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ABSTRACT  
 

Thermal parameters of food flour moisture content and temperature 

give an insight in the development and prediction of models that 

meet the needs of process design models, it also determine the 

thermal load of a particular product during handling. The bulk 

density (𝜌), thermal conductivity (k), specific-heat capacity (Cp) and 

diffusivity (α) of Illa and Ekpoma rice flour were studied at varied 

(MC) moisture content (%) level. The results showed significance in 

thermal properties values at the different MC levels. The MC 

increased from 10.56 to 18.50%, increased the specific heat capacity 

(Cp) from 5.72 to 48.61kJ kg-1 C-1 and 6.84 to 29.41 kJ kg-1 C-1 for 

Illa and Ekpoma rice variety respectively and thermal 

conductivity(k) from 0.03 to 1.56 W/m0C and 0.03 to 0.38 W m-1 C-1 

for Illa and Ekpoma rice flour samples. Thermal diffusivity(α) and 

bulk density (𝜌) of the processed Illa and Ekpoma rice flour samples 

decreased across the MC range of 10.56 to 18.50% (d.b). Thermal 

diffusivity(α) decreased from 4.38 to 1.25 x 10-4 m2 s-1 and 3.42 to 

1.30 x 10-4 m2 s-1 for Illa and Ekpoma rice flour respectively while 

the values of bulk density (𝜌) decreased from 697.72 to 676.34 kg m-
3 and 687.49 to 664.26 kg m-3 for Illa and Ekpoma rice flour 

respectively.The developed model equations can be applied in 

estimation of thermal parameters of rice flour. Finally, Ekpoma and 

Illa rice flour sample displayed good thermal characteristics and it 

can be used as an alternative to imported wheat flour. 
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INTRODUCTION 

 

Rice is the most food crop in the world with higher demand that feeds almost more than 

half of the world population (Pokhrel et al., 2020; Danbaba et al., 2019; Singh et al., 2005). 

It is the second most beneficial cereal crop after wheat mostly in Nigeria that is cultivated 

throughout the world (Oko et al., 2012). It belongs to the family of Poaceae and its origin 

was traced via ancient civilization native in Southeast Asia (Pokhrel et al., 2020). Pokhrel 

et al. (2020) and Bandumula, (2018), reported that ninety percent (90%) consumed rice in 

Asia and eleven Asian countries contributed globally, 87% rice production in the world, 

while Nigeria is the number one importer in African and third importer in the whole world 

(Sowunmi et al., 2014). Rice after proper cooking is consumed and it contains about 40% 

to 80% of the calorie intake (Thomas et al., 2013). The rice landrace has played important 

role in livelihood and food security of the populace as it serves as food (Pokhrel et al., 2020; 

Bhat and Riar, 2017). The rice breed has diverse agro-morphological properties, and some 

of the breeds do very well in terms of yield (Sharma et al., 2020). According to Pokhrel et 

al. (2020), the traditional landraces have been adopted as a result of their higher 

nutritional value than the hybrid and also have been used medically for treatments of 

some different diseases like diarrhoea, vocal clarity, vomiting, fever improve eyesight, 

haemorrhage, burns, infertility (Pokhrel et al., 2020).  With ever growing population in 

Nigeria, the demand and consumption of rice equally expected to increase.  

The rice consumption rate in Nigeria have been estimated to 40kg rice per capita and it 

will continue to rise as long as the population rises (Adekoyeni et al., 2018; Asiru et al., 

2018; Maji et al., 2017; Nahemiah et al., 2004). Among the 4.6million hectares of land 

readily available for cultivation, only 1.7 million hectares are utilized (GAIN, 2016 and 

Nwachukwu et al., 2018). In 2016, globally, rice demand was approximately estimated to 

be 6.3 million metric tons while the short change in local supply was estimated to be 2.3 

million metric tons (FMARD, 2016; Asiru et al., 2018 ). The unsupplied 4 million metric 

tons were expected to be supplied by rice importation (Asuming-Brempong and Osei-

Asare, 2007). The importation of rice (foreign) has caused a profuse effect on Nigeria’s 

economy as it caused a severe danger in foreign exchange earnings and it also reduces 

nations’ foreign reserve (Asiru et al., 2018). As a result of all forgoing, there is a need to 

increase the landrace of rice with mind of improving quality and reducing the shortfall in 

rice and its based products supply.  

This research work tends to in determination of the thermal properties of Illa and Ekpoma 

rice flour which will in due cause facilitate the thermal processing of the rice varieties. 

