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DIGESTION AND UTILIZATION OF

RAPESEED MEAL BY THI GROWING PIG

ABSTRACT

Six-week old castrated male p'igs were used in three experiments

des'igned to investigate the factors responsible for the lovr apparent

digestìbility of rapeseed meal (RSM). Results of Experiment I indicated

that method of processing (rllvent, prepress-solvent, or expeìler),

variety of rape (8. napus, B. campestrìs, and B. napus cv. Bronowski)

and year of harvest (1967 and 1968) had no signìficant effect on prote'in

and ami no ac'id dì ges ti bi I i t'ies and eff i c'iency of n'i trogen retenti on of

RSM. Apparent protein dìgest'ibjlìtìes for 12 sampìes of RSM from 5

di fferent processors ranged from 71.0 to 77 ,9%. Apparent di gesti bi I i tj es

of the'individual amino acjds varied from 69.0 to 84.6%. In general,

digest'ibilities u/ere h'ighest for glutamìc acìd, histidine and arginine.

In Experiment II digest'ib'ility of RSM \{as compared with that of other

proteìn sources. Coefficients of apparent protein digest'ib'i I ì ty for

three sampìes of RSM averaged 75.8 compared to 91.8 for case'in (Cas)' 79.3

for autoclaved casein (Aut.Cas.), B+.2 for soybean jsolate (Soy) and 80.8

for zein (Ze). Protejn d'igestibil'itìes based on dìgesta from the ileum

of pigs killed approxìmateìy 4 hours after a meal of the test diets bore

ljttle relationship to d'igest'ibilit'ies based on feces collected from these

p'i gs, partì cul arìy i n the case of Soy and Ze. Apparent d'i gesti bi I i ty

coefficìents based on ileal d'igesta were 73.2, 86.3, 78.2, 70.3, and 60.8

for RSM, Cas, Aut.Cas., Soy' and Ze, respectìve'ly. In generaì,

digestibilities of the individual amino acids followed those of the protein

sources aithough there was cons'iderable variation in digestìbility



coefficients among am'ino acjds. Digestibility coefficients tended to be

h.ighest for gìutamic acid, histidine, and arginine, and lowest for

meth.ionjne and alan'ine. Diqestibil'ity coeffic'ients based on digesta

from the.ileum agreed fairly closeìy with those based on feces except for

prof ine, glyc'ine, glutamic ac'id, aspartjc acid, threonine, and serine tryhere

dì gesti b.il'ity 'improved markedìy between the i leum and feces, parti cul arly

with Soy and Ze whjch suggests that caution must be exercised in the

.interpretat.ion of am'ino aci d di gest'ibi I i ty data based on fecaì analyses .

partial removal of the hulI fraction from RSTVI by air classification (Exp'III)

resulted,in a significant (P<,0.05) ìmprovemênt 'in:protej,n,;dìgest'ib'ility;

coeffjcients of apparent digestibility averaged 75,7 for the three regular

RSMs and 79.8 for low-fiber RSM prepared from these meals' F'iber did

not affect the d'igestib'ility of soybean prote'in; coefficìents of protein

digestib'il'ity werer'83',,4,.f0r soybean meal (44% protein) and 83.5 for

soybean jsolate. No s'ignìfjcant differences were found among the

RSM and soybean sources for protein djgestibjlity coefficients in the

m.id jejunum and ileum. However, a sìgnif icant (P <0.05) 'improvement in

dìgestibility was found between the ileum and feces for pigs fed soybean

protein, e'ither as meal o¡isolate, and tlto of the low-fiber RSMs'

These results suggest that the hull fract'ion 'in RSM interfered w'ith

fermentation of the nitrogenous components in the large intestine or

.increased the rate of trans'it through this site. Bes'ides, efficiency

of nitrogen retentjon w'ith RSM expressed as % N intake or percent N

absorbed was s'ign'ificantly (P<.0.05) higher than that of soybean protein'

in vi tro pepsi n, pancreat'in, and pepsi n-pancreat'in di gesti on of RSM

(cv. 0ro), Cas., Aut.Cas., Soy,7ê, and soybean meal bore little



relationship to the in vjvo dìgestib'i lities of these proteìns. The

results of these experiments suggest that the lower apparent proteìn

digest.ib.il.ity of RSM than of soybean meal was the result of the greater

fermentation of the latter in the large'intestine'
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Chapter I

GENERAL INTRODUCTION

The 197i-72 Canadian production of rapeseed was 98.5 m'illion

bushels compared to oniy 10 million bushels a decade earl'ier. l,{ith the

growing popularity of rape as a crop in Canada, rapeseed meal has become

a Very economical source of protein. The use of rapeseed meal aS a

protein source 'in animal d'iets, however, is compl icated by the presence

of potential goitrogen'ic factors (Slucosinolates). In addition, recent

expe¡iments with rats and pigs have indicated a lower dìgestìbility of

rapeseed meal protein compared w'ith caseìn and soybean proteìn. The

reason for the lower digestib'i1ity of thjs prote'in has not been system-

atically investìgated. Thus the prìncìpa1 obiect'ive of the present

study was to resolve some of the factors responsible for the relatively

poor digestibility of rapeseed protein as compared to other protein

sources. The first experìment studied the 'influence of method of proc-

ess'ing and variety of rape on the digestibility and util'ization of rape-

seed protein. The second experiment compared the progress of j-n vi-vg

digestion of protein from rapeseed meal with that of casejn, autoclaved

casein, jsolated soybean proteìn and zejn in growing p'igs. Amjno acid

patterns in digesta at d'ifferent levels of the jntestinal tract were

compared for pigs fed the various protein sources jn an attempt to

estìmate the extent of protein d'igest'ion by the time d'igesta reaches the

ileum and to establish the influence of m'icroflora on the apparent avail-

ab1lity of the indivìdual amino acjds. The poss'ib'ility exjsts that the

lower d'igestibility of rapeseed meal is due to less fermentat'ion of th'is



proteìn than other types of proteìns in the large ìntestine. A th'ird

study dealt rvith the effect of removal of the hull fraction in rapeseed

meal on the digestibil'ity of thìs proteìn. In addition, in v'itro

peps'in and pancreat'in dìgestions were carried out for the various protein

sources to determine if the lower digestibility of rapeseed meal was

related to rate of hydro'lysìs by proteolytic enzymes.



Chapter II

REVIEI^I OF LTTERATURE

2.I Studies on the d'i stibili and ut'i I i zati on of rapeseed meal

2.7.1 introduct'ion

The nutritional status of rapeseed meal (RSM) was reviewed by Be1'l

(1955) and he concluded that rapeseed meal was a poor prote'in source

because of the presence of goi trogen'ic factors i n th'is meal . Hou/ever,

little information was presented on the dìgestion and metabolic util-
'i zati on of rapeseed mea'l by domesti c an j mal s . Si nce that ti me

considerable informaiion has been accumulated on various aspects of the

nutri t'i ve val ue of rapeseed meal . The present chapter wi I I therefore

deal wìth some of the factors, i.e. feed jntake, dìgest'ibì1ity' goitro-

gen'ic substances and processjng, which affect the util'izatjon of rape-

seed meal i n di fferent spec'ies .

2,1.2 EffesU¡f fe.ed jn.t-al<.e .on apparel]." utilization of rapeseed meal

Bel I ( 1955 ) 'indi cated that appeti te depress i on , poor wei ght ga'in

and reduction in feed efficiency generally accompanied the feeding of

RSM to different specìes. In subsequent trials with mice, Bell (1957)

and Bel z'i I e et al . ( i963) reported h'ighly sì gni f i cant correl ati ons

(r = 0.71 and 0.67, respective'ly) between the poor we'ight gaìn and low

intake of diets contaìning RSM. In rats, lower feed effic'iency with

RSM was paraìleled by a two-fold decrease jn feed intake (Goering et al.

1960). Drouljscos and Bowland (1969) a'lso reported that the lower

protein efficiency rat'io (PER) with RSM was related to some extent to



the lower feed intake of rats fed RSM. Protein effic'iency ratjos

averaged 2.0, 1.9, 2,4 and 2.3 for solvent extracted RSM, prepress-

solvent RSlt{, soybean meal , and casein whereas the correspond'ing n'itrogen

intake was 103, 119, 140 and 130 gm. Feed intake also tended to be

depressed'in pigs with'inclusjon of RSM'in a basal djet. Schuld and

Bowland (7967) found that feed intake, rate of gaìn and feed conversjon

of pigs up to 110 pounds in weight were poorer when 50 to I00% of the

soybean meal in the diet was repìaced by rapeseed meal. Data from

Bowland (7977) indicate that a depression of approximately 2% in feed

intake can be expected for each I% of d'ietary rapeseed meal added even

when adiustment was made for energy (DE) and proteìn level.

There i s ev'idence that the g'l ucos'inol ate content i s partly

responsible for the lower feed intake and weìght gain of an'imals fed

rapeseed meal . Cland'inin et al . (1959) reported that high gl ucosino-

late rapeseed meal (Hi RSM) was more detrimental to feed intake and

growth of ch'ickens than low glucosinolate RSM (Lo RSM). Ten percent of

Argenti ne RSM ( Brass ì ca napus ) , a hi gh gl ucos j nol ate vari ety, depressed

feed'intal<e and growth of chicks whjle as much as 15% Polish RSM (Brass-

ica campestris) had little effect. S'imilarly 0liver et al. (1970)

reported that a high thiogìucoside RSM (Hi RSM) sìgnificantly reduced

feed intake and weight gain of rats as compared to diets contain'ing eìther

Bronowski rapeseed mea'l (a low thìoglucoside RSM) or casein. The feed

intake of mice fed Bronowski rapeseed meal was equivalent to that of

m'ice fed soybean meal (SM) even when Bronowski constjtuted up to 20% of

the total diet (Beì1 eI al., I97l). By contrast two sources of Hi RSM,

Target and Yellow Sarson, depressed feed jntake and wejght gain even



when adjustment was made for djgestible energy (DE) intake. However,

the rel ati onshi p between total g'l ucosi nol ate 'ingestì on and observed

or DE adjusted weight gain was rather poor (r = -0.57 and -0.21,

respectìve1y). Th'is poor relationship between DE adjusted weight gain

and glucos'inolate content of RSM suggests that a considerable portion

of reduced weight gaìn 'is unexp'laìned. 0ther factors such as type

and level of glucos'inolate in the djet or degree of glucosinolate

cl eavage i n the gastroi ntesti nal tract mi ght expl a'in the I ower we'ight

ga'in with RSM.

The lower we'ight gain with RSM, compared to other prote'in sources!

is usually associated wjth a depressed feed intake. The thioglucoside

content of most varieties of RSM appears to be responsjble for the

reduction in feed intake and in turn depressed weight gaìn and poor.

effjciency of feed utiljzation by animals fed RSl4.

2.7.3 Di g.estibi lj.ty. of. .r.ape:ge_d meal

Numerous experiments have been carried out during the past decade

on the digestibiiity of RSM in rats and pigs. Most of the reports

i nd'icated consi stently I ower di gesti b'i I i ty coef f i ci ents for prote'in,

dry matter, fiber and energy of RSM. In rats (Drouliscos and Bowìand,

i96 9) true n'i trogen di gestì b'i 
'l 

ì ty of sol vent RSM or prepress-sol vent

RSM was found to be 78,7xI.2 and 77.9r2.7 respectively, compared to

values of 90.410.9 for soybean mea'l and 96.010.6 for case'in. S'imi'larly

0liver et al. (i970) reported that the apparent digestibjlity of low and

high thìoglucosìde RSM by the rat was s'imilar (gO and 82% respectively)



but considerab'ly lower than that of casein (9a%). The true digest-

ib'ility coeff icient of RSM for colostomized ch'ickens (Tao et al ., l97I)

was lower (78) than those reported from the same laboratory (Flipot

et al., i97i) for casein (96), fishmeal (95), soya protein (93) and

zejn (85). Cho and Bayley (1970) also found the djgestib'ilitv

coeffjc'ients for prote'in, dry matter, gross energy and crude fiber to

be 8-I2% lower for RSM than for soybean meal when 60 kg. pìgs were fed

semi-purified diets contaìning e'ither rapeseed meal or soybean meal as

the sole source of proteìn. Energy digestib'ility and true proteìn

dì gestì bi'l'ity of RSIvI (72 and 84%, respecti vely) were simil ar to the

values found for oats (69 and B2%), but lower-than those for soybean

meal (82 and BB%), barìey (84 and g2%), fishmeal (89 and 95%), wheat

(90 and 96%) (May and Beì1, 1977). These values agree wjth the

observations of several groups (Saben et al., 197la, I977b; Bayley et s!.'

1969; Manns et al., 1963b; Hussar and Bowland, 1959b) who have f,ound

that the addition of 10 to 25% of RSM to a basal diet decreased the

overal I dì gesti bi 'l 'ity and the metabol'i zabl e energy yì el d of the di et.

Method of processìng used in oil extraction of rape apparently has

little effect on the digestibility of n'itrogen! energy and dry matter by

rats and pigs. Protein dìgestibility of expeìler RSM (Hussar and

Bowland, 1959b) was approxìnrate'ly the same as that of solvent RSM (Manns

et al., 1963b). Droul'iscos and Bowland (1969) reported similar

protein digestìbilities for prepress-solvent and solvent extracted RSM

and Saben et al. (1971a) found no djfferences in protein digestibìììtyr

among 12 samples of RSM processed by expeì1er, prepress-solvent or

solvent processes. Mean apparent coefficients of protein dìgest'ibility



for expe'l'ler, prepress-solvent and solvent RSM were 75.0,74,6 and 76.3,

respectìvely. The highest and the lowest digestib'ility values were

observed for samples of solvent extracted RSM. These observat'ions by

Saben e! al. (1971a) aìso suggest that thioglucoside level has l'ittle

effect on digestibì'lìty of nitrogen and energy'in RSM since the values

for Bronowsk'i RSM were s'imìlar to those for the other meal . Simìlar

findjngs were reported by 0liver e.t al. (1971).

Little information is presently available on the influence of

fiber content in RSM on the d'igestìbility of this meal. Saben et al.

(I97la) reported no d'ifference 'in di gesti bi I j ty of ni trogen and energy

among 12 samples of RSM conta'ining from 13,7 to 76,0% of fiber. However,

they suggested that the rather high crude fiber content of RSM

and the nature of this fiber may have decreased the digestibility of the

prote'in. It is possible that in RSM lign'in is arranged and distributed

jn such a tnray that protein is trapoed by the fibrous material and

therefore prevents ì ts rapi d di gest'ion by proteoìyti c enzymes. Th'is j s

demonstrated by the fact that protein digestibility genera'l'ly fol'lows

that of the dry matter and energy (Hussar and Bowland, 1959b; Manns

et al ., 1963b; Bowland and Schuld, 1968; Bayley et al.,1969; Cho and

Bay'ley , L970; Saben et al . , !97ta; Bowl and, l97l). Di gest'ibi 1 ì ty of

crude fiber in RSM is also considerably lower than that of soybean meal or

a corn-soybean meal d'iet (Bayley et al., 1969; Cho and Bayley' 1970).

Bayley et al. (1969) reported that steam-pelleting and regrinding RSM

increased crude fiber digestib'iIity from 37.8 to 56.9% as welI as

improvìng dry matter, nìtrogen and energy digestibiljty by 2.5' 2.5 and

10% respectively. These observations support the suggestìon that poor



digestibility of crude fibre is probably one of the factors responsible

for the lower digestib'ility of dry matter, protein and energy observed

w'i th RSM.

2.1.4 Metabol'ic utilization of rapeseed meal

The fact that inclusjon of RSM jn the d'iet depresses feed intake

and coeff i ci ents of di gesti b'i I'i ty for protei n and energy rai ses the

question of whether those factors alone account for the poor weìght gain

and nitrogen retention observed with animals fed diets containing RSM or

whether the metabolic utilizatr'on of rapeseed meal is inferior to that of

other protein sources. The poss'ibility also exists that thyroid ìmpair-

ment and prote'in qual'ity affect the metabolic utilizat'ion of the absorbed

ami no aci ds .

A. Nilrggen_retgnlign_w1th &SU. 
gn4 gthel grqtgin :ources

Several researchers (Hussar and Bowlandn 1959; Drouljscos and Bow-

land, 1968; Bowland and Schuld, 1968; Cho and Bayìeyo 1970; l¡lood and

Stone, 1971) have suggested that the impaired nitrogen retention obtained

wìth RSM is probably the result of the lower digest'ibility of proteìn, dry

matter and energy. Hussar and Bowland(1959b) reported that the 'inclus'ion

of 2 and 70% of RSM in a basal diet contaìnìng soybean meaìo wheat and

fish meal did not s'ignificantly alter the retention of absorbed nitrogen

by pigs and rats although there was a reduct'ion in the digestíbi1ìty of

dry matter, energy and nitrogen, especial'ly with the 10% level of RSM.

Bowland and Schuld (i968) also found that nitrogen retention, as percent

of the N digested, was similar for pigs fed rapeseed meal to that of p'igs

fed soybean meal during the start'ing (52.2 and 55.5, respectively) and

grow'ing (42.5 and 40.8, respectìve'ly) periods. The authors concluded



that the s1ìghtly higher nitrogen retentjon w'ith the soybean ration

durì ng the starti ng peri od was associ ated wi th the hi gher dì gest'i bi I i ty

of this diet. This conclusion 'is supported by the observatjons of

Droulìseos and Bowland (1968) and Cho and Bayley (tgZO). Drouliscos

and Bowl and (1968) found that the bi o'logì ca'l val ue (BV) of sol vent and

prepress-solvent rapeseed meals for the rat was similar to that of casein

and soybean meal although net protein utilization (NPU) values were

5-74% lower for the two rapeseed meals than for soybean meal and casein

during the growth period. The authors concluded that the lower n'itrogen

balance obtained with rats fed RSM was related to the lower feed intake

and lower digestibil'ity of these meals and not to'impaired metabolic

uti I 'izati on of the prote'in. Cho and Bayl ey (1970) al so found that

percentage of absorbed nitrogen by p'igs fed soybean mea'l (84.012.2) was

not statistjcally different from that of pigs fed RSM (78.913.4) although

less njtrogen was retained with RSM (61.913.3) than for the SM djet

(ll.gxZ.9) when expressed as a percent of the total nitrogen ìngested.

Thus the lower nitrogen retention observed with RSM as compared

to other proteìn sources appears to be related maìn'ly to lower feed ìntake

and lower digestibility of dry matter, nitrogen and energy rather than

impaired util'izat'ion of absorbed N. Thjs conclusion is supported by

the find'ings that potentjal go'itrogenic factors have I jttle effect on

metabol'ic uti I i zati on of absorbed N.

B . N i lrqgs n_rgtgnli gn_an.4_t hytotd_i mp a j rmen t
Thyroìd 'impairment and hypertrophy has been observed in pìgs

(Nordfedt et al., 1954; Hussar and Bowland, 1959a),rats and mice

(Kennedy and Purves, l94l; Hussar and Bowland, 1959a; Belzile et al.,
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1963; Drouliscos and Bowland, 1969; 0liver et al., i970) and chicks

(Clandjnin et al ., 1959; l^loodly et al . , 1972) fed RSt{. It is also well

establjshed (8e1.l,7957; Manns et al., 1963a) tnat feeding RSI'{ results

in lower standard metabolic rates in rats and mice as well as a decrease

'in plasma bound iodine (Manns et al., 1963a). It has been postulated

(l(on'igsberg, 1958; l'4anns et al ., 1963a) tfrat thyroid gland malfunction

may give rise to an overall disturbance in metabolism and that inadequate

ihyroxi ne supply probably i nterferes r,ri th the normal prote'in synthesì z'ing

mechanism through a dìsruption of normal energy pathways.

Although the important role of thyroxine hormone in protein

synthesis is well established (lnlest et al., L967) there ìs no evidence

that goitrogen'ic substances inducing thyroid hypertrophy in animals result

in less effìcient nitrogen utilization. According to Bell (1957 ) mìce

fed diets (equal parts of soybean meal and linseed meaì) containing 0.15%

oxazol i di nethi one ga'ined more sl owìy than mi ce fed RSM d'iets. Adiust-

ment of gains for feed intake showed that the effect of the go'itrogenìc

factor was related to appet'ite or pa'latabì1ity rather than to feed

utilization. Bowland and Standish (i900) also reported that the additìon

of 0.05% thlouracil to a basal diet containing L3% of SM produced a

sjmilar thyroid hypertrophy'in rats to that obtained with RSM although

the presence of thiouracil djd not appear to reduce nitrogen retention

(as % of the pr.otein intake). 0n the other hand 0l'iver et al. (1970)

reported that N retention tntas lourer wl'th high thiog'lucosìde RSM than w'ith

low th'ioglucos'ide RSM (Bronowsk'i) even when differences in food intake

were taken into account by covariance analysis. Similarly Bell et al.

(L97I) reported that growth was poorer for m'ice fed diets conta'ining 20%
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RSM from high thiogìucosìde varieiies such as Target, Yellow Sarson,

Nugget and Echo than for mjce fed a low thìoglucosjcle varìety

(Bronowskì) RSM, even when ga'ins were adiusted for digestìbìe energy

(DE) jntake.

Thus, although a few reports (0fiver et al., 1970; Bell et al., I97l)

suggest that the thìoglucosìde content affects the metabolic ut'ilization

of rapeseed protein, most observations indicate that the ìmpa'ired nitrogen

retention of animals fed RSM is associated with reduction in feed intake and

nìtrogen digest'ion rather than depressed uti lizatìon of digested nitrogen.

C. Effect of grgcgsgiggrnethods aqd_vgr1e!_on proteín gugllty gf_RlM_

The metabolic utilizat'ion of a protein is related to its amino

acid composit'ion and the biologìcal availability of each amino acid to

the anìmal. Thus the possibility exjsts that method of processing and

varìety of RSM affects the amino acid composition and ava'ilabjlìty and'

in turn, nitrogen utilization.

Little 'information is available on the effect of methods of

processing and varìety of rape on utiljzation of RSM. Observations by

Goering et al. (1960) suggested that solvent extracted RSM was superior

to expeller meal as evidenced by the fact that gaìn on the solvent meal

was almost double that on expeller meal. Data reported by Clandinin

(te67) tended to substantjate this suggestion. The levels of

several amino acids were lower jn expeìler RSM produced during 1956-i961

than in prepress-solvent RStvl produced durìng the same years. The main

djfferences were 'lysine (4.39 vs 5,37%), proline (5.71 vs 6.13%), arginine

(5.09 vs 5.48%) and tryptophan (0.94 vs 1.2I%). 0n the other,hand,. total

lysine and "available" lysine were cons'iderably higher in prepress-solvent RSM
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produced durìng the years 1965-1967 than in meal produced durìng the

years L956-I961 (S.g+ vs 5.31% and 5.68 vs 5.49%, respect'ively).

Cl andi n'in (1967 ) concluded that the improvement jn the iysìne

content of RSM was probab'ly attributable to the fact that more of the

Polish type RSM (Brassica campestris) than Argentine RSM (Brassìca napus)

h/as grown in Canada during the years 1965-67 than the years 1956-6i

and to reduced heat damage by prepress solvent process'ing during the

years 1965-67. Thus it appears that the poorer growth obtained with

Argent'ine RSM than with Polish RSM (Clandinin et al., 1959) mìght have

been partly attrìbutable to the lower lysine content of the rations

containing Argentjne RSM. The possibif ity that ìysine was lim'iting in

RSM was also reported by Blake]y and Anderson (1948), Kratzer et al. (1954)

and Klaìn et al. (1956). For example, Kratzer et al. (1954) found that

add'itional 1ysíne was needed for optìmum growth of ch'icks and optimum

growth and feather pigmentatìon of turkey poults fed practical rations

containing rapeseed meal. Clandinjn et al. (1959) compared the effect of three

temperature cond'i ti ons on protei n qual i ty of expe'l I er RSMs. Chi cks th-at

received RSM hav'ing undergone the lowest temperature process'ing (cooker,

220oF,30 min; conditioner, 240oF, 5 min) gaìned more wejght (365 gm vs

324 gm and 275 gm) than chicks fed RSM processed at h'igher temperature

conditions (zg+or-za4oF and 2500F-280oF, cooker/conditioner, respectively).

Also of interest was the observation that even the lowest temperature

condit'ions resulted in appreciable reductjon in the amount of 'lys'ine. Lysine

content of the seed before oil extraction was 6,42% whereas the]ysine content

of the meals processed at low, medium and hìgh temperatures was 5.69' 4.86

and 4.!2%, respect'ive1y. Al though the h'ighest processi ng temperature was h'igher
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than "normal" these observations indicate that the lysine content of RSM

can be reduced marked'ly by heat process'ing. However a recent

cooperative study (Giovanett'i and Bell, 7971) carrjed out in Canada

indìcated that method of processìng (expe'l'ler, prepress-solvent and

solvent processes) had no effect on the am'ino acid composit'ion of the

meals; lysine contents of the different samples of RSM were essentially

the same.

Thus jt appears that there has been a marked ìmprovement in the

process'ing of rapeseed meal during the past 10 to 15 years. l,levertheless

the possìbil'ity of destruction of amino acids, partìcular'ly lysine, still
rema'ins with the expeller RSM, if processing temperature is not carefully

control I ed.

2.2. Availab'ility of amino acids in different prote'in sources

As described earlier rapeseed meal appears to be more poorly

digested than other types of protein such as casein, soybean protein,

fish meal, zein and most cereal proteins except.oats, (Drouliscos and

Bowland, 1969; Oliver et al. " 1970; Tao et al., I97I; Flipot et al.,

l97L; Cho and Bayley, l97O; Carlson and Bayley, L970; May and Bell, L97l).

Am'ino acid availabilìiy data obtained by the fecal analysis method

(l(uiken and Lyman, 1948; Kuiken , 1952; 0lsen ,et', a],, 1968; De Muelenaere and

Feldman, 1960; Cho and Bayìey, !970; Carlson and Bayley, 1970; Giovanetti

et al., 1970; Flipot et al., l97I; Tao et al., t97I; Sauer, L972;

Nielsen, 1968) indicate that some amino acids are more ava'ilable than

others aìthough amino acid availabil'ity depends on the type of protein

being studied. Kuiken and Lyman (i948) found that all essential arnìno

acids in roast beef were comp'leteìy available to the rat whereas

wide variations occurred in the availab'ilìty
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of the essentìal amjno acjds 'in cottonseed flour. Lysìne jn cottonseed

meal was only 65% available. The correspondìng value for arg'inìne

j n the same sampl e was 93%, The ava'i I abi I i ti es of argi ni ne, hl'sti dì ne,

phenylalan'ine, leucine and isoleuc'ine were greater than that of the other

essential amino acjds. Similarly 0lsen et al. (i968) reported that

there was considerable variàtion among amino acids in their percentage

absorption from wheat by-products. The absorption was highest for

cystine, glutamic acid, histjdine and arg'inine in all the productstested

whereas the lowest percentage absorption was found for threonìne, lysìne,

alanine, glyc'ine, aspartic acid, meth'ionjne and isoleucine. Nielsen

(1968) found that the apparent digestibilities of meth'ionine, threonjne

and alanjne were significantly lower than those of other amjno acids

'in a diet contain'ing bar'ley, soybean meal , meat and bone meal and sk'im-

mi'lk prote'in. The true dìgestìbiljties of gìutamic ac'id, pro'line,

serine, 'lysìne, phenylalanine, arginine and histidine in soybean meal for

the young pig were found to be h'igher than those of alanine, threonine,

methionine, 'isoleucine and glycine (Carlson and Bayley, I970; Sauer,1972).

Giovanetti et al_. (1970) and Sauer (1972) also reported lower

availabilitjes for lysine, a'lan'ine, threonine and meth'ionine in tritjcale,

wheat and barley,'in contrast to the high dìgest'ibil'itjes of pro'lìne

þlutam'ic acid, arginine, histid'ine and phenylalanine. Cho and Bayley

(7970) found that apparent digest'ibiljties of most amjno acids in prepress-

solvent RSM were significantìy lower than those of soybean meal,

especia'l1y forisoleucine, pro'l'ine, serine, aspartic acid and phenylalanine.

However, the apparent digestÍbil ity of methionine was significant'ly hìgher

for rapeseed meal than for soybean meal. Several amino acids followed
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a similar pattern of absorption with both proteins. Glutam'ic acid,

pro'line and lysine were well utjlized whereas threonìne, val'ine and

isoleucine were poorly absorbed. Sjm'ilar observatìons were reported

(Tao et al., L97l) for rapeseed meal with colostomjzed chicks.

Apparent dìgestìbility coeffjcients (ADC) for lys'ine, methionine,

arg'inine, glutamic acid and prolìne ranged from 64 to 72% whereas ADC

for threonine, val'ine, isoleuc'ine, aspartic ac'id, serine, tyrosìne and

phenylalanine ranged from 44 to 57%,

Thus in general prof ine, argìn'ine and histidine are welI

absorbed regard'less of proteìn sources whereas the digestibì1ìty of

alanine and threon'ine generally tends to be low. However, the observed

digest'ibil'ities of jndividual amjno acìds jn different protein sources

may be confounded by their relative content'in the proteìn. A rather

poor d'igestìbility of ìysine has been reported for barley and wheat,

which are low jn lysine. Lysine availab'ility has been found to be

comparab'le to that of the other amino acids in soybean meal whereas

methionjne, which is the most limiting amìno acid jn the soybean mea'I,

i s the ami no aci d wi th the poorest di gestì bi I j ty.

2.3 Factors affecti nq ami no ac'id ava'i I abi I ì t rotei n

2.3.7 Speci f ic j tJ_of !he- gnZyme_þydroly:i s

The absorptìon of prote'in requìres hydrolysìs to amino acids

(Van S'lyke and Meyer, l9l2;1913; Abel et al., 1914) except in the

fetus and newborn (lr,lì1son , 7962). Enzymatic cleavage of protein ìs

therefore very ìmportant to amino acid avaiìabil'ity. Three sources of

proteolyti c enzymes contri bute to the hydrolys'is of prote'ins ; namely,
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gastrjc, pancreatic and intest'inal secretions.

The main gastrìc secretion js pepsine an endopeptìdase. Pepsin

js a rather non-specific enzyme a'lthough it preferentially attacks the

peptides bonds adjacent to leucine and aromatìc amino acids such as

tryptophan, phenylalanine and tyrosìne. There may also be some attack

adjacent to cyste'ine and cyst'ine (Mahl er and Cordes ' 1968) .

Pancreatic secretions contain the proteolytìc enzymes trypsin'

chymotrypsin, elastase and carboxypept'idases A and B. These are high'ly

spec'ifìc proteoìytìc enzymes (except elastase) and are secreted by the

pancreas 'in their "zymogen" form which'is inactive. Trypsìn catalyzes

the hydrolysis of peptides bonds whose carbon-vl function is donated

by a bas'ic am'ino acid, usual ly arg'inine and 'lysine. However, tryps'in

does not hydrolyze peptides bonds if the o<-amino group of lys'ine or

arginjne is free or if lysine is folloured by proiine in the peptide

chain (Dixon et a'I., 1958; Hirs et a].,1959). The action of chymo-

tryps'in js not as spec'ific as that of trypsjn although chymotrypsìn

generalìy hydrolyzes proteins at the carboxyl group of aromat'ic amino

acids such as phenyìalanine, tyrosine and tryptophan, prov'iding they

are not terminal amino acid resjdues. However, the enzyme 'is also

capabìe of hydro'lysìs peptide linkages adjacent to leucjne, val ine,

glutamic acid and h'istidine (Dixon et al., 1958; Hirs et al., 1956;

Leonis et al., i959). Carboxypeptidases A and B, whjch are exopeptidases,

degrade poiypeptìdes in a sequential fashion beginnìng at the C terminus.

The specìficity of carboxypeptidase "4" ìs prìmari'ly for C-termìnal

aromatic residues aìthough it can act on bonds adiacent to other amino

ac'ids with the order of specìf ic'ity be'ing methionìne)'isoleucine) alan'ine)
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g'lyci ne. Carboxypept'idase "8" acts only on pepti des contaì nì ng

arginìne and 1ys'ine in the C-terminal posìtìon (Neurath, i960). Another

endopeptidase, elastase, whjch has been'ident'ified in the pancreatìc ju'ice

of the pig (Lewis et al., 1956), rat and guìnea pjg (Cohen et al., 1958),

has a broad specìficity and can attack a wide variety of pept'ide bonds

'invol vi ng neutral amìno aci ds havì ng a1 ì phati c si de-cha j ns (Naughton and

Sanger, i961 ).

The intestinal mucosa also contains a number of proteolytic

enzymes namely polypeptìdases, prolidaseso trìpeptìdases and dipeptìdases.

These enzymes comp'lement the action of gastrìc and pancreatic enzymes

by affecting the cleavage of peptides resulting from the part'iaì break-

down of d'ietary proteins. One important enzyme responsible for most

polypeptidase activìty is leucine amino peptidase (Spackman et al.,

1955). This enzyme 'is an exopeptìdase and degrades poiypeptide chajns

sequentìally from the N-terminus. As the name of the enzyme implìes

hydro'lysis is most rapìd in the case of N-terminal leuc'ine but this

enzyme also attacks peptides where the N-termjnal amino ac'id 'is hydro-

phobic (Sm'ith and Hill, 1960). 0n the other hand the presence of a polar

side chain on N-terminal am'ino acid great'ly reduces the rate of hydrolysis.

D'ipeptidases, wh'ich split specific dipeptides, e.g. alanine-glycine,

gìycìne-g1yc'ine, prof ine-glycìne, have been described (Hil I, 1965).

Peptides containing these amino acids may be split on the mucosal surface

of the ìntestinal wall (Ugolev et al., 1964) or in the mucosa cells

(Newey and Smyth, 1959; t^liggans and Johnston, 1959).

Although the specifìc'ity of action of the proteolytic enzymes has

been well established, its'importance on the in vivo availabilìty of
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varjous amino acids'in proteins js not fully understood. It js possìb1e

that the lower dìgest'ibjlity of some proteins, e.g. rapeseed meal, zein,

j s due to res j stance of spec'ifi c pepti de bonds to hydro'lys'is by

proteo'lytic enzymes because of their particular pos'ition in the poly-

peptide chain. More informatjon is needed concernjng the relat'ionsh'ips

among specificity of enzyme attack, proteìn configuratìon and the

ava'i I abi I 'ity of ami no aci ds.

2.3,2 Response of d'i gesti ve enzyme-s. to dj etary protei ns

Release of amino ac'ids from prote'ins depends, as described 'in

the previous section, on the hydrolysìs of protein by proteolyt'ic enzymes.

In add'ition to the specificity of the proteo'lyt'ic enzymes there is some

evidence that rate of synthesis and activ'ity of these enzymes jn the

'intest'inal lumen may be related to the source of djetary prote'in.

The importance of pancreatjc secretions in digestìon of prote'in

is well illustrated by the studjes with raw soybean meal. Early workers

thought that the poor utilization of raw soybean meal was due to the

impaired release of amjno acids particular'ly methionine (Bowman, 1944;

Riesen et al., 1947; Melnick et al.o 1946) because fecal excretjon of

nitrogen and sulfur amino acids was increased when raw soybean was fed

(Evans et al., 1947). However, the hypothesis that protein d'igestion was

depressed in animals fed raw soybean r,.las challenged by several researchers

(Chernick et al., 1948; Lyman and Lepkowsky, 1957; Lyman, 1957;

Lepkowsky et al., 1959; Hajnes and Lyman, 1961) who reported a marked

increase ìn pancreatic secretion and in intestinal tryptic activity'in rats

and chi ckens fed raw soybeans . Intest'inal tryps'in acti vi ty wh'ich was

low immediately before eatìng increased steadi'ly after a meal of raw
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soybean to a level about 3 t'imes that ìn animals fed heated meal. These

researchers concluded that excess'ive stimulatìon of the pancreas occurred

'in response to the ingestìon of raw soybean and that the proteins

contained'in these secretjons were ultimately lost by the animal thereby

produc'ing growth depression. Th'is hypothesis was supported by the

beneficial effects of amino acid supp'lements, particuìarly meth'ion'ine,

on growth of the animal (Fìsher and Johnson, i95B; Borchers, 1961) and

aìso by histolog'ica] stud'ies of the pancreas (Booth et al ., 1960) which

suggested that prolonged feeding of raw soybean meal induced pancreatic

hypertrophy.

Other stud j es suggest that dietary prote'ins wh'ich do not conta'in

tryps'in inhibitors also'influence synthesis, secretjon and inactivation

of d'igestive enzymes, espec'ial'ly trypsin and chymotrypsìn. For example,

Abdeljlil and Desnuelle (1964) and l-lor,vard and Yudk'in (1963) found that the

pancreas "adapts" to a h'igh ìevel of casein in the diet by increasing

the synthesis of proteases and decreasing the synthesis of amylase.

lr,lang and Grossman (1951) reported that the presence of amino acids and

peptones in the upper intest'ine caused an increase'in the enzymatic out-

put of the pancreas. They a'lso found that lysìne, tryptophan and phenyi-

alanine were the only amino acids, of those tested, which stimulated

pancreat'ic enzyme secretion as effectiveìy as peptones. Snook and Meyer

(1964a, 1964b) and Snook (tg6S) found that source of dietary protein had an

'influence on the secretjon and the activity of proteolyt'ic enzymes. The content

of chymotrypsinogen and trypsinogen in the pancreas was lower on a

nitrogen-free diet and higher on a whole egg protein diet than the levels

of "zymogen" observed wjth casein. Furthermore, hydro'lyzed casein and
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hydrolyzed egg protein was more effective than the correspond'ing intact

proteìn in the inductjon of "zymoÇen" synthesis in the pancreas when the

activated pancreatic gland vras assayed 2.5 hr after the 'initiation of a

t hr feeding perìod. The'increased synthesis of zymogen in the pancreas

'in response to protei n was accompanì ed by an i ncrease 'in endogenous

ni trogen as wel I as total trypsi n and chymotryps'in acti v'i ty 'in dì gesta

from the smalI intestine. Gelatih,d[d,ìa mixture of amino acids increased

trypsìn and chymotrypsin activity to an even greater extent than casein,

hydrolyzed case'in, zejn and a nitrogen-free diet. Snook (i965) concluded

that differences in the secretory response elicited by the different diets

must be principally the result of varjat'ions in the prote'ins, pept'ides

and pattern of amino acids in the jntestine with the response be'ing

mediated through neural and hormonal mechanisms.

In addjtion to their effect on the absolute amount of enzymes

secreted 'into the intestjnal lumen different types of proteins affect

the proteolyt'ic activìty through theìr action on the digestive enzymes.

The protective effect of exogenous prote'ins agaìnst inactivatjon of the

proteolyti c enzymes i s part'icu'l arly 'important wi th I ess stabl e enzymes

such as chymotryps'in. Snook and Meyer (i964b) found that the chromato-

graph'ic properties of trypsin and chymotrypsin from contents of the

small intestine were altered to a greater degree when rats were fed a

prote'in-free diet than when they were fed diets contain'ing 15% protein.

The rel ati ve acti vi ty of chymotryps jn to tryps'in (ChlTr rat'io) was

considerably lower in the gut of rats fed an amino ac'id mixture or a

nitrogen-free djet than that of rats fed bovine serum albumin and whole

egg protein. It was suggested by Snook (i965) that the Ch/Tr act'ivity
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rati o 'in the smal I i ntesti ne was rel ated to the rel at j ve abi 'l i ty of

prote'ins to retard the jnactivatjon of pancreat'ic enzymes and also to the

rates at which peptides are released from the protein withjn the stomach

and emptied into the small jntestine. Thus ìt appears possible that

certain types of proteins may be more completely digested because they

prevent the rap'id breakdown of proteo'lyt'ic enzymes, part'icularly chymo-

tryps i n .

The fact that, in many cases, dietary proteins modjfy synthesìs,

activatjon and inactivation of pancreatic proteoìyt'ic enzymes suggests

that they may in turn affect the rate of release of am'ino acids from

prote'ins and the amount of metaboljc fecal nitrogen. However, more

work js needed on the response of digestive enzyme secretions to

dìfferent types of protein. Evidence that the secretory response of the

pancreas was much less on a proteìn-free diet than on a diet containing

proteìn suggests that metabolic fecal n'itrogen may be underestimated by

a proteìn-free diet resulting, in turn,'in a cörresponding under-

estimati on of true ami no ac'id avai'labi 1ì ty.

2.3.3 Rate of amino acid absorption

It is generally accepted that digestion is the rate limìtìng

step in the absorption of proteìn. Holever, the frequent lack of

comelation between plasma amino acid levels and the quantities of these

am'ino acids ingested raises the quest'ion of whether rate of release of

am'ino acids'is the only factor affecting the availabil'ity of amino

ac'ids. Factors such as molecular weight, affinity for different
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transport systems, competìtion for absorption sites and antagonìsms

among amino acids have been reported to affect rate of absorption

of indiv'idual amjno acids (Kratzer, L944; h!iseman, 1955, 1956; Delhumeau

et al. , !962; 0rten, 1963; Ad'ibi et al. ' 1967).

However, whether these factors apply to absorption of amino acids

released from proteins has been challenged by several researchers (Nasset,

7957; Bergen and Purser, 1968; Coulson and Hernandes, I970; Nixon and

Mawer , 1970a, i970b). Nasset (1"957) concluded that the relatìve rates

of absorption of different am'ino acids were similar for specific dietary

protein sources because amino acid patternsremained constant in digesta

proteìn from different levels of the intest'inal tract. Similarly, the

relatively constant amino acid composjtion of the gut content was

interpreted by Bergen and Purser (tgOg) and N'ixon and Mawer (1970a)

as an indication that no differential absorption occurred among

amino acids from food digesta in rat and man. Nixon and Mawer (1970a)

reported that jn man fed either milk proteìn or gelat'in, s'imilar molar

ratios for most amìno acids were found in digesta samples collected from

81 crn lo 233 cm from the nose. The rates of absorption of the amino acids

for both proteins were proportional to the concentration of these amino

acids in these proteins except for arg'inine, alanine, proline and glycìne.

Glutam'ic acjd and methionjne were absorbed at a similar rate although'it

has been reported in experiments w'ith amino acid mjxtures (Delhumeau et

â1., 1962; Qrten, 1963; Adib'i et aI., 1967) that glutamic acid was

poorìy absorbed relatjvely to the rapìd absorption of methionine. The

relatjve concentrat'ion of glutam'ic acid and melhionjne remained constant

throughout the gut and djd not increase (in the case of glutamìc acìd) or

decrease ('in the case of methjonine) apprecìably.
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Thus there does not appear to be any relationshjp between the rate of

absorpti on of i ndi v'i dual ami no ac'ids f rom i ntact proteì ns wi th that

from an amino acid mixture.

coulson and Hernandez (1970) compared the rate of absorption of

amino acids liberated from fish proteins with the rate of absorptìon of

s'ingle amjno acids 'in the cayman. Qne of the reasons these researchers

selected the cayman relates to this specìes'abiljty to consume enormous

amounts of food relat'ive to the'ir body wejght and to the fact that the

slow rate of digestion in this animal allows more accurate determinat'ion

of kinet'ics of amino acjd absorption. Coulson and Hernandez (1970)

found that all amino acids were released from food protein at similar

rates. Absorption of amino acids from fish protein was rap'id compared

with the rate of absorption of sìngìe amino acids and only a small

proportion of free am'ino acids accumulated in the jntestine of the cayman

fed the fish dìet. There was also evidence that absorptìon of amino

acids courd have been more rapid if free amino acids had been more rapìd'ly

released by the digestive enzymes. coulson and Hernandez (1970)

concluded that the rate of absorption of amino acids from a prote'in

d.igest was unrelated to the rate of absorption of sìngle amino acids'

Thus the characteristic rate of absorpt'ion of individual amino

acìds does not appear to account for difference'in the rate of absorpt'ion

of am'ino acids from d'ietary prote'ins. The constant amino ac'id compos-

ition of d.igesta at different s'ites along the gut and evidence of a rap'id

absorpti on of al I ami no ac'ids rel eased duri ng the d'i gest'ion of prote'in

suggest that the rate limitjng factor in the digestion and absorption of

a protein is rate of amjno acid release from the protein and not the

rate of absorption of indiv'idual amino acids. It is unlikely that
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competition occurs among am'ino acids when absorption sites are not

saturated wi th amino acids. Rate of absorptì on therefore w'il I be

proportional to the concentration of amjno acìds in the diet and the'ir

rate of release during digestìon.

2.3.4 Effect of heat processing on the nutritional value of protein

The preparation of a food by commercial processìng or cu'l'inary

practice has been found to modify the utilizatjon of protein; both its

dìgestìon and metabolism. In general, heating does not 'improve the

nutritive value of proteins of animal originn rather the method and the

degree of heat'ing will determine whether there will be a loss of

nutri t'i ve val ue. hli th certai n p'l ant protei n sources, however, moderate

heat has been shown to enhance their nutritive value. Since oil seed

proteìns are subjected, either purposeìy or accidently, to variable

amounts of heat during process'ing it may be worthwhile to review the

effect of heat on prote'in uti I i zati on.

A. [eneli g'i ql_effgc! _g.fjea! lrgalmgn!

Although severe heating during processing has been demonstrated

to genera'l 'ly decrease the nutri ti ve val ue of protei n, heati ng has been

found to ai d the ut'il i zatj on of some prote'in sources. The benef ici al

effect of heating proteins that contain a trypsin inhibìtor such as raw

soybean (Ham and Sandstedt, 7944; Bowman, L944; Melnick et a1.,1946;

Riesen et al., lg47), lentils, kìdney beans and pinto beans (Grjswold,

1951) has been well established'in feedjng trials wìth rats (0sborne and

Mendel, !g!7; Melnìck et al., 1946; De Muelenaere, i964), pigs (Robison,

1930; Vestal and Shrewsbury, 1932) and chjckens (t.'tìtgus et al.' 1936;

Hayward et a].,1936b; Evans e! al., 1947). This benefjcial effect of

heat probably exp'la'ins why Meln'ick et al . (t946) found that the in v'itro

d.igest'ion of expeller soybean meal whjch is subjected to a certain
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amount of heat during compression of seeds was greater than that of

solvent processed soybean meal. However both meals requìred autoclaving

for 10 to 30 m'inutes in order to adequate'ly'inact'ivate'the trypsìn

jnhjb'itor (Melnick et al., i946; Evans et al., 1947). Another example

of the favorable effect of processìng on prote'in util'izatjon was the

observation by Mitchell et al. (1949) tfrat the digestib'i1ity of expel'ler

linseed meal was significantly (P<0.02) higher than that of solvent

processed l'inseed meal .

Improvement in nutritive value of raw soybean as a result of heat

treatment appears to be ma'inly the result of an improvement in metabolic

utjlizat'ion.of the protein (tlayward et al ., 1936a,b) although some stud'ies

(Melnìck et a_1., L946; Evans et a1.., 1947;'Kwong et al . , 1962; De Mueìenaere'

1964) indicate:that mild heat' treatmentrincreased apprec'iably (4-i3%) the

digestib'i'lity gf.'raw soybean.,,:DerMue,1enaere (1964),for example,reported that

the tr.ue digestibiìity,.of raw, properly heated, ând overheated soybean meal

with rats was 82;'9; 89.7'and 84,0 percêht, ,¡s5pective'ly. As discussed earlìer, the

improved utilizatjon of properly heated soybean meal may be attributable

to a decreased loss of metabolic nitrogen r(Lepkovsky et gL;, 1959;

Booth 'et' a'l ., ::1960),; De Muelenaere (1964) also concluded that the

I ower protei n d'i gestì bi ì i ty and avai I abi I i ty of ami no aci ds 'in raur

soybean meal might be attributable to greater excretion of metabolic

nitrogen and impaìred aúino acìd absorption rather than poorer d'igestion

of th'is meal. The question of whether abnormal excretjon of part'icular

amino acjdso ê.g. methionjne, also js involved jn the poor utilizatìon

of raw soybean has been studied by Melnick et al . (1946) and De tt4uelenaere

(i964). They indicated that the excretjon of meth'ionine was greater
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than that of prote'in w'ith raw soybean and that the lower relative

availab'il'ity of methionine m'ight be the l'imjting factor in the ut'iliz-

ation of this protein. Th'is conclusion also was confirmed by the fact

that nutritional quality of the raw.product could be ìmproved by the

addition of certain amino acids, partìcu1arly methionine (Hayward and

Hafner,794U Fjsher and Johnson,1958; Borchers, 1961; Barnes et al.,

196?). Yet addition of amino acids to raw soybean did not appear

to be as effective as heat treatment in the ìmprovement of the nutrìtional

quality of soybean meal (Saxena et al. , 1962).

Regardless of the mechan'ism involved, heat treatment such as mjld

autoclavìng or cooking play an ìmportant role in improving the nutritive

value of prote'in sources such as soybean meal and perhaps'lìnseed meal.

Sim'ilarlyo heat treatment appears to improve the ut'iljzation of rapeseed

meal as a result of the inact'ivation of the myrosinase (Mustakas et al.,

L962; Belzile et al., i963; Woodìy e! al., 1972)' the enzyrne responsìble

for the release of the go'itrogenic substances. However, thìs effect

of heat on rapeseed meal is probably due to an improvement jn food'intake

rather than an effect on djgestibility and metabolic util'izatjon of the

protein. Thus with the except'ion of certain leguminous protein sources

the beneficial effect of heat does not appear to be due to improved

ut'i I 'izat'ion of the protei n per se.

B. Detrimental effect of heat treatment

The detrimental effect of heat treatment on prote'in quality and

dìgest'ibil'ity has been demonstrated for a variety of protein sources,

such as m'i1k proteìn (Faìrbank and Mitchell, i935; Hankes et al., 1948;

Henry et al., 1948; Henry and K0n,1950; Hodson and Krueger, 7947),

cereals (Morgan, 1931; Stewart et al., 1943; Mitchell et al., 1949),
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meat (Mayfìeld and Hedrick, 1949; Beuk et al., i948; Ford and Salter, 1966),

f ish meals and oilseed meals (Evans et al . , 1947; l'4ìtchell et al . , 1949;

Evans and Butts,1949; Kuiken, 1952; Cland'inin, i949; Morrisson et al.,

1e53).

Experìmental evjdence suggests that three mechanisms are involved

in the decreased utjlizatjon of proteins as a result of heat damage.

One mechanjsm 'involves an impairment of digestion whereas another jnvolves

a decrease in the metabolic utilizat'ion of the amino ac1ds and the

third involves irreversjble chemìcal destruct'ion. The Maillard reaction,

a react'ion between sugar aldehyde and free am'ino groups ìn proteins,

part'icul arly the 8-amino group of lysine, resul ts either in ìmpa'ired digestìon

or decreased metabolic utjlization of the am1no ac1d. Under mjld

processing condit'ions (storage, short period of autoclav'ing) tf¡e Maillard

reaction between amino groups and reducing sugars does not cause

destruction of amino acids although thejr availabiljty ìs ìmpaired.

Under more severe heat treatment thjs type of reaction leads to polymer-

ization of carbohydrate-lysine compounds yìe1d'ing brownish-colored

products. Simu'ltaneously, there js an extensjve loss or destruction of other

amjno acids. The presence of reducing sugar or carbohydrates is not

absolutely necessary for change to take place ìn protein quality. Heat

damage also occurs with pure proteìn preparations, meat and fish products

which are essentially free of carbohydrates (Carpenter et al., 1963).

