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ABSTRACT

	[bookmark: _Hlk190786977][bookmark: _Hlk192596364] Producing nutritious snacks with acceptable organoleptic properties remains a major challenge for both the pastry industry and the informal sectors. Indeed, these products, popular with populations, especially children, generally contain high carbohydrate contents, making them very high-calorie foods. The objective of this study is to evaluate the effect of protein and micronutrient enrichment with soy, sesame, and spirulina on the nutrient composition and physical and organoleptic characteristics of coconut cakes, a commonly consumed snack in Côte d'Ivoire. Thus, the simplex lattice mixing plan coupled with sensory tests and optimization by the solver function led to the optimized formulation from wheat flour, soy flour, sesame seeds, and spirulina powder. In parallel, traditional cakes made from wheat and coconut flour were produced as a control. The prepared coconut cakes were subjected to chemical, physical, and sensory analyses. The results showed that the optimized formulation has the following composition: 77% wheat flour + 15% soy flour + 4% sesame seeds + 4% spirulina powder. The enriched coconut cakes have a significantly lower carbohydrate content (p ˂ 0.05), (46.93 g / 100 g) versus 50.08 g / 100 g, respectively, compared to the control. On the other hand, they are significantly (p ˂ 0.05), richer in lipids (36.95 g / 100 g), proteins (8.66 g / 100 g), fibers (1.48 g / 100 g) and ash (4.27 ± 0.00 g / 100 g) than the control cakes. Physical measurements showed a significant difference (p ˂ 0.05), in the diameter, heigh, spread ratio and thickness of the coconut cakes
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1. Introduction 

 In developing countries, the marketing of energy-dense, micronutrient poor snacks has increased significantly (Ogbonyomi et al., 2024). Snacks are street foods and are sold in all schools, school canteens, universities during break times and in public places (Houansou et al., 2019; Yaou et al., 2024). Snacks playan important role in satisfying hunger when the craving strikes (Houansou et al., 2019). These productsare accompanied by increasing consumption among children (Luque et al., 2024). This situation may exacerbate the triple burden of malnutrition faced by most of these countries (Agbozo et al., 2016). Indeed, chronic diseases in adulthood are linked to severe acute malnutrition (EEN, 2019) and the persistence of nutritional deficiencies in certain micronutrients such as zinc, vitamin A, iron, etc (Asfaw et al., 2012). At the same time, malnutrition affects 30 % of children under five, and at least 10 % of women of childbearing age (Delzenne, 2024). The prevalence of overall chronic malnutrition in Côte d'Ivoire at the national level is 22.4 %, a rate higher than the alert threshold of 20 % defined by the WHO, moderate malnutrition 15.7 % and severe chronic malnutrition is 6.7 % (EEN, 2021 ; Sable et al., 2020). School-age children are more likely to experience malnutrition due to deficiency (Swinburn et al., 2019). In fact, these children grow up with many deficiencies which are the basis of growth retardation and wasting (Zagre et al., 2022). Furthermore, Snacks are foods eaten between meals and can sometimes be nutritionally deficient. This is due to the consumption of foods rich in fat, energy from snacks like cookies, donuts and cakes low in protein, fiber and micronutrients for daily use (Awolu et al., 2017; Rapando et al., 2020). According to Gaikwad et al. (2020) Cookies and cakes contain only 6 % to 7 % protein. To address the nutritional status of school-aged children, foods made from local products could be processed locally using simple and inexpensive processing technology. The use of protein and micronutrient sources has been proposed as a possible solution to combat protein-energy malnutrition.
Furthermore, coconut cakes, made from flour and grated coconut, are part of snacks and are sold as street food, serving as a snack or afternoon snack. Their preparation being made from calorific elements (wheat flour, sugar, milk), they appear as a high-energy snack, crust and poor in nutrients (proteins, minerals and vitamins). This composition makes this product an unhealthy food, the regular consumption of which exposes it to malnutrition in all its forms. In Ivory Coast, several studies have been conducted on local products such as cereals, tubers, vegetables, leaves, etc. ( Nindjin et al., 2007 ; Soro et al., 2013 ; Diallo et al., 2015 ; Badje et al., 2019; Sika et al., 2019 ; Dan et al., 2021). 
In this context, enriching coconut cakes with locally available and economically accessible products such as soy, sesame seeds and spirulina, which are rich in nutrients and are less expensive, appears to be an alternative to combat malnutrition, including micronutrient deficiencies in school-age children whose malnutrition is prevalent.(Costa et al., 2007). Legumes are very good sources of protein to improve the nutritional value of grain products (Monnet et al., 2019).The richness of soybeans, sesame seeds and spirulina in nutrients makes them ideal sources for partially replacing wheat flour in the production of coconut cakes with other starchy sources (Kure et al., 1998).
Soybean (Glycine max L.), is a legume that contains 43.2 % vegetable protein, rich in omega 3, 6 and 9 fatty acids, vitamins and minerals (Adelakun et al., 2013 ; Melani et al., 2023). It has a low carbohydrate content Lecerf et al. (2020), rich in essential amino acids and incorporated into foods to combat protein-energy malnutrition (Adjou et al., 2022). Consuming soy foods helps prevent cardiovascular diseases such as diabetes (Farzana and Mohajan, 2015). Soybeans are a good source of trace elements (copper, zinc and manganese). 
Sesame (Sesamum indicum L), is an oilseed, which belongs to the Pedialaceae family. Its seeds constitute a fortification food, rich in micronutrients (Girgih, 2016). They are rich in unsaturated and polyunsaturated fatty acids Ogbonyomi et al. (2024), in essential amino acids and provide a large quantity of tryptophan and methionine (Bernhard, 2020). Sesame is an oilseed rich in micronutrients and is used in the production of cakes, biscuits and breads to improve nutritional values (Ogbonyomi, et al., 2024). The gâteaux au coco” enriched with local products have a taste comparable to conventional cakes (Monnet, 2018 ; Ogbonyomi et al., 2023). 
Spirulina (Arthrospira platensis), is an algae that comes from saline lakes, tropical and semi-tropical regions. It contains the eight essential amino acids directly assimilated by the body. The protein content is 10 to 15 % and can vary depending on the harvest period and has a low cellulose content 75 to 83%. of its digestibility (Radmann et al., 2007). Spirulina contains 13 vitamins including 4 fat-soluble vitamins (A, D, E, K), and 9 water-soluble vitamins (Bemiarana et al., 2018). It is a good source of minerals including magnesium, iron, phosphorus, calcium, zinc copper, sodium, manganese, potassium and selenium (Charpy et al., 2008). Furthermore, according to Kanojia (2022), Spirulina can be incorporated into biscuits and cakes made from wheat flour to improve their micronutrient intake (vitamins and minerals) and combat malnutrition in children.
Otherwise, in sub-Saharan Africa, studies on snack food fortification are focused on biscuits and cakes. Local snacks are marginalized despite their expansion. The few existing studies on these products are limited to processing methods and nutritional composition (Agyemang & Sampson, 2025; Akissoe, 2021; Houansou et al., 2019) to the best of our knowledge, there is no scientific work on coconut cakes consumed in Ivory Coast.
The objective of this study is to determine the effect of enrichment with soy sesame and spirulina on the physical, nutritional, and organoleptic characteristics of “ gâteaux au coco”.

