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Cryoprotective Effect of Hydrolysate of
Tilapia Skin on Tilapia Fillets
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(1.College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China;
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Abstract: Taking tilapia skin as the research object, the cryoprotective activity of its enzymatic hydrolysate was
evaluated to provide basic data for the development of new safe and efficient non—phosphorus antifreeze agent. [ Method ]
With degree of hydrolysis as the index, a single factor experiment was conducted on the alkaline protease enzyme solution
temperature, pH value and the addition amount of enzyme, and the index was optimized by orthogonal experiment, to
determine the optimal hydrolysis time.The molecular weight of enzymatic hydrolysate product obtained under the condition

of optimization was determined by using high performance size exclusion chromatography.And the cryoprotective effect
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of enzymatic hydrolysis product was explored with thawing water loss rate, salt soluble protein content, Ca2*—~ATPase activity

and sulfhydryl content as indexes of antifreeze activity. [ Result ] The tilapia skin was hydrolyzed by alkaline protease, and

the optimal hydrolysis conditions were obtained by orthogonal test: reaction temperature at 55 °C, pH of 7.5, with an enzyme

dose of 0.7% and enzymatic hydrolysis time of 3h.Under the optimal conditions, the molecular weight of enzymatic hydrolysates

mainly ranged from 367.05 u to 6264.80 u. At a dosage of 5%, the biochemical indexes(thawing water loss rate, salt—soluble

protein content, Ca2*~ATPase activity and total sulfhydryl) of freezing protection effect of enzymatic hydrolysate group during 6

weeks of freezing storage were similar to or better than those of phosphorus—containing antifreeze group, and were significantly

better than those of blank control group. [ Conclusion ] The enzymatic hydrolysate of tilapia skin hydrolyzed by alkaline

protease could significantly inhibit the freezing denaturation of tilapia fillets.

Key words: tilapia skin; alkaline protease; enzymatic hydrolysate; antifreeze agent

[WFEE ] TR R e R
TR 7RO B, VR VR ORIECRE 7 b i T e e
H 273, AR R AR R R RO R
P FECLA BT i EZ RN L0, HRRAA
RICH) i K v RS M RO R T 2 S I B R DR
A, W HRPTERTA R 2 RURREL . e
S EERE T A A RIR, HXTICREE .
VRIS« g LA AR SRR R R AR AN RIS ),
PRER 1 22 B0 A NS i A W e oAy — RE ST
BRI BT R DR 0 U AT LA A S30RE G 1K 26 ] T,
HRIAE BT AFT BT PRI R], B AT L ey .28
AR I EL, iR fi B IR 2R A, SLRE S ik — 20
WFFEEE A BPTAGR SR BE RS AR G . [ AT A5t
Ji& ] ARIRHFESE 13 X056 £ Y e = MU O IS A B
SO £ 40 B8 3 A v VRS TR A L ) 400 i 2
Ry XUACARSE L R0 K B £ 52 4 B 1 B A
HA—EPURMRIECR s 5655 IIRIE Tk
O <5 2 0 £ 2 DEAT AR ) B (I A5, JF R L
PACPE T HEF TR ST s DU 55 (o) BFSE T X0 2 i I 2R
FUK RS K IRNUBIEREE H BT R AR T, &
BUHEA 2% 8 A B R AR T R E
255 U X N YT TEE, KBUHERA
—E PRI E R . [ ARBTTEUIALG ] A 5t
FEERY, EaEABUKYZIK, UK dh
IR = AT AR 22K, w] DU A i K™ dh
TEVR UR R B i R AR I &R A BT R v, BV
RERIPRCR AT S L GEPTORFIIRSE, B e SR
FMFAERIE T , MR MR =R 2 5T AT s
ANE B IR BT 2R A T RE R A R 255, PR
VETHAE AR B A, R DA R AR KT At
RORIPFRI AR OGRS, 5 HEA T M 2R A A Ak
() o X T R PR AP TG PR A T AL . [ B R 5C
SRR AL ] PR 2 A g SR A A, X

T s B TRLIEE | WA I . pH (-5 I AR 45
FUAB AR o R Sege Xt &, W R Y S &
BEPUA D FIS AR KM | Ca2—ATPase 151,
W EASHA S R 2ES, UM &
RUE PR H TR R AP 0 B8 JEA
1 MRE5AEE
1.1 R

R0 T 2018 4F 5~8 H 1) ARl R¥) AR
B KT AN T 5 28 4 T S S0 = KoK = i T
J IR A R S S A T

RSN DR AR AR, W
WK AR E] B e, T HTE LR
Kfi s st A CRIEA A, 2.4 AUg)
W FiaEdefs (thE) YRR RAR; 4B R
B12 (135538u) . ¥ (14300u) . HIRMEE -
H A - SE5R (42947 u) . L- FEE2 (181.19u ) ,
T35 [ Sigma 23

