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Table 1 The relative content and types of various volatile flavor compounds in traditional natural one—fermented
and secondary—fermented characteristic pickled peppers
. A3 E %% eIk
e ot CG SF-1 EF SF-2 CG SF-1 EF SF-2

1 S 4.144 57.550 8.372 56.606 4 12 13
2 BE 28.362 8.779 7.983 9.981 9 7 4 9
3 LEES 2.191 1.218 8.544 2.906 2 6

4 8 3.946 10.093 11.684 8.233 3 4 6
5 RS 6.326 14.603 29.838 14.443 5 9 14 13
6 b ke % 18.218 1.404 22.202 4714 4 2 3 3
7 M & % 9.938 2.213 4.226 1.349 4 3 8 8
8 LS 0.585 0.490 1.545 0.583 1 3 3 4
9 Bt k& 0.490 0.706 4.785 0.976 1 2 3 2
10 5 A ik 10.424 2.538 0.073 0.000 2 3 2 0
11 rek 15.376 0.406 0.748 0.209 7 2 4 3
12 &F 100.000 100.000 100.000 100.000 42 53 62 68

x2 REBARA-REABEZREZEEHERARMPELERNKEGMHENSE

Table 2 Relative content of volatile flavor compounds in traditional natural one—fermentation and secondary—fermentation

of characteristic pickled peppers

E ¥l 1Bt 4 A 1 X ki
CG Sk-1 EF SF-2

B % 1-T 8 CeH .0 1.893 £ 0.011 2.059 £ 0.004 1.615 = 0.009
2-Jk B C;H,s0 - 1.395 = 0.001 0.988 + 0.006 0.843 + 0.005
2-F kA CoH,0 - 0.368 £ 0.010 - -
3-FAR-2-T 8 CsH,,0 - - 0.084 +0.012 -
3- AL R BE C,H,,0S - 0.136 £ 0.018 - -
Alpha—#» iy B CioH ;50 - - - 4.278 = 0.064
ES C;HO - 0.213 £ 0.029 0.183 = 0.007 0.169 + 0.003
HE T B CioH ;50 - 0.126 = 0.008 0.341 £ 0.011 0.266 = 0.012
e A BF CisHa0 0.753 = 0.008 - - -
B R~ 1 A= A% CisHa0 - - 1.393 + 0.006 0.374 + 0.005
% A% BE CioH ;50 1.857 £ 0.019  18.979 +0.306 - 24.284 +0.137
+ =k BF Ci3Hx0 - - - 0.061 +0.011
+— 8% C;H,0 1.068 +0.013 - - -
&5 B CioHx0 - 0.114 +0.023 - 0.249 = 0.021
A vt B3 CioH 50 - 0.298 + 0.017 0.861 + 0.082 0.553 = 0.008
LB C,HO 0.466 +0.002  18.552+0.040 2.463+0.013  14.149+0.136




BOE B W 2R ) 2024 4F 45 5 1
(&% 2)
ol 2 A fo i X, %
G SF-1 EF SF-2
BT CH L0 - 0.436 + 0.059 - 0.277 + 0.056
N CsH0 - 15.040 + 0.385 - 9.488 + 0.071
PR AA-FAETHE  CHO, - 0.109 + 0.030 - 0.145 + 0.077
EL A CHO  0556+0.006  0.958 = 0.037 - 0.846 + 0.016
¥ o CH,0 - - - 0.024 +0.001
R0+ — f i CoHaO 03730011 - - -
(E)-2-F ¥ CH,0 - - - 0.271 +0.020
e CioH0 - 0.207 +0.106 - -
wE CioHx0 - 0.587 + 0.005 - 1.207 +0.104
Bk CHLO  1.015+0004 05240036 0.172£0021  0.234=0.014
1-% P 2k 4 s CHOs  2417+0008 02620011  0344+0082  0.227=0.026
N CHGO  7481+0.008 45620003 60320141  5323=0212
T CeHaO 1048 +0.004 - - -
+ =8 CoHyO  2.756 +0.007 - - -
S CuHxO  11.891 +0.006 - - -
FE CHO  0825+0004 1570031  1435+0044  1.704+0.014
£ 2,3-F-m CoH,0, - 0.186 + 0.014 - 0.047 + 0.002
2 CHW O 0318+0.003 02720066 10550578 0311 +0.003
2 £ CHL0 - 0.160 £ 0.055  0.843+0.028  0.421 +0.005
2+ —m CyHa0 - - 52090097  1.608 = 0.032
3-HEAE-TH C.H0, - 0.524+0011  0390+0.095  0.411+0.102
3% H CHO  1.873+0.076 - - -
B-¥F2m CyeHa© - - 0.292 + 0.07 -
%P K 2 CoHy 0 - - 0.367 + 0.017 -
Fot ok @ B CisHr0 - 0.043+0010  0202+0.099  0.060 + 0.002
Wk et B CHL0 - 0.033+0.006  0.186+0.007  0.048 +0.009
P B C,H0, - 0.138+0.021  0216+0.005  0.145 0.033
e CHu0,  0.868 +0.001 - 03880071  0.359 = 0.052
A CHg0,  2722+0.029  0974+0088  0.464+0.079  0.299 +0.059
R 1Y CiHnOs - - - 0.101 + 0.022
N CHe0»  0356+0015 02450013  0308+0.049  0.186+0.003
3 C.H.0, - 8736+0203 10308 +0277  7.143 +0.089
2P % B A Cooy0s - - 0.403 +0.006  0.322 = 0.021
y—T 1 B CHO,  0545:0018  0.188=0.033  0.113£0002  0.183 = 0.038
XV E LB o0, - - 0.009 + 0.003 -
% 3 1 B3 CHO,  3.823+0.023 - - -
TE CHu0, 0178 +0.011 - 2.594 £ 0.018 -
8 OB CoH 05 - - 0.007 + 0.001 -
P o0, - 0213+0012  0.039%0.002  0.04 +0.006
& 8 2 B CH0s - 0.615+0.085  3.527+0017  0.256 = 0.068
HEZV®R R TE CieHr0, - - 0.199 £0.002  0.070 = 0.002
CEE L I CioH20, - 0.138 + 0.001 - 0.058 + 0.001
L8k 2B CoH,0s - 0.387 +0.059 - 0.239 £ 0.018
KA e CHO,  1721+0013  1254+0078 13.608+0.108  2.513 +0.004
&P CoHi0, - - 0.010 + 0.006 -
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(&% 2)
" o 8558 F 1%
ES) Wt % A e X, cC Sl o S

