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Abstract

This study was conducted to develop an optimal composite recipe for a cookie including yam powder that would
be attractive to all age groups. Wheat flour was partially substituted by yam powder to reduce the content of
wheat flour. This study has produced the sensory optimal composite recipe by making cookies, respectively with
each 5 level of yam powder (X)), sugan(X;), butter(X3), by C.C.D (Central Composite Design) and conducting
sensory evaluation and instrumental analysis by means of RSM (Response Surface Methodology). Sensory items
showed very significant values in color, softness, overall quality (p<0.01), flavor (p<0.05) and those of instrumental
analysis showed significant values in lightness, redness (p<0.05), spread ratio, hardness (p<0.01). Also sensory
optimal ratio of yam cookie was calculated at yam powder 37.35 g, sugar 50.75 g, butter 78.40 g and it was
revealed that the factors of influencing yam cookie aptitude were in order of yam powder, butter, sugar.
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Table 1. Normal composition and increment of Yam cookie

Ingredients Content BP' (%) TP (%)
Yam powder 4000 g 36.36 1242
Wheat flour 11000 g 100.00 34.16
Sugar 60.00 ¢ 54.55 18.63
Butter 80.00 g 7273 24.85
Egg(whole) 30.00 mL 2127 9.32
Baking powder 1.00 g 091 031
Salt 100 g 091 031
Total 322,00 292.73 100.00
UBJP: Baker's Percent.
/P: True Percent.
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Table 2. Variable and their levels for central composite design of
Yam cookie

i Coded-variables
Variable Symbol  Increment(g) S 1 o 0 )
Yam powder(g)  Xu +15.00 00 25 40 5
Sugar(g) X2 +15.00 30 45 60 75 %N
Butter(g) X +15.00 50 6 8 9 110
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Table 3. Experimental combinations and data under various
conditions of yam powder (X;), sugar (X;), butter (X3) and their
responses for physical properties of Yam cookie

No.! Variable level” Responses”

X XX X Y: Y, Y; Y, Ys
125 45 65 6905 687 3154 349 2976437
225 45 95 6888 599 3102 367 1667430
303 7 65 6125 668 3084 38 3187999
4 25 75 9 6535 646 2961 397 2557000
5 55 4 65 6214 731 3003 360 3335128
6 55 45 9 6333 65 2966 387 1610838
7055 75 65 6L 878 318 372 2897366
8 55 75 95 6288 869 3L04 396 2623675
9 40 60 8 6359 691 3013 372 2492109
10 40 60 8 6439 736 2926 369 2645484
1110 60 80 7402 443 2965 358 1794717
1270 60 80 5583 1016 3222 379 2331066
1340 30 80 6780 636 309 356 1816182
14 40 9 80 635 934 3174 389 3706342
15 40 60 50 6116 775 3148 348 4356173
16 40 60 110 6362 621 2949 405 1962173

l)Sample No
design.

3Xl Yam powder (10g-70 g), Xx Sugar (30g-90 g), X5 Butter (50g-110 g).

W L (lightness), Ya: a (redness), Ys: b (yellowness), Y4 Spread Ratio, Ys: Hardness.

: The number of experimental conditions by central composite

M (Color Value)
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Table 4. Polynomial equations for physical properties calculated by RSM program for mixing of Yam cookie

Responses Polynomial equation” R” P-value”

v Y1=82.519306-0.667806X,-0.311556X,+0.257306X: +0.001039K,” 09206 00109"
! +0.002378X,X,+0.001872X;"+0.002556XX,-0.000878X:X; -0.001778X; ' '

v Y,=13.925694-0.06644X,-0.186778X,-0.043139X:+0.000178X,* 09059 o017y
2 +0.001844X,X,+0.000794X,"+0.000144XX, +0.000733X:X, -0.000172X5 ' :

v Y;=49.883403-0.092778X,-0.071750X,-0.143056X5+0.001378K,” 08254 00879
3 +0.002956 XX, +0.001806X,"+0.000311X5X;-0.000644X X, +0.000878X; : :

v Y2, 54444+0.009444X, £0.019833X-0.004000X-0.000022222X ) 0940 00045
¢ -0.000267X:X, +0.0000222222X,"+0.000133X;X,-0.000066667X:X, +0.000066667X : :

. 2 *%

Y, Y=12849+69.876396X,-83.841138X,-211.033876X-0.5621 17X, 09475 000M

-0.292254%;X 1+0.213851X,"-0.032208X:X  +1. 182559 XX +0.656286X:”

