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Summary &horbar; The ileal digestion of 3 milk substitutes in which skim milk powder was either the only
protein source (control diet) or was partially replaced (50%) by a heated soyabean flour (SF diet) or
an alcohol-treated soyabean protein concentrate (SC diet) was studied in 6 preruminant calves
which were fitted with an ileo-caecal re-entrant cannula. The apparent digestibility of total nitrogen
and amino acids was lower with the SF and SC diets than with the control diet (0.89, 0.89 and 0.94,
respectively, for amino acid nitrogen). Assuming that true digestibility was complete with the control
diet, the values were lower with the SF and SC diets, especially for cystine, threonine, valine, isoleu-
cine, leucine and histidine. With the SF and SC diets, digesta contained more aspartic acid and glu-
tamic acid but less threonine, sulfur amino acids, lysine, serine and alanine than with the control
diet. The additional undigested fractions obtained with the SF and SC diets compared to the control
diet were rich in aspartic and glutamic acids, and poor in arginine, suggesting that partially degraded
dietary fractions different from the whole soyabean escaped digestion in the small intestine; these
fractions probably originated mainly from glycinin. No significant differences were observed between
the 2 soyabean diets.
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Résumé &horbar; Digestibilité et composition en acides aminés des digesta à la fin de l’iléon chez le
veau préruminant recevant des protéines de soja. La digestion iléale de trois laits de remplace-
ment dans lesquels la poudre de lait écrémé était la seule source de protéines (régime témoin) ou
avait été partiellement (50%) remplacée par du tourteau de soja cuit (régime SF) ou du concentrat
protéique de soja (régime SC) a été étudiée chez 6 veaux préruminants munis d’une canule iléo-
caecale réentrante. La digestibilité apparente de l’azote total et des acides aminés a été moins éle-
vée avec les régimes SF et SC qu’avec le régime témoin (respectivement 0,89, 0,89 et 0,94 pour
l’azote des acides aminés). En considérant que la digestibilité des protéines de lait était totale, les di-
gestibilités vraies des acides aminés étaient moins élevées avec les régimes SF et SC qu’avec le ré-
gime témoin, principalement pour la cystine, la thréonine, la valine, l’isoleucine, la leucine et l’histi-
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dine. Avec les régimes SF et SC, les digesta ont été plus riches en acides aspartique et glutamique
et moins riches en thréonine, acides aminés soufrés, lysine, sérine et alanine. Les suppléments d’in-
digéré obtenus avec les régimes SF et SC par rapport au régime témoin se sont caractérisés par des
teneurs élevées en acides aspartique et glutamique et basses en arginine, suggérant que des frac-
tions particulières des protéines de soja, provenant probablement en majeure partie de la glycinine,
ont échappé à la digestion dans l’intestin grêle. Aucune différence significative n’a été observée entre
les régimes SF et SC.
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INTRODUCTION

Replacement of milk protein with alterna-
tive protein sources in milk substitutes for
preruminant calves is of great interest be-
cause of the high cost of milk proteins.
However, substitute proteins such as pea
(Nunes do Prado et al, 1989; Bush et al,
1992), fish (Campos et al, 1982; Guillo-
teau et al, 1986) and soyabean (Campos
et al, 1982; Guilloteau et al, 1986; Silva et
al, 1986; Dawson et al, 1988) result in re-
duced apparent digestibility and liveweight
gain (Nitsan et al, 1971; Akinyele and
Harshbarger, 1983). Replacement protein
sources have induced faster gastric emp-
tying (Caugant et al, 1992) and can de-
crease digestive secretions (Williams et al,
1976).

Soyabean protein is often used in calf
milk replacers because of its low cost and
its content in essential amino acids (AA)
which is close to that of cow’s milk. How-

ever, insufficiently processed soyabean
contains anti-nutritional factors such as

protease inhibitors, lectins and allergenic
proteins which could explain the poor di-
gestibility of products containing soyabean
(Huisman and Jansman, 1991). Protein
concentrates and isolates have provided
better results than flours (Akinyele and
Harshbarger, 1983; Dawson et al, 1988).
Treatment with hot aqueous ethanol has

improved soyabean protein utilization (Sis-
sons et al, 1979; Silva et al, 1986).

