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CHAPTER I 

INTRODUCTION 

For centuries, humans and ruminants have coexisted 

in a symbiotic relationship. Mankind has depended on 

ruminant livestock not only for food but for a wide 

variety of byproducts and services. Domesticated 

ruminants rely upon man's ability to manage rangelands 

and natural resources necessary for ruminants to exist. 

Basically, ruminants are important because of physiological 

adaptations which enable the utilization of grass and other 

fibrous feedstuffs which humans cannot directly use. Man, 

in turn, is provided with an adequate and well-balanced 

supply of vitamins, minerals, amino acids and other metaboli-

cally essential nutrients. 

Increased world population will create an increased 

demand for animal products. Increased demand can be met 

by 1) increasing the numbers of food animals or 2) increasing 

the per-animal productivity by improving fertility, health, 

genetic potential and nutrition (Byerly et al., 1978). 

An important consideration, both practical and eco

nomical, in ruminant nutrition is protein. In the 

ruminant, compared to a monogastric animal, a different 

scheme of protein/nitrogen metabolism occurs beginning 

in the rumen (the "fermentation vat"). Microorganisms 

inhabiting the rumen are able to degrade dietary protein 
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and non-protein nitrogen sources and synthesize microbial 

amino acids and protein, a phenomenon that greatly alters 

the utility of the protein to the host animal. Rumen mi

crobial protein synthesis, then, is the key to understand

ing ruminant nitrogen metabolism. 

The objective of this research was to study the effect 

of various dietary protein sources on rumen microbial 

protein synthesis, nitrogen digestiblity and nitrogen 

balance. Also, the effects of these proteins on urinary 

excretion of a nucleic acid metabolite, allantoin, was 

used as an approach to measure rumen microbial protein 

synthesis. Hopefully, some insight will be gained to ru

minant protein nutrition and hence protein requirements. 



CHAPTER II 

LITERATURE REVIEW 

Due to the microorganisms existing in the rumen, 

many interesting aspects of ruminant nitrogen meta

bolism are apparent. The microorganisms allow use of 

non-protein nitrogen (NPN) in ruminant rations by their 

ability to synthesize microbial amino acids and protein 

from the NPN, Quantification of microbial protein syn

thesis is an important area of research. Much time and 

effort has been expended trying to quantify rumen mi

crobial protein synthesis when animals are on different 

protein sources or different productivity levels. 

Another important concern in ruminant protein 

nutrition is "bypass" protein--the passage of unde-

graded dietary protein through the rumen to the lower 

gastrointestinal tract (GIT) where the protein is 

degraded as in monogastric animals. Also, more infor

mation concerning true digestibilty (TD) of dietary 

proteins is needed. Many researchers have determined 

apparently digestible crude protein (DP) but few have 

actually determined the TD of various dietary protein 

sources in ruminants. When more information on the 

utilization of NPN, quantity and quality of rumen micro

bial protein produced, bypass protein and protein digesti 

bility is obtained, we will know much more about ruminant 



dietary protein requirements and thus be able to formulate 

more accurate and precise rations to feed animals more 

ef ficiently. 

The general scheme of rumen nitrogen (N) metabolism 

has been well documented (Owens and Bergen, 1983). 

Currently accepted schemes for N metabolism in the rumen 

suggest that dietary N sources have three possible routes 

to follow for digestion, absorption and metabolism. A 

portion of the N intake bypasses the rumen and is 

presented to the abomasum. The remaining protein N is 

digested to its constituent amino acids and degraded to 

ammonia (NH,,), Ammonia is then either used to synthesize 

microbial protein, which is then presented to the abomasum, 

or absorbed across the rumen wall. Approximately 80% of 

microbial N is protein N and 20% is nucleic acid N (Loosli, 

1974). The key is the ability of the rumen microorganisms 

to convert NH^ to the amino acids used for their own 

protein synthesis. 

In the end, the supply of protein to the abomasum is 

determined by the amount of dietary protein escaping 

ruminal degradation and the quantity of microbial protein 

synthesized in the rumen (Stern and Satter, 1982). 

Protein Digestibility 

The protein content of a particular feedstuff or ration 

means very little without also knowing the availability of 



that protein to the animal. Thus, it becomes necessary to 

determine the digestibility of dietary protein. Apparent 

protein digestibility is fairly easily determined by 

digestion trials. 

The problem is in the interpretation of data 

gained from such trials. Many workers have determined 

apparent digestible protein; that is, nitrogen intake 

(NI) minus fecal nitrogen (FN). Blaxter and Mitchell 

(1948) concluded that a major influence on apparent protein 

digestibility coefficients is metabolic fecal nitrogen 

(MFN). Experiments with monogastrics fed protein-free 

diets showed that small amounts of protein were voided 

in the feces (Orskov, 1982). This fraction was termed 

MFN and was defined as the fecal N per kg of feed intake 

on an N-free diet. Determination of MFN in ruminants is a 

different matter. By feeding increasing levels of crude 

protein (CP) and by regressing FN excretion against CP and 

extrapolating to 0% CP, a value (the Y-intercept) for MFN 

can be obtained. MFN in ruminants is also related to feed 

intake (Hamilton, 1942). The general concensus is that MFN 

consisted of abraded epithelial cells, digestive secretions 

and unused enzymes. Thus it seemed logical that MFN 

excretion would increase with increasing feed intake. 

Next, the problem became deciding whether MFN should be 

considered part of the animal's protein requirement. 

Blaxter and Mitchell (1947, 1948) concluded that MFN 



should be considered part of the requirement of the 

animal because the N excreted had to be replaced to main

tain tissue integrity. Confounding this issue even more. 

Mason (1969) found that indigestible microbial cell wall 

material was the major component of fecal N. Several 

workers (Glover et al., 1957; French et al., 1957 and 

French, 1957) have shown that digestible protein (DP) is 

a direct function of the CP percentage in the feed or ration. 

These researchers developed an equation to describe this 

relationship : 

COD = 701og(%CP) - 15. 

Preston (1972) compared the results of these and 

other workers studying the relationship between DP 

and CP. Over levels of CP from 8 to 14%, the five estimates 

compared were nearly the same. Knight and Harris (1966) 

and Anderson and Lamb (1967) added increasing levels of a 

protein source to a basal diet and regressed DP% on CP% 

of the ration dry matter (DM). The slope of this 

analysis is interpreted as an estimate of the true 

digestibility (TD) coefficient of the protein, while the 

Y-intercept is an estimate of MFN. Preston (1982) showed 

this relationship for soybean meal (SBM), which, in general, 

can be represented by: 



%DP = .9(%CP) - 3. 

Few TD coefficients for protein sources have been 

determined (Harris and Mitchell, 1941; Hembry et al., 

1975 and Pisulewski and Rys, 1975). Preston (1972) 

pointed out that simply using feed tables to calculate 

the DP content of rations can be erroneous compared to 

determining the TD or using an appropriate equation. Using 

TD rather than DP to formulate rations will result in 

more accurately meeting the ruminant's protein require-

ents because TD better represents actual protein digesti

bility and MFN is taken into account. 

