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Correlation Analysis of Three Dominant Microorganisms and Volatile Aroma Components of

Baoquan Fermented Soybean Paste
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2. College of Food and Engineering, Qinzhou University, Qinzhou 535000, China)

Abstract: The present study was intended to investigate the correlation between the three dominant microorganisms and
aroma compounds of Baoquan fermented soybean paste. The volatile compounds of seven samples (BM1, BM2, BM3,
BM4, BM5, BM6 and BM7) of fermented soybean paste artificially inoculated with pure or mixed cultures of the dominant
microorganisms were identified by headspace solid phase microextraction combined with gas chromatography-mass
spectrometry (HS-SPME-GC-MS). Furthermore, we also detected the volatile aroma compounds of these samples by an
electronic nose and analyzed the sensor data by principal component analysis (PCA). The PCA results showed that the aroma
of BM6 was most similar to the commercial product fermented for 34 d whereas BM7 was distinct from this product. The
results of sensory evaluation and electronic nose analysis consistently indicated that BM6 was more acceptable to consumers.
A total of 38 volatile compounds were identified, including 15 esters, 6 alcohols, 6 aldehydes and ketones, 3 acids and
phenolics, and 8 other compounds. The esters and alcohols were derived from Zygosaccharomycse rouxii BSZ.16910 and
the aldehydes and ketones from Staphylococcus epidermidis BSS.17312. There existed certain interaction between the three
microorganisms on the synthesis of volatile compounds in Baoquan fermented soybean paste. Factor analysis demonstrated
that S. epidermidis BSS.17312 and Z. rouxii BSZ.16910 made greater contribution to the generation of esters and alcohols.
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Table1 Pure and mixed starter cultures for fermented soybean paste

_— \ TR o
ﬁgﬁ%%u s Ak BMI BM2 BM3 BM4 BMS BM6 BM7
ML  B.amyloliquefaciens BSB.170120 + - - + + — +
M2 S. epidermidis BSS.17312 - + - + -+ 4+
M3 Z. rouxii BSZ.16910 - - + - 4+ + +
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Table2 Criteria for sensory evaluation of fermented soybean paste
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Table3 Performance description of ten electronic nose sensors

ERIRT S R PERER IR
MOS 1 wIC o} 55 B SR oy R
MOS 2 W5S SRS A TR
MOS 3 W3C K, X HE RS T R
MOS 4 W6S A R
MOS 5 W5C ek, I3 A
MOS 6 WIS Ko F G R
MOS 7 WIwW TR R
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Table4 Sensory evaluation of fermented soybean paste samples
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BM1 9 4 6 6 8 8 41
BM2 6 7 12 10 12 14 61
BM3 8 7 15 10 11 14 65
BM4 5 4 7 9 10 9 44
BMS5 [§) 6 11 12 11 13 59
BM6 8 7 16 13 12 16 72
BM7 7 8 13 12 12 15 67
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Fig. 1 Radar chart of characteristic response values of fermented

soybean paste samples from electronic nose
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Fig.2  PCA plot of electronic nose data of different soybean paste samples
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NEERE, R NG KRR EEAEH R AR
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Table 5 Volatile compounds in fermented soybean paste samples identified by HS-SPME-GC-MS

