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ABSTRACT

Syzygium cumini L., belonging to the family Myrtaceae, is an edible fruit, well
known for its nutritional values and possess several beneficial effects on human
beings. The present study was aimed to isolate the polysaccharide from S. cumini
seeds and assess its biological activities. The S. cumini polysaccharide (SCP),
extracted by hot water extraction process followed by ethanol precipitation, was
subjected to physiochemical characterization and in vitro antioxidant, hypo-
glycaemic and candidacidal assays. The UV-visible spectrum analysis confirmed
the extract to be protein-free polysaccharide, while Fourier transform infrared
spectroscopy (FTIR) revealed polysaccharide’s functional groups. The scanning
electron microscopy (SEM) images depicted smooth and non-porous surface
morphology, while thin layer chromatography (TLC) indicated the presence of
monosaccharide constituents of crude polysaccharide hydrolysates. SCP showed
higher total antioxidant capacity and greater radical scavenging activity in
DPPH, ABTS and FRAP assays. Also, the extracted SCP effectively inhibited a-
amylase and a-glucosidase, a carbohydrate metabolizing enzymes. Besides, SCP
enhanced the intracellular killing activity of stimulated neutrophils and
neutrophils candidacidal activity in a dose-dependent manner. The study
showed that the isolated polysaccharides from S. cumini seeds possess imperative
antioxidant, antidiabetic and immunostimulatory effects.

Keywords: Antioxidant activity, a-amylase, candidacidal effect, a-
glucosidase, polysaccharides, Syzygium cumini

INTRODUCTION

Polysaccharides are natural biopolymers, which play major role in regulating and supporting the
developmental and metabolic processes in plants (Delattre et al., 2011; Liu et al., 2020). They exist
both in simple and complex glycol-conjugated forms and display structural and functional significance.
Their complex structure includes diverse functional groups mainly hydroxyl, carboxylate, amino,
ester, and sulphate groups, which exhibit excellent biological actions and are often used in food and
nutraceutical industry (Yadav and Karthikeyan, 2019). The bioactivity of polysaccharides is related
to their physicochemical and structural properties like molecular weight, monosaccharide
composition, and glycosidic bond (Thakur, 2017). Polysaccharides with active ingredients, different
structural features and biological activity have been purified and characterized from a number of
important medicinal plants (Xie et al., 2016). A variety of polysaccharides, extracted and isolated
from diverse natural sources, have attracted considerable attention as they reportedly exhibit various
biological activities like antitumor (Dong et al., 2019), antiviral (He et al., 2020), hypoglycemic (Wu
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et al., 2019), anti-inflammatory (Lee et al., 2020), antioxidative (Huang et al., 2019), immuno-
stimulatory (Tabarsa et al., 2020), regulation of gut microbiota (Shao et al., 2019), etc.

Syzygium cumini L., locally known as jamun, is an evergreen tree belonging to Myrtaceae family
and is native to India, widely found in tropical and subtropical regions of the world. Various parts of
this plant like stem bark, leaves, fruits, and seeds have frequently been exploited in folk medicine
(Ayyanar and Subash-Babu, 2012). The fruits are widely consumed as a nutritious drupe and also are
used as astringent, antiscorbutic, diuretic, and in treating chronic diarrhoea and enlargement of spleen
(Kumar and Singh, 2021). Besides antidiabetic properties, jamun fruits possess strong antioxidant and
anti-genotoxic potential (Rizvi et al., 2022; Qamar et al., 2023). Its seed are widely used for different
medical purposes due to the bioactivities like antidiabetic, antioxidant, anti-inflammatory, antipyretic,
anticancer, antibacterial, gastroprotective, and radioprotective effects (Kumar et al., 2022). Due to
their various biological effects and low toxicity, polysaccharides from genus Syzygium have received
much attention recently (Aung et al., 2020; de Aragjo et al., 2024). The polysaccharide structure and
bioactivity reportedly are diverse among various genera of Syzygium (Tamiello et al., 2018). There
are scanty studies on the identification of bioactive compounds from S. cumini seeds which are
considered as a food waste material (Al-Dhabi and Ponmurugan, 2020). The present study was aimed
to isolate water soluble polysaccharides from S. cumini seeds by hot water extraction process and
characterize it for physicochemical constituents as well as assess its biological competence by in vitro
antioxidant, antidiabetic and immunostimulatory studies.

