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In this work, we proposed an electrochemical method for directly recording the profiles
of the electroactive compounds in Chinese liquor. We selected samples from 11 brands with
four flavor types to investigate the feasibility of the proposed method. Owing to the different
raw materials in the fermentation process, different brands of Chinese liquor contain different
small molecules that could contribute to differences during an electrochemical scan. Principal
component analysis (PCA) and cluster analysis were conducted. The results indicate that the
electrochemical profiles of these brands can be distinguished using their voltammetric data.
We also selected two distinct peaks corresponding to the electro-oxidation of the electroactive
compounds for authentication. The 11 brands were successfully differentiated using a flow
chart. In addition, the flow chart has been successfully applied to actual sample analysis.

1. Introduction

Chinese liquor has a complex flavor mainly composed of esters. It is made of a starchy
material and is prepared by cooking, saccharification, fermentation, distillation, aging, and
blending."’  During its long history of several thousand years, Chinese liquor developed in
stages. The first stage was 40002000 BC. This stage is known as the enlightenment period
of Chinese liquor. Brewing water wine from fermented grains was the main form of brewing
at the time. This was the late period of primitive society, when alcohol was regarded as a drink
containing great magic. The next stage from 2000 BC to 200 BC was the growth period of
Chinese liquor. In this period, with the use of fire and the emergence of grain and livestock,
coupled with the invention of yeast, China became the first country in the world to use yeast
for wine production. During this period, the winemaking industry developed considerably.
The government set up a special institution for making wine, and the wine production was
controlled by the government. From 200 BC to 1000 AD, the Chinese liquor industry was
maturing. During this period, drinking was popular not only among upper classes but also
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among common people. During this period, the rise of land trade between China and Europe,
other parts of Asia, and Africa resulted in Chinese and western wine cultures permeating each
other and laid the foundation for the further development of Chinese liquor.

Owing to differences in geographical and ecological environments, brewing materials,
auxiliary materials, types of liquor, and brewing technology, Chinese liquor has different styles
and distinct flavors.>? At present, the established flavor types in the liquor industry include
nongxiang flavor, jiangxiang flavor, gingxiang flavor, rice flavor, fengxiang flavor, sesame
flavor, special flavor, soy flavor, medicinal flavor, and mixed flavor. In this work, we selected
the products with nongxiang flavor, jiangxiang flavor, gingxiang flavor, and mixed flavor as
examples for study.

Nongxiang flavor liquor is made from sorghum or a variety of grains, and is mixed with
high-quality wheat, corn, millet, and rice. Medium- or high-temperature yeast is prepared for
solid fermentation in a mud pit for 45-90 days. The aroma of nongxiang flavor liquor is mainly
ethyl caproate, supplemented by appropriate amounts of ethyl lactate, ethyl acetate, and ethyl
butyrate to form a complex aroma. The grain/yeast ratio of jiangxiang flavor liquor is 1:1 or
1:2. As a saccharifying agent, high-temperature yeast is the precursor of jiangxiang flavoring
substances. Jiangxiang flavor liquor has a high acid content and high aldehyde and ketone
contents. The contents of n-propanol and heptanol are also high. Qingxiang flavor liquor is
characterized by its pure aroma and clean aftertaste. The proportions of ethyl acetate and ethyl
lactate in the product are 55 and 45%, respectively. Mixed flavor contains high heptanoic acid,
ethyl heptanoic acid, isoamyl acetate, butyric acid, and isobutyric acid contents.

With the development of science and technology and liquor research in China, researchers
have paid increasing attention to the development of liquor testing systems.*>) An electronic
nose system uses the cross-sensitivity of a sensor array to detect the components of a mixed
gas by pattern recognition technology. An electronic tongue detection system is composed
of sensor units with high cross-sensitivity to different components in a solution.® 1t is an
analytical system that combines appropriate pattern recognition algorithms and multivariate
analysis methods to process the array data and obtain qualitative and quantitative information
of solution samples. The main components are a sensor array and a signal processing and
pattern recognition system. It also includes a potential analysis sensor, a voltammetry analysis
sensor, and an optical sensor. Visual array sensor technology has been developed in recent
years. It uses a sensor array to detect the sample to be tested and generates a characteristic
response signal. Through the signal recognition and processing system, the detection results are
displayed in graphs.(7’8)

