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Abstract: A combination of solid phase microextraction (SPME), direct solvent extraction (DSE), and gas chromatography-mass
spectrometry (GC-MS) was used to study the effects of different concentrations (S1.1, S1.5, S2.0, and S2.5) of solids during fermentation on the
aroma substances in soy sauce. A total of 114 aroma components were detected by SPME and DSE, including alcohols (12 types), acids (six
types), aldehydes (eight types), ketones (14 types), and esters (15 types). The results of GC-MS analysis suggested that the types of aroma
compounds were the same among the four concentrations of solids, but the corresponding content were significantly different. Acid and
aldehyde content showed an upward trend with an increasing concentration of solids. Among them, the content of acids in S1.1 were 2.5-fold,
2.2-fold, and 1.99-fold higher than those in S1.5, S2.0, and S2.5, respectively. Except for 2,3-butanediol and guaiacol exhibiting a relatively low
content with high solid concentrations, the content of phenethyl alcohol, 2,3-methylbutanal, acetic acid, 4-hydroxy-2,5-dimethyl-3(2H)-furanone
(HDMF), 4-hydroxy-2-ethyl-5-methyl-3(2H)-furanone (HEMF), and other important flavor compounds increased with increasing
concentrations of solids, further suggesting that an increase in the concentration of solids is beneficial for the balance of aroma compounds in
SOy sauce.
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Table 1 Volatile compounds extracted from soy sauces fermented using different concentrations of solids

RI FAULH il il PR
SS1.1 SS1.5 SS2.0 SS2.5
B
1131 %o 5.04+0.11 4.84+0.06 2.91+0.06 3.43+0.04 AB
1105 371.99+£3.77 352.79+£3.54 184.13£1.56 138.73£1.45 AB
HFR
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740 3-FATE 4.53+0.05 9.34+0.10 12.89+0.22 7.79+0.21 AB
744 2-FATE 1.1540.02 2.96+0.05 4.71%0.10 2.34+0.08 AB
<600 i3 4.49+0.17 2.11+0.02 2.55+0.09 2.99+0.10 AB
729 KB 2.04+0.04 5.70=0.06 7.56+0.27 4.45+0.05 AB
655 7 B B 1369.45£13.66  501.95+10.33 325.80+7.21 248.52+5.35 AB
782 23-T =B 761.58+4.55 1914.55£10.45  2028.52+12.34 3047.22:£9.88 AB
752 RB 94.17+2.01 211.84+1.11 112.61+1.77 53.14+1.23 A

1266 2-TA-1-F8 27.4240.23 29.95+0.28 31.24+0.34 28.95+0.56 A
1483 Ft+ =8 26.99+0.54 29.58+0.39 33.42+0.45 18.35+0.43 A
970 K 18.49+0.44 18.58+0.47 11.75+0.48 13.29+0.67 A
1023 3,7- =9 -1 6.98+0.21 7.71+0.23 8.68+0.33 5.95+0.32 A
Bt 2694.33£25.8  3091.89+27.09  2766.76£2522  3575.14+20.37
i
<600 LB By 5.34+0.06 8.61+0.12 9.82+0.26 6.96+0.30 A
612 0.13£0.00 0.0620.01 0.10+0.02 0.08+0.01 AB
<600 L 34.200.32 37.79+0.39 31.52+0.29 32.05+0.34 AB
764 2-FATE T B 0.54+0.01 0.48+0.02 0.39+0.04 0.33+0.04 A
765 FRER T By 0.42+0.02 0.36+0.02 0.23+0.03 0.19+0.05 A
879 CBE R BS 0.55+0.00 0.900.10 0.92+0.08 0.45+0.04 AB
1003 LB LB 0.14+0.00 0.04+0.00 0.05+0.01 0.02:£0.00 AB
1105 E 1.1740.03 0.94+0.03 0.96+0.11 0.700.02 AB
1117 F B By 0.36+0.01 0.48+0.02 0.41+0.07 0.33+0.02 A
1183 KF R LB 3.36+0.12 2.19+0.09 1.86+0.10 1.32+0.06 AB
1249 EXa A 3.36+0.09 5.63+0.11 2.2140.12 2.09+0.10 AB
1186 FBR LBg 1.69+0.03 0.74+0.06 0.41+0.02 0.23+0.04 A
1263 LB TS 1.46+0.02 0.78+0.07 0.48+0.03 0.33+0.03 AB
1383 REL B 1.08+0.00 0.42+0.01 0.26+0.01 0.15+0.01 A
889 4-F2 3T BR M B 85.49+0.67 100.46=0.88 75.81+0.76 57.83+0.79 A
1313 52 5B ) B 24.13+0.77 13.41+0.44 - - A
Bt 163.41£2.15 173.26+2.37 125.43+1.95 103.08+1.85
B
. 229.84+2.33 186.47+1.87 181.25+1.79 175.63+1.34 AB
623 - 6176.44+5.89 5624.83+5.41 4420.87+5.32 5034.08+6.54 AB
806 2-F A AL 5.51+0.12 0.810.09 0.48+0.05 0.48+0.02 AB
882 . 81.31+1.24 22.59+0.59 13.17+0.30 10.52+0.45 AB
853 SATR 12167.05£10.67  2426.29+5.37 1093.75+3.27 960.103.01 AB
890 13.01:£0.68 2.37+0.15 1.61+0.09 1.34+0.09 AB
860 2-F AT 2885.90+1.23 530.39£1.02 297.31+1.65 211.55+1.29 AB
777 926.58+2.11 86.3240.63 101.81+1.07 86.72+0.82 AB
721 AL 122.77+1.45 28.17+0.68 24.64+0.78 27.09+0.68 AB
756 2-BATER 31.61+0.89 17.65+0.80 11.03+0.65 7.26+0.49 A
Bt 22640.01£26.61  8925.9+16.61 10370.27+14.97  11360.87+14.73
[ S
TR

