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Abstract: To screen the most suitable ratio of composite strains applied in fermented Daobanxiang, Anhui
cuisine, the flavor of fermented Daobanxiang with different ratios of composite strains was evaluated compre-
hensively. Electronic nose, solid phase microextraction/gas chromatography - mass spectrometry (SPME/GC -
MS) techniques, and sensory evaluation were used, and the flavor composition and difference of fermented
Daobanxiang with different ratios of composite strains were studied and compared through principal component
analysis and cluster analysis. These findings revealed that there were flavor differences between the groups. A
total of 66 volatile flavor compounds were found in the seven groups of fermented Daobanxiang, including 10
aldehydes, nine ketones, nine alcohols, six acids, five esters, four olefins, 10 alkanes, three thioethers, and
10 other components. In comparison to the group without composite strains (CK) , the addition of composite
strains could significantly increase volatile flavor components. The B group (The addition amount of composite

strains was 107 CFU/g) had a higher aldehyde and alcohol content than the A group (The addition amount of
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composite strains was 10°CFU/g) , and the B1 group (Lactobacillus curvatus WQ : Staphylococcus xylosus
MT.S.14 ratio of 1:3) had significantly increased contents of hexanal, heptanal, nonanal, octanal, 1-octene-3
alcohol, acetone, and ethyl caproate. In addition, the B1 group also scored higher in sensory tests and had bet-
ter color. The flavor of fermented Daobanxiang with different ratios of composite strains varied in general. Ac-
cording to the electronic nose, SPME/GC-MS, and sensory evaluation results, the composite strain with the
addition ratio of Lactobacillus curvatus WQ: Staphylococcus xylosus MT.S.14=1:3 and the addition amount of
107 CFU/g was more suitable for Daobanxiang fermentation.

Key words: fermented Daobanxiang; compound ferments; electronic nose; gas chromatography-mass spec-

trometry ; volatile flavor component
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Table 2 PEN3 portable standard sensor array and performance
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R4 W6S T A PR 104
RS  WsC BB TY  I 107
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R10 W3S Xt d R 10
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Table 3 Standards for sensory evaluation of fermented

Daobanxiang
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U i A R R A, o AR 8~10
JHE TR SR I R (ER B 2, A vk J5E 6~<8
i R AR I R B, B R R 4~<6
i R AR AR O B J, e R A 2~<4
B AR A ik 0~<2
N JEEEE DRI AR, KU TR I 8~10
JRBE R, R , KUK )2 BT 6~<8

EINL w3

JERIE I, BRI SR, KR — P, W AT O i 4~<6

JRARA— , BRVRFR Bl 20, WU B — TRk 2~<4
IDREGT IR  FRR AL, KRR, 77 B IR G 0~<2

@F ERRLWOIENEY, G, R 8~10
R LI O IRV FLA @ LS, 6~<8

BRI
SR IR RV SRR 4~<6
Fik
MBI IR RAE G A, 2-<d
G2t
A S IR E B €, BT 0~<2
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PR B, 0 SRR IR TR 6-<8
LB T, WA LS, 1 46
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JRscine S
24 PR 4 8~10
R AT 6-<8
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AR 55 2~<4
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20 A4 2 HA B9 IEAE N 01, #R IR SR 3 X ke e ) A
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VI 4~5 mm YJF7 7246 (150 °C) N 2% 20 min, 28805
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1 o 2R IR E N S AT E I (8] B AN 1 min,
WELJF i 20 L T R B S e B 11 ORI R 2, 2R
ENGUEFRIFL AL &, R IG B . fERM N XA
FEPR I AT 70 A PP SE WL 2 A ity ] 20 20 1] B
30 s PLbo iRXBRHAT 10 20l AL G 7335 , 235 %
7R AR GRER S PE  TUE AL BURES 5 TR BRI T

PEAE , 8008 7 S AR AT 2 2 M . RPE IR = R E
mn SR AR TR BRI R bR T 1 R[] A, Hop
AR R 0.3, (FE N 0.2, A4 ZUR A%
m 0.1, FARIEIEIr45 T o 7 A B B A AT 421k
1.4 Flsab g

