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Abstract  
 

Yams (Dioscorea spp) are herbaceous vines which are cultivated for the consumption of their starchy tubers. And can be 

consumed either boiled or fried. Drying is a veritable technology for storage beyond immediate consumption. This study 

thus, investigated the drying rate and the best suitable model of yam slices of different thicknesses (1.0mm, 1.5mm and 

2.0mm) in thin layer using a laboratory convective oven dryer. A temperature range of 60-80
0
C in multiples of 10

0
C was 

selected and applied. Results were fitted to three thin-layer models of Page, Henderson and Lewis, and parameters (R
2
, 

RMSE, X
2
) to select the suitable estimating thin-layer model. R

2
 values ranged from 0.912090– 0.984462 (pre-treated) 

and 0.947496 – 0.982675 (untreated) for Lewis model; 0.996625– 0.998228 (pre-treated) and 0.994750– 0.998897 

(untreated) for Henderson model; 0.940210 – 0.997329 (pre-treated) and 0.938921–0.995356 (untreated) for page model 

with rather low RMSE values ranging from0.031620-0.016657(pre-treated) and 0.030334-0.017589 (untreated) for Lewis 

model; 0.00773 - 0.005247 (pre-treated) and 0.009682-0.004439 (untreated) for Henderson model; 0.032675-0.006907 

(pre-treated) and 0.033026-0.009107(untreated) for page model over the range of drying temperatures applied. The 

respective X
2
 values ranging from 0.0000204300–0.0011310990 (approximately = 0), therefore, from the statistical 

analysis the Henderson model showed a reliable prediction of the drying kinetics of the yam slices at the chosen 

temperatures. Drying rate along with characterizing drying constant also increased exponentially with temperature. From 

observation, pre-treated yam slices dried faster than untreated yam slices. 

Keywords: Yam, thin-layer models, slices thickness, drying curves, drying rate, moisture ratio, drying kinetics. 
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INTRODUCTION 
Yam (Dioscorea spp) is basically seasonal and 

becomes expensive at the time of scarcity. Despite the 

high level of scarcity, demand is still high therefore 

these crops are needed all year round. Yam (Dioscorea 

spp) tends to deteriorate in value thereby depreciating 

the market value of that product and at such 

preservation is required.  

 

Yam (Dioscorea spp) is the common name for 

some plant species in the genus dioscorea (family 

dioscoreaceae) that form edible tubers. Yams are 

herbaceous vines that can live for more than two years 

which are cultivated for the consumption of their 

starchy tubers in many temperate and tropical regions, 

especially in Africa, South America and the Caribbean, 

Asia and Oceania. The tubers themselves, also called 

yams vary in form (centre for agriculture and 

biosciences international, 2016). 

 

Yam crops begin when whole seed tubers or 

portions are planted into mounds or ridges. The crop 

yield depends on how and where the sets are planted, 

sizes of mounds, interplant spacing, provision of stakes 

for the resultant plants, yam species and tuber sizes 

desired at harvest. Yam crops face pressure from a 

range of Insect pests and fungal and viral diseases as 

well as nematodes (calverly, 1998). 

 

Dehydration is simply the significant loss of 

body fluid that impairs normal bodily function. It is a 

classical and complex processing technique employing 

simultaneous heat and mass transfer to get solid food 
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products with extended shelf life. Data of moisture loss 

with respect to time and temperature has been found 

important to describe the inherent phenomenon during 

the drying kinetics study. Dehydration as a multifaceted 

unit operation involves moisture exchange through 

molecular or surface diffusion and capillary, 

hydrodynamic flow (sharma and Prasad 2001). Drying 

is a method used in food products, and it offers benefits 

not only as a method of preservation, but also reduces 

packaging and transportation costs by reducing weight 

and volume (A Dominoguez, 2020). 

 

In drying, the removal of moisture prevents 

growth and reproduction of decay-causing micro-

organisms and minimizes many of the moisture driven 

deterioration reactions, targeting the retention of the 

function quality of bio-products (Vijaya and Orsat, 

2007). 

 

High moisture content in food products 

increases the activities of micro-organisms, chemical 

and biochemical reactions. Due to the high moisture 

content (50-80%) wet basis of yam and its susceptibility 

to deterioration during storage, it is difficult to store 

fresh yams. Drying has been regarded by humans as 

probably the most important and oldest food 

preservation method and it entails a complex Thermal 

process in which simultaneous heat and mass transfer 

occur. It is a process of moisture reduction in 

agricultural products to extend its shelf life (Ojediran, 

2020). 