This type of heat damage also is accompanied by a loss of reactiv'ity of the

É-amino group of ìysine. It has been hypothesized (Bjarnason and Carpenter,

Ig70) that these changes are due to the forrmat'ion of an unnatural "amide" bond

between the É-NH, group of 'lys'ine and free carboxyl group of aspartic
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and glu-uamic acids although a recent report from the same laboratory

casts doubt on the hypothes'is (l^laibel and Carpenter, 1972),

2.3,5 Effect of heat on in vivo and in vitro djgestìon of prote'ins

Heat treatment has been found to decrease the dìgest'ibì1ity of

proteins (Faìrbank and Mitchell, 1935; Evans g! al.,1947; Mitchell et

â1., 1949; Ford and Salter, i966). Fa'irbank and Mitchell (1935)

reported that roller drying decreased the true digestjbif ity of milk

protein from 94.8 to 81.4% and the bìologica'l value from 89.B to 69,8%.

Studies by Clandinin (1949) with fish meal, Morrisson et al. (1953)

with sunflower meal and Mitchell et al. (1949) with several protein

sources indicated that commercial processing can decrease the nutritive

val ue of food protei n. Mi tchel I e.t al . (1949 ) found that the bi ol ogi ca'l

values of peanut meaì, sunflower seed meal and cottonseed flour were

s'ignìficant'ly reduced by expeller processing or autoclav'ing. The true

digestibi'lity of expeiler processed cottonseed flour was 5.1% less than

that of the solvent processed meal whereas method of processing had no

effect on the digestibjl'ity of peanut protein. They aìso found that

autoclaving sunflower seed meal and flaking corn resulted ìn a decrease

in digestibil'ity of 2,5 and 14,2%, respectively, but roastìng had no

effect on the digestibility of beef. Kuiken (i958) reported lower

digestibility for expeller processed cottonseed meal (77-87%) compared

to solvent processed meal (92%) whereas Saben et al.. (197ia) found no

d'ifferences'in digestibility among expeller, pre-press solvent and

solvent processed rapeseed meals. Although it'is difficult to compare

results by different authors'it appears that the adverse effect of heat

on the digestibility and bioìogìca'l value of a proteìn may depend on the

source of the protein.
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It appears that the lower digestibììity of heated food is due to

molecular changes which render the prote'in particularly resistant to

proteolytic digestion. The greater susceptibjlity of cottonseed meal

to heat damage may be related to the fact that gossypoì combines with

the free amino group of lysjne and thereby inhibits djgest'ion. In v'itry

digestìon experiments have shown that heating of cottonseed meal in the

presence of gossypol leaves the protein resìstant to tryptìc and peptic

digest'ion (galiga et al., 1959). Stud'ies with soybean prote'in (Evans

and McGinnis, 1948; Riesen et al.,1947i Evans and Butts, 1949), case'in

(Hankes e.t a1.,1948) and fish protein (F0rd,1965; Ford and Salter,

1966) indicate that the ava'ilabilìty of 'ìysine, methionine, arginine,

gìutamic acid, cystine and tryptophan are particularly affected by heat.

R'iesen et al . (1947) found that 9.5% of the lysjne, 32.6% of the meth-

jonìne and 43.3% of the tryptophan were released from overheated soybean

meal (autoclaved 4 hrs at 15 lbs pressure) during a 5 day in vitr-o

pancreatin and erepsìn d'igestìon. In contrast the percent of lysìne,

methionjne and tryptophan released from properly heated soybean meal

(4 min at 15 lbs pressure) was 32.4,56.2 and 60.0%, respectively.

Similarly, Hankes et al. (1948) found that autoclaving casein for 20

hours resulted in a marked decrease jn the rate of liberation (by pepsin

pancreatin and erepsin) of ìysine, threonìne, aspartic acid (54-55% were

released), methionine (65%) and glutamic ac'id (78%). The extent of

enzymatic release of amino acids and their pattern of digestion appears

to be dependent upon the carbohydrate content of the protein. tvans

and Butts (1949) reported that autoclav'ing soybean protein with sucrose

(20%Vl/W) not only considerably reduced the overall rate of in vitro
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digestion but also the relative proportion of amino acid released.

Thus the extent of release of cystine, lysinen arginine, glutamic ac'id'

histidjne, meth'ionine and aspartic acid was !4,16n 45, 50, 58, 59 and

66 percent, respectìvely, ìn soybean proteìn heated with sugar, whereas

it was 86, 70, 92,76, 84, 94 and 73 percent, respectìvely in soybean

protein heated in the absence of sugar. The enzymatic release of other

ami no aci ds Such as phenyl al ani tre, threon'ine, I euc'ine, 'i sol euc'ine and

valine were not markedly affected by heat treatment either in the presence

or absence of sucrose. As a result of these observations, Evans and

Butts (i949) concluded that heat treatment affected the enzymatic release

of those amjno acids wjth free amjno or carboxyl groups or with other

active groups such as the sulfur of cystine or meth'ionine and the

imidazole group of hjstidine. They also suggested that aspartic and

glutam'ic acjd from prote'ins devoid of carbohydrates were not readily

released because the free carboxy'l of these amjno acjds reacted with

tfre €-arnino group of lysine to give finkages resistant to enzymes

hydrolys'is. This postulation is supported by the sophisticated studies

of Ford (1965) and Ford and Salter (1966) who found relatively poor

release of lysine, cystine, glutam'ic acid, aspart'ic acid and methionine

jn digesta of heated fish meals. However, as mentioned prev'iously,

lrTajbel and Carpenter (L972) question this hypothesis.

Heating or storing prote'ins in presence of sugar has also been

found to decrease in vjvo digestib'ility (Henry and Kon, 1950; Shroeder

et al., 1961; Boctor and Harper,1968; Valle-Rieta and Barnes, 1970).

Valle-Rjesta and Barnes (1970) found that the dìgest'ibility of ovalbumìn,

autoclaved with 16% glucose¡ was much lower (39%) than that of the same
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protei n (64%) autocl aved under the same corrd j tj ons, but 'in absence of

g'lucose. These resul ts co j ncide w'ith the fi ndr'ngs that heat damage

jn the presence of sugar severely depresses jn vitro dìgestìon of

soybean protein (Evans and Butts, 1949).

Furthermore, digestib'iìity trials wjth heated proteins indicate

that heat damage decreases the ava'ilabjlìty of most amino acids and not

just amìno acjds that specifically undergo the Ma'illard type reaction

(e.g. 1ys'ine, arginine). The nutritional availabjl'ity of ìysìne

(Valle-Riesta and Barnes, 1970) was reduced to the same degree as total

dìetary nitrogen in heat damaged ovalbumin. Boctor and Harper (1968)

also found that heat treatment of egg albumin resulted ìn considerable

fecal excretjon of all essentjal amino acids and that the djgestibiljty

of'lysine was simjlar to the other essential amino acids. Miller et al.

(1965) and Varnish and Carpenter (I970) reported that the nutritional

avai I abi I i ty of 'lys 
ì ne, meth'ioni ne and tryptophan were reduced to a

sim'ilar degree ìn severely heated animal proteins. Sim'ilarly, the

digestibjljty of methionine, leucineo vaiine and threonine was reduced

to a similar extent to that of lysine in expeller cottonseed meal as

compared to solvent processed meal (Kuiken " I95?).

Aìthough the digestibility of 'lysìne in heat damaged protein is

sjm'ilar to that of other amino acids, in vitro and in vjvo studies

'indicate that the "biologicaì availabil jty" of 'lysìne may be severeiy

impaired by heat treatment (Gutneck et al., 1952; Gupta et al., 7957;

Ford and Salter, 1966; Boctor and Harper, 1968). Three poss'ibilitjes

have been suggested to expia'in these apparent discrepancies: 1) dìgestive

release and absorption of the lysìne-carbohydrate complex occurs but the
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'lysine-CHO complex is not metabolized by the body (Bjarnason and

Carpenter, 1969; Valle-Riesta and Barnes, 7970; Mauron, 1970): 2) there

is an ìmpaired absorpt'ion of the 1ys'ine-carbohydrate complex wjth the

lysine being broken down by the jntestinal microorganisms and not

recovered in the feces; and 3) that the slow rate of release of 1ys'ine

compared to other amino acíds, rather than digestibility of 'lysine

(Rader et al., 1948; Ford, 1965; Ford and Salter, 1966) may ìncrease the

requìrement for lysine in order to ensure the efficient ut'iljzatìon of

the other amino ac'ids. More research needs to be done to ascerta'in

which, if any, of these possibilities explain the observation that

lysine is poorly available in heat damaged proteins.

There is no doubt that excess'ive heat during processìng can have

a profound effect on the avajlability of am'ino acjds in food. The

adverse effect of heat depends not only on the severity of heat treatment

but on amount and type of carbohydrate in the foodstuff. However

accurate determ'ination of the amount of am'ino ac'ids "available" to the

anjmal fed heated proteins remajns a problem with the possibì1ity that

factors other than digestibility are important in the efficient utiliza-

tion of amino acids from a proteìn.

2.4 Facls.rs affect'ing amjno. ac'id pattern in djgesta and fece-s

2.4.1 Introduction

Several groups (Payne e! al., 1968; Giovanetti et al. , 1970;

Sauer ,1972; Cho and Bayley, 1972) have recently suggested that amitto

acid pattern'in digesta and feces may be useful jn the determjnat'ion

of amino acid ava'ilabilities. However, the presence of a varjable

amount of endogenous protein during the dìgest'ive processes mask to a
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certain extent the amino acìd composjtion of dl'etary proteìns as well as

the proportion of non-absorbed amino acids. Other factors such as

fiber, feed'intake, protein level and microflora also have been found

to affect the amount and composìtjon of fecal nitrogen. Some

knowledge of the relative importance of each of these factors is

necessary for the ìnterpretation of the data on the availabìlìty of

amino acids in different protein sources.

?.4.2 Dilutio.î þ.y en_dogenous protein

The primary sources of endogenous proteìn in digesta and feces are

the gastrointestinal secretions (60-70% of total) such as saljva, gastric

juice, pancreatic and intestinal juìces and protein from the desquamat'ion

of the epithefia'l 1ìnìng of the gut (30-40% of the total). The

magnitude of endogenous nitrogen secret'ion into the gastro-intestjnal

tract is part'icu'larìy important. Dreisbach and Nasset (1954) observed

that the amount of protein recovered in dìgesta from the small intestine

of rats fed an 18% casein diet was equal to or greater than the amount

of proteìn ingested. Meyer et al . (tOS0¡ using nìtrogen-1 ignin ratios

calculated that the nìtrogen content of digesta'increased L75% on passing

from the abomasum through the small intestine of sheep. Twombly and

Meyer (1961) calculated that the amount of endogenous protejn secretion

in the gastrointestinal tract of the rat was equiva'lent to the amount

of nitrogen consumed with a 10% prote'in diet. They also reported that

only about l0% of all endogenous protein secreted jn the gastrointestinal

tract appeared jn the feces of rats fed whole egg proteìn. A cons'ider-

able fraction (90%) of the metabolic nitrogen 'is therefore reabsorbed.

Furthermore, Nasset (1965) est'imated that 64-263 gm of prote'in were
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secreted daììy by the human with intestinal juice accountjng for 40-200 gm

and pancreatic ju'ice L2-70 gm, Sìnce the entjre mucosa of the small

'intestine is replaced every 1-3 days, desquamated cells could account

for 77-9I gm of proteìn per day in an adult man. Thus the secret'ion of

endogenous protein in the small intestjne of man appears to be about

equ'ivalent to the protein intake. Other observations by Nasset and

assoc'iates (1955, 1957, 1961, 1963; Ganapathy and Nasset, 7962; 0lmstead

et al., 1966) suggested that the blending of endogenous proteins with

various dietary proteins tends to provide a relatively constant amino

acjd mixture for absorpt'ion from the small intestine. They found the

same relative amino acid pattern in the d'igesta from the small intestine

of dogs at 1.5 hr after bejng fed albumin, zein and a nìtrogen-free diet

(Nasset, 1955). Although zeìn ìs almost devo'ided of ìysine and trypto-

phan these amino acids accounted for 3.0 and 0.5 percent, respectively,

of the total am'ino acids in the digesta from the small intestine of

dogs fed these proteìns. An accurate estjmate of the magnitude of

endogenous dilution of dietary proteins using i4C labeled casein indicated

a 9-fold dilution for dogs and 7-fold for rats. Nasset (1965) concluded

that the presence of a large amount of endogenous nitrogen in the lumen

acts as a homeostasis device to prevent wide fluctuation in the amjno

acid mixture available for absorption.

0n the other hand studies other than those of Nasset and co-workers

indicate a somewhat lower dilution of dietary proteins by endoÇenous

prote'ins in the 'intestine. Experiment by Ochoa-Solano and Gitler (i968)

showed a three-fold dilution of exogenous proteins by endogenous proteins

in the ìntestine of rats fed 75Su-r.lenomethionine and 35S-rethionine
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labeled ovalbumin. Similarly Cho and Bayley (tglZ) observed a two fold

dìlution in the duodenum of pigs fed either rapeseed meal or soybean

meal. Crompton and llesheim (1969) reported that the extent of dilution

of dietary proteins, in the intestine of duck, was 50?á of the exogenous

intake. Nixon and Mawer (1970a) ca]culated that the amount of

endogenous prote'in secreted in man in response to the test diets ranged

from 13% on case'in to 53% on geìatin when the endogenous protein was

expressed as percent of the proteìn jntake. The lower dilution.

of dietary protein by metabolic nitrogen observed by Cho and Bay'ley

(1972), Crompton and t'leshe'im (1969), Nixon and lulawer (i970a) was reflected

by the similarìty between amino acid pattern'in digesta from the upper

jejunum and that of dietary protein. HovJever, there was a marked

difference between the amino acid pattern of the diet and that of digesta

from the lower region of the intestinal tract. These observations

suggest that digestion of dietary proteins occurs before that of

endogenous pr^ote'ins probably beca.use the latter are more resistant to

enzymati c hydrolys'i s . A s'imi ì ar suggesti on al so was presented by

Twombly and i'{eyer (1961). They found that there were two peaks in the

nitrogen content of the small intestine of rats; one at t hr after

feeding and the second at 8 hours. The first peak was thought to be

due to the accumulation of d'ietary protein in the gut and the second

to the accumul ati on of sl owly d'igested endogenous secret'ions. Exogenous

proteins appear to be more rapidìy digested than endogenous protein and

the accumulation of the latter may expiaìn the relative'ly constant amino

acid pattern observed by l.lasset and associates in their studies wìth dogs

and rats. Dilution of dietary prote'ins by endogenous prote'ins will be

to some extent related to the rate of absorpt'ion of dietary proteins.
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Bergen and Purser (i968) found that the ratios of exogenous and endogenous

amino acids in the upper jejunum of rats were 1:1 w'ith casein, 1:1 with

bacterial proteìn and 1:4 with protozoal protein. In the ileal content,

the dilut'ion ratio was 1:10 for casejn compared to 1:2 with bacterjal

and protozoal protein. Since the true d'igestibility of case'in, proto-

zoal protejn and bacterial protein were 97,87, and 75%, respectively,

the contribution of endogenous proteìn to the total nìtrogen in digesta

and feces was particularly pronounced with well digested proteins such

as case'in. Most of the studies by Nasset and co-workers were conducted

us'ing hìgh1y digestible protein, i.e. casein, meat, egg protein, whìch

would be rapid'ly absorbed and thus the relative proportion of endogenous

protei n to di etary proteì ¡rs u¡oul d be rel ati vely hi gh.

In summary, results obtained from the experimental work discussed

appear to'indicate a l-2 fold dilution of exogenous proteìn by endogenous

protein which is considerably less than that suggested by Nasset.

Absorption of endogenous prote'in tends to occur after that of dietary

proteins at least with very digestible proteins. However , accurate

determination of rate of absorptìon of individual amino ac'ids is rather

difficult because there is no way to distinguish between amino acids of

endogenous orìgin from those of exogenous prote'ins. More work needs to

be carríed out on the factors affect'ing the secretion of endogenous

protei n.

?,4,3 Effect of varjous factors g! !_e!abolic fecal nitrogen excretion

A. fflegt_o! I'iÞ"f

The influence of dietary fiber on metabolic nìtrogen excretion has
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been recognized sjnce the turn of the century. Mendel and Fjne (1912)

observed an augmentation in metabolic fecal nitrogen excretion lvhen the

non-digestìble material 'in the diet was hìgh. They suggested that the

nitrogen-free d'iet be adjusted to contajn the same amount of indigestìb1e

materiàl as the test djets 'in true digestibility determinatjons.

Simjlarly, Mitchell (7924),Schneider (i934) and Meyer (1956) found that jt

was important to adjust the fiber content or cellulose level of the d'iet

in determination of metabolic fecal n'itrogen (M.F.N.)

The importance of the fiber level on the digestibility of protein

was extensively studied by Behm (1954), l^Jhitìng and Bezeau (1957a, i957b)

and Zel.ter and Charlet-Lery (1961). Behm (1954) reported that fecal

nitrogen losses were 0.099, 0.7?9 and 0.199 gm per 100 gm dry matter for

pigs fed N-free rat'ions containing 5,10 and 20% cellulose, respectively.

l¡lhiting and Bezeau (1957a) demonstrated that the increase'in M.F.N., as

the level of cellulose increased 'in the d'iets of pigs, caused a sìgn'ifi-

cant decrease in the apparent and true digestibility of protein. For

exampìe, the average äpparent digestìbi1ìty of an 18% protein diet was

87, 85 and 83% when the diet contained 5, 10 and 15% of cellulose,

respectìvely, whereas true digestjbility coefficients were 91, 89 and

88%. True digest'ibi1ìty coefficients were determined by correctìng for

M.F.N. at each level of cellulose. Fiber in the ration seemed to'inter-

fere wjth absorpt'ion of the dietary protein as well as markedly increas'ing

the amount of M.F.N. They found that the relationsh'ip between M.F.N. and

level of cellulose and protein was linear and that these relat'ionships

could be expressed by the followìng regression equations:

Level of fiber 5% Y = 0.102+0.017X
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Level of fiber 10%

Level of fiber 15%

0.126+0.020x

0. 125+0. 023X

where Y is fecal N excretion per i00 gm D.M. intake for p'igs weighìng

approximately 37 kg and X is the percentage of protejn in the air-dry

ratjon over the range 0.3 to 22% protein, It can be calculated from

these equat'ions that excretjon of fecal n'itrogen at a protein level of

18%, will be'increased by 16% when the percentage of cellulose of the diet

is increased from 5 to I0%.

Ialhiting and Bezeau (1957b) aìso found that the type of fiber as

wel l as amount s'igni f icant'ly affected the fecal N output of the pì g

whether expressed on the basis of dry matter (D.M.) intake or fecal D.M.

output. Values of 0.130 0.09 and 0.07 gm fecal N/100 gm of D.M. intake

were obtained for Solka-Floc (wood cellulose)o oat hulls and methocel

(methy'lcel I ulose), respect'ively, when the diet contained 74% f i ber and

0.3 protein. The correspondìng fecal N outputs/i00 gm D.M. excret'ion

were 0.681 0.59 and 0.35 gm, respectively, with these d'iets. Thus type

of fiber as well as level of fiber in the ration markedly'influenced

M.F.N. excretion. This may be of part'icular importance with rapeseed

meal where the high fiber content might induce a greater excretion of

M.F.N. and consequently reduce the apparent protein and dry matter dìgest-

ibilities of RSM. However, as described earl'ier, there is no evidence

that differences jn the fiber content of rapeseed meal (approximately

73.7-16.0%) have any marked influence on the d'igestibjlity of RSM.

Drou.liscos and Bowland (1969) suggested that lìgn'in in RSM ìs arranged

and d'istributed in such a r¡/ay that protein is trapped by the fibrous

material and not easi'ly attacked by proteolytic enzymes. Th'is suggestion

I_

l=
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'is in agreement with the observation of lllhit'ing and Bezeau (1957a) tfrat

the level of fiber in the ration seems to interfere wjth the absorption

of protein in add'ition to the increase in metabol'ic fecal nitrogen.

Further experiments need to be carried out comparìng the digestibility

of low fìber (remova'l of the hull ) and h'igh fiber RSMs in order to

answer the questìon of whether fiber jnterferes with absorptìon of

rapeseed protein.

B. Iesd_intqke and lega] qulpgt_

Besides the effect of fiber, food intake and fecal output also can

affect M.F.N. excretion. Blaxter and Ï^lood (1951) concluded from their

studies wjth calves that the output of dry feces rather than D.M. intake

determined M.F.N. output. Meyer (1956) found that fecal dry matter

appeared more satisfactory than D.M. intake as a reference base for the

est'imat'ion of M.F.N. with the rat. Telter and Charlet-Lery (1961) aìso

reported a high correlation (r = 0.90) between M"F.N. and fecal D.M.

excretion. This relationship was expressed by the equation

Y = 0.07X+0.85

where Y is the M.F.N.'in gm and X is fecal D.M. output'in gm. They

observed that M.F.N. excretjon by pigs decreased jn a curvil'inear fashion

as feed intake increased and was therefore poor'ly related to feed intake.

However there was a very high correlation (r = 0.92) between M.F.N. and

the logarithm'of dry matter ìngested. The l'inear relationship between

M.F.N. excretion (Y) and the D.M.'intake (X1) was expressed by the

regressi on equatì on

Y = log x1- ro,24o
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Thus the estimatìon of metabolic N losses from fecal D.M. excretion

appears to be a better means of determinìng M.F.N. excretjon. An

increase in the dry matter excretìon as a result of poor dìgestibì1ìty

of a diet therefore would have an appreciable influence on M.F.N. losses.

Zelter and Charlet-Lery (196i) concluded that a decrease of one percent

i n apparent dry matter di gesti b'i I i ty 'increased M. F. N. by 4. 1% per 100

grams of dry matter ìngested and decreased it by 1.9% per 100 gm of dry

matter excreted.

Metabolic fecal nitrogen output appears to vary dirrect'ly with

the logarìthm of the feed intake or with the output of fecal D.M.

Thus diets which result in low digestibilìtyo such as that observed with

rapeseed proteìn, are l'ike'ly to jnduce a greater excretion of metabolic

fecal nitrogen compared to diets which are read'ily digested. Thus¡

d'ifferences in excret'ion of M.F.N. should be taken into account when

'interpreting data on true and apparent digestibì1ity of proteins.

C. fflegt_o! grctqiq leve!

The effect of level of protein on M.F.N. is also important in the

'interpretation of data on apparent and true protein digestìbì1ity. Values

for M.F.N. are usualìy determined with a low proteìn or by extrapolation

to zero from data obtained at different proteìn levels. Mitchell et al.

(1954) postulated that M.F.N. was 'independent of the dietary proteìn

level by showing that M.F.N. determjned on a 1ow-protein ration was the

same as that obta'ined by extrapolation of serjes of nitrogen levels to

zero protein levels. Simjiarìy, Ì,llhiting and Bezeau (1957a) reported that

differences in apparent dìgestibility of prote'in as a result of d'ifferences

in levels of protein'in the ration were due entireìy to d'ifferences in
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M.F.N. excretion. A'lthough the apparent digestibility of the protein

was marked'ly influenced by the level of protein in the ration, dìetary

protein levels had no effect on the true digestibility of prote'ins used

in their study. Average apparent proteìn digest'ibility ranged upward

from 78 to 87 percent for diets containing 5 to 22% protein whereas

true djgestibilìty for the same diet was constant at 89-91 percent.

However the validity of M.F.N. values has been questioned by

several researchers (Titus, 1927; Bosshardt and Barnes, 1946; Wang and

Grossman, 1951i Gadzieva, i956; Sumi, 1958; Albanese, 1959; Booth e! al.,
1960; Twombìy and Meyer, 1961; Abdeljil and Desnuelle, 1964; Snook, 196b)

on the basis that level and source of prote'in can stimulate the enzymatic

output of the pancreas (see chapter 2.3.2) and thereby infìuence the

proportion of endogenous proteins secreted.

Recent findings by Carlson and Bayley (1970) seem to confirm the

hypothesìs that the metabolic nitrogen output varies with the level of

protein in the diet and the digestibìlity of the prote'in. They found

that the level of casein in the diet did not'influence the corrected

di gesti bi I i ti es of the prote'ins and ami no aci ds whereas 'i ncreas ì ng the

level of soybean meal in the diet resulted in a signìfìcant reduction jn

the true proteìn digest'ibìlity and true digestib'ility of amino acjds such

as isoleucine, leucine and pro'l'ine. True djgestìbiljties of soybean mea'l

were 89, 86 and 85% at 7,14 and 27% of prote'in, respectively, whereas true

d'igestibility values for casein were constant at 98-99%. It seems

therefore that the lower true digestibjlity of soybean meal at ìncreasing

level of prote'in is due to h'igher excretion of M.F.N. with a higher'level

of dietary protein.
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Determination of 14.F.N. usìng a low protein diet appears

inaccurate because of the poss'ibìlity that protein level and the source

of protein jnfluence the endogenous proteìn secretion. A proteìn-free

dìet probably underestimates the amount of M.F.N. as well as true

digestìb'ility coefficjent. The precise determjnatjon of M.F.N. there-

fore requires extrapolation to zero of fecal nitrogen data obtajned at

different levels of protein with each particular protein.

2.4.4 I!fluence of microflora upon am'iIo- acid availab'ility

Experiments on amino acid availabil'ity are open to crjticism

because microorganisms'in the ìntestìne may alter the amjno acid

d'istrjbution of food residues as they pass through the intestinal tract.

Such an effect mìght be of particular importance in cases where relatively

large amounts of proteins are poorìy digested. The literature relating

to mjcrobial fermentation'in the alimentary tract of the pig is somewhat

contrad'ictory; some researchers have found little effect of m'icrobial

action on amino acids patterns or breakdown in digesta although there are

numerous reports dealing w'ith fermentation of prote'in and amjno acids

in the lower part of the gut.

Microbial fermentatjon in the alimentary tract of the p'ig has

been reviewed by Cranwell (i968). It appears that fermentatjon of

carbohydrates, lipids and proteins takes place in al'l regions of the

pig intest'ine, commencing with the first week of life. The role of the

'large intestine in the breakdown of nondigested protein residues has

been extensiveìy studied with normal, axenìc and "germ free" rats

(Gorden, 1959; Levenson and Tennantr 1963; Luckey, 1963; Combe et al.,

1965; Combe and Pion, 1966; Harmon et al-. , 1968; Lepkovsky .et ql ., 1966)
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Levenson and Tennant (1963) reported that fecal excretion of n'itrogen

wi th axeni c rats was twìce that of normal rats. Sím'il arly Luckey

(i963), Combe et al. (1965) and Lepkowsky qt al. (1966) observed that

fecal nitrogen excretjon was about 30% greater in axenic than in normal

rats. Caecectom'ized animals also appear to excrete a greater amount of

prote.in than normal animals. Nesheim and Carpenter (1967 ) found that

the d'igestìbilìty of heat damaged cod muscle was 77% in intact ch'icks

compared to 68% for caecectomized birds. However there was no

difference jn the apparent digestìbility (90 and 89% respectively) of

non-heat damaged cod muscle in either intact or caecectomized birds.

The authors attributed the lower djgestibiìity of heat damaged cod

muscl e i n caecectom'ized b'i rds to the fact that these bi rds were unabl e

to breakdown resìdual prote'in because of the absence of the caecal

microflora. Recentiy, Salter and Coates (i971) studied the course

of d'igestìon of 14c-labeled egg a'lbumin that had been either freeze-dried

or heat damaged and found cons'istently h'igher 14c: nitrogen ratios in

digesta from the'large intestine of conventional b'irds than jn germ-free

birds. THey concluded that a greater breakdown and deamination of amino

acids had occurred in the caecum and the colon of normal birds.

Influence of bacterial fermentation on amino acjd avaiìab'iìity

in the rat was investigated by Kuiken (tgSZ). He found on'ly a slight

reduction in dìgestib'ility of total nìtrogen and amino acids when expeller

cottonseed meal was fed in a ration wh'ich contained 2% succinyl

sulfathiazole. Arginine, leucine, phenylalanine, tryptophan and valine

ava'ilabilitjes were slìght1y lower (2-3%) in the presence of sulfa-

thiazole whereas there was a s'lìght increase (I%) 'in the availabì1.ity

of methi on'ine.
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By contrast several workers have suggested that microflora

appreciably alter the pattern and digest'ibility of amino acids. Payne

et al. (1968) found that caecectomy in the chick lowered the apparent

digestìbility of jsoleuc'ine by 70% and other am'ino acids by about 5%.

Michel (1961, 1965, 1966, 1968) investigated the jn v'itro destruction

of amino acids by mjcroflora taken from the pig at slaughter and

incubated under conditions c'losely resembling those in the jntestjnal

lumen. intestinal flora, in particular those of the jleum and caecum,

were found capable of catabolizing all the amjno acids but the rate of

breakdown depended on the part'icular amino acid. The rates of break-

down (% anino ac'id destroyed'in 42 hours of incubatìon) were 100 for

serine and glutamìc acid,98 for histidìne, 78 for aspartic acid and

62 for threonine. The other amjno acids were broken down more slornrly;

alanine (50), 'leucine (52), isoleuc'ine (42), valine (34), tyrosìne (22),

lysine (21), meth'ionine (20), tryptophan (i5). Only the L-form of the

essential amino acids were broken down by the microflora except in the

case of D-meth'ionine. D-forms of the non-essential amino acids were

broken down but more sìowly than the L-forms. Except for the dicarboxyl'ic

amino acids, aspartic and glutamic acid, the deamination of the amino

acids to g'ive ammonia and organic acids was generaìly more rap'id than

decarboxylat'ion to carbon dioxide and amines.

Decarboxylatjon of lysineo histidine, arg'inine, tyrosine and

tryptophan was found in the ileum of pìgs wìth the primary products of

fermentation bejng amìnes such as cadaverine, histamine, putrescìne,

tyramine and tryptamine (Larson and H'ill, 1960; Michel, 1966). Rate

of breakdown also was found to depend on region in the ìntest'ine and
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the type of djet. In generai, catabolic actjvìty of the flora vvas

greater in the caecum and the colon than in the ì'leum and jejunum

(Nicfrel, 1965). However, the breakdown of some amino acids such as

aspartic acid and cysteine occurred main'ly in the ileum while arginine

was degraded pnimarily in the caecum of pìgs. The presence of carbo-

hydrate in the gut a.ffected the rate of amino ac'id catabol'ism. In

the absence of carbohydrates bacteria wìll use amjno acjds for energy

purposes. The catabolic activity ìn the caecum and colon also is

proportional to the concentration of small peptides or free amino

acids in these regìons. Thjs is confirmed by the observations that

rap'id intestinal transjt such as that wh'ich accompan'ies diarrhoea

(Mjchel , 1966) and low d'igest'ibil ìty of a proteìn (Nesheim and Carpenteru

1967) appears to result in a greater am'ino acid breakdown in the lower

regìon of the gut than that found w'ith a normal jntestjnal transit or

a very di gesti bì e prote'in.

Cho and Bay'ley (7972) observed no signìficant d'ifference in the

proport'ion of va'line, argínine, serineu tyrosine, threon'ine, phenyì-

alanine and aspartìc acid ìn digesta from the ileum and rectum of swine

fed soybean meal or rapeseed meal. The similarity in the proportion of

these amino acids in the digesta from these two regions suggests that

analysi s of fecal sampì es probab'ly ref I ects the di gest'ibi I ì ty of these

ami no aci ds. However, the proporti on of i sol euc'ine and methi on'ine , i n

d'igesta from soybean meal, increased significantly between the ileum and

rectum whereas the proportion of proì'ine, leucìne + glycine and gìutamic

ac'id decreased si gni fi cantly. [,l'ith rapeseed meal s'imi I ar changes were

found in the proportion of isoleuc'ine, proline, leucine + glycine and
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glutamic ac'id between the'ileum and rectum and jn addition there was a

significant decrease in the proportìon of alanjne and a s'ignìficant

'increase in that of lysine. These changes in the proportion of certain

amino acids, between ileum and rectum, might lead to an overestimation

or underestimation of amino acid avajlability from the proteins under

investigat'ion. The authors suggested that the high dìgestìbility

coeffic'ients previously reported for proline and glutam'ic acid (Cho and

Bayiey, 7970; Giovanettì et al., 1970) uras probably associated r,rith the

bacterial breakdown of these amino acids jn the lower part of the

alimentary tract. The low digestibì'lìty of methionjne and alanine in

soybean meal (Sauer , 1972) is probabìy associated r¡rith the lower cata-

bolism of these am'ino acids jn the caecum of p'igs.

These observations by Mjchel (1961, 1962, 1966, 1968) and Cho

and Bayley (1972) suggest that m'icroflora can modify the amjno acid

pattern of digesta in the lower part of the alimentary tract. Fecal

analysi s may therefore overestimate or underestimate the ava j I abi'l'ity

of some amino acids. These fjndings support the suggestion of Payne

et aJ. (1968) that amino acid content determined from ileal digesta

sampìes probably g'ive a more accurate'index of amino acid avajlabt"lity

than that based on fecal samples.



Chapter I I I

MATERiAL AND I4ETIIODS

3.1 A'im and design of the experiments

The primary obiect of the present study was to assess the

nutritional qual'ity of RSlul produced in Canada and to invest'igate the

reason(s) for the cons'istentìy lower dìgestìbility of protein in RSM

compared to that of other protein sources. The first experiment

(Experiment I) ìnvestigated the effect of process'ing and variety of RSM

upon varìous parameters of protein utilization such as digest'ibìì'ity of

dry matter and nitrogen, arnìno acíd availabiljty, nìtrogen retention,

feed jntake and weight ga'in. The p'lan of the experiment was a completeìy

random'ized block design where six pig'ìets per group vJere assigned to

twelve d'ifferent RSM treatments. The RSl4 samples t^/ere suppl ied by 5

different processors (Table 1) under the Rapeseed Utilization Assistance

Program and were crushed during Ju'ly to October i968 but were from seed

produced during 1967 and i968. These samples were from two main varìetjes,

Brassi ca campestris and Brass'ica napus. They were commerci al'ly processed

by solvent, prepress-solvent or expeìler methods. Also 'included were

samp'les from zero-erucic acid seed of B.napus (Sample 1) and from a low-

th'iogl ucoside content B.napus variety Bronowsk'i (Samp'le 4).

Experiment II (Table 2) was carried out to compare d'igest'ibif ity,

pattern of d'igestion and proteìn retention of RSM companed to other

protein sources. The effect of amjno acid supplementation of the various

proteins on the'ir digestìon and utilizat'ion also was investigated.

The second experirnent was a 2 x 2 factorial involving 7 different prote'in

sources each fed with and without amìno acid suppiement des'igned to

compensate for the Iimiting amìno ac'ids jn the varjous protein sources.

A group of three pìglets receiving a prote'in-free diet r,vas also included

to deterrnine 1,1. F.ll.excretion and amino acid pattern of endogenous proteirt

in digesta and feces

47
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Table 1. Descriptìon of rapeseed meal samples used ìn Experiment I.

Samp 1 e
No. 1

Man ufacturi n q

Process2 
" P roces so r Seed Type Run 

3

i
2

3

4

5

6

7

B

o

10

1i

72

Sol vent

Sol vent

Sol vent

Sol vent

Prepress-sol vent

Prepress-sol vent

Prepress -sol vent

Prepress-sol vent

Prepress-sol vent

Prepress-sol vent

Expel 'ler

Expel I er

Sl^lP

St^JP

SI¡lP

Sl^lP

AGRA

AGRA

l'lCSP

l\lCSP

c\/0

CVO

CLS

CLS

B. napus A

B. campestrì s L

B. campestrì s E

B.napus (Bronowsk'i) Br

B. campestri s N

B. campestrì s B

B. campestrì s F

B. campestri s P

B. napus S

B. napus D

B. campestrì s C

B. campestri s H

1'Samples 1 and 4 were pr"oduced from seed not avaìlable at that tjme for
commercial use. The other samples were produced from commercial seed.

ZSWP = Saskatchewan l,jheat Pool , Saskatoon.
AGRA = Agra Vegetable 0il, Nipawin.
I{CSP = hlestern Canadian Seed Processors, Lethbridge.

CVO = Co-op. Vegetable 0i1s, Aìtona.
CLS = Canada Linseed 0il Mills, Montreal.

3Identification of samples suppìied under the Rapeseed Utìlization
Ass i stance Program (R. U.A. P. ) .



Table 2. Design of Experiment II

Ami no aci ds

No. of pi g1 ets

Total no. of
pi gl ets

Case'in

1no amino acid supplement

Auto-
cl aved
Casei n

01

2

2wjttr amino acìd supplement - Type and level of amino acid supplement are given in Table 6.

*2

2

Soybean
Isolate

4

Protein Source

0

Zei n

2

0

RSM- 1

+

2

0

RSM-4

+ 0

RSM-5

+

Protei n

Free

0

2

[,

è(o
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A third experiment (Experìment III) was carried out to study

the jnfluence of fiber level on digestib'i1ity and utjlizatjon of

soybean and RSl4 proteìns. The experimental design (Table 3) was a 2 x 2

factorial with fiber level and protein source beìng the two main factors.

H'igh and low fiber RSM samples were obtained from three different

processors. In each case the high and low fiber meals were prepared

from the same seed source, viz. B. campestris, B. napus and Bronowski.

In the low fiber RSMs the seed hull was removed by aìr classification

(Bower Bros. , N.Y. ) . Soybean meal was a commerci aì ly produced sol vent

meal containing 44% prote'in whereas low fiber soybean meal was a soybean

'isol ate purchased from Nutri ti onal Bi ochemìcal s Co. , Cl evel and. A total

of 40 pìgìets, fiver per group, were used in the experiment.

In Experiment IV, 1n vìtro peps'in, pepsìn-pancreatin and pancreatìn

dìgests were carried out with some of the protein sources used'in Experi-

ments II and III, 'i .e. casein, autoclaved casein, isolated soybean prote'in,

soybean mea1, zein, and RSM-I. The purpose of the in vitro d'igestions

was to study the relat'ionship between rate of in vitro hydrolysis of the

proteins and the rate of in vivo digestion of these proteins by piglets.

3.2 Composition of the diets

A semj-purìfied diet jn which the various prote'ins served as the

sole source of d'ietary nitrogen was used in all three experiments. The

basal diet v¡as composed of glucose, ce]lulose, soybean ojl, rock phosphate,

vjtamins and mineral m'ix. Chromic oxide (CrrOU) and poìyethylene glycoì

(PEG 4000, J.T. Baker Co.) each added at 0.25% of the diet were used as

internal markers in the last two experìments. Diets were mìxed,40 kg

per lot, in a Hobart kitchen m'ixer and peìleted through a 0.32 cm die

using a Templewood ìaboratory pellet'ing machine.
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Table 3. Des'ign of Experìnrent I I I.

Protein Source and Dìstribut'ion of Pìgs

Rapeseed (Seed Source and Processor)
Fi ber
Level 1 B. campestris

Soybean WCSP2

B. napus
cv03

B. napus
var. Bronowski

Sl,JP4

Hi gh

Low

H'igh fiber RSMs and SM were commercjal meals.

Low fiber RSMs were prepared by air classification of the oil
extracted residue while low fiber SM was a proteìn isolate purchased
from Nutritional Biochemical Co., Cleveland.

3

4

l^JCSP

CVO

Sl^lP

t'lestern Canad'ian Seed Processorsn Lethbrìdge

Co-op Vegetabie 0ils, Altona

Saskatchewan hlheat Pool, Saskatoon.
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The compositjon of the test diets used in the first experiment

'is g'iven in Table 4. RSl4 made up 42.5% of the total diet. No attempt

was made to adjust the n'itrogen content of the varjous djets. The

prote'in content of the diets ranged from 15.38 to 76.46% except for the

diet conta'in'ing Bronowski meal which contained 18.05% protein. In the

protein-free diet RSM was replaced by glucose and cellulose,27.5 and

t5%, respecti vely.

Composition of the:d'iets used jn the second experìment is

presented 'in Tables 5 and 6. Dìetary protein sources included casein,

autoclaved casein, soybean isolate, zein and three samples of RSM. The

RSM samp'les were chosen on the basis of results obtained in Experiment I;

RSM-I vvas a low eruc'ic acid variety of B. napus whereas RSM-5 was a

variety of B. campestris. Apparent dìgestibilìty of protein tended to

be h'igher for RSM-1 than RSM-5. RSM-4 was a 1ow glucosinolate content

meal (Bronowski) which had given superior performance 'in txperiment I.

Similar diets were prepared by supp'lementing each of the protein sources

w'ith the most I imi ting amino acì d(s ) (Table 6). Amino acì d addi t'ion

was made on the basis of amino acid requirements of 6 weeks old pigìets
I

fed a diet contaìning 16% proté'in (Bbckér, 1958; Agric. Res. Council,

London,7967). Prote'in content (N x 6.25) of the diets varied from

15.50 to 16.02% with the non-supplemented diet (Table 5) and from 15.78

to 16. 40 for the same d j ets s upp'ìemented w'i th am'ino acì ds (Tabl e 6 ) .

Less cellulose was added to the RSM diets than to other d'iets (tO vs. I5%)

because of the h'igh proportion of fiberin RSM. The proteìn-free diet

was similar to the other diets except that it contained a h'igh level of

glucose and 20% cellulose.
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Table 4. Composjtìon of RSM and prote'in-free diets in the first p'iglet
experi ment

Diets and Levels of Ingredients (g/iOO gm d'iet)

Ingredients RSM diets Protein-free diet

RSM

Gl ucose

Cel lulose

Soybean oi 1

Vitamin mixl

Mineral mix2

Rock phosphate

42.50

45. 50

5.00

4. 00

i.00

0.50

1 .50

73.00

20. 00

4.00

1.00

0.50

1. 50

1-,'The vitamin mìx suppì'ied the following per 100 kg diet: V'itam'in A,
250,000 I.U.; Vitamin D, 22,000 i.U.; dl-alpha tocopherol,2,670 I.U.;
menadione, 2.0; thiam'in. HCl, 135 mg; riboflavin 0.33 gm; calcium
pantothenate, 1.32 gm; pyridoxine HCl, 0.11 gm; choline chlorjde, 110
gm; V'itamin BIZ, 3000 m.eq.1 gm; 0.75 gm; d-biotin, B mg; fol'ic acìd,
B0 mg.

2_,-The mineral mix supplied the following per i00 kg diet: sodium ch'loride,
465 gm; manganese oxide,8.5 gm; z'inc oxide, 1.0 gm; ferrous sulfate
heptahydrate, 3.05 grn; copper sulfate pentahydrate, 2.5 gm; potassium
jodine, 26 mg.



Table 5. Compositìon of diets used in Experìment II.

I ngred ì en ts

Protei n source

Gl ucose

Cellulose

Soybean o'il
I

v'l ram] n mr x

M'ineral mi x9

Rock phosphate

Ch romi c ox'i de

PEGlO

Casei n 
1

i8.00
59. 50

15 .00

4.00

1.00

0. 50

1. 50

0.25

0.25

Autocì avqd
Casei n¿

N x 6.25

18.37

59. i3
15.00

4. 00

1. 00

0. 50

1. 50

0.25

0.25

IVitamin free casein, Nutrit'ional B'iochemicals Co., Cleveland, 0hio.
ivìtam'in free casein autoclaved at 15 psi for i2 hrs wtth 2% g]ucose.
[Aì pha protei n, Nutrì ti onal B'iochem'i cal s Co. , Cl evel and, 0hi o.

"Zei 
n, Nutrì ti onal Bi ochemi cal s Co. , Cl evel and, 0hi o.

iRapeseed mea1, B. napus (var.0ro), solvent processed, Saskatchewan LJheat Poo'1, Saskatoon.
iRapeseed meal, B. napus (var.,Bronowskì), solvent processed, Saskatchewan t^Jheat Pool, Saskatoon.
tRapeseed meal, B. campestri: (prepress solvent processed, AGRA Vegetable 0'il, Nipawìn).
iVì tamì n mìx, same as descri bed i n Tabl e 4.

.,iMineral mix, same as described'in Table 4.
'"PtG 4000 - polyethylene glycol¡ 4000 M.l,'l. J.T.Baker Chemical Co., anaiyzed reagent grade,

Soybean 
"Isolate"

18. 00

59.50

i5.00
4.00

1.00

0.50

1. 50

0.25

0.25

75.67

4¿el n

i8.00
59. 50

i5. 00

4 .00

1. 00

0. 50

1.50

0.25

0.25

15. 70

RSM- 15

4t.54

40.96

10.00

4.00

1 .00

0.50

i. 50

0.25

0.25

15. 50

RSM-46

46. 83

35. 67

10.00

4.00

i. 00

0.50

1. 50

0.25

0.25

i5.53

RSM-57

38. 14

44.36

10.00

4. 00

i. 00

0. 50

1. 50

0.25

0.25

Protei n

Free

15. 66

72.50

20.00

4. 00

1. 00

0. 50

i. 50

0.25

0. 25

i5 .69 76.02 0.42

('rè



Table 6. Type and level of add'it'ion made to amino acid supplemented diets ìn Experiment II.

Amino Acid"
Suppl ementl

DL-meth'ion i ne2

L-lysi ne3

L- tryp top h an 
4

N x 6.25

Casei n

lA*'ino acids were added at the expense of g'lucose. Levels of the other ingredients were the same as
descri bed 'in Tabl e 5.

2'3'4Ar:nino acíds from Nutritional Biochemical Co., Cleveland, 0hio.

0.20

Autocl aved
Casei n

75.78

0. 30

0.20

Soybean
I sol ate

Protei n Source

0. 30

16.13

Zei n

0.30

0.60

0. 06

i5. 78

RSM-i

0,25

16. 40

RSM_4

0.25

15. 90

RSM- 5

0.25

16.30 16. 00

(Jr
(Jì
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Compos i tì on of the di ets used 'in txperì ment I I I i s gi ven

in Table 7. Level of cellulose was adjusted in an attempt to euqalìze

the fecal dry matter excretion by the piglets fed the different diets.

The proportion of glucose'in low fiber RSM also was adjusted in order

to maintain all diets more or less 'isonitrogenous.

3. 3 Di ges li bi l i ty s tudi es_

Male castrated piglets, 5 to B weeks of age weiqhing approximately

i1 kg were randomly assìgned to various d'ietary treatments and housed in

circular metabiriic cages (Figure I) described by Bel'l (1948). ttlejght of

the piglets was recorded at the beg'inning and the end of each collection

period. In the first digest'ib'ility experìment the adiustment perìod

was 3 days and collection period 4 days. In the two subsequent

experiments the adjustment period was extended to 4 days and the collection

period to 5 days. Lengthening the adjustment and collection periods

was made jn order to perm'it the p'igs to adjust to the ìow palatabif ity of

RSM diets and to attempt to decrease the variation in digestìbility

coeffic'ients observed in the first experiment.

In the first and third experiments piglets were fed the experi-

mental diets ad lìbitum for a t hour period at 9 a.m. and 5 p.m. daily.

indivjdual feed consumption at each meal was limited to a maximum

equ'ivaìent to 2.5% of the liveweight of pìglets'in an attempt to avoid

excessive d'ifference in feed intake among treatments. l¡later was

ava'i I abl e at al I tì mes .

Feces were collected once daìly. One percent ferric oxide

was addecl to standard rapeseed meal (RSM) or soybean meal (SM) diets

which were fed prìor to and followìnq the collectjon perìod, thereby

fac'il'itating the identification of the beg'inning and the end of the



Table 7. ComposÍtion of diets used in Experiment III.

Ingredients

Protein sounce

Gl ucose

Cel I ul ose

Soybean oi ì

Vi tamin mix2

Mineral mix2

Rock phosphate

Chromi c oxide

PEG

Soybean

Meal

35.00

47 .00

10. 00

4.00

1.00

0.50

1. 50

0.25

0.25

Diets and Levels of Insred'ients

I sol ate 1

Chemi cal Analyses
(N x 6.25) 16.62

Crude Fibe13
(% of the 5.32
oi I -free meal )

iB. 00

59. 50

15.00

4.00

1. 00

0. 50

1. 50

0.25

0.25

B . campes tri s ( WCSP )

Meal

42.50

45. 00

5. 00

4.00

1.00

0. 50

1. 50

0.25

0.25

lAlphu prote'in, Nutri tional Biochemicals Co. ,
ZVitamin 

and mineral mix same as described in
3crude fiber according to 4.0.4.C. (1965).

Low Fiber

40.97

41.53

10. 00

4.00

1. 00

0. 50

1. 50

0.25

0.25

100

B. napus (CVO)

eseed

15.50

Meal

m diet

42.50

45. 00

5.00

4.00

1.00

0. 50

1. 50

0.25

0.25

Low Fiber

16.37

L3.32

B. napus
(var. Bronows ki , SI,JP )

39. 04

43.46

10. 00

4, 00

1. 00

0.50

1.50

0.25

0.25

16. 58

u:tÎ

Meal

42.50

45. 00

5. 00

4. 00

1. 00

0.50

1. 50

0.25

0,25

Cleveland,0hio.

Table 4.

Low Fi ber

15. 40

L3.02

34.27

48.23

10.00

4. 00

1.00

0. 50

1. 50

0,25

0.25

16. 30

6. 30

17 .64

13.27

16. B5

5. 95

(tl l

\J r.

i



Figure 1. circular metabolic cages used in digestibility trials.
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collect'ion perìod. Feces were stored'in a refrigerator (OoC) throughout

the test period. The combined fecal collection t^las dnied in a forced

a'ir oven at 70oc for 48 hours. The dried samples were allowed to

equilibrate w'ith air, weighed and ground through a 40 mesh screen in a

tnlí'ley mì'lì, model 3. An al'iquot was then taken, p]aced 'in a pìastic

bag and stored in a dry p'lace until analyzed.

Urine collection was started 4 hours after the ingestion of the

first test meal and continued unt'i1 12 hours after the ingestion of the

last meal. Urine was collected ín iarge plastìc bottles containing

25 ml of 0.1 N H2s04 and i0 ml toluene. Total daìly urine excretion

was measured and a 5% aliquot stored at OoC. The daiìy alìquots were

combined, filtered through g'lass wool and stored at -200c for further

analyses.

True digestibi'lity coefficíents were calculated from metabolic

fecal n'itrogen (M.F.N.) excretion by piglets fed a protein-free diet

containing 20% of cellulose. In the first experiment I pì91ets were

used in the determjnation of M.F.N. whereas in the second experiment only

three pig]ets were used. Al1 procedures with p'igìets fed the protein-

free djeL were the same as described for the test group. Metabolìc

fecal nitrogen (M.F.N.) excretion in the first experiment was based on

feed intake whereas'in experiments 2 and 3, [1.F.N. was estìmated on the

basis of fecal output. Details on calculations of true cligestibi'l'ity

of proteìn will be gìven in the section ',Calculatìons".

3. 4 Bl ood col I ect'ion

Blood plasma was obtained for the determination of free amino

acjds during Experiment Ii. Three samples of blood were taken from
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the iugular veìn of each pig'let on the fourth day of experiment.

The fi rst sample \^/as r^ri thdrawn just prior to feeding fol lowìng

a 14 hours fast, and the other samples were taken t hour and

3 hours after comp'letion of the t hour feeding period. Heparin

was used as an antìcoagulant. The blood v¡as centrifuged immed-

iate'ly after collection at 2000 x g for 20 m'inutes and the p'lasma

transferred to a screw-cap vial and stored at -20oC until analyzed

for free amìno ac'ids.

3.5 Col lectìon of digesta samples

D'igesta sampìes for the stomach, duodenum, upper ieiunum,

mj d jejunum, lower jejunum, 'i'leum, caecum, and rectum 't,lere

collected from each pigìet during the 2nd and 3rd experiments.

