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W OE: BE BT S SO G- DU AT AT B A ¥ (ultra performance liquid  chromatography-
quadrupole time-of-flight mass spectrometry, UPLC-QTOF/MS)F g it 41 243 A B AR M A [6) & & A R B i R A
MRS ZE 5. Tk FEAMZEIRIIHEIC, BALFAIUS R C8 A48, LIAK+IE(9:1, V)l 2 I+ ii+5+
INIE(2:3:5, V:V:V) R shAHMEA TR E DR, 248 UPLC-QTOF/MS fEMEAMHT, BUIRINTIR IRk e i, g o T A
SrHeE g, IEE5E F 4 r(principal component analysis, PCA)FM /> — e A 5 (partial least squares
discriminant analysis, PLS-DA)SF St H2¢F-Bt, SLMPRZER M. R %5 38 PR k1 T HERf &
P55 i A BRYEFEI7E 0.050~1.000 pg/g, 5 ik BRIL FEI7E 0.125<2.500 pg/g, LRYEHIER IR T 0.99; LU
TR C g R BERUIEA TUERPESEAR, IR IMTCRAL A 93%~104%, AR HEN 215 Eh 2.6%~3.9%. IE .
TR 433045 355, 192 Ffba W, Lk 42 fh2s R kb G4, FEONBEARREI AR AR, 25
BEWITR EZNARIRER . AEARRR . YHER . WM AIIEA 1A . 858 AW AR BRI & k4R E i fE . 43
Brestile, & AP AR E SRR SRR e E fIE. AFAEER T FEERIETED TR . H
PR A A VOIS R 55 Mg 17 T T ) ol P 38 I O L 25 R i 7 P 25 g o
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ABSTRACT: Objective To analyze the difference of the total fatty acids and lipids in different livestock and
poultry meats based on ultra performance liquid chromatography-quadrupole time-of-flight mass spectrometry
(UPLC-QTOF/MS) and lipidomic techniques. Methods The samples were gradient-eluted and separated on a C8
column after lipid extraction and saponification. The mobile phase were water+methanol (9:1, V:V) and
acetonitriletmethanol+isopropanol (2:3:5, V:V:V). The lipids and fatty acids were qualified through UPLC-QTOF. The
lipids were semi-quantified using area percentage method while the total fatty acids were quantified by external standard
method. Statistical tools including principal component analysis (PCA) and partial least squares discriminant analysis
(PLS-DA) were used to analyze lipid differences. Results Totally 38 kinds of fatty acids could be accurately qualified
and quantified in this method. The limits of detection were in the range of 0.050-1.000 pg/g, and the limits of
quantification were in the range of 0.125-2.500 pg/g. The linear coefficients (+?) were greater than 0.99. Using
linoleic acid-'*C,g as the model compound, the recoveries at 3 spiking levels were in the ranges of 93%—104%,
and the relative standard deviations were in the ranges of 2.6%-3.9%. The 355 and 192 compounds were detected in the
positive and negative modes, respectively. A total of 42 differential compounds were screened, mainly
phosphatidylcholine and free fatty acids. The differential fatty acids were mainly palmitic acid, stearic acid, oleic acid,
linoleic acid and arachidonic acid. Conclusion The analysis method in this study is easy to operate, less
time-consuming and suitable for the large-scale analysis of total fatty acids and the lipidomic analysis in livestock and
poultry meat. The main difference lipids in different livestock and poultry meats are mainly phosphatidylcholines and

fatty acid lipids composed of fatty acids such as palmitic acid, oleic acid and arachidonic acid.

KEY WORDS: livestock and poultry meat; fatty acid; lipids; ultra performance liquid chromatography-quadrupole

