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Abstract: Food security relies mainly on a few major crop such as wheat, maize, rice and yam. Many
of the cultivated plant such as Cyperus exculentus are still considered invasive plants and are ne-
glected and underutilized. In the perspective to valorization of the species, this systematic review
aimed at identifying the biology, production constraints and uses of tigernut for future research
directions. Extensive searches were carried out and studies were screened and extracted using es-
tablished systematic review methods. A total of 175 papers met the inclusion criteria. Approxi-
mately 52% and 21.71% of the studies were undertaken in Europe and Africa respectively. Most of
the papers reviewed for the study were published between [2010-2015[. The review highlighted the
critical research gaps in genetic diversity using SSR makers and evolutionary biology. Further, pro-
duction constraints and solution approaches for the promotion of the species were the other gaps
identified in the reviewed studies. Production constraints were specifically related to the insufficient
mineral fertilizers and difficult in harvesting. Tigernut is used in more fields such as food, medici-
nal, cosmetic, biofuel and fishing and fish breeding. Such investigations would help in decision-
making and elaboration of breeding strategies, and advancing steps towards sustainable use of the
species.

Keywords: Cyperus exculentus; Neglected/Underutilized Crop species; Biology; Uses; Production
constraints

1. Introduction

Today, despite the fact that several national and international institutions are join-
ing their efforts to reach out the objective of "zero hunger" in the world (Sustainable De-
velopment Goal 2); many localities in the world, especially developing countries, con-
tinue to suffer from the problem of malnutrition. Food insecurity continues to withstand
and many people around the world are dying every day owing to lack of daily food.
More attention must be paid to agricultural diversification because a lot of plant species
(sources of important nutrients) and arable land still remain untapped. Food security
relies mainly on a few major crop species such as wheat, maize, rice, cassava and yam.
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Many of the cultivated plant species are neglected and underutilized as they play a cru-
cial role in the food security, nutrition, and income generation of the poor rural people
[1-3]. These Neglected and Underutilized Crop Species (NUCS), also known under the
name of minor cultures or "orphan plant”, represent an untapped reservoir of genetic
and functional diversity and are able to contribute to food security and poverty reduc-
tion [2]. Lack of attention and research studies about the NUCS means that their poten-
tial value is underestimated and underexploited. According to reports from the Food
and Agriculture Organization (FAO), since the 1900s about 50-77% of plant genetic di-
versity has been lost. The main causes for this remain economic, social and demographic
factors. The studies of Johns and Eyzaguirre [4] and Ghane et al. [5] showed that NUS
are nutritionally rich therefore, their erosion can impact the nutritional status and food
security of the poor and their enhanced use can bring about better nutrition and fight
hidden hunger.

Among NUCS, tigernut (Cyperus esculentus L.) is listed [2, 6-9]. Tigernut is an herbaceous
plant of the cyperaceae plant family (Figure 1a, b, c), native to the Mediterranean and
eastern Asia [10]. Its yellow rhizomes form small tubers that turn yellowish-brown when
ripe (Fig. 1d). It has been domesticated and used as a food plant almost in all continents
(Africa, Southern Europe, Asia and Northeastern USA) of the world [11-13]. Tigernut is
not a nut but a small tuber (Figure le) very rich in fiber, proteins and natural sugars.
Tigernut tubers contain a significant amount of protein, fatty acid, amino acid, minerals
and vitamins [14, 15]. The tubers with a slightly sweet, nutty flavour, are edible com-
pared to bitter-tasting tuber of the related purple nutsedge (Cyperus rotundus). Tigernut
has been domesticated and used as a food plant in many parts of the world such as
Spain where it is consumed as a milky drink [16]. It is also cultivated and sold in China,
North and West Africa (Ghana, Nigeria, Niger, Burkina Faso (Figure 1f), Mali, Ivory
Coast) [17] and in the USA [11]. Tigernut tubers are used for the treatment of certain ail-
ments such as indigestion, diarrhea, dysentery, gas, and excessive thirst [18]. In addition
to its medicinal properties tigernut is also used as fishing bait and since the tubers con-
tain a reasonable percentage of oil, it has been suggested as a possible source of biodiesel
[19-21].

