Formulation, physico-chemical and hedonic analyses of a cocktails based on ginger (Zingiber officinale), Balanites (Balanite aegyptiaca) and hibiscus calyces (Hibiscus sabdariffa)



ABSTRACT
This study aimed to formulate cocktails based on ginger (Zingiber officinale), balanite (Balanites aegyptiaca) and hibiscus calyces (Hibiscus sabdariffa) to contribute to these agricultural resources valorization and improve producers’ incomes. Using a composite central design, nine cocktails were formulated and their qualities evaluated. Hedonic analysis showed that over 70% of tasters appreciated the formulated cocktails, with six receiving the highest scores (F1, F2, F6, F7, F8, and F9). Among these top performers, principal component analysis (PCA) identified the four best (F6, F7, F8, and F9) based on their sensory profiles, which were strongly influenced by the hibiscus calyces (25 - 40 g/L) and balanite seed (10 - 100 g/L) content. The selected cocktails physicochemical analysis revealed a titratable acidity ranging from 3.33 meqH+/100 mL (F6) to 4.6 meqH+/100 mL (F7) and pH values between 2.75 (F8) and 2.89 (F9). The Brix level ranged from 9.67°B (F8) to 12.00°B (F9). The total sugar content ranged from 57.00 ± 0.00 mg/mL (F8) to 120.59 ± 0.41 mg/mL (F9), and the reducing sugar content ranged from 33.91 ± 0.94 mg/mL (F6) to 54.53 ± 0.61 mg/mL (F8). Analysis of their phytochemical compositions revealed total polyphenol levels ranging from 110 ± 33 mg Eq Ac Gal/100 mL (F6) to 270.0 mg Eq Ac Gal/100 mL (F9), and flavonoid levels ranging from 8.0 mg Eq Quer/100 mL (F6) to 13.0 mg Eq Quer/100 mL (F7). The cost price assessment for producing 1 L of this cocktail showed that the capital investment varied between 410 and 460 CFA francs, depending on the formulation composition and the purchase price of the ingredients. Therefore, the commercialization of these cocktails could promote intensified cultivation and increased use of ginger rhizome, balanite seeds, and hibiscus calyces, thereby contributing to improved producer incomes.	Comment by USER:  Can be reframed.
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1. INTRODUCTION
For decades, plants have been used by humans for therapeutic and nutritional purposes. As a result, knowledge about plants and their traditional uses has steadily increased (Foine, 2017). It should also be noted that the market for non-dairy plant-based beverages has evolved considerably in recent years, partly due to lactose intolerance and cow's milk allergy issues among consumers (Aydar et al., 2020). The global market for plant-based beverages was estimated at US$247.8 billion in 2018 and is projected to reach US$474.6 billion by 2028 (ReportBuyer, 2018). These beverages are derived from plant-based materials, such as grains, nuts, legumes, and fruits and vegetables (Munekata et al., 2020). Fruits and vegetables are essential components of the human diet. In recent years, consumer demands for fruits and vegetables, particularly with regard to their nutritional value, minimal processing and quality, have grown rapidly (Salehi, 2020).
In Côte d’Ivoire, some of these plants are produced, notably Zingiber officinale and Hibiscus sabdariffa. Ginger is cultivated primarily in the departments of Kounfao, Tiassalé, Divo, Gagnoa, Bongouanou, Soubré, and Tanda (FIRCA, 2020) and is mainly sold fresh. These functional properties of ginger have been attributed to the antioxidant power of the constituents of its essential oil and oleoresin (gingerol, shogaol, and derivatives) (Foine, 2017). In the food industry, the antioxidant properties of ginger are used to inhibit microbial and fungal growth in order to preserve food (Doumbouya et al., 2021).
Bissap (Hibiscus sabdariffa), on the other hand, is produced in the northern regions of Côte d'Ivoire and used in food for the production of jam, jelly, and especially a refreshing drink called "bissap." Its red color is due to the high anthocyanin (antioxidant) content of the calyces, which are believed to have several nutritional, medicinal, and pharmaco-cosmetic benefits (Rodriguez et al., 2014).
The desert date palm (Balanites aegyptiaca) is a multi-purpose species. Indeed, all parts of the plant are used and play an important role in meeting the daily needs (food and medicinal) of the population (Sagna et al., 2014).
Transforming these available and underutilized agricultural resources into value-added products can be a source of income for developing countries and consequently improve the living conditions of producers. In Côte d'Ivoire, the majority of commercially available beverages are made from fruits and vegetables. However, juices made from ginger rhizomes and Guinea roselle, also called bissap are still produced using traditional methods and are not widely available, yet these juices are very popular with consumers. Combining these three beverages in cocktails could gain consumer acceptance, provide drinks richer in nutrients, and improve consumer health. Thus, mastering the production parameters of these different beverages could facilitate the industrialization of production. This is why this study was initiated, with the objective of formulating cocktails based on ginger, balanite, and bissap in order to contribute to the valorization of these agricultural resources and improve producers' incomes.

