#5154 5519 B 2 4 T iR o Vol. 15 No. 19
2024 410 H Journal of Food Safety and Quality Oct. , 2024

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20240904008

>

TS BRI ORI T 03 7 A E A
TR Mk P 25 1

T om, ik B akE", &2 F k4w Bir, F O#
EZONNECE S
(1. VTP E LR B AT S TOMSERT, BE 330200; 2. BBk &R WA RAE], JUT  332299)

 OE: BR IRECHACARR N U AR e R M KR B A A . sk SRTITOUAS [ R G - AH -
FRIEHA, IR . MR 1 d. ERI 4d. B 10 d. BEA 20 A, A 30 d 6 BB Sk XU A B4 S
5w, AR MR ME . TR TRV R Y, TN L R O R R Y R BRI
TR B SE 117 R PERRIB, FER PERWR B S B 5 BTl M PEE A HTiA AR 3 T
34 Fp BRI RAEREY) T, K. (EE)-2,4-% IRl . T . (B)-2-TMmE . 2-F0-1-FE, 3-F3-1-TFE, 1-
VM3 2- BRI A 6 AN BB b A i ORI R R BT, o (B E)-2,4-28 RN 127 M -3
AN 3k i e 2 18 S SR R M KR 5T o F2 8053 20 A 2R D, 53 DRk PR R T R L, A i O o A 1
BN XU 2R T B AR, FL AR R XU ) S AR T B0 P R AR R b, 3 e A i R T 1
T 13 FHERERIR Y AR ICY) . 8838 ABFSERENT TAETEAR MG AS [R]I0 “LB B & MR B4 25 57, S BEAEAR
8 XU ST 9 B Lt T A it T IR 5%

K HEAEANS; T FEA MRS RS PR

Analysis of volatile flavor compounds during processing of Guihua dry-cured
duck based on headspace solid phase microextraction-gas
chromatography-mass spectrometry

WANG Li', ZHANG Yao', LIU Guan-Xian'", LI Xue', HUANG Jin-Qing',
CHENG Wen-Long', DONG Bo', LIU Cai-Ling', HE Xue-Ping’, ZHANG Xiao®

(1. Institute of Agricultural Products Processing, Jiangxi Academy of Agricultural Science, Nanchang 330200, China;
2. Ruichang Yixiang Agricultural Products Products Limited, Jiujiang 332299, China)
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analyze the components and contents of volatile flavor substances in 6 stages of raw meat, curing for 1 d, curing for
4 d, drying for 10 d, drying for 20 d and product for 30 d. Combining with odor activity value, principal component
analysis and variable importance for the projection to analyze the the key volatile flavor compounds during
processing. Results A total of 117 kinds of volatile flavor compounds were identified during processing, and the
total content of volatile flavor compounds showed an increasing trend. Meanwhile, 34 kinds of main volatile flavor
substances were obtained by odor activity value analysis. Pentanal, (E,E)-2,4-decadienal, nonanal, (E)-2-nonenal,
2-octene-1-ol, 3-methyl-1-butanol, 1-octene-3-ol and 2-pentylfuran were the main volatile flavor compounds in the
six samples. Among them, (E,E)-2,4-decadienal and 1-octene-3-ol were the key volatile flavor compounds in the
whole process. The principal component analysis indicated that compared with raw meat and curing period, the flavor
of Guihua dry-cured duck changed significantly during drying and storage period, and the main volatile flavor
substances accumulated in large quantities during storage period. In addition, 13 kinds of volatile flavor substance
markers were screened by variable importance projection. Conclusion This study analyze the differences of volatile

flavor components of Guihua dry-cured duck during processing, which provide theoretical reference for flavor and

quality evaluation of Guihua dry-cured duck.
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FERIZRIREE 250 °C, HLFRER 70 eV, BFIRIEE 230 °C, i
HHHIYE R 20~600 Mz,
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A YHIRE, ne/ke.

