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ABSTRACT

Sababean protein concentraÈe (F.B.P.C.), containing 60-65%

protein (N x 6.25) on a dry natter basis, was prepared fron dehuLLed,

ground fababeans using âír- ci.as si fication. Results of a 28 day

P.E.R. assay ü'ith rats show that proteín quaLity of methionine

(metir ) supplemented F.B.P.C. is equivaLent to casein and to meth.

suppleEented soybean proteÍn concentrate.

The object of the first study \ntas to determine the ability

of the preruminant calf to utilize ¡'.8.P.C. in milk substítute diets

and to determine the influence of F.B,P.C. in the diet on the diges-

tibility of other nutrients. Methíonine (net. ) suppLerrente<l D.E.P.C.

suppLied 80, 50, 25 and.07. of the protein in díeËs A, B, C and Ð

respectivelyi miLk proteins supplying the remainder. There r¿ere

no sígnifÍcant differences among the diets in average daily gain

and feed effícieney which r¿ere 216, L49, 306, 297 g/day and .33,

.24, .46, .46 gaín/intake for diets A, B, C and D respectiveLy.

Ðiet did not influence the digestÍbÍlity coefficient of dry matter

and fat, however, digestibiLity of crude proteín decreased signifi-

cantly (P< 0.05) as the level of F.B.P.C. in the díet increased.

Using a regression;., anal"ysis, the crude Protein digestíbility of

F.B.P.C. hras estinated to be 57, 80 and 877" for caLves aged 8-13,

15-20 and 22-27 days respectiveLy.
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A second trial, using maLe Holstein calves, !üâs conducted

to determine the optirnal level of methionine supplementation for

milk substitute diets in whích 80% of the protein was supplied by

F.B.P.C. Diets A, C and D díffered only- in the l,-meth! content,

which \,ras L.7O, 2.38 anð,2.84 E/L6 g. N respectívely, Diet B,

containing .76 g. Ð-meth. and L,53 C. L-meth/L6 g. N, !üas included

to determine r¿hether calves can utÍlíze D-neth, Al-1 diets contained

.79 g. cystíne/16 g. N. The differences b eÈr,7een fasting and posË-

fasting plasma meth. Levels indicate thaË the requírements for

totâl sulfur amino acids by the preruminant caLf is 2.5 to 3.L ClL6 g,

N. ResuLts also indicaËe that D-meth. is utilized by the calf.
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INTRODUCTTON

The denand for protein to meet animal nutritional require-

ments is Íncreasing and Ís expected to continue increasing. These

high demands r¿ilL resul-t ín proteín scarcity and increased costs,

It is desirable, therefore, to fu1ly exploit any or aLl- proËeÍn

feeds thaË can be produced in Canada.

Fababeans (Ec:þ Faba ], .vaI Eing_E) have attracted atÈent ion

as a þptentiàl'' home-grown protein source. Selectíve breeding pro-

grams have made it possíble to gro!, high yielding varieties, pro-

ducing beans with crude protein contents ranging f.rout 25 to 30%.

tr{hen considering the whoLe bean, fababeans appear to have a protein

concentration second only to whol-e soybeans and for this reason may

be used successfuLl-y to pattiaLLy replace imported soybeans as a

protein suppl.ement.

The importance of the proteín fractÍon of milk substitute

diets lies not only in its major contTibution to groÌJth of the

preruminanÈ cai-f , but âLso to the fact that minor deviat ions in

protein quâlity and changes Ín concentratíon may have a deleterious

influence on the health of the caLf, Poor digestion and maLabsorption

of protein appear to be major factors Ín allowing bacterial over-

growth and adhesion of enterobacteria to the mucosa in the anterior

region of the snall intestíne wÍth subsequent diarrhoea. Bovine
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míLk proteins, r,7hen properly added to Elilk substitute diets, are

of very hígh quality and are better digested than any other Proteín

source of the young calf,

The high cost of nilk proÈeins límits the PtofÍts of veal

productíon. The situation has been made worse by an increasing

demand for beef. Consequently, rearing câlves for veal Production

has declined and is expected to continue to decline' One method

of solving these problems wouLd be the partial- or total replacement

of míLk proteins with Less costly subsËitutes. This woul-d aLso be

benefícial- ín reducÍng the costs of raisíng repl"acement animals

in dairy herds.

Físh meal, whey and soybean proteín have been Ëested in

milk substitute diets as potentiaL alternative sources of protein

and have been found to be satÍsfactory ff used as a partial re-

pLacement of ¡oiLk proteÍns in nríLk repLacers. The most promising

studies, however, have been done on caLves with body tüeight greater

than 60 kg. (approxÍrnateLy four weeks of age) and not with the

highLy sensitive, very young ca1f.

The major objectíve of the studies that were carri-ed out

was to determíne the utilization of fababean proteín concentrate

(F.3,P,C.) in rniLk substitute diets by PreruminanÈ caLves. It was

also attenpted to determine the optimal LeveL of methíonine con-

centratíon for preruminant calves hthen F.B.P.C. contributes 80%

of the protein in the díet.

No ínformatíon I^tas avaÍlable on the utilization of D-

methionine by preruminant caLves. Various growth and bLood para-
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rrtí1ize the

studied to determine
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rühether preruminant calves can

sulfur amino acid requirement s ,



REVTEW OF LTTEPATURE

Fababeans have been introduced into Canada in the past

decade as a potentiaL protein suppl-ement fot hum¿n consumption and

for animal and poultry feeds. The major objectives of Ganadian

pLant breeders working with fabâbeans is to deveL op .-cultivarg: that

wiLL permit it to be an economical I'home-grownfi proteÍn supply.

The major agtonomic improvements sought are earlier maturiÈy, re-

duced shatEering and dísease resístance. Methods to improve weed

and pest control practises are also beÍng studied. There are also

quality improvements that would increase the vaLue of fababeans as

a proteÍn source, nameLy an Íncrease ín the level of sulfur contain-

ing amino acids.

UtiLÍzation of fababeans as poultry and animaL feed has

been restricted due to the presence of heat-1abÍle grolrth depres-

síng factor(s). These may be in the form of a trypsÍn ínhÍbitor,

a chymotrypsín inhibitor, an amylase inhibitor and/or hemaggl"utinins

(Leiner and Kakade, 1969; B.J. !,Iílson glq g!., L972: Marquardt et âL.,

L975). Studíes are being conducted to determÍne what these anti-

nutritÍonal factors are and to find processing methods whích will

eliminate these factors or minimize theír effects.
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FABABEAN PROTEIN

A review of the chemical composition of fababean seeds by

Sjödin (1973) gave 4 description of fababean Protein. In the seed,

the majority of the nitrogen ís present as proteín and only about

4% as tree amino acids, maÍnly arginine and hÍstidine. The protein

ís made up of two types, metabolic and storage proteíns. The amount

of metabolic protein is not constant throughout growth but r¿ill in-

crease during períods of intense metabolic activÍty. The majority

of storage proteíns (globulÍns) are fo¡:,méd Ín the cotyledons. These

globul.ins are formed as two groups of proteíns, legumin (350,000i M.I^I)

and vicilin (180,000 M.hI.) during the late stages of the vegetatíon

period. The amount of vicilin remains relatívely constant from

floweríng to naturity whereas there ís a steady increase in the level

of legumin up to maturity. The amino acid compositÍon for the thTo

globulins is different; legumin contaÍning consíderably more methio-

nine than vicí1in and the reversed relatÍonship for lysine.

The major constítuents of the fababean seed are protein,

starch and fiber (Craig, L974). Fababeans, to be competítive as a

protein supplement, must be processed to forn a protein isolate or

concentraËe, Fababean flour made by grindíng ¡¡hole fababeans r¿ould

have approximately 25 to 28% crude protein content.

A proteín ióolate powder contåinlng 9L% proteÍn (N x 6.25)

on a dry natter basis can be prepared by extractíng fl.our from de-

hulled and ground beans in a dilute aqueous alkalÍ, fol1o¡qed by acid

precipitation, neutralization and spray-drying (Ðuthie eE aL,, L972).

On the basis of net protein uÈÍlization and protein efficiency.

tatío assays with weânLing rats, Ðuthie g il. G972) found that
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fababean isolate is a useful proteín which compares favourably with

a conmercial, soybean protein ísolate, both being considerably im-

proved with the addition 0.25% D,L -'methionine. 0n the basis of a

five-day collectíon period, the nítrogen digestibí1íty of fababean

and soybean isolates are 93.5 and 94.87. respectively for growing

rnale rats.

VJeight and size differences betrateen the stârch and Proteín

particl-es in fababean fóour have made it possíbLe to seParate the

two fractions i,¡Íth 907. protein recovery by a simpLe Process called

air classification (Craig, L97å). the dehulled fababean ís pín-

milled and air cLassified (Figure 1). A high protein fraction con-

tainÍng approximately 7O% cruêe proteín ís obtained. The remáining

starch fraction is then reground in a Pin mill and passed a second

time through the air classifier resulting in a starch fxactLon (47"

crude proteÍn) and a 65% protein fraction. The result is a hÍgh

protein concentrâte of approximately 68f, crude protein. The process

lends itself readil-y to the preparation of graded levels of protein

content in the final producG by making símPle adjustments to the

equípment.

Little r,Jork i.rith f'.8.P.C. has been'ðone in anÍmal nutrítion.

Physícally, this concentrâte is a fine whíte powder which mixes ¡,¡e11

r^7ith water and remains in suspension (Latrille.9! aL., L975). F.B.P.C.

has the natural raw fLavor of the bean.

Using data colLècted frorn pigs initially weíghing approxi-

mately 15.3 kg., Maltman (1976) found some differences in the índí-

vídual amino acid availabilitíes for F.B.P.C. and soybean m.eal (44%).

Availability of methionine from the LI4to protein sources did not



FIGURE 1

Flowsheet and Yields of Products Produced by Pinmillíng

and Air Classificatíon of Fababeans

Reference: Crai-g, L974
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differ significantly, however, avaílability of cystine was greater

for soybean meal than thât derÍved from F.B.P.C. The most available

essential amino acids in F.B.P.C. were arginine, histidíne, leucine

and lysine, then isoleucine, phenylalanine, threonÍne and valine,

with riethionine being the Least available (887.).

Sarwar et aL. (1977), on the contrary, found the avail-âbility

of methionine and cystine to be significantly greaËer (P> 0.05) for

soy prorein (847.) than for fababean protein (70%). They aLso found

methíonine to be the least avaílabl-e of the essential amino acids

in fababean protein when fed to grol,ting râts. SuPPlenentation of

the diet vTith methionine or wheat flour caused improved availabiLÍty

of methioníne from the fababean proteín source.

The l ov¡ avaílability of methioníne from fababean flour may

be improved through the use of heat treatment (!üilson and McNab,

!972¡ Narquardt and CampbeLL, L974). Ih"y observed a greater güor,rth

response by chÍcks due to autoclaving when the diet consísted of ..

nonsupplemented fababean flour as compared to diets in which methío-

nine and cystine leve1s rrere adequate.

Studies (trfarquardt e! 41., 1976; l[iLson and McNab, L972;

l^Iilson giq aL., 1972) conducted hTith broiler chicks demonstrated

that autoclavíng ímproved the utÍLization of fababeans due to the

effect on components associated with the Proteín and hul1 fractíons.

Hor,Jever, performance dâta from studies on growing Pigs, where F'B.P.C.

constituted 7 to 29% of the diet, suggested that there did not aPpear

to be any appreciable amount of grohTth inhibiting substances Ín the

proteÍn concentrate {trfaltruan, 1976). Macclonal-d (1974) clemonstrated

that autocLavÍng fababean fi"our (at 115oC for L2 or L5 min.) had no
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effect on the growth performance of rats fed diets in rvhich faba-

bean flour rrras the sole proteÍn source. Marquardt et g!. (1974)

found that autoclaved (120oC for L5 or 2O min.) as compared to raw

fababeans ín diets of chicks and rats resulted in significant (P< 0.05)

improvements in the respectíve i^7eíght gains (9 and 67") and feed:gaÍn

ratios (14 and 6%) . The response by rats Irtas not âs greåt as that

of chícks suggesting that there may be differences among species

of animals ín terms of utilÍzatíon of the raw fababeans (Marquardt

g ú., te74).

Results obtained, when F.B.P.C, replaced the soybean meal

in a normaL wheat and soybean meâL pres tar ter- s tarter râtion for

weanling pigs, indÍcated a greater (117") feed efficiency vaLue as

compared to the control soybeanpwheat diet (Maltman, L976) , lhese

results contradict those of Sarwar et aL. (197 5) who found that

feed intake, weight gain, true protein digestibilíty and PER values

r,¡ere Lor¿er for fababean diêts than for soybean diets when fed to

grorring rats. There was a substantial imProvement r¿hen a fababean-

ìrrhea t blend rras f ed to rats.

!üith the exception of some preliminary studies done at the

üniversity of Manitobå (Latrílle et 41., 1975), F.B.P.C. hâs not

been studied as a protein souÏce for milk substituËe diets for pre-

Tuminant calveg. In these studÍes, fababean protein concentrâte

made up (I) 50% and (II) 80% of the protein ín the nilk substi-

tude diets, the remainder being provided by skín milk powder and

dried whey. Results Índicated an improvement wÍth age for di-

gestibLe dry matter, crude protein and fat. A few cases of diarrhoea

and loose feces were observed, fecal consistency in Seneral
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being looser ín cal-ves fed diet I. There were several cases of

steatorrhea. lhis may have been due to malabsorption aésociated

raTiËh disturbances of proËein or carbohydrate dígestion (Roy, 1974;

RadostÍts and 8e11, L970).

Duthíe g! ù. (197 4) did some prelíminary studies on the

suitâbility of field bean (vicia faba ]-.) proteín isolate on lambs

from 0-14 days of age. I'ababean isolate as the sole Protein source

in the diet was rnrell accepted by the lambs and no advetse reactíons

were observed. iIn,: the second experiment conducted with veal caLves

from 0 to 14 weeks of age, fababean proteín isoLate nade up 507" and

L007" of the protein in the diet. As with the lambs, there \,ras no

significant dÍfference among the díets Ín 1Ívewei$ht gain, food

intake or the food conversion ratio. Similarly for the calves

there rrere no dÍfferences in âcceptabÍLity, perfornance, kílling-

out percentage, meat color, conformation or finish as compared to

calves fed diets contâinÍng drÍed skim miLk.

VEGETABLE PROTEINS IN MILK SUBSTITUTE DIETS

(I) -soybean Protein: Numerous attempts have been made to replace

part or aLl of the milk proteín in calf urilk replacers r^títh vege-

tabLe proteins. Soybean protein has a compleËe and reasonâbly welL-

balanced amino acid composition (Nitzan et 41., L972) and is avaÍl-

able as a by-product of the oÍL índustrÍes (Porter, L969). Råw soy-

beans contain a heat-labíLe trypsin Ínhibitor and other facËors

causing a depression in food intake, poor gro\,rth, increased secre-

Èion of pancreatic enzymes and hyPertroPhy of the Pancreas in
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growing monogastric ânímals (Sambeth et al., 1967; GorrÍ11 and

Thomas, 1967). There are many contrådictory results from experi-

ments ín which soybean flour, meal or isolate have been used as a

protein source, generalLy however, the cruder the product the more

unsatisfactory the results have been (Roy, 1970).

Prêruminant cal-ves fed dÍets contaíníng more than 30 to 407"

of the protein in the forur of heâted, fat-extracted but otherwíse

untreated soybean flour had relatívely poor grorrth, weight Loss,

reduced digestibí1íty of fat and proteÍn, and reduced nÍtrogen re-

tention and frequently had díarrhoea (Colvin and Ramsçy, 1968);

Gorrill et al., 1967; Gorrill and Thornas, L967; Nitzan et al., 1971).

Unlike other monogastrics, preruminañt calves sho¡ved Íìarked reduc-

tions of trypsín and chymotrypsin activity and no hypertrophy of

the pancreas when fed raw or partÍally heated soybean fLour as

compared to calves fed either an all-rnilk replacer or a soybean

protein concentrate having a very low content of soybean trypsin

ínhibítor (S.B.T.I.) (Colvin and Ramsey, 1968; Gorrill and Thomas,

L967). This response appeârs to be found in preruminant calves;

no simil-ar studies have been done ÌJith other preruminants.

The role of S.B.T,I. ín calf nutritÍon was questíoned by

Kakade g! aI. (L976) when it was determined that there were no

differences in weight gaÍn or feed efficiency for calves fed isolated

raw S.8.T.I. and heated S.B.T.I. in mÍlk substitute diets. StudÍes

conduc¡ed by Gorrill et å-1. (L971), however, sho"ed that when S.8.1. I.

was added to whole mílk the activity of trypsín and ch)motrypsín

were reduced, total- nitrogen increased and the proportion of total
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nítrogen as nonprotein nitrogen decreased in the duodenum. It hras

also concluded Èhât Ít is not the diarrhoea induced by-S.B.T.I. but

some other effect of the inhibítor which reduces enzyme secretion

in the calf pancreas.

Results from four triaLs conducted by colvin and Ramsey

(1968) índicate that the nutritive value of soy fLour for young

calves can be ímproved by exposing the flour to an acid environ-

ment, pII 4.0 for five hours at 39oC, prior to íts inclusion ín the

mÍLk replacer. Acíd treated soy fl-ours making uP the soLe source

of proteÍn in milk replacers have resulted in groltth råtes uP to

O.57 Kg/ðay in the fÍrst eight lreeks of lÍfe. Siurilar results

lrere obtaíned when calves were fed nÍ1k substitute diets containing

alkali-treâted (pH 10.6) r:fülly cooked soy flour as the sole proteín

source (ColvÍn and Ramsey, 1969).

Soybean flour consists of approximately 307. earbohydtates

whích are poorly utÍlized by the newborn.rcaLf (Ramsey and Willard,

1975). However, the improved nutritive value of acid ot alkaLi

treated soy fLour for calves does not aPpear to be due to acÍd

hydroLysis of carbohydrates (Colvin and Ramsey, 1968), or destruc-

tion of a water soluble gror^rth inhibitor (Colvin and Ramsey, 1968).

Fully cooked soybean flour does contaÍn an inactive form of tryPsin

inhibitor that can be converted to the âctive form in the PH range

of seven to nine and subsequentLy destroyed by heating soybean flour

in water (Ransey and !üillard, 1975).

Smith, HÍ1L and Síssons (1970) reported that when calves

were, for the first time, given a liquid feed in which aLL the pro-

tein was provided by soybean fLour, movement of digesta along the
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alimentary trâct was fairly norrnal. After several such feeds,

however, stomach enptying InTas inhíbÍted, transit Èimes Ëhrôugh the

srnall intestine r^rere decreased and abnormaLly large volumes of

digesta left the iLeum. The increased rate of passage of total

nitrogen and dry natter, when caLves were fed soybean flour, has

been verífied by other studies (Sanbeth et aL.,1967; Smith and

I,Iynn, 197i-). This may be the result of the deveLopment of a gastro

intestinaL a'Llergy, the initiaL feeds having sensitízed the caLf

to a constituent in the soybean product. The production of anti-

bodies rnay arise following the ingress of partiaLly degraded pro-

téíin through the damaged mucosa caused by excessive proliferation

of some nicro-organísms (Roy, 1974), Serums from calves aged four

to six ûeeks, given dÍets naÍnly of r¿hole milk but with 30% of

the nitrogen Íntake supplied by soybean meaL (557. C.P., heat treated)

or soy protein isolate showed mean titres for circulatÍng anti-

bodies which were 1ow after tr,Jo weþks on the supplemented díets but

approached naximum values of 20,000 + 10,000 and 140 I 100 respec-

tiveLy when calves were sÍx to ten weeks of age (Smith g! 4., 1970).

Calves fed al coho 1- extracted soybean concentrate had no similâr

antibody levels (Surith and Sissons, L975).

trIhen soy,protein in the form of å protein concentrate

(60 - 65"/") or soybean nea1, (44 - 48%) contributed 50 to 88% of the

totaL proteín in a miLk replacer diet, digestihitlity of the food

components increased frour the fírst to third lreek on the diet, in-

creasíng more for the soybean components than for the Inilk proÈeins

(Nitzan et aL., L97L), The inclusion of soybean protein in these

diets resuLted in a reduced absorption of fat and ash from the diet.
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Digestíbility of the acËual soybean protein rdas between 72 and 827"

for the protein concentrate and 507. for the soybean meal. Nitzan

-g! 91. (1971) demonstrated thaÈ heating írnproved the digestíbility

of the raw soybean protein when included as a 60 - 65% concentrate

in a rrilk substitute diet fron 72% for raw to 79 - 887. for heated

soybean concentrate.

NÍtzan gL g!. (1971) al.so found blood urea levels to be

higher in cal-ves fed ra!, or partly heated soybean protein concentrate

in the miLk substitute diets than those fed â heated soybean replacer

or a cormercial nilk replacer. This may be due to a possible tem-

porary shortage or imbalance of food components such as the essential

amino acids. This could be caused by a different pattern of absorbed

amino acids from ¡nilk and soybean protein as was shown by Paturea-

Mirand and Prugnaud (1971), or to differences in the rate of break-

down of the different proteins,

In triaLs run by Gorríll and Thouras (1967) calves r^7ere fed

a 71% soybean prôtein concentrate provÍding 86% of the Protein in a

milk repLacer. Although vreíght gains were equal to those of calves

fed whoLe rrí1k, the l-eveL of feeding was such that the calves given

whole ¡ni1k gained weight at a fate of 0120 Kg/day and the soybean

fed calves at 0.33 Kg/day (Roy, 1970). A similar experiment con-

ducted by corrÍll and NichoLson (1969) demonstrated no signifícant

difference of nitrogen retention (417" of that consumed) due to pro-

tein source.

Porter (1969) cited work done by Hill and Porter using

ísolated soybean protèé.ns, ADM assay proteín and "(-protein. Trials

with one'to two r^reek old calves given milk substitute díets based
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on these proteins and supplemented i,rÍth methioníne gave values for

percentâge retention and apparent nitrogen digestibility ¡rith ADM

assay protein of 30 and 75 and wíth { -protein of L4 and 72.

