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ABSTRACT 

. DRAMANI A. TURAY 

THE EfFECT pF FORMALDEHYDE TREATMENT 
OF DIETARY PROTEIN SUPPLEMEbn'S 

ON CATTLE GROWTH 

Animal Science 
(Nutrition) 

A 'corn sliage (CS) and h1gh-mo1àture corn (grain) ration 

supplemented wlth e1ther soybean me~l (SBM) ~r rapeseed meal (RSM) 

slgn~f1can~ly lncreased (P < .05) average datly gains (ADG) of 

cattle for the former, 1.13 vs. 1.02 kg, respeétively (experiment 1). 

A hay and barley ration supplemented W'1th RSM or SBM resulted in 

non-signiffcant dlfferences (p > .05) 1n ADG of young cattle, 0.82 

\Ts. 0.78 kg, respective!y, with no significatit ,d1ffe'rences due to-, 

formaldehyde (FA) treatment (l'g FA/lOO g protein) (experiment II). 

Suppiemettting a CS and molasses ration with RSM (t7eat'ed or 

untreated) in combination w1th urea, result'ed in non-s:tgnificant 

differences (P > .05) in ADG~f steers (0.57 vs. 0.52 kg) due to 

FA-treatment, but a signif1cant decrease (P < .01) in ADG due ta 

~urea supplementation (0.66 vs. 0.51 vs. 0.48 kg) (experiment ~II). 

A haylage-molasses ration supplemedted with protein supplemen~ (as 
~ • 't'. 

experiment III) resulted in non-significant differences (f > .05) in 

ADG of steers (0.73 vs. 0.,78 kg), either due to FA-treatment or due 

ta urea supplementation~(experiment IV). With sheep fed a CS and 

~olasses ration supplemented with RSM (treat~d or untreated) with or 

~thout urea, nutrient digestibility was not significantly increased 

(P > .05) but nitrogen retention was significantly iucreased 

(p < ,.05) due to FA-treatment (experiment V). Lack of effect due to 

FA-treatment ~n these experiments might possibly be due ta limità­

tians in dietary enet"gy. 



--~~~" 

•• ,l $ 
0' 

ta.. 

, 
~ ~ 

1 
1 

M.Sc. 

"'> , ~ .. 
tI, ... ,. . • .M_ IRI • 1 i l'b • U 

\ , 

RESUME 

DRAMANI A. TURAY Zootechnie 
(Nutrition) 

-EFFETS DU TRAITEMENT AU FORMALDEHYDE DES CO~LEMENTS 
PROTEIQUES ALIMENTAIRES SUR LE CROIT DES BOVINS 

La complé~entation.d~e ration faite d'ensilage de mals (EM) 

et de mais grain humide par du tourteau de soja (TS) a donné un gain 

moyen quotidien (GMQ) significativement meilleur (P ~Oi05) chez des 

bovins que la complémentation au tourteau de colza (TC)~ 1.13 contre 

1.02 kg (exp. 1). Par ailleurs, ces deux tourteaux n'ont pas 

provoqué de différences de GMQ significatives (P > 0.05): 0.82 

contre 0.}8 kg chez des jeunes bovins recevant une ration de vase ,-
fOin-orge, pas plus que le traitement de ces compléments protéiques 

au formaldéhyde (FA), à raison de 1 g/lOO g de protéine (exp. II). 
1 

De même, le traitement au FA n'a pas accru significativement 

(P > ~.05) le GMQ (0.57 contra 0.52 kg) detbouvi1lons nourris d'un 

régime EM-mélasse complémenté de TC avec ou sans urée. n'autre part, 

l'apport d'urée a déclenché une baisse significative (P <: 0.01): 

0.66 contre 0.51 contre 0.48 kg (exp. III). Ni le traitement au FA, 

ni l'apport d'urée n'ont entra!né de différences significatives 

(P > 0.05) de ... GMQ (0.73 contre 0.78 kg) chez des bouvillons recevant 

une ration ensilage mi-fané et mélasse, comp1émentee comme à l'essài 

III (exp. IV). Chez des moutons soumis à un régime EM-mélasse avec· 

TC, 1e traitement par FA a causé un accroissement non significatif 

(p > 0.05) ae la digestibilité des nutriments, mais un accroissement 

signif~catif (P <: 0.05) du taux de rétention de N (exp. V~ 

L'absence d'effet de FA dans ces essais pourrait s'expliqu~ par la 

teneur énergétique' restreinte des rations. " 
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1. INTRODUCTION 

The prevention of malnutrition throughout the wor Id through the 

provision of adequate diets for a rapidly expanding population ia a 

task of staggering proportions. Solution of this problem ls perhaps 
\ 

the greatest challenge facing nations of the world today. In the 

dev-eloping countries, it was estimated by FAO (1968) that at least 20 

per cent of the population was undernourished and about 60 per cent 

received diets inadequate in nutritional qual1ty. Protein malnutrition 

could therefore be a widespread nutritionsl problem. 

One of the most complex aspec ts of the world food problem is the 

provision of 8ufficient quantities of proteine of adequate nutritional 

c quali ty to foster good heal th and prevent prote:f.n malnutrition. Man 

traditionally has balanced bis diet consisting largely of plant 

materials with foods of animal origin which contain easential amino .. 
acids, as well as fats, mineraIs, and vitamins. The unique and 

important contribUtio, that animaIs can make to the world food supply 

is often underestimated or even overlooked by world food plal)ner~, 

presumably because of the belief that Increases in animal production 

can be made on1y by diverting ta an~ls, foods that otherw1se would be 

eaten by people. This approach' ignores the fa'ct that livestock consume 

great quantities of feed such as forages, 'wastes, and by-products that 

cannot be eaten by man. Whether or not grains are fed to livestock 
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generally is a question of eeonomics and when it ie profitable to do 

so, livestock producers feed grains; when it ia not, ~they utilize other 

feedstuffs. AnimaIs can use a wide range of agricultural and industrial 

wastes and by-products. Unfortunately, many of these feedstuffs are 

not now being utilized. Residues from the produc tion of food grains 

such as corn, wheat, rice, sorghums, oats, barley, make useful feeds. 

Vegetable wastes, sugar beet by-produets, rapeseed meal, soybean meal, 

cottonseed meal, gin wastes, extracted sugar cane, spent brewery 
.r 

grains, molasses, are suitable for animal feed. 

Rapeseed is widely grown in Canada, and although primarily uS,ed 

for oil ,production, a. high protein meal is produced as a by-product. 

It is being used in Canada as a protein supplement for livèstock and 

has also been fed elsewhere in the world for many years. 'The fact 

that there has bee~ less researeh done on the feeding of rapeseed meal 

to ruminants than to non-ruminants is probably due to the faet that 

fewer p-roblems have arisen in the case of the former.' S inee there 

appears to be no report of thyroid disorders and no indication of 

signifieant changes in milk produced by cattle fed rapeseed mea! 

supplemented diets, it ean be assumed that the glucosinolates present 

in tapeseed meal are effectively destroyed during ruminant digestion. 

A limitation on the use of rapeseed meal for beef cattle feeding can 

be its palatability. The flavor of rapeseed meal is apparently 

assoeiat-ed with its glueosinolate content - but can be offset by using 

molasses or silage in the diets. 

L 
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Protein supplements in beef rations usuaJ..ly form a very 

significant portion of the total feed costs. This awareness in the 

cost of protein supplements has led research workers in Australia, 

England and North America ta find ways of efficiently utilizing these 

pro teins in cattle rations. Severa! methods have been developed to 

Increase rtnnen "by-pass" of these proteins in arder ta minimize 

protein -wastage in this organ. Among these methods ls the use of 

formaldehyde treatment which was first developed by Australian research 

workers. This compound will forro cross-linkages with the epsilon amino 

group of the amino acids, thus rendering them insoluble in the rumen. 

The protection should usually be such that the post-ruminaI digest-

Ibility and nutritive value of the proteine 19 not affected. So far, 

the experi~ental data reported in the literature have not indicated a 

consistent animal response in terme of improved weight gains due ta 
" 

protein treatment. 

The experiments reported herein were conducted in arder ta 

determine the value,of rapeseed meal as a protein source for growing 

caUle, and ta examine the effect of formaldehyde treatment of protein 

meals on the growth response of cattle. 

, 
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II. LITERATURE REVIEW' 

A. Nitrogen Metabolism in the Rumen 

1. General 

Many aspects of nitrogen metabolism in the rumen have received 

considerable attention and the topic has been reviewed severai times 

(Chalupa 1968, 1970; Blackburn 1965; A1Iison 1969). 

Bàsed on the early findings of Cuthbertson and Chalmers (1950) 

that casein added to the duodenum wa~ more efficiently utilized than 

casein added to the rumen, the concept was developed that the digestion 

in the rumen of proteiI1s of a high Biological Value (proteins of animal 

origin) could be an essentially wasteful process because these proteins 

were lowered in protein i1iluality due to conversion to microbiai protein 
! 

as a result of the rumen fermentation. 

On the other hand', the rumen fermentation process can be useful· 

in upgrading the value of pro-teins 'l\fith a lower B:i.ological Value (those 

of plant origtn) through production of microbial proteine In both 

cases, because rumen microorganisms need a source of nitrogen for 

growth and produc tion of microbia,1 protein, i t i8 necesaary that 

nltrQgen be supplied in the host ruminant' 8 ration. The fact that 

these rum~n microorganisms are able to synthesiz~'variou8 amino acids 

and incorporate thém into microbial proteln gives them great value t~' 
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the ruminént because amino Bcid deficieneies of dietary origin can be 

corrected. Furthermore, the ability Qf the r~en microorganisms to 

use nitrogen from non-protein nitrogen sources like ur~ for microbial 

protein synthesis is of great advantage to the- ruminant animal. 

2. Amino acid requirements 
of ruminants 

The specifie amino acid requirements of ruminants have been 

reported to be similar to those of non-ruminants and the list includes 

histidine, phenylalanine, valine, thr~onine, lysine, methionine, 

arglnine, leucine. isoleueine and tryptophane (Black et al. 1957; 

Downes 1961), Amino acid requirements of ruminants should ultimately 

III '11Ii:: lta. 

5 

o ~ be examined in terms of alI1ino acids absorbed from the gastro-intestinal 

tract in relation to the amine aeids required for productive purposes 

(Chalupa 1~72). This will mean that a pattern of essential amino acids 

similar to that r.equired for productive purposes must become available 

by absorption from the small intestines. The amino acids available 

for absorp.tion are supplied by microbial protein synthesized in the 

rumen, undegraded feed proteins which bypass the rumen and endogenous 

secretions. QuantitativelY, the precise requirements for each 

individual essential amine acid will depend on the physiologieal and 

nutritional status o~ t~e animal~ and be determined by the nature and 

amOunt of protein being- synthesized. ~ith these concepts in mind, it 
,. 

becomes important to emphasize that due to the exte~sf.ve degradatlon 

o of dietary proteins in. the rumen, specifie amino acid req';1irements' 

cannot be directly determined by feeding 

/ 
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Numerous factors can influence the absorption of amino acids 

from the gastro-intestinal tract of the ruminant animal. Among them 

is the portion of the protein in the ration that i8 degraded and 

converted to mierobial proteine This portion of amino acid supp1y fa 
',' 

important because WeIler (1957) was ab~e to show that for a wide range 

i 
of diets, bacterial protein had almost a constant amino acid com-

position, and protozoal protein was 'richer than bacterial protein in 

certain essential amina acids, especia11y lysine, and also had a 

higher true digestibility (Johnson ~ al. 1944; McNaught ~ al. 1954; 

Bergen ~!!l. 1968). Other factors will include the presence of 

undegraded feed protein which bypasses the rumen and endogenous 

secretions. 

o 
The fact that deficiencies of one or more amine acida may 

limit productivity in the ruminant animal Is indicated,by a1terations 

in plasma amino acid profiles associated with urea feeding. For 

exampIe, low plasma concentrations of valine, leucine, isoleucine, 

"" phenylalanine and me thionine and increased leveis of serine and 

glycine have been reported by Chalupa (1968, 1970), Virtanen ,(1966), 

01tjen (1969) and Jacobson et!!. (1970). In addition, positive 

responses have been obtained from post ~na1 administrati~n of amino 
\ 

acide and p~oteias (Broderick ~ al. 1970; Hartfield 1970; Nimrick 

!! al. 1970). 

Determ~nation of amino acid requirements and of possible amino 

acid deficiencies or imbalances ia comp1icated in ruminants by the 
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varying degrees of microbial modifications of dietary pro teins and 

amino acids. In general, dietary supplements of amino aeide have not 

produced consistent positive responses in terms of we1ght gains or 

retention of dietary nitrogen (Chalupa 1968; Fontenot 1970; Moore ~ 

~. 1970; .Ne1son 1970). Direct abomasal administration of pro teins 

or amine acids thus provides information about amino acids that may 

be limiting animal productive Iresponse. The requirements are usually 

better eonsidered from the point of view that muscle growth, repro-

duction and wool growth will have va~ying amino aeid requirements and 

that responses to post ruminaI administration of a partieular amino 

acid may vary depending on the physiologieal function required by the 

animal. Chandler (1970) caleulate'd the amino acid balance for 

production of body proteins in steers fed high silage rations and 

found that none of the amine acids was calculated to be in nega~ive 

. ' 
balance, but he suggested the following rank in order ,of importance 

in the limitation of growth: isoleucine, lysine, methionine, argin~, 

threonine, valine, histidine, phenylalanine, tryptophane and leucine. 

Oltjen ~ al. (1970) reported that the abomasal infusion of a mixture 
.... 

7 

of valine, isoleueine and phenylalanine increased the plasma concentra-

tion of these amine acids and increased the nitrogen tetention of urea 

red cattle to essentially the amount retaiped by cattle fed a soy 

proteln purified diet. Just one gram of nitrogen from the inf~sed 

amine acids improved the utilization of other absorbed amino acids. 

These results indicate that ruminants fed large quantities of nOn-

proteln nitrQgen may retain less dietary nitrogen not only because of 

1. ,., Ir 
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a deficiency of certain essential amino acids but also because of an 

excess of certain non-essentia1 amino acids (Chalupa 1972). 

The protein requirements of 1actating dairy cows are much 

higher than those of lactating beef cowa of comparable size because of 
1; 

higher rates of milk production in the dairy cows (Muhrer ~~. 1964; 

NRC 1970). Therefore, lactating dairy cows may be more likely ~o 

encounter a shortage of amino acids than other' ruminants. Chandler 

(1970) ea1eulated an amino aeid balance considering on1y the amino 

acids required for milk protein production and ranked them in order 

of limiting milk production as fo1lows: methionine, valine, 180-

leucine, tryptophane and lysine. Other workers have reported lowered 

plasma levels of me thionine and histidine to be assoc1ated with 

reduced mi1k production in lactating dairy cows (Jacobson et al. 1970; 

Virtanen 1966). 

3. 

.' 

Degradation of proteins, amino acids 
and non protein nitrogen in the 
reticul()-rumen 

Research data have accumulated over the years on ruminant 

productive functions, intermediary metabolism and digestion, and the 

indication ia that while rumina~ts are highly efficient in obtaining 

energy from the fibrous components of plant cell walls, they have s' 

low efficiency in utilizing high protein diets (Church 1969). The 

nitrogenous compounds presented to the rumen are quit~ variable and 

will normally include differ~nt proteine which markedly differ in 

amino aeid content and solub11ity (Chur~h 1969; Cha1ups'1970a) • 
• 

l 'ft Jid!J 1 l1li_ 
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The degradation of non-protein n~trogenous compounds, proteine 

and amine acids is brought about by rumen microorganisme as neither 

proteo1ytic nor ureo1ytic enzymes are secreted by the rumen epithelial 

cells (MacDona1q 1968; Helmer and Bartley 1971). MacDonald (1952), 

Annison (1956) and Lewis (1961), have reported that the proteo1ytic 

act~vity of rumen bacteria and protozoa will depend on the solubi1ity 

of dietary proteins. Deaminase activity in the rumen will increase as 
/. 

the protein content of the diet increases (Warner 1956), which means 

that despite the high pr~teo1ytic activity in the !umen, deaminases 

found in some species of rumen microorganisms he1p to keep the pool 

size of free extra-cellular amino acids in the rumen fluid low 

(Annison 1956). 

E1-shaz1y (1952) wa~ the first to-report that degradation o~ 

pro teins by rumen microorganisms resu1ted in the production of 

br~nched-chain volatile fatty acids and higher fatty acids as Indicated 

by a correlatipn between ammonia concentration and concentration of 

isobutyric acid and of the six-carbon acids. Reticulo-ruminal 

catabo1ism of ni~rogen~us compounds has been demonstrated t~be 

affected by the'pH conditions prevailing in reticulo-rumen. Church 

(196~) reported that the optimum pH for proteo1ysis and am~no acid 

catabo1ism was between six and seven. The amino acids from proteins 

are either deaminated to yield ammonia and rina,lly microbial protein or 

they may be ingested by protoz6a. De$minated amino acids give ri se to 

volatile fatty acids, carbon dioxide and hydrogen' (Church 1969), whl1~· 
1 

• 

1 

, 

) 
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the hydrolysis of urea will yie1d ammonia and carbon dioxide (Cha1upa 

1972) • 

4. Production and fate of ammonia 
in the reticulo-rumen 

& 

The activity of rumen microorganisms on proteins, amine acide, 

urea and otber non-protein nitrogenous compounds results in the 

pro duc tion of allDllonia and other by-product~ (Warner 1964; Blackburn 

1965; MacDonald 1968). Ammonia production ls dependent on the 

10 

presence and activities of prot>er enzyme systems. Pro~eases, ureàses, 

biuret-ases and uricases are probabl1" pré8eJ;lt in many microbial 

species. Since deaminative activity 18 not as widespread aa proteo-

1ytic actlvity (Annison 1956; Blackburn and Hobson 1960), pro teins are 

more rapldly degraded than deaminated. Ueamination, a plioperty of 

sorne strains of rumen bacte~ia (Abou Akkada and Blackburn 1963) would 

also release ammonia from feedstuffs (Warner 1964) ~ Ammonia Is 

ll!1portant because many rumen microorganisms use It as the primary 

nitrogenous nutrient for gro~th' ~md protei.n synthesis (Bryant 1963; 

(fHungate 1966). lts production seems to be corre1ated with active 

gI'owth of rumen microorganisms, which agrees with the increaSe in 

""' ammonia production in the rumen after feeding when the increase in 

bacterial numbers i8 most rapid (Abou Akkada and Blackburn 1963). 

Ammonia- is primarily incorporated into baeterial cella' and its 

'nitrogen could also appear in protozoal cella as a conseq'uence- of 
, 

inges tion of ,bacteria by _ protozoa (All is on' 1969, '1970). Pl'otein and 

__ 1 
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nontprotein nitrogen s,ources eould be us'ed most effectively when they 
. 

arè utilized to produce an ammonia concentration in the rumen that 

would be optimal for microbial protein synthesis. A rapid ammonia 

'production in the rumen often causes a net loss of nitrogen to the 

animal because the ammonia would be absorbed through the walls of the 

rumen, converted to urea in the liver, and excreted through the urine. 

Part of this urea could be recycled via the saliva or blood into the 

rumen and again become available for mlcrobial protein synthesis. In 

the liv~r. anunonia is utilized in tbe synthes1s of non-essenÙal amino 

acids and urea _(Chalupa 1968). 

On the other hand, microbial gràwth may be limited by avail-

abillty of nitrogen. A deficlency of ammonla ln the rumen may limit 

microbial growth and consequently microbial protein production; 

whereas the elevation of rumen ammonia concentrations above 5-7 mg 

.NHrN/IOO ~ of rumen Uuid may result in losses of nitrogen and in 

some cases anunonia toxicity (Satter. and .Roffler 1973, 1975). The 

extent of ammonia absorption 18 dependent on the pH of the gastro-

intestinal tract components, which has an effect on the occurrence of 

the ionic or non-ionie forms of ammonia. The ionic form is more 

readlly used for m~crobia1 proteln synthesis, whereas ,the non-ionic ' 

form whlch Is lipid-soluble and prevails under alkaline pH 18 

preferably absorbed across the walls of the, gastro-intestinal tract 

(Hagan 1961; Bloomfield & al. 1963). The ammonia concentration 
\ 

gradient a1so plays a part in the absorption (Lewis ~ !!', 1957;~ 

Hogan 1961). 

.. 
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.' 

"~. • l' 



\ r • 

• 11 db 1 lU 111 

o 

li' _ 
1Ft Ir 1 &J dbu li • 

5. Synthesis of microbial pro~ein 
in the reticulo-rumen 
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the rumen and its microorganisms. Loo~l"i et al. (~) were the first 
.- - --.,. .. 

to report the synthesis of the es sen'ti. al' amino' acids by ~uméI?- micro.,.. 
- . 

orgm;tisms . They reported that the rumén ,matel:'ial from sheep and goa ts 
. . 

fed purified urea rations contai;ned' nine to 2-9 tik~s. more amino acids 

than found in the diet. Duncan et.. al. (1953) confit'J!led that the' aIriino. --
aoids were synthesized in the rume.n of c'alves ~ed urea-containin~ .' 

dietB. They, further observed that as the 'animal grows and productive 
, . . 

functions cQmmence, ~hè.microbial Hiosyrithetlc capacity increases. 

Hume (1970a, 

of miçrobial 

1970b) cortc\uded ~ha~ "the~e w~s an incr~a"secl production 

protein when."'a ratiçn containin~ sufficient ene7gJ and 

ures was supplemented witb. proteine The s~thes~s of proteine by 

rumen microorganisms'was' found' ta increpse,with an fncrease :in dieta.ry 
l , 

protein or nitro'~en and 'energY'_ (Conrad et.al..1967a; Hume et al. 1970); 
- --. --.. 

. Even in ànimals fèd rations cont~ining' ,sufficümt quantit:ies af ' 
~ " ... " '\., . ~ 

pr~tein, Al~i$Qn '(I970) rep~it~d~ 'tha~ .a~' ,app_r,eciable amoun't ôf amine 

aeids in microbiti protèin are s~thesi.2!ed d~ nova 'from intetmediates 
. .~ .. ~~ ~-~P, ., 

or end-products of carbohydJ.:ate- ferm.~~ta1='ion," d~ ~nd products o'f amiD(~ '" 

\ aèid metaboiism: 
~ " .. 

.... , q -

The m.e:hanisms involved in th~ bi.O~ynthe~.iS of micro1?ial 

'~rotein in ·the rumen have been rev~~d. by 'Ailisc,m (1969) ~ I:n 

gênerai, aminàtion and transaniinàtion' réactions have'. been cQ~sidered 
.. .j • .. ..r & 1 

jlS tihe tnaj~r pathways in which t::um.en mic~obr-gani8ms ,assi~ilate _C?~ia' 

. ' 
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(Al1ison 1969; T~ubota and Hoshino 1969; Chalupa 1970; Cha1upa ~ al. 

1970). Even though there are indications that other enzyme systems 

are invo1ved, glutamate dehydrogenase has been eonsidered the most 

important enzyme system for the initial fixation of ammonia to carbon 

ske1etons (A11ison 1969; Chalupa et al. 1970; Tsubota and Hoshino 
" --

• 
1969). Enzyme systems 1ike glutamate-oxa1oacetate and glutamate-

pyruvate transaminase are a1so important in the transfer of ammonia 

ta other carbon ske1etons. Dther dehydrogenase and transaminase 

enzyme systems have also been considered important in the assimilation 

of ammonia by rumen microorganisms (Tsubota and Hoshino 1969). The 

,-
carbon skeletons that are usual1y required for microbial protein 

synthesis will be expected ta come main1y from the intermediates of 

the glycolyHc pathway 1ike phosphoenol pyruvate' or carbon dioxide 

and acetate that are aIl produced as a result of carbohydrate 

fermentation (Chalupa 1969; Allison 1969; Til1man and Sindu 1969; 

Chalupa 1970). Besides 'this requiiement for a source of carbon 

skele~ons, requi~ements for isobutyrate, pheny1acetate, idole-3-acetate, 

isovalerate, and 2-methylbutyrate in the synthesis of branehed chain 

- ~ amino acids 1ike valine, phenylalanine, tryptophane. leucine and 

isoleucine respective1y, indicates that specifie carbon precuraors are 
, 

needed (Allison 1969). Branched-ehain volatile organie acida are 

'present in the rQIJlen mainly as a result of the degradation of dietary 

protein and dea~ination.~f branched-chain smino acide. Other potentisl 

sources are tbe desquamation of the rumen epithelium (Phillipson 1964), 

salivary s,eeretions (PhiHipson and Magnan 1959), the death snd 1yais 

>' 
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1 
of bacterial cells b~ bacteriophage (Broderick et al. 1970) and 

unidentified factors (Johnson et al. 1944). The feeding of protein-

free, urea diets San cause depressions in these acids (Cha1upa et al. 

1970; 01tjen 1969; Oltjen and Putman 1966). and isova1erate' and ". 
1) 

isobutyrate seem to be inf1uenced the mOst. The addition of various .. 
combinations of these volatile organic acids to the diet of urea-fed 

animaIs has resulted in an increase in the synthesis of microbial 

protein (Hume 1970), in some instances has increased retention of 

dietary nitrogen (Cline ~ al. 1966), and in:,.other cases had no effect 

on nitrogen retention (Chalupa 1970; 01tjen et al. 1971). When the 

sodium salts of these volatile organic acids were added to a soy 

protein purified diet and fed to catt1e, 01tjen et al. (1971) obtained . --
a significant increase in nitrogen retention. Many cellulolytic 

bacteria have also been reported to require higher volatile organic 

acids for growth (Hume 1970; Oltjen et al. 1971), but when" 01tjen 

added them ta a ures or soy protein purified diet. they cou Id not find 

an increase in the numbers of such bacteria, nor was there an increase 

in the utilization of dietary cellulose. Thus, while a deficit of 

the higher volatile organic acids may be preventing maximal production 

of microbial proteins, other pit-hales could be apparently involved. 

For example, Chalupa (1968) reported that there wes a requirement for a 

variety of mineraIs for growth and metabolism of rumen microorganisms. 

He based this report o~ the fact that if other dietary const~tuents 

remain constant, .substituting urea or other non-protein nitrogen 

compounds for protein. will remove a major source of calcium and 

f , 
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phospho-rus fr(j)~ the diet. However, 01tjen ~ al. (1965), Clark et al. 

(1970) met with 1ittle success when trace mineraIs 1ike manganese, 

zinc, iron and copper were added to urea containfng diets and fed to 

cattle. The requirements for su1phur, especia1ly in rations containing 

non-protein nitrogen, have been reported in the literature. This is 

because the sulphur is used in the synthesis of sulphur containing , 
, 
amino acids and possib1y other compounds. For examp1e, Gall et .!!. 