This study was conducted to determine
the effect of partial replacement (50%) of
skim milk powder by 2 differently pro-
cessed soyabean products (a heated flour
or an alcohol-treated protein concentrate)
on the ileal digestion of the milk substitute
in preruminant calves. The AA composi-
tion of ileal digesta was compared with that
of dietary, endogenous and bacterial pro-
tein in order to estimate the origin of undig-
ested protein.

MATERIAL AND METHODS

Diets

Two milk substitutes (SF and SC) and a control
diet were prepared. Protein in the control diet
came exclusively from spray-dried skim-milk

powder. In the other 2 diets, 50% of the protein
was provided by a soyabean flour (SF diet) or a
soyabean protein concentrate (SC diet), the re-
mainder being supplied by skim milk powder.
The composition of the control and milk substi-
tute diets is given in table I. Each diet contained
= 22% protein (dry matter (DM) basis).

The soyabean flour (Societe Industrielle des
Oléagineux, France) was obtained from the
seed by dehulling, lipid extraction with hexane
and heat treatment in order to denature the pro-
tease inhibitors (Di Pietro and Liener, 1989).
The soyabean protein concentrate (Aarhus Olie-
fabrik, Denmark) was obtained by oligoside ex-
traction and heat treatment with hot aqueous
ethanol which inactivates the antigenic factors of
soyabean (Sissons et al, 1979). These protein



sources contained 49 and 67% protein (DM ba-
sis) respectively. Glycinin and !-conglycinin,
which are considered to be involved in the aller-

genic effects of soyabean products (Kilshaw and
Sissons, 1979) were still present in immunoreac-
tive form in the soyabean flour (12 and 1% re-
spectively of total protein), but were no longer
detectable in the soyabean concentrate (Tukur
et al, unpublished results). By contrast, a-

conglycinin, which does not appear to be anti-
genic when given orally to calves, was present
in similar immunoreactive amounts in both soya-
bean products (0.2% total protein). The amino
acid compositions of the protein sources and of
the diets are given in table II. 1.

Animals and feeding

Six Holstein male calves ranging in age from 2
to 3 months and weighing = 100 kg were fitted
with a catheter in the abomasum and a re-

entrant cannula with the proximal part inserted
at the distal ileum and the distal part in the
caecum (Guilloteau et al, 1986). The calves re-
ceived 2 meals daily (at 8 h 30 and 16 h 30) by
infusion of the diet into the abomasum through
the abomasal catheter. The totdl DM rate was

set at 58 g/(kg body weight)°!!5 per day. Two wk
post-surgery, each calf received each experi-
mental diet for 2 wk, according to a double Latin
square design.

Collection of digesta

During the second week, total ileal digesta flow-
ing from the proximal part of the cannula were
collected from each animal for 4 d. Digesta were
collected in flasks containing sodium benzoate
(10 g/kg digesta) to limit microbial activity. Di-

gesta were weighed every day and aliquots from
the 4-d collection were frozen for subsequent
freeze-drying and chemical analysis.

Chemical analysis

Samples of the 3 diets, soyabean flour and

soyabean protein concentrate, and freeze-dried
ileal digesta were analysed for DM, nitrogen (N)
and AA. Dry matter was determined by drying in
an oven at 105°C for 16 h. Nitrogen was meas-
ured using the Kjeldahl method. AA composition
was determined by ion exchange chromatogra-
phy after acid hydrolysis of the samples in 6 N
HCI at 110°C for 24 and 48 h ; the 24-h hydroly-
sis period was sufficient for most AA, but the
longer 48-h period was necessary for valine and
isoleucine (Prugnaud and Pion, 1976). Before
acid hydrolysis, oxidation with performic acid
was carried out to determine sulphur AA. AA de-
termination was carried out using a Pharmacia-
LKB analyser (Alpha + system, Sweden).

Statistical analysis

Results were submitted to a variance analysis
and means ranked according to Sheffe’s test.