The pigs were killed by eiectrocution approximate'ly 4 hours

after a meal of the test diets on the day following the completion

of the col I ecti on peri od. Samp'les of di gesta were qu'ickly

collected by gent'ly extruding into plast'ic bags and immediately

f rozen i n l'iqui d ni trogen . The samp'les were lyophi l i zed wi th'in

72 to 96 hours of collectjon, finely ground in a mortatr and stored

at -200C until analyzed.

3.6 In vitro digests

The method used for the in vitro digests v'ras similar to that

descrìbed by Akeson and Stahmann (1964). Pepsjn digests were

prepared by incubatìng with continuous shakjng' approximately 1 gram

of protein from each source wjth 40 mg of pepsin (hog stomach, U.S.P.

1:10,000; Mann Research Laboratories) 'in 50 ml of 0. i N l1Cl.
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Incubations were carried out for 0, !-r, 1, 21 4, 16, and 32 hours at

370C. Peps'in-pancreatjn digests were prepared by incubat'ing'l gm

of protein from each source with 15 mg pepsin in 25 ml of 0.i N HCI

for 4 hours at 370C. The samples were then neutralized with Na0H,

made 0.2 M with phosphate buffer (pH 8.0) and incubated w'ith 40 mg

pancreatin (hog, 3 x ll.F., Mann Research Laboratories) for a

further 0, 1, 2,4, 8, 16, and 32 hours. Pancreatin dìgests were

prepared by incubating 1 gm protein with 40 mg pancreatìn in 50 ml

of 0.2 M phosphate buffer (pH 8.0) for 0,4,1, 2,4, 8, 16, and 32

hours . Bl anks at the beg'inni ng and the end of each set of di gest'ions

were obtained by incubating the protein sources under the cond'itions

described but with the enzyme omitted. Al'l digests were covered with

2 n1 of toluene in an attempt to prevent microbial fermentat'ion.

Follow'ing incubation the samples were immediately cooled in an ice

bath and centrifuged at 14,000 x g for 15 mìnutes at OoC. N'itrogen

was determined in the supernatant before and after precip'itation of

the sol uble priotein wi th sul fosal i cy'li c aci d (5% final concentrat'ion

l,{/V) . Am'ino n'i trogen was estimated by formol ti trati on of the

soluble supernatant. Patterns of total and free amìno acids lvere

determined on the deproteinized supernatant from a 5 hours pepsìn-

pancreatin digest (4. hrs pepsin and t hr pancreat'in).

3.7 Chemical Analyses

3.7 .I I'l'i trogen

Total n'itrogen in the diets and feces was determined by the
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macro-Kjeldahl method (4.0.4.C. u 1965) u/hereas total nìtrogen 'in freeze-

dried digesta samples was determined by the micro-Kieldahl method

(4.0.4.C., 1965). Solub'ility of n'itrogen jn digesta samp'les was

determined by the following method: freeze-dried digesta sample (1 gm)

was mixed with cold water (iOO ml at 4oC) with a Po'lytron blender for

5 mìnutes; the homogenate was then centrifuged 15 minutes at 15,000 x

g at OoC according to the method of Snook and Meyer (1964a); and the

supernatant (soluble nitrogen) and prote'in residue (insoluble nitrogen)

were analyzed for nitrogen by the micro-Kieldahl method (4.0.4.C., i965).

3,7,2 Chromic oxide and PEG determination

Dried samp'les from d'iet, digesta and feces urere analyzed for

chrom'i c ox'i de (Crr0, ) by the method of Bri sson ( tgSO ) us'ing perchl ori c

acid as an oxid'izing agent and sodium mo'lybdate as a catalyst. Opt'ical

densities of solutions were determ'ined at a wave length of 444 m¡using

a Bausch and Lamb, model Spectronì c 20, spectrophotometer. Standard

curves were obtaìned by treating pure CrrO, (0, 10, 20, 30 and 50 mg

per reaction vessel) in the same manner as that used for diet and dígesta

samples. A plot of opticaì densities agaìnst concentration of CrrO,

was a strajght line in the range of 0 to 40 mg Crr0r.

Polyethylene glycol (PEG 4000 M.lnl.) was determined by a modi-

fication of the turbidimetric method of Hyden (1956). In the present

study PEG was extracted from dry samp'les with hot water (95-100oC)

whereas Hyden (1956) extracted PEG directly from the clear supernatant

by fiItration or centrifugation of moist d'igesta samples. Dried samples

were weighed (250-500 mg) directly in 25 ml glass centrifuge tube fitted

wíth a screw cap. Ten ml of water was added and the tubes were placed
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in a hot water bath for 20 minutes. The contents of the tubes were

mixed at 5 min. 'intervals with a vortex hand mixer. The tubes were

allowed to cool and centrìfuged at 2500 x g for 20 minutes. Concen-

tration of the PEG in the result'ing clear supernatant was determined

by the procedure described by ulyatt (1964). pEG was found unsatis-

factory for digestib'ility determinations w'ith RSl4. A similar observation

t,vas reported by Cho and Bay'ley (1972). The presence of tannins in

RSM may account for the low recovery of PEG in d'igesta and feces of

animals fed RSM. Tannins jn heather have been found to precip'itate

PEG along with prote'in in the rumen of deer (l(ay, 1969b).

3.7 .3 Ami no Ni tlogen

Amino nitrogen was estimated in sampies of digesta obtained

from the d'igestive tract and in Ín v'itro digests by formol t'itration

usìng the procedure described by Van Slyke and Kirk (i933). Ten ml

of solub'le supernatant was adjusted to pH 9.0 usìng,0.2 N NaOH. Ten

ml of 40% neutral forma'ldehyde (Baker Analyzed Reagent, phi I l'ipsburg,

N.J.) was added and the solution titrated with 0.1 r,r Na0H to pH 9.0.

Ten ml of a 0.1 M glycjne solution was used as a standard. Amino

nitrogen was expressed e'ither as a percent of soluble nitrogen or total

nitrogen (ru x 0.25).

3.7,4 Amino acid analys;es

a. qigt, ügeåtq gnd leqes

Hydroìysì s of di ets , di gesta and feces for am'ino ac'id analyses

was camied out in approxìmately 500 ml Mason jars contaìning 1gm of

sampìe and 100 ml of 6 N HCl. The jars were flushed with nitrogeno
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sealed and heated 'in an oven at 105oC for 22 hours. llo special

oxidatìve hydrolysis method was used for meth'ionine and cystine

determi nati ons . An aì i quot of hydro'lyzate \¡/as evaporated to dryness

on a rotary f'lash evaporator. The amino acids were redissolved in

0.2 M Na c'itrate buffer, pH 2,2, This solution was filtered through

a sinter glass funnel (medium poros'ity) and the amino acids determined

by ion exchange chromatography usìng a Beckman l,lodel 117 amino acid

anaìyzer equ'ipped rvith a l4odel 138 automatic sample ìnjector and a

Beckman Model 725 integrator according to the method of Benson and

Patterson (tgOSa). Amino acid concentrations in the samples were

computed by comparing them vrith analyses of standard mìxtures of

amino acids. A lor,rer recovery of ninhydrìn-positìve compounds

(including f'lHr) r,ras found ín samples of digesta and feces as compared

to the diets. Thus the results of the 2nd and 3rd experìments were

standardized to 95% recovery as recommended by Knípfe'l et á1., !g77.

This procedure reduced considerably the variations in amíno acíd concen-

trations (gm/16 gm N) associated with d'ifferences in recovery of amino

aci ds.

h fl esma_a[rgo_agígs_

Frozen plasma was thawed and a 4.0 ml al'iquot was mixed v¡ith

4.0 ml of 0.2 M l{a citrate buffer, pH 2.2, and deproteinized using 8.0 ml

of 9% W/V sulfosalicyìic acid. The solutíon was centrifuged at 30,000

x g for 10 minutes and the clear supernatant removed. The protein

residue was washed with an additional 4.0 ml of buffer and recentrifuged.

The combined supernatants were then evaporated to dryness on a rotary flash

evaporator and the residue red'issolved in 4.0 ml glass d'istilled water.

Plasma amino acid analyses were carried out on a Beckman l4odel 117 amino

acid analyzer using the procedure for physioìog'ical fluids descrjbed by

Benson and Patterson (1965b).

64
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c. Free amj no_asi g _l-n_pgp!-i!_-ganc¡eatln_d1ggsls_

Free amino acids were determined jn the clear supernatant of

pepsin-pancreatin digests (4 hrs peps'in, I hr pancreatin), fo'llowing

precipitation of the soluble protein with 5% sulfosaljcylic acid (lnl/V).

The clear supernatant obtained by centrifuging at 30,000 x g for 10

minutes was d'iluted with an equal volume of 0.2 M Na citrate buffer, pH

2,2, and the free amino acids determined by the ion exchange method

described for protein hydrolyzates (Benson and Patterson, 1965a).

Am'ino acid composìtion of the same supernatant fraction also was deter-

mined following hydro'lys'is wìth HCI . Release of the individual amino

acids was expressed either as percent of each amino acid'in the 5%

sulfosalicylic supernatants or as percent of each amino acìd in the

protei n.

3,7.5 Trypsin and chyJnotl"ypsjn assay.s

Trypsin and chymotrypsin activities were determined on the

soluble nitrogen fraction in digesta from the mìd jejunum. The soluble

nitrogen fraction was obtained according to the procedure described

previously for determination of soluble nitrogen. Assay methods for

trypsin and chymotrypsin were those of Hummel (1959). A Unjcam SP-800

spectrophotometer equìpped with a Model SP-20 recorder was used for all

determinations. Assays were made at 30oC and reagents were kept at the

same temperature 'in an independent water bath. Trypsin activity was

determined by the rate of hydroìysis of p-toluene-sulfonyl-L-arginine

methyi ester (TAME, Sigma Chemical Co., St. Louis, Missouri) measured

by the change 'in absorbancy at ?47 nV(LeZ+1}. The test cuvette

contained 3.00 V,noles of TAME, 0.L2 mmole Trjs buffer (pH 8.1

contajnìng 0.030 rnmoles of CaCl2) and 0.1 ml of clear digesta super-

natant in a final volume of 3.0 ml. The supernatant was adjusted to

give a change in absorbence of less than 0.32 per minute. A blank
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cuvette was prepared in the same manner as the test cuvette but contained

0.1 ml of a 0.001 N HCI solution instead of the supernatant. Trypsin

act'ivity per 100 mg of dry matter (D.M.) was calculated according to the

fol I owing formul a:

Activity in units per 100 ms of D.M. = 4 Eq ¡ 3 ¡ Dil.lq!!!-t
540

where activity ìn units is the micromoles TAME hydrolyzed/min at 300C, pH 8.1;

A nZU represents the change in absorbance per m'inute in a test cuvette

contain'ing a final volume of 3.0 ml and the molar extinction coefficjent

for p-to'l uenesul fonyl L-argi ni ne at 247 n4 i s 540. The di I uti on factor^

usually was x 105.

Chymotrypsin activity was determ'ined from the rate of hydroìysis

of benzoy'l-L-tyrosine ethyl ester (BTEE, Sìgma Chemical Co. n St.Louiso

Missouri) as measured by the change in absorbance at 256 np( A256).

The test cuvette cóntained 1 .Spmo1e BTEE (in 50% L,f/V methanol ), 0.12,

mmole Tris buffer (pH 7.8, containing 0.15 mmole CaC'lr) and 0.1 ml of

clear dìgesta supernatant in a final volume of 3.0 ml. The blank

cuvette was the same as the test cuvette but conta'ined 0.1 ml of 0.001 N

HCI solution jnstead of the supernatant solution. Chymotryps'in activ'ity

was calculated according to the fol'lowìng formula:

Activity ìn rnits per 100 mg D.M. = A AZSA ry 3 x Dil. Factor

964

where activity in units is the micromoles BTEE hydrolyzed/m'in at 30oC, pH 7.8;

ÅLZSA represents the change in absorb nce per minute in a test cuvette

contain'ing a final volume of 3.0 ml and the molar extinction coeffic'ient

for N-benzoyl L-tyrosine at 256 na'is 964.
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1ôJ.O

3.8.i

Cal cul ati ons

D'i.gesti bi I i ty

Coeffjcients of apparent digestibility for prote'in and amino

acíds by the total collection method were calculated by the foìlowìng

formul a:

% apparent dì gest'ibi1 ity 100(I - E)

i
where I is the proteìn

E is the fecal protein

When Crr03 was used as

True protein

method was calculated

(N

(N

an

x 6,25) orindividual amino acid intake and

x 6 ,25 ) or i nd i vi dual amj no ac'id excreti on .

index the formula was:

amino acid dìgestibility by the total collection

correct'ing for metabolic fecal nìtrogen or

% apparent digestibì'lity = 100 - F x 100

;
where F is the ratio of protein or amíno acid to CrrO, in the feces and

D is the ratio of protein or amino acids to Crr0, in the diet. The

apparent rate of absorption of protein and amino acids jn the varjous

segments of the intestine also was determjned according to a sjmilar

formul a.

or

by

metabolic amjno acids. Metabol'ic fecal n'itrogen (N.f .N. ) or metabolic

amino acid output was determ'ined wìth B p'iglets given a protein-free

d'iet for a period of 4 days. The mean M.F.N. was 0.L77 gn or 1.104 gm

of protein (N x 6.25) per 100 gm of feed intake. The formula used to

calculate true digestib'ility of proteìn or amino acid by the total

collection method was:

True protein (or a.a.) digestib'ility = (I - (E-M) ) x 100

I

where I is the protein (N x 6.25) or individual amino acjd intake; E is the
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proteìn (N x 6,25) or amino acid excretion and M is M.F.N. or the

metabolic amino acid output based on feed intake. True protein or

true amino acid digestib'iljty coefficients as lvell as ratio of absorptìon

also were determjned us'ing CrrO, as index material by the formula:

% true protein (or a.a.) dìgestibility = 100 - (F - PF) x 100

D

where the F and D values are the ratios of proteìn (or a.a.) to CrrO, in

the digesta or the feces and'in the d'iet, respectively, while PF js the

average ratio of prote'in (or a.a. ) to Crr0, in the d'igesta or feces of

3 pig'lets (Experiment II) fed a protein-free díet.

3 .8.2 Stat'ist'ical analyses

Analysis of variance and co-variance and calculations of

correlation coefficjents vJere carried out according to the methods of

Snedecor and Cochran (1967). Differences among treatments were comp-

ared by Duncan's multiple range test (Duncan, 1955) or using a test of

significance between means of independent samp'les (Snedecor" and Cochran,

re67)



Ch.aptel IV

RESULTS AND DISCUSSiON

4.7 Influence of sour_ce of rapeSeSd -

4.1.i Dry matte.r and p.rotein_digestibilitX

No significant differences (P<0.05) were found in the

d'igest'ibility of dry matter and prote'in (apparent or true) among 12

different RSMs from 5 different processors (Table B). Dry matter d'igestibiì'ity for

the various samples varied from 72,4t5.8 to 78.9¡6.4 whereas the apparent

dìgest'ibility of protein varied from 77.0!2.0 to 77.9!3.2. The digest-

ibility of dry matter was h'ighly correlated (r = 0.90) w'ith the d'igest-

ibility of the prote'in. The relative'ly high standard deviation values

within the varjous diets groups reflect the marked varíation observed

among animals fed these sources of RSM. Neither process'ing nor variety

of RSM had any apprecìable effect on digestibility of D.M. or protein.

The average digestib'ility forr dry matter and protein of expeller processed

RSMs was only slightiy lower than that of prepress and solvent processed

RSM. The apparent protejn digestìbility coefficients for expeller RSMs

averaged 73.4 compared to 74.8 and 76.9% wìth prepress-solvent and

sol vent RSM, respecti ve'ly. The di gest'ib'i 'l 
ì ty of D. M. and protei n for

the low glucosinolate content RSMs (8. campestris and Bronowsk'i mea'l)

was similar to that of the high glucosjnolate RSMs (8. napus).

These observations agree wjth those of Drouliscos and Bowland

(1968) and Saben et al. (1971b)in that type of process'ing, variety of

RSM and giucosinolate content (Table B) of RSlt'l has no influence on the

dìgestibility of dry matter (D.M.) or protein.
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Table B. D'igestibility coefficjent of protein and dry matter in rapeseed meal samples.

Processing
Method

Sol vent

Prepress-
Sol vent

Samp'le
No.

1

2

3

Varì ety

42

B.

B.

B.

B.

Expe'l ì er

napus

campestri s

campes trí s

napus (Bronowski )

campes tri s

campestrì s

campestrì s

campes tri s

napus

napus

campestri s

campes tri s

5

6

7

B

9

10

lz.ro-urrcic acid rapeseed

2low-thiogl ucoside content

B.

B.

B.

B.

B.

B.

3Meants.D. for 6 pigs.

Dry
matter

11

I2

78.5!3.2

7 5 . I!2.6
78.9!6.4
75 .8t1".7

72.4x2.4

76.6t4.2

7 4 .6t3 .0

76.7!2.5

7 4.4x8.6

7 5.5!2.7

74. 8tB. 1

72.4!5.8

Di sestì bi l'ity (%)

B.

B.

meal .

rapeseed meal.

Appa ren t
77 .8!4.0
74,8!6.1

77 .9!6.8
77 .Ix4.1

7I.0!2.0
7 4.9!5 . I
7 4.9!3.1
77.9t3.2

75. 3t8. 7

75. 0r3. 3

73.4!L.9
73.316.3

Protei n

True

84. 6t4. 0

81.6t5.6

85. 016. 9

82.3t2.4

78.2t2.I
81.8r5.1

81.7r3. 1

84.6!2.9

82.7t8.7

82.0t3.4

80.11i.9
80.7!5.7

\(f
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4.I.2 Fqe.d intake, we'ight gain and nitrogen retent'ion

Unlike proteìn ciìgestibility RSM varieties had a s'ignificant

effect oh feed'intake (Table 9). In general, except for the Bronowski

meal (Sampìe 4), piglets fed the Brassica napus varieties (Samp'les !,4,
9 and 10) had a lower feed intake than those fed the campestris varieties

Feed intakes r^r'ith samples 1,9 and 10 were sìgnifícantly (P<0.05) lower

than those with samples 4, 7 and B. laleight ga'in and nìtrogen retent'ion

followed a similar pattern to that of feed intake. The coefficients

of correlat'ion between weight gain and feed intake, and nitrogen retent-

'ion and feed intake, were 0.62 (P<0.01) and 0.76 (P<0.01), respectively.

Ni trogen retent'ion was si gni f i cant'ly (P<0.05) I ower wi th sampl es 9 and

10 than samples 4,7 and 8. Analysis of covariance indicated that the

feed intake was the main factor affecting nitrogen retention by pìglets

fed varjous sources of RSM. There were no s'ignìficant differences

among treatments in the efficiency of nitrogen retention expressed either

in terms of percent of ttl intake or percent of apparent nitrogen absorbed.

However, there was an apprec'iable relationship between total nitrogen

retained and the efficìency of nitrogen retention. A correlation coeff-

'ic'ient of 0.78 was found between total amount of njtrogen retained and

nìtrogen retajned as percent of N intake. Similar'ly the correlation

coefficient between total amount of nitrogen retained and n'itrogen

retained as percent of N absorbed was 0.78. S'ince there was a positive

relationship (r = 0.33, P<0.01) between feed intake and efficìency of

nitrogen ut'ilization (as percent of nitrogen absorbed) it would appear

that the sìgn'ificant difference in nitrogen retention among the pìgìets

fed the different RSl4 sampìes was mainly due to feed intake rather than

efficiency of protein util ization.



Table 9' Feed lntake, weight galn and nitrogen retentlon data for plgs fed rapeseed mea'l as the soìe source of proteln.

Processlng
Method

Sol vent

Sampì e
No.

P repres s-
Sol vent

1
'2

J

4

Va rl ety

B.

B.

B.

B.

nuprrl
canrpes tri s

campestrls

napus (ar)2

campestri s

campes tri s

campestrl s

campestri s

napus

nap us

5

6

7

I
'9

10

11

n
Expeì ì er

Feed Intake
(sm/pjs/4 days)

lZero-eruclc acld rapeseed meal, Sl,lp.

zLow-thlog'lucoside content rapeseed meal.
3l"l.un * S.D. for 6 pigs.
4Any two means not followed by the same letters

B.

B.

B.

B.

B.

B.

1762t5303 cde4

20501326 abcde

274It352 abc

25051344 :

21411491 abc

1948t406 at¡cde

23041323 atr

2340r439 ab

15651333 e

75221454 e

1818r389 bcde

2168i584 abc

B. campestrls

B. campestris

tlelght Gain
(Kslplg/4 days)

0.4410.21 cde

1.0310. 68 bc

1.14t0.61 ab

1.7410.59 a

1,22û.28 ab

0.80r0.47 bcd

1.3510.50 ab

1. 1610.62 ab

0.0310.46 e

0.2610. 11 de

gm/Pjg/4 days

19.9t 9.3 cd

24,3t 8.5 abcd

27 .I! 8.4 abcd

32. 1r10.3 ab

21,2t 8.6 bcd

20.31 4. B bcd

28.7t 4,1 abc

35.0t 8.8 a

15.4111.2 d

17.11 6.0 d

26.9t 3.5 bcd

24.0i10. 1 abcd

are slgnlflcantly dlfferent (p <0.05).

Nitrogen retention

0. 3610.16

0.92r0.48

I N intake

cde

bcd

41.81 8.2

44. 3r11.9

49.6t13.5

44.9!14.2

39. 1+ 9.5

41,1r B. B

48.21 6. 1

54.71 6.1

38.3121.4

45. 1t 4.5

46,7* 7.9

42,2!73,0

Í N absorbed

53. 9112.8

59.2116.0

63.0r12.1

59.0r18, B

55.2ri4.1
54.61 9.5

64.61 6. B

70. 31 6.0

49.2r2?.7

59.31 5.9

58.91 2.5

57.0i14.9

\¡
N)
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It appears therefore that the lower performance (weight gain

and nitrogen reiention) of pìglets fed high thiogìucoside RSM (8. napus)

was related to the lower feed'intake and not prote'in digestibi'lity or

nìtrogen utilization. It is interesting to note that Bell (1957),

Belzile et al. (1963), 0liver et al. (1970) and Bel'l et al. (1971) aìso

concluded that the poor" performance of animals fed RSM was defìn'ite'ly

associated with the th'ioglucoside level of the meal and its adverse

effect on feed intake.

4. 1. 3 Avai I ab'i I'i ty of ami n.o .ac_i9_s. from l^ápeSeed meal s

Amino acid composition of the 12 RSM sampìes (Table 10) was

similar. Ne'ither source of meal (expel'ler, prepress-solvent or solvent

RSM) nor the variety of the meal (Brassica napus vs. Brass'ica campestrÍs)

had any marked effect on the amino acid content, includ'ing the content

of lysine and methionine, Ín the varjous meals. The lysine content of

the meals ranged from 4.32 to 5.87; the highest value being for a

prepress-solvent B. napus RSM (Sarnp'le 9) and the lowest for an expel ler

B. campestris RSM (Sample i2). The average lys'ine content (%) for the

solvent, prepress-solvent and expeller RSM was 5,4I!0.37, 5.1910.52 and

4.6910.51, respectivel¿ wh'ile the 'lysine content of the B. napus RSM

tended to be slightly hígher, 5.4410.40%, than that of the B. campestris

meals, 5.0510.51%, The proportion of methionine in the various samples

ranged from 1.36% for a prepress-solvent RSM to 2,09 for a solvent

processed RSM. The average methion'ine content of the expeìler RSM was

1.9110.14 compared to 1.7610.22 and 1,77t0.14 for prepress-solvent andt

solvent RSM, respectiveìy. The lack of a marked difference in the

amino acid content among sampìes of RSM, particuìar'ly in the lysine and

the meth'ionine content, is in agreement with the findings of Clandjnin



Tab'le 10. Amlno acld composltjon (gm/16 gm N) and proteJn level of the rapeseed meal dlets used ln Experlment I

Amino Aclds

Lys i ne 5. 66

Histidine 2.84

Arginlne 6.38

Aspartic acld 7.40

Threonine 4.15

Seri ne 4,57

Glutamic acld 18,22

Proline 6,42

Glycine 5,32

Aì an'l ne 4,gz

Cystine 2.3!
Valine 4,70

Methionine 1.76

Isoleucine 3.64

Leuci ne 6.94

Tyroslne 3. 16

Phenylalanlne 3.61
tI Recovery of N' 94.0

Í Protein in diets 76.23

1*1

Sol vent

s. 16 4. 89 5.05

2.42 2.62 2.92

5,67 5.69 6.29

7.t9 7.59 7,95

3.83 4.56 4.11

4.18 \.64 4.58
1s.97 18.61 t7.52
6.01 6.01 4.88

4.69 5,22 4.98
4.53 4,48 4.65

1.61 1.66

4.55 . 4.77 4.55

I .7 9 2.09 1.. 61

3.39 3.91 3.81

6,73 7.65 7.16

2.75 2.34 3.07

3.54 3.88 3.89

84.5 91.6 87 .7

15.45 1s.87 18.05

4*

Method oF Processlng and RSM Samples

5. 78

2.7t
6. 00

7. 18

4.29

.4.32

17.10

6. 15

5.01

4.81

1.11

5. 06

. 1,92

3. 36

6. 88

2.79

3. 56

86.2

15.43

lsamples marked wlth asterlsk were prepared from B.
2% R..ou."y =ZN in Ninhyd.in - Positlve compounds

4.55

2.32

6,07

8.57

4,40

4.46

15.58

5.61

5.20

4.37

5. 49

1.76

3.87

7 .TL

3.21

3,79

85. 9

16. 05

Prepress-sol vent

5.07

2.65

5. 35

6.75

4.74

4.19

16.43

6.29

5. 09

4.36

2.05 .

4,26

1. 36

3.58

7.02

2.89

3. 95

85.8

16.46

5.62

2,87

5. 88

7 ,16

4.27

4.2t
17. 55

6. 86

5.27

4. 60

1. 90

4.76

1.89

3,73

7. 33

3. 06

4. 09

92.9

16. 14

5.87

2,52

5.75

7.24

4. 18

4.43

16.46

6. 08

4.77

4. 85

t.22
4,94

1.67

3.73

5.46

2.67

3.7.7

07C}

15.35

Total N Applied to Colu¡nn

10*

5.19

2.32

5.62

7..41

3.95

4.02

t7.34
5.65

4.92

3.95

4.7L

1.81

3. 43

6. 43

2,95

3. 40

ot o

15.38

Expel I er

11 t2

napus seeds.

(lncluding NH3) x 100

5. 06

2.58

5.71

7 ,96

4.02

4.25

t5.74
6. 0s

4. 66

4.45

2.59

4.63

2,0L

3..48

6.66

2.69

3. 49

86. 3

15.58

4.32

2.70

4.81

7 .02

4, 30

4.60

18.99

5.38

4.96

4.32

1. 85

4. 83

1.81

3. 59

7. 01

2.38
20,

82.6

16.05

Meant S.D.

5. 1910. 48

2.62!0.20
5.77!0.4?

7. 4510. 50

4. 18t0.20
4.37 !0.20

17.13r1.12.
5.9510. 52

5.01 Ì0. 22

4,52!0.27

1. 36r0.92

4.7710.30

1.7ero. té
3.63r0.19

6 . 87r0. 54

2.83t0.28 '

3.7 3!0,21

87.4 t3.67

16. 0

!
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for the same samples (Giovanetti and 8e11, l97L). Therefore we can

conclude that some factor(s) other than processíng or variety account

for the djfferences in amino acid composition among these RSM samples.

Similarìy processing and variety d'id not ìnfluence the amino

acìd composition of the feces (Table 1i) of piglets fed the various RSM

diets. In general, the levels of amino acids in feces when expressed

as % of total N were lower than in the diet. This difference was due

primari'ly to the I ower apparent recovery of ninhydr.in-posi t'ive compounds

during the analysÍs of feces (71.7%) compared to the diet (87.4%). In

addition the amino acid pattern in the feces differed significant'ly

(P<0,05) from that of the diet, part'icular'ly for arginine, histjdine

and gìutamic acid where the content (gm/i6 gm N) of these amino acids was

only ha'lf that found in the djets. Similar observations were reported

by Cho and Bayley (i970) for pigs fed RSM.

There were several símìlarities in the amino acid composition

of the feces from pig'lets fed RSM when compared to those fed the protein-

free diet, although the protein content of the feces from p'iglets fed

the protein-free diet was considerably lower (8.68 vs. 16.32%) than that

from animals fed the RSM diets. No sign'ificant d'ifference was found in

the proportion of histidine, arginine, serine, glutamic acid, glycine,

cystine, va'line, methionine, leucìne and pheny'lalanine. Similarity in

tþe content of some amino acids'in the feces of animals fed the RSM and

protein-free diets índicates either considernable contribution of
metabolic proteìn to fecal amino acids or marked bacterial action on

amino acids in the ìarge intestine.

There were marked differences among the individual amino acids

in the apparent and true digestibility (Tables 12 and 13). True d'igest-



Table 11' Anino'acld composltlon (gm/16 gm N) of fecal sampìes col'lected from plg'lets fed rapeseed meal and protein:-free diets.

Amino Aclds

l*ys I ne

HJstldine
Argì n i ne

Aspartlc Acld

Th reon i ne

Seri ne

Glutamlc acld
Prol i ne

Glycl ne

Al anl ne

Cys tì ne

Va line

Methionine

I so ì eucl ne

Leuc I ne

Tyros i ne

Pheny'l al anine

5. 301

t,47
3. 34

7.74

4.35

3.98

9. 18

5. 56

4.7 3

5.07

0.50

4.82

1.65

3.67

6.2t
2.92

3. 71

So] vent .

4.68 4.57 4.59

1. s0 1. 37 1.48

3.29 2.87 3.32

6.94 7.38 7 ,12

3.79 3.96 .3.54

. 3.48 3. 7b 3.22

8.48 8.68 8.29
5.03 4.63 4.75

4.22 4,32 4.05

4.46 4,72 3.94

0.64 1.00 0.65

4.13 4.31 4.09

1.33 1.34 1.48

3.18 3,38 3.32

s,72 5.54 5.56
2,62 2.66 2.76

3. 14 ,3. 18 3'.23

70.9 72,2 69.8

t6.62 16.52 18.35

Method of Processing and RSM Samples

4,72 4.88 4.62

1.58 1.35 1.45

3.52 3.27 3.51
7.54 7.62 7 .43

4.11 4. i0 3.75
3.60 3.90 3,52
8.77 8. 14 7.86
5.33 4.93 7 .27

4.48 4.82 4.62

4. 54 4. 90 4 .73

0.84 0.70 0.92

4.43 4.43 4 .24

1.28 1.40 I.7L
3.46 3.45 3.44

5.86 5.80 5.88
2 .78 2 .77 3. 05

3.29 3,24 3.30

72,7 73.8 74.8

16.00 t6,62 16.13

I Recovery of N4 74,6

I Protein 1n feces 17.07

Prepress -so l vent

1

'Hean for 3 p'lgs.
?,-Mean and standard devlatlon for 36 plgs.
31,þan and standard devlaüon for I plgs.
Ã'Í Recovery - EN 1n Ntnhydrln-poslilvo compounds (lncludlng NH3) x 100

4.63. 4.32

1. s3 1. 34

3.56 3.54

7.27 6.52

4.01 3.64

4.01 3,74

9.01 8.05

5.64 4.89

4.49 4.2L

4.65 4,29

0.51 0.39

4.47 3.9?

1.48 . 1.22

3.31 3. 00

5.54 5.10

2.69 2,41

3.22 2.90

72,r 68,7

15.49 15,32

10

4.69 4.85

t.70 .1.36
3,52 3.11

6.79 . e .6A

3.80 4.18

3.54 3.54

8,21 7.30

4.67 5.47

4.19 4.47

3.69 4.75

0. B6 0.54

4.07 4.61

1.44 I.19
3.17 3.24

5.41 5.40

2.84 2.66

3.18 3.08

70.7 ' 68. 7

15.94 16.18

Expe l 1 er

11 L2

RSM2

4,99

1. 53

3,L2

6.83

3.7I
3.45

8,2e

5,44

4.44

4 ,46

1. 51

4,20

1. 53

3. 66

5. 39

2.59

3. 31

l'1eantS. D. 

"
4.73r0.54

L.46!0.24

3.32t0.45

7.I5!0.76

3.92r0.46

3.61r0.46

8. 3511 . 20

5.29!t.02

4.41r0.45

, 4. 5110.59

0.7510.55

4.3010.50

1. 41t0. 28

3.35f0. 41

5.6010. 6 I
2.72x0,40

3.22!0.43

71,7 t4,8
16. 32r1. 25

P rotei n-3
free

5. 8010. 73

1.6it0.48
3.68i0.60
8.6611 . 01

4 . 52r0. 78

3.9810.51

9.25!0.87

3 . 9610. 43

4 .6L!0 . 47

5.52!0,37.
0.77!0. t'8

4.9410.84

1 . 51r0. 38

3. 7410.48

6. 2210. 83

3 . 2710. 40

3. 6010 . 44

77 .8 ¡4,7

8,6813.41

71.7

15.02

\J
o)



Tabìe 12. Apparent d'lgest'lblìlty (ß) of amlno aclds ln the varlous rapeseed meal samplesl

Amino Aclds

Lysl ne

^Hist'ldine
Arg l ni ne

Aspartlc acld

Threoni ne

Seri ne

Glutamlc acld
Prol ine

Gìycine

Al arri ne

Valine

Methi onine

I sol eucJ ne

Leuci ne

Ty ros ì ne

Phenylalanlne

P rotei n

77 .72

87 .7

87,7

75,6

75,2

77 ,0

88.1

78.6

78.8

75.8

72.8

7 4.8

73.2

7 6,3

75.2

72.7

78,9

Sol vent

69.0

78.9

80. 6

67 .t

66.4

71 .7

81.9

7t,4

69. 3

66. 3

68. 9

74.4

67.9

7 r.3
67 .0

69.8

71.5

73.1

82.6

83 .8

68.7

72,0

74.7

85.1

75. 1

73.5

66.2

71.0

79.2

72.2

76. 8

63.0

73.9

7 4.6

70. 6

83.5

83. 0

71. I

72.2

77 .3

84,7

68. 7

73. I
7 2.7

71.0

70.8

7r.9
75.0

7t.9
73.5

74,6

Method of Processjng and RSM Samples

7t.2
79,5

79.4

63. 1

66.2

70.7

82.0

69.3

68. 3

66.7

69. 1

7 6.4

63. 9

70.1

64.9

67.6

70.2

lApparent digestlbilìty caìculated after amtno acld anaìyses for the dlets and feces were

2Mean of 3 determinations for each rapeseed meal sample.

30ue.all mean for 36 determlnatlons wlth the 12 RSM sampìes.

4Anu n,uun not follovred by samc letter are siqnifjcantly <lìfferent (P<0.05)

Prepres s -soì vent

69.9

83.4

84. B

73.8

73,L

75.4

85,3

74.9

7 4.0
68. 3

77 .7

77 ,5

7 5,2

77 .3

75,7

7 5.9

75.8

73.7

84. 0

81.1

70,4

72,9

7s.6
84.1

7 r.5

7 4,5

68. 5

7r,2
63, 6

72.2

75.9

69. 1

75.7

74.6

7s. 0

B3.4

81. 1

69.0

7 r.4
73.4

84.4

7 5,7

7 4.3

69.6

72.6

76.6

7 3.2

77 .0
73,6

74.0

76.5

72.t
79.9

76,6

65. 5

66.4

68.0

81. 1

68.9

66. 1

66,2

69,7

72.5

69. 4

64,2

66. 0

70.6

77.5

10

72,2

74.5

80. 6

71.8

.70,4

72.8

86. 0

7 4,6

73.9

7t.5
73,4

81.6

7 r.7
7 4,r
7?.1

71.2

73.7

Expel ì er

11

67 ,6

82.1

8i.6'
71.3

64.8

7r.4
84.6

69. 5

67.8

64.6

66.3

80. 3

68.7

72,7

70.2

70.?

7 4.2

t2

68. 5

84.7

82.4

73,4

7 s.8
79.5

88.1

72,3

75.6

71.8

76,2

77 .0

7t.7
79.0

76.4

7 6.4

76.4

Hean3

7r.6
82.0

81 .9

70.0

7 0.6

74.0

84. 6

72.6

72,4

69.0

7r.6
75.4

70.9

7 4.1

72.6

72.6

7 4,4

Duncan's
mu'l ti pl e

rangç
test4

ef
b

b

f

f
cd

a

de

adjusted to 95% recovery (Knipfel et al., 1971).

de

f
ef
c

ef
cd

de

de

v



Table 13. True dlgestlbiìity of amlno aclds of the various rapeseed meal sanrp1esl

Amino Aclds

Lys ì ne

Histidine
Argi n i ne

Aspartic acid

Th reoni ne

Seri ne

Gl utamic acid

Proì i ne

Gìyc i ne

Al ani ne,

Val ine

Me th I oni ne

I soì euci ne

Ler¡ ci ne

I yr0s r ne

Phenyl al anl ne

Protein

Sol vent

80. 62

89,2

89.2

78.9

78.1

84. 1

89.5

80.3

81. 1

7E.9

78.6

79,3

78. I
81. I
80. 9

78.2

85.7

77 .7

84:0

85. 7

76,9

75.4

79.t
86.4

76.5

82.4

75,7

77 ,3

80.7

7 6.4

78.4

76.2

77.2

78,7

79.5

87 ,7

89. 1

78.5

80. I
79.4

89,2

80. 5

80.7

76.3

79. 5

8s,0

80. 0

82.6

7 4.3

81.5

81.6

78.5

87 ,2

87.0

i9.0

79.7

83.3

88.4

7 4,3

80. 1

80. I
78, 4

75.9

78,6

81. 0

78.8

79.8

80. 7

Method of. Processing and RSM Samples

79.7

84. 1

87. s

73. I

74,4

ze.g

86,2

7 4.4

76.8

75.8

76.8

82,4

72.6

tt.¿
74.1

75.5

77 .3

lTrue digestibility caìculated after amino acid analyses for the diets and feces were adjusted to 95% recovery (fniptel et a'1., 1971).

Prepress-soì vent

2Meah of 3 determlnations for each rapeseed meal sampìe.

3Overall 
mean for 36 determinatlons with the 12 RSIì sampìes.

4Any..un not folìowed by same letter are slgnlficantly djfferent (p<0.05)

79.4

88.8

89.5

81 .8

80. 7

82.1

89.8

80. 3

80. 7

77 .9

82.8

86.8

82,5

83.9

83. 4

83.0

82.7

82. 1

88. 4

86.1

80.4

80. 9

82. 5

o(). J

76.2

80.7

77 .8

79. B

7r.6

70 0

82.2

77.4

82,4

81.3

83.4

87. 9

86. 2

79.2

80,0

81.0

88. I
80.5

75.7

79.4

81.0

82,9

81.3

83.9

82.2

83. 4

83. 4

80. 1

8s.0

81. B

75.6

75.r
75.3

86.2

7 4.r

73,9

75.4

77 .8

79.6

77 .4

73,4

75.8

78.2

78.7

10

80. 6

82.6

85. 6

81.2

79.0

80.4

90.1

80. 0

81. 1

82.2

81.4

81.8

79,9

81.4

78.9

79,3

80.7

Expel I er

11

76.6

86.9

86.7

80. 2

73.6

78.8

89. 1

74.7

75.5

7 4.2

7 4.6

86.0

77 .r
80. 0

76,3

82,4

80. 3

l2

78.3

85.9

87. 9

82.8

83.3
oE o

9i.6
77.7

80.9

8t.2
83.7

82,9

79,2

85. 5

80. 6
Q??

ô)a

Mean 
3

79.7

86. 5

86,6

79.0

78.4

80,7

88.6

77.4

79,2

78.0

79.4

81.0

7 8.7

80. 9

78,2

80. 2

81.2

Duncan's
multipìe

ran 9ç
tes tr

bcd

a

a

bcd

cd

bc

a

d

bcd

d

bcd

b

cd

bc

d

bc

!
co
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ibility of glutamic acid, arginine and histidine was found to be consist-

ently (P<0.05) higher than that of the other amino acids. 0n the other

hand true digestibil'ity of tyros'ine, alanine, aspartic acid, threonine and

isoleucine tended to be Iower than that of'lysine, methionjne, serine,

leucineu phenylalaníne, glycine and proline. The dígestibility patterns

for the individual amino acids tended to be similar whether the meals had

been processed by the solvent, prepress-solvent or expeller method or

whether they were comprised primarily of B. napus or B. campestris seeds.

A'lthough the reasons for differences in the digestibility among

the individual amino acìds is not ful'ly understood our results with RSM

agree with those of other researchers. For example, Cho and Bayley

(i9i0) found that the digestib'ility coefficients for glutamic acid were

high whereas those of alanine, threonine, aspartic acid and tyrosine were

low compared to the other amino ac'ids for pigs fed RSM. Tao et al. (I97I)

reported similar results with chickens fed RSM. 0lsên et al. (1968)

also found that the true d'igestibility coefficients for glutamic acid,

histjdine and argínine were high whereas those for threonìnen alan'ine

and aspartic acid were low compared to other amino acids for rats fed

bran, shorts and middl'ings. In general, these workers reported a

relatively hígh digestibjlity for proìine whereas pro'line digestìbiìity

ranked intermedjate to low in the experiment herein described.

raoeseed meals ul'ith that of other protein sources.

4.2.1 Prote'in and !Lr)¡ matter digestibility"

Apnarent and true protein diqestibilìties and dry matter

diqestibifity basecl on a five day fecal collection period usino crr0,

as index material are qìven in Table 14. Apparent and true diqest-

txperiment II. Comparison of the dìqestjon and absor



Table 14. Apparent and true protein d.igestibiljties
matter d'igest'ibi I 'ity of the di ets by the

Di gesti bi I 'ity

Apparent
Protei n

Di ges ti b'i I ì ty

True Protein
Di gesti bi 1 ì ty

Casei n

9r.8c
t1. 6'

_3
d

99. 5
t2.6

a

84. 5
t1. 1

a

Autocl aved
Casei n

Dry Matter
Digest'ibiìity

(%) .of rapçseed meal and other protein sources and dry
gro\¡Jl ng pl g'.

79.3
t2.5

c

85.0
t3.0

cd

82.4
t1. 9

ab

iFìve-day fecal collection.
ZRll values mean+s.D.* for
3M.un, not followed by the

Soybean
I sol ate

Dietary Regimen

84.2
t0. 9

b

9L.4
11. 1

b

83.2
t2.3

a

4Meants.D.* for 3 pigs.

Ze-tn

80.8
t4. B

bc

87. 8
t4.7
bc

82.7
t1. 9

ab

RSM- 1

Rapeseed Meal

4 pigs except as indicated by

same I etter are s'igni fì cant'ly

75.5
!2,5

cd

82.4
t3 .0

d

77.7
x2.7

c

RSM-4 RSM-5

77.5
r1. 0

cd

84. 5
t2.7

cd

78.6
11. 1

c

7 4.7
11.6

d

81.8
ti.6

d

7 4.8
t0. 9

d

Protein-
Free

superscri pt 4.

different (pcO.05).

L
80.3'
t0,7

c

oo
O
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ibilities of casein r^/ere significantl_v (p< O.OS) h jqher than those of

the other protein sources. Diqestibilit¡r of soybean protein djd not

d'iffer from that of zein but v/as siqnificantly higher than the protein

digestibìlities of autoclaved casein and the three samples of rapeseed

meal . There Ì¡/ere no differences in protein diqestibil'itv among the

rapeseed meal samples. However, the prote'in digestibi'lit.y of RsM-5

uras siqnificantly (f<O.OS¡ lower tha.n that of the other protein sources

althouqh prote'in diçlest'ibilit.y of RSl4-1 and RSl4-4 did not differ from

that of autoclaved casejn and zein. Dry matter digestibility of the

rapeseecì meal djets hourever u/as apprec'iably lower (p<o.os) than that

of the other diets.

The results of the present study coincide with those of Cho

and Bayley (1970),0ljver et al. (tgZO), Tao et al. (tgZt) and Fljpot

et al . (1971); name1..v that the proteìn and dry matter of rapeseed meal

are poorìy digested when compared to that of casein or soybean protein.

in an attempt to further explain the reason for the lower

protein and dry matter diqestibilities of RSM, piglets were sacrificed

at the end of the digestib'i1ìty trial and samples of d'igesta removed

from d'ifferent regions of the intestinal tract. The progress of

digest'ion and absorptìon of prote'in and drv matter along the intestinal

tract is summarized in Tables 15, 16, and 17. Protein digestìb'ilìty

coefficients for the caecum were sim'ilar to those for the rectum and

feces with casein, autoclaved case'in and the rapeseed meals. However,

coefficients of djqestib'iljty for soSrbean protein were sign'ificantl¡r

higher (p< 0.05) for the rectum and feces than for the caecun. l.Àljth

ze'in,diqestibility coefficients for the rectal samples tended to be

higher than those of caecum and feces. One factor that may have



Table 15. Apparent dlgestlblllty (U) of dlfferent protelns at varlous sftes aìong the a'llmentary tract of plgsl.

Source
of

Di gesta

Stomach

Mld jeJunum

lleum

Casei n

- 8.72 31.9 4.62 zL.3152.9 t4.0 133.6 t7.4
u3aaa

71.3 44.g 52.7 26.f* 5,2 t15.1 t 1.5 1:19.8

abcbc
86.32 7l.zz 7032 60.82t4.5 t9.4 r3.5 117.3

aabbcc
88.4 77,0 74.7 82.7*.2.5 r1.4 r3.3 *3.4

,accdb
91.1 83.32 84.1 87.913.3 È1.4 t2,7 ,. 11.1

acc
91.8 79.3 84.2 80.8r 1.6 t. 2.5" t 0.9 t +.e

acbbc

Cua.rrn

Recïum

Feces4

Autoc'l aved
Casei n

Soybean
I sol ate

'Aìl values are mean t S.D.x for 4 plgs, except as'lndicated by superscrlpt 2.
2Muun * S.D. for 3 pigs.
3Fo" u given slte along the lntestlnal tract means not followed by the sanre letter dlffer slgn'lficantly (p<0.05).
4Fl ve-day fecal col I ecti on.

[)rotein Source

Zeln RSM.l

18. 5
r13.8

a

37.1
!23,4

bc

70.42
t 2.2

bc

73.4
+ 1.8

cd

75.2
r 0.8.

d

7s.5
r, 2.5

cd

Rapeseed Meal

RSM-4

13.5
r 6.3

a

60, 4
r 4.0

ab

72,02
r 4.8

abc

72.5
Ê 3.9

d

74.6?
I 1.3

d

77 ,5r 1.0

cd

RSM-5

1.4,9
r10. 2

a

52,1
t12,6

bc

77.22
t 4.0

ab

73.5r 1.3

cd.

76.32
r 1.5

d

74.7
r 1.6

d

oo
n\)



Tabte 16. True dlgest'lbllity (11) of dlfferent protelns at varlous sites aìong the a¡mentary tract ot pigsl.

Source of Dlgesta

Stomach

Mld JeJunum

Ileum

Casef n

Caecum

Rectum

Feces4

2,02
t52.9

u3

92.7
r 5.2

a

97.02
t 4.6

a

97. 0
!,2,4

a

99.7
¡ 2.5

a

99.5' *. 2,6

a

Autocl aved
CaseJn

42.5
¡ 8.2

a

66.0
t14.9

bc

88.92
* 8,7

ab

85. 6
* 1.1

c

92.2¿
* 1.5

c

85.0
* 3.0

cd

lAll vaìues u.. r.un r s.D.x for 4 plgs except as lndicated by superscrlpt 2.

Soybean
I sol ate

,-Mean t S.0." for 3 pigs.

3Fo' u glven site aìong the lntestJnal trac! means not followed by the same letter d.lffer slgnlflcanily (p<0.0S).

4Flve-day fecal co'tlectlon.

30. 92
I 0.9

a

74,2
r 1.4

b

81. 12
r 3.4

bc

83.4
*. ?.6

cd

93. 2
t 2.8

c

91.4
rll¿ f r I

b

Protein Source

Zel n

31.9
t14,7

'a
47 .32

119.2

c

7L52
r17.0

c

91.2
r 3.3

b

96,8
* 1.0

b

87.8
.. r 4.7

bc

RS¡4.1

29,2
r13.8

a

58.4
t23.2

bc

87,22
r 2.3

bc

82.0r 1.9

cd

84.3
r 0.8

d

82.4
r 3.0

d

Rapeseed Meaì

RSM-4

24.0
r12. 5

a

81. I
* 3.9

ab

83. 82
r 5.0

abc

80. 9
r 4.0

d

,
83, 3'

r 1.2

d

84.5
t 2,I

cd

RSM-5

25. 3
É10.0

a

7 3.4
*i2.9

bc

87.g2
t 4.4

ab

82.1I 1.3

cd

85.32
r 1.4

d

81. I
t 1.6

d

æ
ÛJ



Table 17. Dry matter d.lgesilb{'llty (%) of dJlferent proteins at various !ites aìonq the alirrenlary tract of pigsl.

Source of Dlgesta

Stomach

Mld jeJunum

Ileum

Casei n

15.12
137.5

a3

70.1
r 5.0

a

8r.2
* 5.5

a

81.0
r 3.0

a

86. 1

* 3.1

a

84. 5
r 1.1

a

Caecum

Rectum'

Fe.ce s 
4

Autocl aved
Casei n

46. 9
f10.6

a

66.2
t7,3

a

84. 2

r 5.4

a

81.0
* 1.6

a

86. 62
r 0.4

a

82.4
r 1.9

ab

Soybean
I sol ate

32.62
r17.6

a

69,7
r 4.5

a

' 78.1
r 1.68

ab

77 .8
t 2.6

a

85;2
! 2,8

a

83. 2
t 2,3

a

1Al1 values except as indlcated by superscript 2 are mean t S.D.* for 4 pigs.

2M.un * S.D.* for 3 pigs.

3Fo" u glven slte along the1ntest{naì tract means not fol'lowed by the same letter dlffer slgniflcant'ly (P(0.05).

4F'lve-day fecaì collectlon.

Dietary Regìmen

Zei n

45.3
t72,2

a

60.?2
r 5.6

d

80.1
r 6,4

ab

80. 7
r 1.5

a

84.7
r 0.8

a

82.7
È 1.9

ab

RSt'1- 1

24.9
tI4,2

a

s0.2
r15.3

a

68. 7

t 5.0

c

73. 1

* 2,4

b

76.3
r 1.7

b

77 .7
r ?,7

cd

Rapeseed Meal

RSM-4

20,4
t 6.6

a

70.0
r 4.0

a

68.1
x 7,3

c

71.7
t 2,4

b

76.32
i 1.9

b

78.6
t 1.1

c

RSM-5

25,3
t 5.1

a

6?,4
r 5.6

a

69.1
*, 2.I

c

71.7
t 2.3

b

7s32
f 3.1

b

74.8 t

Í 0.9

d

Protein Free

40.72
r14.5
'a
64.22

!10. 7

a

72.1
r 4.5

bc

73.0
t 2.3

b

77 .92
È 0.7

b

80. 32
* 0.7

bc

coè
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contributed to the apoarent d'iscrepanc,v in diqestibif ity coefficjents

betureen the samples from the caecum, rectum and feces was the fact that

fecal samples represented a 5-day compos'ite collection whereas samples

from rectum and caecum were sinqle casual samples,collec.ted, at the tìme

o:Ê s l,aughter.

