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ABSTRACT 

	
 Blighia sapida, belonging to the Sapindaceae family, is a tropical tree growing in West Africa and consumed for its aril, which is rich in protein and lipids in various forms. To promote the use of this plant in human and animal nutrition, several studies have been conducted to determine some antinutritional compounds and the microbial load of dried (DA) and roasted (RA) arils. The results indicate that the total polyphenol levels are significantly different (p-value < 0.05) and abundant (2277.86-2816.30 mg/100 g (DA-RA)) with identical proportions of tannins and phytates (approximately 65 and 87 mg/100 g, respectively). Oxalates (5.04-8.76 mg/100 g) and hypoglycin A (0.46-1.33 mg/kg) are low. Flavonoids (76.86 ± 14.46-98.22 ± 4.86 mg/100 g) are statistically different for DA and RA. Microbiological contamination of the DA and RA powders is low, with Total Mesophilic Aerobic Germs TMAG (2.05-2.99 log CFU/g) and yeasts and molds (2.18-3.14 log CFU/g) present. Regarding the Staphylococcus aureus and total coliforms were absent from all samples. Aflatoxins were not quantified in the RA powders. Conversely, aflatoxin B1 (0.589 µg/kg) and B2 (0.098 µg/kg) were quantified in the DA powder. Thus, heat treatment such as roasting reduced a number of antinutritional factors (tannins and phytates) and increased resistance to certain pathogens and infections. In summary, antinutritional compounds would be acceptable and microbiological quality less acceptable at the ace level DA. Only roasted arils could compete with legumes such as soybeans, pistachios, and peanuts. Furthermore, arils can help combat certain cardiovascular diseases, hence their importance in nutrition. However, greater care should be taken during harvesting, and a protocol should be in place to disinfect these arils before use preservation methods are used to limit contamination by these microorganisms.
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1. INTRODUCTION 

Food insecurity is a problem in many developing countries (Gahukar, 2011). This insecurity leads to malnutrition (FAO, IFAD, WHO, WFP and UNICEF 2018). However, since antiquity, humans have used natural resources, particularly plants, as food, shelter, and primary materials for maintaining their beauty and healthcare (Hadj- Seyd et al., 2016). Blighia sapida a spontaneous tree is of great nutritional importance to humans through the consumption its arils. It is known for its high protein (Hoba et al., 2018) and fat content. However, it contains a toxin: hypoglycin. It is present in large quantities in immature arils, and this concentration decreases significantly as the fruit matures (Gauthier, 2012). Hypoglycin is water-soluble. In parallel, dietary proteins are one of the most important components of growth (Kouatcho et al., 2014) in poultry feed. Consequently, the use of other, cheaper and more readily available protein sources will reduce production costs in livestock farming. Furthermore, antinutritional compounds in these arils warrant further investigation. Indeed, antinutritional are rich in phenolic compounds, due to their promising antioxidant potential (Lombe et al., 2023) but influencing food intake Poultry. On the other hand, food safety is very important, as foodborne illnesses have become a public health problem due to the presence of various microorganisms, including pathogenic fungi (Aspergillus, Penicillium, Fusarium, etc.) and pathogenic bacteria (Staphylococcus aureus, Escherichia coli, etc.) involved in these infections (Koffi et al., 2021).
Thus, to enhance the value of this plant for human and animal nutrition, various studies have been conducted to determine some antinutritional compounds as well as the microbial load of dried and roasted Blighia sapida arils.


2. material and methods 
2.1 Material
The material used for this study consists of the aril of mature Blighia sapida fruit, from the Abobo district in northern Abidjan (Côte d'Ivoire). the fruit was transported to the Biocatalysis laboratory and Bioprocesses the same day from Nangui Abrogoua University (Ivory Coast) for the various analyses where They were stored at room temperature (25 ± 2°C) for use in the various manipulations. Once in the laboratory, the fruits were sorted and cleared of debris. The arils and seeds were separated from the hulls by hand, then the arils were separated from the seeds also by hand, gently. The fresh arils were cleaned by washing with a large quantity of distilled water (10 L). Then they were wrung out with Wattman paper Number 1 in order to continue analyses.
 
2.2 Methods
2.2.1 Blighia sapida aril powders
- Drying: Approximately 1 kg of arils were cleaned and sun-dried for two weeks, then sorted to remove damaged arils. The arils were divided into 2 batches. Batch one dried aril was ground using a blender. Then, this resulting powder was sieved using a 500 μm mesh sieve to obtain dried aril powder (DA). 
- Roasting: Batch 2 of the dried arils was roasted using a kiln (Forced convection, temperature: 50-300 °C). The arils were placed on perforated plates (with a porosity smaller than the size of the seeds). Roasting lasted 10 minutes at a temperature of 120 °C, then the arils were ground in a blender and sieved using a 500 μm mesh sieve to obtain roasted aril powder (RA).

