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Determination of catechins in green tea leaves
by HPLC compared to spectrophotometry

Aim. To study the qualitative composition, the quantitative content of catechins in green tea leaves and
compare the data obtained with those evaluated by spectrophotometry.

Materials and methods. Green tea leaves used for the analysis were collected in Anhui Province, China.
The extract for the HPLC analysis was obtained by the maceration method with 60% ethanol twice in the raw
material | extractant ratio of 1:20. In the case of the spectrophotometric analysis, green tea leaves were extract-
ed with 70% ethanol twice by the maceration method in the raw material | extractant ratio of 1:20. The analysis of the
extract from green tea leaves was performed by high performance liquid chromatography using a Prominence
LC-20 Shimadzu chromatographic system (Japan) with a SPD-20AV spectrophotometric detector, an Agilent
Technologies Microsorb-MV-150 column (reversed phase, C18 modified silica gel, length — 150 mm, diameter —
4.6 mm, particles size — 5 uym). Substances in the extract were identified by comparing the retention time and
the spectral characteristics of the test substances with the same characteristics of the reference standards.
Spectrophotometric measurements were carried out using a UV-1000 single beam spectrophotometer (China)
with the pair of S90-309Q quartz square cells.

Results and discussion. Using high performance liquid chromatography 5 catechins were identified.
Among them epigallocatechin-3-O-gallate (10.85%) predominated, while catechin (0.61%) had the lowest con-
centration. The total amount of catechins in green tea leaves was 30.56 and 24.79% by HPLC and spectropho-
tometry, respectively. The F- and t-tests showed that there was no significant difference between the results of
HPLC and spectrophotometry.

Conclusions. The qualitative composition and the quantitative content of catechins have been determined
in the extract from green tea leaves by high performance liquid chromatography and spectrophotometry. Both
HPLC and spectrophotometric methods can be used to determine the total catechin content in green tea leaves.
The high content of catechins makes the extract promising for further study and creation of new herbal medicinal
products and dietary supplements. The results obtained will be used for standardization of green tea leaves and
for future pharmacological research of its extract.
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HaujoHanbHul papmauesmuyHull yHisepcumem MiHicmepcmea oxopoHu 300po8’s YkpaiHu, YkpaiHa

Bu3Ha4yeHHSA KaTexiHiB y NUCTi 3eneHoro 4yaro merogom BEPX y nopiBHAHHI 3 meTogom

cnekTpodoTomeTpii

MeTa. Metogom BEPX BMBUYMTU sIKICHWUI CKNag, | KiNbKICHUIA BMICT KaTeXiHiB NIMCTS 3€MEeHOro Yato Ta NnopiBHS-
TN pe3ynbTaTv 3 AaHUMK, OTPUMAHUMM METOAOM CNEKTPOOTOMETPIi.

MaTtepianu Ta metoan. [1nsg aHanisy BUKOPMCTOBYBanNu fIMCTS 3€MEHOro Yato, 3ibpaHe B NpoBiHLii AHbXOW,
Kutai. Ans BEPX-aHanidy ekcTpakT oTpuMyBanu Agidi metogom madepadii 60 % cnvpToM y chiBBigHOLIEHHI
cupoesuHa | ekcmpazeHm 1:20. Y BunagKy cnektpooTOMETPUYHOIO aHari3y JIMCTS 3eNIeHOr0 Yato ABidi ekcTpary-
Banu 70% cnuptoM MeTogoM Mauepadii y CniBBiOHOLEHHI cuposuHa | ekcmpaceHm 1:20. AHani3 BUTSXKKU NNCTS
3eMeHOoro Yyatk NpoBOAMAN METOLOM BUCOKOEMEKTMBHOI PiAMHHOT XpomaTtorpadii 3a 4onomMorot xpomarorpa-
iyuHoi cuctemmn Prominence LC-20 Shimadzu (AnoHis) 3i cnektpodoTtomeTpuyHmum getektopom SPD-20AV, ko-
noHka Agilent Technologies Microsorb-MV-150 (o6epHeHo-¢a3osa, C18 mogndikoBaHui cunikarens, AOBXUHA
150 mm, giameTp 4,6 MM, po3mip 3epeH copbeHTy 5 MKM). |aeHTudiKaLilo peYOBMH Y BUTSKLI NPOBOAMMN LUNSA-
XOM MOPIBHSAHHA Yacy YTPUMYBaHHS i CMeKTparbH/X XapakTepuCTUK OOCMIOKYBaHMX PEYOBMH 3 aHanorivyHMMm
XapaktepucTtvkamu ctaHgapTis. CnekTpoOTOMETPUYHI BUMIPIOBaHHS BUKOHYBanm 3a AONOMOIo OA4HOMNpoOMe-
HeBoro cnekTpodoTomeTpa UV-1000 (KuTair) 3 napoto kBapLoBux kioBeT S90-309Q.

