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Abstract: 

This in-vitro study aims to evaluate the antimicrobial activity of extract of natural sweetner Synsepalum 

dulcificum with that of xylitol against caries producing pathogen Streptococcus mutans. Synsepalum 

dulcificum, commonly known as miracle plant, miracle berry plant or red berry is an evergreen shrub 

belonging to the Sapotaceae family. It has a unique taste modifying feature that results in an increase in 

sweetness and decrease in sourness. This taste modifying function is due to its content, Miraculin. The taste-

modifying protein, miraculin is extracted with 0.5 M NaCl solution. The various concentrations of extracts of 

miraculin are tested on Streptococcus mutans using agar well diffusion method. The length of inhibition zone 

was measured in millimeters (mm) from the edge of the well to the edge of the inhibition zone produced 

against the bacterial culture. The extracts were assessed in an effort to validate potential activity of the 

miracle fruit against the pathogen. This study reveals that the miraculin content having superior antimicrobial 

property at the concentration of 60 µL when compared to xylitol. This article provides an insight into the 

non-cariogenic property of natural sweetner miraculin. Since dental caries is a matter of concern worldwide, 

so sugar substitutes having non-cariogenic property can play an important role in maintaining dental health. 
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INTRODUCTION:  

Dental caries is the most common type of oral 

health problem globally caused by the interaction 

of bacteria, mainly Streptococcus mutans, and 

sugary foods on tooth enamel. Despite credible 

scientific advances and the fact that caries is 

preventable, the disease continues to be a major 

public health problem. In developing countries, 

changing lifestyles and dietary patterns are 

markedly increasing the incidence of caries. The 

World Health Organization (WHO) in 2018 

reports that 60–90% of children are affected by 

dental caries. Its consequences can affect the 

immediate and long-term quality of life of the 

child's family and can have significant social and 

economic consequences beyond the immediate 

family as well. Even-though the etiology of caries 

is multifactorial and has been well established, 

dental caries is frequently associated with a poor 

diet 
1
 and bad oral health habits. 

 

The dentist often has the opportunity to provide 

advice regarding the importance of diet and the 

role of sugar in caries formation. Reducing the 

amount of sugar in the diet of humans, especially 

children, is an important consideration in 

preventing caries. The use of sucrose 

substitutes/sugar substitutes have contributed a 
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major part in the prevention of dental caries. 

Sugar substitutes are tooth-friendly as they are not 

fermented by the microflora of the dental plaque. 

Xylitol being a sucrose substitute gained a lot of 

attention in dentistry with its immense 

contribution to improved oral health.
2
 Xylitol is a 

five-carbon sugar alcohol first discovered in 1891 

by Emil Fischer, a German chemist.
3
 Long-term 

xylitol consumption leads to the emergence of 

xylitol-resistant (X-R) mutans streptococci.
4
 Thus 

newer researches in the field of sugar substitutes 

becomes necessary to find new leads for better 

non-cariogenic sugar substitutes other than xylitol. 

 