Apparent and true proteì n di gesti bi 'l ì ty coeffi cìents on the

basis of digesta obtained from the ileum also were sìmilar to those

for caecum, rectum and feces for all proteins sources except soybean

and ze'in . The di gestì b'i1 i ty coeff i c'ient for soybean protei n was

s'ignifìcantly lower (p<0.05) for the ileum than the rectum or feces.

D'igestibility coefficients for zein also tended to increase from the

ileum to the rectum but there was appreciable variation in d'igesti'bility

coefficients anìons p'igs fed zein. The híqher diqestibility of soybean

in the rectum and feces compared to the ileum and caecum coincides with

the suggestion of Cho and Bayley (7972) tfrat fermentation of protein

mìght be responsible for the improvernent in apparent d'igestibÍ1ity of

th'is protein. A'lthough such an explanation may be satisfactory for

soybean it does not aÞpear to apply to any of the other prote'in sources

used in the present study.

Prote'in di gest'ibi I ity coeffi c j ents i n the mid jej unum were

hìgh'ly variable both t¡rithin and among prote'in sources. Nevertheless,

digestìb'ilit"v of casein in the mid jejunum was s'ignìficantly (P<0.05)

higher than for the other protein sources except for RSM-4. The rap'id

rate of diqestion and absorpt'ion of casejn probably explains the

sìgnifjcahtly (P<0.05) hjqher diqestibility coefficients for th-'is

protein in the lowerrregions of the gut and in the feces. However,

except for casein, there appears to be little rejatìonship between the
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rate of djqestion and absorpt'ion of the various proteins sources in the

proxirnal small jntestine and their eventual diqestibility. The present

results do not indicate that the init'ial rate of diqestion of rapeseed

meal 'is depressed compared to the other proteins sources. The appar.ent

digestibility,on'thê basis of djqesta samples from the m'id jejunum ranqed from

3l:1" to 60.4% for,thé rapeseedÌ'mea'ls,'compared to 2,6.7,, {{;,Q añd'.52.7% for zeìn,

äutoCl aveð.: caBeì h, âhd. soybean protê,i n r. respe'cti veily: I I ''r' . Part of the

apparent discrepancìes between protein d'igestíbilities based on d'igesta

sampl'es from the m'id jejunum and the eventual dÍgestibilìty of the

varìous proteins sources based on feces may be due to differential

movement of digesta and index material in varjous regìons of the al'i-

mentary tract as indjcated by the appreciable djsappearance of dry

matter (faUte 17) and protein 'in the stomach.. In additjon, ferment-

ation of non-digested proteìn may contribute to the poor relationshìp

between digestib'ifity coefficients in ileum and feces for soybean.

Hor,vevero nei ther of these suggestì ons i s'. sati sfâctory as an. exp'lanatrion

of the lower digestibif ity of rapeseed proteìn.

4.2.2 Total protein, sol uble protein and amjno nitrogen in d'igesta and

fe ces .

Progress of digest'ion for the various protein sources also was

studied by determining the content of total prote'in, solub'le prote'in and

amino nìtrogen in digesta obtained from different s'ites along the

alimentary tract (fanle 18). There t,^tere no marked differences in the

percent of total protein, solubìe protejn and amino nitrogen in the

stomach contents of pìgs fed the different protein sources. Total

prote'in content of digesta from the mid jejunum of pigs fed rapeseed

meals was similar to that of stomach contents whereas the level of

protein tended to decrease for p'igs fed casein and increase for those
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Sou rce
of

0l ges ta

Dlet

S tomach

N I trogen
F râc tl on

Total Proteln2

Total Proteln3

Soìubìe Protefn6

Ànl no N'l trogenT

Totaì Proteln

Soluble Proteln

funlno l{l trogen

Total Proteln

Soìuble Proteln

Ànlno Nltrogen

Total Proteln

Soluble Protein

Anlno Nltrogen

TotÀl Proteln

Total Proteln

Soltrble Proteln

Hld JeJunun

C¡sel n

Ileun

t5. 67

t9. ?4
¡t Q

46. I
!19,7

8.5
r 3,0

15.3 
'

! 2.8

89. 7
r 2.3

34. I
1 8.8

11.54
r 1.3

83. 9
:2.5
29.0

r 8.6

9.7
r 2.5
45.3

r 3,2

25.8
110. 2

10.0
I 3. t

8, 56
I 0.8

29.t
r 3,I

Âutocl aved
C¿se I n

Caecun

15. 70

20.75
r 1,6

r 6.6

9.7
r I.l
26.0

: 4.4

90.2I 3.7

2t.0
r 4.3

u.74
r 1.9

87.8-
! 4,5

16. 4
r 5.0

19. I
r l.l
74,6

r 5.5

2t.4
2 4,7

20.0
r 1.4

18. 8
.t 1

45.5
i10,5

Soybct, n
lsolilte

15,5(l

N,T¿
.14

A4,2 '

tt0,6
7.6

r 2.lJ

24.7
r 3.3
oa 9

.1f.

t9.I
* 2,9

22,64
! 4.1

88, 5
! 3,2

ts.2
i 1.4

17.8
r 0.6

66.6
r 7.0

14.9
t 3.9

16. 9
r l,5

14.8
: 1.6

50.6
¡O?

Rectun

Feces

Dletary Reglmen

Zeln

15, 53

23,1
t 3.2

26.6
rll.¡

8.8
I 1.4

29. 54

72.3
¡(q

32, 3
r 6.5

27.f
i 8.0

71. 0
r 5.8

37.2
t 2,2

14,3
! 2.5

30, 7
r. 4,7

35. 4.
j10.4

l?,g
1 1.5

. t7.4
t 2,7

t7.2
r 4.8

lst¡tlst{c¡ì analysls of the datà ls g!ven ln Appendlx T¿ble t.
?Expressed as I of dry måtter content of dl.et.
3Expressed as I of dry matter content of dlgestâ.
4All 

val.ues are rnean t S.0., for 3 plgs.
Ê 

xceot ås lndlcated bv quop"Hean I S.D.x for 4 plgs except ås lndlcùted by superscrtpt 4.
6Erpressed òs t of totòl protelrr of dlgestà.
7funlno nlirogcn dctemlned by formaì tltròtfon and expressed ¿s I of solublt proteln uslng glyclnc ¡s._¿. refercncc.

RSM. I

15, 66

t7 .7
: 0.9

45.6
{7'l

8.2
t 2,5

19.7
t 2,2

6s. 7
! 4.3

24.3
* 4.8

15. t4
+Á ?

63. 5
111.8

r8,8
i 4.1

ts.7
+t^

38. 5
r 4,9
?( r

! 4.2

t6.5
r 1.0

17.5
r 0.8

23. I
I 3,3

Rapeseed Heal

RSM-4

ls.69

t7.5
: 2.0

39.8
r 6.3

6,5
r 2,4

21.4
+ at

66.4
t 8.4

23.9
+11.9

13.64
I 0.5

s6. 2
i 1,0

19.5
f 5.3

1s.7
r 1.4

31. 7
r 3,5

?3.7
16.2

t7,5 '
r 1.4

t6.9
r 1.4

t8.8
+1t

RSH-5

16. 02

1S. I
r 1.4

42.0
I 5,0

8. I
r 3,2

19.9
! 2,Ã

60,2
! 9.6

t1 I

r 8.9

11. 74
Ì 3,5

63.4
r 3.5

19. I
! 4.1

15.0
t 2.0

33.7
16.8
23.6

I 6,9

15.4
r 1.3

15. 9
r 0.9

20. r
r 4.4

Pmteln
Free

0.42

2.g4
r 0.6

7s.0
r 1.9

1.5
r 0.6

9.84
t 2.7

88.7
! 6,2

13.3
r 2,0

6,24
f 1.7

75.3 '
i11.5

t8. 0
r 3. B

5. 04
L 0,2

71.5'
r 8.7

18.4
+tO

6. 44
r 1,0

. 5.74
È 0.4

31.1
t 7.3

co
!
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fed autoclaved casein, soybean prote'in and zein. The slightly lower

protein level in digesta from the mjd jejunum of pìgs fed casein

compared to that of the other prote'in sources coinc'ides wìth the rapid

absorpt'ion found for thjs protein (tanle 15). 0n the other hand there

was an appreciable increase for al'l groups in the proportion of vrater-

soluble protein in digesta from the mid jejunum compared to that from

the stomach. However, the proportìon of soluble protein in digesta from

the mid jejunum and ileum was sign'ificantly (P< 0.05) lower for pigs

fed zein and rapeseed meals (60 to 72% of the total protein) than for

those fed casein, autoclaved casein and so-vbean protein (84 to 92% of

the total prote'in). The increase jn soluble prote'in was probably the

result of hydrolysis of the prote'ins as evidenced by the concomitant

'increase in år¡ino N. The proport'ion of amino N in the soluble prote'in

fraction from the mid jejunum and ileum tended to be higher for pìgs

fed casein and zein than for those fed the other prote'in sources.

However, there appears to be little relationsh'ip between the content of

amìno N in the mid jejunum and ileum and the eventual digestìbì1ìty of

the vari ous protei ns . For exampl e ze'in was rel ati vely poor'ly absorbed

compared to case'in a'lthough the proport'ion of amino ll was s'imilar in

digesta from the mid jejunum and ileum of pigs fed both these proteins.

Total prote'in content did not change appreciably f rom the 'ileum

to tlie lower regìons of the digestive tract fon p'igs fed casein, auto-

claved casein and rapeseed meals. However, the proportion of total

protein'in digesta decreased from the jleum to the feces for pigs fed

the soybean and zein d'iets. This decrease 'in proteì n content with

soybean coincides w'ith the'improvement in prote'in digestibilìty for this

diet. trlhether fermentaiion of protein or some other factors are
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respons'ible for the'improvement ìn protein digestibilìty for soybean

protein and ze'in is not resolved in thjs experiment. The faci that

there were no d'ifferences in the total protein content or marked

ìmprovement'in protein dìgestibjl'ity coeffic'ients among digesta samp'les

taken from the lower regions of the intestinal tract of p'igs fed the

other protein sources tends to rule out the possibjlity of extensive

fermentation of proteìn 'in the caecum and colon.

The relat'ive1y high proportion of amjno lil jn the soluble

fraction of digesta from the m'id jejunum, ileum and caecum of pìgs fed

zein 'indicates that once solubilized zejn is read'i'ly hydrolyzed. Chen

et al. (tgAZ) a'lso found that the prooortion of amino N in the TCA

soluble fractjon of digesta from the small intestine of rats fed zein

uras relatively high compared to that of rats fed gelatìn although there

was a greater proporrtion of insolub'le protein with the zein djet.

No clear pattern can be drawn on the digest'ion of rapeseed

meal from the data herein reported. The results suggest that the

dìgestion of rapeseed meaì 'is I jmited by the relative'ly low solub'i1ìty

of this prote'in in the small intest'ine. Thus although the jnitial

digestìon and absorption of RSl4 in the mid jeiunum did not differ from

that of other proteìns, hydroìysis'in the lower reg'ions of the alimentary

tract tended to be lower for rapeseed meal than for the other proteins.

However,it must be born in mind that soluble protein and am'ino nitrogen

determinations were made on the resjdue that remained'in the digesta.

By the t'ime digesta had reached the'i'leum, for example, more than 70%

of ihe protein had been absorbed irrespective of dietar¡r protein source.

Digestibì1ity coefficients on the basis of digesta from the ileum were

similar for all protein sources except casein. In feces, by contrast,
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the apparent and true d'igestibì'lity of soybean was significantly (P< 0.05)

higher than that of autoclaved casein and the RSMs although the

digestibilit"v of zein did not differ (P<0.05) from that of soybean

protein. This improvement in prote'in d'igestibility for soybean proteìn

'in the lower regìon of the intestjnal tract is'in agreemenL v'rith the evidence

g1 ven by various researchers (Nesheim and Carpenter, L967; Payne

et al., 1968; Salter and Coates, L97l; Cho and Bayley,1972) ttrat

m'icrob'ial action on und'igested protein 'in the caecum and colon improves

the apparent d'igestibii'ity of the prote'ins. However, the

present experiment does not resolve whether the apparent 'irnprovement

in digestibility of so.ybean prote'in, presumab'ly as a result of ferment-

at'ion js related to solubility of the residual protein enterjng the

'large intest'ine or other factors. A much h'igher (P<0.05) proport'ion

of soluble protein entered the large'intestine of pigs fed autoclaved

case'in and soybean protein than for those fed rapeseed meal. It is

possìble that the extent of fermentation of residual d'igesta from

autoclaved casein may have been less than that of soybean proteìn because

of known effects.'of. ,the , Mai' I I ard reacti on on::Iys j ne avai I abi 1:i ty ,and proüei n

d'igestib'ility. Unfortunately there is no clearindication that low

solubìlity and/or apparent lack of fermentation are factors'in the

generaì ìy 'lower prote'in di gesti bi'l ì ty of rapeseed meal compared to

'i s ol a'bed s o.ybean protei n .

4.2 .3 Ami no ac'i d pattern j n d'i et and d'i gesta

Some di stìnct dif ferences exi sted j n the ami no acì d composì ti on

of protein used 'in th'is experiment (Table 19). Zein for examp'le was

almost devojd of 1ys'ine (0.24 Sn/I6,'qm N) and relatively low in histìdine

arginine and g'lycine compared to the other proteins. 0n the other hand

casein was almost devoid of cystine and relatively low jn alanine



Table 19. Amlno ac{d composJilon of dJets used .ln Flxperlment II (gm/16 gm N).

Amino Ac{d

Lys i ne

lli s ti di ne

Argi ni no

Aspar',,i c AcJ d

Threonj ne 4.51
Seri ne 6.08
G]utamic Acld ?3,53

Prol ine 11.25

Gìyci ne 2. 10

Al anj ne 3. 38

Cystine 0.08
Valine 6,42

Methi oni ne 2.84
I sol eucj ne 4. gl
Leuci ne 10. 14

Tyros'ine 4.76
'Phenyi al anine S.Z9

Casei n

7.656

2.68

3. 75

7 .55

Heated 
I

Case'i n

7.69

2.49

3. 37

7. 18

4,34

5. 85

?3.69

11. 13

2. 03

3,26

0.15

6,47

2.72

5.02

9,76

4. 6B

5. 18

I sol ated2
soy

Protein Source

5. BB

2.65

8.41

12.44

3,44

5,22

20.00

5, 
.42

4.07

4. 09

4. s4

1. 14

4. 13

8.26

3.65

5. 39

lAutoclaved at 15 psi for 12 hr.
2Alpr,u protelh, Nutritiona'r Biochemica]s co., cleverand, 0hìo.
38. nupm cv. 0ro. All solvent processed.

48. nupm cv. Bronowskj. Aìt so'lvent processed.
58. campestris. Prepress-solvent processed.
6Arinn acid values r,rerc correctcd to 959i rccovcry (l<rriptet et a1., rszl).

Zei n

0,24

t.25
i. s5

5.77

2.93
5,78

25,t0
9. 40

1,27

9. 95

0.20

3.58

1.gB

3.76

21.49

4,32

7. 18

RSM.13

Rapeseed Meal

5. 51

2.51

5. 96

7 .73

4.72

4. 86

19. 83

7.18

5.55

4. 66

2,24

5.14

1.87

3.91

7 ,64

2.4s

3.92

RSM-44

5. 37

3. 03

6. 61

7. 63

4.51

4..86

19. 07

6. 03

5.40

4,94

2,54

5.05

l. 94

4,L2

7.90

2,95

4.20

RSM-55

5.24

2.70

6. 48

7.87

4.83

4,82

19.t7
6.03

5. 56

5. 12

l. 59

5.23

2.05

3.67

7.63

3.04

4.07

(o
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whereas isolated soybean protein \¡Jas lov,r in methjonine and proline.

Casein tended to be higherin'lysine and meth'ionjne whereas'isolated

soybean protein ÌiJas h'igh ìn argi nine and asparti c ac'id and zein contained

a high level of alanine and leuc'ine. Rapeseed meal contained intermediate

levels of essent'ia''1,,ôttd rìorì-êssêÍìtiâl amino acids although the level of

cystine rrvas relativeìy high in the RSM (1.59, to 2.54 gn/L6:gm of 'N)

compared to the other proteins.

A'lthough browning of the casein occurred as the result of auto-

claving w'ith 2% g'lucose there was no marked destruction of amjno acids.

In fact the lysjne content of the autoclaved casein was identical to

that of the non-heated case'in (7.69 and 7.65 gn/16 gm tl), respectively.

It is possible that the failure to find extensive destruction of lysine

in our experiment was due to the lol level of glucose added relative to

the amount of lysine'in casein. Calculations show that no more than

?3% of the total l¡rs'ine vlould be involved in a "Maillard type" reaction

if there was cornp'lete react'ion with the 2% added glucose.

Compari son of the ami no ac'i d compos i t'i on of dì et, di gesta and

feces for the proteìns under investigat'ion in the present study revealed

that, ìn general, amino ac'id composition of digesta and feces reflected

the amìno acid composition of the diet (Table 20). For example the

unusual lour amount of 'lys'ine, hìstidine and arginine in digesta of pigs

fed zein'is a reflection of thejr low concentratìon in thìs prote'in.

Similarly the h'igh leve'l of leuc'ine and alanine in ze'in resulted'in

signìficantly (P<0.01) higher amounts of these amino acids in the digesta

and feces of p'igs fed th'is prote'in. Even the s'lightìy higher content

of 1ys'ine'in casein appears to result in a h'igher ìysìne content jn the

digesta and feces. Yet there were some rather marked exceptions to



Tabìe 20. Â¡nlno acld coíposltlon of the dlet, dlgesta and feces when rapeseed and other proteln;sources supplled the sole source of dletary proteln.

0l e tary
Reg I nen

Casei n

Sampl e

Dlet
Hld JeJunur

lleum
Caecum

Feces

Diet
Hld JeJunul
lleum

Caecum

Feces

Dl et
llld JeJunun

Ileum

Caecuir

Feces

Dl et
Hid jeJunum

lìeun
Cae cun

Feces

0let
Hid JeJunm
Ileum

Caecum

Feces

Di et
tlld JeJunur
Ileum

Caecum

Feces

Hld JeJunur

I leum

Cöecun¡

Fe ces

Autoc I aved
Caseln

Lys

Soybeân
I sol at¿

7.6
6,62

6.1

6.5

7,1

7.f
6.7

8,8
9,5

7,9

5.9
4.9

5.6

5,7

5.6

0,2

1.8

1.3

2.5

2.8

5.5

4.6

6.6

6.7

6.6

5.2

6.0
6,4

7.0
6.2

2,6

?.6

6.3
6.9

Hls

2.7

t,7
1.4

1.5

1.4

Arg

Zeln

3.8
aa

3.5
4.0
4.1

3.4

2.8
2.7

t,7
3.2

8.4

4.8
4.4

4.1

3.9

1.6

2,s
2,t
1.8

2.4

'6.0

4.3

4,2

1,3

4.t

6.5

4,s
3.3

3.6

4.2

4.1

3.6
'4 r2
4.3

Asp

2.5

2.7

2.0
1.8
2.1

2,6

1.9

2.2

1.8

1.8

1.2

l.l
t.6
1.3

1.4

?.5

2.t
1.9

1.9

1.9

?.7

2.t
1.9

1.7

1,7

1.0

1.5
7.7
1.9

7.6 4.s
8.4 4.9

7 .5 6.4

10.4 5.1

10.8 s.3

7,2 4.3

9.6 4.6

14.5 5.4

13.0 4.8

10.8 4,8

12.4 3.4
14.3 4.3

15.5 4.9

14.0 5,2

12. 3 . 5.6

s. b z.s
6,4 .3.7

5.5 3.6

6.5 3.4

8.0 . 4.2

1,7 4.7

6. I .4.6

8.6 5.9

9.5 5,7

9.4 5.5

7,9 4,8
8,7 5.3

9.0 6.1

10.0 5.8

9.5 5.4

5.1 3.5

6.4 5.2

9. 9 5.6

10.5 5.9

Thr

Amino Acld Composltlon (9rn/16 gm l,l)l

nsx-l

Ser

6.1 23.5

5.4 16.i
5.s 18.7

4. 4 12.6

4.6 . t2,6

5.8 23.7

5.6 24,6

6. 0 25,7

5.0 22,3

5.2 16.6

5.2 20.0
6.9 19.2

7,3 t7.2
6.9 16.5

6.6 14. l
5.8 25,1

5.1 20.8

4,8 22,3

4.5 19.8

s.3 19.3

4,9 19.8

4.8 15.5

5.4 t2,7
5.0 r2.1

4.9 ll.6
4.8 19.2

5,1 14.s

5.1 t2.0
5.3 12,1

4.7 11.2

3.8 6. I
4.7 8. I
4.8 11.8

5.2 t?.0

RSlr-5

Glu Prol

ll,2
12.4

7,1

4.6

5.3

1r.t
12,2

17,2

8.7

6,3

5.4' 
8.9

8.5

4, r'l

4.6

9.4

. 9.4

11.8

7,9

.5.7

7.2

10,0

10,6

7.0

6.0

7.1
oo

r0.6
7,4

5.7

26.t
28.6

10.5

3.5

Proteln-
Free

Glv

2.1. 3.4
16.5 3.6

14,2 4.3

5.2 . 6.5
5.4 6.0

2,0 3. 3

9.0 3.6

6.3 3.5

3.4 4.4

3.6 4.8

4,7 4,I
9.8 4.1

8.6 3.3

5.3 4.8

5.0 5.8

1.3 10.0

10.4 7 ,7
4.2 9.1
3.0 8.6

3.1 8.5

5.6' 4.7

12.8 4.3

7 .5 4.4

5.7 6,2

5.8 6.1

5.6 5. I
9.8 4.5

7.8 4.5

6.1 5.8

5.5 5.8

21.? 3.8

16,7 3.8
7.6 6.0

5.2 7,0

Ala

lA¡¡lno acld values were corrected to 95f recovery (Knlpfel et al,, l97l).)'
'Each va_lue for: dlgesta from the mld JeJunum, lleurn, caecum and feces represents',he Íìean (i s,D.-).for 3 observôtlons.lndlv{dual voìues.ln e¿ch reqlon of-the lntestln¿l tract ond tho.feçcs irere from túc.nn"'otoi.-x'' -

Val

6.4
4.0

4.4

4.6

5.4

6.5

5.0

4.9

5.2

5.7

4.5
10

3,2

4.3

5.0

3.6

3.8

3.6
4,?.

4.3

5.1

4.4

5.3

5,6

6,1

5.2

4,7

5.1

6.0

5,4

3.1

3.3

5.1
5.6

Met

2.8
1.1

1.4

?,4

2,5

2.7

2,0

2.9

2.7

2.7

r.1
1.3

1.5

1.6

2,4

1.1

1.0

1.3

1.5

1.9

1.9

0.8

1.1

1.8

2.4

2.0

1.2

1.3

1.9

2.3

Ile

4.9 10.1

3.3 4.8

3.0 4.9
4.0 6.6

4.3 7.5

5.0 9.8

4.4 6.8

5.2 5.5

5.6 5,9
5. 1 6.6

4.1 8.3

3.2 5.3

2.9 5.s

4.1 6.0

3. 9 6.3

3.8 zt.s
3.6 13.6

3.9 15.4

4.1 14.7

4.2 15. I,

3.9 7 .6

3,0 5.6

3.2 6. I
4.3 7.4

4.s 7.5

3,7 7,6

3.3 6.5

3.6 6.7

4.6 8.0

4.3 7.4

i.5 3.4

1.9 3.9

3.9 6.9

4.8 7.4

Leu Tyr

4.8

2.0

2.7
â¡
3.9

4.7

2,7

1.6

2.1
2..8

3.6

2.5

2.0

2.6

3.1

4.3

3,7

4.0

3.5

3.8

?.4

?.0

?.8

3.3

3.3

Phe

5.3

2.6

3.3

5,2

4.2

5.2

3.1

1.9

?,6

3.2

5.4

3.2

4.2

4.0

7.2

4.9

5.9

6.0

5,0

3.9

2.8

3.4

4,7

4.1

4,1

3.5

3.6

4.8

4.0

f N a
Recoverf

97. 6

91.9r4.73

77.511.6

75.7!1.7
75. 6i1 . 9

96. 5

9?.2!4.6
80. 7r3.3

7 4.2!1.4
75.3r2.6

97. 5

94.4!3.5
80. 014 .4

77.516. I
75.8r1.3

96. 6

94. Ul.4
82.8r3.6
77.8!3,2
77.8!2.6

87.7

82.116.6

68. 114 , I
68. 21 5. I
7 1. 2r0.8

86.0

8i.4!8.4
67.0r3. I
68.214.0

68.913.4

94, 0!3 . 4

79.8i3. 4

76.0r1.8
74,7!2.?

Prote J n
(f)

15. 7

I 5. 5:3, 4

11.5:1.3
10. 1j2.9
8.4i1.0

15. 7

27.9!2.7
2l . 7:1. 3

1 9. 510. I
18. 5 i2. 7

15.5

26.1!2.4
21.414. I
17.8:0. 6

15.{r1.4

15. 5

29.5!7 .7

30.6j4.7
1 5, 1r?, 5

18. 7:1. 0

t5.7
19 .5:2.6
15.1r2.4

16 . 5:1. 5

17.7i0.9

16.0
10 ç.1 È

11.7r2.8

75.2:?.3

15.5t0.7

9.8-2.1
6.2:1.7
5. 010. ?

5. 710. 5

0.6

0,7
2,3
2,7

3.0

2.4

2.5

3.3

3.0

1.6

1,7

3.0
3.3

3t R..o"",7 . E -j: tt!ïdrtn-poslil,ve Compounds (lncludtng ilH.) x 100

' Total N 
^pplfed 

to Colunvr <J

1.7

2.0
3.9
4.0
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thi s generaì pattern . Hi gh 'leve'ls of glyci ne and proì ì ne i n endogenous

protein (see digesta from the mid jejunum and ileum for pigs fed the

prote'in-free diet - Table 20) resulted in elevated levels of these

amino acids in the dìgesta of most groups. The amino acid patterns

in digesta from the mid jejunum and ìleum v¡ere fairly similar for all

protein sources. By contrast there was a marked djfference in the

amino acid composition of digesta from the ileum and caecum although

the influence of the dietary prote'in was still noticeable. The major

change v,/as a decrease in the proportion of pro'line and gìyc'ine. In
general there was an i ncrease i n the proportr'on of a'lani ne_, i sol euci ne,

ìeuc'ine, tyrosine and pheny'lal anine except when the content of these

amino acids in the diet was relativeìy high as in the case of alanine and

leucine with zein. There was an appreciabìy h'igher content of 'lys'ine

in caecal contents and in feces than in digesta from the'ileum for pigs

fed the zein and protein-free d'iets whereas the'ìysine content remained

relativeìy constant with the other proteins. The increase ìn 'lysine

between the ileum and the feces with the zein diet may be related to

the low level of lysine'in zein. As a consequence the contribut'ion

of endogenous lysine would be more pronounced with zein than with the

other protein sources. There was a substantial (P< 0.01) increase in

the methionine content in the d'igesta from the ileum to the feces for

pigs fed the prote'in-free diet. The methionine content also incneased

between the ileum and feces for all protein sourc.es except autoclaved

casein. 0n the other hand no appreciable changes occurred in the
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proportion of histid'ine, arginine, aspartic acid and threonine jn the

di gesta f rom the mì d jejunum, 'ileum and caecum.

Comparison of the amìno acid composition of digesta from the

caecum vu'ith that of the feces revealed that little change occurred in the

colon w'ith any of the protein sources except for a decrease ìn prolìne

and glycine and a slight ìncrease in methionine. The fecal amìno acid

pattern for caseirl was very similar to that of the fecal pattern for the

prote'in-f ree regimen. Thus the 'infl uence of metabol i c am'ino aci ds on

the fecal am'ino acid patterns appears to be most pronounced when the

dietary prote'in ìs lìm'it'ing in a partìcular am'ino acjd or when bhe

dietary protein is readi'ly digested and absorbed. In genera'l , however,

fecal amino acid pattern tended to reflect the amino ac'id compositjon of

the dìet.

The results of thìs experiment tend to rule out the possibìl'ity

of extensìve djlution of exogenous proteins by endoqenous proteìns as

suggested by l',lasset and co-workers (1955 , 1957, i.961, 1963). Rather,

the present observatìons support those of Crompton and Nesheim' (1969)

and Carlson and Bayley (1970) that the dilution of digesta and feces

by endogenous protein is insufficient to mask the amino acid pattern

of djetary prote'ins. Althouqh the present observations do not support

the postulatjon of extensive fermentation in the colon, except in the case

of soybean protein where there ¡¡¿5'¿:isubstantial decrease in proteìn

content (Table 18), the present results agree with those of Cho and

Ba¡rlst (1972) in that major changes occurred in the content of pro'line,

glyc'ine, methionine and to a lesser extent alan'ine and leucine, between

the ileum and feces.
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4.2.4 Amìno acjd digestibiljty in feces and digesta

Apparent dìgestibilities of the ìndividual amjno ac'ids followed

a similar pattern to that of the total protein (tabte 2I). In genera'I,

coefficients of amino ac'id digest'ibì'l'ity were higher for casein than

for the other protein sources.r Simì1arly aminc acid digestìbil'ities

tended to be loi'rer for rapeseed meal. Autoclaving casein depressed the

apparent d'igestibifity of all amjno acids but the effect of heat damage

was most noticeable for aspartic acid, g'lyc'ine and alan'ine.

Amino ac'id composition of the dietary proteins (Table 19) had

an apprec'iable effect on the apparent digestibjlitìes of the índiv'idual

amino ac'ids. A relative'ly low content of an amìno ac'id resulted ìn

lower apparent digestibi'lity for this amino acid. For example the

digestìb'if ity coefficient for lysine was negative with ze'in (Table 21).

The lower apparent d'igestibìl ities of arginine, glycine and methionine

with ze'in and methionine with soybean protein also corresponded to lower

levels of these amino acids in zein and soybean protein relative to

their levels'in the other proteins. Thus, some of the differences jn

apparent availab'ilities of amino ac'ids among proteins may be the result

of differences'in the amino ac'id content of the dietary proteìns rather

than true djfferences in the availability of the amino acids. In

pnoteìns where one or more amino acids are lim'itinq the contribution

of metabol'ic aml'no acids to the feces would be appreciable relatìve to

that of di etary ori g'in. For exampl e , the true di gest'ibi I ì t'ies (Tabl e 22)

glycine for the different proteins ranged from 82.5 to 97.5 whereas the

apparent digestibilìty coefficients varied fron 47.5 to 80.6. Similarly

true digestibility coefficients for the amjno acids in case'in ranged from

97 .5 to 100.3 compared to apparent dì gestì b'i1ity coeff i cietrts of 79.9

to 95.6.

of



Tabìe 21. Apparent dlgestlbl'l'lty (Í) of the lndÍvldual amino aclds of rapeseed meal and other protein ror...r1.

Amlno Aclds

Lys.i ne

Hlstidlne
Argi n'f ne

Aspartic acld

Th reon i ne

Seri ne

Gìutamlc acld

Pi^ol i ne

Glyci ne

Al ani ne

Val i ne

Methi oni ne

I so'l euc'l ne

Leuci ne

Tyros i ne

Phenyl aì ani ne

Protein

Caseln

92.6

95, 3

90.8

88. 2

90.2

93. 7

95.6

96.0

79,9

85. 0

93. 0

9?.7

92.7
'01 0

93.4

93.6

91. 6

u2 co3

aAB
aDE
aD
aE
aBC
aAB
aA
aF
aE
aC
aCD

Autocl aved
Casein

77 .Z

83. I
81.0

68. 4

76.3

81.8

85.2

BB. 3

63. 5

68.1

81. 8

79.1

78. 5

85.2

86. 9

85.6

79.3

cEF
cd ABCDE

b CDFF

bG

lEach vaìue represents the mean of 4 observatlons based on fecal sanrpìes.

2uulru, ln the same row followed by the

3vu'1u., 1n the same column followed by

Protein Source

Soybean
Isolate

b

b

b

b

b

d

b

b

c

b

b

b

84.6

89.2

92.4

84. 3

73. 0

81.2

88.8

86.7

80. 6

77 .5

BZ.9

66.5

84. 8

BB.2

86.2

88. 1

84. 1

F

BCDEF

ABCD

A

G

G

BCOEF

DTF

bcD
bB
aA
aCD

bcF
Þt
bB
bBc

a

a

a

a

c0

ABC

BC

BC

Zeln

-160.1

77 .5

67. 0

72.0

71,6

82.2

85.6

88.3

47 .5

83.7

76,6

64.6

78. 0

86. 9

83.1

86.2

80. B

eG
eCD
cE
bDr
cDE
b ABC

bAB
bA

EF

ABC

AB

ABC

same sma'll letter dld rrot d'lffer signlficantly (P< 0'05)'

the same capital letter did not differ statjstjcally (p<0'05)'

aE
bcF
bDt
dG

bcD
bB
bBc
bB

RSM- 1

Rapeseed Meal

70,4

80. 5

82.2

70.r

77.4

75.2

85.8

80.0

7 4,6

68. 2

7t.2
62. 0

77.5

75.8

66.2

75,3

75.3

d

d

b

b

b

EF

ABC

AB

EF

cF
ab ABC

cCD
dE
c BCD

bA
b ABC

bA

RSM- 5

69.6

86.0

82.8

70. 0

72.0

75.7

85. 6

79.6

EF

CDE

A

BCD

dE
bcA
bAB
bDE

aDt
dF
dEF
dG
dEF
c CDE

cFG
c CDE

cd

c CDE

cC
bA
cB

bc

75.I a C

71.8 cd CDE

74,2 cd CD

72.1 c CDE

69.9 d

74.8 c

74.5 c

73.5 c

74.7 d

DE

c

c

CDE

\o\¡



Table 22. True dlgestlblìlty (Í) of the lndividual amJno aclds of rapeseed meal and other proteln rou"."rl.

Amlno Aclds

Lys i ne

Histidlne
Arginine
Aspartlc acld

Threon i ne

Seri ne

G] utami c açi d

Frol ine

Glyci ne

Alanìne

Val i ne

Methi onine

I so l eucl ne

Leuc i ne

Tyros I he

Pheny l al anlne

Proteln

Casei n

99.1 u2 A3

100.3 a A

99.0 a A

98.2 a.A

Autocl aved
Case'l n

99. 6

100.1

99. 3

98.2

97 .5

99. B

es. à

99.4

99.6

99,2

98. 3

98. 7

99,4

aA
aA
aA
aA
aA
aA
aA
aA
aA
aA
aA
aA

84. 6

88.5

89.8

78. 9

85. B

BB.5

88. I
90.6

77.6

83. 4

88.1

85. 7

85. 3

90.7

91. 9

91. 1

86. 4

cDE
cd ABCD

b ABCD

dFG

b BCDE

b ABCDE

c ABCDE

b ABC

cG
bc tF
bc ABCDE

b BCDE

c CDE

bc ÂBC

bcA
bAB

c

lEach va'lue represents the mean of,4 observations based on fecal sampìes.

2Vu1u., Jn the same row fo1ìowed by the same smaìl letter dld not dlffer slgniflcant'ly (P<0.05).

3vulr*, ln the same column folìowed by the same capltaì letter dld not differ statlst{caì'ly (p<0.05).

Protein Source

Soybe.rn
Isolate

93. 1

94.3

96. I
90. 4

85. 5

87. 5

93.2

91.4

89,7

89.8

92.0

83. 1

o? I

94.2

93.0

93.0

91.4

b

b

a

b

b

b

b

b

BC

AB

A

CD

Zei n

51.4
oo E

87. I
Bs. 5

86. 5

89.3

89.2

91.0

82. 5

89. 0

87 ,6

82.6

87. 3

89. 5

oo o

90. 3

88. 0

FG

EF

AB

BCD

eA
cdB
bB
cB
bB
bB
cB
bB

bDE
bDt
b BCD

bG
bBc
bAB
bBc
bBc

b

Rapeseed Meal

RSM- 1

79.4 d DEF

85.9 d ABC

87.4 b AB

79.6 d DEF

80.3 c DE

83.2 c BCD

90.2 bc A

83.5 c BCD

cB
bB
cB
bB
cB
cB
cB
b .B
bc

RSM- 5

79.0

90. 7

87. s

80. 8

79.8

83. I
89. 5

82,6

80.9

80.5

81,1

83. 9

79.2

8r.2
82.3

81. 1

o1 0o¿.9

dc
c .A
b ABC

cdC

cC
cBC
cAB
cBC

81.2 c

78.9 c

79.r d

74.4 c

CDE

DEF

DIF

F

80.3 d DE

82.5 d BCD

75.9 d EF

79,9 c DEF

82.4 d

cC
cC
dc
bBc
OL

dc
dc
cC
d

(o
Oo
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No genera'l pattern was observed in the true digestibilities of

the i nd'ivi dual ami no ac'ids r¡¡i th'in the di fferent prote'in sources . There

were no differences in the irue digestibìlity coefficients among ihe

16 amjno acjds of casein. Simjlarly wìth the exception of 'lys'ine, true

dìgest'ibility coefficients were similar for all amino acids in zein.

0n the other hand, tvithin soybean, digest'ibilit'ies of h'ist'idine,

arginine, tyros'ine, phenylalanine, glutamjc ac'id and leucine were

significantly hìgher (P<0.05) ihat those of methionine, threonine and

serine. Autoclaving casein reduced the availabil'ity of all amino acids

but the degree of reduction varied among amino acids. The true

availability of tyrosine and phenylalan'ine was less affected by heat

treatment'bhan aspartic ac'id and glycine whereas the true availabilities

of the other amino acids, includ'ing'lysìne, followed that of the protein.

Valle-Riesta and Barnes (i970) and Boctor and Harper (1968) also

reported that heat treatment reduced the nutritional avajlability of

lysine to the same degree as total dietary nìtrogen. No partìcular

reason can be given to explain the lower availabiljty of aspartic acid

and glycine although in vitro studies (Evans and Butts,1949; Ford,

1965; Ford and Salter,1966) have indicated that heat treatment affects

the rel ease of di carboxyl 'i c ami no aci ds s uch as asparti c acì d and gì ut-

amjc acid, as well as the release of lysine.

Furthermore, digestib'iljty coeffic'ients for the amjno acids jn

casein were signìficant'ly (P<0.05) higher than those for the other

protein sources, except for arg'inine in soybean protein. These obser-

vations coincide wìth those of Carlson and Bayley (1970) and Flìpot et

al. (I97I) who also reported high digestibi'lìty coefficients for all

amino acids in casein. In general, the ava'ilabiljties of the amino

acjds in soybean protein were h'igher than those for proteìns other than
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casein although the availabilities of threonine, serine, proline and

methionìne ìn soybean protein dìd not differ from those of autoclaved

casein and zein. Coefficients of digestibility for the am'ino acids in

the rapeseed meal were sígn'ifícantly (P<0.05) lower than those for

the other proteins except for histidìne, arginine, gìutamic acid,

g'lyc'ine, alanine and methionine.

The progress of apparent and true amino acid absorption along

the intestinal tract is shown in Tables 23 and 24. Digestibi'lity

coefficients for the individual amino acids in each protein source díd

not differ appreciabìy for the ileum, caecum and feces except for p'igs

fed soybean proteìn and zeln. l¡fith the latter two proteins improvement

'in apparent d'igest'ibility of the individual amjno acids between the

ileum and caecum coincided with the appreciable ìmprovement found in

protein digestibiiity. However there were some marked exceptions to

this general pattern. The apparent d'igestibiljty of methionine tended

to decrease from the ileum to the feces of pigs fed rapeseed meal but

remajned fairly constant for the other protein sources. Furthermore

wíth the except'ion of RSM-5, there was a substantial ìmprovement 'in the

apparent dìgestìbi'lity of glycine between the ileum and caecum. This

ímprovement in the apparent digestibility of glycine was probab'ly related

to the h'igh level of glycine in the endogenous protein and the marked

decrease in giycine between the ileum and caecum for pigs fed the protein-

free di et (Tabl e 20 ) . Nì xon and Mawer ( igZOa) a'l so reported hi gh 'levei 
s

of glycine in d'igesta from the small 'intestine of humans fed casein and

gelatjn. They suggested that the high leve'l of g1¡rçjne was associated

with bile salts. The lower level of g'lycine in the digesta from the



T¡blc 23.

Di eta ry
Regl men

t?l:[tll i|!iî;lt;lllîl 
(¡) or tho lndlvldua] âmlno tclds of rapereed meal and orher protetn sources at varlous slres atons the lntesunàl

Casel n

Autocl aved
Caseln

Soybean
I sol ate

Zef n

RS14-l

[sH-5

Samp'le

I'll d JeJunum
I leum
Ca ec um

Fece s

Hld JeJunum 43,2
I ìeum 72,2
C¿ecum 67.0
Feces 76,0

Hid JeJunum 60.0
I leurn 75.8
Caecum 75.3
Feces 84.8

l,lid JeJunum -443.6
I leum - 99.6
Caecunr - 85.7
Fgces -155. 2

I'lJd JeJunum 41.9
I l eum 64,?
Caecum 67.1
Feces 69,2

Hid JeJunum 44.4
Ileum 72,5
Caecur¡ 64.5
Feces 69. 5

Lvs

76,62
88.8
89.7
92.5

His

82. B
93. 7
93. I
95.4

Arg

76.2
BB. 7
87. 0
90.7

38.9 53.4
82.6 86.0
82.8 88.7
83.0 Bl.0

66,2 69,2
78.9 8s.6
84. 0 97 .789.2 92.8

36.1 - 22,0
51.3 48.5
80.5 78.9
83. 4 75. 5

40.9 47,4
77.5 79. t
79 ,2 80. 7
80.3 82,2

61. I 66.3
84.5 88.3
83. 7 85. 3
84.0 82.9

Asp

69.5 70.6
85.6 79. B

83.l 86.0
88. I 90. I

25,6 39,2
5s.7 .72.2
57.6 74.3
69.1 77.1

4s.2 40,?
57.1 5t.B
7l.l 61,5
84. 0 72.2

18.5 3.9
62,7 52.6
79.5 79.2
6q.4 6e.4

3r.1 32,2
66.8 63.0
66. 5 67 .4
68.7 70. I

46.9 48.0
73.9 71.5
66.0 67.7
68.4 7C.9

Thr

lÂll apparent dlgestlblllty coefflclents of amlno aclds are corrected to 95f recovery of a,rlno aclds (Knlpfel et al., l97l).
zEach dlgestiblllty value.up.ur.nts the mean of 3 observatlons. Indlvidual digesilblìity data in each reglon of the intesHnal tract and the feces werefrom the sam pigs. rrJ vete

?
'l4ean t S,0.,. for 3 plgs.

Ser

75.9 Bl.4
86.6 88.5
91. I 93. 4
93.7 95.5

46.6 42,6
7r.5 76.1
79.9 78.0
81.9 85.4

37,2 s4.0
5I.4 73.8
66.2 78. B
8r.0 88.6

34,2 37,4
67.3 65.0
85.9 85.5
80.0 B3.2

31.9 44.4
66.9 Bl.0
72.4 83.5
7 4.2 94. 9

5?.7 62.9
76.0 85.6
70.6 82.7
74.6 84.8

Glu

Amino Aclds

Pro

70.7 -110.4
90.7 - 10.6
9s. I 69.1
9s.9 79,9

36.1 -153.4
77 .7 24,6
Bl .8 6t .2
BB.4 66.3

20,7 .- 14.9
55.2 40;3
17 .2 66.5
86. I 80.0

22.3 -538,2
51.4 - 33.6
84.6 56.5
86.7 44.2

8.0 - 41.7
56.6 59.7
73.7 72.0
78.5 73.0

37. 3 13. 0
49.8 67.3
72.0 70.8
78.9' 74,2

Glv Ala

7t.2 83.5
81.9 90.1
76.0 89.8
Bs. I 92,9

37. 3 55. 9
76.8 83.5
68. B 81. 1

69.,7 81.9

52,2 60.0
73.6 77.3
69.8 7s.4
77.0 82.3

41.4 27.4
63.8 60.5
84.I 78,2
81.2 73.6

34.5 38.4
72.t 69,1
63. 9 70. 1

66.5 69.5

57. 8 57. 5
79.8 77 ,7
69. 5 69. 3
70. 6 73. 1

Val I'let

89.1 B?.2
93.1 9r..2
89.6 90.0
92.6 92.6

58.2 50.0
77.2 77,5
76.7 73. B

B0.I 79.1

44. I 62.8
6t ,2 76. 4
64.2 74,8
66.5' 84.8

32.3 29,7
56.9 59.4
75.5 79.7
61.9 75.5

64.5 43.6
80.1 75.7
69. 1 70 .?
59. 9 70. 8

77.t 57.B
86. 9 77 ,6
75.2 66.4
7I.3 69.8

Ile Leu

87.2
93.2
91.9
93. B

60.1
87. 5
85. I
86.0

69. 0
82.2
81.2
88.2

52,9
71.5
87 .4
84. 6

46 .4
76,0
73. I
75. I

59. 0
79.9
71. I
7 4.8

Tyr

88.3
92.3
90.9
93.1

65. 1

92.4
89. 7
ot.t

67. I
82. 0
81.9
86. 2

36. 9
63.2
84. 9
81. 0

43.7'
66. 4
64. 3
64.7

61.8
o1 a

71 .2
7 4.9

Phe

86.8 73.2t 4.33
93.6 86.31 4.6
87.4 87.6t 2.3
93.3 91.6:1.9

64.6 44.0:18.4
91.9 78. 31 8.9
88.3 77. l! t.5t .l 7e.eL 2.e

70.9 52.7r L5
80.7 70.31 3.6
80. I 74.71 3.3
88. I 84. I! t.3

49.1 26.1r19.8
67.2 60.8:17.3
84.5 82.0! 3.9
84.6 78.51 1.5

48.0 29.6!?2.1
74,0 70.4t ?.3
71.5 73.0i 2.0
72.9 74,3t 2,7

Proteln
0i g. (f)
r S.D.

x

59. 6
79.7
68.9
74.7

52. 1t12.7
77 .2! 5.3
73.5! 1.8
74.?t 1.7

H

H



lable 24' True dlgestlblt'lty (t) of lndlvldual ånino aclds of rapeseed æàl ånd other protern sources at varrous sltes along theJntes¡nàl

Dl ctary
Reg l æ-n

CaseJn

Autocl aved
Casel n

Soybean Isolate

Zei n

Sanpì e

i'lld JeJunum
Ileum
Côecum
Feces

Mld JeJunum
Ileun
Caecum
Feces

84.52 91.4 98.9
90.0 9B.B 97,2
96.8 93.6 -c6.898.9 10c.4 98.9

51.6 48, I 77,976,6 89. I 97,l
75.? 88.7 99.2
83.4 88.4 69,9

Èsr'r- I

RSH.5

Uid jeJunun 69,6
I leum 60. B

Côecum 84.7
Feces 93.2

Hld JeJunum -?26.4
Ilcum 54.4
Côecun 98.1
Feces 56,9

Hl s

llid Jejunum
lleum
Côe cun
Feces

Mid JeJunun
I ìeun
Caecun
Feces

lAl'l t.ue dlgestlblllty cocfflclents of s¡lno ðcids òre corrected to 95Í recovery of âr lno åclds.

84.0 87.0 89.4
96,0 93.9 96,0
91.5 96,7 97.9
-48.0 -o9.5 100.1

75.0 19.4
85, I 90. 3
89.5 92.1
94.3 96.5

54.8 33. 2
64.5 i3.5
93.3 1C0.9
8ô.6 €6.6

50.0 Et.l
84.0 85.6
8s.0 €6.8
85.6 Êt .4

69. 6 19.1
90.6 94.3
e9.1 90.9
BB,9 87 .7

ZEach 
v¿lue 

'"p,J,.na, 
the nean of 3 observät1ons. Difcstlblìlty datâ fn eÀch rcajon of the lntestlnól tràct and the feces were from the saæ plgs.

I-lfean I S.o.x for 3 ptgs.

lhr

40.8
65.3
69.6
79.6

54. t
62.8
IB.T
90.1

s0. B

69.5
77 .0
78,2

55,0
78.0
?4.9
79.C

56.2 60.5
e5.1 82.5
35.4 87.0
85. 6 88.6

61.4 s3. 0
68.3 6l, I
75.7 71.2
84.6 86.9

Glu

Anlno Aclds2

86.9 t20.2 64.5
9?.8 t24.6 82.5
97.7 102,3 100.8
99.2 98.1 97.5

37.7 29.5 48.5
74.8 72.0 76.2
94.0 94.9 93.3
63.0 81.3 87.0

45.3 17.9 48.7
75,8 74.9 77.3
77.6 79. I 80.9
78.4 79.r 82, r

60. B 63.3 65.9
82.1 83.I 8ó.5
76.9 77 .7 79 .3
81.3 79.6 e2.9

4B.t 86.1 20.a (r2.3
79,8 105.2 l1¿r.4 89.4
82.3 89.3 104.4 84.6
89.0 90..7 79.0 81.9

60,5 124.7 72.8 72,578.2 ¡12.4 85.5 B3.B84.0 93.9 83.0 82.6
92,9 90.8 89.2 89.3

39.1 82. I -257 ,2 49.7
66.1 8ri.3 1u,2 68. O91.8 97 .2 112.6 9l,486,8 89.5 Bl. r 86,6

Gìv

tract of growlng þlgs1,

Alô

-o5.4
95.3
92.3
99.8

Val

93.9 94. I
96.4 96.?
96.7 96,7

65.8 63,4
89.0 79.8
87.9 84. I
83.2 86.7

74;9 56,6
85.3 66. B
8s.2 82.2
9r,4 83.0

40.3 44.6
70.8 63.4
92.2 89, I
85.1 80.0

5r.4 73.6
17.t 84.7
78.7 82.2
77.4 12.2

sl.o e7.4 13.9 52.0
B5.4 99.3 92,5 80.9
83. 7 e6. 3 84.0 7s. o89.2 ô2.0 79.6 77,2

Het I',l e

69.7 100.7 76.4 73.8
90.2 93. I t00.0 37,9
BB. I 64.6 82. B 79,6t9.3 82,4 ¿0.8 80,3

88.7 94.4
96,2 97.9
96,9 97. B

99.5 99. I

56,3 67.6
Bt.8 91,9
e0.6 90. B
85.9 9L s

70.5 78.0
8I. 7 87.4
83. r 88.6
93.1 .91.4

38.1 56.3
65,2 73.5
91.0 9l, B

84.9 87.3

Leu

95,5 93,7
96.6 96.4
96,4 93.8
98. I 98.7

72.4 71.6
96.4 96.2
95.3 94.7
92.8 92,7

16,6 77 ,l
87.1 85.0
89,2 86.3
92.8 93.0

44.9 54,2
67.7 70,4
92. I 91. 3
86.7 88..8

70, 3 '19.5

84,5 90.3
77.7 85.0
80,9 80.6

Protel n
Dr9. (;)

sl.7 . 56. I
at,z 8I.6
78.9 Bt.7
79.6 81.8

66.4 68.6
83.4 85.5
75.7 79,7
79.0 .81.0

g¿.6* 4.33
97.0:2.8
95.2! 5.7
99.6i 1.9

65.0!18, 1

83. 91 8.7
85.6i ¡.3
86.9r ?.0

74.l! 1,7
8t. ll 3. 5
83.4r
91.2:1.5

47. 3:19,2
71.5:17.0
92.61 3.8
85.81 1.0

51.0:21.9
30.4r 2.3
Bt.7: 2. I
81.4r 2.8

77 1+1, o
88.01 4.4
82.0r 1.9
81.3r 1.8

57.6 57. 3
71.0 79.8
75.0 80. t
74.3 80.2

73.0 68.5
87,1 85.3
79.8 76.7
82,7 81.7

O
N)
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caecum compared to that from the ileum for pigs fed the protein-free

dìet (Table 20) coìncides r¡rith the fact that absorptìon of bile salts

takes place ìn the ileum. The effect of endogenous gìycìne on the

apparent absorptìon of glycine was most pronounced wjth casein, auto-

claved casein and zein where the level of glyc'ine Ì¡Jas relative'ly'lor,r
'in the di et. The apparent di gesti b'i1 i ty of prol i ne al so tended to

improve from the ileum to the caecum (fa¡le 23). As with glycìne

there r^Jas an appreciable decrease ìn the prolìne content of digesta

from the ileum to the caecum of pigs fed the protein-free dìet (Table 20).

