
.     
.
              . 
                     
	.
..


[bookmark: _GoBack]Original Research Article 
Nutritional Characterization of Traditional Vegetables in "Tchonron" Sauce: The Case of Hibiscus asper and Adenia cissampeloïdes in the Senoufo Region (Côte d’Ivoire)

ABSTRACT
	Spontaneous leafy vegetables play an important role in the diet of the world's populations, particularly in Africa. They contribute to poverty reduction due to their relatively low cost and their ability to generate income in a relatively short period compared to cereals. In addition, they represent important nutritional sources, for the African population, particularly for the Ivorian population. However, these spontaneous leafy vegetables are less included than cultivated vegetables in the diet of the Ivorian populations. This study focused on Hibiscus asper and Adenia cissampeloïdes leaves which are used for the preparation of the sauce "Tchonron", a traditional dish prized by the Senoufo people. The objective of this study is to evaluate the nutritional potential of these two spontaneous leafy vegetables. To achieve this, the leaves of H. asper and A. cissampeloïdes were dried and crushed; the powder was used for biochemical analysis. The results revealed significant differences at the 5% threshold. However, the H. asper leaves (pH 2.5 ± 0.26) were more acidic and energetic (340.2 ± 3.07 mg/100g) than those of A. cissampeloïdes, which had a higher ash content (14.42 ± 1.46 mg/100g). The leaves of A. cissampeloïdes have a high content of potassium (202.46 ± 3.52 mg/100g), sodium (140.47 ± 5.06 mg/100g) and phosphorus (61 ± 1.71 mg/100g). On the other hand, the leaves of H. asper had an appreciable content of calcium (376.91± 9.13 mg/100g) and iron (44.39 ± 0.68 mg/100g). Furthermore, the H. asper leaves have a high content of phytic acid (62.25 ± 5.28 mg/100g) while those of A. cissampeloïdes have the highest rate of oxalates (170.67 ± 6.66 mg/100g). The nutritional qualities of these two leafy vegetables are practically similar and their consumption could improve the nutritional status of the Ivorian population.
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1. INTRODUCTION

Vegetable plants are spontaneous plant species harvested from various ecosystems and whose leaves, fruits and roots are used in the preparation of sauces (Ehilé et al., 2017). Among these plants, there are spontaneous leafy vegetables which play an important role in the diet of populations, particularly those in Africa. They represent important nutritional sources for the rural population. Indeed, leafy vegetables are a vital source of nutrients in these regions and contribute significantly to the fight against malnutrition. Their richness in proteins, minerals, vitamins, fibers and many other essential nutrients cover the needs of the population (Acho et al., 2014). In addition, they have gained particular public interest since epidemiological studies have linked dietary habits to the prevalence of some diseases such as obesity, hypertension and cardiovascular diseases (Li et al., 2014; Wang et al., 2016). Leafy vegetables are vitally important foods because they provide micronutrients that are essential for human health. Also, they are readily available in the fields because they do not require formal cultivation; they are resilient, adaptive and tolerate adverse climatic conditions better than exotic species (Ehile et al., 2018). Furthermore, the consumption of these spontaneous leaves is linked to the region, culture and eating habits (Diallo et al., 2023). In Côte d'Ivoire, particularly in the North, leafy vegetables are a food of choice (Yao et al., 2015; Diallo et al., 2024). Indeed, several plants species, such as Hibiscus asper and Adenia cissampeloïdes, have been inventoried as traditional vegetables used to prepare "Tchonron" sauce, a popular dish among the Senoufo people in northern Côte d'Ivoire. However, despite earlier reports mentioning the nutritional potential of these leafy vegetables spontaneous (Koné et al., 2023), the latter are less included than cultivated leafy vegetables in the diet of Ivorian populations (Ehilé et al., 2019). In addition, there is a gap in qualitative data to be filled in terms of spontaneous leafy vegetables available in Côte d'Ivoire. Despite the use of these leafy vegetables in various traditional dishes, they are poorly known in terms of food by the Ivorian population. Furthermore, there is little information on their nutritional values. The objective of this study is to evaluate the nutritional potential of the leafy vegetables Hibiscus asper and Adenia cissampeloïdes used for the preparation of “Tchonron” sauce in the North of Côte d'Ivoire.

