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Abstract: Oil was extracted from pork, beef, mutton, as well as chicken and duck meat samples. The changes in

volatile flavor compounds, fatty acid composition, and lipid composition of fresh oil and oxidized oil (heated at 120 ‘C for 2 h)
were determined by sensory evaluation, electronic nose analysis, solid-phase microextraction-gas chromatography-mass
spectrometry, thin-layer chromatography-flame-ionization detection, and ultrahigh performance liquid chromatography-
quadrupole-orbitrap mass spectrometry. The ultimate aim was to investigate the lipid oxidation and aroma formation patterns
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in different muscle tissues during thermal oxidation. The sensory quality significantly changed during oxidation. Oxidized

beef and mutton oil emanated a prominent milky aroma. The types and contents of aldehydes in lipids increased significantly

after oxidation. The lipid compositions of different muscle tissues differed, and the contents of different lipid species changed

significantly during oxidation. The triglyceride content of beef oil decreased from 4 085.44 ng/g to 1 363.12 ng/g, and

the phosphatidylcholine content of chicken oil decreased from 1 060.53 ng/g to 503.46 ng/g after thermal oxidation. This

indicates that the esterified forms of fatty acids affect the formation of volatile compounds after thermal oxidation. Heptanol,

heptanal, and 2-heptanal in oxidized beef oil are possibly produced by C18:1 and C18:2 on the triglyceride, and hexanal and

heptanal in oxidized mutton oil are probably produced by the oxidative degradation of C18:2 on phosphatidylcholine and

phosphatidylethanolamine. Lastly, 1-octen-3-ol in oxidized chicken and duck oil samples may be produced by the oxidative

degradation of C18:1 on phosphatidylethanolamine. This study aimed to provide research methods and theoretical support for

lipid flavor control.
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Fig.1 Sensory evaluation analysis of lipid in different

livestock and poultry muscles after thermal oxidation
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44

Mo, rEIAE] 529.44 pgl/g CEALREID.
536.38 ng/g AR, HERRL ST T4k R W
Tl GF&). Clf GFF. BF) FH-ERRT
WHRAES BRI SSY . BRI, P,
2- PR R NG I B R R, EAL S SR AR I
MBS B>, Ol TRAE. B E
PR RVERESR, CRERMN TR W, TR
{147 JRUIAAER B84 % A IR T S8 P 2R e e, RTRFAIE
JRUR: [ 72 B LA e R

202 B B LA TG o2 484 i 1 36 R R PR
RIS, BESEVR AR, ARG ANEE, ANt
e (1 ) BRI, % PRI SIS XU (9 T R 5 O B
TE il O T R A, AN R B XS AR 7 XU (4 2 i
P EEEHY, SA0)E 1-364 -3- B AR bt
AR, BRAERRY, BAERERER, AWHE.
A AR E N 19518, 115.46. 177.68 ug/g, %A
A ZE ARG S B iR 4517, 64.07 pglg. 1-3F
A5 - 3- B 0] RE A2 A RSP AR 22 R (1) OB o o 1 T
FgEE IR 2 A S 2 Xy R IR R,
HAFRRANIE RRAE, HoRe 2 H IR DR E0d A
W R, BERIEAEYINIE R A . hab, 2-1%
REIRH S EEREE, AMNE. 2 XSlhEEA
213.25. 170.90. 160.11 pg/g, AL FEIAIRG R
B0 HN 32.62. 66.03 pglg, IR ER. 5
L S S A A AL

Wi1C
2.

