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Abstract: Probiotics are live microorganisms which confer health benefits to the host when administered in
adequate amounts. Endophytes, which live in plant tissues between the plant cells, can act as potential probiotic
bacteria. The leaves of Murraya koenigii L. is a common cuisine and herbal ingredient used in indigenous
medicine. The main objective of the current study was to assess probiotic characteristics of isolated bacterial
endophytes of M. koenigii leaves. Young and mature leaves of M. koenigii were collected from sites in the wet
and dry zones of Sri Lanka. The endophytes were isolated using three techniques: placing leaf segments, leaf
macerations and preparation of pour plates on three different media viz., nutrient agar, Luria-Bertani (LB), and
De Man, Rogosa and Sharpe agar (MRS). They were identified from morphological characteristics and
preliminary biochemical tests. Probiotic characterization of the isolates was carried out by using a series of
standard tests including resistance to low pH, tolerance of bile salts, antimicrobial activity (Escherichia coli and
Pseudomonas aeruginosa), antibiotic resistance (Gentamycine), anti-haemolytic activity, and non-DNase
activity. Ten endophytic bacteria (two bacilli, eight cocci including two Gram positive cocci, and eight Gram
negative cocci and bacilli) were isolated from the young and mature leaf samples collected. While probiotic
characterization tests were positive, four isolates showed antibiotic susceptibility. These results indicate the
possibility that M. koenigii leaves possess bacterial endophytes with probiotic potential.

Keywords: Antibiotic resistance, antimicrobial activity, endophytes, Murraya koenigii L., probiotics.

INTRODUCTION

Probiotics have been referred to as ‘live microorganisms, which when administered in adequate amounts
confer a health benefit on the host’ (Shuhadha ef al., 2017). Probiotic bacteria can be broadly categorized
as plant probiotics and human probiotics depending on their potential host (Oh, 2017), and this study
focuses mainly on human probiotics. Human probiotics are mostly Gram-positive microorganisms, which
comprise a wide range of the genera Lactobacillus, Bifidobacterium and Enterococcus, including the
mostly studied species Lactobacillus acidophilus, L. casei group, L. reuteri/l, L. fermentum,
Bifidobacterium spp. (B. animalis) and Enterococcus faecium (Holzapfel et al., 2015; Shuhadha
etal., 2017).

However, there are a few gram-negative bacteria that are considered as probiotics, viz: Escherichia
coli strain Nissle 1917, Bacteroides fragilis, and Akkermansia muciniphila (Bhensen et al., 2013; Wang et
al.,2017; Zhai et al., 2018).

The most important criteria for a probiotic are that it should have a history of being non-pathogenic,
not being associated with diseases such as infective endocarditis or gastrointestinal disorders, ability to
survive passage through the digestive tract by exhibiting acid and bile tolerance, ability to proliferate in the
gut, and ability to exert their benefits on the host through growth and/or activity in the human body
(Kimoto et al., 2004; Pineiro & Stanton, 2007). Probiotic characterization is done by considering the major
characters of probiotics in the human gastrointestinal tract. Being of human origin, the major criteria
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considered for probiotic characterization are antimicrobial activity against pathogenic bacteria, acid
tolerance, bile salt tolerance, resistance to antibiotic compounds, anti- haemolytic activity, anti-
hydrolysing of DNA, adherence to human epithelial cells, and persistence in the human gastrointestinal
tract (Shuhadha ef al., 2017). Auto-aggregation, hydrophobicity, cholesterol removal, and conjugated linoleic
acid (CLA) conversion are some additional probiotic characterization tests (Alkalbani et al., 2019)

However, among these criteria, being of human origin has notbeen a highly required character to be a
probiotic because there are probiotics of dairy and plant, which serve as efficient and safe probiotics in
humans (Da Sesto, 2008).

Of the microorganisms associated with plants, endophytes are a variety of bacteria and fungi that
reside inside the internal tissues of living plants (collectively known as endophytic microorganisms),
which do not cause any symptoms and obvious harm to the host plants (Yiing & Ting, 2015). Most of the
probiotics extracted from plants live as endophytes though a very few species live as epiphytes and
rhizobacteria that are inhabitants of the rhizosphere (Ruiza ef al., 2011). These plant endophytic probiotics
synthesize bioactive compounds, which improve stress tolerance of plants and their medicinal potential
(Anand 2023).

