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 A B S T R A C T   
Development of albumen rich RTE coagulated egg product was carried out using blends of albumen with yolk and different spices at optimum 
temperature and time combination of 92.77˚C/12 min which was optimized in earlier studies using response surface methodology. Result 
showed that based on sensory scores on nine-point hedonic scale, red chili powder and cardamom were the only spices compatible with the 
albumen. Optimized RTE coagulated egg product could be obtained from the yolk free egg with spice mix at the rate of 0.3%..  
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INTRODUCTION  

Since time immemorial, eggs have been considered as a powerhouse of nutrition. This reputation has been due to eggs’ 
exceptional nutrition profile as a nutrient-dense food containing high quality protein with balanced amino acid combinations and 
a substantial amount of many essential vitamins and minerals which are needed to fulfil the functions of food. Eggs are readily 

digested and provide a sufficient portion of the nutrients required daily for the growth and maintenance of body tissues. 
Considering the net protein utilization and protein efficiency ratio, egg is considered as the best source of protein apart from the 
other nutrient source. Unfortunately, the consumer’s acceptability has gone down earlier with the discovery of dietary cholesterol 
in yolk and later due to increase in health consciousness among most of the educated people. Consumers of twenty first century 
begin to view their diets in different fashion. Food is no longer viewed merely to satisfy hunger, prevent diet-deficiency diseases 
or to provide the essential building blocks of nutrition for the maintenance and repair of body tissues; it has become the primary 
vehicle to transport us along the road to optimal health and wellness. We have begun to view our diets as a first line of defense 

in the prevention of various chronic diseases of aging, including cancer, heart disease, osteoporosis, and arthritis. Under this 
‘positive’ or ‘pro-active’ eating paradigm, the kitchen cabinet is now being viewed as the medicine cabinet. This self-care 
phenomenon, currently a leading factor motivating healthy food purchasing decisions, will continue to grow (Sloan, 1999). This 
‘changing face’ of food has given way to the most exciting area of functional food product development in food technology today.  

The aim of present work was to develop the albumen rich coagulated ready-to-eat egg product. For this purpose, experiments 
were carried out using blends of albumen with yolk and different spices like black pepper, coriander, cardamom, cinnamon, red 
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chilli and cumin at optimum temperature and time combination of 92.77˚C/12 min which was optimized in earlier studies using 
response surface methodology.  

MATERIALS AND METHODS 

Raw Material preparation 

Preparation of egg albumen and egg yolk 

The purchased eggs were stored under refrigerated conditions, and they were kept at room temperature for 2 hrs before use. 
Eggs were thoroughly washed to remove any dirt or chicken litters. The shell of the egg was broken using blunt knife and 
separation of egg albumen and egg yolk was done by releasing the egg contents in a funnel, egg albumen passed through the 
funnel and egg yolk being retained with the help of spoon. The thick and thin portions of the egg albumen were homogenized 
using slow speed mixer for 2 min. In same way egg yolk was also homogenized. The preliminary coagulation study was egg 
components ware studied using the setup as per Fig. 1 to finalize the temperature range for the optimization process under 

statistical approach of Response Surface Methodology (RSM) using the Central Composite Rotatable Design (RSM) as applied 
successfully for various other process by our research group (Badwaik et al., 2012; Badwaik et al., 2014; Kumar and Prasad, 
2017; Kumar et al., 2008; Kumari et al., 2009; Prasad, 2009; Prasad and Sharma, 2002; Prasad and Singh, 2014; Prasad and 
Vairagar, 2014; Sharma et al., 2003; Singh et al., 2014). 

Preparation of spices 

Cumin and coriander seeds were roasted at 120ºC for 10 min in hot air oven and pulverize in domestic mixer (Crompton Greeves 
make). The pulverize spices were sieved through 25 mesh size sieves to get the desired granular size of powdered spices. 
Cardamom, black pepper, and red chilli powder were prepared in same way eliminating the roasting step.  

