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[bookmark: _GoBack]NUTRITIONAL VALUES of ATTIÉKÉ ENRICHED with LEAVES of Moringa oleifera L., RHIZOMES of Curcuma longa L., and ALMONDS of Anacardium occidentale L.: ESTIMATED DAILY INTAKES of NUTRIENTS in the ADULT IVOIRIEN
ABSTRACT
The Attiéké (steamed cassava semolina) has become one of the most consumed foods in several African countries, particularly in Ivory Coast. However, due to its nutritional composition, attiéké is essentially an energy food that is low in proteins and essential nutrients. Enriching attiéké with other local agricultural products of high nutritional value such as Moringa oleifera leaves, turmeric (Curcuma longa), and cashew nut (Anacardium occidentale) represents a promising approach in the fight against protein-energy malnutrition. The objective of this study is to evaluate the nutritional values and the estimated daily intakes of nutrients from enriched agbodjama attiéké with concentrates of Moringa oleifera leaves, turmeric rhizomes, and cashew kernel paste in the adult Ivorian population. The nutrient composition of 15 composite agbodjama attiéké formulations obtained using a central composite design, along with a control attiéké, was determined according to standardized laboratory methods. In addition, the daily intakes and their contribution to meeting essential nutrient requirements were estimated according to the Codex Alimentarius method. Analysis of the enriched agbodjama attiéké showed moisture levels of around 44 % compared to 45.52±0.35 % DM for the control attiéké. The results also showed that the composite agbodjama attiéké (MCA) significantly (P < 0.001) differed by their higher contents in most of the studied nutrients, with values of 5.53±0.21 g/100 g protein, 0.73±0.12 g/100 g lipids, 1.97 g/100 g ash, 1.22±0.52 g/100 g fiber, and 343.17±0.17 kcal/100 g energy value. The estimated nutrient intakes from consuming 301 g of enriched agbodjama attiéké were higher than those obtained with the control attiéké, except for total carbohydrates which were more abundant in the control. Daily nutrient intakes for an adult consumer were estimated at 16.53±0.1 g/day protein, 1.95±0.03 g/day lipids, 274.18±0.43 g/day carbohydrates, 3.60±0.06 g/day fiber, and 1031.78±0.75 kcal/day energy. This represents contributions of about 27 %, 2 %, 99 %, 14 %, and 37 % respectively towards the recommended daily intakes for proteins, lipids, carbohydrates, fiber, and energy. These enriched attiéké products could be considered as an alternative in the fight against protein-energy malnutrition by significantly contributing to the nutritional needs of vulnerable populations. This study also highlights the need to take into account the contribution to meeting micronutrient requirements (essential minerals and vitamins).
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1. INTRODUCTION
In developing countries, 60 % of the available foods are cereals (maize, rice, millet), roots (cassava), tubers (yam, sweet potato), and plantains (FAO, 2020). In Africa, the production of fresh cassava (Manihot esculenta) is around 209 million tons per year, representing 63.1 % of global production (FAO, 2024 ; Sarr, 2025). Thus, cassava (Manihot esculenta) has become one of the most widely cultivated staple crops, used for both human and animal consumption in many regions of the world, especially in Africa. In Ivory Coast, annual cassava production reached more than 5 million tons in 2024, confirming its status as a major staple crop and the second most consumed food after yam (AIP, 2025).
In fact, its consumption is mainly in the form of placali (Koko et al., 2014), gari (James et al., 2013), attoukpou (Nevry et al., 2007), and attiéké (Krabi et al., 2015 ; Yao et al., 2015). Among cassava-derived products, attiéké (steamed semolina) has become one of the most consumed foods in several African countries, particularly in Ivory Coast, with 110 kg/year/inhabitant since 2016 (PEASA, 2019). This high consumption of attiéké can be explained by rapid population growth coupled with soaring food prices, which limit households’ access to sufficient and balanced diets (Kohnert, 2025). However, due to its nutritional composition, attiéké is essentially an energy food (FAO, 2020). Indeed, it is characterized by a high carbohydrate content but remains low in proteins and essential nutrients.
According to FAO (2024), high consumption of energy-dense foods, sometimes combined with insufficient or poorly diversified diets, is at the origin of various forms of malnutrition affecting low-income (vulnerable) populations in developing countries such as Ivory Coast. Therefore, it becomes necessary to adopt appropriate nutritional strategies, such as enriching staple foods, as one of the key approaches to combating malnutrition. In this context, enriching attiéké with other local agricultural products of high nutritional value such as Moringa oleifera leaves, turmeric (Curcuma longa), and cashew kernels (Anacardium occidentale) represents a promising avenue in the fight against protein-energy malnutrition.
Indeed, Moringa oleifera leaves are an important source of proteins (Mahan et al., 2017). Turmeric (Curcuma longa) is rich in bioactive compounds such as curcumin with antioxidant properties (Dike et al., 2016 ;), while cashew kernels (Anacardium occidentale) are a significant source of unsaturated lipids and proteins (Shahid, 2016). Consequently, their incorporation into attiéké could strengthen its nutritional profile and help meet the nutritional needs of consumers (adult Ivorien). The objective of the present study is to evaluate the nutritional composition and the estimated daily intakes of nutrients from agbodjama attiéké enriched with Moringa oleifera leaves, Curcuma longa rhizomes, and Anacardium occidentale kernels in the adult Ivorian population.

2. MATERIALS AND METHODS
2.1. Biological Material
The biological material consisted of semolina from roots of Manihot esculenta Crantz, leaves of Moringa oleifera Lam, rhizomes of Curcuma longa, and kernels of Anacardium occidentale L.

