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Optimization of Iced cookiess with the Addition of Pine leaf Powder

So-Yeon Jin, Nami Joo, Young-Sil Han
Department of Food & Nutrition, Sookmyung Women’s University

Abstract

The purpose of this study was to find the optimal mixing condition of three different amounts of pine leaf
powder, butter and sugar for preparation of pine leaf cookies. The optimum mixing condition for pine leaf

cookies was optimized by response surface methodology.

The optimum mixing rates of pine leaf powder, butter and sugar were 8.6 g, 252.8 g and 154.1 g for
color, 84 g, 240.7 g and 149.8 g for appearance, 8.8 g, 2465 g and 154.7 g for flavor and 109 g,
277.1 g and 134.6 g for texture respectively. The optimum mixture ratio which fulfilled all items was
pine leaf powder 9.4 g, butter 270.5 g and sugar 141 g.

Key words : pine leaf, cookie, response surface methodology, sensory evaluation
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AlA EF3A1Z THTable 1).
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SA7FFXDS HEHX), 48X FEFE 3749 2
RleZ HAFsP e, 4 8159 55 -2, -1, 0, 1,

29] oA AR 53t stRTHTable 2).

F719 AzgHe AZE HEH, 49, gZFg vF
7](Model K5SS, Kitchen Aid Co., Joseph, Michigan,
US.A)o] Yol 2vto 7 587 A5A)A addsiy ¢
48 g Aol A W £ 2R E ¥
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1) 7 = (Hardness)

A ZH F7]E Rheometer(Compac-100, Sun sci. Co.,
Tokyo, Japan)& ©]-&35t4 =459t
Rheometer®] Z A& Max wt; 10 kg, Distance; 50%,
Table speed; 120 mm/min, rupture; 1 bite 2 proves] 3
A 2 mm9 needle(No.4)& o] &5t F7] EHOoTH
SmmPAFHEE AP A5 g AUl 24
548 889t #717F 44 FHd | ¢
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7 = (Hardness) & LERU A th

O
z47¢

l:lrll‘_%m

Table 1. Normal composition and increment of Pine leaf
cookies

. Ingredient Weight(g) Increment(g)
3 & RE3Z 3 2 2] :

H ?‘7] ‘O’] E‘“ }\]J’] = IﬂZ}‘]’ 0}93\ 7}"‘[“ X]' 3 7]’ Pine leaf powder 9 +3
F71(Roh SH 1999)¢} FHEold H7F F71(Ko YJ Flour 300 0
2004) S ATE Fuste] oMLY 2 v AP Butter 240 £30
He ANt £4F7) MiEve FATHL 2F Sugar 150 25

Egg 30 0

Table 2. Variation and their level or central composition design of Pine leaf cookies

. Coded - Variables
Variable Symbol 5 3 0 1 5
Pine leaf powder(g) Xy 3 6 9 12 15
Butter(g) X2 180 210 240 270 300
Sugar(g) X3 100 125 150 175 200
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2) %A (Spread Ratio)

F719] 3@ A(Spread Ratio) 2
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vl & UrEPﬂl Zioi |
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A f};,/‘é A) 8 ¥ (Central- Coposite Design ; CCD)oll w2}
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232 Fagch

£9& AVES 719 Axzd9 HHgE BHo
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3102 AHEg & 16709 A9 ATy 74 %
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1. £¥F719] 7[HH &Y

EA7VEE FUhe FIl el 1AH F28 Bt
o AAE FHAGSRE AAG 449 dFgS AHE
™ Hardness= 458.50~821.00, Spread ratio= 5.39~9.16,
L(lightness)2  53.62~62.61, a(redness)= -1.18~0.20,
b(yellowness)= 23.42~2847 Afole] WHE el )
ANAH B9 F 29779 M) ELRAA G 3
AEAZY A/ (Spread ratio)o] MRt 5%  ouf ol A
%940l 91795 Y hTable 5)
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1) H= A (Spread ratio)

