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ABSTRACT: Durian (Durio zibethinus Murr.) is a seasonal tropical fruit of Southeast Asia. It is a good source of
carbohydrates, proteins, fibres, vitamins B and C. The fruit extract was prepared using the mixture of Ethanol and 0.2
M HCl (1:1, v/v). Phytochemical, antioxidant and anticancer properties of durian were investigated in this study.
Phytochemical analysis exhibited the highest total phenolics value of 116.55±1.51 mg GAE/g extract and the highest
total flavonoid value of 92.37±9.27 mg RE/g extract. In antioxidant studies, ABTS and NO assays of durian fruit extracts
showed a greater value in antioxidant activity against control. Whereas, the results derived from DPPH, FRAP and
other assays showed lower antioxidant potential compared to the standard. Since durian fruit possess rich phenolic
content, which is the principal factor of the antioxidant activity, it shows excellent antioxidant potentials against various
assay methods. MTT assay was used for the cytotoxicity of durian extract against Chang Liver cell lines. The percentage
of cytotoxicity increases with the higher concentrations of durian extract. The maximum cytotoxicity (74%) of fruit
extract was recorded at 100 µg/ml of the fruit extract. It shows durian fruit extract to have an excellent anti-proliferative
and anticancer activities against Chang liver cell lines. Hence durian fruit can be utilized as a potential source for rich
bioactive compounds with nutraceutical and pharmaceutical applications.
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1 . INTRODUCTION
Fruits and vegetables are an important part of our daily diet. In recent years, several studies have
reported to contain large amounts of bioactive compounds in exotic tropical fruits. They are rich in essential
micro and macro nutrients and contain high levels of essential minerals and vitamins such as A, C and E.
Consumption of fresh fruits is essential as they have health-promoting bioactive compounds like
anthocyanins, phenolics, flavonoids and vitamins [1-2].
Durian (Scientific name: Durio zibethinus, family: Bombacaceae) is a seasonal tropical and climacteric
fruit of Southeast Asia. As the ripe durian fruit has its unique taste and aroma, it is considered as “King of
fruits”. The presence of natural bioactive compounds in durian fruit plays very important role in food,
pharmaceutical and cosmetic industries. Several studies have reported on various chemical constituents of
this fruit, which are meant for nutritional value and its specific smell. Durian is mainly used as the source of
fruit, though it is used as timber. The most common edible part of the durian is the fleshy aril that surrounds
each seed. The aril is a fleshy outer part of the funicular end of the seed coat [3-7].
Both pulp (aril) and rind of durian contain a wide variety of bioactive compounds. The importance of
durian fruit as a nutraceutically-valued source can be interrelated to their bioactive compounds. Fresh durian
pulp is rich in Carbohydrates, proteins, dietary fibres, saturated and unsaturated fatty acids [2, 8-12]. Durian
has considerably higher level of polyphenols, flavonols, flavonoids, anthocyanins and caffeic acid [13-14].
These bioactive compounds have a great potential to be used as a therapeutic agent. They can be used to treat
diabetes mellitus by regulating the secretion of insulin. In addition, they can be used to treat some
cardiovascular diseases by reducing serum cholesterol in blood [2, 9, 15-16]. Durian is used as an antioxidant,
anti-mutagenic, anti-carcinogenic, anti-inflammatory and antimicrobial agents in various medicines owing to
its phenolic compounds [17-21]. Durian fruit has conventionally been used as a remedy for infertility, but there
