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Enhancement of the nutritional value and functional properties of mango kernel flour through heat, lemon juice and kanwa processing


Abstract
This study examined the chemical composition and functional characteristics of mango kernel flour from the Tcheodeh variety subjected to heat and lemon juice and kanwa treatments. Two primary treatment regimens were employed: a heat treatment involving two soaking temperatures (30°C and 50°C) for 48 hours, followed by boiling for 30 minutes, and a chemical treatment comprising soaking for 72 hours in 0.3M lemon juice and soaking in kanwa at two concentrations (1 and 1.5g/L) for 72 hours. The most effective treatments were found to be soaking and boiling, which significantly reduced antinutrients, tannins, and total phenolic compounds. The total sugar content was also reduced, but protein, lipid, soluble sugar, and fiber content were increased. Most treatments improved oil and water absorption capacity, affecting functional properties. However, emulsifying activity and stability were reduced, and the water solubility index decreased. The treated flours exhibited potential for utilization in various food applications, including baking. The study underscores that appropriate processing can enhance the nutritional value and functional properties of mango kernel flour, thereby expanding its application as an ingredient in diverse food products and promoting food security.
Key words: Mango kernels, anti-nutritional factors, heat treatment, chemical treatment.

1-INTRODUCTION
Projections indicate that the global population will increase from 7.2 billion to 9.2 billion by 2050, representing a 34% rise (Barthes et al., 2015). This growth is predominantly concentrated in emerging nations and is expected to significantly elevate food demand. Concurrently, declining food production has led to a disparity between supply and demand in both domestic and commercial sectors. This situation necessitates the investigation and utilization of reasonably priced, non-conventional, and readily available food supplies (Abdullahi, 2012).
Mango kernels, a by-product of mango processing, have been identified as a promising substitute dietary source. Their compositional resemblance to cereals (Dhingra and Kapoor, 1985) renders them suitable for various dietary applications, particularly as a substitute for wheat flour in baking (Menon et al., 2014). Investigations have demonstrated the adaptability of mango kernel flour in bread-making as an anti-staling agent (Om El-Saad, 2010). Mandha et al, (2021) suggest that mango seed and kernel could increase the nutritional value of maize porridge, but fortification should be done at lower levels of about 31–56%. In Cameroon, nine mango varieties at 10% wheat substitution hypothetically convenient for the reduction of bread staling. The composite flours seem acceptable in breadmaking (Gaston Zomegni et al., 2022). Ashiq et al. (2024) show that mango byproducts can be used to recover a variety of bioactive chemicals and into the creation of nutritive food compositions. 
Zomegni et al (2023) findings indicate that this variety is characterized by a high concentration of anti-nutritional factors and exhibits a higher yield of kernels. However, the high concentration of anti-nutritional elements (ANFs) in mango kernels, particularly tannins and phenolic compounds contributes to their undesirable sensory characteristics and potentially compromises nutrient absorption. These ANFs represent a significant impediment to the broader acceptance of mango kernels in food applications. A substantial reduction in these ANFs would considerably enhance the sensory and nutritional value of mango kernel flour. 
Blanched mango kernel flour has higher water absorption capacity and oil absorption capacity and oil absorption capacity as compared to unblanched mango. Soaking and blanching reduced ash and fibre but increased protein, fat, and carbohydrate content (Florence et al., 2019). Soaking and blanching reduced bioactive compounds (polyphenol, ascorbic acid, flavonoids and tannin) (Ojha et al. 2019 ; Uzombah et al., 2019). Soaking and drying time of 16 h increase bulk density and water absorption capacity of mango flour than wheat flour. It also increase ash, fibre, fat and energy content than wheat flour (Das et al.,2019).
The objective of this study is to improve the physicochemical and functional characteristics by using the natural processing techniques like, heat treatment, soaking in lemon juice and soaking with kanwa. The study focuses on evaluating various procedures to enhance the nutritional value and potential applications of mango kernel flour. This initiative seeks to promote the sustainable utilization of agricultural byproducts and support initiatives related to food security.

