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The aim of work is study qualitative composition and quantitative content of flavonoids and phenolic acids in green tea leaves.

Material and methods. The object of the study was green tea leaves, which were collected in Anhui Province, China. The analysis of 60 %
ethanolic extract from green tea leaves was performed by high-performance liquid chromatography using a Prominence LC-20 Shimadzu
chromatographic system (Japan) with an SPD-20AV spectrophotometric detector, an Agilent Technologies Microsorb-MV-150 column (reversed-
phase, C18 modified silica gel, length —250 mm, diameter — 4.6 mm, particles size — 5 um). Identification of substances in the extract was carried
out by comparing the retention time and the spectral characteristics of the test substances with the same characteristics of the reference standards.

Results. 13 compounds were identified and determined by high-performance liquid chromatography. Among flavonoid aglycones
quantitatively dominated by quercetin (0.35 %), in the case of flavonoid glycosides, it was luteolin-6-C-glycoside (1.30 %) and among
phenolic acids, it was gallic acid (5.21 %).

Conclusions. The qualitative composition, quantitative content of flavonoids and phenolic acids in the green tea leaves were determined
by high-performance liquid chromatography. According to HPLC, the content of flavonoids in green tea leaves was higher than the content
of phenolic acids.
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HocnimxeHHs hnaBoHOIAIB i (heHONOKUCIOT y 3eNIeHOr0 Yako NUCTI
O. 0. Macnos, C. B. KonicHuk, M. A. KomicapeHko, E. K0. Axmenos, C. M. MonysH, 3. B. LoBkoBa
MeTa po6oTH — BU3HAUMTY SKICHUIA CKNaA, i KiNbKICHWIA yMiCT (onaBoHOIAIB | (DEHOMOKUCIIOT Y 3€MEHOT0 Yato NUCTI.

Matepianu Ta metoau. O6’eKT fOCNIMKEHHS — 3€M1EHOT0 Yako NCTS, WO 3ibpaHe B npoBiHLii AHbxon, KHP. AHanis 60 % cnupTtoBoi Bu-
TSDKKM 3€J1EHOTO Yato NACTS 3AINCHUMIN METOAOM BUCOKOE(EKTUBHOI PiAMHHOI XpoMmaTorpadii 3a LONOMOro xpomatorpadivyHoi CUCTEMHI
Prominence LC-20 Shimadzu (AnoHisi) 3i cnektpocotomeTpuyHnm aetektopom SPD-20AV, konoHka Agilent Technologies Microsorb-MV-150
(C18 mopmdpikoBaHmiA cunikarenb, JOBXUHA — 250 MM, diameTp — 4,6 MM, po3mip 3epeH copbeHTy — 5 MKM). |aeHTudiKaLito pe4oBuH y
BUTSHKLI BUKOHAIM LLINISIXOM NOPIBHAHHS Yacy YTPUMYBaHHS Ta CNEKTParnbHUX XapakTepPUCTUK PEHOBUH, LLO AOCAIMKYBany, 3i CTaHAapTaMu.

PesynkraTtu. Y 3eneHoro Yato nucTi igeHTudikysanu 13 cnonyk, BU3HAYMK iXHil KinbkicHuiA ymicT. Cepeq arnikoHiB dhriaBoHOIAIB KinbKiCHO
nepesaxas kBepLeTuH (0,35 %), a 3-nomix rmikoauais dnasoHoigiB — noteonin-6-C-rnoko3ng (1,30 %). 13 dheHonbHMX KNCNOT OCHOBHA
cnonyka — ranosa kucnorta (5,21 %).

BucHosku. BctanoBunu akicHUi cknag i KinbKicHWIA yMicT onaBoHOIAIB, (hEHOMbHWX KUCIOT Y 3eMEeHOr0 Yato NMUCTi METOAO0M BUCOKOEMEK-
TWBHOI piAMHHOI XpomaTorpadii. BmicT (hnaBoHOIfiB y 3eneHOro Yat NnCTi NepeBuLLYBaB Takuil AN (EHOMbHUX KUCTOT.

