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ABSTRACT

Background: Bioactive compounds from vegetables have played a substantial role as
therapeutic agents in drug discovery since it contains nutraceutical and nutraceutical
properties. Cucurbitaceae family encompasses several edible plants that contain valuable
natural compounds. Objectives: To evaluate the physicochemical and mineral composition on
Momordica charantia fruit residues. Materials and Methods: The physiochemical composition
and mineral composition were characterized by FTIR and optical emission spectrophotometer,
respectively. The phenolics, flavonoids and total antioxidant activity were employed by
spectrophotometrically. The green ultrasound assisted extraction was used for aqueous and
12% ethanolic extraction for evaluation of phenolic compounds by UPLC/MS. Results: The
results revealed the minerals such as K, P, Ca, Na, Mg, Fe, Zn, Sr, Cu and Mn found in bitter melon.
High contents of total phenolics content (683.820 to 1753.345 galic acid: quercetin (2:1)/100
g of sample) and total flavonoids (106.206 to 311.423 mg of quercetin/100 g of sample) were
observed in peel aqueous extract. The aqueous extract of peel exhibited maximum inhibitory
potential against DPPH radical (93% of inhibition) than ethanolic extract. This aqueous extract
of peel also contains naringenin, catechin, epicatechin, p-coumaric, ferulic and chlorogenic acids
which were reveled from UPLC/MS analysis. Conclusion: This study suggests that M. charantia
residues are good sources of functional proteins, lipids, fibers and minerals, resulting in greater
nutritional value. In addition, M. charantia is of great interest in its promising benefits for human
health, due to its antioxidant capacity and bioactive compounds.
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INTRODUCTION

Bitter melon (M. charantia L.) is traditionally used as a medicinal
plant and consumed daily as food. The fruits of M. charantia are
distributed worldwide including in Turkey, Brazil, Africa, China,
India, Malaysia, Australia, Thailand,and USA and showed superior
antioxidant potential.'! M. charantia fruit is rich in minerals
including iron, zinc, phosphorus, magnesium, calcium, and
potassium.™ Studies have determined that the M. charantia plant
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and its parts contain a great diversity of phytoconstituents with
therapeutic properties such as being anti-microbial, larvicidal,
anti-diabetic, anti-malarial, hypo-cholesterolemic, anti-tumor,
anti-viral, anti-genotoxic, anti-helminthic and wound healing.?
Phytochemical analysis of M. charantia revealed the presence

of saponins, flavonoids, terpenoids, coumarins, emodins, and
alkaloids.

Conventional techniques of phenolic extraction are generally
associated with high consumption of organic solvent and long
extraction times. With increasing environmental pollution
caused by the larger use of volatile and harmful organic solvents,
recent techniques on extraction focusing on minimum usage of
solvents or use alternative bio-rational solvents. Water can be
considered as a potentially green solvent since it is not toxic and
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it’s environment friendly.” A sustainable alternate technique
that requires a moderate use of solvent and energy is Ultrasonic
Assisted Extraction, which is most common and reproducible
at room temperature. This technique is working on the basis of
acoustic cavitation, and it has the capability of breaking the plant
cell wall matrix and thus releasing the bioactive compounds.™®

The phytochemical profiles of seed+pulp and peel of the M.
charantia are limited in phytochemical aspects. Thus, the
current research was undertaken to study the physicochemical
parameters and chemical composition of seed+pulp and peel of M.
charantia and the application of an ultrasound-assisted extraction
technique for phenolic compounds, along with the identification
and quantification of bioactive compounds. Furthermore, the
best solvent conditions for extraction of phenolics/antioxidant
compounds from seed+pulp and peel were established.

MATERIALS AND METHODS

Sample preparation

Ripe mature bitter melon fruit was collected in Sdo Cristdvao,
Sergipe, Brazil, at 10°5529.6"S, 37°13'07.9"W. The peel was
separated from the seed while the seed and pulp remained
together. The samples of bitter melon fruit residues were dried in
an oven (Marconi, Model - MA 035-5, Piracicaba, SP, Brazil) at
40°C and ground using a mill (Basic IKA All, IKA, Campinas,
SP, Brazil). The particle sizes of powdered samples were measured
and it was about 2 mm. Later, the powdered bitter melon fruit
residues were packed in an amber glass vial and stored in a glass
desiccator at 29+2°C.

