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Abstract:

The present study aims to review the status of Prosopis africana, the fermentation of its seeds and the use of
plant extracts (essential oils) as a preservative for foodstuffs. This study reveals that the main uses of Prosopis
africana are human food, fodder, wood as a source of energy, production of handicrafts and furniture and
traditional pharmacopoeia. It also shows that the seeds are fermented to produce food condiment (Okpeye)
which is a rich food and promotes the development of certain microorganisms. In order to maintain the quality
of foodstuffs, industrialists use chemical agents to preserve their food products causing huge health problems.
Some recent studies show that the use of essential oils can be an alternative to preserve the quality of foodstuffs.
This review of the literature therefore focuses on Prosopis africana and the use of essential oils as a
preservative for foodstuffs.

Key words : Prosopis africana, fermentation, essential oils, seeds.

Date of Submission: 15-10-2021 Date of Acceptance: 30-10-2021

I.  Introduction

Benin is one of the countries of West Africa that has an enormous forest resource. Among these
resources, we note the woody species that play a great role in the life of the rural population. Many authors
have affirmed their importance on the socio-economic and cultural level as well as the products and services
they offer to the populations (Mathias et al., 2000; Yamego et al., 2013 and Abdou LAQULI et al., 2014). In
addition, these woody species constitute a very important contribution to human and animal nutrition (Moussa
et al., 2015). Because of global warming and the abusive felling of these woody species nowadays, many
species have disappeared and others are threatened with extinction. Prosopis africana is one of these species, no
part of which escapes domestic use (Arbonnier, 2000). The general objective of this work is to review the status
of Prosopis africana, the fermentation of its seeds and the use of plant extracts (essential oils) as a preservative
for foodstuffs.

1. General information on Prosopis

The genus Prosopis belongs to the legume family (Fabaceae). There are 44 known species, three of them
native to Asia, one to Africa, and the rest are native to the Americas (Sciammaro et al. , 2016). Different species
are encountered around the world with names that vary from locality to locality. . In India, Prosopis cineraria
is called "Khejri" or "Kalpavriksha" (Kumar et al. , 2019), "Jand" in Pakistan, and "Ghaf" in Arabic (Malik et
al., 2013). The African species, Prosopis africana, located primarily in Nigeria, is known as "Kiriya" or
"Okpehe" (Zubair et al., 2018), and in Kenya, Prosopis juliflora is known as "Mathege"(Khobondo, Kingori,
and Manhique, 2019). In northern Argentina, Prosopis ruscifolia is named "Vinal" (Bernardi, Sanchez, Freyre,
and Osella, 2010). In general, in South America, the Prosopis tree is called "Algarrobo" (Pérez et al., 2014) and
in North America it is known as "Mesquite" (Gallegosinfante et al., 2013). This plant has an essential place in
the history of early settlers. Since ancient times, people from the United States, Mexico, Peru, Bolivia, Chile,
Paraguay, and Argentina have taken advantage of this tree for their survival (Capparelli and Prates, 2015). In
addition, the tree has significant economic value as a source of fuel and fodder (Anand et al., 2017), in charcoal
production, and as a building material (Bekele et al. , 2018). Prosopis bark, flowers, leaves and pods are used
in traditional medicine (Garg and Mittal, 2013). In the case of pods, beyond their sedative and anti-
inflammatory properties, they have been a source of food for humans and animals (Pérez et al., 2014).

For the environment, the Prosopis tree has several advantages. It can grow in arid and semiarid regions
(where other crops barely thrive), it does not require annual plantings and can accompany other crop species (in
India is planted near the millet crop), and it tolerates extreme temperatures (Anand et al., 2017; Rodriguez et al.,
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2019) as well as alkalinity and salinity. It improves and stabilizes the soil as it promotes nitrogen fixation
(Cardozo et al., 2010),and is fast growing and drought resistant (Estévez et al. , 2014). However, this legume is
an orphan crop class, as it belongs to the group of minor crops of regional importance that have been neglected
by researchers and industry due to its limited economic importance in the global market (Diaz-Batalla et al.,
2018a,b; Mamone et al., 2019). Practically, industrial use of Prosopis is non-existent.

