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Optimization of Enzymatic Hydrolysis and Decolorization Process of Walnut Protein
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Abstract: This paper aimed at the high-value utilization of walnut cake, a by-product of oil processing
industry. The walnut protein (WP) was extracted by alkali extraction-acid precipitation method from
cold-pressed walnut cake, then trypsin hydrolysis process was optimized by single factor experiment and
orthogonal design, with degree of hydrolysis (DH) as the indicator. Subsequently, the decolorization process
of WP hydrolysate was optimized with protein recovery rate and decolorization rate as the indicators. The
results showed that the extracted walnut protein was of high purity and could be used for further enzymatic
hydrolysis and decolorization tests. After optimization, the DH of WP could be increased to 21.08% under
the following conditions. the substrate concentration of 3%, the hydrolysis temperature of 55 °C, the enzyme
addition of 6 250 U/g protein, and the enzymatic hydrolysis time of 5 h. The optima process of
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decolorization of walnut protease hydrolysate was obtained at an activated carbon addition of 1.2% (W/V), a

pH of 4.5, a adsorption temperature of 45 °C, and a decolorization time of 90 min. Under these conditions,

the decolorization rate of walnut protease hydrolysate was 78.05%, protein recovery rate was 82.16%, and

the combined weighted mean score was 80.11. The optimization process of trypsin hydrolysis and

decolorization could provide some references for the development and utilization of walnut cake.

Key words. walnut cake; trypsin; degree of hydrolysis (DH); decolorization; protein recovery rate
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JE By
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Tablel Factor level of enzymolysis orthogonal experiment

K%
K - - - -
AFE/N BRI IEN(%, WIV) CiEE/C D nfiit/(Ulg)
1 3 2 50 5000
2 4 3 55 6 250
3 5 4 60 7 500

1.3.6  FKfifk B (A e

Tk 2 1 AR R K A B S A (1) A
(2) 75 b A v ) A B R LG E A
PAE, AR R B R E, 4
SRR 2 B PR F =B, — A
LT 8 8 7] 2~3 3%, H 0.100 mol/L NaOH &7
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NO
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0.1x (V, — V;) x 0.014
w
X N HERESE, %; Vo MR his
AN T S B2 5 T TH AR B AR IE NaOH ¥ AT,
mL 5 Vo Sk LR 7 80 193 19K Ay 8 7S 7510 e 38 ¢ A T
FEMIARAE NaOH WA, mL; W AR S A E

N = x100% (2)

i, g
1.3.7 AW 1 Tl O € ) P R 3R S

Bk R (7 50 mL, 3% pH & 4.5, 4
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1.3.8 A%k 1 e 0L €5 1) 1E 28 S8

FEPALDR 2R S0 A S A 1, SR RS MR T
pH. JEEE . B POAS P R AT IE A S0, AT
KK, B LB IER R AT, 25l
DI 2R LSRRG 438 % 5548 45
RACAZ AR AR VR P B8 T2, IEAC SRR &R
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*2 BMBIZEXIHERHRKESR
Table2 Factor level of decolorization orthogonal experiment

ARTE/min BiEMRMG/% CpH D EEE/C
60 1.0 35 40
75 1.2 4.0 45
3 90 1.4 45 50

1.3.9  BAHRER 0 L L DE A D v

B — 2 IR R B 38 1 T A, W 1.2%
(WIV )G ¢, 75 pH Ry 4.5, FF4~ IR 90 min
J&, F 6000 r/min &0 15 min, B 1
FEWOCEEE AR H & i, RAIEA (3) 1 (4)
B R R R SR AR (5)
IS 73 %5 5 T TR0 4 I € 2 SR 1101

x = Ao
A

AxlOO% (3)
0

A X MBER, %; Ao ML FH A
314.5 nm Ab I ;5 A S AZBEER R (0
TE 314.5 nm AL G

Y:ﬂxloO% (4)
W2
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K Y HEAFCE, %; W hBiaFE AR
5 i, mg/mbL s Wy O B 65 Rl AR B
mg/mL .

