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Abstract  Hibiscus sabdariffa sabdariffa is a non-timber forest product found in sub-Saharan Africa and used in 
both pharmacopoeia and food. The present study aims to evaluate the chemical composition and the nutritional 
potential of Hibiscus sabdariffa sabdariffa from Benin. Thus, the moisture content and volatile matter has been 
determined according to ISO 665:2000; the ash following the standard ISO 749:1977, the proteins according to ISO 
5983-1:2005; the total carbohydrates by the difference formula; the oil content according to ISO 734:2015; the 
content of mineral and trace elements by atomic absorption spectrophotometry and secondary metabolites following 
staining and precipitation reactions specific to each metabolite family. The results revealed that the seed of Hibiscus 
sabdariffa sabdariffa contains 95.27% of dry matter; 6.33% of ash; 19.18% of proteins; 56.16% of carbohydrates; 
13.6% of oil and provides 423.76 kcal/100g. As secondary metabolites, saponosides, alkaloids, coumarins and 
reducing compounds were identified. The content of mineral and trace elements showed 61.70 mg/kg of manganese, 
1.91% of potassium, 199.16 mg/kg of iron, 4663.60 mg/kg of magnesium, 178.07 mg/kg of sodium and 0.24% of 
calcium. These results therefore reflect a high nutritional potential of the seeds of Hibiscus sabdariffa sabdariffa, 
favorable to the establishment of a viable agro-food chain for this NTFP already commonly used by the people of 
Benin. 
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1. Introduction 

For a very long time, plant species have been used by 
humans for various purposes [1]. Indeed, the rich and 
diverse African flora plays a big role in Africa economy. 
Thus several species of Hibiscus are used as ornamental 
and/or medicinal plants. In the genus Hibiscus, the plant 
species Hibiscus sabdariffa is a non-timber forest product 
(NTFP) found in tropical and subtropical regions of the 
world [2], which is used in pharmacy and in feeding. 
Known as “bissap”, Hibiscus sabdariffa is a shrub of the 
Malvaceae family which two varieties are commonly 
encountered: this is Hibiscus sabdariffa variety sabdariffa 
whose calyxes are red and Hibiscus sabdariffa variety 
altissima which is endowed with green calyxes [2]. 
Previous studies on the calyxes of the variety sabdariffa  
 

showed their richness in anthocyanins, and their 
antioxidant, anti-inflammatory and anti-cancer properties 
[3,4]. In Benin, previous recearch [5,6,7] have demonstrated 
the use of this seed as a dietary supplement on the one 
hand, and as a ferment in the production of traditional 
condiments (yanyanku and Ikpiru). The seeds of this plant 
species have a good scientific interest because they still 
are underutilized oilseeds. This under-utilization is a huge 
shortfall in Benin's GDP as the oilseed market is growing. 
Indeed global oilseed consumption increased from 392.0 
Mt in 2013 to 444.5 Mt in 2018 with an increase of 13.4% 
over the 2013 level. Also, forecasts of 489.6 Mt for 2022 
indicate an increase in world oilseed demand of 24.9% 
compared to the 2013 level [8]. In view of the above, the 
main objective of this study is to contribute to the 
establishment of a viable agri-food chain for this NTFP, 
through the agro-food valorization of seeds produced by 
this plant species. 

 



 American Journal of Food Science and Technology 147 

2. Material and Methods 

2.1. Harvesting and Pre-conditioning of Plant 
Material  

The plant material consists of the seeds of Hibiscus 
sabdariffa sabdariffa harvested in December 2017 in 
Lobogo, on the Valley farm in the department of Mono 
(Benin). After the harvest, the calyxes were shelled; the 
seeds were separated from the hulls and then dried for one 
month at 25°C, away from UV light. These dried seeds 
were ground into powder using an electric grinder and the 
resulting powder was stored in closed bottles with airtight 
closing, under a hood for later use. 

2.2. Methods 

2.2.1. Physical Description of the Seeds 
Parameters such as a shape, color and size of seeds of 

Hibiscus sabdariffa sabdariffa were evaluated by a visual 
description. In addition the average weight of the seeds 
was determined by weighing using a precision balance. 

