^9 and and 57-32$ using lignin ratio and 

69.76 and 75-68% when chromium oxide ratio was used. A 

similar pattern was reported for sheep for post abomasal 

digestion of crude protein. 

Total nitrogen reaching the abomasum of steers fed 

5.5 kg daily of either ground, cracked or whole shelled 

corn was 138.5. 126.5 and I38.9 g/day, respectively as 

compared to I38.I g of intake (Pendlum, Boling and Ely, 

1976). Amounts of essential and total amino acids reaching 

the abomasum were similar among the different diets. In 

another study, when steers were fed approximately k.5 kg 

of diets containing 78?° corn and differing only in the 

method of corn processing (nitrogen intake was 85, 67.7^ 

and 72 g/day), Galyean et al. (1975) reported total ni

trogen passage through the abomasum averaged 105, 87, 82 
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and 77 g/day for high moisture harvested and propionic acid 

preserved; steam flaked; high moisture ground and ensiled 

and dry rolled, respectively. The higher total nitrogen 

(105 g/day) passing through the a"bomasum was attributed to 

lower ruminal protein degradation and higher nitrogen re

cycling with high moisture propionic acid preserved corn. 

With roughages processed differently (chopped, 

cobbed and pelleted), Coelha da Silva et al. (1972a, b) 

reported the amount of nitrogen reaching the small intes

tine of sheep was greater than that ingested. Digesti

bility of amino acids in the small intestine ranged from 

for histidine to 80fo for methionine. No difference in 

the apparent total nitrogen digestibility was reported by 

these authors due to treatments. 

In summary, with the exception of reconstitution, 

processing of grain does not seem to consistently affect 

total protein digestibility. There is a definite lack of 

information on the effect of grain processing on its diges

tibility in different segments of the gastrointestinal 

tract; however, the literature cited shows that utilization 

of grain protein in the rumen may be affected by processing 

method. When processing involves heat, the solubility of 

the protein is often reduced and consequently less of the 

grain protein may be fermented in the rumen. Thus, a 

smaller quantity of microbial protein may be synthesized in 

the rumen as the result of heat treatment. Ruminal protein 



digestion of sorghum gra.in is enhanced by reconstitution and 

appears to "be reduced by micronizing as compared to dry-

ground grain. It is evident that sorghum grain digesti

bility is altered by processing more than other grains. 

Changes in rumen digestibility could consequently affect 

the quality and quantity of nitrogenous material digested 

in the small intestine, caecum and large intestine. 

Effect of Length of Collection Period on 
Protein Digestibility in Various Segments 

of the Gastrointestinal Tract 

The primary criteria for accurate determination of 

partial digestibility of any feed nutrient obtained from 

various sites of the gastrointestinal tract requires 

reliable, representative samples collected from these 

sites. In recent years, use of indwelling cannulas placed 

in different segments of the gastrointestinal tract, for 

collection of digesta has gained popularity. This alter

ation of the gastrointestinal tract could affect flow rate 

of digesta if the cannulas are not properly fitted and 

handled. Grovum and Williams (1973) have shown that proper 

abomasal cannulation does not affect rate of digesta flow 

along the gastrointestinal tract. Harris and Phillipson 

(1962) also reported that wethers with duodenal re-entrant 

cannulas had similar performance (feed intake, weight 

gains and composition of feces) to intact animals. 



Usually two different lengths of collection per

iods are used in digestion trials -- short term (1 or 2 

days) and long term (3 to 6 days) (Grovum and Williams, 

1973; Amos, Evans and Burdick, 1976; Hudson et al., 1970; 

Goshtasbpour-Parsi, Ely and Boling, 1977). Each method has 

advantages and disadvantages. With long term collection, 

an animal's metabolism can be affected by day to day 

variations in feed intake, frequency of animal feeding, 

use of different individuals to collect samples, etc. 

(Schneider and Flatt, 1975; Harris and Phillipson, 1962). 

Short term collection is advantageous over longer periods 

where steady state conditions are susceptible to greater 

variations; however, due to an increase in frequency of 

samples collected, a depression in the rate of flow of 

digesta along the gastrointestinal tract may take place 

with short term collection (Nicholson and Sutton, 19^9; 

MacRae and Armstrong, 1969; MacRae et al., 1972; Church, 

1975)• 

Harris and Phillipson (1962) reported that in 

wethers, rumination preceded an increased flow of digesta 

through the abomasum. This may also affect the validity 

of different collection periods since rumination is re

ported by these authors to be more frequent at night than 

during the day. 

Very limited studies have been conducted to ex

amine the effect of length of collection periods on 



digestibility coefficients determined by using indicator 

techniques. Lassiter, Alligood and McGauchey (1966) con

ducted an experiment to compare the indicator method 

(chromium oxide) with the total collection method for 

determination of digestion coefficients in an all-concen

trate ration fed to sheep. Higher average digestion 

coefficients were reported from total collection methods 

than from the chromium oxide ratio technique. They also 

noted significantly more variation in digestion coefficients 

based on chromium oxide content of total feces from two, 

3-day collections than those based on four fecal grab 

samples obtained on a single day. The authors believe 

that this may be due to daily variation in fecal chromium 

oxide concentration. Contrary to the above, Karr, Little 

and Mitchell (1966) found that in steers, ruminal diges

tibility coefficients were not influenced by length of 

the collection period (1 vs 6 days) 

Weller, Pilgrim and Gray (1971). worked with sheep 

to develop a procedure to obtain representative samples of 

digesta flowing to the duodenum. They tried several 

sampling procedures; T-type cannula in the duodenum, 

diversion of digesta flow from a re-entrant duodenal 

cannula, automatic sampling by diverting flow of digesta 

at fixed intervals, automatic removal of large numbers of 

samples from cannulas and automatic collection of stirred 

digesta from a compartment incorporated in the re-entrant 



cannula. They concluded that the use of stirring of digesta 

within a compartment incorporated within the cannula would 

give the "best results. This was indicated by the ratio 

of solid:liquid markers "being similar to that of fed 

material. These authors also reported that the ratio of 

polyethylene glycol to lignin in the small intestine was 

the same as that in the feed. Consequently, they suggested 

that collections made at the duodenum were more represen

tative of the digesta entering the small intestine than 

that from the abomasum. 

In summary, no definite conclusions can be drawn 

from these observations, particularly when different 

animals, different diets, different types of cannulas, 

different types of samples collected and different indi

cators are involved. This area is definitely in need of 

further investigation. It seems possible that the length 

of the collection period may affect digestion coefficients 

of nutrients. 

Extent and Site of Nutrient Digestion 
as Estimated by Indicators 

Materials which are not digested, absorbed or 

altered in the digestive system and which have a flow rate 

similar to the digesta (or a uniform rate) and have no 

harmful affect on the host animal may be used as markers 

to estimate the extent of digestion of nutrients and rate 

of flow in different segments of the gastrointestinal tract. 
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Estimations of partial digestion are also greatly-

facilitated "by the use of various cannulas fitted in dif

ferent locations of the digestive system. There are usually 

two types of indicators used: 1) internal indicators, such 

as lignin, acid insoluble ash or plant pigments which are 

a natural part of the feed consumed by the animal and 

2) external indicators, such as chromium oxide, polyethyl

ene glycol or rare earth elements which are added to the 

feed. Stained feed particles are also used in digesti

bility and rate of flow determinations. 

It is doubtful that any one substance would meet 

all the criteria for an ideal indicator. Liquid and solid 

parts of digesta have different flow rates, especially 

through the forestomach (Weller, Pilgrim and Gray, 1971; 

Knight, Owens and Garrigus, I972). This has lead to the 

use of separate indicators for solid and liquid fractions 

of digesta. For example, lignin and polyethylene glycol 

used by Amos and Evans (1976); Amos, Evans and Burdick 

(1976) and Weller, Pilgrim and Gray (1971)» or chromium 

oxide and polyethylene glycol by Goshtasbpour-Parsi et al. 

(1974) and Goshtasbpour-Parsi, Ely and Boling (1977)• 

Powdered chromium oxide has a faster rate than 

feed through the digestive system (Johnson, Dinusson and 

Bolin, 1964). The use of chromium oxide impregnated on 

paper or feedstuffs may satisfactorily alleviate this 

problem (Hutton, Bailey and Annison, 1971; Corbett et al., 
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I960; Orskov, Fraser and McDonald, 1971a, b; Yadava, 

Gilmore and Conrad, 1973)- A complex of chromium with 

ethylendiaminetetraacetic acid was used as a soluble 

marker by Weller, Pilgrim and Gray (1971). with comparable 

results to those with lignin. 

Internal indicators such as lignin have not been 

used as extensively as external indicators because there 

are often insufficient quantities present in feeds (Church, 

1975) oi* recoveries are low due to partial digestion 

(Hogan and Weston, 1969; Porter and Singleton, I97I). 

Hungate (1968), in a review of the literature, reports 

that lignin is 6.8 to 28.8$ digestible depending on the 

type of forage consumed. This digestibility may be an 

artifact due to methods of sample preparation (particu

larly drying temperature) and difficulties in chemically 

defining lignin in feed and fecal samples by current 

analytical procedures. 

Lignin was used in preference to polyethylene 

glycol by Neudoerffer et al. (I97I) in studies with 

heifers to determine the extent of protein digestion in 

the rumen. Similarly, Drennan, Holmes and Garrett (I970) 

reported that lignin was more effective than chromic 

oxide in determination of dry matter, starch and protein 

digestibility in experiments conducted with sheep. Percent 

lignin recovery as calculated from their data was close 

to 100$. 
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In a recent paper by Van Keulen and Young (1977)» 

acid-insoluble ash as a natural indicator was compared 

with total fecal collection for determination of dry matter 

digestibility in sheep. They reported a mean recovery of 

96.7 * 6.7$, 95-8 ± 6.1 fo and IO3.9 ± 7.lfo when concen

trated HC1, IN HC1 and HC'l, respectively were used for 

their determinations. They reported that digestibility 

values estimated by acid-insoluble ash were not signifi

cantly different from digestibility determined by total 

fecal collection. They also point out that the precision 

of acid-insoluble ash is poorest with feedstuffs low in 

acid-insoluble ash content. 

Polyethylene glycol and chromium oxide are the 

most widely used external indicators (Leibholz and Hartman, 

1972 5 Hume, Moir and Somers, 1970; Pilgrim et al. 1970; 

Smith and McAllan, 1971; Harris and Phillipson, 1962; Orskov, 

Fraser and McDonald, 1972; Potter, Little and Mitchell, Jr., 

1969; Topps, Kay and Goodall, I968). The results are often 

corrected to 100% recovery of the indicator (Topps, Kay and 

Goodall, 1968) and in most cases there is no report of 

the extent of recovery of the indicator used. Harris 

and Phillipson (1962) reported the recovery of chromium 

oxide in the duodenum of sheep to be 86 to 907S and in 

feces 8^ to 90%. Higher (P < .05) digestion coefficients 

for dry and organic matter were reported by 
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Lassiter, Alligood and McGauchey (I966) when total col

lection was compared with chromium oxide in sheep fed 

all-concentrate diets. 

Gross, Boling and Bradley (1973) conducted an 

experiment to compare the effect of water restriction on 

excretion patterns and recovery of chromium oxide and 

reported the following: 

1. Water restriction had no effect (P > .05) on 

the recovery of chromium oxide (103-1 and 102.3%, respec

tively for free choice and restricted water). 

2. No difference (P > .05) was noted in digesti

bility due to the indicator method or total collection. 

3. There was a significant (P < .05) increase in 

the concentration of chromium oxide in feces due to water 

restriction. 

There was a diurnal variation in excretion 

patterns of chromium oxide both with free choice and 

restricted water intake. 

Polyettylene glycol is primarily used for deter

mination of the liquid phase of digesta (Amos, Evans, 

Burdick and Park, 1976; Amos and Evans, 1976; Goshtasbpour-

Parsi et al., 197^5 Goshtasbpour-Parsi, Ely and Boling, 

1977); however, as pointed out by Chandler, Kesler and 

Jones (1966) precautions have to be taken to reduce the 

diurnal variation noted with this marker. 
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The rare earth elements have characteristics which 

are desired of an ideal indicator. They are not absorbed 

from the gastrointestinal tract or if so to a negligible 

degree as shown by Garner, Jones and Ekman (i960) working 

with and Miller and Byrne (1970) working with ^Sc 
IIlL l̂ ĵ-

and Ce. Radioactive cerium and Pr have also been 

shown to be adsorbed onto feed particles and have strongly 

remained bonded to the uigesta (Garner, Jones and Ekman, 

I96O; Huston and Ellis, 1968; Ellis and Huston, 1968). 

Consequently, they should flow through the tract in close 

association with digesta. However, it is pointed out by 

Ellis and Huston (I968), that due to the adsorption of 

these rare earth elements on the digesta particles, they 

would be valid markers for determination of flow and di

gestibility of particulate matter only. 

Due to problems in handling and disposing of 

radioactive material in digestion studies, neutron acti

vation of rare earth indicators in feed and fecal samples 

has been developed. A sensitive method of neutron acti

vation for analysis of dysprosium in wet-ashed samples 

has been reported by Ellis (1968). Dysprosium recovery 

with sheep was 101%. Young et al. (1975) modified Ellis's 

technique and used the modified method to eliminate the 

wet-ashing procedure in digestion trials with steers 

(Young et al., 1972; Young et al., 1976). Recoveries of 
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16 ̂ dysprosium measured as -'Dy were 91. y/o and 80 when 

dysprosium was sprayed on hay and 90.6$ when administered 

orally in a bolus. 

The use of neutron activated cerium in a digestion 

trial with Holstein hulls has also been reported (Olbrich 

et al, 1971). Digestibilities determined by cerium ratio 

were not different from the total collection method. Dry 

matter disappearance reported by these authors were 68.7 

and 66.1$ for the total collection and cerium ratio 

technique, respectively. 

In summary, the literature cited shows that the 

use of indicators greatly facilitates the estimation of 

digestibility of nutrients over total collections. However, 

due to differences in the rate of passage of indicators and 

nutrients, care should be taken to choose an indicator 

which has greater association with the particular nutrient 

in mind. It is apparent that partial digestibilities 

(ruminal, psotruminal, etc,) can be markedly altered by 

the indicator used. The form in which the marker is used 

also can affect its flow rate (for example, chromium oxide, 

powder vs impregnated chromium oxide paper). 

Several researchers have utilized "liquid phase" 

and "solid phase" markers concurrently to more adequately 

estimate digestibility within segments of the gastro

intestinal tract. Whether this technique is more valid 

than the simgle marker method has not been proven. The use 
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of neutron activated rare earth elements, such as dysprosium 

(due to their physical and chemical characteristics) may 

further improve the reliability of estimated partial 

digestibilities and also reduce the time and labor involved. 



CHAPTER 3 

COMPARISON OF METHODS FOR DETERMINATION 
OF MICROBIAL PROTEIN IN DIGESTA 

Introduction 

Various methods have been used to estimate the con

tribution of microbial nitrogen to the nitrogenous pool in 

abomasal or duodenal digesta. Basically, two different 

approaches are used: (1) Microbial (often only bacterial) 

nitrogen is directly estimated by the use of some kind of 

a marker or indicator which is particular to those micro

organisms (such as specific amino acids, nucleic acids 

or radioactive tracers) or (2) undigested feed protein is 

determined first and then microbial protein and other 

metabolic nitrogen (including endogenous) are determined 

by difference. 

For direct determination of bacterial nitrogen in 

abomasal or duodenal digesta, the use of 2-6-diaminopimelic 

acid (DAP) is most widely used (Weller, Gray and Pilgrim, 

1958; El-Shazly and Hungate, 1966; Hutton, Bailey and 

Annison, 1971? Orskov, Fraser and McDonald, 1971b). This 

amino acid is a component of several rumen bacteria, but 

has not been reported in common feedstuffs (Weller, Gray 

and Pilgrim, 1958; Work and Dewey, 1953; Synge, 1953)* The 

presence of 2-amino ethylphosphonic acid (ciliatine) in 
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protozoa was reported by Horiguchi and Kndatsu (i960) and 

suggested as a marker for protozoa by Abou-Akkada et al. 

(1968). 

Lysine and leucine have also been used in deter

mining microbial protein since the concentrations of these 

two acids vary greatly between some feedstuffs and bacteria 

and protozoa (McDonald, 19^8b; Ely et al., 1967; Potter, 

McNeil and Riggs, 1971)* 

Nucleic acids (RNA and DNA) in postruminal digesta 

have been used as indicators of rumen microorganisms (Smith 

and McAllan, 1971; Smith and McAllan, 1970; McAllan and 

Smith, 1969; Coelho Da Silva et al., 1972a). Radioactive 

elements (-^S or ^N) also have been employed (Walker and 

Nader, 1968; Pilgrim et al., 1970). 

Unique properties of certain feedstuffs are used 

in determination of undigested feed protein in postruminal 

digesta. Classical examples are those reported by McDonald 

(195^). who used ethanol solubility of corn protein to 

differentiate it from microbial protein, and the subsequent 

study of McDonald and Hall (1957) in which undigested casein 

was determined from the phosphorus content of this protein 

source. Mason (1969) proposed that protein in the deter

gent residue of feces represents undigested feed protein. 

Only one paper (McAllan and Smith, 1973°) was 

found which compared two different methods of microbial 

protein determination (DAP vs RNA) in rumen digesta. 
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Therefore, the purpose of this study was to evaluate the 

usefulness of different methods for estimation of microbial 

protein (bacterial and/or protozoal) present in abomasal 

digesta of steers. A simplified technique for separation 

and determination of DAP is outlined. Preliminary studies 

were conducted to determine the feasibility of using 1) 2-

amino ethylphosphonic acid (AEP) as a marker of protozoal 

nitrogen in abomasal digesta and 2) the acid detergent 

extraction technique of Mason (1969) for determination of 

undigested feed protein (and thus microbial and endogenous 

protein by difference) in abomasal digesta. 

Experimental Procedure 

Samples of abomasal digesta were collected from 

abomasally fistulated steers fed an 82% sorghum grain diet 

and included four dietary regimens (two levels of feed 

intake and two types of grain processing). Collection 

procedures, diet composition and regimens are described in 

Chapters ̂  and 5« Bacteria and protozoa were separated 

from rumen contents of steers and purified by a modification 

of the technique described by Ibrahim, Ingalls and Bragg 

(1970). Details of the procedure are outlined in Appen

dix A. 

Dry matter, ash and Kjeldahl nitrogen content of 

feed, bacteria, protozoa and abomasal samples were determined 

according to A.O.A.C. (.1970). Acid detergent fiber was 



determined as outlined "by Van Soest (1963). Acid hydrolyses 

were prepared by refluxing with 6 N HC1 at 1^5 C under 

nitrogen atmosphere for ̂ .25 hr (see Appendix A for de

tailed procedures). Amino acid composition of hydrolysates 

were determined by a modification of ion exchange chroma

tography as outlined by Moore, Spackman and Stein (1958), 

which allowed separation of DAP from methionine. The 

following procedure was used for amino acid separation 

using an automated amino acid analyser (Beckman model 121). 

