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ABSTRACT 
Garri and Akpu is an African traditional fermented food product prepared from cassava that is 
widely accepted by both rural and urban dwelling peoples with little concern about those 
microorganisms that are associated with it. The present study was undertaken to investigate the 
microorganisms associated with cassava based product (Garri and Akpu). A total of 400 samples 
(50 white Garri, 50 yellow Garri and 100 Akpu) were purchased within Abakaliki Metropolis, 
Ebonyi State.  Using serial dilution method, the samples were plated on different microbiological 
media. Organisms growing on the media were purified and identified using microbiological 
standards. It was found out that all the tested samples were positive for microbial contamination. 
Out of 400 cassava based foods (50 white Garri, 50 yellow Garri and 100 Akpu) analyzed, a total 
of 104 bacteria isolates were obtained. Out of which 44 bacteria isolates (11 Salmonella species, 8 
Citrobacter species, 7 Serratia species, 7 Shigella species, 8 Klebsiella species and 3 Proteus 
species) were from White Garri; 37 bacteria from Yellow Garri (5 Citrobacter species, 3 
Salmonella species, 7 Shigella species, 5 Klebsiella species, 8 Proteus species, 9 Serratia species) 
and 23 bacterial isolates (14 Escherichia species and 9 Staphylococcus species) from Akpu.  A total 
of 48 fungal isolates were obtained from the 400 cassava based foods analyzed. 17 fungal isolates 
(6 Mucor species, 5 Aspergillus species, 4 Rhizopus species and 2 Fusarium species) were obtained 
from White Garri, 13 fungal isolates (5 Rhizopus species, 4 Aspergillus species, 3 Fusarium species 
and 1 Mucor species) from Yellow Garri and 18 fungal isolates (6 Aspergillus species, 6 Fusarium 
species, 4 Rhizopus species and 3 Mucor species)where from Akpu. This present study revealed 
high bioload and vast array of microorganisms in market Garri and Akpu. These are threatening 
and alarming and suggest early warning signals indicating the level of safety of available market 
Garri and Akpu. Hence adequate sanitation practice should be enforced concerning the sale of 
cassava based foods. Personal hygiene of hawkers and sanitation of utensils are important.              
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INTRODUCTION 

 
Cassava (Manihot esculenta Crantz) is an important root crop in Africa, Asia, South America and 
India where it provides over 50% of the average daily intake in some countries (Oyewole and 
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Ogundele, 2001), cassava is also an important food in the tropics, it has two major deficiencies 
which are carried over into those foods made from it: Its content of toxic cyanogenic glucosides and 
its low content of protein and amino acids (Okafor et al., 1999).                                                           
The Fufu also called “Akpu” in Ibo is a meal of soaked fermented cassava roots widely consumed 
in particularly in the southeastern parts of the country (Iwuoha and Eke, 1996; Sobowale al., 2007). 
Garri is a popular food in Nigeria derived from the fermentation of mash obtained from the enlarged 
root of the cassava plant, Manihot esculenta, Crantz (Okafor et al., 1999).                                           
Several workers have studied the microbiology of cassava fermentation for Fufu “Akpu” production 
(Okafor et al., 1984; Oyewole, 1991; Brauman et al., 1996; Sobowale et al., 2007). These previous 
works have concentrated on the microorganisms associated with cassava fermentation for Fufu 
“Akpu” production with the aim of optimizing the microbial processes and improving the 
organoleptic appeal of the food. However, much has not been done on the aspect of microbial 
quality of Fufu “Akpu” and Garri from the public health point of view. Hence this work was aimed 
to ascertain the microorganisms associated with cassava based foods (Akpu and Garri) within the 
Abakaliki Metropolis, Ebonyi State, Nigeria.                                                                                         