Murraya koenigii L. or curry leaf plant [Karapincha (Sinhala), Karuvapillai (Tamil)] of the family
Rutaceae is a small deciduous tree with highly pungent aromatic leaves and characteristic taste (Yankuzo
et al., 2011). The plant is recorded to have various ethnobotanical, pharmacognostic, phytochemical and
pharmacological properties (Gahlawat et al., 2014). A scrutiny of specific literature reveals some notable
pharmacological activities of the plant such as on the heart through cholesterol reducing properties, and in
addition it is recorded to have antimicrobial activity, and anti-cancer activity (Balakrishnan et al., 2020).
Its medicinal values include, antioxidative properties, cytotoxic and anti-diarrhoea activity (Chaudhary,
2020; Rautela & Katiyar, 2023), and additionally it is considered to be anti-diabetic (Habbu et al., 2014).
The plant possess various health beneficial properties due to the presence of secondary metabolites such as
polyphenols (reduce oxidative stress and prevent degenerative diseases such as cardiovascular disease and
cancers), flavonoids (regulation of cholesterol levels), flavonoid compounds such as myricetin, quercetin
and epicatechin (effective in the growth inhibition of breast cancer cells), minerals (maintenance of
normoglycemia or normal glucose content of blood), and antioxidants as well as presence of beneficial
probiotic endophytic microorganisms (Abeysinghe ef al., 2021). It has been found that the leaves, stems
and roots of M. koenigii L. have both bacterial and fungal endophytes including endophytic Bacilli (Khan
et al., 2022). Fungal endophytes isolated from M. koenigii L. includes Aspergillus niger, Aspergillus flavus,
Candida albicans, Penicillium sublateritium and Phoma hedericola (Soundappan et al., 2018). Since M.
koenigii has various medicinal properties viz., anti- cancer, anti- diabetic ability etc., the presence of potential
probiotic endophytes in M. koenigii leaves would be an added feature that could be exploited either for the
leavesto be consumed raw (paste) or produce probiotics as a commercial product. Therefore, the objectives
of the current study were to isolate bacterial endophytes from leaves of M. koenigii and to investigate their
probiotic potential.

MATERIALS AND METHODS
Sample collection

Samples of leaves were collected from Gampaha, Kandy and Jaffna districts covering the wet and dry
zones in Sri Lanka, for the isolation of endophytic bacteria. Young and mature leaves were used separately
for testing. Young leaves and mature leaves were distinguished as young leaves with pale green colour
occurred at the distal end of the branch while mature leaves with dark green colour located below the distal
end of branches.

Surface sterilization of leaves

The leaves were sterilized by washing with running tap water, followed by soaking in 70% ethanol for 30 s,
and sodium hypochlorite solution (5 %) for 3 min, and finally rinsing thrice with distilled water (Habbu e?
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al.,2014).
Isolation of endophytic bacteria from leaves of M. koenigii

The bacteria were isolated by placing cut leaf sections (1 cm?) on the solid medium (Mohamad et al.,
2020), placing leaf macerations on the solid medium (Habbu et al., 2014), and preparing pour plates with
leaf extract (Costa et al., 2012). nutrient agar (NA), Lauria-Bertani (LB) and de Man, Rogosa and Sharpe
(MRS) media were used for isolation of non-fastidious endophytes, endophytic bacteria belonging to the
family Enterobacteraceae, and bacterial endophytes of the genus Lactobacillus, respectively.

Preliminary identification and characterization of pure cultures

Morphological identification of isolated bacterial endophytes was carried out by Gram staining and
endospore staining, followed by motility test and catalase test for biochemical identification (Cullimore,
2019).

Gram staining

Bacterial smears were prepared on clean microscopic slides. The heat fixed smear was then flooded with
crystal violet (primary stain) and allowed to stand for 1 min. Then the excess dye was removed and the
smear was flooded with Gram’s iodine solution, and allowed to stand for 1 min. The smear was again
washed with running tap water and dipped in 95% ethanol until the smear became decolorized. The smear
was then flooded with safranin (secondary stain) and allowed to stand for 1 min. The slide was again
washed with running tap water to remove excess stain and observed under the microscope using an oil
immersion lens.

Endospore staining

Bacterial smears were prepared on clean microscope slides, malachite green (primary stain) was applied,
and heat fixed with a steam bath. The slides were then removed from the flame, cooled, and rinsed with
running tap water to decolorize bacterial cells. The slides were flooded with the counter stain (safranin) for
30 s and rinsed with water. Subsequently, the slide was air dried and observed under the light microscope.

