
Tea has come to be re garded as a very popu lar drink,
and is nowa days con sumed in al most the same amounts as 
wa ter. In dif fer ent parts of the world some kinds of tea,
like green tea, black tea, Oo long or herbal tea, are more
popu lar than oth ers. The first men tion of tea ap peared as
early as in 3 B. C. China is con sid ered to be the home land
of tea, next it reached Ja pan and, at the be gin ning of the
17th cen tury, Europe [12, 17]. Tea, also re ferred to as
“Chinese bev er age”, pos sesses sev eral prop er ties ad van -
ta geous for hu man or gan ism. These prop er ties re sult from 
the con tent of tea, which in cludes fla vonoids (poly phe -
nols), theine, tan nin, theanine, vi ta mins and min er als,
in clud ing fluo ride com pounds. Tea has an ti oxi dant prop -
er ties, in flu ences the or gan ism’s an ti oxi dant status and
pre vents oxi da tive stress [17, 23]. It also shows an ti neo -
plas tic prop er ties, pre vents cardio- vascular dis eases,
coro nary heart dis ease, dia be tes, the oc cur rence of obe sity 
and pre ma ture death. Tea posi tively in flu ences the func -
tion of the di ges tive sys tem, uri nary sys tem and proba bly
de creases the risk of cere bral in farc tion. Moreo ver, tea
has an ti his ta mine, anti- inflammatory, an ti bac te rial and
an tivi ral prop er ties. [17, 19]. 

It should be stressed that tea also pre vents the dis eases
of hard and soft den tal tis sues. Thanks to poly phe nols, tea
de creases the number of Mu tans Strep to cocci and Lac to -
ba cilli bac te ria, re duces sa liva acid ity, and in hib its the

pro cess of for ma tion of bac te rial biofilm in both in vivo
and in vi tro con di tions, thus dis play ing anti cario genic
prop er ties. Tea also plays a role in cari ous dis ease pre ven -
tion. The mix ture of tan nic acid and fluo ride com pounds
has the strong est (98%) in hibi tory ef fect on the pro cess of
cal cium re lease in acidic en vi ron ment. Thus, it is im por -
tant that not only fluo ride com pounds pres ent in tea but
also or ganic com pounds can in crease the enamel’s re sis -
tance to acid. What is more, it has been sug gested that they 
play the most im por tant role in the re sis tance of den tal
hard tis sue – enamel [1, 10, 11, 13, 14, 24, 25, 37, 38].  

Tea con sti tutes a very rich fluo ride source [2]. Fluo ride 
is an ele ment char ac ter ized with sig nifi cant bio logi cal ac -
tiv ity in flu enc ing many pro cesses tak ing place in liv ing
or gan isms; how ever, its func tion is not en tirely clear.
Fluo ride com pounds in flu ence the pro cess of pro tein bio -
syn the sis, play an im por tant role in car bo hy drate and lipid 
trans for ma tion path ways. They also play an in hibi tory
role in the pro cesses re spon si ble for in tra cel lu lar me tabo -
lism and mod ify some bio logi cal func tions of liv ing
or gan isms. The in flu ence of fluo rides on the me tabo lism
of den tal plaque bac te ria and the cari ous dis ease de vel op -
ment has been thor oughly stud ied. It has been well
es tab lished that they:
– in hibit the pro cess of dem in er ali za tion, 
– pro mote the pro cess of re min er ali za tion, 
– re duce and pre vent the oc cur rence of pro ton gra di ent, 
– re duce the bac te rial cells tol er ance for ac ids, 
– in hibit the ac tiv ity of bac te rial eno lase, 
– in flu ence cell mem brane per me abil ity, 
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– re duce the pro duc tion of ex tra cel lu lar poly sac cha -
rides, 

– limit the crea tion of sugar de pos its in the bac te rial
biofilm, and 

– af fect the ra tio of glu cans and fruc tans in the plaque [9, 
27, 33]. 
Fluo ride com pounds can be de tected in the plant of

