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ABSTRACT

Objective: In recent years, the side effects encountered with the use of chemicals has led to the search for safe anticariogenic alternatives. Green 
tea is one such naturally occurring alternative which possesses anticariogenic activity through a direct bactericidal effect against cariogenic 
microorganisms. Therefore, the objective of this systematic review was to analyze the existing literature on the effectiveness of green tea extract 
containing formulations on dental caries.

Methods: The databases of PubMed, Cochrane, Science Direct, Metapress, and Google Scholar were searched up to July 2015 for the related topic. 
References of the selected articles and relevant reviews were searched for any missed publications.

Results: The systematic search revealed a total of 437 publications which were scrutinized based on eligibility criteria. Six publications fulfilled the 
criteria and 431 publications were excluded from the review. Out of six studies, three studies reported a statistically significant difference in favor of 
green tea while two studies showed no statistically significant difference between the groups. One study reported no statistically significant difference 
between the two groups; however, the reduction observed in chlorhexidine (control group) was slightly greater than green tea.

Conclusion: With the available evidence, it can be concluded that green tea extract containing formulations are effective in reducing cariogenic 
microflora and caries increment.
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INTRODUCTION

Dental caries is the most important and widely spread dental diseases 
with its prevalence declining gradually in many developed countries, but it 
continues to be a major public health problem in industrialized countries 
and has become an emerging public health problem in developing 
countries [1]. In developing countries like India, caries prevalence has 
shown results ranging from 31.5% to 89% [2-6]. Keyes identified primary 
caries inducing factors as the teeth, the microflora, and the substrate [7]. 
Several approaches have been adopted to prevent dental caries, one of 
these approaches include the elimination of cariogenic bacteria [8].

Oral cavity harbors a wide variety of microorganisms; these are 
considered crucial for the initiation and progression of dental 
diseases [9]. Over 400 species of microbes inhabit as commensals in 
the oral cavity of a healthy adult [10]. An aberration to this ecology due 
to dietary habits, improper oral hygiene, or systemic factors leads to 
increased cariogenic microorganisms [11].

Dental caries is a multi-factorial disease in which, Streptococcus mutans 
and lactobacilli in dental plaque, play an important role [12]. Therefore, 
dental caries is defined as a multi-factorial, transmissible, and infectious 
oral disease caused primarily by the complex interaction of cariogenic 
oral flora (biofilm) with fermentable dietary carbohydrates on the 
tooth surface over time [13].

Cariogenic microorganisms such as S. mutans and Lactobacillus acidophilus 
are the primary causative microorganism for the development of dental 
caries. These cariogenic microorganisms encourage the accumulation and 
adherence of plaque biofilm by metabolizing sucrose into sticky glucan.

Dental plaque is a bacterial biofilm adhering to the tooth surfaces. It 
is mainly composed of complex bacterial populations organized in a 

carbohydrate matrix also containing a small number of epithelial cells, 
leukocytes, macrophages, and inorganic components such as calcium 
and phosphorus [14]. The microorganisms in dental plaque degrade 
the dietary carbohydrates producing lactic acid leading to localized 
demineralization and the eventual formation of dental caries [15,16]. 
Plaque-induced caries is a local disease; therefore, the local use of 
antimicrobial agents is more efficient than their systemic use [17].

The prevention of dental caries in children and adolescents is generally 
regarded as a priority for dental services and considered more cost-
effective than its treatment [18]. Fluoride therapy has been the centerpiece 
of caries-preventive strategies since the introduction of water fluoridation 
schemes over five decades ago [19]. Even though fluoride therapy was 
considered to be gold standard for prevention of dental caries; however, 
concern has been expressed that dental fluorosis, enamel defects caused 
by young children chronically ingesting excessive amounts of fluoride 
during the period of tooth formation (up to the age of 6 years), is 
increasing in both fluoridated and non-fluoridated communities, and the 
early use of fluoridated toothpaste by young children may be an important 
risk factor [20,21]. Chronic ingestion of fluoride from toothpaste in 
children is common [22,23] and despite the large variation in the amount 
swallowed, the younger children are, the more likely they are to swallow 
larger amounts, which often represent a substantial part of the total daily 
fluoride intake and can be enough to cause fluorosis [24,25].

Hence, to overcome the adverse effects of fluoridated toothpaste, 
various naturally derived antimicrobial agents are incorporated to 
dentifrices and mouth rinses to curb cariogenic microorganisms and to 
prevent the formation of dental caries. There has been renewed interest 
in naturally occurring products in recent years [26], and also, the side 
effects encountered with the use of synthetic formulations have led to 
the surge for novel and safe alternatives [11].
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Green tea is one such natural alternative which possesses anticariogenic 
activity through a direct bactericidal effect against cariogenic 
microorganisms and indirectly by prevention of bacterial adherence to 
teeth [27].