(195l) observed an increase in the microbia1 population when a low 

sulphur ration was supp1emented with su1phate. The sulphate was 

first reduced ta sulphide before being incorporated into the su1phur 

amine acids of bacterial protein .!!! vivo (B1ock et al. 1951; Anderson 

1956), in vitro (Anderson 1956; Henderickx 1961a, 1961b), and hy pure 

cultures of rumen bacteria (Emery ~ al. 1957). Conrad et al. (l965) 

confirmed that Methionine was synthes1:zed in the rumen of dairy cqws by 

incorporati~n of S35 into the amine acid Molecule. They also found 
l' 

that methioQine synthesis was increased when the dry matter and 

nitrogen intakes were increased or when protein degradation in the 

rumen was reduced to a minimum (Conrad et al. 1967a). Further evidence 
, --

on the ro1e of sulphur in increasing rumen microbia1 protein is 

provided from studies by Hume and Uird (1970) and Whanger (1972). They 

reportedothat microbial protein production was influenced by amount .. 
but not by the form in which the sulphur was supplemented (i'~'J 

cystine,vs. sulphate). 

U'illldJJ! 
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Many investigat6ra have attempted to quant if y the amount of 

microbial protetn synthesized in the rumen, but this quantification 

may not be considered ta be most accurate. Pitman and Bryant (1964), 

Blackburn (1965). MacLaren ~ al. (1965), Cline et al. (1966). Wrigpt 

(1967), Allison (1969), Hume (1970a, 1970b), Ruber aud Thomas (197-1)., 

Oltjen ~ al. (1971), Van Horn~~~d Jacobson (1971) have stated 

ge~erally that the extent to'which nitrogen of d1etary orig1n is 
oP 

converted to microbial protein will depend on factors such as: 

(a) The plane of nutrition and the nature of dietary constituents. 

(b) The rate at which the dietary protein or the non-protein 

.. 

nitrogenous products are broken down to.amino acids and ammonia. 

(c) The rat~ of rumen fermentation of arganic matter and the rates 

of absorption of amine acids and ammonia through the rumen wall. 

(d) The ,rate of passage of digesta from the rumen to the abomasum. 

Nitrogen utilization for microbial protein synthesis has been 

reported ta be linearly re\ated to digestible energy input (Conrad 

and lUbbs 1968). Chalupa (1968) reported that nitrogen util:i"zation 
" 

could he decreased in.diets cantaining large quantities of readily 

fermented sugars such as molasses or large ~uantït~es of roughage 
-,' . " 

carhohydrates. Tnis is because the ut~lization or dieta~y prote1~' 
• ,~<J 

, u 

may be influenced by the pro1?ortionè, of bacferia and protozoa. "Th~ 

magnitude of the protQz()a!, population can vary dependi~ on the ,type 
, , 

of diet fed. For example, inbigh roughage d1~ts, the,protozo41 
n, '\ 

CI 
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biomass is approximately equal to tbat of bacteria, but feeding aIl 

concentrate, purified, or ground and pelleted diets can produce rumen 

conditions that will decrease or completely void the rumen of protozoa 

(Cbalupa ~!!!. 1965; Cbalupa ~.!!. 1970b~, Oltjen 1969). F8\lnated 

animaIs have beèn reported to retain more dietary nitrogen than those 

without protozoa (Abou Akkada and El-Shazly 1965). Therefore the 

source of energy is very important in the efficient production of 

microbial prote in in that readily fermented carbohydrates are needed. 

Traditional1y starch i8 considered to be the best carbohydrate for 

ammonia assimilation by rumen microorganisms (Chalupa 1968). 

Hungate (1966) has indicated that the extent of protop1asm 

synthesis depends not only on the amount and nature of dietary 

constituents which can be incorporated into ce1ls, but a1so on the 

usable high energy,compounds that can be derived from the substrate. 

Walker (1965) and Hungate (1965, 1966) stressed the fact that the 

rumen system iB anaerobie which places, in theory at 1east,~a 

limitation upon"the maximum possible conversion of dietary nitrogenous 
" • < , 

Materiel to m1crobial cellular materia1. Anaerobie fermentation would 

~ake place with, a. Rungst. ha. calculs.ed, • maximum cell yieId of.15 

per cent of the substrate fermented which 1s equivalent to 9.84 per 

cent of protein yield. Assumin~ a protein yield of 9.84 };>er cent tn 

material leaving the rumen, either,by direct absorption or by passage, 

the animal has digestible protein and energy available in the ratio of 
, , 

18.3 : l ~hen .prote~n is expressed in grama ,and energy in m~8acalories. 

Ina ltlllit 
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Similarly, Purser (1970) a1so indicated that 18.3 g of digestible 

microbial protein could be produced per digestible megacalerie, and 

the experiments which he reviewed have given indications of cell 

yields that are greater than those consid~red theoretically. Miller 

(1973), making some assumptions, estimated that a yield of 7 g of 

microbial nitrogen per megacalorie fed would be expected (i.e., an 

equivalent of 38.15 g protein per megacalorie fed, using a factor of 

5.45 instead of 6.25 to cal cula te protein (Reichl and Baldwin 1975.». 

In soy, zein, casein and gelatin supplemented diets, Little et al. 
9 --

(1968) estimat~d that 97, 1~9, 89 and 85 per cent, respectively, of 

the dietary nitrogen passed through the abomasum of sheep, and of 

this, 60, 74, 63 and 60 per cent, respectively, was proteine While 
l 

Potter et~. (1969) reported that approximately 20 per'cent less 

~rotein reached the abo~sum of steers fed a urea supplemented ration 

as compared with a soy supplemented ,ration. ·Even though analytical 

methods are used to distinguish and determine bacterial, protozoal 

and feed protein nitrogen, it still remains to be determined in the . 
h 

above reportep data whether these differences in quantity of protein 

reaching the abomasum were due to rumen'by-pass of unaltered dietary 
. 

protein, decreased synthesis o~ microbial protein, or a combinati~n 

of both. This is because the mixture of amino aeids and/or nitrogen 

reaching the 10weX' portions, of' the g'astre-intestinal tract consists 

of protozoal, bacterial and und~graded feed proteins. 

Purser (1970a) has reported that the amino acid composltlqn of 

18 

microblal proteln differs a1ightly dependin$ on whether it ,ia bacterial 

III .11 
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or protozoal. Be further rep~rted that protozoal protein contains 

slight1y higher quantities of certain essentia1 ami no acids rlke 

lysine, leucine, phenylalanine and tyrosine than bacterial proteine 

Support~ng this reported work ls earller work by Johnson et al. (1954), 

McNaught ~ al. (1954) and Bergen ~ al. <.1:968a) that the qua11ty of 

microbial protein suggests that protozoal protein has a slight1y 

higher biological value than bacteria1 protein because of its higher 

true digestibility and net utilization. Even though the type of diet 

fed to ruminants has been reported to affect the proportions of 

" ' 
bacteria and protozoa in the rumen (Chalupa~ al. 1965, 1970b; 

Oltjen 1969), there seems to be, however, no appreciable effect of 

dfet on the amine acid composition of rumen bacteria or protozoa 

(Weller 1957). Nucleit acid nitrogen ls also produced in substantial 
~ 

amounts during miérobia1 protein synthesls and' Smith (1969) reported 

that per unit of dietary nitrogen that is incorporated into microbia1 

protein, 20 per cent is converted to nucleic acids whi1e 80 per cent 

ls converted to bacterial prote~n or amine acids. Smith (1969) ., 
> 

further repôrted that duodenal ingesta will usually be comprised of, 

8 to 13 per cent nucleic acids of microbial origin, and approximately 

40 to 50 per cent of th~microbial nuc1eic acid ni~rogen ls either 

not absorbed fram the gut but excret.ed as as a11antoin in the urine, or 
. -

re-enters 'the ures pool. This suggests that nitrogen from nucleic 4 

acids is of litt1e USé to the rumipant animal. In general, even though 

the amine acid composition of rumen microorganisms ia re1atively 
. , 

constant (PurQer a~ Buech1er 1966; Williams and Dinuséon 1973) 

'1 
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differences in the r~lease and avai1abi1ity of specifie amino acids 

has been reported to exist (Bergen et al. 1967; Purser 1970a). 

B. Prevention of Protein and Amino Acid Degradation 
in the Reticu1o-rumen 

1. General 

20 

Many research workers have tried several methods to prevent the 

degradation of pro teins in the reticu1o-rumen. Among these methods 

are the reduction of the rate of microbia1 a~tivity in the rumen 
/' 

ôtHarbes et al. 1962; Hosh~no 1965), rumen bypass (Co1ebrook and Reis --
1969; Amos ~ al. 1970à, 1970b; Downes et al. 1970; Moore et al. 1970; --.. --, 
01tjen .!:.t &. 1970), the encapsulation of pro teins and amine acids 

(Neudctrffer ~ al. 1971), the heat treatment of proteine and/or amino 

acids (Cha1mers ~ al. 1964; Danke et al. 1966; Hudson et al. 1970) 

and the chemica1 treatment of pro teins and/or amino acids in such a 
.. . 

manner that rumen degradation is decreased but their post-rumina! 

digesti~ility or nutritive value is not impaired (Fergusson ~ al. 

1967; Reis and Tunks 1969; Driedger and Hartfield 1970a, 1970b; 

Driedger 1970; Leroy and Ze1ter 1970; Petet 1970; Faichney 1971). In 

aIl of the above methods, the literature hâs so far presented con-

tradicting resu1ts as far as signi(icant tmprovement in animal growth 

performance is concerned. On the other hand. these methods have in 

• • 

genera1 consistently reduced ammonia production in the rumen and 

increased the f10w of prot~ins or amino,acid nitrogen to the intestines 

a~~ increased nitrogen retention. 
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IIdeally, diets containing protected proteins and/or amino acids 

should still generate enough rumen ammonia concentration to permit 

maximum microbial growth. Supplementation of the diets with urea may 

be required to achieve this end. The PQssibility also exists that some 

unprotected protein may be required as indicated by experimental data 

reported by Hume (1970), showing increased microbial protein production 

when the diet contained protein as compared with a diet with urea only, 

a situation which is comparable to a diet where aIl the protein is 
T .-

protE:cted. 
..,... 

This assumes that aIl other requirements of rumen micro-

organisms like fermentable energy, sulfur, etc., will be met by diets 

containing protected proteins. The protected protein will then serve 

as an additional source of protein in "excess" of microbial protein 

reaching the abomasum and small intestines. This means that a.larger 

total amount of protein will be available to the animal. If microbial 

protein production ls ~ot lmpaired and a slgnificant amount of dietary 

protected protein escapes rumen proteolysis, the effieiency of the 

process in terms of the percentage of the nitrogen intake retained by 
. 

the animal would still be ex~èeted to vary eons1derably depending on 

the biologieal value of the protected proteine This in turn will 

de termine the final amino acid pattern of the absorbed protein, that 

1s proteèted plus microbial proteine Therefore, the amino acid pattern 

of the absorhed protein will depend basieally on how "di!uted" the. 

protected protein i8 by microbial protein bec'ause Purser et al. (1966) 
. 

and Burr1s ~~. (1974) have reported that mierobial protein com­.. 
position ta quite constant. 

. .' 

b; 
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2. Chemica1 methods 

Various chemicals have been used to cause the reduction of 
\t;l 

degradatian of dietary proteins by rumen mfct'oorganisms. Among the se 

chemica1s are tannins, g1yoxal, aceta1dehyde, butyra1dehyde, g1utar-

a1dehyde, propionaldehyde and formaldehyde. The basic mechanism of 

action of these chemicals with the proteins involves the formation 

of Schiff' s bases Or methylene bridges and other cross-linkages 

hetween the epsilon amine groups of the proteine and the chemicB1s 

(Walker 1964). The prc;>tein complex formed is relative1y stable at 

the near alkaline pH of the rumen but reBdily decomposes at the 

highly acid pH found in the abomasum. 

a. Tannins 

Evidence that tannins could be used in the protection of 

dietary proteins against rumen degradation was fir,st demonstra'tèd 

by Ze1ter and Leroy (1966). 
v 

Using 13% and 23% tannin solutions 

to trea t saybean meal and groundnut meal, they found this treat-

ment ta be effective in p~ot~cting the pro teins during a 15-hour 

incubation period in an "artificial rumen." At a lower leve! 

of 6% tannin solution the tannin did not give c9IDplete protection .. 
to the protein. Delort-Laval and Virben (1969) abserved a decrease 

in ammonia, production in an "artificia1 ~umen" when they treated 

skim milk and saybean meal with tannin or formaldehyde. 'l'hey 
(i 'Jo.. ~ 

also further observed a reduçed tot~l. a~d avâi1able lysine 

due to tannin treatment. With this information on the Use of 

22 
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tannins in the reduction of prote1n degradation in vitro, several 

workers carried out in vivo studies to measure the effect of tannin 
~--

treatment of dietary proteins on actual animal performance. Delort-

Laval and Zelter (1968), treat1ng linseed meal and peanut meal with 

tannins, were able ta increase slightly the efficiency of nitrogen 

ut11izatian i~ experimental animaIs. In studies with 120 steers, 

23 

Hartfield, Driedger and Garrigus (1972) showed that tann1c aeid treated 

soybean meal was a superior source of protein compared with untreated 

,saybea? meal and urea. Driedger and Hartfield (1970a, 1970b). in 

further studies with soybean, were able ta confirm reports by earlier 

research warkers that tannic acid treatment of the protein resulted 

in deereased ruminaI degradation of the pratein while post-ruminaI 

degradatian was not affeeted. Driedger (1970) further reported 

several trials on the effects of tannin-treatment of soybean meal. He 

reported be~ter feed per gain ratio and Increased nitrogen rete~tion 

for treated over untreated soybean meal. Treating spybean meal with 

t~nnins, Driedger and Hartfield (1972) reported greater average daily 

gains, feed efficiencies, nitrogen utilization and nitrogen balance 

in lambs compared with~lamb8 receiving the untreated soybean meal. 

Leroy Jlnd Zelter (1970) studied the ·effects of tannin treated pro teins 

on the metabolism of the rumen. They fed sheep with soybean meal or 
" 

groundnut meal that was treated with tannins ~ith the ,treated material 

accounting ~or 70 per cent ot the total protein ingested. rhey found 

tannins to proteet signifieantly the protein from degradation but had 

little effect upon the-digestlbility of orga~ie matter, çellulosé and' 

j 
'1 
,\ 
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nitrog~,n-free extract of the feed, with an overall decrease in soybean 

meal and groundnut meal protein diges~fb1lity of nine pe~ cent. 

ln generaI, the data presented on tannin treatment of dietary 

proteins has indicated a consistent increase in nitrogen retention» a 

non-significant effect on dry matter digestibility and in sorne cases 

improved average daiIy gains and feed efficiency when campared with 

untreated protein supplements (Driedger 1970). The'method, therefore, 

has a potential for decreasing rumen degradation of dietary proteins. 

b. Formaldehyde 
. 

Extensive studies have b~en carried out in Australia and 

elsewhere on the use of f~rmaldehyde to tr~at protein supplements in 

ruminant rations as a method·of decreasing their rate of de~radation 

in the rumen. This u~e of formaldehyde in the protection of dietary 
, 

proteins from rumen degradation Has been based on the fact that 0.6 

ta 2.0 per cent of the bound formaldehyde will make a significant-
. 

reduction in the solubility of the proteins, thereby making them 

highly resistant to microbial degrada~ion in the rumen, .without a 

significant reduction in their post-ruminaI digestibility (Annison 
\ 

1972). Fergusson ~ al. (1967), treating casein with 10 volumes of a 

solution containing 4% formaldehyd~~ .. were able to show that none of 

the casein was degraded in a si~-hour ~ v~tro incubation ~e~iod. 
'\ -

Their further work with sheep ~ed with a ration supplemented with 
~ 

formaldehyde-treated casein demonstrated an ~ncrease of 70 per êent in 

waal g~owth. In gener~i, most A~stralian-wlrker8 and ather workers 
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have usèd increèsed woo1 grow~h a~d nitrogen retention in sh~e~ as 

an index: of the nutritive val.ue ()f fortlla1dehyde-tréated ~ase~.n '(Barry 

1972; Faichney 1971; Hems1ey et al. 1973;. ~cRae~~.!!. 1972; Reis 

and Tunks 1969; Wright 1971). This apparent positive responae in 

25 

woo1 growth could be attributed to ehe h~gh Biologiea1 Value of caseIn 

and the requirements of's~ecific am~no acids for woo1 growth. This 

observation contrasts to the rather inconsistent animal growth 

response (Colby and Tol1ert 1973; Faichney and Davids 1972; Ghosh 

et al. 1971; Hartfield 1973; Nimrick et al. 1972; Nishimu~a et al. -- ----
1972) when plant proteins treated with formaldehyde are fèd, which 

could be partly att!ibuted to ~heir ~elatively lower Bio1ogieal Value. 

Favourable effects of formaldehyde-treated pro teins on other aspects 

of ruminant production have not been precisely reported, and the 

paucity of ,Ublished comment~ in this area ia less a J"efl~ction of ' 

lack of interest than a failure to achieve worthwhile responses. 

The expectation under pract~cal feeding conditions, has beef!. 

that formaldehyde treatment of dietary pro teins would result in an 

~provement in the efficiency of utilization of dietàry proteins. 

This improvement in efficiency cotfld come about either by al10wing a 

similar levei of production with le~s dietar, 'protein or by increasing 

production with the sarne amount bf pr~tein. This expectation has not 
, 4 

generally been fulfille~. In a few of the pubIic~tiohS that have 

reported what could be considered a positive animal growth response, 

the following points should, he noticed,: 

\ 
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A basal àiet withQut l'ro.te:l.n supplement (treated or untreated 
, . 

w1th for~déhyde) ia not generaily'incl~d~d among ~h~ treat-, 

ments s.tudied, .thereby making it difficult to calcuiate the 
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:l,mprovement i~ utilization of supplemental nitrogen attributable 

ta formaldehyde' tr'eatment'. On1y work by Wright ().97l) is an 

exc~ption and from his data 'it ~as estimated that formaldehyde 

treatment of casein resulted in a significant improvement in 

the percentagé of casei? nitrogen apparently retained as body 

tissue (fram l4~2 tO,26.6 per cent for untréated compared with 

treated casein respectively). 

(i1..) Tbe ba'sal diet is gétlerally a concentrate. 

(lit) The l'ropor'Ucm of dietary protein supp1ied by ,the formaldehyde­

, treated or ûntreated n:;ltrogen source i$ high, u:sually 33 per 

cent or more. 

Civ) Growth 're.sponse has alsq !lot been, high. Wright '(1971) fed' 

lambs st an averflge dàily,ptotein' intake of 190; 233, and 281:g 

for the control,' casein' untreated and "casein treàted groups 
, ' 

~. ). .. 
respectively, and had 'amall i~pr~vement in growth response. 

~ < ~ , 

Simi~ar1y~ FaichIt~y (1971) 'fed 45,peI- cent ,more protein ta 

lambs when compa.rea with NRC (1~68),' requir~ents and calcu1a­

tions sh6we4 a Jnuch lower 'g~o,wth ôf i~b~ t~ t '~oU1d be 
- " 

. expecte4. fro'li the tise,ue n:f..t,rogen retentian fi8t1r~S presented 

(a-pp~oxima.te1y only 2~ pel' c~nt of the theoretical gain). This 

- , , ~ ... . 
l' :' .. 

, " 

.' 'j . .' 
l'bor' telationship between nitrogen retention and~body'growth 

1 ,~ ~ " 1 • ~ ~ ~ 

has ,beém obseryed ',by many' res~arch' ':wO~kers iiÎce 'Nimri,ck. .!tt'.!!. , 
" 

1 l " 
, ,', 

(19,72~? Ret'~ary_ a~â ~C!yce" (1970).:~, 

, ' " " 
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Even though there are no clearly defined effects of formal-

dehyde treatment of dietary proteins on animal growth response, 

various paraméters meaaured that have .given consistent results include: 

(i) A d-ecrease in the ra,e of bonia release 'both in vitro and 

in vivo, which indicates adequate protection of the proteins 

from microbial degradation (Fergusson .!:.! al. -1967; Reis and 

Tunks 1969). 

(H) A reduction in the level of blood urea nitrogen wh'ich could be 

int.erpreted to be an indication of efficient utilizâtion of • 

'1 
d ietary protein. This ls because Schmid t n al. (1974) and 

Faichney (1972) and other research workers have reported that 

elevated blood urea ~i trogen doe(~)not only reflect rumen anunonia 

concentrations but also an inefficient extra ..... rumina1 utiliza-

) 
tion of proteins of poor Biological Value. 

(iii) A reduction in the l~vel of urinary nitr\gen in animaIs fed 

} protected diets. This is because of the relationship between 

blood urea nitrogen and kidlley excretion of urea tha t is 

dependent upon plasma urea levels (Faichney 1974). 

(iv) Some researchers have reported ~n improvement in the total 

nitrogen retention and this generally occurs in spite of the 

decrease in protein or amino acid digestibility associated with 

formaldehyde treatment. This is simply because of the reduction 

in urinary nitrogen (Faichney 1974). 

-(v) An increase in the amount of crude protein f10wing to the 
ft 

intesttnes (Faichney and Weston 1972; Faichney 1972). This was 
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associated with the increased amounts of individual amino acids 

reaching the smali intestines 

An increase in vOluntar!reed 

(Faichney 1974). 

intake (Weston M71) and this was 

attributed to an improved protein status of the animal «(lSrskov 

et al. 1973). 

On the other hand, factors which have been consistent with 

formaldehyde treatment of dietary proteins but may not favour animal 

growth response include: 

(i) An increase in feca1 nit.rogen; a result of the overall reduction 

of protein and/or amine aeid digestibility by formaldehyde 

treatlllent of proteins. The magnitude of the increase in feeal 

nitrogen ,appears ta decrease with protelns of a high Biologica! 

Value like animal proteins (Chalupa 1975) . 

(ii) The concentration of volatile fatty acids in the rumen has been 

reported to be lowered. This may be indicative of a genet'al 

depression of baeterial activity and could result in reduced 

rumen digestion of non-protein dietary components. The 

reduction in volatile fatty acids concentration could resu1t 

from lack of avai1ability of substrate for rumen mlcroorganisms 

of forma1dehyde-treated proteins (Faichney 1972) • 

(iii) Increased plasma concentration of the amino aeid fomyl-N-
, 

methyl-1ysine (Faichney 1974; Reis and Tunks 1973). This 

incre81!re in the amina aeid has been associated with a decrease 

in the re1jltive and often abso1ute amoutlts of plasma ~ysine, 

/ 

1 , 
1 ; 
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which cou1d possibly produce a relative deficiency of the 

latter amino aeid (Faichney 1974). Wachira et 81. (1974), 

however, conc1uded that reduced rat growth by 10 to 20 per cent 

observed with formaldehyde treatment of casein could no~ be 

attributed to reduced lysine availabi1ity. 

(iv) Abnormally high incidences of bloat have been apparently 

associated in some experiments with the formaldehyde treatment 

of the protein (Faichney and Davies 1973; Shatma et al. 1972) 

or diet (Faichney and Davies 1973) • 

... 
Other aldehydes like gluteraldehyde, butyraldehyde, acet~ 

aldehyde, 'Propionaldehyde, and glyoxal, have been reported at least in 

in vitro studies ta protect the dietary proteins and decrease their 

solubility (Ze1ter 'et al. 1970; Peter et al. 1970b). Peter et al. -- -- ---,-

(1970a) reported that glyo.JCal or, formaldehyde treatment of soybean 

meal ill!prpved weight gains and feed conversion of lambs. Nimrick 

~ al. (19-72) reported increased' nitrogen retention in growing 

latnbs fed fish meal treated with glyoxal. 
'u 

3. Heat 'treatment 

The mechanism of action in this method inv<!lves the s11ght 

denattiring -of the pro teins which results in th~ dec,rease of their 
. 

degradation in the rumen. Chalmers et al. (1954) report~d that heat--- .' .. 

tt'ea,tment of case1n decreased the rate of Qreakdown in the rumen, 

reduced' 8llIDiOnia producti~n: ,and incr~ased ntt~ogen ut"iltzation by sheep. 
, 

W,ith the heat-treatment ~f groundnut 'meal, Whitelaw.!! al. (1961) 
Cl 

1 
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reported increased nitrogen retention and growth in calves. Tagari 

et al. (1962), working with soybean mesl, and Sherrod and Tillman 

(1962), working with solvent elètrac ted soybean meal and cottonseed 

meal, reperted increased nitrogen retention by sheep. Feeding 

groundnuts (peanuts) te lactating goats and heat processed Hsb meal 

(which is uS\:1ally resistant to ruminaI proteolysis) te lactating 

sheep, Chalmers et al. (1954) and Chalmers and Marshall (1964) 

respectively found an increase in milk production and nitrogen 

retention. Danke ~ al. (1966) subjected cottonseed meal te heat for 

varied periods of time and their general conclusions were that there 

was a critical range at which positive responses could be seen. 

Beyond this critical range, the susceptibility of the protein to 

ruminaI degradation was still reduced but there was a marked reduction 

in the digestibility of the product, which made the heated material 

inferior to the unprotected material. Working with sheep, Hudson 

-~ al. (1970) reported that 'heat-treatme:nt of soybe,an meal resulted 

in i-etter ruminaI and post-ruminaI nitrogen utilization by sheep. 

Al! of these workers Were able to reeognize the fact that the main l> 

effect on heat treatment was ta reduce protein and/or amino Reid 

l degradation and thus ammonia formation in the rumen. 

.. " 4. Rumen bypass studies 
, 

lt has been shown with sheep that the rate of wool growth can 

be strongly influenced DY the total feed intake but not by the 

variations irt the protein çontent of ~the diet, especially when it . .. 

775 i 1171 
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contains readi1y degraded proteine and/or amino acids (Fergus son 1959). 

This is because of the influence rumen microorganisms have in modifying 

feed proteins. With the infusion of casein into the abomasum, Reis 

and Schinckel (1963) were able to demonstrate an increase in waol 
~ 

growth. The results in the two research reports above were explained 

by Hogan and Weston (l967b) when they use~ two of Fergusson' s diets 

containing 8% and 20% crude protein in sheep diets and had an 

approximately similar output of protein from the rumen, that is 8.8 , , 

and 8.1 g N/day respectively. From these experiments, it woald seem 

that the output o! m~crobial protein from the rumen is not determined 

by the input of feed protein, but chiefly by the so1ubility of the 

protein and the amount of energy available to the microorganisms from 

the fermentation of organic matter in the rumen. 

Therefore, depending on the solubil~ty and Biological Value of 

the protein, rumen bypass procedures could be usefu1 techniques in 

the study of utiliz~tion of proteins for an;Lmal growth performance. 

