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ABSTRACT 10 

 11 

Aims: The present work evaluates the sensory properties of culinary recipes based on mucilage 12 

extracted from mucilaginous food plants derived from the Ivorian flora. 13 

Study Design: MFPs edible parts were dried, mucilage were extracted and sensorial analysis was 14 

done on recipes based on mucilage. 15 

Place and Duration of Study: The study was conducted in Laboratory of Biochemistry and Food 16 

Sciences, Biosciences Unit, at Felix Houphouet-Boigny University between January and December 17 

2014. 18 

Methodology: The study was carried out on fruits of A. esculentus (okra), B. mannii (sran), I. 19 

gabonensis (kplé) and leaves of C. olitorius (kplala) collected. The mucilage of different plants has 20 

been extracted by optimization methods; dishes were made from the mucilages and subjected to a 21 

sensory description (aroma, appearance, flavor and viscosity) and a hedonic appreciation.  22 

Results: These dishes have been tested against commonly used recipes. Meals prepared from B. 23 

mannii mucilage provided a more appreciable viscosity than other dishes; however this sauce is less 24 

preferred than the reference recipe. On the other hand, the bitterness, the astringency and the sour 25 

aftertaste were more perceived in the mucilages than in the references recipes. The flavors and 26 

appearance of dishes base on mucilage were generally less perceived. As a result, the references 27 

were more preferred for A. esculentus, I. gabonensis and C. olitorius respectively between 71.87% 28 

and 81.25%, while the recipe based on mucilage of B. mannii (sran), the reference preference 29 

remains identical to that of the mucilage. 30 

Conclusion: Culinary recipes could also be considered from mucilage extracted from mucilaginous 31 

food plants. 32 

 33 

 34 

Keywords: Sensory analysis, mucilage, culinary recipe, mucilaginous food plants. 35 

 36 

 37 

1. INTRODUCTION 38 

 39 

Mucilaginous food plants (MFPs) are part of a large group of plant species known as non-woody 40 

forest plants. These plants contribute significantly to the diet of populations by bringing most essential 41 

nutrients. Indeed, MFPs are important sources of carbohydrates, lipids, proteins, vitamins and 42 

essential minerals [1, 2]. They also contain mucilages that present hunger-cutting properties and 43 

blood glucose control, blood pressure, cholesterol and homeostasis [3, 4]. MFPs consumption is 44 

generally based on a high mucilage content of 56% (I. gabonensis) and 25% (C. olitorius) [5]. 45 

Mucilage is a complex carbohydrate with a highly branched structure containing variable proportions 46 

of L-Arabinose, D-Galactose, L-Rhamnose and D-xylose and galacturonic acid [6, 7]. The mucilages 47 

using possibilities are numerous. They are used in the agro-food, pharmaceutical and cosmetic 48 

sectors [8, 9]. 49 
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The consumption of MFPs varies according to the regions. However, okra (A. esculentus), kplala (C. 50 

olitorius), kplé (I. gabonensis) and sran (B. mannii) are among the species commonly consumed by 51 

populations [10]. 52 

Okra has very high nutritional value for various nutrients [11, 12]. It is consumed in the form of 53 

porridge, frying or soup throughout the world, with a yearly production estimated to 120000 tons [13]. 54 

The leaves of C. olitorius or kplala (Ivorian local name) are consumed in the form of soup 55 

characterized by a particularly glutinous texture. These leaves are rich in magnesium, iron and 56 

vitamins. They do not present anti-nutritional redhibitory factors [14, 15]. With the kernels of I. 57 

gabonensis and the fruits of B. mannii, respectively called kplé and sran in Côte d'Ivoire, interesting 58 

nutritive properties are recorded [16, 17, 18]. Thus, their high nutrient value would promote the 59 

nutritional balance of populations. 60 

MFPs being non-woody forest plants (NWFPs); their presence in markets is linked to seasonal 61 

availability. Thus, these products often become inaccessible to populations throughout the year [19, 62 

