BRI RERRSAR BN Agi
3T HS-SPME-GC-MS 58 FRREH A
L1 AR Ach BN PR 92 - P XUBR ) o 4 AT
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W OE. AR LA A AR A AR M Rk ) 6 e, RO TRE B AR i 2R B A A8 &9 T B2 R (headspace solid-
phase microextraction coupled with gas chromatography-mass spectrometry , HS-SPME-GC-MS) # R % &% F o b 7 &
Sl A 4L 28 20 o s R LA P AT AT, R A2 AAF SRR R 60 APEA ML, WEL R FRE T HLR
PR LR S BE R B H n 197.8% , B K A K A 136.9% , BF £ 4 F HAK 65.2%. K T Aok & AR (odor activ-
ity value, OAV) 47 i it th 6 £ 824 A4 R (OAV>1) , 2 X W BAALAE Ly A 4L 2 40 B & 2 70 ik (OAV
118.53), T & LER B ALAE 2 B 2846 th (OAV % 295.38) , A LB B R X R R T B A a9 & A4 fi. L F A8 T
EERSDATERATINT 2 M St RIF 5 & (R AT £ TTRE S A4 80.84% A2 99.37%) . E XA ik I = FI
B AT LA ¢ M B SR 20 ik 35 A KPR £ 57 B3 09 A AP AR MR 4

KB : LA A R R A Y 0T R TS

Analysis of Volatile Flavor Compounds in Hawthorn-Treated Chicken Meat Based on HS-SPME-GC-
MS and Electronic Sensory Techniques
ZANG Jiayi'?, YIN Li3, SU Jiamin®*, WANG Yubao?, MA Xiangyu?, ZHANG Haifeng®*
(1. School of Food Science and Engineering, Yangzhou University, Yangzhou 225127, Jiangsu, China;
2. Tourism College of Zhejiang, Hangzhou 310000, Zhejiang, China; 3. School of Tourism and Cuisine,
Yangzhou University, Yangzhou 225127, Jiangsu, China)

Abstract: To investigate the effect of hawthorn treatment on volatile flavor compounds in chicken meat, HS-
SPME-GC-MS combined with an electronic nose and an electronic tongue was employed to analyze hawthorn-
treated and control chicken samples. A total of 60 volatile compounds were identified, and hawthorn treatment
significantly altered the volatile composition: aldehyde content increased by 197.8%, ketone content in-
creased by 136.9%, and alcohol content decreased by 65.2%. Based on odor activity value (OAV) analysis,
six key aroma compounds (OAV>1) were identified, among which benzaldehyde contributed to aroma only in
the hawthorn-treated group (OAV of 118.53), and hexyl acetate was detected only in the control group (OAV
of 295.38) , indicating that hawthorn treatment significantly altered the aroma profile. E-nose and E-tongue
PCA results both achieved good separation between the two groups (cumulative variance contribution rates of
80.84% and 99.37%, respectively). Orthogonal partial least squares discriminant analysis (OPLS-DA) com-
bined with ¢-test finally identified 35 significantly different characteristic volatile compounds.

Key words: hawthorn; chicken meat; volatile flavor compounds; electronic nose; electronic tongue
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X6 PR AL e AR AR I B 8 3R R L R TR A 3
A9 AUBR AR, B0k 42 3K 9 i e KA S8 7= i 2
U U S A A PR 7 i B 45 B T EFR L
B R 2 35 1252 BE NI 3K IR G R, B
FE R Wy RN AR 2 1% oR ) o 3 [ e 2, X5 A
TR R R Y A R B L | R AR (B
F2E RS AL A Y AL B Y5 X LG Y
FAORNSRE Bt SO A SR TR R R0 108 YRR AT 8 R
FRBEC, SR, A PR TE N AN L i 2 B PR S
A P DT AR A A A 2 SN AR AN R KU, ™ B R
7 AR BRI BT AR PR, SRR R R
AT BORHR TEXG A7 it ity BT B A 0 B 5 SR
SEERANME

KRN IR I P AE A5 A 28 it 5 J7 T e B A
B35 R IV O, B B R A AR A T 58 R L
L5 (Crataegus pinnatifida ) VE R 3 15 % 4t 24 €2 [A) A
Y, & S A PR (AIAT IR PR IR A1 1R ) 2 By 2k
Yo (RIS R AL E RS ) BRI S
LR HEAE R C S Z M R YR sl B A piFsE &
B, LA b AT LR RE S IR P S AR 2 1% pH ML, fie iF
JULIEE £ 4 2 1 ) AR M RK A L DA T & #E BAe A A 1l
1 22 Wy 28 ) Jon BLAT B0 PR TR P L RERB TR R A i
B BEGEREE T ARONE NG T A A R &
A1, R BT AR A 2 PR 2R A M KUK ) B o ) i ik
Tz —  Z A FNIR D7 R 1) S8 A B A 7T 7 A Y T
2 EZE A A, R, Lo 3 A B A 4 A
Jo SR A IR AR ) VR4 1T 3 e S A 2 A XU )
R 2L BRI S, A 10 A2 7 R AR KUK RPALE

LA, BEAE A I AT B g PR i , T3 [ 4
ol 26 - 20335 5 1% B¢ FH (headspace solid-phase mi-
croextraction combined with gas chromatography - mass
spectrometry, HS-SPME-GC-MS )+ A PR H & R &
SrHERR R AR E B, O & R M LA A
B 3 0 7 B0 g5 A SRS B E (odor activity value,
OAV)J3HT , ] AR 2248 1 1 43 w7 2 1 AR o A
T RAA LR TTIR A A B W7 SR
VE R AAR SRR | RS PR  ToA1 b AR JBORE: i 1) B
LG AR e A5 B, 5 A0 65 - BT g 36 H (gas chroma-
tography -mass spectrometry, GC-MS) £ R Wi %% 1
FINIS j{ﬁiﬁj\ﬁ}*ﬁ(principal component analysis, PCA) |
28 M) 531 43 B (linear discriminant analysis, LDA) (1E32
s F5¢ /Iy — 3 1) 5] 43 BT (orthogonal partial least squares
discriminant analysis, OPLS-DA ) 1328 3 ¥ 5 i Bk
(variable importance in projection ,VIP)ZEZ 0883 b
JrEIEEG B, A DA (6] 24 2 22 G 48 7 A i T 1) XL
R 22 S RF IR

