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ABSTRACT 7 
 8 
Background : Drying is a very important step in improving the quality of paddy rice. Objective: The aim of 9 
this study is to determine the effect of different drying areas on the quality of the Wita 9 paddy rice grain 10 
samples. 11 
Materials and methods : A survey was carried out on the drying areas used and the duration of the 12 
operation. In addition, laboratory analyzes of samples of Wita 9 paddy rice grains taken after drying were 13 
carried out. 14 
Results : The results obtained revealed the use of three types of drying areas by the producers, namely 15 
bag-tarpaulins, black tarpaulins and cemented areas. Preferably, pouch sheets are used by 78% (Daloa), 16 
62% (Issia) and 68% (Vavoua) by producers for drying paddy rice. Very few paddy producers surveyed 17 
do not reach the 7 days of drying as recommended. Analysis of variance showed significant differences 18 
(p <0.05) irrespective of the physicochemical parameter considered. These observed variations show that 19 
these different types of drying areas have a significant effect on the physicochemical characteristics of 20 
paddy rice samples. 21 
Conclusion : It should be noted that the moisture contents (11.93 ± 0.60 -15.09 ± 07%), ash (5.06 ± 22 
0.02- 5.88 ± 0.12%), protein (2.82 ± 0.70 - 4.57 ± 0.12%), fat (1.80 ± 0.07 - 2.99 ± 0.54%), carbohydrate 23 
(74.17 ± 0 , 58 - 76.78 ± 0.84%) and energy (325.75 ± 1.41-344.61 ± 3.21 kcal / 100 g) vary according to 24 
the different types of drying areas. 25 
 26 
Keywords: paddy rice, drying areas, physicochemical characteristics, variations 27 
 28 
1. INTRODUCTION 29 

 30 
Rice is a large grass that grows more easily in tropical climates. The cultivated species belong to the 31 
genus Oryza. The most represented are the species O. sativa japonica and O. sativa indica [20]. Rice is 32 
grown on five continents but its global production is largely concentrated on the Asian continent. China, 33 
India and Indonesia are the world's leading producers [12]. Rice is also produced in Africa, but especially 34 
in its western part where consumption is higher than production. In Côte d'Ivoire, rice has become the 35 
main food for most people. Due to its strong urbanization and relatively high population growth, rice 36 
consumption amounted to 1.3 million tonnes in 2008, while domestic production was estimated at 37 
700,000 tonnes [18]. In Côte d'Ivoire, as in sub-Saharan Africa, rice is becoming increasingly important, in 38 
keeping with the strong growth of urban populations [6]. In the problematic context of increasingly crucial 39 
urban supply, rice is indeed a crucial commodity [5]. Rice in Côte d'Ivoire is present in all regions of the 40 
country, particularly the south and south-west. Accordingly, the characteristics of quality and general 41 
presentation of each variety of rice are of paramount importance. In addition, the chemical composition of 42 
rice (12% water, 1.3% lipids, 10% protein, 70-90% starch [10] especially in developing countries, and thus 43 
constitutes a raw material for some industries. [8] At harvest, the high water content of rice (20% to 25%) 44 
[14] must be reduced to minimize biochemical and microbiological reactions, which often cause post-45 
harvest losses. Water reduction reduces storage and transport costs and also improves the quality of 46 
husking. a source of income and livelihood, a high yield of the variety is essential. For the miller the 47 
quality depends on the yield to the hulling and the rate of broken during the milling. grain of rice is low on 48 
the physical aspect, size and shape, cooking behavior and taste, tenderness and, in rare cases, the odor 49 
of cooked rice. Moreover, obtaining the market rice passes through various technological steps from 50 
harvesting to conditioning of the grains. Among them, drying remains one of the main operations [6]. Its 51 
main role is the dehydration of grains and requires the use of large energies [17]. Seen to its importance, 52 
the characterization of the various drying techniques and the determination of their influence on the 53 
physicochemical composition of the paddy rice grains are envisaged by this work. The main objective of 54 
this study is therefore to highlight the influence of the various drying techniques used on the 55 