2. MATERIALS AND METHODS
2.1. Materials	Comment by USER: The time of agricultural harvesting of plants can have an impact on the final product. Kindly mention when the study was conducted.
The plant material consisted of balanites seeds (Balanites aegyptiaca), ginger rhizome (Zingiber officinale), hibiscus calyces (Hibiscus sabdariffa), and mint (Mentha spicata), used as an additive, and purchased at the Korhogo main market.
2.2. Methods 
2.2.1. Production of the cocktail 
The cleaned ginger rhizomes were first ground using a blender (Moulinex). Then, the hulled balanites seeds, chopped mint (leaves and stems), washed hibiscus calyces, and ground ginger were placed in a saucepan containing 1 L of water to prepare the cocktail. The mixture was boiled on a hot plate for 10 minutes and then cooled to room temperature. After cooling, the mixture was kneaded by hand and filtered through a 200 μm mesh sieve. Sugar was added to the resulting filtrate, and the volume was adjusted to 1 liter. The resulting cocktail was filtered again through a 50 μm mesh sieve, then bottled and stored in a refrigerator at 4°C pending analysis (Figure 1).
2.2.2. Cocktail Formulation	Comment by USER: Is this a standard protocol ? If yes, include in text citation for reference purposes.
The cocktails were formulated using a composite central design (CCD). The experimental domain of the study consists of two factors that take into account the bissap/water ratio (X1) and the balanite/water ratio (X2). The composite central design thus presents a list of four factorial trials, four star trials, and one trial at the center of the experimental domain; resulting in nine formulations to be prepared, labeled F1 to F9.The axial values (Table 1) were determined using equation 1:
                                                           Xmax - Xmin                                      
          XK   = Xcent + ZK  x                                                                    
                                                             Zmax - Zmin              



Xk: factor coded value of the; Xcent: actual value of the factor at the center
Zk: coded level of the factor; Xmax: maximum actual value
Xmin: minimum actual value; Zmax: maximum coded level value
Zmin: maximum coded level value
· Balanite/water ratio
 Xcent = 55 g/L
 Xmin = 10 g/L
Xmax =100 g/L
X1 = 55 + (1) x [image: ][image: ] = 86,82   ≈ 87 g/L

· Bissap/water ratio
Xcent = 25 g/L
Xmin = 10 g/L
Xmax = 40 g/L
X-1 = 25 + (-1) x[image: ][image: ] = 14,33  ≈14 g/L
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Fig1.  Production diagram of the cocktail made with ginger, balanite and bissap
	Technological parameters (x)
	Coded levels / actual values

	
	-1.414
	-1
	0
	1
	1.414

	Bissap/water ratio (X1)
	10
	14
	25
	36
	40

	Balanite/water ratio (X2)
	10
	23
	55
	87
	100


Table 1. Experimental parameters of the composite central plane

2.2.3. Cocktails sensory analysis 
This hedonic analysis was conducted with a group of 80 untrained individuals (men and women). Each formulated cocktail (F1 to F9) (Table 2) was subjectively rated for its pleasant aroma, flavor, consistency, and characteristic color. The overall acceptance of each sample was also assessed. For this analysis, 50 mL of each cocktail, based on ginger rhizome, hibiscus, and balanite, was served to the tasters in coded glasses in a random order. After tasting the sample, the panelist's gustatory satisfaction was recorded on a rating scale of 9 points: level 1 indicated total dissatisfaction with the sample's descriptors, while level 9 indicated extreme pleasure (Coulibaly et al., 2021). 

Table 2.  Experimentation plan of the composite central plane
	Test group
	Formulations
	Actual parameter levels values 

	
	
	X1
	X2

	Factorial tests
	F1
	14
	23

	
	F2
	36
	23

	
	F3
	14
	87

	
	F4
	36
	87

	Star tests
	F5
	10
	55

	
	F6
	40
	55

	
	F7
	25
	10

	
	F8
	25
	100

	Tests at the center
	F9
	25
	55



2.2.4. Cocktails physicochemical characterization 
pH was determined by potentiometry according to Azan-Gnandji & Laurelle, 2009. The titratable acidity, expressed as a percentage (%) of citric acid, was determined by acid-base titration according to standard method using phenolphthalein (C2OH14O4) as a colour indicator (AOAC, 1990). The Brix degree measures the amount of soluble solids contained in 100 g of liquid product. A digital handheld refractometer was used to measure the soluble dry extract content, which was expressed in degrees Brix (°B) at room temperature. The cocktail dry matter was determined according to the method of Williams, (1984). The method of Dubois et al., (1956) using phenol 5% (w/v) and concentrated sulfuric acid and Bernfeld, 1955 using DNS were used to quantify the total sugar and reducing sugar contents respectively. Wood et al., (2002) modified method was used for the determination of total polyphenols. The determination of total flavonoids was performed according to the method described by Marinova et al., (2005). Lipids were measured according to the AFNOR, (1985) method. Based on this study, the financial capital required for the production of cocktails from the selected formulations was assessed. All measurements were performed in triplicate foreach sample.
2.2.5. Statistical Analysis
For the hedonic analysis results, a multivariate Principal Component Analysis (PCA) was performed using STATISTICA version 7 software to select the cocktails with the best sensory profiles. Physicochemical characteristics were determined through triple trials, and the results were presented as means followed by standard deviations. Homogeneity of variances was assessed using a one-way ANOVA (cocktail formula), and statistically significant differences were identified using the Student-Newman-Keuls test at a p-value of 0.05 with SPSS version 22.0 software.
3. RESULTS AND DISCUSSION
3.1. Results
3.1.1. Hedonic Analysis	Comment by USER: The hedonic analysis tables (table 3-8) can be summarized into one table.
Hedonic Analysis of the Formulated Cocktails Level of Organoleptic Characteristics Appreciation (Color, Consistency, Flavor, and Aroma) of the Formulated Cocktails. Table 3 presents the sensory profile of formulated cocktails color. Over 53.75% of tasters appreciated the cocktails color. A strong preference for color was observed for formulations F6 (82.50%), F9 (86.25%), F2 (87.50%), and F8 (90.00%). Regarding the sensory profile of formulated cocktails consistency, Table 4 shows that over 66.25% of tasters appreciated the cocktails consistency. A strong preference for consistency was noted for formulations F2 (87.50%), F7 (88.75%), F6 (93.75%), F9 (91.25%), and F8 (95.00%). The sensory profile of formulated cocktails aroma is presented in Table 5. The analysis shows that over 71.25% of tasters appreciated the cocktails aroma. A strong preference for the aroma of the cocktails was observed for formulations F2 (80.00%), F7 (81.25%), F6 (82.50%), F8 (91.25%), and F9 (92.50%). Regarding the sensory profile of formulated cocktails sweet flavor, analysis of Table 6 shows that more than 61.25% of tasters appreciated the cocktails sweet flavor. A strong preference for the sweet flavor of the cocktails was noted for formulations F9 (80.00%), F7 (85.00%), and F8 (87.50%). The sensory profile of the formulated cocktails spicy flavor is presented in Table 7. More than 56.25% of tasters appreciated the cocktails spicy flavor. A strong preference for the spicy flavor was observed for formulations F9 (81.25%) and F6 (86.25%). Analysis of Table 8 shows that, for the sensory profile of the bitter flavor of the formulated cocktails, over 47% of tasters appreciated the bitter flavor. A strong preference for the bitter flavor was observed in formulations F6 (82.50%) and F8 (87.50%).

