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Abstract: 

New fish smoking kiln has been redesigned, constructed and evaluated. From the evaluation of both new and old fish smoking 

kiln, moisture removal rate (MR) and output capacity of the new smoking kiln were 6 %/hr. and 25 kg/hr. respectively, while that 

of old smoking kiln were 1.7 %/hr. and 5.9 kg/hr. respectively. These results were compared and the comparison showed that 

there is a significant improvement in the new fish smoker. 150ml of fish oil was collected from the new fish smoker for smoking 

100kg of cat fish while no provision was made fo r oil co llect ion in the old fish smoker.  
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Introduction 

General background  

The production and consumption of fish in Nigeria has been a 

major source of animal protein which has competed 

favourably with meat. Cat fish (Clarias gariepinus) has been 

reported to be a very important freshwater fish in Nigeria. It  

has enjoyed wide acceptability in most parts of the country 

because of its unique taste, flavour and good texture. It is 

widely distributed, extensively cultivated in ponds. Fish is one 

of the best sources of proteins, vitamins and minerals and are 

essential nutrients required for supplementing both infant and 

adult diets (Abdullahi et al., 2001).  

Ian and Andrew (2010) reported that the consumption of LC 

omega-3s derived from fish oil, either in fish (wild and 

farmed) or as encapsulated fish oil has been shown to help 

maintain health, especially card iovascular health. Benefits 

have been shown in ameliorating inflammatory disorders such 

as asthma, eczema, psoriasis and Crohn's disease. With the 

important function of EPA and DHA as a component of brain 

and nervous tissue, and in particular in the development of 

these organs, dietary LC omega-3 inclusion has an important 

role to play in the last trimester of pregnancy and in infant 
nutrition (Ian and Andrew 2010).   

In Nigeria, fish is eaten fresh, preserved or processed 

(smoked) and form a much-cherished delicacy that cuts across 

socio-economic, age, religious and educational barriers 

(Adebayo et al., 2008).  

Smoking is a trad itional preservation technique used in 

preserving fish for long storage lives. Smoking contains 

substances that kill bacterial, thus helping to preserve the 

product, while the heat dries the fish. In tropical countries, fish 

are generally s moked at relative high temperature so that they 
are smoked and dehydrated (Eyo, 2001).   

In Nigeria, kiln smoking ranges from trad itional open fire to 

the mud brick, cy lindrical d rum, and brick [Bostock et al., 
1987]. 

Statement of Problem 

Nigeria fish smoking practices are yet to gain prominence on a 

large commercial scale due to lack of appropriate technology 

approach to assist the fish farming business. Locally available 

methods such as mud bricks stone and firewood are 

predominantly used and these affected the quantity and quality 

of fish processed. Quality control and improved hygienic 

condition are difficult to sustain while market value 

dimin ishes due to damage and non-attractive appearance of 

the processed fish (Ames et al., 1999). Most of the smoking 

kilns available were unable to tackle the critical challenges 

faced by the end-users. In addressing the problems faced in 

traditional s moking process, mechanical s moking kiln was 
developed by NSPRI (2012) as shown in plate 1. 

    

Plate 1: Fish smoking kiln developed by NSPRI (2012)   
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Some of limitations of the smoking kiln developed by NSPRI 
(2012) were as follows. 

1. Wrong material (wood) selection  

2. Burning of the smoker due to combustion from oil 

drops on the heat source (charcoal)  

3. Longer smoking time due to problem of heat 

distribution  

4. No mechanism for collection of oil (omega-3) from 

smoked fish 

It is therefore desirable to developed a new smoking kiln to 
address these problems. 

Objectives 

The general objective is to develop an improved fish smoking 

kiln to solve problems associated with traditional method of 

smoking. 