MOst research data have consistently reported an increase in nitrogen 

retention when the rumen ls bypassed. Reis and Schincke1 (1961) 
li 

reported increased 'IlU:rogen retention when casein was administered 

through the abomaswn in sheep. Chalmers.!! al. (1954), studYJ.ng the 

effects of administering casein to pregnant ewes by duodenal and 

rumitiàl fistulas, were able to show an increase in nitrogen retention 

and a decrease in urinary nitrogen excretion in those ewes $iven 

casein through the ,duodenal, fiatula. COl1)paring abomasal to oral 
• J 
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supplementation of 8maiI amounts of casein and sulphur amine acide 

(both me thionine and cystine). Reis and Schincke1 (1964) observed a 

large increase in both wool sulphur content and growth. Devltn and 

Woods (1965) ~btained an improvement in nitrogen retention of steers 

when lysine was infused into the abomasum, and Little and Mitchell 

(1967), administering soybean protein abomasa1ly as compared with 

ora1ly, showed higher nitrogen retention in s~ep. Reis (1967), 
"-, 

studying the effects of abomasa1 administration of sulphur containing 

amino acids on wool growth, found that administration of 0.5 to 2.0 g 

L-cysteine or equi-molar levels of D-L me thionine increased wool 

growth. Abomasa1 compared with oral feeding of Methionine hydroxy 

analog (MHA) to sheep was found to improve wool growth (Reis 1970). 

Working with genetical1y low and high wool producing sheep,' increased 

,woo1 g~owth with abomasa1 infusion of sulphur amine acids has been 

reported by Williams !!. al. (1972); whi1e Cha1upa ~ al. (1972) in 

several ~xperiments have consistent1y observed improved nitrogen 

retention :ln grow·ing beef steers when casein or casei.n hyd.~olysates 

were abomasally infused to supplement feedlot type rations. They 

fai1ed to observe any-consiste~t benefit to abomasa11y inf~sed 

32 

1 
Methionine or other essential ami.no acids. ~rskov.!!. al. (1969, 1970) 

used the novel technique of oesophagea~ groove closure tb obtain 
" 

rumi~l bypass of dietary proteins. They obtained enhanced ~eight 

gai.ns and feed effièiencies as weIl as substantially improved n1.trogen 
... . 

retention. 
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5. Encapsulation of amino acids 

Theoretica11y ft shou1d be p06sible to ,encapsul-ate proteine 

and/or amino acids with a material that will ,r,rnain insoluble in the 

rumen but which will easily dissolve in the abomasum. In the 

33 

\ 

encapsulatlon of a mixture of D,L-meth1onine, kaolin and âtearic acid, 

one of the protective agentS' used was hydrogenated animal fat. The 

capsules were ahle to escape microbial degradation in the rumen but 
\ 

wére broken down easlly in the duodenum by the action of lipases and 

bile, . thereby releasing the methionine (Neudeorffer ~ al. 1971). 

The ideal density of these caB;Sules ehould be in the range of 1.0 to 

1.4 (Sibbald ~ al. 1968) and this can be achieved by including varying 

amounts of kaolin and other materials. This is important because if 

the capsules float or sink to ~e bottom of the rumen liquor, the rate 

of passage of the capsules cou1d be slowed down. The ideal situation 

Is to have capsules that are large enough to avoid being engulfed ,by 

rumen protozoa, but small enoug4 ta be conveniently mixed in feed. 

Grass and Unangst (1972) combine4 methionlne, ~leic açid, 

calcium carbonate and, tristerin and were able to recover 89 per cent 

of the, me thionine in the rumen after 17 hours, while 92 per cent of 

the methionine was re1eased in the lower digestive tract. Feeding 

40 g oi the' encapsulated mixture ta sheep increased their pla~a 

.~ me thionine to 23 llg/ml compared with 5 JJg/ml 1n the unsupplemented 

sh~ep (Gràss 'and Unangst 1972)'. 

( " ' 
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Growth studies with encapsulated me thionine have been reported 

in the 1iterature by several workers. Sheep diets supplemented with 

0.4% encapsulated me thionine have bean reported to increase weight 

gains and feed efficiencies in sheep compared with those on the 

unsupplemented diets (Mowat and Dee1stra 1972). S teinacker et. al. 

(1970) could not obtain a constant growth response to the feeding of 

eneapsu1ated methionine to grOWin~lste1n steers. Grass and 

Unangst (1972), supp1ementing diets containing 10.5% or 14% erude 

protein with 0.1, 0.2 or 0.4% encapsulated meth10nine in one experiment, 

and in a second experiment supplemented 16% and 10% erude protein 

diets with 0.8% and 1.2% encapsu1ated methionine. They reported that 

only sheep fed the 10% erude protein d1et and 0.8% encapsu1ated 

methionine had significant1y increased weight gains. The differenee 

in weight gains may be due to the fact that the sheep in the first 

experiment may have received insuffïcient quantities of methionine, 

while those in the second experiment may have received quantities of 

methion1ne in excess of.thei~, body requirements. This was reflected 

by the 10w and increased plasma concentrations of me thionine for the 

sheep in the first and second experiments respectively. Slbbald ~!!. 

(1968) and aroderick ~ al. (1970) were able to den10nstrate that 

feeding encapsulated me thionine to ,steers elevat'ed blood plasma 

meth~onine levels and increased the valine to me thionine ratio. Non-

significant increase in'milk composition. milk production and feed 

intake of c6ws fed 12' s/day of encapsu1a~ed methionine were reported by 

William ~ al. (1970) and Martz .!! &. ,(1970). 

1 
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6. Reduc~ion of enzymatic activity 
in the rumen 

The reduction of the proteolytic activity of rumen micro-
/ 
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organism8 without completely disrupting aIl the functions of the rumen 

i8 possible frdm a theoretical point of view. Attempts to accomplish 

this have so far not met with 8uccess, and published data oh the 

manipulation of rumipal protease and deaminase aativity are ~canty. 

The nature of the diet does not appear to affect proteolytic activity, 

but deaminase aotivity may be influenc€d. Ramirez (1972), in support 

of the foregoing statements, found diminished deaminative activities 

in rumen microbes obtained from animals fed low-protein, molasses-urea 

diets. 

. ~ 
The attempts of Hogan and Weston (1968) to control ruminaI 

and/or deaminase activities with antibiotics did not produce encouraging 

results. Only transient effects on levels of rumen ammonia were -, -

obtained with neomycin, oxytetracycline and streptomycine Penicillin 

and erythromycin decreased rumen ammonia concentration by 15 per cent 

but net 108s of dietary nitrogen in the stomach was not reduced and 

reduced food intakes were suspected to occur at ad libitum feeaing 

levels. Using oxytetracycline, Schelling,et al. (1972) found that -- , 

1 g per day of the antibiotic had no general overall effeét on rumen 

metabolism in sheep, and when added in combination with me thionine and 

lysine, resulted in increased lev~ls of these amino acids in the ab~asum 

and plasma. Hoshin.o (1965) attempted to inhibit deaminative enzymes 

of the microflora but had only ma,gina~ BU~,S. Urease inhibitors 

III: 
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like barbiturie aeid (Harbe~s !i~. 1962) and aeetohydroxamic aetd 

(Br~nt and Adepoju 1967) which might improve urea utilization by 

redueing the rate of urea hydrolysis through inhibition of rumen 

urease. have been u~ed but met with 1ittle sueeess. 
f 

7. Amino aeid ~nalogs 

36 

1. Another potential method for the rumen by-pass of amine aeids' 

o 

o 

is the structural manipulation of these amino aeids. In addition to 

being absorbab1e from the small intestines, sueh analQgs should have 

biologieal potency at the tissue metabolism level r Many workers have 

investigà~ed several of these ana10gs but the one most investigated is 

methionine hydroxy analog (MHA). sinee me thionine eould be limiting 

in most ruminants' diets. There are many reports in the 1iterature 

that have indieated the possibility of methionine and other essential 

amino aeids to 1imit the performance of ruminants, especia1ly when 

they are fed urea-supp1emented rations. MHA is the ca1ciun salt àf 

me thionine hydroxy aeid and at the ti.ssue level"of metaèolism it 

has been shown to have me thionine activity in ruminant animaIs (Reis 

1970; Belasco 1972), ·similar to that known to exist. in non-ruminants. 

The supp1ementation of diets with MHA has shown inconsistent results. 

Gossett et al. (1962) fed 5 g and 10 g of MHA daily to steers for 207 

days. Thè steers ree~ived a high-urea supplement with groünd shelled 

corn and corn silsge. They found the '.g 1eve1 of MHA to b~ of no 

benefit in daily gain, feed efficiency, and careass values, while the 

10 g MHA leve1 gave a significant depression in rates of gain and 

1111 mlt*· 
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reduced feed intake. Hale !! al.. (1970a), adding MUA ta a milo ration 
1 

containing 90 per cent concentrates, 5 per cent cottq,nseed hul1s, and 

5 per cent alfalfa hay, could not demon~trate an effect of MHA in 

increasing rate of ga~n or reducing feed requirements for steers. 

Lofgreen (1970) showed a depressing effect from MHA a10ne or MaA in . . 

combination with sulphur when added to a mixed grain ration with 10 

per cent roughage and 0.5 or 1.0 per cent urea. Beeson et al. (1961) 

reported seven per cent less rapid gains ..;ln cattle recehring 3 g MHA 

as compared with the control animaIs. Feed intakes were simi1ar for 

the two groups, resulting in decreased feed efficiency for cattle 

receiving MHA. 

A few trials have, however, reported improved animal performance 

due to MHA supplementation. For example, in trials with heifers fed 

3 g MHA per head daily witft a ration supplemented with urea, Burroughs 

..!'!! al. (1969) found the MHA-supplemented heifers to gain 13 per cent 

faster and required 10 per cent less feed per hund~edweight of gàin, 

which contrasts to previous report~. In a follow-up trial, Burroughs , 

~~. (1970) reported that Mlf!. additionso ta a urea supplement 

improved the performance of steers but that the response was inferior 

to that of added sulphur. 

Ip'general, it co~ld be indicated that depending on the 
1 

composition of the rations fed to ruminants, more or less dietary 

protein wil1.eithe~ be degraded or by-pass the ru~n and become 

avai1ab1e fQr post~rumina1 digestiop. Similar1y, de~ending on'the 

dU 14 IIPM 1 1 F 
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dietary composition of the ration, more or less rumen m1crobial protein 

will be synthesized and eventually will become available for post-

ruminaI digestion. So that depending on the energy available, the 

specifie pattern of amino acids and the level of pr~duction, the 

capability of the ruminant. to synthesize protein will vary. lt co.uld 

therefore be conceived that the feeding of a given supplement like fin 

encapsulated amino acid, analog or protected protein May or may not 

be beneficial to the ruminant animal. A situation where this sup-

plementation may be beneficlal ls where a deficit of the amino ac1d 
. 

or protein existed and the other dietary conditions (like energy) 
1 

were appropriate for the utilization of these additional alllino ac'ids. 

Simllady, this s~e supplementation may not be beneficial if a 

deficit does not exist and sufficiept quantities of microbial protein 

are being synthesized; or if a deficit exists but other conditions 

like energy are not appropriate for the utilization of the additional 

protein or amino acids. 

1 

In summary, therefore, ~ additions to urea supplements "have 

increased production of dairy cows in a limited number ôf studies, 

while most trials have shown no response fram the addition of MUA to 

urea supplements fed, ro cattle on finishing rations. The ind~ations" 

are that further research' is needed in this area. because if what has 

been discussed above is true, then it becomes obvious that there is a 

need to 4~velop a system that would permit, under practical conditions 

the predic1:ion of the preseQ.ce or absence of crude protein 'and/or 

1" .. , 
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specif~c amino acid deficits, and the suffic~ency of other' components 

of the diet to allow for an effictent utilization of addit~onal am~no 

acids. • 
C. Rapeseed Meal 'as a Protein Suppiement 

for Cattle Production 

Rapeseed ia becoming an increasingly ±Œportant oilseed crop in 

Canada, and the utilization of the meal (oil-free residue) as a 

protein supplement for livestock production has been recommended by 

39 

the Rapeseed Association of Canada based on work that has been done by • 
many Cana41an research workers. 

Rapeaeed Meal (RSM) contains 36 ± 2 per cent crude protein with 

a maximum of 40 per èent. lt has an amino ac,id composition similar to 

other valuable oil crops like peanut me al , sunflower 

me al (H~dlicka et al. 1964, 1965, 1967), and it is cha acterized by a -,........ 

relative1y h1:gh methionine, cy!ftine ~nd lys~ne conten (B1ock & al. . 
, 

1965)., Approximately 72 per certt of the rapeseed meal nitrogen occurs 

in amino acid compounds with nitrogen and products not precisely 
,~ . 

ident~f~able constituting 16 per cent (André and De1aveau 1954). 

Rapes~ed mea! ~s simi1ar ta 1ins~ed meal in metabolizab1e energy 

content and has 92 to 94 per cent of the metabolizab1e energy of 

barley (Bell and Delvin 197~). Virtanen (1963) reported that . 
physiblogica1 abnormalities associated with thyroid di~orders have 

not heen report'~d. when rapeseed meal has been fed to dairy cattle. 

" 
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Glucosinolates in raReseed meal are apparentlr. inacti~ated or al~ered 
1 

when the meal is fed to ruminants as those have not be~n reported in 

the milk of lactating cows., 

In calf-starter snd grower ratipns~ lngalls (197~) and SUone 

(1971) fed calv:~s up to eight weeks of age and up to e:l.ght to ten , 
" 

months c;>f age respecëi\Tely. Their data suggested tha!! the digestible 

energy value of rapeseed' me.al was equal to that of !30ybean ;meal. 

Protein digestibility coefficients trotere 89 per cent and 93 per cent 

for rapeseed meal and soybean ~eal~ respectively, which indicated a 

small difference 1n protein digestibility between the two meals. With 

growth studies, the results reported indicate that calf-starter-grower 

ra tior,:t s - containing up to ~O per cent rapeseed D),eal in place of soybeàt:J, 

meal will result in similiar feed intake. and weight' gains_ Whe~ the 
" , , 

rapeseed meal was: increas~d up to ~O per .cent, .it resulted 'in decreased 

, " 
daily feed intake and weigh"ti gain-s. 'In, further experi~ents ·these' two 

" J. • ~! ~ 

'\,. ',', 

workers reported that a crude' protein levèl of f3 per, cent' appears 
l,.." • , 

adequate in C~lf-starte:' ratio~S Crt:l~ainin~ 'ro~~l;lsge a~~ ~~d, f~~e '. 
choicé. But with low protein. roug~, starter rat:!-ons may c0!ltain up 

to 20 per cent RSM plus sufficient ures '(0.!5 t~ l p'eT èen t) 'to balance 
" . 

the protein requir'ements of the çalves. Wood and' St.one (i970) have 

shown that a 10 per ce~t R~ diet fed to da~ry ca~ves ,ach~e~ed an 

adequate level of performance. 

'. 

Bell and Delvin (1972) fed calves weighing' 185 kg ini~iall~ 
, 

witp 8, pér cent RSM or 7.25 per cent" SBM for- .96 day's, and the average 
, ., . 

,-
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daiIy gains were 0.96 and 1.03 kg, respectively. Working with yearling 

steers ~eighing about 320 kg initial1y, the same workers fed some 

steers with RSM at 10.5 per cent of the diet whi1e some were fed 7.5 

per cent of SBM and others a control diet containing bar1ey with no 

protein supplement. AlI the diets contained 15 per cent ground straw 

plus vitamins and mineraIs. The average dai1y gains were 1.14 kg for 

the controls~ 1.19 for steers rec~iving SBM and 1.18 kg fOr steers fed 

RSM and corresponding feed conversion ratios were 9.19, 9.22 and 9.42, 

both results showing no statistica1ly significant differences. 

In a 140-day feeding trial wi~h 37 Holstein steer calves usi~g 

• RSM that had received different heat treatments, Donefet (1971) found 

nO significant differences in the average daily gains of the calves. 

In a l40-day trial with finishing steers, IngaUs and Wa1dern (1972} 

compared linseed meal, RSM, sunflower meal and mustard seed meal at 

8 to 10 per cent 1ev~ls in the diet. No statistically significant 

difference in wefght gains for steers fed the different protein 

supplements was observed. Their further observations were that steera 

fed the diets with rapeseed mea1 and mustard seed meal mixtures 
, . 

consumèd the diets with rapeseed meal more slowly. 

In SOll;le bre~ding' stuq1es by Burkitt ~ al. (19S4) f pregnant' 
, ' 

beef cows were fed a low quality hay and wheat straw diet that was 
'\ 

supplemented with either 5.6 or 10 per cent RSM or linseM mea1.-

Similar performances were reported but cows fed rapeseed me al required 

Ct a longer Ume to COI)sum.e their diets. Similarly, Bell an,duDelvin 
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(1972) fed ewes with low qual~ty non-legume hay that was supplem~nted 

with linseed meal or rapeseed meal at 10 per cent of daiIy intake 

~---~ 
(1. e., 0.2 kg daily). Daily allowances were always consumed and 

protein supplementation resulted in improved lambing and l~ctation 

performance. However, ewes consumed the rapeseed meal diets 1ess 

readily than the linseed meal diets . 

.. 
'In general, rapeseed meal has potential as a protein supplément 

in beef production and the production of uniform high qual!ty va~ieti~s 

'that have both Io~ eruèic acid and low glucosinolate c?ntents with à 
1 . 

protein levei that ia ~easonably high, further strengthehs the , 

potentials. More con~ert~d research effort becomes a necessary pre­

requisite to find better way~ of commercialising this by-product 
., 

since it éompares well With other traditiona! source.s of plant 
.: 

proteins for ruminants in North America ,and ~lsewheie. r 

D. Summary of Literàture Rev,ièw ' 

Protein and non-protein nitrogen compounds reaching the 

reticulo-rumen undergo extensive degradation by rumen microorganisms. 

~he rate and extent of degradation is aff~cted'by the solubility ofo 

the proteins. Proteolysis and hydrolysis result in the liberation oÏ 

~ino acids from pro teins and ammonia from non-protein ~itrosen 
. 

sources, respectively. The amino acids are ftirther ~e~inated to 

.pr9duc~ ammonia or May be ~sed'in the synth~sis of.microbial proteins. 

Amination and transamination are the major pathways of ammonia 
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assimilation. The major source of nitrogen used by rumen micro-

organisms for growth 18 ammonia, and this ammonia 18 usually 

incorporated into microbial protein by bacteria. Both the microbial 

pX'otein synthesized and the dietary protein that 1s undegraded iIl- the 

rumen are enzymatical1y degraded in the abomasum and emaU ~e8tines 

to release their amino acids whicb are eventually absorbed~ The 
, 

absorbed amine acids are transported mainly to the liver, which 

releases them to the free amino acid pool in the cit'culating plasma 

and other tissues. 

Even tbough ruminants.are capable of synthesizing microbial 

protein, the amount synthes1zed plus the dietary protein that escapes 

rumen degradation may or may not meet their prote1n a~d/or amino acid 

requ1rements for maximum g1=0wth pe~fQrmance. This could mean that 

supplementation v.ith amino acids and/or protein that hawe been 

protected against rumen degradation May be necessary under some 

dietary conditions where these requirements are not met. Usually, 

« 
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the sulphur-contain1ttg am!no acide ar~ ~imiting f~r,oPtimal growth or 

~ilk production or both; and' evid~hce available irt the literature b4a 

sho~ thar quantlties o~ amino acids available to ruminants are usual1y 

i.nsufficient to a11ow·maxiiilum produetivity. 

Several methods ta ~dify dietary p,rot~in solubility or .amino 

acid deg~~dation o~ rumen cQndit10ns have been reported, and aIl of 

these ~ethods can be proadly divided into physical and cnemical 

'methods. ,Among the chemieal 1I!-et~ds, form.ldehyde tre,atment of the 
/-
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dietary proteine has been the most,widely researched ~ethod. 'the 

conditions under which a benefit could be obtained from the application 

of this method in te~s of animal production response still remain to 

be established. This means a much clearer understanding ie necessary ... 

of the factors affecting microbial protein synthesis, amount of dietary 

protein that will escape rumen degradation and the quali~y and, quantity 
.... j 

of the het protein or amino aci~s available for tissue Metabolisme 
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III. OBJEctIVES 
\ 

1. To compare rapeseed meal ~d soybean meal as proteln supplements 

for growing catt1e~ 

2. To compare the effect of formaldehyde treatment of rapeseed meal 

and soybean meal used as protein supplements for gro~ng cattle. 

3. To investigate the affect of formaldehyde t~atment of rapeseed 

meal'"when fed a101'1e or with urea as proteln supplements for 

4. 

.. 

growing cattle. (1 
'ç ) 

),,) 

To compa~e nu~rient di8esttbilili,~d nitrogen retention of 

formaldehyde-treated or ,untreated rapeseed meal when fed to . . 
. " 

sheèp alone or vith urea. 
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IV. txPEIUMENT I: COMPARISON OF RAPESEED AND SOnEAN 
MEALS AS ~ROTEIN SUPPLEMENTS FOR GROWING CATTLE 

l 

A.' Introduction 

Rapeseed meal is becoming incréasingly important as a protein 
• 9 

supplement for livéstock in Canada. Its use in finishing beef catt1e 

has not become widespread in Canada, probab1y because of the limited 

research data available. 

This experimént was aimed ~t the direct comparison of rapeseed 

meal and soybean meal as protein supplements to a corn silag~ and high 

moistùre corn grain basal ration as measured by the,growth performance 

of steers and heifers • • 

1. An:lma1s , 

'B. Experime~tat Procedures 

, The expertment was.initiated in the fal1 of 1973 util!z~g 20 
V 

1 crosB~bred steers and 20-cross-bred,heffers. The crosses'had beeu 

p'rodueed by Holstein and vario~ beef breed mat1ngs ,and had been -, .. .. 
1 purchasèd as ,feeder cattle. ~éir'initfal'weights ran~ed fram 240,to 

- , 

320 kg" ,ancÎ they vere dirldec\ :lnto heaVy and light groups, vith 
- . . ' . 

average group weights of 303 and 249 kg, r~Bp~~tively; 
-tt 

" 
" , 
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2. Experimental design 

The animaIs were randomly âistributed in a 2 x 2 x 2 factorial . 
design in which the factora were sex (steers vs. neifera), initial 

weight (heavy vs. light) and protein supplem~nt fed (rapeseed mea1 

vs. soyhean mea1). The anima1s were diàtributed into eigne p'ens with 

each pen having five animals. 

" 3. Rations 

A corn silage (CS) and high moisture corn grain (HMC) basal 

ration waa fed to a11 animals with rapeseed meal (RSM) or soybean 

meal (SEM) supplements. The rations were randomly distributed among 

4,7 

the eight pens of animaIs. Expeller rapeseed meal (Brownowski strain) 

obtained from CANtIN Industries, Montreal, Quebec, and soybean meal 

obtained from Superaweet Feeds, Quebec, were used aa received àS 

protein supplements throughout the experimental period. The côm -. , " 

sUage was initlally fed ad ~ibitum but was restricted after the 

first 28 days of the experiment. The experimental rations w~re 
! • 

re-calculated every 28 days and adjusted to m~et prote~n requirements 

~ l 
'according to NRC. 

4. Management 

~e cattle were ~Ou~ed in pe~s meaauring 4.8 x 3.9 mete~s, 

~th each pen ha~nS a 3~6 ~eter long concre~e feèd manger. Water 

lNRc (1970) Nutr1ent R.eq!uireui.~nt~ for ~ail.'y Cattle. Washington, 
D.C. Table 1: Growirig'Hèifers (Large Breeds) ,and Growtng Bulls (Large 

'Breeds). ! ! 
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and cobalt-iodiz~d ~alt ~ere made available at aIl t~es. The feed 

offered was weighed and fed once a day and feed not consumed was 

weighed and recorded'the next morning befora fresh feed was offered. 

Feed samples were collected and ana1yzed monthly using AOAC 

methods (1975) for dry matter (DM) and crude protein (CP). These DM 

and CP values were used in the calculation of the rations 

month to come. 

The animaIs were ~eighed every 28 days. Before 

day, feed but not water was withdrawn from the animaIs at about five 

o'clock in the preceding evening. The initial and final weights of 

the animais were each based on an ave:~ge of two weighings obt~ined 

by weighing the cattle Qne day, resting them one day and re-weighing 

them on a third day. This alternative day procedure was used in 

order ta a11aw the animaIs a day ta Ilsettle down" since the we1ghing 

procedure/was a stress and affected feed intake. 

124 days. 
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~oten A.~.E.t ,Lot 72J~, praduced by Rogar/STB, London, O:ntàrio. 
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5. Statistical analysis 

The average daily gains or the animaIs over the experimental 

period wer~ ~alyzed using the -analysis of variance technique (Steel 

and ~orrie 1960). The calculations were done using the Statistical 

Analysis System (SAS) on the McGi11 IBM 360 computer. The feed ' 

consumption data could not be analyzed because the animaIs were group 

fed. 

C .. Results and Discussion 

. 
1. Chemical analysis of rat~on 

components 

Result~ of analysis conducted on three samples of each feed-

stuff during ~er~ent lare summarized in Tablé 1. 

2. Composition of rations 

Table 2 ind1cates the average composition of the rations over 
.. 

the 124-days experimental periode 

. Ratton-a~justments made on a monthly basls Were deslgned ta 

meet the prote~n requirements of each group of cattle based on' their 

average weight. 

Tablee2 :J;ndicates that -the corn silage portion of the ra,ti.on 

dry matter varied from-74 to 78 per cent, a relative!y narrow l~it • 
. 

R!Jb moisture cOrn varied trom 18 ta 20 pér ~ent of rati~n DM. thus 

~t,al8o fe!l lnto, a n~rtow range. 
o ' 

2 1911 
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TABLE 1. Chemical compos~tion of ration components (Exper~ent 1) 
!if) 

Ingredient NRC 
Ref. No. 

Dry matter 
(per cent) 

Crude 
proteinl 

Corn, aerial part, ensi1ed, 
mature, wel1-eared 
mn 30%, mx 50 dry matter 

Corn, grain, ensiled 

Rapeseed meal frape, seed 
mech. extd. grnd} 

Soybean meal [soybean, seed, 
solve extd. grnd, mx,7 fbr] 

~er cent dry matter basis. 

3-08-153 

5-03-870 

5-04-604 

35.5 8.8 

78.0 9.1 

35.6 

90.02 46.4' 

2Va1ues are from the United states-clnadia: Tables of Feed 
Composition (1969), second edition. Publ. 1684. National Academy 
of Sciences, Washington, D. C .• 
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TABLE. 2. 

~. 

.l~gre~ients 

Corn dlage· 

H!gb moisture corn 

Rapeseed me~ . 
SQybean ~1 -' 

Dicalcium phosphate ., , . 

ct 

l Average composition of experimental rations (Experiment 1) . , 

Rapeseed meal Soybean mea1 - . 
Steers Beifers '" Steers Beifers , 

-. 
Beavy Light Beavy Light Heavy Light Heavy . Ligbt 

76.1 74.3 77.9 . 76.2 77 .8 74.5 76.9 77 .9 

19.2 20.2 18.1 19.0 18.3 20.6 19.2 18.0 

4.5 5.4 3.9 4.6 

3.7 4.8 3.7 3.9 
'-. 

