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Bitter gourd (Momordica charantia L.) is traditionally used for antidiabetic, antiulcer, and wound-
healing purposes. In this study, the fruit was separated into five fractions: peel (Group 1), seed
(Group 2), seed outer layer (Group 3), seed+seed outer layer (Group 4), and peel+seed-+seed outer
layer (Group 5). Malondialdehyde (MDA) levels and the activities of catalase (CAT) and
superoxide dismutase (SOD) were measured spectrophotometrically as markers of lipid
peroxidation and antioxidant defense. The lowest MDA level was detected in the seed fraction,
whereas the highest MDA level was observed in the seed outer layer. Antioxidant enzyme activities
were elevated in fractions showing higher MDA levels, except for the seed. When CAT and SOD
activities were compared, the highest CAT activity was detected in the seed outer layer, whereas
the lowest was detected in the seed. The highest SOD activity was observed in the seed and seed
outer layer, while the lowest activity was observed in the peel. The concomitant increase in MDA
and antioxidant enzyme activities in the non-seed fractions may indicate a tissue-specific adaptive

response associated with metabolic activity.
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Introduction

Plants have long been used to prevent and manage
various diseases and disorders. Momordica charantia L., a
member of the Cucurbitaceae family, is commonly known
as bitter gourd and is distributed across India, the
Caribbean, Asia, Africa, and other tropical regions (Asna
et al., 2020). It is an annual plant characterized by 5-7-
lobed leaves and variable fruit morphology (long/short;
pointed/blunt) with a densely protruding surface.
Momordica charantia L. has been reported to exhibit
triglyceride-lowering,  antiulcer,  antibiotic,  anti-
inflammatory, antidiabetic, anticarcinogenic, antiviral,
antimicrobial, hypoglycemic/antihyperglycemic,
hypocholesterolemic, and pesticidal activities (Jia et al.,
2017). It is also used traditionally for wound healing and
gastrointestinal complaints (Arslanoglu & Hendekci,
2012). The minimum growth temperature is approximately
15-18°C, and the fruit typically turns yellow-orange during
maturation. At maturity, the fruit may split into three
segments and curl outward.

Bitter gourd has been used medicinally in many
cultures. Leaf tea has been used in diabetes management,
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as a carminative in colitis, topically for wounds and pain,
and for reducing parasites and worms (Grover & Yadav,
2004). In folk medicine, it has been used for wounds,
rheumatism, tumors, malaria, menstrual pain, diabetes, and
several dermatological and gynecological complaints
(Kumar & Bhowmik, 2010). In Turkey, Momordica
charantia L. is commonly used as a fruit-based oil
preparation applied topically for wound care and consumed
orally for gastric discomfort, particularly symptoms
associated with peptic ulcer disease (Karaman et al., 2018;
Piskin et al., 2014). Similarly, its use has been reported for
accelerating wound healing and for the management of
peptic ulcer symptoms (Gurbuz et al., 2000). Maintaining
antioxidant balance is critical for physiological
homeostasis. Antioxidant defense systems limit the
damage induced by reactive oxygen species by scavenging
radicals and converting them into less reactive forms
(Matés, 2001; Thomas, 1995). By interrupting radical
chain reactions, antioxidants may exert chain-breaking
effects and contribute to cellular repair processes (Pisoschi
& Pop, 2015).
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Although bitter gourd has been widely investigated and
antioxidant-related bioactivities have been reported, tissue-
specific differences in lipid peroxidation and antioxidant
enzyme activity across fruit fractions remain insufficiently
defined. Therefore, in the present study, tissue-specific
differences in oxidative stress and antioxidant defense were
comparatively evaluated by measuring MDA levels and CAT
and SOD activities in the peel, seed, seed outer layer, and their
combinations. These data were used to identify the fraction(s)
with the most favorable antioxidant profile and to support the
biochemical basis of traditional use.

Materials and Methods

Bitter gourd (Momordica charantia L.) is mainly
cultivated in the Mediterranean region of Turkey. Fresh
bitter gourd fruits obtained from Hatay province were
transported to the biochemistry laboratory and processed
on the same day for biochemical analyses.

Biochemical analysis

Preparation of the plant fractions/extract

Fruits were cut longitudinally into two halves, and five
fractions were prepared (Figure 1):

Group 1 (peel): the peel fraction.