20]. To cope with this shortage, the domestication of plants and the transformation of edible parts into 63 

finished semi-finished products remains a possibility. Thus, extraction of mucilages, key components 64 

of mucilaginous foods, has been considered in order to produce timeless culinary recipes [5]. The 65 

question is to know, if recipes based on mucilage only can satisfy organoleptic preferences of the 66 

consumers? The present work consists of evaluating the sensory quality of dishes prepared from 67 

extracts of these mucilages. 68 

 69 

2. MATERIAL AND METHODS 70 

 71 

2.1. Plant material 72 

 73 

The biological material consisted of the kernels of Irvingia gabonensis (kplé) and the fruits of 74 

Beilschmiedia mannii (sran) collecting in the region of Tonkpi. Then, the leaves of Corchorus olitorius 75 

(kplala) and the variety koto of Abelmoschus esculentus (okra) have been collected in the Gouro 76 

market of Abidjan district. The plants have been authenticated by the Centre National de Floristique 77 

(CNF) of the University Felix HOUPHOUET-BOIGNY.  78 

 79 

2.2. Samples processing to obtain dry matter 80 

 81 

The plant material was collected between January and December 2014 in different regions of Côte 82 

d'Ivoire. The fruits of Irvingia have been stocked several days then the seeds have been ground to 83 

isolate the kernels. As for the fruits of B. mannii, they have been cut in small pieces (less than 5 mm 84 

of thickness) before drying. In return, the fruits of A. esculentus (okra) have been cut in gill, whereas 85 

the leaves of C. olitorius were sorted, cleaned and drained before being dried. After drying, plants 86 

parts collected have been reduced in powder with a grinder of Heavy Duty mark [5]. 87 

 88 

2.3. Extraction and mucilage content 89 

 90 

The powder of I. gabonensis kernels was delipidated with hexane and then macerated for 24 h in 91 

distilled water with a ratio of 1/50 (vegetable / water). The whole is filtered on a muslin cloth. The 92 

mucilage is collected, dried and ground and then stored in desiccators. 93 

As for B. mannii, C. olitorius, A. esculentus, the powders are macerated in distilled water for 24 h with 94 

a ratio 1/50 (vegetable / water). The mixture is then boiled for 1 hour and filtered on a muslin cloth. 95 

The mucilage is collected, dried and ground and then stored in desiccators [5]. 96 

2.4. Mucilage preliminary tests of confirmation  97 

 98 

Preliminary tests to know, the red ruthenium test, the Molisch test and the iodine test have been done 99 

to confirm the mucilaginous nature of substances obtained [21, 22, 23]. 100 

 101 

2.4.1 Red ruthenium Test 102 

 103 

This test is used to confirm the presence of mucilage. A small amount of dried mucilage powder has 104 

been mounted on a slide with a solution of ruthenium red and the whole has been observed under a 105 

microscope 106 
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 107 

2.4.2 Molisch Test 108 

 109 

This test is used to confirm the presence of carbohydrate in the mucilage. 0.1 g of dried mucilage 110 

powder has been placed in a clean test tube. Then, two drops of the freshly prepared Molisch reagent 111 

were also introduced. Finally, concentrated sulfuric acid has been added gradually to the side of the 112 

tube to form a layer above the aqueous solution. The observations have been done. 113 

 114 

2.4.3 Iodine test 115 

 116 

This test is used to confirm the presence or absence of starch in the mucilage. 0.1 g of dried mucilage 117 

powder has been added to 1 ml of iodine solution at 0.2% dye in a test tube and the mixture has been 118 

observed. 119 

 120 

2.5 Dishes preparation 121 

 122 

2.5.1 References cooking 123 

 124 

The references were prepared from the kernels paste of I. gabonensis (kplé), the fruit powder of B. 125 

mannii (sran) and A. esculentus var. Koto (okra), and finally powdered leaves of C. olitorius (kplala). 126 

 127 

2.5.1.1 I. gabonensis, B. mannii and A. esculentus (koto) cooking 128 

 129 

A saucepan containing one liter of water was fired and then a gram of cooking salt was added to the 130 

water and the whole was boiled for five minutes. Then 15 g of paste (I. gabonensis) or powder (B. 131 

mannii, A. esculentus) are added gradually in small doses in order to avoid the formation of lumps. 132 

