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Introduction

Abstract

One of the beneficial effects of consumption different types of tea
iS preventing tooth decay that attributed to their mineral contents.
Purpose: to investigate the microscopical changes of different
types of tea ; Camellia sinensis (black and green), Mentha spicata
and Ocimum basilicum on artificially- induced initial enamel
caries. Initial enamel caries-like lesions were introduced in 30
sound extracted human 1% premolar teeth using pH cycling
procedure. Teeth were divided into 6 groups to test 4 types of tea (
black, green, Mentha spicata and Ocimum basilicum) and 2
control solutions (0.05%NaF and de-ionized water as positive and
negative control respectively )for enamel re-mineralization, using
polarized microscope. The concentration of calcium, inorganic
phosphorous and fluoride ions in all tea solutions were also
measured.

Results revealed that green tea produced the best enamel
remineralization, while black tea and Mentha spicata were coming
next and result in different mode of re-mineralization. On the
other hand, teeth treated Ocimum basilicum showed mild evidence
of re-mineralization.The chemical analysis indicated that both
Mentha spicata and Ocimum basilicum had the highest calcium
and phosphorous ions levels (higher than their fluoride
concentration). Green tea had nearly equal concentration for the 3
tested ions, which were less than its counterpart black tea.

All selected tea solutions were effective in remineralizing of initial
enamel caries, in the following sequence: green tea, black /
Mentha spicata , then Ocimum basilicum.

A considerable interest has been arisen
concerning the health promoting potential
of tea (Camellia sinensis)”, which is
widely consumed in the world today, 2™
only to water, as a cultural habit and part
of everyday life @,
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Tea is an aqueous extract of various dried
and processed leaves @ accordingly, there
are 3 main varieties of Camellia sinensis
tea; green, black and oolong “. They have
numerous medicinal properties, mainly
attributed to their antibacterial and
antioxidant properties, and their bioactive
chemicals, including; polyphenols,
alkaloids, mineral, volatile oils “®.From
dental point of view, tea has preventive
effect against tooth decay . It reduces
both dental plaque “% and caries ***? as a
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result to its high fluoride and organic
constituents ¥ that inhibit bacterial
activity “and re-mineralize enamel® *©.
On the other hand aromatic herbal’s tea
like those prepared from Mentha spicata
and Ocimum basilicum are used in various
kind of illness ®"*®  Mentha is rich in
essential nutrient minerals and trace
elements 9, while Ocimum basilium has
high antioxidant power ® and bactericidal
properties “Y. Mentha is used as flavor in
tooth paste, mouthwash, chewing gum and
confectionery 9?2, as well as being added
during brewing of different types of tea
18 The present study aims to investigate
the effects of different tea; Camellia
sinensis (black and green), Menthe spicata
and Ocimum  basilicum on the
remineralization of artificially demine-
ralized enamel of extracted human teeth.

Materials and Method

Thirty newly extracted sound human’s
teeth were collected (after getting the
approval of the patients and the institute),
cleaned and prepared to expose a circular
6mm buccal enamel window (figure-1)
following Al-Obaidy’s methods®. Initial
enamel caries-like lesions were introduced
following Featherstone et al ® pH cycling
procedure for 10 days. Teeth were divided
equally into 6 groups. Four of them were
subjected for testing solutions, named the
black, green (ready prepared tea bags, both
Ahmed trademark), Mentha spicata and
Ocimum basilicum (locally prepared from
drying clean fresh leaves). Each tea
solution was prepared daily by brewing 2g
crushed dried leaves in 100 ml de-ionized
water for 30 second. Teeth in each group
were immersed in 20ml for 4 minutes in a
testing tea, then rinsed with and kept in
de-ionized water at 37°C for next day.
This procedure was repeated daily for 7
days ®. The remaining 2 groups , one of
them immersed by similar manner in
positive control solution (0.05%NaF), the
other group along the experiment
immersed in negative control solution (de-
ionized water). For each tooth 2 bucco-
lingual ground sections were prepared
following Gauy-Fen et al method ®. The
cutting and preparing of the samples were
carried in the department of Geology in
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Sulaimani University. each enamel section
was fixed on glass slide by Canada
baslsam mounting media and examined
under  polarized microscope (40X
magnification) for evaluating color
changes in the enamel that reflect various
zones of demineralization ®% Calcium
and inorganic ~ phosphorous  ions
concentrations were assessed
colorimetrically ¢?® in 100ml of above
selected tea solutions. The concentration
of fluoride ion was measured by ion-
selective electrode (standard addition
method @, The differences in the mean
values between different soulution for
each tested ion separately were evaluated
by t-test. P value <0.05 was considered
statistically significant.

