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Abstract: Seaweed belongs to marine biota and contains nutrients and secondary metabolites ben-
eficial for health. This study aimed to determine the antidiabetic activity of extracts and frac-
tions of green seaweed Halimeda tuna. The H. tuna sample was extracted with the maceration
method using methanol and then partitioned using ethyl acetate and water to obtain ethyl ac-
etate and water fractions. The methanol extract, ethyl acetate fraction, and water fraction of
H. tuna were tested for their inhibitory activity against α-amilase and α-glucosidase. The methanol
extract and the fractions with the highest inhibitory activity were phytochemically tested and ana-
lyzed using gas chromatography–mass spectrometry (GC-MS). The results showed that the ethyl
acetate fraction (IC50 = 0.88 ± 0.20 mg/mL) inhibited α-amylase relatively similar to acarbose
(IC50 = 0.76 ± 0.04 mg/mL). The methanol extract (IC50 = 0.05 ± 0.01 mg/mL) and the ethyl acetate
fraction (IC50 = 0.01 ± 0.00 mg/mL) demonstrated stronger inhibitory activity against α-glucosidase
than acarbose (IC50 = 0.27 ± 0.13 mg/mL). Phytochemical testing showed that the methanol ex-
tract and the ethyl acetate fraction contained secondary metabolites: alkaloids, flavonoids, steroids,
and phenol hydroquinone. The compounds in methanol extract predicted to have inhibitory activ-
ity against α-amylase and α-glucosidase were Docosanol, Neophytadiene, Stigmasta-7,22-dien-3-
ol,acetate,(3.beta.,5.alpha.,22E), Octadecanoic acid,2-oxo-,methyl ester, and phytol, while those in the
ethyl acetate fraction were n-Nonadecane, Phytol, Butyl ester, 14-.Beta.-H-pregna, Octadecenoic acid,
and Oleic acid.

Keywords: Halimeda tuna; α-amylase; α-glucosidase; methanol extract; ethyl acetate fraction

1. Introduction

Diabetes is a metabolic disease caused by low insulin production or insulin hormone
not functioning properly, or it is caused by both [1]. It increases sugar accumulation in the
blood. Blood glucose levels increasing above 200 mg/dL is an early symptom of diabetes
mellitus (hyperglycemia) [2]. Data from the World Health Organization (WHO) in 2021
reported that people with diabetes increased from 108 million in 1980 to 422 million in 2014,
with the majority living in low-to-middle-income countries. In 2019, diabetes ranked as
the ninth cause of death. Consumption patterns can affect health, and several studies have
shown a relationship between high consumption of calories or food and high glycemic
index, and increased risk of type 2 diabetes mellitus [3].
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One of the efforts to cure type 2 diabetes mellitus is using a therapeutic approach
to inhibit the degradation of oligo- and disaccharides during digestion. This can reduce
postprandial hyperglycemia by inhibiting enzymes that hydrolyze carbohydrates in the
digestive tract [4], i.e., the α-amylase enzyme in saliva and pancreas and α-glucosidase
enzymes located at the edge of the small intestine [5]. Synthetic α-glucosidase and α-
amylase inhibitors, such as acarbose, have been widely used to treat type 2 diabetes
patients. However, drug candidates such as acarbose, metformin, and voglibose have side
effects, such as gastrointestinal disturbances, nausea and vomiting, hepatic impairment,
and dizziness. Therefore, there is a need for safer and more effective antidiabetic drug
candidates derived from plants, one of which is from seaweed.

Seaweed contains a high amount of antioxidants and can reduce hyperglycemia in
diabetic patients [6]. Several in vitro and in vivo studies have demonstrated the significant
function of polyphenols from green seaweeds in preventing and managing type 2 diabetes
mellitus [7]. One type of green seaweed known to have potential as an antidiabetic is
H. tuna. H. tuna is one of the green seaweed species reported to have biological activities,
such as antimicrobial [8,9], antioxidant [8,10–12], antifungal [9], and antitumor activities,
and inhibition of α-glucosidase [8].

Chlorophyta, Rhodophyta, and Phaeophyta seaweeds are almost evenly distributed
in Aceh, Indonesia [13]. Halimeda sp. is one of the green seaweeds that are abundant
and ecologically distributed along the coast of Lhok Bubon, West Aceh (Gazali, 2018) [14].
Erniati et al. (2022) [15] also reported that Halimeda sp. is spread over the west coast of
Simeulue Island, Aceh, with a relative frequency of up to 9.22%. However, the application
of green seaweed Halimeda sp., especially H. tuna species, is relatively low compared with
that of brown and red seaweeds, especially the use of its bioactive compounds in the
health sector. Furthermore, research on the antidiabetic activity of H. tuna has not been
widely reported, especially the inhibition of α-amylase and α-glucosidase. Extraction
using universal solvents and fractionation using the liquid–liquid partition method with
several solvents with different levels of polarity can be carried out to show the antidiabetic
potential of bioactive compounds from green seaweed H. tuna. In addition, the different
types of seaweed and their growing location can affect the content and activity of bioactive
compounds as antidiabetics. The purpose of this study was to investigate the antidiabetic
activity of green seaweed H. tuna extracts from Lhok Bubon Coast, West Aceh District.

2. Results
2.1. Inhibitory Activity against α-Amylase

The inhibitory activity against α-amylase of the methanol extract of H. tuna can be
seen in Figure 1. The percentage of inhibition of α-amylase by H. tuna extract and acarbose
produced different results at each concentration. The higher the concentration used was, the
higher the percentage of inhibitory activity against α-amylase obtained was. The highest
inhibition percentage achieved with H. tuna methanol extract was at the concentration
of 10 mg/mL (46.42 ± 1.00%), while the lowest inhibition was at the concentration of
0.625 mg/mL (17.10 ± 1.51%).

Figure 2 illustrates the inhibition of α-amylase by the ethyl acetate fraction of H. tuna,
with the lowest concentration (0.16 mg/mL) having inhibitory activity of 24.88 ± 4.00%
and the highest concentration (2.5 mg/mL) having inhibitory activity of 62.41 ± 1.92%. The
inhibition of α-amylase by the water fraction of H. tuna can be seen in Figure 3; the lowest
concentration (0.16 mg/mL) had inhibitory activity against α-amylase of 22.22 ± 0.48%,
and the highest concentration (2.5 mg/mL) had inhibitory activity of 57.93 ± 1.55%. At
concentrations of 0.63, 1.25, and 2.5 mg/mL, acarbose had higher inhibitory activity than
the water fraction, but at concentrations of 0.16 and 0.31 mg/mL, the water fraction had
higher inhibitory activity than acarbose.
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2.2. Inhibitory Activity against α-Glucosidase

Figure 4 displays the inhibitory activity against α-glucosidase of H. tuna methanol
extract. The results showed that methanol extract at a concentration of 10 mg/mL was
able to inhibit an average of 97.75 ± 1.54% of enzyme activity, while acarbose at the
same concentration inhibited 85.82 ± 3.80% of the activity of α-glucosidase. The ethyl
acetate fraction of H. tuna extract at the concentration of 2.5 mg/mL had inhibitory activity
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of 98.06 ± 2.12%, while the lowest inhibition was at the concentration of 0.08 mg/mL
(66.19 ± 3.33%), as shown in Figure 5. The inhibition of α-glucosidase by the water fraction
of H. tuna is reported in Figure 6, showing that the highest concentration (2.5 mg/mL)
had inhibitory activity of 61.10 ± 5.44%, while the lowest concentration (0.16 mg/mL) had
inhibitory activity of 39.93 ± 2.57%.
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Table 1 shows the IC50 inhibitory activity against α-amylase of the methanol extract,
ethyl acetate fraction, and water fraction of H. tuna, and of acarbose. The ethyl acetate fraction
(IC50 = 0.88 ± 0.20 mg/mL) showed inhibitory activity against α-amylase, which was not
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significantly different from that of acarbose (IC50 = 0.76 ± 0.04 mg/mL). However, the water
fraction (IC50 = 1.50± 0.14 mg/mL) and the methanol extract (IC50 = 11.57± 0.37 mg/mL)
had lower inhibitory activity than acarbose based on the IC50 values.