HRIT, 5CT LA 7R P it o v T Y T 5 32 2

A& TP TE AL ACR AT S AR P BB T T L AR Ak G A
PR P AU 39 Jo 5 T ) 3R G MR 9 o 1 A B, I
I A R 2 B SR B A AR ) B A XL
WARFIERAL 1 2 )2 R EE G A il . IRAIRTR L
R X A PR XIS 1 R 428V FH B LML, %o 4 Je KSR
Wy TR i A TR 2R T A R L SEBR PA XUBR
JO 0 1) 4R B B R ORI SE M E. SEF
I, AR ST R GRS, R ] HS-SPME-GC-MS %
R ARG HAE K MRS 4H R, B OAV 2 i 16k 5%
HEA I, Jfis L S R T R R i 1
IR XU R AE BE A7 2 AE , [ I 454 PCA \LDA Fl OPLS-
DA 252 T0Ge 1T I7 TR AT LU AR A BT RS PR XUBE 11
PR A B AR AL, DA Ry LA 7 XS A I T i
I FH B AR AR |, IS PR IS XU o Joi o] 42 2 1AL 3 1)
BEMIE S %,

1 MRI57RZ%
L1 AR R)

B = e PR R B LA SR S T S IE M kAR
PRIESH (CT~C40) 2,4, 6- = H KEmbnE (43 Hrat) « 2
Sigma-Aldrich 22 7] ; SALEN (Z3 42l - 5 255 A2
FIA PR 7] 5 88 FHAK B 4K (FRBHR >18.2 MO/em) .
12 USRS

TSQ 9000 B AH (33 - J5 1 1k FH 4« 3¢ [ Thermo
Fisher Scientific 2~ &) ; PEN3 B 2 240 . 2 [H Air-
sense Analytics INE) 3 SA402B Bl 5 R4 HR In-
sent A H) s HWS-12 BUE 1R 7K A 54 - 72 [E Memmert 2y
Al 5 F B [E A 1 #E B (solid - phase microextraction,
SPME ) #E 4 8 S 2T 4 3k S48 (SPME £ 42K [50/30 pm
LW IR A 0 3R O Ak & bE (divinylben-
zene/carboxen/polydimethylsiloxane , DVB/CAR/PDMS)]:
*H Supelco NGB
1.3 sk
1.3.1 FEdhihil g

e WU = B i 1A ([R]—HE R [m]— A o fif
JE—B0) , F B T AR WA T, V12T 2 emx
2 emx1 em WYRER IR SIEREHL Ny 2 24 LAt b B
A LA AR BRAE ) < B (3 2 5] Jois U lBVE — 2
(AT 1L AR SR SR v A%, BT e DB S BB A T, 2 AR
LA S5 XG A 1:5 (BT L) B9 Fo B LI v 3 57 1Rk
TRGRRTE, T 4 CAAF TG 2 h(Z T A5
25 T 0T B DR 2 A R el 1 TR DA A A ) o R BREH R R
BEIMLAE T ARG AT A, DA S Al O AR T, -
AACPREA 5 A b PRAORFF— B, APRSERS .2 1
B 435 TP K T 2538 30 min (PG IREERF] 85 °C
PLE) YA 2 5 R 5 S BV T IS SeRnl 434y o B2
i E 3 AN ER .
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1.3.2 TS AR fE B 1

HERAAREL 3.0 g FEM (LHEIRZ)) BT 20 mL %S
LA 1.0 g EULE LIRS A BUHOR , BINA 2 pl
T i BE R 10 pwg/kg B9 I AR (2,4, 6- = HI 5Lt
WE) o KA R U ORI R B e, BT
60 ‘CHE IR K I T 15 min, B F5E T 250 CiG 1k
30 min 4 50/30 pwm DVB/CAR/PDMS £F 4 S 4/ A Th 25
T2 H 5, T 60 'C T AL 40 min. ZHGE UG , ¥
FAEIATHA GC HEFETT T 250 “CHYH 5 min.
1.3.3 @ik

HP-5MS B 404 (6 1% 4 (30 mx0.25 mm, 0.25 wm) ;
A E A A (A E > 99.999%) , 3 1.0 mL/min;
PR RS 250 °C, AN S i kAR s FHERFR T - )46 I
40 °C,f5%4%F 3 min, LA 5 “C/min J+£ 150 °C,FLA 10 “C/min
FtZ 250 °C,PR4F 5 min.
1.3.4 g

i 725 5 (electron ionization, ET) B 15 ; i 1 fiE
70 eV BT IRIEIE 230 °C; A2 IR 280 C; i
FIEIEFE m/z 35~500; &R,
1.3.5 w5