Group 2 (seed): seeds were removed and ground into a
fine powder using a mortar and pestle.

Group 3 (seed outer layer): the tissue surrounding the
seeds was separated and homogenized.

Group 4 (seed+seed outer layer): the seed powder and
the seed outer layer were combined and homogenized
together.

Group 5 (peeltseed+seed outer layer): peel, seed
powder, and seed outer layer were combined and
homogenized together.

Each fraction was homogenized in 1.15% KCl solution.
Homogenization was performed at 16,000 rpm for 3 min.
The resulting homogenates were used for the determination
of total protein concentration, malondialdehyde (MDA)
levels, and catalase (CAT) and superoxide dismutase
(SOD) activities.

Determination of antioxidant activity

Total protein concentration was measured using the
Lowry method (Lowry et al., 1951), which is based on the
colorimetric reaction of aromatic amino acid residues with
the Folin-Ciocalteu reagent. MDA levels were measured
using the thiobarbituric acid reactive substances (TBARS)
method described by Ohkawa et al. (Ohkawa et al., 1979),
based on the formation of a pink MDA-TBA adduct whose
absorbance is proportional to MDA concentration. This
color intensity is directly proportional to the medium's
MDA concentration. CAT activity was determined using
the Beutler method (Beutler, 1984). Hydrogen peroxide
(H20,) was decomposed into water and oxygen by
catalase, and the rate of H»O, decomposition was
monitored spectrophotometrically. SOD activity was
measured using the method described by Fridovich
(Fridovich, 1995).

Figure 1. Preparation of bitter gourd (Momordica charantia L.) fractions.
(a) Whole fruit; (b) inner portion; (c) inner portion with seeds; (d) seeds; (e) peel fraction (Group 1); (f) seed fraction (Group 2); (g) seed outer layer
fraction (Group 3); (h) seed+seed outer layer fraction (Group 4); (i) peel+seed-+seed outer layer fraction (Group 5).
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In this assay, superoxide radicals generated by the
xanthine-xanthine  oxidase system reduce 2-(4-
iodophenyl)-3-(4-nitrophenyl)-5-phenyltetrazolium
chloride (INT) to a red formazan product. Formazan
formation was inhibited by SOD through scavenging of
superoxide radicals; therefore, the decrease in optical
density compared with the reaction without SOD was used
to calculate SOD activity.

Statistical Analysis

Statistical analyses were performed using GraphPad
Prism 10 (GraphPad Software, USA). The Shapiro-Wilk
test was applied to assess the normality of the data
distribution. Since the data met the assumption of
normality (p > 0.05 in Shapiro-Wilk test), parametric tests
were selected for further analysis. One-way analysis of
variance (ANOVA) followed by Tukey’s post-hoc test was
used to compare differences among multiple groups.
Statistical significance was defined as p < 0.05. All results
are expressed as mean + standard deviation (SD).

Results

In the present study, lipid peroxidation and antioxidant
enzyme activities were compared across different bitter
gourd (Momordica charantia L.) fruit fractions. MDA
levels differed significantly among the groups. The highest
MDA level was observed in the seed outer layer (Group 3)
(p <0.001) (Table 1; Figure 2), whereas the lowest MDA
level was detected in the seed fraction (Group 2).

CAT activity also differed significantly among the
fractions. The highest CAT activity was measured in the

seed outer layer (Group 3) and in the seed+seed outer layer
fraction (Group 4) (p < 0.001), whereas the lowest CAT
activity was detected in the seed fraction (Group 2) (Table
2; Figure 3). Moderate CAT activity was observed in the
peel (Group 1).

SOD activity showed smaller differences among
groups. The highest SOD activity was detected in the seed+
seed outer layer fraction (Group 4) (p < 0.05), while the
lowest activity was observed in the peel (Group 1) (Table
3; Figure 4).

