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Abstract

The tea plant is one of the most consumed as
beverages in the world’s oldest and widely which
ranks second after water among non-alcoholic
beverages. Our country is 7th in terms of
agricultural areas allocated to tea plant (Camellia
sinensis, L), and it is 5th in dry tea production in
the World. Consuming so much tea has led
scientists to investigate the effects of tea on
health. These studies have shown that bioactive
components in the tea have antimutagenic,
anticarcinogenic, antibacterial, antiallergic and
antioxidant properties. Tea is an important
agricultural product in the Eastern Black Sea
Region and employs approximately 22500
families. However, in our country, tea Iis
consumed only as a beverage and as a small
amount of by-products. The rich bioactive
content of tea is too much to be underestimated.
Also, considering the production of tea in our
country, it is seen that it does not create enough
added value and it does not one of the non-tea
product’s market.

For this reason, the aim of this study is to
introduce the quality of the regional teas and to
evaluate the processability of the non-tea
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Ozet

Cay bitkisi, diilnyanin en eski ve yaygin olarak en
cok tiiketilen i¢eceklerinden birisi olup alkolsiiz
icecekler arasinda sudan sonra ikinci sirada yer
almaktadir. Ulkemiz ¢ay bitkisine (Camellia
sinensis, L) ayrilan tarim alanlar1 bakimindan
Diinya’da 7. sirada iken, kuru ¢ay tiretiminde 5.
sirada yer almaktadir. Cayin bu kadar c¢ok
tiketilmesi bilim insanlarmin ¢aym saglk
iizerine etkilerini arastirmaya yoneltmistir. Bu
calismalar  caydaki  biyoaktif  bilesenlerin
antimutagenik, antikarsinojenik, antibakteriyel,
antialerjik ve antioksidan 6zelliklerinin oldugunu
gostermistir. Dogu Karadeniz Bdolgemizde ¢ay
onemli bir tarim {irlini olup yaklagik 22500 aile
istthdam saglamaktadir. Buna karsin iilkemizde
cay, sadece igecek olarak ve ¢ok az miktarda yan
iirline islenmesi seklinde tiiketilmektedir. Cayin
zengin biyoaktif igerigi kiiglimsenmeyecek kadar
coktur. Ayrica lilkemizdeki liretimi gbz Oniine
alindiginda  yeteri kadar katma  deger
yaratilmadig1 ve cay dis1 iiriinler pazarinda yer
almadig1 goriilmiistiir.

Bu nedenle calismamizda {iretimi ile
diinyada ilk siralarda yer aldigimiz ve halkimiz
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products other than drinking tea which is in the
first place in the world and provide important
employment for our people.

Keywords: Tea, Tea quality, Eastern Black Sea
Region, Value added

icin Onemli bir istihdaam saglayan bolge
caylarmin kalitesinin tanitilmasi ve i¢imlik cay
disindaki iirtinlere endiistriye islenebilirliginin
degerlendirilmesi amaglanmistir.

Anahtar kelimeler: Cay, Cay Kkalitesi, Dogu
Karadeniz Bolgesi, Katma deger

Abbreviations:

1. INTRODUCTION

Tea is one of the most consumed food substances
in the world and is the second bevegare after water
among
Organization, 2018). It is estimated that the

soft drinks (Food and Agriculture

World’s black tea production will increase by
2.2% annually in the next decade and will reach
4.4 million tons in 2027 (FAO, 2018). China is the
world's largest tea producer with an annual
production of 1.9 million tons which yield supply
more than 38% of the world. India, the second
largest producer, produced 1.2 million tons in
2013, followed by Kenya, Sri Lanka and Turkey
(Ministry of Agriculture and Forestry, 2015).

Tea is an industrial plant in the Eastern Black Sea
Region of Turkey. The climate, morphology and
soil fertility are suitable for growing tea, and
moreover tea agriculture and trade is great
importance in the economy of the region (Ministry
of Agriculture and Forestry, 2019). About 40
thousand people labor in the tea sector with salary
and 200 thousand the producer contribute to the
family budget (Alikilic, 2016).

