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Abstract 
      Gambir (Uncaria gambir) is a type of Indonesian plant used by many people as traditional 
medicine. It contains catechin and tannin that have antimicrobial properties.  
      One of the main bacteria in the oral cavity that plays a significant role developing dental caries 
is Streptococcus mutans (S. mutans). In the process of tooth decay, these bacteria produce 
glucosyltransferase enzyme (gtf) that has the ability to catalyze glucan synthesis.  
      The aim of this study was to know the effect of gambir in inhibiting glucosyltransferase enzyme. 
Samples were divided into 3 groups, Group A was a sample with 5 % gambir extract, Group B was 
a sample with 5% xylitol as positive control, and Group C was distilled water as negative control. 
High-Performance Liquid Chromatography (HPLC) was used to analyze and assess the fructose 
region to determine the gtf enzyme. The extensive fructose area was conducted based on each 
group's retention duration.  
       The results showed that Uncaria gambir demonstrated a higher ability to reduce the activity of 
the gtf enzyme than the negative control group (distilled water) (p<0.05). Still, it had a similar ability 
compared to positive control (p>0.05). It can be concluded that Uncaria gambir extract has an effect 
in inhibiting Streptococcus mutans glucosyltransferase enzyme.   
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 Introduction 
 
 Uncaria gambir is typically a kind of plant 
that is mostly found in Asia. People usually use 
this plant as a mixture of chewing betel which is 
useful for strengthening teeth so that the teeth do 
not easily decay.1 Previous study reported that 
this plant has medical benefits with limited side 
effects because it contains catechin (59-90%) 
and tannin.2 Catechin in Uncaria gambir is 
effective mostly in reducing Gram-positive 
bacteria, followed by Gram-negative bacteria.3 
Harnis et al revealed that mouthwash with extract 
Gambir can inhibit the growth of Staphylococcus 
aureus.4 Dewi et al also reported that Uncaria 
gambir extract had an anti-cariogenic effect 
because this extract had the ability to reduce S. 

mutans colonies, the decline of calcium weight, 
and micropores in enamel.5  
 Streptococcus mutans is an acid-
producing bacteria that plays an important role in 
dental caries.6 S. mutans colonizes in dental 
surface and together with fermentable 
carbohydrates leads to demineralizing the hard 
tooth structure.7 This type of bacteria is 
commonly found to be the dominant microbes in 
the oral cavity.6 Other factors that make this 
bacteria have a central role in the etiology of 
dental caries are its ability to adhere to the hard 
tooth surface, capacity to build up glycogen 
reserves, strongly produce acidic metabolites, 
and synthesize extra-cellular polysaccharides.8 
Previous studies reported that the appearance of 
S. mutans in the cavity of the tooth was followed 
by dental caries after 6 to 24 months. Since S. 
mutans adheres to the hydroxyapatite matrix of 
the tooth surface, the pH of the tooth surface is 
easily reduced to below the critical pH of 
hydroxyapatite demineralization.7        
 One of the virulence factors of dental 
caries of S. mutans is the glucosyltransferase 
(gtf) enzyme. This enzyme catalyzes the 
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arrangement of soluble and insoluble glucan 
inferred from fructose and sucrose, while 
moreover playing a critical part in the 
polysaccharides contexture of the dental plaque.9 
Glucan helps the attachment of oral bacteria and 
forms the accumulation of plaque on the tooth 
surface.10 The inhibiting of this enzyme can 
prevent tooth decay.11 According to Dewi et al 
(2023), chewing candy containing catechin from 
Uncaria gambir extract could inhibit the synthesis 
of insoluble glucan produced by the 
glucosyltransferase enzyme.12 The purpose of 
this study was to know the effect of Uncaria 
gambir in inhibiting S. mutans’ 
glucosyltransferase enzyme. 
   

