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5 I n the orchards of rural India, Sri Lanka and Southeast Asia, a solitary tree clings to poor
&% soils with quiet tenacity. Its bark is furrowed like ancient leather; its fruit resembles a small
gwg@ cannonball wrapped in grey-brown armour. Yet crack open a wood apple (Limonia
A acidissima, syn. Feronia limonia) and something remarkable is revealed: a dark, aromatic
el pulp that smells faintly of tamarind and overripe figs, sweet and astringent at once. For rural
% communities, it is a medicine cabinet disguised as a snack. Despite its regional importance,
S wood apple remains a footnote in global nutrition discourse. Supermarkets from London to
% Los Angeles stock acai, moringa and baobab, yet wood apple which shares or surpasses
v many of these fruits in key nutritional parameters scarcely registers. Part of the reason is its
"7 challenging exterior: the rock-hard shell requires a hammer to breach and resists the
et mechanised processing lines that favour more cosmetically agreeable crops. But behind that
@f%@ armoured facade lies one of nature's more generous nutritional packages. This article gathers
Q. evidence from phytochemical studies, ethnopharmacological surveys and emerging clinical
of30ko literature to build a scientific case for wood apple's untapped potential. The aim is not merely
[SAM0] .. . .

- to celebrate an exotic ingredient but to ask a sharper question: what do we lose when the
@Zb@ global food system systematically marginalises indigenous fruits?
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Botanical Identity and Traditional Use

Limonia acidissima belongs to the family Rutaceae the same family as citrus and is the sole
species in the genus Limonia. It is variously called wood apple, elephant apple, curd fruit, or
kaith (Hindi) and vellapuli (Tamil). The tree thrives in dry deciduous forests and tolerates
drought, alkaline soils and neglect that would doom more commercially prized species. This
hardiness makes it particularly relevant in the context of climate-adaptive food systems.

Ayurvedic texts dating back to the Charaka Samhita (circa 600 BCE) document wood
apple as a treatment for digestive disorders, liver complaints and respiratory ailments. In Sri
Lankan traditional medicine, the pulp is fermented into a probiotic drink used to manage
diarrhoea and dysentery. The leaves, bark and roots are employed in folk pharmacopeias
across Bangladesh, Thailand and Indonesia. The fruit's resinous shell is even used in the
manufacture of traditional lacquerware.

Anthropological food surveys have documented wood apple as a crucial caloric
bridge during lean seasons in India's tribal belts, where it provides carbohydrates, protein and
micronutrients when cultivated crops are scarce (Patel et al., 2018). This dual identity as
everyday food and emergency ration speaks to a nutritional density that demands scientific

2 scrutiny.
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Nutritional Composition: What the Science Says

The pulp of Limonia acidissima is nutritionally dense across multiple dimensions. Per 100
grams of edible pulp, it delivers approximately 134 kilocalories, 31.8 grams of carbohydrates
and a notably high dietary fibre content of around 5 grams comparable to figs and superior to
many commonly consumed tropical fruits (Morton, 1987). What distinguishes wood apple
from other high-carbohydrate fruits is the quality of those carbohydrates: a significant
proportion consists of slow-releasing sugars moderated by fibre, which tempers glycaemic
response.

The protein content of approximately 7.1 grams per 100 grams is exceptional for a
fruit, surpassing banana (1.1 g), mango (0.8 g) and even avocado (2.0 g). This makes wood
apple particularly relevant in plant-based diets where complementing amino acid profiles
across foods is a nutritional priority. Its fat content of 3.7 grams per 100 grams includes
beneficial fatty acids and early lipid profiling studies suggest a favourable omega-6 to
omega-3 ratio (Sharma & Yadav, 2021).

The table below summarises key nutritional parameters based on values reported across
multiple analytical studies:

Table 1. Approximate nutritional composition of wood apple pulp (Limonia acidissima)
per 100 g. Values represent mean estimates across published studies.

