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ABSTRACT 

Drying is an important aspect of food processing and preservation. Fish feeds are dried to prolong the shelf life of 

the product. 2000 g of extruded fish feeds were dried in a continuous flow belt dryer for 270 minutes by using drying 

air temperature of 60 °C to 100 °C and drying air velocity of 0.8 m/s to 1.2m/s at a constant belt speed of 60 rpm. 

Variation in the moisture content and moisture ratio with time was recorded as the effect of temperature and air 

velocity on the moisture profile and drying rate of the feeds. Drying curves were obtained to show the drying 

behaviour of the feeds under the different machine operational conditions. The result obtained shows that the 

increase in the drying temperature led to an increase in the amount of moisture loss by the extrudate over the drying 

time while the drying rate gradually decreased with progress in drying time. Also, a rise in the drying air 

temperature reduces the time and both the drying air temperature and air velocity have a significant effect on the 

drying behaviour of the extruded fish feeds. Also, the moisture diffusivity ranges between 4.52 x 10-9 m/s2 to 3.731 

x 10-9 m/s2 while the activation energy is between 17.29 to 24.54 KJ/mol.  

KEYWORDS: Dehydrating temperature; dehydrating air velocity; dehydrating rate; moisture 

dissemination; activation energy.

INTRODUCTION 

The estimated national annual demand for fish in 

Nigeria is 2.3 million tonnes out of which market 

research evidence shows that one in every 500 of 

this total demand represents the demand estimate 

(Adekunle et al., 2012). A high-quality 

nutritionally balanced diet is required by fish for 

growth and to attain market size within the 

shortest possible time. This is possible through the 

use of fish feeds. Fish feeds are commercially 

manufactured either as extruded (floating or 

buoyant) or pressure–pelleted (sinking) feeds. 

The technical quality of fish feeds is a 

multidimensional aspect which consists of feed 

composition, physical attributes and processing 

methods. The quality of feed including the 

sourcing, storage and handling significantly 

affects feed stability and nutrient bioavailability. 

Also, Kaushik and Seillies (2010) opined that 

physical characteristics such as pellet size, shape, 

density and water stability affect feeding 

behaviour and feed utilization. Furthermore, 

Haubjerg et al., (2014) reported that processing 

techniques such as extrusion, pelleting and drying 

impact feed quality. When an extrudates leaves 

the extruder, the temperature (65 to 85°C) and 

moisture content (18%) are usually high (Kurt, 

2012) and for safe storage, the moisture has to be 

reduced to 10%. Dutta et al., (2012) reported that 

it is hard to lower the moisture content of products 

in which the liquid in the solid is bonded to the 

solid by sorption from higher moisture to a lower 

one. This is because the water present in the outer 



 

 

Ogunnaike et al.,  Journal of Engineering and Earth Sciences 16(1), 2023 

47 

 

layer of the material evaporates much faster than 

that of the inner layers. Drying such product (fish 

feeds) at a higher temperature will create internal 

tension and produce tiny cracks which can lead to 

rapture of the product during subsequent 

treatments.  It is therefore necessary to know the 

effect of the drying parameters in the moisture 

removal and temperature of which solid during 

the drying process to obtain the best drying 

conditions and to save energy. It has been reported 

by various researchers that most fish feeds 

produced in Nigeria are not floating and one of the 

major factors responsible for this is that most 

feeds are not properly dried. Thus, this research 

looks into the effects of drying air velocity and 

temperature on the drying rate of extruded fish 

feeds. 

MATERIALS AND METHOD  

Fish feed was formulated following the method 

proposed by Fagbenro and Adebayo (2005) for 

catfish feed production in Nigeria. The 

formulated feeds were extruded using a screw 

extruder and dried using a continuous flow belt 

dryer (Figure 1). The initial moisture content of 

the feeds was determined using AOCC method 

44-19 (2000). 2500g of the wet feeds were 

introduced as a thin layer into the dryer. The 

machine operational conditions were varied by 

using air drying temperature from 60 °C to 100 °C 

at an interval of 10 °C (Kurt, 2012), drying air 

velocity of 0.8 m/s to 1.2 m/s at an interval of 0.1 

m/s (Torres & Dincer, 2011) at a constant belt 

speed of 60 rpm. The drying curves were obtained 

by recording the moisture loss at every stage by 

using a specially developed weighing system with 

an accuracy of 0.01 g  

Moisture content determination 

The moisture content of the extrudate was 

determined using the method described by AOAC 

(2000). The moisture content was calculated 

using the following relationship (Eq. 1) 

 x 100    (1) 

Where MC is the moisture content (kg of water/kg 

of dry sample),  

Wx is the weight of the sample (kg) and  

Wy is the weight of the dry sample (kg).  

