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Article Type ABSTRACT

Research Paper Background and Objective: The regeneration of dental enamel is not possible. Tooth decay can

develop at any point throughout lifetime. Matcha is often acknowledged as the most aromatic type
of tea and is considered to have the highest level of quality. It contains a significant amount of
minerals, including fluoride. The aim of this study was to compare the effects of matcha and green
tea on the surface roughness of artificial caries lesions.
Methods: In this laboratory study, 40 extracted premolars teeth (for orthodontic treatment) were
immersed in 0.02% thymol solution, then rinsed and smoothed using pumice without fluoride, the
roots were removed using a diamond disc bur at a depth of 2 mm below the cement-enamel junction.
Plastic cylindrical tubes were sliced into rings and acrylic resin was poured into them. Teeth were
placed in the middle of the ring, with the labial surface visible. A 4x4mm window was prepared for
measurements. Samples were randomly divided into 4 groups of 10: Group I: Deionized water (DW);
Group II: Sodium fluoride solution (NaF); Group Ill: Matcha solution; and Group IV: Green tea
solution. Remineralization measurements were conducted one week after subjecting the samples to
the agents. Teeth were examined using an atomic force microscope (AFM) in three phases: baseline
phase, demineralization phase and remineralization phases. The quantitative outcome variable was
equal to the arithmetic mean values of surface roughness (Ra). Data were analyzed using SPSS.

Received: Findings: A significant difference was observed between the groups in the remineralization phase.

Matcha showed the highest value (176.420+38.944). Sodium fluoride solution was in second place

(88.239+35.239), green tea showed the lowest value (5.145+1.612) and then the deionized water

group (64.721+20.197) (p=0.000).

Conclusion: The results of the study showed that green tea was significantly better than matcha when

Accepted: it came to tooth enamel roughness.
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Introduction

Demineralization is a process that causes mineral loss from the enamel, thus creating porosities in the
enamel (1). Minimal intervention dentistry aims to extend the longevity of natural teeth. It places the
nonrestorative approaches as a priority (2). Teeth possess an indispensable characteristic known as
roughness, which impacts the adhesion of external substances to their surfaces (3). Surface roughness
governs the quality, color, buildup of plaque in the oral cavity (4). The limit of surface roughness above
which the bacteria would adhere is debatable. The most commonly reported limit of surface roughness (Ra)
is below 0.2 pm for adherence of dental biofilm (5). The roughness of the tooth enamel surface is inclined
due to demineralization and promotes the buildup of plaque (6).

Fluoride is one of the preventative techniques used to address tooth erosion (7). However, dental fluorosis
occurs when excessive amounts of fluoride are consumed over a lengthy period. In severe cases, skeletal
fluorosis can develop (8).

Tea plants are known as Camellia sinensis; the majority of individuals worldwide have a preference for
consuming tea. Black and green teas, the two primary variants, are obtained from the same plant (9). Tea
leaves mostly consist of polyphenols (10); the health-promoting effects are mainly attributed to this
compound (11). Green tea is available in several forms, including loose leaves, tea bags, or powdered form
(12). Matcha is a type of powdered tea made from the Tencha variety (13). It has gained increasing
popularity in recent years (14). All varieties of tea include minerals, including fluorine, which plays a crucial
role in the mineralization processes of hard tissues (15).

The purpose of the present experiment was to test and compare the effect of Matcha tea and green tea on
the roughness of artificially demineralized enamel surfaces.

Methods

This research is a laboratory comparative study. Ethical approval was obtained from the scientific and
central committee of the College of Dentistry, University of Baghdad according to the Helsinki Declaration
(project no. 682322) (16).

Specimen preparation:

Forty sound human permanent premolars were extracted for orthodontic treatment. The criteria for
entering and exiting the study were sound crowns with no sign of caries, restorations, cracks, fractures, and
white lesions. The teeth were inspected using a 10X magnifying lens (17). Teeth were collected from
teenagers at various dental centers (after gaining consent). Teeth were immersed in distilled water and 0.02%
thymol solution. They were then rinsed with deionized water and smoothed using pumice without fluoride
(18). The roots were removed from crowns using a diamond disc bur of double-ended type (Nti, Germany)
with an adequate quantity of water at a depth of 2 mm below the cement-enamel junction (19).

