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Abstract The fingerprint of Kweichow Moutai liquor was established by gas chromatography-

mass spectrometry GC-MS and the similarity of fingerprints was evaluated by the fingerprint
similarity calculation software designed by Zhejiang University based on included angle cosine.
One milliliter of liquor sample was mixed with ten microliter of 2% n-pentyl acetate solution
used as internal standard. One microliter of the prepared sample was injected into a GC-MS.
The separation was performed on an HP-INNOWAX 19091N-113 capillary column. The precision
and repeatability of the method were good as the relative standard deviation RSD of intra-
batch was less than 5%. A total of 35 characteristic components of Kweichow Moutai liquor
were identified. The fingerprints of 38 batches of Kweichow Moutai 5 Moutai-flavor liquors
produced by Kweichow Moutai Company Limited the same manufacturer as Kweichow Moutai

and 12 other brand liquors were compared in characteristic components and similarity. The re-
sults demonstrated that different batches of Kweichow Moutai had good similarity =0.9 and
Kweichow Moutai was differentiated from the liquors of different alcohol contents and flavors

but it was poorly distinguished from the Moutai-flavor liquors by fingerprint similarity calcula-
tion software. Therefore only in combining characteristic components and fingerprint similarity
results Kweichow Moutai can be distinguished from other liquors. The established method
offers technical basis for the identification of Kweichow Moutai.
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Fig. 1 Average GC-MS fingerprint of 10 batches of Kweichow Moutai
For peak identifications see Table 1.
1 GC-MS
Table 1 Relative peak areas of characteristic components for 10 batches of Kweichow Moutai liquor
Peak No. Characteristic e Relative peak area’
. . Compound i .
in Fig. 1 ion m/z value 1 2 3 4 5 6 7 8 9 10 RSD/%
1 acetaldehyde 44 29 15 0.18 0.92 0.89 0.96 0.97 0.97 0.90 0.98 0.94 1.00 0.90 4.1
2 acetone 43 58 27 0.22  0.10 0.10 0.10 0.10 0.11 0.09 0.10 0.10 0.10 0.10 4.0
3 ethyl formate 31 28 45 0.23  0.06 0.06 0.07 0.06 0.07 0.05 0.06 0.06 0.07 0.05 8.1
4 diethoxymethane 59 103 31 0.25 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.03 8.2
5 ethyl acetate + 43 61 88/ 0.28 7.16 7.04 7.38 7.41 7.55 6.79 7.57 7.27 7.73 6.91 4.2
acetal 45 73 103
6 methanol + 31 32 15/ 0.29 0.23 0.22 0.24 0.24 0.23 0.22 0.23 0.22 0.24 0.22 3.1
2-butanone 43 72
7 3-methylbutanal 44 29 58 0.31 0.17 0.16 0.17 0.18 0.18 0.16 0.17 0.17 0.17 0.17 3.4
8 ethyl isobutyrate 43 71 116 0.39 0.29 0.29 0.37 0.29 0.31 0.27 0.27 0.29 0.26 0.26 10.7
9 2-butanol 45 59 31 0.53 0.15 0.15 0.23 0.16 0.20 0.23 0.20 0.15 0.23 0.15 20.2
10 ethyl butyrate + 71 43 88/ 0.57 0.45 0.45 0.57 0.47 0.60 0.46 0.44 0.46 0.51 0.44 11.8
propanol 31 27 59
11 2-pentanol 45 55 73 0.87 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 5.7
12 ethyl valerate 88 57 101 0.90 0.09 0.09 0.09 0.10 0.10 0.09 0.10 0.10 0.10 0.09 2.8
13 1-butanol 56 31 41 0.94 0.22 0.22 0.23 0.24 0.23 0.25 0.24 0.21 0.25 0.23 4.9
