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Highlights/Key Messages

- Food insecurity is still prevalent in
sub-Saharan Africa

=  Fluted pumpkin grows well in the
region, and its seeds are a rich source of
macro- and micro-nutrients

=  Research into agronomic and cultural
practices can unlock the potential of
fluted pumpkin seeds in contributing
to food security

Background

Sub-Saharan Africa is blessed with tropical conditions that support agriculture
and food production, yet food insecurity is prevalent in the region. Tackling
malnutrition (which results partly from food insecurity) requires
improvements in agricultural output and the nutritional quality of the foods
consumed. Certain underutilised species of food crops are not just
environmentally resilient but also offer opportunities for bridging the nutrient
deficit in sub-Saharan Africa. Sadly, the dominance of global food production
by the major cereals has diverted attention from indigenous crop species.

Objective
This paper reviews the literature on fluted pumpkin, Telfairia occidetalis Hook
f., an underutilised species whose seeds are rich sources of nutrients.

Methods

The English language literature available online was mined for published
articles on fluted pumpkin, using appropriate keywords. Boolean operators
were used to delineate the search output. Identified papers were cross-checked
for relevance.

Results

The literature included shows that fluted pumpkin grows well in the tropics, is
resilient to climate variability, and requires minimal input after planting. The
protein and carbohydrate contents of fluted pumpkin seeds compare
favourably with those of soybean, but it has a higher fat content. The seeds are
rich in vitamins and minerals. They are therefore a rich source of macro- and
micronutrients.

Conclusion

Given the nutritional profile of fluted pumpkin seeds, investing in research to
increase their production and utilisation, and adopting favourable policies, will
contribute significantly to ensuring food security in sub-Saharan Africa.
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Introduction

The rapid population growth in sub-Saharan Africa, coupled
with climate change and low investments in modern
agriculture, has resulted in a failure to significantly reduce
poverty, wars, and clashes between herders and crop farmers,
all of which perpetuate cycles of food insecurity. FAO
defines food security as “a condition in which all people, at
all times, have physical, social, and economic access to
sufficient food to meet their dietary needs for a healthy and
active life” (FAO, 2002).

FAO reported that between 713 and 757 million people
faced hunger in 2023, and 2.33 billion people experienced
moderate to severe food insecurity, with Africa and Asia
bearing the brunt of the problem” (FAO, 2024). Certain
groups are particularly vulnerable to food insecurity,
including low-income pregnant and lactating women,
victims of conflict, the ill, migrant workers, low-income
urban dwellers, the elderly, and children under five (FAO,
2022). The affordability of nutritious diets is a key driver of
food insecurity, with the average cost of a healthy diet in
2021 at $3.57 per person per day, far exceeding the daily
income poverty threshold of $2.15. This disparity renders a
balanced diet challenging for nearly 78% of Africa’s
population, resulting in widespread malnutrition and severe
micronutrient deficiencies, particularly among children and
women (FAO, 2022; ADB, 2023).

WEFP defines malnutrition as "a state in which the
physical function of an individual is impaired to the point
where he or she can no longer maintain adequate bodily
processes such as growth, pregnancy, lactation, physical
work, and resisting and recovering from disease" (WFP,
2005). WHO reports that globally in 2022, 390 million adults
were underweight, and 231 million children under five were
undernourished (WHO, 2024). This included an estimated
282 million undernourished people across Africa (FAO 2022;
World Hunger, 2022). Sadly, nearly 45% of the deaths of
children under 5 years of age are due to malnutrition (WHO,

2024).
Over the years, government policies in sub-Saharan
Africa have not adequately expanded agricultural

productivity nor reduced poverty. Indeed, there has often
been a reduction in spending on agriculture and healthcare
(Sanchez and Swaminathan, 2005; Sundberg, 2009). This has
led to adverse effects on nutrition, which are felt most by
poorer households, especially in rural regions (Pongou et al.,
2006).

A change in focus, including the exploitation of
underutilised species, may prove effective in increasing food
security in sub-Saharan Africa. Underutilised species, often
referred to as orphan crops, are plants traditionally
cultivated in specific regions but remain largely unexploited
or even completely ignored in modern agricultural systems.
These crops are not only environmentally resilient but also
offer opportunities to address nutrient deficits in sub-
Saharan Africa. However, limited research, inadequate policy
support, and low consumer awareness have hindered their
mainstream adoption. In view of this, this paper examines
the literature and draws attention to the potential of one
important underutilised crop, fluted pumpkin (Telfairia
occidentalis Hook f.) seeds, in contributing to food security.

Ep——

Methods

A keyword search of the English language published
scientific literature published between 1975 and 2025, using
Pubmed/Medline, Scopus, and Google Scholar, was
independently conducted by the two authors. The PRISMA
guidelines were adhered to and medical subject heading
(MeSH) terms such as sub-Saharan Africa, ‘fluted pumpkin,’
Telfairia occidentalis, and ‘under-utilised species’ were
searched for, while Boolean operators such as ‘AND’ and ‘OR’
were used to streamline the output. The initial output was
collated and vetted for content validity by the corresponding
author. The reference lists of the selected papers were cross-
checked, and useful additional references were identified
and obtained. Papers published in journals deemed to be
predatory were excluded. Relevant data were mined and
extracted from the included papers.

Ethical Information
This study used secondary data. No ethical approval was thus
needed or sought.

Results and Discussion

Prospects of Underutilised Species in Fighting Food
Insecurity

Underutilised species, also referred to as orphan crops,
neglected crops, or minor species, are plants traditionally
cultivated in specific regions but remain largely unexploited
in modern agricultural systems (Mbosso et al., 2020; Tan et
al.,, 2020). Sub-Saharan Africa is home to numerous
underutilised plant species, including indigenous fruits,
leafy vegetables, legumes, and grains, which are rich in
macro- and micro-nutrients. These crops are often
overshadowed by staple crops such as maize, rice, and wheat
in terms of research, policy support, and market
development (Taylor et al., 2006; Bvenura and Afolayan,
2015; Chivenge et al., 2015; Akinola et al., 2020). Despite
their marginalization, underutilised species hold immense
potential to address food insecurity and malnutrition.

