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ABSTRACT 

 

 Response surface methodology (RSM) was used to determine the best superheated steam cooking temperature and time for 

producing high quality chicken sausage. Chicken sausage was cooked at temperatures ranged from 150 - 200 o C with cooking time ranged 
from 2-6 min. The effects of cooking conditions on the texture analysis profile (hardness, cohesiveness, springiness, gumminess and 

chewiness), browning index, and sensory properties (colour, aroma, taste, texture, and overall acceptability) of chicken sausage were 

examined using a second-order central composite design. The result showed that the quality indicators except the cohesiveness and 
springiness were significantly affected by the investigated parameters. Optimization analysis using central composite design (CCD) 

indicated that the optimal superheated steam cooking temperature and time were 150 o C and 3.30 min, respectively. 
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INTRODUCTION 

 

 Chicken sausage is one of the very popular 

processed meats and highly consumed in many 

countries. It found to be a good source of 

polyunsaturated fatty acid (PUFA) compared to pork 

and beef sausage. This is because it has a great 

nutritional value and high level of PUFA compared 

to red meat, which has a remarkable effect on health 

[21]. In addition, Poultry products are universally 

accepted, because they are not subject to cultural or 

religious constraints and the meat itself is perceived 

as wholesome, healthy and nutritious, being 

relatively low in fat n fat and with more desirable 

unsaturated fatty acid content [27].  

 Chicken sausage has to be cooked before being 

consumed to a chief palatable, digestible and safe 

product. Various cooking methods were adapted for 

cooking food including grilling, roasting, microwave 

oven cooking, conventional oven cooking, deep 

frying and boiling [1,4,20,38]. However, superheated 

steam may offer an alternative cooking method. 

Superheated steam is generated from the addition of 

sensible heat to water; this lead to increase its 

temperature over boiling point or saturation 

temperature at the given pressure [18,43]. In contrast 

to saturated steam, a drop in temperature will not 

happen in condensation of the steam as long as the 

temperature is still higher than the saturation 

temperature at the processing pressure [8]. The 

utilization of superheated steam in cooking might be 

created other changes in product such as protein 

denaturation, starch gelatinization, enzyme 

destruction, changes in colour and texture, and 

deodorization. These characteristics could possibly 

be employed in both heating and drying food [13,14]. 

Somjai et al. [39] found that the superheated steam 

could produce better quality of products, such as 

good colour, high porosity and high retention of 

vitamin C.  
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 Heat treatment was strongly affected the texture, 

protein, and other important quality factors, such as a 

colour, juiciness, and flavour of the sensorial 

qualities of the final product [3,40]. It is important to 

understand the physical changes of meat texture 

during heating. García-Segovia et al [12], ascribed 

cooking as the heating of meat to a sufficiently high 

temperature to denature proteins. They stated that 

temperature and cooking time have a great impact on 

physical properties of meat and sensory quality. On 

the other hand, temperature control also provides a 

way to balance meat tenderness. The denaturation of 

actin and myofibrillar proteins decreases the 

tenderness, while the gelatinization of connective 

tissue makes the meat tender again [36].  

 The measurement of colour in cooked meat 

could provide credible information on eating quality 

attributes. Various researches [33,34] were studied 

the color change during cooking with respect to 

colour parameters L*, a*, and b*. The myoglobin 

protein is the main heme pigment that responsible for 

meat colour, but there are other species contributing 

to colour changes during the cooking of meat 

(deoxymyoglobin, oxymioglobin, sulfmyoglobin, 

metmyoglobin). During cooking, it has been reported 

that three forms of myoglobin interconvert through 

oxygenation, oxidation -reduction reactions, and the 

browning reactions finally influencing the 

appearance of meat colour [12,37].  

 Possibly, the cooking efficiency could be 

improved by optimizing the main effective 

parameters including the cooking temperature and 

time. Application of the statistical technique such as 

response surface methodology (RSM) appears to be 

the best way to find the optimum cooking conditions. 