brick, black, green, or ange pe koe, oo long tea and Ca mel -
lia sinen sis [7, 15]. It has been es tab lished that fluo ride
con tent in tea leaves is in the range from  82 ppm to 371
ppm, while fluo ride con cen tra tion in brew is from 0.73
ppm to 3.46 ppm. In case of teas con tain ing caf feine, in
brews, there is, on av er age, 1.50 ppm of fluo rides, while,
in herbal teas, the con tent of these com pounds is small
(0.05 ppm). In de caf fein ated teas, it is 3.19 ppm. The dif -
fer ence be tween teas con tain ing and not con tain ing
caf feine is proba bly con nected with the pro cess of the
prepa ra tion of the lat ter – the pro cess of de caf feina tion in
course of which pure spring wa ter is used un der high tem -
pera ture and pres sure. Such wa ter has natu rally high
fluo ride con tent. Be cause tealeaves can re lease high
amounts of fluo ride com pounds and the pro cess is rather
rapid, the high est con cen tra tion of fluo ride is ob served
within the first 5 to 10 min utes af ter prepa ra tion of the
brew [5, 8, 9, 32, 33]. Tea brews are char ac ter ized with
high fluo ride con tent. Ma li nowska et al. found that fluo -
ride con tent in black tea is in the range of 0.32 – 4.54 mg/l, 
in white tea from 0.37 to 0.54 mg/l, and in herbal teas from 
0.02 to 0.09 mg/l [22]. Ac cord ing to other authors, fluo -
ride con tent in black tea is at the level of 8.64 ± 2.96 mg/l
[20]. It should be stressed that it is gen er ally as sumed that
fluo ride com pounds con sti tute from 52 to 210 mg/kg of
tealeaves dry mass. In the pro cess of brew ing 40 to 90% of 
fluo ride com pounds are lost [27].

Tak ing the above- mentioned facts into ac count, tea
may be treated as a brew with anti cario genic prop er ties.
Suyama et al. con ducted stud ies con cern ing the in flu ence
of fluo ride ex tracted from green tea in cluded in sugar- free 
chew ing gum. The stud ies in volved 45 vol un teers, in
whom in trao ral ap pli ances with hu man dem in er al ized
gum were used. In their work, the authors es tab lished
min eral change value. They found that in sub jects who
chewed gum con tain ing fluo ride ex tracted from green tea,
the re min er ali za tion pro cess was ac cel er ated and they
were more re sis tant to acid ac tiv ity. Suyama et al. sug -
gested there fore that this might be an ef fi cient method of
car ies pre ven tion [30]. Ma gal hăes et al. showed that green 
tea ex tract helps to re duce the pro cess of den tin ero sion –
abra sion. Nev er the less, it should be pointed out that the
mecha nism be yond this phe nome non has not been fully
ex plained [21]. 

Opydo – Szy maszek and Opydo es tab lished that in
some bev er ages con tain ing tea ex tracts, the level of fluo -
ride com pounds was in the range of 0.35-1.14 ppm,

which, in turn, con trib uted to in creased ex po sure to fluo -
ride com pounds. In chil dren, this can lead to den tal
fluoro sis [26]. 

The re sults of stud ies per formed by Cao et al. showed
that den tal fluoro sis, which oc curred in Gansu prov ince in 
China was posi tively cor re lated with con sump tion of tea
with milk brewed us ing brick tea. It is even more cu ri ous
due to the fact that the con cen tra tion of fluo ride in drink -
ing wa ter was in the range of 0.11 to 0.32 mg/l, while in
this type of tea with milk it was as high as 2.58 to 3.69
mg/l fluo ride. Si mul ta ne ously per formed mul ti ple re gres -
sion analy sis dem on strated that other food, in clud ing
milk, did not have any thing to do with the oc cur rence of
fluoro sis [3]. 

It was found that fluo ride con tent in in stant tea is
higher than in loose tea [28]. There fore, es tab lish ing the
daily dose of fluo ride com pounds in take one can not ex -
clude tea con sump tion [36]. It is also thought that
fluo rised sugar and bev er ages con tain ing fluo ride, in clud -
ing tea, as well as min eral wa ter rich in fluo ride have
lim ited car ies pre ven tion sig nifi cance but they can be very 
ef fec tive in in di vid ual cases [18].

Exces sive tea con sump tion may lead to chronic poi -
son ing with fluo ride com pounds, while acute poi son ing
with the com pounds has not been de scribed. Ma li nowska
et al. ob served that con sump tion of 5 cups of tea daily lead 
to in creased in take of fluo ride com pounds. Thus, in case
of adults, this amount of tea con sti tutes 8 – 303%, and in
case of chil dren 12-303% of Pol ish Safe and Ade quate
Daily In take Stan dard for Fluo ride [acc. to 22]. Ex ceed ing 
the safety thresh old may lead to den tal and skele tal fluoro -
sis [22]. It is thought that tea con sump tion be fore reach ing 
the age of 7con sti tutes an in de pend ent risk fac tor of the
oc cur rence of den tal fluoro sis [31]. 

