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ABSTRACT

Background: Yogurt, completed with lactic acid bacteria, can inhibit the
growth of Escherichia coli. The flavonoids, tannin, and saponin of the
Muntingia calabura L. plant showed antibacterial activity. Objectives: The
present study aims to observe the effect of the addition of Muntingia
calabura L. fruit extract to yogurt on the activity of Escherichia coli.
Material and Methods: The study was an experimental study with the
treatment of addition of Muntingia fruit extract infusion with various
concentrations (12.5 %, 25%, 50%, 75%, and 100% with three times
replications) to the cow-milk-based yogurt. The staining reagents were used
for the phytochemical screening. The mixed muntingia yogurt (MMY) was
then centrifuged to obtain supernatant. The antibacterial activity was tested
using the disc diffusion method by observing the diameter of the inhibition
zone. Plain yogurt was used for the negative control and Cefotaxime for the
positive control. Results: In Muntingia fruit extract, flavonoids, tannin,
steroid, phenol, and saponin have been observed. The MMY showed
antibacterial activity toward E. coli as indicated by the various diameter of
inhibition zones of 5.03+ 2.66 mm, 4.95+ 0.39 mm, 5.68+ 0.84 mm, 8.02+
1.45 mm, and 15.73+ 1.60 mm for the Muntingia addition concentration of
12.5 %, 25%, 50%, 75%, and 100%, respectively. The diameter of the
inhibition zone of negative control was 3.95 mm, while positive control was
45.60 mm. Conclusions: The addition of Muntingia calabura L. fruits
extracts to yogurt at concentrations of 75% and 100% could inhibit the
growth of E. coli bacteria as categorized for medium and strong inhibitory,
respectively.
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ABSTRAK

Yogurt merupakan produk pangan fungsional yang mengandung bakteri asam laktat yang dapat menghambat
pertumbuhan bakteri Escherichia coli. Tanaman Muntingia calabura L atau yang dikenal dengan kersen
mengadung senyawa seperti flavonoid, tannin, dan saponin yang memiliki aktivitas antibakteri. Penelitian ini
dilakukan untuk mengamati efek penambahan ektrak buah Muntingia calabura L ke dalam yogurt berbasis susu
sapi terhadap pertumbuhan bakteri Escherichia coli. Buah Muntingia diekstraksi dengan metode infundasi dan
dibuat berbagai konsentrasi yaitu 12.5%, 25%, 50%, 75%, dan 100%. Skrining fitokimia dilakukan berdasarkan
uji reagen. Ekstrak buah dicampur kedalam yogurt untuk menghasilkan campuran Muntingia-Yogurt (MMY). Uji
aktivitas antibakteri dilakukan dengan metode difusi cakram berdasarkan terbentuknya zona hambat dengan yogurt
tanpa ekstrak sebagai kontrol negatif dan antibiotik Cefotaksim sebagai kontrol positif. Senyawa flavonoid, tannin,
steroid, fenol dan saponin terdapat di dalam ekstrak buah Muntingia. Hasil uji aktivitas antibakteri, MMY
menghasilkan zona hambat sebesar 5.03+ 2.66 mm, 4.95+ 0.39 mm, 5.68+ 0.84 mm, 8.02+ 1.45 mm, and 15.73+
1.60 mm untuk konsentrasi 12.5%, 25%, 50%, 75%, 100% sedangkan kontrol negatif sebesar 3.95 mm dan kontrol
positif 45.60 mm. Penambahan ekstrak buah Muntingia 75% dan 100% pada yogurt menunjukkan penghambatan
pertumbuhan bakteri dengan kategori medium untuk kadar 75% dan kuat untuk kadar 100%.

