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1.0 INTRODUCTION

ABSTRACT

This is aimed at studying the aeration kinetics of catfish (Clarias gariepinus) smoked
directly with biogas. Five live fresh fishes (Clarias gariepinus) were obtained from
Fishery and Aquaculture Technology Department in FUTA, Ondo State, Nigeria at the
age of 4 months with average weight of 900 g each. The fishes were killed, de-gutted,
thoroughly washed with water, cut into pieces of 3 cm length. The chunks were laid in a
single layer on a mesh directly exposed to biogas flame obtained from bio-decomposition
of poultry waste and the weight was being monitored at 15 minutes interval until constant
weight was observed. The study showed that the time taken for drying of Clarias
gariepinus to reach the humidity point of around 12.43% (db.) was two and a half hours.
The drying data was subjected to 10 thin-layer drying models. The compared the
performances of the models using the determination of coefficient (R’), reduced chi-
square (x2) and root mean square error (RMSE) between the calculated and predicted
moisture ratios. The results showed that Henderson and Pabis modified model (highest R’
and lowest ¥2 and RMSE of 0.998, 0.00021 and 0.01386 respectively) was found to
satisfactorily describe the biogas drying curves of Clarias gariepinus.

Correspondence: jav_murewa@yahoo.com

fisheries stood at1.123 m Mt.

Fish is one of the main products consumed in
terms of animal protein Fish, smoking,
biogas, equilibrium moisture content and it is
largely consumed in Nigeria. It is preferred
over pork or beef in that it is cheap and
acceptable without religious bias (Eyo,
2001). According to the Nigeria fishery
statistics — 2016 Summary report, the total
fish demand for Nigeria calculated on the
basis of'the current population structure is
3.32m Mt while domestic production from
and Industrial

Aquaculture, Artisanal

This local supply can currently meet 50% of
the demand for fish (Udo and Umanah,
2017).

The cheapest means of animal protein is fish
which accounts for about 37% of Nigeria's
total protein intake. It accounts for 22% of the
protein intake in Sub-Sahara Africa (FAO,
2003). Fish is a highly perishable product and
there is a need for immediate processing if
unrefrigerated to prevent wastages.
According to Orengoh and Kisumo, (2007)
due to poor treatment, management and
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storage 50% of total annual fish harvest goes
to waste. In addition, large amount of fish
normally spoils because the landing sites are
usually far from markets and consumption
points. It is necessary to adopt appropriate as
well as affordable processing and preservation
techniques for fish especially in the artisanal
fishermen's environment in order to reduce the
wastage and spoilage of fish during periods of
oversupply and to enhance long storage.

Microbial spoilage of fish may be prevented
by different methods such as drying, freezing,
smoking, salting and use of modified
atmospheric storage, (Gupta and Gupta,
2006). The simplest method among the
several methods of long term preservation of
fish is smoking as it does not require
sophisticated equipment or highly skilled
workers .One of the major ways of adding
values to fish in the Tropics is by smoking and
drying.

In developed countries where refrigeration
and integrated infrastructures for efficient
transportation of perishables are in place,
smoking is not a means of fish preservation but
used to enhance the flavour of the fish. But in
developing countries, hot smoking is still a
very important method of fish preservation. In
this process, drying is of pricipal importance
for preservation because level of moisture in
the flesh of fish contributes to bacterial
activity and spoilage (Abba et al., 2009;
Abidemi-Irominiezal., 2011).

In order to smoke and dry fish, several
methods have been developed. However,
most electricity-driven technologies are not
applicable at the artisanal fishermen level due
to inadequate supply and high cost of
electricity. Some equipment developed for

drying of fish includes dryers (mechanical,
solar, hybrid etc.), ovens and kilns. . Different
models of improved ovens and kilns were
developed in various parts of Africa in an
effort to develop an effective method of fish
smoking (Davies et al., 2008; Davies et al.,
2009)

The study of the experimental kinetics and
modeling of the mass transfer phenomenon in
fish during air drying therefore continues to be
of great interest (Bellagha et al., 2002;
Bellagha et al., 2006; Jain and Pathare, 2007;
Chavan et al., 2008; Kituu ef al., 2010; Boeri
etal.,2011). Several authors have developed,
and analysed models for thin layer drying of
biological products, using conventional or
solar tunnel dryers (Joshi er al., 2005;
Mujaffar and Sankat, 2005; Odote et al.,
2015). Table 1 shows some thin layer drying
models commonly used by different
researchers.

