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Al B 28 PR 2 — b 2 ) A M P SR s 1) A L
A&, B A A B Az e e v i B 3RS B
Beiuses A 52 M A AR ; 53 oh, Hemg /I H o
BRI, 2 — P AR A A ST R T AR AR
ZIRRN AR H B TS 52 0 2 50 45 R
fit, AR AEAE G AR 2R 2R (A DL ) I AT
PRI (TCHILA ) A S AN ] 2 T Ay A 5L, of S 7 L ) i
A7 7 FRFE S IF ST 3 WA e 790 A R i
B S AR A A A B FAN Y AR
INEAEAE BIF ST T At 48 35 SE RS B DL LD 2T 2
1 (Myofibrillar Protein, MP ) 7E/RSMELLH b1 2
HH R R, i B A i 40 o S 2B R T MP YTH
PRI IZAWTFE S 38 5 SR B8 1 7K ™ 2 B
RS T — A A 23 B 05 i o R R
PRAE/K ™ & F R S A e PEOT 5 Fb B0 0 42 3t
TR, BT, ST AACE R AT 5T T B AR
THREE L7 T, T HXS A7 BE£8 MP A S AR P Y
SN WS, # AN AR T D BT 0 A% IR
AR BRI P | R e A T PR A SRR, T T
PrEe Wi iE A A e v i a8 iz AR AR A
FEAE B2 I T8 SR 2 S A T R
U, WS AT A 2R 2 1 X 22 Bk e IR A B MP (AR AT
PARFIE R % T 25 il A SR 2 R A 7K 7 s s
Fr R B vh B A FI AL B A 2 R 3 X
I R B T RT3

ST I ARG P LA Bk e R A B £ A B 5 %
G, TR S 0 1] 45 M s A 2 2 R 1 AR R, SR
PRI PR e 15 5 FLARHIR I AT 78 S O A 3, T
A RS OMF AR RIS S i 38 0 Al i 7, W 5T
TR RN A BB MP RSN AL ReE B 52, LA
A ERRAE K™ i B R B 25

1 Me5IHE

1.1 EEZ#H5F

BRI W T 107 48 i JH T bR O
LR G Y, WCEZAR, W ZA AR
ATBRZY w5 IHER B e (2p 1:250) |18 3
(Z 1:10000) H 2R\ L-22 218, L AU R K TR
FA PR ] A28 W (OPA) | =3¢ R L

$E(Tris) .2, 4-—_fHIEARPE(DNPH) |5, 5 - 6 ft
X (2-FHFEAEHFBZ ) (DTNB) | CaCl, . K,SO, , | i ki
LT AR R A A FR S R =5 /R (TCA) (#h
BRI, PR % | HCL, B 25 42 A Ak 2% 50 A B2 A
NaCl ,NaHCO, , 4t 5t i 9L R A FR 2 5 CuSO, |
ToK s, R KU Ak 27 3250 B B A R A A
H,S0, , 8 H 7 34k 27 3 55 A BR 2\ 7] ; NaOH, 1 =
(RHE) A 27 iR A BR A 7 5 HBO, | £ O L AR
UL Z IR (TBA) , [ 22 s kA= (LB e A A FR A
I S = w5 T
1.2 FENFEEES

