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Estimation of fluoride concentration in tea infusions, 
prepared from different forms of tea, commercially 
available in Mathura city
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Abstract

Context: Tea is a rich source of fluoride  (F−) and its consumption has become a cultural habit. F− available from tea 
might play important role in increasing total F− intake leading to dental fluorosis. Aims: To estimate F− concentration in 
different varieties of commercially available tea, in Mathura city, and to determine the change in concentration of F− in 
different forms of tea infusion, prepared by different methods. Setting and Design: Mathura city and Clinical study. 
Materials and Methods: 16 brands of tea were collected from the local market, out of which 3 were dip tea, 2 were leafy 
tea, and 11 were tea granules. Tea infusions were prepared from three forms of tea by three different methods, i.e., without 
boiling with water; after boiling with water; and after addition of milk and sugar to boiling water. F− concentration of those 
tea infusions was measured using a F− ion selective electrode method. Statistical Analysis Used: One‑way ANOVA was used 
to compare mean F− concentration in tea infusions prepared by three different methods, irrespective of the form of tea 
and mean F− concentration between tea infusions prepared from three different forms of tea, by three different methods. 
Results: The mean F−  concentration in tea infusions prepared by three different methods irrespective of the form of tea 
were 1.437, 3.375, and 3.437, respectively, and tea infusion prepared from tea granules irrespective of method of preparation 
showed a statistical significance. Conclusions: F− in tea can be an additional dietary source of F− which can be beneficial in 
preventing dental caries or deleterious for occurrence of fluorosis.

Key words: Dental caries, dental fluorosis, fluoride concentration, tea infusion

INTRODUCTION

Fluoride (F−) is an important anion, present in 
soil, water, and air. It is also found as an element in 
food materials. The human body requires a limited 
amount of F− for its benefit. Excessive consumption 
of F−  is detrimental to human health. Even a single 
dose of 0.20‑0.35 g F−  per kg body weight[1] becomes 

lethal for an adult. F−  can enter into the body through 
natural sources such as air, water, soil, tea, coffee, and 
agricultural products like fruits and vegetables. In 
addition, we get F−  from fluoridated toothpaste and 
fluoridated drinking water.

It is evident that optimal dose of 1 mg/l F−  in drinking 
water (systemic effect) along with topical use of fluoride 
prevents dental caries. However, chronic use of F−  at 
levels higher than the beneficial dose has noxious effects 
in humans in the form of skeletal and dental fluorosis.[2]

As F−  is available from various sources for human 
consumption, the total ingestion of F−  by a person 
should be estimated taking into consideration the 
F−  consumed from all the sources, to get either the 
beneficial effect or to prevent the deleterious effect.
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Tea is a naturally rich source of F−.[3] The tea 
plant  (Camellia sinensis) takes up F−  from the soil and 
accumulates it in its leaves. The F− content of tea plants 
is reported to range between 3.2 mg/kg and 260 mg/kg, 
mostly between 100  mg/kg and 200  mg/kg. In some 
publications, the F−  content is reported to be as high 
as 400  mg/kg. A  substantial amount of F−  present in 
tea leaves is released during tea infusion, and nearly 
all  (about 94.9%) of the released F−  is estimated to be 
absorbed by the body from tea infusions.[1,4]

Tea is indigenous to India and is an area where the 
country can take a lot of pride. This is mainly because 
of its pre‑eminence as a foreign exchange earner and its 
contributions to the country’s gross national product.[5] 
The total turnover of the Indian tea industry is in the 
vicinity of Rs. 9,000 crores.[6]

Although people of Mathura city are of low middle 
income group, there is a tendency of population to 
consume tea more frequently. Tea consumption has 
become a cultural habit irrespective of social status and 
income.

Research on oral health effects of F− have shown caries 
preventive effect of F−  in drinking water,[7] but it was 
worthy to note that mean F− concentration in drinking 
water ranging from 0.2 mg/l to 1.5 mg/l, there is varying 
degree of dental fluorosis though mild to very mild in 
nature.[8]

This observation substantially supports that in addition 
to the amount of F−  consumption in drinking water, 
the F−  available from additional sources such as 
food and vegetables grown and consumed in that 
area, consumption of milk and milk products, and 
consumption of tea and coffee should play an important 
role in increasing the total amount of F−  ingestion 
leading to dental fluorosis. Keeping this observation in 
view, an attempt was made in this study to determine the 
change in concentration of F−  in tea infusion prepared 
from different forms of tea by three different methods.

MATERIALS AND METHODS

Sampling design

In Mathura market, three forms of tea are most 
commonly available and consumed by the population. 
The three forms of tea that are commercially available 
are:
•	 Tea bags (dip tea)
•	 Tea packets containing leafy tea
•	 Tea packets containing tea granules.

These forms of tea are marketed under different brands 
in Mathura city. People of Mathura use tea granules more 
frequently than other forms of tea. A total of 16 tea packets 
representing 16 brands were collected from the local 
market, out of which 3 brands were of dip tea, 2 brands 
were of leafy tea, and 11 brands were of tea granules.

