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Abstract

Background: Tea (Camellia sinensis L.O. Kuntze) is one of the most commonly consumed beverages
globally, with several beneficial health effects. The composition of leaves is affected by different
factors such as climate and tea cultivar.

Methods: In this study, the total phenolic, flavonoid, and tannin contents, and antioxidant activities of
eight cultivars of tea growing in Iran were determined. The epigallocatechin gallate (EGCG) contents
were measured by high-performance liquid chromatography (HPLC) analysis. The Fourier-transform
infrared (FT-IR) spectra were used to construct a supervised pattern recognition model using a genetic
algorithm-support vector machine (GA-SVM) for the classification of cultivars.

Results: The results indicated a wide variation of total phenolic content (178.04 to 316.09 mg gallic
acid equivalents (GAE)/g extract). Also, the flavonoid contents ranged from 25.54 to 41.1 mg quercetin
equivalents (QE)/g extract. All the samples had close tannin amounts (ranging from 40.32 to 45.90 mg
as tannic acid equivalent (TAE)/g extract). There was a significant linear relationship among total
phenolic and flavonoid contents and antioxidant properties. The cultivars DN, PK2, and C.Y.9 had the
highest content of phenolic and flavonoid content as well as the best antioxidant activity. The EGCG
contents were from 2.66 to 4.12%. The highest amount of EGCG was found in cultivars 282, PK2, and
C.Y.9. The discriminative region of FT-IR spectra (1350-1650 cm™) were selected using a GA-SVM.
This model showed 100% sensitivity and specificity for training and test sets.

Conclusion: The leaves phytochemical compositions and antioxidant effect are deeply dependent on
the type of tea cultivars. The cultivars PK2 and C.Y.9 can be considered richer sources of polyphenols,
especially EGCG. The eight different cultivars can be classified based on chemical components using

the recorded FT-IR spectra.
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Introduction

The tea (Camellia sinensis L.O. Kuntze), family Theaceae, is one of the most prevalent beverages
consumed globally.! It grows in tropical and subtropical regions, which provide sufficient rainfall,
enough drainage, and somewhat acidic soil.? Statistics indicate that between 2005 and 2007, Iran
consists of one of the major tea consuming countries in the world, with approximately 1.6 kg per capita
tea consumption.®

About 34 thousand hectares of lands have been cultured for tea in the North of Iran (Guilan and
Mazandaran provinces), which provides a humid temperate climate and adequate yearly
precipitation.>* Recently, tea has attracted considerable attention throughout the world because of
different health benefits related to its consumption, including antioxidant, anti-arteriosclerotic, anti-
obesity, antiallergic, anti-cancer, antimutagenic, anti-apoptotic, neuroprotective, antihyperglycemic,
antimicrobial, and anti-inflammatory activities.>® A large body of research demonstrated that
overproduction of free radical species could lead to oxidative damage to vital biomolecules, such as
DNA, lipids, and proteins. Consequently, they play a crucial role in many diseases such as cancer, heart
disease, multiple sclerosis, neurodegenerative disorders (Alzheimer’s disease and Parkinson’s disease),
diabetes mellitus, cardiovascular diseases, and autoimmune diseases.>"® In general, plant materials that
are rich sources of natural antioxidants, especially polyphenols, can cause protective effects against
such disorders.?’ The tea polyphenols can exert a significant antioxidant effect by scavenging reactive
oxygen and nitrogen species as well as acting as metal chelators.?

Wide ranges of bioactive compounds like purine alkaloids (in particular, caffeine and
theobromine) and polyphenols are responsible for the beneficial effects of tea.5° It has been reported
that green tea leaves contain 10-30% tannins or phenolic substances, such as catechins, flavonols,
flavanones, phenolic acids, and glycosides.!®'! The principal flavonols of tea leaves are quercetin,

kaempferol, and myricetin, comprising 2-3% of the water-soluble extract materials of tea °.
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Furthermore, in fresh young leaves of C. sinensis, the main catechins (flavan-3-ols) are
epigallocatechin gallate (EGCG), epigallocatechin (EGC), epicatechin gallate (ECG), gallocatechin
(GC), epicatechin (EC), and catechin.>*2 Among these compounds, EGCG is considered the
predominant one, which takes up around 3-13% of dry tea leaves, and 50-80% of the total catechins in
green tea.®*® The composition of fresh tea leaves is affected by different factors such as climate, season,
tea varieties, and cultivars, horticultural practices, and leaves age.>'%!* Therefore, the study of tea
cultivars growing in the different regions is one of the global interests in order to determine samples
that possess the highest health benefits 2121517

Plant genetic diversity is essential for developing novel and improved cultivars with appropriate
characteristics, such as excellent yield potential, and large seeds.'® Approximately, 2650 accessions of
genetic resources from the tea have been recognized in China, Japan, India, Kenya, and other parts of
the world.*'° Tea germplasms have typically been characterized by biochemical and morphological
descriptors. While these descriptors are valuable for tea varietal group identification, they indicate
limited levels of inter and intra-varietal polymorphism and they may not account for all the diversity
in the species.?’ Numerous previous studies have been developed for the classification of tea cultivars
using pattern recognition techniques based on chemical composition data, like gas chromatographic
(GC), high-performance liquid chromatography (HPLC), and capillary electrophoresis.?. However,
these methods are costly and complicated to be applied in the routine work.?? Infrared (IR) spectroscopy
methods have been extensively used because it is a rapid and non-destructive method for qualitative
and quantitative analyses of many materials.?® It is extremely fast, chemical-free, and produces no
resultant waste. Fourier-transform infrared spectroscopy (FT-IR) combined with attenuated total
reflection (ATR) accessory, can be applied for analysing a vast number of samples in a short time
without any sample preparation.?* The advance in chemometric technologies linked with ATR-FT-IR
spectroscopy provides an efficient method for determining the physical and chemical properties of

products.
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Multivariate data analysis and machine learning techniques are excellent strategies for foodstuff
discrimination.? Cebi et al. used ATR-FTIR to detect sibutramine adulteration in tea and coffee, based
on hierarchical clustering and principal component analysis (PCA).?® Classification of unifloral honey
was attempted by ATR-FTIR and random forest.® Gori et al. applied a combination of linear
discriminant analysis (LDA) and PCA with a moving window algorithm for the classification of grated
cheese, based on their ATR-FTIR data.?’

In the present study, the total phenolic, flavonoid, and tannin contents as well as antioxidant
activities of eight different cultivars of tea (Camellia sinensis), including PK2, C.Y.9, D.N, D.T.1, 100,
261, 270, and 282, growing in the North of Iran, were determined for the first time. Furthermore, the
guantitative analysis of EGCG, as the main catechin in tea leaves, was performed by developing an
HPLC method. Finally, the classification of the eight different tea cultivars was performed based on
the ATR-FTIR recorded spectra of the extracted samples using chemometric techniques, including
partial least squares-discriminant analysis (PLS-DA) and a genetic algorithm-support vector machine

(GA-SVM).

