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Quick Analysis of Aromatic Components in Soy Sauce with Liquid-liquid
Extraction-gas Chromatography-mass Spectrometry
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Abstract: In this research, the aromatic components of soy sauce were rapidly analyzed with liquid-liquid extraction-gas
chromatography-mass spectrometry (LLE-GC/MS) . After optimization with single factor and orthogonal tests, the optimum
extraction conditions with methylene dichloride as extractant were decided as follows: the solid-liquid ratio was 1 : 1.5, and
the extraction time was 30 minutes. Under the optimized conditions, 79 and 94 aromatic components were separately identi-
fied from the head-pumped soy sauce and the raw soy sauce. After further analysis and comparison, it was found that the
aromatic components of the two kinds of soy sauce were quite different. The main aromatic components of the head-pumped
soy sauce are acids, accounting for 28.04% of the total content;the highest contents of the head-pumped soy sauce are 4-
hydroxybutyrate, isobutyric acid and 3-methyl-2-pentanol; D-alanine is the unique component of the head-pumped soy
sauce. Alcohols are the main aromatic components of the raw soy sauce, and the relative content is 39.45% . The highest
contents of the raw soy sauce are 1, 3-octanediol, 1, 3-butanediol and acetic acid. Aldehydes and sugars are the unique com-
ponents of the raw soy sauce.
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Fig. 1 Comparison of extraction results with different
solvents
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Fig.2 Comparison of extraction results with different
solid-liquid ratios
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Tab.1 Orthogonal experimental design and its results

ST A B C/min Y/Fh
1 LR TR 1:1.0 20 52
2 MR Tk 1:15 30 69
3 MR Tk 1:20 40 57
4 R 1:1.0 30 58
5 TR 1:1.5 40 70
6 TR 1:2.0 20 63
7 ECkE 1:1.0 40 48
8 ECkE 1:15 20 51
9 IEC kL 1:2.0 30 55
ki 59.333 52.667 55.333
ks 63.667 63.333 60.667
ks 51.333 58.333 58.333
R 12.334 10.666 5334
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Fig. 4 Total ion flow diagram of fragrant components in
two kinds of soy sauce
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Tab.2 Analysis results of aromatic components in two kinds of soy sauce

. o " - g i/ (mg L)
LY B CAS & AT 43I i BEHN LK S T
107-88-0 90 1,3-T B2 — 1477.50
118-71-8 126 Edai 430.00 300.00
123-51-3 88 SEIRmE G- H-1-T %) 237.50 1135.00
150-86-7 296 T 45.00 —
19780-33-7 214 -2 H- 1 20.00 —
23433-05-8 146 1,3—% — 2345.00
24621-61-2 90 S)—(+)-1,3-T = 1 862.50 —
27583-37-5 116 3-FRE-1, 2-FR b Y — 12.50
30385-19—4 126 1,7 -3 — 637.50
36653-82—4 242 i T — 257.50
s 3913-02-8 186 2- TR 1 — 40.00
501-94-0 138 POpE"S 130.00 155.00
505-10-2 106 3-HR A B 187.50 415.00
565-60-6 102 3-HI L2 e 1 867.50 72.50
57-55-6 76 [t 137.50 —
60-12-8 122 T 20.00 690.00
623-39-2 106 3-FAEHE-1, 2T % — 630.00
628-99-9 144 2T — 40.00
71-36-3 74 1E T — 692.50
78-83-1 74 ST Q-H H-1-A1) 17.50 425.00
98-00-0 98 i 1 090.00 532.50
103-82-2 136 KR 400.00 —
65-85-0 122 RHER 370.00 —
[i7ES 107-92-6 88 TR 852.50 —
149-87—1 129 DL-fEA R — 242.50
334-48-5 172 1B TR — 92.50
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338-69-2 89 D-NATR 167.50 —
503-74-2 102 SR — 250.00
57-10-3 256 FRAER 970.00 232.50
57-11-4 284 il — 195.00
60-33-3 280 IR 650.00 25.00
64-19-7 60 Fite iR 1267.50 1 635.00
646-07-1 116 4-HIEL R 305.00 —
79-31-2 88 ST 1915.00 407.50
98-79-3 129 LAERAR 110.00 —
1138-52-9 206 3,5~ AU T R — 432.50
7786—61-0 150 2-H A A-Z I 655.00 665.00
824-46-4 140 2-H XS IR — By — 22.50
90-05-1 124 RIS 1 080.00 202.50
91-10-1 154 2,6- " HIAEIKm 100.00 1057.50
96-76—4 206 2,4 RUT 5 185.00 257.50
2785-89-9 152 - FmAIARER (4-EG) 895.00 465.00
123-07-9 122 4~ HR M (4-EP) 800.00 552.50
0-00-0 276 623K LB — 32.50
0-00-0 212 W o LR FET A T — 65.00
10032-15-2 186 2-HE TR C R 32.50 55.00
104-62—1 150 2-HERIR WG 10.00 —
105-46-4 116 IR T iR — 12.50
1070-34—4 146 BRIIR . WG — 130.00
108-29-2 100 I g — 120.00
110-39-4 200 TR g 17.50 82.50
111-61-5 312 TENE IR £ 1 15.00 —
112-39-0 270 R R P 107.50 120.00
112-61-8 298 TR g T Y i 25.00 45.00
112-62-9 296 (2) - 1R H g 40.00 25.00
117-84-0 390 SRR IR — R — 25.00
123-25-1 174 TR — 32.50
123-86—4 116 TR 17.50 40.00
13481-95-3 296 10—/ \ B B HH ik 70.00 70.00
1731-92-6 284 T-Lbenz g — 90.00
1937-62-8 296 S TR g 27.50 —
2412-80-8 130 4R\ P g — 42.50
2462-85-3 294 +\BR-9, 12— J5 1% B i 60.00 122.50
2734-47-6 316 AR AETR R — 17.50
27751-88-8 214 2,2~ N IRE g 40.00 72.50
27751-89-9 228 2,2- " WE N T-His — 62.50
28664-35-9 128 W EL B 50.00 —
301-00-8 292 R H iR 82.50 —
4071-36-7 201 N-Z Bt I-L S AR 2.1 — 20.00
5434-57-1 186 2,2- R NER L IR — 62.50
54546-22-4 282 99— hR M R R 15.00 77.50
59020-85-8 170 AT % i 80.00 —
6114-18-7 310 SR 216 145.00 —
617-35-6 116 PIERER 216 — 30.00
628-97-7 284 TR (BERER) 2B 77.50 35.00
674-26-0 130 H R BRI B — 82.50
79-20-9 74 TR — 462.50
84-69-5 278 SRR ST 62.50 12.50

