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ABSTRACT

	Aims: Yams (Dioscorea spp.) are highly perishable food crops. Processing them into flour after harvest is an effective preservation method that reduces post-harvest losses, thereby contributing to food security and offering a viable alternative to increasingly costly wheat flour. Yam flour is a shelf-stable product, easy to package, and versatile in culinary applications. However, the functional properties and in vitro digestibility of raw and pre-cooked (boiled) yam flours remain insufficiently explored. This study assessed the effect of boiling on the functional properties and digestibility of flours derived from three yam varieties (“kponan”, “Krenglè”, and “bètè-bètè”) using standard analytical methods.	Comment by frank: italize
Methodology:The functional properties (water and oil absorption capacity) of raw and boiled yam flours were assessed using the methods described by Gampoula et al. (2020),the hydrophilic-lipophilic ratio was then calculated using the formula proposed by Njintang et al. (2001). The in vitro digestibility of each sample was determined according to the procedure carried out by Colas & Attias (1975), with some modifications.	Comment by frank: italize	Comment by frank: italize
[bookmark: _GoBack]Results:Both raw and boiled yam flours demonstrated high water absorption capacity, with boiled flours particularly from “kponan” and “bètè-bètè” exhibiting a notably hydrophilic nature. In contrast, oil absorption capacity was consistently higher in all raw flours. Digestibility analysis revealed that boiled flours, especially from “kponan” and “bètè-bètè”, showed slower starch hydrolysis, suggesting increased resistance to enzymatic breakdown.
Conclusion:These findings highlight the promising functional characteristics of both raw and boiled yam flours for use in diverse food products, including breads, pastries, doughs, and infant formulas. Moreover, the reduced digestibility of boiled “kponan” and “bètè-bètè” flours suggests potential applications in the formulation of functional foods suitable for diabetic diets.
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1. INTRODUCTION
Yam is a food crop belonging to the family Dioscoreaceae and the genus Dioscorea, which includes more than 600 species (Kumari et al.  2025).  In Côte d'Ivoire, yam is the most important food crop. Production is estimated to reach 7.65 million tonnes in 2020 and 7.96 million tons in 2023, representing an increase of 3.9 percents (FAO, 2024). The main cultivated species are D. cayenensis-rotundata, D. alata, D. esculenta and D. bulbifera (Bakayoko et al., 2017). Yams have a high economic value and serve as a source of calories and minerals such as potassium, calcium, magnesium and phosphorus for many people in Côte d'Ivoire (Lolge et al. 2022; Okeke & Oluka, 2019; Abiodun &Akinoso, 2014). They also contribute to food security for people living in rural areas and for people in urban and peri-urban areas. Except for chips and roasted yam, most yam-based dishes begin by cooking peeled, washed and chopped yam pieces in water (Sahoré& Amani, 2013). Once softened after cooking, the yam can be eaten as-is, such as in the dish “Akpessi”, it can be pounded in a wooden mortar to produce a sticky paste called “yam foutou”, or crushed in a mortar with red palm oil added, then shaped into balls known as “yam foufou”. Both “Foutou” and “Foufou” of yam are typically served with soup (Souleymane et al, 2018; Adegunwa et al., 2011; Mosso et al., 1996). Yam is also processed into flour by peeling, washing, cutting, blanching, drying, grinding, and sieving. These pre-cooked flours can then be reconstituted with warm water to form “yam foutou”. As yam is a perishable crop, this form of processing is one way to reduce post-harvest losses and, consequently, food insecurity. Additionally, yam flour offers a shelf-stable, easy-to-package product that can be used in various food applications such as bread, pastries, and biscuits, potentially reducing reliance on increasingly expensive wheat flour. However, the functional properties and digestibility of pre-cooked yam flour have not been sufficiently studied.	Comment by frank: kindly italize asaappeared same through	Comment by frank: remove	Comment by frank: italize	Comment by frank: good justification but what about the problem statement that leade to this work. Write them fully also
The aim of this study was to assess the influence of boiling followed by drying on the functional properties and in vitro digestibility of flours produced from three yams (Dioscorea sp.) varieties.	Comment by frank: italize it is a botanical name

