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Abstract: The experiment was conducted at Sikkim University, Sikkim, India, to quantify the level of multi-elements in different flushes
samples of Temi tea (Camellia sinensis) which is a renowned organic tea brand grown in the state of Sikkim through ICPMS. In this study the
content of copper (Cu), zinc (Zn), cadmium (Cd), lead (Pb), cobalt (Co) and aluminium (Al) were analyzed through ICPMS. In Temi tea lead
content ranged from 0.18 to 0.26 mg kg™ and cadmium from 0.01 to 0.04 mg kg™ respectively which were below the permissible limit in all the
flushes. Other elements were found in good quantity in all the flushes of Temi tea where the copper, zinc, cobalt and aluminium content ranged
from 19.69t0 33.74, 0.73 t0 1.30, 0.16 t0 0.39 and 108.53 to 176.26 mg kg-' respectively and were below the permissible limit.
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Teais one of the most widely consumed popular beverage
in the world (Klepacka et al., 2021) and has become a vital
part of human diet (Peng et al., 2024). It has been a staple
drink in many countries (Yang et al., 2014) and almost 3 billion
people drink tea in more than 160 countries worldwide (Luo et
al., 2024). The variety of tea leaves, the conditions of
cultivation, harvest and the processing techniques all play a
major role in determining these characteristics (Horie et al.,
2017, Wu et al., 2018). Of the several steps in the production
of tea (leaf handling, withering, rolling, drying, and sorting),
fermentation (oxidation) is one of the most crucial (Qu et al.,
2019). Black tea is the most popular due to its sensory
qualities, but interest in green tea has also been growing for a
longtime (Yuetal., 2019).

The healthy development of the tea plant and the
resulting tea quality as well as the positive health benefits are
significantly influenced by the mineral elements and
polyphenolic compounds present in the tea leaves (Peng et
al., 2022, Tolra et al., 2020). Mineral element accumulation is
a concern for both tea producers and consumers (Zhang et
al., 2018). The existence of trace elements in tea results from
tea plants typically being cultivated in soils that are highly
acidic in which trace elements may be more bioavailable for
absorption by the roots (Karak and Bhagat 2010). Trace
element levels in tea can result in both positive and negative
impacts on human health (Atasoy et al., 2019). Minerals,
trace elements, and flavonoids are all present in tea and are
vital to human health (Thao and Mai2017).

Tea's high antioxidant activity, which is mostly caused by
the presence of phenolic compounds—tannins, catechins
and their derivatives is the main factor contributing to
beneficial effect on human health (Pinto et al., 2020). The

primary active ingredient of tea is catechins which make up
70% of its polyphenols (Yan et al., 2020, Khan et al., 2023).
The primary tea polyphenols in black tea are thearubigins and
theaflavins (Ke et al., 2021). During tea processing, catechins
are oxidized to produce theaflavins (TF), which undergoes
enzyme-catalyzed reactions to further transform into
thearubigins (TR) (Das et al., 2019). Taste, strength, color,
and overall quality of black tea are all greatly impacted by the
presence of TF and TR and their ratio (Rahman et al., 2020).
Epicatechin, epigallocatechin, epicatechin gallate, and
epigallocatechin gallate are the primary monomeric forms of
catechins found in green tea (Zagula et al, 2017).
Polyphenols (catechins and flavonoids), alkaloids (caffeine,
theobromine, theophylline, etc.), volatile compounds,
polysaccharides, amino acids, lipids, and vitamins are among
the biochemical components of tea leaves that exhibit a
range of bioactivities (Arachchi et al., 2019). Indian teas are
well known worldwide for their unique aroma and taste (Rai
2025). Temi tea is a top-notch organic tea brand which has a
huge demand in the international market and is well known for
its top-grade tea leaves (Rai and Bag 2024). So far multi
elemental study on Temi tea has not been done till date.
Considering these facts, the present study focused on the
study multi-elemental profiling of Temi tea (Camellia sinensis)
samples from Sikkim.

MATERIAL AND METHODS
Tea samples of different flush were collected season wise
i.e., from Zaid to rabi season (March- November, 2017) from
Temi Tea Garden, South Sikkim situated at latitude and
longitude of 27.23°N and 88.42°E. The experiment was
conducted at Sikkim University, Sikkim, India during
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February- March, 2018.