The mixture was beaten with a spatula for 5 minutes to precipitate the mucilage and allow the 133 

homogenization of the preparation. It is left to simmer for 5 minutes and then discharged from the fire. 134 

The preparations were cooled to room temperature and served lukewarm. 135 

 136 

2.5.1.2 C. olitorius cooking 137 

 138 

Fifteen grams of C. olitorius powder was gradually dissolved in one liter. Then cooking salt and 139 

potash were added to the set. The preparation was then boiled for 15 minutes. It was cooled for 5 140 

minutes at room temperature and then was beaten with a spatula or a ladle to precipitate the 141 

mucilage. 142 

The preparation was again boiled for 5 minutes and then discharged from the fire and cooled to room 143 

temperature. It was served lukewarm. 144 

2.5.2 Recipes based on mucilages cooking 145 

 146 

The recipes based on the mucilages of I. gabonensis, B. mannii, A. esculentus var. Koto and C. 147 

olitorius have been prepared under the same conditions as their respective references. 148 

These recipes have been formulated without adding ingredients, cooled to room temperature and 149 

then subjected to sensory evaluation. 150 

 151 

2.6 Sensory analysis 152 

 153 

The sensory analysis consisted in the tasting of the recipes based on the mucilages compared to the 154 

dishes of the references. So the hedonic appreciation and descriptive tests have been achieved. The 155 

tasting sessions have been made at the laboratory of biochemistry and food sciences of the Felix 156 

Houphouët-Boigny University of Abidjan. Every tasting has been made with 15 ml of samples served 157 

in disposable rubber plates. The answers have been given by the scores on a scale of 9 points where 158 

1 expressed the lack of sensation and 9 expressed the full sensation.  159 

 160 

2.6.1 Hedonic analysis 161 

 162 
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The analysis has been achieved by a group of 30 people (male and female) of age understood 163 

between 20 and 30 years. The panelists have been invited to express their level of acceptance of the 164 

appearance, of the flavors acidic, pungent, bitter and astringent, of the aroma and the viscosity. 165 

Preference tests were carried out on a 9 point hedonic scale where Level 1 translated "extreme 166 

disagreeability" while 9 related to "extreme pleasure" [24]. 167 

 168 

2.6.2 Descriptive analysis 169 

 170 

A panel of 10 volunteers of age between 20 to 30 years has been selected on the basis of their 171 

availability, their faculty to recognize and to appreciate the level of perception of the aroma, the 172 

appearance, the flavor and the viscosity feature of foodstuffs. Panelists have been trained in the 173 

methodology of analysis and appreciation of qualitative characteristics selected according to the 174 

requirements of sensory analysis, trained on the taste areas of the tongue and familiarized with 175 

mucilaginous dishes [25]. For the evaluation of dishes, panelists were invited to taste samples 176 

anonymized with codes (A, B and C) and filled into various orders of presentation, then to fit the rating 177 

scale by indicating the value for the intensity perceived. The values varied also from 1, when the 178 

sensory parameter is not perceived, to 10 when it is extremely felt [26]. 179 

 180 

2.7 Statistical analysis 181 

 182 

The statistical processing of the data consisted of an analysis of variance (ANOVA) with a 183 

classification criterion using the SPSS software (SPSS 16.0 for Windows, SPSS Inc.). Means were 184 

compared by the Newman Keuls test at the 5% significance level. A principal component analysis 185 

(PCA) was also carried out using STATISTICA software (STATISTICA version 7.1) in order to 186 

structure the variability between dishes and sensory descriptors. Data from the hedonic assays were 187 

analyzed using a Chi square (X²) of proportions comparison. 188 

 189 

3. RESULTS 190 

 191 

3.1 Mucilage extraction results 192 

 193 

The mucilage contents differentiate significantly (p<0.001) the mucilaginous food plants retained. The 194 

different mucilages extracted are shown in Figure 1. B. mannii (63.00 ± 2.69%) and I. gabonensis 195 

