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Abstract: Solid-phase microextraction-gas chromatography-mass spectrometry (SPME-GC-MS) technology combined with partial least
squares-discriminant analysis (PLS-DA) and relative odor activity value ( ROAV) were used to analyze the volatile flavor compounds of Dahe
black pig ham fermented for 90 d, 150 d, 210 d, 270 d, 450 d and 630 d. The results showed that a total of 137 volatile flavor components were
identified during the fermentation process, including aldehydes, alcohols, acids, hydrocarbons, ketones, esters, aromatics, and other compounds.
Among them, aldehydes (51.63% ~ 68.17%) and alcohols (12.73% ~ 23.64%) were the most abundant in type and content. The types of volatile
flavor substances increased (by 23 types) with the extension of the fermentation time, but the compositions of volatile flavor substances in the
Dahe black pig ham fermented for different time periods(210 d, 270 d, 450 d, 630 d) resembled. This result indicated that the principal flavor
compounds were formed after fermentation for 210 days. The 16 key flavor substances were detected during the fermentation process, including
1-heptanol, 3-methyl-1-butanol, 3-methylbutanal, 2,3-octanedione, phenylacetaldehyde, hexanal, octanal, and other substances. The
fermentation time under the standardized process conditions hada certain impact on the formation of volatile flavor compounds in ham, and the
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processing period of Dahe black pig ham can be set to 10~12 months. The research provides a theoretical basis for standardized processing of

Dahe black pig ham.

Key words: Dahe black pig ham; volatile flavor components; partial least squares-discriminant analysis (PLS-DA); relative odor activity

value (ROAV); solid-phase microextraction-gas chromatography-mass spectrometry (SPME-GC-MS)

K] B 08 2 HH 2= B B TR ORI 5 R 5 A J
HeAE B R B R G s A, WL TR IR G 2 B s 5%,
AR R . E9RFE . M mmt, 24
5T KR ) R AR AR o IR XU 2 Y 2l 2 4 Wiy L o 1
AA] 57 (BB @ e — 12, i R I KRR IR
TR B BE™, 1R A AL S P ) ot A4S AR SR
KBRS X HIE R RS R CE R T RE . &
RSP AL G T 2 &R KRR G 1 78 Rk o
PABRAITE ;0 T3 2 e 8 R P A T T2 B A
RIR Be RN S AL S P AR S S R s
F IR O R B G LS IR I K BB R
FSCAEST ] P E K R PR AREAE 1 XU A7 5 5 = R
WRAALT; Giovanelli Z5TELHE T IA/R . XFHERFE
Wi R kB R B2 R R ER Ak . TR AN 5 B REAE IR 7
A%, R IR 0 B T RE K, K BB XUR A 5 S8 5
AL Ml NP R BUES T 24K
T K BBt A TR HA B ARG, XU S 70 PR 7 B340
.

WE LG T KRR T B RS, A= T
2k HbRHEARE R, AR = I R A7E B AR %A
NHET, RN SRR AR R, IR
WEVE W, FHEhE. M SR R AR
HEHA P E ARG IAAAE R ZE R, RARERE FIR
BT KBRS BRI, X AR AR I AR P T KRR
55 [ B T K BRAE AR 25 B (B B R R 2 — P, p
KRR ZE R RRIEAL T 2056 K BEHEAT N 1, i P28
FIRETIRE, PRUEKBRTEM T R aa 24 T e £ 3R
ik, YR KBRAR RO, AR R R IR, AR
IE KRR D it 5

b A T2 2 A RO ZEAR IR = i (3+1 °C
RH=85%~90%) &1 X} JORBEAT 05 2 B85
. BRI, HAEFRSE (621 T,
RH=70%~75%) WA, ffamimmiE (231 C.
RH=65%) K=& 2 KR . AH 7t LAbR e
M 25 = I 48 KA TN R, BTk
FgRf1A] (90d. 150d. 210d. 270 d. 450d. 630 d)
X KSR R M RER A B T2, AR A DT 2 4 it
IFRIELL . BHAA0 A = B e B B A

1 HRSES

L1 AR5 A
R 5E KR 10+1 kg, ~FAREZERERER

AGIE
1.2 HEG5EH

KEARAE A =], R ARESRERERA
A [EAHGCEEUEE E . SPME ZHSL (50/30 um
DVB/CAR/PDMS) , 3 [H supelco A H]; 7890A-5975C
SRS, SEE agilent A F]; JJ-2BS 4
ZURPNL, H MRS IR A R BRIROKAE,
AfE (R ERRASARAR: 20 mL #E TR
O, BB A A IR A A .

