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Figure S1.  Sample collection positions of fermented grains in Jiaochi during sauce-

flavor Baijiu manufacturing process. 

 

 

Figure S2.  PCoA analysis of the bacterial genera (a) and fungal genera (b) of the 

fermented grain samples in rounds 1b, 2 and 3 of sauce-flavor Baijiu fermentation. 

 



 

Figure S3.  Evolutionary relationship analysis of tetramethylpyrazine oxygenase with 

homologous enzymes from different microorganisms by MEGA software with the 

Maximun likelihood method and a bootstrap value of 1000. 



Table S1. Volatile compounds of the fermented grain samples from round 1b based on gas chromatography-mass spectrometry analysis (μg/kg). 

Flavor 

compounds 
CS_0S CS_0Z CS_0X CS_7S CS_7Z CS_7X CS_14S CS_14Z CS_14X CS_21S CS_21Z CS_21X 

CS_CJS CS_CJZ CS_CJX 

Benzyl alcohol 10.34±2.12 17.52±5.91 10.53±1.28 44.91±6.63 23.68±6.28 18.29±3.93 41.07±17.07 40.71±12.7 ND 17.2±2.22 26.4±6.56 50.44±15.2 ND ND ND 

Benzaldehyde ND ND ND ND ND ND 74.8±72.05 ND ND ND 
35.51±10.0

8 
66.97±26.73 

20.64±2.36 24.34±4.94 37.69±14.04 

Phenylacetic acid, 

ethyl ester 

23.55±23.1

9 

38.55±12.0

2 
30.05±2.93 

158.83±26.8

7 

94.92±19.6

2 
62.93±9.79 

218.92±60.8

7 

169.77±35.7

7 

104.19±4.4

6 

174.02±18.

94 

215.02±41.

54 

347.66±117.

8 

107.45±10.

25 

137.9±33.6 173.33±26.4

1 

Acetic acid 2-

phenylethyl ester 
17.91±5.51 22.09±8.56 15.07±2.08 174±29.44 

77.82±15.0

6 
49.86±10 245.6±72.34 

166.02±34.1

4 
102.96±5.4 

196.18±21.

14 

227.36±39.

63 

289.63±97.6

6 

121.89±12.

68 

152.84±36.

28 

177.12±49 

Pentanoic acid, 2-

hydroxy-4-

methyl-,ethyl 

ester 

8.18±1.84 
25.65±23.8

9 
13.36±1.39 70.5±10.68 

49.34±15.9

6 
29.2±6.74 118.88±35.9 96.57±24.5 43.15±3.22 

84.28±10.4

5 

94.38±20.9

2 

185.74±55.6

3 

ND ND ND 

Butanoic acid, 

ethyl ester 
ND ND ND ND ND 12.71±2.61 31.38±28.57 22.63±19.65 32.01±1.76 42.15±4.9 

71.57±14.2

8 
156.2±29.76 

23.81±0.25 36.58±10.8

6 

75.66±10.62 

Octanoic acid, 

ethyl ester 
21.81±2.61 20.69±6.79 11.75±4.94 

109.01±19.3

7 

72.45±16.6

7 
56.92±2.61 143.07±53.2 98.46±5.02 

115.35±15.

21 

141.79±11.

03 

175.94±26.

77 

224.03±93.4

6 

107.24±4.7

8 

162.58±49.

05 

186.52±56.8

9 

Dodecanoic acid, 

ethyl ester 
8.83±4.36 ND ND 49.7±7.6 40.4±5.46 27.49±1.58 70.99±19.26 55.71±8.47 44.59±3 

60.96±10.1

1 

74.61±15.6

3 
92.18±23.92 

48.84±2.4 68.01±16.6

1 

100.42±73.1

3 

(Z)-Ethyl 

heptadec-9-enoate 
16.33±7.03 17.13±7.52 16.11±1.26 34.28±6.49 ND ND ND ND 23.25±4.24 49.11±6.23 ND ND 

10.07±2.34 10.31±4.5 20.11±20.87 

Decanoic acid, 

ethyl ester 
27.01±7.01 

14.67±13.5

3 
ND 

126.99±11.9

1 
83.55±18.7 56.6±6.75 

159.72±56.5

6 

124.13±20.2

8 
ND ND ND ND 

45.63±29.8

2 

24.75±25.1

5 

73.76±28.02 

1-Hexanol 6.91±1.51 10.43±5.18 6.08±5.5 26.09±2.16 13.8±3.56 10.23±2.3 25.44±6.54 21.99±5.35 11.4±0.73 18.46±1.66 21.78±5.12 33.6±10.71 10.65±1.26 13.09±3.41 13.35±2.69 

1-Octanol 8.81±1 ND 5.77±5 ND ND ND 20.06±17.47 ND ND ND ND ND ND ND ND 

Tetramethylpyrazi

ne 
14.15±6.66 24.24±9.12 29.45±6.91 59.53±23.57 23.68±5.74 17.55±3.19 33.03±34.98 37.64±9.08 15.5±1.61 22.57±2.11 28.18±5.52 63.88±14.7 

ND ND ND 

4-Ethylphenol 20.54±5.28 23.22±8.16 
21.48±18.6

2 
74.32±11.29 39.16±6.8 29.11±5.67 74.01±27.76 67.98±19.09 40.27±4.71 57.99±6.79 

77.61±15.1

5 

145.97±46.9

6 

17.42±1.99 25.1±7.32 36.43±4.63 

Butanedioic acid, 

diethyl ester 
7.03±3.16 10.86±4.73 8.93±1.32 95.37±14.61 57.71±16.1 28.25±5.5 

115.32±41.1

9 
90.68±24.8 30.74±2.5 56.22±6.61 67.11±14.4 

110.21±36.5

1 

36.87±0.29 45±12.51 51.25±9.36 

Nonanoic acid, 

ethyl ester 
ND ND ND ND 54.6±15.39 33.52±4.07 

110.65±35.0

8 
ND 49.73±5.36 72.15±7.13 80.6±15.14 66.95±83.26 

22.79±1.13 28.71±7.98 33.68±15.46 

3-Methyl-1-

butanol 
69.15±60.8 

83.24±75.5

7 
ND 960.8±204 

413.31±103

.91 

268.85±58.

02 

805.84±302.

66 

690.74±204.

18 

261.84±20.

13 

508.62±65.

4 

520.26±118

.16 

901.68±271.

34 

198.29±26.

11 

253.2±64.5 306.02±40.7

4 

Hexanoic acid, 

ethyl ester 
8.41±7.3 11.1±2.53 ND 44.83±8.23 19.62±4.8 24.63±4.55 75.82±37.36 40.19±12.89 71.81±7.46 

106.99±12.

48 

107.02±12.

98 

158.95±54.8

2 

77.37±8.62 89.51±21.7

1 

94.13±16.46 

Acetic acid 

isoamyl ester 
ND 6.17±5.52 ND ND 31.35±4.52 41.17±8.28 

129.03±59.9

6 
76.41±24.11 

86.66±11.7

7 

211.72±15.

29 

208.42±33.

99 
261.3±82.53 

ND ND ND 



Tetradecanoic 

acid, ethyl ester 
27.5±21.56 23.61±4.69 18.49±2.64 

139.79±14.6

1 

124.41±18.

86 
68.93±7.15 232.12±53.1 

183.21±137.

5 

96.16±10.2

2 

143.23±15.

9 

223.9±41.3

5 

376.76±156.

4 

94.34±5.92 144.37±34.

81 

479.79±527.

