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Application of Lipidomics in the Researches of Food Quality

HAN Haolei'?, LIAO Guanggqin"?, WU Yuxuan"**, LI Houru"*®, QIAN Yongzhong"?, QIU Jing"*"

(1.Institute of Agricultural Quality Standards and Testing Technology, Chinese Academy of Agricultural Sciences,
Beijing 100081, China;
2 Key Laboratory of Agri-Food Quality and Safety, Ministry of Agriculture and Rural Affairs, Beijing 100081, China;
3.Chengdu University, College of Food and Biological Engineering, Chengdu 610000, China)

Abstract: Lipidomics, as a metabolomics approach centered on lipids, aims to comprehensively analyze lipids within
biological systems. In recent years, mass spectrometry (MS)-based lipidomics analysis techniques have been widely utilized
to address qualitative and quantitative challenges of lipids within complex food matrices, leveraging their high sensitivity,
high resolution and broad coverage. Firstly, this paper reviewed the workflow of lipidomic analysis, including sample
pretreatment, multi-category mass spectrometry data acquisition and analysis. Subsequently, the applications of lipidomics
in the researches of food quality were discussed, emphasizing lipidomics contributes to the analysis of food flavor formation
mechanisms and the evaluation of food nutritional functions. Finally, the development trend of lipidomics in food quality
research were prospected, aiming to provide important references for further exploration and utilization of lipid resources in
food.

Key words: lipidomics; analytical techniques; mass spectrometry (MS); food flavor; nutrition function
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Fig.2 Workflow of MS-based lipidomics
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Pt gH A3 P S . TR K ST G g R
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FREESE T 8~125 1%,

[ I8 S5 43 B3 (5 FH B AH 2K B2 (Solid phase
extraction, SPE) 43 ES AN [GIIE BT BEA A7 281, 38 HY H
M A LLE 2568 R AR DT 2 U 43 B AN R
MIREIS/ WSl B AR R AR 0T, H5 LAY SPE #EAF&1E
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rugged, and safe) VA48 FH TR ST D 2R B AR
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Table 1 Comparison of targeted and untargeted lipidomics
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W= 2 E M5 E R 277 BE T, BV
3otk mAM S AR, 3. A E RNR I
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1.2.1.1 3w BeH =4y Mg i 2~ =+
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BT, B T B R AR X FE S T MR R 4T+
(Neutral loss scanning, NLS) . ;=¥ & F 313 (Pro-
duct ion scanning, PIS) 1 22 B Sz )W/ Wi I ( Multiple
reaction monitoring, MRM ) . [0 [ &z U] 5 725 388 4o 158
PEE TR LU A SRR B RNSE, n AFR
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AARFAR, EBTEE (MS) F1HR BT S (MS/MS ) 43 #7 H
ISR H BRI 2 o TS S IR BE . James
EEDIFE R T — T A ARG N-4-22 L FH R0 nE
#% (N-(4-aminomethylphenyl)pyridinium, AMPP), i%
AT A i AR 5 e PR (e, S e iR i)
RIRFAL N HE T AMPP Bk, SIREIGTTRAHEL, 1%
D7 AR RABUE RS T 10~20 5. 5 _ Lk,
] B 0T 2H 2% 2 B0 = . B A MELT, AT RASEEIXT R AR
ST UERA I PRl == T (AT RO IR
JrAd T B MR, AN RE T TR AR IR BT R, BT
22N BRI A A E R B S FR AR S A R o,
LT MS (1958 BB BT PR IS ) 4 0 A FeAT 558 0
— IR RS AT Pk A s b, B8 ] B4 B B 4H 2= H Rt
e IS T REN LY I A DI R 7 WAL

