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ABSTRACT 

Several fermented foods and beverages for human nutritionthat incorporate lactic acid bacteria and others beneficial 
microorganisms are produced throughout the world. Lactic acid bacteria (LAB) are widely distributed in nature and occur 
as natural microflora in many fermented foods (fermented milk, cereal fermented food, fermented fruit products, fermented 
roots products like cassava and others). This study gave characteristics, nutritional, Health and functional properties of 
probiotics microorganisms involved in cassava fermentation forGariand Attiéké production. During cassava fermentation 
for Gariand Attiéké production many microorganisms with probiotic properties were involved and gave benefic properties. 

Lactic acid bacteria and yeast involved in food fermentation or production particular in cassava products may possess 
probiotic properties.Probiotics may have potential roles, as natural barriers to pathogens associated with intestinal disease 

with functional role. 

Probiotic microorganisms role and importance in cassava fermentation for Gari andAttiéképroduction for healthy nutrition 

for consumers were developed in this work. 
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INTRODUCTION 

Cassava (ManihotesculentaCrantz) is a food plant introduced in Africa from America by the Portuguese since 1558: it is 
brought from the New World to the Tropical Africa where it does now establish[1, 2].This food plant is also called manioc 
or tapioca-root, is a woody shrub of the Euphorbiaceae (spurge) family. It is extensively cultivated as an annual crop in 

tropical and subtropical regions for its edible starchy tuberous root. According to Lebot[3], cassava is the sixth most 
important food source in the tropics after rice, wheat, potato, barley, and maize. Cassava is the third most important 
source of calories in the tropicsafter rice and maize. Cassava products contain an important proportion of carbohydrates 
and minerals. Cassava leaves contain proteins,vitamins (A and C), and a lot of mineral salts [4]. Starchy root and tuber 
crops are second only in importance to cereals as global sources of carbohydrates[5] . 

The main cassava food found in Africa are attiéké, tapioca, gari, flour, starch, futu, fermented flours, akpissi, alebo, 
eberebe, ragout, kwadu, ground fresh tuber, kenkey, fede, agbelilakia, placali,yakayake, cossette, lafun, chikwangue, etc. 
[6-8]. Cassava generates billions of income both for families and government and then contributes a lot to food security at 
several levels [9]. 

Fermentation process or technology is known and used by many people as one of the oldest forms of food conservation 
and preservation in different part of the world. The activity of microorganisms during or afterfermentation process may 
protect foods against spoilage and eliminate others antinutritional compounds also can increase the shelf-life of many food 
products. Preservation and protection offoods occurs through lactic acid, alcoholic, acetic acid andhigh salt fermentations 
[10].Lactic acid bacteria and yeast involved in food fermentation or production may possesses probiotic properties and 
contribute for food quality. Among themBifidobacterium and Lactobacillus generaarerecognized having high potential in 
promoting good health. It is well known that Lactic acid bacteria are able to retard spoilage, preserve food as well as 
improve flavour and texture of foods. These microorganisms synthesize a variety of antimicrobial compounds such as 
organic acids, hydrogen peroxide, diacetyl and bacteriocins which are important in fermented food characteristics and 
properties. 

Attiékèis an essentially flavour starchy food produced from fermented cassava root.Gariis a grated, fermented and roasted 
cassava product. Gariis one of the popular cassava products consumed in Africa and others parts of the world. Cassava, 
when dried to a powdery (or pearly) extract, is called tapioca; its fermented, flaky version is named Gari.  
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This work deals with probiotics microorganisms involved in cassava fermentation for Gariand Attiéképroduction. Probiotic 
roles, characteristics, functional and nutritional properties were highlighted.  

GENERAL INFORMATION ON THE PROBIOTIC MICROORGANISMS   

1.Definitions 

Fuller[11] defined a probiotic as ―a live microbial feed supplement which beneficially affects the host animal by improving 
its intestinal microbial balance‖. 

Havenaaret al.[12]defined a probiotic as ―mono- or mixed cultures of live microorganisms which, when applied to animal or 
man, beneficially affect the host by improving the property of the indigenous flora‖, while in relation to food, probiotics were 
considered as ―viable preparations in foods or dietary supplements to improve the health of humans and animals‖[13]. 
Probiotics are live microorganisms which, when administered in adequate amounts, confer a health benefit on the host 
[14]. 

FAO/WHO defined probioticsas ―live microorganisms which when administeredin adequate amounts confer a health 
benefit on the host‖[15]. 

Beneficial association of lactic acid bacteria (LAB) with the human host was suggested in by Metchnikoff[16]and reported 
byFranz[17] 

Kollath[18] and Holzapfel[19] were probably the first to introduce the term probiotic.Probiotics are defined as live microbial 
food supplements which beneficially affect the host by improving the intestinal microbial balance.  

2. Characteristicsand properties of probiotics 

The probiotic microorganisms may have manyproperties and characteristics according to literature: 

 Invitro bile salts resistance and bile salt hydrolase activity; 

 Resistance to gastric acidity; 

 Adherence to mucus and/or human epithelial cells. Probiotics cells should demonstrate the ability to adhere to gut 
epithelial tissue and to colonize the GIT; 

 Antimicrobial activity against pathogenic bacteria. Producing some of  several compounds such as organic acids, 
fatty acids, hydrogen peroxide, and diacetyl; 

 Ability for Pathogen adhesion reduction; 

Probiotics microorganisms are member of bacteria group that is Generally Recognized as Safe (GRAS). Probiotic LAB 
candidate must have or display include resistance to antibiotics, antimutagenicityproperties, rapid production of lactic acid, 
viability and retention of activity in delivery vehicles, ability to stimulate the host immune response, and the ability to 
influence metabolic activities such as vitamins production[20, 21]. 