In this case, the optimum process variables were 

sensitive to the variations in the quality indicators 

that occur during cooking. To date, many researchers 

have been applied the RSM for describing quality 

indicators during food processing [9,23]. Statistical 

approaches, including RSM, have been widely 

employed to calculate the complex interactions 

between the independent process parameters. 

Application of statistical analysis seems most logical 

to investigate the effects of the variables involved in 

processing of food such as temperature and time [9].  

 However, to the authors’ knowledge, the RSM 

has never been applied so far to optimize the 

superheated steam cooking conditions (temperature 

and time). Hence, it is the objective of this research 

to optimize the best superheated steam cooking 

temperature and time on the texture, browning index, 

and sensory evaluation of chicken sausage. In this 

study, the browning index was chosen to minimize 

the colour deterioration in the studied samples. 

 

MATERIAL AND METHOD 

 

Sample preparation: 

 Ready-to-cook commercial chicken cocktail 

sausage was supplied from a local hypermarket. The 

chicken cocktail sausage was packaged in 

polyethylene bags of 800g per pack and was 

transported directly to the laboratory. The chicken 

cocktail sausage was held under frozen conditions (-

18 to -20° C) in a freezer until the cooking process.  

The chicken cocktail sausage taken out from the 

freezer was thawed for 8 hours in a chillier at 5°C 

prior to the cooking process.   

 

Experimental design and statistical analysis: 

 The superheated steam cooking temperatures 

and times were selected according to a central 

composite design (CCD). The independent variables, 

temperature (X1) and time (X2) were varied from 

150 
o 

C to 200 
o 

C and from 2 to 6 min, respectively. 

Each independent variable had 4 levels: −1, 0, and 

+1. Thirteen combinations were randomly chosen 

according to a CCD configuration for 2 independent 

variables. The experimental design of the coded and 

actual levels of the variables is summarized in the 

Table 1. The dependent variables (responses, Y) 

were the texture profile analysis (hardness, 

cohesiveness, springiness, gumminess and 

chewiness), browning index, and the score of sensory 

qualities (color, aroma, taste, texture, and overall 

acceptability OA) of chicken sausage. The responses 

were related to the independent variables by a 

second-degree polynomial using the following 

equation.  

𝒀 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽12𝑋1𝑋2 + 𝛽11𝑋12 +
𝛽22𝑋22      

       (1) 
where, in this equation, β0 is constant, β1 and β2 are 

linear coefficients, β11 and β22 are quadratic 

coefficients, and β12 is interaction coefficient. 

 
Table 1: Central composition experimental design used for the cooking process of chicken sausage. 

  Coded variable Real variable 

Std. order Type A B Temperature 

(°C) 

Time 

(min) 

1 Fact -1 -1 150 2 

2 Fact 1 -1 200 2 

3 Fact -1 1 150 6 

4 Fact 1 1 200 6 

5 Axial -1 0 150 4 

6 Axial 1 0 200 4 

7 Axial 0 -1 175 2 

8 Axial 0 1 175 6 

9 Center 0 0 175 4 
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10 Center 0 0 175 4 

11 Center 0 0 175 4 

12 Center 0 0 175 4 

13 Center 0 0 175 4 

 

Determination of Browning Index: 

 The prepared chicken sausage was uniformly cut 

into 1.0 cm pieces. Surface colour of the prepared 

chicken sausage was measured using a colorimeter 

(Minolta Spectrophotometer CM-3500d, Osaka, 

Japan- Spectra Magic 3.61 software) with zero 

calibration. Then, it was calibrated with white 

calibration plate (CM-A120). The parameters 

measured in this analysis were L*, a* and b*. The L* 

value represents lightness and is a measure of light 

intensity of a sample (L=100 is the lightest and L=0 

is the darkest).; a* value or redness stands for the 

chromatic scale from green colour (negative a* 

value) to red colour (positive a* value); and b* value 

known as yellowness stands for the chromatic scale 

from blue colour (negative b* value) to yellow 

colour (positive b* value). The colour measurement 

analyses were carried out in triplicate for each 

sample browning index (BI) were calculated using 

measured L*, a* and b* values (Saricoban and 

Yilmaz, 2010) as following and used to describe the 

colour change as compared to control meatball 

sample: 

