MK EEBHE Modern Food Science and Technology 2025, Vol.41, No.9

ARIpH ETEEMAERRE M
AR AR E AL RE TRV LS

FRE", KE’, XIKA", gEEH’
(1 AT LI R R FAEF IR, AT 310058) (2. fed Rk K # A SA2H AR, BREXER
K& TEARE H-F s (KX, #ILRIZL 430070)

E: AE amirE G (Grass Carp Hemoglobin, GCH) A5t %, #f5f pHA46.0. 65. 7.0. 7.5. 8.0 3% F, GCH A M
VABSTRG o B A= & R BALe#rm, £ pHAEA 6.0 #= 6.5 BF, A& w4 ¢ (OxygenatedHb, OxyHb) &&ik'Y, A5t AAFE
96 h B 551 1% 30%A= 14%, B3E1%F pH 1A 7.0~8.0 3R3% (P<0.05), M &4kir&E (MetHemoglobin, MetHb) 4 m&& 4 72 h i
2-#3£ %) 4.92 pmol/L (6 pmol/L) #= 4.3 pmol/L (6 pmol/L), £ & F 5 s 3rst (P<0.05), BREIASE T mir&k & o) RALL A6
HR58E D HEIA MetHb, EBRMINZE T, GCH 41 POV R XAAL4#1i4 2] 16.1 pmol/Kg #= 16.2 pmol/Kg, TBARS & KAH 57134
%] 4.9 mgMAD/Kg #= 45 mgMAD/Kg, 2% & T ¥ M543 5E (P<0.05), ABMEITSET, GCH AEFAS KT HMINE, &
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Abstract: The stability of Grass Carp Hemoglobin (GCH) and its impact on lipid oxidation and protein oxidation were investigated across
pH environments (pH 6.0, 6.5, 7.0, 7.5, 8.0). With increasing storage time, in acidic environments (pH 6.0, 6.5), Oxygenated Hemoglobin
(OxyHb) decreased significantly, with a 30% and 14% reduction in relative oxygenation rate at 96 hours, respectively, which was lower
compared to neutral and alkaline conditions (pH 7.0~8.0). Production of MetHemoglobin (MetHb) reached 4.92 pmol/L (6 pmol/L) and
4.3 pmol/L (6 pmol/L) at 72 hours, significantly higher than in neutral and alkaline conditions (P<0.05). It was observed that hemoglobin’s
oxygen-binding capacity weakened in acidic environments, leading to easier auto-oxidation to MetHb. In acidic environments, the maximum
POV values in the GCH group reached 16.1 pmol/kg and 16.2 pmol/kg, and the maximum TBARs values were 4.9 mgMAD/kg and
4.5 mgMAD/Kg, significantly higher than in neutral and alkaline conditions (P<0.05). Under acidic conditions, the total sulfhydryl content in the
GCH group was found to be lower than in alkaline environments, while the carbonyl and dimerized tyrosine content was higher than in both
alkaline environments and the control group. These findings indicate that protein oxidation is accelerated by GCH under acidic conditions. The

results suggest that the auto-oxidation of GCH to form MetHb in acidic environments is key to accelerating lipid and protein oxidation in fish,
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whereas hemoglobin-mediated lipid and protein oxidation is inhibited in alkaline environments. It is further suggested that increasing the pH of

the fish processing environment could promote the preservation and storage of fish products.

Key words: pH value; Grass Carp Hemoglobin (GCH); autoxidation; lipid oxidation; protein oxidation
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#r GCH XA A% ANEM R MR RO A AR EE IR Bt ML RS
16, RF pH (AT GCH FasE 1 AR A R S (szmm, ARy B £ PRI T DA R e aet 2 A 1 AN B 1 o ) A A
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S8J5 10 000 g, 4 CHMF FEHATEL, EHESIT 3 K. HBJ5 KN 1 mmol/L ¥ HCI A1 1 mmol/L ) NaOH
VR pH {E% N 6.0, 65. 7.0, 7.5, 8.0.
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B Ko B R 78% A O M R A= AR K . BRI RIAT 2 (A TR S, g a5 Ak
BEYIE. FTSFER—A =, AR OIFEIBRESREERRAT, 4 CIgRLARAH, 7RIk ] e B 2 S 1
pH {H.
1.3.7 fghr fdeegml e
1371 dEAME (POV) W&

