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ABSTRACT 
 

Aims: Maize (Zea mays L.) is a major staple food for millions of people in Côte d’Ivoire. Due                         
to its high productivity and low cost of calorie it is preferred crop for food security of the                      
country. Thus, this study was conducted to assess nutritive quality of maize produced and               
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stocked in five purposively selected regions of Côte d’Ivoire which represents five agroecological 
settings.  
Study Design: A total of 1500 samples of maize as grains, epis and spathes were collected at rate 
of 500 samples by region (Gbêkê, Poro, Hambol, Indénié-Djuablin and Gontougo) and sent to the 
laboratory in order to analyse their nutritional quality. 
Place and Duration of Study: This study was carried out during March 2016 to January 2017. The 
collected sample were carried out at the laboratory unit of Food Sciences and Biochemistry of the 
Félix Houphouët-Boigny University, Abidjan.  
Methodology: Proximate analyses were carried out using standard methods AOAC (2000). 
Results: The results show significant difference from the biochemical compositions of maize type 
and region. Mean value intervals were as follow: dry matter (85.83 – 91.42%), ash (1.19 - 2%), 
proteins (7.99 - 9.32), lipids (3.21 - 4.47), carbohydrates (71.80 - 77.94), starches (62.30 - 68.44%), 
fibers (5.03 - 5.83%), total sugars (2,13 - 2.99%), reducing sugars (0.33 - 0.66%), free fat acidity 
(1.86- 4.50%), peroxide value (1.34 - 3.07 meq O2/kg), iodine value (100.93 - 130.56 g I2/100 g), 
unsaponifiable (0.89 - 1.54%) and energy values (357.88 - 374.39 kcal). 
Conclusion: A significant variability from one region to another can be noticed at level of maize 
quality regardless the type of maize. The nutritive quality of maize seems to be tied to postharvest 
treatments (drying), type of storage (epis, grains and spathes) and structure of storage. 
 

 
Keywords: Nutritive quality; maize grains; maize epis; maize spathes; production region; Zea mays 

L.; Côte d’Ivoire. 
 

1. INTRODUCTION  
 
Agriculture is the mainstay of Côte d’Ivoire's 
economy and it provides dietary foods, raw 
materials for industries and products for export 
market [1]. Cereals are the major food grains 
produced in Côte d’Ivoire and they constitute the 
largest share of domestic food production. 
According to FAOSTAT [2] among cereals, 
maize ranked second to rice both in terms of 
area coverage (37.90% for maize and 62.10% for 
rice) and in total production in Côte d’Ivoire. 
Maize is a substantial contribution in the diets of 
rural and urban populations. Its cultivation 
increased gradually over the years thanks to 
adoption of best production technologies and 
improved varieties [3]. This crop is generally 
cultivated by small-scale farmers and widely 
grows across various ecological zones, from the 
northern savannah till the rain forest belt in the 
south [4], with a yield of 1,025,000 tons in 
2017/2018 from 523,538 ha of total cultivated 
area [2]. Maize is a major source of food, feed 
and raw material for food industries [5]. In Côte 
d’Ivoire, the mean daily consumption of maize 
grains is estimated at 28.4 g [6]. It allows diverse 
dishes such as porridge, couscous or dense 
paste (tô) eaten with sauce [7]. However, after 
harvest, inadequate infrastructure and lack of 
economic means usually involve in storage of 
maize crops by farmers, either shelled or 
unshelled using traditional structures and 
processing, such as living rooms, cribs, baskets, 
polypropylene bags, earthen ware and granaries 

[8]. Unfortunately, crops kept in these conditions 
and structures are generally subject to 
deterioration. The primary factors affecting the 
grains during their storage are the moisture, the 
temperature and the relative humidity of the 
environment. Other maize deterioration agents 
are rodents, insect pests and microorganisms. 
Both primary and secondary factors lead to 
chemical changes, weight loss and finally to 
changes in the maize quality [9]. These are so 
important damages that the farmers often 
dispose of significant proportion of their stored 
grains due to deterioration [10].  
 
