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[bookmark: _GoBack]ABSTRACT
Cashew kernel (Anacardiumoccidentale L.) food and their microbiological quality depends heavily on nut quality, which itself is linked to storage conditions. Aiming at producing high-quality food from these kernels, their physical, chemical, and microbiological properties were studied based on nuts from different storage storerooms in Bondoukou (Côte d'Ivoire). Nut samples, collected from five storerooms (ST1, ST2, ST3, ST4 andST5) were air-dried, manually shelled and then ground. Powders obtained from these composite samples (CS) were physico-chemically and microbiologicallyanalyzed. Six physicochemical parameters were analyzed: kernel dry matter (92.48–94.52%), moisture content (3.6–3.9%), pH (6.06–6.33), titratable acidity (0.77–0.84%), ash (2.29–2.50%), sugar content (13.16–13.23%), and lipids (38.86–41.66%). Statistical analysis revealedno significant differences (P> 0.05) between the storerooms in terms of dry matter, moisture, and sugar content. Microbiological analysis revealed fungal flora (531.32 to 909.09 cfu/g) and mesophilic aerobic bacteria (MAB) loads of up to 2181.81 cfu/g. Only samples CS1 and CS2 contained enterobacteria (2.00 and 5.08 cfu/g, respectively). No traces of fecal coliforms, fecal streptococci, Escherichia coli, or Staphylococcus aureus were detected. Bacillus cereus loads, both vegetative and sporulated forms, remained within current standards. In conclusion, the cashew nut powders analyzed are of good physicochemical quality and satisfactory microbiological safety, confirming their potential for safe food use.	Comment by frank: Separate joined scientific name	Comment by frank: -	Comment by frank: separate	Comment by frank: -
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1. INTRODUCTION 
In early 1959-1960, the first cashew plantations were introduced in northern Côte d'Ivoire as vegetation covers to slow down desertification by two state-owned companies, the “Société d’Assistance Technique pour la Modernisation de l’Agriculture” (SATMACI) and the “Société de Développement des Forêts” (SODEFOR) (Gouma, 2003). In this way, SODEFOR's economic function took precedence over its ecological function. As a result, the cashew tree became the main crop in the region. (SODEFOR) (Gouma, 2003). By 1972, cashew nuts began to fulfil an economic function rather than an ecological one. SODEFOR therefore converted the forest plantations into fruit plantations intended for cashew nut production and sale (Gouma, 2003). In addition, the decline in cotton prices, northern Guinea's main cash crop, and the rise in cashew nut prices led to a boom in cashew cultivation among the population (Nugawela et al. 2006). Cashews, a crop that is rapidly expanding worldwide, are generating a lot a interest because they can provide income for local populations. Cashews quickly attracted so much interest that they became one of the country's main export products (FAOSTAT, 2011). Cashew nuts currently rank as Côte d'Ivoire's second largest export product after cocoa (Anonymous 1, 2001). Most scientific research on cashews focuses on the nuts themselves (Ogunwolu et al, 2009). They are also traded internationally, giving the cashew tree its reputation (Lacroix, 2003). In 2015, cashew nut exports were estimated at over 361 billion CFA francs, making Côte d'Ivoire the world's leading producer and exporter of raw cashew nuts (CCA, 2016). Moreover, poverty reduction strategies developed in this country emphasize the processing of raw materials before export (Anonymous 2, 2009). This coordinated set of actions has also helped to create new economic activities creating jobs and, consequently, to combat unemployment. Nevertheless, cashew nut marketing encounters certain major problems, such as poor conservation due to a lack of technological equipment for drying and storage. In addition, lower prices per kilogram of nuts make trade increasingly difficult, resulting in some producers dropping out of the market.Besides, another way to make cashew nuts more valuable for local consumption could be a solution that minimizes post-harvest losses and product waste. Developing processing methods that preserve the raw material's nutritional quality has been a big deal for cashews since 2010. This study explores the possibility of powdering cashews to limit quantity and quality losses. Processing could therefore be a complementary solution for cashew-producing areas in the country's central, northern, northeastern, and northwestern regions (Goujon et al., 1973; Koné, 2001). Processing requires a deeper understanding of cashew nuts' physical, chemical, organoleptic, microbiological, and toxicological characteristics. This study's aim at improving cashew nut processing to enhance the crop's value. More specifically, it aims at assessing how cashew nut storage facilities affect powder nutritional quality by analyzing their physical, chemical, and microbiological properties.	Comment by frank: Kindly recast	Comment by frank: Kindly recast this introduction, may be star with specific issue like the effect of this Cashew nut powder…
2. MATERIALS AND METHODS 
2.1. Materials 
2.1.1. Biological material 
This study required cashew nuts (Anacardiumoccidentale L), using their kernel as biological material. 	Comment by frank: Kindly mention the those materials used for the analysis	Comment by frank: Check place of procurement