2.2.2 Determination of the antinutritional compounds of Blighia sapida arils
2.2.2.1- Extraction and quantification of phenolic compounds
Extraction of phenolic compounds: the total phenolic compounds of B. sapida powders DA and RA were extracts according to the technique described by Rhaman and Punja (2005). 
Total phenolic compounds: B. sapida powders DA and RA were measured according to the spectrophotometric method described by Capannesi et al. (2000) using the folin-ciocalteu reagent.
The phytates in the different DA and RA powders were determined according to the method Joutei et al. (2015). 
The tannins in the different aril powders DA and RA were determined according to the method of Bainbridge et al. (1996); 
The flavonoids in the different DA and RA powders were determined according to the method Méda et al. (2005). 
The oxalate content of the various DA and RA powders was determined according to the technique of Onwuka (2005).
The hypoglycin A content of B. sapida DA and RA powders was determined according to the method of Ware (2002) using an HPLC.

2.2.3 Microbiological analysis of Blighia sapida powders 
Sample collection: Before each sampling, each batch of DA and RA samples was aseptically mixed using a sterile spoon to ensure good homogeneity of the distribution of microorganisms and that it was representative of the sample.
 Principle: The counting technique used involves a solid medium. This methodology is frequently carried out in Petri dishes. It is based on the principle that all bacteria A living organism introduced in bulk or on the surface of a suitable agar medium gives rise after incubation to macroscopic colonies. The total number of colonies then corresponds to the number of Colony Forming Units (CFU).
Enumeration of microorganisms
- The total aerobic mesophilic bacteria (TAMB) count for DA and RA was performed according to the method using ISO 4833-1 (2013) on trypticase soy agar. 
- Total coliform count: ISO standard 4832-3 (2006) on Mac Conkey Agar.
- Enumeration of staphylococcus aureus: NF standard in ISO 6888-1 (1999) Baird Parker selective agar with potassium tellurite egg yolk
-The enumeration of yeasts and molds for DA and RA was carried out on agar from malt extract (ISO 7957).
Expression of results: Reading and interpretation were done according to the Standard French for these floras and produced according to Standard XP V08-102.
-Aflatoxin levels were determined using the method Chiron (2008). 

2.2.4 Statistical analyses
The results of the various experiments and analyses were processed using Excel. Student's t-test was used to compare the means of two samples based on the p-value at the 5% significance level. Statistica 7.1 software with analysis of variance (ANOVA) was used to compare the means of three samples. 

3. results and discussion
3.1 Antinutritional compounds of arils
[image: ]Antinutritional compounds of DA and RA powders are illustrated in fig.1A indicate that the total polyphenol levels of the two types of powders are significantly different (p-value < 0.05). However, the proportions of tannins and phytates in DA and RA powders are significantly equal. As for flavonoids (98.22 ± 4.86 mg/100 g for RA and 76.86 ± 14.46 mg/100 g for DA) and oxalates (8.76 ± 0.65 mg/100 g for DA versus 5.04 ± 0.73 mg/100 g for RA), they are statistically different and with lower concentrations in both powders (fig.1B). The hypoglycin A content of RA (1.33 mg/Kg) is significantly (P < 0.05) different with a higher content than in DA powders (0.41 mg/Kg) (fig. C). 
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Fig. 1. Polyphenolic and antinutritional compounds Blighia sapida aril powders 
    DA: dried arils; RA: roasted arils
 Means assigned the same letter are not significantly different (p-value > 0.05)

The high polyphenol content of the RA powder could be explained by the presence of Maillard reaction products generated during oven roasting. Indeed, according to Shahidi and Naczk (2004), Maillard reaction products are brown polyphenolic compounds known to exhibit certain antioxidant activities. Ackee arils could serve as a valuable source of natural antioxidants because These properties would allow them to play a role in the treatment of inflammatory, cardiovascular or neurodegenerative diseases (Ano et al., 2018).
The phytate content of the different aril powders studied varies between 59.81 and 67.55 mg/100 g and is much higher than that obtained in soybean phytates, at a concentration of about 16 mg/100 g (Hubert 2006). Phytates can also bind to proteins and lead to decreased protein solubility, rendering them indigestible by proteases (Kenfack, 2010). Indeed, they significantly influence the in vivo digestibility of proteins when the protein content of the food is 10 %.
Tannins impart an astringent taste that affects palatability, reduces food intake, and consequently hinders body growth. The tannin content of Blighia sapida arils varies around 80 mg/100 g, or 0.08 %, with a total tannin (RA) value lower than that of the arils (DA). The tannin content of peanut meal, trypsin inhibitors found in seed kernels, and a small amount of oxalic acid constitutes 0.16 % of the dry matter (DM) (Richir, 2004). 
Flavonoids are the most abundant compounds among phenolic compounds, as observed in the work of N'Guetta et al. (2016) in the seeds of Citrullus lanatus, with a variation of 150.15–154.22 mg/100 g. low concentrations of flavonoids prevent the spread of cellular damage in the liver, while high concentrations (50-250 µmol/L) cause DNA damage (Wätjen et al., 2005) and would lead to an increase in blood pressure (Hubert 2006).
This decrease in oxalates observed in RA could be explained by their destruction during the heat generated by roasting. This phenomenon was observed by Souilah (2015) with some antinutritional factors (trypsin inhibitors) in chickpeas and cowpeas, which decreased by 90 %. 
The wide variety of antinutritional compounds found in plant-derived materials, such as toxins, limits their use in food. Hypoglycin A content varies from 0.41 to 1.33 mg/kg in powders (from DA to RA). This variation is thought to be due to its concentration during roasting, as hypoglycin A is heat-stable, according to Lemmens et al. (2008). Roasting involves a high temperature, resulting in greater water evaporation from roasted arils than from dried ones, and therefore a higher concentration of hypoglycin A in RA. This hypoglycin A content is lower than the recommended value of 100 ppm or less (Ouattara et al., 2011). 