73 

Nonanal 26.11±5.4 27.15±6.89 27.8±5.08 46.11±1.68 27.39±8.18 19.65±3.32 31.13±7.68 42.92±17.67 
29.34±11.4

2 

39.89±19.1

1 
39.56±12.2 58.16±7.02 

ND ND ND 

Heptadecanoic 

acid, ethyl ester 
ND ND ND 32.49±29.93 21.06±1.69 8.16±1.21 57.57±31.46 33.51±8.39 ND 23.71±3.49 63.8±12.58 43.08±13.8 

8.33±1.45 15.04±5.34 23.6±20.47 

Acetic acid ethyl 

ester 

98.98±21.5

4 

179.55±10

0.27 
85.23±6.69 

563.85±223.

76 

477.85±150

.03 

244.06±22.

83 

906.74±264.

72 

721.62±268.

51 

242.7±23.5

1 

630.4±45.8

9 

624.07±187

.73 

924.66±243.

27 

263.62±10

4.59 

336.19±17

5.04 

569.36±141.

72 

1-Nonanol 11.64±3.36 ND 9.29±0.78 ND 22.75±5.8 15.96±2.55 39.02±9.91 30.84±4.63 18±1.44 ND 22.48±2.09 25.77±27.14 17.47±1.41 18.73±4.16 ND 

2,3,5-

Trimethylpyrazin

e 

2.94±2.55 9.43±4.24 11.92±1.95 49.5±44.18 ND 6.34±1.26 ND ND ND ND ND ND 

ND ND ND 

2,4-

Dimethylbenzalde

hyde 

5.44±4.71 7.02±6.96 ND 33.37±4.79 ND ND ND ND ND ND ND ND 

ND ND ND 

Phenol,4-sec-

butyl-2,6-di-tert 
5.75±3.77 4.96±4.59 ND ND ND ND ND ND ND ND ND ND 

ND ND ND 

Lactic acid 

isopentyl ester 
ND ND ND 31.53±4.85 ND 11.52±3.88 46.38±15.07 33.79±8.84 15.28±2 30.28±4.41 35.18±8.74 38.92±35.05 

ND ND 29.38±32.53 

Benzenepropanoi

c acid, ethyl ester 

24.24±10.0

8 
8.21±9.68 

134.87±20

9.18 
48.75±8.17 23.81±4.36 14.03±2.12 52.14±14.67 40.83±8.72 ND 46.13±6.55 

49.88±10.0

1 
71.25±26.56 

26.89±2.59 30.48±7.18 35.68±6.4 

Hexadecanoic 

acid, propyl ester 
ND ND ND ND ND ND ND ND ND 18.57±2.6 24.99±3.94 52.4±21.38 

ND 10.37±4.21 11.79±4.48 

2,3-Butanediol 9.99±2.77 11.73±4.1 
33.87±16.4

1 
74.19±44 23.94±11.1 13.45±4.17 49.48±17.12 53.9±18.53 12.22±2.4 21.14±3.27 21.5±6.63 51.71±4.99 

24.12±8.38 39.76±15.0

7 

ND 

4-Ethyl-2-

methoxyphenol 

49.85±19.5

1 
59.3±15 34.44±4.58 

221.67±44.8

4 

100.61±16.

84 

82.33±15.8

9 

235.05±84.3

8 
190.2±50.61 

108.05±14.

72 

123.05±17.

09 

193.87±38.

6 

367.17±83.0

1 

ND ND ND 

(Z)-Ethyl 

cinnamate 
ND ND ND ND ND ND ND ND 10.34±0.62 15.24±1.07 19±4.12 32.57±10.81 

ND ND ND 

3-Furaldehyde 20.55±5.25 
28.63±12.0

6 
ND ND ND ND ND ND ND ND ND ND 

ND ND ND 

9-Hexadecenoic 

acid, ethyl ester 

48.09±32.2

1 

70.13±24.6

7 

48.74±10.5

2 
150.64±90.7 

201.76±18.

14 

90.17±10.4

4 

329.51±162.

46 

321.59±153.

04 

115.35±12.

94 

182.57±25.

55 

227.89±53.

32 

381.82±206.

28 

ND 101.97±35.

12 

410.14±416.

74 

Heptadecanoic 

acid, 15-methyl-, 

ethyl ester 

29.26±16.1

3 

30.23±13.1

3 
27.04±3.36 164.2±56.41 

123.99±13.

86 
49.18±6.33 

1385.19±216

4.52 

187.32±55.1

4 
54.94±7.24 

123.97±8.8

6 

157.01±36.

36 

247.73±84.4

4 

ND ND ND 

Phenylethyl 

alcohol 

254.66±58.

67 

452.7±162.

34 

217.59±16

1.7 

2515.13±415

.07 

927.16±223

.11 

626.7±132.

98 

2051.38±780

.3 

1673.97±510

.23 

625.07±26.

13 

961.78±124

.58 

1248.87±30

0.2 

1889.96±58

8.16 

402.87±55.

18 

562.58±14

7.81 

677.43±102.

6 

9-Octadecenoic 

acid, ethyl ester 

362.68±17

5.88 

396.84±16

1.74 

366.78±35.

65 

2022.1±410.

84 

1534.83±19

8.07 

694.46±94.

5 

2648.96±164

7.39 

2246.93±706

.3 

565.24±11

5.7 

1230.29±15

3.27 

1715.17±37

2.89 

2576.43±76

1.31 

318.11±57.

73 

630.38±26

7.25 

1345.38±117

0.95 

Nonanedioic ND ND ND 14.15±12.48 19.05±2.21 8.9±0.55 31.71±11.96 25.65±5.92 13.49±1.11 17.45±2.19 18.48±2.91 29.55±10.83 7.11±0.34 8.7±2.45 9.18±2.22 



acid,1,9-diethyl 

ester 

2-Methyl-4-

heptanone 
21.62±2.65 12.27±10.8 ND ND ND ND ND ND ND ND ND ND 

24.12±0.22 21.9±4.33 20.77±3.53 

Hexanoic acid, 

butyl ester 
ND 

19.61±17.6

1 
18.04±8 28.1±25.33 ND ND ND ND ND ND ND ND 

ND ND ND 

Hexadecanoic 

acid, ethyl ester 

163.67±25

5.72 

759.13±27

9.99 

636.99±59.

69 

2465.33±209

4.24 

2871.2±344

.84 

1175.34±12

7.11 

5384.39±259

1.56 

5221.76±154

5.49 

1680.1±30

6.16 

3472.63±34

0.61 

4504.13±87

4.19 

6906.93±211

6.1 

46.07±57.2

7 

24.89±8.83 25.73±7.5 

9,12-

Octadecadienoic 

acid, ethyl ester 

25.52±10.2

5 

103.24±54.

12 

49.98±25.3

9 

151.01±37.4

8 

235.43±39.

85 

107.75±15.

64 

741.81±455.

58 

627.27±155.

46 

45.86±19.6

3 

151.35±5.7

1 

445.84±132

.93 

712.6±260.9

2 

13.3±0.69 26.39±8.7 30.99±16.47 

(E)-4-Decenoic 

acid, ethyl ester 
ND 18±5.31 ND ND ND 25.71±2.56 ND ND 42.65±3.54 ND 67.32±16.5 

110.11±42.2

5 

12.06±3.94 18.19±4.47 22.48±2.66 

2-Methoxy-4-

vinylphenol 
15.53±4.16 ND ND 33.86±5 19.06±2.39 9.85±1.71 17.52±15.81 ND 13.54±2.82 9.44±8.38 ND ND 

ND ND ND 

Isobutyl alcohol ND ND ND 79.9±17.34 22.26±5.61 15.04±2.64 57.03±23 44.11±14.72 15.82±0.6 38.76±3.8 33.01±5.58 58.61±13.97 12.96±2.44 17.65±6.23 22.81±6.78 

Guaiacol ND ND ND 36.1±7.69 ND ND 32.02±11.29 28.49±7.82 ND ND 23.31±4.85 37.45±10.82 7.4±1.04 10.7±2.75 12.55±2.06 

2-Methoxy-4-

methylphenol 
ND ND ND ND ND 6.92±1.15 35.08±11.65 32.89±8.35 30.99±3.17 26.88±3.11 ND ND 

ND ND ND 

2,4-

Dihydroxybenzal

dehyde 

ND ND ND ND 15.87±3.63 11.36±2.06 ND ND 11.88±0.66 18.45±2.03 ND ND 

ND ND ND 

2,4-Di-tert-

butylphenol 
8.08±9.09 3.22±3.02 11.84±5.56 27±25.46 23.54±4.67 11.42±3.73 29.44±15.67 20.98±3.59 31.42±12.6 37.4±4.8 

47.76±16.4

9 
64.55±12.52 

ND ND ND 

Lactic acid, ethyl 

ester 
±28.67 28.73±13.7 41.47±4.25 98.33±12.63 

57.38±18.5

2 
30.3±7.14 132.7±56.73 

131.28±45.6

1 
41.97±3.6 87.71±9.6 

121.43±39.

