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AbstractAbstractAbstractAbstract    
    
Identification of plant species and variety has important application value in the process of agricultural 

production. In this work, we try to use electrochemical fingerprinting technology to collect the electrochemical 
behavior of electrochemically active substances in plant leaf tissues. Twenty Lycium species and varieties were 
specifically selected to investigate the recognition ability of electrochemical fingerprinting. Two different 
extraction solvents and electrolytes were used to create different collection environments. The results show 
that different Lycium spp. can exhibit different electrochemical fingerprints. Different species of the same 
species exhibit relatively similar electrochemical fingerprints. After the second derivative processing, the 
electrochemical fingerprint of plants can be used for classification and recognition by different machine 
learning models. Partial least squares discriminant analysis (PLS-DA), k-nearest neighbor, (KNN), support 
vector machine (SVM), random forest (RF) and stochastic gradient boosting (SGB) were used to establish 
recognition model of Lycium spp. The results show that SGB has the best identification accuracy for 
electrochemical fingerprint after second derivative treatment. 
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IntroductionIntroductionIntroductionIntroduction    
 
Goji berry is a traditional Chinese plant that can be used both in food and medicine. Goji berry resources 

are divided into 7 species. In addition, over the years of breeding, there are many different varieties of goji berry 
(Vidović et al., 2022; Fatchurrahman et al., 2022; Liu et al., 2022). Different varieties of goji berry have their 
own unique advantages, nutritional composition and physiological active ingredients in the content and effect 
of different (Skenderidis et al., 2022; Li et al., 2021). For example, Lycium ruthenicum is rich in anthocyanins, 

proanthocyanidins, flavonoids, polysaccharides and other physiological components (Yun et al., 2022; Tian et 

al., 2021; Qin et al., 2021). It has a significant effect on immune regulation, which is 22 times and 55 times of 

vitamin C and vitamin E respectively. Lycium barbarum (Ningqi No. 7) was developed from the Ningxia goji 

berry production park in 2010 (Qin et al., 2022). This variety has bright red fruits, large and uniform grains 
and high reducing sugar content. Through the study of pharmacology and composition, it is found that its 
polysaccharide can regulate the immune function of the body, and has obvious inhibitory effect on human lung 
cancer cells and cervical cancer cells (Lv et al., 2021; Zhen et al., 2021; Ma et al., 2023). Therefore, it is the best 

way to trace the origin of Lycium barbarum by using various analytical techniques to determine species and 
varieties based on their own characteristics. The rapid development of modern instrumental analysis 
technology and computer technology provides conditions for accurate tracing of agricultural food origin. 
Compared with the traditional analysis methods, the modern instrumental analysis technology has the 
advantages of high sensitivity, low detection limit, simple and fast, so it is widely used in the quality control 
process of various foods (Karimi-Maleh et al., 2023).  

Plant recognition based on picture and spectrum technology is the most important two strategies 
(Wäldchen et al., 2018). Image recognition has advantages across different genera, but there are many 