Pe3ynbTaTi Ta ix 06roBopeHHsi. 3a 4ONOMOrol BMCOKOE(EKTMBHOI PiAMHHOI XpomaTtorpadii y nucTi 3e-
neHoro 4ato 6yno ineHTudikoBaHo 5 KaTexiHiB, 3-NOMiX SKUX NnepeBaxae eniranokartexiH-3-O-ranat (10,85 %),
a HavMeHLwmn BMicT maB kaTtexiH (0,61 %). CymapHuin BMICT KaTexiHiB y AocnigKyBaHil cupoBuHi cknas 30,56 %
Ta 24,79% 3a metogom BEPX Ta cnektpodoTomeTpieto BianoBiaHo. Po3paxyHku F- i {- npogeMoHCTpyBanu, Lo
Hemae CyTTEBOI pi3HULi Mk pedynstatamu BEPX Ta cnektpodoTomeTpieto.

BucHoBKU. AKiCHUIA cknag Ta KiNbKICHUI BMICT KaTeXiHIiB B €KCTPaKTi JIMCTS 3eMeHoro Yat BM3HA4YeHO 3a
[OMOMOro BUCOKOEhEKTUBHOI PiAVHHOI XpomaTtorpaddii Ta cnekTpodoTomeTpii. [na BU3HAYEHHs 3aranbHOro
BMICTY KaTexiHiB y NIUCTi 3eMeHOoro Yat MoxHa BrkopucToByBaTtu sk BEPX, Tak i cnektpodotomeTpunyHmin metoa.
Bucokuii BMICT KaTexiHiB B eKCTpakTi pobuTh L0 CUPOBUHY NEPCMNEKTUBHOK A1 NOAANbLIOrO BUBYEHHS i CTBO-
PEeHHs1 HOBUX hiTonpenaparTiB Ta gieTu4HNx gobasok. OTpumaHi pedynstatv OyayTb BUKOPUCTaHI AN cTaHaap-
TM3aUii NIMCTA 3eNeHOro Yat Ta Ana noganblnx hapMakonoriyHnx JOCHiAKeHb NOro eKCTPaKTY.

Knrouoei croea: 3eneHnin Yam; KaTexiHu; NIMCTS; BUCOKOeEKTUBHA pianHHa XxpomaTorpadis;
CnekTpohOoTOMETPIsA
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Introduction

Tea has been used as a traditional medicine in China
for more than 1000 years. Today, tea is used as a be-
verage and as an ingredient in cosmetics because of its
antiaging properties. There are different types of tea,
for example, white, green, oolong, black and Pu-erh
tea and all of them are being produced from Camellia
sinensis [1].

The chemical composition of green tea leaves in-
cludes proteins, chlorophyll, minerals and trace ele-
ments, volatile compounds, amino and organic acids,
lignins, alkaloids (caffeine, theophylline, and theo-
bromine), and polyphenols [2]. The main quality pa-
rameter for tea is the content of catechins. M. Naldi
et al. investigated the composition of tea catechins
in different species of green tea leaves by UHPLC;
as a result, they estimated that the content of epica-
techin (EC) was 0.45-1.10%, epigallocatechin (EGC) -
1.64-4.39%, epicatechin gallate (ECG) - 1.45-1.73%,
epigallocatechin gallate (EGCG) - 5.94-9.26% in dry
leaves [3]. Catechins possess various pharmacologi-
cal properties, including antibacterial [4], antihyper-
tensive [5], antioxidative [6], antiarteriosclerotic [7],
anticarcinogenic [8] and hypocholesterolemic effects [10].
Due to these beneficial effects of catechins on the human
health there is high scientific interest to green tea.