PR AR M T 1 5 Wiley 8n F1 NIST 21 Brif4kds
FESEAT HEXT, DEFEFE (match factor)>80% B4 HIH0 R
A SRS E LRI IRl T 5 C7~C40 1E RS R bR v S TR
AR R 3 ST ) O B B ) 3 H AR A 5 P i O B e 4K
(retention index, RI) , 5 SCRk4RE (B 76 BREGUE . R
FHNARIE AT 2 o T, DA 2,4, 6-— F Lk IE R Py
By (T v B 10 pg/kg) L #5406 10 1) I it 43 B30k LA
AR

m = alb X m,

K em HE YR 4L, pe/ke; o LG YIIE
AR 5 b S AR T AR s my S AR BT 2 3 48, pe/kgo

ARG B LA R ARG TEL

R =mlc

oA R ARG BEAH s m AL A W o v
pe/kgs e AMLGERE , petkeo

OAV>1 Wb & WYE SUCH RBEF W . W{E4L
i B3 S 2 WHR[13]1 M ChemicalBook fL2# 8 ZE . ™
PRk o i 5t 590 5 AR EAA AR LR A6
W25 e 1 R, BRL U T 45 5t 43 B8ORS RUE AU T4
B AT L5
1.3.6 HLFE5HT

K 5 R GRS AT R . R LA
10 4 Ja A AL AL IRAR R 51, 4350 W1C (COF & A4k
BWHUR) WSS REm R A )  W3C(OF FRIL A PR
) \W6S (AU \WS5C (55 & - R Wi ik & ¥ ik
B WIS i - e s \WIW (Bfb - Wik &
YRER) W2S () RS- BEIRRUR) W2 W (Bfb -2k

) A W3S (H e - i 107 1 Ak & W 0% ) o TR PR X
5.0 g M E T HL TS L T B EE T 25 'ClE
IRAAE P 10 ming KIS ECBCE AN < SEFE T
400 mL/min, {5 VERT ] 120 s, K DU A A] 80 s, L 75~80 s
Tt o Wi B 1) A2 s i o7 P A Ay e 4 808l . Hoh WG,
W3C Fll W5C 12 8% 485 1) J5 4 B0t B EUS ], Ho
1L HHEAT AR N R FEZH AR L B0 3 AT
137 RO

K L7 2R GERIAE b AT % DR e AR 23 B, A
ﬁfi ﬂﬂi (sourness) N % HQ (bitterness) N /ﬂg ﬂﬂi (astringency) N
T B A1 (aftertaste-B) | K [A] B (aftertaste-A ) | 5 B
(umami) \ZE 5 (richness ) & R (saltiness ) 8 > %% bR
Bhno MEFIFREL 10.0 g KR, A 50 g HEAKDEH L
1:5 (g/mL)], #4722 (10 000 r/min, 2 min) , £ 4 °C .
8 000%g F.C> 10 min J5 I FIE W, FH 28 0.45 wm Gl AL
UEEEE U8 OB WA I . AR B 3
FAT
L4 Hhb P55 Hr

FITAT I B LA Y (e bR 22 F0R R %
3L . SRATM ST REAS ¢ RS0 XF 2 ZHAE A (]
(02 57 AT B EAIHT o SR T PCA X ECHE R 47 i 4t
AURTAAL s 2R FH LDA B4 73 381050 RE 11 5 R H] OPLS-
DA G AE A5 P, R SE 1 200 YR & ks 50 50 kA
RVE o BUE 43 A A AT MLAE R H Python 3.8 g B2 15 &
STER

2 HBREHW
2.1 FETHL T SEOR B P RN B
LT G BC R Y10 B R A W AR IR (W1C,
W5S,W3C.W6S,W5C . WIS . WIW,W2S , W2W  W3S)
SRR TR SR (R R AEA S W RAT PRI L . X
AR SR BT o0 WL 1.
il 1a 0T RAFE H, 2 4R 7 2 s i
AR S AR B 25 5, SR W) LA Ak B A 1 A A Y
PRI RO R o Horh, WSS AR 2 ()7 1 o 17 )
I WIW &8s (BAL - A HLAL & Y U0 15 2 41k
st [0 € T R0 R A I 7 2 55, i 7S 1L A L0 38 1)

a wIC —=— A

W5SH —e— |11 b HH 4]
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PC2(31.7%)
(=)

-2 0 2 4 6
PC1(49.1%)

o0g | = TR
T e il abBHL

0.4
021

LD2

_0.2 -
_0.4 -

0.6}

-8 -6 -4 -2 0 2 4 6 8
LD1

21.5%
20+ 19.0%

15
10 10.1%”'3%
6.0% 5.6%
5t 4.1%
0
7

O o 0O LS >
SEFESESESE
513
a. TRIE b, PCA 34318 5e.LDA FIIE ; d. AL RS DTk R .+ 3R
P52 (p<0.05) 3+ Fm 24 T i 2 (p<0.01) .
E1 BFESH

Fig.1 Electronic nose analysis

10.9%11.0%

TR/ %

IR R A A RS AL A Y AL T Y
Wi, SRtk —2 N 2 QIR IR R Lo R I A 2
SN L T BOBCHE 3E 4T PCA R LDA 434 . Wil 1b
/R, PCA 1550 B W AT 2 A~ F R4 B BB 22 5Tk R ik
80.84% (PC1 & 49.1%,PC2 } 31.7%) , REWS A7 R4 it e
AR BOE 32 B AR A B X R R LA b B R
1E PCA 153 v SE 3 H B 8 A0 0 B #A 34, 959% ‘& 15 v
[ JC S, B 2 AURE S P R M L R AR A7 AE B 3
25 B e AAL R FTAT R S A 43 28 HERR SR
100% , 1 VA 5 S8 JC RS o0 FE i, R T BB R &5
A LDA BILBENS A %X 2 110 A b B2 55 06 BE 4 0 1)
FeEfh o B 1d @R, WSS fBIEER X LDA 43 2B (1) BT
B (21.5%) , i WI1W(19.0%) W1S(11.3%) .

