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Improvement of The
 Sensory Characteristics of "Wassa-Wassa," a Semolina Derived from Yam (Dioscorea cayenensis-rotundata) Pulp and Peels Consumed in Northeastern Côte d'Ivoire.

ABSTRACT
Yam (Dioscorea cayenensis-rotundata) is a major staple crop in Côte d’Ivoire, but postharvest losses, estimated at 30–50% after six months of storage, limit its utilization. This
 study aimed to improve the sensory characteristics of the traditional semolina made from yam pulp and peels ("Kponan" variety) consumed in Bondoukou’s department, by applying acetic acid treatment (0.5–2.5%
).
 Results showed that this treatment reduced browning and improved color (lighter), texture (less sticky), and overall acceptability of the semolina, particularly at concentrations between 1.5 and 2.5%. 
Sensory analyses (descriptive and hedonic) revealed a significant preference for treated semolina, offering a promising solution to reduce postharvest losses and enhance yam valorization in Côte d’Ivoire.
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INTRODUCTION 

Yam (Dioscorea cayenensis-rotundata), a monocotyledon from Dioscoreaceae family, is an essential staple in West Africa, where it plays a key role in food security and rural livelihoods (Owusu Danquah et al., 2022). According to FAO (2023), global yam production reached 74.8 million tons in 2022, with Côte d’Ivoire ranking third worldwide (7.5 million tons, ~10% of global production), after Nigeria and Ghana. This crop feeds more than 4 million people in Côte d’Ivoire and sustains the livelihoods of smallholder farmers (Kouakou et al., 2019). Traditionally, yam is processed into dishes such as foutou, foufou, or semolina made from pulp, locally known as "wassa-wassa" (Fakorede et al., 2020).

Despite its importance, yam suffers high postharvest losses (30–50% after six months of storage), mainly due to enzymatic browning, microbial spoilage, and the lack of appropriate processing technologies (Kouakou et al., 2025). Processing into derived products, such as flours or semolina, is a recognized strategy to reduce these losses and valorize by-products such as peels (Amenaghawon et al., 2023). For instance, N’Goran et al. (2023) optimized semolina production from plantain, thus reducing postharvest losses. Similarly, research in Ghana showed that organic acids improved the sensory and functional quality of yam-based products (Eshun et al., 2022). 

In Bondoukou (northeastern Côte d’Ivoire), traditional semolina ("Wassa-Wassa") made from yam pulp and peels is highly valued locally, but its dark color, irregular particle size, and sticky texture limit its acceptability among non-native populations. This study aimed to improve the sensory characteristics of semolina made from yam pulp and peels ("Kponan" variety) by using acetic acid treatment to reduce browning and optimize quality, thereby contributing to food security and the sustainable valorization of local resources. 

MATERIALS AND METHODS

Plant Material

The study focused on the yam variety "Kponan" (Dioscorea cayenensis-rotundata) (Figure 1), purchased from three markets in Bondoukou (northeastern Côte d’Ivoire) in July 2023. Two 50-kg bags were collected; 10 kg from each were used for preliminary tests, while 80 kg were processed at the Biocatalysis and Bioprocess Laboratory, Nangui Abrogoua University.
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Figure 1 : Yam tuber of "Kponan" variety (Dioscorea cayenensis-rotundata).
Sample Preparation: Acetic Acid Treatment

Tubers were washed, peeled with stainless steel knives, and immediately immersed in water to avoid oxidation. Pulp and peels were separated and divided into six batches. Five batches (pulp or peels) were soaked in acetic acid solutions (0.5%, 1%, 1.5%, 2%, 2.5%) for 1 hour. Untreated batches served as controls.

Production of Powders and Semolina

Powders from Peels and Pulp
Pulp strips (obtained by grating) and peels were sun-dried for three days, ground, and sieved (100 μm, AFNOR standard) (Figure 2). Powders were stored in Stomachex bags.
Semolina. Powders were hydrated (50 mL water/100 g), kneaded, sieved, and rolled into semolina grains. The grains underwent steam precooking (15 min), rehydration (1/3 volume of water), and final steaming (20 min) (Figure 2).