(56.34 ± 5.44%) provide the highest mucilage contents, unlike A. esculentus (34.86 ± 5.27%) and C. 196 

olitorius (25.81 ± 4.13%) (Table I). 197 

 198 

Table I: Mucilages content 199 

Plants Mucilage content (%) 

I. gabonensis 56.34±5.44b 

B. mannii 63.00±2.69a 

A. esculentus 34.86±5.27c 

C. olitorius 25.81±4.13d 

F 113.70 
P-value ˂0.001 

 200 

3.2 Mucilage Confirmation Tests 201 

 202 

Preliminary mucilage confirmation tests (Molisch test, ruthenium red test and iodine test) are all 203 

positive with the different mucilages (Table II). 204 

 205 

Table II: Preliminarily tests of confirmation  206 

Plants Molisch Test Ruthénium red test Iodine test 

I. gabonensis + + + 
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B. mannii + + + 

A. esculentus + + + 

C. olitorius + + + 

 207 

3.3 Sensory characteristics of mucilages 208 

 209 

The reference recipes (fig 2) are predominantly preferred (p <0.001) in the case of A. esculentus, I. 210 

gabonensis and C. olitorius with 71.87% to 81.25% favorable opinions. On the other hand, with B. 211 

mannii, Table III shows that there is no significant difference between the reference (43.75% of 212 

opinion) and the mucilage (56.25% of opinions) that record the same level  213 

of preference (p = 0.21). 214 

The viscosities of all references recipes (5.67/9 to 7.17/9) are preferred to those of mucilage dishes 215 

(3/9 to 5.33/9). However, Table IV216 

discloses that the aroma, the appearance and the flavor do not distinguish test samples from controls, 217 

with respective averages of 5.00 ± 1.67 to 6.17 ± 1.83; 5.00 ± 1.41 to 6.50 ± 2.43 and 4.50 ± 2.43 to 218 

7.17 ± 1.83 against 5.50 ± 2.26 to 6.83 ± 1.17; 4.33 ± 2.25 to 7.17 ± 1.17 and 5.67 ± 2.94 to 7.50 ± 219 

1.38. 220 

At the perception level, reference recipes and mucilage-based dishes show significant differences in 221 

appearance and viscosity at p˂0,001. C. olitorius-based dishes are characterized by a very 222 

pronounced appearance. I. gabonensis and B. mannii are distinguished by their viscosity. For the 223 

aroma, difference was not observed (p = 0.01) (Fig 3A). At the flavor level, significant differences 224 

were observed for the pungent flavor at p˂0,001. Foods based on C. olitorius were the most spicy. On 225 

the other hand, no significant difference was observed for bitterness (p = 0.1), acidity (p = 0.27) and 226 

astringency (p = 0.39) (Fig 3B) 227 

 228 

3.4 Sensory variability of studied dishes 229 

 230 

The F1-F2 factorial design of main component analysis, which accounts for 68.34% of the variability, 231 

shows a strong correlation between mucilage-based foods and the reference recipes of C. olitorius 232 

and the astringent and pungent flavors. On the other hand, the reference recipes of I. gabonensis and 233 

B. mannii as well as the mucilage-based foods of B. mannii are associated with the strongest 234 

perceptions of viscosity, while that mucilage of I. gabonensis is significantly more colored, acidic and 235 

aromatized (Fig 4). 236 

 237 

 238 
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Fig 1: Formulated recipes based on the mucilage of plants studied 
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Fig 2: References recipes  
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Table III: Tasters proportions translating the preferences of dishes based on MFPs  

Types of dishes Sref Smuc 

X² p-value ddl 1 

Theoretical distribution (%) 50 50 

A. esculentus 81.25a 18.75b 39.06 <0.001 

I. gabonensis 75a 25b 25 <0.001 

C. olitorius 71.875a 28.125b 19.14 <0.001 

B. mannii 43.75a 56.25a 1.56 0.21 

Sref, reference dishes ; Smuc, mucilage dishes ; ddl, degree of liberty ; X2, value of khi 2 

test; P-value, probability value of the statistical test. 