W3S(11.0%)F1 W2W (10.9% ) , 33X SO A4 JEAS I i 17 F14) 44
R PSR R X A 2 dLRE G B IR FR S .
WSS G JARAE R | 3% oy A% 2, ok 2 Rl e vk
B YA BT B v ) RO, L e ) DR R B LA
A BT X PR 45 J M A3 (R RE ARG 3 77 A T A T M P 7
FEVE DA WAW A% 825 8 20 0 B AL 4 Fn B Bl i &
Wy, HL A i 1 BUER SR AR S LA b L T BB T A B M AR
IR 1) R s A2 SO0 5 A R A A
2.2 FEFRFH BN R EERRHE 5 BT

K FHHL 75 R GENT 2 ZH N AR i 0 06 R AR AE 0B 4 T
OYHT, SR ILIE 2,

P P 2a AT LA A Ak B0 G S A2 T XS A )
R B0 o LA Ak 2L ) 7 R T 1 (—19.5) =5 3 B 3
f TN REZH (=38.9) , B AR B 38 49.9% (p<0.001) , i%

55 1L R T A MURR I CRTARTIR S SRR RS A TR
a i T s skt — X#,ﬁﬁgﬂ
ok —o— Ak b A

TR AT

o XfHRZH
2t = (A A 32

PC2(10.1%)

-2 0 2 4
PC1(89.3%)

= AL
081 o (14t abFmL
0.6F

0.4F
0.2F
ot
02}

LD2

-0.4}

0.6 i i i i i ;
-20 -15 -10 -5 0 5 10 15 20
LDI
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Tﬁﬁl‘lﬁ'*ﬁ %47 3@%17@3 ]97
d  50r o 1 BARAELXMERIMERESSE
40 — Table 1 Comparison of types and contents of volatile components
= 314% in chicken
~ 30
E 0} 1L b B A B
9.5% Fhk A A BEE
10F 6.4% - S o/ 5 /% =8V 5 H/%
[Jow 2% P (pe/ke) (ng/kg)
. . 25 74.58+1.58 2043  25.05+0.89  7.09 *
B B2 62.58+1.63  17.14  26.41+1.01 747 #
5 IR B2 20.92+0.42 5.73 60.10+0.83  17.01 *
a. Tk b, PCA 1843 sc. LDA FI B s d. 20RAE bR ik M 91.72#1.48 2512 97.20£2.38  27.50 ns
iR 25 S B (p<0.001) . J2% 54.74+1.85 1499  105.97+1.68  29.98 *
B2 BFEN @;gié 25.48+0.56 6.98 25.67+0.52  71.27 ns
Fig.2 Electronic tongue analysis M2 14.0720.56 3.85 nd
e 9.36+0.14 2.56 8.85+0.25 2.50 ns
Ay \ NI 3 Y
) AR AL L AR S I B AL AU R0 X AL it 9.74+0.18 2.67 1.75+0.02 0.50 *
BERR (5.3) MU (1.3)Frbrs L &0 %785 1 L1k R (B Fflh 1.86+0.04 0.51 2.37+0.06  0.67 ns

B-0.5 R —5.7) , 2 B 114 A BEACAE T X P rp i S
BAFER A F 19 0 A RAS DTS2 ) 1 e R AR sl bk A
T . VRS BRI, X IR ZH (10.4) 7 F LA Ab B4
(7.9) , LA A 390 oy B I 5 AT 17 XS5 JR) 19 88 AR 51 B (p<
0.001) , 3% Al B85 LLA# Hh 2 B 24k A W XT3 R 1 5 1
RSN AT 5. mE 2b ATAL AT 2 A E SRR RELST
kA E 5 99.4% (PC1 g 89.3%,PC2 N 10.1%) , %W
PC1 1 PC2 LS8 2R T IR Ed A2 5 8. 2 4
FERTE PCA 1390 BRI SEBL T 56 2245 8, A i B AT
] 0 7 DX, IE ST LA Ak X XS A 90 R R I )
PR o B 2¢ XA AR SEELT 100% 1153 25
%, L IE T T H EORTE X 43 2 LR I
WA R . B 2d 3R B S AL SR 3 1Y BT R R e =
(43.0%) , ok Ry R AL IR 4% (31.4%) , Wi & R B ik
RIK T4.4% , S X 3 LA A B2 1550 B 2E R0 PN R 7Y
IR HEBE R R IE RS b o 456 LI & 15 LR 1) AL 4%
PO R A R R 1) i 3 A T B LA A HILIR X
XS P LH B A pH (BRI B S el 7151,
2.3 LA A 3EUXH RS PR R AR A3 2L ) )

K H HS-SPME-GC-MS 4 AR 2 438 AL i i 4T
PR RS AT, 2 AR RS 60 FPIE R HEIL A
Yy, Horp LA AL FRLAS N ) 44 Ff, % BEZHAGIN R 51 Fb
35 P A Y LA b B AR R 9 A, X IR 4
FEA LA 17 Fh o AT Ba A2 T X8 A I SRl 4 M
YRR TR B0 A 22 S5 D) 2 e 1 LA Ak G R
AR TE i 12 B PR VE R o LA A BRZH 44 R M
I3 TN 365.06 pe/ke, Xt REZH R 353.38 pe/ke, 2 AFE
i Ak 22 SR/ BRI AL S R R A T
AR R PR R B R I B R A AT A SR
1,60 FiLA Y0 s s 5 5 B 2,

% 1 AT, LA b B ) 2 RO T 45 28 R kA
BV SRS . BRI, A AL PR [ (74.58+

A1t 365.06+2.42  100.00  353.38+1.02  100.00 ns

AR AL 25 F B 3 (p<0.01) ,ns TR ZEF AR E (p>0.05) ;nd
FRARKG Y s TR AEH]