XO0-120 L- 11 #1588 75 4 By o VR vk AR, B o S K
A RS A BR 2N s THERMO 0¥ % w5 1 25 .0 B
FER KRB A W] RCD- 1A AU s R AL ML,
RT3 A PR R WHY -2 BUKs fE IR
e, H M E TGRS A PR 7 K9840 #Y H 3
FLICE B, L AR RERL A28 A BR A F] 5 UV -2550
RUEHM =TT WL A3 SCOG BE T, JU el ( i) A A BR
N F=7000 BUEOGA O R, H ST AXES (1)
FBRAF] 3 Testo 106 7 14 B £ 0 B 1T, A8 114X
A E PR 5 (i) A BRA ] ;90Plus Zeta B Zeta H
LR BE 3 BT AL, 55 1 A1 6 5 1 SCA AR 23 7 o
1.3 KWHE
1.3.1 SEIHERHE  Pokdm KRS AE
(800 + 50) g M BRIENH A1 B 01, 7 42 Hiy 22 55
e FATHEK((21 £ 0.5)C) P8 FE 24 h, i
AEYERETE 6 mg/mL LU b, 3R B4 27%0 55 47
DAV B iz et A v = AR 1 R 5 B A
Tl 2 v, Hep 5 0.5 mg/kg (/K ) i€ 8 & AR
FIGERHE N Y1 20,45 1.1 mg/kg( B /K F) WL ER
BRI A S Y2 20, A O AR AR R ) ) R 4
XTREZH (C 2H) , $5ME ] 3512 8 :00 F1 16 :00, i
SR M FUKIR , FRFEEIN N 7 d SRS RS T
ToAKAR IS B AL, LA 2 C/h 1Y R A R I =
12°C,5%EA 0,, BT 13 C FRAF 12 W'Y Hufa iy
TOWLPA, FH S 28 P AL R TR 5T, RIVAS S50 A
#H.
1.3.2 MPRE 2% W.H. Zhu Z" 7%, 3
FEPEE B, KL M S S 4 A5 ELAY 20 mmol/1
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Tris-HCl ZZ 3% (pH {E°M 7. 5) R4, T 5000 r/min
ZM R ¥R 30 s, - F 7000 r/min & F R B O
20 min, A FIRERVESRECITTE 3 K mTTTE Hoim A
4 FHARFAHY Tris-HC1-NaCl ¥ (& 20 mmol/L Tris-
HCI F10. 6 mol/L NaCl, pH {8} 7.5) , ¥4 J5 Fl &5 0>
B b A58 LI, B MP, TR BMERTE 4 C
SR HEAT, FEAS MP F5AE 72 h BT,
1.3.3 Bk SMEL  BEIE B E 10 ¢
MP, LA 10 mL ZEIR/KIF8E57, 5 20 mL B8 B )
(% 0.3 mg CaCl, F1 60 mg &% ) R4,
5 pH {E M 2.0, F 37 °C . 100 r/min AY7K A 1H IR IR
Dies N 2 h s, 1 0.5 mol/L NaHCO, ¥ i 17
pH HZ 7.0, AZ 1k BHALR >,

RS T AL B B B 40 mL A B iHAL, 5
40 mL B (7 32 mg FREE 1 327 mg IHEL A
0.6 mg CaCl,) IRA 5], F 37 °C 100 v/min F7KIH
fEIRE ee % 2 h J5, 6 mol/L HC W 5
pH {H 2 2.0, AZ kIl fb i ™
1.3.4 WEEMNE RN(EMHLEEFIRE
£ 5 B I 5E ) (GB 5009. 93—2017) 1 Hh g B¢
JEAF G EE B LRSI AL G MP Al 55 &
WA RGF FORE A A DGO BE T i A
FES T T Z 7 AR PO B IF SRk i AT
PO, R e AT RE it TP 0 5 o
1.3.5 MP @#AMNEHERIME SRAPLKE 2L
e SRR SN LTS MP A A RS 1 g
FER 5 0.4 g CuSO, .6 g K,SO, 120 mL H,S0, I&
G T AR, I i B W R B U A A,
BHIGEAE 100 mL, i FHE AR, 7EKES
KAELEFRIA 3 mL H,S0, VA4ERFAZR B pH &, Jin
I E I IR R E BB IRAS . FEH 10 mL I ALK
B sy g, T ZE K w8, SRR 10 mL
NaOH ¥4, 314 10 mL HBO, 1E WO, Wi 4E 7%
TR 10 min J& , P 422 U2 45 7% B9 MR, 4k 22 25 1R
1 min, WEEFTA BT, 0. 05 mol/L iR #E HC
VSOOI S IR R 0 T SR A S T AR Y
HCL R, (RSME AR AR .
XM, - P, xM

P, xM,

Pl 2
Hohif e E = x 100%

K, P,y MP B H BB/ g M, S MP /YT H/
g, P, N MP IHAL G B H BB it /g, M, i MP {51k
JEHTE/ g,
1.3.6 MP KFEEME 2% P. Duque-Estrada
S R TEB L, SRR AR W (OPA)
P E RSN AL G MP i s R & i, B
WAL 72 ) T 9000 r/min 5544 T B 0> 10 min, B
400 pl LiE W5 3 mL OPA IR 27, k6 I I
2 min 5, T 340 nm PEAAOIE RO, R L-22
SRARE T I VERRE M2, 15 2O (y) Sl
BHEGR(x)BXRRMZ .y = 0.684 4x + 0.072 4
(R*= 0.992 5), 445 M 2T H 500 B8 s 3 7
iR g 8 SR BT B R Y
PR AN mmol/ g
1.3.7 MPREREMRBENE 1) LS EN
L BRSNS MP BB R 1 mg/
mL, R4S 5 DNPH [0 A= BUER 1 04 Ji 20
BAEGE, 1wl 1 mg/ml EABEKRS 1 mL
10 mmol/L DNPH 1R 5 ¥ 5 )5 , 76 AR W 450 T i
40 min, FHIIA 1 mL ARFRIECH 20% 1 =58 LR
W, T4 °C 5000 r/min 5514 T B0 5 min, WARTT
VE,HOEE-CROBRIRBW(V(LE) V(LR L
i) = 1:1)IHVEDONE, A VYRR 3 I, mVLETImA
4 mL 6 mol/L [HELFRAK, T 37 CF&AF T S 15 min
S5, B0 BV, T 370 nm Ab I E WG REENS

