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INTRODUCTION 

WHEAT albumin is a highly heteroge
neous protein fraction that can be ex

tracted from wheat flour with water or dilute 
salt solutions and precipitated by salting out 
the clear supernatant between 0.4 and 1.8 
M ammonium sulphate. The albumin fraction 
contains a very large number of protein 
components capable of inhibiting a-amylases 
from insect, mammalian, avian, and marine 
species (Shainkin and Birk, 1970; Silano et 
al., 1973, 1975; Saunders and Lang, 1973; 
Bedetti et al., 1974; Petrucci et al., 1974) 
as well as a few protein components active 
in inhibiting trypsin (Shyamala and Lyman, 
1964; Hochstrasser and Werle, 1969; Mikola 
and Kirsi, 1972; Camus and Laporte, 1973; 
Petrucci et al., 1974). From a quantitative 
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standpoint, wheat albumins that inhibit tryp
sin are negligible, whereas amylase inhibitors 
make up as much as 80% of the total albumin 
fraction from wheat flour. 

In 1964, Applebaum showed that the addi
tion of wheat flour albumins to a synthetic 
diet adversely affected development and 
greatly increased mortality of Tenebrio moli-
tor L. larvae. This author attributed such 
effects to the in vivo inhibition of the insect 
amylase by wheat albumins. Recently, Puis 
and Keup (1973) have studied the influence 
of an amylase inhibitor preparation from 
wheat on blood glucose and insulin in human 
volunteers, rats, and dogs after ingestion of 
starch. They showed that hyperglycaemia and 
hyperinsulinaemia resulting from starch load
ing could be reduced dose-dependently by 
the addition of the inhibitor to the starch 
load. As similar effects were observed in 
diabetic and obese patients, these authors 
suggested that amylase protein inhibitors 
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ABSTRACT Albumin amylase inhibitors were extracted from wheat flour, precipitated by 
salting out the extract with ammonium sulphate, and enclosed in cellulose-coated microgranules 
resistant to the peptic action in the chicken gizzard. Continuous intake of gastro-resistant wheat 
albumins significantly (P<0.01) depressed chicken growth rate, whereas native wheat albumins 
did not show such an effect. After 4 weeks of treatment, treated chickens showed a growth 
rate identical to that of control chickens thus showing that an adaptation to the presence of 
wheat albumins in the diet had occurred. Treated chickens also showed pancreas hypertrophy 
and a number of histological changes in the pancreas indicating degenerative processes in progress. 
Moreover, in treated chickens the production of pancreatic amylase was markedly increased 
(P<0.02), whereas pancreatic protease activity was less affected. The data obtained suggest 
that the synthesis of pancreatic amylase in chicken is under some homeostatic control of a-amylase 
in the intestine. 
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from wheat could possibly be deliberately 
employed as therapeutic agents. Further evi
dence of the specific interference of the 
amylase inhibitors from wheat with starch 
metabolism in rats has been recently reported 
by Saunders (1975) who showed that, under 
the experimental conditions adopted, the 
inclusion of the inhibitor into the diet caused 
a decrease in starch availability. 

In spite of such large amount of work, 
no data concerning the ability of animal 
species to adapt to continuous feeding of 
amylase inhibitors from wheat are available. 
Moreover, no investigations on the physiolo
gical changes induced by repeated ingestion 
of the inhibitors have been reported. This 
paper deals with the effects induced in chick
ens by a continuous intake of a starch-rich 
diet supplemented with a purified albumin 
inhibitor preparation from wheat flour. 
Chickens were chosen for the feeding trial 
because in vitro experiments have shown 
(Silano et al., 1975) that, among a number 
of mammalian and avian amylases tested, 
chicken a-amylase is the most effectively 
inhibited by wheat albumins. Moreover, as 
in vitro experiments have also shown (Pe-
trucci et al., 1976) a large inactivation of 
albumin amylase inhibitors after incubation 
with pepsin, our investigations have been 
carried out not only with native wheat albu
mins, but also with a cellulose-coated albumin 
preparation resistant to the peptic action in 
the chicken gizzard. 