¥ LA CioHn0s - 0.945 + 0.078 - 0.061 +0.010
T+ A8 CiHL0, - - 0.302+0.005  0.373 = 0.003
T LB C.H,0, - 9350+0.120  7.993+0.101  8.525+0.118
T KBS CH,0, 0.059£0.002  1.513+0.108  0.855+0.001  1.736 +0.007
T OB CsH 60, - - 0.179 +0.003  0.067 = 0.002

¥ ) 2-F k=% Cutlyo 12.365 + 0.076 - 9.372+0.101  1.441 = 0.006
2-FRh A+ AR Crotla - - 4.994+0.107  1.603 0.101
2- w9 AR Cist 48470011  0.703+0.002  7.836+0.067  1.67+0.012
—t Lk CorHs - 0.701 + 0.007 - -
+ v Cully 0.553 + 0.006 - - -
+ - CoH, 0.453 +0.006 - - -

¥ (+)—AF K CioHie - - 0.736 +0.039  0.313 = 0.051
2N CioHie - - 0.191 + 0.003 -
4P -1 3K =W CeH,o - - - 0.101 + 0.001
Alpha— % 3 ¥ Cist - 0.042+0.014 0444 +0.008  0.157£0.011
a— kR Costay - - - 0.07 + 0.002
KT CHy 5.870+0.092  1.932+0.069  0.085+0.003  0.13+0.084
B K13 1T # CioHyp 1.36 +0.022 - - -
i3 Ciotye - - 1.846 + 0.006 -
F Costy 0.802 +0.016 - 0.258 +0.07 0.14 + 0.006
F ¥ CioHyg - - 0.457 +0.012 -
K CioHie 1.906 £0.007  0.239 + 0.006 - 0.114 + 0.002
A A CioHie - - 0.209 +0.004  0.324+0.011

B % 2, 4-=BT A EB CuH0 - 0.041 +0.002  0.06 = 0.010 0.05 + 0.006
4-T R E B CH 00 - 0.349 +0.008  1.385+0.002  0.414 +0.103
* o CoHO 0.585+0.013  0.100+0.003  0.100+0.001  0.104 +0.010
k& O B CoHeOs - - - 0.015 +0.001

Bt % =¥ AL R CeHiS - 0.667 £0.002  3.731+£0.005  0.916=0.193
NN X NS CoH .0, 0.490 +0.005  0.039 +0.004  0.095+0.007  0.060 + 0.006
T R A CHS, - - 0.959 + 0.041 -

A% 1,2,3,5-@FEE CioHy - 0.004 +0.001  0.033 + 0.009 -
1, 20-= 9% CsHyo 6.159 + 0.011 - - -
%R CoH, - 0.021 +0.002 - -
K C,Hy 4265+0011  2.513+0.110 - -
A— A KR CioHu - - 0.040 + 0.006 -

EEE  1-RA-1-FR CoHy 0.980 + 0.045 - - -
2-FRA-3-FTEME  CHL,NO  8.695+0.004 - - -
2 Kok v CoH,,0 1.651£0.011  0.095+0.008  0.092=0.005  0.041 +0.003
2—iE 5 ARy CoH,S 0.666 + 0.071 - - -
EE L 3 C,HNS - - 0.005 + 0.001 -
KT CH, 0.272 +0.013 - - -
T BB C.H,0, - 0.311 +0.013 - 0.144 + 0.018
A CuHy - - 0.010 + 0.002 -
R kv C,.H0 - - - 0.024 + 0.003
—BALB S, - - 0.641 + 0.038 -
% C1oHg 2.339 +0.151 - - -
# % CoH,o 0.773 £0.012 - - -

