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Abstract
This experiment was conducted to optimize temperature and time for hot smoking of Nile Tilapia in order to 

get the most nutritive quality. Three levels of smoking temperature (80 ± 3°C, 90 ± 3°C and 100 ± 3°C) and time 
(2:00, 2:30 and 3:00 hours) were used. Accordingly, Face centered central composite design using Design expert 
(version 7.0.0., Stat-Ease, Minneapolis, MN) was used to optimize and evaluate main effects, interaction effects 
and quadratic effects of smoking temperature and time on gross energy value and overall sensory acceptability. A 
Multiple Linear Regressions Analysis (MLRA) was performed to determine all the coefficients of constant, linear, 
quadratic and interaction terms using least square minimization to fit the intended model to the collected data. 
The lack of fit test was used to evaluate the fitness of the generated model using coefficient of determination (R2). 
The adequacy of the model was justified through Analysis of Variance (ANOVA).The result show that all the built 
polynomial equations were found to be statistically non-significant as determined by ANOVA, lack of fit is non-
significant and the model is less adequate to sufficiently describe the experimental data. The numerical optimization 
using desirability approach of all combination resulted in smoking temperatures and times were found to be optimum 
to produce good gross energy value and sensory acceptability of smoked fish. From model summary statistics, a 
negative predicted R2 implies the overall/grand mean is a better predictor of gross energy value and overall sensory 
acceptability than the current model. Accordingly, Nile Tilapia (Oreochromis niloticus) smoked at 80 ± 3°C for 2:00 
and 80 ± 3°C for 3:00 hour possessed the highest gross energy value (kcal) for non-dried and pre-dried respectively 
and fish smoked at 100 ± 3°C for 2 and 3 hours and 90 ± 3°C for 2 and 3 hours possessed highest overall sensory 
acceptability for non-dried and pre-dried respectively.
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Introduction
Fish is an important source of food and income to many people 

in the developing world. The high moisture content of fish renders it 
extremely perishable. It has been estimated that in the high ambient 
temperatures of the tropics, fish spoils within 12-20 hours of being 
caught depending on species and size [1]. As fish is rich in protein 
with an amino acid composition very well suited to human dietary 
requirements comparing favorably with eggs, milk and meat, there 
shall be appropriate method to preserve those mentioned nutrients. 
Smoking of fish have developed over many centuries, largely to suit 
the prevailing climate and is a good method of drying and preserving 
fish where there is no cold facility for fresh fish handling. Smoke 
curing of fish is an ancient traditional method aimed at preserving 
fish by exposure to heat and smoke. The components of wood smoke 
deposited on fish are not only imparting good flavor and color, but also 
increases stability due to their bactericidal and antioxidant properties 
[2]. The reason for smoking fish are varied, the process has proved to 
prolong its shelf life, enhance flavor and increase utilization in soups 
and sauces, reduce wastage times of bumper catches, store for the lean 
season and increase protein availability to people throughout the year 
[3]. However, it requires skill and experience to produce a high quality 
end product that will keep long shelf life as well as high nutrient quality 
resemble to the natural one. Hot smoking of fish involves temperature 
of more than 800C and the fish is cooked during processing. Excessive 
heat treatment is known to impair the nutritional value of fish protein 
as a result of variety of chemical reactions [4-8] demonstrated that 
traditionally prepared hot smoking fish can suffer appreciable protein 
damage, finding a loss of lysine availability in traditionally smoked 
Tilapia nilotica in Uganda. 

The exposure of wet fish to high temperature is the most likely cause 

of protein damage. Smoking at 85°C lowered lysine availability and net 
protein utilization (NPU) [8], however heating dry fish up to 105°C 
without an appreciable decrease in NPU. Similarly a temperature of 
110oC did not appear to cause any nutritive damage to dry fish protein 
concentration (FPC) even after four hours exposure [9]. Obileye and 
Spinelli [10] smoke Tilapia after drying it at 30°C for two hours to 
moisture content of 40% before hot smoking. Such treatment causes 
only minor losses (>20%) in lysine availability, and most of this resulted 
from the initial drying stage rather than subsequent hot smoking. Thus, 
in dried fish the protein may be less sensitive to heat damage, but more 
evidence is required before definite conclusions can be drawn as to the 
relationship between the temperature and time of treatment, moisture 
content of fish and the degree of protein damage [11].

Smoking is a method of preserving fish which involves some 
processes of cooking, drying and preservative value of the smoke [3]. 
Smoking is a traditional fish preservation method of considerable 
economic importance worldwide. The smoke is produced by the process 
of incomplete combustion of wood in order to impart characteristic 
flavor and color to the fish. In addition, smoking increases shelf life 
of fish as a result of the combined effect of dehydration, antimicrobial 
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and antioxidant activity of several smoke constituents mainly; 
formaldehyde, carboxylic acid and phenols. Numerous study have 
been carried to investigate the effect of hot smoking on proximate 
composition, minerals content, microbiological quality, biochemical 
composition and organoleptic acceptability of smoke fish. However, 
there are limited studies which investigate the prediction of optimum 
smoking temperature and time. 

Fish smoking conditions must be standardized, controlled, 
monitored, and documented so the potential for producing toxic, or 
even lethal, food products is eliminated. It is therefore important to 
ascertain how the smoking temperatures and time affect some of the 
nutritional properties of smoked fish. The present study therefore was 
conducted to provide scientific information on the effect of smoking 
temperature and time on the gross energy value/caloric/ and over all 
sensory acceptability of smoked Nile Tilapia using acacia wood. 

Materials and Methods
Sample collection and preparation 

A total of fresh 204 Nile Tilapia (Oreochromis niloticus) both sex 
was purchased from menefash lading site of Lake Zeway. The fish was 
taken to Zeway fishery resources research center where the experiment 
was carried out. The fish was washed, cleaned, gutted and kept in brine 
solution for 40 minutes. Out of 204 fish, 144 were used for proximate 
composition analysis and 60 fish was used for sensory evaluation. 
Sample was analyzed in quadruplicate. 