In general, infestations start at fields and 
continue throughout the storage period [11]. The 
full losses resulting with deterioration are about 
20-30% of the stored food grains [12]. Thus, 
proper conditions of maize storage could allow 
significant improvement in the national farmer’s 
economy by controlling the losses. In fact, the 
storage technologies have major roles upon the 
final quality of the resulted grains. Ensuring 
optimal efficiency of the storage technologies is 
highly crucial for the safety of stored grain and 
for the consumer’s health. A survey carried out in 
three major maize-producing regions in Côte 
d’Ivoire indicated that the majority of producers 
(97%) use traditional storage methods which 
expose their stored grains to pests’ attack [8]. 
Indeed, crop harvesting and storage remains one 
of the key factors in a country’s food security. 
Maize production is generally seasonal and 
consumers' needs extend throughout the year. 
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There are few reports on the nutritive quality of 
produced and stored maize in Côte d’Ivoire.  
 
The present study aims to determine nutritive 
composition of maize harvesting and stored by 
small-scale farmers in traditional condition in 
Côte d’Ivoire. 
 

2. MATERIALS AND METHODS  
 

2.1 Materials 
 
2.1.1 Biological material 
 
The biological material is composed of dry maize 
in the form of grains, epis and spathes deriving 
the major region production of this resource in 
Côte d'Ivoire. 
 
2.1.2 Study site 
 
The samples were collected from the regions of 
Gbêkê (Center), Poro (North), Hambol (North - 
Center), Indenié-Djuablin (Northeast) and 
Gountougo (East). Each of these regions has a 
geographical specificity and climatic 
characteristics which influence the seasons of 
maize production. Indeed, the regions of Gbêkê 
(7º50' nord 5º18' west), Hambol (8º10’nord 
5º40'west), Indenié-Djuablin (7º02'nord 
3º12'west) and Gountougo (8º30'N 3º20'West) 
are characterized by a humid tropical climate 
(Baouléen climate). It has four seasons including 
two rainy seasons favoring maize production 
twice a year and two dry seasons. Except the 
other four regions, the climate of region of Poro 
(9º27' nord 5º38' west) is of Sudanese type 
characterized by a rainy season favorable to 
maize production and a dry season [13,14]. 
Maize (Zea mays L.) is the main food crop in 
these regions taken into account in the study. 
 

2.2 Methods 
 
2.2.1 Sampling of stored maize 
 

The strategy adopted consisted of two phases. 
The first phase consisted in identifying the 
regions where maize cultivation constitutes the 
main subsistence activity. In each region, 
meetings were organized with the traditional 
chiefdom to present the study. Then, samples of 
1 kg of maize as spathes, epis and grains were 
taken from the stocks of producers constituting 
the second phase from March 2016 to January 
2017. A total of 1500 samples were collected for 
each form of maize (500 grains, 500 epis, and 

500 spathes, Table 1). Maize samples were then 
conveyed to laboratory for the biochemical 
properties’ assessments.  
 
2.2.2 Determination of the biochemical 

properties of maize stored 
 
Proximate analyses were carried out using 
standard methods AOAC [15]. Thus, maize dry 
matter content was deduced after drying the 
samples in an oven (MEMMERT, Germany) at 
105°C. Ash content resulted from incineration of 
5 g of dried maize sample at 550°C in an oven 
(PYROLABO, France) for 12 h. For crude fibres, 
2 g of crushed maize samples were taken. Then, 
extraction mixture was prepared using 0.100 M 
sulfuric acid and 0.31 M sodium hydroxide with 
intermittent boiling. After suction filtration, the 
insoluble residue was washed with hot water, 
dried with an oven (MEMMERT, Germany) at 
100ºC for 2 h then incinerated. The final residue 
allowed estimation of the crude fibres content. 
The proteins contents were determined with use 
of the Kjeldhal method. The lipids contents 
resulted from a solvent (hexane) extraction using 
a Soxhlet device. Unsaponifiable matter were 
determined using the method described by 
IUPAC [16]. Free fat acidity value was 
determined by titrating diethyl ether / ethanolic 
solution of maize oil with an ethanolic solution of 
sodium hydroxide using phenolphthalein 
indicator. Peroxide value resulted by titrating 
chloroform/glacial acetic acid/potassium iodide 
solution of maize oil with an aqueous solution of 
sodium thiosulphate using starch as indicator. 
Iodine value was determined by the Wijs' method 
[15]. Starches contents were determined using 
iodine method of Jarvis and Walker [17]. Total 
soluble sugars amounts were determined by the 
method of [18] with phenol and sulfuric acid, then 
reducing sugars were mesured out according to 
the method of [19] basing on the 3, 5- 
dinitrosallicyclic acid reagent. Prior to their 
quantification, sugars were extracting with 
ethanol, zinc acetate and oxalic acid [20]. Total 
carbohydrate and energy (caloric value) were 
estimated using formulas indicated by FAO [21] 
as follow: 

