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ABSTRACT

Presence of antinutritional factors, such as trypsin inhibitor and lectin, and in vitro
digeition of these factors in soybean and soybean protein isolates were examined. Hemagg-
lutinating activity, which was strongly detected in raw soybean, was not detected in soybean
protein isolates. Trypsin inhibitory activity was detected in several preparations of the soybean
protein isolates, but the inhibitory activity was only approximately 10% of that present in the
raw soybean. Purified soybean trypsin inhibitor was rapidly inactivated by pepsin. When
soybean extract was digested with pepsin, inactivation of the trypsin inhibitory activity was
much less than that observed in digestion of purified soybean trypsin inhibitor. Consequently,
trypsin inhibitor in raw soybean was suggested not to be inactivated by passage through the
stomach and thus affect the intestinal digestion of protein. Growth experiments with defatted
soybean meal, autoclaved soybean meal and amino acid supplemented soybean meal were
carried out at 109 protein level in growing rats. Raw soybean diet depressed the growth of
rats, but autoclaved soybean diet improved body weight gains of the rat. The supplement of
0.3% L-methionine to the raw soybean meal resulted in significant increase in PER and NPU as
compared with raw soybean diet; NPU was comparable to that obtained by autoclaved soybean
diet but slightly lower than that from casein diet. Further improvement was observed by
additional supplement of threonine and valine. NPU of the supplemented soybean diet was not
statistically different from the value obtained by casein diet, thus suggesting that supplementa-
tion of methionine, threonine and valine to raw soybean improves the nutritional value of
soybean protein. Nutr. Sci. Soy Protein, Jpn. 8, 52-58, 1987.

—F, DERRKGAABEYHAWIES v MCX DHE

FORLEIASRATWBEY, ThAbDRFDOHTHY
FovAver g —, L2FVIRRENLELOTHD
A, THLIEMEMETH D Z EBBELMATIN T
BY, o TMBAAEIL L > TESEE K- TV 55E
DLV, L LInE - ZEOFKS TRRUVWAEM T,
HARBEERORETHHEE DD, MIERELTH
FEEITETHARDENY OOD L HHATLABEF
i, ThODOREERFRIFELEL LW EHEI AT
WA, KRB ISR v,

K oW, RRNLT IV BENERLEDT
BRI RcRENL 0, ZhbodT Met FER
Bz onwtit, i— L RENMEBLATWED, flo
HR7 I /BEPENLEYRco>WTiE, 4Tl
HBLEERIELR TRV, £ 2 TRHETEET
BIEAXER L OSBATHAHEPOHFERFOF
EROFENSOEME in vitro THEE L, FI2HE
KEEHWTT v VR LTT 3 7 BnEBRY £
L7z,



ERME B L URE

P ¥ S v P (R Y S NLTR i RO
KGR ABEMRIE L, RKEM) 7o vfver
# — (SBTD % Sigma #t#, KEv 27 5 v (SBA)
FEFEREERSER Y HG, P e v ve
& — & M 12 benzoyl arginine-p-nitroanilide

(BApNA)Z#H & LT 410 nm THIE, v 75+ vig
MU b U T VIR L fe vy o FARIMEBR 4% A
WT 2 ERRE X » CIIE Lo RIMBREEEEME L L
THRb LI, ALEMARRBRZ VWTR, _Fvv

(Sigma #%) M{boHEE 1 pH 2.0, S:E=25:1,
vz v 73w (Difco #E) HiLoBE W pH 8.0,
ST E=25:1, &3 3TCTEEL .,

EEREIIT Wistar 27 » v (FE 80g) &AW
T, Table 1 KRTHEHER TERESIEE L, BHRE
PR L »C 3 HERERRYER LI, &0, BE&
E, ELXAZEL CAAME (PER) 2R, %

BT, o2 B, ER*HERLRERE
T L TEDMHILE (True Digestibility, TD), 4
i (Biological Value, BV), NPU (Net Protein
Utilization) »&EH L7,

EREBE

SERE-ABBFORKERTF

Bl K E i RnBRBREEELRD b i

(Table 2) 7, FEOSMAT A HEFICIEEL
B Ihishot, PY Fovave e x —EHR,
77 m-R, 727 e-CL, =2—727r-Khick
ey, Wh b BB AT BT 5 £ 10% D
BUEERHUTTH -7,
RIEXSERUSBMAEI-ABENDATLHIL

SEEATE I ABREDHR Ty o7 w-R o\ TR
KEMEKE LB ATHELEREYER L ERTo
T Fig. 1 RO 2R Lic, 7 v vigfboiER (Fig
1), 727 e-R (LT SPI & &%) 2fifg kT & R

Table 1. Composition of experimental diets

Diet designation (g/100 g of diet)

Defatted soybean meal' (20 %)

: Casein 0.3 % Met
Ingredients 10 9%) Raw Autoclaved? +0.3% Met +403% Thr
10.2% Val
Protein 10 20 20 19.7 19.2
a-Corn starch 60 52 52 52 52
Sucrose 15 15 15 15 15
Oil mixture? 8 8 8 8 8
Mineral mixture 4 4 4 4 4
Vitamin mixture 1 1 1 1 1
Cellulose powder 2 0 0 0 0

! Protein content, 49%.
64 ; Cod liver oil, 16.