R2 BHERUERSEEER

Table 2 Identification results of volatile components in chicken

o) e RIfi IS POkl
(pg/ke) (pg/ke)
1 R S N TR 737 1.405+0.036
2 2,3- )X 890  1.636+0.047
3 Ak 935  1.801+0.010"  9.084+0.006"
4 ]2 1010  2.488+0.086*  1.674+0.029
5 S L 1010 11.798+0.184" 20.942+0.269"
6 I-EIE-2- N 1028 9.365+0.141°  8.855+0.254
7 y- TN 1100 24.938+0.349*  3.010+0.148"
8 2-JRHEIE Mg 1140 1.861+0.035*  1.228+0.025"
9 4-ZIRFIEH 1172 14.071+0.563
10 y-2E MR 1175  4.882+0.151"  7.141+0.196°
11 F-3,5-T0&-2-Fd 1212 22.527+0.155*  1.857+0.017"
12 Wk 2.2 2B 1221 10.276+0.187" 16.159+0.703"
13 TR TEREEE 1266 1.987+0.038°  1.767+0.020°

14 JRER-4-C4-1-55EE 1268  1.657+0.040" 26.829+0.728¢

15 i3 1272 2.524+0.113"  24.766+0.789°
16 SRR O T 1310 7.555+0.161*  6.558+0.255¢
17 5-HIR2-HHK2-T 1336 3.760+0.078"  4.165+0.034
I
18 (E)-FMERHEE 1344 22.42620.119¢  1.047+0.016"
19 N T TR 1367 1.619+0.036" 10.392+0.284°
20 2,3-T 1384 1.043:0.022
21 BRIR%SFE-2-£.FEC 1385 4.394+0.120
HEE
22 DL-2-FHEET R 1821  6.038+0.031*  2.359+0.052"
23 FRILH 1427 1.122+0.034"  19.930+0.536°

24 2,6,10-=HIEFPUBE 1436 15.91420.540" 25.936+0.314¢
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Continue table 2 Identification results of volatile components in

chicken
st Xof B 41/
e wew  wm f{ffg‘/kiﬂ <1g -

25 T 1442 4.545+0.294 -

26 R 1444 5.927+0.105 -

27 24 1448 9.703+0.178*  10.244+0.227
28 R 1481 28.718+0.635*  7.996+0.235"
29 - T TS T 1490 3.273x0.109*  1.023+0.034"
30 5-FJE-S-CUA-2-F 1490 19.218+0.097 -

31 B-K T 1516 1.615+0.063"  2.558+0.042¢
32 2 — I 1519 13.129+0.629*  4.328+0.066"
33 Pk 1519 1.101+0.013"  2.697+0.109*
34 y-+— N 1562 1.345+0.020"  2.523+0.111*
35 I Ay P 1564 7.531+0.133 -

36 LI e 1621 24.047+1.126°  4.429+0.069"
37 FJLPIIE —aiEE 1641 9.736+0.179*  1.752+0.015"
38 B-EEW -5 ,6-FF 1669 16.538+0.415¢  1.138+0.040

Al
39 FrEss 1702 6.073+0.059*  2.140+0.061"
40 i 1706  2.711+0.110"  11.397+0.452¢
41 [E-ISA AT 1719 9.231+0.100°  2.126+0.090°
42 E-2-T-Ms 1722 18.687+0.153* 1.474+0.011"
43 3,5-% ME2-BE 1792 1.588+0.035*  1.218+0.031°
44 2- BRI 1796 3.255+0.079"  4.384+0.206°
45 2,2,6-—HIHIRCH 734 20.869+0.837
46 5-2.3:-1,3-%2 927 1.269+0.016
s
47 WNBERIRCHE - 950 1.040+0.015
48 1-—E 1054 6.0800.092
49 223 FHCH- 1065 1.567+0.049
2-F L DY IR B
50 LR TR 1175 11.815+0.431
51 4- IR OB 1180 2.758+0.008
52 B-FA IS 1200 2.318+0.042
53 B7R 3 1252 1.081+0.040
54 (2)-B-% ik 1252 5.907+0.114
55 s-HIEE3-FET R 1292 1.866+0.029
iR T

56 B IR 1 464 3.34120.112
57 RS ik 1519 1.143+0.032
58 3-HIEET e 1521 2.934+0.068
60 TEBSR IF 35T 1616 3.368+0.082
61 IR 1 846 1.806+0.039

T : RT3 R 4 ] 22 57 835 (p<0.05 ) s - ARG 1

1.58) pe/kg, i 20.43%) 14 2 & T4k B 41[(25.05+
0.89) pgrkg, i 7.09%](p<0.01) , 4 lF ik 197.72%. [
Al Ay R SRR 1 T B TR, SRR T
RS 177 (AL iR A6 /E DU AR ) 19 48 fL e el &
A FFE 4 K pH {57 5 i 65 10 B i A
FO G AR R A4 2 A RO, LR o = B 75 BLAR (5