Z=05X +0.5Y (5)
e Z WRELEEIT X OABEE, %; Y
HEPCE, %,

1.4 B
AR ERE 3K, YR SPSS &

53 #r, R A OriginPro 2019b 64-bit Z:[4] ,

2 BRERH

21 AEZHG, ZREANEEWELFIER
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Table3 Main physicochemical indicators of cold-pressed walnut meal and WP %
EiEin JLRES I HHEH HHIE i KA K5
BB RIE ok 59.61+0.58 10.32+1.16 11.48+0.64 6.72+0.85
EHkEA ey BRI 89.23+0.77 2.81+0.83 3.89+0.37 1.87+0.51
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221 J X AR B K i 1 R )

i 2 1 0 S O e R AZ M B 1 KA R 1 S el
K1 PR, B AR RS it i3 K (2 500~
6250 U/g ), #MkEE 17K A B2 B3 IR AR, T > m
fifg E R 223N (>6 250 U/g ), K I T i) i 34
A0, HMZEA A SRR, SRS AEGas
HOM 6250 U/g 4T F— 5280,

20

15 i/

.
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S E/(U/g)

B 1 mEgExZokE B k#EERRm

Fig.1 Effect of enzyme dosage on DH of WP
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ity 55 R S S AR M B, AT (7K A 5 b
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ELE5 5.
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Fig.2 Effect of substrate concentration on DH of WP
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Fig.3 Effect of enzymolysistemperature on DH of WP
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Fig.4 Effect of enzymolysistime on DH of WP
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fitit ) > A (BF[E]), BBk A M EcfER g T2 0
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Mt fif el BE 55 °C, BEfFATIE] 5h, 7EA0F T %8k
e SLPIS 58 5 NS i 4K 2 PSS S [ S D AL
25, XHRAL PR T 23 T30k, 7S K A B R
21.08%, =T 4 YR IKMEE (19.24%),
A Lo(3Y)IE 28556 A1k i A Bk 28 11 Wl T 20 v
1T
24 BHREOHBBANEREZKENTHE
2.4.1 I T FH BT A MK B 1 Tl A VR € AR Y
Al

1R 0 o A M S R RO € 1 B R R S

SRR E 5 PR, BEE SR SR, Bk
B B BB, ISCR BN 3K
AR ER R, R AR b 3,
A A H I B AR R B R T, R, O
PR Al 2 WG WA R R (K, S EEA S
BRI MmN 1.2% (WIV ) |,
i35 68.68%, M) 81.75%, nl{E
PR R AP B I HTH N I8 B E AT 14 it 3K
R, HILBESETE M A 1.20% (WIV) #17
IEAT S
R4 BERETIBERESH

Table4 Resultsand analysis of enzymolysis
orthogonal experiment

Sy ARHE,  BIEY  CIRE/ DmEEE/ K
' h e B2 1% °C (Ulg) %
1 1 1 1 1 9.28
2 1 2 2 2 19.24
3 1 3 3 3 14.78
4 2 1 2 3 12.97
5 2 2 3 1 16.09
6 2 3 1 2 14.90
7 3 1 3 2 13.24
8 3 2 1 3 16.87
9 3 3 2 1 15.63
ke 1443 1183 1368  13.67
ko 1465 1740 1595  15.79
ks 1525 1510 1470  14.87
R 0.81 5.57 2.26 213
H&EER B>C>D>A
& A3B,C,D,
100 [ BHEHCR 180
: | B
80 H : T 470
I
©
5 60 H60 &
L1
o 40H /{/ {50 =
o
20 H +/ 1 40
0 1 1 1 | 30

1
0.6 0.8 1.0 1.2 1.4
kR FAR%

B 5 ExAEXNZRECBREREIRAZME
Fig.5 Effect of activated carbon dosage on
decolorization of WP hydrolytes

2.4.2  pH M RZARER 1 At R R L (IR (9 2
pH X R bk B 1 I e YL CL BRI R R AN ] 6
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Fi7R o 24 pH iy 2.0~3.0 B, T 14 ¢ %k il e 4 1)
it €8, 5B B O, B 1 RS RSB s 5 T pH
B 3.0~6.0 B, {4 o Xl it i V0 i €2, 23 36 4 Uk
AN, B EISCR BTG K W] RE R K D Tl A
(8 €0, 38 W) BT AE BRIk 45 F T 5 TR P e A A 1) 23 R
1, B2 S R B €, [, pH 281kt
235 W) 25, 11 TGk A0 1) ey R P e 1 3% T A~
B, SRS/ NIRBE s I e s
SRR [ I SRRt %, SRR €5 pH {H 4.0 4T
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—— AR I 70
80 f\\ T
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g o0 0
= H
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20
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> 3 4 5 6
pH
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Fig.6 Effect of pH on decolorization of WP hydrolytes
2.4.3 Sl EEXS R A A P R VR BRI R

il JEE T A% M P TR e R € 28R 1 52 i A P
7 FR. BEHRRIER T, ARG R
EIHR RS, M H ECR IR R
Feo IR TR RE T i nT R R 114 S R AR
AT ERY BT HL, TS5 PR 585 4 fil
BRI E R BCR . HIREZEZETHE (550 °C) A
FITF B b, B Rpaz TR, Lih %R