Specific objectives: 

i. To design and construct an improved fish 

smoking kiln  

ii. To evaluate the constructed smoking kiln 

Justifications: 

Fish as perishable commodity is one of the best sources of 

proteins, vitamins and minerals and are essential nutrients 

required for supplementing both infant and adult diets 

(Abdullahi et al., 2001). It therefore important to preserve the 

fish to extend its shelf life and one of the ways of fish 

preservation is smoking. Commercial s moking of fish will 

require mechanical smoking kiln which is believed to 

enhance fish quality, quantity, marketability and 

acceptability. Development of an improved mechanical 

smoking kiln  will also give provision for s moke control 

within the s moking chamber. Development of improved fish 

smoking kiln will reduce the dependency on imported 

machines in Nigeria and as  well be used by the farmers and 

unemployed youth as a business venture which in turn will 

reduce unemployment rate and improve the standard of liv ing 

of the people. 
Literature review 

Review of some Available research works on smoking 

kiln 

Adamu et al., (2012) designed and constructed fish smoking 

kiln. The machine performance was evaluated using fish 

samples (African mud Fish) smoked to an average moisture 

content of 11.46% within an average time span of 5 h, and 

the average final weight of the dried fish was 0.9827 Kg. It  

was found that the fish can be kept for at least two months 

before showing the sign of spoilage. 

Michael (2014) developed a motorized fish smoking kiln  

with locally availab le materials. The smoking process is 

based on natural convection of heated air with temperature 

ranging between 60
0
C and 110

0
C. The average volumetric 

capacity of the smoking chamber is  120kg. The smoking kiln  

was evaluated. The result showed that moisture content was 

reduced from 80% to 30% with an average smoking time of 

60mins. The overall average percentage weight loss obtained 

for three species tested are as follows: EtholmosaFimbriata 

(36%), Scombridae mackerel (37%) and Clariasgariep inus 

(cat fish) 45%.  

Olayemi et al., (2012) carried out analysis on microb ial 

quality of cat fish (Clarias gariepinus) smoked with the 

developed smoking kiln by Nigerian Stored Products 

Research Institute (NSPRI). The total bacteria count was 2.0 

x 10-4 cfug and 0.7 x 10-4 cfug for mould/yeast. The result 

showed that no Pseudomonas, Escherichia coli or Salmonella 

species was found on the smoked fish. Generally, the total 

bacteria count was higher than the mould/yeast count. The 

sensory evaluation of the smoked fish showed that the fish 

was generally acceptable in taste and flavour. He concluded 

that the cat fish smoked with NSPRI developed smoking kiln  

is of high microbiological standard and suitable for human 

and livestock consumption.  

Bolorunduro et al., (2005) conducted a study to determine the 

status of awareness and adoption of disseminated improved 

post-harvest fisheries technologies among fish processors in 

the northwestern zone of Nigeria using structured 

questionnaire to obtain information from fish processors and 

secondary data collected from the Agricultural Development 

Projects (ADPs) and some Research Institutes in the selected 

states. A multistage sampling technique was adopted in the 

selection of four states in the zone (Kaduna, Kano, Katsina 

and Kebbi). Data was analyzed using descriptive statistic and 

Pearson’s correlation. The variables were tested at 5% level 

of significance. Results of data analysis showed that only 

about 43.1% of respondents were aware of improved fish 

smoking kilns disseminated in the zone, with about 32% 

adopting one kiln or the other. Improved smoking kilns 

disseminated include Chokor, Altona, Burkinabe, and 

Watanabe. Major constraints to adoption of improved fish 

processing and preservation technologies in the zone include 

scarcity of improved kilns, high cost of kilns when available, 

difficu lt technical features of the kilns and insufficient 

awareness creation by the ADPs.  

Methodology 

Design considerations 

A number of factors were considered in the design of the fish 

smoking kiln which include  

1. Functional requirement factor 

2. Cost effective factor 

3. Reliab ility factor 

4. Resistance to environmental factors  

 

Components of the developed fish smoking kiln 

The developed smoking kiln comprises of various 

components each of which has specific function and they 

include the following: 

A. Smoke cab inet 

B. Fish trays 

C. Oil co llectors 

D. Charcoal pot  

E. Blowers  

F. Blower stands 
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Design Calculation 

Components Design for Fish s moking kiln 

Fish tray design 

The volumetric capacity of each fish tray was calculated in 

relation to the volume of fish it occupies. Each tray was 

designed to contain 25 kg of fish per unit operation.  