Significance was declared at P S 0.05. The AA
compositions of proteins were compared 2 by 2
calculating the x2 distance (Guilloteau et al,
1983). The x2 distance between 2 proteins i and
j was calculated as follows:



where AAik and AAjk are the respective per-
centages of AAk in the sum of the assayed AA
in the proteins i and j ; k represents the different
AA and varies between 1 and 17. As the x2 dis-
tance decreases, similarity between the proteins
increases.

The proportions of dietary, endogenous and
bacterial proteins which could be the main con-
stituents of digesta protein were assessed by
the method developed by Duvaux et al (1990).
This method uses a multiple regression analysis
to establish the theoretical mixture which mini-
mizes the X2 distance with regard to the AA
composition of digesta. The mean composition
of axenic lamb faeces (Combe, 1976) and calf

meconium (Grongnet et al, 1981) was used as a
model of undigested endogenous protein. The
mean composition of pig (Mason et al, 1976)
and sheep (Mason, 1979) faecal bacteria was
used to represent the composition of gut bacte-
ria. The common protein escaping digestion in
the small intestine of calves given diets based
on milk, fish or soyabean protein (Guilloteau et
al, 1986), was used as a model of the mixture of
undigested endogenous and bacterial proteins.
Reference AA compositions of soyabean pro-
teins were those of major globulins: glycinin
(Okubo et al, 1969), (3-conglycinin (Koshiyama,
1968) and the acid subunits of glycinin (Moreira
et al, 1979).



RESULTS

Health conditions were generally satisfac-
tory. The cannulae remained functional

during the trial.

Ileal apparent digestibility

The ileal apparent digestibility of DM was
higher for the control than for the SF and
SC diets (0.88, 0.80 and 0.83, respective-
ly) but the difference was not significant.

Digestibility of organic matter (0.90, 0.82
and 0.85 with the control, SF and SC diets,
respectively) differed between the control
and the SF diet. The values were slightly
higher for the SC than for the SF diet.

The ileal apparent digestibility of N was
lower with the soyabean than with the con-
trol diet (table III). Differences were signifi-
cant between the control and the SF diet,
with an intermediate digestibility for the SC
diet. The apparent digestibility was always
higher for total AAN than for total N ; differ-
ences were 0.035, 0.044 and 0.018 for the
control, SF and SC diets, respectively. Irre-



spective of the diet, the digestibilities were
always lower for threonine, glycine, ala-

nine, and cystine, and higher for methio-
nine and tyrosine than for AAN. AA digesti-
bilities were lower with the soyabean than
with the control diet. The diet digestibility
could be classified in this order: control >
SC > SF. Differences between control and
SF diets were generally significant, except
for glycine, alanine, cystine and arginine.
Cystine was the least digestible in the 3

diets, whereas methionine and arginine
were the most digestible in the control and
the soyabean diets, respectively. The dif-
ferences were not significant between the
SF and the SC diets, with a small tenden-
cy to be higher with the SC diet.

AA composition of protein sources
and ileal digesta

The soyabean flour and the soyabean pro-
tein concentrate contained more aspartic
acid, glycine, cystine and arginine, and

less glutamic acid, proline, valine, leucine,
tyrosine and lysine than skim milk powder
(table II). Differences between SF and SC
diets were small (x2 = 4), whereas differ-
ences between the control and the soya-
bean diets were higher (43 < X2 < 62).

Irrespective of the diet, AAN represent-
ed a lower proportion of total N in digesta
than in the diet: 58, 67 and 70% instead of
88, 85 and 83% respectively with the con-
trol, SF and SC diets. Digesta protein con-
tained more aspartic acid, threonine, gly-
cine, cystine, and less proline, leucine and
phenylalanine (and arginine with the SF
and SC diets ; fig 1 The differences in

