5 45 % 4 20 ) i Tl B Vol. 45 No. 20
2024 4F 10 H Science and Technology of Food Industry Oct. 2024

AR, PRAKAE, AR DRER, A IR ST S AT A A 7 R Ve B R B IR AR AR (9], £k Tl BR 4, 2024, 45(20): 23-33. doi:
10.13386/j.issn1002-0306.2024030044

PENG Bin, XU Linju, YU Chengwei, et al. Lipidomics Analysis of Lipid Changes in Grass Fish during Cold Storage[J]. Science and
Technology of Food Industry, 2024, 45(20): 23—33. (in Chinese with English abstract). doi: 10.13386/j.issn11002-0306.2024030044

FHBEREE—AFDTEAERRBEARFOEA ( TEERH: Rl GKREME) -

e L 2 AT 25 e A A T
AR RAEAL
B R, SR, R, SRR, SRILE, B4

(xR kFAPAFFRE R ERKEM TR AL F L P02/ S 330022;
2LHIFTER FEEFR, HE S 330022)

H OEABRNES AAKESBRAAAT RS TEMRied, RAATASE RN E %P R 2ot T RF 5605
RBFHRFRESLN 4C TARIREE (3, 6429d) &A%, @5 AAToMAERES EZ0iHik
HABRIHEFHERER, HESKEGGHRELTEEZRBASTHAEORMER. LERAY, FENAFHIE
T pHZH T, mANKCILLBRMA, BEBHRSSERLEELLABH LI, ABE 9dit5 5& 3
0.82 pg/kg. 168.22 ng/10 g #2 23.63 mg/100 go AMFE & NP L L2 h 1265 WERA ST, 2&SAKEMRISAE
£, HihE (GP) Aoty (GL) REENRAM T EAL. AM3d. 6dWHF &N 5T 6 QIERREL
PREF, ABRIOIELARRARHAAIT T, EHEE (FA) AL (SP) 2ARIMTH G~6d) L2 £5%
R, GPRABEN (6~9d) B TIMME. ZALTFEFONGTRFHN2WHEREAY>T, 2524
GP#= GL, L ¥ # 58t C Bk (PE) (16:1e/22:6) 2M B F T (P<0.01) , Hih =8 (TG) (4:0/18:0/
22:5) . BfgEtIzak (PC) (18:1/20:3) 4= TG (18:0/16:0/20:4) £ B F T4 (P<0.05) , THEHABELABRS T
& Winitdh. KEGG il 55 & 047 L ILH A5 Rt fe H i B RE Rt 5 B 7 B AA S ] 69 B8 R KM, RPrhAd @ E
SRNE TR ENEERMER. AXEEATESRAABS EIEFTERAELRFBERAS ESTHROHALT R
e ARMERE, AHABRE LIRS T IHIE R RN IE R % TR AL,

KER:FE, 5T, RAAF, EFIA, RisHE % =

HE &S TS254.1 CHEFRINAD: A XEHE:1002-0306(2024)20-0023-11 3,;,\
DOI: 10.13386/j.issn1002-0306.2024030044 TR B g

Lipidomics Analysis of Lipid Changes in Grass Fish
during Cold Storage
PENG Bin', XU Linju', YU Chengwei’, HU Mingming', ZHONG Bizhen', LI Jinlin'*"

(1.National Research and Development Center of Freshwater Fish Processing, College of Life Science, Jiangxi Normal
University, Nanchang 330022, China;
2.School of Health, Jiangxi Normal University, Nanchang 330022, China)

Abstract: In order to identify biomarkers of lipid deterioration in grass carp (Ctenopharyngodon idella) muscle during cold
storage, the lipid profile change of the grass carp muscle stored at 4 °C for different periods (3, 6, and 9 d) was investigated
by UPLC-Q Exactive HF-X. Multivariate statistical analysis and one-way ANOVA were used to screen the differential
lipids during the cold storage, and then to enrich the metabolic pathways involved in the differential lipids through the

Yris AHA: 2024-03-05

HETH: BRAKXHAFALTAA (32060557) ;idf A RAFALFFALTA (20232BAB215060) ;T4 A XA FALAEFFALTA
(20224ACB215010 ) ; #6/Ma 4 L HFH3]- 22 HF KPR ARF LAZHRA A (20232BCI22021 ) 52023 S H 4 1-L/EHHR B #0578
(319030) ;T @mEHF/TELRE (GII2200310) .