Table 1. Inhibitory activity (IC50) of H. tuna methanol extract, ethyl acetate fraction, water fraction,
and acarbose against α-amylase and α-glucosidase.

Inhibitor α-Amylase (mg/mL) α-Glucosidase (mg/mL)

Methanol extract 11.58 ± 0.38 a 0.05 ± 0.01 ab

Water fraction 1.50 ± 0.13 b 0.55 ± 0.12 c

Ethyl acetate fraction 0.87 ± 0.20 c 0.01 ± 0.00 a

Acarbose 0.76 ± 0.04 c 0.27 ± 0.13 b

Each value is expressed as mean ± SD in the triplicate experiment. Values (a–c) with different alphabet letters
indicate significant differences among treatments at p < 0.05, which was analyzed using Tukey’s HSD.

2.3. Phytochemical Test

The results of the phytochemical test in Table 2 show that the methanol extract of
H. tuna contains bioactive compounds similar to those of the ethyl acetate fraction. However,
the ethyl acetate fraction had a stronger yield tendency than the methanol extract in terms
of color intensity and the resulting precipitate. The bioactive components of the methanol
extract and ethyl acetate fraction of H. tuna include alkaloids, steroids, flavonoids, and
phenol hydroquinone. Green seaweed H. opuntia obtained from the coast of West Aceh was
extracted using three different solvents: ethanol, ethyl acetate, and n-hexane. The bioactive
components found in ethanol solvent were alkaloids, flavonoids, phenols, tannins, and
steroids; in ethyl acetate solvent, only phenol compounds were found, and in n-hexane
solvent, there were none [16].

Table 2. Phytochemical test results of methanol extract and ethyl acetate fraction of H. tuna.

Test Methanol Extract Ethyl Acetate Fraction Standard (Color)

Alkaloids

Dragendorff + ++ Red or orange
precipitate

Mayer - - Yellowish precipitate
Wagner - - Brown precipitate

Steroids + ++ Green/blue
Triterpenoids - - Red/purple
Saponins - - Stable foam forms
Flavonoids ++ + Yellow-orange
Phenol hydroquinone + + Green/blue to red
Tannins - - Dark blue color

Description: - = Not detected; + = Weak; ++ = Strong.

2.4. Identification of Active Compounds Using GC-MS

The inhibitors tested were the methanol extract and ethyl acetate fraction of H. tuna.
The identification of H. tuna methanol extract compounds was intended as an initial
screening to determine the compounds in the crude extract. Meanwhile, the identification
of ethyl acetate fraction compounds was carried out to determine the active compounds
playing a role in determining the high inhibitory activity of the ethyl acetate fraction of
H. tuna against α-amylase and α-glucosidase. The compounds identified to have biological
activity in the methanol extract of H. tuna are shown in Table 3. The results showed that
H. tuna methanol extract compounds that have potential as antidiabetics were 1-Docosanol
(5.03%), Neophytadiene (41.41%), Stigmasta-7,22-dien-3-ol, acetate,(3. beta.,5.alpha.,22E)
(6.78%), Octadecanoic acid,2-oxo-, methyl ester (20.73%), and Phytol (42.43%). Table 4
presents the compounds with biological activity in the ethyl acetate fraction of H. tuna.
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Table 3. Biological activity of compounds in methanol extract of H. tuna.

No. RT % Area Compound Activity

1 18.010 5.03 1-Docosanol Antidiabetic activity [17]
2 20.441 27.41 2-Nonanol, 5-ethyl- Anticancer activity [18]

3 20.833 6.78
Stigmasta-7,22-dien-3-ol,
acetate, (3.beta.,
5.alpha.,22E)-

Antiulcerogenic and antithrombotic
activities [19]

4 21.065 20.73 Octadecanoic acid, 2-oxo-,
methyl ester

Antibacterial [20] and antidiabetic
activities [21]

6 13.516 41.41 Neophytadiene

Antipyretic, analgesic and
anti-inflammatory, antimicrobial,
antioxidant [22], and antidiabetic
activities [23]

7 13.520 42.43 Phytol

Anxiolytic activity, metabolic
modulation, cytotoxic activity,
antioxidant activity, induces apoptosis,
antinociceptive activity,
anti-inflammatory activity, immune
modulation, antimicrobial effect [24],
and antidiabetic activity [22,25]

Table 4. Biological activity of compounds in ethyl acetate fraction of H. tuna extract.

No. RT % Area Compound Activity

1 19.057 3.06 Octadecyl vinyl ether Antisepsis activity [26]

2 19.380 7.78 n-Tetratetracontane
Antioxidant, anti-inflammatory,
antibacterial, and antiulcerogenic
activities [27]

3 19.508 8.32 3-Ethyl-5-(2′-ethylbutyl)
octadecane

Antioxidant effect and
anti-inflammatory activity [28]

4 19.555 11.30 n-Dotriacontane
Anticonvulsant activity [29],
antioxidant activity, and stomach
cramp reliever [30]

5 23.220 69.53 n-Nonadecane Antidiabetic activity [31]

3. Discussion

The main principle in determining the type of solvent to be used in extraction is based
on the solubility properties of the compounds to be extracted [32]. In this study, we used
methanol as a solvent in the maceration process because methanol is a universal solvent
capable of dissolving various compounds with different polarity levels. Extraction using
methanol is able to extract the active components in the sample optimally so as to produce
the highest antidiabetic activity [33].

For fractionation, in this study, we used the liquid–liquid partition method, referring
to Basir et al.’s [34] method, with water and ethyl acetate (1:1) as solvents. The partition
method for the isolation of secondary metabolites aims to classify compounds based on
differences in their polarity levels. The choice of solvent used in this study was based on
the nature of the secondary metabolites to be extracted. According to [35], the ethyl acetate
compound is a semi-polar solvent that can dissolve semi-polar compounds on the cell
wall. Therefore, the use of ethyl acetate solvent was expected to dissolve semi-polar active
compounds in H. tuna extract, while water is a polar compound for dissolving compounds
that are also polar. Semi-polar solvents are able to extract phenolic compounds, terpenoids,
alkaloids, aglycones, and glycosides [35].