Kata kunci: Aktivitas antibakteri, Escherichia coli, Muntingia calabura L, Yogurt

INTRODUCTION

Diarrhea is defecation with a soft to liquid consistency with a higher frequency than usual (three or more
times) in one day (KEMENKES RI, 2011). Globally, diarrhea cases happen in all of the age and was the
eight leading cause of death and the fifth leading cause of death in children under 5 years old (GBD,
2016). Diarrhea caused by bacteria such as V. cholerae, C. botulinum, Shigella, C. jejuni, E. coli,
Salmonella, and S. aureus is prevalent worldwide (Ugboko et al., 2020). Prevention of diarrhea caused
by bacteria is essential, apart from good sanitation. One of the food products that can be used as a
prevention against bacteria is yogurt (Abd El Gawad,2014). Yogurt is fermented milk that contains
beneficial live bacteria for digestive health. The bacteria used in yogurt are usually Lactobacilli,
Streptococcus thermophilus, and Bifidobacteria (Dahlan, 2017). These bacteria produce lactate or lactic
acid bacteria (LAB) after overhauling complex compounds (Trachoo, 2002). Lactic acid bacteria (LAB)
can inhibit the growth of pathogenic bacteria such as Shigella flexneri and Escherichia coli bacteria by
forming colonies (Hanum et al., 2017). LAB activity is characterized by increasing lactic acid levels,
increasing yogurt acidity. The addition of fruit extract to yogurt can increase the acidity of yogurt so
that it can also increase the inhibition of pathogenic bacteria (Jung et al., 2016). Several studies on
adding fruit flavors, fruit, fruit oil, and other nutrients to yogurt have been carried out (Gonzalez et al.,
2011; Hanson & Metzger, 2010; Perina et al., 2015).

Kersen is a plant that is easily found in the environment around Indonesian society. It is usually planted
by the roadside as a shade tree because it can grow quickly and is shady (Yuzammi et al., 2009). This
tree is easy to grow, easy to maintain, short fruiting time, and is season-free. In Indonesia, Kersen fruit
is considered to have no selling value, so it is very affordable for all people (Rosandari et al., 2011).

Kersen, usually called talok or cherries, is usually found in tropical areas, including Indonesia. In some
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other countries, it is called datiles, aratiles, manzatinas (Philippines), khoom, somz, takhob (Laos),
krakhob barang (Cambodia), kerup siam (Malaysia), capulin blanco, cacaniqua, nigua, iguito (Spain),
jamaican cherry, panama berry, cherry fruit (England), and Japanese kers (Netherlands) (Kosasih et al.,
2013). Ripe cherry fruit has red skin, small fruit, sweet taste, and is slightly sticky. Cherry fruit contains
many compounds, such as water, carbohydrates, fiber, protein, vitamins, and flavonoids (Rahman et al.,
2010). Cherry fruit (Muntingina calabura) has been studied to have the potential as an antibacterial that
can inhibit the growth of gram-negative and gram-positive bacteria (Gorripati et al., 2018; Cuadro et
al.,2018). Research conducted by Hadi and Permatasari (2019) stated that the antibacterial compounds
in cherry fruit are flavonoids, saponins, tannins, and alkaloids. This fruit has potential as medicine
because the ethanol extract of cherry fruit contains flavonoids 32.82 g/kg, saponins 5.07 g/kg, tannins
14.64 g/kg, and polyphenols 69.78 g/kg. These bioactive have antibacterial properties (Ami, 2016). The
antioxidant content of cherry fruit is also relatively high because it contains 80.5 mg of vitamin C per
100 g of cherry fruit (Kosasih et al., 2013).

Based on the previous studies stated above, the kersen fruit was predicted to increase the yogurt's ability
to inhibit the bacteria due to its antibacterial activity. Furthermore, it can be used to reduce the diarrhea
problem because yogurt has been commonly consumed. This research was conducted to see the ability
of the combination of cherry fruit extract yogurt to inhibit the growth of Escherichia coli bacteria as one

of the bacteria that caused diarrhea.

MATERIAL AND METHODS

Materials

The materials used in this study were cherry fruit (Muntingia calabura L.) which taken from
Bangunharjo, Sewon, Bantul, yogurt starter (mixed culture of Lactobacillus bulgaricus and
Streptococcus thermophillus), water, fresh cow milk from Kaliurang Yogyakarta, Cefotaxime antibiotic
(Hexpharm Jaya®), 0.9% NaCl solution (Otsuka®), Eosin Methylene Blue Agar 27 media (EMBA)
(Merck®), Mueller Hinton Agar (MHA) (Merck®), BaCl,, H,SO4,(Merck®), HCI (Mallinckrodt®), Mg
powder (Bratachem®), NaOH (Merck®), FeCls, Meyer's reagent, chloroform (Merck®), and anhydrous

acetic (Merck®).