1.2.1.2 AR g BTgH 2443 vk AR m B T ga
2T AT ROR FEBEXIAEAS A T AL & U B BT AR A S
e st A E ST S 28, HARERARR
P RE B, SEORTT DIAE— IR o h AR B
AL E Sy T LXK S IR RS . B AT, S PR
MS(High resolution MS, HRMS ) i T H 55 i 439
Z2(>10000) F1J57 HEKE L (<2~10 ppm) Z85 9 THE
R BB BT LH 24 53T, H UL v A3 HE B i KA TR (]
(Time-of-flight, TOF) . HLiEifi3fas (Orbitrap ) sl {d 5L
A5 4 25 F [ ie 4R (Fourier transform ion cyclotron
resonance, FTICR)P?,  JE§H [a] 5 T 2H 245387 8 L
) MS/MS 54 R B A 2 A0 475 U AR H6i >R £ ( Data-
dependent acquisition, DDA) F# #1037 "R 4 (Data-
independent acquisition, DIA) '), DDA == 2 3% ¢
MS 5 R — 2 B R AT B A T A4k,
B AP — B S R B R IR T 3e AN o84 5
DDA SRAEAI L, DIA 238 1K A & 7 19 8 25
%, DIA £ AR A LARI T SR BOT A wi A i) Tl B s
5, PTG T AR5 1088 w7 552, b TR B
RSN BT, 280090 HRMS ilH 5 G55 55
BLEG, B E Y B A E AN RIS 0T
PEATAGIN G389 L 45001 SR FH R i s8R 2 1 DU 2
A1-E e 3 0E DF X A (Ultra-high performance liquid
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FRAE, M3 th FL s 3027 AR . 38 HRMS
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SRR IEARAT 12 A2 Hopi e R 53 0 Wi 24U,
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spectrometry, DI-MS) | {15 (Mass spectrometry
imaging, MSD) D B BT B - 12 A2 BT 1% (Ion mobility-
mass spectrometry, IM-MS )41,
1.2.2.1 T OIS EBHENT BT O 5
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B ANR T IPE A B W 5B B R WOAH (%
(Liquid Chromatography, LC) 50 {4i%(Gas Chro-
matography, GC) 4r AR . Hih A8 2
Fh AR AH (475% (Reversed phase liquid chromatogra-
phy, RP-LC) F11FE #H % A8 {2.1% (Normal phase liquid
chromatography, NP-LC) LA K /K AHH AR FHRAH 1%
7% (Hydrophilic interaction chromatography, HILIC),
HFHEAR YRR BT A R M A T e B o 25 . H
FAFEIRAH TSR B AN, IR E 1T & 4k
WRARRE AN RAR 33 S B W LRSS &, P w1 Lk ETE
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A3 Zre A e it P AR A SR, B8 TR S A4
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Broo ek —m Hm, 455 17 ESI Al APCI PiFE 1
PEAIPLE, AT LA 5T IR T . B AR (A

SIS S AT AT HR S AR BT 43 AT s B MR A R AR, (H

FH T2 TR, B~ B A 2% HAFERT .

1.2.2.2 H £ 1F A5 #r i ( Direct infusion-mass
spectrometry, DI-MS) DI-MS &350 ok iU
BB AN IEAT (% o B8 R AR . Hor, ESI 25
FHR ZE TR, G233 EET DI-MS R 11
SRR N iR BigH %" (Shotgun lipidomics )1>> ¢,

Ly e Brd 27 m] B AN [RGB 2SR A b2tk

SIMTRR T, AFRIRTE B ST RSl Sty AR migH

2253 HTiEE A QqQ i HRMS iz, Hop
QqQ ] LIS BIAS Rl mlb 875 i 23 5 i 4sr
AERF B F DL 2 BAT AH R 3L H i IR 251 Yang

SEUT P — AP & T 248 MS/MS 4 1L IR I 41 2%
(Multidimensional MS/MS, MDMS-SL), H A DA¥E—
K MS/MS SRAE v B 422 DA ST 5T 48 B o Al 381 45
IR P IE R . MDMS-SL 43 HT i KRR &

HUF T A FRRZE T G e b2 Bk 53 Pl

2, IR FEE ST YR, QqQ 5 MDMS-
SL 43#r e T EST i HL 2 Jr =X, J8H HAA 7 IE /67
FRLANEZEA AT LA TR 1S 430, BRI T LA A e 2R 45
BTy pH, AT LAESEM: A S IR ISTE & IR I L
ARSNGB F AT D75 X TR R s Z)