Miracle fruit (Synsepalum dulcificum) or magic 

fruit, is an evergreen shrub belonging to the 

Sapotaceae family. The miracle plant was first 

discovered in West and Central Africa, 

specifically in countries like Congo, Ghana and 

Nigeria.
5
 It has a unique taste modifying feature 

that results in an increase in sweetness and 

decrease in sourness. This taste modifying 

function is due to its content, miraculin
6 

and it is 4 

lakh times sweeter than sucrose. Miraculin is a 

single polypeptide glycoprotein consisting of two 

sugars linked to two amino acid residues and with 

molecular weight ranging from 24,000 to 45,000 

Da.
7
 The exact mechanism of miraculin action is 

not entirely clear. However, based on the known 

information a theoretical model is proposed to 

explain the power of miraculin to modify taste 

perception from sour to sweet. This model 

suggests that miraculin binds directly to the sweet 

taste receptor T1R2-T1R3 extracellularly within 

the taste buds of the tongue epithelium’s plasma 

membrane.
8
 While it can bind to the receptors 

under neutral pH conditions, miraculin only 

activates the receptor in the presence of an acid, 

thus rendering sour foods to be perceived as 

sweet. The receptor undergoes a structural change 

in the presence of protons (H
+
), causing the 

carbohydrate portion of the miraculin molecule to 

bind to the sweet receptor site, leading to a pH-

dependent (between pH 4.8 and 6.5) activation of 

human sweet taste receptor cells.
8
 The most 

interesting aspect of this mechanism is that unlike 

sugary substances, Miracle Fruit alone does not 

evoke a sweet taste, but alters the perception of 

sweet in the presence of H
+
 ions. Apart from 

miraculin other pharmacological active 

compounds have been indentified in the plant 

including alkaloids (dihydro-feruloyl-5- 

methoxytyramine, N-cis-caffeoyltyramine, N- cis- 

feruloyl- tyramine), lignins (+-syringaresinol, + - 

episiringaresinon), phytosterols, triterpenoids, 

phenolic acids, flavanoids, and aminoacids.
9 

A 

number of pharmacological activities of S. 

dulcificum have been reported in literature, which 

justifies some of its ethno-medicinal uses that 

includes anti-diabetic, anti-cancer, anti-hyper 

urecemia, anti-convulsant, antioxidant capacity, 

lowering blood cholesterol and cosmetic 

functions.
10 

The impetus of the study was paucity of literature 

about the relevance and use of Synsepalum 

dulcificum against caries-causing micro-organisms 

like Streptococcus mutans, in addition of 

possessing known medicinal properties. 

Therefore, in the present research, we aimed to 

evaluate the antimicrobial activity of extract of 

natural sweetner Synsepalum dulcificum with that 

of xylitol against caries producing pathogen 

Streptococcus mutans by agar well diffusion 

method. 

 

 
Figure 1: Miracle Fruit 

 

MATERIALS AND METHODS:   

This study was an experimental in-vitro, and its 

target population was Streptococcus mutans. 

 

Collection and Processing of Miracle fruit: 

For the study, fresh fruits were cultivated and 

collected from Kerala agricultural University, 

Mannuthi, Thrissur, Kerala. The pulps of the fruit 

free from skin and seed were smashed and 

lyophilized. The lyophilized pulps were kept at -

20
o
C before use. For extracting the desired 

protein, miraculin, 10g of the lyophilized pulps 

were suspended in 100ml of water and 

homogenized for 2 minutes.  The homogenates 

were centrifuged at 13000 rpm for 30 minutes. 

The pink color supernatant which had no sweet 

inducing activity was discarded. The sediment 

was thoroughly washed with water and then 

extracted three times with 60 ml of 0.5 M NaCl. 

Each extraction was followed by centrifugation at 

13000 rpm for 30 minutes. The supernatant 

produced and pooled after this procedure was 

colorless with pH of 4 showing high sweet 

inducing activity. Miraculin was purified from the 

pooled supernatant by ammonium sulfate 
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fractionation and this purified miraculin is used for the anti-microbial study.
11 12 

 

 
Figure 2: Extraction of Miraculin 

 

Microbiological procedures: 
Pure strains of S. mutans (ATCC 25175) is used in 

the present study. The microorganisms were 

maintained in Rogosa agar medium (HiMedia 

Laboratories, Mumbai, India). The antimicrobial 

property of different concentration of miraculin 

extract against the selected microorganism was 

assessed in terms of zone of inhibition with xylitol 

as control. 

 

Zone of inhibition 

For conducting zone of inhibition test, agar well 

diffusion method was adopted. For this we 

prepared Muellar Hinton agar (MHA). The 

bacterial strains of caries causing bacteria 

S.mutans were swaped on the agar media, and this 

procedure was done in triplicates.  

 

After drying the media, wells were made in the 

agar plates with well cutter. 20 µL, 40 µL, 60 µL 

of the miraculin extract and Xylitol as control 

were added to each wells followed by overnight 

incubation at 37
 o

C. The antibacterial activity was 

interpreted from the diameter of inhibition zone 

which was observed as a clear zone surrounding 

each well on the agar plate. The zone of inhibition 

was measured in millimeters using vernier caliper. 

No statistical tests were employed as they were 

not required and the data obtained were appraised 

observationally. 

 

RESULTS 

Zone of inhibition 

The miraculin extract showed the anti-microbial 

property by inhibiting Streptococcus mutans when 

assessed using all three concentrations of 20 µL, 

40 µL, 60 µL (Table 1). At concentration of 40 

µL, miraculin showed anti-microbial activity 

which is at par with the control group xylitol in all 

three agar plates with zone of inhibition of 8 mm 

respectively.  