Methods

Preparation of Cherry Fruit Infusion
The cherry fruit obtained was wet sorted. The selected cherry fruit should be ripe, red, fresh, and not
rotten. It was then cleaned of dirt with running water and drained. It was weighed as much as 250 g and

then blended until smooth. After that, 500 mL of water was added, and an infusion was made. The
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boiling process was carried out for 15 minutes, calculated at 90°C with occasional stirring. The infusion

results were filtered with flannel (Adriyan & Aminah, 2012).

Phytochemical Screening

Phytochemical screening test for flavonoids, saponins, tannins, alkaloids, phenols, and steroids
compounds in cherry fruit infusions was carried out qualitatively with color reagent test (Hadi &
Permatasari, 2019). The extract was put in 3 test tubes in the flavonoid test, with each test tube containing
7 mL of cherry fruit extract. In tube 1, 5 mL of concentrated H.SO4 was added. In tube 2, 5 mL of
concentrated HCI and a little Mg powder were added. The color change of tubes 1 and 2 to red indicates
a positive result of flavonoids. In tube 3, 5 mL of NaOH was added. It showed a positive result for
flavonoids if the color changed to yellow. In the Saponin test, 5 mL of cherry fruit extract was taken,
shaken vigorously, and then allowed to stand for 30 seconds. A stable foam showed a positive result of
saponins within 30 seconds. In the Tannin test, 5 mL of cherry fruit extract was taken, and FeCl; was
added. A change in green, blue-green, or blue-black color or the presence of a precipitate indicates a
positive result for tannins. Tannins is one of the phenolic compounds that contain phenol group that
react with the FeCl; to form a blue-back color (Desinta, 2015). In the Alkaloid test, 5 mL of cherry fruit
extract was taken and added with Mayer's reagent. Changes in color and the formation of a precipitate
indicated a positive result for alkaloids. In the phenol test, 2 mL of cherry fruit extract was taken, put in
a test tube, and added 10 drops of hot water and 3 drops of 3% FeCls; reagent. A color change to a bluish-
green or dark blue indicates a positive phenol result (Harborne, 2006). In the steroid test, 5 mL of cherry
fruit extract was taken and then put in 2 test tubes. In the first tube, the Libermann-Burchard test was
carried out by adding 2 mL of chloroform, 10 drops of acetic anhydride, and 2 drops of concentrated
sulfuric acid. The color changes to bluish red like cherry red on the chloroform layer, indicating a
positive steroid test. The Salkowski test was carried out in the second tube by adding 5 drops of
chloroform extract and 5 drops of sulfuric acid. If a bluish red color such as cherry red was formed, it

indicates a positive steroid test (Krishnaveni & Dhanalakshmi, 2014).

Preparation of Mixed Muntingia Yogurt (MMY)

Whole cow's milk and 10% skim milk were pasteurized first at 61°C for 30 minutes to Kill
microorganisms in milk so that the development of lactic acid bacteria would not be disturbed due to
the presence of other microorganisms. The milk then waited for cooling until its temperature reached
45°C so that the yogurt starter could develop properly. The warm milk that has been mixed with the
yogurt starter was taken as much as 50 mL, put in a glass bottle, and added by 50 mL of cherry fruit
extract (Setia & Wijayanti, 2019). The extract concentration variations were 12.5%, 25%, 50%, 75%,
and 100% v/v, which were made by dissolving the infusion with distilled water (Jung et al., 2016). After
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all the yogurt was mixed, it was incubated at 37°C for 20-24 hours in a tightly closed state. After
incubation, yogurt can be removed and stored in the refrigerator (Fatmawati et al., 2013). Organoleptic

tests were carried out for the physical parameters, texture, taste, aroma, and pH of yogurt.

