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Abstract
A hazard analysis survey of mosa processing was carried out for ten processors in Southwest Nigeria. Raw materials were observed, processing steps were documented, temperature of frying was recorded, samples (maize, cooked maize, milled maize, molded  milled maize and fried mosa) were collected at different processing stages and subjected to physical, microbiological and chemical hazard analysis. The observed physical contaminants common to all samples irrespective of the processor were stones and sands. The frying temperature of the samples ranged from 155oC to 160oC. The total aerobic count of mosa decreased as the frying temperature increased and ranged from 2.52 to 4.98 log cfu/g for all the samples. Bacillus cereus, Escherichia coli, Staphylococcus aureus, Aspergillus niger, Aspergillus flavus were the microorganisms isolated from the samples at the different processing stages before frying. The total aflatoxin content of the samples ranged from 0 to 20 ppb (µg/kg) being a chemical hazard together with lead, cadbium and arsenic and frying was identified as the critical control point (CCP). The presence of hazards in the samples constitutes a food safety issue and control measures should be enacted which include educating processors on hazards, CCP, good hygienic and manufacturing practices to reduce/eliminate these hazards.  
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Introduction
Maize has a diverse form of utilization including human food uses, animal feed formulation and as a basic raw material for industrial purposes (Courtois et al., 1991). It is estimated that several million people particularly in the developing countries derive their protein and calorie requirement from maize (Gopalan et al., 1999).  In Nigeria, maize is commonly processed into various products and one of such is Mosa-an indigenous based street vended snack. Street-vended foods are foods prepared on the street and ready to eat, or prepared at home and consumed on the street without further preparation (FAO, 1997). The major concern with street foods is their safety, to develop a better understanding of the hazards associated with Mosa processing with a view of proffering solutions to their reduction or elimination, it became imperative to apply the hazard analysis and critical control point (HACCP) strategy. HACCP strategy identifies hazards associated with different stages of preparation and handling, assesses the relative risk and identifes points where control measures would be effective (Ehiri et al., 2001). This objective of this study was to identify the; hazards associated with mosa processing, sources of these hazards, CCPs during mosa processing and develop measures can be adopted to enhance the safety status of mosa.
Methodology
1. Selection of Participants: 
A survey study of 28 processors of mosa within the South-Western Nigeria was done and 10 processors were selected for the hazard analysis. A questionnaire was developed and used to determine the hygienic practises and the processing conditions of mosa among the selected processors (supporting documents).
2. Traditional mosa processing 

Dried maize grains were immersed in warm water, cooked, milled into slurry, mixed with salt, molded into balls, fried in vegetable oil and allowed to cool. 

3. Hazard analysis

Raw materials were observed, processing steps were documented, temperatures of frying were recorded, samples (maize, cooked maize, milled maize, molded milled maize and fried mosa) were collected at different processing stages and subjected to physical, microbiological and chemical hazard analysis. Samples (300 g) of each sample were collected from the processors into sterile containers.  Laboratory samples (control) were also prepared. 

One gram of each sample was homogenized in 9.00 ml sterile peptone water (0.10 %) for 30 seconds and serially diluted. The aliquots were plated on agars suitable for the enumeration of total aerobic bacteria, fungi, Bacillus spp and Staphylococcus spp, incubated at appropriate temperature and time the microbial population was enumerated. Identification was done according to Cowan and Steel, (1993), and fungi were identified based on morphological characteristics. Physical and chemical hazard analysis (lead, cadbium and arsenic) was carried out using Kirk and Sawyer (1991) method while total aflatoxins content was done with Rida Quick Aflatoxin test strip.