The inhibitory activity of H. tuna methanol extract was lower than that of acarbose
when compared at each concentration. The results are in line with a study conducted by
Chin et al. [36], who reported that H. macroloba seaweed had inhibitory activity against
α-amylase at the highest concentration of 40 mg/mL. Pacheco et al. [37] also found that the
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acetone extract of D. antarctica seaweed at a concentration of 2 mg/mL was able to reduce
α-amylase activity to 56.60 ± 2.00% and Gelidium sp. decreased the activity of α-amylase
to 77.90 ± 2.10%. On the other hand, acarbose (concentration of 1000 µg/mL) decreased
enzyme activity to 37.50± 0.40%. The percentages of inhibition by the ethyl acetate fraction
at concentrations of 2.5 mg/mL and 1.25 mg/mL were lower than those of acarbose, while
at lower concentrations, i.e., 0.63, 0.31, and 0.16 mg/mL, the ethyl acetate fraction had
higher inhibitory activity than acarbose. The results are lower than the data reported
in the research findings of Mohapatra et al. [38], who found that ethyl acetate extract of
green seaweed Ulva fasciata had a percentage of inhibitory activity at a concentration of
100 µg/mL of 60.19 ± 2.24% and that the ethyl acetate fraction of Gracilaria edulis inhibited
the activity of α-amylase at a concentration of 400 µg/mL by 64% [39]. Kumar et al. [40]
reported that the aqueous extracts of seaweeds U. lactuca, S. polycystum, G. edulis, and
G. corticata had an inhibitory effect on α-amylase. Green seaweed extracts of Ulva lactuca
and Ulva reticulata had good inhibitory activity against α-amylase, 83.40 ± 2.50% and
89.10 ± 0.96%, respectively [41].

The results of this study agree with the research by Husni et al. [42], who reported
that the extract of S. hystrix at a concentration of 10 mg/mL had inhibitory activity of
97.31 ± 1.46%, which is higher than the results of the study conducted by Chin et al. [32],
where the aqueous extract of H. macroloba at a concentration of 40 mg/mL had a percentage
of inhibition of the α-glucosidase enzyme of 80.94%.

Research conducted by Nguyen et al. [43] utilizing Laurencia dendroidea seaweed ex-
tracted using 80% methanol and fractionated with n-hexane, chloroform, ethyl acetate, and
butanol showed that the ethyl acetate fraction had the strongest α-glucosidase inhibitory
properties. This could have been due to the large content of polyphenols in the frac-
tion. The mechanism of inhibition of α-glucosidase activity by polyphenolic compounds
is thought to be the blocking of the active site of the diabetic enzyme by polyphenols,
thereby changing the catalytic efficiency of the enzyme [44]. In addition, Husni et al. [42]
reported that the ethyl acetate fraction of S. hystrix extract at a concentration of 100 µg/mL
was able to inhibit the α-glucosidase enzyme by 84.47 ± 4.01%, while inhibition was
44.38 ± 7.50% at a concentration of 6.25 µg/mL. These results were higher than those of
the study by Gunathilaka et al. [39], who reported that the inhibition of α-glucosidase
by the ethyl acetate fraction of seaweed Gracilaria edulis varied from 6% (at the smallest
concentration of 4.16 µg/mL) to 68% (at the concentration of 133.3 µg/mL).

The percentage of inhibition by the water fraction was lower than that of acarbose at
concentrations from 2.5 mg/mL to 0.31 mg/mL, but at the concentration of 0.16 mg/mL,
the percentages of inhibition by acarbose and water fraction were relatively similar. These
results were higher than those of Sanger et al. [45], who reported that the inhibitory activity
of methanol and hexane extracts as well as the chloroform and water fractions of H. durvilae
at a concentration of 5 mg/mL were 18.71 ± 5.40%, 17.53 ± 3.55%, 33.9 ± 2.41%, and
44.56 ± 1.37%, respectively. The water fraction showed the highest percentage of inhibition
at an IC50 of 4.34 ± 0.32 mg/mL, but lower than acarbose at the same concentration.
In addition, the results obtained were also higher than those of the aqueous extract of
H. macroloba (80.94%), showing a higher inhibitory activity against α-glucosidase than
T. conoides (75.22%) at 40 mg/mL [36].

The inhibition activity of α-amylase by methanol extract was also higher than that
by extracts of other seaweed species. Research by Payghami et al. [46], however, showed
the same trend, wherein the IC50 value of inhibition by Sargassum glaucescens methanol
extract was 8.90 ± 2.40 mg/mL, which was greater than that of inhibition by acarbose of
6.60 ± 2.10 mg/mL. Senthilkumar and Sudha [47] reported the IC50 values of inhibition
of α-amylase by aqueous extracts of seaweed U. lactuca, S. polycystum, G. edulis, and
G. corticate (67 µg/mL, 60 g/mL, 83 µg/mL, and 82 µg/mL). Mohapatra et al. [38] added
that extraction using ethyl acetate of green seaweed Ulva fasciata had a strong inhibitory
activity against α-amylase (IC50 = 69.12 g/mL) compared with the positive control, acarbose
(IC50 = 49.34 µg/mL).
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The active compounds from the methanol extract and the ethyl acetate fraction of
H. tuna identified using the phytochemical tests are believed to play a role in provid-
ing antidiabetic activity. Surya et al. [48] reported that the phytochemical compounds
identified were suspected to be bioactive compounds with the following characteristics:
hypoglycemic effects, including alkaloids, flavonoids, steroids, glycosides, and protein
tyrosine phosphatase-1B; inhibitory activity against advanced glycation end products;
increased insulin secretion and sensitivity abilities; increased glucose absorption ability;
and antioxidant ability [49]. Steroid compounds have strong antioxidant, hypoglycemic,
and thyroid blocking properties [50]. Meanwhile, Lauro et al. [51] explained that the steroid
derivative compound pregnenolone–dihydrotestosterone conjugate induces changes in
glucose levels similar to glibenclamide. The antidiabetic activity of flavonoids acts on
targets involved in type 2 diabetes mellitus, such as aldose reductase, α-glucosidase, and
DPP-4 [52], and in insulin-dependent diabetes mellitus, the flavonoid compound quercetin
has been reported to increase insulin release by increasing the regeneration of pancreatic
islet cells [53]. Groups of phenols and flavonoids are those found in higher plants. The
existing phenolic compounds with hydroxyl groups attached to aromatic rings are effec-
tive compounds with antioxidant and antibacterial activities, because these compounds
reduce free radicals [54]. Hyperglycemic conditions can induce tissue damage and the
production of free radicals, and the presence of phenolic compounds can limit oxidative
stress due to the large production of free radicals. Therefore, antioxidant activity is closely
related to reducing diabetes complications under hyperglycemic conditions. In addition,
flavonoid compounds, among the phenolic compounds, have inhibitory activity against
α-glucosidase [55].

The secondary metabolites of alkaloids, flavonoids, and terpenoids are naturally
capable inhibitors of α-glucosidase. These secondary metabolites have been tested either
in vitro or in vivo to reduce blood glucose levels [56]. Bioactive compounds that provide
hypoglycemic effects include alkaloids, flavonoids, steroids, and glycosides [48]. Fatty
acids are known to be able to inhibit the activity of carbohydrate-breaking enzymes, both
α-amylase and α-glucosidase. Through the mechanism of competitive inhibition, fatty acid
inhibitors are able to bind to the active site of the substrate, resulting in the active site of
the enzyme being unable to react with the substrate [57]. Octadecanoic acid is suspected to
be the cause of decreased blood glucose levels in STZ-induced diabetic rats [58].

