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CHAPTER I 

INTRODUCTION 

The nourishment of our vastly growing population is 

dependent upon the dedication of biological researchers 

to alleviate some of the competition between man and 

animals for adequate food supply. We, as researchers, 

should wholeheartedly pursue and advance methods of im

proving the efficiency of our domestic meat producing 

animals. Not to do so would be failing our forebearers 

and, most of all, our future generations. 

Ruminants represent the most important and populous 

group of herbivorous animals, both domestic and wild. 

The ecosystem is indebted to the ability of the ruminant 

to consume and utilize large amounts of fibrous materials 

as an energy source, and to convert nitrogenous compounds 

into adequate substitutes for dietary protein. The in

efficiency of the ruminant to convert foodstuffs into mus

cle tissue is of great concern to researchers. Advances 

in improving upon this inefficiency have been hindered 

due to the obscurity of the unique anatomical and physio

logical aspects of the ruminant digestive system. Past 

research dealing with protein and amino acid nutrition 

of ruminants has substantiated the significance of pro

tecting high quality nitrogenous substances from degra

dation by rumen microorganisms, thus, increasing the 

efficient use of protein. Such evidence has provided 

a pathway for a series of experiments to evaluate the 

utilization of protected proteins by ruminants. 

The purpose of these experiments was to sti-dy the 

ability or inability of growing ruminants to synthesize 

muscle tissue more efficiently from nitrogenous compounds 

which were chemically protected frcm ruminal microbial 

degradation or from those subjected to the ruminal di-



gestive processes. More specifically, utilization by 

growing lambs of soybean meal treated with graded levels 

of formaldehyde was evaluated for growth and wool pro

duction. In addition, the effects on feedlot steers fed 

soybean meal treated with the optimum level of formalde

hyde and provided at various levels in the diet were 

studied. And lastly, a study of the effects of graded 

levels of N-hydroxymethyl-DL-methionine-calcium to grow

ing steers was conducted. 



CHAPTER II 

LITERATURE REVIEW 

Ruminant Performance as Related 
to Nitrogen Source 

Amino acid metabolism in ruminants is presumably simi 

lar to nonruminant metabolism. Black e_t_ a_l_. (1952) found 

that the amino acids essential to the ruminant cannot be 

synthesized at appreciable levels at the tissue level. 

These workers concluded that the amino acids essential 

to the ruminant and the rat are similar. 

Ruminants were found to synthesize the essential 

amino acids in the rumen when fed an amino acid-free diet 

(Loosli e_t_ £l_. , 1949). C labeled precursors were in

jected intravenously into the ruminant to demonstrate the 

ability of rumen microorganisms to provide essential amino 

acids (Black et_ aj^, , 1952). 

Progress in improved rate and efficiency of growth 

has been substantially more rapid in recent years in non-

ruminants. This is due partially to the limited know

ledge of the complex nature of the ruminant digestive 

system. Hatfield (1970) suggested that the pattern of 

available amino acids at the absorption sites may be a 

major limiting factor in ruminant nutrition. 

Dietary protein quality has been shown to be an im

portant factor in animal performance. Hamilton e_t_ al . 

(1948) reported urea to be equivalent to dried skim milk, 

gluten feed and casein as a nitrogen source, provided 

the protein equivalent in the diet was not greater than 

i2?a and at least 16?o of the total nitrogen was preformed 

protein. They also found linseed oil meal to be utilized 

more efficiently than the previouslv mentioned nitrogen 

sources. Research by Lofgreen e_t_ ̂ . (194~) indicated 

that lambs could utilize dried egg supplemented uith lin-



seed meal or urea. 

In 1959 Oltjen et_ aj^. reported improved average daily 

gains and feed efficiency in lambs fed soybean meal or 

isolated soy protein over lambs on diets containing urea 

or casein. These researchers reported urea and casein 

to be equivalent and soybean meal equivalent to isolated 

soy protein. Later, Oltjen e_t aj^. (1962) again compared 

urea, casein, isolated soy protein and soybean meal. 

In this study isolated soy protein produced greater per

formance than the urea or casein. Greater efficiency was 

realized from the isolated soy protein as compared to 

urea. The combination of casein and urea produced gains 

between urea and isolated soy protein. Soy protein or 

blood fibrin-supplemented purified diets resulted in 

greater nitrogen retention in lambs than casein or gela

tin supplementation (Ellis e_t_ aj^. , 1956). The soy protein 

and casein had higher true digestibility coefficients 

than gelatin or blood fibrin. 

Ratcliff and Albin (1978) found sunflower meal to 

be equivalent to cottonseed meal when fed on an equal 

crude protein basis. Growth, digestion and nitrogen bal

ance trials were conducted to compare cottonseed meal of 

low and high nitrogen solubility, sesame oil meal and a 

sesame-soybean oil meal (1:2) mixture as protein sources 

(Woods e_t_ aj^. , 1957). All measurements of nitrogen uti

lization, feed efficiency and digestibility of non-nitro

genous nutrients favored the sesame oil meal and sesame-

soybean oil meal mixture over the two cottonseed meals. 

Woods e_t_ a_l_. (1958) reported lower protein digestibility 

and nitrogen retention with semi-purified diets contain

ing cottonseed meal than the same diets with soybean oil 

meal or sesame oil meal. 

Oltjen and Putnam (1966) reported greater nitrogen 

retention values when growing steers were fed a purified 

diet supplemented with isolated so>'bean protein than when 



urea was the nitrogen source. 

Little e_t aj^. (1968) fed soybean protein, zein, ca

sein or gelatin to wethers. Abomasal nitrogen recovery 

was highest with zein, intermediate with soybean protein 

and lowest with casein and gelatin. Soybean protein, 

casein and gelatin had similar amino acid patterns. 

McLaren ejt £l̂ . (1962) fed isonitrogenous semipuri-

fied diets supplemented with intact casein, acid hydro-

lyzed casein or enzymatically hydrolyzed casein. They 

obtained a significant improvement in nitrogen retention 

with the enzymatically hydrolyzed casein. 

The addition of urea to a low-nitrogen diet that was 

in itself unable to support appreciable growth in lambs 

was evaluated by Harris and Mitchell (1941). As long 

as urea provided less than 50?o of the nitrogen and the 

conventional protein was no more than ll?o, the added urea 

enabled the diet to promote normal or nearly normal growth. 

Johnson e_t_ aj^. (1942) found that the addition of urea 

to a basal diet to produce 12?o crude protein induced a 

nitrogen retention that could not be bettered by further 

urea addition. They also found urea nitrogen to be equal 

to soybean nitrogen and better than casein. In 1953 Dun

can e_t_ aj^. found that urea could be used by rumen micro

organisms to synthesize amino acids. They found the 

amino acid pattern of mixed proteins in the ingesta of 

calves on a purified diet to be very similar to that of 

calves on a natural protein diet. 

Dietary Supplementation of Amino Acids 

Research dealing with the supplementation of amino 

acids in ruminant diets has offered variable results. 

Loosli and Harris (1945) reported that urea diets supple

mented with methionine improved rate of gain and nitrogen 

retention over a urea control diet for lambs. They also 

noted that methionine supplementation produced perfornarice 



equal to linseed meal diets. 

Starks ejt̂  a_l̂. (1954) fed growing-fattening lambs a 

purified diet consisting primarily of wood cellulose, 

wheat straw, starch, cerulose and urea. The basal diet 

had 92?o of its nitrogen supplied by urea. They reported 

increased weight gains and wool growth when methionine 

was supplemented in the basal diet. 

Hale e_t al̂ . (1959) fed both steers and lambs high 

protein diets supplemented with lysine. Average daily 

gain was significantly increased in both cases. Dietary 

addition of methionine or methionine hydroxy analog sig

nificantly improved growth rate and feed efficiency of 

lambs fed a low protein diet but not those on a high pro

tein diet (Wright, 1969). The methionine and the methio

nine hydroxy analog supplemented diets at both protein 

levels improved wool growth. 

Barth e_t_ al_. (1959) noted that lambs fed a semipuri-

fied diet with urea supplying 87% of its nitrogen demon

strated improved nitrogen retention when the diet was 

supplemented with methionine, tryptophan or a combination 

of the two. No change in nutrient digestibility was 

noticed. Mowat and Deelstra (1972) prepared a natural 

protein diet supplemented with encapsulated methionine. 

Gains were increased ll?o and feed efficiency 9%. Sup

plementation of a urea diet with encapsulated methionine 

demonstrated similar results. They also reported that 

lambs used in a metabolism trial demonstrated increased 

nitrogen digestibility and nitrogen retention. 

Richardson e_t_ aj^. (1973) reported significant im

provements in gains and nitrogen retention in steers 

orally supplemented with N-hydroxymethy1-DL-methionine 

calcium, in a semipurified diet. 

Research by Oltjen e_t_ a_i. (1964) did not indicate 

an increase in nitrogen retention when cattle were fed 

a purified ration in which urea accounted for '̂ T"; of the 



dietary nitrogen. Glutamic acid, oral supplementation, 

was compared to a purified urea control. Klosterman e_t al. 

(1951) reported no improvement in sheep performance when 

fed a high roughage diet supplemented with .2% methionine. 

Oral supplementation of methionine in a cottonseed 

hull, cottonseed meal and corn diet demonstrated no im

provement over control lambs (Gallup £t_ al,. , 1952). These 

researchers obtained increased nutrient digestibility 

and nitrogen utilization by adding methionine to a diet 

as described previously, plus the addition of urea. 

Noble e_t Ĵ,. (1955) conducted three feedlot experi

ments with fattening lambs. Urea or soybean meal, alone 

and in combination with methionine, was compared to a low 

protein (8.5?o) control diet. They reported no improvement 

in gains or feed efficiency due to methionine supplementa

tion . 

Meacham e_t a_l_. (1961) fed lambs a purified basal 

diet and supplemented it with methionine hydroxy analog 

or lysine. No response was noted. Bunn e_t aj,. (1968) 

demonstrated no significant increase in nitrogen balance 

by supplementing a purified diet with a mixture of amino 

acids. The basal diet plus alfalfa supplementation per

formed similar to the amino acid supplementation. Ad 

libitum fed lambs showed no improvement in daily gain 

or feed intake when fed a purified diet with urea as the 

sole, nitrogen source (Clifford e_t_ aj,., 1968). The ex

perimental diet was supplemented with a mixture of leucine, 

isoleucine, valine and phenylalanine. Oltjen e_̂  a_l_. (1962) 

reported that addition of .4?o methionine or .2% alanine 

caused no significant responses in gain or feed efficiencv 

of sheep fed a purified diet. 

Harbers e_t_ aj,. (1961) conducted a series of experi

ments using purified and natural protein diets fed to 

lambs. They indicated that addition of lysine zo a 

high-energy, milo-cottonseed meal diet had no significrint 
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effect on gains or feed efficiency. Another experiment 

demonstrated no improvement in gains of sheep fed a ly

sine supplemented purified diet in which urea was the 

primary nitrogen source. 

Research by Gossett e_t aj,. (1962) evaluated the 

addition of lysine, methionine or methionine hydroxy ana

log to natural protein diets. Lysine added alone or in 

combination with methionine showed no benefit to steers. 

Supplementation of methionine to a high protein supplement 

showed a slight improvement. Methionine hydroxy analog 

demonstrated no improvement at moderate levels and at 

high levels of supplementation gains were significantly 

depressed . 