 
Carbohydrates (%) = 100 – (% moisture + % 
proteins + % lipids + % ash)                       (1) 

 
Energy (%) = (% proteins x 4) + (% 
carbohydrates x 4) + (%lipids x 9)           (2) 

 
The results of biochemical parameters were 
expressed on the dry weight basis. 
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Table 1. Number of samples collected according to maize variety and department 
 

Regions Grains Epis Spathes Total 

Gbêkê 100 100 100 300 

Poro 100 100 100 300 

Hambol 100 100 100 300 

Indénié-Djablin 100 100 100 300 

Gontougo 100 100 100 300 

Total  500 500 500 1500 

 
2.2.3 Statistical analysis 
 
All the analyses were carried out in three-fold 
test and data processed with software Statistical 
Product and Service Solutions, SPSS version 
20.0, an IBM product since 2009. For each 
characteristic, the results were expressed in form 
of averages followed by their standard deviations 
as parameters of data spread. A two-way 
analysis of variance (ANOVA 2) was also made 
in order to test the impact of regions and the 
ways of preserving maize on assessed 
characteristics to 5% significant threshold 
statistical. For the statistically different averages, 
the Tukey’s test served for the classification. 
Furthermore, the correlation between data and 
samples was estimated on basis of main 
components analysis (MCA), thanks to XLSTAT 
2016 software. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Results 
 
3.1.1 Dry matter and nutrient constituents  
 

The dry matter and nutrient constituents obtained 
vary significantly (P<0.001) depending on the 
regions and for all maize types regardless of 
grains, epis and spathes as shown in Table 2. 
For the maize grains, the dry matter average 
levels are between 85.82 ± 0.26% and 91.42 ± 
0.19% with a high proportion observed at Poro, 
Gbêkê and Hambol and the lower proportions at 
Gontougo. The dry matter of samples collected 
at the level of maize epis is also lower at 
Gontougo (87.60 ± 0.41%) and Indenié-Djuablin 
(86.80 ± 0.54%) as compared with Gbêkê (90.15 
± 0.39%), Poro (89.39 ± 0.32%) and Hambol 
(88.10 ± 0.100%). With maize spathes, Table 2 
shows that dry matter contents of samples at 
Gbêkê, Poro and Gontougo are statistically 
different (88.83 ± 1.40%, 88.84 ± 1.33% and 
88.47 ± 1.35%, respectively) in comparison with 
Hambol (87.57 ± 1.45%) and Indenié-Djuablin 
(85.83 ± 1.55%).  