time-of-flight mass spectrometry
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BB R R H R TR A2 R R B 2
TRt SRR, KA e A s FRAg BRI 2Rz 4 BT,
H P E MHORBOOTE B BAESR. B REHICE IR
EEREAKBEZ —, AFEFEERETIRR SN RS
Ko NEWTRARSERR B H R A AT 2 S e . ik Kok
FRKEEARDTRRY . A W e W] P BN I R AT % 5 TN
TEEAE KR E . PR AL b e A RN AR
PR XU R FL S W) AT 23 AL AN K Z2 AN AR g
MR, TR, MR RR AU B 2 Ar (e AR ). s, 4
WA AR AT HOIR R (R0 0 AT S 4 W g iE
AERAB ST R M, AL AT DR E RS A H )
SR, T LSO R 8 P R D7 R 1Y 2 B b
M ) H 5 7 5 A B TR IR U AR WA A R 24K
AN TR T AR A PR e a8, R ani i £
BN, TS SR G R R L A R B
FHIIREN . ARSCHFTEUER, Ji 55 A8 A o ARG
TP JE PRI TR, 456 2T T
e, XPREAS (IR AR A 43 F HEAT R G 43 AT,
X T AE AN R BT Rk AR A i b A R
PR, R P07 R R RE VA it LR B2 2 20 A, %o 7 4 P B
I AR B REAMAGHR AR RO AT T A R
BEAN R & PR S22 5 AT LIS i3 A s 7 i f s 1)

TRV AR PN A F B TR, (A H i g 24
hTHR—mARERS, SRR SN PRI 2T

I AR 3 R 4 0 1 R T SO 3% - S O 8 Ak
#(gas chromatography-flame ionization detector, GC-FID),
1 GB 5009.168—2016 { £ il 2 A [F ZhRME £ b v g 17
1% B I 52 )R A GC-FID ] LASEEL 37 R i i 8 o 4k LA I
ER . A GC XM RRIEAT 4TI, TR TR
A B AR PR R v A, R R B AT AT AR AL, Wi 2
T SR = oAk B0 45 U OOV o i U R 01 7 T A A i
PRV . BRE R A R BRI, SR AR AR RO, &
A PEAR, [ IS B0 5 R AE WY I Ak 7 b 25 B e A
fbo L, AR SRR AR €157 (high performance liquid
chromatography, HPLC)Z& F Hiid F K IR 5 1R 43 #7 1
DE A BT T 0 1 B S ik R0 AS B T B S i 1 s M R
HI AR E TR TR A 22 AR e 5, 8 R 3R At
RO | 2% S S BG5BT 2021
B R H FE AR 2 S AR R i 30 T g i 21 2 1 PR
R . b BUSH R B IS e v e ' he 1, 7EAR
JRZHAF AT AT )12 (8 F P2, A 22 0 ke
1 5 T IO AR G DO AR AT A T P T A P S
B S50 P R L 8 R TR S i R T S VA ok
TR bR 5 ) T A AT BE A B 22 AU A, N dE g
TR 55 H B B ARG RIS T A A ik
FERR B4 2B 5200,



%5 18 34

VI, &5 MORE & & N BB I ER AL AN A ot 22 5 o0 B 163

By, 2T A A R%- BT %% (liquid chromatography-
mass spectrometry, LC-MS)#EATgHilR #Yor#r, 2% T
W AR AR 2, IPEE A 2 N B A, 52
PR 20 2R A A R A PP IR LU N 0 R 1 AT
SR, ATAEA T SOANE S T 5 & P SR R Y 23 A
FET U, AHE ST T OB €3 - AT AT I i 5
ik (ultra performance liquid chromatography- quadrupole
time-of-flight mass spectrometry, UPLC-QTOF/MS), #: 7. T
X WE R AR S R E & AR SR ISR B E i, JF
Wor kit EE S WP IRBA I /0T, WA E S
PRI 52 22 5 LA R o i BR AR TR 43 A 22 5, R &8 B AR
FR AN o0 E TR T 4R HE BB B S H%E

1 MR5RE

1.1 #MR5R

FER YN, M. fEEA . AR FEE)RIL
TR

R BRI A FRUE SR (40 414), C4~C24, [IgLciHE
PREFEAR S B IR AR, OhE. FEE. FNFE. ECk.
CPRER (0154, 3€[E Thermo Fisher Scientific 23 7]); HI &R
(¥ =88%, LUEBTHL T A (bR B A R wl); 3
AT ek (2l = 99.5%, LA TTE) AL TA ;Wi
52-13C g(4l 3 = 97%, 5[ Sigma-Aldrich 23 #]),
12 UBE5EF

