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Abstract: Electronic nose, gas chromatography-mass spectrometry(GC-MS), amino acid analyer were employed to
investigate the flavor substances and amino acids of thirteen kinds of natural plain fermented soy sauce. Meanwhile,
sensory evaluation was combined to analysis the components differences of different products.The results showed that raw
materials and fermentation technology were the main factors leading to different flavor and quality of soy sauce. According
to the analysis of physical and chemical indexes, the change of ethanol and total sugar content in different products were the
most obvious. Ethanol, nitrogen oxides and inorganic sulfides were the main material bases of flavor differences in soy
sauce. The free amino acid composition of soy sauce not only had a significant impact on the flavor characteristics of soy
sauce. but also directly or indirectly affect the flavor characteristics of soy sauce, such as umami, salty, sweet and sour,
together with sugar, acid and total nitrogen. According to the comprehensive analysis, when amino acid nitrogen was
greater than 1.00 g/100 mL, total nitrogen = 1.80 g/100 mL, the sugar content was higher than 6.0 g/100 mL, the sugar/acid
ratio was 3.40~5.80, the free amino acid content was higher than 60 mg/mL, soy sauce flavor quality would be pleasant.
The results of this study were helpful to supplement and improve the flavor fingerprint of soy sauce, guide the establishment
of quality evaluation standards of soy sauce, and could also be used to evaluate the production process and technical

conditions and guide the actual production.
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Table 1 Information table of thirteen kinds of
high salt soy sauce
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Table 2 Corresponding aroma types of different sensors
of electronic nose
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Table 3 Routine indexes of thirteen kinds of natural plain fermented soy sauce (g/100 mL)

75 B HAERER Akl Al ZEE(%) TEE Y Hidh
Sl 1.98+0.02 1.04+0.02 17.61+0.08 1.59+0.02 5.25+0.08 0.65+0.03 18.89 0.23
s2 1.65+0.02 1.09£0.01 18.0620.10 1.72+0.01 9.26=0.19 2.94£0.02 19.25 0.20
S3 1.65+0.01 1.17+0.02 16.85+0.06 1.85£0.02 9.13+0.22 0.96+0.04 20.13 0.28
S4 2.2240.02 1.04£0,02 17.6120.05 1.81£0.02 9.50+0.16 1.28+0.02 19.41 022
S5 1.56+0.02 1.13+0.01 16.55+0.10 1.7220.01 12.200.11 1.90+0.02 19.75 0.25
S6 1.75+0.01 1.23£0.02 16.70£0.10 1.96=0.02 6.40=0.09 2.82+0.01 21.54 0.30
S7 1.65+0.01 1.20£0.01 15.80+0.06 1.95+0.02 5.26=0.11 1.63+£0.03 21.22 0.29
S8 1.98+0.02 1.06+0.01 15.35+0.09 1.81£0.02 5.95+0.12 3.89+0.04 19.69 0.27
59 1.80£0.02 1.25+0.,01 16.55+0.08 1.99:0.01 6.20+0.25 2.73£0.02 21.54 0.30
S10 1.70+0.02 0.98£0.02 17.010.10 1.78£0.01 4.75£0.18 2.10=0.01 19.88 0.20
Sl 1.94+0.01 1.18£0.02 15.05+0.05 2.00=0.02 6.25+0.22 2.13£0.03 20.89 0.28
S12 1.75+0.02 1.08£0.01 16.10+0.06 1.92£0.02 10.20£0.23 2.74+0.01 20.14 0.24
S13 1.80+£0.02 0.82£0.02 17.4620.04 1.53£0.02 7.25+0.19 4.10£0.02 17.88 0.19
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Fig.1 PCA analysis of electronic nose and load analysis of thirteen kinds of soy sauce
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Fig.2 Composition and cluster analysis of volatile flavor substances of thirteen kinds of soy sauce
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FEFZZH B n] 1, A5 2R AN [A] = P AR R S5
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BER TAV (B AK R 21.94, i ik 43 07 & | B, 3
TAV {ELAHRT & 43 Fen] H1, S4 B 5, SR FITS T TAV
FfIK, S5, S6. S7. S9 VUKL M FETAFIPTIR TAV g
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Table 4 Contents of free amino acids and TAV of 13 kinds of soy sauce (mg/mL)

