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ABSTRACT: The growth inhibitory activity of Lactobacillus plantarum ATCC 8014 (Lp) fermented milk combined with
aqueous extract of Moringa oleifera leaves against Streptococcus mutants has been studied. The preparation is potential
developed as healthy food due to its nutritional value as well as its beneficial activities. The well agar diffusion method
was applied for the antibacterial assay on nutrient agar media and local strain of Streptococcus mutants was used as a
bacterial test. This species often causes infectious in the teeth. Effectiveness of the fermented milk and its combination
with aqueous extract preparations against the bacterial test were assessed by minimum inhibitory concentration (MIC)
for the potency indication. The aqueous extract of Moringa oleifera leaves was prepared as infuse like according to
community daily consumption. Concentration of the extract used in the formulation was higher than the MIC. The
result showed that the MIC of the aqueous extract of Moringa oleifera leaves and the L. plantarum fermented milk were
20% and 35% with growth inhibition zone diameter of 11.70 + 0.28 mm and 12.02 + 0.83 mm, respectively. The
combination of fermented milk and aqueous extract was prepared in various ratio concentration (1:9, 2:8, 3:7, 4:6, 5:5,
6:4, 7:3, 8:2, and 9:1). The optimum ratio of the combination was 2:8 with growth inhibition zone diameter of 16.53 +
0.32 mm and the MIC value at optimum ratio was 45% with inhibition zone diameter of 11.90 £ 0.86 mm.
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1. INTRODUCTION

Streptococcus mutans is one of the normal florae in the human oral cavity, but it is often the cause of
infectious in the teeth, especially if there is environmental change in bacteria, so the population will increase
[1]. In the previous studies reported that dental problems can be overcome with probiotics bacteria, the most
popular being Lactobacillus plantarum [2,3]. Oldak et al. (2017) reported antibacterial activity of L. plantarum
strain isolated from cheeses against pathogenic microorganism [4]. According to WHO (2002), probiotics are
living microorganisms that administered in sufficient amount (10°-108 cfu/mL) can provide health benefits to
its host [5]. The combination of Lactobacillus plantarum fermented milk with herbs provided antibacterial
activity [6]. In this study the growth inhibitory activity of fermented milk Lactobacillus plantarum ATCC 8014
and Moringa oleifera leaves aqueous extract against Streptococcus mutans was investigated.

Moringa oleifera is known as the "miracle tree", due to its multi-active compounds and properties [7].
Aqueous extracts of Moringa oleifera leaves had been reported their saponin, tannin, flavonoid compounds
and showed a broad spectrum antibacterial activity [8]. Ethanol extract of Moringa oleifera leaf also exhibited
growth inhibition on Escherichia coli and Staphylococcus aureus [9]. It contains the class of flavonol, quercetin,
that proven as antibacterial. Optimization of probiotic drinking of Lactobacillus plantarum MTCC 5422
fermented milk with Moringa oleifera leaves juice and Beta vulgaris L. red root showed activities against Gram
positive and negative bacteria such as Escherichia coli and Staphylococcus aureus. The use of Moringa oleifera
leaves from local plants that are easy to grow throughout the season is very strategic. Due to the value of its
useful content for health will add their value when combined with probiotics fermented milk. Synergistic
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work mechanisms, especially as antibacterial are expected to increase the effectiveness of such combination
preparations.

In this research, 50% of Moringa oleifera leaves aqueous extract made as infuse, according to its
traditional utilization in the community as a vegetable and the concentration extract was performed higher
than the MIC against Streptococcus mutans. Simple well diffusion method observed the MIC of each test
sample: the 50% of Moringa oleifera leaves aqueous extract, Lactobacillus plantarum ATCC 8014 fermented milk
and their combination at various compositions. The MIC of each test sample was compared to combined
preparations in the ratio that yielded the maximum activity.

2. RESULTS
2.1. Characterization of the Moringa oleifera leaves aqueous extract

The characterization of the Moringa oleifera leaves aqueous extract (physical performance, pH and
specific gravity) were useful to ensure reproducibility of results and done under the same conditions (Table
1). In this study, there was no stability test of the extract performed. Standardization and stability test of the
extract is necessary to find product quality in term of product development purposes.

