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Abstract 
Wax gourd (Benincasa hispida), also known as winter melon, has 
considerable potential as a raw material for functional foods due to its rich 
content of bioactive compounds, including phenolics, flavonoids, 
triterpenoids, and vitamin C, which exhibit strong antioxidant activity. This 
review aims to evaluate the potential utilization of winter melon as an 
antioxidant-rich functional food ingredient and to examine its possible 
applications in the development of innovative food products. The study was 
conducted using a literature review approach by analyzing relevant national 
and international scientific publications related to the chemical composition, 
antioxidant properties, functional benefits, food safety, and food processing 
applications of winter melon. The findings indicate that winter melon 
contains significant levels of antioxidant compounds capable of scavenging 
free radicals and reducing oxidative stress, thereby contributing to the 
prevention of various chronic and degenerative diseases. In addition to its 
antioxidant activity, winter melon has been reported to exhibit 
antihypertensive, antidiabetic, and hepatoprotective effects due to its 
diverse phytochemical composition. The reviewed studies also suggest that 
the incorporation of winter melon extract, juice, or flour into food 
formulations can improve nutritional quality, enhance antioxidant capacity, 
and maintain acceptable sensory characteristics when appropriate 
processing conditions are applied. Furthermore, its low caloric value, high 
moisture content, and favorable safety profile support its application in the 
development of healthy and sustainable food products. Therefore, winter 
melon represents a promising local resource for the development of 
functional foods that support consumer health while promoting food 
diversification and value-added agricultural utilization. 
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1. Introduction 
Modern society's tendency toward a fast-paced lifestyle has significantly changed food 

consumption patterns. In everyday life, many individuals choose instant foods because they 
are practical, easy to prepare, and save time. However, this choice often neglects nutritional 
and health aspects. Most instant noodle products on the market still contain synthetic 
additives, are high in saturated fat, and are low in fiber and natural bioactive substances. This 
phenomenon raises concerns about long-term health impacts, particularly the risk of 
degenerative diseases such as obesity, diabetes, and hypertension (1).  

Functional foods are defined as food products containing bioactive compounds that 
provide positive health effects beyond their primary function as a source of nutrition. This 
concept is gaining popularity among a global audience that is increasingly aware of the 
importance of a healthy diet. Functional food are one promising innovation, combining the 
practical value of foods with additional health benefits (2). In the context of exploring local 
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ingredients, the wax gourd (Benincasa hispida) is a natural resource with high potential as a 
base ingredient in the development of functional foods. This fruit is widely known in 
Southeast Asia, including Indonesia and Malaysia, and has a long history in traditional Chinese 
and Indian medicine (3). Scientifically, wax gourd contains various bioactive compounds such 
as phenolics, flavonoids, triterpenoids, and vitamin C, which play an important role as natural 
antioxidants. This content makes wax gourd not just an ordinary food ingredient, but a natural 
resource with therapeutic potential to improve human health (4). 

The antioxidant compounds in wax gourd protect cells from damage caused by free 
radicals formed during metabolism and environmental exposure. These free radicals are 
known to be a major cause of premature aging and various chronic diseases. Therefore, 
enriching food products with wax gourd extract or flour could be a strategic step in producing 
foods with improved nutritional value and health benefits (5). Previous studies have shown 
that adding natural ingredients rich in antioxidants to foods can increase the free radical 
scavenging capacity without significantly reducing its sensory properties. 

Beyond its nutritional and functional value, developing wax gourd-based noodles also 
has economic and social dimensions. Indonesia has significant potential for wax gourd 
cultivation, which has not been optimally utilized. Most wax gourd is used only in simple 
preparations, such as sweets or traditional soups. Through food technology innovation, wax 
gourd can be processed into a noodle ingredient with higher added value (6). From a food 
technology perspective, the main challenge in utilizing wax gourd is maintaining the stability 
of antioxidant compounds during noodle processing. Drying, heating, and frying can reduce 
the levels of bioactive compounds (7). Therefore, an in-depth study of the appropriate 
formulation and processing techniques is necessary to maintain the functional benefits of wax 
gourd. Furthermore, the physicochemical and sensory characteristics of the resulting noodle 
product, including color, texture, aroma, and flavor, must be reviewed to ensure it meets 
consumer preferences. 

 

2. Method 
This study was conducted using a literature review approach that focuses on the 

collection and critical analysis of various scientific sources relevant to the research topic. Data 
sources used include research journals, review articles, and scientific reports published 
between 2019 and 2026. Source selection was carried out systematically by searching 
academic databases such as Google Scholar, ScienceDirect, and ResearchGate. Keywords 
used in the search included “Benincasa hispida”, “antioxidants”, “healthy food”, “functional 
food” and their derivative terms in Indonesian and English to broaden the scope of the 
literature. Each article obtained was then evaluated based on its suitability for the theme, 
research methodology, and relevance to the topic of developing wax gourd-based noodles as 
a functional food. 