A defining characteristic of underutilised species is their
adaptability to harsh environmental conditions, including
drought, low soil fertility, and erratic rainfall patterns. This
makes them highly suitable for regions affected by climate
change, where conventional crops may struggle to thrive
(Mayes et al., 2012; Pichop et al., 2016). Examples of such
crops include the African eggplant, Bambara groundnut, and
amaranth, all of which have demonstrated resilience and
nutritional benefits (Abukutsa-Onyango, 2010; Mabhaudhi
et al., 2017; Tan et al., 2020). The ability of underutilised
species to grow in marginal environments while requiring
minimal external inputs aligns with sustainable agricultural
practices, particularly for smallholder farmers with limited
access to fertilizers, irrigation, and pesticides (FAO, 2014).
Underutilised species are often rich in essential nutrients,
including proteins, vitamins, minerals, and antioxidants.
They can play a pivotal role in diversifying diets and
addressing micronutrient deficiencies, which remain a
persistent challenge in sub-Saharan Africa (Abberton et al.,
2022). For instance, crops like Bambara groundnut are high
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in protein and energy, while leafy vegetables such as
amaranth are rich in iron, calcium, and vitamin A (Chivenge
et al., 2015; Maseko et al., 2018). Incorporating these crops
into local food systems not only enhances nutritional
outcomes but also helps preserve indigenous knowledge and
agricultural biodiversity.

Additionally, underutilised species have significant
economic potential. By promoting these crops in local and
international markets, smallholder farmers can diversify
their income sources and reduce economic risks associated
with reliance on a few staple crops (Maseko et al., 2018). The
development of value chains for underutilised species,
including processing, storage, and marketing, can create new
opportunities for rural communities while ensuring year-
round access to nutritious food (FAO, 2014; Chibarabada et
al., 2017; Walker et al., 2021). A major difference between
underutilised and highly utilised crops lies in their level of
global recognition, commercial utilization, research support,
and integration into mainstream agricultural systems (Table

1.

Table 1. Major differences highly utilised and underutilised
crop species

Criteria Underutilised species Highly utilised species
Research Limited research and High levels of research,
Attention development focus, often  including breeding
restricted to  specific programs, agronomic
regions. practices, and
biotechnological
advancements.
Commercial Low commercial value Extensive market presence,
Utilization chains and market  with established global value
availability. chains.
Nutritional Often rich in unique Recognized for their
Value nutrients (e.g., nutritional value, even when
phytochemicals, limited, with broad
antioxidants) but under- consumer awareness and
recognized. industrial applications.
Environmental  Highly adaptable to harsh ~ Low to high adaptability,
Adaptability conditions such as  with specific climatic or soil
drought and poor soils. preferences for optimum
growth.
Consumer Often culturally Widely accepted as staple
Perception stigmatized or regarded as  crops globally, perceived as
“food for the poor,” essential for food security
leading to limited and industrial uses, such as
adoption, especially in  production of ultra-
urban areas. processed foods.
Policy and  Minimal policy  Significant support through
Support intervention and  global and national

inclusion in agricultural
development and

extension programs.

agricultural policies, farmer
training/extension,
subsidies, and funding.

Despite their
numerous

challenges

benefits, underutilised crop species face

that hinder

their mainstream

adoption. These include limited research on agronomy and
breeding, inadequate policy support, and low consumer
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awareness of their nutritional value and even their taste
(Bvenura and Sivakumar, 2017). Many underutilised crops
have challenges related to storage, stability, and processing.
For instance, fluted pumpkin seeds start germinating shortly
after harvest, limiting their storage potential (Nkang et al.,
2000).

Bambara  groundnuts  require  labour-intensive
processing, which discourages large-scale production (Ajayi
et al.,, 2006; Mbosso et al., 2020). Addressing these
challenges requires concerted efforts from governments,
researchers, policymakers, and development agencies. This
includes efforts to promote their nutritional and economic
benefits, invest in research and development, improve
processing and storage technologies, and build consumer
awareness (Ifeanyi-Obi et al., 2013; Osuji et al., 2022). These
actions align with Sustainable Development Goal (SDG) 2,
which emphasizes ending hunger and achieving food
security through sustainable agricultural practices (FAO,
2018).

Thus, to unlock the potential of underutilised crops,
concerted efforts are needed to integrate them into
mainstream food systems. Fluted pumpkin (Telfairia
occidentalis Hook f.), a high-protein oilseed, is an example of
an underutilised crop that holds promise in combating food
and nutrition security, especially in sub-Saharan Africa,
where animal protein is often not affordable, animal-rearing
is difficult or not sustainable, and energy needs are
sometimes unmet.

Fluted Pumpkin (Telfairia occidentalis Hook f.)

Fluted pumpkin is a vinous perennial leafy vegetable (genus
Telfairia Hooker, subfamily Cucurbitoideae, family
Cucurbitaceae) native to West Africa. It is an herbaceous
dioecious plant that thrives in tropical climates with ample
rainfall, making it a staple in the agricultural systems of sub-
Saharan Africa (Epenhuijson, 1974; Oyolu, 1978; Okoli and
Mbeogu, 1983; Akoroda, 1990). It is known by various local
names, such as ugu among the Igbo, ikongubong among the
Efik, both in Nigeria, and kwon meko among the Akan in
Ghana (Akoroda, 1990; Odiaka et al., 2008).

The fruit weighs between 3 and 5 kg when fully mature
(Figure 1). The mature fruit is ribbed, 23 £ 2 cm at mid-
length, weighs 3-6 kg, and has a yellow fibrous flesh in which
are embedded numerous seeds (Oyolu, 1978; Okoli and
Mbeogu, 1983). About 30-70 seeds are produced per fruit,
depending on the size of the mature fruit (Epenhuijson,
1974; Akorogla, 1990).

Figure 1. Fluted pumpkin fruit and leaves
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The plant is naturally resistant to many common pests and
diseases, requiring minimal use of chemical inputs such as
pesticides, which are often inaccessible to smallholder
farmers due to high costs (Ebert et al., 2014; Ashagidigbi et
al., 2018; Osuji et al., 2022). The plant’s deep taproot system
enables it to access water from deeper soil layers during dry
periods, making it a viable option for regions prone to
seasonal droughts or erratic rainfall patterns (Mbosso et al.,
2020). It is primarily propagated by seeds, which germinate
readily under favourable conditions. Once established, the
crop requires minimal maintenance. This, along with its
natural resilience, enhances its suitability for resource-poor
farming systems (Odiaka et al., 2008; Akoroda, 2008;
Abukutsa-Onyango, 2010; Prakash-Singh et al., 2018).

