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Abstract
Synsepalum dulcificum (S. dulcificum) commonly known as “miracle fruit” because its berries have the 
capability to modify sour taste to the sweet taste when eaten. Beside the berries, S. dulcificum leaves 
were also known to possess biological properties such as antioxidant, antimutagenic and antidiabetic 
activities. However, the study of its antimicrobial activity against oral pathogen is still lacking. Thus, this 
study aimed to evaluate the antibacterial activity of its leaves against cariogenic bacteria and to analyse 
its phytochemical compounds. The samples of S. dulcificum leaves were collected in Kelantan, the east 
coast region of Peninsular Malaysia and extracted with distilled water using a Soxhlet technique. The 
antibacterial activity of the S. dulcificum leaves aqueous extract against Streptococcus mutans (S. mutans), 
Streptococcus sobrinus (S. sobrinus) and Lactobacillus salivarius (L. salivarius) was evaluated using the 
broth microdilution assay. The identification of the phytochemical compounds was performed using gas 
chromatography-mass spectrometry (GC-MS). The antibacterial study showed the minimum inhibitory 
concentration of S. dulcificum leaves aqueous extract against S. mutans and S. sobrinus were 16 mg/mL 
and 8 mg/mL, respectively. Interestingly, there was no inhibitory effect of S. dulcificum leaves aqueous 
extract against L. salivarius. A total of 42 chemical compounds were identified and major identified 
bioactive compounds groups were heterocyclic and phenolic compounds. Our results suggested  
S. dulcificum leaves aqueous extract has antimicrobial properties against S. mutans and S. sobrinus, but 
no inhibitory activity against oral normal flora, with the presence of bioactive compounds has potential 
in oral care products application. 
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could be the factors that contributed to the 
discrepancies. 

A previous study of methanol and ethanol 
extracts of S. dulcificum leaves found that 
both extracts possessed antibacterial activity 
against facultative anaerobic bacterium 
Listeria monocytogenes (Wasoh et al., 2017). 
The study of antibacterial activity of S. 
dulcificum leaves is still lacking. To date, no 
other antibacterial study of S. dulcificum 
leaves has been investigated except study 
by Wasoh et al. (2017). Thus, our focused 
in the current study was to evaluate the 
antibacterial activity of S. dulcificum leaves 
against oral pathogens which are Streptococcus 
mutans (S. mutans) and Streptococcus sobrinus 
(S. sobrinus). Its inhibitory effect against 
oral normal flora which is Lactobacillus 
salivarius (L. salivarius) was also evaluated. 
S. mutans is a facultative anaerobic bacterium 
that is associated with the development 
of dental caries. The acid producing  
S. mutans dissolved tooth structure in 
the presence of carbohydrate (Guo et al., 
2013). The second harmful oral pathogen 
that related to the development of tooth 
cavities is S. sobrinus (Damle, 2018). On 
the other hand, L. salivarius is a probiotic 
that has beneficial effects in the oral cavity 
by inhibiting cariogenic streptococci and 
candida (Meurman, 2005). Thus, the best 
antibacterial agent should have antibacterial 
activity against oral pathogens but not 
against oral probiotic. 

An antimicrobial agent such as chlorhexidine 
has been reported to prevent dental carries 
effectively. However, a recent study showed 
that long term use of chlorhexidine in oral 
care product is potentially causing multidrug-
resistant (Saleem et al., 2016). The use 
of the natural product can contribute as 
the alternative to the synthetic chemical 
substance for caries prevention. Hence, 
in the present study, the antibacterial 
property of S. dulcificum leaves aqueous 
extract was evaluated. Water extract is 
preferred since alcohol is well-known to 
cause dryness to the oral mucosa. The use 

Introduction

Synsepalum dulcificum (S. dulcificum) is a 
shrub native to tropical West Africa. It is 
called miracle fruit due to its berry’s ability 
to cause sour foods to taste sweet. It was 
reported that the glycoprotein (miraculin) 
is the active compound that works by 
altering the sweet receptor (Koizumi et al., 
2011). There were few studies of chemical 
compounds of its berries that obtained 
from regions such as Malaysia (He et al., 
2016) and China (Du et al., 2014). The 
results revealed that all samples were rich 
in phenolic contents and had antioxidant 
properties. 

