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ABSTRACT
Background: Endophytes, markedly receiving interest and has been detected to be 
remarkable sources of bioactive metabolites. Endophytes, which are also called as 
endosymbionts have pulled into consideration in the discovery for novel bioactive 
compounds that can be utilized as new medications. In the current study, endophyte has 
been isolated from Durio zibethinus leaves. 16s rRNA partial genome sequencing was 
used to identify selected endophyte and the obtained bacterial endophytic crude extract 
(DZLM) was subjected for the antioxidant and antidiabetic investigations. Results: 
Cronobacter sakazakii was identifies as the endophye. Qualitative phytochemical test 
on DZLM confirmed the presence of phenols, carbohydrates, alkaloids, flavonoids, 
steroids, mucilage, and glycosides. The antioxidant assay of DZLM showed the good 
antioxidant potency with IC50±SEM: 161±0.08 µg/mL for DPPH assay and IC50±SEM: 
126± 0.09 µg/mL for ABTS assay. Antidiabetic assay results demonstrated a dose-
dependent percentage inhibition of the enzymes. The results revealed good inhibition of 
α-amylase with IC50±SEM: 239±0.08µg/mL and α-glucosidase inhibition with IC50±SEM: 
241±0.08 µg/mL for DZLM compared to the standard drug, acarbose. Conclusion: The 
study uncovered the fact that DZLM has a wellspring of natural source of antioxidant 
and antidiabetic agents and further studies are required for fractionation of the active 
constituents existing in DZLM and also their structural elucidation which supports the 
application of endo-symbionts as the basis of future natural medicines.
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INTRODUCTION
Endophytes are significant mutual symbiont 
inhabitants present in the host plant’s tissues 
with no harmful impacts. Endophytes can 
be distinguished as bacteria, actinomycetes 
or fungi. Because of  the long host-
parasitic relationship, endophytes able to 
produce secondary metabolites like that of  
plants. They are wellspring of  secondary 
metabolites, for instance, anticancer, 
antidiabetic, antifungal and antibacterial 
activity.1 From a practical perspective, drug 
production by endophytes fermentation will 

provide more benefit since it will be quick, 
reproducible and boundless and climate/
season independent. The disclosure of  
endophytes with the capacity to produce 
precisely the same active compound 
produced by their host prompts another 
approach in active compound generation 
from natural product economically.1,2 
Production of  compounds can be enhanced 
by endophytes for bearing demands while 
keeping the ecosystem and biodiversity 
sustainable. Endophytes have pulled into 
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consideration in the discovery for novel bioactive 
compounds that can be utilized as new medications 
supplanting those against which pathogenic strains have 
quickly obtained resistance.3

Diabetes mellitus is known as a metabolic disorder 
which happens because of  impeded glucose regulation 
or weakened carbohydrate hydrolyzing enzymes. The 
medications conventionally use synthetic drugs all 
through their lifetime. Not with standing, extended haul 
treatment had adverse effects, for example, oedema with 
gastrointestinal disorders and hyponatremia.4 The result 
is the inclination of  today’s society to favour traditional 
medications due to their affordability, eco-friendly 
nature and significantly fewer side effects.5 There are 
unsettling impacts in antioxidant defense frameworks in 
diabetes mellitus.6 As diabetic intricacies can be treated 
with antioxidants.7 The commence of  the “unifying 
theory” that hyperglycaemia-prompted oxidative stress 
could relate to the pathogenesis of  each complexity.8

Durio zibethinus commonly referred to as Durian in 
Southeast Asia and considered as “king of  fruits”. It was 
been reported to contain bioactive compounds such as 
phenols, carotenoids, anthocyanins and flavonoids.9,10 
Traditionally, various parts of  D. zibethinus have been 
used for various therapeutic purposes and many scientific 
studies on this plant were reported. The secondary 
metabolites produced by endophyte inhabiting D. 
zibethinus and their antioxidant and antidiabetic potentials 
are not been investigated so far. The current study is 
mainly focused on endophytes from Durian leaves and 
screening the antioxidant and antidiabetic potential of  
secondary metabolites of  crude fractions of  endophyte. 

MATERIALS AND METHODS
Sample collection

Leaves of D. zibethinus had been accumulated from Baling 
town, Kedah, Malaysia and authenticated by AIMST 
University, Pharmacognosy section, Malaysia (Voucher 
specimen No. AIMST/FOP/08). For sampling, 
matured and healthy plants were chosen, processed 
within the next few hr. to produce endophytic bacterial 
communities.

