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Study on Alkaline Protease Modified Soybean Protein Adhesive
GAO Min, AN Liping, LIU Zhigang
(College of Science, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: In order to solve the problems of low bonding strength and high viscosity of soybean protein adhesive and toxic
volatile substances such as formaldehyde in the adhesive, a new type of green soybean protein adhesive was prepared to meet
the requirements of indoor use of plywood and glued products. In this study, defatted soybean protein powder was taken as the
main research object, and alkaline protease was used as the modifier to explore the effects of different enzyme additions, pH,
enzymolysis temperature, and enzymolysis time on the bonding strength of soybean protein adhesive. The optimum reaction
conditions of soybean protein adhesive were obtained through orthogonal design experiment enzymolysis as followos: alkaline
protease 10 000 U-g™", pH9.5, temperature 60 C and time 100 min. Compared with unmodified soybean protein adhesive,
the viscosity of modified adhesive decreased from 2 400 s to 13 s, and the bonding strength was increased from 0. 74 to
0.98 MPa, meeting the requirements of the national standard GB/T 9846 —2004 Class II plywood. The experiment shows that
the alkaline protease modified soybean protein adhesive has a good application prospect in the field of plywood production.

Keywords: defatted soybean protein powder; adhesive; alkaline protease; green and environmental protection
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H 50 mL B FEAAIE B8 S8 b TR BE AR
FLF Ak 50 mL 2 &, i LI B K 20 em, K
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1.3.5 FT-IR WX FREC—2 & 1R 2 &E H IR E
FUBES E 120 C &M T4 3 h 25841k, i
BUORL I #EAT AN, RS 32 WK, i
4500 ~4 000 em ™ A3 HER R 4 em ™,
1.3.6 TG @& FRHC— & & K 8 AR
mh L 7E 120 C AP TN 3 h B 5E e[k A B
W5 AT, IR AR B T T R
A5 mg Ao AT, MR B R 30 ~ 600 °C, FHE
HEHK 10 C omin "SRG E K 20 mLemin ™',
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Note; The standard deviations are all 10% , and the wood
breakage rate is over 95% . The same below.
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Fig.2 Effects of enzymatic hydrolysis temperature

on adhesive strength
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Fig.3 Effects of substrate concentration on

adhesive strength
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Fig.4 Effects of enzyme addition on adhesive strength
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Fig.5 Effects of pH on bond strength
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Fig.6 Effects of enzymatic hydrolysis time

on adhesive strength

2.2 WHEEEAEBERIXE

AR PP Z ARG S5 5 TR IR VR By 20% 1Y 2%
PETR, DATG S I | 6 e T 52 | T A 1 () N pHL SRy A
AN B SRR, BT L (4%) R385,
W e AR N 25k, B | AN 2 AT 2% R, >
Ry >Ry, > R, JIT AT I J2 52 0 G 45 50 88 1) T2 22
PRIZE SRS R pHL I3 IR PR F (8] 5 Bl 2R 1 Al i e
SHEARFTIEILA SN A,B,C,D,, BN I &
10 000 U-g ™", S 60 °C,Bf#A[E] 100 min,pH9. 5,

F1 EXHEARRER
Table 1 Orthogonal test scheme and results
A B C D
) +?‘.§ny‘féﬁf§ ‘Zﬁ‘a?‘.&ﬂﬁ‘féﬁfﬁ lﬁlﬁi/ﬁ‘%
Test number TR R ] pH Dry bonding Wet bonding Solid
Enzyme addition Temperature/ Time/min strength/MPa strength/MPa content/ %
amount/ (U-g ") C

