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Abstract: The aromatic compounds in the mixed strains fermentation pumpkin juice were discussed in this paper. They were evaluated by
solid phase micro-extraction (SPME) combined with gas chromatography mass spectrometry (GC-MS) and gas chromatography olfactometry
(GC-0O) methods, and the relative contents were determined by area normalization. 58 and 41 compounds were seperated from fresh pumpkin
and pumpkin juice, respectively, and 19 common volatile components were detected. The aromatic compounds with higher contents included
hexanal, 3-methyl-butanal, nonanal, pentanal, heptanal and cyclobutanol in fresh pumpkin. 51, 36 and 45 aromatic compounds were identified
from Lactic acid fermentation, yeast fermentation and mixed fermentation pumpkin juice, respectively. The main aromatic compounds by mixed
fermentation pumpkin juice were ethanol, 3-methyl-1-butanol, ethyl caprylate, 1-heptanol, 2,3-butanedione and 2-methyl-1-propanol. Compared
with the pumpkin juice fermented by only lactic acid bacteria or yeast, the majority of aromatic compound was ethanol in mixed fermentation
pumpkin juice.The three fermentation pumpkin juices had similar major aromatic compounds, but showed significant difference in trace
amounts . Therefore, mixed fermentation pumpkin juice was not only similar to those single strain fermentation, also formed unique aroma.
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Table 1 Volatile components in pumpkin and pumpkin juice identified by SPME-GC/MS

o FAXF 22/ %
Ra PREETIE]/min ot P
WAE 54.43%  21.84%
1 6.934 T Y213 13.43
2 8.036 3-FATE 7.34 2.23
3 14.456 SR 4.52 0.23
4 17.590 Tl 7.70 2.63
5 15.297 FEE 3.36 127
6 32.769 (Z)-6-FHnBs 2.15
7 24.836 (B)-2-E Mt 1.29
8 30.954 (B)-2- %Wt 127
9 15.150 (B,E) -2, 4-= )l 0.85
10 12.940 (E)-2-# Hdk 0.78
11 2-THe3-F A TEE 0.76
12 18.537 7By 0.71
13 10.383 ) S 0.65 0.90
14 34.424 e R LS 0.62
15 27.880 B33 0.46
16 39.122 R 0.30
17 28.954 2,6, 6-=F H-1- R T - 1- T EE 0.29
18 17572 5 Ak 0.06 0.32
{ 19 16.843 2,6, 6-=F A IR THA 0.32
20 27.437 B-% % £ 0.28
21 37.361 3,3- =9 4T R The-2-BR 0.23
BA 2179%  16.46%
1 11.149 3-THBE 527
2 9.100 1- T8 3.87
3 6.182 1- /8% 2.73
4 8.543 1-¥8 2.40
5 8.675 1-3F H-3-B% 2.39
6 4.626 AT B 1.74 425
7 4.450 2-(FRA)-TB 1.29 8.38
8 41.837 1-+—8 0.80
TR
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6 29.308 2R3 FHAD 4 4= F R B RES 0.13 035
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5 14.721 2- /R H kv 0.76 0.29
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8 29.964 2-FH-1H 5% 0.08 0.88
9 4.187 3-H2A-2-FATE 5.44
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Table 2 The aromatic compounds in pumpkin and pumpkin
juice identified by GC-O
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Fig.1 Total ion current chromatogram of gas chromatography

mass spectrometry of fresh pumpkin and pumpkin juice
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Fig.2 Total ion current chromatogram of gas chromatography

mass spectrometry (GC-MS) of three fermentation pumpkin
juices
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910.06%. FH & BRI R ERG 2 2,3- T
(19.21%) J%lE (541%). ZFR (4.90%). Vil

