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Terminalia bellerica is well-known for producing edible fruits with
pharmacotherapeutic properties. Traditional healers use these species to treat
and control diabetes mellitus, its side effects, and other illnesses. Involved
in this disease's pathophysiological process, extensive research has been
conducted to validate and comprehend these bioactive claims scientifically. This
research aims to ascertain the bioactive metabolite contents of different solvent
polarities, including ethyl acetate, hexane, distilled water, and methanol. The
phenol concentration was determined using the Follin-Ciocalteu procedure to
be between 23.45 and 160.41 mg GAE/g. The aluminum chloride colorimetric
technique measured flavonoid concentration from 88.52 to 7.12 mg QE/g. The
quantitative values of tannic acid, which spanned from 0.78 to 5.32 mg TAE/g,
were determined by spectrophotometry UV-VIS. The extracts' capacity to reduce
free radical damage ABTS (2, 2' azinobis (3-ethylbenzene-thiazoline-6-sulfonic-
acid) and DPPH (2,2-diphenyl-1-picrylhydrazyl) was examined. The extract
ethyl acetate exhibited the most significant level of antioxidant activity, with IC,,
values for DPPH and ABTS of 28.17 and 22.22 g/ml, respectively. Staphylococcus
aureus (23 mm) and Aspergillus flavus were tested for antibacterial and antifungal
activity in a methanol extract (21 mm). In vitro, antidiabetic activities were
assessed using a-glucoside and a-amylase inhibition. The ethyl acetate extract
has o-glucoside inhibition IC,  of 23.04 g/ml and o-amylase inhibition IC,; of
25.35 g/ml. T. bellerica seed includes secondary metabolites that show promise as
lead chemicals in creating potent medications.
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1. Introduction Degenerative diseases arise due to cell oxidative
stress because of the number of free radicals that

These days, herbal remedies are widely continue toincrease in the body. The increase in free

used and, to differing degrees, recognized as
significant supplemental and alternative therapies
in many nations since they have very little or
no adverse side effects. Medicinal plants cure
various acute, chronic, and degenerative illnesses,
such as neurodegenerative conditions, diabetes,
cardiovascular disease, and cancer (Zhang et al.
2021).
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radicals is a chronic inflammatory process, and this
provocative response results from innate immunity
responding to bacteria, fungi, and viruses (Leyane
et al. 2021). Antioxidant substances neutralize free
radicals and prevent the oxidative processes that
cause diabetes mellitus (antidiabetic), which are
preventive for chronic inflammation (antimicrobial)
(Sariwati et al. 2019).

One of the most valuable sources of natural
antioxidants is plants as bioactive compound
reservoirs (Salem et al. 2021). Phytoactive substances
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include tannins, polyphenols, flavonoids, and
alkaloids (Prasathkumar et al. 2021). Phytomedicines
are substances derived from medicinal plants'
flowers, seeds, fruits, roots, bark, leaves, and fruits
(Abate et al. 2022).

Indonesia is a mega-biodiversity country that
has diverse living and non-living environments.
Due to its equatorial location, Indonesia has a
tropical environment that makes it feasible to
grow various medicinal plants that might one day
be fully developed and put to good use. Terminalia
bellerica is one of the medicinal herbs that Indonesia
frequently uses (Setyawati 2009). Fruit and bark as
material health solutions or tonics (body warmers)
are generally used by women (Gupta et al. 2020). In
Bangladesh, the fruit of T. bellirica is used to treat
menstrual disorders (Mallik et al. 2012) and is
effective in treating bronchitis, asthma, hepatitis,
piles, diarrhea, eye condition, dyspepsia, hair tonic,
hoarseness of voice, and is effective in treating
bronchitis, asthma, hepatitis, piles, diarrhea, eye
condition, dyspepsia, hair tonic, hoarseness of voice,
and are also used as a scorpion stings in India (Singh
2011). The green fruit's infusion works well to cure
coughs (Deb et al. 2016). Leprosy, dropsy, piles, and
diarrheal illness are all managed with fruit pulp
(Singh et al. 2018).

Based on the information above, there have
been no scientific reports on seeds from Terminalia
ballerica, so this study used solvents with different
polarities to identify the bioactive components in
seeds.

2. Materials and Methods

2.1. Chemicals

Dimethyl sulfoxide (DMSO), methanol, ethyl
acetate, n-hexane, ferric chloride, sulfuric acid
(H,SO,), cultures of media (nutrient broth and
nutrient agar), hydrochloric acid (HCI), glacial
acetic acid, and chloroform, which were procured
from Merck, were the substances employed in this
investigation. DPPH was acquired through Tokyo
Chemical Industries (TCI), Tokyo, Japan. We received
gallic acid through Wako Pure Chemical Industries
(Osaka, Japan).

2.2. Circumstances for Microbial Cultivated
2.2.1. Bacterial

Salmonella typhi NBRC 14193, Escherichia coli
NBRC 3301(NITE Biological Resources Center, NBRC;

Chiba, Japan), Shygella flexneri ATCC 29903 (American
Type Culture Collection), Pseudomonas aeruginosa
(NBRC 3080), Bacillus subtilis (NBRC 3009), Klabsiella
pneumonia (NBRC 3319), Staphylococcus aureus
(NBRC 102135), Corynebacterium diptheriae NCTC
11379T (National Collection of Type Cultures). It
was obtained from the Laboratory of Microbial
Chemistry Collection Institut Ilmu Kesehatan Bhakti
Wiyata Kediri, 100 ml Erlenmeyer flasks with 60 ml
of nutritious broth medium were used to cultivate
the colony. The culture underwent a 20-hour shaker
incubation at 37°C (Sariwati et al. 2017).