MATERIALS AND METHODS

All the chemicals used were purchased from Sigma, Aldrich, SRL, Fine Chemicals and Merck (India)
and the solvents used were of analytical grade.

Collection of seeds and extraction of polysaccharide

The Syzygium cumini fruits were purchased from the Regional Gandhi Market, Tiruchirappalli (India).
The seeds were removed from the pulp and shade-dried for 10-15 days. The seed kernels were
separated and ground well using a blender. Then 50 g powdered seed sample was subjected to
defatting using petroleum ether for 12 h in a Soxhlet apparatus. The excessive solvent was evaporated
completely by placing the paste in an oven at 45°C for 48 h. The crude polysaccharide from the seeds
was extracted by hot water extraction process with slight modifications (Hu et al., 2018). The dried
defatted seed powder was suspended in 500 mL distilled water and subjected to extraction process at
60T for 3 h. The mixture was then cooled, centrifuged at 10,000 rpm for 20 min and supernatant
collected. This process was repeated twice and the collected supernatant was concentrated using a
rotary evaporator. From the concentrated supernatant, the polysaccharides were precipitated by
mixing it with fourfold volume of 95% ethanol and left overnight at 4. The precipitated
polysaccharides were pelleted out by centrifugation at 8000 rpm for 15 min and the resultant pellet
was suspended in distilled water. The polysaccharides were then subjected to deproteinization process
(Sevag et al., 1938). Aqueous polysaccharide (15 mL) was transferred to a flask and then
deproteinized by adding 3-fold volume of chloroform and n-butanol mixture (4:1), then mixed
vigorously in a shaker for 20 min and centrifuged at 4500 rpm for 15 min. The upper layer was
collected and concentrated using a rotary evaporator. The concentrated solution was again precipitated
by adding fourfold volumes of 95% ethanol and centrifuged at 8000 rpm for 15 min. The pellet was
then dissolved in water and lyophilized. The crude polysaccharide was used for further analysis.

Physiochemical characterization

UV-Visible absorption spectrum: The S. cumini polysaccharide (SCP) solution (1%) was prepared with
Millipore water after deproteinization and the absorption spectrum was recorded from 250 to 800 nm
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by a Shimadzu UV-Vis 1900 spectrophotometer (Deng et al., 2020).

FTIR analysis: FTIR spectra of polysaccharides were obtained by FTIR-6600 spectrophotometry
(JASCO, Japan). The sample (10 mg) was incorporated into spectroscopic grade potassium bromide
powder and then pressed into 1 mm pellets. The measurement was made in the 4000-400 cm™ range
with a resolution of 4 cm™ at room temperature (Eljoudi et al., 2022).

Scanning electron microscopy (SEM): Dried polysaccharide samples were sputter-coated with a
platinum layer and morphology was analysed by SEM imaging [TESCAN, VEGA 3]. The images were
captured at a voltage of 10 kV, with magnification at 2000-40000X under high vacuum condition
(Patel et al., 2019).

Thin-layer chromatography (TLC): The polysaccharide extract was hydrolysed using trifluoroacetic
acid (2 M) for 5 h at 90°C. The hydrolysates were dotted on to 60 Fs. silica gel plate and separated
using the mobile phase solvent mixture butanol: ethanol: water (5.0:2.5:2.5). The visualization of
spots was carried out with diphenylamine reagent and dried in a hot air oven for 30-40 min at 115TC
or until the blue colour spots appeared (Zhang et al., 2009).

Antioxidant activity

Total antioxidant capacity (TAC): Different volumes of SCP (20-100 pg mL™) were mixed with 3 mL
ammonium molybdate reagent and the tubes were kept at 95T for 90 min in a water bath. After
cooling the absorbance was measured at 765 nm with a double beam spectrophotometer (Shimadzu
UV-1800) [Li et al., 2020]. The calibration curve was plotted using ascorbic acid standard (20-100
ug mL1). TAC of polysaccharide extract was expressed as ascorbic acid equivalents (AAE g?).