28 
ND 

ND 129.76±37.

59 

168.67±31.3

3 

2-Furanmethanol 7.69±6.66 
14.01±15.2

1 
23.29±2.75 48.96±8.37 24.71±6.31 13.76±2.82 36.33±17.56 34.13±10.99 ND ND ND 16.87±17.07 

5.34±0.14 7.21±2.11 8.16±1.43 

Furfural 
17.54±15.1

9 
ND 

44.27±38.7

3 
29.49±7.51 ND ND ND ND ND ND ND ND 

ND ND ND 

Tetradecanoic 

acid, 13-methyl-, 

ethyl ester 

20.21±16.0

3 
34.9±9.65 23.87±3.2 91.59±15 80.69±13 41.65±3.73 

320.9±119.5

6 
290.41±65.1 85.18±5.76 77.03±6.83 

231.62±38.

57 

394.25±129.

18 

27.18±5.2 38.31±11.2 52.22±27.85 

Hexadecanoic 

acid, 15-methyl-, 

ethyl ester 

11.95±6.9 10.42±4.64 ND ND 35.16±5.21 14.74±1.44 53.25±37.49 65.01±16.16 14.59±2.39 30.02±2.3 19.29±2.36 69.14±35.6 

ND 7.88±2.27 ND 

9,12,15-

Octadecatrienoic 

acid, ethyl ester 

22.09±9.54 
23.12±10.1

3 
20.86±1.63 

123.66±24.0

4 

88.64±14.8

5 
40.28±5.57 

484.22±669.

4 

121.15±28.6

9 
40.15±4.9 82.96±9.09 99±25.03 

164.67±55.8

2 

19.19±4.12 42.29±16.6

3 

31.05±6 

9.cis.,11.trans.-

Octadecadienoic 
ND 

25.59±19.7

9 

71.32±29.3

3 
ND 25.04±2.75 10.4±2.59 71.14±29.66 

105.97±101.

1 
20.14±5.86 68.97±6.5 

36.31±23.0

1 
80.44±13.36 

ND ND ND 



acid, ethyl ester 

9-Tetradecenoic 

acid, ethyl ester 
ND ND ND ND 13.05±2.17 7.28±0.76 18.81±21.79 14.06±12.82 11.21±2.15 9.32±8.09 16.97±3.03 15.65±14.98 

5.78±0.66 9.85±3.01 24.78±25.21 

9,12-

Octadecadienoate, 

propyl ester 

415.42±19

9.95 

428.78±17

7.85 

387.59±40.

11 

2273.96±448

.34 

1724.97±28

6.49 

802.11±106

.05 

1358.56±103

1.24 

2513.06±704

.4 

801.07±16

1.35 

1688.65±15

0.83 

2185.74±50

0.6 

3311.62±100

3.33 

410.71±84.

72 

834.77±31

7.59 

734.81±201.

94 

 

  



Table S2. Volatile compounds of the fermented grain samples from round 2 based on gas chromatography-mass spectrometry analysis (μg/kg). 

Flavor compounds C2_0S C2_0Z C2_0X C2_7S C2_7Z C2_7X C2_14S C2_14Z C2_14X C2_21S C2_21Z C2_21X C2_CJS C2_CJZ C2_CJX 

Benzyl alcohol 
113.57±42.8

1 

155.49±29.7

8 
56.24±9.65 

102.82±6.0

7 
105.31±5.99 

141.61±33.8

6 
2.83±4.91 12.75±5.43 

27.93±2.8

7 
27.57±7.16 

10.40±0.8

0 

11.53±1.8

4 
20.54±1.71 22.28±8.07 20.19±8.06 

Benzaldehyde 
207.15±68.7

3 

284.36±34.6

5 

74.81±18.6

8 

114.99±18.

83 
199.36±8.47 

274.51±64.5

6 
4.18±3.7 7.8±3.27 

15.59±1.4

9 
20.36±4.66 

10.07±0.6

9 
10.65±1.3 25.6±3.06 20.26±6.58 24.35±8.25 

Phenylacetic acid, 

ethyl ester 

376.59±100.

92 

500.79±92.5

8 

144.01±28.

29 

386.89±30.

61 

569.83±12.2

5 

797.5±190.5

7 

33.41±7.4

3 
43.7±13.29 

80.74±4.9

8 
96.87±18.1 

50.12±3.2

2 
58.2±3.85 137.98±8.8 

147.05±43.

62 

165.19±43.8

6 

Acetic acid 2-

phenylethyl ester 

226.21±63.6

2 

299.14±47.2

8 

95.19±19.4

7 
208.18±14 289.16±7.45 

409.44±96.1

6 

13.72±10.

51 
23.91±6.98 

50.26±3.0

1 
52.78±10.75 

25.33±2.1

3 

34.02±2.3

2 
56.95±2.87 

64.07±17.6

4 
73.29±17.63 

Pentanoic acid, 2-

hydroxy-4-

methyl-,ethyl ester 

159.62±56.2

5 

222.88±45.0

1 

68.88±15.7

1 

248.24±29.

98 

383.46±20.6

1 

594.44±153.

21 

15.77±3.7

1 

29.98±14.1

3 

36.74±3.3

3 
52.3±10.36 

22.42±3.0

7 

22.45±2.4

1 
73.36±6.72 

69.62±18.6

8 
70.05±22.28 

gamma-

Nonanolactone 
ND ND ND ND 80.27±4.55 

109.86±23.9

4 
ND ND ND ND 8.51±0.81 9.76±0.73 18.13±1.3 ND 19.32±6.21 

Octanoic acid, 

ethyl ester 

220.21±35.5

3 

296.89±84.7

9 
71.01±22.1 

174.1±14.6

9 

264.88±34.1

6 
286.72±81.6 

14.37±1.4

5 
17.23±4.45 25.72±0.3 33.61±5.54 

16.48±1.5

1 
26.7±8.34 35.8±2 36.41±6.88 52.77±11.05 

Dodecanoic acid, 

ethyl ester 
142.22±24.6 

165.26±29.5

9 

62.92±25.0

2 

180.81±21.

54 

257.23±27.1

1 

349.29±37.0

2 

18.28±5.5

8 
22.23±4.98 36.2±3.25 50.2±11.81 

22.56±4.0

7 

26.89±1.7

1 
45.72±1.81 38.2±13.61 41.23±10.27 

(Z)-Ethyl heptadec-

9-enoate 

140.19±32.3

8 
138.6±42.66 

31.54±14.1

3 

55.29±21.7

6 
98.93±11.69 

150.48±33.5

4 
ND ND ND ND 

10.55±0.3

3 
9.58±1.58 ND 5.47±4.9 ND 

Phenol ND ND 
10.48±18.1

5 
ND ND ND 5.55±1.63 ND ND ND ND 6.58±2.11 3.68±6.38 ND 4.96±8.59 

Decanoic acid, 

ethyl ester 

365.72±105.