With values ranging from 1.19 ± 0.12% to 2.00 ± 
0.05%; 1.45 ± 0.12% to 1.88 ± 0.14% and 1.24 ± 
0.15% to 1.83 ± 0.05% respectively for maize 
grains, epis and spathes, high proportion of ash 
contents were recorded in the regions of Hambol 
(grains), Gbêkê (grains and epis) and Poro 
(grains and spathes). The regions of Gontougo 
and Indénié-Djablin recorded the lowest levels. 
Likewise, the protein contents were detected in 
Gbêkê, Poro and Hambol on maize grains with 
fluctuating values between 8.99 ± 0.11 and 9.32 
± 0.07%. Concerning the samples of maize epis, 
it was the regions of Gbêkê, Hambol and Poro 
which recorded the high protein contents for 
average levels of 8.70 ± 0.26 to 8.98 ± 0.19%. 
The content was observed at Gontougo on the 
maize spathes’ samples, for a concentration of 
8.54 ± 0.24%. Regarding the lipid contents, the 
average values of maize grains do not indicate 
any significant difference (P> 0.05) with the 
regions for values ranging from 4.07 ± 0.22 to 
4.47 ± 0, 08%. However, samples maize grains 
from Gbêkê, Poro and Hambol indicate high 
concentrations. Samples of maize epis and 
spathes showed significant differences (P <0.05). 
The high levels were revealed from Gbêkê, 
Hambol and Poro for maize epis and from 
Gontougo for maize spathes. As for the             
starches contents, with average levels              
between 62.30 ± 0.57 and 68.44 ± 0.21%, 
particularly for maize grains, epis and               
spathes, the regions of Indénié-Djablin and 
Gontougo showed the lowest values while                   
the regions of Gbêkê, Hambol and Poro  
recorded high values for both maize grains and 
epis. 
 

The contents of different macronutrients produce 
energy values with statistically different levels. 
Thus, the maize samples collected from Gbêkê, 
Poro and Hambol obtained values, unlike those 
from Indénié-Djablin, which presented lower 
values for maize grains, epis and spathes. These 
values range from 357.88 ± 1.58 to 374.39 ± 
2.20 kcal for maize grains; from 359.95 ± 2.7 to 
371.36 ± 1.36 kcal for maize epis, and from 
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356.59 ± 2.70 to 368.99 ± 1.90 kcal for maize 
spathes (Table 2). 
 
3.1.2 Carbohydrate compound content 
 
The carbohydrates, fibres, total and reducing 
sugars values are given in Table 3. Significant 
differences between their levels were recorded 
(P <0.05) depending on the regions and all 
maize types. The samples from the regions of 
Gbêkê (grains, epis and spathes), Poro (grains, 
epis and spathes) and Hambol (grains and epis) 
recorded highest levels of total carbohydrate 
content. These values generally fluctuated 
between 71.68 ± 0.68 and 77.94 ± 0.71%; 72.41 
± 0.67 and 300.34 ± 0.32%; 71.80 ± 0.74 and 
74.53 ± 0.34% respectively for maize grains, epis 
and spathes. The analytical data show a great 
variability of the total sugars’ contents according 
to the types of maize and the regions. The 
regions of Poro (maize grains), Hambol (maize 

grains) and Gbêkê (maize grains and spathes) 
have the levels which are respectively 3.22 ± 
0.02 %, 2.99 ± 0.18%, 2.96 ± 0.10% and 2.61 ± 
0.09%. In addition, samples of maize grains from 
the regions of Indénié-Djablin and Gontougo 
showed high values between 2.63 ± 0.08% and 
2.62 ± 0.12%. As for the reducing sugars 
contents, results show significant difference (P 
<0.05). The high levels were recorded in the 
regions of Indénié-Djablin (epis and spathes), 
Gontougo (epis), Gbêkê (grains and spathes) 
and Poro (grains) with average variations 
between 0.55 ± 0.01% and 0.66 ± 0.05%.  The 
fibres contents of the maize samples do not 
show any significant difference (P> 0.05) with the 
type and the department, with average values 
between 5.08 ± 0.23 and 5.55 ± 0.08%; 5.14 ± 
0.100 and 5.83 ± 0.23%; 5.03 ± 0.14 and 5.97 ± 
0.34% respectively for maize grains, epis and 
spathes (Table 3). 