According toMarteau[22], probiotics may theoretically be responsible for four types of side-effects: systemic infections, 
deleterious metabolic activities, excessive immune stimulation in susceptible individuals, gene transfer.Probiotic products 
should be safe, effective, and should maintain their effectiveness and potency until they are consumed. For centuries 
folklore consideration has suggested that fermented dairy products containing probiotics microorganisms are healthful. 
Recent scientific investigation and work are supported some of these traditional views, suggesting the value of probiotics 
as part of a healthy diet. In addition, the emergence of some new public health risks suggest an important role for effective 
probiotics. Probiotics bacteria and others microorganisms have a potential in solving current and emerging lifestyle 
diseases [23]. 

3. PROBIOTIC MICROORGANISMS IN CASSAVA  

The genus and species of the probiotic strainsinvolved in cassava fermented products as Gari and Attièkèare presented in 

table 1. 

Many probioticswere used in poultry feed such as, Lactobacillus and Bifidobacteria[24], Lactobacillus strains [25-27], 
Saccharomyces cerevisiae [28-30]. 

Many authors reported that Yeasts and lactic acid bacteria are implicated and play important roles in the fermentation of a 
wide variety of traditional food and beverage fermentations[31-35]. 

Fufu, a product of an acid fermented cassava root tuber serves as main course meals in most areas of Nigeria (Odunfa; 
1985). Predominant Lactic Acid Bacteria involved in the traditional Fermentation of Fufuare: L. plantarum, L. brevis, L. 
coprophillus, Lc. Mesenteroides,L. acidophilus, L. brevis, L. lactis[36]. 

L. mesenteroidesmostly occurs at early stages of most vegetable fermentations with L. plantarumpredominating towards 
the end of the processes [31]. 

Lactobacillus sp. and Pediococcussp. were isolated from cassava and sorghum fermentations [37]. 
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Lactobacillus species were found dominated in chicha, cassava beerconsumed by theindigenous Shuar people of the 
Ecuadorian [38]. 

Lactobacillus plantarum, Lactobacillus fermentum, Leuconostoc fallax, Leuconostocmesenteroides, Corynebacterium spp, 
Geotrichum    candidum, Streptococcus faeciumare foundand isolated in Gari[39-41].. 

In Attiéké, the species found and isolatedwereLeuconostocmesenteroidessubsp.mesenteriodes; Lactobacillus salivarius, 
Lactobacillus delbrueckiisubsp.delbrueckii; lactobacillus fermentum; Lactobacillus confusus; Bacillus spp, Yeasts; 
moulds[42-45]. The increase of proteins content in attiéké therefore depends on yeasts (unicellular protein organisms) in 
cassava dough [1, 46]. 

Actually  new products are  made from cassava  like : chips [47, 48], fermented beer [38], bread [49], cake [50], 
tapioca[51, 52], biofuel [53-55], and medicine [56]. 

Table 1: Microorganisms responsible of cassava foods fermentation  

Cassava fermented foods   Microorganisms  References  

Tiquira Minilasitophila, Saccharomycessp [57] 

Lafun Saccharomyces cerevisae, 
Lactobacillus bulgaricus 

[58] 

Cassavabeer Lactobacillussp 

 

[38] 

Attiéké /Gari Lactobacillus plantarium, Lactobacillus 
brevis, Lactobacillus casei 
Lactobacillus delbrukii 

[59] 

Bêdêkouman Lactic acid bacteria [60] 

 

Bêdêkouman:is a cassava fermented food. It is obtain after crumbling, fermentation and gridding of cassava roots.Gari 
and Attiékè used the same process of fermentation like Bêdêkouman. 

Process is summarized in different steps: after crumbing, dough is inoculate with 8% (p/p) of  cassava roots that were 
grated, washed, cuted and conserved in jute bag during 4 days at 30 ± 2°C. After 72 hours of fermentation, dough is sifted 
by pressing against stitch of steelsieve. Dough is packaging in a leaves, and cooked for first time in water during 20 to 25 
minutes before to be pounded and packaging else. Package is cooked else during one hours and pound again, shaped 
like small bread and package again. 

Tiquira:is a cassava fermented drink consumed in Brasil and originated from South America. It is processed into 3 steps 
which are: cassava root processing, saccharification of the gelatinized starch, alcoholic fermentation (Chuzel and Cereda, 
1995). 

4. FUNCTIONAL PROPERTIES OF PROBIOTIC MICROORGANISMS 

Probiotics gave beneficial effects properties in poultry such as antibacterial and antifungal activities and the tolerance of 
fungi to gastrointestinal condition and antioxidant activity of the fungi [61]. According to Sugihartoet al.[62], fungi isolated 
from the Indonesian fermented dried cassava, particularly A. charticola, exhibited antibacterial, antifungal and antioxidant 
activity, gastrointestinal persistence and fermentative capacity that may be beneficial for poultry. 

Probiotics have been shown to improve feed conversion efficiency [63, 64], improve weight gain and reduce mortality [64], 
reduce disease infection and stimulate the immune. 

Bacteria are showed fermenting unabsorbed carbohydrate to short-chain fatty acids (SCFA) which have many health 
benefits related to heart disease and cancer prevention. 

