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WE: YRNKRAZANEAEEZA MP) ALY, WKRREEZFAMFELTK
FAMER. THIFERT AR pH A% MP &M R XA EEmH. KA pH 25
H 2. 4y 6. 8y 104 12 By B B 42 i AL 38 k% & MP, i it SDS-PAGE 4 #7 A % fo
MP & oL, FIRERAMNEN R LEETHFEL R AELZ M. ¥R pH T Xk
HEMPEREREWMUERILA 1 1Ol E 5 YR H AR, 3t 2908 s .
AR DR FLA Y AT 3 AT, AT AL B pH TR M #4 % o SDS-PAGE #,
WAERKW, EpHA R, K#EE MP AW HERE, £pH6~12 8, ALERE s EH AL
RKEK, MahEa4FHREENME, BARERTTIEAT 5T REN. XEM AR
RAEKIEN LGS FA, KEE MP H AWM pH 3 in i3 fm. xtFFE pH T MP 3L 4
MM B, 7 pHS8 B, FLH A f W E Zeta W (L 4 38 A [(49.63£1.52) mV]. #4235 /N
AR EMRY, MpHI2Z FHTEZHAHMIAL, FATARNREE. ZpH8 B, K#F
BEMPEMERANTRANBE M. ARXKA, EFRELHTEAATAEE MP
REEHILRAEZ. pHAT K E & MP RN B TR, FENKESE MP &
B dn Tk o B FF KRR 4R B 2 O 4R 4R .
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1 LR L 4E 5 ) (myofibrillar protein, MP) %54 Fll
BV ik S o | S A

MP J& 01 A i 8 2 R4, LA R R
Y 60%~70%. TR FHA [ Ak 2175 = A0 s 1
AbEE | ARREALER | pH AbER | SMNEYIES NN
PRl MIP ) 45 A6 4 1 R 1) R Jo 4 A K i i
kBB SR X SR K v MP 9 A0 3R ) RN R
] ST R T, L R R A W (B B 5 6
BARIMAS K, TKRSEES XHEES (Lateolabrax japonicus)
MP R i K PR BT 2 W, R L 3 4 AR
2= F It KIS/ . Kristinsson 28 ™ #ff 5% A [
pH T KPS (Gadus morhua) WL FE A IREMERT,
SR RYIRR TR FREZ 5 T MP 9 FLALPERE, X
RGO I, B8 S A R T 8 AR
e R A EAEH o frE XA pH
THEA MP B REIRE TR, MP R 00
JEAR RGN REARTS . 76 pH X MP
KINREE B gE rh,  JEZE AR v AR R T T
T AR pH AR BIH LR AF . AR BUR Y BE
JBE P g 2

pH X MP ZLALAF M e i 0 5% 8B o 2 7
FERUT XGRS A fa AN B AR T I . O
MG W5 MP PET, 25 R R WIBE pH 2k
G, HAEREEREIT, Rk, W
TR PR SR R, S =R, 23
FLACTE PN o SBAE IR A BF SR AE AN [R] pH 454
TR MP ) FLARYE BT, 25 R 3R WA i SR
(pH fE 5~6) TCIE B AR E FLl , T 7E pH fH 6~7
T R K AL 45 o RGO 1Y pH X TR
B MP il & FLR M FRE MR U N BB, FLIRATAE
Riskn ARG, WMTE% . R AR E 22 1)
Ursete sy, b BRI M IR W AT LU e T
REHr, BRI A b, FE A R 1 A
Bt 25T, AT DR L B AR B R A2
WU SR, HATEF AR pH K 1 MP FL 4k
PERIE AR, A RFE— D058 LA R B R
H B s EA T & R R 3K

i A ] pH AbHE K B 1 MP, Xf H: Zeta HY
B Al A DL R IR DY SEAT 43 B o LA ]
pH b B [ K ¥ i MP AR 523 4 Bk il 2% FLI
XTFL B . A LA R R e ik T oA
pH XF MP 2544 Je FLALPER 20, I R K fa ™
mn P AEISARE
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1 MES R
1.1 #RI55

KEMWTE TR T 5, 23k
KR EWIE. KB, diKiEE TS, BOFHIL
WEIER, BAEEASE%E, 24 °CRURMM. Tk
FLHLER EM (SDS) 4T Sigma A F) o HAth 4k 2237
VIR orbrati . SEa i B RN 5L AT AR 3
N, I FRAE 28 K20 B 51 2 Tl 1) F 2 1
JEAT .