The parameters for the instrument were: 

Temperature: 55 C 

Resins: 

Basic column: Beckman type PA 35. length 7.5 cm 
Acid and neutral column: Beckman type AA15. 

length 56 cm 

Flow rates: 

Buffers 5 70 ml/hr 
Ninhydrin: 35 ml/hr 

Citrate buffers with pH of 3-25 and ^.25 (see 
Appendix G for composition) were used for 
elution of amino acids. 

Buffer change time (from neutral to acid column): 
I3I minutes. 

Using the procedure of Moore, Spackman and Stein 

(1958) (with buffer change at 9^ min) methionine and DAP 

have the same elution times from the ion exchange column, 

and because of the time lag between buffer change and elu

tion time, they are both eluted by 4-.25 buffer. However, 



the increase in time for the exchange from 3-25 to 4.25 

buffer (from 94 to I3I min) resulted in separation of 

methionine and DAP. Consequently, methionine is eluted by 

pH 3.25 buffer before the pH change is recorded (234 min 

elution time) and DAP is eluted (244 min) immediately after 

the pH change with pH 4.25 buffer (Figure 2). 

Peak area for standard solutions of DAP (.55> -32, 

.14 and .09|ig of DAP nitrogen) followed a linear relation

ship. The recovery of .21 p. g DAP nitrogen added to the 

82io sorghum grain diet was 98%. Two-amino ethylphosphonic 

acid was eluted at 93 min by the 3-25 buffer using the same 

procedure as that for DAP. 

Several amino acids (singly and in two-acid com

binations) were used in simultaneous equations to estimate 

the contribution of bacterial nitrogen to the nitrogen pool 

of abomasal digesta collected from the steers described 

earlier. The procedures used with the simultaneous equa

tions were as follows: ax + by = c and dx + ey = f, where 

x and y represent units of bacteria and feed; a, b and c are 

concentrations of nitrogen for one amino acid and d, e and f 

are concentrations of nitrogen for another amino acid in 

bacteria, feed and abomasal digesta. If a single amino 

acid was used to estimate bacterial nitrogen then the 

following equations were employed: x + y = 100 and 

ax + by = c, where the letters represent the same variables 

as the previous equations. This is similar to the method 
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PROCEDURE OF MOORE A 
SPACKMAN AND STEIN 

(1958) 
Leu 

He 

Met 

Va 

ApH 

3.25 Buffer 4.25 Buffer 
_J I 1 t i 
184 191 195 202 206 

ELUTION TIME (MIN) 

MODIFIED PROCEDURE FOR 
DAP SEPARATION Leu 

DAP M e t  

ApH 
440 mjj 

550 mp 3.25 Buffer 4.25 Buffer 

232 242 244 247 251 

ELUTION TIME (MIN) 

Figure 2. Amino acid pattern using procedure of Moore, 
Spackman and Stein (1958) and modified procedure 
for DAP separation. 
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used by El-Shazly and Hungate (1966), Potter, McNeill and 

Riggs (1971) and Ely et al. (1967)* 

Results and Discussion 

Preliminary studies indicated that AEP could not 

be used as a marker of the protozoal contribution to the 

abomasal nitrogen pool. No peak was detected at the exact 

elution time (93 min) of AEP when hydrolyzed samples of 

protozoa were analyzed (Figure 3)• Two very small peaks 

were present in protozoa, abomasal, feed and fecal samples 

at the approximate elution time of AEP in standard solution. 

One peak occurred at 92 min and another at 9^ min (Figure 3)« 

The ninhydrin reaction with these two unknown compounds 

showed a greater absorbtivity (extinction coefficient) when 

measured at ^^mp. than 570 mp. whereas, the opposite was 

observed with the standard AEP (Figures 3 and ^). In an 

attempt to identify the two unknown peaks, .15 

of 2-amino-3-phosphopropionic (APP) acid and DL-ortho-

phosphoserine (OPS) were placed on the column since these 

amino acids have elution times close to AEP and have been 

reported in protozoa and rumen contents ty Ibrahim, Ingalls 

and Bragg (1970)* From the elution peak time it was con

cluded that the unknown peaks were not due to either APP 

acid or OPS since both acids are eluted approximately 12 

min prior to AEP. The addition of different quantities of 
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STANDARD AMINO ACID MIXTURE 

Asp 
OPS +  
APP Arg 

AEP 

440 mp-

570 my — 

93 

ELUTION TIME (MIN)  

A 

Asp HYDROLYSATE OF PROTOZOA 

Arg 

440 mji  

370 m;j  
nknown OPS+APP 

t I 
SI  SI  92 94 112 

ELUTION TIME (MIN)  

Figure 3. Elution pattern of AEP, OPS, APP and unknown 
amino acids in standard and protozoa hydrolysate, 



_! L_ 
92 94 

440 mjj 

570 mji 
J L 

93 94 

C 

440 my 

570 m/i 

J I 
93 94 

ELUTION T IME (MIN)  

Figure k. Elutio'n pattern of s A. unknown peaks from 2.66 
mg of feed, B. 2.39 mg of feed + .015 M of AEP 
and C. 1.2 mg of feed + .015 M of AEP. 
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standard AEP to a feed sample resulted in a peak eluted 

in "between these two unknown peaks (Figure . 

Abou-Akkada et al. (1968) reported the concen

tration of AEP nitrogen in mixed rumen protozoa to be 1.96$ 

of the total protozoal nitrogen. These authors used samples 

more than 5 times greater than those used in this study 

mg vs .75 mg). It is possible that due to low absorp

tivity of ninhydrin-reacted AEP and the two interfering 

peaks, that AEP could not be detected with the procedure 

used herein. The possible use of a larger sample in con

junction with a fraction collector as described by El-Shazly 

and Hungate (1966) and Abou-Akkada et al. (I968) is feas

ible but does not lend itself to determination of large 

numbers of samples. 

To ascertain if the procedure of Mason (1969) f°r 

determining undigested feed protein was applicable in 

abomasal contents, acid detergent fiber was determined on 

freeze dried abomasal samples which varied widely in 

bacterial protein content (estimated by DAP). The residue 

was analyzed for Kjeldahl protein (N x 6.25) and reported 

as undigested feed protein. Mean values for undigested 

feed protein in abomasal contents was relatively unchanged 

(12.9 to 15.0# of abomasal protein) even though bacterial 

protein (estimated from DAP) ranged from 35-6 to 81.0$ of 

the abomasal protein (Table 1). The relatively insignif

icant changes in undigested feed protein in these abomasal 



76 

Table 1. Concentration of undigested feed protein as 
estimated by protein content of acid detergent 
fiber of abomasal samples varying in bacterial 
protein content3-

Abomasal 
Protein 

Abomasal (AP) % 
Sample Mean * SD 

Undigested 
Feed Protein 
(UFP) % 
Mean ± SD 

Undigested 
Feed Protein 

(AP) fo 
Mean ± SD 

Bacterial 
Prbtein 

Mean ± SD 

1 20.5 ± -5 3.1 - -2 

2 37.9 ± k.6 4.9 ± .6 

3 3^.5 ± 4-.8 U- .2  ±  .4 

15.0 ± 1.1 35.6 + GA 

12.9 ± -5 6^.3 ±1.8 

12.2 ± 1.h 81.0 ± 2.9 

aValues are means for 3 sub-samples each (organic matter 
basis). 

Using technique described by Mason (1969) for determin
ation of undigested feed protein in feces. 

cEstimated from DAP concentration in abomasal contents. 



samples as estimated "by protein content of acid detergent 

fiber does not correlate with the large differences noted 

in bacterial concentration. Van Soest (personal communi

cation, 1976) also noted the ineffectiveness of acid 

detergent fiber analyses for determination of undigested 

feed in rumen contents. 

Amino acid compositions (mg amino acid nitrogen/g 

total nitrogen) of bacteria, protozoa, the experimental diet 

(Table 5)> casein and some common feedstuffs are presented 

in Table 2. In bacteria, protozoa and casein, lysine ni

trogen provided the greatest contribution to the total 

amino acid nitrogen,with arginine nitrogen being next in 

concentration. In common feedstuffs, nitrogen from ar

ginine or glutamic acid was usually highest in concen

tration. Leucine was next highest in sorghum grain; as-

partic acid tended to be next highest in roughages. It is 

difficult to compare these amino acid values with those 

reported by others since amino acid concentrations are 

reported in various ways in the literature such as molar 

percent, g/l6g nitrogen, percent of total nitrogen, percent 

of total amino acid nitrogen, etc. However, in general, 

the values reported in Table 2 are in agreement with values 

reported by Meyer et al. (1967); Potter, McNeill and Riggs, 

(1971); Orskov, Fraser and McDonald (1971b) and Purser 

(1970). 



Table 2. Amino acid composition of bacteria, protozoa, casein and some common 
feedstuffs 

Item 

Sorghum 
Grain 

Bacteria Protozoa Diet3-
Sorghum 
Grain 

Alfalfa 
Hay 

Cotton
seed 
Hulls 

Wheat 
Straw Casein 

No. 
Samples 4 4 6211 11 

- - - - - - - - - - - -  - m g  a m i n o  a c i d  n i t r o g e n / g  t o t a l  n i t r o g e n -  - - - - -

Amino 
acid 

Lys 79.4 108.8 18.4 22.6 65.6 61.4 42.8 174.1 
His 24. 2 26.2 27.1 37-4 38.6 45.9 28.8 70.1 
Arg 78.3 71.0 55.8 64.? 90.6 105.0 80.2 99.4 
Asp 66.1 69.1 38.9 4 6.5 86.0 49.7 45.1 60.1 
Thr 32.2 24.2 16.0 20.7 26.7 21.9 21.9 34.1 
Ser 25-2 21 .6 22.3 28.4 27.6 29.7 26.1 40.2 
Glu 58.2 67.5 85.7 125.1 54.0 77.9 106.2 32.6 
Pro 18.8 16.6 40.7 57.5 46.9 30.6 58.8 I6.7 
Gly 55-9 42.7 28.4 34.8 56.1 45.5 51.4 27.8 
Ala 59.9 32.5 60.3 87.O 47.4 34.5 45.5 36.7 
Cys 0.8 4.6 3.7 0.4 11.8 
Val 40.4 30.4 29.5 4o.6 41.2 31.8 36.1 66.4 
Met 11.0 9.6 4.4 6.0 3.6 3.4 4.4 18.3 
DAP 7.1 2.4 1.7 2.5 3.5 2.5 3.9 3.3 
He 31.2 36.9 20.8 28.4 29.7 21.8 24.3 46.2 
Leu 41.9 44.8 64.4 95-3 50.2 37.0 45.8 78.9 
Tyr 20.3 17.7 11.4 14.2 12.5 10.9 9.5 32.4 
Phe 19.8 21.4 19.0 26.5 23.5 18.8 19.7 33-8 

fo N 6.80 6.16 2.33 1.87 2.72 0.69 0.58 13.09 

aDiet contained 82% grain, for detailed composition see Table 5« 



The amino acid composition of "bacteria and protozoa 

differs considerably from common feedstuffs in lysine 

(sorghum grain or 82% grain diet), proline and methionine 

(Table 2). Diaminopimelic acid nitrogen per gram of total 

bacterial nitrogen is two to four times higher than that in 

protozoal nitrogen or total nitrogen in common feedstuffs. 

Leucine content of bacterial and protozoal nitrogen is 

about one-half that of sorghum grain or casein. Thus, it 

appears that the above amino acids could be used to esti

mate microbial nitrogen in ruminal, abomasal or duodenal 

digesta. Diaminopimelic acid, proline and methionine could 

possibly be used in studies utilizing either grain or 

roughage diets. In addition, as reported by Potter, McNeill 

and Riggs (1971) and Ely et al. (1967). lysine and leucine 

could be used to estimate the microbial nitrogen in studies 

utilizing high grain diets. 

Percent crude protein in bacteria and protozoa as 

determined by micro-Kjeldahl were 4-2.5 and 38-5%. respec

tively (Table 2). Percent protein in seven samples of 

bacteria ranged from 33*3 "to 53>0%. The values obtained 

in this study are in the general range reported by other 

workers. Hungate (I968) and Smith (1975) report great 

variation in the percent crude protein of bacteria and 

protozoa from different laboratories. These values range 

from 32 to for bacteria and 17 to ^9% for protozoa. 

McNaught et al. (195*0 attributed the lower crude protein 



value for protozoa, as compared to "bacteria, to a higher 

quantity of polysaccharide present in protozoa. Ash con

tent of mixed rumen bacteria in the present studies was 

25*25% which is in agreement with the range of 18 to 27% 

ash reported by Smith (1975)• 

In contrast to the results of Ibrahim, Ingalls and 

Bragg (1970) and the popular belief that DAP is only present 

in bacteria, the hydrolysates of all samples analyzed (bac

teria, protozoa, 82% sorghum grain diet, sorghum grain, 

alfalfa hay, wheat straw, cottonseed hulls and casein) 

showed the presence of DAP (Tables 2 and 3)- This acid 

occurs in very small amounts in common feedstuffs 

(.12 - .65 mg DAP/g sample), less than one-fifth of the 

amount found in bacteria (3•28 mg DAP/g sample). The 

search of literature showed that the origin of this belief 

is not clear, and appears to be based primarily on reports 

by Weller, Gray and Pilgrim (1958) and Work and Dewey 

(1953)- The former authors report that "Synge (1953) 

found it was absent from hydrolysates of all the usual 

feeding-stuffs he had examined". However, the only feed 

ingredient reported by Synge (1953) was casein. In ad

dition, from his paper, it is not clear what the lowest 

detectable level of standard DAP was, but the low level of 

his standard curve was 0.2 |ig DAP nitrogen. Work and 

Dewey (1953) found DAP in several bacteria, absent in two 

strains of protozoa but do not report studies on DAP levels 
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Table 3. Diaminopimelic acid (DAP) content of "bacteria, 
protozoa and various feedstuffsa 

Item 

mg amino 
acid per 
g sample 

mg amino 
acid-N per 
g sample 

mg amino 
acid-N per 
g sample N-

pg amino 
acid 

-detected 

Bacteria 3.28 0.48 7.10 0.68 

Protozoa 1.02 0.15 2.43 0.12 

Sorghum grain 
Diet 0.27 0.04 1.72 0.10 

Sorghum grain 0.34 0.0 5 2.53 0.18 

Alfalfa hay 0 .64 0.09 3.49 0.22 

Cotton seed 
hulls 0.12 0.02 2.51 0.25 

Wheat straw 0.16 0.02 3.90 0.22 

Casein 2.96 0.44 3-32 0.69 

aSee Table 2 for number of samples for each value. 
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in any feedstuffs. A search of papers cited by Work and 

Dewey (1953) show a footnote by Klungson and Synge in a 

paper by Work (1950) which refers to DAP in the following 

manner: "the spot was not found on chromatography of acid 

hydrolysis of the food" fed to sheep. They also mention 

that since rumen contents of sheep showed this spot it 

was thought that the material is a component of ruminal 

microorganisms and not food. 

Contrary to this, Hutton, Bailey and Annison (1971) 

and Weller, Gray and Pilgrim (1958) reported small quan

tities of DAP present in rumen protozoa. The former 

authors attributed the small quantities of DAP found in 

protozoa to ingested bacteria. 

The levels of DAP nitrogen detected for protozoa 

and common feeds tuffs ranged from 0.10 to 0.25 jig of amino 

acid nitrogen (Table 3). These DAP nitrogen levels may 

have been too low to be detected by Klungson and Synge 

(Work, 1950) or by Synge (1953)• 

The concentration of DAP nitrogen in mixed rumen 

bacteria was consistently ̂ .1 mg/g nitrogen (Tables 2 and 3). 

This is in agreement with the value of 6.2 mg/g nitrogen 

reported by Weller, Gray and Pilgrim (1958) and is within 

the range (5«0 to 11 mg/g nitrogen) reported in a review 

by Smith (1975)-

The means and standard deviations for percent 

bacterial protein in the abomasal digesta of steers fed 82% 
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sorghum grain diet (dry rolled, steam processed flaked, 

ad libitum and restricted) are presented in Table 

These values were estimated using lysine, leucine and DAP 

in single or in two-amino acid combinations. The use of 

uncorrected DAP (disregarding the DAP present in feed) 

resulted in the highest estimation of bacterial protein 

in abomasal digesta for all treatments (dry rolled, steam 

processed flaked, ad libitum and restricted intake). All 

other estimates using DAP were adjusted for feed concen

trations of the amino acid. Using DAP gave the next to 

highest values for bacterial protein. In contrast to 

this, when lysine and leucine were used in combination, 

the lowest values for bacterial protein were obtained 

for all treatments (Table ^). Estimating lysine alone 

resulted in values between DAP alone and DAP x leucine 

combination. When the concentration of microbial protein 

was estimated by leucine or DAP x lysine, unrealistic 

results (negative or greater than 100$ values), with 

standard deviations greater than their means, were 

detected. 

Means and standard deviations for DAP, lysine, 

DAP x leucine and lysine x leucine were relatively similar 

regardless of treatment. There was excellent agreement 

among these four methods in ranking treatment means in 

the same order. Mean values for bacterial synthesis 



Table 4. Percent bacterial protein in abomasal digesta of steers fed different 
diets as determined by various amino acid ratios3** 

Treatments 

Dry Steam Ad 
Methods Rolled Flaked Libitum Restricted 

_ _ _ _ _ _ _ _ _ _ _  M e a n  ± S D  - - - - - - - - - - -

DAP (Uncorrected) 59-5 ± 8.3 65.4 ± 3.3 75.1 ± 7.0 80.8 ± 5.5 

DAP (Corrected) 46.0 ± 11 .0 53.2 ± 4.5 67.1 ± 9.2 74.6 ± 7.2 

Lysine 40.6 ± 6.8 51.2 ± 13 - 7  59-9 ± 5.6 62.9 ± 3-7 

Leucine -21.1 ± 16.7 12.3 ± 29.O -0.2 ± 28.1 9.0 ± 23-9 

DAP x lysine 180.9 ± 268.4 9.0 ± 514.3 -49.8 ± 111 .6 -115.1 ± 117.5 

DAP x leucine 38.2 ± 10.3 48.4 ± 5.1 60.3 ± 9-2 68.0 ± 7-3 

Lysine x leucine 32.8 ± 7.6 46.6 ± 13.1 54.2 ± 7.4 57.8 ± 5.0 

aEach value is the mean of 7 animal observations representing a 24 hr sampling 
period. 