Materials and methods

Reagents and chemicals

Quercetin, tannic acid, EGCG, gallic acid, 2, 2-Diphenyl-1-picrylhydrazyl (DPPH"), Folin—Ciocalteu’s
phenol reagent, Butylated hydroxy anisole (BHA), and vitamin E were purchased from Sigma-Aldrich
chemical company (USA). Sodium bicarbonate, aluminium trichloride, and polyvinylpolypyrrolidone
(PVPP) were purchased from Merck, Germany. HPLC-grade acetonitrile and acetic acid were obtained
from DUKSAN, Korea. Other used reagents and solvents were of analytical grade. HPLC grade water
was obtained from a Millipore Direct-Q purification system.

2.2. Plant material and extraction
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According to the reports of Tea Research Centre of Iran (TRCI), Fashalem station, Rasht, Iran, the
most common and popular imported tea cultivars, including P.K.2, C.Y.9, D.N, and D.T.1 were chosen.
Also, four Iranian genotypes, growing in this center (100, 261, 270, and 282) were chosen to have a
comparison among foreign and Iranian cultivars. The youngest two leaves, plus a terminal bud, were
hand-plucked from selected eight different tea cultivars, from TRCI, in June, 2019. Samples were all
propagated at the TRCI under the same environmental conditions. The tea cultivars differed in their
shoot colour and size of the leaves. The voucher specimens were deposited in the herbarium of the
school of pharmacy, Guilan University of medical sciences, Rasht, Iran.

The fresh green tea leaves (100 g, each cultivar) were shade dried at room temperature before
powdering. The extraction was performed by the method described by Hu et al.? The leaves of each
cultivar were brewed with ethanol (75%) in a water bath (30°C for 10 min). Then, the extract was
filtered (with Whatman No. 1 filter paper) and the remained leaves were extracted by ethanol (35%) at
90°C for 60 min. The extracts obtained from two steps were mixed and dried entirely under the reduced
pressure by rotary evaporator.

Determination of total phenolic compounds

Total phenolic contents (TPC) of extracts were measured by the Folin-Ciocalteu method.?>*° In the
beginning, each extract (1 ml, in the concentration of 1 mg.ml™) was separately mixed with freshly
prepared Folin-Ciocalteu reagent (5 ml, diluted ten-fold with distilled water). After 10 min, sodium
bicarbonate solution (4 ml, 75 g.I"") was added. The samples were placed in a dark cabinet for 30 min,
at room temperature. The absorbance of each sample was measured using a PerkinElmer ultraviolet-
visible (UV-Vis) spectrophotometer (LAMBDA 25) at 765 nm. The absorbance of five known
concentrations of gallic acid standard solutions (25, 50, 70, 100, and 200 pg.ml™?) was measured at the
same wavelength, and the calibration curve was plotted. The TPC were expressed as mg gallic acid
equivalents (GAE)/ g extract.®3!

Determination of total flavonoid content
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Total flavonoid contents (TFC) of extracts were determined, using the technique described by Saeidnia
and Gohari.® At first, tea extracts (5 ml, 0.5 mg.ml* each) were mixed with 5 ml of aluminium
trichloride (AICI3) (2% in methanol) and stand for 10 min. After that, the absorbance of each mixture
was measured at 415 nm using a UV/Vis spectrophotometer. Quercetin was used in different
concentrations (10, 25, 50, 75, and 100 pg.ml™) to plot the standard curve. Finally, the TFC was
expressed as mg quercetin equivalents (QE)/ g extract.®
Determination of total tannin content
The determination of total tannin content (TTC) was performed using PVPP as the insoluble matrix,
which binds to tannin phenolics, to measure tannins.*2¢ The test comprised two steps. In the first step,
the stock solution of each sample (1 mg.mlt) was prepared in distilled water. Next, 1 ml of each sample
and 0.5 ml of Folin-Ciocalteu reagent (1 N) were mixed. Then, 2.5 ml of sodium carbonate (20%) was
added, and the mixture was shaken. The absorbance of samples was measured at 725 nm after 40 min.
The calibration curve was plotted using different concentrations of tannic acid (0.02, 0.04, 0.06, 0.08,
0.1,0.15, 0.2 mg.ml). The amount of total phenols (X), as tannic acid equivalent (TAE) was calculated
based on the calibration curve.

In the second step, the tannins were removed from tannin-containing samples by adding PVPP
(100 mg PVPP is sufficient to bind 2 mg of total phenols). The samples were vortexed and kept at 4°
C for 15 min before being centrifuged (3000 g for 10 min). In this stage, the supernatants were
collected. In this supernatant, only simple phenols other than tannins remained. The measurement of
the phenolic contents of the supernatants was performed as mentioned in step 1 to determine the
contents of non-tannin phenols (). Finally, X-Y indicated mg of tannin as TAE/g extracts.>’
Antioxidant Activity
The DPPH radical scavenging activities of tea extracts were measured using the method reported by
Fakhrabadi et al. 2 Tea leaves extracts were prepared in a series of test tubes. After that, 1 ml of each

sample (in different concentrations) was mixed with 2 ml of DPPH solution. After 30 min, the
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absorbance was read at 517. The control contained sample (1 ml) and methanol (up to 3 ml), without
DPPH. The blank consisted of 1 ml of methanol added to 2 ml of DPPH solution. Furthermore, the
antioxidant activities of BHA, vitamin E, and EGCG were tested as the standard antioxidants. The
experiments were repeated three times. The inhibition activity was calculated using the following
formula.®

o (sample absorption — control absorption)
%Inhibition = 100 — - x 100
blank absorption

The 1Cso values (designate the concentration of the sample (ug.ml™t) causing 50% inhibition)
were calculated from the graph plotted for inhibition against sample concentration,3:3940
Quantification of EGCG in the tea extracts
The quantitative analysis of EGCG was carried out by a Waters Alliance e2695 HPLC apparatus. The
detector was a Waters 2998 photodiode array (PDA). A Cigs reversed-phase column (Waters
Spherisorb: S5 ODS2, 4x250 mm, particle size 5 um) equipped with a guard column (Waters
Spherisorb, S5 ODS2 4.6x10 mm) was used. The Empower 3 software (Waters, USA) was used for
data acquisition, peak integration, and calibrations. All the tea samples were dissolved in methanol:
distilled water (1:1) (5 mg.mlt). The mobile phases consisted of (A): acetic acid/water (1:99 v/v) and
(B): acetonitrile. Elution was performed using the following gradient program: The solvents
composition started at 97% A and changed to 0% A during 50 min. A constant flow rate of 1 ml.mint
and a temperature of 25 °C were used. The equilibration time was 10 min. The injection volume for all
samples was 100 pl. UV absorption spectra were recorded during the HPLC analysis over the
wavelength range of 210-400 nm.