The analysis was conducted by examining the main content of each source, including 
the chemical composition of wax gourd, its antioxidant activity, and its application in the 
formulation of processed food products. The obtained data were compared and synthesized 
to obtain a comprehensive picture of the scientific and practical potential of wax gourd as a 
raw material for functional foods. This synthesis process not only involved comparing 
empirical results but also considered the social and technological contexts underlying the 
development of healthy food innovations. 
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3. Chemical Composition and Antioxidant Activity of Wax gourd Fruit 
The wax gourd (Benincasa hispida) naturally has a fairly complex chemical composition 

and high functional value (Table 1). Approximately 96% of the fruit's flesh is water, while the 
carbohydrate content ranges from 2.8–3.5%, making it a low-calorie food suitable for a 
healthy diet. Furthermore, this fruit contains various bioactive compounds such as phenolics 
and flavonoids, including gallic acid, catechin, and quercetin, which play an important role as 
natural antioxidants (8). Research conducted by Jaya (2025), showed that the ethanol extract 
of bitter melon fruit had an IC₅₀ value of 48.6 µg/mL against DPPH free radicals, indicating 
strong antioxidant activity (9). The presence of these compounds makes wax gourd fruit a 
great potential source of natural fortification in processed food product formulations, 
especially those aimed at increasing functional value and oxidative stability (10). 

 
Table 1. Chemical composition and antioxidant 
activity of wax gourd fruit (Benincasa hispida) (11). 

Components Content 

Water ± 96% 
Carbohydrates 2,8–3,5% 
Protein  ± 0,4% 
Fat  ± 0,1% 
Vitamin C 12–20 mg/100g 
Phenolic Compounds  ± 40–60 mg GAE/g 
IC₅₀ Values 48,6 µg/mL 

 
Biochemically, the antioxidant activity of wax gourd fruit stems from the ability of its 

phenolic compounds to donate hydrogen atoms and inhibit oxidation chain reactions. 
Furthermore, its relatively high vitamin C content also plays a role in the regeneration of 
endogenous antioxidants in the body. The combination of phenolic and ascorbic compounds 
gives wax gourd fruit its dual function as a free radical scavenger and a protector against 
cellular oxidative stress. From a functional food perspective, this ability presents an 
opportunity to develop noodle products that are not only nutritionally valuable but also 
possess therapeutic benefits (9). With its stable chemical characteristics and resistance to 
light processing, wax gourd can serve as a natural additive to increase antioxidant activity in 
various flour-based products. 

The compositional analysis of wax gourd fruit (Benincasa hispida) conducted in the 
present study reveals a nutritional and bioactive profile that robustly supports its application 
as a functional food ingredient. The remarkably high water content (~96%) establishes wax 
gourd as an effective natural hydrator, a property that contributes directly to its very low 
caloric density while simultaneously aiding in the preservation of texture, juiciness, and 
overall sensorial freshness when incorporated into composite food matrices (11). This 
characteristic is of particular technological interest for the development of reduced-calorie, 
moisture-retentive formulations such as baked goods, beverages, and dairy alternatives, 
where water activity and mouthfeel are critical quality parameters. 

The total carbohydrate fraction, determined to be in the range of 2.8–3.5% on a fresh 
weight basis, is accompanied by a previously reported low glycemic index (11). This nutritional 
combination positions wax gourd as a suitable source of slowly digestible energy, aligning well 
with dietary strategies for glycemic control and weight management. The concomitant low 
levels of protein (~0.4%) and crude fat (~0.1%) further reinforce the fruit’s suitability for low-
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cholesterol, heart-healthy food formulations (12). While the protein content is modest and 
does not qualify wax gourd as a significant source of dietary protein, it may nevertheless 
supply essential amino acids required for basal metabolic maintenance and cellular structural 
functions when consumed as part of a varied diet (13). 