2.2.2. Fungal

Aspergillus fumigatus NBRC 4057 (NITE Biological
Resources Center, NBRC; Chiba, Japan), Aspergillus
flavus NBRC 4186, and Aspergillus niger NBRC 5376.
The source of this was the Laboratory of Microbial
Chemistry Collection, Institut Imu Kesehatan Bhakti
Wiyata Kediri. Heat-treated to 37°C, a petri dish
measuring 9 cm was used to culture the fungus
using PDA (potato dextrose agar, Merck, Darmstadt,
Germany). Next, an injection was made into the
colony into each of the 100-ml Erlenmeyer flasks after
60 ml of nutrient broth medium had been added. The
culture underwent a 20-hour preincubation phase
at 37°C and 180 rpm shaker speed (Sariwati and
Purnomo 2018).

2.3. Sample Processing

Plant samples were gathered at Kediri, Indonesia's
East Java. After being washed in purified water, the
seeds of T. bellerica were cut into small pieces and
let to drain overnight at room temperature. Then, a
grinder was used to grind them into a particle mass
of 25 mesh.

2.4. Seed Extraction from T. bellerica

A 200-milliliter ethyl acetate, n-hexane, methanol,
and distilled water were then added to a 500 ml
flask that held 20 g of dry powder samples. The flask
was then securely sealed with aluminum foil. After
extraction, an orbital shaker set to spin at 180 rpm for
awhole day was used to clean the residues. Whatman
No. 1 filter paper is used. Lower temperatures were
used to dry the extracts than the solvent's boiling
point in a rotatory evaporator to produce drained
extracts (Santoso et al. 2021). Distilled water,
methanol, ethyl acetate, and n-hexane have boiling
points of 100, 65, 77, and 68°C, respectively. Without
the need for solvents, the extracts were put into
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extraction vials and kept at 4°C for subsequent use
(Sariwati et al. 2019).

2.5. Introductory Phytochemical Screening for
T bellerica

By exposing seeds to various extracts, T. bellerica
was phytochemical analyzed for the existence of
triterpenoids, saponins, flavonoids, alkaloids, and
tannins, using a standardized method (Amalia and
Sariwati 2019; Sariwati et al. 2022; Suryanti et al.
2022).

2.6. Phenolic Concentration

To preserve T. bellerica extracts (20 mg), a
dispersant consisting of 60% methanol and 5 ml
of 3% HCI was added to the relevant alloy (100
L). After three minutes, 100 L of Follin-Ciocalteu
phenol reagent was applied to the alloy. Following
a 30-minute incubation period, the absorbance at
750 nm was measured with a reference. Calibration
curves for concentrations of gallic acid of 2.5, 2.0, 1.5,
1.0, and 0.5 mM were developed using comparable
techniques. Gallic acid equivalents (GAE) mg per
gram of extract were employed to represent the
results (Sariwati et al. 2019; Suryanti et al. 2022).

2.7. Flavonoid Concentration

The colorimetry of the aluminum chloride
technique was used to determine the flavonoid
concentration of each extract. The calibration curve
and 1 ml of crude extracts were treated by alloying the
extracts with denaturing water (4 ml) at denaturing
concentrations of 100, 80, 60, 40, and 20 g/ml. A 0.30
cc addition of sodium nitrite (5%) in the flask. Five
minutes later, 0.3 ml of 10% aluminum chloride was
added to the mixture. After five minutes of waiting,
sodium hydroxide 1M (2 ml) was combined, and
10 ml of demineralization water was used to create
volume. The absorbance was measured for a blank
after alloying the suspension at 510 nm (Sariwati et
al. 2022; Suryanti 2022).

2.8. Tannic Acid Concentration

One milliliter of the reagent combination was
introduced into around 200 microliters of the excerpt
from the sample or the standard solution of tannic
acid (50-300 grams per milliliter) (8% concentrated
HCl in methanol and 4% vanillin in methanol, ina 1:1
ratio). The color obtained was evaluated at 500 nm
following a 20-minute incubation period at room

temperature. Umdale et al. (2021) state that The
outcome was given as mg TAE/g.

2.9. Antioxidant
2.9.1. Activity of Antioxidants (Scavenging of
DPPH Radicals)

DPPH (24 mg) and methanol (100 ml) were used
to create the assortment solution. The absorbance at
517 nm was measured using a spectrophotometer. T.
bellerica seed extracts (33 ml) were combined with
1 milliliter of stock DPPH solution at various doses
(10-100 g/ml). Store the mixture in the dark for 20
minutes at room temperature after shaking it to stir
the reaction. Gallic acid (10-100 g/ml) used as the
control was eliminated because sample extracts at
various concentrations were absent. The scavenging
capability was determined using the DPPH radical
scavenger percentage formula.