The identification was performed by comparing the retention times (Rt) of each tea sample and
their obtained PDA absorbance spectra with the EGCG standard. Different concentrations of EGCG

(10, 20, 30, 40, 50, and 60 pug.ml™*) were prepared. The EGCG contents were quantified with a 6-point

Pharmaceutical Sciences (Indexed in ISI and Scopus)
https://ps.tbzmed.ac.ir/



calibration curve of standard. All data are reported as means + standard deviations of triplicate
independent analyses.

Linearity, limit of detection, and limit of quantitation

Linearity was assessed through the relationship between the concentrations of EGCG and the
absorbance found from the PDA detector using the determination coefficient (R?).** The calibration
lines were plotted by three replicates of each concentration of EGCG (10, 20, 30, 40, 50, and 60 pg.ml
1Y to recognize the extent of the total variability of the response that could be described by the linear
regression model. Limits of detection (LODSs) and limits of quantitation (LOQs) were determined using
the expressions 3.30/S and 100/S, respectively, where o is the standard deviation of the residues and S

is the slope of the calibration curve.*?

Classification of tea extracts

Sample spectra were recorded using ATR-FTIR (Spectrum Two FT-IR spectrometer with ATR
accessory (PerkinElmer)) in 4000-780 cm™. Each cultivar was extracted five times, and five FT-IR
spectra were recorded for each extract. Spectral baselines were corrected using asymmetric least
squares (P.H.C. Eilers, Analytical Chemistry, 75 (2003) 3631). Noise reduction was performed by
Saviztky-Golay filter with second-order polynomial and window size of 21. Each cultivar data was
randomly divided into training (70%) and test (30%) sets. The training set (144 samples for all
cultivars) was used for obtaining the classification model, and a test set (56 samples for all cultivar
classes) was used for external validation. For building the classification models, PLS-DA, and SVM
with linear kernel function were applied to the training set for the pattern recognition. Monte Carlo
cross-validation (100 times, calibration (70%): validation (30%)) was performed for internal
assessment of the models. The ratio of misclassified validation set was used for evaluation of the
models. The best model was further combined with a GA to reduce the number of variables and to find

the informative spectral regions. Finally, the constructed model was assessed by the test set for its
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validity. Furthermore, a chance correlation test was also applied to evaluate robustness of the model.
All data processing was performed in MATLAB (version 9.8 R2020a, the MathWorks, Natick, MA).

Statistical analyses

All the experiments were done in triplicates. The results were expressed as mean + standard deviation
(SD). Comparison between groups was carried out using One-way ANOVA followed by Tukey post
hoc test (SPSS software). Differences were considered significant at p<0.05. The correlation between
antioxidant properties and phytochemical contents were determined by the Pearson procedure, using
the SPSS program (Version 22.0. SPSS Inc., Chicago, USA). p-Values<0.05 were considered

significant.

Results and discussion

Total phenol, total flavonoid, and total tannin contents
The TPC of tea extracts from eight cultivars were determined by the Folin- Ciocalteu method. The
results are shown in Table 1. The analysis of cultivars showed wide variation from 178.04+0.06 mg
GAE/qg extract (for 100 cultivar) to 316.09+0.01 mg GAE/g extract (for DN cultivar), based on the
standard curve of gallic acid (y = 0.00096x — 0.0365, R? = 0.995). The cultivars DN, PK2, and C.Y.9
contained the highest concentrations of phenolic compounds (316.09+0.01, 313.94+0.03, and
301.04+0.04 mg GAE/qg extract, respectively). Statistical analysis showed that the difference in TPC
was significant (p< 0.05) when compared among tea cultivars. A 1.77-fold difference in TPC was
observed between the highest and lowest-ranked cultivars.

Additionally, the total flavonoid content was determined using the standard curve of quercetin
(y = 0.0187x - 0.0254, Rz = 0.975). The flavonoid contents ranged from 25.54+0.17 to 41.1+0.12 mg

QE/g extract. Statistical analysis depicted that the TFC in three cultivars, including DN, PK2, and
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C.Y.9, has no significant difference (p>0.05). There was a 1.6-fold difference between cultivars with
the highest (C.Y.9) and lowest (282) total flavonoid contents.

The TTC were calculated using calibration curve (y = 0.0005x- 0.0281, R2 = 0.995). The results
indicated that all the samples had very close amounts of tannins (ranged from 40.32+0.04 to 45.90+0.03
mg TAE/ g of extract). The difference in TTC was statistically significant (p< 0.05) when compared
among tea cultivars, with the exception of 270 and P.K.2 cultivars (p>0.05).

So far, the total phenolic compounds of tea cultivars have been investigated in different studies.
Chan et al. reported that the amount of total phenols in young tea leaves, growing in Malaysia, was
72.80 mg GAE/g. Also, the DPPH radical scavenging activity was 30 pg.ml™.? Kerio et al. studied the
TPC of 10 green and 18 purple leaf-coloured cultivars, growing in Kenya. Their results indicated that
the average amount of total phenols ranged between 16.8% and 32%. Their data is inconsistent with
the finding of the present study (17.8% -31.6%).1> Moreover, the determination of TPC in 27 tea
cultivars, growing in China revealed a wide range of variation (121.6-223.7 mg of GAE/g extract).

In another study, several cultivars from Sri Lanka were investigated for their TPC. A range
from 178 to 251 mg.g* was reported among different samples. The cultivars DN, PK2, and C.Y.9 had
218.62, 238.03, and 205.65 mg.g* total phenols, respectively.*® Compared to our findings, these three
cultivars have a higher amount of phenolic compounds in Iran.