Discussion

In the present study, tissue-specific differences in lipid
peroxidation and antioxidant enzyme activities were
evaluated in bitter gourd (Momordica charantia L.)
fractions. Overall, the main finding is that the seed fraction
exhibited the lowest lipid peroxidation, whereas the seed
outer layer showed the highest lipid peroxidation together
with a comparatively higher enzymatic antioxidant
response, indicating a clear tissue-dependent redox profile.
The seed fraction showed the lowest MDA level, whereas
the seed outer layer exhibited the highest MDA level. CAT
activity was highest in the seed outer layer and in the
seed+seed outer layer fraction, while the lowest CAT
activity was detected in the seed. SOD activity differed
among groups, with the highest activity observed in the
seed+seed outer layer fraction and the lowest activity in the
peel. Together, these findings indicate that the oxidative
status and enzymatic antioxidant defense vary markedly
across fruit tissues.

Table 1. Malondialdehyde (MDA) levels in bitter gourd (Momordica charantia L.) fractions

Groups

Mean + SD (nmol/mg protein)

Min-Max (nmol/mg protein)

Peel (Group 1)

Seeds (Group 2)

Seed outer layer (Group 3)

Seeds+Seed outer layer (Group 4)
Peel+Seeds+Seed outer layer (Group 5)

4.878+0.818
2.841+0.538
10.630+1.555
5.670+2.258
4.294+0.354

3.58-5.67
2.00-3.36
8.52-12.25
3.58-9.44
3.88-4.74

Data are presented as mean = SD (n = 5) together with mini

Table 2. Catalase (CAT) activity in bitter gourd (Momordica charantia L.) fractions

mum and maximum values.

Groups Mean + SD (U/mg protein) Min-Max (U/mg protein)
Peel (Group 1) 207.80+46.408 159.22-284.15
Seeds (Group 2) 64.75+8.33 55.48-75.78

Seed outer layer (Group 3)
Seeds+Seed outer layer (Group 4)
Peel+Seeds+Seed outer layer (Group 5)

394.87+124.86
353.96+116.44
117.76+21.82

183.98-509.64
233.15-529.77
81.78-137.39

Data are presented as mean + SD (n = 5) together with mini

mum and maximum values

Table 3. Superoxide dismutase (SOD) activity in bitter gourd (Momordica charantia L.) fractions

Groups

Mean + SD (U/mg protein)

Min-Max (U/mg protein)

Peel (Group 1)

Seeds (Group 2)

Seed outer layer (Group 3)

Seeds+Seed outer layer (Group 4)
Peel+Seeds+Seed outer layer (Group 5)

0.36+0.24*
0.75+0.34*
0.66+0.51*
1.32+0.61%*
0.70£0.52*

0.14-0.77
0.42-1.3
0.18-1.3
0.74-2.32
0.32-1.61

Data are presented as mean + SD (n = 5) together with mini

mum and maximum values.
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Figure 2. Malondialdehyde (MDA)
levels in bitter gourd (Momordica
charantia L.) fractions.
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Figure 3. Catalase (CAT) activity in  Figure 4. Superoxide dismutase (SOD)
bitter gourd (Momordica charantia L.)
fractions.

activity in bitter gourd (Momordica
charantia L.) fractions

MDA levels were significantly higher in the seed CAT activity was highest in the seed outer layer SOD activity differed modestly among fractions;
outer layer fraction than in the other fractions (p < and seed+seed outer layer fractions (p <0.001) the highest activity was detected in the seed+seed

0.001), indicating increased lipid peroxidation,
whereas the seed fraction showed the lowest MDA
level. Data are presented as mean = SD (n = 5).

The antioxidant and therapeutic properties of bitter
gourd have been reported in studies focusing on diabetes,
cancer, and gastrointestinal disorders (Altinterim, 2012;
Joseph & Jini, 2013). For example, bitter gourd extracts
have been reported to induce apoptosis in breast cancer
cells and to modulate multiple signaling pathways (Joseph
& Jini, 2013). In the present study, the concurrent elevation
of MDA and CAT activity in the seed outer layer (Group
3) suggests that this tissue may undergo higher lipid
peroxidation while simultaneously exhibiting an increased
CAT-associated antioxidant response. This coordinated
pattern is consistent with an adaptive enzymatic defense in
tissues with higher oxidative turnover and may be
influenced by tissue-specific phytochemical composition,
including phenolic compounds and flavonoids (ince et al.,
2019).

