
Research Article
Phytochemicals and Quality of Green and Black Teas from
Different Clones of Tea Plant

Yadav KC ,1 Ashok Parajuli,2 Bishnu Bahadur Khatri,3 and Lila Devi Shiwakoti 4

1Central Campus of Technology, Tribhuvan University, Dharan, Nepal
2Central Department of Food Technology, Tribhuvan University, Dharan, Nepal
3Central Department of Rural Development, Tribhuvan University, Kathmandu, Nepal
4National Tea and Coffee Development Board, Hile, Nepal

Correspondence should be addressed to Yadav KC; ykcdng504@gmail.com

Received 24 May 2020; Revised 28 June 2020; Accepted 8 July 2020; Published 28 July 2020

Academic Editor: Seyed Mohammad Taghi Gharibzahedi

Copyright © 2020 Yadav KC et al. +is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Tea is a popular drink with refreshing and functional properties. Bud, 1st leaf, and 2nd leaf of five varieties of tea clones (Gumti
Takda-78, Ambari, Chiniya, and Tinali, which are popular in tea plantation area of Nepal) were collected and used for preparing
green and orthodox black tea to study antioxidant activity, phytochemicals profile, chemical content, and sensory parameters. One
or two leaves were hand-plucked from each bush to get a sample of about 100 leaves and processed for green and orthodox black
tea for different clones of tea plants. Phytochemicals, antioxidant activity, and caffeine content were found higher in bud followed
by 1st leaf and 2nd leaf for all clones of tea plants. Both types of tea (green and black) from Gumti were significantly (p< 0.05)
higher having tannin content, flavonoid content, total polyphenol content, caffeine content, and IC50 value of 49.15 and 36.23 (mg
GAE/g dry extract), 358.9 and 350.4 (mg QE/g dry extract), 590.5 and 570 (mg GAE/g dry extract), 2.85 and 2.94%, and 45.15 &
51.88 μg/mL, respectively. Green and orthodox tea from Takda-78 was found higher in caffeine content and the least in Tinali for
both types of tea. Moisture, water extract, total ash, acid-insoluble ash, and crude fiber content in tea (green and black) fromGumti
were found to be 5.4% & 5.37%, 65.89%& 71.46%, 5.524%& 6.52%, 0.46% & 0.57%, and 7.96%& 10.27%, respectively.+e ratio of
theaflavin and thearubigin (TF : TR) was found 1 : 8.61, 1 : 9.36, 1 : 9.70, 1 : 12.87, and 1 : 6.36 in Takda-78, Ambari, Gumti, Chiniya,
and Tinali respectively. +e total quality score in green tea (85.13%) and black tea (85.78%) from Gumti was significantly higher
than others. Phytochemicals and antioxidant properties of green tea were significantly (p< 0.05) higher than those of orthodox
black tea for all clones of tea plant. +is study suggests Gumti variety to be used in green and orthodox black tea processing for
higher phytochemical, chemical, sensory quality, and antioxidant activity.

1. Introduction

Tea plant (Camellia sinensis L.) is a source of tea brew which
is a very refreshing and popular drink in the world that is
defined as the hot aqueous infusion of dried leaves. It is the
extract of leaves, leaf nodes, and internodes of the plant
(Camellia sinensis L.) [1]. +ree types of tea (nonfermented,
semifermented, and fermented) are categorized based on the
degree of fermentation, whose examples are green tea, oo-
long tea, and black tea, respectively [2]. +ey have not only
the stimulating effect but also therapeutic properties because
of polyphenolic compounds present in them. It is reported
that tea contains nearly 4000 bioactive compounds while

polyphenols contribute to 33% and catechins are the pre-
dominantly present polyphenols. Other chemical constitu-
ents like alkaloids, amino acids, carbohydrates, proteins,
chlorophyll, volatile organic compounds, and trace elements
are also present [3]. +e composition and quality of tea can
be affected by several parameters associated with growth
conditions and manufacturing processes which are also
influencing factors in the profile of bioactive compounds.
Soil profile, season and climatic conditions, growth altitude,
horticultural practices, plucking season, shade growth, and
genetic variations are parameters of growth conditions while
withering, steaming or pan-firing, rolling, fermentation,
drying storage, and packaging are parameters of the
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manufacturing process [4]. Green tea was found to have
higher concentrations of phenolic compounds and themajor
antioxidant activities than black tea [5]. Tea of Nepal has its
own value and fame in the world because of its fine subtle
and pleasant fruity flavor and good quality. +is is due to
cool climate, elevation, soil, and the environment of tea
growing areas. +e unique art of processing tea with utmost
care is one of the parts for its pristine quality. +ere is still
lacking sufficient evidence of researches on chemical pro-
filing of the leaves and tea type from different clones of the
tea plant in Nepal.+us, this research is focused on chemical
profiling of tea leaves and analyzing antioxidant activity,
phytochemicals profile, chemical content, and sensory pa-
rameters of tea types from different tea clones.