Sensory Analysis
Tasting Panel
A trained panel of 15 assessors conducted descriptive analysis; 60 untrained assessors participated in hedonic evaluation. All were students, teachers or staff of Nangui Abrogoua University.

Sensory Evaluation
· Descriptive Analysis

Attributes (color, grain size/shape, uniformity, stickiness, texture, consistency, aroma, taste, chewability, overall impression) were scored
 on a 10-point scale (Dadzie and Orchard, 1997).
· Hedonic Analysis

Attributes (color, texture, taste, aroma, overall acceptability) were assessed on a 9-point hedonic scale (1 = extremely unpleasant, 9 = extremely pleasant) (AFNOR, 2000).
Statistical Analysis
Data were analyzed by ANOVA followed by Duncan’s post-hoc test (p < 0.05) using STATISTICA 7.1. Sensory profiles were represented by radar charts, and hedonic data by box plots.
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Figure 2 : Production process of powders and semolina from yam pulp and peels (Dioscorea cayenensis-rotundata).
RESULTS AND DISCUSSION

Results

Characteristics of Powders and Semolina
Powders obtained from yam pulp and peels (“Kponan” variety) exhibited marked visual differences depending on acetic acid treatment (Figure 3). Untreated powders (PPIT and PEIT) displayed brownish to dark brown coloration, while powders treated with increasing concentrations of acetic acid (0.5%, 1%, 1.5%, 2%, 2.5%) showed progressively lighter coloration, ranging from light brown (0.5%) to off-white (2.5%). After sieving at 100 μm (AFNOR standard), particle size was uniform, with an average size of 95 ± 5 μm for pulp powders and 98 ± 4 μm for peel powders.
Semolina produced from these powders showed distinct physical characteristics (Figure 4). Untreated semolina (SPIT and SEIT) had a sticky texture, dark coloration, and heterogeneous grain size (0.5–2 mm). In contrast, semolina treated with 1.5%, 2%, and 2.5% acetic acid exhibited a more granular texture, lighter color (close to light beige for SPI.25 and SEI.25), and more uniform particle size (average grain size: 1.2 ± 0.3 mm). Steam precooking and final steaming enhanced grain firmness, reducing stickiness, particularly in semolina treated at 2% and 2.5%.
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Sensory Profiles of Semolina
Pulp Semolina
Pulp semolina showed significant differences depending on treatment (p < 0.05) (Figure 5). Color was darker in SPIT (8.45 ± 0.40) and decreased sharply after treatment, reaching 0.50 ± 0.21 in SPI.25. Stickiness was higher in the control SPIT (2.04 ± 0.49) and reduced in treated semolina (SPI.5: 0.58 ± 0.32; SPI.20: 1.20 ± 0.26). Grain uniformity improved with treatment concentration, from 5.12 ± 0.54 (SPIT) to 5.93 ± 0.57 (SPI.20). Yam aroma remained constant (4.09–4.53; p > 0.05), while taste (4.74–5.18; p > 0.05) was acceptable without significant differences among samples. Overall acceptability increased significantly (p < 0.05), from 4.03 ± 0.66 (SPIT) to 7.25 ± 0.78 (SPI.25).
Peel Semolina
Peel-based semolina showed trends similar to pulp samples (Figure 6). The control SEIT exhibited darker color (8.89 ± 0.47) and stickiness (1.98 ± 0.91). After treatment, SEI.15, SEI.20, and SEI.25 obtained significantly lower color scores (lighter appearance) (5.50 ± 0.66; 3.86 ± 0.43 and 1.16 ± 0.34, respectively), less stickiness (1.60 ± 0.42; 0.98 ± 0.58 and 1.96 ± 0.25, respectively), and better grain separation (6.39 ± 0.55; 7.47 ± 0.63; 6.85 ± 0.32), with significant differences compared to SEIT (p < 0.05). Yam aroma remained moderate across samples (4.09 ± 0.12 to 4.53 ± 0.18) with no significant differences (p > 0.05). Unlike pulp semolina, the taste of peel-based semolina remained depreciated regardless of treatment (0.39 ± 0.15 to 0.69 ± 0.20; p > 0.05).
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Figure 5: Sensory profiles of yam pulp semolina treated with acetic acid.