2.2. Methods
2.2.1. Sampling
The different samples were collected in Ivory Coast : in Bonoua (South-Comoé region) for cassava, in Divo (Lôh-Djiboua region) for turmeric rhizomes and moringa leaves, and in Séguéla (Worodougou region) for cashew nuts. These regions are natural production areas for these raw materials. A total of 270 kg of cassava was collected from three producers (90 kg per producer across three sites in the locality), and 120 kg of cashew nuts were collected from three traders (40 kg per trader). Moringa leaves and turmeric rhizomes were also collected from three sites, totaling 120 kg and 80 kg respectively. Once collected, the samples were transported to the laboratory for analysis. At the laboratory, pooled samples were made by mixing the collected materials. Thus, 250 kg of cassava and 75 kg of each of the other samples were prepared.

2.2.2. Production of the Different Biological Materials
The biological materials used in this study were produced following the manufacturing methods described below.

2.2.2.1. Cassava root semolina or Attiéke
The cassava roots were peeled using stainless steel knives and cut into chips. The chips were washed several times with plenty of water. They were then ground in a motorized grinder with the addition of traditional starters and palm kernel oil, and placed in jute sacks. After resting for 48 hours, the fermented dough obtained was pressed, and the pressed cake was spread on a sieve for hand granulation in a basin. The resulting semolina was then dried in thin layers for several hours before being winnowed and de-fibered. This homogeneous semolina was steamed to produce Attiéké Agbodjama, ready for consumption.

2.2.2.2. Moringa leaf concentrate
The leaflets of fresh moringa leaves were detached from their petioles and sorted to remove damaged leaves. They were then disinfected for 5 minutes in chlorinated water (50 mL of 8 % sodium hypochlorite in 30 L of distilled water). After rinsing with distilled water and draining for 30 minutes, they were dried in the shade at 30°C for 10–14 days before being ground in a hammer mill. The powder obtained was macerated for 24 hours in a 50/50 hydroalcoholic solvent. The extract was filtered and concentrated by rotary evaporation. The resulting moringa concentrate was stored at 4°C for further use.

2.2.2.3. Cashew kernel paste
Cashew nuts were cleaned, their shells moistened, and boiled in water for 25 minutes to soften them and facilitate shelling. The kernels were then removed from the shells using a calao plier. Once shelled, the kernels were dried at 50°C in an oven for 24 hours and manually peeled with a knife. The kernels were ground using a disc mill. The resulting paste was stored in jars and kept at 4°C.

2.2.2.4. Turmeric rhizome concentrate
The turmeric rhizomes were cleaned and sorted to remove fragments. They were then peeled and cut into pellets to maximize the drying surface, and sun-dried for 1–2 weeks. After drying, the rhizomes were ground using a hammer mill. The powder obtained was macerated for 24 hours in a 50/50 hydroalcoholic solvent. The extract was filtered and concentrated by rotary evaporation. The resulting turmeric concentrate was then stored at 4°C.

2.2.3. Use of the Central Composite Design for Enriching Attiéké with Moringa, Cashew Kernel Paste, and Turmeric
The Central Composite Design (CCD) was implemented to optimize the production method of Attiéké enriched with cashew kernel paste, moringa leaf concentrate, and turmeric rhizome concentrate. This second-degree polynomial model design, introduced by Box and Wilson (1951), aims to study the effect of each independent variable and the possible interactions among the different parameters. It consisted of varying all factors/parameters and evaluating the effect of these variations on the response (Faucher, 2006).
The experimental domain of this study considered the ratio of moringa concentrate/pressed cake (X1), turmeric concentrate/pressed cake (X2), and cashew paste/pressed cake (X3) (Table 1). Each factor had 5 levels (-α, -1, 0, +1, and +α), and combining the levels of the three factors studied led to the implementation of 2³ + 2 × 3 + 6 = 20 trials (3 represents the number of factors), comprising 8 factorial trials, 6 star trials, and 6 center trials in the experimental domain (Feinberg, 1996). The real values of -1 and +1 for each factor were estimated according to the following relation:
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With : Xk, coded value of the facto r; Xmin : real minimum value of the factor; Xma :, real maximum value of the same factor; Xcent : real value of the same factor at the center level; Zk : coded value of the variation limit; Zmin : real minimum value of the variation limit; Zmax : real maximum value of the variation limit.


Table 1. Experimental parameters of the Central Composite Design and their coded and actual values used
	Independent variables
	Symbols
	Coded levels / Actual values

	
	
	-1,682
	-1
	0
	1
	1,682

	[bookmark: RANGE!A5]M/GP Ratio (mL/kg)
	X1
	5
	8
	12,5
	17
	20

	[bookmark: RANGE!A6]C/GP Ratio (mL/kg)
	X2
	4
	6,8
	11
	15,2
	18

	[bookmark: RANGE!A7]AC/GP Ratio (g/kg)
	X3
	3
	5,4
	9
	12,6
	15


M: Moringa concentrate; C: Turmeric concentrate; GP: Press cake; AC: Cashew almond paste

The experimental matrix was established by replacing the coded values with the actual values of the factor levels, presented in the experimental domain table and expressed as percentages. For each trial, according to the fixed values of the factors, the production of the different composite attiéké samples was evaluated with respect to measurable responses, namely color intensity (Y1), aroma (Y2), and sourness (Y3). The results obtained for each response are related to the three independent variables by a second-degree polynomial model of the form:
[image: ]
With: Yn: experimental response; bn: values representing the corresponding regression coefficients ; X1, X2, X3 : independent variables corresponding respectively to the ratio of moringa concentrate/pressed cake, the ratio of turmeric concentrate/pressed cake, and the ratio of cashew kernel paste/pressed cake.
According to Feinberg (1996), the combination of the levels of the three factors led to 20 formulations. These formulations included 8 factorial trials, 6 star trials, and 6 center trials within the experimental domain. The center trials were reduced to a single formulation (Table 2) and (Figure 1).