Motility test

The hanging drop method was used to determine the motility of bacterial isolates. Using the inoculating
loop a small drop of the bacterial sub culture was aseptically placed in the centre of a clean coverslip. The
cavity slide was lowered, with the concavity facing down, onto the coverslip to allow the drop to protrude
into the centre of the concavity of the slide. It was pressed gently to form a seal. The drop was examined
under the light microscope.

Catalase test

A drop of sterile distilled water was placed on the middle of a glass slide and a small amount of the
culture was picked up with a sterile inoculating loop. One or two colonies were emulsified on each drop
to make a smooth suspension. Then, one drop of 3% peroxide was placed over the test smear using a
Pasteur pipette. The smears were observed for rapid gas bubble formation.

Probiotic characterization of endophytic bacteria

Determination of resistance of bacterial isolates to low pH

The resistance of bacterial isolates to low pH was determined using three methods. In the first method, the pH of
the nutrient broth was adjusted to pH 3. In the fasted state, the median gastric pH is 1.7 and when the meal is

administered the gastric pH climbs briefly to a median peak value of 6.7 (Dressman et al., 1990). PH was
adjusted to 3 in the current experiment as a middle value between these two states. The survival rate of each
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bacterial isolate was measured by enumeration of bacterial colonies on nutrient agar (NA) plates at hourly
intervals, up to 6 h (Both et al., 2010). In the second method, spread plates were prepared on NA plates
which were adjusted to pH 3 and the survival rate was measured by enumeration of bacterial colonies on
NA plates at hourly intervals up to 6 h. In the third method, a mixture of cooked rice, saliva and leaf
macerations of Murraya koenigii L. was added to normal nutrient broth, adjusted to pH 3. The survival rate
of bacterial isolates was measured by determining the absorbance of each broth inoculated with bacteria
culture, using UV-VIS spectrophotometer (Camspec M02, Spectronic Campsec Ltd., UK).

Determination of bile salt tolerance of bacterial isolates

One milliliter of each overnight culture, which was adjusted similar to McFarland 0.5 turbidity were
aseptically transferred to 10 mL of 0.3% bile containing broth, and streak plates were prepared on NA
plates at hourly intervals for 4 h (Bassyouni ef al., 2012). Semi-quantitative screening streak method was
used to prepare streak plates to obtain isolated colonies (Furgason et al., 1995; Croxatto et al., 2015).
Plates were incubated at 37 °C for 24 h.

Determination of antimicrobial activity of bacterial isolates

Antimicrobial activity of the bacterial strains was determined using the disc diffusion method on Muller
Hinton agar (MHA) against the pathogenic strains of Pseudomonas aeruginosa and Escherichia coli. The
pathogenic strains, which were adjusted similar to McFarland 0.5 turbidity, were inoculated on MHA
plates using sterilized cotton swabs. Sterile filter paper discs of 9 mm diameter were dipped in fresh
overnight cultures of endophytic bacterial isolates and placed on the surface of an agar plate. The petri
plates were kept at 4 °C for 30 min to permit diffusion on the assay material, and incubated at 37 °C for 24
h, and the zone of inhibition was measured in millimetres. The assay was repeated 3 times. Discs dipped in
sterile distilled water and gentamycin discs (10 mg) served as negative and positive controls respectively
(Abeysinghe et al., 2021).

Determination of antibiotic resistance

Fresh overnight endophytic bacterial cultures, which were adjusted similar to McFarland 0.5 turbidity were
spread evenly on the surface of MHA plates using sterile cotton swabs. One Petri plate was used for
spreading one endophytic bacterial isolate and each Petri plate was divided into two equal halves. In one
half, a 6 mm diameter Gentamicin disc (10 mg/mL) was placed, and in other half, a filter paper
impregnated with distilled water was placed that served as the negative control. The plates were then
incubated at 37 °C for 24 h, and the diameter of the zone of inhibition was measured (Fallah ez al., 2013).

Determination of haemolytic activity of bacterial isolates

Haemolytic activity of endophytic bacterial isolates was tested using blood agar base with 10% human
blood. A loop full of each fresh overnight culture was aseptically transferred to the blood agar plates
separately and incubated at 37 °C for 24 h. After incubation, agar plates were observed for clear zones
around the colonies. Freshly sub cultured Streptococcus sp. was used as the positive control and
Lactobacillus sp. was used as the negative control (Bassyouni ef al., 2012).