Table 1. Composition of Mixed Muntingia Yoghurt (MMY)

MMY Concentration (v/v) 12.5%  25% 50% 75% 100%

Muntingia extract (mL) 6.25 12.5 25 37.5 50
Aquadest (mL) 43.75 375 25 12.5 0
Cow milk and 10% skim 50 50 50 50 50
milk (mL)

Starter yogurt (mg) 50 50 50 50 50

Antibacterial activity test

Antibacterial activity test was carried out by disc diffusion method, which was determined by the size
of the inhibition zone of the produced bacterial growth in millimeter. The diameter of the paper disc was
6 mm, and was used to calculate the zone of inhibition. Escherichia coli cultures were taken with heated
wire, implanted on EMBA media through scratches, and then incubated at 37°C for 24 hours in an
aerobic atmosphere (Setia & Wijayanti, 2019). Each group of yogurts was centrifuged at a speed of 5000
rpm for 15 minutes, and then the formed supernatant will be the sample used in the yogurt activity test
(Setia & Wijayanti, 2019). In order to ensure the final product was sterile, physical filtration was
conducted by using a 0.22 m syringe filter. Each sterile disc paper (the diameter of the disc 6 mm) was
given a sample of yogurt prepared by immersion until it completely wet. It was then incubated at 37°C
for 24 hours in an inverted position (Purnomo et al., 2019). The test was carried out with three
replications. Yogurt without cherry extract was used as a control, while the antibiotic Cefotaxime 30
mg/mL was used as a positive control. The inhibition zone formed around the paper disc was measured
for its vertical and horizontal diameter using a caliper from the edge of the inhibition zone and expressed
in millimeters (mm), described in the following equation (Paliling et al., 2016). The observed inhibition

zones, were further be classified as the inhibition ability of bacteria refers to Table 2.

Diameter of inhibition zone (mm) = (Dv-Dc) + (Dh-Dc)
2

Note:

Dv: vertical diameter (mm)

Dc: paper disc diameter (6 mm)
Dh: horizontal diameter (mm)
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Table 2. Category of Inhibition Zone (Indriani, et al, 2020)

Category  Diameter of inhibition zone (mm)

Very Strong >20
Strong 10-20
Medium 5-10

No activity <5

RESULTS AND DISCUSSION

Cherry Fruit Infusion

Figure 1. Cherry Fruit
The selected cherry fruit should be ripe, red, fresh, and not rotten (Figure 1). The infusion method

produces a liquid fruit extract dissolved in water, attracting polar compounds. Extraction by infusion is
an easy, inexpensive, and simple method and can be easily mixed with other solutions, such as milk in
the making yogurt process. The results of the cherry fruit infusion were then carried out with
phytochemical tests.

Phytochemical Screening

Phytochemical screening was performed to discover the secondary metabolites present in the sample.
Based on a qualitative test using color reagents, cherry fruit infusion contained secondary metabolites
listed in Table 3. Some of the compounds contained in this infusion or extract of cherry fruit have

antibacterial activity. They were saponin, flavonoid, phenol, steroid, and tannin.

Table 3. Phytochemical Screening Result of Cherry Fruit Infusion

Secondary ) ) ] _ _
] Flavonoid Saponin Tanin Alkaloid Phenol Steroid
Metabolite
Result +++ ++ +++ - +++ T4+

Notes: - means that compound did not present in the extract, + means that compound present in the extract

15



Krisridwany et al., 2022; Jurnal Farmasi Galenika (Galenica Journal of Pharmacy) (e-Journal); (9)1: 10-22

Saponin compounds have antibacterial activity by damaging membrane permeability. It happens
because the properties of saponins are similar to detergents. It reduces the surface permeability of the
cell wall and causes damage to the permeability of the cell membrane. Damaged cell membranes
significantly interfere with the survival of bacteria (Harborne, 2006). This fragile membrane and cell
wall make it easier for saponins to diffuse into the cytoplasm, causing cytoplasm to leak and resulting
in bacterial death (Cavalieri et al., 2005).