2. MATERIAL AND METHODS
2.1. Source and preparation of samples
The present study was conducted using mango (Mangifera Indica) a specimen of kernel flour derived from the local variety Cheodeh. The fruit was harvested at the optimal physiological ripeness point, after which it was peeled and pitted. The kernels were subsequently extracted manually using stainless. The steel knives were utilized in the separation and processing of the two cotyledons of the mango kernel. The kernels were separated and processed prior to being dried to a residual water content of less than 10%, which took approximately 72 hours. The dried kernels were subsequently ground using a Janke and Kunkel MFC type Culatti hammer mill, and then sieved using a 200 µm mesh sieve. Subsequently, the resulting flours were subjected to a series of analytical procedures, including chemical and functional assessments.
2.2. Treatments to eliminate anti-nutritional factors in mango kernels
Two primary treatment methods were employed: a heat treatment involving two soaking temperatures (30°C and 50°C) for 48 hours, followed by boiling for 30 minutes, and a chemical treatment consisting of a 72-hour soak in 0.3M lemon juice, followed by a 72-hour soak in kanwa at two concentrations (1 and 1.5g/L).
2.2.1. Heat treatment
The preliminary experiment involved the soaking of mango kernels in water at a ratio of one-tenth (w/v) for a duration of 48 hours at an approximate temperature of 30°C. The kernels were subjected to intermittent agitation within the water, and the soaking solution was replenished in its entirety after each 24-hour interval. Subsequent to the soaking process, the almonds were removed and subjected to boiling in a stainless steel bowl at 100°C for a duration of 30 minutes. Subsequently, the samples were cooled, rinsed, and dried at 40°C in an electric dryer for a period of 72 hours (FATE1). In contrast to the initial experiment, the second experiment places significant emphasis on the temperature at which the almonds undergo soaking. In this experiment, the almonds were subjected to a soaking temperature of 50°C and subsequently dried at 40°C in an electric dryer. The drying process employed the same soaking and boiling conditions as the first experiment (FATE2).
2.2.2. Chemical treatment
2.2.2.1. Treatment with lemon juice
The soaking of mango kernels in lemon juice at a known concentration (0.3M) of citric acid has been employed as a treatment for the elimination of anti-nutritional factors. The treatment is comprised of three stages: the initial extraction of the juice, the subsequent determination of the titratable acidity using KOH 1N, and finally, the treatment itself. The treatment protocol involved subjecting the almonds to an immersion in 0.3M lemon juice at a temperature of approximately 30°C for a duration of 72 hours. During this period, the almonds underwent periodic rotation, and the soaking solution was completely replenished after every 24 hours.Subsequent to the 72-hour soaking period, the almonds were extracted and meticulously washed before undergoing a drying process at a temperature of 40°C in an electric dryer (FATJC).
2.2.2.2. Treatment with kanwa
The anti-nutritional factors present in the almonds were removed through a process of soaking in a solution of kanwa at a concentration that was twice the original concentration and at a ratio of one-tenth (w/v).Specifically, the almonds were immersed in water containing kanwa for a period of 72 hours at a temperature of approximately 30 degrees Celsius. During the soaking process, the almonds were periodically rotated, and the soaking water was replenished in its entirety after every 24 hours.Following a 72-hour soaking period, the almonds were extracted, thoroughly washed, and dried at 40°C in an electric dryer. The concentrations employed were 1 g (FATKW1) and 1.5 g (FATKW1.5) of kanwa in 1 L of water per 100 g of mango kernels (w/v/w).
2.3. Production of mango kernel flour with or without treatment
Mango kernel flour is a product obtained through the grinding of mango kernels. Following the extraction of the kernels from the mango pit, the kernels were bisected according to their shape. Subsequently, the subjects were divided into six groups, with each group undergoing a distinct treatment regimen. Subsequently, the samples were subjected to a 72-hour drying process at 40°C in an electric dryer. Subsequently, the samples were ground using a hammer mill and then sieved (200 µm). The various treatments and flour production process are outlined in Figures 1 and 2.
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[bookmark: _Toc493663134]Figure 1 : Flour production from kanwa and acid treatments 
FANT= Untreated almonds flour (control) ; FATKW 1= Almond flour treated with kanwa at a concentration of 1g in 1L for 100g of mango kernels ; FATKW 1.5= Almond flour treated with kanwa at a concentration of 1.5g in 1L for 100g of almonds ; FATJC= Almond flour treated with 0.3M lemon juice.
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Figure 2 : Production of flour from soaking and boiling Treatments
FATE 1=almond flour soaked at 30°C for 48 hours followed by boiling at 100°C for 30min and drying at 40°C
FATE 2=almond flour soaked at 50°C for 48 hours followed by boiling at 100°C for 30min and drying at 40°C


