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Abstract: Soybean meal serves as an important plant protein source widely utilized in feed and food industries. However, the
presence of anti-nutritional factors (such as antigenic protein and non-starch polysaccharides) limits its nutritional value. Enzy-
matic hydrolysis has emerged as a novel in vitro pretreatment method to enhance the nutritional quality of soybean meal, with
commonly used enzymes including proteases, cellulases, and galactosidases. The review systematically summarzied the types of
anti nutritional factor in soybean meal, different enzyme preparations and their mechanisms of action, and the research process
on the application of enzyme preparations, aiming to provide theoretical foundations and technical references for enzyme selec-

tion in soybean meal enzymatic hydrolysis processes.
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Table 1 Comparative analysis of glycinin, B-conglycinin, and stachyose contents in enzymatically hydrolyzed soybean meal

~ ional soyb all”
versus conventiona soybean mea

FESh AR KEEREM/(mg-g™") B-FE R ERE M/ (mg-¢™") KM (mg-¢™" )
i Sk 0.13~62.78 1.74~53.54 0.40~34.52
T Bk 58.90~204.30 42.80~185.80 16.59~48.67
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A B- trefoil 2544, 329 4] JB 2 11 g A sE LA 1
fiti . 1M BBTIZ» 1 H 6~9 kD, B A XU A7 i,
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Table 2 Classification and characteristics of different proteases
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52 pH ] 2R/ C ZBfTE) SCHk
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Pt MERE AN R IR R R)

22 FRE BURTED B AR KN 8.5/5.0~

100 h 40/40~60 5h 18
10.0 L18]

Jik Bk FL B 22 HRE BUKMESF R G ARERR CRNA 8.0/4.5~

{0l fi min min
g OFEE e m s R 1o  30min 4030  60min [19]
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AR 1 BORER TR Bk P T R A .
B Tth0724 2% HBS i B fi e 7.0/ND ND 70~80/80 150 min [30]
 BUKELRR (TR W
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Eamn TP e momesmt By so L1 4075040 Tho 4]
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Fig. 1 Amino acid composition of B-conglycinin and glycinin
#3 TREBRHREHEMEESEHITOEST
Table 3 Grouping statistics based on R-group properties and charge characteristics of amino acids
2551 IR AL B-PEREHREA S/ HEMREM% KOREASHE/% BRERE %
A(HAR) 4.80 5.42
FORNZR) 5.25 4.32
12 ) 5.10 4.49
LOEAR) 8.96 7.97
ik M(H R ) 0.61 41.16 0.98 43.38
PMZR) 5.88 6.24
V(4R ) 5.27 6.23
GUHZEmR) 4.94 6.92
W (A 22 ) 0.35 0.81
D(RAHIR) 4.50 4.29
E(AER) 11.20 9.08
A HL A KO 2R ) 5.68 30.61 4.82 26.91
ROKBZR) 7.09 6.48
H(AHZRR) 2.18 2.24
S(222 ) 7.43 7.20
Gz TR ) 2.43 12.39 3.54 13.3
Y (ERZ2) 2.53 2.56
FORNZR) 5.25 432
HEARER W (L 2f2) 0.35 8.13 0.81 7.69
Y (% =R ) 2.53 2.56

DS AT AR A i 7K 2 25 R ) A £ 1 TR AS IR
AT DA X 2 P R A AR R

AR F AT AT ARG , 7R 5 2 A R o £
X SR P A B BT R AR ), SR R A oA AL
AT . SRR 1 X DR 1 BT i LA

FRIBCR EIFAR T A R X SRR
AT ARG TR RS8R, 5 HEA T LB B 8 LA
AR AT I OEAAH L) T ZH AR 3l i
T T R T 2R EoM7E R e
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TP IR 7 CAnARE 05 K 500 ) 1 O Bt it 1
S, JHCH i o TR AR SR 2R I, RS A AN
I /0 B B P T RO R T SR RBOROR
BT - P FUBE T i 20 T T 40~80 kD, fiEfk
SERIR 2 5 I (Blo) WRIR AT &, 340 Bl 2 i K AL &

