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Optimization of Mixing Condition of Cabbage Cream Soup
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Abstract

The principal objective of this study was to determine the optimal mixing condition of two different amounts of cabbage
and rice flour for the preparation of a cabbage cream soup. The experimental design was based on the central composite
design methodology of response surface, which included 10 experimental points, including two replicates for the cabbage
and rice flour. Physiochemical and sensory properties were measured, and these values were applied to the mathematical
models. A canonical form and perturbation plot showed the influence of each ingredient on the mixed final product. Water
content and pH values increased with increasing quantities of rice flour. Neither cabbage or rice flour affected the L and a
values, but the b value increased with greater quantity of both ingredients. Viscosity increased with increasing added
cabbage. Sensory evaluation results were significant in the predicted model for flavor (p<0.05), concentration (p<0.01) and
overall quality (p<0.01). As a result, the optimum formulations by numerical and graphical methods were calculated as

111.79 g cabbage and 8.99 g rice flour.
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<Table 1> Experimental design for cabbage cream soup (unit: g)
F .
Sl actor Flour Stock  Fresh cream  Butter Onion Celery Salt Wi
No. Cabbage  Rice flour pepper
1 50 5 15
2 170 5 15
3 50 15 5
4 170 15 5
5 50 10 10
6 170 10 10 500 30 15 30 5 0.5 0.5
7 110 5 15
8 110 15 5
9 110 10 10
10 110 10 10
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<Table 2> Physical and mechanical properties of cabbage cream soup

Sample Cabbage (g) Rice Flour (g) Responses

No. S & ™ Moisture pH Lightness Redness Yellowness ~ Viscocity (cp)
1 50 5 88.15 6.09 101.47 -5.11 11.92 144.00
2 170 5 88.34 5.96 101.70 -5.41 15.20 343.57
3 50 15 86.85 6.12 107.04 -5.23 14.24 115.57
4 170 15 88.71 6.07 109.08 -6.17 16.37 310.20
5 50 10 90.14 6.20 111.41 -5.28 15.49 82.23
6 170 10 88.77 6.00 106.21 -5.24 15.46 315.10
7 110 5 89.94 6.07 104.70 -5.71 16.08 103.57
8 110 15 89.38 6.04 104.56 -5.67 14.84 140.90
9 110 10 89.68 5.99 106.36 -5.21 16.52 129.33
10 110 10 89.76 6.00 104.60 -5.92 16.67 145.33




Perturbation
A L]
[ A |
| i
! !

B Rice Fiowr e A Cabbage

Cabbage(A )x Rice Flour{(B)

Water Content

v
] 2
i >
- ™ A 5
! - 3F
B
Cabbage(A )x Rice Flour(B)
Color L value
Perturbation
. _——— A
8
*
L] i
i | § o
. ’
(4]
§

Cabbage(A )x Rice Flour(B)

Color b value

Perturbation

B Rice Flowr

Cabbage(A )x Rice Flour(B)

pH
Perturbation )
i " . | 1 1 | : -
B . [ | fod
~— g
3 g _,{’; - §
™ B Rice Flour ~ " A Catbage
Cabbage(A )x Rice Flour(B)
Color a value
_Perturbation
i ]
3 g
| ]

Cabbage(A )x Rice Flour(B)

Viscosity

<Figure 1> Perturbation plot and response surface for the effect of cabbage (A), and rice flour (B) on physical and mechanical properties of

cabbage cream soup
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<Table 3> Analysis of predicted model equation for the physical and mechanical properties of cabbage cream soup