According to Mahapatra et al., (2011) and Jica (2013) thermal treatments like drying, 

pasteurization, parboiling, cooling, sterilization, thawing, cooking are regularly in food 

handling and processing (Heldman, 2001). The information on thermal properties of 

agricultural materials like flour are vital for designing updated handling and storage 

systems (Lan et al., 2000; Qi et al., 2000; Kim et al., 2003). The specific data of thermal 

properties of biomaterials are needed for both already existing food and newly developed 

products with their processes. In terms of processing and storage, thermal properties 

effects sensory and nutritional quality of food products. (Kamath et al., 1994;  Muramatsu 

et al., 2005; Bozikova, 2003, Ide et al., 2020). Despite that, thermal properties of rough 

rice have been reported in literatures, but the rice flour has limited literature to date. The 

growing demand for imported rice and high import demand have catalyzed the interest in 
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the development of domestic rice varieties. Nigeria is the highest importer of rice in Africa, 

and the second highest in the World. Rice imports in Nigeria have represented a good 

proportion of total food imports overtime and there exists a threat to the Nigerian economy 

due to large volume of milled rice imports into Nigeria, with an import bill currently 

exceeding US$2 billion (Thomas et al., 2013; Premium Time, 2017).  

 As a result of high demand for processed flour by food processors and industries. It is 

important to study their behavior of Illa and Ekpoma rice under different heat treatments. 

Therefore, the objectives of this research work was to investigate some thermal 

parameters of Illa and Ekpoma rice flour at different moisture content, and temperature 

using standard method.  

 

MATERIALS and METHOD 

 

Source of samples 

Ekpoma rice was sourced from a local farm located Esan West, Local Government Area of  

Edo State while Illah rice was sourced from a local farm located in Oshimili North Local 

Government Area of Delta State both in Nigerian. Delta and Edo States are South-South 

part of Southern States in Nigeria. Delta State located within Latitude of 6.20590N and 

langitude of 6.69590E while Edo State is located 5.600N latitude and 6.320E longitude. Edo 

and Delta State are in tropical equatorial climate with mean annual temperature of 32.80C 

and annual rainfall ammount of 2673.8mm. 

 

Preparation of the sample 

The method reported by Jideani (2005) was used to prepare the rice sample into rice flour. 

The rice grains (1 kg) of Ekpoma and Illah rice species were selected and properly washed 

using warm distilled water at (65°C) water to remove unwanted materials attached on 

them from point of source capable of influencing the results. The partly processed samples 

were oven-dried (Multipurpose oven, with Model number OKH-HX-1A China) at 24 h for 

50°C milled and sieved using locally fabricated attrition mill and sieved through 200 μm 

size respectively in order to obtain fine rice flour. The flour samples were further processed 

to three different moisture level 18.5, 12.50 and 10.56% (db), thereafter stored in a sealed 

plastic with appropriate labels and carried to the lab where the experiment was conducted. 

 

Determination of the specific heat of rice flour 

After the caloric values has been generated using bomb calorimeter, the specific heat 

capacity of rice flour was calculated using the method and equations reported by 

Association of Official Agricultural Chemists AOAC (2000) and Ide et al. (2020) on 

persimmon and horse-eye bean flour respectively.  

 

𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 =  
𝐸∆𝑇−2.3𝐵−𝑉

𝑔
(

𝐾𝐽

𝑘𝑔
)                                                                                             (1) 

Where; 

𝐸 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑎𝑙𝑜𝑟𝑖𝑚𝑒𝑡𝑒𝑟 = 13039 

∆𝑇 = 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑟𝑖𝑠𝑒 

𝐵 = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑏𝑢𝑟𝑛𝑡 𝑤𝑖𝑟𝑒 

𝑉 = 𝑇𝑖𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 

𝑔 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 
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Determination of the thermal conductivity of the rice flour 

The thermal conductivity of rice flour was determined using the line heat source probe 

approach method on non-stable state heat conduction with equation reported by Ide et al. 

(2020); Bart-Plange et al. (2009); Mortaza et al. (2008); Sahin and Sumnu (2006).  

 

𝐾 =  
𝑄

4𝜋∆𝑇
                                                                                                                                                  (2) 

 

Where; 

𝐾 = 𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑡𝑦 (Wm-1   0 C-1) 

 𝑄 = 𝑃𝑜𝑤𝑒𝑟 𝑟𝑎𝑡𝑖𝑛𝑔 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑎𝑙𝑜𝑟𝑖𝑚𝑒𝑡𝑒𝑟 (𝐽)  

∆𝑇 = 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 (𝑘) 

 

Determination of thermal diffussivity of the rice flour. 