=4

%éﬁ%*ﬁﬁ%(carbohydrate binding module, CBM) ,
I DR G S2ORE 200 B JES ) TR BE T T AR
fitf (4N Thermotoga maritima &Y ) 18 158 B K 4% 0o it
A e T ) 4% 2 R v R AR M . AR AL
TN R KR o1, 6- 2 LB 4 R T
Wl K T30 S 08 3R R 03 by 2 LB R RERE
T I3 JF 400 T 3 A R s D [ A 3R TR
2 B v f L H o RS A R A Y R
FI BTG 26 5 BRI 38 N 5908 3% s, /b ik
Wy R e A A Cln R e — 4k ) . N[
R a2 FURE Y DI BEAFPE N R 4 TR

AEIRIR o-F L EF BERY ThREFRIE

Table 4 Functional characteristics of a-galactosidases from different sources

S ro HETL%‘ pH/ pH‘mﬁ% i%if:iﬁfﬁi %“{ﬂ%ﬁﬁ% g%/ 7 72%%
it 3z pH it 8] sz imBEC WAl (U-mg™) 3k
HYFATE MTCC 5422 H3T8E 5.8/4.8~6.2 12h 45/55 30 min 12.0 [43]
SERIEIRE JCM12802  pNPGal 4.0/3.0~11.0 lh 70/65 lh 389.8 [44]
BERRT S1 pNPG 6.5/7.5~10.0 ND 50/40 1h 508.3 [45]
25 i FLAT# RO KT 6.5~7.0/6.5~10.5 ND 37/30~50 3h 2.7 [46]
P CHTBHE P1 pNPGal 4.5/2.0~12.0 1h 60~70/60 10 min 449.5 [47]
L HE A Fl RM48 pNPGal 4.5/3.5~6.0 1h 60/40 ND 5618.0 (48]
[ER8aT] pNPGal 4.0/ND ND 70/70 15 min 100.0 [49]
P CHTBHETH P1 pNPGal 4.5/3.0~10.0 15 min 60~70/70 15 min 423.0 [47]
X MEY-1 pNPGal 3.5/2.2~8.0 60 min 55/65 60 min 612.9 [50]
B RZFAAT pNPGal 5.0/4.0~9.0 60 min 50/55 30 min 303.0 [51]
IR H B LFLIERE 5.0/4.0~6.0 3h 65/60 3h 296.0 [52]
H:NDFRRTC.
2.3 FYHEREE B I AEDRE S N 2 4E R R R AT DL D A M

LT YR Bl — RS e R T 2 3R S AT
Yri) Z2 W52 R & A R A SN BUE IR T Y
SR T ) 1), A o AR SR 4 M 25 4 I T
PREFAIPUE RN F . TALHLFAEREGZ KR T
H I (UWAREE Trichoderma reesei 22 M 85 Aspergil-
lus niger) F A0 BE CUNRG 5L 25 S AT B8 Bacillus subtil-
is) o MRV LT 4R R A R N Y)-B-1,4-H R
P (EC 3.2.1.4) S V)-B -1, 4- 7 2R % Al (EC
3.2.1.91) M B-F A M (EC 3.2.1.21) 32845
R AR R ML 2 B0 S+ oA DD i Bl AL 170 7
PR EETOE I X, 2R 8 Hh kil 2 A 3 5 S
TitE N 3 Jit sy AR s T s A< 52 K M 7 AR AT 4k
W 5 B -7 70 W T T 4 M AL S A A
LR SR RE Y W BB ERE MK

LT Ak 1) £F 4 R0 2 21 4k R A S0 i A Ak
AU . X — i B TE T AR R AL
AR T B IE A s D e DT B R T
SRR LK . 325 SRR T AN TR SR IR £ 4
R DI AR REME
24 B-EEEEE

B-HI AW S — 2T — MK B-1, 4T
SEDBETT KRB, )2 AR T HCE Y Cn F T 4
B Y R ) Fsh W m i e s, Hol
O DI RE R 27 4 W4 B-WE R ARG W o i R
2 M SRR T PR O, iR SR R T, B
J& T AL R B — KIS, R4 4 2K i A
B SR i, 22k B - 4 0 T I e 8 W] I K i 2
FROBET 5, I HLAE A2 I v % £ 2 — s sl )
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Table 5 Functional characteristics of cellulases from different sources