1 1(5000) 1(45) 1(40) 1(9.5) 1.07 0. 106 18.35
2 1 2(50) 2(60) 2(10.0) 0.93 0.022 19.11
3 1 3(55) 3(80) 3(10.5) 0.89 0.151 18.67
4 1 4(60) 4(100) 4(11.0) 1.21 0.116 19.44
5 2(10000) 1 2 3 0.98 0.067 18.62
6 2 2 1 4 1.11 0.185 19.87
7 2 3 4 1 1.46 0.021 20.13
8 2 4 3 2 1.58 0. 169 19.31
9 3(15000) 1 3 4 0.79 0.130 18.89
10 3 2 4 3 0.93 0.058 18.47
11 3 3 1 2 0.83 0.038 19.40
12 3 4 2 1 1.05 0.032 19.24
13 4(20000) 1 4 2 0.77 0.06 18.78
14 4 2 3 1 1.03 0.012 17.69
15 4 3 2 4 1.04 0.173 20.22
16 4 4 1 3 1.25 0.238 19.77

K, 4.10 3.62 4.26 4.62

K, 5.13 3.99 4.00 4.10

K, 3.61 4.23 4.29 4.05

K, 4.09 5.08 4.37 4.14

k, 1.03 0.90 1.06 1.15

k, 1.28 1.00 1.00 1.03

ks 0.90 1.06 1.07 1.01

ky 1.02 1.27 1.09 1.04

R 0.38 0.37 0.09 0.14

Primary and B A > MR > pH > BEfE AT ]

secondary factors

0/ikey
Optimal

combination

BRI =0. 1, IR =60, BH#MHE =100, pH =9.5

A,B,C,D,

L AREZE R 10% , RBERYHEE 95%

Note ; The standard deviations are all 10% , and the wood breakage rate is over 95% .
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Table 2 Variance analysis

S 2275 EREEN: S F It F Il #t T

Factor DEVSQ DF F ratio F critical point Significance
A 0.311 3 1.848 3.49 ik
B 0.294 3 1.747 3.49 [TE-
C 0.019 3 0.113 3.49 NTE S
D 0.049 3 0.291 3.49 ENTE

%2 Error 0.310 12

2.3 WMRIRBERSH

2.3.1 Jeaibat RRiEsCEe 4 RS B A ik
PRI R 15 2 0 T A5 B 288 0] 4 [ 5 i 2
IR o JEE R AT X FE o T I 55 o A9 I 2 ) 2 3
BORE R, 5 1R it e TR M, S R T IR R R B AR
A DI | DT S AL JSE 5 S B 1 e 0, s vk 2R
A AL LI )i 2ot ) 5 AR B 9 K R P M R
FAEE, RS A B B R, Bt R R B
TRt A ARRT 70 Do AR ) 22 A , £ 52 2860 40 8

JEE W AR, AR 1 A A R I, W sl P E AL
Xof Je SR AN AR T2 R (% 3) o

il 2 1 AT B TR TR R A SR R R R
LR TR R B R — SO AR AR P AT
REAE—E PRI 10 o i A o 1, HL Rl PE R O K
H AR Z [ AT B A SS IR A5 At m] 3 588 i
SREE LA A PR e A8 I 2 0 i 5 o B WS R T ok
S IR R0 B J AR ) 4 M R R, KT R A R
FBHIPREZR (0.7 MPa)

®3 EXXESEBIESTHIRNEREGEREXT

Table 3 Comparison of the adhesive properties of the best enzyme modification in the orthogonal

experiment and blank experiment

o EluS=g B JBe ik B2
Experiment Solid content/ % Viscosity/s Bond strength/MPa
gt Enzyme modification 19.24 13 0.98
25 9 Blank 16.92 2400 0.74
2.3.2 FT-IR KM ZDAMGIEXS I B SRBUCAIS R RRTE, 1329 em ™ BT 1 DHTHY