Agilent QTOF 6545 J = AR AH 03 AR IR DU A 47
i 5] BT 3% 4% . InfinityLab Poroshell 120 EC-C8 {43i%4}(100 mmx
2.1 mm, 1.9 um, 3E[# Agilent 2\ 7)); Milli-Q Advantage A10
FBARIK i 21X (5 [E Merck-Millipore 23 /); DZKM-D-4 Hi i
TEYRK R LR T A BET PR ); HGC-24A HAN(R
HETTE RN & AT Fl); KQ-500DE F 5t 8 e i vk
(B L TR A S A PR A Wl); STOR /ML v VR B O pIL
(f% = Eppendorf 2 r)); XSE105DU 23 R F-(F5 £ 0.01 mg, Fi
=+ Mettler-Toledo /A F)).
1.3 WA
1.3.1 A7 i 4RI R B

I 2N B R EE=2:3:5 (V:V: V)44 1 mg/mL
14 B 107 TR b A A 25 8, - R A 3 B kv B 4 0.10
0.25. 0.50. 1.00, 2.50. 5.00, 10.00. 25.00. 50.00. 100.00
250.00. 500.00 pg/mL [ F FIFRHERRZE A W .
132 Hmaras

AR S B I A B 1 A8 25 A B AR5 P2 Y 4R U
T BLA B BT K o ik A SRR AT AR, B 655 PR 40 mg
T2 mL &.08 %, A 300 pL HEFT 1000 pL BT
FERE, IRHEIR AT 1 min fTA 250 uL BAKIBHERS 1 min,
12000 r/min, 4°CES.0> 15 min, B3 B4 P43 23 B K

(I, WEFEVIEBOR . —HImA 1 mL 2460 [
0.3 mol/L &AL HR Y /K (9:1, V1)), WsHEdR Y, 80°C/K
WINH T ho A 0.1 mL HIRRER L, TAHENR, A 800 uL
IECERIR, HEPIK, & IFA VRIS 2R 2 T 5 A
WRERZE I mL, AL,
133 &kt

(g

TEEAH: A MR+ BE=9:1 (V:7); B AH Ry i+ i+
FABE=2:3:5 (V:V:V), & 10 mmol/L ZWR%EE . NEGmRHE
PEMRELF M: 0 min, 60% B; 3.5 min, 70% B, 8.0 min, 86% B;
10.0 min, 100% B; i1 A EI3E 15.0 min, J5i21 i 3.0 min,
FEIRAS: 30°C; WiEk: 0.3 mL/min; JEFERE: 2 pL. BEFRARE
PeAR: 0 min, 70% B; 3.5 min, 86% B; 11.0 min, 100%
B. G217 20.0 min, fSIZ4THSE 3.0 min, AEIEAH 30°C;
Hiid: 0.3 mL/min; #EEEE: 5 uL.

Q)T A

JIg 07 1 SR ) B 05 — G A 49 A, o6 43 4 Y 1 (m/z):
50~1000, i rBEss: 40000, g RGBT B
W55 B UA, TSRS 200°C; TEEAURH: 10 L/ming
B 300°C; ¥R 12 L/min, J8JFCR RIS —2%
I S e, BT FE (m/z2): 100~1700,
A e R AR . B A R TR
(electrospray ionization, ESI); TS AR 200°C; g
A 10 L/min; 50 300°C; 50 12 L/min,
1.4 BURSH

11 Data Acquisition 10.1 #F77%HER4E, Qualitative
Analysis 10.0 JE17HE W2 ) 22 7%, Quantitative Analysis 10.1
HEAT AR AE 22 00 22 R RR 5 R 04 . g D R e £ T
Microsoft Office Excel 2021 #A74a 4t i+ #r, 45K LI
Y bR E R 2% 2675 . MSDIAL 5.2 84T I8 RAL &9 E
PSR, i R wersio7 4.2.2 PE{7 B (quality
control, QC)Ff i Bz /Rt AH G PE 43 #r; @1l Metaboanalst
http://www.metaboanalyst.ca) ¥ 17 3 %, 43 43 #T (principal
component analysis, PCA)F /N —3f 1k )5l (partial least
squares discriminant analysis, PLS-DA)Zr#r; K14 % H
GraphPad Prism 8.0.2 #il{f

2 HREHR

2.1 PFERRERMEES G ETE

MR LI, BURRS KL, RILxVF5 68 H 1
IO IR MR A TR . 53 Ah, FERETE S 56 2 (collision-
induced dissociation, CID)# T, JRIBASLA B A S LA
2, AR E T 2P, s TS R E
BRI g T MR i, 3R 1 Pon. Jidh,
AHEFERT LR T C18 I C8 ajiE, i C18 fifkxfF