 

In all the 3 plates, xylitol had the same level of 

antimicrobial activity with zone of inhibition of 8 

mm. This study reveals that the miraculin content 

has superior antimicrobial property at the 

concentration of 60 µL when compared to xylitol 

by forming the zone of inhibition of 11mm, 

12mm, 12mm respectively.  

 

 
A                                                B                                                     C 

Figure 3: Zone of Inhibition (in mm) of S. mutans by Miraculin and Xylitol as control at concentrations of 

20 µL, 40 µL, 60 µL 
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BACTERIA MEDIA CONC 20 

µL 
CONC 40 
µL 

CONC 60 
µL 

CONTROL 

XYLITOL 

STREPTOCOCCUS MUTANS 

(ATCC 25175) 

MUELLER HINTON 

AGAR  

06 08 11 08 

06 08 12 08 

07 08 12 08 

Table 1: Zone of Inhibition (in mm) of S. mutans by Miraculin 

 

 
Figure 4: Graphical representation of the result showing the superior antimicrobial property of Miraculin at 

60 µL 

 

DISCUSSION 

Dental caries is a chronic disease which can affect 

us at any age. The term “caries” denotes both the 

disease process and its consequences, that is, the 

damage caused by the disease process. Dental 

caries has a multifactorial etiology in which there 

is interplay of three principal factors: the host 

(saliva and teeth), the microflora (plaque), and the 

substrate (diet), and a fourth factor: time. The role 

of sugar (and other fermentable carbohydrates 

such as highly refined flour) as a risk factor in the 

initiation and progression of dental caries is 

overwhelming. Whether this initial 

demineralization proceeds to clinically detectable 

caries or whether the lesion is remineralized by 

plaque minerals depends on a number of factors, 

of which the amount and frequency of further 

sugar consumption are of utmost importance.  

  

Technically the term “sugar” applies to two 

classifications of carbohydrates: free-form 

monosaccharides (simple sugar) which include the 

more common glucose, fructose, and galactose 

and disaccharides (two simple sugar molecules 

linked together) which include the most common 

sucrose, lactose, and maltose. Naturally occurring 

sugars are available in fruits, vegetables, grains, 

and dairy foods. Sweeteners are added sugars that 

are used as ingredients to both satisfy our taste 

and in some cases provide added energy. 

Grouping sweeteners as “nutritive” or 

“nonnutritive” acknowledges a difference in the 

amount of energy provided by the sweetener. 

Nutritive sweeteners may be referred to as caloric 

and include sugars and sugar alcohols. 

Nonnutritive sweeteners offer no energy and can 

sweeten with little volume. Both sugar alcohols 

and nonnutritive sweeteners can replace the sugars 

and are sometimes referred to as sugar substitutes, 

sugar replacers, or alternative sweeteners. 

Currently, the risk of dental caries is related both 

to the amount and the frequency of intake of 

sugar.
12

 Technically the term “sugars” applies to 

two classifications of carbohydrates: free-form 

mono-saccharides also known as simple sugars 

which include the more common glucose, 

fructose, and galactose and the second group 

disaccharides which include the most common 

sucrose, lactose, and maltose. Naturally occurring 

sugars are available in fruits, vegetables, grains, 

and dairy foods. Sweeteners are added sugars that 

are used as ingredients to both satisfy our taste 

and in some cases provide added energy. Sugar 

substitutes are food additives that are used to 

mimic the sweet taste of sugar. Sugar substitutes 

can either be intense or bulk sweeteners. Sugar 

substitutes can be categorised into two major 

groups: intense sweeteners (noncaloric) like 

8217
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aspartame, saccharin, sulfame, glycyrrhizin, and 

so forth and bulk sweeteners (caloric) like 

sorbitol, xylitol, mannitol, and so forth.  Intense 

sweeteners are sugar  substitutes  that  are  usually  

many times  sweeter  than  sucrose. Their 

sweetness may overcome sweetness of glucose up 

to 8000 times thus a much less amount of 

sweetener is used and only a minute fraction of 

the caloric content of sucrose is consumed. Sugar 

substitutes are mainly categorized into natural and 

synthetic sugar substitutes; the latter are generally 

referred to as artificial sweeteners.
 
