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ABSTRACT

Diabetes is characterized as a hyperglycemic condition impacted by B-cell dysfunction and insulin
deficiency. Black soybean (Glycine soja (L.) Merr.) is widely known as an origin of nutritious food
that has shown activities in preventing cardiovascular disease and reducing hyperglycemia. This
research aimed to evaluate the potential of black soybeans ethanol extract (BSEE) as an a-amylase and
a-glucosidase activity inhibitor. Black soybean seeds were extracted using the Soxhlet method with
50% ethanol as a solvent. The BSEE were screened for the presence of phytochemicals content.
Inhibitory activity of a-amylase and a-glucosidase enzymes was tested in vitro with acarbose as a
control. The absorbance measurement was conducted at 565 nm and 400 nm, respectively. BSEE
contained alkaloids, flavonoids, polyphenols, saponins, quinones, tannins, and terpenoids. The results
indicated that BSEE exhibited a weak inhibitory effect of a-amylase enzyme activity, with an 1Cs
value of 360.37 + 20.80 pg/mL, in contrast to acarbose, which showed a significantly lower ICso of
4.02 = 0.56 pg/mL. Meanwhile, BSEE was classified as an active inhibitor of a-glucosidase enzyme
activity, presenting 25.67 £ 0.27 pg/mL ICso value, while acarbose demonstrated 10.85 + 0.5 pg/mL
ICso value. In conclusion, BSEE inhibits a-amylase and a-glucosidase.
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INTRODUCTION

Diabetes Mellitus (DM) known as condition marked by disturbances in the metabolism of fat,
proteins, and carbohydrates as a consequences of inadequate insulin secretion and Hyperglycemia.
Both of which can cause damage, abnormalities, and failure in tissues and organs such as the kidneys,
heart, nerves, and blood vessels even cause death (Alam et al., 2014). Several varieties of diabetes
exist, including gestational, type I, type 1l (Baynest, 2015). Type Il DM is common and accounts for
between 90% of people with diabetes. Type Il DM is a chronic disease caused by cell dysfunction and
insulin deficiency (World Health Organization, 2019).

One of the pharmacological therapies used to treat DM is the use of oral antidiabetic which has a
mechanism of inhibiting a-amylase and a-glucosidase enzyme (Gondokesumo et al., 2017; Hamid et
al., 2015; Widowati et al., 2022). a-amylase can hydrolyze a-(1,4)-glucosidic bonds to form glucose
and maltose, while a-glucosidase releases glucose from sucrose and maltose thereby increasing the
level of glucose in the blood. By blocking the activity of these two enzymes, it is possible to postpone
glucose absorption into the bloodstream, thereby helping reduce the symptoms of diabetes mellitus
(Hamid et al., 2015).

Chemical drugs are widely used for the treatment of DM such as miglitol and acarbose, but some of
these drugs are pricey and have some complications, such as diarrhea and abdominal distention
(Dipiro et al., 2020). So many studies have been carried out to find active compounds that have
antidiabetic activity derived from plants as an alternative diabetes treatment with minimum side
effects. It is assumed that traditional herbal therapy has hypoglycemic properties. More than 800 plant
species have been found to have anti-diabetic effects (Rosemar et al., 2014).

Many plants contain phytochemical compounds with various biological activities. These biological
activities use plants or herbal medicines for treatment, including diabetes mellitus. An important group
of phytochemical compounds, including phenols, flavonoids, tannins, and saponins, is responsible for
most plant extracts’ beneficial activities. Many phytochemical compounds are also high in
antioxidants because they can scavenge ROS (Si & Liu, 2014). With this, phytochemical screening in
plants is an important step toward their empirical medicinal utilization.

Soybean (Glycine soja L) refers to legume species originating from East Asia that is commonly
cultivated for its seeds. Soybeans are widely consumed as a nutrient-rich food consisting of protein,
oil, carbohydrates, and dietary fiber, as well as a large number of vitamins and minerals. Soybean seed
coats have a variety of colors, including brown, black, yellow, and green. The black soybean seed coat
improves insulin sensitivity and reduces hyperglycemia (Kurimoto et al., 2013). Black soybeans are
also beneficial in improving blood vessel function and preventing cardiovascular disease (Yamashita
et al., 2020). This study investigates the black soybean (G. soja (L.) Merr.)’s extract anti-diabetic
activities, namely inhibitor of a-amylase and a-glucosidase, that are carried out in vitro.

