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ABSTRACT 

One of the most commonly occurring diseases of the oral cavity is dental caries. To prevent dental caries, the 
usage of antibacterial agent is used. Many studies have reported the effect of plant extracts on the inhibition of oral 
pathogen growth. One of these plants’ extracts is guava leaves which have been reported to be highly active against 
Streptococcus mutans. This research was conducted to determine the antibacterial activity of guava leaves against 
S. mutans to make jelly candy, added with peppermint essential oil as the flavoring agent. Extracts of Psidium 
guajava L. leaves were prepared by sequential extraction using hexane, ethyl acetate, and ethanol. The ethanolic 
extract of P. guajava L. leaves was found to be the best extraction solvent for the antibacterial activity against S. 
mutans with a minimum inhibitory concentration (MIC) of 3,758.41 ppm, minimum bactericidal concentration 
of 15,033.62 ppm, yield of 60.87% ± 4.89%, phenolic content of 355.0347 ± 10.8186 mg GAE (Gallic Acid 
Equivalent)/g extract, and total flavonoid content of 234.2960 ± 2.5074 QE(Quercetin Equivalent)/g extract. In 
jelly candy, the highest antibacterial activity of guava leaves extract against S. mutans with acceptable sensory 
characteristics was jelly candy added with 5 MIC extract and 0.25% peppermint essential oil concentration with 
an inhibition diameter of 9.68 ± 0.54 mm and overall acceptability of 3.80 ± 1.47 (out of 7).

1. INTRODUCTION
Periodontal diseases are one of the most prevalent human diseases 
worldwide, affecting 750,847 million people in 2016. One of the 
most commonly occurring diseases of the oral cavity is dental 
caries. If left untreated, dental caries can lead to pain, dental 
abscesses, destruction of bone, other health problems, and even 
deaths [1]. 

Dental caries or tooth decay is a disease that is caused by the 
metabolism of sugar into organic acid which dissolutes the enamel. 
Streptococcus mutans is seen as the most common acid producer 
and is a factor in most cases of caries; therefore, S. mutans is often 
regarded as a major pathogen of dental caries [1–3]. Streptococcus 
mutans metabolizes sucrose to form biofilm on the tooth’s surface 
and consequently produces lactic acid to degrade the tooth’s 
enamel [4]. To prevent the development of dental caries, the 

usage of antibacterial agent is used, as it inhibits the growth of 
the microorganisms and consequently inhibits the formation of the 
biofilm [5,6]. 

Guava (Psidium guajava L.) leaves are widely researched for 
their antimicrobial activities and have diverse applications 
in curing many diseases [7]. Both Gram-positive and Gram-
negative bacteria are inhibited by guava, and this antimicrobial 
activity comes from the flavonoids; some of them are quercetin 
and guaijaverin that are present in the leaves [8]. Guaijaverin and 
quercetin isolated from guava leaves were reported to possess 
antibacterial activity against S. mutans [9,10]. Extraction of P. 
guajava L. plant parts (including leaves) using hot water, acetone, 
methanol, ethyl acetate, and ethanol has good antibacterial activity 
against S. mutans [11]

Guava leaves extract has been developed into a chewable tablet; 
however, it has a bitter taste and nonpleasant mouthfeel [12]. 
Therefore, in this research, guava leaves extract was added to a 
jelly candy. Jelly candy is a type of confectionery that is produced 
by using a hydrocolloid base to provide a network to hold relatively 
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high moisture content sugar syrup [13]. Jelly in the recent years 
has been rising as a novel drug delivery system as it has a rapid 
onset of action and because of the general preference of jellies 
by children and other age groups when compared to oral liquid 
and tablets. Jelly also solves the problem of dose wastage or dose 
dumping, as jellies have a definite size and shape which is going 
to hold a definite dose of the medicine [14,15]. Jelly candies are 
also preferred because they are often flavored with fruit juices and 
extracts and have sweetness property [16].

 To overcome the bitter taste from guava leaves extract, jelly 
candy was also added with peppermint essential oil. Peppermint 
as a flavoring agent works by producing impulses for the olfactory 
receptors in the nose to send a signal to the brain, which can mask 
unpleasant flavors [17]. Thus, this research aimed to determine the 
antibacterial activity of guava leaves extract against S. mutans and 
to apply it in jelly candy making, added with peppermint essential 
oil as the flavoring agent to improve its sensory properties.