BRRZS, BT A AR s, DT HE iy Ha

BERCELOR 5 QqQ 5 # MDMS-SL AH Lk, HRMS
R AR LS R R . O e 2 AR R
FANEB T 5T O35 B RS = AH L,
DI-MS 44T B8R T 25 5 S BAL e b RN RIS ) 46 %
FERESIAT O B B R E R R
1.2.2.3 i if% (Mass spectrometry imaging, MSI)
Rl /N3 S 1 R e, ik 53 4T 5 43 R 4%
A FH ok T AR A B 20 2 AN W] BE BT 1Y) =5 TR 43 A1,
X B 0% A% 35 AR (Mass spectrometry imaging,
MSDP¥ MSI F= i A RS HURE S 1] a2 238)
A3 AT, Sk B Bl BOGfE  HE, B8 (Matrix assisted laser
desorption ionization, MALDI) A1 fi## % B, 16§ 55 B, 25
(Desorption ESI, DESI) 2 H 7 MSI 537 & FHAY
B YR H i MALDI-MSI 2 5 59 i g 4%
AR, ST A S B B AAE AL, IR
G BTSS RO, RIS S ) R R
LTI H 45 5O T 4. MALDI-MSI AR T3
SGCREF M HL BT, MR BT Hh ™ AR B TR
AR, FAE s o3 Fr i BE PR, $RAE TR B0, L S50
I AR BT S A 5 S5 4 B B0O'G i W/ /B, 5 5T 35 AR
(MALDI-MSI) $3 A48 753 A [R] 7l 2 A5 19 i 57 25 ]
G3 Ao WAL, RATHSTR] YR B 5T 1% (Time-of-flight
secondary ion mass spectrometry, TOF-SIMS) ' [
FAMA AR BT 53 AT BRI FE B ROR, AN SR B ST
(Direct analysis in real time, DART )| #{AZR M ZE
B 3% 43 A1 (Liquid extraction surface analysis mass
spectrometry, LESA-MS) 1, a3 2& & B8, 25 iR 1%
( Rapid evaporative ionization mass spectrometry,
REIMS) "4 iz 7 37 FH T MSI Hh . MSI HETE Ak
A AT NR BT B 2 AS (8] A s R T B, st g
JRARA R AL T R AL A, AH R TR AN B
BE B, IX I AR AR H AR T 59T L
53T o
1.2.2.4 BT )E-1EF T3 (Ion mobility-mass spec-
trometry, IM-MS) IM-MS J&IT4E 5 24 % RE g
FRAL ST HA, FORE R TE R
I SR P AR B 43, A3 S R AZ B B | HL Ay A
MR A 5200, PRI SRR T as e e B o1 2 1
B far He (m/z) DA ST E AL O B I TRL X S 24K
Ak, B4 T — > 7ilf 38 8% 1\ ( Collision cross section,
CCS) IIZHL, iX i R 43 B R B 43 T3 L T 5 — A4k
SR g RS B HLEE, FE T IM-MS Y ER A
FEIZGAXTFRIFIE 12551 2 D'6 1 7% (Field asymmetric
waveform ion mobility spectrometry, FAIMS) | iF%%
BB T IR A2 1% (Drift tube ion mobility spectro-
metry, DTIMS) #1147 ¥ 25 F W B S'6 ii% 35 ( Traveling
wave ion mobility spectrometry TWIMS ) £ £ 4]
FRAT LA LC 43 EAHS G o IM-MS 3Tl LARAGIE
Ji 4y 5 B sORIRME TG OCH CCS 5 &L, X AR
SR A S e PR T AN E LAY RAE, K CCS s
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PEREST AR R R Ak, AR SN T —
FAHNRRET CCS FHR1ZE, (H Hay HoAa 8 A4 e
i) CCS {HA AT, AnBiE AR AE R, 5B NE 2l =t Hh
51, CCS 1 S B B [a] | G afA B | 245312 [H]
Z: 5 |8 5T S0 i 2 4R RE TR, v TARBHPAE ST IC, P
TS EAB RS, Zhou SFEM FE AR T —Fh T H AT
M3 (LipidCCS, http://imms.zhulab.cn) 0l 3k 15
M LIPID MAPS HGZRFIHY 15646 FiIEISHY 63434
“~ CCS fH . Blazenovi 41! KB F|H IM-MS X} 4~
Wi BB BLRAERT, K CCS Vo2 ek and, /02
TR EDR 1 84.01% 28] 91.78%. HETALR
IM-MS AJ LS5 B8 S AR A | RRAIRTET St A, 9o RN
BE, (B TR CCS BmFE n R kR, 45 IM-MS Fi
LC-IM-MS TEE I 573 i 2 H airkd T8 28
BBz .
1.3 BURAIESIZHR T
Fe TS AR BT 20 5 53 T RE S A EAR X B iy B