Le 5 ) RIS &R/ (nglg)
D‘Jf@/iin CASS Hansw BMI BM2 BM3 BM4 BM5 BM6 BM7 BS34
339 141786 LR T — — — — — 1.07+0.07 — —
996 123-66-0 FOM — — — 1.79+0.05 — — — —
1609 93-89-0 KHRE — 1.6540.04 6.28+0.14 9.59+0.18 2034005 1994009 12094032 1.284+0.03
1672 106-32-1 FMO — 0.470.00 314007 — — 1.00£0.02 6.19%0.12 -
1899 67662-96-8  2,2- HIHEHER-2-7 3k 4 ik — — — — 3.2940.06 — — —
19.00  122-70-3 WER-2- 7K 2 — — — - — 3.4240.10 9.49+0.24 —
1901 103-45-7 LEA L - — 9.01£0.26 — — — — —
2075 9790-5  2-HUE-PERA-12-Z ZFEE 12302035 — — 24.90£0.91 — — — —
2809  544-354 TR 2B — 19.7540.62 — 209374822 8774022 3LI13:144 64924458 387.05+1031
2888  111-62-6 R 2B — — — - — — — 171.4148.63
29.12 2462-85-3 LR S — — — — — 2.2840.05 — 2.81£0.08
2957 84-66-2 [N~ 30.63+1.24 — — — — — — —
2986 106-33-2 AHER - — 1.8240.05 — — — — -
3307 111-61-5 TR LI — — — — - — — 16.23+0.46
3627 124-06-1 W E R LB 1224004 0.93+0.02 3.8940.08 — 1.00+0.03 0.96+0.02 — 3.20%0.10
3892 41114-00-5 THERZE — — 1.82+0.05 — — — — 2.17+0.06
39.67  5129-60-2 RAY St Gl - - - — — — — 1.15+0.03
4136 628-97-7 FEHRR 2. 63051450 45441318 212884848 106941606 69351459 59454424 1863716.68 20746839
4370 1191-41-9 KR 2T — — — — — — — 1.9240.06
44.05 14010-23-2 R A — — — - - — — 1.9240.06
BRELAW (X) 107.20 68.24 238.84 350.80 81.44 100.23 279.06 796.60
395 124-389 L — — - — — — — 3247+ 146
428 123513 3L TR — 3774002 26901098 23214076 14284040 17012054 69.02+4.62 —
430 137-32-6 2-FE TR - - - - — — 38555173 1.66%0.05
524 123513 SRR — — — — — — — 2.0540.06
590 513-85-9 23-T — — — — — — — 1.53+0.04
941 3391-86-4 1-3FJ5-3-FF — - — 14.66+0.88 — — — —
1409 60-12-8 KO 31362177 11824030 240994897  102.62+6.00  49.12+4328 70631498 275964925  25.05+096
2629 36653-82-4 | B A i — 0.440.00 — — — — — -
2639 629-76-5 -+ HiEE — - 1244004 — — 0.64+0.04 — —
BRLAY (X)) 3136 16.03 269.13 14049 63.40 88.28 383.53 62.76
364 590-86-3 TR — 0.510.01 — — - — - -
391 96-17-3 2-FETR — 2.07+0.05 — 733+0.12 — — - -
9.19  100-52-7 KRS — 1.8240.04 — 30.26+1.73 — — — —
1167 122-78-1 KB 9.41+0.20 472+0.14 7194010 47.08+322  3.35%0.10 431+016  1688+058  1.9240.06
1481 815-24-7 22,440 JE-3- 1 - - - - — — — 7.16+0.10
2112 586-37-8 3-HUEHE L - — — 58.9243.92 - - — —
2120 1450-72-2 pRZE SR S — 6.860.18 — — — 8.65+0.22 — 6.39+0.08
2672 21834-92-4  S-HHL-2-FEIED-CHARE — — — - — — — 1.28+0.04
RERRAEOY () 9.41 15.98 7.19 143.59 335 12.96 16.88 1675
1859 1009-67-2 a-FEA R — — 579+0.17 — 3.06%0.10 3.1040.12 — —
4051 57-10-3 FRAARR — - - - — — — 14.1940.40
BmELAW ) — — 579 — 3.06 3.10 — 14.19
12,55 23208-27-7 3] - — - 0.85+0.05 — — — —
1436 118718 R — — — — — — — 4.35+0.11
2108 7786-61-0 X IR R AIAR 17424061 0.89+0.06 13204038 12114030 11541029 10551024  36.96£1.79 —
BELA (X) 1742 0.89 13.20 12.96 11.54 10.55 36.96 435
427 2245309 33-THUEHE TR 13.0240.31 — — — — — — —
626 496-46-8 HiR - - - — — — — 15341041
724 100-42-5 B — — — 1.61+0.06 — — — —
2031 629-50-5 Et+=4 — — 331+0.12 470+0.23 — 23140.08 5.0940.20 —
2623 295-48-7 K15k — 0.280.02 0.910.04 470+0.23 0454003 - — —
2677 629-92-5 Tk — — — 1.6940.04 — — — —
1511 700-12-9 TR 1.97+0.05 — — — — — — —
1605 90-12-0 1-H1% 9.64+0.34 — — — — — — —
2630 35953-53-8 2 () 1 — — — — 0.65+0.02 — — —
e o 24.63 028 422 12.70 045 231 5.09 15.34