Protected Proteins 

What happens to dietary protein upon entering the 

rumen is basically determined by its rate of microbial 

degradation. Non-protein nitrogen and easily 

degradable proteins are broken down in the rumen and used 

for microbial protein synthesis. The undegradable 

portion passes through the rumen and may be digested in the 

abomasum and small intestine. SBM and cottonseed meal (CSM) 

are generally considered to be primarily degraded in the 

rumen, while most of the protein in corn gluten meal (CGM), 

blood meal (BM) and feather meal (FM) are relatively unde-

graded in the rumen (Brown, 1985). The latter types of 

proteins are referred to as bypass proteins. For all 
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high-producing dairy cattle and young growing ruminants, this 

phenomenon becomes important as only a portion of the 

protein reqirement of these animals can be met by microbial 

protein synthesis (Chalupa, 1975). To maximize performance, 

some dietary protein must escape degradation and be made 

available for absorption in the small intestine. Thus, 

exhaustive research efforts have been made to try to opti

mize bypass protein utilization. 

The search for proteins which are naturally and 

consistently of low degradabiliy , have a high protein 

quality and are priced acceptably has had little success 

so far (Kaufmann and Lupping, 1982). Although some 

high-protein feeds, such as CGM, brewer's dried grains 

(BDG), BM etc., have a low degradability, 

in most cases this has only been tested by in vitro methods, 

such as solubility in buffers, release of NH^, etc., and 

not by direct measuremnts of the flow of undegraded 

protein to the duodenum of ruminants (Crawford, et al., 

1968; Klopfenstein et al., 1978; Merchen et al., 1979). 

Furthermore,•data from such in vitro methods have not, 

so far, been satisfactorally correlated with animal per

formance or with in vivo degradability. For example, 

Crawford et al.(1968) showed the ranking of proteins 

according to solubility depends on the solvent which is 

used. Also, solubility may be a poor guide to degrada

bility, since Mahadevan et al. (1980) found, using 
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bacterial proteases in vitro, that soluble and insoluble 

protein components can be degraded at similar rates. 

Another way to obtain protein protection with 

consistently low degradability, suitable for high-yielding 

animals, is to protect the protein from rumen degradation. 

Thus, protein sources can be optimized in terms of price, 

quantity and amino acid pattern and be modified such that 

maximum protection from degradation in the rumen is achieved 

without reduction in intestinal digestibility. Chalmers 

et al. (1954) first suggested "protection" of dietary 

proteins from microbial attack. By heat-treating casein, 

the conversion of the protein to NH-, by bacteria was 

decreased. This work was confirmed by others (Whitelaw 

et al., 1961; Tagari et al., 1962; Sherrod and Tillman, 

1962 Chalmers et al., 1964; and Danke et al., 1966). 

Subsequent groups of workers (Loosli et al., 1961; 

Broderick, 1977) succeeded in changing the structure of 

proteins (casein, fish meal, SBM, CSM) by various heat 

treatments such that the proteins became less soluble, 

and in feeding trials usually resulted in lower 

concentrations of ruminal NH^, improved NB, or better 

growth in lambs and calves. 

Leroy et al. (1964) and Tagari et al.(1965) first 

introduced the concept of chemical protection of 

proteins. Ferguson et al. (1965) and Reis and Tunks 

(1969) showed that formaldehyde (HCHO) treatment of 
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protein increased bypass without loss of biological value 

(BV). At present, treatment with HCHO is the most 

studied process to protect proteins from rumen microbial 

degradation (Nishimuta et al., 1974; Galembeck et al., 

1977 and Broderick and Lane, 1978) because of its low cost 

and effectiveness in preventing degradation of 

protein in the rumen (Peter et al., 1971). 

The use of HCHO for protection of dietary protein is 

based on the premise that .6 to 2.0% of bound HCHO 

decreased the solubility of the protein at pH 6.0, thus, 

decreasing its susceptibility to microbial attack in the 

rumen yet not significantly affecting the digestibility 

of the protein in the small intestine (Annison, 1972). 

Feeding proteins treated with HCHO has not improved 

performance consistently. Sherrod and Tillman (1962), 

Glimp et al, (1967) and Thomas et al. (1979) demonstrated 

increased gains in young growing ruminants fed heat-treated 

SBM. Krause and Klopfenstein (1978) and Waller (1978) 

performed growth trials with cattle fed processed protein 

sources (sucji as dehydrated alfalfa, distiller's dried 

grains, CGM, BM and meat meal, MM) and demonstrated a 

trend for increased gains over controls fed SBM. Ferguson 

et al. (1967) fed their heat-treated casein to Merino 

sheep to determine the effectiveness of the casein in 

stimulating wool growth. Treated casein increased wool 

growth by about 70%. Switching the sheep to diets with 
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untreated casein caused a decrease in wool growth to 

about 15% above the control group. Faichney and Weston 

(1971) also demonstrated increased growth in lambs fed 

HCHO-treated casein. Wright (1971) demonstrated 

increased growth, improved feed efficiency and increased 

wool growth by feeding HCHO-treated casein. 

Increasing protein bypass may decrease the level of 

protein required in ruminant ration. Preston and Smith 

(1974) compared the performance of incoming feeder cattle 

fed SBM vs. HCHO-treated SBM (.6% HCHO). Feeding .23 kg 

of HCHO-treated SBM was as effective as feeding .45 kg of 

untreated SBM in average daily gain of steers (.63 vs. .68 

kg/d), whereas .23 kg of untreated SBM resulted in lower 

gains (.57 kg/d ) . 

Spears et al. (1980) treated SBM with 0, .3, .6 or 

.9% HCHO by weight to study the influence of HCHO level 

on in vitro and in vivo mechanisms. In vitro, HCHO-SBM 

showed reduced NH^ concentrations after 2, 4 and 8 h 

incubation in rumen fluid. Levels greater than ,3% HCHO 

depressed chick performance. Also, steers fed HCHO-SBM 

showed improved feed efficiency over controls. 

Other workers (Schmidt et al,, 1973, 1974; Clark 

et al,, 1974 and Wachira et al,, 1974) have reported 

little or no beneficial effect of feeding HCHO-SBM, 

These studies and others (Lundquist et al., 1982 and 

Crooker et al,, 1983) are among the many that have 

investigated HCHO treatment of protein for dairy cows. 
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Netemeyer et al. (1980) reported a decrease of 

ruminal degradation and increased bypass of fine SRM due 

to faster passage in the gastrointestinal tract (GIT) 

than coarse SBM. Crawford and Hoover (1984) studied the 

effects of particle size and HCHO-treatment of SBM on 

milk production in dairy cows. HCHO treatment resulted 

in a higher efficiency of milk production whereas 

grinding the SBM reduced production efficiency. These 

workers suggested a possible over protect ion of the 

protein, an effect in agreement with others (Clark, 1975; 

Verite and Journet, 1977 and Crooker et al., 1983). 

Vicini et al. (1983) compared acetic acid and HCHO 

treatment of SBM. They found that HCHO-SBM was more 

effective than acetic acid treatment in preventing 

ruminal degradation of DM and CP. This agrees with 

reduced apparent digestibility of CP measured in vivo, 

especially when HCHO was applied in excess of .3 g/lOO g 

of SBM (Clark et al., 1974 and Spears et al., 1979). 

Siddons et al. (1984) compared HCHO and 

glutaraldehyxie on silage fermentation and silage N 

digestion in sheep. These workers also reported a 

decrease in the apparent N digestibility by aldehyde 

treatment. Silage N degradability in the rumen was also 

decreased from 82% to 67% and 60% for HCHO and glutaralde 

hyde treated silage, respectively. One factor that may 
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account for the lack of improvement in performance is over-

protection of the protein, that is, excessive amount of 

HCHO, which can decrease protein digestibility in the 

small intestine (Clark et al., 1974, Spears et al., 1979). 