Some experiments were conducted by the Ministry of Agri-

cuLÈure in Northern lrel-and (1972) to determine the utílÍzatíon of

calf milk repJ-acer díets, contaÍníng varíous protein ísolates. Some

of the proteíns studied íncluded hydroLyzed soybean protein isolate,

protein ÍsoLaEe derived from fiel-d beans and yeast cultured on

N-paraffins. Each test protein provided 507. of the total dietary

protein and was compared to a controL diet based s¡ gpray-dried

skiur rrÍlk. All treatments resulted ín lor¿er nÍtrogen retention

vaLues than the ¡niLk controL diet. The dry matter and apparent

nitrogen dígestíbi1ítíes of the fieLd bean proteÍn diets were sÍmi-

1ar to the control, the other diets having lower values, When the

fiel-d bean and yeast dieËs ì^rere supplemented with D,L-methionine at

a leveL of .04% there r,rrere rnarked inprovements in both nitrogen

tetentíon and diges tibiLíty.

(II) cooked Potâto Flour: The repLacement of skim milk by cooked

¡rotato flour (C.P.F.) in ní1k substitute diets was studied by

Ilinks et al. (L974). MíLk proteins were replaced by Levels of

7, L4 and 2L% C.E.g. and fed to câLves under 25 days of age.

Liveweight gains rarere depressed 2O7" and firmness of feces r4ra s re-

duced by 147. for each 107. inclusion of C.P.tr'. in the diet. After

the calves rvere 25 days of age, these effects became less pronounced.
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(III) Pea Protein: Although pea protein concentraËe (P.P.C.),

when supplemented with methionine ís equal to egg, físh protein

concentrate or methionine- supplemented caseín in biological va1ue,

Bell et aL. (197 4) found that P.P.C. was only 257. digestible by

calves under ttdo weeks of age and 65 to 7Q7" dÍgestible by calves

three r^reeks of age. Milk substítute diets in which P.P.C. made

up half of the proteín shohred íncreases in digestibÍlÍty of dry

natter, protein, energy and the ether extracÈ fraction rrith age of

the caLf. By using enzyme hydrolysis, Bell et al. Q974) ltere abLe

to convert 80% of the starch in pea flour to glucose which could

be utiLized as an energy source by the cal-f . Thís glucose htas

easÍi-y digested by the calf but hydrol"ysis díd not ímprove dry

matter or crude protein dígestibiLity. The apparent dÍgestibility

of meËhionine appears to be influenced by the LeveL of P.P.C. in

the mil-k substitute diet, bed-ng 9L% for the aLl milk control dÍet

and 59% digestible when P.P.C. made up 23.17" of. the dry matter in

rhe diet.

ABO}ÍASA], PRO1EASE S

In the young calf fresh miLk coagulates in the abomasum

irithin three to four minutes of ingestion. The whey appears in

the duodenum within fíve mÍnutes of feeding, but the casein cLot

is s1-owLy degraded and the products are discharged into the duode-

num (Myleea, L966) " Ðegradation of caseín Õn the abomasum ís

brought about as a result of the actions of rennin, pepsin or both

under acidic condÍtions due to the secretions of HCI (Roy, 1974).

During the first six hours, release of the products Ís slow and
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then as the curd disintegrates the peptides and non-proteín nitro-

genous substances âre released ínto the duodenum more quickly.

Îoullec et aL. (J"97 4) sholred that there ís reduced digestibility

and growth rate due to suppressíon of coagulabílíty when the calf

is under one month of age.

Garnot et aI. (I97 4) suggested that the nature of dietary

proteins influence the enz)me production in the calf vell. As

casein was replaced by whey proteins there was a reductÍon Ín the

amount and âctivíty of rennin in the calf ve1l, whiLe the level of

pepsin remained constant. From the results of these experiments

Garnot et â,L. (L97 4) theorízed that more secretory cel-ls may be

stimulated to secrete rennin or aLternatively, if the number of

secretory ce1Ls remains constant, their rate of secretion may be

stimul-ated by the presence of casein. Therefore, substítutíng

skím milk proteins wÍth other types of prôteíns ínjhllk'subÈtÍtute

diets may reduce the quantíty or activity of rennin secreted.

Starch is composed of two fractions: a linear fraction,

amylose, and amylopectin which is the branched fraction. Amylose,

consÍstíng of .( 1-4 linked gLucose units makes up 34 to 44% of the

starch fractíon in fababeans (Bliatty, 1974), Amylopectín ís com-

posed of "( 1-4 1Ínked glucose units and -( L-6 branch f.inks which

comprise 4 to 5% of the totaL number of línkages. This branch chain

polysaccharíde is the mâjor component in fababean starch, comprísíng

55 to 627. dependÍng on the cuLtívá.r of Viciâ faba minor" (Bhatty,

L974) .
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The complete breakdown of starch to gLucose in the díges-

tive trâct requires enzymes capâble of splitting both the 4 1-4

and "( 1-6 glycosidic linkages. The arnylose fraction of starch is

broken down by pancreatÍc amylase to maltotrisoe and maltose, which

are further hydrolyzed to glucose by maLtase activÍty. For conplete

hydrolysis of the amylgpectin fraction, the anímal requires an

intestinal '< 1-6 glycosídase such as Ísomaltase.

During the first four weeks of Life, the digestÍve tract of

the calf functions sÍmilâr to that of other newborn monogastric mam-

mals (Roy, 1970). lhe dietary needs are furníshed mainLy by liquÍd

feeds whích by-pass the rumen and are dígested in the abomasum and

smal-l- intestine by enz¡rmes secreted therein. Linited quantities and

activities of dígestíve enzJnnes lÍmít the abilíty of the calf to

util.ize all forrns of nutríents, for example, it does not have the

ability to hydroLyze starch as an energy source (Burt and lrvíne, 1970).

FLgure 2 íLlustrates the development of the intestinal disaccharÍdases

in the calf.

ALthough pancreatÍc amylase and intestínal- mattase and iso-

mal-tase are present in the post-ruminal digestive tract of the

young calf, they are secreted in small amounts and at a low LeveL

of âctivity (Coombe and Siddons, L973). Studies (Coourbe and

Siddons, i-973; Toofanian gg g!, , !974) have shown that there is an

increase Ín actívity of maltase and isomaltase during the first

one to four weeks of life¡ thereafter the vaLues are similar to

those ín adult Tuminants. The activity of isomaltase is approximately

half that of maltase (Coombe and Smíth, 1974). Lo!ü pancreatic amy-

lase secretion, however, is probably the limiting factor for starch

utilization by the preruminant, From six weeks of age on, the



FIGURE 2

PostnaËaL Development of IntestÍnal Dísaccharidases

Ín the Galf

'Reference: 
Toofanían et aL., 1974
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activíties of amylase, maltase ând isortaltase are balanced, however,

the quantities of these enzymes secreted are not sufficíent to re-

lease a significant amount of energy from starch (Morrill et â1.,

L97o) .

Further studíes (Natrajan et 41., I972i Bvrt and lrvine,

1970) show no evidence of an adaptíve resPonse to the Previous

feeding of mil-k substitutes contâining large amounts of starch.

Huber C! al,,(L961) found that the type of starch used also does

not influence the bLood reducing sugar levels.

Despite the fact that very little of the starch is hydro-

Lysed to forur glucose, some digestion trials show a hígh level of

disappearance of starch from the ÍntestÍnal tract (Natrajan et al',

L972; Shaw et al., 191-8), Thís has been attributed to microbial

feñlentation in the calfts eecum and colon (Liang et al!, 1967).

Fermentation of starch and sugars resuLts in the production of

organic acids and alcohols. The volatÍle fatty acids produced due

to this fermentâtÍon may be absorbed and utilized by the PrerLrminant

caLf. (Liang et al,, 1967).

In calves there is a balance (eubacteriosis) between the

saccharo- pro t eolyt ic organÍsms, whose maín acËivity Ís the break-

down and utilízation of proteins, and sacchardytíc organÍsms \rhích

are associated with the fermentatíon of sugars (Roy, 1970). If

eíther group of microorganisrns becornes dominant (ãysteríosis) the

anínral is 1Íkely to be affected with diarrhoea, either Putrefactíve

or fermentativê. One sign of poor uËíLization of starch is feces

of Loose consistency (Burt and lrvine, 1970) due to a miLk fermen-

tative condition whÍch is caused by the presence of undigested
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starch in the íntestine (Hinks et aL,, L974) ' Under this condition

even a mii-d dietary upset could resuLt ín prolÍferation of Patho-

genic organÍsms in the lor4ter intestíne resul"tíng in depressed food

intake, severe dehydration and possÍbly death (Hinks eE aI., L974).

DieÈåTy starch also has a depressing effect on aPParent

prorein digestibility (I{uber et al., L968). This is probabLy due

to the combined effect of increased fecaL passage of undigested or

partiâl1-y digested starch (Blaxter and MÍtchel1, 1948) and Íncreased

microbial activíty. The <ligestibility of other nuÈrients also aPPears

to be ínfLuenced by the presence of starch Ín the diet. Iluber S! â1.

(1968) reported that a linear decrease (P(.01.) ín aPParent digesti-

bilitíes of dry matter, carbohydrate and crude Proteín as the leveL

of starch Ín the diet increased from 0 to 297..

Suggestions for the naximum alLowances for starch Ín the

diet of preruminant calves have been approxímately 10% of the díet

on a dry natter basís (Coombe and Síddons, 1973;.ilirbêrlegra.[,r,1968).

These studÍes generally agree that young calïes can not utilize

polysaccharides such as starch or iEs break doIaTn products until

the fifth or sÍxth week of age. The work of Liang et aL. (L969)

has resulted ín speculation that starch may be used as an energy

source by preruminant calves b-êeause of their ability to absorb

and utiLize volatíl-e fatty acids whÍch are produced by microbial'

fermentation ín the intestinal tract.
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GENERAL STUDIES DONE ON AMTNO ACID J.EVEIS IN PI,ASMA

During digestion, proteins ate hydrolyzed to free amino

åcids that are absorbed rapídly from the snâlL Íntestine and pass,

víâ the mesenteric and portal veÍns, to the liver before entering

the generâl circulation (@al:.an, L974), The naturally occurring

L-amino acids are trânsported across the intestinêl waL1 by an

active process whÍch rny be upset by netabolic inhíbitors or by a

l-ack of oxygen (Itunro, 1970) .

There are tr^ro sources of plasma free amino acids from the

gastrointestÍna.l tract, the amino acids supplied by dietary proteins

and by endogenous proteins, The endogenous protein consists largely

of gerum albumin Ín digestive secretÍons, mucoproteins and dÍgestive

enzymes. Nasset and Ju (1961) observed that ingested amino acÍds

nåy be diluted as uu¡ch as six fol"d by amino acids derived from endo-

genous protein. In a normaL adult rnan, éndogenous nitrogen has been

esEimated to be approximately one half of the daiLy proÈeÍn intake

in the diet (Munro, 1964). NasseË and Ju (1961) theorized that the

hydrolysis of endogenous protein ftry serve to protect the animal

from the inurediate effects of ingestion of an ímbalanced protein.

However, in a subsequent revíe\,, Fauconneau and Michel (1970)

concLuded that endogenous protein hâs 1Íttle influence on the plasma

arníno acid pattern shortly after a meal because the rate of digestion

of endogenous protein is sLower than that of exogenous protein'

Therefore, an abnormal dietary pattern of amino acids in a meal- ís

refLected in the free amino acid pattern of the porË41 blood, and

if the meal is large enough, throughouE the entÍre blood supply fór

several hours after the neal- (Mclaughlan et a1., 1963).



The digestion of endogenous nitrogen occurs along the

length of the intestinal tract and ís contínuous throughout the

day. Much of the digestion of thís protein soLlrce tâkes place in

the ileum and cecum through the joint action of bacteria and the

hostrs enz)¡mes .(Fauconneau and MÍchel, 1970). In contrast, the

majority of the dietary proteín Ís digested in the upper part of the

smaLL intestÍne at a rapid rate. The digesÊÍon of díetary proteín

ís discontinuous and reLated to meal frequency and the rate of

gastric emptying. The contÍnuous digestion of endogenous protein

allor¿s the digestive tract to ':g¡ercis.er a significant regulatory

action over protein metâbolism by ensuring stable amino acíd con-

centrations in the bl-ood of an anÍmal in the postabsorptíve state

(Fauconneau and Míchel, 1970).

Some amino acids derived from the intestíne are removed for

the regeneratíon of intestínal proteíns during absorption (Nordstrom

et al-., L970), the remainder are absorbed from the intestine and

directed to the Liver. In the live\ amino acids are r^7íthdrawn

from the blood for the synthesis of liver and plasrn proteins.

StudÍes (Porter and lJilliams, 1963; Nordstrom et al., 1970) have

indicated that increases in systemic free amino acid leveLs are

less Ëhan in portal blood plasrra after Íngestion of a meal,.

Surplus amino acids undergo transamination or deamination

ín the liver to yÍeld: L, nonessentÍal amino acids such as g1-ycine,

serine, alanine, aspartic acid and gLutamic acLd; 2' e( -keto acids

which nay be used in the synthesÍs of fat, glueose, and other sub-

stances whÍch are oxidized directly to yield energy; 3. armonia

which is converted to urea and excreted in the urine (Earper, L974).
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Anímals differ in theÍr abÍlity to carry out in vÍvo syn-

thesis of amino acids, Consequently amÍno acids have been distin-

guished as indispensible or dispensÍble. An amino acíd Ís considered

to be índÍspensíble íf Ít must be íncLuded in the diet for oPtimal

growth of an irnnaÈure aninal or for the rtraíntenance of nítrogen

balance in the nature organism (Mahler and Cordes, 1971). The

essentÍal feature of this câ.ass of amÍno acids is their carbon

group. For the caLf the essentíaL amÍno acids are the same as those

of the rat; isoleucine, leucine, lysine, methionine, phenylalanine,

threonine, tryptophan, valíne, histidine and arginíne (Harper and

Rogers, 1965) .

Harper developed a definition for amino acid ímbalance and

denotes ít as:

rra change in the proportions of amíno acids in
the diet which results ín a depressÍon in food
íntake or growth rate Ëhat can be completely
aLl-eviated by a supplement of the essentiaL amino
acids present in the least amount in a diet in
relation to the amount requÍred for oPtinal
growth.rr (Harper and Rogers, 1965)

To create imbaLances, the total quantíties of amino acids added

may be greater than the quantities causing toxicity. Generally no

síngLe amino acid is included in the diet in an amount that' by

itseLf, would be considered toxic.

An amino acíd deficiency is related to an ínadequate intake

of an amino acid (Munro, L970). The first f.imiting amino acid in

a diet for an animalrs consumPtion is that a¡nino acíd suppLied ín

the Lowest amount by the pïoduct Ín Proportion to the animalrs

requirements (Keis.eÈ:g!i, L 975) .
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The plasma contains a very small proportion of Ehe totâl

free amíno acíd pool, varyÍng from 0.2 to 6% fox the individual

amíno acids (Munro, 1970), however, plasma amino acÍd concentrations

can be used in proteÍn quality eval-uations (Rogers and Leung, 1973).

If reference diets to produce baselíne or reference plasma amino

patterns are not used, then ít appears essentiaL to know the effect

of fasting prior to time of wíthdrawal. of bLood samples (Typpo et al.,

L97O), If concentrations of p1-asma free amíno acids are to ppovide

meaningful- Ínformation about the protein in the dÍet, blood samples

should be taken at times that wílL refLect differences due to

source and leveL of dietary protein, intakes of amíno acids and

availabilities of amino acids (Typpo e! g!., 1970).

The following theory has been accepted regarding the influ-

ence of díet on plasma free amíno acids (Nordstron et al., 1970;

ter,¡is and Speer, L973; trIhítaker and llomer, 1971; Zinrneruran and

Scott, 1965; }tunro, L970). A rise in p1-asma free amino acid leveLs

during absorptÍon is counterbalanced by removaL of amino acids,

largely to províde for tissue proteÍn synthesis. The Pattern of

amino acid requirements for the l-atter does not alter with the diet,

but has a constånt spectrum. If one essentiâl amÍno acid is Ptesent

ín relatively 1o¡¿ concentrations in the dÍetary Protein, it wiLl

tend to be removed by the tissues rapidly as it is absorbed from

the intestine to al-Low rnaxinal protein synthesÍs to Proceed. The

plasma LeveL of a limíting anino acÍd generally remains ât a low,

rel-atively constant plasma Leve1 until the díeËary requirement is

met, after rnrhich it íncreases rapidly. There Ís a linear decLine

ín pLasma levels of aLmost aL1 other essential amíno acids and urea
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with increasing 1evels of the limiting amino acid. ThÍs iLlustrates

an improvement in âmino âcid baLance and as a consequence, improve-

ment Ín utilization as the amino acid deficÍency is corrected

(Lewis and Speer, 1973). Ler^ris and Speer (1973) found thaÈ using

críteria such as nitrogen baLance, nitrogen retention, weight gåin,

plasna essential amino acids minug the first liniting amíno acíd

and plasma urea r,rrere all equally informative estinates of the

optinal level of the dietary requirements for the first lÍmiting

amíno acid.

Eggumr ( L973) cÍted earlier !üork in whích discrepancies

have been found betr¡een the dietary concentrations of amÍno acids

and increases in plasma concentrations during the absorptíve

period. SeveraL factors may cause this discrepancy. Denton

and El-vehzín (1953) subjected beef caseín and zeÍn proteins to

three hour hydroLysis r^rith pepsÍn foLLowed by hydrolysís i,rÍth dessi-

cated r,,7ho le pancreas and duodenal powder. GeneralJ-y they found in-

sreased LÍberation of amino acids with increased time of hydrol"ysis.

However, thê results indicated that all amÍno acids !üere not reLeased

at unÍform rates from the same protein.

There are differences in the rate of absorption of amino

acids once they have been made available in the gut (Eggum, L973)

due to the transport mechanisms. The availabiLity of Índividual

amino acÍds in various proteins differ (lJindels et aL., L97l). This

hTas iLLustrated r,rith the data coll-ected by MaI Ëruan (19ñ ) when grow-

íng pigs were fed soybean meal and fababean proteÍn concentråËe.

I"lal t¡nan (1976) cited Liene:: who stated that in their naturaL staÈe,

plant proteÍns can be shown to be resistant to proÈeoLytic enz]¡mes.
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Nitzan and Liener (1976) observed that amino acid âbsorption of

rar4r soybean flour was deLayed to a more distal portion of the small

intestÍne whereâs absorption from heated soy flour began in the

jejunum of rat,s. Abidi (1976) proposed that the ileum is less

efficient in absorbing amino acids than the upper parts of the

small intestine, resuLtíng in a reduced nitrogen retentíon for ral,t

soybean fLour.

Cantoly and Nãsset (1975) deuronstrated that the forrn of

.amino acids influences the tíme of appearance in plasma. It was

found Ehat even when free dietary methionine and proteín bound

nethionine Left the sto¡rach at the same rate, free methioni-ne r,¡as

absorbed from the Íntestine more rapídly. Once partially dígested

dietary protein reaches the snal1 íntestine the rate that proteín

bound amino acids are released influences the rate of theÍr absorp-

tion from the gut. Therefore, fot several" hours after ingestion of

the meal, the rate of reLease of proteín bound amino acids r¿ill

influence the concentrations and moLar ratios of free amino acids

in the pLasnâ.

The state of excitement or stress of the experírnentaL

ani¡nals may affect plasma levels of indivíduaL amino a¡iids

(Eggun, 1973). Surgical Èrauma ín rats produced changes in total

plasma amíno acid levels which were characterized by an inítial

drop foLLowed by a transient recovery, then a further drop followed

by slow recovexy to leveLs before surgery (Pi.9w, et al. ' L976). It

appears that such trauma reduces protein synthesis by reducíng the

plasna precursor pooLs of free arnino acids, but ðòes, aÌõt.- âi-€êr ,the

rate of catabolism.
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Other íngredÍents in the diet, such as the leveL of carbo-

hydrates, and the source and Level of fats may influence plasma

free amÍno acid ratios (Canolty and Nassat, 1975), InsulÍn secre-

tion is more enhanced by a ureal containing carbohydrate and protein

than by eating cârbohydrâ.tes or protein seperateJ-y (Canolty and

Nasset, L975).

STUDIXS OF BLOOD UREA LEVELS IN ¡{ONOGASTRICS

The tvTo major metabolíc fates of amino acids in the f.iver

are incorporation into proteins and catabolísm to urea and CO,

(Graham, L974). The amino acid degrading capacíty of anÍmals,

particularly the capacity to degrade essential amino acids íg

highly responsive to proteín intake (Gtahan, L974). AmÍno acíd

degrading enz]¡mes do not undergo adaptatíon as rapidly or exten-

sívely in aninals fed low protein diets as happens in animals fed

a high protein díet, presumably because conservatÍon of a LÍmíted

suppLy of amino acids in a well-balanced pattern has evoLved as

a mechanísm contributing to the survival of animaLs receíving an

inadequate díet (Munro, L970). I{arper (1-970) postulated that when

a surplus of amino acid arises, from ingestíon of a diet having an

amino acíd ñmbaLance or one contâíning a large excess of one âmino

acid, the amount of baLanced protein ingested rernains Low and

actívities of enz)rmes of amino acÍd catabolísm would tend to be

lower.

Eggutrl (L970) did several experiments to determine the

validity of usíng blood urea measurements as a technique for

assessíng protein qual-ity. Three factors which ínfluence b1ood
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urea content \,rere investigated: the protein content in the diet,

the time afÊer feeding and protein quality. Results from experi-

ments on rats demonstrated a high positive correlatÍon (r =.95)

between the protein content in the díet and blood urea content.

Eggum (1970) found that thÍs is in agreement with observatíons

nade by Munchor''r and Bergner (1968) on pigs and horses, Fonnesbech

and S)rmons (1969) ín horses and Pastuszertska (1967) in sucklíng

Pigs.