The marked effect of endogenous proline and glycìne on the apparent

availab'ilíty of these amino acids is demonstrated by the fact that the

true d'igestibil'ity of these amino acids (Tabl e 24) often exceeded 100%

with digesta from the'ileum and caecum.

0f particular interest js the fact that true diqestìbi'lity

coeffìcients'improved from the ileum to the feces for all of the amino

acids in zein whereas rvith soybean protein and autoclaved casein

improvement 'in digestibility occurred only wìth certain amino acids

(Tabl e 24). Improvement in the d'igestibil ity coeff ici ents rtas part'i-

cul arly stri ki ng f or am'ino acì ds lvhi ch r¡¡ere rel atively poorly absorbed

in the small ìntest'ine whereas little change occurred between the ileum

and feces for amíno acids that were well dìgested. These observatjons

suggest that fermentation may be more extensive for amino acids whìch

are poorìy digested'in the small intestine. This mìght ìead to an over-

estjmation of digestibil'ity for amjno acids which are slowly digested.

Similarly Cho and Bayl ey (197?) indicated that digest'ib'ilities based on

fecal ana'lysis would overestimate the true ava'ilability of several amino

acids in soybean meal.
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In addition,the fact that less fermentatjon seemed to occur

with rapeseed meal than with soybean proteìn and zeìn (Table 24) could

be due to the nature of, the residual n'itrogenous and fibrous material in the

1arge, intestine of pigs fed rapeseed meal. Recovery of nitr"ogen as

ninh¡rdrìn-positive materjal with the diet and digesta from iieum,

caecum and feces of pìgs fed RSM r¡¡as s'ign'ificantly (P-'-0.05) lower

than that found with the other proteíns (Tab1e 20). These results

suggest that prote'in from rapeseed mea'l and digesta from p'igs fed this

protein conta'in a greater proportion of non-protein nitrogen. A

s'imilar observation also was reported by Cho and Bayley (1970,1972)

and Tao et al . (1971). S'ince amino ac'id analyses ìn the present

experìment were corrected to g5% recovery of nitrogen as ninhydrìn-

posit'ive material the digestibil ity of amino acids w'ith rapeseed meal

have been somewhat underestimated relatively to those in the other

prote'ins. Furthermore, as 'indicated 'in Tabl e L7, dry matter d'igest-

ibiljty of rapeseed meal was significantly lower (P<0.05) than that

of the other proieìns'in the ileum, caecum and feces whereas the

coefficients of apparent prote'in digestib'ility for rapeseed meals C'id

noi d'iffer from that of soybean isolate and zein'in the ileum but was

s'ignificant'ìy lower than that of soybean isolate in the feces. M'ichel

(ig6S) postulated that the catabolic activity of the microflora in the

caecum and colon varies not only rvith the levels of small pept'ides and

free amino acids but also wìth the presence of carbohydrates. In the

absence of carbohydrates bacteria rvill use amino acids for energy

purposes" Thus it is conce'ivable that less fermentation of proteìn

might occur with rapeseed meal since there was a greater proportion of

fibrous or carbohydrate material in the lower part of the jntestinal
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tract of p'igs fed th'is diet (Tabìe 17). Besides, the presence

of fiber may prevent or at least restrict rap'id fermentation of the

protei n.

Digest'ibif ity values for the individual amino acids jn the

various prote'ins followed a similar pattern in the mjd jejunum and

ileum although there was, r,,Jith the exception of casein, a marked improve-

ment in digestibifity values from the mid jejunum to the ileum. Almost

complete absorpt'ion had occurred for all am'ino ac'ids from casein by the

tjme digesta reached the mid jejunum. Thus high amino acid d'igest-

ibility coefficients in the ileum of p'igs fed casein are undoubted'ly

rèlated to the relatively high d'igest'ibì1ity of amino acids from this

protein in the mid jejunum. Except for pro'line and g'lycìne true

digestibiìity coefficìents for the individual amino acids were cons'ist-

ently higher in the mìd jejunum of pigs fed casein than for those fed

the other protein sources.

Ilowever with proteins other than casein, there were some

rather marked exceptions to the s'imilarity of amino acid djgest'ibilitjes
in the mid jejunum relative to'Lhose in the lower regions of the

i ntesti nal tract. True di gesti bi I 'ity val ues for 'lys'ine , h i s ti d'ine and

g'lutamic acid were lower than the true diqestibility of prote'in ìn the

m'id ieiunum of pìgs fed autoulaved case'in but v\,ere similar to the

digest'ibility of protein in the feces. sjmìlarly true digestìbility
coefficients of serine, aspartic acid and g'lutamic acid were lower than

that of the protein'in the mid jejunum of pigs fect soybean protein but

did not differ from that of protein jn the feces. '¡lith rapeseed meal

there was a poor relationship betvreen the high availability of meth'ion'ine

in t,he míd jejunum and the lower relative digestìbility of this amino
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acid 'in the feces. S'imì'lar'ly the high digestibif ity of g'lutamìc ac'id

in the feces of pìgs fed rapeseed meal was not preceded by a hìgh

digestibìf ity coefficient for this amino acid in the m'id jejunum.

Furthermorer apparent and true djgestib'ility coeffic'ients of prof ine

and glyc'ine in the mid jejunum of p'igs fed the various protein sources

bore little relationsh'ip to the values obtained in the feces.

In summary, there ì¡ras generally good agreement between the

relative d'igestìbi'lìty values of amino acids jn the jleum and that

observed'in the caecum and feces, except in the case of proline,

gìyci ne , methi on'ine , aspart'i c aci d and gl utam'i c aci d. Thus am j no aci d

dìgestìbilities based on fecal analys'is i^rill probably give a reasonab'ly

satisfactory estimat'ion of the true availability of most amìno acids.

The present results do not support the suggestion (Cho and Bayley, t972;

Salter and Coates,1971; Payne et al., 196B) that extensive fermentation

of protein occurîs':'in the ìarge intestine. 0f the proteins studied in

this experiment onl¡r seySean protein and zein showed marked 'improvement

'in apparent and true digest'ibil'ity between the 'ileum and feces. The

gradual improvement in apparent and true digestìbi'lity of total prote'in

and of ind'ivjdual amino acids from the ileum to the feces of pìgs fed

soybean proteìn together with a marked improvement in the true djgest-

ibil'ities of aspart'ic ac'id and serine suggest that fermentation may have

a considerable effect on amino acid availabilìty in soybean prote'in when

based on fecal anal¡r5s5 . In addi t'ion the apprec'iabl e changes 'in the

digest'ibilities of pro'line, glycine and methionine between the ileum and

the feces for most protein sources suggests that caut'ion should be

exercised'in the ìnterpretation of digest'ibility results for these am'ino

acids based on fecal analyses.
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4.2.5 Effect of d'i*aû proteins and
.

In general there was no evidence of a close relationship

between the plasma amino acid levels of pigs and the amino acid comp-

osition of the dietary prote'ins fed these pigs although jn some cases

there were obvious effects of d'ietary amino acids and amjno acid

supplementation on the plasma am'ino acid (PAA) pattern, particularly

postprand'ial amino acid values (Table 25).

Lysine and .methionjne supplementation resulted in higher

fasting plasma levels of these amino acids as well as higher fasting

levels of several other amino acjds with most of the protein sources.

Plasma methionine levels for pigs fed casein, and zein supplemented

with 0.2 and 0.3% methionine, respective'ly, were more than twice those

of pigs fed the non-supplemented diets. Similarly, supplementation of

autoclaved casejn wjth lysine and methionine and rapeseed meal with
'lysine resulted in higher fasting levels of these amino ac'ids in the

plasma of pigs fed these proteins. The relative'ly high level of lysine

and proline in the p'lasma of pigs fed casein compared to that of pigs

fed the other protein sources coincided with the relatively high content

of these amino acids in this protein source. The h'igh content of

arg'inine in soybean protein also lvas accompanìed by a higher leve'l of

arg'inine in the p'lasma of pigs fed this protein. Sjmilarìy the

relativeiy 1ow level of 'lysine and methionine in zein and methionine

in soybean protein resulted in lower levels of these amino acids in the

plasma. 0n the other hand, the relatively high 1evel of alanine and

leucjne in zein compared to the other protein sources was not accompanied

by higher levels of these amino acids in pigs fed the zein diet.



Table 25. Fastlng and postprandlal plasma amlno ¡cid levels (uiroles/l00 ml) of pigs fe<l dlfferent proteln dlets wlth or wlthout amino acld suppleræntation.

Dietary
Regiæn

C¡sel n

Amlno Acld
SuPPl. l

Âutocì aved
C¿se I n

0.2f OL-Het

0.2f L-Lys
0.3t oL-Het

0.3t DL-Het

0,5X L-Lys
0.3f DL-Het
0.061 L-Tryp

0.25f L-Lys

Tlne of ^
Col ìectlon¿ LYs

Soybean
Prúteln

I-8N
1-AT
3-AM

1-8M
1-AÏ
3-AJ'l

I-BH
1- All
3- Al,l

1-ßM
1-A,Y
3.AH

I-BM
l-^H
3-M

1-BM
1-Ar'l
3-Al4

I-BM
1-4,ï
3-AH

1- Bl'1

,1-AH
3-At4

1- Bt1

1-AH
3-A14

1-BM
l-A.t'l
3-Ar't

I-BM
1-AH
3-M

Zeln

17. 53
19. 7

20.4

18. 5
16.9
t7.l

t2.7
10. I
7.8

16. 9
22.5
17.7

8.7
11.2
10. 4

6.1
ll.0
7.6

Hls

8.4
8.3
8.8

t2.3
8.8
7.3

Rapeseed
rcal -l

Arg

9.8
11. I
n.6

10. 7
9.0
7.3

11.6
9.3
7.7

9.2
r1.2
t2.4

12. L

20.4
15. 4

13. I
21.4
16.8

7.0
6.7
7,4

10.7
9.6
7.7

8.2
14. 1

72.4

14.1
l/.J
11.9

Asp&
Thr

Prolel n- Free

6.4
4.5
4.2

30. 9
43.4
69. 4

Ser

8.0
10.0
8.3

35. I
35. 2
40. 3

20,7
18.7
18. 7

24,5
15.5
13.7

23. 0
23,7
22,4

13.9
19.3
15.9

23. r
23.6
10 2

2r.7
20.7
IB. 3

17.4
25.t
19.7

24. I
31. I
22.0

15. 8
15.6
10. I

10. 5 34. 5
1s.6 49.2
15.9 49.5

t5.9' 42.1
I 1.8 47. I
13.5 32.4

9.8 31.9
9.s 26.1
s.2 23.3

10.0 2s.2
8.5 30,6
8.7 29.8

10.8 16.7
12.2 18.0
11.3 16.3

8.2 18.9
t3.6 34.4
10.4 27.7

l0.B 12.8
13.8 25.0
12.7 14.5

9.7 15.8
13.s ?6.5l1.B 3s.3

11.7 16.1
13.7 20.8
10. I 19 .2

12.6 25.8
18.0 ' 20.5
I 1. I 23.5

17.9 14.3
14.2 23.0
8.7 19.3

Amlno Acids (umoles/100 mì of plasma)

Pro

lAnJno acld suppleÍr€ntatlon ls expressed as Í of dry matter of the dlets.
2The tj,ne of col'lectlon of bìood sampìes are expressed by the foìlowlng abbrevlatlons:
l-BH. Blood collected öt fastlng one hour before the meal.
l-M' One hour postprandlal.
3-Al'l . Three hours postprandla'1.

3Âll plorro ¡mlno acld vaìues ôre meons for 2 plgs.

7.0
7.7
5.5

6.8
71
8.3

6,I
5.9
7.4

5.7
2.8
5.4

6.7
7.0
7.0

Gìu

6.2'
4.3
3.0

24.7
37 .6
33. I

50.9
58. I
33 .9

36, 1

30.6
32,3

24,7
34. 5
27.6

33.6
27.4
23,5

30. 1

43. I
28.2

17. 6
2t.9
r7 0

23,7
35.0
45. 0

26,7
3r.2
22.0

39. 1

54. 6
35. 0

17. 3
20.4
¡2.8

11. 3
13. 7

13.4

9.9
12,7
9,7

15. 3
10 t

14.2

24.8
17.6
12. 5

Glv

51. I
62.4
58.9

62. 8
55.8
39.7

56. 4
49, 3
42,7

55. 3

48.7
40. 4

50.8
44, 6
26. I

44. 6
56. 2
45.5

42,7
36.7
39. 7

41. I
36, 3
31. 7

53.1
42.5

78.5
97.4
5s.0

71,6
61. 5
48.1

Ala

23.6 10.3
33.9 26.5
35.8 35;3

Vaì

43, I
42.2
52.8

20.6
20,9
20.7

8.4
8.7
7.4

8.9
6.3
6.4

cys

34.7
3?.6
38. 9

24,9
19, I
20.0

4:¡
4.6
4.4

7.5
3.5
3.6

1,5
3.7
to

Met

29.3 26.5
35.9 28,6
31.2 24.6

27.1 14.9
2e.7 2?.t
25.0 20.9

2s.7 25.8
45,3 38.9
36.6 29.4

20.9 11.9
29.9 9.6
28,7 11.7

24.3 13.3
34.6 11.9
48.7 9.5

30.3 19. 5.26.2 22.5
28.0 r9.0

41.3 31.3
70.2 43.6
38.I 28,2

35 . 5 16.0
40.4 t3.2
32.6' 9.7

8.6
7.0

3.3
4.1
3.4

7.6
5.8
6.4

Ile

10. 9 t4 .7
16.1 ?1.4
13.9 20.4

15.4 20.0
13.0 19.5
I3.4 20.5

Leu

3.3
6.6
6.8

0.9
0

3.4
5.3
r.0
at
0
1.5

4,0
2.4
1.1

1.3
2.2
t.3

3.9
6.2
0.7

4.9
3.0
2.0

3.9
4.0
4.0

5.8
8.4
8. 1

2.5
2.1
0.7

3. t
5.6
4.6

1,7
¿.b

4.1
5.1
5.2

2.9
3.7
a.¿

3.8
4.7
3.7

2.9
3.1
2.4

Tyr

7.9 i4.4
6.2 11.2
7.0 10.6

8.0 1. 8
I r.7 8.5
11, 3 8.0

Phe

8. t ¡3.7
9. I 18.2
9.5 16.5

7 .4 r3.0
8.4 14,9
8.2 il.3

11.4 t4.9
17.5 24.6
14.0 ¡8.s

4.9 12.4
5.0 .?1.3
5. 0 22.5

5,9 72.7
7.t 27.5
6,4 3q.7

.5. r ¡0.0
8.8 7?.6
7.1 9.2

11 .2 16. I
14.4 22.1
9.0 13. I

8,4 t2.3
5.8 7.9
4. 4 6.2

18.7 9. ó
14.6 6.8
t4.2 7.6

13.9 7,5
8.9 5,5
8.4 6.4

10.9 5, I
11.4 7.4
ll.0 7.4

5.5 6.C
7.0 8.4
5.4 6.4

6.6 7.1
9.8 r3.0
8,2 10.1

5,5 6. r
6.4 7.4
ot oc

s.5 5.3
10. 4 11. 4

I 1. I 1C.6

2.9 1.3
4.3 6.5
3.6 5.2

3.t 5.6
3.8 8. 9

6. 4 5.2

3.4 5.?
3.0 3.6
1.8 3.3

O
co
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There were no consistent changes in PAA patterns ìn response to

feeding the various protein sources. Postprandial PAA levels of pigs

fed the methjonine supp'lemented casein diet decreased whereas PAA levels

increased for pigs fed the non-suppìemented casein diet. By contrast,

there was a general increase in PAA levels of pigs fed soybean protein

supplemented with methìonine espec'ially at one hour postprandial o whereas

there was a decrease in the plasma levels of many amjno acids for pigs

fed the non-suppìemented soybean protein diet.

Postprandiaì changes in PAA levels in response to the various

protein sources was highly variable and did not appear to depend on the

amíno acid content of the dietary proteins (Table 26). Nevertheless,

amino acid supplementat'ion of the dietary proteins wfth known 1im'iting

amino acids generally prevented the postprand'ial decrease in PAA levels

that accompanied feeding of the non-supplemented diets. In fact lys'ine

supp'lementation of autoclaved casein and zein and methione supplementation

of soybean increased the postprand'iai plasma level of these amino acids

for pigs fed these diets. Similarly, the postprandial increase in

piasma alan'ine, leucine and phenyìalaníne of pigs fed zein and arginine

in pigs fed soybean protein coincided with the relatively high leve'ls of

amino acids in the respective diets.

In general the limiting amino acid(s) in the different proteins

was indicated by a decrease jn the postprandial concentration of these

amino acids in p'igs fed the non-supplemented diet. The plasma level of

methionine for pigs fed soybean prote'in decreased from a fasting'level

of 2.5 umoles/100 ml to postprandial values of 2.L and 0.7 umoles/100 ml

at 1 and 3 hours, respective'ly, after feeding. Similarìy plasma ìysine

content of pigs fed zein decreased from a fasting value of 6.2 to levels



Table 26. Postprandial changes ìn pìasma amino aclds

Dietary
Regl nen

Casein

Amlno Açld
SuPP. r

Autocl aved
Casei n

Soybean
Protel n

Zeln

0.2f DL-Het

0.2f L-Lys
0. 3Í DL-t'îe t

0.3f DL-Het

Tlme of ^
Col I ectl on¿ Lys Hi s

(umoles/100 nì) relative to fasting vaìues of plÛs fed different protein dlets w,lth or without amlno acld supplerEntation.

t-Al'l
3.AH

1-Ar4
3-AM

1-AÈ.|

3.AM

I-AH
3-M

I-AM
3-AM

1-AH
3-AM

1.AM
3-AM

I-Al'|
3-AH

1-Alil
3-Ai'l

1-Ar'l
3-M

1-AH
3-Ar'1

2,23
2,9

- 1.6
,- 1.4

- 2.6
- 4.9

5.6
0.8

2.5
t,7

4.9
1.5

- 1.9
- 3.2

2.4
2.t

2.8
- 0.2

2,9
- 1.1

- 7.2
-12,3

RSI'I- I

- 0.1 2.0
0.4 1.9

- 3.5 - L,7
- 5.0 - 3.4

- 1.9 - 2.3
- 2.? - 3.9

2.0 2.0
0.3 3.?.

0.7 8.3
- 1.5 3.3

0. s 7 .6
1. 5 3,0

- 0.2 - 0.31.3 0.4

- 2.g - 1.1
- 0.3 - 3.0

0.3 5.90.3 4.2

0. 3 3,2
- 1.0 - 2.2

- 2.6 - 1.6
- 2,5 - 6.3

0.6f L-Lys
0.3Í DL-Het
0.06X L-Tryp

0.25Í L-Lys.

Arg

Proteln-
Free

Asp &
Thr

lA¡nlno acld suppìeræntation ls expressed as f of dry matter ln the dlet.
ZThe follotlng abbrevlations are for: l-Al1.One hour postprandlaì; 3-AM - Three h,rurs postprandlaì.

3All values ùre rrans for 2 Plgs.'

Ser

5.1
5.4

- 4.1
- 2.4

- 0.3
- 1.6

- 1.5
- 1.3

1.4
0.5

5.4
2.2

3.0
1.9

3.8
2.1

2.0
- 1.6

5.4
- ,1.5

- 3.7
- 9.2

Pro

{mino Aclds (umoles/100 ml. of plasma)

14.7 r2,9
15.0 8.4

5.0 7,2
- 9,7 -17.0

- 5.8 - 5.5
- 8.6' - 3,8

5.4 9.8
4.6 ?.9

1.3 - 6,2
- 0.4 -10,1

15.5 13.0
8.8 - 1.9

t2,2 4.3
I.7 0.3

10. 7 11. 3
19.5 21.3

4,7 4.5
3.1 - 4.7

- 5. 3 15.5
- 2,3 - 4.1

8.7 3.1
5,0 - 4,5

Glu Glv

11,3 10.3
7.8 t2.2

- 7.0 - 0.9
-23.t .9.7

- 7.1 0.3
-13.7 0.1

- 6.6 6.6
-14.9 1,9

- 6,2 1.6
-24,7 - 2,t

11 .6 19. 6
0.9 10.9

- 6.0 9.0
- 3.0 7,8

- 4.8 10.3
- 9.4 24.4

- 5.7 - 4.1
-16.3 - 2.3

18.9 ?8,9
-23,5 - 3.2

-16. I 4,g
-?9,5 - ?,9

Aìa cys

0.5 0.8
0.3 0. I

- 4.0 - 1.8
- 3.9 - t.2

2.? 0.1
2.3 0.I

3. 3 2,6
3. 5 ?.3

- 1,2 - 0.4
- 2.I - 1.8

1. 9 2,5
- ?.4 1.5

- 3.2 0.9
- 1.7 - 0.5

- 1.6 1.0
- ?.9 1.1

0.9 0.8
.0.0 '- 0.7

2.3 0.9
- 3.2 - 0.1

- 1.9 0,2
- 2.9 - 0.5

Met

5,2 6.7
3.0 5.7

- 2.4 - 0.5
- 2.0 0.5

- 1,7 - 3.2
- 0.9 - 3.8

1.0 4.5
1.4 2 .8

1.0 1.9
0.8 - r.7

6.1 9.7
2.6 3.6

0.1 8.9
0.1 10.1

1.2 14.8
0.5 ?2.0

3.7 2.6
2.0 - 0.8

3.2 6.0
- 2.2 - 3.0

- 2.6 - 4.4
- 4.0 - 6.1

Leu Tyr

3.7 3.7
?2 1a

- 4.1 - 2.8
- 4.5 - 2.0

- 5.0 - ?,0
- 5.5. - 1.1

0.5 2.3
0.1 2.3

l. 5 2,4
- 0.1 0.4

3.2 5. 9
1.6 3.0

0.9. 1.3
2.8 2.4

4.9 6.1
5.6 5.3

1.4 2.2' 0.7 0.9

0,7 3. 3
3.3 - 0.4

- 0.4 - 1.6
- 1.6 - 1.9

Phe

O
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of 4.3 and 3.0 umoles/l0O ml at L and 3 hours postprandia'I. Lysine

appeared to be somewhat limìting ín autoclaved casein as indicated by

the gradua'l decrease'in postprandial p'lasma'lysine levels. 0n the

other hand, no amino acids in rapeseed meal appear to be limit'ing for

the pig.

The present results also suggest that the digestion of the

proteins fed in thjs experiment was very rapid since the postprandial

PAA levels appear to reach a maximum w'ith'in t hour of feeding. A

similar observation was also reported by Boomgaardt (1969). The gradual

decrease in PAA levels for pigs fed the protein-free diet probably

resulted from the removal of amino acids necessary for the secretion of

endogenous protein. The relatively high fast'ing plasma'lysine value for

pigs fed the protein-free diet was of part'icular interest. Charkey g[
af. (tgSS, 1954)n Gray et aj. (1960), Hill and 0lsen (1.962) also reported

that in chicks the removal of feed resulted in a marked elevation in the

concentration of lysine. A possible explanation to this phenomenon is

the fact that ìysine is particularly resistant to deamination and thus

accumulates ín the blood during tissue breakdown.

Nevertheless, plasma amíno acid pattern appears to give useful

information concerning whether some amino acids are limiting in the diet

as the result of thejr poor concentration in the diet. The present

study suggests that the p'lasma concentration of individual amino acids

depends to a certain degree on the amount present in the diet. However,

in view of the many factors which influence PAA patterns such as rate of

absorption from the small íntestine, rate of removal by the tissues,

catabolism in the liver, etc., it is difficult to relate the PAA to the

genera'l ayailability of the individual amino acids.
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4.2.6 Effect of amino acid suppleTer.!Íation on utiljz.atì.on of various

protei ns .

Amino acid supplementatìon of the various proteins had no

significant effect on feed'intake although lowest intake occurred u¡'ith

the d'iet containing autoclaved casein and highest w'ith RSM-4 (Bronowski ),

a Iow-thiog'lucoside B. napus variety. Amino acid supplement improved

sìgnificantly (P< 0.05) weight gains for píg1ets fed soybean isolate

and zein. 0n the other hand, the 'lysine supp'lementation (0,25%) jn the

rapeseed meal diets had no apparent effect on the weight gain of pig'lets

fed RSMs. Although addition of amino acids did not influence apparent

protein digestibi lity, amino acid supplementation marked'ly'improved

nitrogen retention for several of the proteins. Nìtrogen retention was

increased sìightly by the addit'ion of 0.2% nethìon'ine to casein. hlith

soybean prote'ir , 0.3% EL-meth'ioni ne doubl ed ni trogen retent'ion urhether

expressed as total N retained or as % of N intake or % of N absorbed.

Similarly nitrogen retention with zein djet was substantìal'ly improved

(P<0.05) by the addition of 'lysìne, methionine and tryptophan. By

contrast the addition of 0,25% 1ys'ine to RSM diets or 0.2% lysine and

0.3% methionjne in the autoclaved casein diet had no apparent effect

on nitrogen retention.

In conclusion, amino acid supplementation had a beneficial effect

on the utilization of protein from casein, soybean protein and zein.

This observation is in agreement with the fact that the methion'ine and

lysine content of these proteins is insufficient to meet the amìno

acíd requirement of pigiets when fed diets containing approx'imately

L6% protein. However, contrary to the results of Kratzer (1954),

1ys'ine supplementation did not appear beneficial for the overall



Table 27. Effect of protein source and amino acìd suppìementation upon feed intake, weight gain, apparent protein digestibility and nitrogenretention of groling pigs.

Protei n
Source

Case i n

Autoc l aved
Case i n

Soybean
I sol ate

Zei n

RSM-1.

RSt't-4

RSM-5

Ami no
Acid -

Suppì . I

(- )
(+)

(-)
(+)

(-)
(+)

[;l
(- )
(+)

(-)
(+)

(-)
(+)

. Feed Intake Weight Gain
(sm/pis/5 days) (Kg/õjg/s days)

2ogg2tloooauco3
1756 t 550bcd

1422 ! 242d
1616 tl195bcd

1942 x l08abcd
2618 I 6i4abc

1537 t 392cd
1738 t 249bcd

2519 t1071abc
1620 r1207bcd

2663 t 603ab
2BB5 t1004a

2I7L t 546abcd
1839t I 192a bc d

lsee Table 6 for details on amino acid supplementation;
,-Mean t S.0." for 2 pigs.
3Any two means not fol'lowèd by the sarne letters are slgnlf{cantly (p<0.0s) different.

0.4810. l1cde
0.80t0. 16bcde

0.30t0.29de
0.45t0.13cde

0. 4410.2 lde
1.0210.31abc

-0.2810.01d
0. 27t0 . 03e

1í4 1t0.46a
0. 86t0.79bcd

1.02t0. l6abc
1.11t0.48ab

1.20t0.23ab
0. 6810. 32bcde

Prc tei n

Digestibiì ity

pa rent

90. 9t1.5a
92.4 r1. 0a

79.1tl.9bcd
79.6t3. 9bcd

85.010. 4b
B3.4t0.1bc

77 .8t0.2bc
83.9t5.7cd

75 . 810. 5d
74.7!4.9d

78.2t2,7 cd
76.8r1.8d

75. 110.1d
74.4!2.6d

gm/pig/S days % N intake % I,l absorbed

28.2tI2.9abc
31.4t 9.1ab

18.2t 6.6cd
17.0t13. 0cd

10.2t 4.3de
25.6t 0.6abc

- 0.8r 4.le
Il.5t 2.2de

24.8t17. 2abc
10.51 5.4de

32.9t 4.4a
35.0t11.4a

23.2t 7. Sabcd
19 . 5t13. 3bcd

Nitrogen Retention

(-) = no.amino ac'i d supp'lementation,

54.2t 1.3ab
66.3t 0.5a

50. 0t10.Oab
40.2t 1.6bc

20.9! 7 .9d
39.9t 9.7bc

- 0.9t10.4e
25.2t 1.3cd

36.9111. 5bcd
28.7t 8.3cd

48.71 4.6b
47,2! Lsb

42.?t 7 .4bc
40. 7t 1.9bc

59.6t 2.5ab
71.3t 0.9a

63.211 1. 2ab
50.5t 1.0bc

24.6t 9.2e
47.9xII.7bcd

- 1. 1r13.3f
30.1t 3.5de

48. 7115. 5bcd
37.9t 8.9cde

62. 11 3. Bab
61 .5t 3.2ab

56.2t 4. labc
54.81 4.4abc

(+) = with amino acid supp'lementation.

u
FJ
(^)
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utilization of RSM. The lysine content of this protein appears to be

sufficient to meet the 'lysine requirement of the piglet. Thus the
'lysine availability does not appear to be a limìting factor in the

utilization of RSM. Furthermore our results do not agree with those

reported by Tao eI al. (tglt) concerning the fact that 1ysÍne suppìement-

ation increases the protejn digest'ibility of rapeseed meal"

4,2.7 Trypsin and ch.ymotrypsin activjty

Trypsin and chymotrypsin activíty

fraction from the mid jejunum in an attempt

relationship between the rate of absorption

determined in the soluble

establish if there was any

the various proteins and

WAS

to

of

proteoiytic activity in the intestinal lumen. Trypsin activity per

100 mg of dry matter was apprec'iab'ly higher for pigs fed autoclaved

casein, soybean prote'in and zein than for those fed rapeseed meal, casein

or a protein-free diet (Table 28). These results do not support those

of snook and Meyer (i964a, 1964b) and snook (1965) that the ingestion

of casein resulted in greater trypsin activity than ingestion of zein or

a proteìn-free diet. Low trypsin activity in the digesta of pigs fed the

casein diet may ref'lect autocatalytic breakdown of trypsin since a

substantial portion of the casein had been digested and absorbed by the

time digesta reach the mid jejunum. However, the same argument would.

not apply to the group fed rapeseed meal a'lthough stability of the enzyme

may be related more to the soluble protein content of the digesta than

total proteín content. In addition, the relatively high leveì of dry

matter in the m'id jejunum of p'igs fed rapeseed meal also would contribute

to the lower proteolytic enzyme concentration found in samples of dried

digesta from these pigs. There was no indication that the lower

dÍgestibility of rapeseed meal was due to the presence of a trypsin

inhibitor in this protein.
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Table 28. Trypsin and chymotrypsin actìvity in digesta
jejunum of pigs fed rapeseed meals and other

from the mid
protein sources.

ENZYME ACTIVITY (Un'its/100 mg of D.M. )

DI ETARY
REGIMEN TRYPSIN i CHYMOTRYPSIN2

Caseì n

Autoclaved casein

Soybean ìsolate

Zei n

RSM- i
RSM-4

RSM-5

Protei n-free

zzzx tt3

3i8r 44

4361165

3131111

175! 79

I70! 62

Ltz! 82

174! 63

26¡20

34110

39!I7

ZIx 2

26x I
22! 6

74! 9

7xZ

1 A.t j vi ty for tryps'i n 'i s expressed j n mi cromol es TAME hydrolyzed/mi n at
300c.

2Art'rvity for chymotrypsin 'is expressed ìn micromoles BTEE hydrolyzed/
min at gOoC.

3M.un t S.D. * for 2 pi gs.
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The chymotrypsin activity for p'igs fed the protein-containing

diets was about 1/10 that of trypsin but unlike trypsin it was higher

for all groups fed prote'in than for the group fed the protein-free

diet. Chymotrypsin activíty for pigs fed rapeseed meal was sim'ilar to

that of pigs fed casein and zein but s'lightly lower than that found wjth

autoclaved casein and soybean. The lower relative activity of chymo-

trypsin as compared to that reported in other studies (Snook and Meyer,

1964a, 1964b) might be due to greater inactivation of thís enzyme as

the result of ìyophylization of the digesta samples.

4.3 E¡p.eliment .I I I .- S-t-ud,v of-the ef-fe-ct of hul l-removar' on the
riti I i.zati on of reIresegd proteí n

4.3.1 Prqtein and dry matter d-igestibi ljty
Apparent and true protein d'igestibílity of a'll rapeseed samples

except the low-hull fraction of Bronowski was significantiy (p<0.05)

loler than that of either soybean meal or soybean isolate (Tab'le 29).

There v/as no difference in protein digestibilíty between soybean mea'l

and soybean isolate. However, removal of the hull fraction in RSM

resulted in an overall improvement (P<0.05) in protejn digest'ibility.

although apparent proteìn digestibi'l'ity was significant'ly (P< 0.05) higher on'ìy

with the B. napus and B. campestris meals. These results suggest that

the fiúer-r'ich hull fraction in RSM either interferes with protein digestion

or that the prote'in associated with the hull fraction is more resistant to

digestion than the proteín in the accepts fraction. Dry matter digest'ibíìity

of the regu'lar RSM followed a similar pattern to protein digestíbì'lity whereas



Table 29. Apparent.and.!t"t¡ç.prote-in.diges.tlbilitles (%) of regular and low:-fiberrrâpeseêd meals, soybean meal and.soybean lso'late and.drymatter digestibility of these diets by the growing þigl.

DigestibiIity of
Protein (%)

Apparent

True6

Meal

Soybean

Di gest'ibì i i ty of
Dry Matter (%)

æ.42
i i.8

4
a

go.2
r 1.8

ab

86. 0
t 2.6

a

I sol ate

1Fíve-day fecal col lection.
, 

,cti on.

"Mean t S.0." for 5 pigs.
3Mean value for the two adjacent groups

4Any mean not followed by the same small letteÉ ìs significantty (pco.9u) {jffe¡ent.
SAny mean not followed by the same cap'ita1 letter is significantly (P <0.0S) different,
6M"tubolic fecal nitrogen was based on the nitrogen/Crro, ratio for 3 pigs fed a proteìn-free diet.in Experiment II.

(83.s)3 83.s
x t.7

A5a
(e0.5) 90.7

x L,7

Aa

(8s.2) 84.3
x Z.t

Aa

Meal

B. campestri s

73.2+r^
d

80.0
x 2.4

e

75.3
+1Q

c

Low F'i ber

(76,4) 7s.6
+r'¿.

cb
(83.2) 86.3

! 2,3

cd

(77 .7, B0 . 0
t 1.8

cb

Meal

B. napus

75.9
t 2.1

cd

83. 2
! 2,1

de

78,4
t 3.4

b

Low Fìber

(77.5) 7e.r
t Z.Z

BCb
(84.6) 85. e

! Z.Z

BC cd

(7e.8) 81.1
t 0.4

Bb

B. napus cv. Bronowski

l"leal Low Fiber

77.9r 3.9

bc

84.3r 3.9

d

80. 5! t.7
b

(7e.4) 80. e
* 1.5

Bab

(85.e) 87.5r 1.5

Bbc

(80.4) 80.2
x 2.4

Bb

F¡
\l
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there was a poor re'lationship between the digest'ibility of dry matter and

protein wjth the low-fiber RSM. The correlation coefficients between

dry matter and apparent proteìn digestibility were 0.68 (P<0.0i) and

0.36 for the regu'lar rapeseed meals and the low-huli accepts fractions,

respecti ve'ly. Thi s cl ose rel ati onshi p between dry matter and prote'in

digestibi'líty with the regu'lar RSM is another indication that the non-

protein materjal, and probably the fiber, present in rapeseed meal

interferes somewhat with protein digestion.

Although protein dìgestib'i'lìty on the basis of a five-day fecal

collection was significantìy (P<0.05) higher for soybean protein than

for rapeseed protein, no appreciable differences were found between these

two protejns for digestibilities calculated on the basis of digesta

obtained from the small intestine (Tables 30, 31, 32). Similarly,

removal of the hull in rapeseed meal had no apparent effect on protein

digestibility coefficients in the small intestine. Thus the present

results correspond to those obtained in the second experiment where no

differences were found in the rate of digestion of soybean and rapeseed

protein ín the smajl intestine.

There was an appreciable increase in the digestibility of soy-

bean prote'in from the ileum to the caecum jn contrast to only a slight

increase with the rapeseed meal diets (faOles 30 and 31). There was

also an additional increase in protein d'igest'ibility for all dietary

treatments as digesta passed through the large ìntestine. These

observations agree with those of the previous experiment (Experiment Ii)
a'lthough in Experiment II the increase in protein digestibility for

soybean was more gradual than in the present experiment. 0f particular

interest was the fact that the improvement in protein digestib'i1ity



Table 30. Apparent protein digestibi'lity (%) of regular and'low-fjber rapeseed mèals, soybean meal and soybean iso'late at varJous sites aìongthe allmentary tract of pigs.

Source of Digesta

Stomach

Mid jeJunum

Ileum

Meal

T2,51
r11.6

2
a

s2.3
* 5.8

a

70.8**
x 4,7

a

80.2
* 2.3

a

83. 34
* 3.0

a

83. 4**
+ 1.8

a

Soybean

Caecum

Rectum

Feces

I soì ate

J.¿

*11. 5

a

51.8
r 8.3

a

65.9**
* 6.8

a

81.8
r 2.5

a

82,0
t 2.9

a

83. 5**
! L.7

a

Meal

B..campestris

15.7
* 7.2

a

53.8
+ 7.0

a

69.8
*. 2.4

a

72,0
* 7.7

bc

76.34
t 3.5

b

73.2
*. 2.4

d

1
'Mean * S.D.* for 5 plgs except as.lndicated by superscripts 3 and 4.
zAny tuun, ln the same row followed by the same letter dld not differ siçnfficantìy.
?-l'lean t S.0., for 4 plgs.
à.'Mean * S.0., for 3 pigs.

rFor a glven protein source values bearing one asterisk are dlfferent at p<0.0S.

t*For a glven proteln source vaìues bearlng two asLcrlsks arc different of p<0.01.

',,' , t,-i. 
' '

Protein Source

Low Fiber

11. 3
r11.0

a

55. 5
r 5.6

a

72.53
t 3.2

q

75.5
r 2.6

b

78.23
r 1.9

b

79. rj! 2,3

b

Meal

Rapes ee d

B. napus

13.7
tLz.6

a

55. 1

È 5.0

a

69. 93
r 4.5

a

72.7
t 2,9

bc

75. 53
t I.2

b

75.9
*. 2.L

cd

Low Fiber.

20.4
115.4

a

41. 3
r13.0

a

63.03*
r15.6

a

72.3r 6.0

bc

77.23
È 1.5

b

79.1*
* 2.2

b

8.. napus cv. Bronowski

Meal Low Fíber

t2.4
r18.0

a

45.2
111. 1

a

71.3
+(ñ

d

72.0
t 2.3

bc

75.23
* 2.7

b

77 .9
r 3.9

bc

16.7
tzl.9

a

5r.2
r 6.5

a

66.1*
t 8.3

a

70. 3
t 4.1

c

76.9
I 3.5

b

80. 9*
r 1.5

ab

F¡
l-¡
(c)



Table 31. True proteln digestibilltyl of regular and low-fiber rapeseed meals, soybean nrual und soybean isolate at various sites along the
digestive tract of growìng Plgs.

Source of Dlgesta

Stomach

Mld JeJunum

Iìeum

Caecum

Rectum

Meaì

22.62
r11.6

3
a

72.6
f 5.8

a

81.0
x 4.7

a

88.3
*. 2.3

a

91.95
r 3.0

a

90.2r i.8
ab

Soybean

I sol ate

18.7
r11. 5

a

73. 5
* 8.3

a

76.7
È 6.8

a

90. 5
t 2.5

a

9t.2
+ 2,9

a

90. 7
r 1.7

a

Feces

Meal Low Flber

B.campestris B. napus B. napus cv. Bronowskf

26,0 2t,5 21.9 30.8 27.9 26.6
t 7.2 *11.0 tL2.6 f15.4 118.0 t2L,9

aaaaaa
74,3 75.7 76,s 62.1 64.2 71.0

* 7.0 t 5.6 r 5.0 *13.2 rLl.I t 6.4

aaaaaa

Bo. t 82.74 Bo. 84 73.44 80.9 76.2
*,2,4 *.3,2 t 4.5 115.6 t 5.5 * 8.3

aaaaaa
80.3 83.7 81.5 80,6 ' 79.7 78.4

r 1.7 't 2.6 r 2,9 * 6,0 t 2.3 ! 4.1

bcbbcbcbcc
g5.05 86.84 84.74 85.94 83.2s4 Bs.4

r 3.5 r 1.9 t L.2 * 1.5 t 2.7 t 3.5

bbbbb
80.0 86.3 83.2 85.9 84.3 87. s

t 2,4 t 2,3 t 2,L t 2.2 t 3.9 t 1.5

ecd"decddbc

lM"tubollc nitrogen in ttre digesta and feces for caìcu'lation of true digestibillty coefficients was based on the nitrogen/Crr0, rat'tos in various
segnents of the aìirnentary tract of 3 pigs fed a protein-free diet in Experiment II.

t-
'Mean t S.D.* for 5 pigs except as indicated by superscrìpts 4 and 5.

3An, *un in the sane row followed by the same letter did not dlffer sìgniflcantly (p<0.05).

'̂Mean t S.D.* for 4 pigs.
Á
'Mean t S.D.* for 3 pigs.

Protein Source

Meai

Rapeseed

Low Fiber Meaì Low Fi ber

f\)
O



T¿bìe 32' 
ilå äi;::i.,i¿ri:l¿itji'ürliìr;toügular attd ìc'tv-rib* r'apcsu*d ,redrsr s0ybedn rrrcar arcr soybean isotar,e ar varjous sìres aìons

Source of Digesta

Stomach

Mid Jejunum

Ileum

Mea I

^^ ^1JU. U

*13.5

u2

68.5
r 2.1

ab

76.9
r 3.1

ab

83.5
* 3.5

a

86.14
r 1.9

a

86. 0
.*. 2.6

a

Soybean

Caecum

Isolate

Rectum

26.0
r10.7

I

a

7 4.0
t 2.0

a

78.7r 3.6

a

84.7
*. L.7

a

86. 3
t 2.5

a

84. 3
t 2,L

a

Feces

Mea l

B. campestris

22.3
t 9.5

a

57.6¡ 9,2

c

62.8
* 6.2

d

72.2
+ 4.0

cd

80.14
t 2.9

b

75. 3
* 1.9

c

1'l4ean t S.0.* for 5 plgs except as lndJcated by superscripts 3 and 4.

l*t *on in the same rovr followed by the same letter did not dlffer slgnlficant'ly (p<0.05).
-l¿ean r S.D., for 4 pigs.

Protein Source

. Low Fiber

4u.un * S.D.* for 3 p{gs.

22.8
r 9.5

a

61.8
¿1O

bc

68. 4
r 2.5

bcd

. 77.4
t 3,2

b

79.83
r 1.9

b

80. 0
f 1.8

b

2r,3
f.I4,2

'63. I
r 6.1

63.9
* 4.8

d

7 4.0
. *. Z.s

bcd
I

77 .6"
t Z.L

b

78. 4,, r 3.4

b

Meal

B. napus

Rapeseed

Low Fiber

26. B

r14.4

a

58. 1

t 7.9

c

69. 1

t 5.9
bcd

7s. 8
r 3.3

bc

81. 23
* 1.8

b

81. 1t 0.4
'b

B. napus cv. Bronovrski

Meal Low Fiber

26.0 27.6*.73.2 f 18. 0

a.a
57.9 62.2r 7.5 * 6.6

.cbc
73.6 66.5

* 5.2 *10.6
abc cd

73.6 70.2* 3.4 * 3,7
bcd d

?80.3" 79.0t 3.2 * 4.5
bb

80.5 80.2r 1.7 ¡ 2.4
bb

l-¡
f\)
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tended to be higher for the "accepts" (air-class'ified 'low-hu11) fractions

of rapeseed meal as compared to the regular meal. l¡Jhether the improve-

ment i n protei n di gestì b'i I 'ity parti cul arly wi th soybean protei n and I ow-

hull (1ow-fiber) rapeseed meal is the result of microbial fermentation

of protein in the caecum and large íntestine or other factors such as

differential transit of crrO, ìs djfficult to ascertain. The limit-
ation of CrrO, as an index for digestibility determjnation for digesta

is furthelindicated by the protein and dry matter d'igestibility data

based on stomach contents (fable 32). These results jndicate an apprec-

iable concentration of the index material jn digesta from the stomach

even though no absorption is known to take place directly from this

region of the alimentary tract. Twombly and Meyer (1961) also found

that transit of Crr}r lags behind that of the digesta. This separation

of index and d'igesta could result in an underestimation of digestibiìity

on the basis of djgesta taken from the small intestine. However Crr},

appears to be a satisfactory index for dry matter d'igestibility at

various reg'ions of the aiimentary tract. The pattern of dry matter

dígestíbility in the ileum, caecum and rectum was consistent to that

found in the feces irrespective of protein source. Howevero whether

the higher apparent or true digestibi'lity of the air-classified (jow.hull)

fractíon of rapeseed meal is a reflection of greater availability of this

protein to the an'imal or the consequence of fermentat'ion remains open to

question. Fermentation míght be more pronounced for protein when dry

matter is relatively well digested as in the case of the soybean diets.

In other words the presence of a lower amount of non-protein material in

the large intestine of pigs fed soybean protein could augment ferment-

ati on of prote'in , thereby marked'ly improvi ng the apparent di gesti bi 1 i ty
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of the dìetary protein. Thus the presence of a greater proportion of

fibrous material in the digesta of pigs fed rapeseed meal, particular'ly

the high-fiber regular meal, could depress fermentation of protein in the

large intestine. Such a postulate is consistent with the fact that

protein digestibility of high-fìber RSMs did not improve as much as that

of the low-hull fractjon from the íleum to the feces. It appears that

the lower digestibility of RSM is primarily related to the fiber content

of the diet rather than its poor absorption in the small intestine.

4,3,2 Total protein_, -sof_uble protein_and amino nitrogen.

Distribution of the nitrogen jn dígesta from the various

segments of the íntestinal tract (Tab1e 33) was consistent with previous

observations for soybean protein and rapeseed mea'l (Experiment II).
There were no apprec'iable differences among treatments in total prote'in,

soluble protein and amino nitrogen in the digesta from the stomach of

pigs fed the soybean and rapeseed diets. Protein content of digesta

from the mjd jejunum was significantly (P<0.05) higher than the protein

content of digesta from the stomach for pígs fed the soybean prote'in

diets whereas the protein content of digesta from the mid jejunum did

not differ from that of the stomach for pigs fed rapeseed mea'l diets.

0n the other hand the proportion of soluble protein increased signíficant'ly

(P<0.01) from the stomach to the mid jejunum for both protein sources

although the proportion of soluble protein was higher (P<0.0i) for pigs

fed the soybean diets than for those fed the rapeseed diets. Amino

nitrogen 'increased sìgnificantly (P<0.0i) from the stomach

jejunum for pigs fed both protein sources. The proportion

the míd

ami no

nitrogen jn digesta from the mid jejunum also was similar for all dietary

groups. Hovúever, the absolute amount of amino nitrogen (i.e. total

to

of
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Tabìe 33. Totaì protein, soìuble Protein and ¡mlno nitrogen in digesta from plgs fed regular and ìorv-fiber rapeSeed reaìs, soybean æ¿ì ¿nd
soybean lsoìatel.

ProteÍn Source

Rape see d

Soybea n B. cùmpestri s B. napus B. na?us cv, BronolrskiSource
of,

Di ges ta
lli trogen
Fracti on ¡'leaì 2 I so'ì ate3 Mea I Low Fiber tíeal Low Fibor Heal Lolr Fiber

Diet Totaì Proteln4
Stomach Total Protein5

Solubìe ProteinT

'. Anino NltrogenS

Hid Total Protein
Jej unum

. Soluble Proteín

Amino Nitrogen

Ileum Total Proteln

j 
solubl. protein

. Lmino Nitrogen

Caecun lotð¡ Proteln

Soluble Proteln

årnlno Hitrogen.

Rectun Total Proteln

Feces lôtòì Proteln

Soluble Proteln

16. 6

21 .06
I 1.6

26.7
r 5.8

7,7
t 2.2

25.1
I 1.7

89. 3
r 8.9
29.3

f 7.0

21.1
r 1,6

89.4
I 5.1

31.1r 4.0
20.4

t 3,2

56.2
r 18.5

30.9
r 5.9
^^ -10¿u.3

t 2,2

?o,0
t ?.6

36. 3
f 6.5

¡5.5
20. 3

r 1.5

34. 3
rll,8

4.3
r 1.9

28.5
f 3.0

92.6
r 4.3

2t.e
t 6.7

24.8
t 0.9

88.2
t 3.6

Ú.5
t 1.-û

18.5
r 1.4

7?.7
r 5.(.

18.6
r 3.6

20,7
r 3.9

16. a
t 1,5

58.5
rl8. 6

17. I
17.8

10.9
34.5

i 9.4

6.2
r ?.4

18. 2
r 3.I

72.4
f 5.1

24.4
t 6.2

13.5
r 1.9

58. 6
i 4.6

23. 5
r 4.9

16.7.
r 1.7

3s.z
* 9.4
?l.sr 3.4

le.019
f ¡.1
¡7.8

r 1.3
26.1

x 2.4

16. 9

19.0
t 0,5

37.5
t 6.7

6.4
r 1.5

19.5
r 1.3

77 .9
i ô.3

26. 5
t 3.9

14. 69
r 2.5

64. 09
t 9.7

20.99
t 2,8

17.9
t L.7

42.t
r 9.8
29,7

r 7.5

n,7?
r 1.3

t6.9
r 0.5

26. I
r1l.l

18.0

t7 .7
* 0.7

36. 5
t 9.?

7.8
r 1.5
23.0

r 3.1

67. 3
r 8.9

26.2
l' 5,8

19. 19
* 4.6
. 60.29'r11.3

28.g9
r 8. I

18. 7
r 2.8

4i.7
r 2.7

23. 4
rt?.4

19.99
* 2.2

18, C

t 1.7

29.?
* 7,1

17.6

20.9
r 0.9

32.3
r 6.7

7.8
r 1.9

23. O
a)7

69.9
I 9.3

23.2
r 8.7

19. 6
r 4.1
69.4

iI0.7
¡8.6

, 7.2

r8.9
x 2.7

?7.4
r 6.1

24.9
I 6.8

22.59
r 2.0

2r.7
r 4.5

?t.6
t 3.3

16.9

19. 4
I 0.7

J(. t
t 8.6

7. tt
t 2.2

22.1
t 3.3

75. 5
i (.5

2 5.8
r 5.0

.. 17.4
t'2.2
78.8

t 7. t
2 s.9

!12.9
17. 0

t 3.2
44.2

t 7.0
21.1

r 0.7

18.7
.) 7

?c. 0
t J.J

?4.2
r 2.5

17.4

17.4
t 0.I

31.8
r 6.2

7.4'r2.4
19.2.' r 4.3

7s.2
. r 9.5

2s. I
r 5.0

12.99
I 1.7

72.59
i 9.5

ô
16.2'

. 10.6
16. 2

r 1.6

3s.2
r 6.9

22.9. t 4.6

17. ol
r 1.9

17.4
r ?.1

25,5
r 4.8

lst¿tls¿lcal anaìysls of the dàt¿ is glven ln A¡pendix, labìe 2.

