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Abstract

In this study, the squid viscera was used as the main raw material, and the effect of trypsin on the
degree of hydrolysis and the antioxidant activity of the hydrolysate were investigated. The effects
of hydrolysis temperature, time, pH, and amount of enzyme on the degree of hydrolysis were in-
vestigated using single-factor and orthogonal experiments. Response surface methodology was
used to optimize the hydrolysis conditions. The results showed that the optimal conditions for
enzymatic hydrolysis of squid viscera were pH 7.04, enzymolysis temperature 42.43°C, enzymoly-
sis time 6.98 h, enzyme addition amount 5250 U/g, and the degree of hydrolysis after enzymatic
hydrolysis of squid viscera was 82.906%. To verify the feasibility of the response surface model,
the modified optimal conditions were used: IE pH 7.0, enzymatic hydrolysis temperature 43°C,
enzymolysis time 7.0 h, enzymatic addition of 5250 U/g for enzymatic digestion test of squid vis-
cera, and the actual average of the sub-parallel test was 81.836%, and the relative deviation from
the prediction value obtained by the regression equation was 1.31%. And hydroxyl radical sca-
venging rate was 28.9% and the degree of hydrolysis was 74.25% using the optimal conditions of
enzymatic hydrolysis. The results showed that the squid viscera had a certain degree of antioxi-
dant activity.
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DASR & I IR R E R, RIARE BB HOK R B XK= S m .. SRR AR E RN
BRI SRI0 7 A UK AR . BFIR). pH{E DA BB X KRS, BT EEOMKEEQRNR
&AL, e RL GRS AK AR, TR RIRE O ESRE Aot A A AR R T 2 %4 ApH 7.04,

FEARIEPE42.43°C, BEEMRRTIE6.98 h, FEARINES5250 U/g, S N IFEEAR G /KRB N82.906%. AL
UEMG M EEB AT AT, RABEEHBRETZ %4, HpH 7.0, BFERE43C, BFNE7.0h, BR
DH5250 U/gi ATk W IR ER MR IIER R, 3K PAT AR M LR FIE N81.836%, SIEIFHFEEHMN
EAXRZERN1.31%. FHF RN FAFEEH R FKE= DT R SE, KPR AEKERNER
HHEERTIE28.9%, KEFENT4.25%, HALERRBRENBEES —ERHEIEE.
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1. 5|8

Y A R B b 2 o SR R ) A R A RN 40% 54T, ARSI i
Arb AT R R AL, R T sl o B ARG I AT MR A S AR oy 2 . Tt A AT
L) ARE [ 20%, — EL DIORBES M0 LA AT AR B, ARE. 2. H& 2 TaE4)
A AEBAR. BEfAREL) 5 LR FL ) 15%, SRt Py T 00 AL 0T 5 A R e dE XTI S R IR IR, L
IR 73 0 #81 N HIE JR FE AT 500N T R R 0 < 0t 0 A R S5 A D S8 SR AR K= Bt o (ELR AR 9t
kL AR AT A A 2 K. Sehh, e Tl A R, H R # A T T
Ay BLEIRENIZO B E R E T, RAE G IR TR SR IR TS 4 1] Al v ORI 5 #11 A
HEFR 73, WP EREATIRABIIT, A 238 5 G AR B 1 80 B0 AT MV ) 3 20 e Uk A S AR
B N IR R R da b, R AR K Rl B IR AT KR, ISR RS BR S LT
EIHARARIL, SR AR BORIR B 34T I E , X HOKARBE ). B2 B ISR M2 i, LA
JE St N HERITT AR E S

2. MN57E
2.1. MRS

AR T IGET TR IX &I . R Al (S BT 249,980U).