8] PN A e R, TEVEA TR R AR TS, 2 2
PR BT P 5t A B A T A T 8 5 53,
A A TR TR BARA BRI AR S hT 0
1.3.1 HAEabrE  ZHEa By e 2 R in s dE ot
AT IR S PRI | W E VOO TRk, i E s A T
A5 D B EXT LU A TR BT U0 o i f e
A TR AL FRERA IR B R 22, H AT 2e e By
(U PeakView Al LipidSearch) . ¥ A7 BUER 4
(Lipid Data Analyzer, XCMS., MZmine, MS-DIAL)
CE Tz N TR BT R BT . 2585 54707,
T B UL B I i 09 g BT B P 2R AL 45 LIPID MAPS
(http://www.lipidmaps.org) . LipidBlast(http://fichnl-
ab.ucdavis.edu/projects/lipidblast) . METLIN C https://
metlin.scripps.edu). LipidBank (http://www.lipidbank.
ip) LISz AOCS Lipid Library (https://lipidlibrary.aocs.
org/) &5, [RIBFHER GBI 2 i B e B5CHs 22 X g SR 4
P A 748 5 50HT7?, LIPID MAPS ST 4
Sz IR BRI 2, 12 B da PR s H BTN BT
I3 ARAATEFNRSTEEAIE ., WX AR BT TR
HEARTEARE 201 b, Bdm e bR 1 I8 B e A5
8., o in— L A S B R B B R . R 2R
CCS LA R o S0 i) A BE 0, SRAS- I TER Y

B BEE 5, T A I BT T B AT AR X Bl g Xt
SERL, I iA Gei o i T R AR ST AR
ZH2E S A e, A= e AT R B o AT R A
BH W A R ), — SRy iz 20 kR A sk Tihe
P A TR

1.3.2 Hdairhr  REMIREEIEHATEIR AP,
WHEE AR AT B 89, Sl gei A st T i
R KAV o5 5o i a3 0 A 5 = e S 2 Dl | B M= 2K 1
JE A AT I LU, SR, XA AT 2 T AEAESE A T2
[ RAMEZATEAE . T salRakLEpR S, A8
ST TR BT RS . W HRIRETZH

o Z2 78 K 3 AT 7 15 AL FE 2 43 43 B ( Principal
components analysis, PCA) . i £ /] 36 1 51 43 B
(Latent Structures discriminant Analysis, PLS-DA) .
TE 2w/ N — 3 H 515387 (Orthogonal Projections to
Latent Structures discriminant Analysis, OPLS-DA) .
WSS HTEEL>, PCA J2 5L T RSP R 53 I R A
I35, S I B 0 4P, TR BTAH A R
HYSZ 2, X T 2H A 22 S AN B Il AR o, BRAEF TS
W B o3 BT AN BE X A3 FEAS [A] 1 22 53¢, W5 A ] PLS-
DA Fil OPLS-DA 8547 W AL Iy ik, — 3B 1 ]
DL SEIX RS IREAES b, 34 AT E 53 AT A 38 o A 1 43
HAF B SRR SRR T . B AT Z 0881t ik
FEENHTASRLLUNE PSR /025 e AEbs
TCA T S LA BT i i B B 42 845 BG5BT
FEARBY K E, WFTEAG R B ARG B R AT
2%, PRI, S AT A= A5 B S Al R 2 H A S
PP, LAASERE 7 A5 S s n 3 B 28 v O T8 E
fir R o
2 BEREFERGNKBREEFEAR
HHY A

X TR & E B, JE BT AE AL
O Ry A A A 0, HOA U2 B XU
ARTAD) B —, SR B E SR DI RE I DL Sy
Z—o WTAFR, NIT R IR IR LB,

B ITTZH AR B A XUBR i T -5 38 SR DI REF S vh 2

HEE 2.
2.1 BERUAFERMNIKmEMR AR A

USSR A B il PR R, B S E.
R BT R R FIORE A5 XU 42 J3T ) A7 72 255 DT AR OC .
T LGSR RNRE, NRBTHN Sy e KI5 7
PRASEFR, RFR G388 aek MR8 RN B 4% 4 P R 5 4
[N NRUR RSN S SV )b il il doie = R Aol
JCH TR A AN D7 1R A R e w7 A= VF 22 U 5
7/ N PRV = SR =32 ) IR B B AN N 11 2 X7/ DGR £
B E 5 IR AL B 12 S

