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e ood apple (Limonia acidissima L.) is a tropical fruit tree belonging to the family
&' Rutaceae that has been underutilized in modern food processing and industrial
g;g@ applications despite its remarkable nutritional, phytochemical, and medicinal potential. The
&% fruit is characterized by a hard outer pericarp enclosing a sticky, aromatic pulp with

e numerous seeds. In traditional food systems across South and Southeast Asia, the pulp and
7% seeds have been utilized in beverages, condiments, pickles, and desserts, while its leaves,
.2 bark, and rind have served medicinal and ritualistic roles. Modern scientific research
o5e° indicates that wood apple is rich in carbohydrates, proteins, essential amino acids, minerals,
% vitamins, polyphenols, flavonoids, and essential fatty acids. This review consolidates
"7 scientific information on the composition, functional attributes, and technological prospects
Qe of wood apple, with particular emphasis on value-added product development, processing
@flﬁ methodologies, safety aspects, and future commercialization potential. By providing a
- comprehensive account, this article aims to support research and industrial innovation
j; directed at unlocking the latent economic and nutraceutical value of this underutilized fruit
. resource.
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3% Introduction

QR The wood apple (Limonia acidissima L.), also referred to as elephant apple, monkey fruit, or
RS curd fruit, is native to the Indian subcontinent and is distributed widely across Sri Lanka,
India, Bangladesh, Myanmar, and Thailand. The tree is hardy, drought-tolerant, and thrives in
marginal soils, making it suitable for cultivation in semi-arid regions. Despite these
agronomic advantages, the crop remains neglected compared to other tropical fruits such as
mango, banana, or guava. One of the main limitations contributing to this underutilization is
the fruit’s extremely hard pericarp, which makes pulp extraction labor-intensive.
Nevertheless, once extracted, the pulp is aromatic, sweet-sour, and nutritionally dense,
making it suitable for numerous processed products. Renewed scientific interest in
underutilized fruits has highlighted wood apple as a candidate for developing functional
foods, nutraceuticals, and other high-value products.

Nutritional and Phytochemical Composition

Wood apple pulp contains approximately 74% moisture, 8% protein, 1.5% fat, 7.5%
carbohydrates, and 5% ash per 100 g of fresh weight. It is a good source of dietary fiber
(~3.3%), essential sugars such as fructose (16.4%) and glucose (14.2%), and organic acids
including ascorbic, citric, and tartaric acids. The mineral profile is dominated by calcium,
iron, potassium, and phosphorus, all of which are essential for human health. The seeds are
particularly noteworthy, containing up to 32% oil rich in unsaturated fatty acids such as oleic
(21.6%), o-linolenic (16.3%), and linoleic acid (10.0%). In addition, palmitic (17.7%) and
stearic (14.2%) acids constitute the major saturated fractions. This unique fatty acid profile
makes the oil comparable to commonly consumed edible oils. Phytochemical screening
reveals the presence of phenolic compounds, flavonoids, alkaloids, saponins, and tannins,
which contribute to its antioxidant, antimicrobial, and anti-inflammatory activities.
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Anti-nutritional factors such as oxalates and phytates have also been detected, although these
can be reduced through appropriate processing techniques.

Ethnomedicinal and Traditional Uses

Wood apple has long been valued in traditional medicine systems including Ayurveda and
Siddha. Its pulp has been employed as a digestive aid, a treatment for diarrhea and dysentery,
and a cooling tonic during summer. Decoctions from the bark and leaves have been used for
their antimicrobial and anti-inflammatory effects. In folk practices, seed preparations are
applied to treat skin conditions and to act as an anthelmintic. Modern pharmacological studies
confirm many of these traditional uses, particularly the antimicrobial and antioxidant
properties of pulp and seed extracts. This dual role of wood apple as both a food and
medicine underscores the need to explore its potential as a functional food resource.

Value-Added Products and Processing Technologies
Value-added processing of wood apple can transform the fruit into a range of products with
extended shelf life and enhanced market value. The most common traditional product is
pickle, in which fruit pieces are preserved with salt, spices, and oil. Studies have reported that
wood apple pickle demonstrates increased protein, fiber, calcium, and phosphorus compared
to fresh fruit, although its ascorbic acid content decreases with prolonged storage. The pulp
can also be processed into juices, syrups, squashes, jams, jellies, chutneys, and
confectioneries. Standardization of sugar-acid ratios and pasteurization parameters is critical
to ensure product stability. Seed flour has been investigated as a protein-rich ingredient.
Protein isolates and concentrates prepared from the seeds exhibit functional properties such
as solubility, foaming, and emulsification that are desirable in bakery and processed food
formulations. The defatted seed cake has been found to contain phenolics and antioxidant
compounds, making it a potential raw material for health-oriented products. Seed oil
extraction, typically performed using Soxhlet or mechanical pressing, yields an edible oil rich
in unsaturated fatty acids and natural tocopherols, which can be used in cooking as well as in
cosmetic formulations. Leaves and rind extracts have applications in herbal creams, soaps,
and antioxidant dietary supplements. Advanced processing technologies such as freeze
drying, spray drying, and encapsulation could further improve the stability and functional
delivery of bioactive compounds in wood apple products.

The pulp, seeds, shell, and other morphological parts of Limonia acidissima offer

considerable potential for developing a wide range of value-added products. Scientific

investigations in recent years have highlighted both traditional and novel product categories,
along with their processing requirements, nutritional attributes, and commercialization
prospects.