 

Table IV: Sensory parameters acceptability (on 9) of the dishes based on MFPs 
according to the preferences 

Plants 
Options of 

preference  

Average by sensory parameter (on 9) 

f p 

Aroma Appearance flavor Viscosity 

A. esculentus 
Sref 6.83±1.17aA 7.17±1.17aA 7.50±1.38aA 5.67±2.94aAB 0.90 0.48 

Smuc 6.17±1.83aA 6.50±2.43aA 7.17±1.83aA 3.00±1.09bC 5.30 0.003 

I. gabonensis 
Sref 4.83±2.64aA 5.83±2.64aA 5.67±2.94aAB 6.17±2.30aAB 0.33 0.85 

Smuc 5.67±1.51abA 5.00±1.41abA 6.17±2.04aA 3.33±1.21bC 2.85 0.045 

C. olitorius 
Sref 5.67±1.37abA 4.33±2.25bA 7.33±2.01aA 5.83±1.60abAB 2.99 0.038 

Smuc 5.00±1.67aA 5.83±1.60aA 4.50±2.43aAB 3.17±1.70aC 1.87 0.15 

B. mannii 
Sref 5.50±2.26aA 4.67±2.50aA 5.83±1.33aAB 7.17±1.83aA 1.24 0.32 

Smuc 5.83±0.98aA 6.50±1.52aA 4.83±1.33aB 5.33±2.34aB 0.83 0.52 

F 1.56 2.05 3.50 10.674 
  

P 0.15 0.053 0.002 0.019 
  

By line/column, values with the same lowercase/uppercase letter are equivalents. F, Ficher test value; 

p, probability value of the ANOVA test; Sref, reference dishes; Smuc, mucilage dishes. 
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           A          B     

Fig 3: Perception profiles of the appearance, the aroma, the viscosity (A) and of the flavors pungent, bitter, acidic and astringent (B) 
of the references dishes and dishes based on mucilage from the plants studied. 

IG, I. gabonensis; CO, C. olitorius; BM, B. mannii; AE, A. esculentus; Mu, mucilage; AciFla, acidic flavor; AstFla, astringent flavor; PunFla, pungent 

flavor; BitFla, bitterness flavor 

 

f=4.74, p˂0.001;     f=2.76, p=0.01;        f=5.39, p˂0.001 f=12.76, p˂0.001; f=1.80, p=0.10; f=1.29, p=0.27; f=1.07, p=0.39 



 

10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: Distribution of the different MFPs dishes studied and their describers in the plan formed 
by the factors F1 and F2 of the principal components analysis 

A, A. esculentus; A’, A. esculentus mucilage; B, I. gabonensis; B’, I. gabonensis mucilage; C, C. 
olitorius; C’, C. olitorius mucilage; D, B. mannii; D’, B. mannii mucilage; vis, viscosity; aro, aroma; app, 

appearance; SFL, acidic flavor; AFL, astringent flavor; PFL, pungent flavor 

 
 
 
4. DISCUSSION 

 
Hydrocolloids are used since decades in the 
traditional kitchen to thicken and to give the 
flavor to sauces before being valorized like 
industrial gums [27]. Mucilages extracted 
reactions with ruthenium red test, Molisch test 
and iodine test showed the presence of mucilage 
respectively, carbohydrate and the absence of 
starch, thus confirming the mucilaginous nature 
of extracted substances [28]. The edible parts of 
plants with high mucilage contents are 
represented by B. mannii (63.00%) and I. 
gabonensis (56.34%) followed by C. olitorius. 
(25.81%) and A. esculentus (34.86%), similar 
results were obtained on Bombax costatum 
(45%) and Grewia venusta (20%) [29] and B. 
costatum (46.5%) and Cissus populnea (29.8%) 

