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Abstract: Volatile components of Baoquan soybean paste produced during fermentation were extracted using headspace solid-phase
microextraction (HS-SPME) and analyzed using gas chromatography-mass spectrometry (GC-MS), with p-methoxybenzaldehyde as an internal
standard. A comprehensive evaluation of soybean paste was performed based on a factor analysis of the aroma components. A total of 45 kinds
of volatile components were detected in Baoquan soybean paste, including 17 esters, seven alcohols, seven acids and phenols, four aldehydes
and ketones, and 10 other compounds. The total content of volatile components at early and later stages of fermentation showed a large
difference, at a maximum value of 941.91 ng/g at 34 d, which was six times the value at initial stage of fermentation. At the same time, the
maximum contents of esters and alcohols were 62.76 and 801.20 ng/g, respectively. Factor analysis showed that alcohols, esters, and other
compounds contributed the highest to the aroma components of Baoquan soybean paste, while acid and phenol, aldehyde, and ketones
contributed to a lesser extent. Peak flavor of Baoquan soybean paste was noted at 34 d, coinciding with actual production of sensory evaluation.
These findings regarding flavor production provide valuable information to optimize industrialized production of soybean paste.

Key words: soybean paste; volatile components; headspace solid-phase microextraction; gas chromatography-mass spectrometry

FORENV AR IILA TR AR AT L ek Al
e H AT N AR RO LUK E &A™
AR Z# L EA 60 RETAVEIGEHIL L, HK
B P AR RO ARIERE i — N IR,

SPME) IS5 B FH 45 AR (GC-MS) 248 132 I T 5E 1%
Uit e, M AR Z S HES kB L 2 58 A
(] F8) A BRI S ER R o014 T 2465 8 AT o e 1 T
1] AR S At ARGV BB 45 R M i 0 AT

EEp/ /AN R NI e A B | N S PN B
BB, 3z FH I Y B ST B ) 22 A R IR B AR BRI 1T ko
HIIR MR R A2 R 35 O 3RA5 E A A
e Rt NINECIP
KBRS PR R R i R
Wb R B R b — 1, TS AR B (HS-
WiksEEA: 2015-12-30
fEE®Y: PeiEfd (1992-), %, MRS, #HRAE: RRMEY
BAREE: EE (1968-), B, HF, #L, HERAE: BRMEY

0T, %E 33 FHER R

B 2255 (PRI R AN AR V& KT I AN T =, A
WX K EE RSB B AE IR E A TT TR
IR, BRI, Gk T EAPRRFRE
BRI PTG . URANERE LK 5y e A5 R R Y
et ORI R I F R BT, HURIE
5 TR P K E s Ty — R R S . B,
IMEGRF K EETTRAITEZ, AR
KRG KRB R RN SR B Tt TR

359



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.12

o FITBL, ABE LA R RN I SR KRR A
BEFIR G, W AR R A A 2 B AR AT
FREENT, FREE TR E e SR A
SEPTOTRR, A B LA E SRR S AR A R
FERUR BT R], 9 S ar b et B B R rh A O
5 e SRR A -

1 HRSES

L1 AR5 A

Kgd: BRITHRERGE MHEIEETR
(fhiteali, AfFE>99.5%): il RIREDIRAIRA
i

1.2 (UHE5EH

6890-MS 5973N 245 AH 4 15 - JiT 15 196 FH A% 35 [
Agilent 2w [EAHFSA R B X (DVB/CAR/PDMS)
50/30 um FEk: 3EE J & W Sci./AF]; @i DB-5
(60 mx0.25 mm, 0.25 um film thickness) F&[E J&W
Sci. AF] .