IS n-pentyl acetate 43 70 61 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 O
14 isoamyl alcohol 55 70 42 1.08 2.18 2.18 2.28 2.31 2.32 2.24 2.23 2.27 2.24 2.24 2.1
15 ethyl caproate 88 99 43 1.13  0.35 0.35 0.35 0.36 0.38 0.30 0.31 0.36 0.32 0.35 7.1
16 1-pentanol 42 70 55 1.16 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 4.7
17 3-hydroxy-2-butanone 45 43 88 1.22 0.51 0.50 0.54 0.55 0.54 0.49 0.49 0.55 0.50 0.54 4.9
18 ethyl heptanoate 88 113 43 1.29  0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.03 14.2
19 ethyl lactate 45 75 1.31 4.58 4.46 4.89 4.91 4.85 4.66 4.69 5.00 4.67 4.84 3.6
20 1-hexanol 56 69 84 1.32 0.15 0.15 0.16 0.16 0.15 0.14 0.12 0.15 0.15 0.16 6.9
21 ethyl octanoate 88 101 127 1.42  0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.03 17.0
22 acetic acid + 43 60 15/ 1.45 0.01 0.01 0.01 0.01 0.01 0.01 0.0 0.01 0.01 0.01 6.0
furfural 96 39 29
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Table 1 Continued
Peak No. Characteristic o Relative peak area’
. . Compound i .
in Fig. 1 ion m/z value 1 2 3 4 5 6 7 8 9 10 RSD/%
23 R -2 3-butanediol 45 27 57 1.54  0.25 0.25 0.28 0.27 0.29 0.29 0.30 0.32 0.32 0.33 9.9
24 propanoic acid 74 45 57 1.55 0.09 0.09 0.09 0.09 0.10 0.09 0.09 0.10 0.09 0.09 9.9
25 S -2 3-butanediol 45 29 57 1.58 0.24 0.23 0.28 0.25 0.27 0.26 0.25 0.27 0.28 0.28 6.1
26 propylene glycol 45 31 61 1.59 0.33 0.27 0.31 0.34 0.37 0.43 0.41 0.37 0.44 0.36 14.8
27 butyric acid 60 73 27 1.63 0.21 0.20 0.24 0.22 0.24 0.22 0.20 0.23 0.23 0.24 7.0
28 furfuryl alcohol 98 41 81 1.66 0.07 0.07 0.11 0.09 0.11 0.10 0.09 0.09 0.11 0.09 15.0
29 pentanoic acid 60 43 87 1.73 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 8.6
30 ethyl phenylacetate 91 29 164 1.77  0.04 0.04 0.05 0.04 0.05 0.04 0.04 0.04 0.04 0.05 10.4
31 hexanoic acid 60 73 87 1.82 0.13 0.12 0.14 0.14 0.13 0.12 0.13 0.12 0.12 0.13 5.4
32 phenylethanol 91 122 65 1.86 0.20 0.19 0.22 0.21 0.21 0.20 0.21 0.22 0.21 0.21 4.0
33 ethyl hexadecanoate 88 101 157 2.07 0.32 0.32 0.25 0.34 0.37 0.30 0.26 0.33 0.35 0.29 12.4
34 ethyl oleate 55 264 310 2.19 0.10 0.10 0.10 0.11 0.12 0.11 0.09 0.15 0.11 0.12 15.6
35 ethyl linoleate 67 263 308 2.22  0.14 0.16 0.12 0.16 0.20 0.17 0.16 0.21 0.16 0.14 16.8
1 «value =t; compound /t; IS . 2 Relative peak area = peak area compound /peak area IS .
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0.82 0.18 ~0.74 GC-MS
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Table 2 Similarity of fingerprints of other brand liquors and the control fingerprint of Kweichow Moutai
Sample name Manufacturer Flavor Alcohol content/% Similarity
Moutai Wuxing Kweichow Moutai Co. Ltd. Moutai-flavor 53 1.00
Moutai Prince Kweichow Moutai Co. Ltd. Moutai-flavor 53 0.96
Moutai Yingbin Kweichow Moutai Co. Ltd. Moutai-flavor 53 0.94
Moutai 43% Kweichow Moutai Co. Ltd. Moutai-flavor 43 0.87
Moutai 38% Kweichow Moutai Co. Ltd. Moutai-flavor 38 0.82
Taiyuan Fugui Kweichow Moutai Distillery Group Moutai-flavor 53 0.94
Moutai Specifically for the 80th Kweichow Moutai Distillery Group Moutai-flavor 53 0.92
Anniversary of Army
Lai Liquor Kweichow Hui Gui Lai Liquor Co. Ltd. Moutai-flavor 51 0.85