Nowadays, analytical methods, such as ion chro-
matography [11], high performance liquid chroma-
tography-ultraviolet detection (HPLC-UV) [12], ca-
pillary electrophoresis [13], photocolorimetry [14],
UV-spectrophotometry [15] and thin-layer chromato-
graphy [16], are commonly applied to analyze cate-
chins.

HPLC methods are precise, accurate, with good
reproducibility, but the cost of analysis is quite high
because of expansive instrumentation, reagents and
expertise, whereas the spectrophotometric method
is express, simple for the quantitative determination.
However; it is not selective and requires the analytes pre-
sent in the given sample to have a different UV-spect-
rum with a low overlap.

There are variety of products with a green tea extract
as dietary supplements, cosmetology products, tinc-
tures and drugs. Generally, the green tea extract is also
used as an antioxidant compound. Moreover, the lite-
rature survey [17] shows that the green tea extract
is applied in weight loss due to decreasing adsorp-
tion of fats as catechins inhibit lipase. In regard to
a wide application of the green tea extract, the study
of the qualitative composition and the quantitative
content of catechins in green tea leaves is topical is-
sue today.

By virtue of great relevance of green tea to modern
life, the aim of the study was to determine the quali-
tative composition, the quantitative content of cate-
chins in green tea leaves and compare the data ob-

tained with those evaluated by spectrophotometry.
The results of the catechin content obtained will
be further used to create dietary supplements with
the green tea extract.

Materials and methods

Standards of catechin, epigallocatechin-3-0-gal-
late, epicatechin, epigallocatechin, epicatechin gallate
were obtained from Sigma-Aldrich. Methanol was of
HPLC grade, and other chemicals were of analytical grade.

A Prominence LC-20 Shimadzu liquid chromato-
graphy system equipped with a Thermo Scientific
Syncronis aQ C18 column (4.6 mm x 250 mm) was
used for analyses. All determinations were underta-
ken at 40°C. Mobile phases included an aqueous solu-
tion of methanol (A) and 1.0% phosphoric acid solution
(B). Gradients of 20-42% of A for 0-15 min, 42-43%
of A for 15-25 min, 43-90% of A for 25-45 min, kee-
ping 90% of A for 45-55 min, decreasing to 20% of A for
55-60 min, and keeping 20% of A for 60-70 min were
used. The mobile phases were filtered (25 mm x 0.45 pm,
Supelco Iso-Disc Filters PTFE 25-4) and degassed prior
to use; the flow rate of 0.5 mL/min was maintained.
The sample injection volume was 5 L, and detection
was carried out at 255, 286, 350 nm.

Spectral characteristics of the substances and simi-
larity indices were used for identification and quan-
tification of the substances analyzed in the green tea
extract [18].

As the spectral characteristic of the substances (h)
the peak heights of these substances on the chromato-
grams at wavelengths of 255, 286 and 350 nm divided
by the peak height at a wavelength of 225 nm were used:

hoo = Hyss _ Hags _ E
255 H225 » 21286 H225 » 22350 H225 ’
where: H,,, H,., H ., H,. - are the peak heights
at 225, 255, 286 and 350 nm, respectively; h, ., h286'

h,. - are relative peak heights at 255, 286 and 350 nm,
respectively.

Chromatographic peaks of analytes were identi-
fied by the following similarity indices, which were
calculated between the test substance and the refe-

rence standard according to the formulas:
Ip=1-|T~ T,

l55 =1~ |h2555t‘ h255u|

Lge= ~ |h286st_ h286u|

I350=1~ |h3sost_ h350u|

where: I - is the similarity index of the retention
time; T_ - is the retention time of the standard (min);
T, - is the retention time of the test substance (min);
L., L4 and L, - are the spectral similarity indices;

Jsse NogeeaNd D, —are the spectral characteristics
of the standard; h, . ,h,.. andh,  -arethespectral
characteristics of the test substance.
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The lowest of the three values of the similarity
indices of spectral characteristics determines the degree
of similarity (I, ) the substances and the standards for
these characteristics. The higher value of I is, the more
likely it is that the substance is more accurately iden-
tified. Substances, which degree of similarity with
the catechin standard was not less than 0.7, and the peaks
of these substances on the chromatogram were loca-
ted in the range between the peak of catechin and
the earliest peak of flavonoids, were identified as ca-
techins. The quantification was made by the peak in-
tegration using the external standard method.

