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2NN P S AR AT, (hAR I 253003; 3.ARAEFE SN LR E L2 aEdRCGE 0, 17 BExE 210095)

B XM PG B OB R XK AT o RS R . E T S AR R - B (gas
chromatography-mass spectrometry, GC-MS) A B8P H\RSG (135 A KURP BT JHEAT 0 AT v 5088 ot FRTARDGE =k
WiBE{E (relative odor activity value, ROAV) o Z55RI: B KM, EHPREHEE T FRLEMFIE A
TIRAED: GC-MSILRTIN 54 Fho R v AR T, e rh OGH URAL &) (ROAV=D) B E/E (100.000 . %%
B (81.67) . O (38.94) . Ml (19.29) . PiliE (14.50) . f#iM (14.08) . 1-¢H5-3-FF (11.50) . 2-23%
el (10.14) MW (9.71) | BEEN (5.69) . T&M (5.56) « FFHEEE (3.86)  a-JEM (3.08) FNH &K
(2.00) 5 EMYSHERMERERI R IR EBVR M %, KRR EYARERYIR, WEK. AEWMZM
B AN B\ ) AR

R FEINIARG; B T R A E = £ - SRS

Analysis of Key Flavor Substances in Dezhou Braised Chicken

CUI Xiaoying', ZHANG Qingyong’, LIU Dengyong"s’*, GU Mingyue', WANG Huan', MA Yong', BO Cunmei'
(1.National & Local Joint Engineering Research Center of Storage, Processing and Safety Control Technology for Fresh Agricultural
and Aquatic Products, College of Food Science and Technology, Bohai University, Jinzhou 121013, China;
2.Shandong Dezhou Braised Chicken Co. Ltd., Dezhou 253003, China; 3.Collaborative Innovation Center for Quality and Safety
Control of Meat Production and Processing, Nanjing 210095, China)

Abstract: The key volatile flavor compounds of Dezhou braised chicken were analyzed and identified by electronic nose and
gas chromatography-mass spectrometry (GC-MS), and their relative odor activity values (ROAV) were calculated. Aromatic
hydrocarbons and nitrogen-containing sulfur compounds were detected in Dezhou braised chicken by electronic nose;
54 volatile flavor compounds were detected by GC-MS, of which the key flavor compounds (ROAV = 1) were nonanal
(100.00), decanal (81.67), hexanal (38.94), octanal (19.29), heptanal (14.50), limonene (14.08), 1-octene-3-ol (11.50),
2-pentanyl furan (10.14), eucalyptol (9.71), estragole (5.69), eugenol (5.56), linalool (3.86), a-pinene (3.08), and anethole
(2.01). The number of olefins was the largest among the classes of volatile flavor compounds identified, and aldehydes were
the key flavor compounds. The key flavor of Dezhou braised chicken included meaty, five-spice and medicinal herbal aroma.
Keywords: Dezhou braised chicken; electronic nose; headspace solid-phase microextraction gas chromatography-mass
spectrometry
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TEINYXG2 FE F A L G s W 2 —, HA
AEWIFER NG DHERERM M, A58
MM DR EROME, IR R EE
%o W7 RRFM ARG NS, W HBRYKS
WRPEAT PRI R, IR B AT o B AL B, 45 B ] S
() EHARAE ., BN RO WRLUSE S A A E s T
FEARAE Y-S € 1% - R 1 B FHVZ2: (headspace solid-phase
microextraction gas chromatography-mass spectrometry,
HS-SPME/GC-MS) 5 KA £ 1047 52 P 4 B FEE AT
JRIE, A SR E AR PR R R . RS
M T L7 S 0] 8 AR UK BEAT 20 #r s AR 1 X 73 HH R A
B AR T (84K o A5 5 A S VR A o xR KR IR
WRBEAT VEAN 3 AT, JRHR T — s LR I ) AN [
JiL ERURIER 95 Bh KRS (Y 7578 o A it %R FTHS-SPME/
GC-MS 73 # B3 A 48 A vh f 3 AP R, IR %€
52 R R I .