2.1.2. Sampling 	Comment by frank: Sampling Techniques
Cashews for analysis were collected from five different warehouses (W1, W2, W3, W4, and W5) in Bondoukou. Six different nuts samples were collected from each warehouse for analysis. 
2.1.2.1. Cashew nut flour preparation 
To obtain flour from the collected nuts, a protocol was followed (Figure 1). Five composite samples were constituted by mixing six samples collected per warehouse. These composite cashew nut samples were dried at 50°C for 24 hours and, then dehusked. The husks were discarded, and the kernels were ground into flour. The flour was then weighed and stored in a sealed container. Five composite samples were taken by mixing the six samples collected from each warehouse. These cashew nut composite samples were then dried outdoors for 24 hours and shelled using a hornbill beak to obtain the kernels. Kernels obtained from each composite sample (CS) were dried in an oven at 45°C for 72 hours. They then ground in a blender (ILUX ) to obtain a powder (Figure 2). Powders were stored in sterilized and dried jars for possible analysis.	Comment by frank: What model of blender
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Figure 1: Diagram of cashew nut processing into flour
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Figure 2: Cashew nuts (A) and their powder after grinding (B)
2.2. Methods 
2.2.1. Physicochemical and biochemical analyses of the flours obtained 
Cashew nut dry matter content was determined using the AOAC (1995) method, based on dehydration after oven drying of the samples until constant mass was reached. Flour pH was determined using the AFNOR (1991) method. Titratable acidity was determined using the AOAC (1990) method. Ash content was determined using AOAC (1995) methods. The soluble dry extract content was determined using a refractometer according to Dadzie and Orchard (1997). The fat was extracted using a Soxhlet apparatus with n-hexane and measured according to the AOAC (1990) method.
2.2.2. Microbiological analyses of cashew flours  
2.2.2.1. Mother suspension preparation and decimal dilutions
A mass weighing 10 g of cashew nut powder was dissolved in 90 ml of a diluent, preferably Buffered Peptone Water (BPW) (Biomérieux). This suspension was left at laboratory room ambient temperature for 30 minutes in order to revive the microorganisms, constituting the inoculum. For decimal dilution, about 1 mL of the inoculum obtained was added to 9 mL of sterile distilled water. This operation, consisting in bacterial load reduction, was repeated until obtaining the desired dilution: 10-5(NF EN ISO 6887-1, 2017).
2.2.2.2. Inoculation and incubation
Using a sterile pipette, 1 mL of each selected dilution was added to the Petri dishes. Then 20 mL of previously prepared media mixture (Sabouraud + Chloramphenicol, VRBG, VRBL, and PCA) was poured into each Petri dish. These dishes were homogenized and left to solidify on the lab bench. A volume of 0.1 mL of the same selected dilutions was then deposited on BEA, Rapid E. coli 2, Baird Parker, and Mossel media previously prepared and poured into Petri dishes containing 20 mL of agar. Subsequently, using a sterile spreader, 0.1 mL was spread over the agar surface. The solidified dishes were inverted and incubated at 25°C for 5 days for yeast and mold counts, at 30°C during 24 hours for fecal coliforms, at 37°C during 24 hours for Enterobacteria, 30°C during 72 hours for Mesophilic Aerobic Bacteria 37°C for 24 to 48 hours for Streptococcus Counting and detection, 44°C for 24 hours for counting and testing for E. coli, and 30°C for 24 hours for counting and testing for Bacillus cereus.
3. RESULTS 
3.1. Monitoring of cashew nut powder physicochemical and biochemical parameters 
Depending on the warehouse sampled, the studied physicochemical and biochemical parameters vary. Dry matter values range from 92.48 ± 3.66 to 94.52 ± 2.17, while moisture content ranges between 3.6 ± 0.07 and 3.9 ± 0.03. Titratable acidity values varied between 0.77 ± 0.14 and 0.84 ± 0.13, while pH was between 6.06 ± 0.10 and 6.33 ± 0.07. Ash content ranged from 2.29 ± 2.19 to 2.50 ± 2.4, sugar content from 13.16 ± 0.2 to 13.23 ± 0.2, and lipid content from 38.86 ± 0.02 to 41.66 ± 0.3. Furthermore, the sampled nut storage warehouses (P > 0.05) did not influence these physicochemical parameters (dry matter, moisture content, and sugar content) significantly.
Table 1.	Variation in cashew nut flour physicochemical parameters based on composite samples from storehouses
	[bookmark: _Hlk206706474]Physicochemical parameters
	Composite samples (CS)

	
	CS1
	CS2
	CS3
	CS4
	CS5

	Dry matter content (%)
	94.45±4.76a
	93.32±4.37a
	92.48±3.66a
	93.5±2.91a
	94.52±2.17a