EERN: %K (1992-) ( ORCID: 0000-0002-4436-6296) , % , W+, BB X R, A% F @ : K = A5 R n L Fo & 1544 % 4 4] A, E-mail:
18507001686@163.com.,

*BIE1EE: S44 (1983—) (ORCID: 0000-0002-1523-1800) , §, &, #3%, AF 57 #1: R o i &5 %4, E-mail: 1ijinlind05@126.com,,


https://doi.org/10.13386/j.issn1002-0306.2024030044
https://doi.org/10.13386/j.issn1002-0306.2024030044
https://doi.org/10.13386/j.issn1002-0306.2024030044
mailto:18507001686@163.com
mailto:lijinlin405@126.com

B Tl B

KEGG database. The results showed that the pH in grass carp muscle decreased gradually, while the thiobarbituric acid
reactive substance, total free fatty acid content, and volatile base total nitrogen increased gradually, reaching 0.82 pg/kg,
168.22 pg/10 g and 23.63 mg/100 g, respectively, on the 9 d of cold storage. A total of 1265 lipid molecules belonging to 5
categories and 35 subclasses were identified in the chilled grass carp muscle. Glycerol phospholipids (GP) and glycerol
esters (GL) were the main components of lipids in grass carp muscle. There was no significant difference in lipid profile
between grass carp muscle refrigerated for 3~6 days (P>0.05), but there were significant changes in lipid composition when
refrigerated for 9 days. Fatty acyl (FA) and sphingolipids (SP) were the major different lipids in the early stage of
refrigeration (3~6 days), and GP was the main lipids with significant changes in the late stage of refrigeration (6~9 days). A
total of 20 different lipid molecules were screened from multivariate statistical difference analysis, and they were mainly
glycerol ester and glycerol phospholipid, among which PE (16:1e/22:6) showed significant differences (P<0.01). TG
(4:0/18:0/22:5), PC (18:1/20:3), and TG (18:0/16:0/20:4) showed significant differences (P<0.05), which could be used as a
marker of lipid deterioration in grass carp muscle during the cold storage. Enrichment analysis of the KEGG pathway
showed that sphingolipid metabolism and glycerophospholipid metabolism were involved in lipid metabolisms during the
cold storage (9 d), which were essential metabolic pathways affecting the deteriorated lipid profile of chilled grass carp. In
this study, the differences in lipid profiles, molecular markers of lipid degradation, and their metabolic pathways involved in
lipid deterioration of grass carp muscle during cold storage were described. It would provide theoretical guidance for
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exploring the mechanism of lipid change and related anti-lipid degradation research.
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Table 1 Potential lipid metabolism markers in refrigerated grass carp muscle
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Fig.5 Differential lipid levels in grass carp muscle after 3, 6, and 9 d of refrigeration
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Table 2 KEGG pathway enrichment of differential lipid molecules in grass carp chunks after 3, 6, and 9 d of refrigeration

41 il 1D i AR — Y533 TS R E LA A PlE
D3 0V map00600html LiEfERaw) Metabolism Bt 2 0.25037 0.01970
- yseon map00564html Hh AR AR Metabolism i fsiawi] 4 0.08150 0.00073