2. MATERIALS AND METHODS

2.1. Materials
The materials used in the research were leaves of red-fleshed guava 
(P. guajava L.) obtained from Balai Penelitian Tanaman Rempah 
dan Obat (Balittro), West Java, Indonesia, which are green in color 
and have a length of 6–14 cm, “Darjeeling” peppermint (Mentha 
piperita L.) essential oil, S. mutans culture obtained from Lembaga 
Ilmu Pengetahuan Indonesia Cibinong, Indonesia, demineralized 
water, “Now Real Food” xylitol, “Misol” 180 Bloom gelatin, 
“CAD” 41.08 DE glucose syrup, and “cap gajah” citric acid, 
while the chemical reagents used for the analyses were food-grade 
hexane, ethyl acetate, ethanol, Folin–Ciocalteu reagent, sodium 
carbonate, gallic acid, aluminum chloride, potassium acetate, 
quercetin, Brain Heart Infused Agar (BHIA), and Brain Heart 
Infused Broth.

2.2. Guava Leaves Extraction
Guava leaves extract was obtained from sequential extraction. The 
solvents used in extractions (sequentially) were 95% hexane, 99% 
ethyl acetate, and 96% ethanol. All solvents used were food-grade 
solvents [18].

Before the extraction of the guava leaves, the leaves were made 
into powder. Guava leaves were dried in cabinet dryer for 24 hours 
at 50oC and were further size-reduced using a disc mill and sieved 
using 60-mesh sieve. 50 g of the leaves powder was first mixed 
with hexane (nonpolar solvent) with a ratio of 1:5, macerated on 
a platform shaker (250 revolutions per minute/RPM ), 27oC, 24 
hours), and filtered using Whatman no. 1 filter paper. Hexane was 
then removed using a rotary evaporator. The crude hexanic extract 
was obtained and analyzed; meanwhile, the residue was mixed 
with ethyl acetate. A similar procedure was repeated using ethyl 
acetate and subsequently ethanol as the solvent. In the end, there 
were three extracts obtained, that is, guava leaves hexanic extract, 
ethyl acetate extract, and ethanolic extract. Each extract was 
analyzed for its moisture content [19], total phenolic content [20], 
total flavonoid content [20], yield [18], and antibacterial activity 
against S. mutans [21] to find the best extraction solvent. 

2.3. Antimicrobial Activity of Guava Leaves Extract
Antibacterial activity of guava leaves extract was determined 
based on the well-diffusion method [21]. 0.2% of S. mutans (to 
obtain the number of bacteria of about 106 cfu/ml) was added 
to the BHIA and then added to a Petri dish and let to set. 6 mm 
diameter wells were made in the medium and 60 μl of specified 
concentrations (50,000, 100,000, 150,000, 200,000, and 250,000 
ppm) of each extract was put into each well. Solvents of each 
extract were used as controls. The plates were then incubated at 
37oC for 24 hours. The clear zone formed around the wells was 
measured using Vernier caliper as the inhibition diameter (mm). 

The inhibition diameter data obtained from the antibacterial 
activity analysis were used to obtain the Minimum Inhibitory 
Concentration (MIC) and Minimum Bactericidal Concentration 
(MBC) [22]. This method plots the ln of the concentration of 
extract used (in mg/l or part per million/ppm ) as the x-axis against 
the square value of the inhibition zone (in mm) as the y-axis. 
Intersection of the linear regression is as follows: Y = aX + b, 
with X being the Mt value, with MBC (in ppm) being equal to eMt; 
meanwhile, MIC (in ppm) is 0.25 × MBC.

2.4. Preparation of Jelly Candy Added with Guava Leaves 
Extract
The best guava leaves extract and peppermint essential oil were 
added to jelly candy formulation. The concentrations of guava 
leave extract added were 2 MIC, 3 MIC, 4 MIC, and 5 MIC. 
Meanwhile, the concentrations of peppermint essential oil added 
were 0%, 0.25%, and 0.5%. The formulation of the guava leaves 
jelly candy itself can be seen in Table 1 [23].