Postruminal Administration of Proteins and 

Amino Acids on Animal Performance 

In recent years measuring animal response resulting 

from postruminal administration of proteins, amino acids 

and non-protein nitrogen sources has been a popular method 

of evaluating the quality of ruminal ingesta entering the 

lower digestive tract. In 1950 Cuthbertson and Chalmers 

administered casein to sheep by rumen or duodenal cannula. 

Nitrogen retention was greater when casein was adminis

tered through the duodenal cannula than through the ru

minal cannula. These researchers hypothesized that the 

casein was deaminated in the rumen faster than the ammo

nia produced was utilized, and that the ammonia was ab

sorbed and excreted as urea. Their experiments suggested 

that utilization of high quality protein in the rumen 

was not as efficient as iri the duodenum. 

Chalmers e_t aj,. (1954) showed that duodenally ad

ministered casein was better utilized than oral or ru

minal administration. As demonstrated previously exten

sive conversion of casein to ammonia and absorption of 

the ammonia was noted. 



The improvement demonstrated by postruminal adminis

tration of casein over ruminal administration was confirmed 

by a series of experiments (Egan, 1965a; Egan and Moir, 

1965; Egan, 1965b; Egan, 1965c; and Egan, 1965d). These 

workers pointed out that the general protein status of 

the animal was related to a chemical regulation of feed 

intake . 

Little and Mitchell (1967) administered soybean pro

tein, casein or gelatin orally and abomasally. Nitrogen 

retention was improved by abomasal administration of all 

three nitrogen sources over oral administration. Abomasal 

administration of zein failed to improve nitrogen reten

tion over oral administration. Method of administration 

had no effect on protein or dry matter digestibility. 

Reis and Schinckel (1964) abomasally administered 

a daily supplement of 60 grams of casein to mature sheep. 

A significant increase in wool growth was realized. To 

a lesser extent, these workers noted improved wool growth 

with supplementation of 60 grams of gelatin. Adding meth

ionine or cysteine to either of the supplements resulted 

in further improvement of wool growth. It was concluded 

that the increase realized from casein infusion was the 

effect of the essential amino acids. 

Devlin and Woods (1965) reported increased nitrogen 

retention, dry matter digestibility and nitrogen digesti

bility in steers infused with 9 grams of lysine per day 

postruminally. 

Abomasal administration of .5 to 2 grams of cysteine 

per day increased wool gro\7th as much as 100°o (Reis, 

1967). Addition of DL-methionine or methionine hydroxy 

analog demonstrated similar results when supplied at equi-

molar amounts of the cysteine supplementation. They re-

port'ed that high levels of cysteine (6 to 8 grams per day) 

or equimolar amounts of DL-methionine or methionine 

hydroxy analog substantially depressed wool growth. Al-



10 

though high levels of cysteine and DL-methionine depressed 

wool growth, sulfur content of the wool was not depressed. 

Schelling and Hatfield (1967a) fed lambs a purified 

diet and abomasally infused urea and subsequently an iso

nitrogenous amount of casein supplemented with methionine. 

Feed intake and nitrogen retention was increased, but 

the increase in nitrogen retention was greater than the 

additional nitrogen consumed indicating increased effi

ciency of nitrogen utilization. In a later experiment, 

Schelling and Hatfield (1967b) infused a mixture of the 

10 essential amino acids at the same level as the casein 

in the earlier study. They reported an increased nitrogen 

retention over the controls. These researchers suggested 

that at least one of the amino acids essential for growth 

in the rat was limiting for the lamb but that methionine 

was not first-limiting. 

Schelling and Hatfield (1968) conducted several ex

periments infusing various nitrogen sources abomasally. 

The lambs were fed a purified diet with urea as the sole 

nitrogen source. They observed that when the lambs were 

fed ad̂  libitum and infused with casein, feed consumption 

and nitrogen retention was increased. The improvement 

in nitrogen retention remained when feed intake was con

trolled. Infusion of acid hydrolyzed casein or a mix

ture of the 10 essential amino acids resulted in an in

crease in nitrogen retained but not to the extent noticed 

with infused casein. A mixture of arginine, histidine, 

lysine, phenylalanine and methionine increased nitrogen 

retention slightly less than the infusion of the 10 es

sential amino acids. The improvement seen by infusing 

the five amino acids previously mentioned was equalled 

by administering lysine or glutamic acid. 

Abomasal supplements of 100 grams daily of casein 

improved wool growth in excess of 100?o (Colebrook and 

Reis, 1969). Response noted with supplementation of 
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equal amounts of whole egg protein or egg albumin paral

leled that of casein. These three nitrogen sources im

proved body weight gain and nitrogen retention. Supple

mentation of a low quality protein (gelatin) had little 

or no effect on wool growth, body weight gain or nitrogen 

retained which indicated further evidence that the pattern 

of amino acids offered postruminally affected animal 

response . 

Nimrick et_ aj,. (1970) fed a semipurified diet with 

urea as the sole source of nitrogen. Infusion of methio

nine or methionine plus lysine increased nitrogen reten

tion, but lysine alone had no effect. When threonine 

was infused in conjunction with methionine and lysine, 

nitrogen retention was increased. The results suggested 

that under these experimental conditions the limiting 

order of essential amino acids was 1) methionine, 2) ly

sine and 3) threonine. 

Schelling (1970) suggested that when lambs were fed 

a high quality diet at two levels of crude protein (11 

and 14?a), methionine limited the nitrogen retention. 

Reis e_t_ aj,. (1973) reported that the optimum level 

of abomasally infused methionine and cysteine to be 1 to 

2 grams per day and 2 grams per day, respectively, for 

maximum production of wool. 

Schelling e_t_ aj,. (1973) reported increased nitrogen 

retention for growing lambs on a high quality '11.6% 

crude protein) diet which were abomasally infused with 

methionine. They suggested that the response was due to 

the methionine since the effects could not be duplicated 

by administering sulfate and urea as sulfur and nitrogen 

sources at levels equal to that supplied by methionine 

infusion. In the same experiments they determined that 

2 to 3 grams of infused methionine per day was adequate 

for optimum nitrogen retention. Infusion of 4 grams of 

methionine appeared to be excessive but tolerable and 
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6 grams depressed nitrogen retention. 

Richardson et_ a]^, (1973) reported significantly great

er nitrogen retention after infusion of methionine plus 

tryptophan into the abomasum of lambs fed a 60% concen

trate diet. Elevated plasma tryptophan levels were also 

noted suggesting that methionine preceeds tryptophan in 

the order of the limiting amino acids for lambs. 

Steinacker et_ aj,. (1970) abomasally infused methio

nine into growing steers on a high roughage diet. A 24% 

increased nitrogen retention was reported comparing the 

infusion to oral administration of methionine. 

Oltjen e_t_ aj,. (1970) reported a positive response 

on animal performance upon infusion of branched-chain 

amino acids and phenylalanine into the abomasum of urea 

fed steers. Abomasally cannulated steers received daily 

infusion of 2.4 grams of urea or a mixture of valine, 

isoleucine, leucine and phenylalanine. Nitrogen reten

tion was increased 92% with the amino acid infusates over 

the urea infusates. 

Abomasal administration of methionine supplemented 

casein significantly increased nitrogen retention in ex

periments by Chalupa e_t_ _§_!_. (1972). Similar results were 

obtained with infusion of methionine and tryptophan sup

plemented casein hydrolysates, a mixture of the 10 essen

tial amino acids or methionine alone. In a later study 

by Chalupa e_t_ aj,. (1973) growing cattle fed a 60% con

centrate diet were infused abomasally with various com

binations of amino acids. Addition of amino acids in

creased nitrogen retention over a water infused control 

in all cases. Infusion of threonine, histidine and ly

sine produced the greatest response. In 1975 Chalupa 

and Chandler infused growing cattle abomasally with 3 

to 9 grams of methionine in conjunction with 5 to 15 nrams 

of lysine daily. They reported 5 to 7 grams per day in

creased nitrogen retention from infusion of the two 
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amino acids. 

Richardson and Hatfield (1975a) infused methionine, 

lysine, threonine or tryptophan into the abomasum of grow

ing steers fed a semipurified diet. They reported uri

nary nitrogen excretion to be lowest with methionine and 

highest with tryptophan; lysine being lower than threonine. 

Nitrogen retention was from highest to lowest with infu

sion of methionine, lysine, tryptophan and threonine. 

These data suggest that methionine and lysine were first 

and second-limiting amino acids for growth in cattle, 

respectively. Richardson and Hatfield (1975b) added fur

ther evidence to the order of the limiting amino acids 

for growing cattle. Infusion of a mixture of methionine, 

lysine and threonine demonstrated greater nitrogen reten

tion than a methionine, lysine and tryptophan mixture or 

a mixture of methionine, lysine and histidine. 

Richardson e_t_ a_l.. (1976) compared the performance 

of growing steers fed a purified diet with oral adminis

tration of N-hydroxymethyl-DL-methionine calcium or abo

masal infusion of L-methionine. Both forms of adminis

tration of methionine improved nitrogen retention over 

control steers. In a subsequent series of experiments 

Richardson and Hatfield (1978) reported methionine, ly

sine and threonine to be the first three limiting amino 

acids in that order for growing steers when rumen synthe

sized microbial protein was essentially the sole source 

of protein. 

Wool Growth as Related to Nitrogen Source 

It is common knowledge that wool growth is closely 

related to nutrition. The effects of nitrogen metabolism 

in the lamb on wool growth has been of major interest 

to researchers in the past several years. Walker ar̂ d 

Cook (1967) fed lambs 6.1, 11.9, 1̂ .5 and 22.'̂ l̂  protein 

diets and reported that wool growth increased with in-
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creasing levels of dietary protein. Weston (1971) utilized 

pelleted diets at three crude protein levels (11.7, 15.8 

and 19,1%). He concluded that levels greater than 18 grams 

of crude protein per 100 grams of digestible organic mat

ter had little effect on wool production under ad̂  libitum 

feeding conditions. 

Wright (1969) fed lambs a 75% concentrate diet con

taining 8 or 12% crude protein, ad̂  libitum. Dietary addi

tion of .3% methionine or methionine hydroxy analog in

creased wool growth at both protein levels. This worker 

hypothesized that sulfur amino acids were specifically 

limiting for maximum wool growth. Reis (1970) used three 

day old lambs to evaluate the effects of methionine sup

plementation on sulfur content of the wool. The lambs 

received dried whole milk, casein, glucose, butter oil 

and minerals with or without methionine supplementation. 

The lambs receiving methionine grew wool of high sulfur 

content except when fed high protein diets. As protein 

levels increased, wool growth rate increased for the lambs 

not receiving the methionine supplements. 

Growing-fattening lambs were fed a purified diet with 

essentially all of the nitrogen supplied by urea (Starks 

et al., 1954). The diets were supplemented with elemental 

sulfur, sodium sulfate and methionine. Wool growth in

creased significantly with each sulfur supplement. The 

diets with the lowest level of each sulfur compound fur

nished adequate sulfur as evaluated by weight gains and 

wool growth. 

Doyle and Bird (1975) and Walker (1975) added meth

ionine to a 98% roughage diet or a low protein cows' milk 

diet, respectively. They reported increased nitrogen 

and sulfur retention of the wool and a large increase 

in wool growth from addition of methionine. 