Compound 1-Docosanol is one of the compounds identified and has antidiabetic
activity. Jhong et al. [17] demonstrated the in vitro antidiabetic activity of docosanol and
reported the ability of 1-Docosanol to inhibit digestive enzymes. In addition, the binding
affinity of docosanol has been demonstrated in in silico studies. Janaki et al. [59] reported
that the antidiabetic activity of Fusinus nicobaricus is indicated by the presence of one of
the bioactive compounds, 1-Docosanol. Neophytadiene is a terpene group found in many
plants, for example, in extracts of Achlea ligustica, which exhibits antiradical and antidiabetic
potential with excellent yield [23]. A GC-MS analysis of red algae, Centroceras clavulatum
(C. Agardh), revealed the presence of Neophytadiene and phytol, which function as anal-
gesic, antidiabetic, antipyretic, and anti-inflammatory drugs [60]. Phytol has a potential
role in the management of insulin resistance and metabolic disorders that accompany
diabetes and obesity [25]. Phytol is an important diterpene with antimicrobial, antioxidant,
and anticancer activities [61]. One of the compounds found in both the methanol extract
and the ethyl acetate fraction of H. tuna that is thought to act as an antidiabetic is phytol.
Elmazar et al. [25] reported that phytols have a potential role in the management of in-
sulin resistance and metabolic disorders that accompany diabetes by activating retinoid
X receptor (RXR) through its metabolites and modulating other factors associated with
metabolic disorders. In addition, docking studies of phytanic acid molecules on two crystal
structures of peroxisome proliferator-activated receptor nuclear receptors (PPARc)-binding
protein and RXRa/PPARc heterodimers show that phytol acts by activating PPARs and
heterodimerizing RXR with PPARc using phytanic acid. Stigmasta-7,22-dien-3-ol, acetate,
(3.beta.,5.alpha.,22E) is a class of stigmasterol compounds. Poulose et al. [62] reported that
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stigmasterol compounds from seaweed Gelidium spinosum had better inhibitory activity
than acarbose against α-amylase and α-glucosidase at the same concentration.

Table 4 shows that the Nonadecane compound has potential as an antidiabetic.
Senarath et al. [31] reported that Nonadecane can be an antioxidant and antidiabetic
compound due to the inhibition of the α-amylase enzyme in vitro. Eicosane and Nonade-
cane were reported to have antioxidant and antidiabetic potential [63]. The compound
14-.Beta.-H-pregna, a steroid group, is also estimated to have antidiabetic activity due to its
hypolidemic activity [64]. Phytol compounds were also detected in the ethyl acetate fraction
of H. tuna extract, and these compounds may have a role in the high antidiabetic activity of
the ethyl acetate fraction. Phytol significantly suppresses the increase in postprandial blood
glucose levels through the activation of AMPK, not AKT, in skeletal muscle and increases
the abnormal pattern of insulin secretion in obese mice [65].

The octadecanoic acid compounds identified in this study may play a role in increasing
the antidiabetic activity of the ethyl acetate fraction in inhibiting α-amylase and -glucosidase
enzymes. Octadecanoic acid is suspected to be the cause of decreased blood glucose levels
in STZ-induced diabetic rats [55]. These results correspond with the research of Osman
and Hussein [66], who discovered that the compounds 9,12.5-octadecatrienoic acid methyl
ester and 9,2-octadecadienoic acid methyl ester can protect the pancreas from changes
in normality induced in diabetes. Wuttke et al. [21] also reported that hexadecanoic
acid, octadecanoic acid, and eicosanoic acid have been shown to exhibit antidiabetic
activity by influencing insulin secretion, insulin stimulation, and α-glucosidase inhibitors.
Su et al. [57], in their research paper, explained that oleic acid and linoleic acid had the
highest activity in inhibiting α-glucosidase, similar to acarbose in hydrolyzing starch, but
had low activity in inhibiting α-amylase.

4. Materials and Methods
4.1. Sample Collection and Identification

Samples of green seaweed H. tuna were collected from the coast of Lhok Bubon,
Samatiga Subdistrict, West Aceh District, Aceh Province. The samples were washed with
fresh water to remove the adhering sand and dirt. The wet samples were then dried at room
temperature. The wet and dry samples were sent to Universitas Gadjah Mada, Yogyakarta.
Fresh seaweed samples were identified at Plant Systematics Laboratory, Faculty of Biology,
Universitas Gadjah Mada, to determine the specific type. Dry samples were cut into 1 cm
pieces using scissors. Seaweed was weighed and stored at −20 ◦C.

4.2. Extraction of Seaweed

The extraction of green seaweed H. tuna was performed following Azizi et al.’s [67]
method with modifications. The dried H. tuna samples were dissolved in methanol (1:8).
The extraction process was carried out for 24 h at room temperature. Next, the samples
were filtered using Whatman filter paper No. 42. The sample filtrate was evaporated using
a rotary evaporator (40 ◦C, 60 rpm), followed by nitrogen evaporation. The extract was
dried using a freeze-dyer for 24 h and stored at −20 ◦C.

4.3. Liquid–Liquid Partition

The liquid–liquid partition of green seaweed H. tuna extract was carried out based
on the method of Basir et al. [34] with slight modifications. In the liquid–liquid partition
method, ethyl acetate and water are used in a ratio of 1:1 (v/v). The dry extract was
dissolved in ethyl acetate and water (1:1, v/v) into a separating funnel. The mixture was
shaken slowly for 10 min and allowed to stand until the water and ethyl acetate fractions
separated. The ethyl acetate fraction (top) was concentrated in a water bath at 50 ◦C, and
the water fraction (bottom) was concentrated in a water bath at 60–80 ◦C. The resulting dry
yield was then stored at −20 ◦C.
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4.4. Inhibitory Activity against α-Amylase

The inhibitory activity against α-amylase was assessed by referring to the method of
Husni et al. [42] with minor modifications. The samples used were methanol extract, ethyl
acetate fraction, water fraction, and acarbose as a control. The S1 solution was prepared by
inserting 25 µL of the sample dissolved in dimethyl sulfoxide (DMSO) into the microplate,
followed by adding α-amylase at 13 U/mL (25 µL). The mixture was incubated for 10 min
at 37 ◦C. Next, the mixture was combined with 1% starch as the substrate (25 µL) and re-
incubated at 37 ◦C for 10 min. After the incubation process, the mixture was supplemented
with 50 µL of 3,5-dinitrosalicylic acid (DNS) color reagent and heated in boiling water for
5–10 min to stop the reaction. The mixture was cooled at room temperature and transferred
into a cuvette filled with 500 mL of distilled water. The S0 solution was prepared similarly,
but the addition of α-amylase was replaced with 25 µL of phosphate buffer at pH 7. While
the preparation of solutions K and B was also performed in the same way as S1 and S0, the
sample was replaced with phosphate buffer. Each test system was repeated three times.
Absorbance was measured with a spectrophotometer at a wavelength of 540 nm. Inhibition
was calculated based on the following formula:

Inhibition (%) =
(K− B)− (S1− S0)

(K− B)
× 100

where K = control with enzyme addition; B = control without enzyme addition; S1 = sample
with addition of enzyme; and S0 = sample without addition of enzyme.

4.5. Inhibitory Activity against α-Glucosidase

The inhibitory activity against α-glucosidase was assessed by referring to the method
of Azizi et al. [68] with slight modifications. The samples used were methanol extract,
ethyl acetate fraction, water fraction, and acarbose as a control. The preparation of the
S1 solution was carried out by inserting 50 µL of phosphate buffer into the microplate
before adding 25 µL of 0.5 mM p-Nitrophenyl-α-D-glucopyranoside (p-NPG) substrate.
The mixture was mixed with 25 µL of the sample and dissolved in dimethyl sulfoxide
(DMSO) and 25 µL of 0.2 U/mL α-glucosidase. The mixture was incubated for 30 min at
37 ◦C. The reaction was stopped by adding 100 µL of Na2CO3 at 0.2 M. The S0 solution
was prepared in the same way, but α-glucosidase was replaced with 75 µL of phosphate
buffer at pH 7. Meanwhile, the K and B solutions were prepared similarly to S1 and S0,
where the sample was replaced with phosphate buffer. Each test system was repeated three
times. The inhibitory activity was measured with the amount of p-nitrophenol produced
by measuring its absorbance using an ELISA microplate reader at 405 nm. Inhibition was
calculated based on the following formula:

Inhibition (%) =
(K− B)− (S1− S0)

(K− B)
× 100

where K = control with enzyme addition; B = control without enzyme addition; S1 = sample
with addition of enzyme; and S0 = sample without addition of enzyme.