The volume of the any material was calculated as given by 
Khurmi and Gupta (2005): 



M
V 1

……………………………………………. (1) 

Where V1 = volume of material in m
3
 

             M = mass of the material in kg = 25 kg  

          = bulk density of fish (kg/m
3
) = 1080 kg/m

3
 

(Measured) 

1080

25
1 V  

V1 = 0.023 m
3 

In the designing of fish tray volumetric capacity, the shape of 

the compartment was designed to be cuboid. Lengths and 

breadth of the tray were assumed to be the same, while the 

height was selected as 0.045m. as shown in Figure 1.

 

 

 

 

 

 

 

 

But, volumetric capacity of the fish tray (V2) was calculated 
using relationship given by John (2005) as:  

HBLV 2
……………………………………….. (2) 

Where,   

L = compartment length 

B = compartment breadth 

H = compartment height 

When B = L 

H

V
L 22  from equation (2) 

V2 = volumetric capacity of the compartment = 1.5 × V1  

     = 1.5 × 0.023 m
3
  

     = 0.035 m
3
 

Volume of the tomato was mult iplied by 1.5 to determine 

tray volumetric capacity in order to allow for enough 
clearance and space in the tray. 

Therefore, to design for compartment breadth we have 

2

045.0

035.0
L 0.9m 

Charcoal pot design 

The volumetric capacity of charcoal pot was calculated in  

relation to the volume of charcoal it occupies. Charcoal pot  

was designed to contain 30 kg of charcoal per unit 
operation.  

The volume of the any material was calcu lated as given by 

Khurmi and Gupta (2005): 



M
V 1  …………………………………………. (3) 

Where V1 = volume of charcoal in m
3
 

             M = mass of the material in kg = 30 kg  

          = bulk density of charcoal (kg/m
3
) = 641 kg/m

3
 

(Measured) 

641

30
1 V  

V1 = 0.047 m
3 

In the designing of charcoal pot volumetric capacity, the 

shape of the compartment was designed to be cuboid. 

Lengths and breadth of the charcoal pot were selected to be 
0.45 m and 0.3 m as shown in Figure 1.

 

Figure 1: Fish tray free body diagram 
 

B 

L  

H = 0.045 m 
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But, volumetric capacity of the charcoal pot (V2) was 
calculated using relationship given by John (2005) as:  

HBLV 2
……………………………………… (4) 

Where,   

L = compartment length = 0.45 m 

B = compartment breadth = 0.3 m 

H = compartment height 

BL

V
H


 2

from equation (4) 

V2 = volumetric capacity of the compartment = 1.5 × V1  

     = 1.5 × 0.023 m
3
  

     = 0.035 m
3
 

Volume of the tomato was mult iplied by 1.5 to determine 

tray volumetric capacity in order to allow for enough 
clearance and space in the tray. 

Therefore, to design for compartment height we have 

mH 26.0
3.045.0

035.0



  

Rate of fish smoking by the machine  

Since basic concept in smoking operation is to reduce 

moisture to save level for the purpose of longer storage 

which is the same as drying, to calculate rate of smoking, 

the drying rate formula can also be employed. Time taken 
for drying any commodity is given by Donald (1974) as: 

   
ffgeaa

fm
MDMhtTTc

V

C













  60

……………………………………….. (5)  

 eaa

fm

ffg

TTc
v

C

MDMh
t










 


60

)(
……… (from equation 5) 

fmC = Air flow from blower m
3
/s. This can be calculated 

using expression given by Joshi (1981) as:  

  AVC fm  ………………………………………. (6) 

Where, V = velocity of air required for heat flow (m/s) = 9.8 

m/s (Ghanem and Shetawy, 2009), A = Area of air duct or 

chute (m
2
); A = 

22 04.014.3 r m
2
. 