2.4. Chemical analysis
The water and ash contents were determined using the AOAC method 1990, as outlined in the 1990 edition of the Association of Official Analytical Chemists (AOAC) International Official Methods of Analysis.The lipid content was determined by the IUPAC method 1979, utilizing 95% hexane as the solvent. The protein content was determined by the Kjeldahl method (AFNOR, 1984), with the result expressed in terms of nitrogen multiplied by a factor of 6.25.The determination of soluble and total sugars was conducted in accordance with the methodology established by Fischer and Stein (1961).The crude fiber content was determined by the Weende method, as described by Wolff (1968). The Folin-Ciocalteu method was employed to ascertain the total phenol and tannin content, with the samples extracted with polyvinylpolypyrolidone (Makkar et al., 1993).
2.5. Functional properties
The water absorption capacity (WAC) and solubility index were determined using the method described by Phillips et al. (1988). The oil absorption capacity (OAC) was determined using the method proposed by Beuchat (1977), and the water and oil absorption index was also calculated as the ratio of the WAC to the OAC. The emulsifying activity (EA) and its stability to heating were measured, respectively, by the procedures of Yasumatsu et al. (1972) and Inklaar and Fortun (1969).
2.6. Statistical analysis of data 



To ensure the reliability of the results, all analyses were performed in triplicate. This approach enabled the comparison of the averages for the treated almond flours and their classification, in the event of a significant difference, using Tukey's multiple comparison test. The statistical analysis was conducted using SPSS 16.0 software, and the threshold for statistical significance was set at 0.05.



3. RESULTS AND DISCUSSION
3.1 Effect of different treatments on the antinutrients in mango kernel meal
The mean content of total phenolic compounds and tannins, along with their reduction rates, in treated mango kernels is presented in Table 1. The data in this table demonstrate that the water content of the various mango kernel flours ranges from 5.16% to 8.62%. These values are consistent with the range reported by Dakere et al. (2012) (6.14% to 8.62%) following chemical and biological treatment of mango kernels from a Nigerian variety. Furthermore, they are lower than the values reported by Legesse and Emire (2012) (10.89%) following heat treatment of mango kernels from an Ethiopian variety intended for biscuit manufacture. The low water content of flours produced from mango kernels has the advantage of extending their storage life.
Statistical analyses indicate that the treatments exert a significant influence (p < 0.05) on the anti-nutrient levels, with the untreated mango kernel meal exhibiting a total phenolic compound content of 10.69 g %MS. However, following treatment, the phenolic compound content was found to have decreased by 68.74% for FATE1, 58.89% for FATJC, 52.34% for FATE2, 47.83% for FATKW1, and 41.83% for FATKW1.5. The lowest total phenolic compound content was observed in the FATE1 sample, which supports the efficacy of the soaking and boiling treatment. This reduction may be attributed to the diffusion of phenols into the soaking and cooking water. The tannin content of the untreated flours was 9.46 g/100 g MS, but this value was significantly reduced by the various treatment methods, with a notable difference between the treated and untreated samples (p < 0.05). The application of the soaking and boiling treatment resulted in a 77.16% reduction of these tannins, leaving a residual value of 2.16 g/100 g MS. The application of kanwa resulted in a 50.07% reduction in tannins (1.5 g kanwa/1 L water/100 g almonds) and a 56.25% reduction (1 g kanwa/1 L water/100 g almonds).The application of lemon juice resulted in a 68.77% reduction in tannins. These findings suggest that the most effective method for reducing anti-nutritional factors is through soaking and boiling.It is hypothesized that the boiling temperature facilitates the observed phenomenon, weakening the kernel wall and thereby allowing for the passage of water-soluble compounds, including tannins and other phenolic compounds. These outcomes bear resemblance to those reported by Dakaré et al. (2012), who achieved 80.20%, 65.9%, and 55.7% tannin reduction, respectively, through soaking and boiling, soaking with Ca(OH)2, and soaking with HCl (0.3M). The observed loss of tannins can be attributed to the solubilization of water-soluble tannins in the soaking and boiling water. 
Table 1 : Effect of heat and chemical treatments on antinutrient content of mango kernel flour.
	