Biogas specifically refers to a gas produced by
the anaerobic digestion or fermentation of
organic matter including manure, sewage
sludge, municipal solid waste, biodegradable
waste, energy crops or any other
biodegradable feedstock. Biogas is composed
mainly of methane and carbon dioxide.
Therefore, it is very pertinent to study the
aeration kinetics of cat fish smoked with
biogas.

2.0 MATERIALSAND METHODS
Smoking Procedure

Five live fresh fishes of Clarias gariepinus
specie were obtained from Fishery and
Aquaculture Technology Department of the
Federal University of Technology, Akure,
Ondo State, Nigeria at the age of 4 months
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Table 1: Thin-layer drying models

S/N | Model Name Model References
1. | Newton MR = exp(-kt) Ayensu, (1997); Togrul & Pehlivan,
(2004); Upadhyay et al., 2008
2. | Page MR = exp(-kt") Senadeera et al., (2003);
Kaleemullah & Kailappan,(2006);
Saeed et al., (2006)
3. | Modified Page MR = exp( (kt)") Sogi et al., (2003); Goyal et al.,
(2007)
4 Modified Page I1 MR = exp(-k(t/L*)") Midilli et al. (2002)
5 Henderson & Pabis | MR = a.exp(-kt) Ozdemir & Devres, (1999); Saced et
al. (2006); Kashaninejad et al.
(2007)
6 Modified Hend. & | MR = a.exp(-kt)+b.exp(-gt) Karathanos, (1999); Yaldiz &
Pabis +c.exp(-ht) Ertekin, (2001); Kaya et al., (2007b)
7 Simplified Fick’s MR = a.exp(-kt)+c Lahsasni et al., (2004b); Babalis et
(SFFD) diffusion al., (20006); Celma et al., 2007
8 Logarithmic MR = a.exp(-c(t/L2)) Togrul & Pehlivan, (2002; 2003);
Wang et al., (2007)
9 Two-term MR = a.exp(-kt)+ b.exp(k1t) Rahman et al., (1998); Lahsasni et
al., (2004b); Wang et al., (2007)
10 | Two-term MR = a.exp(-kt)+(1-a)exp(-kat) Midilli & Kucuk, (2003); Sacilik et
Exponential al., (2006); Tarigan et al., (2007)
11 | Verma et al MR = a.exp(-kt)+(1-a)exp(-gt) Karathanos, (1999);
Yaldiz & Ertekin, (2001); Doymaz,
(2005b)
12 | Diffusion approach | MR = a.exp(-kt)+(1-a)exp(-kbt) Yaldiz & Ertekin,
(2001); Togrul & Pehlivan, (2002);
Wang et al., (2007);
13 | Lewis MR = exp(_kt) Callaghan JR et al., 1971; Lui Q et,,
al 1997
14 | Yagcioglu et al. MR = aexp(_kt) + ¢ Yagcioglu A et al., 1999
15 | Wang and Singh MR =1 +at + bt2 Wang and Singh, 1978
16 | Thomson t =a.In(MR) + b[In(MR)]? Paulsen andThomson, 1973,
Thomson et al., 1968
17 | Midilli and Kucuk | MR = aexp(_ktn) + bt (Midilli et al., 2002)
18 | Hiietal. MR=aexp(-ktn)+cexp(—gtn) | Hiietal, 2009

with average weight of 900 g each . The fishes
were killed, gutted, washed thoroughly with
water, cut into pieces of 3 cm length each and
placed on the wire gauze of the smoking kiln
heated by biogas. The fish chunks were turned
at intervals of 30 mins and smoked to an
average moisture content of 12.43% wet basis.
The products were allowed to cool after
smoking, packed in polythene bags to reduce

infestation by microorganisms and transferred
to the laboratory for analysis.2.0

Determination of Moisture Ratio (MR)