WIS

WIS
e




-7
WS TFISEL 6TTIF65€8 ,CETFESLL  LLOLFILGH 807788 — — — — ¥86°€1 M_m Mwﬁm €T
OVLFLOVO S8STEFBYLLL FLTFLUSY 9STFOPSIT EI8EFSIS6I 85 € FIETL — — O€T 6986 — 9017l g€ dFE-1 TC
— JLEFOUVE  SLOFVYPL  ,S6TFO6VS  L69F6T 19 — — — — — €T8°11 Y 1T
— — — 8TI1FI1TII — — — — — — 159'8 2T 4
SETFO6FT FE€9F00°SS — LESTSSSY  FLOTFSLLY — — — LTTFTWIE  LI6EF0SST  60L°S Ekey 61
— — — SETFSITL LTOFLLET — — — ,S0°€F8ETI OOTFIST  6£91¢ WwTIT 81
— — — L00FLETT  FSTFICTT — — — — LUOFS60  LLEGT WEEM LI
— — — — €61 F I8P — — — — — 00l W=+ 91
— — — D60FE6ET 88 LFIT6T — — — — — 88y W— 4 SI
— — — S8SEF 86T (SS9 F OV YL — — — — — 8TCET  WYH—IT I
— — — FEOFETLT  E8TFECTT — — — — — 0£8’1C  W—+ €l
U o ) Lo
— — — CEES FIPBYT (EI°LT F0S8ET — - — — — 8L5°0T -N-KW 1
— — — — WETFLILE — — — — — 900°61 ST 11
WETTF 6201 — WwCLOT F8LTS SS6T F8E9ES TESHFHY6TS L LV LFLIIL — — JOTFEETE  ,L£68F91°€E 91091 S 01
— LIELFTH09 — OS LT F8S8YT LIV P FH0'8YT 199+ LLTS — - JETIFOIPST  9CCTFSITS  8LSYI FWYE-T-Y 6
- B e e e et o B B B B B . T ch Y1
JTOFS6Y  S60FLLEL I8 STFTHHIT S69°€1 T2 8
ILT ¥ 8¢€T — — — — — — — — — L96T] Y2 F2T L
— — — STTTFIT6SY (TL'8T ¥ L8E0E — — — — — 8T8TI £ T 9
— LIS YTF LSS — Y STF80°LET 8S0EFSTILT W8 TFHS 0T — — JLTSFLYLY  EE8IF6LLY  THETL ¥ T S
— B0V F 6189 EFvFOI'SY 6061 FLLEST 68°SFISHSI - — — S9TF6TTC  TOTFSES ¥19'6 W 14
B B B o~ e B B B B B B . 2
6€°8 F OV €Y LTT'S TNew €
LC9F6LYE ,STHY F 15061 LLF9IL ¥80TF IHLTE 0095+ LI'ISE IL'6EF9ET6T ESTFIE6 HTO6F 16°€h IL'TH F0TSEL 09°€TI ¥ $8°98y  LIE9 DI 4
L80F6HS  H9EFOLTI — JSTFELOY  T69FLESS — — — SP'8 F 6569 — €€6°€ S I
uruy [
FHUWE  REWE  REWE EEE eEE e e s e e y m M Wr Ly
(8/31l) uonepixo

[BULIdY) J9)JB puR d.10J3q SI[dsnu A1y[nod pue }J0)SIAI] JUAIIPIP Jo spidif ur s)udjuod punoduwiod d[IB[0A Ul SdZueY)) € dqeL

(6/61) HEHESHSHFFHYWHEH WIS EEY ¢ %

45




— — — — — — ALTOFPOT  FTOFIET — — EITel YT 94

— ¥9°91 ¥ 00°L9 — — — — — — — — 069°€l 2 -m;.\m% w
TH¥2-€
- — — - - - LSOFITE - - — 0S8'El wE=-ET It
— — — — — Y60 F €59 — — — — 8¥LCI w2 o
080F 76y  IELFEO6E  ,T8OFETS WETFOSEY — — — — — — SOPpl  EEMD 6€
— — — 0I'TFIIET — — — — — — ILY'LT  EEMAMTIA  8€
— — — — 20t F ¥6'6C — — — — — WYIT BT E-T LS

pLE6F €099 ( STTEFIT09T L, LY'0FTITE LTI FO6'0LT SLOY FSTEIT OL8TFEOOLL 6L 0F [Ty L0V TFOI'0L ,6L°01F€9SEL ,bSPEFLI'IT  L8Y'TI BT IT-CT SE