13 ERARTHEAWLYZ

‘ PN }—-{ e }—>| it H A H “wH H P |

fsiit KeiR R B R it AT K B
T (7d,38~40 C) | (7d,41~42 C) (7d.43~44 C)

I |

BRI YK
18° B¢ 18° B¢

’ Ja R RET d H N 2 H Kiit ‘
L4 77k

141 B REALIE

KEEKE SN 2:1, A 0.4%BhK:, &
510 ¥ AL ERGT B B N KBRS 56 1 RSB,
ZJ5, BT d EHENMEE A RE 1 MER, BE
FIR KGR RN 34d, 121000, it 6 M
FEo REJGIFRETRIBE N EOK I3 EHS, B20C
{47, RS ARG SRV T 5 5256
142 REFERAM R ER

HUS g AN 40 mL FEAH, A 99.5%48
FE A F AR 2R FR RS PRV 0.5 L, B RE SO
60 “CIRI7KIHE T4 10 min, K2 LI IR RUER SLdE N
FERRA,  HERA R R4S 5 B TR SRR T A
W, HIR 60 ‘CAEEL 30 min, FHFARKLT 4k ke [m1%]
kNI, HEA GC-MS FIEFERS T 250 CAMF TR

ke
il
3
i3
3
a

360

M 1 min, [FIRJE SR R o
143 GC-MS 5 #r4A4+
1.43.1 SAHEIE R

HEFEFHRAE 250 'C, #¢< He, it 1.0 mL/min.
RHEFFHET R, H=EEAZE 80 °C, f145F 2 min,
SRJ5 LA 4 “C/min T2 180 C, {£#F 3 min, FLA 5 “C/min
22 230 °C, fR4F 5 min, FFIRZ 80 C, Aoyidhte.
1.4.3.2 JFink A4

MS BFIRAE 225 CA4AH, HEHEL BT
AEE 70 eV %) ST E:33~450 us
144 THEZEHMKEEFRL RS
1.44.1 EMESHT

FIFTHEAUERE B TS AT R, dHBIA
TRt RS, 5 NIST 02.L ArdEi 2 HE T 5 R T AD
1442 SEESHT

HRAE PRI IR EE A -2 i T AL S Y
PRI RL A EAERY, SEa ARG ER G R RE h
SHIE R

X= [Ai/Apx1.121pg(WH74) ] /mx10°

Kf: Ay H AT T ALK FEGERA A AR
SOERAR; X AANHSHEE, (nge); m AREHS
HR=E, g
145 HAEH

KBRS E SPASS 18.0 X B fE A1
FARATIATE T8 FHF, X Xar Xs s Xoo
FORAHRIR R MR R RIS 13 R A S S

k.

2 HR59Mh
21 ERKEET B KW IE LKA

GC-MS 2 #f

TIC: 34D.D 41.35
6000000 [
5500000 |-
5000000 |- 19.13
4500000 -
4000000 -
3500000 |-
3000000 |-
2500000 |- 2817
2000000 |-

1500000 | 396
1000000 - 2888
30.05 40.50

500000 - ‘i2212125)514~32 6.20 21.13 26.72 33073623
5 10 15 20 25 30 35 40

Abundance

Time
E1 ERKEELE 34 d HNELMERS SETREER
Fig.1 Total ion current GC-MS chromatogram of volatile

compounds in Baoquan soybean sauce at 34 d
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Table 1 Composition and content of volatile compounds in Baoquan soybean sauce at different fermentation periods