4.1  Improvement ofimmunity system 

The human immune system acts to protect the host from infections against a large variety of noxious agents existing in the 
environment. The associate microorganisms in cassava fermented food are involved in the two functional divisions of the 
immune system: the innate and the acquired. Both components involve various bloodborne factors (complement, 
antibodies, and cytokines) and cells [65]. The ability of Bifidobacterium and Lactobacillus strains to influence the 

functioning of the immune system has been reported[66]. 

One of the arguments supporting the use of lactic acid bacteria fermentation to prevent diarrheal diseases is because they 
modify the composition of intestinal microorganisms and by this, act as deterrents for pathogenic enteric bacteria. 
Polyphenols compound are found in some cassava fermented food have several health attributes like anti-aging, anti-
cancer, anti-immunodilation, protection against cataract, muscular degeneration and liver injury [67-69]. Several in vitro 

and in vivo studies have shown that polyphenols such as flavonoids have antioxidative and immunomodulatory actions.  
An high content of polyphenols might therefore be at responsible for the bioactive[70]. And there  are several studies 
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indicating the stimulation of the host cell immunity, both innate and adaptive immunity, by S. cerevisiae var. boulardiiin 
response to pathogen infections [71].   

4.2 Maintenance of epithelial barrier integrity 

The columnar epithelial cells are responsible for maintaining the physical and functional barrier to harmful pathogen which 
included commensal organisms and their toxins. The preservation of the barrier function is dependent on the intactness of 
apical plasma membrane on the epithelial cells as well as the intercellular tight junctions. Various pathogenic organisms 
have developed strategies to either infect or traverse through the epithelial cells at mucosal surfaces, as part of the 
strategy to establish infection in the host. Successful probiotic bacteria are able to survive gastric conditions and 
colonize the intestine, at least temporarily, by adhering to the intestinal epithelium. Such probiotic microorganisms 
appear to be promising candidates for the treatment of clinical conditions with abnormal gut microflora and altered gut 
mucosal barrier functions. It has been shown that exposure of differentstrains of S. cerevisiae (human epithelial colorectal 
adenocarcinoma cell lines) increased the transepithelial electrical resistance [72] across polarized monolayers of cells. In 
another study, infection of T84 cells with enteropathogenicE. coli reduced the monolayer transepithelial resistance and 
distribution of tight-junction-associated protein Zonula occludenswas altered, which caused disruption of epithelial barrier 
structure. And Induced rats showed a significant (P < 0.05) reduction in the membrane-bound ATPases and reduced 
expression of tight junction proteins in the membrane, coupled with their increased expression in the cytosol, indicating 
membrane damage. Transmission electron microscopic studies correlated with biochemical parameters. Pretreatment with 
combination of L. rhamnosus and L. acidophilus significantly prevented these changes [73]. 

5 Importance and role  

Certain Lactic Acid Bacteria (LAB) species are found not only as components of the human intestinal microflora but also 
they are present in ecosystem of fermented food. That is why fermented milks containing viable LAB are known to be 
beneficial to healh acting as prophylaxis against intestinal infections. Many studies have been conducted on their effect 
onthe incidence and duration of various types of diarrhea [74, 75]. LAB can be effective in preventing gastrointestinal 
disorders and in the recovery from diarrhoea of miscellaneous causes [22]. A decrease in the severty and duration of 
persistent diarrhoea has been reported with LAB [74]. 

The fiber content of cassava tended to be lower after fermentation.The fiber degrading capacity of fungi and their ability to 
increase protein may be beneficial for improving the quality of unconventional feed ingredients for chickens which 
commonly have high and low fiber and protein content, respectively. 

LAB in improving the shelf life and nutritional quality of fermented foods and beverages,controlling diarrhea, as well as 
their antimicrobial properties have been established [76, 77]. 

The probiotics properties and antioxidant activity of A. charticolaand R. oryzaeisolated from the Indonesian fermented 

dried cassava were reported [62]. 

Some authors reported that association of Lactic Acid Bacteria and yeasts during fermentation may also contribute 
metabolites, which could impart taste and flavour to foods [78-80]. 

6.Health and nutritional properties 

Archaic texts from Irac dating back to 3200 BC hold references to cheese, butter, and yoghurt indicating that fermented 
dairy foods have long been part of the daily human diet. 

Lactobacillus species are well adapted to fermentation of food both inside and outside the gastrointes[81, 82]. Lactobacilli 
have been positively associated with human health [83-87].In the case of fermented dairy products Metchnikoff [16] 
reported that they have long been associated with the ability to confer health benefits in those who regularly consume 
them. Also, their impact on the bacterial microbiota in the gut contributed to health and long life [16]. Probiotic-containing 
foods come in the form of fermented milk products, such as yogurt, koumis, and kefir, which have been consumed for 
100s of years [88, 89]. Probiotic microorganisms can interact with the intestinal epithelial. 

Guandaliniet al.[90]reported that the administration of Lactobacillus rhamnosus GG to 287 children aged 1-36 months with 
acute diarrhoea significantly reduced the duration in infected children by rotavirus compared with those receiving placebo. 
Administration of LbrhamnosusGG also shortened the duration of the hospital stay. In Scandinavia regular intake of 
fermented foods to reduce the incidence of seriousdisease [91, 92]. 

The latter considered the longevity of Bulgarian peasants to be related to their high intake of fermented milk products, as 
he considered gut microbes detrimental rather than beneficial to human health [16]. 

Djouldeet al. [46] demonstrated that Lactobacillus plantarumand Rhizopusoryzaeuse as starter contribute to increase 
about 10 ± 2% of protein content. 

