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Abstract 

The fact that indigenous foods in Nigeria are always forgotten as possible dietary prebiotics and probiotics cannot be 

overemphasized, hence, there is need to bring to limelight the potentials of our indigenous foods that are potent prebiotics and 

probiotics. This is therefore a review of prebiotic and probiotic concept, food sources with emphasis on iru, fermented African 

locust bean. The search engines used for this study are; Google Scholar, AGORA and HINARI. The Galactose-oligosaccharide 

and arabinogalactan which are the prebiotics in African locust bean (Parkiabiglobosa) can be partially hydrolyzed in the course of 

fermentation of the bean into iru while the unhydrolyzed part acts as a prebiotic when the condiment is consumed. This makes iru 

a possible source of prebiotic. In the same vein Bacillus spp and Lactobacillus spp which are probiotics dominate the 

fermentation procedure in the production of iru and they were affirmed to be acid tolerant, thermotolerant, bile salt tolerant with 

appreciable or notable antibacterial activity against gastrointestinal pathogens. Fermented African locust bean, Iru, indeed has 

potentials of dietary prebiotic and probiotic, hence, its consumption should be optimally and maximally encouraged, popularized 

and publicized in order to harness the nutritious, aromatic and health benefits of this indigenous culinary condiment. 
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1. Introduction 

Locust bean is native to West Africa where it grows as a 

forest tree. Botanically it is named Parkia species most espe-

cially Parkiabiglobosa. It is a nutritious bean but the bioa-

vailability of the nutrients in it is impaired by the presence of 

anti nutritional factors such as tannin, phytates, saponin, 

trypsin inhibitors, oxalates, etc [1]. These anti nutrients ad-

versely affect different body functions such as digestion, 

absorption, nutrient bioavailability, toxicity effect to the body 

and affect body metabolic activities and rate [2], hence, fer-

mentation is commonly employed on locust bean processing 

to reduce these anti nutritional factors and also improve its 

nutritional constituents [2, 3]. Some of the benefits of fer-

mentation of locust bean are that it effectively reduces anti 

nutritional factors, improves bioactive performance of the 

bean, exposes hydrophobic regions thus beneficially altering 

techno-functionality and microbial enzymes are produced to 

enhance digestion [4]. 

The culinary use of fermented locust bean is quite versatile 

in soups, stews, sauces and other dishes. It is commonly used 

as a condiment to enhance flavor and taste of meals and even 

as meat replacement in poor and low income households. It is 

called „Iru‟ in Yoruba (Southwestern Nigeria). Dawadawa in 
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Hausa (Northern Nigeria) and Ugba in Igbo (Southeastern 

Nigeria). It has specific name that it is being referred to in 

other West African countries where it is being consumed and 

used. 

In recent times there is a new trend of attention being given 

to prebiotics and probiotics in public health. A prebiotic is a 

non-digestible food ingredient or constituents of foods that 

promotes the growth of beneficial microorganisms in the 

gastrointestinal tract, that is, the indigestible part of food that 

serves as food or feed for the normal floral in the intestine and 

as a result improves the health of the host. A probiotic is a live 

microorganism which exerts health benefits to the host when 

consumed or administered to the host. Examples of dietary 

prebiotics include; banana, whole grain cereals, almonds, 

cabbage, flux, soybeans, etc while examples of probiotics are; 

yoghurt, cheese, pickles, etc which are thriving sites or sub-

strates for probiotic lactic acid bacteria (LAB), Gram positive 

microbes that have been in use for ages in food processing and 

production. Other examples of probiotic foods include; 

tempeh, kefir, miso, sauerkraut etc. 

The prebiotic components in foods include: Fruc-

to-oligosaccharides (FOS) in onion, chicory, garlic, asparagus, 

banana, artichoke; Galacto-oligosaccharies (GOS) present in 

lentils, chickpeas and beans [5-7]; and Trans- galacto- oligo-

saccharides (TOS) present in some mammals‟ milk such as 

the milk of marsupials but human milk contains negligible 

proportion [8, 9]. When these are fermented by gut microbiota 

or normal flora, short chain fatty acids (SCFAs) are produced 

such as lactic acid, butyric acid, propionic acid, etc. These 

SCFAs exert some health benefits to the host such as; an-

ti-inflammatory, anti-obesity, anti cancer, antidiabetes, car-

diovascular protective, immunoregulatory, hepatoprotective 

and neuroprotective activities [10]. The mechanisms of action 

of probiotics include; increased adhesion to intestinal mucosa, 

enhancement of epithelial barrier with resultant and accom-

panying effect of inhibition of pathogen adhesion, production 

of antimicrobial substances, competitive exclusion of patho-

genic microorganisms and modulation of the immune system 

[11, 12]. 