Moisture ratio is the ratio of the moisture
content at any given time to the initial
moisture content (both relative to the
equilibrium moisture content). It was
calculated using equation predicted by Thakor
etal. (1999) and Shivhare et al. (2000):
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Plate 1: Fully filled biogas system setup  Plate 2: Freshly sliced clarias set for smoking

oMM,

where; M, M, and Me are present, initial and
dynamic equilibrium moisture contents
respectively. This was later simplified by
Togrul and Pehlivan, 2004 and Akpner et al.
(2006) as

M,

M:
oM,

where M, is Moisture ratio
M, is Moisture content at any time t
M, is Initial Moisture content
Determination of Drying Rate (DR)

The drying rate as expressed by Ceylan et al.
(2007); Doymaz, (2007) and O"zbek &
Dadali, (2007):

D, = Mt + dt — Mt
dt
where D, is drying rate

M, is instantaneous moisture content

d,is change in time
Goodness-of fit statistics

Thin-layer drying models were estimated and
related by using statistical measures.
Consequently, the quality of the fitted models
was evaluated. These measures were used:

a. Rootmeansquare error (RMSE)

It's signifying the noise in the data (Demir et
al.,2004; Doymaz, 2005b; Wang et al., 2007):

N 2
3 (MRW i-MR_, i)

RMSE = i=1

N

b Correlation coefficient (R’)

The correlation coefficient, R* can be used to
test the linear relation between measured and
estimated values, which can be calculated
from the equation

Z:V:l (MRi, -M,

Rpre,i

) * (MRi, _MRexp,i)

R’= ,
Vo, s, Y2001, -, )]
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Where R’ is called the coefficient of
determination, M,,,,; stands for the
experimental moisture ratio found in any
measurement, M, ; is the predicted moisture

ratio for this measurement and N is the total
number of observations.

C. Reduced chi-square (xz)

2 z":lz] (M?exp,i _]\4Rpre,i)2
N-—n

X

The reduced v-square may be calculated as:

Where, n is the number of constants. The
goodness becomes better the lower the values
ofthe reduced chi-square..

Drying models

A lot of heat and mass transfer phenomena is
involved in drying process which are difficult,
mathematically, to be described in
microscopic scale. Simple semi-empirical
expressions is often used for design and
analysis which can adequately, describe the
drying kinetics, when the external resistance
to heat and mass transfer, is eliminated or
minimized (Midilli ez al., 2002). Carrying out
experiment using a thin-layer of the material
being dried is a common way to do this.
Numerous modeling and experimental efforts
on single layer drying have been proposed by
different authors.

Statistical Analysis

All analyses were conducted in triplicates.
Mean scores of the results and their standard
deviation were reported. Analysis of
Variance (ANOVA) was carried out on all
the physical parameters measured to test for
variability at 5% level of significance.
Duncan Multiple Range Test, (Duncan,

1955) was used to separate means. Statistical
Package for Social Science (Version 19.00)
was used.

3.0 RESULTSAND DISCUSSIONS

The results obtained from the drying
experiment carried out in accordance with the
standard methodologies are hereby stated.

Initial Moisture Content of Fresh Clarias
gariepinus

The initial moisture content of fresh Clarias
gariepinuswas observed to be 51.13% wet
basis.

