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Aim: The aim of this in situ study was to evaluate the effectiveness of two herbal preparations, ginger and rosemary, on 
remineralization of initial enamel caries lesions and assessment by the FluoreCam detection device.
Methods: This was a single-site, randomized, four-way crossover study involving a total of 10 healthy participants with 
3-week test periods. Demineralized human enamel specimens were measured for baseline surface microhardness and light 
fluorescence with the FluoreCam and QLF. Thirty specimens in each of four groups were used with the following treatments 
applied three times daily after brushing their teeth with sodium fluoride (NaF) toothpaste (Ipana, Kalsi-Dent, P&G, GmbH, 
Germany). The groups; 1) ginger + honey + chocolate (experimental, Bind Chocolate, İstanbul, Turkey), 2) rosemary + 
ginger + honey + chocolate (experimental, Bind Chocolate, İstanbul, Turkey), 3) no treatment, only NaF toothpaste; control 
group, and 4) hydroxyapatite and fluoride agent (ReminPro, Voco, Cuxhaven, Germany). Each test period lasted 21 days. 
Post-treatment data were obtained by measurements of surface microhardness and fluorescence. Statistical analyses of the 
data included ANOVA tests with Tukey’s HSD test and Student Newman-Keuls analysis.
Results: Significant differences between treatments were observed in microhardness. Compared with the positive control 
group (NaF dentifrice), significantly greater remineralization was observed with the ReminPro and ginger-honey-chocolate 
treatments. With fluorescence assessments (ΔF), using QLF, significantly greater remineralization was observed in all three 
treatment groups, with the greatest remineralization observed with the two herbal treatments. No significant treatment 
difference was observed with the FluoreCam.
Conclusions: Enhanced remineralization was observed with all of the treatment systems, with ginger-honey-chocolate and 
ReminPro being most effective.

Dental Science

INTRODUCTION
The first visible sign of tooth caries, the white-spot lesion 
(WSL), has been defined as “subsurface enamel porosity from 
carious demineralization” that is manifested clinically by a 
milky white opacity 1. This subsurface porosity is caused by 
an imbalance between the dynamic biological processes of 
de- and remineralization 2,3. Demineralization and reminerali-
zation processes depend on various different factors; including 
calcium, phosphate and fluoride amount of saliva and plaque, 
additionally buffering capacity of saliva, hygine and other fac-
tors… Even a few mineral loss means the start of demineral-
ization from dental structure. In the literature we found the 
article by White DJ (1987)4 artificial carious lesion produced 
as 35-50 micron depth. Leavind enamel specimens into dem-
ineralizing solution described by White DJ for 72 hours at 
37˚ C. In the minimally invasive dentistry paradigm, incipient 
enamel carious lesions should be treated with non-invasive 
remineralization strategies wherever possible, instead of sur-
gical intervention 5. For this purpose, topical gels, varnishes, 
mouthwashes, and dentifrices that contain fluoride are used 
by dentists for the treatment of WSLs. With the concentration 
of 1100-1400 ppm in dentifrices, while topical gels (≈10 000 
ppm F) and varnishes (≈20 000 ppm F), fluoride is the best 
only remineralizing agent for chemical treatment of initial car-
ious lesions.

Fluoride is a proven agent for caries prophylaxis but excessive 
use of fluoride may cause dental fluorosis if ingested by very 
young children, and the use of bactericides or antibacterial 

agents may cause various side-effects, such as vomiting, di-
arrhea, and tooth staining, with increased resistance to these 
chemicals. For financial reasons, in developing countries, there 
is also a need for alternative prevention and treatment options 
that are safe, effective, and economical. Thus, instead of using 
artificial antibiotics and bactericides, it has been proposed that 
various medicinal plant extracts that have effects on bacteria 
causing tooth decay be used 6.

Among natural food sources with antimicrobial activities, gin-
ger rhizome (Zingiber officinale Roscoe, Zingiberacae) and 
rosemary (Rosmarinus officinalis L., Lamiaceae) have been 
used as food spices and medicinal plants for centuries. More-
over, they are natural materials, showing no toxicity, and are 
considered ‘generally recognized as safe’ (GRAS) by the US 
Food and Drug Administration (FDA). In particular, their pun-
gent oil components harbor a series of polyphenolic ketones 
with many pharmacological activities. Their antifungal and an-
timicrobial effects on oral cavity pathogens have been report-
ed in many studies 7-10. However, there is no reported study 
about the effects of these herbal medicaments on reminerali-
zation of initial enamel caries.