Results

Microscopical changes of enamel sections,
under polarized microscope, of all studied
groups were illustrated in figure-2. Initial
enamel caries-like lesions, in —ve control
group, appeared as blue and red colored
zones that reflect 2 areas of different
demineralization (body of lesion and
advance zone) (figure 2A). Such zones
were totally disappeared in teeth that
remineralized with fluoride ions (+ve
control) (figure 2B).On the other hand,
green tea  produced enamel re-
mineralization nearly similar to that
observed after fluoride treatment (figure -
2C). While black tea resulted in partial re-
mineralization, that observed in the body
zone only, since small areas of red and
blue colors were seen in inner layer of the
carious lesion (advance zone) (figure 2D).
While the Mentha spicata produce partial
re-mineralization of inner layer and hypo-
re-mineralization of the surface area
(figure 2E). Lastly, Ocimum basilicum
treated teeth showed mild evidence of re-
mineralization at enamel surface only, that
appeared as reduction in blue colored area
(figure 2F) when compared with —ve
controlled group.Chemical analysis of
above solutions indicated that both
Mentha spicata and Ocimum basilicum
had the significantly higher calcium and
phosphorous ions levels then both the
green and black tea (P<0.05). While green
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tea expressed significantly the lowest
values for both fluoride and phosphorous
ions when compared with the levels
reported in both Mentha spicata and
Ocimum basilicum solutions (P0.03),
table-1.