164 0 A R 2 R 514 %5
HRR B R I R R BA e T 5, A IR s TR £ 5k R ARt R 18
TEAT IR, Yo s ARSI, ORISR FH g i R £ 7 SRR M3 TR H(m/z) 1458 B ] /min
s B B e iy 33 R MR S Nt v B R
*HXT&%% E’J C8 iE*’I‘é1ElHElE’fTTXﬁ(X E’J@Lo %Eﬁqjﬂaﬂﬁ fifﬁﬂz‘{ﬂﬂ@ﬁ(CI&ZT) CsH3,0,  280.2402 4.363
A > B A JE. gty it
BRI KL, 1 A 38 IR FRHE B F i kAl . T R(C18:2) CiHnO, 2802402 4.402
F= 1 BERRER AR, LFEXRIREBATE AL (C20:0) CyoHu0,  312.3028 7.008
Table 1 Fatty acid name, chemical formula and retention time )T RRRR(CI8:3) CiiHuO, 2782246 3275
R # / B4 BF [a] /mi u .

HR fh2fs g e (m/z) A4 B3 B[] /min — FEARER(C20:1) CuHaOs  310.2872 6.073
LRL(Ce:0) CeHinO, 1160837 0.939 WV RRAR (C18:3) CisHy0, 278.2246 3.424
“FHR(C8:0) CgH0,  144.115 1.115 — - BRER(C21:0) CoHoO,  326.3185 7577
ZEHR(C10: . b e
SR(C10:0) Ciofx0,  172.1463 1.485 T THRRA(C20:2)  CaHaeOs 3082715 5213
—EElR(C11: i

F—%iliR(C11:0) C;H»O, 186.162 1.723 — b BR(C22:0) ChHuO, 3403341 $.102

R(C12: — i o7

JIHERR(C12:0) CiH20, - 200.1776 2.091 TR EEER(C20:3)  CyHO,  306.2559 4.429
“BER(C13:0 Ci3Hy0,  214.1933 2.588 .
AR ) 1372602 FFER(C22:1) Cylp0, 338.3185 7.183
A 5 7E R (C14:0) CiHy0, 2282089 3.174
e T VURERR(C20:4)  CoHuOs 3042402 3.976
W S MR (C14:1) CisHx0,  226.1933 2.408
. T SRR (C23:0) CysHi05  354.3498 8.599
+HEERR(C15:0) CisH30,  242.2246 3.825
R T TRRCURER(C22:2)  CpHyO,  336.3028 6.373
T IHAMER(C15:1) CisHxs0,  240.2089 2.947 > ¢ ) CablaO:
BHIFR(C16:0) ColluOs 2562402 4.462 TR AURER(C20:5)  CyHi0, 302.2246 3.231
BRIBER(CI6:)  CiHyO, 2542246 3.601 — FPIBIGRA(C24:1)  CaHiO: 3663498 8177
+-EfR(C17:0) CiH30,  270.2559 5.118 T TRONIRIR(C22:6)  CpHi0,  328.2402 3.755
FLRRREIR(C17:1) CisH3,0,  268.2402 4.197 o HAEFR(C22:5 n-3) CH3O,  330.2559 4.274
fifi JE 2 (C18:0) CisHy0,  284.2175 5.777 T TRRDURTR(C22:4)  CpoHi0,  332.2715 5.009
M ER(C18:1T) CisH30,  282.2559 5.048 T TR FER(C22:5 n-6) CypH340,  330.2559 4.484
R (C18:1) CisH3,0,  282.2559 4.887 1 DUk R (C24:0) CyHisO,  368.3654 9.033
A B C18:0
o C12:0 10 €20:3 ; €20:0
£ 20 : & C17:0
= < 0.8
< o Cl16:0
& 10 =04 15 Cl61 cirl
= C8:0 E Cl41 " Cla0 C15:0 |
0.5+ QZN A
€6:0 / / \ |
0 . . ol /. . N —
0.5 1.0 1.5 2.0 25 3.0 25 30 35 40 45 50 55 60 65 70
184 B5F[E] /min £ FE B 8] /min
C C18:3 C18:1T D C22:5n-3
C18:3 Ci8:1 22:0 3.0 c22 516 C24:0
g3 gzs C20:4
=25 — C20:5 C22:4 . C23:0
& 20 ( 202 C20:1 C22‘1CZI:O \ 3%(,2.0 C22:6 C22:2 21
o C18 2T ’ = 1.5 ’
1.5 C18:2 ﬂ o
=10 A /\ “ \ \ “ J=£51.0
0.5 ( | w J\ 0.5
I UL TR JUA .