92 

427.11±92.3

5 
84.57±72.9 

252.43±49.

01 

409.41±156.

35 

732.43±102.

73 

20.66±5.1

7 
22.93±2.64 

31.47±19.

89 
49.43±14.32 

21.91±2.4

7 

33.89±12.

46 

28.35±24.6

3 

32.97±10.0

1 
49.61±13.78 

1-Hexanol ND 34.45±29.88 10.79±9.63 41.07±2.7 62.69±3.74 85.86±22.19 1.9±1.69 1.02±1.77 ND ND ND ND 10.71±0.99 ND 1.74±3.01 



1-Octanol ND ND 9.44±16.35 
15.55±26.9

3 
35.7±31.64 ND ND 3.44±3.24 5.44±4.72 ND 4.88±0.83 5.87±0.76 6.66±5.85 5.57±4.89 4.05±7.01 

Decanal 50.44±43.84 ND ND 9.44±16.35 ND ND ND ND ND ND ND 4.85±4.74 ND ND ND 

Tetramethylpyrazin

e 
67.18±28.81 87.64±15.99 28.96±5.86 49.18±3.41 59.89±5.42 80.08±18.26 2.82±2.6 5.67±2.23 

11.18±1.6

1 
11.57±2.94 ND 5.78±0.68 6.57±5.69 ND 12.4±4.59 

2-Methoxy-5-

methylphenol 
ND 123.27±20.8 9.84±17.05 

60.03±52.1

8 
ND 155.62±44.8 5.52±4.85 ND 

7.58±13.1

3 
ND ND ND ND ND ND 

3-Phenylpropanol 40.83±10.31 57.17±6.99 17±2.84 41.13±3.18 47.93±1.46 65.91±12.52 3.68±1.14 5.48±1.89 
11.71±0.9

6 
11.55±2.9 4.56±0.5 5.28±0.54 9.42±0.32 9.96±3.83 8.24±2.83 

4-Ethylphenol 77.18±67.59 
169.04±15.4

6 

17.17±29.7

4 

110.76±13.

98 
138.33±8.19 

192.79±34.4

3 
7.49±2.32 10.32±4.05 

21.97±1.5

1 
22.81±6.1 8.73±1.14 9.83±0.92 19.45±1.54 18.84±7.14 18.94±6.42 

Butanedioic acid, 

diethyl ester 

158.91±41.2

7 

230.47±56.8

1 
76.72±17.7 

197.78±21.

33 
247.38±21.1 

335.06±87.5

6 
19.42±6 25.82±9.82 

37.15±32.

28 
66.53±17.36 

25.72±2.8

5 

28.45±2.5

7 
67.31±6.6 

82.37±34.0

1 
84.47±29.39 

Nonanoic acid, 

ethyl ester 
37.16±32.79 80.73±20.53 

11.89±10.7

5 
53.25±7.46 74.14±19.66 84.96±18.33 6.66±4.24 1.77±3.06 5.16±4.48 10.92±3.25 6.46±0.58 7.66±2.02 10.93±0.82 6.22±5.73 11.62±1.87 

3-Methyl-1-butanol 
908.43±790.

83 

803.72±696.

19 
310.9±270 

1207.06±7

4.95 

1793.77±84.

64 

2846.6±678.

73 

83.16±19.

42 

121.98±34.

62 
ND ND 

87.23±12.

97 

89.06±11.

45 

271.38±29.

89 

148.78±48.

66 
198.1±73.32 

Hexanoic acid, 

ethyl ester 

278.83±394.

3 
53.54±47.16 23.71±6.11 45.15±5.22 69.13±0.78 75.85±17.52 3.3±2.96 1.99±3.44 ND 9.99±1.24 ND 8.12±2.96 13.33±0.8 10.26±2.14 13.37±3.49 

Acetic acid 

isoamyl ester 
ND ND ND ND 88.06±5.68 111.72±27.47 ND ND ND ND ND ND 11.34±0.96 ND 13.57±3.26 

Tetradecanoic acid, 

ethyl ester 

194.8±160.9

8 

515.29±14.1

7 

140.63±28.

32 

325.96±50.

59 

458.77±42.3

8 
786.9±74.89 

33.63±12.

3 

46.25±14.4

2 

85.51±4.6

1 

109.18±23.9

5 

46.37±3.3

5 

50.84±5.1

8 

149.88±8.5

8 

111.66±49.

73 

125.49±40.4

4 

Nonanal 64.47±32.36 79.7±17.01 31.91±7.64 47.71±4.2 47.79±1.55 56.38±12.3 2.1±1.92 ND ND ND ND 5.6±1.03 ND ND ND 

Heptadecanoic 

acid, ethyl ester 

135.78±135.

36 
80.41±5.63 

27.26±14.5

7 

57.77±13.1

6 
80.11±9.23 107.3±14.71 5.1±4.43 8.33±2.85 

16.36±4.5

8 
20.56±3.93 

11.07±1.2

6 

10.35±2.0

9 
49.3±3.52 11.3±11.28 36.01±18.24 



Acetic acid ethyl 

ester 

550.52±91.9

2 

502.62±244.

31 

295.15±27.

48 
653±49.52 

1255.65±116

.4 

1705.23±321

.8 

48.15±18.

96 
75.06±6.67 

183.06±10

.84 

141.53±27.4

7 

40.68±0.9

5 
16.17±3.5 

156.94±8.7

3 

138.59±44.

48 
140.1±43.94 

1-Nonanol 70.57±21.49 65.9±57.38 19.39±17.2 
38.84±33.6

6 
ND ND 3.74±3.24 1.38±2.38 ND 9.27±1.57 ND 6.9±1.18 7.11±6.23 ND 6.91±6.11 

Lactic acid 

isopentyl ester 
ND 78.76±72.12 ND ND ND ND 2.87±4.97 3.86±6.68 

13.26±11.

7 
ND ND ND 

19.51±11.2

1 
13±11.93 28.38±24.25 

Benzenepropanoic 

acid, ethyl ester 
67.62±19.49 89.94±15.2 26.62±4.64 66.32±4.67 100.11±7.21 

131.06±28.2

2 
4.53±3.96 7.95±2.18 

15.01±0.9

2 
16.89±3.32 9±0.57 10.43±0.5 22.78±0.5 14.82±5.41 19.99±5.26 

Hexadecanoic acid, 

propyl ester 
ND ND ND 56.51±5.66 

101.72±10.5

8 

151.26±24.2

5 
ND 8.95±4.94 ND 10.99±11.16 6.63±0.51 6.07±0.9 21.58±2.12 ND 12.17±5.08 

2,3-Butanediol 279.9±61.49 
399.43±57.7

4 

61.99±15.9

5 

135.66±22.

11 

206.39±21.8

1 
276.9±75.27 12.03±5.1 17.74±8.1 

54.36±21.

48 
45.24±14.6 14.47±1.4 

13.78±2.7

3 

37.93±10.7

4 
32.1±13.79 40.73±17.29 

4-Ethyl-2-

methoxyphenol 

160.29±44.7

9 

212.05±29.1

3 

66.15±10.7

3 

157.61±13.

71 
225.29±5.19 

322.39±69.7

1 
13.52±3.2 16.86±5.51 

35.06±2.7

2 
38.65±9.53 

16.37±0.8

2 

16.67±1.3

6 
41.99±2.42 

35.91±12.6

2 
35.34±11.1 

4-

Hydroxyphenylpho

sphonic acid 

ND ND ND 61.82±9.35 64.34±0.87 
118.18±68.0

6 
ND ND ND ND ND ND 10.46±9.07 ND ND 

5-Methyl-5-

nonanol 
ND ND ND ND ND ND 4.57±0.34 5.26±0.22 ND ND 4.48±0.66 ND ND ND ND 

1-Hexadecanol ND ND ND ND ND 33.5±29.53 3.32±0.84 1.03±1.78 ND ND ND ND ND ND ND 

Pentadecanoic 

acid, ethyl ester 

150.87±38.3

6 

175.18±14.0

2 

41.77±36.1

8 

127.64±20.