2. material and methods

2.1 Plant Material

[bookmark: _Toc173762563]Two leafy vegetables, Hibiscus asper Hook.f. (Malvaceae) (Fig. 1A) and Adenia cissampeloïdes Hook.h. (Passifloraceae) (Fig. 1B) were harvested fresh and at maturity in a field of Sinematiali and Niakara, respectively in the Poro and Hambol regions of northern Côte d'Ivoire. The leaves were identified and authenticated by the National Floristic Center of Félix HOUPHOUET BOIGNY University (Abidjan, Côte d'Ivoire).
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Fig. 1. Leaves of Hibiscus asper (A) and Adenia cissampeloïdes (B) 

2.2 Preparation of the samples

The fresh leaves collected were sorted, cleaned with distilled water to eliminate waste and dried on the laboratory bench at room temperature (20°C) during 72 h. The dried samples obtained were ground using a NASCO brand mixer type BL1008A-CB (China). The powders were stored in Stomacher bags at room temperature before analysis.

2.3 Analysis of physicochemical parameters

Physicochemical parameters were determined according to the standard methods of AOAC (1990). The pH value of the samples was determined using a digital pH meter. Moisture content was obtained by drying the samples in an oven at 105°C until constant weight was obtained. Ash content was determined by ashing the dried samples in a muffle oven at 550°C for 4 h. Crude fiber content was determined by weighing the insoluble residue obtained with sulfuric acid (H2SO4, 0.25 M) and sodium hydroxide (NaOH, 0.3 M). Crude protein content was calculated by multiplying the estimated nitrogen (N) content by 6.25, using the Kjeldahl method. Fat content was determined using the Soxhlet extraction method. Carbohydrate content was calculated using the differential method. All physicochemical parameters were expressed as percentage on a dry matter basis. The energy value was estimated using Atwater's conversion factor according to the Food and Agriculture Organization (FAO, 2002).

2.4 Analysis of antinutritional factors

2.4.1 Determination of oxalate content

The oxalate content was determined by the titrimetric method using potassium permanganate (Day and Underwood, 1986). A quantity (1 g) of oven-dried and ground sample was mixed with 75 mL of H2SO4 (3 M). The mixture was magnetically stirred for about 1 h and then filtered through Whatman No. 1 filter paper. An aliquot (25 mL) of the filtrate was collected and hot titrated with a 0.05 M of KMnO4 solution until a persistent pink color was obtained.

2.4.2 Determination of phytate content

Phytate content was determined using the Wade reagent method (Latta et al., 1980). Approximately 1 g of the dried and ground sample was homogenized in 20 mL of HCl (0.65 N). The resulting mixture was continuously stirred for 12 h at room temperature and then centrifuged at 3000 rpm for 40 min. A quantity of 0.5 mL of the obtained supernatant was mixed with 3 mL of Wade reagent and incubated for 20 min in the dark. After incubation, the absorbance was read at 490 nm using a spectrophotometer (BK_UV 1000). Finally, the phytate content of the samples was estimated using a calibration curve of phytic acid (10 mg/mL) as a standard.

2.5 Analysis of mineral composition

The leaf powders were dry calcined in a muffle furnace and then dissolved in a HCl/HNO3 mixture before analysis. The mineral content of the samples obtained was determined using a VARIAN flame atomic absorption spectrophotometer (model AAS, Japan) (AOAC, 1990). The contents were expressed in mg/100g of dry matter.

2.6 Statistical analysis

The analysis of the samples was performed in triplicate and the results obtained were expressed as mean ± standard deviation and analyzed using Statistica 7.1 software. Significant statistical differences between means of the studied parameters were highlighted by Duncan's test at 95% confidence level. Statistical differences with a probability value less than 0.05 (P < 0.05) were considered significant.