2.2.2. Nutritional Potential of Hibiscus sabdariffa 
sabdariffa Seeds from Benin 

In order to know the nutritional potential of the seeds of 
Hibiscus sabdariffa sabdariffa, different Nutritional 
parameters of these seeds were evaluated according to 
different standard methods summarized as below: 

 
2.2.2.1. Moisture Content and Volatile Matter of 
Hibiscus sabdariffa sabdariffa Seeds 

The moisture content and volatile matter content was 
determined according to ISO 665: 2000 [9,10]. Ten grams 
(10 g) of powder were weighed in a previously dried and 
tared crucible. The crucible containing the sample was 
kept in an oven at 103 ± 2°C for 48 hours. After cooling  
in a desiccator, the crucible was weighed again. This 
operation was repeated until a constant mass was obtained 
between two consecutive weightings and a reduction of 
the drying time. The moisture content and volatile matter 
(Tw) as a percentage of the sample mass was obtained by 
equation (1). 

 1 2

1 0

m mTw
m m

−
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−
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Tw: moisture content and volatile matter in % (m/m) of 
dry matter 
m0: mass of the vacuum crucible (g). 
m1: mass of the crucible containing the sample before 
drying (g). 
m2: mass of the crucible containing the sample after 
drying (g). 

2.2.2.2. Protein Content 

The nitrogen content was obtained by the KJELDAHL 
method from the micro-distillation of the mineralized 
material of the sample digested with sulfuric acid in the 
presence of a selenium-based catalyst according to ISO 
5983-1: 2005 [11,12]. This micro-distillation was done by 

steam distillation in the presence of a normal solution of 
sodium hydroxide. In order to obtain the nitrogen content 
of the sample, the distillate collected in boric acid was 
titrated with sulfuric acid in the presence of methyl red (2). 
The nitrogen content obtained was multiplied by 6.25 to 
obtain the sample protein content expressed in % of dry 
matter (3). 

 1,4* * *%
100*

V N dN
p

=  (2) 

N: Nitrogen content (%) 
V: volume of the sulfuric acid solution used during the 
titration (ml). 
N: normality of the sulfuric acid solution used during titration 
d: dilution of the mineralizer. 
p: mass of the sample (mg) 

 % % *6.25.Proteins N=  (3) 

2.2.2.3. Extraction of Vegetable Oil 

The extraction of the vegetable oil was carried out with 
hexane using a Soxhlet for 6 hours at 69°± 1C. After the 
extraction, the solvent was recycled in a rotavapor and the 
crude vegetable oil obtained was dried in an oven for 20 
min at 103°C, cooled in a desiccator for 30 min and 
weighed. The extracted oil was then packaged in dark 
bottles for later use [13,14,15]. The seed oil content 
expressed as a percentage (m/m) of dry matter was 
obtained by equation (4). 
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=
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m0: mass of the sample (g). 
m1: mass of the empty vacuum flask (g). 
m2: mass of empty flask + oil (g). 
m2 - m1: mass of oil obtained (g). 
T0: vegetable oil content (% m/m). 

2.2.2.4. Total Carbohydrate Content 

The total carbohydrate content was determined according 
to the difference formula (5) [16]: 

 
(%)

100 (% % % % ).
Total carbohydrate

moisture protein fat ash
−

= − + + +  (5) 

2.2.2.5. Energetic Value 

The energetic value was determined by calculation (6), 
according to the Coleman (1970) formula and using the 
Atwater and Rosa (1899) coefficients [16].  
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2.2.2.6. Ash Content 

The ash content has been evaluated following the 
standard ISO 749: 1977 [17]. The ash was obtained from 
the seed powder by incineration at 550°C ± 15°C, in a 
muffle furnace until a constant mass was obtained. Crude 
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ash content (Ta) expressed in % (m/m) of dry matter was 
obtained using equation (7): 

  3 1
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−
 (7) 

Ta: ash content (% m/m) dry matter 
m1: mass of the empty crucible (g). 
m2: mass of the crucible + sample (g). 
m3: mass of the crucible + ash (g). 

