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ABSTRACT

This study was undertaken to determine the optimal mixing amount of lotus leaf powder and white bean paste
preparation of Yanggaeng. The experiment was designed according to the central composite design of Response
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for the
Surface

Methodology (RSM). In order to develop the optimized Yanggaeng using RSM, lotus leaf powder (X;) and white bean paste

(Xz) were set as independent variables, and quality characteristics [water content (Y;), pH (Y:), sugar content (Y3),

L (Yd),

a (Ys), and b (Y¢)] and sensory evaluation [color (Y;), appearance (Ys), lotus leaf aroma (Ys), sweetness (Y1), bitterness (Y11),
flavor (Y12), hardness (Yi3), chewiness (Yis), and overall acceptability (Yis)] were set as dependent variables. Significant
differences (p<0.05) were observed for quality characteristics and sensory evaluation except sweetness (Y1), hardness (Y3) and
chewiness (Y1s). The optimum mixing amount, which was calculated using numerical and graphical methods, was determined
to be lotus leaf powder (X;) 2.47 g and white bean paste (X;) 101.66 g. In conclusion, we believe that the development of
Yanggaeng prepared with lotus leaf powder will contribute to the consumption of healthy and traditional Korean snacks.
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Table 1. Coded independent variables used in RSM design for Yanggaeng prepared with lotus leaf powder and white bean

paste
Coded-variables
Independent variable Symbol
—a -1 0 1 a
Lotus leaf powder (g) Xy 0.09 0.5 1.5 2.5 291
White bean paste (g) X, 85.86 90 100 110 114.14
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Table 2. Formulas for the manufacture of Yanggaeng prepared with different mixture ratio of lotus leaf powder and white

bean paste
Sample No Variables” Fructo-oligosaccharide Agar powder Water
’ X (2) X, (2) (@ @) (@
1 0.5(—1) 90(—1) 15 3 100
2 0.5(—1) 110(1) 15 3 100
3 2.5(1) 90(—1) 15 3 100
4 2.5(1) 110(1) 15 3 100
5 1.50) 100(0) 15 3 100
6 0.09(—a) 100(0) 15 3 100
7 2.91(0) 100(0) 15 3 100
8 1.50) 85.86(—a) 15 3 100
9 1.5(0) 114.14(c) 15 3 100
10 1.50) 100(0) 15 3 100
1 1.5(0) 100(0) 15 3 100
D X,: lotus leaf powder, X,: white bean paste.
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Table 3. Quality characteristics of Yanggaeng prepared with different mixture ratio of lotus leaf powder and white bean

paste at various conditions by RSM

Variables" Responses
sample Water content Sugar content Color
NO- Xi@ X@© ) pH “Brix) 5 - :
1 0.5 90 59.1740.16”  6.48+0.03 2.4040.17 41.02£0.65  —1.5120.12 12.890.62
2 0.5 110 57.65+0.18 6.45+0.02 2.47+0.06 40.79+0.91 —1.54+0.05 14.15+1.06
3 2.5 90 59.07+0.06 6.34+0.08 2.40+0.17 32.80+2.67 —0.09+0.14 22.3246.32
4 2.5 110 56.65+0.39 6.40+0.06 2.57+0.15 29.20+0.54 —0.66+0.07 34.56+2.59
5 1.5 100 58.28+0.20 6.47+0.04 2.40+0.00 32.51+1.04 —0.80+0.36 28.16+5.02
6 0.09 100 56.14+0.11 6.50+0.04 2.57+0.12 43.224+0.69 —1.65+0.20 12.12+1.18
7 291 100 60.12+0.17 6.24+0.01 2.37+0.15 29.03+0.53 0.16+0.16 35.06+3.01
8 1.5 85.86 60.74+0.14 6.27+0.01 2.274+0.12 32.65+1.27 —0.3240.07 23.02+3.98
9 1.5 114.14 57.68+0.21 6.38+0.01 2.57+0.12 32.65+1.24 —0.67+0.16 26.81+3.77
10 1.5 100 58.34+0.23 6.37+0.02 2.43+0.06 31.53+£0.54 —0.27+0.19 29.2442.22
11 1.5 100 59.47+0.31 6.37+0.03 2.33+0.06 32.72+0.70 —0.85+0.10 26.24+2.13

D X: Lotus leaf powder, X,: White bean paste.
? meantS.D..