Determination of physicochemical composition of
fruit

The pH, soluble solids, titratable acidity, moisture, water activity,
ash, protein, lipid, fiber contents, and reducing/ non-reducing
sugars were determined according to established methodology.”

Estimation of minerals composition

The minerals such as Ba, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Mo,
Na, Ni, P, S, Se, Sr, V and Zn were estimated by using optical
emission spectroscopy (Varian Vista-Pro, Australia) according to
the methodology of Correia et al.ll%!

FTIR and UV/vis spectrometry analysis

The FTIR and UV/vis spectrometry of solid samples and solvent
(aqueous and ethanol) extracts of bitter melon fruit residues were
measured based on the method prescribed by Andrade et al.!'!

Determination of condensed and hydrolyzable
tannins contents

Condensed and hydrolyzable tannins contents in the bitter
melon fruit residues were measured using a spectrophotometer
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(SpectraMax M2, Molecular Devices, Sunnyvale, CA) at 500 nm
for condensed tannins and 550 nm for hydrolyzable tannin.!?

Preparation of crude extracts

The crude extracts from bitter melon fruit residues were extracted
using aqueous and ethanol (12% v/v) solvents by ultrasonic bath
with a frequency of 40 KHz. About 1.5 g samples of peel and
seed+pulp was extracted with 15 mL of distilled water at 60°C
(aqueous extraction) and ethanol: water (12:88 v/v) (ethanolic
extraction) in an ultrasound apparatus (UNIQUE, USC-1400A,
Brazil) for 60 min. Then, the extracts were centrifuged (Eppendorf,
Centrifuge 5810R, Hamburg, Germany) at 17418¢ for 10 min.
Later, the supernatants were collected in a glass vial and stored at
18°C. For the quantitation of phenolic compounds using UPLC/
MS, the extracts were filtered through 0.2 pm cellulose filters
(Millipore, Bedford, MA).

Determination of total phenolics and flavonoids
content

The total phenolics and total flavonoid contents in the Bitter melon
fruit residues were determined by the methodology prescribed
by Andrade ef al,"" with slight modification. The absorbance
of samples was measured using a spectrophotometer at 760 nm
for the total phenolics. While, absorbance of the samples was
measured at 415 nm for the total flavonoid contents.

Determination of antioxidant activity by DPPH assay

The DPPH radical scavenging activity of bitter melon fruit
residues were employed according to Andrade et al."!! method.
The decrease in absorbance by plant extracts/antioxidants
were monitored every 5 min for 120 min at 515 nm using a
spectrophotometer.

Quantification of phenolic and flavonoid compounds
using UPLC-MS system

Individual phenolic and flavonoid compounds present in the
bitter melon fruit residues were identified and quantified by
UPLC-MS analysis which were performed according to Andrade
et al.™ method with some modifications. An Ultra Performance
Liquid Chromatography (UPLC) Acquity Class H ((Waters,
Milford, Massachusetts, USA) was used coupled with a PDA
detector and simple quadrupole (QDa) mass spectrometer,
equipped with electrospray ionization in negative mode and
Selected Ton Monitoring (SIM) provisions. The column used
was Ascentis Phenyl (15 cm x 4.6 mm, 5 pm; Supelco analytical)
operating at a flow rate of 0.35 mL/min and temperature of 40°C.
The mobile phases of ultrapure water+0.1% formic acid (Phase
A) and acetonitrile+0.1% formic acid (Phase B) was used. The
injection volume for standards and samples were 5 pL. Elution
was in the gradient mode, according to the following events: 0-15
min, 100% A; 15-25 min, 75% A; 25-35 min, 60% A; 35-45 min,
50% A; 45-55, 30% A; 55-60 min, 0% A. A standard calibration
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curve was prepared, covering the concentration range (0.02 to 1
mg/mL). The data on analytical parameters of standard phenolics
and flavonoids are presented in Table S1.

Statistical analysis

The mean values comparison was evaluated using the Tukey
test by Statistical Analysis System (SAS) software (ver. 9.0, SAS
Institute, Cary, NC). The Pearson correlation coefficient was
performed by SPSS software, version 25.0 (IBM SPSS, IBM Corp.,
Armonk, New York).