Table 3. Percentage of panelists by level of cocktail color appreciation 
	Appreciation levels
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Color 
	Dissatisfaction 
	NANR
	Satisfaction 

	
	
	
	

	Formulated cocktails
	F1
	31.25
	8.75
	60.00

	
	F2
	12.50
	0.00
	87.50

	
	F3
	36.25
	10.00
	53.75

	
	F4
	13.75
	7.50
	78.75

	
	F5
	28.75
	7.50
	63.75

	
	F6
	17.50
	0.00
	82.50

	
	F7
	17.50
	7.50
	75.00

	
	F8
	6.25
	3.75
	90.00

	
	F9
	13.75
	0.00
	86.25




                     









                                      F : formulations ; Neither Accepted Nor Rejected : NANR
Table 4. Percentage of panelists by appreciation level for cocktails consistency  
	Appreciation levels
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Consistency  
	Dissatisfaction
	NANR
	Satisfaction

	Formulated cocktails
	F1
	11.25
	11.25
	77.50

	
	F2
	5.00
	7.50
	87.50

	
	F3
	12.50
	12.50
	75.00

	
	F4
	11.25
	10.00
	78.75

	
	F5
	20.00
	13.75
	66.25

	
	F6
	2.50
	3.75
	93.75

	
	F7
	6.25
	5.00
	88.75

	
	F8
	1.25
	3.75
	95.00

	
	F9
	2.50
	6.25
	91.25



                                      F : formulations ; Neither Accepted Nor Rejected : NANR

Table 5. Percentage of panelists by appreciation level for cocktails aroma 
	Appreciation levels
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Aroma
	Dissatisfaction
	NANR
	Satisfaction

	Formulated cocktails
	F1
	22.50
	6.25
	71.25

	
	F2
	13.75
	6.25
	80.00

	
	F3
	21.25
	5.00
	73.75

	
	F4
	18.75
	6.25
	75.00

	
	F5
	12.50
	12.50
	75.00

	
	F6
	13.75
	3.75
	82.50

	
	F7
	18.75
	0.00
	81.25

	
	F8
	5.00
	3.75
	91.25

	
	F9
	5.00
	2.50
	92.50












                                      F : formulations ; Neither Accepted Nor Rejected : NANR







Table 6. Percentage of panelists by appreciation level for cocktails sweetness 
	Appreciation levels
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Sweet flavor
	Dissatisfaction
	NANR
	Satisfaction

	Formulated cocktails
	F1
	18.75
	8.75
	72.50

	
	F2
	20.00
	6.25
	73.75

	
	F3
	26.25
	8.75
	65.00

	
	F4
	18.75
	6.25
	75.00

	
	F5
	20.00
	18.75
	61.25

	
	F6
	16.25
	7.50
	76.25

	
	F7
	8.75
	6.25
	85.00

	
	F8
	2.50
	10.00
	87.50

	
	F9
	11.25
	8.75
	80.00












                                        F : formulations ; Neither Accepted Nor Rejected : NANR

Table 7. Percentage of panelists by appreciation level for formulated cocktails spicy flavor 
	Appreciation levels
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Spicy flavor
	Dissatisfaction
	NANR
	Satisfaction

	Formulated cocktails
	F1
	27.50
	7.50
	65.00

	
	F2
	20.00
	8.75
	71.25

	
	F3
	17.50
	17.50
	65.00

	
	F4
	23.75
	20.00
	56.25

	
	F5
	11.25
	16.25
	72.50

	
	F6
	8.75
	5.00
	86.25

	
	F7
	21.25
	3.75
	75.00

	
	F8
	7.50
	17.50
	75.00

	
	F9
	11.25
	7.50
	81.25












                                      F : formulations ; Neither Accepted Nor Rejected : NANR




Table 8. Percentage of panelists by appreciation level for formulated cocktails bitter flavor 
	Appreciation levels
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Bitter flavor
	Dissatisfaction
	NANR
	Satisfaction

	Formulated cocktails
	F1
	32.00
	13.00
	55.00

	
	F2
	30.00
	10.00
	60.00

	
	F3
	30.00
	8.75
	61.25

	
	F4
	40.00
	12.50
	47.50

	
	F5
	30.00
	18.75
	51.25

	
	F6
	5.00
	12.50
	82.50

	
	F7
	13.75
	8.75
	77.50

	
	F8
	3.75
	8.75
	87.50

	
	F9
	8.75
	12.50
	78.75











                                      F : formulations ; Neither Accepted Nor Rejected : NANR

3.1.2. Overall appreciation level of the formulations
The overall trend in different cocktail formulations hedonic profile is presented in Table 9. On average, 84.72% of tasters liked all the cocktail formulations presented. However, formulations F6 (95%) and F8 (95%) were more popular than the other formulations, while F3 (71.25%) was the least popular. Only 8.33% of panelists did not like the cocktail formulations offered. Among all the formulations, the least popular were F3 (15%) and F5 (15%). Panelists who neither liked nor disliked the tested cocktail formulations represented 6.94% of all tasters. Formulation F3 had the highest percentage of undecided tasters (13.75%).
Table 9. Percentage of panelists by appreciation level of formulated cocktails
	[bookmark: _Hlk136422174]Appreciation levels
	1
	2
	3
	4
	5
	6
	7
	8
	9

