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ABSTRACT 
 

Thermal conductivity of peeled and unpeeeled cassava tuber was determined using the line heat source 

method.  In this method a steady heat flux is applied to the sample using a line heat source located inside 

the sample,  then the temperature rise at some point in the specimen resulting from applied flux is 

measured.  The cassava tubers used are of TMS96/1431 and TMS96/1087 varieties.  Thermal 

conductivity was measured at different moisture content of the tuber.  The result shows that the thermal 

conductivity increases with an increase in moisture content for the two varieties and for both peeled and 

un peeled cassava tubers.  Thermal conductivity of the cassava tubers ranged from 0.043 to 0.085 for 

TMS96/1431 and 0.038 to 0.098 for TMS96/1087 for peeled and un peeled cassava tubers respectively.   

A distinct difference was observed between the thermal conductivity of the two cassava varieties at all 

moisture content.  The peeled cassava had a slightly lower thermal conductivity.  

 

Significance: Cassava tuber passes through a number of thermal processes before consumption.  The 

knowledge of its thermal conductivity is important to predict heat transfer rate and also in designing 

thermal processes for the tuber.   

 

Keywords: Cassava tuber, thermal conductivity, moisture content  

 

1. INTRODUCTION 
 

Cassava (Manihat esculenta crants) is an 

important tuber crop especially for developing 

countries in Africa, Asia and Latin America. 

Cassava is processed into various end products 

such as garri, fufu, cassava chips, cassava flour, 

bread biscuits etc. Before arriving at these end 

products cassava tuber is subjected to different 

range of heat treatment at different times, right 

from harvest (Odigboh, 1981). Heat and mass 

transfer principles are used to analyze many of 

these processes. The use of these principles 

requires knowledge of thermal properties of 

cassava tuber such as thermal conductivity, 

specific heat, thermal diffusivity, unit surface 

conductance and thermal emissivity. Thermal 

properties of agricultural products are unique and 

depend on variety, maturity, moisture content, 

density and temperature (Rao and Rizvi, 1986).   

Thermal conductivity of a material is a measure 

of its ability to conduct heat. In foods, thermal 

conductivity depends mostly on composition, but 

also on any factor that affects the heat flow paths 

through the material, such as percent void spaces, 

shape size and arrangement of void spaces, 

homogeneity, orientation of fibers etc (Rao  and 

Rizvi,1986). Many researchers have studied the 

thermal conductivity of agricultural products 

(Obiako, 1981;  Oluka and Bardey, 2001; 

Irtwange and Igbeka, 2004). Irtwange and Igbeka 

(2004) studied the thermal conductivity of 

African yam bean and reported that moisture 

content and degree of packaging has significant 

effect on its thermal conductivity. Mosheninn  

(1981)  gave the thermal conductivities of tuber 

crops such as potato, carrot and onions. He 

observed that the thermal conductivities of these 

crops vary with moisture content, apparent 

density and temperature of the product. Ijabo et 

al., (1999) also observed that engineering 

properties of agricultural materials vary as its 

moisture content varies. 

Moshenin (1981) gave a comprehensive review 

of various methods of measurement of thermal 

conductivities of foods and stated that the line 

heat source method is adequate for most food 

applications. Rao and Rizvi (1986)  also 

recommended the use of line heat source method 

to determine thermal conductivity of food 

products. They stated that the method is simple, 

fast and has a higher accuracy compared to other 

methods.  Line heat source method to determine 

thermal conductivity have been used by many 

authors (Rao et al., 1975; Irtwange and Igbeka, 

2001; Irtwange and Igbeka, 2004). Rao et al. 

(1975) used line heat source method to determine 

the thermal conductivity of white potato and he 

recommended the cutting of the potato into two 

halves before passing the heater wire for higher 

accuracy.    

Different models to estimate thermal 

conductivity of biological materials have been 

developed. These models are based on the 
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constituents of the product. However the 

relationship k = C1 + C2W:  where k is the 

thermal conductivity , W is the moisture content 

of the material and C1, C2  are constants which 

vary with product and author, have been 

commonly  used for most food items (Rao  and 

Rizvi,1986; Irtwange and Igbeka, 2004).   

The objective of this study is to determine the 

thermal conductivity of peeled and unpeeled 

cassava tubers at different moisture content and 

assess the effect of moisture content on the 

thermal conductivity of two varieties of cassava 

tuber. 

 

2. MATERIALS AND METHOD 
 

To determine the thermal conductivity of cassava 

tuber, the line heat source method was adopted. 