1"X)l: Yam powder (g), X Sugar (g), Xu Butter (g), Yi: L (lightmess), Yo a (redness), Yy b (yellowness), Yy Spread Ratio, Ys: Hardness.
2’3‘ is coqiiﬁcient of determination.
¥p<0.05, “p<0.01.
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Fig. 1. Response surface for lightness of Yam cookie.
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Fig. 2. Response surface for redness of Yam cookie.
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Fig. 3. Response surface for spread ratio of Yam cookie.
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Fig. 4. Response surface for hardness of Yam cookie.
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Table 5. Predicted level of optimum preparation conditions for
maximized physical properties of Yam cookie by ridge analysis
and superimposing of their response surfaces

Preparation Responses
condition Y, Y, Y; Y, Y;
Yam powder 13.56 6146 59.38 49.43 40.29
Sugar 4598 80.96 81.79 65.20 61.39
Butter 77.96 79.58 7295 107.99 71.36
Morphology SP. SP. SP. SP. SP.
SP. : Saddle point.

Yi: L (lightness) Ya: a (redness) Ya: b (vellowness) Yy:Spread Ratio Ys: Hardness.
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Table 6. Experimental combinations and data under various
conditions of yam powder(Xi), sugar(Xz), butter(Xs) and their
responses for sensory properties of Yam cookie

No.! Variable level Responses
X X X Y, Y, Ys Y. Ys
125 45 65 433 350 466 400 450
22 45 09% 566 316 483 483 400
325 75 65 500 55 500 416 416
4 25 75 9% 550 383 383 366 483
5 5 45 65 416 500 350 466 400
6 35 45 9% 383 400 450 450 366
7585 15 65 350 400 366 416 433
8 5 75 9% 316 333 416 350 433
9 40 60 8 533 533 566 550 633
10 40 60 80 583 58 600 58 583
I 10 6 80 416 400 450 383 333
2 70 6 80 266 250 450 366 316
13 40 30 80 383 333 450 466 450
4 40 90 8 400 450 383 416 416
15 40 60 5 416 383 400 350 316

16 40 60 110 450 416 266 383 400

b, Sample No : The number of experimental conditions by central composite design.
X;: Yam powder (g), X» Sugar (g), Xs: Butter (g).
Yi: Color, Yy Appearance, Ys Flavor, Ys: Softness, Ys: Overall quality.
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Table 7. Polynomial equations for sensory properties calculated by RSM program for mixing of Yam cookie

Responses Polynomial equation” R? P-value”

Y, Y1=-21.942569+0.328500X,+0.298222X, +0.313444X,-0.002411X,* 09323 0.0069™
-0.001022%,X; -0001850X™-0.001389X:X,-0.000467X3X>-0.001389X

Y; Y,=-23.799722+0.325583X 1 +0.376806X,+0.294972X;-0.002589X 0.7984 0.1249
-0.002411X:X; -0.001850X,™+0.000189X:X,-0.000556X:X, -0.001761X:

Ys Y3=-19.200486-0.019306X,+0.284028X,+0.441139X3-0.001478X 08677 0.0432"
+0.000267X:X; -0.001850X,7+0.001389X:X,-0.001022X:X, -0.002778X

Y, Y4=-23.812917+0.237403X,+0.244931X,+0.442819-0.002133X, 09258 0.0000"

-0.000272%:X; -0.001394X,"-0.000639X:X,-0.001017X:X, -0.002222X;”
Y;s Y5=-20.433194+0.251375X,+0.158264X,+0.41 1736 X,-0.003 150X 0.9286 0.0080"
+0.000283%:X; -0.001944X,7-0.000283X:X+0.000839X:X; -0.002778X,>

"% Yam powder (g), Xy Sugar (g), Xs Butter (g), Y;: Color, Yo Appearance, Ys: Flavor, Ys: Softness, Ys: Overall quality.

)B is coeifﬁcient of determination.
¥p<0.05, "p<0.01.
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Table 8. Predicted level of optimum preparation conditions for
maximized sensory properties of Yam cookie by ridge analysis
and superimposing of their response surfaces

Preparation Responises
condition Y, Y, Y Y, Ys
Yam powder 2990 33.60 3513 39.98 38.99
Sugar 61.29 68.72 5187 42 61.08
Butter 8759 74.70 71.54 8149 8135
Morphology Max. Max. Max. Max. Max.
Max. :Maximum

Yi: Color, Yo Appearance, Ya: Flavor, Yy Softness, Ys: Overall quality.
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Fig. 5. Response surface for color of Yam cookie.
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Fig. 6. Response surface for flavor of Yam cookie.
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Fig, 7. Response surface for softness of Yam cookie.
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Fig. 8. Response surface for overall quality of Yam cookie.
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Fig. 9. Sensory optimization of Yam cookie,
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