?41/ Protet¡.
3Isoìated 

soybean proteln (l{utrltlonal Blocheml(ôl Co., Cleveland, 0hto).
4Éxpressed ôs f of dry matter of dlet,
sExpressed ås f of dry mètter of dlscstà.
6A11 values are ¡ïeôn i S,O.x for 5 plgs except ôs lnd{cated by superscr{pts g and IO,
TExp"essed as f of btal proteln of dlgesta.
SAmlno nltrogen determlned by formol t{trôtlon ònd expressod ðs I of soluble proteln uslng glycl¡e ðs ô reference.
o
'llean r S.0., for 4 plgs.

lol4uun , S.0., for 3 plgs..
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protein x % soluble prote'in x % amino protein) was signífícantly (P----0.05)

higher in digesta of pigs fed the soybean protein diets. Total protein

content tended to decrease from the mid jejunum to the ileum for all

groups aithough the decrease was more pronounced for pigs fed both

regular and air-classified B. campestrìs rapeseed meals and the regular

B. napus meal. Soluble prote'in and amino nitrogen in the ileum

followed a similar pattern to that 'in the mid jejunum.

There was no consistent pattern in the total protein content

among feces and digesta from the ileum and caecum. For example, total

protein content tended to increase from the ileum to the feces for p'igs

fed both the regu'lar and aìr-classified B. campestris meals and the

reguìar B. napus meal whereas it tended to decrease wjth the soybean

isolate diet. 0n the other hand there was a significant (p.<0.05)

decrease'in the percentage of soluble prote'in between the ileum and

feces with all dietary groups. Nevertheless the proportion of soluble

protein tended to be hìgher in feces of pigs fed the soybean diets than

those fed the RSft{ diets. This observation corresponded to the fact

that the proportion of soluble protein tended to be h'igher ín the

digesta from the small intesiine and caecum of pigs fed the soybean

di ets.

None of the parameters such as total proteìn, soluble protein

and amino nitrogen appear to expìain the differences in dìgestibìlity

among the dietary groups. However, the proportion of solubìe protein

in the digesta from the small intestine and caecum was generaìly'lower

for pigs fed the regular and air-classified rapeseed meals. The low

solubility of the RSM in the gut could limit the amount of amino acids

readiìy available to intestinal microflora thereby decreasing the extent

of fermentation in the caecum and the large intestine. This is'in
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agreement with a prevìous observatjon (Tables 30 and 31) that there was

no difference in prote'in digestibìlìty between soybean and rapeseed meal

d'iets on the basis of digesta taken from the ileum whereas the digest-

ibility of RSMs was significantly (P<0.05) lower on the basis of fecal

anaìys i s .

4.3.3 Amino acid compos'it'ion of the diets and digesta of pigs fed low

and high fiþer rapeseed meals.

The amino ac'id compositìon of the soybean and rapeseed diets

is g'iven in Table 34. There were only sf ight d'ifferences in amino ac'id

composition between soybean meal and soybean isolate. Similarly there

were only minor differences'in am'ino acid composition among the various

rapeseed meals and removing the hu1'l fraction had little effect on amino

acid content. Composit'ion of rapeseed meal, however, differed from that

of soybean meal for several amino acids. The content of arginine,

aspartic acid, serine,'isoleucìne, leucine, phenylalanine and tyrosine

was lower for RSM than for soybean protein. By contrast RSM was h'igher

i n prol'ine, g'lyci ne and methi oni ne .

In general , levels of the ind'iv'idual amino acids in the re$ular

rapeseed meals and the low-hull fractions of these meals all agreed within a

range of I0%, 'which is the usual tolerance.accepted i'n, our.,laboratory for the

amino acid composition of ,duplicate,hydr"olysates,,on,,the:same sampìe. Recovery of

nitrogen as ninhydrin-positive materjal during the chromatography of

amino acids was 5 to L0% lower for B. campestris and B. napus rapeseed

meals than for soybean proteìn. Nitrogen recovery in the case of the

Bronowski meal did not differ appreciabìy from that of soybean meal.

These results suggest the presence of a non-amino nitrogen fraction in

B. campestrìs and B. napus rapeseed meals which could explain the lower

recovery of nitrogen also found in the digesta and feces of p'igs fed



Table 31. funino ac'id composjtjon (g¡n/16 grn I'i) of prote'in sourccs used in Experinrcnt III.

A¡ni no Aci ds

Lys i ne
li istidine
Arginine
Aspariic Acid

Threoni ne
Seri ne
6l utamic Acld
Proline

Gìyci ne
Aìanine
Cys i,i ne
Vaìine

Methionine
I sol euci ne
Leucine
Tyros i ne
Phenyìalanine

f Protein in 0ìets

i N'i trogen Recovery4

Meal I
Soybean

5.45
2.14
6. 58

11.70

3.98
5.3i

19.60
5.2r

4,27
4.27
1.04
4,37

1 C^

4. ¿5
7 .9I
3.25
4.87

16.62

92.5

I sol ateZ

5. B4
2. 38
7 .96

13. 31

4.04
5. 55

21.91
5. ¿U

4. 39
4:26
0. 69
4.72

1. 30
4.79
9,37
2 ô1

5.65

15. 50

97.0

144i Protein
2Alpnu Protein, Nutritional Biochemicaìs Co., Cleveland, 0hlo.
35eed hull removed by aìr-cìassification (Bower Bros., N.Y. )

4l Ru.ouu.y ' {N ln Ninhydrfn.- positive Compounds (including NHr) x 100

Mea l

B. campestris

5. 09
2.34
5.15
6. 49

3. 87
3. 96

15.91
6.r4

4,75
4.24
0. B3
4.07

1.90
2.89
6,62
L.1L
3,7 4

16.37

80.5

Lorv F iber3

Protein Source

5.05
2,25
c r?
6. 90

4.24
4.2r

18. 13
6. 6i

4.93
ô. ?2

0. 53
4 .44

2.76
J. I.f
7 .02
.¿.ô¿
1 11

io. ss

83.6

l'1e a I

Rapes eed

5.32
2,35
5. 80
6,42

4. 16
4.t7

19. 38
6. s5

E 10

4. i3
1. 14
4. 08

1. s6
J.¿L
6q¿
2.65
3.72

15.40

84.4

B. napus

Tota'l N Appìiect to Column

Low Fibe13

5.17
2,53
5. iB
6. 54

4. 05
4.26

18.71
6.15

4,82
4.38
1 2a

4.51

1. 65
J,3t
7.03
2.56
3.90

16. 30

' 86.6

B . napus cv. Bronor.rs ki

Mea'l

5. 03
2,76
6.i2
6.95

4. 36
4. 54

18.31
6.47

5. 15
4.63
r.20
4.94

2, 00
3. 93

. 7.bB
2.47
3.99

17.64

90. 7

Low Fiber3

5,62
2.7 4
6. 38
7. 10

4.40
4.62

. 20.33
6.68

5.24
4.7 6

1. 45
4. 90

1. B0
3,67
7 ,64
2.7 9'
4.24

16. 85

94.1

,

l\)\,:



LzB

these meals (Tables 20 and 35).

In general, the amino acid composjtion of the dietary proteÍns

was reflected in the amino acìd patterns of the d'igesta and feces (Table

35). Except for histidine, arginine and glutamic ac'id, amjno acid

composition of the feces bore a closer relationsh'ip with that of the

diet than did amino ac'id composition of digesta from the'ileum and mid

jejunum. For example, the higher content of aspartic acid in soybean

protein was reflected by a significantly (P<0.0i) h'igher content of

this amino acid in the feces of p'igs fed either the meal or isolate

compared to that of pigs fed rapeseed prote'in. Similarly, the higher

content of proline in rapeseed meal coincided r^rith a significantly

(P<0.01) hìgher level of this am'ino acid in the feces of pigs fed thìs

prote'in .

A'lthough the amìno acid pattern of digesta in the mid jejunum

did not vary appreciabìy from that of the diets there was a considerable

increase in the proportion of pro'l'ine and glyc'ine and a decrease in the

proportion of arginine, methionine, iso'leucine, Ieucine, tyrosine and

pheny'lal ani ne for al I protei n sources. The amì no aci d compos'i ti on of

digesta in the ileum of pigs fed the d'ifferent d'ietary prote'in sources

was close'ly related to that in the mid jejunum. Several changes

occurred in the amino acid pattern of digesta between the ileum and

rectum. There was a marked reduction in proì'ine and glycine whjch

corresponded to the results of the Experjment II. There was also a

signìficant (P<0.05) decrease in the proportion of glutamic ac'id with

soybean meal, soybean isolate and Bronowski meal but not with the

B. campestris meal . 0n the other hand, the proport'ion of alan'ine,

methionine and isoleucine ìn the feces was h'igher (P<0,05 to P<0.;.01)



Y¡blc 35. Ánlro âcld coñpoíltlon of the dlctr dlgest! ônd fccec of plgs led regulàr ônd lor-flbor rapeseed æals. soybean mal ðnd 3oybc¡n ,tsolâte.

Dlet¡ry
Rc A'lren

Soybcàn - Leâl Dlet 5.6- 2.2
ilid JeJunun 5.4r 2.0llcu¡ Áa r o
Feccs 6'., i: ã

- lsolåtê 0!et 5.7 2,3
fiid JeJuñun 4,5. l.B' fìeu¡ 5.5e 2,0Fcces 5.8 1.7

g. cånpestrls olet 6.0 2.8- t'leal fild Jejunun 5.6.. l.B
I ìcum 6. l{ 2.0Feces 6.3 1.3.

- Loi FlbÊr olet 5.7 2,6
Hid leJlnun 6, l, l. l
I ìecm 6.8' 1.7. Fcces 6.8 1.4

8. nàpus- l¡€aì olet 5.3 2.9
cv, l.lld JeJunun 5.8 2.0Ercndekl lìcun 6.6 2.1Feces t. I l. 7r

- Lor Flber Dict 5.7 2.8
Hid JeJunum 5.S 1.9Ilcu¡ 6.4 1.5' Feces 6.4 1.7

Source of
0l ges tâ

Lys 8fs Árg

6.0 12.0 4. ¡5.I tz,t I,I
5.0 t2.8 â,,6
3.8* ll.l àb 5.4r

lÄnlno ¡cld pÊrce¡tùge v¿lues werc corrected to 95f rccovery of ànlno âcldÍ ¡s reconncnded by Knfpfel g! ¡.|., rgil.

^5p

2Recovery.of.nltrogen 
was caìcuìa'-ed by s!m¡LloÍ! of nÍtrogcr loqtò1ned 1n thc ¡lnhydrfn-toslilve oôterlal¿pÊlled to ¿hè cDì!în durjng lon exchin3e chÉoeatcg¡¡p¡y ói èntno !cfds.

7.8 I3.0 4.0 5,4 21.5 5,t î,,3 4,2
1.1 l1.o 4.1 6.1 l8.s tz:t 10:õ 3,71,1 lB. I s.z L i zz.2 B: s -t:o 

3.44.1 12.6¡ r 5.4 6.6r r4.9i 4.s* À 5:i. 5.t,

3t¡ch volue for dlgestð from the mld JeJunun, lleuir ànd feces represents the nean (r s.0.r) of 5 observations except ðs lndfcÀted by superscrlpt 4,4taan (r S.0.*) for 4 observatfons.

'Any valuc frcn the feces Hlth one ôsterlsk ls slsnlflcantìy (P<0,05) dlfferent from thÀt of the lìeum for a qlven prctcln source,

"Añy Yòluê fron the feces w'lth two ôsterlsks ls slgnfflcôntly (P<o.oli dfffereñ! fron thôt of the ileuB for À gfvcn protcln squrce.â'b'cv¿1,"i frcn the feces for â pòrtlculòr ànlno âcfd ònd whlch ôre not followed by the sMe ìettcr dlffc. glgnlflcântly (p<0.01).

6.1
4.0
3.9
4.2

6.3
3.9
3.4

5,5
5.2
4,9
4,9

l.l 1.6 4.7 20.0 7,2 5.6 5.0
9.S s.l s.3 ìs.3 lo.9 tz.B Ã.i
9.9 6.3 5,6 l2.B t3.3 s.? 4:5
9.7 c s.6â s.0 lZ.B 6.7r r 5.e. 6:à.

Glu

Ânlno i\clds (qnl16 Sn il)l

20. I 5,3 4,¿1 4.4lB,0 l0,l 8.6 ¿r.6
22.r 15.7 9,1 ' 4, I¡1.7* 4.6r fl 6,2. 7.8.

1.9 4.8 4.8 20.6 7.5 5.6 4.s
!.q s. I 5.0 t6. o I l. I 13: I 4'.6g.l q,3 s.4 rr.4 16.2 8:¡ 4:i9,8 c 5,7 5. I tZ.8 7.1r b 6,C. 6,4,

6.4 7.3 4,6 4.8 ts,z 6.8
1.? 8.8 5.? s.4 t7. o 9. e4.2 t0. t 6,9 6.0 t1.o 9: s4.1 9,4 c 5.3r 4.9. tl' 6¡ 6,4 rJ

Pro Glv

q.l 7.2 4.4 4.7 20.5 6.7 5.3 1.0l.q 7.8 . 4.3 4.4. i5.6 r2,7 ,i:ó ¿.9
i,l s.0 s.6 5.0 15.3 is.s -õ.i i.l4.2 l0.l bc 5.6 5.1 13.1. 6.¿- b é:õ- 6.s.

¡\'la

t.l 1.5 1.6
1.7 4.2 1.1
r.3 3.3 0.8
0. 8 5. 9* 2,9..

0,7 4.6 , l. 3
0,l 3.1 0.7
0.2 3. t 0,8
0.5 4,8r 2.5ri

l.o 4.8. 2.2
0.7 4,9 l.l
0.6 5.2 1.3
0.4 5.6 2,7'.

0.6 5.0 2.5
0.8 1.rJ 1.0
0.3 ¿.9 t. I
0.3 5.9* 2,9.ù

2.r .' s.2 i,t2.t 5.2 t,21.3 5,5 t.t,0.3 5,6 ?,2*a

Val Hct

5.4 4. g

10,6 4,7
7.4 5,0
s.6 6.¡r

4.4 8.1
3.6 6.2
2.5 5.1
4.8r 8. 7*

4.7 9.2
2.8 4,6
2.9 4.6
4,3r 7. lr

(lrcludlng amronla) rcìoilve.to thc tot¿ì if

3.3 5.0 92.5
¿.8 3.8 87.7t3,?'
2.2 3.0 71.5!2,4
3.9' 1.91 71.1.3.3

3.8 5.5 97.0
2,0 2.9 92.8:4.5,
2.1 3.0 78.9:3.5-
3.2t 1.5' 78.5!?.7

?,g 4.4 80.5
2.3 3,? 75.8:4. l.
2,7 3.6 68.4:3.9"
3.5' 1,6. 65.7i¡.8

3,0 4.3 83.6
2.4 2.8 75,5!3.0.
?.6 3.0 67.8:2.3e
3.6' 4.5. 68.7:4.1

?.6 4.2 90.7
2.3 3,4 85,5r2.9
2,8 3.9 69. t:3.i
3.2 4,2 7C,3:2,9

2.8 4.3 91. I2.2 3.0 e2.5!3.3
2,2 3.2 69. 114. ?
3,7' 1.5r 71.7:4.6

3. 4 7.8
3.2 6.3
3.6 6. I
4.1r 7.7.

1.5
2,t
t,?
0.5

t l{ltrcgen Peco"ery?
r s.0.

I

3.6 8.0

3.2 5.6
5.3r B.lf

4, I 8.0
3.4 6.5
3.8 7.3
4.74 7.9.

3.7 7,7
3.r 6.1
3.3 6.0
4.7. B.0r

5,0 1 .8
4. 5 t,2
4.5 1.2
6.0. ?,3.r

Prctrln (:)
r 5,0.r

16.6 .
25 .i:1.7r
21 .0:1. 5
?D.A:2.6

?3.5:3.0.
25.0r0.9r
16.4:1.5r

lB. 2:3. l.
12.8: t.2'

!6.5
19, 1:1.3
I 1.6r2. 54
16.9:C, 5

17. 6
23.C.î.1
19.6:1.1
20.0:1.3

16.9

l? .a22.2
16,4!2.2

l\)
\o
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than in dìgesta from the ileum and mid jejunum with al'l dìetary treat-

ments. Simi'lari'y, there was arl overal ì si gni fj cant (P<0.05) i ncrease

in the proportion of ìeuc'ine, tyrosine and phenylalanine, except with

the regular Bronowski meal. However, there were no marked changes

between the ileum and feces in the proportion of ìysine, histidine,

arginine, aspartìc acid, threonine and serine for pigs ìrrespective

of diets.

Removal of the hull fraction from rapeseed meal had no

apparent effect on the amino acid pattern of digesta and feces.

Simìlar'ly there were no differences in the amino acid patterns of

digesta and feces of pigs fed soybean meal or soybean isolate. Further-

more the presence of the hull fract'ion in RSM d'id not affect the amino

acid pattern of digesta during transit through the large intestine.

Except for profine and glycine, dilution of digesta by

endogenous proteins was insufficient to mask the amino acid compos'ition

of the diets. This was part'icu'lar'ly obvious for aspartjc acid where

the higher content of this amino acid in the d'igesta of p'igs fed

soybean protein reflected the higher proportion od this amino acjd in

the diet. However dilution by endogenous prote'in was difficult to

ascertain because of the relative sìmilanity in the amino acid pattern

of soybean and rapeseed protein. Nevertheless, these results are

consistent with those of Experiment iI where endogenous protein djd

not mask the amino acid composition of the diet. Furthermore Cho and

Bayley (1972) reported a two-fold 'increase in the concentration of

nitrogen in the duodenum which like the present results contradict the

proposaì by Nasset and co-workers (1955, 1957, 1961, 1963) that

extensive dilution of dietary proteins occurs in the small intestine.
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The close relationship between dietary amino acíds and amjno acid

pattern of feces in the present experiment suggests that reabsorption

of endogenous protein js nearly compìete by the time digesta reaches

the large intestine or that differential degradation of proline occurred

in the large intestine. The poss'ibi'lity of microb'ial modjfication of

the unabsorbed proteìn residues as the digesta passeci through the large
'intestine appears a more plausìble explanation to the differences in

am'ino acid pattern of feces and digesta from the ileum. In fact, the

amino acìd composition of feces was very similar except for aspart.ic

acid and proline with soybean and rapeseed protein. The signìficant
(P<0.05 to P<0.01) differences observed 'in the proportions of

glutamic acid, proline, glycine, alanine, methion'ine and isoleucíne

between feces and digesta from the ìleum coincide with the observat'ions

reported by Cho and Bayìey (1972). However,results herein,reported differ from

those of these,researchers,:'in that there was a signifr'cantìy (p< 9.05) higher

level (gm/16 gm N) of leucine, tyrosine and phenylalanine with most

dietary treatments and no marked reduction in lysine for either prote'in

source between the ileum and feces.

4.3.4 Amino acid digestibility of soybean and rapeseed proteins based

on .feges and _digesta from the mid jejun-um and ileum.

In generaì apparent and true digestibilities of the 'individual

amino acids were higher for soybean meal and soybean isolate than for

the rapeseed samp'les (Tables 36 and 37). lnlith the exception of histidine

and methi oni ne, overal 'l d'igesti bi I i ti es of the j ndi vi dual ami no ac j ds

were highest for soybean'isolate and lowest for B. campestris meal.

0n the other hand, except for argínìne, aspartic acid, serine, prolìne

and isoleucine, apparent and true digestibilities of amino acids in the



Table 36. Apparent d'igestibì'lity (%) of the jndividual amino acids of reguìar and'low-fiber rapeseed meals, soybean meal and soybean isolate.

Amino Acids

Lys i ne
Histidine
Argi ni ne
Aspartìc Acid

Threoni ne'
Se ri ne
G'l utami c Aci d
Prol ine

Glycine
Al ani ne
Va1 i ne
l'leth i oni ne

I so l euci ne
Leuci ne
Tyros i ne
Phenyì al an i ne

Protei n

Meal

Soybean

zg. z1¡2rre3
88.2 a ABC
90.5 a A

84.8 a CD

77.9 a FG

85.0 a BCD

88.7 a AB

85.8 a BCD

77.7 a G

70.4 bcti
78.2 b FG

69.6 a H

81.6 a DEFG

82.2 b DEF
80.4 b EFG
83.8 abCDE

83.4 ab

I sol ate

83.4 a CDE

87.8 a ABC
91.5 a A
84.0 a BCDE

78,2 a F

79.9 b EF
88.6 a AB

85.4 a BC

80.5 a DEF
77.5 a F
83.6 a CDE

68.0 a G

84.8 a BCD

87.2 a ABC
86.5 a BC

86.3 a BC

83,5 a

lEach value represents the mean of 5 observations based on fecal santpìes.

2t/ulr., in the same row followed by the same small letter did not differ sÍç¡nifìcantly (P<0.05).

3Vulr., in the same co'lumn followed by the same capìtal letter dÍd not differ sìgnificantly (P<0.05).

Meal

B. campestris

Protein Source

72.0 e CDE

87.1 a A
81.6 c B

66.1 c G

67.4 b FG

71.2 c CDEF
82.9 c B

75.1 c C

72.3 b CD

66.5 c G

68.7 c DEFG

68.7 a DEFG

65.7 c G

73.6 c C

67.6 e EFG

72.3 d CD

73.2 e

Low Fiber

75.8 cd BCD

BB.5 a A
86.2 b A
74.7 b CDE

75.8 a BCD

78.3 b BCD

87.4 ab A
80.0 b B

78.0 a BCD

73.6 ab DE

76.2 b BCD

76.3 a BCD

70.3 c E

79.3 b BC

75.6 cd BCD

79.I c BC

79.6 cd

Rapeseed

Mea l

B. napus cv. Bronowski

72.8 de CDE

87.8 a A
86.2 b A
70.9 b E

74,8 a BCDE

77.3 b BCD
86.4 b A

79.1 b B

77.3 a BCD

7?.3 b DE

75.5 bc BCDE

76.8 a BCD

75,2 b BCDE

78.4 b B

72.7 d CDE

77,9 c BC

77.9 d

Low Fiber

78.7 bc BCDE

88.9 a A
87.8 b A

73.1 b G

76.1 a EFG

79.0 b BCDE

87.8 ab A
81.3 b B

78.6 a BCDE

74.4 ab FG

76,9 b DEF
76.1 a EFG

75.6 b EFG
80.2 b BCD

77.4 bc CDEF
80.3 bc BC

80.9 bc

(^J
t\)
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Table 37' True digestibiìity (%) of i,he indjvidual anrino acÍds of reguìar rnd lorv-fiber rapcseed nreals, soybean meal and soybean jsolate.

funino Acids

Lys i ne
Histidine
Argi n i ne
Aspartic acld

Threoni ne
Seni ne
Gl utami c Ac'ld
Proline

Gì yci ne
Al ani ne
Vaì ine
Methionìne

I sol euci ne
Leuci ne
Tyros ì ne
Phenyl aì anl ne

P rotei n

Mea l

Soybean

eg. t1u2or13
93.9 a AB
94.8 a A

90.7 a CDE

87.7 abEFG
91.4 a BCD

92.8 a ABC
90.2 a CDEF

84.2 b GH

81.1 bcH
86.8 b FG

81.0 a H

89.0 a DEF
88.4 b DEF
87.1 b tFG
89.2 abCDEF

90.2 ab

I sol ate

92.1 a ABCDE
93.6 a AB
95.5 a A
89.1 a DEF

88.8 a EF
87.1 b F

92.6 a ABCDE
90.3 a BCDE

89.1 a DEF
89.6 a CDEF
92.2 a ABCDE
83.1 a G

92.2 a BCD

93.1 a AßC
92.8 a ABCD
91.8 a ABCDT

90.8 a

lEach value represents the mean of s observations based on fecaì samples.
ZVuìuoin the same row followed by the same small ìetter did not differ signiflcant'ly (p<0.05).
3vulr., fn the same co]umn followed by the same capital letter dld not differ significantly (p(0.05).

Meal

B. campestris

Protein Source

79.9 d CD

91.7 a A
86.4 c B

75.6 c EF

76.3 d DEF
79.2 c CDE

87.1 c B

78.4 c CDEF

78.6 c CDEF
76.0 c DEF

76.8 d DEF
76.8 a DEF

75.2 d t
80.1 d c
75.5 e EF
78.5 d CDEF

80.0 e

Low Fiber

84.0 c B

93.5 a A

90.8 b A

83.8 b BC

84.1 c B

86.1 b B

9i.3 abA
83.1 b C

84.1 b B

83.2 b B

83.8 bcB
83.7 a B

79.2 c C

85.7 bcB
83.1 cdC
85.4 bcB

86.4 cd

Rapeseed

Meal

B. napus cv. Bronowskì

80.0 d D

9i.9 a A
90.5 b A
80.1 b cD

83.0 c BC

84.5 b B

90.4 b A
82.4 b BCD

83.4 b BC

81.4 bcBCD
82.5 c BCD

_84.9 a B

82.6 bcBCD
84.3 c BC

80.8 d BCD

83.9 c BCD

84.3 d

Low Fiber

86.8 bc B

93.4 a A
92,? b A
82.9 b C

85.0 bc BC

86.8 b B

91.7 ab A
84.7 b BC

85.1 b BC

84.0 b BC

84.5 bc BC

85.9 a BC

84.1 b BC

86.9 bc B

85.2 bc BC

86.5 bc B

87.5 bc

FJ
û)(,
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low-fiber Bronowski meal did not differ sìgnifìcantìy (p<0.05) from

those found for soybean meal. Apparent digestibi'lity of methionine

tended to be lower for the soybean samples than for the rapeseed samp'les

but true digestibility of methìonine did not differ between these two

protei n sources .

Fiber tended to depress protein and amino acid digestib'ilities.
In fact fiber had a significant effect on the digestibility of all amino

acids except h'istidine, serine, and methìonine. The hìgher overall

digestib'il'itìes of amino acids for the low-fiber diets was primarìly due

to the appreciab'ly higher dìgestib'ilit'ies of amino ac'ids with the low-

fiber B. campestrís meal than with the regular B. campestrís meal.

Fiber had only a slight effect on the digest'ibilities of amino acids of

soybean and Bronowski rapeseed aìthough there was a small but sign'ificant

(P<0.05) difference in protein digestibi'lity between the regular and

low-fiber Bronowski sampies. 0f interest, howeverr was the s'ignificantly

(P--0.05) higher digestibility of lysine and tyrosine with the low-fiber

Bronowski meal. Apparent and true digestìbiìity of l0 of the l6 amino

acids followed a simiìar pattern for both soybean meal and soybean

isolate. The digestibilities of ìysine, aìanine, val'ine, leucìne, and

tyrosine were significantìy higher (p<0.05) for soybean'isolate than

soybean meal while serine was the only amino acid for which digestibil'ity
was sìgnificantly (P<0.05) h'igher for the meal than the isolate.

Although fiber had a marked effect on the overall digest'ib'ilities

of the individual amìno acids, jt had no apparent effect on the relative

digestibìlities with'in the various protein sources (ra¡les 36 and 37).

Nevertheless there were some interesting observations with respect to

the relatjve digestibilities of individual amino acids within prote'in
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sources. The apparent and true dÌgestibilit'ies of histidine, arginìne,

and glutamic acid were consistently higher than those of the other

amino acids for both soybean and rapeseed proteins. In additjon, the

dìgestibilìty of methion'ine, threon'ine, glycine and alanine tended to

be lower than that of the other amino acids for soybea.n meal and soybean

isolate but the same pattern did not prevail for the rapeseed samples.

In fact, except for the higher digestibility of histidine, argìnine, and

gìutamìc acid there was no consistent pattern in the relative digestib'ility

of individual amino acids with the various RSM samples.

Apparent and true di gest'ib'i I'i t'ies of ami no aci ds based on fecal

ana'lyses are compared w'i th the di ges t'i bi I i ty coeff i c'ients based on

d'igesta from the m'id jejunum and ileum'in Tables 38 and 39. Statistical

analys'is indicated that the digest'ibility coefficients for histidine,

glycine, threon'ine and serine were significantly (p<0.05) h'igher on the

bas'is of fecal analysis than digestibilitìes based on digesta from the

ileum for all protein sources. Similarly there was a marked (P<0.05)

improvement 'in di gestib'iì ity between the j leum and feces for arginine,

aspartic acid and glutamic acid with the soybean proteins and the

Bronowski rapeseed samples but not with the B. campestris samples. 0n

the other hand, d'igestibiìity of lysine was significantly (p<0.05)

higher in the feces than the ileum only for the soybean proteins and

the low-fiber Bronowski meal. There were no d'ifferences between the

ileum and feces in the digestibilities of tyrosine and isoleucine.

Similarìy, except for the low-fiber Bronowsk'i rapeseed meai, there were

no significant (P<0.05) improvements in digestibilitjes for a'lanine,

valine and leucine between the 'ileum and feces. By contrast, the

apparent d'igestib'i1ity of methionine was significant'ly (P<0.05) lower



Table 38. Apparent dlgestlbtlityl (X) ot the lndivldual amlno aclds of regular and low-flbr¡r rapeseetl nreaìs, soybean meal and soybean lsotate at various

Dl etary
Regl rcn

sltes aìong the fntestlnal tract of grow,lng plgs.

Soybean - l,feaì

- Isolate

8. campestris
- Heaì

- Lor Flber

B. napus- l.'leal
cY.
B rononsk{

- Low Flber

Source of
Dl ges tÀ Lys Hi s

llid JeJunum
Ileum
Feces

Hid jeJunum 60.8-
I I eum 66. 5r
Feces 83. 4*

Mid jejunum 55.9^
I leum 67.8J
Feces 72.0

Hid JeJunum 52.5,
I leum 67,5"
Feces 75, I
Mid JeJunum 42.4
I ìeum 63,3
Feces 72,8

Hid jeJunum 52.4
I I eum 62,?
Feces 78,7*

.53.82
64.2
79,7*

55.7 64.0 52,?
72.9 82.6 68.8
88,2* 90. 5* 84. B*

62.2 73.7 48.5
71.4 81.5 53.0
87.8* 91.5* 84.0*

71.I 69.1 46'.0
77.4 79.9 b 63.s
87.1* Bl.6 66.i

71.3 72.0 49,9
81.4 85.0b 70.1
BB.5* 86.? 74,7

62,7 63.9 34.0
79.0 81.4 60.6
87. B* 86.2* 70.9*

66.7 6s.2 44.3
78, I 78.0 s7.B
BB.9* 87.8* 73. 1*

lAìì apparent dlgestlbllity coefffcients of amino acids are corrected to 951 recovery of amino aclds (Knlpfel et.al., 1971).
zEach dlgestlbillty value represents the mean (t s.D.*) of 5 observatlons except as ihdicated by superscript 3.
3Hean 1t S.D,*) of 4 observatlons.

*Digestlblllty values from the feces wlth an asterisk are slgnlficantly (P<0.05) dlfferent from those of the i'leum.
a'b'cAny digestlblìity.values of the digesta from the.lleum bearing the sane ìetter for a given proteln source (soybean proteln, B. campestrls ûnd B. napus

cv. Bronowskl) and a glven amino.acld are signiflcantìy (p<0:05) dlfferent.

Arg Asp Thr

51.9 55.3 s7.5
66,8 73,4 a 67.9
77 ,9* 85.0* 88.7*

49. 5 46.6 57.8
55.4 50.1a 64.2
78.2* 79.9* 88.6*

47,8 47,5 64.3
57.2b 62.3b 79.8
67.4* 7!,2* 82,9

52.7 53.2 65.4
63.9b 70.0b 81.9
75.8* 78.3* 87,4

37,0 37,4 51.5
56.5 64.1 76.8
74.8* 77.3* 86.4*

52.4 53.0 62.4
58.3 64.3 74,9
76,1* 79.0* 87.8*

Ser Gìu

Amino Acids

Pro

8.7 6.1 50.4
21.0 a 38.9 72.6
85.8* 77,7* 70.4

-18.8 -13.0 57.5
42,0 a 42.4 72,4
85.4* 80.5* 77 .5

31.7 17.7 s7.s
42.2 48.1 72.1
75,1* 72,3* 66,5

34.5 - 8.4 58.4
42.4 58.6 77.0
80.0* 78.0* 73.6

t9.2 -7.0 46.7
59.9 c 59.9 70,4
79.7* 77.3* 72.3

Glv Ala Val

55. 7 68. 4
78,6 84.2
78,? 69.6*

67,6 69.4
80.0 78.8
83.6 68.0*

s3.7 77.9
66.1 b 82.3
68.7 68.7*

59.1 82.3
73.2 I 87.B
76.2 76,3*

44.3 70.8
69.7 81.0
75.5* 76.8

t4et

16.0 8.8
35.6 c 39.4
81.3* 78.6r

Ile

61.2 63.9 60.0
83.5 81.7 80.6
81.6 82.? 80.4

71.0 75.6 74.8
79.3 83.0 81. I
84. 8 87 .2 86. 5

56.5 63.3 62.7
66.9b 75.4b 70.4
65,7 73.6 67.6

61.4 67.8 63.8
75.1b 80.7b 76.0
70.3 79 .3 7s. 6

54. B s3,2 50.4
73.7 74.1 68.8
7s.2 78.1 72.7

Leu

49.0
66. 5
7 4.4*

Iyr Phe

55.0
68. 9
76,9*

Protei n
ois. (z)
1 S.D.x

64.2
82. B

83. I
74.7
8l ,7
86. 3

66.2
77.1
7 2.3*

70.6
80. 6

.79,1

56. I
73.3
77.9*

65. 6
74.9
80. 3*

66. 5
78,2
76.1

'52.3t 
5.82

70.8! 4.7
83.4r 1.8i

51.81 8.32
66,1! 7.9"
83. 5: i. 7*

' 53.8r 7.0?
. 68.9t 1.6"

73.2:2.4

55.5:5.5,
72,5t 3.2'
79.6! 2.3

45.2tll.L
72.3! 5.1
77.9! 3.9

: 5I.21 6.5
66.1r 8.3
80.9t 1.5È

58.5
70 .4
75.6

60.2
7 4.0
80, 2*

60. 7
73. B
77.4

(,
('r



Table 39. True digestlbllltyl (r) åt t¡. ln¿iut¿ual amlno aclds of regular and low-flber raper,eed neals, soybean meal and soybean iso.late ðt various sltes
atong the lntestJnal tract of growlng plgs.

Di e tary
Re gi ren

Soybean - lleal

- lsolate

B. carpestri s

- Heal

- Low Flber

B. napus- lleal
cv.
B ronows kj

- Low Flber

Source of
Di ges ta

Hid Jejunum
Ileum
Feces

Mid Jejunum
Ileum
Feces

Hid jeJunum
Ileum
Fe ces

Àlì d jeJunum
lleum
Feces

Mld JeJunum
Iìeum
Fe ces

Hid Jejunum
Ileum
Feces

Lys

6s.02 65.6
68. B 81,388.1 93.9

70.7 " 72,t7t,7r 78.492,1 93,6

His

lAll t"u. dlgestlblllty coefficlents of amlno acids are corrected to 95f recovery of amlno acirls (Knlpfel et al., 1971).
ztach dlgestlblllty value represents the mean (t S.0.") of 5 observations except às lndlcated hy superscript 3.
2
"Ilean (t S.D.r) of 4 observatlons.

Arg

64. B- 79.0
72.83 83.2
79.9 91.7

I

7s. 9
BB. O

94. B

82.9
86. 5
9s.5

82.6
86. 3
86. 4

84. B

90. 8
90. I
76. 0
86. 7

90,5

77.4
83. 5
92.2

Asp

61.8a 79.8
72.3" 87.4
84.0 93.5

51.6 69.4
68.2 84.0
81. 1 91.9

61.6 74.4
66.9 83.6
86.8 93.4

60. I
74.4
90. 7

57. 0
58. 4
89. I

59.7
72.6
75,6

63. 1

78.5
83. B

47 .4
69.1
80.1

60. 5
66. 9
82.9

Thr

69.0
79.9
87.7

68.5
69.8
88. B

65. 6
69.2
76.3

67. 3
74,9
84. I

51.5
67.4
83. 0

68.0
70.t
85. 0

Ser

69,?
82.t
91. 4

61. I
59. 5
87. 1

64. 3
73.0
79.2

69. 3
79.9
86. I

52.5
73.5
84. 5

69. 4
7 4.3
86. B

Anino Acids

Gìu

63.7 107.0
7Z.L 68.0
92,8 90.2

63.9 Bs.g
68. 3 102. 9
92.6 90.3

70.6 10s.4
84.2 83.B
87. I 78.4

7i.4 104.7
85. 9 81 .0
91.3 83.1

57.3 91.6
80. B 100.1
90.4 82.4

68.3 84.3
78,9 60;9
91.7 84.7

Pro Glv

82,2
78.3
84.2

70.2
85.2
89. I

56. I
79,9
78.6

56.0
89. 3
84. I

55.3
89. 9
83 .4

59. 4
71.4
85. I

Ala

67 ,9
81. 5
81.1

77,3
82.4
89. 6

73. 1

80.3
76.0

74,2
84.9
83. 2

61.4
77.B
81, 4

64.8
7 4.4
84 .0

Val

69 .8
86,2
86. B

82. 3
84.7
92.2

67 ,I
aa E

ac o

71 .7
79. 9
83. I
55.2
75.8
82. 5

68.3
75.6
84.5

I'le t

76. I
88. 5
81. 0

80. 6
84. 4
83.1

83. 9
85. 5
76. I
B7 .7
90. 5
83.7

77 .0
84. 0
84. 9

73.7
Bl.8
85. 9

Ile

68. 0
88.2
89. 0

77.8
83. 9
92.2

65.4
11 n

7s.2

67.6
80. I
79.2

61. 5

78.3
82.6

Leu

72.4
86. B

88.4

83.7
87 t7
93. 1

72.3
80. 9
80.1

76.5
85. B

85. 7

63.5
78. B
84.3

69. 0
79.2
86.7

Tyr

69. 6
<io,¿
87. I

83.7
86. I
92.8

74,2
77 .1
75.5

7 4.6
82. 0
83.1

6t.7
75.1
80. I

Phe

71.0
87.1
89.2

81,4
85.9
91. 8

75.0
82.2
78.5

78.6
85. 7

85. 4

63. B

78.1
83. 9

73.5
79. I
86. 5

Protein
I S.D.x

2
72.6!5.8'
81.0r4. 7
90. 2-:1 . 8

7? Ã¡O 1

76 . 5:7. 9J
90.8r1.7

74.3!7.0"
79.3:1.6'
8Q .A:2 .4

75 .7 15.6,
82 .7 13.2"
6ß.4!2.3

64.2i11.1
80.9:5.5
84.3:3.9

71.2!6.5
76.2!8.3
87. 511 . 5

66.4
75.8
84. I

71.9
80. 1

8s. 2

(^)
\J
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ín the feces than in the ileum with the soybean protein and the B. camp-

estris meals (Tab'le 38), llowever, true digestibi f ity of methion jne

(Tab1e 39) did not d'iffer apprecìabiy between the ileum and feces.

Di gestì b'i ì i ty coeff i ci ents based on di gesta f rom the 'i I eum

did not differ apprec'iab1y among protein sources for many of the amino

acids. These observat'ions are in contrast to the data based on fecal

analyses where dìgestibilities of most amino acids were significantly

(P<0.05) higher for soybean protein than for rapeseed protein (Table

35). However, as in the case of fecal ana'ìyses, digestibilìty

coefficients based on digesta from the ileum were significantly (P<0.05)

hi gher for i sol euci ne, tyros'ine and pheny'l al ani ne wi th soybean than

with rapeseed meal. Nevertheless, overalì d'igestibilitìes of the

amino acids in the ileum were not consistentìy h'igh for soybean isolate

and low for the regular B. campestris as was the case w'ith feces.

Furthermore apparent and true digestibilities of histidine, argininen

isoleucine, leucine, tyrosine and phenylalanine tended to be higher than

that of iys'ine, aspartic acìd, threonjne, serìne, glutamic acid, and

alanine for the ileum whereas in the feces onìy the digestibilities of

histid'ine, arginine, and g'lutamic acid were cons'istent'ly higher than

those of the other amino acjds for al1 protein sources.

As'in the case of feces, fiber tended to depress the digestìbility
of amino acids in the ileum of p'igs fed regular B. campestfis meal.

In fact, the digestib'ility of arginine, threonjne, serine, vaiine,

isoleucìne and leucine was sìgnìficantly (p<0.0b) higher for low-fiber

B. campestris meal than for the regular B. campestris meal. 0n the

other hand, fiber had no apparent effect of amino acid dìgestibjlities

w'ith soybean protein and Bronowski rapeseed. These observatjons are
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consistent with the lack of a s'ign'ificant effect of fíber on amino acjd

d'i gesti bi I'iti es based on fecal analysi s .

Pattern of digestìbiìity in the mjd jejunum was sìmilar to

that in the ìleum although there was a marked improvement in digestibiiity

between the mid jejunum and ileum. Apparent and true digestibilities of

argin'ine, methìon'ine, histidine, leucine, tyros'ine, and phenylalanine

were consistent'ly higher than the digestìb'ilities of lysìne, aspartic

acid, threon'ine, serine, and g'lutamic acid in both the mid jejunum and

ileum. THe similarity in pattern of amino acid d'igestibility between

the ileum and mid jejunum co'incides with the fact that there were no

appreciable differences ìn amino ac'id composition in these regions of

the intestinal tract.

In generaì o results on amino ac'id d'igestibil'it'ies for the

present experiment agree with the results for jsolated soybean and

regular rapeseed meals in Experiment II (Tabìe 40). There was a close

agreement between the two experiments ín the pattern of digestion of

soybean isolate. In both experiments there was a marked improvement

in the digestibilit'ies of aspartic acid, threonine, and serine, together

with an appreciable improvement in the dìgestibilíties of lys'ine,

histid'ine, arginine, g'lutam'ic ac'id, proiine and g'lycine between the

ileum and feces. In add'ition, digestibilities of aìanine, isoleucine,

leucine, tyrosine and phenylalan'ine did not improve between the ileum

and feces of pigs fed soybean isolate. The oniy dìfference in digest-

ibility pattern between the two experiments was with methionine. There

was a s'ignificant (P<0.05) decrease in the apparent digestibil'ity of

methionine between the'ileum and feces'in Experiment III whereas no

difference in digestibiì'ity was found between the ileum and feces in



Tab'le 40. comparlson 0f ùpparent amlno acld dlgestlblllty coefflclentsl of.soybean lsolate and rapeseqd ncal

Protel n
So u rce

Soy-lsolate
(Exp. I I )

Soy- I sol ate
(txp. III)
R5¡t-53
(Exp. II)
I . campes trl s4
(txp. III)
RSH- I 

5

(Exp. II)
B. napus6
B ronowsk I
(Exp. III)

Source of
Di ges ta

Iìeum
Fe ces

I leum
Feces

Iìeum
Feces

Ileum
Feces

I leum
Feces

Ileum
Feces

Lys

75.8 78.9
84. I 89.2

66.5 7t,4
83.4 87. B

72.5 84.5
69.5 84.0

67.8 77.4
72.0 87. I

64.2 77.5
69.2 80.3

63.3 79.0
7?,8 87.8

lDotu fror Tables 23 and 3g.

His

2Isolated 
soybean protern (Nutrl*onar BJochemicars co., creveland, 0hlo).

38. 
campestris meal. prepress-soìvent, Agra Vegetabte 0ll, Nlpawln.

48. campestrls rnal, prepress-solvent, tlestern Canada Seed processors, Lethbrldge.
58. nuprr, low eruclc var., solvent, Saskatchewan l{heat pool, Saskatoon.
68. nopw cv. Bronowskl, solvent. Saskatchewan Hheat pool. Saskatoon.

Arg

85. 6
92.8

81. 5
91.5

BB. 3
82. 9

79.9
81.6

79.1
82,?

81. 4
86. 2

Asp

s7.1
84.0

53.0
84.0

7 3,9
68. 4

63.5
66. I

66. B

68.7

60.6
70.9

Thr

51. I
72.2

s5. 4
78.2

71. 5
70. 9

57,2
67 .4

63.0
70. I

56. 5
7 4,8

Ser

proteln ln lleum and feces of plgs durlng Experlnpn

51. 4
81. 0

50. I
79,9

76.0
74.6

62,3
7L2

66.9
7 4.?

64. 1

77,3

Amino Acids

Glu

73. B

88. 6

64.2
88. 6

85. 6
84. I
79.8
82.9

81. 0
84.9

76.8
86.4

Pro

55.2
86.2

42,0
85. 4

49.8
78. 9

4?.2
75.1

s6.6
78.5

59. 9
79.1

Glv

40. 3
80. 0

42.4
80. 5

67,3
74.2

48, I
72.3

59.7
73.0

59. 9
77,3

A',ta

73,6
77 ,0

l¿.4
77 .5

79. B

70.6

72.t
66. 5

72.1
66. 5

7 0,4
72.3

Val

77.3
82.3

80. 6
83. 6

77,7
73. 1

66. I
68.7

69. I
69. 5

69.7
75. 5

61,2
66. 5

78.8
68.0

86.9
71.3

82.3
68,7

80. I
59. 9

81. 0
76. I

Ile

76 .4
84. 8

79.3
84. 8

77 ,6
69.8

66. 9
65,7

75.7
70. 8

73,7
75,2

Leu

8?,2
88.2

83.0
81.2

79.9
7 4.8

7 5.4
7 3.6

76. 0
75.1

7 4.1
78.4

Tyr

82. 0
86.2

81. I
86.5

BL.2
7 4.9

70.4
67.6

66 .4
64.7

68.1
7?.7

Prote{nr
0ig. (ír
1s. D, l

80.7
88. I

81.7
83. 6

79.7

77.1
72.3

74.0
72.9

7 3.3
77.9

70.3.t3, {;

81.1r1. il

;

66.1r7.{
83.511.,

i
!7.'?'1.,lt+.¿!1..

68.9r1,i
7 3.2t2 . i,,

70.412. t:
7 4.3:2 .':

72.3t5,':
77 .9!3.t

lJÀ
<)
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Experiment II.
There also was a reasonably close agreement in amìno acid

digest'ibilìties, whether based on feces or digesta from the ileum, for

the rapeseed meals in Experiment II (RSM-1 and RSM-5) and Experiment

III (regular B. napus and reguìar B. campestnis meaì). Amino acid

digestib'ility coeffic'ients on the basis of d'igesta from the ileum were

símilar for the regular Bronowski meal (fxp.III) and RSM-1 (Exp.II),

a low-erucic acid B. napus meal. Amino acid digestìbi'lity coefficients

for B. campestris meal (Exp.III) were cons'istently lower than those for

RSM-5 (Exp.II), a B. campestris meal. 0n the other hand, d'igestibiìity

coefficients on the basìs of fecal analysis were similar for the regu'lar

B. campestris meal and RSM-5 whereas amìno acid digestibilities were

higher for the regular Bronowski meal than for RSM-I. Furthermore the

results of r.,': Experìment III indicated that the amíno acid digestib'i'ìity

coefficients for the reguìar B. campestris and B. napus Bronowsk'i rapeseed

meals improved appreciably between the ileum and feces particularìy for

histidine, arg'inine, aspartic acid, threonine, and serine, whereas in

Experìment II there was very little improvement in d'igestìbilities for

these amino acids with e'ither rapeseed meal. The apparent discrepancìes

i n am'ino aci d di gesti b'i I i ti es of rapeseed meal probabl! rel ated to the

fact that, although the meals used in Experiment II and III were from

the same species, they dìffered in regard to variety, year of product'ion,

thioglucoside content, etc.. .

It appears that changes in digestibì1ity between the 'ileum and

feces depended not onìy on the particular amino acid under consideration

but the type of proteìn involved. For example, amino acid djgestib'il'ity

coefficients vrere considerabìy higher for feces than ileum for amino acids
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such as lysine, aspartic acid, threonine, serine, pro'line and glycine

whereas little d'ifference occurred with alanine, methionine, leucine,

tyros'ine and pheny'lal an j ne . The improvement i n di gestì bi I i ty for

the first group of amino acids also was more pronounced with soybean

isolate than with rapeseed protein. One reason for the greater

improvement wjth soybean may be related to the relativeìy h'igh solubility

of the residual nitrogen in digesta from the jleum for soybean'isolate

compared to rapeseed meal (Tables l8 and 33). The higher proportion

of sol ubl e ni trogen may favor fermentatí on 'in the 'large i ntesti ne.

Amino acid digestibil'itìes based on fecal analysis appear to gìve a

reasonably good estimate for am'ino acids such as histidine, arginine,

alanine, isoìeucìne, tyros'ine and phenyialanjne whereas there appears

to be overestimat'ion of the availabjlity of amino ac'ids such as lysìne,

aspartic acid, threonine, serìne and glutamic acid. 0n the other

hand methionine digestibil'ity appears to be marked'ly underestìmated

particular'ly when th'is amino acid is lim'itìng in the diet as in the

case of soybean protein. The ptresent data suggest that differences

in amino ac'id d'igestib'ilities between the ileum and feces are the

result of mjcrobial rearrangement of the amino acids. Thus,

availab'ilities based on feca'l ana'lys'is may lead to erroneous

conclusions for certain amino acids as has been suggested by Payne

et al. (i968) and Cho and Bayley (1972).
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4.3.5

Table 4l summarizes nitrogen retention and feed intake for

pigs fed high and low fiber soybean and rapeseed proteins. Nitrogen

retention (gm of nitrogen retained/5 days) u/as significantìy (p<0.05)

higher for pigs fed the Bronowski RSM and soybean meaì than for pigs

fed the isolated soybean protein. In general, njtrogen retention

appeared to be related to dífferencesin feed intake as evidenced by the

high correlation (r = 0.89) between feed intake and nitrogen retention.

However, covariance analysis indicated that nitrogen retention was

significantly (P<0.01) affected by factors other than feed intake which

correspond to the significant differencesin nitrogen retention among

treatments when expressed as percent of nìtrogen intake. Although

apparent protein digest'ibjlity of rapeseed meal was significantly (p<0.05)

lower than that of soybean prote'in (Tabie 29) nitrogen retention either

expressed as % of n'itrogen intake or as % of nitrogen absorbed, was

si gni fi cantly (P<0.05) hi gher wjth the rapeseed meal sampl es than wi th

soybean protein. More efficient utiljzation of the prote'in in RSM was

particu'la11y evident when nitrogen retention was expressed as percentage

of nitrogen absorbed. Ïhere we,lle no significant differences,in nitrogen

utilizat'ion among the three sources of RSM.

Fiber had no consistent effect on nitrogen retention and feed

intake. However feed jntake was sign'ificantly (p<0.05) higher for

pìgs fed soybean meal than the soybean isolate. Feed intake also was

significantly (P<0.05) higher for pigs fed soybean meal than for pigs

fed rapeseed meal except for those fed the Bronowski meal. As in the

case of Experiment I, feed intake was highest with the Bronowski rapeseed

meal, a low thjoglucoside meal and lowest with the B. napus, a high

utj'ljZ¡üon with piqs fed soybean and rapeseed protein



Table 41. Percent of nitrogen retention by growing pigs fed regular and low fiber rapeseed meals, soybean meal and soybean isoìate.