To make the samples in a uniform design, plastic cylindrical tubes were sliced into identical rings,
featuring parallel flat top and bottom edges. Cold cure acrylic resin was poured into rings. In the middle of
the ring, teeth were placed, with the labial surface visible and parallel to the base. Nail varnish resistant to
acids was used to coat the exposed surface except for the middle third; this area was obscured with tape for
adhesion and removal later, creating a 4x4mm window for measurements. This specific area was the focus
of analysis (20).
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The roughness was measured at different phases: Baseline, after demineralization, and after immersion
in agents' solutions. The teeth were randomly separated into four groups: Group I: Deionized water; Group
I1: NaF; Group Ill: Matcha tea; and Group IV: Green tea; Ten teeth in each group. The quantitative outcome
variable was Arithmetic average height (Ra) values.

The demineralizing solution was developed to create significant subsurface demineralization similar to
enamel caries. A mixture of the indicated materials (50 mM acetic acid, 2.2 mMCa (NO3)2, 2.2 mM
KH2PO4, 5.0 mM NaN3, 0.5 ppm NaF) was incubated in a shaker at 37°C and 50 rpm up to 72 hours. The
pH of the solution was then adjusted to 4.5 using a portable pH meter (21).

Preparation of aqueous solutions:

NaF solution 0.05%0: was prepared by adding 0.05 grams of sodium fluoride powder (M.W. 41.99, Thomas
Baker, India) into 100 ml of deionized water (22).

Matcha green tea solution: 2.84 grams of powdered matcha (now Real Tea trademark, USA) was
combined with 120 cc of water that had been heated at 82°C and stirred in a zigzag motion until froth and
was formed according to the manufacturer's instruction.

Green tea solutions: 8.4 gm of green tea (TWININGS trademark, England) was added to a warm teapot
500 ml. Fresh water boiled to 90°C was poured on it and incubated for 3 minutes according to the
manufacturer's instructions.

Demineralization of samples: Samples were stored in a glass beaker with 20 ml of solution that produced
demineralization for up to three days. The demineralized solution was replenished daily (23).

Sample treatment: The teeth samples were soaked in 20 ml of the treatment solution for four minutes,
followed by a two-minute rinse with deionized water. The processes were performed daily for one week,
and the tested solutions were renewed daily (24).

Roughness assessment: The measurements were conducted with an atomic force microscope (NaioAFM
2022 model, Nanosurface AG, Switzerland) testing equipment.

The sample was attached to a double-sided tape. The AFM probe utilized for measurements in tapping

mode had been fitted with a gold reflective coating on the tip side of the cantilever (Tap190GD-G), while
the detector side was coated with a thin layer of gold measuring 70nm in thickness. The cantilever had a
force constant that ranged from 28 to 75 N/m. The probe had the following specifications: beam form, length
of 225um, width of 38um, and resonance frequency of 190 kHz.
Statistical analysis: Data description, analysis, and presentation were performed using Statistical Package
for Social Science (SPSS version -22, Chicago, lllinois, IBM, USA). Statistical analysis included descriptive
analysis and inferential analysis: Shapiro test for sample distribution and Levene test for homogeneity of
variance. Furthermore, one-way analysis of variance for differences between groups and repeated measure
analysis were conducted using Tukey HSD. A p-value less than 0.05 was considered significant.

Results

A significant difference was found after treatment with all tested solutions between the four groups
(p=0.000). The super mean value was revealed in Matcha tea, followed by NaF, while green tea represented
the lowest mean value, followed by DW groups. The mean, standard deviation and p-values are presented
in Table 1.