Smoking process 

Smoking was performed using four altona ovens each having 
dimension of 1 m × 1.28 m × 1.75 m. Fish were divided into two groups 
for smoking. Half group of fish was smoked directly after taken out of 
brine solution. The remaining lot was dried using solar tent dryer for two 
hours after taken out of brine solution. Fire wood (Acacia) was set up in 
the combustion chamber and then lighted. The temperature of smoke 
generated was monitored in the smoking chamber until the required 
temperature was obtained. To be certain whether the set temperature is 
in check or not, digital infrared (IR) thermometer with distance (D) to 
spot size (D:S) = 12:1 was used to measure the temperature. Once the 
required temperature was obtained, the fish was placed inside the oven 
by screwing fish eye using one side sharpen metal rod. The burning 
wood was adjusted continuously to maintain the required temperature 
in the oven. In this study, three different smoking temperatures of 80 ± 
3°C, 90 ± 3°C and 100 ± 3°C and three different smoking time 2:00 hr., 
2:30 hr. and 3:00 hr. were used. 

Proximate composition analysis 

Moisture content analysis: Moisture content was determined 
by Oven drying method immediately after smoking was completed. 
Empty crucibles were dried using air drying oven for 1 hour at 105°C. 
Immediately after smoking was completed, 5 g of fish flesh taken 
from the dorsal part of fish was transferred to the dried and weighed 
crucibles. The crucibles and their contents were placed in the drying 
oven and dried for 10 hrs. at 105°C in an oven. The moisture content 
was determined by measuring the weight of a sample before and after 
the water was removed by evaporation using:

    -      100
   

Weight of wet sample weight of dried sampleMoisture Content
Weight of wet sample

= ×

Crude protein analysis: Crude protein content of smoked fish was 
quantified by Kjeldahl methods. 5 g of powdered fish fillet was weighed 
into tecator tube and then digested by heating at 370°C for three hours 

in the presence of 6 mL mixed sulfuric acid and orthophophoric acid, 
3.5 mL H2O2, 3 g of catalyst potassium Sulfate (K2SO4) and Selenium. 
After digestion was completed, formed clear solution was cooled for 30 
minutes. After cooling, it was distilled by steam distillation with 25 mL 
of 40% of sodium hydroxide and the ammonium is released as a form 
of ammonia. Finally, the condensed NH3 is trapped by 1% boric acid 
and titrated by 0.1N HCl.

Note: all reagents were added to the blank except the sample. 
The nitrogen content was estimated by titration of the borate anion 
formed with 0.1N HCl. The amount of Nitrogen was calculated using 
the formula:

(   -   ) 14 %  100
  

Volume of sample Volume of blank L gN N HCL
Gram of sample mole

= × × ×

 6.25 %Crude protein N= ×

Crude fat analysis: Crude fat was determined by sox let extraction 
methods. 3.5 g powdered smoked fish was weighed into a clean 
aluminum cup with boiling chips that has been dried at 92°C. Thimble 
was covered with fat free cotton and attached to magnetic ring to hang 
the thimble. 70 ml diethyl ether was added to aluminum cup through 
the condenser. The extraction process will continue for three hours and 
twenty minutes. At the end of the extraction process, the aluminum 
cup containing the solvent and lipid was removed, the solvent was 
evaporated in drying oven at 92°C for at least 30 minute and the mass of 
lipid remaining was quantified gravimetrically and calculated from the 
difference in weight of the aluminum cup before and after extraction as 
percentage. The crude fat in the initial sample was calculated as:

       100
  

weight of fat extracted by diethly etherFat content
weight of sample

= ×

Eventually protein and fat content in wet base was recalculated 
from dry base using the formula: 

%    (100 -  )%   
100

proximate in dry moisture contentproximate in wet =

Gross energy value: Gross energy values (kcal/g) was calculated 
by overall addition of the protein content multiplied by 4 and the total 
lipids content multiplied by 9 and using Atwater’s conversion factors. 
The result was expressed as kcal per 100 gram.

    4     9   Gross energy value x protein content x fat content= +

Sensory evaluation

Organoleptic characteristics of smoked fish like texture, flavor, 
odor, appearance and overall acceptability was evaluated. For this 
reason ten consumer panels comprised of Zeway fisheries resources 
research center staff were used to determine consumer reaction to a 
product. Due to large sample size, four digit random numbers were 
used to code the samples. Coded samples were presented randomly. 
Taste neutral water was provided for oral rinsing between samples 
after each bite to eliminate the taste of the previous fish sample. The 
consumers expressed degree of liking or disliking using nine point 
hedonic scale ranging from “like extremely” to dislike extremely [12]. 

Experimental design for optimization 

The experiment was conducted using full factorial design (2 x 3 x 3). 
Response surface methodology was employed using three independent 
factors, two numerical factors and one categorical factor. The drying 
conditions prior to smoking, time and temperature of smoking were 
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regarded as independent variables. The numerical factors namely 
temperature and time of smoking were chosen to have three levels. The 
two levels of categorical factor was fish dried using solar tent dryer for 
two hours prior to smoking and not. Nine experiments covering three 
time of smoking and three temperature of smoking were conducted with 
both dried fish prior to smoking and not. All other conditions like fish 
size, cleaning methods and gutting procedures, size of smoking oven 
and concentrations of brine solution were kept constant throughout 
the smoking process. The responses used were gross energy value and 
overall organoleptic acceptability of smoked fish. The experiment was 
repeated two times and proximate data were determined in quadruplet. 
It has been assumed that the responses (Yk) are the function of three 
independent variables mentioned in equation 1: K (1,2) indicating 
gross energy value and overall sensory acceptability of smoked fish. 

( , , )k kY f T t c=   ----------------------------------- (1)

Where: T° smoking temperature 

t smoking temperature 

c drying condition prior to smoking i.e. solar tent dried or not 

The optimal point was predicted by the quadratic model based 
on the following Equation (2). In the following equation X1 stands 
for temperature and X2 stands for time. The responses (gross energy 
value and overall sensory acceptability) for different experimental 
combinations were related to the coded variables (xi, i = 1 and 2) by 
second degree polynomial equation, because it is interesting and very 
flexible model to describe experimental data in which there is [13].  