35 40 45 50 55 60 65 7.0 75 8.0
{5 B s} 8] /min

1
Fig.1

3.0 35 4.0 45 50 55 6.0 65 7.0 7.5 8.0 85 9.0 9.5
{5 B s} [A] /min

38 Tl R U7 R Fr) BRI 8 U (L 1 A

Extracted ion chromatograms of 38 kinds of fatty acid
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AT TR R BNE & RIS 1, HOR SRS TE
RIEFIA TR 2R i 2. FE AR A T kT
UPLC-QTOF/MS 4347, LA B FR¥ 1 J5T v B B A A (X,
ng/L). MNP ARGR (YA TR BIE . W3% 2 Fn,
38 A HARMITE 0.125~500.000 pg/g LEMEVE N, W TH R 55

Y B AP SE R, MR EL()TE 0.9902~0.9998
[E]. LUEREH(S/N)=3 £ PR (limit of detection, LOD), {&
5 1Y (S/N)=10 }E 1 FR (limit of quantitation, LOQ), 38 Ffijig
WilizHY LOD YN 0.050~1.000 pg/g, LOQ TEEIHN 0.125~
2.500 pg/g.

=2 FERRERAOZEMESTE. &MSEE. #HXZEH. LODs #1 LOQs

Table 2 Linear equations, linear ranges, correlation coefficients, LODs and LOQs of fatty acids

HFR LMEVE B/ (ng/g) T MHXFRFG?  LODs/(pglg)  LOQs/(ng/g)
T F2(C6:0) 2.500~250.000 Y=79202.71X-3810.42 0.9998 0.250 2.500
SEFR(C8:0) 1.250~250.000 Y=317210.10X-24445.11 0.9993 0.500 1.250
I 1%(C10:0) 2.500~500.000 Y=476922.65X-11686.37 0.9989 0.250 2.500
+—%EER(C11:0) 1.250~250.000 Y=685449.60X-81279.45 0.9990 0.250 1.250
AHERR(C12:0) 1.250~250.000 Y=709870.21X-115836.49 0.9991 0.500 1.250
+ =R (C13:0) 1.250~250.000 Y=762913.13X-61397.78 0.9991 0.500 1.250
A &R (C14:0) 1.250~500.000 Y=685603.92X+25316.53 0.9979 0.500 1.250
R AR (C14:1) 1.000~500.000 Y=463677.49X-93392.49 0.9991 0.250 1.000
I EERR(C15:0) 0.500~250.000 Y=724592.30X+64924.95 0.9952 0.250 0.500
T IRR(C15:1) 1.250~250.000 Y=906514.63X-98349.91 0.9992 0.250 1.250
FEHEIMR(C16:0) 1.000~500.000 Y=432235.88X+1151903.48 0.9914 0.500 1.000
R ER(C16:1) 2.500~250.000 Y=1044402.31X-39068.82 0.9987 0.500 2.500
+-EfR(C17:0) 1.000~500.000 Y=764888.43X+310736.24 0.9918 0.500 1.000
F-ERRFEIR(C17:1) 0.250~250.000 Y=943474.67X+115365.99 0.9938 0.500 0.250
T JIE 12 (C18:0) 1.000~500.000 Y=934315.35X+986097.26 0.9956 0.500 1.000
MR (C18:1T) 0.250~250.000 ¥=709102.24X+232988.70 0.9939 0.500 0.250
TR (C18:1) 2.500~500.000 Y=919085.86X+278533.59 0.9958 1.000 2.500
J2 I ER (C18:2T) 0.250~250.000 Y=792371.84X+77155.42 0.9982 0.500 0.250
TR (C18:2) 0.250~250.000 Y=847267.50X+122138.52 0.9926 0.500 0.250
AEHE12(C20:0) 1.000~500.000 Y=930972.20X+345855.85 0.9941 0.250 1.000
7-TEJFRIR (C18:3) 2.500~500.000 Y=346244.80X+55834.26 0.9971 1.000 2.500
Z AR (C20:1) 0.500~250.000 Y=1190235.84X+96657.08 0.9949 0.125 0.500
MLJFRIR (C18:3) 0.250~250.000 Y=2255614.47X+167829.24 0.9922 0.125 0.250
BRI (C21:0) 0.500~250.000 Y=1198619.57X+129090.38 0.9952 0.125 0.500
Z ik R (C20:2) 0.500~250.000 Y=1088322.51X+75954.58 0.9982 0.125 0.500
T TRk ER(C22:0) 1.000~500.000 Y=1125126.09X+209218.10501 0.9927 0.500 1.000
B =R (C20:3) 0.250~500.000 Y=4638010.31.X+13029.31 0.9984 0.250 1.000
FFER(C22:1) 1.250~250.000 Y=1075641.70X+136319.34 0.9934 0.250 1.250
164 DU TR (C20:4) 0.500~250.000 Y=1225091.93X+13311.073 0.9994 0.250 0.500
Z A =kiR(C23:0) 0.500~250.000 Y=1148755.87X+153450.69 0.9925 0.125 0.500
:+(EE§Z)X%E§ 0.250~250.000 Y=1140969.96.X+79008.40 0.9947 0.050 0.250
R FE R (C20:5) 0.125~250.000 Y=1300725.36X+5501.73 0.9949 0.050 0.125
T PR ER(C24:1) 0.500~250.000 Y=938780.02.X+160641.91 0.9943 0.125 0.500
*Jr(z?fzﬁﬁﬁ 0.250~250.000 Y=1151826.02X+2909.31 0.9962 0.125 0.250
*Igﬁff?@g 2.500~250.000 Y=1083156.64X+112813.78 0.9903 0.500 2.500
**@ﬁf}iﬁgﬁ 0.250~250.000 Y=1114798.63X+101694.29 0.9964 0.125 0.250
*Tczfﬁﬂj@g 2.500~250.000 Y=1055628.81X+323074.64 0.9902 0.500 2.500
- PURR R (C24:0) 0.500~250.000 Y= 1428988.20X+12127.55 0.9998 0.250 0.500
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B dn 24 R R I A 4R