Thus, many researchers have devoted time determining the 

optimal level of HCHO to be used. Vicini et al . (1983) 

used six rumen-cannulated steers which were fed treated or 

untreated soybean meal and found that SBM treated with .3% 

HCHO was effective in preventing ruminal degradation of DM 

and CP. Canadaian workers (Mahadeven et al., 1983) fed four 

rumen-fistula ted cows diets differing in SBM or SBM meal 

treated with .1, .3, or .6% (w/w) HCHO. These workers de

termined that treatment of soybean meal with .1% to .3% 

HCHO allows adequate levels of microbial protein synthesis in 

the rumen, while increasing the amount of SBM protein escap

ing degradation in the rumen by about 50%. The rates of in 

vivo NH^ appearance and in vitro proteolysis in this study 

were highly correlated (r= . 966).This conclusion concurs with 

others who examined the effect of HCHO-treated protein on 

whole animal. performance (Schmidt et al., 1973; Thomas et 

al., 1979 and Spears et al,, 1980). 

The level of application of HCHO has also been studied 

by Stanton et al. (1983). These workers evaluated SBM 

treated with 0, .2, .3 or .6% HCHO by weight as a protein 

source for lactating cows grazing winter pasture in four 

trials. In one trial, substitution of SBM treated with 
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.6% HCHO for untreated SBM resulted in a linear increase 

in cow weight loss and a linear reduction in weight gain 

of calves after 56 d of supplementation. In a second 

trial, these workers demonstrated a decrease in 70-d 

weight loss (-39 vs. -47 kg) of lactating cows by feeding 

.2% HCHO-treated SBM. Ruminal NH„ levels were progressively 

reduced at 1 and 4 h postfeeding with HCHO treatment. 

This is in contrast to Spears et al. (1980) who observed 

only a tendency for ruminal NH^-N concentrations to 

decrease in steers fed .3, .6 or .9% HCHO-SBM with a 

high-concentrate diet. 

Polish workers (Pisulewski and Rys, 1975) examined 

the effect of HCHO treatment of horse beans (.2, .4, .6, 

.8, 1,0 and 1.2%) on nitrogen balance (NB), plasma urea 

nitrogen (PUN) levels and feed efficiency of growing lambs. 

The HCHO treatment decreased the solubility of the protein, 

reduced the rumen NH^-N levels and increased PUN levels. 

There was no effecct on BV (52 to 49%) or TD of horse bean 

protein. There was, however, a decrease in the estimated 

available lysine content (89 to 73%) of the treated horse 

beans. The authors did not state the method used to deter

mine available lysine. 

Schmidt et al. (1973) found that growth and N retention by 

rats were depressed by levels greater than .4% HCHO. Thomas 

et al. (1979) found increased weight gains and feed effi

ciency by treating SBM with .4 to .6% HCHO in beef cattle. 
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Spears et al. (1980) found that treating SBM with .3 to 

.6% HCHO decreases protein degradation to almost the same 

degree as treatment with a higher level of HCHO. In a 

subsequent chick study, these workers observed depressed 

gains by feeding SBM treated with .6 or .9% HCHO while 

chicks fed SBM treated with .3% HCHO gained as well as 

those on a control diet. Carrying these conclusions into a 

steer study, rumen NH^-N concentrations tended to be lower 

in steers fed SBM treated with HCHO. 

Several workers (Miller, 1973; Orskov and Fraser, 

1973; and Tamminga et al., 1979) suggested that protein 

bypass estimates may be greater with a higher level of 

feed intake. Zinn and Owens (1980) increased level of 

intake of an 80% concentrate diet from 1.5 to 2.0% of 

body weight. This increase resulted in a 45% increase in 

N bypass in steers. Zinn and Owens (1983) fed a high con

centrate diet at 1.2, 1.5, 1.8 and 2.1% of body weight to 

steers and found an increased N bypass from 44 to 71%. 

Non-Protein Nitrogen Utilization 

Ruminants can be maintained entirely on dietary 

NPN (Oltjen, 1969); but level of production is generally 

lower than with protein in the diet. Supposedly, the 

quantity of microbial protein synthesized cannot meet the 

amino acid requirements of high-producing animals (Huber 

and Kung, 1981). Ammonia can supply N for most species 
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of ruminal microbes; but, some bacteria require preformed 

nitrogenous compounds for maximal efficiency of growth in 

vitro (Maeng and Baldwin, 1976). 

Goetsch and Owens (1984) found an increased efficiency 

of microbial growth from 8 to 16 g of microbial N per kg 

of OM fermented in the rumen when plant protein (SBM or 

CSM) was added to a 50% concentrate diet (12% CP) to 

increase the CP content to 17%. They postulated this 

change was due to the amount of N available for microbes 

or to ruminal levels of peptides, amino acids, branched-

chain fatty acids or to changes in the microbial popula

tion . 

Rumen Microbial Protein 

Changes in the rations fed to ruminants can exert 

an effect on the rumen microbial population (Warner, 

1965; Hungate, 1965). The key to understanding 

ruminant protein utilization is in the rumen where 

microbial action is most significant. Microorganisms in 

the rumen usg dietary protein or NPN to synthesize 

microbial protein. Studies have shown (Virtanen, 1966; 

Oltjen, 1969) that cattle provided with dietary NPN as 

the sole source of N can grow, reproduce and lactate. 

Thus, microbial cells, which become available for digestion 

and absorption in the lower GIT, comprise a major protein 

source for the ruminant. The biological values (BV) of 



microbial and bypass dietary protein determine the value 

of proteins to the animal. Generally, microbial protein 

is considered to have a BV of 66-87% (Weller, 1957; 

Bergen et al., 1967, 1968), Purser (1970) has shown that 

the essential amino acid profiles of bacterial and protozoal 

protein, and their digestibilities, are largely independent 

of diet . 

Several factors influence the conversion of dietary 

N to microbial N in the rumen (Hogan and Weston. 1967). 

These workers showed the time spent by feed particles in 

the rumen, the resistance of dietary N to deamination, 

availability of N for protein synthesis, energy availability 

for rumen fermentation, presence of growth factors or other 

nutrients and the composition of the microbial population 

to be important considerations. 

Synthesis of microbial protein requires energy. 

Hungate (1965, 1966) and Walker (1965) suggested that the 

anaerobic conditions in the rumen ultimately limits the 

degree of conversion of digestible dry matter (DDM) to 

microbial ceLls due to an inadequate level of adenosine 

triphosphate (ATP); thus, efficiency of microbial growth 

in vitro usually is expressed as the grams of bacterial 

dry matter synthesised per mole of ATP available (^ K^rp) ' 

Bauchop and Elsden (1960) calculated this value to be 

approximately 10-12 g. Efficiency of ruminal protein 

synthesis, on the other hand, is usually expressesd as 
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the grams of microbial protein synthesized per unit (100 g 

or 1 kg) of ruminal organic matter (OM) disappearance. 

Values of microbial protein synthesis have been calculated 

(Czerkawski, 1978) to average 12.6 g/100 g OM truly ferment

ed in the rumen with a range of 7.6 to 20.3 g. This wide 

variation suggests that efficiency of microbial protein 

synthesis is not a single constant value (Owens and 

Bergen, 1983). Bergen et al. (1982) found that efficiency 

values are usually higher for sheep and forage diets in 

contrast to cattle and concentrate diets due to the in

creased dilution of rumen contents. Inhibitory products 

and cell density decline resulting in more efficient growth 

of bacteria with increasing dilution rate. 