2.2.2.7. Mineral and Trace Elements Content 

Five (05) grams of the sample were cremated following 
the procedure indicated above. The ash obtained was 
dissolved in 5 ml of hydrochloric acid (6N) and then 
evaporated on a hot plate at 125°C. The resulting residue 
was dissolved and recovered with HNO3 (0.1M) in a 100 mL 
flask. This solution was used to obtain the content of the 
minerals by spectrophotometer Atomic Absorption [18,19]. 
The results are expressed in relation to the dry matter. 

2.2.2.8. Total Phenols Content 

The total phenols content was assessed by 
spectrophotometry of Molecular Absorption, using the 
Folin-Ciocalteu reagent [20,21]. Thus 3 ml of distilled 
water were mixed with 50 μl of extract and then with  
250 μl of Folin-Ciocalteu reagent and 750 μl of 7% Na2CO3. 
After 8 min, 950 µl of distilled water was added and the 
absorbance measurement was made after two hours at 765 nm. 
A white without extract was used as a reference. Calibration 
curve obtained with gallic acid at different concentrations 
in the same conditions as for the sample was used to evaluate 
the content of total phenols. The results are expressed in 
mg equivalent of Gallic acid per gram of dry matter. 

2.2.2.9. Phytochemical Screening 

Determination of secondary metabolites was made  
by staining and precipitation reactions specific to each 
metabolite family. 97960094. 

3. Results and Discussion 

3.1. Physical Characteristics of Hibiscus 
sabdariffa sabdariffa Seeds 

 
Photo 1. Seeds of Hibiscus sabdariffa sabdariffa 

In each calyx of Hibiscus sabdariffa is located a large 
number of small seeds enclosed in hulls. At maturity, the 

hulls open to let the seeds appear. These seeds Hibiscus 
sabdariffa sabdariffa are ovoid, brown and have an 
average weight of 7.2 mg each. 

3.2. Nutritional Characteristics of Seeds of 
Hibiscus sabdariffa sabdariffa 

The results of the nutritional characterization of the 
seeds of Hibiscus sabdariffa sabdariffa are summarized  
in Table 1 to Table 6. 

3.2.1. Moisture Content and Volatile Matter  
The seeds of Hibiscus sabdariffa sabdariffa have a 

moisture content and volatile matter of 4.73% thus a dry 
matter rate of 95.27% (Table 1). This value is close to the 
recommended content (≤4% w/w DM) for desiccated 
coconut [22]; less than the maximum level (9% w/w DM) 
accepted for peanut seeds [23], nuts and shea (8% w/w 
DM) [24], seed cotton (≤11% w/w DM) [25], dry soybean 
[26] and sesame [27] which is 7% w/w of DM. This water 
content is also higher than that obtained (3.98%) by [7] on 
the seeds of Hibiscus sabdariffa sabdariffa from Benin. 

Table 1. Moisture content and volatile matter of Hibiscus seeds 
sabdariffa sabdariffa 

Parameter Amount [23] [22] [24] [7] 
Moisture content and volatile 
matter (%) DM 4.73 ≤9 ≤4 ≤8 3.98 

 
The low value of the moisture content and volatile 

matter from the seeds of Hibiscus sabdariffa sabdariffa 
obtained in the current study is an indicator for their good 
conservation by the low occurrence of alterations 
reactions, on one hand and an indicator for a good oil 
yield [28] on the other hand. The differences observed [7] 
data would be related to the harvest period and the drying 
conditions. 

3.2.2. Protein Content of Hibiscus sabdariffa sabdariffa 
Seeds 

The crude protein content of Hibiscus sabdariffa 
sabdariffa seeds obtained in this study is 19.18% w/w DM. 
This value is higher to that obtained (13.0%) with the 
seeds of the Hibiscus sabdariffa sabdariffa from  
India [29], but lower than the value (23.25%) obtained 
with the seeds from Saudi Arabia [30] (Table 2). The 
content obtained in the current work, meets the 
requirements of sesame and cotton seed protein content 
which is ≥15% w/w DM [25,27] but is lower than the dry 
soy protein content requirement which is 40% w/w of DM 
[25,26]. 