2. material and methods 
2. 1 Biological material
Three yam varieties, “kponan” and “krenglè”, both belonging to the D. cayenensis- rotundata complex), and “bètè-bètè” (D. alata), were used in this study. Five mature, disease-free fresh tubers of each variety were collected directly from a traditional farm near Korhogo, in Northern Côte d'Ivoire, during the harvesting season. The yam tubers were placed in jute bags and transported to the laboratory for analysis. 
2.2Methods
2.2.1 Production of Raw Yam Flour
Freshly harvested yam tubers were thoroughly washed, peeled, and cut into tiny pieces. The pieces were then dried in an oven at 45°C for 72 hours. The dried tiny pieces were ground using a kitchen grinder (Moulinex, France), and the flour was sieved and stored in clean, airtight glass jars. 
2.2.2 Production of Boiled Yam Flour
Boiled tuber flour was prepared following the method described by Razanamparany et al. (2003). The process was similar to the method described above, except that the yam pieces were boiled in water for 30 min prior to drying, grinding, sieving and stored in clean, airtight glass jars. 	Comment by frank: ?
2.2.2 Functional properties analysis
2.2.2.1 Water absorption capacity (WAC) and water solubility index (WSI)
The water absorption capacity and water solubility Index were determined following the method described by Gampoulaet al. (2020).	Comment by frank: Joined word , kindly separate
Briefly,1 gram of flour was mixed with 10 mL of distilled water in a centrifuge tube and incubated in a water bath at 37°C for 30 minutes under continuous stirring. The mixture was then centrifuged at 5000 rpm for 15 minutes. The resulting pellet was separated from the supernatant, weighed, and dried in an oven at 105°C for 24 hours until a constant mass was obtained. The WAC and WSI were calculated using the following formulas:


2.2.2.2Oil absorption capacity (OAC) 
The oil absorption capacity was determined using the method described by Gampoulaet al. (2020). One gram (1g) of flour was dispersed in 7 ml of refined palm oil. After stirring for 30 minutes, the mixture was centrifuged at 4500 rpm for 10 minutes. The resulting pellet was then collected and weighed.	Comment by frank: Joiined word

2.2.2.3Hydrophilic-lipophilic ratio (HLR)
The hydrophilic-lipophilic ratio was calculated using the formula proposed by Njintang et al. (2001), which involves dividing the water absorption capacity (WAC) by the oil absorption capacity (OAC).

2.2.3 In vitro digestibility
2.2.3.1substrate preparation
A quantity of 0.1 g of flour sample was added to 8 ml of distilled water in an Erlenmeyer flask. The resulting suspension was homogenized and then heated in a water bath to 90°C for 15 minutes with continuous stirring.
2.2.3.2Preparation of the enzymatic solution
The enzyme used (alpha-amylase) was extracted from the digestive juice of the African giant snail (Achatina achatina). following the method described by Colas & Attias (1975).
Ten snails were fasted for 3 days to ensure empty their digestive tracts. Their shells were carefully broken, and the digestive tracts were isolated from the visceral masses with tweezers. The contents were emptied into a 100 ml Erlenmeyer flask fitted with a funnel lined with gauze. The digesta was centrifuged at 6,000 rpm for 10 minutes in a refrigerated centrifuge. The resulting supernatant constituted the crude enzymatic extract, which was stored in the freezer until use.
2.2.3.2Reaction medium and digestibility
The reaction medium consisted of 2.5 mL of sodium acetate buffer (100 mM, pH 5.0) and 1.25 mL of the enzyme extract diluted at a 1:100 ratios. The mixture was pre-incubated for 10 minutes at 37°C. Subsequently, 2.5 mL of the prepared substrate was added. This reaction mixture was incubated in a water bath at 37°C. Aliquots of 250 µL were taken at regular intervals (every 5 minutes), and each was immediately mixed with 250 µL of DNS (3,5-dinitrosalicylic acid) to stop the enzymatic reaction. The amount of reducing sugars released were determined using the Bernfeld method (1955). Control tubes without enzyme were prepared under the same conditions. 
The concentration of reducing sugars released was quantified using a calibration curve obtained with a glucose solution (1 mg/ml).
2.2.3.3Reduction in digestibility
The reduction in digestibility of boiled yam flours was calculated using the following mathematic expression:

