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Summary. The effect of a milk substitute diet containing concentrated soya protein on
secretory functions of the abomasum and pancreas and on plasma concentrations of gut
hormones and soya antibodies was studied. Sixteen calves aged 12-19 weeks were given a
milk substitute in which a major part of the protein source was either soya concentrate
(soya diet) or skim milk (control diet). The soya diet was prepared by hot aqueous ethanol
extraction of soyabean meal to remove oligosaccharides and inactivate antigenic consti-
tuents.

Circulatory IgG antibodies against soya proteins were found in all of the calves when
they were 16 weeks of age. Their titres increased slightly between 16 and 19 weeks, irres-
pective of the diet. It seems unlikely that the presence of these antibodies was related spe-
cifically to the feeding of the soya concentrate.

At slaughter the weight of the gastric mucosa and pancreas and quantities of pancrea-
tic protein together with specific activities of trypsin and chymotrypsin were significantly
lower (17, 20, 16, 30 and 36 %, respectively) with the soya diet. The quantities of enzymes
in the gastric mucosa or the specific activity of pancreatic amylase were not affected, whe-
reas that of lipase increased by 26 %. Total enzyme activities as well as units per kg live
weight gave significant differences only for trypsin and chymotrypsin which were reduced
by 43 and 38 %, respectively.

With the soya diet, fasting concentrations of gastric inhibitory peptide (GIP) and secre-
tin in plasma samples were significantly lower (49 and 34 %, respectively). Values of GIP P
were also lower (54 %) 1 h after feeding. In contrast, postprandial values of cholecystoki-
nin (CCK) were 1.4 times greater. No significant differences were found between the two
diets for gastrin, vasoactive intestinal peptide (VIP), bovine pancreatic polypeptide (BPP),
somatostatine and motilin. In general these observations could be explained, in part, by the
more rapid passage of protein and fat from the abomasum to the duodenum following
feeds containing soya concentrate. However, these differences in concentrations of gut
hormones did not seem to be related to variations in the weights of gastric mucosa and
pancreas or activities of pancreatic enzymes.



Introduction.

The ingestion by preruminant calves of certain products derived from soya-
bean, such as soyabean flour, can result in reduced gastric and pancreatic secre-
tion as well as a lowering of pancreatic protease activity in gut contents and

digestive juice (see review of Toullec et al., 1983). This weakening of secretory
function probably contributes to the survival of soya protein in the digestive tract.
Some of these proteins, particularly glycinin and fl-conglycinin, are thought to
provoke adverse immune responses in the gut, leading to inflammatory tissue
reactions and disorders in the digestive processes. In studies on calves fed heated

soyabean flour these disorders included villous atrophy and oedema, abnormali-
ties in the emptying of abomasal digesta and its rapid transit along the small intes-
tine. Such animals also showed increased gut permeability to macromolecules
and developed high titres of blood anti-soya antibodies (IgGl and sometimes IgE)
(Sissons, 1982 ; Sissons and Thurston, 1984).

The antigenic activity of soya protein can be eliminated by treatment with hot
aqueous alcohol (Kilshaw and Sissons, 1979b ; Sissons et al., 1982). But when
such products are fed to calves, the outflow of protein and fat to the duodenum
tends to be somewhat quicker than that of milk products which are usually retain-
ed by the formation of a clot (Guilloteau et al., 1979). Furthermore, the secretion
of chymosin continues to be reduced. Possible effects on the pancreas have not
been studied. Similarly, apart from preliminary studies by Guilloteau et al. (1984,
1985, 1986), little is known of the influence of dietary protein on hormonal regula-
tion of the digestive function in calves.

In the present study of milk substitute diets for calves we have investigated
the effects of replacing milk protein by concentrated soya protein treated with
alcohol on the secretory activity of the abomasum and pancreas and on circula-
tory concentrations of several gut hormones. It was determined by in vitro immu-
nochemical assay and by in vivo measurement of systemic antibody response that
the soya product had no antigenic activity.

Material and methods.

Thirty-two male Friesian x Holstein calves were reared on a pre-experimental
milk substitute diet until they were 8 weeks old. The protein source of this liquid
diet was skim milk and whey powders. The calves were then divided into two
groups (control and soya) of 16 animals each. The control group received a milk
substitute until slaughter at 19 weeks of age (table 1) ; the protein was provided
almost entirely by skim milk powder. The other group first received a milk substi-
tute (soya 1 ; table 1) in which most of the protein was provided by skim milk and
the rest by soya concentrate (Soycomil F, Unimills) and whey (49.9, 17.7 and
31.1 %, respectively). Four weeks later this diet was replaced by another milk
substitute (soya 2 ; table 1) in which the protein was provided by whey and
soya concentrate (34.0 and 63.5 %, respectively). The milk substitutes were
fed by bucket twice daily, except on Sundays when only a morning feeding was



given. The dry matter intake per feeding increased progressively from 910 to
1 390 g from weeks 8 to 16 and then remained constant.