1
2

0
1 2 1 1

( )
jk k k

i i ij i j ii i
i j i i

Y x x x x xβ β β β ε
−

= = = =

= + + + +∑ ∑∑ ∑
Response surface methodology is a sequential form of 

experimentation used to help predict or optimize response (dependent, 
outcome) variables made up of a mathematical-statistical model of 
several input (independent, predictor) factors. The most common 
response surface methodology is central composite design which 
consists of CCI, CCC and CCF types. Both CCI and CCC require 
five test levels however face centered CCD requires only three test 
levels because α value is taken as one. Hence, Face centered CCD 
using Design expert (version 7.0.0., Stat-Ease, Minneapolis, MN) was 
used to optimize and evaluate main effects, interaction effects and 
quadratic effects of smoking temperature and time on gross energy 

value and overall sensory acceptability. A Multiple Linear Regressions 
Analysis (MLRA) technique that is included in the response surface 
methodology was performed to determine all the regression coefficients 
of constant, linear, quadratic and interaction terms using least square 
minimization to fit the intended model to the collected data. The lack 
of fit test was used to evaluate the fitness of the model using coefficient 
of determination (R2). The adequacy of the model was justified through 
analysis of variance (ANOVA). Finally, a numerical optimization 
technique using the desirability approach was employed to establish 
the optimum level of smoking temperature and time with the desired 
gross energy value and overall sensory acceptability.

Result
It can be seen that the smoking process of Nile Tilapia mainly 

depends on smoking process such as; temperature of smoking (X1, 
°C) and smoking time (X2, hr). These technological parameters affect 
objective functions: the amount of calorie/gross energy value obtained 
(Y1, Kcal/g) and overall sensory acceptability of the product (Y2) (Table 
1)

Design of experiments (DOE)

Arrangement of face centered CCD of experiments for gross 
energy value of wet/non-dried/ and predried smoked nile tilapia and 
arrangement of face centered CCD of experiments for overall sensory 
acceptability of non dried and predried smoked Nile Tilapia (Tables 2 
and 3).

Building of mathematical model 

Mathematical relationships was generated using multiple linear 
regression analysis was performed using design expert and the following 
coefficient was obtained for each response studied. The method of least 
square was used to estimate the regression coefficients in the multiple 
linear regression models. 

Gross energy value =275.10-6.39X1+4.15 X2+7.25 X1X2 +2.42 X1
2-

3.97X2
2(non dried)

Gross energy value =311.55-6.36 X1+6.80 X2+2.70 X1X2 +2.34 X1
2-

5.62 X2
2(pre-dried)

Overall sensory acceptability=7.73+0.216X1-0.66X2+0.125X1X2+0.
913X1

2+0.141X2
2-non dried)

Independent variables Symbol 
Coded level

-1 0 1
Smoking temperature (°C)

Smoking time (hr)
X1
X2

80 ± 3°C
2:00 

90 ± 3°C
2:30

100 ± 3°C
3:00

Table 1: Coded and real value of smoking temperature and time.

Experimental run 1 2 3 4 5 6 7 8 9 10 11 12 13
Temperature 0 1 -1 0 0 0 0 1 0 1 -1 0 -1

Time 0 1 -1 0 -1 0 0 0 1 -1 1 0 0
Gross energy value (Kcal) Predried 313.77 296.25 314.02 278.24 291.79 277.76 349.53 301.63 308.96 296.25 320.45 349.58 315.06

Gross energy value (Kcal) Non dried 277.38 283.13 284.18 258.66 262.64 260.86 294.52 263.36 268.29 259 279.3 295.47 280.37

Table 2: Arrangement of face centered CCD of experiments for gross energy value of wet/non-dried/ and predried smoked nile tilapia.

Experimental run 1 2 3 4 5 6 7 8 9 10 11 12 13
Temperature 0 1 -1 0 0 0 0 1 0 1 -1 0 -1

Time 0 1 -1 0 -1 0 0 0 1 -1 1 0 0
Gross energy value (Kcal) Non dried 8.5 8.2 7.9 7.3 7.9 8 7.7 8 8 8.2 7.4 7 7.8
Gross energy value (Kcal) Predried 7.7 7.7 7.4 8 7.7 8 7.6 8.1 8.1 7.5 7.6 7.4 7.5

Table 3: Arrangement of face centered CCD of experiments for overall sensory acceptability of non dried and predried smoked Nile Tilapia.
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Overall sensory acceptability=7.7+0.033X1+0.11X2-0.125X1X2-
0.262X1

2+0.287X2
2-for pre dried

In the above empirical models X1 and X2 are independent variables 
often called predictor variables or repressors, their coefficients are called 
partial regression coefficients, because β1 measures the expected change 
in y per unit change in x1 when x2 is held constant, and β2 measures the 
expected change in y per unit change in x2 when x1 is held constant. The 
sign and magnitude of the main effects signify the relative influence of 
each factor on the response (Table 4).

The «Model F-value» of 0.58 implies the model is not significant 
relative to the noise. There is a 71.32% chance that a «Model F-value» 
this large could occur due to noise. The «Lack of Fit F-value» of 0.22 
implies the Lack of Fit is not significant relative to the pure error. There 
is a 87.81% chance that a «Lack of Fit F-value» this large could occur 
due to noise (Table 5).

The «Model F-value» of 0.17 implies the model 
is not significant relative to the noise. There is a 
96.65% chance that a «Model F-value» this large could occur due to 
noise. The «Lack of Fit F-value» of 0.05 implies the Lack of Fit is not 
significant relative to the pure error. There is a 98.36% chance that a 
«Lack of Fit F-value» this large could occur due to noise (Table 6).