Determination of DNAse activity of bacterial isolates

DNase activity of bacterial isolates was tested by aseptically transferring a loop full of fresh overnight
broth cultures on DNase agar plates separately. Plates were incubated at 37 °C for 24 h. After incubation,
DNase agar plates were flooded with conc. HCI and the excess was removed. After 5 min, agar plates were
observed for the appearance of a ‘halo’ surrounding the strains. Freshly sub cultured Staphylococcus
aureus was used as the positive control and Lactobacillus sp. was used as the negative control (Giindogan
et al., 20006).
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RESULTS AND DISCUSSION
Sample collection and isolation of bacterial endophytes

Endophytes are microorganisms living inter or intra cellularly in most of plant tissues without causing any
disease symptoms while producing plant growth promoting compounds (Nair & Padmawathy, 2014). Ten
morphologically different endophytic bacterial strains were isolated on NA and LB media and none were
isolated from leaves inoculated on MRS Medium (Table 1). In this study, samples of leaves were collected
from different maturity stages and environments. According to Ullah et al., (2018), abundance and
composition of endophytic communities can vary depending on plant genotype, colonizing tissue type,
plant developmental stage, soil type and environmental conditions. Due to this reason both mature and
young leaf samples were taken from three districts covering the wet and dry zones. Out of the ten isolates,
eight were isolated from leaf samples taken from the wet zone and six were isolated from young leaves
(Table 1).

Plants that are adapted to live in dry climatic conditions (i.e., xerophytes) usually have a high number
of plant endophytes (Yadav & Meena, 2021). However, in the current study, there was a high number of
endophyte isolates from leaves sampled from the wet zone. In the current study, young leaves had a higher
number of endophytes than mature leaves (Table 1).

Probable reasons could be that young leaves are more prone for herbivory than mature leaves because
of their lower fragility due to thinner cell walls, and some endophytic bacteria secrete allelopathic
chemical compounds, which reduce competition from pathogenic bacteria for colonization of intercellular
tissues of plants and reduce herbivore attacks (Milute ef al., 2015). Further, nutritional composition is
higher in young leaves when compared with mature leaves due to nutrient sequestration, which probably
facilitates an abundant endophytic bacteria community when compared to mature leaves (Kandel et al.,
2017).

MRS medium was specifically used for isolation of Lactobacillus spp. (Shuhadha et al., 2017). The
isolated bacteria did not grow on MRS medium although they grew on NA and LB media (Table 1)
probably indicating the isolated strains do not belong to the genus Lactobacillus. Out of the three methods
used to isolate endophytes from leaves, pour plates with the addition of leaf extracts resulted in most
isolations, probably as all the endophytic bacteria had an equal chance of being released from the leaf tissue,
which were thoroughly macerated.

Table 1:  Isolate, location, maturity status of the leaf sample, isolated medium and inoculation
method of isolates.

Isolate Location Maturity status of  Isolated medium Inoculation method
(Dry zone/wet zone) the leaf sample
1 Jaftna (DZ) Mature LB C
2 Jaftna (DZ) Mature NA C
3 Gampaha (WZ) Young LB A
4 Gampaha (WZ) Young LB A
5 Kandy (WZ) Young NA A
6 Kandy (WZ) Young NA A
7 Kandy (WZ) Mature LB B
8 Kandy (WZ) Young LB B
9 Kandy (WZ) Young NA B
10 Kandy (WZ) Mature NA B

September 2023 Journal of National Science Foundation of Sri Lanka 51(3)



Probiotic endophytes from M. koenigii leaves

380

NA - nutrient agar; LB — Lauria-Bertani medium; A - placing 1 cm? square particles of leaves on the
medium; B - placing leaf macerations on the medium; C -preparing pour plate with leaf extraction;

WZ - wet zone; DZ - dry zone.

Preliminary identification and characterization of pure cultures

The ten bacterial isolates were categorized based on their morphological characteristics such as cell shape,
Gram staining results, presence/absence of spores, motility and catalase activity (Table 2, Figure 1). All the
isolates were non- motile, catalase negative, non- endospore forming bacteria including eight cocci strains
and two bacillistrains. According to the Gram staining results, two isolates were Gram positive while the
other eight isolates were Gram negative. Previous studies done on endophytic bacteria isolated from plant
parts of M. koenigii L. reveal that there are Gram positive endophytes in the plant, and according to
literature Gram positive bacilli isolated from leaves could be Bacillus sp. (Khan et al., 2022). Furthermore,
Habbu et al., 2014 states that Gram positive Exiguobacterium indicum endophytes are present in various
plant parts of M. koenigii. As the 10 isolates were Gram positive, there is a possibility for that

Exiguobacterium indicum is also included among them.

Table 2: Results obtained from preliminary identification tests.

