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Abstract: In order to explore the effect of different pretreatment processes of raw materials (soybean) on the flavor of
Zhaotong soybean paste, the amino acids and volatile compounds of Zhaotong soybean paste were analyzed by steaming at
115 C for 10 min (S-10), 15 min (S-15), 20 min (S-20) and 25 min (S-25), and frying at 180 °C for 5 min (F-5) and 10 min
(F-10). The results showed that there were significant differences in amino acids and volatile components of Zhaotong
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soybean paste pretreated with different raw materials. The score of Zhaotong soybean paste treated with F-10 was the
highest, 89 points, and the total amount of amino acids was the highest in the S-15 treatment group, 29.314 mg/g, included
14.196 mg/g of essential amino acids and 15.082 mg/g of flavor amino acids. The second was the F-10 treatment group, the
total amount of amino acids was 28.570 mg/g, of which the content of essential amino acids was 13.047 mg/g and the
content of flavor amino acids was 17.949 mg/g, and the content of fresh amino acids in the F-10 treatment group was
15.067 mg/g, which was significantly higher than that in other treatment groups. Different pretreated Zhaotong soybean
paste also showed great differences in the content and distribution of volatile components. The volatile components in
Zhaotong sauce were mainly composed of olefins, alcohols and esters. The relative content of alcohols in cooking group
was higher, up to 17.29% in S-10 group. The relative content of esters in frying group was higher, and phenols were
produced. The highest relative content of esters was 12.74% in F-10 group, which was 3.72%~6.91% higher than that in
other groups. A total of 12 common components were detected in all samples, of which anethole contributed the most to the
flavor, accounting for more than 50%, followed by (+) terpene diene y-terpinene, eucalyptus oleanol, n-pentadecane,
linalool, linalyl acetate, terpinyl acetate oa-terpineol, 4-methoxystyrene, anethole, phenylethanol and p-isopropyl benzyl
alcohol. These substances mainly present fragrance, licorice, fruit and flower fragrance, which form the common basic
flavor components of Zhaotong soybean paste. This paper compared the flavor quality of Zhaotong soybean paste pretreated
with different raw materials, so as to provide reference for improving the development of local soybean sauce industry and
popularizing local plateau characteristic agricultural products.
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Table 1 Sensory evaluation standard of Zhaotong soybean paste
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Table 2 Sensory evaluation of Zhaotong soybean paste with different pretreatments
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Table 3  Effect of different pretreatments on amino acids in Zhaotong soybean paste

