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ABSTRACT 
 

Aims: The study aimed to assess the nutritional profile and the ‘in vitro’ and ‘in vivo’ digestibility of 
two varieties of okra (Abelmoschus caillei and Abelmoschus esculentus), sun-dried and water-
cooked, to determine the best harvest stage showing the best nutritional and digestibility profiles. 
Place and Duration of Study: University of Felix Houphouet Boigny, Abidjan, Côte d’Ivoire, 
between January and February, 2018. 
Methodology: Plant material was harvested at four different stages of maturity (at 5, 10, 15 and 20 
days after flowering) on an experimental field. Some macroscopic parameters, ‘in vitro’ and ‘in vivo’ 
digestibility of the both okra’s varieties were determined. 
Results: There was a significant increase in digestibility (in vitro) until the 15

th
 day of provide 

maturity before falling at the 20th day for both varieties. The two treatments thus find their best 
nutritional and digestibility levels at 15 days after maturity. The highest fresh okra digestibility rates 
are 0. 120 mg / 100 g DM and 0.70 mg / 100 g DM respectively for the Koto’s and Tomi’s variety at 
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15 days of maturity. In terms, the ‘in vivo’ digestibility results indicate that okra promotes the 
digestion of food and minerals. This digestibility of food is better with Tomi’s variety (1.35 mg / 100 
g) in the dried form than Koto (0.44 mg / 100 g).  
Conclusion: Okra dried under the sun with its high fibre level, could be considered as a dietetic 
food intended to prevent or to treat constipation, obesity, hyperlipemia, diabetes, some chronic 
diarrhoea and cancer. Also, cooking and drying processes could be recommended in accordance 
with the variety of okra used after 15 days of maturity. Seeing its nutritional potential, okra could be 
very useful to fight against malnutrition. 
 

 
Keywords: Okra; digestibility; stage of maturity; water-cooked; sun-dried. 
 
1. INTRODUCTION 
 
Okra is a vegetable plant grown in most tropical, 
subtropical and Mediterranean countries of 
Africa, America and Asia. In Côte d'Ivoire, market 
gardening of okra is a lot more developed in pre-
forest and forest areas [1]. Two varieties are 
identified: (Abelmoschus esculentus) Koto variety 
and (Abelmoschus caillei) Tomi variety [2]. These 
species show a great resistance to the heavy 
rains and can produce fruits even during the dry 
season [3].  Côte d'Ivoire is the second-largest 
African producer of okra after Nigeria and is 
ranked 4

th
 in the world with 115867 tonnes [4].  

Okra is an original and exceptional plant 
especially as all its parts (roots, stems, leaves, 
fruits, and seeds) were used as food, medicinal, 
artisanal and even industrial purposes [5]. The 
fruits are mainly used to cook sauces. These 
sauces are prepared with okra, either fresh or 
dried, cut into slices or reduced to flour [6].  

 
On a nutritional level, okra is high in calcium (90 
mg / 100 g) and ascorbic acid (18 mg / 100 g). It 
also contains phosphorus (56 mg / 100 g), 
magnesium (43 mg / 100 g) and potassium [7]. 
Carbohydrates are present mainly in the form of 
mucilage. Okra seeds contain about 20% protein 
and 20% lipid [8,9]. The plant is very useful for 
the digestive system because of its high content 
of polysaccharides and micronutrients [10,11].            
In addition, the fruit contains flavonoids, 
polyphenolic compounds, vitamins E, C and 
antioxidants [12].  Several scientific studies have 
shown the biochemical and nutritional potential of 
okra and their effects on human health. In 
developing countries, malnutrition, particularly 
micronutrient deficiencies, are among the leading 
causes of child mortality and morbidity [13]. As 
the purchasing power of these countries is 
relatively low, the medical approach seems very 
expensive for the most vulnerable populations. 
Thus, an alternative or complementary approach 
to the medical one would be to promote the 

consumption of local food resources rich in 
micronutrients like okra. 
 
Okra is a vegetable that is eaten fresh, fried, 
grilled, cooked and can be dried or frozen for 
preservation. Vegetable its fruits are usually 
harvested at the juvenile stage of growth 
between the 3rd and 5th day after flowering. 
They undergo several heat treatments before 
their consumption. These treatments could 
influence the bioavailability of micronutrients and 
cause the loss of minerals by dissolution in the 
cooking water or the destruction of vitamins at 
too high temperature [14].  In addition, okra is 
often taxed to be the origin of digestive 
complications. But, there is no study to 
corroborate these allegations. 
 