	General trend
	Dissatisfaction
	NANR
	Satisfaction

	Formulated cocktails
	F1
	2.50
	11.25
	86.25

	
	F2
	11.25
	1.25
	87.50

	
	F3
	15.00
	13.75
	71.25

	
	F4
	11.25
	11.25
	77.50

	
	F5
	15.00
	7.50
	77.50

	
	F6
	5.00
	0.00
	95.00

	
	F7
	5.00
	10.00
	85.00

	
	F8
	2.50
	2.50
	95.00

	
	F9
	7.50
	5.00
	87.50











                           F : formulations ; Neither Accepted Nor Rejected : NANR

3.1.3. Description of cocktail formulations sensory variability 
Principal component analysis (PCA) is one of the most frequently used methods for analyzing multivariate data to study multidimensional datasets with quantitative variables. Its use in this study aimed to identify, among the most popular cocktail formulations, the different descriptors responsible for their popularity. Following the principal component analysis (PCA), seven components with eigenvalues ranging from 0.02 to 5.29 describe the sensory variability observed for the formulated cocktails. Among these seven components, the first two (1 and 2) have respective eigenvalues of 5.29 and 0.78, representing 86.75% of the total variability. These components thus allowed for the representation of the correlation between the cocktail formulations and the sensory descriptors in the plane (Figure 2). Projecting into plane 1-2 of the principal component analysis shows that sweetness, consistency, color, spicy and bitter flavors, aroma and overall appreciation as well as formulations F6, F7, F8 and F9 are negatively correlated with component 1. Among these 6 formulations, principal component analysis (PCA) allowed the selection of the 4 formulations (F6, F7, F8 and F9) which presented the best sensory profiles (Table 10).







B
A












Fig 2: Distribution of sensory descriptors (A) and cocktail formulations (B) in the factorial plane C with a strong correlation between Comp. 1 and Comp. 2 in the principal component analysis (PCA)
F: Formulation; Ssucr: Sweet flavor, Cons: Consistency, Same: Bitter flavor, Spiq: Spicy flavor, Col: Color, Aro: Aroma, Aglo: Overall acceptance.





Table 10. Formulations selected by the PCA and quantity (g) of ingredients required to prepare one liter (1 L) of the different cocktails
	Formulation
	[bookmark: _Toc128787302]Bissap
	[bookmark: _Toc128787303]Balanite
	[bookmark: _Toc128787304]Ginger
	Sugar
	[bookmark: _Toc128787306]Mint

	F6
	[bookmark: _Toc128787307]40
	[bookmark: _Toc128787308]55
	[bookmark: _Toc128787309]50
	[bookmark: _Toc128787310]100
	[bookmark: _Toc128787311]100

	F7
	[bookmark: _Toc128787312]25
	[bookmark: _Toc128787313]10
	[bookmark: _Toc128787314]50
	[bookmark: _Toc128787315]100
	[bookmark: _Toc128787316]100

	F8
	[bookmark: _Toc128787317]25
	[bookmark: _Toc128787318]100
	[bookmark: _Toc128787319]50
	[bookmark: _Toc128787320]100
	[bookmark: _Toc128787321]100

	F9
	[bookmark: _Toc128787322]25
	[bookmark: _Toc128787323]55
	[bookmark: _Toc128787324]50
	[bookmark: _Toc128787325]100
	[bookmark: _Toc128787326]100









                                F : Formulation

3.1.4. Physico chemical Characteristics of selected cocktails formulations
The physicochemical characteristics of the selected cocktail formulations results are presented in Table 11. Analysis of the results shows that the pH values vary between 2.75 ± 0.01 (F8) and 2.89 ± 0.01 (F9). Statistical analysis of the cocktails (F6, F7, F8, and F9) showed that these pH values are statistically different (p = 0.000). The cocktail prepared from formulation F8 is more acidic (pH = 2.75) than the other formulations (F6, F7, and F9). The selected formulations titratable acidity ranges from 3.33 ± 0.58 meqH+/100g (F6) to 4.67 ± 0.58 meqH+/100g (F7 and F8). Statistical analysis showed that the acidity of the cocktails did not vary significantly (p=0.174). Therefore, the titratable acidity of the cocktails was not affected by the formulations used. The mean Brix values ranged from 9.67±0.58 °B (F8) to 12.00±0.01 °B (F9). The formulations used significantly affected the cocktails Brix level (p=0.000). The cocktails of formulations F7 (11.67 °B) and F9 (12.00 °B) were richer in soluble solids than the other formulations F6 (10.00 °B) and F8 (9.67 °B). The total dry matter content ranged from 9.90 ± 0.10% (F8) to 14.86 ± 0.32% (F9). The results revealed a significant difference between these levels (p = 0.000). The cocktail from formulation F8 contained less dry matter (9.90%) than the other formulations. The selected cocktail formulations had mean total sugar values ranging from 57.00 ± 0.71 mg/mL (F8) to 120.59 ± 0.41 mg/mL (F9). The total sugar content varied significantly (p = 0.000). The cocktail of formulation F9 (120.59 mg/mL) was high in sugar. As for reducing sugars, their average values ranged from 33.91 ± 0.94 mg/mL (F6) to 54.53 ± 0.61 mg/mL (F8). Statistical analysis revealed a significant difference (p = 0.000) in the amounts of reducing sugars in the cocktails. The cocktail of formulation F8 contained more reducing sugars than the other formulations. The average amounts of fat present in the selected cocktails ranged from 0.008 ± 0.001% (F9) to 0.025 ± 0.007% (F6 and F8). Statistical analysis showed that the amount of fat in the cocktails was not affected (p = 0.367) by the formulation used.	Comment by USER: What is the implication of titratable acidity in a cocktail ? Mention.
3.1.5. Phytochemical Characteristics of selected cocktails formulations
Table 12 shows the total polyphenol and flavonoid contents in the selected cocktails formulations. The polyphenol contents ranged from 110.0 ± 0.33 mg Eq Ac Gal/100 mL (F6) to 270 ± 0.56 mg Eq Ac Gal/100 mL (F9). Statistical analysis revealed a significant difference between these total polyphenol amounts (p = 0.008). The cocktails from formulations F8 and F9 were richer in polyphenols than the other formulations. As for the flavonoid contents, these ranged from 8.0 ± 1.2 mg Eq Quer/100 mL (F9) to 13.0 ± 1.5 Eq Quer/100 mL (F7). The flavonoid content did not vary significantly (p=0.175). The amount of flavonoids in the cocktails was not affected by the formulations used.	Comment by USER: Was any tests carried out to identify the type of polyphenols and flavnoid in the product ?