5 45 % 35 20 4] 2 O, S BRI R ATERE O AR R AL 31 -

OV L DD AXAO0 DA A AX AL AP
/Q.Q S N Y Y oY e Y v Y
Impact value

K6 KEGG i ifld
Fig.6 KEGG topology analysis bubble diagram
1 B R — SRR —A KEGG Pathway i #; 4l
T8 (% A 1) TR 2 P Y AR X B P Impact value BY K/
IR 2 5 0w R R T -log, (P value) ; <L
F/MREE Impact value {H; S HIHE R, 267 B B ZMEHOR

k2
2 [H] W 1D AR — 53K YRk g LA w5 PlH

map00600html Lic) e awll] Metabolism i fsidawi] 5 0.25037 0.02450

map00565html ZBERR A Metabolism Jig AR 1 0.08150 0.02241

D6 0 Vs con map00564html H SRR A Metabolism Jig AR 16 0.06387 0.00121

- map00561html Hr R A Metabolism Kl 1 0.00530 0.03383

map0059 1 html RIATHA Metabolism Jig AR 4 0 0.01397

map00592html o-EJRRIR AR Metabolism Jig AR 4 0 0.03177

map00600html bic) S aw] Metabolism Jig AR 7 0.25037 0.02450

map00564html H BRI Metabolism B A 18 0.12023 0.00001

D9 0 Vs con map00565html LERR AR Metabolism iAW) 1 0.08150 0.02241

map0059 1 html AR Metabolism Jig AR 7 0 0.01397

map00592html o= JRRIR AR Metabolism Jig AR 7 0 0.03177
B H i ERACE . S ER AN o= RR R A
(a) 36, OO opoloyanys (DI0sCom g e IR B SR 3 d D
3] " 0.025 Ko, IS5 T R PR G R i A i
g 3(8) o013 2 6 d o, LWk AT, HylEs G Sy BER G
3 261 6% VIR o RRIRARI 2k . i 1 TS S ARISHE AR Y
< 2 BT TR AT, ZER i R, 2 5 AR
£ 20] Impact YT 2, 1 B O 1] 44 1 T AR
{61l °  oon Fl, th P E R Impact value 7T 1, B ASAC IR 2 15
i 71 VTR0 T G T (S . I, 2Tk
& S SSTNIIPI Yo, R i1l T I S RTILV AW RN GRS
Impact value RPN TS AR T s . bEER SR s G
KEGG topology analysis (D6_0_vs_con) SGIH AT BB S SO PR VR AN (RIS (] R 8 BT 43— 22
®) M P value 5. Chen %P9 ZEV i = 3010 (Salmo salar L.) FIHF
3.0 . 003 FEPHRIE T o- W RRIR AR Sl At 4EA= PUs
ElEl " o A CIATAT EH I Qg T e L e .
é 24 £ PRI TRV B (5] LN DT AR 19 22 5 T BB Fl IB DT 1
3 20] ot TSR B R R 22 5 R, 457 TR,
! }2 i L - . 8'(1)2 RE A QU FE v st TRl S T E, S ARG . ek
14 @ 019 BfCIHS 5 T ARG R NE BT, 2520 re K

1/52@ SRS I8 S R Dt o o f%iéi R
Impact value =R

) AHIFFT AN A B 1] 118 J53 2H 24 AR X PV TR
© o [TOCimlermabss OIS p e bR R THT T A E R S fr A
501 . 003 FHINRIR, GP & EE MRS T, U GL 1 SP.
3 001 A PV e R R pH T I, TR B 2 R
E 35 B . TS B TR & e AN R P Eh FE S A .
:% 3.0 HE D R RO 2R 6~9 d Z[H], KRS S
T ;(5) .Imé’g‘;t BRI I 4 A A AL, T A (3~6 d)
1:5 ; e ® :8%3 A, A0 P R DTS - R e A Y R T s 22 = AN
® (25 . HA PR R 2T 2RSS GP. GL.