4.6. Phytochemical Analysis

Phytochemical analysis is a qualitative analysis to determine the content of bioactive
components in the extract. The presence of flavonoids, steroids, triterpenoids, tannins,
alkaloids, phenol hydroquinone, and saponins in the methanol extract and the ethyl acetate
fraction of H. tuna were investigated. The color intensity or precipitate formation was used
as an analytical response for this analysis.

4.6.1. Flavonoid Test

The flavonoid test was performed according to the method of Devi [68] with some
modifications. The sample (2 drops) was put into a test tube; then, 2–4 drops of 10% NaOH
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solution were added. A color change from yellow to brownish yellow indicated that the
sample contained flavonoids.

4.6.2. Steroid and Triterpenoid Test

Steroids and triterpenoids were tested based on the method of Widiowati et al. [69]
with modifications. The extract (25 mg) was added to chloroform (1:1) on a drip plate and
allowed to dry; then, 5 drops of anhydrous acetic acid CH3COOH were added and stirred
to obtain a homogeneous mixture. Then, concentrated acetic acid (H2SO4) was added to
the mixture. The results showed the content of triterpenoids, indicated by the formation
of red or purple color, and the content of steroids, indicated by the formation of green or
blue color.

4.6.3. Tannin Test

The modified method of Widiowati et al. [69] was used for the tannin test on H. tuna
extract. The sample (25 mg) was dissolved with 10 mL of hot aquabides, and the solution
was then filtered. The filtrate (5 mL) was put into a test tube, and 2 drops of 1% FeCl3 were
added. The presence of tannins was indicated by blackish color.

4.6.4. Alkaloid Test

The modified method of Widiowati et al. [69] was applied for alkaloid testing. The
extract (25 mg) was put into a vial, supplemented with 5 drops of NH3 and 5 mL of
CHCl3, and shaken. Later, 5 drops of 2 M H2SO4 were added and stirred. The solution
was then allowed to stand to form a layer. The first layer formed was taken and divided
into three test tubes. Furthermore, in each test tube, reagents were added successively,
namely, Dragendorff’s, Mayer’s, and Wagner’s reagents. The test results with Dragendorff’s
reagent are positive for alkaloids if a red or orange precipitate forms, while Mayer’s
reagent indicates that the sample is positive for alkaloids if a yellowish white precipitate
forms, and if using Wagner’s reagent, the presence of alkaloids can be seen when a brown
precipitate forms.

4.6.5. Saponin Test

Saponin testing was performed using the modified method of Harborne [35]. The
sample (25 mg) was dissolved with hot water (1:1) into a vial. If stable foam formed after
the vial was shaken and allowed to stand for 30 min and did not disappear after 2 drops of
2 N HCl solution was added, this indicated that the sample contained saponins.

4.6.6. Phenol Hydroquinone Test

Phenol hydroquinone was tested according to the modified method of Harborne [35].
The sample (25 mg) was put into a test tube. The sample was then mixed with 2 mL
of 70% ethanol and supplemented with 2 drops of 5% FeCl3. Sample content of phenol
hydroquinone was indicated by the change in color to green/blue to red.

4.7. Identification of Active Compounds Using GC-MS

Compounds were identified using the gas chromatography–mass spectrometry (GC-
MS) method. In GC-MS, the analyte is separated using gas chromatography, and its
identity is confirmed using mass spectrophotometry techniques [70]. The sample was first
dissolved in 50 µL of organic solvent. A sample of 10 µL was injected in the injection port at
290 ◦C. The volatilized sample was carried by helium at a flow rate of 1 mL/min through
a gas chromatography column. The temperature at the time of injection was 80 ◦C and
increased by 10 ◦C per minute, with a final temperature of 300 ◦C (43 min) [70]. The
detection of compounds took place in a mass spectrometry system with the mechanism of
crashing or bombarding compounds with electrons to form ionized molecules and record
fragmentation patterns. The fragmented mass components were compared with WILEY
and NIST standard reference data, as indicated by the percentage similarity index (SI) [38].
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4.8. Data Analysis

The data obtained in this study were in the form of extract concentration versus
percent inhibition of α-amylase and α-glucosidase. The data were then plotted to generate
a regression equation. The IC50 activity values of H. tuna extract and its fractions against
α-amylase and α-glucosidase were obtained using the regression equation. The percent
inhibition value of each sample and the IC50 value were tested statistically with one-way
ANOVA. If the treatment was significant, Tukey’s HSD test was employed. Meanwhile, the
percent yield produced was calculated with a T-test for unpaired data using (SPSS) with a
95% confidence interval.

5. Conclusions

Extracts and fractions of H. tuna showed inhibitory activity against α-amylase and
α-glucosidase. The ethyl acetate fraction (IC50 = 0.87 ± 0.20 mg/mL) showed inhibitory
activity against α-amylase that was close to that of acarbose (IC50 = 0.76 ± 0.04 mg/mL)
but higher than that of the water fraction (IC50 = 1.50 ± 0.13 mg/mL) and methanol
extract (IC50 = 11.57 ± 0.37 mg/mL). Methanol extract (IC50 = 0.05 ± 0.01 mg/mL)
and ethyl acetate fraction (IC50 = 0.01 ± 0.00 mg/mL) showed higher inhibitory activ-
ity against α-glucosidase than acarbose (IC50 = 0.27 ± 0.13 mg/mL), but the water fraction
(IC50 = 0.55 ± 0.12 mg/mL) showed lower activity. The methanol extract and ethyl ac-
etate fraction of H. tuna contained secondary metabolite components: alkaloids, steroids,
flavonoids, and phenol hydroquinone. Compounds believed to play a role in the in-
hibition of α-amylase and α-glucosidase were found in methanol extract, namely, 1-
Docosanol, Neophytadiene, Stigmasta-7,22-dien-3-ol,acetate,(3.beta.,5. alpha.,22E), Oc-
tadecanoic acid,2-oxo-,methyl ester, and Phytol. Meanwhile, the ethyl acetate fraction
contained n-Nonadecane, Phytol, Butyl Ester, 14-Beta.-H-Pregna, Octadecenoic acid, and
Oleic acid. However, until now, it is not known exactly which compound acts as an an-
tidiabetic in H. tuna. Therefore, further isolation and purification are necessary to obtain
antidiabetic compounds from seaweed.
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α-glucosidase, antitumour, antioxidative, antimicrobial activity, nutritive and health protective potential of some seaweeds from
the Adriatic coast of Montenegro. Farmacia 2017, 65, 731–740.