Table 1. Characterization of aqueous extract of Moringa oleifera leaves.

Organoleptic pH value Specific gravity value

Color: brown 5.33+£0.01 1.01 £0.00
Odor: aromatic
Taste: bitter

The phytochemical results of the aqueous extract showed different contents (tannins and flavonoids)
compared to the library data (Table 2). Based on characterization results, Moringa oleifera leaves aqueous
extract was brown, distinctive aroma, bitter taste, pH value of 5.33 and specific gravity value of 1.01 g/mL
(Table 1). It was found that the aqueous extract had different contents compare to the reference data, but it
contained tannins and flavonoids as antimicrobial compounds. These differences can be caused by several
factors including varieties, simplicia character, plant age, location or habitat and harvesting season.

Table 2. Phytochemistry analysis of aqueous extract of Moringa oleifera leaves.

S news Rl
Saponin Glycoside (-) (+)
Tannin (+) (+)
Glycoside () (+)
Alkaloid ) ()
Flavonoid +) (+)
Terpenoid ) (+)

2.2. Characterization of the fermented milk

The Lactobacillus plantarum fermented milk had total number of probiotic colony of 1.78 x 1011 £ 2.59 x
10" CFU/mL calculated by Total Plate Count (TPC) using MRS media after 24 hours incubation (Table 3).
This result is suitable to SNI (Indonesia National Standard) for yogurt or probiotic fermented milk
requirement (= 10’CFU/mL).
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Table 3. Characterization of probiotic fermented milk.

Organoleptic pH value Specific gravity Viscosity ALT (cFu/ml)
(g/ml) (dPas)
Color: white 3.88 £ 0.00 1.03 £ 0.00 315.15+0.13 1.78 x 1011 +

Odor: aromatic 2.59 x 1011

Taste: sour
Form: viscous liquid

2.3. Characterization of combination of the fermented milk and aqueous extract

Characterization (physical performance, color, odor, taste, pH, specific gravity and viscosity value) of
the Lactobacillus plantarum ATCC 8014 fermented milk and Moringa oleifera leaves aqueous extract at 2:8
composition was done to ensure reproducibility results if done under the same conditions.

Table 4. Characterization of aqueous extract and probiotic fermented milk combination (2:8).

Organoleptic pH value Specific gravity Viscosity
(g/ml) (dPas)
Color: white 4.00 +0.00 1.03 £0.00 140.04 £ 0.00

Odor: aromatic
Taste: sour

Form: viscous liquid

Their characterization included pH value of 4.00 + 0.00, specific gravity value of 1.03 £ 0.00 g/mL and
viscosity value of 140.04 + 0.00 dPas (Table 4).

2.4. Determination of MIC

Determination of growth inhibitory activity of the Moringa oleifera leaves aqueous extract against
Streptococcus mutans growth was performed at various concentrations. The MIC profile of the Moringa oleifera
leaves aqueous extract showed that the extract at 20% still inhibit Streptococcus mutans with growth inhibition
zone diameter of 11.70 £ 0.28 mm (Figure 1).

The MIC determination of L. plantarum probiotic milk against Streptococcus mutans was done at various
concentrations. The results showed that Lactobacillus plantarum fermentation milk at 35% still inhibited the
Streptococcus mutans growth with inhibitory zone diameter of 12.02 + 0.83 mm (Figure 2).

Determination of antibacterial activity of the fermented milk combined with Moringa oleifera leaves
aqueous extract at various ratios was investigated from the largest zone diameter. The results showed that
composition of the fermented milk and the aqueous extract with the largest growth inhibitory zone diameter
was 2:8 with value of 16.53 + 0.32 mm (Figure 3).
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Figure 1. MIC value of aqueous extract of Moringa oleifera leaves.
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Figure 2. MIC value of probiotic fermented milk.
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Figure 3. Antibacterial activity of aqueous extract and probiotic fermented milk combination in various ratios.
*Superscript means statistically different.
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Figure 4. Antibacterial activity of aqueous extract and probiotic fermented milk combination at 8:2.
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The MIC of the Lactobacillus plantarum fermented milk combined with Moringa oleifera leaves aqueous
extract (2:8) indicated that the combination concentration at selected ratio still inhibit Streptococcus mutans
growth at 45% with growth inhibition zone diameter of 11.90 + 0.86 mm (Figure 4).