Isolate Gram stain Shape/ Catalase test Endospore Motility test
arrangement staining
1 Gram negative Cocci - - -
2 Gram positive Cocci - - -
3 Gram negative Cocci - - -
4 Gram negative Bacilli - - -
5 Gram negative Streptococci - - -
6 Gram negative Cocci - - -
7 Gram negative Cocci - - -
8 Gram negative Cocci - - -
9 Gram negative Bacilli - - -
10 Gram negative Cocci - - -

Figure 1: Microscopic images of isolated bacterial endophytes (x10 x100).
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Probiotic characterization of endophytic bacteria

Probiotics are viable, non-pathogenic microorganisms (bacteria or yeast) that, when ingested, are able to
reach theintestines in sufficient numbers to confer health benefits to the host (Wong et al., 2015). Probiotic
characterization tests, which were carried out with isolated endophytic bacteria reveal their potential as
probiotics.

Determination of resistance of isolated bacteria to low pH

The ability of a certain isolate to survive in an acidic pH and high levels of bile enable their probiotic
potential by ensuring their transit through the stomach to reach the intestine. The results showed that no
colonies could survive at pH 3, either on nutrient broth or NA plates (Figures 2, 3 and 4). Absorbance in
nutrient broth cultures containing additional nutrients was slightly increased six hours after inoculation
(Figures 2, 3 and 4), in each set of isolates indicating their survival in low pH. Nutrient Broth treated with
a mixture of macerated M. koenigii leaves, rice and saliva showed a higher increase in absorbance (higher
survival rate of isolates) than nutrient agar broth without the mixture (Figures 2, 3 and 4). Tolerance to
acidic pH conditions was measured using three protocols (Hassanzadazar, 2012; Shuhadha et al., 2017);
the most effective method, which indicated the survival of isolates in low pH, was nutrient broth at pH 3
with the additional components of rice, saliva and M. koenigii leaf macerations (Figure 1, 2 and 3) to
simulate the environmental conditions as inside the gut. In the first two methods, the non-appearance of
bacterial colonies at any of the time intervals on the NA plates may be due to the very low survival in an
acidic environment, which were not sufficient to make a visible colony on the medium. This test was
carried out for all 10 isolates as 3 different sets. Therefore, controls are different for each set of isolates.
Hence, it is difficult to do a comparison of values for all 10 isolates at once and decide on the isolates with
the highest and lowest pH tolerance. But, as an overall result, isolates 1-10 were susceptible to low pH.
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Figure 2: Survival in acidic media. Absorbance (A = 600 nm) vs time for isolates 5 and 6
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Figure 4: Absorbance (A = 600 nm) vs time for isolates 1, 2, 7 and 8

Determination of bile salt tolerance

After bacterial exposure to bile salts, disruptions of cellular homeostasis cause the dissociation of the lipid
bilayer and integral protein of their cell membranes, resulting in leakage of bacterial contents and finally
cell death (Hassanzadazar, 2012). Even four hours after inoculation, considerable number of colonies were
observed onthe solid medium indicating their ability to survive in the bile salt medium. Isolates 2, 3, 6 and
7 showed a considerable increase in colony count three hours after inoculation (Table 3). According to the
number of colonies formed after four hours of incubation, isolates 4 and 5 showed the highest ability to
survive in the presence of bile salts and the lowest bile salt tolerance was detected in isolate 9. When
compared with the initial values, bacterial growth was drastically decreased after four hours; however, they
survived even after this time period.
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Table 3: Number of colonies of bacterial isolates counted at 1-hour intervals for 4 hours

T1 T2 T3 T4
Number of ° ° ° °
colonies x 1000 R1 R2 %‘3 R1 R2 %‘3 R1 R2 %‘3 R1 R2 é”
(CFU/mL) 3 S S 2
< < < <
1 TNTC TNTC - TNTC TNTC - 216 187 201.5 126 143 134.5
2 TNTC TNTC - TNTC TNTC - 94 87 90.5 112 131 121.5
3 TNTC TNTC - TNTC TNTC - 114 123 118.5 143 152 147.5
4 TNTC 260 - TNTC TNTC - 272 264 268 250 274 262
5 TNTC TNTC - TNTC TNTC - 204 212 208 182 171 176.5
6 TNTC TNTC - TNTC TNTC - 108 121 114.5 119 131 125
7 TNTC TNTC - TNTC TNTC 103 136 119.5 121 127 124
8 TNTC TNTC - 155 133 144 126 109 117.5 91 96 93.5
9 TNTC TNTC - TNTC TNTC - 84 93 88.5 86 81 83.5
10 TNTC TNTC - 164 173 168.5 127 134 130.5 95 89 92