Materials and methods 
 
 This research used a randomized post-
test-only control group design of experimental 
investigation. The samples were Streptococcus 
mutans taken from the Microbiology Laboratory 
of the Faculty of Medicine, Universitas Sriwijaya, 
Indonesia. The samples were divided into three 
groups, Group A was samples with 5% gambir 
extract, Group B was samples with 5% xylitol, 
and Group C was samples with distilled water. 
The total samples were 30 samples. Gtf enzyme 
was derived from S. mutans and tested using 
HPLC on Polytechnic of Negeri Sriwijaya. 
 Uncaria gambir was obtained from gambir 
field in Babatoman Village, Musi Banyuasin 
district, South Sumatera Province, Indonesia. 
This material was identified and authenticated by 
Faculty of Agriculture, Universitas Sriwijaya, 
Indonesia.  
 Gambir leaves were dried in the sun for 
48 hours without direct sunlight. The drying 
process was followed by an oven (CutLab 
Vacuum, USA) for 90 minutes.  
 The dried leaves were crushed and 
blended until smooth to become simplicia. A total 
of 60 grams of simplicia was wrapped in filter 
paper and cotton as a base and then inserted 
into a soxhlet tube (Biobase Biolin, China). The 
soxhlet tube was filled with 700 mL of 96% 
ethanol solvent and heated at 78.3°C (at the 
boiling point of the solvent) for 10 hours. The 
filtration was evaporated using a rotary 
evaporator at a temperature of 50°C to obtain 
100% extract.13 The extraction results were 
placed in a glass container and aired until a dry 
extract was obtained. The gambir extract was 

stored in the refrigerator and then ground using a 
mortar and pestle. The extract was weighed with 
an analytical balance and diluted to get a 
concentration of  5%. 
 Streptococcus mutans taken from 
Laboratory were cultured into a test tube 
containing 10 mL of liquid Brain Hearth Infussion 
Broth (BHIB) media. After that S mutans were 
incubated for 24 hours at 370C. The culture 
medium was vibrated at a speed of 150 rpm with 
Thermoshaker (AMTAST, Indonesia), and 
centrifuged for 30 minutes at 1500 rpm by using 
Beckman Coulter Centrifuge, USA at 40C. A 
Supernatant containing the glucosyltransferase 
enzyme was obtained.  
 Thirty test tubes were provided in this 
study, ten of which were used for each group, 
namely the treatment group (5% gambir extract), 
positive control (xylitol), and negative control 
(distill water). All groups were given a mixture of 
0.875 ml of 0.25 M sucrose in 0.2 M phosphate 
buffer pH 7, added 0.1 ml of gtf enzyme solution. 
Group A was added with 5% concentration of 
gambir extract, while group B was added with 
xylitol. All samples were incubated in a water 
bath at 37°C for 120 minutes. Following 
incubation and filtration with 0.45 μm filter paper, 
5 μl of the treatment solution or control solution 
was injected, and the retention time was then 
monitored to determine the fructose 
concentration using High-Performance Liquid 
Chromatography (HPLC) (Buchi, Sweden). To 
calculate the fructose content, the formula used 
is obtained by reading the area of fructose in the 
standard fructose solution as follows:14 

 
Explanation: 
SPA = the area of samples 
STA = the standardized area 
VIP = the volume of sample injection (5mL) 
VIS = the volume of standard injection (5mL) 
SC = the standard concentration (1%) 
DF = dilution factor 
One unit of gtf enzyme activity was defined as 1 
µmol/mL fructose from the enzyme/hour.  
 
 The data was obtained based on the 
amount of fructose calculation using the SPSS 
program. Normality test to determine whether the 
data is normally distributed or not using the 
Shapiro-Wilk test. Homogeneity of variance test 
to determine the homogeneity of data variation in 
each group using Levene's test. The Kruskal-
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Wallis test determined the differences between 
groups with a significance value of p<0.05. After 
that, a Mann-Whitney test was continued to 
perform the differences between groups.  
 
 Results 
 
 The results showed that the normality test 
was p>0.05, it meant that the data were normally 
distributed, while Levene’s test result revealed 
that p=0.00, indicating that the data were not 
homogeneous. The Kruskal-Wallis test indicated 
p=0.00 (p<0.05), which meant that there were 
significant differences between groups. Table 1 
showed that negative control had a high means 
of fructose, followed by Uncaria gambir extract 
and positive control.  
 

 
Table 1. The Means of the area of fructose. 
* Significant level, Kruskal Wallis-test, p<0.05. 
 
 The analyzing data were continued with 
Mann-Whitney test to perform the differences 
between groups (Table 2).     
 From Table 2, it could be seen that 
Uncaria gambir extract had a similar effect with 
xylitol as a positive control group in inhibiting 
glucosyltransferase enzyme derived from S. 
mutans. However, those groups had significant 
differences compared to the negative control. 
Both groups had higher inhibition ability than 
negative control. 
 

 
Table 2. Result of Mann-Withney test. 
* Significant level, Mann Whitney-test, p<0.05. 
 
