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sis kinetics and thermodynamics of goose liver protein with
ultrasonic pretreatment were studied by adding pancreatin,
and its antioxidant activity between the conventional and
@ qq.com ultrasonic-assisted enzymatic hydrolysis was compared. The
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wdy0373@ aliyun.com sisted enzymolysis increased by 16.05% and the yield of



1396

IR qe b 2= R 2017 4F 5033 % e W

the peptide increased by 15. 63% compared with the conventional enzymolysis when the enzymolysis time was 150 min and
130 min, respectively. At the enzymolysis temperature of 20 C, 30 °C, 40 °C, 50 °C, compared with the conventional en-
zymatic hydrolysis, the kinetic parameters of the ultrasonic assisted enzymolysis reaction rate constant k increased by
214.00%, 115.00% , 64.00%, 41.00%, respectively, and the thermodynamic parameters of enzymatic hydrolysis £,
AH, AS and AG decreased by 70. 00% , 79.00% , 30.00% and 2. 00% , respectively. The results indicated that the ul-
trasonic treatment caused the breakdown of hydrogen bonds inside the protein, the oxidation of amino acid residues and
cross-initiated polymerization to reduce the reaction of the activation energy and improve the reaction rate. The scavenging
rates of DPPH free radicals, ABTS free radicals and hydroxyl free radicals were 51.20%, 67.80% and 61.70%, respec-
tively, compared with the conventional hydrolysate, there was a significant difference( P<0. 05). The pretreatment of ultra-
sound disrupted the non-covalent effects of the liver protein, including hydrogen bonds, van der Waals bonds and hydropho-
bicity, and the hydrolyzate could provide more single and hydrogen polypeptides. The ultrasonic digestion goose liver pep-
tides had high antioxidant properties when the concentration of peptide in the ultrasonic assisted hydrolyzate was 1 mg/ml.

This study not only provided a scientific basis for the preparation of goose liver antioxidant peptides, but also laid a theoreti-

cal foundation for the deep processing of goose liver protein and its added value.

Key words:

ics; antioxidation

TORTFROE N A =K S| (IEREIT |t 748 i
HEE) 2" B A R A AR R Rh R g
AN A NR TR 2R E IR R R R A
IS B R e R IR AR A R L
B BEEARICR T Bl S A KRS ALY
WAL (SOD) , BAT W1 8 1 iR S bt e e A Y T
DA AR AL SUR Z 453, A B 1 g & AR
Fye e S MM, BLAh, R i i LA i
SRR L AL (0 1 ] B AT ) 3 85 3 3 B1 I
BURMEA BRI, TR B LR S

P R — P R AR BOR AR 2 AT
FUA R R R A m SR BRSO, B A
HMITFEN B30 E 5 5 U5 ) AN B O A RR) T i
A A R S RETE PE AR A B ST 2L T TR R
L NEBE KRS B A KRR
BT, HOC TR 2R P ] 2 22 W T P KA 3l g 2 K
ARG o AU LUET SRS IS B T3
G, SR JH P I T R I 3 o 95 TG R 22 I, R
Bt 1 A P ) B 0 = R o | R — 20 FU R R
figk AR P B A T 15 2 IR B P A AEPERE, B AER
1 I FT A 2 ity U ) 9 O, IS A 3 B
PP TR T B SEL R T ) i 2 B2 BV Bl

1Bk

1.1 #R5EF
KEFIA TR T B DA T ,2,2- K3

goose liver protein; ultrasonic-assisted enzymolysis; enzymolysis kinetics; enzymolysis thermodynam-

1-fE K F ( DPPH) 1 F Sigma 24 ], 2, 2-BR At
- ( 3-2FEIR - BEMR Ik -6-A 1R ) — A £k (ABTS) Iy T
B R HOR (i) A IRA ],

JiEE (BR, 1 : 4 000) W4T i iE A= P RH A
RN o703 0 = o pr
1.2 U FE5EE

HJ-8( DF-1) £ IS W4 40 1 245 W 75 N [l 42
HL AT B/ ], HH -8 250 FE /K 1A 5 1 T [ AR F 4
ABRAE]LJYL-DO01 JUFHEBEALIE T L B3 A B
/NE], Uncen MR & 2% % B O ML T2 [F Herolab
ONH] MI24A HL - RKF- T b A e S50l A BR A
Al 5 pH THIW T B R RS A BR A
UV-6100 AI43 6 EEETHIE F 11 56 R U as A R A
H] ,SCIENTZ-D jH7 i5 41 i A e AL 117 808 2 A4
YR B A B AT
1.3 RIH*E
1.3.1 #AF %A % kBs itk a4 & KG9 60 g, 25
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FH ELZRPRITRI R . A 1 S b A 305 P85 % it i
N AR A AR50 388 2ok ok P S FHE ) R 9T I AR S
NRG AR CAH) AR (AS) M A T A g AR
(AG),