2. Materials and Methods

2.1. Collection of Tea Leaves. Tea leaves (bud, 1st leaf, and 2nd
leaf) of Chinese varieties (Chiniya, Takda-78, Tinali Ambari,
and Gumti) were collected manually by hand plucking. One
or two leaves were plucked from each bush to get a sample of
about 100 leaves. Different places of Suryodaya Munici-
pality, Ilam, were used to collect the samples. Ambari and
Chiniyawere collected fromKattebung (26° 55′ 26.25″N, 88°
06′ 03.82″ E, elevation 1635m), Tinali from Kattebung (26°
55′ 20.32″ N, 88° 05′ 51.19″ E and elevation 1581m), Gumti
from Jarayotar (26° 56′ 41.71″ N, 88° 06′ 09.92″ E elevation
1874m), and Takda-78 from Aarthetar (26° 56′ 05.87″N, 88°
07′ 14.69″ E and elevation 1715m) in the 1st week of April
2019 (first flush) and processed for green and orthodox black
tea. Buds from different tea clones were coded as AB, CB,
GB, TB, and T78-B for Ambari, Chiniya, Gumti, Tinali, and
Takda-78, respectively. +e first leaf and second leaf were
coded as A1 and A2, C1 and C2, G1 and G2, T1 and T2, and
T78-1 and T78-2 for Ambari, Chiniya, Gumti, Tinali, and
Takda-78, respectively.

2.2. Preparation of Green and Orthodox Black Tea. Green and
orthodox black tea was prepared from each variety sepa-
rately. +e process variables were selected as per the findings
of various researches like [6–8], with slight modifications
based on local climate and practices as presented in Figure 1.
Green tea from Ambari, Chiniya, Gumti, Tinali, and Takda-
78 was coded as A-g, C-g, G-g, T-g, and T78-g, respectively.
Black tea was coded as A-b, C-b, G-b, T-b, and T78-b for
Ambari, Chiniya, Gumti, Tinali, and Takda-78, respectively.

2.3. Chemicals and Reagents. Analytical grade reagents from
different suppliers were used for all experiments. Hydro-
chloric acid (assay: >35% (concentrated), Emplura®),methanol (assay: >99%, Emplura®), Folin-Ciocalteu reagent
(A.R. grade, Fisher Scientific, India), sodium carbonate
(assay: 99.5%, Fizmerk India Chemicals), gallic acid (assay:
99.5%, Loba Chemie, India), aluminum chloride (assay:
98.5%, Qualigens, India), sodium nitrite (assay: >98%,
Merck Specialties Pvt. Ltd.), sodium hydroxide (assay: 98%,
Qualigens, India), quercetin (assay: b> 98%, Himedia, In-
dia), 2,2-diphenyl-1-picrylhydrazyl (DPPH) (assay: 95%,

Sisco Research Laboratories. Pvt. Ltd., India), dichloro-
methane (assay: >99.5%, Himedia, India), di-sodium
phosphate (assay: >99%, Himedia, India), oxalic acid
dihydrate (assay: ≥99.0%, Emplura®), ethyl acetate (assay:
>99.5%, Himedia, India), and caffeine anhydrous (M.W.
194.19 g/mol, Sisco Research Laboratories. Pvt. Ltd, India)
were used.

2.4. Preparation of Tea Infusion. Aqueous tea infusion was
made following the method prescribed by [9] with slight
modification. Five grams of tea leaves was added to 95mL of
distilled water and heated at 90°C for 10min with constant
stirring. Whatman no. 41 filter paper was used instantly to
filter brewed teas to remove suspended particles and tea
infusions were stored in the refrigerator (IIC- 181, accu-
racy± 0.5°C, SIMA Labs Pvt. Ltd., India) at 4°C after cooling
to room temperature.

2.5. Physicochemical Analysis

2.5.1. Water Extract. +e international standard method
(ISO-9768) was used to determine water extract. In brief,
50mL tea extract was prepared as described in Section 2.4 and
evaporated in a dish on a boiling water bath to rough dry
mass. Until complete dryness, it was further dried in a hot air
oven (RDHO 50, accuracy± 1°C, Remi Elektrotechnik Lim-
ited, India) at 103°C. +en, it was cooled down to room
temperature in a silica-gel desiccator and weighed in digital
balance (NLB-1204, capacity 120 g, accuracy± 0.001, Phoenix,
India) [10].

2.5.2. Total Ash. Five grams of sample was taken into a dried
and weighed silica crucible.+e crucible and its content were
ignited on a Bunsen burner. +en, dry ashing was done at
525°C for 4 h. +e crucible was cooled and weighed [11].

2.5.3. Acid-Insoluble Ash. +e ash in the silica crucible from
dry ashing was boiled with 25mL of dilute HCl (10% w/w)
over a low flame for 5min. It was filtered hot through an
ashless filter paper and washed thoroughly with hot water.
+e filter paper was returned to the original crucible, ignited
in a muffle furnace (max. 1200°C, Suntech Enterprise, India),
cooled, and weighed as acid-insoluble ash [11].

2.5.4. Determination of Crude Fiber. +e crude fiber was
determined by standard AOAC methods [12].

2.5.5. Determination of Moisture Content. +e moisture
content in the samples was determined by standard AOAC
methods [12].