The aim of this study is to master the effect of 
technological treatments on the "in vitro" and “in 
vitro" digestibility of the two varieties of okra at 
different stages of maturity 
 

2. MATERIALS AND METHODS  
 

2.1  Experimental Site, Plant Material and 
Cropping Practice 

 

The two varieties of Okra (Abelmoschus 
esculentus (Koto) and Abelmoschus caillei 
(Tomi), used for this research work, were brought 
from Malbaie, Abobo, Ivory Coast. The 
experimental device using Fisher’s model, was 
set up with three repetitions in two blocks 
covering a surface area of11.25 m

2
 (1.50 m × 7.5 

m). 
 

The experimental device has been sown on a 
plot of 1.5 mx 7.5 composed of twenty-two holes. 
The holes were separated by 0.5m x 1m. Before 
sowing, the ground was ploughed and then 
enriched with 250 kg / ha of manure NPK 10-18-
18. After the appearance of the first leaves of 
about five centimetres, guardians were assigned 
to each plant. Seedlings were rejected after the 



 
 
 
 

Firmin et al.; ACRI, 15(3): 1-12, 2018; Article no.ACRI.44575 
 
 

 
3 
 

emergence of way to keep only the strongest 
plant. 
 

The fruits were harvested at four stages of 
maturity (5, 10, 15 and 20 days after flowering for 
each variety). 
 

2.2 Collection and Sampling 
 

The okras were harvested from a farm near 
Malbaie (Abobo), a village located at about 30 
km north of Felix Houphouet Boigny Airport, 
Abidjan, Cote d’Ivoire. The fruit were transported 
directly to the Biocatalysis and Bioprocessing 
laboratory of Nangui Abrogoua University (Côte 
d’Ivoire). At each stage of maturity and for each 
species, (5) kg of fresh okra were collected and 
dried at the ambient temperature. After drying, 
the samples were crushed and stored in airtight 
containers for analysis. Snails kept on an empty 
stomach for three days are cautiously broken; 
the brown digestive tract was isolated from the 
visceral mass using forceps. It is placed above a 
funnel containing gas to obtain a digestive juice 
devoid of mucus. The extracted digestive juice 
was then centrifuged at 6000 rpm for 30 min 
using a refrigerated centrifuge (HERMLEZ 300K) 
at 4 ° C. The clear digestive juice obtained would 
constitute the raw enzymatic extract. 
 

2.3 Procedure of Enzymatic Digestibility 
 
This study was carried out with the enzymatic 
fresh extract diluted to the 50

th
 concentration. 

 
An amount (0.5 g) of each type of okra was 
added to 30 mL of distilled water. The mixture 
was heated in a bain-marie at 90°C for 15 
minutes to gelatinise the sample. After cooling, 
500 μL of the gelatinised solution was picked into 
two test tubes (control and test). Then 10 mL of 
acetate buffer (100 mM, pH 5.0) was added to 
each tube. 200 μL of the fresh enzyme extract 
was added to the test tube and 200 μL of acetate 
buffer (100 mM, pH 5.0) in the control tube. The 
reaction mixtures thus obtained were incubated 
at 37°C in a bain-marie. The reducing sugars 
released were assayed according to the [15] 
Bernfeld’s method (1955). The optical density 
was converted to mg of reducing sugars by a 
standardising curve obtained with a standard 
glucose solution (1 mg / ml).  

 
2.4 Animal’s Material 
 
Adult male rats (Rattus norvegicus, Muridae, L. 
1753) of Wistar origin, age between 90 and             

100 days and from the Laboratory of         
Nutrition and Pharmacology of the Biosciences 
faculty of University Félix HOUPHOUET- 
BOIGNY. 

 
2.5 Experimental Conditions 
 
All experiments were carried out in the breeding 
farm of the Biosciences faculty at Felix 
Houphouet Boigny University. The temperature 
of the animal house was between 25°C and 
27°C, the room humidity was between 70 and 
80% with 12 hours of daylight and 12 hours of 
darkness. After weaning, the rats are fed with 
rabbit pellets made by "IVOGRAIN" (Abidjan). At 
the beginning of each experiment, the rats were 
90 to 100 days old. They are distributed single by 
cage. They received ad libitum, mixed semi-
synthetic diets [16]. 10% protein [17] and tap 
water. Five days before each experiment, the 
rats were all fed a unique fish-based diet to 
accustom them to semi-synthetic experimental 
diets. 
 
