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Quality Characteristic and Optimization of Iced Cookie
with Addition of Jinuni bean(Rhynchosia volubilis)

Young Joo Ko, Nami Joo
Department of Food and Nutrition, Sookmyung Women’s University

Abstract

The purposes of this study were firstly to optimize the recipe for iced cookies by cooking with five different
ingredient levels of Jinuni bean(X,), butter(X) & sugar(Xs) and secondly to analyze the chemical and sensory
test results by using RSM(Response Surface Methodology).

As a result of this test, water activity decreased with increasing contents of butter or sugar, while hydrophilic
browning decreased independently with increasing sugar content. There was a positive correlation(p<.001)
between specific gravity and hardness, although the result was not uniform due to the interaction of each
factor. There was a negative correlation(p<.001) between the spread ratio and gravity or hardness, and it tended
to increase with increasing each content. Color value L and color value a had positive correlation (p<.001) and
the value tended to decrease with increasing the quantity of Jinuni bean. Generally, the strength of the cookies
showed a saddle point at the peak of the 3d graph. As a result of sensory evaluation, the color was sensitive
to the contents of sugar and Jinuni bean, the texture was sensitive to the contents of butter and sugar, and the
taste and overall quality were sensitive to all three factors. Color had a positive correlation(p<.05) with the
taste, texture and overall quality. There were high positive correlations(p<.001) between the taste, texture and
overall quality. The preference data showed an up-swollen, parabolic shape in the center of the 3d graph, which
enabled the optimum value to be determined and the optimum mixture ratio which fulfilled all sensory items
was Jinuni bean 93g, butter 188.5 g and sugar 155 g, indicating a substitution of flour by 44%.

Key words: Jinuni bean, Iced cookie, Quality Characteristics, Optimization, Response Surface Methodology

. M =2 gste 19X ABF FF3S TATHERAD 2004). F
2 &3 Fastart =4 F A U (Glycitein)
#H e o) Z(BMBX: Rhynchosia volubilis)2 X &, 7} ¢tE Aol (Anthocyanin)Ad B & cyanidin 3-glucoside
oFZolgl Bt HEFZ EFZo=w dziE A7 7} ER3slH(Bae EA € Moon GS 2003), olAaZ i
5, AZAS, Q4 Aujdgdo] o] &HALH(TF (Isoflavon) ¥+&o] Fil(Kang SA T 2003), Al=d
2E 2001, E49 =717 5~7 mmeo]H 10€o] + 7 a7 T2 & 200h)0] 2
5 FAxelFY 7Isd He 3-AA RaudFPoe
Corresponding auther: Young Joo Ko, Sookmyung Women’s University, 20z uf} 9ol
Tok oo gty T ey Seoul MO, o F8 Fo AP Aol LeAWA
pa S22 7105507 Ae 52 2 5/ 9o A=, F2AA,

E-mail: lancom79@hanmail.net

St 28 #5E A A21H A45.(2005) - 514 -



72, B%aE, T9E FANA 5 $89 F99
2 ABAF Ao FAAT Jonm(HEBZAR
2003 FRANE B B7h 4WKm H 5

2002), W5y EEE FJ/Ku KH & 1996), Zolo
238 (Kim JY ¢} Lee SY 2003) 9 2 ut
B S
8% 7ol dgolth Gad £ die A
2g ojgd AL mdz AZH £5
JT14 JIsES we FI9 4
FzA FENEAL BIA
Aok, Aok Fost FAAT &
N =

