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Abstract

Response surface methodology (RSM) was performed in order to determine the optimal mixing conditions of different

amounts of egg and sugar for the preparation of soybean pudding. The experiments were designed according to a central

composite design by designating whole egg and sugar content as independent variables. Meanwhile, sweetness,

Commission Internationale de I’Eclairage (CIE) color parameters (L*, a* and b* values), hardness, cohesiveness,

springiness, and gumminess were response variables. Overall optimization, conducted by overlaying the contour plots under

investigation, was able to determine the optimal range of dependent variables within which the 14 responses were

simultaneously optimized. The point chosen as a representative of this optimal region corresponded to 50.00 g of whole egg

and 31.66 g of sugar. Under these conditions, the model predicted L* value=80.03, a* value= −5.44, b* value=27.86,

sweetness=21.23 (oBrix), hardness=25.45×105 (dyne/cm2), cohesiveness=67.90 (%), springiness=46.20 (%), and

gumminess=12.71 (g).
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I. Introduction

Modern people have concerned about health increasingly

with development of science so foods are used for prevention

and cure of disease besides nutrition supplement and

satisfaction of palatability.

Soybean is rich in various physiological active materials,

which has good protein, high unsaturated fatty acids content

in lipids, carbohydrates and micronutrient such as vitamin

and mineral. Its representative functional materials are

isoflavone, saponin, trypsin inhibitor, peptide, oligosaccharide,

phospholipids, dietary fiber and phytate. And these materials

have been studied on effects for prevention and alleviation of

disease such as cancer, cardiovascular disease, osteoporosis,

hyperlipidemia (Hendrich et al. 1994; Messina et al. 1994;

Kim 2006). Isoflavone is distributed over widely in plants

and it is similar to estrogen, which is an endogenic sexual

hormone in aspects of it’s molecular weight and structure.

Also it is called a phytoestrogen because of its similar

activity of estrogen in fact. Showing substitutional effect for

estrogen in a woman in the menopause, isoflavone binds

receptors of estrogen and displays activity of estrogen in

various tissues (Toesca et al. 2000; Arjmandi 2001; Ewiess

2002; Jang et al. 2005; Nam & Kim 2005).

Pudding is representative dissert of England, as gelled food

which is mixed and cooked with egg, sugar and milk, in

general (Na 1996). It includes nutritive material such as

protein, lipid and carbohydrate and it is quick of digestion

and absorption (Sun et al. 2007). Custard pudding is made by

heat solidification of eggs and it is served with coolness and

is decorated with fruit and fresh cream or with sauce (Chae

2000). Recently gelatin is used for pudding and we have

various types of pudding such as bread pudding, rice

pudding, lemon cream pudding and chocolate pudding. As

variety and high quality of food life in recent, pudding has

been consumed increasingly as dessert.

But to date, processed food using soybean has been limited

to soy sauce (Kim et al. 2011), soybean paste (Kim et al.

2010), soy yogurt (Jang & Yoon 1997), and soy cheese (Choi

& Lee 2001) as fermented foods and tofu (Kim et al. 2010;

Kim et al. 2010; Yang & Kim 2010). So it is needed to

research various palatable soy products and to commercialize

them.

Despite of previous investigations, research on dessert

food using soybean is yet insufficient. Therefore, the goals of

this study were to perform a systematic investigation of how

different process conditions influence the physicochemical

properties of puddings using response surface methodology
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(RSM), to determine the optimal condition in producing

soybean pudding and to provide reliable experimental data

for a variety of uses industrially and development of well

being snacks which are able to be loved without distinction

of age or sex.

II. Materials and Methods

1. Materials

A commercial brand of soybean (Nokwon Foodlim Co.,

Yongin, Gyeonggi, Korea), eggs (Younglim, Yongin, Gyeonggi,

Korea), sugar (CJ Corp., Incheon, Korea), vanilla essence

(Gold medal Pure Vanilla extract, COMAN, USA) were

used for all samples.

2. Pudding preparation and baking

The formula for pudding added soybean is as seen in

<Table 1>. Soybeans to be soaked for 15 hours were boiled

for 10 minutes and were then ground with 1.5 times volume

of water for 1 minute at speed 2 using a blender (Comfort

HR1720, Philips) and were filtered with mesh (No. 100). Stir

filtered eggs through a sieve soybean milk, sugar and vanilla

essence were mixed with a spoon for 1 min (60 times /min).