9. Abdelrheem, D.A.; Rahman, A.A.; Elsayed, K.N.M.; Ahmed, S.A. GC/MS spectroscopic approach, antimicrobial activity and
cytotoxicity of some marine macroalgae from Qusier and Marsa Alam Seashore (Red Sea), Egypt. Egypt. J. Aquat. Biol. Fish. 2020,
24, 125–144. [CrossRef]

10. Gazali, M.; Nurjanah; Zamani, N.P. The screening of bioactive compound of the green algae Halimeda macroloba (Decaisne, 1841)
as an antioxidant agent from Banyak Island Aceh Singkil. IOP Conf. Ser. Earth Environ. Sci. 2019, 348, 012043. [CrossRef]

11. Gazali, M.; Nurjanah; Zamani, N.P.; Zuriat; Nasution, M.A. A study on a potential bioactive compound in green seaweed
Chaetomorpha antennina Kützing (1847) extract as antioxidant from the Gosong Telaga Coast, Aceh Singkil. IOP Conf. Ser. Earth
Environ. Sci. 2020, 564, 012058. [CrossRef]

12. Gazali, M.; Nurjanah; Zamani, N.P.; Nasution, M.A.; Zuriat; Syafitri, R. Screening for antioxidant activity in extracts of the marine
macro algae Enteromorpha flexuosa (Wulfen) J. Agardh from South Aceh. IOP Conf. Ser. Earth Environ. Sci. 2021, 763, 012027.
[CrossRef]

13. Diansyah, S.; Kusumawati, I.; Hardinata, F. Inventarisasi jenis-jenis makroalga di Pantai Lhok Bubon Kecamatan Samatiga
Kabupaten Aceh Barat. J. Perikan. Trop. 2018, 5, 93–103. [CrossRef]

14. Gazali, M. Aktivitas inhibitor tirosinase rumput laut Halimeda spp. dari Pesisir Aceh Barat. J. Perikan. Trop. 2018, 5, 149–159.
[CrossRef]

15. Erniati, E.; Syahrial, S.; Imanullah, I.; Erlangga, E.; Nurul‘Akla, C.M.; Shobara, W.; Nasuha, J.; Ritonga, G.H.; Daulay, A.M.;
Romansah, H.; et al. Rumput laut yang tumbuh alami di pantai Barat Pulau Simeulue, Aceh Indonesia: Faktor lingkungan dan
variasi geografik. J. Perikan. Trop. 2022, 25, 29–38. [CrossRef]

16. Gazali, M.; Nurjanah; Neviaty, P.Z. Skreening alga hijau Halimeda opuntia (Linnaeus) sebagai antioksidan dari Pesisir Aceh Barat.
J. Ilmu Pertan. Indones. 2019, 24, 267–272. [CrossRef]

17. Jhong, C.H.; Riyaphan, J.; Lin, S.H.; Chia, Y.C.; Weng, C.F. Screening alpha-glucosidase and alpha-amylase inhibitors from natural
compounds by molecular docking in silico. Biofactors 2015, 41, 242–251. [CrossRef] [PubMed]

18. Saranya, M.S.; Arunprasath, A. Evaluation of phytochemical compounds in Corbichonia decumbens (Frossk). Excell by using Gas
Chromatography-Mass Spectrometry. J. Appl. Adv. Res 2019, 4, 89–93. [CrossRef]

19. Madhubala, M.; Santhi, G. Phytochemical and GC-MS analysis on leaves of selected medicinal plants in Boraginaceae family
Cordia dichotoma L. Pramana Res. J. 2019, 9, 2249–2276.

20. Kanthaiah, K.; Velu, R.K. Characterization of the bioactive metabolite from a plant growth promoting rhizobacteria Pseudomonas
aeruginosa VRKK1 and exploitation of antibacterial behavior against Xanthomonas campestris a causative agent of bacterial blight
disease in cowpea. Arch. Phytopathol. Plant Prot. 2022, 55, 797–814. [CrossRef]

21. Wuttke, A.; Idevall-Hagren, O.; Tengholm, A. P2Y1 receptor-dependent diacylglycerol signaling microdomains in β cells promote
insulin secretion. FASEB J. 2013, 27, 1610–1620. [CrossRef]

22. Anjali, K.P.; Sangeetha, B.M.; Devi, G.; Raghunathan, R.; Dutta, S. Bioprospecting of seaweeds (Ulva lactuca and Stoechospermum
marginatum): The compound characterization and functional applications in medicine-a comparative study. J. Photochem. Photobiol.
B Biol. 2019, 200, 111622. [CrossRef]

23. Conforti, F.; Loizzo, M.R.; Statti, G.A.; Menichini, F. Comparative radical scavenging and antidiabetic activities of methanolic
extract and fractions from Achillea ligustica ALL. Biol. Pharm. Bull. 2005, 28, 1791–1794. [CrossRef] [PubMed]

24. Islam, M.T.; Ali, E.S.; Uddin, S.J.; Shaw, S.; Islam, M.A.; Ahmed, M.I.; Shill, M.C.; Karmakar, U.K.; Yarla, N.S.; Khan, I.N.; et al.
Phytol: A review of biomedical activities. Food Chem. Toxicol. 2018, 121, 82–94. [CrossRef]

25. Elmazar, M.M.; El-Abhar, H.S.; Schaalan, M.F.; Farag, N.A. Phytol/phytanic acid and insulin resistance: Potential role of phytanic
acid proven by docking simulation and modulation of biochemical alterations. PLoS ONE 2013, 8, e45638. [CrossRef]

26. Amudha, M.; Rani, S. GC-MS analysis of bioactive components of Cordia retusa (Boraginaceae). Hygeia J. Drug Med. 2014, 6, 12–19.
[CrossRef]

27. Zayed, M.Z.; Wu, A.; Sallam, S.M. Comparative phytochemical constituents of Leucaena leucocephala (Lam.) leaves, fruits, stem
barks, and wood branches grown in Egypt using GC-MS method coupled with multivariate statistical approaches. BioResources
2019, 14, 996–1013. [CrossRef]

28. Al-Marzoqi, A.H.; Hameed, I.H.; Idan, S.A. Analysis of bioactive chemical components of two medicinal plants (Coriandrum
sativum and Melia azedarach) leaves using gas chromatography-mass spectrometry (GC-MS). Afr. J. Biotechnol. 2015, 14, 2812–2830.
[CrossRef]

29. Signe, J.K.; Aponglen, G.A.; Ajeck, J.M.; Taiwe, G.S. Anticonvulsant activities of friedelan-3-one and n-dotriacontane both isolated
from Harungana madagascariensis Lam (Hypericaceae) seeds extracts. J. Med. Plants Res. 2020, 14, 509–517.

http://doi.org/10.14499/indonesianjpharm0iss0pp151-157
http://doi.org/10.1002/fft2.15
http://doi.org/10.21608/ejabf.2020.88670
http://doi.org/10.1088/1755-1315/348/1/012043
http://doi.org/10.1088/1755-1315/564/1/012058
http://doi.org/10.1088/1755-1315/763/1/012027
http://doi.org/10.35308/jpt.v5i1.1029
http://doi.org/10.35308/jpt.v5i2.1034
http://doi.org/10.14710/jkt.v25i1.12645
http://doi.org/10.18343/jipi.24.3.267
http://doi.org/10.1002/biof.1219
http://www.ncbi.nlm.nih.gov/pubmed/26154585
http://doi.org/10.21839/jaar.2019.v4i3.291
http://doi.org/10.1080/03235408.2018.1557883
http://doi.org/10.1096/fj.12-221499
http://doi.org/10.1016/j.jphotobiol.2019.111622
http://doi.org/10.1248/bpb.28.1791
http://www.ncbi.nlm.nih.gov/pubmed/16141563
http://doi.org/10.1016/j.fct.2018.08.032
http://doi.org/10.1371/journal.pone.0045638
http://doi.org/10.15254/H.J.D.Med.6.2014.117
http://doi.org/10.15376/biores.14.1.996-1013
http://doi.org/10.5897/AJB2015.14956


Plants 2023, 12, 393 15 of 16

30. Soosairaj, S.; Dons, T. Bio-active compounds analysis and characterization in Ethanolic plant extracts of Justicia tranquebariensis L.
(Acanthaceae)-using GC-MS. Int. J. Chemtech Res. 2016, 9, 260–265.