RESULTS

Physicochemical and mineral composition

physicochemical parameters such as water activity, °Brix, and
titratable acidity values were shown in Figure la. The values of
water activity and pH were not statistically different between
the M. charantia residues. However, the Brix and titrable acidity
values were higher in M. charantia peel compared to that of
seed+pulp. The reducing and non-reducing sugar contents were
higher in peel compared to seed+pulp (Figure 1b). Similarly,
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moisture and ash contents also showed higher values in the peel
compared to seed+pulp. The protein, fiber, and lipid contents
varied among the samples, and the highest concentrations were
observed in seed+pulp samples (Figure 1c).

The main minerals such as K, P, Ca, Na, Fe, Mg, Zn, Sr, Cu and
Mn were found in the peel and seed+pulp (Table 1). The Fe
content was maximum in both peel and seed+pulp compared to
other minerals. The contents of K, Ca, Na, and Sr were higher in
peel compared to that in seed+pulp. The minerals P and Mg had
higher contents in seed+pulp which also contained Fe, Zn, Mn,
and Cu.

FTIR and UV/vis absorption spectra of Momordica
charantia

The FTIR and UV-vis absorption spectra of bitter melon fruit
residues were differed in the peel and seed+pulp, indicating
the tissues have different functional groups and characteristics
(Figure 1S). UV-vis region in absorption spectra of the aqueous
and ethanolic extracts of the peel and seed+pulp presented bands
in the range of 200-600 nm (Figure 18S).

[
2 B¢ ==4:4Pulp
/Q:b 6 :
R
g ¢ b b
3
=
o2
1
a " - Q3
Reducing Non-reducing
[T viomal pltescdics: rmeg e W of s
I 1! flrvovick g

DEPH{%)

Ricative ¢ anpoundks [ing 100z " of smnple )

Fedd - Aguenes Pead - Fdamcic Seed - Aqueces

(d)

Figure 1: Physico-chemical composition (a), sugars contents (b), centesimal composition (c), total phenolics and flavonoids contents as well as antioxidant
activity (d) of peel and seed+pulp of M. charantia residues. Values expressed as meanzstandard deviation; n=3. Letters associated with columns for the same
analysis do not differ statistically, p<0.05, Tukey test.
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Table 1: Minerals composition of peel and seed+pulp of M. charantia.

Minerals Peel Seed+pulp LD (ug/qg) LQ (pg/9)
Ba (pg/g) 2.15+0.030° 0.68+0.056" 0.01 0.018
Ca% 0.45+0.0046° 0.07+0.0003" 0.03 0.11

Cd (pg/g) <0.001° <0.001° 0.001 0.0020
Cr (ug/g) < 0.04° <0.04 0.04 0.13

Cu (ug/g) 6.43+0.084 9.16+0.085* 0.01 0.019
Fe (ug/g) 50.9+1.61° 59.7+0.39° 0.04 0.13

K % 8.36+0.15° 0.95+0.017" 5.9 19.3
Mg % 0.16+0.0019° 0.23+0.0041° 0.002 0.0067
Mn (ug/g) 6.28+0.084° 10.140.13 0.003 0.010
Mo (ug/g) 1.61£0.076 1.55+0.18° 0.006 0.019
Na (ug/g) 437+37.5 66.8+29.5 6.2 20.4

Ni (ug/g) 0.70+0.20° 0.29+0.19" 0.08 0.27

P % 0.30+0.0064° 0.50+0.016* 0.1 0.43

S (ug/g) 0.21+0.0023" 0.26+0.0074° 3.1 10.1

Se (pg/g) <0.4° 2.14+0.52° 0.4 1.2

Sr (ug/g) 15.2+0.37¢ 1.60+0.10° 0.004 0.012
V (ug/g) 0.055+0.0045 0.018+0.0045 0.00004 0.00013
Zn (ug/g) 35.1£0.29° 43.7+0.99° 0.001 0.0027

Means followed by same letters (*>®) in the same row do not differ statistically at p<0.05, Tukey test. Values expressed as meantstandard deviation (n=3); LD = Limit

of detection; LQ = Limit of quantification.
Bioactive compounds and antioxidant activity

Condensed tannins content was found lower in the peel and not
found in the seed+pulp sample (Figure 2S). Hydrolyzed tannins
content was higher in seed+pulp than in the peel with differences
between the 2 materials. Total phenolic content varied in samples
as did total flavonoid content (Figure 1d) which were different
between samples. The aqueous extraction obtained better results
for the analysis. The percent inhibition of the DPPH radical
varied among the samples and highest percentage was observed

in the aqueous extract of the peel.

