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Abstract: To evaluate the flavor difference between commercial soybean paste and y-aminobutyric acid (GABA) bean paste, headspace
solid-phase microextraction (HS-SPME) and gas chromatography-mass spectrometry (GC-MS) were used to measure and analyze the volatile
components and the common indexes in nine commercial soybean paste samples (S1-S9) and the GABA soybean paste sample (S10). The key
volatile components were determined by principal component analysis (PCA) and odor activity value (OAV). The results showed that 144
compounds in eight categories were detected in 10 soybean paste samples and the content of y-aminobutyric acid in S10 reached 1.87 mg/g, the
pH value was 4.69, and the color was bright without impurities. Among them, esters, alcohols and acids accounted for more than 60% of the
total volatile components. Additionally, the results of PCA of 41 common volatile substances were identified in 10 soybean paste samples,
demonstrating that 2-methyl-butyraldehyde, 3-methyl-butyraldehyde, dimethyl-trisulfide and guaiacol significantly contributed to the flavor
formation of bean paste. Besides, the GABA soybean paste has a rich variety of flavors, in which the contents of 2-pentylfuran,
2-ethyl-6-methylpyrazine, guaiacol and dimethyl trisulfide (which exhibited aromas of mung bean, nut and clove) were significantly higher than
other samples. This could be the reason for some differences in flavor substances between GABA soybean paste and other samples. The results of
this study could provide theoretical reference for the development of functional soybean paste and the flavor improvement in soybean paste products.

E[BE W

ZERIE, 2F e, G A -2 T R S A AR 2 A (0] DU B i A8H2,2021,37(10):247-260

LI Fu-xiao, LI Dong-long, WANG Hui-yi, et al. Analysis of volatile flavor compounds of y-aminobutyric acid soybean paste [J]. Modern
Food Science and Technology, 2021, 37(10): 247-260

WiksEEA: 2021-02-28

EETE: NABEARSFESETIE (20186XNSFAA050126; 2020GXNSFAA297104); A THARHLITRITIE (225 FA2020001)
fEE®Y: TR (1996-), 55, MRS, #RARE: KEEIIE, E-mail: 1816301009@st. gxu. edu. cn

WIREE: X@E (1980-), 5B, L, BIEUR, ARAE: LE#IFE, E-mail: liujdégxu. edu.cn

247



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

Key words: soybean paste; headspace solid-phase microextration (HS-SPME); gas chromatography-mass spectrometry (GC-MS);

volatile components; principal component analysis (PCA)

S¥ KA ORGSR, T2 IRAT
T H AR K5 S5 5 R0 22 A X PR R A
U, g e et rah, G¥3RAMA YR B Y
JREE RS, i R R TR AT RS 2R
R RARAY, T T . %
b IX ] AR 523 = i DR RN T 25 28 e E TS SRR
Ji A FREY, v E TS S SE K
M HANE SR, BTk, SH0E T2 L
SR BT T Z M, dfEiR R JRE AR
R R AR R B T 2 5 il & B e 0
%N, Rha e Rt I R . -
AL TR — PR A R e e i, B R
iR R e R S, FERTIEE R, A
BHR T —#FE p-2 2T (p-Aminobutyric Acid,
GABA) Jigett o, ZEEE SHmE -85 TR
NTRETE S i RS — @ S E . AHEL
TR EE, I EDRetE A B IR DT TH A B
52Tt R 5T S E B B U ORI — SR AR R AR
ST o

W, BREERSESE. AEM pH S TE
FRAh, USRI A B 578 it JoT LA B Bl 2 i ) e
febrz —M. BRI, T L2 & S EUR R
SRR IZE R, WIPFRR 2 F B R
FRAREAI S B2 R, AP T2 R R T AN
e EERRARER . 24Nk, TR
FAVNG PR U B B XK BT, I HL SRR
JRUY: 22 2 P R LA R A R, AT A0H
FER A FE R, RS I iR 2R T
B WRAE A5 DL A o . BT
4-LIGHAIAREY . 2,6- — A FE-A4- LIRERT . 3-
FELTRE. KR AES. 1-2F8E K 3-FF AR A s =%
WA e (A kAR SRT, 8 FH T
BTCVEER 73 B 3 AR S 2B RS, T2 [ AR i 2 -
ASAH 1% J B 6 £ R (Headspace Solid Phase
Microextration Gas Chromatography Mass
Spectrometry, HS-SPME-GC-MS) [ERIH. e k&
PR B SO0 A ORI TR RS I 2R 5y 43 A
Bl R, AkiE EEAEN (Odor Activity Values, OAV)
M558 (Principal Component Analysis, PCA)
AT T 5 R AR KR AT SRR PR R Ry o R
Fitk, AW HS-SPME-GC-MS %f 9 Fhill & #
HT GABA T R R M 853047 e e B, 456