Parameters 
	
Water content
(g/100g MF)
	Total phenolic compounds
	Tannins

	
	
	Content  (g/100g MS)
	% CPT reduction
	Content (g/100gMS)
	% tannin reduction

	FANT 
	8.65±0.59a
	10.69±0.07a
	-
	9.46±0.08a
	-

	FATE 1
	6.07±0.45bc
	3.34±0.03f
	68.74±0.33a
	2.16±0.05e
	77.16±0.55a

	F1TE 2
	7.25±0.43ab
	5.09±0.12d
	52.34±1.18c
	3.52±0.12d
	62.77±1.30c

	FATKW 1
	6.24±0.75bc
	5.57±0.10c
	47.83±0.96d
	4.13±0.07c
	56.25±0.75d

	FATKW 1,5
	5.83±0.36bc
	6.23±0.01b
	41.67±0.09e
	4.72±0.01b
	50.07±0.14e

	FATJC
	5.16±0.31c
	4.39±0.06e
	58.89±0.61b
	2.95±0.02e
	68.77±0.23b


Values in the same column with the same superscript letter are not significantly different (P <0.05).
3-2. Proximal composition of mango kernel meal after treatment
Table 2 presents the mean proximal composition of flours produced from treated and untreated mango kernels. The data in this table demonstrate that the various treatments exert a notable impact on the chemical composition, with a p-value less than 0.05. It is evident that kanwa treatments result in an increase in ash content, with a percentage increase of 3.02% (1 g KW/L/100 g kernel) and 3.01% (1.5 g KW/L/100 g kernel). These findings differ from those reported by Dakare et al. (2012), who employed a comparable treatment (soaking with Ca(OH)2 followed by heat treatment). This discrepancy may be attributed to the inherent differences between kanwa, a natural mineral composed of sodium bicarbonate (NaHCO₃) and other impurities, and calcium hydroxide (Ca(OH)₂), a synthetic chemical compound. Nevertheless, the application of acid hydrolysis and the two aforementioned treatments, namely soaking and boiling, resulted in a notable reduction in ash content, with values decreasing from 2.78% (control) to 1.92%, 2.28% and 2.5%, respectively. Dakare et al. (2012) obtained analogous results using the same treatments, suggesting a correlation between the observed increase in ash content and the hydrolysis of sodium bicarbonate (NaHCO3) in the soaking water. This increased content may be indicative of flours derived from kanwa-treated almonds serving as a potential source of minerals in food. The reduction in mineral content can be attributed to two factors: the solubility of minerals in water and the removal of anti-nutritional factors, such as phytates, which have formed complexes with minerals during the soaking or boiling process.
The soluble sugars exhibited a significant increase in content following the treatments (p < 0.05), corroborating the findings of Medoua (2005). This researcher observed an increase in soluble sugar content after soaking dumetorum tubers in a Kanwa solution.The increase in soluble sugars following non-leaching treatments can be explained by hydrolysis, the process by which sugars are broken down. Conversely, the content of total sugars exhibited a decline in treatments such as soaking followed by boiling and soaking with kanwa (FATE1, FATE2, FATKW1 and FATKW 1.5), while it increased in soaking with acid (FATJC). These outcomes are analogous to those reported by El-Saad (2010), who observed a decline in total sugar content following the soaking of mango seeds. They are also consistent with the findings of Dakaré et al. (2012), who investigated the treatment of mango seeds with calcium hydroxide and sodium bicarbonate, resulting in an increase in total sugar after treatment. The observed discrepancy in the treatment outcomes with kanwa and calcium hydroxide may be attributed to the inherent properties of these agents. Calcium hydroxide is a chemical compound, whereas kanwa is a natural product, suggesting potential differences in their chemical reactivity or biological activity.
The crude protein content of mango seeds exhibited significant variation in response to the various treatments (p < 0.05). The combination of soaking and boiling treatments resulted in a notable increase in protein content, from 7.20% in the control group to 8.28% (FATE1) and 7.67% (FATE2). Similarly, the kanwa treatment led to an increase, reaching 8.27% (1 g/L/100 g kernels) and 8.10% (1.5 g/L/100 g kernels). Consistent findings were reported by Arogba (1997) in a study involving the heat treatment and soaking of mango kernels (Ikanekpo variety) in Nigeria, and by Legesse and Emire (2012) in a study on the soaking combined with heat treatment of mango kernels in Ethiopia. This increase is hypothesized to be attributable to the hydrolysis of bonds formed by certain water-soluble substances (tannins) with proteins, which were released when these tannins were eliminated during the treatments.The acid treatment exhibited a negative effect on protein content (6.51%), yet according to the Tukey classification test, this effect was not significant in comparison to the control. This outcome aligns with the observations reported by Dakare et al. (2012), who documented a decline in protein content following the soaking of mango kernels harvested in Nigeria with hydrochloric acid (HCl) for a duration of 24 hours.With respect to lipids, a substantial discrepancy (p < 0.05) was identified between the control, representing the untreated flour, and the various treated flours. The values obtained for the treated flours ranged from 10.24% to 12.12%, while the control group exhibited a value of 9.94%.
Dakare et al. (2012) obtained analogous results in their study of the soaking followed by boiling, calcium hydroxide, and chloric acid treatments of Nigerian mango kernels. The increase in lipid content may be attributable to the weakening of the oil-bearing cells of the kernels during the treatments, resulting in an enhancement of the lipid extraction yield. 
The findings reveal a substantial increase in fiber content with varying treatments, with percentages recorded as 2.59%, 2.63%, 2.72%, 2.35%, and 2.71% for FATE1, FATE2, FATKW1, FATKW1.5, and FATJC, respectively, as compared to the 2.06% observed in untreated mango kernel flour. These results are consistent with those reported by Arogba (1997), who studied the effects of soaking and heat treatment of mango kernels (Ikanekpo variety) in Nigeria, and with those of Legesse and Emire (2012), who examined the effects of soaking and heat treatment of mango kernels in Ethiopia.The high crude fiber content of mango kernel flour is advantageous to the body, as fiber has been shown to reduce constipation. The benefits of mango kernel flour are further extended to individuals with diabetes and atherosclerosis, as evidenced by studies conducted by Liu et al. (2000).