2- Materials and methods
2-1- Plant material

Wheat flour (fig1A) was purchased from a supermarket in Yamoussoukro (Central Côte d’Ivoire). Sesame seeds (figure 1B), soybeans (figure 1C) and coconut (figure 1D) were purchased from the main market in the city of Yamoussoukro. Spirulina was also bought at a pharmacy in Yamoussoukro.
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Figure 1: (A) Wheat flour; (B) Sesame seeds; (C) Soybeans, (D) Coconut; (E) Spirulina powder
E
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2-2- Methods
2-2-1 Production of soy flour and roasted sesame seeds

The soybeans were processed into flour, using the method of Soro et al. (2013) presented in (Figure 2). These seeds were sorted, washed, then precooked for 20 minutes and soaked in a hermetically sealed bucket for 48 hours, peeled and oven dried at 65 °C for 24 hours. Then, the seeds were roasted at 180 °C for 15 minutes, then ground in a laboratory mini-mill (Philips HR2058, Netherlands) to obtain soy flour. The flours were sieved with a 0.25 mm sieve and stored in a hermetically sealed (polypropylene) package. The flow diagram of soy flour production is presented in (Figure 2). 
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Figure 2: Soybean flour production flow chart

The method described by  Ogbonyomi et al. (2023) and Ogbonyomi et al. (2024 ) with slight modification was used in the preparation of sesame (Figure 3). Sesame seeds were sorted, washed, hulled. Then, they were sprayed with water to induce fermentation at a temperature of 45 °C in an oven Soro et al. (2013) for 24 h and roasted at 65 °C, for 15 min.
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Figure 3: Sesame seed processing flow chart             
The coconuts underwent mechanical pretreatment to remove their shells. The recovered kernels were washed and then grated to obtain fine shavings commonly called grated coconut (Figure 4) using the artisanal method. 

2-2-2-Production of grated coconut
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Figure 4: Production diagram of grated coconut



2-3- Preparation of composite wheat/soy/sesame/spirulina flour
A 4-factor simplex-lattice mixture design with STATISTICA 14.0.0.15 software was used to study the mixture components including X1: wheat flour (0.35-0.8 %), X2: soy flour (0.2-0.65 %), X3: Sesame seeds (0- 0.045 %) and X4: spirulina powder (0- 0;045 %), with X1+ X2+ X3+ X4 = 100 %. Seventeen combinations of variables were selected by the experimental design as shown in (Table 1). Another control sample was included to compare the results with a commercial sample. All experiments were conducted and the 17th trial at the center was repeated twice to minimize errors.

