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We employed electrochemical fingerprinting to track the growth of male and female Ginkgo biloba in
this communication. The electrochemical fingerprinting of Ginkgo biloba did not change significantly
over the course of a one-year development cycle, although changes in the concentrations of various
electrochemically active compounds could be observed. These changes in fingerprint patterns were
related to seasonal variations in the chemical composition of Ginkgo biloba leaves. We can use these
differences to not only determine the gender of Ginkgo biloba, but also to identify it in various months.
On the basis of these data, we propose an identification flow chart based on electrochemical
fingerprinting. This work demonstrates that electrochemical fingerprinting technology is an extremely
effective tool for monitoring plant growth and has potential applications in agricultural management and
plant growth.
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1. INTRODUCTION

Ginkgo biloba, the world's oldest relict plant, has been studied for medicinal purposes for over
600 years. Ginkgo biloba has been analyzed and over 70 flavonoids, primarily quercetin, isorhamnetin,
kaempferin, and their glycosides, determined. Ginkgo flavonoids have been shown to have
hypolipidemic, antibacterial, antitumor, and antioxidant properties [1-3]. The amount of flavonoids and
terpene lactones in ginkgo extract has become a significant indicator of the preparation's quality. How
to increase the flavonoids and terpene lactone content of Ginkgo biloba has become a pressing issue in
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contemporary research [4—7]. In 1991, Schwade Pharmaceuticals patented the standard extract of Ginkgo
biloba, EGb761.

The most significant application of EGb761 is its ability to regulate cerebral blood circulation.
Flavonoid glycosides account for 24% of the total, terpene lactones account for 6%, and ginkgolic acid
accounts for 10% of the total. As the research progressed, it was discovered that one of the primary
functions of ginkgo extract, a ginkgolide mixture designated BN52063, was as a clinically useful
inhibitor of platelet-activating factor (PAF).

Chemical synthesis, biosynthesis, cell culture, and natural extraction are the primary methods for
obtaining ginkgo flavonoids and terpene lactones [8-10]. Due to the fact that the majority of active
ingredients are chiral molecules that are difficult to chemically synthesize, the first three routes are
currently restricted to laboratory research and are not yet ready for industrial production [11-18].
Bioextraction is still the primary method for obtaining the active ingredients in Ginkgo biloba, and the
leaf is the primary source of naturally extracted flavonoids and terpene lactones. The amount of
flavonoids and terpene lactones in ginkgo leaves is a critical indicator of the leaves' quality, and
enhancing the leaves' quality has become a pressing issue in production and scientific research [19,20].
According to research, a variety of factors can affect the quality of ginkgo leaves, including individual
differences in ginkgo, external environmental factors, and production and cultivation practices [21,22].
Changing environmental factors during production is an effective way to increase the yield of ginkgo
secondary metabolites, which has a broad application potential in production [23,24].

Electrochemical fingerprinting is a technique for detecting substances that are electrochemically
active in electrochemical systems. This technique has been widely used for plant identification and
phylogenetic studies in recent years [25-43]. Flavonoids found in plant tissues frequently exhibit strong
electrochemical activity, making them a significant signal in electrochemical fingerprinting. Due to
Ginkgo biloba's significant medicinal value, we sought to monitor its growth over time using
electrochemical fingerprinting techniques. This not only demonstrates the feasibility of electrochemical
fingerprinting in plant monitoring, but also allows for the investigation of changes in the electrochemical
active substances in Ginkgo biloba over time. As a result, we monitored female and male ginkgoes for
electrochemical fingerprinting from June to December. The electrochemical fingerprinting data were
compared and a two-dimensional density pattern was generated. On the basis of this information,
flowcharts for determining the ginkgo's sex and month were proposed.

2. MATERIALS AND METHODS

Male and female Ginkgo biloba leaves were collected from Hangzhou Dianzi University's
campus. Picking occurred once a week. Between June and November 2021, all fresh female Ginkgo
biloba leaves were collected. Between June and December 2021, all male fresh Ginkgo biloba leaves
were collected. All reagents were analytical grade and were used as-is.