Table 2. Percentage of composite attiékés and enrichment products
	PRODUCT CODES
	PC
	M
	C
	CP

	MCA1
	98,00
	0,79
	0,67
	0,54

	MCA2
	97,16
	1,65
	0,66
	0,53

	MCA3
	97,22
	0,78
	1,48
	0,52

	MCA4
	96,38
	1,64
	1,46
	0,52

	MCA5
	97,33
	0,78
	0,66
	1,23

	MCA6
	96,49
	1,64
	0,66
	1,21

	MCA7
	96,54
	0,77
	1,47
	1,22

	MCA8
	95,71
	1,63
	1,45
	1,21

	MCA9
	97,56
	0,49
	1,07
	0,88

	MCA10
	96,15
	1,92
	1,06
	0,87

	MCA11
	97,51
	1,22
	0,39
	0,88

	MCA12
	96,20
	1,20
	1,73
	0,87

	MCA13
	97,42
	1,22
	1,07
	0,29

	MCA14
	96,29
	1,20
	1,06
	1,45

	MCA15
	96,85
	1,21
	1,07
	0,87


MCA: Agbodjama attiéké with moringa, turmeric, and cashew nut;PC: pressing cake;M: moringa concentrate;C: turmeric concentrate;CP: cashew nut paste.
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Figure 1. Formulations of Agbodjama attiékés enriched with moringa, turmeric, and cashew nuts (MCA).
AT: control attiéké; MCA: Agbodjama attiéké enriched with moringa, turmeric, and cashew nuts; The numbers represent the trial numbers
2.2.4. Determination of Nutritional Constituents 
2.2.4.1. Determination of Moisture Content
The moisture content of the Agbodjama attiéké samples was determined by oven-drying according to the AOAC method (2000). The principle was based on dehydration by drying the samples in an oven until a constant weight was obtained. A mass of P1 = 10 g of Agbodjama attiéké was weighed into an empty capsule of mass P0. The crucible together with the sample was placed in a MEMMERT oven and dried at 105°C ± 2°C until a constant weight was reached. After oven-drying, the dried capsule with the sample was weighed, this mass being P2.
The moisture content was expressed as a percentage of dry matter using the following formula :

[image: ]Moisture (%)


2.2.4.2. Determination of Ash Content
The Ash represents the mineral composition of a sample. The method used for the determination of ash content was that described by AOAC (2000), which consisted of incinerating a sample until whitish residues were obtained. Thus, 5 g of Agbodjama attiéké (P0) were introduced into porcelain incineration crucibles of known mass (P1). The whole set (crucible + Agbodjama attiéké) was placed in a muffle furnace (PYROLABO) and incinerated at 550°C for 12 hours. The crucibles were then removed from the furnace and cooled in a desiccator. The mass (P2) of the crucible containing the ashes was determined by weighing. The ash content (C) was expressed as a percentage per 100 g of dry matter according to the following formula :
[image: ]Ash (%)


2.2.4.3. Determination of Protein Content
Protein content was determined according to the Kjeldahl method (BIPEA, 1976). The determination of protein content was based on the measurement of the total nitrogen of the sample by the Kjeldahl procedure. This method includes a digestion phase, a distillation phase, and a titration phase with hydrochloric acid.

i. Digestion
A mixture consisting of 1 g of Agbodjama attiéké sample, 5 g of catalyst (composed of 95 % K₂SO₄, 1.5 % CuSO₄, and 2 % Selenium), 5 mL of distilled water, and 8 mL of concentrated sulfuric acid (H₂SO₄) was successively introduced into a digestion tube. The tube was covered with a steam trap and placed under a fume hood in a BUCHI digester, gradually adjusted from 200 to 400°C. The end of digestion was marked by a clear coloration of the digest, which was then left to cool at room temperature. Two blank tubes containing all reagents, except the Agbodjama attiéké sample, were prepared simultaneously with the tests.
ii. Distillation
After cooling, the digest was transferred into a flask, taking care to rinse the inner wall of the tubes with 80 mL of distilled water. Then, 10 mL of 40 % NaOH was added, and the mixture was placed in the distiller reservoir. The condenser outlet of the distiller was then immersed in a beaker containing 20 mL of boric acid solution supplemented with a mixed indicator (methyl red + bromocresol green). Distillation was carried out for 10 minutes, until a violet distillate was obtained.
iii. Total Nitrogen Determination
The distillate was then titrated with 0.1 N hydrochloric acid (HCl) solution contained in a digital burette. A blank test was performed with distilled water. The endpoint of the titration was marked by a color change from violet to green. The nitrogen content (QN) expressed in g/100 g dry matter was calculated according to the following formula :
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NHCl = normality of HCl equal to 0.1 N;
VA = volume of the HCl solution required for titration of the blank (mL);
VB = volume of the HCl solution required for titration of the sample (mL);
PNet = net weight of the sample: 
PNet = % DM × Fresh Sample Weight.

