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ABSTRACT: Objective To study the effects of antioxidant pretreatment on lipid oxidation of large yellow croaker

during frozen storage. Methods Using large yellow croaker in different periods as raw materials, adding 0.06%
vitamin E (VE), 0.06% trehalose (TRE) and 0%, 0.02%, 0.04%, 0.06%, 0.08% compound antioxidants (vitamin E:
trehalose=1:1, V:V), VE was the positive control, and the physicochemical properties, color difference,
malondialdehyde, and antioxidant activity of large yellow croaker oil were determined and evaluated. Results
Antioxidants had a great effect on the oxidation of fish oil in different storage periods. The compound antioxidant
effect was better than that of VE or TRE. After 120 days of storage, the acid value of fish oil in 0.06% compound
antioxidant was (1.99+£0.09) mg/g, the peroxide value was (22.47+0.47) meq/kg, and the content of malondialdehyde
was (0.49+0.04) mmol/mL. Adding 0.06% compound antioxidant can reduce the antioxidant activity of fish oil and
reduce the oxidative deterioration of fish oil. The effects of 7 kinds of different proportions of antioxidants were as
follows: 0.06% compound antioxidant > 0.08% compound antioxidant > 0.06% VE > 0.04% compound
antioxidant > 0.02% compound antioxidant > 0.06% TRE > 0% compound antioxidant. Conclusion In general,
the antioxidant activity of 0.06% compound antioxidant is relatively better and has good inhibitory activity.
Therefore, considering the nutritional value of fish oil and the development of functional food, 0.06% compound

antioxidant can achieve good results, which provides a new research strategy for lipid oxidation of large yellow

croaker during frozen storage.