FETFIK. 02 mol/L MEAMMNEIR . FEEEW 0.05 mol/L M AMAEIR . BRIRE . BRERHH
WRRER . 10 mol/L A SEALINIE . TRA TR 2 /100 mL (KRR 0.049 mol/L [ 5 BRI -

TR BURKH R H1850 & M id B DAL B O PR A 7)) BEAIHiras . FmLl
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IURERIEE . HRWE. BEbri. FrifE pH it
2.2. SEWFE

2.2.1. BREARZEEFIT

TERRZ LN, KK pH. EE. BN RABMIESERE, DUKMBEENTFN IR,
BEATHR SO0 FEASRAT NI A] 4 hy pH 8.0+ S 50°C. fNAGE 5000 U/g. BHELL 1:2, FIAHEHIAL &
%, 93 iP5 SRR MR K- o b & IR ZKFBRE 9 il 2 30°C L 40°CL 50°C . 60°C: MRS 3000, 4000+
5000 6000. 7000 U/g; WAl 4. 5. 6. 7. 8h; pH4.0. 5.0, 6.0, 7.0, 8.0.

2.2.2. fighR

PR URIE = N KR, BUABESR 5 0. KSI K E A IERI 2585 T KB 1:2 BONGEMr, i
P51 G o EAREERN BRI S min, KA R GAH 2 S EHAT pH,  SRJE AR NI B 17K
B T, K 20 min J5 FINES . AINEEFF 4TI, ZKAR 4~9 h, 53R 576 /KIG KB, I EA 10 min
EIA], ¥A#1J5B50(11,000 r/min, 25 min, 4°C)753 | 6l N IF BRI, 450 o

223. REEZAERNNE
MRS EE B E R AL E VR [2] . BBt TR S mL, EAZE 100 mL. RGHUER
UFAIFE 5D 20 mL F 250 mL 5, FEIN 60 mL /K, AREIRE /i FEes B RFSEHERE, A 0.05 mol/L NaOH
PRAEBCR I pH € 22 8.2, PRI 10 mL HIEVETR, FrR2JE, A 0.05 moL/L NaOH ¥ i 4k 213 &
% pH 9.2, JINHEEZ 5 e AT H NaOH WK ERIA vy, aIARN AR 753 2 i 2 A A ik
A S, RIS [ SE6 N FE S 2 5 3 5 BT NaOH ¥R &N Vy, TR AN A R R LA (1)
(VP )xCx

X = - 1000 . 1000x 100 (1)
Sx——

100
L, X—FERPhREEREE, PANZEWS B2 (mg/100 mL): Vi—hIIN H 8 J5 R 0 3 R V0 AR
AN PIARRL, BAAZT(mL); Vi 25 S0 N FEY I J A5 ot s R FE S SR AL B AR AR, B
PR Z=F(mL); Vi—FE R I &, BN =T (mL); C—S B AR HEVE IR 5, By R
JREEFF(mol/L).

224. BEMFENE
S N E KA GB/T 5009.5-2003 [3]48 i ME FHHLIKE Z0E. BORE M 2T+, 6 g TRIRHT
MAREA . 20 ml IREERF 0.2 g GRBRHMEA THAE S, FIHE E T8 KU b T, RN
440°C, FRHALIIRER R RE IS A/ fEE L, RUNHEE S HHEMFRER S 100 ml, %H.
A SEIG R F B RARE R E E2E E . B 10 ml 8 25 4 FE AN 10 ml 10 mol/L & A AL AN A 3]
JURERREE S, A TIRATRRAIN 20 /L FBIERIE B ARCR, FEmREs, 46428 10 min
BA R M2 t, B JEH 0.05 mol/L IR RIS AT €, THFEERIRIMATRR A vy, WIARANARIER . 1
i E HT AR B REe, E P ISR ER AR AR Vs, ATRRAA R . THR LA R(2).
V,=V,)xCx0.014

10
Xi
100

Arb, X—HERPEESE, BAONZWAE A= (mg/100 ml);  V— U AR SRR AR R & A AR,

L

x 100 )
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R FH(ml); VRG2S FTEFEER R PR AR, A= (ml); C—ERBRARMER IR, FAfir
NEERAEETFH(mol/L); M—RFERIAERRR, A A= TH(ml).

