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1.2 UR5&EF
FA2002B %I A5 % R, il SRR 22 AL
PSA PR ) ; DK—98—HA Y H HuiE TR K 50, Rt

T 28 W R A28 A BR A ) s MC-SP1915 152 (1) £ T))
REHLRE ™, 1 7R 55 11 F 24 ) 38 A PR 2> 7 550730 um
CAR/PDMS/DVB %4 2y [E] A0 A B ke &, 56 [
Supelco /A 7] ; Pegasus BT A AH (235 AT B [A] JiT
BEAY, 26 LECO 2 7 ;2 ¢em—=50/30/30 umDVB/
CAR/PDMS 7 % H 21 4 3k, & 18 Supelco 2 A 5
ZB-5MSI RS A3+, 2 [ Supelco A .
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1.3.1 = HEE R AN HE T2

!

= AT 5 R e — 1B B DR UM i A7) 20— i — 5t i — AR — AR T —
1

1.3.2 PR TIALEE  HUR )% 4 Atk ) = RE S
TPoE 2% G UE , 28 B i A, 254 509, U143 W 50
mmx50 mmx30 mm KN R B R .
1.3.3  JEHIALEE  Hs ik [A)—fik T4k 2 A RS P
il 6 min , A X FAL BTSN BRI &N 4.6%,
KT 16% , & B &8 0.5% , 78 4 C3#H
BN TR CRAE

1.3.4  pa il inh  HRUIE] — ik 28 aok JHE i Ak 2 A S P
B il 120 min, BRE # Il R 0.74% , AL 1
(174, RHEE 1:0.05 847 % FH .

1.4 HEEMEXEYRSEMNE

LA.1 FE S AR PR (AR G ) (B 5.0 ¢ FF S E
F 20 mL 0z A, B2 AR5 9 50/30 wm CAR/
PDMS/DVB # Bkl AFE SR T 2554, F 60 C
W BEE 30 min, W B JS 04 A Bk BUHE IS 4 SR £
TESERE T, T 250 CREWL 3 min, [F] B sh {0 R
142 Fiik &M mE oy Bl RS HIE 1
mA ; L7 BB & 70 eV AR E 250 °C; & T IR IR
J& 200 °C; Kz I HE e 2 000 V

143 @ig&M HEPEIEE 40 C,DB-Wax
E A HE (30 mx0.25 mmx0.25 um) ; 8N A
(He), Jii# 15 £ 4 1 mL/min; FHEREF AR E LG
MR 40 °C, R FF 3 min, 285 LA 10 °C/min T+
% 230 C, A %F 6 min,
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Table 1 Changes of volatile flavor of marinated duck during the marinating process
£ 5 B A I ot B 4 0 min B 4 60 min B 4] 120 min
BE £ 14.72 a— i BE - 1.10+0.35 4.01 £0.03
12.86 R 426 +0.12 2.89 +0.05 2.00 +£0.26
3.60 LB 0.55+0.03 0.12 +£0.03 -
11.92 M —o,=5-=F h—5- T 5 Hk vg S ALk vl - - - 0.33 +0.04
2- B
19.00 *F 5t i AR OR W BF - 0.09 = 0.01 0.07 = 0.00
1472 B-RK ¥ 1.07 £0.05 - -
11.59 - M —3-F% 0.71 +0.34 1.69+0.13 0.50 = 0.01
1371 2-FH-1-% - 0.20 +0.01 -
19.43 KRR TR - 0.03 +0.01 0.03 +0.01
12.98 IE 3 BF 0.33 +0.41 - -
10.25 1-T B 0.14 +0.08 0.18 +0.01 0.09 = 0.02
12.12 5 F B 0.37 £0.02 0.07 £ 0.01 0.06 +0.01
20.72 P A 5% 0.17 £ 0.02 0.07 £ 0.07 0.08 +0.01
18.81 K AR - 0.06 +0.01 -
Bk 22.16 24K H AL W AR EE 0.27 £ 0.02 0.09 +0.02 -
5.94 YS 9.42 +0.06 3.74 +£0.21 0.75 +0.02
21.23 R IR B (+ AR EE) 0.14 £ 0.01 0.04 £ 0.01 0.03 +0.01
19.31 + ook 4.78 +0.03 0.74 £ 0.01 0.60 = 0.02
13.36 5— Jk ok v BE 0.11 £0.02 - -
23.27 (E)-3-(3-F &I R )-2- R M ik - - 0.12 +0.02
14.00 2- VR OK W BE - - 0.24 +0.01
11.43 B2 Hin B - 0.08 +0.01 0.03 +0.02
18.54 EENOE S 14.92 +0.43 3.03 £0.02 1.10 £ 0.02
17.76 2- W AR KT B - 0.15+0.03 0.13 +0.01
17.21 SRS - 0.04 £ 0.01 0.02 +0.01
10.91 S 2.49 +0.04 227 +0.11 1.19+0.03
9.38 FEE 0.98 +0.01 0.94 +0.01 0.40 = 0.02
18.40 PO 2.92 +0.02 1.13 £ 0.06 0.98 +0.01
14.20 KT 0.39+0.03 - -
14.90 + =8 - 0.04 +0.01 0.04 +0.01
12.33 S - - 0.19+0.03
7.72 IE R B 0.43 +0.02 0.58 +0.01 0.28 +0.03
17.04 P A B 0.13 +£0.04 0.03 +0.01 0.01 +0.01
12.74 P S 10.81 £0.13 - -
LDES 22.38 FaFE(AREEE) 0.33 £0.02 - -
23.80 2-FHK-4,6-=F ALK L 1.38 £0.05 423 +0.01 3.60 +£0.21
15.18 3-F R -6-(1-F AT HK)-2-3 THi-1-8A 1.05 +0.02 3.23+£0.01 1.21 £0.02
(#AHER )
19.50 -FRARCTE - - 0.32 +0.01
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ES P& 8 B A oyl 5 ) 0 min 5 1 60 min 5 ] 120 min
8.84  5-Fh-3-j&ME - - 0.06 + 0.01
933  3-HA-2-TH - - 0.65 +0.01
1407 5-% @ & ®IR[3.1.0] T b -2-8 - 0.16 + 0.01 0.03 +0.02
2580  9-% & - 0.01 +0.01 -
1096 & & 1.00 + 0.04 1.14 +0.02 -
1260  2-3% 0.14 = 0.01 - -
19.60 s FAREFEA AR 0.35 +0.02 - -
20.12 AP AA XA - - 1.04 +0.02
1097  1,3,3-= % k-=32R[2.2.1]k -2 - - 0.17 +0.02
1010 6-F K -5- & -2 0.09 = 0.01 0.21 +0.02 0.64 = 0.01
8.83  3-FA - 0.03 +0.01 -