Table 1: Mixing plan
	Tests
	X1
	X2
	X3
	X4
	X1 real
	X2 real
	X3 real
	X4 real

	1
	1
	0
	0
	0
	0.8
	0.2
	0
	0

	2
	0
	1
	0
	0
	0.35
	0.65
	0
	0

	3
	0
	0
	1
	0
	0.35
	0.2
	0.45
	0

	4
	0
	0
	0
	1
	0.35
	0.20
	0
	0.45

	5
	2/3
	1/3
	0
	0
	0.65
	0.35
	0
	0

	6
	2/3
	0
	1/3
	0
	0.65
	0.20
	0.15
	0

	7
	2/3
	0
	0
	1/3
	0.65
	0.20
	0
	0.15

	8
	1/3
	2/3
	0
	0
	0.50
	0.50
	0
	0

	9
	1/3
	0
	2/3
	0
	0.50
	0.2
	0.3
	0

	10
	1/3
	0
	0
	2/3
	0.5
	0.2
	0
	0.3

	11
	0
	2/3
	1/3
	0
	0.35
	0.50
	0.15
	0

	12
	0
	2/3
	0
	1/3
	0.35
	0.5
	0
	0.11

	13
	0
	1/3
	2/3
	0
	0.35
	0.35
	0.3
	0

	14
	0
	1/3
	0
	2/3
	0.35
	0.35
	0
	0.3

	15
	0
	0
	2/3
	1/3
	0.35
	0.2
	0.3
	0.15

	16
	0
	0
	1/3
	2/3
	0.35
	0.2
	0.15
	0.3

	17
	1/4
	1/4
	1/4
	1/4
	0.46
	0.31
	0.11
	0.11


X1: wheat flour, X2: soy flour, X3: sesame seeds, X4: spirulina powder

2-4-Production of control coconut cakes and enriched coconut cakes

Coconut cakes were produced using the artisanal method of preparation in Ivory Coast. The ingredients used were wheat flour, grated coconut, sesame seeds, soy flour, spirulina powder, vanilla sugar, baking powder, sugar and nutmeg (Table 2). For production, grated coconut, powdered sugar, vanilla sugar and nutmeg were mixed in an aluminum bowl for 10 min until a homogeneous mixture was obtained. Then, flour and baking powder were added while mixing and the resulting dough was left to rest for 30 min at room temperature. After spreading the dough on a cutting board, the shapes of the coconut cakes were obtained using a cylindrical cookie cutter. The resulting pieces were fried for 3 min on each side. The produced coconut cakes were cooled for 3 h, before being stored in bowls at 37°C.









Table 2: Amounts (g) of ingredients for the control optimized coconut cake formulations
	Ingredients (g)
	F1 
	F2 

	Wheat flour
	100
	77

	Sugar
	176 
	176

	Vanilla sugar
	1 
	1

	Nutmeg
	0,5
	0,5

	Baking Powder
	1
	1

	Soy flour
	0
	15

	Sesame seeds
	0
	4

	Spirulina powder
	0
	4















2-5-Sensory evaluation of coconut cakes
The sensory evaluation allowed to describe the organoleptic characteristics of the coconut cakes obtained by a descriptive test and to evaluate their levels of acceptability by a hedonic test. These tests were carried out by a panel consisting of 15 panelists trained for 1 month beforehand for the descriptive tests and 80 untrained panelists (boys and girls) for the hedonic tests, all of whom attended the Djahakro Public Primary School in Yamoussoukro in CM1 class. The panelists evaluated the 17 samples of coconut cake labeled with 3-digit random number codes on a 9-point hedonic scale. The jury members were invited to rinse their mouths with clean water after each evaluation to avoid any flavor transfer during the sensory evaluation.

2-6 Validation of the mathematical model
After the model adjustment, iso-response curves are established over the entire experimental range. These curves represent response surface plans, i.e. the graphical representation was established over the entire experimental domain to draw the optimums (Table 3). The validation of the mathematical model required its submission to validation tests to verify its suitability for its descriptive and predictive qualities (Table 4).

2- 8 Optimization
The numerical optimization process using the SOLVER software was carried out to optimize the multiple outcomes according to the desired results. Thus, the description of the desirability of the responses was either maximized or minimized using the equations generated by the mathematical model (Table 3 and 4). The desirability function allows to find a better compromise between a set of variables. It varies from 0 to 1 where 0 represents refusal and 1 represents maximum satisfaction (Vaillé and Goupy, 2006) (table 4).Thus, the optimization by the mixing plan using the SOLVER software, allowed to have the optimized result of the enriched coconut cake. The adjusted models predicted coefficients of 6.07 for color, 2.33 for dryness, 6.00 for softness, 5.98 for crunchy texture, 6.43 for shortbread texture and 5.12 for overall acceptability (Table 4). From the optimal formulation, the coconut cakes were produced and subjected to chemical analyses (Table 4).








Table 3: Polynomial mathematical model with interaction term for different responses of iso-response curves
	Answers
	Equations

	Color (gold)
	5.0654 X1 +5.4911 X2 +9.1472 X4 + 16.0108 X1 X2 + 12.7226 X2

	dry texture (to the touch)
	2, 50640 X1 + 6, 99102X3+ 36, 00682 X3 X4

	soft texture (to the touch)
	6.3876 X1 + 4.12 48 X2 + 20, 0107 X 2X3 + 12.0766 X2

	Crunchy texture (in the mouth) (in the mouth)
	6.9680 X1 + 6.3472 X3 + 14, 9622 X2 X3 +22.5869 X2

	Shortbread texture (in the mouth)
	6.2428 X1 + 8.8130 X2 + 14.0449X3 +- 23.9445 X1

	General acceptability
	6.24463 X1+ 14.97629 X2 X3 +16.06785 X2 X4




TABLE 4: planned optimal proportion of the mixture component and the level of process variable that resulted in achieving the overall optimal desirability