Identification and quantification of phenolic
compounds

From the UPLC-MS analysis of bitter melon fruit residues,
eighteen phenolic compounds were identified, of which
naringenin, epicatechin, ferulic acid, and kaempferol were in
higher concentrations in both peel and seed+pulp (Table 2).
Among them, naringenin is the most common compound in
the ethanolic and aqueous extractions of peels and seed+pulp.
The catechin and chlorogenic acid compounds were only
in seed+pulp, with no difference between the 2 extractions.
Moreover, the compounds of p-coumaric acid, vanillic acid and

gallic acid were detected only in the peel.
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DISCUSSION

Physicochemical and mineral composition

The results of physicochemical parameters of water activity, pH,
total soluble solids, titrable acidity, moisture, ash, proteins, fibers,
lipids, reducing, and non-reducing sugar contents were found
in the peel and seed+pulp which were similar to earlier studies.
Hamissou et al.'® reported that the protein value of M. charantia
fruit is 4.11 mg/g fresh weight. The water content in the fruit
residues of bitter melon is about 93.2%, while protein and lipids
contents ranged between 18.02 and 0.76%.'* Moreover, Horax
et al.™ reported that oven-dried mature bitter melon pericarp
showed a moisture content of 14.3%, while seeds obtained 7.73%.
The M. charantia fruit peel contained moisture (95.30%), ash
(3.07%), protein (0.89%), fiber (1.08%), total soluble solids (4.50
°Brix), titrable acidity (0.19 mg citric acid/100 g), pH (5.67), and
presence of sugars such as fructose, glucose, sucrose, raffinose,
estequiose.®)

M. charantia peel and seed+pulp were enriched with minerals
like K, Ca, Zn, Mg, P, Se, and Fe. Likewise, bitter melon residues
are rich in micronutrients such as Ca, Fe, P, Mn, K, Mg, and Zn
reported by Mukherjee and Karati,'”? Horax et al.'* reported the
mineral contents (K, Ca, Zn, Mg, P, Fe, S, Na, Mn, and Cu) of
pericarp and seed of bitter melon, of which, K, P, and Mg were the
major minerals with values of the concentrations of K (42.7 and
8.6 mg/g for peel and seed, respectively) and S (1.1 and 2 mg/g
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Table 2: Identification and quantification of phenolic and flavonoid compounds in peel and seed+pulp extracts of M. charantia by LC-MS system.

Compounds Contents (ug/g of sample)
Peel Seed+pulp

Aqueous extract Ethanolic extract Aqueous extract Ethanolic extract
Acacetin tr tr tr tr
Apigenin tr tr tr tr
Biochanin A tr tr tr tr
Caffeic acid nd nd nd nd
Catechin nd nd 10.51+0.08° 10.85+0.25%
Chlorogenic acid nd nd 14.58+0.12° 14.14+0.06"
Chrysin tr tr tr tr
p-Coumaric acid 37.27+0.35% 32.64+0.20%4 nd nd
Daidzein tr tr tr tr
Epicatechin 14.43+0.30°4 13.41+0.04%4 10.20+0.13% 10.07+0.21%
Ethyl gallate tr tr tr tr
Ferulic acid 29.58+0.25% 29.55+1.09%* 30.52+0.08>* 28.90+1.30%*
Galic acid tr tr nd nd
Kaempferol 9.47+0.10% 9.15+0.04%* 9.37+0.08** 9.14+0.00°
Luteolin tr tr tr tr
Naringenin 2302.92+96.28* 1876.91+1.36*% 2306.38+9.38% 2072.33+88.33%
Protocatechuic acid tr tr tr tr
Rutin tr tr tr tr
Vanillic acid nd 0.034+0.000 nd nd
Vanillin nd nd nd nd

Values expressed as mean+standard deviation (n=3); tr = <Traces-Below limit of quantification (2 ug/mL); nd = Not detected. "Means followed by the same capital
letters (*>®) between aqueous and ethanolic extracts for each type of extract (peel or seed+pulp) did not differ statistically, at p<0.05, Tukey's test. ***Means followed by
the same lowercase letters (*>°) in the columns did not differ statistically in relation to the content of compounds in each extract, at p<0.05, Tukey's test.

for the peel and seeds, respectively) and the minerals of Ca (2.7
mg/g), Na (264 pg/g) and Fe (45 pg/g) were rich in peel.