Despite the economic and nutritional importance of the species, its cultivation is often
abandoned to women and / or practiced in small spaces. In Africa, its cultivation is prac-
ticed only in a few countries while it is recorded to be adapted to difficult environments
unfit for other crops where they can provide sustainable productions. To promote its use
and maximize its economic value, conservation, and research on this neglected species is
needed for better maintenance of it resource base, to ensure its development and its sus-
tainable use by present and future generations. To enhance the value of the tigernut in-
dustry, an inventory is essential in order to identify the problems that hinder its devel-
opment, and to understand the causes of neglect and underutilization of culture. It is
with this in mind that the present review has been undertaken to constitute a database
on biology, production constraints and uses of tigernut (Cyperus exculentus L.). Firstly,
origin, biology, ecology and distribution of tigernut have been documented using an
approach based on literature review. Secondly, using the same methodology, the main
constraints that prevent the farmers from adopting this crop have been inventoried. And
then the uses of tigernut have been documented in order to identify research topics nec-
essary for the development of the sector. Some solution approaches have been intro-
duced to neutralize the production constraints of tigernut.
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Figure 1. Details of the Cyperus exculentus plant species. a Seedlings of C. exculentus. b
C. exculentus plant in the flowering stage. c C. exculentus inflorescences. d ripeness of C.
exculentus tubers ready for harvest. The mature tuber of C. exculentus. f Dried C. ex-
culentus tubers ready for sale.

2. Research method
2.1. Literature search approach

The literature review was embedded in a wider review, which included tigernut,
Cyperus exculentus, yellow nutsedge, Sweet nutgrass, Earth almond, Sultan nutgrass,
chufa, and “Tchongon and incorporated qualitative, quantitative and case studies. The
scientific papers, Thesis (Master and PhD) and official reports on C. exculentus were
obtained from various databases including Google Scholar (www.scholar.google.fr), Sci-
enceDirect (www.sciencedirect.com), and African Journals Online (www.ajol.info). Dur-
ing the search, publications over 40 years from 1980 to 2020 were considered and the
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2.2. Inclusion/Exclusion Criteria and Screening Studies

Search results were screened for all databases using titles, abstracts and keywords of the
publications. Letters, encyclopaedia, books, manuals and guidelines were excluded.
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Four For final inclusion in the review, all publications were screened using 11 estab-
lished criterion adapted from Harden et al. [22] reflecting: (a) importance of reporting;
(b) use of strategies to set up reliable data collection and analysis for the validity of the
findings; and (c) the extent to which findings reflect participant perspectives and experi-
ences. All papers recorded were classified in three categories. It considered as strong
with 9-11 criteria, moderate with 5-8 criteria or weak with 1-4 criteria.

The information compiled on the publications retained for this review were (i) journal
and title of the publication; (ii) keywords of the publication (iii) year of the publication;
(iv) country of the study and continent ; (v) study location within country; (vi) full refer-
ence and aspects point out in the study have to be either of the following: (a) uses; (b)
socio-economic importance; (c) morphological diversity; (d) reproductive biology; (e)
ecophysiology aspects; (f) growth and development; (g) production and harvest; (h) ge-
netic diversity; genetic erosion of C. exculentus or with different name abovementioned.
Final retained publications were read in detail to summarize the available information
based on the mean and percentage.

2.3. Selection and Characteristics of publications

The overall search identified 891 publications. Out of these, 403 publications (studies
with records excluded, studies with records not obtained) were excluded during the
screening and refining steps. 300 eligible publications were thus considered for full text
screening, a process out of which a total of 175 publications (53 in ScienceDirect, 91 in
Google Scholar, 31 in AJOL), were finally included in the systematic review (Figure 2).
Of these, 135 were qualitative studies concerned with biology, production constraints
and uses of tigernut and therefore met the inclusion criteria for this review, 32 were
quantitative studies and 08 were case studies.

These 175 studies were published over four decades (1980 - 2020), as considered for this
review, and in 91 journals with 32, 42, and 16 publications identified by ScienceDirect,
Google Scholar and AJOL respectively (Figure 3).