2.6 Composition of Diets 
 
The isoproteic and isocaloric diets were prepared 
according to [16]. A total of nine diets have been 
formulated for animal testing: 

 
-  A control diet (P) based on fish powder has 

been also formulated. 
 -  Four diets K1, K2, K3 and K4 blended with 

Koto’s powder at the four stages of 
maturity at 6% in comparison with the 
control diet. 

-  Four diets T1, T2, T3 and T4 blended with 
Tomi’s powder at the four stages of 
maturity at 6% in comparison with the 
control diet. 

 
The blended preparation consisted in of different 
ingredients according to the proportions 
mentioned in Tables 1 and 2. The mixed 
preparation was then kept in the refrigerator at 
4°C. These preparations were renewed every 
four days. At the time of distributing, they were 
reconstituted into pasta or mashed, with a few 
amounts of water to minimise wastage and 
stored in a refrigerator (4°C). 5 g of each food 
were collected in duplicate and placed in an oven  
(MMM Medcenter GmbH, D-82152, Germany) at 
105°C for 4 hours. After weighing, the solids 
content was calculated according to the following 
formula: Percent of dry matter (DM) = 100 – TH 
[16]. 
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2.7 Animal Experimentation 
 

The animals were housed individually in 
metabolism cages for the first experiment. For 
the second experiment, they were housed in 
groups of six in plexiglass cages covered with a 
grid. Food was placed on the grid lids. The 
duration of each growth experiment is 8 days. 
Every morning, between seven and eight o'clock, 
the rats were fed and water was renewed. The 
food allocated to each treatment was weighed 
and placed on the screen serving as a lid for the 
cages. The next day, food remains were also 
weighed to determine the amount of food 
ingested [18].  Every other day, the animals are 
weighed to assess the change in body weight. A 
total of 54 male rats were used for this work. 
 

2.8 Ingested Food (IF) 
 
The quantity of ingested food is equal to the 
difference between the quantity of served food 
and the quantity of the leftover [16].   
 

Ingested food (g) = served Food (g) - refused 
Food (g) 

 

2.9 Ingested Dry Matter (IDM) 
 
Ingested dry matter (IDM) is the product of the 
total amount of ingested food by the dry matter 
content [16].   
  

IDM (g) = Ingested food (g) x Percent dry 
matter 

 

2.10 Ingested Protein (IP) 
 
The ingested proteins are the total amount of 
protein found in the ingested food during the 
experimentation period [16].   
 

IP (g) = MSI (g) x Percentage of diet protein 
 

2.11 Body Weight Gain (BWG) 
 

The body weight gain is determined by the 
difference between the final weight and the initial 
weight of the rats [16].   
 

BWG (g) = Final weight (g) - Initial weight (g) 

 
2.12 Feeding Efficiency Coefficient (FEC) 
 
Feeding Efficiency Coefficient reflects food 
assimilation yield. In other words, it’s the weight 

gain favoured by the ingestion of a food gram of 
[16].   
 

FEC = BWG (g) / IDM (g) 
 

2.13 Protein Efficacy Coefficient (PEC) 
 
The protein Efficacy coefficient is obtained by 
comparing the weight gain (g) and the ingested 
protein (g). It translates to yield of protein 
utilisation [16].   
 

PEC = BWG (g) / IP (g) 
 
2.14 Mineral Balance 
 
The measurement of the mineral balance was 
carried out during the last five days of 
experimentation according to [16] . During the 
mineral balance experiment, all allocated 
nutrients, leftovers, and excreted feces are 
weighed for each rat. These faeces and urines 
samples were collected individually for each rat. 
After five days, the feces were dehydrated in an 
oven at 70 ° C. Their mineral content were 
determined using the atomic absorption 
spectrometric method at the National Laboratory 
for Agro-Industrial Development Support 
(LANADA) in Treichville (Abidjan, Côte 
d'Ivoire).1. 1. 2 Mineral digestibility rate [16].   
 

2.15 Mineral Digestibility Rate 
 
Mineral digestibility rate is the proportion of 
absorbed minerals provided by the diet. It is 
expressed by the coefficient of apparent 
digestive use (CUPap) or digestibility (Dap). The 
CUPap represents the difference between the 
amounts of the faecal minerals and the dietary 
minerals reported to dietary minerals multiplied 
by 100 [16].   
 