 

In this part of Africa (Nigeria), Dioscorea spp 

can be locally prepared in different ways into different 

delicacies such as pottage, yam pepper soup, can also 

be fried, etc. Dried white yam can be stored for a longer 

period, used as instant yam flour, cooking and 

extraction of resistant starch (Ojediran, 2020). 

 

The study is to investigate the effects of 

temperature on the dehydration kinetics of pre-treated 

and untreated yam slices with respect to time (30 

minutes intervals), at a varying temperature 60, 70 and 

80
0
C with thicknesses of 1.0mm, 1.5mm and 2.0mm 

using the oven drying method. Data obtained from the 

drying experiment were fitted into three (3) models 

(Page model, Henderson model and Lewis model) to 

predict the drying rate and to determine the best thin 

layer dryer suitable for drying Yam (dioscorea spp) 

slices. 

 

MATERIALS AND METHODS 
3.1 Materials 

Materials used for this research work are as 

follows:  

 

3.1.1 Knife 

This is a sharp blade with a handle used for 

cutting or as a weapon. 

 

 
Plate-1: Knife 

 

3.1.2 Vernier Calliper 

 A type of sliding device for measuring the 

external and internal dimensions of objects using the 

Vernier scale for improved precision. It is a metal 

device used for measuring the thickness between two 

surfaces, especially for small or precise measurements. 

 

 
Plate-2: Vernier calliper 

 

3.1.3 Laboratory Type Digit Balance 

 

 
Plate-3: laboratory type digit balance 

 

3.1.4 Electric Oven 

The oven dryer is designed to remove moisture 

from the oven chamber so as to dry the samples as 

quick as possible. The drying oven process introduces 

fresh dry air to the chamber and expels the warm moist 

aur simulataneously allowing to rapidly dry the 

samples. An oven dryer provides high-performance 

drying and heating. The samples are dried for a defined 

period of time at constant temperature. The moisture 

content is determined by weighing the sample before 

and after drying. 

 

 
Plate-4: Electric oven 
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 3.1.5 Tubers of Yam 

 

 
Plate-5: Tubers of yam 

 

3.1.7 BUCKET WITH LID 

 

 
Plate-6: Bucket containing yam slices used for the 

Blanching 

 

3.2 METHODS  
An average size of dioscorea spp (yam) was 

obtained from a local market at Ondewari community in 

Southern Ijaw LGA, Bayelsa State, Nigeria. It was 

taken to the processing laboratory of the department of 

agricultural and environmental engineering, Niger Delta 

University, Bayelsa State Nigeria, located from Latitude 

4°51'N to 5°02'N, and from longitude 6°.04'E to 6°17'E 

see plate 7. The yam was first washed with clean water 

and peeled manually with stainless knife plate 1. The 

yam slices blanched by soaking in boiled water for 

about 100°C for 5-minutes interval as a means of pre- 
treatment before the drying experiment took place see 

plate 6. Blanching is a means whereby women in 

Bayelsa state, south-south part of Nigeria used for the 

production of yam flour for retail or wholesales which 

enhances the drying process. Drying of pre-treatment 

yam slice (blanched) and (unblanched) yam slices were 

investigated out of the varying temperatures of 60, 70, 

and 80°C levels. The yam was sliced into 1.0mm, 

1.5mm and 2mm slice thicknesses using vanier caliper 

see plate 2 in other to investigated the effect of 

temperature on yam slices. The different slices were 

weights before drying, during drying and after drying 

and were measured using electronic weighing balance 

see plate 3. Moisture reduction or loss was measured at 

every 30mins interval during the drying procedure to 

determine the drying curve. The processes was done 

repeatedly until there was no significant reduction or 

significant changes in the moisture content of the yam 

slices as the temperature increases. The moisture ratio 

of the yam slices was calculated using equation 1 

below. (Aremu et al., 2013 and Fawoume et al., 2019). 

 

 MR =
    

     
                  (1) 

 

Where me is equation equilibrium moisture 

content (EMC), kgH2O
/Kg

solid, M0 is initial moisture 

content, KgH2O
/kg

solid and M is as previously defined. 