STIFI00T ELTF6I'1T — — — — — — — €59'81 4T €
— — — — — — — — — — 180°L1 EE-T-%F-€ €€
. (ol - €~ g
¥L9°ST Db b 43
86°0F LT6] — HOT0F909 — — — — — — — 859°G1 - b - 1€
aFHFEh
— — — — 06'S ¥ S09T1 — — — — — €86°Cl  M-T-F+-€  0F
66°0F 00T — — 8TOF 1961 — SHOTFI6°TI — — O TFSS T — 19771 Hg—F-€T 6C
. . o e . S
OTLF6V Py FOTF61°SI 08 FST09 0ST'Tl T 8T
— — — — ISTFC60I — — — — — 8YS9T  HNF2 LT
-
610F6C1 — — — — — — — — — 8T8l  Wyw-F 9T
h=-99Y
} ) ) Hh¥
— — — — — 6TEFOLLE — — — — 8E€L'ST =2 ST
N I b
— — — ALY FELOVD LOTEL F 617201 — — — — — 910°G1 WET ¥
Uruy/ fu|
B INE P INE FEUE B4 HE B ANNE Gk el g4 [ (=18 5 m W_M WE Ll
19k

46




L (S00>d) HEFFTHYLYFHEG i —le “FIFLY —, H

— IU'TF8L91 — JO0FI90CT PLOFI98E — — — — — 6LL EE Yo L 29

— LV TFI0CT — — — JTOF8YS OLOFSYS — — LEOFOIE 60°6C poras 19

— — . JdETF65°6 . AL80F 189 — — — — STL'LT JMW%%“QN 09
WCTFOLLL - - E— o riseve  — S o oo | HWEL 65

— DELFLSLY  YOTFILLL 90TFOI'LE L&V O0FHEOC OI0F00Cy  LELIFO6CY OLTFBTST H6ESFCII'LY 961 FCEIC 8ST¥C Uik} 8¢S

— — — — — — C9CTF60°11 — — — €Ceee 1_\%&%@ LS
........... . T s

— — — 6L'LF L6V — — — — — — €6LTC ¥ hVv-F 9S

Wbl
e . w— Lt

— — — — — — 1€6F15°€€ — — — 6v¢CC b =0 S¢S
R WL80IF088y ,CTEF &..@— SLYF .v—wm - JOY FTO6°LS smooﬂmcmm JLITF hﬁ.o.m... LSYF woow 1€6°9 Hwbwm ...... mvo—m ........ P\!H»I_\ ........ .vm

P08 TFE6'6 0SCIFCLIS — J89F E8VE — — — — OLTFLI'8S O TFIL8I vIT'IC mﬂ%%u@k.w.l\.\ﬁ.“\dnm €S

@SEEF YL FYElFSO6'IL CESFILOE LpECTFE®TY 9SG TFISOI 2 I8 8FOVER LEISTFCIBIL LIVFVTYS '€+ VT 68 507 € F9¥°6C 16€°0¢C JW%.MPN\%K 4
........... . N e T T

— — — — — SO0EFO80C 6 SFSLIE SI'TFLTOII — — 8ST61 b —9C IS
%hm@ﬂ 9I'8C YELTFOI'6L WV SF ﬁw.m..ov poql €6 F mvwm - JELTFYOELL mwNmmHm¢©©~ 969 F ON.@.w... - 2098 .ﬂvmwo ...... h mwMz ........ .Ww1\\|_\ ........ Om

— — — — — Q6T F ST QCU'TFSTL 0L°0FITS 9I'El 80651 JF90F80°¢ 10081 %—4Fh-€ 6F

— — . — . 08 TF00CT  6STFIVI BETFECO L8CEFTLOI WFEOF 1YY 808°LT H—+F AT SF

— — — — — — — — — LY 0FCST cCL9l MMLWM.\J,M“#“N LY
ommﬁﬂ 6L'L £l'0vF68¢6l EICTF b.w..Nﬁ - — JO 8L FSOV8 nOmbHowNw WSTEF Nw.ﬁ.m... 906 F mmbm — m@wm~ ........ J.Lx«.\n_\ ........ ov