Several studies have indicated that bioactive components of green tea 
are able to influence the process of caries formation through several 
different mechanisms: They may inhibit proliferation of the streptococcal 
agent, interfere with the process of bacterial adhesion to tooth enamel, 
and act as inhibitors of glucosyltransferase and amylase [27-30].

The beneficial effects of green tea are generally attributed to its 
polyphenol content, particularly catechins which have got diverse 
pharmacological properties that include antibacterial effects, 
anticariogenic effects, and antioxidative effects [31].

The four major catechins are epigallocatechin-3-gallate which 
represents approximately 59% of the total catechins, epigallocatechin 
(19% approximately), epicatechin-3-gallate (13.6% approximately), 
and epicatechin (6.4% approximately) [32]. Green tea being the non-
fermented type possesses more Catechin than Oolong tea (semi-
fermented) and Black tea (fermented) [33]. Rasheed and Haider  [28] 
described the antibacterial effect of green tea catechins against 
S. mutans bacteria and stated that catechins were of great value in the 
reduction of S. mutans bacteria and caries prevalence. Maryam [34] 
and Ferrazzano  [35] showed a significant reduction of colony counts 
of salivary S. mutans and Lactobacillus. Several workers have reported 
that catechins are inhibitory for S. mutans and Streptococcus sobrinus, 
with minimum inhibitory concentration ranging between 50 and 
1000 µg/ml, well within the concentrations found in brewed tea [26,30].

Suyama et al. [36] showed that consumption of green tea gum increases 
the resistance of enamel to acid, and reinforces its remineralization. This 
will culminate in the prevention of dental caries. Soekanto et al. [37], in 
his study, evaluated the students’ saliva pH that had daily consumed 
green tea for a period of 1 month. He concluded that daily consumption 
of the green tea can significantly increase the saliva pH beyond the limit 
of pH = 5.5. Yoshiharu et al. [38] evaluated the influence of a bottled 
green tea beverage on dentin demineralization with a demineralization 
gel system. The green tea treatment showed a significantly lower mineral 
loss. The sugar-free bottled green tea beverage inhibited dentin lesion 
progression, presumably due to the effect of sub-ppm fluoride levels.

In several animal experiments and human trials, green tea and 
black tea have been shown to significantly reduce plaque scores and 
carries index [39-43]. Therefore, incorporation of green tea extract to 
dentifrices and mouth rinses, chewing gum will exhibit an antimicrobial 
and anticariogenic effect as it reduces the acidity of the saliva and 
plaque and it could be cost-effective caries prevention in developing 
countries. Despite abundant literature on the general health benefits 
of green tea exists, its effect on cariogenic microbes is limited. With this 
background, the aim of the present systematic review was to evaluate 
the effectiveness of green tea extract containing formulations on dental 
caries.

METHODS

Structured question
Does green tea extract containing formulations as a monotherapy or as 
an adjunct to mechanical oral hygiene has an effect on dental caries.

Search strategy
The databases of PubMed, Cochrane, Science direct, and Metapress 
were searched up to July 2015 for the related topic. We used free-text 
terms to search the following ongoing trial registers which include US 
National Institutes of Health Trials Register (http://clinicaltrials.gov), 
WHO Clinical Trials Registry Platform (http://apps.who.int/trialsearch/
default.aspx), and Clinical Trial Registry of India(http://ctri.nic.
in/Clinicaltrials/advsearch.php). The search strategies included 
a combination of controlled vocabulary and free text terms 

(refer to the search terms in Table  1). We employed the keywords 
related to the intervention and outcome. Reference list of the identified 
randomized trials was also checked for possible additional studies

Inclusion and exclusion criteria
Randomized controlled trials and clinical trials evaluate the 
effectiveness of green tea extract containing formulations on cariogenic 
microflora and caries increment. Literature in other languages which 
can be translated by the reviewer was included. Studies are evaluating 
the anti-plaque effectiveness of green tea on gingivitis, periodontitis, 
oral malodor, and pericoronitis patients. The animal study, in vitro 
studies, in situ studies, Reviews and Literature in other languages which 
cannot be translated by the reviewer were excluded.

