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A18el oA, Y Fd FEELS AddIbd (undecanal), 2-Ad|ZH2(2-undecanone), 4-SERE(4-
octanol), 2-9®|7}<Z(2-undecanal), 1- <E}=(1-octanol), 3-HE Alo]ZFZME}=(3-butyl cyclopentanone),
A (hexanal), 3E}E(heptanol), 4-WE )% (4-methyl phenol), W =<Fd|5to] = (benzaldehyde), =H|AQ
(dodecane), L=t (nonanal), ol g A1 ¢l (undecane), < Eld (octanal), 4 Aol H E b to] =

RS -
(benzeneacetaldehyde) 2 ©]Fo1X o & oj= 3l o]l A, 985S HHEE nfA ZAE.
A3 3
A 18] 9dolA, A7) A 3HeE-S oA 7bd (undecanal ), 1-%EFE(1-octanol), A< (hexanal), HERE

(heptanol), W= w|3lo] = (benzaldehyde), EE|AIQI(dodecane), =U'd(nonanal), X A ELH S o=
(benzeneacetaldehyde) & o] FoJx T & oj=3l} o]l 719, U=S HE A A E.

AT 4

A 18ke] dojA, e Al (pentadecane), FEFH| A (heptadecane), FAFHAI2] (hexadecane), 2-w¥ 5H-
6,7-tlolslo| =2 Ato] ZF 2 A ety &4 (2-methyl  5H-6,7-dihydrocyclopentapyrazine), WA o} A E | slo] =
(benzeneacetaldehyde), % 6-W¥-2-3E}i=(6-methyl-2-heptanone) 9] s%=7} 74 =4 Yebd 4% A7 4
B50] gogRE Fd Aolgtx #Eela; AP (hexanal), 4-WE ¥ & (4-methyl phenol), B 2-o|€-5-
We T2} (2-ethyl-5-methyl pyrazine)®] %7} 7b4 =A vehd A9 A7 d550] HAZ5EH FHs A
olgfx WS, = 4-2E}E(4-octanol), 2-Au|FF=(2-undecanone), A E|FF(undecanal), dAQ
(undecane), =dH|AI¢l(dodecane), 3-FHE8 Alo]ZFZAE}=(3-butyl cyclopentanone), 1-=E}&(1-octanol), =
bt (nonanal), W= % u|lo] = (benzaldehyde),  SEbd(octanal),  2-Ad7b<(2-undecanal), A=
(heptanol), 2,5-thelWld I|e}21(2,5-dimethyl pyrazine), 2-o}M& I E(2-acetyl pyrrole), =H7IE
(dodecanal), % W€l &} (methyl pyrazine)e =7} 74 =4 vebd A 7] 9850 L=23EH #d
3 Aolgta BEstE AL EAOR s, 98-S BEHE nA 2A4E.

AT 5

Ad 7 (undecanal ), 2-Ad7}=(2-undecanone), 4-=-E}=(4-octanol), 2-Ad|7F2(2-undecanal), 1- =El=
(1-octanol), 3-HE Alo]Z&ZIE}=(3-butyl cyclopentanone), Al (hexanal), #E}=(heptanol), 4-wHE
H = (4-methyl phenol), WZ=LHElo]=(benzaldehyde), =E|A(dodecane), XU (nonanal), <AdA
(undecane), %Eld(octanal), = wWlAlopA|E L H3}o] = (benzeneacetaldehyde) S #HE T 33 S43d)7]
AAAE L&l 55 EE vARYE.

AT 6

A 580 doJA, A5 Ad 7 (undecanal), 1-=Ebs(1-octanol), At (hexanal), 3 E}s (heptanol), ¥l

Z ot &}o] = (benzaldehyde) , e A2l (dodecane) , =1}t (nonanal) L WA o} A E | slo] =

(benzeneacetaldehyde) & T 55 437 A AAE 23ste 985 HHE vA 2A4E.