The «Model F-value» of 0.46 implies the model 
is not significant relative to the noise. There is a 
79% chance that a «Model F-value» this large could occur due to noise. 
The «Lack of Fit F-value» of 0.11 implies the Lack of Fit is not significant 
relative to the pure error. There is a 94.8% chance that a «Lack of Fit 
F-value» this large could occur due to noise (Table 7). 

The «Model F-value» of 1.98 implies the model 
is not significant relative to the noise. There is a 
19.94% chance that a «Model F-value» this large could occur due to 
noise. The «Lack of Fit F-value» of 1.16 implies the Lack of Fit is not 
significant relative to the pure error. There is a 42.1% chance that a 
«Lack of Fit F-value» this large could occur due to noise.

Three dimension of response surface plot
Response surface 3D plot of smoking time and temperature 

level against gross energy value smoked Nile Tilapia (wet) and (Pre-
dried) (Figures 1 and 2). Response surface 3D plot of smoking time 
and temperature level against overall sensory acceptability non-dried 
smoked Nile Tilapia and pre-dried smoked Nile Tilapia (Figures 3 and 
4).

Model adequacy checking

Once a mathematical model has been established, optimization of 

the process, that is, finding the unique set of process conditions that 
produces the best results, is carried out [14]. It is always necessary 
to examine the fitted model to ensure that it provides an adequate 
approximation to the true system [13] (Tables 8 and 9).

All the built polynomial equations were found to be statistically 
non-significant as determined by ANOVA. The lack of fit of the 
model was checked by determination coefficient (R2). Coefficient of 
determination explains percentage of variability explained by the 
regression. The R2 value is always between 0 and 1, and a value greater 
than 0.75 indicates aptness/correctness of the model. The R2 value less 
than 0.75 usually indicate an insufficiently precise description of the 
experimental data. For the good statistical model, R2 value should be 
close to 1. Small predicted R2 values (<0.7) in this experiment indicate 
that the model has poor predictive ability and have large prediction 
error. The R2 value is an over estimate of goodness of fit. Thus it is 
usually modified into adjusted R2 by taking into account the degree of 
freedom of the model. Prediction error sum of squares (PRESS) was 
also used to check for model adequacy. It is the sum of the squared 

Source Sum of 
square df Mean 

square F-Value P-value 
Prob>F

Model 605.25 5 121.05 0.58 0.7132 (Non-
siginificant )

Temp 245.25 1 245.25 1.18 0.3125
Time 103.34 1 103.34 0.50 0.5028

Temp* Time 210.40 1 210.40 1.02 0.3470
Temp2 16.29 1 16.29 0.079 0.7872
Time2 43.56 1 43.56 0.21 0.6604

Residual 1449.65 7 207.09

Lack of fit 205.28 3 68.43 0.22 0.8781(Non-
sigificant)

Pure error 1244.38 2 311.09

Table 4: ANOVA for response surface quadratic model of gross energy value of 
wet/non pre-dried smoked Nile Tilapia.

Source Sum of 
square Df Mean 

square F-Value P-value 
 Prob>F

Model 637.43 5 127.49 0.17 0.9665 (Non siginificant)	
not significant

X1 242.70 1 	 242.70 0.32 0.5893
X2 277.98 1 277.98 0.37 0.5640

X1X2 29.21 1 29.21 0.039 0.8500
X1

2 15.18 1 15.18 0.020 0.8915
X2

2 87.40 1 87.40 0.12 0.7442 
Residual 5309.09 7 758.4 0.049
Lack of fit 188.86 3 62.95 0.9836 (Not significant)
Pure error 5120.23 4 1280.06

Table 5: ANOVA for response surface quadratic model of gross energy value of 
pre-dried smoked Nile Tilapia.

Source Sum of 
square df Mean 

square F-Value P-value 
Prob>F

Model 0.49 5 0.099 0.46 0.79 (NS)
Temp 0.28 1 0.28 1.32 0.28
Time 0.027 1 0.027 0.12 0.73

Temp * Time 0.063 1 0.063 0.29 0.60
Temp2 0.023 1 0.023 0.11 0.75
Time2 0.055 1 0.055 0.26 0.62

Residual 1.50 7 0.21
Lack of fit 0.12 3 0.039 0.11 0.948 (NS)
Pure error 1.38 4 0.34

Table 6: ANOVA for response surface quadratic model of overall sensory 
acceptability for non-dried smoked Nile Tilapia.

Source Sum of square df Mean square F-Value P-value 
Prob>F

Model 0.45 5 0.091 1.98 0.1994 (NS)
Temp 6.667E-0.003 1 6.667E-0.003 0.14 0.7148
Time 0.082 1 0.082 1.77 0.2245

Temp* Time 0.062 1 0.062 1.36 0.2820
Temp2 0.19 1 0.19 4.12 0.0819
Time2 0.25 1 0.25 4.98 0..609

Residual 0.32 7 0.046
Lack of fit 0.15 3 0.05 1.16 0.421(NS)
Pure error 0.17 4 0.043

Table 7: ANOVA for response surface quadratic model of overall sensory 
acceptability for pre dried smoked Nile Tilapia.
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Figure 1: Response surface 3D plot of smoking time and temperature level against gross energy value smoked Nile Tilapia (wet).
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Figure 2: Response surface 3D plot of smoking time and temperature level against gross energy value smoked Nile Tilapia (pre-dried).
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Figure 3: Response surface 3D plot of smoking time and temperature level against overall sensory acceptability non-dried smoked Nile Tilapia.

Design-Expert® Software

Overall sensory acceptability
8.1

7.4

X1 = A: Temperature
X2 = B: Time

  -1.00

  -0.50

  0.00

  0.50

  1.00

-1.00  

-0.50  

0.00  

0.50  

1.00  

7.35  

7.545  

7.74  

7.935  

8.13  

  O
ve

ra
ll s

en
so

ry
 a

cc
ep

ta
bil

ity
  

  A: Temperature    B: Time  

Figure 4: Response surface 3D plot of smoking time and temperature level against overall sensory acceptability pre-dried smoked Nile Tilapia.
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differences between the experimental response y and the response 
predicted by the regression model. 