is no substantive scientific evidence for its use. It needs to be confirmed scientifically by isolating its various
chemical compounds and establishing its fertility enhancing properties [22].
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The antioxidants present in durian fruit are able to decrease the level of oxidative stress in the body.
These bioactive compounds have the great potential to scavenge free radicals. Several studies have reported
that, phenolic compounds are highly responsible for the antioxidant activity of durian fruit extracts. The freeradical scavenging activity of the extracts of durian was evaluated by FRAP (Ferric reducing antioxidant
power assay), CUPRAC (Cupric reducing antioxidant capacity), DPPH (1, 1-Diphenyl-2-picrylhydrazyl) and
ABTS (2-2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) assays. In these studies, phenols, flavonoids and
flavonols showed a strong antioxidant activity [2, 12, 23-24]. Different durian cultivars having same maturity
and ripening stage contain different concentrations of total polyphenol content and antioxidant capacities [10].
A very few reports are available on anticancer studies of durian fruit. In MTT (3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide) assay, mature durian fruit extract of ‘Mon Thong’ variety had antiproliferative activity. The extract of durian was able to reduce the growth of Calu-6 and SNU-601 cell lines by
86.8% and 88.5%, respectively [10]. Moreover, durian extracts were reported to have an inhibitory effect on
nitric oxide induced cell proliferative activity in the breast cancer cell line (MCF-7) [25].
In order to elucidate the previous reports on antioxidant and anticancer properties of durian fruit
extract, the present study was designed to investigate the in vitro antioxidant and anticancer potentials of
durian fruit extract. Total phenols and total flavonoid content were also estimated by standard analytical
procedures. A combination of ABTS, DPPH, FRAP, NO (Nitric oxide scavenging assay), Superoxide assay,
Phosphomolybdenum assay and metal chelating assays were used to determine the antioxidant activities of a
wide variety of compounds, which are present in durian fruit extract. In vitro cytotoxicity of durian fruit extract
was studied using MTT assay on Chang liver cell lines.
2. RESULTS
2.1. Phytochemical analysis
Durian fruit extract was tested for total phenolic content and total flavonoid Content using standard
analytical methods. In the test conducted on total phenolics, the highest total phenolics value was found to be
116.55±1.51 mg Gallic acid equivalent (GAE)/g extract). In the test performed on total flavonoids, the highest
total Flavonoids value was 92.37±9.27 mg Rutin equivalent (RE)/g extract).
2.2. Antioxidant activities
Antioxidant activities like ABTS, DPPH, ferric reducing antioxidant power assay, nitric oxide
scavenging activity, superoxide radical-scavenging activity, phosphomolybdenum assay and metal chelating
activities on different concentrations of durian fruit extracts were evaluated in this study.
In ABTS radical scavenging Activity, among different concentrations (200, 400, 600, 800 and 1000 µg/ml)
of durian fruit extracts tested, the highest antioxidant activity was recorded (94.18±3.38) at 1000 µg/ml of the
sample concentration. The antioxidant activity of the extracts increased with higher concentrations of the
extract. Durian fruit extract showed significantly higher antioxidant activity than that of standard, Ascorbic
acid (Figure 1). In DPPH radical scavenging activity, the maximum radical scavenging activity was found
(49.11±2.55) at 1000 µg/ml of the sample concentration. Durian fruit extract showed lower antioxidant
potential than ascorbic acid (Figure 2).