FERENEMRGE 190.02 101.42 538.37 662.33 166.89 218.50 72152 909.99
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AEDSRUR, RS L 3 B KR, R BRI T I RE A
M3; 16K IR BT B P AF R R T Bl 2 B 3 b
WA R 2 (R FEAR W P AR B S 1 & A AP 28 B AR 1) B
TEXRFR . BRBEYIE & AL 5 I By 28 ) NAS 211, %
KGR M TR K™Y, TR HE I
Bedr, W AT 2 e N, K2 iRk
FIABEACH =4, FErrflEmm A&, E RS %
H ST 7Y RS 0 R MR 5 R B34 Ak
iR T AL, AHFE R AR TR A MR O
fig. W HEE. WEEROES. T AR O KRR
L. BMAHEERA G 0 & 24 NBMIFIBM2 13 £ F
5%, FREAMIAIM2EE bR [F] K Bt K & 8 Ba 80 i A 1
BAER s TiBMSFIBM6H BRI it A & B — B R K
FERE S0 & B PR, MIAIM3 . M2AIM3 P 6 ik 3L 7] %
IEE RS R B RBER . BAKEENAK R BRI
BMIHH, REMIAF=iZMEER. AEEROERAER
RAE B A S A AR, R bR A ™,
A SEIGTES FRe & R IR AR 1% . TR LR R
IECROHEE. 2,2- “HIENER-2- KL 28, 43 HIfEBM6.
BM4. BMSH i . FR LB 1122 Hhipg &,
RIESAMIEHIBML. BM4AMBMS h s tH, FHMI
PR B A SR A SRR . B A R A IR
AR R 0 B R B TR R - 2- 2K L BiR fEBM6 TBM7 HH A
H, ER RS AR R, R Bk (8] 5
PERI= ). MIBEFRBRIR — 208, AEBMITP 4, &
B/ CRE OB H R g R AEBM3 R ks
T HORIRFM3 Bk

KT e RE R T R I TR AR O] A
JREE . CEESE . BM3H RS- & s 9269.13 ng/g,
ZINBMIAIBM2MHS 5116 1%, X 1E W 3 kkM3 32
FERAb 590 BMT7HEESRY) e & 5 8383.53 nglg, 5
BM1. BM2. BM3[ & &2 M2 FH/N, FR3 K%
Wk R B RE M EE R RS A& R B A S UER .
EBM7H % H2-H - 1-THE, 2HERES, &8N
38.55 ng/g, ANAE3 FhEEMRILEIMEH N AR R )2
FTER &R ORE, 4 NS, /&
FrAAFEG R PR s 3 PR RRIL [F R I, X T 2K B
(G B A R U R B . RPN L
RN R IREAEYIE H T & Strecker [ fift 7= AE B8 Ja 3E— 25
W R R, ARG, NS RS . BMAF AL
HiD 2 B9 1-22 13-, A AEMIAIM2 W5 4% T 35 7] Al i
FEAE S RS TE K G R LR R IE . (NFEBM
HRR RS H AT S R 22 A S 3- B - T R, A
HARFES P EAZRE, XREEMLE S AR A 5k

ER G, [, 246 KBRIBMSHIBMeH, %1k
YIS BB — R R EBM3 T & BIK, HEkM35
M LATM 23 [7) i e ] 4] FL = A

JIE 3 4 i AT = A R RN 28 A &1, & BR B ] 4y
WAR I, (2R S RENI o . A W R IBM4H
BEFR R A AP & R LR — R EE I BM LRIBM2 (1 5 & 15
15 54T, BEARMIAIM2 3 ] 2 B XA o A 1 e 2k
VI A R B R e . TERT R FES R, B
LRSS FRUK R EFS K LB SR H, BMAh & &
B N47.08 nglg, ZIABMSII14 i, X AT g2 3 5 A 4
BREA AU e DB Oe 3t AR B 20, AL &P oA iEn
3-HEFE IR WA AEBMA KT Y, 2 B B ARM LFIM 24K i
ERGLER . 3 PR, M2 B A B AL S I B
B, R IRIE R A AL S ) R T M2 B
o[RBT, BM4H R AL A VIR & &4 ABM2HI8 i,
ZIABMIRILS 5, RUIBEFEMIFIM2 B AR R0 &
W) A R T R R BE AE

3 PR R R BEIBM 7 R 16 & 0 1) S B = e
AL R 35 5 DL 3 EARIR A R BEXT K T R
ED BB EREAMER . KGR EE R
ERVUBCER B . AR A, BT SEEAE KR, RS
I R 26 7 428 S N A TR ™Y o AR SR SR HE 1 R R,
Ho-HIEEARHER, FETSAMIBKRKES . BF
BB AR BN LA FE B QIR AET FPRE Sk, HE
BAE, HAPBM7HE &EmE, 43696 ng/g.
2.4 FESERYER IR T2 b