2.6. Extraction of Phytochemicals. Phytochemicals from
prepared tea and leaves (bud, 1st leaf, and 2nd leaf )) were
extracted using methanol [13] with slight modification. Ten
grams of samples was steeped in 100mL of 80% methanol at
65°C for 10min. +en, it was cooled to room temperature
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and homogenized for 3min using a grinder (MG 3053, Usha,
India). Subsequently, it was filtered using Whatman no. 41 and
the residue was reextracted following the above procedure. +e
extract was stored in a screw-capped bottle at 4±2°C until
analysis. TenmL of extract was evaporated, dried at 80°C, and
the residue was weighed to know its concentration.

2.6.1. Determination of Total Phenolic Content (TPC).
TPC of the sample was determined using the spectropho-
tometric method [14] with some modifications. In brief,
0.5mL of methanolic extract, 2.5mL of 10% Folin-Ciocalteu’s
reagent, and 2.5mL of 7.5% of Na2CO3 were mixed and in-
cubated in an incubator (accuracy± 1°C, MYQ engineering
Pvt. Ltd) at 45°C for 45min.+e absorbance at 765nm on UV-
Vis spectrophotometer (LT-2203, wavelength range
190–1100nm, Labtronics, India) for each sample was analyzed
in triplicate. +e test results were correlated with the standard
gallic acid curve, and TPC was expressed as mg gallic acid
equivalent (mg GAE/g) of dry extract.

2.6.2. Determination of Total Flavonoid Content (TFC).
TFC of the sample was determined using a modified alu-
minum chloride assay method [15]. Two mL of methanolic
extract was mixed with 0.2mL of NaNO2 (5%, w/v), and
after 5min, 0.2mL of AlCl3 (2%, w/v) was added and allowed
to stand for 6min. +is followed the addition of 2mL of 1N
NaOH, and finally, the volume was made up to 5mL. After
holding for 15min at room temperature, the absorbance was
measured at 510 nm on the UV-Vis spectrophotometer. +e
test result was correlated with the standard quercetin curve,
and TFCwas expressed asmg quercetin equivalents (mgQE/g)
of dry extract.

2.6.3. Determination of Tannin Content. +e tannin content
in the samples was determined by the Folin-Ciocalteu
method [16]. In brief, 0.1mL of methanolic extract was
added to the volumetric flask that contained 7.5mL distilled
water, 0.5mL Folin-Ciocalteu reagent, and 1mL 35%
Na2CO3 solution. +en, the volume of the mixture solution
was made up to 10mL with distilled water and shaken well.
After holding for 30min at room temperature, the absor-
bance was measured at 725 nm on UV/visible. +e test
results were correlated with the standard gallic acid curve,
and tannin content was expressed as mg gallic acid equiv-
alent (mg GAE/g) of dry extract.

2.6.4. Determination of DPPH Radical Scavenging Activity.
+e DPPH radical scavenging activities (antioxidant ac-
tivities) of the extracts were determined by the spectro-
photometric method [17]. One mL of the extract was mixed
with 2mL of DPPH (0.004% in methanol, corresponding to
100 μM) incubated at 37°C in dark (wrapped with alumi-
num foil) for 20min (for completion of reaction) before
spectrophotometric analysis. +e absorbance was mea-
sured at 517 nm on the UV-Vis spectrophotometer after
30min incubation in the dark. Finally, the percentage
scavenging activity was determined using the following
equation:

scavenging activity (%) �
Ac − As

Ac
× 100, (1)

where Ac represents the absorbance of the control, and As
stands for absorbance of the test sample. +e IC50 was
determined as the concentration required to give 50%
scavenging activity using the linear regression equation.

Plucking (hand plucking, bud + 1st leaf + 2nd leaf)

Withering (12–15h, % withers: 60–65%)

Rolling (25–35min)

Fermentation (60–75min, 25 ± 2°C)

Drying (20 ± 2min, 110 ± 5°C)

Orthodox black tea

Packaging

Plucking (hand plucking, bud + 1st leaf + 2nd leaf)

Steaming (8 ± 2min, 140 ± 10°C)

Draining and cooling (15 ± 5min)

First rolling (15 ± 5min)

Drying (20 ± 2min, 110 ± 5°C)

Second rolling (35 ± 5min)

Green tea

Packaging

Figure 1: Flow chart illustrating the processes in preparation of (a) green tea and (b) orthodox black tea.
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2.7. Determination of Caffeine Content. +e caffeine content
in the samples was determined by UV-Vis spectrophoto-
metric method [18, 19] with slight modifications. In brief,
2.5 g of tea and tea leaf samples each was poured to 200mL of
boiling water and stirred for 10 minutes. After filtering
through cotton wool, the extract was cooled at room tem-
perature and the volume was made to 250mL with distilled
water. +is solution was mixed with dichloromethane in
ratio 1 :1 (25 : 25mL) for the extraction of caffeine from tea
samples. It was stirred for 10min and caffeine was extracted
by dichloromethane from the solution with the help of
separating funnel (25mL to 5 L, Sabar Scientific, India).
Caffeine was extracted 4 times with 25mL dichloromethane
at each round and was stored in volumetric flasks. +e
absorbance of the extracted solution was measured at
270 nm on the UV/visible spectrophotometer. +e test re-
sults were correlated with the standard calibration curve of
the caffeine curve and it was expressed in percentage (%).