925-57-5 118 4RI TR H g 2342.50 —
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- 96-48-0 86 > T AR 175.00 237.50
s 97-64-3 118 FLER g 140.00 112.50
116-09-6 74 FIL TN 330.00 —
118452-32-7 156 3,6 H3—=rbi-2- R 27.50 —
13905-10-7 112 534 -3l 20.00 262.50
22122-36-7 98 3—HA 352 (SH) —PHk AR — 40.00
3188-00-9 100 2 FF 3 P S M 3Tl 115.00 15.00
3658-77-3 128 HDMF 480.00 200.00
39151-19-4 180 3,5~ HEILIE LR — 82.50
4077-47-8 142 2,5~ H 34 I3 (2H) -k IR 90.00 420.00
4780-14-7 140 3 A -2 H 4 H - IR —4 T 345.00 1577.50
K 497-23-4 84 2 (SH) —15k i ] — 60.00
7 5077-67-8 88 132 T 25.00 145.00
513-86-0 88 32T — 522.50
28664-35-9 156 334, 5-— F -2 (SH) -k IR il 45.00 —
585-25-1 142 2,3—¢ M — 50.00
616-45-5 85 2N A il 375.00 87.50
7491-74-9 142 I B np s A 45.00 44250
80-71-7 112 FH A S0 T ) 60.00 42.50
815-24-7 142 2,2,4,4-PUH L3RR 45.00 62.50
947-19-3 204 12 H 20 O FR L F R 57.50 182.50
27538-9-6 142 HEMF 400.00 577.50
— 100-52—7 106 74 F — 40.00
- 104-67-6 184 Mk — 32.50
108-50-9 108 2,6-HiSLnkk 42.50 17.50
109-08-0 94 2-FSLn R 20.00 —
o 123-32-0 108 2,5 I SLnkik 30.00 15.00
13925-03-6 122 2-7, 56— Lk s 27.50 —
14667-55-1 122 2,3, 5= HIsLnkuk 27.50 —
23787-80-6 136 22 -3 Sk 30.00 —
- 20235-19-2 150 DL-BThi A — 80.00
- 533-67-5 134 2- AR —D— 1% — 67.50
108-88-3 92 PN 775.00 492.50
1072-83-9 109 2-Z L FEn 562.50 267.50
1120-59-8 86 2,3 A EY 345.00 —
121-00—-6 180 AR 3BT K ik — 27.50
i 123-56-8 99 TR R 27.50 —
- 23069-99-0 149 N-Q— 3 2 5L) - H ki 60.00 —
496-16-2 120 2,3- A — 22.50
507-70-0 154 i9a3 7.50 55.00
627-51-0 86 VA B i 172.50 42.50
76-74-4 226 B2 — 70.00
e —FR AN H AT R
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Tab.3 Total number and relative content of aromatic components in two Kkinds of soy sauce
; & B RS 5 120/%) , 25 BB RS 5 54/%)
%%%ﬁﬂ%‘é - ‘t}"ﬁ ﬁ( * TIIE — %%%ﬁﬂ% - ‘j}jﬁ ﬁ( * TIIE —
K A kA ARl I
[iIEES 12(24.19) 17(39.45) (28 — 2(0.29)
[i7ES 11(28.04) 9(12.33) A2 6(0.71) 2(0.13)
[DES 6(14.87) 8(14.63) IS — 2(0.59)
FiRzs 22(14.54) 30(9.58) HAphJ 7(7.80) 7(3.91)
[{EES 15(9.84) 17(19.09) it 79 (100) 94 (100)
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