.                                            
MATERIALS AND METHODS 

 
Study Area 
This study was conducted within 10 markets in Abakaliki Metropolis, Ebonyi state. The study area 
is located between Latitude 060 4́ N and longitude 080 5́ E and rainfall pattern is bimodal (April-
July), September-November with a short spell sometimes in August. The annual rainfall is between 
1000mm-1500mm.The vegetation of the area is predominantly derived Savannah. The mean annual 
temperature is about 24oC and the relative humidity is between 60-80% (Ofomata, 1975).                  
Sample Collection and Preparation  
A total of 400 samples (50 white Garri, 50 yellow Garri and 100 Akpu) were purchased between 
May-October, 2013. Samples were collected at regular intervals evenly spread over the study 
period. These samples were collected randomly from 10 selected markets within Abakaliki 
Metropolis, Ebonyi State, Nigeria.                                                                                                          
Sample Preparation  
The samples were prepared using the method described by Thoha et al. (2012) with slight 
modification. 10g of each sample was added to 90ml of 0.1% (w/v) peptone water and 
homogenized by rolling between the palms at medium speed. Serial decimal 10 fold dilution was 
prepared by transfer of one millimeter of initial suspension into a tube containing 9ml of 0.1% (w/v) 
peptone water. These operations were repeated using a new sterile pipette to obtain 10-2 through 10-
10 dilutions.                                                                                                                                              
Isolation and Identification of Bacteria and Fungi 
The suspensions of the samples prepared above were inoculated onto nutrient agar, MacConkey 
agar and potato dextrose agar. The plates were incubated at 27ºC for 72 hours after which slide 
cultures were prepared for microscopic examination and biochemical identification (Cheesbrough, 
2006).                                                                                                                                                       
Subsequently, Shigella Salmonella Agar (SSA) was also used for the isolation of Shigella and 
Salmonella species.                                                                                                                                  

 
RESULT AND DISCUSSION 

   
 

The result of the microbial examination of the cassava based foods (Garri and Akpu) showed that 8 
bacteria and 4 fungi isolates were isolated from this work. These bacterial isolates from Garri 
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encompass Citrobacter species, Salmonella species, Shigella species, Klebsiella species, Proteus 
species and Serratia species and from Akpu include Staphylococcus species and Escherichia 
species as shown in Table 1, while the fungal isolates were Aspergillus species, Rhizopus species,    
  Mucor species and Fusarium species from both Garri and Akpu as shown in Table 2.                      

      
Table 1: Characteristic of bacteria isolates isolated from cassava based foods (Garri and 

Akpu) 
 

 

  
  

Table2: Morphological and Microscopic of fungi isolated from cassava based foods (Garri 
and Akpu) 
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Colour Consistency
/Texture 

Colourless Small round 
colonies 

- + - - - + + + + Citrobacter spp. 

Milky Small round 
colonies 

- + - - - + + - - Salmonella spp. 

Light 
yellow 

Raised 
/smooth edge 

- - - - - - + - + Shigella  spp. 

Pink  Mucoid 
colonies 

- + - - + - + + + Klebsiella  spp. 

Bluish 
green 

Small round 
colonies 

- + - - - + + - + Proteus spp. 

Dark red Small round 
colonies 

- - - - + + + + - Serratia spp. 

Greenish Rough 
surface 

- + - + - - + + - Escherichia spp. 

Creamy Raised/ 
smooth edge 

+ + - - - - + - - Staphylococcus spp. 

Morphological Characteristics Microscopic Examination Suspected 
Organisms 

Velvety filamentous white growth that 
sporulate black powdery spores  

Long septate hyphae with conidiophore 

bearing brown spores and phialide at its 

apex 

  

Aspergillus 

species 

Long hyphael growth which Non-septate, branched mycellium with Rhizopus species 
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Out of 400 cassava based foods (50 white Garri, 50 yellow Garri and 100 Akpu) analyzed, a total of 
104 bacteria isolates were obtained. Out of which 44 bacteria isolates (11 Salmonella species, 8 
Citrobacter species, 7 Serratia species, 7 Shigella species, 8 Klebsiella species and 3 Proteus 
species) were from White Garri; 37 bacteria isolates (9 Serratia species, 8 Proteus species, 7 
Shigella species from Yellow Garri, 5 Citrobacter species, 5 Klebsiella species and 3 Salmonella 
species) and 23 bacterial isolates (14 Escherichia species and 9 Staphylococcus species) from Akpu 
(Table 3).                                                                                                                                                 

Table 3: Percentage frequency of bacterial isolates from cassava based foods (Garri and 
Akpu) 