TE =" FRRARAMG
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FE T B P R TR 1 A G R IR AR L B fiE
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FH\ T SRR BRI BRI AR, ST TR
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ELA Wb AR AR, AR A RN E
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AHE PR T T LSRRI AR 1 XU
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WiE 440 19 ROAV 113 3 s,

P S R ) 5 ) ROAV {1 78K 138 I S XL
IR A4 BT KB 2 ROAV>, 18 50l R bl 1) 56
KL A9 ,0.1 <ROAV<1 A% i % A 5 KUk B
A BRI, 3R 3 A, TR A R
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Table 3 Traditional natural one—fermented and secondary—fermented ROAV value of volatile flavor compounds

in characteristic pickled peppers

. o ) ROAV 14
I 5 Wk AL A4 FE /pg- kg™ G SF-1 oF SF_2
X1 3-¥A-2-TH 0.60 - 2.32 -
X2 KB 3.00 - 1.56 1.01 1.06
X3 R 8 15.00 - - 1.54 0.47
X4 o A B 6.00 4.14 69.34 - 76.03
X5 5t J%. 5% 170.00 - 1.94 - 1.05
X6 (E)-2—F M & 3.00 - - - 1.70
X7 B R 2% i it 0.30 - 15.12 - -
X8 S 1.00 - 12.87 - 22.68
X9 S 4.50 3.02 2.55 0.63 0.98
X10 ESES 1.00 100.00 100.00 100.00 100.00
X11 + v ke B 14.00 11.35 - - -
X12 F 0.70 15.75 49.16 33.99 45.73
X13 2,3-F =R 2.30 - 1.77 - 0.38
X14 2— 1 &R 5.00 - 0.70 2.80 1.58
X15 2—+ — &R 7.00 - - 12.34 4.32
X16 3-AA-2-TH 0.55 - 20.88 11.76 14.04
X17  B-%% 2 0.70 - - 6.92 -
X18 F IR 5.10 0.93 1.05 1.00 0.69
X19 Y73 124.00 - 1.54 1.38 1.08
X20 y-T N B 0.88 8.28 4.68 2.13 3.91
X21 TR LB 0.90 2.64 - 47.78 -
X22 TR T B 5.00 2.70 11.69 0.96
X23 KA BT B 40.00 0.58 0.69 5.64 1.18
X24 ¥R LB 19.00 - 1.09 - 0.06
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The Changes of Volatile Flavor Compounds during Secondary—fermentation

of Zunyi Pickled Peppers

Xu Jivhong, Wang Xiujun®, Nie Qianli, Li Jiamin, He Chunxia, Bao Huanhuan
(Guizhou Province Key Laboratory of Fermentation Engineering and Biopharmac, School of Liquor and Food Engineering,
Guizhou University, Guiyang 550025)

Abstract In order to explore the effect of secondary—fermentation technologies on the flavor quality of Zunyi characteris-
tic pickled peppers, the secondary—fermented Zunyi characteristic pickled pepper was taken as the research object. Gas
chromatography-mass spectrometry (GC-MS) combined with relative odor activity value (ROAV), cluster analysis (CA),
and orthogonal partial least squares discriminant analysis (OPLS—-DA) were used to explore the changes of volatile flavor
compounds in the fermentation process of pickled peppers produced by secondary —fermentation method. The results
showed that 42, 53, 62, 68 kinds of volatile flavor compounds were detected in 4 samples (fresh, traditional natural
one— fermentation for 30 days, secondary—fermentation, and traditional natural one—fermentation for 150 days), The rela
tive contents of alcohols in pickled peppers after natural fermentation for 30 days and 150 days were 57.550% and 56.605% ,
respectively, and the proportion of flavor substances such as linalool, ethyl acetate, and acetic acid was relatively high.
The proportion of esters, hydrocarbons, and acids was 29.838%, 22.202%, and 11.684%, among which methyl salicy-
late, 2-methyltetradecane, nonal, and other flavor substances accounted for more, and the flavor difference was obvious.
Multivariate statistical analysis showed that the characteristic flavor components of different samples were statistically dif-
ferent, among which there were 12, 17, 20, and 16 kinds of key flavor substances with ROAV =1, respectively. The
volatile flavor differences of different pickled pepper samples could be further distinguished by CA and OPLS-DA. Among
them, linalool, isoamyl alcohol, nonanal, tetradecane aldehyde, 2-undecane, acetic acid, methyl salicylate, ethyl ac-
etate, 2-methyliridecane, and 2-methoxy—3—isobutylpyrazine could be used as key flavor substances to distinguish pickled
peppers at different fermentation stages. Compared with the traditional natural fermentation, the flavor quality of the pick-
led peppers with Zunyi characteristics produced by the secondary—fermentation method was better, which could provide a
basis for further research on the flavor formation mechanism of pickled peppers in the two—fermentation method and guide
the precise regulation of flavor quality.

Keywords Zunyi characteristic pickled pepper; secondary—fermentation method; GC-MS; volatile flavor