UNDER PEER REVIEW



 

physicochemical nature of paddy rice in the main production areas of Haut Sassandra in order to ensure 56 
a good conservation of this product. More specifically, it will be to : 57 
(i) characterize the various drying techniques used by paddy producers in the main production areas of 58 
the Haut Sassandra region; 59 
(ii) determine the effect of different drying techniques on the physicochemical nature of paddy rice, with a 60 
view to selecting, if possible, the best technique for better preservation of this product. 61 
 62 
2. MATERIALS AND METHODS 63 
2.1. Study environment 64 

The study was carried out in the localities of Daloa, Issia and Vavoua in the Upper Sassandra region 65 
(Figure 1). This region is located in the center-west of Côte d'Ivoire, at latitude 6 ° 53N and longitude 6 ° 66 
27W. It is bounded on the north by the Worodougou Region, on the east by the Marahoue region, on the 67 
west by the Guémon region and on the south by the Fromager Region. In addition, the localities of Daloa, 68 
Issia and Vavoua respectively represent the three main paddy rice production areas in the upper 69 
Sassandra region. This region is one of the major areas of intense paddy rice production, due to the high 70 
presence of large shallows for this purpose on the one hand, and its high plant wealth on the other. The 71 
grains of the paddy (Oryza sativa) variety Wita 9 used in this work were taken from different drying areas 72 
of the rice producers of the localities. 73 

2.2. Implementation of the socio-agricultural survey 74 

In order to appreciate the various techniques used to dry paddy rice used by producers in the Haut-75 
Sassandra region, a survey was carried out in the localities of Daloa, Issia and Vavoua. For each zone, 76 
the starting point of the survey was the Chief town of the department. In order to ensure a good 77 
representativeness of the study area, the research of producers was done following the main axes 78 
emerging from these cities. Thus, in Daloa, the Daloa-Bouaflé, Daloa-Duékoué and Daloa-Issia axes 79 
were explored. In Issia, the Issia-Daloa and Issia-Gagnoa roads were followed. In Vavoua, investigations 80 
were carried out on the Vavoua-Daloa and Vavoua-Séguéla axes. On each main axis, the secondary 81 
axes leading to the small localities have also been explored. The present study was carried out on the 82 
basis of a structured questionnaire. In each selected locality, surveys were carried out by direct 83 
questioning of 90 paddy producers in Daloa, 70 paddy producers in Issia and 50 randomly selected 84 
paddy rice producers in Vavoua. A total of 210 paddy rice producers were interviewed. The aspects 85 
covered by the questionnaire concerned the drying area used for drying, the duration of this post-harvest 86 
operation and the frequency of use of the drying areas. 87 

 88 
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 89 
 90 

Figure 1: Location of the study area. In red: survey sites in the Upper Sassandra region (Daloa, Issia, 91 
Vavoua) 92 

 93 
2.3. Physicochemical analyzes of Wita 9 paddy rice samples from different drying areas 94 

The samples of the Wita 9 paddy rice grains collected after drying by different techniques were subjected 95 
to a technological treatment which was summarized in several stages. The sorting that consisted of the 96 
removal of foreign matter (dead leaves, sand grains, straws, seeds of grasses, etc.) from paddy rice. After 97 
the sorting, the second stage concerned the winnowing. The purpose of the winnowing was to eliminate 98 
empty grains, dust, and other smaller particles that were forgotten or could not be seen by the eye. The 99 
third stage consisted in crushing the samples of paddy rice Wita 9 using a Moulinex type LM 2201 (made 100 
in China) until a crushed product was obtained. The various mills of the paddy rice samples obtained 101 
were packed and stored in hermetically sealed jars for possible analysis. It should be noted that the 102 
various grindings of Wita 9 paddy rice samples were characterized using physicochemical analysis 103 
methods. The method used for the determination of moisture is based on that proposed by AOAC [3] 104 
whose principle is based on the mass loss of the sample up to a constant mass at 105 ° C. Crude 105 
proteins are determined from the total nitrogen assay, according to the Kjeldhal method [3]. The nitrogen 106 
of the dry matter is determined according to the Kjeidahl method after sulfuric mineralization, in the 107 
presence of selenium catalyst. The nitrogen content is multiplied by 6.25 (coefficient of conversion of 108 
nitrogen to proteins). The lipid content is determined according to the method described by AFNOR [2], 109 
using the Soxhlet as an extractor. The extraction of the oils is obtained by hexane in a Soxhlet extractor 110 
(Unid Tecator, System HT2 1045, Sweden). After evaporation of the solvent and drying of the capsule in 111 
an oven at 105 ° C. for 30 minutes, the difference in weight gives the lipid content of the sample. The total 112 
sugars and reducing sugars contents are determined according to the phenol-sulfuric method as 113 
described by Dubois et al. [11]. The energy value is calculated using the Atwater specific coefficients [4] 114 
for proteins, lipids and carbohydrates. The method used for ash determination is that described by AOAC 115 
[3] which consists of incinerating a sample until white ash is obtained. The capsule containing the sample 116 
is placed in a muffle furnace (NABERTHERM, Germany) and then subjected to 550 ° C ± 2 ° C for 24 117 
hours. After removing the capsule from the muffle furnace and cooling it in a desiccator (GLASWERK 118 
WERTHEIM 2 bar), it is again weighed. 119 