KEY WORDS: antioxidant; large yellow croaker fish lipid; vitamin E; trehalose
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Fig.2 Effects of compound antioxidants on the physical and chemical quality of fish oil (n=3)
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Table 1 Effects of compound antioxidants on the color difference of fish oil (n=3)
I3 HA /d 0 5 10 20 30 40 60 90 120
L" 68.72+0.43" 68.59+0.78" 68.07+0.34* 67.45+0.78" 66.74+0.39° 65.85+0.45° 64.67+0.33% 62.72+0.817 60.89:0.79"
0.06% T0.7240.04%  0.71£0.02¢  0.70+0.04¢  0.68+0.05"  0.65+£0.07°  0.43+0.02"  0.37+£0.03°  0.21£0.07¢  0.19+0.01%
¢ : ) ’ : : : ’ : ) ’ ’ : : ’ ) ) : )
b' 5.92+0.09°  5.76£0.04" 5.21£0.05° 4.53+0.19°  4.32+0.04° 4.17+£0.01° 4.01£0.12a  3.99£0.07°  3.91+0.04°
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It 58 /d 0 5 10 20 30 40 60 90 120
0.06% L 8503023 84.34+0.45% 83.87+0.36° 83.23+0.25% 82.05+0.65¢ 81.03£0.23% 80.26x0.46'  75.59+0.28" 74.54+0.82¢
R a8 -2.0240.03° —2.04£0.01° —2.09£0.08° —2.19£0.03° —2.33+0.02° -2.424+0.05° —2.54+0.05®  —2.65+0.07° —2.96x0.12F
E b 8.63£0.04°  8.62+0.01¢ 8.60+0.02° 8.55+0.05" 8.45+0.07°  8.32+0.10" 8.26+0.06°  7.91+0.022%¢ 7.75+0.09"
L" 74.92+0.42° 72.43+0.53" 71.92+0.13° 69.93+0.51° 65.74+0.89" 62.33£0.71° 60.31£0.93°  55.34+1.43" 51.67+0.95°
(Xﬁﬁ) a’ —5.43+0.04" —5.45£0.06™ —5.46:0.07" —5.50£0.09° —5.62+0.02° —5.76+0.03" -5.87£0.09° —6.03£0.12° —6.12+0.04"
b 6.06£0.06°  6.00£0.02° 5.92+0.04° 5.89+0.05° 5.72+0.08°  5.45£0.12°  5.24+0.06 5.06+0.02° 4.76+0.23°
L 74.92+0.42° 73.41+0.76° 72.65+0.26" 71.34£0.35° 68.39+0.36° 65.29+£0.78" 62.35£0.21*°  59.45+0.32° 55.47+1.42°
0.02% a  -5.43+0.04° —5.42+0.01" —5.43+0.02" —5.45+0.01° —-5.49£0.05° —5.50+£0.03" —5.5420.05" —5.53+0.03° —5.78+0.07°
b 6.06£0.06°  6.04+£0.02° 6.03£0.04° 6.00£0.03  5.96+0.07°  5.92+0.03°  5.88+0.04° 6.83+0.02"  5.76+0.05°
L 74.92+0.42° 73.72+0.62% 72.41+0.43° 71.92+0.13° 69.23£0.42° 67.53£0.86° 63.12+1.23°  59.87+0.84° 55.64+1.23¢
0.04% o  —5.43+0.04° —5.42+0.01° —5.41+0.03° —5.40+0.01¢ -5.39+0.02% -535+0.03% -5.31+0.08" —5.28+0.07% —5.20+0.09"
b 6.06£0.06° 6.03£0.02° 6.00+0.01° 5.97+0.03°  5.91+0.06°  5.86+0.04°  5.81+0.12° 5.78+0.03°  5.65+0.06°
L 74.92+0.42° 74.62+0.47° 73.2120.41"7 73.02+0.48" 71.87£0.31" 69.75£1.20" 65.75£0.35°  61.03+0.49° 57.32+1.32°
0.06% a  —5.43+0.04° -5.43+0.01" —5.42+0.02" —5.41£0.02° -5.39+0.01¢ —5.38+0.03° —5.33+0.02°  —5.14+0.06° —5.02+0.03°
b’ 6.06+0.06°  6.05+0.02° 6.04+0.01 6.03£0.02°  6.02+0.01°  6.00£0.02°  5.99+0.01° 5.96+0.02°  5.86+0.03°
L 74.92+0.42° 73.67+0.25" 72.97+0.24° 71.49£0.95% 69.78+0.30° 68.32+0.51° 63.75+0.65°  60.54+0.83% 55.21+0.52°
0.08% o —5.43£0.04" —5.49+0.02° —5.50£0.01" —5.56£0.02° —5.61£0.02" —5.65£0.05" —5.73£0.06"° —5.74+0.09° —5.83%0.03"
b*  6.06£0.06° 6.05£0.03° 6.02+0.03° 6.02+0.02%  6.00£0.01°  5.96£0.02°  5.87+0.01° 5.81£0.02¢  5.72+0.03¢
T ANRVING FRER R IR ] 22 5 1 25 (P<0.05).
bar 0.06% M S ) DPPH H HIETEERAE SR 29.34% + 0.23%, 0.08%K it
—e— 0.06%4EEE B4 LRI DPPH H B BEBRAE S N 31.57% + 1.43%, Bk
o s SERH, LRI AIRIEEEIH, DPPH. IR
0g L —¢—004% / /Q A RIRRERaF, YIPEE 120 d, KU1 DPPH A
—<— 0.06% —

—»— 0.08%

N _FE#/(mmol/mL)
a

04
02t
¥
0_0 1 1 1 1 1 1 1
0 20 40 60 80 100 120
W /d

3 SBCHUEALRIXT I PY ZE RYSEI (n=3)
Fig.3 Effects of compound antioxidants on fish oil
malondialdehyde (n=3)

25 EEMSAFIFEHRELCEENEN

M ik MDA fEA 45 H: IR T i A AL
JEBIRE o W P bt et bs, & BCPT AL TIX f
/) DPPH H tZiEkREE ) % B th 2SR Be A Sk
F17AEAk, Qi 4 BRI 4 TR0 Rk R A2 e R R £
i DPPH H TGRSR ER R ER, Vs A,
DPPH H VS BRAE TR . REfayhlj# 10 d, DPPH H
SRR AE AR/, TR 60 d IS, RESINFTEALFILH
DPPH H HiIEH R AE S0 45.89%+2.45%, 0.06% & i Hi4A ik

