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Abstract

The purpose of this study was to investigate the antioxidative effects of Opuntia humifusa powder and determine the optimal composite
recipe by three different amounts of Opuntia humifusa powder, sugar and butter in cookies prepared with Opuntia humifusa powder. In
regard to its antioxidant effects, Opuntia humifusa powder had a total phenolic content and DPPH free radical scavenging activity of
6.6410.54 mg/g and 90.12+0.42 %, respectively. response surface methodology was used to obtain sixteen experimental points(including
three replicates for Opuntia humifusa powder, sugar and butter) and Opuntia humifusa cookie formulation was optimized using rheology.
The results of the sensory evaluation produced very significant values for color (p(0.05), flavor (p(0.05), texture (p<0.05), sweetness
(p€0.05), appearance (p(0.05), overall quality (p<0.05), and the results of instrumental analysis showed significant values in sweetness
(p€0.001), hardness (p<0.001), lightness (p¢0.001), redness (p<0.001), yellowness (p¢0.01). As a results, the optimum formulations obtained
by numerical and graphical methods were found to be 3.11 g of Opuntia humifisa powder, 35.00 g of sugar and 50.54 g of butter,
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Table 1, Experimental design for cookies prepared with Opuntia humifusa powder

Variable Level Ingredient
Factors
Sample No. - - )
Opuntia humifusa Whole wheat flou r(g) Baking powder (g) Whole egg (g)
Sugar (g) Butter (g)
powder(g)
1 1.00 15.00 40.00 190 24 60
2 5.00 15.00 40.00 190 24 60
3 1.00 35.00 40.00 190 24 60
4 5.00 35.00 40.00 190 24 60
5 1.00 15.00 60.00 190 24 60
6 5.00 15.00 60.00 190 24 60
7 1.00 35.00 60.00 190 24 60
8 5.00 35.00 60.00 190 24 60
9 1.00 25.00 30.00 190 24 60
10 5.00 25.00 50.00 190 24 60
11 3.00 15.00 50.00 190 24 60
12 3.00 35.00 50.00 190 24 60
13 3.00 25.00 40.00 190 24 60
14 3.00 25.00 60.00 190 24 60
15 3.00 25.00 50.00 190 24 60
16 3.00 25.00 350.00 190 24 60
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Composition Content
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Table 3. Physical and mechanical characteristics of cookies prepared with Opuntia humifusa powder
Opuntia Responses
Sample No. humifusa Sugar (g) Butter (g)
powder (g) L a b Hardness Sweetness
1 1.00 15.00 40.00 51.04 292 39.39 1276.73 2.80
2 5.00 15,00 40,00 39.59 0.12 11.31 1309.50 440
3 1.00 35.00 40.00 50.70 1.70 39.62 1431.90 17.90
4 5.00 35.00 40.00 32.96 -0.35 19.72 1839.43 22,10
5 1.00 15.00 60.00 51.60 2.00 39.98 570.57 10.30
6 5.00 15.00 60.00 33.74 -0.54 19.79 660.20 2.80
7 1.00 35.00 60.00 54.37 3.70 31.08 583.00 2450
8 5.00 35.00 60.00 31.56 -0.18 12,48 598.83 24.80
9 1.00 25.00 50.00 51.56 215 21.36 894.80 13.50
10 5.00 25.00 50.00 36.45 0.31 10.73 861.73 19.80
11 3.00 15.00 50.00 4131 0.76 29.61 806.17 0.40
12 3.00 35.00 50.00 4352 0.41 21.13 887.80 20.20
13 3.00 25.00 40.00 48.03 0.22 2413 1214.27 11.70
14 3.00 25.00 60.00 4971 0.55 23.860 439.87 3.70
15 3.00 25.00 50.00 40.74 0.05 2583 880.57 15.10
16 3.00 25.00 50.00 45.53 1.39 21.39 858.63 14,20

Table 4, Analysis of predicted model equation for the physical and mechanical characteristics of cookies prepared with Opuntia

humifusa powder

Responses Model R—Squared” F—valuez) Prob ) F Polynomial equation
L Linear 0.8573 24 04% 0.0001 +43.90-8.50A-0.42B-0.13C
a Linear 0.7556 12,374 0.0006 +0.95-1.31A+2,000E-003B+0.092C
b Linear 0.7278 10.69* 0.0010 +24.47-9.74A-1.60B-0.70C
Hardness Linear 0.8756 28.15%* 0.0001 +048,75+51 .87A+65.18B-421.34C
Sweetness Linear 0.7815 14 30%* 0.0003 +13.01+0.49A+8.88B+0.72C
At Opuntia humifusa powder, Bt Sugar, C: Butter
Y 0¢R2(1, close to 1 means more significant
P (0,05, **p¢0.01, **p¢0.001
0.40~24.809] M9E UEPHTH(Table 3). 7k 89150 E32  (Table 6). Ao #5H A /Mg 2 9T F= 830>
o8 Zgdle  linear Rdlo] dEElon,  pvalues Adx &7] Bdoln 7t SMEFE o= AuAe
0.0003(p<0.00D) & +2]#Ql AFE YehlAth(Table 4). 27 =2 AFE YA 372 g oeldE o A9E o
o gl FABEE oo Gk S AL B 5 A Talglow, W AR Wiwel kgl Het Ae