 

CUDap ou Dap =  x 100 

 

2.16 Statistical Treatments 
 
The data were subject to an analysis of variance 
(ANOVA) using the software STATISTICA 7.1. It 
consisted in two factors analysis of variance 
(ANOVA). The factors were the variety and the 
treatment. Means were classified by the 
Newmann Keuls test at 5% significance level. 
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Table 1. Composition of diets containing ‘Koto’ variety 
 

Ingredients Diet (1 kg dried food) 
Stage of maturity 

P 5 10 15 20 

Fish meal (g) 68.2 68.2 68.2 68.2 68.2 
Okra powder (g) 5 days  13.53 - - - 
Okra powder  (g) 10 days - - 10.79 - - 
Okra powder (g) 15 days - - - 9.11 - 
Okra powder (g) 20 days - - - - 8.25 
Rice flour  (g) 699 699 699 699 699 
Maize starch 164.3 164.3 164.3 164.3 164.3 
Sugar (g) 100 100 100 100 100 
Premix (g) 1 1 1 1 1 
Sunflower oil (ml) 67.1 67.1 67.1 67.1 67.1 

Protein from diets: 10.00%; Energy P: 4000 kcal / k 
P: Control diet based on fish meal; K1, K2, K3 and K4: Fish meal blended with Koto’s powder at different stages of maturity (5, 

10 15 et 20); Source: [16] 

 
Table 2. Composition of diets containing ‘Tomi’ variety 

 
Ingredients Diet (1 kg dried food) 

Stage of maturity 
P T1 T2 T3 T4 

Fish meal (g) 68.2 68.2 68.2 68.2 68.2 
Okra powder (g) 5 days - 19.35 - - - 
Okra powder  (g) 10 days - - 14.51 - - 
Okra powder (g) 15 days - - - 11.92 - 
Okra powder (g) 20 days - - - - 10.59 
Rice flour  (g) 699 699 699 699 699 
Maize starch 164.3 164.3 164.3 164.3 164.3 
Sugar (g) 100 100 100 100 100 
Premix (g) 1 1 1 1 1 
Sunflower oil (ml) 67.1 67.1 67.1 67.1 67.1 

Protein from diets: 10.00%; Energy P: 4000 kcal / kg 
P: Control diet based on fish meal; T1, T2, T3 and T4: Fish meal blended with Tomi’s powder at different stages of maturity (5, 

10 15 et 20); Source: [16] 

 

3. RESULTS  
 
3.1 Evolution of ‘In vitro’ Digestibility of 

the ‘Koto’ Variety According to             
Stage of Maturity and Technological 
Treatments 

 
Statistical analysis showed a significant 
difference in digestibility between both 
treatments. Generally, there was a significant 
increase in digestibility up to the 15th day of 
maturity before falling to the 20

th
 day of maturity 

(Fig. 1). 
 
Thus, for fresh okra the digestibility increases 
significantly from the 5th day of maturity (0.054 
mg / 100 g) to the 15th day of maturity (0.120 mg 
/ 100 g) before falling to the 20

th
 day of maturity 

(0.045 mg / 100 g). 
For sun-dried okra, the digestibility increases 
significantly from 0.075 mg / 100 g (the 5

th
 day of 

maturity) to 0.130mg / 100 g (the 15
th

 day of 
maturity) before decreasing to the 20th day of 
maturity (0.087 mg / 100 g). As for the cooked 
okra, the digestibility increases significantly from 
0.075 mg / 100 g (5

th
 day of maturity) to 0.166 

mg / 100 g (15th day of maturity) before falling the 
20th day of maturity (0.049 mg / 100 g). Finally, it 
must be said that cooked Koto gives a better 
digestibility compared to dried Koto at 15 days of 
maturity. 
 

3.2 Evolution of ‘in vitro’ Digestibility of 
the ‘Tomi’ Variety According to Stage 
of Maturity and Technological 
Treatments 

 

Statistical analysis indicates a significant 
difference in digestibility between the two 
treatments. Generally, there was a significant 
increase in digestibility up to the 15

th 
day of 

maturity before falling on the 20th day of maturity 
(Fig. 2). 
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Thus, for fresh okra, the digestibility              
increases significantly from 0.023 mg / 100 g                
the 5

th
 day of maturity to 0.070 mg / 100 g the          

15
th
 day of maturity before decreasing                            

up to 0.050 mg / 100 g the 20th day of      
maturity. 
 