Figure 1. ABTS radical scavenging activity of different concentrations of the fruit extract of durian. Values
are expressed as the mean ± standard deviation (n = 3). Samples with different letters are significantly
different (p< 0.05).
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Figure 2. DPPH radical scavenging activity of different concentrations of the fruit extract of durian. Values
are expressed as the mean ± standard deviation (n = 3). Samples with different letters are significantly
different (p< 0.05).

In FRAP assay, the highest antioxidant activity was recorded (494.1 ±18.4) at 1000 µg/ml of the sample
concentration. Durian fruit extract showed lower antioxidant potential than ascorbic acid (Figure 3). Nitric
oxide scavenging activity exhibited the highest antioxidant value (72.02±4.21) at 100 µg/ml of the sample
concentration. Durian fruit extract showed significantly higher nitric oxide scavenging activity when
compared to the standard, Gallic acid. (Figure 4). In superoxide radical-scavenging activity, the maximum
scavenging ability of durian fruit extract was recorded (64.03±3.37) at 250 µg/ml of the extract. In all
concentrations of the sample, durian fruit extract exhibited lower scavenging activity than BHT (Figure 5).

Figure 3. Ferric reducing antioxidant power assay of different concentrations of the fruit extract of durian.
Values are expressed as the mean ± standard deviation (n = 3). Samples with different letters are significantly
different (p< 0.05).

Figure 4. Nitric oxide scavenging activity of different concentrations of the fruit extract of durian. Values
are expressed as the mean ± standard deviation (n = 3). Samples with different letters are significantly
different (p< 0.05).
https://doi.org/10.35333/jrp.2020.00
J Res Pharm 2020; 24(6): 1-12

884

Journal of Research in Pharmacy

Saminathan and Doraiswamy
Phytochemical analysis of durian (Durio zibethinus Murr.) fruit extract

Research Article

Figure 5. Super oxide radical scavenging activity of different concentrations of the fruit extracts of durian.
Values are expressed as the mean ± standard deviation (n = 3). Samples with different letters are significantly
different (p< 0.05).

The Phosphomolybdenum assay was used to determine the ability of durian fruit extract to reduce
Mo(VI) to Mo(V) and subsequent formation of green phosphate/Mo(V) complex at an acid pH. The results
were expressed as mg of ascorbic acid equivalents/g. The fruit extract of durian showed
Phosphomolybdenum activity of 166.66±5.35 mg AAE/g, which was lower than that of the standard BHT
(337.93±4.19 mg AAE/g) (Figure 6). In metal chelating activity, the decolorization of red colour of the reaction
mixture depends on the reduction of ferrous ions by fruit extract. The results were expressed as mg EDTA
equivalents/g. The fruit extract of durian showed the metal chelating activity value of 72.22±3.67 mg EDTA/g
extract. Metal chelating activity of durian fruit extract was lower than that of BHT (262.88±3.09 mg EDTA/g
extract (Figure 7).

Figure 6. Phosphomolybdenum assay of the fruit extract of durian. Values are expressed as the mean ±
standard deviation (n = 3). Samples with different letters are significantly different (p< 0.05).

Figure 7. Metal chelating activity of the fruit extract of durian. Values are expressed as the mean ± standard
deviation (n = 3). Samples with different letters are significantly different (p< 0.05).
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2.3. Anticancer activity (In Vitro Cytotoxicity - MTT Assay)
In vitro cytotoxicity of durian fruit extract was evaluated at different concentrations (0, 25, 50, 75 and
100 µg/ml) against Chang liver cells. The cytotoxicity of Durian fruit extract was dose dependent. The
maximum cytotoxicity (74%) was found at 100 µg/ml and the moderate cytotoxicity (66%, 58 %) at 75 µg/ml
and 50 µg/ml respectively. The minimum cytotoxicity (56 %) was recorded at 25 µg/ml of the durian fruit
extract. Control did not exhibit cytotoxic activity as expected. The fruit extract of durian showed Moderate to
severe cytotoxic reactivity to Chang liver cell lines after 24hr treatment (Figure 8).

Figure 8. MTT assay for anticancer activity of different concentrations of the fruit extract of durian against
Chang liver cell line. Values are expressed as the mean ± standard deviation (n = 3). Samples with different
letters are significantly different (p< 0.05).