 
Bacterial Isolates White Garri  Yellow 

Garri 
Akpu 

Citrobacter species 8 (18.2%) 5 (13.5%) 0 
Salmonella species 11 (25.0%) 3 (8.1%) 0 
Shigella species 7 (15.9%) 7 (18.9%) 0 
Klebsiella species 8 (18.2%) 5 (13.6%) 0 
Proteus species 3 (6.8%) 8 (21.6%) 0 
Serratia species 7 (15.9%) 9 (24.3%) 0 
Escherichia species 0 (0.0%) 0 (0.0%) 14 (60.9%) 
Staphylococcus species 0 (0.0%) 0 (0.0%) 9 (39.1%) 

Total 44 37 23 
A total of 48 fungal isolates were obtained from the 400 cassava based foods (50 white Garri, 50 
yellow Garri and 100 Akpu) analyzed. 17 fungal isolates (6 Mucor species, 5 Aspergillus species, 4 
Rhizopus species and 2 Fusarium species) were obtained from White Garri, 13 fungal isolates (5 
Rhizopus species, 4 Aspergillus species, 3 Fusarium species and 1 Mucor species) from Yellow 
Garri and 18 fungal isolates (6 Aspergillus species, 6 Fusarium species, 4 Rhizopus species and 3 
Mucor species)where from Akpu (Table 4).                                                                                           

  
Table 4: Percentage frequency of fungi isolates from cassava based foods (Garri and Akpu) 

Bacterial Isolates White Garri Yellow Garri Akpu 

Aspergillus species 5 (29.4%) 4 (30.8%) 6 (33.3%) 

Rhizopus species 4 (23.5%) 5 (38.5) 4 (22.2%) 
Mucor species 6 (35.3%) 1 (7.7%) 3 (16.7%) 
Fusarium species 2 (11.8%) 3 (23.0%) 5 (27.8%) 

Total 17  13 18 
  
  

sporulated within two days to turn to 
black spore   

 

round shaped sporangia   

White and wooly aerial growth that 
darkens as it sporulate    

Non-septate hyohae with straight 
sporangiophore with many spherical spores. 

 