[bookmark: _Toc493663041]Table 2 :  Effect of heat and chemical treatments on proximate composition of mango kernel flours.
	
Treatments
	Ash        (g/100g MS)
	Total sugars (g/100g MS)
	Soluble sugars (g/100g MS)
	Proteins (g/100g MS)
	Lipids  (g/100g MS)
	Fibers (g/100g MS)

	FANT
	2.78±0.25abc
	68.24±0.27b
	2.38±0.07c
	7.20±0.09bc
	9.94±0.10c
	2.06±0.02ab

	FATE 1
	2.28±0.22a
	59.41±0.27d
	2.71±0.10bc
	8.28±0.04a
	11.09±0.23b
	2.59±0.09a

	FATE 2
	1.50±0.17c
	58.53±0.35d
	2.64±0.00bc
	7.99±0.02ab
	10.94±0.13bc
	2.63±0.26a

	FATKW 1
	3.02±0.30ab
	63.50±0.24c
	2.96±0.02b
	8.27±0.22a
	12.12±0.35a
	2.72±0.10b

	FATKW 1,5
	3.01±0.48ab
	58.98±0.12d
	3.63±0.13a
	8.10±0.29a
	11.77±0.17bc
	2.35±0.08a

	FATJC
	1.92±0.12bc
	71.09±0.66a
	3.02±0.12a
	6.51±0.05c
	10.24±0.09bc
	2.71±0.08b


Values in the same column with the same superscript letter are not significantly different (P < 0.05) 
FANT=untreated almond flour; FATE 1=almond flour soaked at 30°C for 24 hours followed by boiling at 100°C for 30min and drying at 40°C; FATE 2=almond flour soaked at 50°C for 24 hours followed by boiling at 100°C for 30min and drying at 40°C; FATKW 1= almond flour treated with kanwa at a concentration of 1g in 1L for 100g of mango kernels; FATKW 1.5= almond flour treated with kanwa at a concentration of 1.5g in 1L for 100g of kernels); FATJC= almond flour treated with lemon juice at a concentration of 0.3M.