𝐵𝑟𝑜𝑤𝑛𝑖𝑛𝑔 𝐼𝑛𝑑𝑒𝑥 =
 100∗ 𝑥− 0.13  

0.17  
           (2) 

𝑋 =
 𝑎+1.75∗𝐿 

 5.645∗𝐿+𝑎−3.012∗𝑏 
              (3) 

 
2.4. Texture Profile Analysis (TPA): 

 The texture profile for the prepared chicken 

sausage was measured using a texture analyzer 

(Model TA. XT. Plus Texture Analyzer, UK). The 

prepared sample was uniformly cut into 1.5 cm 

pieces. The texture profile analysis (TPA) was 

carried out in two compression cycle using a 

compression platen (SMS P/75) with a heavy duty 

platform using the following settings: load cell, 30 

kg; return distance, 30mm; return speed, 10 mm/s; 

contact force, 5g; prefixed strain, 75%. Texture 

analysis result was automatically performed by the 

texture exponent software (version 32 Stable Micro 

Systems Ltd.), and the following parameters were 

recorded: hardness, cohesiveness, springiness, 

gumminess and chewiness. Hardness is the peak 

force (g) sensed on the first curve cycle. 

Cohesiveness is the ratio of the area under the second 

curve to the area under the first curve and relates to 

the sample strength of internal bonds. Springiness is 

the ratio of distance (D2) travelled by the probe on 

the 2nd cycle from sample contact point to the set 

compression percentage to the distance (D1) the 

probe travelled on the 1st down-stroke expressed as 

mm unit. Springiness relates to recovery from the 1st 

down-stroke deformation. Gumminess is hardness 

multiplying cohesiveness. Chewiness is gumminess 

multiplying by springiness (Briones-Labarca et al., 

2012). The texture profile analyses were carried out 

in triplicate for each sample. 

 

Sensory Evaluation: 

 The sensory evaluation was conducted by a 30 

semi-trained panelists. The panelists chosen consist 

of a mixture of undergraduate and post-graduate 

students of School of Industrial Technology under 

Food Division, University Science Malaysia. The test 

was carried out in a sensory room. The panels 

evaluated the sensory qualities of sausage, such as 

colour, aroma, texture, taste, and overall 

acceptability, using a 9-points scale (1=extremely 

weak or dislike and 9=extremely strong or like). All 

samples were approximately 1.5 cm long pieces were 

provided to each panelist in white plastic plates using 

one tray. The panelists evaluated the samples 

according to the instructions which were included in 

the questionnaire, regarding the use of water for 

rinsing the mouth between samples.  

 

RESULTS AND DISCUSSION 

 

 The effect of two independent parameters: 

temperature (A) and time (B) on the response 

variables (texture profile, browning index, and 

sensory evaluation) were studied using RSM. Eqs. 2 

and 3 were used to calculate the browning index data 

as indicated in Table 2.  

 

Table 2: The calculated browning index from colour parameters (L*, a*, b*). 

Std. order L* a* b* Browning Index 

1 62.70 11.51 15.24 44.44 

2 62.3 11.82 15.75 46.23 

3 62.13 11.95 17.5 50.44 

4 61.04 12.42 16.92 50.62 

5 62.67 11.73 15.9 46.14 

6 62.13 12.13 16.72 48.89 

7 62.60 11.81 14.85 44.00 

8 61.22 12.35 16.84 50.20 

9 62.38 12.04 16.55 48.17 

10 62.48 12.15 15.91 46.79 

11 62.23 12.13 15.97 47.12 

12 62.6 11.95 16.83 48.52 

13 62.04 11.8 15.96 46.85 
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 A regression analysis was performed to fit the 

response functions (texture profile, browning index, 

and sensory evaluation) and predict the outcome of 

these responses. The responses of full factorial were 

performed to found the possible interactions between 

the input variables (temperature and time). 