“Fingerprint” technology was first applied to the analysis of traditional Chinese medicine
because of the complex mixtures of products in medicines. This technology involves many
methods, including thin-layer scanning (TLS),®’ high-performance liquid chromatography
(HPLC),(IO) gas chromatography (GC),(”) and infrared (IR) spectroscopy.(lz) A “fingerprint”
refers to a graph that can reflect the individual characteristics of the analysis object stably,
accurately, and comprehensively in a fixed analysis method. The application of this method
to liquor quality evaluation combined with sensory evaluation will improve the reliability and
scientific accuracy of liquor quality evaluation methods, and can also be used to evaluate the
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stability and repeatability of analytical data. An electrochemical recognition system is different
from traditional analytical chemistry instruments. Specifically, such a system is concerned
not with the concentration of a particular compound but with the overall intensity of the signal
generated by the interaction of its different components. The method focuses on detecting the
overall feature of differences between samples. Our previous works demonstrated the recording
of electrochemical fingerprints of plant samples.m’m) In this work, we extend the application of
electrochemical fingerprints to Chinese liquor authentication.

2. Materials and Methods

All liquor samples were purchased from a local supermarket for analysis. Table 1
shows their information and abbreviations. The liquors were used without treatment in the
experiments.

All electrochemical determination processes were carried out using a CHI760
electrochemical workstation. A commercial glassy carbon electrode (GCE), a Ag/AgCl
electrode, and a Pt electrode were used as the working, reference, and counter electrodes,
respectively.

A differential pulse voltammetry (DPV) scan was used for electrochemical fingerprint
recording. The GCE was polished using alumina slurry after washing in water. Then, the
three-electrode system was inserted into a 5 mL sample. The electrochemical voltammogram
recording was conducted at —0.2—1.2 V with a pulse amplitude of 50 mV, a pulse width of 0.05 s,
and a pulse period of 0.5 s.

Fingerprint standardization was carried out to establish quantitative criteria for recognition,
where the ratio between the current and the maximum peak current was obtained at different
potentials. Principal component analysis (PCA) and cluster analysis were performed on the
basis of the recorded electrochemical fingerprint.

Figure 1 shows the schematic process of electrochemical recording fingerprints for 11 brands
of Chinese liquors.

3. Results and Discussion

Figure 2 shows the electrochemical behavior of the different brands of Chinese liquor.
As can be seen from the figure, a very clear electrochemical fingerprint can be obtained by
scanning a liquor directly with a GCE. All electrochemical patterns show several distinct

Table 1

Information of all liquor samples.

Name Abbreviation Flavor Name Abbreviation Flavor
Luzhoulaojiao Lz Nongxiang Red Star Erguotou RS Qingxiang
Wauliangye WL Nongxiang Niulanshan NL Qingxiang
Kouzijiao Kz Mixed Laymau LM Jiangxiang
Lang Jiu LJ Jiangxiang Xijiu XJ Jiangxiang
Mao-Tai Chiew MT Jiangxiang Baiyunbian BY Mixed

Tuopai TP Nongxiang
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Fig. 1. (Color online) Schematic process of electrochemical recording fingerprints for 11 brands of Chinese
liquors.
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Fig. 2. (Color online) Electrochemical profiles of LZ, WL, KZ, LJ, MT, RS, NL, LM, XJ, BY, and TP.

peaks, representing the oxidation of compounds at these potentials. During the fermentation of
liquor, long-chain carbohydrates are broken down to form different small molecules. Some of
them have electrochemical activity, so they can be oxidized at lower potentials. Because the raw
materials and fermentation processes of different liquors are different, the types and amounts
of compounds with electrochemical activity are different in different liquors, so the liquors
show different electrochemical behaviors.!>'®) Among the samples, except for NL and RS that
showed one oxidation peak at 0.15 V, the other samples exhibited two distinct peaks during the
scan. However, the potentials of the two peaks differed among the samples. Therefore, the
intensity and location of electrochemical oxidation peaks can be used for the identification of
Chinese liquor brands.

Before further identification, we first verified the repeatability of the proposed methodology.
Figure 3 shows five independent electrochemical fingerprints collected from five bottles for
each brand. As can be seen from the figure, our proposed method of directly collecting the
electrochemical fingerprint showed good repeatability, and no peak shift was found. Therefore,
we believe that this method has practical application.