A3 7
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A7) BAo R dojd by FRHE 2ol wiet §F3S WEsE WAL E ek dE5S 3 Uy
A3 8

A 78 dolM, A7) FsEF5EAE AN vAFEH (Solid-phase microextraction, SPME)S o]-&3F A<, 9
29 3 Uy,

A7 oA, A7 AR R A SHEAE VA AzvtEIY] AFRAUGENS)E o8 A, 97

[
e

A3 10

Al 7ol oiM, A7) 3EA e T23lde dlEld A ¢l (pentadecane), FEFEIACI( heptadecane), AL
AQI( hexadecane), 2-vg 5H-6,7-tho] slo] = 2 Abo] 2 2 s e} v] 2} %1 (2-met hy | 5H-6,7-
dihydrocyclopentapyrazine), WlAlo}A|E&H S}o] = (benzeneacetaldehyde), 2 6-HWE-2-El=( 6-methyl-2-
heptanone)®] F%7F 7V =/ dEld A9 A7) dRSo] HorRE g Roldtn wEHs; A
(hexanal), 4-#¥ % (4-methyl phenol), 2 2-ol&-5-wd 3]z} (2-ethyl-5-methyl pyrazine)? %7} 7}
T =A dEhd A A7) dESo] HAERY frHigh Aolgta WEska; 4-5Ehs(4-octanol), 2-AHFh=
(2-undecanone), <dl7}< (undecanal), <1dA ] (undecane), Z=t]#AIQl(dodecane), 3-FE Alo]ZFZFMEF=(3-
butyl cyclopentanone), 1-%El=(l-octanol), =Y (nonanal), WZ&d|sle]=(benzaldehyde), SJERS
(octanal), 2-91d]7}<(2-undecanal), EF=(heptanol), 2,5-tholw|d T E}x(2,5-dimethyl pyrazine), 2-o}
AE 9]&(2-acetyl pyrrole), ZHlZhe (dodecanal), ¥ HE I 2} (methyl pyrazine)® X7} 74 A o
Bl AF A7) 955 AREYH fHgk Aolgta wiEsteE A, duS WE Wy

7l & & oF
- EEE, A sgEe o8 dES WS sl ¥ Aoy, =3 YA seEEs ol U8S
o Wel] w3k Aol

o
o
o
r\o
i
Ho
o
o
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=
D
o
=t
=2
1
e
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N
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il
o
N
L
of
o
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L
[

4 2 3% Al¥E (mixed meat products)o]#@ F 7}X
&
(s}

2
FogES B4 EE AW S Yo WA AL B
g A

hnd

olr

}_

bR %S BT AepdeA AT 4ET e , 2
EPEs @ W 2AAFE BFRAG. ASHE QRGeS GFH], 27b4 oldel A8 FRE AF
AE WE AE BRG] AS vlgo] Be o URT) JAstelol Ak AW AT ARFE B w
Eqste] WE AFN BFAT) ol ARE PARE 2L £ W) ¥ AFURE ouion EQ
A7 s Aol em gl we, B3 AFOl U@ 2vae] BAL opleslE @), ole uhel

Se evhE 9E%d /1% =Ry, PR duge] £92 PAst] 2mAe A

A5HS Est= 7
0]
PR

2
2 A7 %

olglgt awte] 2] wel, 98eS WHstE 71E2A Fol= real-time PCR, ELISA, GC-MS, 574 v
Aot DNAE o] &3 HEfol= XA Fo] AMg¥]o] $ith(Nakyinsige, Man & Sazili, 2012). spAI%k, o]2]& 7]
e SEE ol 89 dug WAvIEdd w, dAY, AF, e R <ls wude] wdd A9, dA8S
ol ojej g Frks EAAC] A el Y] WA v vlsnc A olZia H7kE =, DNA
S o8 3 EAUE ARgHER 9o, EAd ded AR, w=Fd, AAA W] el & wu
1 @ wAgdl 93 FAHS 7 A gink. ofel wE, HZelw Li 5(2019)9 v PR 45 ©]

o

2 3k A Stader$(2019)9] UHPLC-MS/MSS o] &3 & Eo]4 w7 HElo)
2 Feloj= A W E JfdE o] o]&F o loun),

e}
adele =skar o s Srbebgel s Agstar Ja FAA Fwo]l Hon AHd dus @l vleol

i
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Eoubgolq Abgw o] “3ubA 3EE7 & 8o dol ok AL EFow 1, 45 /S o A
Hie, 5F9 FE K E IR sREY & U