Sk FHRR 5 (mg/g) g
= N
S-10 S-15 S-20 S-25 F-5 F-10 FFAE
AR 4.035+0.012° 5.122+0.014° 3.905+0.011%* 3.888+0.018° 3.689+0.018° 3.618+0.021° Tohk
RN 3.332+0.030° 3.443+0.021° 3.291+0.024* 3.113+0.030% 3.178+0.033% 5.432+0.027° Ik
SLETR 1.178+0.005" 1.134+0.005® 1.1120.003° 0.943+0.010° 0.901£0.008° 1.854+0.009¢ Tk
SR 0.020+0.001° 0.024+0.002° 0.0250.002° 0.023+0.001° 0.015+0.001° 0.012+0.000° T
AR 2.912+0.003" 3.354+0.005" 2.906+0.006" 2.918+0.008" 2.921+0.009" 0.052+0.008° T
iR 0.696+0.001° 0.854+0.001° 0.643+0.002° 0.623+0.000° 0.623+0.003" 1.865+0.002° T
IR 0.254+0.004° 0.265+0.004° 0.234+0.004* 0.234:+0.003" 0.232:0.004° 0.214+0.004* Bl
PR 0.1210.002* 0.446+0.002° 0.113+0.002* 0.1170.003" 0.116+0.003" 0.006:£0.002° TJok
ik 2R 2.653+0.015° 2.887+0.011° 2.684+0.007" 2.689:0.009° 2.693+0.008° 1.976+0.008" TR
REAR 3.426+0.005" 3.543+0.009" 3.324+0.011* 3.433+0.008" 3.443+0.010° 4.536+0.008" fif g
PEZ =) 2.37240.006° 2.472+0.007° 2.143+0.010° 2.165+0.011° 2.156+0.008" 2.4372+0.004° LS
HEER 0.0110.002" 0.544+0.002° 0.654+0.001° 0.764+0.001° 0.324+0.001° 1.901+0.002¢ LS
HEE 2.03240.010° 2.23340.008° 1.653+0.009" 1.663+0.007° 1.355+0.005¢ 3.123+0.006¢ fif Ik
WA 1.056+0.001° 2.432£0.002° 2.654+0.002" 2.344+0.005° 2.457+0.000° 0.981+0.001° G
AR 0.3200.001° 0.435+0.002° 0.467+0.002" 0.476+0.002¢ 0.487+0.001° 0.423+0.000° FUN
AR 0.008+0.000° 0.103+0.001° 0.112+0.001° 0.003+0.000° 0.00120.000° 0.14+0.000¢ FUN
[N 0.0160.000° 0.023£0.000° 0.022+0.001° 0.023+0.001° 0.021+0.000° ND Tohk
EAA 12.427 14.196 12.116 11.742 11.559 13.047
NEAA 9.241 11.785 11.029 10.871 10.244 13.541
SAA 2.774 3.333 2797 2.806 2.809 1.982
DAA 12.510 15.082 14.260 14.006 13.450 17.949
TAA 24.442 29314 25.942 25.419 24.612 28.570
EAA/TAA 0.5084 0.4843 0.4670 0.4619 0.4696 0.4567
FHR S LR 3.693 5.713 5.685 5.507 5.169 5.533
PRSI MR 8.79 9.219 8.268 8.209 7.976 13.091
TR AR 7.787 8.791 7.949 7.675 7.641 6.322
ToR AR 4.172 5.591 4.040 4.028 3.826 3.624
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Table 4 Analysis of volatile compounds in
Zhaotong soybean paste

BN A 7 (%)
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Fig.1 Venn diagram of volatile compounds in Zhaotong soybean paste
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Table 5 Relative content of volatile compounds in Zhaotong soybean paste with different pretreatments