Mucor species 

Pink fluffy and spreading colonies 
which is creamy around edges  

Septate hyphae with sickle chlamydospores 
at the hyphae 

Fusarium species 
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Cassava is a plant that has been processed into many products and there are still emerging new 
products from cassava. These products have fed millions of people and others have economic value. 
This has elicited interest in cassava-based products (Ukwuru and Egbonu, 2013). In Nigeria, 
cassava is processed into gari, fufu, pellets for compounding animal feeds and kpokpo gari 
(Lancaster et al., 1982 and Tewe, 1986) and also into instant aromatized (fermented) flour 
(Okpokiri et al., 1984).                                                                                                                            
In Nigeria, the sale and distribution of garri in local markets is associated with practices such as 
display of product in open buckets, bowls and mats at points of sale and the use of bare hands 
during handling and sales. These unhygienic practices, which may lead to microbial contamination 
due to deposition of bioaerosols on exposed products (Ogugbue et al., 2011). Previous reports have 
revealed high bioload and a vast array of microorganisms in market samples of garri and other 
cassava based products (Ijabadeniyi, 2007; Ogiehor et al., 2007; Omafuvbe et al., 2007; Amadi and 
Adebola, 2008; Ogugbue et al., 2011 and Odom et al., 2012).                                                               
Out of 400 cassava based foods (50 white Garri, 50 yellow Garri and 100 Akpu) analyzed, a total of 
104 bacteria isolates were obtained. Out of which 44 bacteria isolates (11 Salmonella species, 8 
Citrobacter species, 7 Serratia species, 7 Shigella species, 8 Klebsiella species and 3 Proteus 
species) were from White Garri; 37 bacteria isolates (9 Serratia species, 8 Proteus species, 7 
Shigella species from Yellow Garri, 5 Citrobacter species, 5 Klebsiella species and 3 Salmonella 
species) and 23 bacterial isolates (14 Escherichia species and 9 Staphylococcus species) from Akpu 
(Table 1, 3).                                                                                                                                             
Salmonella species, Citrobacter species, Serratia species, Shigella species, Klebsiella species and 
Proteus species were isolated from White Garri and Yellow Garri (Table 1). Salmonella species 
(25.0%) were the highest bacteria isolated from White garri, followed by Citrobacter species 
(18.2%) and Klebsiella species (18.2%), Shigella species (15.9%), Serratia species (15.9%), while 
Proteus species (6.8%) recorded the least. Serratia species (24.3%) were the highest bacteria 
isolated from Yellow Garri, followed by Proteus species (21.6%), Shigella species (18.9%), 
Klebsiella species (13.6%), Citrobacter species (13.5), while Salmonella species (8.1%) recorded 
the least (Tabl 3). It also observed that there is more microbial contamination in White Garri than 
Yellow Garri. This may be due to the antimicrobial property of the oil added to it. The result of this 
work is contrary to the work of Thoha et al. (2012), who reported more microbial contamination in 
Yello Garri than in White Garri.                                                                                                              
The result of this work is in line with the work of Ogugbue et al. (2011) who isolated Salmonella 
species from post processed garri on sale in Port Harcourt Markets. Salmonella causes food 
poisoning and typhoid fever (Ekperigin and Nagaraja, 1998 and Parry et al., 2002) and are 
particularly effective at causing human infections because they can survive a series of harsh 
conditions which include strong acids in the stomach (Oguegbu et al., 2011).  The presence of 
Shigella species as shown in this work is likely to be characterized by diarrhea and vomiting 
(Singleton, 1995; Frazier and Westhorf, 2004; Eze et al., 2008). Ogiehor et al. (2007) isolated 
Klebsiella species from garri sold in some selected states of Southern Nigeria, which is in line with 
the result of this study. Klebsiella organisms can lead to a wide range of disease states, notably 
pneumonia, urinary tract infections, septicemia, and soft tissue infections (Podschun and Ullmann, 
1998). Proteus vulgaris has been reported to be isolated from dried cassava powder (garri) in Ogun 
State (Thoha, 2012). This is in agreement with the result obtained in this work and also an 
indication that Proteus species can be isolated from garri.                                                                     
Serratia species and Citrobacter species isolated in this study, is contrary to most work on the 
bacteriological analysis of Garri (Ogugbue et al. (2011) Ijabadeniyi, 2007; Omafuvbei et al., 2007; 
Ogiehor et al., 2007; Omafuvbe et al., 2007; Amadi and Adebola, 2008; Ogugbue et al., 2011; 
Thoha, 2012 and Odom et al., 2012). Akpomie et al. (2012) reported the presence of Serratia 
marcescens from cassava root peels, this is also an indication that Serratia species can be isolated 
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from Garri, which is a cassava based food. These organisms (Serratia species and Citrobacter 
species) are capable of causing urinary tract infection.                                                                           
A total of 48 fungal isolates were obtained from the 400 cassava based foods (50 white Garri, 50 
yellow Garri and 100 Akpu) analyzed. 17 fungal isolates (6 Mucor species, 5 Aspergillus species, 4 
Rhizopus species and 2 Fusarium species) were obtained from White Garri, 13 fungal isolates (5 
Rhizopus species, 4 Aspergillus species, 3 Fusarium species and 1 Mucor species) from Yellow 
Garri and 18 fungal isolates (6 Aspergillus species, 6 Fusarium species, 4 Rhizopus species and 3 
Mucor species) where from Akpu (Table 2, 4).                                                                                      
Mucor species (35.3%) were the highest fungi isolated from White Garri, followed by Aspergillus 
species (29.4%), Rhizopus species (23.5%) and Fusarium species (11.8%) recorded the least. 
Aspergillus species (33.3%) were the highest fungi isolated in Yellow Garri, followed by Fusarium 
species (27.8%), Rhizopus species (22.2%), while Mucor species (16.7%) were the least isolated 
(Table 4). The result of this study is in line with the work of Thoha et al. (2012), who isolated 
Aspergillus niger and Aspergillus flavus from both White Garri and Yellow Garrri in Ogun State. 
The frequency of occurrence of the isolated fungi were compared for both Yellow Garri and White 
Garri and it was observed that the frequency of occurrence of Aspergillus species were higher in 
White Garri than Yellow Garri. This result is in conformity with the work of Thoha et al. (2012). 
Oguegbu et al. (2011) also reported the presence of Aspergillus species, Fusarium species and 
Mucor species among other fungi in post processed garri sold in Port Harcourt Market. The result of 
this study therefore showed that most fungi associated with the deterioration of Garri samples are 
xerophilic moulds such as Aspergillus species and Fusarium species. It is henceforth important to 
develop a strategy to antagonize their growth and survival in this commodity in order to neutralize 
the potential of these organisms serving as agents of food borne diseases.                                            
Akpu is an important item of diet of a high proportion of Nigerian population, particularly in the 
eastern part of the country. The production of fufu from cassava tubers depend on the action of 
microorganisms, some of which originate from the raw materials and others from the atmosphere 
and from the microbiota of the human processors (Ekundayoa and Okoroafor, 2012). Since there is 
no deliberate effort on the part of the local processors to control the types or the numbers of 
microorganisms in the production process, the organoleptic properties, 95lavor and the overall 
microbiological quality and safety of the product can vary considerably from locality to locality 
(Sobowale et al., 2007 and Padonou et al, 2009). The overall quality of the product will be 
determined by the types of microorganisms introduced into the retting cassava tubers from the raw 
materials, water, processors and the environment, the microbial interactions and the resulting 
physicochemical interactions which eventually regulate the number and types of the 