- e i%i% pH/ pH‘fﬁﬁEz E‘i%ﬂfﬁ/ %‘i‘ﬂ%ﬂﬁ% it / _ 7;%%
ifit 5z pH Fisf ] M2 IR/ °C A (U-mL™")  3CiHik
R CMC-Na 7.0/5.0~9.0 72 h 28/24~32 72 h 74.1 [571
PTG T B CMC-Na 5.5/4.0~9.0 I h(52% 55/80 15 min 105.6 [58]
LlE)
DL ST 2 FAT CMC-Na 5.5~6.5/4.0~9.5  ND 50/30~60 ND 125.9 [59]
A ZEFLFT B CMC-Na 7.0/5.5~7.5 ND 37/28~45 ND 181.2 [60]
fife B HIS G B AT CMC-Na 6.0/3.0~7.0 72 h 30/30~39 72 h 1.3 [61]
BRI E 4.0/3.5~5.0 24 h 50/45~55 30 min 2.8 [62]
A ZE AT HE K 6.1/5.5~6.6 96 h 37/34~40 96 h 222.0 [63]
AT 15 B8 A L IR v 6.0/4.0~8.0 4d 28/24~32 4d 112.1 [64]
M ZEFLFT TR CMC-Na 6.0/5.0~7.5 2d 37/30~40 2d 39.0 [65]
fif VEAD SEAFT BRI WA CMC-Na 7.0/3.0~11.0 60 h 37/33~41 60 h 21.0 [66]
DS 2R AT CMC-Na 5.26/ND 64d 34.73/ND 64d 233.5 [67]

H:NDFRRTC.

i HE K- B-D-H A B A S AP B BE 1T o il MEIFERTHIA R e R A A E SR AR R R Al
S DI TE SR T (IR G T ) B g-WE T —PEAII R IR AR . 3% 6 JEon TR R UK B-
SRR OB TR AR, NIRRT E 57 A e A S REA S

®6 AERIEFB-HEETFEER TR IE

Table 6 Functional characteristics of B-glucosidases from different sources

- o E’i% pH/ pH it 3% E‘ziﬁﬁrﬁ“/ o Tk i 27 7% / E=1
it 3 pH fis i) M2/ °C Bl (U-mL™")  3CHik
TN T KAt 6-7/5.0~8.0 lh 50~55/<50 lh ND [70]
i B ZEFLFT P Kt 6.5/4.0~7.5 24 h 60/40-65 1h 49 [71]
TR i p-NPG 5.0/ND 10 min 50/ND 10 min 51.4 [72]
EZ2 I AR p-NPG 7.0/ND 10 min 37/ND 10 min 24.7 [73]
R p-NPG 7.0/6.0~8.0 24 h 40/ND 48 h(73.01%) 1.1 [74]
K K 4.5/4.0~6.0 1h 55/30~50 1h 40.8 [75]
K& KEREMIPEH  5.0/5.0~7.0 24h 45/<40 ND 22 [76]
R L 5.0/4.0~9.0 ND ND/<60 ND 7.2 [77]
e EERE R p-NPG 5.0/ND 15min  30/ND 72 h 276.1 [78]
At ANZ B -Re3 5.0/3.0~7.0 18 h 40/30~50 ND ND [79]
B R p-NPG 5.0/3.0~7.0 24 h 50/20~80 4h 1 066.0 [80]
HNDFRT,
2.5 HEREDRSE 75 SRWE Tt 1 3 A 6 RO A A ISR el o

HER RPN — KRB K B-1, 4- HERBEH  WEFRIREE R L= A E SR, e D i
BEBOREH K R, SRR AN RE TR R R R NG AR . TR IR A
RWER R (L 82 200 A H SR 3E) o X T SROME vl A Sy il 10 e A AR B 2T 4 2R 0 Dt
REBERPUEFRIN T Gl I B s N A i B AR R R T R AR T
BV (ISR A5 e AR B R A AR, ST A = PERE AT i
S R WEOR B MR ARDRL BB B BT AR 1 SR TRAR TR AR IR H 85 OB R A B D BB
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Table 7 Functional characteristics of mannanases from different sources

Sl e E‘i% pH/ pH‘ﬁﬁﬁ% %%{EE/ %‘&%’1@ =364 _ 7’5%
ifit 52 pH B[] Mz ¢ ZEa (U-mL™) ik
B PER LA I H R 5.5/5.0~7.0 ND 55/50~60 ND 353.0 [82]
MR ZEFLFT IR R 6.0/5.5~7.0 ND 37/20~50 ND 15 265.0 [83]
A T HhEE AsT1 mnHEEEY  5.0/3.0~7.0 ND 40/40~60 ND 180.0 [84]
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