B odo A AFEE &o] “UHES” & E3S-(mixed meat)S F3EY, YE S (raw meat)o] AF, Ag, 33
zuR, A8, Tt AFHANES HUME AY ¢ Jdeoen, mmd Ay daS(rav meat)S A, w4,
#ol7], w7l, |77, ¥, Az, A, ¥a, = TxHEss AY = Qo old AgEA &=

Boukmo] o Aajdo] glojA, A7) ‘Al 3HE” & vlEkA S A= undecanal, 2-undecanone, 4-octanol,

2-undecenal, 1-octanol, 3-butyl cyclopentanone, hexanal, heptanol, 4-methyl phenol, benzaldehyde,

dodecane, nonanal, undecane, octanal, @ benzeneacetaldehyded = o™, B2 vF2HAEAE undecanal
PN

l-octanol, hexanal, heptanol, benzaldehyde, dodecane, nonanal, 2 benzeneacetaldehyded < A2}, o]
of A=A ket

g 7 oolew, A7l HEA E=

8 BAg A B 9Rg 9 g0 JHw

woagel ] ALgE gol “AA 2AR & 54 %A g8 Fuln AL onjsim, okE, olokolE, 84
EFOAF, R AEE A% TP 5 gon oo WA @tk 4] A 24 AxE 98 BA
S4ol kel el sls ol Seld Pdel wek FaE 4 g

Wbl AR A 3gES wEE @A & SPME(Solid Phase
F on, A7) SPMEE AR 5 v eSS 5T & Jde 2SS EHo

= 3

2N Alwshs 45 B PeA “wEHE AR s9Es A4 2 AT S4%e 9A” = G-

MS(Gas Chromatography-Mass Spectrometry)ell ¢J3l &€ 4= Jom, 7] GC-NMS+= A8 5 54 sy &

A ook O e sk WHd  den, AR F SeeEs VIS AEvEadgv e 23 5, 2

FeArE Ag-dsHE SAste] e Hsta Aske WHewRs, g TR gEs 24
Jom, AL o Ark 24 5 e s SHeR Y

Lz
i)
ol
=2
o
2
of
p‘L

wowge Py SEE Zedad e An F 2t AU H9Re TRe dPel U §F TEe
Uetl= dFe] 55 Ee delHE, A7 T4 e ZEadE Har]e] 4§ pentadecane,
heptadecane, hexadecane, 2-methyl 5H-6,7-dihydrocyclopentapyrazine, % 6-methyl-2-heptanoned < A&
W #x317]9] 74-$- hexanal, 4-methyl phenol, 2 2-ethyl-5-methyl pyrazine¥ 4 Jom, T3 A317]9
7§ 4-octanol, 2-undecanone, undecanal, undecane, dodecane, 3-butyl cyclopentanone, l-octanol,
nonanal, benzaldehyde, octanal, 2-undecenal, heptanol, 2,5-dimethyl pyrazine, 2-acetyl pyrrole,

dodecanal, ¥ methyl pyrazined & t}.

Boagels AR & 2371, HATY], B HuAR o]Felzl TAA o= sht ol4g TS AY
glovt, olo] A=A gvh

o ¥ wHE, AAelE Fiel urk PAMOR AP vk, /] WA B wgel /e 548 o
F5Al ol Aek7] S A D, B ougel wENAE Bk A ohd.