Tea, which has become the second most consumed
beverage worldwide, has led to the exploration of
its potential benefits on health. Generally, on the

basis of processing the leaves, tea can be divided
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into the non-fermented green and white teas, semi
fermented oolong tea and fully fermented black tea
(Muniandy et al., 2016).

Green tea leaves are a rich source of flavanols and
flavonols and its primary component is catechin.
Green tea also contains other other phenolic acids
such as gallic acid, chlorogenic acid and caffeic
acid, and flavonols such as kaempferol, myricetin
and quercetin. Black tea has a lower amount of
flavonols (catechin and catechin derivatives),
catechin or/fand derivatives

whereas these

conversion into theaflavins and thearubigins

during tea fermentation. (Gondoin et al., 2010).

The components of tea leaf in food, nutrition and

pharmaceutical ~ products  have  attracted
considerable attention due to the mentioned
chemical components. The health benefits of tea
leaves have proved such as anticarcinogenic,
antibacterial, antioxidant and anti-inflammatory
(Reygaert, 2017; Orhan et al, 2019; Zaiter et al,
2016). However, it has been observed that our
people can benefit from these valuable ingredients
when they consume tea as a beverage. It is
considered to be a major deficit in the processing
of tea plants into products other than tea beverage.
For this reason, in our study, the quality of the

regional teas was compared to other world teas and
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the studies in our country regarding the non-tea

product's market were compiled.

1.1. Tea Plant and Historical Development of

Tea

The tea plant, known as Camellia sinensis (L.) O.
Kuntze, is a perennial, evergreen and leafy crop
(Carloni et al., 2013). Among historical sources, it
iIs commonly believed that tea originated in China
and cultivated for more than 2000 years (Baruah,
2017). Based on the morphological characteristics,
cultivated tea has three variates, viz. Chinese tea
(Camellia thea sinensis), Assam tea (Camellia
thea assamica) (Meegahakumbura at al. 2016).
The tea grown in Turkey, is mainly Chinese and
Indian hybrids (Eroz and Bozok, 2018). Food and
Agriculture Organization of the United Nations
(2018) was reported that the word area harvested
tea has surpassed 4.20 million hectares, and world
total tea production has approached 6.34 million

tons.

Table 1. World Production of Tea: Top on Producer (FAO,
2018)

Countries Production (Tonnes)
China 2,610,400

India 1,344,827

Kenya 442,990

Sri lanka 303,840

Turkey 270,000

Vietnam 270,000

Indonesia 141,342

Iran 109,357

Myanmar 109,043
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The first attempt to produce tea in our country
was made with tea seeds and saplings from Chine
which sowed in Bursa province in 1888. However,
it was observed that the climate of the region is not
suitable (Anonymous, 2016). Rize province and
Borcka district were chosen pilot region after the
First World War. Nowadays, it is the most
convenient and fertile land for tea cultivation in
Turkey where from the border district of Georgian
up to Arakl district (Alikilic, 2016). While
Turkey ranks 7th in the global area harvested tea
among countries of the World, it is the 5th in terms
of tea production. In addition, it ranks first in the
world with annual tea consumption of 3.5

kilograms per person (Anonymous, 2017).

1.2. Kind of Tea

of

commercially available however all of these tea

Today, there are many varieties tea
types are produced from the leaves and buds of the
Camellia sinensis L. plant. The differences
between the produced teas are occurred by plant
growing conditions, harvesting procedures and
applying different processing techniques to fresh

tea leaves and shoots (Salman & Ozdemir, 2018).

Depending on the processing and harvest
differences, teas classified into three major types:
black, green and oolong tea but, there are also
different teas such as white and pu-erh tea. The
production steps of different teas are schematized

in Figure 1 (Salman et al, 2015).
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Figure 1. The basic manufacturing stage of the different teas

Green tea is originating from China and Japan
which is widely consumed as a soft drink (Yoshida
et al.,, 1999). To produce green tea, leaves are
firstly steamed which this step kills the enzyme
polyphenol oxidase to maintain its green color,
then rolled and dried. Green tea is an important
source of polyphenols having a positive effect on
human health with non-implementation of the
fermentation process. (Chacko et al. 2010; Cimen,
2014). 1t includes catechins which is the main
flavonoid in green tea.