DPPH radical scavenging activity

Polyphenols in green tea have been described to be potent antioxidant agents. In the recent years, there
has been rising interest in using green tea leaves in food industries as a natural antioxidant, to take the
place of the synthetic ones, including BHA, and butylated hydroxytoluene (BHT), which are doubted
to cause cancer and their usage has been limited in food products.?®4® These phenolic compounds have
strong free-radical scavenging activities due to their one-electron reduction potential. They have the

ability to act as hydrogen or electron donors.?
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DPPH radical scavenging assay has been extensively used to measure the radical scavenging
power of plant extracts because of its simplicity, affordability, stability, and reproducibility. The DPPH
molecule is a stable free radical with an odd electron, which causes an absorption band at about 517
nm and a visible deep violate colour.’®%? In this method, the DPPH captures an electron from a free
radical scavenging antioxidant (hydrogen/electron donor) that leads to a reduction in the intensity of
absorption and the solution is decolorized based on the number of electrons accepted.>:>

As is presented in Figure 1, the best radical scavenging activity reported from C.Y.9 cultivar
(ICs0=22.95 pg.ml™) followed by P.K.2 and D.N cultivars (ICso=25.99 and 29.63 pg.ml). The C.Y.9
with the highest antioxidant activity showed 2-fold activity of the lowest-ranked one, 270. Furthermore,
the ICso values of EGCG, BHA, and vitamin E were 7.1, 7.77, and 14.03 pg.ml™, respectively. The
antioxidant activity of all cultivars had significant difference (p<0.05) compared to vitamin E and
BHA. The comparison among other groups is represented in Figure 1.

Furthermore, correlations and regression analysis were performed between total phenolic,
flavonoid, and tannin contents and antioxidant activities of tea extracts. Results indicated that DPPH
radical scavenging activity had negative correlations and regression with the phenolic, flavonoids, and
tannin contents because that the results are expressed as 1Cso values.>

Interestingly, the concentration of flavonoids exhibited significant correlation with radical
scavenging effect (r= -0.817, R?=0.668, p=0.007). Moreover, the phenolic contents were significantly
correlated and influenced the radical scavenging activity in tea extracts (with r= -0.646, R?=0.417, p=
0.042). However, the TTC did not reveal a significant correlation with antioxidant effect (r=- 0.079,
R?=0.0062, p=0.426).

In a study, the 1Cso value of green tea extract collected from Japan was reported as 194.6 + 20.5
ng.ml .5 Bastos et al. investigated the antioxidant activity of green tea, growing in Brazil, and they

reported an 1Cso of 88.36 +0.7 pug.ml™2.5! Jain et al. reported that the green tea, grown in India, had the
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ICso= 90.86 ug.ml?, in this essay.®® Chan et al. revealed that the tea leaves growing in Selangor,
Malaysia, had an antioxidant activity with an ICsp of 35 pug.ml™*.?

Quantitative measurement of EGCG in different tea cultivars

EGCG, as the most common catechin in green tea leaves, consists of about 50% of the total catechin
content and shows the highest antioxidant effect among other catechins. In this study, the quantitative
analysis of EGCG content in different tea samples was performed by developing an HPLC method.
Figure 2 depicts a typical HPLC chromatogram of tea extracts. The EGCG was detected at Ri= 26 min.
The amount of EGCG ranged from 2.66 to 4.12 %, with an average of 3.06%. As is presented in table
2, the highest concentration of this compound was detected in cultivar 282 (41.24 mg/g extract),
followed by cultivar PK2 and C.Y.9 (32 and 30 mg/g extract, respectively). The comparison among
different groups is represented in Table 2. No significantly correlative relationships were found
between EGCG content and antioxidant activity (r=- 0.197, R?= 0.3067, p=0.32).

In another study, Kerio et al. reported the amount of EGCG in eleven different cultivars of
green leaves tea ranged from 0.46% to 2.92%, with an average of 1.28%. Bazinet et al. showed that
the tea samples from Quebec, Canada, had 4% EGCG.®’ In another study, Areba et al. demonstrated
that green tea samples in Kenya had 7% EGCG.% The results of our work are in line with the previous
studies.

The results of method validation for analysis of EGCG according to linearity, LOD and LOQ
indicated that the developed method was valid (Table 3). Outstanding linearity was between 10 and 60
ug.ml?, respectively, with R?= 0.994 for EGCG.

FT-IR spectroscopy

FT-IR spectra of cultivars were used for the determination of functional groups of biomolecules,
existing in tea extracts. The FT-IR spectrum of all tea extracts (Figure 3) showed a broad peak from
3050 to 3600 cm™, which can be assigned to O-H and N-H stretching modes. It can prove the presence

of some polyphenol, polysaccharides, and amide groups of proteins. The peaks at 2924 and 2858 cm
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result from asymmetric and symmetric stretching vibrations of aliphatic C-H. Another band at 1688
cmt is related to the C=0 stretching vibration. The characteristic peak at 1613 cm™! corresponds to the
bending vibration of amide | (N-H) of proteins, stretching vibration of C=C groups, and C-H bending
vibration of alkenes. The out-of-plane bending vibration of N-H amide Il and Ill, as well as C-N
stretching vibration of proteins appear at 1537 and 1345 cm™!, respectively. The absorption band at
1448 cm™! can be ascribed to the bending vibration of CH, alkanes and COO™ of carboxylate moiety
from proteins and lipids, and rocking vibrations of C-H bonds of cis-disubstituted alkenes. Two peaks
at 1233 and 1245 cm™ are related to the stretching vibration of C-O group of esters. The bands in 1140
and 1205 cm™! can be attributed to C-H bending and C-H deformation vibrations of fatty acids. The
characteristic peak at 1060 shows the stretching vibrations of C-O. Also, all peaks below 1000 cm™
correspond to the bending modes of sp? C-H of alkenes and aromatic rings.
Pattern recognition
PLS-DA as a linear classification technique is a combination of the characteristics of PLS regression
with the discrimination power of a classification method. This method is based on searching by PLS
regression algorithm for latent variables (LVs) with the highest covariance for the dependent variables.
Using PLS-DA, the original variables combine linearly as LVs which reflect the relevant sources of
data variability. Subsequently, the graphical visualization, a better understanding of the various data
patterns as well as their relations with LV scores and loadings are possible. The coefficients of variables
are defined as the loadings in the linear combinations. Consequently, they can be explained as the
impact of each variable on each LV, while the coordinates of each sample can be interpreted using the
score in the LV projection hyperspace.®” Zau et al. used PLS-DA identification of pesticide residues in
tea.%®

SVM, as a statistical learning method, was introduced by Vapnik.% It is an efficient method for
prediction and classification of various data sets. GA simulates the process of evolution and the natural

genetics based on randomized searches and optimization methods. It is an acceptable method for
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classification, prediction, regression estimation, variable selection, and data reduction. Also, a
combination of SVM and GA defined as GA-SVM is an efficient tool for pattern recognition and
classification.”®"?

Average error values of 100 times Monte Carlo cross-validation (MCCV) applied on the
training set were 0.01 and 0.14 for SVM and PLS-DA, respectively. It should be mentioned that the
PLS-DA latent variables and SVM hyperparameters, including box-constraint and kernel scale, were
optimized on each iteration of MCCV. As SVM showed a lower error value, it was chosen for further
analysis. Table 4 shows the optimized parameters of GA-SVM.