As for the protein content (QP), it was determined by applying the nitrogen-to-protein conversion factor (Glowa, 1974) according to the following equation:
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2.2.4.4. Determination of Fiber Content
The determination of fiber content was carried out according to the method of Wolf (1968). A portion of 2 g of ground Agbodjama attiéké sample (P0) was introduced into a flask to which 50 mL of 0.25 N sulfuric acid was added. The mixture was homogenized and boiled for 30 minutes under reflux condenser. After 30 minutes, 50 mL of 0.31 N NaOH were added to the content and boiled again under reflux for 30 minutes. The resulting extract was filtered on Whatman No. 4 filter paper, and the residue was washed several times with hot water until complete elimination of alkalis. The residue was then dried in an oven at 105°C for 8 hours. After cooling in a desiccator, the residue was weighed (P1) and subsequently incinerated in a furnace at 550°C for 3 hours. After cooling, the ashes obtained were weighed (P2).
[bookmark: _Hlk209970049]The crude fiber content was expressed in g per 100 g of dry matter according to the following formula :
[image: ]Crude fiber

2.2.4.5. Determination of Fat Content
The fat content was determined according to the method described by AFNOR (1986), using the Soxhlet apparatus as an extractor. The principle consisted of solubilizing the fat in a food sample with an organic solvent and recovering this fat by evaporating the solvent. Thus, 10 g of ground Agbodjama attiéké sample (Pe) were placed in a cellulose extraction cartridge, plugged with cotton to prevent the sample from being carried away during extraction. An empty glass flask of mass (P1) was also weighed, and 300 mL of hexane were poured into it. The flask was positioned on the extraction device, and the cartridge was introduced into the Soxhlet reservoir. The fat extraction was carried out by a reflux system for 6 hours. Heating was performed using heating mantles. After 6 hours of extraction, the solvent (n-hexane) was recovered with a BUCHI rotary evaporator. The flask containing the fat was then placed in an oven at 80°C for 24 hours to remove any traces of hexane. Afterwards, the flask containing the fat was cooled in a desiccator for 5 minutes and weighed (P2). The fat content (MG) expressed in g/100 g of dry matter was obtained using the following formula :
[image: ]

2.2.4.6. Determination of Total and Reducing Sugar Contents
i. Extraction of Ethanol-Soluble Sugars
The extraction of sugars was carried out according to the method proposed by Agbo et al. (1985). Free sugars were extracted with an aqueous solution of 80 % ethanol, then purified using a 10 % lead acetate solution and 10 % oxalic acid. For this purpose, a test portion of 2 g of Agbodjama attiéké sample was introduced into an Erlenmeyer flask, to which 10 mL of 80 % ethanol (Gay Lussac) was added. The mixture was stirred at room temperature and centrifuged at 2000 rpm for 15 minutes using a centrifuge. The supernatant was then collected. The extraction was repeated three times, and the different volumes of supernatant recovered were pooled into a tube to which 2 mL of 10 % lead acetate solution were added. The mixture was centrifuged again at 2000 rpm for 5 minutes, and to the supernatant thus obtained were added 2 mL of 10 % oxalic acid solution. The new mixture was centrifuged again at 2000 rpm for 5 minutes as previously. The collected supernatant was heated in a sand bath for 2 minutes to eliminate any trace of alcohol by evaporation. The extract obtained was collected in a 100 mL volumetric flask and made up to volume with distilled water.
ii. Determination of Total Sugars
Total sugar content was determined according to the phenol-sulfuric method as described by Dubois et al. (1956). For this purpose, 100 µL of water-soluble sugar extract were introduced into a test tube. Then, 0.9 mL of distilled water, 1 mL of 5 % phenol solution (w/v), and 5 mL of concentrated sulfuric acid were successively added. After shaking and cooling the tube protected from light, the optical density (OD) was read at 490 nm using a spectrophotometer (PU 6800), against a blank without water-soluble sugar extract prepared under the same conditions as the tests. A standard calibration curve was prepared from a stock glucose solution of 1 mg/mL. The total sugar content of each sample was obtained from the regression equation established using the calibration curve.
iii. Determination of Reducing Sugars
The method of Bernfeld (1955) was used for the quantification of reducing sugars, based on the reducing property of simple sugars. For this purpose, 1 mL of water-soluble sugar extract was introduced into a test tube and mixed with 0.5 mL of distilled water and 0.5 mL of DNS solution. The mixture was heated in a boiling water bath for 5 minutes. After cooling, 2 mL of distilled water were added, and the optical density (OD) of the solution was read at 540 nm using a spectrophotometer (PU 8600). A blank without water-soluble sugars was processed under the same conditions as the tests. A standard calibration curve was established under the same conditions using a stock glucose solution of 1 mg/mL. The amount of reducing sugars contained in the samples was determined from the regression equation established with the calibration curve.
2.2.4.7. [bookmark: _Hlk209970711]Determination of Total Carbohydrate Content
The total carbohydrate content and energy value were determined using the calculation method recommended by FAO (2002). This method considered, on the one hand, the contents of moisture, fat, protein, and ash, and on the other hand, the energy coefficients. The total carbohydrate content was expressed as a percentage of mass according to the following formula :

Total Carbohydrate Content = 100 - [Proteins (%) + Moisture (%) +Fat (%) + Ash (%)]


The energy value was expressed in kilocalories (kcal) per 100 g of food as follows: 
The energy value (kcal/100g) = [(4 X Proteins) + (9 X Fat) + (4 x carbohydrates)]



2.2.5. Estimation of daily intake
The intake of nutritional compounds was estimated according to the Codex Alimentarius method, which takes into account the concentrations of nutritional compounds found in the food and the daily consumption of Attiéké. The contribution of the different nutrient intakes from the consumption of Attiéké to meeting the Recommended Daily Allowances (RDA) was also determined. 



EI = C × Q 
Contribution (%) = (EI × 100) /RDA 
Where : EI, estimated intake of the component (mg) ;
C : measured concentration of the component ;
Q : daily consumption (g) of Attiéké by an Ivorien adult = 301 g (PEASA, 2019).