However, the benefit of S. dulcificum is 
not limited to its berries only. In Malaysia, 
its leaves were traditionally used to treat 
toothache by chewing the leaves. Previous 
studies of S. dulcificum leaves had revealed 
the presence of antioxidant, antimutagenic, 
antidiabetic and antimicrobial properties in 
this plant. Study of methanol extract of its 
leaves grown from Nigeria showed that the 
extract was rich in phenolic contents and had 
antioxidant activity (Obafemi et al., 2017b) 
as well as has potential as antidiabetic agent 
(Obafemi et al., 2017a). On the other hand, 
S. dulcificum leaves aqueous extract collected 
in Taiwan showed that the extract was also 
rich in phenolic contents and exhibited 
antimutagenic and anti-oxidative damage 
activities (Chen et al., 2015). However, there 
were various types of phenolic compounds 
identified in both studies. Methanol extract 
of S. dulcificum leaves collected in Nigeria 
has that gallic acid, chlorogenic acid, caffeic 
acid, ellagic acid, catechin, epicatechin, 
quercetin, quercitrin, isoquercitrin, rutin 
and kaempferol as the identified phenolic 
compounds (Obafemi et al., 2017a). While 
study of water extract of S. dulcificum leaves 
collected in Taiwan has p-hydroxybenzoic 
acid, vanillic acid, syringic acid, trans-
p-coumaric acid and veratric acid as the 
identified phenolic compounds (Chen 
et  al., 2015). These results showed that the 
method of extraction and cultivation area 
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Antimicrobial Activity

In the current study, S. mutans (ATCC 
25175) and S. sobrinus (ATCC33478) were 
obtained from the American Type Culture 
Collection, USA and purchased from Oxoid 
Ltd., UK. L. salivarius (clinical isolate) was 
obtained from the Craniofacial Laboratory, 
School of Dental Sciences, Universiti 
Sains Malaysia, Kelantan, Malaysia. The 
Mueller Hinton Blood Agar (MHBA) and 
Brain Heart Infusion (BHI) medium were 
purchased from Oxoid Ltd., UK.

Preparation of the Bacterial Suspension

S. mutans, S. sobrinus and L. salivarius were 
cultured on MHBA and were incubated at 
37°C for 48 h under an anaerobic condition. 
After incubation, the colonies were 
suspended in 1 mL of peptone water and 
were standardised to 0.5 McFarland (1 × 108 
CFU/mL) by using a nephelometer (Balto 
et al., 2017). 

Determination of Minimum Inhibitory 
Concentrations (MIC)

The MIC of S. dulcificum leaves extract 
against tested oral bacteria was determined 
by broth microdilution method with some 
modifications (Balto et al., 2017). A crude 
extract of dry S. dulcificum leaves was 
dissolved in distilled water at a concentration 
of 32 mg/mL. Two-fold serial dilutions with 
BHI medium in a sterile 96-well microtiter 
plates were performed. Final concentrations 
of S. dulcificum leaves extract ranged from 
0.25 mg/mL to 32 mg/mL. Each plate 
had a set of controls: a column with the 
chlorhexidine (0.12%) as the positive 
control, a column with all solutions with the 
exception of the S. dulcificum leaves extract 
as a negative control and a column with all 
solutions with the exception of the bacterial 
suspension as a sterility control. Each well, 
except for the sterility control, was inoculated 
with 20 µl of bacterial suspension (1 × 106 
CFU/mL). The plates containing tested oral 

of water is needed, especially for oral care 
products (McCullough and Farah, 2008). 
Its phytochemical compounds were also 
analysed since the region of plantation might 
contribute to the phytochemical discrepancy. 
The previous studies of methanol extract 
of S. dulcificum leaves collected from 
two countries showed that the chemical 
compounds were different (Chen et al., 2010; 
Obafemi et al., 2017b). In the present study, 
the chemical compounds of S. dulcificum 
leaves was analysed by gas chromatography-
mass spectrometry (GC-MS) because this 
technique is highly sensitive, fast and no 
standards are needed since the identification 
of the chemical compounds was carried out 
by comparing the mass spectra with the 
libraries (Hübschmann, 2015).

Materials and Methods

Sample of S. dulcificum

S. dulcificum was collected from Kota Bharu, 
Kelantan. The plant was confirmed by 
botanist, Dr. Mohd Firdaus Ismail from 
Institute of Bioscience, University Putra 
Malaysia and the voucher specimen was 
deposited at the Herbarium of Institute of 
Bioscience, University Putra Malaysia. The 
voucher specimen number was SK 3263/17.