Another regimen used in many ancient cultures for both nutri-
tional and medicinal purposes is honey. The belief that honey 
is a nutrient, a drug, and an ointment has carried into present 
times. Honey is a super-saturated sugar solution, with low wa-
ter activity that does not support the growth of bacteria 11. 
The average pH value of honey is 3.9, so it is acidic and can 
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inhibit the growth of pathogens because most thrive at pH 
4.0-4.5 11. However, dilution of honey, for example by saliva, 
will increase the pH and reduce this effect. Dilution also re-
sults in a 2500-50,000 times increase in enzyme activity and 
the action of the enzyme glucose oxidase and the produc-
tion of hydrogen peroxide, which is an oxidizing agent, will 
increase. In honey, hydrogen peroxide is present at a very low 
level, yet it is still an effective antibacterial agent and compati-
ble with cellular preservation 13. There are a few reports about 
the antibacterial effect of honey on oral pathogens14-17 but 
none about the effect of honey on remineralization of initial 
enamel caries. According to the results of the research by Pa-
tel RV et al.16 a paste made by lending ginger and honey was 
found highly effective on inhibition of S.mutans, L.acidoğhilus, 
A.viscosus, P.aeroginosa, V.alcaligens and S.aureus.  

The fluorescence systems do measure the mineral loss and 
gain in the lesion area as mm2. These systems compare the 
mineral differences of the lesion area from its base either 
sound surface on demineralized surface quantitatively. This 
way white spot lesions and any remineralizations in these le-
sions can be detected and recorded non destructively.

The aim of this study was to evaluate the remineralization po-
tential of herbals: ginger, rosemary, and honey. Moreover, we 
evaluated the efficiency of a new detection device, the Fluo-
reCam, on demineralized and remineralized human enamel in 
terms of microhardness and QLF systems.

MATERIALS AND METHODS
Study Design. This in situ investigation was a single-site, ran-
domized, four-way crossover study involving 10 participants. 
The study design is shown in Figure 1. This study commenced 
following the approval from the ethical committee, and it was 
presented as the thesis of Dt. Gülçin Bilgin 18. 

Figure 1. Illustration of the study experimental design.

Thirty specimens in each of four groups were used with the 
following treatments applied three times daily after brushing 
their teeth with sodium fluoride (NaF) toothpaste (Ipana, Kalsi-
Dent, P&G, GmbH, Germany). The groups; 1) ginger + honey 
+ chocolate (experimental, Bind Chocolate, İstanbul, Turkey), 
2) rosemary + ginger + honey + chocolate (experimental, Bind 
Chocolate, İstanbul, Turkey), 3) no treatment, only NaF tooth-
paste; control group, and 4) hydroxyapatite and fluoride agent 
(ReminPro, Voco, Cuxhaven, Germany). Each test period lasted 
21 days.

Subject Recruitment. Ten healthy adults with no systemic dis-

eases were recruited for this study. Approval was obtained 
from the ethical committee of The Marmara University Insti-
tute of Health Sciences Clinical Research Preliminary Evalu-
ation Board. All subjects provided written informed consent. 
This investigation was conducted in accordance with the Dec-
laration of Helsinki (World Medical Association).

The subjects generally belonged to the same socio-economic 
class. All participants were in good health and not taking any 
medication that might affect the composition of their saliva. 
The study population was composed of equal numbers of 
men and women, ranging in age from 30 to 35 years. An in-
tra-oral examination confirmed that each had at least 22 nat-
ural teeth with no current caries activity, periodontal disease, 
or other oral pathology. A stimulated salivary flow rate of > 
0.7 mL/min was also required for participation.

Enamel Specimens and Preparation of Subsurface Lesions. In 
total, 120 human enamel specimens (10 subjects, 3 specimens 
per patient per test period, 4 test periods) were used. Each 
group had 30 specimens. Extracted teeth that had been ob-
tained from oral surgeons were used; the teeth were stored in 
0.10% thymol solution immediately after extraction and main-
tained in this solution prior to use. The sound enamel spec-
imens were 3 mm in diameter and 1.6-2.0 mm in thickness 
from the enamel surface. These enamel cores were mounted 
on acrylic rods (Figure 2). 