2.2.5. KEERNHE
EE KR RIEKRE LSRR ERRESRRE . KRR R0 s i E (A i
FEAN [ 1 25 A TR o PR /K SRR R 1 25 S o

2.2.6. EEHEBBRENTE
¥ 8 RS R R A Q).

D% = ~E W) 100% 3)

A, AMES A PUERT A A AN EE . PRS2 A8 RROBE .
3. BRE S
3.1. PEESXE

3.1.1. PH M EREAEKEE K

JiR 2 B /K AR e o IR SRR, AR R I ER AR IR S0°C, BN 5000 Ulg, BEAERTIEN 4 h,
BWEAFN pHe Horr, pH Gl i py AR ILE 1. Bl fa YT K AR EEREE pH Ty, RELI6IE
B MIEBEES, I T pH N 9.0. 10.0. 11.0 =4 SEIKIER] pH &5 1E 8.0 I B /K 21,
UG5 R B RFE I EAROK AR, B UEHENT H pH B S ARG RS . BT DALE pH O 8.0 B, KRR Bt [
IEIEHL 6.0« 7.0 8.0 4kt ifh £ Py JUk iy A Al 1E 52 SR 36 20 A, I m DA R Sse 1) pHL {EL

3.1.2. MEEXREQE/KERENEL

TERTF S0 Bl B i 25 1 T/ AR P PR N 4% R R pH Dl 8.0, BRARIELIE N 50°C, BRI A 4 h,
WEAFBGAR IR, O 7RIS B 8 K AR e, R 2 BoR. AR SR
&/NT 7000 U/g B, 8 f P9 JIEBEEAAE S RO /K AR B2 S P RRORAS, M R B T BB AR Iy 7000 U/g B 3 e K
8, N 44.96%. KL 3000, 5000, 7000 U/g 4k &5 ik i1 Py BB AR A 1E A2 SEB6 40 B, 0 LUK & e i

L3715
50
~ 40 r
x
X
&
X 30 +
20
4 5 6 7 8
PH{E

Figure 1. The influence of pH on the hydrolysis degree of trypsin
B 1. PH X BR & BES/K R HIFZMD
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Figure 2. The influence of enzyme concentration on the hydrolysis degrees of trypsin

2. NEE X ARE BES/K R RIF/NT

3.1.3. BEMREQE/KEENFEI

JoR 2R A Wty B AR £ P9 I FE P 3% 4K R pH oA 8.0, B IINEN 5000 Ulg, BEMERTIAIA 4 h, WEAR
(B ARIELRE ,  F FC AR 5 G f £ 3 K s, S5 SR 3 FoR. RS BRI s, Bk Y AT
IKFRFR IR . WA E] S0CH], KRB RN R AME, N 43.6%. UEHFRE-ET S0°CR, KRR
SHHE g, FULEE 30°C. 40°C. 50°C kSt o I B SE AT SEI6 /0 0, AR 58 S R A g
IR o

3.1.4. BB BRE B ES/K AR RO D

A R pH v 8.0, BEhNE N 5000 Ulg, BEMHRIE N 50°C, ¥ BANE FIBGAAREN 8], A 50 HE AR I a0
it £ N IR K R BCR 2, a5 & 4 Bos . Bt N I /K AR ZE 8 h IS BB KK RFRFE, B4R 7 h itk
B KRR G AR T 6 h, (R RMAZELL 6 /INKT Z | Font B2 E 2 v, AITLAEER 64 7. 8 h 4kxdfift
P9 R A AR 28 SR8 4T, RN LA 5 B AE G AR B 1]

3.2. ERMRFMHRILH

TEWI 3RAF I R IR 3R S 00 (R R b, B AL AR AR AR 2% A 0 02 S B A PRI KR 251, BT BAIE % pHL
Il AR I AK AR E 4 NRE, Bt 3 MAKCFIIERR S5, WA 1. & 2.