Investigation of the interactions between these 

parameters leads to improve the cooking 

performance in the range of the input parameters. 

The experimental value of the texture profile analysis 

(hardness, cohesiveness, springiness, gumminess and 

chewiness), browning index, and sensory evaluation 

(colour, aroma, test, texture, and OA) of cooked 

chicken sausage are described in Table 3.  As 

indicated in the table, thirteen experiments were 

assigned by using CCD. These experiments are 

combined from four experiments for both the axial 

and factorial points, and the center point repeated 

five times to decrease the error of the method. The 

ANOVA results of all responses were shown in 

Table 4. The second order model was used to fit the 

experimental results. When the confidence level of 

the model is 95%, the model considered as 

significant. In this case, the model P-value will be 

less than 0.05 and the model is significant. Also, the 

lack of fit F-value should satisfy the condition of 

insignificant. According to Table 4, the accuracy of 

the models were evaluated by the coefficient of 

determination (R
2
) and the lack of fit [42].   

 Texture Profile Analysis of chicken sausage was 

carried out to determine the effect of superheated 

steam cooking temperature and time. The texture 

profile consists of the following parameters: 

hardness, springiness, cohesiveness, gumminess and 

chewiness. Whereby, hardness indicates the firmness 

of chicken sausage, springiness indicates the 

elasticity, cohesiveness indicates the stickiness, 

gumminess indicates the rubber, and chewiness 

indicates the tenderness of chicken sausage [6]. 

According to Zaibunnisa et al. [42], R
2 

should be at 

least 0.80 for a good fit of the model. In this study, 

the value of the coefficient of determination (R
2
)

 
of 

the texture parameters: hardness, gumminess and 

chewiness were 0.87, 0.86, and 0.86, respectively. 

This result indicates that the proposed equations were 

adequate, possessed no significant lack of fit, and 

showed high values for R
2
 for these responses.  

However, the springiness and cohesiveness showed 

insignificant models parameters. This indicates that 

springiness and cohesiveness parameters were not 

influenced by superheated steam cooking condition, 

and it will not be included in the optimization 

condition.  

 As shown in Table 3, the value of hardness was 

ranged between 4175.16 g -5225.93 g. In which, the 

highest hardness value was observed at 150 °C for 2 

min, while the lowest value was obtained at 200 °C 

for 6 min. It was demonstrated that, sausages with 

the hardness of 4700 g and above will have at least 

60% of consumer liking to consume it [11,15]. 

However, the higher values for the parameters 

measured in the texture profile do not necessarily 

mean better quality of the products. There is a cut-off 

point above which the texture of comminuted meat 

products would be unacceptable [41]. Thus, the 

determination of better textural qualities of 

comminuted meat products should be done together 

with sensory evaluation test in order to find the most 

adequate range preferred by consumers [29]. 

Referring to the Table 3, the gumminess value 

ranged between 1730.32 g - 2414.05 g, and the 

chewiness value ranged between 1705.75g/mm - 

2261.92g/mm. In which, the highest was observed at 

200 °C (6 min), while the lowest was observed at 175 

°C (4 min) for both parameters.  

 The response surfaces and contour plots for the 

texture profiles are represented in Fig.1. As indicated 

in Fig. 1: A, the hardness was decreased with 

residence time, while, it was increased with 

temperature (150-175 °C), then it shows decrease 

again with increasing in the cooking temperature. 