Ex ces sive ha bit ual tea con sump tion may also lead to
bone dis eases, pain sen sa tions in the ex tremi ties, in -
creased level of al ka line phos phatase, the oc cur rence of
di ges tive sys tem symp toms (vom it ing, nau sea), body
mass loss, com pro mised kid ney func tion, re nal fail ure,
den tal and skele tal fluoro sis [4, 6, 9, 27, 33]. In case of
den tal fluoro sis, it is mani fested by enamel opac ity lead -
ing to se vere hy popla sia of hard den tal tis sues – enamel
and den tin. Skele tal fluoro sis may oc cur in sev eral forms
and may be char ac ter ized with histo pa thologi cal changes,
bone den sity in crease, mor phomet ric changes, exosto sis,
and in the fi nal stage it may lead to dis abil ity [34]. The
amount of fluo ride de pos ited in bones and the se ver ity of
skele tal fluoro sis are re lated to the age at the time of ex po -
si tion to fluo ride com pounds, du ra tion of the ex po si tion,
dose, con di tion of kid neys and nu tri tional status [29].

A case of a 48 years old Ameri can woman was de -
scribed, in whom in creased level of fluo ride was de tected
in plasma, urine and nails ac com pa nied by vi ta min D de fi -
ciency. It was be lieved that the rea son for these find ings
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was the con sump tion of sig nifi cant amounts of brewed tea 
[15]. A case of 49 years old woman was also de scribed.
The woman drank 2 gal lons of strong in stant tea brew a
day since the age of 12, that is for 37 years, which led to
the in crease of the level of fluo ride in plasma, urine, nails
and, in con se quence, to os teo scle ro sis [35]. 

With out de ny ing the posi tive im pact of tea on hu man
health, it should be em pha sized that due to pos si ble ad -
verse im pact of cer tain sub stances it con tains, in clud ing
fluo ride com pounds, it is ad vis able to set stan dards for
safe amount of tea con sump tion, tak ing into ac count the
type, brew strength, the ori gin (in stant, leaf), and the way
of mak ing [16, 17].

REF ER ENCES
1. Awa dalla H.I., Ra gab M.H., Bas suoni M.W. et al.: A pi lot

study of the role of green tea use on oral health. Int. J. Dent.
Hyg., 9, 110, 2011.

2. Be hrendt A., Ober ste V., Wet zel W.E.: Fluo ride con cen tra -
tion and pH of iced tea prod ucts. Car ies. Res., 36, 405, 2002. 

3. Cao J., Zhao Y., Liu J.: Brick tea con sump tion as the cause of
den tal fluoro sis among chil dren from Mon gol, Ka zak and
Yugu popu la tions in China. Food. Chem. Toxi col., 35, 827,
1997.

4. Cao J. et al.: Brick tea fluo ride as a main source of adult
fluoro sis. Food. Chem. Toxi col., 41, 535, 2003. 

5. Chan J.T., Koh S.H.: Fluo ride con tent in caf fein ated, de caf -
fein ated and herbal teas. Car ies. Res., 30, 88, 1996.

6. Chandra jith R. et al.: Fluo ride in Cey lon tea and its im pli ca -
tions to den tal health. En vi ron. Geo chem. Health., 29, 429,
2007. 

7. Cressey P., Gaw S., Love J.: Es ti mated die tary fluo ride in take
for New Zea land ers. J. Pub lic. Health. Dent., 70, 327, 2010. 

8. Dews P.B. (1984): Caf feine: per spec tives from re cent re search. 
New York Sprin ger Ver lag.

9. Fe jer skov O., Ek strand J., Burt B.A. (1996): Fluo ride in den -
tistry. Munks gaard Co pen ha gen

10. Fer raz zano G.F. et al.: Anti- cariogenic ef fects of poly phe nols 
from plant stimu lant bev er ages (co coa, cof fee, tea). Fi totera -
pia, 80, 255, 2009.

11. Fer raz zano G.F. et al.: An ti mi cro bial prop er ties of green tea
ex tract against cario genic mi cro flora: an in vivo study. J.
Med. Food., 14, 907, 2011.

12. Fie do ruk A. (2004): Her bata bez ta jem nic. In stytut Wy -
dawniczy Krea tor, Białys tok 

13. Gard ner E.J., Rux ton C.H., Leeds A.R.: Black tea- helpful or
harm ful? A re view of the evi dence. Eur. J. Clin. Nutr., 61, 3,
2007.