£AdF719 HAH L 459 AP e TS
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Table 3. Experimental combination and data under various conditions of Pine leaf powder(X)), Butter(Xz), Sugar(Xs) and

their responses

Sample Variable level Responses
No. X, X X5 Hardness Spread ratio Color value Color value Color value
(® L a b
1 6 210 125 365.33 5.69 61.89 -0.82 25.11
2 6 210 175 458.50 7.49 62.20 -1.17 24.61
3 6 270 125 229.75 6.28 61.97 -0.70 24.96
4 6 270 175 210.75 7.94 62.61 -1.18 24.83
5 12 210 125 216.00 6.19 57.67 -0.55 24.83
6 12 270 125 242.60 6.41 55.00 -0.55 24.71
7 12 270 175 610.23 7.48 57.11 -0.55 23.50
8 12 240 150 545.00 6.31 56.39 -0.38 24.95
9 9 240 150 541.66 6.85 58.80 -0.95 25.49
10 9 240 150 525.25 7.42 57.26 -0.38 24.95
11 3 240 150 530.25 6.16 67.71 -1.14 25.19
12 15 240 150 530.30 5.39 53.62 0.20 24.21
13 9 180 150 821.00 5.52 57.13 -0.23 28.47
14 9 300 150 407.00 7.46 57.28 -0.51 24.50
15 9 240 100 721.66 8.50 57.28 -0.51 23.42
16 9 240 200 457.66 9.16 57.21 -0.66 24.82

Table 4. Experimental combination and data
their responses

under various

conditions of Pine leaf powder(X;), Butter(X;), Sugar(Xs;) and

Sample Variable level Responses
No. X X2 X3 Color Appearance Flavor Texture Overall
1 6 210 125 3.60 4.00 4.16 4.06 4.16
2 6 210 175 4.33 5.00 4.33 3.83 3.80
3 6 270 125 4.73 5.00 4.53 4.50 4.36
4 6 270 175 4.53 4.00 5.06 4.55 4.33
5 12 210 125 2.83 3.16 3.81 3.16 3.00
6 12 270 125 3.33 4.16 3.83 5.16 3.83
7 12 270 175 4.10 4.16 4.66 4.33 3.33
8 12 240 150 3.66 4.16 4,30 4.00 2.66
9 9 240 150 5.66 5.63 5.91 4.96 4.63
10 9 240 150 5.83 5.60 5.92 4.89 4.65
il 3 240 150 2.03 3.50 2.33 3.76 2.00
12 15 240 150 2.05 3.50 2.833 3.76 2.50
13 9 180 150 3.00 4.33 4.06 2.66 3.00
14 9 300 150 4.76 3.83 4.33 4.50 420
15 9 240 100 4.66 2.66 4.16 2.16 3.00
16 9 240 200 3.96 2.00 4.33 3.33 2.66
- 167 - Sheg 2] o8 2] A 228 A 235.(2006)
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Table 5. Polynomial equations calculated by RSM prografn for mixing of Pine leaf cookies

AL, Povalue ZFo] 0.0381% 5% &

F ol BorAA HY HAHol = WS 233~5.92¢] WS, F719 = AF
59 Ak 2.16-5.169 W E, FI] A A
Al F2ol ¥ g2 2-4.659 WS el ATk

ZrsEo}t Fsd 54 § £47719 3719 SHEH A I

HEAZAH F719 H(color), F7]2] <] F(Appearance),
Z A (Texture)oll A 5% ©]

ol A F2o/gdol 178 = 2ltk(Table 5).

D

Responses Polynomial equation R’ P-value
Y,=-157.0045-0.978083X,+1.480942X,+0.212000X3+0.008082X °-0.009733 XX
Hardness 5 9 0.6428 0.4269
-0.002855,"+0.008180X:X,-0.001055X3X2-0.0000546X3”
. Y2=6.576231+1.049833X,+0.064997X,-0.1949X5-0.037013X,>+0.000644 XX ;
Spread ratio ) 5 0.9088 0.0159
-0.000168X,°-0.003972X5X,-0.000154X5X>+0.000695X;5"
Y3=-280.556067-1.352479X,+3.153118X2-0.018562X3+0.091066 X ,°-0.0176 X=X,
Color value L 2 ) 0.6971 0.3102
-0.006736X,"+0.0086455X,-0.000265X3X>+0.000072031X3
Y4=423.889394-0.464313X,-3.743487X2-0.072263X5-0.019237X,°+0.010572X, X,
Color value a 2 2 0.6710 0.3658
+0.07739X5°-0.01 1486 X3X,+0.001265X3X>-0.00050X5"
Y5=3372.431654-280.246083X -8.689154X5-5.597300X3-0.480092X ,°+0.437874 X, X,
Color value b 5 2 0.3738 0.8965
-0.016497X,"+1.303918X3X-0.038905X3X>+0.014020X 3"
Y6=-53.778404+1.552432X 1+0.257637X2+0.262224X5+0.097537X,>-0.000778X:X | .
Color ) N 0.9077 0.0381
-0.000437X,°+0.002067X3X,-0.000193X3X,-0.00075X3
Y;=-68.472594+0.436622X ,+0.248237X>+0.570430X5-0.063233X,°+0.002206 XX, .
Appeararnce 5 2 0.8976 0.0480
-0.000471X,"+0.000653X3X;-0.000269X3X,-0.001706X3
Y;=-39.551960+1.631405X ,+0.187002X,+0.195721X3-0.088 180X,>-0.000767X X | .
Flavor B 5 0.8970 0.0486
-0.000411X5™+0.000754X5X;+0.000145X3X,-0.000769X5”
Yy=-23.847958-0.056626X +0.147723X,+0.131519X3-0.029459X,°+0.00342X-X .
Texture ) ) 0.9239 0.0245
-0.00033X,°-0.001838X3X;-0.000016228X3X,-0.000397X5"
. Y 10=+5940282+0.945552X,-0. 179836 X,+0.174481X3-0.065995 X *+0.001077 XX
Overall quality 0.7868 0.2221