^Diets contained 82% sorghum grain. For detailed composition see Table 5-

00 



differences. Mean values for "bacterial synthesis estimated 

"by these methods were lowest for dry rolled followed in 

increasing order by steam processed flaked, ad libitum and 

restricted which had the highest values. 

McAllan and Smith (1973c) compared DAP and RNA 

techniques in estimating the concentration of microbial 

nitrogen to total nitrogen of duodenal samples of a cow fed 

hay and concentrate. They noted great discrepancy between 

the two techniques (mean ± standard error for RNA and DAP, 

respectively were .78 ± .03 and A ± .03), and suggested 

that this is due to underestimation of microbial protein 

by the DAP method since it does not account for the 

protozoal contribution. 

The concentration of bacterial protein as estimated 

by lysine alone and DAP alone gave values most comparable 

with each other (Table ^). If one assumes that no feed 

DAP is degraded in the rumen and that the protozoal contri

bution to the abomasum is very small on high concentrate 

diets (Potter, McNeill and Riggs, 1971) and that endogenous 

nitrogen in the abomasum contains no DAP then DAP would 

closely estimate bacterial protein content in the abomasum. 

In the same context, if protozoa and endogenous nitrogen 

in the abomasum contain lysine at levels closer to those of 

bacteria than feed and no degradation of feed lysine takes 

place in the rumen, then lysine would overestimate bacterial 

protein. Of course, any degradation of feed 
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lysine (Lewis and Emery, 1962) would minimize this over

estimating of bacterial protein synthesis by the lysine 

ratio technique. The use of simultaneous equations with a 

single amino acid are preferable to the use of simultaneous 

equations for two-amino acid combinations, because in most 

cases with two-amino acids, the sum of bacteria and feed 

exceeded 100$, since there was no restriction placed on 

these equations for their sums to equal 100$. On these 

bases it is concluded that lysine alone and DAP alone would 

give the best estimate of bacterial protein in abomasal 

digesta considering the amino acids studied. 

Summary 

A simplified method for separation of DAP in acid 

hydrolysates of bacteria and abomasal samples using an 

automated amino acid analyzer was reported. The recovery 

of DAP when added to feed samples was 98$. Although it is 

commonly believed that DAP is only present in some bacteria 

(including some rumen bacteria) and not common feedstuffs, 

DAP (or another acid with similar elution time) was de

tected in all samples analyzed (bacteria, protozoa, 82$ 

sorghum grain diet, sorghum grain, wheat straw, alfalfa 

hay, cottonseed hulls and casein). Determination of bac

terial nitrogen with DAP, lysine and a combination of DAP 

x leucine, using simultaneous equations resulted in similar 

and reasonable results. The use of leucine alone or lysine 



x leucine combination to estimate bacterial protein gave 

unrealistic values with standard deviations larger than 

their means. Using automated amino analyses, 2-amino-

ethylphosphonic acid was not detectable in protozoal or 

abomasal samples analyzed. Therefore, this acid could not 

be used as a marker of protozoal nitrogen with the auto

mated procedures used in this study. It was also concluded 

that the method of Mason (1969) for determination of undi

gested feed protein in feces is not applicable for deter

mining undigested feed protein in abomasal digesta. 



CHAPTER I* 

RUMINAL AND POSTRUMINAL PROTEIN UTILIZATION 
IN STEERS FED TWO LEVELS OF A STEAM PROCESSED 

FLAKED SORGHUM GRAIN DIET 

It is generally accepted that increasing the level 

of feed intake usually results in reduced retention time 

and consequently reduced nutrient digestibility; however, 

net utilization of a nutrient is usually greater (Castle, 

1956; Blaxter, Wainman and Wilson, I96I; Hogan and 

Weston, 1971? Weston and Hogan, 1971). In order for an 

animal to consume more feed the rate of digesta passage 

through the gastrointestinal tract must increase. Ob

viously, there is a point at which the advantages due to 

increased turnover rate are neutralized by loss in digesti

bility and absorption and therefore no change in net utili

zation of nutrients occurs. 

Level of nitrogen intake can be altered by varying 

the level of dry matter intake or the percentage nitrogen 

in the diet. Most studies have been conducted using the 

latter approach. There are contradictory results in the 

literature on the affect of level of nitrogen intake on its 

digestibility in various segments of the gastrointestinal 

tract. With increasing levels of dietary protein (soybean 

meal) Hogan and Weston (1967b) and Goshtasbpour-Parsi et al., 

88 
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(197*0 reported no change in the amount of non-ammonia 

crude protein, total nitrogen and amino acids passing 

through the abomasum. In contrast, Orskov, Fraser and 

McDonald (1971a) noted an increase in percent crude protein 

entering the abomasum by increasing the level of dietary 

soybean meal. Several studies (Orskov, Fraser and McDonald, 

1971a, b; Coelho Da Silva et al., 1972a, b) have reported 

greater absorption of amino acids in the small intestine 

when greater amounts of amino acids entered the small in

testine. This is in contrast to the findings of Neudoerffer 

et al. (1971) and Harrison et al. (1973) • 

There is only limited research on the effect of 

level of feed intake on protein digestibility within various 

segments of the gastrointestinal tract. This is partic

ularly true for high grain diets. Brown, Tillman and 

Totusek (1968) and Buchanan-Smith, Totusek and Tillman, 1968 

reported no change in total protein digestibility with 

steers fed sorghum grain at different levels of intake. 

When Ayrshire heifers were fed either 4 kg maize 

and 2 kg hay or 2 kg maize and 4.5 kg hay, Neudoerffer et 

al. (1971) noted that with the low maize diet the major 

part of the protein entering the duodenum was from micro

bial origin, while the opposite was true for the high maize 

diet. These authors also reported that the percent protein 

disappearing in the small intestine was reduced by in

creasing the level of maize intake. These investigators 
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reported a loss of protein and total amino acids in the 

rumen with both diets. This nitrogen loss is in contrast to 

the findings of Nicholson and Sutton (1969) who reported up 

to Sjfo increase in amount of abomasal protein as compared to 

t h a t  i n g e s t e d  w h e n  w e t h e r s  w e r e  f e d  d i e t s  ( 1 1  t o  1 c r u d e  

protein) containing flaked maize at three levels of energy 

intake (0.9, 1.? and 2.3 times maintenance). Coelho Da 

Silva et al.(1972b) also noted an increase in the amounts 

of nitrogen between the ingested feed and small intestine, 

when sheep were fed 900 or 1U-00 g of rye grass. 

This study was undertaken to determine the effect 

of level of feed intake (restricted vs full fed) on the 

site and extent of protein digestion and extent of microbial 

protein synthesis in abomasally fistulated steers fed an 

82$ sorghum grain diet. 

Experimental Procedure 

Two digestion trials in a cross over design were 

conducted with seven abomasally fistulated yearling steers 

(avg wt, 400 kg). The steers were confined to individual 

8 x 16 ft concrete floor pens. During a 90 day adaptation 

(after fistulation) to a management regimen and the diet, 

the steers were gradually permitted to consume ad libitum 

an 81.5% sorghum grain diet (Table 5)« Level of crude 

protein in the diet was 14$ (organic matter basis); 66fo 

was provided by sorghum grain. The steers were fed twice 
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Table 5- Percentage composition of experimental diet 
(Trials 1 and 2) 

Ingredient % 

Sorghum grain, steamed processed flaked 81.5 

Cottonseed hulls ^.5 

Molasses 6.0 

Alfalfa hay 5 • 0 

Urea 0.9 

Dicalcium phosphate 0.2 

Limestone 0.9 

Salt 0.5 

Chromium oxide impregnated paper3" 0 . 5 

Total^ 100.0 

aFurnished 0 .2% of chromic oxide in the diet. 

^Vitamin A added at rate of 2200 IU/kg diet. 
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daily (equal amounts) at 0700 and 1500 hours. Feed refusals 

were recorded at each morning feeding. Chromium oxide im

pregnated paper and dysprosium (DyCl^ solution sprayed onto 

diet at time of mixing) were incorporated in the feed as 

external markers { .2% Cr^jO^ 3° PPro dysprosium). 

Trial 1 

Steers were randomly allotted to one of two treat

ments : (1) Ad libitum -- ^ steers were fed 95$ of their 

ad libitum intake as measured during the last week of the 

adaptation period and (2) restricted — 3 steers were fed 

75fo of their ad libitum intake. The trial consisted of a 

20 day preliminary period followed by 6 days of collections. 

Four days prior to the actual collection trial, abomasal 

and fecal grab samples were collected twice daily to ac

quaint the steers with the collection procedure. During 
s 

the collection period, abomasal and fecal grab samples 

were collected at 12 hr intervals starting at 10 am and 

advancing by 2 hr each day so 12 samples representing 2 hr 

intervals of a 2b hour day were collected over the 6-day 

period. Total feces for each steer were collected once 

daily according to the procedure outlined by Mehen (1966). 

Feed samples were collected at each feeding. 

Abomasal samples were collected in plastic bags 

and immediately placed on dry ice and kept frozen at -20 C 

until they were lyophilized. Dried abomasal samples were 
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ground in a laboratory Wiley mill through a 20 mesh screen. 

These ground samples were then mixed on an equal dry weight 

basis to form one 6-day composite sample for each steer. 

Total feces, fecal grab, feed and feed refusals 

were dried in a forced air oven at ^5 C for 36 to ^8 hours. 

Samples of feces (total and grab) and feed were composited 

on equal dry matter bases and were then ground in a Wiley 

mill through a 1 mm mesh screen. Composite samples (feed, 

feed refusal, abomasal, total or grab feces) for chemical 

analyses were stored in glass containers. 

Dry matter, ash and total Kjeldahl protein 

(N x 6.25) were determined according to A.O.A.C. (1970)* 

Chromium oxide was determined by the perchloric acid oxi

dation method of Kimura and Miller (1957)» dysprosium by 

the neutron activation procedure outlined by Young et al. 

(1975)- Total protein was separated into nonprotein 

nitrogen (NPN) and tricholoroacetic acid (TCA) precipitable 

protein according to the procedure of Potter (1967) as 

outlined by Goshtasbpour-Parsi, Ely and Boling (1977). 

Bacterial protein (N x 6.25) in abomasal digesta was deter

mined by the diaminopimelic acid (DAP) ratio technique 

outlined in Chapter J. Total fecal protein was separated 

into two fractions according to the acid detergent fiber 

technique of Mason (1969). The residue fraction contained 

the undigested feed protein, while the liquid portion was 

made up of bacterial, protozoal, soluble and endogenous 
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protein. Bacterial protein was assumed to comprise the 

majority of the non-feed protein fraction in feces (Mason, 

1969). Thus, bacterial protein digestion was based on the 

DAP estimate of bacterial content in the abomasum and 100 

minus undigested feed protein in the feces. 

The term ruminal digestion refers to the changes 

occurring between feed and the fistula collection site in 

the pyloric region of the abomasum (primarily reticulo-

rumen digestion). Ruminal digestibilities based on indi

cator-nutrient ratios were corrected to represent 100$ 

recovery of the indicators in feces. Amounts of nutrients 

entering the small intestine were assumed to be equal to 

that found at the site of the abomasal fistula. Percent 

postruminal digestion of nutrients were based on the quan

tities entering the small intestine and on total fecal 

collections. 

Trial 2 

At the end of Trial 1, the steers were switched 

to opposite treatments. Therefore, in this trial, the ^ 

steers which were on 95% ad libitum in Trial 1 were placed 

on restricted (75% ad libitum) intake and vice versa. A 

20-day adjustment to treatments preceded a 10-day pre

liminary period. With the exception of the shorter 

preliminary period, the same procedures were followed as 

in Trial 1. Statistical analyses were conducted according 
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to Steel and Torrie (i960), adjusted for unequal number 

of animals per treatment. 

Results and Discussion 

Individual animal observations and analyses of 

variance applied to the data are presented in Appendices 

B and G. Protein contents of feed, abomasal digesta 

and feces were partitioned into crude protein, NPN and TCA 

precipitable protein and are reported in Table 6. Percent 

acid detergent fiber protein, which represents the undi

gested feed protein in feces as outlined by Mason (1969) 

is also presented in this table. All results are reported 

on an organic matter basis, since the mean ash content of 

abomasal and fecal samples were much greater than that of 

feed (Table 6). Percent crude protein, NPN and TCA protein 

in feed, abomasal, total fecal and fecal grab samples were 

not affected by level of intake. Dysprosium concentration 

in feed, abomasal and total fecal samples were also the 

same for both treatments; however, dysprosium content of 

fecal grab samples was greater (P<.05) with restricted 

than ad libitum intake (190.1 ± 11.8 and 205-1 * 7-3 PPm, 

respectively). Within treatment, chemical analyses of 

feces and fecal grab samples for all constituents analyzed 

were similar (Table 6) suggesting that the grab sampling 

technique was a valid measure of total fecal composition. 



Table 6. Mean percentage composition of ash, nitrogen frac
tions and dysprosium (ppm) in feed, abomasal 
digesta and feces- (Trials 1 and 2)â  

Ad libitum Restricted 
Item Mean ± SD Mean + SD 

Ash (D.M. basis) 

Feed 5.0 + 0.3 5-2 + 0.2 
Abomasal digesta 15.3 ± 2.9 17.8 ± 4.8„ 
Total feces 13.3 + 1 .2 15. k ± 0.8° 
Fecal grab 13.3 + 1 .2 15.6 ± 0.9 

Nitrogen fractions 
(O.M. basis) 

Crude protein 
Feed Ik.6 + 0.5 + 0.4-
Abomasal digesta 32.8 + 1.9 35.3 + 5.0 
Total feces 31 .2 + 2.0 29.8 + 2.0 
Fecal grab 32.1 + 2.3 30.0 + 1.8 

NPN protein 
k.k Feed k.k + 0.3 ± 0.3 

Abomasal digesta 11.8 + 2.0 11.9 ± 2.2 
Total feces 5.6 + .9 k.? ± o.J* 
TCA protein 
Feed 10.1 + • 3 10.0 + .2 
Abomasal digesta 22 A + 1-5 23.^ ± 3.7 
Total feces 25.6 + 1 A 25.2 ± 1.7 

ADF protein, feces 
(O.M. basis) 8.8 + 1.3 8.7 ± 0.8 

Dysprosium (O.M. basis) 

Feed 31.2 + 1A 32.3 ± 1.0 
Abomasa.1 digesta 5^.2 + 7.5 55.7 ± 6.0 
Total feces 190.8 + 16.3 20^.5 ± 
Fecal grab 190.1 + 11.8 205.0 ± 7.3 

aEach value is the mean of seven animal observations/treat-
ment 

Individual values are presented in Appendices B and C. 

cDifferent from comparable value of other treatment (P<.05). 

d. Nitrogen (x6.25) in acid detergent residue. 
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Chromium oxide and dysprosium (Dy) ratio techniques 

indicated similar partial (ruminal and postruminal) and 

total digestibilities for organic matter and protein 

(Appendix G). Percent recovery of Dy was greater (88.7$) 

and coefficient of variation for total digestibility was 

lower (1.0$) than that for chromium oxide (8^.5$ recovery, 

1 Afo CV). In addition, determination of Dy by the neutron 

activation technique (Young et al., 1975) employed here is 

a simpler and less time consuming procedure than that for 

chromium oxide analysis. Consequently, digestibility 

values (estimated by ratio technique) reported in this 

chapter are based on Dy. Ruminal digestibility values 

were corrected to 100$ recovery since this correction re

sulted in a more uniform set of data and smaller negative 

values for rumen digestion coefficients for protein. 

Level of intake did not affect (F>. 05) ruminal, 

postruminal or total digestion (indicator or total col

lection method) coefficients of organic matter (Table 7). 

thus, quantity of organic matter entering the small intes

tine, digested in the small intestine and in the total tract 

was greater (P<.05) with the high level of intake. 

Quantities of organic matter digested in the rumen 

did not differ between treatments; however, with both 

treatments greater quantities of ingested organic matter 

were digested in the rumen than postruminally. This 

reflects the near complete ruminal digestion of starch 
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Table 7. Mean ruminal, postruminal and total digestion of 
organic matter (Trials 1 and 2)ab 

Ad libitum Restricted 
Item Mean * SD Mean * SD 

Body weight 413 - 42 406 ± 51° 

Intake, g 6102 ± 842 4570 ± 535d 

Intake, g/W^g*^ 66.5 - 6.3 50*6 ± 2.9d 

Output, g 908 ±193 631 + 52d 

Apparent total digestion 

Dy ratio (fecal grab), ̂  83.5 - 1-1 84.2 ± 0.5 
Total collection, ̂  85.2 ± 1.8 86.1 ± 0,6 
Total collection, g 5^94 ± 697 3938 i 484°-

Ruminal digestion 

Percent 47.0 ± 11.6 48.6 ± 5-3 
Grams 2867 ± 874 2238 ± 460 

Entering small 
intestine, g 3234 ± 890 2332 ± 232 

Postruminal digestione 

Percent 71.4- + 4.2 72.8 ± 2.4 
Grams 2327 ± 736 1701 ± 213c 

aEach value is the mean of seven animal observations/treat
ment . 

•u 
Individual values are presented in Appendices B and C. 

cDifferent from comparable value of other treatment (P<.05) 

Different from comparable value of other treatment (P<.01) 

eBased on the amount entering the small intestine. 
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present in the feed consumed by the steers (Garcia, 1977). 

Ruminal digestibility of organic matter in these trials 

(about *J-8%) is somewhat lower than those reported by 

Nicholson and Sutton (1969). In their study, with sheep 

fed an 80% concentrate diet containing flaked maize at 

0.9, 1.7 and 2.3 times maintenance level, ruminal digesti

bility values were 61, 58 and 56fo, respectively. The 

values obtained herein are considerably higher than those 

reported by Drennan, Holmes and Garrett (1970) for sheep 

(2.7 to 22.2%) and cattle (2^.3 to U2.0%) fed an 80$ milo 

diet using the chromium oxide ratio technique. 

Steers fed ad libitum consumed 32% more (P<.01) 

crude protein (881 vs 669 g/day) and excreted 36% more 

(Pc.01) crude protein (269 vs I97 g/day) than restricted 

steers (Table 8). The data of Nicholson and Sutton (1969) 

also showed an increase in the quantity of fecal nitrogen 

as level of intake was increased with sheep. In contrast, 

Orskov, Fraser and McDonald (1971b) reported no change in 

the quantity of fecal protein when sheep were fed four 

different levels of either urea or fish meal. 