2) s T I E . HEAUASME LS MP
B SR T 2 1 mg/mL, B 1 mL #8519 MP
W, M 8 mL Trs - H & B 2 vp W, T
10 000 r/min 25 B0 15 min; B 4.5 mL | 1%
.5 0.5 mL DTINB {R&H495], F 37 C &0 T R
30 min J7, T 412 nm AbM0E WG

3) RERE R O e, HE RSN S
MP 5 3 B 31 2 1 mg/mL, %€ 600 G
PR E R R, D SRR s UK R
325 nm, KEFIK 420 nm, BREETEFE 2.5 nm, 26
5 355 2 P TR R R ) B A B Ry B ) R
CZVi a0 G

4) TBA il %€, 2% E. Rasinska 25 iy J5
22,55 o BLEMARSMEAL S 1 MP 55 25 mL it 5044



4.

M 5% 1) TCA ¥ W AE 10 000 r/min 2% {4 F ¥ &
1 min, BUE R FIEW, 55K 0.02 mol/L TBA
IREJ5,7E 80 C A& T /KA 20 min 2B EIR, T
532 nm AL E WOERE

1.3.8 MPARHREME 1) MENE, K
AMEALIE MP B BT W BE I Y 2 1 mg/mL, 7F
25 C2F PR 20 min J& , T 340 nm 3 K AR 5E
WSGRE , LI RAE MP 3898 L

2) KA AE . KB SMIE LG MP 1Y 5T

WREPHH 2= 1 mg/mL, B 2 mL MP ¥ & T £ 5 it
W (] Zeta WA KR BE A AT AN E MP Y
kife >,
1.3.9 MPHRME 1) FIMRBOLIENE, #
BAMARSMIE AL G MP [ 5T St v B2 9% 15 & 0. 4 mg/
mL, fiff FH 5840 =77 DL SO0 BE TR il A TR 152
B EERE RN 10 nm/s, TR X ] 220 ~
360 nm,

2) WIRSOLIENE . KA SNE LS MP
(R E P 2 0. 1 mg/mlL, i FH2EE50 YL
TEXRE S EA TR, 15 8 & UK R 280 nm, 4
JEHE 320~460 nm,,

1.3.10 ZEATRY N TIHBRIPN R RS W) 48 2 1Y)
S 38 O AR R R Bk A i A% 1 AR (R Y 22
LA (I

IS

v, =

>

i

X, Voo, o X AR08 i U S S 2R b i 22

FATA .
AR IAT T
)INY

K, W, e | BRAGE
1.4 HiESH

SR SPSS 19. 0 X 52 56 K s A7 48 1, i aod o
K2 77 2243 M7 (Analysis of Variance, ANOVA ) Fl
Duncan #9547 22 5 & L 20 B, 1] Origin 2022
BT B TR B E 3 K, T AR
DL ERR R ) Fon . REVEKFIE N 95%
(P<0.05),

2 R 55T
2.1 WREBESEI MP ERMENELEES

=R

W0 B X S Bk e IR A B MP AU RS
AEJE G S HE AR IR AN 1 s, Ho s R A TR
2 AN TR) I A o 72 22 ) 22 Sl e 35 (P <0.001)
ANTR)/ING B 3 7R R[] 2 A ) 3 Ao e 22 (a) 22
S (P<0.05), N, M1 ATH, S8 B I
I ,3 2 RE S A0 5 o 38 I 3 e T RS O Ak
(P<0.05) X FHA7E B LB B, 408 208 1 B
TR FH A Sk A 25, T 6 i T A0 B BB, i 1 A i
FIFH AT fig 32 21 o PR 28 9 52 i, 40 g 3 R85 1 pH
E L AR AR R 5 A S 37 R A AR BAE 48
AP AT AL, Y2 AR i B T C AL
Y1 4 (P<0.05) , 7045 T 38. 46%H1 7. 46%
e, AR B SR S — P A U Al #h FE R, AT
AT AR 2 2R, e 7K1 (R AT A 2 22 R e T A 44
Hb R A B A X AT R PR O KO B AR A R
PRI T 2 (AR R DA T S SR T AT ) IR ORI B
2.2 FWREFSEX MP MR5ME L EH 0