AT (Figure 1).
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Figure 1, Perturbation plot and response surface for the effect of Opuntia humifusa powder(A), sugar(B) and butter(C)
on physical and mechanical characteristics of cookies prepared with Opuntia humifusa powder,
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Table 5, Sensory evaluation of cookies prepared with Opuntia humifusa powder
Opuntia humifusa Responses
Sample No, Sugar (g) Butter g) Overall
powder (g) Color Flavor Texture Sweetness  Appearance quality
1 1.00 15.00 40.00 333 3.60 2,50 3.05 2,00 2,50
2 5.00 15.00 40.00 4.00 2,50 250 385 2,50 250
3 1.00 35.00 40.00 4.83 4.60 250 5.17 250 3.00
4 5.00 35.00 40.00 4.33 3.00 3.00 3.80 3.00 3.33
5 1.00 15.00 60.00 3.00 410 3.00 217 4,00 2,50
6 5.00 15.00 60.00 5.00 250 4.00 280 3.30 3.50
7 1.00 35.00 60.00 3.83 4,00 317 4.00 4.30 400
8 5.00 35.00 60.00 5.33 3.00 4.65 4.65 3.65 450
9 1.00 25.00 50.00 4.00 4,00 4.00 450 4,00 4,50
10 5.00 25.00 50.00 5.33 3.00 4.85 450 3.00 4.17
11 3.00 15.00 50.00 483 533 4.65 4.00 5.50 450
12 3.00 35.00 50.00 5.00 5.10 5.00 5.65 5.17 5.50
13 3.00 25.00 40.00 4.07 385 2.67 5.17 3.50 3.00
14 3.00 25.00 60.00 5.00 415 333 385 415 3.50
15 3.00 25.00 50.00 5.83 5.50 6.20 6.20 6.00 6.20
16 3.00 25.00 50.00 6.33 6.20 6.20 6.20 0.50 6.20

Table 6. Analysis of predicted model equation for the sensory characteristics of cookies prepared with Opuntia humifusa powder

Responses Model R—squared” F-value? Prob ) F Polynomial equation
. +5.54+0.50A+0.32B+0,10C-0.21AB+0.42AC-0.084BC-0.6
Color Quadratic 0.8761 472 0.0363 5 s
1A°-0.36B™-0.44
. +5.19-0.63A+0.17B+0.020C+0.012AB+0.012AC-0.14BC-1
Flavor Quadratic 0.8751 467 0.0372 ,7 s :
36A°+0.36B™-0.86C
+5.29+0.38A+0.17B+0.50C+0.12AB+0.25AC+0.040BC-0.
Texture Quadratic 0.8690 442 0.0422 ) , ,7
40A°-3,276E-003B°-1.83C"
+5.56+0.011A+0.68B-0.42C-0.19AB+0.31AC+0.28BC-0.7
Sweetness Quadratic 0.8925 5.53 0.0249 5 ) 5
4A°-0.41B™-0.73C
. +5.42-0,13A+0.13B+0.59C+6.250E-003AB-0.29AC-0.044
Appearance Quadratic 0.8683 4.39 0.0427 5 N 7
BC-1.51A"+0.32B™-1.19C"
p . +5.30+0.15A+0.48B+0.37C-0.021AB+0.15AC+0.15BC-0.6
Overall Quadratic 0.8693 444 0.0418 , L
quality 1A™+0.059B™-1.69C

A:
1) 0(R2(1, close to 1 means more significant
2) *p{0.05, **p¢0.01, **p(0.001

Opuntia humifusa powder, B: Sugar, C: Butter,

Aode o7 wutel e 7|swrt Fashe

Aegat WEw FJ7kgFo] F71%tel wet o
ZrVelthrt e 33.46 g, HE] 46,94 g oA
.[T/\]-‘g} A3}E K JcHFigure 2),

5) &

p-valuex
e
g oM E F&

skl 2-g-5A]

(appearance)

0.0427(p<0.05)2 Hdx 7] &do 7ol
AEMAE w2 AFE YEhlSIAR 287

g Ax Regor, 4 ol

o= A (Figure 205 YERAATEH

L.

6) A&l 7|5 Z(overall quality)

Adx 7] B

p-values= 0.0418(p(0.05)°] 1L, ]
Sholl whet ARkARl 7|swrt STlsith iz &7]
330 g oldHE ot TAade ARt FAT 7
Holz] go} Hdx £7] £¢ Hr/i= wehEgs v
I‘/}(Flgure 2).

I~

B

B M ol
3@ N

4, MAX 20| 22 AU 7|9 #sA zXE
Adx &7 225 kg #7019 HHskE 98 HAdx
7] g3 A9 v 9 A2z HES canonical B3 9

Korean J. Food Cookery Sci. Vol 29, No. 1(2013)



8 a=nl- Uiz Fupl

Perturbation
B: =2 _Eé
g 4 !
Color
Perturbation
B
18
i
.:E 1§ c
A
Flavor
Perturbation
B . .:
i . ¥ i
c
Texture
Perturbation

. L] =
2 L - -
. B S T b Ot b e - — =
- - - - 5 i © Buer - B Suger
Sweetness
Perturbation
B
]
i H
i i 3 i
A o |
A i
e . .
LR " LT e—
Appearance
Perturbation
a
e
-
a A
f .1 § g
g " .
g o .
¢ -
B g nw L e et pestes

Overall quality
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Figure 3. Perturbation plot and response surface for
optimization mixture on desirability of cookies
prepared with Qpuntia humifusa powder,
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Figure 4, Overlay plot for common area for the optimization
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