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Abstract. Linda TM, Febriarti BL, Zul D, Sofyanti N, Berlyansah A, Delfira N, Devi S. 2023. Isolation and characterization of
endophytic bacteria from sterile leaf of Acrostichum aureum from Bengkalis Island (Riau, Indonesia) and its potency for antidiabetic.
Biodiversitas 24: 1580-1588. Endophytic bacteria are found in symbiotic plant tissues. These bacteria pose potential sources for the
natural product due to their health benefit, e.g., for antidiabetic activity. The present study aimed to isolate and characterize endophytic
bacteria isolates from the sterile leaf of sea fern (Acrostichum aureum Linn.) from Bengkalis Island (Riau Province), Indonesia.
Furthermore, to investigate their potency as an antidiabetic agent. The characteristics of isolates bacteria were described based on colony
morphology and biochemical tests. A total of six endophytic bacteria were isolated from the sterile leaf of Acrostichum aureum. Their
characteristics vary in shape, color, and size. The phytochemical screening indicated the presence of alkaloids and saponin in all the
isolates. The results exhibited that the extract of the sterile leaf of A. aureum also gave a similar phytochemical compound of isolate
endophytic bacteria. The dendrogram constructed from morphological and biochemical characteristics showed the separation of D.SB
4.2 from other six bacteria strains due to the positive antibacterial activity for Escherichia coli ATCC35218, Staphylococcus aureus
ATCC29213, Salmonella typhi ATCC14028, and Bacillus subtilis ATCC11774. Out of six isolates, only isolate D.SB 5.2 was selected
for the antidiabetic test. The isolates showed positive results on the activity as a-amylase inhibitor (18.12%). This study provides

important information on endophytic bacteria isolates on A. aureum and their potency for antidiabetic agents.
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INTRODUCTION

Acrostichum aureum Linn. belongs to the Pteridaceae
family, known as mangrove, swamp, or sea fern. This
species is widely distributed throughout America, Africa,
and Southeast Asia (Wu et al. 2018), including Indonesia.
This sea fern in Indonesia was recorded from the West
Kutai district, East Kalimantan (Nurhasnawati et al. 2019);
Kulonprogo, Jogjakarta (Hannin and Pratiwi 2017); Riau
Province, i.e., Rangsang Island (Sofiyanti et al. 2019), and
Bengkalis Island (Sofiyanti et al. 2020). In addition, A.
aureum is locally known as paku laut, piai raya, or kerakas
(Arbiastutie et al. 2021). Traditionally, A. aureum has been
broadly utilized for treating many diseases, including
peptic ulcers, rheumatism (Wu et al. 2018), styptic, worm
remedy (Kale 2015), and wounds (Ramya et al. 2021).
Modern researchers also confirm that it has antimicrobial
(Ramya et al. 2021), anti-inflammatory (Abiola and
Adetutu 2022), antioxidative analgesics, and antidote
activities (for snake venom) (Ultari et al. 2021). Usually,
the medicinal properties of a plant species are due to the

content of phytochemical constituents (Ishnava and
Motisariya 2018). According to Wu et al. (2018),
endophytic microbes in plants play an important role in
regulating secondary metabolite synthesis in host plants.
Endophytic microbes are microorganisms found in
symbiotic plant tissues without causing negative effects on
the host (Anjum et al. 2019). Because of the long-term host-
parasite relationship, endophytes can produce secondary
metabolites similar to their plants' host. The activities of
endophytic microbes have been reported for anticancer
(Cardoso-Filho 2018; Sulistiyani and Kusumawati 2019),
antidiabetic and antioxidant (Chigurupati et al. 2019);
therapeutic agent (Ranganathan and Mahalingam 2018);
antifungal (Siala et al. 2016); antibacterial properties
(Chigurupati et al. 2018; Zulfarina et al. 2022); o-
glucosidase inhibitors (Fatin et al. 2018); and a-amylase
inhibitors (Chigurupati et al. 2019). Endophytic microbes
also produce an enzyme like chitinase (Linda et al. 2018;
Bhutani et al. 2021). According to Pujianto et al. (2018)
and Sarjono et al. (2020) they are potentially antidiabetic
agents due to their ability of endophytic microbes as
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inhibitors of a-amylase and a-glucosidase enzymes.

