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Abstract— Water chestnut (Trapa natans), known as Singhara in India, is an aquatic vegetable with significani E
nutritional and therapeutic properties. This review highlights its potential as a functional ingredient in fooa u{l"

T

m
products, particularly through its derivative, water chestnut flour (WCF). Rich in essential nutrients, i
including dietary fibre, vitamins, and polyphenols, WCF has demonstrated numerous health benefits such as :. gﬂ%‘:
anti-inflammatory, anti-diabetic, and neuroprotective effects. Its gluten-free nature makes it particularl) E b o]
valuable in catering to the growing demand for nutritious, gluten-free foods. WCF has shown promise in

bakery applications, improving the nutritional profile and sensory qualities of products like buns, bread,
cakes, and biscuits. Additionally, it contributes to enhanced shelf life and texture due to its moisture-retaining
properties. Studies reveal that WCF's incorporation into gluten-free formulations enhances dietary fibre,
protein content, and sensory appeal while maintaining affordability and accessibility. By leveraging the
nutritional and functional properties of water chestnuts, this review underscores their potential in addressing
global dietary needs, supporting health-conscious consumers, and fostering sustainable food innovation.

Keywords— Gluten-Free Products, nutritional enrichment, sensory characteristics, water chestnut (Trapa

natans), water chestnut Flour (WCF).

L. INTRODUCTION

Water chestnut, known as Singhara in India, is an annual
aquatic plant with floating leaves, typically found in
freshwater wetlands, ponds, lakes, and slow-moving
sections of rivers.(Rajkumar & Rajithasri, 2022). The water
chestnut, despite its name, is not a nut but an aquatic
vegetable, that’s grows submerged in the mud. Known
scientifically as Trapa natans and belonging to the
Lythraceae family, it is commonly called the Singhara in
India (Rajput & Singh, 2023). Its fine roots anchor it in the
mud, while a network of branching roots connects the stems
to the water's surface. The plant has triangular, saw-toothed
floating leaves that provide buoyancy, along with feather-
like leaves along the submerged stem. Its white, four-
petaled flowers bloom in June and are insect-pollinated. The
fruit is a nut with four barbed spines and is a superfood
(Mikulyuk & Nault, 2008). Water chestnut cultivation in
India thrives in Madhya Pradesh, Uttar Pradesh, Bihar, and
Odisha. The fruit, distinguished by its thorny and thornless
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varieties, flourishes uniquely in each region. Bihar is
renowned for its red thorny variety, while both types grace
the fertile lands of Madhya Pradesh and Uttar
Pradesh(Rajkumar & Rajithasri, 2022). Available data
reveals that the water chestnut is a rich source of essential
minerals, proteins, lipids, and carbohydrates. It is also
abundant in a range of vitamins, including B1, B2, B5, B6,
E, A, and C. Additionally, the water chestnut provides
dietary fibres, polyphenols such as phenolic acids and
flavonoids, as well as hydrolysable tannins, contributing to
its remarkable nutritional profile. This remarkable fruit
boasts a diverse array of health-promoting properties,
offering benefits such as anti-inflammatory, anti-diabetic,
anti-microbial, and immunomodulatory effects. It also
demonstrates neuroprotective qualities, along with potent
anti-ulcer activity, among many other therapeutic
virtues.(Rajput & Singh, 2023).

Despite their potential, these fruits are not widely
recognized and are typically sold at low prices in local
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markets, largely due to limited awareness of their nutritional
benefits and insufficient research on their full potential
(Raghav, 2024). Since water chestnut is rich in a wide
variety of essential nutrients, it can be utilized to enhance
the nutritional quality of baked products prepared in bakery
units. This can help overcome the current lack of
recognition and research, as enriching foods with such
nutrients can boost their appeal and value in the market. The
application of date fruit (Phoenix dactylifera L.) in creating
innovative snack bars by replacing honey with date paste.
Dates contributed to sweetness, texture enhancement, and
nutritional density, offering a significant source of fibre,
vitamins, and minerals while maintaining microbiological
stability during storage. The findings suggest that
incorporating date paste in snack bars can provide a
healthier, functional food alternative that aligns with
consumer demand for nutritious snacks. (Ibrahim et al.,
2021)

Research into the functional, nutritional, and sensory
qualities of food continues to grow, fuelled by the rising
demand for healthy, balanced lifestyles and increased
awareness. In the food industry, numerous studies have
focused on the development of cereal-based functional
foods. This review explores the use and potential
applications of chestnut flour, a product with limited
production in the bakery units(Mete & Altiner, 2017).