Postruminal administration of various protein sources 

and amino acids has led to a better understrending of the 
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effects of protecting proteins from ruminal degradation 

on wool growth. Reis and Schinckel (1961) reported that 

lambs fed a primarily lucerne chaff diet and abomasally 

supplemented with casein demonstrated a substantial in

crease in wool production and a rapid increase in fiber 

diameter. These workers suggested that the efficiency 

of conversion of dietary nitrogen into wool nitrogen was 

much higher in experiments where casein was administered 

per abomasum than in experiments involving normal feeding. 

In later experiments Reis and Schinckel (1964) and Reis 

(1969) confirmed earlier work by reporting as much as 

180% increase in wool growth in lambs abomasally pro

vided with casein. 

Colebrook and Reis (1969) abomasally infused casein, 

whole egg protein and egg albumin at levels equivalent 

to 100 grams of protein per day. All three supplements 

increased wool growth at least 140%. 

In two studies. Black e_t_ aj^. (1973) and Black and 

Tribe (1973) abomasally infused complete diets. They 

reported a linear increase in wool growth as protein lev

els increased from 20 to 80 grams daily. These workers 

also noted abomasal infusion increased wool growth 2-fold 

over ruminal infusion of the diets. 

Reis (1967) noted that .5 to 2 grams daily of cys

teine or an equivalent level of methionine increased wool 

growth as much as 100%, but 6 to 8 grams daily depressed 

wool growth but did not affect sulfur content of the wool. 

Abomasal infusion of glycine, glutamic acid, argi

nine, lysine or threonine had no effect on wool growth 

(Reis, 1970). He also infused methionine hydroxy analog 

abomasally or fed it orally. Wool growth was higher for 

abomasal rather than oral administration. 

Reis e_t̂  aj,. (1973) abomasally infused cystine and 

methionine into lambs fed a 50:50 mixture of chopped 

wheaten and lucerne hays. Cystine infusion at 2 grams 



per day increased fiber volume 40 to 50%. This treatment 

also improved wool growth rate and fiber diameter. In

fusion of methionine at .62, 1.23, 2.46 and 4.92 grams 

per day increased wool growth rate, fiber diameter and 

fiber volume. The greatest response was noted with 1.23 

grams. They suggested that the optimum level of methio

nine required for wool growth on this particular diet was 

between 1 and 2 grams per day. 

Effect of Chemical Treatment of 
Proteins and Amino Acids on the 

Performance of Ruminants 

In attempts to protect proteins and amino acids from 

microbial degradation in the rumen, and thus reduce the 

wastage of nitrogen by ammonia production, researchers 

have experimented with various methods to chemically or 

physically alter these nitrogenous compounds. To clarify 

the significance of the previously discussed literature, 

a review^of some of these "protein protection" methods 

is in order. 

One of the first discoveries concerning increased 

utilization of nitrogenous compounds was heat processing. 

Tagari e_t_ a_l_. (1962) postulated that ammonia was liber

ated from unheated soybean meal to such an extent that the 

microorganisms could not utilize it profitably for syn

thetic purposes, thus a great amount of ammonia is dif

fused through the rumen wall into the blood stream and 

wasted. Sherrod and Tillman (1962) reported that lamb 

diet supplements of soybean meal that had been auto-

claved decreased urinary nitrogen levels. Nitrogen re

tention was increased. These researchers also indicated 

that autoclaving soybean meal for 45 minutes at 120 C 

under steam pressure improved gains and feed efficiencv' 

for lambs when compared to normal soybean meal. 

Glimp e_t aj,. (1967) fed lambs a 60% :i2̂ .̂ crjde pro

tein) or a 50% (17% crude protein' corn diet wi^h un-
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heated soybean meal or soybean meal that had been heated 

at 149 C for 4 hours. They reported that the solubility 

of the heated soybean meal was reduced from 72% to 35%. 

Lamb gains and nitrogen retention on the 12% protein diet 

supplemented with heated soybean meal were equivalent 

to that of lambs fed the 17% untreated diet. 

A limited amount of research has been carried out to 

evaluate the effects of treating individual amino acids, 

primarily methionine and lysine. Broderick et_ aj,. (1970) 

supplemented a concentrate-corn silage diet with an encap

sulated methionine product containing kaolin, tristearin 

and DL-methionine. The encapsulated methionine did not 

affect milk production of dairy cows when supplied at 

levels providing 45, 15 or 5 grams of methionine daily. 

In vivo evaluation of methionine release from a 

kaolin-saturated-fat capsule in cattle intestines indi

cated that there were three sites for release and ab

sorption; the proximal duodenum, the distal duodenum and 

the proximal jejunum (Neudoerffer e_t̂  aj,. , 19 71). In 

vitro incubation of this product indicated 30% breakdown 

of the capsule in the rumen and resistance in the lower 

digestive tract to breakdown the core of the capsule which 

contained about 10% of the methionine. Thus, there was 

only a 60% recovery of the encapsulated methionine. 

Mowat and Deelstra (1972) reported significantly improved 

gains and feed efficiency with lambs fed corn-alfalfa 

rations supplemented with soybean meal or urea in addi

tion to .4% encapsulated methionine. Experiments by Ko-

marek and Jandzinski (1978a), Komarek and Jandzinski 

(1978b) and Calhoun (1979) further supported the efficacy 

of encapsulated methionine as an efficient method of de

livering amino acids postruminally. 

Boling e_t_ aj,. (1978) fed growing steers a corn-cotton

seed hull-urea diet deficient in lysine. Dietarv supple

mentation of coconut oil-coated lysine improved fee! 
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efficiency over controls. 

Richardson and Hatfield (1975b) and Richardson e^ aj,. 

(1976) reported improved nitrogen utilization in steers 

fed semipurified diets supplemented with N-hydroxymethyl-

DL-methionine-calcium. Peterson and Hatfield (1978) re

ported no differences in lamb performance from supplemen

tation of N-hydroxymethyl-DL-methionine-calcium at levels 

equivalent to 2 grams of methionine daily. 

Due to the practicality for large scale production, 

treatment of protein sources with fats has been a popular 

area of research in protecting proteins. Glenn and Ely 

(1977) and Glenn et_ aJ,. (1977) coated linseed meal with 

300 grams of tallow per kilogram of supplement and with 

corn oil, lard or coconut oil in the two experiments, 

respectively. Tallow coating of linseed meal increased 

gains and improved feed efficiency 15% when used as a 

steer diet supplement. In the second study all three 

fat coatings decreased ruminal ammonia levels. Nitrogen 

digestibility was lowest for coconut oil treated linseed 

meal. Nitrogen retention was also depressed with this 

treatment indicating that coconut oil treatment of lin

seed meal reduced postruminal degradation. 

Thusfar, this discussion has been directed primarily 

toward heat and oil coating treatments of proteins and 

amino acids. A review of protein protection methods would 

be incomplete without the inclusion of research with vege

table tanning agents and aldehydes to reduce protein 

availability to rumen microorganisms. It has been shown 

that treatment of soybean meal with tannic acid improved 

average daily gain, feed efficiency and nitrogen reten

tion in steers and lambs (Driedger e_t_ aj,., 1969; Dried-

ger and Hatfield, 1970; Driedger and Hatfield, 1972). 

Driedger and Hatfield (1972) incubated soybean men. 1 

treated with 10% Tara tannin in rumen fluid and digestive 

enzymes. They reported a 90% decrease in deamination of 
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the soybean meal in rumen fluid and no difference in pep

sin digestion. Pancreatin digestion was significantly 

decreased with increasing levels of tannin. 

Unwilted alfalfa silage treated with .5% of 90% for

mic acid and fed to dairy heifers resulted in improved 

average daily gain when compared to normal unwilted al

falfa silage or hay (Waldo et̂  aĴ . , 1968; Waldo e_t al. , 

1969; Waldo et̂  a_l. , 1973). Valentine and Brown (1973) 

treated lucerne silage with formic acid and reported de

creased concentrations of ammonia nitrogen and increased 

nitrogen and dry matter digestibilities when fed to lambs. 

There was no effect on food intake or wool production. 

Peter £t_ a]^. (1971) conducted a series of experi

ments to determine if aldehyde treatment of soybean meal 

would prevent or reduce its degradation in the rumen, 

its ijT̂  vitro or _ini vivo solubility or enhance its utili

zation by lambs. They treated solvent extracted soybean 

meal with various levels of acetaldehyde, acrolein, 

butyraldehyde, formaldehyde, glutaraldehyde, glyoxal, 

propionaldehyde or 1, 3 , 5-trioxane . Ir^ vitro rumen am

monia release was significantly reduced by acrolein, 

formaldehyde, glyoxal and glutaraldehyde. Formaldehyde, 

glutaraldehyde and glyoxal depressed protein solubility. 

These researchers also reported improved gains and feed 

conversion in lambs fed soybean meal treated with .6% 

formaldehyde or 1.5% glyoxal. 

A considerable amount of work has been conducted 

in recent years in the area of protein treatment with 

formaldehyde. It has been found that formaldehyde can 

form bonds with various reactive groups on protein mole

cules. These bonds are highly stable in the near neutral 

pH of the rumen but are readily hydrolyzed in the acidic 

pH of the lower digestive tract. 

Reis and Tunks (1969) supplied lambs with untreateJ 

casein orally, formaldehyde treated casein orally or un-
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treated casein per abomasum. Each nitrogen source pro

vided the animal with 16 grams of nitrogen daily. Formal

dehyde treated casein and casein per abomasum performed 

equally. Both of these supplements increased wool growth 

62% and nitrogen retained 3 grams per day. These workers 

reported the formaldehyde treated casein to be 90% digest

ible. Carrico e_t a_l. (1970) reported a significant im

provement in wool growth and plasma free valine, leucine, 

histidine, proline and e-N-methyllysine due to formalde

hyde treatment of casein. 

Crossbred wether lambs were fed a diet containing 

10% casein or 10% formaldehyde treated casein (Faichney, 

1971). Formaldehyde treatment improved body weight gains, 

feed efficiency, nitrogen retention and alpha-amino nitro

gen in plasma. They also reported depressed nitrogen 

digestibility and plasma urea nitrogen. In subsequent 

work, Faichney and Weston (1971) confirmed the results 

from the previous study. In addition, they indicated 

that formaldehyde prevented the breakdown of casein in 

rumen liquor iji vitro. Work by Barry (1972) showed for

maldehyde treated casein to be digestible in acid-pepsin 

in vitro conditions. 

Hemsley e_̂  a_l_. (1973) reported significant increases 

in wool growth rate and fiber diameter in lambs fed casein 

treated with formaldehyde at levels between .5 and 1.5% 

bound formaldehyde. 

Reis and Tunks (1973) fed lambs a diet containing 

casein and supplemented with 100 grams daily of formal

dehyde. They reported a 4 to 6-fold increase in plasma 

levels of e-N-methyllysine. Following dietary supplemen

tation of C-formaldehyde treated casein, labelled e-

N-methyllysine appeared in plasma. No other amino acid 

was labeled. Plasma levels of e-N-methyllysine were not 

altered by abomasal infusion of methionine, cystine, ca-

seine, whole egg protein or wheat gluten. Abomasnl in-
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fusion of zein, maize gluten, gelatin and egg albumin 

slightly increased plasma e-N-methyllysine. The data 

suggest that the concentration of e-N-methyllysine in the 

plasma was not markedly influenced by the availability 

of lysine as a substrate or the presence of methionine 

as a source of methyl groups. These workers suggested 

that the large increase in plasma e-N-methyllysine with 

formaldehyde treated casein was due to the absorption of 

e-N-methyllysine formed by the reaction of formaldehyde 

with lysine residues in the protein. 