2

( )
1

n

i i
i

PRESS y y
=

 = − ∑
Negative predicted R2 indicates PRESS is greater than total mean 

square. Coefficient of variation (CV) describes the extent to which 
the experimental data are dispersed and in the models developed. The 
values of CV indicate that there is deviation between experimental 
and predicted values. Adequate precision is a measure of the range in 
predicted response relative to its associated error. Adequate precision 
measures the signal to noise ratio. A ratio greater than 4 is desirable. In 
this experiment the ratio of three mathematical model equations were 
found to be lower than four.

Numerical optimization of smoking temperature and time 

Numerical optimization using desirability function approach has 
provided the “most desirable” response values. For both responses 
yi (x), a desirability function di (yi) assigns numbers between 0 and 1 
to the possible values of yi, with di (yi) = 0 representing a completely 
undesirable value of yi and di(yi) = 1 representing a completely 
desirable or ideal response value. Numerical optimization using 
desirability approach has generated 30 solution set for all quadratic 
model, where the desirability equal to 1 indicating that all combination 
of independent factors are desirable. Generally, from model summary 
statistics, a negative predicted R2 implies, the model is bad predictive 
model, hence, the overall/grand mean is a better predictor of gross 

energy value and overall sensory acceptability than the current model 
(Tables 10 and 11).

Discussion
Gross energy value/calorie 

The nutritional value of fish comprises the contents of moisture, dry 
matter, protein lipids, vitamins and minerals plus the caloric values of 
the fish [15]. The proximate composition (crude protein and crude fat) 
of smoked fish is generally higher as compared to raw fish due to loss 
of moisture content/water during smoking. This could be attributed 
to the extent of drying which lowered moisture and concentrated 
proteins. The moisture content of wet/ non-dried/ smoked fish higher 
as compared to pre-dried for similar temperature and time could be 
due to loss of water through dehydration during drying. According to 
Sigurgisladottir et al. [16], the weight loss is due to dehydration during 
smoking. This is known to vary, depending on several factors such as, 
origin of raw material, final product characteristics and parameters 
used in the process, time and temperature. The moisture content of 
non-dried smoked fish was higher than dried smoked samples however 
lower in crude protein. Ipinmoroti [17] indicated that fish dried in 
solar tent dryer gave the best final products in terms of low moisture 
content and highest protein. The low moisture content has significant 
implication on shelf life of dried products, microbial activities and 
deterioration processes proceed faster with increasing moisture levels, 
thus affecting organoleptic characteristics, processing potential and 
consumer acceptability of fish products. Smoking drastically reduces 
the moisture content of the smoked fish to levels that fall within 

Response Mean CV Std. dev R2 Adjusted R2 Predicted R2 Adeq precision Press
Non-dried 274.40 5.24 14.39 0.2945 -0.2094 -0.5956 2.880 3278.77
Pre dried 310.04 8.88 27.54 0.1072 -0.5305 -0.4792 1.489 8796.34

Table 8: Model summary statistics of overall gross energy for both non-dried and pre dried smoked fish.

Response Mean CV Std.dev R2 Adjusted R2 Predicted R2 Adeq precision Press
Not-dried 7.84 5.9 0.46 0.24 0.288 -0.54 2.175 3.04
Pre dried 7.72 2.78 0.21 0.58  0.28 -0.99 4.8 1.55

Table 9: Model summary statistics of overall sensory acceptability for both non-dried and pre dried smoked fish.

Experimental run Processing
conditions

Temperature
(°C) Time (hr) Moisture 

Contents Protein Contents Fat contents Gross energy value 
(Kcal/g)

 1
2
3
4
5
6
7
8
9

Not dried after brining

80 ± 3
2:00 35.00 52.91 8.06 284.18
2:30 30.00 59.24 4.81 280.37
3:00 29.00 60.81 4.00 279.30

90 ± 3 2:00 34.00 58.54 3.16 262.64
2:30 30.00 59.52 4.36 277.38
3:00 33.00 58.83 3.65 268.29

100 ± 2:00 37.00 53.10 5.17 259.00
2:30 35.00 55.55 4.57 263.36
3:00 31.00 57.85 5.74 283.13

10
11
13
13
14
15
16
17
18

Pre-dried
after brining

80 ± 3 2:00 26.00 62.17 7.25 314.02
2:30 26.00 62.35 7.29 315.06
3:00 25.08 64.10 7.11 320.45

90 ± 3 2:00 26.00 62.44 4.66 291.79
2:30 26.00 61.97 7.31 313.77
3:00 25.33 64.12 5.82 308.96

100 ± 3
2:00 25.33 65.50 3.80 296.25
2:30 25.50 64.68 4.76 301.63
3:00 24.50 63.52 6.59 313.49

Table 10: The effects of smoking temperature and time on gross energy value/calorie of Nile Tilapia (O. niloticus).
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the range that will contribute to good storage, and not favor the 
development of Mycotaxon producing moulds [18]. 

The increase in moiture content of the non dried smoked at 100°C 
for 2 hours as compared to the others could due to water reabsorption. 
It is observed that protein contents increased with decrease in moisture 
content [19]. From the results Table 1, it can be seen that smoking 
of fish at 80 ± 3°C for duration of 2:00 for non-dried and 80 ± 3°C 
for duration of 3:00 hour for dried smoked is adequate for both safe 
storage and maintenance of the desirable nutritive quality of the dried 
products. It has been noted that a fish well dried with moisture reduced 
to 25% (wet basis) will not be affected by spoilage organisms like 
mould and that if further dried to moisture content of 15%, the growth 
of mould will cease and the shelf life will increase [2]. It can be seen 
from these results that these safe moisture contents can effectively be 
achieved by smoke drying the fish at smoking temperature of 80 ± 30c 
for a duration of 2:00 hour for non-dried and 80 ± 3°C for a duration 
of 3:30 hour for dried smoked. Although there is irregularity on calorie 
of fish smoked at 80°C and 90°C of non-dried smoked fish, there is an 
increasing trend in calorie of smoked fish at the same temperature but 
different smoking time. 