In general, many legumes and legume-based beverages 

which were fermented with lactic acid bacteria (LAB) had 

been reported to be potential carriers of probiotics and prebi-

otics [13]. As a legume subjected to natural and wild fer-

mentation it is most pertinent that fermented locust bean is 

rich in prebiotics as well as probiotics. As a bean it is expected 

to be rich in Galactose-oligosaccharides (GOS) and as a fer-

mented food it is most probable that it is rich in gut loving 

beneficial microorganisms. Indigenous food ingredients are 

mostly forgotten when in the discourse of prebiotics and 

probiotics, hence, the need to bring these food ingredients to 

limelight in this discourse is an evergreen necessity. This 

study hereby reviews the potentials of fermented locust bean 

as a dietary prebiotic and probiotic for improved public health 

of Nigerians, both home and in diaspora as well as that of 

West Africans who consume the nutritious and aromatic food 

condiment. 

2. Fermented Locust Bean as a Nutritious 

Foodstuff 

Locust bean or specifically African locust bean (Park-

iabiglobosa) is native to West African countries and it is 

commonly fermented before it is put to use in cuisines. This is 

because the bean is hard and cannot be softened by the con-

ventional cooking processes. Also the flavor, taste and aroma 

develop during the fermentation process for it to be suitable as 

a condiment in West African cuisines. More still, the anti 

nutritional factors that the bean contains are drastically re-

duced in the process of fermentation and digestibility is also 

improved [2]. 

In Nigeria fermented locust bean is called Iru in Yoruba, 

Dawadawa in Hausa and Ugba in Igbo. However, it has 

unique and specific name it is called in other West African 

countries. In Benin Republic it is called sonru, afitin or iru; In 

Senegal it is called netetou or soumbala while in Guinea and 

Mali it is referred to as soumbala. It is called Kpalugu in 

Kusasi and Dagomba languages (Northern Ghana and 

Southern Burkinafaso), Kainda in Krio (Sierra Leone) and 

Soulou in Central Togo [14, 15]. 

African locust bean is a forest tree but has been domesti-

cated in some African countries. The fruit is a long pod in 

which is dispersed seeds (beans) with yellow sweet tasting 

pulp that can be consumed raw as a snack or made into drinks 

[16]. The seeds are commonly referred to as African locust 

beans which are fermented into food condiment. Fermented 

locust bean is a highly nutritious food condiment. When dried 

at 50
o
C, the proximate composition was as follows: Mois-

ture-12.76%; protein-32.51%; carbohydrate-32.42%; crude 

fat- 9.01%; fiber-8.65% and ash- 4.65% while in fresh (wet 

state), moisture, protein, carbohydrate, crude fat, fiber and ash 

contents were38.76%, 31.88%, 7.47%, 8.98%, 7.88% and 

5.03% respectively [1]. Calcium, magnesium, sodium, copper 

and zinc content of wet and dried (at 50
o
C) fermented locust 

bean were (in mg/100g): Calcium- 745.61 and 745.19; mag-

nesium-85.43 and 83.13; sodium- 13.44 and 13.27; copper- 

21.40 and 21.09; zinc- 294.39 and 293.85 [1]. Tritatable 

acidity in wet and dried iru samples were 0.042 and 0.042mg 

lactic acid/g and pH is 4.50 and 4.50 respectively [1]. The anti 

nutritional factors in mg/100g of wet /dried locust bean sam-

ples were found to be 0.36/0.35 (saponin), 0.74/0.71 (tannin) 

and 1.12/ 1.05 (oxalate) [1]. 

The pH, crude fat, crude fiber, crude protein, ash, moisture 

and carbohydrate in unfermented locust bean peeled using the 

traditional hand peeling method were: 6.00, 17.39%, 5.27%, 

30.43%, 3.39%, 18.39% and 19.13%respectively. Here the 

locust bean wad boiled for 12 hours before peeling using the 

traditional hand peeling method [17]. However, after 2 hours of 

boiling and peeling using mechanical dehuller, the pH and 

proximate composition of unfermented locust beans were as 
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follows: pH-5.77; crude fat- 20.87%; crude fiber- 4.47%; crude 

protein- 35.50%; ash- 5.13%, moisture- 8.05% and carbohy-

drate- 23.40% [17]. In the same vein the mineral composition 

of unfermented locust beans peeled using the traditional hand 

peeling method ( in mg/100g) is as follows: Phosphorous- 

40.03; sodium- 2.95; potassium- 0.20; calcium- 13.55 and 

magnesium- 36.50 while in the sample boiled for 2 hours and 

peeled using mechanical dehuller the mineral composition (in 

mg/100g) is as follows: phosphorous- 63.25; sodium- 4.17; 

potassium- 0.37; calcium- 17.60 and magnesium- 47.60 [17]. 

All these show that locust bean is a nutritious food stuff either 

in fermented or unfermented state, hence, its consumption 

should be encouraged especially in fermented form since the 

digestibility and bioavailability of the nutrients are enhanced in 

the fermented form of the bean [2]. Consumption of fermented 

locust bean could be a cost efficient and cheap source of protein 

and other vital nutrients to combat food insecurity and nutrient 

inadequacies most especially among the poor and low income 

group in Nigeria and other countries where fermented locust 

bean is being consumed. 