\ Floating

leaves

Water Chestnut

Fig 1: Water Chestnut Plant
(Rajkumar & Rajithasri,2022)
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Fig 2 (a) water chestnut (b) water chestnut kernels (c) water
chestnut flour (Hussain, Beigh, Naseer, et al., 2019)

Table 1: Taxonomic Classification of Singhara/ Water
Chestnut:

Kingdom Plantae
Phylum Tracheophyta
Class Magnoliopsida
Order Myrtales
Family Lythraceae
Genus Trapa

Species Trapa natans

(Palm et al., 2024)

Table 2: Comparative study of the chemical properties of
water chestnut fruit and flour per 100g.

Constituent | Flour Dried Fresh
Moisture 11.4 10.1 52.9
Protein 6.1 6.0 3.2
Ash 2.35+£0.32 - 1.33+£0.04
Fat 3.7 34 1.84
Total 23.6 16.1 9.6
Sugars

Calories 343 287 160
Fibre 14.2 13.8 7.3
Insoluble 13.2 12.7 6.7
Soluble 1.0 1.1 0.6
Starch 40 41.7 244

(Mete & Altiner, 2017; G. D. Singh et al., n.d.)

1L CHESTNUT FLOUR PRODUCTION

Chestnut flour, a naturally gluten-free product free from
additives, is prepared through gentle methods like freeze-
drying or scalding. The process begins with cleaning and
sorting the chestnuts by size, followed by immersion in
water for a day to ease peeling. After the softened chestnuts
are separated from their shells using steam pressure, they
are ground into flour. To preserve their nutritional value, the
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chestnuts are dried at low temperatures, then cooled to room
temperature. The flour is sifted and carefully packaged, with
storage maintained under optimal conditions (+4°C)(Mete
& Altiner, 2017).

Chestnut flour, being gluten-free and highly nutritious, is an
excellent option for individuals with celiac disease.
Research has shown that it can serve as a substitute for
cow's milk in desserts and soups, making it suitable for
children who may be allergic to lactose. This versatile flour
can also be used in the preparation of milky puddings,
bread, baby formulas, pasta, and flakes (e.g., cornflakes).
Rich in protein, sugars (20-32%), starch (50-60%), dietary
fibre (4-10%), and essential amino acids (47%), it contains
low fat (2-4%) and is abundant in vitamins B, C, and E, as
well as potassium, magnesium, and phosphorus.
(Anonymous, 2016)(Mete & Altiner, 2017)

(Chestaut
Ceaning

Separation according lo ske

Soaking

Parting from shell

Drying

Packaging

Fig 3: Steps for Chestnut Flour Production
(Mete & Altiner, 2017).

Chestnut flour is increasingly utilized in a wide range of
products, including cakes, cookies, pasta, milky puddings,
bread, breakfast cereals, soups, sauces, and gravies. Given
its potential to enhance both nutritional quality and health
benefits, interest in chestnut flour is rapidly growing
(Rajput & Singh, 2023).Studies predict that incorporating
chestnut flour into various foods, especially baked goods,
will foster the growth of diverse product markets by
improving their nutritional value and functional properties.
Additionally, chestnut flour is gaining recognition as an
alternative flour additive (Mete & Altmer, 2017).Its rising
popularity in the food industry is attributed to its
exceptional nutritional and sensory qualities. The use of
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chestnut flour is regarded as advantageous at this stage, as
it helps to address the common deficiencies of vitamin B,
iron, and fibre typically found in many gluten-free products.
Because of its nutritional value, chestnut flour is also used
in gluten-free bread preparation(Shafi et al., 2017).

2.1 Enrichment of buns with water chestnut flour:

The demand for buns made with healthy flour options, such
as water chestnut flour, has been steadily increasing. These
alternative flours offer enhanced nutritional benefits,
including higher fibre content, a lower glycaemic index, and
an improved protein profile, aligning with the growing
consumer preference for healthier food choices. The rise in
dietary restrictions like gluten intolerance and diabetes has
further fuelled the demand for gluten-free and low-sugar
buns.