Faichney (1974) fed lambs casein or peanut meal. 

The two nitrogen sources were untreated or treated with 

formaldehyde. Both formaldehyde treated supplements re

duced or prevented losses of individual amino acids due 

to degradation by rumen microorganisms, thus increasing 

the level of individual amino acids reaching the small 

intestine . 

Sharma and Ingalls (1974) supplied steers with semi

purified diets containing either 19% rapeseed meal or 

7.5% casein protein untreated or treated with .7 grams 

of formaldehyde per 100 grams of protein. Treatment of 

the rapeseed meal decreased ammonia production in the 

rumen. In agreement with previous research these workers 

reported decreased catabolism of essential amino acids 

in the rumen, which resulted in increased guantities of 

those amino acids being transported out of the rumen. 

Rattray and Joyce (1970) reported increased nitrogen 

retention for lambs fed a formaldehyde treated (2.5% 

formalin) linseed meal supplement. They showed no im

provement by treating meat meal with equivalent amounts 

of formaldehyde. 

A limited amount of research has been recently car

ried out to evaluate formaldehyde treatment of roughages. 

Dinius e_t̂  £_1. (1975) treated dehydrated alfalfa meal with 

0, 1 or 2% of the meal weight with formaldehyde. The 
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meal was blended with molasses, starch and minerals and 

offered to lambs. Each increment of formaldehyde signi

ficantly decreased dry matter and crude protein digesti

bility. Reynolds e_t aj,. (1978) fed a diet consisting 

of 25% formaldehyde treated dehydrated alfalfa meal, 62% 

corn meal and 10% molasses. They reported no effect due 

to treatment levels ranging from .33 to 2% of meal weight. 

They did show 1% formaldehyde to increase feed intake. 

Treatment of coastal bermudagrass with formaldehyde 

indicated decreased crude protein and urinary nitrogen 

excretion and increased levels of dry matter and crude 

protein reaching the abomasum (Amos e_t £],. , 1976; Amos 

e_t ai_l. , 1976; Amos e_t aJ,. , 1979). 

Dinius (1976) reported decreased dry matter and crude 

protein digestibility for steers fed a 15.1% crude pro

tein, 90% ground orchardgrass hay diet. The hay was 

treated with 0, .5, 1.0 or 2.0% formaldehyde. 

Wool growth was increased 14.5% by formaldehyde 

treatment of lucerne hay fed to lambs a^ libitum (Barry, 

1976). He concluded that the large response in wool 

growth from protein protection of forage diets was un

likely unless the concentration of sulfur amino acids 

in the dry matter could be considerably increased from 

their present low levels. 

Brown and Valentine 1972) and Valentine and Brown 

(1973) treated lucerne silage with formaldehyde. They 

reported decreased i_n vitro ammonia nitrogen digesti

bility and decreased dry matter and nitrogen digesti

bility in the rumen. They reported that formaldehyde 

inhibited the ensiling fermentation process and did in 

fact protect the proteins in the silage. 

Faichney and Davies (1973), Faichney (1973), Faich

ney and White (1977a) and Faichney and White (1977b) ex

perimented to some extent with treating complete concen

trate diets with formaldehyde. Formaldehyde treatment 
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of high protein diets improved gains and reduced nitrogen 

digestibility and rumen ammonia for Friesian bull calves. 

Utilizing wethers cannulated in the rumen, the abomasum 

and the terminal ileum, these workers reported that formal

dehyde decreased mean retention times in the rumen and 

the hind gut, but increased retention times in the abo

masum and small intestine. In addition they reported 

decreased ammonia and plasma urea and an increase in urea 

recycling in sheep fed barley-soybean meal diets treated 

with 2 grams of formaldehyde per 100 grams of crude pro

tein . 

Because of the widespread use and the high quality 

of soybean protein, formaldehyde treatment of soybean meal 

has been researched to some extent. Clark £t_ aj,. (1971) 

compared untreated soybean meal supplementation to sup

plementation with soybean meal treated with .9% formalde

hyde for lactating cows. Digestibilities of organic mat

ter, crude protein and nitrogen were decreased along with 

productive nitrogen in the milk. Thus, feeding treated 

soybean meal to lactating cows under these experimental 

conditions had no beneficial effect on milk production 

or milk proteins. Wachira e_t aj,. (1974) substantiated 

the results of the workers mentioned above. 

In a series of lamb feeding experiments, Wachira 

et al. (1974) reported no significant effects due to 

formaldehyde treatment of soybean meal supplements in low, 

medium or high protein diets. Schmidt e_t aj,. (1972) and 

Schmidt e_t aj,. (1974) reported no significant differences 

in gains, digestibilities or blood parameters with steers 

or lambs fed diets supplemented with 0, 1.5, 3.0 or 4.0% 

formaldehyde per 100 grams of crude protein. 

Although there has been some research indicating that 

formaldehyde treatment of soybean meal has no beneficial 

effects, there is significant data suggesting that treat

ment does decrease ruminal degradation of soybean meal. 
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thus enhancing animal performance. Peter e_t aj,. (1971) 

conducted a series of experiments to determine if aldehyde 

treatment of soybean meal would prevent or reduce ruminal 

degradation or enhance soybean meal utilization by the 

ruminant. Formaldehyde treatment reduced iji vitro rumen 

ammonia production and protein solubility. Soybean meal 

treated with .6% formaldehyde significantly improved weight 

gains and feed conversion in lambs. 

Nishimuta e_t_ aj,. (1973) reported decreased dry matter 

and crude protein digestibilities in lambs fed a diet 

supplemented with formaldehyde treated soybean meal. 

These workers indicated that the treated meal significantly 

altered the molar percentages of several amino acids. 

Treating soybean meal with .5% formaldehyde reduced 

protein release by pepsin pancreatin by 50% (Amos e_t_ al. , 

1974). An increase in fecal nitrogen and a decrease in 

urinary nitrogen excretion was reported for 1.1% formal

dehyde treatment. Treatment with .25% formaldehyde in

creased the percent dietary nitrogen retained. These 

data suggest that the optimum level of formaldehyde treat

ment of soybean meal was definitely less than 1% and prob

ably less than .5% under these experimental conditions. 

Johnson and Hatfield (1975) fed growing lambs, ad 

libitum, 12% crude protein diets supplemented with soy

bean meal treated with 0, .2, .4, .6 and .8% formaldehyde. 

Average daily gains were improved by treatment for the 

first 24 days of the feeding trial. Nitrogen balance 

was also improved due to formaldehyde treatment. 

Phillips and Horn (1979) treated soybean meal with 

formaldehyde at levels of 0, .25, .35, .50 and 1.0 grams 

per 100 grams of air dried weight. I_n_ vitro ammonia pro

duction progressively decreased with increasing increments 

of formaldehyde. At 1.0 gram of formaldehyde per 100 

grams of soybean meal, ammonia production was decreased 

100%, indicating the resistance of formaldehyde treated 
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soybean meal to microbial degradation to ammonia. Levels 

of .35 and .5 grams of formaldehyde protected 45% of the 

dry matter from microbial digestion and released 32 to 

33% of the dry matter in the enzymatic phase without 

drastically reducing the total digestibility. Stanton 

et al. (1979) reported decreased nitrogen digestibility 

and lower rumen ammonia levels at 1, 4 and 8 hours post-

feeding of wethers fed soybean meal supplements commer

cially treated with .3% formaldehyde. 

From the literature reviewed dealing with postruminal 

administration of proteins and amino acids, it is clear 

that delivering these nitrogenous substances to the lower 

digestive tract of the ruminant will improve animal per

formance. Preliminary research in the area of protected 

proteins and amino acids indicates that improvements can 

be obtained, but further research is needed to perfect 

these protection methods. 



CHAPTER III 

UTILIZATION, AVAILABILITY AND I^ VITRO 
DIGESTIBILITY OF FORMALDEHYDE TREATED 

SOYBEAN MEAL IN RUMINANTS 

Summary 

Three experiments were conducted to evaluate the 

utilization and availability of formaldehyde (HCHO) 

treated soybean meal (SBM). 

Growing lambs were fed a growing-finishing lamb diet 

in an 84-day study. Treatments included a positive and 

negative control (100% and 75% NRC crude protein require

ment, respectively) and three diets with HCHO-treated 

SBM (.3, .6 and 1.0%) at 75% NRC crude protein (CP) re

quirement. Lambs were evaluated for average daily gain 

(ADG), feed conversion (G/F) and wool growth. Feed con

sumption was recorded. Gains for lambs on the 1.0% HCHO 

diet tended to be less than the other treatment groups 

(P<.10). Feed conversion was depressed (P<.05) for lambs 

consuming the .6 and 1.0% HCHO diets. Lambs on the 1.0% 

HCHO diet tended to eat less feed (P<.10). These data 

indicate that the higher levels of HCHO treatment de

creased availability in the lower digestive tract. Wool 

growth rate was depressed for the lambs on the 1.0% HCHO 

diet when compared to the two controls and the .3% HCHO 

diet (P<.05). The positive control resulted in greater 

wool growth than the .6 or the 1.0% HCHO diets. 

A chick bioassay and ijn vitro organic matter di

gestibility (OMD) and dry matter digestibility (DMD) were 

evaluated to determine the availability of HCHO-treated 

SBM (0, .3, .6 or 1.0% HCHO). Chicks consuming the .3 

and .6% HCHO diets gained faster than those on the 0 or 

1.0% diets (P<.05). Feed conversion was less efficient 

for the chicks on the 1.0% diet (P<.01), as they tended 
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to eat more feed (P<.10). Dry matter digestibilities 

for the .6 and 1.0% HCH0-5BM diets were less than that of 

the control and .3% HCHO-SBM diets (P<.05). The 1.0% 

HCHO level had lower DMD than the .6% HCHO-SBM (F<.05). 

The same pattern was evident for OMD, with the 1.0% HCHO-

SBM having the lowest digestibility (P<.G1). Results 

from these two studies indicate that the levels, espe

cially the higher levels, of HCHO used to treat the SBM 

were in excess of the optimum level of treatment for max

imum nitrogen utilization. 

Introduction 

Most of the dietary nitrogenous compounds supplied 

by many ruminant feeds are degraded in the rumen with 

the nitrogen used in the synthesis of microbial protein 

and ammonia production. The ammonia production is gen

erally a wasteful process, but nitrogenous compounds of 

low biological value are upgraded to the biological value 

of rumen microbial protein. Conversely, a protein of 

high biological value and availability in the nonruminant 

may be altered by rumen microorganisms to yield a pro

tein of lower biological value or availability, or both. 

This fact plus the wastage of nitrogen to ammonia makes 

it advantageous to "protect" high quality proteins from 

ruminal degradation in order to enhance nitrogen utili

zation . 