Table 2. Protein content of Hibiscus sabdariffa sabdariffa seeds 

Parameter Amount [29] [30] 

Protein content (%) w/w DM 19.18 13.0 23.25 

 
This high protein content obtained from seeds of 

Hibiscus sabdariffa sabdariffa shows that they are 
excellent protein sources and justify their use as a 
substitute for meat and in the production of ferment  
for traditional condiments such as yanyanku and  
Ikpiru [6]. 
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3.2.3. Oil Content of Hibiscus sabdariffa sabdariffa 
Seeds  

Soxhlet extraction with hexane gave a seed oil yield of 
Hibiscus sabdariffa sabdariffa of 13.6%. The oil content 
is less than those obtained with the samples tested 
respectively in Ivory Coast (24.53%) [31]; in Nigeria 
(17.85%) [32]; in Benin (14.39%) [7]; and in Saudi Arabia 
(19.36%) [30]. However it is located in the range of 8.9 to 
29.5% found by [33] for the seeds of the natural species of 
Hibiscus spp. In addition, the oil content of the seeds of 
Hibiscus sabdariffa sabdariffa is close to that of the 
cottonseed which is 10-16% [34]. 

According to its oil content, like cottonseeds, Hibiscus 
sabdariffa sabdariffa seeds occupy the penultimate 
position in the list of major oilseeds, just in front of corn. 
Global production of cottonseed oil is low (3.3%) and 
only 3% of this world production is traded internationally. 
Nevertheless its price on the market is roughly the same as 
those of sunflower and corn oils, and a little more 
expensive than palm oil and soy. Because of its 
composition, cottonseed oil is similar to other food oils 
and its price depends on the availability of different oils 
on the market and their commercial policies [34]. In view 
of the foregoing, it would be wise, like the cottonseed oil, 
to study Hibiscus sabdariffa sabdariffa oil with a view to 
its worldwide valuation. 

3.2.4. Total Carbohydrate Content of Hibiscus 
sabdariffa sabdariffa Seeds 

The carbohydrate content is 56.16%. This content is 
higher than the one obtained (37.3%) with seeds from 
India [29], and those from Saudi Arabia (21.7%) [30]. 
This content is also two times higher than that required for 
grilled cashew nuts [35]. This high content denotes the 
richness of the seeds of Hibiscus sabdariffa sabdariffa in 
carbohydrates. 

3.2.5. Energy Value of Hibiscus sabdariffa sabdariffa 
Seeds 

The energy value obtained is 423 Kcal/100g. This 
energy value is related to the high levels of the seed of 
Hibiscus sabdariffa sabdariffa in protein, carbohydrates 
and lipids, making it a good dietary supplement. 

3.2.6. Ash Content of Seeds of Hibiscus sabdariffa 
sabdariffa 

The seeds of Hibiscus sabdariffa sabdariffa have an ash 
content of 6.33% (Table 3). 

Table 3. Ash content of seeds of Hibiscus sabdariffa sabdariffa 

Parameter Amount [7] [36] 
Ash content (%) 6.33 5.64 6.70 

 
This ash content is higher than those obtained on the 

samples analyzed in Benin (5.64%) [7] but closed to that 
obtained with seed from Sudan [36]. The ash content 
obtained in this study is higher than the recommended rate 
(≤2.5% w/w) for roasted cashew kernels [37] and for 
desiccated coconut [22] on one hand, and to the one 
required (≤2.0% w/w) for sesame on the other hand [27]. 

The high ash content of the seeds of Hibiscus 
sabdariffa sabdariffa from Benin is an indicator for their 

richness in minerals and trace elements, essential for the 
survival and proper functioning of the body. 

3.2.7. Mineral and Trace Elements Content of Hibiscus 
sabdariffa sabdariffa Seeds 

The analysis of the mineral composition reveals that 
magnesium, iron, sodium and manganese are the major 
mineral constituents of the seeds of Hibiscus sabdariffa 
sabdariffa of Benin while potassium, calcium and 
nitrogen are present in low quantity (Table 4). The 
richness of Hibiscus sabdariffa sabdariffa seeds in 
inorganic mineral was also noticed with seeds from India 
and Cameroon [38,39].  