	Formulation 
	pH
	Titratable acidity (méqH+/100 g)
	Brix level 
(°B)
	Dry matter 
(%)
	Total sugars (mg/mL)
	Reducing sugars (mg/mL)
	Fat 
 (%)

	F6
	2.78 ± 0,02b
	3.33 ± 0.58a
	10.00 ± 0.01b
	10.07 ± 0,06c
	65.90 ± 1.09c
	33.91 ± 0.94c
	0.025 ± 0.007a

	F7
	2.87 ± 0,02a
	4.67 ± 0.58a
	11.67 ± 0.58a
	13.40 ± 0,53b
	94.34 ± 0.41b
	39.83 ± 0.61b
	0.010 ± 0.001a

	F8
	2.75 ± 0,01c
	4.00 ± 1,00a
	9.67 ± 0.58b
	9.90 ± 0,10c
	57.00 ± 0.71d
	54.53 ± 0.61a
	0.025 ± 0.010a

	F9
	2.89 ± 0,01a
	4.00 ± 0.01a
	12.00 ± 0.01a
	14.86 ± 0.32a
	120.59 ± 0.41a
	35.13 ± 0.35c
	0.008 ± 0.001a

	F value
	66.226
	2.133
	24.667
	186.377
	483607.416
	614.666
	1.390

	P value
	0.000
	0.174
	0.000
	0.000
	0.000
	0.000
	0.367


Table 11. Physico chemical Characteristics of selected Cocktails Formulations


                               The means of the same column bearing the same letter do not show a significant difference at the risk of p=0.05.







Table 12. Phytochemical Characteristics of selected Cocktails Formulations
	Formulations
	Polyphenol 
(mg Eq Ac Gal/100 mL)
	Flavonoid
(mg Eq Quer/100 mL)

	F6
	110 ± 33b
	9 ± 1,3a

	F7
	119 ± 62b
	13 ± 1,5a

	F8
	196 ± 16ab
	12 ± 4,6a

	F9
	270 ± 56a
	8 ± 1,2a

	F value
	8.106
	2.126

	P value
	0.008
	0.175



Eq Ac Gal: gallic acid equivalence; Eq Quer: quercetin equivalence. Means in the same column bearing the same letter do not show a significant difference (p=0.05).
3.1.6. Estimated of cocktails production cost 
Table 13 presents the estimated production cost of one (1) liter of "CBB cocktail" based on the quantity of hibiscus calyx, balanite seeds, ginger rhizome, and mints used. The production cost varies depending on the formulation used. Thus, to produce one liter (1L) of cocktail using formulation F6, an investment of 460 CFA francs is required, while formulation F7 requires 440 CFA francs. For formulation F8, the investment cost is 425 CFA francs, and for formulation F9, 410 CFA francs.

Table13 . Estimated cost of producing one liter (1 L) of cocktail
	Designation 
	Quantity (g) of ingredients used
	Price of ingredients used (CFA francs)

	
	F6
	F7
	F8
	F9
	F6
	F7
	F8
	F9

	hibiscus calyx (1500 F/500 g)                     
	40
	25
	25
	25
	120
	75
	75
	75

	Balanite (350 F/1000g)                  
	55
	10
	100
	55
	19.25 ≈ 20
	3.5  ≈ 5
	35
	19.25 ≈20

	Ginger (700 F/1000g)           
	50
	50
	50
	50
	35
	35
	35
	35͌

	Mints (100 F/100g)                     
	100
	100
	100
	100
	100
	100
	100
	100

	Brown sugar (900 F/1000g)              
	100
	100
	100
	100
	90
	90
	90
	90

	Water (500 F/30 sachets), 3 sachets/1L
	3 sa
	3 sa
	3 sa
	3 sa
	50
	50
	50
	50

	Total cost of ingredients (F CFA)
	415
	400
	385
	370

	Cost of consumables (CFA francs)
(10% of the total cost of ingredients used)
	41.5≈ 45
	40
	38.5≈ 40
	37≈ 40