SPIT: untreated yam pulp semolina; SPI.5: yam pulp semolina treated with 0.5% acetic acid; SPI.10: yam pulp semolina treated with 1% acetic acid; SPI.15: yam pulp semolina treated with 1.5% acetic acid; SPI.20: yam pulp semolina treated with 2% acetic acid; SPI.25: yam pulp semolina treated with 2.5% acetic acid.
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Figure 6: Sensory profiles of yam peels semolina treated with acetic acid.
SEIT: untreated yam peel semolina; SEI.5: yam peel semolina treated with 0.5% acetic acid; SEI.10: yam peel semolina treated with 1% acetic acid; SEI.15: yam peel semolina treated with 1.5% acetic acid; SEI.20: yam peel semolina treated with 2% acetic acid; SEI.25: yam peel semolina treated with 2.5% acetic acid.

Hedonic Evaluation

Color

Box plots (Figure 7) showed that pulp semolina treated with 2% and 2.5% (SPI.20, SPI.25) achieved the highest scores (7.01 ± 0.52 and 7.46 ± 0.40), followed by 1.5% (6.30 ± 0.68). For peel semolina, SEI.15, SEI.20, and SEI.25 were preferred (6.01 ± 0.67, 6.03 ± 0.58, and 6.05 ± 0.43), while SEI.10 received intermediate scores (5.35 ± 0.73). Controls (SPIT: 1.85 ± 0.91; SEIT: 1.96 ± 0.82) were depreciated due to their dark coloration.

Taste
Pulp semolina SPI.15, SPI.20, and SPI.25 were the most appreciated (6.58 ± 0.64, 6.93 ± 0.51, and 6.71 ± 0.48), while SPI.10 obtained moderate scores (5.83 ± 0.76). For peel semolina, SEI.10, SEI.15, SEI.20, and SEI.25 were rated well (6.06 ± 0.62 to 6.70 ± 0.59), with significantly higher scores than the control SEIT (3.86 ± 0.99), which was perceived as bland and less appealing (Figure 8).
Aroma
Pulp semolina samples (SPI.10, SPI.15, SPI.20, SPI.25) were judged pleasant (5.96 ± 0.67 to 6.52 ± 0.55), with a preference for SPI.25 (p < 0.05). For peel semolina, SEI.15 (6.84 ± 0.50) and SEI.20 (6.68 ± 0.43) obtained the best scores. SEI.5 was the least appreciated (5.98 ± 0.83) (Figure 9).
Texture

Pulp semolina SPI.15, SPI.20 and SPI.25 were favorably rated for their granular and non-sticky texture (6.21 ± 0.67 to 6.60 ± 0.44), compared to the control SPIT (5.30 ± 0.56). All peel semolina samples treated with acetic acid were well evaluated (6.01 ± 0.69 to 6.51 ± 0.51), with no significant differences among them (p > 0.05) (Figure 10).

Overall Acceptability

Semolina treated at 2% and 2.5% (SPI.20, SPI.25, SEI.20, SEI.25) obtained the best overall acceptability scores. For pulp samples, values ranged from 7.12 ± 0.42 to 7.25 ± 0.39. For peel samples, scores ranged from 6.58 ± 0.53 to 6.77 ± 0.41 (p < 0.05). Controls were the least appreciated (SPIT : 4.05 ± 0.93; SEIT : 4.25 ± 0.88) (Figure 11).
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Figure 7: Distribution of sensory scores for semolina color treated with acetic acid.

Boxplot showing mean, minimum, maximum, and interquartile range of scores assigned by panelists. Means followed by the same letter do not differ significantly at p < 0.05 (Duncan’s test). 

