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Abstract 

A gas powered fish smoking Kiln of 0.873 m3 capacity was utilized to investigate the possible 

variations in the heat utilized, body mass reduction and volume of gas utilized for drying fresh and 

frozen fish. Four fish types; two of frozen fish (mackerel and horse mackerel) and two of fresh fish 

(tilapia and catfish) of 2 kg each were prepared and were smoked for the period of 240 minutes 

with 30 minutes interval to measure mass reduction, volume of gas utilized, temperature variation 

in the smoking chamber and the vent. During the experiment, the maximum heat supplied was 128 

OC and maximum heat utilized was 25 OC. The total volume of gas utilized is 5.2cm3 for the 

period of 240 minutes when the fishes were totally dried. The maximum body mass reduction was 

1.3 kg and minimum was found to be 1.35 kg which corresponded to tilapia and horse mackerel, 

and mackerel respectively. The volume of gas utilized for drying each type of the fishes were 

ranged from 0.68 to 0.71 m3.  Generally, the information gathered from this study establish the 

fact that other factors might be responsible for drying rate across the fresh fish and frozen fish. 

Keywords: Body Mass Reduction; Drying Effect; Fresh Fish; Frozen Fish; Volume of Gas 
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1. Introduction

The fisheries sector is crucial to food security, poverty alleviation and wellbeing. In 2008, the 

world consume 115 million tons of fish, and demand is expected to rise fish and fishery product 

are a vital and affordable source of food and high-quality protein. In 2008, fish as food reach an 

all-time high of nearly 17kg per person, supplying over 3 billion people with at least 15 percent of 

their animal protein intake (FAO, 2010).  Fish is a major source of protein and its harvesting, 

handling, processing and distribution provide livelihood for millions of people as well as providing 

foreign exchange earning to many countries (Al-Jufaili and Opara, 2006). 
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Processing of seafood mainly inhibits and/or inactivates bacteria and enzymes which results in 

shelf-life extension and also assures food safety. While the main role of processing is preservation, 

processing not only extends shelf life but also creates a new range of products (Blackwell, 2014). 

Smoking of fish is a major processing method prioritized in the tropics as a mean of preservation 

of fish from deterioration and spoilage. Also, it serves as business outlet for many through which 

values are being added to both fresh and frozen fish of different types.  Okonta and Ekelemu (2005) 

submitted that fish is highly susceptible to deterioration without any preservative or processing 

measures. As a result of chemical compositions of fish, fish muscle is perishable and its flavor and 

texture changes rapidly after death and during storage (Sogbesan and Ibrahim, 2017). 

 

In developed countries smoking of fish to increase its shelf life is not paramount due to availability 

of refrigeration systems and integrated infrastructures for efficient transportation of perishable 

farm produce are in place, rather smoking is employed to enhance the flavour of the fish. However, 

in developing countries, hot smoking is highly patronize as a means of fish preservation. As 

reported by Oyetoro et al. (2012) the utmost reason for all types of smoking is to preserve the 

product flavour and colour, these arise as a result of preservation function. In the process of 

improving shelf life and adding flavor to fish, drying is of paramount importance because level of 

moisture in the flesh of fish contributes to bacterial activity and spoilage (Olayemi et al., 2013). 

 

The main goal of this study is to investigate the disparity in drying rate of selected specie of frozen 

fish and fresh fish, which could provide vital information on processing cost for the people in 

smoking business.    

  

2. Materials and Methods  
 

The experimental design for the study involved pre-test of the smoking kiln, with the usage of 

cooking gas as smoking fuel. The heating chamber was lighted up to heat up the smoking chamber 

until temperature is constant both in the chamber and at the vent. The temperature in the chamber 

and at vent were noted and recorded for reference.  Four types of fish samples; two frozen 

[mackerel and ‘kote’ (horse mackrel)] and two fresh [catfish and tilapia] fishes were obtained from 

a market in Ibadan in south west Nigeria. The samples of 2kg for each type were thoroughly 

washed and salted. All the fishes were smoked together at the same time for duration of 4hours. 