Fluted pumpkin is a high-protein oilseed crop. Though it
is the most widely cultivated leafy vegetable crop in West
Africa, it also produces edible oil-bearing seeds. It is the
seeds that are truly underutilised. The seeds are notable for
their large size, weighing between 0.15 g and 12.50 g—
approximately 80 times the weight of melon seeds (Odiaka et
al., 2008). The seeds have high protein and fat contents and
are good sources of minerals such as iron, phosphorus,
magnesium, and calcium (Longe et al., 1983; Asiegbu, 1987;
Egumgbe et al., 2022). The nutritional quality (amino acid
composition, protein digestibility, and protein efficiency
ratio) of fluted pumpkin seed is similar to that of soybean
(Longe et al., 1983; Achinewhu, 1986). The seeds are also rich
in essential vitamins (A, C, and E) (Ebert, 2014).

Figure 2. Fluted pumpkin fruit and seeds

Despite its good nutritional composition and its cultivation
for its seeds since ancient times, fluted pumpkin seeds have
not yet become a popular part of the local diet of Nigerians
and sub-Saharan Africans. Hooker, in describing the plant in
the nineteenth century, noted that “it was cultivated for its
seeds, which the negroes boil and eat” (Hooker, 1871). The
lack of widespread use of the seeds may be due to difficulty
obtaining a steady supply, resulting from biological
disequilibrium caused by excessive harvesting of edible
foliage from plants that could potentially bear fruit

WPHNA

(Akoroda, 1990). The seeds are recalcitrant and viviparous
and therefore cannot tolerate drying and begin germinating
within the pod shortly after maturity. These characteristics
limit the storage potential of the seeds, as they decompose
or germinate inside the pods within 3 to—4 months post-
harvest (Nkang et al., 2000; Ajayi et al., 2006; Sakpere et al.,
2020). Consequently, farmers often experience significant
losses, as planting is typically restricted to the rainy season
and many seeds begin to germinate before the rains
commence.

Apart from being fermented and used as a flavouring
ingredient (ogiri) or as a protein supplement in some local
foods (Achinewhu, 1986; Akwukwaegbu, et al., 2020), there
is limited food application of fluted pumpkin seed compared
with other major oilseeds. Yet protein concentrates, edible
oils, and confectionery from fluted pumpkin seeds are
possible methods of introducing it into the human diet.

Nutritional Composition and Properties of Fluted
Pumpkin

Fluted pumpkin, traditionally regarded as a backyard crop,
can be transformed into a commercially viable agricultural
product due to its exceptional nutritional properties and
adaptability (Nwauwa and Omonona, 2010). The leaves,
which are used as culinary vegetables, are highly nutritious,
containing abundant minerals such as iron, magnesium,
potassium, sodium, and phosphorus. They are rich in
antioxidants, phytochemicals (e.g., phenols), and vitamins
such as ascorbic acid, riboflavin, nicotinamide, and thiamine
(Odiaka et al., 2008; Kayode and Kayode, 2011). With a
protein content of approximately 22%, the leaves
outperform many other commonly consumed leafy
vegetables in tropical regions (Eseyin and Rathore, 2014).
Decoctions of the leaves are thought to have medicinal
properties and are utilised in folkloric medicine for treating
anaemia, and some other conditions (Akoroda, 2008; Ugwu
et al., 2010; Akpasi et al., 2023).

The seeds of fluted pumpkin are large and non-
endospermic, and are consumed after various forms of
processing, including roasting, boiling, or fermentation to
make traditional condiments such as "ogiri" (Nwokolo and
Sim, 1987; Giami and Barber, 2004). The seeds have a robust
amino acid profile, including nine essential amino acids
(histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan, and valine), as well as
non-essential amino acids (Kayode and Kayode, 2011; Eseyin
and Rathore, 2014; Anyasor et al., 2010; Bello et al., 2011;
Monica, 2024). Fluted pumpkin seeds also contain a rich
profile of essential fatty acids and micronutrients such as
iron, magnesium, and calcium (Odiaka et al., 2008). The
seeds’ high protein content, coupled with their essential
amino acids, positions them as an excellent alternative or
supplement to conventional protein sources such as meat,
eggs, and milk, which are often unaffordable for many
households (Miteu and Ezeh, 2022). The seeds also contain
phytochemicals such as cyanogenic glycosides (Chuku and
Chinaka, 2021), saponins, flavonoids, and alkaloids
(Egumgbe et al., 2022).

A comparison of the proximate composition of fluted
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pumpkin and soybean (Glycine max), which is widely

cultivated and researched, and extensively used as plant
protein, shows that the seeds compare favourably (Table 2).

Table 2 Proximate composition of fluted pumpkin seeds and soybeans

Fluted Pumpkin Seeds

Soybean Seeds

Nutrient

Asiegbu Fagbemi Kuku et al. Alozie et al. Echioda et al. Chuku and Lisanti and

(1987) (2007) (2014) (2017) (2018) Chinaka (2021) Arwin (2019)
Moisture (%) 5 6 49 3 9 1 8
Crude Protein (%) 30 30 28 10 29 35 38
Crude Fat (%) 47 50 18 36 28 33 15
Ash (%) 3 5 2 5 3 4 5
Crude Fibre (%) NR NR 1 16 16 15
Carbohydrates (%) 15 11 2 42 15 11 27

NR: Not reported. N/B: The figures presented are rounded off to the nearest whole number. The original sources have both means and indicators of dispersion
for three or more measurements per variable. The sums may therefore marginally exceed 100% in some cases.