I tems

Nitrogen Retention
(9m I'l retained/.
5 days )

Nitrogen Retention
(as%ofNintake)

Nitrogen Retentjon
(as%ofNabsorbed)

Feed Intake (gm)

Meal 1

32.03 e4.7)4 fi.4t 6.7 x 7,2

ab5 86 c

43.1 (3e,6) 36.1
t 7.0 t 6.2

abBb
sl.1 (47.2) 43.3

r 9.5 x7.7
bcBc

?776 (2340) 1904
t 232 t 498

aABbc

Soybean

I sol ate2

144% protein.
2Isolated soybean protein (Nutritionat Biochemicals co., cìeveland, 0hio).
3All values are means r s.D.x for S pigs.
4l,lean value for the two adjacent groups

SVul,., in the same row followed by the same small..letter.did,,not dif.fer significantly (p<0.05).
6Vu1r", in the same row followed by the same cap'ita1 letter did not differ significantly (p<0.05).

Mea l

B. campestris

23.0
t 8.4

bc

44,2
r 6.5

ab

60.7
t 7.9

ab

i954
r 601

bc

Protein Source

(23.e) 24.7
r11.3

B. bc

(45.7) 47.2
! 1,9

Aa
(61.1) 61,5

!12,4
Aab

(1e47) 1e3e
x 737

AB bc

Low Fiber Meal

Rapeseed

26.4
t 5.5

abc

51. I
t 6.6

a

68. 0
t 6.0

a

1838
r 657

c

B. napus

(26.6) ?4.7
r 6.6

AB bc

(50.8) 50.4
t 3,9

Aa
(66.0) 64.0t 4.2

Aab
(i854) 186e

+ ô.9O

Cc

Low Fiber

B. napus cv. Bronowski

Meal Low Fiber

36.4 (32.41 ?8.4t 5.3 t 8.3
aAabc

4e.3 (48.2) 47.0
x 5,2 t 6.4

aAa

63.8 (6i. s) 59. 1t13.0 r 6.5

abAab
2642 (2423\ 2204! 478 t 374

ab A abc

rb
-N
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thiogi ucoside rapeseed meal.

Thus the limiting factor jn the utilization of rapeseed meal

appears to be the overall lower feed jntake general'ly obtained lvith the

high thioglucosdde variety of RSM rather than impaired metabolism with

these diets. In fact the present resu'lts suggest that RSM prote'in is utilized

more efficiently than soybean protein even though the digestibìlity

of the latter protein is higher than that of RSM.

4,4 In yilro peB.sin and pancrggtin digest'ion gf rapeseed meal and other
protein- sources.

4.4.1 Peps'in digestion

Changes in soluble nitrogen, sulfosalìcy1ic-soluble (SA-Sol )

nitrogen and free amino nitrogen during in vitro pepsjn digestion are

summarized in Table 42. The same jnformat'ion is illustrated'in Figure

?, Percent soluble prote'in in 0.1 N hydrochloric acid (pH 1.5) varied

from 3.6 for zein to 44.8 for soybean'isolate. There u/as a marked

improvement in the solubility of the prote'ins as a result of in vitro
pepsin digestion. The solubility of soybean isolate increased to 9I.4%

after only one-half hour of digestion. similarìy soìubility of the

other proteín sources increased from 37.2 to 69.7% for casein, 40.b to

64,0% for rapeseed meal, 23.0 to 57,r% for autoclaved casein and 3.6 to

16,8% for zein duríng the first half hour of in vitro digestion. As

digestion time 'increased all proteins tended to become highly soluble

f86.1 to 99.5%) although the improvement in solubiljty was more rapid

during the first few hours of digestion. The solubility of ze'in whìch

was only 3.6% in 0.1 N HCl, tended to increase more slowly than that of

the other protein sources during in vitro pepsin digestion but by 16

hours there were essent'ial1y no differences in solubility among the

various protein sources,



Table 42. Changes in so'lubìe nitrogen, sulfosalicyl.ic acid soìuble nitrogen (SA-Sol N) and amino nitrogen during in vitro
pepsìn d'igestion of various protein sources.

Source of
Ni trogen

Sol ubl e
Ni trogen
(% of Total)

Protein Source

Sulfosalìcyìlc
Aci d-S:l ubl e
N i trogen
(% of totaì )

Ami no
N l trogen
(% of total)

Casein
Autoclaved Caseln
Soybean Isoì ate
Zein
Rapeseed Mea l
Soybean Meal

Casei n

Autoclaved Casein
Soybean Isolate
Zei n

Rapeseed Meal
Soybean l4eal

Casei n

Autocl aved Casein
Soybean Isolate
Zei n

Rapeseed Meal
Soybean Meaì

Bl anksl

37.2
23,0
44. B

3.6
40.5
34. 6

0.5
8.7
4.6
0

1.2.1
3.5

4.2
4.4
3.9
0.6
2.7
1.8

llncubated under the condltions described for the protein sources but wlthout pepsín addition.

JL

65. 4

48. 0
76.5
0.2

45. 1

4t.7

0.5
13.1
4.6
0

11.9
4.4

4.8
4.6
22

0,7
1.3
2.6

69.6
57 ,L
97.2
16.8
64.0
56. 3

64. 8
48. 4
78. 5

16.5
35,5
55.6

4.8
5.3
5.0
1.6
3.3
)1

Length of Incubation (Hr) with Pepsin

79,3
67 .6
93.3
?3.2
67.0
61.5

7t.7
54. I
80.0
22,7
45. 9
57. 1

6.0
6.0
5.3
2.3
4.3
4.6

82.7
71. i
95.0
43.5
72,8
67 ,5

78.9
60.8
81.7
43. i
47.4
66. 0

6.7
6.e
6.0
2.6
5.0
6.1

83.7
75.6
96.7
65.4
77.7
7 4.9

82,?
64. I
82.8
61.5
50. 6
67 ,5

7.0
72
6.1
3.3
5.6
6,4

8s,4
77 .4
98.2
76.5
82. 3
79.9

oJ. 0
70. 0
85. B

7 4.8
53.1
ur.!

7.3
7.4
6.1
3.4
6.1
6.6

16

92.0
86. 5

98. B

89.2
84.4
oo c

oc1

7 4.3
87.8
88. 6

s6.8
7 4,r

7.8
7.6
7.3
4,4
6.3
7.L

96. 9
9?.2
99. 5
92.3
86. 1

95. I
89.0
75.9
89.1
92.0
60.2
75.L

(]. .l

8.2
8.7
5.2
6.6
8.1

Þ
Or
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Degree of digestion by pepsin as determined by formoì t'itraiable

amino groups bore little relationship to the solub'ility of the various

protein sounces. In general there was only a 4-5% increase in free

amino nitrogen irrespectjve of prote'in source during 32 hours of in v'itro

pepsín digestion. Any apparent dìfference in free amino nitrogen

content among protein sources was dr¡e to variatìons jn the initial free-

amino nìtrogen content of the proteins. However size of the indiv'idual

fragments released bv j]l vitro pepsin dìgestion as estimated by the

amount of soluble nitrogen in 5% sulfosalicylic acid solution differed

appreciably among protein sources. Although the total amount of SA-Sol

nitrogen after \hour of incubation was highest for soybean isolate

(78.5% of total N) and lowest with ze'in (16.5%), the proportion of

soluble N precipìtated by SA was much higher with rapeseed meal than

for the other proteìn sources. In fact the proportìon of prec'ipitable

proteìn ranged from 35 to 40% r,rith rapeseed meal as compared to 10-15%

with autoclaved casein and soybean isolate and oniy 1-7% with zein and

casein. There was a very sma'l1 proportion of precipitable proteìn

(1-5%) with soybean meal during the early stages of in vitro digestion

but the proportion of precipitabìe protein increased to 10-20% of the

soluble N as digestion progressed and solubil'ity increased. The pro-

portion of soluble n'itrogen precÍpitated by SA varied appreciably among

prote'in sources but the amount of prec'ipitabìe nitrogen rema'ined constant

within each protein source irrespect'ive of the solubility of the protein.

The onìy exception to this generaì rule was for soybean meal. Further-

more' a'lthough there were no apprec'iable differences amotlg proteìns in

the amount of free amino nitrogen released as the result of in v'itlo

pepsìn digestion, there was considerable varjation 'in solubility patterns

among protein sources.
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These results suggest that the length of peptide chains produced

as a result of pepsin digestìon varied among proteìn sources even though

there vvas no difference among proteìns ìn free amino nitrogen released

duri ng dì gest'ion. Sol ubì 'l i ty of the vari ous protei ns d'id not appear

to be a factor in the degree of digestìon of protein nor was there any

indication of a direct relat'ionship between degree of spìitting and the

proportìon of SA-So1 nitrogen. It is poss'ible that the solubil'ity of

zein depended on the degree of pepsin digesiìon because the increase in

solubility of zein was linear during the first 4 hours.

4.4.2 Pancreat'in di ges.t'i on

Results on in vitro pancreat'in d'igestìon are presented in Table

43 and Figure 3. Solubiì'ity of the various proteins in phosphate buffer

(0.2 M, pH 8.0) varied appreciabìy. Soybean 'isolate and casein were

highly soluble (97.4 and 9I"0%, respect'ively) compared to soybean meal

(55.6%) , autoolaved case'in (42.9%) and rapeseed meal (38.4%). 7e1n

which was poorly so'luble jn 0.1 N HCI acid (Figure 2) also was poorly

soluble (3.3%) in phosphate buffer. There was an apprec'iable jncrease

in solubility of autoclaved casein and rapeseed meal during the first
half hour of pancreatin d'igestion. The solubilìty of autoclaved casein

increased fron 42.9 to 76,0% while the solubility of rapeseed meal

increased from 38.4 to 70,7%. By contrast solubi'lity of soybean meal

increased from 55.6 to 66.7% and zein increased from 3.3 to 16,9%. As

in the case of pepsin digestion alì proteìns tended to become comp'leteìy

soluble as incubation time was increased. The solubjlity ranged from

BB to 96% for all prote'ins, except zein after 4 hours of in vjtro

pancreatìn digestion.

There was no apprec'iable d'ifference in the overall rate of

digestion of the various proteins estimated by the release of formol



Table 43. Changes fn soluble nltrogen, su'lfosalicyì'lc acld soluble nltrogen (SA-SSL N) and amino nitrogen during ln vitropancreatìn dlgestion of various protein sources.

Source of
Ni trogen

Sol ubl e
Nì trogen
(% of Totat)

Proteln Source

Suìfosalicyllc
Aci d-Sol ubl e
Nì troqen
(% of-Totaì )

Ami no
Ni trogen
(U of Total )

Casei n
Autocl aved Casein,
Soybean Isolate
Zei n
Rapeseed Meal
Soybean Meaì

Casein
Autoclaved Caseln
Soybean Isolate
Ze in
Rapeseed Meal
Soybean Meal

Casei n
Autoclaved Caseln
Soybean Isoìate
Zein
Rapeseed l'1eal
Soybean l4eal

Bl anks

91.0
42.9
97.4
3.3

38. 4
55.6

1.5
14.6
1.4
?.?

15.3
ot

5.4
3.9
3.2
0.1
1.8
2.9

llncubated under.the conditlåns descrlbed for the proteln sources but without pancreatin addition.

32

97.2
52,6
96. 3
6.4

44.7
65. 4

i.9
19.4
1.6
2.t

21.3
9.7

6.3
3.9
5.8
0
3.1
4.r

91.8
76.0
95. 5
16. 9

70.7
66.7

81.7
64.6
72.4
75.7
38. 6
20.5

8.2
5.8
4.7
0.5
go

3.8

Length of Incubation (Hr) with Pancreatin

98. 4
89.0
96.6
?8.0
76.7
73.2

87.5
78.2
78.7
2s.9
46.4
24.9

9.4
6.2
5.6
0,7
3.4
4.2

96. 0
91.6
96.9
41. 0
83. 2
85. I
91. 1

83.2
81.?
34. 3
56.2
30.5

10.7
7.5
7.2
r.7
4.7
5.i

96.2
95.6
95.9
57 .4
BB. 8
89.1

93, 3
84. 4
86.4
53.0
66. I
38. 3

11.4
8.7
9.0
J.t
6.6
6.8

97 .5
95.9
99. 0
73.9
ot,
88.5

92.9
86. I
87.5
68. 7
68.7
42.9

13.2
9.6

11.1
5.2
ot
8.4

.16

vt.t
94.4
97 ,7
92.4
92.7
ort

93.7
86.5
86.9
85.6
69,7
50.2

16.2
tL.2
t4.2
9.9

10.9
11.6

3¿

97.8
95. 8
98.4
93, 5
aq?
94.8

96. 3
87. 0
oôç
88.8
I ¿.O
52. 0

17 .6
13. 6
17 .9
15.0
15. 3
i3.8

¡J
(Jr
O
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titratable amino groups. However rate of digestion during the first
hour of Íncubation (Table 43) tended to be hìgher for casein and lower

for zein than for the other protein sources. In general, the release

of amino nitrogen by pancreatin digestion was two or three times that

of i n vi tro pepsi n di gesti on. The i ncrease 'in ami no ni trogen fo1 I ow'ing

32 hours incubation wi'bh pancreatin ranged from I2-I4% compared to only

4-5% with peps'in. As in the case of digestion by pepsìn there was

little relationship between the increase in SA-sol nitrogen and the

release of free amino nitrogen. Furthermore there was little relation-

ship between solubility of protein and the proportion of sulfosalicylic

acid soluble njtrogen. During the first half hour of incubation wjth

pancreatin SA-Sol nitrogen increased from 1.5 to 81.7% wìth casein, 1.4

to 72.4% with soybean ìso'late, 14.6 to 64.6% with autoclaved case'in,

15.3 to 38.6% with rapeseed meal , 2.2 to 15.7% with zein and 9.2 to 20.5%

wìth soybean meal (Table 43). There was also consjderable variation

among prote'ins i n the proporti on of prote'in prec'ipi tated by sul fosal í cyì i c

acid. The proportion of precìpìtab1e protein in the soluble nìtrogen

fraction was markedly h'igher w'ith soybean meal and rapeseed meal than

with the other protein sources. Precipitable protein expressed as a

percent of soluble N varied from 50 to 75% with soybean meal and from

25 to 45% with rapeseed meal as compared to only I to 7% with casein

and zein, I to 12% with autoclaved casein and B to ?3% w'ith soybean

isolate. However the proportìon of precìpitable protein when expressed

as a percent of the total nìtrogen remained relatively constant throughout

the digestion period for autoclaved casein, soybean meal, rapeseed meal

and zein. A similâr, phenomenon was also observed for all protein sources,

except soybean meal , during peps'in digestion. It is poss'ible that

this phenomenoTr ìs mereìy the result of an equílibrium between the



i53

concentration of substrate and d'igestion products. This postulate is

supported by the gradual slowdown in the production of SA-Sol nitrogen

and the amount of free amjno nitrogen released durìng digestion.

The results of these'in vjtro studjes suggest that extent of

digestion of proteins by pancreatin depended upon the tertiary structure

of proteìn rather than their solubility per se. For example, ìt
appeared that the ìnitial rate of digestion was more rapid with casein

than soybean isolate aìthough both prote'ins were nearly compìete'ly

soluble in the phosphate buffer. Autoclaving appeared to alter the

pattern of pancreatin attack on casein. In general, release of free

amino nitrogen was less and the size of protein fragments released was

greater, as ind'icated by the rather high proportion of SA-prec'ipitable

nìtrogen, for autoclaved casein than for casein. It js poss'ible that

the specific secondary and tert'iary structure of rapeseed meal protein

may be responsible for the'incomplete degree of digestion of this protein.

Unfortunately 1i ttl e i nformati on i s avai I ab,,le on the rel ati onshi p between

pr"otein structure and in vitro digestion of proteins.

4.4 .3 Peps_ú-pancreatj n di gesti on

Changes in soluble nitrogen, sulfosalicylic acid solub'le (SA-Sol)

nitrogen and free amjno nitrogen as the result of in v'itro pepsin-

pancreat'in dìgestion (pepsìn, 4 hours followed by pancreatin, 32 hours)

are illustrated in Figure 4. In general, pattern of solubility for

the various proteins during pepsin digestion was similar to that observed

with péþsin ín ttrã þraeadìng experiment. As'in the preceding experiment

the solubjlity of nitrogen after 4 hours of pepsin digestion was marked'ly

higher with soybean isolate, casein and autoclaved casein than with

rapeseed meal, soybean meal and zein. However total soluble n'itrogen



Table 44.

Source of
Ni trogen

changes in solub]e nitrogen, sulfosaìicy]ic acid soluble nJtrogen
varlous protein sources. , '

Soluble Nitrogen
(1í of Total)

Sul fosal I cyì { c
Aci d-5o l ubl e
Ni trogen
(f of Total)

Amino Nitrogen
(l of Total )

Protei n
Source

Casein
Autoclaved Caseln
Soy Isoìate
Zei n
Rapeseed Meaì
Soybean Meal

Casein
Autoclaved Caseln
Soy Isolate
Ze in
Rapeseed Meaì
Soybean Meal

Casein
Autocl aved Casein
Soy Isolate
Zei n
Rapeseed Meaì
Soybean Meal

't.
'Incubated under the conditions descrlbed for the proteln sources but without pepsin and pancreatjn addition.

43.4
29.2
40. I

3.5
36. 1

35,2

1.9
6.5
2.5
0.2

16. 6
3.0

4.I
3.3
2.6
0.?
2.5
2.4

Pepsin

71.7
63.3
79.1
13.4
42.4
49. 6

s8.6
4s. 6
68.0
11. s
35.0
44. 3

5.2
4.9
10

1.6
3.7
3.6

(sA-Sol N) and amino nitrogen during ìn vitro pepsin-pancreatjn digestion of

72.7
68. 5

80. 6
32.1
52.I
Et1

69.0
49.9
69.5
31.9
39. 8
48. 9

5.4
Ão
3.9
2,2
4.7
4.0

Length of Incubat'fon (Hr) with Enzymes

80. 3
80. I
89.2
57. I
57 ,9
s4. B

75.7
54,7
78.7
54.7
43.7
49.3

6.0
6.1
4.2
3.1
5.4
5.6

94.1
8?.r
99. 3

55. 7
57 .7
62.0

77.I
50.8
79.5
53.8
42.0
49.2

6.3
6.4
4.3
3.6
5.2
5.3

99,7
87 .9
99. 3

70. B
90. 6
80. 0

96.6
85.2
89.2
68.2
59.6
55.8

11.3
8.9
8.6
5.0
7.6
8.3

Pancreati n

98.7
94.ó
99.8
83.5
92.?
81.0

94. 5
90.6
90. i
7 4.6
68.6
64.1

13.1
r0.2
9.1
6.1
8.6

10.4

99. 0
97,L
96. 5

84. 5
94.2
88.0

94,?
89.4
89.2
81.4
76.3
73.3'

14.0
1i.6
i0.7
ö.¿
9.3

L2,2

98.0
96.7
98.5
87 .6
95.6
87.9

93.4
91.9
92.3
82.4
81.4
75.6

16

98.4
97 .3
94,9
91.8
93.6
90.1

96.7
93.9
90.1
87 .7
84. 0
77 .3

32

Blankl

98.3
9s. 3
97 .6
96.2
96.?
92.9

97 .6
91.8
94.7
o) tr,

84. 0
84. i

'1)

98.5
56.0
97 .9
6.2

47 .6
65. 9

1.6
13.8
T,2
0.4

18.3
?.7

c1

4.3
J.¿
0.3
3.8
t1

5.6
?o
2,3
0.7
1.3

14.2

Õ.J
5.0
6.5
3.5
J.9
4.8

8.6
8.8
8.3
4.8
5.9
5.2

l-J
(¿?è
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tended to be lower in the present study whìch'is probably related to

the smaller amount of pepsin used (15 mg/gm of prote'in) than in the

earlier experiment (40 mglgm of protein).

Dìgestion with pancreatìn resulted 'in a rap'id increase in the

sol ubì 'l 'ity of al 1 prote'ins : except casei n and soybean i sol ate whi ch were

highly soluble in phosphate buffer (Figure 4, 0 hours, pancreatin

di gestion). Improvement in solubi I ity was part'icuìar'ly pronounced

w'ith rapeseed meal which 'increased from 57.9 to 90.6% durìng the first
half hour of digestion. In fact after two hours of pancreatin d'igestion,

solubility of all protein sources, except zein and soybean meal was

greater than 92%,

Degree of digestion estimated by the amount of formol ti,tratable

amino groups was markedly improved as a result of prelim'inary pepsin

digest'ion (amino nitrogen data, Table 43 vs. Table 44). Release of

amíno nìtrogen was consistently higher for simìlar perìods of incubation

with pancreatin when the proteins had been previously subjected to

pepsìn d'igestion. The effect of preliminary pepsin digestion was

particular'ìy evident during the first hour of pancreatin digestion. As

digestion eontinued the amount of amino nitrogen released tended to be

similar for the two d'igest'ion systems. Release of amino nitrogen

during the first two hours of d'igest'ion was hìgher for casein than

for the other protein sources with both the pancreatin and pepsin-

pancreatin systems. These results coìncide with the concept that peps'in

is not required for the in v'itro digest'ion of casein.

The amount of SA-Sol nìtrogen also was markedly improved by

preliminary pepsin digest (Table 44 vs. Table 43). One of the majn

differences between the two digestion systems vvas the marked reductìon

in the percentage of precipitab'le prote'in for soybean meal and rapeseed
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meal when incubation r^¡ith pepsin preceded pancreatin digestion.

Precipitable protein constituted a constant 45% of the total nitrogen

in the jncubatjon mixture with soybean meal and 30% with rapeseed meal

when i ncubated w'i th pancreati n al one. By contrast SA-preci p'i tabl e

proteìn gradually decreased from 22% after t hour of pancreat'in d'igestion

to 9% after 32 hours wi th soybean meal and from 33% to 9% wi th rapeseed

meal when these proteins were pre-digested w'ith pepsin. Similarìy

pre-dìgestion of autoclaved caseìn and soybean isolate wìth pepsin

resulted in a slightly but-cons,istently,loler percent of.prec'ip'itable protein

during pancreatin digestion. 0n the other hand pre-digestion had no

effect on the proportion of precip'itabìe proteìn wjth casejn and zein

where the proportion of SA precìpitable protein was negl'igible with

pancreatin digestion alone.

The present study suggests that pre-d'igest'ion by pepsin i s of

part'icular importance to the rate and extent of pancreatin digestion for

certain prote'ins. These results agree with thsse of Sheffner et al.

(.l956) who found that pre-digestion with peps'in reduced the variation

in the degree of digestion of proteins by trypsin. The present results

a'lso suggest that proti'in structure may be an important factor in proteìn

dìgestìon since a considerable'improvement occurred in the ìn v'itro

pancreatin digestìon of rapeseed meaì and soybean meal as a result of

preìiminary digestìon with pepsin. Size of the peptìdes released by

pepsin may be an important factorin the extent of djgestion of rapeseed

prote'in by pancreatin. Rapeseed meal was the only proteìn for which

there was a considerable amount of SA-precipitable protein even after

32 hours of pepsin digestion which suggests that pepsin is only partìally

effective in gplittìng rapeseed protein into small fragments.
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4,4.4 Release of free amino acids during pepsin-pancreatin digest'ion.

Amino acid composition of nitrogen containing fragments that

were soluble in sulfosalìcylic acid and the levels of free amino acìds

in this fraction were determined for each of the protein sources in an

attempt to further define ibhe extent and pattern of digest'ion during

the early stages of pepsin-pancreatjn digestíon (Table 45). Amino

aci d composi ti on of the SA-Sol fract'ion 
, 
d'id not di ffer apprecì abìy from

that of the correspondìng dìetary proteíns. In general, amino acid

composition of the SA-Sol fraction and dietary protein agreed within !10%

which is the maximum deviation usually accepted'in our ìaboratory for

analysìs on dupl'icate hydroìysates of the same samples. The simìlarity

of pattern suggests that no particular fraction(s) were more soluble in

SA as the result of digestion by pepsin and pancreatìn. A'lthough the

pattern of amino acids jn the SA soluble fraction coincided with that

in the diet, the actual amouni of each amino acid in the SA-Sol fract'ion

was lower with zein, rapeseed meal and soybean meal than with casein,

autoclaved casein and soybean isolate because of the lower proportion of

SA-Sol nitrogen with zein, rapeseed meal and soybean meal.

Release of free amino acids during pepsin/pancreatin digestion

was determined by amíno acid ana'lyses of the non-hydrolyzed SA-fraction and

the results were expressed as the percent of each amjno acid present'in

the intact protein or as percent of the amino acid present in the

hydro'lyzed SA-Sol fraction (fanle 46). Free amino acjds released during

i ncubati on were maì n'ly those speci f i cal ìy I 'iberated by pancreat'i n. The

extent of release usuaì1y was in the following order: arginine ) phenyl-

alanine ) tyros'ine ) lysine ) leucine ) methjonine. These amino acìds

accounted for 50 to 70% of the total amino nìtrogen released. Release

of the other amino acids was generally neg'ligible. The proportion of the



l¡ble.l5. furino acid conpositlon of the test protelns and tho suìfosaìlcyìlc acld soìul¡ìe nitrogen (SA-Sol ¡l) Irôctlon, ancl amount of free amjno ¿cld

Source of llltrogen

releÀsed durlng ù one-hour ln vltro peps

Test P.rotelnsl
(¿.a..gml16 gm H)

SA-Sol Nl
(4.a.. grnl16 gn il
ln 5A fractlon) 

,

SÀ-So1 Nl
(C*n. of a.a, soluble
ln SA per 100 grn of
lncubated test proteln)

Freà n¡nino Aclds2
(9r¡/100 9m of
incubðted test
protei n )

Proteln Source

Caseln 7,74
Autoclaved Casein 7,65
Soybean lsolate 5.73Zein O.Z4
Rapeseed Heaì 5,06
Soybean Heal 6.40

Casein B,4g
Autoclaved Caseln 7.Zg
Soybean Isolate 5.80
Zei n 0.35
Rapeseed lleal S.Sz
Soybean ¡4eal 6,91

Casejn Z.B4
Autoclaved Caseln 6. l6
Soybean Isolate 5, l4Zeln 0,23
Rapeseed Meaì 3.06
Soybean fileal 3. 63

Casein 5,49
Autoclaved Casein 3.69
Soybean Isolate Z.17
Zein 0,Zz
Rapeseed Meaì 1.66
Soybeðn Heal 1,76

ln-pancreatl n dl qestion.

Lys llJ s

llhe test protelns ðnd the sÂ-sol N (suìfosallcyllc acld soluble nltrogen) fracilon were hydrolyzed t{lth 6 N HCI for 22 hrs at l05oc.ZFtee 
amlno acid content ías determlned dlrectly by lon exchange chronntography on the SA-sol N frar:ilon after dlìuüon of sample wlth pH 2.2 sodlumcitrate buffer.

2.65
2.76
2.26
1.25
2.49
2.42

Arg

3. 53
3.70
8.06
1. 56
5.91
7,75

3. 89
3.63
7. 9l
2.25
6. 46
8;39

3.62
3. 07
7. 00
1.5t
3. sB
4.41

3. 58
1.71
5,7 4
1. 48
3.23
3. 9I

Asp

2.82
2.57
2.60
'1. 42
2.77
2.46

2.61
2. 17
2.30
0.95
l. s4
1.40

0.34
0.11
0.27
0. 12
0,25
0.15

8. t3 5.15 6.09 25.02 il.658.00 4.64 5.35 24.61 t2.3512.75 3.96 s.33 20.il s.54s.Bo 2,95 5.81 25,23 9.457,65 4,67 4.81 19.63 7.1113.02 4.35 5.28 20.87 6.19

8.08 4.83 5.91 24.t1 11.389.31 5.09 5.79 24.78 12.8512.88 4.22 5.38 20.78 5,896.30 3.73 5.7'Ì 23.64 11.108.85 4.72 4.32 18.51 6.9012.99 4.40 5.2ç 20.61 5.44

7.50 4.48 5.49 22.38 10.577.87 4,31 4.9C 20.97 10.8711.40 3,73 4.76 18.39 5.214,22 2,50 3.87 15.84 7.444.91 2.61 2.39 10.26 3.836.82 2.31 2.75 10.83 . 2.86

0.20 0.22 0.2t 0.83 0,070.05 0. l0 0. 17 0.40 0.06
0. 11 0. 11 0. 2 t 0.240.33 0.25 0.55 1.60 0.?20.19 0.36 0.3; 0.99 0.300.30 0.17 0.45 0,72 0.08

Ser Glu

Amlno Aclds

Pro Glv

2.t0 3.45
2.14 3 . 57
4. 30 4.17
t.28 10.01
5.50 4,62
5.05 5.16

2.25 3.46
2,34 3.48
4.49 4.23
I.50 9.99
6.08 4.76
5. 12 4,79

2.09 3.22
1 . 98 2.94
3.97 3.7 4
I .00 6. 69
3.37 ?.64
2.69 2.5?

0, 14 0.29
0.10 0.29
0. 07 0. 15
0.14 1.53
0.12 0.25
0.11 0.33

Ala cys

- 7.12
- 7.08
- 4.62

0.20 3.60
5.09

0.986 4.87

- 6.70
- 6.57
- 4.78
- 3.48

0.53 4.74
0. 73 4. 48

6.22
- 5.56
- 4.23
- t îa

0.29 2.63
0,38 2.35

- 0.29
- 0.20
- 0.23
- 0.31

1.01 0.81
- 0.43

Val Het

3.22 5.47 1 1. 1 12.94 5.34 10.70
1.35 4.78 9.?.4
1.09 3.79 21.6t
1.8S. 3.87 7.57
1.3r 4.59 8.16

3.04 5.39 10.622.70 5.10 10.47
1. r8 4.68 8.64
1.43 4. t9 20.93
2.26 3. 7s 6. 89t.26 4.34. 7.02

2.82 5.01 9.86
2.28 4.32 Le6
1.05 4.14 7.650.96 2.81 14.03
1.25 2.08 3.82
0.66 2.?8 3.69

Iìe Leu fyr

6.68 5.9t
6,61 6.13
4.39 6.23
4.34 7.22
3.02 3.39
4.31 5.25

6.18 5.51
6,28 5.71
4.44 6. 11
5. l5 . 7.ól
3.ç6 1.18
4. ls 4.79

5.74 5.12
5.3t 1.83
3..93 5.44
3.4s 5. r0
2.03 2.4A
2.18 2.52

4.58 4,16
1.96 2.14
2.16 2.96
2.02 3.57
¡- 56 1.96
1,42 ?.33

Phe

t.27 0. 14
0.47 0. I l
0.30 0.41
0.38 0.32
0.34 0.12
0.21 0.48

5. 70
2,39
3.13
5. 66
2. 38
2.24

('l
(o



Table 46' 
;:;i:îl Sjri::::t"t of lndlvidual amino acids durins a one-hour in vJtro pepsin-pancreatin dlsestion of rapeseed meat and other

Amino Acids

Arginine
Phenyì al ani ne
Tyrsoine
Lysine

Leuci ne
Methionine
Alanine
Isoleucine

Valine
Histidine
Th reon i ne
Se ri ne

Gìyci ne
Glutamic Acid
Aspartic Acid
Prol ine

I Free Anllno Aclds4

Casei n

Amino Aclds Released during Digestion.(%)2

101. 4
75,5
68.6
71.0

51. I
39. 6
8.3
2.6

4.1
l?.9
4.3
4.4

6.7
3.3
2.4
0.6

36. 3

Autocìaved Soybean
Casein Isolate

46.2
36.2
28.7
48. I

22.3
15.7
8.0
2.t

2.8
4.1
2.2
3.1

4.8
1.6
0.6
0.5

18. B
includinq amrnonia

lcalculated from the data presented ln Table 45.

71.3
47.5
49. 3

37. I
33.9
22.4
3,7
8.5

5.0
o.)
2.7
4.6

1.6
I.2
0.9
0

26,9

2Free amìno acid (qm) released
Amino acid (9n/-16 gmlfliõñîent
of test proteins

?"ireS anilq +ciq,(gm
Amrno actd (9m/100 Sm of
incubated test protein

Zei n

94. 5
49.5
46.6
93. 6

26.2
35.0
15.2
8.5

8.7
9.8
8.6
9.4

10.7
6.3
5.7
7.6

29,4

Rapeseed
l4eal

54.7
50. 5
51.5
32.7

31.4
18. 5
5.7

10.8

15.9
9.9
7.7
7.2

2.2
5.1
2.4
4.1

26.8

So¡'bean
Meal

or SA-Sol ll fraction

51 .4
44.4
3?. B
27.5

27 .4
16.2
6.3

10. B

8.9
6.3
4.0
8.6

2,1
3.4
2.3
1.3

22.2

Amino Acids Released jn Sulfosal.lcylic Acid Soluble Nitrogen
Fraction (7)3

Autoclaved Soybean Rapeseed Soybean
Casei n Casei n Isôl ate Zein ¡ieal -l"leal

f fre

100

100

98. 9
87 .2
79.9
70.I

57. I
45.2
8.9

.2.8

4.7
13.1
5.0
¿o

6.7
3.7
2.6
0.7

38.6

n tncu

55. 6
22.7
36.9
59. I
27 .0
20.2
9.7
2.6

3.6
5.3
2,3
3.4

5.1
1.9
0.6
0.5

22,1

ln
-IX !1.

re

82. 0
54.4
55. 1

42.2

41.0
28.9
4.t
9.8

5.4
9.0
2.8
5.2

L.7
1.3
t:o

29.4

u
100

97 .9
70.L
ro 7

94. 3

40.4
39. I
22.8
11.4

13. 5

t?.9
10. t
14. 1

13.6
10. 1

7.9
9,7

41.9

90.2
79.0
76.8
54. 1

62.5
27.3
10.0
20. 0

30.9
16.0
13. 7

14.5

"ao7
3.8
7.7

43. 0

88.7
92.5
65. 3

48.5

60.6
31.7
t2.9
20.9

18.4
i0. 9
7.5

16. 4

4.0
6.6
4.4
2.9

39. 9

H
Or
O
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amino acids listed above that were released by pancreatin varied among

protein sources; re]ease generalìy being higher for casein and lower

for autoclaved casein than for the other proteín sources. The greâter

release of free amino acids w'ith casein as the result of pepsìn-pancreatin

d'igestíon coincided with the fact that there was a greater amount of

formol tdtratable amino groups with casein than r,rith the other proteins,

part'icuìar'ìy in the early stages of pepsin-pancreatin digestion. One

of the'interesting features in the in vitro rêlease of amino acids was

the hjgh proportion of argin'ine released with all protein sources except

autoclaved casein. In addition one hour incubation of zein with

pancreat'itr resulted in an almost complete liberation of arginine and

lysine and a relatjvely hìgh release of methionine compared to the

release of this amino acid with the other protein sources except casein.

Whether the nearly complete release of ìys'ine and arg'inine as free

amino acids with zein is related to theìr low content in this protein

or their particular pos'ition in the molecule is not resolved in the

present experiment. 0n the other hand the percent of ìysine released

during incubation was markedly lower wìth soybean isolate, soybean meal

and rapeseed meal than wjth case'in, autoclaved casein and zein. However

when free amìno acid content was expressed as percent of the SA-Sol

n'itrogen there was no appreciable d'ifference among casein, rapeseed meal

and soybean meal for arginine, tyrosine, phenylalanine and leuc'ine,

whereas ,the percentage of free lysìne and meth'ion'ine was still lower with

rapeseed meaì and soybean meal. Arg'inine was primarì1y present in

free form except in the case of autoclaved casein.

The present results tend to agree w'ith those of Hankes et al.

(1948) and Riesen et al. (1947) who found that autoclav'ing reduced the

in vitro pepsìn/pancreatin release of all amino acids. However the
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present results differ from those of Evans and Butts (i949), Ford (1965)

and Ford and Salter (1966) r¡rho found that autoclaving had a more

pronounced effect on the in vitro trypsin/erepsin release of lysine than

other amino acids. It is possible that the poor release of lysine, as

in the case with autoclaved casein may in turn affect the release of

other am'ino acids by pancreatin. 0n the other hand the similarity of

pattern'in the amino acid compos'itìon of the SA-Sol n'itrogen fraction

and that of dietary proteins suggests no differential release of amino

acids during the initial splitting of the protein molecule. However

the amount of free amino acid released duning d'igestion varied both

with amino acids and protein sources. Thus the accessíb'ilìty of the

i ndi úi dual amj no aci ds to hydroìyt'ic rel ease by pepsi n and pancreat'in

may be of ìmportance to the rapìd'ity and extent of digestion of the

proteins. For example the accessibility of the peptìde bond adjacent

to lysine in rapeseed meal, soybean meal and soybean isolate miþht be

responsìble for the rather poor release of this amino acjd compared to

arginine during i! vitr.o incubation. S'im'ilar'ly the particular position

of arg'inine in the peptide chain mìght explain the relativeiy hìgh

release of this amino acid with all protein sources except autoclaved

casein. Results of the present study suggest that the rate and extent

of digest'ion of prote'in, estimated either by the amount of SA-Sol

nitrogen or by the release of formol tjtratable amino groups, give an

inaccurate picture of the digestion of the protein. For example a

considerable portion (50 to 70%) of the am'ino acids in the SA-Sol nitrogen

fract'ion was present as peptides even though more than 85% of protein in

casein, autoclaved case'in and soybean isolate was soluble in sulfo-

sal'icylic acid. One of the limìtations in the determination of free

amino groups by formoì titration is the fact that it gives no ind'ication
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of the am'ino acids contribut'ing the amino groups or whether these amino

acids are'in free or peptide form. The lower amount of formol titratable

amino groups with zein compared to the other protein sources was probably

related to the low amount of'lysine and argìnine in this protein even

though release of these amino acids was nearly complete. Furthermore

the relatively poor release of amino acjds other than argìnine, iysine,

tyrosine, phenylalanine and leuc'ine during this pepsin-pancreatin

digestìon may reflect more the spec'ificity of the proteolytic enzymes

used during in vitro digestìon than the actua'l susceptib'il jty of the

amino acids to enzymatic hydro'lysis per se. Thus any conclusion on the

'in vitro release of amino acíds from any particular prote'in source must

be i nterpreted wi th caut'i on .



Chapter V

DISCUSS ION

The primary object of the present study was to investigate the

reason(s) for the consistently lower digestibility of protein in RSM

compared to that of other protein sources (Drouljscos and Bowland, 1968;

0liver e! al . , 1970; Cho and Bayley, L970; May and Be1'l , l97l).

Experìment I investigated the effect of method of processing fexpe'ller,

prepress*solvent and solvent processes) on nitrogen utilization of RSM

by growing pigs. Twelve:,samples of RSM prepared from seeds harvested

in i967 and 1968 rìrere received from 5 different processors. Eight of

the samples were prepared from the cultivar B. campestris, three from

common B. napus varieties and one from B. napus var. Bronowsk'i. Neither

method of process'ing nor variety of RSM had any influence on the digest-

i bi I i ty of dry matter, proteì n and 'indi vi dual am'ino aci ds i n RSM.

Drouliscos and Bowland (i96S) and Saben et al. (1971a)also found no

effect of processing or variety on dry matter and protein digestib'ility

of rapeseed meal. Methods of processing also had no effect on nitrogen

retention [Table 9). However, variety of RSM had a marked effect on

feed intake and nitrogen retention (gm N/pig/4 days). N'itrogen

retention was h'igher (P<0.05) for pigs fed Bronowski meal than for

those fed the regu'lar B. napus meals but did not differ (P<0.05) from

those fed the B. campestris meals. Anaìysis of covariance and expression

of njtrogen retention as percent of ltl ìntake or percent of N absorbed

indicated thai differences in nitrogen retention among varieties was

primarr'ly due to differences ìn feed intake. A high correlation between

feed intake and nitrogen retention also was found by Bell (1957)o Belzile

et al. (1963) and Bell et al. (tglt) w'ith mjce fed various samples of RSM.

t64
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The present results suggest that thìoglucoside level in the various

rapeseed meals did not interfere with nitrogen utilization per se although

thioglucoside level in RSM appeared to interfere with feed 'intake.

In Experiment II, protein digestìbì'lity by the growing pig was

determined for casein, autoclaved casein, soybean isolate, zein and three

samp'les of rapeseed meal . Apparent and true d'igestìbiìity of the RSM

samples was sign'ificantìy (P<0.05) lower than that of casein and

soybean 'isolate. Protein digestìbility for the rapeseed meai samples

also tended io be lower than that of autoclaved case'in and zein although

the difference was signifÍcant (P<0.05) onl-v'in the case of one rapeseed

meal sample (RSM-5). These observations support earlìer reports that

protein d'igestibiI ity',ef rapeseed meal is Iower than that of soybean

meal (Drouìisêbs and Bowland, 1968; Cho and Bayley" !970; May and Bell,

i971), casein (Drou'liscos and Bowland, i96B; 0l'iver et al ., 1970),

barley, wheat a.nd f ishmeal (May and Be'I1 , l97l),

Samples of dìgesta were collected from various regions of the

alimentary tract in an attenrpt to explain the lor,¡er digestibì'lìty of

rapeseed protei n. Al though apparent prote'in dì gestì b'i 1 i ty of case'in

was consistently higher than that of RSl4 in al1 regions of the intestinal

tract, digestibility of casein based on digesta from the ileum was

s i gni f i cantly (P<0. 05) hi gher than only one sampì e of rapeseed meal

(RSM-I). Prote'in.digestibility of zein'in the ileum tended to be lower

than that of the other protein sources including the three rapeseed meal

samp'les although the values with zejn were h'igh1y variable. An interesting

observat'ion wjth respect to protein digestibility was the marked improve-

ment (P<0.05) in the d'igestibì1ity of soybean isolate and zein between

the l'leum and feces r^rhereas little ìmprovement'in d'igestìbility occured

with casein, autoclaved casein and the rapeseed meals. The improvement
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in digest'ib'ility between the ileum and feces for soybean jsolate and

zein was reflected jn a two-fold decrease in the protein/Crr}, ratio for

these proteins (Tabìe 47) compared to little or no changes wìth casein,

autoclaved casejn and the rapeseed meal samples. cho and Bayìey (1972)

also obsettved a two-fold decrease in the proteìn/PEG and amino acids/PEG

ratios between the ileum and rectum of pigs fed soybean meal. They

interpreted the greater concentrat'ion of PEG in the rectal samples as an

indication of the extent to rryhich food residues are fermented and

fermentation products absorbed. Unfortunately ihese researchers were

unable to determine similar relationships with rapeseed meal because of

the unsatjsfactoriness of PEG as a digestib'ilíty index with this protein.

Results of the present study (Table 47) a'lso suggest that fermentation

occurred with zein and soybean isolate during transit through the ìarge

intestine. Fermentat'ion may have occurred with soybean 'isolate and

zein because of the amount and the specific nature of the non-digested

protein entering the'large intest'ine. The relatively low amount of

protein in digesta of piqs fed casein and the protein-free diet probably

limited the extent of fermentation of residual protein in the caecum

and colon. Michel (1966) reported that catabolic actjvity in the caecum

was more pronounced when digesta contained a high proport'ion of non-d'igested

material as in the case of impaired absorption or diarrhea. In addjt'ion

gastrectomy 'in the human and the accompany'ing accumulation of large

amounts of non-digested residues has been reported to result in

considerable fermentation in the ileum and large intestine (Lundh, 1958).

Less fermentation may have occurred with autoclaved casein than with

soybean and zein because of the poss'ible effect of the l4aillard reaction

on microbial breakdown of the protein. The apparent lack of fermentation

with RSM may have been due to the relativeìy high proportjon of fibrous



Table 47. Proteln to chromic oxide (Crr0r) ratios ln the diet, digesta and feces of pigs fed rapeseed mea'l and other protein sourcesl

Source
of

Samp ì e

Di et

Stomach

I'li d Je junum

lleum

Caecum

Fe ces 
3

Casei n

62.7

68.42
f33. 3

18. I
* 1.3

8.72
x 2.9

7.3r 1.5

5.3
* 0.8

Autocl aved
Casei n

lAlì va'lues ln dlgesta and

ZHuun * S.0., for 3 pigs,

3Five-day fecal coì lection.

62.8

44.4r 5.5

35 .0
* 9.3

13. 82
r 5.4

14. 6
* 0.6

13.2r 1.6

Soybean
I sol ate

62.0

59.42
.120.6

29.6
t 1.1

18.62
¡ 2,0

15.9
*L7

9.9
r 0.7

feces are mean t S.D.* for 4 pigs

Zei n

62,t

50.2
+oÃ

46.6''
111.3

24.62
r10.4

11. I
¡ 2.I

12.2
+2Q

RSM- 1

62.6

53.2
110.9

39.6
114.4

18.62
r 1.5

16.8
*,1,,2

15.6
t 1.9

Rapeseed Meal

'texcept as'lndicated by superscrlpt".

RSM-4

64.1

55. 9
*. 7.9

25,7
*. 2.4

L7.32r 3.3

L7.8
t 2.7

14. 5r 1.4

RSM-5

62,8

54.0
r 6.8

30.3
t 8.4

14.42

,* 2'8

16.8
t 0.9

16.0
t 1.1

P rote'i n
Free

6.8
* L.2

13.4
* 2.3

6.82
r 1.3

5.4
t 0,6

4.5
t 0.3

F¡
(¡¡
!
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material in the d'igesta of p'igs fed this proteìn. Fjber may have

affected fermentation either by direct jnhibition or through acceleration

of intestinal transit.

Resul ts of Experiment I I I 'i ndi cated that the I ower di gesti bi i i ty

of protein for rapeseed meal than for soybean meal was associated,'in part,

with the hull fraction of the meal. Removal of the hull fraction from

rapeseed meal (8. campestris, B.napus and B. napus var. Bronowski meals)

resulted in an overall improvement in proteìn digestib'iiity. In fact,

protein digestib'ility of the low-fiber Bronowski meal was equìvalent

(P<0.05) to that of soybean meal or soybean isolate although digest-

ibiljty of rapeseed protein was, in qeneraì, lower (P<0.05) than that

of soybean protein. Fiber had no effect on the digestibility of soybean

protei n .

The faðt that removal of the hull fraction from rapeseed meal

resulted in a marked improvement in protein digestib'ility coincides with

the observation of Bayìey et al. (i969) that steam pelìet'ing and

regrind'ing RSM resulted in an increase in crude fiber digestibility and

a concomitant improvement in dry ma.fter, nitrogen and energy d'igestibility.

These observations also substantiate the results by various researchers

(Hussar and Bowiand, 1959b; Manns et al., 1963b; Cho and Bayley, 1970;

Saben et al., I97I; Bowland and Schultl, 1968; Bayley et al., 1969;

Bowland, 7971) ttrat the d'igestibility of protein ín RSM genera'lìy foì1ows

that of dry matter and energy.

Protein digestib'ility coefficients based on digesta from the

rectum and caecum also were consistentìy (P<0.05) lower for the rapeseed

sampìes than for soybean meal or soybean isolate. However no differences

were found among protein sources urhen digestibility coefficients u¡ere
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based on d'igesta from the ileum and the mjd jejunum. As'in Experiment

II, there was a s'ignìficant (P<0.05) improvement jn protein digest'ibil'ity

for soybean isolate between the ileum and feces but only a slight

improvement with the regular rapeseed meals. Improvement also occurred

with soybean meal in Experiment III. Simi lar1y, an appreciable

improvement in dìgestibiìity was observed between the ileum and feces

for the low-fiber rapeseed meals although ìmprovement was statistìca1ly

sign'ificant (P<0.05) only in the case of the low-fiber B. napus and

low-fiber Bronowski meals. Improvement in digestìbiljty for the low-

fiber rapeseed meals between the'ileum and feces suggests that fiber

associated with the hull fraction reduced fermentation in the large

intestine. The crude fiber content of the various meals was 13.0 -13,3%

with the regular rapeseed mea1s, 6.5 - 8.2% with the low-fiber rapeseed

meal s and 5 .3% with soybean meal .

In genera'l d'igest'ib'ility of individual amino acids followed that of

total protei n for each of the d'ietary treatments . D'igestÍ bì 'l i ty

coefficients 6f amino acids from casein were sign'ificantly (P<0.05)

higher than those of the other protein sources which coincides with the

results of Carlson and Bayley (1970) and Fl'ipot et al., lgTL Auto-

claving signìficantly (P<0.05) reduced the digestib'ility of all am'ino

acids in casein. Amino acid digestibìlíty coeffi'cients for rapeseed

meals were usual]y ìower than those of the other protein sources.

Removal of the hull fraction from rapeseed meal, however, resulted in an

'improvement i n ami no aci d di gesti bi'l i ty al though the di f ference was

significant (P<0.05) on'ly 'in the case of the B. campestris meal. In

general di gesti b'i 
'l i ty coeff i ci ents of ami no aci ds i n the vari ous prote'in

soÉ¡rces in the present study agreed fairìy close'ly w'ith those reported

for the same protein sources (Carlson and Bayley,1970; Cho and Bay'ley,
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1970; Tao et al., t97I; Fìipot et al., l97I; Sauer, 7972).

There was no consistent pattern, however, in amìno acid dìgest-

i bi I i ty coeffi ci ents wi thi n the vari ous protei n sources . Di fferences

ìn apparent digestibility among amino acids appeared a function of the

levels of the amino acids in the diet and the levels of amino acids in

metabólic n'itrogen.ir,,;For example,;.,,the:.loweì1'apparent,:digest'ib'ility of methionine

with soybean meal, soybean isolate and zein compared to casein,

autoclaved casein and the rapeseed meals corresponded to the lower content

of methionine'in soybean and zein. S'imilarly, the relat'ively low

digestibility of gìycine with alì prote'ins, except rapeseed meaì,

coincided with the relativeìy ìow level of this amino acìd'in these diets.

Metabolic amino ac'ids had an appreciable effect on digest'ibiì'ity of

i ndi vi dual amì no aci ds as e'ri denced by the fact that true dì gest'ibi 'l i ty

coefficients within each protein source were much less variable than

apparent digestib'ilìty coefficjents, However, there was no consistent

pattern in true amino acjd digest'ibiìity coefficients aìthough with the

exception of case'in, true digestìbiìity of glutamic acid, histidine, and

argìnine tended to be hìgher than that of the other amino acids,

particu'larìy glycine, alan'ine, threonine, and methionine. Similar

patterns of amino acid dìgestibjlity have been observed for a variety

of proteìns (0lsen, L967;0lsen et al., 1968; Neiìson, 1968; Cho and

Bayley, 1970; Giovanetti et al., 1970; Carlson and Bay]ey, 7970; Sauer,

1972). No compìetely satisfactory explanation can be offered at present

for eìther the differences in dìgestibiìity among amìno acids or the

lower overalì digestibì1ity of amino acids in rapeseed meal.

The val'idity of amino acid diqestibility coefficients might be

seriously questioned in view of the fact that fecal amino acid patterns
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tended to be s'imilar for the various dietary treatments Íncluding the

protein-free d'iet (Tables 12,20,35). Nasset (1957) and Gouwens (1966)

also observed uniform fecal amino acid patterns with widely different

dietary patterns. They suggested that the similarity ìn fecal amino

acid patterns was the result of ejther endogenous proteìn secretion or

microbial synthesis. However endogenous amino acids did not compietely

mask the effect of the diet. In general amino acid composition of

d'igesta and feces'in Experìment II and III reflected major differences

in composition among the various dietary proteins. Influence of

dietary am'ino acids was particu'larly evident in the case of zein wherein

the relat'ive1y hìgh content of leucine, alanine and phenylalanine and

the low content of lysine, histidjne and argìnine in the diet was

reflected by a similar pattern in digesta and feces. The reìatìvely

hìgh content of aspart'ic acid in soybean protein also was reflected in

the digesta and feces in both Experiment II and III. These observations

support the generaì conclusion (Crompton and Nesheim, 1969; Carlson and

Bayley,1970; Nixon and Mawer,1970a) that d'ilution of digesta and feces

by endogenous protein'is insufficient to mask the amino acid pattern of

the diet. 0n the other hand amino acid composition of digesta from

pigs fed casein corresponded close'ly to that of pigs fed the protein-

free diet. These observatìons coinc'ide with the generaì conclusion

that casein was rapidìy absorbed in the proxímal small intestine. Thus

the nitrogen present at various levels of the intestina.l:tract of pigs fed

casein would haiye been mainly of endogenous origin. In fact endogenous

nitrogen represented 74% or more of the total nitrogen in feces and

d'igesta from various regìons of the al'imentary tract of pigs fed casein

(Table 43) but on'ly 25 to 50% of the total n'itrogen in the digesta and

feces of pigs fed the other protein sources. Bergen and Purser (1968)



Table 48. Contribution of the metabolic nitrogen to the total n'itrogen'in the digesta and feces of pigs
fed rapeseed meal and other prote'in sourcesl.