challenges within the same genus (Wäldchen et al., 2018). Near infrared spectroscopy is one of the most 
important spectral techniques. The near-infrared spectrum region is consistent with the combined frequency 
and the frequency doubling absorption region of the hydrogen-containing groups (O-H, N-H, C-H) vibration 
in organic molecules (Kademi et al., 2019; Beć et al., 2019). Most of the characteristics of hydrogen groups in 
organic molecules can be obtained by scanning the near infrared spectrum of the samples to be tested. Near 
infrared spectroscopy is convenient, rapid, efficient, accurate and reliable, and has the advantages of low cost 
and no damage to the sample (Bisutti et al., 2019). Near infrared spectroscopy has experienced about half a 
century of development journey so far has become one of the most promising analysis techniques in the new 
century. Near infrared spectrum analysis technology generally includes two processes, namely model building 
and classification recognition (Beć et al., 2020). The model is established by associating the near infrared 
spectrum with the component content or property type of plant samples to be measured by stoichiometric 
method, and then determining the relationship between the two. After the optimal classification recognition 
model is selected, the optimal classification recognition model can be established to classify and identify the 
varieties of samples to be tested. Gas Chromatography-Mass Spectrometry (GC-MS) is a powerful technique 
for the analysis of volatile compounds in plants. It can identify a large number of compounds and provide 
information on the molecular weight, structure, and abundance of each compound. GC-MS can be used to 
analyze the essential oils and other volatile compounds of plants, which can be used for species identification 
(Rohloff, 2015). High-Performance Liquid Chromatography (HPLC) is a powerful technique for the 
separation and quantification of various chemical compounds in plants. HPLC can be used to analyze various 
plant pigments, flavonoids, and other chemical compounds, which can be used for plant identification. Nuclear 
Magnetic Resonance Spectroscopy (NMR) is a powerful technique that can be used to identify the structure of 
organic molecules in plant samples. It can provide information on the molecular structure, the number of 
protons and carbon atoms, and the connectivity of atoms in molecules. NMR can be used for the identification 
of different plant species and the analysis of plant metabolites (Leiss et al., 2011). 



Shi X et al. (2023). Not Bot Horti Agrobo 51(1)13054 

 

3 
 

 

 

 

 

 

In recent years, we have proposed an analytical technique based on electrochemical fingerprinting (Zhou 
et al., 2020; Wang et al., 2020; Xu et al., 2020; Fan et al., 2021; Zheng et al., 2021; Fu et al., 2021; Wang et al., 
2021). It can collect oxidation signal of electrochemically active substances in plants. It has been used to identify 
different plants. However, the efficiency of identification has been a challenge. In this work, we collected the 
leaves of 20 species of Lycium spp. (species + variety) and collected their electrochemical fingerprints. The raw 
data of the electrochemical fingerprint were processed with second derivatives. Partial least square-discriminant 
analysis (PLS-DA), linear support vector classification (LinearSVC) and random forest (RF) were used to 
identify different species. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
All Lycium spp. were collected June 2022 at Wolfberry resource nursery in Ningxia and identified by 

botanist in Ningxia Academy of Agricultural and Forestry Sciences. All information is listed in Table 1. Water 
and ethanol have been used as extraction solvent. The extraction process was conducted accordingly to our 
previous report (Zhang et al., 2022). Phosphate-buffered solution (0.1 M, PBS, pH 7.0) and acetate-buffered 
solution (0.1 M, ABS, pH 4.5) were used as electrolyte. 

All electrochemical fingerprints of the Lycium spp. were collected using a CHI1210 electrochemical 
workstation. A typical three-electrode system has been used. A glassy carbon electrode, a Pt wire and a Ag/AgCl 
(3 M KCl) were used as working electrode, counter electrode and reference electrode, respectively. For 
electrochemical fingerprints collection, 1 mL of Lycium spp. extract was added into 4 mL of electrolyte. Then, 
differential pulse voltammetry (DPV) was used for scanning in the range of -0.2 V to 1.0 V (pulse amplitude: 
50 mV; pulse width: 0.05 s; pulse period: 0.5 s). The experimental data was then normalized for further analysis. 

The second derivative is used for electrochemical fingerprinting of all species. Stoichiometric methods 
and machine learning algorithms were used to identify differences in the electrochemical fingerprint data of 
different species between samples. Partial least square-discriminant analysis (PLS-DA), linear support vector 
classification (LinearSVC) and random forest (RF) were used to identify different species. The confusion 
matrix is used to evaluate the effectiveness of the classification model. 

 
Table 1.Table 1.Table 1.Table 1. Sample information of collected Lycium spp. 

