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which are present in the traditional herbal drink, remain underexplored.
This study aimed to investigate and characterize the bioactive
polysaccharide of C. nutans leaves via acid-based buffer extraction and
evaluate their in vitro multifunctional bioactivities for potential
nutraceutical applications that require further validation. Acid-based
extraction of C. nutans leaves yielded 11.2 = 1.0% polysaccharide with
antioxidant, anti-hypertensive and anti-diabetic effects. For instance, 1
mg/ml of C. nutans polysaccharide gave 37.12 £ 0.8 mM ferric reducing
antioxidant power (FRAP), 60.8 + 6.9% angiotensin I-converting
enzyme (ACE) inhibitory activity and 55.3 + 8.1% a-glucosidase
inhibitory activity. The bioactivities of C. nutans polysaccharide were
ascribed to its mild acidic property (pH 4.30 + 0.04) or phenolic content
(1.9 + 0.5%). Moreover, Fourier-transformed infrared (FTIR) analysis
suggested the C. nutans polysaccharide as a pectic-polysaccharide with
a small branch size and low degree of esterification (14%). The
functional groups in the pectic-polysaccharide such as hydroxyl and
carboxyl groups were postulated to interact with Fe3* ion, ACE enzyme
and a-glucosidase enzyme for the bioactivities. Overall, this study
explored the physicochemical profile, and the current results showed
potential health benefits of C. nutans polysaccharide.
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1. INTRODUCTION

Clinacanthus nutans (Burm.f) Lindau is one of the important species from Acanthaceae family found
throughout Southeast Asia. Traditionally, this medicinal herb was used to treat skin rashes, insect bites,
snakebites, lesions caused by herpes diabetes, diarrhoea, cancers and gout (Alam et al., 2016; Aliyu et al.,
2020). This plant also exhibits anti-inflammatory, anti-microbial, anti-viral, anti-hyperlipidemia,
vasorelaxation, and renoprotective activities (Nik Abd Rahman et al., 2019; Ong et al., 2022). These
pharmacological activities could be attributed to its bioactive compounds, including saponins, glycosides,
steroids, terpenoids, and flavonoids (Aliyu et al., 2020). The plant leaf was the most used part compared to
roots, stem and whole parts of C. nutans. It is prepared by either decocting the leaves with water for oral
ingestion or immersing in alcohol for topical application.

Polysaccharides, which are complex carbohydrates extracted from leaves, represent an
underexplored bioactive component of C. nutans. Plant polysaccharides are non-toxic, resistant to human
digestion and absorption that exert immune-enhancing functions without being absorbed into the
bloodstream (Kumar et al., 2020; Chen et al., 2021). The diverse compositions and structures of plant
polysaccharides contribute to their functional properties and potential therapeutic benefits, including
immunoregulatory, anti-inflammatory, hypoglycemic, antibacterial, antioxidant and antitumor activities
(Minzanova et al., 2018; Ullah et al., 2019). In recent years, interest has expanded significantly toward the
extraction, purification, and multifunctional characterization of leaf-derived heteropolysaccharides,
demonstrating their high value as functional food ingredients and natural value-added matrixes (Mo et al.,
2023; Chen et al., 2024; Nie et al., 2024). Despite extensive reports on the health benefits of C. nutans
phytochemicals (Khoo et al., 2018), to our knowledge, no comprehensive characterization of C. nutans leaf
polysaccharides and their multifunctional activities has been reported, which represents a novel area of
exploration. Therefore, this study addresses this research gap by evaluating the antioxidant, anti-
hypertensive and anti-diabetic activities of C. nutans polysaccharides. This is followed by physicochemical
characterization and its correlation with bioactivities. These findings are anticipated to contribute to the
pharmaceutical and nutraceutical industries by introducing new natural value-added components.

2. MATERIAL & METHODOLOGY

2.1 Plant materials and chemicals

C. nutans leaves were retrieved from Taiping, Perak, Malaysia and authenticated by the Unit of Herbarium,
School of Biological Sciences, Universiti Sains Malaysia (specimen voucher: 11153). The collected leaves
were rinsed, lyophilized, milled, sieved (30 mesh) and stored at 4 °C prior to extraction. Chemicals used in
this study were sourced from Sigma-Aldrich (Malaysia) unless stated otherwise.

2.2 Extraction of polysaccharide from C. nutans leaves

C. nutans polysaccharide was extracted as described previously (Alba et al., 2015) with modifications,
where a 0.04 mg/mL sample was prepared using 0.1 M citrate-phosphate buffer (pH 2) and constantly
shaken (250 rpm, 120 min, 80 °C). The slurries were filtered (pore size 50-75 um) and centrifuged at 5000
rpm for 20 min at 20 °C to remove insoluble debris and obtain the clear supernatant. The polysaccharides
were added to four volumes of 99% ethanol in a 4 °C chiller overnight. Precipitates were collected by
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centrifugation, lyophilized and stored in a desiccator at room temperature until further analysis. Extraction
yield of C. nutans polysaccharide was calculated as:

% Yield (wiw) = (52) x 100 (1)

where Wp and Wo are the weights of lyophilized polysaccharide and initial sample (dry basis),
respectively.

2.3  Bioactivity assays

The bioactivity assays were conducted using 1 mg/mL C. nutans polysaccharide solution unless specified.
This concentration was selected as a uniform screening benchmark optimized for the preliminary evaluation
of crude plant-derived heteropolysaccharides. Utilizing a baseline of 1 mg/mL facilitates direct comparative
profiling against historical values for equivalent structural matrixes prior to expanding into target-specific,
dose-dependent downstream validation (Ma et al., 2018; Soua et al., 2020; Jiang et al., 2024).

2.3.1 DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity

For DPPH assay, the polysaccharide was added to 0.1 mM methanolic DPPH solution at 1:30 (v/v) ratio
(Liu et al., 2009). The mixture was protected from light and incubated at 30 °C for half an hour. Absorbance
was measured at 517 nm (Spectramax M5, Molecular Devices, US). The radical scavenging (%DPPHg. )
was calculated as:

%DPPH. = (Acon - Asample) %100/ Acone (2)

where Agon and Aggmpie represent the absorbance of the control and sample, respectively.

2.3.2 Ferric reducing antioxidant power (FRAP)

FRAP assay was performed based on a modified method (Benzie & Strain, 1999). The FRAP reagent
contained 10 mM tripyridyltriazine (TPTZ) solution in 40 mM HCI, 20 mM FeCls-6H,0, and 0.3 M acetate
buffer at pH 3.6 at 1:1:10 ratio. This freshly prepared FRAP reagent (600 uL) was then mixed with 40 puL
C. nutans polysaccharide. The mixture was incubated at 37 °C for 60 min, and the absorbance was
monitored at 593 nm. Results were compared against FeSO4-7H,0O (0—2 mM) standards (Shui & Leong,
2006) and expressed in mM FeSOj.