2.8. Analysis of:eaflavin (TF),:earubigin (TR), Color, and
Brightness. TF, TR, color, and brightness were determined
by the spectrophotometric method [20]. Tea infusion was
prepared by boiling 9 g sample with 375mL water contin-
uously for 10min in a conical flask. After filtering the tea
infusion through a cotton cloth, it was cooled to room
temperature. SixmL infusion and 6mL of 1% (w/v) aqueous
solution of Na2HPO4 were mixed, and the mixture solution
was extracted with 10mL of ethyl acetate by quickly repeated
inversion for 1min. After draining out the separated bottom
layer, the TF fraction (ethyl acetate layer) was diluted with
5mL ethyl acetate. Optical densities (E1, E2, and E3) ob-
tained for the extracts were measured at 380 and 460 nm on a
UV/visible spectrophotometer.

E1 is the TF extract (10mL) diluted to 25mL with
methanol; E2 is the infusion (1mL) diluted to 10mL with
water andmade up to 25mLwithmethanol; E3 is the infusion
(1mL) mixed with aqueous oxalic acid (10%w/v, 1mL) and
water (8mL) and made up to 25mL with methanol.

Percent TF and percent TR were calculated at 380 nm
while at 460 nm the total color and percent brightness were
calculated as follows:

TF(%) � 2.25 × E1,

TR(%) � 7.06 ×(4E3 − E1),

total color � 6.25 × 4E2,

brightness(%) �
E1
4E2

× 100.

(2)

2.9. Sensory Evaluation (Cup Tasting) of Tea. Cup tasting of
the tea (black and green) was evaluated by twelve panelists
[21] on the basis of a maximum total quality score of 100.
Sensory parameters were analyzed with a quality score of
10%, 30%, 15%, 35%, and 10% for dry tea appearance,
aroma, brew color, taste, and infused leaves, respectively. A
2 h training session was conducted for 4 days to familiarize

panel members with sensory attributes. +ree grams of
samples was added in 150mL boiled water for 5min and
served to panelists with proper arrangements and code to
analyze the sensory attributes [22].

2.10. Statistical Analysis. +e data of each experimental
analysis that was performed in triplicate was analyzed by one-
way analysis of variance (ANOVA) and t-test by using software
GenStat Release 12.1 (Copyright 2009, VSN International Ltd.).
MS-Excel 2010 was used for charts and curves. Means were
separated using Tukey’s HSD post hoc test (p< 0.05).

3. Results and Discussion

3.1. Characteristics of Tea Leaves on Different Clones.
Tannin content decreased significantly (p< 0.05) from bud
to the second leaf for all varieties of tea plants (Figure 2(a)).
+e tannin content in young shoots of 3 different cultivars
was found to have variable results [23]. Ambari varieties
were found to have higher tannin content and Chiniya
variety with the least (Figure 2(a)). Variation of tannin
content in tea due to variation of the place of origin was
reported in different studies. Flavonoid content decreased
significantly (p< 0.05) by 3 to 12.8% from bud to the second
leaf (Figure 2(a)). A similar result was obtained in Sabah Tea
Plantation Sabah, Malaysia [24]. +e percentage of total
polyphenols in various tea leaf positions tended to decrease
by 3.11% in Takda-78 to 6.11% in Ambari from bud to the
second leaf (Figure 2(a)). Similar results were obtained in the
study of old tea leaves and young tea leaves in the southern
part of China [25] and in the study of tea at different stages of
leaf maturity at Research Institute for Tea and Cinchona,
Java [26]. Total phenolics in this study were extracted with
methanol which is soluble in it. During the maturity of the
leaves, the biosynthesis pathways get diverted from soluble
phenolics towards lignins and condensed tannin causing
lower values of soluble phenolics [25]. Lower values of TPC
might be due to the transportation of chemical compounds
within the plant and changes in morphological character-
istics of the leaf with maturity [27]. Caffeine content de-
creased significantly with an increase in the maturity of the
leaf in all varieties of tea plants (Figure 2(b)). Buds and
young leaves are higher in caffeine than mature leaves [4]
which might be due to caffeine being a natural insecticide
and used mostly to protect younger leaves before older ones.
Percent DPPH radical scavenging activity (RSA) is better
expressed as IC50 (the inhibition concentration of sample
extract needed to reduce initial DPPH activity by 50%). +e
lower the IC50 value, the stronger the RSA in the sample [28].
RSA in the tea leaves ranged from 55.89% in T2 to 91.29% in
GB and IC50 in the leaves ranged from 21.99 in GB to 76.32
(μg/mL) in T2 (Figure 2(c)). RSA was in the order bud> Ist
leaf> 2nd leaf (for all varieties). Similarly, IC50 was in the
order 2nd leaf> 1st leaf> bud (for all varieties). +e anti-
oxidant activity (AOA) of the extracts can be assessed by
employing DPPH free radical scavenging method [29], and
the result showed that AOA decreased significantly with an
increase in thematurity of the leaf in all varieties of tea plants

4 Journal of Food Quality
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(Figure 2(c)). IC50 concentration for RSA showed a strong
negative correlation (R2 � 0.8621) with total phenol content
which reveals that younger leaves had more polyphenol and
higher RSA (Figure 3). Similar results were revealed in the
Malaysian Plantation sites [24] which might be due to a
decrease in total phenols in matured leaves.