MATERIALS AND METHOD
Materials

Materials used are ethanol (Merck KGaA, 10.099.831.000), Magnesium powder (Mg) powder
(Merck, 1.05815.1000), HCI, Mayer’s reagent, Dragendroff’s reagent, Stiasny reagent, Liebermann
Burchard reagent, NaOH, FeCls reagent, a-amylase enzyme (Sigma Aldrich, A75955-50ML), ddH.0,
Lugol, DMSO, phosphate buffer (pH 7.4), p-nitrophenyl-a-D-glucopyranoside (PNPG) (N1377,
Sigma Aldrich, St. Louis, USA), a-glucosidase enzyme, Na,COs (Merck, 1.063.921.000).
Equipments employed in this study are microplate reader (Thermo Fisher Logical, Multiskan GO
Microplate Spectrophotometer).

Preparation of black soybean extract

The production of black soybean extract (BSEE) was carried out using the Soxhlet method of
extraction. Black soybean seeds are obtained from PT Lingkar Organik, Sleman Regency, Special
Region of Yogyakarta, Indonesia. Plant identification was performed at Jatinangor Herbarium, Plant
Taxonomy Laboratory, Department of Biology, Padjadjaran University. The dried black soybean seeds
were ground and then weighed as much as 200 g, wrapped in a filter paper sleeve, and then put into a
Soxhlet tube, then as much as 2000 mL of 50% ethanol was put into a round bottom flask and
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extracted until the solvent liquid dripping on the material became clear. The filtrate was concentrated
utilizing a rotary vacuum evaporator set to 20 Psi and 70°C. After that, a freeze-drying process was
carried out to obtain a solid extract. The dried black soybean extract was then immersed in 50%
distilled ethanol, the filtrate then filtered for every 24 hours until it became colorless. Black soybean
ethanol extract (BSEE) was obtained after the filtrate was evaporated, subsequently stored at 20°C
(Widowati et al., 2022).

Phytochemical screening of Soybean ethanol extract
Phytochemical screening of BSEE included examination of flavonoid compounds, alkaloids,
tannins, saponins, steroids/triterpenoids, quinones, and polyphenols.

Flavonoids identification

BSEE 1 g was diluted in aquadest, then heated in a water bath, and then filtered. Fill a test tube
with 2 mL of filtrate, 1 mL Magnesium powder (Mg) powder, and 1 mL 2N HCI, then heat for 5
minutes and filter. To the filtrate, up to amyl alcohol 5 mL was added, shaken, and allowed to
separate. The formation of a reddish-orange to purplish-red color indicates a positive reaction for the
flavonoid compounds (Safrina et al., 2022).

Alkaloids identification

Alkaloids identification was initiated with subjecting 0.5 g of BSEE into a mortar and crushing it.
Then 5 mL of dilute ammonia and chloroform 5 mL were added and crushed. Then the solution was
filtered, and 5 mL of 2N HCI was subjected to the filtrate. The mixture then shaken and left for some
time to form two layers. The top layer is splited into two test tubes. To the first tube, Mayer's reagent 3
drops were added. If a white or yellow precipitate forms, the reaction is positive for alkaloids. Add 3
drops of Dragendorrf's reagent to the second tube. If an orange precipitate forms, there is a positive
reaction for alkaloids (Prahastuti et al., 2019).

Tannins identification

BSEE, as much as 1 g, was dissolved in distilled water, heated in water bath, then filtered. After
that, five drops Stiasny reagent were added to the filtrate. The positive reaction of tannin compounds is
indicated by the formation of a pink precipitate (Benzidia et al., 2019).

Saponins identification

The test tube contained SSE 10 mg was filled with a small amount of water, and it was then
brought to a boil for five minutes. The presence of foam on the surface after shaking indicates a
positive reaction to the presence of saponins (Prahastuti et al., 2019).

Steroids/triterpenoids identification

BSEE was subjected as much as 10 mg to dropping plate, subsequently added with acetic acid.
Sulfuric acid (H2SO4) (Merck, 109073) after 10-15 minutes. Green or blue color demonstrated the
steroid presence. Meanwhile, red/orange sediment formation demonstrated the triterpenoid presence
(Pavani & Shasthree, 2022).

Quinones identification

One gram of BSEE was dissolved in aquadest, then filtered above on an air bath. The filtrate was
added with 3 drops of 1IN NaOH. The positive reaction of quinone compounds is indicated by the
yellow-to-red color formation (Prahastuti et al., 2019).