Preparation of tea infusions

Before the preparation of tea infusion, F− concentration 
in water, sugar, and milk used for the preparation of tea 
was determined using F− ion selective electrode (Orion-
9609BNWP) coupled to an ion analyzer (Orion‑4 Star).

Following three methods were employed for the 
preparation of tea infusions:

Method 1 (Before boiling of water)

In method 1, 2 g of tea was added to 120  ml of water 
in a beaker at normal room temperature. After 3  min 
of infusion, the tea was filtered and the solution was 
recovered in another beaker and the F−  concentration 
of tea infusion was recorded. This was done for all 
varieties and brands of tea samples.

Method 2 (After boiling of water)

In method 2, 120 ml of water was brought to boil in a 
beaker over a hot plate to which 2 g of tea was added. 
After 3  min of infusion, the tea was filtered and the 
solution was allowed to cool to room temperature. The 
F−  concentration of tea infusion was recorded and this 
was done for all the 16 samples of tea.

Method 3  (After adding milk and sugar to boiling 
water)

In method 3, to 100  ml of boiling water, 20  ml of 
milk with 4 g of sugar and 2 g of tea were added. 
After 3  min of infusion, the tea was filtered and the 
solution was allowed to cool to room temperature. The 
F−  concentration of tea infusion was recorded and this 
was done for all the 16 samples of tea.

Method used to determine fluoride concentration in 
tea infusions

Fluoride estimation in tea infusions was determined 
potentiometrically using a F−  ion selective electrode 
(Orion-9609BNWP) coupled to an ion analyzer 
(Orion‑4 Star). This method was followed in 
accordance with WHO methodology for estimation of 
F− concentration in water and milk.[9]
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Same method was employed to determine the 
F− concentration in all the 16 samples of tea.

Statistical analysis

The data were analyzed using Statistical Package for the 
Social Sciences, version 11.5 for windows. One‑way 
ANOVA was used to compare the F− concentration 
in tea infusions prepared by three different methods 
irrespective of the form of tea and to compare the mean 
F− concentration between tea infusions prepared from 
three different forms of tea, by three different methods. 
P value equal to or less than 0.05 was considered to be 
statistically significant.

RESULTS

In this study, F−  concentration of water, milk, and 
sugar that were used for preparation of tea infusions 
was estimated separately using a F−  ion selective 
electrode  (Orion‑9609BNWP) coupled to an ion 
analyzer  (Orion‑4 Star). The F−  concentration of 
water, milk, and sugar was 0.8  mg/l, 0.4  mg/l, and 
0.8  mg/l, respectively. The F−  concentration of 
sugar was calculated by dissolving sugar in water 
and the F−  concentration of water was subtracted 
from it to get the F−  concentration of sugar. This 
F−  concentration was kept constant for preparation 
of tea infusions by different methods in order to 
standardize the procedure. The preparation time 
for tea infusion after addition of tea whether before 
boiling or after boiling, was kept constant at 3 min for 
all the three methods.

The study found that the mean F−  concentration in 
tea infusions prepared by three different methods, i.e., 
before boiling of water  (method 1), after boiling of 
water (method 2), and after addition of milk and sugar 
to boiling water (method 3) irrespective of the form of 
tea were 1.437 ± 0.512, 3.375 ± 0.712, and 3.437 ± 0.892, 
respectively.

When one‑way ANOVA was applied to compare the 
F−  concentration in tea infusions prepared by three 

different methods irrespective of the form of tea, there 
was statistically significant difference in F− concentration 
between tea infusions prepared by method 1 and method 
2 and by method 1 and method  3 (P  =  0.000, post hoc 
tukey test). However, there was no statistically significant 
difference between F−  concentration of tea infusions 
prepared by method 2 and method 3 [P = 0.968, post hoc 
tukey test; Table 1 and 1a].

The mean F−  concentration in tea infusions prepared 
by three different methods, i.e., before boiling of water 
(method 1), after boiling of water (method 2), and after 
addition of milk and sugar to boiling water (method 3) 
with respect to form of tea were 1.666  ±  0.577, 
2.666  ±  0.577, and 2.333  ±  0.577, respectively, for tea 
bags; 1.000  ± 0.000, 3.000  ± 1.414, and 3.000  ± 1.414, 
respectively for tea leaves; 1.454 ± 0.522, 3.636 ± 1.504, 
and 3.812 ± 0.603, respectively, for tea granules.

One‑way ANOVA was applied to compare the mean 
F−  concentration between tea infusions prepared 
from three different forms of tea, by three different 
methods. Tea infusion prepared from tea granules 
irrespective of methods of preparation showed a 
statistical significance [Table 2]. A  post hoc tukey test 
was then applied to know the significant difference 
in F−  concentration between any two of the three 
methods. It was found from the test that there was 
significant difference in mean F−  concentration in tea 
granules prepared by method 1 and method 2 and by 
method 1 and method 3 (P = 0.000, post hoc tukey test). 
However, no statistically significant difference was 
found by method 2 and method 3 [P = 0.71, post hoc 
tukey test; Table 2a].