microorganisms that survive to the end of the process (Brauman et al., 1996; Padonou et al, 2009). 
The result of this study is in line with the work of Omafuvbe et al. (2007), who revealed the 
presence of Staphylococcus species and Enterobacter species from Lafun-fermented cassava 
products sold in Ile-Ife. Subsequently, Ekundayoa and Okoroafor (2012) revealed the presence of 
Staphylococcus aureus and Escherichia coli in Fufu in some communities around Umudike. The 
presence of Staphylococcus species in Akpu sold in Abakaliki Metropolis could be as a result of 
contamination of the fermentation system from the human processors or from the environment. 
Adegoke and Babalola (1988) reported that the presence of Staphylococcus species has been 
associated with fermenting foods of plant origin especially vegetable products. Desse and Taye 
(2001) had noted that Staphylococcus species may survive the cassava fermentation process. Since 
some strains can produce potent exotoxins that are capable of causing food intoxication, the 
presence of Staphylococcus species in cassava retting implies some public health importance and 
requires further study (Ekundayoa and Okoroafor, 2012). The presence of Escherichia species in 
food samples indicate feacal contamination which could be attributed to unhygienic nature of the 
food handlers and food preparation areas as recorded (Abdullahi, 2004 and Edema et al., 2005).        
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Aspergillus species (33.3%) was the highest fungi isolated from Akpu, followed by Fusarium 
species (27.8%), Rhizopus species (22.2%) and Mucor species (16.7%) the least. In conformity to 
the result of this work, Ekundayoa and Okoroafor (2012) revealed the presence of Aspergillus 
species, Candida species, Penicillium species and Saccharomyces species in Fufu (Akpu in some 
communities around Umudike). Aspergillus spp in the food may lead to food poison ing, since 
many of these fungi are toxin producing organisms. Ubiquitous in the environment and originated 
from the market display areas (Odom et al., 2012).                                                                                

 
CONCLUSION 

 
This present work revealed high bioload and vast array of microorganisms in market Garri and 
Akpu. These are threatening and alarming and suggest early warning signals indicating the level of 
safety of available market Garri and Akpu. It also warrants renewed vigilance on the efficacies of 
food processing conditions, handling techniques and handlers technical knowhow, hygiene practices 
and safety of finished products. In addition, strict application and implementation of quality control, 
quality assurance, good manufacturing practice and the hazard analysis critical control point 
principles will help to ensure the safety of Garri and Akpu consumed by several people in Abakaliki 
Metropolis and Africa in general.                                                                                                            
The high array and bioload microorganisms recorded may be associated with inadequate post 
processing handling practices such as spreading on the floor, mat and sometimes on high density 
polyethene spread on the floor after frying to allow it to cool before sieving into finer grains; and 
the open display in bowls and basins in the market, measurement with the aids of bare hands, 
coughing and sneezing while selling and the use of non microbiologically determined hessian bags 
for packaging and haulage.                                                                                                                      
Adequate sanitation practice should be enforced concerning the sale of cassava based foods. 
Personal hygiene of hawkers and sanitation of utensils are important. Hawkers should be 
enlightened on hygienic practices.                                                                                                          

