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Abstract: Peanuts were hydrolyzed step by step with various enzymes to prepare protein powder. Using
peanuts as raw materials, protein extraction rate response value, enzyme addition amount, temperature, and
pH as experimental factors, were used to establish a data model to optimize the extraction process with
response surface. The protein powder prepared under this condition was compared with the protein powder
prepared by water extraction method, single enzyme extraction method and commercially available protein.
The particle size distribution, solubility, emulsification and surface hydrophobicity of protein powder
extracted by compound enzyme were studied. The results showed that the optimal enzymatic hydrolysis
conditions of the complex enzyme were 1.8% enzyme addition, 55 °C reaction temperature, and pH 9.2.

Under these conditions, the protein extraction rate reached 89.21%. The particle size distribution of the
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protein powder prepared by the complex enzymes was uniform, and the particles were smaller, indicating

that the protein solubility and emulsification were significantly improved.

Key words. hydroenzymatic method; eicrostructure; solubility; emulsification characteristics; surface

hydrophobic
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Tablel Factorsand levelsof Box-Behnken test design

%
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-1 1.5 50 8.5
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1 2.5 60 9.5
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(8 mmol/L ) MG/ 1 h JGME ., Feb %M
WO 390 KPP 470, BREETERE 5 nm.
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SC G % BE A origin 2022 . Design-Expert.
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Alcalase 2.4 L BlPE2E U o5 — 20 Wi, ARAEE
2 AR A5 X AR BOR B R,
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Table2 Enzymolysis effect of four enzyme preparations

RS il pH - AR/ %
2709 f kAR 8.5 62.37
Neutrase 0.8 L {425 [ i} 7.0 32.35
Celluclast 1.5 L & &4 4 & i 6.5 20.89
Alcalase 2.4 L Bl PEH 14 9.0 73.91

22 EAEHmMMEERSW
221 WARTAIHT TR . SRR AR

M 1o T SE 3G BT H S5 S5 R LR 3, I E s
R 4,

FIJH] Design Expert #/E X 46 3 v i) S g 45 51
HEAT LA 34, 45 30 8 R IBCR X BRI (4).
ftE iR (B) A pH (C) By WK IAHE 72 .
Y=88.70+4.374+0.52B+2.67C—1.054B—0.414AC—
1.24BC-4.664>-7.30B*-2.03C*,

TS SR AT LUE i AR A B w5
BEM (P<0.000 1), HUEEF PRI/ H A
BORMEA B E 25 RPN R (P=0.088
5), UGEBZERLA R . FIHRE R =

& 3 Box-Behnken LWiZITHARELER
Table3 Box-Behnken design and corresponding
experimental results

igﬁ g %T?JJDi ﬁg‘?ﬂ%’l’_g pH EE&EE‘X}E

A% B/°C C Y%
1 1.5 50 9.0 71.41
2 2.5 50 9.0 80.67
3 1.5 60 9.0 74.91
4 2.5 60 9.0 79.97
5 1.5 55 8.5 74.22
6 2.5 55 8.5 85.36
7 1.5 55 9.5 79.48
8 2.5 55 9.5 88.99
9 2.0 50 8.5 74.67
10 2.0 60 8.5 77.82
11 2.0 50 9.5 83.40
12 2.0 60 9.5 81.59
13 2.0 55 9.0 89.42
14 2.0 55 9.0 88.59
15 2.0 55 9.0 89.43
16 2.0 55 9.0 88.26

R4 BERGERBRNAESN

Table4 Analysisof variance of protein yield model coefficient

FrZEKW CFM OAmME U7 F{d PMH  BEH
i 586.20 9 65.13  51.07 <0.0001 **
A 152.85 1 152.85 119.84 <0.0001  **
B 2.14 1 2.14 1.68 02363 NS
c 57.20 1 5720 4485 0.0003  **
AB 4.41 1 4.41 346 0.1053 NS
AC 0.66 1 0.66 052  0.4944 NS
BC 6.16 1 6.16 483 0.0640 NS
A 91.47 1 9147 7171 <0.0001 **
B 224.56 1 22456 176.06 <0.0001  **
c 17.35 1 1735 13.60  0.0078  **
B2 8.93 7 1.28

AU 6.91 3 2.30 456  0.0885 Ni#E
afiiR 2 2.02 4 0.51

Jeyill 595.13 16
F: PIE/NT 0.05 RIAZIEE,; *hEE, “hEERE,

Note: P value less than 0.05 indicates significant significance;
* is significant and ** is highly significant.

98.50%, R*Adj=96.57%, iiBHI%HIE 5 5254
E A B R AR, RPB— kI 4. C Xt
B RBCR R B, ORI 4%, BYL O Xt
HEHRBCR Y B, h F A SRR R
PR BORSZ W KN A it (4) >Hifg pH
(C) >HFfE (B ).
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2.3 2.5
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Fig.1 Effect of two-factor interaction on protein extraction rate
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(A:/K¥E8:; B: Celluclast 1.5 L &2 5 27 4i 2 i ; C: Neutrase EE 4}
0.8 L L AEE; D: 2709 Btk FIME; E: Alcalase 2.4 L fif & Sl
HEAM; F: 260; G: mEEAR) N 13\
(A: Water extraction; B: Celluclast 1.5 L complex cellulase; or ) ) ) ) )
C: Neutrase 0.8 L neutral protease; D: 2709 alkaline protease; E: 0.01 0.1 1 10 100 1 000
Alcalase 2.4 L alkaline protease; F: Complex enzyme; G: $ifE/um
Commercially available protein powder)
3 =] w2 2 =4
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Fig.2 Effect of enzymatic extraction on Zate potential of protein Fig. 3 Effect of enzymatic extraction on protein particle size
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HAM; F: 26W; G: mEEAH)
(A: Water extraction; B: Celluclast 1.5 L complex cellulase; C: Neutrase 0.8 L neutral protease; D: 2709 alkaline protease; E: Alcalase
2.4L alkaline protease; F: Complex enzyme; G: Commercially available protein powder)
B4 BELAEREOMPEETERER

Fig.4 Scanning electron microscope image of protein powder after enzymatic treatment
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(A: Water extraction; B: Celluclast 1.5 L complex cellulase;
C: Neutrase 0.8 L neutral protease; D: 2709 alkaline protease; E:

Alcalase 2.4L alkaline protease; F: Complex enzyme; G:
Commercially available protein powder)
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Fig.5 Effect of enzymatic extraction on protein solubility
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BN 100
°l a — et |
;g%o- de b . i : ) —60{%
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(A: Water extraction; B: Celluclast 1.5 L complex cellulase;
C: Neutrase 0.8 L neutral protease; D: 2709 alkaline protease; E:

Alcalase 2.4 L alkaline protease; F: Complex enzyme; G:
Commercially available protein powder)

El6 EEREINNEZEAILFEMIM
Fig.6 Effect of enzymatic extraction on
emulsifying properties of protein
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1000

800 -
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(A: Water extraction; B: Celluclast 1.5 L complex cellulase;
C: Neutrase 0.8 L neutral protease; D: 2709 alkaline protease; E:

Alcalase 2.4 L alkaline protease; F: Complex enzyme; G:
Commercially available protein powder)

7 EERBMEBREERKENR N
Fig.7 Effect of enzymatic extraction on protein
surface hydrophobicity
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