0.2 0.1 0.1 0.2 0.2 0.1 0.2 0.2 

100 100 100 100 100 100 100 100 

-
-'" 

t' 

.' 

~...j. 

j' 

0 

'~_a1ues are per cent of total dry matter. 
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The inability of the monthly ration adjustment ta supply 
, 
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controlled amounts of pro~ein is indicated in Table 3. As the prote1n 

requirements differed for each pen due to cattle weight differences, 

protein intakes are directly compared to requirements of each pen. 

The heavy steers had average prote1n requirements of 0.87 kg and 

intakes of 1.02 kg compared to the light steers which had average 

protein requirements of 0.76 kg and intakes of 1.07. The heavy 

heifers had average protein requirements of 0.73 kg and intakes of 

0.93 kg compared to the light heifers that had average protein 

requirements'of 0.67 kg and intakes of 0.98 kg. In general, the 

steers had higher protein requirements and intakes than the heifers 

(Table 3). It can thus be seen that in all cases ~rotein was fed 

from 20 to 60 per cent in excess of stated requirements. This 
~ . 

practice could confound the interpretation of the results related to 

the feeding of the different protein sources, as any differen~es in 

protein utilization could be c6~ensated by the apparently large 

excess of protein supplied. -y. 
" Table 3 indicates the per cent of daily protein intakeQsupplied 

,by the different ration, ingredients. Corn silage was the largest 
. . 

supply of protein, averaging 42." per cent of total protein ~ut ranging 

from 37 to 46 per cent. 'Hi~~ moisture corn sup~li~d an average of 
., ... ~.'. 

~6 per cent of t~e total pro~e~n, tanging from 24 to 27 per cent. The 

prote~n sup~lement~ 8UPP~~~,~n,average of ,32 per cent of ~he total 
, 

pr~te~n, ranging from 28 t~ 37 per cent. 
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TABLE 3. Summary of avèragè dai1y.protein intake and supp1y (Experiment 1)1 

Rapeseed m~1 
, " Soybean mea1 

Dai1, protein 

qlntake, !tg 

Reqtiirements, kg 

Intake a$ per cent 
of requfrem@t 

protein supp1y 
pér c~t of· total 

Corn silage 

H~gh moisture corn 

lùipeseed mea1 

Soyb~ mea1 

Steers 

Heavy Light 

1.04 

0.87 

l20 

1.06 

0.75 

141 

45.9 43.4 

26.1 . 25.4 

28.0 31.2 

Reifers' 

Heavy Light 

0.96 

0.72 

133 

42.5 

26.3 
29..,2 

1.02 

0.64 

159 

39.7 

27.1 

,33.2 

/-\ 

Steers 

Heavy Light 

J.OO 
0.87 

115 

41.1 

26.3 

32.6 

1.08 

0.77 

140 

42.6 

23.8 

33.6 
-~-------- - ~--- --- -----T~- -------~-~ 

100 100 1~0 100 100 100 

~ch observation 18 an av~ra~e_for Ïive anima1s. 
- 1 

c 

Reifers 

Heavy Light 

0.90 

0.74 

122 

43.0 

25.4 

31.6 

100 

0.94 

0.69 

136 

37 :-3 

26.0 
... 

36.7 

100 

-~ 
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W 
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The aims of rat~on adju~tment were only par~ially met, with 

variation in protein supp1y and intakes indicatïng the 'difficu1ty in 

( 1 
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closely control1ing this factor with the number and variety of animals 

being fed under re1ative1y practica1 conditions. 

3. Animal grow~h performance 

A summary of the average dai1y gains for the 124 days experi-

mental period is shown in Table 4 for each group. The ana1ysis of 

variance of average dat1y gains is summarized in Appendix Table 1. 

Lack of treatment interactions 1s i11ustrated in the summary of 

combinations of treatment effects presented in Table 5.' The non-

signjficant interactions (Appendix Table 1) thus allow direct com­

parisons of main effects as preeented in Table 6. 

Ana1ysie of variance of the average daily gains showed no 

significant difference (P > ~1) between animals of the two ~ifferent 

~eight categories. 

A significant difference (P < .1) was observed between sexes 

with the steers having average' daily gains that are significant1y 

hi~er than the heifers (1.13 kg vs. 1.03'kg). A higher growth rate 
, 1 

- for steers ls expected as 1ndicated in the NRC, (1.0 and 0.75 kg for 

steers and h~;l.fers, respectively) with the welght rangé in Table 4. 
, 

, ' 1 ' 
As compared with NRC expected gains, the heifers in this expertment 

''1-

gained re1atively'better. 

. . 

~RC (1971) Nutrient Requirements 'for Daity Catt1e. Washington, 
D.C. Table '1: Growing Reifers (Large Breeds) and Growing Bulla (Large' 
Bree.ds) • 

TT • 
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TABLE 6. SU1lllD8.ry af average daily gains of main treatment effects 
(Experiment 1) 

Weight 

Heavy 

.Light 

~ 

Male 

Femaie 

protei&s 

R,apeseéd mea! 
• 

Soybean mea1 

. \ 

ADG (kg). 

,~ 

1.09 a 

1.07 a 

1.13 a 

L03 p 

1.02 fi 
, il 
" .. 1.13 b 
~. . . 

• 

Ivalu~s with~n Weig.ht, Sex or Protein .groups fol19wed by, a 
different 1et~er are signific~ntly dil"f.er.efit (f ~ _,1.). 

, .. 

, . 

, . 

./ 

,0 • 0 

• 

.', 

' .. 
. ' 

,\ 0 .' v 

.... 
.. . 
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Wh~ comparing the effect of the ~wo protein supplements, .the 

ste~rs and,' heifers fed soybean meal had signi'ficantly (P < .05) higher 

average daily gains than those fed rapeseed lIIesl (1.13 vs. 1.02, kg,), . 

These data are in contral'lt ·to those of Bell and Delvan (1972)" who 

obserVed average daily ga:l.ns for yearling steers ot 1.14 kg for the" 

control diet containing barley but no pr~.te1n supplement, 1.19 kg 

. for the diet containing 1.5% SaM and L 18 kg fo~ the di~t containing 

10.5% RSM, the dif~erences being nOll-significant. These SBme workers 

have also reported average daUy gains of O. 96 ~nd l~ 03 ·kg fol' beef 

calves receiv!ng d~ets aQntaining' 8% RSM and 7. 25% 'SBM'~ respectively, 

these 'differences being non-significant. 

, 
The difference :[n~nimal growth perfotmance between the two 

pr~~ein sUPP,lements used ih· this experimènt cou1d be attri~uted to the 

fact that the protein of the rapeseed. meal had a higher Il'0lubil:l.ty 

(28'per cent) 'compared with soybe.~n mea1 protein, (16.1 per cent) as 

as repoftéd by'Ph1ilip (1976). This degree of solubi1ity of RSM protein 

c;ould increase its rumen degradation, thereby result1ng in anmonia 

r~lc::ase from the protein and possible protein wastage. lt is of 

interest tbat· this pOSsible prof:ein wastage was not compensated ~y 

the excess level of protei:n (compal'ed with stated rêqui.rëmént~) as 

fed in this . experiment. , 

\. 

'. 

III 

.' 

: ' 
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4. , Feed consumption 

AVérage dally feed intakes for total' ration and for individt.aal 

1.ngrediénts 'are presented iri' Table 4. Feed intake data could not be 

st~tiat;ically analyzed bec8use gtoup (pen) feeding was employed'. 

J Q # ~ 

A différence exista in total intake due to s1.ze, with heavy 

and light stéers hav.ing a'\1erage intà.kes of 7.30 and 5.91 kg, 

respective1y, whHe intakes for the hè.avy and l:tght heifers we't'e 7.34 

and 6.53 kg, respectively. , 

lto difference in total intt$ke appears to exist between the R.SM 

and SBM fed to cattle (6.76 and 6.78 kg, respectively). 

59 

" 'These ~;fterencea in feed intak~ due to cattl,e sïze are not 

reflected in the protein intake as' higher atÎlounts of protein supplement . ' 
were fed to the l1ghter pens to compensate ,for' their lower intake 

(Tablè 3). Tbat there may have been over-compensation i~. seen by the , 

data of Table 3, indicating the ligh~er weight peps actually '~eceived 

s~ightly more prote:tn than their hèavier countérparts. 

5. Feed efficiency 

Tltere waB a s1:ig~t advantage in feed efficiency for the 1ighter 

wefght animals ~ al1 çOlJ!:!>ariaons (TapIe 4). 'This i~ ~n expected 

resu1t as feed' efficiency generally decreaséS with age ,(and ,weight) 
• 1 • • 

due to the 1.ncreasing proportion of 'tissue fat being dêpos!ted. 
fil 

On an overal1 basis, the soybê~n meal red cattle had, a bettet 

fe~d effi~~ency (5.91} than those fed rapeseed meal (6,~85). This ia a 

" 

57 " DIli! '.5; 
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reflection of the larger weight gaina ~ith SBM as compared with RSM 

sinee" total feed intake did not differ. 'Rapeseed me~l fed cattle thua 

required an average of O.8lJ kg mor,e rat~on DM pel' kg gain than the 

SBM fed eattle. 

D. S\lIIllD8IY ,Of Experiment 1 

. In a 2 x 2 x 2 factôrial-desigll, a c;omparison of RSM and SBM as 
, 

p~otein supplements to a corn silage and high moistur'e corn grain basal 

ration wàs made. Cross-bred steers and heifers clasaifiea.on the basis 

of weigh:t (h~avy vs. light) were uàed i,n the 124-day experiment. 

Tlle results indicate tnat there was a significant difference 

(P < ' .. 05) in average da:f.ly gains for t!te protei~ s~pplements with th~ . 
.. 

cattle on SBM having bigher 'average dàily gains than those on RSM. 

There lilas also a signif::lcant difference _ (p < .1)." in average dal.ly 
" . 

gains between the steers and beifers with steers having higher average 

, " 
da:Uy ,gains than the heifers. But there was no significant difference 

(P > .1) i~ average'daily gains between the heavy and light steers. 

Feed consUlllption ns h:Lgller for the heavy as-compared with the 

~, li,8ht cat1Ile. However, the lighter.ca~tle bad higher"protein intakes 
, , 

,t~~ the, heavier cattle..', 

~ 

The lighÉer cattl.e ~ s1ightly betteJ:'1' feed effilciency tha~ ~he, . .. - " -heavier cattle.· A1s~. the. cattle fed soybll!an meal had a better fe'ed 
, ,.-., . 

efficiency than those on rapeseed IIJ.eal •. . . 
.' .. 

Il 

" 
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V. EXPERIMENT II. COMPARISON OF FORMALDEHYDE --'l'REATED 

AND UNTRÉATED 'RAPESEED AND SOYBEAN MEALS AS PROTE IN 
SvPP~l!:MENTS FOR GROWING CATlLE_ 

A., Introducti.on 
'. 

Reports in the literature have described the use of chemical 

treatment of protein supplements to dec.rease their dègradation by rumen 

microorganisms wlthout. decreasing their post-ruminal digestibility. 

~he objective of this e~eriment was 'thus to de termine the 

effect ~f formaldehyde treat.m.ent: ,of soyb~an' meal and rapeseed meal 'used 

as protein supplements for gr~wing bull calves. 

-r~ replicate,s CA and:8) were conducted in 'this exper.iment, and 

" 
the experimental rations -and management vere bés~cal1y the same for 

each replicate. The replicates. were based on the ~upply of. two batches' 

of' ~et~ental' animaIs' âvai~able at diffet:~nt times. 

B. . Experimental Proce4ures , 

'1. AnÛQals 

Replicate Â.~·This·repliçate W4S initi~ted i~ ~ugu8t. ·19~4, 
, . 

using 36 Dolstein bul~ calves avérag1ng '4bout ,:94.6 kg liveweight and 
. . '" ~ " , . 

purch8sed frOUl Mutuel Products IDC.~ Horrisbùrg, Ontario. 
~" • ! 

, , 

• < 

, .. "n 

, . , 61· 
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Repl1cate B.--This replicate wa.s initiated in November, 1974, 

using 31 Holstein bull calves wi~h an average ~eight of 112 kg, 

" 
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result:ing from a previouB calf experiment conducted Bf Macdonald - \ 

College. Farm • 

. 2. Experimental design 

The animaIs in each replicate were randomly distribu~ed, in a 
. \ -

2 x 2 faeto~ial degign in Jhich the factors ~ere protein supplement 
- ~ 

(rapeseed Meal vs. soybean meal) and formaldehyd~ treatment of protein 

suppl~nts (treated vs. untreated). For Replicate A, the animaIs 

'were distributed 'ülto four pens with each peB having nine animaIs. 
,., 

One calf died during the course of the experiment, ~hich 1eft c:>ne pen 

with. ,eight animaIs. For Repl1cate B, the animl!ls w~re c:ii~tr1buted 
\ --

into four pens with three ~ens having eight. -animaIs ~~d one pen having 

seven animaIs. 

3. Rations' , 

À timothy'hay, barley and mola8~es ration was 8upplemented with 
, l 

either rapeseea meal or soybean '~eal treated or not treated with 

fonpaldehy~e and fed for an experililental period of 168 days. for bath, 
\ 

"r~pl1.cate8. - . Dicalc1.um phos~hate vas féd ta' a11 

of 100 g/dr,.y. _ _ " 

" OIj'1.<, 

the ~nimal8 at- a rate 
/ 

i 

l.rôwer variety (1973 crop). 

'. 
" 

- , . 
.' 

" ' 

, , 

f 
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4. Feed prepa;ration 
> 

Timothy hay was chopped to particle siZès varying from 2 to 5 

cm. long~ ,Barley hay was coarsely grouhd uSing, a hammer mill. 

Blaekstrap (final) 1Ilolasses was obtained in large steel drums from. the 

Canada West ,Indies' Molasses Company, Montreal. 

5. Treatment of protein supplein~llts 

Q. Rapeseed 1'I1ea1 

Ten samples from eaeh of the two batches of 1973 Tower rapeseed 

" mea1 obtained from Saskatchewan (batehes no. 940 and 1788) were 

analyzed and found to conta in 29.7 and 34.9 per eent crude pro te in 

(DM basis), respectively. A 1: 1 bl~nd of. the two' ;rapes~ed meal batches 

w.a made to give an average crude protein ana1ysis of 32.3 per cent. 

This blend~d material was used throughout E:x:peri1llent II. Based on the 

'32.3 per cen,t erude, proteiQ. content of the rapesèed meal, 'blend, 8QO ml 
, .' 

of 40% histologiesl grad'e ~o~ldehycle (FA) was used to t;~eat 100 }<g, 
" 

of 'rapeseed meâl. Th:f.s 'l~vel of' forma~dehyde was balcul'ilted to give a 
, " 

treatuient of 1 g FA/lOO g 'of tapeseed meàl prote~n. To get an ~en 

d-ispersion of. the formaldehyde du~ing the treatment of the ,rap,eseed 

. meal, the formaldehyde solution. was diluted in a ratio of· one part .of, 
• 

formaldehy4e solution to-five parts' ofwater. .. ..... 
\. 

The formaldehyde treatment prbcedure was as fol1o~s: 

~. -, ~ "" 
(i) Oo.e hundred kilogra!Ds of r,pe~e~d meal were we:l:ghed 1nto.,.a . 

horizontal mixer and"' 4'&00 ml. of tbe 1·:5:formaldehyde-water 
, , .. , . 

" 

- solution (eonta1..ned .. ' in a five-gallon polyethylene bag' fitted 

Î 

" 

.' 

-', 



\ r 

() 

o 

. ' f 

: , 

64 

, ' 

with a spigot) WQS dripped on the rapeseed meal in the mixer for 

approximate1y 30 minutes whi1e the mixeT continued ta turne 

(ii) After the solution had dripped on the,rapeseed'mea1, the mi~er 

was 1eft in operation for anothër 30 minute~. 

(iii) After mixing was comp1eted. the tr~ated rap~seed meal was tben 

emptied into 47.5 x 105 cm airti~ht p1astié bags, tied, artd 
" , 

left for 24 hours ta enab1e the reaction of the fo~ld'ehyde 

with the rapeseed mea1 protein ~o go ta completion. 
, . , 

(iv) ·At, t.he end o~ 24 hour~, the rapeseed meal w':ls spread on a 

\ co~cr~te flocr to air dry and allow for the escap~ of any 

f0?JlB.lde~yde gas present. 

(v) When the treated rapeseed meal was dry, usually in about five 

ta six hours, tt was re-bagged and was ~eady for ùse. 

This procedure was repeated anl' Ume more formaldehyde-treated rapes,eed 

meal ~as needed. 

b. Treatment of soybea~~al . , 
" 

- Soybean me'a1 obtained ~rOl!!- Supet'~~eet Fe~ds, Queb~c., was ,uc;led 

in Expedment II. An analysis of ten comp~,ite samples gave an 

average ~rude protein content of 47.4 per cent '(DM basis). Our 

, calculations showed ~ that' 1175 ml of 40% histolog1.cal grade formaldehyde, 

~olûtion w~re required to treat 100 kg of soybean meal. This 'gave a . , . 

treatment of·l g FA/IOO g of soybean meal 'Protein. The fottnaldehydê . 

" 801u~i9n was"diluted in a ratio of one part of formaldebyde solution 

to 'Uve parts, of water. The t;reatntent'procedure was tbe seme ~s 
, " 

describe4 above fOr the rapeseed meal • 
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c. Control (untre~ted) protein supplements (H
2
0) \ 

, t1 
~he exact muing and, drying, procedure wes used as previously 

describe~, except tha~ only water (no formàldehyd~) was added, u$ing 

tbe same ~otal volume as employed with the formaldehyde treatments. 

6. Sampling feed for éhemical ana,lysis 
\ 

6S 

The fo~aldehyde-treated and untreated rapeseed mea1 and soybean ' 

mea1 w~re routinely samp1ed for erude protein analygis and protein 

so1~bility ~etermination8. Other ration ingredients' (hay and barley) 

were a~so sampled for~dry matter a~ crùde protein analysis, conductèd 

according to the AOAC (1975) methods. 
1 

\ " 

7 • Managemen t 

The atiiJDals were dehorned befere the start o'f the experiment 

and ~ few of them were 

fo< COldB~ f~ 
given intramuscular injections of streptomycin ' ,.,. 
were treated for scours. 

'THè'~e8t of the 'animal ~anagement protocol ~a8 the same 8S 

d;esçribed for Experiment l ~ 

8. Statistical analysie ,\. 

The,averase daily gains, of toe animal~ over the experimental - , 

pf!riod )fere "analyzed ustng the Regre~8ion 'Procedure '(least squares 
,'~', ' 

# method) for unba'lanced data (Steel,and Terrie .1960) ~ The calculations . --.--.. . ' 

~ere done usina thé Stat1stical Analysis Sysfem (SAS) on ~e McGill\ 
, 

"IBM 360·Computer • 

. 
'F'eed consùmptioD. records c'luld Dot be stati~tically analyzed 

because the animaIs were group fed. 

1 
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C. 'Results and Discussion , 

1. Chem1cal analysie of ration 
componente 

, .' .. tl"' 

Res~lts of analysis conductèd on six semples of eaèh feedstuff 

dur:Lng Experiment II are pres~nted in Table 7. Because molasses ia 

fairly co~stant in its chemical compdsition, no ch~m1cal ana1ysi~ was 

conducted and the values presented in Table 7 are frQm NRC.1 
'. 

2. Composition of rations 
(,~ 

. . 

Table 8 indicates the average~composition ~f the rations oyer 

the 168 days experimental periode 

Ration adjustments made on a monthly ~asie wer~ deàigned to 

66 

(a) méet the protein requitements of eAch group based on their average 

weight. . An attempt was made not to supply protein- in excess of 

requirements'as this could complicate the interpretation of the results; 
, . 

(b) supply p;rote1p. from each supplement st approximately the same level' 
\, - ~ , . 

to each pen, taking into cons1de~ation the differing protein contents 

of th~ RSM and SBM. 
. . 

Table'S indicates' that the hay, barley~ molasses, RSM and SBM 

po-rt1ons of the ration dry matter were kept constant at 29, 54, '10, 7 
l' 

and 71)er cent, t:espectiwly. : In order fo~, the pr-ote1n supplements to 

supply ab_out 20 per' cent ofW\he t~tal pro~ein offered (Tab-l~ 9), it 

was' nécessary to use a grass h~y (w:f,th a relatively 16w prote:1n content)., 

~c (1~71). Nutrient 
D .• C. Table 4. Composition of 
rations. 

Requirements- for Dairy Càttle. Washington, . 
feeda commonly used in dairy cattle 

"i 

1. 
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, TABLE 7. Cheinica1 'compositi.on of ration component:s (Experiment Ir) 

.. -t 

... 

'" 
InÇ.edieI1ts 

"Timothy lÙly; s-c, udd-b1oom' 

'Barley,grain 
. . 

'~seed 1Ile~_ [rape., "Câna~~ seeds, coô~d . 
pre-pr~88 8olv~exta, grnd, tan l' Dm 1% fat] 

, ' 

, . , 

~ybean,-mea1 {soybe~, ·.Seed.-'solven~ 
extracted, grnd. DIX 7% fb~] 

Sugareane molasses,'mn'48% invert.sugar 
mD 7~.~ degrees 1>r1x3 . , .,', 

1 ' - , 
Average of, sfx ~osi.te &amples , . 

2per 'cent dTy matt:er basis '" ," 

~From,~c 

... 

'\, 

---

NRC 
Refe;renee Dry matter (%) Crude protein 

number 

1-04-883 ' 88 7.6 

, 4-00-530 90 ..... , 11.2 

5-08-135 90 32.3 

5-04-604 90 47.4 

4-{)4-696 75 4.3 

.. 

'. 
" 

.,-

2 

'" ...,-
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.TABLE 8. Average composit~on ~f experimental'rations (E~eriment ~ii 

-

• Rapeseed meal. 
1 • 

Ingrèdients . FA H20 

Hay 29 r 29 
-""" 

Barley 54 54 , 
~, 

v 
. 'Mo1as'ses 10 - ],0 

Rapeseed mea! ' 7 7 -

Soybean meal 

Tôtal- !ilO 100 

0 
!values are per cent. of', to~al DM 

: 

.~ 

~~ ..... 1 
1 Q>' 

1 

1 

" 

f 
1 

'./,t ~ 

" 

" 

• ' r 

, , 
" 

.'. ,'.' l , , . 
'. ".' ~ '0-

, , 

.' 
" ' 

' •. , : 

.' .. ; 
',. '. 

.' .. ' " , 0, r " " , .' , • <,,' 
" 

, ' 

" , , . 

" 

~ 

" 

; 

" 

.," 

", 

,. ~: 

", 

,0 

" 

.. 
So~bean meal 

FA H20 ' 

29 29 

54 .5"4 
. 
io 10', 

. , 
7' 7' 

" 

" ' 

.1;00 100 1 

, 

,Jf" . 
, , 

'" HO 

" 

," 

" . " 

'. 

'" 

" . 
, " 
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" 

Molasses, also with a low protein content. was fed in an attempt, to 

maintain the available energy level of the ration. 

,~',~h~ abil1ty of the mdnthly ration adjustments to supply con­

trolled amot,tnts of protein fs indicated :1n Table 9. As the protein 

differed, for ~ach,replicatè due to calf welght 

diff~renc~s, t~en protein intake (supplied) can be direct1y'~ompared 

wi~\l, the requiremeI\t." 

. Table 9 indicates th~ average daily pt:otein intake foX; each 

· o'g~oup of <7alves. It can be~ seeon that' th~ protein intake for the 

calyes receLving trre RSM supplemented diet in Replicate A was lower 
.. ! , {, " < . t 

, . ' . . '\/ . 
· than those on SBM (O.47 vs. 0.48 kg). These protein intakes of the . . , 

ca1v~s inDReplica~e A ar~ senerally' lowe~ than thQSé on Replicate B 

whose' intake$' wer~ Jtiform' .(i.e., .0'.·53 kg). Th~ prot;in int.ak":$ for 

'0 the c'al~es in the ttrto: rep1icatfes'. were geiier~l1y i.o.~e~ th~n the NRC1 " 
- 4 , , , , 

~equi~emen~s~ with those in Rep1icate:A hav~ng compar~tivery lo~er 
• 0 

'intakes,', • 1 

o 

Tabl~ 9 also indicates the per ,cent of dai1y p~otein' intake 

· supplied by othe. different rati~n ing~edients. Barley was'.'the large~t 
" " 
supplY. Qf. prqteint.ka.,veragiÎl~ 5! per c~nt o.f total. b~t ranging from ' 

,~ 

" .. 

~61 tm 58 per cent. Hay sup~1ied ~n averag~ of 19 per cent :of the total 

~rotein;. rangi~g froJll 18 to 20 per cent. Molasses 8uppli'ed an average . 
of· 3.7 per 'cént of the total proteil\r ranging from three to four per 

v 

'1 

lNRC (l971)~ N~trient Reqpiremen,~ for Dàiry Catt+e. 
washington; D. C. Table I. Growing bu~ls \(large brfi!Je~8) .. 
, .. \ • ,1 
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'r-ABLE 9 ... ' Summary of average dail.y l»rot~.in intake and supply (Expel:'iment II) 

• , ,_. ~ t 4, 

----------:----------i;~----.- -----_ .. _----
, Replica.t.e A RePltcate B " \", .. 

~ J 

Rapeseed meal Soybean IQeal ' Rapeseed 1I1ea1 Soybean meal i _ -. 1. ' 
, , FA H

2
0 FA, H2O, FA 'H 0 FA ~O: 2· 1 

1"-
P+otein intake' (kg) , 0'.47. _0.46 0.48 O~4a. ~ 0.53 '0.53 0.53 O.~3, 

'( . i ~ .. 
. Protein requirement -

- 6~56' .. ' 0.54 .,0.53 0.53 IO .. !j3, 0.56 :0.56 0.56 1 
(kg) . , ? 
Protein intake as' % : , . . 
of Tequir~nt 87.0 ,87.0 .90.0 90.0 96.0 '96.0 '. 96.0 96.0 

~ 
Protein supply .. (% total) 

... . Ingredients 

r' Hay '." 18~9 18.5 18.7 19.5 20..6 , 20.6 20.0 .20.a ;:.§ 
-~ 

Ba.r1ey 51.S ,57.8 56.S 55.9 58.4 ': 58.4 56-.4 56':4 
io 

Molasses 3,6 3.6 3.5 3.5 4.0, ' 4.0 . 3.8 3.a 
" 

Rapeseed mea1 20.0 20.1 17.0, 17.:0 
, 

' ... Soybean-meal " , 21.3 '21~1 
, 

'19.8 19.8 - -
ft , 

100 10.0 100 100 1.00 ~O9 100 100 

1 . , ~ 
1 

Observa~1OQS are averages per animal. ~ 

. . 
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cent. The protein supplemen~s supplied an a~erage of 20 pet cent of 
~-

the protein, l'anging from 19 to 21 per cent., 

3. Animal growth performance , 

A summary of the average daily gains (ADG) for the 168 daya 

experimental period is shown in Table 10 for each group. The analysis 

of variance of ayerage daily gains ls summarized in Appendix Table 2. 