I EIR ] Office 2019 HEATSE 1158 B, 45 51U
S bR vfE 22 FoR , B SPSS 26 HEAT LN 2 5 4%
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Table 4 Color of fermented Daobanxiang

e i M
il
L*{H a*{H b*{H. L*{H a*{H b*{H
CK 3552+ 4.72+ 8.01+ 7493+  -2.99+ 10.33+
5.36* 0.25¢ 1.52b¢ 0.542 0.16¢ 0.30b¢
Al 34.05+ 7.68+ 6.36+ 74.07+ -1.75+ 9.36+
1.742 0.53¢ 0.4 0.122 0.05" 0.29¢
A2 35.89+ 5.26=+ 8.97+ 70.60+ -1.86+ 9.81+
0.31*  0.11% 0.24> 0.21" 0.08" 0.14b¢
A3 31.01x 5.84+ 7.70+ 75.06+  -2.19+ 14.89+
1.83*>  0.17¢ 0.66" 0.37 0.02¢ 0.06
B1 28.43+ 10.03+ 11.58+ 72.79+ -1.30+ 14.49+
2.15" 0.732 2.37* 0.15% 0.022 0.142
B2 28.3+ 8.69+ 11.45+ 61.24+ -1.32+ 8.74+
0.34" 0.11° 0.13* 3.35¢ 0.372 1.66°
B3 31.6+ 7.95+ 6.27+ 71.01+ -1.54+ 11.18+
0.56"  0.22' 0.77¢ 0.94> 0.27 1.05"

T : RIS [ P R 3R 28 5 i 35 (P<0.05)
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AR Hb B 1 o KT A 4, TTREZEH N B
AR SR EHE L A £ . [FRHE B 4%, Bl
98 A Y o (B R aR B 10.03, LA 98 P R AR (A v s 22
R A A 5, AT B Rl B4 R IS N R A A
HJERT MT.S. 14 W BE e i , %7 b i € 8 72 A 1 B
LM 131,
22 HAESEAST

Sk BB UL R A BT AS R C LU 1) 52 B D kT
IR (A SRAE 1 22 ) R iR R R 7 4l I
FrRERTE 10 DAL IR T o Ry 56 B DA (i, 245 SR
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Fig.1 Electronic nose radar map of fermented Daobanxiang with

different ratios of composite strains
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PCA) #E— 25 XiF #L 7 B0 ARG I &5 SR TR A 2, &5 SR
& 2 s .
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Fig.2 Principal component analysis of electronic nose of
fermented Daobanxiang with different ratios of

composite strains
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Table 5 Relative content of volatile flavor components of fermented Daobanxiang with different ratios of composite strains