2.5. Statistical analysis

The ANOVA method of statistical analysis was performed for assessment of variance among group
means (between group variance) compared to the average variance within groups.

Table 5. Tukey” HSD Test results of diameter of Inhibitory zones (mean, three replications) against
Streptococcus mutans local strain.

Grou E:P E:P E:P E:P E:P E:P E:P E:P E:P P E
p 1:9 2:8 3.7 4:6 5:5 6:4 7:3 8:2 9:1

E:P . 0.627 1.000 0.738 0.000 0.404 0.965 0.002 0.000 1.000 0.015

0.000 0.000
P 1.000 0920 0.992 0387 0.000 0.156 1.000 0.000 0.000 0.055
E 0.015 0.665 0.004 0.000 0.000 0.000 0.240 0.000 0.000 0.055

P: Fermented milk

E: Extract

* Superscript means statistically different
: significant different value (p< 0.05)

Regarding the inhibitory activities against Streptococcus mutans the samples have been compared
included aqueous extract of Moringa oleifera, fermented milk and their combinations at all proportions. Alpha
(a) level 0.05 was set for each comparison. An unacceptably increased total error rate of p 95% might be
expected for the total comparisons procedure in the experiment. Furthermore, Tukey” HSD was used for
multiple comparisons procedure with diameter of inhibitory zone as dependent variable (Table 5).
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2.2. Characterization of the fermented milk

The Lactobacillus plantarum fermented milk had total number of probiotic colony of 1.78 x 1011 £ 2.59 x
10" CFU/mL calculated by Total Plate Count (TPC) using MRS media after 24 hours incubation (Table 3).
This result is suitable to SNI (Indonesia National Standard) for yogurt or probiotic fermented milk
requirement (= 10’CFU/mL).

2.3. Characterization of combination of the fermented milk and aqueous extract

Characterization (physical performance, color, odor, taste, pH, specific gravity and viscosity value) of
the Lactobacillus plantarum ATCC 8014 fermented milk and Moringa oleifera leaves aqueous extract at 2:8
composition was done to ensure reproducibility results if done under the same conditions. Their
characterization included pH value of 4.00 £ 0.00, specific gravity value of 1.03 £ 0.00 g/mL and viscosity
value of 140.04 £ 0.00 dPas (Table 4).

2.4. Determination of MIC

Determination of growth inhibitory activity of the Moringa oleifera leaves aqueous extract against
Streptococcus mutans growth was performed at various concentrations. The MIC profile of the Moringa oleifera
leaves aqueous extract showed that the extract at 20% still inhibit Streptococcus mutans with growth inhibition
zone diameter of 11.70 + 0.28 mm (Figure 1).

The MIC determination of L. plantarum probiotic milk against Streptococcus mutans was done at various
concentrations. The results showed that Lactobacillus plantarum fermentation milk at 35% still inhibited the
Streptococcus mutans growth with inhibitory zone diameter of 12.02 £ 0.83 mm (Figure 2). Determination of
antibacterial activity of the fermented milk combined with Moringa oleifera leaves aqueous extract at various
ratios was investigated from the largest zone diameter. The results showed that composition of the fermented
milk and the aqueous extract with the largest growth inhibitory zone diameter was 2:8 with value of 16.53 +
0.32 mm (Figure 3).

The MIC of the Lactobacillus plantarum fermented milk combined with Moringa oleifera leaves aqueous
extract (2:8) indicated that the combination concentration at selected ratio still inhibit Streptococcus mutans
growth at 45% with growth inhibition zone diameter of 11.90 + 0.86 mm (Figure 4).