Blood urea levels are aLso dependent on the time interval

after feeding (Nasset and Ju, 1961). Tests wíth pigs showed an

increâse in blood urea levels for the first three to four hours

after feeding and thereafter reached a plateau. By standardizing

the protein content of the diet and time of saurplÍng Eggum hras

abLe to deterrnÍne the ínfluence of protein quaLity on bLood urea

LeveLs. Forty- tr,ro feedstuffs of wideLy dÍffering quality were used

ín nitrogen balance trials wíth rats. The results shor¿ed an inverse

relation between blood urea content and the bíological value of the

dÍet (coefficient of variatíon = .53%)i 'Eggum.(1970) cited

several other studíes by Munchow and Bergner (1968), Pracker (1971")

and Bergner et aL., (1971) who obtaíned similar relationships be-

tr,íeen protein qual-ity and blood urea content.

As the preruminant calf has been shown to be as dependent

on its dietary suppLy as simple stoûlached anímaLs (BLaxter and

llood, L952) it wouLd seem likely that its amino acid rêquirements

couLd be determined by methods used for monogastrícs. These
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methods include the changes in plasma free amino acid concentratíons

and plasma urea levei-s in response to díetary supp lementat ion.

Studies in the past have shown that such measurements can give a

vaLíd assessment of amino acid requÍrements for the prerumínant

caLf (Bol"ing et â1., L972; WLlILams and Smith, i.975; Foldager and

Iluber, 1975; Patureau-Mirand et al . , L97L). A number of factors

appear to infLuence plasma compositíon in the young calf.

!üil-Liarns and Smith (L97 5) teð four calves equal amounts of

whole milk twice daily at 10:00 and 17:00 hours. Dâta indicated a

srialL decrease in pLasma urea (P.U.) concentratíons and a larger

decrease in totaL plasma amino acíds (P.A.A.) for three to four

hours post-feeding. P.ü. then showed a slíght Íncrease from four

to six hours after feeding, while total P,A.A" rerìained constant.

There was no signifieant change in either P.tJ. or total P.A.A. after

the evening feed. Patureau-Mirand et 41. (L97L) aLso found, for

calves fed milk, that the concentration of urost individual P.A.A.

decreased after feeding. Nitzân et al-. (1971) and Patureau-Mirand

et al. (L97L) also observed decreases in P.U. for three to four

hours post-feeding, aLthough to different extents.

These fíndings âre in contrast to the usual changes in

simple stoÛlached ânímals, normally respondÍng wi-th increased total

P.A.A. and P.U. concentratÍons from zero to three hours âfter a

meal (Nasset and Ju, 1961; Nortstrom et al,, 1970). trüiLl-íaurs and

Srni th (1975) postulate that the dífference may be reLated to the

slow and uniform fLow of nitûogen compounds from the abonasum to

Èhe duodenum after a calf ís given a milk feed. Patureâu-Mirand

et al", (L97L) found that calves given milk replacers contaÍning
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proteins which do not form a clot ín the abomasum shornred a dÍfferent

pattern of P.A.A. i,Jith time after feeding, compared r¡ith calves fed

nilk. Rony g! al. (1975) found that miLk repLåcers conËaining

mÍlk proteins also resuLted Ín a different total P.A.A. response

as compared r',7Íth r^rhole mílk in preruminant calves. In both cases

total- P.A.A. increased for several hours after feedÍng.

Both Patureau-Mirand et al-. (197L) and Nitzan et al. (1971)

did not find apprecíable dífferences in P.U. responses with tíme

after feeding due to proteÍn source. Reece and llahlstron (1972)

found urea nítrogen concentration to be higher ín the plasma of

caLves fed whole cowr s milk vs. the rniLk repLacer diets.

Dietary fat sources appear to influence the levels of

plasura free amino acids (Rony g! al., L975). Ilhen whol-e miLk

(control) r¿as fed to calves thê concentrations of all amino acids,

except asparagine, glutanic acid and glutamíne, r^rere at a maximum

at the time of feeding, rapidly decreasíng for four hours after

the meaL and there was a generaL tendency to increase up to 13

hours post-feeding. For the experinentaL diets butter oil, lard,

a mÍxture of lard and corn oil (2:1-), hydrogena¿edlcornr oi I or

corn oÍ1 rrere Íncorporated ínto the respectíve mil-k repLacers at

a rate of 24.87" on a dry matter basis. Soya lecithin r¿as added

as an emuLsifier at â rate of 6.67. of the fat portÍon of the diets.

ïlre protein was supplied by skirn mílk powder such that each experi-

mental diet contained 24,{/" crude proteÍn on a dry natter basis.

The concentrations of aLL amino acids, hydroxy proline

and glycine excepÈed, increased sharply during the first hour after

feeding and reached a naximum t!üo hours after feeding when calves
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hTere fed mílk replacer containing lard. This ¡"¡as followed by a

general decrease in P.A.A. up to 13 hours after the meal. In the

case of butter oil, corn oiJ-, hydrogenated corn oiL and the lard.-

corn oil mixture, the concentration cycles for the amino acids were

Ínternedíate betl,reen those of lard and whole milk, though in general

they were closer to milk. The influence that the source of dietâry

fat has on the postprandial patterns of P.A.A, Ín young câlves

suggests that it influences arrino acid metabolism ín these animals

(Rony er al. , 1975).

Chiou and Jordap (1974) found that although dietary fat

leveLs in milk repLacers for neonataL lambs did not infLuence

apparent digestibiLity, nitrogen retention and plasma urea levels,

ít had a significant effect on the feed:gaÍn ratÍo, protein efficíency

ratío and plasma free amino acid ratios. eoncentrations of P.A.A.

increased curvilinearly with increaseil fat levels with the exception

of phenylaLanine which incteased linearly wíÊh Íncreased díetary

fat level. This response may be due to an íncreased transport of

dieÈary amino acids ínto the blood stream or due to a decrease in

the amount of pLasna free amíno acids transported into the tÍssue

(Ghiou and Jordan, 1-973), Chiou and Jordan cited Emery who found

Ëhat as the leveL of dietary fat Ís increased. the::.proeess of

enulsification of hrater-ínsolubLe fat into uricelles is retarded and

thus delays gastric emptyíng. This delay of gastric emptyÍng add

of amino acÍd transit when lambs rnrere fed high levels of dietary

fat resulted in hÍgh P.A.A. concentraËions at thro and a haLf hours

instead of tr^7o hours post-feeding,
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Leibholz (1965) proposed that individual P.A.A. concentra-

tions decrease between birth and four weeks in calves. Vlilliams

and Smith (1975) found lÍttle effect due to age on totâl P.A.A. or

methÍoníne concentrations in calves during an âge períod of t!ío to

nine weeks. Decreases in P,A.A. occur mainly during the first two

weeks âfter birth.

The influence of age on P.U. concentrations has noÈ been

fuLLy established for the prerumínant câlf. Early studies (Leib-

trQLz,L965) indícate considerable fLuctuatíon in P.U. concentrations

r¡rith age for calves, up to four weeks of age. More recent studÍes

(lüiLLíams and Smith, L975; Reece and Wahlstrom, 197 2) sholred little

.change in the P.U. concentration ürith age. Chiou and Jordan (1973)

found that concentratíons of P.U. increased linearl-y (P<.005) be-

tween 17 and 31 days of age ín lrreona'tâl1 1.dn6s. iThe.resülüs:õf

Nitzan gg 4. ç972) indícated a drop in P.U. concentration wiËh

age for the caLf.

STUDIES ON METIiIONINE REOUIREMENTS OF THE PRERI]MIMNT CAI,F

Muller and Rodríguez (1974) cited the results of several

studies which suggested that methionine may be a Límiting amino

acid in ruminants. In grorring calves methionine has been shorrn to

have the lorrest concentTatíon of any amino acid in the pi.asma whích

indicates that it may be most limitÍng in growing caLves (Muller

and Rodríguez, 1974).. Boling g! al. (L97 2) studÍed the,ielationship

of amino acid concentratÍons in the colostrum of Angus cæts 24

hours postpartum ând the calvesr plasma after sucklíng. On a

molar percentage basis, concentrâtions of gLutamic acid and proLíne
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were highest among ¿rmino acids in both colostrum aod plasma. Con-

centrations of glycine and al-aníne were higher in plasma than in

the colostrun. Hor,Jever, the relative concentratùon of methionine

in the calvesr plasma r^rith that in the coLostrum (.28 vs. L.99%)

was the lowest of all amino acids studied.

A study by Radostíts and Bell (1968), usÍng a milk replacer

contaíning miLk proteíns, showed that !üíth the exception of methio-

nine and cystíne the digestÍbility coefficients of amino acids

were high, averaging 70 - 867" in cal-ves aged six to 24 ð.ays. There

rara s an improvement in the dígestibílity of most amino acids during

the first week of the experÍment. The apparent digestibility of

methionine, however, was consistently lon (averagíng Li.7") through-

out the entíre experiment, often showing negative coefficients

during ¿he fírst half of the experiment, Cystíne was only moderately

well digested, averaging 597. during the experÍmental period,

Sources of methionine used to suppleurent díets for calves

include methionine hydroxy analogue (MHA) (1tu1Ler and Rodriguez,

1974), L-urethíonine (!üi1Liams and Smith, 1975i Foldager and lluber,

1975), and D,L-methionine (Gorrill and Nicholson, L97L). According

Èo tri!.al-s conducted and studíes cÍted by Muller and Rodriguez

(L974), MIIA can be successfull-y used to supplement caLf rations.

The addition of MHA results in reddced acceptabÍ1ity and paLatability

of rations (Muller and RodrÍguez , L974; Lane and Leíghton, 1973)

v¡hich can be rninímized by the addition of moLasses at a level of

5% to the ratíon. MulLer and Rodriguez (1974) calcuLated the methio-

nine requirements for growíng calves to be approxirnately four to

five grams per day.
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Methíonine suppl emen tation of a liquid diet containing

isolated soybean protein as the only protein source was reported

to ímprove nitrogen retention of caLves (Porter and IIí11, 1964),

but no determínatíon of the optinurn requirements I'Tas Inade. Based

upon responses to díetary L-methioníne supplementation of either

plasma methÍonine or P.U. concentrations, trùilliams and Smith (1975)

estímated the mean vaLues of methionine requirementa for the pre-

rumínant calf to be 4.5 ! .02 and 3.9 + .4 g,/day respectively.

The calves had an initial f.iveweíght of 50 to 60 Kg. and were

growing at a rate of .25 Ke/d¿-y. The cystine intake was approxi-

mateLy 0.3 g /day.

Foldager and lluber (1975) used numerous Ëesponse crÍteria

to deternine methíonine requirements of the preruminant caLf, i.e.

average daiLy gain, digestibility of dry rnatter and crlde protein,

nitrogen balance, plasma methioníne and plasna urea nítrogen 1eve1s.

?lasma methioníne was the most sensÍtive method when poor health

due to factors other than treatments were encountered. The experí-

mental diets contâined L.05 g. cystine/16 g. nitrogen, The estimated

requirements of totaL sulfur amino acids ranged from 3.8 to 4.O g/

L6 g. nitrogen.

i{il-Liams and S¡ni th (1975) courpared theír results \a'ÍËh those

of Patureau-Mirand and Pion (L973) and Patureau-Mírand gE al . (1973)

who suppLemented tlilk proteín diets lrith graded amounts of methio-

nine, Methionine and totaL sulfur amino acid requirements rnrere

€stiriaÈed to be .59 c/KgB.w.'73/uu" and .66 c/KcB.w.'73/auy respec-

tively. These vaLues are much híghet than those of Foldager and

Huber (L975) or I'Jíllians and Smíth. The higher level of crude pro-
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tein in the milk replacer (26.47.) anð the rapid gror,rth of the

calves (1.0 kg/day) may account for the higher total sulfur amino

acid requirements.

Methionine supplementaËion in excess of the calfts require-

ments results in significantly depressed feed intâke (Reece and lJahl-

sttom, L97Zt MuLler and Rodriguez, !97 4) and reduced feed efficiency

(FoLdager and Huber, 1975). A moderate excess díd not ínfluence

feed intake but neight gain rras depressed (Fol-dager and lfuber, L975).

This may be reLated to an amino acÍd imbalance which affects vtLLLza-

tion of other essentíal arnino acids but does not depress feed intake

(Mu1ler and Rodriguez, L974). Benevenga (1974) postuLated that the

reduced grohrth r.íiËh excessive âmounts of nethionine is not due to

the effect of methioníne on the transport and utiLízation of other

amino acíds but is due to an aberrant metabolism of the methyl group.

Once the methionine requirements of the calf are met, addítÍonâl f,-

methionine supplementation results in marked increå.ses in plastrla

methionine concentrations and an íncrease Ín P.U. concentråtíons

(lüí l- L iarns and smith, 1975; Foldager and Huber, 1975; tr{illíams and

Smith, L9 74) .

UTILIZATION OF D-I4ETHIONINE

Some animaLs can utiLize the D-isomer of certaín amino acids

and such utilization can be sufficiently great to permit grohtth as

a substitute of the correspondÍng L-isomer (Meister, 1965).

Inversion wouLd probabLy take place by an oxidatíve conversion of

the D-isomer to the analagous "(-keto acid folLov¡ed by l-specifíc

reamination. In generaL, the nutrÍ-tíve value of the D-ísomers

that can produce growth is Less thân that of the corresponding
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c( -enantiomorph , aLthough experimental conditions have been found

in which both isomers produce almosE equal effects (Meister, 1965).

Economic consideratíons would suggest the use of a míxture

of D- and L-isomers of methionine if Ëhey are equally utÍlizable.

ALso, L-methionine has distínct fl"avor and odor characteristics

that may adversely alter the palatábflíty of the products to which

it is added (Kíês et aL,, L975). The L-isomer has a distinct

bitter taste and the D-isomer, in contrast, is sweet (Graharn, 1974).

A combination of the türo may partially overcome problems of paLata-

bÍlity in feed products which requÍre methÍonine sLlppLementation,

Early studies cited by Meister (1965) indícate thât D-

methionÍne Ís utíLízed by the mouse, rat and man. llretLind and

Rose (1950) observed that D- and L-methionine supported nearly the

same grorrth rate in rats as when only L-amino acids were fed ín

their diet. Ìlhen a racemic mixture of amino acids was fed, the

D-methionine r,¡as less effectíve than the L-.for:m. The slíghtly

Lor,¡er efficiencies of D-methionine nay be due to a sLolater rate of

absorption of D-urethionine from the gastrointes t ína L tracÈ

(Edwards er al. , 1963).

camien gq gl. (1951) have concluded that the D- and L-isomers

of methionÍne are equally avaílable to humans; howeveç, results

from other investigators suggest the¡opposite (Kies et a]-. , 1975).

KinseLL et af. (f947) demonstrated by urícrobiological- methods that

up to 35% of the D-methionine admínÍstered intravenousLy as a

racemic mixture r^ras excreted Ín three hours by normal human subjects.

Under the same conditions L-methionine excreted in the urine r,Jas

neglÍgÍble, suggesting that D-methÍonine uray be l-ess efficiently
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utilized than L-methionÍne by man. Albanese et aL, (f944) reached

the opposite conclusion from experiments in whích urinary levels

of methionine, cystine and inorganic sulfur were measured, No

significânt dífferences were found between ingested L- and

D,L-nethionine in Índucíng changes in the excretion of these sub-

stances. Rose gq al. (1955) found D-methioníne was as effective

as D,L-methionine in the nìaintenance of nitrogen equÍlibriuur in

man.

In studies by Carnien 9! gl. (1951) in which nornaL human

subjects ingested DrL- or L-methÍonine, the methioníne excretion

díd not appear to be significantly Íncreased as a result of inges-

ting an additionaL four grarns of l,-nethioníne daíly. Ð-methionÍne

excretion r4tâs greatLy increased by the daíly ingestlon of 7.5 g.

of DrL-methÍonine. Kíes gË a1, (f975) studÍed the conparative

val-ue of ],-, D,],- and D-methíonine supplementaËion of an oat based

diet for hurnans. f,-methionine díd íurprove nitrogen retentíon r,¡hile

no effect was noted as a resul-t of D-methíonine suppl enentat ion.

The highest concentrations of methionine in urine were!fouñd, when

subjects were fed the D-ísomer.

In pouLtry it has been reported that the D-isomer is as

well utilized as the L- form when tested rarith purífied dÍets Ín

whích aLl other amino acíds in the L- form (Marrett et aL., 1964),

but not \arhen the diet contaíned other amino acíds in thê D- fofin

(Marrett and Sun<le, 1965). Bruggeroan et al. (1965) showed that

Ð-methíonine was less potent than L-methionine added to a diet in

whích the other amino acids were supplied by proteins, Sugahara

et aL. (l-967), however, repotted that chicks fed D-Eethionine greht
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at a tate almost comparable to the group fed L-methionine. Com-

parísons showed that chícks fed the L- form produced more anti-

bodies against a challenge of Newcastôe disease virus than did an

equal amount of Ð-methÍonine.

No studÍes rvere found in the literature ín which the abilíty

of calves to utÍlize D-methionine r¿as determined. Generally, the

studies conducted to detemíne the sulfur amino acid requirements

of preruminant calves have been done using f,-methionine (Foldager

and lluber, l-975; i{iLLíams and Snith, 1-975).

PROTE IN EFFICIENCY RAITIOS

Protein effÍciency ratio (P.E.R.) can be defined as the

gaín in body weight per gram of proteÍn or nitrogen consumed

(Giti.er, L964). This test recognizes the fact thât animaLs re-

ceívÍng diets of low proteín quality wí1l show some loss of appetite.

In order that data from various experiments may be compared, factors

other than protein source which have been found to ínfluence the

P.E.R. assay have been standardized (citLer, 1964; Campbell-, l-963).

The test protein must be Íncorporated at a LeveL of 107" by weight

in a s)mthetic dÍet provÍding excess of all other nutrients. The

díets mrst be fed ad lÍbitum durÍng the four week assay period.

Finall-y, only nale weanlÍng rats can be used to do P.E.R. deter-

minatíons. Munro cited Derse (L960) who found that tests carried

out in different laboratories, using these standardized procedures,

gave avexage P.E.R, vaLues of 2.8 for casein and 2.4 tot soy

protein,
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There are three major criticisms of the P.E.R. procedure

Ín the evaluatÍon of protein quality (citler, 1964): (1) It has

not been proven that any gains ín body weight are consEant in com-

position. Mclaughlan and Campbell (1969) cíted several studies

indicating that body composition tiLl not vary to any signíficant

degree i^rithin a four week period. (2) The resulEs of the assay

tnay vary with the leve1 of protein in the diet. HÍgh quality pro-

teins have a maximum P.E.R. vaLue at a level of 7.8% crude protein

in the diet whereas poor quality proteins have m¿ximum P.E.R.

val-ues r.lrhen the levei- of proteín in the dÍet is greater. Peak

P.E.R. values for casein axe at 77. protein in the diet as compared

to t5% for plant protein. (3) P.E.R. determínatíons make no

alLowance for maintenance, assumíng that aLL pro¿ein consumed ís

used for growth. Gror4rth rate is a sensitive index of the balance

and supply of essentíal amino acÍds in a protein. Ilowever, because

naintenance requírements of the animal are not taken Ínto account,

P.E.R. determinations are sometimes consÍdered inappropríate for

Low quaLity proteins. This is not always a crítical point, for if

a proteÍn r¿iLL not support growth Ín young rats, then its abiLity

to support growth in other gror.rring animals r¿i1l also be poor.
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MAIERIALS AND METHODS

Pteliminary trials r^rere carried out on r,¡eanling rats to

estilrlâte the proteÍn quaLity of proteín sources used in caLf urilk

substitute diets and to compare the effects of autocl-aving and

methionine supplementation on protein effÍciency ratío (P.E.R.)

values of fababean and soybean proteín concentrates. The rats

used were Sprague- Dawl-ey. Ihe rnethod outLíned by Campbell (1963)

was followed Eor the P.E.R. determínations.

Seven diets, differíng only in protein sources, ¡¡ere fed:

Díet A represented the control in which casein was the protein

source; Díet B contained rar,¡ fababeân protein concentrate (F.B.P.C.)i

Ðiet C contaÍned raw F.B.P.C. suppLemented \arith nethioníne; Diet D

contaíned autoclaved (L20oC for 30 rninutes) F.B.P.C.; Diet E

contained methionine suppl"emented, autoclaved F.B.P.C.; Diet F

contained soybean proteín concentrate; and Diet G contained

methionine supplemented soybean protein concentrate (Table 1). A1L

díets contained approxímat eLy 1"0% crude proteín and were fed in a

loose form.

EXPERIMENTAI, DESIGN: Tvo days following their arrivâl, the rats

were weighed and divided into ten groups according to body weíght,

each group being referred to as a b1ock. The average initial weights
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Table 2: COMPoSITION OI' A MIIK SUBSTITUTE DIET FED T0 ?RERUMINANT
CALVES IN STI]DY A

INGREÐIENT

DIErs (e/Ke)

BC

I'abab ean Protein Conc.

Skí¡n nl1kl
1

wney

Tallow

Coconut Oil
_ ..2Leclthln

Glucose3

Ð,L-methionine
.4'vatamans

Minerals5

CaCIr;zHrO

A,r.oi".6-

78,38

430.38 540.05

56,69 r43.82
L63.20 L63.20

40.80 40.80

6.12 6.L2

207.62 9t,O7

0.91

7.10 7 ,LO

11.18 11.18

2.55 2.55

250.85

1 1s .85

15.15

163.20

40.80

6.t2
377 .Or

2 .95

7 .10

11.18

9.88

2.55

156.77

288.77

37 .77

163.20

40. 80

6.12

283.47

2.38

7 .10

11.18

2-55

1 spray dried
2 l,ecithin-Soybean (oil not rernoved.)