Polyphenols identification

One gram of BSEE was dissolved in distilled water, then heated in a water bath, and then filtered.
Added 2 drops of FeCls reagent (Merck 1.03861.0250). Green, purple, blue, red, and black are
indications of positive polyphenol reactions (Rao, 2016).
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a-amylase inhibitory activity assay

A modified method was utilized to evaluate the activity of a-amylase inhibition (Gondokesumo et
al., 2017; Widowati et al., 2018). Subsequently, 25 pL of starch added to positive control well and
sample well, then 25 pL of ddH,O added to negative and blank control well. The 50 uL samples were
added to the wells of smple and the blank wells. Each positive control well and sample received 50 pL
of the a-amylase enzyme. Ten minutes at 37°C were spent incubating the plate. Each well was filled
with 50 pL of HCI and 25 pL of Lugol to halt the enzymatic reaction. The microplate reader was
utilized to measure the absorbance at A = 565 nm. Mapping of the assay is shown in Table 1. Equation
1 was utilized to calculate the a-glucosidase inhibition percentage.

Table 1. Mapping of the a-amylase inhibitory assay

Positive control Negative Sample well Blank well
well control well

Starch 25 pL - 25 uL -
ddH:0 25 uL - 25 uL
Sample - - 50 pL 50 pL
a-amylase enzyme 50 pL 50 pL

HCI 50 pL 50 puL 50 puL 50 puL
Lugol 25 uL 25 uL 25 UL 25 UL

Inhibition (%j = H—xm ........................... (1)

[
C: control absorbance
S: sample absorbance

a-glucosidase inhibitory activity assay

A modified procedure was utilized to evaluate a-glucosidase inhibitory activity (Gondokesumo et
al., 2017; Widowati et al., 2021). Samples and comparisons were inserted into the wells, DMSO in the
control wells, and blanks. Then, phosphate buffer (pH 7.4) and p-nitrophenyl-a-D-glucopyranoside
(PNPG) (N1377, Sigma Aldrich, St. Louis, USA) were added to all wells. The a-glucosidase enzyme
added to control well, sample, and comparison, incubated 30 minutes in 37°C, then sodium carbonate
(Na,COg3) was added. The microplate reader was utilized to measure the absorbance at A = 400 nm.
Equation 1 was utilized to calculate the a-glucosidase inhibition percentage.

Statistical analysis

Statistical analysis was conducted in SPSS ver 20.0. while the GraphPad Prism 9 was utilized to
analyze research data. Differences in the mean between the sample and analysis were analyzed
utilizing ANOVA followed Tukey HSD post hoc test (P < 0.05). a-amylase and a-glucosidase
inhibition activity was ascertained using linear regression based on the mean inhibition (1Cso).

RESULT AND DISCUSSION

Black soybean (Glycine soja (L.) Merr.) seed extract contains various chemical compounds. In this
study, alkaloids, flavonoids, polyphenols, saponins, quinones, tannins, and terpenoids were found as
secondary metabolites in BSEE. The results of which were strongly influenced by cultivars (Table 2).
BSEE in other research contains tannins, saponins, alkaloids, and steroids/triterpenoids (Prahastuti et
al., 2019). These polyphenols and flavonoids have been shown to contribute to treating DM by
increasing cellular antioxidant activity, increasing ROS scavengers, reducing glucotoxicity, decreasing
a-glucosidase activity, and increasing cellular viability (Li et al., 2017). The phytochemical content in
black soybean seeds has been widely studied for use as an anti-inflammatory, anti-obesity, anti-
apoptotic, and anti-dyslipidemia (Hidayat et al., 2015; Prahastuti et al., 2016; Widowati et al., 2018).
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Table 2. Phytochemical screening of black seed soy extract
Phytochemical Test Results (+/-)
Alkaloid +
Flavonoid
Polyphenol
Saponin
Quinone
Tannin
Steroid Triterpenoid
Monoterpenoid-Sesquiterpenoid

+ = detected, - = not detected

+ + + + + + +

a-amylase is an enzyme that contributes to the starch degradation process by hydrolyzing starch
glycosidic bonds of starch. The a-amylase inhibitory activity causes inhibition of starch hydrolysis,
which reduces the speed of carbohydrate digestion and absorption, resulting in less post-prandial
hyperglycemia (Soeng et al., 2015). In this research, BSEE inhibited the a-amylase activity (Figure 1,
Table 3). a-amylase inhibition increased when the concentration of BSEE increased. The most
effective inhibitory activity of BSEE was the highest concentration (750 pg/mL) which could inhibit
a-amylase activity with a percentage of BSEE inhibition of 63.88% with an ICso of 360.37 + 20.80
pa/mL, even though BSEE has less inhibitory activity than acarbose which had an 4.02 + 0.56 pug/mL
ICso. Inhibition of a-amylase is caused by the presence of flavonoids in BSEE which inhibit a-amylase
in two ways, specifically by directly interacting with amino acid residues on the enzyme active site
and displacing the binding substrate, so that glucose cannot hydrolyze starch into maltose compounds
(Zhu et al., 2020). (Jia et al. 2024) reported that genistein, one of predominant black soybean
compound, binds to a-amylase and a-glucosidase through hydrophobic interactions and hydrogen
bonds, forming complexes that inhibit both enzymes.