	Mixture component
	Weak
	High
	Optimum

	Wheat flour (A1)
	0.2
	0.8
	0.77

	Soy flour (A2)
	0.2
	0.65
	0.2

	Spirulina (A3)
	0
	0.0045
	0.045

	Sesame (A4)
	0
	0.0045
	0.045

	Color
	1
	9
	6.07

	Dry appearance
	1
	4
	2.33

	Soft appearance
	1
	6
	6

	Crunchy texture
	1
	9
	5.98

	Sandy texture
	1
	9
	6.43

	Acceptability
	1
	9
	5.12



2-9-Statistical analysis
STATISTICA 14.0.0.15 software was used for data analysis of the different sensory evaluation scores of the simplex lattice mixing plan. The software generated iso-response curves and mathematical equations. For each response, different models and their adequacy were evaluated and the significant terms in the generated mathematical models were determined by analysis of variances (ANOVA) and the significance was judged at the 5% threshold for the 17 cake samples produced (Table 1). The iso-response curves are established on the experimental range. These different curves represent the response surface plans generated by the quadratic model (Figure 5). The Solver Software was used to adjust and optimize the different mathematical models of the coconut cakes produced. A good mathematical adjustment model must have a coefficient of determination R2 equal to 1 (Table 1),(Radmann et al., 2007). Thus, a low value of R2 shows that the mathematical model is inappropriate to explain the relationship between the variables (Karazhiyan et al., 2011). All experiments were performed in triplicate and the significant difference (p ˂ 0.05) between the sample means. After optimization, the distribution being normal, the t-test to compare the means was performed for the chemical, physical and organoleptic properties of coconut cakes. The results were expressed as mean ± standard deviation.

2-9 Chemical characterizations
All chemical analyses were carried out in three tests each.
2-9-1-Energy value
It was calculated with 4 Kcal/g for carbohydrates, 4 kcal/g for proteins and 9 Kcal/g for fat according to the method of (Livesey, 1995).

VE = 4  G + 4 P + 9  MG
(1)


VE: energy value in Kcal/100 g of dry matter
G: Total carbohydrate content
P: crude protein content 
MG: contentin fat 

2-9-2-Humidity
Moisture content was determined by a moisture meter (OHAUS® model MB 120). 10 g of the sample was introduced into three crucibles and then placed in an oven.Memmert) at 105°C for 24 hours. The crucible was weighed after cooling and returned to the oven. The operation was repeated until a constant mass was obtained. The humidity level was calculated according to the following equations 1:



(2)


mo:crucible : mass
m1: mass of the crucible + sample
m2: mass of the assembly (oil + crucible) after cooling in the desiccator

2-9-3-Proteins contents
The protein content assessment was carried out by the method of Kjeldahl. It consists of mineralizing three samples by the action of sulfuric acid and measuring the nitrogen in the medium. The organic nitrogen in the sample is transformed into mineral nitrogen under the action of boiling concentrated sulfuric acid in the presence of a catalyst. After cooling, the ammonia is distilled and then titrated with sulfuric acid in the presence of a colored indicator with the addition of drops of phenolphthalein.

· Mineralization:
1 g of coconut cake flour is placed in a mineralization flask. Then, 20 mL of concentrated sulfuric acid and 0.5 g of selenium (catalyst) are added. Mineralization is carried out at 400oC for 2 hours in a digester (BUCHI, Germany).

· Distillation
The distillation is transferred into a 100 mL flask and then topped up with distilled water. 10 mL of 40% NAOH is added to 10 mL of the sampled mixture. The solution is distilled for 10 min, taking care to trap the distillate in a flask containing 70 mL of 4% boric acid mixed with a mixed colored indicator (methyl red and bromocresol green).

· Total nitrogen determination
The distillate obtained is titrated with a 0.1 N hydrochloric acid solution until the color changes from blue-green to orange. A blank assay is carried out according to the following relationship (3):

(3)





V1: Volume of hydrochloric acid poured (mL)
Vo: volume of sulfuric acid to draw the blank (mL)
Mo: Sample mass (g)
Crude protein was calculated from the following relationship (4):
Total protein (%) = 6.25-% total nitrogen
(4)



*6.25 = protein factor or 100/16
2-9-4-Lipids
Lipid dosage was determined inusing the Soxhlet as an extractor. 5 g of samples were placed in three cellulose extraction cartridges and plugged with cotton, then in a Soxhlet. In the extraction balloon,300 ml of hexane were introduced. The extraction was carried out hot (boiling on a hot plate) for 4 h. The solvent (hexane) is recovered using a branded rotary evaporator (Heïdolph, Serial No.: 099800937). The flask containing the fat is placed in an oven at 80°C for 24 hours to remove all traces of hexane. The flask containing the fat is then cooled in a desiccator for 5 minutes and weighed (P2).
The fat content (MF) expressed in g/100 g of MS is obtained according to the relation (5):µ(5)






With
Pe: mass of the ground sample
P 1: mass of the empty balloon
P 2: mass of fat after drying

2-9-5-Determination of carbohydrate content
Carbohydrate content was determined by calculation. The sum of the percentage contents of moisture, total protein, and fat (total lipids) was subtracted from 100 g of dry matter to obtain the total carbohydrate content of the sample. The results only provide an approximate estimate of the total carbohydrate content (FAO/ WHO, 1980). The total carbohydrate content is expressed as a percentage of dry matter.
Determination of total carbohydrate content as stipulated in relation (6):

(6)
% Carbohydrates = 100 - (% Moisture + % Protein + % Fat + % Ash).