EREMTINZR 4 F1lE 7 Pros, 546 SPL A L, 2058
TEFE 3 400 em A AT BORRAE I AR B8 SR T INER R
FIGPEIE A AN, - OH 1 — NH, 2535 /K i FA 14 i e
0, 54 SPL W AH [, M-SPL e 78 Bk e T 4 52 i &1
B, nTREE RN Wl VK G A T 5, 2 8
WEZERA, KEEA S FHAFIRESZRT
PR, B RE A IR Sh 7 E R RE /b ; 5 4l SPT i
FH LG, M-SPI BEEEFRIAE B T 1, Bk 05 R Ak Wl
g P e e 3 A A B I8 3 R0 I 7 et 2 1 i 1 4
T, R E&E A W EOREEH & T 8 5048
b, BREE [ P 1Y) 22 IKBE 4% i 2 PR [ E A R T
R H) - OH, — NH, & A i e, e 1
ST T R DR 3B 1 2 70 R A U e T R M
VT, VLB MO S B 10 F RS R A T ARk
5540 SPI IR AH H , M-SPI 7E 3 268 12 926 ¢m ™' BT
Wi | I PR 2o A 1) B R R H TR 21
—-OH, - NH, , - CH, S5 P BE AT, i S B A ] LA 2R
F B4 TR S BRI Al 5, 38 e Zh 7 i R 7,
AT LA AR Hh S S P R R SR

B R BT A R TR LA P i = 4R R E5
) IO N
*4 XEBEAIMEKEERER
Table 4 Infrared wavelengths and functional groups

of soybean protein

Wk HREH]

Wavelength/ (em ™) Functional group

3278 N = H F1 O — H Jit A1 45 4 5h e
2900 C — H 2 [ {455 4 sh e

TR HE 1Y C = O iR sl

Jiz 11X 1600 ~ 1700
Pk BEWEE |- N — H 25 R SR C - N

Btz I 1X. 1500 ~ 1600

AR B (8 4 i
REIE T 1250 i1 245 4% B e 4 11 15 06
Tk cke 1 C - N s 3l g
1394 — COOH RYHFAF I
1045 C - O R4 iR shi

2.3.3 TG XA XFEFHCHE R RS H R EE
S5 HIRFN AT 0, S5 R K 8 Fran, B
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PR G H IR B AE 380 °C 424 H B d K 3% i ik
BORBMERTIEEEFIAE 310 °C 24 H B K %
ORI R F] 400 °C B e R A B
AR EA BN 45, 69% , A BT R F RS R R A BT o R
AR 39.95% , A L B kobE R SR AR E
T3 ik o 2 7% P 238 i T A i ok 3 3L B S vy
TARBEM R EAKREN, X -2 REEZN
SRR R B AR TR S R SS A I B AR R
ARAR TR S) il AR R i 2k B AN 2 B IR e A
F A F e A 2 —E =T,

102
100
98
96
94
92
90
88
86
84F —— M-SPI 1016

2| SP1 523~

%% Transmittances/%

80 L
4000 3500 3000 2500 2000 1500 1000 500
¥ Wave number/(cm™)

E 1. M-SPI( BRI R A BRG] 52. SPLOR B R T
HHBEH) .
Note: 1. M-SPI( Enzyme modified soy protein adhesive) ;2. SPI
( Unmodified soy protein adhesive) .
7 BEMUME S REIMERFFILINE
Fig.7 Infrared images of enzyme-modified and

unmodified adhesives

100
8
El
5 80
w
e
£ 60
<
=
&
40
&
;ﬂ"?; -—- SPI
w 20— M-sPI
0 1 1 1
100 200 300 400

1R ¥ Temperature/°C
T 1. M-SPI(BECPE R SLEE FUBERRR) 5 2. SPTORIPER B
HEABEH) .
Note: 1. M-SPI( Enzyme modified soy protein adhesive) ; 2. SPI
(Unmodified soy protein adhesive).
8 EEMIMERBMERFFILINE
Fig.8 Infrared images of enzyme-modified and

unmodified adhesives

3 g

Ji 45 58 B A O i 28 7 B L A PE B AR A, I A iR
R WO T A 0 M W %) e A5 I, AT A S A AR
Mif AME, B FRKEE F TEiok, Ho 4 1 e
REFVER RS v, KA R RE AR, BRI T HE IR &
Ml o g 2, AR AR A AT RS N R
it 7K A SRV R T B A T S R IR 37 °C
pH1. 8 AN 14 000 U-g ™", KfRIFE] 3 h B, 7K
fRIE N 23.4% XK B FUK Boh 2 IR &
VIR o> i KERAE 1 000 Da, B 7K 1 56 A1t B 5E 15
2 ALY /NI /NG K A V0 R
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