Results and discussion
The physical hazards identified in the samples from the processors were stones, maize husk, tassel, sticks and sands. The stones and sands might have been present due to the sun drying process that the maize goes through. Some of the raw maize samples from some of the processors (1, 4 and 8) also had animal hairs and excreta, which indicates that rodents might have been in contact with the dried maize sample during storage and a result of poor storage facilities and conditions.  Result of the survey of the hygienic practices and processing conditions of mosa showed that storage facilities of these processors were very poor. These physical hazards might have been eliminated if the dried maize were properly sorted prior to cooking .The mosa samples from all the processors had black residues adhered to the finished product and it was observed that spent oil are usually used to fry the product. The repeated use of vegetable oil can cause the formation of toxic substances that can cause damage to the body such as acrolein. The control sample was devoid of all these physical hazards; table 1 shows the results of the physical hazard analysis. 

The consumption of food with heavy metals beyond permissible levels is detrimental to health and can lead to acute or chronic food poisoning. Arsenic, cadmium, mercury, lead and tin are the most toxic heavy metals that account for most heavy metal poisoning cases (Nielen and Marvin, 2008). Chemical hazards identified in the milled and moulded samples were lead, arsenic and cadmium and their contents in all the samples on an average ranged from 0.52 to 1.14 mg/kg, 0.88 to 5.35 mg/kg and 0.11 to 3.98 mg/kg, respectively (figure 1).  The control sample was devoid of these hazards, but moulded samples from processor 4 and 7 had the highest values for arsenic (5.45 mg/kg) and cadbium (4.02 mg/kg), respectively.  The lead content of all the samples ranged from 0.00 to 1.14 mg/kg but it was not found in any of the sample until water was introduced. Lead causes lead poisoning and its sources are; through water, lead dusts that passed through lead pipes, soil carried into water by rain and wind and wastewater from industries that use lead (Corrin, 1994). All the samples might have been contaminated with lead through the water used during the processing of mosa, majority of the processor obtain water from uncovered wells and process mosa in open environment as observed during the survey. Arsenic was also present at variable levels in the samples and the major source of arsenic in food has been found to be water although is more associated with seafoods (Idowu et al., 2012). A 2007 study found that over 137 million people in more than 70 countries are probably affected by arsenic poisoning from drinking water (USA today, 2007).  The maximum permissible level for cadbium in food is 0.1mg/kg (CODEX, 2001) and this all the samples were beyond permissible levels. 
It is important for a food product to conform to the microbiological criteria to certify that its consumption will not lead to any detrimental effect in the body.  The average total aerobic count of the processors samples; raw maize, cooked maize,, milled sample,  moulded  milled maize, fried mosa were 3.89 log cfu/g, 2.81 log cfu/g, 4.67 log cfu/g , 4.98 log cfu/g and 2.52 log cfu/g, respectively (fig 2). Total aerobic count of the fried mosa samples were less than 3.00 log cfu/g and this made it safe for consumption according to the microbiological criteria (European Commission Regulation (EC) No 2073/2005). Frying is a food processing technology, which is usually carried out at temperatures high enough to eliminate microorganism present in foods, this might be the reason for the observed result.  The average of the total fungal, Staphylococcus spp and Bacillus spp count ranged from 1.38 to 7.01 log cfu/g, 0.38 to 2.45 log cfu/g and 0.27 to 1.69 log cfu/g, respectively and the moulded sample had the highest count.  The increase in the microbial count of the moulded sample may be due to the handling practices of the processors since milled maize is usually moulded with bare hands prior to frying. Staphylococcus spp might have been introduced into the samples because of the contact of the slurry with the processors hands or by coughing and sneezing or exposure of ingredients to inadequately sanitized food processing environment. Bacillus spp are ubiquitous in nature and as such can be found in dust, soil, body of animals, insects and human. The identified microorganisms from the samples at different stages prior to frying were Bacillus cereus, Staphylococcus aureus and Escherichia coli. All the processors had variable frying temperatures that ranged from 155 to 160oC but it was observed that the microorganisms enumerated reduced as frying temperature increased.  
The total aflatoxin content being a chemical hazard of the all the samples ranged from 0 to 20µg/kg with the control sample having 0 µg/kg and the  maize sample of processors 4 and 6 having  20 and 18.5 µg/kg , respectively. Fungi identified from all the processors maize samples were Aspergillus niger and Aspergillus flavus which is the most common producer of Aflatoxin (Bradburn et al., 1993). Jimoh and Kolapo (2008) reported that these fungi are the major contaminating fungi of maize in storage, therefore their occurrence in these samples. The aflatoxin contents of all the samples obtained from the processors samples gave values within the set limit of 20 μg/kg that is applied in some countries including Nigeria (FAO, 2004). 