FH NG BT EH ~A K £ i v AR R AR BT, JIF45 -5
PR BTk, AT 1 XUR S B e i 2
FRTANE BT, Lin 457 5k ] UPLC-ESI-MS/MS Hi
Orbitrap Exploris GC 25-G AR ] IR T 20 24 43 B %o e
F RGBS KRY) B EAT 1T RAE, ZBH i = AR
( Triglyceride, TG) ( 16:0_18:1 18:1) Fl TG( 18:0
18:0_18:1) 45 G5 ik Wi £ 2R, ELBRIRmE
AR (PC) FBEARIE L W2 (PE ) A] GEJEKE - P FhIE ik
FEAE I OCHHTANR BT, Li 55057 ZR G AR BTZH %
L [ AL 22 BT T 58 B8 A e 1) 505 2 XU i A
HYZE SR, R HI S 5E B AR AT 14 FRg BRI
224 FPRRETTHEIN, FTRI M H Sl SR AR R
Jor 5 SR KA AR A S BUE R M & 2E R
Wu 457 3 H] UPLC-Q-Exactive-Orbitrap-MS | §[
] 53 A7 1 v A G K 8 v i IS 19 £ % % (Phospha-
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Table 2 Application of lipidomics in the study of food flavor and nutritional functions

a2 B SIHTHA WgE s BT BHETCHR
1 RBEGEEE UPLC-Q-Exactive Orbitrap MS Jg I AR N IR 53 A 143 F AR R AL B JRUBR it 5 [74]
N FEERTPTG(16:0_18:1_18:1)FITG(18:0_18:0 18:1) Al AERLE AT o
2 *A UPLC-ESI-MS/MS LA RTANE R JRUBA it 5 [75]
3 oA LC-MS/MS TGsHIGPs iI BB/ 245 A F A T & A6 5 Wi £ AR o JRUBR: it 5T [19]

4 RSB UPLC-Q-Exactive Orbitrap MS
5 YL FRER

6 AR A

UHPLC-ESI-MS

UPLC-Q-Exactive Orbitrap MS

PE(18:0/20:4 ) &8 JFF AR v A 5 i) S B2 R4, il A LA
AR R L 1-PE -3, 1 A-3-B | 2- Pk A5

YL AL ER T BREHEE R AL S S A2 LR

JRUBR it 5 [76]

bR S AR WA (7]

TRERA T P S A | SRR RR AN 1 S B XU AT PR B DR it JE [78]
AN R MEL BB 5 P £ 2% 0 E (KBNS A i mT REAT B T ORI

0 —_— UPLC-ESL-Q-TOF-MS TR T 245 RIS R, }w:ﬁ..{" ﬁ@?ﬁEUFAE@GPs, HTE A A2t B 21]
AR
0 i UPLC.ESL-Q-TOE-MS iﬁ]?ﬁﬁﬂ@HE)ﬁZﬂhE'—ﬁ#Wi{i};{ﬁ%E%}iﬁﬁéﬂbl‘c‘ﬁﬁﬁ%%#, e BT [69]
VIR0 3R 05 1287 IR, LAWER BRI AR K MR 3% ey s
10 A LC-MS/MS SERRIEA A, fE 1 Rk kA B e s DT RE (72
: B E 3 & % PUFAs-PL, PUFAs-TGIIMIZIMERE, KA EWRETE e se
11 X5 P UPLC-ESI-Q-TOF-MS R TSI HIRII6E [80]
B 8 S RFFLERRDIRR . TGs. EPAFIDHARIZHL K7 T HIARML, 22
12 P e UPLC-ESI-Q-TOF-MS PRI RERCH FL 2 LISy s ki, B8 AR e AN e E 7Tk [81]

BT B R ELE YRS TR AL A )

FHIE FAE T OB T H I =, X TR AR, F05LA

13 “EW. 595, 45 UPLC-Q-Exactive Orbitrap MS I B i HEHRIIEE [82]
. . PUFP IR E &R (-3 PUFA), R H TSR Ry Thter: . "

14 o UPLC-Triple TOF-MS/MS e A Here R & S 2 [83]
il 7 7 e KT B T AN T R G 2 322 o . .

s BUSE  UPLC-Q-Exactive Orbitrap MS R St e AN B A SRR R WS, % R A PR L BT BRI [84]