DPPH assay: For this, 3 mL (0.1 mM) 2,2-diphenyl-1-picrylhydrazyl (DPPH) reagent was added to
the different concentrations of SCP (10-100 pug mL™) and absorbance measured at 517 nm using a
Shimadzu UV-1800 spectrophotometer (Tian et al., 2011). The DPPH scavenging activity was
expressed in percentage values using the formula:

Absorbance of control — Absorbance of sample

DPPH scavenging activity (%) = x 100

Absorbance of control

ABTS assay: ABTS [2,2’-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt],
radical cation solution was prepared by mixing equal volumes of ABTS (7 mM) and potassium
persulphate solution (2.45 mM), followed by incubation in dark at room temperature for 14-16 h,
before use. For the assay, the prepared ABTS radical cation solution was diluted with phosphate
buffered saline (pH 7.4) to an initial absorbance of 0.70 + 0.02 at 734 nm using UV-visible
spectrophotometer (Shimadzu UV-1800). ABTS radical scavenging activity was assessed by mixing
different concentrations of polysaccharide extract (20-100 g mL™) separately with 3 mL diluted
ABTS radical cation solution and incubating it 10 min at 30C and then measuring the absorbance at
734 nm (Shen et a., 2019). ABTS radical scavenging activity was expressed in percentage values
using the formula:

Absorbance of control — Absorbance of sample

x 100

ABTS scavenging activity (%) =

Absorbance of control

FRAP assay: The antioxidant activity of polysaccharide extract was measured by ferric-reducing
antioxidant power (FRAP) as per Sun et al. (2013). Different concentrations of polysaccharide extract
(20-100 pg mL1) were separately mixed with 2.5 mL potassium ferricyanide (1%) and 2.5 mL
phosphate buffer (0.2 M, pH 6.6). The mixture was incubated at 50C for 20 min, then 2.5 mL
trichloroacetic acid (10%) was added and centrifuged at 3000 rpm for 10 min. Subsequently, 2.5 mL
distilled water and 0.5 mL ferric chloride (0.1%) was added to 2.5 mL supernatant and the solution
incubated at ambient temperature for 30 min for colour development. The absorbance was measured
at 700 nm using UV-visible spectrophotometer (Shimadzu UV-1800). The FRAP activity of test
sample was compared with those of standards viz., ascorbic acid and butylated hydroxytoluene (BHT).
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Antidiabetic activity

a-amylase inhibition assay: The extracted polysaccharide samples at varying concentrations (100-500
g mLt) were separately mixed with a-amylase solution (0.5 mg mL™?) containing sodium phosphate
buffer (0.02 M, pH 6.9) and left as such at room temperature for 10 min. Then, 0.25 mL of 1% starch
prepared in sodium phosphate buffer (0.02 M, pH 6.9) was added and the tubes kept at room
temperature for another 10 min. The reaction was terminated by adding dinitrosalicylic acid reagent
and kept in water bath at 100°C for 5 min. After cooling the absorbance was measured at 540 nm with
a double beam spectrophotometer (Shimadzu UV-1800) [Deng et al., 2020]. The inhibition of a-
amylase activity by SCP extract was expressed in percentage values using the following formula:
Absorbance of control — Absorbance of sample x 100

Inhibition of a-amylase activity (%) = “bsorbance of control
a-glucosidase inhibition assay: The polysaccharide extract at various concentrations (10-50 pg mL™?)
was mixed with 320 L phosphate buffer (100 mM, pH 6.8) and 50 pL 4-nitrophenyl-B-D-
glucopyranoside in phosphate buffer (10 mM, pH 6.8). The reaction mixture was incubated at 30TC
for 5 min, followed by the addition of 20 uL a-glucosidase solution (0.5 mg mL™?), which was kept at
room temperature for another 5 min. To stop the reaction, 3 mL 50 mM sodium hydroxide was added
and absorbance measured spectrophotometerically (Shimadzu UV 1800) at 405 nm (Wang et al.,
2019). The inhibitory action was expressed in percentage and calculated using the formula:

x 100

Absorbance of control — Absorbance of sample

Inhibition of a-glucosidase activity (%) = Absorbance of control

Immunostimulatory effects

Nitroblue tetrazolium (NBT) assay: Leucocyte suspension (0.5 mL) was mixed with 100 pL
polysaccharide solution using its different concentrations (125, 250, 500 and 1000 pg mL™?) and 100
uL lipopolysaccharide [LPS] (10 pg mL™) was used as a standard. Then to all tubes, 200 pi of 0.15%
NBT solution was added and incubated at 37°C for 20 min. The tubes were centrifuged at 1700 rpm
for 3 min and supernatant discarded. The cells were then treated with a phosphate buffered saline (pH
7.2) and a thin film was made on clean glass slide. The slides were dried, fixed by heating, stained
with Giemsa stain and examined under microscope (Labomed) at 40X magnification (Bhanwase and
Alagawadi, 2016). The percentage of the NBT positive cells containing blue lumps or granules was
determined by light microscopy after counting total 200 neutrophils under a 40X objective.