Then, GA-SVM was applied to the training set to select informative regions. Due to the
continuity of spectral data, the procedure of selecting well-defined regions is superior to single
variables scattered throughout the spectrum. The spectral data were divided into 14 regions. The IR
spectra, together with the corresponding 14 regions are presented in Figure 4. The spectral regions
between 1660 and 1380 were selected by GA.

Table 5 indicates the accuracy of the established model for train and test sets. The model
sensitivity, specificity and accuracy are surprisingly 100%. The model successfully predicts all samples
in their own classes. The confusion plot for the training and test sets is presented in Figure 4. The most
important area in the spectrum for distinguishing the origin of the samples was the region 1380—
1660 cm ™!, which contains mainly the bands of proteins, and unsaturated lipids.

Conclusion

Tea polyphenols are responsible for multiple and varied health benefits of tea, including antioxidant
and chemopreventive effects. This study showed a considerable variation in total phenolic and
flavonoid contents, and antioxidant activities among the eight tested cultivars. This data approved that
chemical composition of fresh tea leaves is affected by the types of tea cultivars. A significant
correlation was detected between antioxidant activity and total phenolic and flavonoid contents. The

cultivars DN, PK2, and C.Y.9 had the highest content of phenolic and flavonoid content as well as the
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best antioxidant activity. Consequently, these three cultivars can be suggested as better dietary sources
of natural antioxidants, mainly polyphenols, to be used as a functional drink or dietary supplements.
All evaluated cultivars had a considerable amount of EGCG (especially 282, DN, PK2, and C.Y.9),
which make them better candidates for isolation and purification of EGCG, as the main tea catechin,
in further investigations. Although the morphological characteristics of eight cultivars are very similar,
their classification can be performed based on chemical components, using chemometric methods

linked with ATR-FTIR recorded spectra which is a simple, time-saving, and precise method.

Acknowledgements

This work was supported by Guilan University of Medical Sciences. This study was approved by the
Ethical Committee of Guilan University of Medical Sciences (ID: IR. GUMS. REC. 1398. 289).
Conflict of Interest

The authors confirm that this article content has no conflicts of interest.

References

1. Jiang H, Engelhardt UH, Thrane C, Maiwald B, Stark J. Determination of flavonol glycosides in green tea, oolong tea
and black tea by uhplc compared to hplc. Food Chem 2015;183:30-5. doi: 10.1016/j.foodchem.2015.03.024

2. Chan EWC, Lim YY, Chew YL. Antioxidant activity of camellia sinensis leaves and tea from a lowland plantation in
malaysia. Food Chem 2007;102(4):1214-22. doi: 10.1016/j.foodchem.2006.07.009

3. Ghoochani M, Shekoohiyan S, Yunesian M, Nazmara S, Mahvi AH. Determination of aluminum and zinc in infusion
tea cultivated in north of iran. J Environ Health Sci Eng 2015;13(1):49. doi: 10.1186/s40201-015-0196-9

4. Shekoohiyan S, Ghoochani M, Mohagheghian A, Mahvi AH, Yunesian M, Nazmara S. Determination of lead, cadmium
and arsenic in infusion tea cultivated in north of iran. J Environ Health Sci Eng (IJEHSE) 2012;9(1):37. doi: 10.1186/1735-
2746-9-37

5. Wang H, Provan GJ, Helliwell K. Tea flavonoids: Their functions, utilisation and analysis. Trends Food Sci Technol
2000;11(4-5):152-60. doi: 10.1016/50924-2244(00)00061-3

6. Azevedo RSA, Teixeira BS, da Silva Sauthier MC, Santana MVA, dos Santos WNL, de Andrade Santana D. Multivariate
analysis of the composition of bioactive in tea of the species camellia sinensis. Food Chem 2019;273:39-44. doi:
10.1016/j.foodchem.2018.04.030

7. Phaniendra A, Jestadi DB, Periyasamy L. Free radicals: Properties, sources, targets, and their implication in various
diseases. Indian J Clin Biochem 2015;30(1):11-26. doi: 10.1007/s12291-014-0446-0

8. Ghasemi S, Koohi DE, Emmamzadehhashemi MSB, Khamas SS, Moazen M, Hashemi AK, et al. Investigation of
phenolic compounds and antioxidant activity of leaves extracts from seventeen cultivars of iranian olive (olea
europaea l.). J Food Sci Technol 2018;55(11):4600-7. doi: 10.1007/s13197-018-3398-1

Pharmaceutical Sciences (Indexed in ISI and Scopus)
https://ps.tbzmed.ac.ir/



9. Yang XR, Ye CX, Xu JK, Jiang YM. Simultaneous analysis of purine alkaloids and catechins in camellia sinensis, camellia
ptilophylla and camellia assamica var. Kucha by hplc. Food Chem 2007;100(3):1132-6. doi:
10.1016/j.foodchem.2005.11.021

10. Perva-Uzunali¢ A, Skerget M, Knez Z, Weinreich B, Otto F, Griiner S. Extraction of active ingredients from green tea
(camellia sinensis): Extraction efficiency of major catechins and caffeine. Food Chem 2006;96(4):597-605. doi:
10.1016/j.foodchem.2005.03.015

11. Farhoosh R, Golmovahhed GA, Khodaparast MH. Antioxidant activity of various extracts of old tea leaves and black
tea wastes (camellia sinensis |.). Food Chem 2007;100(1):231-6. doi: 10.1016/j.foodchem.2005.09.046

12. Stewart AJ, Mullen W, Crozier A. On-line high-performance liquid chromatography analysis of the antioxidant
activity of phenolic compounds in green and black tea. Mol Nutr Food Res 2005;49(1):52-60. doi:
10.1002/mnfr.200400064

13. Yu Y, Deng Y, Lu B-m, Liu Y-x, Li J, Bao J-k. Green tea catechins: A fresh flavor to anticancer therapy. Apoptosis
2014;19(1):1-18. doi: 10.1007/s10495-013-0908-5

14. Zeng L, Xiao Y, Zhou X, Yu J, Jian G, Li J, et al. Uncovering reasons for differential accumulation of linalool in tea
cultivars with different leaf area. Food Chem 2021;345:128752. doi: 10.1016/j.foodchem.2020.128752

15. Kerio L, Wachira F, Wanyoko J, Rotich M. Total polyphenols, catechin profiles and antioxidant activity of tea
products from purple leaf coloured tea cultivars. Food Chem  2013;136(3-4):1405-13. doi:
10.1016/j.foodchem.2012.09.066

16. Zeng L, Luo L, Li H, Liu R. Phytochemical profiles and antioxidant activity of 27 cultivars of tea. Int J Food Sci Nutr
2017;68(5):525-37. doi: 10.1080/09637486.2016.1263834