1.1. Description of Prosopis africana

P. africana is the only one of the many species in the Prosopis family that is native to Africa
(Nwokocha et al., 2021). Prosopis africana is a tree that can grow up to 12-20m tall, with a straight, cylindrical
bole up to 1.10m in diameter, a spreading crown and light green drooping foliage. Its bark is cracked, rough,
gray to blackish, with thin irregular scales that reveal light brown spots when detached. The edge of this tree is
hard and reddish with a thick bistre and chocolate rhytidome. The branch is brown and more or less pubescent.
The leaves are alternate, bipinnate, hairless, 7-15cm long, with 2-4 pairs of opposite pinnae and have 6-12 pairs
of leaflets per pinnule. The leaflets are oblong or linear lanceolate 1.5 - 2 x 0.5 - 0.8 cm, with an apiculate apex,
with a rounded base. The petiole is pubescent, often bearing a gland at the base of each pair of pinnules. The
dense solitary spike located at the base of the leaves, with a peduncle 4-6¢cm long, about 1.5¢cm in diameter. The
fruit is hard and thick, more or less cylindrical and shiny, dark chocolate to blackish, indehiscent, containing
about 10 seeds, persisting for a long time on the tree. In Benin there are fruits with 18 to 20 seeds. The wood is
yellow to light brown with a dark brown heart, very hard and resistant to termites (Arbonnier, 2002). Photos 1,
2, 3 and 4 show the stem, tree, seeds and fruits or pods of P. africana respectively.

Photo 4 : Fruits of Prosopis africana

1.2. Geographical distribution, ecology and phenology

The distribution area of the species extends from Senegal to Cameroon to Sudan, quite common and scattered. It is
found in the Guinean and Sudanese savannahs especially on sandy-clay soils. It generally flowers at the first rains
shortly after the foliage (Arbonnier, 2002).

1.3. Different uses of Prosopis african
1.3.1.  Uses of Prosopis africana in the pharmacopoeia

P. africana is used in traditional pharmacopoeia. Organs such as leaves, barks and roots are used
for the treatment of ailments. The most common ailments treated are stomach ache, diarrhea and
hemorrhoid crisis. The method of preparation involves decoction of organs, grinding of leaves, bark and
root into powder (Nwokocha et al., 2021). In addition other diseases such as malaria, epilepsy,
dermatitis, anemia, fragility of babies, body irritations, coughs and stomach and throat aches are also treated
by Prosopis africana (Kolawolé F. M. ALl et al., 2016).
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1.3.2.  Use of the wood Prosopis africana

The wood of P. africana is used as a source of energy, furniture making, statuette (Kolawolé et al.,
2016); due to its strength and hardness, it is mainly used as a support for granaries and sheds, the fence of
houses. P. africana wood is also used in the manufacture of household utensils and tools such as mortars,
pestles, handles of farming tools and to make charcoal, the quality of which is highly valued by blacksmiths.

2. General information on the seed of Prosopis africana

The seeds of Prosopis africana are ovoid, of brownish to blackish color, with hard and smooth tegument. On
average, there are a dozen seeds per pod. (Arbonnier, 2002). The seeds are 8-10 mm long and 4-9 mm in
diameter. They are shiny, dark brown and ellipsoidal (Vautier et al. , 2007). The defatted seeds of Prosopis
africana contribute 53.6% by weight of a water-soluble polysaccharide. The Prosopis seed polysaccharide is a
galactomannan and has an M/G ratio of 1.4-1.9 (Okpara et al., 2017).

2.1. Use of Prosopis africana seed
Prosopis africana seeds are used in animal feed as fodder and in human food as food condiment case of Okpeye in
Nigeria. (Okpara et al., 2017).