Some species of Lactobacillus are considered to be beneficial to human health, given their ability to compete with 
pathogens, stimulate mucus production, and bind to the lining of the intestinal tract [93-95].LAB from fermented foods 
were recently found to play a positive role in mental health [23]. 

The use of LAB as probiotic for treating GIT disorders and as drug-delivery vehicles become increasing interest [66]. Their 
increase in antibiotic resistance, probiotics and their products, such as bacteriocins, promise to be good alternatives as 
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antimicrobials. Globally,many communities recognize the importance of probiotic microorganisms as evidenced by 
increasing demands for dairy products, especially yoghurt [23]. 

7. Production of metabolites 

During cassava fermentation microorganismw have homolactic and heterolactic activities.  The important organic acid 
synthetize by bacteria and others oragnisms during cassava fermentation are : butyric acid, Hexanoic acid, Octanoic acid, 
Decanoic acid, Nonanoic acid, Dehydro acetic acid, 2-Methyl propanoic, Oxalic, Citric, Tartaric, Mallic, Ascorbic, Lactic, 
Acetic, Fumaric, Propionic, Carboxylic acids, Hexanoic, Octanoic, Nonanoic[40, 96-104]. 

Somesvolatiles compounds are also produced during the fermentation of cassava like aldehydes, alcanes, ketones and 
others. 

Plants, yeast and some bacterial species in fermented food contain the folate biosynthesis pathway and produce natural 
folates. But mammals lack the ability to synthesize folate and they are therefore dependent on sufficient intake from 
diet[105]. Several lactic acid bacteria and yeast have been identified to synthetize folates (vitamin B9) in different medium. 
Among them, some have been isolate in cassava fermented by products. It is the case of Lactobacillus rhamnosus, 
Lactobacillus plantarum , Lactobacillus acidophilus, Lactobacillus reuteri, E. faecium, Lactobacillus fermentum, 
Lactobacillus brevis, Lactobacillus salivaris,  S. cerevisiae [69, 72, 73, 106]. 

CONCLUSION 

Fermented food played a vital role in diet and human nutrition. Fermented foods are show as health foods, functional 
foods, therapeutic foods, nutraceutical foods or bio-foods. Probioticsmicroorganisms have a potential in solving current 
and emerging lifestyle diseases. Probiotics  properties could be exploited either to enhance the nutritional value of existing 
foods, such as cassava, or in development of new food products based on traditional foods process. 

REFERENCES 

[1]. Roger DD, Francois-Xavier E, Jean-Justin EN: FERMENTATION DU MANIOC CYANOGENE PAR UNE 
CULTURE MIXTE DE LACTOBACILLUS PLANTARUM ET RHIZOPUS ORYZAE. 2003. 

[2]. Guira F, Some K, Kabore D, Sawadogo‐Lingani H, Traore Y, Savadogo A: Origins, production, and utilization of 
cassava in Burkina Faso, a contribution of a neglected crop to household food security. Food Science & Nutrition 
2016. 

[3]. Lebot V: Tropical root and tuber crops: cassava, sweet potato, yams and aroids: Cabi; 2009. 

[4]. Ravindran G, Ravindran V: Changes in the nutritional composition of cassava (Manihot esculenta Crantz) leaves 
during maturity. Food chemistry 1988, 27(4):299-309. 

[5]. Chandrasekara A, Josheph Kumar T: Roots and Tuber Crops as Functional Foods: A Review on Phytochemical 
Constituents and Their Potential Health Benefits. International journal of food science 2016, 2016. 

[6]. Andrew W: Cassava utilization, storage and small scale processing. Natural resource institute, Chatham maritime 
UK 2002, 14:270-290. 

[7]. Diallo Y, Gueye MT, Sakho M, Darboux PG, Kane A, Barthelemy J-P, Lognay G: Importance nutritionnelle du 
manioc et perspectives pour l'alimentation de base au Sénégal (synthèse bibliographique)/Nutritional importance 
of cassava and perspectives as a staple food in Senegal. A review. Biotechnologie, Agronomie, Société et 
Environnement 2013, 17(4):634. 

[8]. Echebiri R, Edaba M: Production and utilization of cassava in Nigeria: prospects for food security and infant 
nutrition. PAT 2008, 4(1):38-52. 

[9]. FAO U: Food Outlook: Global Market Analysis. Rome, Italy 2012. 

[10]. Nuraida L: A review: Health promoting lactic acid bacteria in traditional Indonesian fermented foods. Food 
Science and Human Wellness 2015, 4(2):47-55. 

[11]. R F: Probiotics in man and animals. Journal of Applied Bacteriology 1989, 66(5):365-378. 

[12]. Havenaar R, Huis JH: Probiotics: a general view. In: The Lactic Acid Bacteria Volume 1. Springer; 1992: 151-
170. 

[13]. Salminen S, Bouley C, Boutron M-C, Cummings J, Franck A, Gibson G, Isolauri E, Moreau M-C, Roberfroid M, 
Rowland I: Functional food science and gastrointestinal physiology and function. British Journal of Nutrition 1998, 
80(S1):S147-S171. 

[14]. Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, Morelli L, Canani RB, Flint HJ, Salminen S: Expert 
consensus document: The International Scientific Association for Probiotics and Prebiotics consensus statement 
on the scope and appropriate use of the term probiotic. Nature Reviews Gastroenterology & Hepatology 2014, 
11(8):506-514. 

[15]. Reid G: The importance of guidelines in the development and application of probiotics. Current pharmaceutical 
design 2005, 11(1):11-16. 