For dried okra’s digestibility, it increases 
significantly from 0.063 mg / 100 g (5

th
 day of 

maturity) to 0.137 mg / 100 g (15th day of 

maturity) before decreasing up to 0.075 mg / 100 
g the 20th day of maturity. 
 
Finally, for cooked okra, the digestibility 
increases from 0.039 mg / 100 g (5th day of 
maturity) to 0.114 mg / 100 g (15

th
 day of 

maturity) before falling up to 20th day of maturity 
(0.069 mg / 100 g). 
 
 
 

 
 

Fig. 1. Evolution of ‘in vitro’ digestibility of the ‘Koto’ variety according to stage of maturity 
and technological treatments 

 

 
 

Fig. 2. Evolution of ‘in vitro’ digestibility of the ‘Tomi’ variety according to stage of maturity 
and technological treatments 
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3.3 Effects of Okra’s Maturity Stages on 
the Rat’s Growth Characteristics  

 

The nutritional values of the Koto variety, at the 
different stages of maturity showed that the body 
weight of the rats, fed with 0.6% of koto’s 
powder, is lower than those fed with the control 
diet (Table 3). Final weight, Ingested Dry Matter 
(IDM), and ingested protein (IP) of the animals 
fed with koto-containing diets were significantly 
lower (p ≤ 0.05) than those fed with the control 
one. For the same rats, Body Weight Gain 
(BWG), the Feeding Efficacy Coefficient (FEC) 
and the Protein Efficacy Ratio (PEC) were 
significantly lower (p ≤ 0.05) than those 
consuming the control diets. The nutritional 
values of the Tomi variety, at the different stages 
of maturity showed that the body weight of the 
rats, fed with 0.6% of Tomi’s powder, is lower 
than those fed with the control diet. Final weight, 
Ingested Dry Matter (IDM), Ingested Protein (IP) 
of the animals fed with Tomi-containing diet were 
significantly lower (p ≤ 0.05) than those fed with 
the control one. For the same rats, Body Weight 
Gain (BWG), the Feeding Efficacy Coefficient 
(FEC) and the Protein efficacy ratio (PER) were 
significantly lower (p ≤ 0.05) than those of rats 
consuming the control diet. 
 

3.4 Eliminated Faeces 
 

Table 4 indicates that, at the end of the 
experiment, the average faecal weight (g / rat / 
day) of rats fed with K1, K2 and K3 diets are 
significantly lower (p ≤ 0.05) than those of               
rats fed with the control diet. However, the rats 
fed with the three Koto’ diet excreted more 
faeces (p ≤ 0.05) than those fed with the control 
diet. 
 

3.5 Coefficient of Apparent Digestive Use 
of the Different Stages of Maturity of 
Okra on the Evolution Characteristics 
of Rats 

 
Table 5 shows the average value of the Apparent 
Digestive Utilisation Coefficient (CUDap) of 
minerals from okra powder diets at different 
maturity stages. 
 
Thus, the apparent digestive utilisation coefficient 
(CUDap) of the rats in the diets with inclusion of 
"Koto" increased significantly (p ≤ 0.05) 
compared to rats consuming fish-based diet. 
Sodium is statistically higher (p ≤ 0.05) for the 
rats subject to the diets incorporating K1 and K2 
formulas compared to the ones consuming the 

control diet. The diets containing K1 and K4 
formulas caused a significant (p ≤ 0.05) increase 
in apparent digestibility (CUDap) of potassium 
compared to the control diet. However, 
consumption of the diet with K3 and K4 formulas 
lead to a significant (p ≤ 0.05) decrease in iron 
apparent digestibility (CUDap) in comparison 
with the consumption of the control diet. The 
consumption of all the Koto-based formulations 
has not impact (p> 0.05) on the digestibility of 
phosphorus. The apparent digestive utilisation 
coefficient (CUDap) of calcium and sodium 
increased significantly (p ≤ 0.05) in the case of all 
the diet including Tomi variety. Then, phosphorus 
levels were statistically lower (p ≤ 0.05) when the 
sane diets were performed and the CUDap 
decrease significantly (p ≤ 0.05) compared to the 
control diet. 
 

4. DISCUSSION 
 
The biochemical and nutritional composition and 
digestibility of vegetables depend on the 
conditions of food technologies application. 
Indeed, these treatments can influence the 
bioavailability of micronutrients and cause the 
loss of minerals by dissolution in the cooking 
water or the destruction of vitamins at too high 
temperatures [14].  
 