Yanghe Classic Blue Jiangsu Yanghe Brewery Co. Ltd. Luzhou-flavor 52 0.74
Liu Yang He Wu Liang Ye Yibin Co. Ltd. Luzhou-flavor 50 0.56
Xiao Hu Tu Xian Kweichow Yun Feng Liquor Co. Ltd. Luzhou-flavor 52 0.55
Luzhou Lao Jiao Luzhou Lao Jiao Co. Ltd. Luzhou-flavor 52 0.49
Wu Liang Ye Wu Liang Ye Yibin Co. Ltd. Luzhou-flavor 52 0.44
Jian Nan Chun JNC Group Co . Ltd. Luzhou-flavor 52 0.39
Zhang Gong Wang Zhang Gong Distillery Co. Ltd. Luzhou-flavor 35 0.18
Zong Heng Si Hai Jiugui Liquor Co. Ltd. Jiugui-flavor 52 0.69
Red Star Erguotou Beijing Red Star Co. Ltd. Fen-flavor 52 0.56
3 GC-MS
Table 3 Proportion of characteristic components in Kweichow Moutai and other flavor liquors %
Ratio of peak area of characteristic components to total peak area
Compound . Yang}.le Liu Xiao Hu Luzhou Wu Jian Zhang Zong Red Star
Moutai  Classic Yang i Lao Liang Nan Gong Heng
Blue He  uXEan o e Ye Chun Wang SiHai reuotou
Acetaldehyde 4.1 1.9 2.5 1.1 0.7 2.8 1.9 0 3.0 2.4
Acetone 0.4 0.5 0 0 0 1.0 1.9 0 0 0.2
Ethyl formate 0.3 0 0.1 0.1 0 0.2 0 1.1 0.2 0
Diethoxymethane 0.1 0 0 0 0 0.1 0 0 0 0
Ethyl acetate + acetal 31.3 15.8 10.4 12.9 17.9 13.7 7.2 8.7 15.2 10.9
Methanol +2-butanone 1.0 0.6 0.8 0.8 0.3 0.8 0 0 1.0 0.8
3-Methylbutanal 0.7 0.4 0 0.2 0 1.1 0.6 0 0.5 0.2
Ethyl isobutyrate 3.2 5.9 5.9 4.9 4.7 0.6 0 0 0 5.4
2-Butanol 0.8 1.5 2.0 0.9 0 2.8 0.6 0 1.9 2.4
Ethyl butyrate + propanol 2.1 2.1 2.4 4.3 2.7 4.6 3.5 3.3 2.3 1.4
2-Pentanol 0.1 0.4 0.1 0.1 0 0.6 0 0.7 0.2 0.6
Ethyl valerate 0.4 0 0 0.7 0.7 1.8 1.6 0 0.6 0
1-Butanol 1.0 1.4 2.6 1.9 0.3 0.9 1.2 1.9 2.8 3.3
Isoamyl alcohol 9.7 4.9 5.1 4.7 0.3 5.5 8.6 4.2 9.1 7.3
Ethyl caproate 1.5 14.7 8.4 25.3 41.6 39.6 42.5 38.9 12.8 6.6
1-Pentanol 0.2 0.3 0.3 0.3 0.2 .1 .2 0.1 0.4 0.5
3-Hydroxy-2-butanone 2.2 .3 1.7 0.4 1.1 0.1 0.2 0.3
Ethyl heptanoate 0.1 .2 0 0.2 0.2 0.5 0.2 0
Ethyl lactate 20.5 23.8 14.5 13.8 12.4 10.0 14 0 16.9 19.2
1-Hexanol 0.6 1.3 4.5 1.4 0.2 1.1 1 0.6 2.1 1.2
Ethyl octanoate 0.1 0.4 0.3 0.4 0.2 0 0 0 0.4 0
Acetic acid + furfural 9.8 1.3 2.8 0.9 1.6 3.0 0.9 0.2 1.1 1.2
R -2 3-Butanediol 0.2 0 0 0 0 0 0 0 0 0
Propanoic acid 1.3 0.3 0 0 0 0.6 0.7 0 0.6 0.4
S -2 3-Butanediol 1.1 0.2 0.3 0.2 0.3 0 0 0.1 0.4 0.2
Propylene glycol 1.6 0 0.3 0 0 0.1 0 0 0
Butyric acid 1.0 1.8 5.4 4.0 3.6 0.9 1.6 0 3.8 4.4
Furfuryl alcohol 0.4 0 0 0.1 0 0.1 0 0 0.2 0
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Table 3 Continued %
Ratio of peak area of characteristic components to total peak area
Yanghe Liu . Luzhou Wu Jian Zhang Zong
Compound . . Xiao Hu . Red Star
Moutai  Classic Yang . Lao Liang Nan Gong Heng
Tu Xian i . i Erguotou
Blue He Jiao Ye Chun Wang Si Hai
Pentanoic acid 0.2 0 0 0.1 0 0 0 0.7 0.1 0
Ethyl phenylacetate 0.2 0 0 0 0.1 0.1 0.3 0 0.1 0
Hexanoic acid 0.5 19.9 28.8 20.0 11.0 7.4 10.5 38.7 23.2 30.6
Phenylethanol 0.9 0.2 0.4 0.2 0.1 0.1 0.2 0.2 0.3 0.2
Ethyl hexadecanoate 1.3 0 0.2 0.1 0.1 0 0.2 0 0.2 0
Ethyl oleate 0.5 0 0 0 0 0 0 0 0.1 0
Ethyl linoleate 0.7 0 0.1 0 0 0.3 0.1 0 0.1 0.2
3
n 112
98% 2%
) 13
“ 2.8 ~3.3 min 5.3 ~
K >0.9 7.0 min 1.3
« ” 35
0. 85 5 +
1.3 +
70%
1%
13
1
4
>0.9
4 GC-MS "