I S S N  2 3 4 8 - 6 2 0 1  
V o l u m e  0 6  N u m b e r  2  

J O U R N A L  O F  A D V A N C E S  I N  B I O T E C H N O L O G Y  

 

8 6 3  |  P a g e                                        
O c t o b e r ,  2 0 1 6                                              w w w . c i r w o r l d . c o m  
 

[16]. Metchnikoff II: Prolongation of Life. Putnam. New York, pp 97–116 1908. 

[17]. Franz C, Cho G-S, Holzapfel WH, Gálvez A: Safety of lactic acid bacteria: Wiley-Blackwell: Ames, IA, USA; 2010. 

[18]. Kollath W: Nutrition and the tooth system; general review with special reference to vitamins. Deutsche 
zahnärztliche Zeitschrift 1953, 8(11):Suppl 7. 

[19]. Holzapfel WH, Schillinger U: Introduction to pre-and probiotics. Food Research International 2002, 35(2):109-
116. 

[20]. Pundir RK, Rana S, Kashyap N, Kaur A: Probiotic potential of lactic acid bacteria isolated from food samples: an 
in vitro study. Journal of Applied pharmaceutical science 2013, 3(3):85. 

[21]. Mourad K, Nour-Eddine K: In vitro preselection criteria for probiotic Lactobacillus plantarum strains of fermented 
olives origin. International Journal of Probiotics and Prebiotics 2006, 1(1):27. 

[22]. Marteau P: Safety aspects of probiotic products. Scand J Nutr 2001, 45:22-24. 

[23]. Mokoena MP, Mutanda T, Olaniran AO: Perspectives on the probiotic potential of lactic acid bacteria from African 
traditional fermented foods and beverages. Food & nutrition research 2016, 60. 

[24]. Ziggers D: Tos, a new prebiotic derived from whey. Animal Feed Science and Technology 2000, 5:34-36. 

[25]. Ahmad I: Effect of probiotic (Protexin) on the growth of broilers with special reference to the small intestinal crypt 
cells proliferation. Master of Philosophy Thesis Centre of Biotechnology, University of Peshawar 2004. 

[26]. Ngoc Lan PT, Binh LT, Benno Y: Impact of two probiotic Lactobacillus strains feeding on fecal lactobacilli and 
weight gains in chicken. The Journal of general and applied microbiology 2003, 49(1):29-36. 

[27]. Gunal M, Yayli G, Kaya O, Karahan N, Sulak O: The effects of antibiotic growth promoter, probiotic or organic 
acid supplementation on performance, intestinal microflora and tissue of broilers. Int J Poult Sci 2006, 5(2):149-

155. 

[28]. Lila Z, Mohammed N, Yasui T, Kurokawa Y, Kanda S, Itabashi H: Effects of a twin strain of live cells on mixed 
ruminal microorganism fermentation in vitro. Journal of Animal Science 2004, 82(6):1847-1854. 

[29]. Ghasemi H, Tahmasbi A, Moghaddam G, Mehri M, Alijani S, Kashefi E, Fasihi A: The effect of phytase and 
Saccharomyces cervisiae (sc47) supplementation on performance, serum parameters, phosphorous and calcium 
retention of broiler chickens. International Journal of Poultry Science 2006, 5(2):162-168. 

[30]. Adams M, Marteau P: On the safety of lactic acid bacteria from food. International journal of food microbiology 
1995, 27(2):263-264. 

[31]. Abegaz K: Isolation, characterization and identification of lactic acid bacteria involved in traditional fermentation 
of borde, an Ethiopian cereal beverage. African Journal of biotechnology 2007, 6(12). 

[32]. Mugula J, Nnko S, Narvhus J, Sørhaug T: Microbiological and fermentation characteristics of togwa, a Tanzanian 
fermented food. International journal of food microbiology 2003, 80(3):187-199. 

[33]. Obinna‐Echem PC, Kuri V, Beal J: Evaluation of the microbial community, acidity and proximate composition of 
akamu, a fermented maize food. Journal of the Science of Food and Agriculture 2014, 94(2):331-340. 

[34]. Soni S, Sandhu D, Vilkhu K, Kamra N: Microbiological studies on dosa fermentation. Food Microbiology 1986, 
3(1):45-53. 

[35]. Salminen S: The effect of the audience on the home advantage. Perceptual and motor skills 1993, 76(3):1123-
1128. 

[36]. Oyedeji O, Ogunbanwo ST, Onilude AA: Predominant lactic acid bacteria involved in the traditional fermentation 
of fufu and ogi, two Nigerian fermented food products. Food and Nutrition Sciences 2013, 4(11):40. 

[37]. Varnam A, Awamaria B: Probiotic and prebiotic properties of lactic acid bacteria isolated from cassava 
fermentations. In: Proceedings of the 13th ISTRC Symposium: 2007. 417-422. 

[38]. Colehour A, Meadow JF, Cepon-Robins TJ, Gildner TE, Liebert MA, Urlacher SS, Bohannan BJ, Snodgrass JJ, 
Sugiyama LS: Local domestication of microbes via cassava beer fermentation. In.: PeerJ PrePrints; 2014. 

[39]. Kostinek M, Specht I, Edward VA, Schillinger U, Hertel C, Holzapfel WH, Franz CM: Diversity and technological 
properties of predominant lactic acid bacteria from fermented cassava used for the preparation of Gari, a 
traditional African food. Systematic and Applied Microbiology 2005, 28(6):527-540. 

[40]. Onyango C, Bley T, Raddatz H, Henle T: Flavour compounds in backslop fermented uji (an East African sour 
porridge). European Food Research and Technology 2004, 218(6):579-583. 