Discussion

Tea has been recommended as satisfactory
drink from dental viewpoint. There have
been researches on and off over 50 years
on the anticariogenic properties of tea 2.
Series of well-conducted systematic
studies suggested that tea extract showed
several useful antimicrobial effects®Yand
reported to reduce dental plaque score and
caries index @823 \well as it
reacted chemically with enamel surface
@) The objective of selection of green and
black tea in this study was based on the
knowledge that enamel remineralization
can be increased by tea drink “®. Besides
that, both Mentha spicata and Ocimum
basilicum were proved to have variable
amounts of minerals mainly calcium,
phosphorous, magnesium and aluminum,
as well as trace elements ™. They are
widely used as aromatic herb added to
different foods and salads, and they may
be mixed with black and green tea as a
cocktail.Since this study, tea was intended
to be prepared in a similar manner to
people’s habits; the home made procedure
was followed, irrespective to the personal
preference variation whether to drink these
herbal teas highly concentrated or diluted.
Beside that the effect of different
temperature and adding of sugar was
neglected.The initiation of caries —like
lesion in the present study was conducted
in ten days that demonstrated a high loss
of enamel minerals. The body zone (blue
in color) and advance zone (red band)
were clearly identified. However, when it
was compared with natural enamel carious
lesion there was no surface layer, which
considered as an area of active mineral re-
precipitation that occur in  vivo-
environment ©?. Sodium fluoride re-
mineralization was reported to produce
transforming in the size and shape of
enamel crystallite  ©¥ It enhanced
precipitation of calcium phosphate and
formation of  fluorohydroxyappitite
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crystals © accordingly, the above zones
of the initial enamel caries-like lesions
disappeared.Although tea plants accum-
ulated fluoride in their leaves in level
comparable to that recommended in
preventive  dentistry 5% its
concentration, according to the chemical
analysis of this study, was more in black
tea than in green tea. Nevertheless, in this
experiment, microscopical evaluation of
ground sections for the effect of green tea
revealed complete  re-mineralization
identical to that of sodium fluoride. While
in black tea treated-teeth there was only
remineralization of surface area, i:e
incomplete re-mineralization. This can be
explained that only low level of fluoride is
required to trigger the mechanism of
remineralization, raising the fluoride level
dose not result in greater degrees of
mineralization ©” i;e  only free
exchangeable one can react with calcium
ion. This attracts the attention to find a
way to make much of fluoride in any tea
in its reactable state to get the best benefit
or to prevent the competition of different
ions in the single solution to get reaction
with the appatite crystals. Also black tea
contains elements other than calcium and
phosphorous such as Al, K, Mg, Mn ,
which may substitute calcium ion of
hydroxyappatite crystals (decrease Ca/P
molar ratio) and forming other crystals
with various sizes and orientation of
heterogenous chemical structure, which
could be seen as hypomineralize area in
limited quantities. Even though, in a vivo
clinical trial, it was established that regular
tea drinking may decrease the incidence
and severity of caries ©Treatment of
demineralized enamel surface with
different concentration of black or green
tea was reported to affect the
microhardness in  different manner.
Initially black tea induced increase in
enamel microhardness but further increase
in its concentration significantly reduced
enamel microhardness unlike the green
tea, which further increase in enamel
microhardness  © It is not well
understood, which types of reactions were
taken place that leads to remineralization
and we suggest further chemical analysis
for both green and black tea to determine
the concentration of different elements
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that may substitute calcium in the apatite
crystals like Mg and Na and the way they
result in rebuilding of these crystals.On
the other hand, there was a remarkable
enamel remineralization in Mentha spicata
treated teeth especially in the deeper zone.
Unfortunately, there was no previous
published literature to compare our results
with. However, this encourage the cultural
habit of adding Mentha during brewing of
tea to get better remineralization in both
surface and deep zones of the carious
lesion. Yet this need further investigation
since there is a chance to have
competition of different minerals during

the process of remineratization as stated
above. Lastly enamel re-mineralization
produced by Ocimum basilicum was
minimum. Conclusion and suggestion: all
selected tea solutions were effective in
remineralizing of initial enamel caries. But
before con-cluding which type of tea is the
best for tooth remineralization, the results
of this study need to be confirmed since
different tea concentrations or aromatics
or swee-teners additives may change these
results.

Table (1):- Fluoride, calcium and phosphorous ions concentrations in all tested tea solutions

Tea Ca™

P* F (mg/l)

solutions | (mg/100ml) | (mg/100ml)

mean | sd | mean | sd | mean sd
Blacktea | 0.88 | 1.35| 1.98 | 0.66 | 1.29
Greentea | 1.0 | 0.77 | 1.02 | 0.15| 0.73
Menthe | 10.08 | 25 | 248 | 055 | 1.24

spicata
Ocimum | 15.78 | 1.09 | 232 | 0.2 | 1.19
basilicum

<\.—~-A‘
———

Fig.(1):- A window on the buccal surface of maxillary first premolar.
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Complete re-mineralization

Advance zone

Re-mineralization of body zone

Re- mineralizati
of advance

Fig.(2):- T - _ =3 nduced initial
enamel caries, and after treatment with; (B) fluoride, (C) green tea, (D)black tea, (E) Mentha spicata, and (F)
Ocimum basilicum, (polarized light microscope, X40).

References

1-Choo JJ. Green tea reduces body fat accretion
caused by high-fat diet in rats through B-
adrenoceptor activation of thermogenesis in brown
adipose tissue. J Nutr Biochem.3002; 14: 671-676.

2-Nemecz G.. Green tea. A Jolion Publication.2008;
25:5.

