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added in vitre to normal rat kidney submito-
chondrial phosphorylating complexes, how-
ever, suggests a primary effect. It is sug-
gested that the mechanism of action of
aminonucleoside may be bimodal, producing
some of its metabolic effects either directly
or indirectly through inhibition of reactions
producing energy-rich ATP and some directly
through inhibition of reactions by which the
energy of ATP is released.
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Pancreatic Hypertrophy and Chick Growth Inhibition by Soybean
Fractions Devoid of Trypsin Inhibitor.* (27962)

H. C. SaxENA, Leo S. JENSEN AND JaAMEs McGINNIS
Department of Poultry Science, Washington State University, Pullman

Discovery of the presence of trypsin in-
hibitors in soybeans(1,2) and other legumes
(3,4), and the ability of concentrates of
these factors to inhibit growth in rats(5,6)
and chicks(7), led to the assumption that the
trypsin inhibitor was responsible for the in-
ferior nutritive value of raw soybean meal.
However, contradictory results were later ob-
tained and the mechanism of growth inhibi-
tion by raw soybean remains obscure. Feed-
ing a purified trypsin inhibitor was shown to
have an innocuous effect on growth of chicks
(8,9) as well as of rats(8,10). Furthermore,
fractions of beans (Phaseolus vulgaris) that
were devoid of anti-tryptic activity inhibited
growth markedly(11). Trypsin inhibitor
concentrates prepared from raw soybean meal

* Scientific Paper No. 2274, Washington Agri. Exp.
Stations, Pullman. Project 1678.

depressed fat absorbability, caused pancre-
atic hypertrophy, although the levels used
were only slightly growth depressing(12).

Results of a study designed to determine if
trypsin inhibitor was the factor that de-
pressed growth and caused pancreatic hyper-
trophy in the chick are presented here.

Experimental. Crossbred (New Hamp-
shire X Delaware) chicks were used in the
experiments and were maintained in electri-
cally heated, thermostatically controlled bat-
tery brooders with raised wire screen floors
located in a temperature controlled labora-
tory. Feed and water were supplied ad libi-
tum.

A semi-purified type diet (Table I) was
used, which contained all nutrients known to
be required by the chick. The heated soybean
meal was prepared from soybean brew
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Soybean brew flakes
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FIG. 1. Preparation of soybean meal fractions.

flakest by heating in thin layers in an auto-
clave at atmospheric pressure for 30 minutes.
Chicks were weighed in groups at end of the
experiment, and their feed consumption was
recorded. Three chicks per pen were ran-
domly selected, weighed individually, and
then sacrificed for purpose of pancreas meas-
urements. Pancreas weights were expressed
as mg per 100 g body weight.

Two crude soybean trypsin inhibitors were
prepared from soybean brew flakes. The al-
cohol-insoluble (Ali) and the acetone insol-
uble (Ai) fractions were prepared according
to Bowman(13), omitting the 2.5% trichlor-
acetic acid 95°C treatment for Ai. Nitrogen
contents of Ali and Ai were determined to be
9.0 and 1.5%, respectively.

Soybean meal fraction insoluble at pH 4.4
(SBM 4.4) was prepared by removing the
fraction soluble at that pH (Fig. 1). The
insoluble fraction was dried in an oven at
50°C and then ground. The resulting yield
of SBM 4.4 was 75% and its nitrogen con-
tent, 10.0%

Whey protein fraction (R,) was prepared
by adding 613 g (NH,)2SO, per liter of
“whey solution” obtained after preparing
SBM 4.4. The precipitate was dialyzed in

t Specially processed, low temperature desolven-
tized soybean flakes obtained from Archer-Daniels-
Midland Co., Cincinnati, Ohio.

cold tap water and lyophilized. The result-
ing yield of Ry was 0.5% and its nitrogen
content 15.7%.

“Whey” solids (Rj) were prepared by
spray drying the “whey” solution. Exact
yield of the product could not be determined
because of the loss that resulted by drying
small quantities of “whey” in a fairly large
spray dryer. Nitrogen content of the prod-
uct (Rj3) was 1.9%.

Water insoluble residue (R,) was prepared
by removing the fraction soluble in water.
This fraction was extracted twice in cold
water (20°C) for approximately 4 hours with
water to meal ratios of 10:1 and 5:1. The
residue was dried in an oven at 50°C and
then ground. Resulting yield of Ry was 35%
and its nitrogen content, 7.13%. Water ex-
tract was brought to pH 4.4 by addition of
1 M HCL The acid precipitated protein
(R,) was washed twice with water, dried in
the oven at 50°C and then ground. The re-
sulting yield of the product, Rs, was 40%
with a nitrogen content of 13.9%. All frac-
tions were added to basal diet at the expense
of cerelose.