Table 4. Mineral composition of Hibiscus sabdariffa sabdariffa seeds 
from Benin 

Mineral Amount [7] [39] RDI [40] 
Nitrogen 30.6 mg/g 7.5 mg/g Nd Ne 

Potassium 19.1 mg/g 14.1 mg/g 19.25 mg/g Ne 

Calcium 2.4 mg/g 9.3 mg/g 3.20 mg/g 750-1000 mg/j 

Sodium 0.17807 mg/g 0.231 mg/g Nd Ne 

Magnesium 4.6636 mg/g 3.8 mg/g 4.6436 mg/g 360-420 mg/j 

Manganese 0,0617 mg/g 0.043 mg/g 0.076 mg/g 2.5-2.8 mg/j 

Iron 0.1991 mg/g 0.1285 mg/g 0.1145 mg/g 6-16 mg/j 

Nd: Not determined; Ne: Not existing; RDI: Recommended daily intake 
from Nutritional references for adult women and men in the French 
population [40]. 

 
The richness of the seeds of Hibiscus sabdariffa 

sabdariffa in these different minerals gives it a place of 
choice in the human and animal food. In fact, a diet rich in 
potassium reduces the risk of hypertension [41]; Calcium 
and phosphorus are minerals present in large amounts in 
the body structure and in the bones [42]. Iron deficiency 
has been associated with developmental and cognitive 
behavior problems [43]. In addition, manganese is  
an essential trace element for normal growth and 
development [44]. 

3.2.8. Bioavailability of the Nutrients Contained  
in the Seeds of Hibiscus sabdariffa sabdariffa  

In order to evaluate the bioavailability of nutrients, the 
maximum total phenol content of the seeds was evaluated 
using three different types of extracts (ethanolic, aqueous 
and hydroethanol). The results expressed in milligram of 
Gallic acid equivalent per gram of dry matter (mg GAE/g 
DM) are presented in Table 5. 

Table 5. Total phenol content in the seeds of Hibiscus sabdariffa 
sabdariffa 

Extracts Total phenols (mg GAE/g DM) 

ethanolic  0.104 
Aqueous 0.203 

Hydroethanolic 0.166 
 
The total phenol content of the aqueous extract of the 

seeds of Hibiscus sabdariffa sabdariffa (0.203 mg GAE/g 
DM) is greater than that of the hydroethanolic extract 
(0.166 mg GAE/g DM) and that of the ethanolic extract 
(0.104 mg GAE/g DM). The low value of the total  
phenol content obtained in the present study allows the 
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bioavailability of the nutrients contained in the seeds of 
Hibiscus sabdariffa sabdariffa from Benin and confirms 
their food use in several areas. 

3.2.9. Phytochemical Screening  
Various secondary metabolites have been identified in 

seed of Hibiscus sabdariffa sabdariffa as shown in Table 6. 
Secondary metabolites identified in the seeds of 

Hibiscus sadariffa sadariffa are the saponosides, alkaloids, 
coumarins and reducing compounds. Flavonoids,  
tannins, anthocyanins, leuco-anthocyanins, anthraquinones, 
mucilages and quinones are absent. 

Table 6. Secondary metabolites identified in the seeds of Hibiscus 
sabdariffa sabdariffa 

Secondary metabolites Hibiscus sabdariffa sabdariffa 
Alkaloids  + 
Flavonoids  - 
Tannins - 
Anthocyanins  - 
Leuco-anthocyanins  - 
Anthraquinones  - 
Mucilages  - 
Saponosides  + 
Coumarins  + 
Quinones  - 
Reducing Compounds  + 

 +: presence;-: absence. 

4. Conclusion 

This study was conducted to contribute to the food and 
agro-economic valorization of the seeds of Hibiscus 
sabdariffa sabdariffa. The results showed that the seeds of 
Hibiscus sabdariffa sabdariffa are not very prone to 
alterations and can be preserved over a long period. In fact, 
the low moisture and volatile matter content of the seeds 
(4.73%) militate in favor of their good quality of 
conservation and their appreciable yield in oil. The high 
protein content of the seeds of Hibiscus sabdariffa 
sabdariffa (19.18%) makes them a good alternative to 
meat, and favors its use as ferments in the production of 
traditional condiments. With an ash content of 6.33%, 
these seeds contain an appreciable level of mineral. These 
results are complemented by high contents in total 
carbohydrate (56.16%) oil (13.6%) and secondary 
metabolites, which make them a good supplement to 
resolve and/or prevent certain deficiencies in rural 
populations from developing countries such as Benin. 

