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Abstract

Food and nutrition security is an important determinant in any development process. One of the ways to improve food security is the use of spirulina commonly known as "dihe" in Chad. It is a microalga very rich in protein, vitamins, and trace elements. This commodity exists in large quantities in Lake Chad. However, few studies have investigated its' microbiological quality. Yet the knowledge of its safety is necessary for a healthy production and consumption of the product. The purpose of this study is to assess the hygienic quality of improved "dihe" spirulina sold at the local market in the city of Bol (Lake Chad). The aim is to carry out laboratory analyzes to evaluate the microbiological quality of spirulina so as to promote this product and use it as a solution to malnutrition, especially for children. To carry out this work, 30 units of "dihe", ie 10 representative samples were taken and analyzed at the Laboratory of Research in Food and Nutrition Sciences (LARSAN) of the University of N’Djamena. The search for germs was made by standard methods of routine of the French Association of Normalization (AFNOR). This study shows that the products analyzed are of acceptable microbiological quality. But, the promotion of this commodity by raising awareness among producers, consumers and decision-makers is necessary to improve the nutritional situation in the sub-region.
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Introduction

Food safety is a real public health problem. Spirulina (Spirulina platensis) is an alga that grows naturally in the regions of Lake Chad and Kanem [1]. In countries where malnutrition is endemic, spirulina may be a possible solution to fight malnutrition. Many studies have shown that spirulina is nutritionally rich in protein [2], fatty acids [3], beta-carotenes [4], vitamins [5,6] and minerals [7,8]. Other studies [9-11] mentioned the nutritional value of Spirulina.

The role of spirulina in the prevention of many diseases such as cancer, heart disease and aging has also been mentioned [12,13]. According to Halawlaw [14], the production of Spirulina is very simple and it can be mastered by any peasant which is very interesting for developing countries. It should be mentioned, however, that few studies have been conducted in Chad to ascertain the microbiological quality of this commodity. Knowing that food safety has become a real health problem, it seems important to conduct this study to identify germs that could contaminate spirulina. It should be noted that several scientific studies [15-18] have mentioned deficiencies in the microbiological quality of foods. The present work will therefore contribute to the analysis of Lake Chad spirulina to promote its use with a view to improving the nutritional situation in Chad.

Materials and methods

Spirulina samples were analyzed at the Food Sciences and Nutrition Research Laboratory (LARSAN) of the University of N’Djamena. The biological material consists of ten representative samples of improved spirulina sold in powder form packaged in plastic bags, purchased at the local Bol market. Sampling and transport equipment consists of aluminum foil, poly bags, tongs and a cooler. The technical equipment consists of an electronic scale (Mark 8055, Chimica amnia), a freezer oven, and incubators at 30 °C, 37 °C, and 44 °C. An autoclave (Leuqueux Paris), spatulas and laboratory glassware. Analysis method In total we have collected 30 units or ten samples of "dihe" (Spirulina platensis) at the Bol market. These samples are obtained using quartering techniques. Samples of 100g of "dihe" were made under sterile conditions,packaged in sterilized aluminum papers and introduced into the cooler and then transported to the Laboratory (LARSAN) in N'Djamena for analysis. The operations in the laboratory were made under conditions of total asepsis. We used the methods described by the French Association for Standardization (AFNOR) for the microbiological analysis of samples [19]. For the preliminary, a distribution of the samples was made as well as its homogenization. Using a spatula, 10g of each sample are suspended in 90ml of Tryptone-Salt solution thus obtaining mother suspensions. After homogenizing the solution, 45minutes were given to revivification at laboratory temperature. Each stock solution is then subjected to a series of decimal dilutions by placing 1 ml of the stock solution or previous dilutions in 9ml of Tryptone - salt. We used the in-bulk seeding technique for germ search and enumeration. With a pipette, 1ml of the stock solution or one of its decimal dilutions are put in Petri dishes. We then poured 20ml of appropriate culture medium and incubated (Table 1). Supports for standards methods are used (AFNOR, 2002). Searched germs are total mesophilic flora (Total bacteria) (30 °C) (NF.V08-051), Total coliforms 30 °C (NF.V08-050), Thermotolerant coliforms and E. coli (NF ISO 4831), Anaerobic Sulfite-reducing 44 °C (NF.V08-061), S. aureus 37 °C (NF ISO 6888-1) and salmonella (AFNOR.V08-052). Also, molds and yeasts (ISO 21527) were the subject of research. The thus seeded dishes are inverted and incubated at the recommended temperatures and times required to obtain typical colonies. The reading was done by the colony counter according to the culture characteristics of each type of seed.



Interpretation of the results is done according to the criteria established by the French Association of Normalization (1998). Results are expressed in Colony Forming Units per gram of "dihe" analyzed (CFU/g).

Artisanal production of "dihe" improved


Artisanal production of the improved "dihe" is done according to several main steps. Women enter the water and pick up the "dihe" with plastic cups or buckets. The "dihe" is transferred to a sieve of 5mm mesh which retains the impurities. The product is then recovered in a second 600|im mesh screen which retains spirulina and allows a large part of the water to pass through. The solution is then recovered in a cloth and then pressed by hand to evacuate a large part of the water. The latter is put in an extruder, after the extrusion is obtained "dihe" in the form of spaghetti or cake that is spread on the rack and then dried in a solar dryer. The product becomes dry after 4 to 5 hours. "Dihe" powder is obtained after grinding. (Figure 1 & 2)
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Figure 1:  “Dihé” sample improved in powder (Photo AGUID,
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Figure 2:  “Dihe” improved in cakes (FAO, 2009).