3. DISCUSSION
Previous investigations reported that, the bioactive compounds like polyphenols, flavonoids, flavonols,
tannins, anthocyanins, caffeic acid, vanillic acid, quercetin, hesperidin, p-coumaric acid, myricitin, apigenin
and campherol were present in many varieties of durian fruit. Whereas the tannin content was very low in
durian [23]. Phenolic acids (caffeic acid, p-coumaric acid, sinnamic acid, vanillic acids) and flavonoids
(quercetin, morin, myricitin, campherol, apigenin) containing higher antioxidant activity were found in durian
[26]. Durian fruit extract was found to possess a total phenolic content of 79.15 mg GAE/100 g, in which
myricitin, campherol, and cinnamic acid were the major compounds [27]. The total polyphenols of durian rind
was reported to have 33.77 mg GAE/g [28]. While, in the seed extracts of durian, total polyphenols was 3.67
mg GAE/g [29]. In this present study, phytochemical analysis on durian fruit extract showed the highest total
phenolics value of 116.55±1.51 mg GAE/g extract and the highest total flavonoid value of 92.37±9.27 mg RE/g
extract.
Durian is used as antioxidant, antimutagenic, anticarcinogenic, anti-inflammatory and antimicrobial
agents in various medicines owing to its phenolic compounds. Phenolic compounds are highly responsible for
the antioxidant activity in exotic fruits [17]. The free-radical scavenging activity of phenolic extracts of durian
showed a strong antioxidant activity for FRAP, CUPRAC and ABTS [14]. Polyphenols have a strong
endothelium-dependent vasodilator activity and inhibits nitric oxide degeneration. Therefore it is used as
antioxidants. In exotic fruits like durian, flavonoids and flavonols are responsible for their higher antioxidant
activity [17, 30]. Durian fruit extracts exhibited the potential to scavenge the ABTS+ radical cation and the free
radical DPPH [28].
Polyphenol content in the ripe durian fruit was much higher than that of unripe and overripe fruit [4,23].
Durian fruit at different stages of ripening was investigated and found that, a fruit diet is an additive to
common foods for the prevention of cardiovascular and other diseases [31]. Ripe durian extracts showed
higher antioxidant Capacity in FRAP and CUPRAC assays, when compared to overripe durian fruit extracts
[32]. A wide variety of durian cultivars having same maturity and ripening stage were reported to have
different concentrations of total polyphenol content and antioxidant capacities [14]. Furthermore, some
compounds such as quercetin, caffeic acid and apigenin were detected only on ripening or over-ripened stages,
while some of them (hesperidin, p-coumaric acid, and quercetin) were not found at the same stage [24]. Caffeic
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acid and quercetin are the principal anti-oxidants present in durian fruit [33]. Quercetin shows a vast range of
pharmacological properties. It is the richest and most active flavonoid in human diet [4].
As stated earlier, durian possess rich phenolic content in their fruits, which is the principal factor of the
antioxidant activity, they exhibit excellent antioxidant activities against various assay methods. In this study,
ABTS and NO assays of the fruit extracts of durian showed significantly higher value in antioxidant activity
against control. Whereas, in the results derived from DPPH, FRAP, Super oxide assay, phosphomolebdnum
assay and metal chelating assay, the antioxidant potential was lower when compared to the standard. The
crude extracts are made of a mixture of several scavenging compounds which could act in a synergetic manner
to enhance the antioxidant activity. Moreover, the antioxidant activity depends on the availability and the
ability of these extracts to give hydrogen or electron atom [34, 35].
In vitro investigations reported on durian fruit extract to have active anti-proliferative and anticancer
potentials against cancer lines. In MTT assay, mature durian fruit extract of ‘Mon Thong’ variety had antiproliferative activity against Calu-6 and SNU-601 cell lines by 86.8% and 88.5%, respectively [10]. Moreover,
durian fruit extracts was found to have inhibitory effect on nitric oxide induced cell proliferative activity in
the breast cancer cell line (MCF-7) [25]. Mature durian sample exhibited the highest antiproliferative activity.
This is due to the presence of high antioxidant activity as well as the amount of flavonoids and other bioactive
compounds. The results on cell proliferation can be explained as a complex effect of flavonoids, flavonols and
ascorbic acid in mature durian [36].
In our study, the percentage of cytotoxicity increased with the higher concentrations of durian extract
against Chang liver cell line. It shows durian fruit extract to have an excellent anti-proliferative and anticancer
activities against Chang liver cell line. Since we have used one cancer cell line for cytotoxicity, it is
recommended that further studies are required to confirm cytotoxicity of durian fruit extract using more cell