Isolation of endophytic bacteria

The isolation of  endophytes was made in accordance 
with the method described with minor modifications.11,12 
After thorough washing with water, the plant materials 
were subjected to surface sterilization with 70% ethanol, 
followed by soaking in ethanol (95%) and in sodium 
hypochlorite (5%) solution. Successively, the segments 
washed repeatedly using sterile distilled water. Then the 

leaves were eventually cut off  to 0.5 to 1cm in length 
and 3 to 4 mm in diameter. In each of  the nutrient agar 
plates, leaf  segments were arranged, and agar plates 
were allowed for incubation for 24 hr. to 36 hr. (room 
temperature) till the growth of  bacteria is observed. 

16S rRNA partial gene sequencing

The forward primer (Bakll W-F 5’- AGT TTG ATC 
MTG GCT CAG-3’) and reverse primer (Bak-R 5’- 
GGA CTA CHA GGG GGG TAT CTA AT -3’) have 
been used for the PCR amplification of  16S rRNA 
partial gene sequencing for identified endophyte strains. 
Thermocycler is used for the PCR amplification with 
the specified conditions.12 To identify the sequence 
similarity, the DNA data has been BLAST analyzed 
using NCBI database.

Bacterial endophytic crude extraction 

On nutrient agar petri plate, the isolated endophyte 
was grown under aerobic conditions for 24 hr. The 
subculture introduced into the nutrient broth, incubated 
at 37°C for 3 to 4 days on a shaker (110 Rpm). After 
fermentation, brine solution and ethyl acetate solvent 
were added into the culture broth, with the ratio of  1:3 
and was subjected to extraction. The organic phase has 
been filtered, anhydrous sodium sulphate was used for 
drying and then ethyl acetate was evaporated. The final 
extract (DZLM) was freeze dried, stored at -4°C.13

Preliminary phytochemical investigation

The obtained extract was utilised for preliminary 
phytochemical investigation to find the presence 
of  phytochemicals like the amino acids, flavonoids, 
anthocyanins, glycosides, phenols, proteins, saponins, 
carbohydrates, mucilage, alkaloids, gums, tannins and 
steroids by means of  biochemical procedures.14

Antioxidant activity 
DPPH method 

The capacity to scavenge, 2-diphenyl-1-picrylhydrazyl 
(DPPH) free radicals was assessed by the method 
reported earlier.15 The DZLM solutions were prepared 
in ethanol, to produce 10 µg/mL to 1000 µg/mL. The 
sample (500 μL) was added with 2 µM DPPH solution 
(500 μL) and kept away from light for 20 min (room 
temperature). The absorbance was recorded at 517 nm. 
Ascorbic acid (AA) was taken the reference standard. 
The percentage of  radical scavenging was obtained from 
the following formula 1.
[(A517 nm (control) - A517 nm (sample)) /A517 nm (control)] x100 .... (1)
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ABTS method 

The capacity to scavenge, 2, 2’-azino-bis 
(3-ethylbenzothiazoline-6-sulphonic acid) [ABTS*+] free 
radical cation was assessed by the standard method.16 
7 mM ABTS and 2.45 mM of  potassium persulfate 
was mixed and placed away from light for 12 hr. The 
DZLM concentrations (10 µg/mL - 1000 µg/mL) were 
prepared using absolute alcohol. They are then mixed 
with ABTS solution followed by incubation for 30 min. 
The spectrophotometric readings were noted at 734 nm. 
The percentage of  radical cation scavenging inhibition 
was analyzed using formula 1. AA has been used as the 
reference standard.

In vitro antidiabetic activity 
α-amylase inhibition assay 

The α-amylase repressing activity was assayed by a 
reported technique with slight modification.17 The 
sample (500 µL) was added with 0.5 mg/mL of  α-amylase 
(500 µL) and was incubated at 25°C (10 min). 500 μL 
of  starch solution has been added then incubated for 
further 10 min at 25°C. 1 mL of  dinitro salicylic acid 
reagent was mixed and further reaction was arrested 
by heating the reaction mixture and then cooling to 
room temperature. The spectrophotometric readings 
were noted at 540 nm. Acarbose has been taken as the 
reference. The percentage of  inhibition was obtained by 
applying the following formula. 
[(A540 nm (control) – A540 nm (sample)) /A540 nm (control)] x 100… (2)

α-glucosidase inhibition assay

The α-glucosidase repressive activity was measured by 
a modified assay.18 The DZLM (1 mL) and 2% M/V 
sucrose (1 mL) in Tris buffer, pH8 were incubated at 
37°C for 5 min. Then, 1U/mL α-glucosidase (1 mL) was 
added and incubated at 37°C for 10 min. and further 
reaction was blocked by 2 min. boiling of  reaction 
mixture. The glucose quantity has been calculated by 
the glucose peroxidase method. Acarbose has been used 
as the reference. The measurement of  inhibition was 
obtained from the formula 2. 