Drying Characteristics of Clarias
gariepinus

Figures 1- 3, below show the disparity of
moisture content with time, variation of
drying rate with time and the variation of
drying rate with moisture content respectively
for Clarias gariepinus smoked with biogas.
The final moisture content was observed to be
12.43% dry basis. The time required to reach
the final moisture content was about 2 hours
30 minutes. It is observed that there was no
constant rate drying period in the drying of
Clarias gariepinus. Majority of the drying
took place in the falling rate period. This
means that from the beginning of the drying
process the internal water movement was
controlled (Yusheng and Poulsen, 1988). It is
shown that moisture is removed from the cat
fish during the falling rate period during which
the rate is ruled by the transfer of water by
diffusion. (Jason, 1958; Wheaton and Lawson,
1985; Ismail and Wooton, 1992). Fick's
second law of diffusion has been widely used
to estimate the average drying time during the
first falling rate period (Chirife, 1983).From
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the start of the drying, the rate at which
moisture is being removed decreased sharply
and continued until after the first 30 minutes
where there was a short constant rate period
for about 15 minutes after which it continued

to decrease till it reached the equilibrium
moisture content. Hence, drying during the
falling rate period is governed by water
diffusion in the material.
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Figure 1: Variation of moisture content with drying time for Clarias gariepinus
smoked with biogas
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Figure 2: Variation of drying rate with drying
time for Clarias gariepinus smoked with biogas

Evaluation of the Mathematical Models

The statistical results from models are
summarized in Table 2. The drying data were
fitted to 10 thin- layer drying models.
Comparison of performances of these models
using the determination of coefficient (R®),
reduced chi-square (y2) and root mean square
error (RMSE) between the calculated and
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Figure 3: Variation of drying rate with
moisture content for Clarias gariepinus
smoked with biogas

predicted moisture ratios were done. The
statistical parameter estimations showed that
R’, ¥2 and RMSE values varied from 0.9614,
0.00499, and 0.06703 for Wang and Singh
model to 0.998, 0.00021and0.01386 for
Modified Henderson and Pabis model
respectively (Table 2). The best model
describing the drying features of Clarias
gariepinus smoked with biogas was chosen as
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Plate 3: Biogas-smoked catfish

the one with the highest R values and the
lowest y* and RMSE values. Of all the models
tested, the Modified Henderson and Pabis
model gave the highest value of R* and the
lowest values of y’ and RMSE.

Figure 4 compares experimental data with
those predicted for the Modified Henderson
and Pabis Model for Clarias gariepinus
smoked with biogas. The estimation using the
model disclosed MR values hooped along the

1.2

Plate 4: Used up stored biogas

straight line with a very high value of R’
(0.998), which showed the correctness of this
model in describing drying kinetics of Clarias
gariepinus smoked with biogas.

4.0 CONCLUSION

Nonlinear regression analysis was carried out
to determine and select the thin layer model
that best describe the drying kinetics of
Clarias gariepinus chunks in a smoking kiln

o o
a 00
1 1

o
S
|

Experimented MR
o
N

o

R?=0.998

0 0.2 0.4

0.6 0.8 1 1.2

Predicted MR

Figure 4: Comparism of Experimented MR against Predicted MR for the Modified
Henderson and Pabis Model of Clarias gariepinus smoked with biogas
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Table 2: Summary of Values of the drying constants and coefficients
of mathematical models through non-linear regression analysis method

for Clarias gariepinus smoked with biogas.

SN MODEL NAME MODEL CONSTANTS R? v2  RMSE
. a=1.081520343, b=-0.269622004,
1 xgdgggiHend' ¢=0.210499253, g=0.151588459, 0.998  0.00021 0.01386
h=0.182395781, k=0.010524502
a=1.069092546, c=--0.046490676,
2 Two-term k= 0.010389653, gm-0.695506904 0.9976  0.00022 0.01422
. a=1.06909692, k=0.03493492, c=--
3 Hiterdl 0.04653, g=1.402980261,n=0.29734706 -0 '0  0:00022 001422
a=-1.069098852, k=0.01038971,
4 Vermaetal o=2.614103477 0.9968  0.00028 0.01591
5  NEWTON K= 0.00953259071307583 0.9961  0.00074 0.02595
Henderson and _ _
6 pabis a=1.044387063 , k= 0.010073862 0.9956  0.00033 0.01741
Diffusion a=-1.875447347, k=0.012952224,
7 approach b1 450195466 0.9947  0.00049 0.02119
g  Lwo-term a=0.001616651, k=5.862441105 0.9908  0.00078 0.02650
Exponential
Midilli and a=1.022593827, b= -0.00493046, k=
?  Kucuk 0.118971419, n=1.12 0.9633 0.00291 0.05122
10 Wangand Singh  a= -0.005807695, b=0.008 0.9614  0.00499 0.06703