Diabetes is a chronic metabolic disease (Galicia-Garcia
et al. 2020) due to the inadequate production of insulin or
improper response of the body's cells to insulin (Kousar
2019). In the human body, insulin is vital for glucose
homeostasis; therefore, the lack of insulin may cause high
blood sugar levels (hyperglycemia) (Cheisson et al. 2018).
In Indonesia, diabetes causes the highest mortality of
patients. Therefore, diabetic drugs are always in high
demand in Indonesia. However, the long-term uses of
synthetic drugs have side effects, such as edema with
indigestion and hyponatremia (Krentz and Bailey 2005).
Therefore, developing safe and natural new drugs for this
disease is necessary. Chigurupati et al. (2021) recorded the
incredible capacity of endophytic microbes to produce
bioactive compounds as an antioxidant and antidiabetic
agents from Durio zibethinus. Moreover, the endophytic
bacteria studies on pteridophyte (ferns and its allies) species
has been reported on many taxa, e.g., Dryopteris (Das et al.
2017), Ophioglossum (Mukherjee et al. 2017), Azolla
(Yang et al. 2022), and Asplenium (Masocha et al. 2022).

In the preliminary study on sea fern, six endophytic
bacteria were isolated from the sterile leaf of A. aureum.
The phytochemical screening from these bacteria showed
the presence of alkaloids and saponins compounds (Linda et
al. 2022). Alkaloid in the plant is the largest group of secondary
metabolites. This compound encompasses neuroactive
molecules and is pivotal in plant defense (Matsuura and
Fett-Netto 2015). The alkaloid role in diabetes mellitus
management has been reported by Adhikari (2021). In the
case of endocrine disorders (such as diabetes), this
compound can be used as a preventive and curative agent
(Ajebli et al. 2021). Therefore, this study aimed to isolate and
characterize the endophytic bacteria from the A. aureum
sterile leaf and examine their potency for antidiabetics.
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MATERIALS AND METHODS

Study area

This study was conducted from May to Agustus 2021.
The Acrostichum aureum was collected from the coastal
area of Selatbaru beach at Bengkalis Island, Riau Province,
Indonesia  N:  1°33'41.425" E:  102°15'43.722,
N:1°33'41.364" E: 102°1542.022 and N:1°33'41.375
(Figure 1). In this study, a sterile leaf of A. aureum (Figure
2) was cut using a sterile scalpel and placed in a sterile
polyethylene bag. The leaves were directly brought to the
laboratory to isolate bacterial endophytes.

Isolation of endophytic bacteria

Colonies of bacteria were isolated from the sterile leaf
margin of A. aureum and purified with NA media.
Endophytic bacteria were isolated using a modified method
developed by Hallman et al. (1997). The leaves of A.
aureum were cleaned under running water and then dried
using tissue paper. Samples were cut using a sterile scalpel
(4 x 4 cm). The leaves' surface was sterilized by flushing
with sterile water two times, then placed the samples in
70% alcohol for 1 min, followed by NaOCI (5.25%) for 5
min. The samples were washed three times using sterile
water. Samples (2x2 cm) were then inoculated on the
Nutrient Agar (NA) media and incubated at room
temperature for 48 h. The colonies of bacteria growing at
the leaf margin were then purified in NA media.
Endophytic bacterial isolates were further investigated for
their morphology, biochemical characterization, and
phytochemical compounds.
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Figure 1. Location of coastal area Selatbaru beach at Bengkalis island, Bengkalis District, Riau Province, Indonesia



Figure 2. Morphology of Acrostichum aureum, A. Habit, B.
Sterile leaves

Morphology and biochemical characterization of
endophytic bacteria

The morphological and biochemical characteristics of
the isolates were evaluated to determine their phenotypic
properties. Morphological characteristics were based on the
colony and cell morphology. The biochemical characteristics
examined in this study were catalase production ability. It
also identifies Gram-negative bacteria (KOH 3%) and isolates
differentiation (Tween 80 hydrolysis test). The Man Rogosa
Sharpe Agar (MRSA) medium was used as selective media
for the physiology test. Therefore, its ability to detect
hydrolytic enzymes included protease tests, CMCase, and
lipase. Escherichia coli ATCC35218, Staphylococcus aureus
ATCC29213, Salmonella typhi ATCC14028, and Bacillus
subtilis ATCC11774 were used for the antibacterial test.