BER SRR ) REAR 1 XS AR Z Y pH 1, 3X —AE AL
il 55 Liu S50 T8 A4 7 A I Ak ST R IKUIA 1) 9 42 2%
N —F, BEAk, Mottram! "5 2 3L R 5 A8 I 78 341K
pH {H 254 F i ] F & A= Strecker B 1 AR 46 A 12
W, AR N 22 A E S W BT . R 2K e AE LA Ak B2
[(62.58+1.63) wakg, (5 17.14%) Wt Wi % &5 T % B 41
[(26.41+1.01)pe/ke, 5 7.47%](p<0.01) ,JEiFIA 136.96% .
Shahidi ZF161F H B 2 405 4 mT ia 2o g o S A A
(1) B- 2410 SR TR 11 B- 48 Ak i A= A B, 1A% &b 35 i
28 YRR B 55 i o AR Ak A AR Y 0 4 U0 AH
Ko BT S OUAH B AR A G A, X IR ZH ] (60.10+
0.83) perkg, i 17.01%% & 3 & F IR AL FEZ] (20.92+
0.42) we/kg, 15 5.73%](p<0.01) , &R Hy 65.19%, % —
AL Yang SFSHRE 947 AL L BEXT 1A i &
P AL B W) B A RO ARARL , F D PR T RR A4 1) Wt
SRR T 2R S HURR Z B A R AL RN 52 ) R T A6
S5 AU T TS S D ) A0 T 2 iy P
MIEAT . TRISE 2 eSS R e Fh ez
— A AL BRZH 7 (91.7241.48) pg/kg, 15 25.12% , % I
2 (97.20+2.38) pelkg, 5 27.50%, 25 5 A 2 (p>
0.05). #EISAEXT R & A [(105.97£1.68) pg/ke,
M7 29.98%, 1 b 2 e T LA AL EZH[(54.7421.85) pg/kg,
17 14.99%](p<0.01) . FRAALAE LA L FRZH ey i, %o BR
ARG . AL PR h 4- 2 K5 FE2K 1) (14.07 pg/kg)
R A TTER LAY, A B 1) B B R AR A 1)
S 7R 7= 200 HCFE (LA b B AT PR K R A A L AR
S R I TR SIS W) 5T (R ) e D TR A BT B ) A
ZE A8 L AR TP A AR il B AR OGO A 1A Ak B ZH
[(9.74+0.18) pwg/ke] Y ik 25 75 4 A W 35 5 T %) B 4
[(1.75+0.02) we/ke]l (p<0.01) , HiH T 3 P 5 — fi ik
FE S, AT RER IR T 0 U R AR BRIk A5 R 1 4y
fifRlol, BRIE S AR 2 AR R 2255 AN 3 (p>0.05) , 11
1 ib BEZH Oy (25.48+0.56) pe/ke, i 6.98% , X B 4H
(25.67+0.52) wglkg, i 7.27%.

X PR 2 M I AL A T UL 3

i1 3 AT FREIE AT 18] 3a EOWLREZR T 60 B
P R 0 A 45 B P AR X i o A X J2
KR ZE R R I AL A 3 A AT R R 2k
TE—2 X BRZH 3 A PATRE i[RI R B0 57 1 SR 2 40
XLRA N EE M R, AR 25 8. R AR
BRI 3b VG M BT 2 AR TE LA P Fh 24
225 LA b FHZH AT S R 2 g A2 B R, T 6T
PR DATR 2R P2 & i ey o 8] 3c SRR T LLIAS b 3
HANA W R oA 9 B, BRI 1) 4 & 1
O3 1T B WL AT I R AT 35 Fil
2.4 FRVEWS Z TG i

SR JZ T R G HO RS 2 L RE ST &R ) i 22
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RattaSHR

WSt

— 200

T RAFINE,95% AW JCE S, 20 2 AR5 Y
PER MR R A AR E 2 5. Bl 4b 143 2R MEH
FH 100% , B — 1538 UIRAEHER R FRFE R 100%., 4%
WAL K 2 AZE B BE AL, LDA 78 2 284325 m) i v
RKIREABE RS, LR RS EMEE
P22, R, LDA FEARHESE th 2R PCA 43 H7 i %
B S6E F B, 00N 2 dLRE 5 7845 e M il o R AE
B 43 85 A A T AR SR ST A 40 8 R IASE A . OPLS-
DA 4387 B i i 5 20 2 0AE 22 5 B R AE 2 K P
5y o Bl de v, 2 RE S VR U 40y T SEER T 98 44y
B B W B e T AL AR S o AL ) 200 WRCE
PG 6 B U, R, AR T Q248 1 47 il R A R AT R A
e HERR T A I mTREME . 26T OPLS-DA AR
1) VIP (B (& 4d), LA VIP>1 Ry 40 A 0 vk A o, 30 i
53 Mk G (5 SR IS W 88%) o % LL A
o, ULIATEAUA 2 4LBE A B S5 TTrp, VIPS T ik
BE X AR . I, AR — A 25 S A ST AEAS +
K36 %) VIP>1 B4 & P kAT R i i , e &N T
35 Ff[a] EH /2 VIP>1 HL4H ) 22 5 3 35 A SR P 5
PR (L3R 2 bR iE AR R R A ) . VIP HEA
H51) H 4 [0 2 5 W 25 i A & 1 22800 2 () E-2-
TR 2- 1+ — M) (S (AN T=-3,5- 0 -2-T \B-4%
245, 6-FRE ALY ) FIER (U y-T- g L (E)-FF i

i F R ], 3 26k A 0 1) 22 S AR AR 4B 78 T LLAS Ah B A
PR o AR Ak s 4 AR S 4 12 g 7= W 1 IR 4 A O 181,

FL - B/ P AR RS R N BHE 5 GC-MS 4858
SR Z AR — B W OCHEE . HL T B BT A i 1Y
W5S & (7 15 mm i 1) A1 W1W &8s (e -1
AL & P 0O (e 1 22 55, 5 GC-MS 45 SR JLFR &
BRAL A P & m AR AR A - B LN 3 R b A LA
b BEZH ) S RN 9.736 welkg, T TN IR ZH B
1.752 pefkg s B FEAL A AR AL AL o 1,122 pg/ke,
& FXF BE 2 1Y 19.930 pglkgo HL T R WK A% B2
() 5T kR 31.38%, X 5 I T & & A HLER LS8
Ab B AR FR R B T = AR AR — 3K, GC-MS Hdis
PR AL A AR A EDIE T X — SC Bk N R TE Ll
HAb FE A R S RO 2.488 kg, 1 T X BRI
1.674 nglkg; TRRANAE ILAB AL PR A ) . ik 24
ARAE YGRS F 0, B 7/ F 7 (18 DR ) 5
55 GC-MS & 12 B4 78 S e 115 A8 &b B A58 5 T 2L A R
TR — B
2.5 KEEFERYITT

OAV E VN R AL G PR & i B R S oT ik
Y HEFEFR2, 0AV>1 B G HN N E XS
B S BRTTER A G S T, BT OAV 43T, A
2 YRR LT 6 A OGRS BT, N 3 PR .