<AAd 1> 2, HA], R gAY HEAY e A R AF
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Headspace-solid phase micro extraction(HS-SPME, 3d|=#o]A FA|AF =] A
ool FukA 33ES FEE GC/NS(ZE ARnE LYY AsEA 1l o
=ote] B4 9 AR BASA, &= 1ol ek o] F 507HA JidE stES sk, A7 A 3
b 3etES dds|=(aldehydes), A= (ketones), LIS (alcohols), N-¥3F 3}3+E(N-containing
compounds), % EF&}42(hydrocarbons)® FEIIGIL, o8 £ RE ZZo A d I =(18)7) M TR
etEoly, I tggor ©a5a(10), 2H2(8), N-XF FFE(8), AE(6) wo2 TFH d5E 9

At

<A A 2> T} EA (PLS-DA, VIP score and heat map)< ©]£3 o]l 9wl A3
<AAld 2,1> PLS-DA B2E B4 53 =F 7t A IFE EX A4 g

.

Are 1& B8l lE LA S3tEe FF 1 zeolE FAsr] flsted, AlsdlA AFHE IFEY FEE
71Zo 2 PLS-DA B #4& £yt 1 2 = 1(Q)ddAeF o], FF EE a4 sgE A4 A
o7} Aes RIS, &, #A, 9 g A aHxad Ex fAo] ztelrh dow, Av HA e 9
3] AAA BHs ATt T, & (M)A T vt R, Fx dEe] HAAw= FI HAE
H2et FulE 7 e, B2 di"e] b £33 HAA v Av e FREe FE S sl

<AAle] 2.2> PLSDA 22 EA & 53 T T DA FE volovtA g

VIP scores o] &3t Mi¢ T8E B4 33 F3 &38d Foe =S A ,

DA} g FA SFEE VIP HG5E ARSIt VIP score 1 oS 7|Fo® %3 @ fo3 wi
SIRHES AASATE. VIP score 1 o]l ¢ 156719 313%E-> undecanal, 2-undecanone, 4-octanol, 2-
undecenal, 1-octanol, 3-butyl cyclopentanone, hexanal, heptanol, 4-methyl phenol, benzaldehyde,
dodecane, nonanal, undecane, octanal, benzeneacetaldehyde® 2Q1% o, o] undecanals 2.49] VIP
452 JHdel net, %% el b fo18 nAQS BAst. B3, ) 15719 HFR F oREe 4
A a2 e e wep, A" B sgEse] 2w A M v FFY I ZEsdS FEshe
o b 2 98-S e 3e gl

A7) 1578 32 F VIP scoreo] EL A9 MY FHFES H Fe3 =X wd nlo)ontA=R
golxEgom, Ar] 8719 33E-LS undecanal, l-octanol, hexanal, heptanol, benzaldehyde, dodecane,
nonanal, @ benzeneacetaldehyde(P<0.05)o|tt. & 2¢] QEZ A Azt mdkoa] wyldog Z¢2 &
o3t ggtEo Wk gho] F71gS el wel, AdlA+=undecanal, 2-undecanone, 4-octanol, 2-undecenal
2 1-octanolo] A9 WIZ=3Zke] 571 3g&Eo)w, ©ai7|o| A= benzeneacetaldehyde, undecanal, l-octanol %
3-butyl cyclopentanone®] 9 WIEZLel 47) 3FstEo|t}. wpz/IX| 2, s A]al7]o|A+= hexanal, 4-methyl
phenol, dodecane, undecane % benzeneacetaldehyde”} 9] ®1%=3ke] 570 FgtE= gl o).