[Control  Sample
Scavenging of radicals _ absorbance ~absorbance]
in suppressive (%)

Control absorbance
(ABTS)

It systematically measured the IC,, numbers,
which stand for the concentration of the sample
appropriate to scavenge half of the ABTS free radical
IC,, = (50 - a) / b, by utilizing a variable slope, the
values of a and b were standard response patterns
(Sariwati et al. 2019). The IC,, numbers, representing
antioxidant capability, were determined by an
equation for linear regression between the sample
concentration and the percentage of inhibition.

2.10. Antidiabetic
2.10.1. Suppression of a- amylase

The 3, 5-dinitrosalicylic acid (DNSA) procedure
was applied to perform the a-amylase inhibition
experiment. Before adding the T. bellerica seed
extract to a buffer, it was dissolved in at least 10%
DMSO (NacCl (0.006 M, Na,HPO, / NaClL,PO, (0.02 M))
at pH 6.9 to produce concentrations varied from 10
to 1,000 g/ml. 200 ul of extract and 200 ul solution
of a-amylase (2 units/ml) were combined at 20-100
pg/ml as a single concentration), and the mixture
was then allowed to incubate at 30°C for 30 minutes.
After that, each tube received 200 ul of a 1% starch
solution in water (w/v), and the tubes were incubated
for three minutes. DNSA reagent in 200 pL (12 g of
sodium potassium tartrate tetrahydrate in 8.0 ml of
2 M NaOH and 20 ml of 96 mM 3,5-dinitro salicylic
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acid solution) was added to the reaction to end it. A
UV-Vis spectrophotometer was required to measure
the liquid's wavelength at 540 nm after it had been
diluted with 5 ml of distilled water and allowed to
come to room temperature. A blank exhibiting 100%
enzyme activity was generated by substituting 200
ul of buffer for the plant extract. A blank reaction was
created using the plant extract without the enzyme
solution at each concentration. Acarbose (20-100
pg/ml), the positive control, was eliminated since it
contained no sample extracts. The following equation
has to be used to calculate the percentage inhibition
of activity of a-amylase inhibitors. By graphing the
extract concentration vs the percentage of a-amylase
inhibition, the IC,, numbers were determined
(Wickramaratne et al. 2016).

[Control Sample

a-amy_lase _ absorbance ~ absorbance] % 100
suppression (%) Control absorbance
Systematically measuring the IC,, numbers,

which indicate the necessary sample concentration
to scuff half of the inhibition caused by a-amylase
IC,,= (50-a)/b-Using avariable slope, the numbers
of a and b were standard response patterns (Sariwati
et al. 2019). Through the use of a regression that is
a linear formula among the percentage of reticence
and the concentration of the sample, the IC,; value,
which serves as a measure of antidiabetic capacity,
is determined.

2.10.2. Suppression of Alfa Glucosidase

After creating a stock solution in phosphate
buffer 0.1 M (pH 6.8) at 0.5 U/ml, in the same
buffer, the a-glucosidase enzyme was diluted to
the proper concentration for the test. Nitrophenyl-
D-glucopyranoside (PNPG) was used as a substrate,
and the alpha-glucosidase inhibitory activity was
quantified spectrophotometrically utilizing the
previously described preincubation technique
(Kumar et al. 2013; Sheikh et al. 2016). The 96-well
microplate reader was used for this assessment. To
put it briefly, 25 ul of the test sample was combined
with a solution of enzymes (0.5 U/ml of a-glucosidase
in 0.1 M phosphate buffer at pH 6.8), and the
combination was incubated at 37°C for ten minutes.
Following that, 25 pl of PNPG solution (0.5 mM PNPG
in phosphate buffer 0.1M, pH 6.8) was added to the
mixture for incubation.) for 30 minutes at 37°C. A
multi-well plate reader was applied to adjust the
absorbance at 405 nm after adding 100 pl Na,CO,

solution (0.2M) to stop the reaction. The unregulated
enzyme functioned as the negative control (DMSO
control), whereas 20-100 pug/ml of acarbose was the
positive control. Three different experiments were
conducted to run the test (Sheikh et al. 2016; Suryanti
etal 2022).

[Control Sample
o-glucosidase _ absorbance ~ absorbance] y

Suppression (%) 100

Control absorbance

The IC,, numbers were calculated by
systematizing the sample concentration needed to
scrape half of the a-glucosidase inhibition IC,; = (50
- a) [ b. Using a variable slope, the values of a and b
were standardized in the response pattern (Sariwati
et al. 2019). An equation for linear regression was
applied to apprise the IC,, numbers or antidiabetic
ability, the sample's concentration, and the level of
inhibition.