K G- ERENE RS POV B, B 0.5 g KA T 50 mL B ELLE T, A 10 mL RS 0TR & W

CAEFALE 1:1), S IA 3 mL 3% SN, fiFa T, E% 15s, 120009 &0 20 min. &0 )5 R

BT EEMG 25 mL T 10 mL HEEEOEN, MARBERDEA 25 mL, 1A 25 pl 1 3.94 mol/L f6i
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SRRSO 25 L 19 0.02 mol/L &AL IR IA R (5 3.5%[) HCD, YEZ)JEERE 20 min, 13 500 nm AL
. Aritk 2 IS A E R R 2 (0~10 mg/L).
1.37.2 GifREHZER (TBARs) MIE

AR ZERME (TBARS) IIIES % Javed 2773, WERFREL 0.4 g BEdh, BT 25 mL AIEREN,
TN 17 mL =S CIBET, 185, TR, N 3mLTBA AR . Wi/kis AR 30 min, BUHY, ¥W211h, HU5mL
TERNELEN, IS mL &5, 7£3600 g 24 FEC 20 min, W FIHET 532 nm i tb s, OLEE
X HEbRAERIZE TR, HEf P TBA {H.
1.38 &&/afLagnE
1381 EFESEMNE

S NP 713 DN R S SR S BN, 1) 1 mL RO £ 44 2R 1130 2~4 mg/mL) A 9 mL 0.02 mol/L
Tris-HCI 225 (& 8 mol/L JRE . 2% SDS. 10 mmol/L EDTA. pH 1A 6.8) 1 1 mL Ellman if5VE &51,
40 ‘C/Kift 25 min, AL 412 nm L FIREAE -
1382 BESEMINE

%% He L2773, 2B 2 mL B AFAR T 2 N0, #4010 1 mL20% = ZER (TCA) (m\) Vi
wE, Hir 412 mL 2 mol/L HCI, %—#3h1 2 mL 2 0.2% DNPH [¥] 2 mol/L HCI, 23518 T 25 ‘C/KIBRIE
30 min, 5 /EMEIESA], 25 10 000 g B0 15 min, # i, S3IRTEH R 2.0 B8R-S YIRS,
BEHRAR R, JREYIE 10000 g &0 15 min, E.0JEP0EH 2mL, 6 mol/L HCIl (pH {0 6.5) ¥&fik,
KW 10 min, JEAY) 10 000 g &0 10 min BREANEWR, £ 370 nm ARG, IEERECN
22000 L-mol™cm™ $H5545 50 8 [ R BEAT A MK WUBE IR S
1383 IRPERR & RN E

T RBE IR S EIE S Ma 5P, T IRIREIR & B OO HINE , S5 Kk 420 nm,
BRI 325 nm, BREETEFTIN 10 nm. 5K ) R ERE IR & BRIl & WO B DL IR EE 3RS, A
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14 HAEaAr

ASCSEIBAR I N 3 R S A IAME, R Excel MEHEFATAHE, 1 Origin 2024 #4741, BdELL
FMEHMEZ (SD) FoR. iaH] SAS 8.0 BT BT, EEMKPBE N P<0.05.
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[El 1 pH Xt GCH HEX R & BESIHIRIMN
Fig.1 Effect of pH on the relative oxygenation rate of Grass Carp Hemoglobin
E: KRB FERFIRIZAG £F (P<0.05), NBFEKRE pHIAZ A4 £57 (P<0.05).
WK 1 fw, ERRMIAEE (pH N 6.0 f16.5) 1, GCH [FAXHE &R EE TS (P<0.05). 75
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PEIRETH GCH AHXT A A ZR I 5 TR] K 2 25 PG (P<0.05), 7 TH] M O h 42 96 h AHXTAE & 2437l A 30%
1 14%. FEXTA G 2R FKAT e B T GCH fERRMEI S b 5 A SRR L 3. HI R A B o1
o R B B2 AT RERAF, A BT R A A SR, MITRHRINZI &R 195 O, ML &g 0. s
L2 S pH 6 AT 2R RIS BRI 2 b R B, B pH (B FR%, OxyHb 78 R AE R YA I 3B MR gy, 4T aR
1 AR EAN AR A

22 pHEXFE &M% A H 3 AP

Tk £ 3 5 B umolL)
& w
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Fig.2 Effect of pH on the autoxidation of Grass Carp Hemoglobin

E: KB FEATRREZRA £ F (P<0.05), B FEK% pHEZE# £F (P<0.05).