Having established the initial weights, the fishes were weighed after smoking at interval of 

30minitues until a period of 240minutes was reached. Drying Rate (DR), Gas Consumption Rate 

(GCR), Actual Heat Utilized (AHU) and Body Mass Reduction (BMR) were observed and 

recorded for each types respectively alongside with supplied heat for smoking as well as actual 

heat used for smoking by comparing temperature (0C) in smoking chamber to the temperature (0C) 

at the vent.  

 

Determination of BMR  
 

The reduction in weight was determined using:       

     

𝐵𝑀𝑅 =  𝑊𝑖 +  𝑊𝑓                                                           1 
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The percent reduction in weight was determined using  

 

% 𝐵𝑀𝑅 =  
𝑊𝑖−𝑊𝑓

𝑊𝑖 
 ×   100                                                       2 

 
Where  

𝑊𝑖 = initial weight 

𝑊𝑓  = final weight 

 

Determination of GCR (m3/hr) 

 

𝐺𝐶𝑅𝑖 =
 𝑉𝐺𝑈𝑖

𝑡𝐺𝑈𝑖
                                                                                                                                3 

 

Where: 

𝐺𝐶𝑅𝑖 = gas consumption rate for drying fish i 

𝑉𝐺𝑈𝑖 = volume of gas utilized for drying fish i 

𝑡𝐺𝑈𝑖    = time taken for volume of gas utilized to dry fish i 

 

But, 

 

VGU (m3) = 
𝑀𝑓−𝑀𝑖

𝜌
                           4 

           

 Where; 

𝑀𝑓= mass of remaining gas after fish smoking  

𝑀𝑖 = mass of gas before fish smoking 

 𝜌 = Density of cooking gas (1.898kg/m3) 

 

And, 

 
𝑡𝐺𝑈 = 𝑡𝑑𝑓                                                                                                                                     5 

 

 Where: 

 𝑡𝑑𝑓 = time taken to dry fish 

  

Determination of AHU (0C) 

  

Actual heat utilized in smoking fish is given as: 

 
 𝐴𝐻𝑈 = 𝑇𝑠𝑐 − 𝑇𝑣                                                                                                                        6 

 

Where: 

 
𝑇𝑠𝑐 = temperature at the smoking chamber  

 𝑇𝑣 = 𝑡emperature at the vent       
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The data from the experiment were analysed using Microsoft Excel 2016 to present the results 

mainly in descriptive statistics such as tables and graphs.   

 

3. Results and Discussions  

 

During the smoking process, changes occurred in temperature of the smoking chamber, 

temperature at the vent, gas volume, colour of the fishes and consequently, in the weight of the 

fishes. The results of variations in 30 minutes interval of fishes weights, smoking chamber 

temperature, vent temperature and quantity of gas used are presented in Table 1 while Table 2 

presented percentages in weight loss across the fishes. Figures 1, 2 and 3 showed the trends of 

variations, while Figure 4 presented results on BMR, VGU and GCR. 

 

Table 1: Variations in Fishes Weights and Operational Parameters during Smoking 

Weight of fishes (kg) 

Time 

(min) 

Tilapia Mackerel Cat fish Horse 

mackerel 

Tsc 
0C 

Tv 
0C 

Weight of Gas 

(Kg) 

0 2 2 2 2 103 93 9.2 

30 1.75 1.8 1.7 1.75 82 75 8.7 

60 1.5 1.5 1.45 1.5 90 82 8.4 

90 1.3 1.35 1.2 1.3 112 87 8.1 

120 1.15 1.2 1 1.2 115 101 7.8 

150 1.1 1.2 1 1.1 118 106 7.7 

180 0.8 1 0.8 0.8 122 111 7.4 

210 0.8 0.9 0.7 0.8 115 103 6.7 

240 0.7 0.85 0.68 0.7 128 107 6.6 

 

Tilapia and horse mackerel showed same reduction rate in weights from 2 kg as smoking time 

increased from 0 minute upwards except at 120 minutes and as gas weight decreased from 9.2 kg 

downwards (Table 1). Mackerel has the lowest reduction rate weight with the final weight of 0.85 

kg, while the cat fish has the highest reduction rate in weight with the final value of 0.68 kg as 

shown in Table 1.  Temperature in the smoking chamber (Tsc 
0C) and at the vent (Tv 

0C) indicated 

maximum difference when the smoking time reached 90 minutes which means more heat was 

retained in the smoking chamber for drying (Table 1), however, the minimum temperature 

difference was observed within the first 60 minutes of  smoking as presented in Table 1. 