 120 
 121 

 122 
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2.4. Statistical analysis of data 123 

The data collected from the survey and physicochemical characterization of Wita 9 paddy grain samples 124 
on different drying areas were subjected to statistical analysis. The data collected during the survey were 125 
subjected to a descriptive analysis (chi-square test). Thus, an analysis of variance was carried out in 126 
order to assess the existence of a difference between the Wita 9 paddy rice samples of the different 127 
drying techniques studied. Multiple comparison tests (Tukey HSD) were performed when the difference 128 
was revealed to be significant (p <0.05) for the purpose of separating the different samples. In addition, a 129 
principal component analysis and a hierarchical classification were carried out to visualize the differences 130 
and to associate to the different identified groups their main characteristics. For these statistical 131 
processes, the STATISTICA 7.0 software was used. 132 
 133 
3. RESULTS 134 
3.1. Characterization of the different drying areas of paddy rice 135 
3.1.1. Type of drying areas and their frequencies of use 136 

The results of the surveys reveal that the three types of drying area mostly used for the drying of Wita 9 137 
paddy rice in a peasant environment are the black tarpaulin, bagged tarpaulin and cemented area 138 
commonly called "terrace" (Figure 2: Photographs a, b and c). The frequencies of use of the various 139 
drying areas of paddy rice by the producers are shown in FIG. 3. In general, it can be seen from the 140 
analysis of this figure that bag sacks are preferably used for drying paddy rice in all the localities of the 141 
Haut-Sassandra region. In the locality of Daloa, bag sacks are frequently used for drying paddy rice by 142 
producers with 78% use. On the other hand, in the same locality, producers use the cemented area and 143 
the black tarpaulin for drying paddy rice with a frequency of use of 4% and 18%, respectively. As for the 144 
locality of Issia, for the drying of paddy rice, the tendency of the producers is also with the use of the bag-145 
cover with a frequency of use of 62% against 34% of use for the tarpaulin black. The cemented areas are 146 
less used for the drying of paddy rice with a frequency of use of 4%. In the Vavoua locality, producers 147 
preferentially use the bag-cover for drying paddy rice with a frequency of use of 68% compared with 8% 148 
and 22% of use for the cemented area and the black tarpaulin. In these localities, producers rarely used 149 
cemented areas for drying paddy rice in the peasant environment (4%, 4% and 8% respectively in Daloa, 150 
Issia and Vavoua). 151 

3.1.2. Drying time 152 

The duration of drying of paddy rice in the said localities of the Haut Sassandra region differs according to 153 
the producers and the production season. While some paddy producers place drying time between 1 and 154 
3 days (69%, 57% and 78% respectively in Daloa, Issia and Vavoua), others estimate this duration 155 
between 4 and 6 days %, 23% and 12% respectively Daloa, Issia and Vavoua). It should be noted that 156 
very few producers determine the drying time that they place beyond 6 days (10%, 20% and 10% 157 
respectively of Daloa, Issia and Vavoua). 158 
 159 
 160 
 161 
 162 
 163 
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    164 
Photograph a: Drying on black tarpaulin                 Photography b: Drying on tarpaulin 165 
 166 

 167 
                            Photograph c : Drying on cemented area 168 
Figure 2: Various drying areas for paddy rice in the upper Sassandra region 169 
 170 
 171 
 172 
 173 
 174 
 175 
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(a) 177 