!y

(W

o

—_

H| 2} 9] 71§7} tsl, agshge met
A& Arletd o] 7l|EAd F&3e AAEFS A
st Zol AAE #FHo] Hi UTHALR 2001).
U RyE F7)9 AR dA #H AFdde €
7FE9 10% |32 AES HA/Ie AT E RS
AH=AE 1999), "wh=(Kim HY 2002), 2 3H4(Kim
JK § 2002), 53 JAMEZH(H L& 2001), EA
F(ead 200450 HuxHew, AT 10%
HEFsAn (A Es 2002), 29 #A(Lee
JA S 2002), B(Kim HY 5 2002)2 thAd A+7}
HAch 2 AEY FH HAUE S H
Auwk RR wjs)] 2 AT7F HHG AFolth
B Ao e FAFEAEE(CCD)
el HEolF X)), HEHX), 28X dFF=
5 2 g2a3ld ¥deFIE Axsx vg
2000)& o] &3t o]t
A, 719 #2544 &

Mg AANAE HE

SEy

715 &
-

}:1 m

1. 8=

B A Algd FAEeldS Y% FAelA 2003

9 1099 3% Aoz AL FH7ISAEANA T+
?Jo}a’h FNSA L GHE(FE 13.8%, ©HA
74%, ¥ 04%), HE(FH, A2/, 2893,
ALAD), ADEE FURAE), La5(ZEad, AF)
58 Algsden, 2 AgEH Al 55 21
F Aokg AMgE

- 515 -

N 117

D

Yuld B BEA2 AO0ACR0009 Yoz FES
105C Ag7td Az, 29922 micro-Kiedahl 24>
A (Kjeltec 2200 analyzer, FOSS Co., Slangerupgade,
Hillerod, Denmark), Soxhlet’s &4 (Soxtec
Avanti 2050, FOSS Co., Slangerupgade, Hillerod,
Denmark), 23|22 A¥ssgoz EAGAT. @5
SHE) BFE 100904 $E, 29U, 2433 23
wol gue AAW goz Aok

ZAL 2

2) FAEolF 7t #7149 FAEA

(1) FAA=

dwt PYEF7) HA 9 EHAXAHLabensky SR o
Hause AM 1999, Wright J ¢} Treuville E 1996, Gisslen
W 20019} duAgdS B AFolFd F7] widHls
9 FATRE B3R FAEolFXnFHd #7119 A
8 F BAA Mg & 94T F& ReE d7¥E H
H(Xp), A8(X2)2l FF(James L F 1998)& 378 291
oz A4, 4 29%89 F£& UM AR FIde
A H(Table 1).

#HyolZ A7} F7)= Table 29} Zo] AACC method
10-529] HPH(1995)S 315k} =2 ¥ (Creaming Method)

l

o|-JJ

Table 1. Variable and their levels for central composite
design of Jnuni bean cookie

Coded-variables
2 -1 0 1 2
Jinuni bean X1 g 60g 9g 120g 150 g
Butter Xa 150 g 180 g 210 g 240 g 270 g
Sugar X3 105¢g 135g 165g 195g 225 g

Variable  Symbol

Table 2. Normal composition and increment of Jinuni bean
cookie formula

i Weight  B/P" TPY Increment

Igredient ) m @ ®
Jinuni bean flour 90.0 429 12.7 L 30
Wheat flour 210.0 100.0 29.7
Butter 210.0 100.0 29.7 + 30
Sugar 165.0 78.6 233 + 30
Egg 30.0 143 42
Salt 3.0 1.4 0.4
Total 708.0 337.2 100.0
Y B/ P: Baker’s Percent
2T / P. True Percent.
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Table 3. Condition of texture measurement for Jinuni
bean cookie by rheometer
Hardness measurement of cookie by snapping test