7% 9.08  p-AitkE - 1.16 +0.11 1.58 +0.03
759 Bl - - 3.33+0.14
8.68  y-mriblE 0.76 + 0.03 2.05 £ 0.01 2.94+0.11
554 R - 0.08 +0.01 0.02 +0.01
485  (18)—(-)-a—K b - 0.87 +0.01 -
1062 A F 9 - 0.16 = 0.01 1.01 £0.03
758  a-GH K 0.44 +0.02 1.38 +0.04 1.98 +0.03
15.64  A-E%0 0.21 +0.02 0.13 +0.01 0.03 +0.01
790  D-#ARHE 1.44+0.13 3.26 +0.21 5.03 +0.07
927 S b - 0.64 +0.02 421 %001
1237 +5x% 038+ 0.01 0.38 +0.01 0.03 +0.01
13.51  p-# AN 0.18 +0.02 0.14 + 0.02 0.06 + 0.01
1636  *4A@ 5% 0.95 +0.02 0.42 +0.01 -
1437  S-Ab 0.120.01 0.11 +0.01 -
1628 R Xt & 13.20 +0.33 - 12.64 +0.63
1228 a3 M 6.02+0.21 7.29 +1.01 2.12 £ 0.01
853  AX-B-F W 0.28 +0.01 0.57 +0.01 1.01 +0.011
6.50  HH - 1.09 +0.02 7.74 +0.01
879  (Z£)-3,7-=Wk-1,3,6-F =M - - 2.32+0.03
1511 a—tk 2 M 1.41 +0.02 0.87 +0.11 0.01 +0.01
1215 (+)-FHEH - 0.34 +0.01 0.05 0.01
1723 a-—F 58 F W 0.23 +0.01 0.02 +0.01 0.06 + 0.01
1437 A X-#-1(6),4-=% - - 0.03 +0.02
1323 a-MA-FH A5 0.23 +0.01 0.20 = 0.01 0.11 +0.04
735 Bt 0.16 + 0.02 1.13 +0.22 2.16 = 0.03
13.03  3-% 4 0.28 = 0.01 0.23 +0.01 -
620 Bt - - 0.35 +0.02
458 Rk 0.04 = 0.01 0.76 + 0.01 0.32+0.02
7.35 At - - 3.30 +0.02
1699 =+ - 0.01 +0.01 -
263 1-AK - - 2.30 = 0.03
8.91 ENN- 0.22 +0.01 0.46 +0.02 0.28 +0.02
747 3-FEAT—R& - 0.28 +0.03 0.25 +0.02