17. Zhao C-N, Tang G-Y, Cao S-Y, Xu X-Y, Gan R-Y, Liu Q, et al. Phenolic profiles and antioxidant activities of 30 tea
infusions from green, black, oolong, white, yellow and dark teas. Antioxidants 2019;8(7):215. doi:
10.3390/antiox8070215

18. Bhandari H, Bhanu A, Srivastava K, Singh M, Shreya HA. Assessment of genetic diversity in crop plants-an overview.
Adv Plants Agric Res 2017;7(3):00255. doi: 10.15406/apar.2017.07.00255

19. Chen L, Zhou Z-X. Variations of main quality components of tea genetic resources [camellia sinensis (l.) 0. Kuntze]
preserved in the china national germplasm tea repository. Plant Foods Hum Nutr 2005;60(1):31-5. doi:
10.1007/s11130-005-2540-1

20. Wachira F, Tanaka J, Takeda Y. Genetic variation and differentiation in tea (camellia sinensis) germplasm revealed
by rapd and aflp variation. J Hortic Sci Biotech 2001;76(5):557-63.

21. Cai J-x, Wang Y-f, Xi X-g, Li H, Wei X-I. Using ftir spectra and pattern recognition for discrimination of tea varieties.
Int J Biol Macromol 2015;78:439-46. doi: 10.1016/j.ijbiomac.2015.03.025

22. Palacios-Morillo A, Alcazar A, de Pablos F, Jurado JM. Differentiation of tea varieties using uv—vis spectra and
pattern recognition techniques. Spectrochim Acta A Mol Biomol Spectrosc 2013;103:79-83. doi:
10.1016/j.saa.2012.10.052

23. Hazarika AK, Chanda S, Sabhapondit S, Sanyal S, Tamuly P, Tasrin S, et al. Quality assessment of fresh tea leaves by
estimating total polyphenols using near infrared spectroscopy. J Food Sci Technol 2018;55(12):4867-76. doi:
10.1007/s13197-018-3421-6

24. Li Z, Li B, Zhao Z, Ma W, Li W, Wang J. Rapid identification and quantitative analysis of polycarboxylate
superplasticizers using atr-ftir spectroscopy combined with chemometric methods. Math Probl Eng 2021;2021. doi:
10.1155/2021/6613382

25. Ciulu M, Oertel E, Serra R, Farre R, Spano N, Caredda M, et al. Classification of unifloral honeys from sardinia (italy)
by atr-ftir spectroscopy and random forest. Molecules 2021;26(1):88. doi: 10.3390/molecules26010088

26. Cebi N, Yilmaz MT, Sagdic O. A rapid atr-ftir spectroscopic method for detection of sibutramine adulteration in tea
and coffee based on hierarchical cluster and principal component analyses. Food Chem 2017;229:517-26. doi:
10.1016/j.foodchem.2017.02.072

27. Gori A, Maggio RM, Cerretani L, Nocetti M, Caboni MF. Discrimination of grated cheeses by fourier transform
infrared spectroscopy coupled with chemometric techniques. Int Dairy J 2012;23(2):115-20. doi:
10.1016/j.idairyj.2011.11.005

28. Hu J, Zhou D, Chen Y. Preparation and antioxidant activity of green tea extract enriched in epigallocatechin (egc)
and epigallocatechin gallate (egcg). J Agric Food Chem 2009;57(4):1349-53. doi: 10.1021/jf803143n

29. Golfakhrabadi F, Ardekani MRS, Saeidnia S, Yousefbeyk F, Jamalifar H, Ramezani N, et al. Phytochemical analysis,
antimicrobial, antioxidant activities and total phenols of ferulago carduchorum in two vegetative stages (flower and
fruit). Pak J Pharm Sci 2016;29(2):623-8.

Pharmaceutical Sciences (Indexed in ISI and Scopus)
https://ps.tbzmed.ac.ir/



30. Yousefbeyk F, Ghasemi S, Evazalipour M, Dabirian S, Schubert C, Hekmatnia S, et al. Phytochemical analysis,
antioxidant, antibacterial, and cytotoxic activities of leaves and roots of rubus hyrcanus juz. European Food Research
and Technology 2022;248(1):141-52. doi: 10.1007/s00217-021-03866-z

31. Yousefbeyk F, Vatandoost H, Golfakhrabadi F, Mirzaee Z, Abai MR, Amin G, et al. Antioxidant and larvicidal activity
of areal parts of scrophularia striata against malaria vector anopheles stephensi. J Arthropod Borne Dis 2018;12(2):119.
32. Saeidnia S GA. Pharmacognosy and molecular pharmacognosy in practice: A laboratory desk reference of
pharmacognosy for researchers and students. Saarbriicken. Germany: Lambert Academic Publishing; 2012.

33. Golfakhrabadi F, Yousefbeyk F, Mirnezami T, Laghaei P, Hajimahmoodi M, Khanavi M. Antioxidant and
antiacetylcholinesterase activity of teucrium hyrcanicum. Pharmacogn Res 2015;7(Suppl 1):515. doi: 10.4103/0974-
8490.157993

34. FOOD ONTI. Quantification of tannins in tree foliage. 2000.

35. Manayi A, Khanavi M, Saiednia S, Azizi E, Mahmoodpour MR, Vafi F, et al. Biological activity and microscopic
characterization of lythrum salicaria I. DARU J Pharm Sci 2013;21(1):61-8. doi: 10.1186/2008-2231-21-61

36. Saeidnia S, Nikan M, Mirnezami T, Gohari AR, Manayi A. Micromorphological characterizations and phytochemicals
contents of some phlomis species from iran. Int J Pharm Pharm Sci 2015;8(1):157-61.

37. Yousefbeyk F, Hemmati G, Gholipour Z, Ghasemi S, Evazalipour M, Schubert C, et al. Phytochemical analysis,
antioxidant, cytotoxic, and antimicrobial activities of golden chamomile (matricaria aurea (loefl.) schultz bip).
Zeitschrift fiir Naturforschung C 2022. doi: doi:10.1515/znc-2021-0269

38. Tofighi Z, Alipour F, Hadavinia H, Abdollahi M, Hadjiakhoondi A, Yassa N. Effective antidiabetic and antioxidant
fractions of otostegia persica extract and their constituents. Pharmaceutical biology 2014;52(8):961-6. doi:
10.3109/13880209.2013.874463

39. Hamidi M, Ghasemi S, Bavafa Bighdilou B, Eghbali Koohi D, Yousefbeyk* F. Evaluation of antioxidant, antibacterial
and cytotoxic activity of methanol extract from leaves and fruits of iranian squirting cucumber (ecballium elaterium
(1.) a. Rich). Res J Pharmacog (RJP) 2020;7(1):23-9. doi: 10.22127/rjp.2019.190800.1509

40. Yousefbeyk F, Dabirian S, Ghanbarzadeh S, Eghbali Koohi D, Yazdizadeh P, Ghasemi S. Green synthesis of silver
nanoparticles from stachys byzantina k. Koch: Characterization, antioxidant, antibacterial, and cytotoxic activity.
Particulate Science and Technology 2022;40(2):219-32. doi: 10.1080/02726351.2021.1930302

41. Bozorgi M, Amin G, Kasebzade S, Shekarchi M. Development and validation of a hplc-uv method for determination
of proscillaridin a in drimia maritima. Res J Pharmacog (RJP) 2016;3(3):1-7.