3 c.relos.
4.-ù!i*ed such that for every 45,35 Kg, mÍ1k replacer - uníts of the

following vitamins were added: VitamÍn A (61000,000 I.U.)¡
Vítanín Dc (2,000,000 LU,); VítanÍn E (4,000 I.U.); Víramín B,^
(3,000 m.õ,); TtriâEíne (1,000 ng.); Rlboflavín (2,000 nrg.); r¿
Pantotheníc Acid (2,000 rug.); Niacin (2,000 ng.); pyridoxtne
(450 ng.); Follc Acid (15,000 urg.); Choline (L46.6 e).

5 Mi*.d such thaË for every 45.35 Kg. milk replacer - uníts of the
following minerals were added: NarSeOO (0.04 e.); Na2MoO4

(0.57 e.); MgO (189.50 s.); Calciun Iodate (0.47 g.); Copper
Sulphate (f.02 e.); Iron Carbonate (16.86 g.)i lron Sul_phare
(31 .97 g.); Manganese Sulphate (36.34 g.); Zínc (1.87 g.);
Cobalt SulphâËe (1..27 e.).

U tO ,. atronycir,/ 454 g.
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of the rats in each block in the order of heaviest to lightest

vrere: 58.5, 55.9, 53.8, 51.8, 51.2, 50.6, 48.4, 45.8, 43.6 and

40.9 grams. The rats rarere then randomLy assÍgned to the seven

diets such that each diet was assÍgned once to every bLock and

every block contained all seven diets. The mean initial hreights

of rats within each of the seven diets ranged f.rom 49.7 to 50.3

grams.

¡'or statístical analysÍso the randomÍzed courplete bLock

desÍgn was used, and comparisons of diets r,¡ere made using orthogo-

nal contrasts (Ênedecor and Cochran, i.976),

MANAGEI4ENT PROCEDURES: The rats were housed indivÍdually in

suspended raTire bottomecages. The assígned diets and distil-Led

r4rater r47ere suppl,ied ad líbÍturn at all times. hreekly records of

food consumption and changes in body rreight r^rere kept for eâch rat

during the four week assay period. P.E.R. vaLues r,,rere determined

by measuring the weight gaín of the test animal and the protein

consumed.

CALF STUDTES

T\ro studies, trsíng male Holstein calves, hTere conducted to

look at Èhe potential use of F.B.P.C. in niLk substitute diets for

preruminant caLves. Factors such as the degree of utilization of

tr'.B.P.C. as a function of the cal.frs age and effects on the díges-

tibilíty of other dietary nutrients due to substitution of rnil-k pro-

teÍns by F.B.P.C. were studied. ALso, attenpts rnrere made to deter-

mine the optinaL Level of methionine suppl-ementation in mil-k

replacers, the najor protein source being from fababeans. A
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prelÍminary trial üras also run to determine the efficiency of

D-methionine in satísfying the sulfur amino acid TequiremenÈs of

the prerumÍnant cal-f .

EXPERIMENTAL ANII{ALS: Ilolstein male calves, trro to four days of

age, were purchased from local farmers or obtained from the l]nÍver-

siËy of Manitoba dairy herd for'these studies, Efforts were made

to use heaLthy male calves having a minÍmum body weight of 40 þ.

All calves received colostrum wítllín 24 hours of bírth.

On ârrivaL each anímal was weighad and received an intramuscular

viramin ínjecrion (500,000 I.u. of vir. A; 50,000 I.u. of vír. D

and 50 I.U. of Vit, E). Then the rump and taiL r¿ere shaved and

three strips of velcro tape r4rere glued (Cattle Back Tag Cement,

Kernco) around the taÍl area. During períods of fecal collection,

a polyethylene bag fitted i¡ith four strips of the natching

side of vel-cro tape attached to Ëhe câLf.

Calf SÈudy A:

EXPERIMENTAI DIETS: In the four experimental diets, the milk pro-

teins were repLaced at varying l"evels with F.B.P.C. such that the

percentage of protein provided by fababeans was 80, 50, 25 and 0

for diets L, 2, 3 and 4 respectiveLy (Table 2). MethionÍne lras

suppLemented ât the rate of L7" of F"B.P.C. to bring the leveL of

methÍoníne in F.ts.P.C. equival-ent to that of ¡niLk. CaCL2.2HZ0 \tas

added to diet 1as an addÍtionai- source of calcium ae F.B.P.C. does

not supply a sufficient amount for the groriing calf. Glucose was

used as a fÍller as welL as an energy source. Chromium oxide rras

míxed Ínto the dry uriLk replacer at a rate ot .46%.
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As previousLy mentíoned (page 6), the F.B.p.C. was pro-

cessed usíng the air cLassification procedure at Newfield Seeds Ltd.,

NipalrÍn, Saskatchewân. The fababeans were of the Diana varÍety,

gror,Tn at the Uníversity of ¡{ânítoba research station ín L974.

MANAGEMENT PROCEDURES: The calves were houged Ín indivÍduaL pens,

wood shavÍng used as bedding, for the duratíon of the experíment,

Calves were randomly assigned to one of the four experimental diets,

each diet being fed to six animaLs.

The calves hrere fed an equal quantity of diet 4 (al1 mi1-k protein,

control) and their assigned dÍet for the first two feedÍngs to al1or¡,

time for adjustment to their dÍets. The dÍets were prepared at 37oC and

137" solÍds, and fed twíce daíLy, ar 8:00 A.M. and 5:00 p.M. The calves

vrere fed at a rate of 9 g. crude protein per kg. of metaboLic body Ì^reight -

Dletary intake adjustments were made for weight gains but were not aLtered

in event of lreight losses. In case of totâL or partiaL (greater than 50%)

refusaL of feed, calvea hrere fed one half ot Ëhe dÍet allowance for

two feedings and thereafËer r^rere slorrrly brought up to the orígÍnal level.

Calves were weighêd at the start of the experiment and after the eomple-

tion of each colLection period. Ðaily records of health and feed con-

sumption were kept.

The study lasred 28 days (30-31 days of age) for each calf,

during whích time three five-day fecal colLectÍons vrere made, Calf

ages during the three collection perÍods were: 8 to 13, 15 to 20

and 22 to 27 days. Feces collected during each period were frozen

(-2OoC) untíl time of anaLysis. At that time aLi. feces collected

from a particuLar calf durÍng a specífic coLlection períod were

combined and dried ín a forced draft oven at 60oC and then ground
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in a l^Iiley Mill. From this a subsample was tâken for analysis.

Ðue to an or¡tbreak of enzootic pneumoníâ, the experimenË

r,7as stopped after data from the fírst 19 calves was collected.

The pens ¡,¡ere left vacant for one month and dísinfected before the

remainíng caLves rnrere brought in for completÍon of the study.

Treatment for enzootic pneunonia consisted of an initía1 i4jection

of 2 cc. chlorampenicoi. followed by 1 cc. injections thrice daily

for fíve days. FÍve caLves, numbered L05, 292, LO4, 24-75 and 106

were treated for enzootic pneumonia ât some tine durÍng the trial

(Appendix TabLe 2).

EXPERIMENTAL DESIGN: The experiment \^ras conducted as a split plot

design (GíLLs and lIafs, 197L). Tventy-four calves were randomly

assigned to one of the four diets for the duration of the experÍment.

Response crÍtería incLuded growth rate and apparent digestÍbílitíes

of dry matter, crude protein and the ether extract fraction of the

diet. Apparent availabil-ities of the nutrients ürere determÍned by

calculations based on the levels of chromic oxide Ín feed and feces,

The equation used was:

DígesEíon Coefficient = L00 (1-

where: CÍ = % indicator in feed (d.ur. basis)

Co = 7" indicator in feces (d,m. basis)

Ní = % nuÈrient in feed (d.m. basis)

No = % nutrient in feces (d.rn. basis)

Due to illness, thete were three mÍssing observations for

whích pseudovalues were calcuLated (Cochran and Cox, 1970). Mean

comparisons ¡tere done using the Student Nerrrnan Keul procedure

(Snedecor and Cochran, 1976).
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Calf Study B

EXPERïI4ENTAL DIETS: In this study four isonÍtrogenous and isocaloríc

mílk substítute diets were used, the ûra jor protein source (g07")

supplÍed by F.B.P.C. and the remainder beíng contribuËed by skiEr

nilk powder and whey (Table 3). The nilk substitute diets lrere

formulated to contain 2Q7" crude protein and 2O% fat on an air ðty

basis. Diets A, C and D varied only in the dietary levei.s.of L-

methionine which were formul-ated to be 1.9, 2.5 and 3,6 g. per 16 g.

nitrogen respectively. the fourth diet, diet B, contaíned .76 g.

D-meÈhíoníne and L.74 g. L-methionine per l-6 g. nitrogen. Alj-

díeÈs contaÍned .79 g. cystÍne per 16 g. nitrogen.

MANAGEMEIV| PROCEDURES: Calves were housed in individuaL stalls on

rubber mâts and r,¡ere confined to metabolic crates onLy duïing the

periods of urine and feces coLLection. A tvJo-foot strip of rubber

matting nas âlso Laid on the front portion of the floor of the

metabolic crate to minÍmize stress to the aníItrals whiLe calves

r4rere on the nÍtrogen baLance study.

The calves were fed equal quantities of a cornrnercial milk

replacer and their assigned diets for the first t!üo feedings to

alLohr tíme for adaptatíon to the diets. The prepared mil-k substi-

tute diet Q7oC, L37" solids) hras fed ar a daiLy rate of IO% of

the body r4reight in t\ro equal meaLs, twelve hours apart. As before,

diet al-lowances rrere Íncreased in accord r^rith i,Teight gaíns but were

not decreased due to losses in body i,reight.

Calves were fed the diets síx days before being pLaced. on

nítrogen baLance triai.s. Fresh water was provÍded ad libitum. DaiLy

records rrere kept on feed consumption and cal-f health.
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Table 3: COMPOSITION OF MILK SUBSTITUTE DIETS FED T0 CAIVES
IN STIJDY B

DIErs (s/Ks)

Fababean Protein Conc.

Skiur ¡nilkl

lühey I

Ta1low

Coconut Oil

Lecithin2

Aurofac3

GLucos e4

L-methionine

DrI-nethionine

254.78 252.84

113.40 113.40

14.51 L4.5L

L59.9L 159.91

39.98 39.98

6.00 6.00

2.50 2.50

350.53 35L.25

L .82

252.84 250.9L

113.40 113 .40

14.51 L4.5L

159. 91 159. 91

39.98 39.98

6.00 6.00

2.50 2.50

35L.25 352.60

3.01 4.22

3.25 3.25

6.30 6.30

9.67 9.67

17.25 L7.25

0.504 0.504

0.001 0.00L

0.013 0.013

32.24 32.24

0.005 0.005

0.010 0.0L0

0.250 0.250

L- l-ysíne monohydrochloride 3.25

Co- r-Nacl5 6.30

CaCLZ ZÍt20 9.67

Dicalcium P04 L7.25

Míneral Prenix6 0,504

Sodíum Selinite (r¡rg) 0.00I

Sodium Mo1-ybdate 0.013

VÍtamin PremixT 32¡244

Fol-ic Acid 0.005

PyridoxineHydrochloride 0.010

Menadione 0.250

3.0r

3 .25

6.30

9 .67

t7 .25

0.504

0 .001

0.013

32 .24

0 .005

0.010

0.250
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Table 3: COMPOSITION,OF MILK SUBSTITUTE DTETS FED TO CALVES
IN SÎUDY B (cont inued)

1 spray dried

2 Lecíthín- Soybean (oíL not removed) ICN l¡102148

3 10 *g. auromycin / 454 gn.

4 cerelose

5 cob.lt - Íodized saLt

6 Trr". Minerals: Iodíne - 0.307.; Gopper - O.AO%i lron - 6.3 -
L2.5O7"i Manganese - 6,2 - L3.0%; Zínc - 0.257";
cobalr - 0.25%

7 One K€. contains: Vitamin A - L3,200,000 I.U.; Vitamin De -
2,2OO,OO0 I.U.; Vítanin E - 8,800 I.U.; "
Vítanin B"t, - 6.6 rig. ; Thianine - 2,200 ¡¡lg. i
Riboflaviñ-- 4,400 mg.; NÍacin - 4,400 mg.;
Calciu¡r Pantothenate - 4,400 urg.; Choline -
44,000 rng,; Ascorbic Acid - 33,000 ng.;
SËabilízer (E tox) - 5,000 ng.



)¿

Sody weíght was determined on arrival and on three consecu-

tive days at the begínning and end of each peridd. To avoid varía-

tion ín body weight due to time of day, aLL weíghings were done at

6:00 P.M.

Collection Procedures: There r,¡as totaL coLl-ection of the feces for

the duration of each nitrogen balance trÍal. DaÍly collectÍons of

feceg were imnedíately frozen (-20oC). At the end of the experiment

feces collected during eâch períod vrere tharred, mixed and a subsample

rras taken for further anaLysis. These subsampLes were then dried

ín a forced air dryer at 60oC, ground in a !üiley Mill and kept in

cool storage (4oG) until further analysÍs.

Uríne was collected in bror¿n col-oured glass jugs containing

approximately L0 rnL. of 6 N IICI, Ðaii.y voLumes were recorded and

a sanple was taken and frozen iuunediately at -2OoC till- fufther

anai.ysÍs.

A series of blood sarrpl-es, collected before feeding and

one, two, four and six hours posÈprandial- !üere taken on the first

and Last day of each period. Blood samples rarere co1Lected into

15 m1. lithium hepar nized vacutainer tubes using 21 G" thín 
'¡¡aL 

i-

vscutâiner needles. the blood r^ras kept at 4oC for approximately

three hours and then centrifuged ât 2,500 g. for twenty minutes,

The resulting plasma sampLes were then inìmediatel-y frozen (-20oC)

for approxinately tr.ío months, until further anaLyses were performed.

EXPERIT4ENTAL DESIGN: T\¿elve male llolstein cal"ves were employed in

a two-period change over design wíth four díets, In the six two-by-

f,ltoi:latín squares, two calves represented ror,rs and two periods

(9 - 15 and 2L - 27 days) represented columns. The blocks were
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randomized and calves hTere assigned to diets accordÍngly (Table 4).

Response critería included average daily gain, digestibility of

dry matter and crude protein and urea nítrogen leveLs before and

at various intervals after feeding on the first and last day of

each period. A1so, urine methionine and urea nÍtrogen hTere deter-

mined for each period.

ANAIYTICAT PROCEDURES

Analyses for ash, crude fiber, dry matter, ether extract

and nítrogen were carried out according to A.O.A.C. (197L) proceilures.

The leveLs of chromic oxíde in feed and feces were determined

accordíng to the atomic absorption spectrophotomet ry methods of

tr'li L liarrs 9! aL. (L962).

Plasma and uríne urea nitrogen leveLs were determined using

the Technícon auto anaLyser II. The ¡nethod employed was a modifi-

cation of the procedure of Marsh et al, (L965). A colored producr

ís formed when urea, ín re1-ativeLy weak acid soLu.tion, reacts r4rÍth

díace ty1" -monohime. The presence of thiosemica rbazlde and fertic
ion íntensifíes the color of the reaction. The colored pxoduct is

heâ.ted to 90oC and the percentage of Light transmíttance of the

analytical stream can ûhen be measured at 520 r,n. ín a 15 nrn flow

cei.1.

Depro teinization of plasma and uríne samples príor to amino

acid analysís were done according to the nethod of FoLÍn and lJu

(1919). To 2 nl. of blood pLasma or urine, 1 rnl-. .67N H2304 and l ml.

L0% solution of sodium tungstate rrere added. The precÍpitate was re-

moved by spinning at 2,500 r.p,m, for 20 minutes, As the urine samples
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Table 4z BALANCEÐ TI^IO- PE RIOD CHANGEOVER DESIGN FOR FOUR TREATI4ENTS
USED IN CAI,F STUDY B

TREATT'IENTS t¡IfltIN BI,OCKS

BLOCK PERIOD 1 PERIOD 2

1AC

RANDOMIZATION OF BT,OCKS

3, 2, 5, 6, 4, L

,r Letters refer to the experimental diets (Table 3)
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were too dilute to analyse for amino acids, a known volume of the

deproteinized sample was freeze-dried, and the amíno acids redissol-ved

in a diluting buffer of pH 1.80 at the time of analysis.

Amino acid anâlysis of the experimentaL diets were carríed

out accordíng to procedures outlined by Bragg et ai.. (J-966) with

modifications as described by Giovannettí et al. (1970) on a model

116-Becknan amino acid analyser. For normal hydrolysis 50 rng. of

the sampLe combÍned with 6NHCl were autoclaved for 16 hours at.

121oC, the tubes beÍng evacuated. ?o analyse for methÍonine and

cystine the method as descrlbed by Hirs (1967) was used, FÍrst a

mixture of 1.0 nl. 307" hydrogen peroxide and 9.0 ml. 887" foruric acid

ís allowed to stand at room temperature for an hour to form perfor-

mic acíd. Tvo ml. perfornic acid are added to approxínately 50 mg.

of the sanpLe whÍch is then pLaced in ice for 20 hours to form a

homogenous mixture. Next, 0.3 ml. hydrobromic acid is added to

desÈroy the excess reâgent. The sample is then evaporated to dry-

ness and the tube contaÍnÍng the sampLe is evacuated by autoclaving

for 16 hours at 121oC.

Amíno acid analysís of the plasma and uríne samples were

carried out according to the method of Spackman et al. (l-958).

Analysis was performed on the long column usíng sodium citrate

buffers. All amino acids up to and incLuding Leucine were recorded.
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R¡ SI'LTS

PRET.IMINARY RAT TRIAL:

Chemical analysÍs shorared that the crude protein levels

r¿ere relatively uníform in the seven experimental diets (Table 5).

Ttre first f.inÍting acid of al.L diets, r,,7i th the exception of diets

C and E, \,ras methioníne. The growing ratrs requirement for total

sulfur amino acíds is 5.0 g. per L00 g. crude protein and for

methionine, specífical.Ly, is 3,35 g. per 100 g, crude proteÍn

(National Acadeny of Sciences, 1972). The level of eystíne varied

among the diets, however, lysine content was fairly uniform

(APPENDIX Table 1).

Results from the experíment showed that rats fed unsupple-

mented F.B.P.C. (raw and autoclaved) had the Lowest (p<0.05) over-

all feed intake levels. Supplementation with D,L-methionine

(.32 g/LOO g. of diet) doubLed the overall feed intake levels.

gêêd intake r4ras greatest (P<0.05) for rats fed unsupplemented

soybean protein concentrate, foLlowed by rats fed diets E and A

(Table 6). R¿ts fed unsupplemented, autoclaved F.B.E.C sorted out

and spilled much of their feed during the 28 day tríal. All spÍ1led

feed was colLected and weighed on a weekly basis and feed Íntake

records were corrected accordingly. A similar sÍtuation, to a les-

ser degree, was observed wíth rats fed the control dÍet.
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Rats fed unsupplemented soy protein concentrate had the

highest (P<0.05) rdeíght gains, followed by rars fed methionine

supplemented, autoclaved F.B.P.C. and supplemented soybean protein

concentra.te, The lowest body weight gains were recorded for rats

fed unsupplemented F.B.P.C. (raw and autocLaved) (Table 6).

The control diet, containing casêin, and the methionine

suppl-emented vegetable proteins had símilar protein efficíency

(P.E.R.) ratios. R¿tions A, B, D, F and G were significantly

greater (P<0.05) than the unsupplemented F.B.p.C. diets. Statís-

tical anaLysis showed that there I,ras littLe variation in p.E.R.

vaLues due Ëo blocks, thât ís, the initiaL hreight of the rat. Diet

did significantLy influence (P<0.05) p.E,R. values,

A eomparÍson of the P.E,R. means resulted ín the foll.owing

concLusíons. There is no significant difference (p<0.05) between

ra!ü and autocl-aved F.B.P.C. as a protein source for grohTing rats.

DrL-methionine suppLementation of soybean proteín concentrate and

F.B.P.C. (raw and aurocl-aved) resul-red in sÍgnlficant (p<0.05)

increases in P.E.R. vâLues, Although unsupplemented soybean protein

hras a better protein source (P(0.05) than unsuppLemented fababean

protein, there were no significanË dífferences between the vegetabLe

protein sources lrhen they r¡rere suppLemented hrÍth methionÍne.

CATF STUDY A:

Proximate analyses of

increasing LeveLs of F.B.P.C.,

rein (Table 7). The leve1 of

Fat content of diet A was low,

the four experÍmental diets containing

showed uniform Levels of crude pro-

fat (ether êxtract) was variable.

16.277" on an air dry basis, as



IabLe 7: PROXIMATE, AMINO ACID AND CITROMIC OXIDE ANALYSIS OF
MILK SUBSTITUTE DTETS USED IN STUDY A

DIETS
LEVEL OF F.B.P.C. (7.)

A
80

c
25

B
50

ITEMS

Dry matter (%)

Proreín (N x 6.25) (%)

Ether Extract (7.)

Chromic Oxide (7")

Methioníne (7.)

Cystine (7.)

Total Sulfur AmÍno Acids
(7.)

95.40

22.78

L6.27

.46

95.L9

24.86

22.22

.46

95.75 96.L7

24.Ot 23.79

2L.18 L9.70

.46 .46

.51 .55

.60 .94

.48

1 .30

.46

L.66

1.11 t.49 L.78 2.L2
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compared to 22.22,21.18 and 19.70 ín diets B, C and D. Although

no explanatÍon was given for this variabiliËy, it nay be that at

high levels of F.B.P.C. fat can not be properly incorporated into

the rllílk substÍtute diet. This is further discussed on page 74,

The F.B.P.C. used ín formuLating the rations contaÍned 65.06%

crude protein on an air dry basis (Table E). Levels of the suLfur

amino acÍds, methÍonÍne and cystíne, showed some variation among

the diets. Although methionine content decreased as the proportion

of ctude protein supplied by mÍ1k proteíns increased, totâl sulfur

amino acíds content Íncreased.

As r¡as found in diets prepared by Dr. LatrÍlle (personal

comlllunication) the niLk substitute diets containing F.B.p.C. mixed

weLL with \,rater and wouLd remain in suspension. All diets appeared

palatâbLe.

