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Optimization of protein extraction process from Pectinidae

LUO Lian-Yu, LIU Ye, LIN You-Hong, AI Yong-Liang, WU Qing-Peng, LIU Jia-Guang’

(Fujian Zhengwei Biotechnology Co., Ltd., Fuzhou 350015, China)

ABSTRACT: Objective To optimize the protein extraction process of Pectinidae. Methods A combination of
composite enzymes and segmented enzymatic hydrolysis was employed, utilizing different protease enzymes with
mode of enzyme digestion and cleavage sites. Significant factors were screened by single factor combined with
Plackett-Burman and Box-Behnken model was used to optimize the one-stage protein extraction process, and the
parameters of the two-stage enzymatic digestion process were optimized by orthogonal tests. Results The optimal
extraction conditions for complex enzyme-assisted stepwise hydrolysis in protein extraction were as follows: The
optimal extraction process parameters of the one-stage were as follows, solid-liquid ratio was 1:3.9 (m:V), enzyme
digestion time was 80.0 min, compound enzyme addition was 1.1%, complex enzyme ratio (trypsin:alkaline protease)
was 1:2 (m:m), enzyme digestion pH was 8.2, enzyme digestion temperature was 52.5 °C; the optimal extraction
parameters of the two-stage were as follows: Enzyme digestion pH was 7.0, enzyme digestion temperature was
50.0 °C, neutral protease addition was 0.8%, and enzyme digestion time was 40 min. Under these conditions, the

protein extraction rate was 76.3%. Conclusion Due to synergistic and complementary effects between the complex
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enzymes and segmented enzymatic hydrolysis, the protein extraction rate of Pectinidae is effectively improved,
which provide some theoretical basis for the subsequent development and utilization of proteins from Pectinidae.

KEY WORDS: Pectinidae; protein; segmented enzymatic hydrolysis; extraction rate
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Table 1 Enzyme digestion temperature and reaction pH of experimental proteases

5 i MEE/°C pH F5 ity MEE/°C pH
1 JBREE 1 it 50 8.0 6 AR it 50 4.0
2 T8 oK fif & 55 7.0 7 T B i 50 7.0
3 DU AR 1 il 50 7.0 8 LINE: 50 7.0
4 LR 2 11 il 55 8.5 9 HAEH 45 7.0
5 rhE R il 50 7.0 10 B i 40 2.0
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Table 2  Single factor test and level table
SN K
#5345 BRI Ho (m:m) 1:1 2:3 12 1:3 32 2:1 3:1
A TN/ % 0.4 0.6 0.8 1.0 12 1.4 1.6 1.8
v pH 7.0 7.3 7.6 7.9 8.2 8.5 8.8 9.1
JFA# ] 8] /min 30 40 50 60 70 80 90 100
Vit i I B /°C 42.5 45.0 47.5 50.0 52.5 55.0 57.5 60.0
[ L (m:V) 1:2 1:2 1:3 1:4 1:5 1:6 1:7 1:8
T * G R LU AR 1 B M 2R G
134 —BAABHMK T ZHEN 1.3.6 A&k
Fi3% 2 MR LI 45 454 Plackett-Burman #31 (1) BT R BCR 1 I

i 3 1 6T B DL 1A AR BRSO S A R R A L L T
it a] | S R . LU DU 1 SR A A e B,
WHGX 3 AN AR AL B,z e R TS
Box-Behnken FERIF = R —KFROMBAL LS % . H
IRESEI BT I R I 3.
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Table 3 Response surface analysis factors and level table

FEEN
K- A(EE L) B(EfEETIE])  CORZAREANEG )
(m:Vv) /min 1%
-1 1:3 70 1.0
0 1:4 80 1.2
1 1:5 90 1.4

1.3.5 —BBEME T 24040

F A [+ 28 1 i % 18 0 4 R O = B D0 A6 e 7 Al
TEEES, B aWB . 40 A FE R, SC3
X 52 2 VA 1) R0 B8R TRl K il o AN [R) 2 11 Rl DR IS 403 i
P2 S BA BAME, MEERTFEROBUKM . BRE O
R R LY Wb 8 N e e s D N s e S TR
LEMIE, SCBLRIAE MR, PR IR S VR TR B
KRB, #— PRI F F BARE . Kb P g
IS0 | BRI | BEAERSRIAN pH 4B 4 AR, 5l
B 5 AKFE, B IE R R A B TS
B 4 WK 5 KRS N F K2 Lys(5O) e 4 Bk .
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Table 4 Two-stage enzymatic hydrolysis factors and level table