o AEXS F f/ (pg/kg)
WS Ak CK Al A2 A3 B1 B2 B3
S
Vi C 466.2+160.0°  758.7£132.3% 891.6+142.0% 1 187+401.4% 1 693.8+462.6° 1471.32644.5> 970.9+87.1:b
V2 PR 5.420.1° 10.2+3.1% 19.9+1.9% 22.4+5.9% 25.1+11.40 20.428.9° 13.5+1.4b¢
V3 T 13.9+1.54 22.242.5¢ 56.1+5.3 48.0+13.3 35.2+10.5b 31.3+12.6¢ 49.0+5.0®
V4 S 6.8+1.1" 6.3+1.3 17.10.8 15.3+4.3 10.2+3.4 14.6+6.9 15.3+0.7
V5 e P 44.5+21.3 24.6+4.7 34.0£9.0° 38.0£10.3¢ 10.6+7.9%
V6 2-HIFE T - 28.4+0.0° - 15.1+12.0 - .
AW 3-HIFETRE 2.4%1.00 1.3+0.1" 1.5+0.6% 0.3+0.0° -
V8 i 48.5+7.6" 23.8+4.2" 20.222.1"
V9 2- T 0.9+0.4¢ -
V10 (E)-2-2F)aTE 2.0+0.3 -
i3
Vil 1-CL B 100.0+85.42 8.9+1.9" 26.3+1.4 11.6+3.3" 19.249.1" 11.5+1.2> 15.4+1.8"
Vi2 1-7% B 61.4+33.7¢ 16.3+3.5¢ 26.0+3.3 34.1+11.4 33.6+20.2" 12.9+1.7¢ 18.4+2.0¢
V13 13- 49.0+10.6°  58.4+16.1" 137+13.7:b¢ 123.3+49 8 161.2+25.6" 140.8+85.4%  149.6+13.5%
V14 2-2KE-1-0 B 1.6+0.3" 2.6+0.6 4.7+0.2" 4.6+1.5 9.2+4.0° 42413 3.420.3
V15 4-ZFEACBE 0.0+0.0" 0.7+0.2" 1.4+0.0 1.2+0.7 -
V16 - - 2.4+0.12 -
V17 2,4- " H IR 0.8+0.1° - -
V18 1- 18475 -3 - 6.4+4.0" -
V19 1,4- 7 " 0.5+0.0°
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Continue table 5 Relative content of volatile flavor components of fermented Daobanxiang with different ratios of composite strains
- AT 4/ (pg/kg)
WS RS CK Al A2 A3 B B2 B3
[TES
V20 3-1 R 3.9+2.5 - - - - - -
V21 2- B 14.7+7 4 3.7+0.6 7.00.5 8.1x2.2: 8.5+4.0% 3.3+0.5" 5.3+0.7"
V22 2,2-Z L3R - 2.1+0.2" - - 74+1.12 - -
V23 2,3,3-=HRIR TR - - - - 1.6+0.9 - -
V24 4-FIE-2- S IR IATR - - 6.1+1.7° - - - -
V25 TR - - - 14.7+11 .40 - 20.9+4.8 18.0+2.0
V26 3-2 -2 - - - 4.8+1.1 - - -
V27 B TR - - - - 2.1+0.9° - -
V28 3-HFE-2- T - - - - - 0.8+0.0° -
V29 TR 17.5+7.1° 32.3+23.5" - 35.1+44.8" 50.8+39.8% 12.8+16.9" 103.0+17.8"
V30 SR - - - 99.5+0.8° 24.9+19.1¢ - -
V31 R T 1.1+0.7% - - 25.4+18.3" - - 23.1+14.2¢
V32 2- e TR AR T 5.0+2.0° - - 35.3+35.8 5.7+2.20 - -
V33 2-FIL TN R BT - - 6.9+1.0° 1.5+0.4" - 9.2+4.5 -
V34 it P2 1 - - - - 2.3+2.0° - -
B
V35 FH i HH g - - 33.2+3.40 - - - 3.5+3.3
V36 CL R . Tig 7.0+0.5 7.6+1.4% 12.2+0.9 - 11.9+4.2: 11.6+4.6" 6.6+1.6
V37 R - TR 1.4+0.7¢ - - - - - -
V38 1E 2R £ Tig - 11.5+7.2> - - - - 127.9+9.1¢
V39 R — 2Tk - 3.2+1.40 - - - - -
a2
V40 ESUIE- ==l - 18.745.2 - - - - -
V41 30, 6-H1 It - 1.5+0.7" 4.0+0.12 - - - -
V42 1,3-T =4k - - - - - - 16.8+5.6*
V43 3-T-4 - - - - - - 3.1+0.4°
Tk
Va4 P 688.74382.1°  95.3+26.3" 279.3+30.2" 41.8+12.8 175.3+112.3" - -
V45 AR 646.5+463.9% 414.5+142.5>  953.0+63.3*  643.7£101.9%  533.8+296.7: 155.7+24.4" 179.1+55.8"
V46 T EERR - - - - 1.1+0.5° - 0.3+0.1"
(S EES
V47 TIHIFT 6.8+2.9¢ - 7.5+0.6° 5.6+1.6 3.7+1.1% 1.2+0.1¢ 4.8+0.4
V48 s 5.5%1. 1% 2.2+1.7b 6.2+3.20 - 3.6+2.0%¢ - -
V49 LR T e - 4.7+4.7 1.4+0.12 2.0+1.9% 0.6+0.5 0.3+0.1 0.4+0.0%
V50 3-H T - 3.1%1.1° 4.6x1.0° 6.8+1.7 - - -
V51 2-H T - - - - 5.8+4.9 - -
V52 1, 1-ZSEHEE Ok - 7.245.4 - 1.0+0.4 - 0.5+0.2" -
V53 2-F L b - - - 8.2+1.0° - - 3.0+2.3
V54 3-H 3 — - - - 1.8+0.6 1.3+0.4 - -
V55 Tz - - - - 37.9+10.12 14.420.1" -
V56 NHEEIR T b - - - - - 7.4+5.0° -
oAl
V57 N,N-—-Z K ki 8.7+4.4¢ 1.4+0.2" 5.3+1.0 6.9+2.1° 4.6+2.2: 1.7+0.2" 1.8+0.2"
V58  N,N-TTIHEFEEE 3.4x1.7 2.240.1% 6.0£0.9" 5.3+1.4% 4.0+1. 120 - 1.9+0.6
V59 IS 15.4+6.9* - 14.7+3.72 11.0+1.6 14.4+6.9¢ - 3.5+0.4b
V60 = 2.0+0.9% 1.3+0.2> 1.6+0.2> 2.8+0.8" - - -
V61 1H-PYmE-5-Jti 6.0£1.5 1.0+0.5° - - - - 13.7+16°
V62 1,3-5 Jii 1.3x1.1° 2.7+1.7° - - - - -
V63 SH-PUmE-5-Ji - 1.6+0.8" - - - - -
V64 2-n-T HEME I - 1.2+0.43 1.9+0.5% 2.8+0.9 2.6+1.5° 0.9+0.2" 1.6+0.12
V65 218 L g - - - 115+28.3 106.9+36.1* 34.6+3.1 125.3+11.0
V66  RUT AR 24.0+16.6° 3.9+0.4° 5.9+2.9P 5.5+2.0 2.7+1.5 3.5+0.4 1.5+£0.2"

T AT AR R PR R 25 5 B35 (P<0.05) o -FRARAGH
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Fig.3 Cluster analysis of volatile components of fermented Daobanxiang with different ratios of composite strains
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