Five calves, numbered L05, 292, 1'O4, 24-75 and 106 r^rere

treåted for enzootÍc pneumonia at some tíme during the trial
(APPENDIX Tabi-e 2). The treâtment Ís descrÍbed in Materíal"s and

Methods, page 48. Fecal samples collected and data froru these

cal-ves were us ed.

Due to navel ÍLi., no data r,lâs obtaÍned f.rom caLves 22-75

and L9-75 during the fírst coLl.ection period. Feces collected from

calf. L7-75 durÍng the second coLlection period were misplaced.

ifhen the statistÍcaL analyses for apparent digestibility of dry

natter, ether extract and crude proteín fractions were done, pseudo

vaLues weËe calculated to replace these three missing observations

(Anderson, 1946). Individual calf data and the pseudo values for

digestible dry natter, ether extract and crude protein are given in

rhe APPENDIX (Tables 3, 4 and 5).



Tablè 8: CHEI.ÍICAL COMPOSITION 0F FABABEAN PROTE IN CONCENTRATE
USED IN EXPERI}4ENTAL DIETS IN THE PRELIMINARY RAT
TRIAL AND CALF STUDY A.

PRINCÏPLE As rs (7.)
DRY MATÎER
BASrs (%)

Dry Matter

Prorein (N x 6.25)

Ether Extrâct

Crude Fíber

Ash

Calcium

Phosphorous

97 .L8

65.06

2.40

5 .49

.13

oo

69 .6L

2.47

2 .34

5.65

.13

L.02
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The average ínitial lreights of calves assigned to diets A,

B, C and D wexe 43.47, 45.32, 44.68 and 43.87 respecrively. No

significant differences due to diet r,¡ere found in average daily

gain (Table 9). There was much variation in average daíly gaín

among calves rarithin the same díet which could be partíally accounted

for by calf health. CaLf llLOS, for example, had an average daily

gain of 137 Kg. /ð,ay up to the beginning of perÍod 3, bur losr 3,4 Kg.

ín body weight in the final eíght days of the study due to illness.

Calves fed diets C and D gained tr¡rÍce as much weight as those fed

diet B in whích F.B.P.C. made up 507. of the totaL proteÍn, Calves

fed ratÍon A, in which 807. of the crude proteÍn was supplied by

I'.8.P.C., had body weight gaÍns betrreen these türo extremes.

Mean values of feed efficiency for rations A, B, C and D

wexe .326, .242, .457 and .457 kg. gained per kg. fed (Table 10).

CaLves fed diets C and D ¡vere more efficient (p<0.05) than calves

fed the other trro diets, diet B having the Lor,rest values.

Fecal" dry matter content r^7as not ÍnfLuenced by dÍet, but as

expected, íncreased vTith age (Table ln). It r,las observed for the

najority of caLves fed díets A and B, that for the fÍrst Èwo or

three days on these rations the calves had distended abdomens and

dÍd not defecate. Following this, the calves had a míld case of

diarrhoea after i,¡hÍch nornal excreÈory patterns were observed.

Dry nâtter digestibÍlities based on total fecaL dry natter

colLections and chromÍc oxide Levels were 81.71, 79.86, 84,53 and

85.257" tor díets A, B, G and D respectively. There ¡¡as no signÍfi-

cant diffetence due to diet, however, apparent dry matÈer dígestí-

bility increased significantl-y (?<0.05) as a funetion of age (Table 1_2).
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TabLe 9.: AVERAGE DAILY C,AINS OF CAIVES FED TIIE FOUR MILK SUBSEITU1IE
DIETS ovER A 28 DAY PERIoD IN STUDY A (r€/day)

Díet â Ðiet B Diet C Diet Ð

î.a1F ÂDcCal f Cal f

L5-75 .181

101 .36L

23-75 .300

105 -.038

292 .227

306 .262

'gs¿r(I)

.2L6 ! .026*

L4-75 .2L2

22-7 5 . i.40

297 .240

298 . l-93

299 .008

300 .100

r:Me€.n

.149 + .026

L04 .327

L9-75 .34s

r02 .288

L6-75 .327

29r .2L9

296 .327

I Mêan

.306 + ,026

106 .372

24-75 .O72

L7-75 .322

20-75 .348

294 .332

295 .336

. ¡lean

.297 + .026

(1) tto signiticant difference in the âverage daily gain due to
dÍet

* Mean -È S. E.
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TAbIC 10: FEED EFFICIENCY (F.8.)1 OF THE FOUR EXPERIMENTAL MITK
SUBSTITIITE DIETS FED 10 CAI,VES OVER A 28 DAY PERIOD
IN STUDY A.

DIET A

CAI}' F.E.

DIET B

CAÍ,F F. E.

DIET C

CALF

DIET D

F. E. CA].F F.E.

L5-75 .293

l-0l- .52L

23-75 .423

105 -.o7L

292 .368

306 .4L5

Mean2

.32681 ..03.1

L4-7s .318

22-75 .242

297 .37L

298 .288

299 .013

300 .2L7

Mean

.z+z|! .ozt

to4 .589

L9-75 . sO7

t02 .442

t6-7s .415

29L .283

296 .506

106 .577

24-7s .508

17-75 . 110

20-75 .565

294 .497

295 .485

Mean Mean

.457ct .031 .4s7c1 ,931

I Feecl efficiency was measured as Kg. body weight gain/kg..diet fed
(aír dry basis).

2 M.rn" hrith different superscripts are significanËly different
(P<0.0s).
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TabLe 11.: MEAN VAIIIE S OF FECAI, DRY MATTER CONTENT (7.) FOR CÁ,LVES
ASSIGI{ED TO TITE EXPERTMENTAL ÐIETS IN STUDY A.

AGE (days)

8- 1-3 15-20 22- 27 AVERAGE

Diet

A 14.9 (6)* 16.5 (6) 18.7 (6) :16.7

B 14.7 (s) L7.6 (6) 19.3 (6) L7.6

c 1s.9 (s) 18.4 (6) 18.6 (6) 17.6

D 14.8 (6) 1s.3 (s) L6.2 (6> rs.4

Average 15. I l-7.0 L8.2

* 
n.r*bea of observations
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TabLe 14: MEAN DRY LÍATTER DIGESTIBTLI?Y COE!'FICIINTS (%) OF
EXPERIT4ENT ÐIETS I,IHEN l'ED TO CA],VES AGED 8-13,
15-20 AND 22-27 ÐAYS OF AGE.

AcE (<tays)

8-13 L5-20 22-27 AVERAGEz'3

Diets

A 76.264 81.04 87.84 81.7111,36

B 74.9L 80.3s 84.30 79.86!L.36

g 79.LO 84.37 90.13 84.5311.36

D 84.77 83.83 90.49 85.2s1r..36

Av.ragelr2 77.g3a!r.oL s2.40bt1.01 88. L9cit.0t

1 mean of 24 observå.tions t S.E.

2 r.r"""g." ¡¿Íth dÍfferent superscripts are significantly different
(P<0.0s)

3 rean of 18 observations + S.E.

4 .,o"atg" of 6 observatÍons
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Mean values of fecal få.t content for calves fed díets A,

B, C and D were 24.92, 28.26, 23.24 anð,27.85% respecrively (Table

13) although the díetary level of fat was lower for dier A, the

fecaL fat content did not appear to be depressed. Apparent diges-

tibÍlíty of the ether extract fraction ín the four diets improved

as the portÍon of protein supplíed by niLk proteÍn increased,

however, these increases vere not significant (Table 14). As ex-

pected, digestibility Ímproved significantly (p< 0.05) ú'irh âge.

The greatest variation in digestibility among the diets was found

when calves r,üere I to 13 days of age, the range being 14.3 percentage

units. Thís raTas reduced to 4.98 percentile uníts hThen calves aged

22 Eo 27 days. In some cases steâtorrhea ¡¡as observed, the índivi-

dual calf data is r¡hown ín the ApPENDIX Table 4.

Average Leve1s of crude proteín and apparent crude proteín

digestibility for calves fed dÍets A, B, C and D were 39.22, 35,64,

30.69, 36.69% and 70.11, 72.57, 78.65 and 79.29% respecrively (Tabte

15 and 16). Although fecal- crude protein Levels r,¡ere not influenced

by diet, there ülas a significant influence (p<0.05) on protein

digestibÍLíty, As an increasing portÍon of the dietary protein

was suppLied by F.B.P.C,, crude protein digestÍbility decreased,

Also, proteÍn dÍgestíbiliry íncreased sígníficantly (p(0.05) as a

function of the cai-frs age. There was no diet x age interaction

effect.

Usíng díet D as the control, the apparent digestibil-ity

of crude protein in skin milk and whey vras found to be 73.25,78,79

and 85.84 for periods 1, 2 and 3 respectively. Crude protein

digestibil-ity improved !7,27" over the four week perlod for the milk
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TabLé L3': ¡,IEAN FECAL FAT CoNTENT (%) oF FoUR GRoUps OF cALVEs FED
MILK SUBSTITUÏE DIETS IN STT]DY A.

AGE (days)

L5-20 22-27

Diet

B

c

Ð

Average

32.30 (6) *

4L.2s (5)

36.42 (5)

39.20 (6)

37.L5

28.70 (6)

24.80 (6)

2r.. r.3 (6)

27.13 (s)

25 .27

L3.77 (6) 24.92

2o.eo (6) 28.26

L4.38 (6) 23.24

t7.2r (6) 27.85

L6.57

' number of observations
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Table 14: MEAN FAT DIGESTIBI¡.ITY CoEFFICIENTS (2") oF EXPERIMENTAL
DTETS IIIìEN FED T0 CAIVES AGED 8-13, L5-20 ÃND 22_27
DAYS OF AGE.

AGE (days)

8-13 L5-20 22-27 AVERAGE

Diets

A

B

50.624 66.27 go.o2 6g.97!3.76

s0.57 76.34 88. i.6 7L.67!3.76

59.70 84.01 93.44 79.05!3.76

64.87a 81.45b 7t.88c 79 .40+3.76

Averagel,2 56.43a!2.84 79.ozblz,84 90 .8scJ2. s4

1 mean of 24 observations t S.E.

2 
^r"r"g"" with different superscripts are significantly different

(P < 0 .05)

3 mean of L8 observations + S.E.

4 uu"r^gu of 6 observations

c

D
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Table 15: MEAN ¡'¡CaL CRUDE PRoTEIN CONTENT (7.) roR FoUR GRoupS oF
CAT,VES FED EXPERI}4ENTAL DIETS IN STUÐY A.

AGE (days)

8-13 15-20 22-27 AVEPAGE

Diet

A 40.r.1 (6)1 39.33 (6) 35.47 (6) 38.32

8 37.31 (s) 37.46 (6) 32.43 (6) 35.64

c 34.56 (s) 34.33 (6) 3s.89 (6) 30.96

D 3s.zz (6) 40.s8 (s) 34.9L (6) 36.69

Average 36.88 37.96 34.68

1 nurrber of observâtions per mean
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Table 16: MEAN cRrfDE PROTEIN DIGESTIBn ITy coEFFIcIENTs (%) oF
EXPERIMENTAI, ÐTTTS VJIìEN FED TO CALVES AGED 8-1J,
L5-20 ANÐ 22-27 ÐAys oF AGE.

AGE (days)

8-t3 L5'2O 22-27 AVnnAC¡2,3

Ðiets

A

B

60.494 68.28 81.56 7o.ttA +1.71

64.L6 71.58 81.96 7z.57[B!r.7r

72.48 78.L3 86.84 78.6s8ct1. 71

73.25 78.98 85.94 Tg.ZgBc+L.7L

Averagel,2 67.5ga!L.2I 74,LgblL.2L 83.68c+1. 21

I mean of 24 observations t S.E.

2 .rr.".gu" with dífferent superscripts are significantly d.Ífferent
(P< 0 .0s)

3 m..n of 18 observatÍons J S.E.

4 ur"rug. of 6 observations

c

D
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proteins. Using a símple regressíon (Fig. 3) the digestibility of

crude protein in F,B.P.C. when fed ín a mílk substítute diet to

calves can be predÍcted to be.56.80, 65.L0 and 79.957" at ages 8-13,

15-20 and 22-27 days respectiveLy, Slopes of the r€gressions indicare

that as the calf ages the abilíty Ëo digest fababean protein becomes

comparable to the ability to utilíze milk proteins. Slopes of the

regression línes are not signÍfÍcantly dífferent (p<0.05).

CATF STUDY B:

The F.B.P.C. used in Ûlilk substítute díets for this study

contained 61.03% crude protein on an air dry basis (Table 17).

Ether extract, crude fibe¡ and ash content l,rere simílar to that of

F.B.P.C. used ín the previous trno experiments.

The texture of ¡ni1k substitute diets in thís sùúdy wâs

sticky and more coarse compared to diets prepared ín Study A, The

nutritíonÍst at Mutual Products Ltd. (personal conruunícatÍon) ob-

served that ¡ühen coconut oil wasL included in a spray dry form no

problens rdere encountereel while rnixing. IforaTever, when tallow was

injected into the mixer Ín a liquid form there was 'rballingrt in the

product. ThÍs balLing effect was suspected to be due to the presence

of one or more of the other ingredients in the rnilk repLacer because

fat has been injected in greater amounEs than 20% of the dÍet r^rith-

out such problems. It hras speculated that F.B.P.C. nay have caused

this balling effect.

Upon arrival, the diets were ground and remÍxed to break up

all lnmps. The milk substitutè díets did not mix rdelL with lrater

and unlike ratÍons fed in Study A, they did not renain in suspension.



Table 17: CIIEMICAL CoMPOSITION OF FABABEAN PROTEIN CONCENTRATE
USED IN EXPERTMENTA]. DIETS FOR CALF STUDY B.

PRINCIPLE
AS DRY MATTER
rs (%) BAsrs (7")

Dry Matter

Prorein (N x 6.25)

Ether Extract

Crude Fiber

Ash

95.29

61.03

2.65

1.88

s.87

63.47

2.76

L.96

6.10
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The díets were, hoÌ¡rever, palatable and readily consumed by the

caLves.

A proximate analysis of the diets sholred that the crude

protein levels were uníform, varying on1-y 1.137" among the four

diets (Table L8). Fat content was higher than expected and less

uniform. In aLL diets, the energy requirements at 2O7" cT.ude protein

Iitere met.

The actual leveLs of nethionine in the rations were L.70,

2.29, 2.38 and 2.76g/L6 g. N for diets A, B, C and D respecrively.

LeveLs of cystine Ìrrere faírLy uniform at 0.84, O.77,0.78 and Q.77

C/I6 e. N for diets A, B, C and D respectiveLy. Diet B contaÍned

approxinately .76 g. D-nethionine and 1,53 g. L-methionine/16 g. N.

Average dâíly gaÍn (A.D.c,) did not change signíficanrly

due to diet or age (Table 19). Adjusted means of A.D.G. for díets

A, B, C and D ra'ere -39.47, -45.34, -39.84 and -3L.73 e/day. There

üras a significant difference due to blocks, that is, varÍabÍlity

among ca1-ves (APPENDIX Table 8). the great animal- to-animal"

varíation may be partía1Ly explained by caLf health during the rrial-s

and the ability of caLves to âdjust to the metaboLism crates. The

majority of calves lost rreíght due to stress whiLe in the crates

(APPENÐIX ?able 9).

Dry matter digestibil-ity !üas not infLuenced by diet, the

adjusted means being 80.51, 80.96, 77.46 and 74.93il.far diers A,

B, C and D respectively (Table 20). UnLike resulËs fron Study A,

there wâs no improvement Ín dry natter dígestibílity with age, being

77.29 and 79.65"/.for calves aged 9 - 15 and 2L - 2V days respectively.



Table l-8: PROXIMATE AND AMINO ACID AÌ{ALYSE S OF FOUR MILK SUBSTITUTE
DIETS FED TO CAIVES TN STUDY B.

I1EMS (on a Dry Matter Basis)

crude Prorein (N x 6.25) (7.)

Fat (Ether Extracr) (%)

Ash (%)

Energy, cal/gm.

Methionine (%)

Cystíne (%)

20.45 20.79

24.L7 25.L6

s.40 4.99

5315 s387

.35 .48

.L7 .L6

2r.4L 20.28

22.98 25 .54

5.59 5.39

5237 5299

.51 .56

.L7 .16

* Gro"" energy obtaÍned by bomb calorímetry
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Table L9: THE EFFECTS OF GBADED LEVELS OF METfiIONINE IN MILK
SUBSTITUIE DIETS ON AVEBAGE DAII,Y GAIN (A.D.G.) IN
PRE RI]MITIANT CATVES

DIET
(g. meth/16 g. N)

A.D.G. ADJUSTED A. D. G.
PERroÐl elday uuÑiz -

1.70 - L20
-70
- 236

25
-2t7

U

I
3

L2
2

4
t1

I
1

1

2

2
2

- 39 .47

4 L -80
5 l- -t70

10 1 160
3 2 -L92
6 2 -t2
9225

2.29

-45.34

7 L -L0
91L0

1L130
8242

10 2 zoo
12 2 -L82

2.38

-39.84

2.V4 -60
-40
L20

-t42
-67

76

2
6
8
I
5
7

1

I
1

2
2

2
-3r .72

I Períod L refers to caLves aged 9-i.5 days; period 2 refers to calves
aged 2l-27 days,

2 standard error is 12.53.



TabLe 20: THE EFFECTS OF GRADED LEVELS OF DIETARy METHIONINE ON
rHE DIGESTIBILITY OF DRY MATTER (D.M.) AND
CRUDE PROTETN (C.P.) IN CAt VES.

DIET

DigestibilityABCDT2S.E.

D.M. 80.51 80.96 77.46 74.93 77.27 79.65 4.83

c,p. s2.98 54.30 45.47 44.5 46.73 s3.67 4.OL
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Adjusted means for crude protein dígestibility of diets A,

B, C and D were 52,98, 54.30, 45,47 and 44.50 respecrively (Table

20). Diet and age did not significantLy influence crude proteÍn

digestíbil-ity (APPENDIX Table 8). Also, rhere was no sÍgnÍficanr

animal-- to-animal variation. Indívídual calf data for dry natter

and crude proËein digesribiLity åre given ín the Appendix (Table 10).

Nitrogen utilizâ.tion, calculated as grams gaÍned per gram of

nitrogen intake was found to be -2.3, -2,6, +L,5 and -2.5 for diets

A, B, C and D respectively (TaÞle 21). Dier and age did nor in-

fLuence nitrogen utiLizatÍon, ho\rever, there r.ías much animaL-to-

animal varÍation (p( 0.05).

The ådjusted means for nitrogen balance of diets A, B, C

and D nere -O.23, 4.24,2,01 and A.67 g,/ day respectivel-y (Table 2L).

Age and diet díd not signifícantly infLuence nitrogen balance.

Indívidual calf data of nítrogen utilization and nitrogen balance

are gíven in APPENDIX Table &l- Meân íntake of nitrogen from diets

A, B, C and D lras 82.7,82.9,83.4 and 80.1 grams respectiveLy

(Table 21). Urinary nitrogen output Ìrâs ÍnfLuenced by diet (p(0.05),

calves fed diet A secreting the greatest amount of nitrogen foLlor¿ed

by calves fed díets D ånd B, Galves fed 2.38 A. rnethionine/l6 g.

N secreted the least amount of nitrogen vía the urine. Diet did not

influence nitrogen output via feces.

Results frorr bl-ood ssmples taken on the first day of the

nitrogen balance tríaL, six days after caLves were initiâLLy intro-

duced to thêir respective diets, wiLl be referred to âs data from

'rset Lrr. Results fron blood samples taken on the last day of the

nitrogen balance trial, eleven days after the calves were ínitialLy
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Table 2L: TIIE EFFECTS OF GRADED LEVELS OF DIETARY METHIONINE ON

NITROGEN BALANCE AND RELATED PARAMETERS IN CALVES2

PERIOD
N-CONTENT

(e)ABcDL2s.E.

Milk repl.' gr,7 Bz.g 83.4 80.1 81.65 Bz.gL o.7z

urine3 32.46c 18.004 rg.2zA 24,638 24.79 22.35 r.30

Feces 47.65 54.34 44.02 55.16 52.L8 48.40 3.63

N- Balance
Gld"y¡ -.23 4.24 2.0L .67 .89 2.45 0.59

N-Utilization
(gaÍn/N ínrake) -2.3 -2.6 -1-.5 -2.5 -2.9 -L.6 0.60

1 Mílk substitute po!üder intake corrected for feed weigh back.

2 A1.l- r..n" are adjusted to take into account "r¿Íthin animaLrl
varíation

3 M."o" havíng the same superscript are not significantl"y atifferent
(P<.0 . 05) .
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introduced to theír diets, will be referred to as daËa from Iset

Plasma free methioni.ne 1eve1_s, from set !, for animals fed

diets A, B, C and D were 6.34, 8.46, 4.39 and 7.85 mg/L at fasring

state; 5.71, i3.54, 9.30 and 11.64 ng/l at rr,r'o hours postfeeding and

6.71, 15.15, 12.61 and 16.85 rng/l ar fouï houra posrfeedÍng ( Fíg. 4).

Díet significantly influenced plasma free methíonj.ne (p 0.05) at

fasting, dlet C being lower than díeËs B and D, but similar to
diet A (A?PENDIX Table 12).

At tr.¡o hours postfeeding, plasma free methionine 1eve1s

decreased by 0.59 mg/I for calves fed diet A r{rhereas there was as

increase of 5.08,4.87 antt 5.18 mg/l for diets B, C and D. respeètively

(I'ie-. 5).. DièÈ dÍd infhrence (? 0-05).,the exrenr of change in plasma

free methioníne levels at thTo hours postfeeding; levels for calves

fed dlet A being Lot¡er than for díets B,:C and D; diets B and C being

1oÍ¡erthandietD.Anima1varíationdidnotÍnf1uencep1asnafree

methionine concentrations (P 0.05) .