Research studies highlighted that potassium element is involved
in the regulation of function in the neurons and muscles.
Earlier studies also reported that potassium, sodium, calcium,
phosphorus, and magnesium are considered essential dietary
minerals that should be supplied in the diet which regulate
and maintain the metabolic functions."® Selenium is a mineral
of fundamental importance for the human diet, making it
antagonistic and resistant to oxidative stress related disorders
including tumors, arthritis, brain and heart diseases. Trace
minerals such as Se, Cu, Zn, and Mn alleviate inflammation and
oxidative stress in the human body."!

FTIR and UV-vis absorption spectra of Momordica
charantia

Infrared spectroscopy is considered to be more suitable for
the indetification of functional groups which are responsible
for biological activity. The peaks from 3220 cm™ to 3540 cm
correspond to O-H bonds representing alcohols, phenols, and
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carboxylic acid groups.? The band at approximately 2920 cm™
in the seed+pulp sample was assigned to the C-H stretching
vibration of alkanes, alkenes, aromatics, and aldehydes.””! The
absorption peakat 1723 cm™ was identified as esterified carboxylic
groups (-COOR).? This region was due to carbonyl groups
representing aldehydes, carboxylic acids, esters, and ketones.™!
Moreover, absorption peaks at 1550 cm™ to 1640 cm™, 1619 cm™,
1422 cm™ and 1350 cm™ correspond to the asymmetric and
symmetric stretching of the carboxylate anion groups (-COO-),
referred to as nitro groups.?! The absorption peak at 1020 cm™
possessed the pyranose ring skeleton.”” In addition, peak ranges
from 770 to 920 cm™ represent the C-H out-of-plane vibrations
from alkanes and aromatics.!

The UV-vis absorption spectra of the aqueous and 12% ethanolic
extracts of the peel and seed+pulp presented bands in the
range of 200-600 nm. However, the intensity of absorption
varied depending on the fruit sample and type of solvents
used for extraction. The results showed an absorbance range
of approximately 250 to 280 nm for all samples. The intensity
of the peel was higher concerning the seed+pulp, although
being independent of the type of extraction. The absorption

Pharmacognosy Research, Vol 16, Issue 1, Jan-Mar, 2024
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spectra of the extracts of bitter melon fruit residues are similar
to polyphenol spectra. The findings from the FTIR and UV-vis
absorption spectrum revealed the presence of alkyl halides,
alkenes, cellulose, aromatic ring, ketone, carbonyls, alcohol, and
amines in the bitter melon fruit residues.

Bioactive compounds and antioxidant activity

The tannins are classified as hydrolyzable or condensed tannins
and found in maximum amounts in seed+pulp of M. charantia.
The content of hydrolysable tannins in the aryl of the seed+pulp
of M. subangulata varied from 374.3 to 495.4 mg tannic acid/100
g and of peel was 360.4 to 492.4 mg tannic acid/100 g, depending
on the maturation stage of bitter melon.! Tannins can reduce the
risk of cardiovascular disease, cancer, and Alzheimer's and can be
used as nutraceuticals to maintain good intestinal microbiota.?*

The phenolic compounds are cited as polyphenols and these
compounds were major contributors to antioxidant activity.
The present study demonstrated that antioxidant activity in the
aqueous extract of bitter melon fruit peel is due to the higher
total phenolic contents found in them compared to that of the
ethanolic extract. The aqueous extract of bitter melon fruit peel
exhibited good total phenolic content (13.28 GAE/g fresh weight)
and DPPH radical scavenging activity at 82.05%.