 8.904.014.3 2 fmC  

    = 0.049 m
3
/s 

V = heated air specific volume = 13.26 m
3
/kg (Donald 1974) 

Ca = Air specific heat = 240 kJ/kg/ 
o
C (Donald 1974) 

Ta = Charcoal temperature (heated air temperature) = 450
o
C  

Te = External temperature of s moked fish 
o
C. This can be 

calculated from the equation of heat flow which can be 

given as 

 )( ae TTkAq  ........................................................ (7) 

kA

q
TT ae  ………………… (from equation 7)  

Where, 

q = heat produced by charcoal = 3.14 × 10
4
 kJ 

K = fish thermal conductivity = 3.04 × 10
3
 kJ/ 

0
C m

-2  

A = fish average surface Area = 0.045m
2
 (measured using 

available catfish in Kano metropolis)  

B = 0.3m 

H  

L = 0.45m 

Figure 2: Charcoal pot free body diagram 
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eT o

C 

hfg = Latent heat of vaporization = 1200kJ/kg (Donald 1974) 

DM = Fish dry matter in the kiln which can be calculated as 

given by (Donald 1974) as: 

 wMwDM  1 …………………………………. (8) 

Where, 

W = Weight of fishes per unit tray = 25kg 

Mw = Fish moisture content on wet basis which range 
between 30 -75% but for this design, 45% was selected 

  45.0125DM 13.75 kg 

Mf = Fish moisture content dry basis. This can be calculated 

by converting moisture contet wet basis (60%) to dry basis 
as given by Donald (1974). 

%1001
1

1















w

f
M

M

…………………………………..…………………………….. (9) 

82.0%1001
45.01

1












fM  

 t = s moking time (min) which is given as: 

 eaa
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TTc
v

C

MDMh
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60
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hrst 33.8901

52.1

13530

2204500024.0
26.13

60049.0

)82.0(75.131200









 




 

Therefore, all 4 fish trays loaded with equal average size of 

a fish measured (0.35kg) are expected to completely smoked 
within 3 hours.  

Note: Since uniform distribution of heat is expected in the 

cabinet using blower, all the trays loaded with fish is 
assumed to smoke at the rate. 

Smoking Cabinet Design 

In the designing of smoking cabinet, the surface area of the 
cabinet was shown in Figure 1. 

 

 

 

 

 

 

 

 

The volumetric capacity of smoking cabinet was calculated 
in relation to the equation as given by John (2005) as:  

wAV 3
………………………………………….. (10) 

Where V3 = volume of smoking cabinet in m
3
 

             A = Surface area of s moking cabinet in m
2
  

Surface area (A) was calculated using equation given by 
John (2005) as:  








 


2

3 LH
LA ………………………………. (11) 

Where, 

L = Length of the smoking cabinet = 0.36 m selected 

for convenient containment of 4 fish trays, charcoal pot 

and oil collector within the chamber. 

H = 1.44 m selected for convenient containment of 4 

fish trays, charcoal pot and oil collector within the 
chamber. 

2842.0
2

36.044.13
36.0 mA 







 
  

        w = Smoking cabinet width in m = 0.36 m selected 

for convenient containment of 4 fish trays, charcoal pot 

and oil collector within the chamber.  

3

3 303.036.0842.0 mV   

 

Pictorial view of the new fish smoking kiln  

Improved fish smoking kiln had been designed and 

fabricated, the pictures of the kiln are as follows: 

 

L L 

H 

L 
                Figure 3: layout of smoking cabinet 
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Performance of the fish smoking kiln 

In evaluating the performance of the improved fish smoking 

kiln, performance of both newly developed smoking kiln  

and the existing smoking kiln were carried out. The same 

weight (100 kg) of cat fishes were fed into the kilns  

separately in three replicates and mean value of moisture 

removal rate and output capacity of both smoking kilns  were 
calculated.  