Referring to absolute values of plasma free methíonÍne 1eve1s,

dÍet (P 0.01) and anlmal variaríon (P 0.05) infl"uenced 1eve1s

at tÌrro hours postfeeding. Díet A had the lor,rest plasrna methionine

content, follo¡,¡ed by diet C, diet D and díet B in that order

(A?PENDIX Table 12).

Peak levels of plasma free methionine occurred at four hours

âfter feedj.ng. Calves fed 1.70 g L-methionine/16 g N.had the lor,rest plasma

free methioníne values, foolor¿ed by calves fed dÍets C and B; the greâtest

values occuring ín calves fed dier D (P 0.05) (APPENDIX Table 12). Al-rhough

not slgnÍficant (P 0'05), calves aged 9-15 days had gïeater free meth. values



T.IGURE 4

lhe Rel-ationship Bethreen Graded Levels of Dietary Methionine and

Plasma Free Methioníne Levels at O, 2 anð 4 Hours Post Feeding

on the First Day of the Experimental Period
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FIGURE 5

The ReLatíonship Bethreen Graded Levels of Dietary Methioníne and

Differences Betr4reen Plasma Free Methionine LeveLs at Fasting

and at 2 and 4llours After Feedíng on the

First Day of the Experimental period
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(13.87 ûìg/1.) than older caLves aged ZI - 27 days (11 .62 mgll.)

(APPENDIX Table 10). There was also a significant amount of varia-

tíon among aninaLs.

The actual increases in plasma free methionÍne values from

fastíng state to four hours postfeeding were 0.40, 6.74,7.74 and

8.90 me/l. for díers A. B. C and Ð respecÈÍvely (FÍg. 5). Both

diet (?<0.0L) and age (?<0.05) influenced Ëhe exrenr of rhese

changes. Calves aged 9 - 15 days had greater overalL change in

plasna urethionÍne after feedíng (10,02 r¡g/1.) than caLves aged

2f - 27 days (7.87 nìg/l.).

Plasma free methÍonine LeveLs, from set 2, for anirnals fed

dÍets A, B, C and D wete 4.72, 8.37, 6.02 and 8.42 mg/l. ar fâsring

statei 7,34, L1,43, 8.63 and L2.O4 mg/!. aE rwo hou¡s posrfeeding

and 5.4, 12;89, 11.80 and 14,58 nE,/L. at four hours posrfeeding

respectively (fÍg. 6) , Diet did not sígnificantly influence plasna

free methioníne vaLues at fastíng or two hours after feeding, There

r^ras an increase of 2.63, 3.05, 2.6L and 3.54 mg/l. over the tvTo

hoursperíod for diets A, B, C and D respectively (Fig. 7). The

overalL change in plasma free methionine values from fasting state

to four hours postprandial were 0.69, 4.5L, 5.57 and 6.67 W/L. tor

diets A, B, C and D respectively (Fie. 7). peak levels for dier A

occurred at tr^ro hours after feeding, whereas peak Levels for the

other dÍets occurred ât four hours posÈfeeding. Díet dÍd ínfl.uence

(P<0.05) plasma free methioníne vaLues at four hours postfeeding

(APHNÐIX Table 10). Analysis of vw.iance for the dara from rhe

second set of blood samples is Located in the Appendix (Tabl-e12.),



FIGURE 6

The RelatfonshÍp Betqreen Graded LeveLs of Dietary Methionine and

Plasna Free Methionine Levels at 0, 2 and 4 hours post Feeding

on the l,ast Day of the ExperÍnentaL period



lrs
cll
€

.E tt
(J
t-.Fc
c)
C)cqoo
o
È.'E2
o,
=(l)

o5
E
U'
c,
d e-.+ l.7OgL-meth/l6gN

o-o 1.53 g L-,.769 D-meihlt6gN
t__+ 2.38 g L-meth/16 gN
H 2.74 g L-rneth/l6gN

2
Time Af ler Feeding (Hours)



FÏGURE 7

Tbe Relationship Between craded l,evels of Dietary Methionine and

Differences Between Plasma Free Methioníne Levels at Fasting

and at 2 and 4 llours After Feeding on the

Last Day of the Experimental period
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No signifícânË dÍfferences were found among means of plasrna

urea nitrogen values for calves fed the four experimental diets

(TabLe 22). Age did not appear to ínfluence urea nitrogen 1"evels

with the exceptíon of samples taken at two hours after feeding in

set 2. In thís case plasma ureå. nitrogen íncreased r47ith age (p<0.05).

Plasrna urea nitrogen content for sanpôes têken at zero, one, two,

four and six hours after feeding were averaged to determíne the

overaLL urea nitrogen val-ues of the caLves. The results from the

first set of blood sampLes were 9.03, 6.66,7.90 and 8.L8 me/100 nl.

for diets A, B, C and D respectÍvely. Results fro¡n the second set

of bLood samples wete 9.27,6.68,7.26 and,9.07 ng/100 nl-. for dÍets

4., 3, C and D respectivel-y, Although diet did not significântly

(P<0.05) infLuence pLasma urea nitrogen, the Lowest leveLs occurred

in calves fed diet B, containíng 2.29 9,. nethionine/16 g, N.

The effect of feeding graded levels of methionine in milk

substÍtute diets of prerumínant calves at 0,2 and 4 hours after

feeding on plasma free glutamíc acid, glycine, aLanine, valÍne and

isoleucíne ís iLlustraËed by Figures 8, 9, 10, 11 and L2 respectively.

Plasna free cystine level-s were consistently recorded in trace

amounts and could noÈ be reeorded accuratel-y. Aspartic acid, threo-

nine, seríne, prolíne and leucine were aLso recorded as trace

amounts for many plasna saurples and consequentLy no statistícal

analysis was done for these amino acíds.

Results from plasma sampLes in set I and 2 showed that age

influenced (P<0.05) plasma free glutsnic acid leveLs when the calf

is at fastíFg state. Values were 29.87 and 22.98 rlçlL. for caLves

aged 9 - 15 days and L5.14 and 10.65 mg/l. for cal-ves aged 2I - 27
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IabLe 22: TIIE EFFECT OF GRÀÐEÐ i,E\lEI,S OF DIETARY METHIONINE ON
PLASMA UREA-NITROGEN (Mg/1.00 Ml) IN PRERIIMINANT
CALVES AT 0,2 ANÐ 4 IIOURS AFTER FEEDING1

PERIOD2DIET
TI¡48 AF1ER
FEEDING (HRS) s1 s. E.

Set 1

0

2

9.L5 6.76 7 .02 8.16

9. 15 6.41 7.79 7.82

8.53 7.09 7.94 7.79

7.85 17,69

7.73 7.86

7.95 7.9L

+.62

+ .28

+. 52

Set 2

0

2

4

7.62 7.3t 9.L6 9.t6

7 .24 7 .78 10. 93 9 .77

7.62 7.73 8.96 9.27

7.68 8.94 !.s2
7.4ga Lo.37b !.73

7.86 8. 95 +.58

1411 r.ro" are adjusted to take into account "within animaltl
variatÍon.

2 M."o" with the same superscript do not dÍffer significântly
(P< 0.0s)



FIGURE 8

The Relationshíp Betrdeen Graded levels of Dietary Methíonine and

Plasma Free GlutamÍc Acid levels in Preruminant Calves

at O, 2 and 4 llours After T'eeding
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FIGI]RE 9

The Relationship Between Graded Levels of Dietåry Methioníne and

Plasna Free Glycine LeveLs Ín Preruminant Calves

at 0, 2 and 4 llours After Feeding
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I'IGURE 10

The Re1atíonship Between Graded Levels of Ðietary Methionine and

Plasna Free Alanine Levels in Preruminant Calves

at O, 2 and 4 llours After Feeding
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FIGÜRE 11

The Rei-atÍonship Betiteen Graded LeveLs of Dietary llethíonlne and

Plasma ¡'ree VaLine Levels in Preruminant Cá*ves

at O, 2 and 4 Hours After Seeding
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days for set 1 and 2 respectively. plasma free gluÈâmic acid Levels

decreased with age of the calf (TabLe 23) . Diet did not infLuence

the fasting leveLs of pLasma free gLutamic acid Ín eÍther set of

samples. (Fasting 1eveLs for diets A, B, C and D were Z4rg4, 23.45,

2L.52 and 20.22 nelL. for set t and 17.39, 15.74, 18. LZ and !5.47

for set 2 respectively.) pLasma free gLutauric acid Levels d.ecreased

ra'ith tine after feeding (Fíg. 8). In ser L, diet did influence

(P<0.05) the change of plasma Levels from zero to four hours after
feedíng (Table 25) .

Plasma free glycine leveLs aË fastíng for diets A. B. C and

D were 64.56, 64.88, 64.02 and 53.41 urg/L. for ser i. and 6L.66,

62.33, 59.51 anð,5L.72 mg/1. for ser 2 respectivel-y. plasma free

gJ.ycine Leve1s al-so decreased irÍth time after feeding (Fig. 9).

Fasting Levels were not ínfluenced (p<0,05) by diet or age for
samples analysed fron sets 1 and 2.

Diet and age did not ínfLuence the change in pLasma free

gJ-ycÍne Ïevel"s at two hours after feeding, however, for samples

taken four hours postfeeding in set 1, diet;did influence (p<0.01)

the decrease. CaLves fed díets A, B and C had a greaËer decrease

(P<0.01) in plasma free'.gi.ycíne rhan caj.ves fed dier D (Table 23).

A similar pattern was not observed for samples from set 2.

FastÍng level-s of plasma free aLanine decreased (p<0.05)

with age. Cal-ves 9 - 15 days of age had levels of 36.33 and 31.70

mg/l, as compared to Level-s of L8,9l ancl 15.5g urg/l. for calves

2l - 27 days of age for sets I and Z respecÈively (Table 2S),

Methíoníne content in the diet did not infLuence fastÍng level-s.



FTGURE 12

the ReLatíonship Between Graded Levels of DÍetary MethíonÍne and

?lasma Free $sgleucine Levels in Preruminant Calves

at. Q,22 and 4 llours After Feeding



T
ab

le
 2

3:
 

T
H

E
 E

F
F

E
C

T
 O

F
 G

R
A

D
E

D
 L

E
I/E

LS
 O

F
 D

IE
T

À
R

Y
 M

E
T

H
T

O
N

IN
E

 O
N

 C
H

A
N

C
E

 S
 IN

 P
LA

S
M

A
 F

R
E

E
 G

ï,U
T

A
M

T
C

 A
C

ID
,

cL
yc

IN
E

, 
A

IA
N

IN
E

, 
V

A
LI

N
E

 A
N

D
 I

S
O

T
E

U
C

IN
E

 
IN

 P
R

E
R

IIM
IN

A
N

T
 C

A
rl'

E
S

l

G
lu

ta
m

lc
 

O
-Z

 
- 

5.
42

^^
 -

 3
.5

9-
 

- 
L.

45
. 

- 
6.

L2
 

- 
2,

83
 

- 
5.

38
 

+
1,

1g
__

__
A

=
iil

ss
t_

r)
_g

-1
_ 

_:
!..

!6
8:

__
-_

B
_3

9c
 -

.8
14

 -
 4

.z
oB

 -
 t.

òã
 

-1
.s

, 
t-

.s
:

- 
--

cT
u-

ra
;iã

--
- 

o-
t-

 -
 : 

6.
Z

s 
- 

- 
- 

.n
--

--
sl

iõ
--

 
- 

.s
6-

 -
 : 

î"
40

 -
:ï.

se
 

- 
:+

T
.z

f
A

ci
d 

(s
er

 2
) 

O
-4

 
- 

9.
3r

 
- 

5.
67

 
- 

6,
rh

 
- 

.0
4 

- 
8.

91
 

- 
2.

66
 

îr
.+

e
G

ly
cí

ne
 

O
-2

 
-L

3.
34

 
- 

7,
07

 
- 

8.
91

 
- 

5.
29

G
ry

cr
.n

e 
o-

2 
-1

3.
34

_ 
- 

7,
07

- 
- 

8.
91

_ 
- 

5.
29

. 
- 

6.
06

 
_1

0.
23

 
+

L.
47

(s
et

 1
) 

o-
4 

-1
4.

89
8 

-1
0,

61
3 

- 
9.

64
8 

1.
58

4 
- 

a.
s¡

 
-t

o.
iá

 
+

;,à
;

(s
er

 r
) 

o-
4 

-1
4.

88
D

 -
10

.6
1D

 -
 9

.6
4Þ

 
L.

58
¡r

 
- 

6.
55

 
_L

0.
22

 
+

2.
65

cT
yã

rl.
- 
- 

- 
- 

o-
2 

- 
-:

rT
.ã

s-
 -

 --
-3

-.
33

 --
-1

2.
n 

- 
--

-s
l¿

õ 
- 

-:
1.

ts
 

-:
E

.T
f 

- 
-6

.õ
ç

(s
et

 2
) 

0-
4 

-L
2.

63
 

-1
0.

01
 

- 
7.

35
 

-1
1.

99
 

- 
8.

85
 

-L
2.

r5
 

7Z
.l¿

r

A
La

ni
ne

(s
et

 1
)

A
L (s

ân et
ín

e z)

(s
et

 L
)

vã
rî

nã
(s

et
 2

)

o-
2

0-
4

o-
z

0-
4

Is
oL

eu
cl

ne
 

O
-2

 
- 

2.
60

 
- 

2.
86

 
- 

2,
74

 
- 

Z
.9

S
 

- 
1.

gO
=

 -
 3

J3
(s

et
 1

) 
o-

4 
- 

2.
oL

 
- 

3.
38

 
- 

2,
s2

 
- 

z,
IB

 
- 

2.
55

 
- 

2.
65

 
l,S

t
rã

oT
el

c-
Ín

ã 
- 

- 
õ-

Z
 - 

- 
: 

4,
1z

- 
- 

--
-i:

25
 -

 --
-¡

T
sõ

 -
 -

--
iit

g 
- 

- 
: 

3.
T

r-
 -

 : 
Z

.4
f 

- 
- 

-

Q
-2

 
4,

54
 

- 
L,

62
 

L.
22

 
- 

6.
50

 
- 

4.
08

 
2,

87
 

+
2.

38
o-

4 
- 

7,
82

 
- 

7.
20

 
-1

0.
85

 -
 9

,6
4 

-1
0.

16
a 

- 
6.

57
b 

T
¡.

sz

,0
7 

5.
47

 
.7

6 
.8

8 
3,

73
.1

 -
,1

3
1.

56
 

1.
61

 
3.

05
 

4.
84

 
2.

02
 

3.
51

 
+

L.
82

(s
et

 2
) 

o-
4 

=
 5

.4
0 

- 
]-

82
 

- 
3.

52
 

- 
4.

10
 

- 
4,

31
 

- 
3.

11
 

+
.6

0

õ-
Z

 - 
- 

:r
õ"

ã'
¿

- 
- 

- 
--

 lz
î 

- 
- 

1o
 : 

ø
tr

 - 
--

-e
lo

ï 
- 

- 
: 

+
, 
gt

- 
- 

--
 V

 J
f 

- 
-+

1.
ãr

-
0-

4 
-2

L.
07

 
- 

8.
15

 
- 

3,
46

 
-1

0.
98

 
-1

1.
50

 -
10

.3
4 

î+
.e

l

- 
1.

89
 

2.
07

 
,7

0 
- 

I.7
9 

- 
1,

90
 

t,4
4 

+
r.

61
.1

3 
1.

33
 

- 
2.

64
 

3.
0s

 
- 

r.
3,

 
2.

t{
 -

 -
+

Z
.o

f 
- 

- 
-

I 
M

.r
rr

" 
w

iÊ
h 

dl
ffe

re
nt

 s
up

er
sc

rip
ts

 a
re

 s
ig

ni
ftc

an
tL

y 
dí

ffe
re

nt
 (

pa
0,

O
5)

.

2.
60

 
-2

.8
6 

-2
,7

4 
-2

.9
8 

-1
.8

0.
 

-3
,5

3u
 

+
,4

L



97

Results from the fírst set of sampLes taken at tr¿o hours

after feeding indicated (p<0.05) a greater increase in pl-asma free

aLanine levels for the youngeï calves. A similar trend, although

not sÍgnificant raTas observed for the second set of blood sampLes

taken. ÐÍet and age did not influence changes in plasma free

aLanine Levels from zero to four hours postfeeding, Relative to

other amíno acids studied, Ievels of pLasna free alanine showed

Litti.e change wíth time after feédíng.

Plasma free valine Levels dropped r¿ith tÍrne after feeding

(Fig. 1L) although, ín a few instances levels did increase up to

t¡vo hours postfeeding before dropping. Fasting leveLs for set L

índicate that plasma free valine leveLs decrease (p<0.05) ririth

age of the calf (Tåble 23). ALso, calves aged 9 - 15 days ha<l

greater decreases (P<0.05) ín plasma free valine Levels b5r four

hours postfeedÍng as compared to older caLves (TabLe 23). A similar

trend aLthough not signÍfÍcant was observed for Ëhe second set of

sampLes.

Plasma free isoleucine LeveLs did not differ due to diet

hrhen the calves lrere at fasting state or after caLves were fed

(Fíg. 12). Plasma free isoLeucine LeveLs at fasting state decreased

(P<0.05) with the age of the calf for samples taken from set 1

(Table 23). older calves showed gïeater decreases (p<0.05) in

pLasna Levels by thro hours after the meal than dicl calves aged 9 -

15 days. A síniLar trend, although not significant r4ras observed

from samples from set 2.

Additional- tests lrere conducted to determine r.rrhether metabo-

1ísn of the D-isomer of methionine I,ras simiLar to that of the I_-
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ísomer in preruminant calves. urine urea content rrras not influenced

by díet or age of the calf, Adjusted means tr7ere LOO.2T, gg.52,

95.09 and L02.79 ne/L}O mL. for diers A, B, C and D respecrively.

Average vaLues for urine meËhionine content for calves fed

diets B and C were 6.7I and 5.09 ne/l. (Tab\e 24). VaLues for
ealves fed diet B containing both the D a.nd L isomers of methíonÍne

were consistent wÍth one exception. Galf 3 duríng period 2 had

urine methionine levels approxÍmateLy sÍx times greater (ZL 34 ng/L.)

than vâlues for the other five caLves fed the d.iet. As data,i{eie not

coLLected for urine methionine content for diets A and D, no statis-
ticaL analysis could be performed.
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TabLe 24: URINE METIIIoNINE Col{lENT (*e/1.) Of CAIVES FED DIETS B
AND C IN CATF STUDY B.

DIET

L-methionine content
{c/t0 

". 
Nítrogen)

D-methionine content
G/t6 

". 
NÍtrogen)

1.53

.76

2.38

Average

Calf Period

4L
51

10 1

32
62
92

Urine
ueth. (mg/it). catf

3.7L 7

3.59 9

3.88 11

2L.84 I
3 .6L 10

3.61- L2

6.7t

Urine
PerÍod Meth. (mg/L)

L 9.64

1 4.30

L 6.55

2 t.43

2 5.31

2 3.32

5 .09
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DISCUSSION

Fababean protein may be incorporated into the dÍet ín three

forms: as a flour containing 25 to 287" crude protein, as a proteín

concentrâte containing 60 to 707" crude protein or as a protein

isolâte containÍng approxínately 917. crude protein. Fababean

protein concentrâte (F.B.p,C.) ís the most favorable form to be

incorporated into a mílk substitute diet because Ít has a relatively
high crude protein content and Low processíng costs (pín milling and

aÍr classíficatíon), Fababean flour, processed from the whole bean,

has a fiber content of.7.4 to 8,17" on an air dry basís (Marquardt

et aL. , L974) . Usíng the fLour Ín urilk substitute diets would result

ín fiber content above reco¡nnended levels for the preruminant caLf

according to the FederaL Feeds Act of 1960. Also, the starch content

(54 to 58%) in fababean flour made from whole or clehulled beans couLd

be detrímental as the preruminant calf ís unable to dígest staïch

(Burt and Irvine, 1970; Shaw er al., L918).

QUAI,ITY OF FABABEAN PROTEIN

In the prelimínary study conducted with rats, it l,ras demon-

strated that a protein concentrate prepared from fababeans (-Vi_cig

Faba L var !E!!9!) compared favorabLy with soybean prorein concentrate

and casein as a proteÍn source for grolring rats. Both vegetable

proteín sources were suppLemented r.íith Drl-methionine. These results
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are ín agreement with those of Sarwâr et al, G975) who shorared the

protein efficiency ratios (p.E.R.) to be 2.11 and 2.43 fot autoclaved

fababean flour and autoclaved soybean flour. Both proteins were

supplemented witln Q.2% L-methionÍne. p.E.R. for the control casein

diet was 3.10, SíníLari1y, results ot a 28 day p.E.R. assay on rats

by DuthÍe et e!. G972) had p.E.R. values for fababean protein iso-

late pLus 0.257. D,L-methioníne as 3,08 as compared to 2.77 for soybean

proteín isolate plus 0.25% D,L-nethÍonine and 3.06 for casein.

In thÍs study, autoclaving the F.B.p.C. ât lzooc for 30

minutes did not sÍgníficantly Ímprove p.E.R. or average daily weight

gaÍns of growing rats. Also, methionine supplementatíon díd not

ínfLuence the effect of autocl.âvÍng on p.E.R. values. There was,

however, a signÍfÍcant improvement in p.E.R. values due to methionine

suppLementatíon of F. B. p. C.

Results of trials conducted to determine the effect of auto-

claving on grohTth performance of experimental animals have been

contradictory. MacDonaLd (1974) found no effect due to autoclaving

(115oC for L2 ot L5 nin,) on Ehe gror,rth performance of young.rats

fed diets in !ühich fababean flour ¡¡as the sole protein source. The

dehulLed beans ¡,¡ere ground to produce the fLour. In a study con-

ducted on groiríng pigs fed diets containing 9 to 297"F.B.P.C.,

lufal tman (J-976) found no differences in gro!üth performance bethreen

the rarar and autoclaved product. In courparison, tr^ro studies conducted

by ÌaliJ-son and McNabb (L97L, L97 2) demonstrated a beaeficiaL effect

on live rareight gain and feed conversion efficiency due to autoclavíng

of fababeans priot to feeding to chicks at Levels up to 95% of the

diet. Supplementation of methionine resuLted in increased responses
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due to autoclâving. Hulls were not removed from these beans before

being ground. trIilson and McNabb (1971) and Marquardt and Campbell

(1974) suggested that autoclaving Inay increase the avaÍlabi1ity of

fababean amino acids in general and methionine in particular.

