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M A ke T s Ak B A R Tk BCA
B R R R AR R U T L AR AN TGase %) 41 40 )
(SR8 i B, Ok B (0 {5 I R ER AL P i
i

1 HRE5FE
1.1 #E Sk

i A NaCl(fr S8 ), 0 T BN 20T e 4

P B E A I
B2y ) s B R B L Al M O (i) K
[ Sigma 2% 7 ; 78 A 68 08 RESE (AEala) ),
2 A k7 A7 BR 2 6] ; KC1 KSCN NaHCO, 5
(arAfral ) | 24 4 P Ak 22 a4 R4S =] s BCA i8]
& CEWIEA) B o KW ARAT A A .
1.2 (UBE5ER

T K F (BSA1245-CW), %ﬁ%éﬁl}tﬂfﬂ*“’u
28 (b 50 ) A7 B2 ) ;e i K i B4 (JOANLAB) , 7
i 7T A R AR A B2 A ;E&’J%IJJQEEEH&E*
S0 AT LA ) 5 SRS AT WA o i, BRI K
R RN (b A PR F] G H L (FI200-S), 1
W e B4 A R A A R 45 Y (SPECTRA

MAXI190), EEASFUIBRAEMRAE,; SHEE.OH

(HETTICH 420R), @ HETTICH 2 ) ; & (%
(TMS-PRO ), £ FTC %5 7] 5 2 224 (Color Quest
XE), ZH HunterLab 255 |
1.3 RWH%
1.3.1  FEaniil &

1311 Ffafmapgde X REALRE S ) R A
Mhn A 2.0% NaCl, PL#iR%E ., AB (4 cmxd

emx4 em )5 40 CHRKIFEERE 3 b U0E A RE N, o] BE
fo A 2.09% NaCl 1 1 Ulg TGase, HLARIR
A1 A (4 emxd emxd em ) G 40 CACHEERE 3 b,
ABEHIE, T 4CikE R, W HPEKIE 100
min.

1.3.1.2  #EHMEEH  Z% Huang 50
DR RS M, K TR BRI Y R 2 R SR Y
SIUIRG 4 6 W FHERE K ST, & T Fenton Ak
K& (1.0 mmol/l. FeCl; 10 manL H.0, H1 0.1
mmol/L $TI0 ML ( Ascorbie Acid) ), FE 55 8 bk
Fefloh 2:1 (/L) 0T 25 Tﬂirﬁi{?ﬁﬁ’\r F 8 o i

Ji7 Bl

JefE Ak 0,1,3.5 h, B0 1.0 mmol/L. EDTA 5k
10 mL, B & S bR R PR 2 09 Fe 2N, &
FaCKHEF2hI5EH,
132 WUs e g f i B skt dilie &%

Lin S50 85 038 8, I 1.3.1.2 by A
A2 g, IA 20 mL #B ALK, 35 5 95 550, [mH0TE A
A 20 mL 50 mmol/L. KCI, 3 Ff JF & L , 3 3 HI
20 mL 0.6 mol/l. KCl= 20 mmol/L. Tris— 5 2 %
(pH 7.0)% M WG T 4 CRI L b, BOHRE
T, kA B A F O 010 000 1/min 30 55 &

L4 :4 °C .8 000xg , 10 min .

1321 BEgatoie S5 HM Koutina
AE T A M R, B 1.3.2 9 Y LR AT 4t 2R
Fi% W H] 0.6 mol/L. KC1-20 mmol/L. Tris— b 3 %
(pH 7.0) #i#EE 2 mg/mL, A 1 mL 10 mmol/L
DNPH, % FI2H A | mL 2 mol/L. HCL. 75 8 1 $ii
4 L 37 CHKEARB Lh, 85EEINA 1 mL
209% TCA i, 408 10 min, 2R5 &0 H 1 mL
1:1 M LEE-L BB (VIV) TR DU 3 ¥, H 3
ml. 6 mol/L £ #& WL i 0 5E ,37 SC/KIE 30 min,
B B W, D IEAE 370 nm Ab U SGTE , B
FEMPEATIGE 3R, LR FTE BLL R R 4 °C,
8 000xg 10 min .,