Hatfield (1970) discussed the significance of pro

tein metabolism in the rumen and the possible effects of 

controlling microbial protein synthesis from dietary 

protein. Dietary supplementation of amino acids has not 

consistently given positive results above responses 

demonstrated by equivalent levels of nitrogen or sulfur, 

or both (Noble e_̂  a_l . , 1955: Oltjen e_t_ aj,. , 1^62: Harbers 

et al., 1961: Gossett et aj,., 1962). Postruminal adminis-
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tration of proteins and amino acids has generally resulted 

in improved animal performance (Chalmers £t ^1., 1954; 

Reis and Schinckel, 1964; Schelling and Hatfield, 1967b, 

1968; Richardson ejt aj^. , 1973). In his review, Hatfield 

(1970) discussed various methods for protecting high qual

ity proteins from ruminal alteration. Several workers 

have reported that HCHO treatment of SBM may decrease 

availability and digestibility of SBM in the rumen (Clark 

et_ aJ,., 1971; Nishimuta e_t aj,. , 1973; Wachira et_ aJ,. , 

1974) and improve nitrogen utilization by the ruminant 

(Peter e_t al_. , 1971; Johnson and Hatfield, 1975; Richard

son et̂  a],. , 1976; Phillips and Horn, 1979). 

This series of experiments was conducted to evaluate 

the effects of HCHO treatment of SBM on nitrogen avail

ability and utilization by growing lambs. 

Experimental Procedure 

Three experiments were conducted to evaluate the 

availability and digestibility of HCHO-treated SBM and 

its effects on lamb performance. 

Experiment 1. Two hundred and twenty-five growing 

lambs weighing 24.5 kg were utilized in an 84-day feed

ing study. The lambs were given one Tramisol bolus for 

internal parasites and 2.5 cc of Clostridium Perfringens 

Types C and D Bacterin-Toxoid to prevent enterotoxemia. 

These medications were repeated 14 days later. Lambs 

with respiratory problems were injected for 3 days with 

3 cc of Combiotic. A 7-day adjustment period was allowed 

to familiarize the lambs with the positive control diet. 

The lambs were housed under a shed with the south side 

open, thus all lambs were exposed to a certain amount 

of sunlight. Clean water was furnished ad̂  libitum. 

Randomization of the lambs was based on initial weight. 

sex and breed (white or black face). Lambs were weighed 
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at 28-day intervals and feed consumption was recorded. 

At the beginning of the experiment, small areas of 

wool were shorn from the left shoulder of each lamb with 

small animal clippers (Oster, size 00). These areas were 

shorn again at termination of the study. The area shorn 

was 4.4 cm wide and 100 cm long. The wool samples were 

cleaned and weighed. Results were expressed as g wool/ 

100 cm^. 

A 70% concentrate diet consisting of ground corn, 

cottonseed hulls (CSH), SBM commercially treated with 

0, .3, .6 or 1.0% HCHO, urea, minerals and vitamins was 

furnished ad̂  libitum in self feeders. Composition of the 

experimental diets is shown in table 1. A premix com

posed of the minerals, vitamins, urea and 25 kg of SBM 

was mixed for 20 minutes in a small paddle mixer then 

incorporated into the corn, CSH and the remainder of the 

SBM in a one ton batch paddle mixer for 10 minutes. 

The five treatment diets were described as: A-positive 

control, 100% NRC crude protein (CP) requirement with 

untreated SBM; B-negative control, 75% NRC CP require

ment with untreated SBM; C, D and E, 75% NRC CP require

ment with SBM treated with .3, .6 and 1.0% HCHO, res

pectively . 

A completely randomized design was used. One-way 

analysis of variance and least significant differences 

were used to determine treatment responses. Forty-five 

lambs were allotted to each of the five treatments with 

three replications per treatment (15 lambs per replica

tion ) . 

Feed ingredients and experimental diets were ana

lyzed for CP (Nx6.25) by the Kjeldahl method. Dry mat

ter, ash and ether extract were also determined. Chemi

cal analysis is shown in table 2. 

Experiment 2. A 9-day chick bioassay utilizing 168, 

8-day old male chicks was conducted to determine the 
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TABLE 1. COMPOSITION OF EXPERIMENTAL LAMB DIETS^ 

Ingredients 

Positive 
control 

0/ 
/O 

Treatments 
B 

Negative 
control 

• 0 / 
'/O 

HCHO 
0/ 
/O 

0/ 
.'3 

D 

CHO 
0/ 
/O 

E 
1 . 0 % 
HCHO 

0 ' 
/O 

Cottonseed 
hulls 

Ground corn 

Soybean meal 

HCHO-SBM 

Urea 

Salt 

Dicalcium 
phosphate 

Ground 
limestone 

Trace , 
minerals 

2 
Vitamins 

30 

61.62 

6.70 

.15 

.36 

.235 

.835 

.10 

30 

63.66 

4.69 

30 30 30 

12 

36 

.235 

.835 

.10 

+ 

63.66 63.66 63.66 

4.69 

.12 

.36 

.235 

.835 

.10 

4.69 

12 

.36 

235 

.835 

.10 

4.69 

.12 

36 

.235 

.835 

.10 

Total 100.00 100.00 100.00 100.00 100.00 

"'"Trace mineral premix consists of Fe , 66,495 ppm: Co. 
1,150 ppm: Zn, 213,120 ppm; I, 9,246 ppm: Mn, 100,500 ppm 
and Se, 104.5 ppm. 

^All vitamins added at the expense of corn. Vitamin A 
added at 2,205 lU/kg of diet. Vitamin D added at 2,5 lU./kg 
of diet. Vitamin E added at 33 lU/kg of diet. 

^All diets supply SBM nitrogen to urea nitrogen at a 
ratio of 
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TABLE 2. CHEMICAL ANALYSIS OF EXPERIMENTAL DIETS 
AND INGREDIENTS 

Component 
analyzed 

% Crude 
protein 

0/ Dry 
matter 

Analysis 

/O Ash 
% Ether 
extract 

Treatment-A 11.20 90.42 3.76 2.96 

Treatment-B 10.53 90.11 3.36 2.69 

Treatment-C 9.69 90.29 3.20 3.00 

Treatment-D 9.59 90.42 3.02 2.39 

Treatment-E 10.39 90.28 3.11 2.54 

Corn 9.85 38.88 1.43 3.40 

Soybean meal 49.36 90.67 6.38 1.47 

Cottonseed hulls 4.22 91.65 3.34 
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availability of HCHO treated SBM. The chicks were received 

at 1 day of age and offered a commercial chick starter 

and clean water containing a coccidiostat, ad libitum. 

Housing was provided in thermostatically controlled bat

teries. Following a 7-day adjustment to the chick starter, 

the chicks were weighed and randomly allotted to four 

treatments with three replications (14 chicks per repli

cation) per treatment. The initial mean weight of the 

chicks was 99 g. Feed consumption was recorded, and the 

chicks were weighed at termination of the study. Evalu

ation was based on ADG and G/F. Analysis of the data 

was by one-way analysis of variance and least significant 

differences . 

The basal diet is described in table 3. Ingredients 

of the basal diet were corn, SBM, corn oil, corn starch, 

minerals, vitamins and an antioxidant. The SBM was com

mercially treated with 0, .3, .6 or 1.0% HCHO. Vitamin 

and mineral premixes were prepared and incorporated into 

the remaining ingredients for 20 minutes in an industrial 

food mixer (Blakeslee). Diets were supplied to the chicks 

ad libitum. 

Experiment 3. SBM samples treated with 0, .3, .6 

and 1.0% HCHO were evaluated by iri ^itro digestibility. 

Determination was conducted according to the Moore modi

fication of the two stage Tilley-Terry procedure (Harris, 

1970) which was further modified by using 2 g samples and 

100 ml rumen fluid:buffer solution inoculum in 250 ml 

centrifuge bottles (Summers and Sherrod, 197^). Dry mat

ter residues were corrected for residue blanks. Treat

ment responses in DMD and OMD were analyzed using one-wav 

analysis of variance and least significant differences. 
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Ingredient 0' 
/O 

Ground corn 

Soybean meal 

Corn oil 

Corn starch 

Ground limestone 

Dicalcium phosphate 

Vitamin mixture 

2 
Mineral mixture 

48.24 

40.00 

5.00 

3.00 

1.25 

1.50 

.53 

.48 

Antioxidant 

Total 100.00 

Vitamin mixture contains (mg/kq) niacin, 
3.15; pantothenic acid, 7.85; folic acid, 1.55; 
choline chloride, 157.5; cyanacobalamine, .008; 
menadione, 1.55; riboflavin, 6.25'. a-tocopheral 
acetate, 6; vitamin A, 1500 lU/kg and vitamin D^ 
200 ICU/kg. 

.14; 
CuSO 
.ooo' 

Mineral mixture contains (% of diet) CaCO 
MnSOA.H^O, .014; NaCl , .29 
.5- - '"--- - -̂ .. ̂  ^ ̂  'H2O, .002; Fe 

ZnClT, .013; 
(C.H^O-,) .6H2O, .021 and KI , 

3' 
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Results and Discussion 

Experiment 1. Lambs fed for 84 days on a 70% concen

trate corn-CSH-SBM diet were evaluated according to ADG, 

G/F and wool growth. The five treatments were A-positive 

control, B-negative control, C-.3% HCHO-SBM, D-.6% HCHO-

SBM and E-1.0% HCHO-SBM. Feed consumption was recorded 

and the lambs were weighed at 28-day intervals. Wool 

samples were obtained at termination of the study. 

Average daily gains, G/F and wool growth are shown in 

table 4 and feed consumption in table 5. Average daily 

gains (kg) and G/F for treatments A, B, C, D and E, res

pectively, were .214, .142; .197, .139; .205, .136; .204, 

.128 and .176, .128. Lambs consuming the two controls 

and the .3 and .6% HCHO diets resulted in similar ADG, 

while lambs on the 1.0% HCHO diet tended to gain slower 

(P<.10). Feed conversion was depressed for lambs on the 

.6 and 1.0% HCHO diets when compared with the other diets 

(P<.05). Wool growth measurements in g wool/100 cm were 

5.64, 5.38, 5.28, 4.99 and 4.66 for treatments A, B, C, 

D and E, respectively. 

Greater (P<.05) amounts of wool were shorn from lambs 

consuming the positive control diets than those on the 

.6 and 1.0% diets. Lambs fed the .6% HCHO diet produced 

wool growth similar to those fed the negative control 

and .3% HCHO, but the 1.0% HCHO consuming lambs produced 

less (P<.05). The CP level of the positive control diet 

was in excess of the lambs requirement while the negative 

control met requirements upon laboratory analysis. The 

1.0% HCHO diet was also at requirement suggesting that 

this level of HCHO possibly makes the protein somewhat 

less available at the lower digestive tract. The fact 

that lambs fed the .3 and .6% HCHO diets which were below 

CP requirements performed as well as those on the nega

tive control indicates that HCHO treatment cioes improve 
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TABLE 4. LAMB PERFORMANCE 

Criteria for evaluation 

ADG (kg) 
Wool growth 

Gain/feed (g wool/lOOcm^) 

Positive control .214 ± 

Negative control 

.3% HCHO 

.6% HCHO 

1.0% HCHO 

197^ + 

205^ ± 

204 ± 

176^ ± 

.003 

.011 

.016 

.004 

.005 

142^ ± 

139^ + 

136" 

128 

001 5.64'' ± 

002 5.38"̂ ^ ± 

005 5.28 cd 

004 4.99^^ ± 

128 ± .004 4.66 

.30 

.10 

.04 

.05 

.07 

a b ' Means within a column followed by different super 
scripts are different (P<.10). 