The thermal diffusivity (α) of the rice flour samples were determined by adopting bulk 

density, specific heat capacity and thermal conductivity values of the rice flour. The 

equation reported by Ide et al. (2020); Bart et al., (2009) on determination of thermal 

parameters of Horse-eye bean and maize and cowpea flour respectively was used to 

calculate thermal diffusivity of rice flour. 

 

𝛼 =  
𝐾

⍴𝑏 𝐶𝑃

                                                                                                                                                  (3) 

 

Where; 

∝ = 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑣𝑖𝑡𝑦 (m2 s-1) 

𝑘 = 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦  (Wm-1   0 C-1) 

𝜌𝑏 = 𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (kg m-3) 

𝐶𝑝 = 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ℎ𝑒𝑎𝑡 𝑐𝑎𝑝𝑎𝑐𝑣𝑖𝑡𝑦 (𝐽/𝐾(𝐾𝐺)) 

 

Determination of the moisture content of rice flour  

This is the quality of water contains in the sample. The experiment was conducted under 

the influence of three (3) different moisture contents 10.56%, 12.50%, and 18.5% under 

wet base. The method reported by Ide et al. (2019) on effect of moisture content on the 

thermal properties of Horse-Eye Bean was adopted in determining the moisture content 

of the samples. The hydrated samples and the moisture content of the samples were 

measured using determined weight of wet sample and weight of dried sample using the 

following equation reported by Ide et al. (2019). 

 

𝑀𝑐 =
𝑊𝑤−𝑊𝐷 

𝑊𝐷
 𝑥 100%                                                                                                                     (4)  

Where;  

𝑀𝑐 = moisture content, %; 𝑊𝑤 = wet samples; and 𝑊𝐷 = dried samples. 

 

Determination of the bulk density of rice flour 

The method described by Sadiku and Bamgboye (2014) was used to determine the bulk 

density of the rice flour at various conditions. 
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𝑝𝑏 =  
𝑀𝑠

𝑉𝑠  
                                                                                                                                                    (5) 

 

Where; 

𝜌𝑏 = 𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑖𝑐𝑒 𝑓𝑙𝑜𝑢𝑟 (kg m-3) 

𝑉𝑠 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑟𝑖𝑐𝑒 𝑓𝑙𝑜𝑢𝑟 (m3) 

𝑀𝑠 = 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑙𝑜𝑢𝑟 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑘𝑔) 

 

Analysis of Variance 

The data generated from this research work were subjected to analysis of variance 

(ANOVA), with the means compared by Duncan's test at 5% of significance. All results 

were expressed as the mean value standard error (SE). Statistical analyses were 

performed using SPSS for Windows 8.0 SAS 1988 version. The best fit regression 

equations were generated using excel world application package 

 

RESULTS and DISCUSSION 

 

The summary of results of the determined thermal parameters of Illa and Ekpoma rice 

flour are presented in the Table 1. 

 

Table 1. Effect of moisture content on the thermal properties of milled rice flour at 

temperature range of 50 to 350C. 
Samples Moisture 

content (%) 

Bulk density (BD) 

kg m-3 

Specific heat 

Capacity 

(kJ kg-1 0C-1) 

Thermal 

conductivity 

(W m-1  0C-1) 

Thermal 

diffusivity 

(x10-4 m2 s-1) 

 

ILLA 

18.50 676.34(1.05) 48.61(2.-5) 1.56(2.04) 1.25(3.08) 

12.50 692.67(3.05) 7.34(1.07) 0.069(3.23) 1.57(3.05) 

10.56 697.72(3.24) 5.72(3.06) 0.036(0.95) 4.38(2.03) 

Mean value 13.85 688.91 20.55 0.55 2.40 

 

 

EKPOMA 

18.50 664.26(1.32) 29.41(0.45) 0.386(0.93) 1.305(3.05) 

12.50 681.29(3.90) 9.31(2.04) 0.068(2.04) 1.488(1.23) 

10.56 687.49(3.01) 6.84(2.06) 0.033(3.12) 3.428(0.33) 

Mean value 13.85 677.68 15.18 0.15 2.06 

The values in brackets are the standard deviation of the replicated data. 

 

The bulk density of processed Illa and Ekpoma rice flour samples presented in    Figure 

1 showed that the bulk density of Illa and Ekpoma rice flour sample were 697.72, 692.67 

and 676.34 kg m-3 for Illa rice flour and 687.49, 681.29, 664.26 kg m-3 for Ekpoma rice 

samples at MC range of 10.56, 12.50 and 18.50% respectively. It was observed that, the 

increase in MC from 10.56 to 18.50% of rice flour samples decreased the bulk densities of 

both Illa and Ekpoma rice flour from 697.72 to 676.43 kg m-3 and 687.49 to 664.26 kg m-3 

respectively (Anita et al., 2019; Mahapatra et al., 2011).  
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Figure 1. Moisture content effect on the bulk density of Milled ILLA and EKPOMA rice 

flour. 