Fill it in a custard cup by 35 g (diameter 40 mm, height 30

mm) and bake the pudding at 200oC for 50 min in a pan with

hot water in a convection oven (RSF-22, Rinnai Co.,

Incheon, Korea). The baked puddings were cooled for 18

hours in refrigerator for analysis.

3. Experimental design

The Design Expert 7 program (Stat-Easy Co., Minneapolis)

was used for all research plan, data analysis and optimization

analysis on soybean pudding. The Experiments were

designed by central composite design with two factors and

three levels of response surface. Two factors were chosen as

independent variables which were the content levels of

whole egg and sugar. As dependent variables, sweetness,

color parameters (L*-, a*-, and b*- values), texture

(hardness, cohesiveness, springiness, gumminess) and sensory

evaluation (color, appearance, flavor, texture, taste and

overall quality) were selected. The minimum and maximum

ranges of egg and sugar were determined to be 50~90 and

12~36 g, respectively from preliminary examinations. Egg

content (50 g) was minimum for pudding baking. Soybean

milk content was fixed up 110 g and total volume of samples

was the same as 200 g, adding water 40 and 20 g to samples

with 50 and 70 g of egg respectively <Table 1>.

The experimental points of central composite design

consist of the most center point, ±α point (axial point), ±1

level point (factorial point). The effect of two independent

responses was modeled using a polynomial response surface.

Between these experimental points, there are 2 replicate

points for evaluating the experimental error and the

suitability of the mathematical model (Park 2006; Seo et al.

2006). Accordingly, when each established range was

inputted, 10 randomized experimental runs were formed.

Statistical analysis of variance (ANOVA) and multiple

regressions were performed using the Design-Expert v.7.0

software (DESIGN-EXPERT 2006) to fit the equation. The

results included the significance of the model and each of its

terms, the estimated model coefficients, the coefficient of

determination and the lack-of-fit test (Cambell & Penfield

1979; Jang & Park 2006). Perturbation plot, contour plot and

response surface plot were used for evaluating responses of

each component.

4. Physical characteristics

1) Color measurement

Commission Internationale de I’Eclairage (CIE) color

characteristics (L*, a* and b*) of soybean pudding were

determined using a chromameter (model CR-300, Minolta

Co., Osaka, Japan) calibrated with a standard white plate

using L=97.26, a= −0.07 and b= +1.86. Color was measured

at the same location (one in the center and three measurements

at the edges) using three soybean puddings for each

treatment, and mean values were reported.

2) Sweetness measurement

Sweetness of pudding inside was measured by refractometer

(Pocket refractometer PAL-1, ATAGO, Japan). All

<Table 1> Normal composition and increment of soybean pudding

formula

Sample 

number

Soybean 

milk

(g)

Water

(g)

Vanilla 

essence

(g)

Factor

Whole egg 

(g)

Sugar

(g)

1 110 40 2 50 12

2 110 00 2 90 12

3 110 40 2 50 36

4 110 00 2 90 36

5 110 40 2 50 24

6 110 00 2 90 24

7 110 20 2 70 12

8 110 20 2 70 36

9 110 20 2 70 24

10 110 20 2 70 24
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measurements were done in triplicate and mean values were

reported. Allowed for difference of sweetness with location

of samples, the lower layer (~0.2 cm), the middle layer

(0.4~0.6 cm), the upper layer (0.8~1 cm) were measured

separately and mean values were reported.

3) Texture analysis

Ten puddings (diameter 40 mm, height 20 mm) were

evaluated to measure hardness, cohesiveness, springiness,

gumminess with a computer-controlled texture analyzer

(Compac-100, Sun Scientific. Co., Japan) at room

temperature. The probe diameter was 10 mm, sample height

was 20 mm, the table speed was 140 mm/min, and

maximum force was 2 kg. A force - time diagram was taken

for each test and the test was done in triplicate.

4) Sensory characteristics

Sensory evaluation was done according to the seven-point

hedonic scale. Processed soybean pudding was evaluated for

its sensory quality by 35 graduate student panels at the

department of food and nutrition of Sookmyung women’s

university. All panelists were presented 10 samples for each

treatment respectively. The panelists were asked to evaluated

the color, appearance, flavor, texture, taste and overall quality

of the soybean pudding by awarding a score ranging from 1

(dislike extremely) to 7 (like extremely).