Various authors have been investigated the factors 

that affected on meat hardness during heating 

[22,26]. In these investigations, they stated that the 

thermal processing produced a softening in 

connective tissue caused by conversion of collagen to 

gelatin which improved meat tenderness. However, 

the denaturation of myofibrillar proteins will leads to 

meat toughening. In another studies [25,40], it have 

been found that the low cooking temperature resulted 

in an increasing in meat toughness due to 

myofibrillar denaturation. Dhanapal et al, [10] was 

ascribed the decrease in textural characteristics of 

tilapia meat during heating due to the denaturation of 

proteins induced by cooking and conversion of 

collagen to gelatin. 

 The three dimensional response surface plots of 

the gumminess and cohesiveness with its interaction 

between temperature and time are shown in Fig. 1: B, 

C.  It could be observed that at low resident time, the 

gumminess and cohesiveness shows increase with 

temperature, while their values were decreased with 

temperature when the resident time was high.  

Caeceres et al. [7] mentioned that gumminess and 

chewiness that considered as a secondary parameters 

behaved similarly to the parameter on that they are 

dependent upon which hardness. 

 
Table 3: Experimental data for response parameters of chicken sausage in relation to cooking conditions. 

 Variable   

Texture 

 Sensory property 

Std. 

order 

A 

(°C) 

B 

(min) 

Hardness 

(g) 

Springiness 

(mm) 

Cohesiveness 

ratio 

Gumminess 

(g) 

Chewiness 

(g/mm) 

Browning 

index 

colour Aroma Test Texture Overall 

acceptability 

1 150.00 2.00 5225.93 0.93 0.82 2135.55 1994.44 44.44 4.80 4.90 4.98 4.88 5.06 

2 200.00 2.00 4959.86 0.93 0.81 2402.49 2243.30 46.23 4.86 4.80 4.94 5.06 5.20 
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3 150.00 6.00 4227.90 0.93 0.82 1827.80 1705.75 50.45 5.03 4.91 4.92 5.00 5.12 

4 200.00 6.00 4175.16 0.96 0.80 1730.32 1655.39 50.63 4.21 4.29 3.43 3.20 3.14 

5 150.00 4.00 4528.37 0.93 0.82 2059.10 1917.41 46.14 5.06 5.06 5.17 5.20 5.41 

6 200.00 4.00 4607.94 0.95 0.80 2087.98 1979.71 48.89 5.02 5.00 4.71 4.66 4.99 

7 175.00 2.00 4998.83 0.94 0.82 2235.05 2099.60 44.01 5.03 4.66 4.83 4.66 4.97 

8 175.00 6.00 4524.45 0.92 0.80 2018.17 1865.59 50.20 4.65 4.33 4.95 4.15 4.71 

9 175.00 4.00 5057.17 0.93 0.79 2414.05 2261.92 48.18 4.98 4.75 5.13 4.59 5.22 

10 175.00 4.00 4822.55 0.93 0.79 2213.42 2054.53 46.80 5.02 4.66 4.83 4.66 5.00 

11 175.00 4.00 4898.03 0.93 0.79 2356.11 2220.72 47.12 5.11 4.96 5.10 4.97 5.19 

12 175.00 4.00 4987.18 0.94 0.81 2207.64 2175.02 48.52 5.10 4.80 5.22 5.10 5.21 

13 175.00 4.00 4804.85 0.93 0.78 2328.65 2049.36 46.85 5.07 4.91 5.10 4.71 5.37 

 
Table 4: Summary of Central Composite Design for cooking chicken sausage. 

Response Equation Lack of Fit R2 Significant 

Terms 

Hardness 4882.04-39.87* A -376.19* B-234.10* A2 -40.62* B2  
+53.33*A* B 

not significant 0.87 B, A2 

Cohesiveness not significant not significant 0.67 not significant 

Springiness not significant not significant 0.67 not significant 

Gumminess +2286.34+33.06* A-199.47 * B-168.71* A2-115.64 * B2-91.11* 
A* B 

not significant 0.86 B, A2 

Chewiness +2135.64+43.46 * A-185.10 * B-145.40* A2-111.36* B2-74.80* 

A* B 

not significant 0.86 B, A2 

Browning index +47.38+0.79 * A+2.77 * B+0.41 * A2+5.329E-004* B2-0.40* A* 

B 

not significant 0.92 B, A 

Colour +5.07-0.13* A-0.13* B-0.064* A2-0.26* B2-0.22* A* B not significant 0.91 B, A, B2, AB 