Phytochemical screening of endophytic bacteria

Isolates of endophytic bacteria were examined for
secondary metabolite production according to Aristina et
al. (2019) with modifications. The isolate of endophytic
bacteria as much as 10% (v/v) with a population of 108
cfu/mL was introduced into 90 mL of Nutrient Broth (NB)
and incubated at 150 rpm incubator shaker for 72 hours at
30°C. The secondary metabolites of each bacterial isolate
were produced by separation using filtration by Whatman
no.42 filter paper. This study tested three phytochemicals,
i.e., alkaloid, steroid, and saponin, in the endophytic
bacterial extract.

Alkaloid test

A 5 mL crude extract of endophytic bacteria was mixed
with 2 mL chloroform and 2 mL of ammonia and filtered.
Then 3-5 drops of H;SO4 were added to the filtrate and
shaken until two layers formed. Next, the top layer was
transferred to a test tube, and 4-5 drops of Mayer reagent
were added. The positive test result of the alkaloid was
characterized by the presence of a white color (Aristina et
al. 2019).
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Steroid test

Ten drops of AAG(CH3COOH) and two drops of
H>SO4 were added to a 5 mL crude extract of endophytic
bacteria. The tube was then gently shaken and left for a few
minutes. The presence of a green-blue color indicated a
positive steroid test (Mondong et al. 2015).

Saponin test

A 5 mL crude extract of endophytic bacteria was taken
into a test tube, and then 10 mL of aquadest was added and
shaken for 1 minute. A positive saponin test was
characterized by the presence of foam on the upper surface
(Mondong et al. 2015).

In vitro antidiabetic activity

Endophytic bacteria (D.SB 5.2) used in vitro
antidiabetic activity. A total of 10 mL (108 CFU/mL) of
endophytic bacterial culture was inoculated in 90 mL
Nutrient Broth (NB) and then incubated for 72 hours at
30°C. Crude extracts of endophytic bacterial metabolites
were centrifuged at 3,500 rpm for 15 minutes. The
supernatant obtained was tested for its inhibitory activity
against the a-amylase enzyme. In addition, the positive
control was acarbose 100 ppm.

A reported technigue assayed the a-amylase repressing
activity with slight modification. 0.5 mL sample was mixed
with 0.5 U/mL of a-amylase (0.5 mL) enzyme, then
dissolved into phosphate buffer (pH 6.9) and incubated at
25°C for 10 min. A total of 1 mL of starch solution (0.5%)
was added and incubated for 10 min at 25°C. After the second
incubation, 2 mL of dinitro salicylic acid reagent was added
and heated. The spectrophotometric readings were noted at
540 nm. The percentage of Inhibition (1%) was obtained by
applying the following formula (Pujianto et al. 2018).

Abs I — Abs I
I% — Contro SATRpE

x 100

Absmnrrni

Fourier Transform Infra-Red (FTIR) spectroscopy

The crude extract of isolates D.SB 5.2 was taken, and
the spectra were scanned with the wave number range from
4000 to 500 cm™ using Fourier Transform Infra-Red
(FTIR) spectroscopy, and then spectra were recorded using
IR software.

Data analysis

The data of colony morphology, cell morphology,
biochemical test, enzyme test, and antibacterial test were
characterized, tabulated, and presented in the figures and
tables. The data were then scored and analyzed using
NTSyst construct dendrogram.

RESULTS AND DISCUSSION

Morphological characterization of endophytic bacteria

The characterization of endophytic bacteria has been
carried out based on the colony morphology and
biochemical test. A total of 6 endophytic bacteria were
successfully isolated from the sterile leaf of A. aureum,
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namely D.SB 1.2, D.SB 1.7, D.SB 4.2, D.SB 5.1, D.SB 5.2,
and D.SB 6.2. Colony morphology is a visual culture
characteristic of bacteria in the agar plate. According to Sousa
et al. (2013), colony morphology is pivotal as an indicator of
the phenotypic variation of bacteria. The characteristic of
bacterial colonies observed in this study was colony color,
elevation, shape, size, and edge. Therefore, the colony
morphology of endophytic bacteria showed variation in color,
elevation, size, and shape of the colony edge (Figure 3).