- A summary of treatment combinations and main treatment effects on 

average daily gains is presented in Table 11. 

. A significant diffe#ence (P < .01) was observed between 

repli~ates A and B, with the calves in replicate B ~aving average 

daily gains that are significantly higher than replicate A (0.88 vs. 

The superior growth perform~nce qf the calves in replicate ,i, 
1 • . , 

B could be partly attributed to compensatory growth because théy were 

kept on a low protein hay diet~for about two months before the 

experiment'was initiated. 

Analysis of variance of ~he average daily gains showed no 

" signifièant difference (P > .05), 'either between the two proteih 

supplements or among formaldehyde treatments ~ithin the protein 
. . 

supplements. HOWQver, the calves receiving the RSM supplemented 
cil-

diets had slightly .superior average daily gains compa~~d with those 

receiving SBM supplemented diet:s (0.82 vs. 0.78 kg). These data 

pàrtly support the observations of Bell and Delvin (1972) which 
f . 
indica~ed a non-significant difference in average daily gains between 

steers fed,RSM or SBM protein supplements. The data of these workers 

" 

~', 



" 

" '----
® o· 

r ~ 

,( 

" 

TABLE 10. 0 Summary of averag~ dal1y gains, average feed intake 'and fe~d efficiency 
(Experiment Il, 168 days trial)1 

Replicate A Replicate B 

Rapeseed meal Soybean meal Rapeseed meal Soybean mea1 

FA H20 FA H20 FA B20 FA B20 

.... 
, Humber of animals 9 8 .9 : 9- 8 8 7 8-

Initial weight (kg) 95.9 93.5 94.4 94.6 113,.1 110.8 112.9 114.8 , 
Fina; weight (kg) 224.4 216.4 214.2 212.0 255.9 253.6 250~8 259.9 

A~erage daily gain (kg) 0.75 0.72 0.71 ;0.69 0.84 0.86 0.81 ' 0.86 

Dail! feed intake (kSz DM) 
-

Hay 1.13 1.10 1.17 1.17 1.35 1.35 1.~5- 1.35 
Barley 2.24 1.90 2.24 2.24 2.48 ',12.48 2.48 2.48 
Molasses 0.47 0.45 0.47 0.47 0.47 0.47 0.4.7 9·47 
~pèseed'meal 0.29 0.29 0.33 0.33 
Soybe.atl meal 0.21 0.21 0.22 0.22 

Total feed ~ntake 4.13 3.74 4.09 4.09' 4.63 4.63 4.52 4.52 

Feed effi.ciency 

Feed DM per kg gain 5.60 5.19 5.76 5.92 5.51 5.38 5.38 5.25 

l' ' -
Observations are ave~ages per animal. 1 
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TABLE 11. S~ry of trea~ment combinat ion and main treatment effects 
on average daily gains (Experiment II) 

Combination effects Protein x Formaldeh:Xde 

Protein Formaldehyde 

Main effeets 

RSM 

RSM 

SBM 

SBM 

Rep1icates 

A 

B 

Protein suppleaente 

Rapeseed meal 

Soybean mea1 

FA-treatment 

FA 

H20 

FA 

H2'O 

ADG ~kg~ 

"" 0.83 a 

0.80 

0.78 

0.78 

ADG (kg) 

0.72 a 

0.88 b 

0.82' a 

0.78 a 

0.81 a 

0.79 a 

a. 

a 

a 

• ' 1 \ 

Figures in the protein x formaldehyde, replicatea, protein 
supplement, and FA-treatment groups bearing different lettera are 
sisnlficant1y different (P < .01). 

J .. 
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further indicated slight'ly inferior average daUy gains for cattle on 

- the RSM supplement compared wi~h those on the SBM supplement, an 

observation which i~ partly in contrast to our data. 

Formaldehyde treatment of the protein supplements ~esulted in 

sligh~ly superior average daily g~ins of calves compared with those 
- -,' 

on the untio'eated- (control) supp1ement-s~ (0.81 vs. 0.79 kg). These 

data support those"of Sharma et al. (1972). ~ho observed non-
. \ ~ --- .. ' 

si8~ificant ·average d~ily ga~s of 0.87 kg for a1l the calves 

receiving either forma1dehyde treated or untreated RSM. . Our data 

ar~, however, in contrast to those of some wQrkers who have observed 

a significant' improvem~nt in average' daily gains of cat·tle fed 
- ! 

formaldehyde-treated protein supplements; whereas Schmidt et ai. 

.(I~74) fed cattle 'with rations that had be'en' supplemented wilth SBM 

that had received treatments of 0, 0.6 and 1.2 g FA/lOO protein and 
, . 

reported average d~i1y gains of 1.31, 1.27 and 1.20 kg, respecttveLy; 

whi1e Peter et al. (1974) (ed sheep with diets that had been sup-
-- v 

plemented with either untreated or formald~hyde-treated SBM and 

reported average daily gains of 0.25 and 0.29 kg, respectively, the ~ ... 

di~fer~ce being significant. 
~ 

J 

tt can thus be seen that both our reseaych data and data in r 

the literature !ndicate inconsistent animal growth performance when 

fed diets supplemented vith formald~hyde treated protein supp1ement~. 

The inconsistent antma1 growth performance ha$ been reported to be 
".' - #. ' 

partly due to the relative1y 10we~ ~iological value of plant pr~tein 

o 
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supple~~~ when compared with those of animal origin (Colby and Tollert 
"- ' 

_ 1913; Faiehney and Davies 1972.; Nimriek et al. 1972)'. -'This 1s beeause-
- '. . -~--.. . 

the ,biologieal value pf the "protected,i protÈdri supplem~nt that escape~ 

rUll;len proteolys'is will determ'ine the final pattern of amino acids that 

will b~available to the animal for productive functions. 

4. Feed con~umption , -

~ecause the ani~als were'group fed~ the da~ly feed'intake data 
~. <> ',' 

co~d n?t be analyzed stati~tic811y". The ave'rag~ dry. matter intakes" 
" 

'for replicates A and & ~re shown in Table io. ln replicate At ' tatal 
, • w • ~ 

dry matter consumption for the formaldehyde treated a~d untreated 

rapeseed meal treatments was 4.1 and· 3.7 kg per d~y," ~~spé'ct1vely.-
l " 

Calves fed di.ets suppleme~ted ~th soybean uteal '(treated or ,untreated) 

apparently had equal"total DM in~ake of 4.1 kg per day. 

In replicate B, the dry matter eonsumpt1on for the ealves féd 

e1ther formaldehyde treated or untreated rapeseed mea1 su~plement.was 

'4.6 kg per.day. For the calves fed eith~r formaldehyde treated or . . 
untreated soybean'mea~.the dry matter eonsumptionwas 4.5 kg "per day., 

In both replicates the rations were formulated to meet the 

protein·requirements but not th~ dry,matter ~equirements of this type 

of c'alf because the dry matter 

lower:than that recomme~ded by 

" offered to them was usually slightly . . 
1 the WC. the èalves tllways "cleaned 

\mC (1'971). Nutrient o Requiréments of Dairy Cattle. Washington, 
D.C. Table 1: Growing bulla (la~ge breeds) • 
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~p" the feed offèred. Therefore, the calves in replicate ,B had higher 

dry matter intakes than the calves in rep1icate A b~càuse the fo~r' 

l ' -were started on the experiment with ,~higher initial weight and 

fin:1shed, with a higher final weight than the la,tter.: 

The da1J.y protdn intakes for replicates A. and B are shown in 

Table 9. 
~ 

The calvas in replicate A nad daily protein intakes of 0.47 

a~d 0.46 kg far the formaldehyde tJ'eated ,and uutreated rap~ee4._me~~ 

trèatments, ,re~pect:1vely. Those s~pp1emented with soybean meal. 

,(treated .lJr unt'reated) ,lr8'd' datl.y. ptote:fn intakes of 0.48 kg. 

In rep1icate B, ~alves fed diets that were'supp~emented with 

rapeseed meal, (tr~~~ed or untreated) had daily protein intakes of 
-- ~- - ~ , 

0.53 kg.' Those fed diets that were supplementèd With -soybean ·mea1 

(treatèd and untreated) had a daily protein intake of 9.53 kg. 

lt cou1d be seen that the dai1y protein intake was similar to 

the' dry matter intake pattern. This resu1ted in the ca1ves i~ 
"-.--

replicate B having higher protein intakes than'those in replicate,A. 

This again is reflected by the overall higher daily dry ma,tt;er int~~e 

" 
for the calves,in replicate B as a result of their higher initial bodr 

~eigh.t. 

S.' Feed eff:1cie~ 

:r8;ble 10 indicates feed effiCienCies,the calves in 

repl:1cates A and B. In replica~e. A, 'cal ves rece:1 ving the soy1>e~n meal 

" supplement" (treated and untreatèd) had feed efficiertcies of 5.76 and 

5.9~, respectively. These feed effic1encies are slightly inferior 

. , 
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. 
co~pared with those shown far calves f~d formaldehyde treated ànd 

untreated rap-~se~d meal suppiement (5.50 and 5.19, respectively). 

In replicate B, animaIs red the soybean meal supplement 

(untreated and treated) had feed efficiencies:of 5.25 and 5.38, 

respectively. These' feed efficiencies are slightly superior to those 

f~r calves on formaldehyd~ treated and untrea~ed rapeseed-meal 

supplement (5.38 apd 5.:~, respect~vely) • 

Op the overa11; the data in Table 10 ~how_a ,slightly better 

feed efficienoY'for the-ca~ves recei~ng the rapeseed meal !n 

replicate A cOmpared.with tboBe in replicate B. ~ut the calve~' . - .,. 

receiving sOyDean me al 1n.rèplicate A had inferior feed efficiencies 
, .). <l 

,compared with those'fed this protein supplement in replicatè B. 

Comparing calves 'on s'oybeiin mëal and 't;,apeseed me'al .aç-ross t~e . twd -

re~licate~, calves on rapeseed meal had generally inferior feed 

71 

efficiencies comp~red with those on soyb~an meal, àlthough differeI).ces 

were not ve~y large. 

; 
.. ' 

r- D. . Summary 

In a l68-day replicated Z x.2 factorial experiment, Holstein 

calves wére fed a hay, barley and molasses ration that was supplemented 
~-. 

" with either rapeseed meal or Boybean meal (treated or untreated with 

formal~ehyde). , . . 

The r~ults indicated that there was as1gnlficant differ~nce 

(P < .05) be~ween the calves in repl1cate A and B, with the calves in 

- ' 
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replicate B'having higher gain~ t~a~ t~se in repli~ate A. The 
.' \. . 

results further indicated a non-signdficant (P > .05)' difference • 

. eit~er .. betwe~n .the rapeseed meal and soybean me al protein supplement 

or among formaldehyde treatments within protein supplements. 

Feed ~ry matter ,and protein intakes were high~r for the calves 

in replicate B toan those in replicaté A. But feed efficiency was 

better for calves in replicate A than those in replicate B. Feed 

effi~i~ncies tiere slightly better for' thé RSM-fed calv.e1J 'in 

- 1 rep11cate,A~ a situation which was rever8~d in repl1cate B. 
, , ~ 
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-VI. EXPERlMENT III. THE EFFECT OF FORMALDEHYDE ~EATMENT 
OF RAPESEED MEAL, FED ALONE OR W1TH U~, AS A PROTEIN 
SUPPLEMENT FOR GROWING CATTLE: CORN 'SILAGE BASAL RATION 

A. Introduction 

The chem~al treatment of 'protein supplements uains formal-

dehyde ia usual1y aimed at decreasing their degradation ~y rumen 

microorganisme. Depending on, the levei of formaldehyde treatment, 
1 

the- ,..rat.a of d~g;,adatio~ of the proteine and con8~quentiy ammonia' 

f 

. '. 
l ' 

. p'!od{iction, can 'be -r-educed to _suc~ a lo~ _ ~evef'that gro~h' of rùmen-~ ... ::::....---. -. __ . _::.. 
,.. .. - --. -., - ~'- '" 

microorganisms and microDi~l proee.i~, production can be Itmifed. , 
. '\ . , , 

The ideal situation 18 usually te have ruminant rations centaining , . . 
protected pr~teins and/cr am;lno a,cids that :would aiso generllte 

enough rUlDen ammonia' to allow maximum ,mic~bial growth. S~pplementa-
-- ", -

tian of"these,type~,of d1étà with ~~ea, which is highly soluble in 

the rumen, mey be required to achieve this goal. 

This experiment was aimed at determining the effect of formal-

dehyde treatment of rapeseed meal, when fed alone or in combination 

with verrous lev~ls of urea, as a protein supplement for growing 

cattle. Holstein steers,' having completed a previou8 etudy 

(Experirnent II), were used in' this feeding ttlial, in which corn. 

silage constituted the basal ration • . ' , . 
.. 

/' 
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,. Experimental procedurés 
. , 

1. AnimaIs 

Replicate A.--This replicate ~as in1tiated in ~he spri~g ~f 
o 

, , 
. ~ 1975 (Mar ch. 29) . .and_ 34 Holstein steers from replicate A of experiment 

1.. -- ............... - -~ ~ .... ~-~--.. ..-~ -. ... 

• • ,1 

,'II, with an average initial we~ght of about 284 kg, were used. 

~ Repl1eate B.--This replicate wa~ initiated in the spr1ng ôf 

1975 (May.' 24) and 30 Holstein steers fro~ teplicate B of experiment II. 

with' an average initial weight of abo~t 270 kg, were used. 

2. 
~ -~-------- .... -- - ~-

Experimental desisn 
~ ... ~ 

, ' \ 

/1' 

'-0 

.The animals ~n ~~ah '-;~~ii~;te -;;~r-e ;andomly-ëlfé,trifiuted in,' a 

--'2"'; ':f facto~ial design-in-.whiçq th~ façtor~ were fo:rmaldehyde treatmen~; 
- ' ~........ l ,_ 

, ,of rapeseed.mea~ {treated vs. untreated) and three levels of urea (zerô~ 

medium, and high). In replicat~ At the.animals werè distributed into ., . 
six pens with four pens having six animaIs each and tw~ pens hav1ng 

five animaIs ~ach; while in replicate B~ the animaIs were distribute~ 
~ '", 1. -

into six pens w!th eaèh' pen havi-ng five animaIs. 
./ 

3. Rations 

A corn sHage and molasses ration was .supplemented vith r.ape8eed' 

meall (treated or not treated'with formaldehyde) in which e1~her 0,50, . . , 

or 75 per cent of the protein irom rapes~ed meal was x:eplaced by urea. , 
( 

Dicalcium phosphate was ,fed to aIl the animaIs at a rate of 200 g/day. 

1 ' 
Tow~r variety (1974 cro~). 

, 
J 
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R6plicate A lasted for 118 days; whÙe replicate ,B'lasted for 62 

days., The, difff!rençe in lengtl,1 of the ,experimen~al pèriod betwée~ 
, 

the repl~cates was because of a short supplyof,corn silage at that 
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Ume ,of the year, which necessitated the termination of rep:J,.icat·é 'B, 

,'1( 
after only 62 days. 

,4. 'Treatment of rapeseed·meal , 

'a. ~ormaldehyd~ 

Ten semples of 1974 Tower rapeseed me al were a~alyzed and 
. 

foun~ to contain an average of 37 per cent erude p~otein (dry matter 

basia). Based on the 37 per cent erude protein co~tent of the 

rapeseed meal, 925 ml ?f 40 per cent histological grade fo~a1~~hyd~ 

were used ta treae 100 kg oI rapeseed meal. This levei of formal-

denyde was calculated' ta 'give a treatment of 1 g, .FA/lOO g of rapeseed. 
" t --, [, "" , " ~ ," _ , • 1 

, , 

meai 'proteine "Ta, .obtain an even: di.spers1:on of "the formaldehyde during . 

. 'tlle treatment of,,, the rapeseed meal, the fqrmaldehyde solution' was 

, d:t1'!ted' in 'a ratio of one pa,rt of formalaehyde ,solution to ~ive p'arts 

. of water. The formaldehyde treat;mant procedure' was the .sam~ a~ , " 
"" ' ." 

,'qutlbl.ed 1n e'Xperiment II, section 5' '(a). 

" , 

v b. ' Control (untreated) rapeseed mea1 (H20): 

" 
~e exa~t m~xing and'drying procedure wàs used 'as'previous1y 

described, except that oqly water (no forma1dehy~~) was added, using 

the same' total,yolum'e as emp1c;>yed with the formaldehyde' treatments. 

, . 

" 
:.. 

" , 

, ' 

._---'-'-. 

" , 



" 

~t , 
"+,l,, 
, " 

. . ' , 
, , 

',' 

. , 
, . 
, " 

, ... ' . 

1 ( 

( 

. , 

, " 

, " 

, " 

, . 

..... . , 

,iii' ' 
~TI .~.2 ___ --..... ...... ~ .. _ ...... w •• 

, ,.. 
5~, Sampling of feed for chémic!l 'analysts 

. ' 

The, fo~lde~Yde-treated~and.untreated rape\ted meal was 
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'routinely s~pled for erude prote1n analysfs and protein solubility 

determinationé., The corn' s:/.lage was a1so 8amp1ed for dry matter and 

erude ,pro~e1n ana1ys;1st conducted aocording to the NJAC (1-975) 'methods. _ . 

'6 • Manase1!len t 

The ani.ls were castrated before the start of the experiment. 

The rest of thé ma~8~meni: protocol was the same as' in experiment l, 

oh1y/ that at thts stage, the an1m~ls ~ere not given ~ny injections of 

vlt~1ns Ai .D,and'B. 

7. Stat1§tical ana1ysis 
cl 

, The aVél'age da.:llY, gains of the animaIs over the experimental 
" , 

, , , 

period·were sna1yzed using the Regression Proc~dure (laast ~quare8 

'" ' ~e:thoçl) , for' ~AbalanCéd d'ata (Steel' and Tor~ie., 1960). The calculations 
• 1 ~. , 

" ' 
f , (,' 

wete made 'ùsing the S,tatist:f.,cal Analys:l.s System (SAS) on the McGill 
, . 

t:SM 360 ~ompu~er. 

, ~ 

Feed "-CO~Bumpt10n, records" ~ere not s taUs tically: !lnalyzed 
n' ~Ll ~ , ' 

qecau's& the animaIs were group fed, SQ t~t indivt,pual feed in~ake 
<J .. 1':.. ,4/) ... 

date were not avallable. 
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C. Resulta and Discussion 

1. Chemicai analysis of ration 
. components 

83 

Results of analysis conducted on six samples of corn silage and 

rapeseed meal during experiment III are presented in Table 12. Because 

molasses is fairly constant in its chemical composition, no chemical 

analysis was conducted and the values presented in Table 12 are from 

1 
the National Research Council (U.S.). 

2. Composition of rations 

Table 13 indicates the average composi tian of the rations over 

the experimental periods (118 days and 62 days for rep1icates A and B, 

respectively) . 

Ration adjustments made on a monthly basis were designed ta meet 

the protein requirements of each group of cattle, based on their 

average weight. 

Table 13 indicates that the corn silsge portion of the ration 

dry matter varied from 59 to 65 per cent among the three levels of 

urea, a relati vely narrow limi t. Molasses varied from 28 to 31 per 

cent of ration dry matter, thus it also fell into a narrow range. The 

1.4 ta 12 per cent range of ra tion DM for the RSM was due to the 

replacement of this Ingredient with various levels of urea. Urea was 

varied from 0 to 1.6 per cent of ration DM, ta replace Vp ta 75 per cent 

lUnited States-Canadian Tables of Feed Composition (1969). 
Second edition. Pub!. 1684, National Academy of Sciences, Washington, 
D.C. 
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TABLE 12. Chemical composition of ration components (Experiment III, Replicates A and B) 

Ingredient 

Corn - aerial part, ensiled, mature, 
well-eared, mn 30%, mx 50%, 
dry matter (3) 

Sugar cane molasses. mn 48%. invert 
sugar mn 79.5 degrees brix2 

Rapesèed meal 
. (rape, seeds, soivent extracted, grnd) 

Urea (42%' N) 2, 

~er cent dry matter basis~ 

NRC Ref. No. 

3-08-153 

4-04-696 

5-03-871 

Dry matter (%) Crude protein1 

30.2 8.3 

75.0 4.3 

91. 2 37'.1 ______ 

98.0 281.0 

~aIues are fram the United States-Canadian Tables of Feed Composition (1969), 
second edition. Publ. 1684, National Academy of Sciences, Washington, D.C. 
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TABLE 13. 

l Ayerage composition of experimental rations (Experiment III, Replicates A and B) 

Treatments 
Ingredients 

No urea Medium urea High urea 

Corn silage 59 64 65 

Molasses 28 30 31 

Rapeseed meal 12 4 1.4 

Urea o l 1.6 

Dicalcium pbosphate 1 1 1 

100 100 100 

~alues are per cent of total dry matter. 
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of the protein supplied by rapeseed meal. Dicalcium phosphate was fed 

at a constant level of 1 per cent of ration DM. A re1atively high 

level of molasses, with its low protein content, was fed in an attempt 

to main tain the available energy level of the ration, without sub-

stantially increasing protein supplied. 

The ability of the monthly ration adjustments to supply 

control1ed amounts of protein is indJcated in Tables 14 and 15 for 

replicates A and B, respectively. As the protein requirements differed 

for each replicate due to animal weight differences, protein intakes 

(supplied) are compared with requirements on a replicate basis. It can 

,he seen that the protein intakes for animals in replicate A were higher 

than ~hose for the animaIs in rep1icate B (0.77 vs. 0.69 kg). The 

protein intakes for the animaIs in replicates A and B were slightly 

1owe-ç. than 

any \ excess 

the NRC requirements. This was a desirable situation sinee 

protein could confound Interpretation of the results dealing 

with utilization of different protein sources. It should a1so be 

recognized that the NRC values constitute a guide but may not be an 

accurate measure of the animal's actual protein requirement. 

Tables 14 and 15 also indicate the per cent of daily protein 

intake supplied by the different ration ingredients. Corn silage was 

the largest supply of protein, averaging 53 per cent of total. 

Molasses supp1ied an average of 13 per cent of the total protein. 

Rapeseed meal supplied 34, 17 and 9 per cent, and urea supplied 0, 17 

and 25 per cent of the total protein supply for the zero, medium and 
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TABLE 14. Summary of average daily protein intake and supply (Experiment III, Replicate A) 

, 
/' 

Protein intake (kg) 
2 Protein requirement (kg) 

Protein intake as per cent of 
r.equirement 

Protein supply (per cent of total) 

No 
urea 

0.75 

0.77 

97.4 

Corn silage <P 53 

Molasses 13 

Rapeseed meai 

Urea 

'Ill 34 

o 

100 

RSM-FA 

Medium 
urea 

0.75 

0.77 

97.4 

53 

13 

17 

17 

100 

Treatments 

High 
urea 

0.75 

0.77 

97.4 

53 

13 

9 

25 

100 

No 
urea 

0.75 

0.77 

97.4 

53 

13 

34 

o 

100 

RSM-H20 

~edium High 
urea urea 

0.75 

0.77 

97.4 

53( 
13 

17 

17 

100 

0.75-

0.77 

97.4 

53 

13 

9 

25 

100 

1 AlI treatment groups had 6 animaIs except the RSM-FA~igh urea and RSM-H20-No urea 
groups which had 5 animaIs; observations are averages per animal. 

2 Growing bulls (large breeds) Nutrient Requirements of Dairy Cattle, Table 1. NRC 
(1971) :. Washington, D. C. 
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-' TABLE 15. Summary of average daily protein intake and supply (Experiment III, Replicate B)! 

Treatments 

RSM-FA RSM-HaO 

No Medium High No Medium High 
urea urea urea urea urea urea 

Protein intake (kg) 0.69. 0.69 0.69 0.69 0.69 0.69 

Protein requirement (kg) 2 
0.73 0.73 0.73 0.73 0.73 0.73 

Protein intake as per cent of 94.5 94.5 94.5 94.5 94.5 94.5 
requirement 

Protein sU2211 ~Eer cent of total~ 

Corn silage 53 53 53 53 53 53 

Molasses 13 13 13 13 13 13 

Rapeseed meal 34 17 9 34 17 9 

Ures 0 17 25 0 17 .. 25 

100 100 100 100 100 100 
y----

1 All·treatment groups had 5 animals and observations are averages per animal. 

2' 
Growing bulls (large breeds) Nutrient Requirements of Dairy Cattle, Table 1. NRC 

(1971), Washington, D.C. -
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high urea treatments, respectively. Thus, the rapeseed meal-urea 

combinatio~s contributed about one-third of th~ total protein supplied, 

a re!atively high level for a protein supplement • 

3. Animal growth performance 

A summary of ~the average daily gains for replicates A and B are 
\ 

8ho~ in Tables 16 and 17, respectively. The ana1ysis of variance of 

average dally gains ls summarized in Ap~endix Table 3. A summary of 

treatment combinations and main treatment effects on average daily 

gains is presented in Table 18. 

A non-significant difference (P > .1) was 'observed between 

replicates A and B. with the animàls in replicate A having only a 

slightly higher average dal1y gain than those in replicate B (0.54 vs. 

0.56 kg). 

Analysis of variance of the average daily gains showed no 

~ 
significant dlfterence (P > .1) between the formaldehyde treated and 

untreated rapeseed meal. However, the animaIs receiving ,the formal-
• 1- • 

dehyde treated rapeseed meal had slightly hfgher average datIy gains 

compared with tnose receiving the untreated (control) supplement 
J 

(0.57 vs. 0.52 kg). Thése data support those of Sharma ~!!. (1972) 

, 

~ ) 
~ho observed non-significant average daily gains of 0.87 kg for aIl the 

, calves recelving either formaldehyde treated or untreated RSM. 
::r 

Howeveri the analysi8 of variance of the average daily gains 

showed a signlflcant difference (P < .01) due ta urea levels. The 
, 

average dai!y gains decreased as the level of uxea increased in the 
,~ 
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TABLE 16. Summary of average dai1y gains, feed intake and feed efficiency 
(Experiment III, Rep1icate A, 118 days)l 

No. of animaIs 

Initial weight (kg) 

Final weight (kg) 

Aver~ daily gain (kg) 

Daily feed intake (kg, DM) 

Corn ~ilage 

Molasses 

Rapeseed meal 

Urea 
r 

Total feed intake 

Feed efficiency 

Feed DM per kg gain 

~!' 