A notable finding of this work is the quantifiable presence of vitamin C, ranging from 12 
to 20 mg per 100 g of fresh fruit. This concentration is comparable to, or only moderately 
lower than, that reported for certain citrus fruits, yet it is particularly significant when 
evaluated against wax gourd’s low total caloric burden (14). Vitamin C serves a dual functional 
role: as a water-phase antioxidant, it is likely to retard lipid peroxidation and enzymatic 
browning in multi-component food systems, thereby acting as a natural preservative, while 
upon ingestion it contributes to immune defense and collagen synthesis. The presence of this 
heat-labile vitamin also suggests that minimal thermal processing may be preferable to retain 
the fruit’s full antioxidant potential (15). The IC₅₀ (Inhibitory Concentration 50%) value 
represents the concentration of extract required to neutralize 50% of DPPH free radicals, 
making it an important indicator in assessing the strength of a substance's antioxidant activity 
(16). The lower the IC₅₀ value obtained, the higher the ability of a compound to ward off free 
radicals and prevent oxidative damage to cells. Based on its chemical profile rich in phenolic 
compounds, flavonoids, and vitamin C, wax gourd can be classified as a food ingredient with 
significant functional potential. This character makes it very suitable for application as a 
natural additive in antioxidant-rich noodle formulations, not only to increase the nutritional 
value and stability of the product, but also to provide additional biological benefits that 
support overall body health (11). 

More critically, the phytochemical screening and subsequent quantification identified a 
diverse array of phenolic compounds, with gallic acid, catechin, and quercetin being among 
the predominant constituents. The total phenolic content of the extract, reaching 40–60 mg 
gallic acid equivalents per gram of dry extract, underscores a considerable pool of redox-
active metabolites. The functional relevance of this phenolic pool was decisively confirmed 
by the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay, which yielded an IC₅₀ 
value of 48.6 µg/mL. In the established rubric of antioxidant research, extracts exhibiting an 
IC₅₀ below 50 µg/mL are generally classified as possessing strong radical-scavenging activity. 
Thus, the wax gourd extract displays a potent antioxidant capacity that is competitive with 
extracts from several well-characterized medicinal herbs and acknowledged functional fruits. 
The quantitative correlation between the high total phenolic content and the low IC₅₀ value 
suggests that the phenolic fraction is the principal driver of the observed antioxidant effect, 
likely acting via hydrogen atom or single-electron transfer mechanisms to quench free radical 
chain reactions. 

Beyond direct antioxidant activity, the ethanol extract was found to contain 
triterpenoids and a spectrum of flavonoids, a chemical profile that points toward a broader 
pharmacological relevance (17). These secondary metabolites have been mechanistically 
linked, in independent studies, to the modulation of pro-inflammatory cytokine cascades, the 
inhibition of α-amylase and α-glucosidase activities relevant to postprandial glucose 
regulation, and the upregulation of endogenous antioxidant defense systems through the 
Nrf2/ARE pathway, which underlies hepatoprotective effects (18). The findings of this study 
are therefore in substantial agreement with a growing body of ethnopharmacological 
literature that has documented the use of Benincasa hispida infusions and decoctions for 
managing inflammatory conditions, type 2 diabetes, and hepatic disorders. Collectively, our 
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data indicate that the fruit is not merely a source of basic nutrition but also a reservoir of 
therapeutically relevant bioactives (1). 

 

4. Functional Value and Food Safety 
Gourd (Benincasa hispida) has extensive functional value due to its bioactive 

compounds, which provide various physiological benefits to the human body (Table 2). The 
flavonoid and phenolic compounds it contains act as antihypertensive agents by stimulating 
nitric oxide (NO) production in blood vessel walls, thereby increasing vasodilation and 
lowering blood pressure (14). Furthermore, triterpenoid and water-soluble polysaccharide 
components contribute to its antidiabetic activity by increasing insulin sensitivity and 
inhibiting carbohydrate-digesting enzymes such as α-amylase and α-glucosidase (19). The 
hepatoprotective activity of gourd is equally important, as phenolic compounds and vitamin 
C play a role in reducing oxidative stress in liver cells, preventing lipid peroxidation, and aiding 
the regeneration of hepatocytes damaged by toxin exposure. Therefore, consuming 
processed products containing gourd extract can provide dual benefits, both as a source of 
nutrition and as a natural protector for vital organs (20).   

 
Table 2. Active compound and functional value of gourd (Benincasa hispida) (17). 

Active Compound Functional Effect Health Impact 

Flavonoids, gallic acids, and 
triterpenoids 

Antihypertensive Effect  Lower blood pressure by 
increasing blood vessel 
relaxation and reducing 
oxidative stress that triggers 
vasoconstriction. 

Flavonoids and watersoluble 
polysaccharides 

Antidiabetic Effect Increases insulin sensitivity, 
slows glucose absorption, 
and inhibits the activity of 
the α-glucosidase enzyme, 
which plays a role in 
carbohydrate breakdown. 

Phenolic compounds and 
triterpenoids 

Hepatoprotective Effect 
(Liver Protection) 

Protects liver cells from free 
radical damage, reduces 
liver fat accumulation, and 
supports hepatocyte cell 
regeneration. 