                                                                                       
REFERENCES 

 
[1]. Abdullahi IO, Umoh VJ, Ameh JB, Galadima M (2004). Hazards associated with Killishi 
preparation in Zaria, Nigeria. Nigerian Journal of Microbiology. 18(1-2): 339-345.                 
[2]. Adegoke GO, Babalola, AK (1988). Characteristics of microorganisms of importance in the 
fermentation of Fufu and Ogi- two Nigerian foods. Journal of Applied Bacteriology. 65: 449-453.     
[3]. Amadi JE, Adebola MO (2008). Effect of moisture content and storage conditions on the 
storability of garri. African Journal of Biotechnology. 7(24): 4591-4594.                                 
[4]. Akpomie OO, Akponah E, Okorawhe P (2012). Amylase production potentials of bacterial 
isolates obtained from cassava root peels. Agricultural Science Research Journals. 2(2): 95-99.          
[5]. Brauman A, Keleke S, Malonga M, Miambi E, Ampe F (1996). Microbiological and 
Biochemical Characterization of Cassava Retting, a Traditional Lactic Acid fermentation for Foo- 
Foo (Cassava Flour) production. Applied and Environmental Microbiology. 62 (8): 2854-2858.       
[6]. Cheesbrough M (2006). District Laboratory Practice in Tropical Countries, Part 2. Cambridge 
University Press, Cambridge, UK. PP. 137-150.                                                                                    
[7]. Desse G, Taye M (2001). Microbial load and microflora of cassava (Manihot esculenta Crantz) 
and effect of cassava juice on some food-borne pathogens. The Journal of Food Technology in 
Africa. 6 (1): 21-24.                                                                                                                                 
[8]. Edema M, Atagese AO, Idowu C (2005). microbial quality of food wave processed foods in 
Book of Abstract of the 29th Annual Conferences and General Meeting on Microbes as Agents of 



Orji, J.O et al                                                    J. of Appl. Sci. And Research, 2014,2(2):90:98 
______________________________________________________________________________ 

 