31. Senarath, W.T.P.S.K.; Pizon, J.R.L.; Nuñeza, O.M.; Uy, M.M. In-vitro alpha-amylase inhibitory activity, antioxidant potential, and
GC-MS analysis of crepe ginger (Costus speciosus (J. Koenig.) Sm) leaves. Int. J. Pharma. Sci. Res. 2018, 9, 4741–4749.

32. Kemit, N.; Widarta, I.W.R.; Nocianitri, K.A. Pengaruh jenis pelarut dan waktu maserasi terhadap kandungan senyawa flavonoid
dan aktivitas antioksidan ekstrak daun alpukat (Persea Americana Mill). ITEPA J. Ilmu Dan Teknol. Pangan 2016, 5, 130–141.

33. Iwai, K. Antidiabetic and antioxidant effect of polyphenols in brown alga Ecklonia stolonifera in genetically diabetic kk-a9y mice.
Plant Food Hum. Nutr. 2008, 63, 163–169. [CrossRef] [PubMed]

34. Basir, A.; Tarman, K.; Desniar, D. Antibacterial and antioxidant activity of green algae Halimeda gracilis from Seribu Island District.
JPHPI 2017, 20, 211–218. [CrossRef]

35. Harbone, J.B. Phytochemical Methods—A Guide to Modern Techniques of Plant Analysis, 3rd ed.; Chapman and Hall: London, UK,
1998; pp. 36–89.

36. Chin, Y.X.; Lim, P.E.; Maggs, C.A.; Phang, S.M.; Sharifuddin, Y.; Green, B.D. Anti-diabetic potential of selected Malaysian
seaweeds. J. Appl. Phycol. 2015, 27, 2137–2148. [CrossRef]

37. Pacheco, L.V.; Parada, J.; Pérez-Correa, J.R.; Mariotti-Celis, M.S.; Erpel, F.; Zambrano, A.; Palacios, M. Bioactive polyphenols from
southern Chile seaweed as inhibitors of enzymes for starch digestion. Mar. Drugs 2020, 18, 353. [CrossRef]

38. Mohapatra, L.; Bhattamisra, S.K.; Panigrahy, R.C.; Parida, S.K. Evaluation of the antioxidant, hypoglycemic and anti-diabetic
activities of some seaweed collected from the East Coast of India. Biomed. Pharmacol. J. 2016, 9, 365–375. [CrossRef]

39. Gunathilaka, T.L.; Samarakoon, K.W.; Ranasinghe, P.; Peiris, L.D.C. In-vitro antioxidant, hypoglycemic activity, and identification
of bioactive compounds in phenol-rich extract from the marine red algae Gracilaria edulis (Gmelin) Silva. Molecules 2019, 24, 3708.
[CrossRef]

40. Kumar, A.; Kumari, S.N.; Bhargavan, D. Evaluation of in vitro antioxidant potential of ethanolic extract from the leaves of
Achyranthes aspera. Asian J. Pharm. Clinic. Res. 2012, 5, 146–148.

41. Reka, P.; Banu, T.; Seethalakshmi, M. Alpha amylase and alpha glucosidase inhibition activity of selected edible seaweeds from
south coast area of India. Int. J. Pharm. Pharm. Sci. 2017, 9, 64–68. [CrossRef]

42. Husni, A.; Pratiwi, T.; Samudra, A.G.; Nugroho, A.E. In vitro antidiabetic activity of Sargassum hystrix and Eucheuma denticulatum
from Yogyakarta Beach of Indonesia: Antidiabetic activity of S. hystrix and E. denticulatum. Proc. Pak. Acad. Sci. B Life Environ. Sci.
2018, 55, 1–8.

43. Nguyen, T.H.; Nguyen, T.L.P.; Tran, T.V.A.; Do, A.D.; Kim, S.M. Antidiabetic and antioxidant activities of red seaweed Laurencia
dendroidea. Asian Pac. J. Trop. Biomed. 2019, 9, 501. [CrossRef]

44. Pirian, K.; Moein, S.; Sohrabipour, J.; Rabiei, R.; Blomster, J. Antidiabetic and antioxidant activities of brown and red macroalgae
from the Persian Gulf. J. App. Phycol. 2017, 29, 3151–3159. [CrossRef]

45. Sanger, G.; Rarung, L.K.; Damongilala, L.J.; Kaseger, B.E.; Montolalu, L.A.D.Y. Phytochemical constituents and antidiabetic
activity of edible marine red seaweed (Halymenia durvilae). IOP Conf. Ser. Earth Environ. Sci. 2019, 278, 012069. [CrossRef]

46. Payghami, N.; Jamili, S.; Rustaiyan, A.; Saeidnia, S.; Nikan, M.; Gohari, A.R. Alpha-amylase inhibitory activity and sterol
composition of the marine algae, Sargassum glaucescens. Pharmac. Res. 2015, 7, 314–321. [CrossRef]

47. Senthilkumar, P.; Sudha, S. Evaluation of alpha-amylase and alphaglucosidase inhibitory properties of selected seaweeds from
Gulf of Mannar. Int. Res. J. Pharm. 2012, 3, 128–130.

48. Surya, S.; Salam, A.D.; Tomy, D.V.; Carla, B.; Kumar, R.A.; Sunil, C. Diabetes mellitus and medical plants-a review. Asian Pac. J.
Trop. Dis. 2014, 4, 337–347. [CrossRef]

49. Adhikari, B. Roles of alkaloids from medicinal plants in the management of diabetes mellitus. J. Chem. 2021, 2021, 2691525.
[CrossRef]

50. Gabay, O.; Sanchez, C.; Salvat, C.; Chevy, F.; Breton, M.; Nourissat, G.; Wolf, C.; Jacques, C.; Berenbaum, F. Stigmasterol:
A phytosterol with potential anti-osteoarthritic properties. Osteoarthr. Cartil. 2010, 18, 106–116. [CrossRef]

51. Lauro, F.V.; Francisco, D.C.; Lenin, H.H.; Elodia, G.C.; Eduardo, P.G.; Marcela, R.N.; Bety, S.A. New steroid derivative with
hypoglycemic activity. Int. J. Clin. Exp. Med. 2014, 7, 3983–3991.