{X#%: CR22GLL X msR VR E.ObL, Kb
PEFAU A RN T ; VULCAN.3-550PD. i,
ZEE VULCAN 246 ; FDU-1100 E25 8% 1L,
BB E bR 5 5 A R A F); PHS-25C 4 % pH
I, BRGSO FRA R, HH-6 308
AR, F N EAE AR BRAR]; N-1100V-WB
e RAL, LIRS A BRA F]; LC20AD
FRURAR I, H AR S HAF]; UV2550 5540
FEET, HAREAF,
1.2 RKEH*E
121 FIF & & 7= & RHRAaKET
TR, g, gLl S REAE R,
THIK Ve G I LA 200k, WiR)G 2.5% A AL
WALFE 10 h, WAL = 1 LR TRz
ik, SRIGHMEESARK, 1 LImAELEETK,



PEFE 15 min, SRIE A —2 SR PESE F G, 17
W pH. TREBE TR, WA RS, PR
W% 2 100 CHIK H K 15 min, 8 000 r/min
BURED 20 min )5, B RIS T 0.1 MPa EZSJE
50 CHefez8 ks, BB HR TR TG
H.

1.2.2 @R, &E, pH A & & 05 iF 09 %
ey PR ZRIG AU E 5 AL, B B N
i (Bt T 2 E 5L 0.1% . 0.3% .
0.5%. 0.7%. 0.9%; ¥ 55, 60, 65, 70, 75 C;
pH{HE 6.5, 7.0, 7.5, 8.0, 3k &EHE, HidilH&
TR APR VR ) 7K i LU A A AR, SR U Ll 5 I
OB pH T IE SR

1.2.3 Efg ittt SEBURFEEEAR IR . i
B pH X% £ £ B A )R A T BN S5 A ) B
IR mEsE (% 1) , ko h 5 e i m K i
B AR AR, BEHUR LR RS i . R b
FE . pH, #4732 3 K FIERALIRE:

x1 FIE&&EEFKELRESZRKE
Table 1 Levels of factors for the hydrolysis test of tilapia skin

K- A R B WAL Cpll
Level Temperature ( °C)  Addition amount ( % ) ’
1 55 0.5 7.0
2 60 0.7 7.5
3 65 0.9 8.0

1.2.4 KRM@E#NZFFx s YK EREN R
R B (o 5 o FH TR VR DO A T i S
GRG0, KIEEETATINE 3 1K
JKf#E DH (%) =
R PR E RS AN AR (g)
RS S A R (g)
1.2.5 B =HkoFEaE SROCHR [ 1]
M7k, B ek, i s A R HE B £ 3
(HPSEC ) 5 il f% ;= ) o7 ¥ & o3 i R . €8
WA WBAE A Tris—HCl 22 #hiR (pH 8.3, ¥
J£0.05 mol/L) ; fi4E: Waters Protein—pak 60A
( WAT085250 ) ; 0.7 mL/min MY¥EMBHEE; 25 C
FEIR; A1 20 WL AR, FEAVREERBEE] 100 wg/mL;
214 nm WA AT, FRuES R N, 4R
B12 (135538 u) . ¥R M (14300u) . HJK
Bt — 20 & Bk - = AR (42947 u) | L- & & R
(181.19 u) o LAGr—F 5 By X & 1gM S G AL Fr

x 100

123

PR B W] (0) A A bR, A5 3 40+ 5 0] 5 2
lgM=-0.45671+8.9462(R>=0.9976).,
126 AHRFIEES K ey 22

(1) Mgt B e, Lk, mEg,
RN 5 PO S /K e, G Rl B 48 T
10 CLA . (2) MR KM, B8k aR
VI 5T 0 R IE 558 03 A /Neeirtr, 43l 3 4
REFR. DUfA - F R 0.5% N A A B $h Hi v
FIREBEPUARFIACER . LU R B ) 5% IMAY
A f00 Bz Bty ) R B D Ab B TSR AT Ny
WEXMK, (3) T -75CUKAEHMK 2 h 5%
2 18 CH AL, I HURE DN A et R Y A%
TRV RO s PR AR A8
1.2.7 B = ah R R E AR (1) KRR
W . SarH 20 (7L, FER 0. 1. 2.
3. 4, 6 JHMEB ARt KR, 3IRER .,

RIKFE (%) =

RS T — RS B
RS I

(2) ERE R A S e . S a7 HEoe (18]
TR VEE T PRI 3 o MR )5 i %0 JEfa fa i
ABERREERZE whik (1=0.05, pH=7.5) 30 mL JEATHT
J#, BFEE 5 min J5 T 4 °C. 8 000 r/min ¥ 7 550>
15 min, # 2K, WUEY, HIHEAMA 30 mL
FALANIE W (pH=7.0, 0.6 mol/L) , 0~4 °CHEHL
20h J5T 4 °C. 8000 r/min B.0> 15 min, HUI'7E
W R o >R Follin By 72 - ¥ V8 o 7 &
(EREMEERSE) , B0, 1. 2. 3. 4. 6Jd
KPRt R iR TR A S, 3IRER

(3) Ca>—ATPase Jiff 1 Il 72, #9568 7o &=
Ca2*—ATPase il 12X & 19 77 V5 F1 20 B ok il 12 % 9 fa
1 /1) Ca2~ATPase B G, WOLEE I 636 nm,
AL 05 em, FER O, 1. 2, 3. 4. 6 J& 2 50
E 1 IRB AR T Ca2—ATPase fi#E, 3 REE
Ca2— ATPase G115 A

U

mgprot) -

x 100

IMMmmmq

e OD {f - %7 oD fi
fif OD - 5 H OD K

X R (0.02 pmol/mL )

« 6x2.8
FHMFEAIREE (mgprot/mL )
2

(4) BHFEEENE, S8 BENJAKUL [14]



124

T, TERIK 0. 1. 2. 3. 4. 6 JEIHUEER,
3RER .