248

OAV 1 PCA 3 — 5 Wi &8 h 5Tk EEOR 0 KU
Ji, [ AR G 5 GABA S (] MR MR
FEFE, NEEERE TP DHRENE B TF R L XUk
R RIS U

1R

1.1 ARS8

K& RER, FEHb7 PG, WT T P e 3 1T e i s
INEERE, AR —/NEER (73.50% TR 1% H
s KWK (Aspergillus oryzae 3.042), i
HEREGEEMERAT . 2- 53 LR OB AES . 2-
SEWERRAE S M R, akal, LR T AR
BAEMAT; C7-C40 MiMEEIR S hrdEy), ial,
VIR A (R HEARAR. p-E TR
PrifEmn (AE>99%), SR Wk, Skl B
whatl, FgETIMAENEREEIRA R O, ik,
I HERIER A R A A SR, R
LR TERE, AR, RGESRHEIL S SATRAH

BMJ-160C BB 57540, FgtepRsml AR A 75
pH i, HMTFREBAURA R AR CM-3600d 736l
il HARTJERERIAAF]; 28 1100 = R0GRAH
A S B BT A (7890B-5977)
LR A R AR [ AH A AR EC L 50/30 um
(DVB/CAR/PDMS), [ Supelco 22

1.2 o7k

12,1 2E64%

SHAER O AT SR R i, PRk
BONMLRIE G, PadEiRil TiEK P4 12 h LIRS
PRV, FRIEERE S8 30 min, BEIELAHEG:
/NFEH 10:2 LB E SR, FRA N 9.0% K8 KA 1 6.1%
FERE, FEFh 0.1% Kt B4 T & msFsahth, &
FEVEE N 95%., iR EFEHIN 28~30 °C, HilHHEH 65 ho
FEH R IR 15 17% 0 Eh K% 5 LU BR A R I
W, TEERFAPER K, WE 37 C, KEER
[0 35d, BEHEE—R, BEERIRMRS, %2 %id
N S10. HARGEMEMET T, Hi, FEHEEHE
(S1). 20 EHE (S2). ZFHCHEHE (S3).
R FRT ¥ (SA) IR IE T H (S5). IRFIHE 5% (S6).
FEEA MG (ST FRAEHTH® (S8). FEZAHH
% (S9),



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

122 RBAMERZERESEHN T

FAEMRSHE G LR EENNE S % B GB/T
5009.40-2003 (A N\ B AN E bR A pRifE
(BT 78, R R FELAT i e v
123 2#EAL5 pH &0

OGS & 2% KRR, R pH A TIE. &
Bt @ e il e, MAAE. L*, a* & b*
HRER, FBMEAE PITEARN:

AE = J(L*) +(a*)’ + ()

KF:
AE——&A8;
L*——%/%;

a*——4IgR AL,

br——REER.
124 p-2ATERAZWAE

I S RORAR B (HPLC) 5 ¥ -5
BT &E. BiEskiF: Ak Agilent HC-C18 (250
mmx4.6 mm, 5um); iz A N 25 mmol/L ZFREN
W, TiEhAH B NORE, PRGN : 0~5 min,
BN 90% AL 10% B; 5~20 min, B #HH 10%_L
F+% 35%; 20~28 min, JiEENAHAREE 65% A 35% B;
£ 28~30 min, B AHH 35%MFAKZE 10%. A5
ZAES VWD Rl &, Rk K 338 nm; AR 40 C;
SRR 10 pL.
12,5 R MR, FIR

22 Lu P 7535, FREUE ST S35 RE 5.000 g
JHCE T 20 mL TS, IINTRAZEEYIR 2-¢ i 5
LR LG PR 10 uL GREEHIN 10 mg/mL).
KRR TS E T 50 C/AKBH 4T 10 min, 8
ZALIIAEECK (50/30 pm DVB/CAR/PDMS) i AT
TR AEHL 30 min, TEREFERS AR 3 min JERERE
12.6 GC-MS 544+

Rt R A B DB-Wax

(60 mx320 umx0.25 pm); FHEFEF: 40 CLREE3

min, 3 ‘C/min FHEZE 150 'C, 6 ‘C/min £ 240 C,
240 ‘CHR¥F 6 min. HEFEITRE 250 C; @A A
I WEONER (AiE>99.99%), itk 1.0 mL/min.