F 14

AT LI SHAR-"C g M B TR T AR, 35 S
WoRER, HET 2.5, 12.5. 25.0 pg/g 3 7K hnkx [al e
EFEEMEIIE, BMRER 6 TP rd. 3 MEREKT
B AR RIS R T 93%~104%, SINbRAE b 2 45 SR Al A
SR UE R 22 0 FBITE 2.6%~3.9%2 [, Wi B IS & A&
GB/T 27404—2008( 256 2 it # ilE £ BRARAS I ).

HILEH, M TESN GC-FID ik, AEkRA
BHrr e RE BRE . HIET GB 5009.168—2016 (&
YL EFARME EEHIRIRRAIIE ) LOQ 4 33~66 ng/g(l#
WEHIMF, ZFE R F AL LOQ, H H fij kb ¥ 77 74 ]
i, JoHF = HALMEAT R ER AL, 3T HIREE AU . b
IHE_E, GB 5009.168—2016 5 ik BN b AG: I s 8] 7 B2
85 min, ASJ7T¥EALTE 20 min, PRITIZ40Hr 7 v B E 5,
AIEE T EE . R AU SRR R 1Y B4 T, IR R
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Table 3 Fatty acid content in 5 Kinds of livestock and poultry meat samples (n=3)

MR KSR A/ (ngle) G 1 P/ (ng/g) HEA(ne/g) A (ng/e) FEHH/(ne/e)
CLiR(C6:0) ND ND ND ND ND
IR (C8:0) ND ND ND ND ND

2 (C10:0) ND ND * * *

+—kEER(C11:0) ND ND ND ND ND

HHERR(C12:0) 107.50.5 107.2+0.2 1174+1.3 107.1£0.2 119.3+0.4
T =4ERR(C13:0) ND ND ND ND *

A FRER(C14:0) 55.1+1.1 51.4+1.7 473432 138.2+0.3 532.845.8
N EREIR(C14:1) 137.3£2.3 132.6+0.7 142.3+0.4 152.3£0.3 169.2+1.3
+ILERR(C15:0) 59.7+1.8 56.2+0.3 65.8+1.9 64.3+1.5 167.5+3.8
+FHIHER(C15:1) * * * * *