In the strong (90 papers) and moderate (30 papers) studies, context of the study, prob-
lem, description of sampling and methods used to collect the data were clearly ex-
plained. However, there was not always enough information given about data analysis
to increase validity and reliability. While there was some limitations in the amount of
quotes presented, in most studies there were sufficient to verify the findings. The study
identified as weak (15), did not present any of the qualitative data on which the findings
were based making it more difficult to assess validity.

3. Results
3.1. Selection and Characteristics of publications

The overall search identified 891 publications. Out of these, 403 publications (studies
with records excluded, studies with records not obtained) were excluded during the
screening and refining steps. 300 eligible publications were thus considered for full text
screening, a process out of which a total of 175 publications (53 in ScienceDirect, 91 in
Google Scholar, 31 in AJOL), were finally included in the systematic review (Figure 2).
Of these, 135 were qualitative studies concerned with biology, production constraints
and uses of tigernut and therefore met the inclusion criteria for this review, 32 were
quantitative studies and 08 were case studies.
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These 175 studies were published over four decades (1980 - 2020), as considered for this
review, and in 91 journals with 32, 42, and 16 publications identified by ScienceDirect,
Google Scholar and AJOL respectively (Figure 3).

In the strong (90 papers) and moderate (30 papers) studies, context of the study, prob-
lem, description of sampling and methods used to collect the data were clearly ex-
plained. However, there was not always enough information given about data analysis
to increase validity and reliability. While there was some limitations in the amount of
quotes presented, in most studies there were sufficient to verify the findings. The study
identified as weak (15), did not present any of the qualitative data on which the findings
were based making it more difficult to assess validity.
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Figure 2. Flowchart of search results on bi
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Figure 3. Number of journal and recorded papers on biology, production constraints
and uses of Tigernut.

SD: Science Direct; GS: Google Scholar; AJ: African Journals Online (AJOL).
3.2. Spatio-temporal patterns

Over four-decades, the number of papers dealing with biology, constraint produc-
tions and uses of tigernut increased generally each five year period (Figure 4). About
54.14% of the papers included in this review were published from 2005 to 2020. The
highest number of papers (n = 44) was recorded between [2010-2015[while the lowest (n
=5) between [1980-1985[. The 175 publications came from the four continents of the
world. Most of these publications were from Europe (n =91), followed by America (n =
38), and Africa (n = 34) and Asia (n=12) (Figure 5). Most publications focused on tradi-
tional uses and biochemical composition, and transformation of tigernut tuber. As com-
pared to the traditional use, there were fewer studies on structural characteristics,
threats and production constraints, and socio-economic aspects. Aspects such as mor-
phological diversity, ecophysiology, genetic diversity and production yield were little
investigated. This review showed that research on conservation biology and uses of the
species has increased substantially over the two last decades. The reason for this re-
search interest in C. exculentus could be found in the global trend in research funding
that is mainly concerned about the valorization on Neglected/Underutilized Crop Spe-
cies (NUCS). For instance, Regional Universities Forum for Capacity Building in Agri-
culture (RUFORUM) in collaboration with Bioversity International and four universities
located in Benin, Ghana, Kenya, and Malawi had launched in 2010 a project entitled
“building human and institutional capacity for enhancing the conservation and use of
Neglected and Underutilized Species of crops in West Africa, and Eastern and Southern
Africa”. This project has substantially boosted research on neglected cultures and today,
many cultures considered as unimportant culture are being promoted. It's the case of
Macrotyloma geocarpum (Harms) Marechal & Baudet, Vigna subterranean (L.) Verdc.,
Launaea taraxacifolia (Willd.) Amin ex C. Jeffrey, Ipomoea batatas (L.) Lam., Cajanus cajan
(L.) Millsp., Dioscorea dumetorum (Kunth) Pax, Parkia biglobosa (Jacq.) R. Br. ex Benth., Cle-
ome gynandra L. etc.
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52 % of papers were from Europe and 21.71% from America while 18.28% from Af-
rica, suggesting lower research effort in Africa on the NUCS, as compared to other re-
gions. This situation shows that research on NUCS in Africa is very recent and efforts
must be increased in order to save the genetic resources of these species. Indeed, these
Neglected and Underutilized Species are able to contribute to food security and poverty
reduction [2, 4, 5]. In Africa, most of the scientific papers on C. exculentus were from
West Africa and three first countries were Nigeria, Niger and Ghana, suggesting greater
research effort in this sub-region, as compared to North, Central and East Africa. This
trend could be explained by the intensive use reported for the species in West Africa [2,
15, 23, 24]. Indeed, most of the papers in West Africa addressed traditional uses and so-
cio-economic aspects. Two main reasons could justify the relative difference of publica-
tions between North, West, Central and Eastern Africa on C. exculentus. Firstly, it is
probably because of unequal research funds granted across these sub-region in Africa on
NUCS. Secondly, it may also be due to the fact that the species population is more dis-
tributed in West Africa countries, than in North, Central and East Africa. This may also
reflect gaps in search literatures and documentation of many aspects of domestication,
conservation and valorization of C. exculentus in these three sub-regions.
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Figure 4. Temporal variation in the number of publications on tigernut over the