Apparent total protein digestibilities were not 

affected by level of intake as determined by total col

lections (69.6 and 70-5%) or Dy ratio (65-8 and 65.for 

ad libitum and restricted intakes, respectively; thus, 

grams of total protein digested were greater (P<.01) for 

steers fed ad libitum than those restricted in intake 
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Table 8. Mean ruminal, postruminal and total digestion of 
crude protein (Trials 1 and 2)â  

Ad libitum Restricted 
Item Mean 4 SD Mean + SD 

Intake, g 881 + 117 669 ± 80° 

Intake g/wkg'7̂  9.6 + 0.8 7-4 + 0 .4° 

Output, g 269 + Zj. 9 197 + 21° 

Apparent total digestion 

Dy ratio (fecal grab) % 65.8 + 1.8 65.4 + 3.2 
Total collection, $ 69 • 6 ± 3.1 70.5 + 2.2 
Total collection, g 612 + 82 473 ± 65c 

True feed protein^ 
digestibility, % 91.1 + 1.3 91.7 + 0.8 

Ruminal digestion 

Percent -26.3 ± 10.5 -19.9 ± 14.6 
Grams -234 ± 111 -127 ± 87 

Entering small intes
796 + tine, g 1115 ± 197 796 + 85° 

Postruminal digestione 

Percent 75.8 ± 2.0 75.2 ± 2.4 
Grams 846 ± 155 600 + 74c 

a0rganic matter "basis. Each value is the mean of seven 
animal observations/treatment. 

Individual values are presented in Appendices B and C. 

cDifferent from comparable value of other treatment (Pc.Ol). 

^Determined by the method of Mason (1969). based on total 
fecal collection. 

eBased on the amount entering the small intestine. 
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(612 vs ^73 g/day). Brown, Tillman and Totusek (I968) and 

Buchanan-Smith, Totusek and Tillman (1968) reported no 

change in digestibility of protein in steers and wethers 

fed sorghum grain at different levels of intake. 

Total true protein digestibility (as determined by 

nitrogen content of acid detergent fiber "undigested feed 

protein" in feces) was also not affected by level of feed 

intake (91.1 vs 91-7$)» This is somewhat lower than the 

values (98 to 99%) reported by Mason (1969) for sheep fed 

a 72fo barley diet. Since barley protein is known to have 

a greater digestibility than sorghum grain protein (Hale 

et al» 1966) then the values noted here could be repre

sentative of true protein digestion coefficients in sorghum 

grain diets for cattle. 

Rumen digestibility of crude protein was not af

fected by intake levels. Amounts of protein recovered from 

the abomasum exceeded that ingested by 127 and 23^ g/day 

for restricted and ad libitum treatments, respectively. 

This increase in the quantity of protein between ingested 

feed and abomasum (as reflected by negative ruminal di

gestibility coefficients) has been noted by other research-, 

ers using abomasal or duodenal sampling (Drennan, Holmes 

and Garrett, 1970; Nicholson and Sutton, 1969; Goshtasb-

pour-Parsi, Ely and Boling, 1977» Potter, McNeill and 

Riggs, 1971)' An increase in total protein between feed 

and abomasum has also been noted when total collection was 
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made of digesta passing through the abomasum (Nicholson and 

Sutton, 1969; Harris and Phillipson, 1962). The reason for 

this increase is not known, but may reflect the influx of 

endogenous nitrogen into the rumen and abomasum. The in

dicator ratio technique may also be underestimating protein 

digestibility in the rumen due to differential rates of 

passage. 

Ad libitum intake significantly (P<. 01) increased 

the quantity of crude protein which entered (1115 and 796 

g/day) and was digested (8^6 and 600 g/day) in the small 

intestine; however, percent crude protein digested (75-8 

and 75-2) was not affected by level of intake. Nicholson 

and Sutton (I969) reported an increase in amounts of nitro

gen present in the abomasum of sheep when the energy 

content of the diet was increased. Similarly, when wether 

lambs were fed at two levels of dry matter intake (500 or 

1000 g/day) but equal dietary nitrogen (11.2 g/day), 

Goshtasbpour-Parsi, Ely and Boling (1977) noted a signif

icant increase in the amount of total nitrogen reaching 

the omasum. The amount of total nitrogen reaching the 

abomasum of these wethers was not altered by dry matter 

intake. Hogan and Weston (1967b) and Goshtasbpour-Parsi 

et al. (197*0 reported no change in the amount of non-

ammonia crude protein, total nitrogen and amino aicds 

passing through the abomasum of sheep fed different levels 

of soybean meal. Neudoerffer et al. (I97I) reported that 
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percent protein disappearing in the small intestine was 

reduced (69•2 vs 75-MO with increasing intake levels of 

maize. On the other hand, in accord with the results noted 

here, several studies (Orskov, Fraser and McDonald, 1971a, b; 

Coelho Da Silva et al., 1972a, b) have reported greater 

absorption of amino acids in the small intestine when 

greater amounts of amino acids entered the small intestine. 

The effect of level of intake on TCA precipitated 

protein followed a similar pattern as that of crude protein 

(Table 9). Level of intake increased (P<.01) the amount of 

TCA protein digested per day (386 vs 302 g) and the amount 

of TCA protein entering and digested in the small intestine. 

Apparent total digestion coefficients for TCA protein 

(63.I vs 65.1%) were not affected by level of feed intake 

but values were 5 "to 7 percentage units lower than crude 

protein coefficients. Percent ruminal and postruminal 

digestion also was not affected by level of intake. The 

close association of treatment effects on crude protein 

and TCA protein is understandable since TCA protein consti

tutes the greater portion of crude protein present in feed, 

abomasum and feces (Table 6). 

Bacterial protein in abomasal contents was greater 

(P<.01) for steers restricted in intake as compared to 

steers fed ad libitum (7^.6 vs 6? .Ifo) (Table 10). Neudoerf-

fer et al. (1971) noted that with a low maize diet a major 

part of the duodenal protein was microbial whereas the 
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Table 9. Mean ruminal, postruminal and total digestibility 
of trichloroacetic acid precipitable protein 
(Trials 1 and Z)3- 0̂ 

Ad Libitum Restricted 
Item Mean ± SD Mean ± SD 

Intake, g 613 + 8^ k63 + 5 Ĉ 

Intake, g/Wkg'^^ 6.7 + 0.6 5.1 + 

O 0
 

Output, g 22 7 + 42 161 + 16° 

Apparent total 
digestibility 

Dy ratio, $ (feces) 58.8 + 2.7 60.1 + 2.b 
Total collection, $ 63.1 + 3.7 65.I ± 2.2 
Total collection, g 386 + 56 302 ± Zuc 

Ruminal digestion 

Percent -20.1 ± 12 A -13.3 + 10.9 
Grams -126 ± 87 -59 + 

Entering small 
1^5 

a 
intestine, g 739 + 1^5 522 + 62° 

Postruminal digestion** 

Percent 69.1 ± 3.8 68.9 Hr 3.7 
Grams 512 ± 117 361 + 56c 

a0rganic matter basis. Each value is the mean of seven 
animal observations/treatment. 

Individual values are presented in Appendices B and C. 

cDifferent from comparable value of other treatment (Pc.Ol). 

Based on amount entering the small intestine. 
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Table 10. Mean percentage and grams of bacterial protein in 
abomasal digesta and ruminal and postruminal 
digestion of bacterial and non-bacterial protein 
(Trials 1 and 2)at 

Ad libitum Restricted 
Item Mean ± SD Mean ± SD 

Bacterial protein (N x 6.25) 

Abomasal digesta, % 67.1 1 9.2 7^,6 t 7*2^ 
Abomasal digesta, g 75° ^ 168 597 ± 112^ 

Postruminal digestion 

Percent 74.4 ± 2.0 75-9 ± 3.0C 
Grams 559 ±134 455 ± 102d 

Non-bacterial protein (N x 6.25) 

Abomasal digesta, % 32-9 - 9-2 25.4 t 7.2° 
Abomasal digesta, g 3^5 ±113 199 ± 49c 

Ruminal digestione 

Percent 58.4 i 11.9 69.4 ± 11.0 
Grams 516 ± 127 470 ± 112 

•f 
Postruminal digestion 

Percent 75-3 ± 14.0 70.8 ± 8.4 
Grams 287 ± HO 144 ± 53c 

a0rganic matter basis. Each value is the mean of seven 
animal observations/treatment. 

T_ 

Individual values are presented in Appendices B and C. 

cDifferent from comparable value of other treatment (P<.05). 

^Different from comparable value of other treatment (P<.01). 

eBased on amount of feed protein ingested and amount of 
non-bacterial protein in the abomasum. 

f Based on amount entering the small intestine. 
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opposite was true for a high maize diet. This may be an 

indication that rumen capacity for bacterial synthesis was 

exceeded with ad libitum feeding and energy was not the 

limiting factor for this synthesis. 

Although percent bacterial protein digested post-

ruminally was slightly greater (P<.05) for restricted 

steers, the amount of bacterial protein in the abomasum 

(750 vs 597 g/day), and the quantity (559 and ^55 g/day) 

of bacterial protein digested postruminally was greater 

(Pc.01) for steers fed ad libitum than restricted intakes. 

Bacterial protein accounted for 71-76$ of the crude protein 

digested postruminally in these studies. The amount of 

bacterial protein present in the abomasum for ad libitum 

and restricted treatments represents 26.2 and 26.7 g per 

100 g organic matter digested in the rumen, respectively. 

This exceeds the values of 9 to 23 g bacterial protein/100 g 

organic matter reported in the literature (Hume, Moir and 

Somers, 1970» Hume and Bird, 1970; Hume, 1970; Orskov, 

Fraser and McDonald, 1972; Lindsay and Hogan, 1972; 

Leibholz, 1972; Hogan and Weston, 1967b; Walker and Nader, 

I968; Walker and Nader, 1970. Hume (1970) suggested that 

microbial synthesis under favorable conditions may even 

exceed 23 g/100 g organic matter digested. Since microbial 

cells also contribute to the organic matter content of 

abomasal digesta and presumably arise from digested feed 

organic matter, it is probable that greater quantities of 
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organic matter than those reported in Table 7 may have been 

digested in the rumen. Consequently, the actual rate of 

bacterial synthesis may be less than 26.2 and 26.7 g/100 g 

organic matter digested noted above. Based on protein 

and 25f° ash content of bacteria (Chapter 3)» "the calculated 

bacterial organic matter in the abomasum would be I308 

and 10^1 for a4 libitum and restricted intakes, respec

tively. On this basis, feed organic matter digested in 

the rumen for ad libitum and restricted intakes, respec

tively, would be k175 and 3279 grams. Thus, 18 and 18.2 g 

bacterial protein would be synthesized per 100 g organic 

matter digested in the rumen. 

The amount of non-bacterial protein (feed + proto

zoa + endogenous protein) present in the abomasum was 

greater (P<.05) with ad libitum than restricted intake 

(365 vs 199 g/day). Percent ruminal digestion of non

bacterial protein (58.4- vs 69 Afo) and amount of non-bacter

ial protein digested in the rumen (516 and ^70 g/day) were 

not significantly affected by level of feed intake. Percent 

postruminal digestion (75>3 and 70.8%) of non-bacterial 

protein was also not affected by treatments; however, the 

quantity of this protein digested was greater (P<.05) with 

the ad libitum vs restricted feeding regimen (287 and 

144 g/day). 

Since non-bacterial protein includes feed, protozoa 

and endogenous protein, the percent feed protein digested 
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in the rumen should "be greater than the values of 58.^ 

and 69.noted here. The amount of endogenous protein 

secreted in the abomasum of cattle is not known. It has 

been reported (Hogan, 1957) that 15 to 33 nig N/100 ml of 

gastric juice are secreted in the abomasum of sheep. 

Assuming that the gastric juices of cattle would have 

similar nitrogen composition to that of sheep, and that 

cattle secrete 30 to 35 1 of gastric juice per day 

(Hill, 1961), then on the average 50 g of endogenous 

protein would be secreted in the abomasum of cattle per day. 

If it is also assumed that the protozoal protein contri

bution is negligible with high grain diets (Potter, McNeill 

and Riggs, 1971)« then percent feed protein digested in 

the rumen would be 6^ and 78$ for ad libitum and restricted 

intakes, respectively. Consequently, most of the feed 

protein would be digested in the rumen. 

Mason (I969) suggested that very little endogenous 

protein is present in feces of sheep. Assuming the same 

with cattle and since the total true feed protein digestion 

coefficient was about $lfo (Table 8), it is possible that 

sorghum protein is highly digestible (particularly in the 

rumen) and the apparent low digestibility is due to a high 

level of bacterial protein present in the feces. Thus, 

in these studies, level of intake had no effect on total, 

ruminal and postruminal digestion coefficients for organic 



109 

matter and nitrogenous fractions; thus, the amount of 

nutrients digested ruminally, postruminally and in the 

total tract were significantly increased with increasing 

intake. This increase in level of intake resulted in a 

reduction in the bacterial contribution to the abomasal 

protein pool. 

Summary 

Two digestion trials in a cross over design were 

conducted with seven abomasally fistulated yearling steers 

(avg wt 400 kg). Steers were fed an 82$ steam processed 

flaked sorghum grain diet at either 95 or 75f° °f their 

ad libitum intakes. Dysprosium (30 ppm) was used as an 

external marker for estimation of partial digestion. 

Samples of feed, abomasal contents and fecal grab collec

tions were taken at 12 hr intervals during a 6-day total 

fecal collection period. Organic matter intakes were 6102 

and 4570 g for the two treatments. Level of intake in

creased (P<.05) quantities of organic matter, crude protein 

and trichloroacetic acid precipitable protein entering the 

small intestine, digested postruminally and digested in 

the total tract. Ruminal, postruminal and total digestion 

coefficients for these parameters were not affected by 

treatment. Dysprosium recovery averaged 89$ and total 

organic matter digestibility determined by indicator 
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technique (using fecal grab samples) was similar to that 

of total collection. 

The higher level of intake decreased (P<.05), per

cent bacterial protein present in the abomasum and percent 

postruminal bacterial digestion; however, the amount of 

bacterial and non-bacterial protein entering the small 

intestine and digested postruminally were greater (P<.05) 

in steers fed 95% ad libitum. Percent non-bacterial protein 

(feed + protozoal + endogenous protein) digested in the 

rumen was 58 and 69$, respectively, for 95 and 75% ad 

libitum intakes. Thus, the majority of the feed protein 

was degraded in the rumen with both levels of intake. True 

feed protein digestibility (as indicated by nitrogen 

content of acid detergent residue of feces) was about 9lfo 

and did not vary with intake level. These data indicate 

that increasing feed intake of a high concentrate diet 

increases the amount of organic matter and protein pre

sented to and absorbed in the lower gastrointestinal tract. 



CHAPTER 5 

EFFECT OF STEAM PROCESSED FLAKED VERSUS 
DRY ROLLED SORGHUM GRAIN ON RUMINAL AND 
POSTRUMINAL PROTEIN UTILIZATION IN STEERS 

In the southwestern United States, sorghum grain is 

the most widely used grain for cattle feeding. The grain 

in a finishing diet containing dOfo sorghum grain provides 

55 "to 90% of the animal's protein requirement. Sorghum 

grain has the lowest protein digestibility of the four most 

widely used grains (sorghum grain, corn, wheat and barley) 

ranging from 33 "to 71 f° (Keating et al., 1965; Hale et al., 

1966; Buchanan-Smith, Totusek and Tillman, 1968). The 

reason for this low digestibility is not known. 

Different methods of grain processing such as 

steam flaking, micronizing, reconstituting, etc. are ef

fective in improving the energy value of certain grains, 

particularly corn and sorghum grain (Buchanan-Smith, 

Totusek and Tillman, 1968; Riggs et al., 1970; Hale et al., 

1966; Riggs and McGinty, 1970; Neuhaus and Totusek, I97I). 

The effect of grain processing on utilization of sorghum 

grain protein is inconsistent. Only reconstitution of 

grain has consistently improved total digestibility of 

protein (Hale and Theurer, 1972). Sullins and Rooney 

(1971) reported that reconstitution of sorghum grain 

111 
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resulted in actual disruption of the endosperm within the 

kernel. On the other hand, Harbors (1975) reported no 

change in the protein "bodies (kafrin) with steam flaking, 

micronizing or popping of sorghum grain. 

Grain processing methods have been shown by some 

authors to alter the composition of nitrogenous material 

(bacteria, feed and amino acids) entering the duodenum 

(Potter, McNeill and Riggs, 1971; Meyer et al., 19^7; 

Hudson et al., 1970)> however, postruminal digestion of 

nitrogen was reported by Potter, McNeill and Riggs (I97I) 

to be unaffected by grain processing. The objective of 

this study was to determine the effect of processing sor

ghum grain (dry rolling vs steam processing and flaking) 

on the site and extent of protein digestion and extent of 

microbial protein synthesis in abomasally fistulated 

steers fed an 82% grain diet. 

Experimental Procedure 

Trials 3 and ̂  

The abomasally fistulated steers, experimental 

procedures, chemical determinations and statistical analy

sis procedures are the same as those described in Chapter 

k, with the following exceptions. 

1. The adjustment periods (which preceded pre

liminary and collection periods) were 28 and 55 days for 

trials 3 and respectively. 
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2. During the preliminary and collection periods 

all steers were fed 95$ 0f their ad libitum intake (as 

measured during the last week of the adjustment period). 

3. The sorghum grain used in the diet (Table 5) 

was either dry rolled or steam processed and flaked as 

described by Hale et al. (1966). 

Four steers received dry rolled grain and three 

steers were fed steam processed flaked sorghum grain in 

Trial 3. In Trial 4, the steers were switched to the 

opposite treatment so that four steers received the steam 

processed flaked diet and three received dry rolled grain. 

Results and Discussion 

Individual animal observations and analyses of 

variance applied to the data are presented in Appendices 

D, E and G. Protein contents of feed, abomasal digesta 

and feces were partitioned into crude protein, NPN and 

trichloroacetic acid (TCA) precipitable protein and are 

reported in Table 11. Percent acid detergent fiber protein, 

which represents the undigested feed protein in feces as 

outlined by Mason (1969) is also presented in this table. 