2.11. Antimicrobial Efficacy
2.11.1. Antibacterial

The agar disk diffusion procedure was employed
for antibacterial examination T. ballerica extract was
used to calculate the width of restriction areas against
different bacterial strains (including gram-negative
bacteria like Salmonella typhi NBRC 14193, Escherichia
coliNBRC 3301, Bacillus subtilis NBRC 300, and Shygella
flexneri ATCC 29903 and Klebsiella pneumoniae NBRC
3319). Gram-positive bacteria include Pseudomonas
aeruginosa NBRC 3080, Staphylococcus aureus NBRC
102135, and Corynebacterium diptheriae NCTC
11379T. The examined bacteria were injected with a
100 pl suspension of nutrient agar (NA), which had
been sterilized, into each Petri plate. Whatman filter
paper discs of 5 mm in diameter were produced and
adsorbed in a 100-microliter extract solution with 10
milligrams per milliliter of DMSO (Sariwatietal. 2019).
Positive controls were frequently employed, usually
ampicillin (10 mg/ml). Incubation of the plates lasted
for twenty-four hours at 37°C to promote the most
bacterial outgrowth possible. Using an area reader
to measure the limitation zones' breadth (in ml), the
antibacterial capacity was ascertained (Sariwati et al.
2019; Suryanti et al. 2022).

2.11.2. Antifungal

The screening for antifungals procedure was
performed using the agar disk diffusion technique,
and T. bellerica extract was used to measure the
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breadth of restriction zones in opposition to different
bacterial strains (Aspergillus flavus NBRC 4186,
Aspergillus niger NBRC 5376 and Aspergillus fumigatus
NBRC 4057). First, T. bellerica seed extract (10 mg/ml)
with 5 ml of each concentration was drawn using a
sterile syringe and, after that, was added to various
Petri dishes. Positive controls frequently cited as an
example were ketoconazole (10 mg/ml). Following
the placement of the solvent extracts onto the plates,
Potato Dextrose Agar (PDA), which is sterile, was
added, and to guarantee adequate mixing, the plates
were gently stirred. After the medium has dried, drill
a hole with a clean cork (5 mm in diameter). Four-
day-old pure cultures were used to create mature
culture discs, which were then injected in the middle
of plates and cultured for seven days at ambient
temperature (28°C). There were three runs of the
experiment. Daily measurements were made of the
inhibitory area for seven days using a meter rule.
(Akwaji et al. 2016; Suryanti et al. 2022).

2.12. Analytical Statistics

The figures represented the average of the triplet
calculation. Any representational discrepancy
among groups during substrate transformation was
found by applying a student's t-test. Excel software
demonstrated that process dissimilarity was broadly
representative statistically at a degree of bravery of
5% (P 0.05) (Suryanti et al. 2022).

3. Results

3.1. Phytochemically

Four extracts of T. bellerica seeds were subjected to
phytochemical screening, and flavonoid, an alkaloid,
was found. Cardiac glycoside and steroid tannins
were not found in n-hexane extracts. Hexane and
ethyl acetate extracts contained terpenoids. Saponin

was found to be present in the distilled water and
methanol extracts given in Table 1.

According to Figure 1, the maximum yield was
achieved by ethyl acetate 19.67 mg, followed by
methanol extract (17.36 mg), and the minimum
yield on hexane (10.28 mg). The ethyl acetate
extract from the seed had the greatest phenolic
concentration (160.41:038 mg/g GAE), whereas the
methanol extract had the second-highest amount
(138.02+0.15 mg/g GAE). The hexane extract had
the lowest quantities of phenols (23.45+0.57 mg/g
GAE). The maximum total flavonoid concentration
(88.52+0.18 mg/g GAE) was detected in the extract of
ethyl acetate from the seed. In contrast, the second-
highest quantity (76.45+£0.24 mg/g GAE) was found
in the extract of methanol. Flavonoid concentrations
in the hexane extract were the lowest (7.12+0.42
mg/g GAE). The ethyl acetate extract from the seed
had the greatest total tannic acid content (5.32+0.73
mg/g TAE), whereas the methanol extract had the
second-highest amount (4.54+0.10 mg/g TAE). The
hexane extract had the lowest quantity of tannic acid
(0.78+0.27 mg/g TAE). Figure 1 displays this outcome
appropriately.

3.2. Antioxidant Activities

The interaction of antioxidants can be assessed using
the stable radicals ABTS and DPPH. The proportion of
acquiring ABTS and DPPH at different concentrations
from 10 to 100 pg/ml is displayed in Figure 2. Estimating
the antioxidant capability (ng/ml) of the test sample
extract included using standard curves for linear
regression. This value was then used to express the
amount of antioxidants necessary to lower the starting
50% DPPH concentration. One often used metric to
measure antioxidant capability is the IC,. According to
Table 2, the most potent substance is ethanol acetate
extract from an antioxidant perspective, and the lowest

Table 1. Qualitative phytochemical screening of different extracts of Terminalia bellerica Roxb seeds

Extracts solvent of Terminalia bellerica Roxb seeds

Phytochemical

Methanol Distilled water Ethyl acetate n-hexane
Alkaloid + + + +
Flavonoids + + + +
Steroids + + + -
Tannins + + + -
Terpenoids - - + +
Saponins + + - -
Cardiac glycosides + + + -

*The designed phytochemical represented as exixtance (+) and absence (-)
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Quantitative phytochemical of different extract seeds of T. bellerica Roxb

160,000
=Methanol =Distilled water =Ethyl acetate =n-hexane

Total polyphenol (mg GAE/g Flavonoid (mg QF/g Tannic acid (mg TAE/g Extract yield (%)

140,000
120,000
100,000
80,000
60,000

Concentration

40,000
20,000

0

Phytochemistry analysis
Figure 1. Quantitative phytochemical analysis of different extracts of T. bellerica Roxb seeds