EF % 2B)S o], A7) BB Aolo] mel, e 219 PR, 2t A Ex w3 §EE
EER DLEEY

o

o
l

]

of

7

e

1
doh

<Al 2.3> FF wE LA IFE o]l evAL heat map &3

AAel 210049k B, WEE HF wd vloleniA S wzels] Sl A BB heat mapE A4
319

s

olE Fall k= 3% o], A&, =HA, B o Al FF b Aolol| fFefstAl Volate IUA keSS skt
Harzjek siAa] A sekEe]l WA 3 afowR IFEiHY He Jdom dewnt. 3R sgHE
%o+, pentadecane, heptadecane, hexadecane, 2-methyl 5H-6,7-dihydrocyclopentapyrazine, % 6-methyl-
2-heptanone®] Hil7]oA Aai7]|9} A7 |BE} & Aoz 3IHr}t. #H A7 A+= hexanal, 4-methyl
phenol, @ 2-ethyl-5-methyl pyrazined] Athz stsko] A x7]|e} HFavjwcet £& Aoz sHolFQiet. agal
Aal7])o| A= 4-octanol, 2-undecanone, undecanal, undecane, dodecane, 3-butyl cyclopentanone, 1-

[o

octanol, nonanal, benzaldehyde, octanal, 2-undecenal, heptanol, 2,5-dimethyl pyrazine, Z2-acetyl

_7_



[0045]

pyrrole, dodecanal, 2 methyl pyrazined ®%=7} t}& SZFo| ARt} 72314

A}7] heat map> AAld 2.1 2 2.29] PLS-DA®} wiIIA|E, Aal7]

TEEY, E=F @A arieh wav] A= Az EEyY, A w

stelstalrt.

=g

Ed]

Compound name RT(min) Experimental Referenced m'z Concentration (pg'kg) P Identification
LRI LRI Beel Pork Chicken value  mwthod