1.4 HUuEAIE
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Table 1 Components of volatile flavor compounds during Guihua dry-cured duck processing
Nz T/ (hg/ke) I orkA
#HR JEUR A fiEdl 1d fiE sl 4 d W50 10 d 52§ 20 d sk 30d  /(ngke)
(23
TR 19.70+1.05*  58.62+£2.21°  130.804£24.90° 343.43+27.73%  415.31£15.07° 392.35+11.84% 1201 HE . ALF
RIaYS 1.00+0.26* 7.07£0.11° - - 7.34+0.10° 7.36+0.03° 0.91131  FAy | IRILK
5-LHEIRIL » . . .
e 0.73+0.05° 3.17+0.12 9.03+0.19° 14.78+0.35 34.58+2.68° 54.84+4.62 / /
2R - 56.8248.61°  16.05+1.35°  97.30+10.58%  97.35+1.35¢ 79.30+8.61° 350012 FO S
E,E)-2,6-F
( 3%% - - 0.92+0.02° - 2.13+0.04° 2.05+0.04°  0.0045" i
(E)-2-CL Ik - - - - 17.10+1.84° - 190021 SRS | Ak
ZEE 1.02+0.25° - 2.24+0.12° - 11.18+0.30° 25.13+3.03¢ 0.1 JhisE . RE
i - - - 1.20+0.01° 1.25+0.05 - 504 /
K - 6.72+0.30° 8.28+0.05®  52.59+5.23¢ 35.92+2.01° - 4021 7. Fik
-HETHEE  0.78+0.10° 1.54+0.06" - 20.27+1.46" 18.41+1.11¢ 22.20+0.36¢ 0202 AT IRk
4-J8 L F i - 1.81£0.05° - - 3.35+0.11° - / /
(E)-2-F I - 101.77+9.16°  140.99+38.96° 164.21+40.54" 250.47+29.98°  468.67+39.13° 30 AR
] - 3.87+0.17°  22.56+1.12° - 39.54+1.82° 20.30+0.31° 1510 EHE . B
E,E)-2,4-T- o
( 3%%@ 4.17+0.30° 5.45+0.21%°  33.36+2.80° - 48.37+2.15¢ 84.45+3.49° 0.091  RF& . iR
(S 0.04+0.00° 0.10+0.00° 0.37+0.05¢ 0.200.00° 0.18+0.00° 0.56+0.02¢ 1ot R US
-2-+—
Yt 1.37+0.13° 2.31+0.14° 4.52+0.06° - 10.06+0.71¢ 25.05+0.75° 0.78!"7 BEFRER | ERER
2-THk-2-¢
o 5.12+0.06¢ 1.7340.06" 3.58+0.08" 3.69+0.10° 4.01+0.05" 9.19+0.57¢ / /
2SR HEOR - 0.79£0.07* 1.08+0.01°° - - - 308 /
(E’E)'2’4'¥ a b d d [12] e =
" 2.85+0.10° 6.95+0.05 46.11+3.62 29.29+1.89° 47.86x1.46 90.29+4.73° 0.07 R . I8
(E)-14-F7~ 0.4240.01° 3.95+0.08° 5.31+0.18° / /
(E)-2-28 s - 3.77+0.05" 9.02+0.15° 16.40+0.80° 23.12+1.84¢ 67.72+7.23° 04" WM. HRE
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EW B/ (ng/ke) [ {EL SRR
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HFR JERHA fiEd 1d fig il 4 d ARG 10 d ARG 20 d Bk 30 d Huglkg)
+ - - - - 0.1240.00° 0.12+0.00° 102 AR, WA
2’4_:E‘HEX a cd a c b e
i 0.38+0.00 5.4440.23 1.610.03 4.16+0.05 2.76+0.01 8.81+0.54 / /
3-ZHRHEE 0.33+£0.00° 1.1740.01° 1.35£0.01° 2.75+0.05° 4.30+£0.05° 3.31£0.01° / /

TUBEEE  0.67+0.02*° 1.75+0.01¢ 0.40+0.01% 1.47+0.06 3.03+0.09¢ - / /

P 11.80+£0.40°  42.73+1.91°  85.77+11.46° - 384.07+39.83¢ 598.65+32.54° 32 JRIER . TR

E,E)-2,4-¢
( *)'k%@% - - - - 4.52+0.07° 11.98+0.03° / /

T - 72.5240.53%  43.15+0.91° - 80.35+1.65" - / /

+ FH 2.09+0.08" 3.92+0.01° - - 5.70£0.09° 2.12+0.03° 1.4811 /
(E,E)-2,4- ) . a c

o 0.68+0.01° 2.01+0.03 17.28+0.62° 8.54+0.34°  12.82+0.05 22.60£1.02 / /

4[] - - - 0.54+0.02° 1.03x0.03° 1.62+0.01¢ / /
2-2.3-2-8 . e .