Trypsin-inhibiting activity was determined
by the casein digestion method of XKunitz
(14) as described by Laskowski(15) at 280
mu  with a Beckman Spectrophotometer,
Model DU, using trypsin (1:250), vitamin
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free casein (Hammersten quality) and
Sgrenson 0.1 M phosphate buffer (pH 7.6)
prepared from Na,HPO, - 12 HsO and
NaH,PO, * 2H,0O according to Gomori(16).
Antitryptic activity in O.D. units of various
soybean fractions is given in Table II.

Raw residue (R,) was treated with HCl
to bring the pH to 1.6. It was then treated
with pepsin (1:3000) at the rate of 175 mg/
100 g ‘R;, then incubated for 24 hours at
37°C. After this period, the pH was brought
to 7.6 using .05 M NaOH and the material
was further treated with trypsin (1:300) at
a rate of 2.5 g/100 g R,, and incubated again
for a period of 24 hours at 37°C. The ma-
terial was then dialyzed in cold tap water
with constant stirring and then lyophilized.

Results. In vitro anti-tryptic activity, as
measured by the optical density measure-
ments at 280 my (Table IT), showed that be-
sides raw soybean meal, only the fractions
designated as R and R, possessed a very
high antitrypsin activity. Adding crude anti-
tryptic fractions, prepared according to the
procedure of Bowman(14), did not depress
the growth rate of chicks, nor did they pro-
duce pancreatic hypertrophy or reduced feed
efficiency (Table ITI). Ai and Ali were
added in amounts equivalent to the amount
of raw soybean meal in the diet of the chicks.

TABLE I. Composition of Basal Diet.

Ingredients %

Soybean brew flakes
Cellulose

Glucose

Corn oil

Limestone

Dicaleium phosphate
Todized sodium chloride
Mineral-vitamin mixture*
DL-methionine

Protein, caleulated

o o
e .. PHOWNMS
> msmmoooroo

0o
(9]

* Premix supplied the following per kg of diet:
manganese (MnSO,), 55 mg; zine (ZnSO, - 7H,0),
44 mg; iron (FeSO,-7H.0), 20 mg; copper (Cu-
80,), 2 mg; cobalt (CoCl,+ 6H;0), 1 mg; potas-
sium (KH,PO,), 2.5 g; magnesium (MgSO,:7H,0),
440 mg; vitamin B,, 9 ug; riboflavin, 3.3 mg;
ca-pantothenate, 9.3 mg; mniacin, 26.4 mg; thia-
min, 1.76 mg; folic acid, 0.55 mg; pyridoxine «
HCL, 2.8 mg; choline, 1320 mg; vitamin A, 4400
1.U.; vitamin D,, 440 I.C.U.; menadione, 2.2 mg;
vitamin E, 5 L.U.; biotin, 0.09 mg; and oleando-
mycin, 22 mg.
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TABLE II. Anti-tryptie Aetivity of Various Soy-
bean Fraetions.

Optical density
at 280 mg, 20
min incubation

at 37°C
Casein 830
Heated soybean meal .830
Raw soybean meal 410
SBM 4.4 fraction 780
Residue 1 (water insoluble residue) .810
” 2 (acid ppt. protein) 790
? 3 (‘““whey’’ solids) 420
” 4 (isolated ‘‘whey’’ protein) .200

Three fractions, SBM 4.4, R;, and R, were
each fed to 2 pens of 10 chicks (5 males, 5
females) from day of age to 2 weeks (Table
IV). Only the fraction designated as SBM
4.4 (raw) depressed chick growth, reduced
feed efficiency and caused pancreatic hyper-
trophy. The SBM 4.4 contained both the
residue (R;) and the acid precipitated pro-
tein (R.) fractions.

When R; and R, fractions were fed (Table
V), only the R; (raw) significantly depressed
chick growth, accompanied by pancreatic hy-
pertrophy and reduced feed utilization. This
experiment was repeated; similar results were
obtained (Table V, Exp. II).

Treatment of raw residue (R,) with pep-
sin and trypsin did not overcome the growth
depressing effect of the R; fraction (Table
VI). In each case, improvement by heat
treatment was obtained.

Discussion. Results of the study reported
here show that soybean fractions devoid of

- anti-tryptic activity caused growth depres-

sion, poor feed efficiency, and pancreatic hy-
pertrophy.  Crude anti-trypsin inhibitor
preparations and fractions possessing high
anti-tryptic activity had little effect on growth
or pancreatic hypertrophy. Recently, Birk
and Gertler(17) reported that a soybean
meal fraction SBM 4.2, having about 50% of
the original raw soybean meal trypsin inhibi-
tory activity and almost no hemagglutinating
activity, was only slightly superior to raw
meal when added to diets of chicks. Our
chick growth results with a similar fraction
confirm these findings but also show that
growth was depressed even though the frac-
tion was devoid of anti-tryptic activity.
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TABLE III. Effect of Bowman’s Anti-tryptie Factors on Chick Growth, Feed Efficiency and
Pancreatic Hypertrophy.