Bk % 1530  xrFE=—FE 0.13 +0.02 0.08 = 0.01 0.03 = 0.01
14.49  4-Jh & A K P Bt 10.87 £0.35 8.13+0.12 0.13 +0.02
1260  HjE - 0.06 + 0.01 0.03 £ 0.01
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(& 1)
E| P& G B A X454 # 0 min #) 60 min 5 %] 120 min
1628 & & - 22.55+1.32 10.39 + 1.04
B A 19.66 XV 0.15 +0.01 0.08 + 0.01 0.07 + 0.01
2084  2,4,6-=F AE V@ 0.03 +0.01 - 0.03 £ 0.01
18.15  F#& 0.39 + 0.02 0.06 + 0.01 0.04 +0.01
2130 T - 0.01 +0.01 0.01 +0.01
By % 21.15 T &H& - 11.05+0.21 10.66 £ 0.17
1773 2,4-=& T A X8 0.19 +0.01 0.17 +0.02 0.15+0.02
18.06 VAT E® - 0.08 + 0.01 0.06 = 0.01
8.76 (E)-2-F £k —4—(1-F ¥ L K 0) - 0.22 +0.03 0.06 + 0.03
19.66 x4 & AL Ky - 0.05 + 0.01 0.05 + 0.02
20.84 WAk FEr - 0.01 +0.01 -
18.15 X8 - 0.90 + 0.01 0.02 £ 0.01
2130 3,5-= W E® - 0.10 +0.02 0.03 +0.02
A 11.61  2-ZkE-3 5-— 7 fwhvk 0.05 +0.01 - 0.02 £ 0.01
9.06  2-¥ kwtk - 0.07 £ 0.01 0.04 +0.02
9.98 2,6-="F Ktk - - 0.03 +0.01
vk vih % 2.87 3—9 Sk ok vk - 0.09 +0.02 0.30 +0.35
8.47 2—E Kk vk v - 0.20 + 0.02 0.13 +0.03
1248  2-Z Bk 0.08 + 0.01 - 0.01 +0.01
ES 1409  y-T A8 0.13 £ 0.01 0.07 £ 0.01 0.14 +0.02
2047  TEAT A BBy - 0.37 + 0.02 0.04 £ 0.01
2470  ARE = WER =T B - 0.09 +0.02 0.16 + 0.01
2298  ARE = WER =% T Bg 0.18 + 0.02 0.16 + 0.02 0.27 + 0.04
1476 T EAA i B - 1.03 +0.02 0.09 + 0.07
1338 ik B B - - 0.07 £ 0.03
1672 2,2,4-= % 4&-1,3- K =8 = F T 6 A 0.04 +0.01 0.06 = 0.01 0.09 +0.02
16.13 T =B = ¥ s 0.11 +0.01 - 0.06 = 0.03
9.91 TER T A By - 0.57 +0.11 -
23.96 P AL W AR LA - 0.07 + 0.01 0.11 +0.03
8.50 T8k T B - 0.04 +0.01 0.12 +0.02
2470  ARE =W E: = TR LB 0.12 £ 0.01 - -
13.03 T 5 HEms - - 0.04 + 0.01
20.05  AEAEBER VB 0.09 +0.02 0.01 +0.01 -
12.98 8 ¥F Ay - 0.15 +0.03 -
8.25 T BT 8BS - 0.09 +0.01 0.13 +0.03
1493  a-#k—y-T N B - - 0.02 £ 0.03
b 16.63  2-WHAR(H#E) 0.12 +0.01 0.03 +0.01 0.01 +0.01
6.13 3— kv - 0.09 + 0.02 0.02 + 0.02
1778  1,7-=FAE 0.15 +0.01 - -
1539 ##HHE 0.16 + 0.01 - -
20.69 =k fwked - 0.02 +0.01 0.01 +0.01
2238 —xikfas - 0.27 +0.03 0.07 £ 0.03
9.29 1,2,4-ZWAX 0.30 +0.03 - -
1770 R ek 0.05 £ 0.01 - -
1013 1,2,3-=F 4% 0.04 + 0.01 - -
5.22 ki 0.21 +0.01 0.56 + 0.04 -

T =" RRARMG
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Table 2 Types and relative contents of volatile flavor compounds in duck during the marinating process
. it 5 31 #1 0 min #1 60 min B #) 120 min
GES A8 e /% S A8 5T 2 F/% GES KRS R L)