263



R EmiB Modern Food Science and Technology 2016, Vol.32, No.10

ELER

<600 3.82+0.15 5.93+0.19 6.62+0.23 4.55+0.25 AB
646 2R A 130.17+0.67 97.27+0.56 85.00+0.74 37.96+0.57 AB
655 19.69:£0.43 14.46+0.21 13.70+0.33 12.59+0.37 AB
629 FRETE 318.36+1.87 147.27+1.28 96.42+1.02 90.80+:1.42 AB
665 14.06+0.08 12.3440.16 13.10+0.14 10.75+0.21 AB
640 FRETE 112.93+£2.34 81.75+1.19 53.71+0.83 40.98+0.76 AB
980 N 3.5040.05 3.17+0.08 3.3240.10 2.58+0.08 AB
938 R 8.14+0.34 4.70+0.32 3.87+0.29 2.34+0.23 AB
1060 N 7.14+0.09 4.76+0.06 5.48+0.04 5.13+0.02 AB
1023 Hom 110.79+3.21 55.66+1.07 60.82+1.55 37.98+0.31 AB
1069 R-2-3F Ml 0.1440.01 0.16+0.01 0.28+0.00 0.28+0.01 AB
1498 5-F -2 k-2 Tt 0.20+0.00 0.09+0.00 0.1120.01 0.06+0.01 AB
1079 T 7.71£0.33 4.97+0.30 6.17+0.43 4.68+0.12 AB
1407 P A 10.71+0.29 8.38+0.25 10.37+0.34 5.60+0.21 A
1513 A TE 101.50+5.11 76.11+4.98 17.53+0.78 16.62+0.43 A
809 2-TH-THEE 19.75+0.45 8.94+0.33 1.42+0.12 2.03+0.09 A
1485 5-F -2k Tt 1.04+0.12 1.58+0.19 0.68+0.09 0.45+0.02 A
Bt 869.63+15.54 527.55+11.18 378.59+7.14 275.38+5.11
B
<600 78R 2.07+0.08 4.55+0.12 5.83+0.20 3.41+0.07 AB
<600 2,3-T —HA 1.52+0.10 2.35+0.09 3.18+0.09 4.80+0.18 AB
603 2-THA 0.79+0.07 1.500.10 1.57+0.05 1.00£0.11 AB
690 3- /%8R 0.28+0.01 0.37+0.02 0.38+0.01 0.37+0.02 A
715 ) 3.5840.12 6.76£0.19 13.69+0.31 17.07+0.38 A
710 3HETH 24726441244 3866.60+16.77  7481.95422.76  8868.74+32.56 AB
836 2,3- Bl — R 0.09+0.00 0.19+0.02 0.57+0.03 0.67+0.12 A
892 2- & BR 0.57+0.01 0.45+0.06 0.73£0.05 0.58+0.06 A
978 1-3F H5-3-BR 0.98+0.02 1.56+0.08 2.54+0.11 1.60+0.19 A
983 3-F50 1.15+0.04 3.21£0.15 5.26+0.15 3.27+0.22 A
685 2- /%8R 9.54+0.23 7.43+0.31 3.41£0.19 3.8740.17 A
1039 X TR 7.4240.44 8.34+0.50 0.00+0.00 0.00+0.00 A
<600 2,3-T —HA 8.95+0.33 9.94+0.39 6.30£0.34 2.11+0.24 A
1014 BF $78, ¥ 13.59+1.11 11.36+0.99 3.12+0.21 5.39+0.45 AB
1139 3,5- = H A4 f R 26.46+0.78 37.45+1.34 23.79+0.79 17.34+0.54 A
Bt 2549.64+1578  3962.07+21.13  7552.32425.29 8930.2+35.31
vk v (BR)
603 2-F Fokvh 0.4140.05 0.97+0.04 1.01£0.18 0.53+0.03 AB
707 0.64+0.04 1.44+0.07 1.200.17 0.46+0.02 AB
685 25-=FRx 0.71£0.12 0.75£0.21 0.20+0.01 0.20+0.02 A
1006 Rtk 0.42+0.04 0.39+0.02 0.40+0.02 0.20+0.00 AB
980 ‘ 0.51£0.03 0.06+0.01 0.07+0.01 0.02+0.00 AB
932 SRR 3.39+0.33 1.73+0.14 0.00+0.00 0.00+0.00 AB
TR
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LR
850 1.35+0.07 0.85+0.10 0.84+0.02 0.58+0.03 AB
818 L3S 15.80+1.12 4.02+0.33 2.06+0.21 2.29+0.22 AB
836 18.05+1.78 30.37+2.01 12.07+1.23 7.57+0.71 AB