Yt - 1.53+0.06 - 17.69+0.35 20.07+0.95% 49.92+1.32 / /

+ = - 1.29+0.01° - 1.02+0.02* 2.7440.02¢ 1.50+0.06" / /

(E)-2-1 ) - - 5.83+0.14° 3.3140.05" 9.67+0.36¢ 7.5140.45¢ / /

(2)-2-FilE  3.89+0.03° 12.29+0.15°  65.80+1.32¢ 63.94+5.68°  143.15+10.65¢ 284.18+20.38° / /

T 9.61+£0.31* 20.28+1.63°  58.38+10.81° 183.69+29.41¢ 370.19+31.91° 783.98+21.45" 12 iR, fitEE
i 5.60+0.26* 12.58+0.60°  24.70+2.94° 89.32+10.09 178.31+7.51° 494.44+12.07° 6912 I, HEEFE
TR - 0.72+0.03" - - 9.10+0.08° 9.77+0.14° 110 /
(B)-2-F-J#lE  0.36+0.04° 1.03+0.02° 3.51£0.02¢ 4.83+0.18°  11.38+0.15° 23.60+0.27° 0.19"2 HEJRBR, 4Crcrk
RS

CHROHE  5.46+0.81° 44.89+3.25°  23.28+0.25°  250.25+10.68° 257.63+23.68Y  1484.88+100.25° / /

PR T - - - 7.66£0.05*  12.73+0.05° 141.75+6.98° / /
V32 2 Be - - 2.09+0.02¢ 1.40+0.04¢ 0.47+0.01* 0.94+0.02° / /
3-HEET R . . i

2. - - - 5.03+0.20 2.1440.10 8.37+0.50 / /
H
S-RERRE 2.62+0.04° 1.27+0.02° 6.62+0.05° 8.16+0.35% / /
ZFRTiR ’ ’ ’ ’ ' ’ ' ’ i
FNBR LM 1.82+0.02° - 14.88+0.54¢ 12.03+0.25¢ 7.58+0.45° 9.07+0.15" / /

LR LT - 77.0745.32°  321.45+15.68° - 28.70+1.98* 30.83+2.65° / KRF

X . TR - - - 11.40+0.20° 6.6240.98° 36.55+3.25° / /
+\R 2.1k - - - 1.03+0.02° - 0.66+0.01° / /