Table 4 Relative peak areas” of characteristic components in Kweichow Moutai and other Moutai-flavor liquors

Compound Moutai M(?utai Moutzjti Moutai Moutai Taiyue%n Moutai spfscifically for
Prince Yingbin 43% 38% Fugui the 80th Anniversary of Arm

Acetaldehyde 0.94 0.70 1.24 1.04 1.07 0.45 0.45
Acetone 0.10 0.10 0 0.09 0.09 0.08 0.04
Ethyl formate 0.06 0.08 0.10 0 0 0.05 0.05
Diethoxymethane 0.03 0.04 0.02 0.04 0.03 0 0

Ethyl acetate + acetal 7.28 7.09 6.78 5.74 5.20 4.25 7.23
Methanol + 2-butanone 0.23 0 0.33 0.26 0.26 0 0.22
3-Methylbutanal 0.17 0.22 0.18 0 0 0.23 0

Ethyl isobutyrate 0.73 0.11 0.00 0.20 0.15 0.07 0.09
2-Butanol 0.19 0.78 0.55 0.97 0.26 0.55 0.37
Ethyl butyrate + propanol 0.49 4.45 0.70 0. 64 0.27 3.74 4.06
2-Pentanol 0.02 0.02 0 0 0 0.03 0.04
Ethyl valerate 0.09 0.12 0.09 0.07 0.07 0.23 0.34
1-Butanol 0.23 0.51 0.61 0.21 0.21 0.45 0.14
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Table 4 Continued
Compound Moutai Mc?utai I\/IIout:.:ti Moutai Moutai Taiyuén Moutai spfacifically for
Prince Yingbin 43% 38% Fugui the 80th Anniversary of Arm
n-Pentyl acetate IS 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Isoamyl alcohol 2.25 2.19 2.08 1.77 1.81 1.53 1.21
Ethyl caproate 0.34 0.38 0.28 0.18 0.16 0.51 0.36
1-Pentanol 0.05 0.04 0.04 0.03 0.03 0.04 0.00
3-Hydroxy-2-butanone 0.52 0.26 0.49 0.37 0.38 0.24 0.23
Ethyl heptanoate 0.02 0.02 0.02 0 0 0.03 0.07
Ethyl lactate 4.76 5.96 6.93 3.64 3.66 5.11 4.99
1-Hexanol 0.15 0.13 0.11 0.09 0.10 0.09 0.05
Ethyl octanoate 0.02 0.03 0.05 0.05 0.04 0.04 0.01
Acetic acid + furfural 2.27 2.67 1.92 1.66 1.47 1.89 2.90
R -2 3-Butanediol 0.04 0.25 0.02 0.03 0.00 0.26 0.14
Propanoic acid 0.29 0.31 0.46 0.22 0.21 0.31 0.22
S -2 3-Butanediol 0.26 0.22 0.30 0.00 0.18 0.22 0.15
Propylene glycol 0.36 0.19 0.31 0.28 0.31 0.23 0.41
Butyric acid 0.22 0.36 0.47 0.12 0.12 0.54 0.23
Furfuryl alcohol 0.09 0.07 0.13 0.06 0.06 0.10 0.06
Pentanoic acid 0.05 0.04 0.07 0.02 0.04 0.09 0.05
Ethyl phenylacetate 0.04 0.03 0.04 0 0 0.04 0.01
Hexanoic acid 0.13 0.15 0.11 0 0 0.18 0.13
Phenylethanol 0.21 0.19 0.14 0.09 0.09 0.19 0.10
Ethyl hexadecanoate 0.31 0.04 0 0 0 0.36 0.05
Ethyl oleate 0.11 0 0 0 0 0.12 0.05
Ethyl linoleate 0.16 0 0 0 0 0.19 0.08
# Relative peak area = peak area compound /peak area IS .
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