Jelly candy was made by dissolving gelatin in water and dissolving 
xylitol, glucose, and citric acid in water in a separate bowl. These 
ingredients were then mixed and cooked in the pan until 100oC. 
The mixture was then cooled down until 40oC, at which then the 
extract and peppermint essential oil of specified concentrations 
were added to the mixture. It was then poured into a mold and 
cooled in the refrigerator for 1 hour. The jelly candy was then 
analyzed for its antimicrobial activity against S. mutans [21], total 
phenolic and flavonoid content [20], color [24], texture [25], and 
sensory properties using hedonic test [26]. 

2.5. Antimicrobial Activity of Guava Leaves Jelly Candy
Antibacterial activity of jelly candy added with guava leaves extract 
was determined using the well-diffusion method [21]. Based on its 

Table 1: Formulation of guava leaves jelly candy.
Ingredient Content (%)

Water Up to 39.89

Xylitol 30.49

Gelatin 8.13

Glucose 20.33

Citric acid 0.4

Guava leaves extract 2 MIC; 3 MIC; 4 MIC; and 5 MIC

Peppermint essential oil 0; 0.25; and 0.5

Adapted from Hidayati and Pereira [23].
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solubility in water, 0.78 grams of jelly candy added with different 
concentrations of guava leaves extract and peppermint essential 
oil was dissolved into 1 ml of sterile water. 0.2% of S. mutans 
was added to the BHIA and then added to a Petri dish and let to be 
set. 6 mm diameter wells were made in the medium and 60 μl of 
each jelly candy was put into each well. Jelly candy without any 
addition of peppermint oil and guava leaves extract was used as a 
control. The plates were then incubated at 37oC for 24 hours. The 
clear zone formed around the wells was measured using Vernier 
caliper as the inhibition diameter (mm).

2.6. Color and Texture Analyses of Jelly Candy
The color analysis of both control and jelly candy added with guava 
leaves extract was done using the “Konica Minolta” chromameter, 
using the CIELAB (Commission Internationale de l´Eclairage LAB) 
color space [24]. The sample was measured in terms of its lightness 
(L*), redness (a*), and yellowness (b*), and the data obtained were 
further converted into oHue value. The lightness of the sample 
ranges from 0 to 100, with 0 being black and 100 being white.

The texture of both control and jelly candy added with guava 
leaves extract was analyzed using a “Stable Micro Systems TA-
XT plus” texture analyzer. The experiment was conducted using 
the texture profile analysis mode, with a P0.5R cylinder probe, 
pretest speed of 5 mm/s, test speed of 1 mm/s, posttest speed of 
5 mm/s, trigger force 5 g, and distance of 7.5 mm or 75% of the 
sample’s height. The springiness, gumminess, and chewiness of 
the products were recorded [25].

2.7. Sensory Evaluation of Guava Leaves Jelly Candy
Sensory analysis of jelly candy added with different concentration 
of guava leaves extract and peppermint essential oil was done 
using a hedonic test by 15 semitrained panelists. Hedonic test is 
a sensory test that is usually performed to determine consumer’s 
acceptability of a specific product. Therefore, this test is done 
based on the likeness level of the panelist. In this research, 
panelists were asked to determine their likeness towards jelly 
candy, based on several attributes, that is, color, aroma, texture, 
taste, bitter aftertaste, and overall acceptability of the jelly candies 
produced. The scales for the hedonic test ranged from 1 to 7 (1 = 
dislike extremely; 7 = like extremely) [26].

2.8. Statistical Analysis
All data obtained in this research were analyzed statistically 
with univariate analysis using the Statistical Package for the 
Social Sciences 25th version software. Duncan post hoc test and 
significance level of 0.05 were used. All analyses were done with 
two replications. 

3. RESULTS AND DISCUSSION

3.1. Characteristics of Guava Leaves Powder and Extract
The main material used in this research, that is, guava leaves, was 
made into powder form and then extracted sequentially, using hexane, 
ethyl acetate, and ethanol. Each of these is analyzed for its moisture 
content and yield, and these data can be observed in Table 2.

The moisture content of the leaves used in this research was seen 
to be lower than that in a previous research, which was about 
82.5% [27]. The moisture content of the guava leaves powder 
was also seen to be lower when compared to the moisture content 
of guava leaf powder in previous research with a value of 6.50% 
± 0.04% and 8.67% ± 0.37%, respectively [28]. This might be 
because the component of the plant might vary, according to the 
maturity, variety, and geology, and processing conditions of the 
sample [29]. 