Energy 134 kcal per 100g
Carbohydrates 31.8¢ per 100g
Dietary Fibre 5049 per 100g
Protein 719 per 100g

Fat 3.79 per 100g
Vitamin C 7-14 mg per 100g
Calcium 85 mg per 100g
Iron 0.6-1.8 mg per 1009
Phosphorus 50 mg per 100g
Riboflavin (B2) 1.19mg per 100g

Mineral analysis reveals notable levels of calcium (85 mg/100g) and phosphorus (50
mg/100g), making it a meaningful contributor to bone health in populations with limited
dairy access. Iron content varies between 0.6 and 1.8 mg per 100g across cultivars a range
that places it alongside spinach as a plant-based iron source of practical significance.
Riboflavin (vitamin B2) concentration of approximately 1.19 mg per 100g is strikingly high,
outstripping most common fruits.

Phytochemistry and Bioactive Compounds

Beyond macronutrients and classical vitamins, wood apple's medicinal reputation rests on a
rich phytochemical profile. Tannins, coumarins, alkaloids and flavonoids have all been
isolated from the fruit's pulp, peel and leaves. Psoralen and bergapten linear furanocoumarins
with photosensitising and antiproliferative properties are present in clinically interesting
concentrations and have attracted attention in dermatological and oncological research
contexts (Bhatt et al., 2012).

Antioxidant activity in wood apple pulp is substantial. DPPH radical scavenging
assays consistently report inhibition values between 60 and 80 percent at standard
concentrations, reflecting a polyphenol-rich matrix that rivals pomegranate and blueberry in
comparative studies. The primary contributors appear to be gallic acid, ellagic acid and
quercetin derivatives. These compounds are associated with anti-inflammatory pathways,
inhibition of lipid peroxidation and modulation of NF-kB signalling mechanisms relevant to
chronic disease prevention.
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Marmelosin, a compound named for the closely related bael fruit (Aegle marmelos) but also
found in Limonia acidissima, has demonstrated hepatoprotective activity in animal models,
reducing markers of liver oxidative stress following toxic insult (Kumar & Mishra, 2019).
The significance of this finding extends to populations with high exposure to environmental
hepatotoxins, including pesticide-heavy agricultural communities across South Asia.

Therapeutic Applications: From Gut Health to Metabolic Support

The most consistently reported therapeutic application of wood apple is in gastrointestinal
health. Ethnographic studies repeatedly document its use as an antidiarrhoeal agent and
laboratory work has begun to elucidate the mechanism: tannin-rich extracts from the pulp
exhibit significant inhibition against enteric pathogens including Escherichia coli, Salmonella
typhi and Shigella flexneri, suggesting a dual antimicrobial and astringent action on the gut
epithelium (Patel et al., 2018).

The high dietary fibre content including both soluble and insoluble fractions
supports prebiotic function in the large intestine. Soluble fibre fermentation by colonic
microbiota yields short-chain fatty acids (SCFAs) such as butyrate, which maintain intestinal
barrier integrity and exert anti-inflammatory effects. For populations with limited access to
diverse plant-based diets, wood apple could serve as a reliable prebiotic food source with
measurable microbiome benefits.

Metabolic applications are also gaining traction. A 2021 study by Sharma and Yadav
demonstrated that aqueous extracts of wood apple pulp reduced fasting blood glucose and
improved insulin sensitivity in streptozotocin-induced diabetic rats, with effects partially
attributed to the inhibition of a-amylase and a-glucosidase the same enzymes targeted by
acarbose, a standard antidiabetic drug. While extrapolation to human clinical settings requires
caution, the mechanistic basis is sound and warrants controlled human trials.

Preliminary research also points to hepatoprotective, antispasmodic and wound-
healing properties attributable to the leaf and bark extracts of Limonia acidissima. These
peripheral therapeutic domains, while less developed than the gastrointestinal evidence base,
reflect the whole-plant utility that has made this species indispensable to traditional healers
for centuries.