All results are reported on an organic matter basis since 

the mean ash content of abomasal and fecal samples were 

much greater than that of feed (Table 11). Steam processing 

and flaking resulted in an increase in percent crude protein 

in abomasal digesta, total feces and fecal grab samples as 
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Table 11. Mean percentage composition of ash, nitrogenous 
fractions and dysprosium (ppm) in feed, abomasal 
digesta and- feces- (Trials 3 and 4)al3 

Item 

Steam. Processed 
Flaked 

Mean t SD 

Dry 
Rolled 

Mean ± SD 

Ash (D.M. basis) 

Feed 5.0 + .2 5.3 + . 6 
Abomasal digesta 15.0 + 4. 2 10.4 ± 3.9; 
Total feces 13.6 ± 2.1 10.6 + 1 . 2  
Fecal grab 13.6 ± 1.9 10.6 + 1.4' 

Nitrogenous fractions 
(O.M. basis) 

Crude protein 
Feed 14.8 + .8 15.0 + • 3, 
Abomasal digesta 31.0 + 3.7 22.5 + 2.7 
Total feces 29 •2+ + 2.7 25.5 ± 3-3 
Fecal grab 29.3 + 2-7 25.0 ± 3-5' 
NPN protein 

4.4 Feed 4.4 + .4 4.2 + . 21 
Abomasal digesta 9.7 ± 2.8 6.8 + 2.01 
Total feces 5.1 ± • 5 4.9 + • 5 

TCA protein 
Feed 10.4 ± • 5 10.8 + A 
Abomasal digesta 21.4 ± 1 .8 15.7 + 1.0' 
Total feces 24.3 ± 2.5 20.6 + 2.9' 

A  

ADF protein (feces) 8.2 ± 1.8 6.1 + .9 

Dysprosium (O.M. basis) 

Feed 21 .4 + 1.5 23.O + 2.6 
Abomasal digesta 32.2 ± 5-3 27.0 + 5^, 
Total feces 123.3 ± 17.9 98.4 + 14.0' 
Fecal grab 124.4 ± 17.8 95.9 + 16.2' 

aEach value is the mean for seven animal observations/treat
ment 

^Individual values are presented in Appendices D and E. 
cDifferent from comparable value of other treatment (P<.05). 

Different from comparable value of other treatment (P<.01). 
eNitrogen (x6.25) in acid detergent fiber residue. 



compared to dry rolling. Percent NPN protein in feed and 

abomasal contents was also increased by the flaked treat

ment. Similarly, the percent TCA protein in abomasal 

digesta and feces were greater and that of feed lower due 

to grain processing. Crude protein content of acid deter

gent fiber in feces was not different between treatments. 

Chemical analyses of feces and fecal grab samples 

for ash, crude protein and dysprosium were similar within 

processing treatment (Table 11 and Appendix D) indicating 

the grab sampling technique was a valid measure of total 

fecal composition. Comparison of chromium oxide and dys

prosium (Dy) ratio techniques indicated similar partial 

(ruminal and postruminal) and total digestibilities for 

organic matter and protein (Appendix G). Percent 

recovery of Dy (88,'+$) and chromium oxide (87.2fo) were 

similar. Determination of Dy content of feed, feces and 

abomasal digesta by neutron activiation (Young et al., 

1975) is less time consuming than the chromium oxide 

analysis. Consequently, digestibility values (estimated 

by ratio technique) reported in this chapter are based on 

Dy. Ruminal digestibilities were corrected to 100$ Dy 

recovery, which resulted in a more uniform set of data and 

smaller negative values for rumen digestion coefficients 

for protein. 

Grain processing method had no effect on organic 

matter intake; however, the amount of output was greater 
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(P<.05) for steers fed dry rolled vs steam processed flaked 

grain (1^75 vs 1003 g/day, Table 12). Method of grain 

processing significantly affected organic matter digesti

bility. Apparent total digestibility as determined by Dy 

ratio (82.4 and 75-^) and total fecal collection (84.5 

and 78.7f°) were greater (P<.01) for steam processed flaked 

than for dry rolled sorghum grain diets. 

Steam processing and flaking increased (P<.05) 

ruminal organic matter digestion coefficients of the diet 

by 19 percentage units over the dry rolled treatment 

(40.5 vs 21.5$)• The values for the steam processed flaked 

treatment are similar to those reported in Chapter 4. 

These values are lower than those reported for sheep (about 

60fo) fed flaked maize (Nicholson and Sutton, 19&9) and 

considerably higher than those reported by Drennan, Holmes 

and Garrett with sheep (2.7 to 22.2fo) and similar to those 

of cattle (24.3 to k2fo) fed an 80$ milo diet. The amount 

of organic matter digested in the rumen was about twice 

as great (P<.05) with steam processed flaked as compared to 

dry rolled treatment (2587 vs 1392 g/day). 

Due to lower ruminal digestion of organic matter 

with the dry rolled diet, a greater (P<.05) amount of 

organic matter (3^39 vs 5395 g/day) entered the small 

intestine and a larger (P<.05) amount (2837 vs 3921 g/day) 

was digested postruminally than with the steam processed 

flaked diet, even though percent postruminal digestion of 



Table 12. Mean ruminal, postruminal and total digestion of 
organic matter (Trials 3 and 4)â  

Steam Processed Dry 
Flaked Rolled 

Item Mean ± SD Mean t SD 

Body weight 478 + 55 466 + 46 

Intake, g 6426 + 870 6787 + 982 

Intake, gAkg'7̂  62.8 + 5.8 67.7 + 8.4 

Output, g 1003 + 246 1475 ± 545° 

Apparent total digestion 

Dy ratio (fecal gra"b) , % 82.4 + 3.0 75.4 + *'4 Total collection, fo 84.5 + 2.4 7 8.7 + 4.8 
Total collection, g 5423 + 697 5312 + 5^7 

Ruminal digestion 

Percent 40.5 + 8.8 21.5 + 16.9° 
Grams 2587 + 634 1392 + 1135c 

Entering small p 
intestine, g 3839 + 881 5395 + 1822 

Postruminal digestione 

Percent 73-8 + 3.4 7 2.4 + 5.2 
Grams 2837 + 685 3921 + 1362c 

aEach value is the mean of seven animal observations/treat-
ment 

Individual values are presented in Appendices D and E. 

cDifferent from compara'ble value of other treatment (P<.05). 
j 

Different from compara'ble value of other treatment (P<.01). 

8 Based on the amount entering the small intestine. 
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organic matter was similar for "both treatments. The amount 

of organic matter digested in the total tract was similar 

for both methods of grain processing (5^+23 and 5312 g/day 

for steam processed flaked and dry rolled, respectively). 

It appears that with dry rolled sorghum grain most organic 

matter digestion occurs postruminally, whereas, with the 

steam processed flaked grain diet the extent of ruminal 

and postruminal digestion of organic matter are about equal. 

Total organic matter digestion of the diet by steers was 

improved by steam processing and flaking as compared to 

dry rolling principally due to increased ruminal fermen

tation of the flaked grain. 

The amount of crude protein intake for steam 

processed flaked and dry rolled diets (955 and 1915 g/day, 

respectively) were not different; however, the quantity 

of crude protein excreted in the feces was greater (P<.05) 

(365 vs 290 g/day for the dry rolled vs the steam processed 

flaked treatments (Table 13)- Apparent crude protein 

digestibility in the total tract as determined by Dy ratio 

was greater (P<.05) for the steam processed flaked than for 

the dry rolled treatment (65-3 vs 59-6$). Although total 

crude protein digestion coefficients determined by total 

collection (69.3 and 6k .kfo) followed the trend of the Dy 

ratio values, the means did not differ (P>.05) between the 

two treatments. Likewise, total quantity of crude protein 
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Mean ruminal, postruminal and total digestion of 
crude protein (Trials 3 and 4)â  

Item 

Steam Processed 
Flaked 

Mean ± SD 

Dry 
Rolled 

Mean ± SD 

Intake, g 955 ± 153 

Intake, s/\g'75 9-3 ± 1.0 

Output, g , 290 ± 45 

Apparent total digestibility 

Dy ratio (fecal grab) fo 
Total collection, % 
Total collection, g 

True feed protein 
digestibility, % 

Ruminal digestion 

Percent 
Grams 

Entering small 
intestine, g 

Postruminal digestion6 

Percent 
Grams 

65.3 ± 5.8 
69.3 ± 4.2 

666 ± 129 

91.6 ± 1.7 

-23.O ± 10.3 
-215 ± 92 

1170 ± 172 

75.0 ± 3.1 
880 ± 145 

1015 ± 144 

1 0 . 1  ±  1 . 2  

365 ± 94° 

59.6 ± 
64.4 ± 
650 ± 

4.8C 
4.5 
65 

91.5 ± 1 .4 

-16.6 ± 10.7 
-185 ± 251 

1200 ± 375 

68.9 ± 5.6 
836 ± 29^ 

a0rganic matter basis. Each value is the mean of seven 
animal observations/treatment. 

y. 
Individual values are presented in Appendices D and E. 

cDifferent from comparable value of other treatment (P<.05). 
j 

Determined by the method of Mason (1969). based on total 
fecal collection. 

eBased on the amount entering the small intestine. 
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digested in the total tract did not differ between treat

ments (Table 13). Apparent total crude protein digestion 

coefficients for the sorghum grain diet noted here are 

among the higher values reported in the literature which 

range from 33 to 71$ (Keating et al., 1965. Buchanan-Smith, 

Totusek and Tillman, 1968; Hale et al., 1966). With the 

exception of reconsititution the effect of grain processing 

reported in the literature has been inconsistent; however, 

most reports indicate that there is no change in the total 

crude protein digestibility due to steam flaking as com

pared to dry rolling (Hale et al., I966; Husted et al., 

1968; Prased et al., 1975; Buchanan-Smith, Totusek and 

Tillman, 1968). 

Total true protein digestibility (as determined by 

nitrogen content of the acid detergent fiber, "undigested 

feed protein" in feces) was also not affected by grain 

processing method (91*6 and 91*5$ for steam processed 

flaked and dry rolled, respectively). These values are 

almost identical to those reported in Chapter 

Processing method did not affect ruminal and post-

ruminal crude protein digestibility coefficients, although 

postruminal digestion of protein tended to be higher for 

the flaked treatment. The increase in the quantity of 

protein between ingested feed and abomasum does not mean 

that no feed protein was digested in the rumen. It only 

indicates that more total protein entered the abomasum than 
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was present in the feed. This phenomenon is also noted by-

many other researchers (Drennan, Holmes and Garrett, 1970; 

Nicholson and Sutton, 19&9; Goshtasbpour-Parsi, Ely and 

Boling, 1977; Potter, McNeill and Riggs, 1971). An in

crease in total protein between feed and abomasum has also 

been noted when total collection of the digesta passing 

through the abomasum was made rather than relying on 

indicator ratios (Nicholson and Sutton, 19&9; Harris and 

Phillipson, 19^2). The reason for this increase is not 

known, but the endogenous influx of nitrogen into the rumen 

and abomasum may partially account for this increase. 

Potter, McNeill and Riggs (1971) also reported 

no change in postruminal digestion coefficients of protein 

with steers fed steam flaked or dry ground sorghum grain 

(76.7 and 78.8$, respectively). 

A greater (P<.05) amount of TCA protein was con

sumed per day by steers fed dry rolled grain diet than 

steers receiving a steam processed flaked diet (73^ vs 

669 g» Table 1*0. Ruminal, postruminal and total digesti

bility values values for TCA protein followed the same 

pattern as those for crude protein. This is not surprising 

since TCA protein comprises the majority of total crude 

protein in feed, feces and abomasal samples (Table 11). 

The amount and percent of bacterial protein in 

abomasal digesta were numerically greater for steers fed 

the steam processed flaked grain diet as compared to steers 
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Table 1^. Mean ruminal, postruminal and total digestion of 
trichloroacetic and precipitable protein (Trials 
3 and /+)ab 

Steam Processed Dry 
Flaked Rolled 

Item Mean ± SD Mean ± SD 

Intake, g 669 + 10k 73k + 101° 

Intake, g/wkg'7̂  6.5 + .7 7.3 + • 9° 

Output, g 239 + 36 295 + 79 

Apparent total digestion 

Dy ratio, % (feces) 58.5 + 7.0 55-^ ± k.k 
Total collection, % 63.8 ± 5.1 60.3 ± 5.0 
Total collection, g ^39 + 33 ^30 + 87 

Ruminal digestion 

Percent -21 .5 + 13.^ -13.8 + 23.7 
Grams -1^0 + 87 -113 + 200 

Entering small 
8^7 intestine, g 809 + 130 8^7 + 280 

d Postruminal digestion 

Percent 70.2 + 2.5 6k. 2 + 6.2 
Grams 569 ± 100 55 2 ± 213 

aOrganic matter basis. Each value is the mean of seven 
animal observations/treatment. 

Individual values are presented in Appendices D and E. 

cDifferent from comparable value of other treatment (P<.05). 

Based on the amount entering the small intestine. 
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fed dry rolled grain diets (622 vs g/day and 53-1 vs 

h6fo, respectively) ; however, the values were not signifi

cant at the 5% level of probability (Table 15) • 

From calculations of data reported by Potter, 

McNeill and Riggs (1971) with steers fed 8jfo sorghum grain 

diets either dry ground, steam flaked, reconstituted or 

micronized, an increase in the percent of bacterial protein 

(71 vs 6kfo) in the abomasal contents of steers was noted 

due to steam flaking of the grain over dry rolled. 

Galyean et al. (1975)> working with steers fed 

diets containing 78% corn which was processed differently, 

also reported greater microbial protein present in abomasal 

digesta of steers fed high moisture or steam flaked grain 

over dry rolled grain (values not reported). 

The amount of microbial protein synthesized in the 

rumen for steam processed flaked and dry rolled grain diets 

was 2^.0 and bO.5 g bacterial protein/100 g organic matter 

digested in the rumen. The rate of bacterial protein 

synthesis noted here is much greater than the 9 to 23 g 

bacterial protein/100 g organic matter digestion reported 

in the literature (Hume, Moir and Somers, 1970; Hume and 

Bird, 1970; Hume, 1970; Orskov, Fraser and McDonald, 1972; 

Lindsay and Hogan, 1972; Leibholz, 1972; Hogan and Weston, 

1967b; Walker and Nader, 1968; Walker and Nader, 1970). 

Since bacterial organic matter originates from fermentation 

of feed organic matter in the rumen, the actual rate of 
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Table 15. Mean percentage and gram of bacterial protein in 
abomasal digesta and ruminal and postruminal 
digestion of bacterial and non-bacterial protein 
(Trials 3 and 4)ab 

Steam Processed Dry 
Flaked Rolled 

Item Mean ± SD Mean i SD 

Bacterial protein (N x 6. 25) 

Abomasal, fo 53-2 + 4-.6 4-6.0 + 11 .0 
Abomasal, g 622 ± 109 564 ± 282 

Postruminal digestion 

Percent 65-7 ± 5 .8 4-6.4- + 12.6° 
Grams 4-12 + 98 286 + 221 

Non-bacterial protein (N x 6.25) 

Abomasal, % 4-6.8 ± 4 .6 54-. 0 ± 11 .0 
Abomasal, g 54-8 ± 97 639 ± 175 

Ruminal digestion^ 

Percent 4-2.2 ± 8 .8 37-0 ± 16.0 
Grams 4-08 ± 124- 375 ± 160 

0 
Postruminal digestion 

Percent 85-3 ± 2 • 9 85-7 ± 4-.2 
Grams 4-68 ± 92 551 + 163 

aOrganic matter basis. Each value is the mean of seven 
animal observations/treatment. 

Individual values are presented in Appendices D and E. 

cDifferent from comparable value of other treatment (P<.05). 

"Based on amount of feed protein ingested and amount of 
non-bacterial protein in the abomasum. 

eBased on amount entering the small intestine. 
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bacterial synthesis would be lower than indicated above 

if corrections were made for the bacterial contribution to 

the organic pool present in the abomasum. Based on bac

terial protein and ash contents of ^3 and 25%> respectively, 

the rate of bacterial protein synthesis per 100 g organic 

matter digested in the rumen for steam processed flaked and 

dry rolled diets would be 16.9 and 23-7 g. respectively. 

Percent postruminal digestion of bacterial protein 

was greater (P<.05) for steers fed the steam processed 

flaked diet than for steers receiving the dry rolled diet 

(65.7 vs H-6.kfo, respectively). Of the crude protein di

gested postruminally (Table 13) ̂ 5 and 3^ was of bacterial 

origin. Even though the amount of bacterial protein diges

ted postruminally was kkfo greater (412 vs 286 g/day) for 

the flaked than for the dry rolled treatment, the means 

were not different, due to large variations among the steers 

fed dry rolled grain. The values are somewhat lower than 

those reported in Chapter 4. It is not clear whether this 

low bacterial digestion is due to incomplete degradation 

of rumen bacterial protein or to synthesis of bacterial 

protein in the caecum and large intestine. Since a greater 

amount of starch enters the intestine with the dry rolled 

diet as compared to steam processed flaked (Garcia, 1977)# 

it is therefore possible that a greater quantity of this 

starch would reach the caecum and large intestine, re

sulting in greater quantity of microbial protein synthesis 
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(Orskov et al., 1970), which would result in an apparently 

lower postruminal digestion cf "bacterial protein. 

The method of grain processing used here had no 

effect on percent and amount of non-bacterial protein 

present in abomasal digesta; however, there was a trend 

for more non-bacterial protein in abomasal contents of 

steers fed dry rolled grain. Ruminal and postruminal 

digestion of non-bacterial protein was similar between 

treatments. The slight (but non-significant) increase in 

percentage of bacterial protein in the abomasum of steers 

fed steam processed flaked vs dry rolled sorghum grain 

diets may indicate that a greater proportion of feed protein 

was converted into bacterial protein with the steam pro

cessed flaked than the dry rolled grain diet. This supports 

the conclusion of Potter, McNeill and Riggs (1971) that 

the benefits of steam processing and flaking on protein 

utilization may therefore be due to greater ruminal syn

thesis of high quality bacterial protein which may be uti

lized in the lower gastrointestinal tract without markedly 

affecting total protein digestion. 

Ruminal digestion of feed protein is probably 

greater than that reported for non-bacterial protein 

(feed + protozoal + endogenous protein) based on the as

sumptions that protozoal protein is negligible, and endog

enous protein accounts for about 50 g of abomasal protein 

(Chapter ̂ ). If these adjustments are made (Chapter ̂ ) 
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then the ruminal digestion coefficient for feed protein for 

steam processed flaked and dry rolled grain diets would "be 

^8 and kztfo, respectively. Potter, McNeill and Riggs (1971) 

have reported higher ruminal digestion coefficient values 

than noted here for feed protein (62 and 51$ for steam 

flaked and dry ground, respectively). 

In conclusion, although organic matter digestibility 

was markedly improved in these studies due to steam proces

sing and flaking compared with dry rolling sorghum grain, 

most protein parameters were not significantly affected "by 

grain processing treatment. There was a trend however, for 

increased postruminal and total digestion of protein. This 

may have been due to a slight (non-significant) increase in 

bacterial protein synthesis on the steam processed flaked 

diet over the dry rolled grain diet and a marked increase 

(P<.05) in bacterial protein digestion postruminally with 

the steam flaked grain. 

Summary 

Two digestion trials in a cross over design were 

conducted with seven abomasally fistulated yearling steers 

(avg wt kOO kg). Steers were fed an Q2% sorghum grain 

diet, in which the grain was either dry rolled or steam 

processed flaked. Dysprosium (30 ppm) was used as an ex

ternal indicator for estimation of partial digestion. 