KRR 2 (C16:0) 5741.1£23.5 7128.6£12.2 12379.3+55.4 7199.8+14.1 7643.2+38.3
FEMRRR(C16:1) 344.3+1.6 172.3+4.5 893.243.9 2152443 638.2+2.2
-2 (C17:0) 64.2+1.9 85.3+0.8 96.4+5.9 115.3£2.5 953.4+5.5
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ZFR XS A /(ng/g) HE 1) 1A /(ng/g) ¥ HB (ugle) 4 B/ (ug/g) FHB/(ngle)
TR (C17:1) * * 5.940.1 6.4+0.2 34+1.2
f# IR (C18:0) 4835.4+41.2 7822.151.1 12688.3+22.2 6903.2+31.8 11472.3+40.5
R IMER(C18:1T) ND ND ND ND ND
AR (C18:1) 6594.5+95.5 5545.6+9.7 18153.4£13.03 7137.5+15.7 21205.5+11.0
J2 A MR (C18:2T) ND ND ND ND ND
MR (C18:2) 3875.5+12.9 2217.2431.2 3975.8+14.0 1038.2+3.1 5433.8+24.5
A2 (C20:0) ND ND ND ND ND
y-JEFRER(C18:3) 316.742.6 114.3+2.1 115.3+1.9 95.8+1.8 250.2+2.3
AR (C20:1) 16.2+1.2 37.2+2.1 37.9+1.9 35.3+1.2 25.4+1.5
T RAR(C18:3) 9.240.2 6.3+0.2 7.140.2 5.4+0.3 13.4+0.2
Z kB2 (C21:0) * * * * *
TR IR TR (C20:2) 85.3+1.3 86.5+2.5 111.2422 31.31.1 51.5¢1.5
ZZERiR(C22:0) * * * * *
AR HEER(C20:3) 24.1+0.2 64.142.2 38.3+1.3 22.240.2 44.2+0.1
FFER(C22:1) * 342424 37.242.1 * 492423
64 DU 2 (C20:4) 562.742.8 2291.2+11.7 1273.2413.2 395.243.6 1922.3+14.9
Z =R (C23:0) * o o * *

T TR TR (C22:2) * * * * *
ZABRFHEER(C20:5) 17.1£1.3 21.3+1.1 12.5+1.5 9.2+1.2 105.7+2.9
PR R (C24:1) * * * * *

T RN R (C22:6) 27.3+1.3 41.5+1.5 15.9£1.9 * 69.2+1.8

T TRk B R (C22:5 n-3) 85.342.3 91.2+1.6 74.342.6 52.442.3 249.7+1.8
T TR ER(C22:4) 92.2+0.4 35.3+3.4 127.242.6 32.1£1.9 118.6+1.7
Z TR IR (C22:5 n-6) 152.1+2.2 231.243.1 151.1£1.2 61.1+1.3 16.7+7.4
PR (C24:0) * 16.2+0.3 14.240.5 * 8.1%1.1
1 ND R 3 #8T LOQ.
T4 TRIPLPEHBRENEE
Table 4 Relative content of fatty acids in different meats

X 1R /% S 16 P /% 1A% 4B % FHE/%

0 RE i 1R 46.8 57.9 51.3 61.0 40.7

BRI AN 197 R 30.6 22.4 37.3 31.7 43.1

E Nkl 22.6 19.7 11.4 7.3 16.1

n-3 B FIRE 5 2 0.7 0.9 0.3 0.4 0.9

n-6 B IG5 R 21.9 18.9 11.1 6.9 15.2

23 BBRESSWH
2.3.1 BRIR AT IR

ZMEFE A QC HEA HEAT i b il an &l 2 PR
MIE . FEUT QC FEAS Bz R AHSCE R B, 45K,
QC EEAR AL £ R BIITE 0.98850 LU I, PRI E%istT
Fve M A, A I R bR B 38— B Ay

QC FEAXS 5 Fids & IAFEM P IOAR BUE M, 1E SRR 7
SERE ) 355 Bl 192 RiE Sy, 1E . SR A& R B

24 Fhib & W, FhE

=L e e

B ()

FREE 5 AN 3 s, 1. ST AT 23 B
B9 B8 J5T 23 Ji) o Tl = g
(triglyceride, TG). ®ENEEAR G (phosphatidylcholine, PC)JE

& 5 FIiE Wi R (fatty acyls, FA).
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Fig.3 Proportion of lipid species in livestock and poultry meat samples
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