TR W - 4.91+0.09®  3.13+0.04° 7.75+0.07°¢ - - 1200 /R PRk
Qﬁﬁimﬂfi a b e d c

T 2.88+0.12 - 4.18+0.51 23.3842.38 14.97+4.35 10.93+3.94 / /
— 5]
2-H TR e .
Ziﬂb - - 0.39+0.02° 2.14+0.02° - - 03N RF. BHE
H
R LT - - 3.09:+0.09° 22.88+1.12"  25.26+0.09" 250.57+29.92¢  19.32 EEAUS
LBROER  7.61+0.32° 2.58+0.06"  11.26+0.28° 0.65+0.03" 0.60+0.03" 0.610.01° 7.5120 ik
L2
R 17.6741.30°  45.52+4.19°  23.20+2.88°°  93.41+8.70° 127.92+15.57° 200.59+17.58"° 126" VS
FH it e - - - 2.3240.01° 5.61+0.06° 8.99+0.12° / /
2-F0-1-E 8.6440.26°  101.72+28.15°  68.37+11.08°  150.50+10.73¢ 227.67+13.48° 115.66+4.06 41121 LELEUS
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R 1E)
llate?] Frit/(ng/ke) . ‘
s JEORF PR il 1 d il 4 d W 10 d I 20 d b 30 d /(ngfiig) Uk
3L 4.63£0.08° 117.86+37.06° 287.88+61.917  87.78+7.65%  55.47+0.79°  71.5542.64° 0350 AT, i
[]3 - 14.63£0.52"  32.70+1.68" - - - / /
KL 5.1040.12°  24.17£3.72°  35.88+1.01° 19.96+0.19° 19.14+0.36" 22.01£2.05" 7.2382% WAL
7% 0.98+£0.01*  1.39+0.05" 1.38+0.05" - 2.91+0.04° 4.24+0.11¢ / /
1-Jd-3-F% 10.52+0.05° 104.37420.35°  26.32+3.25°  161.21£12.67° 113.32+20.34°  122.57+15.35%  358.17%% hBekgpk . AR
3-FH2E-1- . .
e - - 1.63+0.02 - 6.23+0.35 / /
1-SF-3-FE  271.47+11.94° 311.01+58.58"™ 627.60+70.5°  2220.06+204.84°2742.01+212.52° 2300.80+301.25¢ 12 sk YLk
B 21.4442.35° - 26.01£1.95®  97.78+£10.35° 109.32+£9.24°"  149.23+20.34° 520" HEEBR. 5K
S HPLAERE 11.82+£1.02°  17.03£1.05° 13.26£0.09° 13.73+2.02° 10.24+1.98" - / /
T 10.45£0.05"  16.03+0.14™  14.31£1.32°  27.48+3.25° 13.95+2.35° 20.21+3.01¢ / /
T B 86.01+9.68* 101.10+1.35°  132.81+15.36° 530.69+20.36° 284.93+30.25°  302.30+10.35¢ 4000 A
1-FH 4 3 - . . . . .
P 21.95+0.58°  8.04+0.32 5.32+0.94 - 8.21:+0.64 3.07+0.62 / /
LB 222.81+20.35° 138.09+10.68" 156.62+13.57" 241.36+22.38° 198.63+15.36" 252.29+19.98 500"  JKIRIFIFH
{iES
PN i 814.39+68.129 144.17+12.35°  72.23+9.65°  87.06+8.35 29.52+6.37* 26.69+5.32° / /
1-F25E-2-
- 0.4240.01°  0.36+0.00°" - - - - 80000!* /
3-ES-2-F 1.23£0.10°  7.36+0.62° 1.78£0.03*  38.99+2.62°  100.64+0.71°  156.00£16.37° 6.71° /
2-BE 8.01+0.18" 47.47+4.99™  34.79£3.16°  129.61£10.09% 220.71£19.29°  305.15+£23.95" 14017 AL TR
2-°F i 12.38+0.40"  30.65+3.90° - 47.92+3.62° 68.87+2.54¢ 75.49+5.34° 50.204 SRR TR
3-3F [l - - - 6.27+1.32° 12.79+1.65° 7.54+0.94" 5012 /
6;%%9% L16£0.02°  3.04+£0.20°  2.47+0.34° 7.96+1.35°  13.88+0.51° 10.814£0.64° 50229 Fwk, ALk
2,3- T 116.71£12.35° 55.35+11.35° - 45.75+9.64° - - / /
23K " 2.41+0.08  30.79+1.89¢ 9.48+0.46°  33.08+0.95 22.81+1.49° - DL 51 NIV R
2-% il - - - 3.24+0.01° 7.85+0.05° 21.65+0.41° 7.941131 /
[irES
2-ZFEM  1.00£0.02°  1.22+0.05° - 3.23+0.04° 1.530.12% - / /
FR 4.36£1.02*  7.66+0.65° - 8.14+0.98" - 45.34+5.62° 9101 IR . HRER
MR 6.12+1.35° - - - - 15.86+1.35° / /
CLiR 60.40£0.36" 211.62+59.76°  80.72+5.27"  1523.95£196.17° 656.98+32.72% 3495.59+433.84" 30001 =Fifik . Ik
4 107.88+£25.37° 86.74+5.34°  112.11x9.24"  188.62+15.34°  200.89+20.35%  120.84+14.35> 260001 Rk
iz - - 7.71£0.54"  118.90+9.34° 50.67+0.57°  205.84+22.35¢ / /
3-HEET IR - - - - 52.3040.61*  131.38+20.96° 203 JRIk
T 1.7240.31° - - 3.2940.94%  245+0.37"  20.06+1.94° 34200017 HiffgIE
4-32IETHR 0.89+0.06°  3.81%0.18° - 5.58+0.64° 3.95+0.37° 7.84+1.35¢ / /
BEIR - - - - - 80.83+20.35° 130 LIS
HiAth 26
X 1.49£0.02° - 1.21£0.02° 1.75£0.05% 1.55+0.07° 2.33£0.56" 3.9 pYBR . REERR
gL} - - - - 7.57+1.32° 10.26+2.65° 55001'%1 iSRS
2-CL LN BE - - 0.38+0.00" 3.41£0.14° - 7.13£0.65° / /
=R 1.39+0.05° - 4.78+1.30° 4.87+0.24° 17.7142.54° 51.35+10.32¢ / /
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F1(8E)
] it/ (ng/ke) B g
BN JEORE A it 1 d i il 4 d B 10 d B 20 d Wi 30d Augke)
LiES 3.31+0.32°  32.95£0.65° 5.53+0.49"  7.32+0.94™ 13.61+2.01¢ 15.80+0.91¢ 1550 /
PRIE S - - - - 0.55+0.02° 0.81+0.03° / /
YFHE S 2.15+0.08° - 4.94+1.04° 4.33+0.84 10.2142.64¢ 24.38+4.61°  450.11U8 JlBk, KAEZEE
Tk 1.04+0.40° - - 5.53+1.02° 19.0042.05° 16.98+3.25° / /
RS - - - 0.30+0.00° 1.18+0.24° 9.25+1.32° / /
2-HIEENEE  2.82+0.24° - 2.35+0.64° - - - 6000012 AR
TR 1.37+0.35° 14.51£1.32° - 3.42+40.02° - 18.29+1.05% 49081 ik, RAZZEIR
+ =k 3.28+0.54"  12.15+3.57% 5.77+0.57"  9.68+1.35° 22.334£2.55° 113.04+30.32f / /
T Iuke 2.61£0.05°  2.02+0.84° 3.06+0.35° 6.57+0.87° 13.88+1.68¢ 10.53+1.35° / /
Fhi 0.24+0.01°  0.31£0.01° 0.44+0.02° 2.76+0.51° 6.04+1.34° 21.75+5.32° 11902 SE
T+ ke 2.02+£0.02°  2.17+0.21° 2.84+0.08° - 34.69+5.32° 30.15+4.37° 100017 G AEIA
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L IR I SO A A 1) SE RIS 27, R R
sty R XA 14 T B 2 0 70 A0 DX A [ 288 3 PR ot XU 2