Marquardt and Campbell (1973) reported improved feed effíc-
iency and reduction in pancreâsssíze in chícks when fababeans r¿ere

autoclaved at lT'Loï for 15 mínutes. Further work by Marquardt

et aL. (L97 4) wÍth chicks showed significant improvenents Ín weight

gains and feed:gain rations: the response ín rats being less

dramatic thân that of chicks, They also suggested that autocLaving

of fababeans hras most effective in improving efficiency of feect

utilization and growth rate of chícks when the l-evel of sulfur amino

acids is liniting (}larquardt and Campbell, 1974). The dÍets prepared

in these studíes contained whole fababean flour.

Differences betr^reen authors ín the results may be attríbuted

to several" factors. Firstly, there may be speeíes dÍfferences whÍch

may be due to differences in the physíology of digestion, As índi-

cated by Marquardt ejq al. (1974), growíng rats appear to be less

sensitive to the antinutritÍonaL factors than chicks. Secondly,

ÈriaLs conducted using flour from r¿hole beans versus dehul.Led beans

nay have been different due to the hul-L consiituents, SËudies by

lrÍârquardt et 4, G976) have shovrn that a gro\a'th depressing factor

is concentrated in the huLL. This hras later isoLated and ídentifÍed

as condensed tannins (Marquardt et aL., L977). They found that the

addition of condensed tannins to a chick diet decreased the retention

of dry natter, protej.n (N x 6.25), amino acids and crude fiber,
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the ímproved protein qual"ity of F.B.p.C. !úíth supplementation

of methionine Ís consistent lrith results reported in Ehe 1íterature

(D¡rthie et al., 1972; I,,Iilson and McNâbb, L97I; Saruat et aL., 1975)

(Table 25). The feed intake levels and !,'eight gains of rats fed

u.nsupplemented raw and autocLaved F.B,?.c, were l or,rer (p(0.05) than

for rats fed the supplemented diets. This ís probably due to the

low level of the first límiting amino acid, methíonÍne, in diets B

and D, DÍetary methioníne suppLied only 14 to L6% of the ratrs

methíonine requirementa (Table 5). Reduced feed intake by rats fed

these trro diets r^rere noticed within the fÍrst rreek of the study.

This suggests, accordíng to the defínitions by llarper (Harper antt

Rogers, 1965), that poor growth of rats fed diets B ancl D was due to

a deficÍency or an imbalance of the essentÍaL amino acíd, ¡¡ethionine.

Poor utilÍzation of the protein supplied by these díets nay be due

to Lovr availabÍlÍty of methionine and cystine as r¿el-l as Low Levels

of Èhese amíno acÍds ín the díet (Sarwar et a!., 1977).

The amino âcid composition of fababean protein concentrate

used for caLf studies A and B was sÍmÍI"ar to that reported by

l{arquardt and Garnpbell (L974) anð, Clarke (1970) (TabJ.e 26). The

totaL sulfur amÍno acid content of the fababean protein anaLyzed was

2,2, 1.57, 1.83 and L.56 e/L6 g, nÍtrogen for MarquåïdÈ and Carnpbell,

Clarke, calf study A and calf study B respectively. The amino acid

composítion of fababean proteín was compared lrith results of an

amino acid anal-yses conducted on soybean nea1. (44% crudé protein)

by l,IaL trnan (1975). Soybean protein was a superior source of methio-

nÍne as compared wíth fababean protein and cystine leveLs were com-

parable for the traTo proteÍns. Lysine content lras loürer in soybean

Protein than ín fababean proteÍn.
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T.able 26: AMINO ACID PROFILES 0F FABABEAN PROTEIN AND
SOYBEAN PROTEINI

AMINO ACID SOURCE FABABEAN SOYBEAN

REFERENCE

MARQUARDT

& CAMPBEI,L CTARKE
1974 t970

CALF CAI,F
STIJDY STUDY

AB
lfALTl'fAN

L97 6

EssentÍa1

Arg .

His.

11e.

Leu.

Lys .

Me È.

Phe '

Thr.

VaL.

Non-EssentiaL

Ala.

Asp.

cys .

Glu .

Glv.

Pro.

Ser.

Tyr.

8.8

2.6

4.6

7.8

6.8

0.9

4.6

4.L

s.4

4.6

1t- .0

1.3

18.0

4.8

4.7

5.5

3.0

9.51

2.40

4 .5L

7 .68

6.30

0. 56

4.37

3.25

4.82

3.99

10. 59

1.00

16. 30

3.89

4.LO

4.t3

2.74

6.81

2.48

4 .52

7 .62

s.86

1. 38

4.95

3 .67

4.86

4.24

LL.24

1.30

L7.L4

4. 10

5.00

4.7L

2.67

10.30 L0.25

2.55 2.78

4.35 4.46

7.87 8.04

6.59 6,81

0.73 0. 78

4.63 4.57

4.o2 3.52

4.92 s . i.9

4.20 4.22

11-.88 IL.67

0.84 1 .05

19. 68 L7 .98

5.57 4.25

- 4.27

5.48 4.50

3.86 3.13

I vaLues are reported as 9/1-6 g. N.
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Average values of amino acid composition of F.B.p.C. used in
calf studÍes A and B were compared to the amino acid profitre of

whoLe bovíne urilk (Block and tr\Teíss, I95e (T:able 27). Clearly, the

lnaín âmÍno acid defíciency of fababean proteín is the methÍonine

content, equivalent to 28% of. thåt found in milk proteín. Second

liniting amino acids are f-ikely tryptophan and ísoleucine. Threo-

nine r.{as a1so lor7er in fababean protein than in rnilk.

CALF STUDY A

AVERAGE DAû.Y GAIN: Calves were fecl 9 g. crude prorein /Xg. w0.75¡duy

r¡hích ís approxímately equivaLent to the requirements for 0.5 kg, of

daiLy growth. Average daily gain (A.D.C.) of the calves was lower

than calcuLated, although differences due to leveL of F.B.p.C. in

the diet dÍd not influence grorarth. Thís may be due to several

factors. (1) Calves \,rere kept under suboptimal management condítions

requíred for collections Ëo obtaín digestibil-Íty data. Galf health

may also have been a contributing factor as cal-ves affLicted with

víra1 pneumonia lost weight durÍng periods of il-Lness. (2) At though

calves received 9 g. crude protein/kg. Irr0'"/*", the actual intake

of digestibl-e proteÍn was 1or,rer. Apparent crude protein digestibility
of F.B.P.C. was estímated to be 56.8, 65.1 and g0.02. for calves

aged 8-13, 15-20 and 2L- 27 days respecriveLy (Figure 3).

DIGESTIBILITY VERSUS AGE: Digesribilities of clry marrer, erher ex-

tract and crude proteín improved raTith increased age of the caLf.

This Ís related to the changes in the kinds and amounts of dígestive

enz)mles present ín the caLf, Improved fat dÍgestibility is likeLy
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Table 27: AMINO ACID CoMPQSITIoN OF FABABEAN PROTEIN
AND BOVINE MII,KI

1 FABABEAN AS
AMINO ACTD FABABEAN MILK' 7. OF MITK

Hís 2.59 2.7 94.8

ILe 4.49 6.5 69. 1

Leu 7 ,86 9.9 79.4

Lys 6 .56 8.0 g2.O

Met (+ cys) .67 (1.80) 2.4 (3.2) 27.9 (s3.1)

Phe (+ ryr) 4.47 (7.2L) s.l (10.0) s7.6 (72.o)

Thr 3.39 4.7 7Z.O

val 5.03 6.7 75.L

Trp Bo2 1.3 6L.5

1 BLock and trIeiss, 1956

2 Estinated from the Literature
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related to the marked increase in pancreatic lipase actívity whÍch

is characteristic of calves 20 days of age (Huber et al., 196l).

Protein digestibÍlity vaLues of diets A and B were very

close to values observed by Larrille et aL. (1975) .for calves in

the three age groups. This trend of Íncreased digestíbilÍty appears

to be more dramatÍc for vegetable proteins than for milk proteins.

Studies conducted on soybean proteín r^rith neonatal calves Índicate

that proteín digestibility was Low and varíable during the fírst
two teeks of age and there ís a trend to improve with age (Nitzan

et aL., 197L, L972i Erbersdobler and Gropp, 1973; Rarns ey and tr{iLLarcl,

L97s) .

FAT DI@STIBILITY: Fat content in feces of calves fed diet A was

approxiur,atel-y thrice as great as was observed for calves fed a símilar

diet by Latrille et 91. (1975). Resul-rs for calves fed diers in

whích 507" of the total protein was suppLied by F.B.p.C. were simiLar

for both s tudÍes.

Steatorrhea or high levels of fecal- fat was observed for
some calves (APPENDIX Tabl-e 3). The productíon of Large amounts of

fecal fat is considered to be a refLection of maLabsorption associated

wiËh disturbances of proÈein or carbohydraËe digestion rather than

a prinary failure of fat absorption (Roy, L974). Thís explanation

raTas accepted by LatrilLe et al. (L975) to account for the cases of

díarrhoea observed. Horarever, the high leveLs of fecal fat for caLves

fed the control (casein) diet in cai.f study A cannot be explained by

Èhís theory. Iligh leveLs of fecal fat observed in this study are

probabLy due to the type of fat used or the mode of incorporation of
the faÈ into the díet because Ëhe fecal fat level-s were similar for
aLL four diets.
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Malabsorption of fat may result in the formåtion of cal"cium

and magnesium soaps, rendering these minerals unavailable to the

caLf (Roy, 1974) . No slmptoms of mineral deficiencies were observed

for calves in calf study A,

?he najority of calves fed diets ín which F.B.p.G. supplied

greater than 507" of the total protein had digestíve upsets after they

were introduced to theiT diets. This was followed by díarrhoea after
whích normal excretory patterns r¿ere observed. Ðiets fed to calves in
study B resulted in sinil-ar responses. Snith et aL. (1970), Sambeth

et al. (L967) and Smirh and l/,Iynn (1971) reporred rhar caLves inrroduced

to a f.iquid dÍet containing soyfLour experienced gastríc stabís,

fol-lowed by rapid passage through the íntestíne and diarrhoea. Con-

clusions deríved from later trials by Snith and Sissons (1973) léd

to the hypothesis that these disturbances may be related to a gastro-

Íntestinal aLLergy reâction. ThÍs hypothesis is supported by data

showing dramatic increases in mean titres for ciïculating antibodies

âfter prerumÍnant caLves were fed soybean meaL or proteín isolate for

four weeks (Smith et gl,, 1970). In addÍtion to the geneïaL immune

responses there may be a nore imedÍate tÍssue iTtrnunity response in

the snall- intes tÍne.

Another hypothesÍs Ís that digestÍve disturbances deveLop

in caLves that are not able to digest the diet. ThÍs nay result in
excessÍve proliferation of certaín micro- organisrns ¡,¡hích may cause

fLattening of the vill-i. The production of antÍboclies rray foll-ow

the ínvasion of partíally dÍgested protein through the damaged mucosa

(Boy, 1974). The ai.lergic reactíon resuLts in decreased. transit
time through the suraLL íntestine, abnormaL water and salt exchange

:::
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in the small intestine and decreased nitrogen absorptíon up to the

ileum (Smith and Sissons, 1974).

PROSEIN DIGESTIBIIITY: Digesribílity of F.B.p.C. was estimared ro

be 56.8, 65.1 and 80.07. for calves aged 8-13, 15-20 arrd 22-27 days

respectivel-y. Apparent protein digestibilÍty of pea protein concen-

trate r4ras 25% for calves under two hreeks of age (8e11 et {., Lg74),

Resul-ts of these two studies Suggest that F.B,p.C. is a superior

protein source for rnÍ1k substitute díets as courpared to pea protein

concentrate.

Numerous studies have been conducted to detentrine the abÍLity

of the young calf to utíl-ize soybean proÈein. For l-iquíd ttiets

contaíning soybean flour fed to calves under three weeks of age,

the digestÍbíl-Íty of the soybean protein ranged from ll to 55%

(Gorrí1-L and Nicholson, L969 t Kalkade g a1., 1976; Colvin and

Rarnsey, l-968; Nitzan et aL., 1971). GorriLL and Nicholson (1969)

reported that the nitrogen dígestibiLity of the soy proteÍn Ín a

liquid diet, ln which 707. of the roral proreín was supplíed by soy-

bean protein concentrate, was 797". The data r¿ere collected from

calves one to seven weeks of age. po¡:ter and IIÍ1L (L973) ïeported

75 to 87% apparent nitrogen dígesÈibÍLity for isolated soybean

protein when fed to calves one to two and four to five weeks of age

respectiveLy. llork compLeted wíth soybean protein índicates that

use of refined protein sources results in improved apparent protein

dígestibiLÍÈy. A comparíson of these studies with those of LatrÍlle

et 41. (1975) and caLf study A suggests rhar F.B.p.C. is comparabLe

to soybean protein concentrate and superior Èo soybean fLour.
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Relatively l"ittle vùork has been conducted on pLant protein

utilization by neonatal calves (under thro neeks of age) , the najoïity
of this work having been done with soybean protein. One of the

major differences between miLk proteins and vegetable proteins in

the diet of prerumínant calves is the rate of release of dietary

nitrogen compÕunds from the abomasum. CaLves fed diets prepared from

mil"k proteins have a slow, steady release of nitrogen over a nine

hour period after the feed. S¡ri th and Sissons (L975) observe¿l that

the nitrogen hold up for soybean containÍng feeds ¡vas slight for the

soybean flour buE extremeLy marked for the protein isolaËe. The

i.atter hoLd up was followed by several hours of rapÍd outflov, of

nitrogen from the snaLi. intestíne. i.ababean protein, like soybean

protein, does noË clot in the abomasum. The snaLL Íntestine ís

probabLy overloaded at some time after the feed and as a result the

protein is not properly dígested,

CALT' STUÐY B

The sulfur amíno acid studies conducted Ìüíth the preruminant

calves vTere sinílar to those conducted by Foldager et aL. (j.975).

Protein sources used in Ëhe Lâtter studies were mÍlk proÈeins and

crystalline T..ramino actds (18:08% of :,toLal proÈein). T,lle dlet con_

tained L7% crude protein on an air dry basis. The experimental diets

formulated for cai.f study B were simiLar (wíth the exception of leveL

of díetary nethionÍne) ro dier A in cai.f srudy A and dier g0 (g0% of

total protein was suppLied F.B.P.C.) in the tríaL conducted by

LaËri1l_e et ai.. (1975).
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AVERAGE DAILY C.AIN: Average daily gain (A.D.c.) of animal.s fed rhe

four experímental díets were lower than A.D.G. of calves fed diet A

in calf study A and diet 80 in trial conducred by LatriLLe SjL aL,

(1975). Differences in feed intake were taken into account. This

was partiaLl-y attributed to the stresses to which the calves were

exposed whíle on the metaboLisn crates. The caLves had problems

Ìíhen attemÞtíng to lie dor¡m or stand up due to sLippery flooring ín

these crates.

In thís study varying Levels of dietary methionine r^7ere com-

pared, The results shohted that there were no effects due to leveL

of díetary methíonine on average dâily gaín. This is compârable

with results of Foldager et al. (1975), who reported decreased. A.D.G.

lrhen calves were fed diets containíng greâter than 4.33 g. methíonine

per 16 g. nitrogen, LeveLs this great r4rere not fed to calves in
calf study B.

DRY MATIER AND CRIIDE PROTEIN DIGESTIBIIITY: ResuLts from rhe current

experiment showed that apparent dry natter digestíbility of the fouï

diets vras similar to values xeported for diet A in the previous

sÉudy. ApparenË crude proteín digestibÍLity, however, was approxi-

nåtely L0 to 20% Lo\ret than values reported for diet A, caLf study A,

Reduced protein digestíbility Inay aLso account for the lower A.D.G.

StatÍstical analysis indicated that dry natter and crude

protein digestibilities r,rrere not influenced by leveL of dietary

methionine or age of the caLf. ThÍs is in contradiction r^7ith results

from previous studies (Latrílle et aL., L975; Radostits and BelL,

1-968; Porter, L969; Roy, 1970) or cal.f study A which showed an in-
crease in both dry matter and crude proteín dígesÈibilÍty with age
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of the calf. this r.ras shown for calves fed both milk proteins and

vegetable proteins, No explanation was found for these results as

digestibility tests do not give any dÍrect information about the

varíous processes tå.king place in the whole digestíve system, nameLy

cLotting of proteins in the mÍlk subsËitute, protein degradatíon in

the smalL intestine or bacterial fermentation processes in the large

intestíne, High levels of fecal crude proteÍn rray be from endogenous

sources which include sLoughed gells of the intestinal mucosa lining,

ditgestive enzymes and bacteriaL proteins.

One hypothesÍs for the reduced plotein digestibíI_ity may be

the development of a gas tro- intes tÍna L allergy as descríbed earlíer.

This nray have been aggravated by the stress placed on caLves r,lhiLe

on the metabolism crates and blood colLections. Other netabolic

disturbances and diarrhoea may have resulted from such an íncompatÍ-

bilíty reaction.

A second expLanation may be that the taLLora, T¡ras not properLy

incorporated ínto the díet. Poy (1970) concluded from a reviernT of

the literatu:re, that unless correctly enrulsified and homogenized,

dietary fat tends to cause diârrhoea. poor quaLity fats incorporated

into nílk substitute diets results in reduced nitrogen retentíon

(Bi.axter and trrlood, 1951-¡ Raven and Robínson, 1964). Low qualíty

dietary díetary fat can reduce nitrogen utiLization ín tl"ro nanners,

(L) Fats that are poorly dÍgested may result in reduced protein ali-

gestibility (8e11, J.970), (2) fat is a najor energy source in a urílk

replacer and in event of fat naLabsorption the level of energy re-

ceived by the calf may be too Loi¡ for optimâI nitrogen uËilizatíon.

If the available energy in the four experimentâL díets was low, Ít
nay expLain the negative nítrogen utÍ1ÍzaËion.
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NITROGEN OUTPUT: Results of this study indÍcate that urÍnary nitro-
gen output r,"as affecËed by the Leve1 of díetary methionine in the

dÍeË. Calves fed dier C (2.38 g. L-merh/16 g. nirrogen) had rhe

lowest urinary nitrogen output, the greatest amounts beirig excreted

by caLves fed dier A. Ðier B (1.53 C. L- & 0.76 g. O-meth/16 g.

nítrogen) and diet D (2.74 g. meth/16 g. nÍtrogen) had Ínterrnediary

leveLs of nitrogen output. These differences were not reflected in
data of urinary urea concentratíons. Average values for totaL urinaïy

urea output were 105, 87, 108 and 93 g/period for diets A. B. C and

D respectivel-y.

PLASMA UREA LEVELS: Results fron thís study Índicate thâ.t there wâs

1íttLe change ín pl.asma urea LeveLs with tí¡ne after feerling. This

does not agree wíth resuLts by patureau-Mirand et 4. G}TL),

Nitzan et al. (1971) and llillíams and Smith (1975), which showed de-

creases in plasma urea nitrogen with tine after feedíng. In aj.1

three studÍes, the calves lrere fed mílk proteins, Nítzan gE al-,

(197L) also found that calves fed diets containing soybean protein,

which does not clot in the abomasurn, had sÍmilar pLasma urea responses,

StatisÈical analysÍs of pLasma urea nitrogen concentration data from

this study indicates that there was a hígh degree of varÍability
among calves whích uray have masked trends influenced by time after
feeding and díet.

PJ,ASMA FREE AMINO ACID LEVELS: Resulrs of rhis srudy showed a de-

crease in plasrna free methionine, glutamÍc acíd, aLanine and iso-

Leucine concentxations r^7Íth ÍncreasÍng age of the caLf. pLasma free

valine concentratÍons also decreased according to results from the
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fÍrst set of samples, aLthough this trend was not apparent for the

second set.

Leíbholz (1965) reported that the concentrations of most of

the free amino acids in the blood plasna of the calf decreased with

increasÍng age from birth to four weeks. Thís effect was sígnifi-
cant for serine, proLine, methionine and isoleucine¡ concentratÍons

of aspartic acÍd, glutamic acid, vaLine and cystine remaíned constant.

Results for glutamic acíd concentrations are contradictory for these

two studíes, The decreases in amino acid concentratÍons reported

by Leibholz (1965) in calf study B occurred mainly within rhe firsr
three weeks of the calfrs Life. Many other species have been found

to show å simÍLar decrease in plasma amino acid concentraÈions Ín

the first few r¿eeks afÈer birth (ltunroe, L970), trIÍlliams and Srnith

(1975) índÍcated that littLe change occurred for pLasma free methio-

níne or totaL plasmâ amino acids once the calf was over two r¿eeks

of age.

PLASMA I,IETIIIONINE IEVEIS: Peak concentratíons of plasma free methÍo-

nlne occurred four hours after feedíng, tr^ro hours later than expected

according to the Literature (i{iLLians and Smith, 1-975; Io1_dager et

al., L975), One expLanatíon nay be that the source of díetary fat
influences the concentratíon pattern of pLasma free amino acicls in

caLves. Rony et e!. (i975) demonstrated that peak concentrations of

methioníne in plasma occurred at trro and one hour{s) after feeding

when caLves were fed lard and butteroil" respectívely. Ga1ves fed

whole milk showed peak methionine concentrations at the tíme of

feeding. These results suggest that the source of dietary fat may

influence digestion of dietary protein and/or the metaboLism of amino
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acids in preruminant calves. Fats used in trials by lüílliaurs and

Smith (1975) and Foldager er g!. (1975) h/ere nor specífied.

