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Authentication of honeysuckle has always been an important challenge in herbal medicine due to the 

enormous sales every year. Electrochemical fingerprinting is an emerging technique for plant analysis. 

However, previous studies have focused on the analysis of fresh plants. In this work, we have used this 

technique to analyze plant products. We selected honeysuckle and three of its counterfeit for 

electrochemical fingerprinting. Also, we collected samples of different origins and different years. Two 

extraction solvents and buffer solutions were used to acquire electrochemical fingerprints. The results 

show that the electrochemical fingerprinting technique is a very effective method for identifying 

different plant products. Honeysuckle and its counterfeit products can be identified very clearly. On the 

other hand, electrochemical fingerprinting has the potential to identify plant products of different origins. 

However, plant products of different years of the same origin were not identified. We also performed 

principal component analysis and cluster analysis on the electrochemical fingerprinting profiles. These 

statistical techniques proved that electrochemical fingerprinting is an effective tool for plant analysis. 
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1. INTRODUCTION 

 

Honeysuckle is the dried flower bud or first flower of Lonicera japonica Thunb, commonly used 

as a herb in traditional Chinese medicine. 80% of the marketed Chinese herbal prescriptions for 

antipyretic and antiseptic products contain honeysuckle in China [1–4]. With the increasing demand in 

the market and rising prices, some unscrupulous merchants are using plants such as Lonicera 

macranthoides, Lonicera hypoglauca Miq, Lonicerafu votomentosa Hsu et S.C.Cheng as Lonicera 
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japonica Thunb. This has caused severe harm to the market and the health and interests of the people 

[5–10]. Therefore, there is an urgent need to develop a simple, low-cost, and more stable method for 

authenticating honeysuckle [11,12]. 

Some analytical techniques have been used to identify the authenticity of Chinese herbal 

medicines. NIR spectroscopy, for example, is a rapid and efficient analytical approach for a wide variety 

of organic chemicals that was first utilized in agriculture [13,14]. Due to several benefits, including its 

speed, non-destructive nature, and cheap cost, near-infrared spectroscopy is fast gaining traction in food 

analysis and identification [15–20]. Cozzolino et al. [21] examined visible near-infrared spectroscopy to 

differentiate white wines from various sources in Australia. They developed a discriminant model by 

combining principal component analysis, principal component regression, and partial least squares 

regression, and the discriminant partial least squares model produced satisfactory results. Liu et al. [22] 

employed NIR spectroscopy in conjunction with multivariate statistical analysis to determine the 

provenance of Tempranillo wines from Australia and Spain, with satisfactory findings using partial least 

squares discriminant analysis. HPLC is one of the most extensively used and successful separation and 

analysis procedures in labs due to its benefits of rapid analysis, high repeatability, and high quantitative 

accuracy [23–26]. Additionally, it has developed into a significant separation technology in chemistry, 

medicine, biology, and environmental protection. Taamalli et al. [27] employed HPLC-ESI-TOF-MS to 

quantify and characterize 23 phenolic compounds in olive oils from various sources, and cross-validation 

revealed that the categorization was 100 percent accurate. Atomic absorption spectroscopy (AAS) is a 

quantitative analytical technique that uses the absorption capacity of spectral lines generated by a 

substance's atomic vapor, primarily for the measurement of trace and trace components in samples [28–

30]. It has a high selectivity, high sensitivity, and a broad analytical range. 

Electrochemical fingerprinting is a relatively recent chemical analysis approach that has 

widespread use in plant research [31–40]. Electrochemical fingerprinting may be used to identify 

compounds in electrochemically active plants. This fingerprint can be used to identify plant species, but 

it may also be utilized to track plant development. In this work, electrochemical fingerprinting identifies 

the authenticity, origin, and year of honeysuckle. We analyzed different samples by pattern recognition 

techniques. The work provides a new methodology for rapidly identifying honeysuckle. 

 

 

 

2. EXPERIMENTAL 

2.1. Reagents and samples 

All chemicals used in this work were analytical grade. Samples of honeysuckle were purchased 

from the local market and online store. All dry samples were ground into powder and stored in the fridge. 