LRSS
PR, JREEAEAR TS I Tl R rp A e i
KRMIE; i 1B AT, EEY RN
JFORLA 72.19 pg/kg 20 30 d BN 3658.88 ug/kg, X5

R BT 2

TR SCRRARAT R SCHA o A R/NG TR R R AT 8ol 22 53 3%, P<0.05.
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Composition (A) and content (B) of volatile flavor compounds during the processing of Guihua dry-cured duck
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Tl BRI S L A SRR
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2R XU T X R ] it DRI T R A o 45 4 R
JRUE P 5 1 v 3 R L RUE B (E AL TR e, — A,
OAV>1 Y S e XU 490 Jo %ot A5 i %) 8 A XU A P42 R i
H OAV B, NIXTRUERAYSTRAEE K . H1 3K 2 BT A1, OAV>1
B TR e R A 34 Fh, QUdE 17 FhEESS. 4 Fb
B S RIS RMERS . 2 RPERZS . | Rk, AREE
TR R AT, SRTE AL AR S . R
5. (EE)-24-3 SR . Tl (E)-2-TM . 2- - 1-1
3-F L 1- T, 13- 2 ARk 6 MRESL TRt
AR T A R R A 5, AT W 5 R WL 02034 (EE)-2,4-%%8 —
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T AR, R P R DL AR R XU
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F B R KR T, 3-F Bk 1- T EEAE A TR
BEs B, HHBEAR(0.35 pg/ke), 1EEH1d, HEH
4 d W 10 d F OAV {EHAL R o 2- LB 2 —FP T A= F
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At 20 d A E 30 d H OAV (E#E, REMKT Il Ah SR |
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FERE] 4 d RN 10 d FRS PRSI, B RIC, (HEIE
AR, EREH 4 d FEEEE 10 d PERMEFRSPIR . 2,3-
I8 T B T P PR A R R, F B (A X
AL 1 d FNBE 10 d B9 OAV BT 1, X RE S HAEM
TR A TR AR R . 25 LR, FEARAEARTS AN )
TR B AR A S 0 1) AT AR — I 25 et . 7EE
il Mt S i kR rp s PR — BRI AL . SEhrAE
SN FIERAC R B, & T 80Eds, Wik, Wik, RIS, Mk
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Table 2 OAYV analysis of volatile flavor compounds during the processing of Guihua dry-cured duck