AEXS B i (%)
CAS s B SR
S-10  S-15 S-20 S-25 F-5  F-10
fifzk
115957  C;,Hy0, LIRS HERR 532 612 473 397 332 155 MER AR EARIEEE
80-26-2 C,H,500, ZIBHS TR 093 1.14 085 076 076 053 RFEFAETTIR
628-97-7  CisH360, FRAEER 2 e ND 018 ND 013 034 128 SRR RETHEE S
544-35-4  C,H;0, (2,2)-9,12-F /\Jt — IR Z T ND 066 ND 027 137 492 DNC
105-87-3 C,H5,0, AR ND 012 ND 025 0.I1 ND Iﬂtiﬂﬁﬂa'ﬁﬁz\%ﬁ%ﬁ%fa L
4192-77-2  C;jH,0, SRR £ T ND 039 ND 009 ND ND DNC
112-63-0  CjoH3,0, RVAT TN 025 015 ND ND ND ND DNC
111-62-6  CyH30, TR Z e ND 015 ND ND 0.4 ND BEEEFS
101-97-3  C;oH,0, KRR ND 011 ND ND ND ND AHELMTR S
16409-44-2  C,H,(0, J2-3,7- 1 3-2,6-3F I L FRTG 022 ND 003 ND ND ND DNC
2462-85-3  C,oH;,0, T /\B5-9,12- 45 TR H iR ND ND 009 ND 034 064 DNC
7619-08-1  C,oH;40, AR 2 g ND ND 013 ND ND ND DNC
105-54-4  CgH,,0, TR ND ND ND 024 011 072 W HR
65611-32-7 C;H,;,ClL,0, “HA LR TR ND ND ND 016 ND ND DNC
7452-79-1  C,H,,0, 2-MIET R ND ND ND ND 026 032 TR Eﬁ%ﬁlﬂ%mﬁ@%ﬁ
119-36-8 C4H,O,4 TR A% IR T g ND ND ND ND 016 031 KHMEIR
124-06-1  C;¢H3,0, R H5E R TR ND ND ND ND 0.1 02 TSRS AT
103-36-6  C,H},0, RHERR 2B ND ND ND ND 021 038 POEERIEARESURBGETIEIR
1191-41-9  C,H3,0, S RKTR 2T ND ND ND ND 019 048 DNC
6114-18-7  CyH;40, SR 2. Be ND ND ND ND ND 141 T R LIRS R
470-82-6  CyoH,s0 eI 175 063 091 229 18 1.54  FERESUERIE Y R 25 RGE
78-70-6 CoH;s0 Jy R 6.44 464 477 645 423 526 AT (Fhris) ik
98-55-5 C,oH 50 o~ 127 13 136 126 091 1.3 THEES
60-12-8 C¢H,00 KL 212 061 219 067 02 035 BORAERAR S,
536-60-7 C,H,,0 Xof S PR A F e 046 033 049 038 024 023 DNC
118-71-8 CeHO; E3oa 034 032 059 026 02 ND SR YR AR
17699-16-0  C,H,40 (2R,5R) élq] O%és,gik_’%g'%ﬂ g 032 04 037 022 ND 046 DNC
18679-48-6  CoH 0, 13.3-= %&Q%if‘;ﬂ #222] 02 018 027 014 ND ND DNC
123-51-3 CH,,0 3-FBE-1- T 037 016 058 052 ND ND R AR
3391-86-4  CgH O 1-3F4f5-3- 1 035 119 02 054 ND ND otk
562-74-3  CjH;s0 A-ifi e 226 217 173 ND 1.7 ND HAME. REFRBREGAMA
40716-66-3  C,sH,0 S A AL 017 006 021 ND ND ND DNC
7299-41-4  CyH,;0 S B ND ND 015 ND ND ND DNC
34995-77-2  C;oH 40, (B)-k M 35 i A4 026 ND ND 032 ND ND DNC
20126-76-5  C,H;50 (=) -4l i Pt ND ND ND 276 ND 174 DNC
589-98-0  CgH;O 3 00 ND ND ND ND ND ﬂgﬁ%ﬁfﬁ?
5089-333  CpgH0, s ]Er,ﬁ.%;ﬁ?@? WAL g5 Np ND ND O ND ND DNC
100-51-6 C,H;0 A 009 ND ND ND ND ND T AT 7 SR
515-00-4  CH, O  6,6-—HILTIF[3.1L1FE-246-2-HEE 02 ND ND ND ND ND AR AN BT A
7299-40-3  C,H,{O 15-F3-do-(1-F 3L 2558 IR O 0.51 ND ND ND ND 0.43 DNC
107-18-6 C,H0 g ND ND ND ND 076 ND DNC
27644-04-8  CjoH ;O 3,3,6-= B BR-1,5-—0f-4- 5 ND ND ND ND 019 ND DNC
5989-27-5 CoHyg (+) 5 4 146 059 065 178 134 07 EHEFES
99-85-4 CyoH6 PRI 099 067 053 157 106 041 HHEAF A