AA profile between digesta and the corre-
sponding diets or protein sources were im-
portant, as shown by the large X2 distanc-
es (132 5 X2 279 ; table IV). The AA
composition of ileal digesta was also differ-
ent from that of endogenous and bacterial
protein (x2 distances 109). Significant dif-
ferences in the proportion of aspartic acid,
threonine, serine, methionine and lysine
were observed in the ileal digesta between



the control and the 2 soyabean diets (fig
1); this was reflected by relatively high x2
distances between these digesta (x2 = 62
and 63 compared to SF and SC, respec-
tively; table IV). In contrast, no differences
were observed between the AA composi-

tion of digesta obtained with the SF and
the SC diets (x2 = 6). However, the AA
composition of the SF and SC digesta was
very different from that of the major soya-
bean proteins and their subunits (132 < x2
:<õ: 481). ). Glycinin was the least different



from the SF and SC digesta, but the large
x2 distances (160 and 175, respectively)
showed that protein as a whole was at
least diluted in the digesta.

The amounts of AA recovered in the
distal ileum relative to dry matter intake
are presented in table V. The undigested
amounts were always higher with the SF
and SC diets than in the control diet.

These amounts were higher with the SF
than with the SC diets (except for glutamic
acid), but the differences were never sig-
nificant. The additional undigested frac-
tions obtained with the SF and SC diets

(calculated as the total amounts of AA re-
covered at the end of the ileum with these
diets minus those obtained with the control

diet) corresponded to 83 and 73%, respec-

tively, of the undigested AAN with the con-
trol diet. Compared to the whole dietary
soyabean protein, they were richer in

aspartic and glutamic acids, which repre-
sented 42 and 48% of the total AA with the
SF and SC diet, respectively; in contrast,
they contained less arginine and lysine.
They were very different from the dietary,
whole digesta, endogenous, bacterial and
soyabean proteins (80 < X2 619).

DISCUSSION

The ileal apparent digestibility was lower
with the soyabean diets than with the con-
trol diet, in agreement with the results pre-
viously obtained with other soyabean prod-



ucts (Guilloteau et al, 1986; Khorasani et
al, 1989; Nunes do Prado et al, 1989).
However, N digestibility for the control diet
was lower than that usually obtained with
diets of similar composition containing Eu-
ropean skim milk powder (Van Hellemond
and Van Weerden, 1973; Guilloteau and
Toullec, 1980; Guilloteau et al, 1986;
Nunes do Prado et al, 1989; Bush et al,
1992). In contrast, our values for the con-
trol diet agreed with results recorded for
North American skim milk powder (Khora-
sani et al, 1989; Petit et al, 1989). In the

present experiment, the control diet con-
tained 4.8 mg soluble N / g skim milk pow-
der. This value, < 6 mg, indicated that the
skim milk powder was &dquo;medium heated&dquo;
and not &dquo;low heated&dquo;. Gastric emptying of
the same control diet was found to be fast-
er than usual (Caugant et al, unpublished
results). All these observations indicated
that the skim milk powder used in the

present experiment was not of high quality,
which could have had a negative influence
on digestibility (Toullec et al, 1978).

The 3 diets used in the present experi-
ment were prepared with the same batch
of fat premix, thus enabling comparison of
the 3 diets despite the lower quality of the
skim milk powder. Assuming that the ap-
parent digestibility of milk N was the same
in the 3 diets (0.90), the values calculated
for soyabean N were 0.80 and 0.84 with
the SF and SC diets, respectively. These
values were lower than those obtained by
Nunes do Prado et al (1989) for a soyab-
ean isolate (0.91) which provided 73.5% of
the total protein of the diet. The digestibility
of N of the soyabean protein concentrate
was close to that of spring raw pea (0.83)
(Bush et al, 1992), but lower than that of
another soyabean protein concentrate pre-
pared according to a similar process (0.90)
(Guilloteau et al, 1986). Khorasani et al

(1989) found poor ileal digestibilities for
diets in which 40 and 60% of protein was
supplied by soyabean flour (0.76 and 0.73,

respectively). The higher value recorded in
this experiment for soyabean flour sug-
gested that the treatments had resulted in
a better denaturation of the antinutritional
factors. The faecal N digestibility calculated
for other batches of soyabean flour and of
soyabean concentrate used in the present
experiment were found to be 0.66 and

0.81, respectively (Lall6s et al, 1991), ),
when incorporated at 58% (on a crude pro-
tein basis). Since the ileal digestibility is

usually lower than the fa3cal digestibility, it

appears that the batches used here had a
better quality, especially soyabean flour.