All information on honeysuckle has been listed in Table 1. The honeysuckle electrochemically active 

compounds were extracted using either water or ethanol. The particular extraction procedure involves 

dispersing a certain quantity of honeysuckle powder in the solvent. For two minutes, the dispersion was 

sonicated. After allowing the supernatant to precipitate, it is introduced to the electrolyte for 
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electrochemical testing. Electrolytes such as 0.1 M phosphate buffer solution (PBS) and acetate buffer 

solution (ABS) were utilized to aid in the recording of electrochemically active compounds. 

 

2.2. Electrochemical fingerprints recording 

For fingerprint recording, differential pulse voltammetry (DPV) was utilized. Glassy carbon 

electrode, platinum wire electrode, and calomel electrode were used as a working electrode, a counter 

electrode, and a reference electrode, respectively. Three electrodes were inserted into an electrolyte, and 

honeysuckle extract was added. Electrochemical fingerprints were collected after the solution was left 

standing for 1 min. 

 

Table 1. Sample information of collected Chinese wolfberry. 

 

Sample Abbreviation Location Year 

Lonicera japonica-1 J-1 Henan-Xinmi 2021 

Lonicera japonica-2 J-2 Henan-Xinmi 2019 

Lonicera japonica-3 J-3 Henan-fenqiu 2021 

Lonicera japonica-4 J-4 Henan-fenqiu 2019 

Lonicera 

macranthoides-1 

M-1 Shandong-

Yecheng 

2021 

Lonicera 

macranthoides-2 

M-2 Shandong-

Yecheng 

2019 

Lonicera 

macranthoides-3 

M-3 Hebei-Julu 2021 

Lonicera 

macranthoides-4 

M-4 Hebei-Julu 2019 

Lonicera hypoglauca-1 H-1 Henan-fenqiu 2021 

Lonicera hypoglauca-2 H-2 Henan-fenqiu 2019 

Lonicera hypoglauca-3 H-3 Henan-kaifeng 2021 

Lonicera hypoglauca-4 H-4 Henan-kaifeng 2019 

Lonicerafu 

votomentosa-1 

V-1 Hebei-Anguo 2021 

Lonicerafu 

votomentosa-2 

V-2 Hebei-Anguo 2019 

Lonicerafu 

votomentosa-3 

V-3 Henan-fenqiu 2021 

Lonicerafu 

votomentosa-4 

V-4 Henan-fenqiu 2019 

 

 

 

3. RESULTS AND DISCUSSION 

The electrochemically active components in plant tissues can be used to identify plant species. 

However, the previously reported work was basically for testing fresh plants, but not for plant products 

[41,42]. Chinese herbs are very commercially valuable plant products. However, the price of different 
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herbs varies, so it is crucial to identify the herbs. Figure 1 shows the profiles of J-1, M-1, H-1, and V-1 

after water extraction for electrochemical fingerprinting in PBS. Lonicera japonica contains iridoid 

glycosides, polyphenolic compounds, triterpene saponins, fatty acid esters and long chain hydrocarbons 

[43–45]. During the electrochemical fingerprints recording, its polyphenolic components could 

participate the electrochemical oxidation. The main polyphenolic components in L. japonica are 

chlorogenic acid, caffeic acid, hyperoside and luteolin [46]. It can be seen from the figure that different 

species exhibit different electrochemical fingerprint profiles. This is because there are significant 

differences in the chemical composition of different plants, and therefore they also have significant 

differences in electrochemical behavior [47]. From these differences, electrochemical fingerprinting is 

feasible for identifying plant products. Specifically, electrochemical fingerprinting techniques can be 

used the identification the authenticity of honeysuckle [48]. 

The use of different extraction solvents and buffer solutions for fingerprinting can further 

enhance identification accuracy. Figure 2 shows DPV curves of J-1, M-1, H-1, and V-1 after ethanol 

extraction and recorded under ABS. It can be seen that the four different plant products exhibit different 

electrochemical behaviors under different conditions. These differences in electrochemical behavior are 

due to the involvement of different electrochemically active molecules in electrochemical reactions [49]. 

On the other hand, the pH of the buffer solution also affected the electrochemical behavior. Some 

substances will be involved only in a specific pH range. 

 

 

 
 

Figure 1. DPV curves of J-1, M-1, H-1 and V-1 after water extraction and recorded under PBS.  
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Figure 2. DPV curves of J-1, M-1, H-1 and V-1 after ethanol extraction and recorded under ABS.  