Table 3. Fatty acid content of fluted pumpkin seeds

FATTY ACIDS (%) Samuel et al. Alademeyin and Adejumo and Fagbemi Akinnifesi et al.,
(2018) Arawande (2016) Adekoya (2023) (2007) (2017)

Myristic (C14:0) 0.1 0.1 NR NR 5.4
Palmitic (C16:0) 17.5 10.8 1.9 16.1 0.6
Palmitoleic (C16:1) 1.2 NR 0.8 NR 1.4
Stearic (C18:0) 0.8 0.2 1.6 14.2 14.5
Oleic (C18:1) 14.1 47.4 NR 40.4 56.5
Linoleic (C18:2) 62.4 26.4 NR 27.5 21.0
Linolenic (C18:3) NR 0.01 1.6 NR 0.4
Arachidic (C20:0) NR 1.2 2.2 NR 0.2
Eicosenoic (C20:1) 2.0 NR 0.7 NR NR
Eicosatrienoic (C20:3) 0.3 NR 1.9 NR NR
Behenic (C22:0) NR 0.4 NR NR NR
Total saturated fatty acids 19.9 12.8 NR 30.3 NR
Total unsaturated fatty acids 80.1 73.8 NR 67.9 NR

NR stands for not reported. Values are reported to the nearest one decimal place.

The high caloric density, amino acid profile, and mineral
composition make the seeds potential raw materials to
produce functional food for improving human health
outcomes (Afolabi et al., 2018). Furthermore, the seeds’
versatility allows them to be incorporated into various food
products, including baked goods/snacks and traditional
condiments like ogiri, as well as soup thickeners, making
them accessible across different cultural diets (Ladeji et al.,
1995; Fasoyiro et al., 2006). Experimental studies on the
nutritional value of the seeds indicate that they supported
excellent growth in rats when incorporated into diets at 5-
10% levels (Ejike et al., 2010a) and did not result in any
toxicities or deleterious alterations in lipid and glucose
metabolism in test rats (Ejike et al., 2010b). The seeds of
fluted pumpkin are rich in minerals, including potassium,
phosphorus, magnesium, and iron (Table 4).

Table 4: Mineral composition of fluted pumpkin seeds

Mineral (mg/100g) Ladejiet al. (1995) Lopez et al. (2002)
Potassium (K) 594.0 632.0

Phosphorus (P) 1020.0 954.0

Magnesium (Mg) 100.0 89.0

Calcium (Ca) 144.0 80.9

Sodium (Na) 9.0 24.8

Iron (Fe) 12.0 9.82

Zinc (Zn) 5.0 7.80

Copper (Cu) ND 1.38

ND stands for not detected
Beyond nutrition, the seeds of fluted pumpkin have been

reported to have applications in traditional medicine. They
are useful in (among others) preventing and managing

S WPHNA

experimental benign prostate hyperplasia in the murine
model (Ejike and Ezeanyika, 2011a; Ejike and Ezeanyika,
2011b).

Limitations in the Use of Fluted Pumpkin Seeds

Fluted pumpkin seeds, as noted earlier, are cooked and eaten
or used as an ingredient in a variety of local foods
(Achinewhu, 1986; Barber et al., 1989; Lopez et al. 2002).
Furthermore, the development of value-added products from
fluted pumpkin seed has been recommended to expand the
utilization of the seed in the tropics (Giami and Bekebain,
1992; Giami and Isichei, 1999). However, the usefulness of
fluted pumpkin seeds as a protein source for human food is
limited by the presence of so-called anti-nutrients,
particularly phytic acid (Giami and Isichei, 1999; Akwaowo
et al., 2000), which have been shown to lower the
bioavailability of minerals in humans and to inhibit the
digestibility of plant proteins (Banigo and Akpapunam, 1987,
Chen and Xu 2023). Despite this former conception, modern
research has shown that many of these types of substances,
including phytic acid, have numerous beneficial health
effects (Chen and Xu 2023). Appropriate processing
techniques can also reduce or eliminate the anti-nutrients.
Germination, for example, is known to lower the anti-
nutrient contents of food crops and improve their functional
properties (Ohanenye et al., 2020).

Fagbemi (2007) reported that processing altered the
gross energy value of fluted pumpkin seeds only slightly
(Table 3). Cookies supplemented with concentrates from
germinated seeds at 15-25% levels were nutritionally
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comparable to diets based on casein, but at the expense of
acceptability (Giami and Barber, 2004; Giami et al., 2005).
The use of the seeds often imparts a brownish-green
colouration that negatively affects acceptability. This colour
change is likely due to its oil-rich nature, which makes rapid
drying difficult.

Table 5. Energy value of processed full fat fluted pumpkin seed
flour as reported by Fagbemi (2007)
Gross energy  Total Unsaturated

Total Saturated Fatt

KJ/2) Fatty Acid (TUFA) (%) Acid (TUFA) (%)
Raw Dried 29.5 68.0 30.3
Boiled 26.6 63.4 32.1
Fermented 30.1 65.5 25.5
Germinated 28.1 57.4 38.5

N/B: The figures presented are rounded off to the nearest one decimal place.
The original sources have both means and indicators of dispersion for three or
more measurements per variable.

Recommendations for the Future

To fully exploit the potential of underutilised species such as
fluted pumpkin seeds, the challenges of limited agronomic
and processing research investment, cultural perceptions
regarding its consumption, and low market presence need to
be addressed (Bvenura and Sivakumar, 2017). There is a need
for governments and funding agencies to deliberately fund
research focused on improving current agronomic practices
to develop new varieties with higher yields, greater nutrient
density, and greater pest resistance. Sustainable seed storage
technologies, processing, and value chain development and
improvement of products derived from seeds also require
research and funding. Research is also needed to improve
processing technologies (which will reduce anti-nutrients,
make desirable nutrients more bioavailable, and prevent
colour deterioration) and to develop value-added products
such as protein concentrates, nutritional and industrial oils,
fortified flours, and ready-to-eat snacks from fluted pumpkin
seeds. This will increase acceptability and demand for the
seeds and ultimately their market value, both of which will
help in reducing poverty, especially among rural dwellers.
Furthermore, research into ways of making the seeds
culturally acceptable and the education of the population on
the nutritional and economic benefits of fluted pumpkin

seeds through data-driven campaigns and training
programmes will be helpful.
Deliberate government policies can trigger the

utilization of the seeds and encourage farmers to grow the
plant for its seeds. Currently, farmers grow the plant for its
leaves. Fluted pumpkin seeds should be included in national
agricultural and nutrition programmes, such as school
feeding programmes, to promote their cultivation and
consumption. Government policies that promote the use of
seeds or products containing them will improve the
ecosystem around fluted pumpkin production and
marketing.