K3 BAXRESYER OAVEE

Table 3 Odor activity values of key aroma compounds in chicken

AL kX AR [H{E/(pe/kg) LLAE b FRE 5 it/ (pug/kg) X REZH 5/ (pg/kg) nEE
2- BRI L B T R I R 0.01 325.43+7.88 438.43+20.59 #
O 4 R g HRT R 0.04 - 295.38+10.78
2R FYLN 0.05 118.53+2.10
N3 R TR IR 13 7.10+0.08 1.64+0.07 *
T--3,5-—4%-2-fid BRIV 5 10 2.25+0.02 <1 #
4-LIRIKR ik 25 F 10 1.41+0.06

TE R AL OAV 22578 835 (p<0.01) 5 -3/ A H sl AN F (I — 2R, JCRE AT 2L IA] EL AR o

HI 3 3 AT, 2- PRS2 2 ZHAE S OAV Fems 1Y
B WL, 5 I 5 EOR RN R Dk, 2
IR T IR -6 Z2 A0 FIAE TR 1 A AL R iR )
XF FRZH 1Y) OAV (438.43+20.59 )4 58 25 i T LU b ¥ 4
(325.43+7.88) pg/kg(p<0.01) , F W LA L FRFEAR T 2-
BT 9 26 i o Han S5 8% PR XUBRATF 9 o [ R
R 2-BEISIESE OAV Fem I BRI 12
1y CRE S DR AL 5 R AR LA ) vl 3l it S ML 35 B
JIR A S 1 b 3, AT — o B B 91 oI T R 4R b
FEAE 2- B I A RN, O SR TR AE T HR A
R [OAV 2h (295.38+10.78) pe/kgl, St B /K 7 il
AV RHE . Ak B WA LIS b B rh R Pl i 2], L
Ji PR AT DA AN T A R - — 2 LA T oA LR 20

I pH FRBEAE E T g e 1 1R A4 Ak 7K A S 125 T TR
PR S E T BEWCAE T R A B A TS M R T ERSSIL A
MR R R o 2R A LA A B2 p 2 3
(IS TTHR[OAV M (118.53+2.10) warkg], &I AT{ K
FRAE o 2 I 0 A BGR AR AL AR TN R Y Strecker [
fife R RN LA R 2R H R S W I B R R DL,
Resconi EXI7E 2 2 sl W) R 2 S o8 TP ESE T oK
PR T P o i M SRS B R R R TR . T3 O R TR AE
2 URE S R B A AR TR, LA AR BEZH[OAV (7.10+
0.08) wg/kglth fik 2 & T X HRZH[(1.64+0.07) pe/kgl(p<
0.01) , F BT A BBE RV E AR SE TR S i
B T-3,5-0d-2-EAAE A& AL BEZE B OAV](2.25+
0.02) pg/kgl>1, 2 I AR EH A, iz &8 T
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Fig.5 Analysis of key aroma compounds

L S ] A, LA Ak B S R TS P B AR
J5 o ok HE A A B SR LA S 14 T 5 i (2- B 1 ) A
IR (O3 SRR ) S 32 5 1 LA A B2 1) 7 SURFAIE
R Z o0k, TELR B8 N 107 R S 8 %) [RD B, B 7 o R i
T AR -3, 5- T-2-FIR T E & LU 4-4
IR T By R N2 7 . X — &5 5 SR H 3 Aol
KFAR AT T5 25 M X PR RO A 56 0 55 225 10 AH T
INE, 15 B i ALk 3L S0) R PR OGBS A ) Jo ) R IS R
EAT BRI . R -3, 5- 2 -2- T A
4= £ 2R T T AR Sy LA A XS PR A R AE A AR
Yy, O3k 2 FR IR T AR R BB A AR AEBR 2R W, R A Ak
FHEZH () R i B PP SR AL T RT Ak i A2 Fa

3 g

AWF5E R HS-SPME-GC-MS 4545 i B Fl L+
TR ZRGE M T 1L Kb BT X DA 4 5% 1 XU ) I
FENR , 2 PR LA Ao BTG S0 TR T 4 R 43 AR AL R
51 (p<0.01) : 2L & T3 N 197.8%, B 2 & = 38
136.9% , B2 2 S PR AR 65.2% , T 25 AN AE LU s b 3L 2 v
fa i (14.07 pg/kg) , X 22484k 5 1A A HLER XT i ot 46
A aB A% B 4 LA B B T 1) IR g B WA O o 1L Ach B
TR 1A PR LA 4R R 7 R SRR AE ) 22 AL B g
Ji, HLTELHIE T PCA 45550 T 2 ARG R
Iy e (R FRUT 22 DTk 50 311k 80.84% F1 99.37%) ,
AL IR0 B 2% 5 5 GC-MS & w45 Bz [ B A B if

F)—3E . OPLS-DA Z5A IS AEAS ¢ K6 vE H 35 Fif
255 B BRI AR S o AR R T LA b B
Xof X6 PR 44 A DX 49 Joit 2L R S B 7 A 0 o TR A XL
WA R 1 A0 3R D, T Sy L 2 X85 P T e 1 g 4
BERLFAR YR A SE R TE S SR SEF T e — A0 5 1
Qb FERT IS XS A pH B R T A AR R pr A 2 A SR R
T A BB | LA A B XU 8 4 ) ELAA 3 ML

Sk :

(1] ZEmEM, SRAEAL, ATHE, 55 . ORI 0T D7 =6k n P 44 2 1 XUk Ak
BRIRIRZIEL] B AR, 2023, 44(3): 1052-1068.