2-9-6-Fiber
The fiber content was determined from three samples by the method of (Wolff, 1968). 2 g of the sample Pe boiled in 50 mL of 0.25 N sulfuric acid for 30 min. Then 50 mL of 0.31 N sodium hydroxide were added to the mixture and boiled for 30 min. The residue obtained is dried at 105 °C for 8 h and weighed (M1) then incinerated at 550 °C for 3 h and the ash was weighed (M2). The crude fiber (CF) content is expressed as a percentage of dry matter (DM) by the following relationship (7):
(7)





F: crude fiber content
M1: mass of the sample after 8 hours in the oven
M2: dry residue after incineration at 550°C for 3 h
Pe: test sample

2-9-7-Determination of ash content
The method used for the determination of ash was that described by the standard (AOAC, 1990). In three porcelain crucibles of known mass are weighed 5 g (Pe) of cake flour. The whole was put in a Nabertherm B400 muffle furnace (Germany) at 550 °C for 24 h to incinerate organic matter. After incineration, the crucibles containing the ashes were cooled in a desiccator and weighed (M2). The ash content was calculated according to the following relation (8):
(8)





C: ash content
M2: mass of the sample + capsule
M0: mass of the sample before incineration
Pe: mass of cake flour

2-9-8-Determination of mineral contents
The mineral content of calcium, iron, magnesium, sodium, potassium, phosphorus and zinc was determined according to the IITA method (1981). This is a dry digestion method for samples. A quantity of 0.3 g of dried and ground sample is placed in a furnace of the type NaberthermGmbh, LE4ER6, Germany at 650oC for 5 hours.

· Digestion of cake samples in the sand bath
After cooling, 5 mL of 1 mol.L-1 nitric acid are added to the white ash obtained, then the whole is brought to total evaporation on a sand bath and returned to the oven at 400OC for 10 to 15 minutes then addition of 5 mL of 0.1 mol.L-1 hydrochloric acid. The crucible is rinsed three times with 10 mL of hydrochloric acid. Finally, the flask is made up to 50 mL with deionized water, before analysis of the minerals by ICP-MS.
· Analysis of samples by ICP-MS
The cake flour samples were analyzed using the inductively coupled plasma mass spectrometry technique (Thermo Fischer Scientific Chromatography and Mass Spectrometry Hanna-Kunath- Strasse 11, Bremen, Germany). The final solution (50 mL) was filtered using a 0.45 μm syringe filter into conical tubes. After filtration, 10 mL of solution was used for mineral analysis. The solution was conveyed by a peristaltic pump to a nebulizer, which transformed it into an aerosol in a spray chamber. The mineral concentrations were expressed according to the following relationship (9):

(9)



Cm: Concentration of the mineral in ppm
C: Concentration read on the ppm device
Vt: Total volume (mL)
M: Mass of the sample (g)

2-9-9- physical characterizations 
The diameter (D), thickness of gateau au coco were measured with calipers according to (AOAC, 2000). The average diameter, heigh and thickness of six “gâteaux au coco” placed on top of each other was taken. The spreading ratio (RP) was calculated according to Yadav et al (2012), Youssef et Mousa (2012) using the following equation:

RP= D/E
RP: spreading Ration
D (mm): Diameter
E (mm): Thickness

3. results and discussion
3-1-Analysis of the iso-response curves of the different formulations of coconut cakes formulating mixtures
The relationship between the dependent and independent variables can be illustrated using the iso-response curves generated by the quadratic model. The data were generated by keeping one variable at its respective level and varying the other three within the experimental range. The different iso-response curves were all analyzed using the different legends of each iso-response curve. For the validity of the mathematical model the values ​​of (p˂ 0.05), to assess the significance of each coefficient on the responses. Non-significant terms were not included in the mathematical model. The iso-response curves were analyzed from the different legends. The impact of the four independent variables (addition level of wheat flour A1, soy flour A2, sesame seeds A3 and spirulina powder A4), on the sensory scores are illustrated in (Figure 5).




Effect on color
The results of the organoleptic properties of “gâteaux au coco” show a significant difference (p˂ 0.05). The sensory scores for the color of “gâteaux au coco” from the iso-response curves range from 6.5 to 5.75 (Figure 5a) were modeled using Statitica 14.0.0.15. This equation captures the effects of adding wheat flour (A1), soy flour (A2), sesame seeds (A3) and spirulina powder (A4). The iso-response curve presented by (Figure 5 B1) and generated by the validated mathematical model shows the interactions between wheat flour, soy flour and sesame seeds (A 1 A 2 and A 2 A3). The addition of sesame and spirulina powder in the mixture had a negative effect on the color of the cakes. The mathematical model (Table 4) is written as:
Color :5.0654 X1 +5.4911 X2 +9.1472 X4 + 16.0108 X1 X2 + 12.7226 X2

Color is a very important criterion in the acceptability of a product by the consumer (Sharif et al., 2017). This apparent coloration could have been favored by the addition of soy flour, sesame seeds and sugar in the medium which favors the enzymatic reaction. The effect of adding soy, sesame seeds in the composite flour on the color as shown in sides A1 A2 and A3 of Figure B 1. The formulations which had high levels of soy flour in the mixture (65%) presented the highest 'golden' color while the lowest color was obtained by a substitution of 20 % of soy flour (Table 1). As shown in the graph, the color intensity of coconut cakes is influenced by the increase in protein content, the interaction of protein with sugar and the post-baking moisture content in the mixture which had an increasing effect on the final color of the enriched cake. These results corroborate with those of Mishra and Chandra (2012) ; Olakanmi et al. (2022) and Ogbonyomi et al. (2023) in the preparation cakes made from a mixture of wheat flour, soy flour, corn flour and sesame seeds or the color of cakes, biscuits or breads has changed after baking.