QRYF = Quantity of reducing sugar released by raw yam flours.
QRBYF = Quantity of reducing sugar released by boiled yam flours.
This formula provides the percentage decrease in enzymatic hydrolysis due to the boiling process, reflecting the impact of thermal treatment on starch digestibility.
2.3Statistical analysis
All experiments were conducted in triplicate, and the results were expressed as mean values and standard deviation. A one-way analysis of variance (ANOVA) was performed to assess significant differences among the means. Where significant differences were observed, Tukey’s post-hoc test was applied for multiple comparisons. These analyses were carried out using Statistica software (version 7.1). The significance level was defined as p < 0.05.
3. results 
3.1Functional properties
Table 1 summarizes the functional properties of raw and boiled yams flours. 
For ‘‘kponan’’ variety, the raw flour exhibited a water absorption capacity (WAC) of 374,48 ± 26,70 %, while the boiled flour showed a significantly higher value of 472,96 ± 87,99%. The water solubility index (WSI) increased from 109,53 ± 27,74 in the raw flour to 211,36 ± 15,72 in the boiled flour. Conversely, the oil absorption capacity (OAC) decreased from 126,11 ± 8,11% to119,39± 6,50%. The hydrophilic-lipophilic ration (HLR) increased from 2,98 ± 0,40 to 4,07 ± 1,28 after boiling. 
For the “krenglè” variety, the WAC increased from 258.93 ± 4.07% (raw) to 288.41 ± 8.70% (boiled). The WSI values were 6.12 ± 0.66 for raw flour and 7.52 ± 0.57 for boiled samples. The oil absorption capacity decreased from 120.58 ± 4.69% to 108.62± 1.84%, while hydrophilic-lipophilic ration increased from 2.14 ± 0.40 and 2.65 ± 0.28 respectively for raw and boiled samples. 
For the “bètè-bètè” variety, WAC values were 321.23 (raw) ± 4.56% and 353.16 ± 4.17% (boiled). The water solubility index decreased from 24.80 ± 2.13 to 16.78 ± 1.10 following boiling. The oil absorption capacity declined from 93.14 ± 4.51% to 76.07 ± 4,5%, while the Hydrophilic-lipophilic ration went from 3.44 ± 0,40 to 4,64 ± 1,26 for raw and boiled samples respectively. 





Table 1: Functional properties of raw and boiled flour of “kponan” (ComplexeD. cayenensis-rotundata), “krenglè” (ComplexeD. cayenensis-rotundata) and “bètè-bètè” (D. alata)	Comment by frank: Check please
	Properties
	Kponan
	Krenglè
	Bètè-bètè

	
	Raw flour
	Boiled flour
	Raw flour
	Boiled flour
	Raw flour
	Boiled flour

	Water absorption capacity (%)
	374,48 ± 26,70e
	472,96 ± 87,99f
	258.93 ± 4.07a
	288.41 ± 8.70b
	321.23 ± 4.56c
	353.16 ± 4.17d

	Water solubility index (%)
	109,53 ± 27,74e
	211,36 ± 15,72f
	6.12 ± 0.66a
	7.523 ± 0.57b
	24.80 ± 2.13c
	16.78 ± 1.10d

	Oil absorption capacity (%)
	126,11 ± 8,11f
	119,39± 6,50d
	120.58 ± 4.69e
	108.62± 1.84;c
	93.14 ± 4.51b
	76.07 ± 4,5a

	Hydrophilic-lipophilic ration
	2,98 ± 0,40c
	4,07 ± 1,28e
	2.14 ± 0.40a
	2.65 ± 0.28b
	3.44 ± 0,40d
	4,64 ± 1,26f