FEIEBRAE SN 55.54%%3.23%, AN 0.06% 5 a1k
2 DPPH [ HAEERRAE 1N 39.64%=1.13%, 0.08% & Brfit‘d L
F2H DPPH [ FIETHERAE ST N 44.23%+2.76%, Baiiimidsin
B4 SR G INgiAH L, DPPH [ B ERAE I AR m
10%~20%, XAAESREIRT VE HERSH I &tk il THERE TN,
WA AR I B PR R4 ) (M, K fal
W 120 d, EEYTEAFIR DPPH H th3EiEEREE SR
0.06% & Bt hi A AL71>0.04% B B ft AL 771>0.08% & Bt f ik
711>0.06% VE>0.02%%5 FLhi 4 fL351>0.06% TRE>0 E R ik
o HUESIREE AR IR A 0.06% & BIERAE JndE,

IMAS BCHTAAARIEREU G A, XFEEE B RS
FRAE I RN 4B A1, 24005 60 d I, X IRZHIREE B il AEmTs
¥ 1189(3.56+0.53) Ulpg, T 0.06% 5 Bdii EAL LAY B L)
T4 71°8(1.45+0.80) Ulug, 1BIFEE 120 d Ji5, 0.06% 5 Bt sk
F10(4.93+0.23) U/pg, SABNIIPTAEIL(9.7240.54) Ulng HH L,
HHrEIEHAHZEZ 1 A% R, B 4C HPIVHE 60 d 0.06% 5 Bt
PR i ST E L RE TR (0.41 £ 0.02) Ulpg, IKF
0.08% ICHTAALRIL, . I8 120 d 15, 0.06%53 Pt hr Ak 4
PR LML S BT AERE T AR T 0.02%~0.04% 2 BT A A 4H . PR,
AESCHIIIE R B, BEPIAMRIGERE S &R B 7% B 3k
ROO-FA A FME AN IR I S AL PI(ROOH), HIKifis
SAAEER R, AR A LRCR ),



1916 R i g Rl R 5513 4
A B
60 - —m— 0.06% FEkE 10 —a— 0.06% sk }
—o— 0.06%4EEKE /////% —eo— 0.06%4E/EEE
5ol —A— 0% gL —A—0%
R —v— 0.02% 2 —v— 0.02%
§ —— 0.04% e —— 0.04%
& 40 | —4—0.06% R 6 —a— 0.06%
i% > 0.08% E —>— 0.08%
H 39 ',
o 30 ferd 4
E H
{0
=N
A 20 g2
10 | 0r
| L | I | I L 1 1 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
W/d Wos/d
c
25t .
—B— 0.06%MF R
—e— 0.06%4tE KE A
20 A 0%
5 —v— 0.02%
= —— 0.04%
2 15F —<— 0.06%
% —>— 0.08%
1.0 -
i
5
g
0.5
0.0
1 1 1 1 1 1 1
0 20 40 60 80 100 120
e a
{i:: A: DPPH H HSLITERAES); B: B2 A HALTTERAES); C: MLl
B4 BSR4 A BE A R N (n=3)
Fig.4 Effects of compound antioxidants on the antioxidant properties of fish oil (n=3)
. . N " 70 - .
2.6 EERTENAN & AT IR E R | O —ooeuixe
B 60— - - 0.06%ig Sk A
YT bR I AT R R TR AT B 0.06%, ol 00 e
. . 4 [
B E e i HAIE VR R, W 7 ALBT A M wl 006 [
- . [ N

FIXT 120 d s ety Rte ek, SR S WA R
BHMTE 118~135 CZIA 2 i BUAE M . I AN W] %5 5
TR A BE B AR, 0.06% 5 it Bt B AL R i% 4128 1k
IRAE, WREETE 118 °CH U PRV, BEAHE 0.8 pV/mg,
ARG I P E AL T AE 130°CHE R AL VE e s, Al RLik 2]
68.7 uV/mg, FE UL, @i T 0] Al A, 2Rk
RE 2 ) R il 2y ) RS Bl , RUTA B ROCR, 1R85 R
PES FIREIRYIE, 0.06% 5 B Ht 0] I ok 51 1 RE %