Preparation of S. dulcificum Leaves 
Aqueous Extract

S. dulcificum leaves aqueous extract was 
prepared using Soxhlet extraction method. 
The S. dulcificum leaves were harvested 
and cleaned first with tap water and rinsed 
twice in sterile distilled water (Seong et al., 
2018). The leaves were then dried at 37°C 
in the oven and ground into powder. The  
S. dulcificum leaves were extracted with 
distilled water using a Soxhlet apparatus, and 
the resulting water extract was freeze-dried to 
obtain crude water extract (Ranasinghe et al., 
2012). The dried extract was kept at −20°C.
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The sample (1 μl) injected in splitless 
mode and analysed in MS full scan mode; 
range m/z 40-650. Acquisition of data was 
performed using Chemsation software. 
The sample was derivatised by addition 
of MSTFA (N-methyl-N-trimethylsilyl-
trifluoroacetamide) prior to the analysis to 
make the compounds more volatile and thus 
amenable for GC analysis.

Identification of Chemical Compounds

The S. dulcificum compounds were 
identified by comparing their mass spectra 
with National Institute of Standards and 
Technology (NIST02) and Wiley275 
libraries (≥ 80% matching). The percentage 
compound was calculated from the 
summation of the peak areas of S. dulcificum 
compounds. 

Results 

The antimicrobial activity of S. dulcificum 
leaves aqueous extract is shown in Table 1. 
S. dulcificum leaves aqueous extract showed 
inhibitory activity against S. mutans and  
S. sobrinus with MIC value of 16 mg/mL and 
8 mg/mL; respectively. Interestingly, there 
was no inhibitory activity of aqueous extract 
of S. dulcificum leaves against L. salivarius 
at a concentration at least 32 mg/mL. The 
lowest concentration at which colour change 
to pink occurred was taken as the MIC value. 

bacteria were incubated at 37°C for 48 h 
under anaerobic condition. After incubation, 
each well was added with 10 µl of resazurin 
(Sigma Aldrich, US) (0.01%) indicator 
solution and was incubated for 2  h at 37ºC 
under anaerobic condition. After two hours, 
the lowest concentration at which colour 
change to pink occurred was taken as the 
MIC value. This experiment was done in 
triplicate independently. Resazurin is a blue 
non-fluorescent and non-toxic dye that 
becomes pink and fluorescent when reduced 
to resorufin by oxidoreductases within viable 
cells (Adan et al., 2016).

GC-MS Conditions and Parameters

The chemical compounds of S. dulcificum 
leaves aqueous extract was analysed by 
GC-MS system operating on electron 
impact ionisation (EI) mode fixed at 
70eV on Hewlett Packard 6890 Gas 
Chromatograph coupled to 5973N Mass 
Selective Detector (Agilent Technologies, 
USA) equipped with fused silica capillary 
column, HP-5 30 m length × 0.25 mm 
internal diameter × 0.25 µm film thickness. 
Helium was used as carrier gas with flow rate  
1.0 mL/min. The initial temperature of the 
column was programmed from 50°C (held 
for 2  min) and then was heated to 280°C 
(held for 10 min) with a 20°C/min rate. 
The injection and interface temperatures 
were set at 250°C and 280°C, respectively. 

Table 1:  Antibacterial activity of Synsepalum dulcificum leaves aqueous extract against oral pathogens

Microorganism 

Inhibitory effect

Positive 
control  

(0.12% CHX*)

Negative 
control 

(Brain Heart 
Infusion)

32 mg/mL of 
S. dulcificum 

leaves 
aqueous 
extract

16 mg/mL of 
S. dulcificum 

leaves 
aqueous 
extract

8 mg/mL of 
S. dulcificum 

leaves 
aqueous 
extract

4 mg/mL of 
S. dulcificum 

leaves 
aqueous 
extract

Streptococcus 
mutans

+ + - - + -

Streptococcus 
sobrinus

+ + + - + -

Lactobacillus 
salivarius

- - - - + -
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Table 2:  Chemical compounds of Synsepalum dulcificum leaves aqueous extract