Tannin compounds have antibacterial activity through reactions with cell membranes, inactivation of
enzymes, and inactivation of the function of genetic material. It can make the formation of cell walls
occur imperfectly because of the interaction between tannins and cell wall polypeptides so that the
bacteria will be susceptible to lysis (Sari & Sari, 2011). The color change to dark blue occurs due to the
formation of complex compounds with FeCls. The formation of tannin and FeCl; complex compounds
due to Fe* ions as the central atom and tannin compounds have O atoms which have lone pairs of
electrons that can coordinate to the central atom as the ligand. The Fe3* ion can bind three tannins with
two donor atoms, namely O atoms, so six lone pairs of electrons can be coordinated to the central atom.
The O atoms at the 4 and 5° dihydroxy positions have the lowest energy in forming complex
compounds, making them possible to become a ligand (Asrilya, 2014). The presence of saponin and
tannin in the muntingia extract infusion were correspond to the study conducted by Saraswati et al (2021)
that showed the experiment of juice from muntingia extract gave neuroprotective effect on mice due to

the presence of the phytochemisty of the muntingia extract.

Phenol compounds have antibacterial activity by denaturing cell proteins where the hydrogen bonds
formed between phenol and protein will damage the protein structure. The hydrogen bonds will affect
the permeability of the cell wall and cytoplasmic membrane because both are composed of proteins.
Permeability of cell walls and cytoplasmic membranes that are disturbed can cause an imbalance of
macromolecules and ions in the cell to become lysed (Pelczar et al., 1988). Based on study conducted
by Senet et al at 2017, Muntingia fruits ethanolic extract and ethyl acetate extract contain phenolic

compounds that exhibited antioxidant activity.

Steroid compounds have antibacterial activity by interacting with cell membrane phospholipids which
are permeable to lipophilic compounds. It decreases membrane integrity and changes cell membrane

morphology, which causes cells to become brittle and lyse (Ahmed, 2007).

Study from Krishnaveni et al in 2014 reported that the aqueous exctract of Muntingia fruits from India
contains alkaloid, steroids, tannins, phenolic compounds but did not contain saponin and flavonoids,

however in the present study, the aqueous extract did not contain alkaloids but contain saponin and
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flavonoids. These differences might be due to the different location of growth and the state of fruit that

it was collected (Khrisnaveni 2014)

Mixed Muntingia Yogurt (MMY)

Based on the organoleptic test results, yogurt made without cherry fruit infusion (control) has a thick
texture, white color, has a characteristic sour taste of yogurt, and has a pH of 4.625. Meanwhile, yogurt
made with the addition of cherry fruit infusion (MMY) has a thick texture, slightly yellowish-white
color, has a sour taste typical of yogurt, has a sweet aroma typical of cherry fruit, has a slightly sour
taste, and has a pH of 4.625-4.654 as shown in Figure 2 and Table 4. This result met the yogurt quality
requirements (without heat treatment after fermentation) based on the Indonesian National Standard
(SNI) 2981: 2009, as follows: 1. The appearance of liquid: thick-solid 2. Odor: normal/typical 3. Taste:

Sour 4. Consistency: Homogeneous.

Figure 2. The appearance of MMY (A: 12,5%; B:25%, C: 50%; D: 75%, E:100%V/v)

Table 4. The acidity (pH) of MMY

Concentration of MMY 12.5 % 25 % 50% 75% 100%
viv viv viv viv viv

pH 4.625 4.633 4.649 4.654 4.654

Yogurt is a dairy product produced from symbiotic fermentation of lactic acid bacteria (LAB), namely
Streptococcus thermophilus and Lactobacillus bulgaricus. Lactic acid bacteria will convert lactose in
milk into lactic acid to increase the acidity of milk and causes yogurt to have a distinctive sour taste
(Jannah et al., 2014). The decrease in pH value during the fermentation process resulted in a
characteristic sour taste of yogurt, where an acidic pH close to 4.5 is essential as a bactericidal in yogurt
preparations (Kotz et al., 1990). Food and drug administration (FDA) stated that the acidity of yogurt is
4.5 due to the amount of lactic acid bacteria in yogurt (Weerathilake et al, 2014). The present study, pH
of the plain yoghurt is around 4.6 as reported from lhemeje et al 2016. The addition of the Muntingia

extract did not alter the pH value.
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Lactic acid bacteria in yogurt can increase the nutritional content of yogurt and as a good microflora in
digestion so that it can improve the digestive process by inhibiting the growth of pathogenic bacteria in
the digestive tract. Yogurt can also help people with lactose intolerance, prevent diarrhea, reduce the
risk of cancer or gastrointestinal tumors, and lower blood cholesterol levels (Legowo et al., 2009). In
making yogurt, the sugar contained in milk and fruits can stimulate the growth of lactic acid bacteria

and increase the activity of lactic acid formation.