Sample height 11.0 mm

Sample width 55.0 mm

Sample Depth 55.0 mm

Plunger Diameter 5.0 mm

Load cell 5.0 kg

Table speed 60.0 mm/min

Test time 3.0 sec

Blade No. 32 (tooth type A)
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EE A8E EA package SAS(Statistical analysis m, Zn} o s
program, version 8.12)E o] &3le BASgGT 4%
M?ﬂQ“*(CCD Central composite design)e] @&t 23 . 0|29 = MR
& A8 3 RSM(Response surface regression)Hfs o 2 Agol AL FTolFe dutAE S B35 2
2 AEF N9 A5y wMiFdHEe d =9 F}+&= Table 49} Z,Eb'l, T2 9.14%, G 4539%,
Haz ot APZAAQ wgugee FAE 2% o ZA 1698%, Z3E 421%9 XS HIAT A
FPANeR FEHR 13 AFadH, 24 JHEH A HEolF ?l‘ﬂl‘él ol 492%2 wjg Fon
A WA REAEE Usegen TRATA 4T AV PYo) SeFIIUD 238 9BY 5
FHE59 WSEVLYGE SAYIA TG S B Q0D AFRAS SASNT T2t 7 e 2
g Ee @ }EJE} Bgre ozte] Aolg myEd o= T YR
Aolg A7h F9 olaetd, #54 dAG A FBE FFUOIE A7t AAW, A 87 I 87
o]¢] FBBA = Person’s correlations] 3] £3589 a0 g ITFE wel @) “ﬂ J ALw AtRH
3 AguAe) Hgo) oL olFan AdgA TA Yok
9 FABY BEs BEH AzERY AL oF , 3 o
F5 Ao FARMS S5 A=Ak Table 4. Chemical composition of the Jinuni bearlzvI S
Composition Content(%, wjw)
3) A2 FeolF )9k ) e Aaa Moisture 9.14 + 040
A=A ) OLH]E Aag fiﬂ/\]-l]i HTO] ENES: Crude protein 4539 £ 085
<93 390 S04 AwaTe 01 o0 g
At ‘@E—?ﬂe 1 st F AIE«] #%, EE LRI Carbohydrate" 2428
ZAH, 232 S durdEe BAsqgch " The percentage of carbohydrate calculated by 100%-sub total (%)

Table 5. Experimental combination and data under various condition of Jiruni bean(Xy), butter(X), sugar(Xs) and their responses
Sample  Vareable level Responses”

No. X1 X3 Xa Y, Y, Y; Ys Ys Y Y, Ys Ys Yio Yu Y Y3 Y
1 60 180 135 0309 0039 0085 0533 4941 59.17 3.69 2521 407247 472 539 597 566 4.19
2 60 180 195 0299 0051 0243 0.502 5.307 5803 3.62 2453 233093 465 4.18 488 5.13 496
3 60 240 135 0270 0.048 0.090 0497 5351 59.08 3.64 2327 1923.83 422 402 449 429 437
4 60 270 195 0253 0.092 0237 0481 5512 5883 339 2750 954.18 4.18 601 265 300 233
5 120 180 135 0294 0.141 0.080 0.514 5.180 5404 1.57 25.17 2959.80 507 585 58 579 603
6 120 180 195 0282 0.143 0229 0493 5392 5279 051 2650 165833 4.86 427 399 418 429
7 120 240 135 0263 0.148 0.092 0496 5365 5331 139 2350 182699 5.19 457 4.68 463 472
8 120 240 195 0252 0.150 0235 0510 5221 5124 042 25.62 2656.86 504 304 373 396 3.94
9 90 210 165 0262 0120 0.196 0501 5327 5501 172 2503 201050 601 572 608 584 632
10 90 210 165 0259 0.132 0211 0496 5319 5536 174 2635 199951 579 563 619 592 6.13
11 30 210 165 0264 0047 0207 0517 5154 6472 370 2201 358032 326 509 4.15 451 439
12 150 210 165 0255 0.185 0224 0494 5366 51.00 024 2281 166394 308 542 449 461 442
13 90 150 165 0302 0.117 0210 0.514 5.189 56.63 201 24.66 280233 487 553 458 446 453
14 90 270 165 0261 0.149 0216 0486 5443 56.07 208 2323 120992 457 599 314 355 3.44

15 9 210 105 0286 0.124 0.065 0516 5.164 6231 233 2487 337626 398 302 3359 377 346
16 90 210 225 0255 0.128 0248 0490 5421 54.50 1.77 2581 1379.80 372 402 396 394 378
a: Y; = Water activity(Aw) Y, = Lipophilic browning(LB) Y: = Hydrophilic browning(HB) Y. = Specific gravity(SG:g/mf)