637-69-4 C,H,,0 4-F IR 2 271 066 1.83 087 108 1.09 DNC




318 - B Tk B4 20224 2 A

. AHXT (%) ,
CAS AF FFR BUEER
S-10  S-15 S20 S25 F-5  F-10

629-62-9 CsH;, E+ Tk 212 3.07 209 213 078 042 DNC
123-35-3 CioHy6 AR 065 035 065 137 047 ND HEERMEIRS
13474-59-4  Cy5Hy, (18,5 i@f]?)é)zyiﬂr?ﬁlé] };g_'z ?-3-& 042 049 05 07 025 ND DNC
87-44-5 CysHyy -7 106 134 092 098 052 ND THERIA®
30021-74-0  CysHy, y- I 09 079 112 051 031 ND DNC
104-46-1 C,oH,,0 [EES] 57.63 6296 63.18 5775 69.16 65.41 [N i N S R
515-13-9 CysHyy PHE N 068 071 063 064 ND ND DNC
112-40-3 C,Hyg + ke ND 015 05 033 ND 032 DNC
3338-55-4 CioHje (2)-3,7-H3-1,3,6- /=4 027 022 017 ND 0.2 ND DNC
488-97-1 C,oHy6 1,3,3-= R =¥[2.2.1.02,6] it ND 027 045 ND ND ND DNC
99-87-6 CioH,y 4-SEFEH 2R ND 015 003 ND ND ND DNC
629-50-5 C5Hyg E+ =kt ND 007 011 ND ND 029 DNC
10219-75-7  CsHy, A ND 054 ND 053 ND ND DNC
3856-25-5 CisH,, (-)-a-JE) 024 02 ND ND ND ND DNC
25246-27-9  CsHy, R ND 1.77 ND ND ND ND DNC
18252-44-3  CysHy, (IR, zﬂsz, Sﬁsg__z i;ﬁﬁﬁfﬁ% g %3 Wb 05 ND ND ND  ND DNC
473-13-2 CysHyy o-FrF N ND 012 ND ND ND ND DNC
100-42-5 C H, KL 031 ND 037 026 ND ND AR
18252-46-5  CysHy, (IR. 5%’7_65 )5%§§%£%42ﬁ?§m3 014 ND 054 ND ND ND DNC
23986-74-5  CysHy, (1E, 6E, ssa)ggfﬁ 1%?5;1%8( FIE 04 Np o 0st ND 023 WD DNC
489-40-7 CysH,, (-)-o- T 250 ND ND 18 ND ND ND DNC
129940-62-1 CygHyeN,0; > lo*gﬁ%ﬁig(ﬂ%%?;glu* ND ND 027 ND ND ND DNC
99-86-5 CioHyg a1 I 015 ND ND 049 027 ND AAMEAF USSR
3387-41-5 CoHyg el 092 ND ND 08 084 ND DNC
586-62-9 CioHyg W AR 024 ND ND 0.3 0.2 ND ARES MR
527-84-4 CioHyy KIS TSR N 037 ND ND 055 024 ND DNC
13877-91-3 CioHyg 3,7-—HI3-1,3,6-3 =K ND ND ND 0.46 ND ND DNC
3691-12-1 CysHyy o- T BIAE ND ND ND 107 ND ND DNC
18172-67-3  CoHyg (-)-p-IR4 034 ND ND ND ND ND DNC
1560-84-5 C, Hyy 2-HEE = A 0.09 ND ND ND ND ND DNC
39029-41-9 CysHy, P-FEANG 048 ND ND ND ND ND DNC
20071-49-2  C;sHy, (+)-y-Th i 009 ND ND ND ND ND DNC
489-39-4 CysHyy (+)-F R I 188 ND ND ND ND ND DNC
19898-87-4  C,H, O 1B, 4-( 1'm%§§ )- (IR, 48)2-3% 024 ND ND ND ND ND DNC
6380-23-0  CjoH,,0, 34-“HESIK O ND ND ND ND 014 021 DNC
4630-07-3 C,sHyy ELAE P AR ND ND ND ND 021 ND HAE IS
4180-23-8  C,,H},0 [EEg ND ND ND ND 053 ND AR, A Fitk
629-59-4 C,H;0 IE+ ke ND ND ND ND 007 ND DNC
80-56-8 CioHyg a-JRH ND ND ND ND 013 ND FABEREA I
1184-60-7 C,HF 2-F N ND ND ND ND 028 ND DNC
499-97-8 CoHye -3 H 3-4-(1-H B 25 50 PR T bt ND ND ND ND ND 048 DNC
W2k
100-52-7 C,HO IR ND 133 019 311 059 1.8 IR R
590-86-3 C,H,,0 3-HEETE ND 022 ND 027 ND ND ISRk HR
124-19-6 CoH,40 TR ND ND ND 011 ND 0.8 TR AR AT SR
122-78-1 CgH O KB 016 ND 132 105 ND ND AEAMFR
110-62-3 CsH,,0 TE S ND ND 053 ND ND ND FER IR