3.2. Chemical Content of Tea Type from Different Clones.
Moisture content, water extract, crude fiber, total ash, and
acid-insoluble ash in green and black tea are presented in
Tables 1 and 2, respectively. Moisture content in the bud of
each variety had no significant difference and ranged from
77.2 to 77.5% while the moisture content in the 1st leaf of
each variety ranged from 74.2 to 75.3%. Similarly, the
moisture content of the 2nd leaf ranged from 69.2 to 70.8%
that was similar to the study of the National Tea Research
Institute, Pakistan [30]. +e moisture content in the green
tea and black tea of each variety (below 5.4%) was not
significantly different. It was suggested that the moisture
content of the tea should be less than 6.5% for marketing
purposes [31]. It was observed that black tea from the re-
spective varieties had higher water extract than green tea.
+is difference among the varieties and the difference in
green and black tea of respective varieties were not unex-
pected due to the genetic variations and manufacturing
conditions which leads to the decomposition of tea com-
ponents to different degrees [32]. +ough water extracts for

both green and black teas did not infringe the ISO standards
and Nepal standards, they have higher values. +e total ash
was not significantly different in green tea from all varieties
of tea plants. Acid-insoluble ash ranged from 0.46% in C-g
to 0.7% in T-g for green tea while 0.46% in C-b to 0.84% in
T-b for black. +e total ash content in tea correlates with the
mineral content of the tea sample and also measures the
physiological ash, which is derived from the plant tissue itself
[33]. +e composition of the ash of tea varies somewhat with
the age of the leaf because the water-soluble potash and
phosphoric acid diminish as the leaves become mature [34].
+e acid-insoluble ash content in tea determines contami-
nation during the manufacturing process [33], and in all
samples, it was below 1%. +e crude fiber in tea is an in-
dication of the quality of starting leaf material. +e genetic
nature of the tea clonesmight be the reason for the difference
among the varieties and the difference in black tea and green
tea of respective varieties. +ough the bud +1st leaf +2nd leaf
are used in preparing both green and orthodox black tea,
younger plucking in preparing green tea for all varieties
might have been done. Similarly, among all varieties of tea
plants, Chiniya variety had less fiber content which might be
due to genetic variations [33]. +e total ash, acid-insoluble
ash, and crude fiber for green tea from all varieties were
under the ISO 11287 and black tea under the ISO 3720
standards. Green tea from all varieties resembles Nepal
standards for total ash (4–8%), acid-insoluble ash (maxi-
mum 1%), and crude fiber (maximum 16%). Similarly, black
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Figure 2: Chemical characteristics of various clones of tea plant at different stages of leaf position: (a) tannin content, total phenol content,
and total flavonoid content, (b) caffeine content, and (c) IC50 and RSA (% DPPH inhibition). Error bars show standard deviation, and error
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tea from all varieties resembles Nepal standards for total ash
(5.5–8%), acid-insoluble ash (maximum 1%), and crude
fiber (maximum 15%) but the crude fiber in T-b was found
to be 15.47% which might be due to genetic variation [35].

3.3. Phytochemical and Antioxidant Activity of Tea Type from
Different Clones. +e tannin content in green and black tea
of all varieties was significantly different (Figure 4(a)). Both
green and black tea of Ambari variety had higher tannins
which are similar to leaves. Gumti variety had significantly
lower tannin in both green and black tea which might be due
to genetic variation. +e tannin content in green tea was
significantly (p< 0.05) higher than that of black tea from the
respective varieties of plants (Figure 4(a), Table 3). +is
might be due to the degradation of hydrolyzable tannins in
black tea. Similar results were observed in white, green, and
black tea extracts [36]. Both green and black tea of Gumti
variety had significantly (p< 0.05) higher tannins which are
similar to leaves. Tinali variety had significantly lower tannin
in both green and black tea (Figure 4(a)). Like tannin
content, flavonoid content in green tea was found signifi-
cantly (p< 0.05) higher than that of the black tea from the
respective varieties of plants (Figure 4(b), Table 3) which
might be due to the participation of flavonoids during
fermentation in preparing black tea. Similar results were
observed in black and green tea in the research in South
Africa [37]. +e higher flavonoid (232.84± 0.07mgQE/g)
was determined in the black tea infusions prepared at 90°C
for 5min [38] but it was found higher in all green and black
tea which might be due to more leaching effect as brew was
prepared at 90°C for 10min. Green and black tea from Tinali
had significantly lower flavonoid content where Gumti
contributed to significantly higher flavonoid in both green
and black tea (Figure 4(b)).+e total phenol content in green
tea was significantly (p< 0.05) higher than that of the black
tea from the respective varieties of plants (Figure 4(c), Ta-
ble 3). +ere is a fermentation process in black tea so that
TPC might have decreased due to the formation of poly-
meric tannins from monomeric phenols and the reduction
of flavonol glycosides. It was stated that the reduction of total