Beverages

Wood apple pulp is rich in sugars, organic acids, and pectin, making it highly suitable for

beverage formulations.

e Nectar and Squash: The pulp blended with water, sugar, and citric acid, followed by
pasteurization, yields nectar and squash with acceptable flavor stability for up to six
months when stored under ambient conditions.

e Ready-to-Serve (RTS) Drinks: Formulations with 10-15% pulp concentration have
shown high consumer acceptability, providing a convenient way to integrate the fruit into
modern diets.

« Fermented Beverages: Both alcoholic and non-alcoholic fermentation of pulp has been
attempted. Lactic acid fermentation improves probiotic potential, while yeast
fermentation has been used to formulate country liquor and fruit wines.

Confectioneries

o Candy and Toffee: Dehydrated pulp combined with sugar, glucose syrup, and pectin can
be converted into chewy candies and toffees. These products not only extend shelf life but
also introduce wood apple to younger consumer groups.
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e Jam, Jelly, and Marmalade: Owing to its natural pectin content, wood apple pulp is
particularly suitable for gel-based products. Optimization of sugar-acid balance and total
soluble solids (~65-68°Brix) is critical to achieving the desired consistency and microbial
safety.

Dairy and Frozen Products

e Ice Cream and Yogurt Blends: Incorporating 10-15% pulp into ice cream bases or stirred
yogurts imparts a distinctive flavor while enhancing antioxidant activity and overall
functional value. Sensory trials have reported satisfactory acceptability.

« Probiotic Yogurt: Symbiotic formulations using pulp as a substrate for probiotic bacteria
show potential for functional dairy products targeted at gut health.

Cereal and Bakery Fortification

o Seed Flour Applications: Defatted seed flour is rich in proteins and minerals, and can be
incorporated into biscuits, bread, and snack formulations. Such fortification improves
amino acid balance and adds functional properties such as water absorption capacity.

e Snack Bars and Breakfast Cereals: Incorporation of pulp or dried powder into bars or
granules enhances antioxidant content and provides a unique sensory profile.

Nutraceutical and Functional Products

e Spray-Dried or Freeze-Dried Pulp Powder: Rich in polyphenols, flavonoids, and
antioxidants, dried powders can be marketed as nutraceutical ingredients for use in
smoothies, capsules, and functional mixes.

o Encapsulated Extracts: Microencapsulation techniques using maltodextrin or gum arabic
protect bioactive compounds, improving their stability in functional food applications.

Cosmetic and Herbal Applications

o Pulp and Leaf Extracts: Known for antimicrobial and antioxidant properties, extracts have
been explored for use in soaps, face creams, and herbal scrubs.

e Shell Powder: The hard pericarp, when ground, has potential as a natural abrasive in
cosmetic exfoliants and toothpaste formulations.

Industrial and By-Product Utilization

o Seed Oil: Containing a favorable balance of unsaturated fatty acids, seed oil has been
studied for edible uses, biodiesel potential, and incorporation into nutraceutical
formulations.

e Activated Carbon from Shell: Research indicates that the shell, when carbonized, can
produce activated carbon suitable for water purification, expanding its application beyond
food.

Quality and Safety Considerations

Ensuring the safety and quality of wood apple products is essential for their successful
commercialization. The presence of anti-nutritional compounds requires pretreatments such
as soaking, fermentation, and thermal processing to reduce their levels. Microbial
contamination is a concern in fresh pulp and pickles, making it necessary to implement
pasteurization, proper packaging, and hygienic storage. Standardization of raw material
quality is complicated by variability across cultivars, growing regions, and harvest seasons.
Therefore, chemical fingerprinting and nutrient profiling should be adopted as part of quality
assurance. Additionally, consumer acceptance studies focusing on flavor, texture, and shelf
stability are critical to guiding product development.

Challenges and Opportunities

The industrial utilization of wood apple faces multiple challenges including the laborious
pulp extraction process, limited consumer awareness, short shelf life of fresh pulp, and lack
of established supply chains. However, the opportunities are significant. With rising global
demand for functional foods, natural antioxidants, and plant-based nutraceuticals, wood apple
offers a unique proposition. Its seed oil, rich in unsaturated fatty acids and tocopherols, can
serve as a niche edible oil or a cosmetic ingredient. By-products such as rind and seed cake
could be harnessed to produce dietary fiber supplements, animal feed, or bioactive extracts.
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Small-scale enterprises in rural areas could benefit from wood apple processing as a means of
livelihood diversification. Furthermore, the application of modern preservation technologies
such as high-pressure processing or pulsed electric fields could help retain nutrients while
extending shelf life, thereby increasing consumer acceptance and export potential.

Conclusion

Future research on wood apple should prioritize systematic agronomic studies to improve
fruit yield, size, and pulp recovery. Postharvest handling and processing methods require
optimization to reduce losses and improve efficiency. Clinical studies are necessary to
validate the health claims associated with its phytochemicals. Establishing standardized
protocols for extraction, characterization, and formulation will enhance reproducibility across
scientific and industrial platforms. Finally, exploring the integration of wood apple into
mainstream food supply chains, both domestically and internationally, could generate
economic opportunities for growers and processors while providing consumers with
innovative and health-promoting food products.

Wood apple (Limonia acidissima L.) is an underutilized fruit with immense potential
for the development of value-added products. Its pulp, seeds, and by-products are rich
sources of nutrients, phytochemicals, and functional compounds that can be harnessed for
food, nutraceutical, and cosmetic applications. Scientific evidence supports its antioxidant,
antimicrobial, and therapeutic benefits, and technological advances provide new
opportunities to overcome processing limitations. With further investment in research,
processing technology, and consumer awareness, wood apple could transition from an
underexploited regional fruit to a globally recognized functional food resource.
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