[41]. Yao A, Koffi DM, Blei SH, Irie ZB, Niamke SL: Propriétés biochimiques et organoleptiques de trois mets 
traditionnels ivoiriens (attiéké, placali, attoukpou) à base de granulés de manioc natifs. International Journal of 
Biological and Chemical Sciences 2015, 9(3):1341-1353. 



I S S N  2 3 4 8 - 6 2 0 1  
V o l u m e  0 6  N u m b e r  2  

J O U R N A L  O F  A D V A N C E S  I N  B I O T E C H N O L O G Y  

 

8 6 4  |  P a g e                                        
O c t o b e r ,  2 0 1 6                                              w w w . c i r w o r l d . c o m  
 

[42]. Amoa-Awua WKA, Appoh FE, Jakobsen M: Lactic acid fermentation of cassava dough into agbelima. 
International Journal of Food Microbiology 1996, 31(1):87-98. 

[43]. Assanvo J, Agbo G, Behi Y, Coulin P, Farah Z: Microflora of traditional starter made from cassava for ―attiéké‖ 
production in Dabou (Côte d’Ivoire). Food control 2006, 17(1):37-41. 

[44]. Coulin P, Farah Z, Assanvo J, Spillmann H, Puhan Z: Characterisation of the microflora of attieke, a fermented 
cassava product, during traditional small-scale preparation. International journal of food microbiology 2006, 
106(2):131-136. 

[45]. Toka MD, Djéni TND, Dje MK: Improved Process of Cassava Processing into``Attiéké'', a Traditional Food 
Product of Côte D'Ivoire. International Journal of Food Engineering 2008, 4(5). 

[46]. DJOULDE DARMAN R, ETOA F-X, ESSIA NGANG J-J, MBOFUNG CM: Fermentation du manioc par une 
culture mixte de Lactobacillus plantarum et Rhyzopus oryzae. MHA 2003, 15(44):9-15. 

[47]. Nambisan B, Sundaresan S: Effect of processing on the cyanoglucoside content of cassava. Journal of the 
Science of Food and Agriculture 1985, 36(11):1197-1203. 

[48]. Vitrac O, Dufour D, Trystram G, Raoult‐Wack AL: Deep‐fat frying of cassava: influence of raw material properties 
on chip quality. Journal of the Science of Food and Agriculture 2001, 81(2):227-236. 

[49]. Pasqualone A, Caponio F, Summo C, Paradiso VM, Bottega G, Pagani MA: Gluten-free bread making trials from 
cassava (Manihot esculenta Crantz) flour and sensory evaluation of the final product. International Journal of 
Food Properties 2010, 13(3):562-573. 

[50]. Sanful RE, Darko S: Production of cocoyam, cassava and wheat flour composite rock cake. Pakistan Journal of 
Nutrition 2010, 9(8):810-814. 

[51]. Adebowale AR, Sanni L, Awonorin S, Daniel I, Kuye A: Effect of cassava varieties on the sorption isotherm of 
tapioca grits. International journal of food science & technology 2007, 42(4):448-452. 

[52]. Sanni LO, Atere C, Kuye A: Moisture sorption isotherms of fufu and tapioca at different temperatures. Journal of 
food engineering 1997, 34(2):203-212. 

[53]. Hu Z, Tan P, Pu G: Multi-objective optimization of cassava-based fuel ethanol used as an alternative automotive 
fuel in Guangxi, China. Applied energy 2006, 83(8):819-840. 

[54]. Nguyen TLT, Gheewala SH, Garivait S: Energy balance and GHG-abatement cost of cassava utilization for fuel 
ethanol in Thailand. Energy Policy 2007, 35(9):4585-4596. 

[55]. Papong S, Malakul P: Life-cycle energy and environmental analysis of bioethanol production from cassava in 
Thailand. Bioresource technology 2010, 101(1):S112-S118. 

[56]. La Frano MR, Woodhouse LR, Burnett DJ, Burri BJ: Biofortified cassava increases β-carotene and vitamin A 
concentrations in the TAG-rich plasma layer of American women. British Journal of Nutrition 2013, 110(02):310-
320. 

[57]. Chuzel G, Zakhaia N, Cereda M, EGBE T, BRAUMAN A, GRIFFON D, TRECHE S: Potencialités de nouveaux 
produits derives du manioc au Brésil. Transformation alimentaire du manioc Paris: Orstom 1995:63-74. 

[58]. Etsuyankpa M, Gimba C, Agbaji E, Omoniyi K, Ndamitso M, Mathew J: Assessment of the Effects of Microbial 
Fermentation on Selected Anti-Nutrients in the Products of Four Local Cassava Varieties from Niger State, 
Nigeria. American Journal of Food Science and Technology 2015, 3(3):89-96. 

[59]. Abodjo Kakou C, Tagro Guehi S, Olo K, Akissi Kouame F, Koffi Nevry R, Marina Koussemon C: Biochemical and 
microbial changes during traditional spontaneous lactic acid fermentation process using two varieties of cassava 
for production of a ―Alladjan‖ starter. Int Food Res J 2010, 17:563-573. 

[60]. Koffi-Nevry R, Koussemon M, Nanga ZY, Abro MM, Kakou C, Kablan T: Evolution de la microflore et 
caractéristiques physico-chimiques d’un aliment traditionnel à base de manioc (Manihot esculenta Crantz) 
fermenté: Le Bêdêcouman. Editorial Advisory Board e 2005, 21(2):259-267. 