soluble phenols during tea fermentation process had a
positive correlation with the reduction rate of epicatechin
(EC), epigallocatechin (EGC), catechin gallate (CG), gallo-
catechin gallate (GCG), and total flavonol glycoside [9]. Both
green and black tea of Gumti variety had significantly
(p< 0.05) higher TPC where Tinali contributed to lower
TPC in its respective green and black tea (Figure 4(c)).
Polyphenols in tea can vary due to leaf handling and a variety
of clones [26]. Polyphenols have been reported to have
antioxidant activity and may contribute color and astringent
taste of tea. G-g had higher RSA representing higher anti-
oxidant activity (Figure 4(e)) and higher value of color and
taste (Table 4). Similarly, G-b had a higher value of RSA
(Figure 4(e)) and a higher value of color and taste (Table 5).
+ese parameters also support the higher value of TPC in
black and green tea of Gumti variety. +e caffeine content in
black tea was found significantly (p< 0.05) higher than that
of the green tea from the respective varieties of plants
(Figure 4(d), Table 3), because withering and full fermen-
tation of caffeine content might be more in black tea.
Caffeine content was significantly affected by withering and
fermentation [32]. +e caffeine content in green tea ranged
from 1.23% in T-g to 3.03% in T78-g Similarly, in black tea,
it ranged from 1.36% in T-b to 3.11 in T78-b Figure 4(d).+e
caffeine content in black and green tea from all varieties
resembles Nepal standard (not less than 2%) except T-b and
T-g. +ere was a significant difference (p< 0.05) in green tea
and black tea of all varieties of tea plants with respect to RSA
and IC50 (Figures 4(e) and 4(f ), Table 3). Epigallocatechin
gallate (EGCG) and epigallocatechin (EGC) contents are
quite higher in green tea than those in black tea. +ree
adjacent hydroxyl (OH) groups on the B-ring of EGCG and
EGC might have been more effective in scavenging free
radicals than the two adjacent OH groups as in epicatechin
gallate (ECG), catechin gallate (CG), and epicatechin (EC)
[39]. Higher TPC and free radical scavenging activity were
reported in green tea. Green tea was found to have higher
concentrations of phenolic compounds and the major an-
tioxidant activities than black tea [5]. During fermentation
in black tea, conversion of catechins to theaflavin and
thearubigin leads in the reduction of polyphenolic
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Figure 3: Correlation between total phenol content and IC50 concentration of the tea extract.
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compounds and antioxidant property. +is might be the
reason for higher antioxidant property in green tea than
black tea. Both green and black tea of Gumti variety had
higher RSA and IC50 which is similar to TPC.

3.4. :eaflavin, :earubigin, Color, and Brightness of Black
Tea from Different Clones. Among five varieties, the highest
theaflavin (TF) content of 1.07%, the highest total color of
6.24%, and the highest total brightness of 25.89% were found
in T-b, while the highest thearubigin (TR) content of 9.64%
was found in C-b (Table 6).+ere was a significant difference
in the brightness of T-b and A-b, but in other varieties, there
was no significant difference. +e optimum fermentation
process is indicated by the ratio of TF and TR, i.e., 1 :10 or 1 :
12. TF : TR was sufficient for completing fermentation in all
varieties except in T-b. TR content about 10 times of TF was
reported, and tea with a high TF : TR has the best quality [7].
TF primarily contributes to the brightness of tea, and TR
content mainly determines the color and body of tea [40],
and it was reported that the brightness of black tea infusion
was positively related to TF but TR was negatively related
[41]. It was revealed that A-b, C-b, and G-b had optimum
fermentation time in similar conditions while C-b and T-b
did not get sufficient time for fermentation. TF and TR also
vary according to different types of tea prepared, overall
oxidation of catechin to TF and TR, and also the cultivar
used for the preparation of different types of tea [42].

3.5. Sensory Evaluation of Tea Type from Different Clones.
Scores of sensory parameters of green tea from different
clones are presented in Table 4. Scores of dry tea appearance
ranged from 7.77 in T-g to 8.24 in C-g which were not
significantly different (p> 0.05). All types of tea were ana-
lyzed fresh and there were no symptoms of moldy ap-
pearance and caking of tea. Similarly, scores of aroma had
also not any significant difference in all types of tea from

different plant varieties. +is might be due to the similar
processing conditions for all types of tea. +e lower value of
aroma in T78-g might be due to the volatilization of the
volatile compounds during fixing and drying than in other
varieties. +e mean sensory score for liquid color was higher
in G-g (13.33) than other varieties. +is might be due to
more efficient inactivation of enzymes than other varieties in
similar conditions resulting in more green color in liquid.
Liquor of green tea with a low score had a deeper hue
because of the oxidation of catechins [43]. Scores for the
taste of G-g (30.78) are significantly superior to others. +is
might be due to a higher amount of polyphenols and caffeine
in G-g. +e taste of green tea is contributed by its chemical
constituents like polyphenols, caffeine, amino acids, tea
catechins, ascorbic acid, and nitrogen. Caffeine participates
in the formation of flavoring precipitates during infusion.
Hence, the caffeine content is responsible for the quality of
tea [43]. Score for the infused leaf of G-g (8.33) are superior
was higher than others but not significantly different.
Considering all these sensory parameters, the total quality
score for G-g was significantly superior to others
(Figure 5(a)). +e overall quality of tea is the combination of
all parameters. Tea with more content chemical constituents
has better sensory quality [44]. Scores of sensory parameters
of orthodox black tea from different clones are presented in
Table 5. Scores of dry tea appearance ranged from 7.4 in T-b
to 8.3 in C-g. Being freshly analyzed, symptoms of moldy
appearance and caking were absent. +e leaf structures
(shape size and morphology) are also responsible for the
difference in appearance which varies with a clonal variation.
Similarly, scores of aroma ranged from 21.94 in C-b to 25.83
in G-b. +is variation in aroma might be due to variations in
caffeine, catechins, and amino acids which varied due to
clonal variations of tea plants [45]. In the study of black tea
in China, linear correlation analysis showed that concen-
trations of caffeine and polyphenols were correlated posi-
tively and significantly with various individual quality