12 UF5%F

Vanti J-268 & #H 3R E.O AL, 55 E Beckman
2] UV-2600A 2500 66T, Bl oA
ar A PR s SDC-200 Y6z 4 fil g M AL, ARS8
AR A A FRA A 5 Cary Eclipse 966506
HBET, 3E[E Agilent /3 F] ; Zetasizer Nano-ZS90
40 KA B LAY, P [E Malvern 23 & 5 S-4800 Hi
FHEMPAEE, HARSH L HIET

1.3 LA

MP I 5% Cao E"MP $2HLY 7k,
FFREAEB R, BOR IR RE AL, A 4 1%
A BRI £6 8 R 2% wh % (0.02 mol/L Na,HPO,. 0.02
mol/L NaH,PO,. 0.05 mol/L NaCl, pH 7.5) {% i
3, B (9500 r/min, 15 min, 4 °C) 3 5
BOUTTE . UUVES 4 A5 i 1 = $h B R 2% vh ik (0.02
mol/L Na,HPO,. 0.45 mol/L NaCl, pH 7.5) IR &1
A1, #4122 he IRAYIE L (9500 r/min, 15 min,
4°0), FULTER FIER . FHWRIMA 10 55
BEPK, #E 3h 5B (9500 /min, 15min, 4°C),
DOVERD A MP, % T4

MP 5 & B LR & FREL0.5S gMP, 4
WET pH N2, 4, 6. 8, 10, 12 4 50 mL {K$h
W ZE rhi b, B 10 g/L AIW] pH AL FE ) MP 35K
SR G BARRL 1: 1IRE, £ 20000 r/min
=R 2 min, 4 °C %S H .

SDS-PAGE %% Fang %3"SDS-PAGE Hi
K, IERsEB . %2 oL EAEIFR S
10000 r/min &.0> 10 min, B EiE®R . I E 50
10% 53 B e . 4% e e . bAE & 10 pL, FIH
8 mA fHE L IEAT 15 min, 5% 16 mA [EEH
MEL N . W% S5 R-250 Y4 24 h, R
R (10% FIBE, 30% ZBR) Mt 45 min 155
TH T
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FERRAGME S Ren FY el 00
FETT, IFMEAEEE, SR pH ALY MP 3R
T, BUARTHE 0.25 g, EA ML 25 MPa JE il A -
W e 25 MP & TIlAH, 1 pl 8 4K i
W B 28 P T, THIRE 2 min, AR P i A 0 A
W 5347

MR ME SHEHTES NI
GG E T, JRESAEE . MP IR
R MR E 0.5 gL, MESM: BMEWNK
295 nm, R ARG BHEAE TR 2.5 nm, KA
7 [ A 300~400 nm, FH5 A 600 nm/min.

FURMAA A Zeta ufs  BHTHED
FLIB ORI A W5 T i, R PR, T E %
fF: I EFLW, TR b, @ B
JETOCH BB T, 40 54048 AT L OB 1Y
TEHMEL . 5% TIUER FLIK Zeta HL AT A9 I 2 T7
B, IFMEAEE S W 5 K5 0 MP 20
FLBRGRE 100 455, SR FHGARALEE A A4S s JLFRLAY

FUiR AL T A M) £ % Ren 5P &
FURFRE R i, JFIs RS, W& i FLIR
SEEPEC 10 mL T @A 00 2L R Y R A
JC i LI 2 19 & o FLHT 48 X (creaming index,
CI, %) A

CI=(H, - H,)/Hy*100%

K, Hy MAALE VIS B B FLIR S S (em), H,
FFASE ¢ B 2 FLACE S (em).