Species/VarietySpecies/VarietySpecies/VarietySpecies/Variety    AbbreviationAbbreviationAbbreviationAbbreviation    Species/VarietySpecies/VarietySpecies/VarietySpecies/Variety    AbbreviationAbbreviationAbbreviationAbbreviation    
L. barbarum (Ningqi No.1) LN-1 L. barbarum (Ningqi No.2) LN-2 

L. barbarum (Ningqi No.3) LN-3 L. barbarum (Ningqi No.4) LN-4 

L. barbarum (Ningqi No.5) LN-5 L. barbarum (Ningqi No.6) LN-6 

L. barbarum (Ningqi No.7) LN-7 L. barbarum (Ningqi No.8) LN-8 

L. barbarum (Ningqi No.9) LN-9 L. barbarum (Ningqi No.10) LN-10 

L. chinense  LC L. ruthenicum LR 

L. barbarum LB L. truncatum LT 

L. yunnanense LY L. chinense var. potaninii LCP 

Wild species WS L. cylindricum LCD 

L. barbarum (Ningnongqi No.4) LNN-4 L. barbarum (Ningnongqi No.5) LNN-5 

 
 
ResultsResultsResultsResults    and Discussionand Discussionand Discussionand Discussion    
 
Figure 1 shows the electrochemical fingerprint of all Lycium spp. after ethanol extraction under PBS. It 

can be seen that many of these Lycium spp. have a very distinct electrochemical oxidation peak around 0.2 V. 



Shi X et al. (2023). Not Bot Horti Agrobo 51(1)13054 

 

4 
 

 

 

 

 

 

This may be the electrochemical oxidation caused by different kinds of flavones in Lycium spp. (Montesano et 

al., 2019; Liu et al., 2019). The intensity of this peak varies among Lycium spp. For example, this 

electrochemical oxidation peak of most L. barbarum (Ningqi series) has a distinct current except for LN-1 and 
LN-10. In contrast, the current of this electrochemical oxidation peak of L. barbarum as a primitive species is 

not prominent. This is most likely due to the selection of nutritionally valuable individuals by L. barbarum 
during the development of the variety. It also proves that the variety development of Lycium barbarum is 

indispensable for the resource utilization of this plant (Li et al., 2019; Qiao et al., 2022; Chen et al., 2017). LN-

1 in L. barbarum (Ningqi series) has only a weak oxidation band at 0.2 V. This is unique fingerprint 
information for this variety. Another conclusion that can be drawn from Figure 1 is that different species of 
the same species have relatively similar electrochemical fingerprint profiles. This phenomenon has been 
observed not only in the Ningqi series of L. barbarum, but also confirmed in the Ningnongqi series. In addition, 
the fingerprints of different species are quite different. For example, L. yunnanense has a very distinct oxidation 

peak around 0.45V. L. chinense var. potaninii has a series of oxidation peaks between 0.2 and 0.6 V. L. 

truncatum had a weak oxidation peak at 0.85 V. However, a similar electrochemical fingerprint is also shown 
in Figure 1. For example, LN-9 and WS share similar electrochemical behavior, both having a distinct oxidation 
peak at 0.2 V. In addition, they have another wide electrochemical oxidation band at around 0.5 V. There is 
also a similar electrochemical behavior between LB and LN-4. They all have two distinct electrochemical 
oxidation peaks at 0.2 V and 0.53 V respectively. Moreover, the oxidation current of the second oxidation peak 
is slightly higher than that of the first oxidation peak.  

 

 
Figure 1.Figure 1.Figure 1.Figure 1. Electrochemical fingerprints of all Lycium spp. collected ethanol extraction using PBS as electrolyte 