The extraction was performed with either ethanol or water as the solvent. In a standard extraction
technique, 1 g of leaves were added to 2 mL solvent. The mixture was then sonicated with the addition
of two mill beads in a high capacity tissue grinding machine (MB-24S, Meibi Co Ltd, China). After
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resting, the supernatant was used to extract the extracts. PBS (pH 7.0) and ABS were used as electrolytes
(pH 4.5). All samples were electrochemically fingerprinted using a CH1760 electrochemical workstation.
Electrochemical fingerprints were recorded using a three-electrode configuration comprised of a
commercial glassy carbon electrode (GCE, 3 mm), an Ag/AgCI electrode, and a Pt electrode as the
working electrode, reference electrode, and counter electrode, respectively. For a conventional
electrochemical fingerprint recording method, 1 mL of plant extract was added to a 4 mL electrolyte.
After that, a differential pulse voltammetry (DPV) signal between 0 and 1.2 V was collected. Following
that, the experimental data were standardized to facilitate subsequent analysis.

3. RESULTS AND DISCUSSION

The schematic diagram in Figure 1 illustrates the electrochemical fingerprinting technique used
to record the electrochemically active substances in Ginkgo biloba leaves. As illustrated, the ginkgo
leaves are extracted using a suitable solvent and then added to an electrolyte for voltammetric scanning.
The electrochemically active substances in Ginkgo biloba leaves can be oxidized at specific potentials
and produce currents during the scan. This current data can be used to determine the ginkgo sex and
growth month.
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Figure 1. Scheme of recording electrochemical fingerprints of Ginkgo biloba for identification.

The electrochemical fingerprints of typical male and female Ginkgo biloba leaves extracted with
water and then in PBS are shown in Figure 2. We can see that the electrochemical fingerprints of Ginkgo
biloba leaves of different sexes are strikingly similar. They all demonstrated three distinct peaks near
0.21 V, 042 V, and 0.77 V, respectively. These three peaks were primarily caused by flavonoids
oxidation in Ginkgo biloba [44-47]. While the sexes of Ginkgo biloba are distinct, they are still members
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of the same species, and thus the electrochemically active substances in their tissues will be similar.
Electrochemical fingerprinting differences are primarily due to genetic differences between species [48].
As a result, species with a closer phylogenetic relationship exhibit less variation in electrochemical
fingerprinting. Significant differences between species that are only distantly related can be observed.
However, we discovered some differences in the electrochemical fingerprint profiles of different sexes
of Ginkgo biloba, which allow us to differentiate the sexes.
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Figure 2. Typical electrochemical fingerprints recorded from male and female Ginkgo biloba.
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Figure 3. Electrochemical fingerprints of female Ginkgo biloba (water extraction + PBS) recorded at
different month.
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The electrochemical fingerprints of female Ginkgo biloba leaves collected in various months
after being extracted with water and PBS are shown in Figure 3. We discovered that fingerprints
collected during different weeks of each month were not identical, as they reflect changes in
electrochemically active substances in plant tissues. The content of these substances may vary according
to growth stage and environment [49,50]. By comparing fingerprint profiles from various months, it is
possible to observe that the fingerprint profiles of plants change slightly over time. The electrochemical
fingerprints of female Ginkgo biloba leaves extracted with ethanol and collected under ABS are shown
in Figure 4. We obtained results that were very similar. This demonstrates that the electrochemical
fingerprinting technique can be used to monitor the growth of the plant at various stages of development
[51]. At the same time, because the electrochemical fingerprints of different growth stages are similar,
this technique can be used to identify species regardless of seasonal variations.
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Figure 4. Electrochemical fingerprints of female Ginkgo biloba (ethanol extraction + ABS) recorded at
different month.

The electrochemical fingerprints of male Ginkgo biloba leaves collected in PBS following water
extraction are shown in Figure 5. Due to the fact that male Ginkgo biloba leaves fall later than female
Ginkgo biloba leaves, it has seven months of data. As illustrated in the figure, the electrochemical
fingerprint profile of male Ginkgo biloba contains three additional distinct characteristic peaks, whereas
the main characteristic peaks in female Ginkgo biloba are two. Simultaneously, as winter approaches,
the male Ginkgo biloba's first characteristic peak gradually fades away. While Ginkgo biloba leaves
appear to yellow gradually over time, changes in electrochemical fingerprinting are not always directly
related to pigment changes in the plant [52,53]. The electrochemical fingerprints of male Ginkgo biloba
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leaves extracted with ethanol and collected under ABS are shown in Figure 6. Male Ginkgo biloba
electrochemical fingerprint profiles were not significantly different from those of females under these

conditions.
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Figure 5. Electrochemical fingerprints of male Ginkgo biloba (water extraction + PBS) recorded at
different month.
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Figure 6. Electrochemical fingerprints of male Ginkgo biloba (ethanol extraction + ABS) recorded at
different month.