Samples of feed, abomasal contents and fecal grab collection 
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were taken at 12 hr intervals during a six day total fecal 

collection period. Organic matter intake for steam pro

cessed flaked and dry rolled grain diets averaged 6426 

and 6787 g/day, respectively. Steam processing and flaking 

of sorghum grain increased apparent total digestibility 

and ruminal digestibility of organic matter as compared 

to dry rolling the grain. Trichloroacetic acid precipi-

table protein consumed by the steers was lower for steam 

processed flaked than the dry rolled treatment. Processing 

method had no effect on ruminal digestion of crude protein, 

bacterial protein synthesis, quantity of crude protein 

entering the small intestine or on total true digestion of 

feed protein. There was a trend for increased total and 

postruminal digestion of crude protein on the flaked diet. 

Postruminal digestion of bacterial protein was increased 

(P<.05) by steam processing and flaking grain as compared 

to dry rolling. Percent non-bacterial protein digested, 

ruminally, postruminally or in the total tract were not 

significantly affected by processing method. The data 

suggest that steam processing and flaking of sorghum grain 

may increase the amount of high quality bacterial protein 

digested and absorbed postruminally by steers as compared 

to dry rolling the grain. 



CHAPTER 6 

THE EFFECT OF 6-DAY VERSUS 2-DAY COLLECTIONS 
ON RUMINAL AND POSTRUMINAL UTILIZATION OF 
ORGANIC MATTER AND PROTEIN BY STEERS 

The primary criteria for accurate determination of 

partial digestibility of any feed nutrient obtained from 

various sites of the gastrointestinal tract requires 

reliable representative samples collected from those sites. 

The use of indwelling cannulas placed in different segments 

of the gastrointestinal tract for collection of digesta has 

gained popularity in recent years. Proper abomasal can-

nulation does not affect the rate of digesta flow along 

the gastrointestinal tract; however, feeding and rumination 

can affect the flow rate (Grovum and Williams, 1973» 

Harris and Phillipson, 1962). 

Usually, two different lengths of collection 

periods are used in digestion trials: short term (1 or 

2 days); and long term (3 to 7 days) (Grovum and Williams, 

1973; Amos, Evans and Burdick, 1976; Hudson et al., 1970; 

Goshtasbpour-Parsi, Ely and Boling, 1977). Each method has 

advantages and disadvantages. With long term collections, 

animal metabolism can be affected due to day to day-

variation in feed intake, alteration in feeding patterns, 

meal size and use of different individuals' collecting 

129 
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samples (Schneider and Flatt, 1975; Harris and Phillipson, 

1962). Short-term collections are advantageous because the 

steady-state conditions are usually easier to maintain as 

compared to long term collections; however, due to an 

increase in frequency of samples collected during short-

term collections, a depression in the rate of flow of 

digesta along the gastrointestinal tract may take place 

(Nicholson and Sutton, 1969; MacRae and Armstrong, 19^9; 

MacRae et al., 1972). 

Only limited research on length and frequency of 

collection has "been conducted with cannulated animals. 

Lassiter, Alligood and McGauchey (I966) reported great 

variability in digestion coefficients from two, 3-day total 

collections than from four samples collected in a single 

day. Contrary to the above, Karr, Little and Mitchell 

(I966) found no difference in rumen digestibility due to 

the length of the collection period (6 vs 1 day). 

The purpose of this study was to determine the 

effect of a 2 versus 6-day collection period on ruminal 

and postruminal digestibilities of organic matter and 

protein in abomasally fistulated steers fed steam processed 

flaked or dry rolled sorghum grain diets. 



Experimental Procedure 

I3I 

Trial 5 

The seven abomasally fistulated steers used in 

Trials 1 through 4 (Chapters 4 and 5) were also used in 

Trial 5- Trial 5 (2-day collection) was initiated immed

iately after Trial 4 (6-day collection); therefore, the 

steers received the same diet and treatments in both Trials 

4 and 5- With the exception of the following the experi

mental procedures and chemical analyses conducted in Trial 

5 were identical to those described in Chapters 4 and 5-

1. Only fecal grab samples were taken, no total 

fecal collection was made. 

2. Fecal grab and abomasal samples were collected 

over a 2 day period at 4 hr intervals (reducing the collec

tion time by 2 hr after 24 hr). Consequently, over the 2 

days, 12 abomasal and fecal grab samples were obtained (pro

viding one sample for each 2 hr interval in a 24 hr day. 

3. Comparisons between 6- and 2-day collections 

were made by using paired-t tests (Steel and Torrie, i960). 

4. Rumen digestibility values (estimated by Dy 

ratio technique) reported in this chapter are not corrected 

to lOOfo recovery since total fecal collections were not 

made in Trial 5* 
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Results and Discussion 

Individual animal observations are presented in 

Appendices E and F. Protein contents of feed, abomasal 

digesta and feces were partitioned into crude protein and 

TCA precipitable protein and are reported in Table 16. All 

results are reported on an organic matter basis, since the 

mean ash content of abomasal and fecal samples were much 

greater than that of feed (Table 16). Percent ash, crude 

protein, TCA protein and Dy content of feed, abomasal and 

fecal grab samples (with the exception of TCA protein and 

Dy content in the dry rolled diet) were similar between the 

6- and 2-day collections for both steam processed flaked 

and dry rolled diets (Table 16). 

Intake (both g and s/W^g"'^)» percent and the 

amount of organic matter, expressed as total, ruminal and 

postruminal digestion were similar (P>.05) between 6- and 

2- day collections within processing treatments (Table 17). 

Greater variation for ruminal, postruminal and total organic 

matter digestibility was noted with the dry rolled grain 

diet as compared to the steam processed flaked diet with 

both methods of collection. Lassiter, Alligood and 

McGauchey (1966) found no difference (P>.05) in total 

organic matter digestibility (85-3 vs 86.0$) based on 

indicator techniques due to length of collection period 

(3 vs 1-day). They found less variation in total organic 



Table 16. Mean percentage of ash, nitrogen fractions and dysprosium (ppm) in feed, 
abomasal digesta and feces (Trials 4 and 5)at> 

Steam Processed Flaked Dry Rolled 
6-Day 2 -Day 6--Day 2 -Day 

Item Mean + SD Mean + SD Mean + SD Mean + SD 

Ash (D.M. basis) 
Feed 5-1 + .1 5.1 ± .1 5.0 ± .4 4.9 + .1 
Abomasal digesta 16.6 ± 4.1 20.1 ± 2.3 7.8 ± 2.2 9.3 ± 5.3 
Fecal grab 13.3 + 2.2 13.2 + 0.9 10.8 + 1 .6 10.0 + 2.6 

Nitrogen fraction 
(O.M. basis) 
Crude Protein 
Fecal 14.8 + .8 15.3 + .2 15.0 + • 3 15.3 + • 3 
Abomasal digesta 31.0 + 3.7 33.1 + 2.0 22.5 + 2.7 23.7 + 4,9 
Fecal grab 29.3 ± 2.6 29.4 ± 1 .1 25.0 + 3-5 25.6 + 4.3 

TCA protein 
10.4 .4 .4 Feed 10.4 + .5 11 .0 + .4 10.8 + .4 11 .2 + .1° 

Abomasal digesta 21.4 ± 1.8 21 .8 ± 2-5 15.7 + 1 .0 16.6 + 1.7 
Fecal grab - - - 24.2 ± 1 .0 - 21.4 + 3-4 

Dysprosium (O.M. basis) 
21.4 2.6 Feed 21.4 ± 1.5 20.7 + 1.0 2 3.0 + 2.6 28.8 ± .8 

Abomasal digesta 32.2 ± 5.3 35.5 ± 5.1 27.0 + 5.^ 31.4 + 12.1 
Fecal grab 124.4 ± 17.8 131.6 + 10.2 95-9 + 16.2 110.8 + 27.1 

aMean of four animal (steam processed flaked) and three animal (dry rolled) obser
vations/treatment . 

^Individual values are presented in Appendices E and F. 
cDifferent from comparable value of same treatment (Pc.05). 

^Different from comparable value of same treatment (P<.01). 



Table 17. Mean ruminal, postruminal and total digestion of organic matter (Trials 
4 and 5)ab 

Item 

Steam Processed Flaked Dry Rolled 

Item 
6-Days 

Mean ± SD 
2-Days 

Mean ± SD 
6-Days 

Mean i SD 
2-Days 

Mean t SD 

Body weight 505 ± 50 505 ± 50 483 - 40 483 ± 40 

Intake, g 6675 ± 621 6667 ± 623 7276 ± 1473 6894 ± 888 

Intake, g/Wkg'7̂  62.7 ± 4.1 62.6 ± 4. ,0 70.4 ± 12.0 66.8 ± 6.1 

Total digestibility 

Percent 83.9 ± 1.3 84.2 ± 1. 3 77.3 ± 6.0 72.7 + 7.8 
Grams 5596 ± 467 5610 ± 479 5572 + 701 4971 ± 297 

Ruminal digestion 

Percent 39.3 + 4.2 40.9 ± 7. 5 11.4 ± 22.9 -.3 ± 32.8 
Grams 2614 + 291 2729 ± 560 828 ± 1516 -89 ± 2347 

Postruminal digestion 

Percent 72.9 ± 3.6 73-0 ± 3. 2 74.3 ± 5.9 71.7 ± 7-5 
Grams 2959 ± 412 2881 ± 494 4799 ± 1558 5060 + 2175 

aMean of four animal (steam processed flaked) and three animal (dry rolled) obser
vations/ treatment. 

Individual values are presented in Appendices E and F. 
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matter digestibility with four fecal samples obtained in 

one single day as compared with a 3-da.y collection. 

Digestion coefficients for crude protein (63.6 vs 

55-8%) and TCA protein (58.7 vs k^.6%) in the entire tract 

for the dry rolled diet differed (P<.05) between 6- and 

2-day collections, respectively (Table 18). Other protein 

parameters were similar (P>.05) between 6- and 2-day col

lections within processing methods (Table 18). As noted 

with organic matter, greater variation was noted in ruminal 

protein digestion with the dry rolled than the steam 

processed flaked diet. The negative coefficients for 

ruminal protein digestibility observed here were also noted 

in Chapters k and 5 and are typical of those reported by 

other workers (Drennan, Holmes and Garrett, 1970; Potter, 

McNeill and Riggs, 1971; Nicholson and Sutton, 1969; 

Goshtasbpour-Parsi, Ely and Boling, 1977)- These data 

indicate that a 2-day collection period is as effective as 

a 6-day collection period in determining ruminal, post-

ruminal or total digestibility coefficients of organic 

matter and protein in steam processed flaked sorghum grain 

diets with beef cattle but may underestimate protein 

digestibility on dry rolled sorghum grain diets. It must 

be emphasized that the steers used in these studies were 

well adapted to the collection procedures before initiating 

these experiments. 



Table 18. Mean ruminal, postruminal and total digestion of nitrogen fractions 
(Trials 4 and 5)â  

Steam Processed Flaked Dry Rolled 
6-Day 2-Day 6-Day 2-Day 

Item Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Intake, g 
Intake, g/W, * '•> 

•"•o 
Total digestion 

1034 ± 96 1021 ± 106 IO83 ± 219 1053 ± 118 Intake, g 
Intake, g/W, * '•> 

•"•o 
Total digestion 

9.7 ± .6 9.6 + .6 10.5 ± 1.8 10.2 ± .8 
Intake, g 
Intake, g/W, * '•> 

•"•o 
Total digestion 
Crude protein 
Percent 69.7 ± 2.2 69.7 ± 2.4 63.6 ± 4.4 55.8 ± 4.1° 
Grams 720 ± 63 712 ± 75 683 ± 98 585 ± 30 
TCA protein 
Percent 63.8 ± 2.8 65.3 ± 2.8 58.7 ± 3.7 49.6 ± 5.2° 
Grams 459 ± 35 482 + 62 457 ± 66 382 + 25 

Ruminal digestion 
Crude protein 
Percent -29.8 ± 8.0 -27.1 ± 12.6 -33.2 ± 15.2 -48.9 ± 25.3 
Grams -307 ± 84 -273 ± 118 -36I + 182 -525 ± 315 
TCA protein 
Percent -24.4 ± 7.9 -I7.8 ± 25.3 -26.4 ± 25.5 -44.6 ±36.6 
Grams -179 ± 68 -136 ±197 -213 ± 205 -355 ±318 

Postruminal digestion 
Crude protein 

76.1 ± 2.8 76.1 ± 1.2 70.0 + 3.7 Percent 76.1 ± 2.8 76.1 ± 1.2 72.8 ± 2.0 70.0 + 3.7 
Grams 1022 ±120 985 ± 114 1050 ± 248 1111 ± 319 
TCA protein 
Percent 70.8 1 2.9 69.6 ± 6.4 66.7 ± 5.1 63.9 ± 7.8 
Grams 638 ±100 618 ± 215 670 ± 230 737 ± 306 

ON 

Mean of four animal (steam processed flaked) and three animal (dry rolled) obser
vations/treatment . 

V\ 
Individual values are presented in Appendices E and F. 

cDifferent from comparable value of same grain processing method (P<.05). 
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Summary 

Abomasally fistulated steers (500 kg) were used to 

determine the effect of length of collection period (6-

versus 2-days) on total, ruminal and postruminal digesti

bilities of organic matter and protein. Twice dialy, three 

steers were fed dry rolled and four steers were fed steam 

processed flaked sorghum grain in an 82% grain diet. Dys

prosium (30 ppm) was used as a marker. Feed, abomasal and 

fecal grab samples were collected at 12 hr intervals for 

6 days or every 4 hr for 2 days, providing 12 samples in 

each collection period. With the exception of total 

digestibility of crude and TCA protein on the dry rolled 

sorghum grain diet, ruminal, postruminal and total digesti

bility of protein, and organic matter were not altered 

(P>.05) by length of collection period. Greater coeffi

cients of variation for ruminal digestibility were noted 

for the dry rolled grain diet. Data indicates that a 2-day 

collection was adequate for partitioning digestibility 

of protein and organic matter with abomasally fistulated 

steers fed diets containing steam processed flaked sorghum 

grain but not dry rolled grain. 



CHAPTER 7 

CONCLUSIONS 

Based on the data presented in the previous chap

ters and in the appendices, the following conclusions are 

made for analytical procedures and utilization of diets 

high in sorghum grain by cattle. 

1. Contrary to the common belief that diamino-

pimelic acid is present only in some bacteria (including 

some rumen bacteria) and not common feedstuffs, DAP (or 

another acid with similar elution time) was detected in all 

samples analyzed (bacteria, protozoa, 82% sorghum grain 

diet, sorghum grain, wheat straw, alfalfa hay, cottonseed 

hulls and casein). 

2. Reasonable estimation of bacterial protein was 

made by the use of DAP, lysine and a combination of DAP x 

leucine, using simultaneous equations. The use of leucine 

alone or lysine x leucine combination to estimate bacterial 

protein gave unrealistic values with standard deviations 

larger than the means. 

3. Two-aminoethylphosphonic acid was not detect

able in protozoal or abomasal samples analyzed with the 

automated procedure used in these studies. Therefore, it 

could not be used as a marker for protozoal nitrogen. 
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k. The method of Mason (1969) for determination of 

undigested feed protein in feces (nitrogen in acid deter

gent residue) is not applicable for determining undigested 

feed protein in abomasal digesta. 

5. Level of dietary intake had no effect (P>.05) 

on total, ruminal and postruminal digestion coefficients 

for organic matter and nitrogen fractions; thus, the amount 

of nutrients digested ruminally, postruminally and in the 

total tract were significantly increased (P<.05) with 

increasing intake. 

6. Increase in level of intake resulted in a 

reduction (P<.05) in the bacterial contribution to the 

abomasal protein pool, indicating a greater amount of feed 

protein escapted rumen fermentation; however, with both 

ad libitum and restricted levels of intake most of feed 

protein was digested in the rumen. 

7. Steam processing and flaking of sorghum grain 

increased (P<.05) apparent total digestibility and ruminal 

digestion of organic matter as compared to dry rolling the 

grain; however, most protein parameters were not signif

icantly affected by processing method. There was a trend 

for increased (P>.05) postruminal'and total digestion of 

protein on the flaked diet. 

8. Postruminal digestion of bacterial protein was 

greater (P<.05) with the steam processed flaked diet than 

the dry rolled diet (65 vs k6%). The low value for the 
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dry rolled diet may be due to a greater synthesis of bacter

ial cells in the caecum and large intestine since greater 

quantities of starch are digested postruminally in dry rol

led diets than steam processed flaked diets. An ileal can

nula would be needed to determine whether this assumption is 

true. 

9. Steam processing and flaking of sorghum grain 

increased the amount of bacterial protein digested and ab

sorbed postruminally by steers as compared to dry rolling 

the grain. 

10. A 2-day collection was adequate for partitioning 

digestibility of protein and organic matter with abomasally 

fistulated steers fed a diet containing steam processed 

flaked sorghum grain, but may not correctly estimate protein 

digestibility with dry rolled sorghum grain diets. 

11. Dysprosium recovery averaged 89% in these trials. 

Ruminal digestibility values were corrected to 100% recovery 

resulting in lower negative values for ruminal protein 

digestion coefficients and a more uniform set of data. 

12. Within treatments, chemical analyses of feces 

and fecal grab samples for all constituents analyzed were 

similar, suggesting that the grab sampling technique was a 

valid measure of total fecal composition. Using dysprosium 

ratio technique for determination of total digestibility 

coefficients of organic matter and protein underestimated 

digestibilities by about 4 to 5%. 
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13. Mean ruminal digestion coefficients for crude 

protein were negative in these studies and considerable 

variation existed in these values (especially with the dry 

rolled grain diet). The reason for this is unknown, but may 

be related to influx of endogenous nitrogen and to relative 

rate of passage of protein and indicator (dysprosium) 

through the forestomachs. 

1^. Grams of bacterial protein apparently synthe

sized in the rumen per 100 g organic matter digested were 

from 17 to 2^. These values were similar to values reported 

in the literature (9 to 23 g/100 g organic matter diges

tion) . 

15. Ruminal digestion of feed protein ranged from 

k2 to 77% in these studies. Sorghum grain comprised about 

66% of the feed protein. 

16. True digestibility of feed protein in the 

total tract was 91% in these studies indicating that other 

factors (such as microbial protein present in the feces) 

may be contributing to the low digestion noted with crude 

protein digestion of sorghum grain diets. 



APPENDIX A 

SEPARATION OF PROTOZOA AND BACTERIA FROM RUMEN 
DIGESTA, HYDROLYSIS PROCEDURES, BUFFER 
COMPOSITION FOR AMINO ACID ANALYSES 

1^2 
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Separation Procedures 

A modification of the technique of Ibrahim et al. 