No Retention time (min) % of total Compounds name % Library matching

Heterocyclic compounds

1.	  4.700 0.75% Furfural 96

2.	  5.450 1.14% 2-Furanmethanol 99

3.	  5.891 0.13% 5-Methylene-2(5H)14-furanone 91

4.	  6.521 0.83% 2(3H)-Furanone, dihydro- 91

5.	  6.409 0.11% Ethanone,1-(2-furanyl)- 87

6.	  6.850 0.12% 2(3H)-Furanone, 5-methyl- 83

7.	  6.899 0.16% 2,5-Furandione, 3-methyl- 90

8.	  6.948 0.23% 2,5-Dimethyl-3(2H)Furanone 80

9.	  7.158 1.27% 5-methyl furfural 96

10.	  7.326 0.51% 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one 91

11.	  9.147 5.45% N-furfuryl pyrrole 90

12.	  9.693 5.28% 2-Furancarboxaldehyde, 5-(hydroxymethyl)- 83

Phenolic

13.	  7.396 0.53% Phenol 94

14.	  9.399 2.31% 4-vinyl-phenol 87

15.	  10.008 1.83% 2-Methoxy-4-vinylphenol 98

16.	  10.225 1.57% Phenol,2,6-dimethoxy- 97

17.	  10.764 0.89% Phenol,2-methoxy-4-(1-propenyl)- 95

18.	  11.975 1.02% Phenol,2,6-dimethoxy-4-(2-propenyl)p 91

Terpenoids

19.	  16.086 0.07% Squalene 91

20.	  20.441 0.27% 3-beta-o-cinnamoyl-lupeol 86

21.	  21.022 0.09% Norolean-12-ene 91

22.	  21.575 0.35% Lup-20(29)-en-3-ol, acetate, (3.beta.) 94

(Continued on next page)

The result of GC-MS analysis of water 
extract of S. dulcificum leaves is shown in 
Table 2. A total of 42 chemical compounds 
were identified and the major identified 
compounds were N-furfuryl pyrrole (5.45%), 
2-Furancarboxaldehyde, 5-(hydroxymethyl)- 
(5.28%), 4H-Pyran-4-one, 2,3-dihydro-
3,5-dihydroxy-6-methyl- (4.31%) and 
2,3-Dihydro-5-hydroxy-6-methyl-4H-pyran-
4-one (4.22%). 

The chemical compounds were 
categorised into few groups, which 

were heterocyclic compounds, phenolic 
compounds, terpenoids and steroid. The 
heterocyclic compounds were the main 
identified group and contributed to the 
15.98%. The main identified heterocyclic 
compounds include N-furfuryl pyrrole 
(5.45%), 2-Furancarboxaldehyde and 
5-(hydroxymethyl)- (5.28%). The phenolic 
compounds were the second main identified 
group and contribute to 8.15%. The 
main identified phenolic compounds were 
4-vinyl-phenol (2.31%) and 2-Methoxy-4-
vinylphenol (1.83%).
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for the first time. A previous study found 
that both ethanol and methanol extracts of  
S. dulcificum leaves had antibacterial activities 
against Listeria monocytogenes (Wasoh et al., 
2017). In the present study, water extract 
was used as an alternative to solvent extract 
as it is a universal solvent used for natural 
product extraction and has been widely 
used among traditional healers to extract 
various medicinal plants (Balakrishnan  
et al., 2014). Furthermore, water-based is the 
best formulation for oral mucosa compared 
to alcohol based because of its potential 
increase in cancer risk (Lachenmeier, 
2012). Water is also cost-effective and 
more favourable when compared to other 
solvents since it is non-toxic and can be 
easily absorbed. Likewise, some bio-active 
compounds such as phenolic compounds are 
water soluble (Saltveit, 2017). 

The other groups that were identified in the 
present study were terpenoids and steroid. 
Terpenoids and steroid were identified in 
a small percentage which contributes to the 
0.78% and 0.12%, respectively. The main 
identified terpenoids were lu-20(29)-en-
3-ol,acetate, 3(beta) (0.35%), 3.beta.-O-
cinnamoyl-lupeol (0.27%). 

Discussion

Our study showed that water extract of S. 
dulcificum leaves had antibacterial activity 
against S. mutans and S. sobrinus. However, 
no inhibitory activity of water extract of S. 
dulcificum leaves against L. salivarius. The 
antibacterial activity of S. dulcificum leaves 
against oral pathogens was studied here 