SPIT: untreated yam pulp semolina; SPI.5: yam pulp semolina treated with 0.5% acetic acid; SPI.10: yam pulp semolina treated with 1% acetic acid; SPI.15: yam pulp semolina treated with 1.5% acetic acid; SPI.20: yam pulp semolina treated with 2% acetic acid; SPI.25: yam pulp semolina treated with 2.5% acetic acid. SEIT: untreated yam peel semolina; SEI.5: yam peel semolina treated with 0.5% acetic acid; SEI.10: yam peel semolina treated with 1% acetic acid; SEI.15: yam peel semolina treated with 1.5% acetic acid; SEI.20: yam peel semolina treated with 2% acetic acid; SEI.25: yam peel semolina treated with 2.5% acetic acid.


Figure 8: Distribution of sensory scores for semolina taste treated with acetic acid.

Boxplot showing mean, minimum, maximum, and interquartile range of scores assigned by panelists. Means followed by the same letter do not differ significantly at p < 0.05 (Duncan’s test).

SPIT: untreated yam pulp semolina; SPI.5: yam pulp semolina treated with 0.5% acetic acid; SPI.10: yam pulp semolina treated with 1% acetic acid; SPI.15: yam pulp semolina treated with 1.5% acetic acid; SPI.20: yam pulp semolina treated with 2% acetic acid; SPI.25: yam pulp semolina treated with 2.5% acetic acid. SEIT: untreated yam peel semolina; SEI.5: yam peel semolina treated with 0.5% acetic acid; SEI.10: yam peel semolina treated with 1% acetic acid; SEI.15: yam peel semolina treated with 1.5% acetic acid; SEI.20: yam peel semolina treated with 2% acetic acid; SEI.25: yam peel semolina treated with 2.5% acetic acid.


Figure 9: Distribution of sensory scores for semolina aroma treated with acetic acid.
Boxplot showing mean, minimum, maximum, and interquartile range of scores assigned by panelists. Means followed by the same letter do not differ significantly at p < 0.05 (Duncan’s test).

SPIT: untreated yam pulp semolina; SPI.5: yam pulp semolina treated with 0.5% acetic acid; SPI.10: yam pulp semolina treated with 1% acetic acid; SPI.15: yam pulp semolina treated with 1.5% acetic acid; SPI.20: yam pulp semolina treated with 2% acetic acid; SPI.25: yam pulp semolina treated with 2.5% acetic acid. SEIT: untreated yam peel semolina; SEI.5: yam peel semolina treated with 0.5% acetic acid; SEI.10: yam peel semolina treated with 1% acetic acid; SEI.15: yam peel semolina treated with 1.5% acetic acid; SEI.20: yam peel semolina treated with 2% acetic acid; SEI.25: yam peel semolina treated with 2.5% acetic acid.


Figure 10: Distribution of sensory scores for semolina texture treated with acetic acid.

Boxplot showing mean, minimum, maximum, and interquartile range of scores assigned by panelists. Means followed by the same letter do not differ significantly at p < 0.05 (Duncan’s test).

SPIT: untreated yam pulp semolina; SPI.5: yam pulp semolina treated with 0.5% acetic acid; SPI.10: yam pulp semolina treated with 1% acetic acid; SPI.15: yam pulp semolina treated with 1.5% acetic acid; SPI.20: yam pulp semolina treated with 2% acetic acid; SPI.25: yam pulp semolina treated with 2.5% acetic acid. SEIT: untreated yam peel semolina; SEI.5: yam peel semolina treated with 0.5% acetic acid; SEI.10: yam peel semolina treated with 1% acetic acid; SEI.15: yam peel semolina treated with 1.5% acetic acid; SEI.20: yam peel semolina treated with 2% acetic acid; SEI.25: yam peel semolina treated with 2.5% acetic acid.



Figure 11: Distribution of sensory scores for overall acceptability of semolina treated with acetic acid.

Boxplot showing mean, minimum, maximum, and interquartile range of scores assigned by panelists. Means followed by the same letter do not differ significantly at p < 0.05 (Duncan’s test).