  

The observed different in bulk density and varieties were significant in MC (p < 0.05). 

This finding could be attributed to the fact that bulk density of the flour sample depends 

on thermal diffusivity. Bulk density effects both packing and transportation of food 

materials, the Illa rice flour sample with higher bulk density at 10.56% moisture content 

are known to exhibit better packaging factor and transportation advantages than those 

with low bulk density, based on this fact as the moisture content decreases the packing 

factor and transportation advantages increases (Arinola and Jeje, 2017). The relationship 

that existed between the bulk density and moisture content were best described in the 

following Equations (6) and (7). 

 

BD= 19.902ln (MC) + 677.02T R² = 0.9789      (6) 

BD = 21.514ln (MC) + 664.83T R² = 0.9873     (7)  

 

for Illa and Ekpoma rice flour respectively. The trend of the bulk density graph of both 

sample exhibited logarithmic trend of best fit modelling equation on the effect of MC on 

the bulk density of processed rice flour samples (Table 2).  
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Table 2. Relationships of thermal properties with rice varieties, moisture content and 

temperature. 

Thermal properties Illa rice R² Ekpoma rice R² 

Bulk density  

(kg m-3) 
BD= 19.902ln(MC) + 677.02T 0.9789 BD = 21.514ln(MC) + 664.83T 0.9873 

Specific heat 

capacity  

(kJ kg-3 C-1) 

Cp = 42.685(MC)-2.032T 0.9305 Cp = 27.827(mc)-1.363T 0.9708 

Thermal 

conductivity  

(W m-1C-1) 

K = 1.3421(MC)-3.694T 0.9706 K = 0.3693(MC)-2.33T 0.9973 

Thermal diffusivity 

(x10-4 m2 s-1) 
α = 4.1394(MC)-1.178T 0.9597 

α = 3.2422(MC)-0.915T 

 
0.9415 

BD=Bulk density, Cp= specific heat capacity, k= thermal conductivity, α=thermal diffusivity, R² = R squared value. 

 

The specific heat capacity of agricultural flour determines the quantity of thermal 

energy a unit of the food flour retains at every unite increase in temperature (Sandra and 

Bernarda 2015). It is basically important in thermal analysis of packaged food products. 

From the table and figure 1, it was observed that specific-heat capacity was measured 

with respect to changes in moisture content and temperature. It was noticed that specific-

heat-capacity of the rice flour samples showed that Illa rice flour samples increased from 

5.72, 7.34 and 48.61 kJ kg-3 C-1 while Ekpoma rice flour samples increased from 6.84, 9.31 

and 29.41 kJ kg-3 C-1 as MC increased from 10.56, 12.50 and 18.50%, respectively. 

 

 

Figure 2. Moisture content effect on the specific heat capacity of Milled ILLA and 

EKPOMA rice flour. 

 

The observed moisture content increase of the samples showed that, the moisture 

content and specific heat capacity varied significantly at (p>0.005) interval and this in line 

with the report of Anita et al. (2019) and Akbari and Chayjan (2017) reported on the effect 

of dry basis moisture content (MC) on African Walnut and persimmon for modelling of 
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thermal properties of the samples.  The relationship that existed between Cp (specific heat 

capacity) of the rice flour varieties as it was influenced by dry basis MC and heating 

temperature was stated via the quadratic regression equation with their R squared values 

as a drying constant as Cp= 42.685(MC)-2.032T R² = 0.9305 and Cp = 27.827(mc)-1.363T                      

R² = 0.9708 (Table 2) for Illa and Ekpoma rice flour samples respectively. Almost in all 

cases, there was no relationship in the specific heat values of two rice varieties, the specific 

heat increased with increase in both moisture and temperature (Azadbakht et al., 2013) 

and this is in line with Shrivastava and Datta (1999) and Singh and Goswami (2000) 

reported on thermal properties of mushrooms and cumin-seed revealed that the moisture 

content when correlate with the temperature it had a highly valid significant effect on Cp 

tested. The thermal conductivity of the processed rice flour samples was presented in the 

Figure 3. 

  

 

Figure 3. Moisture content and thermal conductivity relationship of Milled ILLA and 

EKPOMA rice flour. 