AR T FH SPSS Statistics 17.0 % 4 i3
T8RS BT o SRR K 53 #7h Duncan FC W Eb
BOR AT 22 5 WEYE BT (P<0.05), S5 R
{HHAR I 25 2R o

2 4R

2.1 pHRQIEIAFEE MP LM RIS

pH #F MP %) Zeta ¥.{% % "% AN[A] pH 4k
PR B MP 1) Zeta LV &5 R B, ST
pH 4~6, TESFHLGZM, pH BRI %A AN, Zeta
LA 25 X (E /N FESF LA, pH 6~12 Zeta
L 46 X (B A K, WT 3k 36.15 mV; 7E pH 12 A
Zeta FLOIAEXHEAIXT pH 10 47 FTREA (B 1)

pH % MP #) SDS-PAGE & " AN [A] pH
AT K ¥ 1 MP J5 SDS-PAGE HiL VK45 SR B, &
AT pH AP, MP & A AN Al B B B4 R At (151 2)0
M EE RO RINERE A . Msh&E A . JRLER
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HA/mV
Zeta potential
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-10 T

_20 L

: S b
—40 pH

El1 pHAEARGARTEERR Zeta AL
AEF R ZER B E (P<0.05), B3 AIEG6[H.
Fig. 1 Zeta potential of myofibrillar proteins of
L. crocea treated at different pH values
Lowercase letters indicate significant differences between different

samples, P<0.05, the same as Fig.3 and Fig.6.
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&2 pHAAEKRE&FRFEEH SDS-PAGE HKE
MR (R BRI 200 T ~IV 4 MACKBILERE (1. MBI E A .
JE LR 25 1L ER 2 1

Fig.2 SDS-PAGE of myofibrillar proteins of
L. crocea treated at different pH values

M. Marker 200; [ -IV represent paramyosin, actin, tropomyosin and tro-

ponin, respectively.

HEFIERE AR, 45 5 Wang 5559 (b
GEHEA B, TESFRAAM, pH IS, EER TR
ZRMBWING, WS MPESRE, H
200 ku b JCHA 5 451 o

pH *f MP 3% /i /A 497 " TE pH2~8 F,
FEfm A4 /N T 90° HASE AR i, RN SRk
Bl pH AKZZ34 hn, MP #& il f 35 K, 42 il /1 7€ pH
10 il pH 12 BF ¥ KT 90°, MP 30 B i 155 7K
% (& 3),
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150 pH *f MP L& Zeta % 1% 89 % "f NG|

20 T pH AZb PR HE i MP il £ LI Zeta HLA, TEZEHE

b l MAMZL A IER, B SH e, FLR AL

gé 9% | t XPE RS RS m A M 2L i, Rfi%E pH

ﬁg o, FL B HE R DTS T REESE (& 6).
NME 60 f o e ¢ LSS MP 1 Zeta HL07 (B 1) AH—3K

i pH 3t MP L A2 2 49 %ot A pH

0T Ab XA £ MP LIRS PE A5 S R, BLI

. EHE 1045, FUBFRBORRRE (] 7). 7%

2 4 6 8 10 12
pH
3 pH Xt MP #Zfl B RIFNE
Fig.3 Effect of pH on contact angle of

myofibrillar proteins

pH *F MP W /R K M eg e k28
W HEIE AR pH AL MP 5 PR 2GR AR
fb, TESEHSAM, pH BT S, PObMRE
MK, ZSTE R AR N 331 3 340 nm). 7ESEFH
ROAM, B pHBGIN, FOORIRE RN, &
S EERFAR (M 337 2] 332 nm, F3] 337
nm) (14 4).

500

-—-pH2

400

300

200

PG E/AU.
fluorescence 1nten51ty

0 [ ) ) R R —
300 330 360 390 420 450
P /mm
wavelength

4 pH ¥ MP RIRZL R B A0
Fig. 4 Effect of pH on endogenous fluorescence

intensity of myofibrillar proteins

2.2 pH Xt AEE MP LSS

pH #t MP L L 49 % oh Al
pH AbBE A £ MP J5 37 66 LR HOUL T 55 1 205 0 1
N, TR S ZE ML Rk R 5], TS H
SAI, pH 6~10 B, LI RL AR 7 T /N HL R /N
#a T 5], pH 12 WFLIH/N, e i SR
MY ZREE (K1 5).
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ML A, FLATRR B R, LIRS e R 2 . TR
SRR E A, BE pH E (6~12) 3, FLATHE KL
WS R, FLMORS E PEAE pH 8 N RRE TR . TR
pH 12 [, MP A fEid FEACHR R AR, SRR E
PEFRE, 13 d )5 HIEL (8 7).

