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Materials and Methods 
 
Materials 
Fresh quail eggs (Coturnix japonica) were purchased from Ba Huan Co. Ltd. in Ho Chi Minh City 
and sorted based on size (2-2.5) x (3-3.5) cm, average weight 10 – 12g/egg, black colour without 
any signs of strange flavours and breaks. Soaking water was purchased from Bidrico Company, pH 
~ 6.6 and dried salt purchased from Salt Cooperative Tien Thanh, Can Gio District, Ho Chi Minh 
City. 
 
Equipment 
Instron 5543 mechanical tester (speed of 5 mm/s, diameter of sensor 3mm, USA),  
pH meter EcoTestr pH2 (Malaysia) and Atago photorefractive 0-32oBrix (Japan). 
 
Methodology 
Quail eggs were cleaned on their surface by salt solution 10%. Then they were put into a glass pot 
to soak in salt solution strength was 23%, 26% and 29%. The ratio between eggs/salt solution was 
50 eggs/500ml. Eggs were in salt solution for 22, 25 and 28 days at 28-30oC. 

 
Texture analysis method 
The  Instron 5543 was used to measure  the hardness of egg shells, with a speed of 5 mm/s. 

 
Sensory evaluation 
The sensory evaluation of consumers was applied for the preserved quail eggs. Sixty panellists 
evaluated the sensory attributes of the eggs. Panellists were given no time limit for the evaluation, 
though most panellists took 10-15 min to complete the rating of all the samples. Quail eggs were 
boiled and cut into small pieces and placed on a plastic plate with a random number. The attributes 
evaluated were colour, flavour, texture and overall acceptability. For each sample, panellists scored 
their liking of these characteristics using a five-point hedonic scale (1 = dislike very much, 2 = 
dislike slightly, 3 = neither like nor dislike, 4 = like slightly, 5 = like very much) [7]. 

 
Statistical analysis 
Data were analyzed in triplicate and subjected to the analysis of variance (ANOVA) using the 
Statgraphics Centurion XV software package. Significant differences (P < 0.05) among group 
means were calculated with the LSD’s multiple range test [8]. 
 
Response surface methodology (RSM) was used to determine optimum conditions for this research 
[9]. The effect of two factors, soaking time and the content of salt solution to the Brix of the 
soaking solution (y1), salt concentration of quail egg after soaking (y2) was defined by using the 
Mohr method [10]. 
 
Influence of factors to target function were described according to second-level model with the 
equation below:  

 

2

1 1

n n n

o i i ii i i j i j
i i i j

y b b x b x b x x
= = <

 
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In this study, n-value was 2 so equation (1) can be written: 

2 2
o 1 1 2 2 12 1 2 11 1 22 2y =  b  +  b x  +  b x  +  b x x  +  b x  +  b x     (2) 

A 23 three level Central Composite Face-Centered (CCF) was used to develop a statistical model for 
the optimization of process variables such as rate of salt solution (23-29%) and soaking time (22-28 
days). The design contains a total of 12 experimental trials with a full factorial design fashion and 
the replications of the central points. Data obtained from RSM on essential oil production were 
subjected to the Analysis of Variance (ANOVA) and analyzed using a second order polynomial 
equation by the software Modde version 5.0 

Table 1. Codes and actual levels of the independent variables for design of experiment. 

Independent variables Symbols 
Coded levels 

-1 0 +1 

Rate of salt solution (%)  

Soaking time (day) 

x1 

x2 

23 

22 

26 

25 

29 

28 

y: Salt concentration in quail egg (g/kg) 

 
Factors bo, b1, b2, b12, b11, b22 were determined by the experiments. Statistical significance of the 
regression coefficients were determined by t - student test. The regression of quadratic equation is 
determined based on Fisher test. Relevance and predictability of the regression model is expressed 
through R2, Q2 value. Optimum conditions of processing are determined by Modde5.0 software 
based on CCF method (Central composite face-centered). 
 
Results and Discussion 
 
Regression of equation of the salt concentration in quail eggs 
The levels of salt concentration were determined as shown in Table 2, while ANOVA results can be 
seen in Table 3. 

The pvalue was used as a tool to check the significance of each of the coefficients, which in turn 
indicated the pattern of the interactions between the variables. The smaller value of p was more 
significant to the regression. According to the ANOVA table, the regression model is significant at 
the considered confidence level (95%) since the regression has pvalue<0.05.  
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Table 2. Three level factorial composite design and experimental responses of dependent 
variable y (Salt concentration in quail egg, g/kg). 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Analysis of variance (ANOVA) for the fitted quadratic polynomial model for salted 
quail egg. 

y DF SS MS F pvalue SD 
Total 12 12087.7 1007.31 
Constant 1 11670.7 11670.7 
Total Corrected 11 417.037 37.9125   6.15731 
Regression 5 376.123 75.2247 11.0317 0.006 8.67322 
Residual 6 40.9136 6.81894   2.61131 
Lack of Fit 3 36.2787 1.21E+01 7.82729 0.062 3.47749 
Pure Error 3 4.6349 1.54497   1.24297 

 

 
Table 4. Results of regression analysis of second order polynomial model for optimization of 
content of salt in quail egg. 

y Coeff.SC Std.Err pvalue Conf. int(±) 

Constant 
x1 
x2 

x1*x1 
x2*x2 
x1*x2 

30.9933 
6.9833 

3.68167 
0.64999 
-0.26499 
0.51499 

1.19189 
1.06606 
1.06606 
1.59909 
1.59909 
1.3056 

2.1332e-0.07 
0.00060 
0.01357 
0.69849 
0.87382 
0.70689 

2.91648 
2.60858 
2.60858 
3.91287 
3.91287 
3.19385 

N = 12   Q2 = 0.346  Cond. no. = 3.1260 
DF = 6   R2 = 0.902  Y-miss = 0 
R2 Adj. = 0.820  RSD = 2.6113  Conf. lev. = 0.95 

 
 

Run 
No. 

Coded levels Real values Salt 
concentration in 

quail egg 
x1 x2 X1 X2 y 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

-1 
+1 
-1 
+1 
-1 
+1 
0 
0 
0 
0 
0 
0 

-1 
-1 
+1 
+1 
0 
0 
-1 
+1 
0 
0 
0 
0 

23 
29 
23 
29 
23 
29 
26 
26 
26 
26 
26 
26 

22 
22 
28 
28 
25 
25 
22 
28 
25 
25 
25 
25 

21.4 
35.25 
28.74 
44.65 
23.31 
35.45 
25.79 
31.14 
31.09 
33.88 
31.43 
32.1 
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Conclusion 
 
From the result of this study, equation of regression is written: 
 

y = 30.9933 + 6.98333*x1 + 3.68176*x2 
 

With a soaking time of 25 days and salt concentration of solution of 26%, salted eggs have 
sufficient sensorial quality that the textural consistency, colour and flavour was pleasing to 
consumers. Therefore it is recommended that salted eggs from quail as a viable means of 
preservation has potential to improve the consumption of this source of nutrition as an alternative to 
hen’s eggs. 
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