One of the characteristics used in identifying bacteria
was the colony color of bacteria. In the present study, the
colony color observed was dull white (4 isolates, i.e., D.SB
1.2; D.SB 1.7; D.SB 4.2 and D.SB 5.1), yellow (1 isolate,
i.e., D.SB 5.2), and light yellow (1 isolate, i.e., D.SB. 6.2)
(Figure 3A, E, I, M, R, V). Other various colony colors of
bacteria that have been recorded are red (Arifiyanto et al.
2021), green to bluish green (Hikmawati et al. 2019),
purple (Kis et al. 2015), orange (Usman et al. 2018).
According to Ahmad et al. (2012), the colony color
depends on the pigmentation bacteria produce. Usually, the
pigment that affects the yellow, golden yellow, creamy,
and brown coloration of bacteria colonies is zeaxanthin
(Thawornwiriyanun et al. 2012). This pigment has been
reported in Flavobacterium species, Paracoccus zeaxanthinifaciens,
Staphylococcus aureus, and Xanthomonas oryzae (Usman
et al. 2018). Other pigments of bacteria colonies recorded
in the previous study are astaxanthin (pinkish-red) (Choi et
al. 2021), canthaxanthin (dark red) (Duy et al. 2021),
staphyloxanthin (golden yellow) (Elmesseri et al. 2022);
indigoidine (blue), prodigiosin (red), pyocyanin (blue-
green) and violacein (purple) (Usman et al. 2018). The
previous studies on bacteria pigment recorded the
capability of some bacteria to produce varieties of pigment,
such as the genus Agrobacterium (Rao et al. 2017),
Bacillus, Chromobacterium (Usman et al. 2018),
Flavobacterium, Staphylococcus (Nurjahan et al. 2020) and
Serratia (Venil et al. 2021).

The colony elevation observed in the present study was
flat (3 isolates) and raised (3 isolates). The flat elevation
was observed in D.SB 1.2, D.SB 4.2, and D.SB 6.2 isolates
(Figure 3B, J and V), while isolates D.SB 1.7, D.SB 5.1
and D.SB 5.23 showed raised elevation (Figure 3F, N, and
R). Various elevation of bacteria colony has been recorded
in the previous studies, i.e., flat (Sousa et al. 2013), raised
(Sulmiyati et al. 2019), convex, umbonate (Kurahman et al.
2020), pulvinate, and crateriform (Tasaki et al. 2017).

The colony forms of six isolated bacteria were similar.
All the bacterial colonies were found to be circular. The
size of the colony was small and moderate. The diameter of
the small-size colony was less than 1 mm, as observed in
D.SB 1.2, D.SB 4.2, and D.SB 5.2. On the other hand, a
moderate-size colony was about 1 mm in diameter (D.SB
1.7, D.SB 5.1, and D.SB 6.2). The colony margin of all
isolated bacteria was entire. In the present study, a total of
three cell shapes, i.e., streptococcus (1 isolate), bacilli (3
isolates), and coccus (2 isolates) was observed (Figure 3 D,
H, L, P, T, and X). The shape of streptococcus was only
found in D.SB 1.2, bacilli in D.SB 1.7, D.SB 4.2, and D.SB
5, while coccus shape was found in D.SB 5.2 and D.SB 6.2
isolates. The other colony form is irregular (Sousa et al. 2013).
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Biochemical characterization of endophytic bacteria

Biochemical characterization is also an important
aspect of bacteria profiling. Therefore, selected bacterial
isolates were tested for gram staining, tween hydrolysis
test, hydrolytic enzymes detection test, and antibacterial
test. The results of bacterial characterization are presented
in Table 1. D.SB 4.2 isolates showed the highest positive
result among six isolated bacteria. This isolate showed a
positive result on the gram staining test, KOH 3%, and
antibacterial test on E. coli, S. aureus, S. typhi, and B. subtilis.

The phenetic study was carried out on six strains of
endophytic bacterial isolates. The characteristics of each
strain were scored and analyzed using NTSyst to obtain a
similarity index using Simple Matching. The similarity
index ranges from 0.24 to 0.98. The dendrogram was
constructed based on the similarity index (Figure 4).