powered with biogas. Results showed that the
Modified Henderson and Pabis model was
able to describe the drying kinetics of the fish
fillets with R?, ¥2, and RMSE values ranging
from 0.998, 0.00021 and 0.01386
respectively.

REFERENCES

Abba K. A., Saleh A. M., Mohammed A.
and Lasekan O., (2009). '"The
Relationship between water activity and
fish spoilage, A Review'".Journal of
Food, Agricultural and Environment 7:
86-90.

Abidemi-Iromini O. A., Olawusi-Peters O.
0., Fadeyi A., and Bello-Olusoji O. A.,
(2011). Smoking impact on the microbial
load of Clarias gariepinus". Ethiopian

Journal of Environmental Studies and
Management 4 (3):38-41

Ayensu A., (1997). “Dehydration of food
crops using a solar dryer with convective
heat flow”. Solar Energy, 59:121-126.

Babalis J. S. and Belessiotis G. V., (2006).
“Influence of drying condition on the
drying constants and moisture diffusivity
during the thin layer drying of figs”.
Journal of Food Engineering, 65: 449-

Drying Kinetics of Fish (Clarias gariepinus)
Smoked with Biogas

Oyerinde et al.


8


https://doi.org/10.51459/futajeet.2021.15.2.254

9 Oyerinde ef al/FUTAJEET 15 (2) (2021)

458

Bellagha, S., Amami, E., Farhat A. and
Kechaou N., (2002). “Drying kinetics
and characteristic drying curve of lightly
salted sardine (Sardinella aurita)”,
Drying Technology, 20 (7), pp. 1527-
1538

Bellagha, S., Sahli, A., Farhat, A., Kechaou,
N. and Glenza, A., (2006). “Studies on
the salting and drying of sardine
(Sardinella aurita): Experimental
kinetics and modeling”, Journal of Food
Engineering,78: pp. 947-952

Boeri, C., de Silva, F.N., Ferriera, J.,
Saraiva, J. and Salvador, A., (2011).
“Predicting the drying kinetics of salted
codfish (Gadus morhua): semi-empirical,
diffusive and neural network models”.
International Journal of Food Science
andtechnology,46,pp. 509-515

Celma, A. R, S. Rojas, F. Lo pez, I. Montero
and T. Miranda, (2007). “Thin-layer
drying behavior of sludge of olive oil
extraction”. Journal of Food
Engineering, 80:1261-1271

Chavan, B. R., Yakupitiyage, A. and
Kumar, S. (2008). “Mathematical
modeling of drying characteristics on
Indian mackerel (Rastrilliger kangurta)
in solar-biomass hybrid cabinet dryer”.
Journal of Drying Technology, 26 :1552-
1562

Davies, R. M., Davies, O. A., Inko-Tariah,
M. B. and Bekibele, D. O. (2008).
”Mechanization of fish farms in Rivers
State, Nigeria”. World Appied. Science
Journal,3(6):926-929

Doymaz, 1., (2005b). Sun drying of figs: an

experimental study. Journal of Food
Engineering 71:403-407.

Doymaz, 1., (2007). The kinetics of forced
convective air-drying of pumpkin slices.
Journal of Food Engineering, 79: 243-
248.

Duncan, D. B. (1955). Multiple range and
multiple F test. Biometrics.,11: 1-42.

Eyo A. A., (2001). “Fish processing
Technology in the Tropics”. Published by
National Institute for Freshwater
Fisheries Research (NIFFR), P.M.B.
6006, New Bussa, Niger State.

