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The rapid identification of liquor is valuable for both research and food safety purposes. However, rapid 

and accurate identification has been difficult because most of the current analysis methods are lab-based. 

In this work, we established an electroanalytical technique to detect the distribution of electrochemically 

active compounds in liquor. Because the chemical composition of different varieties is largely controlled 

by the fermentation process, this method has considerable potential for liquor identification. Six brands 

of nongxiang-flavor liquors were collected to confirm the feasibility of the proposed methodology. PCA 

and 2D pattern recognition were used for identification. The results indicate that the electrochemical 

profiles of the six brands can be distinguished using their voltammetric data. 
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1. INTRODUCTION 

White spirit is a traditional liquor unique to China. In the long process of its development, it has 

formed a unique craft and style, which are famous in the world of distilled liquor [1–3]. Among the 

numerous liquor types, nongxiang-flavor liquor is an excellent representative of China's traditional 

brewing culture and craftsmanship, and its sensory flavor has been widely recognized by consumers. 

White spirit brewing is a process in which microorganisms make use of raw grain materials to 

decompose and metabolize liquor under appropriate conditions [4–8]. The quality and style of white 

spirit are closely related to the type and quantity of functional microorganisms in the environment. The 

flavor of nongxiang-flavor liquor depends on the type and content of trace substances. However, 

nongxiang-flavor liquor has different qualities and tastes attributable to different materials, production 
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conditions, production techniques and blending. At present, research on nongxiang-flavor liquor has 

mainly focused on the impacts of microorganisms and brewing technology indicators on white spirit 

quality [9–11]. 

The development of modern analytical techniques has greatly promoted the analysis of volatile 

compounds, organic acids and other flavor substances in liquor, including GC-MS, HPLC and capillary 

electrophoresis [12–16]. The flavor substances in wine can be divided according to their different 

chemical properties into alcohols, aldehydes, acids, esters, ketones, sulfides, acetal compounds, 

pyrazines, furans, aromatic compounds and other compounds. The amounts of various flavor compounds 

in baijiu ranges from a few nanograms to several hundred milligrams per liter, making accurate 

quantification difficult [17,18]. Instrumental analysis technology provides an effective analysis method 

for the study of flavor compounds in traditional fermented food, with high sensitivity, good repeatability, 

and robust information with fast analysis speed. The emergence of solid-phase microextraction (SPME) 

has further improved the detection accuracy of volatile compounds in complex substrates such as liquor 

[19–26]. SPME technology is a rapid analysis technology that integrates sample pretreatment and 

adsorption extraction into one, requires a small amount of sample and short analysis time and is well 

suited for the detection and analysis of trace components in liquor during its production process and for 

monitoring. At present, SPME combined with GC-MS has been successfully applied to the analysis of 

volatile components in liquor and other beverages. These methods often exhibit excellent accuracy and 

reliability. However, they can suffer from drawbacks such as high instrument costs, complex 

preprocessing and a long-term analysis process. Thus, a new approach considers liquor identification 

from the perspective of electrochemistry. Electrochemical recognition is different from traditional 

analytical chemistry instruments [27–33]. Specifically, an electrochemical system is concerned not with 

the concentration of a particular compound but with the overall intensity of the signal generated by the 

interaction of different components of the system. The method focuses on detecting the overall feature 

of differences between samples. 

In this work, we investigated the feasibility of the electrochemical method for identifying 

nongxiang-flavor liquor. Luzhoutequ, Wuliangye, Jiannanchun, Tuopai Gujingongjiu and 

Songheliangye were selected. A disposable screen-printed electrode was used for recording the 

electrochemical profile of each liquor. Two different electrolytes were used for a better representation 

of the electrochemical profile. The liquor identification could then be achieved with a pattern recognition 

model. 

 

 

 

2. EXPERIMENTAL 

All reagents, including KH2PO4, Na2HPO4, acetic acid and sodium acetate, were purchased from 

Macklin Co. Ltd. and used without purification. Screen-printed electrodes (SPEs) were purchased from 

Nanjing Youyun Technology Co. Ltd. Luzhoutequ, Wuliangye, Jiannanchun, Tuopai Gujingongjiu and 

Songheliangye were purchased from a local supermarket. The working electrode, reference electrode 

and counter electrode were carbon paste, Ag/AgCl and carbon paste, respectively. Phosphate buffer 

solution (PBS) was prepared by mixing stock solutions of 0.1 M disodium hydrogen phosphate and 
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sodium dihydrogen phosphate. Acetate buffer solution (ABS) was prepared with 0.1 M sodium acetate 

and acetic acid. 