Figure 2. Enamel cores were mounted on acrlic rods.

Surfaces of the specimens were polished with a 600-grit 
grinding disk and with a slurry of 0.05 µm gamma alumina 
polishing gel. Artificial subsurface carious lesions were formed 
on each enamel specimen by placing the specimens individual-
ly for 72 h at 37°C in 7.0 mL of a demineralizing solution con-
taining 0.1 molar lactic acid and 0.2% Carbopol 907, 50% 
saturated with hydroxyapatite and adjusted to pH 5.0 using 
NaOH 4.

Intraoral Appliance. All specimens were mounted on a man-
dibular removable acrylic appliance. The appliance had two bi-
lateral troughs with a window on the buccal surface to house 
enamel specimens. In each appliance, three enamel specimens 
were retained with temporary filling material (Clip, Voco, Ger-
many; Figure 3).

Figure 3. Images of intraoral appliance.

The participants wore the appliance intraorally for 3 weeks 
continuously, except when eating; drinking water was per-
mitted. With their appliances in place, they brushed their 
teeth with the same toothpaste twice per day (morning and 
evening), (Ipana Kalsident, Procter & Gamble, Turkey) during 
each treatment period. They were careful not to touch the 
specimens’ surfaces during brushing. The test materials were 
applied immediately following brushing with fluoride tooth-
paste. ReminPro was applied as a pea-size amount by finger 
to the specimens. The chocolates were chewed in the molar 
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region and stayed there approximately 3 min. Then, the mate-
rials were distributed throughout the mouth with the tongue. 
Participants were not allowed to eat or drink for 30 min fol-
lowing the treatments. The appliance was kept fully hydrat-
ed by immersion in distilled water in a plastic box when not 
in use. After every week, participants were asked to visit to 
check their general health, compliance, and the fitting of the 
appliance and specimens. All subjects complied well with the 
protocol. No adverse reaction related to the appliance or treat-
ment materials was observed.

Treatment Materials. Ipana is a standard fluoridated dentifrice 
(NaF, 1450 ppm). ReminPro is a dental cream that contains 
hydroxyapatite, fluoride (1450 ppm), and xylitol. Ginger and 
rosemary were in powder form and mixed with honey (8 mg/
mL). The mixtures then were covered with chocolate, which 
was bitter (15% sugar). The chocolate was specially produced 
by Bind Chocolate (Tatlı Çikolata San. ve Tic. A.Ş., Tekirdağ, 
Turkey).

Analysis of Remineralization. The mineral density of the spec-
imens was determined using a digital microhardness tester 
(Leco LM247AT, Leco Corp., MI, USA) with a load of 200 g 
for 15  s in four areas. Assessments of the mineral content 
of the demineralized area of each specimen were obtained 
before and after each test period using both the FluoreCam 
(Therametric Technologies, Inc., Noblesville, IN, USA) and QLF 
(Inspektor Pro, Inspektor Research Systems, Amsterdam, The 
Netherlands) systems. The parameters assessed included % 
fluorescence loss, area (mm2) and lesion volume (mm2 %).

Statistical Analysis. To compare the remineralization effects of 
the treatment materials used in each group, repeated-meas-
ures ANOVA tests were conducted, with Tukey’s multiple com-
parison tests for post hoc analysis. All statistical analyses were 
carried out using the SPSS software (ver. 15.0 for Windows; 
SPSS Inc., Chicago, IL). P values < 0.05 were considered to in-
dicate statistical significance.

RESULTS
Table 1 presents the fluorescence data. Over time, all fluo-
rescence values (ΔF and ΔQ) in all of the treatment groups 
showed enhanced remineralization. Although, the increases 
(ΔQ) observed in the herbal treatment groups were great-
er than with Ipana and ReminPro in QLF measurements, 
they were not statistically significant (p > 0.05). Moreover, 
no significant difference was observed in FluoreCam val-
ues among the groups using ΔF or ΔQ measurements (p > 
0.05).

However, the surface microhardness increases (Table 1, Fig-
ure 4) showed significant differences between all supple-
ment-treated groups The additional dental cream treatment, 
ReminPro, and the herbal mixture (ginger + honey + choco-
late) treatment showed greater remineralization and they were 
significantly different from each other (p ˂ 0.05). The other 
herbal treatment (ginger + rosemary + honey + chocolate) 
was more effective than fluoride dentifrice alone and it was 
also significantly different (p < 0.05).  