Based on the results of the hazard analysis, the sources of the some of the hazards responsible for mosa contamination were identified to be dirty environments, poor handling practices, poor storage structures, use of spent oil for frying, untreated water, contaminated raw materials, unsanitized process equipment’s, improper sorting of raw materials e.t.c. The HACCP decision tree was used to identify the critical control point of mosa processing and it was found to be frying (supporting document). Frying as an operation is specifically designed to render the food edible but the process can also reduce biological hazards to an acceptable level if done properly, otherwise subsequent processes (cooling and packaging) will not remove these hazards.  The HACCP plan identifying the CCP for the production of mosa was developed (table 2) where preventive measures, critical limits, monitoring procedures, corrective actions and verification measures were established. 
Conclusion
Physical, microbiological and chemical hazards were defined at different processing stages and the presence of some chemical hazards in the finished product makes mosa unsafe for consumption. There is need to educate the processors on how to reduce/eliminate hazards during processing.
Research outcome
The results of this research lead to the;
1. Development of an improved method for mosa processing which has been communicated to the processors for adoption (some processors have adopted the improved method)
2. Development of an HACCP plan identifying the critical control point for the production of mosa.

3. Development of training manual on mosa processing 

4. Provision of information to processors through training  on the risk associated with the consumption of mosa and ways of reducing and eliminating them
5. Process identification of hazards for mosa processing
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Table 1: Identified Physical Hazards in Mosa Ingredients Obtained from Different Mosa Processors
*√:Present, X:Absent
	Mosa ingredients
	Sand
	Stones
	Rodent hair
	Dust/Particles/

sediments
	Others 
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	Maize
	√
	√
	√
	X
	√ (maize hair, tassel, stick, excreta, damaged grains)
	

	Polythene bags
	X
	X
	X
	√
	
	

	Paper
	X
	X
	X
	√
	
	

	Vegetable oil
	X
	X
	X
	X
	√ (Mosa residues)
	

	Salt
	X
	X
	X
	X
	
	

	Water
	X
	x
	X
	√
	
	Mosa during frying
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Figure 1: Average levels of heavy metals in samples obtained at 
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Table 4:  An HACCP plan identifying the critical control point for the production of mosa
	Critical Control point (CCP)
	Significant Hazard
	Control/

Preventive measures
	Critical Limits for control measure
	Monitoring
	Corrective action/ Records
	Verification

	
	
	
	
	What
	How
	Frequency
	Who
	Records
	
	

	Frying
	Microbiological *Pathogenic microorganisms 


	*Ensure frying equipment’s are clean

*Ensure that frying is not done in a clean, enclosed and well-ventilated environment.

*Ensure that frying is carried out within critical limits established for temperature 

and time

*Use of automated frying equipment. 
	*Temperature and time 156oC for 8  mins or 158  oC  for 7 mins 


	*Dirt’s on frying equipment’s

*Cleanliness of the environment

*Temperature and time


	*Visual inspection 

*Thermometer  for temperature, clock for checking time

*Use of automated frying equipment with regulated temperature and time


	*Before and after usage 

*Every batch of product


	*Quality control officer

*Frying operators


	*Absence of dirt’s

*Temperature and time of frying.


	*Clean equipment’s and environment

*Adjust temperature and time of frying

*Re-fry the product for a different purpose e.g. for animal feed or dispose appropriately


	*Inspect equipment and environment.

*Re-check working condition of fryer.
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