These changes in electrochemical fingerprints over time are most likely caused by variations in
flavonoid content in leaf tissue. Previous research has established that the flavonoids present in Ginkgo
biloba leaves are dynamic and strongly correlated with the growth environment and season [54-56].
Changes in the growth environment and season, on the other hand, do not alter the type of flavonoids
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but only their content. This conclusion is also supported by our current work's electrochemical
fingerprinting. We did not observe any abrupt oxidation peaks in any sample.
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Figure 7. 2D density patterns of female Ginkgo biloba using electrochemical fingerprints recorded under
ethanol extraction + ABS and water extraction + PBS.
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Figure 8. 2D density patterns of female Ginkgo biloba using electrochemical fingerprints recorded under
ethanol extraction + ABS and water extraction + PBS.

Due to the high degree of similarity in the properties of Ginkgo biloba, the DPV profile is an
unobtrusive method for identifying it. We created patterns from the voltammograms in order to quickly
determine the sex or stage of development. The Figures 7 and 8 depict the two-dimensional density
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pattern generated from electrochemical fingerprints taken in two distinct environments. As can be seen,
increasing the dimension of data improves the ability to distinguish variations.

To facilitate the identification of Ginkgo biloba sexes and different growth states, we summarized
a flow chart using electrochemical fingerprinting (Figure 9). This flowchart can identify different sexes
of Ginkgo biloba in different months by analyzing the electrochemical fingerprinting features one by
one. If there is a Peak 2 in water + PBS, for example, it is a Ginkgo biloba. Additionally, if the oxidation
potential of Peak 1 is less than 0.21 V in the presence of water + ABS, this sample was collected in
August. Additionally, if there is no Peak 2 in water + PBS, it is a male Ginkgo biloba. Simultaneously,
if Peak 2 is present in the case of ethanol + PBS and Peak 2 is present in the case of water + ABS, it was
picked in November. This flow chart enables operators who are unfamiliar with electrochemical analysis
to carry out quick operations, which could be useful in agricultural production and quality control.
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Figure 9. Flow chart for identification of sex and growth stages of Ginkgo biloba.

4. CONCLUSION

The purpose of this study was to demonstrate the feasibility of electrochemical fingerprinting for
monitoring plant growth status. Different Ginkgo biloba sexes were chosen as targets. Once a week,
ginkgo biloba leaves were harvested and electrochemical fingerprinting was performed. Although some
differences in the electrochemical fingerprinting of the different sexes of Ginkgo biloba were discovered,
they had no effect on their utility for species identification. There were also some differences in the
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electrochemical fingerprint profiles of Ginkgo biloba from different months, but they also did not affect
the species identification. We propose a flow chart for identifying Ginkgo biloba of various sexes and
growth states.

ACKNOWLEDGMENTS
This work was funded by National Science Foundation of China (42173073).

References

1. T. Tomova, N. Doncheva, A. Mihaylova, I. Kostadinov, L. Peychev, M. Argirova, Folia Med.
(Plovdiv), 63 (2021) 203-212.

2. M. Li, B. Li, Z.-M. Xia, Y. Tian, D. Zhang, W.-J. Rui, J.-X. Dong, F.-J. Xiao, Molecules, 24
(2019) 1496.

3. Y. Lin, K. Lou, G. Wu, X. Wu, X. Zhou, Y. Feng, H. Zhang, P. Yu, Braz. J. Biol., 80 (2019)
790-797.

4, R. Tabrizi, P. Nowrouzi-Sohrabi, K. Hessami, S. Rezaei, M. Jalali, A. Savardashtaki, S.
Shahabi, A. Kolahi, A. Sahebkar, S. Safiri, Phytother. Res., 35 (2021) 246-255.

5. C. Apetrei, Chemosensors, 8 (2020) 110.

6. F. Wang, W. Zhang, X. Tan, Z. Wang, Y. Li, W. Li, Colloids Surf. Physicochem. Eng. Asp.,
563 (2019) 31-36.

7. Z. Fu, L. Lin, S. Liu, M. Qin, S. He, L. Zhu, J. Huang, Med. Sci. Monit. Int. Med. J. Exp. Clin.
Res., 25 (2019) 6836.

8. P. Sati, P. Dhyani, 1.D. Bhatt, A. Pandey, J. Tradit. Complement. Med., 9 (2019) 15-23.

H. Li, X. Sun, F. Yu, L. Xu, J. Miu, P. Xiao, Nutrients, 10 (2018) 589.

10.  S. Czigle, J. Téth, N. Jedlinszki, E. Haznagy-Radnai, D. Csupor, D. Tekel'ov4, Planta Med., 84
(2018) 475-482.

11.  J. Guo, Y. Wu, G. Wang, T. Wang, F. Cao, Ind. Crops Prod., 143 (2020) 111906.

12.  T. Delerue, M.F. Barroso, M. Dias-Teixeira, M. Figueiredo-Gonzalez, C. Delerue-Matos, C.
Grosso, Food Res. Int., 140 (2021) 109857.