3.3. Functional properties of mango kernel flours after treatment
As posited by Moure et al. (2006), functional properties facilitate predictions of flours' behavior during food processing and preservation. The results of these measurements are presented in Table 3. The water absorption capacity of mango seed flour is highest for flour treated by soaking and boiling: FATE1 (222.84 and 346.75g/100g) and FATE1 (256 and 368.11g/100g), respectively, for apparent water absorption capacity (aWAC) and real water absorption capacity (rWAC). This treatment enhances the FAC, thereby increasing the water affinity of the flours. In comparison, untreated mango kernel flour (FANT) exhibited a lower water absorption capacity than FATE1, FATE2, and FATKW1 (161.84 and 283.85g/100g), FATKW1.5. (175.00 and 294.05g/100g), and as much as FATJC (140.33 and 288.12g/100g). These results demonstrate a significant influence (p < 0.05) of the treatments on the water absorption capacity of the different flours. The enhanced water absorption capacity is primarily attributable to the hydrophilic groups present within the protein structure (Moure et al., 2006).The removal of tannins has been shown to enhance protein content, thereby increasing water absorption capacity (Wolf, 1970).Wolf (1970) has demonstrated that water absorption capacity is a critical property of flours employed in baking and pastry-making. This property enables bakers to add substantial amounts of water to the dough while simultaneously improving its handling and maintaining the freshness of the baked product. The results of this study therefore show that flours produced from processed mango kernels could be used as an ingredient in the preparation of bakery products.
The treatments applied also enhanced the oil absorption capacity. The results demonstrated that the oil absorption capacity of the treated samples surpassed that of the control, with FATE1 exhibiting an absorption of 80.08g of oil per 100g of flour, FATE2 reaching 98.02g, FATKW1 86.11g, FATKW1.5 80.32g, and FATJC 80.12g. Statistical analysis revealed a significant difference (p < 0.05) among the various treatment outcomes. Arogba (1997) observed comparable outcomes following the soaking and heat treatment of mango kernels.The enhanced oil absorption capacity observed in the treated flours is likely associated with the presence of polar chains within these flours. The outcomes of this investigation suggest that all treatments had a substantial impact on the configuration of these oil-binding sites in the flours derived from mango seeds.The capacity of these flours to retain oil is a noteworthy property, as it enables the retention and enhancement of flavor during food processing, thereby improving palatability (Moure et al., 2006). The solubility index (SI) of mango kernels was found to range from 18.73% (FANT), 16.36% (FATE2), 23.71% (FATKW1), 25.89% (FATKW1.5), and 18.74% (FATJC) to 27.96% (FANT), 18.73% (FATE1), and 16.36% (FATE2), respectively. These findings indicate that all treatments had a significant effect (p < 0.05) on the solubility of mango kernel meal.Consistent results were reported by Medoua (2005) on flour from hardened dumetorum tubers. His findings demonstrated that pre-treatment of these tubers by soaking in a Kanwa solution reduced the solubility index of the flours, with this reduction increasing with the concentration of the Kanwa solution. Sikorski (2001) posited that the low solubility of mango seed flours is attributable to their inadequate capacity to generate foams, gels, and emulsions.
The hydrophilic/lipophilic index (HLI) is a quantitative metric employed to evaluate the relative affinity of oils for water and oil. The hydrophilic/lipophilic index (HLI) of mango seeds ranges from 1.86% (FANT), 2.79% (FATE1), 2.61% (FATE2), 1.64% (FATKW1), 1.93% (FATKW1.5), and 1.75% (FATJC), respectively. These results indicate that all treatments significantly influence (p < 0.05) the HLI of the mango kernel meals.It is evident that in the two treatments involving soaking and boiling (FATE1 and FATE2), the flour exhibits a greater affinity for water compared to oil. This suggests that these flours, treated by soaking and boiling, may be particularly suitable for products that require a high water absorption capacity. In contrast, when subjected to soaking in kanwa solution (FATKW1 and FATKW1.5), the water-oil affinity exhibited a concentration-dependent behavior. Notably, when treated with an acid, the flour demonstrated a low water-oil affinity, a property that is crucial in the production of biscuits and pastries, as it contributes to enhanced texture.
Emulsifying activity (EA) is defined as the height of the emulsified phase relative to the total height of the emulsion, primarily attributable to soluble proteins (Moure et al., 2006).Emulsion stability (ES) is measured after heating in a water bath at 80°C for 30 minutes, with the stable height relative to the initial height. The findings indicate that the emulsifying activity values of FATE1 (5.63%), FATE2 (6.46%), FATKW1 (7.02%), and FATKW1.5 (5.64%) are not significantly different from the control (7.03%). The stability values were found to be 18.5%, 19.14%, 20.00%, and 17.33%, respectively, in comparison to the 31.77% stability value observed for the control.FATJC exhibited higher emulsion activity and stability compared to the other flours, with values of 11.27% and 50%, respectively. These results differ from those previously reported by Legesse and Emire (2012) in Ethiopia, who examined the effects of soaking and heat treatment on mango kernels. The discrepancy in findings could be attributed to variations in treatment conditions, cultivar differences, environmental factors, and cultivation practices. In addition to water absorption capacity, emulsions contribute desirable properties to foods.