The integration of fluted pumpkin seeds into broader
food security strategies is a sure means of contributing to
achieving the Sustainable Development Goals, especially
SDG 2, which aims to end hunger and promote sustainable
agriculture (FAO, 2018; FAO 2022).

Policy Implications

Promoting fluted pumpkin seeds requires a multifaceted
approach involving governments, researchers, and
development agencies. Governments in sub-Saharan Africa
should prioritize the inclusion of fluted pumpkin seeds in
national agricultural and nutrition policies. This could
include providing subsidies for farmers who cultivate fluted
pumpkin, funding research on improved agronomic
practices, and developing value chains for fluted pumpkin
products. Additionally, governments should integrate fluted
pumpkin seeds into school feeding programmes and public
health initiatives to promote their consumption among
vulnerable populations. International organisations and
NGOs also play a critical role in promoting underutilised
crops such as fluted pumpkin. By providing technical and
financial support, these organizations can help to build the
capacity of smallholder farmers to cultivate and process
fluted pumpkin seeds. Furthermore, international
organisations can facilitate knowledge and best-practice
exchange across sub-Saharan Africa, enabling countries to
learn from each other's experiences in promoting
underutilised species.

Conclusions

The challenge of food insecurity requires a variety of
sustainable approaches. Under-utilised species such as
fluted pumpkin, Telfairia occidentalis Hook f., seeds are
nutrient-dense and can be exploited to enhance food
security (SDG goal 2), especially in tropical regions of the
world where they are naturally adapted to thriving.
Investments are, however, required to improve agronomic
practices and improve yield, develop better storage and
processing technologies, and identify culturally acceptable,
value-added products that can be developed from the seeds.

Author Contributions

CECCE was responsible for conception, design and vetting of
included literature; and contributed to manuscript writing. OOI
was responsible for the initial literature search and contributed
to manuscript writing. All authors read and approved the final
version of the paper and consented to its publication.

Declaration of Generative AI and Al-Assisted
Technologies in Scientific Writing
Nothing to disclose.

Acknowledgements
None

Data Availability Statement
All relevant data are available within the manuscript

Funding
None

Conflict of Interest
The authors declare that they have no conflicts of interest.

World Nutrition |

87


https://worldnutritionjournal.org/index.php/wn

Prospects for fighting food insecurity in Sub-Saharan Africa using underutilised crops: the case for fluted pumpkin

REFERENCES

Abberton, M., Paliwal, R., Faloye, B., Marimagne, T., Moriam, A and
Oyatomi O. (2022). Indigenous African orphan legumes:
potential for food and nutrition security in SSA. Frontiers in
Sustainable Food Systems 6: 1-19.

Abukutsa-Onyango, M. O. (2010). African indigenous vegetables in
Kenya: strategic repositioning in the horticultural sector. ISBN:
9966-923-31-4

Achinewhu, S. C. (1986). Some biochemical and nutritional changes
during the fermentation of fluted pumpkin (Telferia
occidentalis). Plant Foods for Human Nutrition, 36: 97-106.

Adejumo, O. E., and Adekoya, O. O. (2023). Fatty acid composition,
physicochemical and antioxidant characteristics of indigenous
Telfairia occidentalis (fluted pumpkin) seed oil from Ogun State,
Nigeria. The Nigerian Journal of Pharmacy, 57(2)

Afolabi, F., Aroyupin, D.]., Alabi, M.A., Ojo, O.T. and Olowokere, T.
(2018). Improving nutritive value of fermented cereal porridge
‘ogi’ by fortifying with Bambara nut. Croatian Journal of Food
Science and Technology, 10: 51-57.

African Development Bank (ADB) (2023). Africa - regional overview
of food security and nutrition Africa statistics and trends, 2023.
https://www.afdb.org/en

Ajayi, S. A., Berjak, P., Kioko, J. L., Dulloo, M. E., and Vodouhe, R. S.
(2006). Responses of fluted pumpkin (Telfairia occidentalis Hook.
f.; Cucurbitaceae) seeds to desiccation, chilling and hydrated
storage. South African Journal of Botany, 72(4): 544-550.

Akinnifesi, T. A., Olonisakin, A., Ibrahim, M. A., and Adeola, A. O.
(2017). Comparative analysis of water melon (Citrullus lanatus),
pumpkin (Cucurbita pepo) and fluted pumpkin (Telfairia
occidentalis) grown in Nigeria for physico-chemical properties
and fatty acids profile. ChemTech Journal, 12: 34-44

Akinola, R., Pereira, L. M., Mabhaudhi, T., de Bruin, F. M., & Rusch, L.
(2020). A review of indigenous food crops in Africa and the
implications for more sustainable and healthy food systems.
Sustainability (Switzerland) 12,
https://doi.org/10.3390/SU12083493

Akoroda, M.O. (1990). Ethnobotany of Telfairia occidentalis
(cucurbitaceae) among Igbos of Nigeria. Economic Botany, 44: 29-
39.

Akoroda, M.O. (2008). Ethnobotany of Telfairia occidentalis
(cucurbitaceae) among Igbos of Nigeria. Economic Botany, 44: 29-
39.

Akpasi, S. O., Oghenejoboh, K. M., Shoyiga, H. O., Kiambi, S. L., &
Mahlangu, T. P. (2023). Investigation of the nutrient composition
of fluted pumpkin (Telfairia occidentalis) under herbicide
treatment. Sustainability (Switzerland), 15:4
https://doi.org/10.3390/SU15043383/S1

Akwaowo, E.U., Ndon, B.A. and Etuk, E.U. (2000). Minerals and
antinutrients in fluted pumpkin (Telfairia occidentalis Hook f.).
Food Chemistry, 70: 235-240.

Akwukwaegbu, P.I., Onyekwere O., Ugwu, A.K., Bando, D.C., James,
K.T., Tubasen, H.N., Shingu, J.P. and Elebo, A. (2020). Nutritional
composition and antioxidative potentials of fermented fluted
pumpkin seed (Ogiri) extract on H202-induced oxidative stress
in rats. Food Science and Technology 8(3): 43-49.

Alademeyin, J. O., and Arawande, J. O. (2016). Effect of processing on
physicochemical properties and fatty acid composition of fluted
pumpkin (Telfairia occidentalis) seed oil. Pakistan Journal of
Scientific and Industrial Research Series A: Physical Sciences,
59(2): 83-89.