Black 78%
the tea production worldwide (Sang et al. 2011)

tea § about of
and the production of it is characterized by
withering, curling, oxidation and drying processes
are applied. Most of the catechins turn into
theaflavins and thearubigins with polymerizing
the 2010).

Theaflavins and thearubigins are flavonoids which

during oxidation step (Kacar,

have highly bioactive properties.
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Oolong tea is produced by semi fermentation of tea
leaves and it gives a taste between black and green
tea (Fanaro et al., 2012). In this way, it contains
catechins, which are the primary phenolics
contained in green tea, and products such as
theaflavin and thearubigins, which are secondary
phenolics contained in black tea (Benzie & Szeto,
1999).

1.3. Bioactive

Quality

Compounds Affecting Tea

The polyphenols are the predominant constituents
of green tea which may about 30% of dry weight,
of this accounting for more than 70% are the
flavanols (Chacko et al., 2010; van der Hooft et al.,
2012; Zhao et al., 2011). The major flavanols in
the structure of the fresh tea leaves are catechins
and catechin derivatives (catechin gallates). These
are divided into catechin (C), epicatechin (EC) and
epigallocatechin (EGC) and epicatechingallate
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(ECG) and (EGCG)
(Chaudhury et al., 2017; Saglam & Turkyilmaz,

epigallocatechingallate

2007). These compounds undergo condensation
during the production of black tea and turn into
theaflavin compounds, which have a larger
molecular structure. Therefore, catechin content is
higher in fresh tea leaves and unoxidized teas.

It was reported that fresh green tea leaves have
kinds
epigallocatechingallate (EGCG), epigallocatechin
(EGC), epicatechingallate (ECG), and epicatechin
(EC). EGCG is the dominant catechin present in

mainly four of catechins:

tea leaves and accounts for 30% to 60% (Zhang et
al., 2019). The beneficial effects of green tea such
as antioxidant, anti-inflammatory, antimutagenic,
anticancer, anti-carcinogenic, antiangiogenic,
apoptotic are attributed to catechins (Lorenzo et
al., 2016; Monajjemi et al., 2011; Sahin &
Ozdemir, 2006).

thanks to

In addition, its high antioxidant

properties, it is considered as a natural additive that

can be used to prevent lipid oxidation especially in
the production of fatty foods (Gadkari &
Balaraman, 2015).

Total catechin contents of Black Sea region and
different country green teas are given in Figure 2
(Balci & Ozdemir, 2016; Saglam & Turkyilmaz,
2007; Wang et al., 2000; Yashin et al., 2011). It is
known that the teas produced under different
brands in our country are the Black Sea region
teas. Total catechin values in Turkish teas were
found to be considerably higher than some country
teas and also to be equivalent. Similarly, when
looking at the black tea total catechin values, it is
seen that the same table is exhibited in Figure 3
(Alasalvar et al., 2013; Lee et al., 2019; Ofluaolu,
2019;Saglam & Turkyilmaz, 2007; Wang et al.,
2003; Yashin et al., 2011). This table reflects the
possibility of using the catechin components of

Turkish teas in different sectors.

Total Catechin Content (%) of Some Regions and Foreign Green Teas
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Figure 2. Total Catechin Content (%) of Some Regions and Foreign Green Teas
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Total Catechin Content (%) of Some Regions and Foreign Black Teas
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Figure 3. Total Catechin Content (%) of Some Regions and Foreign BlackTeas