Ak BRI, SRR 200 Cs
TR 70 eV KR 350 V; s A3#E Fl 35~550
m/z, TR 0.2 s/scans.
127 FEL WY

FERMERA ] NIST 1R R MR R RELE &
BT ENE, IREFEELL CCop IEMISERIEAT I, T
HALN:

RL=RIy+(RIy1-RI)/(RTy41-RT) X [RT,-RT,

XF:

RIL,. RI, & RI,,,——k&%4). 4 n & n+l ANBRFEMR
JEOIR G 184G

RT,. RT, % RT,,,——&%#. 4 n A ntl MR FIEH
JRIE 69 4R B 18] /min,

o tH 4 o 1) Ok B R 2 S 25 A O SR A B A R
www.odourorguk : R BRK fili & A Ol B b
www.flavornet.org M #H5< iR o

FERYED R ) & B R Wb E i, THE
NWAE

CA(Crx82)/(mxSy)

Xt

Cy——Fr MR L5 IR

C——2-FB5RE;

Sy——FF MRk 2L T AR

S\—— AAFERAR;

m——AE LI E .

128 RESAEN

Z: 8 GB/T 24399-2009 FUEERITT%, bk
10 L2 RN R E 20 N SR8 e 7
MrEf i AT v Y (PP FRIE LR 1),

1 KEIEETESRE

Table 1 Scoring criteria for sensory assessment
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Table 2 Analysis of common indicators of soybean samples

Ha ooy RARSR GEEE GABAGE i
A(g/100g)  /(g/100 g) /(mg/g) L* a* b* AE
S1  4.67+0.15®  0.88+0.06° 2.58+0.10°  1.09+0.08°  24.83+0.38°  13.110.95°  26.36+1.14°  38.52+1.53°
S2  4.59+0.12%  0.65£0.03°° 2.22+£0.10%  0.78+0.04°  22.48+1.54% 13.7520.19%  25.9442.06®  36.9742.58°
S3  4.42+025™  0.6240.03%° 2.28+0.10®°  0.54+£0.04"  17.07+1.29° 14.97+0.77% 21.77£1.59%"  31.4642.18°
S4  476+0.18°  0.7240.02%  2.16+0.19°  0.56+0.03°  20.03+0.46%  16.04+0.52*  23.11+0.65°*  34.53+0.95¢
S5 4744016  0.76£0.03* 2.43+0.16°  0.57+0.04"  19.23+1.85%  13.04+0.30°  19.70+1.48"  30.47+£2.39°
S6  4.88+0.17*°  0.76£0.02°¢  2.12+0.03°  1.28+0.08°  18.30+021%  12.96+0.71°  20.39+0.65%  30.30+0.98°
S7 413018  0.65+0.03"  333+024*  0.89+0.04¢  32.61£0.45° 10.88+0.02¢ 24.08+0.34* 41.97+0.56°
S8 438+0.16°  0.63+0.04%*  326+0.05°  0.92+0.08%  12.17+0.46°  7.48+0.10°  11.62+£0.15%  18.42+0.49"
S9  3.81+0.13%  0.56+0.05°  3.50£0.09°  0.91£0.04°  7.73£0.06"  3.17£0.09"  5.00£0.06"  9.74+0.13¢
S10  4.69+0.14®  1.13£0.05*  3.23+0.15°  1.87+0.09°  46.47+0.44°  6.84+034°  32.12#031°  56.90+0.64°

A A FHME L AR E, F—ATORRFER TSNS AR EMEF
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Table 3 Composition of volatile flavor compounds in 10 fermented pastes (ug/kg)