Competing Interests 

The authors declare that they have no competing interests. 

Acknowledgments 

We are grateful to “Agence Universitaire de la 
Francophonie (AUF)” and to Campus challenges society 
for their support. 

References 
[1] Agbangnan, P. D. C.; Tachon, C.; Bonin, H.; Chrostowka, A.; 

Fouquet, E.; Sohounhloue, D. C. K. Phytochemical study of a 
tinctorial plant of Benin traditional pharmacopoeia: The red 
sorghum (Sorghum caudatum) of Benin. Scientific Study & 
Research 13:121-135; 2012. 

[2] Cisse, M.; Dornier, M.; Sakho, M.; MarDiop, C.; Reynes, M.; 
Sock, O. La production du bissap (Hibiscus sabdariffaL.) au 
Sénégal. Fruits 64:111-124; 2009. 

[3] Rosa, R. M.; Melecchi, M. I. S. S.; Halmenschlager, R. D. C.; 
Abad, F. C.; Cristina Rosat Simoni; Caramao, E. B.; Henriques, J. 
A. P.; Saffi, J.; Ramos, A. L. L. D. P. Antioxidant and 
Antimutagenic Properties of Hibiscus Tiliaceus L. Methanolic 
Extract. J. Agric. Food Chem. 54:7324-7330; 2006. 

[4] Christian, K. R.; Nair, M. G.; Jackson, J. C. Antioxidant and 
Cyclooxygenase Inhibitory Activity of Sorrel (Hibiscus 
sabdariffa). Journal of Food Composition and Analysis. 19:778-
783; 2006. 

[5] Agbobatinkpo, P. B.; Azokpota, P.; Akissoe, N.; Kayodé, P.; Da 
Gbadji, R.; Hounhouigan, D. J. Indigenous Perception and 
Characterization of Yanyanku and Ikpiru: Two Functional 
Additives for the Fermentation of African Locust Bean. Ecology 
of Food and Nutrition 50:101-114; 2011. 

[6] Agbobatinkpo, P. B.; Thorsen, L.; Nielsen, D. S.; Azokpota, P.; 
Akissoe, N.; Hounhouigan, J. D.; Jakobsen, M. Biodiversity of 
aerobic endospore-forming bacterial species occurring in 
Yanyanku and Ikpiru, fermented seeds of Hibiscus sabdariffa used 
to produce food condiments in Benin. International Journal of 
Food Microbiology 163:231-238; 2013. 

[7] Akabassi, B. S.; Bothon, F. T. D.; Adovelande, J.; Avlessi, F.; 
Sohounhloue, D. C. K. Physicochemical analysis and minerals 
content of two varieties of Hibiscus sabdariffa seeds from Benin. 
Journal Of Applied Science And Research 4:31-36; 2016. 

[8] OCDE/FAO Perspectives agricoles de l’OCDE et de la FAO 2013, 
Chapitre 5: Graines oléagineuses et produits dérivés. OCDE/FAO; 
2013. 

[9] CEBENOR NB ISO 665 : 2000 : Graines oléagineuses- 
Détermination de la teneur en eau et en matières volatiles. Benin: 
CEBENOR; 2000. 

[10] ISO ISO 665:2000. Oilseeds - Determination of moisture and 
volatile matter content; Graines oléagineuses - Détermination de ia 
teneur en eau et en matières volatiles. Switzerland: ISO; 2000. 

[11] da Silva, T. E.; Edenio Detmann; de Oliveira Franco, M.; Nobre 
Palma, M. N.; Rocha, G. C. Evaluation of digestion procedures in 
Kjeldahl method to quantify total nitrogen in analyses applied to 
animal nutrition. Acta Scientiarum 38:45-51; 2016. 