Production of Fermented Locust Bean 

Fermented locust bean, iru, is commonly prepared using the 

traditional method of preparation. Since it is a local, indige-

nous condiment it is usually processed in rural areas. African 

locust bean (Parkiabiglobosa) is sorted and cleaned by hand 

picking to remove any extraneous matter. This is then boiled 

for 12 hours after which it is dehulled using hand or mortal 

and pestle. The seed coats are separated from the cotyledons 

by sieving with water. After this it is poured in calabash lined 

with banana leaves and later covered with banana leaves then 

kept in dark cupboard for 3 or more days. Sometimes it is 

brought to boil again after the cotyledons have been separated 

before pouring the cotyledons in the calabash. After 3 days it 

is ready for use and it is called „iruworo‟. If allowed to fer-

ment for longer periods (7 days) the flavor and taste become 

stronger and it becomes more pungent, then it is called „ir-

upete‟. 

In the course of fermentation oligosaccharides which are 

most abundant in the unfermented locust bean(stachyose, 

raffinose and sucrose) decreased in the first 24 hours while the 

reducing sugars (galactose, glucose and fructose) in the un-

fermented and fermented samples were similar [18]. The 

activity of alpha-galactosidase was highest at 24 hours of 

fermentation while the peak for sucrose activity was 36 hours 

[18]. It is used as condiments to improve flavor, aroma and 

taste in mainly savory dishes such as soups, stews and sauces 

as well as in some traditional one pot dishes. It is also used as 

a meat replacer for health reasons (people on low animal 

protein diets) and among the poor and low income groups [19, 

20]. 

3. Prebiotics 

Prebiotics are non-digestible food components that serve as 

food substrates for intestinal microbiota and in the process 

provide some health benefits for the host. They can not be 

digested in human gut but can be degraded by gut microbiota 

in the process of feeding on them thus fermenting them into 

short chain fatty acids which are beneficial not only for gut 

health but also distant organs in the host. A prebiotic should 

be resistant to the stomach low pH, cannot be digested or 

hydrolyzed by mammalian digestive enzymes, cannot be 

absorbed in the digestive system but can be degraded or fer-

mented by the gastrointestinal microbiota or micro flora for 

growth, multiplication and activation of the microbiota to 

concomitantly improve the host‟s health [21]. Most prebiotics 

are non-digestible carbohydrate sources but there are few of 

these that are not carbohydrates. Types of prebiotic include: 

1) Fructans such as inulin and fructo-oligosaccharides 

(FOS) while food sources are onion, chicory, garlic, 

asparagus, artichoke, banana etc. The degree of 

polymerization of inulin is up to 60 while that of fruc-

to-oligosaccharide is less than 10, however, fiber are 

considered to be carbohydrates with the degree of 

polymerization of greater than or equal to 3 [22]. Lactic 

acid bacteria, butyrate-producing bacteria, bifidobacte-

ria and other gut microbiota can degrade or ferment 

fructans to enhance their growth and activity while the 

host‟s health is also improved [23]. 

2) Galacto-oligosaccharides (GOS): these are products of 

lactose extension. Bifidobacteria and Lactobacilli as 

well as Enterobacteria, Bacteroidetes and Firmicutesare 

greatly stimulated by GOS [22] and food sources include 

dairy products, beans and certain root vegetables, leg-

ume seeds, lentils, peas, mustard, chickpea etc. 

3) Trans-galacto-oligosaccharides (TOS): these are GOS 

with excess galactose at C3, C4 or C6 and are produced 

from the enzymatic trans glycosylation of lactose and 

lactulose [21]. 

4) Resistant starch: this type of starch is resistant to diges-

tion in the small intestine and the activities of microbiota 

on it during its degradation or fermentation produces 

high level of butyrate through which it improves host‟s 

health [24]. In human colon, even though Ruminococ-

cusbromii is the key determinant of the degradation of 

resistant starch, other microflora like Bifidobacteri-

aadolescentis have been involved to an appreciable ex-

tent and to a lesser extent Eubacterium rectal and Bac-

teroidesthetaiotaomicro [25]. Food sources include 

green banana, plantains, whole grains such as barley, 

oats, cooked rice or potatoes that have been cooled in the 

freezer or fridge etc. 

5) Pectic oligosaccharides (POS): These are derived from 

pectin which is a polysaccharide. It is present in appre-

ciable quantity in mango, sugar beet and citrus. 

6) Xylo-oligosaccharides: these are non digestible oligo-

saccharides that are made up of mainly xylose units and 

they have high prebiotic potentials. Food sources include 

bamboo shoots, fruits, vegetables, milk and honey. 

7) Non-carbohydrate oligosaccharides: these are not car-
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bohydrates but are being classified as prebiotics such as 

flavanols derived from cocoa which stimulate lactic acid 

bacteria [26]. 