42. Hajimehdipoor H, Amin GR, Adib N, Rastegar H, Shekarchi M. Development of a validated hplc method for the
simultaneous determination of flavonoids in cuscuta chinensis lam. By ultra-violet detection. DARU J Pharm Sci
2012;20(1):1-6. doi: 10.1186/2008-2231-20-57

43. Azmian Moghadam F, Evazalipour M, Ghasemi S, Kefayati H. Design, synthesis, biological evaluation and docking
study of novel 4-anilinoquinazolines derivatives as anticancer agents. Iran J Chem Chem Eng (IJCCE) 2020. doi:
10.30492/1JCCE.2020.132389.4271

44. Moghadam FA, Evazalipour M, Kefayati H, Ghasemi S. 6, 7-disubstituted-4-anilinoquinazoline: Design, synthesis
and anticancer activity as a novel series of potent anticancer agents. Pharm Sci 2020. doi: 10.34172/PS.2020.72

45. Ghasemi S, Sharifi S, Mojarrad JS. Design, synthesis and biological evaluation of novel piperazinone derivatives as
cytotoxic agents. Adv Pharm Bull 2020;10(3):423. doi: 10.34172/apb.2020.051

46. Ghasemi S, Davaran S, Sharifi S. Comparison of cytotoxic activity of 1778123 as a farnesyltranferase inhibitor and
doxorubicin against a549 and ht-29 cell lines. Advanced pharmaceutical bulletin 2013;3(1):73. doi:
10.5681/apb.2013.012

47. Yousefbeyk F, Tabaside J, Ostad S, Salehi Sourmaghi M, Amin G. Investigation of chemical composition and
cytotoxic activity of aerial parts of ziziphora clinopodioides lam. Research Journal of Pharmacognosy 2016;3(2):47-51.
48. Kottawa-Arachchi J, Gunasekare M, Ranatunga M, Punyasiri P, Jayasinghe L. Use of biochemical compounds in tea
germplasm characterization and its implications in tea breeding in sri lanka. J Nat/ Sci Found (JNSF) 2013;41(4). doi:
10.4038/jnsfsr.v41i4.6252

49. Dufresne CJ, Farnworth ER. A review of latest research findings on the health promotion properties of tea. J Nutr
Biochem 2001;12(7):404-21. doi: 10.1016/s0955-2863(01)00155-3

50. Hasan SR, Hossain MM, Akter R, Jamila M, Mazumder MEH, Rahman S. Dpph free radical scavenging activity of
some bangladeshi medicinal plants. J Med Plant Res 2009;3(11):875-9.

51. Bastos DH, Saldanha LA, Catharino RR, Sawaya A, Cunha IB, Carvalho PO, et al. Phenolic antioxidants identified by
esi-ms from yerba mate (ilex paraguariensis) and green tea (camelia sinensis) extracts. Molecules 2007;12(3):423-32.
doi: 10.3390/12030423

Pharmaceutical Sciences (Indexed in ISI and Scopus)
https://ps.tbzmed.ac.ir/



52. Satoh E, Tohyama N, Nishimura M. Comparison of the antioxidant activity of roasted tea with green, oolong, and
black teas. Int J Food Sci Nutr 2005;56(8):551-9. doi: 10.1080/09637480500398835

53. Locatelli M, Gindro R, Travaglia F, Coisson J-D, Rinaldi M, Arlorio M. Study of the dpph-scavenging activity:
Development of a free software for the correct interpretation of data. Food Chem 2009;114(3):889-97. doi:
10.1016/j.foodchem.2008.10.035

54. Muniyandi K, George E, Sathyanarayanan S, George BP, Abrahamse H, Thamburaj S, et al. Phenolics, tannins,
flavonoids and anthocyanins contents influenced antioxidant and anticancer activities of rubus fruits from western
ghats, india. Food Science and Human Wellness 2019;8(1):73-81.

55. Katsube T, Tabata H, Ohta Y, Yamasaki Y, Anuurad E, Shiwaku K, et al. Screening for antioxidant activity in edible
plant products: Comparison of low-density lipoprotein oxidation assay, dpph radical scavenging assay, and folin-
ciocalteu assay. J Agric Food Chem 2004;52(8):2391-6. doi: 10.1021/jf035372¢g

56. Jain DP, Pancholi SS, Patel R. Synergistic antioxidant activity of green tea with some herbs. J Adv Pharm Technol
Res (JAPTR) 2011;2(3):177. doi: 10.4103/2231-4040.85538

57. Bazinet L, Labbé D, Tremblay A. Production of green tea egc-and egcg-enriched fractions by a two-step extraction
procedure. Sep Purif Technol 2007;56(1):53-6. doi: 10.1016/j.seppur.2007.01.014

58. Areba GO, Khalid R, Nyaga SN, Thuo JK, Moseti KO, Karori SM, et al. Antioxidant activity and effects of kenyan tea
(camellia sinensis) on the liver function and serum biochemistry in male wistar rats. Int J Basic Clin Pharmacol
2018;7(8):1471-9doi: 10.18203/2319-2003.ijbcp20183017

59. Yang G-Y, Liao J, Kim K, Yurkow EJ, Yang CS. Inhibition of growth and induction of apoptosis in human cancer cell
lines by tea polyphenols. Carcinogenesis 1998;19(4):611-6.

60. Kundu T, Dey S, Roy M, Siddigi M, Bhattacharya R. Induction of apoptosis in human leukemia cells by black tea and
its polyphenol theaflavin. Cancer Lett 2005;230(1):111-21.

61. Lambert JD, Yang CS. Mechanisms of cancer prevention by tea constituents. The Journal of nutrition
2003;133(10):3262S-7S.

62. Yang CS, Maliakal P, Meng X. Inhibition of carcinogenesis by tea. Annual review of pharmacology and toxicology
2002;42(1):25-54.