Aroma +4.81-0.13 * A-0.14* B+0.22* A2-0.31* B2-0.13* A* B not significant 0.86 B, A, B2, A2 

,AB 

Test +5.10-0.33* A-0.24* B-0.23* A2-0.28* B2-0.36* A* B not significant 0.83 B, A, B2, AB 

texture +4.81-0.36* A-0.38* B+0.13* A2-0.40* B2-0.49* A* B not significant 0.92 B, A, AB 

OA 6.23-0.38 * A-0.38* B-0.10 * A2-0.46* B2-0.53* A * B not significant 0.90 B, A, B2, AB 

 

 
Fig. 1: Response surfaces and contour plots of hardness (A), gumminess (B), and chewiness (C) of chicken 

sausage as a function of superheated steam cooking temperature and time. 

 

 Referring to Table 4, R
2
 of browning index was 

0.92 with a lack of fit insignificant (p˃ 0.05). 

Browning index indicates the purity of  brown colour 

and is reported as an important parameter in 

processes where enzymatic and non-enzymatic 

browning takes place [31].  As represented in Table 

3, browning index values ranged from (44.44 - 

50.63), in which the highest value was observed at 

200 °C (6 min), while the lowest value was noticed at 

150 °C (2 min). It could be seen that, from Fig.2, the 
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browning index increased with increasing in 

residence time, and superheated steam cooking 

temperature. This is mainly due to the increase in a* 

and b*values with decreasing in the value of L*. 

These changes in a colour parameters with increasing 

in both time and temperature might be due to the 

compound involved in increasing redness of muscles 

should be globin hemochrome, in which the iron is in 

the Fe
2
+ state, its colour is typically dull red. Globin 

hemichrome, with the iron in the Fe
3
+ state, is 

largely responsible for the brown grey hue. The 

balance between hemochromes and hemichromes is 

affected by the state of meat before cooking and 

other factors, including species, animal and maturity 

and muscle type [24]. In another investigan, Obsorn 

et al. [30] found that Metmyoglobin and 

ferrichemochrome could be reduced to form 

oxymyoglobin pigment (which responsible for the 

pink color) under reducing conditions with either 

enzymatic or non -enzymatic reactions. In addition, 

the presence of sodium chloride, phosphate, and the 

increase of pH results in a decrease in lightness, and 

an increase in pink colour in cooked meat [2,5]. 

Farther mere, it has been shown that the heat 

treatment is responsible for converting myoglobin 

and haemoglobin to metmyoglobin, which is brown 

in colour [12,28]. In which, it instructed that the 

opacity increases on the meat surface due to water 

losses during heating, while the capacity to reflect 

the light increases, thus the color was modified. 

 

 
Fig. 2: Response surfaces and contour plots of browning index of chicken sausage as a function of superheated 

steam cooking temperature and time. 

 

 The colour, aroma, taste, texture, and overall 

acceptability (OA) were scored to assess the sensory 

quality of the chicken sausage that cooked under 

different superheated steam temperatures and times. 

As indicated in Table 4, The R
2
 of colour, aroma, 

test, texture, and OA of sensory evaluation were 

0.91, 0.86, 0.83, 0.92, and 0.90 respectively. This 

result indicate that the proposed equations were 

adequate possessed no significant lack of fit with 

high values for R
2
 for these responses. Colour is an 

important quality indicator for consumer acceptance, 

in which  bright-red fresh meats, brown-gray cooked 

meats, and pink cured meats are preferred by 

consumers [19,32]. As represented in Table 3, the 

colour scores were ranged between 4.21- 5.11, 

where, the highest score was found at 200 °C (6 

min), while the lower score of colour was found at 

175 °C (4 min). The response surface and contour 

plot of the colour scores were represented in Fig. 3: 

A. It could be observed that, at short cooking time, 

the value of the colour parameter was slightly 

increased (4.8 - 4.96) with cooking temperature. 