52. Jacques, P.F.; Cassidy, A.; Rogers, G.; Peterson, J.J.; Meigs, J.B.; Dwyer, J.T. Higher dietary flavonol intake is associated with lower
incidence of type 2 diabetes. J. Nutr. 2013, 143, 1474–1480. [CrossRef]

53. Nicolle, E.; Souard, F.; Faure, P.; Boumendjel, A. Flavonoids as promising lead compounds in type 2 diabetes mellitus: Molecules
of interest and structure-activity relationship. Curr. Med. Chem. 2011, 18, 2661–2672. [CrossRef]

54. Oke, J.M.; Hamburger, M.O. Screening of Some Nigerian Medicinal Plants for Antioxidant Activity Using 2, 2, diphenyl-picryl-
hydrazyl radical. Afr. J. Biomed. Res. 2002, 5, 77–79. [CrossRef]

55. Xu, H. Inhibition kinetics of flavonoids on yeast α-glucosidase merged with docking simulation. Prot. Pept. Lett. 2010, 17,
1270–1279. [CrossRef]

56. Ghani, U. Re-exploring promising α-glucosidase inhibitors for potential development into oral anti-diabetic drugs: Finding
needle in the haystack. Europ. J. Med. Chem. 2015, 103, 133–162. [CrossRef] [PubMed]

57. Su, C.H.; Hsu, C.H.; Ng, L.T. Inhibitory potential of fatty acids on key enzymes related to type 2 diabetes. Biofactors 2013, 39,
415–421. [CrossRef] [PubMed]

http://doi.org/10.1007/s11130-008-0098-4
http://www.ncbi.nlm.nih.gov/pubmed/18958624
http://doi.org/10.17844/jphpi.v20i2.17507
http://doi.org/10.1007/s10811-014-0462-8
http://doi.org/10.3390/md18070353
http://doi.org/10.13005/bpj/948
http://doi.org/10.3390/molecules24203708
http://doi.org/10.22159/ijpps.2017v9i6.17684
http://doi.org/10.4103/2221-1691.271723
http://doi.org/10.1007/s10811-017-1152-0
http://doi.org/10.1088/1755-1315/278/1/012069
http://doi.org/10.4103/0974-8490.167893
http://doi.org/10.1016/S2222-1808(14)60585-5
http://doi.org/10.1155/2021/2691525
http://doi.org/10.1016/j.joca.2009.08.019
http://doi.org/10.3945/jn.113.177212
http://doi.org/10.2174/092986711795933777
http://doi.org/10.4314/ajbr.v5i1-2.53985
http://doi.org/10.2174/092986610792231492
http://doi.org/10.1016/j.ejmech.2015.08.043
http://www.ncbi.nlm.nih.gov/pubmed/26344912
http://doi.org/10.1002/biof.1082
http://www.ncbi.nlm.nih.gov/pubmed/23355366


Plants 2023, 12, 393 16 of 16

58. El Barky, A.R.; Hussein, S.A.; Alm-Eldeen, A.A.; Hafez, Y.A.; Mohamed, T.M. Anti-diabetic activity of Holothuria thomasi saponin.
Biomed. Pharmacother. 2016, 84, 1472–1487. [CrossRef] [PubMed]

59. Janaki, M.; Santhi, V.; Kannagi, A.N.I.T.A. Bioactive potential of Fusinus nicobaricus from Gulf of Mannar. Int. J. Pharmaaceut. Res.
Biosci. 2015, 4, 262–270. [CrossRef]

60. Rocha, O.P.; Felício, R.D.; Rodrigues, A.H.B.; Ambrósio, D.L.; Cicarelli, R.M.B.; Albuquerque, S.D.; Young, M.C.M.; Yokoya, N.S.;
Debonsi, H.M. Chemical profile and biological potential of non-polar fractions from Centroceras clavulatum (C. Agardh) Montagne
(Ceramiales, Rhodophyta). Molecules 2011, 16, 7105–7114. [CrossRef]

61. Song, Y.; Cho, S.K. Phytol induces apoptosis and ROS-mediated protective autophagy in human gastric adenocarcinoma AGS
cells. Biochem. Anal. Biochem. 2015, 4, 1. [CrossRef]

62. Poulose, N.; Sajayan, A.; Ravindran, A.; Chandran, A.; Priyadharshini, G.B.; Selvin, J.; Kiran, G.S. Anti-diabetic potential of
a stigmasterol from the seaweed Gelidium spinosum and its application in the formulation of nanoemulsion conjugate for the
development of functional biscuits. Front. Nut. 2021, 8, 694362. [CrossRef]

63. Sundaram, S.M.; Bharathi, T.; Pennarasi, G.; Sabarirajan, P.; Vishalanand, M. Studies on phytochemicals, antibacterial efficacy and
antioxidant potency of Capparis sepiaria on enteric pathogens. IJBB 2011, 1, 1–7. [CrossRef]

64. Payum, T. Phytoconstituents and proximate composition of Clerodendrum colebrookianum walp.: A widely used anti high blood
pressure medicinal food plant in Eastern Himalayas. Pharmacog. J. 2020, 12, 1534–1540. [CrossRef]

65. Matsuda, H.; Daisuke, S.; Masaya, A.; Shinpei, O.; Saitoh, R.; Ryo, O.; Takaaki, S. Effects of Dietary Phytol on glucose uptake and
insulin secretion in vitro and in vivo. Food Nutr. Curr. Res. 2018, 1, 29–37. [CrossRef]

66. Osman, S.M.; Hussein, M.A. Purslane seeds fixed oil as a functional food in treatment of obesity induced by high fat diet in obese
diabetic mice. J. Nutr. Food Sci. 2015, 5, 1. [CrossRef]

67. Azizi, W.A.; Ekantari, N.; Husni, A. Inhibitory activity of Sargassum hystrix extract and its methanolic fractions on inhibiting
α-glucosidase activity. Indones. J. Pharm. 2019, 30, 35–42. [CrossRef]

68. Devi, E.T. Isolasi dan identifikasi senyawa flavanoid pada ekstrak daun seledri (Apium graveolens L.) dengan metode refluks.
PSEJ 2017, 2, 56–67. [CrossRef]

69. Widowati, R.; Handayani, S.; Suprihatin, I.L.R. Phytochemicals and antioxidant of methanol extract of Gracilaria salicornia,
Halimeda gracilis, Halimeda macroloba, and Hypnea asperi from Tidung island coastal region. Eur. J. Mol. Clin. Med. 2021, 8, 896–907.

70. Hidayah, E.N. Analisis Metabolomik Padi Hitam (Oryza sativa L.) Setelah Infeksi Xanthomonas Oryzae pv.oryzae. Master’s
Thesis, Universitas Gadjah Mada, Yogyakarta, Indonesia, 2017.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.biopha.2016.10.002
http://www.ncbi.nlm.nih.gov/pubmed/27810340
http://doi.org/10.12980/jclm.4.2016J6-86
http://doi.org/10.3390/molecules16087105
http://doi.org/10.4172/2161-1009.1000211
http://doi.org/10.3389/fnut.2021.694362
http://doi.org/10.6084/M9.FIGSHARE.1394798
http://doi.org/10.5530/pj.2020.12.210
http://doi.org/10.1155/2020/9276343
http://doi.org/10.4172/2155-9600.1000332
http://doi.org/10.14499/indonesianjpharm30iss1pp36
http://doi.org/10.24905/psej.v2i1.675

	Introduction 
	Results 
	Inhibitory Activity against -Amylase 
	Inhibitory Activity against -Glucosidase 
	Phytochemical Test 
	Identification of Active Compounds Using GC-MS 

	Discussion 
	Materials and Methods 
	Sample Collection and Identification 
	Extraction of Seaweed 
	Liquid–Liquid Partition 
	Inhibitory Activity against -Amylase 
	Inhibitory Activity against -Glucosidase 
	Phytochemical Analysis 
	Flavonoid Test 
	Steroid and Triterpenoid Test 
	Tannin Test 
	Alkaloid Test 
	Saponin Test 
	Phenol Hydroquinone Test 

	Identification of Active Compounds Using GC-MS 
	Data Analysis 

	Conclusions 
	References