	Cost price of cocktail production (CFA francs)
	460
	440
	425
	410






3.2. Discussion
The sensory analysis of nine cocktails formulations focused on specific criteria that could influence their tasters’ appreciation.
Regarding the red color intensity, this study showed that the cocktails that received the most positive feedback (over 80% of tasters) were those from formulations F6, F9, F2, and F8. Only 53% of tasters appreciated the color of cocktails prepared with formulations containing these small quantities of hibiscus calyces (less than 25g). Thus, the proportion of hibiscus calyces plays an important role in cocktail appreciation. This was also mentioned by Coulibaly et al., (2021) in their study of cocktail formulations using ginger oleoresin, pineapple juice, and hibiscus concentrate. These authors observed that all cocktails rated by panelists at over 62.86% contained at least 15% hibiscus concentrate per liter. Furthermore, the ratings for the cocktails produced in this study were higher (71.25% - 95.00%) than those reported by Coulibaly et al., (2021) (62.86% - 77.15%) and Sidibé et al., (2019) (57.14% - 77.15%). This difference could be explained, among other things, by the use of hibiscus concentrate by these authors in the preparation of cocktails based on hibiscus concentrate, ginger oleoresin, and pineapple juice.
The consistency (which relates to texture and fluidity) of the cocktails depends on both the amount of hibiscus (bissap) and ginger used. Over 66% of tasters appreciated the consistency of all the cocktails in the different formulations. The cocktails whose consistency was most appreciated by the panelists (80%) were those prepared using formulations F2, F6, F7, F8, and F9. The amount of hibiscus used to prepare 1 L of these cocktails varied between 25 g and 40 g, which could mean that, for the panelists, the consistency of the cocktails was better when the formulation used contained at least 25g of hibiscus. Furthermore, given that the amount of ginger in the formulations did not vary, it could be suggested that the consistency of the cocktails is only affected by the amount of hibiscus used in the formulation.
The natural aroma of a food is the set of volatile organic compounds responsible for the perception of its aroma (Richard, 1987). The aroma of cocktails is therefore affected by the aroma of all the ingredients that compose it as well as the concentrations used. The aroma of the cocktails was appreciated by over 71% of the tasters. Among these cocktails, five (F2, F6, F7, F8 and F9) stood out due to their high appreciation rates (over 80%). These different formulations share a combination in which the amount of hibiscus (bissap) used is over 25g, while the amount of balanite seed is 10g (F7), 23g (F2), 55g (F6 and F9) and 100g (F8). This could indicate that the amount of hibiscus used influences taste choices much more than the amount of balanite seed.
In this study, all formulations contained 50 g of ginger rhizome and 100 g of sugar. Despite this, it was found that the appreciation of both the sweet and spicy flavors of all the cocktails varied considerably. For all cocktails, the sweet flavor was appreciated by over 61% of tasters. Among these, three (F7, F8 et F9) stood out with appreciation rates exceeding 80%. The evaluation of the cocktails’ spicy flavor showed that over 56% of panelists enjoyed all the formulated cocktails. However, the hedonic test revealed a clear preference (81%) for the cocktails in formulations F6 (hibiscus: 40g and balanites seed: 55g) and F8 (hibiscus: 25g and balanites seed: 100g).
Balanites seed is known for its bitter flavor (Daya et al., 2010), and therefore the intensity of the bitterness in cocktails should be proportional to balanites seed used amount. Here, the sensory test showed that over 55% of tasters appreciated the bitter flavor of cocktails. Of all the cocktails tested, the cocktail with formulation F4 was the least preferred by the panelists (47.30%).
Overall, the sensory analysis (hedonic analysis) showed that over 70% of tasters enjoyed all the cocktails prepared from the different formulations. Among these nine cocktail formulations, six were more popular than the others. In fact, 85% of tasters strongly preferred the cocktails with formulations F1, F2, F6, F7, F8, and F9. Furthermore, among these highly appreciated cocktails, PCA identified four cocktails with a superior sensory profile (F6, F7, F8, and F9). Subsequently, the physicochemical and phytochemical characteristics of the cocktails were evaluated only for beverages prepared using these four PCA-selected formulations.
In this study, the pH shows that all are generally acidic due to their low pH values, ranging from 2.75 to 2.89. Compared to the other cocktails, the selected formulations F7 and F9 yielded cocktails with reduced acidity despite the observed difference in their balanite content. This acidity in the cocktails could therefore originate from the hibiscus calyces, as Aziato et al., (2020) obtained a similar pH (2.90 ± 0.12) with their 3% hibiscus extract. Acidity, in general, is reported to contribute to the preservation of the physicochemical, microbiological, and organoleptic quality of juices or cocktails over long periods; it also promotes vitamin C retention (Trémolière et al., 1984; Francois, 1994; Clinquart, 1999).
The cocktails with the highest soluble solids content were those of formulations F7 (11.67°B) and F9 (14.85°B), while those with the lowest soluble solids content were those of formulations F6 (10°B) and F8 (9.67°B). The total solids content results revealed that the formulations yielding the thickest cocktails varied in the following order: F9 > F7 > F6 and F8. In their study of hibiscus extracts, Aziato et al., (2020) obtained Brix values of 11.00°B and a solids content of 14.10% for the 3% hibiscus extract. For their cocktails prepared from cashew apple and pineapple, Ouattara et al., (2016) obtained juices with a Brix level ranging from 7.0 °B to 11.5°B and a total dry matter content ranging from 9.73% to 11.83%. Formulation F4 was the most preferred by the tasters.
Carbohydrates are important because they contribute to the flavor of juice and affect its viscosity and rheological properties. They have a pronounced effect on volatile components and also modify the sensory perception of flavors. Despite the constant amount of sugar used in all formulations (100 g/L), the results for total sugar content reveal that the formulations that can produce high-sugar cocktails are, in order: F9 > F8 > F7 and F6. This variability could be due to the natural sugar content of balanite seeds (Cisse, 2012), hibiscus (Cisse et al., 2009), and ginger (Shirin & Jamuna, 2010).
Phytochemicals are plant chemicals that possess varying degrees of therapeutic activity. Their consumption has a positive effect on health in that they can act as antioxidants and protect cells against damage caused by free radicals. The total polyphenol content of the cocktails varies depending on the formulation, and the cocktail richest in polyphenols is that of formulation F9. In addition, all the prepared cocktails contain statistically similar flavonoid levels (8.0 - 12.0 mg Eq Quer/100 mL). The cocktails prepared in this study have total polyphenol contents comparable to the cashew apple and pineapple cocktails formulated by Ouattara et al., (2016) (60 - 180mg Eq Gal/100 mL). Furthermore, other authors have estimated the daily dietary intake of flavonoids and polyphenols. These estimates are 250 - 460 mg Eq Gal/100 mL and 1 - 20 mg Eq Quer/100 mL, respectively, for polyphenols and flavonoids (Scalbert & Williamson, 2000; Beecher, 2003; Erdman et al., 2007). Thus, the formulated cocktails can be considered sources of these beneficial compounds, as a glass (200 mL) of these cocktails provides 220 - 540mg of polyphenols and 16 - 26mg of flavonoids.
Producing one liter of cocktail from ginger rhizome, balanite seeds, and hibiscus calyx, using available filtering sieves, requires an investment of between 410 and 460 CFA francs, depending on the quantity of ginger rhizome (50 g), hibiscus calyx (25-40 g), and balanite seeds (10-100 g). Therefore, producing these cocktails could be profitable compared to the selling price of certain juices (orange, mango, passion fruit) on the Ivorian market. Indeed, 1000 mL of orange juice sells for 1000 CFA francs. By comparison, selling one liter of cocktail could generate a projected profit of between 540 and 590 CFA francs, thus adding value to the ginger, hibiscus, and balanite sectors.
4. CONCLUSION
This study enabled the formulation of nine (9) cocktails (F1-F9) based on ginger rhizome, balanite, and hibiscus calyces using a composite central design. Sensory analysis (hedonic analysis) showed that over 70% of tasters appreciated all the cocktails prepared from the different formulations. Furthermore, among these highly appreciated cocktails, four (4) (F6, F7, F8, F9) stood out for their superior sensory profiles. Based on the amount of hibiscus used, cocktails containing 25 and 40 g of hibiscus/L and 10, 50, and 100 g of balanite/L were favored. Analysis of these four formulations revealed a high content of total polyphenols and flavonoids, which are antioxidants. Furthermore, producing 1 liter of the cocktails would require a capital investment of no more than 460 CFA francs. Thus, the commercial production of these cocktails could contribute to improving the incomes of producers of these food products, particularly ginger rhizomes, hibiscus calyces, balanite seeds, and mint.