. Number of blue coloured cells
NBT positive cells (%) = x 100

Total nmber of cells examined

In vitro candida phagocytosis test

Candida albicans was cultured in nutrient broth at 35C for 24 h and centrifuged at 4000 rpm to collect
the cells at bottom. The collected cell pellet was washed with sterile Hank’s balanced salt solution
(HBSS) and centrifuged again. This washing step was repeated 3-4 times and the final cell pellet
mixed with a mixture of sterile HBSS and human serum (4:1). The concentration of cell suspension
used in the experiment was 1 x 108 (Heroor et al., 2011). The slide having polymorphonuclear
neutrophils was flooded with a predetermined concentration of SCP, and incubated at 37 °C for 15 min.
Then it covered with C. albicans suspension and re-incubated at 37 °C for 1 h. The slide was drained,
fixed with methanol, and stained (Patil et al., 2010). Then 200 neutrophils were examined and the
mean particle number (MPN) calculated.

Statistical analysis

All experiments and assays were conducted in triplicates (n = 3) in a completely randomized design
and the values expressed as mean *standard deviation (SD). Statistical analysis was performed using
GraphPad Prism software. The results were considered statistically significant if *p < 0.05.
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UV-visible spectrum analysis
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RESULTS AND DISCUSSION

The purlty of SCP was confirmed by recording UV-vis absorption spectra at 250-800 nm range (Fig. 1).

0.9
08\
0.7
06
05
0.4 V\\

0.3 \ g

02 R
0.1

-0.0
250

300 400

Sample52.Sample

500

nm

600 700 800

Fig. 1: UV-visible spectrum of polysaccharides extracted from S.

cumini seeds

FTIR analysis

The detected absorption peak
observed around 350-400 nm
indicated the presence of
polyhydroxyl groups that was
similar to the previous reports
of polysaccharides extracted
from plants (Sun et al., 2018).
The extracted polysaccharide
was not having any protein
constituents as no peaks were
seen between 260-280 nm, so
the extracted polysaccharide
was protein-free and
constituted only carbohydrates
in the final extracted product.

The FTIR spectra of SCP illustrated two strong singles (Fig. 2) between 2100-3800 cm™* and 1000-
1700 cm™*. A minor stretching peak was detected around 2100 cm™. The major peak with broad signal
at 3336.25 cm™* was attributed to the O-H stretching regions rising from the hydrogen bonding of
gluco-pyranose hydroxyl groups of carbohydrates (Ahmadi et al., 2019). The narrow signal detected
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Fig. 2: FTIR spectrum of S. cumini polysaccharide extract

SEM analysis

assumed to be C-O
stretching situations of
uronic acids or acyl
amino group (Wang et
al., 2017). The minor
stretching peaks at
2149.28, 2363.34 and
2340.19 cm™? were
attributed to C-H:
groups and C-H bond
vibrations of aliphatic
alkanes (Bagchi and
Kumar, 2016). Thus,
the extracted SCP was
confirmed with the
sugar monomeric
molecular structures.

The ultra-structural images of freeze-dried sample of SCP at 2000 - 40000 X magnification is given
in Fig. 3. Under low magnification the SCP depicted a regular strip-like structure with flat and smooth
surface. It represented slight clefts under high magnification. The non-porous structure with diverse
morphology observed in SEM was in agreement with the previously reported ultra-structural studies
of polysaccharides extracted from purple-heart radish (Lin et al., 2022). From this analysis, we further
outlined the structural features of extracted SCP.
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Fig. 3: Surface structure of S. cumini polysaccharide extract on scanning electron microscopy;
A - Smooth and flat morphology; B - Strip-like structure; C - Non-porous structure;
D - Smooth and rigid surface

TLC analysis

TLC is the most commonly employed method for analysing the monosaccharides composition in poly-
saccharides. The monosaccharide composition of SCP extract was screened by TLC (Fig. 4). The
result of TLC analysis with S. cumini polysaccharide were in line with the earlier reports of poly-
saccharide extract from Sorghum bicolor seeds (Slima et al., 2018). TLC analysis of acid-hydrolysed
SCP sample revealed the presence of monosaccharaides like dextrose, fructose, and arabinose.