world.
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Figure 5. Number of publications recorded on biology, production constraints and uses
of tigernut per region

3.3 Biology of tigernut
3.3.1. Systematic classification of tigernut

Tigernut (Cyperus esculentus L.), is a crop of perennial rhizomatous herbaceous
plant of type C4, belonging to the sedge (Cyperaceae) family [25, 26, 27]. Its taxonomic
classification is as follows: Kingdom: Plantae; Subkingdom: Tracheobionta; Superdi-
vision: Spermatophyta; Division: Magnoliophyta; Class: Liliopsida; Subclass: Commel-
inidae; Order: Cyperales; Family: Cyperaceae; Genus: Cyperus L; Species: Cyperus ex-
culentus L. Synonym names of C. exculentus are: Chlorocyperus aureus Palla, Chloro-
cyperus phymatodes (Muhl.) Palla, Cyperus aureus Ten., Cyperus fulvescens Liebm., Cyperus
phymatodes Muhl., Cyperus repens ElL, Cyperus tuberosis Pursh. [28]. Varieties of C. ex-
culentus were; Cyperus esculentus var. hermannii (Buckley) Britton; Cyperus esculentus
var. esculentus L.; Cyperus esculentus var. macrostachyus Boeckeler; Cyperus esculentus
var. leptostachyus Boeckeler ; Cyperus esculentus var. sativus Boeckeler. Cyperus esculen-
tus is a diploid species, described as having 2n = ca. 48 in Canada by Mulligan and Jun-
kins [16]. In contrast, Hicks [29] reported 2n = ca. 108 for plants collected in Boston, Mas-
sachusetts (USA).

3.3.2. History and botanical description of C. esculentus

Tigernut was one of the oldest cultivated plant species in prehistoric era and was
considered as an important food. Roots of wild chufa were found at Wadi Kubbaniya,
north of Aswan, dating to around 16,000 BC [30]. Dry tigernut tubers also appear later in
tombs of the Predynastic period, around 3000 BC. During that period, tigernut tubers
were consumed either boiled in beer, roasted, or as sweets made of ground tubers with
honey [31]. It was also used as medicinal plant species and taken orally, as an ointment,
or as an enema. Its use in fumigants to sweeten the smell of homes or clothing has also
been reported by Defelice [17]. The tomb of the vizier Rekhmire from the 15th century
BCE, shows peasants preparing and measuring tiger nuts.
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Tigernut species is an annual or perennial plant, growing to 90 cm tall, with solitary
stems growing from a tuber. The tigernut plant species is reproduced in three ways: by
seeds, by creeping rhizomes, and by tubers [32-34]. The first tigernut leaves are linear,
with a sharp wedge at the top, 2 to 10 cm long and 4 mm wide. The blade section forms
a wide V. At the base of the leaf blade is a short trigonal sheath. The leaves are arranged
tristically. The seedling can be connected to a mother plant by a rhizome or isolated. In
adulthood, the port of tigernut appears in tuft formed by the interlocking of the leaf
sheaths in a tristic manner. Each tuft only develops a single upright flowering axis. A
mother plant is connected to child plants by superficial rhizomes. Roots were fascicu-
lated, simple, threadlike and very numerous, forming a large root hairline. The under-
ground apparatus of tigernut is characterized by the presence of a spherical and black
mother tuber at the base of the main axis. The mother plant also develops deeper rhi-
zomes measuring up to 1 cm in diameter with a sweet odor and sweet taste very popular
with rats. Tigernut is wind pollinated and requires cross pollination as it is self-incom-
patible.