 

And from equation (2), if values of me are 

small in relation to values of M and M0 (assumed to be 

zero) in (Burubai, 2015; Roberts et al., 2008), then the 

equation would reduce to; 

 

MR=
 

  
                                                                       (2) 

MR= 
    

     
 = 

 

  
    

    
   

  
  

                                      (3) 

 

 
Plate-7: The MAP of Wilberforce Island, Nigeria 
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Thin-layer Drying Models 

The use of mathematical models in estimating 

the behaviour of agricultural and other bio-materials 

during drying is common in technological literature. 

Several of such thin-layer models exist but only three 

(the Lewis, the page and Henderson models 

respectively) are selected for validation in this work. 

From equation (3), taking n = 1 and further simplifying 

would bring about the thin layer drying equation of the 

Lewis model. 

 

               MR = exp
-kt       

                          (4)  

The Henderson model                                                          

              MR = Aexp
-kt                                                                            

(5) 

And when n >1, the page model 

               MR = exp
-ktn                                                                             

(6) 

Equation (4) can further simplify as 

               In (MR) = In(k)-kt                                        (7) 

Or           In (
 

  
) = In (k)-kt 

 

Wherein k is seen as the rate constant and a, b, 

n are model coefficients. Then the plot of moisture ratio 

on natural logarithm axis against drying time of eq. (6), 

the intercept, In (k) on the moisture ratio axis and slope, 

-kt. 

 

3.4. STATISTICS FOR GOODNESS OF FIT 

Thin layer models can normally be evaluated 

and the quality of fit compared using certain statistical 

indicators such as coefficient of determination R
2
; the 

non-parametric reduced chi-square, X
2
, and the root 

mean square error, RMSE. The usual criteria is that an 

acceptable goodness of fit is said to have occurred in 

describing the drying curve of a given model if R
2
 value 

of the values of other indicators, X
2
, RMSE, are low. In 

this work, the experimental drying data of the samples 

obtained at different temperatures were used to fit into 

the three commonly used thin layer drying models. The 

goodness of fit of the selected mathematical models to 

the experimental data was evaluated using the given 

criteria (Maydeu et al., 2010; Wang et al., 2006). The 

statistical parameters used as the indicators were 

calculated as follows (Ndukwe et al., 2010), (Burubai, 

2015). 

 

3.4.1 Coefficient of Determination, R
2
 

It is used in the context of statistical models 

whose main purpose is the prediction of future outcome 

on the basis of other related information. The 

coefficient of determination is not likely to be 0 or 1 but 

rather somewhere in between these limits. The closer it 

is to 1, the greater relationship it becomes with the 

experimental and predicted values (Neter et al., 1990). 

 

R
2
= 1–[∑          –         

  
   ]    8 

 

 

 

3.4.2 Reduced Chi-square, X
2
  

The non-parametric reduced chi-square, is the 

mean square of the deviations between experimental 

and predicted values for the models and used to 

evaluate the fitting agreement of each model. The lower 

the values of X
2
 the better the goodness of the fit (Yang 

et al., 2007). 

 

X
2 

= 
∑          –         

  
   

   
      9 

 

3.4.3 RMSE 

The root mean square error (RMSE) is 

required to reach zero. The statistical parameters used 

as the indicators were calculated as follows (Ndukwu et 

al., 2010), (Burubai, 2015).   

 

 RMSE  =  √
∑          –         

  
   

 
                10 

 

Where;       = predicted moisture ratio, 

       = experimental moisture ratio, n = number of 

observations and k = no. of constant. 

 

4.0 RESULTS AND DISCUSSIONS  
 

4.1 CHARACTERIZING DRYING KINETICS  

Figure 1 and 2 are plots of moisture ratio of the 

pre-treated and untreated samples against drying time 

for the chosen temperature levels i.e 60
0
C, 70

0
C, 80

0
C 

while figures 3 and 4 shows the moisture ratio obtained 

for the logarithmic form [In (MR)] plotted as a function 

of drying time. The moisture ratios are all given in wet 

basis (wb). The plots show an initial accelerated 

moisture loss in drying due to quick diffusion and 

evaporation of free water. Drying however, became 

slower at the later stages of drying time, even with 

increasing temperatures. The sharp drop seen in the 

drying curves (figure 3 and 4) shows that removal of 

moisture from the pre-treated and untreated yam slices 

decreased as time increased. This is typical of such 

animal-muscled bio-materials with high level of 

constituent fats/oil and protein causing less water 

activity even with increase in drying temperature as 

investigated by (Zibokere and Egbe, 2021) on fresh 

water clawed lobster, (jain and pathare, 2007; Burubai 

and Bratua, 2016). This means that lesser water is 

available for evaporation at the surface of the samples; 

thus, drying rate is seen to decrease with time 

exemplifying a falling ratee drying proceeding without 

the feature of case-hardening even on the high ranges. 