SP #1 FA, H:71 GP(Cer) & FA(AEA) 7£ ¥4 ji %] #
(3 d) BRI, GP 2R )5 1 (6~9 d) T2 I 3%
225082, XTELE R A A, K 9 d FE A Py H AN
R IMBENRE B R F A RV AN [F] B [a] =E 5
AT 20 BB RAFAE 4 Fh B F 2R 45T, 4758 PE
(16:1e/22:6), TG(4:0/18:0/22:5) . PC(18:1/20:3) Fl
TG(18:0/16:0/20:4), AIAE N 18l i 0. A Hig BT 25 28 %



32 - £ Tl B4

2024 4F 10 A

TERIAEPIbRICY) . 2255 IR AR AR s 4ok
B, SR HmER IR G =S T R v R a i
NG BACIAE, AR A v A FUIR S i 2 UL,
SRR A . H IS A AN H I s A QI X v i
AR PR R AR T R . WSS B RN A
ATEVS G R P IR BT 2H A8k, A7 Bl T 5 1 S b )
A0 PR G T IR I 25 AR LR, A v e £ PR
MR UK g AT e R e 2%

© The Author(s) 2024. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Sk
(1] @b, EA4%, 2k, F. (2023 & Bk 3t £ %)
(7], R RATER 8 B R B, AR KZRARMES &35, +
K F 4, 2023. [LIU X Z, CUI L F, WANG X T, et al. China
Fishery Statistical Yearbook [J]. Fishery and Fishery Administra-
tion Bureau of the Ministry of Agriculture and Rural Affairs, Nation-
al Aquaculture Technology Promotion Station, Chinese Fisheries
Society, 2023. ]
(2] whdik, BRE, X HE, . 88 4 C RN EFHRA
fig i B A AL [T]. F B & S 4R, 2014, 14(7): 87-94. [LIN S
S, LIAO M T, LIU S C, et al. Changes of pigments and lipid oxida-
tion of Skipjack tuna during 4 °C storage[J]. Journal of Chinese In-
stitute of Food Science and Technology, 2014, 14(7): 87-94. ]
[3] JONGBERG S, SKOV S H, TORNGREN M A, et al. Effect of
white grape extract and modified atmosphere packaging on lipid and
protein oxidation in chill stored beef patties[J]. Food Chemistry,
2011, 128(2): 276-283.
[4] CAOQIJ,DUHY, HUANG Y, et al. The inhibitory effect of
chlorogenic acid on lipid oxidation of grass carp (Ctenopharyn-
godon idellus) during chilled storage[J]. Food and Bioprocess
Technology, 2019, 12: 2050—2061.
[5] FULL,RUY, HONG Q L, et al. Active packaging coatings
based on Agarose caffeate: Preparation, characterisation, and appli-
cation in grass carp (Ctenopharyngodon idellus) preservation[J].
Food Packaging and Shelf Life, 2023, 37: 101089.
[6] KOZUB A, NIKOLAICHUK H, PRZYKAZA K, et al
Lipidomic characteristics of three edible cold-pressed oils by LC/Q-
TOF for simple quality and authenticity assurance[J]. Food Chem-
istry, 2023, 415: 135761.
[7] LIU Z Q, ZHAO M T, WANG X W, et al. Investigation of
oyster Crassostrea gigas lipid profile from three sea areas of China
based on non-targeted lipidomics for their geographic region trace-
ability [J]. Food Chemistry, 2022, 386: 1327438.
[8] WANGHF, WU Y Y, XIANG H, et al. UHPLC-Q-Exactive
Orbitrap MS/MS-based untargeted lipidomics reveals molecular
mechanisms and metabolic pathways of lipid changes during golden
pomfret (Trachinotus ovatus) fermentation[J]. Food Chemistry,
2022, 396: 133676.
[9] FANG C D, CHEN H S, YAN H B, et al. Investigation of the
changes in the lipid profiles in hairtail (Trichiurus haumela) muscle

during frozen storage using chemical and LC/MS-based lipidomics

analysis [J]. Food Chemistry, 2022, 390: 133140.