[61]. Kabir S: The role of probiotics in the poultry industry. International Journal of Molecular Sciences 2009, 
10(8):3531-3546. 

[62]. Sugiharto S, Yudiarti T, Isroli I: Functional properties of filamentous fungi isolated from the Indonesian fermented 
dried cassava, with particular application on poultry. Mycobiology 2015, 43(4):415-422. 

[63]. Ayanwale B, Kpe M, Ayanwale V: The effect of supplementing Saccharomyces cerevisiae in the diets on egg 
laying and egg quality characteristics of pullets. Int J Poult Sci 2006, 5:759-763. 

[64]. Jin L, Ho Y, Abdullah N, Jalaludin S: Probiotics in poultry: modes of action. World's Poultry Science Journal 1997, 
53(04):351-368. 

[65]. Schoen C, Schulz A, Schweikart J, Schütt S, von Baehr V: Regulatory effects of a fermented food concentrate on 
immune function parameters in healthy volunteers. Nutrition 2009, 25(5):499-505. 



I S S N  2 3 4 8 - 6 2 0 1  
V o l u m e  0 6  N u m b e r  2  

J O U R N A L  O F  A D V A N C E S  I N  B I O T E C H N O L O G Y  

 

8 6 5  |  P a g e                                        
O c t o b e r ,  2 0 1 6                                              w w w . c i r w o r l d . c o m  
 

[66]. Toma MM, Pokrotnieks J: Probiotics as functional food: microbiological and medical aspects. Acta Universitatis 
Latviensis 2006, 710:117-129. 

[67]. Kaur C, Kapoor HC: Antioxidants in fruits and vegetables–the millennium’s health. International journal of food 
science & technology 2001, 36(7):703-725. 

[68]. Agrawal R: Probiotics: an emerging food supplement with health benefits. Food Biotechnology 2005, 19(3):227-
246. 

[69]. Hasan M, Sultan M, Mar-E-Um M: Significance of fermented food in nutrition and food science. Journal of 
Scientific Research 2014, 6(2):373-386. 

[70]. Klingberg S, Ellegård L, Johansson I, Hallmans G, Weinehall L, Andersson H, Winkvist A: Inverse relation 
between dietary intake of naturally occurring plant sterols and serum cholesterol in northern Sweden. The 
American journal of clinical nutrition 2008, 87(4):993-1001. 

[71]. Psani M, Kotzekidou P: Technological characteristics of yeast strains and their potential as starter adjuncts in 
Greek-style black olive fermentation. World Journal of Microbiology and Biotechnology 2006, 22(12):1329-1336. 

[72]. Anyogu A, Awamaria B, Sutherland J, Ouoba L: Molecular characterisation and antimicrobial activity of bacteria 
associated with submerged lactic acid cassava fermentation. Food Control 2014, 39:119-127. 

[73]. Chelule P, Mokoena M, Gqaleni N: Advantages of traditional lactic acid bacteria fermentation of food in Africa. 
Current research, technology and education topics in applied microbiology and microbial biotechnology 2010, 
2:1160-1167. 

[74]. Bhatnagar S, Singh KD, Sazawal S, Saxena SK, Bhan MK: Efficacy of milk versus yogurt offered as part of a 
mixed diet in acute noncholera diarrhea among malnourished children. The Journal of pediatrics 1998, 

132(6):999-1003. 

[75]. Kalliomäki M, Salminen S, Arvilommi H, Kero P, Koskinen P, Isolauri E: Probiotics in primary prevention of atopic 
disease: a randomised placebo-controlled trial. The Lancet 2001, 357(9262):1076-1079. 

[76]. Gadaga T, Mutukumira A, Narvhus J, Feresu S: A review of traditional fermented foods and beverages of 
Zimbabwe. International journal of food microbiology 1999, 53(1):1-11. 

[77]. Hati S, Mandal S, Prajapati J: Novel starters for value added fermented dairy products. Current Research in 
Nutrition and Food Science Journal 2013, 1(1):83-91. 

[78]. Brauman A, Keleke S, Malonga M, Miambi E, Ampe F: Microbiological and biochemical characterization of 
cassava retting, a traditional lactic Acid fermentation for foo-foo (cassava flour) production. Applied and 
Environmental Microbiology 1996, 62(8):2854-2858. 

[79]. Halm M, Lillie A, Sørensen A, Jakobsen M: Microbiological and aromatic characteristics of fermented maize 
doughs for kenkey production in Ghana. International journal of food microbiology 1993, 19(2):135-143. 

[80]. Hansen Å, Hansen B: Flavour of sourdough wheat bread crumb. Zeitschrift für Lebensmittel-Untersuchung und 
Forschung 1996, 202(3):244-249. 

[81]. van Hylckama Vlieg JE, Veiga P, Zhang C, Derrien M, Zhao L: Impact of microbial transformation of food on 
health—from fermented foods to fermentation in the gastro-intestinal tract. Current opinion in biotechnology 2011, 
22(2):211-219. 

[82]. Suzzi G: From wild strain to domesticated strain: the philosophy of microbial diversity in foods. Frontiers in 
microbiology 2011, 2:169. 

[83]. Dethlefsen L, McFall-Ngai M, Relman DA: An ecological and evolutionary perspective on human–microbe 
mutualism and disease. Nature 2007, 449(7164):811-818. 

[84]. Costello EK, Lauber CL, Hamady M, Fierer N, Gordon JI, Knight R: Bacterial community variation in human body 
habitats across space and time. Science 2009, 326(5960):1694-1697. 