97 
 

Sustainable Development, Organized by Nigerian Society For Food Microbiology (NSM), 
UNAAB, Abeokuta from 6 – 10th November.                                                                                        
[9]. Ekperigin HE, Nagaraja KV (1998). Microbial foodborne pathogens, Salmonella. Veterinary 
Clinical North American Food Animal Practice. 14(1): 17-29.                                                  
[10]. Ekundayoa EO, Okoroafor OI (2012). Microbiological and physico retting for production of 
fufu in some communities around. Journal of Sustainable Agricultural Environment. 13 (1): 38 – 
44.                                                                                                                                                            
[11]. Eze VC, Okoye JI, Agwung FD, Nnabueke C (2008). Chemical and microbiological 
evaluation of soybeans flours bought from local markets in Onitsha, Anambra State, Nigeria. 
Continental Journal of Applied Sciences. 3: 39-45.                                                                               
[12]. Frazier WC and Westhoff DC (2008). Food microbiology, 4th edition, McGraw-Hill Book 
Company, New York. PP. 173-185.                                                                                                        
[13]. Ijabadeniyi AO (2007). Microbiological safety of garri, lafun and ogiri in Akure metropolis, 
Nigeria. African Journal of Biotechnology. 6(22): 2633-2635.                                                  
[14]. Iwuoha CI, Eke OS (1996). Nigerian indigenous fermented foods: Their traditional process 
operation, inherent problems, improvements, and current status. Food Research Journal. 29 (5-6): 
527-540.                                                                                                                                                   
[15]. Lancaster PA, Ingram JS, Lim MY, Coursey DG (1982). Economic botany. 36: 12- 45.            
[16]. Odom TC, Nwanekezi EC, Udensi EA, Ogbuji CA, Ihemanma CA, Emecheta RO, Aji RU 
(2001). Biochemical qualities of cassava fufu sold in Imo and Abia States of Nigeria. Global            
 Advanced Research Journal of Environmental Science and Toxicology. 1(7): 178-182.                      
[17]. Omafuvbe BO, Adigun AR, Ogunsuyi JL, Asunmo AM (2007). Microbial diversity in ready-
to-eat fufu and lafun-fermented cassava products sold in Ile-Ife, Nigeria. Research Journal of 
Microbiology. 29(11): 831-837.                                                                                                              
[18]. Ogiehor IS, Ikenebomeh MJ, Ekundayo AO (2007). The bioload and aflatoxin content of 
market garri from some selected states in southern Nigeria: Public health significance. African 
Health Sciences. 7(4): 223-22.                                                                                                                
[19]. Ogugbue CJ, Mbakwem-Aniebo C, Akubuenyi F (2001). Assessment of microbial air 
contamination of post processed garri on sale in markets. African Journal of Food Science, 2011; 
5(8): 503 – 512.                                                                                                                                       
[20]. Ofomata GEK (1975). Nigeria in Maps (Eastern States). Ofomata Edition Ethiopia Publisher, 
Benin City. PP. 45- 46.                                                                                                                
[21]. Okafor N, Azubuike C, Ibenegbu C (1999). Carriers for starter cultures for the production of 
garri, a fermented food derived from cassava. World Journal of Microbiology and Biotechnology. 
15: 231-234.                                                                                                                                             
[22]. Okafor N, Ijioma, B, Oyolu C (1984). Studies on the microbiology of cassava retting for foo-  
  foo production. Journal of Applied Bacteriology. 56: 1-13. 
[23]. Okpokiri AO, Ijeoma BC, Alozie SO, Ejiofor MAN (1984). Production of improved cassava 
fufu. Nigerian Food Journal. 2: 145 - 148.                                                                                  
[24]. Oyewele OB (1991). Fermentation of cassava for lafun and fufu production in Nigeria. Food 
lab. News. 7: 29-31.                                                                                                                     
[25]. Oyewole OB, Ogundele SL (2001). Effect of length of fermentation on the functional 
characteristics of fermented cassava ‘fufu’. The Journal of Food Technology in Africa. 6(2): 38-40. 

[26]. Padonou SW, Hounhouigan JD, Nago MC (2009). Physical, chemical and microbiological 
characteristics of lafun produced in Benin. African Journal of Biotechnology. 8(14): 3320-3325.      
[27]. Parry CM, Hien TT, Dougan G, White NJ, Farrar JJ (2002). Typhoid fever. New England 
Journal of Medicine. 347: 1770-1782.                                                                                                    



Orji, J.O et al                                                    J. of Appl. Sci. And Research, 2014,2(2):90:98 
______________________________________________________________________________ 

 

98 
 

[28]. Podschun R, Ullmann U (1998). Klebsiella spp. as nosocomial pathogens: Epidemiology, 
taxonomy, typing methods, and pathogenicity factors. Clinical Microbiology Review. 11 (4): 589–
603.                                                                                                                                                          
[29]. Singleton P (1995). Bacteria in Biology, biotechnology and medicine 4th edition, John Wiley 
and Sons Ltd., New York.  PP. 232-266.                                                                                    
[30]. Sobowale AO, Olurin TO, Oyewole OB (2007). Effect of lactic acid bacteria starter culture 
fermentation of cassava on chemical and sensory characteristics of fufu flour. African Journal of 
Biotechnology. 6 (16): 1954–1958.                                                                                                         
[31]. Tewe OO (1986). Cassava peels utilization in poultry diets, Proceeding of Third Triennial 
Symposium of International Society for tropical Root Crops-Africa Branch, held in Owerri ,Nigeria, 
17-23 August.                                                                                                                                          
[32]. Thoha TB, Georgina EHIA, Sikirat MO, Toyin AM, Davies OO, Omobowale AK, 
Oluwabunmi O, Oluwadun A (2012). Fungi associated with the deterioration of Garri (a traditional 
fermented cassava product) in Ogun State, Nigeria. Researcher. 4(2): 8-12.                          
 [33]. Ukwuru MU, Egbonu SE (2013). Recent development in cassava-based products research. 
Academia Journal of Food Research. 1(2): 001-013.                                                                              
 