Treatment details: For the multi elemental analysis of the
samples, there were five treatments from two types of Temi
tea (green tea and orthodox black tea) collected across four
season (spring, summer, monsoon and autumn) in
completely randomized design with four replications. Multi-
elemental analysis was carried out by employing Inductively
Coupled Plasma Mass Spectrometry (ICPMS) technique.
Sample digestion and multi elemental profiling: Sample
was acid digested in microwave digestion with multi-wave
digestion system (Anton Par Multi-wave 3000, India) as per
following conditions viz. power- 1200 W; IR - 190 °C; rate- 0.3
barsec™ ramp- 5 minutes; hold — 7 minutes to achieve a clear
and colorless solution with the use of Di-acid solution
(concentrated Nitric acid and Perchloric acid in the ratio of
9:4). 0.5 g of the leaf sample was taken in the conical flask
(100 ml) and 10 ml of Di-acid solution was poured in. The
sample mixture was kept on hot plate for digestion and was
completed by disappearance of red fumes and appearance
of white fumes at the bottom of the conical flask. Little amount
of water (5-10 ml) was poured in the conical flask for the
dilution of the solution and filtered through filter paper and
collected in a 50 ml volumetric flask. The volume was made
up to the mark with double distilled water. The clear and
colorless solution was stored in the narrow mouth bottle for
the multi-elemental analysis in ICPMS. Analysis of the
sample was carried out by ICPMS (Perkin Elmer, Nex ION
300 X, USA) with cross flow nebulizer. Standard reference
material (peach leaves; NIST, 1547) was used to calibrate the
instrument. The ionic composition of the digested sample
was examined using a multi-element standards solution.

RESULTS AND DISCUSSION
Copper (Cu): The Cu content in the processed Temi tea
samples of different flush ranged from 19.69 to 33.74 mg kg-'
(Table 1) which is below the PFA (Prevention of Food
Adulteration Act, 1954, India) limit of 150 mg kg-'
(Seenivasan et al., 2008) and also below the limits set by the
US (150 mgkg™) (Ning et al., 2011) and Japanese regulations
(100 mg kg") (Zhong et al., 2016). The highest Cu content
was in the green tea (spring flush) while the lowest in black
tea (-monsoon flush). Podwika et al. (2018) observed copper
concentration in the range of 9.1 t0 32.7 mg kg™. Street et al.
(2006) reported Cu content in the range of 9-65 mg kg~ and
Zhong et al. (2016) in the range 7.73-63.71 mg kg 'which was
higher than the present findings. Seenivasan et al. (2008)
reported the Cu content ranged between 15.9 and 32.2 mg
kg" in South Indian black tea. The present findings also
showed higher value than those reported in Iranian tea where
the Cu content ranged from 24.30 to 32.60 mg kg’
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(Abdolmaleki 2016). Herman et al. (2022) in green tea
observed Cu content in range of 11.7-18.6 ygg™” in green tea
and Koch etal., (2018) in green teas originating from different
countries (China, India, Japan, Kenia, and Sri Lanka) in
range of 1.34-2.03mg 100g™.

Zinc (Zn): The Zn content in the processed Temi tea samples
of different flush ranged from 0.73 to 1.30mg kg” (Table 1). The
highest Zn content was in the black tea (spring flush) while the
lowest in black tea (autumn flush). Podwika et al. (2018)
reported zinc concentration in the range between 12.6 to 45.5
mg kg” which are higher than the present findings. Sultana et
al., (2023) observed that zinc content of Bangladeshi black tea
and green tea in the range 21.58 ug g" and 5.13 g g’
respectively and Dawodu et al. (2013) in Nigerian green and
black tea 21.17 ug g" and 30.66 pg g respectively. Lahiji et al.
(2013) in Iranian tea sample in the range of 38.21 ug g’
Samali et al. (2012) in Nigerian herbal tea in the range 1.11 to
9.73 ug g" and Koch et al., (2018) in green teas originating
from different countries (China, India, Japan, Kenia, and Sri
Lanka)in the range 3.11—4.07 mg 100 g™

Cadmium (Cd): The Cd content in the processed Temi tea
samples of different flush ranged from 0.01to 0.04 mg kg
(Table 1). The highest Cd content was in green tea (spring
flush) while the lowest in black tea (monsoon flush). Lisia et
al. (2015) reported Cd content in Brazilian tea in the range
0.02 to 0.09 mg kg~ Rashid et al. (2016) in Bangladeshi in
fresh and processed tea reported in the range 0.03-0.13 ug g’
' and 0.04-0.16 ug g" respectively. Zhong et al. (2016) in
Chinese tea reported the range of 0.01 to 0.39 mg kg™ and
Seenivasan et al. (2008) in the range between 0.05 to 0.38
mg kg™ in South Indian black tea which was higher than the
current findings. Zazouli et al. (2010) in Iranian tea was in
range 0.09t0 1.92 ugg™.