Moisture ratio 

The change in moisture content of the feed was 

recorded and converted to a dry basis. The 

moisture ratio of the extrudate was determined 

using Eq. 2 as reported by Saeed et al. (2010). 

    (2) 

Where, 

 MR is the moisture ratio,  

M is the moisture content at any drying time,  

Mo is the initial moisture content (kg of water/kg 

of dry matter) and  

Me is the equilibrium moisture content. During 

the drying of the feeds,  

Me was relatively small compared with M and Mo.  

Drying rate 

The drying rate was determined by using Eq. 3 as 

reported by Meisami – asl et al., (2010). 

    (3) 

Where,  

DR is the drying rate,  

Md+dt is moisture content at t +dt, (kg of water/kg 

of dry matter),  

Mt is moisture at t and t is drying time (min). 

Estimation of moisture diffusivity 

The moisture diffusivity of the extrudate was 

determined using the equation reported by Alibis 

(2014).  

  (4) 

Where, 
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 Deff is moisture diffusivity (m2/s), k1 is the slope 

obtained by plotting the graph of In MR verse 

time and  

L is half the thickness of the feed (m). 

Estimation of activation energy 

To determine the activation energy of the 

extrudate, the effective moisture diffusivity was 

related to drying time and Eq. 5 was used to 

determine the moisture diffusivity. 

   (5) 

Where, 

Do is the Arrhenius constant to the diffusivity at 

infinitely high temperature (M2/s),  

R is the gas constant (8.134 x 10-3 Kj Mol-19 K-1), 

Tabs is the absolute temperature (º K) and 

 Ea is the activation energy (Kj mol-1).  

The graph of In Deff was plotted against 1/Tabs and 

its slope was used to determine the activation 

energy in Eq 6. 

- (slope of line) x R = Ea (Beigi, 2015). (6) 

RESULTS AND DISCUSSION 

Results 

The graphical representation of the moisture 

content versus drying time and moisture ratio 

versus drying time are shown in Fig 2 and 3 

respectively for thin-layer drying of fish feed 

extrudate using continuous belt dryer. Figs 4 and 

5 show the drying rate values versus drying time 

and moisture content respectively. Figs 6 and 7 

show the moisture diffusivity and activation 

energy values respectively for the different 

machine operational conditions. 

Discussion 

Effect of drying air velocity and temperature 

on the moisture content and moisture ratio. 

Figures 2 and 3 show the drying curves of 

moisture content versus drying time and moisture 

ratio versus the drying time. This result shows 

that, an increase in the air velocity of the drying 

air results in a decrease in the moisture loss at 

each drying time as a result of increasing 

convective heat and mass transfer between drying 

air and the fish feed extrudate. However, with any 

decrease in the air velocity, the circulation of the 

air temperature reduces and a low heat flow is 

delivered to the fish feed extrudate resulting in 

rapid breakdown in the temperature distribution 

and circulation in the continuous belt dryer 

towards the completion of the drying process 

causing a noticeable variation in the final 

moisture content obtained after 270 minutes. 

Effect of air velocity on the drying rate. 

Fig 4 and 5 depict the drying rate values versus 

drying time and moisture content respectively for 

the fish feed extrudate dried in a continuous belt 

dryer. The high initial drying rate recorded for the 

fish feed extrudate are about 0.23 ± 0.14, 0.27 ± 

0.13, 0.35 ± 0.10, 0.40 ± 0.07 and 0.45 ± 0.06 kg-

1min-1 increases with from the figures, it is noticed 

that drying time decreased as the air temperature 

and air velocity increased from 60 to 100 OC and 

0.8 to 1.2 m/s respectively. Similar results have 

been reported in the literature for air temperature 

and air velocity influences on dehydration rate for 

chamomile (Motevali et al., 2014), native cassava 

starch (Aviara et al., 2014), and potato pulp waste 

(Carvalho et al., 2014). The drying duration of 

agricultural materials can be affected by some 

factors such as indigenous properties, initial and 

final moisture contents of the product, drying 

method and drying conditions. Higher 

temperatures and air velocity of drying air 

facilitate the heat transfer rate between the 

thermal source and the material leading to faster 

moisture evaporation and lower drying time. 

Also, it was observed that the drying rate 

increased with an increase in the temperature and 

this corroborates the results of some studies on 

milky mushrooms (Arumuganathan et al., 2009), 
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on olive pomace (Meziane, 2011) and barberry 

(Gorjian et al., 2011).  