2.2.6. Statistical data analysis
The collected data were first entered into Excel spreadsheets. Then, these data were statistically processed using the Statistical Program for Social Sciences (SPSS 25.0 for Windows). The statistical evaluation consisted of a one-factor analysis of variance (ANOVA): the nature of the products. The means of the measured parameters were compared using the Student-Newman-Keuls test at a significance level of α = 5 %. A principal component analysis (PCA) was also performed to determine the most discriminating variables, and hierarchical cluster analysis (HCA) was carried out using STATISTICA software (version 7.1) to structure the correlation between the studied samples and their nutritional components.

3. RESULTS
3.1. Contents of nutritional components found in composite Agbodjama Attiékés
The results indicate that the moisture levels of the different samples of Agbodjama Attiéké (composite Attiéké and control Attiéké) are statistically similar (Table 3) and range between 43.83 ± 0.41 % (MCA8) and 45.52 ± 0.35 % (AT), while the protein contents range from 4.3 ± 0.13 g/100 g DM for the control Agbodjama Attiéké (AT) to 5.53 ± 0.21 g/100 g DM for Agbodjama Attiéké MCA8 (Table 3). The results showed that enriched Agbodjama Attiékés have higher protein contents than those found in the control. These values are statistically identical (p > 0.05) within this MCA group (Table 3).
Regarding lipids, all enriched formulations show statistically higher values (p < 0.001) than the control Attiéké (0.17 ± 0.02 g/100 g), the highest being observed with MCA14 (0.73 ± 0.12 g/100 g).
The Total carbohydrates show little statistical variation (F = 3.985), with values ranging between 90.57 ± 0.35 g/100 g (MCA8) and 92.13 g/100 g (AT). The total carbohydrate contents of the composite MCA Attiékés are generally comparable to that of the control, except for samples MCA1, 3, 9, 13, 14, and 15.
The contents of total sugars, reducing sugars, ash, and fibers in the different types of composite Agbodjama Attiékés are also close to those of the control, with minimal variations (F = 1 to 0.834).
The energy values of the composite Attiékés range between 340.83 kcal/100 g (AT) and 343.13 kcal/100 g (MCA7), indicating a moderate but significant energy increase (p < 0.001) in the enriched Attiékés. All MCA Agbodjama Attiékés are statistically identical to each other but different from the control Attiéké in terms of energy content.








Table 3. Concentrations of nutritional components found in Attiékés enriched with Moringa, Cashew almonds, and Turmeric
	[bookmark: _Hlk162443998]Enriched 
	Moisture
	Protein
 (g/100g)
	lipids
	TC
 (g/100g)
	TS 
	RS
	Ash
	Fib 
	VEN

	 Attiékés
	(%)
	
	(g/100g)
	
	(g/100g)
	(g/100g)
	(g/100g)
	(g/100g)
	(kcal/100 g)

	AT
	45,52±0,35a
	4,3±0,13c
	[bookmark: RANGE!D6]0,17±0,02b
	92,13±0,31d
	[bookmark: RANGE!F6]1,95±0,15c  
	[bookmark: RANGE!G6]0,43±0,05f
	[bookmark: RANGE!H6]1,75±0,25g 
	1,05±0,11h 
	[bookmark: RANGE!J6]340,83±0,15j

	MCA1
	44,73±0,22ab
	5,19±0,07b
	0,42±0,01a
	91,40±0,2e
	1,98±0,07 c
	0,45±0,03 f
	1,85±0,04 g
	1,13±0,03 h
	342,50±0,21a

	MCA2
	44,41±0,6ac
	5,38±0,3b
	0,46±0,04ac
	91,09±0,5de
	1,99±0,16 c
	0,46±0,07 f
	1,91±0,03 g
	1,16±0,16 h
	342,17±0,34 a

	MCA3
	44,42±0,19ad
	5,23±0,09b
	0,48±0,04a
	91,23±0,19e
	1,99±0,03 c
	0,46±0,02 f
	1,91±0,21 g
	1,15±0,04 h
	342,50±0,27 a

	MCA4
	44,10±0,28bcd
	5,41±0,08b
	0,53±0,02ad
	90,91±0,18de
	2,01±0,1 c
	0,47±0,06 f
	1,96±0,15 g
	1,19±0,12 h
	342,18±0,27 a

	MCA5
	44,46±0,21ab
	5,31±0,09b
	0,61±0,04ade
	91,06±0,21de
	2±0,11 c
	0,46±0,13 f
	1,86±0,05 g
	1,17±0,07 h
	343,12±0,4 a

	MCA6
	44,14±0,52bcd
	5,49±0,22b
	0,65±0,02cde
	90,75±0,42de
	2,01±0,12 c
	0,47±0,01 f
	1,92±0,09 g
	1,2±0,03 h
	342,79±0,51 a

	MCA7
	44,15±0,36bcd
	5,34±0,13b
	0,68±0,06de
	90,88±0,31de
	2,01±0,13 c
	0,47±0,02 f
	1,91±0,31 g
	1,19±0,04 h
	343,13±0,35 a

	MCA8
	[bookmark: RANGE!B14]43,83±0,41bdc
	5,53±0,21b
	0,72±0,11de
	[bookmark: RANGE!E14]90,57±0,35de
	[bookmark: RANGE!F14]2,02±0,04 c
	[bookmark: RANGE!G14]0,48±0,03 f
	[bookmark: RANGE!H14]1,97±0,52 g
	[bookmark: RANGE!I14]1,22±0,06 h
	342,81±0,18 a

	MCA9
	44,55±0,28abc
	5,20±0,23b
	0,53±0,12ae
	91,25±0,25e
	1,99±0,08 c
	0,46±0,04 f
	1,87±0,13 g
	1,15±0,12 h
	342,92±0,24 a