DISCUSSION

It is important to note that the availability of F−  for 
consumption is not only from drinking water but also 
from other sources such as diet, dairy products like 
milk, fruits and vegetables, beverages like tea and coffee, 
etc., This means that the beneficial or detrimental effect 
of F− will depend upon the total consumption from all 
sources taken together.[10]

Table 1: Comparison of mean fluoride concentration in tea infusions prepared by three different 
methods irrespective of the form of tea: One way ANOVA

Method of  preparation Samples (N) Fluoride 
concentration in mg/l

F value P value Significance

Mean SD
Method 1 16 1.437 0.512
Method 2 16 3.375 0.718 39.40 0.00* Significant
Method 3 16 3.437 0.892
P≤0.05 = Significant, CI = 95%
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Tea is usually very rich in F−, and F− levels ranging from 
3.2 mg kg/1 to 400 mg kg/1 by weight in dry samples have 
been reported.[1] In this study, an attempt was made to 
estimate the level of F− concentration in different varieties 
of commercially available tea in Mathura city and to 
determine the change in concentration of F−  in different 
forms of tea infusion prepared by different methods.

It was observed from the study that mean 
F−  concentration in tea infusion prepared by method 1, 
i.e., before boiling of water was 1.437  mg/l as compared 
to F− concentration in tea infusion prepared by method 2, 
i.e., after boiling of water was 3.375 mg/l and method 3, 
i.e., after addition of milk and sugar to boiling water was 
3.437 mg/l, irrespective of the forms of tea.

The low F−  concentration in tea infusion before 
boiling of water, i.e., method 1, irrespective of form of 
tea might be due to the fact that F−  is released in low 
quantities at room temperature and may require longer 
duration of time to release F− in tea infusion.

The high F− concentration in tea infusion prepared after 
boiling of water, i.e., method 2, irrespective of form of 
tea might be due the fact that the rise in temperature 
favors the release of more F− from tea in tea infusion.

The highest F−  concentration in tea infusion prepared 
after addition of milk and sugar to boiling water, i.e., 

method 3 irrespective of the form of tea might be 
attributed to the addition of milk, whose F−  content 
may add up to the F− content of tea in tea infusion.

Thus, the F−  obtained from tea prepared by any of the 
three methods irrespective of form of tea is above the 
upper recommended limit of F−  for Indian population, 
i.e., 0.7‑1.2  mg/l. However, Indian population usually 
consumes on an average 150‑200  ml of tea/day. The 
amount of F−  ingested from tea might be an additional 
source of F− other than F− concentration in drinking water, 
thus increasing total ingestion. Hence, such addition might 
be beneficial in areas where F−  concentration in drinking 
water is below the optimum level, whereas such addition 
might be detrimental in areas where F−  concentration in 
drinking water is above the optimum level.

In Mathura city, people more frequently use tea infusion 
prepared from tea granules and prefer tea granules more 
than tea leaves and tea bags for preparation of tea. People 
invariably prepare tea by boiling tea granules with addition 
of milk and sugar. It was observed in the study that mean 
F− concentration in such type of tea infusion prepared by 
addition of milk, sugar, and tea granules to boiling water 
was 3.812 mg/l. Assuming the average consumption of 2‑3 
servings each of 80‑100 ml of tea infusion per day, drinking 
of tea prepared from tea granules could make a significant 
contribution to the daily intake of F−  for people of 
Mathura city, along with F− ingested from drinking water.

Since Mathura city consists of middle and low middle 
class population, they allow their children less than 
8 years to consume tea along with breakfast and snacks, 
so exposing them to more F− along with F− present in 
water. Therefore, there is a chance of developing dental 
fluorosis in areas where F−  concentration in drinking 
water is 1.2‑1.5 mg/l.

Table 2: Comparison of mean fluoride concentration in tea infusion prepared from three different forms 
of tea by three different methods: One way ANOVA

Form of  tea Samples (N) Method of  
preparation

Fluoride concentration 
in mg/l

F value P value Significance

Mean SD
Tea bags 3 Method 1 1.666 0.577

Method 2 2.666 0.577 2.33 0.17 Not significant
Method 3 2.333 0.577

Tea leaves 2 Method 1 1.000 0.000
Method 2 3.000 1.414 2.00 0.28 Not significant
Method 3 3.000 1.414

Tea granules 11 Method 1 1.454 0.522
Method 2 3.636 0.504 64.0 0.00* Significant
Method 3 3.812 0.603

P≤0.05 = Significant, CI = 95%

Table 1a: Post hoc tukey test
Method of  
preparation

Method 1 Method 2 Method 3

Method 1 ‑ 0.00* 0.00*
Method 2 0.00* ‑ 0.96
Method 3 0.00* 0.96 -
*The mean difference is significant at the 0.05 level
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It was concluded from the study that F− in tea can be an 
additional dietary source of F− which can be beneficial 
in preventing dental caries or deleterious for occurrence 
of fluorosis.
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