Kntouogi crnoea: 3enenwnit Yan, TS, rnaBoHoIgN, PEHONOKNCNOTH, BUCOKOedEKTUBHA PiAvHHA XpomaTtorpadis.
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Matepuansi n metogbl. OGLEKT MCCNEA0BAHUSA — 3€NEHOT0 Yas NNCTbS, cCobpaHHble B NpoBuHLMK AHbxol, KHP. AHanus 60 % cnmptoBon
BbITSXKKM 3€/1EHOT0 Yasi NIMCTLEB NPOBESIN METOAOM BbICOKO3(EKTUBHOW KMAKOCTHON XpoMaTorpadum ¢ NOMOLLbIO XpomaTtorpadguyeckon
cuctembl Prominence LC-20 Shimadzu (Anonus) co cnektpodotometpudeckum getektopom SPD-20AV, konoHka Agilent Technologies
Microsorb-MV-150 (C18 mMogudumumpoBaHHbliA cunvkarens, AnuHa — 250 mm, guameTp — 4,6 Mm, pasmep 3épeH copbeHTa — 5 Mkm).
BeluecTBa B BbITSKKE MAEHTUMULMPOBANU NyTEM CPaBHEHUS BPEMEHU YAEPXMBAHWUS U CNEKTParibHbIX XapakTeEPUCTUK UCCneayembiX
BELLECTB CO CTaHAapTamu.

Pesynkrathl. B 3enéHoro yas nucTbsax naeHtudmumpoBany 13 coeMHeHUI, ONpeaenuni Ux KoNnMYeCTBEHHOE COAepXKaHne METOAOM
BbICOKO3(P(HEKTUBHON XMAKOCTHOM XpomaTorpacmn. Cpeay arnmkoHoOB hnaBoHOMAOB KonuyeCTBeHHO npeobnaaan ksepuetuH (0,35 %), a
13 rMnKo3naoB nasoHoMaoB — noteonuH-6-C-rmoko3ng (1,30 %). Cpeaun GeHomnbHbIX KUCNOT AOMUHUPYIOLLEE COeANHEHNE — ranfoBas
kucnota (5,21 %).

Brieogbl. Onpeaenuni Ka4ecTBEHHbIN COCTaB 1 KONMMYECTBEHHOE CcofepaHne (raBoHONO0B M (heHOMbHBIX KUCIOT B 3eMEHOro Yas
NIMCTbSIX METOAOM BbICOKOI(MEKTUBHOM XKMAKOCTHOM XpomaTorpacun. Copepxkarmne (raBoHOUAOB B 3eMEHOT0 Yast IMCTbSAX MPEBLILIANO

coaepaHue PeHonbHbIX KUCIOT.

KntoueBble crioBa: 3enéHbli Yaii, MMcTbsl, hnaBoHOMAbl, PEHONOKMCNOTbI, BbICOKOIG(EKTUBHASA XKMOKOCTHAs XpomaTtorpadms.

AKTyanbHble Bonpochbl hapMaLeBTU4EeCKOM U MeAULIMHCKON HayKku 1 npakTuku. 2021. T. 14, Ne 3(37). C. 287-291

Tea (Camella sinensis L.) is originated in China, dates back
several thousand years. Tea composition varies with climate,
season, tea variety, age of the leaf and horticultural practices
[1]. A lot of epidemiological and preclinical studies have
demonstrated that drinking tea may reduce the risk of cancer
and cardiovascular disease [2,3].

Green tea leaves contain numerous bioactive compounds,
among which catechins or flavan-3-ols are the most tho-
roughly investigated. Nevertheless, not only flavan-3-ols are
contained in green tea leaves. Tea is rich in aglycones and
glycosides of flavanols, flavanones, flavones, and phenolic
acids [4,5]. Available scientific studies indicate that seven
flavone glycosides were determined in leaves by high-per-
formance liquid chromatography (HPLC), five apigenin
compounds (apigenin-6,8-C-diglucoside, apigenin-6-C-glu-
coside-8-C-arabinoside, apigenin-6-C-arabinoside-8-C-glu-
coside, apigenin-8-C-glucoside, and apigenin-6-C-glucoside)
as well as two luteolin compounds (luteolin-6-C-gluco-
side and luteolin-8-C-glucoside). In this study, the total
amount of flavone glycosides was between 0.48 g/kg and
2.69 g/kg [6].

Literature shows that flavonols in tea are mainly present in
the form of mono-, di-, and triglycosides as well as kaemp-
ferol, myricetin, and quercetin have been detected in several
studies [7,8]. The total content of flavanols can be in the range
of 1.0 % to 4.0 % in dry green tea leaves [9]. Moreover, seve-
ral scientific research have reported about flavanones in the
composition of green tea leaves [10,11]. Phenolic acids are
represented by theogallin, gallic, ferulic, cinnamic acids, as
well as the total amount of phenolic acid and its derivatives,
which is in the range from 0.1-2.0 % in dry material [12].