7 2 IESHTERM, D>A>C>B, RRE FEEIESC KA M B 2 bR R /N B 2R
] >pH> B > B, mHEEREEIRRFKIR 7 SRKH. AR IR H HEERE NS —1E
B, IKAEREERES —48h5, BTUASRG 4 2 FIE 5 WTLMSH, 7 5 SEBe 2 Sk A B st 25 17, BV A3BCsD;,
HE . 72 R g A 1 A A PR i A 2R A N AT SR IR IR IE, TR AR I BEK RV A5 52 B RIS BR 3R IA
28.9%, IKMRFEN 74.25%. DAIEHA N IR SR 1 M f A Wi AR 2% 49 AsBiC3D,, B PHB.OL R JE 30°C. A
7000 U/g. BEAEIT ] 7 ho

TENVAREIFRAUHERE R, A= 4E-OH H HEE, 25 5 MNUARE B i, W40 I IRiE st %,
A3 HR R (R AR A, TE AR MR 2 10 2RI S S A i i R A2 . DR, VBRI
T ER A BT B R AR I B LR AT . AR EES LA SR TE RR Z O — 1R AR, KR RSN EE 48T,
R R, R pH. BEMRIREE . BRAENT . BRI INESENATE, #ABE O R ER R
N pH 8.0 HRJF 30°C . EEE 7000 U/g. BEMENTIA] 7 h, BEMKAREE N 74.25%, £ HHIEEREN 28.9%,
DR M AT 70 S 7 50 f P 22 5 R 2 L /K A 2 R I — 2 B3 B R BT PR g
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Figure 3. The influence of temperature on the hydrolysis degrees of trypsin
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Figure 4. The influence of time on the hydrolysis degrees of trypsin
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Figure 5. Orthogonal hydroxyl radical scavenging rate of trypsin

E 5. REABEXZBHEERE

Table 1. Orthogonal experimental factors of trypsin
* 1. REABERERZIEERRKER

K A (pH) B (#/E/C) C (InkgHE/U/g) D (I [a]/h)
1 6.0 30 3000 6
2 7.0 40 5000 7
3 8.0 50 7000 8
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Table 2. Orthogonal experiment of trypsin
2 BRERBEXINR

M oas A (pH) B (FE/C) C (InkH/U/g) D (i [ /h) IKAAE (%)
1 6.0 30 3000 6 63.74
2 6.0 40 5000 7 46.97
3 6.0 50 7000 8 62.84
4 7.0 40 5000 8 61.11
5 7.0 50 3000 7 70.65
6 7.0 30 7000 6 23.68
7 8.0 30 7000 7 65.29
8 8.0 40 3000 8 13.89
9 8.0 50 5000 6 16.44

K, 0.579 0.509 0.494 0.346
K 0.518 0.407 0.415 0.610
Ks 0.319 0.500 0.506 0.459
R 0.260 0.102 0.091 0.264

3.3. MmN ESEALEL & A BEERE T Z R

HR#E Box-Behnken Fr0o4L & SRR EEE, SR M LRI R SRS, LRHORH B £ 9 IEE /KR SZ ML 4 A
Rz, BUBREE ARG/ pH. BHWRIREEABEARIN (], it 1 4 BIER 3 AP R 70 B sk S (L3 3).
(4K 29 AT 10 g B 1 A IESI SR 20 g 5 8517K).

3.3.1. LW RERDH

1&H Design-Expert 8.0.6 2P, UL pH. BEAFIESE . BEMERS (). JEER AR I o N AR &, DL
KRR Sy e AR (FE BRE) X 2 4 R BEEIEAT A B, 458052 5 TR Z i3k, R BA-EAT & AR et
R R) —k Z2 Ia, 43 3 PR AL 4

IKARE = 7839 +1.03A +3.80B +2.13C +15.63D + 0.84AB + 5.92AC — 2.56 AD
+3.51BC +6.64BD +3.57CD —14.57A% —15.93B> —13.22C* —18.14D?

(1577 22 AT R MR IG R W, A R B3 (p < 0.0001). 57 5 S BGH0 A R RS FH 2R U T0R 3=
N, Bl T HZ B ERRRE . ARHTRPRIIIA R (p = 0.1448 > 0.05), XHEALEE RN, HILESE
RINF R AFAE

I 0 % K2 (R R e (AR BE A, FOEROR, SRR SIS FR R iRk, RYE B . M
F5HH, Fy=0.71, Fg=9.68, Fc=3.03, Fp=163.95, RI&KZ X P MR EE AR /K R A2 K /N i
PRI BEfARRT(R] > ERARILEE > BRAINE > pH.