Source
of

D'igesta

Stomach

Mid jejunum

Ileum

Caecum

Feces2

Casei n

lContribution of the metaboljc nitrogen to the total
Tabl e 47 accordi ng to the fol 'lowì ng formul a:

% l\et. N in digesta or feces = Rat'io Protein/Cr203

9.9

74.0

78.2

74.0

84. 9

Autocl aved
Case'in

2Fìve-day fecal collection.

15. 3

38. 3

49. 3

37.0

s4.t

Soybean
Isolate

Protein Source

11. 4

45. 3

36. 6

34.0

45.5

Zei n

13. 5

28.8

27.6

48.6

36.9

Rat'io Protei n/CrZ03

RSM- i

Rapeseed Mea'l

t2.8

33. B

36.6

32.r

28.8

nitrogen was calculated from the data presented jn

RSM-4

1n

1n

t2,2

52.[

39. 3

30. 3

31. 0

d'igesta or feces

dì gesta

RSM-5

12.6

44.2

47 .2

32.r

28.1

l¡J 1

w'ì

rh the protejn-free diet x 100

protei n 'iets

\
N)
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found that endogenous N accouhted for over 90% of the total n'itrogen 'in

the ileum of rats fed casejn compared to 66% with those fed bacterial

or protozoal protein.

The present study does not support the observations by Nasset and

Ju (196i) who found that overall dilution of exogenous prote'in with

endogenous prote'in in the small intestìne was ninefold with dogs and

sevenfold with rats. It can be calculated from the data summarized

in Table 47 that metabolic nitrogen in the mid jejunum of pigs fed the

protein-free diet was equìvaìent to about 22% of the nitrogen intake

when the diet contained approxÌmately 16% protein. Part of the

discrepancies between the present results and those of Nasset and Ju

(1961) could be accounted for by the method used in the determination of

endogenous protein. Nasset and Ju (1961) did not account for the amount

of protein that had been absorbed prior to collecting sampìes of digesta

from the small intestine. They simpìy ca'lculated the proportion of

endogenous to exogenous nitrogen in the small intestine of dogs and rats

at various t'ime intervals after feeding 14C-label led case'in. However

when secretion of endogenous N was estimated by feeding a low-protein or

protein-free diet containing a non-digestible indicator (Twombly and

Meyer,1961; Crompton and Nesheim, 1969; Nixon and Mawer, 1970a) protein

secretion was cons'iderably less than that reported by Nasset and Ju (i96i).

Twombly and Meyer (196i) found that secretion of endogenous nitrogen ìnto

the gastrointestinal tract of rats was equ'ivalent to the amount of

nitrogen consumed when tbd a ro% protein diet. Endogenous protein

secretion'into the small jntestìne of the duck was equivalent to 50% of

the exogenous protein intake (Crompton and Nesheim, 1969) wh'ile'in human

subiects endogenous protein accounted for 13 to 53% of the protein

contained in the test meals (N'ixon and Mawer, 1970a).
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The proportjon of metaboljc nitrogen at various sites along the

intestinal tract was relat'ively constant for each protein source (Table

48) which suggests that rate of digestìon of endogenous protein was

about the same as that of non-d'igested residue between the mid ieiunum

and caecum. These results do not coincide w'ith the general belief that

endogenous protein'is absorbed primariìy in the ileum (Twombly and Meyer,

1961 ; Gi tl er, 1964; Ochoa-Sol ano and Gi tl er, 1968) . Howeverit 'is

poss'ible that the non-digested residues from exogenous protein were

part'icu1ar1y resistant to digestion in the present study and were

absorbed at the same rate as endogenous protein.

Marked changes were observed in the amino ac'id pattern of d'igesta

between the ileum and feces of pigs fed the various diets. In geng¡¿1,

the proportion of g'lyc'ine, proline and glutamic acid which was fairly

high in the jleum decreased apprec'iably while the proportion of alanine,

methionine, isoleucine, ìeuc'ine, tyrosine and phenylalan'ine increased.

Cho and Bayiley (1972) a'lso observed a significant (P---0.05) increase jn

the proportion of isoleucine, methion'ine and alanine between the ileum

and rectum of pigs fed soybean meal or rapeseed meal and a decrease in

the proport'ion of proiine, glyc'ine (+ ìeucine) and $1utamìc acid.

However, Cho and Bay'ley (1972) d'id not find a significant change jn the

proporti on of tyrosi ne and pheny'lal an'ine. Apparent di gest'i bi 1 i;ty of

glutamic acid, pro'line, glyc'ine, aspartic acid, threonine and serine,

increased between the ileum and caecum'in Experìment II (Table 23) and

'ileum and feces in Experiment III (Table 38). Changes 'in amino acid

digestibil'ity pattern between the ileum and feces suggest èither

extensive absorption of certa'in amino acjds in the ileum or

fermentatjon of amino acids in the ìarge intestine. The possibility of

extensi ve absorpti on of ami no aci ds i n the i treum ì s 'lndìcated
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by the fact that most of the changes in the amino acid composition

digesta were observed between the ìleum and caecum. The decrease

the proportion of gìycine between the'ileum and caecum could have

due to reabsorption of bile'in the ìleum (Nixon and Mawer, 1970a).

In addition, it js poss'ible that the high dipeptidase activity in

mucosa of the ileum (Rob'inson and shaw, 1960) m'ight be responsible

extensive hydrolys'is of specìfic peptides and absorptÍon of the'ir

of

in

been

the

for

constituent amino acids in the'ileum. In fact, Nixon and Mawer (1970b)

found that the release of gìutamic acid, aspartic acid and glycÍne was

more rapid during in vitro'incubation of digesta from the distal small

intestine of young men than during incubation of digesta from the

proxima'l small intestine. However there is also some question as to

whether reabsorption of endogenous protein was respons'ible for the

marked changes in amino acid pattern between the'ileum and feces.

Reabsorption of mucoproteins which are particularìy low in ]ysìne,

methionine,'leucine, tyrosine and phenyìalanine and relative'ly rich ìn

threonjne, proline and alan'ine (hlerner, i953; Clarke et al., i966)

would result in a higher proport'ion of lysine, methionine, leucine,

tyrosine and pheny'lalanine and a lower proportion of threonine, pro'l'ine

and alanine in the digesta from the caecum. In the present study,

however, the proport'ion of alanine in digesta increased rather than

decreased between the ileum and feces while threonine and ìysine remained

constant. Nevertheless the proportion of methionine, leuc'ine, tyrosìne

and phenylalanine increased and the proportìon of proìine decreased

between the ileum and caecum in Experìment II and ileum and feces in

Experiment III.
It is now well established (Lundh, 1958; Larson and Hill, i960;

Michel, 1966; Salter and Coates, I97l) that there 'is considerable
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bacterial activity and consequent breakdown of amino ac'ids in the ileum,

caecum and colon. It appears more plausible that the changes jn the

amjno acid composition of digesta between the ileum and feces were the

result of bacterial fermentation rather than extens'ive reabsorption of

amino acids in the ileum. As ind'icated prev'iously,feces and dìgesta from

the caecum were characterized by a lower proport'ion of proline and glycine

and a higher proportion of alanine" methionine, leucine, tyros'ine and

pheny'lalanine than digesta from the ileum. These findings co'incide

with the observations by Combe ahd Pion (i966) that the ethanol and TCA

insoluble nitrogen from normal rats contained a lower proportion of

proline and glycine and a higher proportion of alan'ine and phenylalanine

than that from âxenic rats. Microflora could have been associated

with similar changes observed in amìno acid pattern between the ileum

and feces in the present study. The decrease in amino acids to

chromic oxide ratios between the ileum and feces for all d'ietary

treatments except autoclaved casein and rapeseed meals in Experiment II
(Tables 49 and 50) is further evidence of fermentat'ion'in the'large

'intestine. Significant reduction in the amount of amino ac'ids and an

increase'in the apparent d'igestible nitrogen between the ileum and feces

also has been reported by Kay (1969a) Cho and Bayley (tglZ) and Coelho Da

Silva et al. (7972). Lower solubility of the nitrogen in feces and

digesta from the caecum than in digesta from the jleum also supports

the postul ati on of mi crob'ial prote'in synthesi s i n the I arge 'intesti ne.

Combe et al. (1966) reported that 50% of total nìtrogen in the caecum

of rats fed a stattdard diet was of bacterial orig'in. They found that

only 42 to 52% of the N from the caecum of normal rats u¡as soluble in

ethanol and TCA solution compared to 89% for axenic rats. Furthermore

of interest was the fact that the amìno ac'id composition of feces and digesta



T¿bìe 49' Indivldual amlno acid and proteln to chromlc.oxlde (cr203) ratiosl in diets, dlgesta and feces of pigs fed the various protein sources Jn Experinent Il.

Di etary
Reg imn

Casel n

Source of
Nl trogen LYs

Au tocl aved
caseln

Soybean Isolate

Dl et
Hld JeJunum
Ileum
Cae cum
Feces

Diet
Þlid JeJunum
Ileum
Ca e cum
Feces

Diet
H'id JeJunurn
I I eurn
Cae c um
Feces

Diet
Hld JeJunum
lìeum
Caecum
Feces

Dl et
Hj d jejunum
I leum
Cae cum
Feces

Dl et
Hid jeJunum
Ileum
C¿ecum
Feces

Hld JeJunum
Ileum
Caecum
Fe ces

Ze{ n

4.80 1.68
1.72 0.29
0.54 0. 11
0.49 0. l2
0. 36 0.08

4.20 t.56
2.39 0.95
1. 17 0.27
1.39 0.27
1.01 0.27

3.64 1.641.46 0.550.88 0.350.90 0.26
0.55 0. l8

Hls

RSfi-1

Ar9

2. 35
0. s6
0,27
0.31
0.22

2.r8
1. 02
0.31
0.25
0.41

5.22
1.61
0. 75
0, 64
0. 38

0.97
l. 18
0. 50
0. 20
0,24

3.74
t.97
0.78
0.72
0.67

4.07
I .37
0.48
0. 60
0.70

0.53
0.24
0.23
0, r9

Asp

RSH.5

4.74
1.45
0.68
0. 80
0,56

4.50
3. 35
t. 99
t. 91
1. 39

7.71
4.23
3. 31
2,23
L23

3.58
2.92
1. 34
0.73
l. 20

4. 84
a aa

1.61
1.62
1.51

4.94
2,62
1,29
1. 68
1 .56

0.69
0.44
0. 54
0.47

Thr

Prot¡l n-free3

0. rs 0.77
0.82 0.490.30 0.370.28 0. 150.38 0. 13

2. 83

0. 83
0.5i
0, 40
0. 28

2.73
1.66
0.76
0.70
0.63

2. t3
|.27
1. 03
0, 82
0. 59

l.82
1. 7s
0. 86
0,38
0. 56

2.96
2.07
1. l0
0. 96
0. 89

3. 03
t. s8
0. 86
0. 98
0. 88

0,47
0. 35
0.30
0.27

Ser

3.81 t4,75
0.92 2.74
0.sl 1,70
0.34 0.97
0.24 0.66

3.68 14. B4
1.97 8.52
t.0s 3.s5
0.74 3.26
0,67 2.t7

3 .24 12. 40
2 .03 5. 70
1. s7 4. 19
1.10 2.63
0.62 2.36

3.59 15.59
2.36 9.76
1,17 5.46
0.51 2.26
0.71 2.62

3.05 t2.42
2.08 6.91
1,01 2.36
0.84 2.0a
0.79 1.8t,

3. 03 12. 0:,
1.43 4.46
0. 73 L.7i;0.89 2.08,
0.77 1.8::

3.45 1.57
2.00 0.931.24 0.35
1. 14 0.33
1.06 0.31

3.30 1.69
1. 83 0. 66
0. 91 0. 26
L.L7 0.28
1.01 0.27

0.35 0, t4
0.18 0. l0
0.34 0.09
0.31 0.0B

lÂmlno acld ånd proteln to Cr20, ratlos vere computed from datô ln Tab'ìe 23 according to the followlng formula:

R¡tto Protelnlcrr0rln dlgesta and feces - 100 - proteln or amlno acJd dlqesilb,lllty (f) x proteln or amlno acld (om) ,ln dlet
100 Chromtc ox{de (gm) ln d,let

tl:ï,3i"fi'1,;årîi'ffiot;l:.lo 
chrornlc oxlde r¡tlos wlth plgs fed the proteln free dlet ts an averase vaìue of tndlvrduôt proteln or ànlno rctd to crro,

Glu

Anlno Aclds

Pro

7.0s 1.32
2.07 2.78
0,66 1.46
0.35 0.41
0.29 0.27

6.99 1.27
4.47 3,22
l. 56 0.96
1.27 0.49
0.81 0.43

3.36 ?.52
2.66 2.90
1.51 1.50
0,77 0.84
0.46 0.50

5.84 0. 79
4.54 5.04
2.84 1.06
0.90 0.34
0.78 0.44

4.50 3.48
4. 14 4.93
1. 95 1. 40
1 . 18 0.97
0. 98 0. 94

4.44 3.49
?.78 3.04
2.23 l. 14
t,24 L ,02
0.94 0.90

3.49 2.22
1.92 1 , 14
0.56 0.42
0. t6 0.23

Glv Ala

2,r2 4.02 1,78
0,61 0.66 0.1-9
0.38 0.40 0.t2
0.51 0.41 0.19
0.32 0.29 0. t3

2.05 .4,06 1.71
1.29 1.79 0.71
0.48 0,67 0.40
0.64 0.77 0.41
0.62 0,73 0.34

2.s4 3.56 0.71
L.zt t.42 0.40
0.67 0.Bl 0.28
0.77 0.88 0,2s
0.58 0.63 0.24

6.18 2.22 0.68
3.62 t.74 0.46
2.24 0.88 0.29
0,98 0,48 0.17
1. t6 0,59 0.26

2.92 3.22 0.97
l.9l 1.98 0.34
0.81 0.99 0. t9
1. 0s 0. 96 0. 30
0.98 0.98 0.39

3.22 3.28 1.29
1.36 1.39. 0.46
0,65 0.73 0.17
0.98 l.0r 0.32
0.9s 0.88 0.37

0.51 0.42 0.09
0.26 0.22 0.04
0.32 0.28 0. 13
0. 31 0 .26 0. 12

Val Het Ile

3.08 6.35 ', 2.99
0.55 0.81 0.35
0 .27 0.43 0. 23
0.31 0.51 0.27
0.23 0.39 0.21

3,15 6.13 2.94
1.58 2.45 1.03
0.71 0.77 0.22
0.83 0.87 0.30
0. 66 0. 86 0. 36

Leu

0, st
0. 32
0. 26
0.24

Tyr

0. 82
0. 5f,
0. 6/,
0. 51

Phe Protel n

2.56. 5.12 2.26
0.95 1.59 0.74
0.60 0.9I 0.41
0.65 0..06 0.41
0,39 0.60 0.31

3.32 62.680.39 16.8r1
0.2 t 8. s9
o.4z 7.77
0.?2 5.27

2,34 13.35 2.68
1.65 6.29 1.69
0. 95 3. 80 0. 99
0.48 l.6s 0.40
0.57 2.06 0.51

2,44 4.78 t.s3
1.38 .2.56 0.86
0.59 1. t5 o.sl
0.73 1,25 0.55
0.7i l. i9 0.54

2.30 4.79 1.91
0.97 1.96 0.73
0,52 0.96 0.36
0,77 l. 35 0. 55
0.69 r.2r 0.48

0.20 0.46 0,21
0.13 0,27 0.12
0.21 0.38 0.16
0.21 0.34. 0.15

3.25 62.8C
1.13 35.17
0.25 13.63
0.33 14.38
0,40 12.()2

3. 34 62. 00
0-97 29.33
0. 64 18. 41
0. 66 rs.69
0.53 12.45

4.46 62.12
2.?7 45.91
1.46 24.35
0.69 11.1S
0.69 I3.36

2,46 62.64
1.28 44. r0
0.64 '18.54
0.70 t6.91
0. 67 16. 10

2.56 62.75
1.03 30.06
0.52 14.31
0.80 16.63
0.6s 16.19

0.23 13.14
0. 14 6.78
0.21 5.14
0.18 4.48

FJ\¡
\J



Tabìe 50' Indivldual amlno acld and protein to chromic oxide (cr203) ratlosl ln dletsi dlgesta and f,:ces of plgs fed regular and low-flber
Experiment III).

Dletary
Reginnn

Soybean - l,leal

- Isolòte

g. caßpestrls
- l,leal

Sampl e

Dlet 3,74
Hì d JeJunum 1, 73
I I eunr l. 34
Feces 0.76

Diet 3. 54
Mid JeJunum 1.39
Ileum 1.19
Feces 0. 59

oiet 3.93
Mjd Jejunum , 1.73
I ìeum 1,27
Feces l. l0

Di e t 3.80
l4id JeJunum l.gf
I I eurn 1,24
Feces 0,92

Dlet 3.71
Mld JeJunum 2,14
Ileum 1,36
Feces l.0l
Dlet 3.92
Hid JeJunum t.gz
I I eum 1.44
Feces 0.Bl

Lys

- Low
Fl ber

B. nåpus- ¡þûl'
cv.
Brononskl

- Lorr
Fi ber

Hls

1. 46 4. 50
0.65 t,620.40 0.78
0.17 0.43

1. 45 4. 84
0.55 t,27
0.41 0.90
0. l8 . q.41

l-8l 3.98
0.52 1.23
0.41 0. B0
0.23 0.73

1.69 4,17
0.49 ]. 17
0.31 0.63
0. 19 0.58

2.04 4.52
0.76 1.63
0.43 0.84
0.25 0.62

t.86 4,34
0.62 1.510.41 0.95
0.21 0.53

Arg Asp

7 ,99 2.72
3.82 1.31
2.49 0.90
1,21 0.60

8.08 2,45
4. 16 1 .23
3.80 1.09
7.2e 0.q3

5,01 3.03
2.7t 1.58
1,83 1.30
I.70 0.99

5. 20 3 .20
2.61 l.st
I.ss l.16
I . 32 0.77

5.14 3.22
3.39 2.03
2.03 ]. 40
1.49 0.81

4.83 2.99
2.69 1.422.04 1.25
1.30 0.71

lA¡¡lno aclds ônd Prcteln to CrrOr..ato, 
"... computed from data ln Table 38 accordlng to the toìlowtng formuìa:

Råtfo Prot4ln/crr1tln dlgestâ and feces ' (100 - Proteln or amlno acld dlqestfblìltI (l) ) x proteln or amlno acld (qm) 1n dtet
100 Chromlc oxlde (gm) ln dlet

Thr 5er

3.66 13, 38
1.64 5.69
0.97 4.29
0,55 L5l

3.37 13.30
1.80 5.61
1.68 4.76
0.68 1.52

3,06 1 3.06
l.61 4.66
1 , 15 2.64
0.88 2,23

3.18 13.66
1.49 4.73
0,95 2.47
0.69 1.7?

3.36 13.532.r0 6. s6
l.2l 3.14
0.76 1,84

3. t4 13,84
1.48 5.20
r . 12 3.47
0.66 1.69

Glu

Anlno Aclds

Pro

3. s6 2.9t ?.92
3.25 2.73 1.452.81 1.78 0.80
0,51 0.65. 0.86

3.15 2.66 2.403,74 3.01 1.02
1.82 1. 53 0.660.46 0.52 0.54

4.74 3,67 3.283.24 3.02 1.392.74 1.90 0.92
]. l8 1.02 l. r0

4.98 3.72 3.253.26 4.03 1.352.87 I.54 0.75
1.00 0.82 0.86

4,78 3,81 3,42
3. e6 .4.08 1.82
1,92 1.53 1.01
1. 00 0. i8 0. -o5

4.55 3.56 3.24
3. B2 3.25 1,652.93 2.t6 1.09
0. B5 0.76 0.83

Glv
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from the caecum bore several similarities with that of rumen (Sharma,

r973) and other bacteria (stokes and Gunness, 1946; Anderson e! al.,
i95B). In fact the higher content of alanine, methionine, isoleucine,

tyrosine, and phenylalanine in feces than digesta from the jleum

co'incides with the relatively high content of these amino acids'in

bacteria. Simjlar'ly the relatively ìow content of proline and glycine

lh bacteria might explain the decrease in the proportion of these amino

acids jn the caecum and feces. The levels of 'lysine, g'lutamic acid,

threonine and serine in feces and digesta from the caecum also bore

several similarities wìth those of bacteria.

During the writìng of this section of the thesis it was brought to

the author's attent'ion that dianrinopimelic acid (DAp) can be used to

estimate the proportion of bacterial nitrogen to total nitrogen in

digesta (sharma, 1973). As a result, two samples of feces, one from

p'igs fed soybean meal and one from pigs fed rapeseed meal, were analyzed

for DAP by the method of H'irs (L967). There was 0.50 g and 0.36 g DAp

per 16 gm of N in the feces of pigs fed soybean meal and rapeseed meaì,

respect'iveìy. If one assumes that fecal bacteria contaìns a similar

amount of DAP to that of rumen bacteria (0.89 gm/16 gm of nitrogen -

Hutton et gl., r97r) then 56 and 40% of the total fecal N would be of

bacterial origin for pigs fed soybean meaì and rapeseed meal, respectively.

These findings substantiate the suggestion of 0sborne and Mendel (1914)

and more recently Salter and Coates (1971) tnat much of the non-digested

proteÍn is ultimately incorporated 'into bacterial cells and excreted as

such. The presence of DAP would have led to an overestimatÍon of the

methionine in feces because the two are not resolved by ion exchange

chromatography. Diaminopimelic ac'id accounted for 34.4 and 30.6% of the

methionine found in the feces of p'igs fed soybean meaì and rapeseed meal,
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respectively. These observations also expìain the apparent anomaly

where'in apparent and true digestìbi'lity coefficients for methionine

tended to be higher in the ileum than in the feces. For example,

apparent dìgestibility of methionine on the basis of digesta from the

ileum was 84.2% for soybean mea'l and 82.3% for regular B. campestris

rapeseed meal compared to 69.6% and 68.7% respectively on the basis of

fecal analys'is (Tabìe 38). correct'ion of fecal meth jonine for DAp

resulted in apparent digestibility coefficients of 80,3% for soybean

meal and 78.0% for rapeseed meal which coincides with the digestibifity
coef fi c'ients based on 'i I eal di gesta. Fai I ure to account for the

presence of DAP'in feces would result in an underestimation of the

availability of methionine, partjcuìariy for proteins that are low'in

methionine and may expìain the low digestib'iiity of methionine fn

soybean meal (cho and Bay'ley, 1920; Giovanett'i et al. , 1970; sauer, lgTz),

Evìdence that an apprecìable proportion of fecar li was of

microb'ial orìgin raises the question whether degree of fermentation

varied with the type of protein ìngested and whether certain amino acids

were more susceptible to fermentation. conparison of amino acjd

digestibility coefficients based on ileal digesta with those based on

feces indicated that there was considerable variation in the digestibil'ities

of individual amino acids between these two sjtes (Tables 23,24,38,39).
Aìthough digestib'ilìty coefficients for alanine, ìsoleucine, ìeuc'ine,

tyrosine and phenylalanine were siprilar for the ileum and feces, an

appreciable improvement generaì1y occurred between the ileum and feces

for aspartic acid, threon'ine, serine and prolìne. Digestibil'ity of

methjonine, on the other hand, tended to decrease from the ileum to the

feces with most protein sources. Changes'in amino acid digestib'ility

between the ileum and feces in Experiment II usually were more pronounced
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for soybean j sol ate and zei n than for case'i n , autoc'laved casei n and

rapeseed meals. The same pattern prevailed in Experiment III except that

the d'ifference between soybean protein and rapeseed proteìn was less

pronounced because of the substantial ìmprovement in amino acid

digestibì1ìty with rapeseed meal between the ileum and feces. The

fact that improvement in digestibi I ity with soybean meal was cons'istent'ly

higher for aspartic acid, threonine, serine, g'lútamÍc acid, pröline and

glycine than for al,anine, methionine, isoìeucineo tyrosine and phenyì-

alanine js in agreement with the results of Cho and Bay'ley (1972)

although the magnìtude of changes was more pronounced in their experiment.

They reported a three fold reduct'ion in amino acid/PEG ratjos between

the ileum and feces for arginìne, aspartic ac'id, threon'ine, and a two

fold reduction or less with valìne, tyrosine, isoleucine, ìys'ine and

alanine. In the present experiment (Table 50) there vvas a three fold

decrease for glutamic acid, proìine and gìycine but only a one to two

fold decrease for aspartic acid, serine and threonine and no reduction

in alanine, valine, isoleucine, ìeucine, tyrosine and phenyìalanine.

No decrease in the methionine/indicator ratio was found in either study.

It is interesting that the amino acjds for which there was a greater

improvement in digestibilìty were those which have been found most

suscept'ible to breakdown durìng incubation with microflora from the

caecum of p'igs (Miche'ì , i966). Thus it is possìble that amino acid

digestibility coefficients based on fecal analysis might reflect the

rel ative suscepti bi I 'ity of the ami no acì ds to mi crobi al breakdown rather

than the'i r true avai I abi I i ty. Thi s phenomeRon m'i ght expl a'in why the

d'i gest'ibi I i ti es for prol i ne and 91 utam'ic aci d are genera'l 'ly hì gher

than those of the other amino acids (Carlson and Bay'ley, 1970;

Giovanetti et al_.,1970; Sauer,1972) even though endopeptidases such
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as pepsin, trypsin and chymotrypsin do not spec'ifical'ly hydrolyze

proteìns or peptides adjacent to these amino ac'ids (Hill, 1965). By

contrast the relatively small improvement in digestibility for alanine

and methionine may be related to their greater resis:Ëance to microbial

breakdown and explain why the digest'ibility of these amino acids js

relat'iveìy low compared to that of the other amino acids. Thus amino

acid digestibility based on fecal analysis might lead to an overestimation

of the avaílability of proìine, glycìne, aspartìc acjd, threonine,

serine and gìutamic acid. similarìy availabjlity may also be under-

estimated when the proport'ion of amino acid in a diet is marked'ly

lower than that of metabolic fecal nitrogen wh'ich will explain the low

availability of 1ysìne 'in zein (Experiment II) and cereals (Giovanetti

et al., 7970; Sauer, 1972). The presence of DAp wjll result in an

underestimation of the availabìlity of methionine partjcuìar'ly ìn

diets limiting in that amino acid. However amino ac'id digestibif ity
based on fecal analysis would appear to give a satìsfactory estimate

of the availability of alanine, isoleuc'ine, leucjne, tyrosine and

phenylalanine. Furthermore amino ac'id digestibiìity coefficients based

on fecal analysis appear to give a fairly good estimate of the

availabjlity of amino acids v¡ith highìy digestible proteins such as

casein or proteins such as rapeseed meal and autoclaved casejn which do

not seem to be readily fermented jn the iarge intestine. The present

study suggests that digestibilit¡i',rvalues based on fecal analysis must

be used with caution in the determjnation of the availability of amino

acids in proteins and agrees wjth the suggest'ion of Payne et al. (1968)

that amino acid digestìbiìity based on d'igesta from the ileum represents

a more accurate index of amino acid availability.

The fact that the nitrogen retention expressed as % of N intake
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tended to be higher for rapeseed meals than soybean'isolate and zein

even when these proteins were supplemented with limiting amino acids

(Table 27) supports the hypothesis that the difference'in djgestíbilities
among these proteins is primarily the result of fermentat'ion.

Furthermore postprandial plasma amino ac'id levels at one and three hours

after feedjng the test d'iets suggested similar rates of absorption for

rapeseed mea'l and soybean isolate (Tabìes 25 and 26).

in vitro digestion with pepsìn, pancreatin and pepsin-pancreatin

bore l'ittle relationship to apparent digestibility coefficients for

rapeseed meal and the other proteìn sources when fed to growing pigs

(Täble 51). Thus in vjtJI¡ digest'ion, determined e'ither by the release

of amino acid N or amount of sulfosalicylìc acjd soluble nitrogen

(sA-sol N), did not satisfactorìly explain differences in apparent

digest'ibility among the protein sources used in this study. However,

there were some interesting observations associated wìth in vitro
digest'ions. Total soluble nitrogen and SA-Sol N were similar for zein

which suggests that the relatively low apparent digestìbil'ity of this

protein, based on digesta from the ileum, rìlâ.y be related to the low

solubility of the protein prior to partial digestion. However, soìubiìity
did not appear to be an important factor in the in vitro d'igestion of

case'in, autoclaved caseìn, soybean ísolate, rapeseed meal and soybean

meal. In fact with these protein sources total soluble nitrogen was

much greater than SA-Sol N during the ear'ly phases of in vitro digestion

which tends to rule out the possibiììty that differences in digestib'il'ity

were associated w'ith solubiìity. Aìthough'in vivo digestion of the

various protein sources did not correlate well with in vitro assays,

pre'liminary digestion of the proteins with pepsin increased overall

agreement between digest'ibì'lity and in vitro digestion. In fact, in
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vitro pepsin-pancreatin digest'ion at one hour agreed fairly closeìy with

apparent d'igestíb'i'l'ity coefficients, based on ileal dìgesta, for casein,

autoclaved casein and zeìn. However, there was a rather poor reiationsh'ip

between apparent digest'ibility and free amino acid N released during in

v'itro incubatìon for isolate soybean meaì and between apparent digest-

ibjlity and SA-Sol N for soybean isolate, rapeseed meal and soybean meal.

Evans et al. (1947) and Sheffner et al. (1956) also found that pre-

digestion with peps'in reduced the variation assocjated with in vitro

assays using trypsjn alone. However, there are several problems

associated with in vitro assays'including the enzyme system usedo the

length of incubation, the criteria used to assess degree of digestìon,

etc.

Release of individual amino acids during pepsin-pancreatin djgestion

followed a sjmilar pattern for all prote'ins w'ith the onìy amino acid

released in significant amounts being those specific to pepsin and

pancreat'in. The percent of total amino acid released occurred in the

fol lowing order: arginine¡ pheny'lalanine) tyrosine¡ lysine> leucine)

methionine. These amino acids accounted for 50 to 70% of the'total

amino acids released. SÍmilar observations were reported by Nixon and

Mawer (1970b) when incubating the'intestinal content of man fed either

casein or gelatin. The nearly comp'lete release of argìn'ine with pepsin-

pancreati n for al I prote'in sources , except autocl aved case'in, coul d

account for the high dìgestibility genera'lìy observed for arginìne in a

variety of protein sources (0ìsen et al., 1968; Giovanetti et al., 1970;

Sauer, 1972). llowever, the poor release of anrino acids whìch are not

specific to pepsin and pancreatin emphasizes the djffìcuìty of comparing

dígestibilìty of amino acids with the release of am'ino acids during'in

vivo digestion. Although in vitro dìgestìon assays did not appear to
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be satisfactory for the assessment of digestibility of different
proteìn sources, release of free amino acids wjth pepsin-pancreatin

dìgest'ion may be useful in comparing the effect of processing on the

utilìzation of a single protein source (casein vs. autoclaved casein,

Täb'le 51) . Fecal ami no aci d analys i s st'i 'l 1 appears to be the most

satisfactory method of estimatìng the ava'ilability of amino acid per se,

even though the possib'il ity of fermentation 'in the 'large intestine

casts doubt on the reliabilìty of these values, especìaì]y for some

amino acids. More research needs to be carried out on the relat'ive

importance of fermentation în the large intestine particularly wìth

respect to protein source and other const'ituents in the diet (e.g. fiber).
Neither the in vivo nor the in vitro studies compìete1y explaìn

the consistently lower digestìbiiity of rapeseed meal protein compared

to other protein sources such as casejn, zein or soybean protein.

Nevertheless the overall results suggest that the utjlization of rapeseed

protein ìs equ'ivalent to that of soybean prote'in and seeming differences

in digestìbiìity appear to be related to the relatjve suscept'ibilíty of

these prote'ins to fermentation i;n the large ìntestjne. Results of

the present study suggest that the primar.v limiting factor in the

util'ization of rapeseed meal is the low feed'intake generally associated

with the regular meals ava'ilable commerciall¡r. The introduction of

low thioglucoside varieties appears to be partÌcuìarly promising since

feed intake with Bronowski rapeseed meal was similar to that of soybean

meal ìn Experiment III.



Chapter VI

SUMMARY AND CONCLUSIONS

Three experìments involving 6-week old castrated male piglets, were

carried out in an attempt to expìaìn the lower dìgestibility reported

for rapeseed meal compared to casein, soybean meal and cereals.

Experiment I compared the digestibility and nitrogen utilization

of 12 sampìes of rapeseed meal from 5 different processors. Apparent

protein digest'ibility for the 12 RSM samples ranged from 71.0 to 77.9%

while apparent digestibility of indìviduaj amino acìds varied from 69.0

to 84.6%. Methods of process'ing (expeller, prepress-solvent or solvent),

variety of rapeseed (B.campestÈis, regu'lar B.napus, B.napus cv. Bronowski)

and year of harvest (1967, 1968) had no effect on apparent and true

digest'ibiìity of protein and amino acids. These parameters also had no

effect on the effi ci ency of n'itrogen uti I i zati on when expressed ei ther

as percent of n'itrogen intake or as percent of the nitrogen absorbed.

Nitrogen retention (grams N per pigl4 days) however, was sign'ificantly

(P<0.05) higher for Bronowski meal than for the regular B.napus meals

while N retent'ion for the B.campestris meals, with one exceþtion, tended

to be intermediate between these two sources. Covariance analys'is

ind'icated that the h'igher nìtrogen retention for Bronowsk'i meal and one

sample of B.campestris meal than for the regular B.napus meals was a

function of feed intake. No general pattern was found for the

digestibìi'ity of the individual amjno acids, except for the consistently

higher digestìbìl'ity of glutamic acid, histidine and arginìne.

In Experiment I I proteì n di gest'ibi I i ty and pattern of di gest'ion of

three samples of rapeseed meaì (B.napus cv. 0ro, B. napus cv. Bronowski,

L87
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B.campestris) were compared with those of casein, autoclaved caseìn,

soybean i sol ate arrd zei n . True and apparent prote'in di gesti bi I i ty

coefficients were significantly (P<0.05) lower for the rapeseed meals

than for casein and soybean isolate but díd not differ apprec'iably from

those of autocl aved casei n and zei n. Apparent prote'in di gest'ib'i I i ty

coefficients for the three rapeseed meai samples were 75,3,77.5 and

74.7 (0ro, Bronowski and B.campestris meals, respectively) compared to

91.8 for casein, 84.2 for isolated soybean proteìn, 80.8 for zein and

79.3 for autoclaved casejn. Little relationsh'ip was found between

digestibility va'lues based on feces and those based on d'igesta from the

mid jejunum except that d'igestib'if ity coeff iceints for casein tended

to be higher than those of the other prote'in sources. Prote'in digest-

ibility coeffic'ients based on digesta from the'ileum were similar to

those in feces for casein, autoclaved casein and the rapeseed meal samples

but considerably lower than those'in feces for soybean proteìn and ze'in.

Apparent digestìbility coefficients 'in the ileum were 70.4, 72.0 and 77.2

for the three rapeseed meal samples compared to 86.3 for casein, 78.2

for autoclaved casein,70.3 for soybean isolate and 60.8 for ze'in.

Soluble nitrogen in digesta from the mjd jejunum and ileum was

significantly (P<0.05) higher for casein, autoclaved casein and soybean

(84 - 90%) than for the rapeseed meals and zein (56 - 72%). Yet neither

soluble nitrogen nor free amino N'in d'igesta from the various regions of

the gut were related to the eventual dìgestibìlity (fecal ana'lyses) of the

proteins. There was no indication of lower trypsìn and chymotrypsin

activit'ies in digesta from the m'id jejunum of pìgs fed rapeseed meal

compared to those fed the other protein sources. Trypsin activ'ity

appeared to be proport'ional to the n'itrogen content of the digesta.

Endogenous n'itrogen accounted for 75 - 85% of total nitrogen in
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dìgesta from the various regions of the intestinal tract and feces of

pigs fed caseirl compared to 28 - 50% for the other protein sources.

However, dilution of dìgesta and feces by endogenous protein was

insuffic'ient to mask major differences'in amino acid composition of

the di etary prote'ins .

Marked modjfications in amìno acid pattern were observed between

the ileum and feces; the proportion of proline, glycine and glutamic

acid decreased whereas the proport'ion of alanine, methionine, isoleuc'ine,

leucine, tyrosine and pheny'lalanine increased. These changes were

probably the result of bacterjal fermentation as indicated by a rapid

decrease in the soluble nitrogen between the ileum and caecum and the

presence of diaminopimelic acid (DAP) in the feces of pigs.

Calculations based on DAP suggested that 40 to 56% of the fecal nitrogen

was of bacterial origin.

True amìno acid digestib'ility coefficients for the rapeseed meals

were consistently lower than for caseìn, soybean isolate and zein but

did not differ appreciably for several amino acids from those of

autoclaved casein. However no general pattern was found for the

dìgest'ibiIities of indivìdual amino acids aìthough coefficjents tended

to be h'ighest for gìutamic acid, argìnine and histidine and lowest for

methìonine and alanine regard'less of dietary protein source. There

was fairly close agreement between the ileum and feces in digestibility

coeffjcients for lysine, histidine, arginine, alan'ine, isoleucine,

leucine, tyrosine and phenylalanine. However, there was considerable

discrepancy between these two sites 'in the digestibilities for proìine,

glyc'ine, g'lutam'ic acid, aspartic acid, threonine and serine. Thìs

discrepancy was partìcularly marked in the case of soybean isolate and

zein. These findings suggest that some amino ac'ids are more
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suscept'ible to breakdown than others and that the extent of breakdown

varies among proteins. Thus although fecal analysis appeared to give

reasonable estimates of the ava'ilabilìty of individual amino acids for

a hi ghly di gested prote'in , such as case'in , and for autocl aved casei n

and rapeseed meal, relatìveìy poor estimates were found with proteìns

such as soybean'isolate and zein, which appeared to undergo consjderable

fermentati on 'in the I arge 'intesti ne.

The third experiment (Experìment III) investigated the effect of

partial removal of the hull fraction by air classificat'ion on the

digestìbility of rapeseed meal protein. A s'ignificantly (P<0.05)

hìgher digest'ibi1ìty was found for low-fiber rapeseed meals whereas

fiber had no effect on the d'igest'ibì1ity of soybean prote'in.

Coef fi ci ents of apparent di gestì bi ì 'ity averaged 75 .7 f or the regu'l ar

rapeseed meals,79,8 for the low-fiber rapeseed meals and 83.4 and 83.5

for soybean meal and soybean isolate, respectiveìy. No significant

dìfferences were found among protein sources (reguìar and low-fiber) for

protein digestibì'lìty coefficients in the mid jejunum and 'ileum.

However, a significant (P<0.05) 'improvement in digestibility was found

between the ileum and feces for p'igs fed soybean proteìn either as the

meal or the ìsolate and for two of the low-fìber rapeseed meals. These

results suggest that the fiber-rìch hull fraction interfered with

fermentation of the nitrogenous components or increased the rate of

transit through the large intestine.

The high content of aspartic acid'in soybean protejn and prol'ine

in rapeseed protein was reflected by sìgnificant'ly (P<0.05) h'igher

levels of these amino acids in the digesta and feces of pigs fed these

proteins. However, the influence of dietary amino acids on the amino

acid pattern of digesta was difficult to assess because no major
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differences'in the amino acjd composition exist between soybean protein

and rapeseed meal.

A sìgnificant (P<0.05) improvement occurred between the ileum and

feces in the apparent digestibilities of prof ine, glyc'ine, gìutamic ac'id,

aspartìc acid, threonine and serine. The ìmprovement in d'igestibi lity
was higher with pìgs fed soybean isolate, soybean meal and the low-fiber

Bronowski meal than for those fed the regular or low-fiber B.campestris

meal . Feed ìntake uras significantly (p<0.0b) higher for pigs fed

soybean, B.campestris and Bronowski djets than for those fed the B.napus

diets. However, nìtrogen retention expressed as percent of the n'itrogen

intake or percent of nitrogen absorbed was significantly (p<0.05)

higher wl'th the rapeseed meaì diets than with the soybean protein diets.

Experìment IV dealt with in v'itro peps'in, pancreatìn and pepsin-

pancreatin dìgestions of the protein sources used in Experiment II and a

sample of soybean meal. Little agreement was found between in vjtro

digest'ion and apparent digestibiìity of the proteins although the

pepsin-pancreatin digestion of casein, autoc'laved case'in and ze'in bore

several similarities to the apparent digestibility coefficients for these

proteins. Digestion of casein by pancreatin appeared particu'lariy rap'id

compared to the other protein sources. Pre-digestìon of soybean meaì

and rapeseed meal w'ith pepsin had an appreciable effect on d'igestion of

these proiei ns . Ne'ither sol ubi I i ty of protei n nor rate of enzymat'ic

hydrolysìs appeared to compìete'ly expla'in the lower in vivo digest'ibility

of rapeseed meal compared to other protein sources, aìthough there js

some indicatìon that the poor solubjìity of zein was responsible for its
poor digestibility.

In conclusion, results of the present study jndicate that the

digestion and absorption of rapeseed meal is lower than that of casein
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but equivalent to that of soybean proteìn and that the lower digestìbi'lity

of rapeseed meal than soybean meal is due to the greater fermentation of

the I atterin the large intestine.
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Appendi x, Tab'le 1.
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Nl trogen

Duncan's Uutttpte Range anaìysis of percent of total proteln, solub'le proteln and amlno nitrogen in atgeita from plgs fed
rapeseed mea'l ond other proteJn sources.
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lExpressed as % of dry matter of digesta.
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Appendlx, Tabìe 2. Duncan's ¡lultlple.Range analysls of percent of total piotein, solubìe protein and amlno nitrogen ln dlgesta from plgs fedregular and ìow flber rapeseed meals, soybean meal and soybeãn isolate.
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14. 6

cd

77.9

ab

t7.7
b

16. 9

b

37. 5

a'

77.9

b

64. 0

cd

42.1

c

?6,L
bc

6.4

a

26,5

a

20. 9

bc

29.7

a

Rapeseed

B, napus

17.4

79.2

cd

t2.9
d

76.2

b

17. 0

b

17,4

ab

tl o

a

75,2

b

72,5

bc

35,2
.cd

25.5

bc

7.4

25.8

a

16 .2

c

22.9

a

Itxp"essed ðs f of dry matter of dfgesta.
zExpressed as f of total protein of digesta.
3Exprcssed as f oi soluble proteln
4v¿ìucc ln tlro sonn row followad by tho $ðmo lettcr dlrJ not dìffer slînlfic¡ntly (p<0,0s),

17 ,7

c

23.0

bc

19. 1

b

18.7

ab

19.9

ab

18.0

ab

36. 5

a

67.3

b

60.2

d

45,7

bc

29.2

bc

7,8

.a

26.2

a

28,9

ab

23. 4

a

B. napus cv. Eronowski

Heal Low Fiber

20.9 16.9

ab
23.0 22.1

bc bcd

19.6 t7.4
bbc

18.9 L7.0

ab ab

22.5 18.7

aab

2t.7 20.0

ôb
32.3 32.4

åa
69.9 7s. 5

.b b

69.4 76. I
bcd b

?7,4 44,2

dbc
2r.6 24.2

cbc
7.8 7.6
ôà

23.? 25.8
ðà

18.6 25.9

c abc

24,9 24.4

aà

n\)
H



Appendix, Table 3. Percent of amino.acid recovery.(includìng üllr) in d'ir:ts, riìgesLa and fcces with pìgs fed rapeseed meal and otherprotein sources (Experìment Ii).

Source of
Ni trogen

Dletl

Mid Jejunum

I I eum2

caecúmZ 

.

Feces3

Casei n

97.6
12.5

a

91.9
t 4,7

a

77.5
r 1.6

a

75.7
* 1,7

a

75.8
r 1.6

ab

Autocl aved
Casei n

96.5
r 2.8

a
I

92.2
* 4.6

a

80.7t 3.3

a

7 4.2r 1.4

a

75.2
t 2,1

ab

Protein Source

Soybean
I sol ate

lDupl icate analyses.
2vu'1r., ln the mid jejunum, iìeum and caecum are means r s.D.x for 3 plg$.
3vulru, ln the feces are means Í S.0.,. for 4 pìgs.
4Any *.un not folìowed by the same letter ls significantly (p<0.05) djfferent:

97.5
r 3.5

a

94.4
I 3.5

a

80.0
* 4,4

a

77 .5r 6.1

a

76. 1rL2
ab

Zei n

96.6r 5.1

a

94. 1r 1.4

82. B

t 3.6

77 .8t 3;2

a

78.3
r 2.3

a

87 ,7
*. 0.7

b

82.1
r 1.4

b

68.1
r 4.8

b

68,2
t 5.1

b

7r.7
*, L2

cd

RSM-5

86.0
r 0.3

b

Bl.4
t 8.4

b

67 ,0
r 3.1

b

68.2
r 4.0

b

69.2
t 2,8

d

Proteì n-
Free

94.0
t 3.4

a

79. I
r 3.4

a

76,0
rtô

a

74,7
*, 2,2

bc

f\)
11
l\)



Appendìx, Tab'le 4. Petcent of amino acid recovery (including Nl"l") in diets, d'igesta and feces with pjgs fed
regu'lar and low-fìber rapeseed meal, soybean'nleal and soybean isolate. (Experimeni l¡).

Source of
I'lì trogen

Di et

Mìd jejunum

Ileum

Meal

Soybean

92.5

87 .71
x 5,2

ab2

77 .5
t 2.4

a

77 .7
t 3.3

a

Feces

I sol ate

1*Mean t S.D.* for 5 p'igs except as indjcated by superscript 3.
zAny t.un not followed by same letter is significantìy (p<0.05) different.

97 .0

92.8
t 4.5

a

a
78.9'

t 3.5

a

78. 5
¡ 2.7

a

3M.un t S. B. * for 4 pi gs.

Proteìn Source

Mea I

B. campestri s

80. 5

75. B

t 4.1

c

68.43
t 3.8

b

65.7
t 1.8

c

Low Fi ber

Rapes eed

83.6

75. 5
r 3.0

c

67.83
t 2,3

b

68.7
+û"Ã.

bc

B.napus cv. Bronowski

Mea I

90.7

85. 5
t 2.9

b

69. 1

t 3.1

b

70.3
x 2.9

b

Lolv F'iber

94.t

82.s
t 3.3

b

69. 1

x 4.2

b

7r.7
t 4.6

b

l\)
FJ(,



Appendix, Tab'le 5.

Source of
Vari ati on

Total

l^li th'i n

E rron

Covariance analysis between feed
12 different samp'les of rapeseed

d. f.

F = not significant.

7t

11

60

Sum of Squares and Products

l*2

16,926,877

6,222,495

r0,704,382

intake and nìtroqen
meal (Experiment"I ).

{*y

240,575

108,768

131 ,807

retention (gm N retained/4 days) for pigs fed

lvz

6379.6

2321.2

4058. 4

d. f.

Deviation from Regression

70

11

59

S. S. M. S.

2960

525

2435

47.73

4r.27

i. 16

f\)
fJÞ
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Appendlx' Table 6. Covarlance anaìysjs between feed lntake and.nitrogen retentlon (gm N retalned/S days)for plgs fed regular and low-flberrapeseed meal, soybean meal and soybean lsolate.

Source of
Vari atl on

Total
Trea tment
Fiber
I n te racti on
Within
E rror

d. f.

Treatnrent +
Error

38
3

I
3
7

31

Fi ber +
Error

Sums of Squares and Products Deviafion from Regression

I *z { ^y {vz ,.f . - s.s. M.s.

Interaction +
t rror

r778.7
180.7
157.?
92.8

430.7
748. 0

34

l.lithin +
E rro.r '

32

**SÍgniflcant at P (0.01.

1676.0
196. 6
51.8

362.7
611. 0

1065.0

928.7

34

105.2

3014.5
s71.0
186. 0
411.3

1 i6B. 4
1846.1

38

1261.6

840. 9

1i 16.8

1178.7

24t7 .6

1427.7

203?.2

1676.0

2257.5

30

3014.5

âa

J

330.1

31
1

703.8
373.7

33
J

6s4.4
324.3

11.0

37
7

-166.5
496.7

724.6

634. 5
304. 4

324.3

F q 11.3**

165.6

f = l!.$tt*

43. 0

F = 15r05**

p' = 3.95**

t\)
f-¡
C¡'
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Appendix, Tabìe 7. Level s of g1 ucosi nol atel
meals used in Experiment

(agì¡rcone) of rapeseed
i.

Glucosinolate products (mg aglycone/gm oil-free meal)

Samp I e
No.

Butenyl .
.L'r soEnr ocyanaEe

Pentenyl ,
i sothj ocyanate'

Oxazol i -
, di nethi one

i
2
3
43
5
6
7
B

9
10

2.L
2.6
3.6
0.1
2.5
1.6
4.r
3.6
3.1
2.9

2.7

3.0

0.5
2.2
2.8

Traces
1.9
i.0
3.1
3.0
0.9
1.0

0.8

2.3

70
2.3
2.6
0.2
2.0
r.7
2.6
2.4

i1. 1

8.4

8.7

2.3

Mean of B.napus
(1,9,10)

Mean of
B. campestri s
(al I others
except sampìe 4)

lAu.rug., of data supplied by laboratorjes listed jn lst progress report
(Giovanetti and Bell, I97I) after hydrolysis of glucosinolates with
myros'inase. l,rlithout the addition of thís enzyme, onìy trace amounts
of glucosinolate products were found, the maximum being 0.3 mg

oxazolidinethione/g oil-free rapeseed meaì 9.

ZDutu supplied by Youngs (Prairie Regilonal Laboratory, Natìona1 Research
Counci I , Saskatoon).

3Dutu from Bell et al. (1971).



Appendix, Table 8.

Gl ucos i nol ate
P roducts

(mg aglycone,/
gm o'i I - f ree meaì )

Levels of glucosinotatel (aglycone) of rapesee(: meals used ìn txperinent III'

Isothiocyanates -

Butenyl

Pentenyl

Methyl suì fi nyl butyl

Phenethyl

0xazol i di nethi ones

Meal

lGlucosinolate determinatlons were rnade by 0r. F.!¡r. Hougen, Department of Plant science, univers'ity of l'lanitoba'

B. campestri s

2. 181

1. 551

0.404

0. 647

Low Fi ber

2.503

I. 954

0.1i8

0.2?7

I .802

Source of RaPeseed

ll:aI

B. napus

Ì.447

r.). 261.

J.131

5. 761

Lov¡ Fiber

?.246

0.413

0.372

8. 124

B.napus cv. Bronowski

Meal

0.106

0. i32

Low Fì ber

0. 108

0. 062

f\)
lJ
!