Aim

The aim of the study is determined qualitative composition
and quantitative content of flavonoids and phenolic acids in
green tea leaves.

Materials and methods

The object of the study was green tea leaves, which were
collected in Anhui Province, China.

Caffeic, gallic, ferulic, cinnamic acids, myricetin-3-O-gly-
coside, quercetin, quercetin-3-O-rutenoside, naringenin,
naringin, hesperidin, hesperetin, luteolin-6-C-glycoside,
apigenin-8-C-glycoside were purchased from Sigma-Aldrich.
The methanol was HPLC grade and other chemicals were
analytical grade.

A Prominence LC-20 Shimadzu liquid chromatography
system equipped with a Thermo Scientific Syncronis aQ C18
column (4.6 x 250) was employed for analyses. All determi-
nations were undertaken at 40 °C. Mobile phases included an
aqueous solution of methanol (A) and 1.0 % phosphoric acid
solution (B). Gradients of 20-42 % A for 0—15 min, 42-43 %
A for 15-25 min, 43-90 % A for 2545 min, keeping 90 %
A for 4555 min, decreasing to 20 % A for 55-60 min, and
keeping 20 % A for 60—70 were used. The mobile phases were
filtered (25 mm x 0.45 pum, Supelco Iso-Disc Filters PTFE
25-4) and degassed prior to use, and a flow rate of 0.5 mL/
min was employed. The sample injection volume was 5 pL.
and the detection was carried out at 255 nm, 286 nm, 350 nm.

The analysis of plant samples is quite complicated as above
all, the plant matrices are often very complex, and identify
each substance is impossible, in addition, some standards
of substances are very costly. That is why the method of
similarity indices was used to provide the analysis. The
similarity indices are calculated according to the following
formulas [13]:

L=1-[T -T]

Izss =1- |h25551 - h255u|
1286 =1- |h2865t_ 286u|
1350 =1- |h3505[ - h350u|

where [~ retention time similarity index; T — retention
time of standard (min); T, — test substance retention time
(min); L, I, and I, — spectral similarity indices, h,_,

h,.. . and h, —spectral characteristics of the standard; h

e, a0 h, o — spectral characteristics of the test substanzég.
The spectral characteristic of substance is the ratio of the
peak height of chosen wavelength 255 nm, 268 nm, and
350 nm to the peak height of test substance at 225 nm [14].
For identification analyzed substance the index similarly is

chosen among three, which has the lowest value. In order to
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Fig. 1. Chromatogram of
test solution of green tea

leaves extract, obtained
at a wavelength of
detection of 255 nm.
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identify the chromatographic peaks, the value of the similarity
index must be greater than 0.7, if it is not so this peak is un-
identified. Some peaks can be outside of the flavonoid range
it indicates that this substance is not a flavonoid structure and
it can be sorted out to unidentified [15].

Extraction of green tea leaves was made according to
the following procedure: 1.0 g of crushed raw material was
extracted by 60 % ethanol in a ratio of 1:20 using method
maceration. The resulting extract was filtered through a filter.
The raw material was extracted twice with new portions of
the solvent, after that the extracts were combined.

Statistical analysis was performed in Microsoft Excel 2010
with the accepted significance level o = 0.05. Results were ex-
pressed as mean + confident interval from five measurements.

Results

The figure shows a chromatogram of green tea extract.
Detection of the substance’s peaks was provided by a UV
detector at a wavelength of 255 nm. 120 peaks were identified,
which were analyzed by indices of similarity to the standards,
21 peaks were included in the group of unidentified. The
chromatogram shows the main peaks, the numbers of which
coincide with the numbers of those identified compounds
in Table 1. According to the described previously proce-
dure that is based on high similarity indices with standard
substances I and I, 6 flavonoid glycosides were identified
quercetin-3-O-rutenoside, kaempherol-7-O-glycoside,
myricetin-3-O-glycoside, hesperidin, luteolin-6-C-glycoside,
apigenin-8-C-glycoside as well as 3 flavonoid aglycones —
quercetin, naringenin, hesperitin (7able I).