 178 

 179 
(b) 180 

 181 

 182 
(c) 183 

 184 
Figure 3: Frequency of utilization of drying areas for Wita 9 paddy rice according to the localities of Dalia 185 

(a), Issia (b) and Vavoua (c) 186 
 187 
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(a) 195 

 196 

 197 
(b) 198 

 199 
(c) 200 

 201 
Figure 4: Duration of drying of Wita 9 paddy rice in the localities of Dalia (a), Issia (b) and Vavoua 202 

(c) of the Upper Sassandra Region 203 
 204 
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3.2. Effect of the different types of drying areas on the physicochemical characteristics of 207 
Wita 9 paddy rice samples 208 
 209 

3.2.1. Average physicochemical composition of Wita 9 paddy rice samples from different 210 
localities 211 

Tables 1a, 1b and 1c show the mean values of the physicochemical parameters of the Wita 9 paddy rice 212 
samples from the three types of drying areas in the various localities. In the locality of Daloa (Table 1a), 213 
Wita 9 rice has an average humidity of around 13.00 ± 1.57%. In addition, with average ash levels of 5.65 214 
± 0.21%, protein 3.64 ± 0.58% and fat 2.20 ± 0.34%, Wita 9 rice contains total carbohydrate the order 215 
75.52 ± 1.11%. In addition, consumption of Wita 9 rice provides on average an energy of 336.44 ± 8.15 216 
kcal / 100 g. As regards the locality of Issia (Table 1b), Wita 9 rice contains average moisture contents of 217 
12.12 ± 0.12%, ash of the order of 5.50 ± 0, 36%, protein in the order of 4.01 ± 0.79% and fat on the 218 
order of 2.62 ± 0.42%. These rice are rich in carbohydrates (75.76 ± 0.77%) and energy (342.59 ± 2.51). 219 
At the level of the Vavoua locality (Table 1c), Wita 9 rice contains average moisture content (12.75 ± 220 
0.85%), ash (5.58 ± 0.19%), protein 3.75 ± 0.86%), fat (2.21 ± 0.41%). These rice are also rich in 221 
carbohydrates (75.70 ± 1.16%) and energy (337.73 ± 4.52). In addition, the average physicochemical 222 
compositions of the twenty-seven samples of paddy rice Wita 9 (Table 2) are identical to those 223 
determined in each locality. The analysis of the coefficient of variation revealed that the most variable 224 
physicochemical parameters (CV> 15%) are the same regardless of the locality. These are the levels of 225 
lipids and proteins. 226 
 227 
Table 1a: Average chemical composition of Wita 9 paddy rice samples taken from the locality of Daloa 228 

Locality of Daloa 

 N Minimum 
content 

Maximum 
content 

Average  
content 

Standard  
deviation 

Coefficient of 
variation (%) 

Mosture (%) 9 11,87 15,16 13,00 1,57 12,07 
Ash content (%) 9 5,31 5,99 5,65 0,21 3,77 
Proteins (%) 9 2,90 4,62 3,64 0,58 15,98 
fat (%) 9 1,74 2,73 2,20 0,34 15,52 
Total carbohydrates (%) 9 73,75 76,71 75,52 1,11 1,47 
Energy (Kcal) 9 324,40 343,93 336,44 8,15 2,42 

N: Number of samples 229 
 230 
Table 1 b : Average chemical composition of Wita 9 paddy rice samples taken from the locality of Issia 231 

Locality of Issia 

 N Minimum 
content 

Maximum 
content 

Average  
content 

Standard  
deviation 

Coefficient of 
variation (%) 

Mosture (%) 9 11,91 12,25 12,12 0,12 0,96 
Ash content (%) 9 5,05 6,00 5,50 0,36 6,56 
Proteins (%) 9 2,70 4,70 4,01 0,79 9,72 
fat (%) 9 2,09 3,61 2,62 0,42 16,04 
Total carbohydrates 
(%) 

9 
74,77 77,07 75,76 0,77 

1,02 

Energy (Kcal) 9 339,67 348,29 342,59 2,51 0,73 
N: Number of samples 232 
 233 
 234 
 235 
 236 
 237 
 238 
 239 
 240 
 241 
 242 
 243 
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 244 
Table 1 c : Average chemical composition of Wita 9 paddy rice samples taken from the locality of Vavoua 245 