MATE H BB EM R AR EI R S IR, AEiZ0dFEH OxyHb #%4 MetHb,  [R]I 7A= K B R4
P B R RO A H B 2R 1] 2 s, MetHb 2 B RE I A E K S 380, BRIEIAEE MetHb 2 & Tl
PEFRES (P<0.05). 4l E] A 72 h sk, pH {f 6.0« 6.5 F4E ) MetHb 435114 5] 4.92 pmol/L (6 pmol/L).
4.3 pmol/L (6 pmol/L), i 70%1 AL H 3%y MetHb, 6B L0 AERRMEFR ST 88 5 R A B Bl AL
PE AR MetHb, 7EXH 7 1f 21 25 5 (R 72 b R 43RS pH A ER 7.0 FFHITA 6.0 i, MetHb FEREINEE. 76 i 1%t (5
fife L 2128 1 S IR T R IAERRIEFA G T, 4058k 72 h I8, MetHb 43553 4.22 pmol/L (6 pmol/L) .
3.7 pmol/L (6 pmol/L) ™, 5 sr & EAEL, FfmnLr s o 5 KL HEE . 24 pH EUARREER, M40E&
A SR A (I S5 s, AR T 38 5 T HEANIZL AR (38, AT MetHb [P0,

23 AR pHE T ¥ & 21 & | g i A iy %o

23.1 POV /AZAL

POV {E 2 &M W E L E e, TS AT e, 5 i R el a2, BE T [A] 24
FEFEINGR, POV (H4 RIS EFHE IR . M 3 als, 7ERRMEIIE b POV {HAEN AT 3 K EHE
I (P<0.05), 7 AliE2NEKAE 16.1. 16.2 umol/Kg, 4R 5 A& 5 8] (I 4E K 2 R 8%, GCH 41 POV 14
BESTTAMA (P<0.05). 1M pH {E>7.0 B, POV (AL 7 KIARIHRNME. ERMHEEF, POV AR5 K
{ELPRIIN B] LU R AR 4EIR 4 K. 11 GCH 4H POV EAEI R 1 Rfam T2 A4, Wil GCH g 1 RENi%A L. [H
IR T A POV [H & TORPERES, 102 T 7ERR A8 20 8 U E 3l A A s MetHb K
SNBSS T E dE, TER A ES T BO E A S IR R, A IR R S A A g R 1 ), [ MetHb
S M LT R MR, B E PR R AU, et A e, S5 POV (KT, FEXE bt B
A R B £ I 2T 2R R AL BE I e % R A el s B,
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Fig.3 Effect of GCH on the POV value of washed fish mince at different pHs value

7Z: (a)pH 1A 6.0, (b)pH A 6.5, (c)pHAE 7.0, (d) pHAE 7.5, (e) pH 1A 8.0; KRR FEARKA M2 a4 £ 57 (P<0.05).
2.3.2 TBARs{&# T AL

TBARSs {E /247 MR 7 E b 5 SRR FE R RFE b . BHIE 4 W50, BEIGEUN (A2, TBARS {8 2 IUEHT F Tt
[P, GCH 417E pH {E N 6.0 A1 6.5 i), TBARS e KME /T AIAF] 4.9 mgMAD/Kg. 4.5 mgMAD/Kg. BRPEIREEH
i TBARS {8 iy TP AR T . (Hsds 2.2 855K A5, MRPMEMEG L08R H 3 5 H 3N MetHb, JfAERE
FERERE BT A e A E B, MetHb SHIE hFEER, K ferry/Hb(Hb-Fe ) (et g4
P, et i 208 F BT T, B RRE R BLIERR MR 55 b TBARSs i TRt r s, 24 pH {4>7.0 i,
GCH 4 TBARs {HTESE 3 R FFE, SAJ5 RGN (P<0.05), HJRF mIReE M A= LN M it
SEAAITE TR ER RIS T 2 A FE BRI AR AN ), 50 B P TR I B P, S0t 8 A B PR3 T
JE T — 2 A O 22 T AR i P S i A2 i, TBARS H X E— 258
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Fig.4 Effect of GCH on the TBRAs value of washed fish mince at different pHs value
7Z: (a)pH 1A 6.0, (b)pH A 6.5, (c)pHAE 7.0, (d)pHAE 7.5, (e) pH 1A 8.0; KRR FEARKA M2 a4 £ 7 (P<0.05).

24 FEpH TE# ma%E G & E a2y
241 E#mALSENHH

B AU P A BRI LAl SR AL 1 IR AP A, R RAERT, SEUESEE S ET
WL i 5 i, FEICHRIE, B LSS A R T GCH 4L, IR AR, 5 4L GCH 4LESRAE A it