(4.69%). T EE (4.32%). HERILEE (3.20%). 2-
Tl (2.73%) 1 2-Beli (2.68%). 5 &EERIAHLL,

WY ZMERYIE, o, 2, 3- T ZERARE K
PR FE R RSy, BA YA R . BRITEE BRI
RN AN E = T 36 FERYERSY , F BRI 20T
X, BERAFRIERN G Horp, BEIR S, FXT
N 62.29%, RIS 13 M, HHXTEEN 15.75%, Bk
K6 Fh, MNEEN451%. FHLEEMIERERD N
LT (46.59%) S IREE (13.10% ) ¥ FR L5 (7.29%)+
IR INEE (3.45%) LFROEE (2.78%). 5K
R EEER, SRR Ak, BERAERRA S
FREANECEAA BTN, vI LA AR 2 R
P R B R R v TV B B s A R MRy o LR AT
PR RERR LA — 2 L3[R R B ) R VT 42 GC/MES E,
TN A AV 45 B, BEERAEY) 9 Bl SN
8.38%, BERAEW 9 M, &8N 55.9%, BERIFPIH

1454, 58 16.56%, FRIAAED) ST, & 58 3.65%.
H & B SN R A OEE (3821%) FIL
B2 (1921%) EBROHE (8.32%) 1-FilE (3.62%)-
2,3-T 2 (6.31%) 7 THE (1.85%). HFLEZwHFI
PR T R TP I TS L, TR R TR I 4 R P
SPURERIEZ . [T, FLERBH KBRS 2, 3-
TR ER R, I, REHEEARG R A
— BRI PR PRy, T LRI T R S
iR, G0 1-PERE, ST AR

KRR RO GC-MS Al GE-0 #4775
SOt (R4, FLER KR N RAE & SR
PAR 6 PP Zsr: 2,3- T 0, [REE IR A,
T EEAN 1, 3-SR -4- I . Herb iP5 e
B, MRS BIKE] 23.90%. FERFR RIS
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Table 3 Volatile components of pumpkin fermentation juice

Aa PRE A /min et AR
BB RS BHEAAE ROBUNAE

BAK / 37.9 451 8.38
1 4.889 2, 347 = 19.21 6.31
2 6.275 RGBS 5.41 0.56
3 3.894 LG 4.69
4 24.963 2-£H 2.73 0.14
5 12.872 2- & Bl 2.68
6 40.830 Z 5 -4-F2 E2GH)k R 0.68 0.13 0.23
7 8.602 ‘ X S 0.52
8< 6.934 2-F 3R A 0.45
9 28.973 3,7-=9H-1,3,6-F =M 0.44
10 16.356 2-+—8R R TH 0.33
1 8.930 T 0.32 0.12
12 38.439 3,3-ZF 4 (RTK) -REFRTH 0.22
13 29.603 3-FATE 0.12
14 35.414 Aet i 0.10
15 39.625 E S 3.26
16 29.984 3-stkor B 0.12
17 7.168 T 0.21
18 7.0018 3-FATE 0.12
19 24.997 3-F A-4- L8 0.34 0.28

BT
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20 32.882 Aot A AR 0.18
21 28.700 3-F AR LR 0.79
22 19.352 RUBE 0.10

RS 17.14 62.29 55.9
1 7.524 3-WATE 9.12
2 4.299 FTE 432 1.23 1.49
3 3.825 o3 2.46 46.59 38.21
4 24411 3-FJh-1-B% 0.72
5 5.070 2-F A ABE 0.23
6 5.597 NGRS 0.12
7 38.713 2-F RS- TR RE 0.10
8 7.607 IRCEE 0.07 0.04
9 6.870 FREF \ 13.10 9.23
10 26.378 XTE a 0.52 0.15
11 26.392 EFE 0.43
12 28.768 1,3-—AURIR-4-F BF 0.21
13 15.760 2-F AR TE 0.11
14 11.115 ™ S -4H-vkrd-4-B 0.10
15 6.575 FTHE { 1.85
16 34.365 1- & Je-3-B% 0.12
17 11.674 2-TH-1-F8 0.32
18 33.431 |3 3.62
19 36.917 e 0.87