TS aE RIE R, BRI D X0 RAE IR ¥, T RI AC. BD. A’. B, C*. D i Bi{E )
MRS . U TTAS A5, % B A DA R S PR 3R 2 A () s AN 2 TR R AR 1 R R
3.3.2. EERZEMZEER

PE R S 04T B, LSRRI R AR, 15 6 I 11 08 T pH BEMRIEEE . BRI R AIRG VR 0
BT I £ PAY UFE AR /AR P R R
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Table 3. Experimental factors of the response surface

%% 3. M E SR EFEAF R

K A (pH) B (#FE/C) C (InkGH/g) D (I [al/h)
1 6.0 30 0.12 6
2 7.0 40 0.20 7
8.0 50 0.28 8

Table 4. Experiment results of Box-Behnken
%% 4. Box-Behnken SEIGZER

M oas A (pH) B (i fE/C) C (InkgH/U/g) D (I [al/h) TK (%)
1 7.00 30.00 0.20 4.00 26.98
2 6.00 40.00 0.20 8.00 65.33
3 7.00 50.00 0.20 8.00 70.46
4 6.00 40.00 0.20 4.00 25.16
5 6.00 50.00 0.20 6.00 51.46
6 6.00 40.00 0.28 6.00 42.93
7 7.00 30.00 0.20 8.00 4391
8 6.00 30.00 0.20 6.00 47.61
9 7.00 40.00 0.28 8.00 67.32
10 8.00 40.00 0.28 6.00 58.94
11 7.00 40.00 0.12 4.00 39.87
12 7.00 50.00 0.12 6.00 42,61
13 8.00 40.00 0.20 8.00 59.53
14 7.00 40.00 0.20 6.00 78.56
15 8.00 50.00 0.20 6.00 55.84
16 6.00 40.00 0.12 6.00 49.62
17 7.00 30.00 0.28 6.00 47.31
18 7.00 50.00 0.28 6.00 58.31
19 7.00 40.00 0.20 6.00 78.34

20 7.00 40.00 0.20 6.00 78.49
21 7.00 40.00 0.20 6.00 78.13
22 7.00 50.00 0.20 4.00 26.96
23 8.00 40.00 0.20 4.00 29.62
24 7.00 40.00 0.28 4.00 31.64
25 7.00 30.00 0.12 6.00 45.63
26 8.00 30.00 0.20 6.00 48.62
27 8.00 40.00 0.12 6.00 41.93
28 7.00 40.00 0.20 6.00 78.41
29 7.00 40.00 0.12 8.00 61.28
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Table 5. Variance analysis of the regression equation

=5 WEABERENER

T H SR H A By Fd pfE RENE
Model 7648.00 14 548.86 30.68 <0.0001 o
A 12.75 1 12.75 0.71 0.4127

B 173.13 1 173.13 9.68 0.0077 *
C 5423 1 54.23 3.03 0.1036

D 2932.81 1 2932.81 163.95 <0.0001 o
AB 2.84 1 2.84 0.16 0.6963

AC 140.42 1 140.42 7.85 0.0141 *
AD 26.32 1 26.32 1.47 0.2452

BC 49.14 1 49.14 275 0.1197

BD 176.49 1 176.49 9.87 0.0072 o
CD 50.91 1 50.91 2.85 0.1138

A’ 1377.39 1 1377.39 77.00 <0.0001 o
B? 1646.75 1 1646.75 92.06 <0.0001 o
c? 1134.00 1 1134.00 63.39 <0.0001 o
D’ 2134.07 1 2134.07 19.30 <0.0001 ok
B 72 250.43 14 17.89

AU 250.33 10 25.03 915.94 0.1448

iR 0.11 4 0.027

M 7934.43 28

W HRREE (@ <0.01); *FREE (P <0.05).