The study revealed that, after sun drying, the 
digestibility of okra evolves according                         
to the stage of maturity. Generally, the two 
varieties, dried or cooked, showed increasing 
levels of biochemical compounds until the                 
15th day before falling the 20th day, except the 
fibres. 
 
Sun-drying and water-cooking are two 
technologies favourable to the digestibility of 
okra. According to Fresh okra contains a high 
level of antinutritional factors (polyphenols, 
oxalate, phytate). Which would inhibit the 
digestion of certain nutrients by modifying their 
structure, reducing the binding surface of 
digestive enzymes to substrates and hindering 
the bioavailability of other micronutrients. That 
was well illustrated by the study [19]. Who has 
demonstrated that a high content of certain 
compounds, like reducing sugars and vitamin C, 
often leads to overestimation the polyphenols. 
Also, fresh okra contains a lot of water (88.60%) 
thus reducing the concentration of its constituent 
elements [20]. Hence the low levels of 
digestibility observed for fresh okra. The increase 
in the digestibility of fresh okra, from the 5th day 
to the 15th day of maturity, was explained by the 
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gradual decrease in the levels of antinutrients 
and moisture during ripening. Drying improves 
digestibility of okra because it can reduce fruit 
moisture to increase nutrient concentration [21]. 
In addition, the crushing applied to the dried 
okras led to reduce the particle size which would 
favour substrates accessible to the enzymes 
[22].  However, the highest digestibility value 
(0.137 mg / 100 g) obtained at the 15th day of 
maturity, after drying in this study, was much 
lower than that (4.8 mg / 100 g) found by [23]. In 
this case, drying is not free from blame because 
many researchers have pointed out that sun-
drying can cause significant degradation in food’s 
quality. Indeed, nutrients, organoleptic and 
functional properties and sensory characteristics 
could be deteriorated after a long drying period 
[24,25]. Our results are also in line with the work 
of [26]. Who had found that ash, fresh protein, 
fresh fibre, fat, carbohydrate and protein 
digestibility increased while moisture decreased 
after drying the okra pods. Like drying, cooking 
increases the digestibility of okra since it also 
reduces antinutritional factors. Indeed, oxalate 
and phytate levels, contained in all the vegetable, 
were reduced after cooking treatment. The 
phytates were wiped out at high temperatures 
[26].  This is beneficial for the consumer because 
oxalates and phytates chelate calcium, 
magnesium, zinc and iron and thus reduce their 
uptake. The reduction of oxalate content could 
be explained by the cell wall’s breaking. The 
decrease in digestibility from the 20

th
 day of 

maturity for all technological treatments, would 
be due to an increase in the amount of insoluble 
(indigestible) fibre during ripening. So, the fruit 
becomes ligneous, more and more rigid because 
it contains more cellulose, lignin, hemicellulose 
which significantly affects its digestibility. Finally, 
the difference in digestibility observed between 
the two varieties is due to the cultural 
requirements.  Depending on farming conditions, 
the amount of nutrients absorption varies from 
one variety to another, resulting in a significant 
difference in composition. Indeed, Abelmoschus 
caillei is later and photosensitive and more 
resistant to water stress than Abelmoschus 
esculentus [27]. Regarding the in vivo 
digestibility, the experiment showed that animals 
consuming the control diet had a higher increase 
in body weight (p ≤ 0.05) compared to animals 
fed with diets enriched by both varieties of okra. 
In this experiment, growth characteristics such as 
final weight, ingested dry matter, ingested 
protein, body weight gain of diets containing the 
two species of okra, at all stages of maturity, are 
statistically lower than those fed with the control 