[30]. Much work has been done on okra, 
including [31], which reported a very high yield of 
57%, when [32] were able to extract only 9.5% of 
mucilage. At the same time, our results on C. 
olitorius are close to the 29.18% revealed by 
[33]. According to [34], this variability observed in 
the levels of mucilage could be explained by the 
extraction methods, the variety, the stage of 
maturity of the parts analyzed, as well as the 
environmental conditions. 
Mucilages are characterized by their high water 
absorbency and swell to form viscous 
substances due to their high polysaccharide 
content [7]. 
Sensory analyzes revealed that mucilage-based 
food formulations were less preferred than the 
reference recipes of A. esculentus, I. gabonensis 
and C. olitorius which are commonly consumed 
by populations. In fact the reference recipes 
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contain all the flavors because it is entirety 
whereas the mucilaginous recipes tested are 
made up solely of polysaccharides [35, 36]. 
Nevertheless, at the level of B. mannii, the 
mucilage-based dish is as much accepted as the 
reference recipe, showing the correctness of this 
technological option. At the perception level, 
dishes differ in appearance, viscosity and 
pungent flavor. The viscosity which is the 
character searched by the majority of MFPs 
consumers, the analysis revealed that the dishes 
based on B. mannii and I. gabonensis would be 
best suited for possible formulations. Today, 
several synthetic additives foods are the subject 
of controversy over their long-term toxicity to 
populations [37, 38], hence an incentive to 
consume recipes exploiting the properties which 
exist in certain foods such as MFPs. The 
mucilage additive food extracted from plants 
could be suitable for this technological approach 
[39, 40]. 
The different aspects of mucilages studied to 
know the nourishing, sensory and theology 
aspect show an interaction between these. 
Indeed, during the studies of sensory analysis, 
the choice of the panelists especially carried 
itself on the recipes references in relation to the 
recipes based on mucilages those exits of B. 
mannii and I. gabonensis. This choice seems to 
explain itself by two facts: first the recipes 
references kept the totality of their nourishing 
components, and then B. mannii and I. 
gabonensis are the plants having expressed the 
strongest viscosities. 
 
5. CONCLUSION 
 
The plants B mannii and I gabonensis are given 
the best yields of mucilage. Sensory analyzes of 
the dishes based on A. esculentus, I. 
gabonensis, B. mannii and C. olitorius showed 
that the reference recipes are generally more 
appreciated than the formulas based on 
mucilages. However, the formulation based on 
mucilage of B. mannii is as much appreciated as 
the reference recipe. This product is the one 
richest in mucilage. It could also be suitable for 
industrial production. 
 
REFERENCES  

1. Apema R, Mozouloua D, Madiapevo SN. 
Inventaire préliminaire des fruits 
sauvages comestibles vendus sur les 
marches de Bangui. In : X. Van der 
Burgt, J. van der Maesen & J.M onana 
(eds), systémique et conservation des 
plantes africaines. Royal Botanic 
Gardens, Kew, Belgium. 2010; 313-319. 

2. Mohammed MI, Sharif N. Mineral 
composition of some leafy vegetables 
consumed in Kano, Nigeria. Nigeria 
journal of basic and Applied science. 
2011; 19: 208-211. 

3. Ishida H, Suzuno H, Sugiyama N, Innami 
S, Todokoro T, Maekawa A. Nutritional 
evaluation of chemical component of 
leaves stalks and stems of sweet 
potatoes (Ipomea batatas Poir). Food 
Chem. 2000; 68: 359-367. 

4. Mensah JK, Okoli RI, Ohaju-Obodo JO, 
Eifediyi K. Phytochemical, nutritional and 
medical properties of some leafy 
vegetables consumed by Edo people of 
Nigeria. African Journal of 
Biotechnology. 2008; 7: 2304-2309. 

5. Assi YO, Sidibé D, Coulibaly A, Koffi NE, 
Konan Y, Biego HM. Optimization of 
mucilage extraction methods from few 
food plants of Ivorian flora using 
experimental design. International 
Journal of Current Research. 2016; 
8(08): 35634-35644. 

6. Sepúlveda E, Sáenz C, Aliage E, 
Aceituno C. Extraction and 
Characterization of Mucilage in Opuntia 
spp. Journal of Arid Environments. 2007; 
68, 534-545.  