Table 1. Obtained data from QLF, Fluorecam and Microhardness measurements.
FluoreCam Inspector (QLF) VHN

Group Delta F
Mean ± SD

Delta Q
Mean ± SD

Delta F
Mean ± SD

Delta Q
Mean ± SD

Delta VHN
Mean ± SD

1 (n=30) 2,02 ± 1,12 14,06 ± 2,89 0,91 ± 0,16 8,01 ± 4,30 16,36 ± 0,90
2 (n=30) 3,26 ± 1,09 14,65 ± 2,79 1,62 ± 0,18 6,64 ± 4,51 21,40 ± 1,66
3 (n=30) 0,63 ± 0,9 7,76 ± 2,69 3,44 ± 0,34 13,83 ± 5,71 23,72 ± 1,64
4 (n=30) 0,17 ± 1,10 5,88 ± 2,88 4,33 ± 0,28 16,74 ± 7,37 19,63 ± 0,91

   p>0.05 p>0.05 p≤0.05
Tukey HSD:
Differentgroups: 
1 and 4;
2 and 3

Figure 4. Remineralization datas of the groups measured 
by Microhardness 

DISCUSSION
The major interactions of the enamel with the oral environ-
ment occur on the surface layer of the sample 19. The remin-
eralizing agents applied on the surface of enamel specimens 
were evaluated by fluorescence (QLF, FluoreCam) and surface 
microhardness test methods. These methods are simple, fast, 
and easy to measure as non-destructive methods and are ca-
pable of reflecting mineral changes that have occurred due 
to treatments. They also allow repeated measurements of 

the same specimen over a given period of time if required by 
the study design. Enamel fluorescence assessments using QLF 
have shown great promise as an early caries detection meth-
od. Based on data available, it is suitable for in vivo monitor-
ing of mineral changes, as well as for caries prevention pro-
grams, although the cost of the equipment is significant and 
image analyses are time-consuming 20. Also, there are certain 
factors that may influence its success, such as dehydration 21 
and angulation 22, 23. The FluoreCam instrument uses the same 
basic principles to assess enamel fluorescence as QLF. Howev-
er, the analyses of the suspected demineralization or reminer-
alization area are performed automatically by the FluoreCam 
software. Although we did not observe any statistical differ-
ences in fluorescence assessments induced by the different 
treatment regimens in this study, due to the large variances, 
the fluorescence values (ΔF) in the herbal treatment groups 
changed numerically, suggesting greater remineralization than 
was observed with only the fluoride dentifrice in QLF measure-
ments (Table 1).

ReminPro is a relatively new agent that is marketed for en-
hancing remineralization. In this in situ study, we found that 
ReminPro provided additional remineralization beyond that 
obtained with the fluoride dentifrice, as assessed by both 
microhardness and fluorescence assessment methods. Prob-
ably both ingredients in this treatment agent, fluoride and 
hydroxyapatite, enhanced the remineralization by infiltrating 
through the lesion body and increasing remineralization of the 
lesion.

Brushing the teeth with fluoride toothpaste is a must for an 
in situ study, for ethical reasons. Thus, all volunteers used NaF 
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toothpaste in all test groups twice per day. Fluoride is retained 
in enamel lesions in the form of a fluorapatite, and on the 
enamel surfaces as CaF2, which may act as a fluoride reservoir; 
thus, there was a significant amount of remineralization from 
the fluoride dentifrice in each study group in addition to the 
added remineralization effects of the test materials.

Recently, many phytochemicals, including antibacterial agents, 
have been identified from edible plants. There are also nu-
merous reports on components of plants that have revealed 
antibacterial activities against Streptococcus mutans, which is 
widely known as a cause of dental caries. Ohara et al. 7  in-
vestigated the antibacterial activities of 81 edible plants on 
S. mutans in polarity-differing solvents (hexane and ethyl ace-
tate) and ginger was found to be effective (MIC 23 mg/g and 
8 mg/g). Moreover, after boiling for 10 min at 100°C or after 
storage for 1 week at 4°C, ginger retained its antibacterial ac-
tivity 7. Gregio et al. 24 found that in glycolic or hydroalcoholic 
solvents, ginger was effective against S.  mutans at a MIC of 
5 mg/mL.