 
Table 2. Maize nutrients constituents in studied production regions 

 

Parameters Regions Grains Epis Spathes 

Dry matter (%) Gbêkê 91.10±0.22aA 90.15±0.39aB 88.83±1.40aC 

Poro 91.42±0.19aA 89.39±0.32aB 88.84±1.33aB 

Hambol 90.10±0.40bA 88.10±0.100aB 87.57±1.45bB 

Indénié-Djablin 86.80±0.34cA 86.80±0.54bA 85.83±1.55cB 

Gontougo 85.82±0.26Ba 87.60±0.41Aa 88.47±1.35Ac 

Ash (%) Gbêkê 1.90±0.65aA 1.88±0.14aA 1.69±0.13bA 

Poro 1.93±0.28aA 1.81±0.05aA 1.83±0.05aA 

Hambol 2±0.20aA 1.90±0.17aA 1.64±0.32bA 

Indénié-Djablin 1.50±0.14aA 1.45±0.12aB 1.24±0.15bB 

Gontougo 1.19±1.05bB 1.56±0.13aB 1.51±0.12aA 

Proteins (%) Gbêkê 9.32±0.07aA 8,70±0.26aA 8.23±0.13bB 

Poro 9.27±0.10aA 8.98±0.19aA 8.42±0.12aA 

Hambol 8.99±0.11aA 8.84±0.23aA 8.33±0.24aB 

Indénié-Djablin 7.99±0.27bB 8.35±0.08bA 8.36±0.32aB 

Gontougo 8.73±0.29aA 8.28±0.15bB 8.54±0.24aA 

Lipids (%) Gbêkê 4.47±0.08aA 4.01±0.11aA 3.21±0.18bB 

Poro 4.44±0.06aA 4.12±0.21aA 3.98±0.15aB 

Hambol 4.41±0.08aA 4.07±0.16aA 3.62±0.18bB 

Indénié-Djablin 4.08±0.21aA 3.6±0.21bB 4±0.38aA 

Gontougo 4.07±0.22aA 3.91±0.17aB 4.03±0.13aA 

Energy value 
(kcal/100g) 

Gbêkê 373.65±1.96aA 366.100±1.09aA 356.59±2.70bB 

Poro 373.19±0.96aA 369.46±1.62aA 367.59±1.52aA 

Hambol 374.39±2.20aA 371.36±1.36aA 360.18±1.67bB 

Indénié-Djablin 357.88±1.58bB 359.95±2.70bB 368.99±1.90aA 

Gontougo 367.60±1.30aA 365.42±2.03aA 368.18±2.20aA 
By column and row, the averages covering the same letters are statistically identical. The lower-case letters are 

representative of columns and capital letters are representative of rows 
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Table 3. Maize carbohydrate compounds in studied production regions 
 

Parameters Regions Grains Epis Spathes 

Total carbohydrates (%) Gbêkê 77.19±0.27aA 73.34±0.32aA 74.53±0.34aA 
Poro 76.65±0.20aA 73.27±0.48aA 74.50±0.37aA 
Hambol 77.94±0.71aA 73.31±0.40aA 72.56±0.22bB 
Indénié-Djablin 71.68±0.68bA 72.41±0.67aA 71.80±0.74bA 
Gontougo 73.88±0.79bA 74.43±0.63aA 72.76±0.45bA 

Starches (%) Gbêkê 67.26±0.24aA 65.46±0.31aA 64.72±0.100aA 
Poro 67.19±0.18aA 65.44±0.51aA 64.15±0.40aA 
Hambol 68.44±0.21aA 65.45±0.41aA 62.70±0.64aA 
Indénié-Djablin 62.300±0.65aA 62.59±0.61bA 62.30±0.57aA 
Gontougo 64.47±0.70aA 63.30±0.58bA 64.63±0.41aA 

Fibres (%) Gbêkê 5.24±0.81aA 5.83±0.23aA 5.57±0.27aA 
Poro 5.36±0.78aA 5.44±0.15aA 5.03±0.14aA 
Hambol 5.55±0.31aA 5.64±0.19aA 5.85±0.29aA 
Indénié-Djablin 5.08±0.65aA 5.14±0.100aA 5.97±0.34aA 
Gontougo 5.53±0.63aA 5.55±0.16aA 5.80±0.18aA 

