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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 (Arslanoğlu & 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, 

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).  

http://creativecommons.org/licenses/by-nc/4.0/
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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 (peel+seed+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 

(H2O2) was decomposed into water and oxygen by 

catalase, and the rate of H2O2 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) 4.878±0.818 3.58-5.67 

Seeds (Group 2) 2.841±0.538 2.00-3.36 

Seed outer layer (Group 3) 10.630±1.555 8.52-12.25 

Seeds+Seed outer layer (Group 4) 5.670±2.258 3.58-9.44 

Peel+Seeds+Seed outer layer (Group 5) 4.294±0.354 3.88-4.74 
Data are presented as mean ± SD (n = 5) together with minimum and maximum values. 

 

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

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) 394.87±124.86 183.98-509.64 

Seeds+Seed outer layer (Group 4) 353.96±116.44 233.15-529.77 

Peel+Seeds+Seed outer layer (Group 5) 117.76±21.82 81.78-137.39 
Data are presented as mean ± SD (n = 5) together with minimum 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) 0.36±0.24* 0.14-0.77 

Seeds (Group 2) 0.75±0.34* 0.42- 1.3 

Seed outer layer (Group 3) 0.66±0.51* 0.18-1.3 

Seeds+Seed outer layer (Group 4) 1.32±0.61* 0.74-2.32 

Peel+Seeds+Seed outer layer (Group 5) 0.70±0.52* 0.32-1.61 
Data are presented as mean ± SD (n = 5) together with minimum and maximum values. 
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Figure 2. Malondialdehyde (MDA) 

levels in bitter gourd (Momordica 

charantia L.) fractions. 
MDA levels were significantly higher in the seed 
outer layer fraction than in the other fractions (p < 

0.001), indicating increased lipid peroxidation, 

whereas the seed fraction showed the lowest MDA 
level. Data are presented as mean ± SD (n = 5). 

Figure 3. Catalase (CAT) activity in 

bitter gourd (Momordica charantia L.) 

fractions. 
CAT activity was highest in the seed outer layer 
and seed+seed outer layer fractions (p < 0.001) 

and lowest in the seed fraction; moderate activity 

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

Figure 4. Superoxide dismutase (SOD) 

activity in bitter gourd (Momordica 

charantia L.) fractions 

SOD activity differed modestly among fractions; 
the highest activity was detected in the seed+seed 

outer layer fraction (p < 0.05), while the lowest 

activity was observed in the peel fraction. 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 (Altınterim, 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 (İnce 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 (Sagástegui-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 

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 (İnce 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. 
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