


 The Microbiology of West Africa Fermented Dairy Productsfermented dairy productsProducts: A Review

Abstract     
This article provides a review of different types of dairy products in West Africa and microorganisms associated with each product. The microbiota included lactic acid bacteria, yeast, and some Enterobacteriaceaeenterobacteriaceae. The work also seeks to make available the benefits the products will provide for consumers. 
Traditional fermented dairy products in West Africa are mainly yoghurt-like and soft cheeses. During fermentation, a consortium of microbiota dominates the matrixes and the microorganisms isolated are:; lactic acid bacteria, yeast, molds , and some pathogenic bacteria. Enterobacteriaceae , for instance, are: Escherichia coli, Staphylococcus aureus, and Bacillus cereus , among others. The microbiological composition of the products indicates that, various health benefits could be conferred on consumers. Nevertheless, public health issues could also arise due to the non-compliance with to Good Manufacturing Practices (GMP). And the use of use of the fresh milk for processing the products without pasteurization.     
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1.0. Introduction
Fermented dairy products have been preserved and used by humans, since pre-historicprehistoric times. They are made and acknowledged all over the world.  Cutting across cultures, fermented dairy products in West Africa are mostly yoghurt-like in nature. The numbersnumber of these products areis quite manylarge, and depending on the country and even local region, various names may be given to the products that are basically similar but are produced with slight variations. Therefore, their mode of processing varies from one region to the other. However, the raw material, mostly, un-pasteurizedunpasteurized and unskimmed milk (Eka and Ohaba, 1997)), remains the same whatever the region of production. The microbiota in the products varies from one region to the other. These products have been found to confer health benefits to consumers. However, research has also shown that, they are associated with pathogenic bacteria. For example: Staphylococcus aureus, Eschericia Escherichia coli, Bacillus cereus, and Pseudomonas aeruginosa (Atanda and Ikenebomeh, 1988). 
Processing of fermented foods was done on a small scale, at the household level, without knowing that microorganisms play a vital role. However, the industrialIndustrial revolutionIndustrial Revolution gave birth to huge populations in towns and cities. To march meet the food demand of these teaming teaming populations and to the new shifts in  food patterns, food processing has to be up scaled, and so commercialization of food processing was introduced. (Caplice & Fitzgerald, 1999). Fermented   milk products are usually subjected to the action of LAB, yeast, and fungi. During the process, lactose is metabolized to lactic acid, amino acids, and alcohols (Moore, 2004).