Ash (1962) developed the duodenal re-entrant fistula 

and thereby opened up a new realm for study--quantitating 

daily flow of nutrients into the small intestine. 

Quantifying microbial protein is essential for estimat

ing ruminant protein requirments (Kaufmann, 1977; Roy 

et al,, 1977; Satter and Roffler, 1977 and Journet and 

Verite, 1979). Contribution of bypass proteins to the 

total protein entering the duodenum is usually determined 

by measuring microbial protein and subtracting it from the 

total protein. This method is often referred to as the 

difference method. In order to estimate microbial 

protein, markers are required. Natural markers used to 

estimate microbial protein in ruminant digesta include 
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ribonucleic acid (RNA; McAllan and Smith, 1972; Ling and 

Buttery, 1978), diaminopimelic acid (DAPA; Hutton et al., 

1971) and 2-aminoethy 1phosphonic acid (AEPA) to measure 

protozoal protein (Hagemeister , 1975; Ling and Buttery, 

1978). Isotopes of S (Walker and Nader, 1968), N (Al 

Rabbat et al., 1971) and P (Bucholtz and Bergen, 1973) have 

also been used. The methods have been reviewed by Smith 

(1975) and Buttery and Cole (1977). Many researchers 

(Smith et al., 1978; Ling and Buttery, 1978; Siddons 

et al., 1979; Harrison and McAllan, 1980; Mercer et 

al., 1980; Theurer, 1982 and Cockburn and Williams, 1984) 

have compared these methods and found results that show 

these techniques to be somewhat inconsistent. 

It is generally assumed that total microbial N in 

abomasal digesta is best measured by using RNA. Data 

suggests (Topps and Elliot, 1965; Ellis and Pfander, 

1965) that a significant portion (5 to 13%) of a 

ruminants' dietary N is converted to rumen nucleic acid N 

(NAN). Two basic assumptions must be made to achieve 

success when.using nucleic acids as markers; first, a 

uniform nucleic acid N (NAN) to protein N (PN) ratio and 

second, satisfactory postruminal sampling technique 

(Schelling et al. , 1982). 

The uniform NANtPN is the key assumption and is 

supported by some general work. Several studies have 

shown that dietary nucleic acids will not affect this 
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ratio (McAllan and Smith, 1968; Smith et al., 1968 and 

Smith and McAllan, 1970). Maeng and Baldwin (1976) 

observed a fairly constant ratio of KNA-N:total N in a 

mixed ruminal bacterial population of ruminants fed 

purified diets. 

Some of the first work to suggest use of nucleic 

acid and/or their purine or pyrimidine bases as markers 

for rumen microbial protein synthesis was that of Ellis 

and Pfander (1965). Analysis of rumen microorganisms 

taken from sheep fed diets devoid of nucleic acids 

indicated that a constant amount (14 to 18%) of the total 

microbial N could be attributed to NAN. Of this total, 

RNA-N comprised 10.4 to 14.8% and deoxyribonucleic acid N 

(DNA-N) varied from 2.2 to 4.1%. These workers reported 

correlations of total NAN (r= .80) and RNA-N (r= .72) with 

total microbial N. 

Almost identical results were reported by Smith et 

al. (1968) in their work with rumen fluid from calves fed 

diets of various roughage to concentrate ratios. They 

reported that a relatively constant portion (about 19%) 

of the total microbial N was present as microbial NAN 

regardless of the N content of the diet. Smith (1973) 

observed that the ratio of RNA-N:total N remained fairly 

constant whereas the DNA ratio varied. Arambel et al. 

(1982) concluded that for rumen bacteria the ratio of 

RNA-N:total N is less affected by diet and day of 
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sampling than is DNA-N:total N and thus RNA would be a 

better marker than DNA for the purpose of estimating 

rumen microbial protein production. 

Though the general conclusion indicates that the 

ratio is uniform, some studies demonstrate variations 

related to rate and stage of microbial growth. Bergen 

et al. (1982) pointed out that cells growing at high 

rates have high RNA-N:PN ratios while cells growing at low 

rates have low RNA-N:PN ratios. The work of Bates (1980) 

supports this relationship. 

The use of nucleic acids for estimating the 

contribution of ruminal microbial protein to the lower 

tract is also based on the assumption of an insignificant 

amount of dietary nucleic acid passing from the rumen. 

Any exogenous nucleic acids appearing in a postruminal 

sample would result in an overestimation of the actual 

amount of microbial protein. 

McAllan and Smith (1968) examined the fate of 

ingested nucleic acids in an attempt to determine the 

amount of dietary nucleic acid reaching the lower tract. 

After addition of purified DNA and RNA to the rumen of 

calves, they found that less than 10% of either nucleic 

acid was detectable in the rumen after 45 min. They con

cluded that nucleic acids in rumen fluid were almost 

entirely of microbial origin, a conclusion supported by 

others (Ellis and Pfander, 1965). Also, they observed that 
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the RNA:DNA ratio of whole rumen fluid taken after feeding 

was similar to that of isolated microbial fractions, 

regardless of the RNA:DNA ratio of the diet. 

Postruminal sampling site is another area that needs 

attention since the usefulness of the nucleic acid procedure 

depends on the ability to obtain satisfactory postruminal 

samples for analysis. The two obvious choices are the 

abomasum and the duodenum. No direct comparisons of the 

two sites are available; both have problems. Stratifi

cation of digesta in the abomasum can bias data. Jackson 

et al. (1977) reported significant nucleic acid degrada

tion in the duodenum which should cause concern about 

the use of duodenal samples. 

Use of nucleic acids and their purine or pyrimidine 

bases hinges on a satisfactory analytical procedure. In 

the past, this has been an obstacle to further 

investigation of nucleic acids. Procedures have been 

both laborious and relatively inaccurate. Jackson et 

al. (1977) and Brown et al. (1974) have developed 

analytical procedures for measuring purine or pyrimidine 

bases by high-performance liquid chromatography (HPLC). 

Zinn and Owens (1982) have developed a rapid assay for 

quantifying nucleic acid content of digesta. 

Assuming the conditions mentioned are met, nucleic 

acids and their purine or pyrimidine bases can be used 

as markers for ruminal microbial protein synthesis. 
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Urinary Allantoin Excretion 

In addition to the problems presented using the 

various methods available for measuring rumen microbial 

protein synthesis, surgical alteration of the animal is 

necessary. All methods require postruminal fistulation. 

Aside from sampling errors that are possible, surgery 

itself introduces problems, one being stress in the 

animal. When an animal is stressed, the chances of 

obtaining unreliable samples are increased. This 

implies that a nonsurgical method for measuring rumen 

microbial protein synthesis would be preferred. 

Nucleic acids are generally accepted as the marker 

of choice. To have the reliability of nucleic acid 

markers as well as relieve the animal of stress, an 

alternative is to measure some metabolite of nucleic 

acids excreted by the body. Rys et al. (1975) suggested 

allantoin as a possible measure. 

Hawks (1965) suggested a scheme (figure 1) for purine 

base metabolism whereby the purine base is deaminated to 

xanthine, and xanthine is oxidized to uric acid. In most 

mammals, metabolism stops at uric acid, which is excreted 

in the urine. In ruminants, uric acid is oxidized to 

allantoin which is also excreted in the urine. In sheep, 

allantoin appears to originate largely (80 to 90%) from 

the NAN of rumen microorganisms (Topps and Elliot, 1965; 

McAllan and Smith, 1970 and Antoniewicz et al., 1980, 1981) 
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Giesecke et al. (1984) investigated the proportion 

of allantoin to other purine metabolites in the urine and 

found that allantoin accounted for 88% of the total purine 

metabolites in the urine. 