151-10-0 CgH,,0, 517 e 045 035  0.63 ND ND ND DNC
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AHXT B 1 (%)
CAS T 4 SIRERAE
S-10  S-15 S20 S25 F-5  F-10
1515-95-3 C,H,,0 4-7 IR ND ND ND ND 056 0.6l DNC
140-67-0  CyoH,,0 A-JTN L T k ND ND ND ND 1 0.5 BEREEFLES
91-16-7 C4H,(0, LRI ik ND ND ND ND 021 033 DNC
150-78-7  CgH,,0, ol 2 P ik ND ND ND ND 005 ND #FETERFEHBE. e Ra
[[EEN
1125-21-9  CgH,,0, 2,6,6- = HI 32 M- 1,4- ND 027 ND 026 ND ND MG 2%, MR
590-90-9 C,H,0, 4-F -2 T T ND 031 ND ND ND 148 DNC
1073-11-6  C;H,,0, 5- 2. k-5 - H B D A vk -2 - i ND ND 0.4 ND ND ND DNC
471-15-8 C,oH,0 (—)-"T M 0.1 ND ND ND ND ND DNC
S
90-05-1 C,H,0, A1 AR LR ND ND ND ND 019 031 HRFIR S A AR
2785-89-9  CoH;,0, 4-2 - 2-F S FE IRy ND ND ND ND 031 052 FE R 2 UE S
123-07-9 CgH,,0 4-Z IR ND ND ND ND 026 052 KRB, BIMENER
HE
78259-41-3  C,,H;s0 HAFR 026 02 037 ND ND ND DNC
4289-95-6  C,oH;;NO, N-HfE-DL- AN & 2 ND 069 ND ND ND ND DNC
6628-79-1  C¢H;(04 3-F -4 R ND ND ND 037 ND ND DNC
109-99-9 C,H;0 VY &k 021 ND ND ND ND ND DNC
123-32-0 CeHeN, 2,5- - JEnkie ND ND ND ND 025 032 AEAEFESHIRETT. Fhimxuer
14667-55-1  C;HyN, 2,3,5-= HI BLn e ND ND ND ND 013 05 Al IGRE bR T AR AR
1124-11-4  CgH),N, 2,3,5,6- U H LN ND ND  ND ND 005 017 mgﬁi‘%ﬁéﬁﬁﬁﬁkz
53185-52-7 CgH,;NO, N,N- -3 F UL ND ND ND ND 018 ND DNC

T NDFIR A H; DNCFIRAHE

21, I AR S-15 ZiSh i TH 288 4. Kb
ZH (F-5. F-10) Irdefa iHE R RS 26 B, Hrh 2R B
BT SR A IR, AR 2. TR S 0 A . SR B
mEFR, LR MR R BEIM SR IR S H/ X
BOERAR, 2-H L TR L BR 2 SER By | P 8 AR
ST R TR, 2,5- I R R AN 2,3,5- = T Ltk
MR SRS IE A TSI v S L ST W XUBR
2,3,5,6-PU F BLnk e A 4= PR FURE g 75 RN R iR
R, 4-H PR SR kA R TRT A LA A<, KA TR FH IR AT
AT IR, AR AR IR I SRR TS AR, T
iR 2 BREEAR . SR S FNEIELR, 4- 2, 3-2-F 4
FEOR My 5 A o BRI 2RI, 4- SR A AR -1y
B, RAEIR £ TR 52 R R 5 =R
P, BEAC VY WAG A AR LSS, T A M 2 T
S IEE WO b e ] i SN g M W i1 NP S 8
AR, a-URIGA FAREFFA MR, SIMPR 2166 16
T REFLUSAMARR S . FHIL AT, Kb 4] FEm
WA R R ) R i 2 TR A A, e AR 2
JEE PR 45 S, F-10 4 AR 3 TEAS 455 28 45, 7
BRASS3 27 43, Wl ks T 20 n075 45, BElTRb il 2R
M P P AR SR, TR,
24 AREMAETZIBEENEXMR PCA 51