1.3 FiF
1.3.1 KB KRG AR A F 1Y

172 R# 85 fik—4A 7/ # 18 h (3£1 'C. RH=85~90% )
SAEEI T ] 24 d (M 7k IR L2380 F s,
BB AR F 4 55%ARIRR L, AR HE T 50%. 30%. 20%
el SRES 1. 3. 5 dER LS TEBEERAIES]); MEH
ZAF: 3+1 C. RH=85~90%) — F @A 60d (6+1 C.
RH=70%~75% ) — & &K 8 =& 90 d~630 d (23l C.
RH=65% ) — M K&

132 KARRAE

M EERF AN (90 d. 150 d. 210 d+ 270 d. 450 d.
630 d) (1] 6 NHA 7 IBEHLIHEL 4 R KR, it 24
SRR, KRN — kW% 11 R &, 4
SULRHNIN G A ORI ORIEE-20 C&H, B
T B o S B RE (i AT 22
133  #HLHRAY i FBRAE GC-MS 44+

T2 AR I 46 1: S8 Huan S RG5IE,
FRELAIEE 5.00 g T 20 mL TSI A 5 K205 1) 50/30
pm ZHCELHR AT EES, T 50 CHH 40 min, W)
B JE B RE BB JE4E N GC #EFE, 210 “CHtT
5min, [FIRE SRR .

GC-MS Z¥ AL 7% H Petricevica 255
WITEHMIEIEM. GC %M fikH:: DB-5 MS &
YA ERE (30 mx0.25 mm, 0.25 pum) ; THEFEF: 40 C
f#FF 5 min, PLS C/min 7+ 90 'C, FFLA 12 ‘C/min
F+2 250 ‘CHLRFFE 7 min; S He (AiF>99.999%) ;

241



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.12
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Table 1 Volatile flavor components of ham in the process of ham fermentation

A . e HARFSE/%

4:*;] wE ﬁ;ﬂ feeth 90 d 150d 210d 270d 450d 630d
Al 3.67 3-FA-TE - 11.08£0.88 0.99+0.01  1.86+0.01 5.28+0.03  5.78+0.02
A2 476 s Es - 4.54+1.19  0.76£0.20  0.30+0.44  0.69+0.06 -
A3 713 B 20.57+3.16 40.15£5.00 25.36+4.28 15.91+4.10 22.95+0.95 13.01+0.29
A4 990 ) 323 6.2240.67 536+0.02 326+028 3.72£1.15 3.96+1.64 6.28+0.12
A5 129 FEE 844125 1.19+0.80 5174232 9.45+£1.87 7.03+1.48 7.51%0.03
A6 1377 (B)-2- B M - - 0.27+0.14 - - -
A7 1401 2-T-2-THpEE - - 0.35+0.18 - - -
A8 1533 FE 13.03£0.96 1.0120.05 9.34+3.54 10.59+1.31 15.17+5.32 10.98+0.93
A9 1599 2-F g 0.40£0.06  0.09£0.04 0.56£0.10 0.71£042  0.19+0.06 0.47+0.30
A10  17.08 3-F LAk A - - - 0.18+0.30 - -
All 1748 S 1.28+0.22 - - - 1.66+0.56  3.46x0.01

BE A2 1754 KB 0.95£0.14  0.72+0.00 1.16£0.37 2.97+0.01  1.19+0.02  3.1520.01
Al3 1776 (B)-2-F 45 0.27+0.00  0.04£0.00  0.25+0.09 - - -
Al4 1922 EXdS - - 0.48+0.48 - 0.58+0.86  1.13+0.15
Al5 1974 (B)-2-RWris - - - 2.45+0.01 - -
Al6  20.65 2+ — 0.51+0.01 - 0.14+0.04 - - -
Al7 2134 2 AR ZmE - - 0.08+0.01 - - -
Al8  21.96 (E,E)-2,4-% — 1Bt - - - 0.14+0.14 - -
Al19  23.66 KRB 0.33+0.17 - 0.01£0.00 - 0.30£0.27  0.70+0.50
A20 23.66 Bt BAREE - - - 0.08+0.08 - -
A21 2470 RS 3.18£0.04 4.010.81 046+0.00 4.73£0.09 0.97+0.26 1.26£0.73
A22 2532 + B - - 2.84+0.02  2.57+0.03  0.89+0.02 -
A23  26.64 HeBE - - - 1.62+0.74  0.0620.07 -
Bl 465 LB 3.55+0.77 - 0.94+0.44  0.07+0.02 - -
B2  9.09 1-TE - - 0.07+0.01 - 0.07+0.07 -
B3  9.67 1-/5%-3-B% - 0.68+0.03  0.16x0.17 - 0.17+0.01 -
B4 1098 AdAR B 0.72+0.01 - - - 0.14+0.01 -
B5s 11.23 3-FA-1-THE 0.68+0.21 1.2740.58 1.1240.07 0.12+0.01  0.11+0.05 -
B6 1241 1- 8B 2.54+1.87  7.09£0.02 4.98+2.39  1.13£0.15  2.65+0.57  1.59+0.94
B7 14.94 1-C.B% 1.37+0.84  2.01£0.01  5.02+4.47 0.98+0.16 1.50+£0.656 1.32+0.36