OAV

feahat JEURHA JEdl 1 d JiEH 4 d ARG 10 d ARG 20 d BAh 30 d
qi3 1.64 4.89 10.90 28.62 34.61 32.70
TSl 1.10 7.77 8.07 8.09
(E,E)-2,6-F Sl 204.44 473.33 455.56
SE 10.20 22.40 111.80 251.30

K 1.68 2.07 13.15 8.98
3-HIEE T 3.90 7.70 101.35 92.05 111.00
(E)-2-¢ I 33.92 47.00 54.74 83.49 156.22
T + 1.49 2.62 1.34
(E,E)-2,4-T- It 46.33 60.56 370.67 537.44 938.33
-2~ —J 1.76 2.96 5.79 12.90 32.12
(E,E)-2,4-%% —Jmk 40.71 99.29 658.71 418.43 683.71 1289.86
(E)-2-28 Il 9.43 22.55 41.00 57.80 169.30
PR 3.93 14.24 28.59 128.02 199.55
T 1.41 2.65 3.85 1.43
BN 9.61 20.28 58.38 183.69 370.19 783.98
FEE + 1.82 3.58 12.94 25.84 71.66
(BE)-2-T-Jai 1.89 5.42 18.47 25.42 59.89 124.21
TR OB 491 3.13 7.75
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ftm 4k oY
JEUEHA gl 1d Jig il 4 d i 10 d HEEHTG 20 d b 30 d
2-H I T /R 2.1k - 1.30 7.13 - -
R L Tig - - + 1.19 131 12.98
LR Tk 1.01 + 1.50 + + +
SF P + + + + 1.02 1.59
2 -1 2.16 25.43 17.09 37.63 56.92 28.92
R CCE7 o iy -4 13.23 336.74 822.51 250.80 158.49 204.43
K + 3.34 4.96 2.76 2.65 3.04
13 -3 271.47 311.01 627.60 2220.06 2742.01 2300.80
3245 -2-fil + 1.10 + 5.82 15.02 23.28
2- B + + + + 1.58 2.18
2-¢ i + + - + 1.37 1.50
2,318 i + 1.06 + 1.14 + -
2-34TH - - - + + 2.73
R + + + + + 1.17
3-HETmR - - - - 2.62 6.57
2Rk g 2.65 11.24 4.72 20.11 78.17 120.47

E: +#0R OAV H/NT 1; -FoRAK M i &1 .

23 FHRELZMERNKYIER PCA 747

FETF 03 1 34 Ff 32 A3 % P UK By I B A3 Rl A
MRS A )0 1 By BeAE S k4T PCA 04, tiE 2A AT,
PC1 5TBkZ N 63.5%, PC2 TiHk#K 15.2%, M TTHLE N
78.7%, FHAES 1 RIGE 2 3 o AR I b ST W RE i XU R
fiE. 11 2A BT, AU 20 d ARG A 30 d BORESH M TE Y
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b O R R 8 e AN 7/} (b - o e B Bl
43 ¥7 (partial least squares-discriminant analysis, PLS-DA),
JZIRFEZE43 1 (hierarchical clustering analysis, HCA ) %54
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Fig.2 Principal component analysis (A) and loading plot (B)
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