PRAME AL 32 PEAL 28 B 5 A W R 2 1)) o 2
Ehpz — W AC R & R X 2 Bk g I A BE fa MP
RANEAL R A 2 Fios , Hid ns FRAH R4
SR A 8 2 ) JE B 22 R (P>0.05), F
A, &l 2 AN, SR E iE A S, Y1 4R iRst
TR B2 T HABAE P4 (P<0.05) , 3% ] fE 2
I TR QAR R T ) T 9 Bk I A B £
HLRGR A, S ELE , MP RS LR
T EMRARIK R Y1 41(67.25%) Y2 2H.(59. 17%) FiI
C 2H(54.39%) , H Y1 4 Y2 Hor9 ke ¢ iR T
23. 64%7F1 8.79% ., Rtk 7E Pk} b i it 4 € 45 22
AR EHAL RSN AR BARK A R R
FIVEFHRCR L T Rk A R 2R .
2.3 WEREZEX MP KEEMNRI

ARSI Ak 1 v i g 2 R i ) Sk
TR AR R BRI B
BPLARSMNE LG MP /K A B2 (2 ma an e 3 frs, H
B3 A, A S s A )E Y1 ALK A 25
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i T HABAN L (P<0.05) , Horf 858 i i 1k
JE, Y1 WK IE L C A Y2 H SR e T
41. 67%M 21. 43%, Pt WA 2 R A —Fh A AL
BT, X 2 1 5 4 7K A EL A R A T 33 ] R 2
TR AR L T & T E5 L, i T 25 5 9N
PRBEAEF  TTEE 5 1 K A 5 IR STt A% 2 R A
FRCRAR T i KPR A B 2R, U P AE — Y [
AR 2R AN I AT LA A2 1 B A K it
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Fig. 1 Effect of selenomethionine on the selenium

content of MP after simulated in vitro digestion

in pearl gentian grouper
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Fig. 2 Effect of selenomethionine on MP in vitro

digestibility of pearl gentian grouper
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Fig. 3 Effect of selenomethionine on the degree of

hydrolysis of MP after simulated in vitro digestion

in pearl gentian grouper

or  COAuENk . U A

ns

wn
T

]

W
T

-

BRAELA B/ (nmol-mg)
[\
T

—
T

C#4H Y14 Y240
213

B4 ARERBRNSRAN G5 E MP BRI
RV & o AL EAL)
Fig. 4 Effect of selenomethionine on the carbonyl
content of MP after simulated in vitro digestion
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AR R EA W BT AR, HS AR
RRRE T A R AELE MP IH =9 P R T AL
2.4.2 MFEHRESENEW HEEEART
UL — PRI RESE A, 76 £ R e 72 P 5 g b
N R RIS B AR A A AR AR Y AR
KBRS AL 0] R A BE L MP S [ 2544 1Y
AARAE L, A% R S AR XS BRI A B 41 MP #5410
TRSMHE LG B S S A AN &l 5 iR, Bl
5 n[g, A E iR, Y2 AR S o
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41 (123.60 nmol/mg. 165.82 nmol/mg) Fl Y1 21
(163. 58 nmol/mg . 169. 35 nmol/mg) , P I, % FE Al
IREEBRA FI T UL LU () 4 B8 e Bt S Ak BE 77 11
PEF, BEMTR 0 MP b (i B s 5 i, H i AKCEAlG
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AL =R CAIRI: OB =% e SO ko

243 MIRBERSENEW RAMRS %A
F BT A 2R i 2, T e 0 R i AR
Er VTG B AU e AR b R SR 1 AR 4k, AT [R]
Pz I WO 1 TR RS R ) B A R AT B AR
YT ERIE AR A BE B MP SRS Ak 5 — 2R i 2R
FR IS AN 6 B, o« TR AH R AN
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Fig. 5 Effect of selenomethionine on the content of free

sulfhydryl group of MP after simulated in vitro

digestion in pearl gentian grouper
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Fig. 6  Effect of selenomethionine on the content of