1 S 8 7.58 11 6.50 9 7.15
2 i3S 13 47.50 14 12.87 16 6.12
3 LEES 7 4.32 7 9.01 9 7.72
4 PEES 18 26.81 26 24.02 28 54.69
6 Ak & 2 11.00 4 30.82 4 10.57
7 RS 3 0.57 3 0.15 4 0.15
8 S 1 0.39 8 12.58 7 11.03
9 nhok 1 0.05 1 0.07 3 0.09
10 vk v % 1 0.08 2 0.29 3 0.21
11 A k& 6 0.66 12 2.71 13 2.16
12 re 7 1.24 6 0.99 4 0.11
13 43t 67 100.00 94 100.00 100 100.00

T SIS R W) o002 i 07 o gk ) £ 28700 B SR

— BRI, ELA B A R, X o S 1) XU T B A
R Tk, JE TG A R AE XU B 1Y A B A
T2 A 2 SR M 13,14, 16 FPEESSY . il O
min FFE S b COE T A TP TR S ) BT ) AR
R, H O R T TR S AR I S AR P g A
AR AN PR A, G o B i ) s [ ) S G
TR0 33 A R T b 7 8 R A KU B B 1, IG5
V4 FRLFT B (T SR T ) T KT p A Y
THA M E A, BAT A B -2 M T
S ELA AR 07 &S, KB R BE W an -+ s
T T LA i 1< A WS 1 B I A it o B I 7 SE
i S I () AFDRE 5 i R R B, AT RE = AE 1
of B SRR TR ] e A A A T B
RS FEER R TG 1A o g 17 R AR AR 1 7 e
S H R 20 AU RN 28 A (R I , R TR
B0 A A U AT R VR ol o AR R
i AT B 18,26,28 BRI G W, Hoh 7
B il ok R AR R T ARy — R TR S X 1 A G
R B IE 1A STERPE T, 0 M ke 28k & 0 1 i
il i R R e AT AT E] AT AR U A R
FE R T AR RO A R TR R, Rk
Py ST A X B i R e RS R JRAE s 120
min [ 1538 54.69% , =B AE i i i AR R BT
WO S R R R R R A RS I A5 1 A XL

TR 28 J2 N 7 EAL R 7=, — RS A AR R
T R B T A A A R R 2 B )RR B
7 i UK 8 A Y TR 2R ) R
ST G Bk 56— W 35— P dds -2l 2 7€ i il i
T (B AN W 0 B o A, BRI O R
AR AR, e il R A R Y R 2 A S )
AR R B (H R R A BT A, 3 AN i
FUIE D5 2 1 #R S Ak B e R TR % i 7 A= el
JRUBAR J580 {BLAF AT 858 vy, XoF 78 08 XU IR B kAN K, (H FE
PEBTRRE FF A, AT LA pi 7 8 o At XU )
o A i B A P ol e S DXL T R 9] )R, L
A 2T

Tt A 118 IR IR Bt e B 1 1 T 4 i, 7 AR T A
A NG A ER o3 W 2K I B AIR, RE A B 43t
NG A A B XBR . AN 1-F M -3-FE7E < i 60
min FE 5 PR ARXS & R E m T H e A A A
A o A RV SR AT X R LR 19 T A B
52 e 20 (H R 5 R P 2GR B 10 mg/kg AR LAER
IR WESE W) BT T HOR U AR D7 ) S R i
B HEAL A P 3 5L b R PR A A A 8,
11,9 Ml b G W, Ho a— A oF 55y 5L R
F S 2R i 0 o 45 2 7 1 ) 3 R 0 e 1
X5 5 G AR AR oI AR B AR A
AL YA G2,
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P 5 Ak A 0 Il 7 AR AT P v B 24 o BB X
£ A R R B JE H B AR Y, R A iR 2
AE7= A N R AR . BR2EAG W Rh E R &
7 B A AR S S TR, AT R R e )
A S T B RS T R R R T A MU TR, W
il 120 min A & s IR AE X i e, R
T A-Ja N R B LA S A R A
AT PR A DA A A A, RS IR T U /D
] A 45 A o R /R Y A A 73 pglke, (A
HT TR B R, R A T AR XU AR R A A
HAER .

