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Optimization of Iced Cookie with the Addition of Dried Sweet Pumpkin Powder

Sun Mee Lee, Young Joo Ko, Hyeon A Jung*, Jae Eun Paik*, and Na Mi Joo

Department of Food & Nutrition, Sookmyung Women'’s University
Department of Food & Nutrition, Bucheon College*

(Received July 19, 2005)

Abstract

This study was conducted to develop a functional cookie with the addition of a sweet pumpkin powder on a cookie shape,
that showed high preference level to all age group and that was very easily to store because of low moisture content, by
substituting partially a sweet pumpkin powder for reducing content of wheat flour.

This study has produced the sensory optimal composite recipe by making iced cookies, respectively, with each 5 level of
Sweet pumpkin powder(X;), sugar(Xy), butter(Xs), by C.C.D{Central Composite Design) and conducting sensory eveluation
and instrumental analysis by means of RSM(Response Surface Methodology).

Sensory items showed very significant values in color, appearance, flavor, overall quality(p<0.05),texture(p<0.01),and
instrumental analysis showed significant values in lightness, redness(p<0.01), yellowness, spread ratio, hardness(p<0.05).
Also sensory optimal ratio of Sweet pumpkin cookie was calculated as sweet pumpkin powder 81.8g, sugar 116.6g, butter
210.7g, and it was revealed that the factors of influencing cookie aptitude were in order of Sweet pumpkin powder, butter,

sugatr.

Key Words : Sweet pumpkin cookie, sugar, butter, Optimization, RSM(Response Surface Methodology).
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<Table 1> Normal composition and increment of Sweet
pumpkin cookie formula

Ingredient ~ Weight(g) B/PP(@6) T/PP©6) Increment(g)

Swegg%‘;‘fkm 900 429 138 +30

Wheat flour 210.0 100.0 317
Sugar 1200 571 181 +20
Butter 2100 1000 317 +30

Egg 300 143 45

Salt 3.0 14 05

Total 6630 3157 1000

D B/P: Bakar’s Percent.
2 T/P:True Percent.
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<Table 2> Variable and their levels for central composition
design of Sweet pumpkin cookie

Variabl Svmbol Coded-variables
arable  SymbOL LT 0 1 2
Sweet pumpkin
powder X1 30 60 9% 120 150
Sugar X, 80 100 120 140 160
Butter X3 150 180 210 240 270

3. tisulg ISt FI|MI=

GRS M1 F71= (Table 29 22 AB5o} HF
oz AACC method10—52«] 128 FEte] APAF TR o)
A 7 REA 08 ol IHEH(Creaming Method) 2.2 A
Z3ttt. F7] Az A" HEE BrE71(Model
K58SS, Kitchen Aid Co., Joseph, Michigan, U.S.A)°f ¥3
o R 1HF RERA % 4F, A9E 33 AA Wirol ¥
ofHA 4o 287t AFtE Wil 187 AEAlA 9 5}
Fom 115}5}“ o Surt 3xje o] 24 wAES £
7142 Fojul#](Scraping) ¥HE-S FU3 A2 “}—‘9&1‘3}
484 ﬂ%“’ﬂ Yrtzet d5urtRE 87 330 A Aol
e & 19e 2 102 5 7HEA Egsle] viEE Alzsta,
°|5 WE3to} 41T WAM(FRB4350-NT, Deawoo Co.,
Gumi, Kungbuk, Korea)ollAl 308 5 FAA1Fih, §E5o]
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oven(RSF 22, Rinnai Co., Incheon, Korea)ol|lA] 1387F +%4
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st FAket TsHALE ARSI

4. 714X HA

R A=

F719] Mw= Color difference meter(Colormeter CR—
200, Minolta CO., Japan)& A8l L(lightness),
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2272 Rheomether(Compac—100, Sun scientific CO.,
LTD., Japan)g ©]-8-3%tt. Rheomether?] 242 Max wt;
10kg, Distance; 50%, Table speed; 120mm/min, rupture;
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Z37 L(Texture Akl 715 %(Overall Quality)ol] it
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£ A8+ 34 package SAS(Statistical Analysis
Program, version 8194198 o|g3je} XAslolc}, Z4%
378" (Central Composite Desgn)'®of wizt A9 AA8Y
31 RSREG(Response Surface Regression Analysis)!719
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1. ZIAX AL