(1970) was used for the separation of protozoa from bac

teria. Rumen fluid (from steers fed 50$ sorghum grain) was 

passed through 6 layers of cheesecloth and collected in a 

thermos. The solution was further filtered through either 

6 layers of cheesecloth or 6 layers of cheese cloth and a 

layer of glass wool (about one inch thick) into a 2000 ml 

previously warmed (39-^0 C) separatory funnel which con

tained 750 ml of acetate phosphate buffer. The buffer was 

made of 2.15 g sodium acetate, O.35 g potassium phosphate 

monobasic, 1.00 g potassium phosphate dibasic, 5«00 g 

sodium chloride and 0.12 g magnesium oxide diluted to one 

liter with deionized water. 

After about 750 ml of rumen fluid was filtered 

into the separatory funnel, the solution was purged with 

C02 for one minute, then incubated in a water bath at 

39-^0 C for one hour. Three layers were formed in the 

separatory funnel when the rumen fluid was passed through 

only cheesecloth. Two layers were found when, in addition 

to cheesecloth, the rumen fluid was passed through a layer 

of glass wool. The three layers from top to bottom were: 

1) feed particles, 2) bacteria, some protozoa and some 

feed particles and 3) mostly protozoa which were gray to 

white in color. When the rumen liquor was passed through 
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cheesecloth and glass wool the topmost layer containing 

the feed particles was missing. 

The bottom layer containing the protozoa were 

transferred into a second separatory funnel containing 

acetate phosphate buffer and prewarmed to 39-40 C. The 

protozoal-containing solution was purged with CO^ and 

incubated for one hour. This procedure was repeated two 

more times until the layer containing protozoa was abso

lutely free of any feed particles visible to the naked eye 

and appeared almost pure white. This layer was removed 

from the separatory funnel and spread on a piece of glass 

to dry. The middle layer containing mostly bacteria was 

then centrifuged at about 1000 to 2000 x g. The precipi

tate (containing protozoa and feed) was discarded and the 

supernatant containing bacteria was centrifuged at 18000 

x g in a Sorval continuous flow centrifuge. The bacterial 

precipitate from this stage was spread on glass. The two 

pieces of glass (one containing protozoa and the other 

bacteria) were placed in a forced air oven and dried at 

45-50 C for 24 hours. 

The dried bacteria and protozoa samples (50 mg) 

were then hydrolyzed as described below in preparation 

for amino acid analysis. 
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Hydrolysis Procedure 

Hydrolysis of samples were according to the follow

ing procedures (Moore, Spackman and Stein, 1958). 

1. 0.2 gram samples (feed, feces and abomasal) 

were weighed into a drying ampoule (Kontes, 15 ml). 

2. 12 ml of 6N HC1 was added to the ampoule. 

3. The mixture was frozen in a dry ice acetone 

"bath and vacuumed. 

4. The mixture was thawed to release trapped air 

and oxygen, frozen again and evacuated (repeated 3 times). 

5. The ampoules were sealed and hydrolyzed at 

1^5 C for 4 hours and 15 minutes. 

6. Hydrolyzed samples were quantitatively trans

ferred to drying flasks with deionized water and dried 

with a rotary evaporator. The residue was washed with 

deionized water and dried again 3 times. 

7. Before transferring to a volumetric flask the 

pH was checked to make sure it was about 2.2 and if not, 

was adjusted with NaOH. 

8. The contents were quantitatively transferred 

to a volumetric flask and brought to volume with pH 2.2 

buffer to give a final concentration of about 1 mg protein 

per ml of buffer. 

9. The solution from the volumetric flask was 

filtered through 42 Whatman paper and 2>/k ml of filtrate 

was used for determination of amino acids. Amino acids in 
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the hydrolyzed sample were separated by ion exchange 

chromatography. 

Buffer Composition 

Composition of buffers used are as follows: 

Buffer pH: 3*25 liters) 

Sodium citrate: 78.4 g 

Concentrated HC1: 49.5 ml 

Thiodiglycol: 10.0 

Octenoic acid: 0.5 ml 

brought to 4 liter volume by deionized water (sodium ion 

concentration = .20 N). Buffer pH 4.25 liters) had 

similar ingredients as buffer pH 3-25 except that only 

3^.0 ml of concentrated HC1 was used. 
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Table B-l. Percent dry matter, ash and dysprosium (ppm) per steer of feed, abo
masal digesta, total feces and fecal grab by treatment (Trial l)a 

Treatments 
Item Restricted Ad Libitum 

Steer No.: 42 48 51 Avg. 75 31 52 27 Avg. 
V 

Dry matter 
Feed 
Abomasal digesta 
Total feces 
Fecal grab 

87.67 
91.84 
92.79 
92.02 

89.IO 
93-00 
91.32 
91.53 

91.66 
94.72 
93.90 
93.14 

89.48 
93.19 
92.67 
92.23 

90.37 
93.91 
94.08 
93.27 

89.12 
92.58 
92.92 
92.44 

90.77 
95.25 
93.83 
93.48 

90.70 
91.01 
93.28 
92.02 

90.24 
93.17 
93-53 
92.80 

Ash (D.M. basis)b 
5.41 
13.67 
16.05 
16.88 

4.87 
2t). 08 
13.77 
13.73 

5.06 
15.53 
12.76 
I3.O6 

4.71 
11.03 
11.15 
11.10 

4.98 
14.78 
12.65 
12.83 

Feed 
Abomasal digesta 
Total feces 
Fecal grab 

5.13 
15.41 
15.27 
15.98 

5.41 
13.67 
16.05 
16.88 

5.30 
17.26 
15.52 
15.24 

'5.28 
15.45 
15.61 
16.00 

4.87 
2t). 08 
13.77 
13.73 

5.06 
15.53 
12.76 
I3.O6 

4.71 
11.03 
11.15 
11.10 

5.27 
12.47 
12.91 
13.43 

4.98 
14.78 
12.65 
12.83 

Dysprosium (ppm) 
(O.M. basis) 

31.76 
52.15 
200.58 
201.64 

Feed 
Abomasal digesta 
Total feces 
Fecal grab 

32.38 32.65 
48.66 46.41 
196.41 200.03 
203.26 202.14 

30.25 
61.39 
205.31 
199.52 

31.76 
52.15 
200.58 
201.64 

31.02 30.65 31.44 29.99 30.78 
52.99 66.70 57-24 52.44 57.34 
200.21 182.71 193.24 I7I.63 186.95 
203.37 184.35 185.34 183.64 I89.I8 

aOrganic matter basis. 

^Dry matter values were obtained by vacuum drying at 100 C, previously partially 
processed samples of feces, fecal grab and abomasal digesta. 



Table B-2. Percent nitrogen fractions in feed, abomasal digesta and feces per 
steer by treatment (Trial l)a 

Treatments 
Item Restricted Ad Libitum 

Steer No.: 42 48 51 Avg. 75 31 52 27 Avg. 

Crude protein 
Feed 
Abomasal digesta 
Total feces 
Fecal grab 

14.78 
35-50 
30.06 
32.34 

14.19 
32.71 
34.71 
36.06 

13.79 
39.98 
29.94 
33.38 

14.25 
36.06 
31.57 
33-93 

14.09 
35.84 
30.21 
30.86 

14.61 
43.26 
29.32 
29.57 

14.06 
39.25 
30.37 
30.16 

14.18 
35.05 
30.22 
31.63 

14.24 
38.35 
30.03 
30.56 

NPN Protein 
Feed 
Abomasal digesta 
Total feces 

4.34 
13.68 
5.09 

4.36 
10.85 
7.39 

4.14 
14.35 
5.71 

4.28 
12.96 
6.06 

4.25 
13.84 
4.41 

4.26 
14.43 
4.82 

4.03 
11.17 
4.2 6 

4.25 
14.20 
4.62 

4.20 
13.41 
4.53 

TCA protein 
Feed 
Abomasal digesta 
Total feces 

10.44 
21.82 
24.97 

9.83 
21.86 
27.32 

9.65 
25.63 
24.23 

9.97 
23.10 
25.51 

9.84 
22.00 
25.80 

10.35 
28.83 
24.50 

10.03 
28.08 
26.11 

9-93 
20.85 
25.60 

10.04 
24.94 
25.50 

Bacterial protein 
Abomasal, % 62.32 83.89 81.15 75.79 60.62 64.56 60.21 65.99 62.84 

ADF protein*3 
Feces 9.22 9.02 9.53 9.26 8.83 8.51 8.85 9.08 8.82 

aOrganic matter basis. 

^Nitrogen x 6.25 
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Table C-l. Percent dry matter ash and dysprosium (ppm) of feed, abomasal digesta, 
total feces and fecal grab samples per steer by treatment (Trial 2)a 

Item Ad Libitum 
Treatments 

Restricted 

Steer No.: 42 48 51 75 31 52 27 

Dry matter13 
92.49 Feed 91.53 90.94 91.95 92.49 90.04 90.91 90.32 

Abomasal digesta 94.09 93-58 92.02 91.96 92.51 92.53 91.88 
Total feces 93.56 93.46 92.71 93.08 93-18 93-00 93.12 
Fecal grab 93-56 94.10 92.93 93.14 93-38 93.57 93.14 

Ash (D.M. basis)13 
Feed 5-29 4.96 4.57 5.12 5.03 4.91 5.42 
Abomasal digesta 16.83 15.88 14.87 28.20 16.47 16.51 16.88 
Total feces 14.35 13.13 14.95 14.87 13.96 15.71 16.43 
Fecal grab 14.52 13.14 14.66 15 • 66 13.99 15.57 15.89 

Dysprosium (ppm) 
Feed 
Abomasal digesta 
Total feces 
Fecal grab 

33-59 29.45 32.46 
56.42 41.41 52.41 
213.30 177.36 193.85 
207.19 173-81 192.87 

32.98 32.35 33.29 34.43 
58.69 56.67 56.33 61.58 
208.86 201.89 209.13 209.76 
220.55 200.64 207.67 201.66 

Organic matter basis. 

"'Dry matter values were obtained by vacuum drying at 100 C, previously partially 
processed samples of feces, fecal grab and abomasal digesta. 



Table C-2. Percent nitrogen fractions in feed, abomasal digesta and feces per steer 
by treatment (Trial 2)a 

_ Treatments 
Item Ad Libitum 1 Restricted 

Steer No.: 42 48 51 75 31 52 27 

Crude protein 
14.86 14.96 Peed 14.89 14.45 14.86 14.78 14.96 14.92 15.15 

Abomasal digesta 33*80 27.77 32.20 33.34 32.91 30.83 34.24 
Total feces 30.93 25.81 32.04 32.40 29.82 28.99 32.10 
Fecal grab 30.71 26.09 31.09 32.18 29.66 29.22 31.73 

NPN Protein 
Peed 4.78 4.63 4.61 4.66 4.69 4.72 4.70 
Abomasal digesta 10.69 8.58 10.70 12.46 10.55 8.30 12.53 
Total feces 4.98 4.23 5.47 5.84 5.36 4.95 4.84 

TCA protein 
10.45 Peed 10.11 9.82 10.25 10.12 IO.27 10.20 10.45 

Abomasal digesta 23.ll 19.19 21 .50 20.88 22.36 22.53 21.71 
Total feces 25.95 21 .58 26.57 26.56 24.46 24.04 27.26 

Bacterial protein13 
Abomasal, % 61.90 69.97 86.51 74.18 74.80 69.16 76.54 

ADF protein13 
6.30 7.46 Feces 10.90 6.30 8.98 8.78 7.91 7.46 9.19 

aOrganic matter basis. 

^Nitrogen x 6.25. 
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Table D-l. Percent dry matter, ash and dysprosium (ppm) per steer of feed, abo-
masal digesta, total feces and fecal grab by treatment (Trial 3)a 

Treatments 
Item Steam Processed Flaked Dry Rolled 

Steer No.: 42 48 51 75 31 52 27 

Dry matter^ 
90.61 Feed 92.18 92.72 93.02 91.42 90.18 88.87 90.61 

Abomasal digesta 95.63 95.35 90.72 95.30 94.36 95.26 92.67 
Total feces 94.31 94. o4 92.79 93.67 92.77 92.02 93.06 
Fecal grab 94.26 94.33 93.08 93.87 93.05 93.05 91.93 

Ash (D.M. basis)*3 
Feed 4.57 4.98 4.91 5.22 6.60 5.04 5.12 
Abomasal digesta IO.56 10.79 17.83 12.96 17.80 9.49 9.32 
Total feces 14.06 12.09 15.94 10.68 9.74 9.38 12.29 
Fecal grab 13.62 12.21 15.78 11.35 9.63 8.83 12.14 

Dysprosium 
22.41 28.72 21 .94 Feed 22.13 20.12 22.41 22.10 28.72 21 .94 23.03 

Abomasal digesta 34.00 23.64 26.40 32.98 24.72 23.88 30.01 
Total feces 121.62 90.82 124.41 92.20 85.02 97-98 110.25 
Fecal grab 116.64 90.55 131.28 92.45 80.89 89.79 IO7.85 

aOrganic matter basis 
"U. 

Dry matter values were obtained by vacuum drying at 100 C, previously partially 
processed samples of feces, fecal grab and abomasal digesta. 



Table D-2. Percent nitrogen fractions in feed, abomasal digesta and feces per 
steer by treatment (Trial 3)a 

Treatments 
Item Steam Processed Flaked Dry Rolled 

Steer No.: 42 48 51 75 31 52 27 

Crude protein 
13. 74 14.21 14.76 14.92 14.89 Peed 13. 74 14.21 13.92 14.76 15.53 14.92 14.89 

Abomasal digesta 29.68 14.14 30.47 20.39 22.16 20.84 25.16 
Total feces 31.35 25.07 32.62 24.04 22.99 25.49 31.54 
Fecal grab 30.35 24.96 33.21 23.70 22.15 24.22 31.3^ 

NPN protein 
4.26 Feed 3.89 4.11 4.26 4.22 3.99 4.20 3.99 

Abomasal digesta 7.20 6.17 9.99 5.56 5.97 4.98 8.06 
Total feces 4.92 4.53 4.71 5.15 4.99 5.18 5.43 

TCA protein 
9.66 10.54 11.54 Feed 9.85 10.10 9.66 10.54 11.54 10.72 10.90 

Abomasal digesta 22.48 17.97 20.48 14.83 16.19 15.86 17.10 
Total feces 26.43 20.54 27.91 18.89 18.00 20.31 26.11 

Bacterial protein*3 
32.41 Abomasal, % 51.62 51.29 48.68 53.12 55.04 32.41 40.81 

•L 
ADF protein 

5.47 10.67 5 • 65 Feces 9-35 5.47 10.67 5 • 65 5.11 6.32 7.98 

aOrganic matter basis. 

^Nitrogen x 6.25• 
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Table E-l. Percent dry matter, ash and dysprosium (ppm) per steer of feed, abo-
masal digesta, total feces and fecal grab by treatment (Trial 4)a 

Item 

Steer No.: 42 

Dry Rolled 

48 

Treatments 

JL 

Steam Processed Flaked 

75 31 52 27 

87.42 88.08 87.03 88.04 
93.57 93-89 91.82 93-39 
92.38 93.39 92.62 93-3^ 
92.68 93.80 92.65 94.07 

Dry matter 
Feed 90.78 
Abomasal digesta 93*66 
Total feces 93-59 
Fecal grab 93-3^ 

Ash (P.M. basis) 
Feed 4.79 
Abomasal digesta 7.13 
Total feces 10.29 
Fecal grab 10.38 

Dysprosium (ppm) 
Feed 22.55 
Abomasal digesta 20.15 
Total feces 106.81 
Fecal grab 108.82 

90.43 
92.53 
93.11 
93.13 

4.81 
6.07 
9.46 
9.40 

21.34 
22.92 

89.65 
90.96 
92.05 
92.13 

5.41 
10.24 
1 2 . 2 0  
12.49 

21 .28 
34.32 

79.18 117.58 
73.43 117.91 

5 . 2 0  
17.76 
13.58 
13.67 

21 .20 
38.66 

4.95 
11.68 
10.94 
11.31 

18 .80  
35.51 

5.23 5.00 
15.01 21.29 
11.88 16.45 
12.09 16.19 

22.64 
32.76 

22.73 
34.18 

134.69 112.68 134.74 142.45 
132.08 119.29 136.83 144.34 

a0rganic matter basis. 

^Dry matter values were obtained by vacuum drying at 100 C, previously partially 
processed samples of feces, fecal grab and abomasal digesta. 



Table E-2. Percent nitrogen fractions in feed, abomasal digesta and feces per 
steer by treatment (Trial 4) a 

Treatments 
Item Dry Rolled Steam Processed Flaked 

Steer No.: 42 48 51 75 31 52 27 

Crude protein 
Feed 
Abomasal digesta 
Total feces 
Fecal grab 

14.?6 
19-98 
26.37 
26.37 

14.72 
21.80 
21.33 
20.72 

15.15 
27.25 
26.53 
26.29 

15.55 
34.95 
30.79 
30.43 

15.23 
32.09 
27.61 
28.30 

15.75 
30.58 
27.73 
27.71 

15.44 
35.08 
30.77 
30.40 

NPN protein 
Feed 
Abomasal digesta 
Total feces 

3.89 
5.72 
4.74 

4.14 
6.24 
3.81 

^•59 
10.86 
4.82 

4.70 
12.55 
5.82 

4.56 
8.84 
4.88 

4.83 
8.72 
^.95 

^•73 
14.08 
5.79 

TCA protein 
Feed 
Abomasal digesta 
Total feces 

IO.87 
14.26 
21 .63 

IO.58 
15.56 
17.52 

10.56 
16.39 
21.71 

IO.85 
22.40 
24.97 

IO.67 
23.25 
22.73 

10.92 
21.86 
22.78 

10.71 
21 .00 
24.98 

Bacterial protein^ 
Abomasal, % 31.56 58.37 50.66 56.02 52.84 49.64 61.99 

•y_ 

ADF protein 
Feces 6.02 5.42 6.01 7.71 8.32 6. 6l 9.13 

aOrganic matter basis. 