Avgwt Feed efficiency Pancreas wt,
Soybean meal treatment 10 days, g g feed/wt gain mg/100 g body wt
Raw 61% 3.19* 807*
Heated 81 1.69 595
Heated 4 acetone insoluble 81 1.80 604
Heated + aleohol insoluble 82 1.78 602

*P <.05.

TABLh IV. Effect of Feeding Soybean Fractions on Growth, Feed Efficiency and Pancreatic
Hypertrophy in Chicks.

Soybean fraetion Avg wt Feed efficiency Pancreas wt
or treatment 2 wks, g g feed/wt gain mg/100 g body wt
Raw meal 120* 2.80* 781*
Heated meal 155 1.78 496
SBM 4.4, raw 122* 2.78% 797*
” " heated 152 1.62 525
Heated -+ Rs, raw 144 1.89 509
" heated 149 1.71 512
Hedted + R,, raw 140 2.12 540
” heated 144 1.98 534

* P < .05, comparcd to appropriate treatments.

TABLE V. Chick Growth, Feed Efficiency and Pancreatic Hypertrophy on Water Insoluble
Residue (R,) and Acid Precipitated Protein (R,).

Avg wt gain per Feed efficiency, Panereas wt
Treatment chick — 7 days, g g feed/wt gain mg/100 g body wt
Soybeans Fractions Exp I* ExpI1* ExpI ExplII Expl Expll
Raw — 30.8t 24.81 2.451  2.42t 854+ 824+t
Heated — 53.5 57.8 1.86 1.75 511 485
Heated 20% R, raw 31.9% 24,2t 3.13t  3.02t 771t 787t
” 20% R, heated 53.7 56.7 1.86 1.82 507 501
— 309% R, raw 51.4 — 1.67 — 470 —
— 309% R, heated 56.0 — 1.53 — 450 —

* 3-day-old chicks fed experimental diets for 7 days; duplicate pens of 10 chicks (5 male,
5 female) used per treatment in each experiment.
t P < .05, compared to appropriate treatment.

TABLE VI. Effect of Enzymatic Digestion of Water Insoluble Residue (R,) from Raw
Soybean Meal on L]nck Growth, Feed Efficiency and Panecreatic Hypertrophy.

Avg wt gain per Feed efficiency, Pancreas wt mg/100

Soybean treatment chick* 9 days, g feed/gain g body wt
Raw meal 42.9t 2.35t 718t
Heated meal 63.4 1.63 425
Heated + 20% R, raw 47.31 2.49t 6981
” 7 heated 64.1 1.88 442
Heated 4+ 15% R,, pepsin, trypsin,
digested, dialyzed and lyophilized, raw  44.0t 2.50% 615t
Heated + 15% R, as above, heated 52.0 2.13 445
Heated 4+ 20% R,, pepsin, trypsin
digested, raw 46.51 2,471 6801
Heated 4+ 209% R, as above, heated 66.3 1.79 450

* 3-day-old cross-bred chicks fed experimental diet for 9 days; duplicate pens of 10 chicks
(5 male, 5 female) used for each treatment.
t P < .05, compared to appropriate treatment.
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Predigestion of raw soybean meal with
pepsin or papain has been shown to destroy
most of its in vitro anti-tryptic activity(18).
In studies reported here, feeding raw soybean
meal fraction R;, predigested with pepsin
and trypsin, failed to improve chick growth
significantly., These findings support the re-
sults of Brambila et al.(19), which showed
that trypsin supplementation did not over-
come the growth depressing properties of raw
soybean meal. The fact that treatment of
soybean fraction R; with pepsin and trypsin
followed by dialysis failed to overcome the
growth depression suggests that the fraction
depressing growth may not be entirely of pro-
tein nature or origin, or that it is simply re-
sistant to action of these enzymes.

Pancreatic hypertrophy in the chick was
caused by raw soybean meal, SBM 4.4 and
the insoluble residue (R;) fractions and was
accompanied by a growth depression. It is
possible that the fraction in raw soybean
meal which depresses growth has its primary
effect on the pancreas. Subsequent loss of
amino acids through increased pancreatic se-
cretions as suggested by Lyman and Lep-
kovsky(20) may deprive the chick of es-
sential nutrients. The relation of increased
O: consumption(21) by chicks fed raw soy-
bean meal to pancreatic hypertrophy is not
clear.

Summary. Fractionation studies on raw
soybean meal have shown that the major
chick growth inhibiting factor resides in the
water insoluble residue. This fraction was
devoid of anti-trypsin activity. Other frac-
tions which contained high anti-trypsin ac-
tivity were found to have an innocuous ef-
fect on growth of chicks. In all cases, where
growth depression occurred, the pancreas was
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markedly hypertrophied.
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