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CHANGE OF BIOACTIVE CONTENT
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Tea production is vital for east Black Sea region for farmers because it is a
dominant agricultural product. The majority of tea gardens in the region were
multiplicated by farmers using seeds in the last 50 years resulted a great variation
for most of the plant characteristics. The present study describes variation in
shooting periods on the bioactive content of seed propagated tea plant. Results
indicated significant differences among most of the searched parameters among
shooting periods. Total phenolic content was the highest at the first shooting
period (between 6.45—7.03 g gallic acid equivalent/100 g) dry weight (DW) basis.
Among the catechin, Epigallocatechin gallate (EGCG) was found to be dominant
in black tea samples (0.756-0.941 g/100 g DW) and followed by epigallocatechin
(0.590-0.752 g/100 g DW) and epicatechine gallate (0.510-0.654 g/100 g DW),
respectively. In general, first shooting period (May) gave the highest catechin
content that improved tea quality and with following shooting periods catechin
content decreased steadily. Total phenolic content was found between 6.45-7.03 g
GAE/100 g DW among shooting periods. The results suggested that first shooting
period of black tea samples had higher bioactive content.
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Tea is one of the most important beverages in the world and black tea
production in the world increased steadily and reached 4.8 million tons in
recent years. On an average, during the last two decades in the production
front, China contributed 35 % of the world tea production and followed by
India (21 %), Kenya (8 %) and Sri Lanka (7 %). Turkey is the 5" biggest tea
producer in the world with 225.000 tons black tea production per year. The
country shares 5 % world tea production [3].
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Tea (Camellia sinensis) is the most consumed drink in the world except
for water, owing to its pleasant sensory properties, broad health benefits and
unique sociocultural characteristics. Usually, tea could be classified into six
categories, i.e., green tea (unfermented), yellow tea (slight-fermented), white
tea (mild-fermented), oolong tea (semi-fermented), black tea (fermented) and
dark tea (post-fermented) according to the varying fermentation extent [17].

At the start of tea cultivation in Turkey, the primary goal was to meet the
domestic demand only. Today, Turkey holds a significant place among the
world’s largest tea producers. But still great percentage of products is market-
ed in domestic market. All of the tea plantation areas are located in the eastern
part of Black Sea Region. Tea cultivation in Turkey contributes significantly to
the economic income of local farmers in the east Black Sea region [2].

The main tea production area in Turkey is Rize province with 50.583 hectares
area and followed by Trabzon (15.328 hectares), Artvin (8 430 hectares) and
Giresun-Ordu (2 299 hectares). Approximately 66 % of total tea plantation
areas located in Rize province whilst the rest of them are located in Trabzon,
Artvin, Giresun and Ordu respectively [13].

Tea growing areas of Turkey is far away from Ecuador line compared the
other most important the producers such as China, Kenya, India, Sri Lanka
etc. indicating great differences from the rest of the countries. Because tem-
perature does not falls up to minus degree in tea production areas and tea pro-
duction is covering the whole year in those countries. However in Turkey, tea
plantations active 6 months and snowfalls on Turkish tea plantations in winter
months bring them an extra important characteristic. Tea plants harvested in in
general 3 times in May, July and September, respectively. Shooting (harvest-
ing) period, which is specific to tea cultivation in Turkey, significantly affected
almost all of the quality parameters of black tea. Due to winter dormancy and
short cultivation period, Turkish tea plantations are pesticide free and Turkish
tea called ‘natural tea’ compared to other tea produced in the world [6, 15].

Tea was introduced into Turkey with the efforts of Zihni Derin and Ali Riza
Erten at the end of the 1930s. The most of the tea plantations (90-95 %) estab-
lished by seeds and this tradition still have ongoing. Continuous seed propagation
in Turkey has produced populations with different yield and quality properties,
reflecting wide genetic variation. Thus, clonal selection studies were previously
conducted on those germplasms in the Black Sea region and several promising
tea clones such as ‘Tuglali-10°, ‘Derepazari-7°, and ‘Pazar-20’ have been released
[10]. Unfortunately these clones have not become widespread so far.

Previous studies clearly revealed that black tea had one of the richest
sources of bioactive phytochemicals including theaflavins, thearubigins, cat-
echins, and phenolics [8, 11, 12].
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The aim of the current study was to evaluate and compare the bioactive
content of seed propagated tea populations to reveal if there are any differ-
ences among populations.

Material and Methods. The fresh tea leaves (Camellia sinensis var.
sinensis) were harvested as a group of two or three leaves and a bud or mature
leaves without a bud during three consecutive shooting periods (May, July,
and September) in 2014 from a single seed propagated tea population found
in tea garden in Ikizdere town belongs to Rize province located on the Black
Sea coast in Turkey. After plucking, the leaves were immediately processed
into black tea according to the Turkish Tea Board standards.