RIGHAR M Excel 2016 #H1T45114397
2 HRE59Mm

2.1 BREEBERERRIRKNE

211 BRmest & KB BT EEE N
T E S — DX (R0 EE L BOK VR S ek, dEad
IS B0 TS o DX (R R 0.19%0~0.9% . MAIED 1
ATLAE Y, YUBERINE N 0.7% i, RGN
0, K A BE AR R M 30.17% o BT i 4 0.5%
0.9% B, KMt FE 3 3 Ry 27.64% . 29.58%, 1EAC
TR I B S I 0.5% . 0.7% . 0.9%

5T
301
25T
201
151

10 [

JKFF#E Degree of hydrolysis (% )

5t

O0 0.1 02 03 04 05 06 07 08 09

7N+ Addition amount of enzyme (% )

El1 BERmExSEf s F g
Fig.1 Effect of enzyme addition on the enzymatic
hydrolysis of tilapia skin

212 BEAT & MG R TR AT BT A
VeI SR 4 A 07 0 AR, 2 Rl
FEYI AN, NE 2 AT LA . IR 65 °C
BF, o R A ) K R AR B B S, K R SR
2 31.05%, TSN 55, 60 CHF, K5 HN
26.64% . 30.17%, KB o8 M B e A4 i B 7

35T

30 1
25 1

20

K S RE Degree of hydrolysis ( % )
=

50 55 60 65 70 75
H3 S Temperature ( °C )
B2 EEXFIESSFEFENHN
Fig.2 Effect of temperature on the enzymatic
hydrolysis of tilapia skin

40~60 °C, PETEPEAEARIEL T 52 204, i e A Ui
JE L R W25 5 B R T, PRI O A T g e B
AR IR A 55, 60, 65 °C.,

2.1.3 pH At & & B 69 ¥ a  pH (EL KEH
/NI AT R R, REUKMRE TR, AL
B R FH A 2 0k 2 I, PRt e pH (EECK Y
X MRIEA T LR 2R, S5 5R ULIE] 3. pH R 7.5 B,
0 J K f K, h 35.40%, pH N 7.0 1 8.0 B
YERRCR AT, B IE S ER I pH {EZEE 7.0
7.5, 8.0,

40 1

35T
30
25 [

20 T
157
10
5t
0

IKf#E Degree of hydrolysis (% )

6 6.5 7 7.5 8 8.5
pH

B3 pH EX % IF&f FEERRAI RN
Fig. 3 Effect of pH on the enzymatic
hydrolysis of tilapia skin

22 BFEMEAIZERSHREER

7S e . R . pH {3 AR X A
B 7K HE S K NS — | T EEEA T IEAS IR,
R A S ) 3 S A Rt W e
12 2 AT, X T 1) K A B R T e K B PR 2R
JERF N (B) , W2E(E R 9.95, HUKIERE (A)
FipH (C) , HRZE(EST 510 3.00. 2.85, HHEHA
R 2K, 5 SRR A A1B2C2, BJ
AL 55 °C. BESHNTE 0.7% . pH7.5,

it fige st [B) IR B —SE I, Xh K A B L1 AT 5
ey, s )2k AT e A AT PRI R 0y i BOR T
PRI I 75 48 78 AN [R) Bsf [ % A1B2C2 41L& 7K it BE 1) 52
M, Z5HULIE 40 0~7 h N, BEE B N [A)34
hn, KfEEWHZ A, 0~3 h N, AKAREE T+
FEBINIE, T 4~7 h N, KR B ARk,
FUATE 3 h A7 WA S I AR 58 B, DRI MG A e
FERCV )R 3 he
23 WEEYMRSFESH

it e = W) R o3 = A A A an 181 5 s o i
HPSEC 132 i 4> F & [BH J7 #2, w38 2 9k



125

F2 BMETIKEER
Table 2 Orthogonal experiment result of the enzymatic hydrolysis
7 A RE B B IN A Cpll KA1
Number Temperature ( °C ) Adding quantity (% ) Degree of hydrolysis (% )
1 1 1 1 25.07
2 1 2 2 38.25
3 1 3 3 28.99
4 2 1 2 24.86
5 2 2 3 3291
6 2 3 1 23.51
7 3 1 3 20.37
7 3 1 3 20.37
8 3 2 1 28.99
9 3 3 2 22.92
K, 30.77 23.44 25.86
K, 27.09 33.38 28.68
K, 24.09 25.14 27.42
R 3.00 9.95 2.85
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Fig.4 Effect of time on the enzymatic
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Table 2 Orthogonal experiment result of the enzymatic hydrolysis
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