REFERENCES

AFNOR. (1996). Jus de fruits et légumes : spécification et méthodes d’analyse. 2éme édition. AFNOR. https://infodoc.agroparistech.fr/discovery/fulldisplay?docid=alma991000000009705971&context=L&vid=33AGROPARISTECH_VU1&lang=fr&search_scope=MyInst_and_CI&adaptor=Local%20Search%20Engine&tab=Everything&query=any,contains,Jus%20de%20fruits%20et%20l%C3%A9gumes%20%3A%20sp%C3%A9cification%20et%20m%C3%A9thodes%20d%E2%80%99analyse&offset=0
AOAC. (1990). Official Methods of Analysis. 14th Edn., Association of Official Analytical Chemists, Washington DC. 34 p
Aydar, E. F., Tutuncu, S., & Ozcelik, B. (2020). Plant-based milk substitutes: Bioactive compounds, conventional and novel processes, bioavailability studies, and health effects. Journal of Functional Foods, 70, 103975. https://doi.org/10.1016/j.jff.2020.103975
Azan-Gnandji, L. T. (2009). Amélioration de la stabilité et de la qualité du cocktail de la pomme de cajou à l’ananas. (Mémoire de licence professionnelle de technologie Alimentaire, Université d’Abomey-Calavi). https://www.memoireonline.com/09/10/3800/m_amelioration-stabilite-qualite-cocktail-pomme-cajou-ananas0.html
Aziato, K., Bouka, E. C., Lawson-Evi, P., Savadogo, A., & Kwashie, E. G. (2020). Essais de production de ″vin″ pétillant rouge à l’oseille de Guinée (Hibiscus sabdariffa L.). International Journal of Biological and Chemical Sciences, 14(9), 3231-3240. https://doi.org/10.4314/ijbcs.v14i9.20
Beecher, G. R. (2003). Overview of dietary flavonoids: nomenclature, occurrence and intake. Journal of Nutrition, 133(10), 3248S-3254S. https://doi.org/10.1093/jn/133.10.3248S
Bernfeld, P. (1955). Amylases, Alpha and Beta. In Methods in Enzymology (Vol. 1, pp. 149-158). Academic Press. https://doi.org/10.1016/0076-6879(55)01021-5
Cissé, I. (2012). Caractérisation des propriétés biochimiques et nutritionnelles de la pulpe de baobab des espèces endémiques de Madagascar et d'Afrique continentale en vue de leur valorisation [Doctoral dissertation, Montpellier SupAgro]. https://agritrop.cirad.fr/567955/
Cisse, M., Dornier, M., Sakho, M., Ndiaye, A., Reynes, M., & Sock, O. (2009). Le bissap (Hibiscus sabdariffa L.) : composition et principales utilisations. Fruits, 64(3), 179-193. https://doi.org/10.1051/fruits/2009013
Clinquart, A. (1999). Les Techniques de conservation des aliments. Mémoire de fin de cycle. Université Liège, faculté de Médecine Vétérinaire (ULG). France, 35p.
Coulibaly, A., Ezoua, P., Konan, Y. N., Doukoure, S., Sidibe, D., & Diego, G. H. M. (2021). Formulation and sensory analysis of cocktails based on ginger oleoresin (Zingiber officinale Roscoe), pineapple juice (Ananas comosus L. MERR) and bissap concentrate (Hibiscus sabdariffa). Journal of Applied Life Sciences International. https://doi.org/10.9734/jalsi/74969
Daya, L. C., & Vaghasya, H. U. (2011). A review on Balanites aegyptiaca Del (desert date): Phytochemical constituents, traditional uses and pharmacological activity. Pharmacognosy Reviews. https://doi.org/10.4103/0973-7847.79104
Doumbouya, M., Brou, K. G., Coulibaly, A., Koffi, K. Z. M., & Kone, D. (2021). Efficacité des extraits de plantes dans la lutte contre les champignons responsables des pourritures de tubercules d’igname en stockage dans les magasins du marché de gros de Bouaké (Côte D'ivoire). International Journal of Current Research, 13(10), 19221-19233. https://doi.org/10.24941/ijcr.42340.10.2021
Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A., & Smith, F. (1956). Colorimetric method for determination of sugars and related substances. Analytical Chemistry, 28, 350-356. https://doi.org/10.1021/ac60111a017
Erdman, J. W., Jr, Balentine, D., Arab, L., Beecher, G., Dwyer, J. T., Folts, J., Harnly, J., Hollman, P., Keen, C. L., Mazza, G., Messina, M., Scalbert, A., Vita, J., Williamson, G., & Burrowes, J. (2007). Flavonoids and heart health: proceedings of the ILSI North America Flavonoids Workshop, May 31-June 1, 2005, Washington, DC. Journal of Nutrition, 137(3 Suppl 1), 718S-737S. https://doi.org/10.1093/jn/137.3.718S