Antoniewicz and Pisulewski (1982) sustained sheep by 

intragastric infusion to determine endogenous allantoin 

excretion. Results showed, at maintenance, 92 to 99% of 

allantoin N excreted originates from purines supplied via 

the digestive tract. This finding agrees with earlier 

work (Antoniewicz et al., 1979, 1981). 

A few workers have studied factors affecting urinary 

allantoin excretion by ruminants. Antoniewicz et al. 

(1979) found that allantoin excretion was correlated with 

digestible organic matter (DOM; r=.94). Vercoe (1976) 

found a linear relationship between digestible DM (DDM) 

and allantoin excretion in cattle. Laurent and Vignon 

(1983) correlated (r=.677) allantoin nitrogen excretion 

(A; mg/kg* ) with DOM (g/kg* ) intake and soluble nitro

gen (NS; g/kg* ) intake for sheep and goats: 

A=.36D0M + 38.75NS + 168.42 

These workers also found that monensin added to the diet 

(40 mg/kg DM) caused an 18 and 19.5% decrease in the 

excretion of allantoin by sheep and goats, respectively. 
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Urinary allantoin has also been used as an indicator 

of rumen development in lambs with some success 

(Antoniewicz et al., 1983). Urinary allantoin N greater 

than 10 mg/kg body weight with an allantoin N to 

creatinine N ratio greater than 1 is indicative of rumen 

development. Allantoin N excretion (Y, mg/24 h) was 

correlated (r= .94) with DM intake (X, g/24 h): 

Y = .73DM - .019. 

Use of urinary allantoin excretion for estimation of 

rumen microbial protein synthesis has been confirmed in 

cattle (Goto et al., 1984) Daily allantoin excretion 

(g/kg* ) varied significantly from 0.12 to 0.52 according 

to four feeding levels and decreased to 0.06 during fasting 

Lindberg (1985) measured allantoin excretion in 

dairy goats fed varying protein levels and sources and 

found allantoin excretion to be linearly related (r=.83) 

to DOM intake. 

Kirchgefsnser and Kreuzer (1985) fed isocaloric 

diets varying in CP level to dairy cows and observed that 

6 to 7% of the allantoin produced daily was excreted 

with the milk. Deficient protein (11.6%) decreased milk 

allantoin about 14%; feeding excess CP (17.6%) did not 

influence allantoin excretion. These workers also noted 

a linear increase in milk allantoin due to increased DM 

intake. 
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Therefore it appears that allantoin in the urine of 

ruminants does arise from the metabolism of microbial nu

cleic acids and thus may be used as an indicator of rumen 

microbial protein synthesis. 



CHAPTER III 

EFFECT OF DIETARY PROTEIN SOURCE AND LEVEL 

ON NITROGEN METABOLISM IN SHEEP 

Summary 

Two 4 x 4 extra-period Latin squares were used to de

termine the effects of dietary protein level on various 

aspects of protein metabolism in sheep. Eight crossbred 

wethers (46.5 kg) were randomly allotted to the following 

treatments: basal diet (B), basal + soybean meal (S), 

basal + formaldehyde-treated soybean meal (F; formaldehyde 

added to the soybean meal at 3 g/kg) and basal + urea (U). 

Diet B, which consisted of 44% rolled corn, 41% cottonseed 

meal, 5% molasses, 10% starch and vitamins and minerals, 

contained 7.5% CP on a dry matter basis. To increase the 

CP of the treatments, protein sources replaced starch. CP 

for diets S, F and U were 10.4%, 10.6% and 10.3%. Dietary 

intake equalled 1.5 times the maintenence energy require

ment. Average nitrogen (N) intake (g/d), N digestibility 

(%), urinary N (g/d), N balance (NB, g/d), NB as a percent 

of absorbed N, biological value (BV, %) and organic matter 

digestibility (%) for B, S, F and U were: 14.3, 20.2, 20.1 

and 19.9 (SE= .70); 44.9, 58.4, 55.2 and 57.5 (SE= 2.0); 

2.78, 4.71, 3.76 and 5.61 (SE= .43); 3.70, 7.02, 7.35, 6.02 

(SE= .81); 58.2, 70.4, 79.8 and 51.2 (SE= 7.16); 90, 83, 87 

and 77; and 43.0, 56.9, 51.8 and 48.4 (SE= 3.60), 

29 



30 

respectively. Calculated true digestibility coefficients 

for treatment diets were .89, .88, .85 and .88 for B, S, F 

and U, respectively. Urinary allantoin N (AN) excretion was: 

505, 459, 446 and 569 (mg/d, SE= 41) for B, S, F and U, 

respectively. For this experiment, the source and level of 

dietary protein did not affect (P>.10) urinary AN excretion; 

allantoin excretion was numerically less with F and greater 

with U than with S. Lambs on F appeared to use N more effi

ciently than lambs on S as BV and NB were higher and AN 

excretion was lower than on S; animals on U appeared to use 

N less efficiently than those on S as BV and NB were lower 

and AN was higher. For this experiment, it appears that N 

digestibility of the formaldehyde-treated soybean meal pro

tein may have been decreased, indicating that the formalde

hyde level (.3%) may have been in excess. 

Introduction 

Several workers (Glover et al., 1957, French et al., 

1957 and French, 1957) have shown that digestible protein 

(DP) is a function of the crude protein (CP) percentage 

in the diet. Preston (1972) compared the results of these 

and other workers. Over levels of CP from 8 to 14%, the 

five estimates were nearly the same. Knight and Harris 

(1966) and Anderson and Lamb (1967) added increasing levels 

of a protein source to a basal diet and regressed DP% on CP% 

The slope of this analysis is interpreted as an estimate of 



31 

the true digestibility (TD) of the protein, while the 

Y-intercept is an estimate of metabolic fecal N (MFN). In 

1982, Preston showed this relationship for soybean meal 

(SBM), which, in general, can be represented by: 

%DP = .9(%CP) - 3. 

Few workers have measured the TD of protein sources 

(Harris and Mitchell, 1941; Hembry et al., 1975 and 

Pisulewski and Rys, 1975). Using TD rather than calcula

ted DP to formulate rations will result in more accur

ately meeting the ruminants' protein requirements because 

TD better represents actual protein digestibility and MFN 

is taken into consideration. 

For high-producing dairy cattle and young growing 

ruminants, bypass protein becomes important as only a 

portion of the protein requirement of these animals can 

be met by microbial protein synthesis (Chalupa, 1975). 

Exhaustive research efforts have been made to try to opti

mize bypass protein utilization and ultimately animal per

formance. Chalmers et al. (1954) first suggested "pro

tection" of dietary proteins from microbial attack. 

Leroy et al. (1964) and Tagari et al. (1965) first 

introduced the concept of chemical protection of proteins 

At present, treatment with formaldehyde (HCHO) is the 

most studied process to protect proteins from rumen 
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microbial degradation (Nishimuta et al., 1974; Galembeck 

et al., 1977 and Broderick and Lane, 1978). Many 

workers (Clark et al., 1974; Pisulewski and Rys, 1975; 

Spears et al., 1979, 1980; Vicini et al., 1983 and 

Stanton et al., 1983) have studied the level of appli

cation of HCHO to SBM and suggest that between .1 and 

.3% HCHO, adequate levels of rumen microbial synthesis 

will occur while bypass of SBM is increased by about 

50%. 