Black tea contains various compounds which
influence the flavor and taste of tea brews. In
determining the quality characteristics, the most
(TF),

other

these are theaflavins
(TR),

flavonoids, volatile aroma compounds, caffeine,

important  of

thearubigins catechins, some
water-soluble solids (extract) and the amount of
cellulose etc. (Ofluoglu, 2019;Yao et al., 2006).
Theaflavins (TF) and thearubigins (TR) are

subclass flavanolos formed by the polymerization

and oxidation of catechins in the presence of
polyphenol oxidase (PPO) and peroxidase (POD)
enzymes (Imran et al., 2018; Obanda et al., 2001).
As a result of oxidation in green tea leaves, they
are highly formed in black tea. There are
commonly four major types of theaflavin
classified as theaflavin (TF1), theaflavin-3-gallate
(TF2A), (TF2B)  and
theaflavin-3, 3’-digallate (TF3) (Imran et al., 2018;

Pereira-Caro et al., 2017).

theaflavin-3'gallate

Total Theaflavins Content (%) of Some Regions and Foreign Teas
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Figure 4. Total Theaflavins Content (%) of Some Regions and Foreign Teas
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In our study, especially Theaflavins (TF) and
(TR) different

characteristic  features

thearubigins which  gives

to tea beverage is
emphasized.TR is more chemically heterogeneous
and brown-reddish while TF is bright and orange
red. TF, whose amount in dried black tea does not
exceed 2%, gives the tea astringency, brightness,
color and vitality. However, TR, which makes up
10-15% of dry tea weight, is responsible for mouth
fullness, taste and color (Bonnely et al., 2003;
Haslam, 2003; Obanda et al., 2001; Wright et al.,
2002).

The total theaflavins contents of the regional teas
were compared with the teas of different countries
is given in Figure 4 (Abeywickrama et al., 2011;

Erol et al., 2010; Kelebek, 2016; Lee et al., 2019;

Saglam & Turkyilmaz, 2007; Yashin et al., 2011).
Based on the compiled data, the theaflavins
content of the regional teas was generally higher
than the others except for Sri Lanka tea. Further,
these components are oxidation product which was
found in black teas more than green teas.
Tearubins content in Turkish teas was exhibited
high value approximate 11% after Sri Lanka tea
(Abeywickrama et al., 2011; Alam et al., 2018;
Alasalvar et al., 2013; Bhuyan et al., 2015;
Ozdemir et al., 2019; Owuor et al., 2008; Yao et
al., 2006). And also for these components, it has
been observed that our country's teas compete with

world teas in terms of component quality.

Thearubigins Content (%) of Some Regions and Foreign Teas
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Figure 5. Thearubigins Content (%) of Some Regions and Foreign Teas

Caffeine, which of chemical formula CgH10N4Oo,
belongs to a family of alkaloid and is mostly
obtained from coffee, cocoa beans and tea leaves
(Abidi et al., 2020). The caffeine content of the
fresh tea leaf varies according to the genetic
characteristics, soil conditions and harvest periods
just like other compounds (Vatan et al., 2000). In
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the world, 55% of total caffeine is obtained from
synthetic sources and 45% from natural sources
like as decaffeinated coffee and tea wastes. Its pure
form is colorless odorless white powder and has
intense bitterness (Wanyika et al., 2010). Caffeine
consumption is very common due to its several

benefits stimulating the nervous system and
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increasing concentration and focus (Villanueva-
Bermejo et al., 2017).

Caffeine is primarily used in pharmaceuticals and
chemistry industries in addition to this used in the
food industry to produce caffeinated beverages
and as a flavoring in the production of foodstuff
(Pradhan et al., 2017). Pure caffeine is a very
expensive product with high added value. As can

be seen in Figure 6, the caffeine content of our

region's teas compete with other country teas
(Abeywickrama, 2011; Erol et al., 2010; Komes et
al., 2009; Orhan et al., 2019; Ozdemir et al., 2018;
Saglam &Turkyilmaz, 2010). For this reason, it is
thought in our country as it is applied in the world
that caffeine can be obtained both from the
evaluation of tea wastes and decaffeinated tea

production.