Preparation of extract. Phenolic extracts were prepared according to Zuo
et al. [18]. First 50 mL of aqueous methanol (80 %) containing 0.15 % HCl
was poured onto 2 g of tea sample, and the phenolic compounds were ex-
tracted at 40 °C for 3 h and filtered through coarse filter paper. The filtrate
was used for the total phenolic content determination by Folin—Ciocalteu
assay and the filtrate was further filtered through 0.45 pum of nylon mem-
brane filter before HPLC analysis [11].

Total phenolic content. The total phenolic content was determined by
the Folin—Ciocalteu method [1]. The results were expressed as mg gallic
acid equivalent (GAE) per 100 g dry weight (DW) basis.

Catechins content. The catechin group including epigallocatechin gal-
late (EGCG), epigallocatechin (EGC), epicatechin (EC), epicatechin gallate
(ECQ), catechin gallate (CG), gallocatechin gallate (GCG), catechin (C) and
caffeine were determined by HPLC. The chromatographic separation, de-
scribed by Zuo et al. [18], was used with some modifications in the mobile
phase and UV detection. The absorbance of the catechins EGCG, EGC, EC,
ECG, CG, GCG and C) were determined at 280 nm and the results were
expressed g/100 g dry weight (DW) basis.

Statistical Analysis. All data were analyzed using SPSS software and
procedures. Analysis of variance tables were constructed using the Least
Significant Difference (LSD) method at p < 0.05.

Results and Discussion. Table 1 shows individual catechin content of the
black tea samples obtained from 3 shooting periods (May, July and September).

As indicated in Table 1, there were statistically significant differences
among shooting periods on individual catechins except CG (tbl. 1). All of
the catechins decreased significantly from the first to the third shooting
periods. According to obtained results Epigallocatechin gallate (EGCG) was
the predominant catechin in black tea samples and EGCG content was the
highest at first shooting period (0.941 g/100 g DW), and followed by second
shooting period (0.855 g/100 g DW) and finally it was the lowest at the last
shooting period (0.756 g/100 g DW), respectively.
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Table 1

Individual catechins
and total phenolic content in seed propagated black tea samples
at different shooting periods, g//00 g DW

Catechins Shooting period
(¢/100 g DW) may july september
EGCG 0.941a 0.855b 0.756¢
EGC 0.752a 0.640b 0.590¢
EC 0.411a 0.367b 0.307b
ECG 0.654a 0.605b 0.510c
CG 0.033%s 0.030 0.0206
GCG 0.044a 0.042a 0.032b
C 0.307a 0.278b 0.222¢
g’gﬁ}%‘(}lg%w) 7.030a 6.890b 6.450¢

Note: There were significant (P < 0.05) differences among
the different letters in the same lines.
NS: Non Significant

The other individual catechins are also revealed similar patterns (tbl. 1).
For example epigallocatechin (EGC) content was also the highest at first
shooting period (0.752 g/100 g DW), and it was decreased with prolonged
harvest period (0.640 g/100 g DW at second harvest and 0.590 g/100 g DW
at last shooting period), respectively.

EC and ECG content were the highest at first shooting period (0.411 and
0.654 g/100 g DW) and decreased to 0.367 and 0.605 g/100 g DW at second
shooting period. At third shooting period, those values decreased again to
0.307 and 0.510 g/100 g DW), respectively (tbl. 1).

Ozdemir et al. (2018) reported EGCG, EGC, EC and ECG amounts in black
tea samples between 0.819-0.976 g /100 g DW, 0.661-0.785 g/100 g DW,
0.274-0.329 g/100 g DW and 0.437-0.523 g/100 g DW, respectively at
three shooting periods. Our results are good agreement with above study.
The results also in accordance with previously reported studies by Khokhar
and Magnusdottir, (2002) and Serpen et al., (2012).

CG, GCG and C content were found to be the highest at first shooting
period (0.033, 0.044 and 0.307 g/100 g DW) while it was the lowest at the
last shooting period (0.026, 0.032 and 0.222 g/100 g DW) (tbl. 1).

Catechins and their derivatives are thought to contribute to the beneficial
effects ascribed to tea. Tea catechins and polyphenols are effective scavengers
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of reactive oxygen species in vitro and may also function indirectly as
antioxidants through their effects on transcription factors and enzyme
activities. The fact that catechins are rapidly and extensively metabolized
emphasizes the importance of demonstrating their antioxidant activity in
vivo [5]. EGCG was the richest catechins. It has been reported that EGCG
possessing the greatest number of phenolic hydroxyl groups manifests
the strongest antioxidant activity in catechins, which is even stronger
than vitamins C and E [14]. It has been reported that EGCG could exhibit
multiple bioactivities, especially anticancer effects, through inhibiting
cancer stem cells and modulating molecular events associated with cancer
cell proliferation, apoptosis, immunity and so on [4, 17].