Design Expert ? Software
Factor Coding Actual

¢ Design points above predicted value
o

78.56
IZS,IG
X1 =A:PH

X2 =B:R¥
Actual Factors

IHE

KA EE

Figure 6. The influence of pH value and enzymolysis temperature on the hydrolysis degree
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Design Expert ? Software
iﬂct&r Coding Actual

; Design points above predicted value
I7E.56
25.16
X1=A:PH
X2 =B
Actual Factors

B:HJE = 40.00
D:if = 6.00

K AFEE

. 0.1 6.50 A:PH

Figure 7. The influence of pH value and enzyme concentration on the hydrolysis degree

[ 7. PH FABG7RIN 2 X7k i BE 22 0 1) Nl Kz T [

Design Expert ? Software
Factor Coding Actual

« Design points above predicted value

=3

8.56
ES.IG
X1=A:PH
X2=B:#E
Actual Factors
B:RE = 40.00
C:HiR =0.20

AR

8.0074.00

Figure 8. The influence of pH value and enzymolysis time on the hydrolysis degree

8. PH Fng AR (8] 3ot 7K f2 2 M1 ) i)z %1

KR

30.00 0.28

Figure 9. The influence of temperature and concentration of enzymolysis on the hydrolysis degree

9. BEARIR AT FIEEAN AN E X7k AR RS20 A e Rz T (5]
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Design Expert ? Software
Factor Coding Actual
s

; Design points above predicted value
I7s 56
25.16
X1=A:PH
X2 =B
Actual Factors

A:PH = 7.00
D:EE =0.20

KA RE

D:Ef [f]

Figure 10. The influence of time and temperature of enzymolysis on the hydrolysis degree

B 10. ERARETIE)FNEEHRIE E X 7K AR BE S0 B0 N R 1 (&

Design Expert ? Software
Factor Coding Actual

; Design points above predicted value
I78 56

25.16 90
X1=A:PH
X2 =B:RE
Actual Factors

A:PH = 7.00
B = 40.00

KA

0.28

D:F [] : : C:H &
4.0070.12

Figure 11. The influence of time and concentration of enzymolysis on the hydrolysis degree

& 11. BERRETE)FNEETN N2 X7k fR RE 20 BY A K E [

3.3.3. BB I Z&EMIE

i Design Expert 8.0.6 ¥CEF4Hi 43 3|k 5 1 BB A1 (0 9 IE (0 B A T 205649 pH 7.04, BEfRIRSE
42.43°C, BEFRETIR] 6.98 h, EEAINER 5250 Ulg, B A ERGAE IS IR/ AE N 82.906% . 950 ik M 3 ] 152
R a4, RABIEENRET %M, B pH 7.0, BEFEE 43°C, B§fREE 7.0 h, BEZARIN 5250 Ulg
HEAT B 0 N JUE B AR B0 E RS, 3 VCPATIRIG S BRE N 81.836%, 5 [l VA 77 2 AT 45 TRIAR AH X 22 4
1.31%, ZEUEFR, 8 i S O 4 5 75 20 1 [ VA 77 2 RE A8 50 U 114 e Pl 25 81 2 6o ) e Py U I AR 114 20

4. &5ig

ARSI EE KRR, RER B AR Ot A U (DK AR BE D 74.25%,  F2 R EEEBR R ik 28.9%. J& HIF
P 2 19 Bl oxo 1 £ P JUE R AT AR % 5 B DT 3 SEZ 0 AP i) 57 [ 70 AP V2 0] g A 5 SR B AT 0 A, U5 1 BBV
. pH. BEMRIERE . BRI TADIK DY A DR 30T B fh pAy I 98 A5 2 [ AR R (R 500, SEIRBALIIE R, i
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EE G

L, BERLLS 1SN Bt A R K AR RERE o ARSI NI BT e A5 R R 2% U D i R 3000 U/g, pH
7.04, JKARIREE 42.43°C, KfRITE 6.98 he JEEIT 3 OPATIRER AT, FERLACAT T 6] g P 257K il
N 81.836%. i B AR EVE AT, FRIIR BTN R N B R > BERIESE > A InE >
pH. [BRE F R T ZR00e, ARORII3R 1 Ot A BB A /K AR R, D f A REE DI TR it 17 R4
MBI LA . 45 R, BRROLE IR BIRE EARE — R I PUELIE T, fESRIe Rt Rk, FEAR TR 261
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