one. These low values are due to the presence 
of dietary fibres in okras. These fibres have 
satiating effects and could play an important role 
in weight control. The incorporation of okra 
helped to reduce ingested dry matter and body 
weight gain. Also, the feeding efficacy 
coefficients and the protein efficacy coefficients, 
of all the diets containing both okra’s varieties, 
are significantly different from the diet with fish. 
But, these values (for diets with both okra’s 
varieties) where higher than the control diet 
values. In addition, rats fed with the Tomi’s 
blende diets have had more faeces elimination 
than rats fed with fish’s and Koto’s blended diets. 
Okra is a vegetable bringing soluble fibres (SDF-
Soluble Dietary Fibres) and insoluble fibres (IDF-
Insoluble Dietary Fibres). The fibres exert a 
favourable effect on the intestinal transit and the 
functioning of the colon [28,29,30]. Okras, by the 
presence of fibres could be considered as a 
dietary food intended to prevent or treat 
constipation, obesity, hyperlipemia, diabetes [31]. 
Some chronic diarrhoea [32, 33] and cancer [34, 
35, 36]. Incorporating okra into diets might have 
a cholesterol-lowering effect due to the presence 
of dietary fibres that increases intestinal motility 
while reducing bile and cholesterol absorption 
[37].  Calcium’s and sodium’s digestibility has 
increased significantly with Tomi based diets. 
Nevertheless, potassium’s and iron’s digestibility 
has decreased significantly the Koto based diets. 
The bioavailability of a mineral varies, not only 
according to the food ingestion, but also 
according to the physiological conditions which 
are specific to the consumer. These physiological 
conditions are: the mineral status, the state of 
health, the gastric secretions, and the pH and the 
transit duration [38,39]. Adding okra to the usual 
diets provided fibre, phytates and polyphenols 
such as flavonoids and tannins. The chelation 
properties of flavonoids especially tannins, 
contribute to their antioxidant activity, but at the 
same time their inhibitory effect on the 
bioavailability of minerals. Through their 
carboxylic and hydroxyl groups, polyphenols 
form complexes with macronutrients and metal 
cations. Numerous studies on humans and 
animals have shown that polyphenols strongly 
inhibit iron absorption [40, 41,42]. Phytic acid or 
myo-inositol hexaphosphate is known for its 
antagonism with zinc. It is a multi-protonic acid 
having hydrogen bonds composed of an inositol 
radical and esterified mainly by six phosphate 
radicals. The molecule contains 28.7% 
phosphorus and the bonds with hydrogen are 
easily dissociable. From the chemical point of 
view, phytates are salts of phytic acid in which,



 
 
 
 

Firmin et al.; ACRI, 15(3): 1-12, 2018; Article no.ACRI.44575 
 
 

 
9 
 

Table 3. Average value of growth characteristics with inclusion of "Koto" and tomi variety at different stages of maturity 
 
Parameters 
measured 

Diet at different stages of maturity 
Control  
(n = 6) 

5 10 15 20 
Koto (n = 6) Tomi (n=6) Koto (n=6) Tomi (n=6) Koto (n=6) Tomi (n =6) Koto  (n =6) Tomi (n = 6) 

Original weight (g) 156.75±4.1
a
 157.75 ± 2.3

a
 153.25 ± 2.01

a
 158.5 ± 1.7

a
 159.2 ± 1.5

a
 155.12±0.88

a
 158.42 ± 3

a
 155.12 ± 0.88

a
 158.5 ± 3.2

a
 

Final weight (g) 176 ±3.1
a
 167.25 ± 0.9

b
 158.75 ± 1.25

b
 169.25 ± 7.84

b
 169.7 ± 2.2

ab
 171.75±0.82

b
 174.75 ± 2.8

a
 171.75 ± 0.82

b
 169.17 ± 2.5

ab
 

MDI (g) 12.59 ± 1.01
b
 7.27 ± 0.23

a
 15.41 ± 0.59

b
 7.20 ± 0.58

a
 11.6 ± 0.91

a
 8.65 ± 0.76

a
 13.21 ± 1.2

a
 8.65 ± 0.76

a
 11.55 ± 1.08

a
 

PI (g) 1.08 ± 0.07
a
 0.74 ± 0.06

b
 1.65 ± 0.04

b
 0.73 ± 0.06

b
 1.20 ± 0.03

b
 0.84  ± 0.06

b
 1.31 ± 0.06

b
 0.84  ± 0.06

b
 1.03 ± 0.07

b
 

BWG (g) 3.85 ± 0.08
a
 2.15 ± 0.08

b
 3.1 ± 0.02

a
 2.3 ± 0.05

b
 2.1 ± 0.09

b
 3.35 ± 0.03

a
 3.25 ± 0.04

a
 3.35 ± 0.03

a
 2.15 ± 0.07

b
 

DCE 1.52 ± 0.02
a
 1.47 ± 0.02

a
 1 ± 0.02

b
 1.59 ± 0.03

a
 0.9± 0.01

b
 1.93± 0.03

b
 1.22 ± 0.01

a
 1.93± 0,03

b
 0.96 ± 0,02

b
 

PCE 3.55 ± 0.19
a
 3.62 ± 0.33

a
 1.87 ± 0.13

b
 3.88 ± 0.33

a
 1.74 ± 0.01

b
 3.90 ± 0.33

b
 2.46 ± 0.11

ab
 4.93 ± 0.33

ab
 2.07 ± 0.09

b
 

n: Number of rats per treatment. On the same line, the averages followed by the same letter are not significantly different.. MDI : matter dried ingested ; PI : Protein ingested ; BWG : body weight 
gain ; DCE : diet coefficient efficacy ; PCE : protein coefficient efficacy. 