91 

182.13±18.1

4 
111.36±95.07 

17.23±16.

99 
18.17±6.09 

34.53±1.2

6 
28.51±27.06 

19.01±1.6

1 

19.81±3.2

1 
52.88±2.55 

66.51±38.3

3 
48.36±18.72 

3,4-

Dimethoxytoluene 
ND ND ND 34.47±3.61 ND ND 1.75±1.55 5.01±1.72 8.89±0.82 8.63±1.84 ND 4.48±0.38 ND 6.3±5.69 ND 

3-Furaldehyde 30.83±27.53 ND 21.01±3.84 ND ND ND ND ND ND ND ND ND ND ND ND 

Acetoin 
188.49±74.7

8 
259.5±39.08 ND ND 49.67±43.09 

104.61±25.1

7 
ND ND ND ND ND ND ND ND ND 

9-Hexadecenoic 

acid, ethyl ester 

634.03±178.

56 

688.15±85.2

4 
43.85±4.59 ND 

606.02±78.7

9 

842.53±107.

16 
7.38±3.3 

50.45±17.4

8 
21.9±1.11 

126.21±38.4

9 

51.89±2.7

7 

51.67±7.7

8 

138.66±9.0

6 

22.43±11.9

3 

134.11±51.7

1 

Heptadecanoic 

acid, 15-methyl-, 

ethyl ester 

330.19±122.

16 

406.87±57.3

1 

138.28±12.

86 

189.1±167.

6 

393.71±50.3

4 
489.5±78.55 

26.85±12.

58 
45.69±19.1 ND ND 

42.74±4.7

4 

43.43±7.6

4 

115.61±10.

13 

114.13±65.

59 

116.29±51.6

4 

1,2-Dimethoxy-4-

ethyl-benzen 
ND 57.2±9.35 18.34±3.38 63.47±5.2 ND ND 5.36±1.12 9.37±3.1 

14.56±2.0

5 
15±3.08 7.17±0.6 8.58±0.62 16.79±1.59 15.61±5.53 10.94±2.83 

Phenylethyl 

alcohol 

4633.74±16

52.83 

6281.19±61

0.32 

2278.21±5

20.14 

2912.9±14

4.73 

2945.71±160

.1 

4315.22±104

0.91 

272.06±86

.34 

368.65±14

7.02 
839.23±89 

780.54±206.

93 

280.14±36

.99 

403.24±58

.66 

513.94±39.

78 

548.37±19

2.74 

736.87±283.

12 

9-Octadecenoic 

acid, ethyl ester 

4293.64±15

49.28 

7058.45±43

35.04 

1489.44±1

49.68 

2738.19±3

73.31 

4162.52±544

.45 

5263.81±709

.48 

153.78±15

7.7 

228.64±24

7.39 
752.26±57 

945.21±340.

05 

390.43±25

.36 

358.42±63

.41 

767.06±63.

09 

598.29±32

4.03 

731.54±319.

89 

Nonanedioic 

acid,1,9-diethyl 

ester 

ND ND 9.06±7.85 39.1±6.09 58.8±7.72 85.2±18.14 ND ND ND ND 5.45±0.25 5.67±0.85 13.41±0.85 7.19±7.91 ND 



2-Methyl-4-

heptanone 
ND ND ND ND ND ND ND ND ND ND 8.39±0.54 10.2±2.94 ND 5.39±4.7 3.06±5.31 

Hexanoic acid, 

butyl ester 
ND ND 8.61±14.91 

10.87±18.8

3 

167.19±98.3

9 
ND ND ND ND ND ND ND ND ND ND 

Hexadecanoic acid, 

ethyl ester 

9373.47±28

40.79 

11010.6±11

42.98 
54±7.97 

113.88±19.

13 

12856.69±12

45.57 

16970.54±20

42.17 

11.47±5.6

8 

1250.66±4

71.48 

1569.41±1

335 

3141.38±10

43.63 

1271.92±7

7.86 

1315.2±24

6.96 

3833.16±3

04.77 

570.27±91

2.16 

3496.85±14

79.41 

Acetic acid ND ND ND ND ND ND ND ND ND ND ND ND ND 8.65±8.72 4.7±8.14 

1-Pentanol ND ND 
237.7±411.

72 
ND ND ND ND ND 

157.2±137

.34 

190.14±164.

67 
ND ND ND ND ND 

9,12-

Octadecadienoic 

acid, ethyl ester 

716.03±266.

74 

1035.96±13

4.74 
72.96±2.14 

136.99±15.

85 

950.37±126.

06 

1095.07±162

.84 
9.37±2.81 

42.39±19.1

3 

31.07±3.7

9 
65.83±35.27 

45.28±5.2

3 

39.87±7.0

5 

146.36±10.

86 

11.98±12.2

6 

136.95±92.7

4 

(E)-4-Decenoic 

acid, ethyl ester 
ND 35.84±31.14 ND 

21.48±18.7

9 
54.25±6.7 70.88±13.79 2.56±2.26 4.24±0.84 5.13±4.44 5.35±4.72 5.23±0.51 6.33±0.99 10.42±0.68 9.7±3.35 11.09±2.72 

Isobutyl alcohol 73.62±21.92 83.62±21.96 
37.61±10.0

8 
85.96±4.71 130.72±8.99 227.47±56.8 6.62±1.84 9.11±2.67 

20.37±2.3

7 
21.62±3.56 7.66±1.48 3.95±3.42 20.82±0.91 14.17±5.28 15.87±5.73 

2-Methoxy-4-

methylphenol 
70.23±62.69 ND ND ND 108.03±8.68 ND ND ND ND ND 7.05±0.94 8.07±0.53 16.73±0.97 14.19±4.09 15.31±4.17 

Benzoic acid, ethyl 

ester 
ND ND ND 

21.01±18.2

6 
52.28±0.73 67.79±15.17 ND 0.88±1.52 ND ND ND ND 5.93±5.16 ND 1.76±3.04 

2,4-Di-tert-

butylphenol 
78.38±46.71 71.78±17.25 24.52±5.4 ND 56.69±12.67 60.42±3.08 3.99±0.85 0.79±1.37 ND ND 6.26±5.53 ND 9.6±8.74 7.5±6.66 9.21±15.95 

Lactic acid, ethyl 

ester 

399.09±154.

61 

540.94±90.4

1 

202.8±42.7

8 

762.53±42

5.6 

758.74±657.

22 

1203.93±113

2.45 

53.46±17.

88 

83.03±38.9

9 

147.95±15

.52 

127.15±121.

04 

69.29±10.

81 

69.76±13.

22 

223.37±21.

36 

377.14±13

7.28 

310.72±128.

88 

2-Furanmethanol ND ND ND ND ND ND 4.2±3.7 7±2.47 11.36±0.7 12.27±3.17 ND 5.9±1.19 12.12±0.96 11.45±3.67 20.5±9.1 

Furfural ND 85.45±26.69 ND 
143.36±21.

86 
ND 

420.99±101.

12 
ND ND ND 14.61±4.71 ND ND 

12.23±10.6

2 
ND ND 

Tetradecanoic acid, 

13-methyl-, ethyl 

ester 

564.22±172.

28 

610.56±20.4

2 

25.68±44.4

8 

218.7±30.8

9 

642.82±43.4

6 

901.8±237.3

8 

26.36±11.