3 i

3.1 pH AN AEE MP &M% KA

pH A MP ®.42 49 %70  Zeta AN EFE I
PRI L Bl 8, 440 X (I R T A o i P R
K, SRR, (E5M ST, MP R
M AL, A EAE A/, ATRE R T
A )RR SR AR E B R R S BOA R R R, 1
SRS, BE pH N, MP 3 M 7 H far B
%, Zeta LN HEXTEEL K . 1 7E pH 12 B} Zeta HL
I 24 X (B S SRR A, TTRE 2 fh T MP & AR AR Ml
A2 LTI

pH % MP SDS-PAGE %] % SDS-
PAGE H 1k A 1 00 b 522 BH £ PR MIP 19 [ i AR Pk
AL Bl Al B B A B T R AR UK 41
T RAEAREY AR A A ZE N, R TR I 2R A
Y, 200 ku 2 HLEREE (I EREARHTIE R, AN TR
AR AR IR, PTRE R i T LEREE SR R R
TREf#. pH4 T MP HLK R B EE T HE T
P30T A W S AR R BRI T S . 5 ST iE
AR, SRYEAMHELG, W& e &0 T
EAEP SIEEDIINAT SR TN

pH 5t MP 42k f 44 % v¢ —AHIE A (0)
Al F AR MP BSE B K M, — 8 B2 S e MP
FEZK FE 0 204 . LB SRR e Y, R
SREEE T, SRR SEH — M R e e AN HL
AT SOKMEAER, KNG FEA S TN
T, BAL RS, WURLR 4R A ARk, AT RE
T /K 3 A 2 i AE AR T Busi K M

HPE K FE2:2: 3290 sponsored by China Society of Fisheries



fEHE, 4

JK P54, 2024, 48(3): 039816
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()
E 5 pHAEBAEGINFRALEZAIA RN EMUE 40x)
(a)~() 7> HINTE pH 2, 4. 6. 8. 10 A1 12 T MP il % HI 7Lk

Fig. 5 Microscopic observation of myofibrillar protein emulsions of L. crocea treated at different pH values

(a)-(f) represent emulsions prepared by MP at pH 2, 4, 6, 8, 10 and 12, respectively.
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Fig. 6 Effect of pH on Zeta potential of

myofibrillar protein emulsions
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F10y ke A e LAY i K R B K /N 330 nm,
& I 0 S R FE A3 2 1 401 R PR 2R o
RRES K AT 330 nm, WAL TEH
Oy TN PRI R P FE SR 2, BT A
B, EARERE, CRREMEEAS TN
W EAEHL A, BE pH AN, HE AU Tk
G & A Ak, =R BT, iR 17 AN
W Pk IR B8 % W R %, S0P R T O i 13 448 i ©
AR R, MP PFERZS M 458 kA AR A, Y
BiK IR TR T AE 8 R0, X S il A A 45 R
FH—2 (18] 3),

3.2 pHXXE& MP FL{LEFHERIF T

pH &5 MP SLRMILE 60 %ol i
B P FGETLIN VL L 1 UKL A/ N4
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FUTHREU%
creaming index

~+—pH10 < pHI12

0 5 10 15
) E] /d
storage time

@

20 25

E 25 d MFLIR
emulsions after storage of 25 d

(b)

7 pH &IEXT MP FLiRFL AT AR

Fig. 7 Creaming index of myofibrillar protein emulsions of L. crocea treated at different pH values

BB, Liu %0 BFFE B ZLIKZE 1% SDS ik ik
HUS R AT, A5 5R %W 1% SDS AT LA I 7
FEFLC PR B, FLIR R/ T DR B R 1Y
FLILRE Sy, FLiRAREN, FLALRE R . At
AT RLHBE, 7E S5 HL 5 A2 MP (1 LA BE T A 25
FESEHL S AT, pH 4~8 B MP (19 7L AL BE 38 Vi 44
SR, B pH [HARZEIG N, FLIM R AR 4k L2/
] B SR AR R AN, 7E pH 12 R WL b
REEUIRTE - S