Natural sugar 

substitutes are those that are found naturally in 

certain fruits and vegetable, yet they may not be 

found in adequate amounts suitable for major 

extraction and consumption.
14

 

 

Grouping sweeteners as “nutritive” or 

“nonnutritive” acknowledges a difference in the 

amount of energy provided by the sweetener. 

Nutritive sweeteners may be referred to as caloric 

and include sugars and sugar alcohols. Non-

nutritive sweeteners offer no energy and can 

sweeten with little volume. Both sugar alcohols 

and nonnutritive sweeteners can replace the sugars 

and are sometimes referred to as sugar substitutes, 

sugar replacers, or alternative sweeteners.
15

 

It is imperative to remember that the usefulness of 

a sugar substitute has to be looked upon not only 

from a cariological but also from a nutritional, 

toxicological, economic, and technical point of 

view. When evaluating a non-sugar sweetener in 

relation to dental caries, it is important to consider 

the potential for metabolism by oral 

microorganisms and dental plaque, the influence 

of consumption on cariogenic microorganisms, 

and the risk of microbial adaptation to the 

sweetener. Many alternative sweeteners have been 

extensively researched and their consumption 

gained much popularity among which xylitol was 

the most studied candidate. AAPD, 2020 

recognizes that the large dose and at high 

frequency of xylitol used in clinical trials may be 

unrealistic in clinical practice. The usefulness of a 

sugar substitute must be looked upon not just from 

cariological but additionally from nutritional, 

toxiological, economical and technical point of 

view. 
16

 

A substitute for sugar must have few properties 

such as 
17

 

● Sufficient sweetening power with no unpleasant 

aftertaste. 

● Be non carcinogenic and non-mutagenic.  

● Reasonably inexpensive as well as easily 

available 

● Thermo stable with little or no calories. 

 

The natural sweet taste receptor modulation may 

establish a safer sugar substitutes than artificially 

low calorie sweeteners currently available in 

market. 
18

 The key candidate of our study, 

miraculin, a natural sweetner was first seperated 

and purified in 1968
19

 shows taste modifying 

characteristics in acidic pH and last around 30 min 
20

. The sweetening effect takes place when 

miraculin binds to taste cell membranes near the 

sweet receptor site. Consequently, a 

conformational change occurs in the receptor 

membrane allowing the carbohydrate portion of 

miraculin to bind to the sweet receptor site and 

producing sensation of sweetness. Presence of 

protons (H+) is required during the 

conformational change
21

. 

The present study revealed that the miraculin 

content having superior anti-microbial property at 

the concentration of 60 µL when compared to 

conventional xylitol. This was at par with the 

study conducted by Ebrahim et al., 2020, water 

extract of miracle fruit leaves had antibacterial 

activity against S. mutans and S. sobrinus. 

However, no inhibitory activity of water extract of 

miracle fruit leaves against L. salivarius
22

 is 

reported.  Miracle fruit is a good source, not only 

for flavor and color, but also antioxidant activity 

for functional food applications 
23.

 Miracle fruit 

has several health benefits, and the commonly 

explored use of miracle fruit is to adopt it as a 

sugar substitutes for diabetics and those suffering 

from obesity
17

. Miracle fruit produces a 

comparable perceptual if at between sugar and 

artificial low calorie sweeteners when consumed 

with acidic foods 
24

. Study conducted by Soares et 

al.,2010 indicate that miracle fruit can be used for 

the treatment of dysgeusia, which might 

ultimately leads to better eating 
25

. According to 

Qutieshat et al.,2018 miraculin induced sweetness 

has evoked a significant increase in parotid 

salivary flow 
26

. 

The use of non-cariogenic sweets can be 

recommended by professionals in the clinical 

settings as an important adjunct to reducing dental 

caries risk in individuals especially in children. 

Trusted information about different sugar 

substitutes should be collected from authorized 

sites and press releases by government 

organizations.  This can avoid misconception 

about the various food additives such as sugar 

substitutes. 

 

CONCLUSION: 

This Research has focused solely on the effects of 

various concentrations of Miraculin extract on 
8218
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caries producing organism Streptococcus mutans. 

Here we were able to find out that the Miraculin 

extract has significant antimicrobial activity 

against Streptococcus mutans. 
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