Moisture diffusivity of the exudates 

Fig 6 shows the graph of moisture diffusivity 

versus time for different temperatures at a 

conveyor speed of 60 rpm. The obtained values of 

Deff range between 1.658 × 10-9 m2/s and 3.958 × 

10-9 for the conveyor speed of 60 rpm. The 

reported Deff values were within the general range 

of 10-11 to 10-9 m2/s for food materials (Doymaz, 

2011). However, it was observed that Deff values 

increased greatly with increasing drying 

temperature. When fish feed extrudates were 

dried at higher temperatures, an increase in 

heating energy would increase the kinetic energy 

of water molecules leading to higher moisture 

diffusivity (Xiao et al., 2010). The values of Deff 

are comparable with the reported values of 1.19 to 

4.27 × 10-9 m2/s for pumpkin fruits at 40 – 80 OC 

(Tunde-Akintunde & Ogunlakin, 2011), 1.015 to 

2.650 × 10-9 m2/s for tomato leathers at 60 – 100 
OC (Demiray & Tulek, 2012) and 1.1 × 10-10 to 

1.26 × 10-9 m2/s for the drying of terebinth in the 

temperature range of 40 – 80 OC (Amiri-Chayjan 

& Kaveh, 2014). 

Activation Energy  

The activation energy was determined using the 

linearization of the Arrhenius-type equation as 

approached by Chen et al., (2012), Rodriguez et 

al., (2014) and Lee & Zuo (2013). Fig 7 shows the 

graph of activation energy versus temperature for 

different air velocities. The values of energy of 

activation for the fish feed extrudate are in close 

range with the value reported of 12.7-110 kJ/mol 

by Aghbashlo et al., (2009) for most food, fruit, 

and vegetable materials. The activation energy 

(Ea) for fish feed extrudates varied from 6.47 to 

24.58 kJ/mol. 

 

 

CONCLUSIONS AND RECOMMENDATIONS 

The drying air velocity significantly influences 

the moisture profile during the drying process. 

Higher drying air velocity leads to more rapid 

moisture removal from the surface of the feeds 

and this can lead to non-uniform drying of the 

materials. Whereas, lower air velocity, promote 

more even drying of the feed.  Also, the drying 

rate increases with an increase in the drying 

temperature leading to faster drying of the feeds. 

It is recommended that the optimal drying 

temperature of the feeds should be investigated to 

strike a balance between moisture removal and 

maintenance of the desired characteristics of the 

dried feeds. 

REFERENCES 
Adekunle, H. L., Orire, A. M., & Sadiku, S. E. (2012). 

Development of Farm–made Feeds for 

aquaculture species. International Journal of Food 

Science and Technology, 43, 144 - 145. 

Aghbashlo, M., Kianmehr, M. H., & Arabhosseini, A. 

(2009). Modelling of thin-layer drying of potato 

slices in length of continuous band dryer. Energy 

Conversion Management, 50, 1348 - 1355 

Alibas, I. (2014). Mathematical modelling of microwave-

dried celery leaves and determination of the 

effective moisture diffusivities and activation 

energy. Food Science and Technology 

(Campinas), 34(2), 394 - 401. 

Amiri Chayjan, R. & Kaveh, M. (2014). Physical 

parameters and kinetic modelling of fix and fluid 

bed drying of terebinth seeds. Journal of Food 

Process Preservation. 38, 1307 - 1320. 

Arumuganathan, T., Manikantan, M. R., Rai, R. D., 

Anandakumar, S. & Khare, V. (2009). 

Mathematical modelling of drying kinetics of 

milky mushroom in a fluidized bed dryer. 

International Agro-physics.  23, 1 - 7. 

Aviara, N. A., Dnuoha, L. N., Falola, D. E. & Igbeka, J. C. 

(2014). Energy and exergy analyses of native 

cassava starch drying in a tray dryer. Energy, 73, 

809-817.  

Beigi, M. (2015). Hot air drying of apple slices: 

Dehydration characteristics and quality 

assessment. Heat and Mass Transfer, 52, 1435 – 



 

 

Ogunnaike et al.,  Journal of Engineering and Earth Sciences 16(1), 2023 

50 

 

1442. http://dx.doi.org/10.1007/s00231-015-

1646-8. 

Carvalho, W. T., Dliveira, T. F., Silva, F. A., Caliari, M. & 

Soares, J.M. (2014). Drying kinetics of potato pulp 

waste. Food Science and Technology, 34(1), 116-

122. 

Chen. D., Zheng, Y. & Zhu, X. (2012). Determination of 

effective moisture diffusivity and drying kinetics 

for popular sawdust by thermo–gravimetric 

analysis under isothermal conditions. Bio - 

resource Technology. 107, 451–455. 

Demiray, E., & Tulek, Y. (2012). Thin-layer drying of 

tomato (Lycopersicum esculentum) slices in a 

convective hot air dryer. Heat and Mass Transfer, 

48(5), 841 - 847. 