	MCA10
	44,01±0,5bcd
	5,52±0,12b
	0,60±0,03ae
	90,72±0,45de
	2,01±0,22 c
	0,48±0,02 f
	1,96±0,2 g
	1,20±0,14 h
	342,38±0,42 a

	MCA11
	44,54±0,4ab
	5,33±0,14b
	0,51±0,02ae
	91,13±0,03de
	1,99±0,03 c
	0,46±0,11 f
	1,87±0,11 g
	1,16±0,12 h
	342,64±0,41 a

	MCA12
	44,02±0,53bcd
	5,39±0,11b
	0,63±0,1cde
	90,84±0,33de 
	2,01±0,13 c
	0,47±0,02 f
	1,95±0,04 g
	1,2±0,02 h
	342,67±0,28 a

	MCA13
	44,51±0,39ab
	5,27±0,19b
	0,41±0,04a
	91,28±0,34e
	1,98±0,19 c
	0,46±0,05 f
	1,90±0,16 g
	1,15±0,09 h
	342,12±0,33 a

	MCA14
	44,05±0,29bcd
	5,45±0,2b
	[bookmark: RANGE!D20]0,73±0,12e
	90,70±0,24e
	2,02±0,07c
	0,48±0,03 f
	1,92±0,61 g
	1,21±0,06 h
	[bookmark: RANGE!J20]343,17±0,17 a

	MCA15
	44,28±0,51bcd
	5,36±0,18b
	0,57±0,04ae
	90,99±0,46e 
	2,00±0,08c
	0,47±0,04 f
	1,91±0,17 g
	1,18±0,15 h
	342,65±0,43 a

	F
	3,056
	8,622
	14,249
	[bookmark: RANGE!E22]3,985
	0,059
	0,407
	0,571
	0,624
	7,561

	P
	0,004
	<0,001
	<0,001
	0,001
	1
	0,966
	0,875
	0,834
	<0,001


[bookmark: _Hlk210081185]MCA: Attiékés with Moringa, Turmeric, Cashew almond; In each column, means with the same letters are statistically identical. F: statistical test value of ANOVA; P: probability value of ANOVA. TC, TS, RS, Fib: Total carbohydrates, Total sugars, Reducing Sugars, ash, Fibers (respectively); VEN: energy value

3.2. Correlation
The Principal Component Analysis (PCA) was carried out considering components F1 and F2 (Table 4), which have eigenvalues greater than 1, according to Kaiser’s statistical rule. The clustering patterns highlighted by the PCA were then clarified by Hierarchical Cluster Analysis (HCA) using the Unweighted Pair Group Method with Arithmetic Means (UPGMA).
The figure 2 (A) shows the correlation circle of the factorial axes F1 and F2, which together explain 97.70 % of the total variability of the studied parameters. Component F1, with an eigenvalue of 8.18, explains 90.92 % of the variance. It is mainly established by negative correlations with all the studied parameters, except for moisture, which is positively correlated. Component F2, with an eigenvalue of 0.61, explains 6.78 % of the variance and is negatively correlated with moisture, lipids, proteins, total carbohydrates, and energy value, while positively correlated with the other parameters (total sugars, reducing sugars, ash, fibers), showing both positive and negative correlations respectively (Table 4).
The projection of the characteristics and samples in the plane formed by components F1 and F2 highlights two groups of Agbodjama Attiékés (Figure 2B). The first group consists only of the control Agbodjama Attiéké, which has the highest moisture content and the lowest energy value, while the second group includes all MCA Agbodjama Attiékés, with higher levels of the studied nutrients compared to the first group.

3.3. Hierarchical Cluster Analysis
The Hierarchical Cluster Analysis (HCA) supports the variability observed in the Principal Component Analysis (PCA) (Figure 3). The hierarchical classification also reveals two (2) groups of Attiéké samples, at the Euclidean aggregation distance of 2.4. Group 1 consists only of the control Attiéké, which shows the lowest levels of all the studied nutrients, less energy value, and higher moisture. Group 2 includes all the composite Agbodjama Attiékés (MCA).











Table 4. Matrix of eigenvalues and correlations of the nutritional components of composite Attiékés with components F1 and F2 from the principal component analysis
	Components
	F1
	F2

	Eigenvalues
	[bookmark: _Hlk197427304]8,18
	[bookmark: _Hlk197427386]0,61

	Explained variability (%)
	[bookmark: _Hlk197427280]90,92
	[bookmark: _Hlk197427342]6,78

	Cumulative explained variability (%)
	90,92
	[bookmark: _Hlk197427235]97,70

	Moisture content
	0,988
	-0,132

	Protein content
	-0,951
	0,015

	Lipid content
	-0,946
	-0,260

	Total carbohydrate content
	0,993
	-0,036

	Total sugar content
	-0,997
	0,035

	Reducing sugar content
	-0,992
	0,116

	Ash content
	-0,913
	0,377

	Fiber content
	-0,997
	0,044

	Energy value 
	-0,785
	-0,603






 
(A)                                                                     (B)
Figure 2. Correlations of factorial axes F1 and F2 from the principal component analysis with nutritional components (A) and composite Attiékés (B)
Mo, moisture; Prot, proteins; Lip, lipids; TC, total carbohydrates ; TS, total sugars; RS, reducing sugars; ash; Fib, fibers; VEN, energy value



Group 2
Group 1

Figure 3. Hierarchical classification of enriched and control Agbodjama Attiékés based on biochemical characteristics.

