Y5 = Spread ratio(SR) Ye = Color value L Y; = Color value a Ys = Color value b
Yo = Hardness(g) Y10 = Color Y1 = Flavor Y2 = Taste
Y3 = Texture Yis = Overall quality.
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(1) FE Y E(Water activity)
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Table 6. Polynomial equations calculated by RSM program for mixing of Jinuni bean cookie

Responses

Polynomial equation R*  F value

Water Activity

Y1=811.3510-0.8160X-3.2540X,- 1.1411 X3-0.0001X,“+0.0030X-X, +0.0061X,°+0.0005X:X1-0.0005X:X,+0.0029X5* 0877 4.76

Lipophilic Browning 0.801 2.68
Hydrophilic Browning ~ Y3=-446.1850-0.9690X;-0.7690X,-7.0810X5+0.0032X,*+0.0032X,X,+0.0024X5°-0.0014X5X,-0.0029X:X>-0.0132X5" 0878 4.78
Specific Gravity Y4=1103.0120-2.6950X;-2.1310X,-2.5650X5+0.0017X*+0.0072 XX, +0.0023X,"+0.0047X:X,+0.001 1X3X,+0.0076 X5* 0943 11.037
Spread Ratio Y5=-1054.1200+29.0750X+22.4030X+27.0390X5-0.0157X*-0.0768X,X,+0.001 8X5"-0.0546X5X1-0.0845X3X-0.0066 X5* 0969 2048
Lightness Y=103588.5390-146.7810X1-84.7060X,-294.9210X-0.7270X,-0.2930X,X+0.2910X,"-0. 1670X5X,-0.1130X5X,+0.8780X5" 0936 969"
Redness Y7=11098.3330-19.4100X-44.5350X>- 16.3980X35+0.0784X,“+0.01 72X, X, +0.1110X;“+0.2060X5X;-0.0283X5X+0. 1010X5° 0941 1057
Yellowness 0773 227
Hardness Y5=37806000-167700X-113967X5-159820X;+157.0670X,*+425. 7360, X-28.4030X,*+246.6590X5X-448.4790X:X,+89.2620X5°  0.925 822
Color Y 1=-23766.3790+147.2800X,+92.3190X+163.4450X3-0.7380X,“+0.0497X,X;-0.2870X2"-0.1340X5X;-0.1390X3X,-0.5490X5" 0884 509
Flavor 0723 174
Taste Y 1,=-32553.4890+118.4180X,+201.9060X,+172.8120X3-0.5060X *+0.0544X,X-0.6350X,"-0.2470X 35X, +0.2480X:X-0.65 70X 0887 522
Texture Y 13=-27411.7540+96.4350X+167.1370X+158.9550X5-0.3740X,+0.0788 X, X,-0.5350X5"-0.2890XX +0.24 10X3X>-0.5700X 5 0921 774
Overall Quality Y14=-56454.6310+201.7870X,+293,0240X+291.5250X5-0.5370X*-0.1300X,X,-0.6860X,"-0.4560X3X-0.0167X:X»-0.7550X° 0945 11.36"

Xy = Jinuni bean (g)

* ok kkk
s >

X, = Butter(g)
Significant at p<0.05, 0.01, 0.001, respectively.