 

 
Figure 1: Trends in Weight Reduction across All the Fish Types while Smoking 
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Generally, the weight reduction was evidently shown across all fish types. It decreased from 0 

minute through to 240 minutes of the smoking duration, with catfish having rapid drops in weight 

up till 120 and 150 minutes of smoking where same weight of 1 kg was maintained before dropped 

to same weight of 0.8 kg with tilapia and horse mackerel at 180 minutes of the smoking process 

(Figure 1). Mackerel exhibited lowest decrease in weight as smoking time increased, and in the 

same manner with catfish, same weight of 1.2 kg was observed at 120 and 150 minutes during 

smoking process as presented in Figure 1.  The decrease in weights for both tilapia and horse 

mackerel followed same trend in respect to increase in smoking time except slight variation in 

weights 1.15 and 1.2 kg respectively when it was 120 minutes smoking time (Figure 1). 

 

 
Figure 2: Temperature changes in the Smoking Chamber and at the Vent of the Smoking Kiln 

during Smoking Process 

 

The temperature profiles are shown in Figures 2. The temperatures in the smoking chamber and at 

the vent showed sharp drop from 103 and 93 0C to 82 and 75 0C respectively which indicated 

maximum drop in temperatures different of 21 0C in smoking chamber and 18 0C at the vent during 

the smoking process (Figure 2). The maximum drop in temperatures observed could be due to 

higher moisture level of the fishes initially. Temperature gain was noticeable from 60 minutes of 

smoking process up to 180 minutes in both the smoking chamber and at the vent with same values 

of 3 0C and 5 0C gain in temperature in between 90: 120 minutes and 120:150 minutes of the 

smoking period.  Figure 2 presented maximum available temperature of 128 0C at the 240 minutes 

of the smoking process in the smoking chamber. This may be as a result of reduction in moisture 

level of the fishes at the final drying state.    

 

Table 2: Final Body Mass after Smoking and Percentage Weight Loss for All Fish Types 

Fish Types  Final Body Mass (kg) Percentage Weight loss (%) 

Tilapia 0.7 65 

Mackerel 0.85 57.5 

Cat fish 0.68 66 

Horse Mackerel 0.7 65 

 

The percentage weight loss for all the fish types were determined from equation 2. Table 2 

presented final body masses after smoking and percentages of weight loss from each fish type to 

smoking. The minimum percentage in weight loss is 57.5% which is corresponded to mackerel 
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while the maximum percentage weight loss is 66% which is corresponded to catfish. Tilapia and 

horse mackerel exhibited the same percentage of 65% for their weight loss (Table 2).  

 

 
Figure 3: The Variation in Volume of Gas Utilized with the Heat Utilized in the Smoking Kiln 

 

The result showed that the volume of gas utilized  (7.4 cm3) for the first 30 minutes was the 

smallness which is corresponded to minimum heat utilized (7 0C) in drying fishes as well as 

minimum temperatures at both in the smoking chamber and the vent (Figure 3 and Table 1). But 

contrarily, the maximum volume of gas utilized occurred at the second 30 minutes was 16.8 cm3 

and heat utilized was 8 0C, while maximum heat of 25 0C utilized for drying corresponded to 16.2 

cm3 during the 90 minutes of smoking process as shown in Figure 3.   

 

 
 

Figure 4: Changes in Body Mass Reduction (BMR), Volume of Gas Utilized (VGU) and Gas 

Consumption Rate (GCR) 
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corresponded to mackerel (Figure 4).  
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4. Conclusions and Recommendations 
 

Results obtained in present study indicated that irrespective of the fish source, be it frozen or fresh 

water it is not a major factor that influence the drying rate of the fish as BMR for tilapia (fresh) 

and horse mackerel (frozen) proved to be the same after specified smoking period.   

   

Based on what were deduced from this study, it is recommended that further study can consider 

independent smoking for same period under the same environmental conditions for easy estimation 

of VGU, actual heat utilized for drying and GCR for each fish type. 
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