3. results and discussion

3.1 Physicochemical and nutritional characteristics of the two fresh leafy vegetables

The physicochemical characteristics of the studied leafy vegetables are presented in Table 1. The pH, moisture, fiber, protein, lipid and carbohydrate levels of the two leaves were statistically identical (P < 0.05). All leaves of Hibiscus asper and Adenia cissampeloïdes had an acidic pH ranging from 2.5 ± 0.26 to 5.77 ± 0.06, respectively. These results were in accordance with those of Koné et al. (2023), for Vigna unguiculata and Ficus exasperata leaves. Furthermore, an acidic pH would be favorable to protect foods against the proliferation of pathogenic microorganisms (Kouame et al., 2015).

As for the moisture, the results are between 81.85 ± 0.70 and 82.77 ± 0.12 %, respectively for A. cissampeloïdes and H. asper. These high contents make the leaves very perishable. The results obtained are similar to those of Yao et al. (2020) and Koné et al. (2023), who report that the high water content of leafy vegetables does not allow them to be preserved for a long period without an adequate preservation method.

In contrast, the ash content of A. cissampeloïdes (14.42 ± 1.46 %) is higher than that of H. asper (9.104 ± 1.83 %). The values obtained are significantly different at the 5% threshold. This high ash content could be due to the intrinsic characteristics and the geographical area of harvest. Indeed, the ash contents of these leafy vegetables studied are close to those observed by Koné et al. (2023) in the leaves of F. exasperata (16.79 ± 0.17%) and V. unguiculata (9.27 ± 0.03%) consumed in the North of Côte d'Ivoire. These results are higher than those of Gbadamosi et al. (2018) who found ash content of 3.27% in H. asper leaves consumed in Nigeria. Therefore, leafy vegetables from Côte d'Ivoire could be a good source of minerals for human and animal nutrition especially since the ash content of the leaves reflects their mineral richness (Sika et al., 2019).

Hibiscus asper leaves contained more fibers (18.09 ± 0.81 %) than those of A. cissampeloïdes. These results are close to those of Koné et al. (2023) for the leaves of F. exasperata and V. unguiculata, varying respectively between 15.52 and 17.59%. Indeed, sufficient consumption of these leaves could cover daily fiber requirements of between 25 and 30 g (Depezay, 2014) and would help reduce the risk of developing chronic and degenerative diseases, including cardiovascular diseases (Mohamed, 2018).

Regarding the proteins contents, H. asper leaves recorded a rate of 25.94 ± 0.01 %, while those of A. cissampeloïdes have a value of 22.78 ± 2.82 %. However, these values are not significantly different. These results are close to those (17.01 to 28 %) of Ehilé et al. (2017) in spontaneous leaves from Côte d’Ivoire and those (22.93 %) of Gbadamosi et al. (2018) in H. aper leaves from Nigeria. Hibiscus asper and A. cissampeloïdes leaves could be considered as a good source of protein as they provide more than 12 % of their calorific value in protein (Dossou et al., 2014; Ibrahim et al., 2021). They could be recommended for vulnerable people including children, pregnant women and the elderly. 

Regarding the lipid content, no significant differences (P < 0.05) were observed in the leaves studied. The values are 9.12 ±0.08 % for A. cissampeloïdes and 9.79 ± 0.05 % for H. asper. These leaves are not a source of lipids. According to Acho et al. (2014), energy from diet is essential for the proper functioning of the body and 1 to 2 % of this energy in the form of fat is sufficient for humans. Thus, the consumption of sauces based on these leafy vegetables could be recommended for people with a low-fat diet such as people suffering from obesity, high blood pressure, atherosclerosis and cancer.

As for the carbohydrate content, the results also showed lower rates ranging from 37.08 ± 0.68 % for H. asper leaves to 38.13 ± 3.19 % for A. cissampeloïdes. These results are lower than those observed by Koné et al. (2023) in leafy vegetables consumed in northern Côte d'Ivoire, whose contents were between 41.14 ± 0.03 % and 51.47 ± 0.20 %. This could be explained by the high fiber, protein and ash content of H. asper and A. cissampeloïdes leaves. Despite the low carbohydrate content, these leafy vegetables can meet the daily needs of humans. The consumption of these leafy vegetables should be recommended to people suffering from overnutrition. This low carbohydrate content in the leaves is reflected in the low metabolizable energy.