7. Saenz C, Sepulveda E, Matsuhiro B. 
Opuntia spp mucilage’s: functional 
component with industrial perspectives. 
Journal of Arid Environments. 2004; 57: 
275-290. 

8. Dickinson E. Food polymers, gels and 
colloids. Royal Society of Chemistry, 
Special publication n° 82, Cambridge. 
2003. 

9. Siemonsma JS, Kouamé C. 
Abelmoschus esculentus (L) Moench, 
Internet Record from protabase. 
Grubben GJH. Denton OA (Ed). PROTA 
(plant resources of tropical Africa, 
Wageningen, Netherlands. 2004. 
http://database.prota.org/search.htm 

10. Kouamé NM, Soro K, Mangara A, 
Diarrassouba N, Koulibaly AV, Boraud 
NKM. Étude physico-chimique de sept 
(7) plantes spontanées alimentaires du 
centre-ouest de la Côte d’Ivoire. J. Appl. 
Biosci. 2015; 90:8450-8463. 



 

12 

 

11. Arapitsas P. Identification and 
quantification of polyphenolic 
compounds from okra seeds and skins. 
Food Chem. 2008; 110: 1041-1045. 

12. Dilruba S, Hasanuzzaman M, Karim R, 
Nahar K. Yield response of okra to 
different sowing time and application of 
growth hormones. J. Hortic. Sci. 
Ornamental Plants. 2009; 1: 10-14. 

13. FAOSTAT. Food and Agricultural 
Organization of the United Nations. On-
line and Multilingual Database. 2008 
http://faostat.fao.org/foastat/ 

14. Bailey JM. Aliments du Pacifique : Les 
feuilles vertes que nous mangeons. 
Version française du manuel de la CPS 
n°31, 2000. Service de publication du 
Secrétariat général de la Communauté 
du Pacifique (CPS), Graphoprint, 
Nouméa. 2003; 97 p. 

15. Zeghichi S, Kallithraka S, Simopoulos 
AP. Nutritional composition of molokhia 
(Corchorus olitorius) and stamnagathi 
(Cichorium spinosum). World Rev. Nutr. 
Diet. 2003; 91: 1-21. 

16. Matos L, Nzikou JM, Matouba E, 
Pandzou-Yembe VN, Mapepoulou TG, 
Linder M, Desobry S. Studies of Irvingia 
gabonensis seeds kernels: Oil 
technological applications. Pak. J. Nutr. 
2009; 8:151-157. 

17. Sahoré AD, Nemlin JG, Tetchi AF. Study 
of Physicochemical Properties of Some 
Traditional Vegetables in Ivory Coast: 
Seeds of Beilschmiedia mannii 
(Lauraceae), Seeds of Irvingia 
gabonensis (Irvingiaceae) and 
Volvariella volvaceae. Food and Nutrition 
Sciences. 2012; 3: 14-17. 

18. Silou T. Corps gras non conventionnels 
du Bassin du Congo : Caractérisation, 
biodiversité et qualité. Oilseeds & fats 
crops and lipids. 2014; 21(2): D209, DOI: 
10.1051/ocl/2013044 

19. FARM. Les potentialités agricoles de 
l’Afrique de l’Ouest. Paris. 2008. 

20. CSAO. Peuplement, marché et sécurité 
alimentaire, collection, cahiers de 
l’Afrique de l’Ouest. 2012. 

21. Qadry JS. Shah and Qadry’s 
Pharmacognosy. Ahmedabad, India: B S 
Shah Prakashan. 2008. 

22. Rangari VD. Pharmacognosy & 
Phytochemistry. Nashik, India: Career 
Publication. 2006. 

23. Kokate CK, Purohit AP, Gokhale SB. 
Pharmacognosy. Pune, India: Nirali 
Prakashan. 2006. 

24. Meilgaard MC, Civille GV, Carr BT. 
Technicals of sensory evaluation. 3rd 
Edition CRC Press. LLC, Boca Raton, 
Florida, New York, USA, 387. 1999. 

25. AFNOR. Recueil des normes françaises 
d’agro-alimentaire: analyse sensorielle. 
Paris la défense, France. 1984; 159 p. 