1066 HDMF 189.40+1.11 359.10+4.55 166.03+1.56 159.91+1.39 AB
1147 HEMF 45.39+0.67 49.63+0.77 19.75+0.43 15.22+0.55 AB
1103 3-%-45- =9 % 2(SH) A A 0.51£0.22 0.61+0.10 0.89:+0.11 0.62+0.07 A
1150 5-TH-2 (5H) wkwhiR 12.9940.79 16.02+0.67 10.66+0.52 5.80£0.34 A
Bt 289.56+6.37 465.93+10.02 215.18+4.47 193.443.38
otk
838 5.41+0.05 3.87+0.11 3.98+0.09 2.62+0.13
810 2 Rk 31.69+4.44 18.85+2.03 15.30+1.35 10.54+1.01
923 592.89+2.61 64.12+0.78 70.140.69 32.64+0.61
888 25-=F Rk 2161.50+23.76 280.25+1.24 242.00+1.36 107.95+1.22 AP
1010 2.41£0.11 0.84+0.06 0.75+0.10 0.33+0.10 AB
1023 R 433+0.19 1.27£0.10 1224007 0.92+0.12 A
1015 20.12+0.26 5.93+0.14 8.89+0.19 5.66+0.21 AB
969 2352 FRMA 212.519.77 59.43+1.69 62.25+1.92 50.21+1.03 A
1078 2-TH-3, 5-ZF Hokek 1.48+0.11 0.29+0.03 0.33+0.02 0.17+0.07 AB
1086 2,3,5,6-79 F otk 2.87+0.09 1.53+0.02 3.69+0.09 3.23+0.11 A
1129 2-TERE-3-TARoR 0.15+0.00 0.10+0.01 0.25+0.01 0.15+0.01 A
1308 2-TH-3,5-=F ok 0.46+0.08 0.130.01 0.09+0.01 0.05+0.00 A
963 2-Th-3-F Hoitok 15.69+0.56 4.38+0.14 2.49+0.18 1.44+0.11 A
1255 2-F k-5 Aotk 65.34+2.22 22.35+1.59 11.18+0.79 8.09+0.98 A
1364 2,5- = F K-3-A Atk 24.30+3.45 13.62+1.20 7.05+1.10 5.68+1.17 A
1382 4 Joteg 51 2-a ]tk 13.69+1.09 11.09+0.89 7.20+0.56 3.62+0.46 A
882 23-=F ook 10.28+0.63 3.63+0.09 4374023 3.37+0.38 A
Bt 3165.112+49.42  491.67+10.13 441.16+6.87 236.67+7.82
A
1153 ¥ ARk 0.04+0.00 0.10+£0.01 0.12+0.02 0.05+0.00 A
744 —WHE 1.19+0.02 0.48+0.01 1.15+0.06 1.06+0.08 AB
978 —WE =R 2.18+0.04 0.33+0.00 1.48+0.08 1.86+0.07 AB
923 , 0.94:0.03 0.63+0.02 0.65+0.02 0.33+0.02 AB
883 X 40.59+3.77 21.83+3.43 22.08+3.26 13.44+1.22 AB
962 3-Fai ik AEE 26.80+1.43 15.23+1.05 16.32+1.08 9.85+1.68 AB
1228 23-Z 50K 34.79+2.33 16.84+1.45 0.00+0.00 0.00+0.00 AB
1328 2’5_;‘?%_2’4;;%%3 R s 15.58+0.87 7.30+0.45 8.08£0.79 A
Bt 115.56+8.51 71.02+3.94 49.1+4.97 34.68+3.86
B
1071 AR B 9.24+0.56 5.57+0.21 7.34+0.33 8.25+0.43 AB
1338 >t L AT 16.55+1.04 18.25+1.09 8.51+0.76 8.39:+0.82 AB
1384 2,6-=F A KB 67.013.03 72.3943.68 3.87+0.14 32.80:1.01 AB
1502 2,4- 8T KBy 358.77+2.11 476.82+4.02 387.34+4.02 269.58+3.04 A
TR
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LR
Bt 451.57+5.74 573.03+9.00 407.05+5.25 319.02+5.30
i)
1109 * By 120.53+4.37 139.93+4.76 66.80+2.12 58.18+3.01 AB
1175 5,6- =5 -4-F F2H-vkoh-2 BR 13.200.55 9.77+0.44 4.80+0.12 4.01£0.20 AB
1185 3-F A0 A AH-weh 4-F7 231.04+2.67 212.94+2.89 141.80£1.73 115.90+1.90 A
3y PTRSSTRECTRAN 290.07+2.57 177.16£2.13 110.221.89 A