 

 

Fig. 1 Setup for heat coagulation study of egg albumen 
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Preparation of RTE product  

Selection of spices 

To study the effect of spice addition on properties of coagulated egg albumen, different spices at different levels ranging from 
0.1 to 0.5 % with the interval of 0.1% and roasted cumin seeds in the range of 0.15 to 0.75% with the interval of 0.15% were 
individually mixed with the homogenized liquid egg albumen. Mixture of 10 ml in cylindrical plastic tubes of diameter 15 mm, 
height 30 mm and thickness 01 mm were sealed and heated in the water-bath at predetermined optimized temperature/time 
combination. Gels were cooled and the sensory analysis was carried out (Ranganna, 1986). Based on sensory evaluation, 
spices were selected or rejected for the preparation of RTE coagulated egg albumen. 

Product optimization study 

To study the effect of yolk and spice mix (red chilli : cardamom ratio of 3:2), thirteen experiments were conducted as per CCRD 
(Table 1). For this study, homogenized liquid egg albumen, yolk and spice mix were mixed into different ratios keeping quantity 

of salt as constant. The mixed samples were subjected for thermal treatment at pre optimised coagulation temperature time 
combination and after cooling the gels for 15-20 minutes the samples were evaluated for sensory and textural parameters. The 
response surface technique was adopted to optimise the prepared coagulated product. 

Sensory evaluation 

Sensory evaluation of coagulated egg product was carried out on a nine point’s hedonic scale for the evaluation of sensory 
appearance, texture, flavor, and overall acceptability by semi-trained panel of ten [2]. 

Textural analysis 

Texture Profile Analysis (TPA) of coagulated egg albumen gels was carried out using TA.XT2 texture analyser (Stable Micro 

System, USA) by 75mm Compression cylinder. From the force-time curve values of texture attributes like hardness, 
cohesiveness, springiness, gumminess, chewiness, and resilience were obtained using the developed macro in the software 
Texture expert version 1.22 provided by the Stable Micro System, USA. Following conditions were maintained for acquisition of 
texture data of coagulated egg albumen samples for the optimisation of temperature time combination. Pre-Test Speed: 1.0 
mm/s, Test Speed: 1.0 mm/s, Post-Test Speed: 1.0 mm/s, Distance: 30% strain, Trigger Type: Auto - 5g, Time: 3s, Data 
Acquisition Rate: 200pps, Probe Type: 75mm Compression cylinder (P/75) using 25 load cells. 

Optimization of RTE coagulated egg product 

All the experiments were carried out in triplicate. A central composite rotatable design (CCRD) was used to evaluate the 
combined effect of temperature and time on various parameters of coagulated egg product. The design matrix (Table 1) is a 22 
factorial design combined with 5 central points and 4 axial points where one variable is set at an extreme level (±1.414) while 
other variables are set at their central point’s [2]. A second order model (Eq 1) was fitted in each response to study the effect of 

variables and to describe the process mathematically. 
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Where, a0, ai, aii and aij are the regression coefficients and xi, xj are the coded levels of independent variables i and j. Model 
adequacy was evaluated using F-ratio and coefficient of determination (R2) represented at 1, 5 and 10% level of significance, 
accordingly.  

Table 1 Real and coded values of the variables (yolk to white ratio and spice mix) in the central composite rotatable design (CCRD) 
for the optimisation of coagulated egg albumen based ready to eat product 

Sl. No. Coded values Uncoded values  

Yolk:white Spice mix Yolk:White Spice mix  

-- -- -- (%) 

1 -1 -1 0.073 0.088 

2 1 -1 0.427 0.088 

3 -1 1 0.073 0.512 

4 1 1 0.427 0.512 

5 -1.414 0 0.000 0.300 

6 1.414 0 0.500 0.300 

7 0 -1.414 0.250 0.000 

8 0 1.414 0.250 0.600 

9 0 0 0.250 0.300 

10 0 0 0.250 0.300 

11 0 0 0.250 0.300 

12 0 0 0.250 0.300 

13 0 0 0.250 0.300 

* Percentage of total blended egg weight 
 

RESULTS AND DISCUSSION 

Effect of spice addition on properties of coagulated egg albumen 

Effect of spices on sensory characteristics were adjudged, experiments were conducted with the addition of different spices like 
black pepper, coriander, cardamom, cinnamon, red chilli and cumin at different level to the egg albumen. The coagulated egg 
albumen samples were subjected to sensory evaluation on nine-point hedonic scale [2]. The results of the evaluation for sensory 
texture, color, flavor, appearance, overall acceptability, and dots per unit area of the coagulated egg albumen are presented 
(Table 2). Spices addition in the range mentioned had no significant effect on the sensory texture of coagulated egg albumen.     