HAl, Bra M Tk, FRkpet, 656
LB KRR T . 2 L S S RS
B, 454 FPEEN PG 18] AR Z 5 o AT T LA MG
NBEFERT R, B BT 545 5 HS-SPME/GC-MS 73 #T 4: %E
FAE R AT, O E MY\ GG RAE & 5T TE O 48 AR B 22 L 5
IR

1 MHE5HE

L1 MR
YOG LRI PSR A F .

WEm. TKZEE GREEa) L 7R P W0 Ak 2
T BRA .

12 5 R&

ALI4HTRT  Fit-Mettler ToledoA F]; HX-J3011
WP LT R EBERAA: PEN3H T &
1 [ Airsense A 7l ; 7890A-5975C GC-MS{X [ % H#
(NI
1.3 Hik

1.3.1  HTFENE

S EXFEY RSN R HOE Sis . B
5 g IR AT RIS BE 25 mL Ty /N gesf b, JF A%
BERE 2, B O ERTHEY, ZRTHES hEHH
T EAG IGE A PY S B AR DI (/120 s+ TE YRR
120 s+ AR E300 mL/min. F ] HL 7 & H H# Win
Muster ZCFF%5 K I B F bR gt 4T 40 . PEN3{EHEA B
SR AR RS S R IR R 1 FTR o

1 PENERRBTRREAESEIIRIER

Table1 Standard sensor arrays and performance of PEN3 portable
electronic nose

G (B iy £iE

RI wIC MR R B (CHy) » #5EI10mLm’

R2  W5S REEEK, WEARAMRRE A (NOy , #AEI mLm’

R3  W3C X5 E O R % (CHy » #5100 mLm’

R4 WES FEMNESH LR 45 (H) , #5E100mLim’

RS W5C R R ki (CHy) » #5 81 mLm’

R6 WIS MR B ik (CHY) » A H100 mLm'

R7T  WIW AR Bifes (1) , #8 mLm’

R§  W2S MOERE, MHEGATN L (Co) , #AE100mLim’

RO W2wW MHERS BIREARE  RIEE HS) , #5E] mLm’

RIO W3S XERR R Bht (CH,) , #5E10mLm’

13.2 $R MR o B B B e

SHEME, IRFE R W IE RS BB . R
4.5 gLHIRAIMASRE R, BT+, IA0.01 mL
RO AARVE (946 ug/mL) , #F, FH710 min)5 ¥4
SPMEAHE 2 E NS HRRE, AT, S FE
75 nm CAR/PDMSZE LA A & B3, DLSE B 2 Wk
FilFE. 75 um CAR/PDMS#HLSL F-45 ‘C A LS50 min,
F-250 ‘CH#WS5 min, #ETGC-MSHHHT,

GC-MS%ff: HP-SMSE4IE+E (30 mXx0.32 mm,
0.25 um) , FHSAAS, WiiH1.8 mL/min, A5, 18
J£35 kPa; HEFETIREE250 °C, £ 1REE250 'C, MR
40 °C, 1F#FF10 min, A4 C/minfHE£120 'C, LL12 C/min
FHERZE250 'C, {#FEF10 min; & FIHEE200 C, HTHE
R, HTRERT0eV, KA,

SEME K E BN VR B TR E R AN RS
MU RSB R YRR ANIST 11ELx}, #i e 15 & PR
R 5 K5 VE G B KT 80L& . 4 B e T R UH — 1k
DAt E S AN S E. FHIEMERE (C~Cy) WlEH
WEY P Kovatsfr B 540 (retention index, RI) , RIf%
A (D 5
t—t,

tn+1_tn

RI=100Xn+100 X QP)

A N IERSERR IR THG 1, BT+ 1
B GEE R BT 18] /ming - o, MR IR HCn IER B ) DR B
I E)/min;  SAARFPIILREEE] (7, <t<<t,,,) /min.