2.3.3 ACE inhibition

ACE inhibition assay was carried out as previously described (Cushman & Cheung, 1971). Fifty uL C.
nutans polysaccharide was added to 50 pL ACE (50 mU/mL) and incubated at 37 °C for 10 min.
Subsequently, 150 pL N-Hippuryl-His-Leu (HHL; 4.15 mM in 50 mM borate buffer containing 0.3 M
NaCl) was added and further incubated at 37 °C for 30 min. The enzymatic reaction was then stopped by
adding 500 pL HCI (1 M), and hippuric acid was extracted by adding 1.5 mL ethyl acetate. After 5 min,
the top layer was air-dried at 45 °C. The pellet was redissolved in 1 mL ddH»O and quantified at 228 nm
using a quartz cuvette. Captopril was used as a positive control. ACE inhibition was calculated as:
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%ACE Inhibition = (Acon — Asampte/Acont) X 100 3)

where Agon and Aggmpie represent the absorbance of the control (without inhibitor) and sample,

respectively.

2.3.4 ACE DPP4 (dipeptidyl peptidase-4) inhibition

The DPP4 inhibition assay was conducted as previously reported (Nongonierma & Fitzgerald, 2013), where
the enzyme and substrates were dissolved in 100 mM Tris-HCI buffer (pH 8). Briefly, 25 uL C. nutans
polysaccharide was mixed with 67 uL. DPP4 (2.5 pU/mL, then incubated at 37 °C for 10 min. Subsequently,
67 uL GP-pNA (0.2 mM), was added and incubated at 37 °C for 1 h. The absorbance was measured at 405
nm. Diprotin A was used as a positive control. The inhibition of DPP4 was calculated using Eq. (4):

% DPP4 Inhibition = (Acon — Asampie/Acont) X 100 4)

where Aoy and Aggmpie represent the absorbance of the control (without inhibitor) and sample,

respectively.

2.3.5 a-Amylase inhibition

The ability of C. nutans polysaccharide to inhibit a-amylase was performed as previously described by
Worthington (1993). Briefly, 500 pL sodium phosphate buffer (0.02 M, pH 6.9, in 6 mM NacCl) containing
0.5 mg/mL enzyme was added to 100 uL. C. nutans polysaccharide. The mixture was left at 25 °C for 10
min before adding 500 pL of 1% starch. Another round of incubation followed, and then the reaction was
terminated with 1 mL of dinitrosalicylic acid reagent. The sample was heated at 100 °C for 5 min, followed
by cooling to room temperature. Sample was diluted with 10 mL ddH,O and the absorbance was measured
at 540 nm. The inhibition of a-amylase was calculated as:

% amylase inhibition = [Acon — (Asampte — Aptaniy]/Acon X 100 5)

where Ao, and Aggmpie Tepresent absorbances of control (without inhibitor) and sample, respectively.

Apiank represents absorbance of starch and sample without enzyme.

2.3.6 a-Glucosidase (AG) inhibition

The AG inhibition assay was conducted as previously described by Kamal ef al. (2018). Briefly, 10 mM 4-
nitrophenyl-B-d-glucopyranoside (pNPG) solution was dissolved in 0.1 M phosphate buffer (pH 6.8) and
then mixed with 80 uL C. nutans polysaccharide solution. The AG enzyme (20 uL, 1 U/mL) was added
and incubated at 37 °C for 10 min. The production of p-nitrocophenol from pNPG was measured at 405
nm. The percent inhibition of AG was calculated as:

%AG inhibition = [Agon — (Asampte — Abtank)|/Acon X 100 (6)

where Ao and Aggmpie represent the absorbance of the control (without inhibitor) and sample,

respectively. Apjqni represents absorbance of pNPG and sample without enzyme.

https://doi.org/10.24191/IJPNaCS.v9i2.03 UiTM Press, Universiti Teknologi MARA



33 Mohd Rodhi et al. / International Journal of Pharmaceuticals, Nutraceuticals and Cosmetic Science (2026) Vol. 9, No. 3
2.4  Physicochemical characterization of C. nutans polysaccharide

2.4.1 pH

The pH of 1.0% (w/v) C. nutans polysaccharide was determined using a pH meter (Mettler Toledo, USA).
Three replicates of pH readings were recorded.

2.4.2 Protein content

Protein contamination in C. nutans polysaccharide was evaluated by Bradford assay (1976). Briefly,
polysaccharide was added to Bradford reagent (ratio 1:50 v/v) and left at room temperature for half an hour.
Absorbance was then recorded at 595 nm. Protein content was calculated using bovine serum albumin
(BSA) standard curve (0—1 mg/mL).

2.4.3 Total phenolic content (TPC)

A previously described protocol by Shui et al. (2006) was used to detect the amount of phenolics in C.
nutans polysaccharide. Briefly, 40 uL polysaccharide (1 mg/mL) was mixed with 1.8 mL Folin-Ciocalteu
(prediluted 10x) and left at room temperature for 5 min. Sodium bicarbonate (1.2 mL, 7.5% (w/v)) was
added and incubated under a dark setting for 1 h. Absorbance was measured at 765 nm. Gallic acid (0-1
mg/mL) was prepared as the standard. The result was expressed as gallic acid equivalent (GAE)/mg C.
nutans polysaccharide.

2.4.4 Total carbohydrate content

The carbohydrate content of C. nutans polysaccharide was evaluated through phenol-sulfuric method
(Dubois et al., 1956). Briefly, 75 puL of polysaccharide (0.1 mg/mL) was mixed with 75 uL of 5% (w/v)
phenol and placed on an ice bed before adding 375 puL of concentrated H>SO4. The mixtures were incubated
at 80 °C for 30 min. Absorbance was measured at 495 nm. The carbohydrate content was calculated against
a maltose standard curve (0—18 mg/mL).

2.4.5 Monosaccharide composition

The sugar monomers and their compositions in C. nutans polysaccharide were determined using high-
performance liquid chromatography (HPLC) according to Lv et al. (2009). Briefly, 1 mg/mL
polysaccharide was degraded using 3 M trifluoroacetic acid (95 °C, 8 h). The sample was centrifuged (4000
rpm, 5 min), and the supernatant was vacuum dried before dissolving in 1 mL ddH»O. Subsequently, 200
pL of methanolic 1-phenyl-3-methyl-5-pyrazolone (0.5 M) and 300 uL NaOH (0.3 M) were added to 100
pL of the sample. The mixture was heated at 70 °C for 1 h and cooled before adding 300 uL HCI (0.3 M).
The sample was extracted with 1 mL of chloroform. The top layer was filtered (pore size 0.45 pm) and
analysed (1260 Infinity Agilent Technology, USA). The monosaccharide compounds were separated using
Zorbax SB-C18 reversed-phase column (250 mmx4.6 mm, @ 5 um, Agilent Technology).
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2.4.6 Fourier-transformed infrared (FTIR) analysis

The polysaccharide functional groups were determined using FTIR spectrometer with an attenuated total
reflectance (ATR) system (Cary 600 Series, Agilent Technologies, USA). The scan spectrum was recorded
at 4000650 cm™ at 4 cm™! resolution with 32 scans, scan speed 5 kHz, and sensitivity of 1. The resulting
spectra were analyzed using Resolution Pro version 5.2.0 software.

2.5  Statistical analysis

All the experiments were conducted in three replicates and expressed as the average value + standard
deviation. Analysis of variance (ANOVA), followed by Duncan’s test at 95% confidence level was
conducted for statistical analysis using IBM SPSS Statistics 29 software.