Black pepper 

Black pepper was added to the egg albumen at the concentration level ranging from 0.1 to 0.5% at the interval of 0.1% (Table 
2). The sensory color scores of coagulated egg albumen varied from 7.17 to 7.73. The sample with dark black color obtained 
the minimum sensory score of 7.17 at the maximum concentration of 0.5%. The maximum sensory score of 7.73 was obtained 
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for the coagulated sample at the concentration of 0.1%. Sensory color score and concentration of black pepper followed the 
linear decreasing trend till the increase in the concentration of black pepper to 0.5%. Increase in concentration of black pepper 
to the egg albumen migration of black colour was found in the final product, which was gradually increased up to a maximum 
concentration of 0.5% (Fig. 2 & 3). 

Sensory flavor scores of coagulated egg albumen varied from 7.17 to 8.37. Minimum sensory score of 7.17 at the maximum 
concentration of 0.5% and maximum sensory score of 8.37 was obtained for the coagulated sample at the concentration of 
0.3%. With the increase in concentration level of black pepper, there was a gradual increase in sensory flavor score up to a 
concentration of 0.3%, after that it showed a gradual fall in the scores till 0.5% (Fig. 2 & 3).  

Table: 2 Effect of spice addition on sensory score of coagulated egg albumin 

Sl. No 

Input variable  Response variable 

Spice Concentration Texture Colour  Flavour Appearance OAA$ DPUA# 

-- (%) -- -- -- -- -- (dm-2) 

1 Black Pepper  0.10 8.43 7.73 7.43 7.33 7.43 226 

  0.20 8.43 7.60 7.93 7.67 7.70 432 

  0.30 8.50 7.43 8.37 8.07 8.03 658 

  0.40 8.43 7.23 7.63 7.43 7.53 772 

  0.50 8.40 7.10 7.17 7.10 7.10 936 

2 Coriander 0.10 8.40 7.83 7.80 7.73 7.80 576 

  0.20 8.47 7.67 8.00 7.93 7.88 730 

  0.30 8.43 7.47 7.73 8.07 7.73 916 

  0.40 8.40 7.23 7.47 7.63 7.47 1008 

  0.50 8.43 7.10 7.20 7.37 7.21 1091 

3 Cardamom 0.10 8.43 8.07 8.17 7.67 7.98 401 

  0.20 8.47 7.90 8.43 8.33 8.24 628 

  0.30 8.43 7.67 7.90 8.03 7.86 730 

  0.40 8.40 7.43 7.57 7.53 7.50 874 

  0.50 8.50 7.27 7.13 7.27 7.20 1080 

4 Cinnamon 0.10 8.40 7.63 7.47 7.20 7.40 1379 

  0.20 8.43 7.97 7.37 7.37 7.50 1698 

  0.30 8.43 7.77 7.23 7.27 7.27 1924 

  0.40 8.43 7.30 7.13 7.17 7.17 2233 

  0.50 8.47 7.00 6.97 7.07 6.97 2407 
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5 Red Chilli 0.10 8.43 7.53 7.63 7.33 7.48 432 

  0.20 8.50 8.07 8.10 7.83 7.98 586 

  0.30 8.40 8.43 8.47 8.37 8.44 782 

  0.40 8.43 7.87 7.77 7.73 7.78 854 

  0.50 8.43 7.37 7.17 7.30 7.29 988 

6 Cumin 0.15 8.40 7.17 6.73 6.47 6.73 51 

  0.30 8.40 7.03 7.03 6.80 6.97 93 

  0.45 8.43 6.93 7.17 7.07 7.10 103 

  0.60 8.47 6.77 6.83 6.57 6.63 123 

  0.75 8.40 6.67 6.53 6.33 6.47 134 

CD 

(P 0.05) 