^' ' Means within a column followed by different 
superscripts are different (P<.05). 

Mean±SE for n = 3. 
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nitrogen utilization under these experimental conditions. 

TABLE 5. LAMB FEED CONSUMPTION 

Treatment Feed consumption (kg/day) 

Positive control 

Negative control 

.3% HCHO 

.6% HCHO 

1.0% HCHO 

1.51^^ ± .03 

1.42^^ ± .06 

1.51^^ ± .11 

1.59^ ± .07 

1.38^ ± .02 

a b ' Means within a column followed by different 

superscripts are different (P<.10^. 

Mean ± SE for n = 3. 

Experiment 2. Chick performance is described in 

table 6. As previously discussed, 8-day old, 99 g male 

chicks were fed a^ libitum for 9 days on a semipurified 

diet containing SBM commercially treated with 0, .3, .6 

and 1.0% HCHO for treatments A, B, C and D, respectively. 

Chicks were weighed initially and at termination on a 

Toledo dial scale. Feed consumption was recorded and 

the chicks were evaluated by ADG and G/F. 

Average daily gain (g), G/F and feed consumption 

(g/day) for the chicks were 10.4, .39. 26.8; 11.6, .41, 

23.1; 11.6, .38, 30.1 and 9.4, .30, 32.1 for A, B, C and 

D, respectively. Chicks eating diets B and C demonstrated 

similar gains and greater ^P<.05) gains than the chicks 

on the control or the 1.0% HCHO diet. Feed conversion 

followed the same pattern with chicks fed the 1.0% HCHO 

diet again demonstrating the poorest (P<.01) results. 

The chicks on the diet treated with the highest level of 

HCHO also tended to eat more. These data suggest that 

treatment of SBM with HCHO was not detrimental to the 

availability of SBM in the chick stomach, or in effect, 

the lower digestive tract of the ruminant, except when 

treated with 1.0% HCHO. This level appears to have de-
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creased the availability of the SBM. 

TABLE 6. CHICK PERFORMANCE 

Criteria for evaluation 
Gain/feed Feed consumption (g/day) Treatment ADG (g) 

Control 

.3% HCHO 

.6% HCHO 

1.0% HCHO 

10.4" ± 

11.6^ ± 

11.6'^ ± 

9.4^ ± 

.3 .39"- ± .01 

.3 .41^ ± .01 

.3 .38^ ± .01 

.2 .30^ ± .02 

26.8'' ± 

28.1® ± 

30.1®^ ± 
f 

32.1 

.9 

.4 

.5 

± 1.9 

a b 
* Means within a column followed by different super

scripts are different (P<.05). 

^' Means within a column followed by different super
scripts are different (P<.01). 

®' Means within a column followed by different super
scripts are different (P<.10). 

"^Mean ± SE for n = 2. 

Experiment 3. In vitro digestibility was determined 

with SBM commercially treated with 0, .3, .6 and 1.0% HCHO 

The Moore modification of the two stage Tilley-Terry proce 

dure (Harris, 1970) which was further modified by Summers 

and Sherrod (1974) was used. Dry matter and its composi

tion (table 7) was determined in addition to DMD and OMD 

(table 8 ) . Dry matter digestibility was depressed (P<.05) 

for the .6 and 1.0% HCHO-SBM as compared to the control 

and .3% HCHO-SBM which demonstrated similar digestibility 

coefficients. The 1.0% HCHO-SBM DMD was less •P<.05) 

than that of the .6% treatment. The OMD followed the 

same patterns (P<.01). These results indicated decreased 

availability of both the .6 and 1.0% HCHO-SBM treatments 

and no detrimental effects from treatment with .3% HCHO. 

These decreases in digestibility are in agreement with 

several workers in both in_ vitro and i^ vivo work :Clark 

e t a l . , 1971; Nishimuta et_ aj^. , 1973; Amos e_t al_. , I^7a). 
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TABLE 7. COMPOSITION OF SOYBEAN MEAL 

Treatment 

Control 

.3% HCHO 

.6% HCHO 

1.0% HCHO 

Dry matter, ° 
Composition of dry matter 

Organic matter, % Ash, % 

92.2 

92.1 

92.2 

92.2 

93.3 

93.3 

93.2 

93.4 

6.7 

6.7 

6.8 

6.6 

TABLE 8. IN VITRO DIGESTIBILITY OF SOYBEAN MEAL 

Treatment Dry matter, % Organic matter, % 

Control 

.3% HCHO 

.6% HCHO 

1.0% HCHO 

93.8° ± 

94.4 ± 

88.2 + 

84.7'' ± 

.3 

.4 

.4 

.2 

93.9 .2 

94.6 + .4 

88.0 ± .4 

84.5^ ± . 1 

3 M O 

' ' Means within a column followed by different 
superscripts are different (P< .05). 

"''^ Means within a column folio \jed by different 
superscripts are different 'P<.01). 

MeaniSE for n :: 2 
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Data from these three experiments are by no means 

consistent, indicating that further research is necessary 

to determine the optimum level of HCHO required to ensure 

maximum nitrogen utilization by the ruminant. Results of 

this work and unpublished data by Owens suggest that the 

optimum level of HCHO treatment of SBM is possibly less 

than .3%. 



CHAPTER IV 

EFFICACY OF FEEDING STEERS SOYBEAN MEAL 
TREATED WITH .6% FORMALDEHYDE 

Summary 

One hundred and fifty growing steers were utilized 

in a 184-day feeding study to determine the effects of 

feeding diets supplemented with SBM (treated with .6% 

HCHO) at varying levels in the diet. The study was 

divided into a 100-day growing phase and an 84-day finish

ing phase . 

Treatments for the growing phase were: A-positive 

control, B-negative control, C-70% HCHO-SBM (70% of the 

level of SBM in A), D-50% HCHO-SBM and E-30% HCHO-SBM. 

Average daily gains (kg), G/F values and feed consump

tions (kg/day) for treatments A, B, C, D and E, respect

ively, were 1.06, .126, 8.36; .97, .118, 8.22; .95, .124, 

7.71; 1.02, .123, 8.30 and .91, .117, 7.75. Steers on 

treatment A tended to gain faster (P< .10) than those on 

treatments C and E and the steers on treatment E gained 

less (P<.10) than those on treatment D. Similar G/F was 

noted for the steers on treatments A, C and D. These 

G/F values were greater (P<.10) as compared to treatments 

B and E. Feed consumption followed the pattern of G/F 

with the steers fed diets C and E eating less than those 

on the other treatments. 

Treatments for the finishing phase were: A-positive 

control, B-negative control, C-60% HCHO-SBM (60% of the 

level of SBM in A), D-40% HCHO-SBM and E-30% HCHO-SBM. 

Average daily gains (kg), G/F values and feed consump

tion (kg/day) for treatments A, B, C, D and E, respect

ively, were 1.05, .151, 6.93; 1.11, .153. 7.28: 1.06, 

.141, 7.56; 1.07, .144, 7.42 and .98, .139, 7.13. No 

significant differences were noted in ADG or G/F. Steers 

40 
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on the 60% and 40% HCHO-SBM diets tended to eat more than 

the steers on the positive control (P<.10). 

Introduction 

It is well known that the microbial activity of the 

rumen serves as a useful and, sometimes, vital buffer 

between the host and an adverse environment. In contrast, 

this buffer can, and does, hamper the nutritional effec

tiveness of a high-quality diet. Attempts to override 

the inefficiencies of rumen microorganisms in protein 

metabolism have been variable. Postruminal administra

tion of amino acids and proteins has shown that denying 

rumen microbes the chance to utilize these nitrogenous 

compounds enhances nitrogen utilization by the ruminant 

(Cuthbertson and Chalmers, 1950; Reis, 1967; Schelling 

and Hatfield, 1967b; Richardson e^ aĴ . , 1976). 

Previous literature indicates that various methods 

have been researched in attempts to protect dietary ni

trogenous sources from ruminal degradation, such as heat 

processing (Tagari e_t̂  aj^. , 1962), encapsulation (Broderick 

et al., 1970), vegetable tanning agents (Driedger and 

Hatfield, 1972) and aldehydes (Peter et_ al̂ . , 1971). 

Of those attempts, HCHO treatment of plant proteins 

has been one of the most popular and successful methods 

(Faichney, 1971, 1974; Sharma and Ingalls, 1974; Rattray 

and Joyce, 1970; Dinius e_t̂  aj^. , 1975). Formaldehyde re

acts with various active groups on protein molecules to 

form reversible cross linkages which cannot be broken in 

the neutral pH of the rumen but are readily hydrolyzed 

in the acid pH of the lower digestive tract. A substan

tial amount of work has been done with HCHO treatment 

of high quality proteins, especially SB M, which has 

generally resulted in positive results (Peter e_̂  al . , 

1971; Amos e_t̂  aj^. , 1974; Johnson and Hatfield, I9~5; 

Richardson et al., 1976). 



This study was designed to determine the efficacy 

of feeding various levels of SBM treated with the pro

posed optimum level of HCHO (.6%). 
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Experimental Procedure 

One hundred and fifty 247 kg steers were utilized 

in a 184-day feeding study. The experiment was divided 

into a growing phase (100 days) and a finishing phase 

(84 days) . 

Upon arrival, steers were administered one Tramisol 

bolus, 5 cc of Clostridium Chauvoei-Septicum-Novyi-

Sordellii-Perfringens Types C and D Bacterin-Toxoid intra

muscularly, 2 cc of IBR-PI,-Lepto-Pasteurella subquetan-

eously and 10 cc of Tylan for three days in the case of 

respiratory difficulties. Prior to the start of the 

growing phase the steers were allowed a 14-day adjustment 

period on the positive control diet. Ritchie automatic 

waterers provided water a_d_ libitum. The steers were fed 

ad libitum at 9:00 a.m. daily. Steers were penned in an 

open air, shadeless feedlot with a cement floor. 

A completely randomized design was used. Treatment 

responses were analyzed using one-way analysis of vari

ance and least significant differences. Thirty steers 

were randomly allotted to five treatments with three 

replications per treatment (10 steers per replication). 

Feed consumption was recorded and the steers were weighed 

at 28-day intervals. Performance was evaluated by ADG 

and G/F. 

The five treatments were: A-positive control, 100% 

NRC CP requirement with untreated SBM at 9.90% of the 

diet; B-negative control with untreated SBM at 50% of 

the level of SBM in A (4.95%); C-(70% HCHO-SBM) treated 

SBM at 70% of the level of SBM in A (6.93%); D-(50% HCHO-

SBM) treated SBM at 50% of the level of SBM in A and 
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E-(30% HCHO-SBM) treated SBM at 30% of the level of SBM 

in A. The 50% concentrate diet was comprised of corn 

silage, ground corn, CSH, urea, SBM, minerals and vitamins 

Composition of the experimental growing diets is shown in 

table 9. 

A premix consisting of 25 kg of SBM, urea, minerals 

and vitamins was mixed for 20 minutes in a small paddle 

mixer. The premix was incorporated with the remaining 

SBM and corn in a one ton batch paddle mixer for 10 min

utes. Incorporation of the supplement with the corn si

lage and CSH was accomplished by hand mixing with a rake 

in the feed bunks. 

Immediately following the 100-day growing phase, the 

steers were rerandomized, in the manner previously dis

cussed, to five new finishing treatment diets. The ini

tial weight was 346 kg. Performance was evaluated in 

the same manner as described for the growing phase. 