Water chestnut flour is rich in starch, dietary fibre, and
essential minerals like potassium. It is gluten-free,
promoting digestive health and potentially aiding weight
management. Its low glycaemic index helps regulate blood
sugar levels, making it suitable for diabetics. An
investigation was carried out to develop buns incorporating
varying levels of wheat flour, water chestnut flour, and soya
flour. The quality was assessed based on parameters such as
protein, fat, carbohydrates, ash, moisture, and total solids.
Four treatments were tested; each replicated five times. The
control (TO0) consisted of 100% wheat flour. T1 was
prepared with 85% wheat flour, 10% water chestnut flour,
and 5% soya flour; T2 contained 80% wheat flour, 10%
water chestnut flour, and 10% soya flour; and T3 included
¢75% wheat flour, 10% water chestnut flour, and 15% soya
flour. T2 emerged as the best formulation, with average
values of 10.51% protein, 8.14% fat, 56.55% carbohydrate,
22.24% moisture, 2.57% ash, and 77.76% total solids. A
study revealed incorporating water chestnut flour into buns
results in a firmer texture without compromising flavour or
consumer acceptability. It also enhances shelf life due to its
moisture-retaining properties. When combined with soya
flour, it improves the buns’ protein content and amino acid
profile, further enhancing their nutritional value and texture.
(H. Singh, Thakur, Wilson, et al., 2017).

2.2 Enrichment of breads with water chestnut flour:

A study examined the potential of water chestnut flour as an
alternative ingredient in gluten-free bread formulations. The
addition of water chestnut flour improved the bread's
texture, contributing to a softer, more elastic crumb. This
helped address the common challenge of density and
crumbliness in gluten-free bread. This study investigated
gluten-free bread formulations using chestnut and rice
flours in various ratios (0/100, 10/90, 20/80, 30/70, 40/60,
50/50, 100/0). The effects of a hydrocolloid blend (xanthan-
locust bean gum or xanthan-guar gum) and emulsifier
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DATEM on dough rheology and bread quality were also
examined for ratios of 10/90, 20/80, 30/70, and 40/60.
Breads with a 30/70 chestnut/rice flour ratio, containing the
xanthan—guar blend and emulsifier, exhibited superior
quality, including improved hardness, specific volume,
colour, and sensory characteristics. Its gluten-free nature
and high fibre content make it a valuable ingredient for
enhancing the quality of gluten-free bread, catering to the
needs of health-conscious consumer(Demirkesen et al.,
2010).

Another study indicated water chestnut flour contributed to
an increase in bread volume, which is often a challenge in
gluten-free formulations due to the absence of gluten. The
supplementation of water chestnut flour altered the volatile
profile of the bread, contributing to unique flavour
characteristics. This could enhance the overall sensory
quality of gluten-free bread without compromising its taste.
This study evaluated contents (wheat/chestnut flour ratios:
(A)100/0, (B)80/20, (C) 50/50 based on physico-chemical
properties such as proximate composition, fatty acids,
texture, colour, crumb grain, antioxidant capacity, and
volatile profile. Antioxidant capacity increased with higher
chestnut flour content, and a richer volatile profile,
including toasty and nutty furans and woody and smoky
phenolic compounds, was observed. Breads with an 80/20
ratio had a more heterogeneous crumb structure, with larger,
asymmetrical cavities, while the 50/50 ratio resulted in
lower volume, harder, and darker crumbs due to higher fibre
and sugar content.(Dall’Asta et al., 2013).

Additionally, study was performed where bread was
formulated with varying proportions of wheat flour and
water chestnut flour (T1, T2, and T3), with the respective
flour ratios 0 9.7:0.3, 9.4:0.6, and 9.1:0.9. The formulation
with 3% water chestnut flour (T1) exhibited higher
acceptability compared to the other treatments.
Furthermore, the hardness values for T1 were lower than
those for T2 and T3. focussing on the textural and sensory
properties of bread supplemented with water chestnut flour
stated that the flour contributes a mild, nutty flavour,
boosting the sensory appeal of the bread(Bhat et al., 2015)

2.3 Enrichment of muffins with water chestnut flour:

The growing demand for muffins is driven by their
convenience, versatility, and popularity as a snack or
breakfast item. The flour used in muffin preparation is
crucial because it impacts both the nutritional profile and
the glycaemic index (GI) of the product. A recent study
found that water chestnut flour helps create low-glycaemic
muffins, making them suitable for people with diabetes or
those managing blood sugar. It enhances the muffins'
nutritional value by adding fibre, protein, and minerals,
promoting digestive health. The flour also improves texture,
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making the muffins softer and moister. Combined with
barley flour, it provides a healthier, more functional option
for health-conscious consumers. Overall, water chestnut
flour is a key ingredient for making nutritious, low-GI
muffins with better texture and health benefits. In the study,
the resistant starch content of the final muffin product
(43.5%) was higher than that of water chestnut flour (WCF)
at 40.24% and barley flour (BF) at 5.18%. The research
concluded that replacing 30% of WCF with BF is feasible
for creating low glycaemic index (GI) muffins with good
sensory qualities. During storage, muffins made with 70%
WCF and 30% BF showed increased firmness, water
activity, free fatty acid levels, and peroxide value, while
moisture content and overall acceptability declined.
(Hussain et al., 2019).