Mechanisms of Action of Prebiotics 

Prebiotics serve as nutrient substrates for microflora or 

microbiota. These microbiota derive energy and other com-

ponents they need for survival from the fermentation or deg-

radation of prebiotics, hence, growth of gut microbiota is 

sustained [27, 28]. The byproducts of the fermentation of a 

complex prebiotic can serve as a substrate for another mi-

croorganism in a process called cross feeding, for instance, 

the byproducts of fermentation of resistant starch by Rumi-

nococcusbromii serve as substrates for different species of 

microbiota [27, 28]. The activities of gut microbiota on 

prebiotics can also have butyrogenic effect on the gut by 

lowering the pH since most of the byproducts of the fermen-

tation process are acids. This pH lowering effect may alter the 

population of the acid sensitive microbiota such as Bactoroids 

in a reducing trend but favor the multiplication of butyrate 

forming microbiota such as Firmicutes [29]. In these three 

mechanisms prebiotics are able to alter and maintain gut mi-

crobiota. 

The maintenance of host health as well as prevention of 

disorders by prebiotics is mainly owing to the short chain fatty 

acids (SCFAs) that are produced as a result of their degrada-

tion or fermentation by gut microbiota [30]. These SCFAs are 

micromolecules and can easily diffuse from the gut into the 

blood circulation via the gut enterocytes thus everting their 

health beneficial effects within the gastrointestinal tract as 

well as other distant organs and systems where they are 

needed [31]. Poor or low population of colonic microbiota 

such as Bifidobacteria, Faecalibacterium, Bacteroides and 

Firmicutes have been implicated in Irritable Bowel Syndrome 

and Crohn‟s Disease (any relapsing inflammatory bowel 

disease that involves any part of digestive tract from mouth to 

anus). This means that the effect of prebiotic on maintaining 

microbiota growth and multiplication goes a long way in 

preventing these disorders in human [32]. More still, prebiotic 

fermentation byproducts, such as butyrates, protect the host 

against the risk of colorectal cancer through apoptosis induc-

tion [33]. A symbiotic therapy of microbiota and prebiotic 

(such as Lactobacillus rhamnosus and Bifidobacteriumlac-

tiswith inulin) can efficiently reduce the risk of colorectal 

cancer via inducing colonic cells necrosis and reducing cancer 

cell proliferation in colorectal (33-35). 

Prebiotic is capable of enhancing the immune system and 

functions by increasing the population of protective microbi-

ota and reducing the population of harmful or pathogenic 

microorganisms as can be seen in the destructive or inhibitory 

effect of mannose on Salmonella as well as its ability to in-

duce expression of pro and anti inflammatory cytokines, 

hence, it is able to stimulate the immune system [36]. The 

byproducts of prebiotics such as propionate and butyrate 

(SCFAs) have been reported to improve lipid profile in human 

by lowering cholesterol and low density lipoprotein with a 

beneficial effect in modulating dyslipidemia [37] while pro-

pionate inhibited production of lipid from acetate which is 

another byproduct of prebiotic degradation or fermentation. 

Hence, prebiotics are able to improve cardiovascular health 

[38]. 

Some prebiotics have also been reported to enhance cal-

cium absorption in humans. These include lactulose, 

Trans-galacto-oligosaccharides (TOS), inulin + oligofruc-

tose[39]. Prebiotics can also modulate the nervous system 

since the gut-brain axis connects the gastrointestinal tract to 

the central nervous system [40]. The products of prebiotic 

fermentation by gut microbiota can influence the brain via the 

vagus nerve [41] and FOS and GOS have been reported to 

have regulatory effects on neurotransmitters, synaptic pro-

teins as well as brain-derived neurotrophic factors in rats [42]. 

Prebiotics modulate the endocrine system since the growth of 

microbiota induced corticosterone and adrenocorticotropic 

hormone in mice [43] and other hormones such as plasma 

peptide YY [44]. 

Simply put, a prebiotic is a substrate that is selectively uti-

lized by host micro flora conferring health benefits [45]. Mi-

crobiota in human colon is dominated by bacteria of the gen-

era Bifidobacterium and Lactobacillus, hence, the increase in 

the population of these bacteria could be used as a benchmark 

for a healthy gut microbiota[46]. There are other microflora 

within the colon that cross feed on the lactate and acetate 

produced by the activities of Lactobacillus and Bifidobacte-

rium on prebiotics to exert their health promoting effect, 

hence, beneficial bacteria in the colon other than these two 

also benefit from the presence of a prebiotic [47]. 

4. Probiotics 

Probiotics are live microorganisms that exert health bene-

fits when consumed or applied to the body and are found in 

yoghurt, fermented foods, beauty products and dietary sup-

plements [48]. They are mainly Bifidobacterium species and 

Lactobacillus species while some species of Pediococcus, 

Streptococcus, Enterococcus, Bacillus and yeasts have also 

been classified as probiotics. Available commercially are the 

following probiotic microorganisms: Bifidobacteriumado-

lescentis, B. animalis, B. bifidum, B. breve, B. essecis, B. 

infantis, B. lactis, B. longum, Bacillus lactis, Enterococcus 

faecium, Lactobacillus acidophilus, L. bulgaricus, L. casei, L. 