The yield of ethanolic extract was higher than that of the other 
extracts, with a value of 60.87% ± 4.89%. Meanwhile, the yield 
of hexanic extract and ethyl acetate extract was 2.52% ± 0.03% 
and 2.82% ± 0.31%, respectively. Choice of solvents is important 
in the extraction of total solids, phytochemical composition, and 
antioxidant capacity of a sample [30]. This infers that ethanolic 
extract of P. guajava L. leaves has a higher yield when compared 
to the other extracts because more solids and phytochemicals are 
extracted in the ethanolic extracts.

Furthermore, all guava extracts obtained were also analyzed for 
their total phenolic and flavonoid content. Table 3 shows that 
both total phenolic content and total flavonoid of ethanolic extract 
were the highest compared to the other extracts. This shows 
that the concentration of total phenolic and flavonoids depends 
on the nature of the solvent used to extract [31]. Furthermore, 
several researches reported that the amount of phytochemicals 
(more specifically total phenolic count and total flavonoid count) 
significantly increased with the increase of the polarity of the 
extraction solvent and might drop at a high polarity solvent such 
as water [31–33]. Hence why the extract produced from ethanol 
extraction which has a polarity index of 5.2 has a higher content of 
both total phenolic count and total flavonoid count when compared 
to ethyl acetate (4.4) and hexanic extract (nonpolar) [34]. 

Total phenolic content obtained from this research is lower 
compared to a previous research, but higher in terms of total 
flavonoid content. Dry guava extract obtained from reextraction 
using ethanol contains phenolic of 766.08 ± 14.52 mg/g and 
flavonoids of 118.90 ± 5.47 mg/g [35]. Lower phenolic content 
might be caused by a difference in standard used in measurement, 

Table 2: Guava leaves, powder, and extract moisture content and yield.
Sample moisture content (%wb/wet basis) Yield (%)

Fresh guava leaves 57.48 ± 0.32 –

Guava leaves powder 6.50 ± 0.04 36.31 ± 1.34

Hexanic extract 30.34 ± 0.26 2.52 ± 0.03

Ethyl acetate extract 28.79 ± 1.54 2.82 ± 0.31

Ethanolic extract 55.79 ± 0.09 60.87 ± 4.89

Table 3: Total phenolic and flavonoid content of guava leaves extracts.

Extract Total phenolic content (mg 
GAE/g extract)

total flavonoid content (mg 
QE/g extract)

Hexanic (41.3486 ± 3.6431) (72.8404 ± 0.6793)

Ethyl acetatic (92.1434 ± 2.3807) (178.8291 ± 3.0411)

Ethanolic (355.0347 ± 10.8186) (234.2960 ± 2.5074)
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that is, tannic acid; meanwhile, this research used gallic acid as 
a standard. However, higher flavonoid content suggests that 
sequential extraction using different solvents in this research gave 
a better result in extracting flavonoid compounds.

MIC and MBC of guava leave extracts on S. mutans analysis were 
done to choose which extract had the best antibacterial activity 
after sequential extraction against the said bacteria.

Results in Table 4 show that hexanic extract has no antibacterial 
activity towards S. mutans, whereas after the sequential extraction 
of guava leaves, ethanolic extract shows the best antibacterial 
activity against S. mutans, indicated by the lowest MIC value. It 
means ethanolic extract inhibits S. mutans at a lower concentration. 

On the other hand, this result is also in accordance with previous 
research that reported ethanolic and methanolic extracts of guava 
leaves to have better antibacterial properties against Gram-positive 
bacteria, one of which was S. mutans, related to the peptidoglycan 
layer in the cell wall which allows for the permeation of the extracts 
into the cells of bacteria [21]. Quercetin, which is present in guava 
leaves, can disrupt the membrane of S. mutans and inactivate the 
extracellular proteins. Other than that, guaijaverin that is also 
present acts in in vitro S. mutans inhibition by inhibiting the 
growth, adherence, and coaggregation of the bacteria [8]. 