Total sugars (%) Gbêkê 2.96±0.10aA 2.44±0.05bB 2.61±0.09aA 
Poro 3.22±0.02aA 2.55±0.16aB 2.01±0.19cB 
Hambol 2.99±0.18aA 2.50±0.11aB 2±0.18bB 
Indénié-Djablin 2.13±0.05bB 2.63±0.08aA 2.57±0.23aA 
Gontougo 2.24±0.14bB 2.62±0.12aA 2.41±0.20aA 

Reducing sugars (%) Gbêkê 0.55±0.01aA 0.33±0.02bB 0.60±0.03aA 
Poro 0.66±0.05aA 0.35±0.03bB 0.48±0.03bB 
Hambol 0.45±0.02bA 0.41±0.100aA 0.55±0.05aA 
Indénié-Djablin 0.38±0.06bB 0.65±0.06aA 0.57±0.06aA 
Gontougo 0.51±0.04abA 0.57±0.07aA 0.49±0.05bA 

By column and row, the averages covering the same letters are statistically identical. The lower-case letters are 
representative of columns and capital letters are representative of rows 

 
3.1.3 Degradation indices and unsaponifiable 

content 
 
Fat quality indices (fat acidity, peroxide and 
iodine indices) and the unsaponifiable content 
are recorded in Table 4. Statistical analysis of the 
data indicates significant differences between 
type of maize and regions. The regions of 
Gontougo and Indénié-Djablin recorded the 
highest values of acid and peroxide indices for 
the three type of maize (grains, epis and 
spathes). These levels ranged from 3.01 ± 1.05 
to 4.50 ± 0.30% for fat acidity and from 2.31 ± 
0.07 to 3.07 ± 0.04 meq O2 / kg for peroxide 
value. The regions of Gbêkê, Poro and Hambol 
presented low values for these degradation 
indices. The lowest levels were obtained on 
maize grains samples of corn on the cob at 
Gbêkê for fat acidity and peroxide values. 
Regarding iodine value, maize grains samples 
from Poro, Hambol and Gbêkê regions recorded 
high values with values ranging from 500.22 ± 
2.83 to 130.56 ± 1.82 g I2/100g. The same 
observation was made for maize epis with 
average levels in order of 120.19 ± 2.05 to 
122.65 ± 2.30 g I2/100g. Likewise maize spathes, 

it’s rather the locality of Gbêkê which presented 
the high value of iodine value (123.59 ± 2.26 g 
I2/100g). As for the unsaponifiable matter 
content, the all type of maize samples showed no 
significant difference (P> 0.05) regardless the 
regions. However, differences are recorded at 
maize type level and the high contents were 
recorded in the regions of Indénié-Djablin and 
Poro respectively on maize epis (1.27 ± 0.04%) 
and maize grains (1.28 ± 0.06%). 
 
3.1.4 Correlations between nutrient 

Parameters regarding the different 
regions 

 
The different biochemical parameters studied 
were correlated with 3 factors. However, factors 
F1 and F2 are used to perform PCA according to 
Kaiser’s rule. They accumulate 68.87% of the 
total variability. The factor (F1) records an 
eigenvalue of 7.24 and expresses 51.62% of the 
total variability (Table 5). Ten parameters that 
are: lipid, protein, fibre, ash, starch, total and 
reducing sugars, total carbohydrate, iodine value 
and energy content are positively correlated with 
this factor. On the other hand, free fat acidity and 
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peroxide value are negatively correlated. With an 
eigenvalue of 2.41, the factor (F2) expresses 
17.19% of the total variability. The unsaponifiable 
matter is positively correlated with it, while the 
dry matter contributes negatively to its formation 
(Fig. 1A). The projection of samples in the same 
design highlights 2 groups. Group 1 is composed 
of three individuals presenting values in lipid, 
protein, fibre, ash, starch, total and reducing 
sugars, total carbohydrate, iodine value and 
energy content. These are maize grains samples 
from Gbêkê, Hambol and Poro. Group 2 includes 
individuals having high free fat acidity and 
peroxide value. It deals with spathes, epis and 
grains maize coming from Gontougo and 
Indénié-Djablin and also epis and spathes maize 
coming from Gbêkê, Poro and Hambol (Fig. 1B). 
 