Results

We found the presence of total mesophilic flora or total germs in all the samples taken and analyzed. The results of the analyzes revealed that the values of the total seeds found are between 25 and 3.7x105CFU/g of"dihe". For all the samples analyzed, a single sample contains a higher number of total germs compared to the reference limit (3x105CFU/g). . Other samples have total germs lower than the criterion selected. Results also reveal that a sample contains molds (3CFU/g) whose value is not considered by the applied AFNOR criteria. Other samples are compliant to criteria. The results obtained are shown in Table 1. Total coliforms, faecal coliforms, yeasts and sulphite-reducing anaerobes were not found in the samples during the microbiological analyzes.



Table 1:   Microbiological analyzes of samples.
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Note: S: Samples; CFU: Colony Unit Unit (CFU) per gram; NC: Not considered; GF: Global flora; TC: Total coliform; TTC: Thermotolerant coNform; SRA: Sulphito-reducing anaerobes; M: Mold; Y: Yeast; Abs: Absence per 25g

*Criteria of the French Association of Normalization.

Distribution of samples according to the sites

Our samples taken from three different "dihé" production sites including Artomossi, Brandji and Kadassara Table 2.

A sample of Artomossi contains more total germs than the reference; another sample of the same site contains molds.Samples from the other two sites do not contain mold, total germ numbers are consistent.

The results show that 90% of the samples analyzed are satisfactory compared to the total mesophilic flora. Samples do not contain S. aureus or salmonella. 




Table 2:   Assessment of analyzed samples according to the sites.
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Notes: SRA = Sulphito-reducing anaerobes; M: Mold; Y: Yeast; NC: Not considered

 M* corresponds to the threshold value; M** : symbolizes the acceptability threshold. 





Table 3:    Overall assessment of the results.
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Discussion

Spirulina very rich in protein is presented as an original and interesting element for the response of malnutrition in developing countries where nutritional deficiencies are sources of morbidity and mortality. It is a traditional food since ancient times, cultivated and consumed today all over the world for its high nutritional quality; spirulina is a leader in the fight against malnutrition in the North (over-nutrition) as in the South (undernutrition) [20].

Samples of "dihé" analyzed showed varied results. The presence of total mesophilic flora or total germs is reported in all samples collected and analyzed. Wu and Pond [21] found 3x104 to 6x105 CFU/g in the liquid medium. After harvesting and drying, spirulina contained only 103-106 revivifiable microorganisms per gram. This number decreases steadily with the storage time especially due to drying. The maximum number of total mesophilic organisms found in one of our samples, however, is higher than the threshold of acceptability set for dehydrated soups, which is 3x105 CFU/g. This contamination is due to the non respect of the rules of hygiene during the harvest, the transformation and the conservation of Spirulina. Other studies [22] carried out on the Impact of packaging and shelf life on the nutritional and microbiological quality of Moringa and spirulina-enriched sorghum biscuits, have revealed a fairly high concentration of mesophilic flora, but emphasizes that this is not attributable to the conditions of conservation but rather to post-production contaminations of biscuits enriched with Moringa and Spirulina.

In our series of analyzes, coliforms were absent in the analyzed samples. According to Karar et al. [23], the absence of faecal coliforms is the result of the absence of faeces in the traditional and improved "dihe". These values are in line with international standards. Samples do not contain S. aureus or Salmonella sp. These results are similar to those obtained in studies conducted on spirulines produced industrially in the USA and Japan, which demonstrated the total absence of pathogens such as Salmonella, Shigellae or Staphylococci in their samples [24].

Studies by Vermorrel show that the microflora associated with spirulina cultures is generally rare and non-pathogenic. Also the high alkalinity of the culture medium is an excellent barrier against most contaminations of both bacteria and yeast [25]. The absence of coliforms in the samples attests to a good hygienic quality of the raw material [19]. In the same way the producers were trained by the pilot project "dihe" of FAO on the good practices of handling and manufacture of Spirulina. Study also showed the presence of molds in one sample. The undesirable presence of mold changes the appearance of food products, due in particular to the production of pigments, such as melanin, a dark pigment [26]. The metabolites produced by these fungi during their growth on the food are also major elements in the deterioration of foodstuffs. Foods are generally very favorable environments for their development. It is really from 1960, that one became aware that the molds could produce significant toxins [27]. But in the case of this study on the microbiological quality of Spirulina, the number of molds is not as important. Their presence is due either to a deficiency in drying or to a poor storage condition. In general, all samples conform to the standards except sample No. 7, whose total seed value slightly exceeds the acceptability threshold, but compliant the standards if we consider the analytical variability associated with the search for this germ.

Conclusion

This study has allowed us to note that the "dihe" produced of Lake Chad region is of acceptable hygienic quality. Information regarding Spirulina especially his interest in the fight against malnutrition were capitalized. Faced with the major challenges of the moment, it is necessary to look for effective and economically adapted solutions for our populations. Spirulina, because of its remarkable qualities, its ease of cultivation and its safety, can be an effective and sustainable solution to the problems of malnutrition that continue to arise acutely in developing countries. The results concluded the absence of the pathogens sought thereby showing the safety of this commodity as regards its consumption. However, the remarkable presence of total mesophilic organisms is apparent. A sensitization of producers and processors to good hygiene practices would be necessary for healthy consumption.
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