3.3.3.Distribution and ecology of tigernut

Tigernut is a crop widespread across much of the world. Distribution area take into
account Africa with Madagascar, Southern Europe, as well as the Middle East and the
Indian subcontinent. Distribution countries of tigernut crop were Nigeria, Morocco,
Ivory Coast, Sudan, South Sudan, Gambia, Guinea Bissau, Ghana, Niger, Burkina Faso,
Togo, Benin, Cameroon, Mali, United States, Saudi Arabia, Oman, Iran, Iraq, Guatemala,
Mexico, Chile, Brazil, Lebanon, Syria, Jordan, Pakistan, India, Yemen [35-37].

Tigernut is a moisture loving species that grows near water. Its cultivation requires
a mild climate with a low temperature, and reasonable photoperiod (12 to 14 hours/day).
Light intensity can inhibit its flowering. Tuber initiation is also inhibited by other factors
such as high levels of nitrogen, and high levels of gibberellic acid (USGS Weeds 2003).
Tigernut is able to tolerate many adverse soil conditions such as periods of drought and
flooding and survive soil temperatures around -5 °C (23 °F). It prefer sandy soil with a
pH between 5.0 -7.5 [38]. According to Hoffmann et al. [39], the germination rate of tu-
bers depends both on the substrate and on their weight. They do not tolerate salinity. A
single plant can form several thousand tubers per season under non-competitive condi-
tions [38]. Tubers each contain many buds and can germinate several times before the
food supply runs out. A main plant from an initial tuber can produce 36 secondary
plants and 339 secondary tubers in 16 weeks of vegetation [38].

3.3.4. Genetic diversity

There is a considerable diversity of climatic, genetic, habitat, morphological adapta-
tion among weed varieties of tigernut [40]. Taxonomists proposed several intraspecific
divisions of the species based primarily on variations in floral structure [41]. The classifi-
cation of the most widespread family recognizes four wild varieties of C. esculentus (es-
culentus, leptostachyus Boeckeler, macrostachyus Boeckeler and hermanii (Buckley)
Britton) and a cultivated variety (sativus Boeck) not distinguished by some authors of
var. esculentus from which it is derived by selection [42] (Schippers et al. 1995). Cyperus
esculentus is a diploid species, described as having 2n = ca. 48 by Mulligan and Junkins
[16] based on Canadian populations while Hicks [29] reported 2n = ca. 108 for plants col-
lected in Boston. Basing on the morphological characters of seeds, Cyperus esculentus
would include two distinct varieties in Niger according to the size of the tubers includ-
ing the large and the small with several cultivars designated according to the producer
[43]. In Nigeria, three varieties (black, brown and yellow) are cultivated [44]. Among
these, only two varieties, yellow and brown are readily available in the market (Figure
6). The yellow variety is most preferred because of its inherent properties like its bigger
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size, attractive color and fleshier body [45]. Generally, yellow tigernut is most recog-
nized and preferred in all distribution ranges of tigernut.

Based on genetic tools, the genetic study lead by Okoli et al. [40] on genetic diver-
sity of yellow nutsedge using RAPD markers, showed a wide range of variation. The
RAPD technique revealed a far greater level of variation in nine Californian samples.
Abad et al. [41] using the same technique, found a high level of genetic variability
among the clones tested, particularly among the cultivated ones. The study of genetic
diversity must be deepened with the use of microsatellite markers, especially in Africa
where current studies are essentially based on morphological characteristics. Researches
that address morphological characterization, especially fruit and its subsequent compo-
nents should be undertaken to complement existing knowledge systems of tigernut for
future conservation purposes in Africa. Further studies should also examine the role of
environmental conditions in driving phenotypic trait variation in C. exculentus. These
research have to be completed with molecular genetic studies using more specific molec-
ular markers for assessing genetic diversity in C. exculentus as contribution to enhance
the selection of germplasm for conservation purposes.