This agrees with works on the thin layer drying of red 

pepper (Akpinar et al., 2003), tomatoes (Kross et al., 

2004), plantain (Satimehin and Alabi, 2005), salted 

catfish fillets (Sankat and Mujalfar, 2006), yoghurt 

(Hayaloglu et al., 2007),hull-less seed pumpkin 

(Sacilik, 2007), fresh fish (Kilic, 2009), bitter cola 

(Ehiem and Simonyan, 2011), bananas (Ganesapillai et 
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al., 2011), pumpkin seeds (Jittanit, 2011), fresh tilapia 

fish (Zhiqiang et al., 2013) and clam (Burubai, 2015). 

 

The effect of temperature on slice thicknesses 

on pre-treated and untreated yam slices was also 

investigated by comparing the drying curve at different 

temperature as presented in figure 1and 2. Moisture 

content of the yam slices reduces as the drying 

increases for all the slice thicknesses in both pre-treated 

and untreated yam slice. It was also observed that 

moisture loses as the dying progressed without no 

distinct constant rate period. The smaller the slice 

thicknesses for both pre-treated and untreated, the faster 

the dehydration process and the larger the thickness for 

the both samples the more time required for complete 

dehydration. This could be attributed to the different in 

the surface area that are exposed to heated air at a given 

volume of the product to the distance that moisture in 

the yam slice travel from the core to the slice reaching 

the surface where it could be easily evaporated. Similar 

results have been reported for mango (Aremu et al., 

2013), Quercus fruits (Tahmasebi et al., 2011), kiwi 

fruit (Mohammadi et al., 2008). It was also discovered 

during the drying process that the drying rate of 

blanched yam slices was higher than the drying rate of 

fresh yam slice (untreated) for all the slice thicknesses 

investigated. Blanching resulted increased moisture 

content in yam slice and subsequently increased the 

quantity of free moisture that can be evaporated easily 

from the yam slice. Similar investigation has been 

reported by pre-treated cassava chip (Tunde-Akintunde 

and Afon 2010), pre-treated cocoyam (Oyefeso and Raji 

2020), leek slices (Doymaz, 2008), and pumpkin slices 

(Limpaibron 2011).   

 

 
Fig-1: Graph of moisture ratio versus drying time of pre-treated Yam slices at different temperature 

 

 
Fig-2: Graph of moisture ratio versus drying time of Untreated Yam slices at different temperature 

 

 
Fig-3: Graph of Drying curves of Logarithmic moisture ratio vs drying time for pre-treated yam slices 
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Fig-4: Graph of drying curves of Logarithmic moisture ratio vs drying time for pre-treated yam slices 

 

 
Fig-5: Graph showing the relationship between Experimented Moisture Ratio and Lewis Moisture Ratio Prediction at 70°C for 

pre-treated yam slices 

 

 
Fig-6: Graph showing the relationship between Experimented Moisture Ratio and Lewis Moisture Ratio Prediction at 70°C for 

Untreated yam slices 

 

 
Fig-7: Graph showing the relationship between Experimented Moisture Ratio and Henderson Moisture Ratio Prediction at 

70°C for pre-treated yam slices 
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Fig-8: Graph showing the relationship between Experimented Moisture Ratio and Henderson Moisture Ratio Prediction at 

80°C for Untreated yam slices 

 

 
Fig-9: Graph showing the relationship between Experimented Moisture ratio and Page Model Moisture Ratio Prediction at 

60°C for Pre-treated yam slices 

 

 
Fig-10: Graph showing the relationship between Experimented Moisture ratio and Page Model Moisture Ratio Prediction at 

60°C for Untreated yam slices 

 

4.2 Fitting experimental data into thin layer drying 

models 

Estimating of the drying behaviour of the 

samples was done by fitting into the thin layer drying 

models of Lewis, Henderson and Pabis for the range. 