FAO, (2014). Food and Agriculture
Organization of the United Nations.”
Sustainable fisheries and aquaculture for
food security and nutrition”, pp.119.
http://www.fao.org/documents/card/en/c/
63d4de9f-50df-49b1-b6d2-b7d0368744ea
Accessed 15 July, 2015

Gupta S. K. and Gupta, P. C. (2006).
“General and applied ichthyology (fish
and fisheries)”, S.Ch and and co.Ltd

Hii, C. L., Law, C. L., and Cloke, M., (2009).
“Modeling using a new thin layer drying
model and product quality of cocoa”.

Journal of Food Engineering, 90: 191 —
198.

Jain, D. and Pathare, P. B. (2007). “Study the
drying kinetics of open sun drying of

fish”, Journal of Food Engineering, Vol.
78,pp. 1315-1319

Joshi C. B., Gewali, M.B. and Bhandari, R.
C. (2005). “Performance of solar drying
systems: a case of Nepal”. Institution of
Engineers (India) Journal, 85 (2): 53-57.

Kaleemullah S. and Kailappan R., (2006).
“Modeling of thin layer drying kinetics of

Drying Kinetics of Fish (Clarias gariepinus)
Smoked with Biogas

Oyerinde et al.


9


Oyerinde ef al/FUTAJEET 15 (2) (2021)"

red chillies”. Journal of Food
Engineering, 76(4): 531-537.

Karathanos, V. T., (1999). “Determination of
water content of dried fruits by drying

kinetics”. Journal of Food Engineering,
39:337-344.

Kashaninejad, M., and Tabil, L. G., (2004).
“Drying characteristics of purslane
(Portulaca oleraceae L.)”. Drying
Technology,22:2183-2200.

Kaya, A., Aydin, O., Demirtas, C. and
Akgiin, M., (2007). “An experimental
study on the drying kinetics of quince”.
Desalination212:328-343.

Kituu, G. M., Shitanda, D., Kanali, C. L.,
Mailutha, J. T., Njoroge, C. K.,
Wainaina, J. K. and Silayo, V. K.,
(2010). “Thin layer drying model for
simulating the drying of Tilapia fish
(Oreochromis niloticus) in a solar tunnel
dryer”, Journal of Food Engineering, 98:
pp-325-331

Lahsasni, S., Kouhila, M., Mahrouz, M.
and J. T. Jaouhari, (2004b). “Drying
kinetics of prickly pear fruit (Opuntia
ficus indica)”. Journal of Food
Engineering,61:173-179.

Lui Q., Bakker-Arkema F. W., (1997).
“Stochastic modeling of grain drying.
Part 2: Model development”. Journal of
Agricultural Engineering Research,
66:275-80.

Midilli, A. and Kucuk, H., (2003).
Mathematical modeling of thin layer
drying of pistachio by using solar energy.
Energy Conversion and Management,
44(7):1111-1122.

Midilli, A., Kucuk, H. and Yapar, Z., (2002).

https://doi.org/10.51459/futajeet.2021.15.2.254
10

A new model for single-layer
drying.Drying Technology, 20: 1503-
1513.

Mujaffar, S. and Sankat, C. K., (2006). “The
mathematical modeling of the osmotic
dehydration of shark fillets at different
brine temperatures”. International

Journal of Food Science and Technology,
41 (4),pp.405-416

Odote, P. M. O., Kituu, G. M., Obiero, R.,
Ruwal, D. and Honell, N. H., (2015).
“Performance evaluation of hybrid thin
layer solar tunnel-windmill dryer in the
drying of brined and non-brined Tafi
(Siganussutor) Fish”. Agricultural
Engineering International, CIGR

17(1): 273.

http://www.cigrjournal.org, Accessed18

June, 2015

Orengoh, P. and Kisumo, A., (2007).
“Kenya: Countries Fish Sector Poised for

Journal,

Boom”, Proc.: East African Business
Week, Kampala, Uganda

Ozdemir, M. and Devres, Y. O., (1999). “The
thin layer drying characteristics of
hazelnuts during roasting”. Journal of
Food Engineering,42:225-233

Paulsen, M. R., Thomson, T. L. (1973).
“Drying endysus of grain sorghum”.
Trans ASAE, 16: 53740

Preston, T. R. and Rodriguez L., (2002).
“Low-cost biodigester as the epicenter of
ecological farming systems”.
Proceedings of the biodigester
workshop, to prolong the shelf life of one
of the commercially important food
commodities in the tropics

Rahman, M. S., Perera, C. O. and Theband

Drying Kinetics of Fish (Clarias gariepinus)
Smoked with Biogas

Oyerinde et al.