No 

urea 

6 

280.9 

360.6 

0.08 

4.76 

2.26 

0.78 

O~OO 

7.80 

11.6-

l Observations are averages per animal. 

• 
RSM-FA 

Medium 
urea 

6 

280.9 

344.4 

0.54 

4.76 

2.26 

O. J4 

0.05 

7.41 

13.7 

Treatments 

RSM-H2 

High No , Medium 
urea urea urea 

. 
5 5 6 

288.4 284.8 288.2 

335.2 358.3 351.0 

0.40 0.62 0.53 

4.76 4.76 4.76 

2.26 2.26 2.26 

0.18 0.78 à.34' 

0.07 0.00 0.05 

7.27 7.80 7.41 

18.2 12.6 14.0 

High 
urea, 

6 

282.9 

339.6 

0.49 

4.76 

2.26 

0.18 

0.07 

7.27 

14.8 
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TABLE 17. Summary of average daily gains, feed intake and feed efficiency 
(Experiment III, Rep1icate B, 62 days)l 

Treatments 

RSM-FA RSM-H2O 
l 

No Medium Righ No Medium 
uxea urea ures ures ures 

No. of animaIs 5 5 5 5 5 

e Initial weight (kg) 271.0 270.9 268.3 265.5 277 .4 

Final weight (kg) 317.7 305.2 300.5 303.0 303.6 

Average dailj gain (kg) 0.75 0.55 0.52 0.60 0.42 

DailI fe~ ~k81 DM~ 
" Corn silage 4.40 4.40 4.40 4.40 4.40 

Molasses 2.09 2.09 2.09 2.09 2.09 

Rapeseed'mea1 0.68 0.33 0.18 0.68 0.33 

Ures 0.00 0.04 . 0.06 0.00 0.04 

Total feed intake 7.17 6.86 6.73 7.17 6.86 

"Feed efficiency 

Feed DM per kg gain 19.6 12.5 12.9 11.9 16.3 

1 , Observations are averages per animal. 

\ 

,~ 
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() 

_ Higb 
ures 

5 

260.5 

289.8 

0.47. 

4.40 

2.09 

0.18 

0.06 

6.73 

14.3 
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TABLE 18. Summary of treatment combinationsand ma~ treatment effects 
on average dai1y gains (Experiment III, Repliéltes A and B) 

= 

Main effec ts 

Replicates 

A 

B 

Treatment 

Urea levels 

Zero 

Medium 

High 

Combination effects 

Formaldehyde x urea 

Treatment 

FA 

FA 

FA 

H20 

H20 

H20 

Urea level 

Zero 

Medium 

High 

Zero 

Medium 

High 

ADG (kg) 

0.54 a 

0.56 a 

0.57 a 

0.52 a 

0.66 a 

0.51 b 

0.48 b 

0.71 a 

0.54 b 

0.46 b 

0.61 c 

0.47 b 

0.49 b 

Figures in the formaldehyde x urea, replicates, FA-treatment and 
urea levels groups bearing different letters are signific~ntly different 
(P < .01). 
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diet (Table 18). Growth OD the zero urea 1evel was stgnificantly 

greater (P < .01) than with any of the added urea 1evels. Even.though 

there was no significant formaldehyde-urea interaction, the trend ~as 

for higher average daily gains with the formaldehyde-treated rapeseed 

meal when fed alone or with the medium urea level • 

... 
4. Feed consumption 

Because the animaIs were group fed, the daily feed intake data 

represent an average for aIl animaIs in a pen and could not be analyzed 

----statistical1y. The average dry matter intakes for replicates A and B 

are shown in Tables 16 and ~7, respectively. 

In replicate At total dry matter consumption for the animaIs 

was 7.8, 7.4 and 7.3 kg per day for the zero, medium and high urea 

treatments, respective1y. 

In replicate B, the total dry matter consumption for the 

animaIs was 7.2, 6.9 and 6.7 kg per day for the zero, medium and high 

urea treatments, respectively - the same decrease aSfDoted for replicate 

A. 

The data in Tables 16 and 17 thus indicate a decreasing trend in 

daily dry matter consumption as the level of urea in the ration 

increased. 'This could be attributed to the fact that an increase in 

the leveI of urea in the ration resultèd in~e conc0m4tânt decrease in 

the total dry ~tter of the ration because of the high nitro~n content 

of the urea which was used in small amounts, and thus did not contribute 

significantly to the dry matter content of the ration. The animaIs 
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always "cleaned up" the feed offered within a relatively s~ort Ume. 

Accotding to the NRC recommendations for growing bulls, daily feed 

Intake (DM) should approximate three pe~ cent of body weight. The 

dry matter intakes of animaIs in replicates A and B averaged 2.4 per 

cent of the average weight throughout the trial. This wou1d indicate 

that more feed would have been consumed if offered. A greater feed 

conaumption \iould have resulted in an increased energy intake and 

probably higher dally gains. Feed intake \ias restricted in order not 

to exceed estimat~d protein requirements and thus confound interpreta-

tion of the protein treatments. 

'fit. 
The '1m~mals in replicate A had higher average dry matter intakes 

> 
than those in replicate B because the former were started on this 

experiment with a higher initial weight and finished with a higher final 

weight than the latter. 

5. Feed efficiency 

Tables 16 'and 17 indicate feed efficiencies for the animaIs in 
, 

replicates A and B, respectivel~. lt could be seen that the animaIs 

in replicate A had a poorer feed efficiency than those in r'eplicate ~. 

the difference is more outstanding' for the animale receiving the 

formaldehyde-treated RSM. This difference in feed efficiency could be 

attributed ta the fact that the animals in replicate A were larger and 

bad 1 f i Thi·si d db S ower rates 0 ga ns. s an expec te tren ecause as 

an~ls get heavier the rates of gain tend to declile. Fur thermore, 

even though the _~ intakes were similar for' animaIs receiving 

"', 
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formaldehyde-treated and untreated RPM in either rep1icates ~ or B. 

the average daily gains were different. This affectéd the feed 

efficiencies. with the animaIs in replicate A receiving untreated RSM 

having a slightly better feed efficiency than tbose receiving the 

formaldehyde-treated- RSM (13,.8 ~s. 14.5). The situation was, however, 

reversed in repl1cate B in which the animaIs receiving the untreated 

RSM had poorer feed efficiencies than those receiving the fo~ldehyde-

trea ted RSM (14.2 vs. 11. 7). l t could also be seen tha t f eed 

efficiencies were generally poorer as the level of urea increased in 

the diets. The only deviation was with the animaIs in repl1cate B 

receiving the untreated RSM and medium urea, that had a better average 

daily gain than those on the untreated RSM and high urea. This 

deviation from the pattern is reflected in the. average dsily gains and 

feed intskes. Generally, for a slight decrease in feed intakes for 

the animaIs in the treatment groups, there was a lax:ger decrease in 

average daily gains. 

D. Summary 

In a replicated 2 x 3 factorial experiment that lasted for 

eUher 118 days (replicate A) or 62 days (replie'ate B), Holstein steers 

were fed a corn silage and molasses ration that was supplemented with 

. \ 
rapeseed mesl (treated or untreated with formaldehyde) in\which 0, 50 

or 75 per cent of the RSM protein was replaced by urea. 
\ 
\ 
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The resu1ts indicated that there was no significant difference 

(P > .1) in average daily gains of the animaIs, ei ther between 

replicates A and B or due ta fonnaldehyde treatment. However, there was 

a significant difference CP < .01) in average daiV gains of the 

animaIs among the three Ievels of urea, wi th the average daily gains 

decreasing as the Ievel of urea increased in the ration. 

Feed dry matter al1d protein intakes were higher for the animaIs 

in rep1icate A than those in replicate B. Feed efficiencies were 

better for the animaIs on the untreated RSM than those on the treated 

RSM in replicate A, a situation which was reversed in replicate B. 
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VII. EXPERIMENT IV. THE EFFECT OF FORMALDEHYDE TREATMENT 
OF RAPESEED MEAL, FED ALONE OR WITH UREA AS A PRQTEIN 

SUPPLEMENT FOR GROWING CATTLE: 
HAYLAGE-MOLASSES BASAL RATION 

A. Introduction 

.. 

This experiment was initiated due to a change in feed supply on 

the Macdonald College farm where the feeding trials were being 

conducted. Due ta a decreasing supply of corn silage, it became 

necessary ta change the basal ration primarily to aHaHa hay1age 

(harvested 1975). Continuing the same rapeseed Meal and urea treat-

ments from the previous experiment, ensiled corn grain (high moisture 

corn - 1974 crop) and molasses were also used as feeds. 

B. Experimental Procedures 

1. AnimaIs 

Replicate A.--This replicate was initiated in the summer of 

1975 (August 7), and 34 Holstein steers (from replicate A of experiment 

III) with an average weight of 348 kg, were used. 

Replicate B.--This rep1icate was initiated at the same time as 

replicate A (August 7, 1975), and 30 Holstein steers (from replicate B 

of experiment III), with an average weight of 303 kg, were used • 
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2. Experimental design 

The animaIs in each replicate were randomly distributed into a 

2 x 3' factorial design in which the factors were formaldehyde treatment 

of protein supplements (treated vs. untreated) and three levels of urea 

(zero, medtum and h~gh). In replicate A, the animaIs were distributed 

into six pens with four pens having six animaIs each and two pens 

having five animaIs each; while in rep.-~cate B, the animaIs were 

.... 
distributed into six pens with each pen having five animaIs. Treatments 

j) 

and animal distribution were the same as in experiment III, the only 

change being the switch-over from a corn silage to a haylage-molasses 

basal ration. 

3. Rations 

A haylage, corn grain and molasses ration was supplemented with 

l 
rapeseed meal (treated or not treated with formaldehyde) in which 

either 0, 50 or 75 per cent of the protein from the rapeseed meal was 

replaced by urea. Dicalcium ~osphate was fed ta aIl the animaIs at a 

rate of 200 g/day. The experiment lasted for 84 days. 

4. Treatment of rapeseed meal 

The same formaldehyde and control treatment procedures as 

outlined in experiment III, section 4 (a) and (h), were used in this 

experiment. 

~ower variety (1974 crop). 

m Il m a .... 
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5. S'ampling of feed for chemical 

analysis 

.. 

" The forma1dehyde-treated and untrested rapeaeed meal was , . 

routinely sampled for crude protein analysi~ and aJlolubility measure-

ments. The haylage and corn grain were also sampled for dry mat ter 

and crude protein analyais, tonducted according to the AOAC (1975) 

methods. { 

6 . Manag emen t 

Th~ sarne procedure as used in Experiment l, only the animaIs 

99 

were not given any injections of vitamins A, D and E. was used in this 

experimen t • 

T~ Statistical analysis 

The sarne procedure wss followed as that used in Experiment III. 

C. Resu.lts and Discussion 

1. Chemical snaiyais of ratiOn 
components 

The results of analysis conducted on six sarnp1es of haylage, 

corn grain and rapeseed meal during experiment IV are presented in 

Table 19. Because molasses is fairly constant in composition, no 

chemica1 analysis was conducted and the values presented in Table 19 

are from NRC.
l 

lunited States-Canadian Tables of Feed Composition (1969). 
Second edition. Pub!. 1684, National Academy of Sciences, Washington, 
D .C. 
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TABLE 19. Chemical composition of ration components (Experiment IV, Replicates A and B) 

Ingredient 

Aifaifa - aeriai part, ensiled, 
early bloom, mn 50% dry matter (3) 

Corn - dent yellow, ensiled, grain 
gr 2 US mn 54 lb per bushel (4) 

Sugar cane molasses, mn 48% 
invert sugar mn 79.5 degrees 
br1x2 

Rapeseed ~eal (rape, seed, 
soivent extracted, ground) 

Urea (42% N) 

~er cent dry matter basis • 

NRC Ref. No. 

3-08-151 

-; 

4-02-931 

4-04-696 

5-03-871 

Dry matter (%) Crune proteini 

57'.8 13.6 

81.5 9.8 

75.0 4.3 

90.4 37.4 

98.0 281.0 

~alues are from the United States-Canadian Tables of Feed Composition (1969), 
second edition. Pub1. 1684, National Academy of Sciences, Washington, D.C. 
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2. Composition o~ rations 
'1 

Table 20 indicates the average composition of the ràtions over 

, the 84 days' experimental periode 

Ration adjustments made on a monthly basis were designed to , 

meet the protein requirements of each group of cattle based on their 

average weig.ht. 

Table 20 indicates that the haylage portion of the ration dry 

matter varied from 24 to 27 per cent among the three levels of ures, a 

relatively narrow limite Corn grain varied from 32 to 34 per cent, 

also a relatively narrow range. Molasses varied from 35 to 41 per cent 

" of raUon DM, thus it alSOI' fell into a narrow limit. The 1 ta 4 per 

o cent range of ration DM for rapeseed meal and 0 to 3 per cent range of 

ration DM for ures were set to supply equivalent· amounts of crude 

proteine A relative~y high level of molasses with its low protein 

content was f~ to the animaIs in an attempt ta ma in tain the available 
! 

energy level of the ration. Thus, as the level of urea increased, the 

level of molasses also was incr~ased. 

The ability.of the monthly ration adjustments to supply 

controlled amounts of protein ie indicated in Tables 21 and 22 for 

rep1icates A and B, respectively. As protein requirements differed 

• for each replicate due ta animal weight differences, the protein 

intake (Bupplied) waB directly eompared with the specifie requirements 

for the average weight of that replicate. 

, 
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1 TABLE 20. Average composition of experimental rations (Experiment IV, ~eplicates A and B) 

Ingredients Treatments 

No urea Medium urea High urea 

Alfalfa haylage 27 24 24 

Corn grain 34 33 32 

Molasses 35 39 41 

Rapeseed meal 4 2 1 

Urea 0 2 "\ 3 

100 100 100 

~alues are per cent of total dry matter.) 
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TABLE 21. Summary of average dai1y proteip intake and supply (Experiment IV, Rep1icate A) 
l 

Treatments 

RSM-FA RSM-HZO 

No Medium High No Medium High 
urea urea urea urea urea urea 

Protein intake (kg) 0.85 0 .. 85 0.85 0.85 0.85 0.85 

Protein requirement (kg) 
2 

0.88 0.88 0.88 0.88 0.88 0.88 

Protein intake as per cent of :,. 

requirement 96.6 96.6 96.6 96.6 96.6 96.6 

Protein supply_(per __ cen~ 9f tot~ll 

Alfalfa haylage 29 27 26 29 27 26 

Corn grain 26 26 26 26 26 26 

Molasses 11 13 14 11 13 14 

Rapeseed meal 34 17 9 34 17 9 

Urea 0 17 . 25 0 17 25 

100 100 100 100 100 100 

1 
All treatment groups had 6 animals except the RSM-FA-high urea and RSM-B20-no urea 

groups which had 5 animaIs; observations are averages per animal." 

2 Daily nutrient Requirements of Dairy Catt1e (large breeds). Table 1. NRC (1971). 
National Academy of Sciences, Washington, D.C. 
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TABLE 22. Summary of average daily protein intake and supp1y (Experiment IV, l Rep-licate B) 

Protein intake (kg) 
2 Protein requirement (kg) 

Prote1n intake as per cent of 
requirement 

Prote1n supply (per cent of total) 

Alfalfa hay1age 

Corn grain 

Molasses 

Rapeseed meal 

Urea 

No 
urea 

0.80 

0.81 

98.8 

29 

26 

11 

34 

o 

100 

RSM-FA 

Medium 
urea 

0.80 

0.81 

98.8 

27 

26 

13 

17 

17 

100 

Treatments 

RSM-H20 
,_ 1 

High 
urea 

0.80 

0.81 

98.8 

26 

26 

14 

9 

25 

100 

No 
urea 

0.80 

0.81 

98.8 

29 

26 

11 

34 

o 

100 

Medium 
urea 

0.80 

0.81 

98.8 

27 

26 

13 

17 

17 

100 

l AlI treatment groups had 5 animaIs and observations are averages per animal. 

High 
urea 

0.80 

0.81 

98.8 

26 

26 

14 

9 

25 

100 

~aily nutrient requirements of Dairy Cattle (large breeds), Table 1. NRC (1971). 
National Academy of Sciences, Washington, D.C. 
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It can be seen that the protein intakes for the animaIs in 

replicate A were higher than those for the animaIs in replicate B 

(0.85 vs. 0.80 kg), due to differences in average animal weight. The 

protein intakes for the animaIs in both replicates were slightly lower 

l than the NRC requirements. As in the previous experiment, avoidance 

of feeding excess protein could enhance Interpretation of the experi-

mental results. 

Tables 21 and 22 also indicate the per cent of daily protein 

intake supplied by the different ration ingredients. Alfalfa was the 

largest supply of protein, averaging 27 per cent of total. Corn grain 

supplied an average of 26 per cent of the total protein; while 

molasses supplied an average of 13 per cent of the total protein. 

Rapeseed meal and urea combinat ions supplied 34 per cent of thi total 

protein supply. 

3. Animal growth performance 

A summary of the average daily gains for replicates A and B are 

shown in Tables 23 and 24, respectively. The analysis of variance of 

average daily gains is summarized in Appendix Table 4. A summary of 

main 'treatment effects and treatment combinations of average daily 

gains is presented in Table 25. 

A significant difference (P < .1) was observed between repli ca tes 

A and B, with the larger animaIs in replicate B having'average daily 

~ 

~utrient Requir~ents of Beef Cattle. Growing bulls (large 
breeds). Table 1. NRC (1971). National Academy of Sciences, Washing­
ton. D. C. 

111"-" 'RI 7 & • 
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'fABLE 23. Summary of average daily gains, feed intake and feed efficiency 
(Experfment IV, Replicate A, 84 days)1 

Treatments 
1 .. 

RSM-FA RSM-H20 j' 
No Medium High N<l Medium High 

urea urea urea urea urea urea 

No. of animaIs 6 6 5 ,~ 5 6 6 

Initial weight (kg) 360.6 344.4 335.2 358.3 351.0 339.6 

Final weight (kg) 421.6 401.3 388.3 419.5 406.5 394.5 

,Average daily gain (kg) 0.73 0.68 0.63 0.73 0.66 0.65 
,. -! 

Dail! feed intake ~kgl DMl . , 

e Alfalfa haylage 1.80 2.29 2.74 1.80 2.29 2.74 ---.-J 

Corn grain 
<:;::-

2.13 2.13 2.13 2.13 2.13 2.13 

Molasses 2.97 2.97 2.84 2.97 2.97 2.84 

Rapeseed meal 0.30 0.15 0.08 0.30 0.15 0.08 

Urea 0.00 0.31 0.22 0.00 0.31 0.22 

Total feed intake 7.20 7.85 8.01- 7.20 7.85 8.01 

Feed efficiencI. 

Feed DM per kg gain 9.9 11.5 12.7 9.9 11.9 12.3 

l 
~ 
0 

Observations are averages per animal. 0\ 
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TABLE 24. Summary of average daily gains, feed intake and feed effic1ency 
(Experiment IV, Replicate B, 84 days)l ~ 

Treatments 

RSM-FA RSM-H20 
~ 

No Medium Righ No Medium Righ 
ureâ urea urea urea urea urea 

No. of ànimals 5 1) 5 5 5 5 

Initial weight (kg) 317.7 305.2 300.5 303.0 303.6 289.8 

Final weight (kg) 388.6 372.3 371.5 372.0 3~9.2 342.4 

Average daily gain (kg) 0.84 0.80 0.85 0.82 0.78 0.63 

Daill feed intake ~YI DM~ 1 

Alfalfa hs,ylage 1.99 1.97 1.67 1.99 1.97 1.67 
1 

Corn ~rain 1.98 1.98 1.98 1.98 1.98 1.98 

Molasses 2.30 2.40 2.83 2.30 2.40 2.83 

Rapeseed mesl 0.30 0.29 0.15 0.30 0.29 0.15 
Urea 0.00 0.15 0.22 0.00 0.15 0.22 

Total feed intake 6.57 6.79 6.85 6.57 6.79 6.85 

Feed efficiencI 

Peed DM per,kg gain 7.9 8.5 8.1 8.0 8.7 10.9, 
'\ 1-' 

10bserVations are averages per animal and each treatment group had 5 animaIs. 
0 ...... 

" 
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TAB~E 25. Summary of treatment combination and main treatment effects 
on average daily gains (Experiment IV, Replicates A and B) 

Main effects 

Rel2licates 

A 

B 

Treatment 

FA 

H20 

U1 l.vele 
ro 

'î Medium 

,High 

Combination effects 

FormaldehIde x ures 

Treatment 

FA 

FA 

FA 

H20 

H20 

B20 

Urea levei 

Zero 

Médium 

Hig't\ 

Zero 

- Medium 

High 

ADG (kg) 

0.72 a 

0.79 b 

0.73 a 

0.78 a 

0.78 a 

0:73 ab 

0.67 b 

0.78 a 

0.73 ab 

0.69 b 

0.78 a 

0.72 b 

0.64 c 

1 

1 Figures in the replicates, treatment, urea Leve~8 ahd formal-"y 
dehyde x urea groups. bearing different letters are s1gnificantIy 
different (P < .1). 7 " " 

, 
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gains higher th an those of the animaIs in rep1icate A (0.79 vs. 0.72 

kg). A possible explanation for the difference in performance between 

the two replicates could be better adaptation to the protein sup-
" ~ 

plements due to a larger feeding peribd in the previous experiment 

(UI) • 

Analysis of variance of the average daily gains showed no 

significant difference (P > .1) either due to formaldehyde treatment 

• or ure a levels. This was the same trend as in experiment III. 

This difference 1n average dal1y gains might also be partly attributed 

to the increasing trend in total dry matter consumption as the level 

of urea increased in the ration (Tables 23 and 24), and partly to the 

better energy statua of the ration because the level of molasses . . 
increased as the level of urea in the ration increased • 

.. 
The analysis of variance also indicated a aignificant difference 

(P < .1) in average daUy gains for the animaIs receiving the rations 

containing the various levels of urea with either formaldehyde-treated 

or untreated RSM. l 

4. Feed consumption 

Because the animaIs were group fed, the daiIy feed intake data 

could not be analyzed statisUcally. The average. dry matter intakes 
, 

for replicates A and B are shown in l'ables 23 and 24. respectively • .. 
In replicate At total dry matter c<;lnsumption for the animaIs was 7.20, 

7.85· and 8.01 \tg per day for the zel>o. medium and high uree treat:l)lents, 

respectively. 
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In replicate B, the total dry matter consumption for the animaIs 

was 6.57, 6.79 and 6.85 kg per day for the zero, medium and high urea 

treatments, respectively, within the formaldehyde=treated RSM. 

The data in Tables 23 and 24 further indicate an increasing 

trend in dry matt~r' eonsumption as the level of urea in the ration 
• 

increased. This could be attributed to the increase in energy due ta 

molasses addition as the level of urea increased in the ration. 

The animaIs always "cleaned up" the feed offered. Therefore, 

the animaIs in replicate A had higher dry matter intakes than those in 

replicate B, because the former were started on this experiment with 

higher initial weights and finished with higher final weights than the 

latter. These dry matter feed intakes were approximately 2.1 and 1.7 

per cent of the body weights of animaIs in replicates A and B, 

respectively. These dry matter intakes as a percentage of animal 

body weight are lower than the 2.5 to 3.0 per cent usually recommended 

by the National Researeh Couneil. 

5. Feed effieiency 

Tables 23 and 24 indicate feed eiticiencies for the animaIs in 

replicates A and B, respectively. It could b~ seen that the animaIs 

in replicate A pad poorer feed efficiencies than those in replieate B 

(11.4 vs. 8.7). This diffe~ in feed 

the faet that the animaIs in r~icate A 

replicate B. 

efficiency could be due to 

were larger than those in 

'. "~~~'--w#-__ ~_"_' ... ~, __ ",,.r ... , ___ • ... _ ... • ___ ......... ____________ .. __ • ... w ... __ ·""ttt ... _ ... *·..,!WlJIe_llrI! __ ~ ...... __ II1o" ... f ____ =.= __ IIolT~?·L...i.l. 
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The results a1so indicate that the feed intakes were the same 

for animaIs receiving either forma1dehyde-treated or untreated RSM in 

replicates A and B. However, the animaIs receiving the formaldehyde-

trea ted RSM had better average daily gains than those receiving the 

untreated material. This trend is reflected in the feed efficiencies 

of replicates A and B in Tables 23 and 24. It could also be seen from 

the results that the feed efficiencies in both replicates were poorer 

as the level of urea increased in the diets. Even though there was a 

slight increase in the feed intake, there was still a decrease in 

average daily gains as the level of urea increased in the diet 

a trend that was similar ta that of experiment IlL. 

D. Summary of E,xperiment IV 

In an 84-day replicated 2 x 3 factorial experiment, Holstein 

steers were fed a hay1age, corn grain and molasses ration that was 

supplemented with rapes~ed meal (treated or untreated with forma1dehyde) 

in which 0, 50 or 75 per cent of the RSM protein was rep1aced by urea. 

The results indicated that there was a significant difference 

(P < .1) in average daily gains of the animaIs with the animaIs 

in rep1icate B having higher average daily gains than those in 

replicate A. However, there was no signif icant difference (P > .1) 

due to formaldehyde treatment of RSM within the formaldehyde treatments. 

Feed dry matter and protein intakes were higher for the animaIs 

in rep1icate A than those in replicate B. Feed efficiencies were 

.. _ .. ~. __ . __ ._--------'--"----
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better for the ànimals on the untreated RSM than those on the treated 

RSM ln repl1cate At a situation which was reversed in replicate B. 
.,. 

On 

the overall, the animaIs in repllcate B seemed ta have a bett~r feed 

efflciency than those in replicate A. 

(; 
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VII 1. EXPERlMENT V. THE EFFECT OF FORMALDEHYDE TREATMENT 
OF RAPESEED MEAL ON RATION DIGE&XIBILITY AND 

NITROGEN RETENTION OF SHEEP 

A. Introduction 

The objective of this experiment was to compare nutrient 

digestibility and nitrogen retention of formaldehyde treated or 

untreated rapeseed meal when fed alone or with urea. This experi-

ment, utilizing sheep, was designed to complement sorne of the 

previous cattle feeding trials, in arder to provide additional 

information on the utilization of rapeseed meal. 

B. Experimental Procedures 

1. AnimaIs 

The experiment was carried out i~ the winter pf 1975-76, and 

eight mature Columbia wether sheep were used. The animaIs ranged 

in weight from 42.2 to 44.9 kg, with the average weight of aIl sheep 
i 

over the two periods ~eing 43.6 kg. 

2. Expe;imental design 

The animaIs were randomly distributed in a 2 x 2 factoria1 
, 

design in which the factors were formaldehyde treatment of rapeseed 

mea1 (treated vs. untreated) and urea supplementation (urea vs. no 

urea) • Each 2 x 2 factorial was replicated in each experimental 
j 

period. The experiment constituted tw~2l-day experimental periods. 