Statistical analysis

The data were computed as the mean ± standard 
error mean (SEM) and conveyed in triplicates (n=3) 
throughout the experimental procedures. The IC50 
values for both antioxidant and antidiabetic studies are 
calculated by non-linear regression plot among % of  
enzyme inhibition (x-axis) verses concentrations (y-axis) 
in antidiabetic assay and among % of  radical inhibition 
(x-axis) verses concentration (y-axis) in antioxidant assay 
by means of  the GPPS (Graph Pad Prism) Version 5.

RESULTS AND DISCUSSION 
Bacterial endophyte identification

The bacterial endophyte was identified using 16S 
rRNA gene partial sequencing by obtaining its genome 
sequence data. The growth of  endophytic bacteria from 
Durian leaves is shown in Figure 1. Based upon the hits 
analysis from mega blast output, the characteristics of  
the bacteria was revealed by using 16S rRNA sequences 
nucleotide blast analysis. Based on the outcomes, the 
endophytic bacteria was recognized as Cronobacter 
sakazakii and the 16S rRNA gene fragments nucleotide 
sequences were then proposed to GenBank/DDBJ/
EMBL (Accession number: MF615204).19 According to, 
Andrés-Barrao et al.20 and Schmid et al.21 study results 
using 16S rRNA phylogenetic analysis of  Cronobacter 
sakazakii, it has been revealed that this endophytic 
bacteria belonged to the Enterobacteriaceae family. 
The rhizosphere has been portrayed as the pool 
for numerous human pathogens as well as species 
firmly connected to Cronobacter spp., for instance, 
Enterobacter cloacae.22 It was theorized, that the 
mechanisms engaged with the interaction between plan-
coupled bacteria as well their respective host plants are 
parallel to those accountable for bacteria pathogenicity 
and this mechanism may likewise be associated with 
colonising the human body.23,24 In the current study, it is 
demonstrated that members of  the Cronobacter genus 
can be promptly isolated from the host plant roots, that 
clinical and plant isolates can develop both endophytic 
and epiphytic colonisation of  maize roots as well as 
tomato and Cronobacter spp. capable of  producing 
factors conceivably gainful to plant growth. This is 
evident for the plant as a fundamental natural habitat of  
Cronobacter spp.20

As reported by Johler et al.25 that the pigment 
carotenogenic nature of  Cronobacter strain ES5 
was found in both chemical as well as the molecular 

Figure 1: Growth of endophytic bacteria from Durio zibethinus 
leaves.
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Figure 2: Radical scavenging potential of DZLM and Ascorbic acid using (A) DPPH assay (B) ABTS assay methods.

Table 1: Percentage α-amylase and α-glucosidase inhibition of DZLM and Acarbose. 

Concentration (µg/mL)

% Inhibition (mean ± SEM)

Alpha amylase Alpha glucosidase

DZLM Acarbose DZLM Acarbose 

100 21.2±1.01 39.4±1.75 36.8±0.46 40±0.27

200 51.5±1.75 57.6±1.75 48.8±1.22 52±0.46

400 63.7±1.01 64.6±1.01 66.4±0.27 68.8±0.53

800 66.7±1.01 69.7±1.01 82.4±0.53 80.8±0.71

1000 90.9±1.01 93.9±1.01 89.6±0.27 90.4±0.46

level. Carotenoids are perceived to balance the cellular 
membranes in addition to impact the membrane fluidity. 
Thus, executing antioxidants property, it might be able to 
scavenge reactive oxygen species.26

The partial genome sequence of DZLM was found 
to be 769bp as follows

GGGGTGGGGGGCTACACATGCAGTCGACGG
TAACAGGGAGCAGCTTGCTGCTCTGCTGACG
AGTGGCGGACGGGTGAGTAATGTCTGGGAA
ACTGCCTGATGGAGGGGGATAACTACTGGAA
ACGGTAGCTAATACCGCATAACGTCTACGGAC
CAAAGTGGGGGACCTTCGGGCCTCATGCCAT
CAGATGTGCCCAGATGGGATTAGCTAGTAGG
TGGGGTAACGGCTCACCTAGGCGACGATCCC
TAGCTGGTCTGAGAGGATGACCAGCCACACT
GGAACTGAGACACGGTCCAGATCCTACGGGA
GGCAGCAGTGGGGAATATTGCACAATGGGCG
CAAGCCTGATGCAGCCATGCCGCGTGTATGA
AGAAGGCCTTCGGGTTGTAAAGTACTTTCAG