Aldehydes TIO.% 7566 [GET]
2-methyl butanal an 57 1482:167 1049:239% 237743344 o ms
3-methyl butsnal 437 58 11.32:1.68° £45:1.56" 18.61£205%  ** ms
Pentanal 690 w2 58 916170 2361:7554  27.20:685*  ns ms
Hexanal 110 1050 1040° 56 57042507  219.85:38.50° 106.5821891%  ¢ee Lri, ms
Heptanal 1529 176 N8I 70 STO%T00  $335:9.090  S7048938% ns Lei, ms
Octanal 9.7 1287 128 43 90141285 665610310 T495:13.28% ns La, ms
Nonanal 288 1304 1304 ST 263.08:21824  [6822=27548  15271s21 378 ees Lri, ms
Decanal 26.55 1501 1500 L) 31.54=86* 14.90+.40° 19.52:2.41% e L, ms
2-Octenal (E) 415 1432 1437 83 4.56=76% 2363=6644 384020340 4o Lei. ms
Benzaldehyde 742 1530 1530° 106 46.06=4.37"  3L1I=LT2* 3280=177%  e* Lei, ms
Benzencacetaldehyde 30.66 1651 1648° 91 69.70:2.% 2591:2.53% 3629:543% oo Lo, ms
Tetradecanal 35.88 1929 1924" 57 437222" 11.48=2.12* 13.4421.58* . Lei.ms
Hexadecanal 38.92 2141 21418 57 30.99:11.06"  13.65:234° 8.42:1.14" ] Lri, ms
2-Nonenal 21 152 1541 35 11.6321.92¢ 198424814 24.1324.854 ¥ Lei.ms
Dodecanal 32.09 1715 120 ST 9128127 47451810 68+ 42° o Lri, ms
2-Undecenal (E) 32.98 1759 17358 5 37.1429.47% 18335144 26.82:8. 844 n Lri.ms
24-Decadienal (E, Z) 3332 1777 1780 81 1254:489%  25.09:2864 ¢ Lei, ms
Undecanal 2963 1607 1607 57 0.0 3242113 ] Lei. ms
Ketones 9.95 1296
2-Octanone 19.02 1282 12719 S8 105=13" 212: 56" ] Lei, ms
3-Octanone 17.90 1250 1250° 57 288: 284 1,97+ 3440 L Lo, ms
2-Decanone 2636 1498 1498* 358 6.02=79" 7.17:2.20* ns Lei, ms
2-Undecanone 2947 1600 1602 S8 00 00 ns Lei, ms
3-Butyl cyclopentanone 2798 1549 35 00 00 ns L. ms
Gemethyl-2-beptanone 1728 1232 1236 S8 00 1.70: 20* ns Lo, ms
Alcohols 251.96 18208
1-Pentancl 17.59 1242 1248 42 681258 1T.16:522*" 25615600 v Lei, ms
1-Octen-3-ol 2457 1444 1448 57 9e2280" 141=2688%  60.97:8.69" L L. ms
Heptanol 2497 1450 M511 56 35793010 20652272 2703570 e Lo ms
2-Ethyl-1-hexanol 26.02 1485 1484° 57 23705070 3067:5.09% 333826370 as Lri, ms
1-Octanol %17 1336 1555 56 33.74:3.96" 24.12:3.41% 32.34:5.84% ! L, ms
2-Octen-1-ol 29.76 1613 1613 57 2232:6.66% 145424040 T.08:2.06% s Lri, ms
4-Octanol 224 1376 1376 &9 1362224 00 0o s Lo, ms
4-methyl phenol 3812 2085 073 60 25303 382+ 1014 00 ns Lei, ms
N-containing compounds 92.74 1032 60.13
Methyl pyrazine 1523 1260 1264 94 27:L01% 518166 00 ns Lri, ms
2.5-dimethyl pyrazine 2023 1318 1323 108 9.18:1.69" 14.42=120* 872 38" ns Lei, ms
2ethyl-trmethyl pyrazine 2244 1382 1388° 121 S.74:0.20° 1137:2.64% 242: 25 L Lo, ms
2-cthyl-S-methyl pyrazine 2266 1389 1392 121 13.60:5.53% 10.66+.77* 6.11=02* ns Lei, ms
Trimethyl pyrazine 2310 1403 1406 122 3092:3.90° 33.09:2.62% IR0SE)LR2% oo L, ms
3-ethyl-2.5-dimethyl 2452 1442 14T 135 23.06=137%  2601=478%  23.40=330 s Lei. ms
2 methyl SH-6.7- 3221 1720 1718 134 0.0 0.0 1.43254* ns Lri, ms
dibydrocyclopentapyrazine
2-Acetylpyrrole 36.62 1979 1971 94 747:198% 237+ 328 00 * Lei, ms
Hydrocarbons .13 2598 2801
Undecane 11.66 1087 100 57 435339 0.0 0.0 ns ms, sid
Ociane 252 83 3.96=.364 5.16=.78% 213215 ad ms
Hexane 199 57 991:1.73% 341.03" 64913444 ns ms
Dodecane 1593 1194 195 57 50831 328:49° 0.0 - s, s1d
2-pentyl furan 1696 124 1229 81 20274650 107422730 4224 B§° - Lo, ms
Tridecane 19.60 1209 1206 57 991:1.44" 1.79: 64" 1.35:31° L) s, s1d
Pentsdecane 26.57 1500 1501 $7  15.18=68% 00 g R2+1.03% - ms, std
Hexadecane 29.49 1600 1596 37 0.0 LI 1352424 - o, s1d
Heptadecane 31.82 1701 1700 67 3.09=60% 1.96=.534 257404 ns ms. std
2-Octyl furan 27.63 1537 15300 EI 5.38: 454 2325100 1.08: 03¢ ove Lo, ms

Identification method: LRI, linear retention index compared with previous literature; ms, mass spectrum conmparson using NIST libraries; sad, same
retention time With standard compound.

Referenced LRL (a- reference agreed with NIST Chemustry WebBook, b- reference agreed with Sohail et al, 2022, ¢- reference agreed wath
PubChem data). m'z: target ion used for quantification; Calculation of LRI for some compounds is impossible because these compounds clute before
the alkane.

*“Means with a different leter within a different row are significantly different (P<0.05, Duncan test). Data are presented as mean = SE.
Significance: ***P<0.001, **P<0.01. *P<0.05: ns, not significant.
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