No Retention time (min) % of total Compounds name % Library matching

Steroids

23.	  19.482 0.12% Chondrillasterol 95

Others

24.	  2.817 3.70% Acetic acid 90

25.	  5.695 0.23% Acetol acetate 90

26.	  5.982 0.56% 1,3-Cyclopentenedione 95

27.	  6.311 0.61% 1-Hydroxy-3-penten-2-one 86

28.	  6.675 0.81% 2-Hydroxy-2cyclopenten-1-one 91

29.	  7.487 0.48% Pyrazine 86

30.	  7.718 0.27% Cycloheptatriene 90

31.	  7.788 0.98% Pyrimidine 86

32.	  7.886 0.53% 2-Cyclopenten-1-one, 2-hydroxy-3-methyl- 94

33.	  8.418 4.22% 2,3-Dihydro-5-hydroxy-6-methyl-4H-pyran-4-
one

90

34.	  8.524 4.31% 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-
methyl-

80

35.	  8.573 0.94% Cyclopentene 81

36.	  11.450 2.16% Megastigmatrienone 96

37.	  11.821 1.97% Dihydro-coniferyl alcohol 90

38.	  12.165 0.51% Myristic acid 96

39.	  15.581 0.05% 9,17-Octadecadienal 95

40.	  15.911 0.02% 9-Octadecenamide 87

41.	  17.808 0.08% Vitamin E 99

Table 2  (Continued)
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The other groups identified in the present 
study were terpenoids and steroid. 
Terpenoids and steroid were identified in a 
small percentage which contributed to the 
0.78% and 0.12%, respectively. The main 
identified terpenoids were lu-20(29)-en-
3-ol,acetate, 3(beta) (0.35%), 3.beta.-O-
cinnamoyl-lupeol (0.27%). The previous 
study of GC-MS analysis of methanol extract 
of S. dulcificum leaves obtained in Taiwan 
showed that none of the terpenoids were 
similar (Ragasa et al., 2015). Terpenoids are 
well-known to possess antibacterial activity 
(Ludwiczuk et al., 2017). The antibacterial 
mode of action of terpenoids could be due 
to their ability to inhibit oxygen uptake and 
oxidative phosphorylation which are crucial 
processes for microbial survival (Griffin et al., 
1999).

Although steroid was identified in small 
percentage, this compound was not identified 
in methanol extract of S. dulcificum leaves 
obtained in Nigeria (Obafemi et al., 2017b). 
On the other hand, methanol extract of S. 
dulcificum leaves collected in Taiwan showed 
the presence of steroids such as β-sitosterol 
and stigmasterol (Chen et al., 2010). This 
finding showed that the cultivation area 
might influence the chemical compounds of 
the S. dulcificum. The only steroid identified 
in the present study was chondrillasterol 
(0.12%). A recent study of chondrillasterol 
showed that this compound has the 
antibacterial property against Staphylococcus 
aureus, Klebsiella pneumoniae and Pseudomonas 
aeruginosa (Mozirandi et al., 2019).

Conclusion

The aqueous extract of S. dulcificum leaves 
against S. mutans and S. sobrinus, the 
cariogenic bacteria revealed the promising 
result, suggesting its potential application in 
the oral care product. Further cytotoxicity 
test of its aqueous extract on gingival 
human cell and preclinical testing is needed 
to promote application of crude extract of  
S. dulcificum in the oral health care industry.

In the present study, the chemical 
compounds were categorised into few 
groups and heterocyclic compounds were 
the main identified group. This was the 
first time the heterocyclic compounds were 
found as major compounds. Method of 
chemical compounds analysis could be the 
factor that contributed to this discrepancy. 
Since heterocyclic compounds were volatile 
compounds, they were amenable to the GC-
MS analysis. The main identified compounds 
include N-furfuryl pyrrole (5.45%), 
2-Furancarboxaldehyde, 5-(hydroxymethyl)- 
(5.28%), 4H-Pyran-4-one, 2,3-dihydro-
3,5-dihydroxy-6-methyl- (4.31%) and 
2,3-Dihydro-5-hydroxy-6-methyl-4H-pyran-
4-one (4.22%) were found for the first time 
from this plant. A previous study showed 
2-furancarboxaldehyde, 5-(hydroxymethyl) 
has antimicrobial activity against both gram 
positive and negative bacterial as well as 
fungi (Mohammed, 2013). 

The phenolic compounds were the second 
main identified group and contributed to 
8.15%. Similar finding was observed in S. 
dulcificum leaves that obtained from Nigeria 
(Obafemi et al., 2017b). However, study 
by Obafemi et al. (2017b) found that none 
of the identified phenolic compounds were 
the same. This study used methanol as a 
solvent and the extract was analysed by 
high-performance liquid chromatography. 
The method of extraction (Azmir et al., 
2013) and analysis technique (Koparde 
et al., 2017) could be the factors that 
influenced the chemical compounds in the  
S. dulcificum leaves. In the current study, the 
main identified phenolic compounds were 
4-vinyl-phenol (2.31%) and 2-methoxy-4-
vinylphenol (1.83%). Phenolic compounds 
were documented to possess antibacterial 
effect by disrupting the bacterial lipid-protein 
interface due to its ability to acts as nonionic 
surface-active agent (Greenberg et al., 2008). 
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