[10] CHANG W C W, WUHY, YEH Y, et al. Untargeted
foodomics strategy using high-resolution mass spectrometry reveals
potential indicators for fish freshness[J]. Analytica Chimica Acta,
2020, 1127: 98-105.

[11] WANG L, ZANG M W, CHENG X Y, et al. Evaluation of
changes in the lipid profiles of dried shrimps (Penaeus vannamei)
during accelerated storage based on chemical and lipidomics analy-
sis[J]. LWT, 2024, 191: 115564.

[12] YU Yuanrui, WANG Guiying, SUN Yuehui, et al. Changes
in physicochemical parameters, free fatty acid profile and water-sol-
uble compounds of Yunnan dry-cured beef during processing[J].
Journal of Food Processing and Preservation, 2020, 44(4): €14380.
[13] LISL, WANG JY, LI B B, et al. Exploring the effects of
Lactobacillus acidophilus GIM 1. 208 on browning and flavor quali-
ty of Paojiao based on nontargeted metabolomics and GC-MS[J].
LWT, 2023, 187: 115324.

[14] WANG Y Y, CAI Z C, SANG X H, et al. LC-MS-based
lipidomics analyses of alterations in lipid profiles of Asian sea bass
(Lates calcarifer) induced by plasma-activated water treatment[J].
Food Research International, 2023, 177: 113866.

[15] HUANG C Y, LI Y, WANG K T, et al. Analysis of
lipidomics profile of Carya cathayensis nuts and lipid dynamic
changes during embryonic development[J]. Food Chemistry, 2022,
370: 130975.

[16] %A%, A3, &d, F A TAMEE-BFTIHELEL
FFF AT KA A B R EL RS [T]. e b AT,
2022, 48(22):269-278. [ LIU J X, ZHAO P, JIN J, et al. Analysis
of volatile components in giant salamander meat during cold storage
based on gas chromatography-ion mobility spectrometer and chemo-
metrics[J]. Food and Fermentation Industries, 2022, 48(22): 269—
278. ]

[17] GOWDA S G B, MINAMI Y, GOWDA D, et al. Detection
and characterization of lipids in eleven species of fish by non-target-
ed liquid chromatography/mass spectrometry[J]. Food Chemistry,
2022, 393: 133402.

[ 18 ] COPEMAN L, SPENCER M, HEINTZ R, et al. Ontogenetic
patterns in lipid and fatty acid biomarkers of juvenile polar cod
(Boreogadus saida) and saffron cod (Eleginus gracilis) from across
the Alaska arctic [J]. Polar Biology, 2020, 43: 1121-1140.

[19] VORONIN V P, NEMOVA N N, RUOKOLAINEN T R, et
al. Into the deep: New data on the lipid and fatty acid profile of red-

fish Sebastes mentella inhabiting different depths in the Irminger

sea[J]. Biomolecules, 2021, 11(5): 704.

[20] 24, F4845, F&h, F. FabFR b5 45 49F
# 1], B :AF 3, 2014, 35(20): 281-285. [JIANGY,LIT T, JIN
G W, et al. Comprehensive freshness evaluation of grass carp
(Ctenopharyngodon idellus) during refrigerated storage[J]. Food
Science, 2014, 35(20): 281-285. ]

(21 ] 4R, 3 A A 22 BRI B2 3 g A Ao BY 95 P 49 48
[J]. A H AR, 2021(34): 127-129. [HUANG L Y, TAN Q Y.
The role of ceramidase in sphingolipid metabolism and tumor[J].
Science & Technology Vision, 2021(34): 127-129. |