Preparation of the extract for the HPLC analysis

Green tea leaves were extracted according to the fol-
lowing procedure: 1.0 g (accurate weight) of the cru-
shed raw material was extracted two times by 60%
ethanol in the ratio of 1:20 using the maceration me-
thod. The extracts obtained were filtrated and trans-
ferred into 50.0 mL measuring flask and made up to
the mark with the same solvent.

Spectrophotometric measurements were carried
out using a UV-1000 single beam spectrophotometer
(China) with the pair of S90-309Q quartz square cells.

Preparation of the extract for the spectro-
photometric analysis

To determine the total catechins content in green
tea leaves, 5 g (accurate weight) of the crushed raw
material was taken and placed in a 250 mL flask with
ground glass joint, 100 mL of 70% ethanol was pou-
red into the flask, and the mixture was boiled on a wa-
ter bath for 1 hour. The extraction was repeated once
more. After cooling the solution was quantitatively
transferred into a 250 mL volumetric flask and di-
luted to the volume with 70% ethanol (solution A).
1 mL of the solution A was mixed with 7.5 mL of 1%
vanillin solution in 96 % ethanol in a 25 mL volumet-
ric flask. Then the solution was diluted to the volu-
me with 0.5 M HCl in 96 % ethanol solution. The mix-
ture was analyzed at 505 nm wavelength after standing
for 30 min as the compensation liquid was 70% etha-
nol [20].

To plot the calibration curve of the dependence
of absorbance on the amount of epigallocatechin-
3-0-gallate, the stock solution (10 mg/mL) was pre-

pared by dissolving 250.0 mg of (-)-epigallocatechin
gallate in 96% ethanol, and the solution was diluted
to 25.0 mL with the same solvent. The stock solution
was diluted with the solvent to prepare the model
solutions 1-5 with the concentrations of 100; 150;
200; 300; 400 pg/mL, respectively.

The total catechins content (X) in dry green tea
leaves with reference to epigallocatechin-3-0-gallate
was calculated in percent according to the following
equation:

C,-250.0:25.0-100-100
m,-1.0-(100-w) '

X (%) =

where, C - is the concentration of epigallocatechin-
3-0-gallate according to the calibration curve, C x 10
(Fig. 3); m_- is the sample weight, g; W - is the per-
centage of moisture in the raw material.

Results and discussion

Catechins were completely separated by the chro-
matographic conditions described above. The elution
order of components is indicated as follows: EGC -
13.013 min, C-13.780 min, EC - 16.494 min, EGCG -
17.686 min, ECG - 20.754 min (Table 1).

Fig. 1 shows the chromatogram of the green tea
extract. The peaks of the substances were detected by
a UV detector at a wavelength of 255 nm. EGC, C, EC,
EGCG and ECG were identified on the chromatograms
of the green tea extract by the indices of similarity
with the standards used in the study.

The results obtained showed that EGCG is the ca-
techin in the highest concentration, whereas content
of C is the lowest. According to their amounts cate-
chins can be arranged in the following row: EGCG >
EGC > ECG > EC > C. The total content of catechins
was 30.56% in green tea leaves by HPLC. The results
are shown in Tables 2 and 3.

The content of catechins in the sample analyzed
differed from that one described by Ahmad et al. [19].
They stated EGCG amount to be 12.1-17.7%, EC -
5.48-8.60%, EGC - 4.26-6.40% and ECG - 1.32-1.81%
in green tea leaves. If we compare the results with
our findings, it can be seen that the amount of EGCG
and EC was higher, while the content of EGC and ECG

Table 1

Identification of substances in the extract of green tea leaves, which peaks are indicated in Fig. 1

The similarity Lo
Numbgr o.f the Retention time, min index of the The spgctral similarity Identification
peakin Fig. 1 T index, |
retention time, |, L
1 13.013 0.720 0.875 epigallocatechin
2 13.780 0.850 0.996 catechin
3 16.494 0.776 0.851 epicatechin
4 17.686 0.812 0.990 epigallocatechin gallate
5 20.754 0.732 0.814 epicatechin gallate
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Fig. 1. The chromatogram of the extract of green tea leaves obtained at a wavelength of 255 nm

was lower in the study by Ahmad et al. The diffe-
rences may be related with the sample preparation
method since different brewing times, the ratios of
leaves/extractant were used. The comparison of the re-
sults is sometimes difficult due to the lack of unifor-
mity on the conditions used to prepare the extracts,
as well as different geographical origin of the raw
material. Moreover, leaves age is also a very impor-
tant factor as old leaves contain much less EGCG and
total catechins than young ones.