7K it A AR AR B

DSC/(uV/mg)

— N W
(= [T =]

100 120 140 160 180
REE,C

40 60 80

Pl s 52 BOBn 4 7R 0 f i AV P 2 A R W) (n=3)

Fig.5 Effects of compound antioxidants on fish oil thermal

denaturation temperature (n=3)



2 6 1 B TR, A FAR AL S U BT A BT A R I e A R T A AL B S 1917
3 & i 8] AU, TR, Arclih, 5. NavaebE RAHUE LA AR P

B IR T AN [0 AT X b 2 fb 1 RE 1 52
Wi, PEAN AN R AR BOHT AL RIAE 0~120 d TE7sE ] 2 B
Il B LRE DT . SRR, S eI R X AN [a] it
I — BB EEA, RS N 0.06%E
BUHL AL 711>0.08% K FLHT L 71>0.06% VE>0.04%%& FLHt
AALF>0.02% % ft HL A AL F>0.06% TRE>0%Z Bl biE b
F. 7 7 BhHREE HL R, 0.06%52 B bt B AL K i it
AMRUR A, JExsfayh B ke ts . 825 . MDA, DPPH
A B BRAE 7 SF PR BB AN G . UL, % 0.06%
SBCHT AL RIAS I 3] faiA rh, BE A R R R AR
R R =) e N i R L o= R = 1 i = N B RO
5, MR AE K.

SEHE

(1] FEINE. o= B B DRI P AT A AR SE (D). T8 VLR
K2, 2020.

TANG CH. Study on the anti-oxidation law of a-tocopherol in four
vegetable oils [D]. Wuxi: Jiangnan University, 2020.

[2] HeH:Ds. SRl b R BB I i SR N [D]. K PR
K2, 2018.

LIAN GF. Evaluation of anti-aging and preventing liver damage function
of squid liver fish oil [D]. Chongqing: Southwest University, 2018.

[3] &, BUll, ARSI, S WA RIS DAL R ARG A AR R A
HRE IR EAL T200]. A, 2019, 40(6): 296-303.

LU Q, HUANG JC, ZHU ZS, et al. Optimization of natural antioxidants to
inhibit discoloration and lipid oxidation of conditioned chicken chops by
response surface methodology [J]. Food Sci, 2019, 40(6): 296-303.

[4] RFPH, SRWL, B, 45 ARG IER VS 2% P AR AL
FRALIT. R FHE, 2021, 46(10): 108-114.

WU DF, ZHANG M, XIE J, et al. Formula optimization of compound
natural antioxidants for prolonging the preservation period of chilled pork
[J]. Food Sci Technol, 2021, 46(10): 108—114.

[5] witss, w5, Bidids, 5. EERCRRTTRR T kit b rEng
SRR [J]. RS Tk K24, 2021, 42(5): 64-69.

YANG JF, PENG D, CHEN MY, et al. Effects of compound natural
antioxidants on antioxidant properties and shelf life of walnut oil [J]. J
Henan Univ Technol, 2021, 42(5): 64-69.

[6] HRLLH, TR, A, SRR RUR SRR o T S AR
WF 5% [JJOL]. [ 3 A%, 2022. DOL: 10.19902/j.cnki.zgyz. 1003-
7969.210194
WEI HY, ZHANG YB, SHI Y. Study on antioxidant effect of three
antioxidants in double low rapeseed oil [J/JOL]. China Oils Fats, 2021.
DOI: 10.19902/j.cnki.zgyz.1003-7969.210194

[7] REFEIE, WUR, PREFL & RIFEEINAIA AR B AN e i
W[ 25 KTk, 2021, 47(10): 151-158.