 
Table 4. Faeces Average values of different batches of rats 

 
Faecal 
weight (g) 

Control  
(n = 6) 

Varieties 
Koto Tomi 

Stage of maturity 
0,49 ± 0,03

a
 5 10 15 20 5 10 15 20 

0.23 ± 0.02b 0.33 ± 0.02c 0.44 ± 0.02d 0.27 ± 0.02e 1.04 ± 0.01f 1.35 ± 0.04g 1.09 ± 0.06h 1.07 ± 0.04h 
n : Number of rats per treatment. On the same line, the averages followed by the same letter are not significantly different 

 
Table 5. Apparent digestibility of mineral content of ‘Koto’ and ‘Tomi ‘varieties at different stages of maturity 

 
Parameters 
 

Control 
(n = 6) 

Stages of maturity 
5 10 15 20 

Koto (n=6) Tomi (n=6) Koto (n=6) Tomi (n=6) Koto (n=6) Tomi (n=6) Koto (n=6) Tomi (n=6) 
Dap Ca 0.56±0.01a 0.91±0.02b 0.81±0.04b 0.84±0.03ab 0.95±0.03ab 0.78±0.07c 0.90±0.07bc 0.74±0.06c 0.67 ± 0.08c 
Dap P 0.94±0.02a 0.92±0.05a 0.82±0.02b 0.95± 0.01a 0.75±0.08ab 0.94±0.04a 0.61 ± 0.04a 0.91±0.05a 0.50 ± 0.05c 
Dap Na 0.86±0.09a 0.93±0.05b 0.97±0.07a 0.90± 0.23b 0.98 ± 0.04b 0.89±0.07a 0.98 ± 0.07a 0.88±0.01a 0.96± 0.08a 
Dap K 0.91±0.08a 0.96±0.02b -3.86± 0.02b 0.90 ± 0.23a -3.61± 0.03b 0.95±0.09a -1.97 ±0.08c 0.91±0.05b -5.98±0.05ab 
Dap Fe 0.99±0.06a 0.99± 0.01a -5.06± 0.05b 0.99 ± 0.03a -21.49±0.08ab -7.65±0.01b -12.90±0.06c -82.3±0.01ab -15.89±0.05c 

(n): Number of rats per treatment. On the same line, the averages followed by the same letter are not significantly different 
Dap ca: Apparent digestibility of calcium, Dap P: Apparent digestibility of phosphorus, Dap k: Apparent digestibility of potassium, Dap iron: Apparent digestibility of iron 
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cations such as magnesium (Mg), potassium (K), 
calcium (Ca), iron (Fe), manganese (Mn)) and / 
or zinc substituted hydrogen [43]. Also, the effect 
of the fibres is often associate to the ones of 
phytates and tannins. 
 

Cation fixation is a physical property also 
recognised for dietary fibre. Indeed, decreasing 
in mineral’s bioavailability and the absorption of 
electrolytes in fibre-rich foods are attributed to 
the ability of fibres to create bond with these 
minerals and electrolytes, leading their excretion 
[44]. 
 

5. CONCLUSION 
 

Sun drying and water cooking treatments had a 
positive impact on 'in vitro' digestibility. For a 
better valuation of consumption of okra it would 
be better to dry or cook okra according to the 
variety before consumption. In addition, okra 
fruits must be harvested on the 15

th
 day of 

maturity regardless the variety chosen and the 
treatment to apply (drying or cooking) or even if it 
would be eaten fresh. However, it is important to 
note that the digestibility results obtained in this 
study may vary depending on the composition of 
the added ingredients during cooking. In terms of 
in vivo digestibility, the results indicate that okra 
promotes the digestion of food and minerals. 
This digestibility was better with the Tomi’s 
variety in the dried form compare the Koto’s 
variety. Finally, okra permits us to avoid nutrition-
related diseases by allowing better functioning of 
organs.  
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