Steers were adjusted from the 50% concentrate to the 90% 

concentrate diets over a 10-day period. Experimental de

sign and analysis of the treatments was the same as des

cribed for the growing phase. The steers were fed ad 

libitum at 9:00 a.m. daily. 

The five finishing treatments were: A-positive con

trol, 100% NRC CP requirement with 5% untreated SBM; 

B-negative control with 40% of the level of untreated 

SBM present in A; C-(60% HCHO-SBM) treated SBM at 60% of 

the level of SBM in A; D-(40% HCHO-SBM) treated SBM at 

40% of the level of SBM in A and E-(30% HCHO-SBM) treated 

SBM at 30% of the level of SBM in A. The 90% concentrate 

diet consisted of CSH, ground corn SBM, cane molasses, 

animal fat, minerals and vitamins. Composition of the 

experimental finishing diets is shown in table 10. The 

animal fat was removed from the diets on day 41 of the 

study in an unsuccessful attempt to improve feed consump

tion of the steers. A second unsuccessful attempt W3S 



TABLE 9. COMPOSITION OF EXPERIMENTAL 
GROWING STEER DIETS^ 
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Treatments 

Ingredients 

Corn 
silage 

Cottonseed 
hulls 

Ground corn 

Soybean meal 

HCHO-SBM 

Urea 

Salt 

Dicalcium 
phosphate 

Ground 
limestone 

Positive 
control 

SBM 100% 

B 
Negative 
control 

SBM 50% 
0' 
/O 

35.00 

15.00 

38.39 

9.82 

.23 

.44 

.56 

.56 

0' 
/O 

35.00 

15.00 

43.38 

4.95 

.11 

.44 

.56 

.56 

70% 
HCHO 
SBM 

6.93 

16 

44 

56 

56 

D 
50% 

HCHO 
SBM 

0' 
/O 

4.95 

.11 

.44 

.56 

.56 

30% 
HCHO 
SBM 

0' 

3 5 . 0 0 3 5 . 0 0 3 5 . 0 0 

1 5 . 0 0 1 5 . 0 0 1 5 . 0 0 

4 1 . 3 5 4 3 . 3 8 4 5 . 4 0 

2.93 

.06 

.44 

.56 

.56 

Trace 
minerals 

Vitamins 

1 

+ + 

Total 100.00 100.00 100.00 100.00 100.00 

-'•Trace minerals added to meet NRC requirements at the 
expense of salt. 

^All vitamins added at the expense of corn. Vitamin A 
added at 2,205 lU/kg of diet. Vitamin D added at 415 lU/kg 
of diet. Vitamin E added at 33 lU/kg of diet. 

^All diets supply SBM nitrogen to urea nitrogen at a 
ratio of 7:1. 
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TABLE 10. COMPOSITION OF EXPERIMENTAL 
FINISHING STEER DIETS 

Ingredients 

Cottonseed 
hulls 

Ground corn 

Soybean meal 

HCHO-SBM 

Cane 
molasses 

Animal fat 

Salt 

Dicalcium 
phosphate 

Ground 
limestone 

Potassium 
chloride 

Trace , 
minerals 

Vitamins 

11.00 

68.31 

5.00 

10.00 

3.00 

.40 

.40 

1.09 

.30 

A 
Positive 
control 

100% SBM 

Treatments 
B 

Negative 
control 
40% SBM 

0/ 
/O 

11.50 

71.31 

2.00 

10.00 

3.00 

.40 

.40 

1.09 

.30 

60% 
HCHO 
SBM 

Of 
/O 

11.50 

70.31 

3.00 

3.00 

.40 

.40 

; .09 

.30 

D 
40% 

HCHO 
SBM 
0' 
/O 

11.50 

71.31 

2.00 

3.00 

.40 

.40 

1.09 

30 

-I-

E 
30% 

HCHO 
SBM 
0' 

11.50 

71.31 

1.50 

10.00 10.00 10.00 

3.00 

.40 

.40 

1.09 

.30 

Total 100.00 100.00 100.00 100.00 100.00 

Trace minerals added to meet NRC reguirements at the 
expense of salt . 

"All vitamins added at the expense of corn. Vi'amin A 
added at 2,205 lU/kg of diet. Vitamin D added a* .15 lUki 
of diet. Vitamin E added at 33 lU/kg of diet. 
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made on day 62 by reducing the cane molasses from 10% 

to 3% and replacing it with 7% ground corn. 

The complete diets were mixed by incorporating a pre

mix (25 kg of SBM in addition to the minerals and vita

mins) with the corn, CSH, SBM, cane molasses and animal 

fat as described for the growing supplements. 

Treatment diets and ingredients were analyzed for 

CP (Nx6.25) by the Kjeldahl method. Dry matter, ash and 

ether extract were also determined. Chemical analysis 

of the growing diets is shown in table 11 and the finish

ing diets in table 12. 

Results and Discussion 

One hundred and fifty 247 kg steers were fed a con

ventional growing diet for 100 days and a conventional 

finishing diet for 84 days to determine the efficacy of 

feeding various levels of SBM treated with .6% HCHO. 

The steers were offered feed and water a_d̂  libitum. Ad

justment to the positive control diet for 14 days preceded 

the growing phase. 

The 50% concentrate diet consisted of corn silage 

and CSH (35 and 15%, respectively), ground corn, urea, 

minerals, vitamins and SBM. The SBM in treatment A (posi

tive control) comprised 9.82% of the diet and was un

treated. Treatment B (negative control) utilized untreated 

SBM at 4.95%. Treatments C, D and E contained .6% HCHO 

treated SBM at 6.93, 4.95 and 2.98% of the diet, re

spectively. Average daily gains (kg), G/F values and 

feed consumption (kg/steer/day) were 1.06, .126. 8.36: 

.97, .118, 8.22; .95, .124, 7.71; 1.02, .123, S.30 and 

.91, .117, 7.75 for treatments A, B, C. D and E, re

spectively (table 13). The low level of HCHO-SBM tended 

to depress gains (P<.10) as compared to the positive 

control and the 50% HCHO-SBM diets. Steers on the 70% 
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TABLE 11. CHEMICAL ANALYSIS OF EXPERIMENTAL GROWING DIETS 
AND INGREDIENTS 

Component 
analyzed 

%Crude 
protein 

Analysis 
% Dry 

matter 
/O i Ether 

% Ash extract 

Ireatment-A 17.31 91.81 4.35 1.93 

Treatment-B 13.23 90.79 4.35 1.87 

Treatment-C 14.83 90.75 4.33 1.34 

Treatment-D 13.43 91.03 4.68 1.38 

Treatment-E 

Ground corn 

11.68 

9.20 

90.11 

88.88 

4.37 

1.19 

1.93 

2.27 

Soybean meal 46.73 38.81 5.83 .2 

Cottonseed meal 4.09 90.65 1.48 

Corn silage 3.30 33.60 1.8 9 1.15 
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TABLE 12. CHEMICAL ANALYSIS OF EXPERIMENTAL 
FINISHING DIETS AND INGREDIENTS 

Component 
analyzed 

% Crude % Dry 
protein matter 

Analysis 

% Ash 
% Ether 
extract 

Treatment-A 10.72 87.77 4.52 2.69 

Treatment-B 9.12 87.34 4.30 2.69 

Treatment-C 9.69 87.90 3.93 2.6i 

Treatment-D 9.55 87.54 4.20 2.61 

Treatment-E 9.62 87.--6 4.13 3.04 

Ground corn 9.49 89.14 1.24 2.01 

Soybean meal 48.01 88.31 5.:'6 1.01 

Cottonseed hulls 4.17 90.92 2.54 1.39 
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TABLE 13. GROWING STEER PERFORMANCE 

Criteria for evaluation 

Treatment ADG (kg) Gain/feed 

Feed 
consumption 
(kg/day) 

Positive control 1.06^ ± .02"̂  .126^ + .003 8.36^ ± .11 

Negative control 0.97^^^ ± 05 .118" ± .005 8.22 ± .05 

70% HCHO-SBM 0.95^^ ± .02 .124^ ± .001 7.7l' 05 

50% HCHO-SBM 1.02̂ ^̂  ± .05 .123^ + .007 8.30^ + .10 

30% HCHO-SBM 0.91^ ± .02 .117^ ± .004 7.75® .16 

a b c ' ' Means within a column followed by different 
superscripts are different (P<.10). 

d e ' Means within a column followed by different 
superscripts are different (P<.05). 

Mean ± SE for n = 3. 
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HCHO-SBM tended to gain less (P<.10) than those on the 

positive control. Steer gains from the positive and nega

tive controls and the 50% HCHO-SBM diets were similar. 

Upon laboratory analysis of the diets (table 11) the lat

ter two diets as well as the positive control were in 

excess of the CP requirement for this type of steer. In 

order to show treatment effects, protein should have been 

the limiting factor in the diet, thus the diets in this 

study were not indicative of previous literature (Peter 

e_t £l. , 1971; Johnson and Hatfield, 1975) as far as gains 

were concerned. Steers consuming the 70 and 50% HCHO-

SBM diets had G/F similar to the positive control and 

tended to have improved G/F similar to the positive con

trol and tended to have improved G/F (P<.10) as compared 

to the steers on the negative control and the 30% HCHO-

SBM diets. Feed consumption was less (P<.05) for the 

steers fed the 30 and 70% HCHO-SBM diets than for those 

on the other diets. The fact that the diets were ex

cessive in CP and tended to perform in favor of the HCHO-

SBM treatments indicates that HCHO treatment of SBM did 

improve nitrogen utilization of growing steers under these 

experimental conditions. 

Following the growing phase, the steers were reran

domized for the finishing phase. The experimental pro

cedure was exactly the same as for the growing phase. 

Initial weight was 346 kg. The steers were adjusted 

to the 90% concentrate diet for the first 10 days of the 

finishing phase. Analysis of the means was the same as 

for the growing phase. The finishing diet was comprised 

of CSH, ground corn, SBM, molasses, animal fat, minerals 

and vitamins. The SBM in treatment A (positive control) 

was untreated and made up 5% of the diet. Treatment B 

(negative control) utilized untreated SBM at 2%. Treat

ments C, D and E utilized SBM treated with .6% HCHO at 

3, 2 and 1.5% of the diet, respectively. 
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Feed consumption of the steers on all treatments 

was below expectancy, hence two unsuccessful attempts were 

made to increase consumption. Firstly, on day 41 of the 

experiment the animal fat was removed from the diet, and 

secondly, on day 62 the cane molasses was reduced from 

10 to 3% and replaced by ground corn. Both attempts 

failed to produce positive responses. 

Performance of steers during finishing phase is shown 

in table 14. Average daily gains (kg), G/F values and 

feed consumption (kg/steer/day) for steers on treatments 

A, B, C, D and E, respectively, were 1.05, .151, 6.93; 

1.11, .153, 7.28; 1.06, .141, 7.56; 1.07, .144, 7.42 and 

.98, .139, 7.13. No significant differences were noted 

in ADG or G/F. The steers on the 60% and 40% HCHO-SBM 

diets tended to eat more than steers on the positive con

trol (P<.10). Research dealing with HCHO-treatment of 

SBM for finishing steers is lacking, therefore the data 

presented cannot be substantiated. Laboratory analysis 

of the diets (table 12) indicates that the CP requirement 

of the steers should have been met with each diet. As 

previously mentioned, protein would have to be the limit

ing factor to establish the true effects of HCHO-SBM. 