Another study on muffins with chestnut flour substitution
assessed sensory attributes like texture, taste, and overall
acceptability. Five treatments were conducted, varying the
water chestnut flour content: Control (0g), T1 (4g), T2 (6g),
T3 (8g), T4 (10g), and T5 (12g). The highest mean value for
appearance was recorded in T4 (7.00 £ 0.82), while the
highest flavour and aroma scores were observed in TS (7.5
+ 2.34). For colour, the highest score was also recorded in
T4 (7.00 £ 0.82). The highest texture score was noted in
both T4 and T3 (7.25 £+ 3.10). Softness was highest in TS5,
and mouthfeel was highest in T4 (6.50 £ 1.43). Finally, the
highest aftertaste score was recorded in T4 (7.00 + 0.82).
Results showed that chestnut flour improved flavour and
texture compared to traditional flour, with higher scores for
taste and texture in muffins with increased chestnut flour
content. The control muffins had lower scores, indicating
the positive impact of chestnut flour on sensory
characteristics(Nazir, 2022).

2.4 Enrichment of biscuits with water chestnut flour:

The enrichment of gluten-free biscuits with water chestnut
flour (C1000) significantly influenced their hydration
properties, physical characteristics, and oxidative stability.
Water chestnut flour exhibited higher water-binding
capacity (WBC) and water absorption index (WAI)
compared to other gluten-free flours, attributed to its high
fibre, protein content, and damaged starch. A 50:50 blend of
chestnut flour and gluten-free mix (M500C500) showed
optimal  hydration properties, enhancing dough
machinability and biscuit texture. However, excessive use
(1000 g/kg) led to over-caramelization and diminished
quality, highlighting 500 g/kg as the ideal level for
achieving improved dough characteristics, texture, and
oxidative stability.

Incorporating chestnut flour into biscuit formulations also
impacted their texture, colour, and shelf life. Biscuits with
higher chestnut flour content became firmer and darker due
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to its antioxidant properties and fibre content, which
improved oxidative stability and appearance. Over 60 days
of storage, all formulations showed increased hardness,
with the 500 g/kg blend providing the best balance of
quality and stability. The study emphasizes the potential of
chestnut flour as a functional ingredient for gluten-free
baked goods, warranting further exploration of optimal
formulations and storage conditions within the 500-800
g/kg range (Paciulli et al., 2018)

The potential of substituting refined wheat flour with nut
and legume powders, including water chestnut and barley
flour, is to create low glycaemic index crackers. These
substitutions aimed to improve postprandial glycaemic
responses, a critical factor in managing diabetes and related
complications. Crackers partially made with water chestnut
flour demonstrated a low glycaemic index, enhancing blood
glucose regulation compared to wheat-based crackers. Such
findings highlight water chestnut flour's potential as a
functional, gluten-free ingredient that offers nutritional
benefits and supports better glycaemic control, making it a
valuable addition to health-focused baked products
(Wongdokmai et al.,2024).

2.5 Enrichment of cakes with water chestnut flour:

Water chestnut flour (WCF) has emerged as a promising
gluten-free alternative for bakery products, offering
significant potential for cakes and pastries. Studies have
explored its application with hydrocolloids like sodium
alginate, guar gum, and carboxymethyl cellulose (CMC)
using two WCF varieties (Kashmir and Punjab). Sodium
alginate enhanced moisture retention and volume, while
guar gum improved firmness and cohesiveness, with Punjab
WCF and guar gum yielding the best sensory results.
Nutritional analysis revealed higher moisture and ash
content but lower protein in WCF cakes compared to
traditional options, alongside calorie and fat variations,
making it ideal for health-conscious consumers and those
with celiac disease (Mir et al.,2014).

Modified water chestnut starch (WCS) has also shown
potential to enhance the texture and sensory qualities of
sponge cakes. Variants like acetylated, acid-thinned, and
pregelatinized starch improved volume and uniformity
indices, with double-modified starches providing superior
sensory properties. These innovations highlight WCS as an
effective means to enhance cake quality and appeal (Zubala
Lutfi & Abid Hasnain,2009).