MARREE TR (P<0.05) . GCH fERMISE (pH {E24 6.0 i1 65) H1, 7EEE 9 R, SIS =5 Hlb
2.66. 2.02 pmol/g. FMILELTLM SR SRS B RSB EERY, RIS, 7555 0 K,
BEHEASEETE, MEPHIREETY, MRS EES S K. X6 TaEmRE S b & s S
H a-BZHEFEACATE NG, EESWME, ARG, MR AR, B AR R [ i K e i 2
TBETRE, E IR T IF AL . 2 AYLE pH E 8.0 I, BFIESEANES 3 KIEIEE N (P<0.05) ,
SR G R TR G R ETHE RS . TR TR 7Em pH (T, SEER S KA, AR
k. FA, ERPEIRSE R R A R IR R A AR AL E A E A R R, SRESRESENT
BB, B IR A K, R AR R, M RE, MEEIEE LT G TR, 7RI
PR AL BR800 £ R AT SRE S T, o IR R IR, A% (20 GCH 40 ELrT 4, ZEIESEERT 7 K GCH 4%k
EESRITAAM, e R 5505 2.3.2 i8NS TBARs 45 Sttt —3, fEMMEE s, ROAFRMET 5 REH
ST AR BN, 3 SRR S R R R,
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Fig.5 Effect of GCH on the total sulfhydryl content of washed fish mince at different pHs value
E: ar @RI b: GCHE; KBFERTHEZANZF (P<0.05), NBFERE pHEZ A £ R (P<0.05),
242 eSO

[CJodfS93 a5 ¢[00 7a EEE 9 d
0 | ] 0SS5 a5 o [ 7o 0 @ w |

:::::

pHIl pHIf

[E 6 IN[E pH {ETE&MAEAN & RHRES SRR
Fig.6 Effect of GCH on the carbonyl group content of washed fish mince at different pHs value

E: ar @RI b: GCH 4, KBFERTHEZNN£EF (P<0.05), NBFEKRE pHEZ A £ 5 (P<0.05),

I 1) 3 B AR R AR S AU B SR B ) A8 Ak LA S kB 24, il 6 o, TERRMERRSS (pH A 6.0
F16.5) 1, 2% AT GCH ZH Bk & BBl e (] K 52 22 E7F, H GCH ZH i & & 38 i 125 F1 2 (P<0.05)
IS 2.2 F1 2.3 GE LTS, FERRMEFRIE T Fe® S0 )y Fe 5 S S MR O A 52 or 4 2 2 SR A A AT A e
NEWT A A R B WA RN 5 TR A R E TR B SN, I AREE AR B 2 L AHAE TP PRI A A5G
r, B B T TR S (25380, T GCH ZHAER M B rh i & ARS8 5 RIN 3 )ik 1l K {E 345 nmol/mg
F1 320 nmol/mg 285 TR, 7E Fe*H,0, - SPD Tt RI2E PR R ALK /BT 70 o 2R BRO%T, AT it ]
FEHT, 1 Fe® IH,0, A RV 2 A B — S AR RS A WD PE B A58 v 5 A T Bl PR A
243 ZREERBELEFA

TIRBERR T TR E B AR S R SRR . W 7 P, BERCEUN TR IR, IR S
HEINE D . ERRIEMEE (pH E2y 6.0 M16.5) H, “IRMEMRM &S T B A, XU G
HE AT RE 2 M 2R A MetHb DLA IR BT SR A S ST, FERRIEA S (pH {8 7.5, 8.0 o, IRFREMR
AR 5 RIABIERKMERGEIEIC (P<0.05), JREH AT Re 27N PUd AT MetHb 1778 1) 8 F BT A A IR &= b,

B R BEIRAIA SO, TERER S A SRR R A R, RN R B, WRtERR
B ZRER R e TR . R ER S pH EMAEAAEVIRR, ERERSHIIEAH
BEAGAE FOR B MetHb, - RIS FRITAEU L A IR 40, AR R A P SRR AR, i SRR

SR,
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Fig.7 Effect of GCH on the tyrosine content of washed fish mince at different pHs value
A oar 2O b: GCH 4, KEFHALFHEAZLE M ZHA (P<0.05), I5FEHNRK pHAZ M £H4 (P<0.05).

3 Zhip

ASEIGHEFL T pH AR AL 21 8 I AR 1 DL SR AR AR SR AL RE TR semi . SERPERSEAE LE,  Ffaf
LU EERR PR S AR & FR WA FRAIK (P<0.05), Fk %) B 3h%E kA MetHb. 7£ pH BN 6.0 F16.5 i, GCH
YA POV, TBARS 1B % i OIS [ (P<0.05), —HRERERGABEL S BRI, MSE S ERD,
X5 MetHb FITERCGEVIAEDG . FRVERR S LT A (s T £ PR D AN AR (1 B S8R, T e S M A 55 v 1 PRI IR
D AR AR O 2R 1 . DRI E B SN T AR el PR RICE pH B T MR iier i b, AR Tk
MR AN F AP A E BB, AR .
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