Doymaz, I. (2011). Thin-layer drying characteristics of 

sweet potato slices and mathematical modelling. 

Heat Mass Transfer, 47, 277–285. 

Dutta. B., Mana, L.V., & Rana A., (2012). A Comparative 

study on the effects of microwave and high electric 

field pre-treatments on drying kinetics and quality 

of mushrooms. Drying Technology, 30, 891 - 897. 

Fagbenro, O. A., & Adebayo, O. T. (2005). A review of the 

animal and aqua feed industries in Nigeria. A 

synthesis of the formulated animal and aqua feed 

industry in sub-Saharan Africa, CIFA Occasion 

Paper No. 26: 66. 

Gorjian, S. H., Tavakoli Hashjin, T., Khoshtaghaza, M. H., 

& Nikbakht, A. M. (2011). Drying kinetics and 

quality of barberry in a thin layer dryer. Journal of 

Agricultural Science Technology, 13, 303 - 314. 

Haubjerg, A. F., Vejel, C. T., Jørgensen, B. N., Simonsen, 

B., & Løvgreen, S. (2014). Mathematical 

modelling of the drying of extruded fish feed and 

its experimental demonstration.19th International 

Drying Symposium, Germany. 

Kaushik, S. J., & Seilliez, I. (2010): Protein and amino acid 

nutrition and metabolism in fish. Current 

Knowledge and future Needs. Aquaculture 

Research,41(3), 322 - 332. 

Kurt, A. R. (2012). Commercial aquaculture feed 

production (Floating feeds). Department of 

Agriculture and Bio - systems Engineering, Iowa 

State University. 

Lee, J. H., & Zuo, L. (2013). Mathematical modelling on 

vacuum drying of Zizyphus jujuba Miller slices. 

Journal of Food Science Technology, 50, 115 -

121. 

Meisami-asl, E., Rafiee, S., Keyhani, A. & Tabatabaeefar, 

A. (2010). Determination of suitable thin layer 

drying curve model for apple slices (variety-

Golab). Plants Omics Journal, 3(3), 103 - 108. 

Meziane, S. (2011). Drying kinetics of olive pomace in a 

fluidized bed dryer. Energy Conversion 

Management, 52, 1644 - 1649. 

Motevali, A., Minaei, S., Banakar, A., Ghobadian, B. & 

Khoshtaghaza, M. H. (2014). Comparison of 

energy parameters in various dryers. Energy 

Conversion and Management, 87, 711-725. 

Rodriguez, I., Clemente, G., Sanjuan, N., & Bon, I. (2014). 

Modelling drying kinetics of thyme (Thymus 

vulgaris L.): Theoretical and empirical models and 

neural networks. Food Science Technology 

International. 20, 13 - 22. 

Saeed, I. E., Sopian, K., & Zainol, A. O. (2010). Drying 

characteristics of roselle (1): Mathematical 

modeling and drying experiments. Agricultural 

Engineering International. CIGR EJournal, 8, 22 

– 23. 

Torres, A. W., & Dincer, I. (2011). Graphical determination 

of drying process and moisture transfer parameters 

for solids drying. International Journal of Heat 

and Mass Transfer, 45 (16), 3267 - 3273. 

Tunde-Akintunde, T. Y., & Ogunlakin, G. O. (2011). 

Influence of drying conditions on the effective 

moisture diffusivity and energy requirements 

during the drying of pre-treated and untreated 

pumpkin. Energy Conversion Management, 52, 

1107 - 1111. 

Xiao, H. W., Pang, C. L., Wang, L. H., Bai, J. W., Yang, W. 

X., & Gao, Z. J. (2010). Drying kinetics and 

quality of Monukka seedless grapes dried in an air-

impingement jet dryer. Bio-system Engineering. 

105, 233 - 240. 



 

 

Ogunnaike et al.,  Journal of Engineering and Earth Sciences 16(1), 2023 

51 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic diagram of the dryer  
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Figure 2. Influence of air velocity on moisture content vs. drying time at different temperatures for 60 rpm 

conveyor speed 
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Figure 3. Effect of air velocity on moisture ratio vs. drying time at different temperatures for 60 rpm 

conveyor speed 
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Figure 4. Effect of air velocity on drying rate vs. drying time at different temperatures for 60rpm conveyor 

speed. 
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Figure 5. Effect of air velocity on drying rate vs. moisture content at different temperatures for 60 rpm 

conveyor speed 
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Figure 6. The graph of moisture diffusivity versus Time for different temperatures at a conveyor speed 

of 60 rpm. 
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Figure 7. The graph of activation energy versus temperature for different air velocities at a conveyor speed 

of 60 rpm 
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