Nehra and Deen,™ reported that dried fruit of M. charantia
has higher amounts of total phenolics (3.18 mg GAE/g DW),
flavonoids (2.64 mg CAE/g), and DPPH- scavenging activity
(86.21%) in ethanolic extract than in the aqueous extract. Earlier
study by Vikneswari et al.**! compared the antioxidant property
in the M. charantia fruit with ethanol and aqueous extract.
The results demonstrated that ethanolic extract showed higher
DPPH- scavenging activity (IC,=0.53 mg/mL) than aqueous
extract. Khalid et al.’”! reported that ethanolic (80%) extract of
M. charantia fruit exhibited maximum amount of total phenolics
(34.3 mg GAE/g DW) and flavonoids (63.3 mg CE/g DW) and
DPPH- scavenging activity (60.3%) than 100% ethanol. Saha
and Chatterjee,® demonstrated that bitter gourd seed obtained
the maximum amount of total phenolics (47.14 mg GAE/g),
flavonoids (16.82 mg QE/g of dry tissue), and tannin (23.24 mg
TA/g of dry tissue) contents in alcoholic extract than aqueous
extract. The present study confirmed that the 12% ethanolic
extract of seed+pulp exhibited higher DPPH- scavenging activity
compared to the aqueous extract of seed+pulp. However, the total
phenolic contents and total flavonoid contents were higher in the
aqueous extract of seed+pulp compared to ethanolic extract.
Previous study also demonstrated that 80% ethanolic extract of M.
charantia peel obtained higher DPPH radical scavenging activity
compared to its values in pulp and seed. Although the phenolic
compounds concentration was very low. Tan et al.”” reported
that 50% ethanolic extract of M. charantia fruit exhibited 2.29 g
gallic acid equivalent/100 g dried fruit of total phenolic content
and 51.1% of inhibition against DPPH radical.

Pharmacognosy Research, Vol 16, Issue 1, Jan-Mar, 2024

Khan et al.?® also demonstrated that ethanolic extract using the
maceration technique showed good DPPH radical scavenging
activity compared to soxhlet extraction. Recent research findings
were done by Sharma et al.,’!! Mbaiogaou et al.®*¥ and Singh et
al.®¥ also supported that M. charantia fruit residues showed good
total phenolic contents and DPPH radical scavenging activity.
Thus, these findings suggested that optimization of solvent
extraction for phenolic or antioxidant compounds from M.
charantia fruit residues is needed for a good recovery.

Identification and quantification of phenolic
compounds

Studies reported that dietary extract of M. charantia can
prevent diabetes and metabolic abnormalities.® From the
HPLC analysis, an aqueous extract obtained higher phenolic
compounds in seed+pulp of M. charantia compared to the
ethanolic extract. Similarly, Kubola and Siriamornpun®
reported that aqueous extraction of M. charantia (green fruit
and ripe fruit) contains tannic acid, gallic acid, catechin, caffeic
acid, benzoic acid, p-coumaric acid and ferulic acid which were
responsible for DPPH radical scavenging activity. However,
HPLC analysis of aerial parts of M. charantia showed a good
amount of phenolic compounds in 80% ethanolic extract and
exhibited good DPPH radical scavenging activity.®® The
phenolic compounds concentrations were varied in the bitter
melon depends on the maturation stage and parts of the tissues
of bitter melon fruit.?” Previous studies reported the presence of
vanillic, ferulic, and gallic acids in the pericarp of bitter melon®®
and values of chlorogenic acid increased from 12.26 to 17.35
ug/g of dry material, with maturation. The contents of vanillic
acid (0.87 ug/mg), catechin (0.30 pug/mg), and coumaric acid
(0.01 ug/mg) were also found in aqueous extracts of M. charantia
fruit residues.® Akyiiz et al."" also proved that the presence of
phenolic compounds of catechin, rutin, gallic acid, quercetin,
vanillic acid, gentisic acid, chlorogenic acid, epicatechin, syringic
acid, p-coumaric acid and benzoic acid in the M. charantia
fruit are the major contributors for the antioxidant property.
Vikneswari et al.?® reported that margaric acid, ascorbic acid,
quercetin-3-glycosides, brevifolincarboxylic acid, Augustin H,
goya glycoside G and cucurbitacin E 3-Malonylmomordicin
I were found in the M. charantia fruit which was analyzed by
LC-MS-QTOF. A previous study by Khalid et al.?” identified
and quantified the bioactive compounds using HPLC. The results
showed that the fruit peel contains 4-hydroxy, 3-methoxy benzoic
acid (403.7 ppm), m-coumaric acid (17.21 ppm), whereas the
seed contained syringic acid (56.34 ppm) and vanillic acid
(301.9 ppm). Among the phenolic compounds obtained in the
fruit residues, Naringenin was found in higher concentration
in the aqueous extract of bitter melon frui seed+pulp compared
to peel. Naringenin is a bioflavonoid that possesses antioxidant
and anti-inflammatory properties, such as sepsis, fulminant
hepatitis, fibrosis, cancer, and treatment of Alzheimer’s disease.?!!
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Thus, HPLC analysis proved that aqueous extraction is good for
obtaining naringenin from M. charantia fruit seed+pulp.