XIONG ZY, XIE C, CHEN BK, et al. Effects of different additives on the
quality of unfluffed large yellow fish [J]. Food Ferment Ind, 2021, 47(10):
151-158.

N

JG{EE)

S

[10]

(1]

[12]

[13]

[14]

[16]

(18]

[19]

M. 2 TR, 2020, 41(10): 184-191, 202.

SONG GS, ZHANG MN, YU XN, et al. The effect of fat-soluble natural
antioxidants on the stability of turtle oil [J]. Sci Technol Food Ind, 2020,
41(10): 184-191, 202.

RATHOD NB, RANVEER RC, BENJAKUL S, et al. Recent
developments of natural antimicrobials and antioxidants on fish and
fishery food products [J]. Compr Rev Food Sci Food Saf, 2021, 20(4):
4182-4210.

W25, TR0T, SCH. MR -l KL S 80T ). b
EEY S8R, 2018, 24(7): 47-51.

TIAN F, XU X, GUAN Y. Study on the oxidation stability of fish
oil-sensory and physical and chemical parameters evaluation [J]. Chin
Food Nutr, 2018, 24(7): 47-51.

XFRIL, XN, AN, S ARl RE I i A S B P A Y
[31. HENNE, 2020, 45(4): 14-17.

LIU HF, LIU XR, HUANG MR, et al. Preparation and physical and
chemical properties of golden pomelo seed oil [J]. China Oils Fats, 2020,
45(4): 14-17.

g AT . 4-RIE-2-CURTERN 4-03 0k -2- TR TRE N FAu
MALHIBFFED]. | M AR TR, 2019.

MA LK. Study on the thermal response mechanism of malondialdehyde,
4-hydroxy-2-hexenal and 4-hydroxy-2-nonenal in vegetable oil [D].
Guangzhou: South China University of Technology, 2019.

A, BEER, RIS, SE IO I E T 2D hEE
ShAFR, 2017, 17(2): 119-126.

ZHU JL, XUE J, SONG GS, et al. Optimization of trash fish oil
decolorization process using response surface methodology [J]. J Chin Inst
Food Sci Technol, 2017, 17(2): 119-126.

Xk, FZAER, BUbkIE, 55 252 st e AR P AL s
[9]. RO, 2013, (5): 84-87.

LIU Y, JIANG JX, RUAN LH, ef al. Study on the antioxidant effect of tea
polyphenols on frozen surimi oil [J]. Hunan Agric Sci, 2013, (5): 84-87.
BT, FN, BAESE, AF. AR R SHT AR RIS i 5 K AR
FEPERFIEI]. A2, 2021, 35(11): 2569-2577.

CAI JX, XIA SS, MA JW, et al. Tsolation, preparation and stability of
collagen antioxidant peptides from horse noodle skin [J]. J Nuclear Agric,
2021, 35 (11): 2569-2577.

FeAtHn, W, S, 5. ARFIRRR I T A AL IR R S
[7]. &5 EEE Tk, 2020, 46(24): 190-197.

QIU YX, YANG JX, MA LK, et al. Extraction and identification of
non-fat-soluble antioxidant components in pomelo seeds [J]. Food
Ferment Ind, 2020, 46(24): 190-197.

iches. Bt £ A E TN A BRI T ZWESE B i AT (D). Tod: YRR,
2016.

LUO T. Study on the extraction process and quality analysis of silver carp
belly fish oil [D]. Wuxi: Jiangnan University, 2016.

g, FEAR Y Il RERBOEDIRD]. AE: Wbl R,
2018.

ZHENG XC. Study on the extraction method of fish oil from octopus
by-products [D]. Baoding: Hebei Agricultural University, 2018.

SR A, RS, X, S AR A BT AL BT A
[7]. IR SR, 2016, 32(6): 194-199.



1918

B dn 2 4 R R I A 4R

13 E

[20]

[21]

[23]

[24]

[25]

[26]

ZHANG JY, FEI XW, LIU JH, et al. Quality change law and evaluation
during fish oil refining process [J]. Food Sci Technol, 2016, 32(6):
194-199.