[85]. Consortium HMP: Structure, function and diversity of the healthy human microbiome. Nature 2012, 
486(7402):207-214. 

[86]. Spor A, Koren O, Ley R: Unravelling the effects of the environment and host genotype on the gut microbiome. 
Nature Reviews Microbiology 2011, 9(4):279-290. 

[87]. Linnenbrink M, Wang J, Hardouin EA, Künzel S, Metzler D, Baines JF: The role of biogeography in shaping 
diversity of the intestinal microbiota in house mice. Molecular ecology 2013, 22(7):1904-1916. 

[88]. Parvez S, Malik K, Ah Kang S, Kim HY: Probiotics and their fermented food products are beneficial for health. 
Journal of applied microbiology 2006, 100(6):1171-1185. 

[89]. Tamime A: Fermented milks: a historical food with modern application-a review. European Journal of Clinical 
Nutrition 2002, 56:S2-S15. 



I S S N  2 3 4 8 - 6 2 0 1  
V o l u m e  0 6  N u m b e r  2  

J O U R N A L  O F  A D V A N C E S  I N  B I O T E C H N O L O G Y  

 

8 6 6  |  P a g e                                        
O c t o b e r ,  2 0 1 6                                              w w w . c i r w o r l d . c o m  
 

[90]. Guandalini S, Pensabene L, Zikri MA, Dias JA, Casali LG, Hoekstra H, Kolacek S, Massar K, Micetic–Turk D, 
Papadopoulou A: Lactobacillus GG administered in oral rehydration solution to children with acute diarrhea: a 
multicenter European trial. Journal of pediatric gastroenterology and nutrition 2000, 30(1):54-60. 

[91]. Keszei AP, Novak M, Streiner DL: Introduction to health measurement scales. Journal of psychosomatic research 

2010, 68(4):319-323. 

[92]. Sonestedt E, Wirfält E, Wallström P, Gullberg B, Orho-Melander M, Hedblad B: Dairy products and its association 
with incidence of cardiovascular disease: the Malmö diet and cancer cohort. European journal of epidemiology 
2011, 26(8):609-618. 

[93]. Kravtsov E, Yermolayev A, Anokhina I, Yashina N, Chesnokova V, Dalin M: Adhesion characteristics of 
Lactobacillus is a criterion of the probiotic choice. Bulletin of experimental biology and medicine 2008, 
145(2):232-234. 

[94]. Lebeer S, Vanderleyden J, De Keersmaecker SC: Genes and molecules of lactobacilli supporting probiotic 
action. Microbiology and Molecular Biology Reviews 2008, 72(4):728-764. 

[95]. Turpin W, Humblot C, Noordine M-L, Thomas M, Guyot J-P: Lactobacillaceae and cell adhesion: genomic and 
functional screening. PLoS One 2012, 7(5):e38034. 

[96]. McFeeters R: Fermentation microorganisms and flavor changes in fermented foods. Journal of Food Science 

2004, 69(1):FMS35-FMS37. 

[97]. Damasceno S, Cereda M, Pastore G, Oliveira J: Production of volatile compounds by Geotrichum fragrans using 
cassava wastewater as substrate. Process Biochemistry 2003, 39(4):411-414. 

[98]. Schwan RF, do Amaral Santos CCA, Santos MRRM, Duarte WF: Bacterial dynamics and chemical changes 
during the spontaneous production of the fermented porridge (Calugi) from cassava and corn. African Journal of 
Microbiology Research 2014, 8(9):839-849. 

[99]. Corral S, Salvador A, Flores M: Elucidation of key aroma compounds in traditional dry fermented sausages using 
different extraction techniques. Journal of the Science of Food and Agriculture 2015, 95(6):1350-1361. 

[100]. Morales P, Fernández-Garcı́a E, Gaya P, Nuñez M: Formation of volatile compounds by wild Lactococcus lactis 
strains isolated from raw ewes’ milk cheese. International Dairy Journal 2003, 13(2):201-209. 

[101]. Muyanja C, Narvhus J, Langsrud T: Organic acids and volatile organic compounds produced during traditional 
and starter culture fermentation of Bushera, a Ugandan fermented cereal beverage. Food Biotechnology 2012, 

26(1):1-28. 

[102]. Dhellot J, Mokemiabeka S, Moyen R, Kobawila S, Louembe D: Volatile compounds produced in two traditional 
fermented foods of the Congo: Nsamba (palm wine) and bikedi (retted cassava dough). African Journal of 
Biotechnology 2014, 13(42). 

[103]. Djeni N, Bouatenin K-P, Assohoun N, Toka D, Menan E, Dousset X, Dje K: Biochemical and microbial 
characterization of cassava inocula from the three main attieke production zones in Côte d'Ivoire. Food Control 
2015, 50:133-140. 

[104]. Lasekan O, Hosnas R, Ng S, Lin M, Azeez S, Teoh L, Gholivand S, Shittu R: Identification of aromatic 
compounds and their sensory characteristics in cassava flakes and ―garri‖(Manihot esculenta Crantz). CyTA-
Journal of Food 2016, 14(1):154-161. 

[105]. Moslehi-Jenabian S, Lindegaard L, Jespersen L: Beneficial effects of probiotic and food borne yeasts on human 
health. Nutrients 2010, 2(4):449-473. 

[106]. LeBlanc JG, de Giori GS, Smid EJ, Hugenholtz J, Sesma F: Folate production by lactic acid bacteria and other 
food-grade microorganisms. Communicating current research and educational topics and trends in applied 
microbiology 2007, 1:329-339. 

 