'" , 
113 
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3. Rations 

The basal ration consisted of corn silage and molasses which 

was supplemented with rapeseed meal (1974, Tower), treated or not 

treated with formaldehyde (1 g FA/1DD g of protein). This rapeseed 

meal and treatment were similar to that used in the previous cattle ~ 
feeding trials. Two of the rations had 25 per cent of the dietary 

protein provided by ·urea. 

4. Management 

The sheep were housed individually in cages which permitted 

the total collection of urine and feces. Water and cobalt-iodized 

salt were made available at aIl times. The sheep were offered daily 

(at 0700 h) a weighed amount of feed calculated to meet their 

maintenance requirements for proteine Feed refused was weighed 

prior to offering fresh feed on the following day. 

5. Experimental periods 

Each of the four rations was offered to two sheep during each 

of two 2l-day periods. Each experimental period consisted of a 

l4-day preliminary period followed by a 7-day collection periode 

The preltminary period enabled the animaIs to acquaint themselves 

with the cages. to make the necessary adjustments in order that the 

feces and urine were collected properly, and to adjust the animals 

to their intake of feed. The animaIs were weighed on days 14 and 23 

respectively. Daily feed intakes were recorded during the entire 

period of the experiment. Total fecal and urine collections were 
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made from day 17 to 23. For ca1culation of nutrient digestibi1ity 

coefficients and nitrogen retention, feea1 and urine samp1es co1-

1ected on day 17 through 23 were apportioned to feed consumed on 

days 15 through 21, in or der te eompensate for de1ay in passage of 

ingested feed (Donefer et al. 1963). 

6. Collection of samples 

a. Feed 

Corn silage and refused feed samples were co11ected daiIy 

during day~ 15 through 21. Approximately 200 g of corn si1age ,was 

random1y collected each day and was dried daily for 72 heur~ in a 

forced-air oven at 66°C. On1y one composite sample of the rapeseed 

meal and molasses was ~ollected since these feeds were considered 

relativel~ constant in chemical compoaition du ring the experimentai 

period. 

b. Faeces 

Collection of the total faeees waB done on daya 17 through 23. 

A QO per cent aliquot of the faeees ~as dried daily in a forced-air 

oven for 24 hours at 66°C and composited for ~ach animal for th~ 

total collection period. The compo8~te sample was ground in a 

hammer mil! (1 mm diameter screen) and stored in an air-tight 

container for chemical ana1ys1s. 

1\ 
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c. Urine 

Urine samp1es were co11ected during days 17 through 23. The 

total volume of the urine excreted by each animal was measured and a 

two per cent a1iquot was taken. Ten ml of concentrated HCl were 

added ta each urine jar prior to each day's collection so as to 

minimize nitrogen losses. Urine samples for each animal were com-

posited as co1lected and kept refrigerated under a layer of toluene. 

7. Chemical analysis 

Analyses were done on corn silage, molasses, RSM and faeces 

samples for dry m~tter, crude protein, and 8sh, by methods of the 

1 AOAC (1975); for gross anergy using the oxygen bomb ca1orimeter; 

and cellulose by the method of Crampton and Maynard (1938) as 

modified by Donefer ~ al (1960). Urine was analyzed for nitrogen 

by the Macro Kje1dah1 method (AOAC 1975) and a 5 ml urine sample 

was used. 

8. Ca1cu1ations 

Coefficients of apparent digestibility of different nutrients 

were ca1.culated us1ng the equation: 
\ 

Coefficient of 
digestibili ty 

(%) 
-

. 

Nutrient intake - Nutrient fecal excretion 
Nutrient intake 

1 Parr Instrument Corp., Inc., Moline, Illinois. 

x 100 

• 

.. 
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9. Statistical analysis 

The data obtained from this experiment were analyzed using 

the analysis qf variance technique (Steel and Torrie 1960). The 

calculations were done using the Statistical Analysis System (SAS) 

on the MeCill IBM 360 computer. 

C. Results and Discussion 

1. Chemical analysis of ration 
eomponents 

Results of analysis1conducted on samples of eaeh feedstuff 

during experiment V are summarized in Table 26. The urea was not 

analyzed but was assumed to have a crude protein value of 281 per 

cent and a dry matter content of 98.0, as specified by the manu-

facturera. 

2. Composition of rations 

.. 
The average composition of the rations over the two 21-day 

experilnental periods ia indicated in Table 27. 

Ration adjustments made at the start of eaeh 2l-day 

experimental period were designed to meet the protein requirementa 

for maintenance of each sheep, based on its weight. 

Table 27 also indicates that the ~orn silage portion of the 

ration dry matter varied from 69 to 75 per cent, a relatively 

narrow limit. Molasses level varied only from 22 to 23 per cent of 

ration dry matter. The 2 to 8 per cent range of ration dry matter 
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TABLE 26. Chemical composition of ration component~ (experiment V) 1 

NRC Dry Gross Crude Cellulose Ref. No. matter energy2 protein 

Corn, aerial part, ensiled. 
mature, w.ell-eared lDX 50% 3-08-153 33.5 4.6 7.0 17.4 
Dm 30% DM (3) 

Sugar cane molasses. 1Il1\ 48% 
invert 4-04-696 76.3 3.9 4.4 0.2 
sugar mn 79.5 degrees brix 

-. 
Rapeseed meal (rapeseed, ~ 

solvent extracted, ground) 5-03-871 89.7 4.6 35.4 11.2 

Urea (42% N) 98.0 281.0 

lvalues are on per cent dry matter basis except for gross energy. 

2values-are expressed on Kcal/g. 

-

Ash 

4.5 

7.8 

7.3 

--

.... .... 
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TABLE 27. Average composition of experimenta1 rations 
(Experiment V) 1 

Treatments 

119 

Ingredients RSM-H20 RSM-FA 

No urea Urea No urea Urea 

Corn silage 68.4 74.9 69.1 74.5 

Molasses 23.3 22.2 23.3 22.6 

Rapeseed meal 8.3 2.0 7.6 2.0 

Urea 0.9 0.9 

100.0 100.0 100.0 100.0 

o 
1 Per cent of total dry matter 

o 
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for rapeseed meal and 0 to 0.9 per cent range of ration dry matter 

for urea were set sa that equivalent amounts of crude protein were 

supplied by'rapeseed meal or the rapeseed meal and urea combinations. 

This was an attempt to parallel the levels used in the previous 

cattle experiments. A relatively high level of molasses with its 

low protein content waS fed to the animaIs in an attempt to maintain 

the available energy level of the ration. 

Table 28 indicates the abllit;iy of the ration adjustment in 

the two experimental periods to supply controlled amounts of protein. 

It could be seen that the sheep receiving the diets without 

urea had higher protein intakes than those receiving urea-supplemented 

Aiets (80.4 vs. 98.8 g/day). The sheep rece1ving the diets sup-

plemented with RSM-FA had similar protein intakes to those~eceiving 

the RSM-H20 supplemented diets (87.5 vs. 86.7 g/day). These protein 

intakes were considerably lower than the National Research Couneil ~ 

(U.S.) recommendations. 

Table 28 further indicates the per cent of dai1y protein 

intakes supplied by the different Ingredients. Corn silage was the 
) ~ 

lèrgest supplier of protein, averaging 62 per eent of total. 

Molasses supplied an average of four per cent of the total prote in; 

while rapeseed meal and urea combinations supplied 34 per cent of 

the total protein supply. 

• 
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TABLE 28. 

r.' 

Summary of average dai1y protein intake and supply 
(Experiment V)l 

Treatments 

RSM-FA RSM-H20 

121 
! 

Urea No urea Urea No urea 

Protein intake (g) 81. 7 

Protein requirement (g)2 133.0 

Protein intake as 
per cent of requirement 61.0 

Protein supply 
(per cent of total) 

Corn sil age 62 

Molasses 4 

Rapeseed meal 9 

Urea 25 

100 

93.3 

133.0 

70.0 

62 

4 

34 

11' , 

100 

79.1 

133.0 

59.0 

62 

4 

9 

25 

100 

94.3 

1~0 

70.0 

62 

4 

34 

100 

1 
E~ch figure i8 an average of observations for four sheep. 

2Replacement yearlings. Daily Nutrient Requirements of 
Sheep. Table I~ Nutrient Requirements of Sheep, NRC, 1975, 
Washington, D. C. . , 

1 
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3. Nutrient dig@stibi1ity 

Data on the effect of forma1dehyde treatment of rapeseed meal, . 

fed alone or with urea, on nutrient digestibi1ity in sheep are 

s~arized in Table 29. The ana1ysis of variance for digestibi1ity 

of dry matter, gross energy, protein and cellulose are presented in 

Appendix Tables 5 to 8, respec~ively. 

No significant difference (P > .05) in dry. matter digesti-
" 

bility was observed either as a resu1t of formaldehyde treatment of 

rapeseed mea1 or the addition of urea to the diets. However, there 

was an observed increase (not significant) in dry matter digesti-

bi1ity due to forma1dehyde treatment of RSM (69.9 vs. 72.3 per cent). 

The trend in this data is rather inconsistent with the observations 

of other research workers. Sharma and Inga11s (1973) reported a 

non-significant decrease in dry matter digestibi1ity of forma1dehyde 

treated as compared with untreated RSM. A1so, whi1e Ely et al. 

(1971) and Tudor and Morris (1971) have reported an increasè in dry 

matter digestibi1ity due to urea addition, Ti1lman and Swift (1953) 

and Bhattacharya and Pervez (1973) reported a non-significant 

decrease in dry matter digestibi1ity, with the addition of urea ta 

diets. 
" 

The incorlsistency in the resu1ts presented herein cou1~ be 

due ta differences in diet Ingredients and treatments with the 

once-a-day feeding prot,ocol, 1ength of the adaptation period ta 

the diet and the age and breed of the sheep used, a1so being possible 

factors. 
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TABLE 29. Effects of forma1dehyde treatment of rapeseed mea1 on 
n9trient intake and digestibility in sheep (Experiment V)l 

Treatments 

RSM-FA RSM-HzP 

Urea No urea Urea No urea 
~ 

A2Earent disestibilitI 
coefficient (%) 

Dry matter 73.6 71.0· 69.9 69.9 

Gross energy 73.0 66.7 67.7 68.8 

Protein 47.3 52.1 46.6 57.5 

Cellulose 51.9 46.1 49.5 45 .. 5 

Nutrient intake 

Dry matter (g) 1109.7 1088.8 1037.5 1073.3' 

Digestible dry matter (g) 779.8 755.8 696.2 734.2 

Digestible energy (Keal! g) 3364.1 3243.5 . 2989.6 3224.5 

Digestible èel1u10se (g) 66.3 58.0 65.6 56.3 

1 Each figure ia an average of four observations, and aIl of 
the averages for apparent digestlbility were not signifieântly 
different (P > .• .oS). 
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The data on gross energy digest ibility were also oon-

significant (P > .05) for me an effects, as indicated by the analysis 

of variallce in Appendix Table 6. However, there was a slight 

increase in energy digestibility, a result of formaldehyde treatment .-
of RSM (68.8 vs. 69.9). and the addition of urea ta the diets (68.3 

vs. 70.3). This trend in gross energy digestibility is simi1ar ta 

that observed for dry matter digestibi1ity. The data are a1so 

inconsistent when compared ta that of other 1Vorkers. For example, 

L even though Sharma and In!JBlls (1973) reported a non-significant 

difference io gross energy digestibility between formaldehyde 

treated and untreated RSM, they observed a decrease in gross energy 

digestibi1ity due to formald~~yde treatment of RSM. 

The data in Table 29 also indicate that the combinat ion of 

formaldehyde treatment of RSM and urea addit:i,.on had the greatest 

effect 0' increasing gross energy digestibility. 

Protein digestibility data in Table 29 also indicate a 

non-significant difference (P > .05) in digest ibility as a result 

of formaldehyde treatment of RSM. The forma1dehyde treatment, 
~, 

however, resulted in a decrease in protein digestibility (52.1 vs. 

49.7). This observation supports that of severai workers. For 

examp1e. Sharma and Ingalls (1973). Sharma et al. (1972). and 

Stone (1971) reported decreased protein digestibility as a result 

of formaldehyde treatment of RSM. 

(' The data a1so indicate a significant decrease (P < .05) in 

in protein digestibility as a resu1t of ures addition ta the diets 

J' 
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(54.79 vs. 46.93). These data are in contrast to those of Ely 

J 
!!. al. (1971) and Tudor and Morris (1971), who indicate an increase 

• in protein digestibility with the addition of urea to diets; but in 

support of those of Tillman and Swift (1953) and Bhattacharya and 

Pervez (1973) who observed a non-significant difference in protein 
'; 

digestibili ty due to urea addition to the diets. 

No significant difference (P > .05) in cellulose digestibility 

was observed, either due to the formaldehyde treatment of RSM or the 

addition of urea to the diets. However, there was a non-significant 

increase in cellulose digestibility due to formaldehyde treatment 

of RSM (47.5 vs. 49.0). These data support the reports of Sharma 

and IngaUs (1973) and Sharma !!. al. (1972) of increased cellulose 

digestibility due to formaldehyde treatment of RSM. Also, the 

addition of urea ta the diets increased cellulose digestibility 

(45.8 vs. 50. 7). This increase in digest ibility could be due to an 

l' increased supply of readily available n~trogen for the cellulolytic 

microorgani sms. 

4. Feed consumptian 

Feed consumption data is summarized in Table 29. The amaunts 

of feed consumed were a result of the calculated and restricted feed 

, t 
offered and thus are not measures of voluntary intake. Feed 6ffered 

was calculated to meet the maintenance requirements of, the sheep, 

and it was also an attempt not to feed energy and protein in excess 

() of NRC recommendations as this could complicate the interpretation 
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of the results. This consideration paralle1s that of the previous 

cattle experiments. During the last seven days of the experiment in 

\.. the two experimental periods, the sheep always "e1eaned up" the feed 

offered. 

Average dry matter intakes were very simi1ar sinee fair1y 

uniform sheep wer, used in the experiment. The diff,.erences in 

intake that d~xist were due to the averaging of intakes for four 

different sheep over the two experimental periods. However, the 

sheep receiving diets supp1emented with forma1dehyde treated RSM 

had higher dry matter intakes than those receiving the untreated 

meal (1099.3 vs. 1055.4 g/day); while the sheep receiving the urea 

supplemented diets had slightly lower dry matter intakes than those 

reeeiving the unsupp1emented diets (1081.1 vs. 1073.6 g/day). 

The protein intake pattern (Table 28) was similar to the dry 

matter intake pattern. The sheep receiving the diets supplemented 

with formaldehyde treated RSM had slightly higher protein intakes 

than those receiving the untreated meal (87.5 vs. 86.7 g/day); 

while the sheep receiving the urea supplemented diets had lower 

protein intakes than those receiving the unsupplemented diets (80.4 

vs. 93.8 g/day). 

The protein intakes were generally lower than the NRC 

rectJmmendations for this category of sheep, as indicated in Table 28. 

Intakes are also presented in Table 29 for digestible dry 

matter, digestible energy (DE), and digestible cellulose. The 

values are calculated as the product of dry matter intake and the 
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appropriate digestibility coefficient. They are thuB largely 

influenced by the re1ative1y constant dry matter intake and any 

differences observed in digestibi1ity due to treatment. 

5. Nitrogen metabolism 

The data on nitrogep metabo1ism is summarized in Table 30. 

The analysis of variance of the nitrogen retention data is presented 

in Appendix Table 9. 

There was a significant difference (P < .05) in per cent 

nitrogen retention in sheep fed diets containing formaldehyde-treated 

or untreated RSM, with the sheep on the RSM-FA diets having a 

considerab1y higher nitrogen retention than those on the untreated 

RSM (21.1 vs. 3.6 per cent). This observation fol10ws the generai 

observations of most research workers in the area of "protection" 

of protein supplements (Sharma et al. 1972, Sharma and Nicholson 

1974, with RSM; Faichney 1974, with peanut meal). 

Simi1ar1y.\ there was a significant detrease (P < .05) in 

nitrogen retention due to the addition of urea in the diets (20.4 vs. 

4.3 per cent). Nitrogen retention was lowest for those sheed f ed 
~ 

the untreated RSM and urea combination, a reBult which should be 

expected. TheBe data support those of S4arma and Nièholson (1974) 

who observed a decrease in nUrogen retention in sheep fed diets 

\ supplementeçl with untreated RSM and urea. Urea nitrogen utilizaUon 

'.' 

by ruminants has been found to be inferior to pre-formed protein 

supplements (Helmer and Bartley 1971), probably due to its rapid 

, ' 
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TABLE 30. Effects of forma1dehyde treatment of rapeseed mea1 on 
nitrogen metabolism in sheep (Experiment V) 1 

Treatments 

Parameter RSM-FA RSM-H20 

Urea No urea Urea No urea 

Nitrogen, intake (g) 13.1 14.9 12.7 15.1 

Fecal nitrogen (g) 7.9 7.7 7.2 6.8 

Absorbed nitrogen (g) 6.6 8.3 6.2 9.4 

Urinary nitrogen (g) 5.7 3.6 10.6 7.3 

Retained nitrogen (g) 0.95 4.73 -4.42 2.07 

Retained nitrogen as per cent 
of intake2 12.7 29.5 -4.2 11.4 

l 
Each figure i8 an average of four observations, and the 

averages for nitrogen retention were significantly different 
(P < .05). 

2 
Based on average of individua! sheep data (Appendix Table 9). 
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rate of hydrolysis :ln the rumen. a s:l. tuation which could decrease 

nitrogen retention and utilization. 

The decrease in nitrogen retention as a result of feeding 

untreated RSM and urea is reflected in the high urinary nitrogen 

excretion as summarized in Table 30. Nitrogen intake was also 

lowest for this group. 

Fecal nitrogen excretion was slightly higher for the sheep 
~j 

fed the RSM-FA diet compared with those fed the RSM-H20 diet (7.8 
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vs. 7.0 g/day). These data support that of many research workers. 

For example, Reis and Tunks (1969) on forma1dehyde-treated casein; 

Nishimuta et al. (1972) and Schmidt et al. (1974) on formaldehyde-.. 
treated SBM, Rettray and Joyce (1970) on forma1dehyde-treated 

linseed meal (LSM) and Amos ~ al. (1974) on forma1dehyde-treated 

sunf10wer meal (SFM). This observation has usually been attributed 

to the slight decrease in nutrient digestibi1ity due ta formaldehyde 

treatment of the protein supplements; even though our data showed an 

increase in digestibi1ity due to formaldehyde treatment of the 

protein supplements. 

The addition of urea to the diets resulted in a slightly 

i6creased feca1 nitrogen loss from the sheep (7.6 vs. 7.3 g/day). 

This indicates an inefficient utilization of urea nitrogen for 

microbial protein synthesis. Fecal nitrogen excretion was highest 

for the sheep fed RSM-FA plus urea. 

Urinary .nitrogen excretion was lower for the sheep fed the 

RSM-FA diet compsred with those fed the RSM-H20 diet (4.2 vs. 9.0 
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g/day). The sheep fed a combination of untreated RSM and uréa had 

the highest urinary excretion of nitrogen. These data support those 

réported by Reis' and Tunks (1969) on formaldehyde-treated casein. 

Nishimuta ~ al. (1972) and Schmidt ~ al. (1974) on formaldehyde-

treated SBM, and Amos et al. (1974) on formaldehyde-treated sunflower 
-r--

meal, tha t indicate a decreased urinary nitrogen excret1en due te • 

formaldehyde treatment. 

The addition of urea to the diets resulted in an increase 

in urinary nitrogen excretion from sheep (8.2 vs. 5.5 g/day). 

This aIs 0 indicated an ineffic.ient utilization of urea nitrogen by 

sheep for microbial protein synthesis. These data support data of 

Polan et !!l. (1968, 1970c), Halter ~ al. (l97l) and Leibholz and 

Naylor (1971), who reported increased urinary nitrogen excretion 

il' 
and decreased nitrogen retention due to urea addition to the diets. 

D. Summary of Experiment V 

Eight sheep were rarldomly distributed in a ,2 x 2 factoria1 

design in which the factors were formaldehyde treatment of RSM 

(treated vs. untreated) and urea supplementation (urea vs. no urea). 

Each 2 x 2 factorial was replicated in each of the two 21-day 

exp erimen tal periods. 

In summary, the data from this experiment indicate that there 

was no s;lgnificant effect (P > .05) of fo~ldehydè treatment of :RSH 

on the digesribility of dry matter, gross energy. crude protein and 

cellulose. There W48 also no significant effect (P > .05) of urea 

___ ~ ______ 1 __ ~ __ .,._'- -~ ..-_ ...... _ 

1 .,..... ~ 



, , 

, 1 • 

• 

131 
( 

supplementation on the digestibility of dry matter, gross energy 

and cellulose, but it had an effect in crude protein digestibility 

(P < .05). 

Furthermore, formaldehyde treatment of RSM resulted in a 

significant increase (P < .05) in nitrogen retention, an increase 

in feca1 nitrogen excretion but a decrease in urinary nitrogen 

excretion. Supp1ementation of the diets with urea resulted in a 

significant decrease (P < .05) in nitrogen retention, an increase in 

fecal nitrogen excretion and an increase in urinary nitrogen 

excretion. 
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IX. GENERAL DISCUSSION 

The general assumption tlll recently was that the quality of 

proteins was not important in ruminant rations (Snapp and Newmann 

1963). and that aIl proteins of equal digestibility would have the 

same value. Morrison (1959) found that animal performance was 

affected by the kind of protein supplement fed in some but not in 

aIl feeding trials using practical-type rations. These differences 

could be attributed to differences in proteln utilization which in 

turn may be due to differences in rates of degradation of proteins 

in the rumen. 

The net protein available to the ruminant animal is the sum 

of microbial protein synthesized and the amount of dietary protein 

that escapes rumen degradation. The amount of microbial protein 

syntheslzed will depend on the energy available in the rumen t the 

ammonia available, bhe source and specifie requirement of protein in 

t&e rumen, sulphur, other nutrients and the relative rate of 

release of these different nutrients. The amount of dletary protein 

escaping rumen degradation will depend on protein solubility, level 

of protein and feed intake' a~d the physical form of the diet. The 

above major factors are influenced by an effic1ency factor which 1s 

actually the efficiency of protein utilization. This depends on the 

digestibility of the protein, the amino acid composition of the 

132 
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proteins, the nucleic acid content of the proteins and the amount 

of energy available to the animal. 

In general, the possible reasons for the lack of response in 

terms of Increased weight gains when proteins are treated with 

formaldehyde could be examined from the point of view that the diets 

must be adequate in energy yielding Ingredients. If the animal is 

expected to be able to utilize the expected increase in available 

amine acids in the lower gastro-intestinal tract, then dietary 

energy should never be limiting. Even though this requirement Is 

somewhat obvlous, it may not have been met in our experiments besause 

the diets were not isocaloric. This was primarily due to an attempt 

o 
to supply protein to the animaIs at a fixed level that was usually 

slightly below the National Research Council recommendations. Diet 

formulation was therefore aimed at an isonitrogenous diet rather 

than at an isonitrogenous and isocaloric diet, and protein intakes 

were calculated to meet the requirements of the animaIs as set by 

NRC. This practice aceounts for the restricted amount of energy fed 

". 
to the animaIs, sinee offering energy feeds ad libitum would have 

resulted in excess protein intake. This factor may negatively 

affect microbial protein synthesis, the energy statua of the animal 

and overall animal performance. For example, when Faichney and 

navies (1972) restricted dry matter intakes of sheep, there was a 

significant reduction in volatile fatty acids concentration in 

rumen fluid, which may be related to a reduced energy availability 

o to the animal and may reflect insufficient microbial activity. This 

1 l Q , il -
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decrease in VFA production has been associated with formaldehyde 

treatment of proteins or the diets. If there is a conceivable 

reduction in rumen digestibility of the energy components of the 
I{I 

diet which may be reflected in decreased VFA production, possibly 

because of a reduced microbial ~opulation and/or activity, this could 

be compensated by digestion in the lower gastrointestinal tract if .,. 

the diet is high in concentrates. The above situation may tend to 

parallel that of experiments III and IV which involved the feeding 

of corn silage and molasses, and haylage, molasses and corn grain, 

respectively, a situation which resulted in the intake of DM below 

NRC recammendations. If the expectation 1s that the starch com-

o 
\ 

ponent of the concentrate would be digested with greater eff1ciency 

in the lower gastrointestinal tract than in the rumen, then 

there should be a decreased energy loss in the form of methane, 

provided little starch fermentation occurs in the large intestines 

(Waldo 1973). On the other hand, with the diets high in roughage, 

as in experiment II, an overa11 reduction of dietary energy would 

certainly be expected if ruminaI microbial activity is depressed 

due to formaldehyde treatment because about 90 per cent of the 

digestion of structural carbohydrates 1ike cellulose and hemi-

cellulose occurs in the rumen CWa1do 1973). 

If the energy avai1able in the rumen becomes 11miting for 

microbia1 growth, then the amine acide coming from microbia1 

protein that will be absorbed from the lower gastro intestinal 

o tract will decrease. Miller (1973), making sorne assumptions 
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~ 

eetimated that a yield of 7.0 g o~microbial nitrogen per mega-

calorie of metabolizable energy fed would be expected. This would 

be equivalent to 38.15 g protein per megaCalOrie of metabolizable 
'\ 

energy fed. The commonly accepted figures that relate the energy 

avai1able in the rumen with bacterial growth are 27 g of bacteria1 

nitrogen perki10gram of organic matter truly digested or 36 g 

bacterial nitrogen per kilogram or organic matter apparently {---
\' 

digested in the rumen (Thomas 1973; Miller 1973). At any,rate, if 

energy becomes limiting in the rumen, we would expect a reduction in 

microbial protein production proportional to the energy deficit in 

the rumen. Consequently, the more microblal protein production Is 

decreased, the lesser/will be the chances of detecting an effect 

of formaldehyde treatment of pro teins because one of the two 

protein fractions that shou1d be maximized i8 decreased. The ab ove 

discussion w~ul~ seèm to indicate that if the treatment of dietary 

proteins with formaldehyde has any negative effects on rumen microbial , 

activity, then the possibility exists that this would be more serioue 

in limit1ng the energy available to the animal on a h1gh roughage 

ration than on a high concentrate ration. The rations in the 

varioUB experiments reported aIl conta1ned a relatively high 

concentrate level. The non-significant effect of forma1dehyde 

treatment on average daiIy gains of cattle couid therefore be 

attributed to'insufficient dry matter intake and improper energy 

balance to enhance igcreased net protein synthesis and utilization 

by the animal. 
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Another factor which,may expIa in the lack of response due ta 

forma1dehyde treatment of the protein supplements is the amino 

acid composition of ~e forma1dehyde treated rap~eed and soybean 

meals. A logical theoretica1 appro8ch would he to protect proteins 

that are of a high quality from an amine aeid composition point of 

view while the low quality proteins are af10wed ta be degraded and 

upgraded to microbia1 protein (Peter ~ al. 1971). Even though it 

is difficult to categorize prôteins as either of high or low quality, 

a useful criteria wou1d be to relate the amino acid composition of 

the unprotected protein to that of microbial protein, with the 

understanding that any protein with an inferior amino Bcid com-

position wou1d be considered of poor qua1ity. Based on figures 

given by Purser et al. (1966) for rumen baeteria and protozoa, by 

Bergeq ~ al. (1968) on rumen bact~ria and protozoa and figures 

given by Wetter (1965) for solvent extracted rapeseed meal and 

soybean meal, rapeseed meal will be deficient in the amino acids, 
1 

isole~ine, lysine, phenyla1nine, while soybean meal will likely 

be deficient in isoleucine. Other amino aeids may also be slightly 

below those of microbial amine acids. The question of one or more 

amine acids being deficient and affecting animal performance could 

be seen by the positiv~ respon~e on wool growth' when sheep are fed 

formaldehyde-treated cBsein (Faichney 1971; Barry 1972; Hemsley 

et.!.!. 1973). This positive response in wool growth has been 

attributed to the high bio1ogieal value of casein and the requirements 

for specifie amino acids for woo1 growth. This contrasts the rather 

• 
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inconsistent animal response when pl~t proteins treated with 

formaldehyde are fed (Co1by and Tollert 1973). However, if poor 

qua1ity proteins are di1uted by microbial proteins, then the 

critical situation of a poor amino acid balance for absorption is 

gradua11y eliminated, but if the amount of protein by-passing the 

rumen is small and rumen microbial protein production is impeded, 

then total protein reaching the intestines will be redueed. 