19 

31.48±10.3

1 

55.29±2.1

6 
74.27±19.13 

31.13±3.4

8 

30.31±3.5

7 

133.84±9.0

2 

45.31±33.9

2 
112.95±40.4 



Hexadecanoic acid, 

15-methyl-, ethyl 

ester 

104.73±50.4

4 

143.23±45.2

5 

19.38±22.5

9 
ND 

139.03±40.5

6 

177.45±53.1

8 
2.47±2.26 8.39±4.32 7.78±0.36 24.29±14.85 4.48±0.47 3.24±2.85 12.14±1.37 5.32±5.25 20.15±17.97 

Flavor compounds 2L0S 2L0Z 2L0X 2L7S 2L7Z 2L7X 2L14S 2L14Z 2L14X 2L22S 2L22Z 2L22X 2LC30S 2LC30Z 2LC30X 

9,12,15-

Octadecatrienoic 

acid, ethyl ester 

470.82±171.

75 

567.02±96.7

5 

140.8±18.9

5 
266±41.05 

342.5±275.7

1 

579.23±131.

37 

20.55±10.

11 
32.8±14.28 

75.55±11.

87 
95.66±35.92 

37.83±2.9

7 

37.05±3.8

6 
77.61±2.41 

71.11±37.7

1 
89.47±4.23 

9,12-

Hexadecadienoate, 

ethyl ester 

45.35±23.84 31.68±27.44 4.59±7.95 ND ND ND ND ND ND ND ND ND ND ND ND 

9.cis.,11.trans.-

Octadecadienoic 

acid, ethyl ester 

191.52±243.

97 

89.67±111.0

7 
ND ND 

156.46±56.2

5 

154.57±224.

87 
ND ND ND ND 

15.17±2.1

2 

13.12±2.7

6 
32.54±5.17 ND 45.58±1.14 

9,12-

Octadecadienoate, 

propyl ester 

6683.26±22

06.2 

7475.9±125

2.83 

2556.89±2

58.72 

4963.84±6

69.58 

6740.33±905

.03 

8871.39±943

.67 

362.72±18

5.47 

597.84±24

8.5 

1224.99±8

6.36 

1569.71±54

2.45 

700.22±38

.48 

657.6±115

.66 

1365.73±1

04.82 

1168.38±6

30.83 

1239.29±53

4.94 

 

  



Table S3. Volatile compounds of the fermented grain samples from round 3 based on gas chromatography-mass spectrometry analysis (μg/kg). 

Flavor 

compounds 
C3_0S C3_0Z C3_0X C3_7S C3_7Z C3_7X C3_14S C3_14Z C3_14X C3_21S C3_21Z C3_21X C3_CJS C3_CJZ C3_CJX 

Benzyl 

alcohol 
69.9±8.19 79.08±7.42 ND ND ND ND ND ND ND 

60.28±22.7

7 

563.81±592.1

4 
52.3±0.7 

107.47±38.

59 
ND 

131.21±112

.25 

Benzaldehyde 66.48±7.4 70.64±5.98 ND 
102.54±18.

46 
62.6±88.53 96.5±2.98 

416.43±388.4

1 

198.22±10.3

1 

263.71±60.0

7 

265.23±50.

54 

794.01±545.1

2 
ND 

410.89±170

.76 

347.85±171

.65 

239.94±74.

42 

Phenylacetic 

acid, ethyl 

ester 

356.51±19.

85 

428.83±30.

25 

4183.15±109

1.08 

843.34±131

.4 

937.86±223

.99 

810.19±25.

11 

3559.91±332

0.67 

1559.28±122

.81 

2018.35±347

.51 

723.7±638.

2 
ND 

716.89±0

.86 

1480.86±34

6.06 

1044.59±73

7.61 

406.23±642

.84 

Acetic acid 2-

phenylethyl 

ester 

244.87±8.9

3 

308.78±19.

94 

1043.62±238

.37 

612.82±95.

18 

745.12±154

.78 

694.01±14.

88 

2517.41±239

0.84 

861.81±746.

38 

1086.78±979

.18 

758.46±22

6.52 

6227.71±676

8.32 
ND 

898.5±227.

3 

612.06±449

.89 

723.41±110

.12 

Pentanoic 

acid, 2-

hydroxy-4-

methyl-, ethyl 

ester 

180.15±20.

12 
200.96±9.8 

1611.83±340

.71 

408.35±56.

49 
ND ND ND ND ND ND ND ND ND ND ND 

gamma-

Nonanolacton

e 

38.9±1.19 42.76±3.61 
281.65±86.6

9 
77.54±9.38 ND ND ND ND ND ND ND ND ND ND ND 

Butanoic acid, 

ethyl ester 
34.33±3.62 43.27±0.82 

4344.08±100

2.64 
65.07±7.4 ND ND ND ND ND ND 

526.85±602.2

4 

29.79±0.

88 

29.69±25.7

8 
ND 30.47±3.82 

Octanoic acid, 

ethyl ester 

226.72±16.

38 
254.6±5.91 

1977.96±541

.16 

461.44±80.

7 

534.2±150.

63 

415.19±6.9

8 

1884.81±180

0.6 

738.05±144.

65 

1096.73±186

.41 

2185.53±2

81.67 

4119.31±119

2.74 

369.11±0

.83 

1735.01±14

7.94 

788.04±443

.62 

1385.01±49

4.41 

Dodecanoic 

acid, ethyl 

ester 

144.5±7.84 
164.57±10.

93 

854.54±227.

42 

323.81±55.

85 

321.63±99.

01 

298.46±19.

89 

1153.82±106

2.39 
505.5±63.44 

679.85±129.

98 

316.78±11

2.66 

2754.23±307

5.75 
ND 

206.51±179

.04 

234.54±159

.78 

207.16±162

.07 

Hexanoic 

acid, methyl 

ester 

ND ND ND ND ND ND ND ND ND ND 
2819.56±378

2.2 
ND 

371.72±22.

55 
ND 

300.35±133

.58 

(Z)-Ethyl 

heptadec-9-

enoate 

ND ND ND ND 40.14±8.27 44.32±0.17 
161.89±157.0

7 
129.4±111.1 ND 

18.29±16.9

3 
ND ND ND ND ND 

Phenol 25.69±2.45 29.37±2.52 102.2±25.99 48.86±7.88 
22.41±31.6

9 
51.05±1.66 ND ND ND ND ND 

36.94±0.

99 
ND ND ND 

Decanoic 

acid, ethyl 

ester 

258.06±26.

79 

266.64±7.8

5 

1403.97±356

.81 

524.18±120

.58 

514.46±163

.58 

375.41±10.

78 

1754.52±164

7.45 

803.12±186.

68 

1053.37±158

.85 

405.67±39

0.88 

1812.39±795.

34 

390.54±1

.02 

380.76±96.

92 

273.1±183.

55 

384.53±29.

27 

2-Heptanone ND ND ND ND ND ND ND ND ND 356.55±25. 3637.71±466 ND 343.1±304. 104.04±31. 374.5±161.
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Octanoic acid, 

methyl ester 
ND ND ND ND ND ND ND ND ND 

122.78±12

9.69 
412.66±57.15 ND 

204.84±4.2

1 

74.01±42.1

9 

156.21±74.

45 

1-Hexanol 22.55±2.61 24.05±1.89 
1164.14±319

.97 
40.87±5.89 

49.52±11.6

3 
45.21±0.04 164.2±149.51 76.61±2.54 

109.36±20.5

6 

126.35±18

0.38 

329.57±276.2

8 

44.78±0.

94 
75.9±26.16 

42.32±29.7

2 

47.36±12.7

7 

1-Octanol ND 40.3±1.49 ND ND ND ND ND ND 114.64±20.8 ND ND ND ND ND ND 

Tetramethylpy

razine 
61.96±3.74 47.03±2.4 

194.86±45.7

9 

62.61±13.6

5 

85.62±11.8

5 
55.29±4.26 99.75±16.47 

125.23±73.1

6 

184.31±146.