Indeed, the energy values of the leaves in this study are between 325.73 ± 5.42 and 340.2 ± 3.07 Kcal/100g. These results are within the range of those of Yao et al. (2020) who observed energy values between 311.75 ± 0.52 to 373.30 ± 0.43 Kcal/100g in some leafy vegetables consumed in Daloa (West of Côte d’Ivoire). The consumption of sauces based on these leafy vegetables could be recommended for people suffering from obesity and high blood pressure Acho et al. (2014).

Table 1. Physicochemical characteristics of the two fresh leafy vegetables

	Parameters
	Leafy vegetables

	
	Hibiscus asper
	Adenia cissampeloïdes

	pH
	2.5 ± 0.26 a
	5.77 ± 0.06 b

	Moisture (%)
	82.77 ± 0.12 a
	[bookmark: _Hlk180055170]81.85 ± 0.70 a

	Ash (%)
	9.10 ± 1.83 a
	14.42 ± 1.46 b

	Crude fiber (%)
	18.09 ± 0.81 a
	15.55 ± 3.49 a

	Lipid (%)
	9.79 ± 0.05 a
	9.12 ± 0.08 a

	Proteins (%)
	25.94 ± 0.01 a
	22.78 ± 2.82 a

	Carbohydrates (%)
	37.08 ± 0.68 a
	38.13 ± 3.19 a

	Energy value (Kcal/100g)
	340.2 ± 3.07 b
	325.73 ± 5.42 a


*Values assigned different letters are significantly different from each other at the 5% threshold according to the Duncan test

3.2 Antinutritional compound of the two fresh leafy vegetables

Oxalates and phytates are chelating agents that cause a decrease in the bioavailability of essential minerals by converting them into insoluble compounds, which are less easily absorbed and digested in the small intestine (Acho et al., 2014; Thakur et al., 2019). In order to assess the bioavailability of mineral elements from the two leafy vegetables, the contents of these antinutritional compounds were determined. The results showed that H. asper leaves have a significantly (P < 0.05) higher phytate level (62.25 ± 5.28 mg/100g) than A. cissampeloïdes (49.66 ± 5.18 mg/100g) (Fig. 2). On the other hand, regarding the oxalate content, H. asper leaves (155.83 ± 7.25 mg/100g) recorded a significantly (P < 0.05) lower value than A. cissampeloïdes leaves (170.67 ± 6.66 mg/100g). These observations are similar to those of Yao et al. (2020) who recorded phytate and oxalate contents of 48.65-65.75 mg/100g and 44.20-64.75 mg/100g, respectively, for some leafy vegetables from Côte d’Ivoire. However, our results are higher than those reported by Koné et al. (2023), who reported 36.33-62.33 mg/100g of oxalates and 6.13-7.45 mg/100g of phytates in two leafy vegetables (V. unguiculata and F. exasperata) consumed in Côte d’Ivoire. The difference in these values could be attributed to the intrinsic properties and nature of each species (Oulai et al., 2019). The amounts of oxalates obtained in the leafy vegetables studied are not toxic, as they are far removed from the lethal in humans (5 to 10 g) (Dappah et al., 2019). In contrast, those obtained for phytic acid are rather above the lethal dose of 50 to 60 mg/kg (Mahmoud et al., 2019). However, several studies have shown that cooking these leafy vegetables would be recommended to ensure reduction of these antinutrients by more than 30 to 78.16% (Zoro et al., 2014; Gouekou et al., 2019).
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Fig 2. Antinutrient compounds of two fresh leafy vegetables
On the histograms, the means assigned different letters are significantly different from each other at the 5% threshold according to the Duncan test.