3. RESULTS & DISCUSSION

3.1 Extraction yield of C. nutans polysaccharide

Conventional acid extraction of polysaccharides often results in high yields (>10%) of polysaccharides
through cleavage of polysaccharide-protein linkages at the cell wall. In this study, the extracted C. nutans
polysaccharide appeared as white powder, which gave a yield of 11.2 + 1.0%. Comparison of yield with
other leaf species revealed the influence of extraction methods and mechanisms, such as a lower yield of
Capparis spinosa L. polysaccharide via hot water extraction (Mazarei et al., 2017) and a higher yield of
Suaeda fruticosa (L.) Forssk polysaccharide via ultrasonic-assisted extraction (Mzoughi et al., 2018). This
suggests further optimization of C. nutans polysaccharide extraction method for yield maximization.

3.2 Invitro bioactivities of C. nutans polysaccharide

3.2.1 Antioxidant capacity

The extracted C. nutans polysaccharide exhibited poor DPPH scavenging activity (9.3%) but a FRAP value
of 0.11 mM FeSO4 at 1 mg/mL (Table 1). In comparison, the reference phenolic antioxidant gallic acid (1
mg/mL) demonstrated a markedly higher DPPH scavenging activity of 81.67% and a FRAP value of 16.6
mM FeSO4. This means that while the crude leaf polysaccharide possesses measurable electron-donating
metal-reducing capacity, its radical scavenging kinetics remain lower than pure, low-molecular weight
phenolic standards. Several literatures have highlighted the disparity in antioxidant activity attributed to
molecular properties, pH, and chelating ability of polysaccharides. For instance, low molecular weight
polysaccharides enhanced radical scavenging as it contains relatively more terminal hydroxyl and carbonyl
groups to neutralize radicals, as described by Zhang et al. (2016). Polysaccharides featuring acidic sugars
may also favor hydrogen atom transfer (HAT) mechanism. In terms of pH dependence, DPPH activity was
reported to diminish in acidic conditions (Kumamoto et al., 2001; Pekal & Pyrzynska, 2015). However, in
acidic conditions, the polysaccharide carboxyl groups (-COOH) can act as reducing agents by donating
electrons to reduce Fe** to Fe?*, which favors FRAP performance (Bai et al., 2022). Besides, negatively
charged or acidic polysaccharides could chelate iron ions to stabilize redox reactions, hence giving a
positive effect on FRAP activity (Wang et al., 2016). Comparison of DPPH and FRAP activities of C.
nutans with other leaf species has confirmed this trend. For instance, kenaf (Hibiscus cannabinus L.)
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polysaccharides gave 20.55-79.77% DPPH scavenging activity and 1.26-5.08 mmol Fe?'/g DW FRAP
activity (Birhanie et al., 2021); mulberry leaf polysaccharides gave 17.17-44.2% DPPH scavenging activity
and 0.13-0.26 mmol Fe?*'/g DW FRAP activity at | mg/mL (Ma et al., 2018).

Table 1. Bioactivities of 1 mg/mL C. nutans polysaccharide solution.

Bioactivities Results (£ SD) Positive Control Positive Control Value
(= SD)

DPPH (1 mg/mL) 9.3+£0.0% Gallic acid (1mg/mL) 81.67 + 0.0%

FRAP 0.11 £0.1 mM FeSO4  Gallic acid (1mg/mL) 16.6 £ 0.4 mM FeSO4

ACE inhibition 60.8 £ 6.9% Captopril (10 pM) 98.4 +0.5%

a-Glucosidase inhibition  55.3 +8.1% Acarbose (1 mg/mL) 96.18 £ 1.1%

a-Amylase inhibition No inhibition Acarbose (1 mg/mL) 80.45+1.2%

DPP4 inhibition No inhibition Diprotin A (0.1 mg/mL) 96.18 +0.1%

Abbreviations: DPPH: 2,2-diphenyl-1-picrylhydrazyl; FRAP: ferric reducing antioxidant power, ACE: angiotensin I-converting
enzyme, DPP4: dipeptidyl peptidase-4

3.2.2 Anti-hypertensive activity

C. nutans polysaccharide exhibited 60.8 + 6.9% ACE inhibition at 1 mg/mL (Table 1). In comparison, the
pharmaceutical reference inhibitor captopril (10 uM) achieved 98.4% inhibition under identical assay
conditions. Although lower than pure captopril, achieving over 60% ACE inhibition demonstrates strong
biological potential for an unpurified natural leaf carbohydrate extract without relying on synthetic
pharmaceuticals. The anti-hypertensive activity of C. nutans polysaccharide and its underlying mechanism
is further validated using in vivo model in a recent study (Chia et al., 2025). It was found that Sprague-
Dawley rats fed with C. nutans polysaccharide over a fourteen-day course led to reduced systolic blood
pressure and pulse wave velocity compared to their control counterparts. Further investigation revealed that
the anti-hypertensive activity of C. nutans is ascribed to downregulation of ROS/TNF-o/MMP-9 and
upregulation of eNOS/NO pathways. Previous studies found that 1 mg/mL Gastrodia elata Blume and
Ephedra alata stem polysaccharides exhibited higher ACE inhibitory activities of 74.40% and 82.49%,
respectively ( Zhu et al., 2019; Soua et al., 2020). The difference in ACE inhibition activity could be due
to the extraction conditions, whereby high temperature and long duration may degrade polysaccharide
structure. Moreover, it is hypothesized that polysaccharides may inhibit ACE through different
mechanisms, either by zinc chelation at the enzyme active site by negatively charged polysaccharides (Fang
et al., 2019; Kaprasob et al., 2022), or pH interference by acidic polysaccharides since the optimum pH of
ACE is alkaline (Soua et al., 2020). The presence of carboxylic acid or acrylic acid groups of
polysaccharides may also possibly act as hydrogen bond acceptors to positively influence the inhibition of
ACE (Chakraborty & Roy, 2021). Based on the current result, C. nutans polysaccharide has the potential
as an anti-hypertensive agent. Its exact ACE inhibitory mechanism should be further investigated for
therapeutic development.

3.2.2 Anti-diabetic activities

In this current study, an inhibition assay of 1 mg/mL of C. nutans polysaccharide solution showed that the
extract inhibited up to 55.30 £ 8.1% a-glucosidase activity (Table 1). However, the extracted
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polysaccharide did not inhibit a-amylase and DPP4. Comparatively, the commercial antidiabetic drug
acarbose (1 mg/mL) strongly inhibited both a-glucosidase (96.18%) and a-amylase (80.45%), whereas the
reference peptide diprotin A (0.1 mg/mL) inhibited DPP4 by 96.18%. These findings align with Azemi et
al. (2020) whereby the C. nutans crude extract inhibited a-glucosidase activity, but contrast with two other
studies whereby the methanolic extract inhibited DPP4 and a-amylase activities, respectively (Abdullah &
Kasim, 2017; Murugesu et al., 2019). This could be due to variations in the extraction method used and
types of polysaccharide fractions extracted. The inhibition of AG activity by C. nutans polysaccharide
could be influenced by several factors. For instance, Wen et al. (2022) showed that low molecular
weight Huidouba polysaccharides could enhance a-glucosidase inhibitory activity. Based on the kinetic
inhibition study, the authors concluded that the number of a-(1,4) glycosidic linkages, as well as the
percentage of D-glucose and D-galactose in polysaccharides were also critical to their bioactivities. Next,
Dirir et al. (2022) highlighted that the number and position of hydroxyl groups may possibly be essential
to a-glucosidase inhibition. Acidic pH, where the extracted polysaccharide is negatively charged, was also
reported to favor a-glucosidase inhibition (Tadera et al., 2003). Nevertheless, the observed bioactivities are
closely associated with the polysaccharide’s physicochemical and structural properties, which will be
discussed in the following section.