3.2 Microbiological 
Microbiological study of dried aril powders (DA) and roasted aril powders (RA) of Blighia sapida is confined to Table 1. It shows a significant difference (p value < 0.05), with TMAG values of 2.99 Log CFU/g for DA and 2.05 Log CFU/g for RA. Staphylococcus aureus Total coliforms were absent in all samples. Yeast and mold counts were 3.14 Log CFU/g in DA powder and 2.18 Log CFU/g in RA powder. Aflatoxin levels in Blighia sapida aril powders are confined to Table 2. No aflatoxin determinations were made in the RA powders. In contrast, aflatoxin B1 (0.589 µg/kg) and B2 (0.098 µg/kg) were quantified that in the DA powder, giving a total of 0.687 µg/kg of aflatoxins in this powder.
	Table 1: Microorganism load of Blighia sapida aril powders 

	Aflatoxins (Μg/Kg)
	Powders

	
	DA
	RA

	B1
	0.589
	ND

	B2
	0.098
	ND

	G1
	ND
	ND

	G2
	ND
	ND

	Total aflatoxin 
	0.687
	ND


	Table 2: Aflatoxin content of Blighia sapida aril powders

	Microorganisms ( log CFU/g)
	Powders

	
	DA
	RA
	P value

	TAMG
	2.99b
	2.05a
	0

	Total coliforms
	Absent
	Absent
	

	Staphylococcus aureus
	Absent
	Absent
	

	Yeasts and molds
	3.14b
	2.18a
	0




DA: dried arils; RA: roasted arils; TMAG: total mesophilic aerobic germ. On the lines,
    means assigned the same letter are not significantly different (p-value > 0.05).

Microbiological analysis of the aril powders (DA and RA) of Blighia sapida shows contamination with TMAG, yeasts, and molds of 2.99 Log CFU/g and 3.14 Log CFU/g (DA) and 2.05 Log CFU/g and 2.18 Log CFU/g (RA), respectively. This contamination could be explained by the method of fruit extraction (Houndji et al., 2013). The fruits are collected directly from the ground during harvesting, favoring only self-opening fruits. In addition, other sources can contribute to microorganism contamination on the surface of the arils, such as air, birds, insects, and the environment. Certain intrinsic characteristics of the arils also contribute to the development of microorganisms. However, the presence of mold hinders the product's long-term preservation. In general, yeasts do not pose health risks, although some can spoil food, rendering it unfit for consumption (FAO, 2007). Therefore, their reduced number in the RA powder could be due to some of their destruction by heat during roasting, as they come from the dried batch. Furthermore, according to Makhloufi (2013), the total flora count is the best tool for assessing the overall microbiological quality of food, and thus serves as a quality indicator. A foodstuff containing more than 5.5 log CFU/g should be considered unfit for consumption, which would indicate that only the RA powder is safe for consumption. The search for indicator microorganisms of fecal contamination allows for judging the hygienic status of a product (Labioui et al., 2009). The absence of pathogenic microorganisms (Staphylococcus aureus) and total coliforms indicates the acceptable hygienic status of aril powders, especially roasted ones, due to the heat treatment they have undergone. Thus, proper heat treatment of arils increases the utilization of their essential elements, as well as their resistance to certain pathogens and infections. 
The presence of aflatoxins (B1 and B2) in DA powders (0.687 µg/kg) indicates the presence of Aspergillus flavus contamination (Sifou, 2016). This infestation of Aspergillus flavus, which mainly produces aflatoxin B1 and aflatoxin B2, while it does not produce usually neither aflatoxin G1 neither aflatoxin G2, although a few rare exceptions have been described (Khoury, 2007). It is favored by empirical harvesting conditions. aggravated by poor storage (Houndji et al., 2013). The presence of aflatoxins B only in DA powder could be explained by the fact that RA arils are derived from DA are roasted and aflatoxins are theoretically very heat-stable. The standards set for aflatoxin in Africa are between 10 and 20 mg/kg (Mutegi et al., 2009; Somorin et al., 2012).

4. Conclusion
Thus, heat treatment such as aril roasting has reduced several antinutritional factors and increased resistance to certain pathogens and infections. In short, the antinutritional compounds in Blighia sapida aril powders are acceptable, as is their microbiological quality. Therefore, these arils, especially roasted ones, could compete with legumes such as soybeans, pistachios, and peanuts. They could also help combat certain cardiovascular diseases, hence their importance in nutrition. However, precautions must be taken regarding the cleaning and storage of the arils to limit contamination by these microorganisms. 
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