In addition, a significant difference was found in DW, Matcha tea, and green tea when comparing the
demineralization phase to the remineralization phase. At the same time, a non-significant difference was
found in NaF when comparing these two phases. All groups show significant differences in remineralization
phase when compared to each other except when comparing DW to NaF and DW to green tea.
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Table 1. Descriptive and statistical test of Ra among groups and phases
Baseline Demin Treatment .
Groups Mean+SD Mean+SD Mean+SD F p-value Effect size
DW 57.98+18.33% 108.02+35.57° 64.72420.19° 7.149  0.002" 0.290
NaF 67.59+23.72% 109.48+33.83" 88.24+35.24° 4.469  0.019" 0.203
Matcha Tea 43.98+12.48% 85.54+25.22° 176.42+38.94° 35.017 0.000" 0.667
Green Tea  63.32+17.80° 51.79+23.12° 5.15+1.61° 7.055  0.003" 0.287
F 1.875 2.762 17.575

p-value 0.151 0.056 0.000"
*Significant at p<0.05

Discussion

The roughness of enamel was assessed in three conditions: sound enamel (baseline measurement), after
demineralization, and after remineralization using the examined products. From a statistical perspective, the
significant increase in the roughness of the enamel surface following the application of a demineralizing
solution suggests the onset of the initial eroded lesion.

In this study, the most important findings revealed that Matcha tea had a significant increase in roughness
while the green tea showed the lowest roughness among other materials. However, there has been no
research focusing on the enamel surface roughness test after the matcha application, unlike the widely
addressed surface roughness test of enamel after green tea application. In a study by Ozyurt et al. (25),
Matcha shows less roughness compared to other types of tea on composite roughness. This may be attributed
to the PH level of 5.7 compared to Kombucha tea, which were 3.2.

The reason behind roughness elevation in the present study may be contributed to the large particle of
matcha solution that is deposited on the outer surface of the tooth. The temperature of the water utilized for
producing the infusion is a crucial factor that greatly influences the chemical composition of a tea beverage.
This pertains to the retrieval of physiologically potent substances and increased motion energy in tea
prepared at an elevated temperature (15).

The exceptional antioxidant capacity of Matcha can also be ascribed to the process of grinding. Fujioka
et al. established that tea infusions produced by steeping tea leaves contain a reduced amount of polyphenol
compared to those created from powdered tea. Therefore, the grinding process itself can expedite the
extraction of polyphenolic chemicals (26). All these factors might affect teeth; situations in which teeth
experience continuous de- and remineralization and any imbalance in this might result in degradation of
tooth structure resulting in roughness rising. However, it is important to acknowledge that this study has
certain limitations; the demineralization /remineralization cycle was conducted in a controlled laboratory
setting. Following the remineralization process of enamel samples using the chosen products, a reduction in
enamel surface roughness was seen in NaF, green tea, and DW.

A study concluded that fluoride ions reduce the roughness of the enamel surface by enhancing its ability
to withstand acid dissolution, which affects the processes of de- and remineralization. This leads to the
development of a substance similar to CaF2 on the eroded surface (27). However, their preventive action
has been reported to be limited, mainly when delivered in solution and dentifrices, due to their low-to-
moderate fluoride concentrations (28). The green tea group stimulated the remineralization of enamel. In
this study, green tea shows the lowest surface roughness. This result disagreed with the study of Samir et
al. (29), which shows more roughness in green tea groups than fluoride groups. This may be attributed to
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the low concentration of fluoride solution used in this study, while Samir et al. used fluoride gel. A study
by Kato et al. (30) shows that green tea may potentially reduce dentin erosion by inhibiting Matrix
metalloproteinases (MMPs), which could be one of its mechanisms of action. If this statement is accurate,
the polyphenols may be the component accountable for this phenomenon. The cell culture studies revealed
that green tea polyphenols, particularly epigallocatechin-3-gallate (EGCG), had strong and specific
inhibitory effects on MMPs.

A systematic review examined the correlation between green tea consumption and dental degradation.
Out of the articles published between 2000 and 2012, only eight were chosen. Among them, seven were
laboratory investigations, while just one was a cross-sectional observational study. The findings of the
inquiry indicate that sugar-free black or green tea does not cause tooth erosion. However, frozen tea, fruity,
floral, and sugary tea have erosive effects (31). The anti-erosion action of green tea can be attributed to its
high pH value. Both black and green tea have a pH of approximately 5.7 (32). Results of a study by Abo
Baker (32) concluded that green tea was very viable in preventing enamel erosion after using Pepsi
beverages through reduction of the enamel roughness and increasing remineralization.