13. N. Bunyatyan, E. Kovtun, I. Samylina, E. Stepanova, Y.V. Olefir, L. Korol, A. Prokofiev, V.
Evteev, D. Bokov, Trop. J. Pharm. Res., 18 (2019) 2233-2240.

14, H. Karimi-Maleh, Y. Orooji, F. Karimi, M. Alizadeh, M. Baghayeri, J. Rouhi, S. Tajik, H.
Beitollahi, S. Agarwal, V.K. Gupta, Biosens. Bioelectron. (2021) 113252.

15. H. Karimi-Maleh, A. Khataee, F. Karimi, M. Baghayeri, L. Fu, J. Rouhi, C. Karaman, O.
Karaman, R. Boukherroub, Chemosphere (2021) 132928.

16. H. Karimi-Maleh, M. Alizadeh, Y. Orooji, F. Karimi, M. Baghayeri, J. Rouhi, S. Tajik, H.
Beitollahi, S. Agarwal, V.K. Gupta, S. Rajendran, S. Rostamnia, L. Fu, F. Saberi-Movahed, S.
Malekmohammadi, Ind. Eng. Chem. Res., 60 (2021) 816-823.

17. H. Karimi-Maleh, F. Karimi, L. Fu, A.L. Sanati, M. Alizadeh, C. Karaman, Y. Orooji, J.
Hazard. Mater., 423 (2022) 127058.

18. H. Karimi-Maleh, A. Ayati, R. Davoodi, B. Tanhaei, F. Karimi, S. Malekmohammadi, Y.
Orooji, L. Fu, M. Sillanpa4, J. Clean. Prod., 291 (2021) 125880.

19. F. Eisvand, B.M. Razavi, H. Hosseinzadeh, Phytother. Res., 34 (2020) 1798-1811.

20. H.-Y. Wang, Y.-Q. Zhang, J. Food Compos. Anal., 83 (2019) 103247.

21. F. Chassagne, X. Huang, J.T. Lyles, C.L. Quave, Front. Microbiol., 10 (2019) 775.

22. M. Budeg, J. Bognir, A. Racz, D. Lasi¢, D. Brki¢, A. Mosovié¢ Cuié¢, Z. Kuhari¢, G. Jurak, L.
Barusi¢, Acta Clin. Croat., 58 (2019) 672—691.

23.  Z.X.Ng, Y.T.T. Koick, P.H. Yong, Nat. Prod. Res., 35 (2021) 5271-5276.

©



Int. J. Electrochem. Sci., 17 (2022) Article Number: 220458 10

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44,
45.
46.
47.

48.

49.
50.
51.
52.
53.

C. Rubio, S. Paz, E. Tius, A. Hardisson, A.J. Gutierrez, D. Gonzalez-Weller, J.M. Caballero, C.
Revert, Biol. Trace Elem. Res., 186 (2018) 562-567.

L. Fu, J. Zhu, H. Karimi-Maleh, Biosensors, 11 (2021) 325.

W. Wu, Q. Zhou, Y. Zheng, L. Fu, J. Zhu, H. Karimi-Maleh, Int J Electrochem Sci, 15 (2020)
10093-10103.

L. Fu, Y. Zheng, P. Zhang, H. Zhang, M. Wu, H. Zhang, A. Wang, W. Su, F. Chen, J. Yu, W.
Cai, C.-T. Lin, Bioelectrochemistry, 129 (2019) 199-205.

Y. Zheng, D. Wang, X. Li, Z. Wang, Q. Zhou, L. Fu, Y. Yin, D. Creech, Biosensors, 11 (2021)
403.

J. Zhou, Y. Zheng, J. Zhang, H. Karimi-Maleh, Y. Xu, Q. Zhou, L. Fu, W. Wu, Anal. Lett., 53
(2020) 2517-2528.

L. Fu, Y. Zheng, P. Zhang, H. Zhang, Y. Xu, J. Zhou, H. Zhang, H. Karimi-Maleh, G. Lai, S.
Zhao, W. Su, J. Yu, C.-T. Lin, Biosens. Bioelectron., 159 (2020) 112212.