The values with different superscripts within each row are significantly different (p < 0.05)
3.1In vitro digestibility
Figures 1, 2 and 3 illustrate the in vitro digestibility of raw and boiled flours from “kponan”, “krenglè” and “bètè-bètè”yam varieties, respectively. Table 2 presents the reduction in digestibility observed in boiled flours compared to raw flours. 
For “kponan” flours, the amount of reducing sugars released during incubation (from 5 to 50 minutes) ranged from 422 to 684 µg for raw flour and 214 to 304 µg for boiled flour,
For “krenglè" flours, the values ranged from 525 to 786 µg for raw and 400 to 710 µg for boiled. For “bètè-bètè” flours, values for the raw and boiled flour ranged from 369.4 to 817 µg.
As shown in Table 2, the reduction in digestibility due to boiling was most pronounced in “kponan” flour (49.28-55.06%), followed by “bètè-bètè” flour (25.98-36.91%) and "krenglè” flour (9.66-23.80%). 


 Fig.1: In vitro digestibility kinetics of ‘kponan’ yam (ComplexeD. cayenensis-rotundata) flour:  RYF (Raw Yam Flour); BYF (Boiled Yam Flour)


Fig.2: In vitro digestibility kinetics of ‘krenglè’ yam (ComplexeD. cayenensis-rotundata) flour: RYF (Raw Yam Flour); BYF (Boiled Yam Flour)


Fig.3: In vitro digestibility kinetics of “bètè-bètè” (D. alata) flour: RYF (Raw Yam Flour); BYF (Boiled Yam Flour)

Table 2: Reduction in digestibility of boiled yam flours compared to raw yam flours of “Kponan” (D. cayenensis-rontundata), “Krenglè” (D. cayenensis-rontundata) and “bètè-bètè” (D. alata)
	
Time (min)
	Reduction in digestibility of Boiled yam flours (%)