Responses Mean+SD Model R-squared  F-value IE;Z?}:E Polynomial equation
pH 6.05+0.05 Linear 0.5617 4.48 0.055 +6.05-0.063A+0.018B
Water Content  80.97+18.83 2FI 0.6377 3.52 0.088 +80.97-13.22A+13.08B+20.42AB
L 105.71+2.81 Linear 0.3429 1.83 0.229 +105.71-0.49A+2.14B
a -5.50+0.33 Linear  0.2645 1.62 0.264 -5.50-0.20A-0.14B
b 15.28+1.17 Quadratic  0.6947 1.82 0.290 +16.57+0.90A+0.38B-0.29AB-1.07A%1.08B?
Viscocity 182.98428.51  Quadratic  0.9631 20.86 0.0058*  +124.54+104.51A-4.08B-1.23AB+86.91A%+10.48B*
A Cabbage B: Rice Flour
4p<0.05
AR Z4ZFe] PEEE 0,1416, 0,0246, 0,0155, 0,0686, S o] ZrVsit 4 oF ol ArshE Zs =) 3

0.00730.2 VR } Wk 3 &F AZs A, Aubzel
712=7F o 5%olWolA frolide Hol HHle) A9t
Ao o]xqgmoq. /\ﬂ uke. ©olzo] AE Vel A o
St fole mal g, A%E Aw, ANkl 7| 5wo|
Tk 2]9149] R2 4= 0.9219, 0.9385, 0.95820.% o] &
dofl gk Aol A dehen Zhzhel 394
(Table 5)°f LERH AT,
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w9 FL AL ANRIL ZUNSE V| S5 AAE] I
43He Aoz yeRtoL), vhdo| ofujr) Zrles
£9] 7|3l Z)sltrt A oAt A= 7hAskaTh
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4t S Bl o) RS AP AT
W RS 11176 g o H7HHA 715 %0} HolA A%
Sl ofelgol 918 4 Tk A% wolze

ZA3}= Canonical &9 £x A3} (numerical
optimization)®} X2 %A 3} (graphical optimization)
2 B9 13HE A PReL BT ke AP
o}, okl A"zl HH AlxxdE E&5h] 8
4 B0 FelFom vehd 7t g2 2= AA5ko]
mdsto] o AAE wEEAE o]8sto] whEshe A
(numerical point)2 X 2341‘]@(9]— A 2A3}(Figure

HE Bl AASIAL 7P =2 desirabilitys YERH 2 ZF
& Adeste] 214 °1]:(p01nt prediction)& &3 =5}

o o SH AL FulE 111,76 g, BV 8,99 g
o]t

<Table 4> Sensory evaluation of cabbage cream soup

Sample . Responses
Cabb Rice FI
No. abbage (g) ce Flour () Color Flavor Thickness Taste Overall quality
1 50 5 3.83 3.88 3.88 3.88 4.00
2 170 5 3.94 3.50 5.00 3.25 3.50
3 50 15 4.01 4.00 3.50 3.50 3.50
4 170 15 4.17 3.63 4.38 3.63 3.00
5 50 10 3.90 4.50 3.25 3.25 3.50
6 170 10 4.20 3.75 4.88 3.63 3.63
7 110 5 3.98 4.75 5.38 5.63 5.25
8 110 15 4.26 4.88 4.63 4.25 4.88
9 110 10 4.12 6.13 5.50 5.63 5.50
10 110 10 4.83 5.38 5.50 5.13 5.88
<Table 5> Analysis of predicted model equation for the sensory properties of cabbage cream soup
P-value . .
Responses Mean+SD Model ~ R-squared  F-value ProbsF Polynomial equation
Flavor 4.44+0.36 Quadratic 0.9219 9.44 0.0246* +5.59-0.25A+0.063B+2.50AB-1.31-0.62A’B?
Thickness 4.5940.31 Quadratic  0.9385 12.22 0.0155* +5.32+0.61A-0.29B-0.060AB-1.08A%-0.14B?
Overall quality =~ 4.26£0.31  Quadratic ~ 0.9582 18.33 0.0073**  +5.53-0.15A-0.23B+0.000AB-1.81A%-0.31B*

A Cabbage, B: Rice Flour
*p<0.05, ¥p<0.01
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<Figure 2> Perturbation plot and response surface for the effect of cabbage (A), rice flour (B) on sensory properties (flavor, thickness, overall
quality) of cabbage cream soup
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<Figure 3> Overlay plot for optimization mixture on desirability of
cabbage cream soup
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