Big black

Figure 6. Tigernuts varieties cultivated in Nigeria (Umerie et al. 1997).
3.4. Uses of tigernut

The use of tigernut is made in several fields such as food, biofuel, cosmetics, fishing and
fish breeding, medicine and pharmacology.

3.4.1. Food uses

Many studies have shown food importance of tigernut tubers over the world [46, 47].
Among 175 papers synthesized, 83 (43.42 %) dealt with food importance of tigernut tu-
bers. Most of these papers were carried out in Europe. Tigernut tubers can be eaten raw,
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dried, roasted, and baked or be made into a refreshing milk beverage [15, 48, 49]. Tiger-
nut tubers has a particular sweet that is found to be ideal for use in the baking industry
[50]. It can be used to make delicious biscuits and cakes and also as component of fruit
flavors [35, 51, 52]. Tigernut tubers are chewed like sweets, or made into highly cher-
ished milk like beverage referred to as “Atadwe milk” [24]. Fresh tubers are fermented
to produce a local alcoholic beverage (Bannina et al. 2001) or as a seasoning to meat [53].
Food contains various compositions of antinutrients and nutrients and could have im-
portant or deleterious effects in the body when consumed. Tigernuts tuber oil contains
about 18% saturated fatty acids (palmitic acid and stearic acid) and about 82% unsatu-
rated fatty acids (oleic acid: omega 9, and linoleic acid: omega 6) [54-59]. This olive oil-
like composition shows that tigernut tuber oil is a potential substitute for it [54, 59]. Rats
fed a diet based on this oil showed an increased growth rate, and reduced lipid accumu-
lation in vital organs, competitively with those fed soybean oil [60]. Tigernut seed feed
could be part of a complete diet for animals, in that it provides both protein and energy
supplements. Experiments on dwarf goats from West Africa [61], reported better perfor-
mance in weight gain and feed efficiency in animals. According to Ikpeme et al. [62],
tigernut tubers can be mixed with soybeans to traditionally produce adoptable and inex-
pensive infant (weaning) flour. The evaluations carried out on the nutritional and sen-
sory characteristics of several formulas have shown that the STF3 formula (Tigernut:
55%, soya: 35%, powdered milk: 10%) compares favorably with the commercial brand
(made from corn, powdered milk, soybeans and additives). This crop, which is un-
derused in sub-Saharan Africa, could therefore be used to sustainably reduce malnutri-
tion and contribute to reach out the third goal of Sustainable development (Good health
and well-being).

Tigernut are used to prepare a refreshing sweet drink known as “horchata de
chufa” that means tigernuts milk, or more tigernuts orgeat. Tigernut tubers are a good
source of starch (comparable to corn) and a potential biomaterial for industrial uses. In-
deed, the comparison of the physicochemical properties of tigernut tuber starch with the
standards for industrial corn starch, has shown that the two types of starch compare fa-
vorably [63]. Cow's milk yogurt and the composite (cow's milk + tigernuts milk) were
rated similar in almost all quality attributes, indicating the possibility of adding tiger-
nuts milk to cow's milk in nutrient production and inexpensive yogurts [64]. C. exculen-
tus is a highly valued crop species which is widely used for food purposes [58, 59, 65].
Owing to its high nutritional benefit, and local availability, the promotion of this species
can substantially contribute to reduce malnutrition caused by lack of micronutrients in
Africa and reach out the Sustainable Development Goals related to poverty, zero hunger
and well-being.