pH 2 MP L& Zeta w4z 69 % FLIRIK
T 2% T Y R AT AE — o R b R R YRR
PERT, B P XHE R, Il [ % e R T
K, BLIEFLE R & AR, Pania Rl F IR
FEPERY, FLIRL AN BRI K, A EORE
TRE DR E AT, W FEILE Zeta A4
XHE N, 7F pH 8 Bf, FLIAY Zeta HLO 45 XTHE
SR F KA [(49.63+1.52) mV], 7F pH 12 B}, FLif
BB, ATRESE T MP UKL i A ELAE
FAPEL

pH * MP L&A E e &oh WA
JE,3E ) 2L e SR AE PR R AR 1L
FLATE BN FLB AR 2 Y, Kurt™ #F5% pH X 7L
TWRE MR Fem , 45 30 pH (A 2 45 H i it
L far g, R FLIR AR MR . K #E . MP
FLIK Zeta ML B B (145 LA, FLIRTH MP B¢
LA A L HE R A R TR R e v . AN ]
pH T ZLIRAEAS [FIIERERT [H] A WS 5% 3 3L
WIFLALFRE A AL S, 5 0L B LR o
FH—2L
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i LR, MK E A MP I & FH R
AW FEAEARE pH (2~12) 25 F F Ab i K 3 4 MP,
Xof 25 A6 M o RN 2L AR AR E M R AT 43 BT . 7E pH
128, MP kAREE, T4 XHERETUEAT. Bk
PESAET MP T 5 R AL, LN ER2s Al 454 & A= A
b, BiKE SRR FEAERARE, HAMER N,
AWFFEERW, 75 pH 8 T AL WA 2 th ity mire
pH 12 TR 13 d )5 HE A ERE, S
WA B FL . R pH Ab B AT DLk B Bl 38 K
WA MP I TARHER H I, B4R AR & Tl
R0 T RS A -

(3 7 BA A U 52 Fr sl A2 B Al 25 8 &)
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Effect of pH on the structural properties and emulsification of
myofibrillar proteins of large yellow croaker (Larimichthys crocea)

REN Zhongyang **, CUI Yaging', CHEN Yufeng **, SHI Linfan ?, HAO Gengxin '?,
YANG Shen ?, QIU Xujian 2 LIU Shuji >, WENG Wuyin 1
(1. College of Ocean Food and Biological Engineering, JiMei University, Xiamen 361021, China,
2. Xiamen Key Laboratory of Marine Functional Food, JiMei University, Xiamen 361021, China,
3. Key Laboratory of Marine Fishery Resources Exploitment & Utilization of Zhejiang Province,
Zhejiang University of Technology, Hangzhou 310014, China,
4. College of Food Science and Technology, Zhejiang University of Technology, Hangzhou 310014, China;
S. Fisheries Research Institute of Fujian, Xiamen 361000, China)

Abstract: Properties of myofibrillar proteins (MPs) in Larimichthys crocea remain to be further studied to meet
the high-value development and utilization of MPs. The purpose of this study is to investigate the effect of differ-
ent pH on the structural and emulsifying properties of myofibrillar protein in L. crocea. MP from L. crocea was
treated with low-salt phosphate buffer at pH 2, 4, 6, 8, 10 and 12, and MP degradation was analyzed by SDS-
PAGE. Moreover, the hydrophilicity of MP was investigated by contact angle and fluorescence spectrophotometry.
Emulsions were prepared with MP solution at different pH and soybean oil at ratio of 1 . 1 (V/V) by high-speed
homogenization. The stability of emulsions was determined by analyzing the droplet potential, particle size and the
emulsion index of emulsions. At pH 4, the band color of MP in SDS-PAGE was light. At pH 6-12, the myosin
heavy chain band largely disappeared; however, the actin band gradually deepened in color and macromolecular
aggregates appeared at the top of band. The comprehensive analysis of contact angle and fluorescence spectrum
showed that the hydrophobicity of MP increased with pH. Meanwhile, the MP emulsions were negatively charged
with the Zeta potential absolute value of (49.63+1.52) mV and small emulsion droplets at pH 8, exhibiting better
stability than MP emulsions at other pH values. However, the MP emulsions showed poor emulsion stability and
even demulsification occurred at pH 12. The change of MP structure was beneficial to improve the stability of MP
emulsions at pH 8. These results can provide a theoretical basis for the development and application of MP from L.
crocea in the food industry.
Key words: Larimichthys crocea; myofibrillar protein; pH; hydrophobicity; emulsification
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