1.3.2.2  EHEAEFEANE B 1.3.2 37 PR
i LIS ET 4 28 11 i % H 0.6 mol/L. KCI-20 mmol/
LTris— 8 (pH 7.0) % 7 2 5 mg/mL ST
A 0 5 2 R FRUAR Y (SR S
1.3.3  FHFRfEM @ 2% Chanarat %P7
ROFAE S, AT R I B TPA AT I
SE . AL B R PP 2 emx2 emx2 em Y IE
Tk SRR PS B JE 5 3k 5 | g B T AT
SE 3. TPA Z ¥ R i B P 60 mm/min
il % 1.0 Ny AR . 75% 0 a8 i FEk fe
b HA SRR FE (g-mm) =B 1 (o) xR0 B
{mm) .,

134  fa2EilE 4 A sh 02 (0BGt
frimse, saics L o0 |1, HF20MEAE
B, B TTRE 3K,

W=100-/ (100-L" ) +a +b" (1)

135 FFKAMME £% Cando FHH K
i MM, TR R 2y 2 g VIR ERIGH 3
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RS AU A B, B (40 3 000xg.
10 min) . BFESCETIIE 3 0,

1.3.6  (RSMERLE LR 2% Van 9 8 5
P A ST T 1 e ] O R M e e, Bk
FMR, BRILS g MAAM, A 15 mL £
B (pH 2.0£0.2, % Vi HEARF) ,37 CHE R R 2%
HAE L hs BEIA 15 mL B8 (pH 8.0£0.2, &

R A5 ) ,37 Cla s fRH 1k 2 h RS S
100 CAGH 5 min, FFEHEMA 15 mL 7K 2R,
4 CHRENS B S .8 000xg 2.0 20 min, 434
FRCH TH e Pzt i B iH fe et B Ay B AL
UE A T-80 CRMRIR R Ry L B M HE AL 3
UoiH il

T BHURLHE (MBS ) s

Table 1

Compositions of digestive juices vsed for in vitro digestion

B (100 mLypH 1.3

B (100 mL)pH 8.1

s & R A A&
Rl NaCl 0275 g NaCl 0.701 g
NaH. PO, 0,027 g NaHCO; 0.340 ¢
KCl 0.082 g KH.PO, 0.008 ¢
NH.CI 0.031 g KCl 0.056 ¢
37% HCI 0.65 ml., MeCl. 0.005 g
Cally-2H., 0.040 g 37% HCI 0.018 mL
LS A 0.009 g B 0.010 g
W s EL Bk 0.002 ¢ LN (1,100 g
ARG E-m 0.033 g B Al 0.900 g
AR g 1.760 mg 1 i 0.150 g
i i H 0.100 g
BEOMk 0.250 g
HES 0,300 g
i L5 H.0: (30%) 1000 pl. CaCly- 2H0 0.020 g
FeS0,- TH,0-70 1.120 mg
137 ks DT(%)=T W1 100 3)
1.3.7.1 T¥EHLE ZF Fang G007 ik '

RN, A PRI | g AR AT A AR S D 1 g TH T
JE BIRE A, T 105 “CHURE  REEHE  BREL, T4
HERTHLARWT .

ymmﬁm$}%ﬁimm% (2)

£ We—ir fh BT B T 8 A & g
W —iffbEm o m&a e,
1372 HAKHASR SHHHETFEOMTE
IAE MM, BUN kR R R RES & S g 2,
THER 50 CHE R4 E o3 9BOH R dt T H &
AL HEFRE R fTRILECE B, | A AT
(R | S T

Ji7 Bl

P DT—E RS RS % W —
AT BE PR Ay & & g W ——iF (ki f 4
AT a e
1.3.7.3 BCA EHWKE M BCA &R &0 2 ¥
G LR REAREE, L efE A RIUETT
562 nm F W HE b 5E (UL, B % R BB O ik
JEI8E 24 g, b off ot 2R il R
1.4 EiE4E