fermentum, L. helveticus, L. lactis, L. paracasei, L. rhamnosus, 

L. plantarum, L. reuteri, L. salivarius, Saccharomyces bou-

lardii [49-52]. Lactic acid bacteria are also commonly iden-

tified as probiotics [53]. Bifidobacterium species are 

rod-shaped, anaerobic, non-gas producing, non-spore forming 

gram positive, non-motile and catalase –ve microorganisms 

with morphology similar to that of bifidobacteria and were 

isolated from the feces of breast-fed infants [54]. However, 

Bifidobacterium were not found in isolation in the feces of 

breast-fed infants but also strains of Lactobacilli have been 

reported to be present there [55] and strains of strains of 
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Lactobacillus and Enterococcus were isolated from human 

saliva and feces [56] as well as human colostrums [57]. All 

these clearly evidenced the fact that human milk and gut are 

indeed thriving sites for microflora and probiotics are found 

existing in them. Lactic acid bacteria (LAB) are highly well 

pronounced as probiotics both in foods and their hosts be-

cause they improve food flavor and quality and prevent var-

ious inflammatory illnesses caused by oxidation in the host. 

The main focus of all LAB in this concept are the genera 

Lactobacillus and Bifidobacterium. 

4.1. Mechanisms of Action of Probiotics in the 

Body 

One of the mechanisms by which probiotic LAB exerts 

their healthy and beneficial effect in human host is by exhib-

iting notable antioxidant activity. Reactive Oxygen Species 

(ROS) such as superoxide anion (O2
-
), hydrogen peroxide 

(H2O2) and highly reactive hydroxyl radical (HO
.
) are com-

monly produced during body metabolism and stress. The 

accumulation of these ROS leads to oxidative stress causing 

damages to protein, lipids, DNA, cells and many lead to cell 

death causing aging and other forms of diseases [58, 59]. The 

possible mechanism through which probiotic LAB exert an-

tioxidant activity is by promoting production of antioxidant 

enzymes which neutralizes and removes the ROS in the host 

intestine, activating antioxidant enzymes or modulating and 

reducing circulatory oxidative stress thus protect cells from 

oxidative stress-induced damage [60, 61]. Other possible 

mechanisms of action include; improved intestinal barrier 

function via enhanced intestinal integrity and permeability 

[62]; modulation of the mucosal immune system via direct 

stimulation of immune cells residing in the gastrointestinal 

tract (GIT) such as T-regulatory cells, effector lymphocytes, 

natural killer T cells, B cells, dendritic cells and epithelial 

cells; modulation of enzyme activity by changing the micro-

bial metabolism in order to combat any strange elements or 

form of intrusion [63]. The immune cells are stimulated via 

regulation of gene expression and signaling pathways in the 

host cells which results in macrophage activation and en-

hanced phagocytosis [63]. Another mechanism by which 

probiotics exert their health benefits on the host is by the 

production of antimicrobial agents or compounds such as 

bacteriocins which exert competitive exclusion of pathogens 

[64]; improving the digestion and absorption of food [65, 66]; 

as well as alteration of the intestinal microflora [67, 68]. As 

earlier mentioned, probiotics are live microorganisms which 

when administered in adequate quantity exert or confer a 

health benefit on the host [69] and Lactobacillus and 

Bifidobacteriumspecies are the most commonly used. 

4.2. Food as a Potent Carrier of Probiotics 

Some foods which are commonly referred to as probiotics 

foods because they contain live microorganisms that are 

beneficial to host health are; yoghurt, sauerkraut, miso, kefir, 

soft cheeses, acidophilus milk, naturally fermented sour 

pickles (without use of vinegar), tempeh, cultured cottage 

cheese, labneh, kimchi, kambucha, certain aged cheese, te-

pache, kvass, natto, namashoyu, gochujang, fermented olives, 

sour pickles, fermented seaweed, fermented hot sauce, 

umeboshi (pickled plum), etc, 

Yoghurt and yoghurt drinks: This is made by inoculating 

and fermenting pasteurized and cooled milk with live cultures 

of Lactobacillus bulgaricus and Streptococcus thermophilus 

and allowing it to ferment. Some yoghurt may contain other 

strains of probiotics and these are normally listed among the 

ingredients on the package. 

Kefir: In the same vein kefir is a fermented milk drink made 

with kefir grains and milk. Bacteria and yeasts co exist in kefir 

grains and these act as natural starter culture in the fermenta-

tion process [70]. Kefir grains act as the source of the starter 

culture in which LAB, yeasts and acetic acid bacteria coexist 

in a symbiotic relationship [71]. Kefir is produced by inocu-

lating pasteurized and cooled ruminant milk (mostly cow‟s) 

with kefir grains and allowed to ferment at room temperature 

for 24 to 48 hours after which the grains are drained off and 

the resultant beverage (kefir milk) can be chilled and con-

sumed. The LAB and yeasts species (probiotics) predomi-

nating in kefir are Lactobacillus kefiranofaciens, Lactica-

seibacillusparacasei, Lactiplantibacillusplantarum, Lacto-

bacillus acidophilus, Lactobacillusdelbrueckii (bacteria) as 

well as Saccharomyces cerevisiae, Saccharomyces unisporus, 

Candida kefyrandKluyveromycesmarxianus (yeasts) [72]. 