14. Gaz zani G., Da glia M., Pa petti A.: Food com po nents with
anti car ies ac tiv ity. Curr.  Opin. Bio tech nol., 23, 153, 2012.

15. Izuora K. et al.: Skele tal fluoro sis from brewed tea. J. Clin.
En do cri nol. Me tab., 96, 2318, 2011.

16. Keene M.: Do mes tic sci ence: mak ing chem is try your cup of
tea. En deav our., 32, 16, 2008.

17. Khan N., Mukh tar H.: Tea poly phe nols for health pro mo -
tion. Life. Sci., 81, 519, 2007

18. Kün zel W.: Car ies de cline in Deutschland – Ur sa chen und
Kon se quen zen. Gesund heits we sen, 59, 710, 1997.

19. Lars son S.C. et al.: Cof fee and tea con sump tion and risk of
stroke sub types in male smok ers. Stroke, 39, 1681, 2008. 

20. Lung S.C., Cheng H.W., Fu C.B.: Po ten tial ex po sure and risk
of fluo ride in takes from tea drinks pro duced in Tai wan.
J. Expo. Sci. En vi ron. Epi de miol., 18, 158,  2008.

21. Ma gal hăes A.C. et al.: Chlor hexidine and green tea ex tract
re duce den tin ero sion and abra sion in situ. J. Dent., 37, 994,
2009. 

22. Ma li nowska E. et al.:  As sess ment of fluo ride con cen tra tion
and daily in take by hu man from tea and herbal in fu sions.
Food. Chem. Toxi col., 46, 1055, 2008. 

23. Mukh tar H., Ah mad N.: Tea poly phe nols: pre ven tion of
can cer and op to maz ing health. Am. J. Clin. Nutr., 71, 1698S,
2000.

24. Naderi N.J. et al.: An ti bac te rial ac tiv ity of Ira nian green and
black tea on Strep to coc cus mu tans: an in vi tro study. J.
Dent., 8, 55, 2011. 

25. Narotzki B. et al.: Green tea: a prom is ing natu ral prod uct in
oral health. Arch. Oral Biol., 57, 429, 2012. 

26. Opydo- Szymaczek J., Opydo J.: Fluo ride con tent of bev er -
ages in tended for in fants and young chil dren in Po land.
Food. Chem. Toxi col., 48, 2702, 2010.

27. Sikorska- Jaroszyńska M.H.J., Cze lej G. (2000): Fluor w sto -
matolo gii i me dycynie. Wy dawnictwo Cze lej, Lublin 

28. So fuo glu S.C., Kavcar P.: An ex po sure and risk as sess ment
for fluo ride and trace met als in black tea. J. Haz ard. Ma ter.,
158, 392, 2008. 

29. Sub com mit tee on Fluo ride (1990): Re view of fluo ride. Bene -
fits and risks. De part ment of Health and Hu man Serv ices
Pub lic, Health Serv ice.

30. Suyama E. et al.: Re min er ali za tion and acid re sis tance of
enamel le sions af ter chew ing gum con tain ing fluo ride ex -
tracted from green tea. Aust. Dent., J. 56, 394, 2011.

31. van der Hoek W. et al.: Source of drink ing wa ter and other
risk fac tors for den tal fluoro sis in Sri Lanka. Int. J. En vi ron.
Health. Res., 13, 285, 2003. 

32. Wei S.H.Y., Hat tab F.N., Mell berg J.R.: Con cen tra tion of
fluo ride and se lected other ele ments in teas. Nu tri tion, 5,
237, 1989.

33. Whit ford G.M. (1996): Me tabo lism and tox ic ity of fluo ride.
Karger.

34. WHO Work ing Group (1984): Fluo rine and fluo rides. En vi -
ron men tal Health Cri te ria 

35. Whyte M.P. et al.: Skele tal fluoro sis from in stant tea. J. Bone.
Miner. Res., 23, 759, 2008.

36. Ya dav A.K. et al.: De ter mi na tion of ex po sure and prob able
in ges tion of fluo ride through tea, tooth paste, to bacco and
pan masala. J. Haz ard. Ma ter., 142, 77, 2007.

37. Yoo S., Mu rata R.M., Du arte S.: An ti mi cro bial traits of tea-
and cranberry- derived poly phe nols against Strep to coc cus
mu tans. Car ies. Res., 45, 327, 2011.

38. Yu H., Oho T., Xu L.X.: Ef fects of sev eral tea com po nents an
acid re sis tance of hu man tooth enamel. J. Dent., 23, 101,
1995.

Vol. 25, 3, 247–249 249

Tea – natural source of fluoride compounds