 
Figure 2 shows electrochemical fingerprints of all Lycium spp. collected water extraction using ABS as 

electrolyte. Different solvents can extract different substances from plant tissues. In addition, different 
electrolyte environments allow different electrochemically active substances to participate in electrochemical 
reactions. Thus, the same species/variety exhibits different electrochemical fingerprints in Figures 1 and 2. The 
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addition of an electrochemical fingerprint can help to effectively identify different plants. In addition, it also 
improves the abundance of electrochemical signals, which helps to find out the differences in the 
electrochemically active substances of different samples. As can be seen from Figure 2, even the different 
varieties in L. barbarum (Ningqi series) exhibit different electrochemical behaviours. LN-1 still shows different 
electrochemical behavior with various variety. The remaining 9 varieties can be divided into two categories. 
LN-2, LN-5, LN-6, LN-7, LN-8, and LN-10 all exhibit a distinct oxidation peak near 0.4 V. The remaining 
varieties have a relatively weak oxidation peak at this potential. LC, as the primary species, showed only weak 
oxidation peak at this potential. Combined with the fingerprint information in Figures 1 and 2, the different 
varieties in L. barbarum (Ningqi series) can be identified to a certain extent. Both varieties of L. barbarum 

(Ningnongqi series) have a distinct electrochemical oxidation peak at 0.4 V, but LNN-5 has another distinct 
oxidation band at 0.7 V attachment. However, the electrochemical fingerprints taken under these conditions 
also showed some similarities. For example, LR and LCD have similar intensities at 0.4 V peaks. In addition, 
they have no other characteristics that can be used for quick identification. The electrochemical fingerprints of 
LN-7 and LB are also very similar and difficult to identify directly. Therefore, signal processing of 
electrochemical fingerprint is very necessary for sample identification. All species/variety in Figures 1 and 2 
were fingerprinted from three separate samples and showed excellent stability. Therefore, post-processing of 
the original fingerprint data has the potential to be used for rapid identification. 

 

 
Figure 2.Figure 2.Figure 2.Figure 2. Electrochemical fingerprints of all Lycium spp. collected water extraction using ABS as electrolyte 

 
Figure 3 and Figure 4 show the electrochemical fingerprint data of all Lycium spp. after the second 

derivative processing. It can be seen that the differences in electrochemical oxidation peaks of different samples 
are amplified. Then, partial least squares discriminant analysis (PLS-DA), k-nearest neighbor, (KNN), support 
vector machine (SVM), random forest (RF) and stochastic gradient boosting (SGB) were used to establish 
recognition model of Lycium spp. Table 1 shows the classification results of various learning methods. 
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Figure 3.Figure 3.Figure 3.Figure 3. The second derivative curve of electrochemical fingerprints collected ethanol extraction using 
PBS as electrolyte 
 
In the PLS-DA classification results, the specificity, sensitivity and accuracy of the training set of 

electrochemical fingerprints after the second derivative processing are better than the original data. However, 
the electrochemical fingerprint processed by second derivative in test set did not get the ideal result, and the 
accuracy was only 62.67%. The recognition accuracy of PLS-DA for the original electrochemical fingerprint 
was only 87.33%. Therefore, PLS-DA can only be applied to the identification of the original electrochemical 
fingerprint of Lycium spp. 

In the KNN classification results, the specificity, sensitivity and accuracy of the training set of raw data 
are better than the electrochemical fingerprint after the second derivative processing. The test set shows the 
same trend. The accuracy of electrochemical fingerprint after second derivative treatment was only 56.67%. 
However, KNN does not support the identification of the original electrochemical fingerprint well. It is only 
72.20% accurate with raw data. Therefore, KNN is not suitable for the identification of the original 
electrochemical fingerprint of Lycium spp. and the fingerprint treated by the second derivative. 
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Figure 4.Figure 4.Figure 4.Figure 4. The second derivative curve of electrochemical fingerprints collected water extraction using ABS 
as electrolyte 
 
In the SVM classification results, both the training set and the test set show good results. The specificity, 

sensitivity and accuracy of the training set of electrochemical fingerprint after the second derivative processing 
are better than the original data. The recognition rate of SVM for original data can reach 85.33%. It can achieve 
91.00% accuracy on the data processed by the second derivative. 