There is no exaggerated change in protein contents, this could 
be due to protein nitrogen was not lost during smoking at those 
temperatures [20]. The highest gross energy value was obtained 80 ± 
3°C for 3:00 hour (pre dried) while the lowest was found at 100 ± 3°C 
for 2:00 hour (non- dried smoked). There is no significant variation 
in moisture, crude protein and fat contents between wet and pre-
dried smoking process for similar temperature and time of smoking. 
Contrary to the present finding, smoking temperatures and time can 
influence the nutritive and physical quality parameters of dried tilapia 
[21]. 

Overall sensory acceptability 

Sensory evaluation is a scientific method that evokes measures, 
analyzes, and interprets responses to products, as perceived through the 
senses of sight, smell, touch, taste, and sound [22]. Smoking duration 
can gives effect on organoleptic value and proximate composition 
of smoked fish. Some sensory (organoleptic) parameters like flavor, 

texture, appearance, odor and taste were examined and their results 
are presented in Table 11. The best smoked tilapia with very good 
quality was samples smoked at 100 ± 3°C for 2 and 3 hours for non-
dried smoked fish and 90 ± 3°C for 2 and 3 hours for pre dried smoked 
fish. The sensory attributes were evaluated by a non-trained panel. 
Flavor, odor, appearance (color), texture and general acceptance were 
evaluated in a hedonic scale of 9 points (from 9 = I liked it very much 
to 1 = I disliked it very much). The effect of smoke curing with respect 
to quality and shelf life of the product depends on the preparation of 
the raw material, the type of smoking, the relative humidity, velocity, 
temperature, density, and composition of the smoke, and the time 
of smoking [2]. Smoking gives also an appealing smoked color and 
smoky flavor to the fish. Methods of smoking, curing, and drying of 
fish were originally developed for purely pragmatic reasons to prevent 
loss through spoilage. However, over time a preference for the taste and 
texture of smoked, cured, and dried products has developed with the 
result that there is a demand for these products even though, because of 
cold storage and improved distribution networks, they are not needed 
to preserve the fish [23-26].

Conclusions and Recommendations
Smoking temperature and time gives an effect on organoleptic 

value, proximate composition content of smoked fish. The better 
preservation method is therefore one that produces a final product 
that retains its nutritional properties to a level that is beneficial to 
consumers at the time of consumption. With this regards, Nile Tilapia 
(Oreochromis niloticus) smoked at 80 ± 3°C for a duration of 2:00 for 
non-dried and 80 ± 3°C for a duration of 3:00 hour for dried smoked 
fish possessed the highest gross energy value/calorie and fish smoked at 
100 ± 3°C for 2 and 3 hours for non-dried smoked fish and 90 ± 3°C for 
2 and 3 hours for pre dried smoked fish possessed the highest overall 
sensory acceptability.
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Experimental run Processing
conditions

Temperature 
(C°) Time (hr) Texture Flavor Odor Appearance Overall

acceptability 

1
2
3
4
5
6
7
8
9

Not dried after brining

80 ± 3
2:00 7.8 7.5 7.7 7.1 7.9
2:30 7.0 7.1 7.5 7.9 7.8
3:00 7.8 8.2 7.4 7.0 7.4

90 ± 3
2:00 8.0 7.7 7.2 7.7 7.9
2:30 8.1 7.7 8.2 8.1 7.7
3:00 8.0 7.6 7.9 7.6 8.0

100 ± 
2:00 8.2 8.1 8.0 8.4 8.2
2:30 8.4 8.4 8.0 8.0 8.0
3:00 8.2 7.8 8.2 7.9 8.2

10
11
13
13
14
15
16
17
18

Pre-dried
after brining

80 ± 3
2:00 7.2 7.2 7.1 7.1 7.4
2:30 7.4 7.5 7.4 7.0 7.4
3:00 7.7 7.0 7.8 7.8 8.0

90 ± 3
2:00 8.4 8.1 8.4 7.9 8.1
2:30 8.2 8.1 8.5 7.7 7.7
3:00 8.4 8.2 7.6 8.0 8.1

100 ± 3

2:00 8.0 7.7 7.8 7.4 7.6
2:30 8.4 8.1 7.9 7.6 7.7
3:00 7.9 7.6 7.6 7.4 7.7

Table 11: Mean values of sensory evaluation of smoked Nile tilapia (Oreochromis niloticus).



Citation: Teklu D, Lema A (2015) Optimization of Time and Temperature for Smoking of Nile Tilapia for a Better Preservation of Protein and Gross 
Energy Value. J Nutr Food Sci 5: 341. doi:10.4172/2155-9600.1000341

Page 9 of 9

Volume 5 • Issue 1 • 1000341
J Nutr Food Sci, an open access journal
ISSN: 2155-9600 

References

1. Geoff Ames, Clucas I, Susan Scott Paul (1991) Post-harvest Losses of Fish in
the Tropics. Natural Resources.

2. Peter ED (1998) Fish Drying and Smoking: Production and Quality, Technomic 
publishing company, Inc. 851 New Holland Avenue, Box 3535 Lancaster, PA 
17604, USA. 

3. Clucas, Ward (1996) Post-harvest fisheries development: a guide to handling, 
preservation, processing and quality. 

4. Tarr HLA (1962) Changes in nutrient value through handling and processing 
procedures. In Fish as a food, edited by G. Borgstrom. New York, Academic
press. 

5. Aitken A, Connell J (1979) Fish. In: Effects of heating on food stuffs (edited by
R. Priestley). pp. 219-254. London (UK): Applied Science Publishers Ltd.

6. Geoffrey RA (1990) The Kind and level of post-harvest losses in African inland 
fisheries. In: Proceedings of the symposium on post-harvest fish technology. 
Cairo, Egypt, 21-22 October 1990. 

7. Swastawati F (2004) The effect of smoking duration on the quality and DHA 
composition of milkfish (Chanos chanos F). Journal of Coastal Development. 
7: 137-142. 