The difference in the antibacterial activity of each extract can be 
attributed to the difference in chemical compounds present in each 
extract, as each solvent’s natural properties will significantly affect 
the extraction of specific lipophilic or hydrophilic compounds 
[31]. Flavonoids, which have been found to have an in vitro 
antimicrobial activity against various microorganisms, are found 
more easily in the polar extract fractions [21,32].

Furthermore, the MIC result (3,758.41 ppm or 3.75 mg/ml) 
against S. mutans obtained in this research was higher than the 
MIC of guava leaves reported from a previous research, that 
is, 2.5 mg/ml [36]. However, the MIC value towards S. mutans 
obtained in this research is lower compared to some research, that 
is, black tea extract (7 mg/ml), unfermented cocoa extract (4 mg/
ml), and cinnamon extract powder (8 mg/ml) [37]. Other than 
different plant extract, the difference in MIC might be the result 
of a difference in the total phenolic content of the leaves, which 
are attributed to the difference in agroclimatic condition, maturity 
of the leaves at harvest, and the difference in extraction technique 
[32].

3.2. Effect of Extract and Peppermint Essential Oil 
Concentration on the Antibacterial Activity of Guava Leaves 
Jelly Candy
The ethanolic extract was chosen for jelly candy making because 
it has the highest antibacterial activity against S. mutans. To ensure 

that the concentrations added to the jelly candy are adequate, the 
antibacterial activity of jelly candy after the addition of extract 
and peppermint essential oil was assessed using the well-diffusion 
method. Based on the univariate statistical analysis, both the 
concentration of peppermint (%) and the peppermint essential oil 
concentration significantly affect the inhibition diameter of the 
jelly candy towards S. mutans (p ≤ 0.05). However, there was no 
interaction between the extract and the peppermint essential oil 
concentration (p > 0.05). Post hoc test results using Duncan can be 
seen in Tables 5 and 6. 

Table 5 shows that guava leaves’ jelly candy acts as an effective 
in vitro antibacterial agent against S. mutans starting from 4 
MIC concentration and that the antibacterial activity of the jelly 
candy significantly increases with the increase of the extract 
concentration (p ≤ 0.05). A higher concentration of the extract 
added to the jelly candy results in higher antibacterial activity 
[12]. However, at a lower concentration of the extracts (2 MIC 
and 3 MIC), no antibacterial activity was observed. This might 
be because a certain amount of natural compounds needs to be 
present to have been effective against microorganisms [38].

Table 6 shows that the addition of peppermint essential oil in 
different concentrations also affected the antibacterial activity 
of the jelly candy against S. mutans. This might be caused by 
the fact that peppermint essential oils are comprised of menthol 
(30.35%), menthone (21.12%), and trans-carane (10.99%). It 
also contains isomenthol, isopulegol, and camphor [29]. The 
peppermint’s antibacterial activity came from the menthol 
which was reported to be antibacterial [39]. The mechanism of 
essential oils in inhibiting the growth of bacteria is not fully 
known as it also depends on the type of microorganisms and 
their cell wall structure. S. mutans is Gram-positive bacteria; 
therefore, the possible mechanisms could be that essential oil 
components destroy the bacterial cell wall and cytoplasmic 
membrane, which then results in leakage of the cytoplasm. 
Furthermore, it is also reported that essential oils can inhibit 
the synthesis of DNA, RNA, protein, and polysaccharides in 
bacterial cells [40]. 

Table 4: MIC and MBC of guava leaves extracts.
Extract MBC (ppm) MIC (ppm)

Hexanic N/A N/A

Ethyl acetatic 40,965.23 10,241.31

Ethanolic 15,033.62 3,758.41

Table 5: Effect of extract concentration on inhibition diameter 
against S. mutans in guava leaves jelly candy.

Extract concentration Inhibition diameter (mm)

2 MIC (0.00 ± 0.00)a

3 MIC (0.00 ± 0.00)a

4 MIC (8.94 ± 0.67)b

5 MIC (9.74 ± 0.45)c

The different letter notations indicate a significant difference (p ≤0.05).