The more proteins by-pass the rumen eompared with micro~ial 

protein, the more important would their biologieal value become 

in determining the efficiency with whieh its proteins or amino 

acids are utilized because of the reasons already discuBsed above. 

As already stated in thé eariier part of the discussion, the main 

factors which will determine the extent of this by-pass are the 

solubi1~ty of the proteins and the level of feed intake. As 
) 

indicated earlier, pro,teins Iike case in will be degraded to a 

degree' of about 90 per c~nt or more in the rumen (Hume 1974). Plant 

proteins'like peanut meai or rapeseed meal whose solubility is 

similar and is about 40 per cent (Wholt et al. .1973) and Boybean 

meal and zein (Hume 1974) may be considered highly insoluble and a 

substantial proportion will normally escape rumen proteolysis. This 

relationship between rumen degradation and solubility of dietary 

proteins is not necessarily in a 1:1 ratio. Since,t~e proportion of 

:nsolub1e protein which r~aches 'the lower gastrointes~inll tràct 

undegraded will a1so depend on the 1eve1 of feed intake and rate of' 

passage (Miller 1973; ~rskow ~.!l. 1971, 1973), ft cou1d be 

" 
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expected that at the high level o~ crude prote in intake required 
1 

for growth, which is about 2.63 times the~aintenance leve1 for a 

300 kg steer growing at 1.3 kg per day (NRC 1970), a large amount 

of untreated dietary proteins would by-pass the rumen and be digested 

in the lower gastro~intestina1 tract in a similar way as the 

formaldehyde-treated proteins. It is obvious that under these 

circumstances, the chances of finding an effect that is due to 

formaldehyde treatment of the protein would be minimal. In the same 

way. if the total protein caming from formaldehyde-treated protein 

is small compared with the total crude protein intake, then chances 

of detecting an effect due to formaldehyde treatment are small. 

Under feeding conditions where urea is added to diets in an 

attempt to ensure that' ammonia nitrogen would not be limiting for 

maximum microbial growth, the feeding of protein supplements that " 

have been treated with forœaldehyde has not resulted in any positive 

effect on animal growth (Wachira et al. 1974). This does not 

necessarily mean that there are no situations where addition of urea 

would not be advisable. Theoretically, when a considerable pro-

portion of dietary protein has been treated with formaldehyde, a 

situation which would be compared with the feeding of very insoluble 

pro teins like zein may oeCur in the rumen. When zein was the only " ' 

source of nitrogen, the rate of VFA production in the rumen wes 

lowest compared with diets where casein, 80ybean and urea were 

added . (Hembry .!:! al. 1975). Under these circums tances t ammonia 

" nitrogen may become a limiting factor for maximum microbial growth 
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(Hembry et &. 1975) and certainly a positive effect of urea could 

be expec ted . This may not ....-have been 

and IV where there was a decrease in 

the ca~in experiments III 

animal pe~ormance as the 

level of urea increased in the diets. But this was attributed to 

low dry matter intake and hence low energy consumption due to 

restricted feeding protocol employed during the experiments • 

.... 
Finally. Sharma ~ al. (1974) and Faichney (1972) have used 

the argument that the dietary crude protein fed in trials whose 

formaldehyde
f 
protection has been studied ls usually too high and 

the implication being that these diets would provide sufficient 

protein without treatment. The beneficlal effects of formaldehyde 

treatment will usually be masked if the protein ls not very soluble; 

if it is very soluble. then the higher its level in the diet the 

easler it should be ta detect a positive effect of protectionr This 

argument would not be true in our own experiments because our dietsd' 

usually contained less protein compared with the NRC recommended 

requirements. T~is was an attempt in our own case not to complicate 

the interpretation of the results. But while we ensured lowered 

protein intakes. energy was also restricted and this could be 

expected to complicate the interpretat10n of the results. 

This energy effect was clearly demonstrated in the nitrogen 

metabo1ism studies conducted with sheep. Even though there was a 

loss of nitrogen in the faeees, a situation that le usual1y attributed ' 

to a decressed digestibility of the dlets (even though this was not 

the case with our sheep etudies), it was clearly demonstrated that 
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the addition of urea to the diets resulted in an increased loss of 

bath feca1 and urinary nitrogen. In a situation where energy 

sufficiency was ensured, one would expect that the lOBS of nitrogen 
, 

due to the addition of urea would not be significant. This wou1d 

therefore mean an increase 'in microbial protein production, and an 

increase in by-pass of dietary protein ~n the case of the formaldehyde 

.treated protein supplements. However, the sheep used in our experi-

" ment were almost mature and the situation of energy insufficiency 

may not be the same as in the previouB catt1e experiments. 

If positive effects of forma1dehyde treatment of protein 

are expected, thert the above discussed situations and factors whould 

be introduced simultaneously into future designed research. AIso, a 

carcass study should be conducted to see wnether there are any 

differences in carcsss profile in terms of le~n to bone ratio 

because most research workers have reported a better nitrogen 

retention with formaldehyde treatment of the dietary proteins, 

without reporting either improved aniihal performanr or 1mproved 

careass characteristicB., '1'{ 
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X. SUMMARY· AND CONCLUSIONS 

\ Five experiments were conducted to 

1. compare rapeseed meal and soybean meal as protein supplements to 

a corn silage and high moisture corn grain basal ration on the 

growth of Holstein cattle (experiment 1); 

2. determine the effects of feeding formaldehyde-treated or 

untreated RSM and SBM as protein supplements to a hay and barley 

basal ration on the growth of young Holstein cattle (experiment 

Il) ; 

Cl 3. determine the effects of feeding formaldehyde-tre~ted or untreated 

RSM wlth or wlthout ures as a protein supplemeht to a corn silage 

and molasses basal r~tion on the growth of Holstein steers 

(experiment III); 

4. determlne the effects of feeding formaldehyde-treated or untreated 

.- RSM with or without urea as a protein supplement to a naylage, 

molasses and corn grain ration on the growth of Holstein steers 

(experiment IV); 

5. de termine the effects of feeding formaldehyde-treated or untreated .. 
RSM, with or without urea on nutrient digestibility and nitrogen 

retention of sheep (experiment V). 

In experiment I, twenty cross-bred steers and twenty cros8~ 

o bred heifers were ra~domly dist~ibuted to a 2 x 2 x 2 factorial 

141 
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e 
design in which the factors were, sex (steers vs. heifers), weight 

(heavy vs. light), and protein supplement (SBM vs. RSM). The animaIs 

were fed a corn silage and high moisture corn basal ration that was 

supplemented with either SBM or RSM. The animaIs were distributed 

into eight pens with each pen having five animaIs. The experiment 

lasted for 124 days. The results indicated that there was a 

significant difference (P < .05) ln average daily gains between 

cattle on SBM and RSM, with the former having higher ADG than the 

latter. There was alao a significant effect (P < .1) of sex on ADG 

with the steers having higher ADG than the heifers. The difference 

in ADG due to initial weight ditferences was non-significant (P > .1). 

o Experiment II involved two replicates. A and B, with 36 and 

31 Holstein cattle, respectively. The cattle were randomly dis-

tributed to a 2 x 2 factorial design in which the factors were 

protein supplements (SBM vs. RSM) and formaldehyde treatment (treated 

vs. untreated). The proteins were supplemented to a hay and barley 

basal ration. For replicate At the animaIs were distributed into 

four pens with each pen having nine animaIs. One calf died during 

the course of the experiment t which left one pen with eight animaIs. 

For replicate Bt the animaIs were distributed into four pens with . ~ 

three pens having eight animaIs and one pen having seven animaIs. 

The experiment lasted for 168 days. 

The results indicated that there was a significant difference 

--(P < .05) in average daily gains between the cattle in replicates A 

o and Bf with'the cattle in replicate B having higher ADG. However~ 

'. 
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there was no significant difference (P > .1) in ADG between the 

cattle on SBM and RSM, but the cattle on RSM had slightly higher 

ADG. There was a1so no significant difference (P > .1) in ADG 

between cattle fed the forma1dehyde-treated or untreated SBM or 

RSM but the catt1e on the formaldehyde-treated meals had higher ADG. 

Experiment III involved two replicates. A and B, with 34 and 

30 Holstein cattle, respectively. The cattle were randomly_dis-

tributed into a 2 x 3 factorial design in which the factors were 

formaldehyde treatment (treated vs. untreated), and urea supplementa-

tian (zero, medium and high). This protein was used as a supplement 

to a corn silage and molasses basal ration., In replicate A,- the 
~, 

animaIs were distributed into six pena. with four pena baving six 

animaIs each and two pens with five animaIs each. 'In replic~te B, 

each pen had five animaIs. Replicate A laated for 118 days, while 

replicate B lasted for 62 days. The results indicated that there 

was no significant difference (P > .1) in ADG between cattle in 

replicates A and Bt but the cattle in replicate B had slightly 
-

higher ADG. There was also no significant (P > .1) difference ln ADG 
{/ 

of catt1e due to forma1dehyde treatment of RSM, but the cattle fed 

~e formaldehyde-treated RSM had slightly higher ADG. However. there 

was a significant effec't (P < .01) of urea supplementation on ADG. 

with ADG increasing as the level of urea in the diet decreased. 

Experiment IV was set up the same as experiment tII, only that 

the protein was used to supplemen~ a haylage, molasses and corn grain 

basal ration, and ft lasted for 84 daye. The result ~ndicated that 

L 
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there was a significant difference (P < .1) in ADG between catt1e in 

repllcates A and B, with the cattle in rep11cate B having higher 

ADG. However, there was no significant difference (P > .1) 1~ ADG 

between cattle fed formaldehyde-treated or untreated RSM, but the 

cattle on formaldehyde-treated RSM had higher ADG. There was also 

no significant effect (P > .1) of urea supplementation on ADG of 

the catt1e but ADG increased as the 1evel of urea decreased in the 

diets. A significant (P < .1) formaldehyde x urea interaction was 

also observed. 

In experiment V, eight mature Columbia whether sheep were 

randomly distributed to a replicated 2 x 2 factorial design in 

which the factors were formaldehyde treatment of RSM (treated vs. 

untreated) and urea supplementation (no urea vs. urea). The 

protein was used to supplement a corn silage and molasses basal 

ration. The experiment was conducted for two 21-day periode. The 

reBults indicated that there WaB no significant effect (p > .05) of 

formaldehyde treatment of RSM on nutrient digestibility, but nutrient 

digestibility increased with formaldehyde treatment. Urea supp1e-

mentation did not significant1y affect (P > .95) nutrient digestlbility. 

Howeve~, there was a slight increase in nutrient digestibi1ity due ta 

urea supplementation. Nitrogen retention was Bignificantly increased 

(P < .05") by formaldehyde treat1llent of RSM, W'hile urea supplementation 

significantly decreased. (p < .05) ~itrogen retention, e8pecia~ly on 

"the diets with untreated RSM. . ' 
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In conclusion, it would seem evident that the chances of 

detecting an improvement in the ~fficiency of utilization of dietary 

protein supplements for animal growth by protecting them with J" 

formaldehyde are not high. 

The chances of detecting an effect of formaldehyde treatment 

can be increased if it is ensured that the energy of the animaIs' 

ration is not limiting in relation to the potential increase in 

amine acids availability resulting from formaldehyde treatment. 

Therefore, basal diets high in concentra tes (energy feeds) wou Id 

seem to have a better chance of giving a positive response when 

supplemented with the formaldehyde-treated protein supplements than 

roughage-basal diets. The indication is that under any dietary 
" 

conditions, microbial protein synthesis should not be impaired or 

the chances of detecting a positive significant effect are minimized. 

The proteins treated should be of high solubility such that when 

t 
treated with formaldehyde, their rate of ammonia release ia decreased 

considérably. However. protein and. ammonia supply in the rumen 

should not be limiting for maximum microblal growth. If this 

situation Is predicted. then i t would be advisable to add urea to 

the diet. Furthermore, the tr1!atment with formaldehyd~ should be 

carefully controlled so that post-ruminaI digestibilicy !~ not .. 
deereased. Also, the biologieal value of the ttrotected proteln 

should be hlgh compared with microbial protein and this factor 

would beeome more important the higher the proportion of ~rotected 

protein compared with mierobial protein. Therefore, the 
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formaldehyde-treated pro teins should provide a high proportion of 

the animal's crude protein intake (a situation which is more likely 

to occur i~ practice in rations high in certain concentrate~. As 

energy feeds vary in their protein content, treated protein sup-

plements would appear to be more effective when used with the lower 

protein energy feeds such as those based on corn or sugarcane 

(i.~., molasses). Since, under Many feeding conditions, it may not 

be practical to feed high levels of treated protein supplements, the 

~~se of this practice may be restricted to certain of the Most 

promi~ing situations. 

Since the factors in the rumen that seem to be important in 

maximising microbial protei~ production are adequate fermentable 

energy, p~esenc~.of som~~untreated dietary protein, adequate sulphur 
. 't ~ . 

concentration, as weIl as optimum ammonia nitrogen concentration, 
v~ . . ... 

then these factors must be monitored and controlled. The protected 

protein should serve as an additional sOurce of protein for the 

animal, in addition to microbial protein. 

Finally, since high crude protein intake or high feed intake 

are required fo~ maximum growth and this is associated with high 

rates of passage and ruminaI by-pass, then.only those proteins whose 

solubility ie high s~oul~ be expected to give beneficial growth 

'~respons~s when treated with formaldehyde. Among the highly soluble 

proteins, those with a high biological value would probably benefit 

most from formaldehyde treatment. This would indicate that research 

based on consideration of the above factors should be designed and 

carried out. 
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APPENDIX TABLE 1. Analysie of variance on average 

Source 

Sex 

Weight 

Protein 

Sex x weight 

Sex x protein 

Weight,x protein 

se~p~otein x weight. 

o SrrOr, 

Totàl eor~ected 
1 

o -

'* S1gnificant' (P < 

... 
'" 

\ 
\ , , , 

" 
,', 

* 'le , Sig.~ific.nt . (P < 

'J ns Non-significant - , 

, . , 

" 
• 1 • 

, , . . , , . 

,,' , " 

(Experiment 1) 

df SS MS 

1 0.4603 0.4603 

1 0.0294 0.0294 

1 0.6253 0 •. 6253 

1 0.0424 0.0424 

1 0.1876 0.1876 

1 0.0205 0.0205 

1 0.0509 (>",0509 
\ 

32 4.1484 0.1296 
ù 

39 5.5648 0.1427 

.1) 

~05) 

(P > :,1) 

, , 

, ," , 
, , 

, 

• 1 

~ "',' 

, ' 
, . 
'\ 

, J-
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dai1y gains 

Feal 

3.5508 * 
~ 

0.2270 ne 

4.8231 "'''' 

0.3274 ns • 
1.4468 ~8 

T .. 
0.lS8? ne 

0 .. 3921 ns 

/ 

, 

0' 

" ", 
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APPENDIX TABLE 2. 

JSource 

Regression 

B10ck (rep1icates) 

Protein 

Formaldehyde 

Formaldehyde x protein 

) Error 

TQtal correcte4 , 
***S1gnificant 

n\ 
... 

? 

) 
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Ana1ysie of variance on average dai1y gaine 
(Experiment lI) 

df SS MS Feal 

4 0.4389 0.1097 

... 1 0.4086 0.4086 30.8699*'** 

1 
J 

0.0186 0.0186 1.4062 ns 

1 0.0112 0.0112 0.8464 ns 

1 0.0013 0.0014 
~ 

0.0963 na 

60 0.1941 0.0132 

64 . 1.2330 

(P < '.01) 

ns Non-significant (P > .1) 

• 

,r, . ' 

, 0 " " 

., 
\ 

J , 

" , 

, ' 

v 

, .. 

p • 

" 

urr. 

. , 

, . , 

. ..i 1 1 _' ~ • ' 
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APPENDIX TABLE 3. Ana1ysis of variance on average daily gains 
Exp~r1ment III (rep!icates A and B) 

Source df S5 MS Feal 

~ .. 
Regression 6 0.5149 0.0858 

Replicates 1 0.0046 0.0046 0.3218 ns 
~ 

, Fo~ldehyde 1 0.0339- 0.0339 2.3946 ns 

Urea 2 ... 0.:4168 0.4168 14.7089*** 

Formaldehyd~ x urea 2 0.0514 0.0514 1.8146 ns 

Error 58 <, , 
0.8218 0.0142 

. "1 
, 

Total corrected "64· l.3~67 

" • 
***8 :tgn1f1cant ,(P , < .01) 
. , 
ns Non-signifieant (~ > .1) 

. " 

• 
, . 

" 

\ . 

'~/' , . , 
, . 

, , 

" , ,. . 
,. 

" '. 
, ,II 

, " 

, " 

" 
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APPENDIX TABLE 4. Analysis of variance on average 
Experiment IV (rep1icates A and B) 

, 

Source df 

Regression 6 

Rep1ieates 1 

Forma1dehyde 1 

Urea 2 

pormal~ehIàIJ.x urea 2 

Érror S6 
J 

Total eorreeted 62 

, * 'significant (P < .1) 

\ 
1 

ns Non-signifieant 1 (p > 

J. 

J, 
'( 

1 

SS 

0.3619 

0.1759 
,,, 

0.1013 

0.0643 

0.2138 

2.475'6 

2.8375 

.1) 

, . 

, . 
\.- " ,,> .' , 

, ... ~ 

t ," , , . 
f, 

" 
, ,: , 

.. 
' .. 

.- -

-, . . 

. ' 
,~. ~ " ' 

MS 

0.0603 

0.1759' 

0.1013 

0.0643 

0.1069 

0.0442 

" 

, .' . , 

, ~ " •• 1 'S 

' . . . 
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daily gains 

,Feal 

3.9792 

3.9792* 

2.2916 ns 

0.7278 n's 

2.4182* 

, . 

, \ 

. , .... .-., , 
, .. 

_L-< ( 

" . , ' 
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AP'PENDIX TABLE 5. Digestibi1ity of dry matter (%) 

Rapeseed mea1 treatment 

FA H20 
i 

" 
No ures ... (2) 70.54 (9) 73.31 

(6) 73.13 (10) 62..42 
(7) 70.51 (3) 70.92 
(8) 69.83 . (5) 72.95 

Means 71.01 69.~0 

.tl!:!!. (9) 80,.02 (2) 73.74 
, ' . (l0), 69.42 (6) 66:61 

(3) 70.4p (7) 66.29 

l' 
' . (5) r4.55 (8) 73.00 

Meanè '73.61 69.91 

RSM' treatment means 72.31 69.90 .. 

AnalIBt8 of variance , 
Source df SS MS ...- - -'l'otal 15 238.50 15.90 
Treatlllente ' . 3 36.80 12.26 

RSM' ""'1 23.26 23.26 

Ul'e'a '1 '6.83' '6.83 
0 

RSM x' Urea 1 6.71 6.71 
" 

~rrof 12 201.70,_ 16.80 
, ~ 

lE 1 

'~8ùrè8 in p~rentbe~es .( ), are shaep àUaber~ 
n'JO qôtt-s1gnif1cant (P > .0'5) " 

" 

. , 
, dl 

" , 

( 
\' 

" 

'., 

, , 
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(Experiment V) 

J!> 

' ; 

Urea means 

70.45 

• 

71.76 

l'cal --
1~38 ns 

0.40 na 
0.39 n8,. 
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APPENDIX TABLE 6. Digesti~ility of energy (%) 

RRpeseed meal treatmént 
::;0: 

FA H20 

No urea· (2) 66.19 (9) 72.31 
" 

(6) 69.21 (10) 61.02 
(7) 66.21 (3) 69.92 

(8) 65.38 (S) 71.99 
,,~ ,0-

Means 66.74 68.81 

Urea (9) 79.44. (2) ·71.79 -
(l~) 68.54 ".. (6) 64.24 

(3)~ 69.83 (7) 63.79 
{S) 74.00 tS) 70.S1 

"\, ~ Meane 72.95 67.65 

RSM treatment means 69.85 6'8.23 

\ Ana1ysis of variance 

Source g !! ~ 
'Total. 15 ·308.95 ,20.59 

Treatments 3: 90.11 30.03 
.~ ~ .-

RSM "11} 10.45 1;.0.45 

Urea 1 25.53 25.53 

MM x,Vrea '1 
", 54.13 

0 

54'.13 

Er rot . , 12 . , 218.84 18.23 
1 

, , .. 
Piaurea ln parentheaes ( .>. are sheep numbers 
'. 

, 
'1 

" 

~~: non-s1in~f1è~pt (P >' ,OS), 

" 

:' 
. ' 

- - - -- - ~ - - ~ - ~~ -.. --;- ~- .r- - - - t-.. 
.' 

,4-
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(Experfmet,lt V) 

Urea means 

67.77 

70.30 

fj 

Feal -

0.57 ns . 
.t.l'!f iuI.' 

2.96 DS 

, " 

. ' 

'. 

•• 0 

, . , 

'. -- -~ -- -;----------;-:----

'. 
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APPENDIX TABLE 7. Digestibi1ity of protein (%) (Experiment~V) 

Rapeseed mea1 treatment 
Urea metins 

FA H20 

No urea (2) 50.87 (9) 61.32 

(6) '55.98 (10) 45.51 

(7) 51.69 (3) 61.80 

(8) 49.67 ' (5) 61.51 

Means 52.0S 51 .. ·5Jt 54.79 

, r 

. !!!'.!! (9) 60.80 (2) 53.59 

j 
(10) . 40.22 (6) 40.49 

~. (3) 39.93 (7) 40.06 

(S) '48.19 (8) 52.22 

Méans 47.28 46.59 46.93 
r" 

lSM treatment means 49.66 52.06 

t ' 

'S out: ce 

Total 

Treatments 
1 , MM 

Ures 

BSM :le Urea 

Brror 

** 
ns 

AnalIsis of var.ianee 

df SS ~ -
15 921.55 64.77 

3 3°7.97 102.65 

1 22.92 22.92 

1 '1 246'.89 246.86 

1 38.15 38.15 

12 623.58 5~.96 

. . 
Signifieant'~ < .05) , , 

~on-s18n1f1cant (P > .OS) 

are aheep numbers 

0.44 ~s ' 

4.75 1t* 
0.73 ns 

~-----
_ l1'W~~8 in .p~r~ntheBeB < ) 

.. , 

J 

.. 

. ' 

. . " 

" 

" 

, . 
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APPENDIX TABLE 8. Digestibility of cellulose (%) (~xper1ment V) 

Rapéseed meal tre~tment 
Urea means 

FA H2° 

No urea (2)' 45.04 (9) 51.55 

(6) ·50.27 (10) 32.00 
'-

(7) 45.45 (3) 46.84 

(8) 43.10 (5) 51.54 
... 

Means 46.11 45.48 45.79 

J!œ. (9) 62.47 (2) ',94.97 

(10), 43.00 (61 45.55 

(3) 47 ;'8 (7). .44.26 
'j> 

(S) 54.71 (8) 5~.29 

Means 5,1.89 49.51 ' 50.70 

'~M tre.tment 1I1eaos 49.'00 47 .. 50 
,. .. 

AnalIS1S of vari.nce 

Sourc!! - af §! 'MS .. Feal -, 
,696.72 Total '1,5 46.44 

Treatmellta 3 108.29 36.09 
" ." 

RSM '" .' 1 9.,03·~. 9.03 " 

.Ur •• 1 96.22 96'.22 

• RSM le urea .. 1 
.', " 3.04 3.03 , , 

0,18 ns 

1.96 us 

. 0;06 DS 

'ErrOr 12 ' 598.43 49.0' 
.l. 

,na ~on':'s181i:tf1cant, (P >, .OS) , 

" ~1gure$ io' parenth~Bes ( ) arè, .ê~eep numb'ers 

... ..~- .. ,.' 

~ • f , 

~ , • 1 -_ 

.. #. t::. .. 

1-
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APPENDIX TABLE 9. Retention of nitrogen (%) (Experiment V) 

, 
-Rapeseed meal treatnlent 

FA H20 

No- urea (2) 24.87 (9) 27.18 

(6) 33.09 (l0) 0.02 

(7) 34.31 (3) 18.40 

(8) 25.69 (5) 0.01 

Means 29.49 11.40 

.!l!:!!: (9) 36.44 (2) -1.06 .-

(10) -0.12 (6) 0.03 

(3) -0.13 (7) -0.08 

(5) 14.74 ' (8) -15.65 .' 

Means 12.11 -4.19 

RSM treatmént m~ans 21.11, 3.60 

Ana1ysis of variance l, 

Source M- SS MS , 

Tot;1l1, 15 3975.57' . ' , 265.03 . 
Trea t1nents 3 2273.57 751.~5 

RSM 1 1225.5Z 1225.52 

Urea , , 1 1046.68 1046.68 

RSM, x urea 1 1.37 1.31 

Error 12 1702.00 141',83 

.* Signifieant 'CP < .05) 
-, 

, , os NQo-sign1fiean~ (P > .05) 

" ' .. Figures in parèntheses ( ) are. à~ee., nùDlhus 
",'-\ t:t'l .. -

.~ ,.. .. 
" . 

, ," 
, . 

Urea lIleans 

20.44 

4.22 ' 

8.64 ** 
7 .... 37 ** 
0.01 ns 

nu 1 

o 

j , .J 

Inn 

" -

1. C 
~~~~--""""-"""---".' ____ L.. 