XE2E, XBER, DT, 55 A ERGRE AU XA AR
SRR E PR, AR S, 2021, 34(3): 1-5, 16.

LIU YL, DENG JL, MA YX, et al. The effect of different storage
temperatures and antioxidants on the oxidation stability of peanut oil and
soybean oil [J]. J Cere Oils, 2021, 34(3): 1-5, 16.

KEM, BURE, WIET, S et H B VC BEIRRRBEFI K RS Ak
TMEREEAING P HTEALVE R RORFFE ). BRI, 2013, 34(1): 88-92.
ZHU XM, RUAN X, HU JN, et al. Antioxidant effects of a-tocopherol,
VC stearate and quercetin in structural lipids containing pine nut oil [J].
Food Sci, 2013, 34(1): 88-92.

MRat3E, XI/NDY, BB, AF. FRIESURHE TR BRI T SR T
[7]. kLT Ak, 2016, 37(19): 59-64.

CHEN JM, LIU XF, MIAO JK, et al. Quality status analysis and standard
revision of raw fish oil in China [J]. Feed Ind, 2016, 37(19): 59-64.
REIE, FRUAR, HYR, . IRETERZH ORI R BTEA A
WEFE[]. PR, 2012, 27(1): 66-69.

YU QY, LI FJ, YANG XQ, et al. Study on the antioxidant effect of
fat-soluble tea polyphenols on hemp seed oil [J]. J Chin Cere Oils Assoc,
2012, 27(1): 66-69.

RAGID, SRS, 2, & ARRNHEOREE T Al dh BB ], 2
Bla, 2018, 39(21): 237244

SONG GS, ZHANG MN, PENG Q, et al. Changes in fish oil quality under
different storage temperatures [J]. Food Sci, 2018, 39(21): 237-244.

ey, Ve, XUE, . OREEMIEGE R A B 2SR ]. fRRHS
FH, 2014, (8): 40-42.

FENG Y, XU HJ, LIU D, ef al. Changes in quality of different fats and oils
during storage [J]. Anim Agric, 2014, (8): 40-42.

WAL LI T8 R AT . B AR IR AR R
TR [D]. S5 SRR, 2015.

HUANG YW. Effects of oxidized fish oil and Malondialdehyde on the
anabolism of cholesterol and bile acids in hepatopancreas and intestine of

grass carp [D]. Suzhou: Suzhou University, 2015.

[27] SIMONA M, GIULIA C, CINZIA S, et al. Tissue antioxidant status and

lipid peroxidation are related to dietary intake of n-3 polyunsaturated acids:

A rabbit model [J]. Antioxidants, 2021, 10(5): 681-687.

[28] ALI AW, HASSAN AF, MAKKI IL, et al. Effect of omega-3 fatty acids

and fish oil supplementation on multiple sclerosis: A systematic review [J].

Nutr Neurosci, 2021, 24(7): 569-579.

[29] EJE, PR, BBHE, S KEGASMNTEIEHERTED]. B s,

2018, 43(9): 149-153.
WANG H, LUO QH, WEI MY, et al. Study on in vitro antioxidant activity
of giant salamander oil [J]. China Oils Fats, 2018, 43(9): 149-153.

[30] FhEsR, LR, SGRE, 55 RIRBUEAN X e R BEh] b f

BES7 R b BUE M BORT IR )], R s Rk, 2021, 42(21): 1-7.
LIJR, WANG ZQ, YI SM, et al. Research progress on the effect of natural
antioxidants on the antioxidant capacity and quality of surimi and surimi

products [J]. Food sci, 2021, 42(21): 1-7.

(R1E%4: @i, THY%

& &N

BEY, MItHRE, TEMRATE
ARRMISRE,
E-mail: Zhaotengfeil996@yeah.net

RBRE, #1, BIEK, TREHMRAE
AERRESRE.

E-mail: yingxiaoguo@zjou.edu.cn

DigE, HL, BB, TEMARFE
RHERESESR.
E-mail: m19911k@163.com