ARG B 1) . . FARNREAZ/(ng/g)
/min e KB CAST 0d 7d  14d  21d 28d  34d
BE (X))
3.95 LB CHO 124-38-9 1675 2032 2190 3590 847 3247
524 F R CsH,,0 123-51-3 A 087 022  1.09 047 205
5.28 2-FA-TE CsH,,0 137-32-6 - = - 0.45 026 166
5.90 23-T =B C4H,00, 513-85-9 056 066 055 0.3 016 153
14.36 KB CgH,0 60-12-8 368 597 655 1233 1838  25.05
14.82 K FBE CeHeO5 118-71-8 - - 507 - - -
18.65 ¥ AR LR CoH,,0, 702-23-8 - 1.80 - - - -
ENEEE R S S g 2099 29.62 3429 5040 2774 6276
B (X,)
16.20 KT B LB CoH (05 93-89-0 - - - 0.63 - 1.28
23.12 4-F R T 8L T B CoH,(05 121-98-2 317 216 2.09 - - -
23.63 AR W EE = F T B C16H20;4 000084-69-5  22.29 - - - - -
27.76 (Z,2)-9,12-+ % = KB LB CyH360, 7619-08-1 - 24.07 - - - -
27.92 I 5 B LB CyH360, 544-35-4 1880 3595 10529 246.86 10424 387.05
28.88 hiER CBs CyH350, 111-62-6 548 1512 5146 10027 4539 17141
30.05 B B LS CaoHi50, 6114-18-7 - - 2.37 - - -
33.07 ARG B CBs CaHy00, 111-61-5 1.01 1.80 408 934 687 1623
36.23 M &R LA C16H3,0, 124-06-1 - 139 121 227 095 320
38.88 + £ 8 TBg C,;H3,0, 41114-00-5 - 144 276 181 1.05 217
39.67 Fo AR T s C,;H3,0, 5129-60-2 - 036 050 090 047 115
40.84 9-+ S BMER LB C15H3,0, 54546-22-4  0.92 108 149 553 200  3.07
4135 AZARER LS C15H360, 628-97-7 5551  90.83 6889 13254  65.11 207.46
43.70 I B B CyH3,0, 1191-41-9 240 571 - - 053 192
44.05 + L LB C1oH350, 14010-23-2 - 103 077 118 063 192
44.17 5t B F7 B C1oH3,0, 2462-85-3 - 072 105 172 1.00 281
4433 (Z) 11—+ B K BL F g C1oH360, 1937-63-9 - - - - - 1.53
TR K BB BB K o B E 109.58 156.56 241.87 503.05 22824 801.20
Bk (X3)
447 LEEBL C,H,0; 298-12-4 - - 451 - - -
14.36 VAR A A CeHyO5 118-71-8 - - - - 5.73 435

BT
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26.72 5 R0 F Ak 0 Tt ES C3H,0 21834-92-4 - - - - s 1.28
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17.76 AN AR BT CsHp40,Si, 556-67-2 - 545 391 1024 447 128
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Fig.2 The changing content of volatile compounds in Baoquan

soybean paste at different fermentation periods
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KMO #AZA40] 0.548
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ZHR,
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Table 3 Eigen values and variance contributions of aroma components of Baoquan soybean paste

ANAEHFAEAR R Tr A B AT RIGE 4TI Fedk T
HAEE TTERE% RATTaRE% AR TTRkE%  RATTakE% HIEE TTERE% R TaRE%
1 3429 65.586 68.586 3.429 65.586 65.586 2732 50.683 50.683
2 1416 28.329 96.914 1.416 28.329 96.914 1.917 38.746 96.914
30129 2.576 99.490
4 0019 0.386 99.876
5 0.006 0.124 100.000
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Table 4 Loading and component score coefficient matrix after

rotation
B4 1 BA 2
B2 R (X)) 0.985 0.287 0.066 0.038
A5 K (X,) 0.977 0.284 0.156 0.102
BErE(X;)  0.601 0.182 -0.766 -0.546
BRERE(X,)  0.392 0.106 0.893 0.627
HeEX;) 0994 0.291 -0.065 -0.054

WRYER 4 e 5 I 7155 REUERE, mrEsran
IR AR
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Table 5 Component composite scores

K AT I9)/d F, F, BT &ofas  #4F
0 -1.0928  0.8145 -0.2383 4
7 05579 0.5581 -0.0665 3
14 04398 -0.6638 -0.4801 6
21 09298  -1.2827 -0.0257 2
28 03586 -0.6550 -0.4355 5
34 15193 1.2290 1.2462 1
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