3.4. Estimated daily intake in Ivorien adults consuming composite Agbodjama Attiékés
Previous studies on the sensory evaluation of enriched Agbodjama Attiékés identified formulations MCA2, MCA4, and MCA6 as having the most satisfactory organoleptic characteristics. The analysis of their nutrient contents, compared to those of the control Agbodjama Attiéké, shows generally higher estimated intakes. Indeed, MCA2, MCA4, and MCA6 Attiékés recorded daily intakes of 16.20 ± 0.1 g/day; 16.29 ± 0.08 g/day and 16.53 ± 0.1 g/day in proteins, 1.39 ± 0.03 g/day; 1.59 ± 0.07 g/day and 1.95 ± 0.03 g/day in lipids, 274.18 ± 0.43 g/day; 273.65 ± 0.51 g/day and 273.15 ± 0.39 g/day in total carbohydrates, 3.50 ± 0.14 g/day; 3.57 ± 0.08 g/day and 3.60 ± 0.06 g/day in fibers, as well as 1029.93 ± 0.83 Kcal/day; 1029.97 ± 0.96 Kcal/day and 1031.78 ± 0.75 Kcal/day in energy, compared to 14.75 ± 0.13 g/day (proteins), 0.51 ± 0.04 g/day (lipids), 277.31 ± 0.53 g/day (total carbohydrates), 3.16 ± 0.12 g/day (fibers), and 1030.25 ± 1.13 Kcal/day (energy value) for the control Agbodjama Attiéké (Table 5).
The comparison of contributions to daily requirements in essential nutrients (Table 6) reveals that all enriched Agbodjama Attiéké formulations are at higher levels than the control Attiéké. The observed percentages range between 26.99 ± 0.15 and 27.55 ± 0.17 % for proteins, 0.57 ± 0.06 and 2.17 ± 0.08 % for lipids, 99.33 ± 1.91 and 100.84 ± 2.13 % for total carbohydrates, 13.98 ± 0.15 and 14.41 ± 0.12 % for fibers, and 36.70 ± 0.17 and 36.77 ± 0.15 % for energy values. The highest contributions were recorded with Agbodjama Attiéké MCA6, closely followed by MCA4, particularly in proteins, lipids, and fibers. In contrast, the control Agbodjama Attiéké showed the highest contribution in total carbohydrates (Table 6). 
















Table 5. Estimated daily intake of nutritional components in Ivorian adults consuming 301 g of enriched Agbodjama Attiékés
	Enriched Attiékés
	Proteins
	Lipids
	Total C
	Fibers
	Energy value

	
	RDA
	EI
	RDA
	EI
	RDA
	EI
	RDA
	EI
	RDA
	EI

	AT
	60
	14,75±0,13
	90
	0,51±0,04
	275
	277,31±0,53
	25
	3,16±0,12
	2806
	1030,25±1,13

	MCA2
	
	16,20±0,1
	
	1,39±0,03
	
	274,18±0,43
	
	3,50±0,14
	
	1029,93±0,83

	MCA4
	
	16,29±0,08
	
	1,59±0,07
	
	273,65±0,51
	
	3,57±0,08
	
	1029,97±0,96

	MCA6
	
	16,53±0,1
	
	1,95±0,03
	
	273,15±0,39
	
	3,60±0,06
	
	1031,78±0,75


Sources (RDA) : FAO/WHO (2010)
RDA: Recommended Daily Allowance; EI: Estimated Intake; C : carbohydrates

Table 6. Contribution of enriched Agbodjama Attiéké consumption to meeting nutritional intake requirements
	Enriched 
Attiékés
	Proteins
	Lipids
	TC
	Fibers
	Energy value