 

Moisture removal rate (MR) for the s moking kiln 

The rate of moisture removal measures quantity of moisture 

being removed by the smoking kiln per unit time. The 

moisture removal was measured hourly using moisture 

meter and the average value was determined. It took 4 hours 

for the new smoking kiln to s moke 100 kg of fishes of 

averagely 0.56 kg each and average initial moisture content 

(Mc) was measured as 58 %. At the end of 4 hours of 

smoking, final average moisture content (Mc) was measured 

as 18 %. On the other hand, it took 17 hours for the old 

smoking kiln to smoke 100 kg of fishes of averagely 0.56kg  

each and average initial moisture content (Mc) was 

measured as 58 %. At the end of 17 hours of smoking, final 
average moisture content (Mc) was measured as 19 % .  

For newly developed smoking kiln, the moisture removal 

rate was calculated as: 

t

M
MR r  (Donald 1974) 

……………………………………………………………… 

(12) 

Where,  

rM  = moisture removed during smoking (%) = Mc1 – Mc2 

Mc1 = init ial moisture content = 58 % 

Mc2 = final moisture content = 18 % 

rM = 58 – 18 = 30 % 

t = smoking time = 4 hours 

hrMR /%6
4

30
  This shows that average 6% of fish 

moisture was removed for every hour of smoking by the 
newly developed fish smoking kiln.  

On the other hand, for the old fish smoking kiln, the 

moisture removal rate was also calculated as: 

t

M
MR r  (Donald 1974) 

……………………………………………………………… 
(13) 

Fig. 2: Improved fish smoking kilnn 
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rM  = moisture removed during smoking (%) = Mc1 – Mc2 

Mc1 = init ial moisture content = 58 % 

Mc2 = final moisture content = 19 % 

rM = 58 – 19 = 29 % 

t = smoking time = 17 hours 

hrMR /%7.1
17

29
  This shows that average 1.7% of 

fish moisture was removed for every hour of smoking by the 

old fish smoking kiln. 

Output capacity for the new s moking kiln 

Output capacity measures the quantity of fishes the smoker 

can handle per unit time of operation. It  is calcu lated using 
expression given by Adamu et al., (2012) as: 

T

W
OC T

 

Where WT = total weight of fishes handled by the smoker = 
100 kg  

              T = total time taken to s moke = 4 hours  

hrkgOC /25
4

100
  

 

Output capacity for the old s moker 

hrkg
T

W
OC T /  

Where WT = total weight of fishes fed into the smoker = 100 

kg 

              T = total time taken to s moke = 17 hr. 

hrkgOC /9.5
17

100
  

Comparison between the Old s moker and the Newly 

developed s moker  

Table 1 shows the comparison between the existing and 

newly developed fish smoking kiln using student t-test. The 

results show that moisture removal rate and output capacity 

of newly developed fish smoker were significant at 5% 

probability level than those of the old fish smoking kiln. 150 

ml of o il was collected smoking 100kg of fish in the new 

smoker while no provision was made in old smoker fo r oil 

collection.

 

Table 4.15: Comparison between Existing De -huller and Newly Developed De -huller  

 

Parameters Mean values  t- value 
Tabulated 

t-value 
Calculated 

Significance 

New Fish 
smoker 

Old Fish 
smoker 

Moisture removal 
rate (%/hr.) 

6 1.7 2.203 5.364 ** 

Output capacity 
(kg/hr.) 

23 5.9 4.303 15.164 ** 

Oil quantity 
collected (ml) 

150 - - - - 

* * - Highly significant 

Recommendation 

1. Blower power source should be made renewable 

instead of the use of dry cell battery  

2. Further research work should be done on the 

selection of blower so that the rate of speed can be 

varied during smoking process 

3. The smoking kiln should be evaluated on effect 

different sizes and varieties of fish on the smoking 

process 

4. The smoker should also be evaluated on meat to 

make it more versatile thereby increasing its 

acceptability among end-users. 
Conclusion  

Improved fish smoking kiln has been redesigned, fabricated 

and evaluated. The result of evaluation gave moisture 

removal rate (MR) and output capacity of the new smoker 
as 6 %/hr. and 23 kg/hr. respectively. 
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