K Eigfm  FOBM Gommgi)  HOWR
K& pH) L)/ °C 1% it ] )/min
1 6.0 45.0 0.2 10
2 6.5 47.5 0.4 20
3 7.0 50.0 0.6 30
4 7.5 57.5 0.8 40
5 8.0 60.0 1.0 50

EAFE RS M GB 5009.5—2016 (5272 EZbr
HE B TPE EBAIE ) A — R T L Rk
FTONE o 28 R BCR TR A1)
1 TR R /%=t A1 35 V08 (1 T R/ SRR R
R B x100% )
(2) 7K i B 5 AN 5
M 38R P =54 Z W (trichloroacetic acid, TCA)JTHER:!S,
F BN ()T KR 2 (degree of hydrolysis, DH):
DH/%= N2 1004 )
0~ Ny
e Ny Ry SOR S B b AT B BB L, mg/mL; N,
Ry BV HIT R DU rh AT AR 1 S B, mg/mL; Ny 4B
DUHEH b B 1 9T &% 1, mg/mL.
1.4 HUEALIE

K Excel 2014, IBM SPSS Statistics 27 F1 Design
Expert 13 Xt S35 26 #4740 ¥E

2 EREHR

2.1 EBREHIFIE

FE R RE b, R 1 Y 5 I A R S A il U
ik R P AR A% O B R ) R S 22 5
EX QIR e = b N i I o O X o 2 e i R ek 7 A
DH, DH J&#AE MR i SR AR, 3 (I s fRxt
FEER DH AR EXREEMMER . ElE—B 000 U
SAPZ i, TR AT e . ARSI AR TR
2R DH RF8hR, MR UG ™ Sk L G . PR KT |
R AR PHEEAR . ANEAR. EEEARE. K
WEROM ., A2UEAMN. BEAMIEITHE, USSR
Ji DR TGS A R TG

PR 1 B PR AR S B S RO R, AR 5wl
A, R 10 R E ARG, PR R . R A
BRLE B B K R R, DH 43 B3k 3 13.47%+0.27%
13.13%+0.31%. 14.02%+0.25%, X 3 FhEE ANHRE A FE
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Table 5 Effects of different proteases on the extraction rate and

DH of Pectinidae protein

75 it i e B R IBCR % DH/%
1 PR 31.63+0.66" 13.47+0.27°
2 ﬂifﬁ&éj(ﬁ@ 27.12+0.50¢ 12.23+£0.22¢
L
3 JBRZE 1 30.34+0.70° 13.13+0.31°
4 T 2 1l 37.60+0.62° 14.0240.25°
5 lIND 28.30+0.59¢ 12.49+0.16°
6 AN 16.47+0.49' 7.55+0.29"
7 T8 22.29+0.56° 9.73+0.22"
8 UK 2, 11 it 25.02+0.41° 10.42+0.31°
9 LU G 26.75+0.37° 11.32+0.24¢
10 sl 19.11£0.63" 8.83:+0.22¢
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Table 6 Enzymatic effects of different protease combinations and adding order in Pectinidae
hdes Bt PE:N AR EE % it
1 S5 B (PR 1 R 2 A TP 2R 1 ) — B 55.2
2 525 WOV T R S G+ L 2R P Bt 62.5 Sehn S A s n R
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Fig.1 Effects of different enzyme digestion time on the extraction
rates of Pectinidae protein
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Fig.2 Effects of different complex enzyme ratios on the extraction
rates of Pectinidae protein
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Fig.3 Effects of different enzyme dosages on the extraction rates of
Pectinidae protein
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Fig.4 Effects of different enzymatic pH on the extraction rates of
Pectinidae protein
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Fig.5 Effects of different enzymatic hydrolysis temperatures on the
extraction rates of Pectinidae protein
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Fig.6 Effects of different solid-liquid ratio on the extraction rates of
Pectinidae protein
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Table 7 Factor levels in Plackett-Burman design

5 p% r
-1 1
X &1 (V) 13 1:5
X i B 1] /min 70 90
X [if#% pH 7.9 8.5
X4 A BN BE /% 1.0 1.4
Xs A I /°C 50 55
Xs 5 A I L (m:m) 2:3 1:3

% 8 Plackett-Burman L& 54 R
Table 8 Design and results of Plackett-Burman experiment