Data collection and analysis
Screening and selection: Electronic search was carried out using 
the keywords in the Search engines  -  PubMed (refer Appendix 1 for 
PubMed search strategy), Science Direct, Cochrane, Metapress, and 
Google Scholar which yielded a total of 437 articles which was entered 
in the flowchart (Fig.  1). Based on preset inclusion and exclusion 
criteria, the titles of the studies identified from the search were 
assessed independently by two review authors. Conflicts concerning 
the inclusion of the studies were resolved by discussion. 26 titles 
were identified from the search after excluding duplications. Abstracts 
of selected articles were reviewed independently. 19 articles were 
excluded after reading the abstract. Full-text articles were retrieved 
for seven relevant studies. After reviewing the articles independently, 
one article was excluded after full-text reading. Finally, six articles 
were selected based on eligibility criteria. The reference list of the full-
text articles was reviewed for identifying additional studies. Titles of 
articles relevant to the review were selected by discussion. Abstracts 
of the two selected articles were reviewed. The difference of opinion 
concerning the inclusion of a study was resolved by discussion and all 
two articles eliminated after reviewing abstracts. Quality Assessment 
criteria to evaluate the studies were decided by two review authors 
in accordance with CONSORT guidelines. The risk of bias for each 
study was independently assessed by the review authors and conflicts 
concerning the risk of bias were sorted by discussion.

Data extraction
Data extraction for general characteristics of studies and variables of 
outcome was done (Table  2). For each trial the following data were 
recorded which includes author, participants, and group, analyzed 
variables and evaluation methods, follow-up, and results. Each study’s 
methodological quality was assessed (Fig. 2) using the domain-based 
evaluation described in the Higgins and green (Cochrane reviewer’s 
handbook 2009). The study was assessed to have a “high risk” of bias 
if it did not record a “Yes” in three or more of the four main categories, 
“moderate risk” if two out of four categories did not record a “yes” 

Table 1: Electronic database search terms

PubMed search terms: Dental caries OR caries dental OR dental decay 
OR decay dental OR carious dentin OR dentin, carious AND green tea 
OR green tea extract OR Camellia sinensis OR Sinensis camellia OR 
Sinenses camellia OR green tea catechins OR tea polyphenol OR green 
tea polyphenol OR green tea mouth rinse OR green tea mouthwash OR 
green tea chewing gum AND S. mutans OR anticariogenic effectiveness 
OR cariogenic microflora OR caries inhibitory effect.
Cochrane search terms: Green tea OR green tea extract OR Camellia 
sinensis OR Sinensis camellia OR green tea catechins OR tea 
polyphenol OR green tea polyphenol OR green tea mouthrinse OR 
green tea mouthwash OR green tea chewing gum AND S. mutans 
OR anticariogenic effectiveness OR cariogenic microflora OR caries 
inhibitory effect
Science direct search terms: Green tea mouth rinse OR green tea 
mouthwash OR green tea AND S. mutans OR dental caries
Metapress search terms: Dental caries AND green tea OR green tea 
extract AND S. mutans
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and “low risk” if all the four categories recorded that is randomization 
assessor, blinding, and completeness of follow-up were considered 
adequate. In the case of nonrandomized and clinical trials without a 
control group, it is recorded as not applicable.

Statistical analysis
Due to the heterogeneity of the interventions and assessment of 
outcome, pooling of data was not possible.

RESULTS

The review included six studies, which assessed the effectiveness of green 
tea extract containing formulations on cariogenic microflora and caries 
increment [32,34,35,44-46]. Out of six studies included in this review, 
two studies provided data on the salivary concentration of S. mutans and 
Lactobacilli count [34,35]. One study provided data on Streptococcus 
mutans in both saliva and plaque [32]. One study focused on S. mutans 
in plaque alone [44]. One study focused on S. mutans in saliva [46], one 
study recorded the caries increment using DMFT and DMFS score [45].

Out of six studies, five studies [34,35,44-46] compared green tea with 
various vehicles as a control group (chlorhexidine, sodium fluoride, 
and placebo). One study used green tea as a test group without 
comparison [32].

One study compared green tea mouthrinse [44] with chlorhexidine 
and plain water. One study [34] compared green tea mouthrinse with 
placebo. One study [35] compared green tea mouthrinse with sodium 
fluoride. One study [45] compared green tea chewing gum with a 

Fig. 1: Search strategy

Fig. 2: Quality assessment of selected articles
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control group and no gum group. One study [46] compared green tea 
solution with chlorhexidine.

Four studies [32,34,35,44,46] used microbiological analysis for 
determination of cariogenic microorganisms in plaque and saliva. One 
study used the DMFT and DMFS index for assessing caries increment [45].