In the RF classification results, whether the electrochemical fingerprint has been treated with the second 
derivative has no significant effect. The recognition rate of RF towards Lycium spp. was lower than 90% in both 
the training set and the test set. This indicates that the second derivative treatment has relatively little effect on 
RF classification. 

 
Table 2Table 2Table 2Table 2.... Classification results of PLS-DA, KNN, SVM, RF, SGB towards electrochemical fingerprints of 
all Lycium spp 

Model Data 
Training set Test set 

Sp (%) Sn (%) Ac (%) Sp (%) Sn (%) Ac (%) 

PLS-DA 
Raw 90.67 91.33 90.00 81.33 96.33 87.67 
SD 96.33 97.67 97.67 73.33 54.33 62.67 

KNN 
Raw 78.33 94.00 85.57 65.65 80.00 72.67 
SD 54.33 78.33 50.00 72.33 53.00 56.67 

SVM 
Raw 90.67 95.67 96.20 80.67 93.67 85.33 
SD 95.33 96.67 98.00 84.00 94.33 91.00 

RF 
Raw 75.33 78.33 77.50 67.67 86.67 77.00 
SD 76.67 80.00 81.67 80.33 73.33 76.67 

SGB 
Raw 96.67 95.00 96.67 65.67 86.67 76.67 
SD 100.00 100.00 100.00 93.33 86.67 93.33 
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Figure 5.Figure 5.Figure 5.Figure 5. Confusion matrix of identification of plant species using electrochemical fingerprint via SGB 
 
In the SGB classification results, the recognition accuracy of electrochemical fingerprint was 

significantly improved by second derivative processing. The recognition rate of SGB was only 76.67% for the 
original data, but 93.33% for the electrochemical fingerprint processed by the second derivative. 

Based on the above results, it can be seen that the classification result of SGB is the best. The specificity, 
sensitivity and accuracy of the training set are no less than 90. 00%. After the second derivative processing, the 
specificity and sensitivity of the test set of electrochemical fingerprint are no less than 80. 00%, and the accuracy 
is 93.33%. SVM classification effect is also acceptable. The specificity, sensitivity and accuracy of the training 
set are no less than 90. 00%. After the second derivative processing, the accuracy can reach 91.00%. The 
obfuscation matrix visualizes the comparison between the predicted value and the true value of the model in 
matrix form (Ali et al., 2020). Each row in the matrix represents the predicted value of a different 
species/variety, and each column represents the true value of a different species/variety. In the confusion matrix 
of this experiment, blue indicates the accuracy of recognition. The depth of the color is proportional to the 
more accurate the recognition. Figure 5 shows the confusion matrix of different species/variety identified by 
the SGB model. It can be seen that most species/variety can be recognized. In future work, other data processing 
methods need to be tried to optimize the recognition efficiency. At the same time, different models can be tried. 
Spectral data from plant samples are widely used for species identification, but this technique is not widely used 
in electrochemical fingerprinting. This may be because electrochemical fingerprinting is a new fingerprint 
technology developed in recent years. Because the collection of electrochemical signals does not involve the 
separation of samples, its accuracy is limited. Our work explores the feasibility of applying common 
classification models to electrochemical fingerprinting. 
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ConclusionsConclusionsConclusionsConclusions    
 
This work took the electrochemical fingerprints of 20 species/varieties of Lycium spp. Two different 

extraction solvents and electrolytes were used to prepare different collection environments. Different 
species/varieties exhibit different electrochemical behavior. Among them, the species in the same species have 
relatively similar electrochemical fingerprints. These electrochemical fingerprints were processed with second 
derivatives and used to identify different machine learning models. The results show that SGB has the best 
identification accuracy for electrochemical fingerprint after second derivative treatment. 
 