However, the variation in colour was much different 

at long cooking time. In which, it shows to decrease 

(from 4.96- 4.25) with temperature. This probably 

because of the increase in browning index (which 

involved decreasing in L* and increasing in a*, and 

b* parameter) as time and temperature increased, that 

not preferred by consumers due to the increase in 

darker colour. Resurreccion [35] also observed that 

the consumers preferred to consume the  cooked 

product of high L* value. 

 Aroma is considered an important quality 

indicator of food. As obtained in Table 3, the aroma 

were ranged between 4.29 - 5.06, where the highest 

score was found at 200 °C (6 min), while the lowest 

score  was observed  at 150 °C (4 min).  Fig. 3: B, 

shows the aroma score decreased at long cooking 

time, then shows to decrease and increase with 

temperature. It reported that, during heating, the 

degradation of carbohydrates and the Millard 

reaction takes place. In this case, heating process 

produces caramelized flavours due to the formation 

of high odor compounds such as furan derivatives, 

carbonyls, alcohols, and aliphatic and aromatic 

hydrocarbons [16]. 

 Generally, taste formation were also mainly 

depends on the ingredients such as the usage of 

spices. The test scores of the panellist were ranged 

between 3.43- 5.22; the lowest value  was observed 

at 200 °C (6 min), while the highest value was 

observed at 175 °C (4 min) Table 3. The three 

dimensional response surface plot of the aroma with 

its interaction between temperature and time is 
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shown in Fig. 3: C. It could be observed that the test 

score at short cooking time represented slightly 

increased with temperature. However, at long 

cooking time it decreased with temperature. 

 The texture and overall acceptability of sensory 

evaluation exhibited the same behavior during 

cooking. Referring to Table 3, it was found that the 

highest score of these parameters at 150 °C (4 min), 

while the lowest score at 200 °C (6 min). Fig. 3: D, 

E, represented the responses surface and the contour 

plot of test and overall acceptability scores, 

respectively. It could be observed that, at short 

cooking time, the score of these parameters were 

slightly increased. However, at long cooking time 

there value shows to decrease with temperature. It 

could conclude that the long cooking time with high 

temperature was not preferred by the panelist. 

However, the short or the middle cooking time and 

temperature were appeared to have the highest scores 

of panelist acceptance. This could be attributed to the 

hardness reduction at long cooking time that affected 

on consumer acceptance, in which they shown 

preferences to consume the sausage with harder 

texture. These results are in agreement with Hsu et al 

[15] and Nurul et al [29] works, in which they 

announced that, hardness is the most important 

quality indicator for consumer acceptance as it 

determine the commercial value of the meat product. 

Moreover, they also reported that there is a positive 

correlation between hardness and overall acceptance 

which means that consumers commonly prefer the 

harder texture. However, in another investigation it 

has been demonstrated that the consumer was 

preferred the sausage with lower harder texture [17]. 

 

Optimization of Superheated Steam Cooking 

Condition: 

 Texture and browning index are the most 

important factors in deciding overall acceptance of 

the product. Therefore, finding the optimum levels of 

textural parameters and browning index based on 

maximum sensory score should be determined 

through studying the effect of different superheated 

steam temperature and time on texture profile, 

browning index, and sensory properties. The 

software predicted that optimum condition (at 

desirability of 0.92) for the texture profile, browning 

index, and sensory evaluation were obtained when 

temperature and time were at 150 °C for 3.30 min, 

respectively. At these conditions, the predicted 

texture includes hardness, gumminess, and chewiness 

parameters were 4834.47 (g), 2108.43(g), and 

and1971.85 (g/mm), respectively. Also the predicted 

value of browning index was found 45.891.The 

predicted value of sensory properties including: 

colour, aroma, texture, test, and OA were 5.076, 

5.129, 5.130, 6.117, and 5.2, respectively. The 

deviations in the predicted responses (texture, 

browning index, and sensory scores) were evaluated 

by the error percentage using Eq. 4:  