2 Autoclaved at 110 °C for 30 min. 3 Composition (g/kg of diet) : Soybean oil,

Table 2. Lectin and trypsin inhibitory activity in various soy products

Hemagglutinating activity

Trypsin inhibitory activity

Titer/mg protein Unit/mg protein %
Defatted soybean flour 2.07x10° 432 100
Soy protein isolate
Fuji pro-R — 44.1 10.2
Fuji pro-CL — 15.8 3.6
New Fuji pro-K — 52.7 12.2
Fujinic ace-100 — 0 0
Fuji pure-SP-100 — 0 0
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Fig.1. In vitro peptic digestion of defatted soybean
meal and soybean protein isolate.

Peptic digestion was carried out by incubating
150 mg of samples with 6 mg of pepsin in 10 ml
of sodium acetate-HCI buffer (pH 2.0) at 37 C.
At each incubating period, 1 ml of digestion
mixture was added to 1ml of 20% TCA.
Peptide contents in the 10% TCA soluble frac-
tion were determined by microbiuret method.
Digestibility was measured as % increase in
the peptide contents.
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Fig. 2. In vitro pancreatic digestion of defatted soy-

bean meal and soybean protein isolate.
Pancreatic digestion was carried out by in-
cubating 150 mg of samples with 6 mg of pan-
creatin in 10 ml of 0.1 M phosphate buffer (pH
8.0) at 37 C. Digestibility was determined by
the method same that described in Figure 1.
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In vitro peptic digestion of purified soybean trypsin inhibitor (SBTI) and soybean extract.

(A) Purified SBTI (2 mg) was incubated with 80 xg of pepsin in 10 ml of sodium acetate-HCI buffer (pH 2.0)
at 37°C. At each incubating period, digestion mixture was neutralized with 0.05 N NaOH and trypsin
inhibitory activity in the sample was determined by using BApNA as substrate.

(B) Defatted soybean meal (1 g) was extracted with 10 ml of 0.9% NaCl for 2 hr, and then centrifuged at

8,000 g for 20 min.
acetate-HCI buffer (pH 2.0) at 37 C.
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In vitro digestion of purified soybean lectin (SBA).

(A) Purified SBA (2 mg) was incubated with 80 xg of pepsin in 10 ml of sodium acetate-HCI buffer (pH 2.0)

at 37°C.

At each incubating period, hemagglutinating activity in the sample was determined with serial

2-fold dilution method using 4% suspension of trypsinized rabbit erythrocytes.
(B) Purified SBA (2 mg) was incubated with 80 xg of pancreatin in 10 ml of 0.1 M phosphate buffer (pH 8.0)

at 37 °C.
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Fig. 5. Growth curve of rats fed on 10% protein diets.

Body weight gain and nutritional values of casein and soybean diets

Soybean (20%)

. 0.3% Met
Casein R Autoclaved +03% Met  +{03% Thr
(10%) aw utoclave .00 € R 00

0.2% Val

Body weight gain a a a a

s 2.9+0.5 0.840.1° 3.240.5 2.540.7 3.340.6

PER 2.440.4% 0.9+0.1° 2.340.3% 2.0-+0.4° 2.6+0.3¢
TD (%) 98+2° 65+8° 9445 83+4° 86+4°
BV 87+6° 7249 77450 89452 94+70
NPU 86-+4° 48+9° 7343° T4+4° 8145°

PER, protein efficiency ratio; TD, true digestibility; BV, biological value; NPU, net protein utilization.
a-c, Means in same line with unlike superscripts are significantly different (p <0.05).



D

8)

1))

WEH7 < /B, xrt=v, 52353 vOE
B—PEHAKTICARE~NDT { VBHEEEK
BT 20, AEAQBERERERREE, T,
41-45,

EEHE (1967  XKEEHEO S THE. L%
LY, 5, 20-26,

Krogdahl, A. and Holm, H. (1981): Soybean
proteinase inhibitors and human proteolytic
enzymes : Selective inactivation of inhibitors
by treatment with human gastric juice. J.
Nutr., 111, 2045-2051.

Higuchi, M. and Iwai, K. (1985): Purification

10

1D

and some properties of the basic lectin from
winged bean seeds. Agric. Biol. Chem., 49,
391-398.

Higuchi, M., Suga, M. and Iwai, K. (1983):
Participation of lectin in biological effects of
raw winged bean seeds on rats. Agric. Biol.
Chem., 47, 1879-1886.

Kakade, M. L., Danny, E. H. and Liener, 1. E.
(1973) : Contribution of trypsin inhibitors to the
deleterious effects of unheated soybeans fed to

rats. J. Nutr., 103, 1772-1778.