— — — — — E80F VT el — — — SOLYl UEFhT SP
........... . T Ty

— — — — — — 68°0F00F — — — Ly el (EH2F b

DS -l

EEAE  REWE GEWE wEWE EEAE et el ek e e o M WE LY

47




86'ST L8'61 6811 TS V66 £1HT WSL'ST I 90t €06 — vAnd
8S'LE H0°0F £6'TF 6SLE 60t £0TH LYy WLLES J16'8€ OY'TS — VANN
L£7°9€ J10p 919 61°LS 96'SH F8PE 4€579€ L£6'1F Z0°LS \TS°8€ — VAS
J00FP00 100 F 400 — — — — — — — — LTE9T 0:720
Z00F900  ,S00FTI0 — JO0FS00  ,C00F90°0 — — — — — LS8'ST 6-U 1:220
F0'0F S0 - — — — — — — — — 890'ST 9-U $177D
2007500 — — — — — — — — — S08'7C €U G770
£00F9T0  ,Z00F600  L00F800  O0F600  ,£00F0I0 — — — — — LES'TT 0:020
W900F TS0 JI0FTE0  LI00F110  JJ00F0I'0  ,STOF990  £LI0F6E0 — — — wCTOF L0 170°CC 67U 1:02D
200 ¥ ¥70 — — — — — — — — — SP6'1T 9-U 7:07D
JO0F600  L£00FLI0 — — — — — — — — 985°1C 9-U £207D
LE0FILT  SHOF00T — — — OSTFEIT  FOOFEND L TOOFLIO ,E00F600 ,90°07FSTO 8KT'1T 9-U 41070
WLOFPS0L SPTFO06TT  SHTFEILL  F90FC9TC  JWrOFHTST  4TH0FL66 0107868 ,6€0FSLYL F0F001T 578079701 ¥59°81 0:810
TE0FONT  ETOFSSE  LITFI08  6I0FIET  ,6005v6v L660FL9T ,SPOTFS9E  SE0FIT6 9TOFLYT LES0F6TS 88T'81 67U 1:81D
LVOTFIEYE L JOEFOFIE ,COTFLSSE  ESOFHSHE  FLTFI60F ,0TTF909E ,6€0FLOSE STIFSOTH £30F€TSE 66TF LTH 6L1'81 LU 81D
WOSTFO0661 08TFSIST  #90F88E  STOFI6T  LTIFO00S ,6I'TF0STC LOF0F098] ,6TOFVIy 9I0FLEE ,6€TF8LS SYO'8I 9-u T:81D
— — — — — — 000 ¥ 20°0 — — — vLL 9T €U €810
SO0FLI0 4b00FPT0  JTOFITT  600F0ST  H00OFITO — 41007900  600FSST ,£0°0F S60 — 6vL'91 0:L1D
0007 400 — OVOFEET  £O0F8E0 200 F80°0 — — 010 ST — — 6LE9T 8-U [:L1D
OTTFT8VT 8007 C9LT  OETFOSET OLOFSY6T FET1FEV6T ,SOTFYSHT LI0FLTLT ,6T1F¥HTC 860F01CE 91 F9ELT 11671 0:910
w90 0F6ST  660F0TE WS 0FTOT  pbTOFLTT  ,6S0FSET Wb OFI6T  600FL6T ,9T0F86T ,STOF69T 1000 F 8T 9LS 1 LU 91D
000 ¥ £0°0 — — — — — — — — — €ISl 9-U 791D
JO0FLO0  ,CO0OFSO0  LITOFEY0  ,SO0FSSO  LJ00FSO0  L000F¥00  L00FI00 LLO0F6S0 £0°0F0F0 — 80T'El 0:$10
SO00FEE0  EI0FLTO  690F90C  FI0FT6T  HEOFE0 ,900FSTO  H00OFITO (800FOET 6S0FLST 6107060 VLO'T1 010
L0007 100 — — 20°0F ST — — — — S0°0FZ1°0 — 8TSI1 U410
B NNE B NE LU Fit A FENE G 81 A i i1 urwy () b B3 a4 Bl

(%) uonepixo [euridy) pidif J193je pue 3.10J3q Anod pue }I0)SIAI] JUIIIJIP JO SI[ISNUW UI JUIUOI PIdR A)Je} ul Sdguey)) p dqel

(%) NEESHWE T MY ERHSHMIHESERY v &

48




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.7

®5 FREBNAEREMNESE (%)

Table S Relative content of lipid composition in different livestock and poultry muscles (%)
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Fig.3 Relative content of fatty acids in muscles of different

livestock and poultry before and after lipid thermal oxidation
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