2.5. Statistical analysis

The ANOVA method of statistical analysis was performed for assessment of variance among group
means (between group variance) compared to the average variance within groups. Regarding the inhibitory
activities against Streptococcus mutans the samples have been compared included aqueous extract of Moringa
oleifera, fermented milk and their combinations at all proportions. Alpha (a) level 0.05 was set for each
comparison, an unacceptably increased total error rate of p 95% might be expected for the total comparison
procedure in the experiment. Furthermore, Tukey’ HSD was used for multiple comparisons procedure with
diameter of inhibitory zone as dependent variable.

3. DISCUSSION

Antibacterial activity of the aqueous extract of Moringa oleifera leaves, Lactobacillus plantarum ATCC
8014 probiotic milk and their combination against Streptococcus mutans was done using agar diffusion method.
The advantages of this method are cheap, effective and sensitive. Sensitivity of the bacterial test in the method
is the important role to produce good correlation between antibiotic or the test sample concentration and their
inhibitory activities. The positive control used in this study was clindamycin (0.01 ppm), a highly effective
antibacterial agent for healing tooth decay due to the growth of Streptococci bacteria [10] with MIC of 0.05-0.25
ppm [11]. In the case of a tooth abscess; that is usually caused by infection by streptococci and secondary
effects of caries [12].

The MIC determination of Moringa oleifera leaves aqueous extract by serial dilution of 100%, 50%, 25%,
12.5%, 6.25%, 3.125%, 1.563% sample solution indicated that growth inhibition zone appeared at 25% to 100%
concentration and there were no activities produced at the concentrations below 25%. The repeated testing
using 12.5% to 25% samples solution were done to obtain the smallest concentration that can still inhibit the
test bacterial growth. Growth zone inhibitory was exhibited by equal or more than 20% sample concentration.
Previous studies revealed that ethanol and aqueous extract of the Moringa oleifera leaves showed effective
activities against Gram positive bacteria [13], whereas no reports on the aqueous extract activities against
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Streptococcus mutans. It was suggested that Moringa oleifera leaves extract might be useful in the control of
many infectious disease alone or together with other antibacterial agents.

One of the aims of this study was to assess the inhibitory effect of Lactobacillus plantarum fermented
milk denoted as its MIC. Serial dilution was made by concentrations of 100%, 50%, 25%, 12.5%, 6.25%, 3.125%,
and 1.563%. It was found that no activity seen at concentrations of lower than 50%. Moreover, the MIC
evaluation was performed in 25% to 50%. The smallest concentration that can still inhibit the bacteria test was
35%. The antibacterial activities of probiotic fermented milks are mainly connected with cell viability
(10"cFu/mL) and might be caused by their ability to produce different antimicrobial compounds such as
organic acids, hydrogen peroxide, and antimicrobial ruterin, peptide such as bacteriocins [14]-[15]. The
pasteurized milk acts as nutritional source for the probiotic cell, lead to the metabolic processes taken place
completely. Isolation of 19 strains of Lactobacillus plantarum from cheeses derived from unpasteurized milk
and assessed their antimicrobial activities. It has been found that the activity level was different depending on
the Lactobacillus plantarum strain and connected with the source from which a given strain was isolated [4].

It was found that inhibitory activity of combination of 50% aqueous extract and Lactobacillus plantarum
ATCC 8014 fermented milk (2: 8, v/v) against Streptococcus mutans showed significant differences with other
comparison groups (4:6, 5:5, 6:4, 8:2, and 9:1, v/v). The comparison group (4: 6, 5: 5, 6: 4, 8: 2, 9: 1, v/v)
obtained a smaller diameter of growth inhibitory zone (Figure 3). The combination (2:8, v/v) influenced the
increase in inhibitory activity on the growth of the increase in inhibition zone diameter significantly. So that
the selected comparison was a combination of 50% aqueous extract of Moringa oleifera with Lactobacillus
plantarum ATCC 8014 fermented milk (2:8, v/v). The combination of this optimal ratio showed a lower
inhibition zone diameter value than the inhibitory zone diameter value of 50% aqueous extract of Moringa
oleifera without addition of the fermented milk, but this difference was not significant based on the one-way
ANOVA statistical test. While when compared with the value of the inhibitory zone diameter produced by
the fermented milk without addition of the extracts, the value of the diameter of the inhibitory zone in the
selected ratio was still greater, but the value of the difference was also not significant.