3.2 Discussion 
 

Storing maize is an important step in preserving 
food security and increasing the income of rural 
populations. Maize is not only cultivated for 
family food because it allows some farmers to 

pass the lean season without too many 
problems, but also to increase income [10,22]. 
Analysis of nutrient parameters showed that 
sample compositions vary significantly with 
maize type and department. This situation could 
be explained by cultural and climatic conditions 
(type of soil, addition of fertilizer, cultivation 
period) and also by the maize varietal differences 
cultivated. The study of [23] have listed about 
twenty varieties of maize cultivated by small-
scale farmers in the West African sub-region. In 
other hand, the variation in nutrient parameters 
can be explained by the difference in postharvest 
storage technology for maize [24,25]. Similar 
observations were made in the Center-North 
area of Côte d'Ivoire by [26]. These authors 
reported that in addition to the local varieties of 
maize cultivated, producers were turning to the 
new improved varieties because of their high 
productivity and drought resistance. Moreover, 
according to [27], storage method is also an 
important factor influencing the composition of 
stored cereals. In addition, a survey of maize 
storage typologies in five regions of Côte d'Ivoire

 
Table 4. Degradation indices and unsaponifiable content in studied production regions 

 

Parameters Regions Grains Epis Spathes 

Free fat acidity 
(% oleïc acid) 

Gbêkê 2.100±0.20bA 1.80±0.72cB 2.63±0.65bA 
Poro 1.86±0.50bB 2.43±0.62bA 2.88±0.74bA 
Hambol 2.20±0.40bB 2.12±0.67bB 2.69±0.76bA 
Indénié-Djablin 4.50±0.30aA 3.01±1.05aB 3.50±1.11aB 
Gontougo 4.16±0.21aA 3.28±0.81aA 3.38±0.31aA 

Peroxyde value 
(meq O2/kg) 

Gbêkê 1.61±0.15bA 1.34±0.09bB 2.07±0.15bA 
Poro 1.59±0.13bB 1.98±0.10aA 2.22±0.17bA 
Hambol 1.68±0.100bB  2.15±0.08aA 2.20±0.15bA  
Indénié-Djablin 2.83±0.21aA  2.31±0.10aB  3±0.07aA 
Gontougo 2.62±0.04aA  3.07±0.11aA 2.98±0.07aA 

Iodine value 
(g I2/100g) 

Gbêkê 127±4.01aA  121.61±1,80aA  123.59±2.26aA 
Poro 130.56±1.82aA  122.65±2.30aA  118.5±3.27aB  
Hambol 500.22±2.83aA  120.19±2.05aA 113.21±2.30aB 
Indénié-Djablin 113.83±2.28bA 112.12±3.04bA 100.93±1.50bB 
Gontougo 114.100±1.33bA 116.13±2.21bA 110.73±3.27bA 

Unsaponifiable matter 
(%) 

Gbêkê 1.16±0.13aA 1.06±0.04aA 0.99±0.07aA 
Poro 1.28±0.31aA 1.04±0.05aA 1.01±0.08aA 
Hambol 0.99±0.12aA 1.00±0.02aA 0.89±0.03aA 
Indénié-Djablin 1.30±0.11aA 1.54±0.05aA 1.13±0.22aA 
Gontougo 1.27±0.37aA 1.27±0.04aA 1.15±0.09aA 

By column and row, the averages covering the same letters are statistically identical. The lower-case letters are 
representative of columns and capital letters are representative of rows 

 
Table 5. Proper values of parameters 

 

Components Component 1 Component 2 Component 3 

Proper values 7.24 2.41 1.33 
Expressed variability (%) 51.68 17.19 9.51 
Accumulation of expressed (%) 51.68 68.87 78.38 



 
 
 
 

Désiré et al.; AJRCS, 6(3): 22-32, 2021; Article no.AJRCS.68445 
 

 

 
29 

 

 
 

 

 
 