Effect of texture on “gâteaux au coco” produced

Regarding the texture of gâteaux au coco”, the instrument used is man.  the dry texture, the scores go from 4 to 3.75. The higher the value is, the score corresponds to the level 'quite dry'. When the score is 3.75, it reflects the modality 'dry'. This equation captures the effects of the addition of sesame seeds (A3) and spirulina powder (A4) on the dry texture of enriched coconut cakes. This equation captures the effects of the addition of sesame seeds (A3) and spirulina powder (A4) in the composite flour. The iso-response curve generated by the model displays the relationship between the variables (A 3 and A 4) (Figure B 2). The mathematical equation (Table3) is written in the following form:
Dry texture: 2.50640 x1+6, 99102 X3 + 36, 00682 X3 X4
The hard or soft texture scores range from 7 to 6.75 for the enriched cake. The corresponding categories for these differences are 'hard' or 'quite hard' judged by the panelists. This equation captures the effects of adding soy flour (A2), sesame seeds (A3) and spirulina powder (A4) on the hard texture of the enriched gâteaux au coco”. The iso-response curves (Figure B 3) generated by the model display the interactions between the variables (A 2 A 3, A 2 A4 and A3 A4). The mathematical equation (Table3) is written in the form:
Hard texture:6.3876 X1 + 4.12 48 X2 + 20, 0107 X 2X3 + 12.0766 X2
The crumbly texture in the mouth recorded notes goes from 6.75 to 5.5. These notes reflect the modalities 'quite crunchy' and 'neither crunchy nor crumbly'. When the value is higher than 6.75 the cakes are judged 'crunchy'. This equation captures the effects of adding soy flour (A2), sesame seeds (A3) and spirulina powder (A4). The iso-response curves generated by the model (Figure B 4) show the relationship between the variables (A2 A3, A2 A4 and A3 A4). The mathematical equation (Table 3) is written in the form:
Crumbly texture:6.9680 X1 + 6.3472 X3 + 14, 9622 X2 X3 +22.5869 X2.

The 'sandy' character in the mouth the average scores of the recorded scores are 5.5 to 4.50. These scores correspond to the level 'neither floury nor sandy' and 'quite sandy'. The higher the score is above 5.50 the cakes are judged 'quite floury' by the panelists. This equation captures the effects of the addition of wheat flour (A1), sesame seeds (A3) and spirulina powder (A4). The iso-response curve generated by the model (Figure B 5), shows the interactions between the variables (A1 A3 and A3 A4) and their effect on the crumbly texture. The mathematical equation (Table 3), is written in the form:
Sandy texture:  6.2428 X1 + 8.8130 X2 + 14.0449X3 + 23.9445 X1.

The texture of gâteaux au coco”, showed a significant difference (p ˂ 0.05). This observed difference is due to the addition of soy, sesame in the composite flour. These results are in agreement with those of (Agu and Okoli, 2014), in the production of bread and biscuit using sesame and plantain seeds. The texture of the coconut cakes produced is influenced by increasing the protein content, sugar and kneading time (Nogueira and Steel, 2018). The interaction of proteins and starch in the dough kneading process until baking has an impact on the final texture of the produced coconut cakes, as shown in sides A 1, A 2 and A 3 of (Figure B 2 to B 5). The increase in soy flour and sesame had an increasing effect on the final texture of the gâteaux au coco”. These results are consistent with those of (Zaric et al., 2015), who observed that the addition of soy protein in chocolate has an effect on the final texture of the food. These results are similar to previous studies using sesame in composite flours in the production of cake and bread up to 10% to 20% substitution of sesame seeds and the texture described by (Agu and Okoli, 2014).