15T

RT/min  RI AR FRAE R St S3 S4 S5 S6 S7 S8 S9 S10
5.575 - FTE Fik. £FRFEH ND ND ND ND ND ND 360.43+22.89° 420.00+£35.07* ND
7252 913 2-FRTHE: T A 510.30+35.21° 516.48+22.21° 524.43+21.50° 412.59+38.16™ 504.46+42.37° 460.41+33.61™  1495.55+131.33"  1511.70£147.39"  505.43+20.72°
7352 918 3-FATE FE 525.03+21.53%  482.18+46.77°* 338.48+12.02° 475.47+26.86% 649.11+23.69° 460.41+45.12% 1406.73+99.88"  1831.40+147.43"  486.64+35.04
12975 1102 2-F 0 THEER 5. A& 48.97+3.31° ND 27.81£1.67° 26.03+1.91¢ 119.31£10.74° ND 53.58+5.30 ND ND
29.168 1465 i3S A=k ND ND ND ND ND 339.97+15.30° 842.59+69.93°  6118.20+544.52° ND
31656 1525 ES =, BAEA 624.27+38.08" 441 .85+15.69° 617.37+15.74 618.18+26.58" 1020.27+41.32® 821.44+50.52° 1075.82457.56™  1079.82+71.81° 936.22+88.47™
33679 1575 5-F H ek b =, BABBNEA ND ND ND ND ND ND 189.04+10.30° 1221.61£50.09* ND
36426 1645 EXd: S LAE . R RAA 280.16+23.674 646.51£56.57° 508.23+12.96° 668.3165.16 488.09+34.90° 513.73£34.16° 632.47+47.75° 859.62+43.41° 229.32+11.92¢
45755 1939  a-LTE-KTE b “/“f;f‘ 40.78+2.49% 42.29+2.09% 65.33+3.66% 51.76+1.76™ 81.67+3.51° 301.18+26.50° 602.70+27.12° 621.484+27.66° 32.11+2.68¢
T RS
45979 1948 4"‘?%;%;%'2' T A 14.46+1.27° 15.64+0.45° 27.70+2.63" ND 16.16£1.52° ND ND ND ND
T BR. a d g d d c b aQ d
48920 2073 TR A 51.78+4.22 26.85+2.38 84.82:4.20 94.87+7.97 79.10+6.96 279.39+12.43 450.09+22.05 2288.30+157.89 65.7942.73
BN IR
16757 1184 2-BH A& 17.11£0.55° ND ND ND ND 32.61£2.12° ND 154.78+14.86° ND
19.886 1254 3-FFR FE, FHhBsE ND ND ND ND ND 188.74+9.53" ND ND ND
20445 1266 2“?}53‘7’(;;‘“}“”?" HHORR B A ND 27.50+1.07° ND 10.330.86° 13.93+0.95" ND ND ND ND
21386 1286 2-F it FE 112.61+4.95% 49.22+4.53% 127.62+3.32% 18.48+0.90° 143.80+6.11° 959.63+53.26° 51.7142.17% 354243 .44 1232.69+110.94°
21416 1286 3-#240-TH E R NE ND ND ND 184.17+5.62° ND ND ND ND 335.39+27.17°
23.133 1325 4T - ND ND ND ND ND 156.90+15.38" ND ND 60.35+3.17°
25939 1389 2- ee. RAEE ND ND ND ND ND 545.36+23.45° ND ND ND
20762 1479 (3E’5E)'23’§f“%' - ND 53.19+4.28" ND ND 35.58+2.06° ND ND ND ND
32015 1534 4+ —J A - ND ND ND ND ND 357.39428.06° ND ND 414.14435.62°
34691 1600 2-+—I% R R, & ND ND ND ND ND 66.1144.76" ND ND 59.94+2.76°
3,5-=FH-1,2- ! . .
43.044 1836 P WA, BAEE 38.60+3.11 ND ND ND ND ND ND ND ND
43055 1836 TR RN ER B HES ND 63.49+5.33" ND ND 80.546.08" ND ND ND ND
TR
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46496 1970 z'iliigfﬁ' - 43.2843.55° 16.40+1.35° ND ND 34.06+2.93° ND 43.7742.47° ND 140.66+10.76"
5.781 TR T B Exy ND ND ND ND ND 391.69+28.40° ND ND 506.27+26.07°
6.728 886 LB LB KE. RAAE 640.78+19.86 2026.18+57.75° 188.59+7.92" 142.40+13.31" 280.27+19.90¢ 391.69+35.64° 776.85+75.74°  1051.40+102.51°  643.06+35.05°
8.622 981 2-F L AER LS bidos 233.53+21.02° ND ND ND ND 800.58+75.25" ND ND ND
9.193 990 TER T B Bg. RAME ND ND 37.05+1.15° 32.98+1.68" 35.34+1.98% ND ND ND ND
10.063 1027 LE# ST R ND ND ND ND ND 184.29+7.74° ND ND ND
10.869 1048 T LB FRAE 129.58+4.21° 18.30+1.78° 7.87+5.55¢ ND ND 31.84+1.80° 32.79+3.23° ND ND
11293 1059 SEI0L L T B iz ND ND ND ND ND 581.87+41.31° ND ND ND
11469 1064 2-F A TER CE FR. FFREFE 1095.77+86.02° 35.93+1.29%" 9.9943.76" 5.10+£2.45" 20.8145.14° 727.13+61.08° 116.01+9.63% 348.20+19.85° 121.15%11.09¢
12016 1078 3-FATER oS KEH 691.65+25.25° ND ND ND ND 320.09+15.20° 109.85+8.18¢ 231.74+19.81° 101.50+8.07
13.163 1107 IEIABL P LBS & ND ND ND ND ND 90.08+8.38° ND ND ND
14157 1128 LB F 8BS HEA 194.66+10.41¢ 93.74+9.14¢ 9.04+0.85° 7.84+0.49° 23.43+1.21% 668.30+33.75° 63.88+4.28%F 497.51434.83° 45.45+4.16°%
16504 1180  2-F A TELFTHS KEA 9.77+0.26° ND ND ND ND 46.70+3.74° ND 18.56+0.76° ND
17463 1204 ST BT/ BS BF. RFAMT ND ND ND ND ND 148.26+13.42* ND ND ND
19.080 1236 TE LB . OREE 101.44+9.38° 56.63+3.74% 16.20+0.87° 15.09+1.23° 58.98+4.72¢ 102.78+6.83" 81.58+3.88° 161.82+8.66" 21.24+1.67°
21.027 1275 Z'Z)i?gj} - ND ND ND ND ND ND ND 101.71+8.34° ND
7N ]
- R-2- )K\ bﬁ\ 2
21.004 1278 2 ii?iﬁz i‘;;;f%‘ ND ND ND ND ND 166.12+12.21° ND 59.52+3.27° ND
7N ] R H
21.845 1296 SR B F R B R, AEBNKRE 34.68+2.15 ND ND ND ND ND ND ND ND
23562 1335 JEBR LB KRA 34.97+2.22° ND ND ND 25.28+1.74° ND 33.94+2.00° ND ND
24015 1345 $LBL TS KRA 168.82+14.60° 426.39+21.53" ND ND 104.40+8.56° ND ND 288.98+23.99" ND
= S Sh,
24574 1358 ¥ 8% OLBS %iﬁgﬁi‘ ND ND ND ND ND ND ND ND 63.55+4.80"
B U