Out of the six studies, three studies [35,44,45] had a low risk of bias and 
three studies had a high risk of bias [34,35,46]. High risk of bias in three 
studies due to unclear information on the randomization sequences 
generation or allocation or blinding which are important to overrule 
the selection bias, performance bias, and detection bias, respectively. 
Level of the evidence of selected articles was assessed based on the 
United States department of health and human services in 2012. Out 
of the six studies, three were randomized clinical trials and have level 1 
evidence, one study was a quasi-experimental study, whereas the other 
two studies were clinical trials and have level 2 evidence.

DISCUSSION

Carbohydrates play an important role in the development of dental 
caries, especially when it remains on the tooth structure for a significant 
period of time [47,48]. Several studies have reported that fermentation 
of carbohydrates by bacteria mainly S. mutans results in a decrease in 
the pH of plaque and demineralization of enamel and finally formation 
of dental caries [49-52].

Several anticariogenic products have been found to be effective against 
the bacterial activity, out of which fluoride and chlorhexidine considered 
being the gold standard and established antimicrobial agents. However, 
the side effects of fluoride will be fluoride toxicity which occurs due 
to the risk of ingestion, and hence it is not recommended in small 
children, while chlorhexidine side effects are primarily staining and 
taste alteration, limit its potential to be used for the long-term purpose.

Due to these drawbacks, an increasing number of people all around 
the world are turning to nature using natural herbal products. There 
has been a change in thinking globally with a growing tendency to 
“go natural.” The natural phytochemicals present in plants could offer 
an effective alternative to synthetic preparations. Research has been 
focused in recent years on herbal medicines due to their wide range 
of biological and medicinal activities, higher safety margins, and 
lower costs [32]. Green tea is a natural medicine which possesses a 
vital antibacterial effect and kills pathogens [53]. Furthermore, it has 
antioxidant, anti-inflammatory action [54]. Hence, the purpose of this 
systematic review is to evaluate the effectiveness of green tea extract 
containing formulations on dental caries.

The results of the studies included for review showed that green tea 
extract containing formulations when tested against a control showed 
positive results and induced a significant reduction in cariogenic 
microflora and DMFT score.

Considering the importance of cariogenic microflora in caries 
progression. Gianmaria et al. and Tehrani et al. reported green 
tea mouthrinse showed a significant reduction in S. mutans and 
Lactobacilli counts on microbial analysis of saliva. A pilot study done by 
Awadalla et al. showed a significant difference among subjects pre- and 
post-rinsing with 2% green tea for 5 min concerning S. mutans count in 
saliva and plaque. Neturi et al. reported chlorhexidine group showed a 
slightly greater significant reduction of S. mutans count in plaque than 
green tea mouth rinse. Fajriani et al., 2014, reported no statistically 
significant difference between the two groups (p=0.001); however, the 
decline in the chlorhexidine group was slightly greater than green tea.

CONCLUSION

With the available evidence, based on quality assessment and evidence 
level of selected articles, three studies had a high risk of bias with level 
2 evidence and three studies had a low risk of bias with level 1evidence. 

Therefore, it can be concluded that green tea extract containing 
formulations are effective in reducing cariogenic microflora and caries 
increment.

Inference
•	 Implications for practice: Green tea with its anticariogenic property 

and as it decreases the acidity of saliva and plaque, it can be used as 
a cost-effective caries preventive measure.

•	 Implications for research: Further studies must be performed with 
standard research methodology protocols with strict eligibility 
criteria, a combination of specific and sensitive detection methods, 
and reliable statistical analyses need to be addressed.
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Appendix 1: PubMed search strategy

Number Search history Articles (n)
1 “Dental caries” 47930
2 “Caries dental” 47930
3 “Dental decay” 48581
4 “Decay dental” 48581
5 “Carious dentin” 48335
6 “Dentin, carious” 48335
7 #1 or #2 or #3 or #4 or #5 or#6 793
8 “Green tea” 6410
9 “Green tea extract” 1385
10 “Camellia sinensis” 2101
11 “Sinensis camellia” 2101
12 “Sinensis camellia” 0
13 “Green tea catechins” 2961
14 “Tea polyphenol” 2051
15 “Green tea polyphenol” 7511
16 “ Green tea mouth rinse” 5
17 “ Green tea mouthwash” 29
18 “ Green tea chewing gum” 7
19 #8 or #9 or #10 or #11 or #12 or#13 

or#14 or#15 or#16 or#17 or#18 
8334

20 “Streptococcus mutans” 9457
21 “Anticariogenic effectiveness” 16
22 “Cariogenic microflora” 87
23 “Caries inhibitory effect” 271
24 #20 or#21 or#22 or#23 9600
25 #7 and #19 and #24 408