	
	RDA
	C
	RDA
	C
	RDA
	C
	RDA
	C
	RDA
	C

	AT
	
	21,57±0,13
	
	0,57±0,07
	
	100,84±2,13
	
	12,64±0,11
	
	36,56±0,22

	MCA2
	60
	26,99±0,15
	90
	1,54±0,06
	275
	99,70±1,87
	25
	13,98±0,15
	2806
	36,70±0,17

	MCA4
	
	27,15±0,11
	
	1,76±0,03
	
	99,51±2,01
	
	14,28±0,11
	
	36,71±0,13

	MCA6
	
	27,55±0,17
	
	2,17±0,08
	
	99,33±1,91
	
	14,41±0,12
	
	36,77±0,15


Sources (RDA): FAO/WHO (2010)
C : Contribution

4. DISCUSSION
A high moisture content promotes the development of microbial flora, and therefore the perishability of fresh Attiéké, if precautions are not taken for proper preservation. The results indicate that the moisture levels of the different enriched Agbodjama Attiéké samples remain statistically identical, which could be due to the same production conditions. These levels range from 43.83 ± 0.41 % (MCA8) to 44.73 ± 0.22 % (MCA1) and are comparable to that of the control Attiéké (45.52 ± 0.35 %). These values remain below the Ivorian standard for Attiéké, which recommends a moisture content between 45 and 55 % (CODINORM, 2018). Furthermore, these values are respectively lower and higher than the results obtained in studies conducted by Adayé (2020) on “the production and preservation of cassava semolina (Attiéké) in the city of Bouaké (Ivory Coast)” and by Assanvo et al. (2019) on a comparative study of three traditional Attiékés and a commercial Attiéké.
In addition, enrichment further modifies the nutritional characteristics of enriched Agbodjama Attiékés. This is reflected by the increase in protein, fat, ash, and fiber contents, and a decrease in total carbohydrate content as the substitution rate increases. Indeed, the increase in protein content of enriched Agbodjama Attiékés could be attributed to the high protein concentration in Moringa leaf concentrate (Mahan et al., 2016). Also, the significant amounts of protein present in cashew almond paste contributed to this increase in important nutrients in the enriched Agbodjama Attiékés (Touzou et al., 2018 ; Ouattara et al., 2023). These values are higher than those evidenced by the results of Yao et al. (2015) and Assanvo et al. (2019). Moreover, these quantities are far higher than those defined by the Ivorian standard for Attiéké, which stipulates a protein content between 1 and 3 % of dry matter (CODINORM, 2018). Overall, the protein content of enriched Agbodjama Attiékés is highly satisfactory.
Regarding lipid content in the different enriched Agbodjama Attiékés, an increase is observed compared to the control Attiéké. These values range from 0.17 g/100 g (AT) to 0.73 g/100 g (MCA14). This could be explained by the enriching ingredients used, particularly cashew almonds, which contain significant amounts of lipids (Abalokoka et al., 2018). However, lipid levels remain relatively low in MCA Attiékés. Still, these proportions are higher than those obtained by Assanvo et al. (2019). Furthermore, the results of MCA Attiékés reveal that, overall, their lipid levels are lower compared to the values reported by CODINORM (2018), which range from 1 to 3 %.
As for carbohydrates, Attiéké is essentially a carbohydrate-based food, with a total carbohydrate content above 90 %. These data are consistent with those reported by Adayé (2020). The variability in total carbohydrate content observed in enriched Agbodjama Attiékés could be due to the lower carbohydrate content of Moringa, cashew almonds, and turmeric rhizomes. However, these proportions are higher than the Ivorian standard recommended by CODINORM (2018). Indeed, the Ivorien standard does not specify the total carbohydrate content but requires a starch content of 80 to 90 % of dry matter in Attiéké, starch being the main component of total carbohydrates in Attiéké.
Furthermore, the improvement in ash and fiber contents of enriched Agbodjama Attiékés could be attributed to the richness of Moringa leaf concentrate, turmeric rhizomes, and cashew almond paste in these constituents (Mahan et al., 2016 ; Djoumessi et al., 2020). Among the analyzed samples, Agbodjama Attiéké MCA8 showed the highest ash content and clearly stood out from MCA4, MCA10, and MCA12. This high content reflects a higher mineral richness compared to the control Agbodjama Attiéké. In general, the ash content of enriched Agbodjama Attiékés constitutes a global indicator of their contribution in essential minerals (Ca, Fe, Mg, Zn), thus reflecting their nutritional value and quality (Mayer, 2022).
Concerning fiber content in composite Agbodjama Attiékés, it ranges from 1.05 ± 0.11 to 1.22 ± 0.06 g/100 g DM and seems relatively low. These low levels could be due to unit operations required for Attiéké production, which lead to fiber removal. In contrast, CODINORM (2018) defines fiber content as less than 1 %. It follows that, overall, the enriched Agbodjama Attiékés particularly MCA8 contain interesting levels of dietary fiber. Indeed, dietary fibers play an essential role in regulating intestinal transit and preventing colon cancer (Slavin, 2013). They also help control blood sugar by slowing carbohydrate absorption and improving insulin sensitivity (Weickert & Pfeiffer, 2018). Moreover, their regular consumption is associated with a reduced risk of cardiovascular diseases (Ponka et al., 2016 ; Soliman, 2019). Fibers also promote satiety, thus helping to prevent overweight and obesity (Reynolds et al., 2020).
In addition, Attiéké, as a staple food, is a significant energy source. The analysis results showed estimated energy values between 340.83 ± 0.15 and 346.85 ± 0.29 kcal/100 g for the Attiékés. These values comply with CODINORM (2018), which recommends energy values between 300 and 400 kcal. Their consumption could significantly contribute to the population’s energy requirements, especially during intense physical activities.
Moreover, the daily intakes recorded from the consumption of 301 g of enriched Agbodjama Attiékés were estimated for an Ivorian adult weighing 70 kg. The nutrient contributions of enriched Agbodjama Attiékés are all higher than those of the control. This highlights the importance of using Moringa leaves, cashew almonds, and turmeric rhizomes as enrichment sources. Indeed, the incorporation of Moringa leaf concentrate, turmeric rhizomes, and cashew almond paste in Agbodjama Attiéké significantly contributed to increasing protein, lipid, ash, and fiber contents.
Enriched Agbodjama Attiékés (MCA), particularly MCA2, MCA4, MCA6, and MCA8, which showed the most interesting organoleptic characteristics, also present important nutritional characteristics. Thus, these Attiéké samples would cover the recommended daily requirements of a 70 kg Ivorian adult (FAO/WHO, 2010) up to 27.55 ± 0.17 % in protein, 2.17 ± 0.08 % in lipids, 82.89 % in carbohydrates, 14.41 ± 0.12 % in fibers, and 36.77 ± 0.15 % in energy needs. These enriched Agbodjama Attiékés could therefore significantly contribute to meeting the nutritional needs of populations in most nutrients.

5. CONCLUSION
The diversity of enriched Agbodjama Attiékés, obtained through different incorporation proportions according to the central composite design, illustrates the relevance of this experimental approach. The analysis of their nutritional values, particularly from the concentrates of Moringa oleifera leaves, Curcuma longa Linnaeus rhizomes, and Anacardium occidentale L. almond paste, highlights nutritional characteristics of considerable interest. Enrichment with these plant materials significantly increased the content of several nutrients, particularly proteins and ash, compared to the control Agbodjama Attiéké available on the market.
These formulations represent a substantial improvement over traditionally produced Attiékés and stand out for their nutritional density. They can therefore be considered a relevant alternative to strengthen food security by contributing to the coverage of the population’s nutritional needs. The results obtained also demonstrate the feasibility of these processes, confirming that enrichment is a strategic approach to improving the nutritional quality of Attiéké. Finally, the large-scale dissemination of these formulations appears as a strategic lever not only in the fight against protein-energy malnutrition but also for enhancing the value of local plant materials.
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