Locality de Vavoua 
 N Minimum 

content 
Maximum 
content 

Average  
content 

Standard  
deviation 

Coefficient of 
variation (%) 

Mosture (%) 9 12,06 14,04 12,75 0,85 6,63 
Ash content (%) 9 5,19 5,80 5,58 0,19 3,44 
Proteins (%) 9 2,27 4,85 3,75 0,86 22,82 
fat (%) 9 1,67 2,85 2,21 0,41 18,39 
Total carbohydrates (%) 9 74,06 77,42 75,70 1,16 1,53 
Energy (Kcal) 9 331,81 344,33 337,73 4,52 1,34 

N: Number of samples 246 
 247 
Table 2: Summary of average chemical composition of Wita 9 paddy rice samples 248 

Parameters N 
Minimum 
content 

Maximum 
content 

Average  
content 

Standard  
deviation 

Coefficient of 
variation (%) 

Mosture (%) 27 11,87 15,16 12,62 1,06 8,40 
Ash content (%) 27 5,05 6,00 5,58 0,26 4,71 
Proteins (%) 27 2,27 4,85 3,80 0,74 19,46 
fat (%) 27 1,67 3,61 2,34 0,42 18,07 
Total carbohydrates (%) 27 73,75 77,42 75,66 0,99 1,31 
Energy (Kcal) 27 324,40 348,29 338,92 5,99 1,77 

N: Number of samples 249 
 250 
3.2.2. Differentiation between Wita 9 paddy rice samples according to the type of drying area used 251 

A hierarchical classification of the Wita 9 paddy rice samples from the different types of drying areas in 252 
each locality was carried out. The results are shown in figure 5. Analysis of the dendrogram showed that 253 
there are differences between the Wita 9 paddy rice samples at the point where three classes can be 254 
distinguished: 255 

- class 1 includes samples such as BNDaloa, ACDaloa, ACVavoua, BSIssia and ACIssia; 256 
- the second class contains samples such as BNIssia and BNVavoua; 257 
- and the third class is composed of BSDaloa and BSVavoua. 258 
The grouping of Wita 9 paddy rice samples into three classes on the basis of their similarity makes it 259 
possible to summarize to 82.78% the differentiations between these rice varieties from the three types of 260 
drying areas. In addition, each class includes samples of paddy rice Wita 9 of different types of drying 261 
areas. The classes obtained are therefore quite composite. In addition, a multidimensional variance 262 
analysis was performed on the physicochemical characteristics of the rice samples of the different types 263 
of drying areas. The results obtained are shown in Table 3. The analysis shows that the effects of the 264 
drying areas are significant (p <0.05) on all the characteristics of the Wita 9 paddy rice samples. 265 
 266 
 267 
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Figure 5: Dendrogram of Wita 9 rice samples from the three types of drying areas 270 
 271 
Table 3: Results of multidimensional variance analysis on the physicochemical parameters of Wita 9 rice 272 
samples 273 
Effect Test Value F Effect dl Error dl P 

Drying areas  Wilk 0,000071 8 48 68,028 0,00000 
The effects were significant at p <0.05. 274 
 275 
3.2.3. Comparison of physicochemical characteristics of Wita 9 paddy rice samples according to 276 