RS RH E R E R R, SR s e s
MIJTE, RH AR ARTEBE (relative odor activity
value, ROAV) #ATHiE . ROAV K/NRIRNIE K
PERUR AL G )6 BE R TS STERFR B, B 4oy
ROAV=<100, HROAVEK [1IZH 53 %5 Ff it S AR KUK ) 5T
BRAER K . & SLROAV = LI ZH 45 4 i 40 BT R i 1) 2 R 7 ik
YT, 0.1<ROAV << L[ 2H 43 XA i (1) S A XUk 2L AT B 722
HIEMYER . ROAVIZR (2) 5.
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T EFAEWA F. BT ROAVIEN > M R AL 2
ROAVA100X C,X ™5 ) Stk Ema M. B P 5 7 PR R AL A

Coax XT,

s G TR &5 R IR 5 AR R 25 5/ %
HURH B2 ()85 A/ (nglg) 3 Coues Toa 28 51 4 XF B
sl A ARG BT R 5 K 2 23 P RE R B R/ o RN AH B TR JER
B{E/ (ng/g) -

14 HiEab

K HISPSS 19.0% 4 AlExcel 20138 A4 #EAT H 4 4>
Br, BEASFEMNES AR, FARIRE D3 AMFER,
MFEMEDREGINES K, GRUSFME R ERIR,

2 ZERESH

2.1 TEMYISHIHE T AT AR

B e — ML N RS B 58, AR DR BTl
T <RI A A R R R A R M 1 R B S, AT RO
BRI IRZE, BT R R BT
SOAT T A R SR BRI AR SRR V54
SR b ANRRUE R 7 T AORIE T, 3K AR AT HL T S AR ) B
el R

£2  BEMPGRTRWBIHEHLER (n=27)

Table2  Electronic nose response values of Dezhou braised chicken (n =27)
IR A 1] J9 (L
R1 1.07140.061°
R2 2.356+0.252°
R3 1.14440.046"
R4 1.08140.039°
R5 1.497+0.092°
R6 1.364+0.178°
R7 0.242+0.036°
R8 0.874+0.135"
R9 1.170+0.035
R10 1.29040.076°

W FANG TEERR, #oREREE (P<0.05) .

EHCEFR S 104 sAb oy ma SABAE B sl &2 7T
A FEERERR2 G RENEWER B mBER K, H
HHA LR EREE (P<0.05) , RUERIBR2NS
PR PN G5 KA AR A AR AR RS,
R5. R6. ROFIRIOM M RLE AR, BN H G K
PERBR & — E m I & R A DRSS AL
G T HE D E AR B\ R R 5 )
Sy, TR GC-MSHBET /3 sl .

2.2 AR A AR 53 43 AT

HR3m %0, KHHS-SPME/GC-MS %7 1 P\
X SR R . WSS, RS, BRI R,
BB RAESA FhE RME AR P T, B FERESR6 Ry
K4 Fh. WEKS Fh. BER4 Fh. BEkess Rh. MR E
15 By FHAERET Py BRI B HAILED L&A

WO %o ] A\ XS A XK B DT R A R B O B XU AL
&% (ROAV=1) @14 #. T#E (100.00) . %
B (81.67) . T (38.94) . ¥E (19.29) .
(14.50) . FriMs (14.08) + 1-%M@-3-8% (11.50)
2-HERRME (10.14) « KRG (9.71) | BOEAK (5.69)
TEW (5.56) . FHiEEE (3.86) .« a-J&MH (3.08) Al
HAM (2.01) , HroTik BOK B Rk & P 2 T
(100.00) . 2@ (81.67) FICEE (38.94) . [N,
AR R, R RHEE. (=) -4-05 WEEE
(0.1SROAV<<1) XA\ S R A 35 1B &
VEFH, IREERE S AT REXT MY\ KR A — S B E ™