Lead (Pb): The Pb content in the Temi tea sample of different
flush ranged from 0.18 to 0.26 mg kg™ (Table 1) which is
below the PFA limit of 10 mg kg " (Seenivasan et al., 2008).
The highest Pb content was in black tea (autumn flush) while
the lowest was in black tea (spring flush). Abdolmaleki (2016)
reported Pb contentin Iranian black tea samples in the range
0.22 to 0.35 mg kg" which are higher than the present
findings. Lagad et al., (2012) specified individual Pb content
of Assam tea, Kangra tea, Darjeeling tea and Munnar tea as
614ngg", 877 ngg’, 630 ng g and 479 ng g" respectively.
Soliman (2016) reported concentration of lead in commercial
Egyptian black tea sample was inthe range 0.29t03.2 ugg"
and Sultana et al. (2023) of Bangladeshi black and green tea
inthe range 1.39 ug g" and 3.61 ug g”'respectively. Srividhya
et al. (2011) reported in the range 2.31 mg kg™ in tea from
South India and Zazouli et al. (2010) in Iranian tea in the
range 0.66 to 15.48 ug g' respectively.
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Table 1. Levels of multielement in Temi tea samples (mg kg”)
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Treatment

Multielement (Mean + SD)

Cu Zn Cd Pb Co Al
Spring flush Green tea 33.74+24 .49 1.10+0.80 0.04+0.01 0.25+0.05 0.39£0.05  128.46+103.6
Spring flush Orthodox black tea 28.15+6.56 1.30+0.39 0.03+0.01 0.18+0.19 0.16£0.06  150.04+37.45
Summer flush Orthodox black tea 25.50+1.43 1.04+0.09 0.03+0.03 0.24+0.04 0.2840.05  176.26+20.67
Monsoon flush ~ Orthodox black tea 19.69+5.55 0.73+0.09 0.01+0.02 0.21+0.08 0.16+0.11 108.53+32.30
Autumn flush Orthodox black tea 22.32+4.10 0.73+0.12 0.02+0.02 0.26+0.04 0.26£0.06  157.04+30.39
Cobalt (Co): The Co content in the Temi tea samples of CONCLUSION

different flush ranged from 0.16 t0 0.39 mg kg™ (Table 1). The
highest Co content was in green tea (spring flush) while the
lowest in black tea (spring flush). The findings from the study
regarding the cobalt content of tea leaves were in line with
previous research where quantities of this element have
been observed to be less than 1 mg kg™'in general (Shen and
Chen 2008). Lisia et al. (2015) reported the Co content of
Brazilian tea in the range 0.19 to 0.38 mg kg", Narin et al.
(2004) in black tea from Turkey in the range of 7.7 to 30.2 pg
g'and Rohilla etal. (2021) of black tea leaves (tea brew) of
Indian market in the range of 71.9-214.3 ug kg”. Girolametti
et al. (2023) observed Co content in black and green teas
from tea gardens in six different European countries in the
range 0.007 to 0.581 mg kg which is higher than the present
findings.

Aluminium (Al):_The Al content in the Temi tea samples of
different flush ranged from 108.53 to 176.26 mg kg™ (Table 1).
The highest Al content was in black tea (summer flush) and
the lowest in black tea (monsoon flush). The variation of Al
content in the present study could be attributed to type of tea,
processing technique used and fluctuations in the climatic
conditions throughout the growth period. Lahiji et al. (2013)
reported Al content of Iranian tea in the range 0.741 £ 0.14 mg
g" and Lagad et al. (2011) specified the Al content of Munnar
green and black tea in the range 840 ug g”" and 1367 pug g"
respectively. Ozdemir et al. (2022) reported for black teas
produced in Rize, Tabzon and Giresun/Turkey in the range
8177.75 to 15657.72 mg kg™ and Girolametti et al. (2023) Al
content in black and green teas in the range 733 mg kg™ to
4865 mg kg" which is higher than the present findings. A
concentration of 40-200 mg kg” dry weight of aluminium is
said to be toxic to crops (White and Brown 2010). Young tea
leaves (on an average 380 mg Al kg” dw) and old tea leaves
(on an average 6800 mg Al kg" dw) both surpass these
values (Carr et al., 2003) without exhibiting any signs of
toxicity (Pongrac et al., 2020). Al is known to be found in
greater amount in tea leaves than in other herbal plants,
which hardly ever exhibit concentrations above 1000 mg kg
(Chizzola 2012).

The variation in the elemental content across the different
flushes of Temi tea can be attributed to the fluctuations in the
climatic conditions throughout the growing period and the
different processing method used for making green and black
tea. Temi tea had adequate amounts of essential dietary
nutrients and was comparable to other premium teas of
different origins in terms of elemental concentration.
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