26. Aka BAA, Konan NY, Coulibaly A, Biego 
GHM. Nutritional and Sensory Analysis 
of Milk Processed from Seeds of Sweet 
Pea (Cyperus esculentus L.) Consumed 
in Côte d’Ivoire. Journal of Applied Life 
Sciences International. 2016; 8(2): 1-12.  

27. Ndjouenkeu R, Goycoolea FM, Morris 
ER, Akingbala JO. Rheology of okra 
(Hibiscus. esculentus L) and dika nut 
(Irvingia gabonensis) polysaccharides. 
Carbohydrate Polymers. 1996; 29: 263-
269. 

28. Gangurde AB. Preliminary 
characterization of Abelmoschus 
esculentus (L.) pod mucilage as o/w type 
emulsifier. International Journal of 
Advances in pharmacy, biology and 
chemistry. 2012; 1(1): 39-42. 

29. Nenonene AY, Koba K, Sanda K, Rigal 
L. Composition and binding properties of 
mucilages from stem bark of Grewia 
venusta and calyx of Bombax costatum, 
two tropical plants growing wild in Togo. 
Bangladesh J. Sci. Ind. Re. 2009; 44(2): 
247-253.  

30. Agbaje WB, Adebowale KO, Nwokocha 
LM. Composition and food value of 
leaves of two tropical food thickeners: 
Bombax costatum and Cissus populnea. 
Canadian Journal of Pure and Applied 
Sciences. 2015; 9(1): 3221-3227. 

31. Nair BR, Fahsa KS. Isolation and 
characterization of mucilage from some 
selected species of Abelmoschus medik. 
(Malvaceae) and their application in 



 

13 

 

pharmaceutical suspension preparation. 
Int J Pharm Pharm Sci. 2013; 5(1): 398-
402. 

32. Rajendra PM, Shende MA. Extraction of 
mucilages and its comparative 
mucoadhesive studies from hibiscus 
plant species. World Journal of 
Pharmacy and Pharmaceutical Sciences. 
2015; 4: 900-924. 

33. Muazu J, Alpha A, Mohammed GT. 
Isolation and release retardant properties 
of a plant gum obtained from ayoyo. 
Carib. j. SciTech. 2014; 2: 301-313. 

34. Estevez AM, Saenz C, Hurtado ML, 
Escobar B, Espinoza S, Suarez C. 
Extraction methods and some physical 
properties of mesquite (Prosopis 
chilensis (Mol) Stuntz) seed gum. 
Journal of the Science of Food and 
Agriculture. 2004; 84: 1487-1492. 

35. Barkatullah, Naveed Akhtar, Muhammad 
Ibrar, Abdur Rauf. Effect of Drought on 
The Morphological and Mineral 
Composition of Abelmoschus 
esculentus. Middle-East Journal of 
Medicinal Plants Research. 2012; 1(3): 
59-62. 

36. Galla NR, Dubasi GR. Chemical and 
functional characterization of gum karaya 
(Sterculiaurens L.) seed meal. Food 
Hydrocol. 2010; 24: 479-485. 

37. Leclerq C, Arcella D, Turrini A. Estimates 
of the theoretical maximum daily intake 
of erythorbic acid, gallates, BHA and 
BHT in Italy: a stepwise approach. Food 
and Chemical Toxicology. 2000; 
38:1075-1084. 

38. WHO. Evaluations of certain food additifs 
and contaminants (fifty-third report of the 
joint FAO/WHO Expert Committee on 
Food Additifs). World Health 
Organization, Technical Report Series 
n◦891, Geneva. 2000. 

39. Nep EI, Conway, BR. Characterization of 
Grewia Gum, a Potential Pharmaceutical 
Exipient. J. Excipients and Food Chem. 
2010; 1(1): 30-40. 

40. Ogaji I, Okafor IS. Potential of Grewia 
Gum as Film Coating Agent: Some 
Physicochemical Properties of Coated 
Praziquantel Tablets. International 

Journal of Pharmaceutical Research. 
2011; 3(2): 16-19. 
 