The main purpose of this research was to achieve synergistic and unique antibacterial activities by
combining the Moringa oleifera aqueous extract and the Lactobacillus plantarum fermented milk, due to the
different active compounds in each preparation component. Base on the preliminary study, addition of the
Moringa oleifera leaves aqueous extract might affect cell viability and antibacterial activity of the probiotic
fermented milk, because of the antibacterial containing compounds in the extract. Optimization of
antibacterial activity of the combination fermented milk and extract was carried out in various compositions
of 1: 9, 2: 8, 3:7, 4: 6, 5:5, 6:4, 7:3, 8:2, 9:1. The antibacterial activities were exhibited by all composition and the
strong activity represented by 2:8 composition of Lactobacillus plantarum ATCC 8014 fermented milk and 50%
Moringa oleifera leaves aqueous extract with growth inhibition zone diameter of 16.53 + 0.32 mm. Based on
previous studies, Moringa oleifera leaves contained various compounds such as phenolic, tannin, saponin,
flavonoid, terpenoid, alkaloid, anthraquinone, and carbohydrates. The total phenolic content in the Moringa
oleifera leaves was 2.28+0.22 mg/mL [16]. Carbohydrates content in the Moringa oleifera leaves might be a
nutrient forming of lactic acid in fermented milk [17], and synergistic relationship between fermented milk of
Lactobacillus plantarum and phenolic content in the Moringa oleifera leaf at ratio of 2:8 in those combination,
might increase antibacterial activity [18] compared to single fermented milk and other composition of the
combinations. The selected ratio of fermented milk of Lactobacillus plantarum ATCC 8014 and 50% Moringa
oleifera leaf aqueous extract (2:8) combination was then tested for the MIC. Using the same procedure as MIC
test in each sample, MIC of the selected combination against Streptococcus mutans was 45% with growth
inhibition zone diameter of 11.90 £ 0.86 mm. This MIC value was higher than both MIC of the 100% aqueous
extract (20%) and fermented milk (35%). The Moringa oleifera aqueous extract represented potent antibacterial
activity either alone or together with the Lactobacillus plantarum fermented milk. However, the combination is
expected to contribute the diversity mechanisms as antibacterial activities and other useful and additional
activities, due to their different active compounds. The combination is also shows a promising future in the
food supplement preparation to overcome infectious diseases.

4. CONCLUSION

The results of this study showed that both aqueous extract of Moringa oleifera leaves and Lactobacillus
plantarum ATCC 8014 fermented milk inhibited local strain of Streptococcus mutans growth with MIC value of
20% and 35%, respectively. Their combination was active against the test bacterial at all ratios and the
strongest growth inhibition indicated at 2:8 ratio of Lactobacillus plantarum ATCC 8014 fermented milk and
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50% aqueous extract of Moringa oleifera leaf with MIC value of 45%. Since the extract dominated the activities,
further observation in detail interaction between the extract and the probiotic viability is very important. Due
to the possibility antibacterial effect of the Moringa oleifera extract against the Lactobacillus plantarum,
optimization should be developed to achieve increasing potency of the antibacterial activity. Compatibility
test is very useful to ensure that all components of the combination produced synergistic activities. Anyhow,
the combination of preparation could be considerate as good candidate for healthy or functional foods or
foods supplement, especially to overcome problems of infectious diseases and tooth decay due to the
Streptococci bacteria.

5. MATERIALS AND METHODS
5.1. Materials

Fresh Moringa oleifera leaves were collected from Campus B area of Airlangga University, Surabaya,
East Java; which had been determined in The Materia Medica (Botanical Garden), Batu Malang, East Java.
Miiller Hinton Agar (Oxoid) media, MRS (de Man Ragosa Sharpe) media (Himedia lab), Nutrient agar media,
NaCl pa (E. Merck), Fresh cow milk obtained from the market, and clindamycin Pharmaceutical Grade (PT
Novel). The local strain of Streptococcus mutans obtained from the Faculty of Dentistry Airlangga University
Surabaya, and Lactobacillus plantarum ATCC 8014.