3.3 Mineral composition of the two leafy vegetables

In the present study, six minerals (Ca, Fe, K, Mg, Na and P) were measured in the spontaneous leafy vegetables studied. The analyses showed an appreciable content of these minerals (Table 2): Ca (376.91 ± 9.13 and 121.39 ± 6.12 mg/100g), Fe (14.72 ± 3.19 and 44.39 ± 0.68 mg/100g), K (175.32 ± 4.26 and 202.46 ± 3.52 mg/100g), Mg (142.54 ± 3.6 and 140.47 ± 5.06 mg/100g) and Na (161.42 ± 2.82 and 260.21 ± 3.82 mg/100g), respectively for H. asper and A. cissampeloïdes. According to Sika et al. (2019), the high level of mineral content could be explained by high ash content, as shown by the results of the present study. Hibiscus asper recorded the highest Ca, Mg and Fe contents while A. cissampeloïdes has the highest levels of K and Na.

The calcium content in H. asper leaves is higher than those of species (V. unguiculata and F. exasperata) consumed in northern Côte d'Ivoire (260.31-280.70 mg/100g) (Koné et al., 2023). The high Ca content of H. asper leaves is beneficial for the body because this mineral plays an important role in blood clotting, cardiac function and cellular metabolism (Bello et al., 2014; Adeboju and Adefila, 2015). The combination of Ca and P promotes the development and proper functioning of bones (Osowe et al., 2021). The Ca/P ratio in the present study was greater than 1 (1.99 ± 0.01) in leaves of A. cissampeloïdes. According to Turan et al. (2003), a diet is considered beneficial when the Ca/P ratio is greater than 1 and poor when it is less than 0.5. Therefore, consumption of A. cissampeloïdes leaves would promote bone development.

As for iron, it is necessary for the production of hemoglobin and the transport of oxygen from the lungs through the blood vessels. It is essential in the prevention of anemia, which affects more than a billion people worldwide. The iron content of H. asper leaves (44.39 ± 0.68 mg/100g) is higher than that of A. cissampeloïdes (14.72 ± 3.19 mg/100g). This variation could be explained by the intrinsic nature, origin and composition of the cultivation soil (Dele et al., 2019). These results are similar to those found by Yao et al. (2020) in some leafy vegetables (15.07 - 40.06 mg/100g) consumed in Daloa (Côte d’Ivoire). However, they are more important than those obtained by Koné et al. (2023) in the leaves of F. exasperata and V. unguiculata (12.12 - 20.50 mg/100g). These leafy vegetables represent a good source of iron, given their significant iron content. Hibiscus asper leaves, in particular, would be ideal for combating iron-deficiency anemia.

Regarding magnesium, it plays an essential role in the structural stability of nucleic acids and in intestinal absorption. The magnesium content of the two species is statistically similar (140.47 ± 5.06 and 142.54 ± 3.6 mg/100g). These values are lower than those (393 to 515 mg/100g) reported by Ehile et al. (2018) in five spontaneous leafy vegetables consumed in Abidjan (Côte d’Ivoire). However, despite the low content obtained, the consumption of these leaves would cover the recommended nutritional needs which are between 80 and 420 mg/day, according to FAO (2004). Consequently, these two spontaneous leafy vegetables could prevent the onset of severe diarrhea, strokes and congenital malformations caused by its deficiency in humans (Achi et al., 2017).

The recorded potassium and sodium results agree with those of Koné et al. (2023) who obtained 144.01 to 201.02 mg/100g for Na and 210.71 to 242.80 mg/100g for K in the leaves of V. unguiculata and F. exasperate. Note that K and Na are the main cations of intracellular and extracellular fluids. Thus, they participate in the acid-base balance, the regulation of plasma volume and the nervous and muscular contraction of the organism (Oulai et al., 2014; Ehile et al., 2018). Regarding the Na/K ratio, the results showed a value lower than 1 for H. asper leaves (0.92) unlike those of A. cissampeloïdes (1.29) whose ratio was greater than 1. Indeed, the Na/K ratio in the body arouses great interest and is very important for the prevention of high blood pressure, especially when this ratio is less than 1 (Oulai et al., 2014; Koné et al., 2023). This means that the consumption of H. asper may help prevent high blood pressure.