It is generally assumed that total microbial N in 

abomasal digesta is best measured by using ribonucleic 

acid (RNA). Data suggests (Topps and Elliot, 1965; 

Ellis and Pfander, 1965) that a significant portion 

(5 to 13%) of a ruminants' dietary N is converted to 

microbial nucleic acid N. Ellis and Pfander (1965) found 

a correlation of RNA-N (r= .72) and total microbial N. 

An alternate method is to measure some metabolite 

of nucleic acid excreted by the body. Rys et al. (1975) 

suggested allantoin as a possible measure. Allantoin is 

an end-product of purine base metabolism. In sheep, allan

toin appears to originate largely (80 to 90%) from the 

nucleic acid N of rumen microorganisms (Topps and Elliot, 

1965; McAllan and Smith, 1970 and Antoniewicz et al., 

1980, 1981). Giesecke et al. (1984) investigated the 

proportion of allantoin to other purine metabolites in the 

urine and found that allantoin accounted for 88% of the 
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total purine metabolites in the urine. Use of allantoin 

excretion for estimation of microbial protein synthesis 

has been confirmed in cattle (Goto et al., 1984). 

The following experiment was designed to determine 

the true digestibility, biological value and effect on 

urinary allantoin N excretion of two levels from three 

sources of- dietary CP in sheep. The three soureces were 

selected on the basis of their relative bypass potential 

Materials and Methods 

Eight 46.5 kg crossbred wethers were used in two 4x4 

extra-period Latin square designs (Lucas, 1957) to 

estimate the effect of three dietary protein sources on 

various aspects of nitrogen metabolism including urinary 

allantoin excretion. 

The trial was conducted in 5 two-week periods with 

each period consisting of three subperiods of 3, 4 and 

7 d. The animals were initially weighed and placed in 

individual metabolism crates (144 x 47 x 71 cm). 

During*a 10-d adaptation period the lambs were fed 

diet S at 1.5 x maintenance (M) energy requirement then 

switched to their respective treatment diets. At the 

end of each two-week period the lambs were weighed and 

intake adjusted accordingly. Lambs were fed once daily 

with one of four treatment diets (tables 1 and 2). 

The basal diet (B) had an actual CP content of 7.5%. 



TABLE 1. DIET COMPOSITION 

INGREDIENT % (DM BASIS) 

Corn, rolled 

Cottonseed hulls 

Molasses 

NaCl 

Soybean oil 

Trace minerals 

Vitamin A (200,000 lU/g) 

Vitamin D (30,000 lU/g) 

Premix 

4 3.0 

41.0 

5.0 

.30 

.20 

.01 

.001 

.001 

11 .0 
Final ration formulated to contain Zn at 20 ppm 



TABLE 2. PREMIX COMPOSITION 
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Ingredlent 

Corn Starch 

CaHPO,^ 
4 

CaCO^^ 

K-MgSO^^ 

Soybean meal 

HCHO-Soybean meal 

Urea 

Actual CP of the 
final ration (%) 

B 

7.5 

DIET 

10.0% 

. 5 

. 5 

1.2% 

. 2 

. 6 

. 1 3 

1.2% 

. 2 

.6 

. 1 3 

7.45% 

. 2 

. 5 

. 1 5 

8.0 

10.6 

8.0 

10.5 

1.4 

10.3 

Ca:P of all rations 1.6:1 

Mean N:S of all rations 8.9:1 
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Experimental protein sources replaced starch in B to 

increase the CP content: soybean meal (S; 10.4% CP), 

formaldehyde-treated soybean meal (F; 10.6% CP, 3 g HCHO 

per kg soybean meal) and urea (U; 10.3% CP). Throughout 

the trial, lambs were fed at 1.5 x M. Water was provided 

ad libitum. 

Treatments were applied such that each treatment \.'as 

preceded and followed by every other treatment including 

itself in order to determine residual effects of each 

treatment. In the extra-period Latin square design, the 

last period is repeated as shown below: 

Lamb No. 

128, 129 

131, 135 

127, 133 

130, 134 

Treatment Sequence 

1, 2, 3, 4, 4 

2, 4, 1, 3, 3 

3, 1, 4, 2, 2 

4, 3, 2, 1, 1 

Feces and urine were collected daily. Daily aliquots 

of feed were collected and combined by period for laboratory 

analysis. Urine was preserved with 200 mL of 10% HCl 

(v/v) to prevent urea degradation and subsequent NH^ loss. 

To decrease precipitated material in the stored urine 

samples, if a lamb excreted less than 1000 mL of urine in a 
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24-h period, the sample volume was recorded and diluted to 

1000 mL with distilled water. Each day, 10% of the total 

urine sample was kept for later analysis. For lambs ex

creting less than 1000 mL, the 10% sample was taken after 

dilution. The urine for the first 3 d (subperiod 1) was 

combined as was the urine for the next 4 d (subperiod 2) 

and the last 7 d (subperiod 3). The feces were combined 

in a similar manner. Feces were dried at 56 C for 3 d before 

grinding and storage. Urine and fecal samples were stored 

at 4 C until laboratory analyses were performed. Thymol 

was added to stored feces to retard bacterial growth. 

Feces samples were dried at 100 C to determine oven dry 

matter. These results were combined with the 56 C dry 

matter results to calculate fecal dry matter. Dry matter 

and ash (AOAC, 1975) were determined on feed and fecal 

samples. Feed, feces and urine were subjected to Kjeldahl 

N analysis (AOAC, 1975). Urine was analyzed for allantoin 

N according to modifications of the Young and Conway 

(1942) colorimetric procedure for allantoin analysis. Ab-

sorbance was measured at 518 nm on a Beckman model 35 

spectrophotometer. This wavelength was chosen after per

forming a scan (800 to 350 nm) of wavelength vs. absorbance; 

the peak absorption occurred at 518 nm. This value is 

similar to that of 520 nm used by Young et al. (1944). 

Estimated true digestibility of each protein source was 

obtained as the slope of the regression of %DP on %CP. 
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Also, TD coeffients for each source were calculated as: 

TD=NI-(FN-MFN) 

where NI is N intake, FN is fecal N and MFN is metabolic 

fecal N . 

Digestible energy (DE) was calculated from DOM 

according to the equation 

DE(kcal/g DM) = .056(DOM) - .599 

by Heaney and Pigden (1963). Metabolizable energy (ME) 

was simply calculated as 82% of DE (Forbes et al., 1928, 

1930). 

Statistical analyses were conducted by subperiod 

through analysis of variance (Table 3) with means of N 

intake (NI), coefficient of N digestibility (COD), 

urinary N (UN), N balance (NB), fecal N (FN), NB as a 

percent of N absorbed (NBA), dry matter intake (DMI), dry 

matter out.put (DM0), dry matter digestibility (DMD), 

organic matter intake (OMI), organic matter output (OMO), 

organic matter digestibility (OMD), DE and ME compared 

by Least Significant Differences protected by a signifi

cant F-value (Steele and Torrie, 1980). 
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TABLE 3. ANALYSIS OF VARIANCE FOR 
EXTRA-PERIOD LATIN SQUARE 

SOURCE OF VARIATION 

Total 

Square 

Periods/square 

Animals/square 

Treatment 

Direc t 

Residual 

DEGREES OF FREEDOM 

Error 

39 

1 

8 

6 

3 

3 

18 
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Results 

All data were analyzed by subperiod. The purpose of 

using the extra-period Latin square design was to deter

mine whether there was any residual effect of one treat

ment upon the next. To determine wether animals had actually 

adapted to the diets, 3 total collection subperiods were 

used. In this study, no carry-over effects were observed 

for any of the variables studied as determined by the R 

values in the statistical analysis. The R values represent 

the average of all treatments following a particular treat

ment. The average R^ values for FN, UN and NB are listed in 

tables 4, 5 and 6. Average R values for allantoin N are 

presented in table 7. As no carry-over effects were ob

served, subperiods 2 and 3 (i.e., the 4-d and 7-d data) 

were combined for analysis. All information presented in 

this thesis is based on 11 d data. 