g HAER A s1 52 s3 s4 S5 S6 §7 58 59 $10 S11 $12 SI13
KAE 3754036 5.03+0.55 3.08+028 2.35£025 4.532042 583058 4512045 5995068 5.70=0.60 4.87=0.44 462048 6.92:0.75 4.04:0.40
ik N 898087 13455092 8.67+0.63 40052098 21.39+0.78 22.45+0.70 32.16:0.91 9.34:0.89 23254099 7532029 1418086 9.5320.62 537+0.76
TAV 33.68 49.86 3198 13585 75.43 80.66 11171 3712 £3.20 29.97 51.89 38.69 2194

TAV & H(%) 44,80 54.15 43.20 84.21 67.65 62.65 74.19 45.79 62.93 39.20 57.44 40.69 41.53
TERE 3264026 2.94+0.20 3,57£026 2124022  2,19:0.21 3274028 2.60:0.28 3.24:0.30 3.65:0.37 2912020 3.18£023 3.54:0.32 1.84+0.15
Haag 228£0.21 2.614£0.20 2.9:025 [31+0.14 1.83x0.15 1,78+0.16 1.82+0.18 2.00£0.20 1.52+0.17 2.0420.19 1.9720.18 3.14£0.33 1.21+0.14
a S 2524018 2704025 2.77+027 1.65£0.19 234+030 3.01+028 248:028 296:021 2.97:029 2672020 2.62+029 3.50:033 2.14:0.22
Eetnls 3044031 3254030 337+039 2044027 2764029 3554034 2.88:021 3.63:035 3.57:038 3.19:035 3.19:034 4042041 2.50:0.23

TAV.EL 10.30 10.48 11.32 6.63 8.55 11.12 9.15 11.28 11.32 10,12 1027 13.00 747

TAV 5 (%) 13.60 11.51 18.23 3.90 7.04 9.15 5.96 13.11 8.65 14.82 9.73 17.31 2541
SR 3424033 3562026 3.73£040 2224021 3262033 4.02+041 3332038 3962037 4132046 3.66=030 3.562031 4172043 2.58+028
FLERE 5.06£0.52 5224056 5.58+:048 3.37+0.32 470048 5.70:0.61 4.84:0.59 5.82+0.53 5.95:0.52 5.36+£0.59 5152042 5.43:£038 3.86+0.32
AN 3.08+0.28 3.19£030 2.95£028 1.99+0.18 2834021 3444032 2.89:021 3342036 3.59:0.25 3232031 3.012025 3.82:036 2.330.19
R 1744001 1.64£0.15 1.2140.11 0.8320.03  1.2820.05 1.5540.08 1.62+0.10 1.24£0.11 1.5220.15 1692012 1.0320.11 2.1120.16 1.08£0.15
W i) 0.75£0.06 0.74£0.07 0.96£0.10 0464005 1082011 2.65£0.23 0.58:0.07 0.91£0.10 2.40:0.22 2.72:0.26 0.67+0.09 3.15£0.31 0.75:0.09
VPt A 0.86+0.06 0.80+0.07 0.92+0.10 0524006 0.59+0.08 0.78+0.09 0.81=0.05 0.99:0.12 0.97=0.10 0.93+0.09 0.82=0.11 0.99+0.10 0.69+0.05
2 3304026 3544032 3.73:033 2.23+0.26 3.18+0.32 4014039 3.32:0.25 4.07+033 4145041 3.56:030 3.58:036 4.60:0.44 2.69+0.22