H One-way ANOVA #4777 2 450 Br A G 4
fads, i P<0.05 HEfFEREER . EEMEM o
rigin 8.5 #{F,
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#2 BEERRERERS

Tabls 2 Prepasation of diluted albamsin’ (BSA)
standards

0.5 mg-ml’ BSA i # i

i maémw iR ﬂmim;
ul e L
A 0 20 0
B ! 19 0.025
« 2 18 0.05
D 4 16 0.1
E 8 12 0.2
F 12 8 03
G 16 4 0.4
1 20 0 0.5

2 HR5E
21 MRAEZEMNEESERETL
GHERRCECIINE e S ek 4 AT TENE S
(P<0.05) , & 3 3% 5 4 55 S0 0 6] 52 60 4 € (P<
0.05) . HHE 31 3405 & f U R kA 8
f , B S R ) R R B RS R
FI Bk ke Y ol DA B A I 2 SR, X
SR CHE GRS R -8, BHET RO
WO RAE R A AR EN — 6k, EA
T 6 2 I e e i LA i 1 e i S Xl A Y e
BRI AAEAE, SRS TR R, FELAN
Hefrat TRES, py P 1 b T, R A B B B
AR PR AL, G 410G B & B 0 TR

—n- A EAB A SR~ AR SR
—e- BT  —e- MEALKEE A

9.0
85 E
= RO0L £
TS5 =
i_; 6.5 f
& 601 =
B
55t =
50%

3
I (8] /h
A o IR R R e SR E T TR R A b BV
ek A (P<0.05),
B1 #ERnasmEsEmNEL

Change in carbonyl and total sulfhydryl content

Fig.1

MRl ,ix R A TGase 22k 3 AR ¥4k, 7T
e H A TGase 50K F1 R A5 H 69 807E |, M
T B T R A A DT B R
B EER  JF 5] & HAL™, X 5 Moreno SFOBIFSE
Hidg—F,
22 FJABREAIEES A AR

HI 2 3 L5, B E LB R 9 SE4C | R 3
14 WELUEE B BT BEE R A F R G SR
WELOR P 1Y PR ARG, ] A 1M O LIRS 2 8 1 B 4 1
PR B3 1 () ) 8 A R e B e O S B 15 14
BEfk, aTRER N MEAMAeS R P REE T £
Prde LR, BOE = HEE5 R AR vl RE AL Hh
F 8 A3 A B () R AT B

#3 ERRSEMEAS A REHEHRN

Table 3

Effeet of protein oxidation on textural properties of restructured minced grass carp

A B AL 0 18] O IN $i 14 fmm L | W 5N A% S mm
o B 2 i} 8.57 +£0.23 14.43 + 039 47.98 + 0.53" 3.80 £ 0.09% 513339 + 15.54"
1 7.31 £0.32" 12.53 £ 0.25" 42.56 + 0.58" 3.45 = 0.05" 4 872.60 + 13.23"

3 524 £ (.34 11.61 £0.21° 35.89 + (049 252+ 007 4 181.31 = 1341

5 4.67 £0.31" 10.78 = 0.31" 31.46 +0.38" 1.98 £ 0.03" 395831 = 12.7%

it 5r4a 0 12.19 = (.48 16.69 + (.23 95.50 + 051" 526007 6 900.26 + 16.39°
1 11.15 = 0.35" 14.36 = (.30" 81.90 + 0.53" 477 £0.5" 6 838.90 + 15.42"

3 09.52 £ (.34 13.11 =£0.25° 73.57 £ (1.45° 4.31 = (.05 562292 + 14.38"

5 7.89 £ 0.27¢ 12.56 = 0.28" 73.57 + 0.48° 3.70 = 0.03¢ 4 872.82 + 13.25

b G o AT e i — T A [R) S Tk e 2 T 2 e B (P<0L05 ),

Ji7 Bl
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BRI 3 TR AL
R0 2 R 1 R 6 220
B 2 AUk ST