Scavenging free radical DPPH and ABTS by different extracts seed of T. bellerica Roxb
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Figure 2. Percentage of scavenging radical DPPH and ABTS by different extract seeds of T.bellerica Roxb
Table 2. IC, of antioxidant and antidiabetic activity of different extracts of T. bellerica Roxb seeds
Extract solvent Antioxidant IC,; pg/ml Antidiabetic IC,, ng/ml

DPPH ABTS o-amylase o-glucosidase
Methanol 52.94+0.23 37.5940.22% 98.23+0.38¢ 129.1940.14%°
Distilled water 74.48+0.42°* 68.3710.618 249.75+0.66"¢ 222.02+0.72bP
Ethyl acetate 28.17+0.64 22.22+0.49<¢ 86.3310.41< 74.66+0.27<°
n-hexane 132.1940.584 117.8340.624® 308.02+0.73¢ 288.23+0.57%P

Data are mean * standard deviation (n = 3). Data followed by the same capital on each column or by the same minor letter
are significantly different (p<0.5)

IC,, numbers for scavenging ABTS (22.22 pg/ml) and  ethyl acetate extract, and it also exhibited the lowest
DPPH (28.17 pg/ml). a-glucosidase (74.66 g/ml) and a-amylase (86.33 g/
ml) IC;, numbers.
3.4. Antidiabetic Activity
Figure 3 displays the inhibitory capacities of crude 3.5. Antimicrobial

ethyl acetate, methanol, n-hexane, and distilled The outcomes of testing using antibiotics using
water extract opposing a-amylase and a-glucosidase.  the four extracts in opposition to fungus and bacteria
The finest possible antidiabetic was found in crude are shownin Table 3. Nearly all fungus pathogens and
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a-amylase and a-glucosidase inhibition of different extracts seed T. bellerica Roxb

%
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Extract solvent
Figure 3. Percentage of a-amylase and a-glucosidase by different extract seeds of T.bellerica Roxb

Table 3. Antimicrobial activity of different extracts of Terminalia bellerica Roxb seeds

Antimicrobial Extracts solvent of Terminalia bellerica Roxb seeds (10 mg/mL)

Bacterial Methanol Distilled water Ethyl acetate n-hexane Positive control (10 mg/ml)
Inhibition zone diameter gram-negative bacterial (mm) with positive control by ampicillin

Bacillus subtillis 15+0.5% 14+0.228 11+0.4¢ 8+0.220 11+0.4%¢

Escherichia coli 16£1.0* 13.5+0.4%® 14+1.0b¢ 7+0.4b° 14+1.0°¢

Salmonella typhy 14+0.3% 12+0.2%8 13+0.5¢ 9+0.5P 13+0.5°¢

Shigella flexneri 21+0.5 10£0.4<® 9+0.4<¢ 8+0.5P 9+0.4<¢

Klabsiella pneumoniae 22+0.39 13+0.32 9+0.4¢ 9+0.4¢ 9+0.44

Inhibition zone diameter gram-positive bacterial (mm) with positive control by ampicillin

Staphylococcus aureus 23401 1840.1¢¢ 12+40.5¢ 10£1.0¢P 22+0.4¢A

Pseudomonas aeruginosa 21+0.2 17£0.5¢8 13+0.3¢ 11+0.3¢P 24+0.5%

Corynebacterium diphtheriae 22+0.3% 16+0.3® 13+0.4b¢ 11+0.2¢P 22+0.2%
Inhibition zone diameter fungus (mm) with positive control by ketoconazole

Aspergillus niger 19+0.2% 1540.2¢8 11£1.04¢ 9+0.4™ 23+1.0%

Aspergillus flavus 21+0.5 17£0.5¢8 13+0.5¢ 7+0.58P 24+0.5%

Aspergillus fumigatus 20+1.0% 16+0.3® 15+0.4¢¢ 8+0.4M 22+0.2¢%E

Data are mean + standard deviation (n = 3). Data followed by the same capital on each column or by the same minor letter

are significantly different (p<0.5)

bacteria showed the most significant zone inhibition
by methanol extract. Claiming that the extract had
the power to prevent germs. Staphylococcus aureus is
firmly categorized and has a 23-mm inhibitory zone
diameter. The fungus's most significant inhibition
zone diameter (21 mm) and the most substantial
classification belonged to Aspergillus flavus.

4. Discussion
Plants create chemical molecules to meet

their needs and adjust to their environment
(Millogo-Kone et al. 2008). This study examined

the impact of a phytochemical solvent using
screening for phytochemicals of extracted test
plant T. bellerica seeds, comprising four distinct
solvents. Phytochemical screening identified
saponins, alkaloids, cardiac glycosides, flavonoids,
tannins and steroids, and terpenoids. This finding
is not significantly different from other research
using methanol extracts of T. bellerica seeds that
exclusively included terpenoids, tannins, alkaloids,
and flavonoids (Sharma et al. 2018). Regarding
the quantity of metabolites extracted, utilizing a
different solvent extraction technique is significant
(Rafi et al. 2018). The secondary qualitative
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metabolites analysis findings are shown in Table 1.