5) Optimization

Through numerical optimization and graphical optimization

of canonical models, the optimal content of whole egg and

sugar was determined by using point prediction. For

numerical optimization, the goal area was set according to

the coefficients of the standard canonical model

corresponding to the highest sensory test results. The optimal

point showing the highest desirability was selected after

acquiring the desirability through the following formula.

D is the overall desirability, d is individual desirability and

n is the number of responses (DESIGN-EXPERT 2006). 

III. Result and Discussion

1. Statistical analysis on model fitting

The independent and dependent variables were fitted to the

second-order model equation and examined for the goodness

of fit. Regression analysis and ANOVA were conducted for

the model to examine the statistical significance of the model

terms. ANOVA of the effect of whole egg and sugar content

to produce puddings as linear, quadratic and interaction

terms on the response variables are shown in <Table 3>. The

results indicated that the model for CIE L* values, sweetness,

hardness and gumminess is highly adequate with their

satisfactory levels of R2 (0.85-0.97) and model significance.

It has been suggested that the model with R2 greater than 0.8

indicates a good fit (Joglekar & May 1987).

2. Physical characteristics

1) Color

The effects of whole egg and sugar on the soybean

pudding’s color are given in <Table 2>. The values of L*, a*

and b* were in the ranges of 72.73~83.68, −4.12~ −5.85 and

26.57~29.96, respectively. The lightness of pudding was the

highest at the contents of egg 50 g, sugar 12 g and the

D d1 d2× …× dn×( )

1

n
---
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n

∏
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<Table 2> Experimental combinations and data under various conditions of whole egg, sugar and their responses for physical properties of

soybean pudding

Sample 

number

Whole egg

(g)

Sugar

(g)

Responses

L* a* b*
Sweetness

(oBrix)

Hardness

(dyne/cm2)

Cohesiveness

(%)

Springiness

(%)

Gumminess

(g)

1 50 12 83.68 -4.76 27.45 13.57 31.85×104 74.21 57.14 18.55

2 90 12 77.24 -4.43 27.74 10.97 31.56×104 67.76 67.43 14.91

3 50 36 77.76 -5.85 26.57 21.37 28.03×104 66.83 50.00 15.37

4 90 36 72.73 -5.58 27.49 22.63 62.43×104 76.83 71.43 37.65

5 50 24 81.26 -5.26 26.92 17.93 27.03×104 57.36 43.29 12.62

6 90 24 76.40 -5.57 29.60 18.03 48.42×104 77.35 74.29 22.43

7 70 12 80.83 -4.97 28.37 12.50 39.79×104 52.10 69.23 18.03

8 70 36 79.06 -5.38 29.96 22.03 37.16×104 72.13 54.17 24.68

9 70 24 79.36 -5.13 26.63 21.60 33.13×104 55.15 46.43 14.34

10 70 24 77.72 -4.12 27.85 18.73 36.90×104 79.24 52.47 13.11
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redness and yellowness of that were the highest at egg 70 g,

sugar 24 g versus egg 70 g and sugar 36 g. The results of the

model significance, equations and coefficients of determination

of the model equations to examine effects of the independent

variables on pudding color were shown in <Table 3>. The

results indicated that the model for lightness was linear and

was highly adequate with the satisfactory levels of R2 (0.85)

and model significance (p<0.01), but redness and yellowness

results showed low coefficient of determination R2 and the

two models were not significant. The two models may not

truly represent the data; thus these models can be used for

trend analysis only. The response surface and perturbation

plots in <Figure 1> indicated significant decrease in L*

values with increasing amount of egg and sugar, because egg

<Table 3> Analysis of predicted model equation for the physical characteristics of soybean pudding

Response Model R2 1) F-value Prob>F Polynomial equation

L* Linear 0.8521 20.17 0.0012**2) −2.72A−2.03B+78.603)

a* Linear 0.4452 02.81 0.1272 0.048A−0.44B−5.10

b* Mean - - - -

Sweetness (oBrix) Linear 0.8673 22.88 0.0009*** −0.21A+4.83B+17.94

Hardness (dyne/cm2) 2FI4) 0.8854 15.45 0.0031** 92487.57A+40700.54B+86737.07AB+3.763

Cohesiveness (%) Mean - - - -

Springiness (%) Linear 0.6360 06.12 0.0291* 10.45A−3.04B+58.59

Gumminess (g) Quadratic 0.9783 36.15 0.0020** 4.74A+4.37B+6.48AB+1.78A2+5.61B2+14.74

1)0≤R2≤1, close to 1 means more significant
2)*p≤0.05, ** p≤0.01, ***p≤0.001
3)A: whole egg, B: Sugar 
4)2FI: Two Factor Interaction

<Figure 1> Response surface and perturbation plot for the effect of whole egg (A) , sugar (B) on color and sweetness of soybean pudding
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protein was denaturalized by heating and sugar was

caramelized. Redness of decaffeinated coffee pudding was

decreased and yellowness was increased with increasing egg

(Lee 2009). Soybean was thought to be more effective than

egg and sugar in redness and yellowness.