LAB produces several compounds, including; organic acids, diacetyl, hydrogen peroxide, and bacteriocins, during fermentation (Talarico and Dobrogosz, 1989; Lingren and Desmazeaud, 1990; Anderssen et al., 2000 and. (Oyetayo et al., 2003)). Preserving food in West Africa is a challenge that seems to threaten food security. However, the inhibitory effects of LAB involved in fermentation makes make it a cheap and affordable means of extending the shelf-life of food (Gibbs, 1987).
This paper, therefore, seeks to provide an overview on of the current state of different aspects of research on microorganisms in West African dairy products in the light of their positive impact on the products and human health.
2.0 ‘Nunu’
‘Nunu’ is a spontaneously fermented milk product, yoghurt-like in nature, produced by the Fulanis in Ghana. It is processed by fermenting fresh un-pasteurizedunpasteurized cow milk for 24h to 48h. Figure 1 illustrates the production process of nunu in northern Ghana. The work of the authors revealed that the microbiota of Nunu from zero to 48h of fermentation ranged from 4.00 and 9.00 log10 cfu/ml for Lactic acid bacteria (LAB) and 1.00 and 7.00 log10 cfu/ml for yeast. The pH value reported was 6.6 at 0h and 3.5 at 48h of fermentation. The dominant LAB species were: Lactobacillus (53.52%), Leuconostoc(15.49%), Lactococcus (9.86%), Enterococcus (15.49%), and Streptococcus (2.82%). Yeast species  included: Saccharomyces cerevisiae (35.42%), Saccharomyces pastorianus (4.17%), Candida kefyr(33.33%), YarrowialipolyticaYarrowia lipolytica (4.17%), CandidastellataCandida stellata (14.58%), Kluyveromyces maxianus (4.17%), Zygosaccharomyces bisporus (2.08%), and Zygosaccharomyces rouxii (2.08%). A total of 40 Enterobacteriaceae were isolated and identified as: Enterobacter (47.5%), Klebsiella (17.5%), Escherichia coli (20%), Proteus vulgaris (12.5%), and Shigella (2.5%) (Akabanda et al.,  2010).
The work confirmed that Enterobacteriacae Enterobacteriaceae numbers decreased from 5.19 to 0.01log10 cfu/ml from the zero hour to the 48h. The Scientists asserted that, there was no standard method of processing, as such product quality varied from one processor to the other. Also, Good Manufacturing Practices were not observed, and so the final product seemed to be compromised. However, the recommendation was that ‘nunu’is safe for consumption. Since pathogenic bacteria decreased 
from 5.19 to 0.01logcfu/ml at the end of fermentation due to the low value of the final pH of the product.
Figure 1: Flow diagram of nunu processing 
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2.1‘Nyarmie’
Various traditional milk products are produced and consumed in West Africa. They include :wagashie, nunu, and nyarmie, among others. Nyarmie is a Ghanaian product  similar to ‘nunu’, except that the milk is pasteurized before fermentation. It is processed by first sieving the raw milk, fermenting for 24 to 48 hhours, churning of the fat and some whey, and the product is ready for consumption.
LAB counts in ‘Nyarmie’ from the 24h to the 48h was were between 8.2 to 7.1 log10cfu/ml. The dominant LAB species isolated were Leuconostoc mesenteriodes, Streptococcus thermophiles, Lactobacillus delbruckii spp, and Lactococcus bulgaricus. Lactococcus helveticus spp was not revealed by cultivation, but by PCR-DGGE analysis. SacchromycesSaccharomyces cerevisieaeSaccharomyces cerevisiae and Candida species were the only yeast species isolated, and their counts also decreased from 7.45log10 cfu/ml at the 24h to 6.94log10 cfu/ml at the 48h (Obodai and Dodd, 2005).
The dominance of Lactobacillus species, Streptococcus thermophilus, and Lactobacillus delbruekii species are is likely to have an influenceinfluence onon the aroma and flavor of the product, as confirmed in previous works. (Randazzo et al., 2002). 
2.2 ‘Bism naare’  
‘Bism naare’ is a traditionally fermented milk product in Burkina Faso and is widely consumed in rural and urban settlements.