the type of drying area used 277 

Table 4 shows the average physicochemical compositions of the paddy wita 9 samples taken from each 278 
type of drying area in each locality. Average moisture in paddy wita 9 rice samples ranged from 11.93 ± 279 
0.60% for rice from the Daloa black tarpaulin (BND) to 15.09 ± 0.07% (rice from bagged tarpaulins of 280 
Daloa (BSD)). At the ash level, the average recorded grades of paddy rice Wita 9 ranged from 5.51 ± 281 
0.38% for paddy rice from Issia bag bales (BSI) to 5.88 ± 0.12% (rice from Issia's black tarpaulins (BNI)). 282 
Similarly, protein levels ranged from 2.82 ± 0.70% (rice from the cemented Vavoua (ACV)) to 4.57 ± 283 
0.12% for paddy wita 9 'Issia (BSI). Regarding the fat content of Wita 9 paddy rice, they ranged from 1.80 284 
± 0.07% (rice from Daloa sacks (BSD) to 2.99 ± 0.54% for samples taken from the cemented areas of 285 
Issia (ACI). Carbohydrate and energy values varied respectively from 74.17 ± 0.58% (rice from Daloa 286 
sacks (BSD)) to 76.78 ± 0, 84% (rice from cemented Vavoua (ACV)) and 325.75 ± 1.41% kcal / 100 g 287 
(rice from Daloa sacks (BSD)) to 344.61 ± 3.21% kcal / 100 g (rice from the cemented areas of Issia 288 
(ACI)). Moreover, the analysis of variance showed that all these variations were significant (p <0.05) 289 
whatever the physicochemical parameter considered of the different drying areas in the localities studied 290 
(Table 4). Therefore, all the physicochemical parameters of the Wita 9 paddy rice samples studied 291 
(moisture, ash, protein, lipids, carbohydrates and energy) differ significantly (at 5% risk) depending on the 292 
type of drying area. The Wita 9 paddy rice samples from the cemented areas of Issia (ACI) and Vavoua 293 
(ACV) obtained the highest carbohydrate and energy levels (76.78 ± 0.84% and 344.61 ± 3.21 kcal / 100 294 
g), followed by those from the black tarpaulins of Daloa (BND) (76.58 ± 0.18%) and those from the bag 295 
sacks of Issia (342.86 ± 0, 63 kcal / 100g) while those from Daloa sacks recorded the lowest value (74.17 296 
± 0.58% and 325.75 ± 1.41 kcal / 100). At the fat level, the Wita 9 paddy rice samples from the cemented 297 
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areas of Issia (ACI) and those of Vavoua (ACV) recorded the highest rates with respectively 2.99 ± 0.54% 298 
and 2.67 ± 0.20%. The Wita 9 paddy rice samples from Daloa sacks (BSD) obtained the highest moisture 299 
content (15.09 ± 0.07%). In addition, samples of Wita 9 rice from Issia sacks (BSI) and black tarpaulins 300 
from Vavoua (BNV) have virtually the same protein content. In addition, a principal component analysis 301 
was performed. The representation of the various rice samples from three types of drying areas of the 302 
said localities in a two-dimensional space is shown in FIG. 6. This makes it possible to visualize the 303 
differences between the rice samples coming from the three types of rice areas drying studied in a 304 
factorial plane (F1-F2). In this plan, which summarizes the differentiations to almost 82.78%, all rice 305 
samples from the types of drying areas are distinct, except those from the cemented areas of Issia (ACI) 306 
and Vavoua (ACV). The correlation circle of the variables (physicochemical parameters) characterizing 307 
the rice samples originating from the drying areas of the localities is shown in FIG. 7. The first component 308 
(F1) is analyzed by parameters such as moisture , carbohydrates, energy value and fats whose 309 
coefficients are greater than 0.7 (in absolute value) while component 2 (F2) is defined by variables such 310 
as proteins and to a lesser extent ash. The comparative analysis of Figures 6 and 7 revealed that rice 311 
samples from Daloa sacks (BSD) are characterized by its highest moisture content (15.09 ± 0.07%). In 312 
addition, rice samples from the Daloa cemented areas (ACD), the black and bagged sheets of Issia (BNI 313 
and BSI), and the black tarpaulins of Vavoua (BNV) are characterized by their high protein content. The 314 
rice samples from Daloa (BND), Daloa cemented areas (ACD), Issia bag bales (BSI), Issia cemented 315 
areas (ACI), black tarpaulins and cemented areas Vavoua (BNV and ACV)) are high in carbohydrates. As 316 
for rice samples from the black tarpaulins and cemented areas of Daloa (BND and ACD), black 317 
tarpaulins, bagged tarpaulins and cemented areas of Issia (BNI, BSI and ACI), and cemented areas of 318 
Vavoua (ACV), they have a very high energy value. 319 
 320 
Table 4: Physicochemical characteristics of Wita 9 rice samples from the three types of drying areas 321 
 322 

Drying 
areas  

Parameters 

Mosture (%) Ash content 
(%) 

Proteins 
(%) 

fat (%) Total carbohydrates  
(%) 

Energy value 
(kcal/100g) 