Furthermore, incorporating 9% WCF into traditional
Portuguese pastries like "econdmicos" improved their
nutritional value by introducing polysaccharides, fibre,
essential amino acids, and vitamins while reducing fat and
calorie content. The minimal impact on texture and
appearance ensured consumer acceptance, and the use of
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non-marketable chestnuts emphasized sustainability.
Collectively, these findings underscore WCEF's potential to
revolutionize  gluten-free  bakery products  while
maintaining quality, affordability, and health benefits
(Fernandes et al,.2022).

2.6 Enrichment of cookies with water chestnut flour:

The study investigated the functional and sensory properties
of cookies prepared by substituting wheat flour with a blend
of water chestnut flour (WCF) and cassava flour (CF) at
varying proportions. The results revealed that cookies with
higher WCF and CF proportions exhibited increased spread
ratios, softer textures, and darker colours compared to those
made with wheat flour. These cookies also showed lower
moisture, fat, and protein content, with an enhanced
carbohydrate and fibre profile, aligning with the nutritional
demands of gluten-free diets. Among the formulations,
cookies made with a 50:50 blend of WCF and CF achieved
the highest sensory ratings, showcasing their appeal for
health-conscious consumers and those with celiac disease.
The findings highlight the potential of water chestnut and
cassava flours as cost-effective, gluten-free alternatives in
bakery applications. The study emphasizes their ability to
enhance the nutritional value and acceptability of bakery
products, providing a sustainable solution to meet the
growing demand for gluten-free options while supporting
the use of underutilized crops like water chestnuts (Bala et
al.,2015).

Water chestnut flour (WCF) outperformed refined wheat
flour in phenolic, flavonoid, mineral content, and
antioxidant properties, despite having a greater
retrogradation tendency and lower peak viscosity. WCF-
wheat flour blends and cookies exhibited decreased water
activity with higher WCF content, while baking enhanced
the antioxidant capacity, particularly in WCF cookies,
which showed better retention of phenolic and flavonoid
content compared to wheat cookies. Sensory analysis
indicated fair acceptability for 100% WCF cookies,
highlighting WCF as a gluten-free, antioxidant-rich
alternative for cookie production (Shafi et al.,2016).

2.7 Enrichment of crackers with water chestnut flour:

The study explored the development of low glycaemic
index (GI) crackers using a blend of water chestnut flour
(WCF) and barley flour (BF) in various ratios. Among the
formulations, a 70:30 WCF:BF blend yielded crackers with
desirable sensory and physical attributes, including
increased protein, fibre, and mineral content compared to
WCF alone. These crackers also demonstrated a
significantly lower glycaemic load, making them suitable
for diabetic and health-conscious consumers. The resistant
starch content was higher, contributing to improved dietary
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benefits, while the blend maintained an appealing taste and
texture (Hussain et al.,2019).

Storage studies confirmed the stability of the developed
crackers, which maintained safety and quality for up to 35
days in metallized polyethylene under ambient and
refrigerated conditions. The research highlights the
potential of underutilized crops like water chestnut and
barley in creating innovative, health-promoting bakery
products, thereby offering sustainable and nutritious options
for consumers while supporting agricultural value addition
(Hussain et al.,2019).

II1. CONCLUSION

Water chestnut flour (WCF) represents a transformative
ingredient in modern food production, particularly for
gluten-free and health-promoting products. This review
consolidates evidence of its versatile applications, from
enhancing the nutritional content of baked goods to
supporting dietary restrictions for individuals with gluten
intolerance and diabetes. WCF’s inherent properties—rich
in fiber, starch, and essential micronutrients—address the
nutritional deficiencies often found in gluten-free diets. Its
potential to improve sensory and structural attributes, such
as texture, volume, and shelf life, has been validated across
a spectrum of products, including bread, biscuits, cakes, and
crackers. Additionally, its low glycaemic index and
bioactive compounds provide significant therapeutic
benefits, catering to health-conscious consumers.

The sustainable cultivation and processing of water
chestnuts offer economic and ecological advantages,
particularly for regions where they are abundant but
underutilized. Despite these benefits, limited consumer
awareness and research gaps hinder WCF’s widespread
adoption. Future research should focus on optimizing its
applications in diverse food matrices, investigating its
interactions with other ingredients, and conducting
comprehensive sensory evaluations. By addressing these
challenges, WCF can solidify its role as a cornerstone in the
development of nutritious, affordable, and sustainable food
products, meeting the growing demand for functional foods
and fostering innovation in the global food industry.
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