3. General information on seed fermentation

Fermented foods are an integral and important part of the diet of many people in Nigeria. Plant sources,
especially seed legumes, are fermented and used as traditional condiments (Odunfa, 1985a). The most popular
include African locust bean (Parkia filicoidea) dawadawa (Antai and Ibrahim, 1986; Ikenebomeh et al., 1986;
Odunfa, 1981a), castor bean (Ricinus communis) (Odunfa, 1985b) and melon (Citrullus vulgaris) seed (Odunfa,
1981b). Prosopis africana is one of the lesser known legume seed crops used as a food condiment in Nigeria.
Fermented mesquite is popular in parts of Nsukka and Idah where it is locally called Okpeye. It adds variety and
pleasure to the otherwise monotonous traditional diet. It serves not only as a seasoning but as a low cost meat
substitute for traditional poor families. Fermentation of cereal and mesquite seeds is said to result in an increase
in nutritional value and safety compared to the raw material (Van Veen and Steinkraus, 1970). Fermentation also
contributes to the masking of undesirable odors and flavors while imparting desirable flavor to the finished
product (Beauchat, 1976). Most importantly, fermentation is provided to improve the digestibility of raw
materials by breaking down complex protein structures into peptides and free amino acids (Hesseltine and
Wang, 1979).

3.1 Okpeye and its production

Okpeye is an oilseed-based seasoning somewhat like dawadawa (fermented soybean), but made from
the fermentation of the cotyledons of the African mesquite (Prosopis africana). Like dawadawa, Okpeye is
primarily used by people in the southeast and central belts of Nigeria to flavor soups and other varieties of
traditional dishes. The details of the traditional process may also vary by culture. According to the work of
Ugwuanyi (2016), the most popular process practiced in some parts of southeastern Nigeria involves first boiling
the P. africana seeds for periods ranging from less than 6 h to more than 12 h or until they are tender and the
cotyledon is swollen. This is followed by dehulling (manually) by pressing the seeds between thumb and
forefinger to extract the cotyledons. The extracted cotyledons are washed several times, drained completely and
heated dry (apparently to inactivate non-spore forming microbial contaminants) in a pot lined (bottom side up)
with a few layers of Alchonea cordifolia leaves (commonly referred to by the local community as 'akwukwo
okpeye' or 'abara ugba' to emphasize its role in okpeye and associated ‘ugba’ fermentations). Depending on the
processor, other leaves may be used. The same leaves are used to line shallow local raffia or other woven
baskets, also upside down, and the cotyledons are transferred to the basket at a depth of 1 or 2 cm, covered to
prevent drying out with more leaves, this time upside down, and then weighted down with pebbles.
Fermentation takes place under the sun for a period of 4 days. At the end of this stage of the process, the
cotyledons that have turned a dark brown with a strong pungent ammonia smell are ground to a fine paste on a
stone or mortar and molded into different shapes and sizes. At this stage the seasoning is ready to use, but
usually and preferably the balls are then dried slowly in the sun for several days depending on the intensity of
the sun (season) until they become hard and black. The drying period is a second and longer stage of
fermentation and maturation (drying). At the end of this stage, the product becomes more aromatic and less
pungent and generally more aesthetically acceptable. The sensitive or precarious stage corresponds to the first 4
days of fermentation. Secondary fermentation or ripening is quite unique in that it is essentially self-protected
and safe from microbial spoilage, as the pH is too high for spoilage organisms. In its dried or mature form,
okpeye can remain for several months with only occasional re-drying in the sun or fire.

DOI: 10.9790/2402-1510022734 www.iosrjournals.org 29 | Page



Literature review on Prosopis africana and the use of essential oils as preservatives

3.2. Okpeye technology diagram

Prosopis africarna
(African mesquite seeds)

Boil until tender
(612 h)

|

Dechull manually
(Collect swollen cotyledons)

Wash in several changes of water:
drain completely

Dry heat in leaf-lined pot
(Remove excess moisture)

Spread on flat leaf lined basket to depth of 1 -2 cm;
cover with leaves to avoid desiccation: weight with pebbles
Fermentation 96 h (under the sun)

Dry under the sun until complcetely dry
(Further/secondary fermentation/maturation)