3.3 Physicochemical and structural properties
33.1pH

The C. nutans polysaccharide solution at 1% (w/v) was tested to be mild acidic with a pH of 4.30 £ 0.036.
This could be due to the polysaccharide containing high carboxyl groups, such as pectic polysaccharides,
because of its backbone, o-(1-4)-linked D-galacturonic acid. It should also be noted that acidic
polysaccharides tend to be negatively charged. Therefore, this pH condition and negative charge played a
crucial role in the bioactivities aforementioned.

3.3.2 Presence of synergistic compounds

Polysaccharides are known to bind to proteins, lipids, lignin, and inorganic minerals in cells. Protein
components have an effect on the antioxidant activity and give different physicochemical properties and
biological activities compared to purified polysaccharides, hence potentially leading to a false conclusion
(Lietal., 2019). In this study, the extracted C. nutans polysaccharide did not contain any traceable protein.
Thus, we suggest that there was no synergistic effect from the protein content.

On the other hand, phenolics are the prominent secondary metabolites of plants with antioxidant, o-
amylase, and a-glucosidase inhibitory activities (Sales et al., 2012; Lin et al., 2016). The TPC in the
extracted C. nutans polysaccharide in this study was 1.9 + 0.5%. Although the percentage is not high, this
trace amount could act as an active component to antioxidant activity. For example, fresh white cabbage,
carrot, onion, and sweet pepper contained 0.3—0.7% TPC but inhibited DPPH radicals by 22-39% (Smirnov
etal.,2017). In our case, the 1.9 + 0.5% of TPC may contribute to the significant aforementioned biological
activities (Section 3.2).

Carbohydrate content provides an indication of the purity of extracted polysaccharides. The total
carbohydrate content of C. nutans polysaccharide is 52.0 + 14.0%, which is higher than the 43.21 + 1.80%
of hot alkali extracted sugarcane leaf polysaccharide but lower than the 83.42 + 0.95% of mulberry leaf
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polysaccharide (Zhang et al., 2016; Jiang et al., 2024). Notably, high purity does not guarantee high
bioactivity. This implies a potential synergistic behavior between polysaccharide and other co-extracted
biomolecules (Zhang et al., 2016).

3.3.3 Structural characteristics

Table 2 shows the sugar monomers and their compositions in C. nutans polysaccharide. Rhamnose was the
dominant monosaccharide 77.21%, followed by galactose and glucose (9.54 and 6.41%, respectively).
Other minor monosaccharides include mannose (1.33%), glucuronic acid (0.40%), and galacturonic acid
(0.07%), implying the extracted polysaccharide was pectic. The presence of glucose may suggest co-
extraction of non-pectic polysaccharides in an acidic environment (Methacanon et al., 2014).

Table 2: Sugar monomers and their compositions in extracted C. nutans polysaccharide.

Monosaccharides Concentration (mg/mL) (+ SD) Percentage (%)

Glucuronic acid 0.06 +0.01 0.40
Mannose 0.23 +0.05 1.33
Galacturonic acid  0.01 £0.021 0.07
Ribose 0.00 £0.00 0.00
Rhamnose 1240 £5.44 77.21
Glucose 1.03 £0.69 6.41
Galactose 1.53+0.36 9.54

The presence of a high amount of rhamnose could indicate a high degree of branching. The
linearity value calculated based on the equation (GalA+Rham) / (Fuc+Rham+Ara+Gal) shows the results
of 0.8420, with rhamnose as the backbone of the polysaccharides. The high abundance of rhamnose
compared to galacturonic acid content could also indicate that C. nutans polysaccharide extract mainly
comprised of rhamnogalacturonan I (RGI) domains (Cornuault et al., 2018; Kaczmarska et al., 2022). The
ratio of neutral sugars to rhamnose roughly indicates the length of the side chains (Sengkhamparn et al.,
2009), in which the common side chain attached to the rhamnose residue of RGI can be either branched or
unbranched oligosaccharides including galactose, arabinose (Jiang et al., 2021), and/or arabinogalactans
(Yapo et al., 2007). The RGI side chain may also contain other glycans such as mannose, fucose, and
galactose (Naran et al., 2008; Atmodjo et al., 2013). Although direct molecular weight determination via
size-exclusion or gel permeation chromatography was not accessible for this preliminary screening,
structural parameters can be inferred from the sugar distribution. The ratio of (arabinose, galactose and
mannose) to thamnose was 0.2051 would suggest that the C. nutans polysaccharide contains shorter side
chains compared with Okra pod polysaccharide, in which the value is around 1.0 (Sengkhamparn et al.,
2009). However, absolute chain lengths and definitive molecular weight profiles must be validated using
direct chromatographic techniques in future structural studies.

Fig. 1 shows the IR spectrum of C. nutans polysaccharide. The weak and broad absorption band
at 3600-3200 cm ! indicated the stretching vibration of the hydroxyl group (O-H), which could be related
to intra- and intermolecular hydrogen bonds of the galacturonic acid polymer (Singthong et al., 2004). At
the 2000-1500 cm ™! region, a C=0 ester stretching was observed as shoulders at around 1718 cm™!, which
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could be linked to the presence of uronic acid in the polysaccharide (Wang et al., 2017). A stronger
absorption at 1616 cm™" could be the methyl esterified carboxyl group (COO-R) stretching vibration of
ionic carboxyl groups (COO") (Koziot et al., 2022). The ionic carboxyl groups (COO™) can also act as
antioxidants by forming hydrogen bonds with free radicals. The phenolic groups were observed at
absorption bands between 1580-1530 cm™!. Bands at 1720, 1616, 1450-1440 and 1078 cm ! indicate the
characteristic of pectin (Hong et al., 2021). The fingerprint region for pectin shows a weaker symmetric
(COO") stretching followed by moderately intense absorption patterns between 1300 and 800 cm
(Singthong et al., 2004). The multiple bands at region 920-840 cm™! are also associated with fingerprint
region for B-type or a-(1—6) glycosidic bonds of carbohydrates (Wu et al., 2020; Hong et al., 2021). Band
between 1200 and 1100 cm™' was from ether R—~O-R and cyclic C-C bonds in the ring structure of pectin
could indicate the existence of pyranose forms (Liu et al., 2010). The spectral range at 1100-930 cm™' is
associated with glycosidic bonds and ring vibrations of pectin (Koziot et al., 2022). The band at 1078
cm ! might suggest the presence of galactose. The IR bands of B-(1— 6)- or B-(1—3)-linked galactan occur
at 1078-1072 cm™! (Kacurakova et al., 2000). Based on the peak areas in 1718 and 1616 cm ™', esterification
degrees (DE) of the extracted polysaccharide were calculated. The DE value was 14%, which is considered
low (DE<50) (Giizel & Akpinar, 2019), aligning with pectins from the leaves of Caesalpinia pulcherrima
(30.1%), Premna Oblongifolia Merr. (48.01%) and Hedera nepalensis (6.1-24.4%) (Elsyana & Alvita,
2021; Melo et al., 2022; Ho et al., 2023). Nonetheless, Li et al. (2022) showed that different DE of okra
pectic-polysaccharides (4.77—42.13%) was not related to antioxidant activity.
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4. CONCLUSION