92 
83.85±60.2 

157.61±115.5

9 

51.79±0.

6 

74.01±51.8

2 

33.38±14.9

3 

39.61±22.9

9 

3-

Phenylpropan

ol 

22.19±1.74 25.14±2.34 ND 39.37±4.09 42.73±6.33 44.01±1.95 
150.65±138.7

7 
78.12±5.11 95.24±17.99 

31.32±10.5

5 

268.99±284.3

9 
ND 

44.44±13.7

9 

30.62±23.9

5 
30±4.11 

Butanedioic 

acid, diethyl 

ester 

213.16±22.

44 

257.74±23.

02 

1698.81±383

.7 

506.74±64.

39 

574.09±152

.25 

477.17±13.

2 

1946.68±185

4.73 

872.68±27.5

1 

1134.01±193

.33 

409.68±14

6.97 

1304.51±816.

54 

348.6±1.

54 

428.05±419

.64 

440.24±336

.54 

344.5±95.4

1 

3-Methyl-1-

butanol 

398.27±54.

87 
ND 

1588.42±424

.4 

796.81±102

.86 

889.66±185

.71 

855.34±24.

66 

3192.39±299

3.21 

1555.93±86.

45 

1998.52±377

.55 

589.28±21

3.12 

4623.38±461

3.17 

663.53±0

.88 

872.28±339

.86 

611.7±495.

65 

500.51±81.

32 

Hexanoic 

acid, ethyl 

ester 

285.36±25.

96 

300.31±25.

14 

21371.58±55

90.01 

431.44±79.

69 

722.48±146

.31 

346.46±42.

13 

1930.28±185

9.65 

715.74±141.

48 

1203.12±351

.45 

2580.4±99

2.2 
ND 

168.4±0.

71 

2200.32±19

43.91 

820.51±433

.79 

2986.46±15

36.2 

Acetic acid 

isoamyl ester 
63.26±5.9 80.38±1.32 ND 

167.02±26.

28 
ND ND ND ND ND ND ND ND ND ND ND 

Tetradecanoic 

acid, ethyl 

ester 

143.6±27.9

2 

163.67±27.

27 

854.85±244.

13 

356.68±59.

85 

392.69±75.

78 

120.26±6.7

9 

1461.59±129

1.34 

636.68±61.9

1 

851.89±117.

74 
ND 

3606.06±369

8.01 

286.31±0

.95 

493.55±147

.29 

104.02±28.

67 

369.61±50.

17 

3-

(Methylthio)-

propanoic 

acid ethyl 

ester 

27.44±8.1 27.6±10.65 236.4±59.34 91.19±15.1 99.9±27.82 97.3±0.29 
434.15±401.9

3 

186.86±14.4

9 
255.99±39.7

8 

77.15±39.7

2 51.64±18.35 

81.57±14

.69 

72.69±15.4

1 

58.98±42.1

8 
52.18±8.94 

Heptadecanoi

c acid, ethyl 

ester 

ND 16.96±3.26 ND 48.34±9.63 
46.42±23.9

3 
40.94±0.12 129.95±94.53 91.73±11.99 82.4±4.7 38.6±16.09 

352.64±349.3

1 

56.47±1.

2 
ND 

53.75±48.2

4 
35.39±7.85 

Acetic acid 

benzyl ester 
ND ND ND ND 30.23±3.66 26.5±0.93 ND 14.95±25.9 ND ND ND ND ND ND ND 

Acetic acid 

ethyl ester 

486.6±69.2

1 

602.16±7.3

3 

1292.74±300

.25 

1310.19±98

.29 

1129.44±88

.83 

1271.29±1

30.42 

2840.27±216

3.89 

1658.74±221

.77 

2104.43±122

1.43 

636.86±38

7.77 

5751.2±6627.

71 

391.25±0

.41 

654.88±285

.45 

634.02±358

.25 

738.47±127

.36 

1-Nonanol 22.55±1.91 ND ND 
51.41±10.3

1 

64.76±17.1

1 
50.81±1.12 

181.37±165.2

8 
46.76±40.76 

127.28±35.8

4 

41.72±39.9

1 
ND 

33.25±0.

57 
ND ND ND 

2,3-

Butanediol 

114.74±60.

52 

84.92±13.5

2 

141.56±29.2

9 

144.1±18.4

5 

129.97±66.

21 

206.77±55.

55 
781±826.41 

529.83±161.

63 
830.14±74 

105.26±75.

62 

366.76±240.9

2 

165.32±1

.3 

171.87±73.

64 

122.44±84.

56 

257.36±86.

11 

Lactic acid ND ND ND ND 170.88±35. ND ND 86.87±150.4 ND 120.39±16 117.33±61.13 229.73±1 75.28±20.9 70.83±4.95 42.41±7.06 
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Benzenepropa

noic acid, 

ethyl ester 

38.33±5.98 49.82±3.69 
906.82±274.

98 

101.05±18.

68 

110.77±27.

49 
89.38±2.95 

345.87±326.8

4 

149.72±14.6

8 

197.54±34.1

5 

113.76±32.

31 

883.29±957.5

1 
ND 

114.38±27.

95 
84.3±57.26 

75.61±35.0

1 

á-

Ethylphenethy

l alcohol 

19.36±1.44 23.18±2.31 ND 40.37±6.77 41.12±9.71 42.28±1.79 ND 66.6±9.11 87.26±14.46 ND ND ND ND ND ND 

Hexanoic acid 

3-methylbutyl 

ester 

ND ND 
1153.07±405

.1 
ND ND ND ND ND ND 

54.07±46.8

7 
168.4±67.24 ND 70.43±16.2 ND 46.8±14 

4-Ethyl-2-

methoxyphen

ol 

41.72±2.54 50.38±3.89 
486.81±151.

07 
91.73±12.3 

51.89±73.3

8 
84.43±1.02 

306.23±286.6

8 

136.41±12.9

9 

125.48±113.

15 
ND ND ND ND ND ND 

Pentadecanoic 

acid, ethyl 

ester 

62.78±9.77 
72.86±10.3

3 

401.22±116.

48 

145.18±23.

23 

160.39±28.

1 
ND ND 

77.63±134.4

6 
ND 

95.18±98.1

4 
ND ND ND ND 91.56±14 

(R)-(-)-1,2-

Propanediol 

28.57±15.5

3 
14.71±2.27 ND 33.62±5.82 

20.02±28.3

1 

85.17±52.7

5 

287.56±351.7

5 

109.62±47.9

3 

141.01±125.

7 
ND 

639.44±763.0

9 
ND 

50.83±45.2

5 
ND 

33.01±57.1

7 

9-

Hexadecenoic 

acid, ethyl 

ester 

131.12±33.

42 

140.22±29.

86 

608.99±181.

72 

293.32±55.

29 

359.19±49.

83 

405.01±16.

7 

1268.99±120

2.86 

605.22±73.4

5 

799.48±78.8

7 

49.45±52.2

9 

1420.06±963.

36 
ND 

188.98±153

.43 

93.53±31.1

1 

64.16±12.2

6 

(Z)-Ethyl 

pentadec-9-

enoate 

ND ND ND ND 
40.87±10.6

3 
44.26±2.05 143.8±137.52 61.49±8.8 ND ND ND 

25.59±1.

02 
ND ND ND 

Heptadecanoi

c acid, 15-

methyl-, ethyl 

ester 

ND 
47.39±13.0

2 

273.02±81.2

4 

121.17±23.