ST X (MV) X/min X5 X% X°C X (mm) ﬁﬁgjﬁf
1 1:5 70 85 14 50 1:3 54.68
2 1:3 70 85 10 55 1:3 51.36
3 1:5 9 79 10 50 1:3 53.66
4 1:3 9 79 14 55 2:3 54.46
5 1:3 70 79 14 50 1:3 54.86
6 1:5 9 85 10 50 23 5242
7 1:3 70 79 10 50 23 51.34
8 1:5 70 79 10 55 2:3 5226
9 1:5 9 79 14 55 1:3 57.52
10 1:3 9 85 14 50 2:3 54.58
11 1:5 70 85 14 55 2:3 55.32
12 1:3 9 85 10 55 1:3 53.04

WRIER 9 B ZAras R, M fed X (Ew ).
Xo(Bl et ) . Xo(&2 A BN EGE)3 4~ B 25060 b D1 23R 1 a4
BERMENATERE LS. @ F o, £ERZmRE
BEAR K R Xo( B A Tl 0 12 )>X, (B VR L )>Xo T A7 B
[))>Xes(S A WL LL)>Xs (B pH)>Xs(BHfiF IR L), K&
A T B A N R DL AR ST R R Y R Gk Rk 3
(P=0.0004<0.01), T1fi [& ¥ . (P=0.0321) 1 & fF B [H]
(P=0.0392) 1% K] 2 X i3 U1 25 (1 Jo 452 B 5% 1 Ry b 2 7K -

(P<0.05), it — L3 b ma iy E S i i e L2 S8 246
=N @&ﬁ’% pH X il i 1 B o) B DU 2 1 ST B T R e AN
W, fEfEgsesh, wHFERER PRI, EE
BEMCEL 1:2 (mum), pH 8.2 MffIEIE 52.5 °C,

% 9 Plackett-Burman SE3E 75 E 3%
Table 9 Analysis of variance table in Plackett-Burman design

Ty RS SERF HE M5 F P>F B
A 34.11 6 568 1529 00044  **
X (MmV) 322 1 322 867 00321  *
Xo/min 2.86 1 286 770 00392  *
Xs 06075 1 06075 163 02572
Xo/% 25.06 1 2506 6741 00004  **
Xs/°C 04880 1 04880 131 03037

X (Mem) 1.87 1 187 504 00748

3% 1.86 5 03717

M 35.97 11

UERB(R) 09483
RUERFU(R.)  0.8863

T % 22 59 R i 25 (P<0.01); #2225 57 1 2 (P<0.05), T Al

24 —EBEREASIHEBNNEMEIEESER

R T AR AR DH K . 25 TR BCR A S R i s 1)<
SN, W ek 52 A S BERH (0 D IR S EAME L — 2
ALK SR, SCBL DH MR (R ERBCR 3T T 7555
DA D030 R JE0RE, LR 2 £ RIS AT 4 2R 1 3:1 (mem)
SRR DH EC R AR 1 RIS BT T2 2 1 8 S /K A7 2
HEER 6.2%F1 9.9% . ARFFRIEIL 2.1 HHEE (TR BRE =
TR 2% PR AL 194 2 1 I R bk 2 11 A A I AR, LA
PO 4 B O mi R, A B w4 A K1
Box-Behnken %, #5 T 3 N 3 KAL) %R
SEuG ek R LR 10, PE—EEH Design Expert 13 BRAFXT R
10 HP R ST 56 45 B A 7 0 57 16 43 A, 45 20w 1 R 05
Y=63.11-0.8812A+0.3500B-0.9212C~0.5225AB-1.10AC+0.6
975BC-3.09A’-3.03B>-2.83C%,

2.4.1 AR ETG EHH

RIER 11 W7 20 e, B I & B &k
(P<0.0001); R*=0.9926, R,4"=0.9831, F&HHHRI N ki3 U1 2K [
JE IR ) SRR S O (A H0 5 B AL 98%, BRI HAT#%
B TRINDRG B 2 351 (P=0.3969>0.05), B A1 K %
Xt U SO P R W AR 8 3, 0 — AP B IE T AR 1 mT
AR T SEVEAS 2 T RAE, T 0N A R
TSR F R, RUTZN X IR (5 i 5,
3 AR KB T HRICR 1 52 WA Tk : C>ASB, EDEA%
T > [ > W@ R, AL C. AC. BC. A?, B*, C?
Xof 2, [T HR BUAR (1) 5 M ) 0 25 S W 25 (P<0.01), B %ﬂ AB
Xof 2 1B RO 500 Ol 25 5 B 25 (P<0.05).
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Table 10 Results of response surface optimization design