28027 1438 FiEg LB ooy 132.06+5.15%% 139.51+12.97 45.73+1.948 51.79+3.658 105.51£6.91¢ 84.79+7.72" 362.31£14.67° 468.00+19.66" 112.25+11.06%¢
30403 1494 S - ND ND ND ND ND ND ND ND 268.65+12.36
31.056 1510 WL ALES LB - ND 207.95+18.30° ND ND ND ND 100.86+4.74° 159.41+12.99° ND
32233 1539 LB AB. KEE ND 28.65+2.11° 14.42+0.90° 21.30+1.40° 37.11£3.15° ND ND ND ND
3225 1540 T8 LB - ND ND ND ND ND ND 76.39+6.88" 139.86+10.42° 26.00+1.63°
3298 1558 FAX AR B T s WA, HEEE ND ND ND ND ND ND ND 164.69+8.23" ND

TR
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33497 1571 3-FEULRELE N EESRA 23.74+1.71° ND ND ND ND 17.55+0.80° 25.42+2.48° 93.9143.76" ND
35179 1613 LBLFRER TBY FRE ND ND ND ND 49.55+4.06" ND ND ND ND
35.644 1625 2-HREE LB =R A ND ND ND ND ND 37.74+3.17° ND ND ND
o A FE.
35668 1626 R TR F B = ND ND ND ND ND ND ND ND 92.56+5.09°
AR T SR
35862 1631 TRES H. BAEE 47.441425° 47.6142.74° 40.63+1.77° 38.3843.76° 86.19+8.02° 119.9946.36° 48.38+4.55% 161.07£14.25° 67.64+3.82%
36256 1641 RERLTE ES- S & ND ND ND ND ND 42.66+3.65° 124.70+10.85° 199.17+9.96* ND
W
37409 1671 KT B B Wé‘jﬁl 660.64+37.99° 686.59+33.64° 119.4548.06° 104.74+2.99° 383.62431.46° 380.71+18.08¢ 1181.21260.83" 364.11£29.49° 22.98+1.33¢
KEBFES
oY)
37762 1680 I = LES HEE. KEE ND ND ND ND ND ND 204.32+14.57° 965.91+74.86° ND
38726 1706 BEES o- T AL FBY HTFHEA 90.48+9.00° 165.73+9.94°% 201.50+5.74%¢ 206.65+16.95™ 146.59+14.44° 124.78+11.60° 155.94+8.34% 227.75+12.41° 464.65+39.73"
39732 1734 CER T B KARAE 42.4343.95% 43 404+2.93°% 52.45+4.20*¢ 55.49+3.55" 58.73+4.58" 54.03+2.92% 50.05+4.03>% 78.94+6.24" 54.033.81%
41373 1781 KADERF B RS ND ND 33.81+1.17° ND ND ND ND ND ND
41714 1791 R LB LB . KREAE 1843.66+50.70 79.79+6.26% 42.29+0.32° 51.56+3.48° 148.61+9.36% 744.72447 29° 694.68+49.67°  2023.37+115.33° 84.71+4.45%
43067 1837 LB R IR KBS ND ND 68.12+4.36° 61.63+4.99° ND ND 49.9243.07° ND 111.79+6.82°
43402 1849 P AR L BS +F& 18.00+1.21¢ 34.86+1.38¢ 19.04+1.88¢ 19.09+1.39¢ 21.61+1.67 53.1343.27° 86.42+12.23" 278.15+16.27° 22.54+1.22¢
44496 1888 FTERTE HA. KRB ND ND ND ND ND ND ND 40.94+2.11° ND
44596 1891 KRB LAY bi%-s 25.55+1.06° ND ND ND 29.9442.11¢ 21.31%1.60° ND 148.4448.16 67.63%5.61°
48308 2047 + 9k L HEE 23.16+0.68'% 30.8242.25%% 17.93+0.91° 27.49+2.24°% 39.5143.22% 61.49+3.72° 126.53+5.95° 278.18+11.13" 15.33+0.94%
49373 2090 +—8 B G 2H. BTE ND ND ND ND ND ND ND 99.54+8.16° ND
5029 2132 + 7B LB - ND ND ND ND ND 18.34+1.01° ND 90.97+8.73" ND
51455 2181 AZAEBL T B g A ND ND ND 27.6242.11° ND 117.14+10.48° 42.73+2.52¢ ND 993.38+69.04°
52072 2207 AZAEB: LG ik A 379.08+28.43° 587.24433.77° 351.88+19.88° 655.38+58.33% 471.52+36.07° 979.06+91.54%  1994.49+138.62°  3847.13+29431°  446.72+36.18°
55102 2336 g g g A ND ND ND ND ND ND ND ND 408.48+20.63"
55619 2358 hER L BS hAgA ND ND ND ND ND 651.19+26.70° 817.15+74.77° 786.99434.23" ND
55878 2369 I 5 EL T B g A ND ND ND ND ND ND ND ND 642.52+46.58"