Electrode surface modification was carried out at room temperature. Typically, 5 µL of liquor 

sample was dip-coated on the working electrode of the SPE and dried naturally. The electrochemical 

profile of each liquor was carried out using a CHI760 electrochemical workstation with the SPE 

integrated into a three-electrode system. The electrolyte is a 0.1 M PBS (pH 7.0). Differential pulse 

voltammetry (DPV) was used for electrochemical recording. The scan range was −0.2–1.2 V. The pulse 

amplitude was 50 mV. The pulse width was 0.05 s. The pulse period was 0.5 s. 

Electrochemical standardization was carried out to establish quantitative criteria of recognition, 

where the ratios between the current and the maximum peak current were obtained at different potentials. 

 

 

3. RESULTS AND DISCUSSION 

Figure 1 shows the schematic diagram of the methodology. The liquor sample was first 

immobilized on the electrode surface to eliminate the influence of the high ethanol content in the liquor. 

Then, the electrochemical profile of the liquor was recorded using differential pulse voltammetry using 

a positive scan. The electrochemically active compounds contribute signals during the scan, which 

correspond to the chemical compounds’ distribution of the liquor during fermentation. During the 

fermentation of liquor, 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. 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 [34–38]. Thus, the electrochemical profiles could be used for the construction 

of a 2D density pattern, which was consequently used for liquor brand identification. 

 

 
 

Figure 1. Scheme of recording the electrochemical profile of liquor for identification. 
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Figure 2 shows the DPV curves of Luzhoutequ, Wuliangye, Jiannanchun, Tuopai Gujingongjiu 

and Songheliangye recorded using PBS and ABS as electrolytes. The six brands all showed several peaks 

during each voltammetric scan, suggesting that electrochemically active compounds from the liquor 

were oxidized. Because of the complexity of the chemical components in liquor, it is difficult to 

distinguish each compound. However, previous studies have confirmed the electrochemical activity of 

ester [39,40] and alcohol compounds [39,41], which can be oxidized at low potentials. The purpose of 

our study is not to distinguish each compound related to the signal but to record the whole profile of all 

electrochemically active compounds of each sample because these compounds are controlled by 

fermentation processes, so differences in electrochemical profile reflect differences in liquor brand 

[42,43]. Alcohol compounds are produced by microorganisms acting on substances such as sugar, pectin 

and amino acids [44,45]. Ester compounds are the volatile components with the highest content and the 

most varieties in liquor and are the main substances that have the greatest influence on liquor flavor [46–

48]. There are two main ways to produce ester compounds: one is through the esterification enzymes in 

some sweet yeasts (such as Hanson's yeast and Candida), and the other is through the slow esterification 

reaction. As shown in Figure 3, each sample exhibited differences using different buffer solutions. The 

electrochemical behavior of the molecules can be affected under different pH conditions. Therefore, 

combining these conditions can reveal a more comprehensive profile of the electrochemically active 

compounds. Moreover, Figure 2 shows the different profiles between the samples, suggesting a 

significant difference in electrochemically active compounds within these samples. 

 

 
 

Figure 2. DPV curves of Luzhoutequ, Wuliangye, Jiannanchun, Tuopai, Gujingongjiu and 

Songheliangye recorded using 0.1 M ABS and 0.1 M PBS as electrolytes. 
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Figure 3 shows the parallel coordinate plot of the normalized current of six samples recorded 

using 0.1 M PBS and 0.1 M ABS as electrolytes. The parallel coordinate plot is a common method used 

to analyze and display multivariate data [49]. The six samples showed significantly different tendencies, 

suggesting that the electrochemically active compounds of the liquor can be tracked and identified. 

Therefore, the electrochemical profile of the liquor showed the possibility of using the electrochemical 

data for brand identification. In addition, electrochemical analysis is a portable technique that can be 

used for on-field rapid sample testing. Therefore, the development of a fast recognition method for liquor 

is valuable for food safety purposes. 