By design, NI was affected by N level in the diet 

(table 8 ) . NI on diet B (14.3 g/d) was lower (P<.01) than 

all other treatments. NI on diets S (20.2 g/d), F (20.1 

g/d) and U.(20.0 g/d) was not different (SE=.70). 

Fecal N (FN) was lower on diets B (7.79 g/d, P<.01) 

and S (8.20 g/d, P<.05) compared to F (8.88 g/d). FN was 

not affected on U (8.39 g/d, SE=.32) compared to all other 

diets. The coefficient of apparent digestibility (COD) for 

N was decreased (P<.01) on B (.45) relative to all other 

treatments. There was no difference in COD between F (.55) 
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TABLE 4. FECAL N (G/D). AVERAGE OF ALL 
OBSERVATIONS FOLLOWING EACH 

TREATMENT 

Subperiod B 

DIETS 

U 

1 (3 d) 

2 (4 d) 

3 (7 d) 

7.95 

8.35 

8.65 

8 . 8 0 

8 . 3 0 

8 . 4 5 

7 .65 

8 . 5 0 

8 . 3 5 

7 . 4 0 

7 . 9 0 

8 . 3 0 

> .10 

> .10 

> . 1 0 
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TABLE 5. URINARY N (G/D). AVERAGE OF ALL 
OBSERVATIONS FOLLLOWING EACH 

TREATMENT 

DIETS 

Subperiod B S F U P__ 

1 (3 d) 4.05 4.80 4.70 4.05 >.10 

2 (4 d) 5.45 4.55 4.35 4.10 >.10 

3 (7 d) 4.50 4.50 3.85 4.00 >.10 



TABLE 6. NITROGEN BALANCE (G/D). AVERAGE OF ALL 
OBSERVATIONS FOLLOWING EACH 

TREATMENT 

DIETS 

1 

2 

3 

( 3 d) 

(A d ) 

(7 d) 

8 . 7 0 

6 . 8 5 

7 . 5 0 

4 . 7 0 

5 . 4 5 

5 . 4 0 

6 . 4 0 

5 . 9 0 

5 . 5 0 

43 

Subperiod B S F U P_ 

7.00 .06 

6.50 >.10 

6.30 >.10 
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TABLE 7. URINARY ALLANTOIN N (MG/D). AVERAGE 
OF ALL OBSERVATIONS FOLLOWING EACH 

TREATMENT 

DIETS 

Subperiod B S F U P_ 

1 (3 d) 338 446 491 398 >.10 

2 (4 d) 532 568 540 554 >.10 

3 (7 d) 387 466 370 488 >.10 
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MFN=.5g/100g DMI, (this study) 

EUN=.18W^^, (Swanson, 1982) 

TABLE 8. EFFECT OF DIETARY PROTEIN SOURCE ON 
NITROGEN METABOLISM 

TREATMENT MEANS 

ITEM B S F y SE_ 

N intake (g/d) 14.3 20.2 20.1 19.9 

COD (%) 44.9 58.4 55.2 57.5 

Urinary N (g/d) 2.8 4.7 3.8 5.6 

N balance (g/d) 3.7 7.0 7.3 6.0 

N balance (as % 
of absorbed N) 58.2 70.4 79.8 51.2 7.30 <.01 

Biological 
value (%) 91 82 87 78 2.00 <.01 

Urinary allantion 
N (mg/d) 505 459 446 569 41.70 >.10 

. 7 2 

2 . 0 0 

. 4 4 

. 8 3 

< . 0 1 

< . 0 1 

< . 0 1 

< . 0 1 
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and U (.57) while F was slightly lower (P<.10) than S (.58). 

Urinary N (UN) was decreased (P<.05) on B (2.78 g/d) 

compared to UN on all other treatments. UN on S (4.71 

g/d) was higher (P<.05) than UN on F (3.76 g/d) and lower 

(P<.05) than UN on U (5.61 g/d). UN on U was higher 

(P<.01) than UN on F. 

Nitrogen balance (NB) was decreased (P<.01) on B 

(3.70 g/d) compared to S (7.02 g/d) and F (7.35 g/d) 

and decreased (P<.05) compared to U (6.02 g/d). There 

were no differences in NB between the other treatments. 

NB as a percent of N absorbed (NBA) was higher (P<.01) 

on F (79.8) than on B (58.2) or U (51.2). NBA on S 

(70.4) was higher (P<.05) than NBA on U. NBA on S tended 

(P<.10) to be higher than NBA on B. 

Based on the 11 d data, urinary allantoin N (AN) 

was not significantly affected by any treatment. The 

values (mg AN/d) for B, S, F and U were: 505, 459, 445 

and 569 respectively (SE=41.7). However, the 7 d allantoin 

excretion did exhibit some differences between treatments 

(P=.06). The values (mg AN/d) for B, S, F and U were: 441, 

376, 311 and 610 respectively (SE=73.0). 

Dry matter intake (DMI, table 9) was not affected by 

diet, by design. The values (g DMI/d) for B, S, F and U 

were: 1185, 1198, 1191 and 1181, respectively. Fecal DM out

put (DM0) on B (427 g/d) was higher (P<.01) than DM0 on S 

(355 g/d), F (373 g/d) and U (374 g/d). It follows that dry 
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TABLE 9. DRY MATTER (DM) AND ORGANIC MATTER 
(OM) DIGESTIBILITIES 

TREATMENT MEANS 

ITEM B S U SE 

DM 

Intake (g/d) 

Fecal (g/d) 

DMD (%) 

1186 

427 

1198 

355 

64.0 70.4 

1191 

374 

68.7 

1181 

374 

68.9 

18.0 <.01 

1.3 <.01 

OM 

Intake (g/d) 

Fecal (g/d) 

OMD (%) 

1143 1146 

413 340 

63.5 70.3 

1131 1133 

359 360 

68.3 68.1 

18.0 <.01 

1.5 <.01 
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matter digestibility (DMD) on B (64.0%) was lower (P<.01) 

than DMD on S (70.4%), F (68.7%) and U (68.9%). There were 

no differences observed between the other treatments. 

Organic matter intake (OMI) was not affected by diet. 

OMI (g/d) for B, S, F and U were: 1143, 1146, 1131 and 

1133 respectively (SE=18.0). Fecal organic matter (OMO) 

was higher (P<.01) on B (413 g/d) than on S (340 g/d) 

F (359 g/d) and U (360 g/d, SE=52). Organic matter digesti

bility (OMD) was lower (P<.01) on B (63.5%) than on S 

(70.3%), F (68.3%) and U (68.1%). 

The diets were calculated to be isocaloric. However, 

because of differences in OMD, they were different. The 

digestible energy (DE) of B (2.84 kcal/g DM) was lower 

(P<.01) than DE on all other diets. DE on diet S (3.22 

kcal/g DM) was higher (P<.05) than DE on diet F (3.04 

kcal/g DM). Diet U had a value of 3.10 kcal/g DM. Meta

bolizable energy (ME) followed the same pattern. The 

values for ME (kcal/g DM) for B, S, F and U were: 2.33, 

2.64, 2.59 and 2.54 respectively. 