Spice type 0.035 0.044 0.045 0.041 0.032 44.773 

Spice concentration 0.032 0.040 0.041 0.034 0.030 40.872 

F-value 

Spice type 0.62 NS 410.72*** 606.26*** 890.06*** 1117.42*** 1442.72*** 

Spice concentration 1.24 NS 355.88*** 508.04*** 490.55*** 754.52*** 261.68*** 

Interaction 1.38 NS 32.48*** 43.10*** 26.86*** 53.37*** 12.57*** 

$OAA-Overall acceptability  

#DPUA-Dots per unit area 

The sensory appearance scores of coagulated egg albumen varied from 7.10 to 8.07. The sample with non-uniformly distributed 
dots per unit area of black pepper on the coagulated egg albumen obtained the minimum sensory score of 7.10 at the 

concentration of 0.5%, which was found the maximum concentration level of the experiment conducted. The maximum sensory 
score of 8.07 was obtained for the coagulated sample with uniformly distributed dots per unit area at the concentration of 0.3%.  

With increase in concentration level of black pepper, there was a gradual increase in sensory appearance score up to the 
concentration of 0.3%, after that it showed a fall (Fig. 2 & 3). Increase or decrease from the optimum level of black pepper, 
resulted in non-uniformity in the distribution of dots per unit area which has affected the sensory appearance adversely. 

The combined results of sensory parameters the overall acceptability scores of coagulated egg albumen varied from 7.10 to 
8.03. The sample with 0.3% of black pepper obtained the maximum sensory score of 8.03 but migration of color made a darker 

view to the coagulated mass which was not found compatible with the other spice combination.  
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Fig. 2 Effect of spice addition on sensory scores of coagulated egg albumen 

 
Coriander 

The sensory color scores of coagulated egg albumen varied from 7.10 to 7.83. The sample with dark yellow colour obtained the 
minimum sensory score of 7.10 at the concentration of 0.5%, which was found the maximum concentration level of the 

experiment conducted. The maximum sensory score of 7.83 was obtained for the coagulated sample at the minimum 
concentration of 0.1%.  

The sensory flavor and appearance scores of coagulated egg albumen varied from 7.20 to 8.00 and 7.37 to 8.07, respectively. 
The increase in the score was found initially on increase in the concentration till 0.2% and further decrease in the scores was 
observed. The sample with non-uniformly distributed dots per unit area of coriander on the coagulated egg albumen obtained 
the minimum sensory score of 7.37 at the concentration of 0.5%, which was found the maximum concentration level of the 
experiment conducted. The maximum sensory score of 8.07 was obtained for the coagulated sample with uniformly distributed 

dots per unit area at the concentration of 0.3% (Fig. 2 & 3).  

The overall acceptability scores of coagulated egg albumen varied from 7.21 to 7.88. Increase in concentration of coriander to 
the egg albumen migration of yellow color in the final product affected the OAA scores and which was found not acceptable to 
most of the panel members.  
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Fig. 3 Effect of spice addition on the sensory scores of coagulated egg albumen 

 

Cardamom 

The sensory color score of coagulated egg albumen varied from 7.27 to 8.07 (Table 2). The sample with grayish color obtained 
the minimum sensory score of 7.27 at the concentration of 0.5%. The maximum sensory score of 8.07 was obtained for the 
coagulated sample with slight grayish color at the minimum concentration of 0.1%. Sensory color score and concentration of 
cardamom followed the linear relationship (Fig. 2 & 3). The sensory flavor scores of coagulated egg albumen varied from 7.13 
to 8.43. Increase in concentration level of cardamom, there was a gradual increase in sensory flavor score up to the 
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concentration of 0.2% with a sensory score of 8.33 and further on increase in the concentration decreased the scores. Although 
migration of grayish color was observed with the increase in concentration of cardamom to the egg albumen in the final product, 
but the coagulated mass was found acceptable. 

Cinnamon 

The sensory color scores of coagulated egg albumen varied from 7.00 to 7.97. The sample with dark red color obtained the 
minimum sensory score of 7.00 at the concentration of 0.5%. The maximum sensory score of 7.97 was obtained for the 
coagulated sample with slight reddish color at the concentration of 0.2%. The sensory flavor scores of coagulated egg albumen 
varied from 6.97 to 7.47. The sample with sweet taste obtained the minimum sensory score of 6.97 at the maximum 

concentration of 0.5%. The maximum sensory score of 7.47 was obtained for the coagulated sample at the concentration of 
0.2% with slight sweet taste.  