R PUMEA BB O AP IR AT, RUTHE SR E

tidyethanolamine, PE) 43 F i F 25, FE B PE( 18:0/
20:4) S JH R i vh B AR I ) B AR, T A
FFIR AT H A A A B LT | 1-B -3 . 1205 -3 -5
2- AL A XU T . LA AR5 Y 2B B B
FSCHHE A M &) 5 BB IS ZH 43 AR DG, PRI AT AR
S ZH R AR W AR B4 4y S5 AR Ak, A3 R

AP IRUAR AT+ S5 08

WEAE, K AU HT A g 5T 114 4 e RS S5 T

R ARMARSS G, v 32— 25 AT KU i i B

Li 45U it FH AR T 2H 24 A L 25 77253 T 3G
AbF S TP PR R BT RS R R i AR Ak, S5 R

TE ST R T SRR D T R BAAS T R TR 11

TGs FEEARAL, & & ZARMWFNR VIR GPs £
TEZAPA F R %, PRI TGs Fil GPs J235 F b AW %
JEA . Wang S8 3@ o BR B 2H 25 7 kA o 1 AR ER
YR IR BRI A0 XU B s, R & 18 ik
N 1 O s e 1k e R e o XU ) S i ) SR 854
JoT, TN A B PR AR = T N8 D S A AT A1
PET BRI A 4R AL . Wang 25U JLF R 1) i
S A N T A BR A R IR R TP R B AR 1 43 AL
WA AR, 32 BH 4 65 0 2 9 5 10 LRy XU 2 £k |
PR BRI A P LRV I 25 08, 3yt 2 T2 2 im
AR TR LA BB T A A3 104, BRoT E A IR T 12
SR T EBRMIE R LG, B S IR 5
TREEA B IXR, PRI TR B4 A

IRUBRAT (7 RIS )5 T AN RIR U5 19 B 25 5 S b= B
AR XBR TR, DL eI, W58 B TIR5CR
LSRG IR, A5G, AL
Az A R I AR Ak, X XU TE AL ) 24T 32— 2
fEHT o
22 EEREFERREFRVGEMRFHEA

AR IE A S B i IR TR 2 —, R
FEA G NGB IR DA G, JUHX @& g . 1d12
SR A Mg HLA BN 10 T 300, VR, BgTAE
B EFRIREZE SRR 2 — PRIk, BB~
T 3E X T A TR A Ay oA LA RS T SR I RE LT
i DA K Dy RERR BT 424

T R HAR BT 2H 2E B A I £ R s b D e
R JF > TS B IR KR, DA T i ok A4
FEWTTRRANSE I . & UL DI REAR BT G dG g . A1t
FIRE U . AFE s DL A Hi = lR 45 . Hu%E ™ SR
UPLC-Triple TOF-MS/MS X 8 Rl iz sh# 114 961
ARSI T T RAEA 2 T 4pT, 45 R R AL
EA KA AN TR ) H I =0, PR LR
FLEY A AR Kz s BAT S A i) S A, T =
Tl TR S BRI, AR — R A £
PIRJBIEE = b o UTAFSK, ST 2 AN RN T R e
AT FINAY T Th RIEFNAE T, VP25 TR TZH
R ARATAS [R5 P BRI R 4340 LAPFH £ il 138
Fral 25 A, B WFEAR A n-6/n-3 LUIE . Z A1
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FRE W5 18 /4 F0 NG U5 18 . 3 Uk 948 A B 1k 48 2R (1A=
[C12:0+(4xC14:0)+C16:01/SUFA) . I T i 45 %%
(IT=(C14:0+C16:0+C18:0) /[( 0.5xZMUFA ) +( 0.5%
>n-6 PUFA)+(3xZn-3 PUFA)-+(n-3/n-6)1) . F&HE[E
Fi/ e AR AR (A (HH= (cis-C18:1+ZPUFA )/(C12:0+
C14:0+C16:0) ) . — 1 &% 1 J% iR ( Eicosapentaenoic
Acid, EPA) . —+ 8k 7N 5 8 ( Docosahexaenoic
Acid, DHA){H%, Hodb TA A1 IT &% FH TIPS Ui
FRILH A%, EPA+DHA i 5 P TIPS s = )
EFETEL . Xuan SFWER FHARSE 1] g 0T 20 2# A 10 43
Br 11 Fh a2 RIS, IRBITTR AT ALl it 5 3548
FRITHr 22 BHZK AR 8 BAT 30 = i PRI (B . He 4501
3 sk B AR A LA L SR P A A8 A RS 1 B B 4
1y, RAD 40 S5EZIAEAENITL . TGs. EPA F1 DHA
FAIZELB T T AR ARMRL, 7 22 L& v EE WA E I FH AT
5, B AR ARSI RN b &2 B T S IR E AR
Prim g . Li 0% 3@ 34 UPLC-Q-Exactive Orbi-
trap MS WZEAS[FIZEARY L 2ES | RKG W RA- 5 i ig
JET53AT, IR DR 5 25 2 WO v i =R,
BRI T ACRE AR T, 25375 Ll A= 95 BE B 3R .
H T, amadr e shig B4k, A B T4 e ARt
TR SRR S . [T, o T SR U H AT A Rl
AR BT A e, WX AR AT 2 4T 2 T
2= ST