56413 2392 I bR 2. B% g 709.22+43.26° 526.52+42.12¢ 566.96:+45.64% 675.60+55.74% 608.10+53.21% 618.59+30.62%  1306.49+112.36"  1425.63+113.34*  547.33+30.65
7.887 944 B . BE 2309.45£142.03°  7287.69+575.73%  3445304267.01°  3232.61£223.05%  3497.13+183.60°  7600.62+687.86"  7706.28+489.35" 66433345175  3961.03+235.68"
13328 1110 FTE nEng 37.75+3 42 245.50+24.06™ 64.23+4.34% 76.58+5.71° 34.87+1.19% 254.40+15.01° 213.00+21.09® 241.66+22.23" 22.77+1.54¢
1541 1156 1- T8 HA KRAE 43.45+2.65% 45.54+4.01¢ 32.29+1.81° 32.6142.59%" 40.58+2.62% 21.90+1.24 58.96+2.59° 13.29+1.08¢ 127.92+9.53°
18069 1215 3-FH|-TE BEE. AFALA  38137+2898°  129033+119.36°  503.11+25.66" 964.18+84.85% 252.76+9.23" 2966.66+189.87°  908.35+44.51°  2049.70+191.65°  930.68+81.90¢
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26315 1397 3-FE B, BRAFEE 37.9342.31° ND ND ND 16.33+1.05° 41.34+2.34° ND ND ND
28986 1460 RS FH& ND 135.14+12.50° 136.86+6.98" 143.16+12.60° ND ND ND ND ND
32474 1545 23-T—HB KR FEE 963.68+25.54° 309.93+8.83% 243.83+6.46° 93.02+48.70° 1808.94+98.59°  1997.67+184.78"  693.38+39.18°  1752.47+162.10°  1061.62+104.57"
47432 2010 Ry B 63.15£12.12° 24.86+6.50° 21.49+3.24° 18.04+4.18° 55.89+13.05" 57.45+11.70" 19.71+3.02° ND ND
47990 2034 4- TR ARE TA. &HA 1231.49+51.72°  1392.53+107.92° 88.97+7.96° 44.71+2.95° 490.47+41.20° 303.41+18.81% 205.53£15.83  4737.41+419.26" 153.75+7.38%
50772 2152 4-THKEy BAKE. BHAH 1380.10£71.08° 972.54+93 26 222.00+£2020%  277.46£14.71% 568.70+33.55° 22.13+1.64 29.29+1.95 471.36+43.37° 206.32+13.41°
51.184 2170 ;;ﬁ%}i ;ﬂ; TH. R ND ND ND ND ND ND ND ND 177.40£17.30"
4.981 - PRS- BE. Bk ND 178.62+7.32° ND ND ND ND ND 95.00:£5.46 ND
12.887 1100 +—k% Ko 97.3744.92° 26.75+4.77° 28.28+5.78° 27.92+1.40° ND ND ND ND 22.77+1.81°
17386 1200 +=)% Ko 108.00+£6.48" 41.11+1.36° 57.2743.29% 43.41+2.89° 76.58+7.01° 17.73+1.42° 71.49+6.86% ND 133.44+12.54°
18769 1230 NR-5-4 =¥ Wiz 43.10£6.78" ND 17.30+1.33° 19.76+1.62° 31.21+1.69° ND 24.00+1.62° ND ND
19386 1243 1+= Wz 40.61+1.42° ND ND ND ND ND ND 78.3943.45° 63.64+5.12°
20057 1257 B2+ =¥ Wl 191.97+10.46° ND 77.59+5.82° ND 27.02+1.66° ND ND 63.89+5.69° 81.16:4.75°
21927 1297 +=k% Ko 20.94+0.70° ND ND 8.68+0.56° ND ND 43.1243.67° ND 46.07+4.54°
24562 1357 2-FRE+ =4 Ko ND ND 101.62+6.55 ND ND ND ND ND ND
25574 1381 W= b F. BrAR Bk 22.69+0.98% 21.56+1.84% 17.32+0.49% 18.22+0.83°® 23.29+1.56° 20.54+1.13% 36.88+2.67 66.61+2.90° 76.3243.40°
26445 1400 + ks Ko ND 13.81+0.69" ND ND ND ND 17.08+1.37° 17.99+1.97 ND
30.633 1499 +ak% Ry 44.13+2.65° 82.3145.35" 34.34+1.70° 43.15+2.14% 42.35+3.28% 42.29+3.36% ND 37.55+3.23% 63.35+5.29"
32915 1556 2-F A+ Ak Ko ND 96.21+7.84° 23.22+1.46° ND ND ND ND ND ND
34662 1600 B RB A He TA% ND ND ND ND ND ND ND ND 172.95+11.41°
34668 1600 5k Ko 27.3342.54° 94.64+6.91° 32.1742.22° ND ND ND ND ND ND
38532 1700 +Ek% Ko 17.46+1.42° 45224203 ND 13.07+0.79¢ ND 23.82+1.04° ND ND ND