:kBXT (ﬂ)szxTe(_RAT;u%) (7)

e Rx

h h

Kk, WBERZZ 2 WA (1.38x1077)/K) , T N
FRORSCIR BE (K) , h A 3% B 52 4 %8 (6.6256% 107
V/s), AG REAHT H HBEZE (J/mol) , AH J k548
(J/mol) , AS FIEAMIAE[J/ (mol - K) T
1.3.7 #5075 & B ff ik o9 L A ALK I
1.3.7.1 DPPH HHEWERE  95% LI 0. 1
mmol/L# DPPH, 1 ml fJZ KM MA 1 ml 194
i FEANA 1 ml 89 DPPH W T4, IR SR~
Ja T 37 CoRM RGO 0.5 h, T4 517 nm 4b
MWSEEE A, , LB R2s e WoERE A1, DP-
PH H 35 BRI 8 0= (8) iR

N AZ_AI

DPPH H H3L7E R = 1

KA S A NOGREE A, SR WO R
1.3.7.2  ABTS A HIAIERRA  ABTS H H AR K
Fic il : B 0. 100 ¢ ABTS F1 0.029 ¢ i i fR 4 ¥+
100. 0 ml BEFRERENZ MR , R MR A TF T4 CF
WA 16 h, £, IS ATE 2.0 ml ABTS H H
FLEW, A 18,0 ml B FRER BN % v, L B ABTS
BT I 734 nm A GREE R 0. 80+0. 05, AP
9 ABTS TAEW , RECHLH . M5E /7% 80, 1 ml £
KW, A 3.9 ml ABTS TAEW, IRGHA )G T2
JEFERE 10 min, UK 734 nm A E WL A,
DL B TR 22 IR b V5 V0 7 25 TG B A,
DU R h 40 22 vh g A0 ABTS T4 Vi il 45 e o' Ji
A, ABTS [ HZEIEBRR AT E A (9) Bk

x100% (8)



1398 e

2017 4F 4 33 % e M

N AZ_AI
Amsﬁm%%%$=U—Ao
A A X BRE OB A, R i WO
Ay R E AR,
1.3.7.3  BABEERE W& 5MmA 0.5 ml
K IR- R 0. 5 ml FeSO, V8T 0. 5 ml ik
WA 1.0 ml H, 0, %W, IS5 fE = T 0 10
min, T 510 nm LI EROERE A, B 0.5 ml
ZRIBKACE: FeSO, W, MIAF W A, B 0.5 ml
KRR Z AT, A 2 ORRE A, . B A
AV BRI T =L (10) B

AZ_AI
¥ H B EERE=(1-

A X BRI ERE | A, AR B WO
Ay HEE AR,
1.4 HEHSH

R TR T 3 KRR SRR R
Pl AR . R SPSS18.0 Ge it # i kA7 ab 3,
Origin9.0 1EIE, J4H 18] ANOVA #4745 2087, Tur-
key £ 45 T 41 A1 5040 73 T, P<0. 05 387K 2 A2 [H]
ERBE,

2GR
2.1 TFIEEARE 6 1R AT B KR R 5 BRI

IR

P 1S, 728 STl Ak S 10400 4 B BEATT 40 min
VAL, B AL P RS 7 iy B0 I A 11 A i S 0 3 4 420
PR o {ELE 5 AP SN IR 1) P S 4 7 38R £ 18
G I TR E . X D B A I 18] Y

Yx100%  (9)

yx100%  (10)

20.00
18.00 -
16.00 -
14.00 -
12.00 -
10.00 -
8.00 -
6.00 -
4.00 -
2.00 ¢

A

IKIRFE (%)

Z KK IE (mg/ml)

0

B 7S 1] (min)