[bookmark: _Toc493663042][bookmark: _Toc491150988]Table 3 : Effect of heat and chemical treatments on functional properties mango kernel meal
	Treatments 
	aWAC (%)
	rWAC (%)
	OAC (%)
	WSI (%)
	HLI (%)
	EA (%)
	ES (%)

	FANT
	147.33±1.33c
	274.85±5.29b
	78.17±3.05b
	27.96±1.39a
	1.89±0.07b
	7.03±0.32b
	31.77±0.96b

	FATE 1
	222.84±5.38b
	346.70±11.99a
	80.08±3.81b
	18.73±1.33b
	2.79±0.12a
	5.63±0.04b
	18.50±0.86c

	FATE 2
	256.00±5.56a
	368.11±11.43a
	98.02±3.77ab
	16.36±0.74b
	2.61±0.10a
	6.46±0.21b
	9.14±0.48d

	FATKW 1
	141.00±2.30c
	243.85±2.01bc
	86.11±2.75ab
	23.71±0.59a
	1.64±0.05b
	7.02±0.75b
	20.00±0.00c

	FATKW 1,5
	155.00±2.64c
	274.05±3.81b
	80.32±3.35b
	25.89±0.50a
	1.93±0.07b
	5.64±0.13b
	17.33±1.45c

	FATJC
	140.33±2.02c
	288.12±2.24c
	80.12±0.70b
	18.74±0.73b
	1.75±0.0b
	11.27±0.09a
	30.00±0.00a


Values in the same column with the same superscript letter are not significantly different (P < 0.05).
FANT=untreated almond flour; FATE 1=almond flour soaked at 30°C for 24 hours followed by boiling at 100°C for 30min and drying at 40°C; FATE 2=almond flour soaked at 50°C for 24 hours followed by boiling at 100°C for 30min and drying at 40°C; FATKW 1= almond flour treated with kanwa at a concentration of 1g in 1L for 100g of mango kernels; FATKW 1.5= almond flour treated with kanwa at a concentration of 1.5g in 1L for 100g of kernels); FATJC= almond flour treated with lemon juice at a concentration of 0.3M.
rWAC=real water absorption capacity; aWAC=apparent water absorption capacity; OAC=oil absorption capacity; WSI=water solubility index; HLI=hydrophilic-lipophilic index; EA=emulsifying activity; ES=emulsion stability.




CONCLUSION
This study demonstrated that various treatments effectively reduced antinutrients and enhanced the functional and nutritional quality of Tcheodeh variety mango kernel flour. The most effective treatment was found to be soaking followed by boiling, which significantly reduced total phenolic compounds and tannins while increasing protein, fat, and fiber content. Additionally, this treatment enhanced the functional characteristics, including water and oil absorption capacity. Notably, the modified flours exhibited potential for utilization in baked goods. The observed changes in functional qualities and nutritional content suggest that processed mango kernel flour could be a valuable component in various food preparations. These findings underscore the potential of valorizing mango kernels, a byproduct of the mango fruit industry, thereby enhancing food security and reducing waste. To fully harness the potential of this product in the food sector, further research is needed to explore specific culinary applications and consumer acceptance of goods made with treated mango kernel flour.
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