lines. Durian can be utilized as a potential source of high value bioactive compounds with nutraceutical and
functional food additive applications.
4. CONCLUSION
Durian fruit has rich nutraceutical values. Since many bioactive compounds are present in durian, the
edible parts of durian fruit (pulp) and its residues (rind and seed) are very much useful for food,
pharmaceutical and cosmetic applications. Durian fruit is rich in dietary fibres, carbohydrates, vitamins,
amino acids and minerals. So it can be used as a food additive in our daily food consumption. Durian fruit
possess rich phenolic content, which is the principal factor of the antioxidant activity. İt exhibited excellent
antioxidant potentials against various assay methods and anticancer activities against chang liver cell lines.
The presence of antioxidant and anticancer potentials of durian can effectively be utilized to replace synthetic
chemicals, which are the components of drugs to treat many diseases. Regular intake of durian fruit helps
easy digestion and prevents cardiovascular diseases, blood pressure, insomnia, anemia, sexual dysfunction,
cancer and ınfertility diseases. It is also used as an antiaging factor. Hence durian fruit can be utilized as a
potential source of bioactive compounds with nutraceutical and pharmaceutical applications.
5. MATERIALS AND METHODS
5.1. Materials
All the chemicals and reagents used in this study were of analytical grade. The fresh fruits of durian
(Durio zibethinus Murr.) were collected in the month of June from the State Horticulture farm, Burliar, which
is located near Mettupalayam in Coimbatore district, Tamilnadu, India. The fruit was identified and
authenticated (Voucher specimen No. CBE/GAC/021/16) by the kind assistance of botanists from the PG and
Research Department of Botany, Government Arts College, Coimbatore, Tamilnadu.
5.2. Preparation of durian fruit extract
The Durian fruits were made free from mud and other impurities and dried in shade. The edible parts
(aril) were weighed (750 gm) and chopped into small pieces without using steel knives. The chopped pulp
was dried in shade and was then powdered. The samples were ground in order to pass through a 0.5-mm
sieve and stored at -200 C for further analysis. Powdered durian samples (1 g) were placed in a small vial and
15 ml of a binary mixture composed of Ethanol and 0.2 M HCl (1:1, v/v) was added. The samples were kept
in Super sonication bath for 40 min at 400 C. The extracts were separated from the solid matter by filtration,
condensed to 5 ml, and analyzed for the contents of bioactive compounds.
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5.3. Phytochemical analysis
5.3.1. Total phenolic content
The total phenolic content of the extract of durian pulp was determined as per the method described by
Makkar (2003) [37]. An aliquot of 100 μl (1 mg/1 ml) of the extract was taken in a test tube and made up to a
volume of 1 ml with distilled water. Then 0.5 ml of Folin-Ciocalteu reagent (1:1 with water) and 2.5 ml of
sodium carbonate solution (20%; w/v) were added sequentially in each tube. Immediately after vortexing the
reaction mixture, the tubes were placed in the dark for 40 min. The absorbance was recorded at 725 nm against
the reagent blank. The amount of total phenolics was calculated as pyrogallol equivalents from the calibration
curve.
5.3.2. Total flavonoid content
The total flavonoid content of durian pulp extract was determined by using the method described
previously by Zhishen et al (1999) [38]. An aliquot of 100 μl (1 mg/1 ml) extract was taken in a test tube and
made up to a volume of 1 ml with distilled water and followed by 150 μl of 5 % NaNO 2 solution. After 5 min,
150 μl of 10 % AlCl3 solution was added and allowed to stand for 6 min. Then 2 ml of 4% NaOH solution was
added to the mixture. Immediately distilled water was added to make the final volume of 5 ml and then the
mixture was thoroughly mixed and allowed to stand for another 15 min. Absorbance of the mixture was
determined at 510 nm against water blank. Rutin was used as a standard compound for the quantification of
total flavonoid. All the values were expressed as gram of rutin equivalent per 100 g of extract.
5.4. Antioxidant activities
5.4.1. ABTS radical scavenging activity
ABTS assay was performed according to the method of Re et al (1999) [39]. ABTS stock solution was
prepared by mixing 7mM ABTS stock solution with 2.45 mM potassium persulfate (1/1, v/v) and allowing
the mixture to stand in the dark at room temperature for 12–16 h until the reaction was complete and the
absorbance was stable. The ABTS solution was diluted with ethanol (about 1:89 v/v) to an absorbance of 0.700
± 0.05 at 734nm. The photometric assay was conducted by adding 0.9ml of ABTS solution to different
concentrations (200, 400, 600, 800 and 1000 µg/ml) of durian pulp extract and incubated for 15 min,
measurement was taken immediately at 734 nm. The antioxidant activity of the tested samples were calculated
by determining the decrease in absorbance at different concentrations by using the following equation:
[Eq. 1]