Alozie, Y., Udo, A. and Orisa, C. (2017). Proximate, anti-nutrient and
vitamin composition of full-fat and defatted seed flour of
Telfairia occidentalis. Turkish Journal of Agriculture- Food Science
and Technology, 5: 1256-1260.

Anyasor, G. N., Ogunwenmo, K. O., Ogunnowo, A. A., & Alao-Sanni,
0. (2010). Comparative antioxidant, phytochemical and
proximate analysis of aqueous and methanolic extracts of
Vernonia amygdalina and Talinum triangulare. Pakistan Journal of
Nutrition, 9: 259-264.

Ashagidigbi, W. M., Amos, T. T., and Azeez, F. (2018). Contribution of
fluted pumpkin leaf production by women to household income
in the tropics. International Journal of Vegetable Science, 24: 205-
211.

Asiegbu, J. E. (1987). Some biochemical evaluation of fluted pumpkin
seed. Journal of the Science of Food and Agriculture, 40: 151-155.

Bain, L. E., Awah, P. K., Geraldine, N., Kindong, N. P, Sigal, Y., Bernard,
N., & Tanjeko, A. T. (2013). Malnutrition in sub—Saharan Africa:
burden, causes and prospects. PAM]. 15, 120.
https://doi.org/10.11604/PAM].2013.15.120.2535

Banigo, E.B. and Akpapunam, M.A. (1987). Physico-chemical and
nutritional evaluation of protein-enriched fermented maize
flour. Nigerian Food Journal, 5: 30-36.

Barber, L., Ibiama, E.A., and Achinewhu, S.C. (1989). Technical note:
Microorganisms associated with fermented fluted pumpkin seeds
(Telferia occidentalis). International Journal of Food Science &
Technology, 24: 189-193.

Bello, M.O., Akindele, T.L., Adeoye, D.O. and Oladimeji, A.O. (2011).
Physicochemical properties and fatty acids profile of seed oil of
Telfairia occidentalis hook, F. International Journal of Basic &
Applied Sciences, 11: 9-14.

Bvenura, C. and Afolayan, A.]. (2015). The role of wild vegetables in
household food security in South Africa: A review. Food Research
International, 76: 1001-1011.

Bvenura, C., and Sivakumar, D. (2017). The role of wild fruits and
vegetables in delivering a balanced and healthy diet. Food
Research International, 99: 15-30.

Chen W. and Xu D. (2023) Phytic acid and its interactions in food
components, health benefits, and applications: A comprehensive
review. Trends in Food Science & Technology, 141: 104201.

Chibarabada, T.P., Modi, A.T., and Mabhaudhi, T. (2017). Expounding
the value of grain legumes in the semi- and arid tropics.
Sustainability , 9. https://doi.org/10.3390/SU9010060

China, M.A.H., Precious, O.N. and Owuno, F. (2021). Utilization of
fluted pumpkin (Telfairia occidentalis) seed milk for the
production of textured vegetable protein. European Journal of
Agriculture and Food Sciences 3: 4-9.

Chivenge, P., Mabhaudhi, T., Modi, A. T., and Mafongoya, P. (2015).
The potential role of neglected and underutilised crop species as
future crops under water scarce conditions in Sub-Saharan
Africa. International Journal of Environmental Research and Public
Health, 12: 5685-5711.

Chuku, L.C. and Chinaka, N.C. (2021). Proximate and phytochemical
compositions of dried seeds of fluted pumpkin (Telfairia
occidentalis). Journal of Complementary and Alternative Medical
Research, 13: 14-19.

Ebert, A.W. (2014). Potential of underutilized traditional vegetables
and legume crops to contribute to food and nutritional security,
income and more sustainable production systems. Sustainability,
6. https://doi.org/10.3390/su6010319

Echioda S, Salisu S, Danlandi IY, Arulachiuka OK, Sule H. (2018).
Proximate composition of fluted pumpkin seed (Telfairia
occidentalis), extraction and characterization of the oil from the
seed. International Journal of Chemistry and Chemical Processes 4:
14-23.

Egumgbe, U.D., Ezegbe, A.G., Asogwa, C.M., & Mbah, B. O. (2022).
Nutrient and phytochemical composition of Telfairia occidentalis
seed processed by boiling, roasting and fermentation methods.
Journal of Family & Society Research, 1: 113-122.

Ejike, C.E.C.C. and Ezeanyika, L.U.S. (2011a). Inhibition of the
experimental induction of benign prostatic hyperplasia: a
possible role for fluted pumpkin (Telfairia occidentalis Hook f.)
seeds. Urologia Internationalis 87: 218-224.

Ejike, C.E.C.C. and Ezeanyika, L.U.S. (2011b). Management of
experimental benign prostatic hyperplasia in rats using a food-
based therapy containing Telfairia occidentalis seeds. African
Journal of Traditional Complementary and Alternative Medicines 8:
398-404.

World Nutrition | 88


https://worldnutritionjournal.org/index.php/wn
https://www.afdb.org/en
https://doi.org/10.3390/SU12083493
https://doi.org/10.3390/SU15043383/S1
https://doi.org/10.11604/PAMJ.2013.15.120.2535
https://doi.org/10.3390/SU9010060
https://doi.org/10.3390/su6010319

Prospects for fighting food insecurity in Sub-Saharan Africa using underutilised crops: the case for fluted pumpkin

Ejike, C.E.C.C., Ugboaja, P.C. and Ezeanyika, L.U.S. (2010a). Dietary
incorporation of boiled fluted pumpkin (Telfairia occidentalis
Hook F) seeds: 1. Growth and toxicity in rats. Research Journal of
Biological Sciences 5: 140-145.

Ejike, C.E.C.C., Udensi, A.H. and Ezeanyika, L.U.S. (2010b). Dietary
incorporation of boiled fluted pumpkin (Telfairia occidentalis
Hook f) seeds: 2. Alterations in blood glucose concentration and
serum lipid profile of rats. Research Journal of Biological Sciences
5: 146-149.

Epenhuijson, C.W. (1974). Growing native vegetables in Nigeria. Food
and Agricultural Organisation of the United Nations, Rome.

Eseyin, O. A., and Rathore, H. A. (2014). A review of the
pharmacological and biological activities of the aerial parts of
Telfairia occidentalis Hook. f. (Cucurbitaceae). Tropical Journal of
Pharmaceutical Research, 13: 1761-1769.