The dendrogram (Figure 4) was divided into two main
clusters (I and II) at a 0.25 similarity index. The first
cluster (1) consisted of 5 isolates (D.SB1.2, D.SB6.2,
D.SB1.7, D.SB 5.1, and D.SB 5.2), and the second cluster
(1) only consisted of one isolate (D.SB4.2). The
characteristic of D.SB4.2 in Cluster 1l that differed from
other isolates in cluster 1 was the positive antibacterial
activity for E. coli, S. aureus, S. typhi, and B. subtilis.
Otherwise, isolates in cluster |1 gave negative results.
Cluster 1 was divided into two sub-clusters (IA and IB).
Sub-cluster IA consisted of 2 strains, and sub-cluster IB
consisted of 3. This sub-cluster can be distinguished based
on the elevation of colonies. In sub-cluster IA, the
elevations were flat or convex, while in sub-cluster IB, the
elevation of colonies was mostly raised. The highest
similarity index (85%) was found in D.SB1.7 and strain
D.SB 5.1 strains; both were different in hydrolyzing lipids.
D.SB5.1 strain shows a positive result on the physiology of
hydrolyzing lipids from olive oil and Tween 80 sources.
Based on the phenetic analysis, these two isolates have a
very close Kinship relationship compared to other isolates.
Salaki et al. (2010) state that the numeric-phenetic
classification method classifies each microbial strain into a
homogeneous taxon group. Those taxon species are based
on many phenotypic data, namely macro morphology,
colony morphology, use of carbon sources, enzyme
reducers, the ability to degrade macromolecules, and other
physiological properties.

A [———D.SB1.2

D.SB6.2

! D.SB1.7
B _| D.SB5.1

— D.SB5.2

Ll D.SB4.2

T e e e e
0.24 0.34 0.44 0.54 0.64 0.74 0.85
Similarity Index

Figure 4. Dendrogram of six endophytic bacterial isolates from
Acrostichum aureum sterile leaves
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Figure 3. Characteristics colony of endophytic bacteria isolated from Acrostichum aureum sterile leaf. A - D. D.SB 1.2 (A. Colony
morphology, B. Detail of colony morphology showing elevation, C. Morphology of bacteria cells after gram-negative staining, D. Shape
of bacteria cells), E-H.D.SB1.7,1-1.D.SB4.2,M-P.D.SB5.1,R-U. D.SB5.2, V- Y. D.SB 6.2. 2. (Note: A, E, I, M, Q, U. Colony
morphology; B, F, J, N, R, V. Detail of colony morphology showing elevation; C, G, K, O, S W. Morphology of bacteria cells after
gram-negative staining; D, H, L, P, T, X. Shape of bacteria cells)

Phytochemical test tested from the extract of endophytic bacteria and sterile

Results of the phytochemical test are presented in leaf extract of the A. aureum. All the isolates showed the
Figure 5 and Table 2. In this study, three phytochemical presence of alkaloids (Figure 5A1- 5A7). The presence of
compounds, namely alkaloid, steroid, and saponin, were alkaloids in bacteria has also been reported in previous
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studies by Purwestri et al. (2016), Munakata et al. (2022),
and Ptak et al. (2022). Alkaloid is a nitrogen base
compound that poses numerous health benefits. Therefore,
this compound exhibited antiproliferation, antimetastatic on
cancer (Qiu et al. 2014), analgesic, antimalarial,
antihypertensive (Kuete 2014), and antidiabetic activities
(Ajebli et al. 2021).

All six isolates showed a negative result for steroids
(Figure 5B1-5B7). However, all the isolates exhibited
positive tests for saponin (Figure 5C1-5C7). The sterile leaf
of A. aureum extracts showed the presence of saponin,
which was indicated by the presence of foam on the top of
the mixture. The result of this study is similar to
Badhsheeba and Vadivel's study (2020), which recorded
the presence of alkaloids and saponin in ethanol and
methanol extract of A. aureum. In endophytic bacteria,
alkaloids and saponin were also reported by Variani et al.
(2021) on the Serratia marcescens strain.

In vitro antidiabetic activity

Endophytic bacteria in various plant tissues are largely
unexplored, but they are known to be a source of novel
natural products for industry and pharmacy. However, for
in vitro antidiabetic activity, only one isolate, i.e., D.SB
5.2, was selected for the o-amylase inhibitor test.
According to Khadayat et al. (2020), alpha-amylase
inhibitory plays an important role as a catalytic agent in
starch hydrolysis and ultimately affects glucose production
in the human body. Therefore, controlling this enzyme
catalytic activity is pivotal in reducing glucose production.