Overall, C. nutans polysaccharide is a pectic-polysaccharide with small branch size and low DE. These
structural characteristics could facilitate interactions with Fe**, ACE and a-glucosidase. Its mild acidic
property and phenolic components enhanced bioactivity. This study, therefore, unveiled the
physicochemical profiles and potential for future pharmaceutical or nutraceutical development after
additional mechanistic and in vivo validation of the bioactive pectic-polysaccharide from C. nutans leaves.
Despite the promising outcomes, it is important to acknowledge the limitations of this study. Since this
study represents an initial characterization, the bioactivities were evaluated at a single concentration without
ICso determination. Future studies should include concentration-dependent assays to establish ICso values.
Further investigation is also needed to determine the actual mechanism between polysaccharide and its
bioactivities. More in-depth experiments such as binding studies, cell culture and in vivo experiments are
required to validate the mechanisms underlying the polysaccharide's bioactivity. Structural analysis
techniques such as mass spectrometry, X-ray crystallography and nuclear magnetic resonance (NMR) are
required for advanced structural analysis. In conclusion, this research bridges the gap between
phytochemicals studies by expanding the research scope of C. nutans, as a strategy in maximizing the usage
of this plant.

ACKNOWLEDGEMENTS

This research was financially supported by Universiti Sains Malaysia RUI Grant (Grant number:
1001/CABR/8011045) and Universiti Sains Malaysia MyRA incentive fund (1001/CABR/AUPS001).

CONFLICT OF INTEREST STATEMENT

The authors declared that they have no conflicts of interest to disclose.

AUTHORS’ CONTRIBUTIONS

Ainolsyakira Mohd Rodhi: Investigation, Data curation, Formal analysis, Writing- Original draft. Yong
Chia Tan: Investigation, Data curation, Formal analysis, Writing- Original draft. Muhammad Hakimin
Shafie: Validation, Supervision, Writing - Review & Editing. Olalere Olusegun Abayomi: Methodology,
Writing - Review & Editing. Pei-Gee Yap: Methodology, Writing - Review & Editing. Yvonne Yve Wen
Thoe: Formal analysis, Writing - Review & Editing. Chee-Yuen Gan: Conceptualization, Funding
acquisition, Supervision, Writing - Review & Editing.

DECLARATION OF GENERATIVE AI IN THE WRITING PROCESS

During the preparation of this work, the authors used ChatGPT (OpenAl) solely for language refinement
and improvement of manuscript readability. The authors reviewed and edited all generated content and take
full responsibility for the content of this publication.

https://doi.org/10.24191/IJPNaCS.v9i2.03 UiTM Press, Universiti Teknologi MARA



40 Mohd Rodhi et al. / International Journal of Pharmaceuticals, Nutraceuticals and Cosmetic Science (2026) Vol. 9, No. 3
ETHICS STATEMENT

Not applicable.

REFERENCES

Abdullah, N., & Kasim, K. F. (2017). In-vitro antidiabetic activity of Clinacanthus nutans extracts.
International Journal of Pharmacognosy and Phytochemical Research, 9(6), 846-852.

Alam, A., Ferdosh, S., Ghafoor, K., Hakim, A., Juraimi, A. S., Khatib, A., & Sarker, Z. 1. (2016).
Clinacanthus nutans: A review of the medicinal uses, pharmacology and phytochemistry. Asian
Pacific Journal of Tropical Medicine, 9(4), 204-409. https://doi.org/10.1016/j.apjtm.2016.03.011

Alba, K., Laws, A. P., & Kontogiorgos, V. (2015). Isolation and characterization of acetylated LM-pectins
extracted from okra pods. Food Hydrocolloids, 4,726-735.
https://doi.org/10.1016/j.foodhyd.2014.08.003

Aliyu, A., Shaari, M. R., Sayuti, N. S. A., Reduan, M. F. H., Sithambaram, S., Noordin, M. M., Shaari, K.,
& Hamzah, H. (2020). Subacute oral administration of Clinacanthus nutans ethanolic leaf extract
induced liver and kidney toxicities in ICR mice. Molecules, 25(11), 2631.
https://doi.org/10.3390/molecules25112631

Atmodjo, M. A., Hao, Z., & Mohnen, D. (2013). Evolving views of pectin biosynthesis. Annual Review of
Plant Biology, 64, 747-779. https://doi.org/10.1146/annurev-arplant-042811-105534

Azemi, A. K., Mokhtar, S. S., & Rasool, A. H. G. (2020). Clinacanthus nutans: Its potential against diabetic
vascular  diseases.  Brazilian Journal of Pharmaceutical  Sciences, 56, ¢18838.
https://doi.org/10.1590/S2175-97902020000118838

Bai, L., Xu, D., Zhou, Y. M., Zhang, Y. B., Zhang, H., Chen, Y. B., & Cui, Y. L. (2022). Antioxidant
activities of natural polysaccharides and their derivatives for biomedical and medicinal applications.
Antioxidants, 11(12), 2491. https://doi.org/10.3390/antiox 11122491

Benzie, 1. F. F., & Strain, J. J. (1999). Ferric reducing/antioxidant power assay: Direct measure of total
antioxidant activity of biological fluids and modified version for simultaneous measurement of total
antioxidant power and ascorbic acid concentration. Methods in Enzymology, 299, 15-27.
https://doi.org/10.1016/S0076-6879(99)99005-5

Birhanie, Z. M., Xiao, A., Yang, D., Huang, S., Zhang, C., Zhao, L., Liu, L., Li, J., Chen, A., Tang, H.,
Chang, L., Pan, G., Zhang, C., Biswas, A., Dey, S., Li, D., & Deng, Y. (2021). Polysaccharides, total
phenolic, and flavonoid content from different kenaf (Hibiscus cannabinus L.) genotypes and their
antioxidants and antibacterial properties. Plants, 10(9), 1900.
https://doi.org/10.3390/plants 10091900

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Analytical Biochemistry, 72(1-2), 248-254.
https://doi.org/10.1016/0003-2697(76)90527-3

Chakraborty, R., & Roy, S. (2021). Angiotensin-converting enzyme inhibitors from plants: A review of

https://doi.org/10.24191/IJPNaCS.v9i2.03 UiTM Press, Universiti Teknologi MARA



41 Mohd Rodhi et al. / International Journal of Pharmaceuticals, Nutraceuticals and Cosmetic Science (2026) Vol. 9, No. 3

their diversity, modes of action, prospects, and concerns in the management of diabetes-centric
complications. Journal of Integrative Medicine, 19(6), 478-492.
https://doi.org/10.1016/j.joim.2021.09.006

Chen, H., Jia, Y., & Guo, Q. (2021). Polysaccharides and polysaccharide complexes as potential sources
of antidiabetic compounds: A review. Studies in Natural Products Chemistry, 67, 199-220.
https://doi.org/10.1016/B978-0-12-819483-6.00006-0