BE% B8 1560 2-TA-1-¥F7 0.21+0.04 - - - - -
BY 17.03 - ¥-3-B% 6.54£0.40 2.72+0.81 685036 6.45£0.76 4.36+0.56 4.930.86
B10 17.14 1-BBE 1240.14  1.05£0.53 1732039  1.06£0.65 1.16+020 1.2120.59
Bl1l 17.61 i - - - - 0.06:0.05 -
B12 17.70 2-T A OB - - 0.27+0.02  0.09£0.01  0.05+0.00 -
B13 18.02 3,7-=Wi-1,6-F —45-3-B2 - 0.36£0.02  0.95£0.06 - - -
Bl4 18.11 1-F 82 1.18+0.29 - - - 1.69+0.57  2.31=1.14
B15 1824 FAEEZ 2.25+0.08 - - - 0.94+0.03 -

243



MR E MR Modern Food Science and Technology 2021, Vol.37, No.12

SR

A . v AAxT B2 /%

éﬂ’j % 11?/‘;11 et 90 d 150d 210d 270d 450d 630d
B16 1849 4-THIRTEE - - - - 0.16+0.18 -
B17 1877 4-FE MBS 0.37+0.10 - 0.1620.01 - 0.18+0.08 -
BI8 18.96 23-T=B - 1.7120.05 0.58+0.07 0.33£0.02 0.82+0.07 0.46+0.05
B19 1929 Wy B - 1.55+0.02 - 3.18+£1.22 2.82+0.28 -
B20 19.32 (Z)-2-F¥-1-B2 - - - - - 0.46+0.05
B2l 1939 (B)-2-F - 1-B2 0.44+0.01 - 0.57£0.03 1.57+0.45 0.45£0.06 0.29+0.09
B22 2026  2-2-FAAMH)IRCE - - - - 0.09+0.01 -
B23 2061 o-ANhHEE - - - - 0.04+0.01 -
B24 2246 KB - - 0.18+0.08 - - -
B25 22.68 R EE - - - 0.17+0.00 - 0.15+0.08
B26 2435 4-SA T ER - - - - 0.04+0.01 -
Cl  2.69 24-=F KR, 1.98+0.83 2.41+0.09 0.77+0.04 - - -
c2 274 Fiz - - - - 3.30£0.91 1244035
c3 298 3-T ¥ 3R - - - - - 0.060.02
c4 479 224,66-LFHEEHR 9.4940.08 - - - - 1.90+0.08
cs 517 T-F R+ 2k - - - - 0.20+0.01 -
c6 518 3-F L% - - - - - 1.68+0.15
C7 559 2,2,7,7-m9 47 - - - - - 0.11£0.13
c8 591 2,59-Z F AR 1.00+0.02 - - - - -
c9 597 2,6,8- = F A% - - - - - 0.89:£0.02
Cl0  6.66 2,6- =¥ R Fxz, 0.39+0.03 - - - - 0.31+0.02
Cl1 671 -5 4 - - - - 0.26£0.01 0.67+0.02
Cl2 698 (Z)-5-=59% - - - - - 0.12+0.01
C13 698 5-TARI - - - - - 0.35+0.02
Cl4 724 +z - - - - 1.99+0.78 1.75+0.37