Endophytic bacterial (D.SB 5.2) isolate was examined
for their antidiabetic activity using in vitro method
inhibited a-amylase. The result showed that isolate D.SB
5.2 had higher inhibitory activity against a-amylase than
the control (acarbose), which was 18.13% (Table 3).
Acarbose, a type of antidiabetic drug, is especially used for
type 2 diabetes to inhibit the work of the a-amylase
enzyme to delay the digestion of carbohydrates and reduce
glucose absorption to prevent the rise of postprandial
plasma glucose (Li et al. 2022). Pujianto et al. (2018)
reported a higher percentage of a-amylase inhibitory
(72.22%) on endophytic bacteria isolates from Anona
muricata. In the human body, o-amylase enzymes are
essential for carbohydrate digestion and controlling blood
glucose levels. According to Chigurupati et al. (2019) and
Khan et al. (2019), this enzyme is important in treating type
2 diabetes. Glucose is the main metabolic substrate in
producing tissue energy (Guemes et al. 2015). However,
uncontrolled sugar production may cause hyperglycemia,
usually in diabetic patients.

The results of Fourier Transform Infra-Red
spectroscopy (FTIR) revealed that isolates D.SB 5.2 had an
O-H (alcohol) function group in the wavelength range of
3054.16-3659.53 cm?, the C-H function group at
wavelengths 2128.11-2146.38 cm™; C-O (ester) function
group in the wavelength range 1179.36-1197.14 cm and
C-H (aromatic) functional group at wavelength 596.74-
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841.36 cm™. Based on the results of phytochemical and
FT-IR tests, compounds in isolate D.SB 5.2 belonged to a
similar group of alkaloids and saponin compounds (Figure
6). The ability to isolate as an antidiabetic is due to the
phytochemical compounds of alkaloids and saponins.
Euclea undulata with alkaloid content inhibited a-amylase
activity (Ajayi et al. 2012). Moreover, Cryptolepis
sanguinolenta stem extract might also be responsible for
alkaloids-containing hypoglycemic activity (Deutschlander
et al. 2010). Gymnema sylvestre can increase animal
models' average blood glucose levels and stimulate insulin
secretion with the detected metabolite content of saponin
derivatives (Yadav et al. 2019).

Table 1. Biochemical characterization of endophytic bacteria

Biochemical Tests D.SB D.SB D.SB D.SB D.SB D.SB
12 17 42 51 52 6.2

Gram staining -
Endospora -
KOH 3%

Catalase +
Tween 80 -
MRSA -
Hydrolytic enzyme
Protease + +
Cellulase - -
Lipase - - - + -
Amylase + +
Antibacterial test

E. coli ATCC35218 - -
S. aureus ATCC29213 - -
S. typhi ATCC14028 - -
B. subtilis ATCC11774 - -

- + +

+ +
+ + 4+ o+ o+
+
+
+

+
+
+

+ + + +

Table 2. Phytochemical constituents in endophytic bacteria and
the sterile leaf of Acrostichum aureum

Phytochemical contents
Isolates

Alkaloid  Steroid  Saponins
D.SB1.2 + - +
D.SB 1.7 + - +
D.SB 4.2 + - +
D.SB5.1 + - +
D.SB5.2 + - +
D.SB 6.2 + - +
Sterile leaf (A. aureum) + - +

Note: +: Present, -: Absent

Table 3. In vitro, a-amylase enzyme inhibitors extract from
endophytic bacteria isolate.

Sample Inhibition Value (%)
D.SB 5.2 18.13
Acarbose (Control) 9.61
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Figure 5. Phytochemical test: A. Alkaloid, B. Steroid, C. Saponin. (Isolate 1: D.SB1.2; 2: D.SB1.7; 3: D.SB4.2; 4: D.SB 5.1; 5: D.SB

5.2; 6: D.SB 6.2; 7: sterile leaf of Acrostichum aureum)

% Transmittance

T

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 6. Fourier Transform Infra-Red spectroscopy (FTIR)
analysis of crude extract isolate D.SB 5.2 of endophytic bacteria

In conclusion, the present study showed that bacteria
isolated from the sterile leaf of A. aureum were endophytic.
The colony's morphology and biochemical test provided
important data on six endophytic bacteria. Three out of one
isolate used in antidiabetic activity exhibit the inhibitor
activity of a-amylase enzyme (D.SB 5.2) with 18.12%
inhibition. This study provides the first information on
endophytic bacteria from sterile leaf A. aureum inhibitor on
a-amylase and their potency as an antidiabetic agent.
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