Chen, R., Zhou, X., Deng, Q., Yang, M., Li, S., Zhang, Q., Sun, Y., & Chen, H. (2024). Extraction,
structural characterization and biological activities of polysaccharides from mulberry leaves: A

review.  International  Journal  of  Biological =~ Macromolecules, 257, 128669.
https://doi.org/10.1016/j.ijbiomac.2023.128669

Chia, T. Y., Gan, C. Y., Cheah, P. S., Murugaiyah, V., Fatima, T., Haji, E. M., Almutairy, A. F., Alnasser,
S. M., Alswailmi, F. K., & Ahmad, A. (2025). Renoprotective and antihypertensive mechanism of
action of Clinacanthus nutans bioactive polysaccharides by suppression of reactive oxygen species/
nuclear factor/ matrix metalloproteinase (ROS/NF-KB/MMP-9) and upregulation of endothelial
nitric oxide synthase/nitric oxide (eNOS/NO) pathways. Journal of Molecular Histology, 56(4), 2009.
https://doi.org/10.1007/s10735-025-10481-9

Cornuault, V., Posé, S., & Knox, J. P. (2018). Disentangling pectic homogalacturonan and
rhamnogalacturonan-I polysaccharides: Evidence for sub-populations in fruit parenchyma systems.
Food Chemistry, 246. 275-285. https://doi.org/10.1016/j.foodchem.2017.11.025

Cushman, D. W., & Cheung, H. S. (1971). Spectrophotometric assay and properties of the angiotensin-
converting enzyme of rabbit lung. Biochemical Pharmacology, 20(7), 1637-1648.
https://doi.org/10.1016/0006-2952(71)90292-9

Dirir, A. M., Daou, M., Yousef, A. F., & Yousef, L. F. (2022). A review of alpha-glucosidase inhibitors
from plants as potential candidates for the treatment of type-2 diabetes. Phytochemistry Reviews, 21,
1049-1079. https://doi.org/10.1007/s11101-021-09773-1

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A., & Smith, F. (1956). Colorimetric method for
determination of sugars and related substances. Analytical Chemistry, 28(3), 350-356.
https://doi.org/10.1021/ac60111a017

Elsyana, V., & Alvita, L. R. (2021). Characterization of pectin from cincau (Premna Oblongifolia Merr.)
leaves. IOP Conference Series: Earth and Environmental Science, 1012(1), 012050.
https://doi.org/10.1088/1755-1315/1012/1/012050

Fang, L., Geng, M., Liu, C., Wang, J., Min, W., & Liu, J. (2019). Structural and molecular basis of
angiotensin-converting enzyme by computational modeling: Insights into the mechanisms of
different inhibitors. PLoS ONE, 14(4), €0215609. https://doi.org/10.1371/journal.pone.0215609

Giizel, M., & Akpmar, O. (2019). Valorisation of fruit by-products: Production characterization of pectins
from fruit peels. Food and Bioproducts Processing, 115, 126-133.
https://doi.org/10.1016/j.fbp.2019.03.009

Ho, C. H,, Wang, Y., Liu, X., Zhou, Y., Pak, U. H., & Sun, L. (2023). Structural characterization of water-

https://doi.org/10.24191/IJPNaCS.v9i2.03 UiTM Press, Universiti Teknologi MARA



42 Mohd Rodhi et al. / International Journal of Pharmaceuticals, Nutraceuticals and Cosmetic Science (2026) Vol. 9, No. 3

soluble polysaccharides isolated from leaves of Hedera nepalensis. Chemical and Biological
Technologies in Agriculture, 10(1), 47. https://doi.org/10.1186/s40538-023-00427-2

Hong, T., Yin, J. Y., Nie, S. P., & Xie, M. Y. (2021). Applications of infrared spectroscopy in
polysaccharide structural analysis: Progress, challenge and perspective. Food Chemistry: X, 12.
100168. https://doi.org/10.1016/j.fochx.2021.100168

Jiang, F., Zhong, J., Hu, H., Li, Y., Bi, Y., & Kong, F. (2024). Comparison of physicochemical properties
and biological activities between two acidic sugarcane leaf polysaccharides. Process Biochemistry,
139, 10-21. https://doi.org/10.1016/j.procbio.2024.01.020

Jiang, N., Dillon, F. M., Silva, A., Gomez-Cano, L., & Grotewold, E. (2021). Rhamnose in plants - from
biosynthesis to diverse functions. Plant Science, 302, 110687.
https://doi.org/10.1016/j.plantsci.2020.110687

Kacurakové, M., Capek, P., Sasinkova, V., Wellner, N., & Ebringerova, A. (2000). FT-IR study of plant
cell wall model compounds: pectic polysaccharides and hemicelluloses. Carbohydrate Polymers,
43(2), 195-203. https://doi.org/10.1016/S0144-8617(00)00151-X

Kaczmarska, A., Pieczywek, P. M., Cybulska, J., & Zdunek, A. (2022). Structure and functionality of
Rhamnogalacturonan I in the cell wall and in solution: A review. Carbohydrate Polymers, 278,
118909. https://doi.org/10.1016/j.carbpol.2021.118909

Kamal, H., Jafar, S., Mudgil, P., Murali, C., Amin, A., & Magsood, S. (2018). Inhibitory properties of
camel whey protein hydrolysates toward liver cancer cells, dipeptidyl peptidase-IV, and
inflammation. Journal of Dairy Science, 101(10), 8711-8720. https://doi.org/10.3168/jds.2018-
14586

Kaprasob, R., Khongdetch, J., Laohakunjit, N., Selamassakul, O., & Kaisangsri, N. (2022). Isolation and
characterization, antioxidant, and antihypertensive activity of novel bioactive peptides derived from
hydrolysis of King Boletus mushroom. LT, 160, 113287.
https://doi.org/10.1016/j.1wt.2022.113287

Khoo, L. W., Audrey Kow, S., Lee, M. T., Tan, C. P., Shaari, K., Tham, C. L., & Abas, F. (2018). A
comprehensive review on phytochemistry and pharmacological activities of Clinacanthus nutans
(Burm.f.) Lindau. Evidence-Based Complementary and Alternative Medicine, 2018, 9276260.
https://doi.org/10.1155/2018/9276260

Koziot, A., Sroda-Pomianek, K., Gorniak, A., Wikiera, A., Cyprych, K., & Malik, M. (2022). Structural
determination  of  pectins by  spectroscopy  methods.  Coatings, 12(4), 546.
https://doi.org/10.3390/coatings 12040546

Kumamoto, M., Sonda, T., Nagayama, K., & Tabata, M. (2001). Effects of pH and metal ions on
antioxidative activities of catechins. Bioscience, Biotechnology and Biochemistry, 65(1), 126-132.
https://doi.org/10.1271/bbb.65.126

Kumar, V., Nagar, S., & Sharma, P. (2020). Opportunity of plant oligosaccharides and polysaccharides in
drug development. In V. K. Tiwari (Ed.), Carbohydrates in drug discovery and development:
Synthesis and applications (pp. 587-639). Elsevier. https://doi.org/10.1016/B978-0-12-816675-

https://doi.org/10.24191/IJPNaCS.v9i2.03 UiTM Press, Universiti Teknologi MARA



43 Mohd Rodhi et al. / International Journal of Pharmaceuticals, Nutraceuticals and Cosmetic Science (2026) Vol. 9, No. 3