Using a 90% concentrate diet, as in this study, presents 

difficulty in producing a protein deficiency, thus the 

possibility for detecting treatment effects was negated. 
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TABLE 14. FINISHING STEER PERFORMANCE 

Criteria for evaluation 

Treatment ADG (kg) Gain/feed 

Feed 
consumption 
(kg/day) 

Positive control 1.05^ ± .02"̂  .151^ ± .002 6.93' .20 

Negative control 1.11^ ± .003 .153^ ± .005 7.23^^^^ ± .20 

60% HCHO-SBM 1.06^ ± .02 .141^ ± .002 7.56^ ± .07 

40% HCHO-SBM 1.07^ ± .06 .144^ ± .009 7.42"̂ ^ ± .13 

30% HCHO-SBM 98^ ± .01 .139^ ± .004 7.13^^^ ± .08 

a b c ' ' Means within a column followed by different 
superscripts are different (P<.10). 

f-1ean ± SE for n - 3. 



CHAPTER V 

EFFICACY OF FEEDING GRADED LEVELS OF 
N-HYDROXYMETHYL-DL-METHIONINE-(CA) 

TO GROWING STEERS 

Summary 

One-hundred fifty growing steers weighing approxi

mately 195 kg were randomly allotted to five treatments 

with three replications per treatment (10 steers per 

replication), to determine the efficacy of adding sup

plemental N-hydroxymethyl-DL-methionine-calcium (HMM-Ca) 

to a conventional growing diet. The steers were fed for 

a 90-day period. They received 2.1 kg/day of a supple

ment consisting of SBM, molasses, urea, HMM-Ca, minerals 

and vitamins. The supplement provided 0, 5, 10, 20 or 

40 g of HMM-Ca/head daily. A 50:50 mixture of cottonseed 

hulls and ground prairie hay fed ad_ libitum made up the 

remainder of the diet. Average daily gain, G/F and feed 

consumption were measured. 

Average daily gains (kg) and G/F values were .97, 

.109; .90, .105; .94, .107; .94, .106 and .94, .107 for 

the 0, 5, 10, 20 and 40 g HMM-Ca treatments, respectively. 

Addition of HMM-Ca had no effect on ADG or G/F. Feed 

consumption was 8.88, 8.61, 8.81, 3.31 and 8.85 kg/day 

for the 0, 5, 10, 20 and 40 g HMM-Ca treatments, re

spectively. Feed consumption tended to be lower (P<.10) 

for the steers consuming 5 g HMM-Ca daily as compared 

to that of the steers consuming 40 G HMM-Ca daily. The 

data indicated that while not beneficial in improving 

performance, HMM-Ca did not adversely affect consumption 

at high levels. (Key Words; steers, HMM-Ca, ADG, G/F, 

feed consumption) 

53 



54 

Introduction 

Since the discovery of the extensive conversion of 

dietary proteins to ammonia in the rumen (McDonald, 1948) 

many researchers have concentrated on methods to reduce 

the ammonia production, in an attempt to improve nitro

gen utilization by ruminants. 

Biological responses of ruminants are greatly af

fected by the quality of protein or pattern of amino 

acids reaching the absorption sites (Schelling and Hat

field, 1967a, 1967b; Nimrick e^ al̂ . , 1970; Chalupa e^ a_l. , 

1972, 1973). Several workers have reported favorable 

results from postruminal administration of specific first-

limiting amino acids (Oltjen e_t_ £l.. , 1970; Schelling 

et_ ajL̂. , 1973; Richardson et_ al̂ . , 1973, 1975a, 1975b). 

Microbial degradation of dietary proteins and free 

amino acids in the rumen has made the problem of improv

ing the pattern of amino acids reaching the absorption 

sites of the small intestine by dietary supplements 

difficult. The pattern of amino acids reaching the ab

sorption sites can be changed, however, by protecting 

dietary amino acids from microbial attack in the rumen, 

thus enhancing their availability to the lower digestive 

tract. 

Previous work by Richardson and Hatfield (1975a, 

1975b and 1978) indicate that methionine was the first-

limiting amino acid for growing steers. Therefore, pro

tection of methionine from microbial degradation should 

result in favorable performance in growing steers. Meth

ionine, encapsulated with fatty acids, has shown promise 

in resisting rumen degradation (Mowat and Deelstra, 19:̂ 2; 

Komarek and Jandzinski, 1978a, 1978b; Calhoun. 197^). 

HMM-Ca, [CH^S(CH2)2CH(NHCH20H)Coo]2Ca. has also been re

ported to escape microbial breakdown (Richardson and Hat

field, 1975b, 1976). 
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This experiment was conducted to determine the ef

fects on growth and feed conversion of methionine in the 

form of HMM-Ca. 

Experimental Procedure 

One hundred and fifty, 195 kg steers were utilized 

in a 90-day growth study to determine the effects of 

dietary supplementation of HMM-Ca on ADG, G/F and feed 

consumption. Upon arrival, the steers were administered 

one Tramisol bolus, 5 cc of Clostridium Chauvoei-Septi-

cum-Novyi-Sordellii-Perfringens Types C and D Bacterin-

Toxoid intramuscularly and 2 cc of IBR-PI-,-Lepto-Pasteur-

ella subquetaneously. Steers were fed the control diet 

for a 14-day adjustment period. Free choice water was 

available using Ritchie automatic waterers. The steers 

were ad^ libitum fed at 10:00 a.m. daily. Housing was 

provided in a cement floor, open-air feedlot without ac

cess to shade . 

A supplement comprised of SBM, molasses, urea, HMM-

Ca (0, 5, 10, 20 and 40 g/steer/day), minerals and vita

mins was provided at 2.1 kg/'steer/day. Cottonseed hulls 

and ground prairie hay were fed ad̂  libit urn as a 50:50 

mixture. Composition of the experimental supplements 

is shown in table 15. Incorporation of the supplement 

and roughage was accomplished by hand mixing with a rake 

in the feed bunks. 

A completely randomized design was used. One-way 

analysis of variance and least significant differences 

were used to dete^rmine treatment responses. Thirty 

steers were randomly allotted to five treatments with 

three replications per treatment (10 steers per replica

tion). The steers were weighed at 28-cay intervals to 

evaluate ADG and 'f F. Feed consumption was recorded. 
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TABLE 15. COMPOSITION OF THE EXPERIMENTAL SUPPLEMENTS 

Ingredient 

TRT-A 
Og 

HMM-Ca 
0/ 

Tree 
TRT-B 
5g 

HMM-Ca 
0/ 
/O 

itments 
TRT-C 
lOg 

HMM-Ca 
0/ 
/O 

TRT-D 
20g 

HMM-Ca 
0/ 
/O 

TRT-E 
40g 

HMM-Ca 
0/ 
/O 

Soybean meal 

Dried 
molasses 

Urea 

HMM-Ca 

Dicalcium 
phosphate 

Sodium 
sulfate 

Salt 
1 
I 

Vitamin A^ 

48.49 

48.30 

.30 

1.65 

48.51 

48.08 

48.50 43.50 48.53 

26 

24 

1.65 

Total 

.24 

.97 

.05 

00.00 

.24 

.97 

.05 

100.00 

47.87 47.4 

.23 

49 

1.65 

24 

97 

.05 

.15 

.97 

1.65 

.24 

.97 

.05 

46.62 

1.94 

1.65 

.24 

.97 

.05 

100.00 100.00 100.00 

Vitamin A was added at 1,000 lU/pound of supplement 
at the expense of corn. 
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Feed ingredients and treatment supplements were ana

lyzed for crude protein (Nx6.25) by the Kjeldahl method. 

Dry matter, ash and ether extract were also determined. 

Chemiciil analysis is shown in table 16. 

Results and Discussion 

HMM-Ca, at levels of 0, 5, 10, 20 and 40 g/steer/day, 

was added to a conventional steer supplement and fed to 

195 kg crossbred steers. The supplement was provided at 

2.1 kg daily along with a 50:50 mixture of cottonseed 

hulls and ground prairie hay, a^ libitum, for 90 days. 

The steers were weighed at 23-day intervals and evaluated 

on ADG and G/F. Feed consumption was recorded. These 

data were analyzed by one-way analysis of variance using 

the least significant difference to compare means (Steele 

and Torrie , 1960 ) . 

Steer performance is outlined in table 17 as means 

the standard error for the individual means with n = 3. 

Average daily gains (kg) and G T values for 0, 5, 10, 20 

and 40 g daily HMM-Ca supplementation, respectively were 

.97, .109; .90, .105; .94, .10^; .94, .106 and .94, .107. 

There were no significant differences in ADG or G/F 

(P>.05). Peterson and Hatfield (1978) also reported no 

differences in animal performance due to oral supplemen

tation of HMM-Ca at levels equivalent to 2 g of methio

nine daily which would be the equivalent of 2.^ g of HflM-

Ca daily. Feed consumption for the steers, in the same 

order as ADG and G/F was 8.38, 8.61, 8.81, 8.81 and 8.85 

kg/steer/day. Consumption for steers receiving 5 g HMM-

Ca daily was slightly less (P<.10) than that of steers 

on the other treatments. These data, although no im

provement was shown, suggest that there were no detri

mental effects due to high levels of HMM-Ca supplementa

tion. Richardson et al. (19"'6) noticed that HMM-Ca 
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TABLE 16. CHEMICAL ANALYSIS OF EXPERIMENTAL SUPPLEMENTS 
AND INGREDIENTS 

Component 
analyzed 

% Crude 
protein 

Analysis 
0/ Dry 
matter % Ash 

% Ether 
extract 

Treatment-A 28.55 92.54 8.93 2.15 

Treatment-B 27.60 92.87 3.95 1.54 

Treatment-C 27.42 92.92 8.85 1.64 

Treatment-D 2 7 . 8 1 9 2 . 0 7 1 1 . 3 8 1 .44 

Treatment-E 26.76 92.00 9.08 1.49 

Soybean meal 

Dried molasses 

4 7 . 9 5 

3 . 9 9 

9 0 . 4 0 

9 2 . 9 5 

6 . 2 2 

. 9 5 

1.4 

1.74 

Cottonseed hulls 5.58 9 1.36 2.75 1.22 

Ground 
prairie hay 5.20 92.26 6.81 2. 1 
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Treatment 

TABLE 17. STEER PERFORMANCE 

ADG (kg) 

Criteria for evaluation 

Gain/feed 

Feed 
consumption 
'̂ kg/day ) 

Og HMM-Ca .97^ ± .01-̂  109^ ± .001 8.88^ ± .03 

5g HMM-Ca .90 + .03 105^ ± .003 8.61^ ± .05 

lOg HMM-Ca .94 ± .02 107^ ± .002 8.81^^ ± .02 

20g HMM-Ca .94 ± .02 106^ ± .001 8.31̂ *̂  ± .10 

40g HMM-Ca .94 ± .04 107^ ± .006 3.85^ ± .11 

a , b, 
M e a n s w i t h i n a c o l u m n f o l l o w e d by d i f f e r e n t 

superscripts are different (P<.10). 

Mean ± SE for n - 3. 
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appeared to be more toxic than DL-methionine when supplied 

in excess of requirement to chicks. 
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