T1 - one hour after inoculation; T2 - two hours after inoculation; T3 - three hours after inoculation; T4 - four hours after inoculation;
R1 - replicate one for taking colony count; R2 - replicate two for taking colony count; TNTC- too numerous to count

Determination of antimicrobial activity

Figure 5: Isolated bacterial endophytes showing (a) Bile salt tolerance with colonies grown
on NA medium after 4 hours incubation in bile salt; (b) non-haemolytic activity
without forming clear zones around isolates; (¢) non-DNase activity without
forming clear zones around isolates; (d) negative antimicrobial activity with no
inhibition zones around the filter paper discs impregnated with the isolates; (e)
antibiotic susceptibility with isolate forming inhibition zone around gentamycin
disc.

Antimicrobial activity was tested against two potential pathogenic strains in the gut microbiota, E. coli and
P. aeruginosa. None of the bacterial isolates (1-10) formed inhibition zones in the spread plates of E. coli
and P. aeruginosa, although Gentamicin discs formed inhibition zones of 20.12 mm and 16.31 mm,
respectively with these pathogenic strains (Figure 5), indicating that the endophytic bacterial isolates do
not possess antimicrobial activity. The ability of the isolates to inhibit the colonization of gut epithelial
cells by pathogenic bacteria through mechanisms other than antagonism (i.e., blocking the colonization
sites on epithelial cells, inhibiting the ability of pathogens toadhere to the epithelial cells) cannot be ruled
out (Candela ef al., 2008). However, the results obtained in this in vitro study may not completely reflect
their performance in situ. This is because there are number of other physiological conditions, which may
possibly affect the survival of the bacteria (Hassanzadazar, 2012). The current research did not look into
the anti-adherence property. It is suggested that further testing should be done to assess the isolates for
anti-adherence property, as according to literature there are some microorganisms which have the ability to
block the adherence of pathogenic microorganisms to gut epithelial cells.
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Determination of antibiotic resistance

According to recent studies, some probiotics in dietary supplements possess antibiotic resistant properties
(Wong et al., 2017) while most of the potential probiotics do not contribute to the spread of antibiotic
resistance and may even reduce it (Ouwehand et al., 2016). There is a negative aspect of antibiotic
resistance strains because horizontal gene transfer can deliver the antibiotic resistance genes to pathogenic
bacteria (Imperial & Ibana, 2016), which can act as Multidrug Resistant Strains that are resistant to more
than one common antibiotic (Gueimunde et al., 2013). Isolates 1, 2, 7, 8, 9 and 10 showed antibiotic
resistance while isolates 3, 4, 5 and 6 showed antibiotic susceptibility. The highest antibiotic susceptibility
(lowest antibiotic resistance) was showed by isolate 3. However, the potential of horizontal gene transfer
of the antibiotic resistance genes of bacteria strains, which were antibiotic resistant (bacterial isolates 1, 2,
7, 8,9, 10) should be studied before considering them as safe probiotics.

Table4: The antibiotic resistance and diameters of zones of inhibition for
antibiotic susceptible bacterial isolates.

Name of the isolate Antibiotic resistant / Diameter of the zone of
susceptible inhibition (mm)
1 Resistant -
2 Resistant -
3 Susceptible 28 +£0.57
4 Susceptible 10+£1.25
5 Susceptible 24 £0.57
6 Susceptible 24 +0.57
7 Resistant -
8 Resistant -
9 Resistant -
10 Resistant -

Determination of haemolytic activity and DNase activity

Detection of non-haemolytic activity and non-DNase activity is considered as a safety prerequisite for
characterizing a certain bacterium as a probiotic organism (Shuhadha ef al., 2017). According to the results
obtained, none of the bacterial isolates (1-10) showed either haemolytic or DNase activity (Figure 5),
which concludes that they have potential probiotic properties.

CONCLUSIONS

Composition and abundance of endophytic bacteria colonizing M. koenigii vary depending on climatic
conditions and the maturity of leaves. Leaves of M. koenigii possessed Gram positive and Gram-negative
endophytic bacteria. All the endophytic bacteria isolated showed most of the potential probiotic characters,
while four isolates did not show antibiotic resistance. None of the isolates exhibited antimicrobial
activity. Future studies include testing of anti- adherence ability of isolates on pathogenic bacteria and
further identification of isolates using molecular techniques.
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