Therefore, large variations occur not only
between soyabean products resulting from
different processes, as can be expected,
but also between different batches of com-
mercial products. These variations are

more important than those recorded for the
skim milk powder. However, if they are not
due to chance, they are positive since they
result in a better quality and suggest that
improvements are still possible.

The lower percentage of AAN in digesta
compared to the diet was due to the higher
content of hexosamines and urea, which
are abundant in the digestive secretions
and desquamated cells (Combe et al,
1980; Souffrant, 1991 The lower appar-
ent digestibility of most AA with the SF and
SC diets compared with the control diet

agrees with results obtained by other work-
ers with milk substitutes containing non-
milk proteins such as bacteria (Guilloteau
et al, 1980; Sedgman et al, 1985), fish,
soyabean (Guilloteau et al, 1986; Nunes
do Prado et al, 1989) or pea (Bush et al,
1992). The apparent digestibilities of threo-
nine, glycine and especially cystine were
much lower, while those of methionine

(and arginine with the soyabean-containing
diets) were higher than the mean value.
The low apparent digestibility of threonine
and glycine with all diets may be due to the
high content of these amino acids in en-

dogenous protein (Sauer et al, 1977; Guil-



loteau et al, 1986). Differences in AA di-

gestibilities of SF and SC diets were gen-
erally small, attesting to the fact that the
treatment used to prepare SF had largely
improved its nutritional value.

The true digestibility of AA from soya-
bean flour and soyabean protein concen-
trate was calculated assuming that the
true digestibility of total milk AA was com-
plete and that the endogenous fraction
was similar with the 3 diets (table 111). The
differences in true digestibilities between
the 2 soyabean products were small.

Among the essential AA, cystine and threo-
nine were the least digestible with both the
flour and the concentrate. That appears to
be a characteristic of most soyabean prod-
ucts (Guilloteau et al, 1986; Nunes do Pra-
do et al, 1989) and other legumes such as
pea (Bush et al, 1992). It could be partially
due to an increased loss of endogenous
protein (Guilloteau et al, 1986).

As expected, when calves were fed the
control diet, the AA composition of digesta
was very different from that of the whole

diet, bacteria or endogenous protein. The
theoretical mixture of endogenous and
bacterial proteins closest to the control di-
gesta was 62 and 38%. However, the x2
distance between this mixture and the con-
trol digesta was still high (71 attesting to
the fact that this model was not satisfacto-

ry. The theoretical mixture of 54% endoge-
nous protein, 21 % bacteria and 25% con-
trol diet was more relevant (x2 = 51), ),
suggesting that milk protein could be

present in the control digesta. However,
the control digesta was much more similar
to those previously obtained with Europe-
an skim milk powders (Guilloteau et al,
1986; Nunes do Prado et al, 1989; Bush et
al, 1992), as well as to that of the common
mixture of endogenous and bacterial pro-
teins (MEBP) escaping digestion in the

small intestine (Guilloteau et al, 1986), in

calves given diets based on milk, fish or
soyabean protein (20 < X2 27). The the-

oretical mixture of MEBP and control diet
which showed the best fit with the control

digesta contained only 9% of the control
diet and was not much closer to the control

digesta than MEBP alone (x2 = 21 instead
of 23). Similar trends were observed for
the theoretical mixtures of control diet and
the control digesta previously obtained.

Therefore, the lower apparent digestibili-
ties of AA in the present experiment ap-
peared to be more due to increased losses
of endogenous and bacterial proteins than
to an incomplete digestion of dietary pro-
tein. However, the presence, in the control
digesta, of dietary fractions having an AA
composition different from that of the
whole milk protein cannot be excluded on
the basis of these observations. Particular-

ly, the high concentration of lysine in the

digesta could reflect a decreased availabili-
ty of this AA.