The milk is acidified traditionally without the use of starter cultures. So fermentation occurs spontaneously by microorganisms from the environment, equipment, or processors. The milk is left for 36 or 48 h for acidification (Romaric, 2015 unpublished). Strains isolation and identification of microbiota in ‘bism naare’ included: Leuconostoc, Streptococcus, Lactobacillus, and Pediococcus. The most predominant was the genus Lactobacillus (L. fermentum, L. acidophilus, and L. delbroekii) (Savadago et al., 2004). These results were confirmed by previous works (Hammes and Vogel, 1995).
2.3‘Nono’
‘Nono’ is a Nigerian fermented milk product similar to yoghurt. It is produced and consumed by the Hausa and the Fulani’s Fulani of northern Nigeria. It is processed by the introduction of starter culture in fresh, raw, unskimmed milk (Manshamu). The process is artisanal in nature, in contaminated environments, by hand milking of cows into large calabashes (kworia). Subsequently, the product is skimmed to remove the surface cream (Eka and Ohaba, 1997; Olasupo et al., 1996).
The microbial population isolated after fermentation were was mainly Lactobacillus species. The organisms were Lactobacillus bulgaricus, Lactobacillus lactis, Lactococcus acidiphilus, Streptococcus thermophilus, Streptococcus cremoris, Pediococcus halophilus, and Pediococcus cerevisiae. (Sambo et al., 2013). A total of 2.1×106 cfu/ml were was obtained from the serial dilution cell count.
 Detection of Enterobacter aergenes, Enterobacter cloacae, Klebsiella, and Serratia species in the product indicates possible faecal contamination and could be assigned to non-adherence to Good Manufacturing Practices (GMP) (Utermann, 1998). Other pathogenic organisms isolated of public health concern included: Staphylococcus aureus, and Bacillus cereus (Olasupo et al., 2002). 
2.4 ‘Wara’
‘Wara’ is a Nigerian ripened cheese produced by the Fulani people in the north of the Country. ‘Wara’is are produced from fresh unpasteurized cow milk by adding the leaf extract of Sodom apple (Calotropis procera) or paw paw (Carica papaya) ( Sangoyomi et al., 2010., ; Adetunji and Alonge., 2009). Microorganisms associated with milk and milk products include; : Streptococcus spp, Lactococcus spp, coliform bacteria, Pseudomonas spp, and some fungi (Falegan et al., 2014). Olasupo et al., (1999) showed that lactic acid bacteria, notably L. lactis, isolated from the product produced bacteriocin that inhibited not only closely related lactic acid bacteria, but also strains of Listeria monocytogenes, Listeria innocua, Clostridium butyricum, Clostridium perfringens, Bacillis Bacillus cereus, and Staphylococcus aureus. Based on the results of the study by Falegan et al., (2014), consumers of wara are at risk of salmonella infection without frying because the ready-to-eat product before frying was associated with a salmonella count of 2.11 x106 cfu/g.
2.5 ’Waragashi’	
The indigenous cheese in Benin is known as ‘waragashi’( Peulh cheese). It is processed by crushing Calostropis procera (Sodom Apple) leaves with a pestle and later soaked soaking them in the milk for 5 min. Later, the milk is heated for 18 min, after which the whey is separated from the curd with a 1mm sieve. The curd is allowed to cool for 2 h, making sure that no whey is dropping from the sieve.
(Dossou et al., 2006).
The product has a massive patronage across the Country, ; however, differences in quality from one processor to the other, can be attributed to a lack of standard operating procedures (Turkoglu et al., 1987., ; Belewu., 2001). The microbiota isolated from the product was: total mesophyllic aerobic organic, lactobacillus spp, enterobacteria, yeast, and molds (Dossou et al., 2006).
Notwithstanding the rich nutrition the product confers on consumers, it has been confirmed that, counts of yeast and moulds are high in the product, Mouaïmine et al., (2012). 