 

Authors’ ContributionsAuthors’ ContributionsAuthors’ ContributionsAuthors’ Contributions 
 
Conceptualization, L.F. and X.W.; methodology, L.F.; software, J.Z.; validation, X.S. and J.M; formal 

analysis, X.S., J.M. and W.Y.; investigation, X.S., J.M. and W.Y.; resources, Y.Z. and Y.Y.; data curation, S.X. 
M.J. and Y.N.; writing—original draft preparation, X.S. W.Y and J.Z.; writing—review and editing, L.F. Y.Z. 
and Y.N.; visualization, X.W. and Y.Y.; supervision, L.F. and X.W.; project administration, L.F. and X.W. All 
authors read and approved the final manuscript. 
 
 

Ethical approvalEthical approvalEthical approvalEthical approval (for researches involving animals or humans) 
 
Not applicable. 
 
 
AcknowledgementsAcknowledgementsAcknowledgementsAcknowledgements    
 
This work was supported by the Ningxia Agricultural High-quality Development and Ecological 

Protection Technological Innovation Demonstration Project (NGSB-2021-5-01); Ningxia Excellent Talent 
Support Program and Natural Science Foundation of Ningxia (2021AAC03280). 
 
 

Conflict of Conflict of Conflict of Conflict of InterestsInterestsInterestsInterests    
 
The authors declare that there are no conflicts of interest related to this article. 
 
 
ReferencesReferencesReferencesReferences    
    

Ali M, Shiaeles S, Bendiab G, Ghita B (2020). MALGRA: Machine learning and N-gram malware feature extraction and 
detection system. Electronics 9(11):1777. https://doi.org/10.3390/electronics9111777  

Beć KB, Grabska J, Huck CW (2020). Near-infrared spectroscopy in bio-applications. Molecules 25(12):2948. 
https://doi.org/10.3390/molecules25122948  

Beć KB, Huck CW (2019). Breakthrough potential in near-infrared spectroscopy: Spectra simulation. A review of recent 
developments. Frontiers in Chemistry 7:48. https://doi.org/10.3389/fchem.2019.00048  

Bisutti V, Merlanti R, Serva L, Lucatello L, Mirisola M, Balzan S (2019). Multivariate and machine learning approaches 
for honey botanical origin authentication using near infrared spectroscopy. Journal of Near Infrared Spectroscopy 
27(1):65-74. https://doi.org/10.1177/0967033518824765  



Shi X et al. (2023). Not Bot Horti Agrobo 51(1)13054 

 

10 
 

 

 

 

 

 

Chen C, Xu M, Wang C, Qiao G, Wang W, Tan Z (2017). Characterization of the Lycium barbarum fruit transcriptome 
and development of EST-SSR markers. PloS One 12(11):e0187738. 
https://doi.org/10.1371/journal.pone.0187738  

Fan B, Wang Q, Wu W, Zhou Q, Li D, Xu Z (2021). Electrochemical fingerprint biosensor for natural indigo dye yielding 
plants analysis. Biosensors 11(5):155. https://doi.org/10.3390/bios11050155  

Fatchurrahman D, Amodio ML, Colelli G (2022). Quality of goji berry fruit (Lycium barbarum L.) stored at different 

temperatures. Foods 11(22):3700.   https://doi.org/10.3390/foods11223700  
Fu L, Zheng Y, Wang A, Zhang P, Ding S, Wu W (2021). Identification of medicinal herbs in Asteraceae and 

Polygonaceae using an electrochemical fingerprint recorded using screen-printed electrode. Journal of Herbal 
Medicine 30:100512. https://doi.org/10.1016/j.hermed.2021.100512  

Karimi-Maleh H, Darabi R, Karimi F, Karaman C, Shahidi SA, Zare N, … Rajendran S (2023). State-of-art advances on 
removal, degradation and electrochemical monitoring of 4-aminophenol pollutants in real samples: A review. 
Environmental Research 222:115338. https://doi.org/10.1016/j.envres.2023.115338  

Kademi HI, Ulusoy BH, Hecer C (2019). Applications of miniaturized and portable near infrared spectroscopy (NIRS) 
for inspection and control of meat and meat products. Food Reviews International 35(3):201-20. 
https://doi.org/10.1080/87559129.2018.1514624  