Blood samples were taken from the jugular vein at 16 weeks of age (between
5 and 5 h 30 after the morning feeding) and in the morning before the day of
slaughter (before and 1 h after the morning feeding). At 16 weeks, the blood
samples were heparinized and only taken from 18 calves chosen according to
appetite : 10 calves (6 from the control group and 4 from the soya group) which
consumed all their feeds on all of the previous days and 8 others from the soya
group which refused a part of their ration. For the second collection, blood was
taken from all the calves and the samples were heparinized and treated with apro-
tinin, a protease inhibitor. Titrations of IgG antibodies against soya protein were
done on samples of blood plasma by passive haemagglutination of tanned sheep ery-
throcytes coated with a saline extract of heated soya flour (Kilshaw and Sissons,
1979a). Samples of the concentrated soya protein and of the powdered milk subs-
titutes were assayed by haemagglutination inhibition for antigenic activity corres-
ponding to the major soyabean globulins using tanned sheep erythrocytes coated
with purified glycinin or (3-conglycinin (Kilshaw and Sissons, 1979b). Concentra-
tions of gut hormones were measured in the plasma of blood samples taken from
calves on the morning before the day of slaughter. Measurements were done by
radioimmunoassay using the double antibody technique. Details of the methods
used have been reported by Chayvialle et a/. (1978) for gastrin, Miazza et al.

(1985) for bovine pancreatic polypeptide (BPP), cholecystokinin (CCK) and gastric
inhibitory peptide (GIP), Pelletier et aL (1978) for secretin, Chayvialle et al. (1980)
for somatostatin and vasoactive intestinal peptide (VIP) and Cuber et al. (1985) for
motilin.

The abomasal mucosa and pancreas were removed from slaughtered calves
and analysed for enzymes as described by Guilloteau et al. (19831. The quantities



of chymosin and pepsin are given in mg ; the enzyme activities are expressed in
pmol of acetyl-L-tyrosine-ethyl ester (ATEE) hydrolysed/min for trypsin, ymol of
benzoyl-arginine-ethyl-ester (BAEE) hydrolysed/min for chymotrypsin, pmol fatty
acid liberated/min for lipase and by the number of terminal reducing groups after
a 20-min hydrolysis of soluble starch for amylase.

Results of the two treatments were compared using Student’s t-test, except
for measurements of antibody and hormone concentrations which were evaluated
by analysis of variance. In the latter case, the mean values were classed accord-

ing to the Newman-Keuls’ test.

Results and Discussion.

During the first 4 weeks of the experimental period, the soya-fed calves con-
sumed more of their ration than the control calves (0.2 % refusal vs 1.3 %) ; the
difference was due to two calves -of the control group refusing 7.2 and 9.2 % of
their ration, respectively. However, during the last 7 weeks of the trial the soya
calves drank less than the control calves (5.2 % refusal vs 0.4 %) ; 5 of the soya
group refused a large part of their ration (15.2 % average vs 5.1 % refusal by only
one control calf). Overall live weight gain (mean + SEM) was significantly lower
(P < 0.01) in soya calves (1 263 ± 39 g/d) than in control calves

(1 424 + 17 g/d). In agreement with results of Toullec and Patureau-Mirand
(1979), the replacement of a major part of the milk proteins by soya concentrate
and whey proteins resulted in a less favourable growth.

Circulatory antibodies against soya protein. &horbar; All of the plasma samples,
including those of control group calves, gave low to intermediate titres of IgG
antibodies against soya protein (table 2) compared with high titres (log 2) of bet-
ween 12 and 14 reported by Smith and Sissons (1975) for calves which received a
diet containing heated soya flour. No significant difference was found between
the control and soya groups. Also, there was no correlation between anti-soya
IgG titres and the appetite of individual animals.



The reasons for the appearance of systemic anti-soya antibodies in the calves
are unclear. In earlier studies, Kilshaw and Sissons (1979a) detected haemaggluti-
nating antibodies showing titres of between 2 and 6 in 7 week-old milk-fed calves
which had never received soya products in their diet ; these authors concluded
that such antibodies may have been of maternal origin. Dairy cows are com-
monly given rations containing heated soyabean meal, and this product might sti-
mulate the immune system to produce the corresponding antibodies. In another

study, significant quantities of anti-soya antibodies were detected in colostrum

(Pedersen and Sissons, unpublished data). However, maternal antibodies which
have been passively transferred to newborn calves usually decline during the first
few weeks of life (lshikawa and Konishi, 1982 ; Pedersen and Sissons, unpub-
lished data). Considering that soya IgG antibodies were found in both groups of
calves and that no antigenic activity was detected in the haemagglutination inhibi-
tion assay of soyabean concentrate or in samples of the control or in soya diets, it
seems unlikely that these systemic antibodies were produced in response to the
ingestion of any of the milk substitutes used in this study.