TAVEF 3120 3174 30.72 18.83 27.72 36.96 29.72 3267 37.69 3637 2818 4339 2341

TAV 5 H(%) 41.50 34.47 41.50 11.67 2473 28.71 19.74 4029 28.51 47.57 31.20 45.64 4432
E= 1264026 3.50+033 3.29£041 23972098 3225033 3.79+029 4812045 3782029 3762033 3.1420.29 3702036 3.71=0.52 2.7320.33
o i AR 3.66£0.41 3294033 3874042 2104025 3.17+0.25 37420330 3332029 3.50=0.35 3912036 3.10:0.29 3.09:041 4392050 2.51£0.32
B 0544006 0.63£0.08 0.46£0.06 0.7840.10 0.43£0.050 0.66£0.06 049:0.08 0582005 0312006 0.6720,08 0.95:0.10 0.8120.09 0.99+0.11
AT E RO 1504 13.21 14.92 30.53 11.60 11.65 11.91 14.19 11.19 13.46 13.99 13.95 16.69

S 49,59 56.15 51.07 87.98 58.77 70.21 72.45 55.34 71.34 51.26 55.31 63.82 37.29
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Table 5 Sensory evaluation form of thirteen kinds of natural
plain fermented soy sauce

5 & LS
S1 i, A, & U LR e T SRR
S2 R . Al FUBSBRIGE, @F i O, WA 7k

S3 A WdE | WL, G el
S4 A B e L, g &f

S5 (L v e I AEE 3, I

S6 BRr . BT PR R | el s
s7 4 F TR 1R IR ff RIS 1

S8 METr . BETFHCAR TR MEIEE , ff R — i, By
S9 R . A el gL | i, R I 1
S10 A e P e 5 i i

Sl W FEMHAB, Mad , BFaeR
s12 Her . BETRIRAD
S13 g ETH

g e 5L, Sef s, L1RRE ., B,
Fifwke H, BERIHE AR
R L, Wi e A Jale e s 0] J

il 5 PGBV E PP G A T 1, S2~S12 45
11 ARE SRR e ts, ST FI S13 BF S5 5 i 4
22, TUREIE Dy R A BH b, SRR 2E . (kg
A SRR 2 B (5% 4) FE RLERAEFEdR (22 3) AT,
S1 Fl S13 K& f e FIFHBR 23508 & 1 At
B, H ST RSB/ MR (B it/ . [FIEE, BL8R ST ORI
S13 BEAh F ik S ST RSO, (B il P
AR AL &b, ot e e th . g5
4% 12 A EES AL RS AR 2 RE R 2 G rT 0, 29
WA= 1.00 g/100 mL, % = 1.80 /100 mL, Hl
Pt =6.20 g/100 mL, H§/E L E AE 3.40~5.80, i
ZHEE B = 60 mg/mL, T RUME St BT e fE (AN R
KR 5 At T = [l AR BEAE D -
3 &g

ASWFFT FR G LL g 1 Y 32 Y R IR I AR 4
PERUE R E R L, I IR E V. G5
Bl e T XU A A R 2 5, B2 ORI B T 2055101
2, SR B 2EAST . L5 LAl A, ST ke bR 2 18]
TG AR G, ASIE] P & CEERLEA & e At

. LM, ARG ) SR A i b i X
R 22 5 19 B AR . HE T U S RS R L AN
R ik B R AR AT o S RE ), (W) A 4R mi A] 422
W R | A GRS L [R) 5 v R v A | R, BT MR
PREFIE . LG BN N : HFEM AR E A =
1.00 g/100 mL, 4= % =1.80 g/100 mL, ¥ ¥ & =
6.0 g/100 mL, Bli/FR LL{EAE 3.40~5.80, i 252 L% &
it = 60 mg/mL, I, Wi XU S TThe . (IR T4
SASIN A B PR | 0 B S5 SO0 6 ik o SO (AR
PR ) RS2 EE3E— AT HAE L.
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