Table 1:Moisture content, water extract, total ash, acid-insoluble ash, and the crude fiber content of green tea prepared from different clones
of the tea plant.

Samples Moisture content (%) Water extract (%) Total ash (%) Acid-insoluble ash (%) Crude fiber (%)
Ambari (A-g) 5.4± 0.25a 52.16± 4.44a 5.516± 0.33a 0.47± 0.01b 9.39± 0.71bc
Chiniya (C-g) 5.3± 0.4a 44.36± 3.32a 5.25± 0.45a 0.36± 0.08a 6.73± 0.43a
Gumti (G-g) 5.4± 0.3a 65.89± 2.33b 5.524± 0.12a 0.46± 0.07b 7.96± 0.80ab
Takda-78 (T78-g) 5.35± 0.35a 60.83± 2.435b 5.702± 0.19a 0.63± 0.01c 9.92± 0.73c
Tinali (T-g) 5.38± 0.3a 45.22± 2.59a 5.135± 0.12a 0.70± 0.07d 12.97± 0.73d

Values are means of triplicate± standard deviations. Values in the columns bearing the different superscripts are significantly different (p< 0.05).

Table 2: Moisture content, water extract, total ash, acid-insoluble ash, and the fiber content of black tea prepared from different clones of tea
plants.

Samples Moisture content (%) Water extract (%) Total ash (%) Acid-insoluble ash (%) Crude fiber (%)
Ambari (A-b) 5.35± 0.15a 56.89± 2.27ab 6.33± 0.51a 0.62± 0.51b 13.04± 0.34c
Chiniya (C-b) 5.32± 0.42a 51.25± 0.99a 6.24± 0.63a 0.46± 0.03a 8.82± 0.09a
Gumti (G-b) 5.37± 0.28a 71.46± 2.88c 6.52± 0.37ab 0.57± 0.03b 10.27± 0.1b
Takda-78 (T78-b) 5.39± 0.4a 64.09± 4.04bc 7.53± 0.26b 0.75± 0.04c 12.99± 0.22c
Tinali (T-b) 5.36± 0.25a 51.03± 3.15a 7.11± 0.11ab 0.84± 0.04c 15.47± 0.34d

Values are means of triplicate± standard deviations. Values in the columns bearing the different superscripts are significantly different (p< 0.05).
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attributes and total quality scores [22]. +e mean sensory
score for liquid color is higher in G-b (12.92) than other
varieties. +is might be due to the optimum TF : TR (1 : 9.7)

in G-g than others. +e liquid color is affected by the amino
acids in tea which may be oxidized by catechins, thear-
ubigins responsible for brown color, and theaflavins for the
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Figure 4: Phytochemicals and antioxidant activity of tea types from different clones: (a) tannin content, (b) total flavonoid content, (c) total
phenol content, (d) caffeine content, (e) RSA (% DPPH inhibition), and (f) IC50. Error bars show standard deviation and error bars bearing
different superscripts are different (p< 0.05) with one-way ANOVA, and QE, GAE, and RSA refer to quercetin equivalent, gallic acid
equivalent, and radical scavenging activity, respectively.

Journal of Food Quality 9

 6095, 2020, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2020/8874271 by IN

A
SP - N

E
PA

L
, W

iley O
nline L

ibrary on [24/05/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



brightness of tea color [32]. Score of color showed positive
correlation (y� 0.0068x+ 8.9846, R2 � 0.7907), representing
more color in that tea which had more phenolic compounds.
Scores for the taste of G-b (30.46) was significantly superior
to others. +is might be due to a higher amount of

polyphenols and caffeine in G-b. Chemical constituents like
polyphenols, caffeine, amino acids, tea catechins, and
ascorbic acid affect the taste of tea [43]. Score for the infused
leaf of T78-b (8.51) was superior to others. Score of TQS
showed a positive correlation with TPC

Table 4: Sensory attributes of green tea prepared from different clones of tea plants.

Green tea from different clones Dry tea appearance Aroma Liquid color Taste Infused leaf
Ambari (A-g) 7.87± 0.88a 23.06± 2.64a 11.52± 1.32b 26.89± 3.8ab 7.77± 1.05a
Chiniya (C-g) 8.24± 0.88a 24.16± 3.21a 11.66± 1.23b 26.9± 3.87ab 7.59± 0.79a
Gumti (G-g) 7.96± 0.64a 24.72± 3.88a 13.33± 1.42a 30.78± 3.84b 8.33± 1.00a
Takda-78 (T78-g) 7.96± 0.79a 22.22± 3.84a 11.38± 1.39b 27.22± 4.06ab 7.96± 0.79a
Tinali (T-g) 7.77± 1.16a 23.33± 2.01a 11.25± 1.03b 25.60± 3.50a 7.87± 0.74a

Values are means of triplicate± standard deviations. Values in the columns bearing the different superscripts are significantly different (p< 0.05).