10or I EaEkE |
. —— Bifak
80 r T
T . 470
= i 1 T
3 60 8
% N | ok
= ( 0 g
{1 40 =
B
450
20
0 1 1 1 1 1 40
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R/ C

B 7 BEWNZREOBREREKROEME
Fig.7 Effect of incubating temperature on
decolorization of WP hydrolytes

ISR R %, BB EEE 45 CiffTik
LS5
2.4.4 B [A]RFAZ A B 11 AR VR0 €5 280 SR P 52
I PR XoF AR VR 8 € S8R i s AN 1] 8 BT
SRR RN NI VORI SN R GaRe ST 8% 5 1y N - & R
WO BB/ o > e i ] Ry 75 min B, €5
FOREST, A PR R . R
JE A 6] g 75 min EAT R — 25525

oor O e mg 180
—- Bk
T I

IR b

——

A

80 [

x
¥ 60f B 2
P :
I 40} k’ =
R 460
20 |
0 50
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Fig.8 Effect of incubating time on
decolorization of WP hydrolytes
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BI pH 2y 3.0, TEMEARTER 1.2% (WIV), &E
50 °C, JEEE A 90 min, 5% BkEE 1
i TP B ISR I 45 RV R BT C(pH) >
B(I P HI ) > DOILEE) > A(IRF D), e 2 1 ol
RS T2 AiBoC3Dy, Bl pH 4 5.0, 717k
WA 1.2% (WIV), IREER 40 °C, MimEh
60 min, XPAIALZE G PE4352 M 1 3 WO 2 B(IE
PE ) > C(pH) > A(HE]) > DGREE), sy
BV E N AsB.CoD,, B pH i 4.5, &5
WA 1.2% (WIV), JRESR 45 °C, JBifamtiE
90 min, ik AR K Rl R, MIALLR G
VEG3 1) S5 A S 30 Z5 AR R AT B0 E , A5 B8 5 3 Oy
78.05%, [ MK 82.16%, MALLZEA SN
80.11, Ui Lo(3*)IEASSub It Ak i dk 2 1 ity it
TR I €0 T 2 o Af T
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*5 ZMEOHEBRRABEXIRERRSH
Table5 Resultsand analysis of decoloring orthogonal
experiment of WP hydrolytes

A BintE D .. EH K
s ate s cpr mi POy ma

min /% i s
1 1 1 1 1 69.47 79.79 74.63
2 1 2 2 2 70.88 87.73 79.31
3 1 3 3 3 59.08 87.27 73.18
4 2 1 2 3 66.04 83.43 74.74
5 2 2 3 1 61.04 89.65 75.35
6 2 3 1 2 75.37 78.06 76.72
7 3 1 3 2 56.02 86.85 71.44
8 3 2 1 3 78.30 80.16 79.23
9 3 3 2 1 69.32 85.23 77.28

k, 66.48 63.84 74.38 66.61
jfa) ko 67.48 70.07 68.75 67.42
% ks 67.88 67.92 58.71 67.81
R 140 6.23 1567 1.20
k. 84.93 83.36 79.34 84.89
EE k. 83.71 85.85 85.46 84.21
1% K, 84.08 8352 87.92 83.62
R 122 249 859 127
ki 75.71 73.60 76.86 75.75
”ﬁ”ﬁ: k. 75.60 77.96 77.11 75.82
W ks 75.98 75.73 73.32 75.72
R 038 436 379 0.11

3 #it

AR SCLAAK it BE Ry 25 548 b, T8 BRI R RTE
22 S o AR AL AR R I AR T R
R E 3% (WIV), L 55 °C, M= N
6 250 U/g, MfiEmtiE) 5.0 h, e &0 FEBEEA
(7K A B o 21.08%. LA €5 38 AR 1 [l ISR 19 o
WEEE VR I AR R, e T 16 R R X AZ Ak R
R A TR € (R B A T 5 454k pH b 4.5, 6Tk
AR 1.2% (WIV), IRE 45 °C, WBinfE R
90 min, TEMAMF T4, 78.05%, H I FITH
H 82.16%, NANZEE PN 80.11 43 WF5EH] Ny
EARDERT R BT = (AR R I —E 57
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