SPIT: untreated yam pulp semolina; SPI.5: yam pulp semolina treated with 0.5% acetic acid; SPI.10: yam pulp semolina treated with 1% acetic acid; SPI.15: yam pulp semolina treated with 1.5% acetic acid; SPI.20: yam pulp semolina treated with 2% acetic acid; SPI.25: yam pulp semolina treated with 2.5% acetic acid. SEIT: untreated yam peel semolina; SEI.5: yam peel semolina treated with 0.5% acetic acid; SEI.10: yam peel semolina treated with 1% acetic acid; SEI.15: yam peel semolina treated with 1.5% acetic acid; SEI.20: yam peel semolina treated with 2% acetic acid; SEI.25: yam peel semolina treated with 2.5% acetic acid.

DISCUSSION

Acetic acid treatment significantly enhanced the sensory characteristics of yam semolina, corroborating its efficacy in preserving visual and textural quality. Enzymatic browning, mediated by the oxidation of phenolic compounds into quinones catalyzed by polyphenol oxidase (PPO), represents a primary degradation pathway in starchy matrices (Huang et al., 2020). Acetic acid, through chelation of copper ions at PPO’s active site and pH reduction, effectively inhibited this reaction, yielding lighter semolina, particularly at 2.0% and 2.5%. These findings are consistent with Eshun et al. (2022) on yam chips and Wahab et al. (2015) on yam flour, where organic acids markedly improved color and sensory acceptability.

From a textural perspective, treated semolina exhibited more homogeneous particle size and reduced stickiness. This behavior is likely due to starch reorganization, associated with partial hydrolysis of amorphous regions under acidic conditions. This process limits starch swelling and viscosity, producing less adhesive, more cohesive gels, as reported by N’Goran et al. (2023) and Zhang et al. (2023). The granular texture and improved grain separability largely explain the high acceptability scores, particularly for semolina treated at 2% and 2.5%. 
Sensory analyses revealed that light color, non-sticky texture, and a pleasant aroma were the decisive criteria for panelists, consistent with Stone and Sidel (2020). However, the taste of semolina, especially from peels, remained relatively bland, limiting its long-term attractiveness. Incorporating local ingredients (e.g., spices, condiments) could represent a pathway for improvement without compromising the sensory quality observed.

A particularly noteworthy result lies in the valorization of yam peels. Peel-based semolina treated at 1.5–2.5% achieved overall acceptability scores close to those of pulp semolina. This offers significant economic and nutritional potential by reducing postharvest losses and promoting a circular economy, as already suggested for plantain by Assemand et al. (2021) and for yam by Amenaghawon et al. (2023).
However, certain limitations should be considered. The use of high concentrations of acetic acid (2.5%) may increase production costs and raise concerns about food safety in industrial applications. This calls for further economic and toxicological assessments. Moreover, the sensory preferences observed here are based on a relatively small and culturally homogeneous panel. Broader consumer tests involving more diverse populations would be necessary to confirm large-scale acceptability.
CONCLUSION 

This study demonstrates that acetic acid treatment (1.5–2.5%) significantly improves the sensory characteristics of semolina made from yam pulp and peels (“Kponan” variety), by reducing browning, enhancing color, texture and overall acceptability. This process provides a viable solution for yam valorization, reduction of postharvest losses and promotion of food security in Côte d’Ivoire. Future research could explore the optimization of acetic acid concentrations and the nutritional impact of this treatment.
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Figure 3: Samples of yam pulp and peel powders treated with different acetic acid concentrations.





PPIT: untreated yam pulp powder; PPI.5: yam pulp powder treated with 0.5% acetic acid; PPI.10: yam pulp powder treated with 1% acetic acid; PPI.15: yam pulp powder treated with 1.5% acetic acid; PPI.20: yam pulp powder treated with 2% acetic acid; PPI.25: yam pulp powder treated with 2.5% acetic acid. PEIT: untreated yam peel powder; PEI.5: yam peel powder treated with 0.5% acetic acid; PEI.10: yam peel powder treated with 1% acetic acid; PEI.15: yam peel powder treated with 1.5% acetic acid; PEI.20: yam peel powder treated with 2% acetic acid; PEI.25: yam peel powder treated with 2.5% acetic acid.
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Figure 4: Samples of yam pulp and peel semolina treated with different acetic acid concentrations.
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