 
Fig. 1. Projection of biochemical parameters (A) and individuals (B) of grains, epis and spathes 

of maize in factorial plan 1-2 of the analysis of main components 
DM, dry matter; LPD, lipid content; PRT, protein content; STR, starch content; ASH, ash content; FBR, fibres 
content; CBH, total carbohydrate content; VE, energy content; TS, total soluble sugar content; RS, reducing 

sugar content; UNS, unsaponifiable matter; FFA, free fat acidity; PER, peroxide value 
GBK: Gbêkê; POR: Poro; HBL: Hambol; INDJ: Indénié-Djablin; GTG: Gontougo; G: Grains; E: Epis; S: Spathes 

 
carried out by [8] revealed that the seeds used 
by producers in these regions come from 
different sources. Indeed, these seeds come 

from previous harvests or are bought on the 
market or obtained from institutional structures or 
obtained thanks to a relative parent. Maize grains 
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from the different regions presented high levels 
of lipids, fibres, proteins, starch, carbohydrates, 
unsaponifiable matter, energy value, iodine 
value, total and reducing sugars unlike other 
forms which exhibited high levels of free fat 
acidity and peroxide value. Similar values of high 
nutritional content were reported by [28], on the 
nutritive parameters evolution of maize seeds of 
the GMRP-18 variety conserved by triple bagging 
system with biopesticides from Lippia multiflora 
and Hyptis suaveolens. These values are 
between 8.60-8.01%, 5.51-5.11%, 300.20- 
60.14%, 5.78 - 5.60%, 1.68 - 1.55%, 2.62 - 2%, 
0.47-0.40% and 384.78-370.79 kcal respectively 
for protein, fat, starch, fibres, ash, total and 
reducing sugars and energy value. In addition, 
the contents of ash, total sugars, reducing 
sugars, proteins, unsaponifiable and dry matter 
are similar to those found in the study of [29] 
which focused on the biochemical and nutritional 
characterization maize flour from ordinary 
varieties and QPM grains. Also, total 
carbohydrate levels in this study are similar to 
those of varieties popularized by IITA in Nigeria 
(74.43%) [30]. The lipid contents are similar to 
those (3-4%) of ordinary or conventional maize 
produced in the United States [31] and 
considerably higher than those (1.5%) of maize 
commonly grown in Nigeria [32]. However, the 
starch, lipid, carbohydrate and energy values 
were lower than those determined on QPM 
maize varieties (starch 73%, lipids 5%, 
carbohydrates 85% and energy values 403 to 
422 kcal) [29]. Our results agree with those of 
[33]. These authors determined values between 
8.1 - 8.5%, 4.0 - 4.2%, 1.3 - 1.4% and 69.3 - 
70.0% for proteins, lipids, ash and total 
carbohydrates on maize grain stored at different 
temperatures of 5, 15, 100 and 35°C in silos for 
12 months. Good conservation of maize is also 
linked to the free fat acidity and peroxide value, 
which constitute alterability parameters of maize 
fat. The samples studied show free fat acidity 
and peroxide values lower than 5% of oleic acid 
and 10 meq O2 / kg, respectively, those are the 
limit value recommended by the FAO for 
vegetable oils intended for human consumption 
[34]. For this purpose, maize grains samples of 
Gbêkê, Poro, and Hambol exhibited the lowest 
free fat acidity and peroxide value. These results 
agree with those of [35]. Regarding the iodine 
value, the variability of the levels observed from 
the maize type and regions could be explained 
by the different varieties of maize cultivated and 
stored by the farmers. For the different type of 
maize studied, the iodine numbers are lower than 
those of maize oils grown in Pakistan [36]. 

4. CONCLUSION 
 
This study investigated the nutritional quality of 
maize produced and stocked as grains, epis and 
spathes in five production regions in Côte 
d'Ivoire. It shows that this nutritional quality is 
better in the regions of Gbêkê; Poro and Hambol 
regardless of the maize form (grains). It would be 
important to sensitize producers on good post-
harvest practices and the use of structures 
suitable for storing different forms of maize in 
order to help improve the profitability of their 
agricultural production and ensure food security. 
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