dimertyrosine in MP after simulated in vitro digestion

in pearl gentian grouper
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MP after simulated in vitro digestion
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() TBA {E¥ B E KT ¢ AR Y1 4(P<0.05), H
W RS, Y2 4R TBA {EEE C 41F1 Y1
Ay BIFEAR T 30. 23% 1 19. 12%, Al 0L, AL
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Fig. 8 Effect of selenomethionine on the turbidity of
MP after simulated in vitro digestion

in pearl gentian grouper
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Fig. 9 Effect of selenomethionine on the particle size
of MP after simulated in vitro digestion

in pearl gentian grouper
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Table 1

coefficient and weighted values of each index

Mean, standard deviation, variation

Fatr FME AefEE TRRE BUE
PON=N
(E?iﬁ) 0.09  0.03 0.29  0.16
THALR/ % 60. 37 3.87 0.06 0.03
WhE BT A A~ EL
mfiil% Z"%/ 0.28  0.04 0.13  0.07
X A~ EL
(ﬁo%l _Hfgﬁ , 38 0.8 0.26  0.14
Vi B A% L A Bl
ofrfﬁnj{h%mz%/ 161,93 17.84  0.11  0.06
&? Eﬁ) 0.39 0.06 0.14 0.08
R 0.39 0.09 0.22 0.12
B2/ nm 387.50  20.70 0. 05 0.03
e 0.47 0.09 0.19 0.11
P 5564.83 1960.73  0.35 0.19

K2 A IEAR AR AR S SR AR S
Table 2 Standardized data and comprehensive

scoring of digestive properties

Fatn (of:| Y14 Y2 4
A~ EL
i/ ~1.33 -3.30 -3.29
(mg - kg™)
HILZR/ % -1.55 1.78 -0.31
XY A A~ EL
BRI g 1.61 0. 06
(mmol - g7)
¥ =N
Btk b it/ 1.37 -0.01 -0. 81
(nmol + mg™)
N A2 P=N
i B S P it/ 0.22 0.42 0.98
(nmol + mg™)
TBA fi/ 1.24 0.12 ~1.23
(mg - kg™)
TR 1.87 -0.12 -0. 82
Bife/nm 1.33 0.41 -1.47
MR YO -0.10 0.53 1.45
MR 2GS 0.12 1.29 1.36
LA TESY 1181.15 10804.72 10 816. 19
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Effects of selenomethionine on the in vitro digestibility of myofibrillar
protein of pearl gentian grouper

XU Yucong' ,HE Shengqi' , LUAN Hongwei' ,BU Ying' ,ZHU Wenhui', LI Jianrong" >, LI Xuepeng' ’

1. College of Food Science and Technology/National & Local Joint Engineering Research Center of Siorage
Processing and Safety Control Technology for Fresh Agricultural and Aquatic Products ,Bohat University , Jinzhou 121013, China ;
2. Collaborative Innovation Center of Seafood Deep Processing , Dalian Polytechnic University , Dalian 116034, China ;

3. Institute of Ocean Research ,Bohai University , Jinzhou 121013, China

Abstract ; In this study, the effects of selenomethionine on the in vitro digestibility of myofibrillar protein (MP) of
pearl gentian grouper were studied by using a static in vitro digestion model to simulate gastric and intestinal
digestion. The results showed as follows: after simulated gastric and intestinal digestion, the selenium content of
high-level selenomethionine group (Y2 group) (0. 130 mg/kg, 0. 072 mg/kg) was significantly higher than that of
control group (C group) and low-level selenomethionine group (Y1 group) (P<0.05). However, the carbonyl
content (2.02 nmol/mg, 2.59 nmol/mg), dityrosine content (3962 a. u., 4062 a. u.), thiobarbituric acid
(TBA) value (0.31 mg/kg, 0.32 mg/kg) , and particle size (365 nm, 357 nm) of Y2 group were significantly
lower than those in C group and Y1 group (P <0.05). Besides, the UV absorption peaks and endogenous
fluorescence intensities of the Y2 group were higher. The results showed that high-level selenomethionine delayed
MP’s oxidation and denaturation process,and better maintained the structure of MP during digestion. The in witro
digestibility (62. 19%, 67.25% ) and the degree of hydrolysis (0.31 mmol/g, 0. 34 mmol/g) of the Y1 group were
significantly higher than those of the C group and Y2 group (P<0.05). In conclusion, the supplementation of
selenomethionine not only improves the antioxidant capacity of MP but also improves its in witro digestibility,
indicating that selenomethionine has potential application in improving the nutritional quality and stability of fish
protein.

Key words: pearl gentian grouper; selenomethionine; myofibrillar protein; in witro digestibility; simulate gastric

and intestinal digestion
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