In vitro antioxidant assays

The TAC of SCP varied from 96.0 to 138.77 AAE g (Fig. 5A). The antioxidant activity increased
with increase in the concentration of SCP. The free radicals are the molecules that are highly reactive
and unstable and can cause damage to cells. However, the antioxidant compounds can effectively
inhibit this cell damage. The result of DPPH free radical-scavenging ability of extracted
polysaccharides is given in Fig. 5B in which the radical scavenging activity was found to be 18.61-
60.04% with increase in concentration of SCP (20 to 100 pg mL™?). Highest concentration tested
depicted 60.04 +=1.11% DPPH radical scavenging activity of SCP as compared to the standard
ascorbic acid (83.48 +0.12%). DPPH is a very stable nitrogen-centered free radical, which accepts an
electron or hydrogen radical to become a stable diamagnetic molecule (Rjeibi et al., 2019; Chen and
Huang, 2019). DPPH assay is based on the reduction of alcoholic DPPH solution in presence of
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Fig. 4: Separation of monosaccharide components from S. cumini polysaccharide extract by
thin layer chromatography (TLC); D - Dextrose; F - Fructose; G - Galactose; A -
Arabinose; R - Ribose; X - Xylose; M - Mannose; WHS - SCP sample; HS1 - SCP
sample after hydrolysis (2 h); HS2 - SCP sample after hydrolysis (5 h).
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Fig. 5: Antioxidant activity of polysaccharide extract of S. cumini seeds (SCP). A) Total antioxidant
capacity; B) DPPH radical scavenging activity; C) ABTS radical scavenging activity, and D) FRAP
activity. The values are expressed as mean =SD. P < 0.05 is regarded as significant (n = 3).
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hydrogen-donating antioxidant due to the formation of non-radical form DPPH-H by reaction (Ye et
al., 2011; Thambiraj et al., 2015). The increase in DPPH radical scavenging activity of SCP could be
attributed to the antioxidant potential of crude polysaccharide extract and its neutralizing action
against free radicals. The ABTS assay is used to evaluate the free radical scavenging ability of
hydrophilic antioxidant compounds (Shi et al., 2016; Ma et al., 2020). SCP demonstrated similar
concentration-dependent ABTS radical scavenging activity (57.89 +0.28%) [Fig. 5C] comparable
with standard (99.35 +0.17%) at a concentration of 100 g mL™. The result revealed that SCP possess
excellent radical scavenging ability in hydrophilic system and could be used as one of the natural
antioxidant ingredients in food and healthcare products. The results of FRAP illustrated in Fig. 5D
revealed that SCP has significantly greater reducing effect (1.36) which was comparable to ascorbic
acid (1.43), and BHT (0.740) at 100 g mL™. The reducing power of polysaccharide extract, ascorbic
acid, and BHT at 100 g mL*were 1.36, 1.43, and 0.74, respectively. The polysaccharides can act as
electron donors and can react with free radicals to convert them to more stable products, thereby
terminate chain of free radical reactions (Zhang et al., 2016; Mohammed et al., 2020).

In vitro antidiabetic effects

Carbohydrates, such as starch and glycogen, are essential sources of nourishment that provide body

with necessary energy for normal daily activities. Once hydrolysed and absorbed, these complex

carbohydrates can lead to postprandial hyperglycemia (Trinh et al., 2016). The results of carbohydrate

metabolizing enzyme inhibitory effects of SCP are shown in Fig. 6A and B. Though SCP exhibited a
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dose-dependent inhibitory effect on a-amylase and a-glucosidase activities, the SCP exhibited strong
inhibitory effect on a-glucosidase enzyme than the standard acarbose standard.

The a-amylase inhibitory action of SCP was 56.12% at a concentration of 500 g mL™. The
enzyme a-amylase plays a crucial role in this process by breaking down the polysaccharides into
smaller oligosaccharides (Xu et al., 2018). The brush border of small intestine contains membrane-
bound a-glucosidase enzyme which plays a crucial role in carbohydrate digestion (Wang et al., 2018).
The present study revealed that SCP was effective in controlling the human pancreatic a-amylase and
a-glucosidase activities and plays an vital role in type 2 diabetes mellitus treatment. Earlier studies
have also indicated anti-diabetic effect of polysaccharides extracted from various natural sources
(Zhang et al., 2016; Lv et al., 2021).