Rt — A AN TR 38 1 5o K e R 4 R
We, ) R BRI 23 A 4 3 B R 1 A3 A R b 2 (R R AR
&, DM@ AR R B R S R 2 R R
67 A1, KMO1E ~0.835, 7E0.5~ 1208, MIRMEEK,
WE B R S E e nT AT i ARAER T 8wl A, Rl
2 AN E B BT TR R IL 397.059%, HidTE 76 Fh
SO HIFTAER. FINARTFAREREEI. R, AFH
TR R R T 1) K 0 R R S RO R i S R 2R RN HE IR, TR
b, ZEMNEENESRS TR, SERE, B
BFHRIAL, SEREMEE: FN AT RERE.
Mo, WER. M. HARZ, REXJLEMEMN KD
B A S TTHRER /N, (B IS5 AT 4R D9l A S A6 & P i A 4
iE = N LN NITE 2 =2

# 6 KMOFiBartlett’si: %
Table 6 KMO and Bartlett’s test

KMO BartlettBR FE A6 56
S il iz 9 Py
0.835 72.352 10 0.000
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#7T RYFEMRELEEFT RS WFEEND; Z TR HE
Table7 Eigenvalues and variance contributions of aroma components
of different soybean pastes

TR

SECE I SRS Rk
IR o g BT pern mwge BT g mwge BT
:FHHE Uimﬁ&/% ;"‘fﬁlﬁi/% *fﬁﬁ ’Jl@kﬂi—/% ﬁ‘:ﬁﬂﬁz/% #ﬂlﬂﬁ JQWH—/% ﬁﬁﬁil%

3245 69387 69387 3245 69387 69387 2732 63386 63386
1374 27415 97059 1374 27415 97.059 1917 38746 97.059
0850 12254 98429
0.129 2576 99.650
0092 1257 99.969
0.000  0.004  100.000

N B Lo o —

£8 EERERBMERETNE AL RPSER
Table8 Loading and component score coefficient matrix after rotation

1k ‘ %! ' A 8572
i T 145 RAL i HF 145 R B
g2 (X)) 0.962 0.282 —0.162 —0.022
B X)) 0.841 0.348 0.207 0.189
BEE (X) 0.098 0.132 0.964 0.584
R X —0.565 —0.174 0.623 0.396
2 (X —0.296 —0.307 0.087 —0.028
HAhk X —0.133 —0.347 0.509 0.238

HFENHRE,  Fi=0.282X,40.348X,+0.132X,—0.174X,—0.307X;—0.347X,
H A3 RE,  F,=—0.022X,+0.189X,40.584X,40.396X,—0.028X,+0.238X,

GART0F F=0.532 96F,+0.358 57F,
x99 HFHAHRS
Table9 Component composite scores
AR F, F, TERET 5

BM1 —1.144 1 —0.2821 —0.7109 7
BM2 0.964 7 —0.840 8 0.2130 4
BM3 —0.304 7 —0.2386 —0.2479 3
BM4 —0.488 6 —0.840 8 —0.561 8 6
BM5 —0.509 7 0.5318 0.089 5 5
BM6 1.726 2 1.526 3 1.467 1 1
BM7 0.956 7 —0.1737 0.447 6 2

g bRTR, JREi AR AL, ANFERE SRR G A
T MR ABM6>BM7>BM3>BM2>BM5 >BM4 >
BMI1, XEEEIFNAISERAH—E B. amyloliquefaciens
BSB.170120401S. epidermidis BSS.17312 % I I BM6O I s 75
TEIRAR, BHAEL; R, PRSI MR R A
K AN .

3 8 #

ALIGK R B BT 5 RFIHS-SPME-GC-
MSVE, WA [ 2 G B b i T 1) K 53 10 XUR i 1k AN 4
RIS, SRMTEST . B K
REFN R 7 7 %1 BR 0 VR A R 9% Y B MO A it J B ) s N2
%o BT BRI REIR, 7 PR S E SR
B A 55 Rh T SR 1 22 S R AE AN, BM6 T KU P
I R 34 dFE R . B B R R RE S SR
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FIZE 2 W E 3Rk IEZ. rouxii BSZ.16910; 2-F423E-5- L%
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Tl RS EES MIRHEMENT & 23N,
B. amyloliquefaciens BSB.170120F1S. epidermidis BSS.17312
PAREEEA R IMIR T 2K LB &0 n i
f: S epidermidis BSS.17312H1Z. rouxii BSZ.1691041 4 vl {i¢
BT ER BRI A, AN SRR . FE TR T4y
B, RHEM2 (S. epidermidis BSS.17312) FIM3 (Z. rouxii
BSZ.16910) % 5 5% 5 7 A 70 B AR 1 7 A DT RAECR
KT REIA m bk, AR TR 8E KR T
DRI B A A K % i I v R P ()38 ot

EEPEN
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