In our research, the number of flavonoid glycosides was:
luteolin-6-C-glycoside (1.30 %), hesperidin (1.19 %), api-
genin-8-C-glycoside (0.98 %), myricetin-3-O-glycoside
(0.86 %), quercetin-3-O-rutenoside (0.62 %), kaempher-
ol-7-O-glycoside (0.51 %), as well as the total content of
flavonoid glycosides in green tea leaves was found 5.46 %

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

Retention

Similarity

time, min index, |, Identification
1 8.815 0.826 gallic acid
2 14.850 0.921 hesperidin
3 22.295 0.816 apigenin-8-C-glycoside
4 24.372 0.859 myricetin-3-O-glycoside
5 25.801 0.863 caffeic acid
6 27.275 0.988 kaempherol-7-O-glycoside
7 29.915 0.943 quercetin-3-O-rutenoside
8 33.147 0.888 luteolin-6-C-glycoside
9 40.327 0.527 cinnamic acid
10 40.727 0.760 quercetin
1 40.977 0.725 naringenin
12 41.788 0.928 hesperetin
13 45.681 0.793 ferulic acid

(Table 2). The total amount of flavonoid aglycones and glyco-
sides was 0.41 % and 5.46 %, respectively. The phenolic acids
were represented by gallic acid (5.21 %), caffeic acid (0.16 %),
cinnamic acid (0.02 %), and ferulic acid (0.01 %). The total
content of phenolic acids was 5.39 % in dry raw material.

Discussion

In scientific research [16] it was estimated that the amount
of myricetin-3-O-glycoside was 0.083-0.159 %, querce-
tin-3-O-rutenoside was 0.15-0.48 %, kaempherol-7-O-gly-
coside was 0.16-0.33 % and quercetin was 0.10-0.50 % in
dry material. In this study the content of quercetin-3-O-rute-
noside was the greatest. The available research [17] shows
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Table 2. The content of flavonoid glycosides in extract green tea leaves
by HPLC-UV

Glycoside Content, % in dry raw material

kaempherol-7-O-glycoside 0.17 £0.01
quercetin-3-O-rutenoside 9.35+0.19
myricetin-3-O-glycoside 2.15+0.04
apigenin-8-C-glycoside 245 +0.05
hesperidin 1.98 £0.04
luteolin-6-C-glycoside 3.25+0.06
Total flavonoid glycoside 19.35

Table 3. The content of flavonoid aglycones in extract green tea leaves
by HPLC-UV

Aglycone Content, % in dry raw material

quercetin 0.35+0.005
naringenin 0.02 + 0.001
hesperitin 0.04 £ 0.001
Total flavonoid aglycone 0.41

Table 4. The content of phenolic acids in extract green tea leaves
by HPLC-UV

Phenolic acid Content, % in dry raw material

Gallic acid 5.210 + 0.052
Caffeic acid 0.160 £ 0.002
Cinnamic acid 0.020 £ 0.001
Ferulic acid 0.010 £ 0.001
Total phenolic acids 5.39

that the content of naringenin was 0.01-0.11 %, hesperitin
was 0.01-0.07 %, hesperidin was 0.31-0.81 %. The previous
investigation [18] represents the gallic acid was in the range
from 2.0 % to 6.0 %.

According to results, the luteolin-6-C-glycoside had the
highest concentration among other glycosides. The major
constituent among aglycones was quercetin, whereas other
aglycones were present at the lowest level (7able 3). Obtained
results indicated that flavonoid glycosides were predominated
in green tea leaves.

The main compound of phenolic acids was gallic acid, the
high concentration among others can be explained by the re-
leasing gallic acid from gallaylated catechin-derived species
(Table 4). Compared results represent that analyzed green tea
leaves are accumulated more flavonoids than phenolic acids.

The differences in results of research can be related with
sample preparation method, since different brewing times,
ratio leaves/extractant were used, species of tea, climate and
geographical position. This work is a contribution for the
chemical composition of green tea leaves. Moreover, ob-
tained data can be used further for standardization green tea
leaves.

Conclusions

1. The qualitative composition, quantitative content of fla-
vonoids and phenolic acids green tea leaves were determined
by high-performance liquid chromatography.

2. According to HPLC, the content of flavonoids in green
tea leaves was higher than the content of phenolic acids.

Prospects for further research. The obtained data on the
composition of phenolic acids and flavonoids of green tea
leaves will be used for further standardization of the obtained
extract and indicate the possibility of creating phytoprepara-
tions and food additives on the extract.
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