Regarding bioavailability of some minerals such as Fe and Ca, it can be estimated by their molar ratio with phytates and oxalates. The oxalates/Ca ratio of H. asper leaves (0,41 ± 0,01) were lower than 1, while that of A. cissampeloïdes leaves was higher (1.41 ± 0.03). On the other hand, the oxalates/Fe ratios of the two leaves studied were all greater than 1. As for the phytates/Ca ratio, it was less than 1 for both leaves. The values were 0.17 ± 0.02 at 0.41± 0.26 for the leaves of H. asper and A. cissampeloïdes, respectively. While the phytates/Fe ratio showed values greater than 1 in both leaves (1.40 ± 0.11 for H. asper and 3.37 ± 0.41 for A. cissampeloïdes). The ratios obtained in the present study were higher than those reported by Koné et al. (2023) for two Ivorian leaf species, whose values were 0.13-0.24 for oxalates/Ca and 0.02 for phytates/Ca. Furthermore, the calculated oxalates/Ca ratio in the leaves of H. asper and A. cissampeloïdes was below the critical level of 2.5 (Ehile et al., 2018). In contrast, the oxalates/Fe and phytates/Fe ratios were all greater than 1 in the present study. The phytate/Fe values are similar to those found by Yao et al. (2020) in some leafy vegetables consumed in Côte d'Ivoire (1.44 ± 0.01 to 4.08 ± 0.12). However, the oxalate/Fe ratios are higher than those found in the leaves of F. exasperata and V. unguiculata (2.97 and 3.04) (Koné et al., 2023). 

Antinutrient/nutrient ratios of leafy vegetables calculated to predict Fe and Ca bioavailability provide evidence that there is potential for interference between phytic acid and oxalic acid with iron present in H. asper and A. cissampeloïdes leaves, making it less available to the body than calcium. Furthermore, the leaves of H. asper had good mineral bioavailability compared to those of A. cissampeloïdes. Therefore, the minerals present in H. asper leaves will be easily absorbed or used by the body. However, this bioavailability could be improved by applying technological treatments (soaking, cooking) to these leafy vegetables especially since they are not consumed fresh. These techniques allow to eliminate approximately 50% of these anti-nutritional factors (Ehile et al., 2018; Koné et al., 2023). 

Table 2. Mineral composition of the two fresh leafy vegetables

	Minerals
	Leafy vegetables

	
	Hibiscus asper
	Adenia cissampeloïdes

	Ca (mg/100g)
	376.91± 9.13 b
	121.39± 6.12 a

	Fe (mg/100g)
	44.39 ± 0.68 b
	14.72 ±3.19 a

	K (mg/100g)
	175.32 ± 4.26 a
	202.46 ± 3.52 b

	Mg (mg/100g)
	142.54 ± 3.6 a
	140.47 ± 5.06 a

	Na (mg/100g)
	161.42 ± 2.82 a
	260.21 ± 3.82 b

	P (mg/100g)
	Nd
	61 ± 1.71 a

	Ca/P
	Nd
	1.99

	Na/K
	0.92 a
	1.29 b

	Oxalates/Ca
	0.41 ± 0.01 a
	1.41 ± 0.03 b

	Oxalates/Fe
	3.51 ± 0.97 a
	11.59 ± 2.34 b

	Phytates/Ca
	0.17 ± 0.02 a
	0.41 ± 0.26 b

	Phytates/Fe
	1.40 ± 0.11 a
	3.37 ± 0.41 b


Values assigned different letters are significantly different from each other at the 5% threshold according to the Duncan test

4. CONCLUSION

The leaves of H. asper and A. cissampeloïdes used to prepare “Tchonron” sauce are an important source of nutrients essential to the health of consumer. The quantities of nutrients found in these two spontaneous leafy vegetables could make a major contribution to covering the body's needs and help to make up for nutritional deficiencies among vulnerable people. In view of their many beneficial effects, it is important to integrate these wild leafy vegetables into the diet of the Ivorian population. However, to fully benefit from these leaves, further studies are needed to determine the phytochemicals and vitamins they contain. But also, to assess the impact of cooking on their nutritional value, especially as these leaves are consumed in sauces, particularly “Tchonron” sauces.
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