A 2 aE 45

96 TE T R IR E K
23 EEREAXEASABRFNZMNE

Hi7e 4 AT, Bl S PRI ] e SE 4 f EfR L7

a WX R, EAE
WG, BOABMAEERT S S ALY
FOE R, Mo S 30 o B R RN
AR PRIE FT A B £ £ I O R Y 1 RE 2 B A fL R
(SR =0 T i S 0
PR AT, B 2 9 L A B A X AR R
TGase (81 11LA 5 0 B BE 08 ROML &5 #

oA EE AT L ] e

L 3 1) D

R I -, hE 4

il HL AL B

s HEH D) AR B R D, M M BE F BEAIE , AT

A I B R,

*4 EARSANEAEABLNRMN

1 5 ] S5 IIE 5T A

Table 4  Effect of protein oxidation on color changes of restructured mineced grass carp

A —E

& i 18 4
AL B i fh i 40 A
I a W L a W
0 7171 £+ 0.25" -1.53 £ 0.03" 6740 + 022" 68.74 £ 0.23" -2.63 £ 0.03" T0.28 + 0.35°
I 69.56 + 0.28" -1.91 £ 0.02" 66.77 + (.19 67.85 +0.19" -2.68 + 0.01" 68.39 + 0.33"
3 68.31 + (.22" -2.45 = 0.01" 05.63 £ 0.16" 66.61 +0.31" =311 £0.02° 67.29 £0.21"
5 67.33 + 0.19" =251 £ 0L01 64.90 + .15 65.72 + 0.15" -3.24 £ 0,01 66.50 + 0.12"

Nyaisaba

RS R R A A TSR I ) 2 (el Y 2 5 B A ( P<005)

24 BABRFUMEAEAEKNNEE
F K S S VR 068 I 1 A TR % B TR B bR
o 7K A 12 2 W 35 Ihe {4 P 8 i o K 4 9 )
BRI 1 2 AT, R R ST E] e EE I A AR
AR M R B T RE, Sk 1 h iRk
It 3 FEAIK (P<0.05) ;53X T HE S (5 0 3R 1 0 6L A 1Y)
M AR E A R 4 F I AR AR RE R AT
WX S B U AT 4 R — 2 h 2 T,
Bl Ul By kK R b X HE A By, T R R R R
TGase i iE 8 [ 5 40 T A Il 4r 1 [ 89 26 186, Wi

T2 W B 2 A = HE M2 45 913X Y5 Chanarat %™
ff e et | —3

25 ERREUMEIMNEEENZIE

£ 4y 0 Ak W) R a1 AR R TR AR
FAVEAG, BRI RS BT e
5y B HEMORE A/ . ol 1 3 11 1 o0 o/ i BE
AL 22 20 S R /R, R L Y 2
P e an B S TR BRI LR TEH
CURER A L AE R AR B € i g S
i) G A L B E A O g S
R A S ul e B e R0 i A B b,

Ji7 Bl

9
—— i i ]
_:é
e 80
=
75
TDG 1 2 3 4 5
5, Tl ]

Py Berb g et ) A ] 2 () Y 2
i EHE(P<0.05).,
B2 FRREMERSHFKIEN BN

Fig.2 Effect of protein oxidation on water=holding

capacity of restructured minced grass carp

AR EHY TSR, BERRHESE,
BCA e 3 2y S B B s il /b ng g 3, i n]
fE P MM SR EAR S TEBEET
b, Wi 55 88 11 0T 2 T Ak R g P R A8 (HBE 5
fhotn i) g SiE £ | 88 1 4 7 P Il A TR TSR A
MO HE i 1 (e B A PR A2, E LR EE
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MR, i b5 0 W O R B O, TR
M TR AT LA RO B A
P WS 0 B B AR, BB 1 O AL
W, i 5 ST RIS LR & I L I T
WAL, TR A A TGase (28 1 B4

) B A 3 1 A AR BE 09054 L TGase TE LAY
S Bk w R oK fo i LA B, ELIIA TGase 43R
i S0 e N IR N U= R A TR LR A 05
b FR BRI,

*5 EpRs4dEASREMELENRR

Table 5 Effect of protein oxidation on in vitro simulated digestion of restructured mineed grass carp