[12] ISO ISO 5983-1:2005: Animal feeding stuffs - Determination of 
nitrogen content and calculation of crude protein content  - Part 1 
Kjeldahl method Switzerland: ISO; 2005. 

[13] CEBENOR NB ISO 659 : 2009 : Graines oléagineuses- 
Détermination de la teneur en huile (Méthode de référence). Bénin: 
CEBENOR; 2009. 

[14] ISO ISO 734:2015 -Tourteaux de graines oléagineuses – 
Détermination de la teneur en huile par extraction au l’hexane (ou 
à l’éther de pétrole). Switzerland: ISO; 2015. 

[15] Sidohounde, A.; Agbangnan, D. C. P.; Nonviho, G.; Montcho, S. 
P.; Sohounhloue, D. C. K. Transesterification Reaction and 
Comparative Study of the Fuel Properties of Biodiesels Produced 
from Vegetable Oils: A Review. Chemistry Journal 4:79-90; 2018. 

[16] Yao, A. K.; Koffi, D. M.; Blei, S. H.; Irie, Z. B.; Niamke, S. L. 
Propriétés biochimiques et organoleptiques de trois mets 
traditionnels ivoiriens (attiéké, placali, attoukpou) à base de 
granulés de manioc natifs. International Journal of Biological and 
Chemical Sciences 9:1341; 2015. 

[17] ISO ISO 749: 1977 - Tourteaux de graines oléagineuses - 
Déterminaton des cendres totales. 1977. 

[18] Pinta, M. Méthodes de référence pour la détermination des 
éléments minéraux dans les végétaux détermination des éléments 
Ca, Mg, Fe, Mn, Zn et Cu par absorption atomique. Oléagineux 
28:87-91; 1973. 

[19] Kanninkpo, C. Appareillage et mode opératoire du dosage des 
métaux par Spectrophotométrie d’Absorption Atomique; Laboratoire 
des Sciences du Sol, Eaux et Environnement (LSSEE /CRA 
Agonkanmey/INRAB); Synthèse de documents de travail, version 
actualisée en Juin 2014. 2014: 3. 

 



 American Journal of Food Science and Technology 151 

[20] Agbangnan, D. C. P. Extraction et concentration d’extraits 
polyphénoliques naturels, bioactifs et fonctionnels par procédés 
membranaires : Caractérisation des structures moléculaires 
d’extraits du sorgho rouge (Sorghum caudatum) du Bénin. Bénin: 
Université d'Abomey-Calavi; 2013. 

[21] Wong, C. C.; Li, H.-B.; Cheng, K.-W.; Chen, F. A systematic 
survey of antioxidant activity of 30 Chinese medicinal plants using 
the ferric reducing antioxidant power assay. Food chemistry 97: 
705-711; 2006. 

[22] FAO CODEX STAN 177-1991 (Révision 2011): Norme Codex 
pour la noix de coco desséchée. FAO-OMS; 2011. 

[23] FAO-OMS Céréales, légumes secs, légumineuses et matières 
protéiques végétales. Rome: FAO-OMS; 2007. 

[24] UEMOA Specifications des noix et amandes de karité. 
Ougadougou (Burkina-Faso): Union Economique et Monétaire 
Ouest Africaine (UEMOA); 2011: 10. 

[25] Australian oilseeds Federation Incorporated Section 1: Quality 
Standards, Technical Information & Typical Analysis. Australia: 
Australian oilseeds Federation Incorporated; 2018. 

[26] ARSO ARS 872:2014(F): Soja-sec-Spécifications. Nairobi-Kenya: 
Organisation Africaine de Normalisation; 2014: 1-15. 

[27] UNBS Uganda Sesame Standard. Kampala: Uganda National 
Bureau of Standards; 2015: 12. 

[28] Ben Aldjia, M.; Bichari, S. Contribution à l’étude de quelques 
facteurs influançant l’extraction de l’huile d’argan (Argania 
spinosa : (L) skeels) par voie chimique et physiques. 2005:  
49. 