w4 B

Bt 600.07+10.07 652.71+10.66 390.56+6.1 288.31+8.00
LA S
1064 2-T B 82.06+1.28 104.18+1.59 59.28+1.22 39.32+1.34 AB
1026 1- 9 2wtk b ) 62.85+1.05 47.86+0.99 60.61+1.34 46.72+0.93 A
1104 PR S R 83.67+1.16 49.75+0.56 47.33+0.68 38.38+0.59 AB
Bt 228.57+3.49 201.79+3.14 167.2243.24 124.42+2.86
Hte
977 IR H 3.7440.21 4.18+0.20 4.39+0.18 3.08+0.08 A
1018 3,7-=F R 1-F 21.08+0.66 18.44+0.45 21.63+0.65 20.73+0.84 A
987 AT 3.74+0.23 4.18+0.33 439+0.43 3.08+0.30 AB
821 AR 29.86+1.22 33.99+1.45 28.94+1.23 28.11+1.44 A
848 2t = F R 92.86+1.86 102.84+1.89 86.00::2.04 85.17+2.10 A
1182 F-X 92.44+1.79 188.24+2.77 250.17+3.21 96.39+3.29 AB
851 KTt 51.200.87 51.18+1.49 46.39+1.54 4433+1.34 A
1105 TR 0.32+0.12 0.39+0.13 0.36£0.10 0.310.10 A
Bt 295.23+6.96 403.44+8.71 442.26+9.38 281.2149.49
1099 A4 R By 2.15+0.10 1.51+0.09 1.56:0.04 1.55+0.17 AB
1089 3-TBhA-1H-wh% 0.54+0.02 0.51+0.03 0.3120.01 0.27+0.04 AB
998 EFH 2.39+0.13 1.96+0.11 1.87+0.07 1.49+0.20 A
1153 ATR = T B 3.38+0.17 1.68+0.05 1.54+0.05 0.51+0.03 A
1182 A 13.04+0.22 12.55+0.21 12.20+0.10 12.14+0.30 AB
1226 2-HAA 0.49+0.02 0.47+0.02 0.38+0.02 0.22+0.04 A
818 1,3-F 0.2020.01 0.24+0.01 0.33+0.02 0.42+0.03 A
1028 A 3.3140.14 4.12+40.17 3.64+0.11 3.4240.15 AB
1404 alpha-# KM 0.29+0.01 0.26:0.00 0.26:0.01 0.29+0.02 A
Bt 25.79+0.82 23.31+0.69 22.09+0.43 20.31+1.01

72:% Retention indices; * LA&pE@ALE AAR (20 uL, 17.24 mg/L 2-F K387 ) Medmmeg i, - Wi AMANE]); ©
HEAMTHE T %, (ANIST/Wiley #3585, (B)* I BFAMA449 RT (FHRL K F 404 A 524 149 RIL
=N
Ml R U T M ST ITo
23 FREWRRLEEHNERED SR EAIRIE ) 41900 SS11 SLA LI A0R
&, ATEE. WA, EERSS, GC-MS 7S H sl
TR P R e (e R RS B SR & B, I
KA BRI, R IR LA, HBEEE TR FE R340, BRI G K ke s
BAL N, R R ACE X EA KRR SRS N AN F WREEN 37%01 SS1.5 FRAEHL SS1.1 B F&, (HIHE
W] PR P55 R e 1) i R KUBRARFAE o T 2 Bz, AN WA, 6. BEA. EENAE—EMmE; $S2.0 Ml
7 [ LA A TR PR B S D R VP P 5 SR B SS2.5 fEAER, e MEEE FRONZRE, (EAHE A
fERE L O & FERARES, HME®RE RENZE FRAFEES, GC-MS 45 SR B [ A BE AR, el

#
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Fig.2 Sensory evaluation of the flavor of soy sauces fermented
using different concentrations of solids
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