 Discussion 
 
 This study showed that the concentration 
area of fructose in the positive control and 
treatment group had higher inhibition than the 
negative control group. The lower concentration 
was due to their ability to inhibit S.mutans’ 
enzyme.  Distilled water was neutral, so S. 

mutans was capable to colonizing and producing 
the gtf enzyme. While in Uncaria gambir extract 
group and xylitol group (positive control group), 
the enzyme was inhibited so the sucrose was not 
broken down into fructose.  
 Uncaria gambir is one of the plants that 
grows well in Southeast Asia. People in this 
country have consumed and also used this plant 
as traditional medicine.1 Uncaria gambir extract 
had the same ability to reduce the gtf enzyme 
with xylitol as a positive control group. Liyana et 
al (2023) stated that xylitol was effective in 
inhibiting the biofilm formation of Streptococcus 
mutans. S. mutans cannot ferment xylitol, so it 
will change the mass of S. mutans biofilm.15 This 
bacteria can transport xylitol in an energy-
consuming cycle.15,16 The phosphoenolpyruvate 
system  converts xylitol to xylitol-5-phosphate. 
The dephosphorylation process of xylitol-5-
phosphate needs a lot of energy so that S. 
mutans will starve and die.16 Loimaranta et al 
(2020) investigated that xylitol modified the 
expression levels of glucosyltransferase B, C, 
and D genes that were important in 
polysaccharide-mediated adherence of S. 
mutans.17 

 Uncaria gambir has a high concentration 
of catechin, which possesses antibacterial 
properties. Dewi et al mentioned that catechin in 
Uncaria gambir had three mechanisms as an 
antibacterial agent. Gambir inhibited nucleic acid 
synthesis and energy metabolism, damaged the 
cytoplasmic membrane, and changed the 
bacterial cell wall. This condition also caused the 
inhibition of the gtf enzyme.18 Aragao et al (2022) 
reported that catechin interfered with quorum 
sensing (QS), a regulator of gene expression to 
acclimate the environmental disadvantage.19 
Kriswandini et al (2020) concluded that 
derivatives of catechin blocked the activity of gtf, 
which serves to assist biofilm formation. This 
inhibition may lead to a decrease in glucan 
synthesis so the colonization process was 
stopped.20 

 The catechin and tannin contents of 
gambir extract inhibited the formation of insoluble 
glucan from sucrose by glucosyltransferase 
enzyme derived from Streptococcus mutans.8 
This inhibition prevented the formation of 
extracellular polysaccharides. It hindered S. 
mutans from adhering to the tooth surface of 
hard tooth surface and prevented plaque 
production.7 Wu et al (2022) reported that 
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catechin had an inhibitory effect against biofilm 
formed from Streptococcus mutans.21 Another 
study, Schneider-Rayman et al (2021) explained 
that catechin derivatives reduced the dental 
biofilm of S. mutans because this active 
compound had down-regulation of genes 
responsible for extra-polysaccharides 
production.22 

 Catechin disrupts the formation of biofilm 
through some different mechanisms. Catechin 
inhibits bacterial metabolism, promotes bacterial 
aggregation, and reduces gtf enzyme activity.3 
Previous studies affirmed that catechin 
derivatives reduced the expression of three 
genes that code for glucosyltransferase 
enzyme.23  
 Another active compound found in 
Uncaria gambir was tannin. Tannins are 
oligomers and polymers that have the ability to 
bind with proteins and polysaccharides in 
bacterial cell membranes.24 This complexional 
binding inhibits extracellular enzyme of bacteria 
and oxidative phosphorylation. So that the 
bacterial metabolism will lose substrate 
availability and cause cell death.25 Dharsono et al 
(2023) investigated the potency of tannin derived 
from Uncaria gambir against the bacterial 
enzyme.26 The investigation of docking studies 
showed that tannin had high affinity and 
conformity to bacterial enzymes due to its 
biological activity of tannin, in which the hydrogen 
bonds to amino acids in bacterial enzymes.27 
Pribadi et al (2017) reported that tannin from 
Mangosteen pericarp extract inhibited the S. 
mutans gtf enzyme activity effectively.14 

 
 Conclusions 
 
 The conclusion of this study was Uncaria 
gambir extract inhibited S. mutans 
glucosyltransferase enzyme. 
 
 Declaration of Interest 
 
 The authors report no conflict of interest. 
 
 References 
 
1.   Munggari IP, Kurnia D, Deawati Y, Julaeha E. Current Research 

of Phytochemical, Medicinal and Non-Medicinal Uses of 
Uncaria gambir Roxb.: A Review. Molecules. 2022;27(19):6551. 
doi: 10.3390/molecules27196551. 