MATERIALS AND METHODS 

Preparation of the Amylase Inhibitors. The 
large amount of wheat albumins needed for 
the feeding trial was prepared with a large-
scale extraction and purification procedure 
that involved the extraction of 50 Kg. lots 
of wheat flour with 150 1. of 0.15 M sodium 
chloride in a pilot plant and the salting out 
of the extracted albumins between 0.4 and 
1.8 M ammonium sulphate. The extraction 

was carried out by suspending the wheat flour 
(Triticum aestivum var. Mentana) in the salt 
solution for 3 hr. under discontinuous me
chanical mixing. The suspension was allowed 
to stand overnight and then the supernatant 
was transferred by a suction pump to a 300 
1. tank cooled by running water. 

Albumins were precipitated by salting out 
the extract with ammonium sulphate and 
collected by centrifuging twice at 15,000 
r.p.m. with a Sharpies centrifuge. The albu
min precipitate was suspended in a small 
volume of water and the suspension was kept 
at 60° C. for 20 min. to destroy residual 
amylase activity. The suspension was dia-
lyzed for 48 hours against distilled water at 
4° C. and freeze-dried. The albumin yield was 
about 200 g. of protein/100 kg. of flour. This 
albumin preparation to be referred to as native 
wheat albumin (N.W.A) was characterized 
by gel filtration and gel electrophoresis by 
following the procedures described by Pe-
trucci et al. (1974). Inhibition activity of 
N.W.A. toward chicken a-amylase and tryp
sin was tested according to Petrucci et al. 
(1974) whose definitions of amylase and tryp
sin inhibition units are also followed in this 
paper. For agglutination activity tests, chick
en red blood cells were collected under sterile 
conditions and stored according to Kabat 
(1956). Standard amounts of cells were added 
to serial dilutions of wheat albumins in a 
V-shaped plate of a Takatsy's microtitrator 
(Cooke Engineering Co., Alexandria, 
U.S.A.). After 20 min., agglutination patterns 
were visually scored. 

N.W.A. was powder-milled and further 
treated to prepare cellulose-coated gastro-re
sistant microgranules with the following 
composition: wheat albumin powder 56.9%, 
Eleema (cellulose) 25.8%, Cap (cellulose ace-
tophthalate) 5.2%, Diffucril L (a mixture of 
polymetacrylate esters) 7.8%, Diffulac (high
ly purified Shellac) 2.2%, and talc 2.1%. The 
preparation technique of gastro-resistant 
microgranules, as well as the sources of the 
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reagents used, are reported in the Italian 
patent no. 929112. Microgranules containing 
talc instead of wheat albumins were also 
prepared and used as a control. Gastro-resis-
tant wheat albumin microgranules, to be re
ferred to as gastro-resistant wheat albumin 
(G.W. A.), did not release detectable amounts 
of protein when incubated at 37° C. for 2 
hours at acidic pHs. However, at pH 7 or 
higher, 30% and 85% of the protein enclosed 
was released after 1 and 3 hours, respectively. 

Feeding Trial. Male Warren chickens 1 day 
of age were kept in cages in a lighted room 
at the constant temperature of 22° C. ± 1° C. 
with free access to tap water and feed. The 
basal diet was composed of the following 
constituents per 100 g.: corn meal 60.0, heated 
soya bean meal 22.8, fish meal 6.0, milk 
powder 5.0, alfalfa 3.0, calcium phosphate 
(CaHP04) 1.1, calcium carbonate 1.0, sodium 
chloride 0.4g. The vitamin and methionine 
supplementation (0.7 g./lOO g. of diet) had 
the following composition: vitamin A 1820 
I.U., B,0.35 mg., B2 0.63 mg., B 6 0.35 mg., 
B,2 1.54 mg., D3 420 I.U., E 4.90 mg., K3 

0.21 mg., nicotinic acid 2.54 mg., choline 
chloride 52.5 mg., calcium pantothenate 1.75 
mg., and methionine 28 mg. Moreover, in 
100 g. of diet there were the following 
amounts of trace elements: cobalt 0.14 mg., 
copper 0.17 mg., iron 3.5 mg., iodine 0.14 
mg., manganese 12.6 mg., zinc 5.6 mg. Four 
groups of 30 chickens each were fed from 
1 to 21 days of age the basal diet with 
following additions: 3% talc microgranules 
(group A), 3% N.W.A. (group B), 0.3% 
G.W.A. (group C), and 3% G.W.A. (group 
D). In terms of wheat protein, chickens of 
group A did not receive wheat albumins, 
whereas birds of groups B, C, and D received 
amounts of wheat albumins corresponding to 
0.8,0.04, and0.4%, respectively. As the basal 
diet contained about 20% crude protein, the 
contribution of wheat albumins to the protein 
content of the diet was negligible. 