With increase in concentration level of cinnamon, there was a gradual increase in sensory appearance score up to the 
concentration of 0.2%, after that it showed a fall (Fig. 2 & 3). The results of migration of color and non-compatibility with the 
flavor most of the panel member did not rate them with high score.  

Red chilli 

The sensory color scores of coagulated egg albumen varied from 7.37 to 8.43. The sample with red colour obtained the minimum 
sensory score of 7.27 at the concentration of 0.5%. The maximum sensory score of 8.43 was obtained for the coagulated 
sample with slight reddish color at the concentration of 0.3%. With increase in concentration level of red chilli, there was a 
gradual increase in sensory color score up to the concentration of 0.3%, after that it showed a fall (Fig 1). The sensory flavor 
scores of coagulated egg albumen varied from 7.17 to 8.47. The maximum sensory score of 8.47 was obtained for the 

coagulated sample at the concentration of 0.2%. The sensory appearance scores of coagulated egg albumen varied from 7.30 
to 8.37. The sample with non-uniformly distributed dots per unit area of red chilli on the coagulated egg albumen obtained the 
minimum sensory score of 7.30 at the concentration of 0.5%, which was found the maximum concentration level of the 
experiment conducted. The maximum sensory score of 8.37 was obtained for the coagulated sample with uniformly distributed 
dots per unit area at the concentration of 0.3%. An optimum level of 0.3% was found to improve the color, flavor, appearance 
and OAA of coagulated egg albumen. 

Cumin 

The sensory color, flavor, appearance and OAA scores of coagulated egg albumen varied from 6.67 to 7.17, 6.53 to 7.17, 6.33 
to 7.07 and 6.47 to 7.10, respectively. An optimum level of 0.45% was found to improve the flavor, appearance and OAA of 
coagulated egg albumen but at this level localized coloration was found near the spice particles, which has decreased the 
sensory color throughout the increase in the concentration (Fig. 2 & 3).  

The compatibility of black pepper, coriander, cinnamon, and cumin was not found in the spice combination experiment whereas 
cardamom and red chilli powder were found as compatible spices for the further experimentation.  

Effect of yolk and spice mix on sensory characteristics of RTE coagulated egg product 

Effect of yolk and spice mix on sensory characteristics were adjudged; thirteen experiments were conducted as per central 
composite rotatable design (CCRD) for the coagulation study of RTE egg product (Table 1). The RTE coagulated egg product 
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samples were subjected to sensory evaluation on nine-point hedonic scale [2]. The results of the evaluation for sensory color, 
texture, flavor, and overall acceptability are presented (Table 3).   

Sensory texture 

Sensory texture score of RTE coagulated egg product varied from 7.38 to 8.38 (Table 3). The minimum sensory score of 7.38 
was obtained by the sample at experiment no. 4 with harder texture. This may be due to the addition of more percentage of 
yolk content in the RTE coagulated egg product. The maximum sensory score of 8.38 was found at the experiment no 5, with 
softer texture. It may be due to the elimination of yolk from the final RTE coagulated egg product. Increase in yolk content, 
decreased the texture scores of the coagulated egg product (Fig. 4). Spice mix had no significant effect on sensory texture of 

the final coagulated product. The second order polynomial model for the sensory texture is given as: 

Sensory texture = 7.73 - 0.3X1 - 0.04X1X2 + 0.03X12       [2] 

The adequacy of the model [Eq. 2] was validated on the bases of F value and R2 and found that the F value was significant at 
P ≤ 0.01 with R2 value of 86.04 %. 