Table 6: Effect of peppermint essential oil concentration on 
inhibition diameter against S. mutans in guava leaves jelly candy.
Concentration of peppermint oil (%) Inhibition diameter (mm)

0 (4.48 ± 4.66)a

0.25 (4.62 ± 4.82)ab

0.5 (4.88 ± 5.06)b

The different letter notations indicate a significant difference (p ≤ 0.05).
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3.3. Effect of Extract and Peppermint Essential Oil 
Concentration on the Color of Guava Leaves Jelly Candy
The color analysis of the jelly candy was done to objectively 
measure the color of the jelly candy, as it might also affect the 
acceptability of the jelly candy. Color of guava leaves jelly 
candy was analyzed for its lightness and oHue value. Based on 
the univariate statistical analysis, both the extract concentration 
and peppermint essential concentration significantly affect the 
lightness of the jelly candy (p ≤ 0.05). Furthermore, there was 
an interaction between the extract concentration and peppermint 
essential oil concentration, also significantly affecting the lightness 
of the candy (p ≤ 0.05), which can be observed in Table 7. 

Table 7 shows that generally higher concentration of both extract 
and peppermint essential oil results in darker color of guava leaves 
jelly candy. It is because the color of guava leaves extract is dark 
green, therefore affecting the color of jelly candy. Other than that, 
the jelly candies’ Lightness value of 29–40 indicates that the candies 
are relatively dark colored candies. Based on its oHue value, guava 
leaves’ jelly candy from all treatments had oHue value ranging from 
55 to 80, which indicates a yellow-red color [41]. 

3.4. Effect of Extract and Peppermint Essential Oil 
Concentration on the Texture of Guava Leaves Jelly Candy
The texture analysis was done to objectively measure the texture 
of jelly candy, as it might also affect the acceptability of the guava 
leaves jelly candy. Based on univariate statistical analysis results, 
there was the interaction between the extract and peppermint 
essential oil concentration significantly affected the springiness, 
gumminess, and chewiness of the jelly candies (p ≤ 0.05). These 
results can be seen in Table 8.

The springiness, also known as the elasticity of a jelly candy, 
is inversely proportional to the hardness (as firmness increases, 
elasticity will decrease) [42]. Furthermore, the springiness of 
jelly candy is more related to the concentration of gelatin used. 
Thus, as the concentration of the gelatin used in the research is the 
same throughout (8.13%), a not significantly different springiness 
throughout the treatments should be expected. However, it was 
not the case in this experiment, in which Table 8 shows that higher 
extract concentration decreases springiness, whereas higher 
concentration of peppermint essential oil increases springiness. 
However, the values of the springiness were still in accordance 
with a previous research, with values of 0.945–0.990 [42].

Gumminess and chewiness of a jelly candy are affected by the 
addition of extract, with the addition of extract reduces gumminess 
and chewiness of a product, which might be associated with 
the increase of total acidity as a result of the increase in extract 
[25,43]. Meanwhile, another research stated that none of textural 
properties of jelly candies was affected by the addition of 
rosemary extract [44]. Table 8 also shows a contradictive result in 
this research, as a higher concentration of guava leaves extract and 
peppermint essential oil increased the gumminess and chewiness 
of jelly candy (p ≤ 0.05). 

3.5. Effect of Extract and Peppermint Essential Oil 
Concentration on the Sensory Properties of Guava Leaves 
Jelly Candy
Sensory analysis was performed using the hedonic test to determine 
the acceptance of panelists towards guava leaves jelly candy. 
Statistical analysis using univariate shows that neither the extract 

Table 7: Effect of extract and peppermint essential oil concentration on the 
lightness of guava leaves jelly candy.

Concentration of extract Concentration of 
peppermint (%) Lightness value

2 MIC

0 (40.16 ± 1.26)f

0.25 (37.07 ± 1.99)de

0.5 (37.58 ± 1.92)ef

3 MIC

0 (33.52 ± 3.68)bc

0.25 (33.27 ± 1.73)bc

0.5 (29.44 ± 1.66)a

4 MIC

0 (34.54 ± 1.38)cd

0.25 (34.11 ± 2.38)bc

0.5 (31.55 ± 2.86)ab

5 MIC

0 (34.77 ± 1.15)cd

0.25 (38.40 ±1.69)ef

0.5 (31.37 ± 2.68)ab

The different letter notations indicate a significant difference (p ≤0.05).