Sauerkraut: This is the product of naturally fermented 

shredded salted cabbage. Lactic acid bacteria (LAB) pre-

dominate in the fermentation process. The production process 

involves cleaning of the cabbage followed by shredding, 

addition of salt at 3% w/w, kneading for a few minutes to 

allow the release of the juice and covering to ferment at am-

bient temperature for 2, 5 or 7 days. The length of days could 

be more [73]. The probiotics which predominate in sauerkraut 

are Lactobacillus sppand Leuconostocsppwhich are LAB 

[73]. 

Miso: This is a common seasoning in Japanese cuisine. It is 

fermented soybean paste. Rice, barley, soybean or the mixture 

of two or more of these can be used. Soybean (or rice) koji 

which is soybean (or rice) fermented with a mold (Aspergil-

lusoryzae) is used as the starter culture. This is then mixed 

with cooked and salted soybean paste and allowed to ferment 

and age (for 2 to 12 months at ambient temperature [74]. In 

the commercial production of miso the lactic acid bacterium- 

Tetragenococcushalophilus and the yeast- Zygosaccharomy-

cesrouxii are commonly introduced as pure starter cultures at 

the beginning of the fermentation process [75]. 

Naturally fermented sour pickles: When vegetables are al-

lowed to ferment naturally to produce pickles without the 

addition of vinegar or acetic acid, probiotics are multiplied in 

the pickles. For instance, in the naturally fermented sour 

pickled cucumbers lactic acid bacteria, which predominate, 
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produce several bacteriocins as well as antimicrobial peptides 

which inhibit the invasion and thriving of spoilage bacteria to 

exert desired nutritional quality, flavor and appealing sensory 

properties [76]. 

All these dietary probiotics are not indigenous to Nigeria 

but they are always the ones mentioned when this concept is 

being discussed. 

4.3. Probiotic Foods Indigenous to Nigeria 

Fermented foods in Nigeria that have been identified as 

possible probiotic foods are; kunu-zaki, nunu, gari, fufu, lafun, 

ogi/akamu/koko, etc but fermented locust bean is not always 

mentioned as a possible probiotic food. 

Kunu-zaki: This is a fermented, non-alcoholic cereal bev-

erage which is popular in Northern Nigeria but is now con-

sumed all over the country. It is commonly produced from 

locally available cereal grains such as millet, sorghum, rice, 

acha (hungry rice), maize etc, but mostly millet and sorghum 

are used. It is prepared by cleaning the cereals, washing it, 

soaking or steeping it for 1 to 2 days, washing, wet-milling 

(optionally with spices), pre gelling half of the paste with 

boiling water and leaving the 2 portions (cooked and un-

cooked) to ferment for 1 or 2 days after which the 2 portions 

are mixed together, diluted with water to desired consistency 

and sieved to produce the final product which is then sweet-

ened with sugar or honey as desired. The fermentation process 

in kunu is achieved mainly by yeasts (Saccharomyces cere-

visiae) and LAB in which Lactobacillus spp predominate [77, 

78]. Saccharomyces rouxii and Penicilliumspp may also be 

involved [79]. 

Nunu: This is a locally fermented milk beverage indigenous 

to Nigeria and a few other West African countries. It is yo-

ghurt-like in taste. The processing method is usually by nat-

ural fermentation in which fresh cow milk is allowed to fer-

ment for 1 or 2 days in calabash or rubber buckets. Starter 

culture which is a portion of previously prepared nunu may be 

introduced into the fresh cow milk. Nunu may be consumed 

alone or with fura which is a cereal-based meal. The fermen-

tation process is basically by lactic acid bacteria with Lacto-

bacillus spppredominating among which are Lactobacillus 

casei, L. bulgaricus, L. acidophilus, L. plantarum., L. rham-

nosus, L. thermophilus, L. reuteri, L. helviticus, L. delbrueckii, 

L. brevis, L. cellobiosus, L. fermentumwith L. acidophilus 

occurring the most and L. reuteri the least [80]. However, 

nunu contains both LAB and yeasts. The LAB in Nunuare 

identified as Lactobacillus, Leuconostoc, Lactococcus, En-

terococcus and Streptococcus while the yeasts are Saccha-

romyces pastorianus, Candida stellata, Kluyveromyce-

maxianus, Zygosaccaromycesbisporus, Zygosaccharomy-

cesrouxii [81]. Enterobacteriaceae were present at the early 

stage of fermentation but were eliminated as fermentation 

progressed. These were Enterobacter, Klebsiella, Escherichia, 

Proteus vulgaris and Shigella. This means that the pathogenic 

microorganisms were not able to withstand the fermentation 

process conditions, hence, they were eliminated thus making 

nunu safe for consumption [81]. 