Table 3 Effect of yolk to white ratio and spice mix on sensory properties of 
coagulated egg albumen based ready to eat product 

S. No. Sensory attributes 

Texture Color Flavor OAA$ 

1 7.84 7.70 7.64 7.70 

2 7.40 7.60 7.42 7.43 

3 7.98 7.50 7.52 7.63 

4 7.38 7.32 7.32 7.33 

5 8.38 8.44 8.48 8.43 

6 7.42 7.32 7.32 7.33 

7 7.88 7.08 7.12 7.31 

8 7.78 7.22 7.24 7.40 

9 7.76 7.64 7.52 7.61 

10 7.68 7.62 7.64 7.61 

11 7.70 7.70 7.67 7.67 

12 7.74 7.68 7.62 7.67 

13 7.76 7.64 7.56 7.64 

F-value *** ** *** *** 

R2 86.04 80.00 82.49 84.60 

b0 7.73 7.66 7.60 7.64 

b1 -0.3*** -0.23*** -0.026*** -0.27*** 

b2 -- -0.04NS -0.01NS -0.01NS 

b12 -0.04NS -0.02NS 0.01NS -0.01NS 

b11 0.03NS 0.12NS 0.13* 0.10NS 

b22 -- -0.25*** -0.23*** -0.17** 
$OAA-Overall acceptability  
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Sensory color 

The sensory color score of RTE coagulated egg product varied from 7.08 to 8.44 (Table 3). The sample with grayish color 
obtained the minimum sensory score of 7.08 at the experiment no. 7, where the spice mix found was nil. The maximum sensory 
score of 8.44 was obtained for the coagulated sample at the experiment no. 5, with slight reddish color which improved the 
appearance of the final RTE egg product. It indicated that the increase in yolk content increased the dullness of coagulated egg 
product and thus deceased in appearance scores. Addition of spice mix to an optimum level (0.3%) improved the color of the 
final coagulated product, increase of the spice mix above optimum level, resulted in dark reddish color which affects the sensory 
score (Fig. 4). The second order polynomial model for the sensory appearance is given as: 

Sonsory color = 7.66 - 0.23X1 - 0.04X2 - 0.02X1X2 + 0.12X12 - 0.25X22    [3] 

The derived model [Eq. 3] representing sensory color was found adequate as calculated F value was found significant at P ≤ 
0.05 with coefficient of determination (R2) of 80.00%. 

Sensory flavor 

The range of the sensory flavor score of RTE coagulated egg product varied from 7.12 to 8.48. The minimum sensory score of 
7.12 was obtained by the coagulated sample at experiment no. 7, where the spice mix found was nil. The coagulated egg 
albumen sample obtained maximum sensory score of 8.48 at the experiment no. 5, where yolk content found nil. The increase 
in yolk content decreased the sensory flavor score. Addition of spice mix to an optimum level (0.3%) improved the flavor of the 

final coagulated product, increase of the spice mix above optimum level, resulted in undesirable flavor which affects the sensory 
score (Fig. 4). The second order polynomial model for the sensory flavor is given as: 

 

Sensory flavor = 7.6 – 0.026X1 - 0.01X2 + 0.01X1X2 + 0.13X12 - 0.23X22    [4]  

 

The model [Eq. 4] representing sensory flavor was found adequate as calculated F value was found significant at P ≤ 0.01 with 
coefficient of determination (R2) of 82.49%. 

Overall acceptability 

Sensory score of coagulated egg product varied from 7.31 to 8.43. The minimum sensory score 7.31 was obtained at the 
experiment no. 7, with the coagulated sample of dull greyish color which decreased the overall acceptability of the coagulated 
product. The maximum sensory score of 8.43 was obtained by the coagulated sample at experiment no 5, which gave the 

coagulated sample slight reddish color and soft texture. The increase in yolk content, increased the dullness in color and the 
hardness of the final product. Addition of spice mix to an optimum level (0.3%) improved the flavor and color of the final 
coagulated product, increase of the spice mix above optimum level, resulted in undesirable flavor and color which affects the 
sensory score (Fig. 4). Spice mix addition had no significant effect on texture of the RTE coagulated egg product. The second 
order polynomial model for the overall acceptability is given as: 

Overall acceptability = 7.64 – 0.27X1 – 0.01X2 - 0.01X1X2 + 0.10X12 - 0.17X22    [5] 
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The F value of the derived model [Eq. 5] representing overall acceptability was found significant at P ≤ 0.01 with coefficient of 
determination (R2) of 84.60%. 

Effect of yolk and spice mix on textural properties of RTE coagulated egg product. 