- Cl5 176 2,6,7- =% £ R0 - - - - 0.5240.02 -
Cl6 818 +—z - - - - 3.60£0.17 0.32+0.52
Cl7 894 4-THFIR - - - - 0.18+0.05 0.20+0.15
C18  9.53 23- =¥+ - - - - - 1.600.19
C19 956 3-FE+— 0.53+0.02 - - - - 1.23+0.04
C20 10.79 += 1.08+0.12 - - - 0.06+0.01 -
C21 1243 KK - - - - - 0.43+0.04
c22 12381 4 FeNR - - - 1.85+0.90 - 0.39+0.04
Cc23 1526 3-F R+ =k 0.2140.03 - - - 0.32+0.02  0.02+0.01
Cc24 1591 6-F A% 0.52+0.01 - - - - -
C25 1642 3-THh-2-FHh-13-T=H - - - 0.13+0.13 - -
Cc26 17.33 Ry - - 0.37+0.15 - 0.35£0.04 0.41+0.03
C27 1787  L133-WZELEAK - - 0.26£0.03  9.85+0.62 - 0.99+0.15
Cc28 1793 F Uk 0.3120.06 - - - 0.10+0.01 -
C29 1827 (3E,5E)-3,5-F — - - 0.11+0.00 - 0.02+0.00 -
C30 2428 12- 354+ 5% - - - - 0.030.01 -
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A . ARG HxtEF/%
4:4’;? ? 112/113: et 90d 150d 210d 270d 450 d 630d
DI 678 K LB F IR ES - - - - 0.33£0.03 -
D2 919 AHER-2-ZHTE - - 0.21£0.05 - -
D3 1098 KBRS 0.16+0.13 - - - - -
D4 1123 B LB 1.10£0.01 0.06+£0.02 0.51£0.25 0.04+0.07 0.78+0.30 4.44+0.65
D5 1241 TE S A B - - 1.70£0.27 - - -
D6 1494 FER LB 0.2020.11 - - 0.07+0.12  0.26+0.05 0.25+0.28
sk D7 1673 i F B 0 0.26+0.04 1.57+0.17 2.00+0.01 - -
D8 17.14 MARER T B - - - - - 0.100.11
D9 195 - T B - - 0.20+0.01 - 0.16+0.11 -
D10 1971 y-T MBS - - - - 0.09+0.01 -
DIl  19.84 y-E A B - - 0.060.00 - 0.07+0.04 0.16+0.01
DI2 2145 FUBA T As - - - - - 1.77+0.68
DI3 2246 y-+ A B - - 0.17+0.02 - - -
El 257 78R - - 7.59+0.20 - - -
E2 387 2-THA - - - - 0.47+0.00 0.22+0.03
E3 995 5- % -2 R R - - 1.66+0.84 - - -
E4 1271 3-%H2-TH - 4.93+1.07 0.94+0.13 - 0.36£0.00 0.14+0.01
E5 1322 3-3F Hs-2-FR) 0.19+0.01 - - 0.16+0.00 - -
BRE  E6  13.83 2,3-F =R 3.18+0.64 1363042 2.67£046 2.69+0.02 2.61+0.95 2.73+0.18
E7 1412 6-WA-5-BH-2-81 1.26+0.04 - 0.57+0.09 0.76+0.06 0.35+0.28 -
E8  14.85 A5 R M B - - - - - 0.82+0.08
E9 1525 2- X7 - - - - 0.15£0.07 0.24+0.18
E10 18.64 S AR BR - - 0.64+0.06 - - -
Ell 2212 Fet KRR 0.16+0.01 - - - - -
F1  17.20 BABL - 0.5240.14 0.52+0.03 - 0.18+0.12 -
F2 18.84 FTER - - - 0.17+0.10 - -
F3  19.05 THE 0.28+0.16 1.40+0.80 0.48+0.38 0.65+0.17 - 0.45+0.08
F4  19.60 3-FATE 0.34+0.12  0.43£0.00 0.60£0.16 0.74+£0.08 0.18+0.13 -
F5 2044 RER - 0.14+0.07 - - - 0.67£0.99
BE  F6  21.67 TE 1.45+0.03 1.62+0.93 1.56£0.63 143034 0.69+0.57 0.88+0.05
F7  23.93 Fig - 0.17+0.08 0.18+0.09 0.56+0.18 0.12+0.02 0.39+£0.25
F8  25.86 K F L - - - 0.07+0.03 - -
F9 2594 BB - - 0.08£0.06 0.44+0.19 0.19£0.20 0.22+0.02
F10  26.95 AZARER - - - 0.82+0.51 - -
F11 2749 hHEg - - - 0.130.03 - -
Gl 652 G - - - 2.49+1.57 - 1.03+0.82
G2 1788 XAM-4-=FE - - - - - 0.26+0.09
4% G3 2030 R E 0.13+0.00 - 0.27+0.08 - - -
ity G4 2249 TRIARE - - - - 0.03+0.00 -
G5 2415 4-F FOREy - - 0.0840.00 0.13£0.08 0.06+0.01 0.14+0.01
G6 2501 T 0.43+0.04 - 0.2740.10 - 0.03+0.01 -
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Table 2 Variety and relative content of volatile flavor components during ham fermentation
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Table 3 Odor contribution of volatile components during ham fermentation
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