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A B S T R A C T

According to the Global Burden of Disease Study and the World Health Organization, dental caries is one of the
most prevalent oral diseases globally. It is well known that dental caries are associated with cariogenic bacteria
and their biofilm. Many preventive strategies and therapeutic compounds have been proposed for decades.
Among them, various plant-based phytochemical compounds have been investigated against cariogenic bacteria.
In this review, we plan to show the effectiveness of Zingiber officinale to reduce dental caries. Z. officinale in ginger
is a bioactive spice compound that shows antimicrobial activity. Therefore, it is reasonable to consider the an-
timicrobials and biofilm inhibition properties of bioactive Z. officinale to rationalize its potential in reducing
dental caries. While the literature highlights the general antimicrobial properties of Z. officinale, this review fo-
cuses on Z. officinale’s capability against cariogenic microbes and their biofilms. Reported results of minimum
inhibition concentration (MIC), minimum bactericidal concentration (MBC), and biofilm inhibition (glucans and
adhesion) were systematically reviewed. Common search engines like PubMed, Science Direct, and the Web of
Science database are used to retrieve data using the keywords “Zingiber officinale” and “dental caries”. Out of 122
resulting reports, 11 of them were included in this review. It can be concluded that Z. officinale effect against
cariogenic bacteria varies depending on microbial and analytical factors. However, translational advanced studies
have not yet been conducted to verify its clinical application.
1. Introduction

Oral and dental health is the core of general well-being, which affects
not only the ability to eat and speak but also contributes to systemic
health and affects social and self-esteem. Dental caries, typically known
as tooth decay, is among the most prevalent health problems worldwide.1
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reported that three-fourths of the 3.5 billion global people with oral
disease live in middle-income countries, of which 514 million children
suffer from primary tooth decay and nearly 2 billion face tooth decay or
permanent dental caries that has been worsened in modern urbanization
and lifestyle changes.2

Dental caries is a chronic infectious disease. It is caused by cariogenic
bacteria and their biofilms, which attach to teeth surface and produce
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acids by carbohydrate metabolism. As produced acid gradually de-
calcifies, demineralizes, and erodes tooth structure. Several bacteria
namely, Lactobacilli, Actinomyces spp., and Streptococcus mutans along
with certain anaerobes are considered major cariogenic microbes for
dental caries formation, development, and progression.3

Dental caries initiates when cariogenic/acidogenic bacteria enter the
polymicrobial biofilm. As dental caries progresses, there is a pronounced
increase in the frequency of cariogenic/acidogenic bacteria and caries-
associated bacterial colonizers. The cariogenic biofilm is illustrated as
an intricately structured crown-like structure where acidogenic S. mutans
are found in the inner core surrounded by various other bacterial spe-
cies.4 Dental caries is usually diagnosed through a clinical examination. A
visual-tactile method advanced by radiographic imaging is mostly used
to detect dental caries. In addition, recent sophisticated techniques like
laser fluorescence, fibre-optic transillumination (FOTI), and electrical
conductivity are often used to locate dental caries and cavities.5 Dental
caries removal strategies are summarized in Table 1.6–9

The biofilm can bypass antibiotics and defend the microbes by bac-
terial assemblies.10 Various antibiotics and antiseptics including clinda-
mycin, metronidazole, tetracyclines, penicillin, chlorhexidine, and
macrolides have been applied for the treatment and/or prevention of
cariogenic microbes.3 In addition for caries prevention several metallic,
nonmetallic, ceramic, and polymers and their nanoparticles, phyto-
chemicals such as a Miswak (natural tooth brush).11 There is always a
certain level of inhibition or they cause trauma to the tooth and sup-
porting structure, while complete prevention is the ultimate desire.
Fluoride is known as a universal cariostatic and remineralizing agent.
However, the antibacterial effectiveness of fluoride against S. mutans has
been questioned. It is found that there has not always been a correlation
between the decline of the disease and the reduction in the level of
S. mutans.12 As antibiotic failure rates have surged in the past year, re-
searchers and clinicians are searching for treatment options for resistant
pathogens. Similar potent drugs could be produced frommedicinal plants
using plant phytoconstituents which have powerful antibacterial
properties.