£3  BHIOSPERENRITGC-MSH 47

Table3 GC-MS analysis results of volatile flavor components in
Dezhou braised chicken
A o i

1%%3% ity Efﬁﬁ % jiﬂ% (‘1{2/) ROAY
KA (pentanal) 3800 MSRI 036+027 127 078
L5 (acetal) 4037 MSRI 0102000 40 o4
2 (hexanal) 517 MSRI 701310 37 3804
, BB (heptanal) 8928 MSRI 0874026 1" 1450
Bx FER (benzaldehyde) 11485 MSRI 5092241 3500 0.02
3B (octanal) 13585 MSRI 1812074 07 1929
T (nonamal) 17749 MSRI 6002073 1™ 10000
58 (decanal) 21098 MSRI 049£040 01" 8167

FREETIE (hydroxy-2-propanone) 2819 MSRI 008+000 - -

2547 (2,5-ctanedione) 12877 MSRI 161£039 - -
i 5l ( () -2-bomanone) 19069 MSRI  184£020 1150™ 0,03
&1 (carvone) 3198 MSRI 153£04 - -
H8 (furfuryl alcohol) 7850 MSRI 0194027 2000™" <001
13438 (L-octen--ol) 12604 MSRI 0691006 1 1150
- Febfhi Ceucalyptol) 14681 MSRI 699£191 12" 971
% 7“%‘%&% (linalol) 1769 MSRI 139%012 6" 386
=) 4 ( (=) erpineol) 20197 MSRI 7334035 340 036
a-HA IR (o-terpineol) 20738 MSRI 2584040 300" 014
3k (3-thujene) 10497 MSRI 0532000 75 012

Jiké (camphene) 11408 MSRI 004001 - -
o3l (o-pinene) 12016 MSRI LIIE0SO 6 308
30 (3-carene) 13471 MSRI 0474000 500 0.02
I (rerpinolene) 14051 MSRI 1214008 200 010
o kit (o-phellandrene) 14097 MSRI 0814020 200% 0,07
oAk (o-terpinene) 14417 MSRI 1242032 2007 0.09
fik ¥ (D-limonene) 14638 MSRI 845175 10% 1408
RA-P-FEM (trans-pocimene) 15669 MSRI 255+002 - -
Bl (;-terpinene) 15881 MSRI 1502045 260" 010

581 (ocimene) 17034 MSRI 0324002 - -

Kt (a-longifolene) 2743 MSRI 0244022 - -
a-Fifl Ccaryophyllene) 79 MSRI 0291025 647 008

055 (a-curcumene) 20391 MSRI 0104002 - -

B2 (o-muurolene) 30400 MSRI 008£003 - -

4% (decanal) 1339 MS 02+003 - -

+—4% (undecane) 17531 MS 0254002 - -

S =5 (tridecane) UM NS 2EIM - -
FJ05 (tetradecane) 2603 MS 055031 - -

1758 (hexadecane) 0503 MS  008t001 - -
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ki N (R % W &R
¥l st Wi 54 A% Gge) O
# (benzene) 2677 MSRI - 006+000 88 011
B (toluene) 4093 MSRI 0304003 155" <001
LR (ethylbenzene) 1070 MSRL 017004 29" 009
zg T (p-xylene) 7494 MSRI 1572028 450237 0.06
ARFEFE (0-cymene) 14577 MSRI 3014054 150" 033
TER (eugenol) 25721 MSRI 10014420 30™ 556
26-ZHTHHER (26ditertbuylmethy-phenol) — 30.129 MSRI 0.12£007 - -
HER (estragole) 20966 MSRI 256046 75" 569
- %R (anethole) B668 MSRI 8801128 73 201
TEEFE (methyl eugenol) 26965 MSRI 0764031 770" 002
B (myrisicin) 30465 MSRI 0182003 - -
- L (acetic acid) 2832 MSRI 0274003 22000™ <001
3-HUEHER: (3-methylthiophene) 4310 MSRI 049%031 - -
26- =AM (26-dimethylpyrazine) 0443 MSRI 068+0.08 400 003
BN DAY (2-pentylfuran) 13078 MSRI 3652034 67 1014