2.6 Wagashie
This is a Ghanaian soft cheese product and is processed by adding the latex of Sodom apple (Calotropis procera) to fresh unpasteurized milk and allowed allowing it to stand for one hour, coagulating coagulation takes place, water is drained off, and the dense material is molded into various shapes and fried in oil. In Ghana, there is no literature concerning the microorganisms isolated in the product.
2.7 Lebol
Lebol is a traditional butter produced in Cameroon. It’s Its processing begins by, boiling fresh milk to up to 100°C for 5 min, allowed allowing it to cool, seeded seeding, and allowed allowing it to ferment spontaneously for 24 h to 72 h. Skimming is done for 10 to 20 minminutes, and the butter is ready. Total coliform isolated from the product was 1.4x102 cfu/ml while yeast and mould counts were 7.0x102 cfu/ml (Edima et al., 2014).
2.8 Kindimou
This product is indigenous fermented milk produced in Cameroon. And is processed by: filtering the fresh milk, heating it in smoked clay pots, allowed allowing it to cool, natural fermentation allowed to proceed for about 24 h, and the final product is ready (Djoulde et al., 2013). Total coliform isolated from the product was 1.05x102 cfu/ml (Edima et al., 2014).
3.0 Microbial interactions
Microbial degradation of organic compounds during fermentation plays a very significant process role in the carbon cycle. This concept is used world-wideworldwide for the production of food (Fox, 1993).
The relation between food and microbiology was discovered by Pasteur, who confirmed that, yeast were was responsible for alcoholic fermentation (Moutimer, 2000). Today, it is possible to use genome sequencing to identify several species that are of industrial importance, and allow analysis of the interactions and metabolic activity in mixed cultures (Sieuwerts et al., 2008).
The effects of the interactions on survival of the fittest constitute an effective means of classifying the interactions. These can be divided into amensalism, competition, parasitism, and mutualism.
During microbial interactions, amensalism is an inter speciesinterspecific interaction in which one organism adversely affects the other organism without being affected itself. Lactic acid bacteria (LAB) a bacteriocin producingbacteriocin-producing strain produces produce lantibiotics. An example of bacteriocin is nisin, which is broadly used as a food preservative (Entian and Vos, 1996).
Niches of microorganisms turn to overlap as in the case of dairy products, and for that matter, interactions occur. The resultant effect is that, if the interactions are evaluated, their populations vary in size (Steinkraus, 1982). During fermentation of many dairy products, interactions of various microorganisms bring about various technological properties, determining the character of the product and stabilize stabilizing the microbiota population in a specific ecological niche (Deinna et al., 1984; Jakobsen and Narrhus, 1996).
It has also been proven that, antagonistic activities play a part in the killer factor observed in cheese brine (Seiler, 1991). Secretion of antibacterial and antifungal compounds is are clear examples example of antagonistic activity ( Brugier and Patte,1975; Lehmann et al., 1987; Polonelli and Morace, 1986).
Microorganisms in their niches with their biochemical properties, interactions, and enzymatic activities are mainly responsible for the nutritional changes that occur in fermented dairy products (Steinkraus, 1982). It has also been established that antimicrobial effects associated with fermented foods are attributed to organic acids, hydrogen peroxide, and other subtrates substrates excreted in the products (Borregaard and Arneborg, 1998; Bankole and Okagbue, 1992).
According to Juillard et al.,  (1995., 1996), at the start of fermentation, carbon sources are present in high concentrations in the food matrix, and therefore competition comes to play in the uptake of nutrients. And organisms initially compete for free amino acids and peptides available in milk.
In the later phases, organisms compete for the peptides released by the actions of proteolytic enzymes.
In the process, proteases, transport systems, and peptidases are produced. The commensality   interaction between Lactobacillus acidiphilus acidophilus and lactose fermentinglactose-fermenting yeast Kluyveromyces fragilisi fragilis in acidiphilusacidophilus acidophilus yeast milk is solely responsible for the co-existence of the two organisms to give a good end product. A cocktail of L. acidiphilus and lactose fermentinglactose-fermenting yeast reduces coagulation time due to the production of acid by the yeast and so elevates the number of viable lactic acid bacteria cells. This activity influences yeast production, and this inhibits the growth of Escherichia coli and Bacillus cereus (Subramanian and Shankar, 1983).
Mutualism (Synergism) exists between yeast and lactic acid bacteria during fermentation. In this association, the yeast provides growth factors, for instance, amino acids, vitamins, and other compounds for bacterial growth, which eventually lead to a massive acid production while bacterial end products are used by the yeast as an energy source (Loretan, 1999; Roos, 1998). 
Parasitism is where one species benefits at the expense of the other. An example of this interaction involves bacteriophages. It is an established factfact that, with repeated use of equipment during fermentations makes dominant strains vulnerable to phage attack. This makes strains in the culture inactive, leading to product losses in industrial fermentations (Sturino and Klaenhammer, 2004).
 4.0 Safety 
The nutritional composition of milk makes it very ideal for human nutrition. May beMaybe the same reason makes it a preferred substrate for the habitation of microorganisms, both beneficial and pathogenic (Altekruse et al., 1998, ; Da Silva et al., 1998; Hartman,1997; Nebedum and Obiakor, 2007).
On the other hand, fresh milk also contains microbiota associated with food bornefood-borne diseases (Adesiyun et al., 1995; Headrick et al., 1998; Steele et al., 1997).
According to Ogbonna, (2011), E. coli count in nono (log10  cfu ml-1) was between 1.37 and 3.29 from different study areas, with an average of 2.29 log10 cfuml-1cfu ml-1. Staphylococcus  aureus count (log10 cfuml-1) was between2.98between 2.98 and 0.76 with an overall average  of 1.51log10 cfuml-1 the. The mean value was (P≤0.05) than that got obtained from contesting markets.       
Another pathogenic organism isolated was Shigella spp, and counts ( log10 cfu ml-1) were between 0.0 and 0.92, and an overall average of 0.30log10 cfu ml-1. Salmonella count ( log10 cfuml-1cfu ml-1) was between 0.43 and 2.37, and an average value of 1.17 log10 cfu ml-1.
During nunu fermentation, enterobacteriacae numbers decreased from 5.19 to 0.01log10 cfu ml-1 from zero h to the 48h (Akabanda & Glover, 2010).
(Falegan, 2014) isolated Isolated microbes from wara at locations A, B, and C in Nigeria. Total plate count for sample A was 2.67x 106 cfu/g and 2.14x 106 cfu7g cfu/g for Salmonella. For sample B, the total plate count was 2.76x106 cfu7g cfu/g, and the Salmonella count was 2.03 x x106 cfu/g. For Sample C total plate count was 2.72x106cfu/g , and the Salmonella count was 2.11x106 cfu/g.
Pathogenic microbes isolated from waragashie by Fidéle et al., (2013) had a total bacteria bacterial count to be 2.30 2.30log10 cfu/ml, yeast and moulds to be 2.60 log10 cfu/ ml, enterobactereria enterobacteria count as of 1, and Staphylococcus spp to be < 1.                           
Pasteurization of fresh milk in Food Safety Guidelines globally, before distribution, is conflicting in conflict with the processing and distribution of ‘nono’ in open calabashes. This practice may account for the numerous pathogenic microorganisms in West African dairy products (Ogbonna, 2001). 
 