Table 8: Effect of extract and peppermint essential oil concentration interaction on the texture of guava leaves jelly candy.
Concentration of 

extract
Concentration of 
peppermint (%) Springiness Gumminess Chewiness

2 MIC

0 (0.978 ± 0.013)bc (389.865 ± 47.493)b (381.212 ± 48.560)b

0.25 (0.972 ± 0.008)bc (621.735 ± 111.353)d (604.247 ± 106.773)d

0.5 (0.990 ± 0.003)c (707.462 ± 72.657)cf (700.254 ± 73.216)ef

3 MIC

0 (0.958 ± 0.023)ab (413.082 ± 24.087)b (395.945 ± 29.508)b

0.25 (0.977 ± 0.010)bc (696.923 ± 50.709)def (680.691 ± 50.533)def

0.5 (0.981 ± 0.010)bc (755.147 ± 88.008)f (740.994 ± 86.854)f

4 MIC

0 (0.964 ± 0.026)ab (640.514 ± 58.592)de (616.953 ± 56.532)d

0.25 (0.945 ± 0.021)a (245.976 ± 29.209)a (232.935 ± 32.235)a

0.5 (0.945 ± 0.021)a (530.245 ± 59.928)c (500.720 ± 54.153)c

5 MIC

0 (0.965 ± 0.004)ab (660.090 ± 79.409)de (636.999 ± 76.170)de

0.25 (0.964 ± 0.023)ab (647.256 ± 42.787)de (624.280 ± 43.804)de

0.5 (0.947 ± 0.027)a (996.532 ± 66.288)g (994.543 ± 72.259)g

The different letter notations on the same columns indicate a significant difference (p ≤ 0.05).
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concentration nor the peppermint essential oil concentration 
significantly affected the likeness of the panelists towards the 
color and texture of the jelly candy. With a mean value of 4.53 ± 
1.28, the panelists neither liked nor disliked the color of the jelly 
candy. Moreover, a texture hedonic value of 4.97 ± 1.47 infers 
that the panelists tend to slightly like the guava leaves jelly candy.

Another interesting finding in this research is that extract 
concentration did not significantly affect the panelists’ acceptance 
in terms of aroma, taste, bitter aftertaste, and overall acceptance 
of guava leaves jelly candy. Statistical analysis shows that only 
peppermint essential oil concentration significantly contributes to 
acceptance on those parameters (p ≤ 0.05). Post hoc results using 
the Duncan test can be observed in Table 9.

The increase of the peppermint essential oil concentration 
decreases the likeness towards aroma, taste, bitter aftertaste, and 
overall acceptance of guava leaves jelly candy. In terms of aroma, 
at the highest concentration in the research (0.5%), aroma hedonic 
value was 4.07 ± 1.30, which means that the panelists neither like 
nor dislike the aroma. In terms of taste, at 0.5% concentration of 
peppermint essential oil addition, the taste hedonic value decreases 
significantly to 4.05 ± 1.65 from 5.17 ± 1.30, meaning that the 
panelists neither like nor dislike the candies.

Furthermore, the increase of peppermint essential oil concentration 
leads to a lower degree of likeness towards the aftertaste of jelly 
candy. At 0.5% concentration, panelists started to slightly dislike 
the aftertaste of the candy. Meanwhile, at 0.25% concentration, 
panelists neither like nor disliked the aftertaste of the candy. This 
might be contributed by the menthol present in the peppermint 
essential oil, as menthol is a chemical compound which can be 
received and stimulate the neurons which normally responds to 
bitter-tasting substances [45].

Interestingly, even though guava leaves have been seen to lower 
the sensory scores because of their astringent taste [46] and 
have been identified to have volatile compounds like terpene 
hydrocarbons, carbonyls, and ester which contributes to the 
characteristics odor notes and flavor of guava leaves [47], this 
effect was not seen in this research. This might mean that the 

extract concentration was not high enough to be detected by most 
of the panelists and that the peppermint essential oil could mask 
the flavor of the guava leaves. The increase in the concentration 
of peppermint essential oil used results in a significant decrease 
in the overall acceptability of the jelly candy. Panelists tend to 
slightly like the jelly candies with 0% concentration of peppermint 
concentration, tend to neither liked nor disliked the jelly candies 
with 0.25% concentration of peppermint, and start to slightly 
dislike the jelly candies with 0.5% concentration of peppermint 
essential oil. 