E: ND AR, -REKRKIA L AR GIFAERR; Bl —AT0 RR F R TH GG ELEHEF.
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Fig.1 Relative contents of volatile substance in different

soybean paste samples
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Fig.2 Score diagram and load diagram of 8 volatile substances
in different soybean paste samples
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FEE, HEHARERA R . S9 HHABRE M)
PR B ETE , 2 HH L A 5 R R 2 A TR 22 o
HH S10 7E£53 73 Bl 5 FARRE S FE S T %, S10 55 S2.
S7. S8 MRV A BRARUE . ] 2b 7]
B, SR ER P AT EEORI IS BRI, Bk
TR, YIS T8 PR M A e
B5R, N PCy HIRFAS & B R RS SR
AR, A PC, MARERAR R,

s PCA 2552, S10 808K Kl d 51.70%51
BRI — T T RHE RO 25, 5HR
Js, S10 HIX VUSRI & ARG, SEELLE
HAR IR SR, S10 TERAZA Bokakdr (il 2),
Horp, 2-BfE A 1232.69 pg/kg T T HARREN,
(p<0.01), FM[EIRME A 45 ng/kg™, MWIEFIHIE
ﬁ(mw>ﬁﬁﬁﬁﬂ%ﬁo&%@tnwoﬁ%,
OAV KT 1 X RRABKRTTHRE, OAV {HH S,
TR S AR ST EE RGP, IR, e
FEATTIAAE S10 At (172.95 pgkg), HARH
BIME A 64 pg/ke™®, OAV {9 2.70, BT FEE .
M B TR KA AT, S10 AR BE 35 d, UM R
SR, TSI R R BUR B 42 d %2545
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VERMEY R S AR —EE R
a 2r
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Fig.3 Scores diagram (a) and loads diagram (b) of 41 common

flavor substances
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Fig.4 Thermodynamic diagram of 41 common volatile

compounds in 10 kinds of soybean pastes

E: BB S S AANT S ZATENATE], BUEMZH
AR BB AL .