To observe the difference between the different brands of Chinese liquor statistically, we
carried out PCA on the above-mentioned electrochemical fingerprints. As shown in Fig. 4, XJ
and KZ are relatively close, as are LM, WL, BY, and MT. There is also a negligible distance
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Fig.3. (Color online) Five independent Fig. 4. (Color online) PCA of five electrochemical
electrochemical fingerprints collected from five fingerprints recorded for LZ, WL, KZ, LJ, MT, RS,
bottles for LZ, WL, KZ, LJ, MT, RS, NL, LM, XIJ, NL, LM, XJ, BY, and TP.

BY, and TP.

between TP and RS. On the other hand, LZ and NL are distant from the other samples. The
two factors extracted within the voltammetric data can reach an interpretative capability of
more than 90%, suggesting that there were significant differences in electrochemical profiles
among the liquors studied in this work.

We also used the cluster analysis method to discriminate between the brands. As shown in
Fig. 5, all samples were divided into five clusters. The results were slightly different from those
of PCA. Most of the brands were in the bottom cluster. LM and BY were clustered together, in
good agreement with the DPV curves recorded in Fig. 1. LZ and NL did not form a cluster with
other brands, which is also consistent with Fig. 4. In addition, MT, WL, and LJ were clustered
together. These observations indicated that the liquors in one cluster may share similar
distributions of electroactive compounds produced during the fermentation. Because the raw
materials and fermentation processes of different liquors are different, the types and amounts
of compounds with electrochemical activity in different liquors are different and show different
electrochemical behaviors. On the basis of the PCA and cluster analysis results, we found that
the brands of Chinese liquor can be identified from their DPV profiles.

Figure 6(a) shows the DPV curve of MT. It can be seen that the electrochemical profile of
this liquor has two distinct peaks, which are located around 0.1 and 0.5 V. During the liquor
fermentation, the long-chain carbohydrates are broken down to form different small molecules.
Some of them have electrochemical activity, so they can be oxidized at lower potentials. These
oxidation peak potentials vary among the brands. Therefore, they can be used as valuable
information for identifying Chinese liquor [Fig. 6(b)]. We also calculated the areas and intensities of
these peaks to assist the identification process. Figure 6(c) shows the area ratio between the two
peaks for each brand. It can be seen that Laymau had a much higher peak area ratio than the
other samples. In contrast, Wuliangye and Baiyunbian had very low peak area ratios. Figure
6(d) shows the peak intensity ratios of all the samples. It can be seen that Laymau, Langjiu, and
Tuopai had peak intensity ratios above 6, while the other samples had values below 6.
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Fig. 5.
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Fig. 7. Authentication flow chart of all Chinese liquor samples.

On the basis of the results deduced from Fig. 6, we proposed a flow chart for brand
authentication. As shown in Fig. 7, NL can be identified by the absence of peak 2. Then,
the peak intensity ratio is used to identify BY, WL, KZ, and LJ, which have values below 2,
between 2 and 3, between 3 and 3.7, and above 8, respectively. If the peak intensity ratio is
between 6 and 8§, then the peak area ratio is used to identify TP and LM. The peak area ratio of
TP is smaller than 50, while that of LM is higher than 50. If the peak intensity ratio is between
3.7 and 6, the oxidation potential of peak 2 is used to identify MT, whose oxidation potential
of peak 2 is higher than 0.52 V. If the oxidation potential of peak 2 is lower than 0.52 V, the
oxidation potential of peak 1 is used to identify XJ, whose oxidation potential of peak 1 is
higher than 0.13 V. If the oxidation potential of peak 1 is lower than 0.13 V, the peak area ratio
is used to identify LZ and RS, which is smaller than 15 for LZ and larger than 15 for RS. We
further tested two newly purchased bottles of XJ and LM using the flow chart. The e value of
XJ was 4.42. The x; of XJ was 0.50, whereas that of LM was 0.21. The e value of LM was 6.55.
The b value was 72. Both samples can be identified using the flow chart.

4. Conclusions

In this work, we proposed an authentication method based on the electrochemical profile
of Chinese liquor. A GCE was directly inserted into the liquor sample for electrochemical
fingerprint recording. Because of the different raw materials and fermentation processes of
different brands of liquor, the types and amounts of compounds and their electrochemical
activity are different, resulting in different electrochemical behaviors. PCA and cluster analysis
were conducted. The brands of Chinese liquor were successfully identified from their different
DPV profiles.
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