8. Hoffman K (1977) The influence of heat treatment protein studied by SDS-
Electrophoresis. In T. Hoyem. 

9. Dubrow, Stillings (1970) Effect of heat on the chemical and nutritive stability
of fish protein concentrate (FPC). National centre for fish protein concentrate, 
Bureau of commercial fisheries. College Park, Md 20740. 

10.	Obileye T, Spinelli J (1978) A smoked minced tilapia product with enhanced
keeping qualities. IPEC. 18: 242-247. 

11. Food and Agricultural Organization FAO (1981) The prevention of losses in
cured fish. FAO. Fishery Technical.s

12.	Poste LM, Mackie DA, Butler G (1991) Laboratory methods for sensory analysis 
of food. Ottawa. Res. Branch Agric., Canada Publication. p. 90. 

13.	Myers, Raymond H, Montgomery DC, Anderson-Cook CM (2009) Response 
surface methodology: process and product optimization using designed
experiments. 3rd edition. John Wiley & Sons, Inc. 

14.	Teixeira AA, Shoemaker CF (1989) Process Optimization. Computerized Food 
Processing Operations. pp 169-195. 

15.	Huss HH (1995) Quality and quality changes in fresh fish. FAO Fisheries 
Technical paper No.348, P.195, FAO, Rome, Italy. 

16.	Sigurgisladottir S, Sigurdardottir MS, Torrissen O, Vallet JL, Hafsteinsson H 
(2000) Effects of different salting and smoking processes on the microstructure, 
the texture and yield of Atlantic salmon (Salmo salar) fillets. Food Res. Int., 33: 
847-855.

17.	Ipinmoroti MO (2012) Qualities of Tilapia zillii products from solar tent dryers in 
a humid tropical Environment. International Journal of Agri Science, 2: 890-895.

18.	Nerquaye-Tetteh GA, Dassah AL, Quashie-Sam M (2002) Effect of fuel wood
type on the quality of smoked fish - Chrysichthys auratus. Ghana Jnl Agric Sci 
35: 95-101. 

19.	Aliya G, Humaid K, Nasser A, Sami G, Aziz K, et al. (2012) Effects of smoke-
drying temperatures and time on physical and nutritional quality parameters of
Tila pia (Oreochromis niloticus) 

20.	Holma AK, Maalekuu BK (2013) Effect of traditional fish processing methods 
on the proximate composition of red fish stored under ambient room conditions. 
Am J Food Nutr, 3: 73-82. 

21.	Idah PA, Nwankwo I (2013) Effects of smoke drying temperatures and time on
physical and nutritional quality parameters of Tilapia (Oreochromis niloticus).
International journal of Fisheries and Aquaculture. 5: 29-34. 

22.	Lawless HT, Heymann H (2010) Sensory evaluation of food: Principles and 
practices. 2nd ed. New York Spriger. 

23.	De Carvalho ME, Ferreira MU, De Souza MR, Ninomia RT, Matos GF, et al. 
(1992) Malaria seroepidemiology: comparison between indirect fluorescent 
antibody test and enzyme immunoassay using bloodspot eluates. Mem Inst
Oswaldo Cruz 87: 205-208.

24.	Institute, Overseas Development Administration, - Fish handling.

25.	Kvale (edn) Physical Chemical and Biological Changes in Food Caused by
Thermal Processing, Applied Science Pub. London. pp. 311-327. 

26.	Makar AB, McMartin KE, Palese M, Tephly TR (1975) Formate assay in body
fluids: application in methanol poisoning. Biochem Med 13: 117-126.