^Nitrogen x 6.25» 
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Table F-l. Percent dry matter, ash and dysprosium (ppm) per steer of feed, 
abomasal digesta and fecal grab by treatment (Trial 5)a 

Treatments 
Item 

Steer No. .• 42 

Dry Rolled 

48 -5L 

Steam Processed Flaked 

75 JL 52 27 

Dry matter 
Feed 
Abomasal digesta 
Fecal grab 

Ash (P.M. basis)11 
Feed 
Abomasal digesta 
Fecal grab 

Dysprosium (ppm) 
Feed 
Abomasal digesta 
Fecal grab 

88.32 
94.12 
93.74 

5 .01  
6.95 
9.86 

89.68 
93.80 
93.59 

4.76 
5.54 
7 .60  

89.12 
91.97 
93.16 

5.00 
15.30 
12.70 

28.52 28.26 29.74 
26.30 22.62 45.19 
126.45 79.50 126.47 

89.80 88.10 
93.59 93.94 
94.96 93-80 

4.98 5.30 
18.41 18.70 
14.16 11.91 

89.44 86.69 
95.80 92.64 
94.73 93.37 

5.21 5.07 
23.3^ 19.97 
13.09 13.53 

21.97 21.16 19-84 19.85 
32.04 33.05 33.89 43.04 
129.57 118.09 140.37 138.35 

a0rganic matter basis 

^Dry matter values were botained by vacuum drying at 100 C, previously partially 
processed samples of feces, fecal grab and abomasal digesta. 



Table F-2. Perjjnt nitrogen fractions in feed, abomasal digesta and fecal grab per 
steer by treatment (Trial 5)a 

Item 

Steer No. •. 

Treatments 
Item 

Steer No. •. 

Dry Rolled Steam Processed Flaked Item 

Steer No. •. 42 48 51 75 31 52 27 

Crude protein 
15.24 15.42 15.26 Feed 15.59 15.07 15.24 15.02 15.42 15.26 15.53 

Abomasal digesta 21.10 20.75 29.38 33-58 32.15 30.92 35.62 
Fecal grab 27.88 20.63 28.18 30.91 28.41 29.36 28.83 

NPN Protein 
Feed 4.34 3.90 3-91 4.54 4.19 3.79 4.55 
Abomasal digesta 5.55 5.11 10.86 12.43 7-79 7.72 17.03 
Fecal grab 4.46 3.15 4.84 5.27 4.99 5.10 5.15 

TGA protein 
10.48 11.47 Feed 11.25 11.17 11.33 10.48 11.23 11.47 IO.98 

Abomasal digesta 15.55 15.64 18.52 21.15 24.36 23.20 18.59 
Fecal grab 23.42 17.48 23.34 25.64 23.42 24.26 23.68 

Bacterial protein 
67.^7 78.04 Abomasal, % 32.45 42.96 67.^7 85-33 55.50 78.04 72.14 

*u 

ADF protein 
7.26 4.95 6.07 7.24 Fecal grab 7.26 4.95 7.18 7.28 6.07 7.71 7.24 

Q 
Organic matter basis. 

^Nitrogen x 6.25. 
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Table G-l. Analysis of variance for abomasal bacterial 
protein digestibility (Trials 1 and 2) 

Animal Restricted Ad Libitum 
Animal 
Totals Treatment Totals 

42 62.32 61.90 124.22 Ad Libitum=T2= 469.76 

48 83.89 69.97 153.86 Restricted=Tl= 522.04 
51 81.15 86.51 167.66 

Ad Libitum Restricted 

75 60.62 74.18 135.42 

31 64.56 74.80 139.36 

52 60.21 69.16 129-37 

27 65-99 76.54 142.53 

Period Totals = PI = 478.74 P2 = 513.06 G = 991.80 

Compute Adjusted Treatment Effects 

T1 = T1 - j 3 PI + 4 P2 = 23.69 

T2 = T2 - y 4 PI + 3 P2 = -23.69 

CF = 70261.95 

Total SS = (62.32)2 + + (76.5^)2 - CF = IOI7.97 

Animal SS = (124.22)2 + + (142.53)2 - CF = 750-33 
2 

Period SS = (478.?4)2 + (513.06)2 - CF = 84.13 
7 

Treatments = (Tl2 + T22) = 163.69 

Error SS = Total SS-Animal SS-Period SS-Treatment SS = 19*82 



Table G-2. Mean square for organic matter and nitrogen fraction parameters 
(Trials 1 and 2) 

Mean Squares 
Parameters : Animal Period Treatment Error 

Degrees of Freedom 

Organic matter; 
Intake, g 
Output, g 
Apparent total digestion 
Dy ratio (fecal grab) fo 
Total collection, fo 
Total collection, g 
Ruminal digestion, % 
Ruminal digestion, g 
Entering small intestine, g 
Postruminal digestion, fo 
Postruminal digestion, g 

Nitrogen Fractions; 
Crude protein intake, g 
Crude protein output, g 
Crude protein, 
pparent total digestion 
Dy ratio (fecal grab) fo 
Total collection, fo 
Total collection, g 

True feed protein 
digestibility, fo 
Ruminal digestion, fo 
Ruminal digestion, g 
Entering small intestine, g 

816715* 
27591 

.93 
1 . 0  

568345 
101 

586805 
609823 

1 7 . 0  
429202 

17270 
2260 

5.0 
5.9 

8284 

1 . 2  
154 

9186 
30295 

849686* 
5207 

.06 
1 . 0  

721860 
77.0 

1193287 
29102 

9.8 
58929 

5512 
969 

39.1 
1.4 

1854 

4.4 
509 

25998 
55453 

7633351** 
262517 

1 .8  
3-7 

5065509 
1 8 . 8  

1066593 
2993844 

4.64 
1483301 

151560 
17511 

2.9 
2 . 8  

66069 

.44 
78.1 

32315 
323841 

160352 
I503I 

.45 
2 . 8  

119792 
56.6 

293066 
247681 

6.5 
154370 

3351 
683 

2 . 0  
1 0 . 0  

3088 

.64 
155 
9138 
14107 



Table G-2. Continued 

Parameters: 
Mean Squares 

Animal Period Treatment Error 

6 1 1 5 

4.0 
17570 
8481 
1594 

14.2 
41736 
6145 
714 

.44 
190749 
74088 
14369 

4.3 
10548 
1618 
461 

4.5 
8.6 

3519 
215 
7415 

19566 
22.5 

13262 

9.5 
.12 

2663 
33.5 
672 

10864 
5.4 

6011 

4.0 
14.2 

23204 
146 
1484 

155192 
.0002 

75129 

8.3 
11.9 

1405 
65 

3079 
5899 

4.9 
4109 

125** 84.1** 164** 4.0 

12.1 
26524 

1.0 
2778 

Q 9 

35406* 
.97 

I863 

111 84.1 164* 20.72 

1?6 
24074 
I83 
8437 

307 
8670 
85.4 

22972 

334 
9873 
53-2 

61809 

61 
3W 
88.0 

527** 

Degrees of Freedom 

True Feed Protein 
Postruminal digestion, % 
Postruminal digestion, g 
TCA protein intake, g 
TCA protein output, g 
TCA protein, 
Apparent total digestion 
Dy ratio (feces) fo 
Total collection, $ 
Total collection, g 
Ruminal digestion, % 
Ruminal digestion, g 
Entering small intestine, 
Postruminal digestion, fo 
Postruminal digestion, g 
Bacterial protein, 
Abomasal digestion, % 
Abomasal digestion, g 
Postruminal digestion, % 
Postruminal digestion, g 
Non-bacterial protein, 
Abomasal digestion, % 
Abomasal digestion, g 
Ruminal digestion, $> 
Ruminal digestion, g 
Postruminal digestion, fo 
Postruminal digestion, g 

*(P<.05). 
**(P<.01). 

g 



Table G-3. Mean square for organic matter and nitrogen fraction parameters. 
(Trials 3 and 4) 

Parameters: Animal Period 
Mean Squares 

Treatment Error 

Degrees of Freedom 

Organic Matter; 
Intake, g 
Output, g 
Apparent total digestion 
Dy ratio (fecal grab) % 
Total collection, fo 
Total collection, g 
Ruminal digestion, $ 
Ruminal digestion, g 
Entering small intestine, j 
Postruminal digestion, $ 
Postruminal digestion, g 

Nitrogen Fractions: 
Crude protein intake, g 
Crude protein output, g 
Crude protein, 
Apparent total digestion 
Dy ratio (fecal grab) $ 
Total collection, $ 
Total collection, g 

True feed protein 
Digestibility, $ 
Ruminal digestion, % 
Ruminal digestion, g 
Entering small intestine, 
Postruminal digestion, $ 
Postruminal digestion, g 

g 

1216377 
300684 

20 .7*  
23.6 

421220 
257 

1099973 
3290582 

91 9 

1748912 

26094 
8606 

9.4 
16.4 

7109 

.76 
300 

44234 
57897 

14.8 
65452 

1488516 
3002 

67.4** 
1 2 . 6  

1357828* 
70.4 

683730 
154581 

2 . 6  
114501 

678I8* 
4.7 

303** 
98.2* 

68978** 

6.3 
2.4 

8875 
86853 

105 
127283 

736965 
810648 

147** 
110** 
1755 
1201* 

4577860 
8988364 

5.7 
4400345* 

22574 
19986 

68.2* 
62 .1  
79.8 

138 
1737 
4718 

103 
1075 

.03 

252774 
61516 

2 . 2  
4.8 

173665 
125 

657498 
832494 

20.4 
608746 

5992 
2689 

5.6 
10.7 

2938 

3-7 
281 

31238 
2445 
16.4 

25888 



Table G-3. Continued 

Mean Squares 
Parameters t Animal Period Treatment Error 

Degrees of Freedom 6 1 1 5 
TCA protein intake,.g I3I9I 25586* 20964* 3013 
TCA protein output, g 
Apparent total digestion, 

12.4 11.4 Dy ratio (feces) % 12.4 309** 11.4 9.4 
Total collection, fo 22.6 96.4 28.3 18.0 

. Total collection, g 3128 25135** 157^ 1403 
Ruminal digestion, % 527 111 258 228 
Ruminal digestion, g 35262 245 2755 14521 
Entering small intestine, g 7^378 20813 8514 20522 
Postruminal digestion, % 23.6 46.8 109 19.9 
Postruminal digestion, g 41826 20422 163 12188 
Bacterial protein 
Abomasal digestion, % 70.6 56.4 155 79.2 
Abomasal digestion, g 

1o 68.8 453 Postruminal digestion, 1o 68.8 453 1115* 95.1 
Postruminal digestion, g 30016 89057 37662 20043 
Non-bacterial protein 
Abomasal digestion, fo 70.61 56.44 155 79-24 
Abomasal digestion, g 
Ruminal digestion, fo 243 343 42.5 
Abomasal digestion, g 
Ruminal digestion, fo 243 343 42.5 352 
Ruminal digestion, g 

1o 
22210 38409 1042 15168 

Postruminal digestion, 1o 10.6 6.2 1.3 16.7 
Postruminal digestion, g 20269 3888 27510 16243 

*(P<.05). 
**(P<.01). 



TaMe G-4. Body weight, intake and output of organic matter (OM) per steer 
(Trials 1-5) 

Item 

Steer Number 

Item 42 48 51 75 31 52 27 

Trial 1 

Body weight, kg 336 389 436 345 424 422 467 
OM intake, g 

kg 
38I8 4795 5123 5152 6736 6893 6558 

OM output, g 5^3 645 682 681 903 937 1131 

Trial 2 

Body weight, kg 369 422 445 347 424 431 476 
OM intake, g 

kg 
4765 6653 5956 3974 4321 4826 5131 

OM output, g 668 1160 875 586 617 666 680 

Trial 3 

Body weight, kg 390 460 475 38I 463 466 505 
OM intake, g 

kg 
4830 7178 6274 6316 6116 6674 6576 

OM output, g 772 1436 856 1372 1535 1441 1156 

Trial 4 

Body weight, kg 437 501 512 435 525 512 550 
OM intake, g 

kg 
6109 8932 6787 5972 7485 6598 6646 

OM output, g 1018 2640 1161 891 1256 951 856 

Trial 5a 

OM intake, g 6047 7819 6816 5932 7457 6635 6645 

aBody weights are the same as in Trial 4, and total fecal collections were not made. 
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Table G-5- Comparison of digestion coefficients by dys
prosium and chromium oxide ratio techniques by 
treatments (Trials 1 and 2) 

Dysprosium Chromium Oxide 
Item Mean C .V. $ Mean C .V. ~fo 

Restricted 

Organic matter 
Rumen 48.62 10.86 51-31 22.08 
Postrumen 72.81 3-3^ 70.18 10.06 
Total (grab) 84.22 0.58 83.84 1.05 

Crude protein 
Rumen -19.87 -73-50 -13-45 -192.63 
Postrumen 75-20 3.20 72.97 8.08 
Total (grab) 65-40 4.86 64.41 7-93 

Ad Libitum 

Organic matter 
Rumen 47.00 24.70 49.11 21.66 
Postrumen 71.43 5.90 70.27 6-47 
Total (grab) 83.52 1.25 83.30 1.64 

Crude protein 
Rumen -26.27 -40.10 -21.51 -54.81 
Postrumen 75-84 2.62 74.83 3.35 
Total (grab) 65.83 2.81 65-39 3-39 
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Table G-6. Comparison of digestion coefficients "by dys
prosium and chromium oxide ratio techniques by 
treatments (Trials 3 and if-) 

Dysprosium Chromium Oxide 
Item Mean C.Y. fo Mean C .V. ~fo 

Steam Processed 
Flaked 

Organic matter 
Rumen 40.51 21.62 46.27 20.17 
Postrumen 73-75 4.65 70.60 7.04 
Total (grab) 82.41 3.66 82.30 3.69 

Crude protein 
Rumen -22.97 -44.70 -11.10. -I39.05 
Postrumen 75-03 4.16 71-97 7-10 
Total (grab) 65-27 8.89 65-06 8.66 

Dry Rolled 

Organic matter 
Rumen 21.53 78.68 20.54 47.80 
Postrumen 72.36 7.14 73-09 7-02 
Total (grab) 75-38 5-97 75-50 7-95 

Crude protein 
Rumen -16.63 -124.48 -18.30 -42.61 
Postrumen 68.87 8.12 69.85 5-48 
Total (grab) 59-57 8.12 60.04 9.10 



Table G-7. Percentage of dysprosium recovery per steer "by trial (Trials 1-4) 

Steer Number 
Item 42 48 51 75 31 52 27 

Trial 1 87.95 84.72 86.06 85.95 79-58 85.34 96.16 

Trial 2 93-94 97.15 89.47 94.01 88.00 88.10 84.86 

Trial 3 90.20 84.31 78.77 83.63 89.10 88.33 80.92 

Trial 4 81.95 107-75 92.60 94.17 88.60 91.01 85.86 
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Table G-8 

Author 

Rate (grams) of microbial protein synthesis 
per 100 g organic matter digested in the rumen 
(previously published experiments). 

Dietary Percent 
g/l00 g Crude Protein Comments 

Hogan and Weston 
(1967b) 

Hume, Moir and 
Somers (1970) 

Hume (i970) 

Hume and Bird 
(1970) 

Lindsay and 
Hogan (1972) 

Leibholz (1972) 

Orskov (1972) 

Walker and Nader 
(1970) 

Walker and Nader 
(1968) 

15 to 16 

9.1 to I3.3 

17.1 to 22.5 

18.5 to 20.2 

2 3 . 0  

5.5 to 11.6 

15 .6  

lb A 

12.8 to Ik.k 

7.8 to 19.8 

2.5 to 20.0 

1^.0 

16.0 

20.0 to 27.5 

1 to 30 g N/day 

10.0 to 1 6 . b  

Based on ATP 
estimates.a 

Based on ATP 
estimates.a 

a1.2^ moles of ATP per 100 g CHpO fermented, and 5-9 to 
6.6 g protein synthesized/mole ATP. 



Table G-9. Ruminal utilization of dietary protein by sheep and cattle (previously 
published experiments) 

Indicator Author 
Intake Abomasal Abomasal 
g/day Diet g/day % Intake Animal Comments 

Cr203 

Cr203 and 
PEG a 

Amos et al. 
(1970) 

Goshtasbpour-
Parsi et al. 
(197*0 

150 

46 and 
91 

ground 
shelled 
corn 6k% 

60 to 
196 

semi-puri- 71 to 
fied diet 72 
52 to 41% 
cellulose 

40 to 
131 

154 to 
79 

Sheep 

Sheep Constant DM 
intake, varied 
% dietary prot. 
note low level 
of dietary prot 
intake. 

Cr203 and 
PEG 

Goshtasbpour-
Parsi, Ely & 
Boling (1977) 

Cr203 Orskov, Fra-
zer and McDon
ald (1971b) 

Cr203 Coelho Da 
Silva et al. 

( 1972a ) 

70 and Alfalfa 88.1 & 
70 hay 102.5 

123 to Rolled 129 to 
190 Pelleted 131 
116 to Barley 151 to 
220 186 

157>5 Lucerne 193 

126 or 
146 

105 to 
54 

130 to 
84 

Sheep 

Sheep 

122.6 Sheep 

Constant nitro
gen intake but 
varied DM in
take - No ef
fect. Note -
dietary protein 
intake low (g) 

Low abomasal re
covery probably 
due to high 
dietary protein 
(g) 

Dietary protein 
very high 

-o 
UJ 



Table G-9-  Continued 

Indicator Author 
Intake 
g/day Diet 

Abomasal 
g/day 

Abomasal 
% Intake Animal Comments 

Cr203 Coelho Da 
Silva et al. 
(1972b) 

173 & 
276 

Lucerne 193 and 
319 

111 and Sheep 
115 

Dietary protein 
very high 

Cr203 Potter, McNeill 
and Riggs 

(1971) 

390 
390 
370 
360 

Sorghum 
grain 

521 
438 
484 
489 

134 
112 
131 
136 

Steers 

Cr203 Pendlum, Bol-
ing & Ely 
(1976) 

863 Corn 866 
791 
868 

100 
92 
100.6 

Steers 

Cr203 

Lignin 

Drennan, 
Holmes and 
Garrett 
(1970) 

829 & 
822 
829 & 
822 

Sorghum 
Milo 

1276 
1290 
555 
686 

154 
157 
67 
83 

Steers 

Lignin Galyean et 
al. (1975) 

531 
4-19 
462 
450 

Corn 656 
544 
512 
481 

124 
130 
111 
107 

Steers 

Lignin 
& PEG 

Amos, Evans, Bur-
dick & Park (1976) 

110.7 
58.3 

Bermuda 
grass 

125.8 
97.2 

114 
I67 

Sheep 

Lignin & 
Cr203 

Weller, 
Pilgrim & 
Gray (1971) 

114.36 
285 

Lucerne 
hay 

with 
lignin 
wi th 
Cr203 

92 to 
90 to 
97 to 
88 to 

104 & Sheep 
103 
102 & 
103 



Table G-9. Continued 

Intake Abomasal Abomasal 
Indicator Author g/day Diet g/day % Intake Animal 

Lignin Neudoerffer 553 Maize & 466 84.3 Heifers Lignin 
et al. hay 
(1971) 53^ 

hay 
484 90.6 

PEG Leibholz & 9 Barley 30 343 Sheep 
Hartman 100 Roughage 65 62 
(1972) 188 

Roughage 
63 35 

aPolyethylene glycol 
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