SSHZIRE MK F7lof dig) 71AE 2L B 2
¥}, Lightness= 57.22~72.97, Redness+ 4.21~13.83,
Yellowness+ 52.92~70.92, Spread Ratios= 4.40~5.83,
Hardness<= 337~2,25341019] 8 91& YEhH$IthTable 3).
d3u}k 27)9] 7|41 SYAAE (Table Dol ARBIE=T]
uihu) o] Hslof W Tyul 7719 7|AA FZol ozt 274
2 RAAAAP)Zol Llightness)= 0.9757, alredness)=
0.9467, blyellowness)i= 0.8707, Spread ratio= 0.8681,
Hardnesst= 0.86432.2 3|50l thgt A1=)7} vl d 94
FoeEe L 0.1%, agk2 0.5%°19 oA bgk, Spread
Ratio, Hardness= 5%°1HiollAl f-2)4d0] Q1= SrHTable 4).

1) M =(Color Value)

F712] H=(Color Value L) Pgto] 0.00042 0.1% &
ol A 593l o]A}3l 4l 23 R2gkE 0.97572 tl$- =
2 Ag=g veEY 7719 F=(Color Value L)E #4
FAg ke Fig. DollXek 2] Sweet pumpkin power X
Sugar, Sweet pumpkin power X Butterol A= ¢HEE
efdl e SugarXButterolAe= HdighE RoF, A4z
(Color Value a)& #4% A= Pgte] 0.00358 0.5% +&
ol A I3t 0]xk3] 4ol oJFk R2EE 0.94672 WS- &=
2 AF=g et B4 E4% ik Fig. D8
Sweet pumpkin power XSugar, Sweet pumpkin power X
Butter+= S YePJ 2o Sugar X Butterol A& 2digt
& vEiRit) B (Color Value b)olAlE PZke] 004072
5% sZo A FASHAL o]Ak3lF 4o 9%t R23E2 087072
£ AR=E el #5719 S (Color Value hE
BAF 2413 A3N= Sweet pumpkin powder X Sugar, Sugar
XButter= -2, Sweet pumpkin powder X Butter=
FHizhe vehliglen, Sz i3t g g3 95
H7b2sL 7P B9km 1 theo] HEo Qe 71 giFo] &
2 Zlo] Ao 2 vePiithFig. 3). ©d2H7IRe ol 57t
g dourEy|Y P st ANE 9 PAeE= F
7hle AoE vehd Zik= ggube] 33 carotenoids
A40] oz HAR|u, o= {93} 7] F209] dAFAMA
¥ A71she A= AHA| Q] Haof 5t Yol Mo Aolg
eplict= Aot 22 A vESItt
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<Table 3> Experimental combinations and data under various conditions of Sweet pumpkin powder(X,), sugar(X,), butter(X,) and