Table 1	
 Diversity of Microorganisms in West African fermentedFermented dairy productsFermented Dairy Products.
	Type of Product
	Name of Product
	Processing 
	Country
	Microorganisms
	References

	Fermented milk
	‘nunu’
	 Spontaneously fermenting fresh un-pasteurizedunpasteurized cow milk for 24h to 48h
	Ghana
	Lactobacillus, Leuconostoc,Lactococcus, Enterococcus, Streptococcus, Streptobacterium, Thermobacterium, and Betabacterium.Saccharomyces cerevisiaeSaccharomyces pastorianus  pastorianus, Candida kefyr, Yarrowia lipolytica, Candida stellata, Kluyveromyces maxianus,Zygosaccharomyces bisporubisporus,andZygosaccharomyces  and Zygosaccharomyces rouxii

	Akabanda et al., (2010)

	Fermented milk
	‘nono’
	Spontaneously fermenting unpasteurized bovine milk for 24h
	Nigeria
	Lactobacillus bulgaricus, Lactobacillus lactis, Lactococcus acidiphilus, Streptococcus thermophilus, Streptococcus cremoris, Pediococcus halophilus and Pediococcus, Enterobacter aergenes, Enterobacter cloacae, Klebsiella, and Serratia species

	Sani et al., (2013)

	Fermented milk
	‘Nyarmie’
	Pasteurized milk is covered partially and kept for 24h at
 ambient temperature (28–30 oC). The natural fermentation results in the milk to bebeing coagulated.
The product  is then stirred vigorously with a wooden stirrer to generate a slightly smooth product with some suspended milk curd. This results in a slightly viscous yellow appearance. On the second day, the product
becomes more viscous and develops a whitish appearance.
 
	Ghana
	  Leuconostoc mesenteriodes, Streptococcus thermophiles, Lactobacillus delbruckii spp., Lactococcus bulgaricus. Lactococcus helveticus,
Sacchromyces cerevisieaeSaccharomyces cerevisiae and Candida species.
	Obodai and Dodd, (2005); B. Mawufemor, unpublished results

	Fermented milk
	‘Bism naare’
(Mooré)
	spontaneously fermenting bovine milk for 36h or 48h
	Burkina Faso
	Leuconostoc, Streptococcus, Lactobacillus, and Pediococcus
	Savadogo  et al.,  . (2004)




Table 2

	Type of Product
	Name of Product
	Processing 
	Country
	Microorganisms
	References

	Soft cheese
	‘Wara’
	The leaf extract of Sodom apple (Calotropis procera) or paw paw 
(Carica papaya) is added to fresh unpasteurized milk. The milk is allowed to coagulate, made into balls, and fried in oil.

	Nigeria
	Streptococcus spp, Lactococcus spp, coliform bacteria, Pseudomonas spp, and some fungi
	Falegan et al., (2014)








	Soft cheese
	‘Waragashi’
	The cheese makingcheese-making process begins with pounding the bark of the Sodom’s Apple plant, which serves as a coagulant. The pulp is mixed with the milk. Then the pulp is strained out, and the mixture is placed on the fire. The resulting mixture is drained in a colander, and the dense cheese forms as the water drips out. Half an hour later, the cheese is ready.

	Benin
		Yeast, molds, Lactobacillus, and coliform bacteria
	
	
	



	Mouïamine et al., (2012) and the Pulaku documentary,
2011)


	Soft cheese







        
	‘Wagashie’
	The latex of the Sodom apple (Calotropis procera) is added to fresh unpasteurized milk and allowed to stand for one hour, coagulating takes place, water is drained off, and the dense material is molded into various shapes and fried in oil.

	Ghana
	Not known
	

	Butter    
	‘Lebol’
	Fresh milk is boiled to 100°C for 5min, allowed to cool, seeded, and allowed to ferment for 24 to 72 h. Skimming and churning are done for 10 to 20min  and the product is ready for the market
	Cameroon
	Yeast and mould, Staphylococcus aureus, fecal Streptococcus, Clostridium, and Salmonella sp.
	Edima et al., (2014)

	Fermented milk
	‘Kindirmou’
	Fresh milk is filtered, heating heated in a smoked clay pot, allowed to cool, and subjected to natural fermentation for 24h, and the final product is ready.
	Cameroon
	Yeast and mould, Staphylococcus aureus, fecal Streptococcus, Clostridium, and Salmonella sp.
	Djoulde et al .,  (2013)
Edima et al., (2014



  
5.0 Conclusion  
Fermented Dairy products of West African origin have improved shelf-life and nutritional properties. The microbiota responsible for the fermentation in all cases are indigenous, ; these include LAB, yeast, and fungi.
Similar products from different geographical areas undergo different processing methods, and in some cases, varying microflora are associated with the products. Some reports have shown that, changes in growth and metabolite profiles of yeast and LAB co-existing are evidence of synergistic growth.
  6.0 Perspectives
Sufficient knowledge about microbial interactions in West African dairy products is incomplete. Therefore, more comprehensive studies are needed to determine the role of LAB and yeast interaction in the products and to assess their impact on the final product. Also standardizing of processing practices, the production of starters with appropriate technological properties, training of processors on Good Manufacturing Practices, and Good Hygiene Practices should be key.
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