The maximum yield was obtained with ethyl
acetate. Different yields are achieved due to changes
in the extracted chemicals caused by solvent polarity.
Because ethyl acetate is semi-polar, it may remove
both water- and oil-soluble components, resulting
in a higher yield than when using a different solvent.
The purity of the solvent also influences the final
yield. Utilizing solvents that include water reduces
the solubility of non-polar chemicals in the solvent,
which lowers yield (Saputri et al. 2023).

Figure 1 displays the findings of measuring
the extract of Terminalia bellirica's total phenolic
content. Since phenolic group molecules are often
semipolar-polar, in semipolar-polar solvents, more
phenolic chemicals are removed, such as ethyl
acetate extract, which has the greatest total phenolic
content (160.41 mg GA/g) among the four. Methanol,
distilled water, and n-hexane follow arranged of
decreasing phenolic concentration. Since it is a
semi-polar solvent, several polar and non-polar
compounds can be attracted to ethyl acetate (Rahmi
and Sari 2021). Total phenolic content assessment
was done to determine the relationship between
antioxidant activity and phenolic concentration in a
sample since compounds with phenolic groups have
been demonstrated to have powerful antioxidant
activity on several occasions (Akbar and Soekamto
2021). The extract in aqueous of T. bellerica seeds
had more total phenolic compounds (154.22 mg
GAE/g) (Kumar et al. 2022).

The extract in ethyl acetate of T. bellerica has the
greatest flavonoid concentration, measuring 88.52
mg/ GAE g. This is because the hydroxyl groups of
flavonoid compounds enable them to dissolve quickly
in polar molecules like methanol (Dwicahyani et al.
2018). According to Dubey et al. (2020), the findings
of this experiment do not significantly differ from
those of previous investigations using 40.2 mg
GAE/g.

The high output and abundance of flavonoids
supported the comparatively high potential for
radical scavenging (antioxidant activities). There
is substantial evidence that the overall antioxidant
activity is significantly increased by various
flavonoids and related polyphenols (Djeridane et al.
2006; Adaramola et al. 2012). Flavonoids are widely
employed as flavorings in plants. In addition to
serving as flavoring agents, they also show evidence
of antibacterial action when produced by plants'

reaction to an infestation by microbes (Kujumgiev
et al. 1999). Both physiological and pathological
environments benefit from the antioxidant
properties of flavonoids (Kumar et al. 2013). For
example, it has been shown that tea flavonoids
reduce blood levels of cholesterol and triglycerides
and minimize low-density lipoprotein oxidation
(Erdman et al. 2007).

The extract with the greatest tannic acid
concentration was ethyl acetate (5.32 mg/g).
Complex combinations of very polar chemicals make
up tannins (Cardullo et al. 2018). Tannins belong to
the phenolic group. These work through particular
interactions with essential proteins, including
hydrogen bonding, enzymes, or iron sequestration,
according to a study by Adaramola et al. (2012).

Apart from their antibacterial and anticancer
effects, tannins are also potent antioxidants
(Adaramola et al. 2012). Tannic plants are typically
used as astringents to treat intestinal conditions,
including dysentery and diarrhea (Adaramola et al.
2012). All medicinal herbs include tannins, effective
toxin-counteracting agents (Ndukwe et al. 2013).

Additionally, to confirm the effectiveness of these
plant-based remedies for various ailments, this
researchinvestigation also determined the medicinal
purposes of the different biological elements of
these herbal treatments. One stable free radical
is DPPH, which has a nitrogen core that becomes
yellow when it receives an electron or hydrogen
donor. Substances that can carry out this process
include antioxidants and free radical scavengers
(Hinnerburg et al. 2006). Many solvent extracts,
especially methanol extracts, have strong free radical
inhibition and high proton-donating capacities that
are equivalent to the typical antioxidants employed
in most situations regarding their high DPPH radical
scavenging activity. It implies that it might have an
agent role. In contrast to Trolox, the ethyl acetate
extracts showed a greater capacity to quench DPPH
radicals (86.26%) with lower IC, values. This finding
is consistent with Elizabeth et al. (2022) research,
which found that methanol extract could effectively
scavenge DPPH free radicals (84%) and ABTS (81%).

The ethyl acetate extract is calculated IC, values
are 28.17 pg/ml. Although plant extracts effectively
scavenge DPPH radicals in many parts of the world,
hundreds of publications have indicated IC, numbers
as low as those discovered with these extracts (Wu
et al. 2010). This discovery may also imply that
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the excerpts include potent phytochemicals with
scavenging properties for free radicals, which may
prevent ROS production and free radicals. For this
reason, the extracts may be effective as therapeutic
agents to treat pathological alterations by radicals
(Ibrahim et al. 2013).

To give hydrogen and electrons, the ABTS test
produces a green/blue color that is lowered by
using antioxidants, it scavenges free radicals. Table
2 displays the extract's ABTS scavenger activity
as a 50% (IC,,) scavenger concentration. In this
experiment, the antioxidant qualities of the extracts
were evaluated by comparing them to a standard
reference, Trolox. The ethyl acetate extract's IC,,
value was 22.22 pg/ml, while T. bellerica methanol
extracts reacted with ABTS-+ quickly. The two
techniques discussed above have shown that ethyl
acetate extract possesses antioxidant capacity.
Quantitative data on secondary metabolism further
supports this claim. Additionally, the ethyl acetate
extract has a higher phenol, flavonoid, and tannic
acid content than other extracts.