This method uses a line heat source located 

inside the material (Rao et al., 1975; Irtwange 

and Igbeka, 2004).  In this method, a steady heat 

flux is applied to the specimen, which must have 

been in thermal equilibrium initially, then the 

temperature rise at some point in the specimen 

resulting from applied flux is measured.  In using 

this method, it is necessary to identify time and 

current values that allow for minimum heat loss 

to the surrounding. The measuring device 

consists of a housing unit, line heater and a 

thermocouple for measuring the temperature.  

Figure 1 shows the circuit diagram of the 

measuring device. 

 

2.1 Housing Unit 

The housing unit accommodates the material 

being tested, protects it from environmental 

influence and minimizes heat loss to the 

surrounding. This unit consists of a plywood box 

25cm long and 25 cm wide and 15 cm high. Two 

long adjustable screw bolts are screwed into the 

opposite sides of the box. A detachable batten is 

attached to the end of each bolt. The tested 

materials were held between these detachable 

battens. This arrangement ensures that the heater 

was completely in between the material tested.  

 

2.2 Heating Element and Heat Generation 

Nicrome wire was used as the electrical heating 

element of this equipment because of some of its 

properties, which include: High heating rate but 

short heating time and negligible change in 

resistance with changes in temperature. The line 

heater was designed to be powered by a low 

voltage DC power source of about 12 Volts. The 

heater wire was 8cm long and the material being 

tested was 10cm long, which allow a short 

distance for heat transfer from one end of the 

material to the other. The resistivity of the 

nicrome wire was 43 Ohms per meter, thus the 

resistance R for the heater wire is 0.08 x 43 = 

3.44 Ohms. The nicrome wire was soldered to 

copper leads and stretched out to the opposite 

end of the box. One end was connected to an 

automobile battery, which is used to supply 

power to the heater, while the other end was 

connected to a sensitive ammeter to read the 

current across the load. The current was 

regulated to 1.0 ampere. 

 

2.3 Temperature Measurement 

A copper-constantine thermocouple was used to 

measure the temperature rise Fig. 1. The 

difference in electrical potential generated at the 

junction of these two metals varies with the 

temperature difference between the junctions. 

The copper-constantine junctions were silver 

soldered to ensure good thermal contact.  

One end of the junction was held at a 

temperature of 0C, while the other end was 

inserted into the sample close to the heat source. 

A portable digital potentiometer (ALDA 

ADV830B) was included in the circuit to 

measure the electromotive force, which is then 

converted to temperature. The electromotive 

force (emf) of a thermocouple is usually very 

small, of the order of milli-volts and this depends 

on the temperature difference between its two 

junctions. It is this property that will be 

employed for subsequent measurement of the 

temperature (Rao et al., 1975).  
 

2.4 Experimental Procedure 

The apparatus was first tested using pinewood of 

known moisture content. Four replica of the test 

was conducted.  In all cases the result obtained 

agreed with the literature value. Fresh samples of 

mature cassava of TMS96/1431 and 

TMS96/1087 varieties were obtained from 

experimental farm.  The samples were cleaned, 

cut into 10cm lengths and kept at room 

temperature while conducting the experiment. 

The moisture content for each sample was 

determined before and after the thermal 

conductivity tests have been carried out using the 

oven method as given by ASAE Standards 

(1998) and the average of the two measurements 

was computed. The heater was placed in the 

sample to be tested, the hot junction of the 

thermocouple was inserted into one end of the 

test material and the cold junction was kept in 

melting ice. The difference in temperature brings 

about the rise in electromotive force. About two 
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to five minutes was allowed for the system to 

equilibrate before power source was switched on. 

The variation of the potential difference was read 

from the potentiometer at intervals of thirty 

seconds in millivolts.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Thermal conductivity measuring device  (1), ammeter; (2), resistor;  (3), switch;  (4), power source;  (5), 

sample; (6), nichrome wire; (7), box; (8), screw bolt; (9), constantine wire; (10), copper wire; (11), 

potentiometer; (12), melting ice. 

 

  

 

2.5 Computation of the Thermal Conductivity 
The reading from the potentiometer is converted 

to temperature using the following relation (Rao 

et al., 1975). 

 

 

 

Where, T - Temperature in 
o
C; mV - Electromotive force in millivolts  

 

The temperature rise versus log time data derived 

from the output of the thermocouple and the 

stopwatch were subjected to linear analysis. 