http://www.fao.org/docrep/005/t0606b/T0606B01.htm'
http://www.fao.org/docrep/005/t0606b/T0606B01.htm'
http://www.researchgate.net/publication/233283733_A_Review_of_Fish_Drying_and_Smoking_-_Production_and_Quality_Edited_by_Peter_E._Doe_Technomic_publishing_Co._Inc._851_New_Holland_Ave_BOX_3535_Lancaster_Pennsylvania_17604_USA_1998_250_pages
http://www.researchgate.net/publication/233283733_A_Review_of_Fish_Drying_and_Smoking_-_Production_and_Quality_Edited_by_Peter_E._Doe_Technomic_publishing_Co._Inc._851_New_Holland_Ave_BOX_3535_Lancaster_Pennsylvania_17604_USA_1998_250_pages
http://www.researchgate.net/publication/233283733_A_Review_of_Fish_Drying_and_Smoking_-_Production_and_Quality_Edited_by_Peter_E._Doe_Technomic_publishing_Co._Inc._851_New_Holland_Ave_BOX_3535_Lancaster_Pennsylvania_17604_USA_1998_250_pages
http://www.cabdirect.org/abstracts/19961409934.html;jsessionid=F61F42E7D31C2FCA42F820D26B310000
http://www.cabdirect.org/abstracts/19961409934.html;jsessionid=F61F42E7D31C2FCA42F820D26B310000
http://digital.csic.es/bitstream/10261/51014/1/Effect_previous_slurry_ice.pdf
http://digital.csic.es/bitstream/10261/51014/1/Effect_previous_slurry_ice.pdf
v
v
v
http://ejournal.undip.ac.id/index.php/coastdev/article/view/5251
http://ejournal.undip.ac.id/index.php/coastdev/article/view/5251
http://ejournal.undip.ac.id/index.php/coastdev/article/view/5251
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.mdpi.com%2F1424-8220%2F7%2F3%2F371%2Fpdf&ei=FjGuVJyhKcaTuATatYGwCA&usg=AFQjCNGWTrnfCyAlgKwKr3KxGr3YId_wzQ&bvm=bv.83339334,d.c2E'
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=http%3A%2F%2Fwww.mdpi.com%2F1424-8220%2F7%2F3%2F371%2Fpdf&ei=FjGuVJyhKcaTuATatYGwCA&usg=AFQjCNGWTrnfCyAlgKwKr3KxGr3YId_wzQ&bvm=bv.83339334,d.c2E'
http://www.researchgate.net/publication/230234470_EFFECT_OF_HEAT_ON_THE_CHEMICAL_AND_NUTRITIVE_STABILITY_OF_FISH_PROTEIN_CONCENTRATE_%28FPC%29
http://www.researchgate.net/publication/230234470_EFFECT_OF_HEAT_ON_THE_CHEMICAL_AND_NUTRITIVE_STABILITY_OF_FISH_PROTEIN_CONCENTRATE_%28FPC%29
http://www.researchgate.net/publication/230234470_EFFECT_OF_HEAT_ON_THE_CHEMICAL_AND_NUTRITIVE_STABILITY_OF_FISH_PROTEIN_CONCENTRATE_%28FPC%29
http://scialert.net/fulltext/?doi=ajft.2011.790.797&org=10
http://scialert.net/fulltext/?doi=ajft.2011.790.797&org=10
http://www4.fao.org/cgi-bin/faobib.exe?vq_query=A%3DWood, C.D.&database=faobib&search_type=view_query_search&format_name=@ELMON&sort_name=@SCHR&table=mona&page_header=ephmon&lang=eng
http://www4.fao.org/cgi-bin/faobib.exe?vq_query=A%3DWood, C.D.&database=faobib&search_type=view_query_search&format_name=@ELMON&sort_name=@SCHR&table=mona&page_header=ephmon&lang=eng
https://archive.org/stream/laboratorymethod00otta/laboratorymethod00otta_djvu.txt
https://archive.org/stream/laboratorymethod00otta/laboratorymethod00otta_djvu.txt
http://as.wiley.com/WileyCDA/WileyTitle/productCd-0470174463.html
http://as.wiley.com/WileyCDA/WileyTitle/productCd-0470174463.html
http://as.wiley.com/WileyCDA/WileyTitle/productCd-0470174463.html
http://www.springer.com/food+science/book/978-1-4613-5847-3
http://www.springer.com/food+science/book/978-1-4613-5847-3
http://www4.fao.org/cgi-bin/faobib.exe?vq_query=A%3DHuss, H.H.&database=faobib&search_type=view_query_search&format_name=@ELMON&sort_name=@SCHR&table=mona&page_header=ephmon&lang=eng
http://www4.fao.org/cgi-bin/faobib.exe?vq_query=A%3DHuss, H.H.&database=faobib&search_type=view_query_search&format_name=@ELMON&sort_name=@SCHR&table=mona&page_header=ephmon&lang=eng
http://www.sciencedirect.com/science/article/pii/S0963996900001046
http://www.sciencedirect.com/science/article/pii/S0963996900001046
http://www.sciencedirect.com/science/article/pii/S0963996900001046
http://www.sciencedirect.com/science/article/pii/S0963996900001046
http://www.inacj.com/attachments/section/17/Temp September 2012-499 Mabel Omowumi C E C F P %28890-895%29.pdf
http://www.inacj.com/attachments/section/17/Temp September 2012-499 Mabel Omowumi C E C F P %28890-895%29.pdf
http://www.ajol.info/index.php/gjas/article/view/1849
http://www.ajol.info/index.php/gjas/article/view/1849
http://www.ajol.info/index.php/gjas/article/view/1849
http://www.academicjournals.org/article/article1379760698_Idah and Nwankwo.pdf
http://www.academicjournals.org/article/article1379760698_Idah and Nwankwo.pdf
http://www.academicjournals.org/article/article1379760698_Idah and Nwankwo.pdf
http://www.scihub.org/AJFN/PDF/2013/2/AJFN-3-2-73-82.pdf
http://www.scihub.org/AJFN/PDF/2013/2/AJFN-3-2-73-82.pdf
http://www.scihub.org/AJFN/PDF/2013/2/AJFN-3-2-73-82.pdf
file:///D:/Total_Journals/Shyam/JNFS/JNFSVolume.5/JNFSVolume5.1/JNFS5.1_AI/vc'
file:///D:/Total_Journals/Shyam/JNFS/JNFSVolume.5/JNFSVolume5.1/JNFS5.1_AI/vc'
file:///D:/Total_Journals/Shyam/JNFS/JNFSVolume.5/JNFSVolume5.1/JNFS5.1_AI/vc'
http://www.springer.com/food+science/book/978-1-4419-6487-8
http://www.springer.com/food+science/book/978-1-4419-6487-8
http://www.ncbi.nlm.nih.gov/pubmed/1308565
http://www.ncbi.nlm.nih.gov/pubmed/1308565
http://www.ncbi.nlm.nih.gov/pubmed/1308565
http://www.ncbi.nlm.nih.gov/pubmed/1308565
https://books.google.co.in/books?id=Oly-d5H9GKkC&pg=PA167&lpg=PA167&dq=24.%09Institute,+Overseas+Development+Administration,+-+Fish+handling.&source=bl&ots=9nYI0ZxTZJ&sig=Jf_Ot4rAVKNYDR1MqkoKjYGqfFo&hl=en&sa=X&ei=-UauVO7VBZSruQT37YLIBQ&ved=0CB4Q6AEwAA#v=onepage&q=24.%09Institute%2C Overseas Development Administration%2C - Fish handling.&f=false
http://onlinelibrary.wiley.com/doi/10.1002/food.19780220418/abstract
http://onlinelibrary.wiley.com/doi/10.1002/food.19780220418/abstract
http://www.ncbi.nlm.nih.gov/pubmed/1
http://www.ncbi.nlm.nih.gov/pubmed/1

	Title
	Corresponding author
	Keywords
	Introduction 
	Materials and Methods 
	Sample collection and preparation  
	Smoking process  
	Proximate composition analysis  
	Sensory evaluation 
	Experimental design for optimization  

	Result 
	Design of experiments (DOE) 
	Building of mathematical model  
	Three dimension of response surface plot 
	Model adequacy checking 
	Numerical optimization of smoking temperature and time  

	Discussion 
	Gross energy value/calorie  
	Overall sensory acceptability  

	Conclusions and Recommendations 
	Acknowledgement 
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 8
	Table 9
	Table 10
	Table 11
	References