The presence of a-glucosidase inhibitory activity in Figure 2 and Table 3 indicates that BSEE can
act as an antidiabetic. a-glucosidase is an important enzyme in carbohydrate metabolism because it has
an impact on the breakdown of carbohydrates into glucose (Chen & Guo, 2017). According to
research, inhibition of a-glucosidase can help reduce DM symptoms by delaying glucose absorption
into the bloodstream (Hamid et al., 2015). a-glucosidase inhibition increased significantly with
increasing BSEE concentration (p<0.05) (Figure 2). The most effective BSEE inhibitory activity was
the highest concentration (23.81 pg/mL) which might inhibit a-glucosidase activity at I1Cso of 25.67 +
0.27 pg/mL (Table 4). Based on the results, the ICso value is in the 1Cso range = 25-50 g/mL which
means the inhibitor is active, while the inhibition of Acarbose is in the 1Cso range = <10 g/mL which is
classified as very active (Marjoni & Zulfisa, 2017). Acarbose is an inhibitor that works competitively
with the p-nitrophenyl-D-glucopyranoside substrate to bind to the active enzyme site, preventing the
breakdown of the substrate into p-nitrophenol and glucose. This leads to high inhitory activity.

BSEE has inhibitory activity due to its secondary metabolite content on black soybeans. Flavonoid
compounds in BSEE can competitively inhibit a-glucosidase enzyme activity by binding to the active
enzyme site (Yang et al., 2021). The potential of flavonoids to inhibit a-glucosidase activity is
influenced by the structure of the flavonoid, its position, and several OH groups (Proenca et al., 2017).
The anthocyanins contained in BSEE are also thought to provide a-glucosidase enzyme inhibitory
activity. Moreover, the addition of hydroxyl groups at positions C3' and C4' on ring b can increase the
strength of anthocyanins in inhibiting a-glucosidase enzyme activity (Promyos et al., 2020). Therefore,
BSEE has the potential as the treatment of DM by inhibit a-glucosidase and a-amylase.
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Figure 1. Histogram of black soybeans etanol extract (A) and acarbose (B) on alfa amylase
inhibition

**The data is showed as mean + SD. A: BSEE; B: Acarbose. Based on Tukey HSD post hoc test, the various superscript marks (a, b, ab, ¢, d) in Figure 1A and

(a, b, c, d, e, f) in Figure 1B revealed significant differences between concentrations (p < 0.05)

Table 3. The I1Cso (ug/mL) values of a-amylase inhibition by BSEE Acarbose

Sample Equation R? ICs0
BSEE y =0.037x + 36.722 0.992 360.37 £ 20.80
Acarbose y =0.968x + 45.922 0.996 4.02 £0.56

80
_ E
= =
o > 60 D
é % B = 1 o
8 a0 A d
s b c
L 2
o 38 20
=
=
0- T
0.48 2.38 4,76 11.90 23.81

Concentration (ug/mL)
mm BSEE =1 Acarbose

Figure 2. Histogram of black soybeans ethanol extract (A) and acarbose (B) on alfa glucosidase
inhibition
**The data is presented as mean + SD. According to Tukey HSD post hoc test, various superscript marks (a, b, c, d, e and A, B, C, D, E) revealed significant

differences between concentrations (p < 0.05)

Table 4. The I1Cs of a-glucosidase inhibitio by BSEE and acarbose

Sample Equation R? ICso (Ug/mL)
BSEE y =1.0939x + 21.916 0.996 2567 + 0.27
Acarbose y =1.1919x + 37.068 0.991 10.85 + 0.5
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CONCLUSION

Based on phytochemical identification, it was revealed that BSEE comprises alkaloid, flavonoid,
polyphenol, saponin, quinone, tannin, steroid triterpenoid, and monoterpenoid-sesquiterpenoid. BSEE
exhibited weak a-amylase inhibition activity and strong a-glucosidase inhibition activity with ICso of
360.37 = 20.80 pug/mL and 25.67 + 0.27 pg/mL, respectively. Further research on the antidiabetic
activity of BSEE in animal models of DM is recommended.
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