In this study, green tea revealed a minimum effect on the enamel roughness compared to matcha which
showed inclination in the roughness. The results cannot be fully extrapolated to an in vivo scenario due to
the absence of the inherent defensive mechanisms of the mouth cavity. In addition, more studies are
necessary to evaluate the efficacy of Matcha tea with correct methodological design for example testing
different techniques for creating an extract of Matcha tea that may decrease the negative effect on the surface
roughness of enamel; including solution preparation and concentration. Matcha tea can negatively affect the
surface properties of demineralized enamel in terms of roughness while the best effect was shown in green
tea.

Conflict of interest: The authors have no conflicts of interest to declare.

Acknowledgment

We would like to thank the Vice Chancellor for Research and Technology of University of Baghdad.

Journal of Babol University of Medical Sciences, 2025; 27: e41



6 The Effects of Matcha and Green Tea on Enamel Surface Roughness/ R. Falah Abdulwahab, et al

References

1.Lopes PC, Carvalho T, Gomes ATPC, Veiga N, Blanco L, Correia MJ, et al. White spot lesions: diagnosis and
treatment - a systematic review. BMC Oral Health. 2024;24(1):58.

2.Yu QY, Lam WY, Wong AW, Duangthip D, Chu CH. Nonrestorative Management of Dental Caries. Dent J (Basel).
2021;9(10):121.

3.Patil N, Choudhari S, Kulkarni S, Joshi SR. Comparative evaluation of remineralizing potential of three agents on
artificially demineralized human enamel: An in vitro study. J Conserv Dent. 2013;16(2):116-20.

4.Yahya NA, Gonzalez MA, Ibrahim MS, Wen YK. Surface roughness of tooth coloured restorative materials. Ann
Dent Univ Malaya. 2020;27:41-9.

5.Croll TP, Berg JH, Donly KJ. Dental repair material: a resin-modified glass-ionomer bioactive ionic resin-based
composite. Compend Contin Educ Dent. 2015;36(1):60-5.

6.Mukarromah A, Dwiandhono I, Imam DN. Differences in surface roughness of enamel after whey-extract application
and CPP-ACP in post extracoronal-tooth bleaching. Maj Kedokt Gig Indones. 2018;4(1):15-21.

7.Salama F, Abdelmegid F, Al-Sharhan M, Al-Mutairi F, Al-Nasrallah A. Effect of remineralizing agents on enamel
surface roughness of primary teeth: An in— vitro study. EC Dent Sci. 2020;19(2):1-12.

8.Aoun A, Darwiche F, Al Hayek S, Doumit J. The Fluoride Debate: The Pros and Cons of Fluoridation. Prev Nutr
Food Sci. 2018;23(3):171-80.

9.Vyas T, Nagi R, Bhatia A, Bains SK. Therapeutic effects of green tea as an antioxidant on oral health- A review. J
Family Med Prim Care. 2021;10(11):3998-4001.

10.Alameer MI, Abdulbagi HR, Martin D. Antibacterial effect of green tea against Porphyromonas gingivalis: a
literature review. J Bagh Coll Dent. 2024;36(1):70-8.

11.Mageed MJ, Saliem SS, Alwatar WM. Antibacterial effects of green tea extracts on Aggregatibacter
actinomycetemcomitans (In-Vitro study). J Bagh Coll Dent. 2015;27(3):102-8.

12.Farooq S, Sehgal A. Antioxidant activity of different forms of green tea: Loose leaf, bagged and matcha. Curr Res
Nutr Food Sci. 2018;6(1):35-40.

13.Horie H, Ema K, Sumikawa O. Chemical components of Matcha and powdered green tea. J Cook Sci Jpn.
2017;50(5):182-8.

14.Schroder L, Marahrens P, Koch JG, Heidegger H, Vilsmeier T, Phan-Brehm T, et al. Effects of green tea, matcha
tea and their components epigallocatechin gallate and quercetin on MCF-7 and MDA-MB-231 breast carcinoma cells.
Oncol Rep. 2019;41(1):387-96.

15.Jakubczyk K, Ligenza A, Gutowska I, Janda-Milczarek K. Fluoride Content of Matcha Tea Depending on Leaf
Harvest Time and Brewing Conditions. Nutrients. 2022;14(12):2550.

16.Carlson RV, Boyd KM, Webb DJ. The revision of the Declaration of Helsinki: past, present and future. Br J Clin
Pharmacol. 2004;57(6):695-713.