Using the slope of these linear regression lines, 

the thermal conductivity of the samples were 

calculated as shown below: 
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Ohms =3.44 Ohms 
 

3. RESULTS AND DISCUSSION 
 

Table 1 and Table 2 show the thermal 

conductivity for the two varieties of cassava 

tuber. The thermal conductivities shown in the 

tables for different moisture contents were the 

average of three replications. The values in Table 

1 and 2 indicate that the thermal conductivities of 

cassava tuber is very small and increases as the 

moisture content increases. For the two verities 

and peeled and unpeeled cassava tubers the 

thermal conductivity increases linearly as the 

moisture content increases. 

 
 

Table 1. Thermal conductivity of cassava tuber (TMS96/1431) at various moisture contents 

 

Unpeeled Peeled 

Moisture content, 

% 

Thermal conductivity,  

W/mC 

Moisture 

content, % 

Thermal conductivity, 

W/mC 

61.1 0.043 59.5 0.045 

68 0.064 67.2 0.06 

70.5 0.065 70.5 0.065 

76 0.085 75.2 0.085 

 

Table 2. Thermal conductivity of cassava tuber (TMS96/1087) at various moisture contents 

 

Unpeeled Peeled 

Moisture content, 

% 

Thermal conductivity, 

W/mC 

Moisture 

content, % 

Thermal conductivity, 

W/mC 

54.5 0.038 60.5 0.061 

60 0.05 67 0.067 

65 0.06 71 0.073 

74.1 0.098 78.15 0.087 

 

The thermal conductivity is expressed as a linear 

function of the moisture content as 𝑘 = 𝐶1 +
𝐶2𝒲 ,  where W is the moisture content of 

cassava tuber and C1 and C2 are regression 

constants.  Table 3 shows the regression 

coefficient for peeled and unpeeled and for the 

two varieties of cassava tubers.  The high value 

of the linear correlation coefficient R in all cases 

indicates that the variation in thermal 

conductivity can be explained by the linear 

function of the moisture content (Gomez and 

Gomez, 1983).   

 

Table 3 Linear regression coefficients of thermal conductivities of cassava tuber 

 

Cassava variety C1 C2 R 

TMS96/1431 Peeled 0.1019 0.0024 0.9462 

Un peeled 0.1248 0.0027 0.9776 

TMS96/1087 Peeled 0.0305 0.0015 0.96670 

Un peeled 0.1326 0.0031 0.9652 

 
   R = linear correlation coefficient  

 

 

Figure 2 shows the thermal conductivity of 

peeled and unpeeled cassava tubers at different 

moisture contents for the two varieties. The 

figure is obtained using the regression parameter 

as given in table 3.  The figure once more shows 

the linear relationship between the thermal 

conductivities and moisture content for the two 

varieties of peeled and unpeeled cassava.   

 

The figure also shows a distinct difference in the 

thermal conductivity for the two cassava variety 

used at all moisture contents. The difference in 

the thermal conductivity between the two 

varieties ranges between 0.0156 to 0.0081 for 

peeled cassava tuber and 0.0192 to 0.0057 for 

unpeeled tuber at a moisture content range of 58 
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to 73 %. These values were obtained using the 

regression equation. A slight difference was also 

observed between the thermal conductivity of the 

peeled and unpeeled cassava tubers. This 

difference is higher at lower moisture content 

compared to higher moisture content Fig 2. For 

the two varieties the unpeeled cassava tuber 

showed a slightly higher thermal conductivity. 

This could be due to the difference in structure, 

density and moisture content between the peel 

and the flesh of the cassava tuber. There is no 

much work done on thermal conductivity of 

cassava tuber. However, available literature 

shows that thermal conductivity of tubers such as 

carrot, potato and onions varies depending on the 

apparent density, crop variety, moisture content 

and temperature of the surrounding (Rao and 

Rizvi, 1986).   

 

 

 

 

 

4. CONCLUSION 
 

From the analysis of the results the following 

conclusions were reached: 

 The Thermal conductivity of cassava 

tuber increases linearly as the moisture 

content increases. 

 Apart from the moisture content the 

variety of cassava also affects its thermal 

conductivity. The difference in thermal 

conductivity could be due to differences 

in density, percent void space and 

orientation of fiber of the two cassava 

variet ies. 

 A slight difference was observed 

between the thermal conductivity of 

peeled and unpeeled cassava tuber. The 

peeled cassava tuber has slightly lower 

thermal conductivity compared to the 

unpeeled cassava tuber.  However the 

difference was not significant. 

 
 

 

 

Figure 2. Effect of Moisture Content on Thermal conductivity of peeled 

and unpeeled cassava tuber __TSM96/1431 __ TSM96/1087
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