Plasma free methionine concentratÍons were infLuenced by

leve1 of dietary methioníne when calves werê at fasÊing state and

after the feed. The concentrations of plasma methioníne at four

hours post feedíng in the order of híghest to LohTest were diets D,

B, C and A. Results from calf study B and studies conducted by

Foldager et al. (L975) Índicate Ëhat plasna methionine leveló are

.the most sensitive method of determining optÍmal methionine supple-

mentatÍon r,rThen poor health due to factors other than tïeatments are

encountered.

D-METHIONINE UTIIZATION: Calves fed diet B (1.53 L- anat 0.76 g.

D-neth/16 g. nítrogen) and dier C (2.33 g. t -nethionine/16 g. nirro-
gen had simii.aï plasma free methÍonine l-evels at fasting and at tr4ro

and four hours post feeding for sets one and two. If D-methionine

couLd not be utíLized by the preruninant caLf, díet B r¿ouLd provide

on1-y 1,53 g. util-ízabLe methionine/16 g. nitrogen. The D-methionine

would be deaminated and excreted from the body as urea. A1so, the

requirements of other essential amino acíds would be reduced and

excesses of these amino acids would also be broken down in the liver.
No differences r"¡ere found in plasma and urinary urea nitrogen, urin-

ary methíonine concentratíons or the nitrogen baLance triaLs. These

resuLts suggest that D-methionine is absorbed from the intestínal
tract Ínto the blood stream and is utilized for protein synthesis in
a simii.ar nanner as the L-isomer.
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oPTIMAL METIIIONINE SUPPLEI4ENTATION: The oprimal 1evel of merhioníne

supplementation of a milk substÍtute diet in which g0Z. of the crude

proteÍn was supplied by F.B.p.C. was derennined by observing the

changes in plasma free methionine concentrations with tÍme after

feeding. Results from sets one and two Índicate that diet A does

not supply sufficient amounts of methíoníne to alloh7 optimal utii.i-
zatíon of amíno acÍds other than methíonine. In set one, plasma

free methioníne concentrations increased 0.40 r,g/1. over four houïs.

In set tr^7o there was an Íncrease of 1.5 mg/l, at tr4ro hours post

feeding folLowed by a drop to concentratÍons slíghtl-y greater than

!ühen the calves r¡ere at fastíng state.

The changes in plasna free methionine concentrations at four

hours post feeding indicate that caLves fed diets B, C and D lrere

fed urethionine in excess of thelr requiïements. Thís was indicateé

by the sudden increâse ín circulating methionine at four hours post

feedíng. In set one a simílar patÊern was observed at tr^ro hours

post feedíng.

The conci-usion derived from these results is that the optimal

leveL of methioníne supplementatÍon is betríeen 1.70 and Z.3O g/L6 g.

nÍtrogen. A more accurate value could be obtained by adcling several

more treatments wÍth varyíng leveLs of dÍetary methionine in this

type of study. Dietary cystíne was approxinately 0.79 g/16 g,

nitrogen, Therefore, the totaL sulfur amíno acid requírements of a

preruminant calf fed a diet in which 80% of the proteín is suppLíed

by ¡'.B.P.C. ís 2.5 to 3-L elrc g. nírrogen (Table 28). Ttris ís

equivalent to 0.767" of the dry Eatter of the diet. Based on these

results we can caLculate that a 40 kg. calf gaíning 0.5 kg/day would
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T.able 28: TIIE REQUIREMENT 0F TOTA! SIILFUR AMINO ACIDS
IN TIÌE PRERUMIMNT CAIF1

SOURCE TOTAI, SULFUR AMINO ACIDS

e/I6 s. N e/re. s.ri.'73ldr'y glday % of D.M.

4.00 0.26

Patureau-Mirand
€l ar.. (1973) 3.50(2) 0.58

Foldager & llub er
(te7 s)

Tz eng et aL.
(re74)

Present gtudy
(Te77) 2 .5-3 .l

.385 0.70

0. 90

1. 15- 1.65

0.76

I'lill ia¡ns & Smith
(1975) 0.23_0.26 3.9_4. s

1' Adjusted from table by Foldager et aL., L975

(2) E*p"rÍr"otal diet contained 26.47" protein
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require 3.90 g. methioníne/day. This is similar to results obtained

by tr{i1Liarns and Smith (197 5) .

According to a study by Lrtilliams and Smith (1975), the estí_

mated optin¿L level of dietary methioníne was 4.5 and 3.9 g/ ð,ay

respectively (Table 28). These results were based on pLasma methio_

níne and urea-nitrogen responses to graded leveLs of dieÈary I,-

methionine suppLementatÍon. Cystine íntake was O,3 g/d€y. The

calves were from 50 to 60 kg. livenreight and grew at a rate of .25

ks,/ day .

FoLdager et al. (1975) estimated tota1 sul-fur amino acid

requirements to be 3.80 and 4.00 E/I6 g. nirrogen (Table 2g).

!üilliams and Smith cired parureau-Mírand and pion (1973) and

Patureau-Mirand et al. (L973), whose results indicatecl that the

methionine requirement was 0.58 e/ke. wO,73¡6^r. These results were

greater than results from studies already mentíoned. Theír experi_

menEs differed slÍghtly from the others in that díets contained

26.47" ctude ptoteín and calves !,7ere fed to gain approximately

L.O kg/day. Foldager et al. (1-975) cireat Tz eng er al. (i.974) who

reported that the total- sul-fur amino acid requiïements for pre_

ruminant calves r,¡as 1.15 to L.65% of the dry matter.
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CONCLUSIONS

1. AutocLaving fababean proteín concentrate at LZOoç for thirty
minutes does not improve grohrth performance of weanling rats \4rhen

fed as the soLe protein source. No dÍfferences were found in feed

inÈake, average daÍLy gain or proteín efficiency ratio for rats fed

raw as compared to autoclaved fababean proteín concentrate.

2. Fababeans have a L or,¡ levei. of suLfur amino acids, particuLarly

methioníne. DrL-methionine supplementation of fababean protein

concentrate at a l-evel providíng 3,20 g. methioníne per_100 g.

protein results in a proteín that is equÍvaLent to casein and to

methioníne supplemented soybean protein concentrate.

3. MiLk substitute diets containing fababean protein concentrate

as the major protein source mix weli. wÍth water and wiLL reanin in

suspension. These díets were palatabLe.

4. StatístícaL analysis showed that there were no dÍfferences

among calves fed an aLl míLk replacer and a niLk replacer Ín which

25% of the proteín was suppLied by fababean protein concentrate.

Parameters consÍdered r¡rere average daíly gain, feed efficiency,

dry matter, fat and crude proteÍn diges t íbÍ i.ities.
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5. There was decreased proteÍn digestibílity as the Level of faba-

bean protein concentrate in the diet increased. young caLves are

not abLe to digest this vegetable protein as effíciently as milk

proteÍns. Crude proteín digestibilíty ímproved with tåe age of the

calf, the response being more dramatic for fababean protein than

for the uríLk proteins. Using a simpLe regression analysis, the

crude proÈein digestibility of fababean proteín concentrate r4ras

estimated to be 56.8, 65.1and 80.0% for caLves aged g-L3, l5-ZO

and 22-27 days respectiveLy. Cornparisons rarith irork done on other

vegetable pioteíns suggest that fababean pïotein concentrate Ís a

better protein source for milk substitute diets than pea protein con-

centrate and soybean fl-our and is equaL to soybeân proteín concen-

trate.

6. The requirements for to&aL suLfur amino acÍds by the preruminant

calf ís 2.5 to 3.1 g/L6 g. nÍtrogen for calves beËween nine and.

27 days of age. Plasma methionine !.evel - was a more sensitive measure

than average daíIy gain, nÍtrogen bal-ance and pLasma urea nitrogen

when health probLems wexe occuriing. These health problems were

not directLy reLated Ëo dÍetary methioníne 1eve1-s, but rarere caused

by stress and the low digestibÍl-ity of other nutrients in the diet.

The requirements determined by pl-asma methionine levels r¿ere approxi-

nately the same at five and eleven days after introductíon to the

treatments.
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7. Factors affecting the concentration patterns of amino acids

after å. meaL should be further investigated. These incrude the source

of dietary proÈeÍns and fats ând Ëhe mode of íncorporation of fat
into the diet. Also, the sparing effect of cystine on methioníne

ín calves should be further invesÊigated.

8. Results from the l"ast sËudy indicate that caLves do utÍ1íze

D-methionÍne to satísfy theÍr meÈhionine requÍrements. Supplemen-

tation of milk substitute díets wíth Ð,L- versus t-methioníne is
advantageous because it is Lower in cost and more palatable,
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APPENDIX labLe 2: INITIAL !üE IGHT AND RECORÐ OF I{EA].TH OF CALVES
USED IN STUDY A.

DIET
INIT IAL
!,IE IGHT

(Ks. )

]TEATflT
REC ORD

101 44.6
L5-75 38. 8
23-75 44.7
105 46.4

292 48.3

306 38.0

L4-75 46.6
22-75 43.s

297 4s.2
298 47.0
299 43.2

300 46.4

L6-75 34.2
L9-75 48.0

r02 4s.3
LO4 55.0

29L 43.6

296 42.0

L7-75 38. I
20-75 45.6
l-06 42 .5

294 43.5

295 45.8
24-75 47.O

::
got V.P. (1) ¡ust príor ro 3rd collec-

Ëion period; Lost 3.4 Kg. in Last
8 days.

showed some s]¡mptoms of V.P. at age
8 - 17 days.

had naveL ilL
2.9 Y8.

age 8 - 15 days; lost

severe scours ^" ^g" I - L2 d,aysi
given I feed for 2 days.

had a navel Ínfectíon at age 9 - 13
days¡ no determined weight Loss.

had some s)¡mptoms of V.P. duri.ng last
four days of experiment

appeared to be in good heaLth, but
lost hair on back legs and rump.

had slight case of V.P. during fÍnal
collection perÍod

had scours for first seven days of
experiment

got V.P. at age 23 dê.ys; lost 1.1 KC.
in hreight

(1) v.p. - viral pneumonia (enzootÍc pneumonia)
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APPENDIX Table 3: INDIVIDUAT, CALF DATA oN THE APPARENT DRY MATTER
DIGESTIBIIITY DÛRING COLLECTION PERIOÐS
1, 2 ANÐ 3 IN CAIF STUDY A.

D.M. DIGESTIBILITY IN CoI,TECTIoN PERIOD: (%)

ÐT3T CALF l2
8-L3 DAYS 15-20 DAYS

3 AVERAGE D.M.
22-27 DAYS DIGESTIBTLITY (7.)

101
L5-75
23-75

t-0 5
292
306

L4-7 5
22-95

297
298
299
300

L6-75
L9-75

LO2
LO4
29L
296

L7-75
20-7 5
24-7 5

106
294
295

77.58
74.L6
75.83
70.L7
74.02
85.80

76.75
/o..fr
75.56
86.L9
58. 86
75.6L

82.48*
78.94"
87.78
92.L7
63.94
69 .27

82.7 2
83. L8
74,87
88. 66
74.23
84.94

77.76
78.4L
90.94
82.46
79.s6
77.08

87.33
79 .64
84.36
83. 71
73 .62
73.43

94.88
79.90
75.92
86.81
88.07
80. 86

88.57"
89.28
90. 83
63 .27
88. s4
82.51

85.60
86.90
9r.45
88.03
90.19
84. 88

89. 55
88. 80
87.2L
78.45
75.10
86.7L

90 .57
88,0r
9L.76
88. 38
9L.9L
90. L6

93.L4
91.10
84. 8s
91.83
92.47
89 .57

80.31
79.82
86.07
80.22
8L.26
82.59

84.54
8r.. 65
82 .38
82.78
69.L9
78. 58

89.31
82.22
85. r.5
89.L2
81.31
80. L0

88. r.4
87.8s
83 .52
8L .25
85.08
85.67

* pseudo vaLues (Anderson, 1946)
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APPENDIX TAbIC 4: INDIVIDUAI CAÌ.F DAÎA ON TIIE APPARENT DIGESTIBILITY
OF FAT DURING COLLECTION PERIODS 1, 2 AND 3
IN CAIF SÎIIDY A.

CATF L

8-13 DAYS

FAT DÏGESTIBILITY (%) IN PERIOD:

2 3 AVERAGE FAT
T5.20 DAYS 22-27 DAYS DIGESTIBILITY (7.)

10r
L5-75
23-75

L05
292
306

L4-7 5
22-7 5

297
298
299
300

L6-75
L9-75

LO2
to4
29L
290

L7=75
20-75
24-75

106
294
29s

62.48
44,34
39.39
34.75
38.76
84.08

60. 33
56. 13*
s4.L3
84.21
8.38

56.62

72 .74
65.47*
85. 81
93.17

L.25
39.77

63 .2L
82.84
46.74
79.69
43.54
7l+, L8

66.s7
63.44
92.80
58.37
s3.67
62.74

89.67
79.59
9L.27
78.94
6L .43
57.72

97.16
69.42
70.L9
81.93
93.2L
92.L5

90 ,37
90.61
94.08
s4,43
79.75
79.44

90.63
70.60
95.33
82.09
90.9L
90.55

92.40
92.65
95.76
65.04
92.27
90. 85

93.70
93.13
93.62
90 .r7
94.0t
96 ,00

93.7r
75.29
93.93
89. 9s
94.63
83.76

73.23
66.L3
75.84
58.40
61 . 1-1

79.12

80.80
86.L2
80.39
76.06
48.44
68 .20

87.87
81.28
83 .2L
88.42
62.82
75.97

78 .46
89.58
78.2s
74.69
72.3L
79.13

* p".,rdo vaLues (Anderson, L946)
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APPENDIX Table 5: INDIVIDUAI GALF DATA ON T}iE APPARENT DTGESTIBILITY
OF CRUDE PROIE IN DURING COLIECTION PERIODS
1, 2 AND 3 IN CAt F S!['t DY A.

c.P. DTGESTIBILTTY (tr) IN PERIOD

DIET CALF L2
8- L3 DAYS L5-20 DAYS

3 AI/ERAGE C. P.
22-27 ÐAYS DIGESTTBIIITY (%)

101
L5-7 5
23-7 5

l-05
292
306

L4-75
z2-7 5

297
298
299
300

L6-7 5
L9-7 s

L02
1-04

29t
246

L7-75
20-7 5
24=7 5

106
294
295

57 .52
60.44
65 .29
58. 70
56.22
64,75

7 2 .33.-
63.79"
58. L0
77.26
49,78
63.68

78,L4
71.22^
79.47
88. 28
67 .82
55.94

8L.72
73.56
68. L3
81.83
60 .06
74.22

64.92
67.92
84.29
73.20
59 .5L
59.81

83 .63
69.29
67.77
74.08
73.49
6L.22

93.49
75,64
66.27
77.93
85 .39
70.04

86.80^
8t.64
83.02
72.40
81-.66
67,L7

82.59
77.4L
91 .03
82 .08
86.97
69.26

86.84
86.48
81".66
73.23
81.60
81.96

85. 78
80.72
88. 15
79.92
88. 70
88. 82

9L.47
87.34
77.96
83. 98
89 .23
8s .06

68.34
68.92
80.20
7L.33
67 .57
64.6L

80.93
77.87
69.18
74.86
68.29
68. 95

85.80
78. L8
77.96
82.O4
78.64
7 L.60

86. 60
80.85
76.37
79.40
7 6.98
75.48

* pseudo values (Andèïson, i.946)



A?PENDIX Tabl-e 6: ANALYSIS OF VARIANCE OF FOUR EXPERIMENTAL DIETS
CONTAINING VARIASTE TEVEIS OF F.B.P.C. FOR
AVERAGE ÐA]TY GAIN AND FEEÐ ETFICITNCY
IN CATF STITDY A.

SOURGE OF VARIATION TREAII.{ENTS ERROR

DEGREES OF FREEDG{ 3 20

ITEI4S (Mean Squares)

Average Daily Gain .033 .016

Feed EffÍciency .069 .OZZ*

* SÍgnificant Difference d,ue to treatment, p<G05
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APPENÐÐ( TabLe 7z ANALYSIS 0F VARIANCE OF ¡.OUR EXPERI14ENTAL DIETS
tr'ED IN CALF STUDY A }'OR DIGESTIBTTITY COEFFIC]ENTS
oF DRy MATIER, ETIiER EXTRACT AND CRUDE PROTEIN.

SOURCE OF VARIATION

DEGREES OF FREEDO}.{

CALVES
WITHIN

DTET

20

AGE
AGE CALVES
xx !,f ITHIN
DIET. AGE

637

ÏTEMS

Dry l{at ter Dig.

Ether Extracts ÐÍ9.

Crude Proteín Dig.

(I4ean Squares)

44.58 635.g3iß 5.22 47.30

258.72 72LO.L4* 80g.22 370.77

70.28 1s68,68 26.92 67.55

Ll3 .25

497 .78

369 .22*

* Significant Ðifferences at p<.05
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APPENDTX rable 8: AI.IAtysrs oF VARTANCE BET!üEEN FouR EXPERTMENTAL DrETs
FOR AVERAGE DAILY C4,IN, DRY MATTER DIGESTIBT],ITY,
CRUDE PROTEIN DIGESTIBILITY, NITROGEN UTILIZATIOñ,
AND NITROGEN BATANCE IN CA],F STUDY B

SOURCE Otr' VARIATION

DEGREES OF FREEDOM

BLOCKS
(({1i,êe)

PERIODS TREA1ÏENTS
(ag") (diets)

13

ERROR

Ï1EMS

Average DaiJ-y Gain
GlaaY¡

Dry l,fatter DÍC. (7.)

Crude Protein DiC. (7t

Nitrogen UtiLÍzation
çg. gain/C. N inrake)

Nitrogen Balance
G/aaY¡

(rnean squares)

2340.24 t2.57247 4A - 20^

70.26

247.9L

54 .20"

r.1.58

28.20

288.96

8. 43

t4.59

31. 88

65.72

L.25

15.09

3767.L4

93.27

330.81

8.60

8.22

signif icant díf f erence = .05
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AP?ENDIX TAbIC 9: INDIVIDUAI, DATA ON I^TE IGHT CHANGES OF CAI\ES DIJRING
TIIE FIRST STX DAYS AFTER INTRODIJCTION TO T}IEIR
ASSIGNED DIETS AND I.¡HILE ON METABOLISM CRATES
FOR PERIODS 1 AND 2

PERIOD 1 PERIOD 2

IIEIGHT CIIANGES ÍIIEIGHT CIIANGES

1A

2D

3A

4B

5B

6D

7c

8D

9c

108

11 c

L2A

1.3

0.2

o.2

D

A

B

A

Ð

D

c

c

A

c

- 1.5

-0. 8

Lst 6 days Last 6 days Lst 6 days last 6 days

* Ðuring the last six days of
metabol.ism crates.

the period the calves were placed on



APPENDIX Table 10: INDMÐUA] CAJ.F DATA ON DRy MAITER AND
CRUDE PROTEIN ÐIGESTIBITIT1ES !,OR
CAT,F STUDY B

DTET PERIOD DRY MATTER DIG. CRIJDE PROTEIN DIG.(%) (7")

Atr
3

L2
2
4

11

1

I
1

2
2

2

76.72
62,7L
83 ;65
86.,85
68. 15
82.45

44.4L
21 .89
60.82
64.L4
32.50
56 .49

B4
5

10
3
6
9

1"

1

1

2
2

2

7 6.89
73. 88
88. 78
72.23
86.34
72.99

36.39
45 .37
66 .40
55.20
69.00
30 .44

c7
9

11
I

10
L2

1

L

1

2
2
2

81 .03
84.33
85.20
80.73
87.6s
7s. 18

51. 16
62.7 8
59 .87
52. 81
69.40
46.58

Ð2
6
I
I
5
7

I
I
1

2
2
2

62 .5L
65.L9
88.38
72. t5
85. r.3
85.89

23.L6
2L.59
66.99
36.80
63.79
68.92
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APPENDIX TabLe 11: INDMDUAT CAIF DATA ON NITROGEN UTILIZATION AND
NITROGEN BALANCE FOR CALF STUDY B

NITROGEN NITROGEN
UTILIZATION BALANCE

(g. gained/g. N inrâke) Glaay¡

1l-

L2

1

2

1

2

I
2

1

2

1

2

I
2

1

z

1

2

1

2

1

2

I
2

1

2

A
D

D

A

A

B

A

D

D

B

c
D

Ð

c

c
B

B
c

c
A

A
c

- 6.84
- 8.26

- 3.80
1.61

- 3. 88
- 9.79

- 4.35
- L1.90

-LL .7 2
- 4.60

- 3.22
- 0.71

- 0. 66
1.09

0.80
2 .79

0.77
1.90

9.35
LL.72

L .62
0

-12.08
- 9 .29

4.32
5 .23

r.49
2.84

o .67
9.46

3.50
.73

4.26
4.9s

.5L
11.85

5.94
9 .26

6.55
6.78

5 .64
4.89

10. 75
Lt .66

8. 78
9. 10

6. 30
5.7t
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APPENDIX TabLe L2: AI.IALYSIS OF VARIANCE OF EXPERI¡{ENTAL DIETS FEÐ IN
CAI.F STUDY B FOR PIAS[,{A FREE METHIONINE CONTENT
AT O, 2 AND 4 TIOURS AFTER FEEDING ON THE FIRST
AND LAST DAY OF THE EXPERIMENTAL PERIOD

SOURCE OF VARIATION

DEGREE S OF FREEDOM

A¡4ONG

CALVES

11

DIET

3

IlEMS

lst SET

þLasma free methíoníne:

0 hrs. 7.3O

2 hrs. 13.62

4 hrs. 26.58

2nd SET
plasma free methÍonÍne:

0 hrs. 5.22

2 llrs. L4.68

4 hrs. 2L.22

L3.47* 2.46

14.48"^ 3.84
**79.24 5 .7I

L3.39 9.88

20.L3 L2.56

64.09'^ 9.s4

0

s .L6

27.36

72.O0

3 .01

L7 .52

significant dífference at = 0.05

** significant difference at = 0.0I