Titres of circulatory soya antibodies were slightly higher in both groups at 19
than at 16 weeks of age. No explanation was found for this increase. Blood sam-
ples taken at 19 weeks were treated with a protease inhibitor to preserve the gut
hormones, and it may have also preserved the IgG antibodies. Further tests sho-
wed that the presence of such an inhibitor did not give a non-specific result in the
passive haemagglutination assay. The values of samples taken at the end of the
trial during fasting and shortly after the calves were fed indicated no change in
the soya antibody levels as a result of feeding.



Weight of the abomasum and pancreas. &horbar; The soya diet had a depressive
effect on the weight of the gastric mucosa and the pancreas as well as on the
activities of pancreatic proteases (table 3). When these values are expressed on a
live weight basis, the effect of the soya diet on pancreas weight remains signifi-
cantly different (P < 0.02) from that of the control diet (0.60 ± 0.03 and
0.69 ± 0.03 g/kg, mean ± SEM for the soya and control groups, respectively).
But differences between these values were not significant for the abomasal
mucosa (1.65 + 0.09 g/kg and 1.89 + 0.10 g/kg for the soya and control

groups, respectively) or for pancreatic protein (86 + 43 mg/kg and
94 ± 44 mg/kg for the soya and control groups, respectively). A reduction in

pancreas size was also seen in calves given a milk substitute based on heated
soyabean flour (Gorrill and Thomas, 1967).

Gastric enzymes. &horbar; There was no significant diet effect on the concen-
trations of chymosin or pepsin (table 3). This was also true of the total quantities
of these proteases or after their expression on a live weight basis (fig. 1),



although the average values tended to be lower for soya-fed calves. These results
are similar to those we obtained for concentrations and quantities of enzymes
collected daily from a gastric pouch in calves receiving a milk substitute

containing fish protein (Guilloteau and Toullec, unpublished data). However,
other workers (Williams, Roy and Gillies, 1976 ; Garnot et al., 1974, 1977)

studying calves fed protein derived from soyabean, fish or whey, observed a
decreased in chymosin and/or pepsin secretion and in their concentrations in
abomasal digesta or mucosa. This, therefore, was not confirmed in the present
study. The lack of agreement could be due to differences in methodology : we
used rapidly chilled and frozen gastric mucosa whereas Garnot et al. (1974) used
dried abomasal tissue.

Pancreatic enzymes. &horbar; Compared with the control diet, the soya diet had a
depressive effect on the specific activity of trypsin and chymotrypsin (table 3).
This was also true of measurements of total activity or that expressed per unit live
weight (fig. 11 ; for example, the activity per kg live weight diminished

significantly (P < 0.001 ; 43 and 38 %, respectively). These results are in accord
with those obtained by Gorrill and Thomas (1967), Gorrill et al. (1967) and
Ternouth et aL (1975) in calves receiving a diet in which milk protein was replaced
by that of heated soyabean flour. This reduction in the tissue activity of

proteolytic enzymes could be due, in part, to the presence of residual protease
inhibitors ; the product specification of the manufacturer indicated that the soya
concentrate used in the present work contained 4.6 mg of anti-trypsin/g of

protein, which is equivalent to about 7 % of that in unprocessed soyabean meal
(Monti and Grillo, 1983). However, other factors are probably involved also
because concentrated fish protein had similar effects on calf pancreatic proteases
(Ternouth et al., 1975). Moreover, compared with milk protein, replacement
protein is generally less sensitive to proteolytic enzymes (Jenkins, Madadevan and
Emmons, 1980) and resides for a shorter time in the abomasum (Guilloteau et al.,
19811. ).

Neither the specific activity of amylase nor that expressed in total or per unit
live weight was significantly influenced by the diet (table 3, fig. 1). This finding is
contrary to an observation of Ternouth et al. (1975) indicating a decline in

amylase secretion after milk protein was partially replaced by that of heated
soyabean flour.

In contrast to results on proteolytic enzymes and amylase, the specific
activity of lipase increased (P < 0.02) by 26 % in calves given the soya diet.

However, although the same trend applied to the values of total activity and
activity per unit of live weight, the differences were not significant. Variation in

lipase activity between the control and soya diets could be due to the higher
amount of fat in the latter (25.9 vs 19.9 %). Nevertheless, the nature of the protein
may have had an effect since Ternouth et al. (1975) observed an increase in the

lipase secretion of calves fed milk substitutes containg soyabean of fish protein.