+0.00041 1 X>°-0.000759X3X,+0.0000292 1 8X5X>-0.000612 X5’

1) X, is Pine leaf powder content, X, is Butter content, X5 is Sugar content and Y,-Y4 are intensity score of the attributes.

2) R, is cofficient of determination.

P <0.05,

“P <0.01,

pres

"™P <0.005, P <0.001

Table 6. Predicted level of optimum preparation condition for the maximized sensory properties of Pine leaf cookies by ridge
analysis and superimposing of their response surface

F-Ratio
Ingredi 1 1 1
ngrecient Hardness Spre.ad Color Color Color Color  Appearance  Flavor Texture Over.a
- ratio value L. value a. value b. quality
Pine leaf powder  0.04 241 0.34 0.0l 0.49 10.26" 428 10.22° 4.28 1.02
Butter 2.38 243 2.46 2.50 0.59 3.64° 2.68 2.68 13.52° 231
Sugar 0.04 5.89" 0.01 0.02 0.3 1.72 2337 233" 4.01” 0.45
P <0.05, TP <0.01, TP <0.005, TP <0.001
St 2] 7 ar 3] 2] A 228 A 252006 - 168 -
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oA 7)ol Ao et 7}
420 A% Fade &

T Ak
v i
3 gl
ATE 3¢

B R'gko)
. (Table 5). F71¢] &gl
E7HE9 WE, g
gelon, o TG

1 oz SR, WEY %o

2) 7121 $JFH Appearance)
]# & P-value Fro] 0.04802.2 5%
0.8976°. %

i O
I

5%

sk tHFig. 2).

65

FzolA #9
AFHEE eSS
Wa Fadds Aed 3
FEAA Foge] 14
FE ol dgdEeldx
)2 TH(Table 6). Fig.

AA e @l e ZF a9le) nEHE T =

Pine leaf powder(X;) x Sugar(Xs)

G0 g S T

butter(Xs) x Sugar(Xs)

Fig. 1. Response surface for spread ratio of Pine leaf cookies

SR VY TR0 T

Pine leaf powder(X;) x butter(Xy)

Pine leaf powder(X,) x Sugar(X3)

LN T TR O

butter(X2) x Sugar(Xs)

Fig. 2. Response surface for color of Pine leaf cookies

Table 7. Regression analysis for regression model of Polynomial equations calculated by RSM program for mixing of Pine

leaf cookies

Level for maximum responses

Preparation

S )| 1
condition Hardness prc?ad Color Color Color Color  Appearance  Flavor  Texture Over‘a
ratio value L value a value b quality
Pine legg )pow‘ier 9.00 9.24 270 5.64 5.86 8.58 8.42 883 1092 8.00
1
Butter
(X2) 240.00 274.12 224.44 255.87 351.89 252.84 240.65 246.52 2717.05 203.00
2
Sugar
(X) 162.50 136.38 378.00 148.57 6.02 154.13 149.84 154.70 134.59 142.47
3
Max." Sad.” Sad. Sad. Sad. Max. Max. Max. Max. Sad.
“Max. : Maximum “ Sad : Saddle point
- 169 - Frt el 48k sl 2] 229 A235.(2006)
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Al Sl did Z47te) Qe B AUge v
Mor, 7719 o] i whEEHANAY HF S
EUMESY 842 g, HEHTFE 24065 g HEIT
149.84 go] 2 tH(Table 7).