	
	Kponan
	Krenglè
	Bètè-bètè

	5
	49.28
	23.80
	31.79

	10
	52.66
	19.55
	32.36

	15
	56.86
	17.78
	27.44

	20
	57.66
	15.58
	25.98

	25
	56.45
	12.19
	26.89

	30
	56.56
	10.11
	30.34

	35
	55.11
	10.23
	33.17

	40
	55.22
	10.72
	34.34

	45
	55.45
	9.73
	36.34

	50
	55.29
	9.66
	36.91

	Average
	55.06
	13.94
	31.56


4. discussion
The water absorption capacity (WAC) was higher in boiled yam flourscompared to raw flours. Among the boiled flours, “kponan” yam exhibited the highest water absorption capacity, followed by “bètè-bètè”, while “krenglè” showed the lowest value. The WAC values obtained for both raw and boiled flours of “kponan” and ‘krenglè” yams were comparatively higher than those reported for D. alata cultivar “azaguié” (265.74 ± 1.91%) by Nina et al. (2017), and cassava flours (ranging from 75.57 ± 4% - 97.2 ± 6.23%) (Kacou et al., 2018). This high water absorption capacity observed in yam flours may be attributed to their starch and protein content, which significantly contributeto water retention.The hydroxyl groups present in starch molecules and the polar amino acid residues in proteins facilitate hydrogen bonding with water molecules, thereby enhancing the flour’s ability to absorb and retain moisture.As noted by Singh (2001),water absorption capacity reflects a product’s ability to associate with water under limited conditions. The elevated water absorption capacities recorded for both raw and boiled flours of the “kponan”, “krenglè” and “bètè-bètè” yam varieties suggest their suitability for incorporation into products such as bread, pastries, and doughs (Olafeet al., 1998).  Thisfunctional property is influenced by both the botanical origin of the yam and the processing methods employed used in flour production.	Comment by frank: seprate	Comment by frank: italize	Comment by frank: ?
Oil absorption capacity (OAC) is an important property in foods. In fact, the OAC indicates the amount of oil that a food ingredient can absorb. OAC is the binding of fat by the proteins’ non-polar side chain (Awuchet al., 2019).OAC is mainly attributed to the entrapment of oils physically. It is therefore an indication of the ratesInternational Journal of Development Research at which proteins bind to fat in food formulations (Oppong et al., 2015).It has an impact on the organoleptic quality of the product, such as texture, colour, taste, smell and flavor (Seena & Sridhar, 2005; Kinsella, 1976;). The oil absorption capacity was found to be higher in all raw flours compare to boiled flours. The highest value was obtained with raw flour of “kponan” (126.11 ± 8.11%) followed by raw flour of “krenglè” (120.58 ± 4.69%) and raw flour of “bètè-bètè” (93.14 ± 1.84%). The rate of oil absorption is very high in foods with high protein content. Also, the oil binding capacity of protein in food depend on the intrinsic factors such as protein conformation, amino acid composition, and surface polarity or hydrophobicity (Shandra&Singh, 2013).When yams are cooked, the heat causes the proteins to denature. This results in the loss of their native conformation, followed by hydrolysis and solubilisation of peptide and amino acid residues in the cooking water, leading to a reduction in protein content. This in turn leads to a reduction in oil absorption capacity.Results found in both raw and boiled yam flours were lower than value (141.14.62%) reported by Hannington et al. (2020) for wheat flour. Therefore, to make the most of the properties of oils in food formulations, it would be wise to give preference to raw yam flour.	Comment by frank: ?
The hydrophilic-lipophilic ratio (HLR) provides insight into the relative affinity of a material for water versus oil. In this study, all yam flours exhibited HLR values greater than 2, indicating a stronger affinity for water. Notably, the highest HLR values were observed in boiled flours of‘‘bètè-Bètè’’ (4.64 ± 1.26) and ‘‘kponan’’ (4.07 ± 1.28).These results suggest that the functional properties of the flours are predominantly hydrophilic, making them potentially more suitable for incorporation into aqueous food systems. The HLR values reported here are significantly higher than those found in cassava flours, which ranged from 0.85 ± 0.05 to 0.97 ± 0.2 across seven cassava varieties, as reported by Kacou et al. (2018). This marked difference highlights the comparatively stronger water affinity of yam flours, particularly in their boiled forms.
In vitro digestibility refers to the extent to which food components are enzymatically broken down under simulated gastrointestinal conditions, without the use of live animals (Favier, 1969). It serves as an indicator of the rate and extent of enzymatic hydrolysis, providing insights into the nutritional quality and physiological behavior of food products.
In this study, starch hydrolysis rates were significantly lower in boiled yam flours compared to raw yam flours, suggesting a reduced sensitivity of boiled samples to alpha-amylase from the digestive juice of the Achatinaachatina. This decreased digestibility may be attributed to starch retrogradation and structural hardening of yam cell structures during the cooking process, which impedes enzymatic access to starch granules. These results are consistent with those of Favier (1969),who reported a reduced digestibility of cassava flour following thermal processing. Among the boiled samples, “kponan” flour exhibited the highest reduction in vitro digestibility with an average value of 55.06%, followed by “bètè-bètè” (31.56%) and “krenglè” (13.94%). The slower digestion rate of boiled “kponan” and “bètè-bètè”starches may offer nutritional benefits for individuals with type I diabetes, due to their potential to induce lower postprandial glycemic responses. Conversely, the higher carbohydrate availability and digestibility of raw yam floursmake them suitable for use in infant foods formulations(Seña-Rambauthet al., 2024; Adeniji et al.,2020).	Comment by frank: ?
5. Conclusion
Both raw and boiled yams flours exhibited higher water absorption capacities, with a marked hydrophilic character, particularly in boiled flours of “kponan” and “bètè-bètè”. However, oil absorption capacity was consistently higher in all raw flours, likely due to their higher protein content and preserved structural integrity. Regarding digestibility, boiled flours, especially those of “kponan” and “bètè-bètè”, exhibited slower starch hydrolysis, indicating resistance to enzymatic degradation, which may be beneficial for managing glycemic response in individuals with type I diabetes. On the other hand, raw “kponan”, “krenglè” and “bètè-bètè” flours displayed higher digestibility and energy availability, making them more appropriate for use in infant food formulations.
Overall, raw and boiled flours from “kponan”, “krenglè” and “bètè-bètè”yams present promising functional properties for incorporation into various food products such as breads, pastries, doughs, and infant formulas. Furthermore, the slower digestibility of boiled “kponan” and “bètè-bètè”flours supports their potential use in the development of functional foods tailored to diabetic diets.
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