Catechins are able to react with the vanillin rea-
gent to form red colored complexes due to the presen-
ce of phloroglucinol groups in the structure of cate-
chins [20]. The reaction of vanillin with catechins is

A

0.7T

0.6
0.5+
0.4
0.3
0.2

0.1+

specific; flavonoids and carboxylic acids do not react
with it. As shown in Fig. 2, the spectra for the vanillin
complexes with either EGCG or the green tea leaves
extract have nearly the same absorption maxima at
about 505 nm.

The calibration curve was plotted using epigal-
locatechin gallate. Linearity was proven in the con-
centration range of (100-400) x 10 g/mL, the cali-
bration equation wasy = 0.0025x - 0.0851 (r=0.9975)
(Fig. 3). The total catechin content in green tea leaves
found by spectrophotometry method was 24.79+1.12%
(Table 3).

The statistical comparison was used for the results
obtained by the two methods. According to these results

0 T 1 T T T T T T T T T

482484486488490492494496498500502504 506508510512514516518520522524 526528 530

A, nm

—— Greentea ———EGCG

Fig. 2. Spectra of the vanillin complex with either the green tea leaves extract and EGCG
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Table 2 1A
The concentration of catechins in green 0.9+ y =0.0025x - 0.0851_—"°
tea leaves by HPLC 8?: r=0.9975
Th f catechi 0.1
Catechins e content of catechins 0.5-
in dry tea leaves, % 0.4-
0.3+
Epigallocatechin gallate 10.85+0.11 0.2
Epicatechin 2.95+0.04 0.1 *

H 0 T T T T T T T T 1
Catechin 061+ 0.01 0 50 100 150 200 250 300 350 400 450
Epigallocatechin 8.03+£0.10 C10°, gimlL
Epicatechin gallate 8.12+0.10 . o .

The total catechins 30.56 + 0.59 chlg. 3. The cal!bratlon c.urve of the gbsorbance against
e concentration of epigallocatechin-3-O-gallate
Table 3
Metrological characteristics of the quantitative determination of the total catechin content
in green tea leaves by spectrophotometry and HPLC
Method X s S S Ax £% X+ Ax
Spectrophotometry 24.79 0.2950 0.5431 0.2429 1.07 2.73 24.79+1.07
HPLC 30.56 0.2255 0.4749 0.2124 0.59 1.94 30.56+0.59
Notes: x — mean, S? — dispersion, S — standard deviation, Sx — standard deviation of the mean, Ax — confidential interval,
€ — relative uncertainties of the result of a particular determination.
Table 4
The results of t- and F-tests when comparing HPLC and spectrophotometric methods
MethOd i’ % n 52 Frabl Fcalc ttabl tcalc
HPLC 30.56 0.75
5 6.39 0.46 2.31 1.09
Spectrophotometry 24.79 1.62

Notes: F,, — value of theoretical Fisher criteria, F_, — value of practical Fisher criteria, t

. — Value of theoretical Student's criteria,

t. — value of practical Student's criteria, n — number of samples, S? — dispersion of the samples

there was no significant difference between the spectro-
photometric and HPLC methods (t_, =1.09,F , = 0.46)
since the calculated tand Fvalues did not exceed the theo-
retical ones (¢, = 2.31, F, ,, = 6.39). The results are
shown in Table 4.

However, there was a difference between spectro-
photometric and HPLC methods in the total content
of catechins. The total catechins contentin dry green
tea leaves is higher by HPLC than that one obtained
by the spectrophotometric method. This can be ex-
plained by their different extraction procedure, samp-
le preparation, and an unstable complex between ca-
techins and vanillin. Moreover, Table 3 demonstrates
that HPLC is more accurate method than spectro-

photometry.
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