8.00015-4

Li, W, Li, J., Wang, J., He, Y., Hu, Y. C., Wu, D. T., & Zou, L. (2022). Effects of various degrees of
esterification on antioxidant and immunostimulatory activities of okra pectic-polysaccharides.
Frontiers in Nutrition, 9, 1025897 https://doi.org/10.3389/fnut.2022.1025897

Li, Y., Shi, S., Yang, X., & Zhou, H. (2019). The deproteinization, antioxidant acticitics and inhibitory
effect on a-amylase of polysaccharides from corn silk. American Journal of Biochemistry and
Biotechnology, 15(2), 83-90. https://doi.org/10.3844/ajbbsp.2019.83.90

Lin, D., Xiao, M., Zhao, J., Li, Z., Xing, B., Li, X., Kong, M., Li, L., Zhang, Q., Liu, Y., Chen, H., Qin,
W., Wu, H., & Chen, S. (2016). An overview of plant phenolic compounds and their importance in
human nutrition and management of type 2 diabetes. Molecules, 21(10), 1374.
https://doi.org/10.3390/molecules21101374

Liu, L., Cao, J., Huang, J., Cai, Y., & Yao, J. (2010). Extraction of pectins with different degrees of
esterification from mulberry branch bark. Bioresource Technology, 101(9), 3268-3273.
https://doi.org/10.1016/j.biortech.2009.12.062

Liu, L., Sun, Y., Laura, T., Liang, X., Ye, H., & Zeng, X. (2009). Determination of polyphenolic content
and antioxidant activity of kudingcha made from Zlex kudingcha C.J. Tseng. Food Chemistry, 112(1),
35-41. https://doi.org/10.1016/j.foodchem.2008.05.038

Lv, Y., Yang, X., Zhao, Y., Ruan, Y., Yang, Y., & Wang, Z. (2009). Separation and quantification of
component monosaccharides of the tea polysaccharides from Gynostemma pentaphyllum by HPLC
with indirect uv detection. Food Chemistry, 112(3), 742-746.
https://doi.org/10.1016/j.foodchem.2008.06.042

Ma, Q., Santhanam, R. K., Xue, Z., Guo, Q., Gao, X., & Chen, H. (2018). Effect of different drying methods
on the physicochemical properties and antioxidant activities of mulberry leaves polysaccharides.

International Journal of Biological Macromolecules, 119, 1137-1143.
https://doi.org/10.1016/].ijbiomac.2018.08.023

Mazarei, F., Jooyandeh, H., Noshad, M., & Hojjati, M. (2017). Polysaccharide of caper (Capparis spinosa
L.) Leaf: Extraction optimization, antioxidant potential and antimicrobial activity. International
Journal of Biological Macromolecules, 95, 224-231. https://doi.org/10.1016/j.ijjbiomac.2016.11.049

Melo, C. M. L., Sousa, G. F., Silva, G. A. S., Silva, R. S., Jinior, N. S. B., Santos, D. K. D. N., Lima, M.
C. A, & Filho, I. J. C. (2022). Pectin-like polysaccharide extracted from the leaves Caesalpinia
pulcherrima is a promising antioxidant and immunomodulator agent. Brazilian Archives of Biology
and Technology, 65, €22200718. https://doi.org/10.1590/1678-4324-2022200718

Methacanon, P., Krongsin, J., & Gamonpilas, C. (2014). Pomelo (Citrus maxima) pectin: Effects of
extraction  parameters andits  properties. Food  Hydrocolloids, 35, 383-391.
https://doi.org/10.1016/j.foodhyd.2013.06.018

Minzanova, S. T., Mironov, V. F., Arkhipova, D. M., Khabibullina, A. V., Mironova, L. G., Zakirova, Y.
M., & Milyukov, V. A. (2018). Biological activity and pharmacological application of pectic
polysaccharides: A review. Polymers, 10(12), 1407. https://doi.org/10.3390/polym10121407

https://doi.org/10.24191/IJPNaCS.v9i2.03 UiTM Press, Universiti Teknologi MARA



44 Mohd Rodhi et al. / International Journal of Pharmaceuticals, Nutraceuticals and Cosmetic Science (2026) Vol. 9, No. 3

Mo, M., Jiang, F., Chen, W., Ding, Z., Bi, Y., & Kong, F. (2023). Preparation, characterization, and
bioactivities of polysaccharides fractions from sugarcane leaves. Food Science and Technology, 43,
e103122. https://doi.org/10.1590/fst.103122

Murugesu, S., Khatib, A., Ibrahim, Z., Ahmed, Q. U., Uzir, B. F., Nik-Yusoff, N. I., Perumal, V., Abas, F.,
& Saari, K. (2019). Antidiabetic and antioxidants activities of Clinacanthus nutans (Burm F.) Lindau
leaves extracts. International Food Research Journal, 26(1), 319-327.

Mzoughi, Z., Abdelhamid, A., Rihouey, C., Le Cerf, D., Bouraoui, A., & Majdoub, H. (2018). Optimized
extraction of pectin-like polysaccharide from Suaeda fruticosa leaves: Characterization, antioxidant,

anti-inflammatory and analgesic activities. Carbohydrate  Polymers, 185, 127-137.
https://doi.org/10.1016/j.carbpol.2018.01.022

Naran, R., Chen, G., & Carpita, N. C. (2008). Novel rhamnogalacturonan I and arabinoxylan
polysaccharides of flax seed mucilage. Plant  Physiology, 148(1), 132-141.
https://doi.org/10.1104/pp.108.123513

Nie, S., Zhang, S., Wang, Y., Zhu, M., Chen, X., Wang, X., & Huang, P. (2024). Extraction, purification,
structural characterization, and bioactivities of Ginkgo biloba leave polysaccharides: A review.

International Journal of Biological Macromolecules, 281, 136280.
https://doi.org/10.1016/j.ijbiomac.2024.136280

Nik Abd Rahman, N. M. A., Nurliyana, M. Y., Afigah, M. N. F. N. N., Osman, M. A., Hamid, M., & Lila,
M. A. M. (2019). Antitumor and antioxidant effects of Clinacanthus nutans Lindau in 4 T1 tumor-
bearing mice. BMC  Complementary  and  Alternative  Medicine, 19,  340.
https://doi.org/10.1186/s12906-019-2757-4

Nongonierma, A. B., & Fitzgerald, R. J. (2013). Dipeptidyl peptidase IV inhibitory and antioxidative
properties of milk protein-derived dipeptides and hydrolysates. Peptides, 39, 157-163.
https://doi.org/10.1016/j.peptides.2012.11.016

Ong, W. Y., Herr, D. R, Sun, G. Y., & Lin, T. N. (2022). Anti-inflammatory effects of phytochemical
components of Clinacanthus nutans. Molecules, 27(11), 3607.
https://doi.org/10.3390/molecules27113607

Pekal, A., & Pyrzynska, K. (2015). Effect of pH and metal ions on DPPH radical scavenging activity of
tea.  International — Journal —of Food  Sciences and  Nutrition, 66(1), 58-62.
https://doi.org/10.3109/09637486.2014.959899