L. Fu, W. Su, F. Chen, S. Zhao, H. Zhang, H. Karimi-Maleh, A. Yu, J. Yu, C.-T. Lin,
Bioelectrochemistry (2021) 107829.

X. Zhang, R. Yang, Z. Li, M. Zhang, Q. Wang, Y. Xu, L. Fu, J. Du, Y. Zheng, J. Zhu, Rev.
Mex. Ing. Quim., 19 (2020) 281-291.

B. Fan, Q. Wang, W. Wu, Q. Zhou, D. Li, Z. Xu, L. Fu, J. Zhu, H. Karimi-Maleh, C.-T. Lin,
Biosensors, 11 (2021) 155.

Y. Wang, B. Pan, M. Zhang, X. Du, W. Wu, L. Fu, W. ZHOU, Y. Zheng, Anal. Sci. (2020)
20P079.

L. Fu, Q. Wang, M. Zhang, Y. Zheng, M. Wu, Z. Lan, J. Pu, H. Zhang, F. Chen, W. Su, Front.
Chem., 8 (2020) 92.

R. Yang, B. Fan, S. Wang, L. Li, Y. Li, S. Li, Y. Zheng, L. Fu, C.-T. Lin, Micromachines, 11
(2020) 967.

L. Fu, Y. Zheng, P. Zhang, J. Zhu, H. Zhang, L. Zhang, W. Su, Electrochem. Commun., 92
(2018) 39-42.

L. Fu, Y. Zheng, P. Zhang, H. Zhang, W. Zhuang, H. Zhang, A. Wang, W. Su, J. Yu, C.-T. Lin,
Biosens. Bioelectron., 120 (2018) 102-107.

L. Fu, Y. Zheng, A. Wang, P. Zhang, S. Ding, W. Wu, Q. Zhou, F. Chen, S. Zhao, J. Herb.
Med., 30 (2021) 100512.

Y. Xu, Y. Lu, P. Zhang, Y. Wang, Y. Zheng, L. Fu, H. Zhang, C.-T. Lin, A. Yu,
Bioelectrochemistry, 133 (2020) 107455.

L. Fu, M. Wu, Y. Zheng, P. Zhang, C. Ye, H. Zhang, K. Wang, W. Su, F. Chen, J. Yu, A. Yu,
W. Cai, C.-T. Lin, Sens. Actuators B Chem., 298 (2019) 126836.

Y. Zheng, J. Zhu, L. Fu, Q. Liu, Int J Electrochem Sci, 15 (2020) 9622-9630.

M. Zhang, B. Pan, Y. Wang, X. Du, L. Fu, Y. Zheng, F. Chen, W. Wu, Q. Zhou, S. Ding,
ChemistrySelect, 5 (2020) 5035-5040.

J. Zheng, X. Long, X. Wang, J. Lig. Chromatogr. Relat. Technol., 42 (2019) 55-62.

H. Gong, W. Wang, T. Wang, N. Yu, J. Food Meas. Charact., 15 (2021) 3953-3961.

S. Paul, M. Bisht, G. Singh, S. Yadav, Indian For., 146 (2020) 242—-249.

Y. Guo, Y. Feng, F.-F. Fu, Y.A. El-Kassaby, T. Wang, G. Wang, Can. J. For. Res., 51 (2021)
1339-1346.

K. Ubaoji, O. Nwosu, K. Agu, K. Nwozor, N. Ifedilichukwu, A. Okaka, J. Sci. Res. Med. Biol.
Sci., 1 (2020) 45-56.

P. Sati, P. Dhyani, I.D. Bhatt, A. Pandey, J. Tradit. Complement. Med., 9 (2019) 15-23.

Y. Liu, S. Fang, W. Yang, X. Shang, X. Fu, J. Photochem. Photobiol. B, 179 (2018) 66-73.
T. Zhou, X. Yang, F. Fu, G. Wang, F. Cao, Forests, 11 (2020) 1217.

Y. Guo, T. Wang, F.-F. Fu, Y.A. El-Kassaby, G. Wang, Front. Genet., 11 (2020) 1503.

N. Ahmad, H. Salim, R. Rustom, Bull. Pharm. Sci. Assiut, 44 (2021) 313-321.



Int. J. Electrochem. Sci., 17 (2022) Article Number: 220458 11

54.  V.K. Gautam, M. Datta, A. Baldi, Curr. Tradit. Med., 5 (2019) 159-167.

55. T. Isah, Plant Physiol. Rep., 25 (2020) 74-86.
56.  J. Guo, X. Zhou, T. Wang, G. Wang, F. Cao, Plant Physiol. Biochem., 147 (2020) 133-140.

© 2022 The Authors. Published by ESG (www.electrochemsci.org). This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



http://www.electrochemsci.org/