Streptococcus mutans produces glucosyltransferases and syn-
thesizes an adherent and water-insoluble glucan from sucrose, 
which allows the organism to adhere firmly to the tooth sur-
face. Cacao beans, which are a main ingredient of chocolate, 
contain some polyphenols that exhibit anti-glucosyltransferase 
activity. Ooshima et al.25  reported that cacao bean husks have 
an anticariogenic effect on S. mutans and S. sobrinus in rats, 
demonstrating that the extract could become a novel anti-
caries substance, as a mild chemo-prophylactic agent. They 
found that the husk extract might be able to change a cario-
genic flora into a non-cariogenic flora without destroying the 
ecological balance within the oral cavity, because it markedly 
reduced the growth rate of S. mutans, but did not affect oth-
er oral streptococci so strongly 25. Osawa et al. 26 demonstrat-
ed that a 50% ethanol extract of cacao bean husk was superi-
or to the 30% ethanol extract they had used in their previous 
study. They found that the cacao bean husk had two types of 
cariostatic substances. Higher-molecular weight polyphenolic 
compounds and unsaturated free fatty acids, such as oleic and 
linoleic acids, were isolated from the cacao bean husk. The 
former showed anti-glucosyltransferase activities and the lat-
ter showed antibacterial activity against S. mutans 26. Percival 
et al. 27 reported that cacao polyphenols can inhibit biofilm 
formation and acid production by S. mutans. In our study, we 
used chocolate as a carrier for the ginger and honey mixture, 
and also as a part of the treatment material.

Honey has potent broad-spectrum antibacterial activity and 
studies have demonstrated that manuka honey has high an-
tibacterial activity and is likely to be non-cariogenic. Patel et 
al. 15 reported that ginger and honey were more effective 
than gentamycin against S.  mutans. They found the MIC of 
ginger to be 31.25 mg/mL, and that of the mixture of hon-
ey 1:2 (%,v/v) and ginger to be 15.63 mg/mL. Our study was 
consistent with these reports in demonstrating that ginger + 
honey (8 mg/mL) was a strong remineralizing agent. The high 
remineralization obtained was probably due to the antimicro-
bial properties and the high fluoride content (79 ppm) of gin-
ger (Therametric Co. laboratory results). Additionally, the pH 
of the ginger and honey mixture was essentially neutral (pH 
6.35). Even though NaF toothpaste had much more fluoride 
(1450 ppm), the amount of remineralization increased fur-
ther with the ginger + honey + chocolate treatment (Table 1). 
Under the conditions of the study, we could not distinguish 
whether a larger remineralization effect resulted from the gin-
ger, but it seems that there might be some enhancing effect 
on initial lesions. However, honey with its low pH may activate 
the release of fluoride from ginger at the time of application, 
resulting in higher remineralization.

Tsai et al. 28 demonstrated an inhibitory effect of rosemary 
on S. sobrinus. They found the minimum inhibitory con-
centrations of aqueous and methanolic rosemary extracts 
against S.  sobrinus were 16 and 4 mg/mL. Dalirsani et al. 29 
compared rosemary methanolic extract (30  g/100 mL) with 

chlorhexidine and found that rosemary has inhibitory effects 
on S. mutans. We found that the rosemary-containing treat-
ment mixture was effective in enhancing the remineralization 
process of enamel but it was not as effective as the ginger 
+ honey mixture alone. In this in situ investigation, all test 
materials enhanced remineralization as NaF toothpaste did as 
control group. QLF and FluoreCam systems showed reminer-
alization in all groups. All groups were similar in remineraliza-
tion including NaF toothpaste positive control group in both 
fluorescence systems. All groups showed remineralization in 
microhardness test method. Test groups showed higher micro-
hardness values compared to NaF toothpaste positive control 
group. Herbal mixture (ginger+ honey+ chocolate) and Rem-
inPro groups showed higher microhardness value in this study. 
Further research is still needed to check  the accuracy of Flure-
Cam system.

The daily application of chocolate containing ginger and hon-
ey with or without rosemary resulted in enhanced reminer-
alization beyond that provided by the daily use of a fluoride 
dentifrice. Because more natural products are preferred today, 
the herbals, ginger and rosemary, may be preferable for pre-
vention purposes on initial remineralization of enamel lesions 
beyond the daily use of NaF toothpaste, at least under the 
conditions of this in situ study. With these promising findings, 
we suggest further investigations of the potential benefits of 
herbal treatments for dental health.
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