3.4.2. Medicinal properties

59 papers (33.71%) dealt with medicinal properties of tigernut. Most of these papers
focused on traditional and pharmacological uses of tigernut in Africa. There are many
papers which dealt with both food use and medicinal properties (22.78%). Tigernut
seeds are used medicinally as digestive tonic, having a heating and drying effect on di-
gestive system and alleviating flatulence and also promote urine production and men-
struation [66]. They are also used in the treatment of flatulent, in digestion, diarrhea,
dysentery, colic, debility and excessive thirst [18, 67]. Tigernut was reported as healthy
and helps in preventing heart, thrombosis and activates blood circulation. Phytochemi-
cals like alkyloids, phenols, flavonoids, glycosides, have been found in tubers of tigernut
[68]. This testifies to the medicinal importance of the species in the practices of tradi-
tional medicine. Tigernut tuber extracts possess antimicrobial and antioxidant proper-
ties, and can thus be used in the treatment of diseases involving the growth of cells or
tumors. Oils extracted from Cyperus rotundus and Cyperus esculentus exhibit strong anti-
inflammatory and anti-convulsant activities [69]. Furthermore, methanolic extracts of
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nutsedge significantly increased, in a dose-dependent manner, the parameters of gonad-
otropins, testosterone and sperm in rats. This observation justifies the role of improving
reproductive functions of C. rotundus [70] and C. esculentus [71] in traditional medicine.
Tigernut tuber tubers help prevent heart attacks, thrombosis and colon cancer [72, 73],
and are beneficial for diabetics and those seeking to lower cholesterol or lose weight
[74]. Given its medicinal potential, we suggest that further research address the eth-
nopharmacological benefits to ensure the development of standardized phytomedicines
from the species. Hence, detailed studies of biological activities and toxicity in C. ex-
culentus could help to clarify this perspective.

3.4.3.Cosmetic uses

Tigernut vegetable oil is obtained by first cold pressing of its tubers. This product is
traditionally used to limit hair regrowth. Tigernuts vegetable oil is very nourishing, it
protects the skin and hair from dehydration [75]. Its vitamin E content gives it antioxi-
dant properties, thus protecting the skin from premature aging. It improves the elasticity
of the skin, revitalizes and restores radiance and vigor to damaged hair. The physico-
chemical properties of this edible oil show an interest for its use in soap [75].

3.4.4.Biofuel use

Few studies identified the use of tigernut as a source of biofuel. 25 papers (14.28%)
dealt with biofuel property of tigernut. Majority of these papers came from Nigeria
(16/25). Since tubers containing 20-35% oil [17, 49, 76, 73], tigernut was considered as a
potential oilseed crop for biodiesel production [77-79]. Barminas et al. (2001) carried out
preliminary studies on the transesterification of nutsedge as a source of biofuel. Also,
Ugheoke et al. [80] studied the optimization of the transesterification process of tigernut
oil for the biodiesel production, specifically to determine the optimum concentration
level of the catalyst that gives maximum yield of methyl ester. The authors found 0.9 %
weight (in gram) of catalyst per volume of transesterified tigernut oil and it gave a bio-
diesel yield fraction of 0.67. According to Ofoefule et al. [81] the yield of biodiesel is 82%,
and its mixture with petro-diesel, in addition to being good for biodiesel engines, would
also be suitable for engines which are not specifically designed for the use of biodiesels.
Tigernut deserves as much attention as other sources of biodiesel. Up to now, studies
related to the use of C. exculentus as a source of biofuel are unwell documented. Next
studies related to this field can boost the valorization of the species and the promotion of
its uses in Africa

3.4.5.Fishing and fish breeding

Few studies (5 papers) investigated the use of tigernuts in the fishing. These papers
were showed the use of tigernut as a bait for carp and as food [2, 68]. The boiled nuts are
used in as a bait for carp (Cyprinidae). However, it should be prepared for about 24-48
hours to avoid damaging the fish. Otherwise, it can be extremely toxic to them. Experi-
ments with Clarias gariepinus have shown that tigernut seed is a suitable substitute for
maize in the diet of the species [82, 83]. This is explained by the proximity of the physi-
cochemical properties of corn starch and that of tigernuts. Thus, tigernuts can be used in
fish farming, replacing corn, to reduce the cost of production. Of course, this replace-
ment should not exceed 50% inclusion for good production of C. gariepinus [84]. In addi-
tion, reducing the cost of production improves the profitability of the activity, and there-
fore the income of producers. However, the fall in the price of fish that will follow, will
ensure nutritional security by improving the financial accessibility of the product.