FIRCA. (2022). Côte d’Ivoire : les acteurs de la Filière Gingembre se constituent en Organisation Interprofessionnelle Agricole (OIA). https://firca.ci/uncategorized/cote-divoire-les-acteurs-de-la-filiere-gingembre-se-
Foine, A. (2017). Les Zingiberaceae en phytothérapie : l’exemple du gingembre. (Thèse de Doctorat, Université de Lille 2). https://pepite-depot.univ-lille2.fr/nuxeo/site/esupversions/a07a4516-238e-4fd8-b449-5405d7737ff2
Francois, C. (2011). La santé par les plantes de Suisse romande. Éditions du Belvédère, 49-51p.
Marinova, D., Ribarova, F., & Atanassova, M. (2005). Total phenolics and total flavonoids in Bulgarian fruits and vegetables. Journal of the University of Chemical Technology and Metallurgy, 40(3), 255-260. https://dl.uctm.edu/journal/node/100
Munekata, P. E. S., Domínguez, R., Budaraju, S., Roselló-Soto, E., Barba, F. J., Mallikarjunan, K., Roohinejad, S., & Lorenzo, J. M. (2020). Effect of innovative food processing technologies on the physicochemical and nutritional properties and quality of non-dairy plant-based beverages. Foods, 9(3), 288. https://doi.org/10.3390/foods9030288
Ouattara, G. S., Soro, D., Chatigre, K. O., & Koffi, E. K. (2016). Caractérisation physico-chimique et sensorielle de diverses formulations de jus à base de pomme de cajou et d’ananas. International Journal of Biological and Chemical Sciences, 10(6), 2447-2460. https://doi.org/10.4314/ijbcs.v10i6.4
Future Market Insights. (2018). Plant-based beverages market: global industry analysis 2013-2017 and opportunity assessment 2018-2028. https://www.prnewswire.com/news-releases/plant-based-beveragesmarket-global-industry-analysis-2013-2017-and-opportunityassessment-2018-2028-300764420.html
Richard, H. (1987). Arômes alimentaires. Collection sciences et techniques agroalimentaire. 2-3p. [en ligne] (page consulté le 27/06/23).  www.bouillettes-dependance-baits.com/res/site19627/res585100_cours-aromes_hubert-richard.pdf. 
Rodriguez-Mateos, A., Vauzour, D., Krueger, C. G., Shanmuganayagam, D., Reed, J., Calani, L., Mena, P., Del Rio, D., & Crozier, A. (2014). Bioavailability, bioactivity and impact on health of dietary flavonoids and related compounds: An update. Archives of Toxicology, 88, 1803-1853. https://doi.org/10.1007/s00204-014-1330-7
Sagna, M. B., Diallo, A., Sarr, P. S., Ndiaye, O., Goffner, D., & Guisse, A. (2014). Biochemical composition and nutritional value of Balanites aegyptiaca (L.) Del fruit pulps from Northern Ferlo in Senegal. African Journal of Biotechnology, 13(2), 336-342. https://doi.org/10.5897/AJB2013.12395
Salehi, F. (2020). Physico-chemical properties of fruit and vegetable juices as affected by pulsed electric field: a review. International Journal of Food Properties, 23(1), 1036-1050. https://doi.org/10.1080/10942912.2020.1775250
Scalbert, A., & Williamson, G. (2000). Dietary intake and bioavailability of polyphenols. The Journal of Nutrition, 130(8 Suppl), 2073S-2085S. https://doi.org/10.1093/jn/130.8.2073S
Shirin, A. P. R., & Prakash, J. (2010). Chemical composition and antioxidant properties of ginger root (Zingiber officinale). Journal of Medicinal Plants Research, 4(24), 2674-2679. https://doi.org/10.5897/JMPR09.464
Sidibe, D., Coulibaly, A., Nyamien, Y., Oguielou, B. L., Konan, Y. N., & Biego, G. H. M. (2019). Ginger nectar formulation based on oleoresin using a central composite design. Asian Food Science Journal, 12(4), 1-13. https://doi.org/10.9734/afsj/2019/v12i430088
Trémolières, J., Serville, Y., Jacquot, R., & Dupin, H. (1984). Manuel d’alimentation humaine. Tome 2 : Les aliments. ESF. https://www.sudoc.fr/000800000
Williams, S. E. (1984). Official methods of analysis of the Association of official analytical chemists, Arlington (Va.) : Association of official analytical chemists. 1141 p
Wood, J. E., Senthilmohan, S. T., & Peskin, A. V. (2002). Antioxidant activity of procyanidin-containing plant extracts at different pHs. Food Chemistry, 77, 155-161. https://doi.org/10.1016/S0308-8146(01)00329-6

image1.png
1414—(~1414)




image10.png
1414—(~1414)




image2.png




image20.png




image3.png
Xk = Xcent + Zkx- oo

Zmax—Zmin




image4.emf

image5.emf