[22] FUNK C D. Prostaglandins and leukotrienes: Advances in


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1007/s11947-019-02365-0
https://doi.org/10.1007/s11947-019-02365-0
https://doi.org/10.1016/j.fpsl.2023.101089
https://doi.org/10.1016/j.foodchem.2023.135761
https://doi.org/10.1016/j.foodchem.2023.135761
https://doi.org/10.1016/j.foodchem.2023.135761
https://doi.org/10.1016/j.foodchem.2022.132748
https://doi.org/10.1016/j.foodchem.2022.133676
https://doi.org/10.1016/j.foodchem.2022.133140
https://doi.org/10.1016/j.aca.2020.06.016
https://doi.org/10.1016/j.lwt.2023.115564
https://doi.org/10.1016/j.foodchem.2021.130975
https://doi.org/10.1016/j.foodchem.2022.133402
https://doi.org/10.1007/s00300-020-02648-9
https://doi.org/10.3390/biom11050704
https://doi.org/10.7506/spkx1002-6630-201420055
https://doi.org/10.7506/spkx1002-6630-201420055
https://doi.org/10.7506/spkx1002-6630-201420055

5 45 % 35 20 4] 2 O, S BRI R ATERE O AR R AL 33

eicosanoid biology[J]. Science, 2001, 294(5548 ). 1871-1875.
[23] ZHANG M, SU R, CORAZZIN M, et al. Lipid transforma-
tion during postmortem chilled aging in Mongolian sheep using
lipidomics[J]. Food Chemistry, 2023, 405: 134882.

[24] WANG Y Y, ZHANG H. Tracking phospholipid profiling of
muscle from Ctennopharyngodon idellus during storage by shotgun
lipidomics[J]. Journal of Agricultural and Food Chemistry, 2011,
59(21): 11635-11642.

[25] CHAO M, DONALDSON E A, WU W, et al. Characterizing
membrane phospholipid hydrolysis of pork loins throughout three
aging periods[J]. Meat Science, 2020, 163: 108065.

[26 ] CHEN J, KONG Q, SUN Z T, et al. Freshness analysis based

on lipidomics for farmed Atlantic salmon (Salmo salar L.) stored at

different times [J]. Food Chemistry, 2022, 373: 131564.

[27] MARIUTTI L R B, BRAGAGNOLO N. Influence of salt on
lipid oxidation in meat and seafood products: A review[J]. Food Re-
search International, 2017, 94: 90—100.

[28] CHEN Q S, WANG X C, CONG P X, et al. Mechanism of
phospholipid hydrolysis for oyster Crassostrea plicatula phospho-
lipids during storage using shotgun lipidomics[J]. Lipids, 2017, 52
(12): 1045-1058.

[29 ] WANG J, HUANG X H, ZHANG Y Y, et al. Mechanism of
salt effect on flavor formation in lightly-salted large yellow croaker
by integrated multiple intelligent sensory and untargeted lipidomics

analyses[J]. Food Chemistry, 2024, 435: 137542.


https://doi.org/10.1126/science.294.5548.1871
https://doi.org/10.1016/j.foodchem.2022.134882
https://doi.org/10.1021/jf2030852
https://doi.org/10.1016/j.meatsci.2020.108065
https://doi.org/10.1016/j.foodchem.2021.131564
https://doi.org/10.1016/j.foodres.2017.02.003
https://doi.org/10.1016/j.foodres.2017.02.003
https://doi.org/10.1016/j.foodres.2017.02.003
https://doi.org/10.1007/s11745-017-4305-7
https://doi.org/10.1016/j.foodchem.2023.137542

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 样品制备
	1.2.2 理化指标测定
	1.2.3 脂质组学测定
	1.2.3.1 脂质提取
	1.2.3.2 UPLC-MS/MS分析


	1.3 数据处理

	2 结果与分析
	2.1 草鱼肉冷藏过程中的理化指标变化
	2.2 草鱼肉冷藏过程中的脂质变化
	2.2.1 PCA分析
	2.2.2 PLS-DA分析

	2.3 草鱼肉冷藏过程中的差异脂质
	2.3.1 多元统计学分析筛选的差异代谢物
	2.3.2 单因素方差分析筛选的差异脂质

	2.4 草鱼肉冷藏过程中脂质代谢途径

	3 结论
	参考文献