After 21 days of treatment the birds of 
group D were divided into three groups of 
10 chickens each. One of these was trans
ferred to the control diet, the second to a 
diet containing 6% G.W.A. and the last one 
was continued on the diet with 3% G.W.A. 
till the end of the whole experiment that lasted 
31 days. Chickens were individually weighed 
two times a week. 

Biochemical and Histological Investigations. 
At the end of the experiment, five chickens 
of each group were sacrified after intracardiac 
bleeding. Blood was collected and allowed 
to clot. The supernatant serum was collected 
by centrifuging at 10,000 g and used for 
amylase assay with no further treatment. The 
pancreas and the carcass were weighed and 
small samples of pancreatic tissue were sub
mitted to histological examination after im
mediate fixation in Bouin's solution and con
ventional staining with haematoxylin-eosin, 
VanGieson and Mallory stains. The remain
ing pancreas was homogenized with distilled 
water (1:10 w./v.) in a Potter homogenizer 
and then the homogenate was centrifuged at 
45,000 g. The clear supernatant was used 
for amylase and protease assays. Amylase 
activity was determined in a 0.03 M ace
tate/barbiturate buffer (pH 7.6) as described 
by Silano et al. (1975) and protease activity 
was measured by following the Anson's 
method (1939) after enterokinase activation 
of zymogens according to Lepkovsky et al. 
(1965). 

Analysis of Data. Significance of dif
ferences of data was analyzed by using Stu
dent's f-test. 

RESULTS 

Wheat Albumins. The albumin preparation 
obtained from wheat flour with the large-scale 
extraction and purification procedure de
scribed in the experimental section exhibited 
a specific inhibitory activity toward chicken 
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FIG. 1. Effect of gastro-resistant wheat albumins upon chicken growth and feed utilization. O. control 
chickens; • . chickens fed 3% G.W.A. 
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a-amylase of 2.0 I.U./|xg. of albumin and 
toward trypsin of about 0.2 l.U./p-g. When 
analyzed by gel filtration and electrophoresis, 
the albumin preparation exhibited amylase 
and trypsin inhibition patterns identical to 
those previously reported by Petrucci et al. 
(1974). This albumin preparation also showed 
an extremely low agglutinating activity 
toward chicken red blood cells. The minimal 
agglutinating concentration was 12 mg./ml. 
and the agglutination was inhibited by 
ovomucin added at 10 mg./ml. concentration. 

Such findings are consistent with the presence 
in this preparation of a wheat germ agglutinin 
contamination lower than 0.1% (Burger and 
Goldberg, 1967; Schnebli and Bachi, 1975). 

Chicken Growth and Feed Uptake. As 
shown in Fig. la and c, when fed as gastro-
resistant microgranules at 3% level (corre
sponding to 0.4% flour protein) since one 
day of age, wheat albumins caused a small, 
but significant (P < 0.01), retarding effect 
upon chicken growth. Moreover, as shown 

FIG. 2. Microphotographs of the pancreas of control chickens and of chickens fed gastro-resistant 
wheat albumins. 

a. control chickens; b. chickens fed 3% G.W.A. for 4 weeks; c. chickens fed 3% G.W.A. for 
3 weeks and 6% G.W.A. for 1 week, x 125. 
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in Fig. lb, during the first part of the experi
ment the treated chickens ingested a larger 
amount of feed thus showing that G.W.A. 
also increased chicken appetite. It took about 
4 weeks for birds to overcome the presence 
of G.W.A. in the diet. After 4 weeks of 
treatment, in fact, a difference was no longer 
detectable between treated and control birds 
as far as weekly weight gain (Fig. lc) and 
conversion factor (Fig. lb) are concerned. 
The adaptation of the birds to the continuous 
intake of G.W.A. was confirmed by the fact 
that body weights of chickens fed 3% G.W.A. 
for 3 weeks and then transferred for 1 week 
to a diet containing no wheat albumins or 
6% G.W.A. were identical to that exhibited 
by chickens kept for 4 weeks on the 3% 
G.W.A. diet (Fig. la). 

Chickens treated with 0.3% G.W.A. or with 
3% N.W.A. did not show any significant 
difference in growth/feed consumption ratio 
as compared to control chickens throughout 
the whole experiment. 