Mo

0.2259 0.2012 4

0.2067 0.279 ¢

0.2875 1 0.2679

0.2683 i L m 0.2563 7

0.2446 Fee
7 Butter 150

% e

Jinunibgan

Jinunibean 3(; 150

X3 = Sugar(g)

0.2710

0.2491 Fome
20

- 210
105 Butler

30

Fig. 1. Response surface for water activity of Jinuni bean cookie.
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Fig. 3. Response surface for specific gravity(SG) of Jinuni bean cookie.
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Fig. 5. Response surface for color value L of Jinuni bean cookie.
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Table 7. The correlation coefficients between characteristics of quality and sensory preference

2 243}

Item Wfitfar Lipop@c Hydropl'ﬁlic Speci.ﬁc Sprt?ad Color Color Color Hard- Color Flavor Taste Texture quall
activity browning browning gravity ratio value L value a value b  ness quality
Water activity 1.000
Lipophilic browning -0.417 1.000
Hydrophilic browning -0.424  -0.058 1.000
Specific gravity 06667 0273  -0.504° 1000
Spread ratio -0.658" 0.260 0.505"  -0.992"" 1.000
Color value L 0285 -0463  -0278 0373 -0359  1.000
Color value a 0339 -0560° -0229 0248 0252 0.850 1.000
Color value b 0262 0204 0215 -0.183 0.164 -0230 -0.138 1.000
Hardness 0.629” -0.308 05027 0985709777 0479 0308 -0.141  1.000
Color 0.149  0.121 0102 0042 -0.049 -0341 -0194 0117 -0025 1.000
Flavor 0008 0.391 0.124 -0.152 0110 -0029 0120 -0008 -0.181 0.181  1.000
Taste 0378 -0080  -0319 0447 -0474 -0.139 0001 0190 0395 0548 0291 1.000
Texture 0380 -0077 -0265 0453 0478 -0.124 0001 0169 0415 0526 0309 09867 1.000
Overall quality 0.187 0040  -0.148 0233 -0230 -0259 -0200 O0.170 0204 0593 0244 089177 0909 1.000

" Significant at p<0.05, 0.01, 0.001, respectively.
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Table 8. The quadratic regression analysis between quality
characteristics and overall quality

Overall quality

Item Sum of Mean F value
Source DF
squares square (p value)
Regression  1.522 2 0.761
azfvtir Residual 14940 13 1.149 (005'§§3)
Y Total 16462 15 1910
. ... Regression 0.111 2 0.055
Ig'rzova}u’frl:c Residal 16351 13 1258 0%(5)‘7‘ 1)
€ Towl 16462 15 1313
... Regression 4.253 2 2.126
ng ‘imp?“llc Residual 12210 13 0939 (021'42122)
WIDE  Toal 16462 15 3065
. Regression  6.058 2 3.029
fi .
Speilit‘c Residual 10405 13 0.800 (030;37)
gravity Total 16462 15 3829
Regression  5.636 2 2.818
Sﬂ?f,d Residual 10826 13 082 0%2? 6
Total 16462 15 3650
Regression 1.243 2 0.622
vaClO:)rL Residial 15219 13 1171 0(2(5)(3)2)
u Total 16462 15 1793
Regression  1.402 2 0.701
VC1°1°r Residual 15061 13 1.159 (0(;288)
alue 2 Total 16462 15 1860
Regression  3.048 2 1.524
Vfl‘l’ll;’rb Residual 13414 13 1032 (012;222)
Total 16462 15 2556
Regression  7.279 2 3.640 515"
Hardness  Residual 9.183 13 0.706 © (')22 5)
Total 16462 15 4346

" Significant at p<0.05, respectively.
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Table 9. Chemical composition of the Jinuni bean cookie

and no Jinuni bean cookie

Mean + S.D

Content(%, w/w) Solid Content(%, w/w)

Composition Jinuni No Jinuni Jinuni bean No Jinuni
bean . . bean
. bean cookie  cookie .
cookie cookie

Moisture 4.68+0.32 4.82+0.21 - -

Crude protein 10.65+0.87 5.08+0.47 11.17 5.34
Crude fat  30.63:£0.32 28.57+0.35 32.13 30.01
Crude ash 0.80£0.09 0.28+0.12 0.84 0.29
Carbohydrate” 53.24 61.25 55.85 64.35

" the percentage of carbohydrate calculated by 100%-sub total (%).
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characteristics and overall quality.
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