BIBTZH 24 T N HH T & S E SRR TE M A, 18
T DAHS Bhdz s 2 i b B R DI RE MR 0T A B S IE
BAVEIRDIE. P TRk IR v 32 B H v =
i BRIDIIR . {5 A —Letl PN RS O A E o AR W ie v
AT TIESY, W H s T dE b Re i a5, J2 A
LT FA WSIRUE, AR S s DR B A E B I ]
P S OV A T R A RS, Hu 2584 g6 iz s vy
URAGIN B AL AR . 2S, V2 v s S il £ 15, Vg
BRI AE P A i sk L, 12 B B
YURE . LA . PUIRIRE AT O A9 B VE ., BRIk
PE—2EUEBH T UL S SR e, ILAh, IR BT
SOV T GBS AR 2 24 S0 8 . Wu Z5E00 S PP Al
T -3 Z ARG VTR 015 iR X sh Tk oA R A A i
FEN, SR FH LA SR ST = R IR B i sk A AR
ARASRY, N FHRR B LH 24 00T T St sh kgL
FEAY g N B AR 2 e, s T /N BRESE A FHTE 3T
J&, BFE B IES . BHYE =R . PC16:0/20:4 FfE 5
g J&i 4 J5i ( Lipid mediators, LMs) 7K &A%, EPA .
DHA FIE 43 LMs 7K V-35% 15, R WX LE 5 i AR 1,
5 n-3 ZARMAINRIFIR D TRAE G 5C, )5 isad i
Mg AR AR S HT I IE T iX— &5 . Feng Z5E0Y H|
FANG B 2H 2446 0 5 5 BN -4 S BRI I, =
REARE /IS BUFFIEARR ML REAS, & B0 — 35T I 35 205155
SEARCE /DN BRI AE BT A AR R, oS ikl
B-AEEEAR . 4 LATE, fRRA = s E =)
ABZH 4343 . i @i =By Rl AN B2 5T R B8 T Kk

i, T LS B A BILAR £ 0 A A B S, i
S A Cr S R R R D RE M SR R
3 RESRE

5 T 0 R 2 538 T A I 3 5 AR 14 Pkt
S Ji, T 2 T R S TS AT B st ey
FRURE I, ASELTT L g A ST £ it AU & SR 1 5
FEIHRERTFC RIS, T HL T LIS S Rt
W e AT BT AR 2 R A IS R F 5 Fg
A, LT T NS 5 2 25 5 BT AR DR O e
B LRI | LR S A R
S TFGE FP ARSI )32 I8, — B30 A 0 T 33 1
1%, BT RS IS5, AT LIS X 5T
Tl 0 W 788 23, 17 LT LA AS T4 125 B 22 R i
HR SR TR R SR AEORE (L by T e o e
LA RIS ST 2R, £ T NS 3R I s AT 5 2
RGN, L AR RN 5 1 7 5 5 i 475 Bk R
i EH T TR 25 ST e 3 S R R 577, Tk
= Gi— kR I RS IE AR 2R, A ] 928 28 = ]
% SRS 5 2 S . LT LA F R, FEARHR
TRRTALFITT 15 | SE36 G TR AR S 1 T % A 1
T, LA SR ST 5 R R SR T4
BraesR. Ik o 42 B IR IR 4y, AR IITTSE
T LIS T 2 AL AR, fdB LNy | B
T2 25 A I 2 S Ak £, B 4nfT . R
HOBFSEE S LR . A RITIAE, At A Il s o b
S JE RIS AT B e R L T 2 AT 25 4 B RIRL %
.
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