 

      The thermal conductivity of a food material measures the magnitude of thermal energy 

that transferred during thermal processing of the food material                                                   

(Sandra and Bernarda, 2015). Thermal conductivity of both samples species was observed 

to be varied as moisture content (MC) increases. The corresponding increase in MC from 

10.56 to 1.50% (db) caused the thermal conductivity (k) of the Illa and Ekpoma rice flour 

samples to be noticeably-increased from 0.036 to 1.56 W m-1 0C-1 and 0.03 to                                   

0.38 W m-1 C-1 at MC range of 10.56 to 18.50% respectively. It implies that thermal 

conductivity (k) determined at three (MC) level were differently significant at (p < 0.05). 

This increase in thermal conductivity of rice flour with increase in MC is due to magnitude 

of heat transferred in the flour and this is preferred when the sample is wet than when it 

is dried (Jibril et al., 2016).  The relationship of thermal conductivity of rice flour varieties 

and its moisture content is best expressed in the equations below, K = 1.3421(MC)-3.694T R² 

= 0.9706 and K = 0.3693(MC)-2.33T R² = 0.9973 for Illa and Ekpoma rice flour respectively 

(Table 2). This is very similar with what Aviara and Haque (2001) on thermal-properties 

of Guna seed and Mahapatra et al. (2013) on thermal-properties of Cowpea flour.   

The thermal diffusivity of Illa and Ekpoma rice flour were presented Figure 4, showed 

that the thermal diffusivity of Ekpoma were 1.30, 1.48 and 3.42 x10-4 m2 s-1 and for Illa 
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were1.25, 1.57 and 4.38 x10-4 m2 s-1 at moisture content range of 18.50, 12.50 and 10.56%, 

respectively. 

 

 

Figure 3. Moisture content effect on thermal diffusivity of Milled ILLA and EKPOMA rice 

flour. 

 

It was observed that, the MC of rice flour- showed decreased in the thermal diffusivity 

of the processed samples. Thermal diffusivity reveals the extent at which food material 

retain heat either under storage or during thermal processing, it was therefore indicated 

that the Illa rice flour sample displayed higher rate of heat energy circulation among the 

particles of the flour than the Ekpoma rice flour. This is because the Illa rice flour recorded 

higher thermal diffusivity value of 4.38 x 10-4 m2 s-1 at 10.56% (db) moisture content and 

have the tendency of retaining much heat than Ekpoma rice sample. The findings were 

not similar with what Opoku et al. (2006) reported on hay timothy, where increase in 

moisture in the range of 7.7% to 17.1% will cause increase in their thermal properties 

(thermal  conductivity and diffusivity) from 0.284 to 0.0605 W m-1 °C-1 and 1.024 to 

3.03110-7 m2 s-1. The observed different in MC and thermal diffusivity were validly 

significant (p < 0.05). This is attributed to the fact that thermal diffusivity of the flour 

sample depends on bulk density of food samples as they decreased with increase in 

moisture content. The relationship between the thermal diffusivity and MC was best 

described in the following equations below α = 4.1394(MC)-1.178T R² = 0.9597 and α = 

3.2422(MC)-0.915T R² = 0.9415 for Illa and Ekpoma rice flour samples respectively (Table 2).  

 

CONCLUSION 

 

The thermal parameters of rice flour of Illa and Ekpoma rice varieties were determined at 

different moisture levels. The research results showed that the validly significant 

variation in thermal parameters values were varied per respect to different moisture 

content levels. The observed increase in MC from 10.56 to 18.50 %, had same correspond 

increased the specific heat capacity from 5.72 to 48.61 kJ kg-3 C-1 and 6.84 to                                      
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29.41 kJ kg-3 C-1 for Illa and Ekpoma rice variety respectively and thermal conductivity 

from 0.03 to 1.56 W m-1 0C-1 and 0.03 to 0.38 W m-1 0C-1 for Illa and Ekpoma rice flour 

samples.  Thermal diffusivity and bulk density of the processed Illa and Ekpoma rice flour 

samples decreased across the MC range of 10.56 to 18.50% (db). Thermal diffusivity 

decreased from 4.38 to 1.25 x10-4 m2 s-1 and 3.42 to 1.30 x10-4 m2 s-1 for Illa and Ekpoma 

rice flour respectively while the bulk density also decreased from 697.72 to 676.34 kg m-3 

and 687.49 to 664.26 kg m-3 for Illa and Ekpoma rice flour, respectively.  The developed 

model equations from the Figure 1 to Figure 4 can be applied in the estimation the thermal 

processing parameters of rice flour around the range treatments. 
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