Gari: This is fermented cassava flake that is a common staple 

in Nigeria and other West African countries. In its processing, 

cassava is peeled, washed, grated, pressed and fermented (for 3 

to5 days or more), sieved and pan roasted to yield Gari. Only 4 

strains of Lactobacillus fermentum out of the 47 bacteria strains 

isolated from Gari were resistant to acidic pH and bile salt 

medium and showed antibacterial activity towards microbial 

pathogens such as Methicillin-resistant Staphylococcus aureus, 

Listeria monocytogenes, Bacillus cereus, Salmonella enter-

itidis, Escherichia coli, Escherichia coli (0157) and Yersinia 

enterocoliticaowing to the production of bacteriocin, thus pre-

senting gari as a potent dietary probiotic [82]. The four isolates 

were different strains of the same species of Lactobacillus 

fermentum. However, in another study only strains of Lacto-

bacillus plantarum and Lactobacillus acidophilus were able to 

withstand high temperature of 50 to 60
o
C for 1 hour after LAB 

isolated from gari were tested for their thermo tolerance, and 

these also exhibited inhibitory activity against food borne 

pathogens such as Salmonella enterica, serovarTyphimurium, 

Escherichia coli, Staphylococcus aureus as well as spoilage 

microorganisms Listeria monocytogenes [83]. This implies that 

even when gari is made into gelatinized meal (eba) with boiling 

water, it can retain its probiotic activity since some of the pro-

biotics in it are thermo tolerant. 

Fufu and lafun are also fermented cassava meals in which 

LAB predominate and are gelatinized by cooking fermented 

cassava paste (for fufu) and fermented cassava flour (for lafun) 

with constant stirring in the pot on the fire. It is most probable 

that what is obtainable in gari is the same in fufu and lafun 

since their fermentation is also by LAB. 

Ogi: This is fermented cereal gruel and is a staple meal in 

northern and southwestern Nigeria. It is produced by cleaning 

and washing of cereal grains (maize, sorghum or millet) after 

which it is steeped or soaked for 2 to 3 days. This is then 

washed again with water and wet-milled. The paste is diluted 

with water and sieved followed by leaving the mixture to 

precipitate or allowed to settle. The supernatant (omidun) is 

then decanted. To cook it the ogi slurry is mixed with boiling 

water to gelatinize it to form the gruel. Spices like ginger and 

cloves may be added during wet milling to enhance the flavor. 

The gruel may be sweetened with sugar, honey or supple-

mented with milk. Accompaniments like akara (bean cake), 

moinmoin (steamed bean pudding), robo (melon cake) etc 

may be consumed with it. Traditionally, raw ogi slurry is 

commonly administered or given to diarrhea patients to lower 

frequency of stooling. The fermentation process in the pro-

duction of ogi is a lactic acid fermentation involving LAB 

Weissellaparamesenteroides, Lactobacillus brevis, L. rossiae, 

L. fermentum, L. plantarum, Acetobacterpasteurianus, Pae-

nibacillussppand Bacillus spp with ogi prepared from yellow 

maize having the highest LAB count (4.8* 10
11

), that from red 

sorghum was 3.8*10
11

 while that from white maize was least 

(20*10
10

) [84]. The uncooked ogi maintained a steady count 
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of 10
10

cfu/ml for 5 days of fermentation while the cooked ogi 

(the gruel) was 10
9
cfu/ml meaning that some of the LAB 

thermo tolerant being able to withstand and resist the high 

cooking temperature [84]. Lactobacillus spp dominated the 27 

LAB strains that were isolated and identified since L. 

plantarum was 36%, L. fermentum was 24%, L. brevis 20%, 

Acetobacterpasteurianus 8%, Weisellaparamesenteroides 5% 

and L. rossiae 4% [84]. A total of 21 LAB out of the 27 iso-

lated exhibited antibacterial activity against Shigellaspp, 

Salmonella spp and Escherichia coli [84]. Also the antibac-

terial activity of LAB in ogi has been ascertained and reported 

by other scientific reports [85-87]. It is clearly evident that ogi, 

in cooked or raw form is a potent probiotic food. 

These are some of the indigenous fermented foods in Ni-

geria that are possible dietary probiotics. It is of interest to 

note here that fermented locust bean, iru, is not always men-

tioned in the discourse of fermented foods as possible dietary 

probiotics. However, iru is not only a possible probiotic food 

but also has potentials to be a prebiotic. It is therefore perti-

nent and important that this concept be well understood and 

iru be brought to limelight as a possible prebiotic and probi-

otic food. 

5. Iru as a Dietary Probiotic 

As earlier mentioned iru is a product of fermentation of 

African locust bean. It is mostly consumed as a condiment to 

enhance the flavor and aroma of soups, stews, sauces and 

other indigenous dishes. It can also be used as a meat replacer 

in meals most especially among the poor and low income 

groups. It is indigenous to West African countries including 

Nigeria. 