Caffeine Content (%) of Some Regions and Foreign Teas
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Figure 6. Caffeine Content (%) of Some Regions and Foreign Teas

1.4. Available Tea and Tea Products in Our

Country

In our country, as a result of the market researches,
it was seen that mainly dry tea is produced and
these are packed in different sizes and offered for
sale. Cold tea, tea flavored cold drink, have been
known since the beginning of the 1900s in the
World. Nevertheless, it is consumed as a new tea
product in our country's market in recent years.
Likewise, instant tea production has gained speed
in recent years. These are followed by the tea
cologne produced by local companies, and it was
also observed that in 2019, CAYKUR tried to

o1

enter the non-tea products market by producing tea
powder. In addition, looking for developments in
literature, Ozdemir et al. (2019) produced oolong
tea with collected tea from Rize region. The partial
oxidation step of oolong tea is complex than black
tea by this means it contains both catechins and
oxidation products such as TF and TR, hereby it
has high antioxidant activity compared to green
and black tea. The researchers stated that they
foresaw that price of this tea will be 80-100
Turkish lira/ kg tea.

Tarhan (2017) produced kombucha tea using raw
materials such as black tea, green tea, sage and
coffee. Kombucha tea is a traditional fermented
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beverage which have a slightly sweet and acidic
flavour. This tea, which is widely consumed in the
world, is newly recognized in our country and 500
ml of it is sold for about 35 TL in the boutique
market (Anonymous, 2020a). In another study, Us
(2016) obtained catechin and caffeine extracts
with classical and ultrasonic extraction method
using different parameters from green teas.
Catechin and caffeine are valuable products used
especially in the food and pharmaceutical industry.
It is thought that our position in the market will be
better if they can be obtained pure and can be

created an opportunity to apply to the industry.

1.5. Available Tea and Tea Products in The
World

In the world, tea and tea products are consumed
frequently in industries such as pharmaceuticals,
cosmetics, food and health. In addition to the
different tea compositions or forms, the products
obtained by isolation of the valuable bioactive
compounds in the tea increase the added value of
the tea. Tea and tea products of different brands
offered for sale in the world and their average
prices are given in Table 2 (Anonymous, 2020b;
2020c; 2020d).

It has been seen that valuable bioactive
components in tea were utilized in many different
sectors in addition to tea beverage when we look
at the table. These products are used as a food or
drug supplement thanks to the effects of
strengthening the immune system, burning fat and
helping to weaken. It is not only limited to these,
but its usage areas also range from chemistry to the

cosmetic sector. Also, when looking at the prices

52

of these products, it is clearly seen that these prices
are more than several times the price of almost 1
kg of dry tea.

This table displays that our country should be
processed tea into different products with a high
added value apart from using tea as a beverage.

Table 2. Different tea and tea products in the foreign market
and their price

Products Price
Decaffeinated tea, 93.5 g 4.99%
Green Tea Cologne ,120 ml 25.40%
EGCg Green Tea Extract 400 mg, 90 | 9.97$
Caps

L-Theanine 100 mg with Decaf Green | 17.44 $§
Tea

Theaflavin Standardized Extract 30 | 13.50$
Vegetarian Capsules

Caffeine Pills 200mg, 120 Caps 10.00$
Sigma-Aldrich Synthetic Caffeine, 5g 25.70€
Sigma-Aldrich  Catechin  Analytical | 291.00€
standard, Smg

The Green Tea Seed Eye Cream 30ml 17.49 $
Sigma-Aldrich ~ L-Theanine  >98% | 121.00 €
(HPLC), 100 mg

2. RESULTS AND CONCULISION

The present study was carried out to review the
quality of the regional teas and their applicability
to industrial products other than drinking tea. The
amount of important quality criteria (catechin,
caffeine, teaflavin, tearubugin) of black and green
teas produced from the regional teas were found to
be equivalent when compared to the world teas.
Considering the tea production and consumption
in our country, it has been observed that the
amount of biologically active componenets that

can be isolated from tea and tea wastes is
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considerably important. However, it has been
observed that Turkish tea or its ingredients are not
processed into many different products. As a
result, it was determined that although Turkey

ranks 7th in the production of fresh tea in the world
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