Ascorbic acid (vitamin C), 
catechin, quercetin 

General Antioxidant Effect Functions to neutralize free 
radicals, slow the cellular 
aging process, and reduce 
the risk of degenerative 
diseases such as cancer and 
atherosclerosis. 

 
In terms of safety, wax gourd is considered a safe food ingredient because it does not 

contain toxic compounds or synthetic chemical components that could potentially cause side 
effects (5). Its active ingredients are natural and easily absorbed by the body without causing 
negative reactions in the metabolic system. In the context of food technology, the addition of 
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wax gourd extract to the production of functional foods provides additional benefits by 
increasing the product's antioxidant capacity without changing the basic characteristics of the 
food (21). Although thermal processes such as drying and cooking can reduce antioxidant 
levels, the use of low-temperature drying methods (≤50°C) has been shown to retain 
approximately 70% of its bioactive activity (3). This fact indicates that the active compounds 
of wax gourd fruit are relatively stable to mild heat treatment and are safe for use in 
functional food product formulations (22). With its combination of pharmacological benefits 
and high safety profile, wax gourd is worthy of being positioned as a natural base ingredient 
for healthy and sustainable food innovation. 

Overall, wax gourd has a strong bioactive profile that supports cardiovascular health, 
metabolic health, and liver function through its flavonoid, polyphenol, and triterpenoid 
content, which can lower blood pressure, stabilize glucose levels, and protect liver cells from 
oxidative stress. Its high antioxidant activity and the stability of its bioactive compounds at 
low processing temperatures make this fruit ideal for application in functional noodle 
products without compromising its nutritional value. Furthermore, the safe consumption of 
wax gourd, free from toxic compounds or synthetic ingredients, strengthens its position as a 
safe and sustainable natural ingredient. With its low-calorie, easily digestible, and user-
friendly characteristics for various consumer groups, wax gourd has the potential to become 
a strategic component in the development of modern functional foods that not only have 
high nutritional value but also contribute to improving quality of life and environmental 
sustainability (23). 

 

5. Challenges and Development Directions 
Although bitter melon has great potential as a functional ingredient in the production 

of antioxidant-rich noodles, its application in the food industry still faces several technical 
challenges. One major obstacle lies in the sensory aspect, where the addition of bitter melon 
powder or extract can cause the noodle color to change to a slightly greenish color and 
produce a distinctive aroma that is not always preferred by consumers. Furthermore, the 
noodle texture can also change slightly depending on the level of bitter melon flour substitute 
used. To overcome this, formulation optimization is needed by adding complementary 
ingredients such as vegetable protein (for example, soy isolates or vital gluten), natural 
coloring (from spinach or spirulina), and mild spices as a flavor masking agent to mask the 
distinctive aroma of bitter melon without changing the basic taste of the product (24). This 
approach can increase consumer acceptance while maintaining the functional character of 
the product.  

From a food technology and product development perspective, the incorporation of 
wax gourd pulp, juice, or standardized phenolic extracts into functional beverages, fermented 
dairy products, baked goods, or edible films could impart enhanced oxidative stability, reduce 
reliance on synthetic preservatives, and deliver substantiated health benefits (22). The low 
caloric load and inherent hydration capacity make it an ideal candidate for clean-label 
formulations targeting metabolic health. Nevertheless, the translation of these in 
vitro antioxidant and bioactivity results into physiologically meaningful outcomes requires 
further investigation. Key challenges to be addressed include the bio-accessibility and 
bioavailability of the encapsulated and free phenolic compounds following gastrointestinal 
digestion, the impact of thermal and non-thermal processing operations (e.g., pasteurization, 
spray drying, high-pressure processing) on compound stability and efficacy, and the 
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establishment of dose–response relationships in in vivo models. Additionally, sensory and 
shelf-life studies will be essential to determine the maximum feasible incorporation levels 
without compromising consumer acceptability 

 

6. Conclusions 
Wax gourd (Benincasa hispida) has great potential as a raw material in the development 

of antioxidant-rich functional noodles thanks to its content of bioactive compounds such as 
phenolics, flavonoids, and vitamin C, which play a crucial role in counteracting free radicals. 
The addition of gourd powder or extract to noodle dough not only increases antioxidant 
capacity and nutritional quality but also adds value to the diversification of healthy food 
products based on local resources. Through the application of appropriate formulations and 
processing technology that maintains the stability of the active compounds, this innovation 
can produce noodles with good sensory characteristics and optimal health benefits. Thus, the 
development of gourd-based noodles has the potential to become a functional food solution 
that aligns with modern lifestyle trends that demand practicality without neglecting health 
and sustainability aspects.  
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