The relatively higher SOD activity observed in the
seed+seed outer layer fraction (Group 4) suggests that
combining these tissues may enhance superoxide-
scavenging capacity compared with individual fractions.
This finding also supports the view that different fruit
tissues may contribute complementary antioxidant
components when combined. Consistent with this
interpretation, antioxidant-rich preparations of bitter gourd
have been associated with beneficial effects in wound-
related applications (Sagéstegui-Guarniz et al., 2021).
Notably, the seed fraction (Group 2) showed low MDA
levels together with low CAT activity, which may indicate
lower susceptibility to lipid peroxidation under the tested
conditions and, accordingly, a reduced requirement for
CAT-mediated detoxification.

The reported benefits of bitter gourd in peptic ulcer
complaints and wound healing (Gurbuz et al., 2000) have
been attributed, at least in part, to antioxidant and anti-
inflammatory constituents. In this context, the high CAT

and lowest in the seed fraction; moderate activity outer layer fraction (p < 0.05), while the lowest
was observed in the peel fraction. Data are
presented as mean + SD (n=5).

activity was observed in the peel fraction. Data
are presented as mean = SD (n=5).

activity observed in the seed outer layer fraction despite
elevated MDA levels suggests that this tissue may be a
relevant target for future formulation studies (e.g., topical
products or nutraceutical preparations). Previous work on
bitter gourd-based topical formulations supports the
feasibility of such applications (Ince et al, 2019).
Importantly, the present tissue-specific profiling provides
a more explicit biochemical basis for selecting specific
fruit fractions, which may improve the standardization and
rationale of preparations used in traditional and applied
settings.

Several limitations should be considered. First, the
findings were obtained from in vitro biochemical
measurements and should be validated in in vivo models.
Second, the relationship between increased MDA levels
and elevated antioxidant enzyme activities should be
further examined within the framework of tissue
metabolism and adaptive stress responses.

Overall, the present results emphasize the value of
tissue-targeted fractionation when assessing bioactive
properties of plant materials. Although Momordica
charantia has been widely studied, comparative evaluation
of oxidative stress and key enzymatic antioxidants across
distinct fruit tissues and defined combinations remains
limited; therefore, this work contributes by highlighting
clear tissue-dependent differences in MDA, CAT, and
SOD profiles. More broadly, tissue-specific antioxidant
profiling is significant because it helps identify the most
suitable plant fraction(s) for standardized preparations,
thereby supporting more rational selection of raw materials
for future nutraceutical or topical applications. Based on
the observed patterns, the seed outer layer (Group 3) and
the seed+seed outer layer fraction (Group 4) appear to be
promising targets for future studies focusing on
antioxidant-related applications.

1551



Demirci et al. / Turkish Journal of Agriculture - Food Science and Technology, 14(6): 1548-1552, 2026

Declarations

Ethical Approval Certificate

This research does not involve any data or materials
related to humans, animals, or other living organisms. As a
result, ethical committee approval and informed consent is
not required for this study.

Author Contribution Statement

Biisra Citil Demirci: Data collection, biochemical
analysis, and writing the original draft.

Muhammed Mehdi Uremis: Data analysis, writing the
original draft, and review.

Ergiil Belge Kurutas: Conceptualization, methodology,
and review.

Fund Statement
Not applicable

Conflict of Interest
The authors declare no conflict of interest.

References

Altinterim, B. (2012). Bitter Melon (Momordica charantia) and
the Effects of Diabetes Disease [Bitter Melon (Momordica
charantia) and the Effects of Diabetes Disease]. Uludag
Universitesi Ziraat Fakiiltesi Dergisi, 26(2), 65-70.

Arslanoglu, F., & Hendekei, A. (2012). Iliman Iklim Kosullarinda
Kudret Narimin (Momordica charantia L.) Yetistirilebilmesi
Uzerine Bir Arastirma. Biyoloji Bilimleri Arastirma Dergisi,
5(2).

Asna, A. C., Joseph, J., & John, K. J. (2020). Botanical
Description of Bitter Gourd. Bitter Gourd Genome, 7-31.
https://doi.org/10.1007/978-3-030-15062-4 2

Beutler, E. (1984). Red cell metabolism : a manual of biochemical
methods. Grune & Stratton.