	Moisture content (%)
	3.9±0.03a
	3.7±0.05a
	3.8±0.04a
	3.7±0.07a
	3.6±0.07a

	Titratable acidity (%)
	0.77± 0.14a
	0.83± 0.15b
	0.78± 0.16a
	0.80± 0.14b
	0.84± 0.13b

	pH
	6.06±0.10a
	6.32 ± 0.08b
	6.26±0.09c
	6.16±0.02d
	6.33 ± 0.07b

	Ash content (%)
	2.50±2.4a
	2.29± 2.19b
	2.40±2.2a
	2.36± 2.18c
	2.32± 2.17c

	Sugar content (%)
	13.2 ±0.1a
	13.16 ±0.2a
	13.23±0.2a
	13.20 ±0.3a
	13.18 ±0.2a

	Fat content (%)
	40.76 ±0.2a
	39.96 ±0.1b
	41.66 ±0.3a
	40.77 ±0.3a
	38.86 ±0.02b


Key: CS1	CS2 CS3 CS4	Comment by frank: check
3.2. Microbiological quality of cashew nut flour 
3.2.1. Alteration and contamination flora
Various microbial flora were detected in the cashew nut powder obtained after blending. Fungal flora was found, with the highest count (909.09 ± 454.54 cfu/g) recorded in composite sample CS1 and the lowest (531.32 ± 212.32 cfu/g) in sample CS3. Mesophilic aerobic bacteria total counts varied from one sample to another: the highest (2181.81 ± 727.27 cfu/g) was found in sample CS1 and the lowest (1545.45 ± 615.90) in CS2. Except for samples CS1 and CS2, which favor enterobacterial microbial loads of 02.00 ± 0.09 cfu/g and 05.08 ± 0.07 cfu/g, respectively, other samples prevent them through their absence (Table 2).
Table 2.	Cashew flour alteration flora mean loads
	[bookmark: _Hlk206707327]Composite samples
	Germ mean loads (cfu/g)

	
	Mesophilic Aerobic Germs (MAG)
	Mouldsand yeasts	Comment by frank: separate
	Enterobacteria

	CS1
	2181.81±727.27
	909.09±454.54
	02.00±0.09

	CS2
	1545.45±615.90
	621.15±322.54
	05.08±0.07

	CS3
	1737.496±514.09
	531.32±212.32
	00±0.00

	CS4
	1929.54±412.29
	812.03±254.15
	00±0.00

	CS5
	1649.41±513.20
	755.22±122.32
	00±0.00

	Microbiological criteria
	106 UFC/g
	105 UFC/g
	10UFC/g



3.2.2. Fecal contamination floras	Comment by frank: remove S
In this study, no fecal bacteria such as fecal coliforms and fecal streptococci was detected in the cashew powder samples for all composite samples from storerooms (Table 3).
Table 3.	Cashew flour fecal flora mean loads
	[bookmark: _Hlk206707808]Composite samples
	Mean microbial load (cfu/g)

	
	Fecal coliforms
	Fecal streptococci

	CS1
	00 ± 0.00
	00 ± 0.00

	CS2
	00 ± 0.00
	00 ± 0.00

	CS3
	00 ± 0.00
	00 ± 0.00

	CS4
	00 ± 0.00
	00 ± 0.00

	CS5
	00 ± 0.00
	00 ± 0.00

	Microbiological criteria
	102UFC/g
	Absence




3.2.3. Potentially pathogenic germs
The potentially pathogenic germs investigated included Escherichia coli, Staphylococcus aureus, and Bacillus cereus. Cashew nut powder samples did not contain any potentially pathogenic germs such as Escherichia coli and Staphylococcus aureus. Both bacterial species were absent from the analyzed samples. Furthermore, the mean loads of Bacillus cereus, both in vegetative and in spore forms, obtained after analysis also comply with the standard criteria (Table 4).
Table 4.	Mean loads of potentially pathogenic bacterial species
	[bookmark: _Hlk206708576]Composite samples
	Mean microbial load (cfu/g)

	
	Escherichia coli
	Staphylococcus aureus
	Bacillus cereus

	
	