B P RIS ZR IR D, 7359 9
AT F, SBAWETUTE A RA BRI AP
D 2 AR Z IR A 22 K5 T R
REH S RAE SN, 12 2 B USRI bR R A

R, B 4 W50, S10 H 2-2.5E-6-FR LS . 2-2,
RIENEn 2,3,5- = FASEIE AR X & B T 2 50RE
UL S10 FA T F 5 I R R Kk, X 5hilfERE
T2 S IR R 2 22 S B R A AR KRR R

75 BEHARAE 10 A S FEAE SR IEFER H 4 F,
HAP@OIARE . 4- 2L ORI K 4- 2 FEK )2 i
S EE R, AR, J5E. H, S10
HHIRT R AR A & S ik 241.69 pg/kg, 7RI
b, (O TR SR, SR OAV {HIA
KT 1, S RRABRTTER, FHrh S10 i = F3E =
FXT & B, N 76.32 pg/kg.

g5 b, S10 BRI R, A PR M A
WIFRREE, ZHEUEH R & & R L e
e, WoEwRYEGECE TR M, Heds10
2P 5 55 B & s T IR S, XA
GABA W 5 AR S TE LA R AR EAFE— 2 %
7 (E 4,

25 A EF G EE I

BEVHNEER R 4) RE, BEEmNERE
PTG R, fEE. B, BRI SRS T5 Y
ARGFR. b, S5 IR IFN S 8m, S10 4K
., FEFWRITH, S10 FURE VNS i T HAREE A
X5 S10 HIZ A BN & R e S B 5 HAh
B RIRAAAEZE AR G S10° S HARRE it ¥ € 35AH
XIFER HGURERAII TR ERa PSS RAT
K, - TR SRR TR

*4 RETINED

Table 4 Sensory evaluation score

oo eF A A WA BEn/n
S1 17.15+1.75 27.49+1.49 37.21+1.21 8.21+1.21 90.65+5.65
S2 18.29+1.29 26.55+2.55 35.74+1.74 8.79+0.79 89.37+6.37
S3 17.80+1.80 27.59+1.59 37.16+1.66 8.22+1.21 90.765+6.26
S4 18.71£0.71 28.16£1.16 37.47+1.47 9.36+0.36 93.7+£3.70
S5 19.414£0.41 27.82+1.60 38.13+0.97 9.53+0.03 94.89+3.01
S6 18.06+1.06 27.99+0.99 36.63+1.63 7.58+1.58 90.26+5.26
S7 17.20£1.20 26.69+1.14 35.72+1.72 7.96+0.96 87.57+5.02
S8 16.92+1.92 27.40+1.28 36.12+1.62 8.57+0.57 89.01+5.39
S9 17.94+0.94 26.22+1.38 35.89+1.01 7.99+0.99 88.04+4.32

S10 19.38+0.38 28.01£1.01 37.45+1.45 8.13+0.31 92.97+3.15

3 g

EARW T, @ 2R bR BRI
VER MR 2H ST TN -2 T R 5% (S10)
5 g% (S1-S9) MLEE MR BHTUERITE . X%

SEFER SRR AT E R, % S pH A
ZERNAK, KBTI -2 5 T IRE %K) pH
HIEH, PR, ZEMRAR (1.13 g/100 g)
Al y-Z I TR S ¥ GABA (1.87 mg/g) SEAMUET
AT FC A HABRE A, B TR A 2 o 3 ] A

257



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

KFFC, IR T T GABA B p-23E T RN AR
7E HS-SPME-GC-MS 43#7 10 FiAS[FISRJE & 3 %
RAERMIE, FEAGI Y 144 FE R M XRIR, $H
FERMEVIFCN 41 B, BLEIES. BA2E. Ee2k. Bk,
FRIS. FE, FEBMFASE, Hrp, WL, BRK.
TR, FIR. D7 RNt B R E AT F
TIRRBE IR . p-Z I T R B 5 I R ks () XA
JRA R T 22 5, HA R IE AR B A B
Frlkrs i, B — 2 TR /7. OAV 5K
T 1 SRR, 2-FRE T, 31 TS
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