Biochemical and Histological Investigations. 
Chickens fed 3% G.W.A. for 4 weeks 
showed, as compared to control birds, signi-
ficatively (P < 0.05) higher pancreatic am
ylase activity (335 A.U./mg. fresh pancreas 
against 196 A.U./mg. fresh pancreas), but 
identical serum amylase activity (24 
A.U./ml. of serum). Some histological dif
ferences consisting of somewhat enlarged 
cells, granular cytoplasm, and a number of 
vacuoles were evident (Fig. 2a and 2b) be
tween the pancreas of treated and control 
chickens, but relative pancreas weights of 
the two avian groups were identical (0.41% 
of total body weight). No significant dif
ference between pancreatic protease activity 
of treated and control birds could be detected. 

Pancreatic amylase activity of chickens fed 
3% G.W.A. for 3 weeks and 6% G.W.A. 
for 1 week was equal to 396 A.U./mg. fresh 
pancreas with a 96% increase (P < 0.02) over 
that of control birds and 18% increase (P 

< 0.05) over that of birds fed 3% G.W.A. 
for 4 weeks. Also serum amylase and pan
creatic protease activities increased upon 
such treatment with the inhibitor; the incre
ments were equal to 48 and 46%, respectively, 
which were statistically significant (P < 0.05). 
Moreover, pancreas weight of treated birds 
was equal to 0.58% of total body weight which 
was 41% greater (P < 0.001) than the relative 
pancreas weight of control birds. Histological 
examination of the enlarged pancreas re
vealed (Fig. 2c) that pancreatic enlargement 
was the result of an increase of cell size rather 
than the number of cells. Degenerative phe
nomena were also detectable in the hypertro
phic pancreas. A number of exocrine cells 
were transformed into an amorphous ba
sophilic mass. Moreover, the number of cell 
nuclei decreased, whereas the amount of 
connective stromatic tissue increased. 

DISCUSSION 

The data reported show that the continuous 
intake of gastro-resistant wheat albumins de
presses growth rate and causes hypertrophy 
of the pancreas in chickens fed ad libitum 
with a diet containing a large amount of 
starch. Similar effects have been observed 
in chickens (Chernick et al., 1948; Applegarth 
et al,, 1964; Nitsan and Alumont, 1964; Nitsan 
and Bondi, 1965; Lepkovsky et al., 1965; 
Garlich and Nesheim, 1966) and in rats 
(Haines and Lyman, 1961; Konijn and Gug
genheim, 1967; Pope et al., 1975) upon feeding 
raw soya beans or purified soya bean trypsin 
inhibitor. Along with these effects, gastro-re
sistant wheat albumins caused a marked in
crease in the production of pancreatic a-
amylase and a minor increase of pancreatic 
proteases. On the contrary, feeding raw soya 
beans or purified soya trypsin inhibitor 
caused an increased production of pancreatic 
proteases (Chernick et al., 1948; Applegarth 
et al., 1964; Nitsan and Alumont, 1964; Lep
kovsky et al., 1965) and a decreased produc-
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tion of pancreat ic amylase (Konijn et al., 

1969). The modifications induced in chickens 

by wheat albumins appear to be adaptive 

responses elicited by the ingestion of the very 

active amylase inhibitors that make up the 

major part of wheat albumins. Moreover , our 

findings suggest that the synthesis of pan

creatic amylase is under some homeostat ic 

control of a-amylase in the intestine. Whether 

the control mechanism from the intestinal 

lumen to the pancreas , causing the pancreas 

to respond to the decrease of amylase in the 

contents of the intestine so as to restore the 

level to normal , is a negative feedback, as 

that exercised by protease (Lyman et al., 

1974), cannot be established at the moment . 

Nat ive wheat albumins did not show the 

depressive effect upon chicken growth dis

played by gastro-resistant albumins thus 

showing that gastric digestion in chicken is 

very effective in inactivating albumin amylase 

inhibitors. 

In relation to possible therapeutic uses of 

wheat albumin inhibitors, the changes ob

served in the pancreas as well as the chicken 

adaptat ion to the cont inuous intake of wheat 

albumins cast doubt upon the desirability of 

using oral administration of amylase inhibi

tors to control postprandial hyperglycaemia 

in man. In any case , our data show that 

gastro-resistant preparat ions can be success

fully used to increase in vivo effectiveness 

of wheat amylase inhibitors. 
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PENNSYLVANIA NOTES 
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One major, poultry technology and management, 
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