Antibacterial Activity Test

The inhibitory activity against gram-negative bacteria was performed due to the antibacterial compounds
in organic acids (lactic acid, acetic acid, and formic acid), which are present in the fermented milk
(Davidson, 1993). Lactic acid and acetic acid produced by lactic acid bacteria are essential
antimicrobials with high activity and a broad spectrum of inhibition (Rahayu et al., 2013; Suskovié et
al., 2010). In addition, lactic acid can kill gram-negative bacteria by damaging the outer membrane of
gram-negative bacteria cells. Lactic acid can damage the permeability of the outer cell membrane
because it is water-soluble so that it can penetrate the periplasm of gram-negative bacteria through the
porin protein on the outer membrane. This damaged outer membrane causes antibacterial compounds
from yogurt in the form of bacteriocin, hydrogen peroxide, and diacetyl to penetrate the cell membrane
to enter the cytoplasm. This unstable bacterial intracellular activity makes bacterial cells die (Alakomi
et al., 2000).

Table 5. Diameter zone of inhibition (mm)

Sample (% v/v) Inhibition Zone (mm) + SD

MMY 12,5 5.03+ 2.66

MMY 25 4,95+ 0.39

MMY 50 5.68+ 0.84

MMY 75 8.02+ 1.45

MMY 100 15.73+ 1.60
Yogurt without muntingia fruits extract 3.95
Positive control (Cefotaxime 30 mg/mL) 45.60

Based on the observations of the clear zone (inhibition zone) on agar media (Table 5), it was shown that
yogurt without the addition of cherries showed an inhibition zone diameter of 3.95 mm. It means that
fermented milk or yogurt has antibacterial activity against Escherichia coli. This result was also
supported by research conducted by Danu Purnomo et al. (2019), showing the results of the wide

inhibition zone of fermented milk as an antibacterial against Escherichia coli of 8.45 + 0.388 mm. In
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this study, the MMY 25 % v/v did not show wider zone of inhibition, might be due to the volume for
pippeting the extract. For the MMY 12.5% v/v showed big standard deviation (2.66) and based on the
value, it was close to the zone of inhibition of MMY 25 %v/v. With the addition of cherry fruit extract
to yogurt, it was found that the greater the concentration of cherry fruit extract, the wider the inhibition
zone produced. It means that the increase of cherry fruit concentration will improve the yogurt
performance in inhibiting the growth of Escherichia coli bacteria. Based on the category of bacterial
activity in Table 2, MMY 75%v/v categorized as medium activity, whereas MMY 100% was strong
acitivity. This result means that yogurt with cherry fruit extract gave better antibacterial activity than
yogurt without cherry fruit extract. Research conducted by Jung et al. (2016) stated that the addition of
extracts or fruit in yogurt could increase the acidity of yogurt so that it can also increase the inhibition
of pathogenic bacteria. However, the average pH of MMY in this study was similar to the pH of the
control yogurt and did not correspond to the result reported by Jung et al (2016), hence it is not
significantly different overall. The formation of a bacterial inhibition zone was possibly occurred due to
the content of secondary metabolites in cherry fruit extract. For the future study, the antibacterial test
should be done for the cherry extract infusion without yogurt and it is better to compare the antibacterial

activity within leaves and fruits of Muntingia extract in yogurt.

CONCLUSION

The cherry fruit extract was made through the infusion method. Phytochemistry screening results
showed that this extract contained saponin, flavonoid, phenol, steroid, and tannin. The addition of cherry
fruit extract to yogurt can increase the ability of yogurt to inhibit the growth of E. coli bacteria. The
addition of Muntingia calabura L. fruits extracts to yogurt at a concentration of 100% gave strong
inhibition of the growth of E. coli bacteria. It was predicted that the formation of a bacterial inhibition
zone was occurred due to the content of secondary metabolites in cherry fruit extract. Further study was

needed to explore the antibacterial mechanism of Muntingia calabura L. fruits extracts.
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