— A

Il Il Il Il 1
30.00 60.00 90.00 120.00 150.00

SER, N R A2 s o S M ] D 150 min
S, 5 H U ATR A B b IO 7 S T 5 1 A i
JEFRR T 16.05% , 3% v] AEJe i TG T 6 1 220
PP S oA RIT B ER 2 IR
DIRIE L 6L, B2 T S IR R 2 G R0
[Fi) s, 368 JE 8 11 7K A 2 o 442 R 2 i 0 1700 28 Mk 4 17K
i REMMZR AR R IR R K A IR IR 7
fiFF AT 60 min B T R A1 P T B I A O 98 1T 22
kit JRE SR o, T L A P R o] 2 1) R T 22 S
JEE W A8 5 T AL R 0 o B RS T 2 IR R X
DRI DAy 7 A B e A 2 R TR AR 0 B LR A
PHERAEHI T, Ui e Ty gkt O TR
HEARBMG, Em S TR S R Y R A
I3 - ELAERG AR 4R B BE R 7 D A 1 K i
JEE S5 T ML A K AR EE A T i) 4 S
K, ZIRH T T A E , X 5 2 Oy BEH R AT
S SRk D | IR ) T g S A ) i
ST ERS AR 130 min I 22 IRV B 1A B
IRARL, I P o 7 A I T At 1) 68 T 22 IRk B R 6. 65
mg/ml , 11 ML G ARG AT 22 IR 2N 6. 21 mg/ml,
KU AL o TR A KR R 2
RO 2 IRy o, BRI 8] 9 130 min B, 6 KL
fifpFIRR 7 B I A 1 22 KA 00 S Ol 72, 43%
83.75% , 5 WU AH LU , B0 P i A 22 IR R 2
T 15.63%, {FLBif 25 it fre 1ot 1) 1) 2B 4G, 22 RV B 2
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Fig.1 Degree of hydrolysis (A) and peptide concentration (B) of conventional and ultrasonic assisted enzymolysis of goose liver
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Fig.2 Linear fitting of enzymolysis time and In(Q_ -Q,) at different temperatures

1 BoR EERIEE N 20~ 50 °C, R A A
R 7 T B R A 114) o I 23 S B ek FE T v R T R
A I B T X R P AR P S M A U Y T
e (A5 5 TP 00 118 AR AT 23 4, DT 2 s S o7 R
RO R AR R A E T R A B AR Y b
{E YR T4 FUBE# 1Y k {5 (P<0.05), 7£ 20 C .30
C 40 CHI50 CF, 55 MEGAE M & EAHLL, &85
HEBhEE R G kA BT 214% 115% ,64% F

®1 EARRRETEMBRNESHBREINREEZREYR

41% , W38 13 8 7 1Ak L, TT 4R o A A S I TR
Zou ZE1 KBS B R A 20 Hz, #75 13R 4 80
W LB A ] R 5 min B, 8 75 4 BA G A 5 i B 14
AT M AR T AR T T B A 1 R
WA (k) BEIR S BT A, 5k (AR
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Table 1 Reaction rate constants in the conventional and ultrasonic assisted enzymolysis at different temperatures

T it 77 v HEE(C) k(min™") ko (min™") R2y;
‘R ik 20 0.014 5 + 0.000 9 - 0.990 7
30 0.023 8 + 0.001 2 0.985 4
40 0.035 4 + 0.002 5 - 0.991 2
50 0.044 2 + 0.002 3 - 0.986 5
7 Al B A 20 0.045 5 + 0.002 1 0.031 0 + 0.001 5 0.989 1
30 0.051 2 + 0.002 3 0.027 4 + 0.001 4 0.991 5
40 0.057 9 + 0.003 7 0.022 5 + 0.001 3 0.985 3
50 0.062 2 + 0.003 9 0.018 0 + 0.001 7 0.991 4

b SONTACRFE R s e, < 8 0 B AR S0 107 R B A 1 A R < A R AR,
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Fig.3 The relationship between Ink and 1/T in the convention-

al and ultrasonic-assisted enzymolysis
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Table 2 Thermodynamic parameters in the traditional and ultra-

sound assisted enzymolysis

2 k, AH AS AG
Rl : (kJ/mol) (kJ/mol)  [J/(mol/K) ] (kJ/mol)
H R A 28.238 27.974 -218.754 95.383
AR 8.402 5.945 -284.351 93.568

E. EACRE; AG. 5 A T F HAEAE ; AHJG A8 A S T R
2.4 PEMLEME

TEPER(ROS) E—2 R X i T & 8 i, &
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TN, MR EE A 1 mg/ mlF R FURE 7 i B e
7= %t DPPH [ 2 1 35 B 2243 51 R 33. 7% il
51.2% ,%F ABTS H H 2 1935 bR %43 518 45.3% Fi
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Ll 0 2 K, R ELA 5 R A R PR Y g
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LKA T84 3 000~ 5 0008, % DPPH [ H JEFI#E
A AR R 00K 55. 1% 46.9%, LI F&45R%E
B R 75 2 BRI EL A B T R B R R R g
71, R BSR4 2 KB R PR
fRRE T, e — PR AE I 2 I 4T

80.0

b

_ b
S 60.0f b
% a
& 400F 4 g
pud
]
= 200F
iy

0 ,
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EEEE-"
(N 5 e 7 W I
AN/ SRR R 1 7 B R X ] — 19 P R A 0
R 2 i) 22 5 4235 (P<0.05)
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Fig.4 Antioxidant activity of enzymatic hydrolyzate of goose

liver by conventional and ultrasonic-assisted enzymolysis
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