17.Khalili Sadrabad Z, Safari E, Alavi M, Shadkar MM, Hosseini Naghavi SH. Effect of a fluoride-releasing fissure
sealant and a conventional fissure sealant on inhibition of primary carious lesions with or without exposure to fluoride-
containing toothpaste. J Dent Res Dent Clin Dent Prospects. 2019;13(2):147-52.

18.Hassan NM, Jafar ZJ, Abdul Latif MH. Nano-hydroxyapatite preparation for the remineralization of primary tooth
enamel surface subjected to liquid medication: An observational study. Health Sci Rep. 2023;6(4):e1188.

19.Farooq I, Samad Khan A, Moheet IA, Alshwaimi E. Preparation of a toothpaste containing theobromine and
fluoridated bioactive glass and its effect on surface micro-hardness and roughness of enamel. Dent Mater J.
2021;40(2):393-8.

Journal of Babol University of Medical Sciences, 2025; 27: e41



The Effects of Matcha and Green Tea on Enamel Surface Roughness/ R. Falah Abdulwahab, et al 7

20.Hussein KM, Al-Shamma AM. Effect of staining and brushing on the surface roughness of white spot lesions treated
with resin infiltration technique. Indian J Public Health Res Dev. 2019;10(10):3423-8.

21.Lv X, Yang Y, Han S, Li D, Tu H, Li W, et al. Potential of an amelogenin based peptide in promoting
reminerlization of initial enamel caries. Arch Oral Biol. 2015;60(10):1482-7.

22.Abbas SA, Qasim AA. The effect of chicken eggshell extract on microhardness of artificially induced dental erosion
in permanent teeth (in vitro study). J Res Med Dent Sci. 2020;8(7):42-7.

23.Yang Y, Lv XP, Shi W, Li JY, Li DX, Zhou XD, et al. 8DSS-promoted remineralization of initial enamel caries in
vitro. J Dent Res. 2014;93(5):520-4.

24.AL-Obaidy NM, Sulafa K, Majeed AH. Effect of Siwak Extract on the Microhardness and Microscopic Feature of
Initial Caries-Like Lesion of Permanent Teeth, Compared to Fluoridated Agents. Mustansiria Dent J. 2008;5(4):365-
71.

25.0zyurt E, Kurt A. Effect of Different Teas on Surface Roughness of Conventional and Bulk-Fill Composite Resins
Beverage Effect on Composite Resins. Curr Res Dent Sci. 2023;33(2):84-9.

26.Fujioka K, lwamoto T, Shima H, Tomaru K, Saito H, Ohtsuka M, et al. The Powdering Process with a Set of
Ceramic Mills for Green Tea Promoted Catechin Extraction and the ROS Inhibition Effect. Molecules. 2016;21(4):474.
27.Magalhdes AC, Wiegand A, Rios D, Hondrio HM, Buzalaf MA. Insights into preventive measures for dental
erosion. J Appl Oral Sci. 2009;17(2):75-86.

28.Carvalho TS, Peters BG, Rios D, Magalhdes AC, Sampaio FC, Buzalaf MA, et al. Fluoride varnishes with calcium
glycerophosphate: fluoride release and effect on in vitro enamel demineralization. Braz Oral Res. 2015;29(1):1-7.
29.Samir Z, Qasim A. Effect of Different Natural Herbal Products on Roughness of Eroded Enamel Surface (An in
Vitro Study). Al-Rafidain Dent J. 2023;23(2):246-62.

30.Kato MT, Magalhdes AC, Rios D, Hannas AR, Attin T, Buzalaf MA. Protective effect of green tea on dentin erosion
and abrasion. J Appl Oral Sci. 2009;17:560-4.

31.Koyama Y, Kuriyama S, Aida J, Sone T, Nakaya N, Ohmori-Matsuda K, et al. Association between green tea
consumption and tooth loss: cross-sectional results from the Ohsaki Cohort 2006 Study. Prev Med. 2010;50(4):173-9.
32.Abo Baker SH, Moawad AR. Effect of green tea on enamel remineralization of teeth immersed in pepsi. Egyptian
Dent J. 2019;65(4):3439-44.

Journal of Babol University of Medical Sciences, 2025; 27: e41


http://www.tcpdf.org