Leiss KA, Choi YH, Verpoorte R, Klinkhamer PG (2011) An overview of NMR-based metabolomics to identify 
secondary plant compounds involved in host plant resistance. Phytochemistry Reviews 10:205-216. 
https://doi.org/10.1007/s11101-010-9175-z  

Li G, Zhao J, Qin B, Yin Y, An W, Mu Z (2019). ABA mediates development-dependent anthocyanin biosynthesis and 
fruit coloration in Lycium plants. BMC Plant Biology 19(1):317. https://doi.org/10.1186/s12870-019-1931-7  

Li X, Holt RR, Keen CL, Morse LS, Yiu G, Hackman RM (2021). Goji berry intake increases macular pigment optical 
density in healthy adults: A randomized pilot trial. Nutrients 13(12):4409. https://doi.org/10.3390/nu13124409  

Liu Y, Gu P, Laaksonen O, Wei B, Zhu Y, Zhang B (2022). Lactic acid bacteria incubation and aging drives flavor 
enhancement of goji berry juice. Journal of Food Composition and Analysis 105:104202. 
https://doi.org/10.1016/j.jfca.2021.104202  

Liu Y, Long M, Tian X, Zhang F, Chen S, Ma Z (2019). Process optimization and comprehensive determination of the 
quality of Lycium barbarum L. flavone ultrasonic assisted extraction. Food Research and Development 40(21):88-

94. https://doi.org/10.12161/j.issn.1005-6521.2019.21.016  

Lv Y, Liu J, Li J, Hou L, Sun M, Gou Q (2021). Diversity of arbuscular mycorrhizal fungi inhabiting the roots of Lycium 

barbarum in different varieties and cultivation regions. Biotechnology Bulletin 37(6):36. 

https://doi.org/10.13560/j.cnki.biotech.bull.1985.2020-1331  
Ma Y, Wang Z, Li Y, Feng X, Song L, Gao H (2023). Fruit morphological and nutritional quality features of goji berry 

(Lycium barbarum L.) during fruit development. Scientia Horticulturae 308:111555. 

https://doi.org/10.1016/j.scienta.2022.111555  
Montesano D, Rocchetti G, Cossignani L, Senizza B, Pollini L, Lucini L (2019). Untargeted metabolomics to evaluate the 

stability of extra-virgin olive oil with added Lycium barbarum carotenoids during storage. Foods 8(6):179. 

https://doi.org/10.3390/foods8060179  
Qiao F, Zhang K, Zhou L, Qiu Q-S, Chen Z, Lu Y (2022). Analysis of flavonoid metabolism during fruit development of 

Lycium chinense. Journal of Plant Physiology 279:153856. https://doi.org/10.1016/j.jplph.2022.153856  

Qin X, Qin B, He W, Chen Y, Yin Y, Cao Y (2022). Metabolomic and transcriptomic analyses of Lycium barbarum L. 

under Heat Stress. Sustainability 14(19):12617. https://doi.org/10.3390/su141912617  

Qin Y, Yun D, Xu F, Chen D, Kan J, Liu J (2021). Smart packaging films based on starch/polyvinyl alcohol and Lycium 

ruthenicum anthocyanins-loaded nano-complexes: Functionality, stability and application. Food Hydrocolloids 

119:106850. https://doi.org/10.1016/j.foodhyd.2021.106850  
Rohloff J (2015). Analysis of phenolic and cyclic compounds in plants using derivatization techniques in combination 

with GC-MS-based metabolite profiling. Molecules 20(2):3431-3462. 
https://doi.org/10.3390/molecules20023431  

Skenderidis P, Leontopoulos S, Lampakis D (2022). Goji berry: Health promoting properties. Nutraceuticals 2(1):32-48. 
https://doi.org/10.3390/nutraceuticals2010003  



Shi X et al. (2023). Not Bot Horti Agrobo 51(1)13054 

 