Bacillus spp have been identified as the microorganisms 

that dominate the fermentation process in iru and the strains 

that have been isolated are; Bacillus subtilis, B. lichenniformis, 

B. pumilus, B. polymyxa, B. alvei and B. badius [88]. About 90% 

of these exhibited antibacterial activity, 55% inhibited the 

growth of the pathogen- Listeria monocytogenes while B. 

subtilis and B. lichenformis survived high acid and bile en-

vironments [88]. The alkaline pH medium established by the 

Bacillus spp which predominate in the fermentation of Afri-

can locust bean to produce iru is well favorable for the growth 

and multiplication of the Bacillus spp. The pH of iruworo 

(with lesser period of fermentation) was 8.4 while that of 

irupete (with longer period of fermentation) was 8.1 [88]. The 

proportion of the Bacillus spp isolated from iru were; Bacillus 

subtilis- 44%, B. lichenformis- 28%, B. megaterium- 24% and 

B. coagulans- 4% [89]. However, Bacillus spp, Pediococ-

cusspp, Streptococcus sppand Lactobacillus spp were isolated 

and identified from iru samples collected from different re-

gional markets in Nigeria [90]. Bacillus cereus strains isolated 

from fermented locust bean, iru, exerted inhibitory activity 

against Escherichia coli and Staphylococcus aureus, were 

acid tolerant, more tolerant to bile salt, hence, can serve as a 

potent probiotic and iru may be a possible probiotic food [91]. 

It is of interest to note that even LAB are involved in the 

fermentation process during the production of iru. Lactoba-

cillus fermentumand L. plantarum isolated from fermented 

locust bean samples were observed to tolerate low pH and bile 

salt concentration while also exerted antimicrobial activity on 

pathogens with L. plantarum showing the highest potency 

[92]. It has also been affirmed that the fermentation process in 

iru production is dominated by salt tolerant Bacillus subtilis 

with mild presence of Micrococcus spp and Pseudomonas spp 

[93]. The health benefits derivable from the consumption of 

iru was also ascertained by its ability to lower blood choles-

terol in hypercholesterolemic rats, hence, it may be useful in 

the prevention and management of coronary heart diseases in 

human beings [94]. Fermented locust bean may also exert a 

protective effect against breast cancer in humans [95]. 

Having established the fact that iru has a high potential as a 

dietary probiotic, it is imperative that the foodstuff or con-

diment be popularized and publicized as a probiotic food. It 

should not be forgotten when probiotic foods are being men-

tioned and there is need for public awareness to emphasize 

this because people mostly think far away when we are talking 

about food sources of probiotics. It is high time we valued our 

indigenous foods with great potentials which can be harnessed 

in this discourse; hence the benefits derivable will be adapta-

ble and sustainable. 

5.1. Iru as a Prebiotic Food 

The Galacto-oligosaccharides (GOS) and arabinogalactan 

are the prebiotics in African locust bean. During fermentation 

raffinose and sucrose in African locust bean are totally hy-

drolyzed while arabinogalactan, Galacto-oligosaccharides 

and stachyose are partially degraded or hydrolyzed thus 

making them available in iru as prebiotics [96]. Even though 

amylase activity was not detected during the fermentation of 

African locust bean into iru the reducing sugar level increased 

from 63mg/g to 134mg/g during the first 24 hours of fer-

mentation but later decreased [97]. This shows that the fer-

mentation medium was not favorable for carbohy-

drate-hydrolyzing microorganisms after 24 hours, hence, it is 

most probable that non-digestible oligosaccharides (which are 

suitable prebiotics) in the bean would escape the hydrolysis 

process. They would therefore be present in the final fer-

mented product, iru. However the environment favoured 

protein hydrolyzing fermentative microorganisms since there 

was active proteinase activity which resulted in increased 

number and quantity of amino acids since African locust bean 

is a protein-rich seed [97]. 

There is an absolute paucity or dearth of available scientific 

reports on the non-digestible oligosaccharide constituents of 

fermented African locust bean, but, as a bean it contains ga-

lactose-oligosaccharide specifically arabinogalactan which is 

non-digestible and a prebiotic. The process of fermentation 

only partially hydrolyzed this leaving some in the fermented 

product as a prebiotic [96]. It is also possible that some of 
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these could be present in the fermented product, iru, since 

carbohydrate hydrolyzing microbes are hindered or inhibited 

after 24 hours of fermentation. Hence, some of the arabino-

galactan and other Galactose-oligosaccharides escaped being 

hydrolyzed in the course of fermentation which makes 

themavailable in iru as a prebiotic [96]. However, the paucity 

of available scientific reports on this demands that more sci-

entific investigation be carried out in this area of discourse. 

6. Conclusion and Recommendation 

It is clearly evident that some of our indigenous foods and 

foodstuffs in Nigeria are potent prebiotics and probiotics 

among which is iru. Hence it is imperative that Nigerians, 

both home and abroad, should consume iru to derive maxi-

mum or optimal health benefits derivable from prebiotics and 

probiotics, since this is not far from us but available with us. 

Abbreviation 

DNA Deoxyribonucleic Acid 

FOS Fructo-Oligosaccharide 

GIT Gastrointestinal Tract 

GOS Galacto-Oligosaccharide 

LAB Lactic Acid Bacteria 

POS Pectic-Oligosaccharide 

ROS Reactive Oxygen Species 

SCFAs Short Chain Fatty Acids 

TOS Trans-Galacto-Oligosaccharide 
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