Therefore, according to the overall acceptability hedonic test 
results of this research, the maximum concentration of peppermint 
essential oil that should be added to the jelly candy was 0.25%. 
In conclusion, to produce the highest antibacterial activity jelly 
candy against S. mutans with good sensory characteristics, the 
usage of 5 MIC P. guajava L. leaves ethanolic extract and 0.25% 
peppermint essential oil concentration should be used.

3.6. Comparison between the Chosen Treatment and the 
Control Candy
The chosen treatment was compared with the control candy of the 
research, the candy which was produced without the addition of 
guava leaves extract and peppermint essential oil. This comparison 
can be observed in Tables 10 and 11.

Table 10 shows that, in terms of color, the chosen treatment’s 
lightness is lower than that of the control candy; this is expected, 
as the presence of tannin and chlorophyll in guava leaves extract 
might affect the color and darkness of a product [48–50].

Based on Table 10, it is seen that the chosen treatment’s springiness 
is lower than that of the control candy, with gumminess and 
chewiness that are higher than that of control candy. Both candies 
have a relatively low springiness [42]. As gumminess and 
chewiness are similar, with both increases with the increase in 
hardness, the chosen treatment is seen to be gummier and chewier, 
which might affect the sensory evaluation of panelists. 

Table 11: Sensory results comparison between chosen guava leaves jelly 
candy with control jelly candy.

Parameter Chosen jelly candy Control candy

Color 3.93 ± 1.33 5.07 ± 1.49

Aroma 4.13 ± 1.19 4.40 ± 1.45

Texture 4.47 ± 2.07 4.47 ± 1.73

Taste 3.93 ± 1.62 4.47 ± 1.64

Bitter aftertaste 3.60 ± 1.68 5.13 ± 1.41

Overall acceptability 3.80 ± 1.47 4.80 ± 1.37

Table 9: Effect of peppermint essential oil concentration on hedonic value of guava leaves jelly candy.
Concentration of peppermint (%) Aroma Taste Aftertaste Overall acceptance

0 (4.92 ± 1.25)b (5.17 ± 1.29)b (5.57 ± 1.14)c (5.37 ± 1.10)c

0.25 (4.38 ± 1.15)a (4.65 ± 1.40)b (4.15 ± 1.46)b (4.48 ± 1.28)b

0.5 (4.07 ± 1.30)a (4.05 ± 1.65)a (3.20 ± 1.55)a (3.68 ± 1.49)a

1 = dislike extremely, 7 = like extremely.
The different letter notations on the same columns indicate a significant difference (p ≤0.05).

Table 10: Comparison between chosen guava leaves jelly candy with control 
jelly candy.

Parameter Chosen treatment Control candy

L* 38.40 ± 1.69 51.69 ± 1.28

Springiness 0.964 ± 0.023 0.981 ± 0.016

Gumminess 647.256 ± 42.787 623.328 ± 71.775

Chewiness 624.280 ± 43.804 611.405 ± 71.128
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In terms of sensory properties as seen in Table 11, chosen jelly 
candy has comparable hedonic value in terms of texture and 
aroma compared to control candy. Meanwhile, it has a lower 
hedonic value in terms of color, taste, bitter aftertaste, and overall 
acceptability, which means that panelists still prefer jelly candy 
without the addition of guava leaves extract and peppermint 
essential oil. However, the chosen guava leaves jelly candy offers 
better functional properties, as it has antibacterial activity towards 
S. mutans with an inhibition diameter of 9.68 ± 0.54 mm, which 
can be categorized as mild active [51].

4. CONCLUSION
The best extraction solvent for the highest antibacterial activity 
of P. guajava L. leaves against S. mutans in sequential extraction 
was ethanol with MIC of 3,758.41 ppm, MBC of 15,033.62 ppm, 
yield of 60.87% ± 4.89%, total phenolic content of 355.0347 
± 10.8186 mg GAE/g extract, and total flavonoid content of 
234.2960 ± 2.5074 mg QE/g extract. Guava leaves with 5 MIC 
ethanolic extract concentration and 0.25% peppermint essential 
oil concentration could be a potential antibacterial agent against S. 
mutans in jelly candy to prevent dental caries. It has an inhibition 
diameter of 9.68 ± 0.54 mm, with 3.80 ± 1.47 overall acceptability 
hedonic rating.
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