2.   Hidayati DM, Rahmatulloh A. Antioxidant Activity of Uncaria 
Gambir (Hunter) Roxb Extracts. Tropical Journal of Natural 
Product Research (TJNPR) 2022;6(8):1215-8. 

doi.org/10.26538/tjnpr/v6i8.9.  
3.   Pambayun R, Utami DP, Santoso B, Widowati TW, Dewi SRP. 

Antiseptic Effect of Betel Quid Extract on Lip Mucosal Wound of 
Male wistar (Rattus novergicus) rats. J Int Dent Med Res 
(JIDMR). 2018;11(2):621-7 

4.   Harnis ZE, Ginting A, Illsanna C, Barus BR, Margata L. Gambir 
Mouthwash Formulation and Effectivity Test against 
Staphylococcus aureus. J Penelitian Farmasi dan Herbal 
2020;3(1):38-47 

5.   Dewi SRP, Kamaluddin MT, Theodorus, Pambayun R. 
Anticariogenic Effect of Gambir (Uncaria Gambir [Roxb.]) 
Extract on Enamel Tooth Surface Exposed by Streptococcus 
mutans. Int J Health Res Sci 2016;6(8):171-9 

6.   Lemos JA, Palmer SR, Zeng L, Wen ZT, Kajfasz JK, Freires IA, 
Abranches J, Brady LJ. The Biology of Streptococcus mutans. 
Microbiol Spectr. 2019;7(1):10.1128. doi: 
10.1128/microbiolspec.GPP3-0051-2018. 

7.   Widyagarini A, Sutadi H, Budiardjo SB. Serotype c and e 
Streptococcus mutans from Dental Plaque of Child-Mother 
Pairs With Dental Caries. J Int Dent Med Res (JIDMR). 
2016;9:339-42 

8.   Dewi SRP, Irfannuddin. Bioinformatics Analysis and 
Biomolecular Characterization of Salivary Alpha Amylase as 
Risk Factor for Dental Caries. Makassar Dent J. 
2024;13(2):196-201. 

9.   Iacopetta D, Ceramella J, Catalano A, D'Amato A, Lauria G, 
Saturnino C, Andreu I, Longo P, Sinicropi MS. Diarylureas: New 
Promising Small Molecules against Streptococcus mutans for 
the Treatment of Dental Caries. Antibiotics (Basel). 
2023;12(1):112. doi: 10.3390/antibiotics12010112. 

10. Zhang Z, Yang Y, Sun Q, Zeng W, Li Y.Inhibition of Biofilm 
Formation and Virulence Factors of Cariogenic Oral Pathogen 
Streptococcus mutans by Shikimic Acid. Microbiol Spectr. 
2022;10:e01199-22. https://doi.org/10.1128/spectrum.01199-22 

11. Jakubovics NS, Goodman SD, Mashburn-Warren L, Stafford 
GP, Cieplik F. The Dental Plaque Biofilm Matrix. Periodontol. 
2021;86(1):32-56. doi: 10.1111/prd.12361. 

12. Dewi SRP,Pambayun R, Santoso B, Bikarindrasari R. The 
Effect of Chewing Candy Containing Gambir (Uncaria gambir 
[ROXB.]) against Bacterial Colonies and Dental Plaque 
Formation. J Kes Poltekkes Palembang. 2023;18(1):111-8. 

13. Özcan MM, Al Juhaimi F, Ghafoor K, Babiker EE, Özcan MM. 
Characterization of Physico-Chemical and Bioactive Properties 
of Oils of Some Important Almond Cultivars by Cold Press and 
Soxhlet Extraction. J Food Sci Technol. 2020;57(3):955-61. doi: 
10.1007/s13197-019-04128-3. 

14. Pribadi N, Yonas Y, Saraswati W. The Inhibition Of 
Streptococcus mutans Glucosyltransferase Enzyme Activity by 
Mangosteen pericarp Extract. Dent J. 2017;50(2):97-101 

15. Liyana, Ahmad I, Gunawan KL, Gartika M. Effectiveness of 
Xylitol Toothpaste on the Growth and Biofilm Formation of 
Streptococcus mutans ATCC 25175. J Syah Kuala Dent Soc. 
2023;8(1):84-91 

16. Janakiram C, Deepan Kumar CV, Joseph J. Xylitol in 
Preventing Dental Caries: A Systematic Review and Meta-
analyses. J Nat Sci Biol Med. 2017;8(1):16-21. doi: 
10.4103/0976-9668.198344. 