Table 5: Sensory attributes of black tea prepared from different clones of tea plants.

Black tea from different clones Dry tea appearance Aroma Liquid color Taste Infused leaf
Ambari (A-b) 7.59± 0.43ab 23.33± 2.01ab 11.53± 1.11ab 26.25± 2.41ab 7.68± 0.57ab
Chiniya (C-b) 7.4± 0.72a 21.94± 1.71a 12.08± 1.25abc 27.87± 2.24bc 7.96± 0.64ab
Gumti (G-b) 8.33± 0.74b 25.83± 2.51c 12.92± 2.25c 30.46± 2.79c 8.24± 1.00ab
Takda-78 (T78-b) 8.14± 0.72ab 24.44± 2.17bc 12.64± 0.85bc 28.19± 2.93bc 8.51± 0.86b
Tinali (T-b) 7.4± 0.7a 23.06± 2.22ab 11.25± 1.03a 24.62± 3.02a 7.5± 0.69a

Values are means of triplicate± standard deviations. Values in the columns bearing the different superscripts are significantly different (p< 0.05).

Table 3: t-test for the chemical properties of green and black tea from different clones of tea plants.

Variety Chemical properties t value p value

Ambari

RSA (% DPPH inhibition) 11.36 <0.001∗
Caffeine content (%) 16.64 <0.001∗

Total flavonoid content (mg QE/g dry extract) 4.09 0.015∗
IC50 (μg/mL) 11.35 <0.001∗

Total polyphenol content (mg GAE/g dry extract) 5.36 0.006∗
Tannin content (mg GAE/g dry extract) 6.16 0.004∗

Chiniya

RSA (% DPPH inhibition) 13.04 <0.001∗
Caffeine conten (%) 10.68 <0.001∗

Total flavonoid content (mg QE/g dry extract) 4.48 0.011∗
IC50 (μg/mL) 13.03 <0.001∗

Total polyphenol content (mg GAE/g dry extract) 5.02 0.007∗
Tannin content (mg GAE/g dry extract) 3.87 0.018∗

Gumti

RSA (% DPPH inhibition) 8.56 0.001∗
Caffeine content (%) 6.22 0.003∗

Total flavonoid content (mg QE/g dry extract) 2.87 0.045∗
IC50 (μg/mL) 8.56 0.001∗

Total polyphenol content (mg GAE/g dry extract) 3.79 0.019∗
Tannin content (mg GAE/g dry extract) 7.06 0.002∗

Takda-78

RSA (% DPPH inhibition) 9.41 <0.001∗
Caffeine content (%) 5.47 0.005∗

Total flavonoid content (mg QE/g dry extract) 5.28 0.006∗
IC50 (μg/mL) 9.41 <0.001∗

Total polyphenol content (mg GAE/g dry extract) 1.04 0.358
Tannin content (mg GAE/g dry extract) 4.92 0.008∗

Tinali

RSA (% DPPH inhibition) 14.05 <0.001∗
Caffeine content (%) 10.46 <0.001∗

Total flavonoid content (mg QE/g dry extract) 4.48 0.011∗
IC50 (μg/mL) 14.05 <0.001∗

Total polyphenol content (mg GAE/g dry extract) 5 0.007∗
Tannin content (mg GAE/g dry extract) 2.85 0.046∗

∗Significant at p< 0.05, QE� quercetin equivalent, GAE� gallic acid equivalent.
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(y� 0.0494x+ 56.556, R2 � 0.9168) and caffeine content
(y� 5.9504x+ 65.605, R2 � 0.7996). Like green tea, consid-
ering all these sensory parameters, the total quality score for
G-b was significantly superior to others (Figure 5(b)). Total
polyphenols were correlated with biologically active sub-
stances (tannins, flavonoids, and antioxidant activity) and
the color of black tea [38]. In our study, polyphenols were
positively related to TQS, taste, and color. +us, G-b having
more concentration of biologically active substances resulted
in high scores for sensory attributes.

4. Conclusions

Tea is a widespread drink with stimulating and functional
properties. In this study, among five varieties, the higher
phenol content and antioxidant activity were found in the
leaves of Gumti variety followed by Takda 78, Ambari,
Chiniya, and Tinali, respectively. +e caffeine content
ranged from 2.11 to 3.56%. Phytochemicals, antioxidant
activity, and caffeine content were found higher in bud
followed by 1st leaf and 2nd leaf, respectively, for all varieties
of tea plants. Caffeine content was found higher in both
green and orthodox tea from Takda-78 and the least in Tinali
for both types of tea. Phytochemicals and antioxidant
properties of green tea were significantly higher than or-
thodox black tea for all clones of tea plants. Gumti variety
was found superior among five varieties in preparing both

black and green tea for higher phytochemical, chemical,
sensory quality, and antioxidant activity.
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