Effect on general acceptability

Overall acceptability, the scores go from 6 to 4.75 which corresponds to the modality 'quite pleasant' to 'quite unpleasant'. When the score is higher than 6, it reflects the modality 'pleasant'. This equation captures the effects of the addition of soy flour (A2), sesame seeds (A3) and spirulina powder (A4) on overall acceptability. The iso-response curve generated by the mathematical model (Figure B 6), shows the interactions between the variables (A 2 A 3 and A 2 A4) and is written in the form:
General acceptability:6.24463 X1+ 14.97629 X2 X3 +16.06785 X2 X4.
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Key: A1= Wheat flour, A2= soy flour, A3=sesame seed, A4= spirulina powder
Figure 5: Iso-response curves of the organoleptic characteristics of coconut cakes
3-2-Approximate nutrient composition of enriched and unenriched coconut cakes
The experiment led to generate the optimal formulation in the proportion of 77% wheat flour + 15% soy flour + 4% sesame seeds + 4% spirulina powder according to sensory responses and were evaluated for their nutritional value (Figure 6). The results of the chemical properties of enriched and unenriched coconut cakes are presented in (Table 5). The energy value of the coconut cakes produced shows significant differences (p ˂ 0.05). It goes from 555.46 ± 0.40 kcal / 100 g DM for the control cake to 564.75 ± 0.43 kcal / 100 g DM for the enriched cake. This high value in the enriched cake could be due to the high protein and lipid composition. Our results are high compared to that of Akeem et al. (2023), who found contents of 374.58 kcal / 100g DM in the control cake and 380.28 kcal / 100g for the cake enriched with 10% sesame seed flour. This shows that our enriched coconut cakes can be included in the diet of children aged 6 to 12 years.
Moisture contents for the control cake showed a significant difference (P < 0.05) between the cake100% wheat flour + coconut (5.86± 0.15 g/100 g FM) and the cake 77% wheat flour + coconut + 15% soy flour + 4% sesame + 4% spirulina (6.37± 0.01 g/100 g FM). This increase in moisture content may be due to the emulsifying property of soy flour, sesame seeds and coconut fiber which have high fiber concentration, which probably results in a significant increase in the water absorption capacity of the enriched cake. A similar result was reported by Hossain, (2016) on the addition of various coconut flour incorporations in the preparation of cakes where the moisture content increased. Similar observations were observed by Ogbonyomi et al. (2023), who recorded a high-fiber diet retains more moisture than their less fibrous counterparts.
The analysis of proteins content shows that there is a significant difference (p ˂ 0.05) between the control cake and the enriched cake. It goes from (7.29 ± 0.28 g /100g DM) for the control cake at (8,86 ± 0.115 g/100g DM) for the enriched cake. This could be due to the addition of legume (soy flour) in the composite flour. These results are in agreement with those Adjou et al. (2022) who recorded an increase in the protein content of cakes, biscuits and bakery products such as bread with the incorporation of soy flour.
The analysis of the parameters showed that the lipids contents do not present a significant difference (p < 0.05). It goes from (36,20 ± 0.052 g /100g DM) the witness cake and that of the enriched cake (36.95 ± 0.31 g /100 g DM). This fat value in the composite flour is attributable to the addition of soy flour and sesame seeds which are rich in monounsaturated and polyunsaturated lipids. These results are consistent with those obtained by Ogbonyomi et al. (2023) who recorded a high fat content in the preparation of cakes and biscuits that improve the organoleptic properties. Similar observations were reported by Agu and Okoli, (2014) in the manufacture of biscuits from composite flour mixes, cakes and bread.
The carbohydrate content shows a significant difference (p ˂ 0.05) between the control cake (50.08 ± 0.15 g /100 g DM), and that of the enriched cake (46.94 ± 0.11 g/100 g DM). This could be due to the low carbohydrate content of soy flour present in the composite flour. Similar observations of decreased carbohydrate content have been reported on the substitution of malted soy flour in biscuit production by (Ikpeme et al., 2012 ; Farzana and Mohajan 2015). Wheat flour was revealed as the main ingredient with carbohydrate content in the produced cake samples.
The fiber content of coconut cakes shows that there is no significant difference (p ˂ 0.05) between the control cake (1.26 ± 0.01 g/100 g DM) and that of the enriched cake (1.48 ± 0.11 g /100 g DM). The increase in fiber content is attributed to the high fiber content of the composite flour cake ingredients, namely soy flour, sesame seeds, and spirulina. These results are in agreement with Adjou et al. (2022) who recorded high crude fiber content in composite bread from oilseed and legume flour mixtures.
Regarding the ash parameters, it presents a significant difference (p ˂ 0.05) between the control cake (0.847± 0.00 g/mg) and that of the enriched cake (4.27 ± 0.00 g /100 g DM). This indicates that the incorporation of sesame seeds, soy flour and spirulina powder could increase the amount of mineral intake of the fortified cakes which could improve the overall nutritional value of the optimized coconut cakes. This result is consistent with those of Zubair et al. (2021) and Ogbonyomi et al. (2023) who observed high ash content in cakes made from wheat flours, soy flour, corn flour and sesame flour.
Ash content of the unenriched “gâteaux au coco” showed a lowest (p ˂ 0.05) value (0.84 ± 0.00 g/100 g DM) than the enriched ones (4.2 ± 0.01 g/100 g DM). This indicates that the incorporation of sesame seeds, soy flour and spirulina powder increased the amounts of mineral in fortified “gâteaux au coco”. This result is consistent with those of Zubair et al. (2021) and Ogbonyomi et al. (2023) who observed high ash content in cakes made from wheat flour, soy flour, corn flour and sesame flour. The same observations were made by Khairunnisa et al. (2017) who made bread using wheat flour mixed with soy flour.
The mineral composition of enriched and unenriched coconut cakes shows a significant difference (p ˂ 0.05), in terms of calcium (Ca), potassium (K), magnesium (Mg) and are presented in (Table 6). The analysis revealed that the average value of calcium increased from 18.463 ± 0.01 mg/L to 20.081 ± 0.20 mg/L. Magnesium varies from 18.842 ± 1.02 mg/L to 31.762 ± 0.75 mg/L, potassium increased from 96.576 ± 0.15 mg/L to 150.832 ± 0.12 mg/L. Thus, at the level of iron, phosphorus, zinc, sodium, it does not present a significant difference (p ˃ 0.05) respectively, 17.42 ± 0.07 mg/L to 17, 58 ± 0.03, 0.795 ± 0.03mg/L to 0.149 ± 0.02 mg/L, 0.424 ± 0.03 mg/L to 0.702 ± 0.02 mg/L, 0.07 ± 0.01 mg/L to 0.04 ± 0.00 mg. The enriched cake had the highest mineral content and this could be favored by the addition of soy flour, sesame and spirulina in the mixture. These results are in agreement with those of Emmanuel-Ikpeme et al. (2012) And Zubair et al. (2021), who observed a high mineral content in the production of sesame and soy-based donuts and cakes.
Comparison between the physical properties of both “gâteaux au coco” showed that the height and thickness of the cake samples didn’t present a significant difference (p ≥ 0.05). Soy flour, sesame seed and spirulina powder has no influence on the height and thickness of this snack food. However, enrichment led to significant increase (p < 0.05) of weight and diameter of the “gateaux au coco” snacks. This effect on the weight and thickness of the favored by the addition of soy flour which has the capacity to absorb more moisture in the composite flour than wheat flour. A similar result was reported by the addition of composite flour in the preparation of bread and biscuits from sweet potato, pigeon pea and plantain flour where the weight and thickness of the cakes, biscuits and bread had increased considerably after baking (Farzana and Mohajan, 2015).