their responses
Sample Variable level Responses
No. p.€} X, X3 Lightness Redness Yellowness Spread ratio Hardness
1 60 100 180 64.77 8.66 58.98 5.63 987
2 60 100 240 65.19 8.73 60.81 5.83 451
3 60 140 180 63.51 9.05 59.87 5.10 764
4 60 140 240 65.89 7.68 61.74 5.81 460
5 120 100 180 58.57 12.81 62.44 440 876
6 120 100 240 58.89 12.49 64.94 496 503
7 120 140 180 57.35 11.93 63.93 4.81 1166
8 120 140 240 60.29 11.06 65.43 5.11 806
9 90 120 210 61.78 13.58 62.93 5.38 715
10 90 120 210 61.98 13.83 62.84 535 731
i1 30 120 210 72.97 4.21 52.92 5.13 798
12 150 120 210 57.22 13.39 70.92 4.47 852
13 90 80 210 59.73 11.58 61.93 4.93 337
14 90 160 210 60.93 10.42 62.73 5.12 929
15 20 120 150 59.89 11.99 59.84 4.48 2253
16 90 120 270 60.13 11.36 63.59 5.45 419
X : Sweet pumpkin powder(30g~150g)
X, : Sugar(80g~160g)
X3 : Butter(150g~270g)
<Table 4> Mechanical Characteristics Polynomial equations calculated by RSM program
Responses Polynomial equaton? R? P-value
Y = 65.999375-0.308833X, +0.024563X,+0.111542X3+0.000893X 2
Lightness +0.000154X,X,-0.000969X,2 +0.000063889X3X,+0.000954X3X - 0.9757 0.0004*+3
0.000273X52
Y,= -63.386875+0.351063X, +0. +0. -0. 2
 Redness ’ o.30503447>?ZX1g&lggixgzsfg%isgﬁ%oﬁg}%}iﬁ%&%i@xﬁ 0.9467 00035
Y3= +19.220000+0.142458X,+0.139125X,+0.188417X3-
Yellowness 0.000268X,2+0.000033333X,X;-0.000347X,? +0.000041667X3X; - 0.8707 0.0407+2
0.000200X3X,-0.000325X 32 :
Y= -1.046250-0.007229X;+0.020469X,+0.048771X5-
Spread Ratio 0.000157X12+0.000231X2X1—O,000213X22- 0.8681 0.0429*
0.000006944X5X;+0.000052083X3X,-0.000111X;2
Ys= -12528-26.735417X,-7 465625%,-
Hardness 89.897917X. +0‘028333X12+0.168125X2X1- 0.8659 0.0447*
0.056250X; +O.014861X3X1+0.051042X5X2+O.170278X32

D X;: Sweet pumpkin powder(g), X,: Sugar(g), Xa: Butter(g)

D *p<0.05,9 #p<0.005, P **p<0.001

Sweet pumpkin powder(X;) X Sugar(X;)  Sweet pumpkin powder(X;) X Butter(Xs)

searching for maximum L

W et
“ o
s

o ———

LY

o

Sugar(Xy) X Butter(Xs)

<Fig. 1> Response surface for lightness of sweet pumpkin cookie
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<Table 5> Sensory evaluation combination and data under various condition of Pumpkin powder(X), sugar(Xy), butter(X3) and

their responses
Sample Variable level Responses
No. X3 X2 X3 Color Appearance Flavor Texture Overall quality
1 60 100 180 5.3 5.3 5.3 5.2 5.5
2 60 100 240 5.1 48 5.5 47 5.8
3 60 140 180 49 4.0 4.6 4.0 5.1
4 60 140 240 5.2 53 48 5.2 47
5 120 100 180 45 48 38 4.5 45
6 120 100 240 48 43 42 4.3 43
7 120 140 180 4.6 4.0 42 35 40
8 120 140 240 5.3 48 49 5.0 37
9 90 120 210 6.0 5.8 6.2 63 6.3
10 90 120 210 5.9 5.7 6.3 6.0 6.1
11 30 - 120 210 35 3.9 3.8 4.7 38
12 150 120 210 2.7 4.0 42 42 33
13 90 80 210 42 37 43 3.8 4.2
14 90 160 210 47 43 45 45 43
15 90 120 150 33 3.0 35 25 3.5
16 90 120 270 5.5 4.0 43 4.0 38
searching for maximum a searching for maximum a
Sweet pumpkin powder(X;) X Sugar(Xy) Sweet pumpkin powder(X;) X Butter(Xs) Sugar(X,) X Butter(X3)
<Fig. 2> Response surface for redness of sweet pumpkin cookie
gearching for maxmum b searching for maximum b
Sweet pumpkin powder(X)) X Sugar(X;) Sweet pumpkin powder(X;) X Butter(Xs) Sugar(X;) X Butter(X3)
<Fig. 3> Response surface for yellowness of sweet pumpkin cookie
2) #7144 (Spread Ratio) : HE A AR = Folls o Fadhe B UE