Digest-ible protein (DP) was lower (P<.01) on B 

(3.40%) than on S (6.18%), F (5.82%) and U (5.99%). When 

%DP was regressed against %CP (figure 2), the overall 

2 
equation which resulted (r = .96) was: 

%DP=.92(%CP) - 3.43. 
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FN (g/d) was regressed against NI (g/d) to obtain a 

value for metabolic fecal N (MFN). The average MFN for 

all treatments was 5.9 g/d, a value which translates to 

.49 g/100 g DMI for each diet. MFN was used in the calcu

lation of TD. Diet B had a higher (P<.06) true protein 

digestibility (.89) than diets S (.88), F (.85) and U (.88) 

Endogenous urinary N (EUN) was calculated by the equation: 

EUN=.18W 55 

(Swanson, 1982), giving a value for this study of 1.58 g 

EUN/d. MFN and EUN were then used to calculate biological 

value (BV) by the equation: 

BV = NI-[(FN-MFN)+(UN-EUN)1 
NI - (FN - MFN). 

BV on diet B (91%) was higher (P<.01) than U (77%) and S 

(82%). Diet F had a higher BV (87%) relative to diets U 

(P<.01) and S (P<.05). BV on B was higher (P<.05) than 

BV on F. 

Discussion 

The trend (P<.10) to decrease the apparent COD for N 

on diet F (.55) compared to S (.58) was probably due to the 

HCHO treatment. This agrees with work by Clark et al. 



(1974) and Spears et al. (1979). Siddons et al. (1984) 

also found a reduced N digestibility from HCHO-treated 

silage. Pisulewski and Rys (1975) found a decrease (87 to 

83%) in the TD of HCHO-treated horse beans. In this 

study, TD on F (.85) was lower (P<.06) than TD on S (.88). 

The difference of 3% units between TD of F and S is similar 

to the difference observed between the COD's. Also, 

no difference (P>.05) in the DP% was observed between S 

(6.18) and F (5.82). The BV of F (87%) vs. S (82%) was 

higher (P<.05) in this experiment. Pisulewski and Rys 

(1975) found no difference in BV with HCHO treatment. 

This suggests the animals made efficient use of the 

bypass soybean meal, an effect in agreement with the 

higher (P<.01),NBA on F (79.8%) compared to U (51.2%). 

The BV on F was also higher (P<.01) than the BV on U 

(78%) supporting these conclusions. 

There were no differences in urinary allantoin N 

excretion. This agrees with Lindberg (1985) who fed 

urea, fish meal or soybean meal to dairy goats. The 

levels of allantoin N observed agree with the findings 

of Rys et al. (1975), Antoniewicz and Pisulewski (1982) 

and Laurent and Vignon (1983). Allantoin excretion has 

been shown (Lindberg, 1985; Vercoe, 1979 and Antoniewicz 

et al., 1981) to be linearly related to DDM and DOM 

in sheep and cattle. As there were no differences 
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in either variable for this study, no differences in 

allantoin excretion could be expected. In the 7-d 

data, allantoin N on F (311 mg/d) was lower (P=.06) 

than allantoin N on U (610 mg/d). Since the DOM was 

not different, the difference in allantoin excretion 

has to be attributed to the difference in rumen mi

crobial N synthesis between the two sources. Again, 

this is supported by the higher BV and NBA on F 

compared to U. 

Statistically, F had a lower (P<.05) DE value than 

S (3.04 vs. 3.22 kcal/g DM). One possibility is an 

overprotection of the protein with excessive HCHO. No 

one has studied the DE of HCHO-SBM compared to SBM. 

However, many workers (Clark, 1975; Verite and Journet, 

1977; Spears et al., 1980; Crooker et al., 1983 and 

Crawford and Hoover, 1984) have suggested the possibility 

of overprotection of proteins. Their results, in general, 

were decreased animal performance, especially with 

levels above .3% HCHO. This study indicates a possible 

decreased digestion of the energy, thus limiting protein 

synthesis with HCHO-treated SBM. 

The equation which resulted from the regression of %DP 

on %CP is in agreement with Preston (1982). The estimation 

of TD (i.e., the slope) agrees with the actual calculated 

TD's (by NI-(FN-MFN)) for all diets. Assuming urea is 

totally degraded in the rumen, the TD of U (.88) was high 
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since TD of microbial N is generally considered to be about 

74% (Purser, 1970). 

The Y-intercept from this equation gives an estimate of 

.55 g MFN/100 g DMI. This value agrees with others (Swanson, 

1982). The regression of FN on NI yielded the same value 

for all diets. 

A similar study of EUN was made by regressing 

N on NI. The three CP sources had widely varying 

UN levels and also the regression for each source went 

through the single point for diet B. The resulting 

intercepts were tremendously different and only one value 

(that of diet F) came close to an accepted value of 2.75W 

(NRG, 1984). Thus, Swanson's value (1982) of .18W^^ was 

used . 

The fact that a higher NB was exhibited on F 

relative to S and U is encouraging. Even though no 

statistical differences in AN excretion were observed 

over the 11-d period, the value for diet F was 

numerically higher than S and U, while U was higher 

than S. The lack of significant differences could have 

been related to the unobserved differences in DOM. 

Another method would have been to feed the same protein 

source at different intake levels. This is supported by 

the differences in AN observed during the 7-d subperiod. 

More work of this type needs to be done. Lindberg (1985) 

suggested the use of allantoin to creatinine ratio 

.5 
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in the urine as an indication of microbial protein 

production. Creatinine was not measured in this 

study, but possibly could have aided in explanation 

of the observations made. 

The use of three total collection subperiods was 

unique in this study. Generally, investigators feed 

animals over a 10 to 14-d adaptation period then collect 

for 7 to 10 d. For the variables measured in this study, 

all animals were adapted within the first three days of 

switching to a new diet. Adaptation is supported by the 

NB values during the first subperiod: 3.7, 8.4, 8.9 and 4.9 

g/d for B, S, F and U respectively. These values are 

similar to those noted during the second and third sub-

periods. Conceivably, all of the 14 d collection data 

could have been combined for statistical analysis. 

However, adaptation within the first subperiod was not 

determined; therefore, the 4 d and 7 d data were combined. 

Using 11 d rather than 7 d may make conclusions more mean

ingful (i.e., analagous to using 8 animals vs. 4. This 

particular.approach, while increasing laboratory and 

statistical workload, needs to be used more often. 

Adaptation time could be determined and possibly shortened 

while lengthening experimental collection time. 

Conclusions 

There was no significant difference between soybean 
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me al, HCHO-soybean meal and urea in terms of N digesti

bility. However, soybean meal tended to be more digestibl. 

than HCHO-soybean meal. 

The apparent digestibility is given by the equation: 

%DP=.92(%CP)-3.43 

using all protein sources. 

Formaldehyde decreased the true digestibility of the 

soybean protein. 

The BV of HCHO-soybean meal was higher while the BV 

of urea was lower compared to untreated soybean protein. 

While allantoin N excretion was not statistically 

different, the values fell in numerical order for the 

three protein sources as postulated at the onset of the 

experiment. That is, urea had a higher numerical value 

for allantoin N excretion while HCHO-soybean meal had 

a lower value compared to untreated SBM. 
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