305 M ety S-dimethylpyrazine) 17349 MSRI 0.11£001 - -

TE: MS. BTG E S RL BB CRIRISSE, —. KRR
ifi A4 o
22,1 FEEEAILED

R ANE KA AR Z R IET IR A . BERAEN
e Wi BRI EZE = —, BRMEAR, 75 R SERHE AUk
W E AR, AN e RN PR W 0 # i B R AR R
TEERSMEZ RS, BARRDIER . 8P T
ROAVH 5, AT LA 8 A2 B8N 4\ RS e ok A A 1) o - oK
P, KB HXE PR FE RR EE DTk . 2SRRI
FOREE, ARSI S AT R S ORI
T8 5300 J M 2 IR AR e R AR R N PR AR I, — BRI O
B2 A N R E IR SFREAKRES:; THRE
K B Tl B\ e AR R R P R, AT R R A A
AR, BRI B IROAVI/INT1,  Wp M 3\ XS g XUk
DUHRE D
222 ARG

RERAE YR R BERIR A=z —, KEHmEL
A2 IR TR AN R KRR = AR . 120 M3
Foe B oG R0 A T R AN PN S I KRR A
1-FE)-3-BEoN FAERE, FEMRRREMN 4. 1-38)5-3-HE
BB AT AR, AT PN PG 258 k. A i S
TRk A, HIEEWRE, SRR, —HEE
KIETZFS RN\ EWESEER, TR
PG IRAC I FLA R Mk, (=) -4-if fHEE Al
- P JH BT A H\ RS S R XU A B B B
223 RRULEY

I 0 JEAN A 2 A M B\ XS 2 IR 420 o o o 288 R
TEREZ Y, KRR R TR b B Y
FLAE R, FIR X P RS BRI s, SHEM P
AR TTRRAN I 2 o =PRI AT T By EERE T

AR R S P20 . 3R
A - AT DA R RO A XS R S A R
HEBMER . g RS i e 45 A — 2.
224 BRREWED

it A AW 3 BRVE T RAAE F R, W B i
T A A 2 R YE T\ A A R . T A X
PN P\AE B4 M AR AT BB R . Tk DR ) o ) (A I
HAWACH)WE &, AT M PSR EF S B’
FALA D) BIE R, X A XS XUk BT kA B
(ROAV<<]) &
225  HiRUAEY

HABRAA Y T EAFEEY R EW . MRS
YRR &), d5d Bl MBI AV E E Ho- 2 5
il 22 5 4 S S AR e PR R 24K S 0 B B IR AN I 5 B
ZEStreckerPF MR A2 o 2- 138 3 R IR Xof A )\ JRUBR A 458K
Som, HORERAC, &R E BN R RY . 2- 5
WA 4 N A ER A 7K SRR B vk, T A N RS IR AR
IRE IR, g R 5 i 8 e 45 A — 2.

3 5 #®

T B 45 A HS-SPME/GC-M S % 48 1 1\ 4% ()
KRR EHATIE T, SREWH: ENIGGHEH
—EENSRGTRILEY), BEERFEE, EMNPRE R
XL A F EAERE S B, RS, BERANE
KW, HpiEb i ER (ROAV=100.00) . 28
(ROAV=81.67) . C.F¢ (ROAV=38.94) =M1
R A IR ) R YR, 2- TR FEIEE (ROAV=6.08)
AFEM PG B EZE IR BRI S [F T
I P\ GGIRAS I F R . FLERA M &Sk WE
M. FLAERAZGM F NP PG IR AE SR . 38 3 x4
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