Food Applications and Processing Innovations

The primary barrier to wood apple's mainstream adoption has been processability. The woody
shell, while ecologically advantageous, resists industrial extraction. However, small-scale
processors in India and Sri Lanka have long transformed the pulp into chutneys, juices,
sherbet, candies and fermented beverages, demonstrating that technological solutions exist at
artisan scale. The challenge is translating these methods into economically viable commercial
processes.

Recent food science interest has focused on wood apple's potential as a functional
food ingredient. Bhatt et al. (2012) reported that dehydrated wood apple pulp powder retains
antioxidant activity, fibre content and aromatic volatile compounds effectively, suggesting
suitability for incorporation into functional biscuits, energy bars, smoothie blends and
fermented dairy alternatives. Encapsulation of volatile aromatic compounds which contribute
the fruit's distinctive scent is being explored to preserve flavour integrity in processed
products.

The fermentation dimension is especially promising. Traditional fermented wood
apple drinks from Sri Lanka have been analysed and found to contain viable populations of
lactic acid bacteria (LAB) and yeasts, suggesting naturally probiotic properties. Controlled
fermentation with select LAB strains could produce standardised probiotic beverages with
defined health claims a segment of the global beverage market worth billions annually.

Infant and complementary food formulations represent another potential avenue. Wood
apple's combination of protein, iron, calcium and fibre makes it a theoretically strong base for
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weaning foods in South Asian and African contexts, where protein-energy malnutrition and
micronutrient deficiencies remain significant public health challenges.

Environmental Resilience and Food Security Implications

The nutritional case for wood apple cannot be fully separated from its ecological profile. The
tree is drought-tolerant, nitrogen-fixing in degraded soils and requires minimal agrochemical
inputs. It fruits reliably under conditions that would devastate irrigated monocrops. In an era
of increasing climate volatility and water scarcity, these traits acquire a strategic importance
that complements its nutritional attributes.

Agroforestry integration of wood apple into mixed smallholder systems has been
documented across Rajasthan, Odisha and Tamil Nadu in India, where the tree serves
simultaneously as a windbreak, a shade provider and a caloric supplement. The FAQO's 2019
Global Report on Food Crises acknowledged underutilised indigenous fruits as a critical but
neglected component of food security strategy. Wood apple exemplifies exactly this category:
a resilient, nutritious, locally embedded food resource that global agricultural development
has largely overlooked in favour of export-oriented commodity crops.

Research Gaps and Future Directions

Despite a growing body of evidence, significant gaps remain in the wood apple literature.
Most clinical-quality evidence is derived from animal studies and rigorous randomised
controlled trials in human populations are conspicuously absent. The hepatoprotective and
antidiabetic effects documented in rodent models require human validation before therapeutic
claims can be responsibly made. Standardisation of extraction protocols, bioactive compound
quantification methods and clinical outcome measures across studies would significantly
advance the field.

Cultivar diversity is also underexplored. Limonia acidissima populations across South
and Southeast Asia vary considerably in pulp chemistry, sugar-acid balance and aromatic
profile. Systematic germplasm characterisation and selective breeding programmes
analogous to those that transformed the commercial banana or mango could yield improved
varieties with enhanced nutritional profiles and processing suitability.

Finally, the socioeconomic dimension of wood apple research requires more attention.
Studies that link nutritional science with community-based food systems, women's
agricultural labour, indigenous knowledge systems and smallholder value chains would more
honestly represent the fruit's real-world significance and create actionable pathways for
sustainable commercialisation.

Conclusion

Wood apple is not a new discovery. It has fed, healed and sustained South Asian
communities for thousands of years. What is new is the scientific vocabulary we now possess
to articulate precisely why. Its protein density, prebiotic fibre, antioxidant polyphenols,
hepatoprotective coumarins and antimicrobial tannins constitute a nutritional and
pharmacological profile of genuine distinction one that, once properly quantified and
communicated, should place wood apple firmly in the conversation about future-proof
functional foods.
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