 

 
Figure 3. Parallel coordinate plot of normalized currents of Luzhoutequ, Wuliangye, Jiannanchun, 

Tuopai Gujingongjiu and Songheliangye recorded using 0.1 M ABS and 0.1 M PBS as 

electrolytes. 

 

To further test the differences in the electrochemical profiles between the samples, principal 

component analysis (PCA) was carried out. PCA analysis was performed on the samples with significant 

differences, and the characteristic quantities of samples were compressed to reflect the relationship 

between samples in the low latitude space. Our previous studies indicated that the PCA of the 

electrochemical profile does not have a high interpretative capability [50–53]. However, in this study, 

the two extracted factors can reach more than 95% interpretative capability (Figure 4), indicating that 

there were significant differences in electrochemical profiles between the samples. During the 

fermentation of liquor, long-chain carbohydrates are broken down to form different small molecules. 

Some of these products have electrochemical activity, so they can be oxidized at lower potentials. 
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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 the liquors 

show different electrochemical behaviors [34–38]. 

 

 
 

Figure 4. PCA analysis of Luzhoutequ, Wuliangye, Jiannanchun, Tuopai Gujingongjiu and 

Songheliangye recorded using 0.1 M ABS and 0.1 M PBS as electrolytes. 

 

 

Direct liquor identification based on the electrochemical profile is not an efficient method. The 

electrochemical profiles of some of these liquors share some similar characteristics. On the other hand, 

pattern recognition based on multiple electrochemical datasets can overcome this problem for species 

identification. A 2D density plot is an effective method for data visualization. Figure 5 shows the 2D 

density plots of Luzhoutequ, Wuliangye, Jiannanchun, Tuopai Gujingongjiu and Songheliangye 

generated using the current data recorded using 0.1 M ABS and 0.1 M PBS as electrolytes. It is pertinent 

to note that each sample displayed a unique pattern. Therefore, identification can be easily achieved 

using the electrochemical behavior of the liquor recorded using two electrolytes. 
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Figure 5. 2D density patterns of Luzhoutequ, Wuliangye, Jiannanchun, Tuopai Gujingongjiu and 

Songheliangye recorded using 0.1 M ABS and 0.1 M PBS as electrolytes. 

 

 
Figure 6. Dendrogram of Luzhoutequ, Wuliangye, Jiannanchun, Tuopai Gujingongjiu and 

Songheliangye based on the electrochemical profiles.  
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Table 1. Merit and demerit of the proposed electrochemical method compared with other analytical 

techniques. 

 

Method Advantages  Disadvantages Reference 
1H-NMR 

Metabolomics 

Data 

Quantification of 

33 metabolites 

Only for region 

authenticity 

[54] 

Microchip 

electrophoresis 

Specific 

compound 

detection 

Only for botanical 

origin, 

provenance, 

vintage and quality 

[55] 

PTR-ToF-MS High accuracy Only origin 

detection; only for 

low ethanol 

concentration 

[56] 

Near infrared 

spectroscopy 

Fast Low accuracy [57] 

Electrochemical 

profile-based 

sensor 

Pattern 

recognition; On-

filed analysis; 

Cheap 

Cannot be used for 

specific compound 

analysis; Need 

database 

This work 

 

 

Figure 6 shows the dendrogram of five individual samples of each liquor brand. The dendrogram 

is divided into six clusters. Each cluster only contains one brand, suggesting that no outlier was observed 

in this study. Based on the above results, we proposed a simple method for nongxiang-flavor liquor 

identification. We believe that the voltammetric data from the liquor can be collected in a database and 

subsequently used for unknown brand identification. Table 1 summarizes the merits and disadvantages 

of the proposed electrochemical method compared with other analytical techniques. 

 

 

4. CONCLUSION 

In this work, we proposed an authentication method based on the electrochemical profile of white 

spirit. The electrochemical profiles of Luzhoutequ, Wuliangye, Jiannanchun, Tuopai Gujingongjiu and 

Songheliangye were recorded from immobilized samples using 0.1 M ABS and 0.1 M PBS as 

electrolytes. The recorded profile varies between the sample brands due to the presence of different 

contents of electrochemically active compounds. Based on the recorded electrochemical profiles, these 

samples can be effectively identified using a pattern recognition method. Due to the high reproducibility 

of the proposed methodology, this method can be used effectively for other liquor identification. 
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