" AL W 5 4k
s T 0 B e €8 F 4 & & &k Bop s
i8] /h . b ) N b
i AL & 9% AL i i i Ak 9

mg-ml.” mg-ml™
4R 0 4523 012" 67.85 +0.14" L2833 £ 0.02°  59.22+0.12" 87.98 £ 0.12"  4.7652 = 0.02"
1 48350011 a934 +0.16° 186120017 6198 £0.15" 8978 x0.17"  4.9783 £ (.03
3 46.68 + 0.15" 67.53£0.14"  1.5523 £0.02" 5837 +0.12° B7.61 £ 0.13" 43752 = .01
5 4513 £0.13 65120127 098742001 5763 £0.13 8532=0.14° 41678 £0.02"
WA 0 3372+ 00127 5286 £ 0.13"  0.9792 £0.02"  54.69 +0.14° 82.65 £ 0.15"  4.2318 =0.02"
1 ATAS5 £ (013" 54990015 13854 £ 0.02° 5873 x0.16° B435x0.16"  4.6351 £0.03°
3 3531 =0001" 5275+ 0.14" 09695 £ 001" 57.25 £ 0.13" 8195 0,127 41127 £ 0.05
5 3319 +0.13 50310013 06584 001" S5418=0.11" 79.63 £ 0.14"  3.9768 = 0.0¥

i PN TR R 45 5 0 (R SR (] 22 1] 04 3 5 B E T (P<0.03)

3 #ig

A YGWESE T 8 H B AL TGase X4 £
2 £ ) G T R AR AN AR i B e, 25 IR R W]
20 0 pA WL ISL AT 4 3R 1 R O B S S T g R R IE
o, i i S S A A R BMA TGase
ik Bl Bl AT AR [ 6 S 2k | T 41 f P iy
FiRAES AL W Rk 0H N R SRR
BE LT E(SERE) " (ELCELEE) W B (1 BE ) gk
PEEERAC. 5 e 2 T O A P A
RO AR | h AR LT B R
PR (i) f E 4 O B, BRI N 0 S fh T LA 4R
A R SR b B /(1 i e
Rl b 2 B o A 7 e O S A 0 2 £ A o R
A5 0 10 0 AT IR ABIETE , LAN B 255
R LI 8 S FF .

2 £ x ™
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Effects of Protein Oxidation and TGase on the Quality of Restructured Minced Grass Carp
and in Vitro Simulated Digestion
Meng Fen',  Qin Qiosi',  Dong Ye', Mao Haiping', Dai Zhiyuan'*"
('Institute of Seafood, Zhejiang Gongshang University, Hangzhou 310012
The Joint Key Laboratory of Aguatic Products Processing Technology of Zhejiang Provinee . Hangzhow 310012
‘Collaborative Tnnovation. Center of Seafood Deep Processing, Dalion Polytechnic University, Dalion 116034, Linoning)
Abstract  In onder o explore the effects of protein oxidation and glotamine transaminase (TGase) on the quality of re-
structured minced grass carp and in vitre simulated  digestion. Based on Fenton oxidation system to oxidize restructured
minced grass carp in varving degrees, and the carbonyl and wal sullhydel contents of myolibrillar protein were deter-
mined, and the texture properties, color changes, water holding and digestibility of recombinant fish meat were analyzed.
The results showed that the carbonyl content increased significantly and the total sulfhydryl content decreased significantly
both the control group (with NaCl) and the experimental group (with NaCl and TGase) with the prolonging of oxidation
time, The carbonyl content of experimental group was significantly lower than control group, and the total sulfhydryl con-
tent was significantly higher than control group. Hardness, elasticity, chewiness, adhesiveness, gel strength decreased
with as the protein oxidation lime increases. The values of £ (brightness ), o (redness), W5 (whiteness) also decreased.
The resultz of simulated digestion in vitro showed that the dry matter digestibility, protein digestibility, and BCA protein
concentration all increased firstly and then decreased with the extension of the oxidation time, and each digestibility in-
dex of experimental group was lower than control group. This study can provide a theoretical basis for the comprehensive
utilization of grass carp.

Keywords protein oxidation; glulamine transaminase; grass carp; recombinationy n vitro digestion
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