Total phenolic content were found between 6.45-7.03 g GAE/100 g DW
among shooting periods. Ozdemir et al. (2018) found that total phenolic contents
of different Turkish black tea samples were in the range of 4.75 to 6.97 g GAE
per 100 g. Karadeniz and Koca (2009) reported that Turkish black tea samples
had total phenolic content between 7.29-8.39 g GAE per 100 g DW. The total
phenolic content of this study were found to be similar to Ozdemir et al. [11] and
was lower than those reported previously in the literature.

It is well known that plucking standards and processing conditions
could be affect total phenolic content of tea samples. Total phenolic content
decreased during the shooting periods, which can be directly related to the
total phenolic content of the fresh tea leaves [16].
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[Ipou3BoacTBO Yasi KpaitHe BakHO i GepMepoB UepHOMOPCKOTO pPEeruoHa,
MOCKOJIbKY JIaHHAsI KYJIBTYpa SIBJSICTCS] JJOMUHUPYIOIIUM CEJIbCKOX035HCTBEHHBIM
npoayktoM. OCHOBHAsl 4YacTh YalHBIX CaJ0B pervoHa Oblia pa3MHOXeHa (epme-
paMu, UCIIOJIB3YIOIUMHU CEMEHHOM METOJI Ha MPOTSHKEHUHU TocieaHux 50 jeT, 4to
NPUBEJIO K OONBIIMM BapuanusM OONbITUHCTBA XapaKTePUCTUK pacTeHui. B Ha-
CTOSIIIIEM UCCIICIOBAHMH OIMMCAHO BIMSHHUE PA3IMYHBIX MEPHOJIOB MOOEroo0pa3o-
BaHMS HA COZICPIKAHME OMOIOTMYECKU aKTUBHBIX BEIECTB YaWHOTO PACTEHHUSI, pa3-
MHO)KEHHOTO CeMeHaMU. Pe3ynbTaThl MOKa3any 3HAYUTENILHBIC PA3ITUUUS MEKIY
OOJIBIIIMHCTBOM MCKOMBIX ITAPaMETPOB MO MepuoaaM mobderoodpazosanus. OOriee
cozepkanue (heHOIOB OBbIIIO CAMBIM BBICOKHM B MEPBBIN MEPHOJT OOET000pa3oBa-
Hus (6,45-7,03 r sxBuBasieHTa ramuioBor kucioThl/100 r) mo cyxoit macce. Cpe-
JI1 KaTeXWHOB B 00pa3iiax 4€pHOro yas JOMHUHHPOBAJ AMUTaUIOKATEXWH rajuiar
(EGCG) (0,756—0,941 1/100 T chipoii Macchl), 3a KOTOPBIM CJIIOBAIH UTAILIO-
katexuH (0,590-0,752 /100 r ceipoii Maccel) u 3nukatexuH rawiar (0,510-0,654
r/100 r cbIpoi Macchl), COOTBETCTBEHHO. B 11e710M B TiepBhIi Tiepuo;] moderoodpa-
30BaHUs (Maii) CoJIepKaAaHNE KAaTEXMHOB OBbLJIO HAUOOJIBIINM, YTO YITYYIIUIO Kade-
CTBO 4asi, a ¢ MOCIEIYIONMMHU NIepUOIaMU TT00eroodpa3oBaHus cojepkaHue Ka-
TEXMHOB HEYKJIIOHHO CHIXajaoch. OOIee comepikanue GeHona ObUI1o B Ipeaeax
6,45—7,03 r 'K/100 r IB B pa3nbie nepno/sl moberoodpa3osanus. Pesynprarsr mo-
Ka3aJId, 9TO B TIEPBBIA MEepHo M0Oeroodpa3oBaHus oOpa3bl YEPHOTO Yass UMEITH
0oJiee BBICOKOE COJiepKaHne OMONOTHYECKH aKTHBHBIX BEIIECTB.

Kniouesvie cnosa: uaii, pazHoodpasue, pUTOXMMHUUECKHE BEIECTBA, CEMEHHOEC
pPa3MHOKCHHE.
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[IpoBeneHbI HCcCIe0BAHMS 1O ONPEICTICHUIO AHTOLIMAHOB B 3-JMCTHOH ey,
3enéHoM u 4épHOM 4ae. OnpeiesicHbl OCHOBHBIC 3aKOHOMEPHOCTH B MX HAKOILJIE-
HUM 110 MecsiaM. Hauborblliee KOJIMYeCTBO aHTOIIMAHOB HAKAILIIMBACTCS B HEOJIC
(308,5 r/100 r), nHaumenbiee — B Mae (150,2 1/100 1), 4TO CBSA3aHO C JUITMTEIBHBIM
3aCYILIMBBIM TIEPHOJIOM, COMPOBOKIACMBIM BBICOKUMH TEMIIEpaTypaMu BO3IyXa.

74