The fitting was done to enable selection of model that 

would best represent the drying behaviour of the 

specimens on thin layers. Table 1 presents the 

coefficient of determination, reduced chi square, and 

reduced mean square error values used to validate the 

fitting process statistically. Fitting constants were first 

obtained through a non-linear least square statistical 

analysis (SPP, 1996) using data from the experiments 

fitted into fick’s diffusion equation. R
2
 values for the 

range of drying temperatures applied in this work were 

used as main criteria for the determination of acceptable 

thin layer drying model applicable for describing the 

drying data for the specimens. In table 1 R
2
 values 

ranged from 0.912090–0.984462 (pre-treated) and 

0.947496 – 0.982675 (untreated) for Lewis model, 

0.996625–0.998228 (pre-treated) and 0.994750–

0.998897 (untreated) for Henderson, 0.940210–

0.997329 (pre-treated) and 0.938921–0.995356 

(untreated) for page model with rather low RMSE 

values ranging from0.031620- 0.016657(pre-treated) 

and 0.030334 - 0.017589 (untreated) for Lewis model; 

0.00773 - 0.005247 (pre-treated) and 0.009682 - 

0.004439 (untreated) for Henderson model; 0.032675 - 

0.006907 (pre-treated) and 0.033026 - 

0.009107(untreated) for page model over the range of 

drying temperatures applied. The respective X
2
 values 

ranging from 0.031620-0.016657 (pre-treated) and 
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0.030334 – 0.017589 (untreated) for lewis model; 

0.007763 – 0.005247 (pre-treated) and 0.009682 – 

0.004439 (untreated) for Henderson model; 0.032675 – 

0.006907 (pre-treated) and 0.033026 – 0.009107 

(untreated) for page model (approximately = 0), with 

experimental data values banded or clustered along the 

straight line of the plot. Henderson model gave a better 

goodness of fitness than the others. Thus, the 

Henderson was adjudged reasonably acceptable for 

estimating the drying characteristics of Dioscorea spp. 

It was observed during the experimentation process 

that, the pre-treated yam slices for the different 

temperature levels dried faster than the untreated yam 

slices.  

 

Table-4.1: Statistical Parameters of Pre-treated and Untreated Yam sizes 

MODEL 

TEMP 

(◦C) R
2
 X

2 
 RMSE K a N 

 PRE-TREATED 

LEWIS 

60 0.912090 0.0016000000 0.039620 0.0019     

70 0.984462 0.0002830000 0.016657 0.0032     

80 0.978815 0.0003850000 0.019450 0.0035     

UNTREATED 

60 0.947496 0.0009370000 0.030334 0.0021     

70 0.982675 0.0003150000 0.017589 0.0033     

80 0.969877 0.0005480000 0.023193 0.0035     

HENDERSON 

PRE-TREATED 

60 0.997154 0.0000527000 0.005247 0.0019 2.253084   

70 0.998228 0.0000328100 0.005625 0.0032 1.928804   

80 0.996625 0.0000624900 0.007763 0.0035 2.243865   

UNTREATED 

60 0.998391 0.0000297900 0.005361 0.0021 2.002300   

70 0.998897 0.0000204300 0.004439 0.0033 1.947604   

80 0.994750 0.0000972000 0.009682 0.0035 2.530457   

PAGE 

PRE-TREATED 

60 0.940210 0.0011072060 0.032675 1.5541   0.000029 

70 0.997329 0.0000494700 0.006907 1.4266   0.000927 

80 0.993449 0.0001210000 0.010816 1.5329   0.000063 

UNTREATED 

60 0.938921 0.0011310990 0.033026 0.9505   0.001110 

70 0.995356 0.0000860000 0.009107 1.4917   0.000081 

80 0.983940 0.0002970000 0.016935 1.5706   0.000044 

 

5.0 CONCLUSSION AND RECOMMENDATION 

An investigation on the effects of temperature 

on dehydration kinetics of pre-treated and untreated 

yam slices was conducted to characterize the drying 

kinetics of yam (Dioscorea spp) on thin layers. Drying 

was observed to follow the falling rate period in line 

with several literature reports on other biological 

materials. Experimental data were fitted to selected 

three thin layer models to explore the best for predicting 

the drying kinetics of the pre-treated and untreated yam 

slices. Blanched yam slices had higher drying rates than 

the fresh yam slices and reduced slice thickness helped 

to reduce the drying period. This shows that the drying 

process can be described principally by the diffusion 

mechanism. Combination of thin slices of yam with 

some level of pre-treatment such as blanching is 

recommended for faster moisture removal from the 

yam.  This work can be useful in the design and 

development of drying equipment for the preservation 

of yams. However, limited the selection of thin-layer 

drying models to only three. An attempt could be made 

to extend the selection base beyond the limit applied in 

this work to obtain higher degree of freedom on the 

statistical exactness of the drying data for improved 

drying system design. 
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