3-Yam TS. Saroj S. and Hamilton-Miller JMT.
Microbiological activity of whole and fractionated
crude extracts of tea (Camellia sinensis) and of tea
components. FEMS. 1997; 152: 169-174.

4-Chopade VV. Phatak AA. Upaganlawar AB. and

Tankar AA. Green tea (Camellia sinensis)
chemistry, traditional, medicinal uses and its
pharmacological activities-a review.

Pharmacognosy Rev. 2008; 2:157-160.

5-Yang CS. Lee MJ. and Chen L . Human salivary
tea catechin levels and catechin esterase activities.
Implication in human cancer prevention studies.
Cancer Epidemiol Biomarkers & Preven.1999; 8:
83-89.

6-Liu TT. Liang LS. Li Y. Yang F. Lu Y. Meng Z.
and Zhang LS. Effects of long-term tea polyphenols
consumption on hepatic microsomal  drug-
metabolizing enzymes and liver function in wistar
rats. World J Gastroenterol. 2003; 9: 2742-2744.

23

7-Mbata TI. Preliminary studies of the antibacterial
activities of processed Kenyan and Nigerian tea.
African J Biotechnol. 2007; 6: 278-279.

8-Yang CS. Maliakal P and Meng X. Inhibition of
carcinogenesis by tea. Annu Rev. Pharmacol
Toxicol. 2002; 42: 25-54.

9-Hamillton-Miller JMT. Anticariogenic properties
of tea (Camellia sinensis). J Med Microbiol. 2002;
50: 299-302.

10-Chengelis CP. Kirkpatrick JB. Regan KS.
Radovsky AE. Beck MJ. Morita O. Yasushi Tamaki
Y. and Suzuki H. 28-Day oral (gavage) toxicity
studies of green tea catechins prepared for
beverages in rats. Food Chem Toxicol. 2007; 46:
978-989.

11-Mukai Y. Kamijo K. Hirata Y and Teranaka T.
Anti-demineralizing potential of bottled sugar-free
green tea beverages in vitro. Oral Sci Int. 2009; 6:
21-26.

12-Lee MJ. Lambert JD. Prabhu S. Meng X. Lu H.
Maliakal P. Chi-Ho CT. and Yang CS. . Delivery of
tea polyphenols to the oral cavity by green tea
leaves and black tea extract.  Cancer
Epidemiol.Biomarkers & Preven. 2004; 13: 132-
137.


http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Yoshiharu+Mukai&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Kazuko+Kamijo&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Yukio+Hirata&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds
http://www.jstage.jst.go.jp/search/?typej=on&typep=on&typer=on&d3=au&dp3=Toshio+Teranaka&ca=999999&alang=all&rev=all&pl=20&search=%8C%9F%8D%F5%8E%C0%8Ds

Effect of Different Tea in Remineralization ...

13-Rosen S. Elvin-Lewis M. Beck FM. and Beck
EX. Anticariogenic effect of tea in rats. J Dent Res.
1984; 63: 658-660.

14-Yu H. Oho T and Xu LX. Effects of several tea
components on acid resistance of human tooth
enamel. J Dent. 1995; 23: 101-105.

15-Blanco AR. Roccaro AS. Spoto GC. Nostro A
and Rusciano D.. Epigallocatechin gallate inhibits
biofilm formation by ocular Staphylococcal isolates.
Antimicrob Agents Chemother. 2005; 49: 4339-
4343.

16-Niu XY. Wang XL. and Yang CY. An
experimental study on young permanent teeth
enamels demineralization by different kinds of soft
drinks. Shanghai Kou Qiang Yi Xue. 2008; 17: 15-
9,2

17-Akdogan M. Kilinc I. Oncu M. Karaoz E. and
Delibas N. Investigation of biochemical and
histopathological effects of Mentha pipetita and
Mentha spicata on kidney tissue in rats. Hum Exp
Toxicol. 2003; 22: 213-9.