Fagbemi, T.N. (2007). Effects of processing on the nutritional
composition of fluted pumpkin (Telfairia occidentalis) seed flour.
Nigerian Food Journal 25: 1-22.

FAO (2014). How can value chains be shaped to improve nutrition?
FSN Forum, 2014.
www.fao.org/fsnforum/activities/discussions/NSVCwww.fao.org
/fsnforum

FAO, IFAD, UNICEF, WFP and WHO. (2018). The state of food security
and nutrition in the world 2018. FAO, Rome.

FAO, IFAD, UNICEF, WFP and WHO. (2022). The state of food security
and nutrition in the world, 2022. FAO, Rome.

FAO. (2002). The state of food insecurity in the world. Chapter2. Food
security: concepts and measurement. 2002. FAO, Rome.
https:/www.fao.org/4/y4671e/y4671e06.htm

FAO. (2024). Critical insights on the sustainability of global
agriculture, food security, and the importance of agrifood
systems in employment. Statistical Yearbook 2024.

Fasoyiro, S.B., Ajibade, S.R.,Omole, A.]., Adeniyan, O.N., and Farinde,
E.O. (2006). Proximate, minerals and antinutritional factors of
some underutilized grain legumes in south-western Nigeria.
Nutrition and Food Science, 36: 18-23.

Giami, S.Y. and Barber, L.I. (2004). Utilization of protein concentrates
from ungerminated and germinated fluted pumpkin (Telfairia
occidentalis Hook) seeds in cookie formulations. Journal of the
Science of Food and Agriculture, 84: 1901-1907.

Giami, S.Y. and Bekebain, D.A. (1992). Proximate composition and
functional properties of raw and processed full-fat fluted
pumpkin (Telfairia occidentalis) seed flour. Journal of the Science
of Food and Agriculture, 59: 321-325.

Giami, S.Y. and Isichei, I. (1999). Preparation and properties of flours
and protein concentrates from raw, fermented and germinated
fluted pumpkin (Telfairia occidentalis Hook) seeds. Plant Foods for
Human Nutrition, 54: 67-77.

Giami, S.Y., Achinewhu, S.C. and Ibakee, C. (2005). The quality and
sensory attributes of cookies supplemented with fluted pumpkin
(Telfairia occidentalis Hook) seed flour. International Journal of
Food Science and Technology, 40: 613-620.

Hooker, W.]. (1871). Telfairia occidentalis Hook. fil. Flora of tropical
Africa. Volume 2. (Ed) D. Oliver, L. Reeve. London, pp 523-524.

Ifeanyi-Obi, C., Asiabaka, C., Matthews-Njoku, E., Nnadi, F.,
Agumagu, A., Adesope, O., Issa, F., and Nwakwasi, R. (2013).
Effects of climate change on fluted pumpkin production and
adaptaton measures used among farmers in Rivers State. Journal
of Agricultural Extension, 16: 50-58.

Kayode, A.A.A., and Kayode, O.T. (2011). Some medicinal values of
Telfairia occidentalis: A review. American Journal of Biochemistry
and Molecular Biology, 1: 30-38.

Kuku, A., Etti, U.]. and Ibironke, I.S. (2014). Processing of fluted
pumpkin seeds, Telfairia occidentalis (Hook f) as it affects growth
performance and nutrient metabolism in rats. African Journal of
Food Agriculture, Nutrition and Development. 14: 1992-2014.

Ladeji O, Okoye ZSC, Ojobe T. (1995). Chemical evaluation of the
nutritive value of leaf of fluted pumpkin (Telferia occidentalis).
Food Chemistry. 53(4):353-5.

Lisanti, E., and Arwin, A. (2019). Phytochemical screening and
proximate analysis of soybeans (Glycine max) variety Gamasugen
1 and Gamasugen 2 derived from gamma rays irradiation. Journal
of Physics: Conference Series, 1402(5).
https://doi.org/10.1088/1742-6596/1402/5/055023

Longe, I.A., Farinu, G.O. and Fetuga, B.L. (1983). Nutritional value of
the fluted pumpkin (Telfairia occidentalis). Journal of Agriculture
Food Chemistry, 31: 989-992.

Lopez, HW., Leenhardt, F., Coudray, C. and Remesy, C. (2002).
Minerals and phytic acid interactions: is it a real problem for
human nutrition? International Journal of Food Science and
Technology, 37: 727-739.

Mabhaudhi, T., Chimonyo, V. G. P., and Modi, A. T. (2017). Status of
underutilised crops in South Africa: Opportunities for developing
research capacity. Sustainability, 9.
https://doi.org/10.3390/SU9091569

Maseko, 1., Mabhaudhi, T., Tesfay, S., Araya, H. T., Fezzehazion, M.
and Du Plooy, C. P. (2018). African leafy vegetables: A review of
status, production and utilization in South Africa. Sustainability,
10. https://doi.org/10.3390/SU10010016

Mayes, S., Massawe, F.]., Alderson, P.G., Roberts, ].A., Azam-Ali, S.N.,
and Hermann, M. (2012). The potential for underutilized crops to
improve security of food production. Journal of Experimental
Botany, 63: 1075-1079.

Mbosso, C., Boulay, B., Padulosi, S., Meldrum, G., Mohamadou, Y.,
Niang, A. B., Coulibaly, H., Koreissi, Y., and Sidibé, A. (2020).
Fonio and bambara groundnut value chains in Mali: Issues,
needs, and opportunities for their sustainable promotion.
Sustainability, 12. https://doi.org/10.3390/SU12114766

Miteu, G.D. and Ezeh, B.C. (2022). Effects of roasting periods on the
nutritive value of Telfaira occidentalis (Fluted pumpkin) Seeds.
IPS Journal of Nutrition and Food Science, 1: 6-10.

Monica, M.N. (2024). Nutrients, phenolics, fatty acids and mineral
composition of Telfairiapedata (SIMS) hook seed kernels
obtained from Kilimanjaro, Tanzania. Ghana Journal of Science,
64: 59-70.

Nkang, A., Omokaro, D. and Egbe, A. (2000). Effects of desiccation on
the lipid peroxidation and activities of peroxidase and
polyphenoloxidase in seeds of Telfairia occidentalis. Seed Science
and Technology. 28: 1-9.