𝐸𝑟𝑟𝑜𝑟  % =  
𝐴𝑐𝑡𝑢𝑎𝑙  𝑣𝑎𝑙𝑢𝑒 −𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒  𝑣𝑎𝑙𝑢𝑒

𝐴𝑐𝑡𝑢𝑎𝑙  𝑣𝑎𝑙𝑢𝑒
 ∗ 100% 

               (4) 

 Table 5, 6 shows the confirmation runs of 

experimental and predicted responses with the error 

percentage of each response. The error percentage 

reflect the variations between the experimental and 

the predict values, and this cannot be avoided. From 

this investigation, it could be observed that 

superheated steam cooking temperature and time 

could be optimized and improve the texture, 

browning index, and sensory scores of the final 

product.   

 

Conclusion: 

 The objective of this work is to employ response 

surface methodology based on central composite 

design to design an experiment and to optimize 

superheated steam cooking condition (temperature 

and time). Results obtained from this study indicate 

that the temperature and time for superheated steam 

cooking were significantly affected the texture 

profile analysis (hardness, gumminess, and 

chewiness), browning index, sensory properties 

(colour, aroma, test, texture, and OA) of chicken 

sausage. On the other hand, the texture profile of 

cohesiveness and springiness were showed 

insignificant model parameters. Optimization 

condition was conducted based on maximum sensory 

scores and minimum browning index. The optimum 

cooking temperature and time obtained were 150 ºC 

and 3.30 min, respectively. At these conditions, the 

optimum values of the texture including hardness, 

gumminess, and chewiness parameters were 4834.47 

(g), 2108.43(g), and and1971.85 (g/mm), 

respectively. Also, the optimum values of browning 

index, colour, aroma, texture, test, and OA were 

45.891, 5.076, 5.129, 5.130, 6.117, and 5.2, 

respectively. This proposed superheated steam 

cooking condition could be useful for cooking food 

with better quality of the final product. 

 
Table 5: Predicted and experimental optimum values of Texture, and Browning Index. 

 Texture   
Browning 

Index 

 

 
Error 

(%) 
 Hardness 

(g) 
Error 
(%) 

Gumminess 
(g) 

Error 
(%) 

Chewiness 
(g/mm) 

Error 
(%) 

Predicted 4834.47 - 2108.43 - 1971.85 - 45.891 - 

Run 1 4439.897 -8.886 1989.992 -5.951 1852.071 -6.467 45.78 -0.243 

Run 2 4461.848 -8.351 1977.69 -6.610 1811.251 -8.866 44.95 -2.094 

Run 3 4532.051 -6.672 2049.749 -2.862 1882.319 -4.756 44.03 -4.227 
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Fig. 3: Response surfaces and contour plots of colour (A), aroma (B), test (C), texture (D), and OA (E) of 

chicken sausage as a function of superheated steam cooking temperature and time. 
 

Table 6: Predicted and experimental optimum values of Sensory priorities. 

 Sensory  

 Colour Error 
(%) 

Aroma Error 
(%) 

Texture Error 
(%) 

Test Error 
(%) 

OA Error 
(%) 

Predicte

d 

5.076 - 5.129 - 5.130 - 5.2 - 6.117 - 

Run 1 5.833 12.984 4.830 -6.198 5.550 7.563 5.000 -4.000 5.880 -4.031 

Run 2 5.500 7.715 5.000 -2.587 5.660 9.360 5.800 10.345 6.330 3.365 

Run 3 5.600 9.363 4.800 -6.862 5.000 -2.605 5.000 -4.000 6.240 1.971 
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