Numerous antioxidant processes include the
DPPHe-scavenging reaction. Antioxidants scavenge
freeradicalsthroughfourkeysuggestedmechanisms:
(1) the hydrogen atom (He) transfer process (HAT).
The procedure involved the assumption that the
antioxidant would donate an He atom and that
DPPHe would change into a DPPH-H molecule (2)
SEPT (sequential electron-proton transfer) (3) SPLET
(Proton loss single electron transfer) is the third stage
in this process, which occurs after the first creation
of a cation radical by a proton from the cation radical
to the anion and the transfer of an electron from the
antioxidant to the free radical (Boulebd 2020). (4)
Using PCET (proton-coupled electron transfer), the
radical's lone pair receives the proton previously
in the phenolic molecule. Conversely, the electron
shifts from the antioxidant compounds' 2p lone pair
to the radical's SOMO (singly occupied molecular
orbital) (Milenkovi¢ et al. 2018).

However, ABTS++ scavenging is considered an
electron (e) transfer process since the radical cation
of ABTS+e requires an electron (e) to neutralize the
positive charge. Contributing an electron (e) may be
an additional method of directly scavenging radicals,
as antioxidant chemicals are capable of scavenging
the ABTS+e radical. The Cu?*- reducing power test
provides further evidence of the donating electron
(e) process. One of two processes can be used:

either a sequential electron-proton transfer process
that includes the deprotonation of the generated
anion or a single electron transfer method that then
involves the deprotonation of the radical cation
that is created. These are the two real ways that the
reduction reaction may occur. Despite producing
the same chemicals as HAT, SEPT and PCET are
anticipated to have differing feasibility due to the
nature of the reacting radical and the solvent. A SEPT
process could only happen in a polar environment
that promotes the solvation of the intermediate
ionic species, even if the PCET mechanism might be
possible in a nonpolar medium because of the lesser
charge separation than in SEPT (Li et al. 2015).

Phenolic compounds can provide electrons to
capture free radicals. The kind of substituents on
phenolic compounds affects antioxidant efficacy, the
amount and location of hydroxyl groups located on
the binding site for aromatic rings, and other factors
(Ja'afar et al. 2017). Phenolic substances either
neutralize or suppress free radicals by removing
an atom of hydrogen from their hydroxyl group. A
phenolic compound reacts with a peroxyl radical
(ROQOe) to produce a transition state where an H-O
bond with one electron is formed. The coordinated
movement of the radical's hydrogen cation from the
phenol initiates this reaction. The reaction medium
contains a solvent likely to establish hydrogen
bonds with the chemicals, dramatically reducing
the antioxidant properties of the components of
phenol (Santos-Sanchez et al. 2019).

The flavonoids can convert less impulsive
unrestrained radicals into less impulsive hydroxyl
radicals because of their stabilized structure, which
weakens more reactive free radicals. This allows
flavonoids to serve as scavengers of free radicals.
According to Hernandez-Rodriguez et al. (2019),
these oxidants are inhibited by free hydroxyls
providing electrons or hydrogens. This indicates that
radical damage is partly propagated in biological
systems by free hydroxyls.

Ben Ahmed et al. (2017) report that tannins
can block two different types of hydrogen atom
transfer (HAT) and single electron transfer (SET)
processes. Oxygen is a structural component shared
by oxygenated sesquiterpenes and monoterpenes,
divided into two groups. Three antioxidant
processes-sequential proton loss electron transfer
(SPLET), single-electron transfer followed by proton
transfer (SET-PT), and hydrogen atom transfer
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(HAT)—are proposed by Ngo et al. (2017) to account
for the antioxidant activity of these compounds.

Starchy meals are digested into oligosaccharides
through pancreatic a-amylase and salivary, which
a-glucosidase  subsequently transforms into
glucose in the small intestines (Nakamura et al.
2014). Studies on a-amylase suppression have
demonstrated the strong inhibitory potential of
T. bellerica seed extracts, including crude distilled
water, n-hexane, methanol, and ethyl acetate. The
IC,, values of ethyl acetate extract (86.33+0.41 ng/
mL) were consistent with previous findings, T.
bellerica seed aqueous extract demonstrated much
higher a-amylase inhibitory action (IC,; 74.8 ug/ml)
(Gupta et al. 2020). 1,4-Glycosidic linkages, which
are present in maltotriose maltose, and other simple
sugars, as well as starch and other oligosaccharides,
are the main constituent of these o-amylase
inhibitors (Wickramaratne et al. 2016). Further
investigation and the isolation of the pure active
molecule are required, as the inhibiting a-amylase
action extract in methanol most probably originates
from the polar component. a-glucosidase was more
reactively inhibited by all polyphenols examined
than a-amylase. Typically, the inhibition's order is
xanthones < tannins < flavonoids for a-amylase, and
tannins < xanthone < bioflavonoids < flavonoids for
a-glucoside (Bomigboye et al. 2020). High levels of
flavonoid chemicals are also seen in ethyl acetate
extract. Acarbose is (25.17+0.21 pg/ml) and extract
in ethyl acetate is (74.66+0.27 pg/ml) a-glucoside
inhibition.