17. Loimaranta V, Mazurel D, Deng D, Söderling E. Xylitol and 
Erythritol Inhibit Real-Time Biofilm Formation of Streptococcus 
mutans. BMC Microbiol. 2020;20(1):184. doi: 10.1186/s12866-
020-01867-8. 

18. Dewi SRP, Handayani P, Anastasia D, Maulina ST. 
Antimicrobial Potency of Toothpaste containing Gambir 
(Uncaria gambir) Extract. Padjajaran Dent J. 2023;35(2):98-105  

19. Aragão MGB, Aires CP, Corona SAM. Effects of The Green Tea 
Catechin Epigallocatechin-3-Gallate on Streptococcus mutans 
Planktonic Cultures and Biofilms: Systematic Literature Review 
of in vitro Studies. Biofouling. 2022;38(7):687-95. doi: 
10.1080/08927014.2022.2116320. 

20. Kriswandini IL, Diyantri I, Tantiana, Nuraini P, Berniyati T, Putri I, 
Pnbn T. The Forming of Bacteria Biofilm from Streptococcus 
mutans and Aggregatibacter actinomycetemcomitans as a 
Marker for Early Detection in Dental Caries and Periodontitis. 

http://www.ektodermaldisplazi.com/dergi.htm
http://www.jidmr.com/
https://repository.unsri.ac.id/134726/1/43D17_531-Layout.pdf
https://repository.unsri.ac.id/134726/1/43D17_531-Layout.pdf


 
Journal of International Dental and Medical Research ISSN 1309-100X          Streptococcus Mutans Glucosyltransferase Enzyme 
http://www.jidmr.com                                                                                                                                         Siti Rusdiana Puspa Dewi 

 

  Volume ∙ 18 ∙ Number ∙ 1 ∙ 2025                            Page 53 

Infect Dis Rep. 2020;12(Suppl 1):8722. doi: 
10.4081/idr.2020.8722. 

21. Wu CY, Su TY, Wang MY, Yang SF, Mar K, Hung SL. Inhibitory 
Effects of Tea Catechin Epigallocatechin-3-Gallate against 
Biofilms Formed from Streptococcus mutans and A Probiotic 
Lactobacillus strain. Arch Oral Biol. 2018;94:69-77. doi: 
10.1016/j.archoralbio.2018.06.019. Epub 2018 Jun 26. PMID: 
29979975. 

22. Schneider-Rayman M, Steinberg D, Sionov RV, Friedman M, 
Shalish M. Effect of Epigallocatechin Gallate on Dental Biofilm 
of Streptococcus mutans: An in vitro Study. BMC Oral Health. 
2021;21(1):447. doi: 10.1186/s12903-021-01798-4. 

23. Misra S, Ikbal AMA, Bhattacharjee D, Hore M, Mishra S, 
Karmakar S, Ghosh A, Srinivas R, Das A, Agarwal S, Saha KD, 
Bhardwaj P, Ubhadia IB, Ghosh P, De S, Tiwari ON, 
Chattopadhyay D, Palit P. Validation of Antioxidant, 
Antiproliferative, And In Vitro Anti-Rheumatoid Arthritis Activities 
Of Epigallo-Catechin-Rich Bioactive Fraction from Camellia 
sinensis var. assamica, Assam Variety White Tea, and Its 
Comparative Evaluation With Green Tea Fraction. J Food 
Biochem. 2022;46(12):e14487. doi: 10.1111/jfbc.14487. 

24. Rahmawati AA, Yuniarti E. Literature Article Review: Gambir 
Plant (Uncaria gambir Roxb) as Antioxidant Producer. Serambi 
Biologi. 2024;9(1):57-63 

25. Dharsono HDA, Wibisono L, Hayati AT, Apriyanti E, Satari MH, 
Kurnia D. Mode Action Prediction of Catechin from Uncaria 
gambir Roxb. against Udp-n-Acetylenolpyruvyl-Glucosamine 
Reductase (MurB enzyme) of Streptococcus mutans: In Silico 
Study. J Adv Pharm Technol Res. 2022;13(3):197-201. doi: 
10.4103/japtr.japtr_313_21. Epub 2022 Jul 5. PMID: 35935691; 
PMCID: PMC9355047. 

26. Nuraini P, Puteri MM, Pramesty EA. Anti-biofilm Activity of 
Epigallocatechin Gallate (EGCG) against Streptococcus mutans 
Bacteria. Research Journal of Pharmacy and Technology. 
2021;14(9):5019-3. doi: 10.52711/0974-360X.2021.00875  

 

http://www.ektodermaldisplazi.com/dergi.htm
http://www.jidmr.com/