iEES 10.97 13.75 16.56
1 38.059 %g?{l/ms 221 3.43
2 22.450 AL LB 3.2
3 32.569 ZTHRAKRTR 1.44
4 34.136 2-F -3 4, 4- = F R ALK BS 0.59 0.17 0.16
5 39.327 2,4, &= FAIHBHAF AL RESF T B 0.29 0.16 0.07
6 33.243 2-T#-2-+ = fig 0.27
7 26.285 FELTE 2.35 7.29 8.32
3< 25.431 3-TE-3-F 2A-2- R 8L F B 0.44
9 38.917 TERF R BS 3.45 0.23
10 37.942 2-W D 2 W 1-2-F2 540 FTEAL) A A 0.10
1 34.443 RER LB 0.32 0.87
12 4.889 LER LB 2.78 1.38
13 6.075 2-F K LB A B 0.19
14 29.632 TER LB 0.62 0.22 0.87
15 29.603 LERFER 0.36 0.32
16 34.277 2-% - A BL TES 0.15
17 32.335 9- R bR LBg 0.12 0.21
18 37.190 T B s 0.15
19 41.362 W EH LR+ WA 0.16

HTR
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20 31.457 2-F AR TERER 0.13
21 39.869 T8 LBs 0.26
i ES 10.06 1.18 3.65
1 6.065 T 4.90 0.16 0.13
2 KT 227
3 THE# 1.23 1.30
4 39.629 IRTBE-1, 4, 5- = BE-3-BR-1- A B8 0.76
5 11.188 T8 0.22
6 29.312 4-72 K 3WmR IR 0.12
7 29.066 FER 0.83 0.87
8 7.348 R R B 0.19
9 6.475 FLEg 0.56 1.08
10 9.876 TE 0.27
Sk 065 0.31 0.21
1 36.161 1-(1, 5-=F A -4- T M h)-4-F AKX 0.25 0.19
2 20.542 1-F 3-4-(1-F AR TR 0.23 0.12 021
3 36.161 1-Z32,4-—F LK 0.17
LS 4.79 0.11 0.25
1 4743 e 1L.12
2 35.927 1, 1=K -1, 3- R =M 239
3 30.901 3-RH AR 0.31
4 26.441 2,3-ZF 2K 0.23
5 39.566 8% 0.21
6 38.512 +ch; 0.15
7 37.502 2,6, 10,1409 P+ % 0.14
8 11.164 1-F A-4-(1-F R TH)- 1, 4-F T 0.14 0.01
9 30.218 4, 4-—F L2 K e 0.10
10 20.054 RER 0.10
11 14.994 1-ZA2-F A Ak, 0.10
12 25470 2-FAFH 0.15
HAek 0.00 0.03 1.96
7.270 k% 143
2 12.496 TR KT 0.12
3 14.340 3,5- = shofed 0.04
4 37.093 ZTHRAKRTR 0.37
5 29.969 w3k 0.03

23 FEENGRBELEL A

23.1 HAERMNEY
BRI AL A W) AR R NS SR AR 2

I 2 aTLEH, RS I 5 B R R N R, BB Z —. HXRBRE— BRI,
IR AR, BRI, &5t SRR AR R . B TR 5 H A i S
RIS HE RN R A i o, (R4 R ) T RS I e e TR P 3 B e
R RS A— 3. 200 LR TR AN RE R AR I AT I BRI 54.43%, FERNCOEE (21.32%). FfE

1, EEFER MR NSRS, IR ER (7.70). 3-WIETEE (7.34%); R & PeEkk
SRR, (21.84%) FERNOEE, 3-FHIETHE., TR, R,
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BElg; CREEAEEMNRER, BARSIENIRHE
SO, B R AL IR A R RS T R 7 A 1
FEAER MR EERNEDD S 8.38%, FE A
KV (0.14%), 2,3-T i (6.31%). T
A2, 3-T 2 AR R BER A 72, i R I

TN ZHE R ORI &1, (ERTA TR
VeI & B, X — SR ET TR R TR
P AR P IRUBRAD IR £ RS L e SRR — 3. i
S B RER AR IR G R B TR, IR
EUBr e R JTURTR SV 20531 B 84.60 A1 61.60.

G SR SIS P/ L M7 STE RN )\ e
4 60-0 KRN KRG THHEE SN

Table 4 The aromatic compounds in fermentated pumpkin juice identified by GC-O

FUBR I K B B R R AR B
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Fig.3 Comparation of volatile components in raw pumpkin and
pumpkin fermentation juice
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