10


https://doi.org/10.51459/futajeet.2021.15.2.254

1 Oyerinde ef al/FUTAJEET 15 (2) (2021)

C., (1998). “Desorption isotherm and
heat pump drying kinetics of peas”. Food
Research International, 30: 485-91

Sacilik, K., Keskin, R. and Elicin, A. K.,
(2006). “Mathematical modeling of solar
tunnel drying of thin layer organic

tomato”. Journal of Food Engineering,
73:231-238

Saeed, I. E., Sopian, K. and Zainol Abidin
Z., (2006). “Drying kinetics of Roselle
(Hibiscus sabdariffa L.) dried in constant
temperature and humidity chamber”.
Proceeding, of SPS Permata, Bangi,
Malaysia, pp.143-148

Senadeera, W., Bhandari, B. R., Young, G.
and Wijesinghe, B., (2003). “Influence
of shapes of selected vegetable materials
on drying kinetics during fluidized bed
drying”. Journal of Food Engineering,
58:277-283

Sogi, D. S., Shivhare, U. S., Garg, S. K. and
Bawa, A. S., (2003). “Water sorption
isotherms and drying characteristics of

tomato seeds”. Biosystems Engineering,
84:297-301

Thomson, T. L., Peart, P. M. and Foster, G.
H., (1968). “Mathematical simulation of

corn drying: A new model”. Trans ASAE,
11:582-6

Togrul, I. T. and Pehlivan, D., (2003).
“Modeling of drying kinetics of single
apricot”. Journal of Food Engineering,
58:23-32

Togrul, I. T. and Pehlivan, D., (2002).
“Mathematical modeling of solar drying
of apricots in thin layer dryers”. Journal
of Food Engineering, 55:209-216

Togrul, I. T. and Pehlivan D., (2004).

“Modeling of thin layer drying kinetics of
some fruits under open air sun drying
process”. Journal of Food Engineering,
65(3):413-425

Udo, I. U. and Umanabh, S. 1. (2017).
Current Status of the Nigerian Aqua
Feeds Industry: A Review. International
Journal of Innovative Studies in Aquatic
Biology and Fisheries (IJISABF) 3
(1):14-22

Upadhyay, A. H. K., Sharma and Sarkar, B.
C., (2008). “Characterization and
Dehydration Kinetics of Carrot
Pomace”. Agricultural Engineering
International: The CIGRE journal
Manuscript

Wang, C. Y. and Singh, R. P., (1978). “A
single layer drying equation for rough
rice”. ASAE, (3001)

Wang, Z., Sun, J., Liao, X., Chen, F., Zhao,
G., Wu, J. and Hu, X., (2007).
“Mathematical modeling on hot air
drying of thin layer apple pomace”. Food

Research International journal, 40:
3946

Yagcioglu, A., Degirmencioglu, A., and
Cagatay, F., (1999). Drying
characteristic of laurel leaves under
different conditions. In: A. Bascetincelik
(Ed.), Proceedings of the 7th
international congress on agricultural
mechanization and energy, Adana,
Turkey: Faculty of Agriculture,
Cukurova University pp. 565-569

Yaldiz, O., Ertekin, C. and Uzan, H. E.,
(2001). “Mathematical modeling of thin
layer solar drying of sultana grapes”.
Energy,26(5):457-465

Drying Kinetics of Fish (Clarias gariepinus)
Smoked with Biogas

Oyerinde et al.


11