2) Sweetness

Maximum sweetness (22.63) was found to be at egg 90 g

and sugar 36 g, while minimum sweetness (10.97) was

recorded at egg 90 g and sugar 12 g <Table 2>. These

amounts of egg and sugar were significant factors (at 99.9%

confidence level) for sweetness but egg content had a linear

negative effect, while sugar content had a linear positive

effect on sweetness <Table 3>. Soybean pudding containing

a higher amount of egg had a low sweetness but higher

amount of sugar had a high sweetness <Figure 1>. It is

probably because of sugar content and similar result with the

sugar content was reported for pudding added with Bokbunja

(Yu et al. 2008). The results indicated that the model for

sweetness was linear and highly adequate with the

<Figure 2> Response surface and perturbation plot for the effect of whole egg (A) , sugar (B) on mechanical properties of soybean pudding
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satisfactory levels of R2 (0.87) and model significance (p<

0.001).

3) Texture

The effect of egg and sugar on the soybean pudding’s

properties of texture was given in <Table 2>. Hardness,

cohesiveness, springiness and gumminess ranged at 27.03×

104~62.43×104 (dyne/cm2), 52.10~79.24 (%), 43.30~74.29

(%) and 13.11~37.65 (g), respectively. Maximum hardness

and gumminess occurred with egg 90 g, sugar 36 g and

maximum cohesiveness and springiness were observed at

egg 70 g, sugar 24 g and egg 90 g, sugar 24 g respectively.

As shown in <Table 3>, hardness, springiness and gumminess

were significantly (p<0.01, p<0.05 and p<0.01 respectively)

affected by the variables but cohesiveness was not. The

results indicated that the model for hardness was 2FI and

highly adequate with satisfactory levels of R2 (0.89) and

model significance (p<0.01). It seems that interaction of

sugar and egg stimulated coagulation of pudding’ inner

texture and sugar as well as egg affected on hardness.

Hardness of decaffeinated coffee pudding (Lee 2009) had

increasing tendency at more than the extent as the amount of

egg increase. Springiness results showed the model was

linear and low coefficients of determination R2 (0.64) and

model significance (p<0.05). Gumminess was quadratic

model and highly adequate with satisfactory levels of R2

(0.98) and model significance (p<0.01). The positive

coefficient of the first order term of egg content in texture

indicated that the texture of soybean pudding was most

affected significantly by egg content. The response surface

and perturbation plots in <Figure 2> indicated a significant

increase in hardness with increasing the amount of egg and

sugar. Soybean puddings containing higher amount of egg

had higher springiness but higher amount of sugar had lower

springiness <Figure 2>. The response surface and perturbation

plots in <Figure 2> indicated significant increase in

gumminess with increasing amount of egg and decreasing

tendency was observed to a certain extent but increasing

tendency was observed at more than the extent as the amount

of sugar increased <Figure 2>.

4) Sensory characteristics

Results under various conditions of soybean milk, egg,

sugar and responses for sensory properties of ten soybean

puddings are shown in <Table 4>. The values of color,

appearance, flavor, texture and overall quality were in the

<Table 4> Experimental combinations and data under various conditions of whole egg, sugar and their responses for sensory properties of

soybean pudding 

Sample

number

Whole egg

(g)

Sugar

(g)

Response

Color Appearance Flavor Texture Taste Overall quality

1 50 12 5.0 4.6 4.3 4.9 3.8 4.8

2 90 12 3.4 2.2 2.5 1.5 2.8 2.1

3 50 36 5.0 3.9 5.1 5.0 4.3 5.1

4 90 36 3.3 3.4 2.8 2.5 3.3 3.5

5 50 24 5.4 4.6 4.3 4.8 4.0 4.3

6 90 24 3.5 2.7 3.3 3.3 3.5 3.9

7 70 12 4.1 4.0 2.8 3.4 3.1 3.4

8 70 36 3.9 4.4 2.8 4.0 3.6 3.7

9 70 24 3.6 4.5 3.9 3.6 3.9 4.1

10 70 24 3.5 5.0 4.0 3.9 4.1 4.5

<Table 5> Analysis of predicted model equation for the sensory quality characteristics of soybean pudding