[29] Nyam, K.-L.; Leao, S.-Y.; Tan, C.-P.; Long, K. Functional 
properties of roselle (Hibiscus sabdariffa L.) seed and its 
application as bakery product. Journal of Food Science and 
Technology 51:3830-3837; 2012. 

[30] El-Deab, S. M.; Ghamry, H. E. Nutritional Evaluation of Roselle 
Seeds Oil and Production of Mayonnaise. International Journal of 
Food Science and Nutrition Engineering 7:32-37; 2017. 

[31] Zoué, L.; Bédikou, M.; Faulet, B.; Gonnety, J.; Niamké, S. 
Physicochemical and microbiological characterization of linolenic 
acid-rich oils from seeds of two tropical plants: Corchorus 
olitorius L. and Hibiscus sabdariffa L. Afr J Biotechnol 11:  
9435-9444; 2012. 

[32] Betiku, E. Sorrel (Hibiscus sabdariffa) Seed Oil Extraction 
Optimization and Quality Characterization. American Chemical 
Science Journal 3:449-458; 2013. 

[33] Holser, R. A.; Bost, G. Hybrid Hibiscus Seed Oil Compositions. 
Journal of American Oil Chemist' Society 81:795-797; 2004. 

[34] Baffes, J. Marchés des sous-produits du coton: Tendances 
mondiales et implications pour les producteurs Africains de coton. 
2010. 

[35] Gnonlonfin, G. J. B.; Fanou, L.; Fandohan, P.; Adéoti, R.; 
Coulibaly, O.; Hell, K.; Dohou V, i. B.; Ahoussi, A. L.;  
Houssou, P.; Koumassa, L.; Mensah, G. A. Projet de recherche. 
Amélioration et contrôle de qualité des produits agricoles 
alimentaires au Bénin - Topic 1. SPS capacity evaluation and 
planning tools, including the need for and implications of 
international standards and their application - Technical Report. 
INRAB, IITA, ABENOR, CEBENOR; 2011: 79. 

[36] Elshafie, M. A. M. Chemical and Physicochemical characteristics 
of Roselle seeds oil (Hibiscus sabdariffa L.).  Studies Department 
of Food Science and Technology. Sudan: Sudan University of 
Science and Technology/College Of Agricultural; 2015: 45. 

[37] CEBENOR Norme béninoise NB 01.03.004: 2006, Amandes 
grillées de noix cajou – Spécifications et méthodes d’analyse. 
Bénin: CEBENOR; 2006. 

[38] Maffo, T., Ghislain; Agbor, E. E.; Mekoudjou, N. H. S.; Kengne, 
S. C. N.; Gouado, I. Proximate and Mineral Composition, Protein 
Quality of Hibiscus Sabdariffa L. (Roselle) Seeds Cultivated in 
Two Agro Ecological Areas in Cameroon. International Journal 
of Nutrition and Food Sciences 3:251-258; 2014. 

[39] Rimamcwe, K. B.; Chavan, U. D. Physical Properties and 
Nutritional Potentials af Indian Roselle. International Journal of 
Current Research 8:38644-38648; 2016. 

[40] ANSES Actualisation des repères du PNNS : élaboration des 
références nutritionnelles. France: ANSES; 2016. 

[41] Young, D. B.; Lin, H.; Mccabe, R. D. Potassium’s cardiovascular 
protective mechanisms. American Physiological Society 37:835-
837; 1995. 

[42] Hanif, R.; Iqbal, Z.; Iqbal, M.; Hanif, S.; Rasheed, M. Use of 
vegetables as nutritional food: role in human health. Journal of 
Agricultural and Biological Science 1:18-22; 2006. 

[43] Bowman, A. B.; Kwakye, G. F.; Herrero Hernández, E.; Aschner, 
M. Role of manganese in neurodegenerative diseases. Journal of 
Trace Elements in Medicine and Biology 25:191-203; 2011. 

[44] Takahashi, S.; Driscoll, B. F.; Law, M. J.; Sokoloff, L. Role of 
sodium and potassium ions in regulation of glucose metabolism in 
cultured astroglia. Proc. Natl. Acad Sci. 92:4616-4620; 1995. 

 

 
© The Author(s) 2019. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC 
BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


	Acknowledgments