11 
 

 

 

 

 

 

Tian B, Zhao J, Xie X, Chen T, Yin Y, Zhai R (2021). Anthocyanins from the fruits of Lycium ruthenicum Murray 
improve high-fat diet-induced insulin resistance by ameliorating inflammation and oxidative stress in mice. Food 
& Function 12(9):3855-3571. https://doi.org/10.1039/D0FO02936J  

Vidović BB, Milinčić DD, Marčetić MD, Djuriš JD, Ilić TD, Kostić AŽ (2022). Health benefits and applications of goji 
berries in functional food products development: A review. Antioxidants 11(2):248. 
https://doi.org/10.3390/antiox11020248  

Wäldchen J, Mäder P (2018). Machine learning for image-based species identification. Methods in Ecology and Evolution 
9(11):2216-2225. https://doi.org/10.1111/2041-210X.13075  

Wäldchen J, Rzanny M, Seeland M, Mäder P (2018). Automated plant species identification—Trends and future 
directions. PLoS Computational Biology 14(4):e1005993. https://doi.org/10.1371/journal.pcbi.1005993  

Wang D, Li D, Fu L, Zheng Y, Gu Y, Chen F (2021). Can electrochemical sensors be used for identification and 
phylogenetic studies in Lamiaceae? Sensors 21(24):8216. https://doi.org/10.3390/s21248216  

Wang Y, Pan B, Zhang M, Du X, Wu W, Fu L (2020). Electrochemical profile recording for Pueraria variety 
identification. Analytical Sciences 36(10):1237-1241. https://doi.org/10.2116/analsci.20P079  

Xu Y, Lu Y, Zhang P, Wang Y, Zheng Y, Fu L (2020). Infrageneric phylogenetics investigation of Chimonanthus based 
on electroactive compound profiles. Bioelectrochemistry 133:107455. 
https://doi.org/10.1016/j.bioelechem.2020.107455  

Yun D, Yan Y, Liu J (2022). Isolation, structure and biological activity of polysaccharides from the fruits of Lycium 

ruthenicum Murr: A review. Carbohydrate Polymers 119618. https://doi.org/10.1016/j.carbpol.2022.119618  

Zhang P, Li X, Zheng Y, Fu L (2022). Changes in and recognition of electrochemical fingerprints of Acer spp. in different 

seasons. Biosensors 12(12):1114. https://doi.org/10.3390/bios12121114  
Zhen D, Juan Y, Liang Y (2021). Effects of different water and fertilizer treatments on yield and water-fertilizer use 

efficiency of Lycium barbarum in Ningxia. Water Saving Irrigation (3):25-30. 

Zheng Y, Wang D, Li X, Wang Z, Zhou Q, Fu L (2021). Biometric identification of Taxodium spp. and their hybrid 

progenies by electrochemical fingerprints. Biosensors 11(10):403. https://doi.org/10.3390/bios11100403  
Zhou J, Zheng Y, Zhang J, Karimi-Maleh H, Xu Y, Zhou Q (2020). Characterization of the electrochemical profiles of 

lycoris seeds for species identification and infrageneric relationships. Analytical Letters 53(15):2517-28. 
https://doi.org/10.1080/00032719.2020.1746327  

 
 
 
 
 
 

 

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are 
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any 
other lawful purpose, without asking prior permission from the publisher or the author. 

 

License License License License ---- Articles published in Notulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici Cluj----NapocaNapocaNapocaNapoca are Open-Access, 
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License. 
© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to 
hold the copyright/to retain publishing rights without restriction. 

 
Notes:Notes:Notes:Notes:    
 Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published 

in the journal.  
 Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 
 Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for 

the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors 
or persons to whom they are credited. Publication of research information does not constitute a recommendation or 
endorsement of products involved. 

 



Shi X et al. (2023). Not Bot Horti Agrobo 51(1)13054 

 

12 
 

 

 

 

 

 

 