Figure 1 : Okpeye production technology diagram
Source: Okpara et al. 2017

4. Essential oils
4.1. Definition

Duval (2012) pointed out that there are several definitions of essential oil. Indeed, according to the
Direction Générale de la Concurrence, de la Consommation et de la Répression des Fraudes (DGCCRF)
reported by Duval (2012), essential oil is a volatile odorous substance produced by certain plants and can be
extracted in the form of a liquid obtained by steam distillation of aromatic plants (leaves, flowers, barks, seeds,
stems, etc.) which is the most commonly used extraction method. The Association Francaise de Normalisation
(AFNOR) reported by Monvoisin (2017) defines an essential oil as a product obtained from a natural raw
material of plant origin, after separation of the aqueous phase by physical processes; either by steam
entrainment, or by mechanical processes from the epicarp of Citrus fruits, or by dry distillation (Standard 1SO
9235: 2013). An essential oil is rarely extracted from the whole plant. Only one organ (or two) provides the
desired essence. For example, cinnamon essential oil can come from the bark or the leaf, each of which then has
its own properties. (Festy, 2014).

4.2. Use of essential oils:

Essential oils have many biological activities. In phytotherapy, they are used for their antiseptic
properties against infectious diseases of bacterial and fungal origin. They are broad spectrum antimicrobial
agents (Turbide, 2003). In the field of agri-food, essential oils are incorporated into food to reduce the microbial
load and ensure preservation over a long period. In the health field, essential oils are widely used for their
antiseptic, anti-infectious, anti-inflammatory, immunological, histaminic, analgesic, anxiolytic, sedative,
antispasmodic, antihypertensive, vasopressor and antipyretic effects (Turbide, 2003). Essential oils act as well
on Gram positive bacteria as on Gram negative bacteria. However, Gram-positive bacteria seem less sensitive to
their action and this is directly related to the structure of their cell wall (Burt, 2004). Essential oils have a very
broad spectrum of action since they inhibit the growth of bacteria as well as molds and yeasts. Their
antimicrobial activity is mainly a function of their chemical composition, and in particular the nature of their
major volatile compounds. They act by preventing the multiplication of bacteria, their sporulation and the
synthesis of their toxins. For yeasts, they act on biomass and pseudomycelium production while they inhibit
spore germination, mycelium elongation, sporulation and toxin production in molds (Adjou et al., 2012). The
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growth of bacteria, resistant and multi-resistant to antibiotics, can be inhibited by certain essential oils. Citrus,
lavender, mint, juniper, tea tree, thyme, and eucalyptus essential oils have been shown to be particularly
effective against methicillin-resistant staphylococcus aureus (Kalemba and Kunicka, 2003). The perfume, aroma
and cosmetic industries are also among the main users of essential oils. They are indeed the basic products used
to add odors, because of their high volatility and the fact that they do not leave a greasy trace. Essential oils are
widely used to perfume cosmetic products: soaps, shampoos, shower gels, cosmetic and/or moisturizing creams,
and others. The sector of the household products (detergents and detergents for example) consumes a lot of
essential oils to mask the odors, often not very pleasant, of pure products. The use of essential oils in food

flavorings is growing (Adjou et al., 2012).

Mechanism of action of essential oils:
The mechanisms of antimicrobial action of plant extracts have been widely reported by several

scientific works. Indeed, essential oils kill the fungal cell by binding mainly to ergosterol, the main sterol present
in the fungal cell membrane. This binding destroys the osmotic integrity of the membrane, and this is followed
by an intracellular leakage of potassium, magnesium, sugars and metabolites, and finally cell death. The lipid
characteristics of essential oils act by the same mechanism. It has been suggested that oxidative damage due to
essential oils may also contribute to their antifungal activity against Candida (Ultee et al.,2002). Given the large
number of different chemical compound groups present in essential oils, it is very likely that their antibacterial
activity is not attributable to one specific mechanism but has multiple targets in the cell. An important
characteristic of essential oils and their components is their hydrophaobicity, which allows them to partition into
the lipids of the bacterial cell membrane and mitochondria, disrupting the structures and making them more
permeable. Leakage of ions and other cellular contents can then occur (Ultee et al.,2002). Figure 1 shows the
locations in the bacterial cell that are considered sites of action for essential oil components. The main effects
are: cell wall degradation, cytoplasmic membrane damage, membrane protein damage, leakage of cell contents,
cytoplasmic coagulation, and depletion of the proton motive force (Ultee et al.,2002 and Burt, 2004).