5.2. Preparation of aqueous extract of Moringa oleifera leaves

The 50% fresh Moringa oleifera leaves was made as infuse. The 50 g of fresh Moringa oleifera leaves mixed
with distilled water, and boiled on a water bath for 5 minutes at 90 °C, and then filtered. The water was added
to 100 mL volume [19]. Sterilization of the extract was carried out with a membrane filter of 0.22 mm in a
laminar air flow cabinet.

5.3. Preparation of fermented milk

Preparation of fermented milk was started from Lactobacillus plantarum ATCC 8014 starter preparation.
Three Ose cultures of fresh Lactobacillus plantarum ATCC 8014 on slant MRS agar medium were inoculated
into 10.0 mL pasteurized milk (heated at 90°C for 15 minutes) at 43°C. The mixture was incubated for 24 hours
at 37°C [20]. Development of fermented milk was done by adding a starter (5.0 mL) into 100.0 mL pasteurized
milk and mixed at 43°C. The mixture was allowed for 24 hours at 37°C. Development of fermented milk was
repeated by adding a starter (50.0 mL) to one liter of pasteurized milk and mixed at 43°C. The mixture was
allowed for 24 hours at 37°C.

5.4. Preparation of aqueous extract of Moringa oleifera leaves and probiotic fermented milk combination

The 50% of aqueous extract and probiotic fermented milk were used as original solution. Combinations
were made with various ratios; ie 1:9 (10% fermented milk + 90% aqueous extract), 2:8 (20% fermented milk +
80% aqueous extract), 3:7 (30% fermented milk + 70% aqueous extract), 4:6 (40% fermented milk + 60%
aqueous extract), 5:5 (50% fermented milk + 50% aqueous extract), 6:4 (60% fermented milk + 40% aqueous
extract), 7:3 (70% fermented milk + 30% aqueous extract), 8:2 (80% fermented milk + 20% aqueous extract)
and 9:1 (90% fermented milk + 10% aqueous extract) [6].

5.5. Preparation of test media

The Miiller Hinton agar was used as the test medium and prepared in two tubes containing 12.0 and 8.0
mL of base layer and seed layer media, respectively. The seed layer media was added by 5 pl of test bacterial
suspension (Streptococcus mutans with transmitant of 25% at A 580 nm) at 45-50°C and homogenized using
vortex, and then poured on top of solidified base layer surface. The two layers media were perforated with
sterile stainless boor to gain hole (wells) with 0.5 and 0.8 cm, respectively [21].

5.6. Phytochemistry analysis of aqueous extract of Moringa oleifera leaves

Characterization of the Moringa oleifera leaves aqueous extract was done by analyzing quality and
phytochemical contents. Quality analyzes included organoleptic, color, odor, taste, pH and specific gravity
values. Their phytochemical contents (saponin glycoside, tanin, glycoside, alkaloid, terpenoid, flavonoid)
analysis was done based on Vinoth et al. [8].
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5.7. Characterization of fermented milk

Characterization of Lactobacillus plantarum ATCC 8014 fermented milk was performed by qualitative
analysis including physical performance, color, odor, taste, pH value, density value using lacto-densitometer,
and viscosity value using cup and bob viscometer. The observation results were compared to standard
requirement [22].

5.8. Characterization of aqueous extract and fermented milk combination

The characterization of combination between the Moringa oleifera aqueous extract and fermented milk in
the selected ratio was performed with quality analysis including physical performance, color, odor, taste, pH,
density and viscosity value.

5.9. Growth inhibitory activity test

Optimization of growth inhibitory activity of the fermented milk and extract combination was carried
out in various compositions of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, and 9:1. Each test solution (fermented milk,
extract and its combinations) was loaded into hole reservoir on the test medium, incubated at 37 °C for 24
hours, inhibitory zone diameter was observed and measured using digital caliper (mm). Then the selected
ratio resulting in the highest activity was determined based on the inhibitory zone diameter value. The MIC
of each test solution including the optimum ratio of fermented milk and extract combination was performed
by serial dilution of 100%, 50%, 25%, 12.5%, 6.25%, 3.125% and 1.563% concentrations. Thereafter, each test
solution was assayed according to the method above.
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