Nwauwa, L.O.E. and Omonona, B.T. (2010). Efficiency of vegetable
production under irrigation system in Ilorin metropolis: A case
study of fluted pumpkin (Telferia occidentalis). Continental
Journal of Agricultural Economics, 4: 9-18.

Nwokolo, E. and Sim, J.S. (1987) Nutritional assessment of defatted
oil meals of melon (Colocynthis citrullus L.) and fluted pumpkin
(Telfaria occidentalis hook) by chick assay. Journal of the Science
of Food and Agriculture, 38: 237-246.

Odiaka, N.I., Akoroda, M.O., and Odiaka, E.C. (2008). Diversity and
production methods of fluted pumpkin (Telfairia occidentalis
Hook F.): Experience with vegetable farmers in Makurdi, Nigeria.
African Journal of Biotechnology, 7: 944-954.

Ohanenye, I.C., Tsopmo, T., Ejike, C.E.C.C., and Udenigwe, C.E.C.C.
(2020). Germination as a bioprocess for enhancing the quality
and nutritional prospects of legume proteins. Trends in Food
Science & Technology, 101: 213-222.

Okoli, B.E., and Mbeogu, C.M. (1983). Fluted pumpkin
(Telfairiaoccientalis): West African vegetable crop. Economic
Botany 37: 145-149.

Osuji, E.E., Munonye, J.O., Olaolu, M.O., Onyemauwa, C.S., Tim-
Ashama, A.C., Ibekwe, C.C., Obasi, 1.0., Obike, K.C., Ebe, F.E.,
Onu, S.E., Obi, ].N., Izuogu, C.U., Orji, ].E., and Inyang, P. (2022).
Econometric analysis of fluted pumpkin production in Nigeria:

World Nutrition | 89


https://worldnutritionjournal.org/index.php/wn
http://www.fao.org/fsnforum/activities/discussions/NSVCwww.fao.org/fsnforum
http://www.fao.org/fsnforum/activities/discussions/NSVCwww.fao.org/fsnforum
https://www.fao.org/4/y4671e/y4671e06.htm
https://doi.org/10.1088/1742-6596/1402/5/055023
https://doi.org/10.3390/SU9091569
https://doi.org/10.3390/SU10010016
https://doi.org/10.3390/SU12114766

Prospects for fighting food insecurity in Sub-Saharan Africa using underutilised crops: the case for fluted pumpkin

Empirical in-depth analysis. Journal of Agriculture and Crops, 8:
105-114.

Oyolu, C. (1978). Relatively unknown vegetable: fluted pumpkin
(Telfairia occidentalis). Paper presented at Annual Conference of
the Horticultural Society of Nigeria. Ibadan.

Pichop, G.N., Abukutsa-Onyango, M., Noorani, A., and Nono-
Womdim, R. (2016). Importance of indigenous food crops in
tropical Africa: Case study. Acta Horticulturae, 1128: 315-321.

Pongou R, Salomon JA, Ezzati M. (2006). Health impacts of
macroeconomic crises and policies: determinants of variation in
childhood malnutrition trends in Cameroon. International
Journal of Epidemiology, 35:648-56.

Prakash-Singh, S., Kumar-Jena, A., Deuri, R., and Sharma, P. (2018).
Underutilized vegetable crops and their importance. Journal of
Pharmacognosy and Phytochemistry, 7: 402-407.

Sakpere, A.M.A., Ajayi, S.A., and Adelusi, A.A. (2020). Fruit
characterization and phyllotaxy of fluted pumpkin from Osun
State, Nigeria. Ife Journal of Science, 21: 263.

Samuel, C. B., David Barine, K.-K., & Joy, E.-E. (2018). Comparative
assessment of the physicochemical properties and fatty acid
profile of fluted pumpkin seed oil with some commercial
vegetable oils in Rivers State, Nigeria. Research Journal of Food
and Nutrition, 2(2): 32-40.

Sanchez, P.A. and Swaminathan, M.S. (2005). Hunger in Africa: the
link between unhealthy people and unhealthy soils. Lancet,365:
442-44.

Sundberg, S. (2009). Agriculture, poverty and growth in Africa:

linkages and policy challenges. CAB Reviews: Perspectives in
Agriculture, Veterinary Science, Nutrition and Natural Resources; 4,
92.

Tan, X. L., Azam-Ali, S., Goh, E. Von, Mustafa, M., Chai, H. H., Ho, W.
K., Mayes, S., Mabhaudhi, T., Azam-Ali, S., and Massawe, F.
(2020). Bambara groundnut: An underutilized leguminous crop
for global food security and nutrition. Frontiers in Nutrition, 7.
https://doi.org/10.3389/FNUT.2020.601496/BIBTEX

Taylor, J. R. N., Schober, T. ., and Bean, S. R. (2006). Novel food and
non-food uses for sorghum and millets. Journal of Cereal Science,
44:252-271.

Ugwu, C.E., Ejike, C.E.C.C., Alumanah, E.O. and Ezeanyika, L.U.S.
(2010). Effect of dietary incorporation of Gongronemalatifolium,
Vernonia amygdalina and Telfairia occidentalis leaves at various
levels, on the lipid profile of rats. Indian Journal of Animal
Nutrition 27: 303-308.

Walker, C., Dematteis, L., and Lienert, A. (2021). Selecting value
chains for sustainable food value chain development guidelines.
FAO, Rome. https://doi.org/10.4060/cb7623en

World Food Programme (WFP) (2005). A manual: Measuring and
interpreting malnutrition and mortality. WFP, Geneva.

World Health Organisation. (WHO) (2024). Malnutrition. WHO Fact
sheets, 2024. WHO, Geneva. https:/www.who.int/health-
topics/malnutrition

World Hunger Education Service (2022). Africa Facts and Statistics

2022. https://www.worldhunger.org

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer,
is not guaranteed or endorsed by the publisher. The publisher remains neutral with regard to jurisdictional claims.

World Nutrition | 90


https://worldnutritionjournal.org/index.php/wn
https://doi.org/10.3389/FNUT.2020.601496/BIBTEX
https://doi.org/10.4060/cb7623en
https://www.who.int/health-topics/malnutrition
https://www.who.int/health-topics/malnutrition
https://www.worldhunger.org/