Fridovich, 1. (1995). Superoxide radical
dismutases. Annu  Rev  Biochem, 64,
https://doi.org/10.1146/annurev.bi.64.070195.000525

Grover, J. K., & Yadav, S. P. (2004). Pharmacological actions
and potential uses of Momordica charantia: a review. J
Ethnopharmacol, 93(1), 123-132.
https://doi.org/10.1016/].jep.2004.03.035

Gurbuz, 1., Akyuz, C., Yesilada, E., & Sener, B. (2000). Anti-
ulcerogenic effect of Momordica charantia L. fruits on
various ulcer models in rats. J Ethnopharmacol, 71(1-2), 77-
82. https://doi.org/10.1016/s0378-8741(99)00178-6

and superoxide
97-112.

Ince, 1., Cigirgil, N., Giimiistas, B., Giildii, O. K., Karaman, D.,
Medine, E. I., Giiler, G., & Karasulu, E. (2019). Geleneksel
Olarak Yara Tedavisinde Kullanilan Kudret Nar
(Momordica charantia L.) Zeytinyagi Maserati Kullanilarak
Krem Formunun Gelistirilmesi ve In Vitro Yara Iyi Edici
Etkisinin Arastirilmas1. Erzincan Universitesi Fen Bilimleri
Enstitiisti Dergisi, 12(1), 38-48.
https://doi.org/10.18185/erzifbed.487150

Jia, S., Shen, M., Zhang, F., & Xie, J. (2017). Recent Advances
in Momordica charantia: Functional Components and
Biological  Activities. Int J Mol Sci, 18(12).
https://doi.org/10.3390/ijms 18122555

Joseph, B., & Jini, D. (2013). Antidiabetic effects of Momordica
charantia (bitter melon) and its medicinal potency. Asian Pac
J Trop Dis, 3(2), 93-102. https://doi.org/10.1016/s2222-
1808(13)60052-3

Karaman, K., Dalda-Sekerci, A., Yetisir, H., Giilsen, O., &
Coskun, O. F. (2018). Molecular, morphological and
biochemical characterization of some Turkish bitter melon
(Momordica charantia L.) genotypes. Industrial Crops and
Products, 123, 93-99.
https://doi.org/https://doi.org/10.1016/j.indcrop.2018.06.036

Kumar, K. P. S., & Bhowmik, D. (2010). Traditional medicinal
uses and therapeutic benefits of Momordica charantia Linn.
International Journal of Pharmaceutical Sciences Review
and Research, 4(3).

Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J.
(1951). Protein measurement with the Folin phenol reagent. J
Biol Chem, 193(1), 265-275.

Matés, J. M. (2001). Effects of antioxidant enzymes in the
molecular control of reactive oxygen species toxicology (vol
153, pg 83, 2000). Toxicology, 163(2-3), 219-219.
https://doi.org/Doi 10.1016/S0300-483x(01)00395-X

Ohkawa, H., Ohishi, N., & Yagi, K. (1979). Assay for lipid
peroxides in animal tissues by thiobarbituric acid reaction.
Analytical Biochemistry, 95(2), 351-358.
https://doi.org/https://doi.org/10.1016/0003-2697(79)90738-
3

Piskin, A., Altunkaynak, B. Z., Tumentemur, G., Kaplan, S.,
Yazici, O. B., & Hokelek, M. (2014). The beneficial effects
of Momordica charantia (bitter gourd) on wound healing of
rabbit skin. J Dermatolog Treat, 25(4), 350-357.
https://doi.org/10.3109/09546634.2012.713459

Pisoschi, A. M., & Pop, A. (2015). The role of antioxidants in the
chemistry of oxidative stress: A review. European Journal of
Medicinal Chemistry, 97, 55-74.
https://doi.org/10.1016/j.ejmech.2015.04.040

Sagastegui-Guarniz, W. A., Silva-Correa, C. R., Villarreal-La
Torre, V. E., Gonzalez-Blas, M. V., Sagastegui-Guarniz, W.
O., Calderdon-Pefia, A. A., Aspajo-Villalaz, C. L., Cruzado-
Razco, J. L., & Hilario-Vargas, J. (2021). Wound healing by
topical application of Momordica charantia L. formulations
on mice. Veterinary World, 14(10), 2699-2704.
https://doi.org/10.14202/vetworld.2021.2699-2704

Thomas, M. J. (1995). The Role of Free-Radicals and
Antioxidants - How Do We Know That They Are Working.
Critical Reviews in Food Science and Nutrition, 35(1-2), 21-
39. https://doi.org/Doi 10.1080/10408399509527683

1552