Effect of yolk and spice mix on textural properties was determined; thirteen experiments were conducted as per central 
composite rotatable design (CCRD) for coagulation study of egg albumen. These RTE coagulated egg product samples were 
subjected to texture analysis by texture analyzer. The results of the analysis for hardness, cohesiveness, springiness, 
gumminess, chewiness, and resilience are presented in Table 4. 

 

Fig. 4 Contour plot for sensory and textural characteristics of coagulated egg product 
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Hardness  

Hardness of the coagulated egg product varied from 139.57 to 217.08 gm (Table 4). Compressive force required was found 
maximum in case of coagulated sample at experiment no. 6 and minimum at experiment no. 5. The yolk content was more 
where compressive force required to press the sample was more as compared to the less yolk content (Fig.  2) which indicated 

that increase in yolk content increased the hardness. Comparison of hardness value with sensory texture indicates that the 
hardness value beyond 139.57 gm resulted in less sensory score. Spice mix had no significant effect on textural properties of 
coagulated egg product. The second order polynomial model for the hardness is given as: 

Hardness = 201.32 + 24.20X1 + X2 - 0.52X1X2 - 11.90X12 - 2.25X22    [6] 

The derived model [Eq. 6] representing hardness was found adequate as calculated F value was found significant at P ≤ 0.01 
with coefficient of determination (R2) of 97.95%.  

Cohesiveness 

Cohesiveness of the coagulated egg product varied from 0.74 to 0.85 (Table 4). Compression of the coagulated sample by 
probe before breakage/distortion of the mass was found minimum at experiment no. 5, where the yolk content was nil and 
maximum at experiment no 11 (Fig. 4). Increase in yolk content increased the compression before breakage or cohesiveness. 
The second order polynomial model for the cohesiveness is given as: 

Cohesiveness = 0.83 + 0.01X1 - 0.03X12 - 0.03X22        [7] 

The F value of the derived model [Eq. 7] representing cohesiveness was found significant at P ≤ 0.01 with coefficient of 
determination (R2) of 92.52%. 

Springiness  

Springiness of the coagulated egg product varied from 0.96 to 1.00 (Table 4). The insignificant difference among the samples 
showed that there is no effect of either yolk content or spice mix on the springiness of coagulated samples in the selected range. 
The second order polynomial model for the springiness is given as:  

Springiness = 1.00 + 0.01X1 - 0.01X1X2       [8]  

The model [Eq. 8] representing springiness was found inadequate as calculated F value was found nonsignificant with coefficient 
of determination (R2) of 65.19%. 

Gumminess  

Gumminess of the coagulated egg product varied from 103.06 to 174.15 gm (Table 4). The minimum gumminess/denseness 

value of 103.06 gm was obtained for the coagulated sample at the experiment no. 5, where the yolk content was minimum 
(86˚C) and the maximum gumminess value of 174.15 gm was found at the experiment no. 12 (Fig 2). The results indicated that 
the increase in yolk content increased the gumminess or denseness that persists throughout chewing. The second order 
polynomial model for the gumminess is given as: 
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Gumminess = 168.59 + 20.88X1 + 1.25X2 + 0.91X1X2 - 15.61X12 - 6.33X22     [9] 

The model [Eq. 9] representing gumminess was found adequate as calculated F value was found significant at P ≤ 0.01 with 
coefficient of determination (R2) of 97.64%. 

Table 4 Effect of yolk to white ratio and spice mix on textural properties of RTE coagulated egg product 
 