18-Akdogan M. Tamer MN. Ciire E. Ciire MC.
Koéroglu BK and Delibas N. Effect of spearmint
(Mentha spicata) tea on androgen levels in women
with hirsutism. Phytother Res. 2007; 21: 444-7.

19-Choudhury RP. Kumar A. and Garg AN.
Analysis of Indian mint (Mentha spicata) for
essential. trace and toxic elements and its
antioxidant behavior. J Pharm Biomed Anal. 2006;
41: 825-32.

20-Bravo E. Amrani S. Aziz M. Harnafi H. and
Napolitano M. Ocimum basilicum ethanolic extract
decreases  cholesterol  synthesis and lipid
accumulation in human macrophages. Fitoterapia.
2008; 79:515-23.

21-Chakravaty HL. Plant Wealth of
dictionary of economic plants. vol.l.
Saraswaty Press. Calcutta.1976.

Irag, a
PP Sree

22-Storehagen S. Dentifrices and mouthwashes
ingredients and their uses. M Sc thesis. University
of Oslo. 2003.

23-AL-Obaidy NM. Effect of Siwak extract on the
microhardness and microscopic feature of initial
caries-like lesion of permanent teeth compared to
fluoridated agents. M Sc thesis. University of
Baghdad. 2006.

24- Featherstone J. Oreilly MM. Shariati M. and
Bruder S. Enhancement of remineralization in vitro
and in vivo. In. Factor relating to demineralization
and remineralization of the teeth. Ed; Leach SA.
Oxford IRL Press. 1986.

24

25-AL-Ubaidi RS. Effects of water extract of black
and green tea on microhardness and microscopical
features of initial caries like lesion of permanent
teeth compared to fluoridated agent. M Sc thesis.
University of Baghdad. 2007.

26-Guay-Fen H. Wan-Hong L. Ming KG. and
Chun-Pinch. Synergistic Nd. YAG laser combined
with fluoride varnish on inhibition of caries
formation in dental and fissures in vitro. J Formos
Med Assoc. 2001; 100:181-185.

27-World Health Organization. Manual of routine
methods in clinical chemistry for use in
intermediate laboratories. 1% ed. WHO. Geneva.
1978.

28-Hohenwallner W. and Wimmer E. The
Malachite green micromethod for the determination
of inorganic phosphate. Clin Chim Acta. 1973;
45:169-75.

29- YuwonoM.. Determination of fluoride in black,
green. and herbal tea by ion-selective electrode
using a standered-addition method. Den J. 2005; 38:
91-95.

30-Rugg-Gunn A. Is black tea better for your teeth
than acidic soft drinks. British Dent J 190:370,
2001.

31-Hamillton-Miller JIMT. Antimicrobial properities
of tea Camellia sinensis. Antimicrob Agents
Chemother. 1995; 39: 2375-2377.

32-Soames JV and Southam JC. Dental caries In
Oral pathology 3™ Ed Oxford medical publications,
1998, PP.29.

33-Shashikiran ND. Subba RVV. and Hiremath
MC. Estimation of trace element in sound and
carious enamel of primary and permanent
teeth by atomic absorption spectrophotometer
an invitro study.Indian J Dent Res. 2007;
18:157-162.

34-Ten Cate JM. Current concepts on the theories of
the mechanism of action of fluoride. Acta Odontol
Scand. 1999; 576:325-9.

35- Cao J. Luo SH. Li Y. Safty evaluation on
fluoride content in black tea. Food chem 88:233-6,
2004.

36- Mahvi AH. Zazoli MA. Younecian M.
Esfandiari Y. Fluoride content of Iranian black tea
and tea liquor. Res report fluoride. 2006; 39:266-68.

37-Silverstone LM. The effect of fluoride in the
remineralization of enamel caries and caries-like
lesions in vitro. J Public Health Dent. 1982; 42: 42-
53.