Medicinal herbs have been used as traditional cures for various
human ailments all over the world for thousands of years. They still serve
as the primary source of medicine among the rural populations of
developing countries. About 80% of developing countries' patients
receive medical care from traditional practitioners. The use of traditional
medicinal and herbal products in the treatment of dental caries and other
oral diseases has been reported in published articles.13 Ginger, or Zingiber
officinale (Zingiberaceae), is a significant plant whose rhizomes are
widely used in Southeast Asian folk medicine as well as Greco-Roman
customs, Australia, Africa, Bangladesh, Brazil, China, Middle East,
Mexico, India, Japan, Jamaica, and some areas of the United States.

For the treatment of many diseases, Zingiber officinale (Z. officinale) is
a key ingredient in herbal remedies used in Ayurvedic, traditional Chi-
nese, Siddha and Unani medicine.14 The Indian Ayurvedic pharmaco-
poeia state Z. officinale has antitussive, cardioprotective, and
appetite-stimulating properties. It is traditionally used to treat pain,
constipation, flatulence, inflammation, and neck disorders, as well as
bronchial asthma and chronic obstructive pulmonary disease.15

Herbs are a safe, practical, and affordable option that can be used to
treat many systemic conditions. Reports showed that Z. officinale was
effectively used as an antioxidant, anti-inflammatory, antibacterial,
anticancer, neuroprotective, cardiovascular protective, respiratory pro-
tective, antiobesity, antidiabetic, antinausea, and antiemetic.16,17 There
are challenges in managing newly emerging diseases and infections with
drug resistance. Z. officinale could be a very important alternative in
lowering the burden of disease in the coming decades. Z. officinale in-
hibits dental biofilms in a dose-dependent manner.18,19 It can be used as
an alternative to treat oral conditions like dental caries, aphthous ulcers,
oral candidiasis, xerostomia, and gingivitis.17,20–23 However,
Z. officinale's effect on biofilm-induced dental caries has not been well
explored. Therefore, this review is planned to summarize the effect of Z.
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officinale on dental caries reduction.
Current reviews on herbs/natural products for oral care have either

reconnoitre ginger tactfully or have not adequately synthesized the
available evidence about its effectiveness against dental caries. There-
fore, there is a clear need for a systematic review that integrates existing
research, evaluates the evidence critically, and identifies areas that need
further investigation.

2. Methods

2.1. Search strategy

A systematic search of the literature was conducted across Medline/
PubMed, Science Direct, and Web of Science, covering publications from
January 2014 to October 2023. The search employed the Medical Subject
Headings (MeSH) and keywords, specifically “Zingiber officinale” and
“dental caries” to ensure a thorough retrieval of relevant articles. The
searches were limited to English-language articles involving participants
of all ages. Additionally, reference lists of selected articles were manually
searched to identify further studies that met the inclusion criteria. The
search strategy was designed both comprehensively and specifically to
capture the most relevant studies without ignoring potentially significant
research.

2.2. Definitions

Dental caries is defined as a “biofilm-mediated, sugar-driven, multi-
factorial, dynamic disease that results in the phases of demineralization
and remineralization of dental hard tissues”.24

2.3. Review procedure

Three investigators independently screened the titles and abstracts of
articles searched for possible relevance. Disagreements regarding article
inclusion were resolved through discussion or, if necessary, consultation
with a fourth investigator. The completed texts were independently
evaluated for eligibility based on predetermined criteria. The search
team also reached out to the authors' studies for additional information if
needed. A unanimous process involving all investigators finalized the
inclusion and exclusion decisions. The quality assessment was conducted
using an utilizing 9-criteria scale i.e. assessing study type, administration
method, Z. officinale concentration, microbial focus, minimum inhibitory
concentration (MIC), minimum bactericidal concentration (MBC),
extraction analysis, adhesion/biofilm/glucan effect, and study limita-
tions. The process and results of the literature search and selection were
summarized in a flow diagram (Fig. 1).