12 250 5 W 2 M 17 4T K A A8 Ry IS g i
i 17 7 A ) R T R A A R ) 1 A Y
H AR R TR A, (E AT IR Sy — 26 XUBR ) 5 1Y)
HIAYI L, FEARFR 2,4,6- = HFERXH R

ERRFN T TR . 53 A1 BEA 1 i s T f) A 4 i 7 G
R T Al o e, B T A R
B R RG2S Nk R 2R ) R B SR P
FRE P HE AR, S A P A PR R A R
A /D G M R GX B e R R AL A ) AR
PR A3 45 /0 R G BB AR, %o PR 8 19 A4 i ik
3 IR P KUY BUVE B R Ak & 2,
22 MEMAHIBRFHAXBERNKLEY
kF

A R XA 0 O X A o R XL 19 o R e
o LA 3 AR G P ) v ARG A KU B I ) A
[ PF 2™, ROAV J& HET) iz W H T 97 A6 i O
S RUBR AL A 3 10 A S0 IR AR SO BE A B
ROAV>0.1 W5 & WK AL & W AT 0 0T,
#4050 ROAV N5 3 B,

*3 NEBHHIRERRELEDHBER ROAV &
Table 3 Threshold and ROAV of volatile flavor compounds in duck during the braising process

ROAV
ey i 5 w1 feai P /g ke B # Omin B %) 60 min 5 4] 120 min
1 1472 o4 ih AR 330 - 0.15 1.20
2 12.86  FAemE 6 28.51 21.22 28.01
3 1159  1-FM-3-8 1 28.11 74.45 42.02
4 1371 2-FHi-1-A 40 - 0.22 -
5 594  TE: 75.67 32.95 12.61
6 1143 R -2-FWm - 1.17 0.84
7 1721 HWEEE 14 - 0.13 0.12
8 1091  Ea 1 100 100 100
9 938 ¥ 0.7 56.22 59.16 48.02
10 1420 R o 3.92 - -
11 1490 + =@ 2 - 0.88 1.68
12 1233 &mk 0.1 - - 99.66
13 772 E BB 3 5.76 8.52 7.84
14 1274 R WE 350 1.24 - -
15 1518 3-Fh-6-(1-Fh T h)2-5%RT 680 <0. 1 0.21 0.15
5 —1—BA (%A HLER )

16 933 3-H&A-2-TH 0.55 - - 99.31
17 10.10  6-F A -5-jk #—2—HA 50 <0. 1 0.19 1.08
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The Changes of Volatile Flavor Compounds of Sansui Characteristic Marinated Duck

During Marination

Xu Jiuhong, Wang Xiujun’,

Yang Liping,

Li Jiamin,

Bao Huanhuan, He Chunxia

(‘Guizhou Province Key Laboratory of Fermentation Engineering and Biopharmacy,

School of Liquor and Food Engineering, Guizhou University, Guiyang 550025)

Abstract The effects of marinating on the volatile flavor compounds of Guizhou Sansui characteristic marinated duck was
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investigated by solid phase microextraction and gas chromatography-mass spectrometry (SPME-GC-MS), combined with
relative odor activity value (ROAV), cluster analysis (CA) and principal component analysis (PCA) were used to ana-
lyze the samples marinated for 0 min, 60 min and 120 min in order to determine the key volatile flavor substances of
marinated duck in the process of marinating. The results showed that 67, 94 and 100 volatile flavor compounds, includ-
ing hydrocarbons, aldehydes, alcohols, esters, ethers and sulfur—containing heterocycles were detected at 0 min, 60 min
and 120 min, the richness of flavor increased significantly during the marinating process (P<0.05). Relative odor activity
value (ROAV) and cluster analysis (CA) found that there are 28 key flavor substances in the marinating process (ROAV>
1). Principal component analysis (PCA) indicated that linalool, hexanal, nonanal, octanal, n-heptanaldehyde, D -
limonene, a-pinene, y-butyrolactone and 1-octene—3-alcohol are the key flavor compounds in different marination stages.
Benzaldehyde and phenylacetaldehyde were the characteristic aroma compounds of the samples marinated for O min.
Trans -2 —octenaldehyde were the characteristic aroma compounds of the samples marinated for 60 min. Dodecaldehyde,
decanal, 3-hydroxy—2-butanone, terpinene, a—caryophyllene, laurene, a-terpineol, 6-methyl-5—heptene-2-one, terpene
oleene, trans basilene were the characteristic aroma compounds of the samples marinated for 120 min. With the extension
of marinating time, the types of key flavor compounds of Sansui characteristic marinated duck are more abundant, and
the main flavor compounds such as hydrocarbons, ketones and alcohols are added to improve the overall flavor of the
Sansui characteristic marinated duck.

Keywords Sansui characteristic marinated duck; volatile flavor; solid phase microextraction and gas chromatography —

mass spectrometry (SPME-GC-MS); relative odor activity value (ROAV); principal component analysis (PCA)