F719) BWAol et BAATRE Palo] 0.04202 5% 4% AT
oA FstHL ol 3] HAle gt R¥GHE 0.86812 e
o1 Sweet pumpkin powder Sugar?] Aol A= FAHH o)
FE-E, Sweet pumpkin powder Butter, Sugar Butter] 27)9] Hardnessol gt Pgro] 0.04622 5% &olA
A ZdigkE UetdithFig. 4. B34 293 #go ¢ oJalda o|x3j Al 2J8t RZghol 0.86432F UpERLH,
ol T F7HHH HAAR F78lke Aol ey 4 712} Hardness®| thgh BAHEA Aike Sweet pumpkin

3) A= (Hardness)
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searching for maximum sf

saarching for maximum sf

Sweet pumpkin powder(X;) X Sugar(X,) Sweet pumpkin powder(X;) X Butter(X3)

searching for maxmum sf

.-.«s

@ w
w >

Sugar(X;) X Butter(Xz)

<Fig. 4> Response surface for spread ratio of sweet pumpkin cookie

<Table 6> Sensory Characteristics Polynomial equations calcutated by RSM program

Responses

Polynomial equaton?

R? P-value

Color

Y1= -25.943750+0.087708X+0.172813X,+0.158542X;5-0.000792X, %
+0.000792X,X1-0.000938X,2+0.000125X5X, +0.000188X3X,-0.000431X32

0.8676 0.043%*2

Y~ -26.493750+0.089375X,+0.117813X,+0.197708X -

Appearance

0.000500X;%+0.000104X,X;-0.001094X,2-

0.8752 0.0371*

0.000069444X;X +0.000646X5X,, -0.000625X 2

Y3= -36.162500+0.024792X,+0.217813X,+0.264375X 5-

Flavor 0.000625X,%+0.000521X,X;-0.001156X,%-

0.8999 00205*

0.000097222X5X;+0.000062500X3X,-0.000653X32

Y4= -32.662500+0.051667X,+0.145000X,+0.256250X 5-

Texture

0.000472X,2+0.000083333X,X1-0.001250X,-
0.000083333X5X,+0.000708X5X,-0.000806X 52

0.9599 0.0016"

Y5=-50.806250+0.122500X1+0.312500X2+0.322500X3-

Overall quality
0.000167X3X2-0.000708X32

0.000736X12+0.000083333X2X1-0.001219X22-0.000055556X3X 1-

0.8659 0.0447*

D X;: Sweet pumpkin powder(g), X,: Sugan(g), X3: butter(g)
2 *p<0.05,% **p<0.005

powder sugarojA+ i Sweet pumpkin powder
butterolis 2A7hE Uehion sugar buttero = 9
& vetdidien, zk a9l FoA viEY ol 93ke o
W A2 velgthFig. 5).

2. #sdM

SEH7IRE FUI% Folof sl 74 A= DA FHE
713t 23 s AL ML 97~6.0, YT 3.0~5.8, F
3.5~6.3, RAL 2.5~6.3, AutHel 713 == 3.3~6.3A0]
o] WS Lehf tHTable 5).

S3ur79] W FAAFEIE 39 B3 Zibs (Table
& oll AXSH =) el Wsle) wE gaeTy)o) e
2 digt AL RAEAAMT] M 0.8676, AT
0.8752, 3 0.8999, 27 0.9599, A¥tdel 713 00,8659
2 3ol it A7t v E] 59k goleFe A 9
o, F, AN 7130 A 5%0lH, 2R 0.5%0] Wl
A frelgo) Q= gt