2.4. Inclusion criteria

The documents were retrieved using PubMed, Science Direct, and
Web of Science databases using the keywords “Zingiber officinale” and
“dental caries”, in October 2023. The search period was past ten years
from the date of the search. A total of 122 [17 (PubMed), 91 (Science
Direct), and 14 (Web of Science)] records were found in the databases.
Full-length articles and case studies are considered for the systematic
review. A total of 11 full-length articles were included in the final review.

2.5. Exclusion criteria

Case reports, case series, opinion pieces, brief communications,
existing systematic reviews, and clinical trials that do not focus on the
direct effect of Z. officinale on dental caries and are studies aimed at
preventive strategies against caries. Surveys evaluating knowledge, at-
titudes, and practices related to caries prevention were also excluded,
along with studies involving reviews, patents, recalled articles, and pol-
yherbal or commercial herbal formulas. However, microbial studies



Figure: 1. Flow diagram of the literature search conducted for the present
systematic review.

Table 2
Microbial studies not fulfilling eligibility criteria.

Study ID Study
Type

Reason for exclusion Bacteria

Handayani
et al.
201825

In vitro MBC for Z. officinale
was not mentioned

S. mutans

Jain et al.
201526

In vitro Concentration, MBC
was not mentioned

S. mutans

Elgamily
et al.
201927

In vitro
& In
vivo

MIC and MBC were
not for ginger

S. mutans and L. bacillus

Mathai et al.
201728

In vitro Concentration was
not mentioned

S. mutans

de Oliveira C
I et al.
202029

In vitro MBC and Z. officinale
effects were not
mentioned

S. mutans and L. lactis

Teanpaisan
et al.
201730

In vitro MIC and MBC for
Z. officinale (only
beetle leaf) were not
mentioned

Enterobacter Faecalis,
Lactobacillus species, S.
sobrinus, S. mutans,
Actinobacillus
actinomycetemcomitans, and
Fusobacterium nucleatum

Choi et al.
201631

In vitro MIC and MBC for
Z. officinale were not
mentioned

S. sobrinus and S. mutans

Philip et al.
202032

In vitro MBC was not
mentioned

S. mutans and S. sangunis
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examining Z. officinale were considered, along with other herbs, as a
separate entity (see Table 1).6–9
2.6. Analyses

Data extraction focused on the antibacterial effects of Z. officinale
extracts on dental caries. Study designs (in vitro/in vivo), Z. officinale
concentration, pathogens studied, MIC, MBC, and effects on adhesion,
biofilm formation, and glucan synthesis were retrieved from the primary
articles. A summary of excluded manuscripts and their rationales was
tabulated (Table 2).25–32

3. Results

The electronic search identified one hundred and twenty-two (122)
references, seventeen articles from PubMed, ninety-one articles from
Science Direct, and fourteen articles from Web of Science. After the
removal of duplicates, fifty-three (53) references were selected for
eligibility analysis based on case reports, case series, opinion pieces,
systematic reviews of short communications, and titles and summaries,
excluding clinical trials.

Of these, forty-two (42) were excluded because microbiological as-
pects were not the focus of the study, for the full-text review, eleven (11)
articles were selected. The manuscripts were excluded because the study
was unclear, there was no information about the concentration of extract
used in two (2) manuscripts, in three (3) studies MIC and MBC were not
related to Z. officinale, two (2) articles did not mention MBC and one (1)
article MIC and MBC content was absent. The selected three (3) included
Table 1
Dental caries removal strategies.