09 
ND 

149.35±7.8

9 
ND 

2616.46±208

6.46 

333.63±48.9

4 
ND ND ND ND ND ND 

1,2-

Dimethoxy-4-

ethyl-benzen 

26.68±1.72 26.92±2.24 
156.17±49.0

2 
46.88±5.67 30.55±43.2 52.4±1.19 

177.19±169.3

4 
90.8±9.39 

116.57±18.8

4 
ND ND ND ND ND ND 

Phenylethyl 

alcohol 

1921.72±2

20.12 

2303.11±2

12.94 

6356.53±151

3.29 

3582.35±50

8.88 

3869.2±910

.35 

3927.6±14

3.11 

14390.04±13

646.38 

7265.07±581

.91 

9295.69±147

8.23 

2650.25±9

70.26 

8719.14±586

2.14 

2176.09±

0.93 

3769.23±13

25.12 

2560.37±20

18.33 

1724.54±14

28 

9-

Octadecenoic 

acid, ethyl 

ester 

733.12±24

8.8 

835.07±21

4.53 

4504.94±130

0.16 

1833.91±38

6.11 

2057.74±51

6.09 

2499.65±4

9.95 

7495.93±713

5.7 

5943.62±238

7.09 

4652.36±521

.27 

1418.83±1

495.9 
ND ND ND ND ND 

Hexanoic 

acid, butyl 

ester 

ND ND 
1542.45±518

.62 
ND ND ND ND ND ND 

478.85±53

5.11 

5642.07±746

6.16 
ND 

648.33±104

.75 

187.19±92.

31 

473.03±258

.74 



Hexadecanoic 

acid, ethyl 

ester 

2199.66±5

80.57 

2630.23±5

48.03 

14742.95±38

33.64 

6375.69±11

31.17 

6858.76±14

71.99 

7818.57±5

24.9 

24830.3±235

82.33 

11384.33±13

08.53 

14937.13±14

90.33 

167.92±67.

22 

24107.82±16

596.46 

7526.8±1

.68 

4631.18±77

76.53 

745.09±978

.63 

4347.48±37

53.94 

Hexanoic 

acid, hexyl 

ester 

ND ND 
507.82±215.

04 
ND ND ND ND ND ND 

212.47±34.

03 

944.56±1226.

51 
ND 

48.87±44.0

6 

26.18±16.6

9 

46.34±22.4

9 

Acetic acid ND 23.07±0.79 ND ND ND 
101.82±3.0

7 
ND ND ND ND ND ND ND ND ND 

Lactic acid, 

ethyl ester 

417.4±58.9

8 

493.67±44.

62 

4806.69±131

6.02 

1094.72±16

2.92 

512.81±725

.23 

1199.82±2.

5 

6734.86±641

7.26 

3414.62±197

.37 

3296.45±289

2.13 
ND ND 

2004.75±

1.73 
ND ND ND 

9,12-

Octadecadien

oic acid, ethyl 

ester 

47.83±12.7

3 

1893.69±4

35.01 
294.75±81.7 

139.64±21.

86 

150.57±31.

56 

181.65±2.6

5 
ND 

93.05±161.1

6 

404.58±80.8

3 

5051.28±2

338.8 

3804.23±435

2.99 

35.16±0.

63 

1284.66±20

22.19 

1700.84±23

52.37 

33.39±29.0

6 

(E)-4-

Decenoic 

acid, ethyl 

ester 

46.88±3.77 44.99±0.82 
275.82±96.3

7 
92.69±15 31.6±44.69 63.18±1.64 ND 93.5±81.28 

173.31±27.6

1 
ND ND ND ND ND ND 

2-Methoxy-4-

vinylphenol 
20.57±5.94 ND ND 29.48±4.11 47.43±5.48 37.81±0.84 

113.56±109.4

4 
54.86±8.96 65.3±12.98 

35.65±10.1

7 

327.05±392.5

7 

28.46±0.

96 
ND 

25.89±19.2

8 

16.15±14.7

2 

Isobutyl 

alcohol 
22.25±2.35 22.44±1.19 

118.94±40.3

4 
38.41±6.86 47.75±1.77 41.77±3.22 

174.27±166.3

2 
84.21±9.53 

108.52±19.8

4 

35.75±11.4

9 
294.72±293 

27.19±0.

66 

65.64±26.9

9 

37.57±27.5

9 
31.76±5.98 

Diethyl 

pentanedioate 
8.2±7.16 15.82±0.86 ND 29.29±5.38 35.91±5.71 27.6±1.84 

112.58±104.8

1 
51.15±6.89 66.45±11.82 ND ND ND ND ND ND 

2-Nonanone 12.62±1.09 ND ND ND 
18.45±26.0

9 
30.84±1.49 

131.97±122.0

6 
58.44±1.8 84.85±8.66 ND ND ND ND ND ND 

1,2-

Dimethoxybe

nzene 

15.4±4.51 14.4±1.32 ND ND 
20.96±29.6

5 
ND 96.67±88.53 ND ND ND ND ND ND ND ND 

2-Methoxy-4-

methylphenol 
24.3±1.69 25.62±2.16 

414.76±122.

99 
46.6±7.96 ND ND ND ND ND ND ND ND ND ND ND 

2,4-Di-tert-

butylphenol 
23.23±3.57 20.87±4.19 ND 34.81±6.15 

16.55±23.4

1 
ND ND ND ND ND ND ND ND ND ND 

2-

Furanmethano

l 

67.4±16.63 64.79±5.87 
363.26±73.7

2 

105.69±16.

65 

101.66±31.

11 

100.15±2.1

1 

358.31±336.0

3 

154.69±13.7

7 

210.36±33.0

8 
ND ND ND ND ND ND 

Tetradecanoic 

acid, 13-

methyl-, ethyl 

ester 

102.51±22.

11 

121.01±21.

75 
371.5±95.29 

239.47±42.

31 

263.35±59.

74 

271.41±8.9

7 

915.35±857.7

7 

383.63±42.6

6 

514.32±80.2

7 

257.39±98.

21 

1981.39±194

2.69 

83.96±0.

31 

293.06±97.

89 

193.09±154

.52 

197.75±41.

8 

Hexadecanoic 20.23±5.59 ND ND ND 41.88±2.39 61.89±1.73 191.97±205.7 15.35±26.59 117.56±14.5 54.48±32.8 189.82±200.1 ND 76.12±31.8 ND 36.73±32.6



acid, 15-

methyl-, ethyl 

ester 

2 3 1 3 3 

9,12,15-

Octadecatrien

oic acid, ethyl 

ester 

81.29±23.8

1 

98.88±23.2

1 

3669.84±577

3.37 
200.2±26.7 

184.37±50.

86 

248.31±4.2

3 

796.99±759.0

2 

327.61±19.7

8 
493.35±65 

143.89±11

0.3 

1386.3±1346.

78 

120.65±0

.9 

241.96±134

.45 

187.49±151

.41 

164.98±42.

91 

9.cis.,11.trans.

-

Octadecadien

oic acid, ethyl 

ester 

ND 23.45±3.84 
125.32±47.8

1 

50.95±11.2

2 
ND ND ND ND ND ND ND ND ND ND ND 

9-

Tetradecenoic 

acid, ethyl 

ester 

ND 13.91±1.83 ND 33.6±4.61 35.06±9.53 ND 98.6±90.32 67.97±10.19 90.72±12.74 
46.49±12.9

5 

602.62±496.4

3 
ND 

49.89±11.7

1 

40.17±29.7

4 
43.66±6.49 

Methoxyaceti

c acid, 3-

methylbutyl 

ester 

ND 58.82±2 524.53±98.4 
117.51±19.

56 
ND ND ND ND ND ND ND ND ND ND ND 

9,12-

Octadecadien

oate, propyl 

ester 

1526.27±4

41.04 
ND 

7956.41±214

1.27 

3694.82±83

9.23 

3723.67±11

37.82 

4745.84±8

8.37 

14460.61±13

817.96 

6920.99±878

.74 

8900.88±120

0.78 
70.03±25 203.73±141.9 

2908.74±

1.11 

2726.89±46

28.21 

436.27±626

.47 

35.42±34.2

1 

 

 

 

 

 