Based on past research conducted by
(Nampoothiri et al. 2011), the methanol extract of
T. bellerica seeds can inhibit the alpha glucoside
enzyme (IC,;, 175.35 g/ml). IC,, differs considerably.
It has been documented that anthocyanins, tannins,
phenolic acid, and flavonoids originating from
plants decrease a-glucosidase activity (Di Stefano et
al. 2018). Research has shown flavonoids exhibit a
superior inhibitory effect than phenolic acid against
the a-glucosidase enzyme. At one mM, a-glucosidase
and a-amylase enzymes were not inhibited by
hydroxybenzoic or hydroxycinnamic acid. Molecules
with a flavone backbone likely have more hydroxyl
groups, so the inhibitory impact is more potent.
(Gu et al. 2015). The primary modes of interaction
between phenolic compounds and a-glucosidase
include hydrogen (H) bonds, hydrophobic contacts,
and Van der Waals interactions (Yan et al. 2014; Peng
etal 2016).

Triterpenoids' function depended heavily on the
kind and location of their substituents. Transferring
a methyl group from C20 to C19 improves the
inhibitory action, but adding a 24-hydroxyl group
attenuates it. (Zhang et al. 2017). The inhibitory
action of pentacyclic triterpenes is likewise
facilitated by the 17-carboxyl group (Zhang et al.
2017). Subsequent investigation demonstrated that
a-glucosidase binds to terpenoids at holes 2 and 4
in the enzyme, obstructing their non-competitive
activity. (Ding et al. 2018). Within the enzyme,
terpenoids bind to several residues of amino acids,
whereas C28-carboxylic acids form hydrogen bonds
with their O atoms. After contact, a-glucosidase
underwent a conformational shift, decreasing
the enzyme's catalytic activity (Zhang et al. 2017;
Ding et al. 2018). Oxidative damage brought on
through the generation of free radicals and the
oxidative breakdown of glycosylated proteins
during glucose oxidation is anticipated to result
in diabetic complications (Wickramaratne et al
2016). Consequently, it is frequently advised to take
antioxidants and antidiabetic drugs to prevent these
side effects.

Of practically all bacterial and fungal pathogens,
ethyl acetate extract showed the highest zone
inhibition. With positive control ampicillin,
the extract demonstrated a robust and distinct
inhibitory effect against Escherichia coli germs. The
highest fungal zone inhibition, classified as strong,
was seen in Aspergillus fumigatus; In comparison to
the positive control drug ketoconazole, this impact
was less pronounced. The significance of this result
differs from that of the prior study, which found
that methanol extract could suppress E. coli growth
with a 22 mm inhibition zone diameter (Sharma et
al. 2018). The prerequisites for antimicrobial power
strength are as follows: A 5 mm or less diameter is
considered a light inhibition zone, 5 to 10 mm is
considered a moderate inhibition zone, 10 to 20 mm
is regarded as a zone of strong inhibition, and 20
mm is considered a potent inhibition zone (Maryana
et al. 2019).

The ethyl acetate extract's elevated flavonoid
and tannic acid content will impact its antibacterial
properties. By making hydrogen and covalent
connections with extracellular proteins in bacteria,
flavonoids produce a chemical that impedes the
activity of cell transport proteins and enzymes
as well as the capacity of bacteria to adhere to
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microorganisms via their cell walls (Kumar and
Pandey et al. 2013). Rubbing down the membrane
or cell wall reduces the cell's permeability, which is
how tannin chemicals work as an antibiotic (Ajizah
2004). By combining with substrates or enzymes
to generate complex compounds, tannins damage
cell membranes and have antibacterial properties.
Because phenolicsubstancesinclude carboxyl groups
and hydroxyl that may hydrogen bind with cells of
bacteria, coagulate proteins, and lyse bacterial cell
membranes, they also have antibacterial effects
(Erviana and Purwono 2011; Rachmawaty et al
2018). Since lipophilic chemicals like triterpenoids
are often present, terpenoids have an antibacterial
action that involves breaking down the bacterial cell
membrane. When antibacterial active substances
interact with the membrane's active side or dissolve
lipid components and make them more permeable,
cell membrane damage may result. Phospholipids
and protein molecules make up the bacterial cell
membrane. These bacterial cells' cytoplasm may
coagulate due to increased permeability, cell
membrane components, or both (Rahmi and Sari
2021). Alkaloids work as antibacterials by turning
off the peptidoglycan constituents in bacterial cells.
Cells die due to the formation of the cell wall layer,
which is not beneficial. The alkaloid components
inhibiting the bacterial cell topoisomerase enzymes
are DNA intercalators, another alkaloid mechanism
(Rahmi and Sari 2021).

In conclusion, the potential antioxidant activity
and mechanism of action of T. bellerica seed crude
ethyl acetate extract were described in this work-the
crude ethyl acetate from T. bellerica seeds' possible
anti-diabetic properties. Based on several standard
strains of bacteria and fungi, both Gram-positive and
Gram-negative, the experiments demonstrated the
efficacy of crude ethyl acetate extract. One potential
mechanism for the antibacterial action of T. bellerica
ethyl acetate extract is DNA damage brought on by
ROS.
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