 

 

Direct electrochemical fingerprinting to identify different plants would not be particularly 

convenient. However, pattern construction using electrochemical fingerprinting under different 

conditions can further lead to a more accurate and faster means of identification. Since the X-axis of 

electrochemical fingerprinting is information about the potential, it is the same in any sample and does 

not provide helpful information [50,51]. Therefore, we believe that combining the current values of the 

two sets of electrochemical fingerprints can be constructed as a scatter plot. The abundance of 

information in these scatter plots will be greater than that of a single fingerprint profile. Identification 

by scatter plot would be more effective than direct identification by electrochemical fingerprinting [52]. 

Figure 3 shows the 2D plots of J-1, M-1, H-1, and V-1 using data recorded after water extraction (PBS) 

and ethanol extraction (ABS). It can be seen that the scatter plots of different plants have substantial 

differences. Different plants can be identified quickly by dividing and calculating the area of these scatter 

diagrams. 
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Figure 3. Scatter plots of J-1, M-1, H-1 and V-1 using fingerprints recorded after water extraction (PBS) 

and after ethanol extraction (ABS). 

 

Scatter plots are still not a particularly effective way to identify samples visually, although there 

is a significant difference in the presentation of different samples [53]. Therefore, we implemented a 

kind of heat map construction using the same data set. The heat map automatically grids the entire 

pattern. The identification of samples can be achieved by locating hot areas in the different grids of the 

heat map. 

In addition to identifying forgeries of honeysuckle, we also tried to identify the origin and year 

of honeysuckle (counterfeit) by electrochemical fingerprinting. Figure 5A shows DPV curves of J-1, J-

2, J-3, and J-4 after ethanol extraction and recorded under ABS. As can be seen from the figure, J-1 and 

J-2 are very similar, while J-3 and J-4 are also very similar. Therefore, the age of honeysuckle has a 

minimal effect on electrochemical fingerprinting. On the other hand, there were some differences 

between J-1 and J-3, representing some variability in the electrochemical active substances of 

honeysuckle from different origins. This is because different cultivation regions represent significant 

climatic and soil differences, affecting the synthesis of phytochemicals [54]. However, these differences 

are much more minor than in Figure 1, and this is because the differences in the type and content of 

molecules in plant tissues are still primarily controlled by genes. Similar electrochemical trends can be 

observed in Figure 5 B-D. This further illustrates that electrochemical techniques can be used to identify 

different plant species and have potential use for provenance identification [55]. However, there is not 
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much difference in the electrochemically active substances in plant products of different ages, and this 

technique is not used for year identification. 

 

 
Figure 4. Heat maps of J-1, M-1, H-1 and V-1 using fingerprints recorded after water extraction (PBS) 

and after ethanol extraction (ABS). 

 

 

Figure 6 shows the PCA results for all samples in Table 1. It can be seen that the PCA technique 

can distinguish these four plants. This also represents that the electrochemical fingerprinting technique 

is statistically supported in plant identification. The two extracted factors were able to achieve more than 

95% interpretation. 
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Figure 5. DPV curves of (A) Lonicera japonica, (B) Lonicera macranthoides, (C) Lonicera hypoglauca 

and (D) Lonicerafu votomentosa after ethanol extraction and recorded under ABS.   

 

 
Figure 6. PCA of J-1, J-2, J-3, J-4, M-1, M-2, M-3, M-4, H-1, H-2, H-3, H-4, V-1, V-2, V-3 and V-4 

using electrochemical fingerprints.  

 

Figure 7 shows the clustering analysis using electrochemical fingerprinting. It can be seen from 

the figure that the same species are clustered in one category. The whole clustering map did not present 

any unreasonable results, further proving that the statistical results can support the application of 

electrochemical fingerprinting technology in plant identification. 
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Figure 7. Cluster analysis of J-1, J-2, J-3, J-4, M-1, M-2, M-3, M-4, H-1, H-2, H-3, H-4, V-1, V-2, V-3 

and V-4 using electrochemical fingerprints. 

 

 

 

4. CONCLUSION 

In this work, electrochemical fingerprints of 16 plant products were collected. Four of these 

samples were chrysanthemum and the rest were counterfeit. The electrochemical fingerprinting 

technique proved to be effective for the identification of different plant samples. Also, electrochemical 

fingerprinting can potentially be used for the identification of different origins of the same plant 

products. However, electrochemical fingerprinting cannot identify samples of different years. The results 

of this work demonstrate that electrochemical fingerprinting techniques can be potentially used for the 

identification of Chinese herbal medicines. 
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