BND 11,93±0,60
a 

5,67±0,13
a 

3,37±0,12
a 

2,46±0,24
a 

76,58±0,18
a 

341,86±0,80
a 

BSD 15,09±0,07
b 

5,73±0,37
a 

3,21±0,36
a 

1,80±0,07
ae 

74,17±0,58
b 

325,75±1,41
b 

ACD 11,98±0,12
a 

5,54±0,07
b 

4,33±0,26
b 

2,35±0,19
a 

75,82±0,24
a 

341,72±1,41
a 

BNI 12,22±0,01
b 

5,88±0,12
a 

4,48±0,02
b 

2,54±0,05
ab 

74,89±0,10
cba 

340,31±0,66
a 

BSI 12,12±0,12
a 

5,06±0,02
c 

4,57±0,12
bc 

2,31±0,23
a 

75,94±0,39
a 

342,86±0,63
a 

ACI 12,03±0,11
a 

5,56±0,03
b 

2,97±0,24
a 

2,99±0,54
ac 

76,45±0,58
ad 

344,61±3,21
a 

BNV 12,21±0,12
b 

5,47±0,27
b 

4,56±0,26
bc 

1,81±0,13
ac 

75,96±0,23
a 

338,37±0,86
ad 

BSV 13,86±0,22
c 

5,74±0,06
a 

3,87±0,27
ab 

2,16±0,22
a 

74,37±0,27
db 

332,34±0,65
c 

ACV 12,18±0,11
a 

5,54±0,11
b 

2,82±0,70
ad 

2,67±0,20
ad 

76,78±0,84
ae 

342,46±1,74
a 

Levels with identical letters in the same column are statistically identical (risk of 5%). 323 
 324 
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Projection of ind. on the factorial plane (1 x 2)

Observations with the sum of square cosines> = 0.00

Var. illustrative: drying area
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Figure 6: Representation of the results of the Principal Component Analysis performed on the Wita 9 rice 327 

samples of the three types of drying areas (factorial plan F1 -F2) 328 

Projection of the variables on the factorial plane (1 x 2)
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Figure 7: Correlation circle between physicochemical parameters 331 
 332 
 333 
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 335 