ABTS Radical Scavenging Activity (%) = ((Ac-At)/Ac) × 100

Where, At and Ac are the respective absorbance of tested samples and ABTS was expressed as μmol.
5.4.2. DPPH radical scavenging activity
The antioxidant activity of durian pulp extract was determined in terms of hydrogen donating or radical
scavenging ability using the stable radical DPPH, according to the method of Alessandra Braca et al (2001)[40].
Durian pulp extracts were taken in various concentrations (200, 400, 600, 800 and 1000 µg/ml) and the volume
was adjusted to 100 μl with methanol. About 3 ml of a 0.1 mM methanolic solution of DPPH was added to the
aliquots of samples and mixed well. Negative control was prepared by adding 100 μl of methanol in 3 mL of
0.1 mM methanolic solution of DPPH. Ascorbic acid was used as a reference standard and dissolved in
distilled water to make the stock solution with the same concentration. The tubes were allowed to stand in
dark for 30 minutes at room temperature. The absorbance of the sample was measured at 517 nm against the
blank. The radical scavenging activity was calculated as follows:
DPPH radical scavenging activity (%) = (Control OD - Sample OD/ Control OD) x 100

[Eq. 2]

5.4.3. FRAP (Ferric reducing antioxidant power) assay
FRAP assay was performed by the method prescribed by Benzie and Strain (1996) [41]. FRAP assay is
based on the ability of antioxidants to reduce Fe 3+ to Fe2+ in the presence of 2,4,6-tri (2-pyridyl)- s-triazine
(TPTZ), forming an intense blue Fe2+ -TPTZ complex with an absorption maximum at 593 nm. Different
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concentrations of the durian pulp extract (200, 400, 600, 800 and 1000 µg/ml) and standard were added to 2.7
ml of FRAP reagent (10 parts of 300 mM sodium acetate buffer at pH 3.6, 1 part of 10.0 mM TPTZ solution and
1 part of 20.0 mM FeCl3.6H2O solution) and the reaction mixture was incubated at 37°C for 30 min and the
increase in absorbance at 593 nm is measured. The antioxidant capacity based on the ability to reduce ferric
ions of sample was calculated from the linear calibration curve and expressed as mmol.
5.4.4. Nitric oxide scavenging activity
The nitric oxide scavenging activity of durian pulp extract was evaluated according to the method of
Sreejayan and Rao (1997) [42]. 3 ml of 10 mM Sodium nitroprusside in 0.2 M phosphate buffered saline (pH
7.4) was mixed with different concentrations (20, 40, 60, 80 and 100 µg/ml) of durian pulp extract and
incubated at room temperature for 150 min. After incubation time, 0.5 ml of Griess reagent (1% sulfanilamide,
0.1% naphthyl ethylene diamine dihydrochloride in 2% H 3PO4) was added. The absorbance of the
chromophore formed was read at 546nm. Standard and the same mixture of the reaction without sample
extracts were employed as positive and negative control. Percentage radical scavenging activity of the sample
was calculated as follows:
[Eq. 3]