The replacement of 50% milk protein by
soyabean proteins induced changes in the
AA composition of ileal digesta, with no

pronounced differences between the SF
and the SC digesta. Using antibodies di-
rected against their native forms, immuno-
reactive glycinin, a- and !-conglycinins
were found in the SF digesta in amounts

equivalent to 10, 1 and 2% of intake, re-

spectively (Tukur et al, unpublished re-

sults). With the SC diet, immunoreactive a-
conglycinin was also present in the diges-
ta, but not glycinin and p-congiycinin. This
was to be expected, since glycinin and p-
conglycinin were entirely denatured in the
concentrate. Theoretical mixtures of the
control digesta and dietary soyabean
which minimized the x2 distances were 73
and 27% or 82 and 18% for the SF or SC

digesta, respectively (table IV). However,
the x2 distances between these mixtures
and digesta were still insufficiently low (43
and 53, respectively) to consider these
models as being satisfactory representa-
tions of undigested protein. Therefore, the
immunoreactive glycinin and conglycinins



found in the digesta were probably either
partially digested fractions or accompanied
by such fractions.

The AA composition of the additional

undigested fractions obtained with the SF
and SC diets, relative to the control diet,
suggested that some particular soyabean
protein fractions were not entirely digested
in the small intestine, as observed by Guil-
loteau et al (1986) for an ethanol-treated
soyabean concentrate. This fraction might
have an AA composition different from that
of the whole protein and therefore from
that of the diet. The digesta obtained with
the SF and SC diets and the additional un-

digested fractions, relative to the control

diet, were rich in aspartic and glutamic ac-
ids as observed by Guilloteau et al (1986)
with diets containing soyabean protein.
Moreira et al (1979) determined AA com-
position of 10 polypeptides isolated from

glycinin; among these, acid subunits A1,
A2, A3 and A4 have a high content of

aspartic and glutamic acids, although not
as high as the additional undigested frac-
tions. Theoretical mixtures of digesta ob-
tained with the control diet and of subunit
A1 which minimized the x2 distance were
74 and 26% for the SF digesta (x2 = 39)
and 76 and 24% for the SC digesta (x2 =

41 Therefore, A1 polypeptide might con-
stitute an important part of the soyabean
protein fractions escaping digestion in the
small intestine. However, the levels of

some AA in this subunit were different from
those observed in the additional undigest-
ed fraction; for example, the arginine con-
tent was 6.9% in the subunit and < 3% in
the additional undigested protein. Presum-
ably, particular fractions of this subunit
rather than the intact polypeptide may es-
cape digestion in the intestine. Moreover,
small parts of the additional undigested
protein could be of endogenous and bacte-
rial origin.

In a previous study (Caugant et al, un-
published results), it was observed that the

flow of total and protein N into the duode-
num was higher during the first 2 h follow-
ing the meal with the SF and SC diets than
with the control diet. Moreover, soyabean
protein was less hydrolyzed than milk pro-
tein in the abomasum, in agreement with
its higher resistance to gastric enzymes in
vitro (Jenkins et al, 1980). Therefore, soya-
bean protein entered the intestine in larger
amounts and sooner after the meal than
milk protein, which could influence the rate
of proteolysis by pancreatic and intestinal
enzymes and the subsequent absorption
of the AA (Matthews, 1975).

CONCLUSION

The replacement of 50% milk protein by
soyabean protein resulted in a decrease in
the apparent ileal digestibilities of DM, or-
ganic matter, N and AA. Particular frac-
tions of soyabean proteins (glycinin), rich
in aspartic and glutamic acids, appeared to
partially escape digestion in the small in-

testine. The digestibilities of nitrogen and
AA were only slightly lower with the soya-
bean flour than with the concentrate. Com-

pared to the results of previous experi-
ments, the values obtained in this study
were higher than with other batches of the
same products, but lower than with an-

other alcohol-treated concentrate and with

partially hydrolyzed isolate. Therefore, the
nutritional value of commercial soyabean
products, especially prepared for the re-

placement of milk protein, may vary not
only with the manufacturing process but
also with time. Moveover, the preruminant
calf appears to be a sensitive model to

study protein quality.
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