63. Jalilian F, Chahardoli A, Sadrjavadi K, Fattahi A, Shokoohinia Y. Green synthesized silver nanoparticle from allium
ampeloprasum aqueous extract: Characterization, antioxidant activities, antibacterial and cytotoxicity effects. Adv
Powder Technol 2020;31(3):1323-32. doi: 10.1016/j.apt.2020.01.011

64. Fresco P, Borges F, Diniz C, Marques M. New insights on the anticancer properties of dietary polyphenols. Med Res
Rev 2006;26(6):747-66. doi: 10.1002/med.20060

65. Xu X-Y, Zhao C-N, Cao S-Y, Tang G-Y, Gan R-Y, Li H-B. Effects and mechanisms of tea for the prevention and
management of cancers: An updated review. Crit Rev Food Sci Nutr 2020;60(10):1693-705. doi:
10.1080/10408398.2019.1588223

66. Christou C, Agapiou A, Kokkinofta R. Use of ftir spectroscopy and chemometrics for the classification of carobs
origin. Journal of Advanced Research 2018;10:1-8. doi: https://doi.org/10.1016/j.jare.2017.12.001

67. Ballabio D, Consonni V. Classification tools in chemistry. Part 1: Linear models. Pls-da. Anal Methods
2013;5(16):3790-8. doi: 10.1039/C3AY40582F

68. Zhu J, Sharma AS, Xu J, Xu Y, Jiao T, Ouyang Q, et al. Rapid on-site identification of pesticide residues in tea by one-
dimensional convolutional neural network coupled with surface-enhanced raman scattering. Spectrochim Acta A Mol
Biomol Spectrosc 2021;246:118994. doi: 10.1016/j.saa.2020.118994

69. Vapnik V. The nature of statistical learning theory: Springer science & business media; 2013.

70. Pourbasheer E, Riahi S, Ganjali MR, Norouzi P. Application of genetic algorithm-support vector machine (ga-svm)
for prediction of bk-channels activity. Eur J Med Chem 2009;44(12):5023-8. doi: 10.1016/j.ejmech.2009.09.006

71. Fernandez-Lozano C, Canto C, Gestal M, Andrade-Garda JM, Rabuiial JR, Dorado J, et al. Hybrid model based on
genetic algorithms and svm applied to variable selection within fruit juice classification. Sci World J 2013;2013. doi:
10.1155/2013/982438

72. Li M, Dai G, Chang T, Shi C, Wei D, Du C, et al. Accurate determination of geographical origin of tea based on
terahertz spectroscopy. Appl Sci 2017;7(2):172. doi: 10.3390/app7020172

Pharmaceutical Sciences (Indexed in ISI and Scopus)
https://ps.tbzmed.ac.ir/


https://doi.org/10.1016/j.jare.2017.12.001

Table 1. Total phenolic, total flavonoid, and total tannin contents of eight different cultivars of

Camellia sinensis

Sample  Total phenol*  Total Flavonoid?>  Total tannin?
100 178.04+0.06° 25.54+0.17° 40.32+0.04
261 244.7+0.02° 32.3240.03" 42.70+0.01°
270 228.72+0.01° 23.51+0.11° 45.60+0.04°
282 288.64+0.02¢ 22.77+0.11¢ 45.90+0.03¢
P.K.2 313.94+0.03° 40.59+0.03° 45.49+0.07°
C.Y.9 301.0420.04f 41.1+0.12° 43.94+0.01°
D.N 316.09+0.019 40.69+0.4° 43.38+0.04"
D.T.1 275.46+0.11" 37.92+0.08f 42.38+0.019

! mg of GAE/g extracts; > mg of QE/ g of extracts; >mg of TAE /g of extracts; the results are
expressed as mean + SD of three independent experiments. Values with no letters in common
within each column were significantly different (p < 0.05).
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Table 2. The amount of EGCG in eight different cultivars of tea leaves, determining by
analytical HPLC

Sample EGCG!
100 30.29+0.12°
261 27.91+0.07°
270 26.68+0.02°
282 41.27+0.02¢

P.K.2 32+0.01°

C.Y.9 31.28+0.21f
D.N 30.33+0.159
D.T.1 27.08+0.12°

1 mg/g dried extract + SD, Values with no letters in common within each column were

significantly different (p <0.05).
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Table 3. Linear range, LOD, and LOQ parameters of EGCG

) ) LOD LOQ Linear range
Compound Regression equation R? L L
(pg.ml™) (ng.ml?) (ng.ml™)
EGCG 614789x-998265 0.994 0.88 2.66 10-60

Note: LOD: Limit of detection; LOQ: limits of quantitation
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Table 4. Parameters of genetic algorithm-support vector machine (GA-SVM).

SVM Parameter

Parameters  C parameter Kernel Scale Box Constraint Kernel
Function
SVM 1 0.006 302.3 Linear
GA Parameter
Crossover Constraint Population  Selection  Elite  Mutation
Fraction Tolerance Function Count Function
GA 0.8 103 50 Stochastic 3 Gaussian
Uniform
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Table 5. Classification results of GA-SVM.

Correct
261 270 282 PK2 CY9 DN DT Correct Identification
Rate (%0)
Train set
100 18 100%
261 18 18 100%
270 18 18 100%
282 18 18 100%
P.K.2 18 18 100%
C.Y.9 18 18 100%
D.N 18 18 100%
D.T 18 18 100%
Test set
100 7 100%
261 7 7 100%
270 7 7 100%
282 7 7 100%
P.K.2 7 7 100%
Cc.Y.9 7 7 100%
D.N 7 7 100%
D.T 7 7 100%
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Figure 1: The ICso values of eight tea cultivars, vitamin E, BHA and EGCG in DPPH radical
scavenging test. The ICso values are expressed as mean = SD of three independent experiments.

Different letters above each bar show that the difference between cultivars was significant (p <

0.05).
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Figure 2: a) HPLC chromatogram of a typical tea extract (10 mg.ml™; injection volume: 100 ul); b)
HPLC chromatogram of pure EGCG (60 pg.ml). UV detection was performed from 210 to 400
nm; the other analytical conditions are designated in the methodology section. Peak identification:
EGCG (Rt=26 min).
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Figure 3: ATR-FT-IR spectra of all extracted cultivars. 14 regions are highlighted and labelled

accordingly. Inset: magnified the GA selected regions.
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Trainin test

I 0 0 0 0 0 0 | 100% H 0 0 0 0 0 0 0 | 100%
12.5% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% 12.5% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0%
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Figure 4: Confusion matrix of GA-SVM for a) training set b) test set. (Classes: 1:D.N, 2: 100, 3: 282,

4:PK2,5:261,6:D.T.1,7:270,8: C.Y.9
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