NO scavenging activity (%) = (Control OD - Sample OD/ Control OD) x 100

5.4.5. Superoxide radical scavenging activity
Superoxide radical activity was estimated by the method of Beauchamp and Fridovich (1971) [43].
Different concentrations (50, 100, 150, 200 and 250 µg/ml) of durian pulp extract and standards (BHT) were
taken in triplicates. 3 ml of reaction mixture containing 50 mM sodium phosphate buffer (pH 7.6), 20 μg of
riboflavin, 12 Mm of EDTA and 0.1 mg of NBT were added to the extracts in test tubes. The reaction was
initiated by illuminating the reaction mixture with samples for 90 seconds. The illuminated reaction mixture
without sample was used as the negative control. The unilluminated reaction mixture without plant sample
was used as the blank. Immediately after illumination, the absorbance was measured at 590 nm against the
blank. The scavenging activity (%) of superoxide anion generation was calculated using the following
equation:
Superoxide radical scavenging activity (%) = ((Control OD-Sample OD)/ Control OD) X 100

[Eq. 4]

5.4.6. Phosphomolybdenum assay
Phosphomolybdenum assay was performed according to the method described by Prieto et al (1999)
[44]. In this assay, Mo (IV) is reduced to Mo (V) and forms a green Phosphomolybdenum complex. The reagent
was prepared by adding 0.6 M sulphuric acid, 28 mM sodium phosphate, 4 mM ammonium molybdate with
sodium phosphate and ammonium molybdate in the desired volume of 0.6 M H 2SO4. A standardized
concentration of 100 µl (1 mg/1 ml) of durian pulp extract was prepared in triplicate in test tubes. 1 ml of the
reagent solution was added. A reaction mixture without sample or standard was used as blank. The reaction
mixture was Incubated in a water bath at 95° C for 90 minutes and then cooled at room temperature. The
absorbance of the mixture was measured at 765 nm against a blank. The results were expressed in ascorbic
acid equivalent antioxidant capacity (AEAC) per gram extract.
5.4.7. Metal chelating activity
The metal chelating activities of durian pulp extract was estimated using the method of Dinis et al (1994)
[45]. An aliquot of 0.1 ml of the extract, 0.6 ml distilled water and 0.1 ml ferrous chloride (2 mmol/l) was well
mixed and incubated for 30s. Then, 0.2 ml ferrozine (5 mmol/l) was added to the mixture and incubated for
10 min at room temperature. The absorbance was measured at 562 nm with UV–Vis spectrophotometer. 0–2µg
of EDTA was used as a standard for the preparation of calibration curve. The metal chelating ability of
antioxidant was expressed as mg EDTA/g.
5.5. Anticancer activity
5.5.1. In vitro cytotoxicity - MTT assay
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Chang Liver is an established and well-characterized cell line that has demonstrated reproducible
results. Hence, this cell line was selected for MTT assay. The cell line was maintained in Minimum essential
medium supplemented with foetal bovine serum. The culture medium of the Chang liver monolayer was
replaced with fresh medium. Test samples in Triplicates were added in the cells. After incubation at 37±1 oC
for 18 hrs, MTT was added in all the wells and incubated for 4 hrs. After incubation, DMSO was added in the
wells and read at 570 nm using photometer. Cytotoxicity and cell viability were calculated as follows:
Cytotoxicity = [(Control – Treated)/ Control] × 100

[Eq. 5]

Cell viability= (Treated / Control) × 100

[Eq. 6]

5.6. Statistical analysis
Statistical analysis were conducted by using SPSS Statistics 26 software (IBM Corporation, Armonk,
NY) and one-way analysis of variance (one-way ANOVA, Tukey’s test). A statistical significance of p < 0.05
was considered to be significant.
Author contributions: Concept – V.S., R.D.; Design – V.S., R.D.; Supervision – R.D.; Resources – V.S., R.D.; Materials –
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