Response Model R2 1) F-value Prob>F Polynomial equation 

Color Linear 0.8310 17.21 0.0020**2) −0.87A−0.050B+4.073)

Appearance Quadratic 0.9589 18.67 0.0071** −0.80A+0.15B+0.48AB−0.86A2−0.31B2+4.63

Flavor Linear 0.6775 07.35 0.0190* −0.85A+0.18B+3.58

Texture Linear 0.8728 24.01 0.0007*** −1.23A+0.28B+3.69

Taste Linear 0.7069 08.44 0.0136* −0.42A+0.25B+3.64

Overall quality Linear 0.6706 07.13 0.0205* −0.78A+0.33B+3.94

1)0≤R2≤1, close to 1 means more significant
2)*p≤0.05, **p≤0.01, ***p≤0.001
3) A: whole egg, B: Sugar 
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ranges of 3.3~5.4, 2.2~5.0, 2.5~5.1, 1.5~5.0, 2.8~4.3 and

2.1~5.1 respectively <Table 4>. The results of the model

significance, equations and coefficients of determination of

the model equations to examine effects of the independent

variables on sensory characteristics were shown in <Table

5>. The results indicated that the models for color, flavor,

texture, taste, and overall quality in the six sensory

characteristics were linear and highly adequate with

satisfactory levels of R2 (0.83, 0.68, 0.87, 0.71, and 0.67

respectively) and model significance (p<0.01, p<0.05,

p<0.001, p<0.05 and p<0.05 respectively). And appearance

of sensory characteristics was quadratic model and highly

adequate with satisfactory levels of R2 (0.96) and model

significance (p<0.01). The negative coefficient of the first

order term of egg content indicated that all of sensory

characteristics of soybean pudding decreased as the content

of egg increased and egg content was significant factor for

all sensory properties <Table 5>. Perturbation plots for all

sensory characteristics indicated preference decrease with

increasing amount of egg but the change of sensory

evaluation value was not distinct when the sugar content

increased <Figure 3>.

<Figure 3> Response surface and perturbation plot for the effect of whole Egg (A) , sugar (B) on sensory properties (appearance and flavor) of

soybean pudding
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5) Optimization

Numeric and graphic optimizations were carried out for

the optimum amounts of whole egg and sugar of soybean

pudding. The desired goals for each variable and response

were chosen. The limit for each variable was narrowed down

to obtain an optimal region. Each goal limit was chosen to be

in the range, and maximized based on the sensory preference

of soybean puddings. The optimal point with highest

desirability was derived from point prediction and the

predicted optimal values were 50.00 g of whole egg and

31.66 g of sugar. The software generated two optimum

conditions of independent variables namely whole egg and

sugar with the predicted values of responses, in the range of

whole egg=50.00 g and sugar=31.66 g for achieving the

highest values of L*=80.03, a*= −5.44, b*=27.86, sweetness

=21.23 (Brix), hardness=25.45×104 (dyne/cm2), cohesiveness

=67.90 (%), springiness=46.20 (%), gumminess=12.71 (g),

color preference=4.90, appearance preference=4.24, flavor

preference=4.55, texture preference=5.10, taste preference=

4.22, overall quality=4.94. From the set of constraints and

outputs, contour plots of relevant and statistically significant

responses were generated, and the overlaying of those plots

in displayed in <Figure 5>.

<Figure 4> Response surface and perturbation plot for the effect of whole egg (A) , sugar (B) on sensory properties (texture, taste and overall

quality ) of soybean pudding
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IV. Summary and Conclusion

RSM was successfully applied to optimize the soybean

pudding. The study showed that both whole egg and sugar

content were important factors to affect the physicochemical

properties and sensory properties of soybean puddings. Most

polynomial models developed by RSM were highly effective

to describe the relationships between the studied factors and

the responses. This method provides a simple and straight-

forward optimization analysis for pudding, and the results

would help to develop a new value-added functional food

containing soybean, which is readily available and an

inexpensive source of protein and rich in various

physiological active materials besides of antioxidant and

anticancer function. The results of soybean application can

be easily implemented to estimate the physicochemical

properties when the process parameters are known.

Nevertheless, further research is needed on RSM

optimization with other factors including baking time,

temperature and soybean content.
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