LI Xiaoming, ZHANG Dequan, REN Cong, et al. Effects of cooking
methods on the volatile flavor compounds of chicken meat[J]. Food
Science, 2023, 44(3): 1052-1068.

[2] ZHANG W G, XIAO S, AHN D U. Protein oxidation: Basic prin-
ciples and implications for meat quality[J]. Critical Reviews in
Food Science and Nutrition, 2013, 53(11): 1191-1201.

[3] WANG X, LI'Y, ZHOU G, et al. Characterization of key aroma com-
pounds in chicken meat using GC -MS - olfactometry[J]. Food Re-
search International, 2021, 150: 110764.

[4] LIU Y, CHEN H, SUN J, et al. Lipid oxidation and volatile com-
pounds in chicken meat during storage[J]. Food Chemistry, 2022,
372: 131256.

[5] CHEN X, WANG Y, ZHANG L, et al. Application of natural plant
extracts in meat processing: A review[J]. Food Chemistry, 2023,
405: 134820.

[6] AN, 220, JAME, 45 | WAL o KA WS PR TR R, £
mnEREE, 2022, 43(15): 286-295.

WU Jie, LI Ming, ZHOU Qian, et al. Chemical composition and bio-



2026 4£ 9 A

BATEHEITH was

— 202 RafxisS#R

active properties of hawthorn (Crataegus spp.): A comprehensive re- Technology, 2011, 22(1): 3-13.
view|J]. Food Science, 2022, 43(15): 286-295. [18] LIU Y, LIS, WANG Z, et al. Effects of citric acid treatment on the

[7] YANG F, LIU Q, ZHANG H, et al. Effects of organic acids on meat
tenderization mechanisms[J]. Meat Science, 2021, 176: 108465.

[8] SUN Q, ZHANG B, YAN Q, et al. Antioxidant activity of hawthorn
extract and its application in meat preservation[J]. LWT-Food Sci-
ence and Technology, 2023, 173: 114371.

[9] DOMINGUEZ R, PATEIRO M, GAGAOUA M, et al. A comprehen-

volatile compounds and flavor characteristics of pork[J]. Food
Chemistry, 2022, 370: 131069.

[19] MOTTRAM D S. Flavour formation in meat and meat products: A re-
view[J]. Food Chemistry, 1998, 62(4): 415-424.

[20] VANBENEDEN N, GILS F, DELVAUX F, et al. Formation of 4-vi-

nyl and 4 - ethyl derivatives from hydroxycinnamic acids: Occur-

—

sive review on lipid oxidation in meat and meat products[J]. Anti-
oxidants, 2019, 8(10): 429.

XTAO Z, WANG Y, NIU Y, et al. Solid-phase microextraction ap-
proaches for analysis of volatile compounds in food: A review[J].
Trends in Food Science & Technology, 2020, 103: 37-48.

[11] JIANG H'Y, ZHANG M, BHANDARI B, et al. Application of elec-

tronic tongue for fresh foods quality evaluation: A review[J]. Food
Reviews International, 2018, 34(8): 746-769.

DUAN Y, ZHANG L, WANG B, et al. Multi-omics approaches for
revealing the complexity of meat flavor[J]. Food Chemistry, 2022,
395: 133535.

[13] (fif) HLBR - S i Y . A5 Wk B BV 2 M. bt B i

*k, 2015.

L. J. van Gemert Compilations of flavour threshold values in water
and other media[M]. Beijing: Science Press, 2015.

A, T, PREL, 55 . L S R AE R 5 G v ) 17
FABFFEHE L], v BlA2, 2021, 42(19): 296-305.

TIAN Huaixiang, YU Haiyan, CHEN Chen, et al. Advances in ap-
plication of electronic nose technology in meat product quality de-
tection[J]. Food Science, 2021, 42(19): 296-305.

YANG F, LIU Q, ZHANG H, et al. Effects of organic acids on meat
tenderization and flavor formation mechanisms[J]. Meat Science,
2022, 185: 108726.

SHAHIDI F, ZHONG Y. Lipid oxidation and improving the oxida-
tive stability[J]. Chemical Society Reviews, 2010, 39(11): 4067.
WARAHO T, MCCLEMENTS D J, DECKER E A. Mechanisms of

lipid oxidation in food dispersions[J]. Trends in Food Science &

rence of volatile phenolic flavour compounds in beer and distribu-
tion of Padl - activity among brewing yeasts[J]. Food Chemistry,
2008, 107(1): 221-230.

WORLEY B, POWERS R. Multivariate analysis in metabolomics[J].
Current Metabolomics, 2012, 1(1): 92-107.

BRERETON R G, LLOYD G R. Partial least squares discriminant
analysis: Taking the magic away[J]. Journal of Chemometrics, 2014,
28(4): 213-225.

HAN D, ZHANG C H, FAUCONNIER M L, et al. Characterization
and comparison of flavor compounds in stewed pork with different
processing methods[J]. LWT-Food Science and Technology, 2021,
144: 111229.

FENNEMA O R. Food Chemistry[M]. New York: M. Dekker, 1976:
225-319.

RESCONI V C, ESCUDERO A, CAMPO M M. The development of
aromas in ruminant meat[J]. Molecules, 2013, 18(6): 6748-6781.

[26] AT, WL, H T, 45 W T S AR (- i I A

ANTR) A7 2 1 4 e M KUK P (. B B2, 2021, 42
(2): 234-241.
WU Huiling, FAN Zhiyong, BAI Weibin, et al. Analysis of volatile
flavor compounds in chicken breast meat with different cooking
methods by electronic nose and GC-MS[J]. Food Science, 2021, 42
(2): 234-241.

N T 448 =Xk
s B #5:2026-03-27