	
	Vegetative forms
	Sporulate forms

	CS1
	00 ± 0,00
	00 ± 0,00
	04,54 ± 12
	00 ± 0,00

	CS2
	00 ± 0,00
	00 ± 0,00
	16,18 ± 09
	00 ± 0,00

	CS3
	00 ± 0,00
	00 ± 0,00
	00 ± 0,00
	00 ± 0,00

	CS4
	00 ± 0,00
	00 ± 0,00
	11,21 ± 05
	04,00 ± 01

	CS5
	00 ± 0,00
	00 ± 0,00
	14,12 ± 07
	02,00 ± 01

	Microbiological criteria
	10UFC/g
	102 UFC/g
	102 UFC/g



4. DISCUSSION
Cashew nut powder analyzed showed different physical and chemical properties depending on the samples collected from the Bondoukoufive different roomstores. The pH and titratable acidity of the different samples showed acidic values, varying from one sample to another. These results are broadly similar to the findings for cereal flours in other studies conducted by Muhimbulaet al. (2011). Furthermore, according to Soroet al. (2013), flours with an acidic pH are better preserved and protected against microorganism damage, allowing them to be stored for long periods without risk of deterioration. Kouassiet al. (2021) obtained similar results, also noting that flours with an acidic pH are better protected against microorganism damage.The cashew powders sampled in this study contained high levels (93-94.45%) of dry matter. These dry matter levels in flours are due to drying, resulting in low water content in cashew nuts. According to UN-ECE recommendations and standards (2010), proper drying of cashew nuts must ensure a low kernel moisture content (˂ 5%). Indeed, the relatively low moisture content (3 and 3.7%) of various samples studied supports this assertion. Since the kernels were roasted beforehand, the heat certainly reduced their water content, resulting in low moisture levels. These results could promote good flour preservation for a reasonable period without any risk of microbial proliferation (FAO/WHO, 2005).Cashew powder samples had similar ash content. Roasting increased the ash content, probably because nutrients got more concentrated as water evaporated during roasting (Finglas & Faulks, 1985). Akinhanmi et al. (2008) reported similar ash contents at 2.8%, but lower than those reported by Aremu et al. (2006) at 4.4 ± 0.1%. This could be due to the cashew species used and their intrinsic characteristics (Djaha et al 2010). Regarding lipid levels, the roasting process did not have any significant effect on cashew nut samples. Bett &Bobylston (1992) showed that roasting increases lipid oxidation and carbonyl compound formation. Extreme levels (39.96-40.76%) are close to Erasmus (1993) 41.7%. These high lipid levels could be attributed to cashews being oil-rich dried fruits and therefore very high in lipids. Such high values may indicate that these various samples are genuine sources of energy.This study conducted on cashew nuts provided information on their microbiological quality after blending. Microbiological analyses of the powder revealed the presence of various microorganisms belonging to alteration and contamination flora and fecal flora. Potentially pathogenic bacterial species were also present. Among alteration and contamination flora, GAMs with loads below microbiological standards are counted. These mean microbial loads obtained for each sample are satisfactory and comply with current microbiological criteria. Similarly, the mean microbial loads for yeasts and molds are also below the microbiological criteria, set at 10⁶ CFU/g for total flora and 10⁵ CFU/g for fungal flora. These low loads could be explained by the cashew nut powder's low moisture content. Indeed, this low moisture content was due to prior drying of the cashew nuts. It should also be pointed out that the cashew nuts were roasted before being powdered. The combination of drying and roasting would have significantly reduced the load of mesophilic aerobic bacteria and fungi. Previous work conducted by N'guesssan et al (2014) found mean levels of yeast, mold, and mesophilic aerobic bacteria well below the prescribed microbiological criteria, identical to the results of the study conducted. Moreover, the same microflora found in cashew nut powder sold in Bondoukou has also been isolated in cereal flours, particularly maize flour. The mesophilic aerobic germ counts were high, ranging from 5.6 × 10⁶ to 1.8 × 10⁹ CFU/g, according to N'goran-Aw et al. (2017). These results contrast with those of a study conducted on cashew nut powder, in which mesophilic aerobic bacteria were lower in number. They reflect good manufacturing practices and probably nuts good storage.In fecal flora, their loads comply with microbiological quality standards. These microorganisms therefore serve as hygiene and health indicators for manufacturing processes and the microbiological quality of final products (FAO/WHO, 2005; CCA, 2008).During this study, three potentially pathogenic species were investigated, namely Staphylococcus aureus, Escherichia coli, and Bacillus cereus. Analyses of the various samples revealed only Bacillus cereus, with mean counts for each sample not exceeding recommended microbiological standards. These results comply with the prescribed standard of 102 CFU/g. Furthermore, similar results were obtained by Le Loir and Gautier (2009), indicating compliance with good hygiene practices. Generally, the lack of certain contamination indicates compliance with good manufacturing and hygiene practices during cashew nut powder production (FAO/WHO, 2005; CCA, 2008).	Comment by frank: check please

5. CONCLUSION
[bookmark: _Toc80194179][bookmark: _Toc81038482]Analysis of physicochemical and biochemical parameters showed that the samples were consistent. This study revealed that cashew powders are rich in lipids and have a good physicochemical and biochemical composition, making them suitable for use in flour for local consumption. Microbiological evaluation of the cashew powder revealed absence of pathogenic microorganisms. The powders have good physicochemical characteristics. The lack of pathogenic germs and fecal flora indicates good manufacturing hygiene.
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