Table 5: Mean value of immediate analysis of all cake samples

	
	VE (kcal/ 100 DM)
	Moisture
(g/ 100 g FM)
	Proteins
(g/100 g DM)
	Lipids (g/100 g DM)
	Carbohydrates
(g/100g DM)
	Fiber (g/100 g DM)
	Ash
(g/100 g DM)

	T
	555,46 ± 0.40b
	5.86 ±0.15b
	7.29 ± 0.01b
	36.2 ± 0.01a
	50.08± 0.15 a
	1.26 ± 0.01b
	0.847 ± 0.00b

	A
	564.75 ± 0.43a
	6.37 ± 0.01a
	8.86 ± 0.1a
	37.95 ± 0.00 a
	46.94 ±0.11 b
	1.48 ± 0.11a
	4.27 ± 0.01a


Means followed by the same superscript letter in the same column are not significantly different at the 5% risk of error for the t-test at 95% confidence level, with t= control and A= 77% Wheat flour + 15% soy flour +4% sesame +4% spirulina.


Table 6: Mineral compositions of coconut cakes
	
	Ca (mg)
	Fe(mg)
	Mg (mg)
	P (mg)
	K (mg)
	Na (mg)
	Zn (mg)

	T
	18.463 ±0.01 a
	17.421 ±0.07 a
	18.842 ±1.02 a
	0.795 ±0.03 a
	96.576 ±0.15 a
	0.007 ±0.01 a
	0.424 ±0.01 a

	A
	20.081 ±0.20 b
	17.583± 0.03 a
	31.762 ±0.75 b
	0.149 ±0.02 a
	150.832 ±0.12 b
	0.004 ±0.00 a
	0.702 ±0.04 a


Means followed by the same letter are not significantly different at the 5% risk of error for the t-test at 95% confidence level, with t= control and A= 77% Wheat flour + 15% soy flour +4% sesame +4% spirulina.
Table 7: Physical characterics of unenriched and enriched “gâteaux au coco”

	
	Diameter
(mm)
	Height
(cm)
	Weight (g) 
	Thickness (mm)
	Spreading ratio ( %)

	T
	44.32 ± 0.05 d
	1.58 ± 0.08 a
	10.66± 1.52 c
	6,03 ± 0,31 b
	7,34 ± 0,007 b

	A
	42.24± 0.02 e
	0.63 ± 0.11 a
	13.33 ± 0.57 d
	4,68 ± 0,18 b
	9,02 ±0,02 c 



3-3- Organoleptic characteristics and acceptability of the cakes produced
Figure 6 presents the organoleptic properties of soy-enriched or unenriched coconut cakes. The results show that there is no significant difference (P ˃ 0.05) between the texture (hard or soft), taste, smell and aroma of the different cakes. The average values ​​of the scores assigned to these cakes vary from 7.21 to 5.64 corresponding to the modality "hard texture" for the enriched cake, and the "soft texture" for the control cake. As for the smell, taste and aroma, the scores are 6, expressing the modality "quite strong coconut". However, there is a significant difference (P ˂ 0.05) between the scores assigned to the texture properties (oily or dry and crunchy or crumbly, floury or sandy) and the color. For the "oily or dry" texture, the values ​​are 7.14 in the case of cakes made from the 100% wheat flour + coconut formulation and a value of 6.13 for cakes made from the 77% wheat flour + 15% wheat flour + 4% sesame + 4% spirulina formulation. Regarding aroma, smell and taste, the values ​​vary from 5 to 6 for the 100% wheat flour + coconut cakes and 6 to 7 for the 77% wheat flour + 15% soy flour + 4% sesame + 4% spirulina cake. The overall acceptability of the coconut cakes did not show any significant difference (p ˃ 0.05). The results showed that the acceptability of enriched or unenriched coconut cakes did not show a significant difference (p ˂ 0.05) and could be influenced by the enrichment of coconut cakes with soy flour, sesame seeds and spirulina at the incorporation rates. The effect of adding soy flour, sesame seeds in the composite flo as shown in sides A1, A2, and A3 of Figure 7, did not influence the acceptability of the enriched cake. A similar observation was observed in the preparation of cake and bread products made from wheat, sesame, soybean plantain and cowpea where the taste was appreciated by the panelists (Loza et al., 2017 ; Opaleke et al., 2023 ; Oledimma et al., 2021).

b

Figure 6:  sensory profile of enriched and unenriched coconut cakes 



Figure 7: General acceptability of enriched or unenriched coconut cakes

4. Conclusion

The study shows that the composite flour mixture at the rate of 77 % wheat flour + 15 % soy flour + 4 % sesame + 4 % spirulina in the production of optimized fortified coconut cake had the highest nutrient contents (calcium, magnesium, potassium, vitamin A and C) than the control. At the sensory level, the coconut cakes produced did not show any significant difference compared to the control. The cakes fortified with 15% soy flour show good nutritional quality, sensory and acceptable by the panelists. Snacks based on soy flour, sesame seeds, spirulina powder and wheat flour would provide additional nutrition especially for growing children in terms of protein, vitamin, energy and minerals. Protein-energy malnutrition in school-aged children can therefore be reduced through the development of this cake.
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 sensory profile

T 	Color	Oily texture 	Soft texture	odor	Crumbly texture 	Sandy texture 	Arôma	Taste	7.64	7.14	7.21	5.71	6.35	5.35	6.5	6.64	A	Color	Oily texture 	Soft texture	odor	Crumbly texture 	Sandy texture 	Arôma	Taste	6.8	6.13	6.6	6.13	5.33	4.8	6.33	7	




 Generale acceptability	
100 % wheat flour +coco	77 % Wheat flour+ 15 %  soy flour + 4 % Sésame + 4 % Spirulina	7.28	7.73	
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