4.3.
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Figure 2 : Locations in the bacterial cell considered as sites of action for essential oil components (Burt, S. 2004).
In addition, the use of volatile plant extracts to improve food quality has been proposed by several studies (Table

1).

Table 1 : Some uses of essential oils in food.

Categories  Food products Plant Applied Targeted microbial ~ Reference
extract/Constituent  concentrations flora
S
Minced mutton Essential oil of S. 0,5-1% Listeria Vrinda Menon and
aromaticum monocytogenes Garg, 2001
Roast Beef Eugenol 0,1 ml spread onthe  Listeria Hao et al, 1998
surface of 25g of monocytogenes
product
Fillet of beef Essential oil of 0.8% viw Listeria Tsigarida et al., 2000
Origanum vulgare monocytogenes and
Meat total flora
Pate Essential oil of 0.5-2.0% viw Listeria Tassou et al, 1995

Mentha piperita

monocytogenes; S.
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enteridis
Shrimp Cooked shrimp Essential oil of 0,75 -1,5% Pseudomonas putida  Ouattara et al., 2001
Thymus vulgaris
Red grouper Carvacrol, citral, 0.5-3.0% viw Salmonella Kim et al. 1995
fillet, cut into cubes geraniol typhimurium
Fish Smoked Horse Essential oil of 0,25 ml/70g Total flora Dégnon et al., 2013
Mackerel Ocimum gratissimum
Mozzarella Essential oil of S. 05-1% Listeria Vrinda-Menon and
(Fermented milk) aromaticum 0,005 - 0,5% monocytogenes Garg, 2001
Yogurt Essential oil of S. Streptococcus Mendoza-Y epes et
aromaticum thermophilus al, 1997
Dairy Yogurt Essential oil of 0.5-2.0% viw S. enteritidis Tassou et al, 1995
products Mentha piperita
Plant Lettuce leaf Essential oil of 0.1-10 m/Lin E. coli O157:H7 Singh et al. 2002
products Thymus vulgaris rinsing water
Tomato Essential oil of 1600ppm Total flora Houinsou et al. 2012.

Ocimum gratissimum

44. Legislation

A number of molecules that make up essential oils have been registered by the European Commission
for use as flavourings in foodstuffs. The registered flavors are considered to pose no health risk to the consumer
and include, among others, carvacrol, carvone, cinnamaldehyde, citral, p-cymene, eugenol, limonene, menthol
and thymol (Burt, 2004). Estragole and methyl eugenol were removed from the list in 2001 due to their side
effects (European Commission, 2002).

The United States, through the United States Food and Drug Administration (USFDA) has classified
these substances as Generally Recognized as Safe Food Additives (GRAS) (Burt, 2004). However, Estragole,
expressly prohibited as a flavoring in the European Union, is allowed on the USFDA list (Burt, 2004).

New flavourings can only be registered after toxicological and metabolic studies according to the
Regulatory Commission (EC) No. 622 (2002), which could involve a considerable financial effort. If these
molecules are added to food for purposes other than flavoring, they can be considered as new food additives.
Thus, obtaining approval as a safe food additive would involve extensive metabolic and toxicological studies,
which may be cost prohibitive. Therefore, it would be more attractive, especially for developing countries, to use
a spice or essential oil as a food ingredient than to use molecules that will require prior approval (Smid and
Gorris, 1999).

Il.  Conclusion

In order to characterize the seeds of Prosopis africana and to valorize them as a food coproduct, many
of alternatives have been mentioned in the literature. In our review we have highlighted the Prosopis africana
tree, fermented Prosopis africana seeds such as the case of Okpeye which is a condiment made from Prosopis
africana seeds and consumed in Nigeria and the use of plant extracts in food preservation. Few studies have
been conducted on the preservation and processing of Prosopis africana into other food products (e.g. broths).
The use of plant extracts such as Occimum gratissimum and Syzygium aromaticum have been suggested in this
study for the preservation of food products from Prosopis africana.
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