3) ¥719] 3k(Flavor)

F719] FL& P-value ko] 0.04860.2 5% <=Zo]A]
S8t R’gto] 0897022 =A UENGTHTable 5).
T s F-AZZT A 89 F £A7F5F9 W,

AgE 5% FEANM Fge] AFHAoH F79
Foll 7HF BL FFE UAE Q1S AT AL
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7HEE Y 883 g, MIEIRY 24652 g, WYFF 1547 g
o dolu(Table 7) &£A7IFY Lo] ZIAFE 22

ATE Wokoy 883 g o]l = Aoty thFig. 4). o
© €HFE 479 #7gE Lee HG 9 Han JY
(2002)91 AollM EA7MT FrFel FUHEEE T

3 Fkekes AFE B A vl&d ARy Uk

4) F719] Z2 7} (Texture)
£QFI) 9] ZZF L P-value ZFo] 0.02452 5% &=

X e ., - i 7

= . —_— "W 2
S e e .

R . L

Pine leaf powder(X;) x butter(Xy)

b dE F919 Az

Pine leaf powder(X;) x Sugar(Xs)

UEEBIEEE!

R°zko] 092392 =7 ubelstth(Table
& F-AZ2% Aagl & €979
FEAA F94480] AFHZALH F
B2 9 A= 2”12 HEY
AAS =R O
ZZ 7ol digt Zzhe
8AES EF HUZE uvedow, 719 =F
A3 #53 HHFL EA/EEF 1092 g, HETF
277.05 g, &g 13459 go 2 JERYTHTable 7).

NN

SIA fofeh
2489 o
HE, 482 5%
719] ZAzl 7HE
F71gko] Y ti(Table 6). Fig. 59l
2 8919 wEAg T =IA

3. £YFI|2| ANEZO| MH

£ 779 BAEE F FI8S B HP4, 4,
A%, @ 2Ig @ AF e HSEAYAR 2
Halo) HEE AFYS Table 734 2Tk 2 2 2
Hzde F2H IRZY HH W T YelA 7}
3 FYo] 9 PO of Hol AAY TP=e)
FhoT & # flidl, FuA 2zE B9
2 % kX edvhe 498 & & Aok olg 2o
499 % b4 2919 ARuPTAe B A7 W
F 2919 YT, ME, g9 A 20z o)
A457] A SuY aREE 5

butter(X;) x Sugar(Xs)

Fig. 3. Response surface for appearance of Pine leaf cookies

RASGIH T Sikn A T w iy

Pine leaf powder(X)) x butter(Xy)

g et vene

Pine leaf powder(X)) x Sugar(Xs)

o S i rgaeeyen 0

butter(Xz) x Sugar(Xs)

Fig. 4. Response surface for flavor of Pine leaf cookies
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A IRz E 7S FHE YEho] Fig 60 Al
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HE & 262275 g, £97HF9 472l wWE HH
T2 &Y }—?— 7-11 g, A8 135-1605 g HIE
o} degrggld e HF w P vE 265287 g,
Ao 137-147 g HS) v EQF W HF wj ol
FAEAG oJFEA HAE A adY wWETE 2
F E2EAIE BEE £QVFFY}F 85-103 g, WEV}
266275 g, 22L& 137-147 golUth o|BA HAFA %
a]le] wgFLE BT FEAIE #H2 £47HF
8.5-10.3 g¢ 4%k 94 g, WEIZ} 266275 g& S %k
2705 g, AL 137-147 g9 243k 141 goz &9F
719l HAH = E47FF 94 g WEH 2705 g, A
gol 141 goe® AR & AAT Sd7F F2
Hla FAAA 2 grelx, HES 432 F4
HET 52 FolBR %%UH—J AaS gte wekst

AdzAE oA sk 714
=4 5 #7149 A7 Mg B2 9FE T A
£ AEY FFoldi 1 thgoR BH, £YUHF9
sXAAT #FeE7E A £AF79 M2 EUTFE
% 858 g, WEIGHE 252.84 g, AT 154.13 gollA
FeHT7t Mmoo B2 EWHEEY 842
g HWEIRE 24065 g, HGHTF 149.84 goll A #H5
7b v mStvh F2 EUVHRIE 883 g, HETAY
24652 g, ABFF 1547 gl A A7 M w3k
I £4F19 AE2 AR F 1092 g, WE S

Pine leaf powder(X,) x butter(Xz)

Pine leaf powder(X;) x Sugar(Xs)

butter(X;) x Sugar(Xs)

Fig. 5. Response surface for texture of Pine leaf cookies

Pine leaf powder(X,) x butter(X,)

Pine leaf powder(X;) x sugar(Xs)

butter(X,) x sugar(Xs)

Fig. 6. Optimization of Pine leaf cookies
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