Immunostimulatory activity

NBT test is used to assess the immunomodulatory potential of newly derived compounds from various
sources and studied by stimulating the phagocytic activity of leucocytes (Yadav et al., 2016; Shantilal
and Vaghela, 2020). The extracted water-soluble SCP stimulated leucocyte phagocytic activity in a
dose-dependent manner (Table 1). The neutrophils with reduced NBT were portrayed in Fig. 7. The
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Table 1: NBT test of S. cumini polysaccharide on  study revealed that SCP was able to

human neutrophils provoke phagocytic response (43%) at

Normal LPS Concentration Mean percentage  a concentration of 1000 pg mL™? as

control  (Positive (ug mL™) of reduced compared to the positive control
control) neutrophils by lipopolysaccharides (66%).

SCP On treatment with polysaccharide

125 11.17 extract, neutrophils demonstrated

22.01 = 66.54 250 26.03 enhanced response (Fig. 7B), thereby

0.31 0.25 500 34.95 suggesting its immuno-stimulatory

1000 43.34 effect as compared to the control

Mean +SE 28.87 +0.25 group (Fig. 7A) which showed only
baseline activity. The present study
explored the immunostimulating effect

4

Fig. 7: NBT qualitative test of S. cumini polysaccharide on human neutrophils at 40X
maghification; A) Control neutrophils B) Neutrophils incubated with polysaccharide
extract

of SCP on leucocyte phagocytic activity because the percentage of NBT positive cells showed
increase with increase in SCP concentrations. The enhanced activity may be attributed to the fact that
the extracted polysaccharide could be used in various natural food formulations as an immune booster.

Phagocytosis of killed C. albicans

The phagocytosis of killed C. albicans assay is a method that measures phagocytosis by phagocytes
over a short period. The most probable number of C. albicans has been used to evaluate phagocytosis
of killed C. albicans (Rawat et al.,
2018; Sunitha and Nagulu, 2019). In
present study an increase in

Table 2: Phagocytosis of killed C.albicans by human
neutrophils with polysaccharide extract of S. cumini

Normal Pooled SCP Mean particle . . )
control  serum concentration  number of killed pha_gocyt05|s of killed C albicans was
(Positive  (ug mL™) C. albicans by notlc_ed on treatment with SCP (Tabl_e
control) human neutro- 2). F!g. 8 |IIustrat¢s the phagocytosis
phils with SCP of killed C. al_blcans for SCP on
55500 45 %00 125 3 human neutrophils that was assessed
250 29 by the uptake of partlc_:les by
500 32 phagocytes after a short perlod. The
1000 38 mean number of neutrophils attracted

per field was noted against positive

Mean +SE 305 *£3.12 control (casein). The average value of
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Fig. 8: Photograph showing neutrophil during the process of phagocytosis of killed C. albicans
at 40X magnification. A) Normal control B) SCP treated neutrophils

mean particle number (MPN) of killed C. albicans on incubation with SCP was scored as 30. Overall,
the number of particles phagocytosed by neutrophils was found to increase with an increase in
concentration of the polysaccharide extract. In untreated control neutrophils (Fig. 8A) the
phagocytosis of killed C. albicans was found to occur at lesser rate. In contrast, neutrophils that were
treated with the S. cumini polysaccharide extract, showed enhanced phagocytic response (Fig. 8B)
and stimulated their ability to engulf and internalize killed C. albicans. An increase in MPN of killed
C. albicans values on SCP treatment evidenced enhancement of immune reaction on neutrophils by
promoting increased phagocytic activity, hence SCP could perform as an immuno-stimulatory agent.
Further, the immune-stimulation of SCP was improved as the concentration was increased, and it
demonstrated the potent in vitro immune-modulatory activity.

Conclusion: The extracted water-soluble seed SCP showed exceptional antioxidant activity, potential
inhibitory effect on carbohydrate metabolizing enzymes and distinguished immunomodulatory
property, and might have a promising role in food and pharmaceutical industries as a natural
ingredient. However, further purification and structural elucidation studies are needed to identify the
major polysaccharide constituents and to evaluate its biological efficacy.
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