Sl. No. 
Hardness Cohesiveness Springiness Gumminess Chewiness Resilience 

(gm) -- -- (gm) (gm) -- 

1 163.07 0.77 0.96 128.05 129.83 0.49 
2 206.10 0.77 1.00 161.67 162.86 0.53 

3 167.68 0.77 0.99 130.44 130.28 0.49 

4 208.63 0.78 1.00 167.71 168.14 0.57 

5 139.57 0.74 0.99 103.06 103.11 0.46 
6 217.08 0.79 1.00 171.06 170.73 0.49 

7 197.31 0.79 1.00 155.06 155.26 0.52 

8 197.93 0.77 1.00 156.17 156.32 0.57 

9 202.07 0.83 1.00 168.56 169.08 0.55 
10 200.60 0.83 0.99 166.01 166.11 0.53 

11 198.05 0.85 1.00 167.54 167.712 0.56 

12 205.13 0.84 1.00 174.15 174.29 0.58 

13 200.73 0.83 1.00 166.69 167.18 0.57 

F-value *** *** NS *** *** *** 

R2 97.95 92.52 65.19 97.64 97.71 86.31 

b0 201.32 0.83 1 168.59 168.87  0.56  

b1   24.20*** 0.01* 0.01**   20.88***   20.81*** 0.02*** 

b2 1NS -- -- 1.25 NS 0.90 NS 0.01* 

b12 -0.52 NS -- -0.01 NS 0.91 NS 1.21 NS 0.01 NS 

b11 -11.90*** -0.03*** --  -15.61***  -15.62*** -0.04*** 

b22 -2.25 NS -0.03*** --  -6.33*** -6.19*** -- 

 

Chewiness  

Chewiness of the coagulated egg product varied from 103.11 to 174.29 gm (Table 4). The minimum chewiness value of 103.11 
gm was obtained for the coagulated sample at the experiment no. 5, where the yolk content was minimum, and the maximum 
chewiness value was found at the experiment no. 12 (Fig. 4). The increase in yolk content increased the chewiness or length 
of time required to chew a sample to a consistency suitable for swallowing. The second order polynomial model for the 

chewiness is given as: 
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Chewiness = 168.87 + 20.81X1 + 0.9X2 + 1.21X1X2 - 15.62X12 - 6.19X22     [10] 

The F value of the derived model [Eq. 10] representing overall acceptability was found significant at P ≤ 0.01 with coefficient of 
determination (R2) of 97.71%. 

Resilience  

Resilience of the coagulated egg product varied from 0.46 to 0.58 gm (Table 4). The minimum resilience value of 0.46 gm was 

obtained for the coagulated sample at the experiment no. 5 and the maximum resilience value was found at the experiment no. 
12. The second order polynomial model for the resilience is given as: 

Resilience = 0.56 + 0.02X1 + 0.01X2 + 0.01X1X2 - 0.04X12      [11] 

The model [Eq. 11] representing resilience was found adequate as calculated F value was found significant at P ≤ 0.01 with 

coefficient of determination (R2) of 86.31%. 

The gel hardness generally increased with increase in yolk content. Cohesiveness and springiness reflect the development of 
internal bonding in a three-dimensional gel network, and their values generally increased with increasing total solids 
(Paraskevopoulou and Kiosseoglou, 1997).  

Optimization of RTE egg product for yolk to white ratio and spice mix 

The optimized point for coagulation of egg albumen (92.77oC and 12 minutes) was considered further for the development of 
ready-to-eat coagulated egg product. The yolk and spice mix were used in different combinations as per the central composite 
rotatable design (Table 1). The attempts were made to maximize the overall sensory scores for the product prepared. 
Optimization of OAA score revealed that the product without yolk with 0.3% of spice mix could only give the maximum sensory 
score of 8.21 in a range of 7.93 to 8.49 (Fig. 5). The above result was confirmed by preparing the RTE egg albumen product 

with the mentioned condition and found the similar result of sensory OAA and better result (4.41) in market survey carried out 
on 5-point scale with a larger group. 

 

Fig. 5 Effect of temperature and time on sensory OAA of coagulated egg albumen 
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CONCLUSION 

The present work was carried out to explore the possibilities for the development of ready to eat (RTE) egg product. In early 
study, central composite rotatable design was used to optimize temperature and time combination for the egg coagulation. The 
finalized optimum point of 92.77°C for 12 min was further used to develop the RTE egg product. For preparation of RTE 
coagulated egg product different spices like black pepper, coriander, cardamom, cinnamon, red chilli and cumin were used. 

Based on sensory scores on nine-point hedonic scale, red chili powder and cardamom were the only spices compatible with 
the albumen. Optimized RTE coagulated egg product could be obtained from the yolk free egg with spice mix at the rate of 
0.3%. The developed RTE cholesterol free egg product may further explore the possibility to achieve the NECC set target of 
180 eggs per capita consumption by the year 2015 if the technology could be validated at pilot plant scale before going for the 
technology transfer to upcoming industries.  
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