CGGGGAGGAAGGTGTTGTGGTTAATAACCAC
AGCAATTGACGTTACCCGCAGAAGAAGCACC
GGCTAACTCCGTGCCAGCAGCCGCGGTAATA
CGGAGGGTGCAAGCGTTAATCGGAATTACTG
GGCGTAAAGCGCACGCAGGCGGTTGATTAAG
TCAGATGTGAAATCCCCGGGCTCAACCTGGG
AACTGCATTTGAAACTGGTCAGCTTGAGTCT
CGTAGAGGGGGGTAGAATTCCAGGTGTAGCG
GTGAAATGCGTAGAGATCTGGAGGAATACCG
GTGGCGAAGGCGGCCCCCTGGACGAAGACTG
ACGCTCAGGTGCGAAAGCGTGGGGAGCAAAC
AGGATTAGATACCTGGGTAGTCCAA

Preliminary phytochemical analysis

The preliminary qualitative phytochemical analysis 
of  DZLM revealed the occurrence of  several 
phytoconstituents: alkaloids, phenols, flavonoids, 
glycosides, steroids, mucilage, carbohydrates, and the 
constituents like flavonoids, polyphenols, alkaloids are 
the known to have antioxidant properties as studied in 
various researches.27,28 
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In vitro antioxidant assay

The crude fraction of  endophyte was subjected to 
in vitro antioxidant assay and the results of  DPPH 
and ABTS assay were depicted in Figure 2A and 2B 
respectively. At 1000 μg/mL, DZLM showed 91.43% 
(IC50±SEM: 161±0.07 µg/mL) and 93.8% (IC50±SEM: 
126±0.09 µg/mL) inhibition of  free radicals of  DPPH 
and ABTS, respectively. Comparably, in above assays 
AA exhibited 94.38% (IC50±SEM: 137±0.09 µg/mL) 
and 96.7% (IC50±SEM: 107±0.09 µg/mL). In the 
past studies, phytoconstituents, for instance, steroids, 
flavonoids, phenols, and alkaloids are proven to have 
antioxidant properties to scavenge the free radicals.29

In vitro antidiabetic activity

DZLM was tested for in vitro antidiabetic activity 
by inhibition assay of  α-amylase and α-glucosidase. 
Table 1 displayed the inhibitory effect DZLM and 
acarbose against α-amylase and α-glucosidase enzymes. 
At 1000 μg/mL, DZLM exhibited good α-amylase 
and α-glucosidase enzyme inhibition with 90.9 % 
(IC50±SEM: 239±0.08 μg/mL) and 89.6 % (IC50±SEM: 
241±0.08 μg/mL) respectively. Likewise, in the above 
assays, acarbose showed 93.9% (IC50±SEM: 225±0.15 
μg/mL) and 90.4% (IC50±SEM: 222±0.04 μg/mL).
Both α-amylase and α-glucosidase enzymes are vital to 
digest carbohydrates and incline the blood glucose level. 
Thus, the inhibition of  these enzymes was concerned 
for the treatment of  diabetes mellitus.30,31

CONCLUSION
It is revealed from the present study, the presence of  
biologically active constituents within the bacterial 
endophytic extract exhibited good antioxidant and 
antidiabetic properties. It merits stating that the leaves 
of  Durio zibethinus which shelter the endosymbiont, 
Cronobacter sakazakii have been utilized in folklore 
medicine. Endophytes within these plants hold 
extraordinary potential in producing bioactive 
compounds. Additional research on bacterial endophytic 
crude extract like purification and fractionation and 
their structure elucidation will uncover the obscure 
compounds in the isolates and helps in the development 
of  the future.
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ABBREVIATIONS
Cm: Centimeter; µg: Microgram; %: Percent; λmax: 
Wavelength of  maximum absorbance; IC50: Inhibitory 
concentration 50%; °C: Degree celcious; hr: Hour; 
Mg: Milligram; Rpm: Revolutions per minute; mL: 
Milliliter; µL: Microliter; Min: Minute; SEM: Standard 
error mean; UV: Ultraviolet.
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PICTORIAL ABSTRACT

Natural compounds and their associated moieties have 
traditionally been incredible as a resource of therapeutic 
agents. Endophytes are microorganisms, that inhabit 
within healthy plant tissues through having a symbiotic 
relationship. They are not only are useful for plants but 
also are of profitable importance to humans. They serve 
as medicines, or the compounds of high significance in 
research. The endophytic bacteria residing in leaves of 
Durio zibethinus is isolated and identified as Cronobacter 
sakazakii using 16s rRNA partial genome sequencing. 
After performing preliminary qualitative analysis, the 
crude extract of the endophyte shown the presence of 
phytoconstituents like alkaloids, phenols, flavonoids, 
glycosides, steroids, mucilage and carbohydrates and 
the presence of active phytoconstituents might be 
responsible for its good antioxidant and antidiabetic 
potentials.
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