Anticariogenic
agent

Mechanism of action Disadvantage

Fluoride Inhibition of enolase Large quantity and frequent
application needed.7

Chlorhexidine Antiplaque Stain, genotoxicity, bacterial
resistance.8

Honey Antibacterial Effectiveness depends on
concentration.9

Miswak Mechanical and
chemical cleansing

Miswak stick causes tooth loss and
gingival recession.6

640
in the review met the criteria, involving data from S. mutants and
S. sobrinus, MIC and MBC were the main parameters analyzed, in addi-
tion, the biofilm-related data was also retrieved in two (2) manuscripts
(Table 3).18,33,34

There was a variation in MIC and MBC based on the cariogenic
microbe studied, extraction solvent, and guidelines used for MIC/MBC
analysis.18 The primary results of the studies were mainly focused on
microbiological parameters. No data on financing and profitability bias
was analyzed.

4. Discussion

Z. officinale is a rhizome with therapeutic properties. The mechanism
of antimicrobial activity of ginger is due to changes in the permeability of
the cell wall.25 The review demonstrates that Z. officinale may be an
effective antibacterial agent based on both in vitro and in vivo studies. The
review analyzed the important parameters of MIB and MIC on the
anti-microbial action. In addition, specific parameters such as biofilms
were analyzed. It has been found that the concentration of Z. officinale
determines the reduction of biofilm formation. The systematic review
previously explored the antibacterial action of Z. officinale under three
main parameters that include MIC, MBC, and zone of inhibition, but for
dental caries, the additional parameter of biofilm formation by adhesion
and glucan synthesis is essential. The review also analyzed this important
parameter of glucan for anti-cariogenic effectiveness.35

MIC is denoted as the lowest concentration of an antimicrobial agent
that can prevent a microbe from growing noticeably in vitro under
carefully regulated conditions.33 MIC determines whether the antibac-
terial agent is sensitive or resistant.36 The lowest extract antimicrobial
agent concentration that ceased the bacterial growth on the agar plate is
the Minimum bactericidal Concentration (MBC), which emphasizes the
concentration at which there is a complete elimination of the bacteria.33

Glucans, polymers of glucose produced from sucrose by the enzyme
glucosyltransferase (Gtf), cause sucrose-dependent adhesion of microbe
on the tooth surface, the analysis of glucans or glucan binding proteins
which are associated with cariogenicity.37 The studies determined that
the crude and organic extracts such as methanolic solvents of Z. officinale
generated better antibacterial characteristics than the aqueous extracts.26

Ginger has been effectively combined against dental caries with other
materials, such as honey and Miswak.28,33 Several metallic, nonmetallic,



Table 3
Data of manuscripts selected for final analysis.

Study ID Study Concentrations Bacteria MIC MBC Adhesion/biofilm/glucan

Hasan et al. 201534 In vivo 8, 16, 32, 64 and 128 μg/
mL

S. mutans 256 μg 256 g Sucrose dependant and independent adhesion; biofilm formation; glucan
production

Babaeekhou et al.
202118

In vitro 25–400 mg/mL S. mutans,
S. sobrinus

800�1

μg
2 μg Biofilm formation; Sucrose dependant & independent adhesion

Mohammed et al.
202333

In vitro 50 gm S. mutans 300 μg 300
μg

No data
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ceramic and polymers and their nanoparticles were applied in caries
prevention.38 Future trends can envision the dualistic effects of phyto-
chemicals and nanomaterials in caries prevention. In this review, the
additional parameter assessed for carcinogenicity of the Z. officinale was
the adhesion and glucan synthesis, among three finalised manuscripts
two also included the glucan formation in their final analysis. The limi-
tation of the systematic review was that all subtypes of ginger were not
analysed.

5. Conclusion

Z. officinale is an effective antibacterial agent as an extract in the
organic or crude form and the antimicrobial activity of ginger is due to
changes in the permeability of the cell wall. The inhibition of biofilms or
glucans also is an important property of the anti-cariogenicity of
Z. officinale. The MIC and MBC determine the effectiveness of Z. officinale
against cariogenic bacteria, which tends to vary depending on microbial
and analytical factors.
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