4. DISCUSSION 336 

Drying is an important step in improving the nutritional quality of paddy rice. The investigation of the 337 
paddy rice producers Wita 9 in the localities of Daloa, Issia and Vavoua revealed that black tarpaulins, 338 
bag-tarpaulins and cemented areas commonly called "terrace" are the three types of areas of drying used 339 
for drying paddy rice in peasant environments (Figure 2). Their frequency of use varies from one locality 340 
to another (Figure 3). In addition, bag wraps, cemented areas and black tarpaulins are commonly used in 341 
general, although some variations are observed in terms of their frequency of use and therefore their 342 
preference. Thus, the preference of black tarpaulins and tarpaulins by the Yamoussoukro rice producers 343 
has been pointed out by Konan [15]. However, producers in the Haut Sassandra region preferentially use 344 
bag-tarpaulins (78%, 62% and 68% respectively in Daloa, Issia and Vavoua). The high use of bagged 345 
tarpaulins could be explained in part by the fact that this type of drying area would be used over several 346 
years. Moreover, its relatively low price also makes it a type of drying available to all paddy producers [1]. 347 
Note that the drying mode used by the producers surveyed is solar drying. This must be done at least 7 348 
days as recommended. Indeed, a large proportion of the producers in the various localities do not respect 349 
this length of time accurately. This is reflected in the fact that some paddy producers place the drying time 350 
between 1-3 days and others between 4-6 days. Very few paddy rice producers surveyed do not reach 351 
the 7 days as recommended. In addition, failure to meet recommended drying times could contribute to 352 
the depreciation of the nutritional quality of Wita 9 paddy rice. Drying is an important phase in post-353 
harvest operations and influences the conservation of the product from an essential parameter which is 354 
the water content [10].The influence of three types of drying areas on the physicochemical characteristics 355 
of Wita 9 rice samples was determined. This study indicated that the physicochemical composition of the 356 
Wita 9 rice samples from the three types of drying areas showed significant differences. Moreover, the 357 
analysis of variance showed that the differences observed were significant (p <0.05) whatever the 358 
physicochemical parameter considered of the samples of Wita 9 rice of the different drying areas in the 359 
localities studied. The observed results show a variation in the physicochemical parameters of the rice 360 
samples from the different drying areas. These observed variations show that these different types of 361 
drying areas have a significant effect on the physicochemical characteristics of the Wita 9 rice samples. 362 
Thus, moisture contents (11.93 ± 0.60 -15.09 ± 07%), ash (5.06 ± 0.02- 5.88 ± 0.12%), protein (2.82 ± 363 
0.70 - 4.57 ± 0.12%), fat (1.80 ± 0.07 - 2.99 ± 0.54%), carbohydrates (74.17 ± 0.58 - 76.78 ± 0.84%) and 364 
energy (325.75 ± 1.41-344.61 ± 3.21 kcal / 100 g) vary depending on the different types of drying areas. 365 
As a result, from one sample of Wita 9 rice to another, the values of these characteristics vary 366 
significantly, resulting in differentiation depending on the type of drying area. Differences between the 367 
Wita 9 paddy rice samples as a function of the type of drying areas visualized by main component 368 
analysis (PCA) showed that all rice samples from the types of drying areas are distinct, with the exception 369 
of those from the cemented areas of Issia (ACI) and Vavoua (ACV). Drying of paddy rice is carried out in 370 
order to lower the moisture contents to 15 to 12% depending on the storage time [9, 13]. Thus, according 371 
to this author and this organization, a paddy moisture level higher than this value could favor a high 372 
proportion of breakage during the hulling and on the other hand cause a development of the molds that 373 
would affect the quality of the husked rice. It should be noted that the different moisture contents of the 374 
different Wita 9 rice samples (11.93 ± 0.60 - 15.09 ± 0.07%) from the three types of drying areas in Daloa, 375 
'Issia and Vavoua are relatively close to those advocated by FAO [13] and Cruz [9]. It should be noted 376 
that samples of Wita 9 rice from the three types of drying areas in these localities showed protein levels 377 
lower than those obtained by Saliou [19] on paddy rice in Senegal. The work carried out by this author in 378 
Senegal showed that paddy rice has a protein proportion of 6.38%. In general, the ash, protein, fat, 379 
carbohydrate and energy levels of the Wita 9 rice samples according to the three types of drying areas 380 
differ from one sample to another. Very few samples of Wita 9 rice from the three types of drying areas 381 
have the same grades. However, samples of Wita 9 paddy rice from the three drying areas have ash, fat, 382 
protein, carbohydrate and en - ergy content as recommended by FAO [14]. It should be noted that solar 383 
drying under direct natural convection using black tarpaulins, bag tarpaulins and cemented areas remains 384 
the most widespread method of preserving food products [19]. However, it presents an important problem 385 
related to a lack of control over the evolution of the water content in the grain to reach that appropriate for 386 
good conservation [10]. 387 

5. CONCLUSION ET SUGGESTIONS 388 

Drying of Wita 9 paddy rice in the main production areas of Daloa, Issia and Vavoua in the Upper 389 
Sassandra region is generally carried out on three types of drying areas. These are black tarpaulins, 390 
tarpaulins and cemented areas. However, paddy producers preferentially use tarpaulins as a drying area 391 
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in the three localities of the Upper Sassandra Region. The results obtained in the laboratory show a 392 
variation in the physicochemical parameters of the rice samples from the various drying areas. As a 393 
result, from one sample of Wita 9 rice to another, the values of these characteristics vary significantly, 394 
resulting in differentiation depending on the type of drying area. For example, moisture contents (11.93 ± 395 
0.60 -15.09 ± 07%), ash (5.06 ± 0.02- 5.88 ± 0.12%), protein (2.82 (0.70 ± 0.77 ± 0.12%), fat (1.80 ± 0.07 396 
- 2.99 ± 0.54%), carbohydrate (74.17 ± 0.58 - 76, 78 ± 0.84%) and energy (325.75 ± 1.41-344.61 ± 3.21 397 
kcal / 100 g) vary with the different types of drying areas. These observed variations show that these 398 
different types of drying areas have a significant effect on the physicochemical characteristics of Wita 9 399 
rice samples. 400 

Consequently, we consider it essential to consider regular sensitization to paddy rice producers by 401 
introducing the right drying techniques on the one hand and, on the other hand, to respect the 402 
recommended drying. Also, an improved dryer should be installed in order to obtain paddy rice with the 403 
best physicochemical characteristics. 404 
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