e SES Y EAR Y BES

A B c PR IR %
1:5 80 1.0 58.47 58.34
2 1:4 80 12 62.54 63.11
3 1:3 90 12 59.08 58.75
4 1:5 80 1.4 54.35 54.29
5 1:4 80 12 63.28 63.11
6 1:4 80 12 63.13 63.11
7 1:4 70 1.0 58.72 58.52
8 1:5 70 12 55.95 56.28
9 1:4 80 12 63.03 63.11
10 1:3 70 12 56.86 57.00
1 1:3 80 1.4 58.12 58.25
12 1:4 70 1.4 55.56 5528
13 1:4 90 1.0 57.55 57.83
14 1:4 90 1.4 57.18 57.38
15 1:3 80 1.0 57.84 57.90
16 1:4 80 12 63.56 63.11
17 1:5 90 12 56.08 55.94

x1 MWEERERTEEFESTE
Table 11 Analysis of variance table of response surface
optimization design

TR PR HEEE B F P EBEN
BB 147.44 9 1638 10420 <0.0001 o
A 6.21 1 621 3952 0.0004 ok
B 09800 1 09800 623  0.0412 *
c 6.79 1 679  43.19  0.0003 o
AB 1.09 1 109 695  0.0336 *
AC 4.84 1 484 3079  0.0009 o
BC 1.95 1 195 1238  0.0097 o
A 40.11 1 4011 25515 <0.0001 ok
B 38.63 1 3863 24573 <0.0001 ok
c 33.64 1 3364 21397 <0.0001 ok
i 1.10 7 0.1572
ZRAYII 05374 3 0.1791 127 03969 AE
Al 05631 4 0.1408
MRS 14854 16

HERBR) 09926

BHEREC ) gesy
Ra) '
LS

(Rored)
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PRIBCRFZA 1 3D P M A2 WL 7. niEl 7 R, S5k
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(m:m). pH 8.2, MfRIRAE 52.5°C, 7EM M FHEE S 3
W, BAEREFRBEN 62.53%0.23%, 5 it A
63.23%AHZEAN I, & BHIZZ 0 o7 TAT [ 1A 751 ) o000 225 SR e mp
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Table 12 Results and analysis of two-stage enzymatic hydrolysis
optimization orthogonal experiment

- F@f  Gommskt) H(WME  HEAE
(% pH)  JRLEE)PC /% BFi))/min $REE/%
1 6.0 475 0.2 10 62.74
2 6.0 50.0 0.4 20 70.88
3 6.0 525 0.6 30 68.32
4 6.0 55.0 0.8 40 74.25
5 6.0 60.0 1.0 50 71.58
6 6.5 475 0.4 30 69.87
7 6.5 50.0 0.6 40 74.94
8 6.5 525 0.8 50 74.28
9 6.5 55.0 1.0 10 65.81
10 6.5 60.0 0.2 20 62.62
11 7.0 475 0.6 50 72.48
12 7.0 50.0 0.8 10 68.82
13 7.0 52.5 1.0 20 74.54
14 7.0 55.0 0.2 30 69.93
15 7.0 60.0 04 40 62.69
16 7.5 475 0.8 20 74.07
17 75 50.0 1.0 30 63.96
18 7.5 52.5 0.2 40 72.39
19 75 55.0 0.4 50 68.32
20 75 60.0 0.6 10 66.71
21 8.0 475 1.0 40 71.15
22 8.0 50.0 0.2 50 67.72
23 8.0 52.5 04 10 66.15
24 8.0 55.0 0.6 20 70.85
25 8.0 60.0 0.8 30 70.15
K1 69.554 70.062 67.08 66.046
K2 69.504  69.264 67.582 70.592
K3  69.692  71.136 70.66 68.446
K4 69.09 69.832 72.314 71.084
K5 69204 6675 69.408 70.876
R 0.602 4386 5.234 5.038
ig E Fs G, H,
? E>F>G>H
ER/
73
72
271
2 G
2 68
X 67
Ei%{ 66
65}
64
SREE ZREIE 53333 EZREEE
|

I8 rp i PR A i S R R S R B
S ESinp e
Fig.8 Trend graph of factor levels in neutral protease hydrolysis
experiment and protein extraction rate
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