1) A(Color)
@3dbo] Mof gt PR 0.04330.82 594304 S-9l3}

HaL ojzh3] 4 of) 2lgt R%ghe] 086762 =A] vebdon Al
M2 HhER Folla] Mo T BHr 7MY & S &
0L G3urtER2 Frh gep wet ol AEARE w2
F4E UehQIAT 1 ool e 2 235 2R F5H3
o}, oyl deko] s akg o Aol Al
7|55 4 BrtE e DGR} viE = HE Y| T
o} FAIH ¥t £& ¢ 7I3%Tt A Jehgth d3EivtE,
A viEjgEfo] w2 M9] ¥3H= Sweet pumpkin powder
X Sugar, Sweet pumpkin powder X Buter Z|tigts vehf
o8 Sugar X Butterol A+ -0l HAFA-E etk
(Fig. 6). Mol] T3t X AL A3} 7120 ek 87.7g, A
o] B2 123.3g, HEl= 223,7g2 8 Yehdt,

2) &}¥HAppearance)

olgtofl P2 0,03712.8 5%EolA] f2jstglL ojtslA
Aol o3t R2gko] 0.8752% ¥A UetH o Sweet
pumpkin powder XSugar, Sweet pumpkin powder X
Buter, Sugar X Butterol A& &j3tol] tigh 2+2e] Qe =
F Aighs detolem, o) 3 F= 7P 28]
v FFoR 1%0WolA fostgen, A 93 IR
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searching for maximum ha

searching for maxmum ha

Sweet pumpkin powder(Xy) X Sugar(X;)  Sweet pumpkin powder(X;) X Butter(Xs)

searching for maximum ha

"
- 2

Sugar(X,) X Butter(X3)

<Fig. 5> Response surface for hardness of sweet pumpkin cookie

searching for maximum co

Sweet pumpkin powder(Xl) XSugar(X,;) Sweet pumpkm powder(X;) X Butter(X3)

searching for maximum cdl

. T e
e Ta

Sugar(X;) X Butter(Xg,)

<Fig. 6> Response surface for color of sweet pumpkin cookie

searching for maximum app

Sweet pumpkin powder(X;) X Sugar(X;)  Sweet pumpkin powder(X;) X Butter(X3)

searching for maximum app

Sugar(Xy) X Butter(X3)

<Fig. 7> Response surface for appearance of sweet pumpkin cookie

£ 5%°1H] 948 Hglth, ©5ukr] o] o] digh 2|¥
i e dEuriRe] deRL 87.0g, A% 121.9g, WHE
o] k2 216.3g01%HFig. 7).

3) 3K(Flavor)

(Fig 82 ©3ute] gulg vepd 22 PFE2 0.02062
5%TENA Folstga oxksiFlle] 2gt R2%gheo] 0.89992
7 Jepgen asuEy)] vighnd] i 35 g ¥
3h= Pumpkin powder Xsugar, Pumpkin powder X butter,
sugar butterollA] Aol AdigkE Yerlqlct ¥ F5
Bl G F= QSR GIULE, wEQ PRFog 1
FEL vl Uebd o, dsurlee] ggol 484
37158 gl gt B5B71e] e golHtt. vt

719 FFujo] i3t e AFS dsuite FF
86.3g, A9 T=F2 119.4g, HElS] FFL 214.6¢°] ‘;it}

4) 23 7HTexture)

gsubgy)o] 227k g wed 2ol g A
RAZRASIZ0] 0.95992 SiFHE] that Al=)7h o 3t
on §o4LFE 0.001622 0.5%CHolA F24o] U3
Ack(Fig. 9). SaupFy|9) vligh vlof| whg 22)7ke] M3hk= 3
Aol e Ao e Yehyglen, gauiayle] 2|7
hgt HAuE FL Sweet pumpkin powder+ 84.7g,
Sugar: 122 4g, Butter®) $& 217.2go0|H, Ao} G
& ol 7 2 a2 vE EEolglen, I g A
Fo|Q L, ukA|go] TR &o|fir),
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Sweet pumpkin powder(X;) X Sugar(X;) Sweet pumpkin powder(X;) X Butter(X3)

Sugar(X,) X Butter(X3)

<Fig. 8> Response surface for flavor of sweet pumpkin cookie
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<Fig. 9> Response surface for texture of sweet pumpkin cookie
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<Fig. 10> Response surface for overall quality of sweet pumpkin cookie
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