3.5.  Production constraints and solution approaches


https://doi.org/10.20944/preprints202108.0232.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 August 2021 d0i:10.20944/preprints202108.0232.v1

The constraints of tigernut production were not yet well documented. Through this
review, only five paper were recorded [9, 13, 85-87]. However, there are several papers
that treat tigernut as a noxious adventis plant. Tigernut production constraints were spe-
cifically related to culture and post-harvest storage. The main constraints linked to tiger
nut cultivation are: insufficient mineral fertilizers, difficult harvesting and marketing of
tiger nuts [9]. C. esculentus is extremely difficult to remove completely once established.
This is owing to the plant having a stratified and layered root system, with tubers and
roots being interconnected to a depth of 36 cm or more. The tubers are connected by
fragile roots that are prone to snapping when pulled, making the root system difficult to
remove intact. Tigernut tubers are harvested about 2 to 3 months after sowing, depend-
ing on soil fertility and moisture availability. The tubers are harvested about 2 to 3
months after sowing, depending on soil fertility and moisture availability. The maturity
is marked by the yellowing of the leaves. Mature plants are dug up and the tubers de-
tached by hand. This process leaves a large number of tubers in the ground, which are
slowly and painfully picked individually. This requires a large workforce. Usually, pro-
ducers use hired labor for the harvest [9, 13]. A crop improvement strategy should take
into account the development of varieties with thicker and relatively short runners,
which will not easily break during harvest. After harvest, tubers intended for sale are
properly washed and / or dried before storage. During storage, tubers tend to lose viabil-
ity or rot quickly. This could be explained by the fact that washing bruises the tubers
and creates entry points for pathogenic organisms to infect them. Sustainable conserva-
tion methods must be considered in order to gain post-harvest losses which may in-
crease the income of farmers.

For a good conservation and valorization program of tigernut, the development of
tigernut varieties with short and robust runners that do not come off easily during har-
vest should be considered by breeding programs. In addition, measures must be taken
to overcome the irregularity of the rains caused by climate change, which is to some ex-
tent a constraint on its production. Since the harvesting is usually manual, the develop-
ment of low- cost technologies allowing a quick collection of tigernut tubers would facil-
itate harvest and postharvest operations.

3.6.  Research topic

Research needs on the tigernut (neglected and underutilised crop species) in Africa
were:

- Ethnobotanical investigation and documentation of the indigenous knowledge,
- Identification and prioritization of the production constraints,
- Agro-morphological characterization and genetic diversity analysis,
- Improvement of the agricultural practices and documentation of the pests and diseases,
- Agronomic (yield, biotic and abiotic stresses) evaluation,
- Assessment of the seeds quality and conservation,
- Improvement of postharvest conservation and processing technologies,

- Study of the value chains and assessment of the contribution to household in-
come,

- Germplasm collection and conservation.
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3.7. Strengths and limitations

The review shows the importance of screening the available literature in identify-
ing research gaps with ways forward to sustain the current research efforts on the valori-
zation of Neglected and Underutilized Crop Species. However, it may have its own
weaknesses owing to publication bias that could be derived from search results and thus
any such bias may have been transferred to the present review. Besides, a large body of
recorded papers included in this systematic review did not cover certain aspects such as
biochemical, mineral and vitamin composition, biological activities etc., which are worth
addressing and discussing, especially for plant genetic resources.

9. Conclusion

This systematic review provides insights into the biology, production constraints
and uses of Tigernut through broad cross-disciplinary perspectives in the world.
Cyperus exculentus is a Neglected/Underutilized Crop Species weakly studied in Africa.
The review brought out several gaps in the knowledge of C. exculentus. It showed an
increased number of scientific papers in the species in these two last decades. Tigernut
has been better studied in Europe, America that Africa. Within Africa, West Africa has
obtained more scientific works dealing with C. exculentus than others sub-regions. This
tendency reflects a heterogeneous and uneven distribution of publications about C. ex-
culentus across its distribution range. Thus, the review summarizes previous findings
and supports the general assumption that the number of publications on biological re-
sources depends on their potential economic value, conservation and valorization status,
and strength of scientific research (Juarez-Orozco et al. 2017, Houndonougbo et al.,
2020). Studies relate to genetic diversity, production constraint and valorization have
been weakly recorded while those relate to the use of the species have been well docu-
mented.
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