Sales, P. M., Souza, P. M., Simeoni, L. A., Magalhaes, P. O., & Silveira, D. (2012). a-amylase inhibitors:
A review of raw material and isolated compounds from plant source. Journal of Pharmacy and
Pharmaceutical Sciences, 15(1), 141-183. https://doi.org/10.18433/j35s3k

Sengkhamparn, N., Verhoef, R., Schols, H. A., Sajjaanantakul, T., & Voragen, A. G. J. (2009).
Characterisation of cell wall polysaccharides from okra (Abelmoschus esculentus (L.) Moench).
Carbohydrate Research, 344(14), 1824-1832. https://doi.org/10.1016/j.carres.2008.10.012

Shui, G., & Leong, L. P. (2006). Residue from star fruit as valuable source for functional food ingredients
and antioxidant nutraceuticals. Food Chemistry, 97(2), 277-284.

https://doi.org/10.24191/IJPNaCS.v9i2.03 UiTM Press, Universiti Teknologi MARA



45 Mohd Rodhi et al. / International Journal of Pharmaceuticals, Nutraceuticals and Cosmetic Science (2026) Vol. 9, No. 3

https://doi.org/10.1016/j.foodchem.2005.03.048

Singthong, J., Cui, S. W., Ningsanond, S., & Douglas Goff, H. (2004). Structural characterization, degree
of esterification and some gelling properties of Krueo Ma Noy (Cissampelos pareira) pectin.
Carbohydrate Polymers, 58(4), 391-400. https://doi.org/10.1016/j.carbpol.2004.07.018

Smirnov, V. V., Golovchenko, V. V., Vityazev, F. V., Patova, O. A., Selivanov, N. Y., Selivanova, O. G.,
& Popov, S. V. (2017). The antioxidant properties of pectin fractions isolated from vegetables using
a simulated gastric fluid. Journal of Chemistry, 2017, 5898594,
https://doi.org/10.1155/2017/5898594

Soua, L., Koubaa, M., Barba, F. J., Fakhfakh, J., Ghamgui, H. K., & Chaabouni, S. E. (2020). Water-
soluble polysaccharides from Ephedra alata stems: Structural characterization, functional properties,
and antioxidant activity. Molecules, 25(9), 2210. https://doi.org/10.3390/molecules25092210

Tadera, K., Minami, Y., & Chohchi, M. (2003). Interaction between acidic polysaccharides and proteins.
Bioscience, Biotechnology and Biochemistry, 67(8), 1840-1843. https://doi.org/10.1271/bbb.67.1840

Ullah, S., Khalil, A. A., Shaukat, F., & Song, Y. (2019). Sources, extraction and biomedical properties of
polysaccharides. Foods, 8(8), 304. https://doi.org/10.3390/foods8080304

Wang, J., Hu, S., Nie, S., Yu, Q., & Xie, M. (2016). Reviews on mechanisms of in vitro antioxidant activity
of polysaccharides. Oxidative Medicine and Cellular Longevity, 2016, 5692852.
https://doi.org/10.1155/2016/5692852

Wang, X., Shao, C., Liu, L., Guo, X., Xu, Y., & Lii, X. (2017). Optimization, partial characterization and
antioxidant activity of an exopolysaccharide from Lactobacillus plantarum KX041. International
Journal of Biological Macromolecules, 103, 1173-1184.
https://doi.org/10.1016/j.ijbiomac.2017.05.118

Wen, Y., Zhou, X., Huo, D., Chen, J., Weng, L., Li, B., Wu, Z., Zhang, X., & Li, L. (2022). Optimization
for the extraction of polysaccharides from Huidouba and their in vitro a-glucosidase inhibition
mechanism. Food Bioscience, 49, 101910. https://doi.org/10.1016/j.fb10.2022.101910

Worthington, V. (1993). Alpha amylase. In K. Worthington & V. V. Worthington (Eds.), Worthington
enzyme manual (pp. 36—41). Freehold, NJ: Worthington Biochemical Corp.

Wu, L., Sun, H., Hao, Y., Zheng, X., Song, Q., Dai, S., & Zhu, Z. (2020). Chemical structure and inhibition
on o-glucosidase of the polysaccharides from Cordyceps militaris with different developmental

stages.  International ~ Journal — of  Biological =~ Macromolecules, 148,  722-736.
https://doi.org/10.1016/j.ijbiomac.2020.01.178

Yapo, B. M., Lerouge, P., Thibault, J. F., & Ralet, M. C. (2007). Pectins from citrus peel cell walls contain
homogalacturonans homogenous with respect to molar mass, rhamnogalacturonan I and
rhamnogalacturonan 1. Carbohydrate Polymers, 69(3), 426-435.
https://doi.org/10.1016/j.carbpol.2006.12.024

Zhang, D. Y., Wan, Y., Xu, J. Y., Wu, G. H,, Li, L., & Yao, X. H. (2016). Ultrasound extraction of
polysaccharides from mulberry leaves and their effect on enhancing antioxidant activity.
Carbohydrate Polymers, 137, 473-479. https://doi.org/10.1016/j.carbpol.2015.11.016

https://doi.org/10.24191/IJPNaCS.v9i2.03 UiTM Press, Universiti Teknologi MARA



46 Mohd Rodhi et al. / International Journal of Pharmaceuticals, Nutraceuticals and Cosmetic Science (2026) Vol. 9, No. 3

Zhang, Z., Wang, X., Liu, C., & Li, J. (2016). The degradation, antioxidant and antimutagenic activity of
the mucilage polysaccharide from Dioscorea opposita. Carbohydrate Polymers, 150, 227-231.
https://doi.org/10.1016/j.carbpol.2016.05.034

Zhu, Z. Y., Chen, C. J.,, Sun, H. Q., & Chen, L. J. (2019). Structural characterisation and ACE-inhibitory
activities of polysaccharide from Gastrodia elata Blume. Natural Product Research, 33(12), 1721-
1726. https://doi.org/10.1080/14786419.2018.1434643

@ @ @ © 2026 by the authors. Submitted for possible open access publication under the terms and
o = conditions of the Creative Commons Attribution (CC BY-SA) license

(http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.24191/IJPNaCS.v9i2.03 UiTM Press, Universiti Teknologi MARA




  =  (   W p  W o ) ×   100


  W p


  W o


  %  DPPH  sc  


  %  DPPH  sc   =  (   A  c o n −     A  s a m p l e )   × 100 /     A  c o n t


    A  c o n


    A  s a m p l e


  % A C E   I n h i b i t i o n =    (   A  c o n −     A  s a m p l e /   A  c o n t ) × 100


    A  c o n  


    A  s a m p l e


  %   D P P 4   I n h i b i t i o n =  (   A  c o n −     A  s a m p l e /   A  c o n t )   × 100


    A  c o n


    A  s a m p l e


  %   a m y l a s e   i n h i b i t i o n =    [   A  c o n − (   A  s a m p l e −   A  b l a n k ) ] /   A  c o n × 100


    A  c o n


    A  s a m p l e


    A  b l a n k


  % A G   i n h i b i t i o n =    [   A  c o n − (   A  s a m p l e −   A  b l a n k ) ] /   A  c o n × 100


    A  c o n


    A  s a m p l e


    A  b l a n k