AN [F)FRUALS BT B 0 4 2 e AU 2 S RN (R A
ARZSFUE 2 iR, R PCA £I0AE = GeiT o017,
&l 2a AT, 252 B PR AR EAS B 99.76%
iy Bt 2= R iR, 18 99.53% 1 PCA1 Fl1 0.23%

1 PCA2. n W] 288 40 S50 il 2H 14 25 5540 4
HA i, 788 20 A 753 15 min(S-15) 52535 20 min(S-
20) Z A 2ZESEUN . KBl 2b T] 045 2H I 5 2 BE R
FUFFIEAREE 66.91% 1 SR 1T25 Sldiiig, 6175 44.23%
B PCA1 Fll 22.68% 4 PCA2, &bl 4H (F-10) F2 30 HY
HH ik 4 25 50

B TP A SR R M AR ) T S L R R EAT
B H A Y 220, Wang SOV £ bt bR 45 %
SYHEAT T HREL, O 46 PR RMALG AT T M,
ZEIRK IR EZEAR R A G IN05REE, R e
fig2s, SHaRECE R IEARSE, 45 R Y SRR A0AR
FPERISELLANE 3 Fias, B2 5 IR AR | 7R
FIEIL 5 035 (P<0.05) TaAH G, el Sy
JoT | MR A R L B AH OGP s RS Sk | IR R
AHICTE; BRZS SRR LR . BEREILIR . EAA 2 1E
FHSEPE, 5 DAA . NEAA 2 i 3 (P<0.05) IEAHE1E,
DAA 5 NEAA 2 3 (P<0.0 1) IEAHEM:, Hi s
SRR AR W (P<0.01) IEAHCHE, S5 R 53k 2.,
2 4 SR 5 AR SEAARSY
3 ZEip

XoF AR [R] FAR T 20 0 3 e 1 B B P4y L Sk
Wi e A R M LT BEA TE ST, IR PCA o078
G T, ARG, AS[R] ok A ) i e
URT PR, EIERAHE LA rE B 2257, K
TERZ 5 180°C TP 10 min(F-10) 405 1) IF9 3 %
PPy s, S 89 43, 115 °C Bf7KZE 15 min AL (S-



- 320 - Tk R 20224F 2 A
a o, P J= 5 2R . AR IR . FRAEIR L KR . KA

LA AR . 225 IR N 2R AL A, Tkl b B i s i

. FEEMR . AR . H &R S AR R, R .

T 00 25 Pk A PR AN Z R AH X B . IR B B e =i o S-15
g Samples AbFRLH, “A 29.314 mg/g, HiFdt EAA £ 14.196 mg/g,
g o [@ S-10 DAA & & 15.082 mg/g; H: ¥R iy F-10 &b PR 4H , Ky
g s % gé(z) 28.570 mg/g, 5 S-15 AL PRLA P2 T, Horb EAA & it
® F-5 13.047 mg/g, DAA ¥ & 17.949 mg/g, 1M H. F-10 4k

. @ F-10 P2 R S R A i 15.067 me/g, W T

- 0 - EARBRLH, 17745 75 A4 I P ik | IR | R AN

—0.45 -0.43 —0.41 -0.39

PCAT (99.53%)

—0.50

|
e
[
G

T

e
=3
S

PCA2 (22.68%)

—0.25 F-

—6.2 OjO Oj2 014 0j6
PCAI (44.23%)
2 SRR P PCA 43HT

Fig.2 PCA analysis of Zhaotong soybean paste
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