Gastrointestinal hormones. &horbar; With the control diet, the postprandial plasma
concentrations of gastrin, GIP and CCK were higher and that of secretin lower
than the fasting values (table 4). No significant changes from fasting



concentrations of BPP, VIP, somatostatin and motilin were observed after

feeding. These results for gastrin, CCK, secretin, VIP and somatostatin are in

general agreement with those of our previous work (Guilloteau et al., 1984, 1986a,
b and unpublished data). Similarly, Bloom, Edwards and Hardy (1978) reported an
increase in the plasma gastrin level in calves during the first two hours after milk
ingestion. However, the present results for motilin and BPP are at variance with
our earlier studies ; in two other experiments where we measured plasma motilin
concentration, the values during fasting were higher than those found 1 h after

feeding. Likewise, measurements of blood BPP concentrations, taken weekly
from 1 to 13 weeks of age, were lower 1 h after feeding than the fasting levels.
These variations in the results of different experiments done at different times
may be due to differences in parasympathetic nervous system activity (Bloom,
Edwards and Hardy, 1978).

Variations in plasma levels of gastrin, GIP, secretin, motilin and somatostatin
in response to the soya diet were closely similar to those found with the control
diet. The postprandial increase of CCK concentration was much greater (4.2-
fold). In contrast, a postprandial increase (1.5-fold) was observed for VIP and
a decrease (0.7-fold) for BPP with the soya diet, although no such changes were
seen with the control diet. Fasting concentrations of GIP and secretin were lower
(2.0 and 1.5-fold, respectively) with the soya diet. One hour after feeding, the GIP P
level was 2.2-fold lower and that of CCK 2.4-fold higher with the soya diet. In

general, the results of gastrin, secretin, CCK and BPP agree with those found in
earlier experiments with a milk substitute in which partially hydrolysed fish protein
replaced casein (Guilloteau et al., 1984, 1985, 1986).

Coagulation does not occur in the abomasum when alternative proteins
replace milk protein in liquid feeds for calves, and the passage of protein and fat
to the small intestine is more rapid (Toullec et al., 1983). This change in gastric



outflow probably contributes to modify the secretory patterns of different

hormones. For example, in the present experiment, an increase in the amounts of
protein and fat entering the duodenum after feeding the soya 2 diet would have
favoured an elevation in plasma CCK (Rehfeld, 1980). The difference between

plasma GIP values with the control and soya diets may be related not only to
differences in gastric fat emptying but also to variations in glucose absorption.
Although earlier work in calves fed different milk substitutes showed that

abomasal patterns of lactose emptying were not much affected by the nature of
the protein (Guilloteau et al., 1979), the soya 2 diet in the present study contained
only 70 % of the amount of lactose in the control diet. Thus, a reduction in the
amounts of lactose entering the duodenum, and consequently the reduced

amounts of glucose absorbed, could have resulted in a weaker concentration of
blood GIP (Ebert and Creutzfeldt, 1980). Before feeding, the abomasum of the
calves receiving the soya diet was more empty than that of the control animals.
This might result in less acid chyme flowing to the duodenum in the soya-fed
calves ; this, in turn, would lead to a lower secretin release (Chey et al., 19811. ).

Present results with the soya diet do not show a clear relationship between
modifications in the weight of the digestive organs and the quantities of enzymes
on one hand and variations in circulatory hormone levels on the other. Both

gastrin and CCK have trophic effects on the pancreas (Balas, Senegas-Balas and
Bastie, 1981) but, since the soya diet did not modify the gastrin level and

increased the postprandial CCK level, the decrease in pancreas weight was
presumably due to some other mechanism not identified in this study. Similarly,
the decrease in pancreatic protease activity in soya-fed calves is not consistent
with the increase in postprandial CCK levels (Davicco, 1978). Furthermore, the

tendency for a decrease in pepsin levels, albeit non-significant (fig. 11, is not in

accord with the decline in circulatory GIP levels. However, the inhibitory effect of
this peptide remains uncertain (Ebert and Creutzfeldt, 1980). At the same time,
the concentration of secretin, which is thought to have stimulatory effects on
pepsin secretion (McLeay and Bell, 1981), also declined compared with its

concentrations in the controls. Kinetic studies of gastric and pancreatic secretions
together with simultaneous measurement of circulatory hormone levels would

perhaps improve our understanding of these relationships.

In conclusion, the replacement of milk protein by that of soyabean
concentrate and whey did not appreciably modify the amounts of enzymes

present in the abomasal mucosa but did lead to reduced trypsin and chymotrypsin
activities in the pancreas. The plasma level of several digestive hormones (GIP,
secretin and CCK) was also affected. However, these variations seemed to be
related more to changes in gastric emptying than to alterations in the enzyme
activities. Finally, the blood of the dairy cow calf commonly possesses moderate
concentrations of anti-soya antibodies which could be of maternal origin.
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