CONCLUSION

The present study concluded that M. charantia residues are good
sources of natural antioxidants which have a large potential for
human health benefits and can contribute to the development of

nutraceuticals or functional foods.
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Mn: Mangenese; GAE: Gallic acid equivalents; CE: Catechin

equivalents.
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SUMMARY

Momordica charantia fruit is a rich source of nutraceuticals
and polyphenolic compounds with good antioxidant activity.
Naringenin is a bioflavonoid found in peel which could be used
as the nutraceutical supplement. The effectiveness of M. charantia
fruit peel bioactive compounds would prevent the intestinal
related disorders.
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Figure 1S: FTIR spectra of solid samples (a) and absorption spectra in the UV/vis region of the aqueous and ethanolic
extracts (b) of the peel and seed+pulp of M. charantia residues.
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Figure 2S: Condensed and hydrolyzed tannins contents in peel and
seed+pulp of samples of M. charantia residues.

Values expressed as meanztstandard deviation; n=3. The same lower-case
letters associated with columns for the same analysis do not differ statistically,
p<0.05, Tukey test.

Table 1S: Analytical MS parameters: Retention time, linearity parameters, correlation coefficients and detection limits for phenolic and flavonoid

compounds.

b 5 < cC o = X

£ 5 5 & SE St = =
o 5 =2 2 | E o > s E ® .2 " 5 =
2 £ 5 3 £ 5§53 &% SE 25
S 28 HE E (EE S SeT S E
Acacetin C,H,0, - 285 15 429 Y =145e+007 X + 1.66e+004  0.9975 0.002
Apigenin C,H, 0, - 271 15 348 Y =3.50e+007 X + 1.77e+005  0.9907 0.002
BiochaninA ~ C H, O, - 285 15 442 Y =4.10e+007 X + 1.48e+005  0.9931 0.002
Caffeic acid C9H804 - 181 15 20.9 Y =2.30e+007 X + 3.17e+004  0.9957 0.002
(+)-catechin C15H1406 - 291 15 19.4 Y = 2.80e+007 X - 2.71e+004 0.9924 0.002
Chrologenic ~ C,H,0, - 355 15 185 Y =229e+007 X - 3.14e+004  0.9926 0.002
acid

Chrysin C.H,0, - 255 15 426 Y =322e+007 X + 1.44e+005  0.9918 0.002
p-coumaric acid C9H803 - 165 15 24.5 Y = 1.04e+007 X - 2.64e+004 0.9973 0.002
Daidzein C.H,0, - 255 15 304 Y =3.47e+007 X +1.47e+005  0.9912 0.002
Epicatechin C,H,,0, - 291 15 206 Y =238e+007 X - 2.10e+004  0.9949 0.002
Ethyl gallate CQHIOO5 - 199 15 23.5 Y =2.68e+007 X + 1.74e+005  0.9935 0.002
Ferulic acid C,H,0, - 195 15 255 Y =326e+006X - 8.66e+003  0.9935 0.002
Gallic acid C7H605 - 171 15 12.4 Y = 8.28e+006 X + 1.66e+004  0.9926 0.002
Kaempferol C.H,0, - 287 15 352 Y =514e+007 X - 4.66e+004  0.9943 0.002
Luteolin CH,0, - 287 15 312 Y =3.01e+007 X +2.03e+005  0.9921 0.002
Narigenin ClsHuO5 - 273 15 10.8 Y =4.66e+004 X + 3.41e+002  0.9999 0.002
Protocatechuic C7H604 - 155 15 16.6 Y = 1.34e+007 X + 4.09¢+004  0.9967 0.002
acid

Rutin C,H,0, - 611 15 21.8 Y =3.58e+007 X + 1.69¢+005  0.9903 0.002
Vanillic acid CgHSO4 - 169 15 21.4 Y =4.61e+005 X - 1.12e+003 0.9921 0.002
Vanilin CgHgo3 - 153 15 25.1 Y =1.47e+006 X - 2.61e+003 0.9950 0.002

ESI - Electrospray ionization; °Y is the value of the peak area. X is the concentration of the standard compound. "MDL - Method Detection Limit
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