Table 4. Analysis of predicted model equation for quality characteristics of Yanggaeng prepared with different mixture

ratio of lotus leaf powder and white bean paste

Responses Model R F-value p-value Lack of fit Polynomial equation"
Water content Linear 0.5606 5107 0.0373 0.2788  Y;=58.48+0.57X,—1.03X,
pH Linear 0.6120 6.31" 0.0227 0.5670  Y,=6.39—0.07X,+0.02X,
Sugar content Linear 0.5813 555 0.0307 0.3260 Y5=2.43—-0.02X,+0.08X,
L Quadratic 0.9688 31.02" 0.0009 01560 V¢ ;’é;;;gi)?m%g;? 084
a Linear 0.8344 20.16™ 0.0008 0.7068  Ys=—0.75+0.61X,—0.14X,
b Lincar 0.8059 16.617 0.0014 0.1048  Y¢=24.05+7.79X,+2.36X,
Y X: Lotus leaf powder, X,: White bean paste.
2" p<0.05, ™ p<0.01, ™ p<0.001.
@Qcﬂﬂr R*%E2 0.3260, p-value:= 0.03072 214 <1 Az} 4) M

€ Bz, AAoAA% (Lack of fit test) ZZ}, p-valueZ}
03260_0_§ 2dlo] Aol ALt ¥ *O‘J‘ﬂ’z}EH
7}, AYBKX,) Hrleko] FAaddsE Wy 3!
S7HETE QEYy)7E Stk Ade i&izﬂﬂ, AdeT
XnETh BFFX)el BEel vlAE Fgo] o & Ao
vebsth ol vlubelee A7t ie] g 244 70h
KC 2015)sh f-AFsH Aztol2ie},

AATE H7F o] Aw A, WE(L)w 29.03~
4322, AAE(@)E —1.65~0.16, THAE(b)E 12.12~35.069]
Hel 2 vebsth BL)e] 43k Sample 7(Xi: 291 g,
Xy: 100 g), FHEk2 Sample 6(X;: 0.09 g, X5 100 g)oll A
el on], AN E(a)e} S E(b)o] FH 4ghS Sample 6(X:
0.09 g, X;: 100 g), HNEkS Sample 7(X;: 2.91 g, Xy 100
g)ollA VrEbTh AR EX )T WdF(Xo)ol M=ol ]|
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Fig. 1. Perturbation plot and response surface plot for quality characteristics of Yanggaeng prepared with
different mixture ratio of lotus leaf powder (A) and white bean paste (B).
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)49l AxE JeN AL, AAol A (Lack of fit test) 2 H7lo] ZrldFE Zrlete AE¢S Hilon, MYF
3}, p-valueZ} 22} 0.1560, 0.7068, 0.1048 2 25F Rdo] = (Xo) Bt AU EX))e] &4

OFO Fll“

ol sl weERAY A3k YEY)E ALE o2 el 2 d7dvhe A% A

HX) W] FNREE B AR F 9N ghk 55 Pust gasn, AN FAEs} s A0S
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wbl sttt Bl B7kshe A9 Btk o) MYF  2009).
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bation plotZ} response surface plot<> Fig. 29} &t} APHATE RS 08853082 H AWES How,
p-value= 0.00022 2|21l AZE YeRlSla, Aghaod

1) A4 77 (Lack of fit test) A3}, p-value7} 0.15462.2 =dlo] %
ALET A7) 7de] Aol U3t 7= 4.37~6473 <] o] A=Ak REGEAGE A3, Ayl e 7S
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Table 5. Sensory evaluation of Yanggaeng prepared with different mixture ratio of lotus leaf powder and white bean paste
at various conditions by RSM

Sample Variables" Responses
No. X (g) X> (g) Color Appearance  Lotus leaf aroma Sweetness Bitterness
1 0.5 90 4.47+1.31% 4.47+1.22 5.37+1.01 6.05+1.03 5.47+1.71
2 0.5 110 4.42+1.46 4.68+1.45 5.324+1.20 5.68+1.11 5.16£1.71
3 2.5 90 6.16+£1.26 6.21+1.23 6.63+1.46 6.58+0.77 6.21+1.65
4 2.5 110 6.47+1.12 6.37+1.16 6.37+1.30 6.58+1.35 6.16+1.86
5 1.5 100 5.63£0.96 5.74£1.10 6.32+1.29 6.63+1.30 6.16+1.74
6 0.09 100 4.37+1.74 4.58+1.64 4.424+1.35 5.58+1.43 4.58+1.77
7 291 100 6.37+£1.34 6.21+1.27 6.42+1.30 6.21£1.51 6.11+1.63
8 1.5 85.86 5.95£1.31 5.89+1.15 6.37£1.21 6.11+1.20 6.26+1.63
9 1.5 114.14 5.63£1.01 5.84+1.07 6.21+1.32 6.74+1.19 6.32+1.80
10 1.5 100 5.84+1.17 5.74+0.99 6.37+1.30 6.21+1.03 5.89+2.11
11 1.5 100 5.89+1.15 6.00+1.20 6.16+1.17 6.84+1.12 6.37+1.67
Sample Variables" Responses

No. Xi (g) X, (g) Flavor Hardness Chewiness Overall acceptability
1 0.5 90 5.42+0.90” 5.42+1.02 5.53+1.07 5.37+0.96

2 0.5 110 5.53+0.70 5.2141.32 5.63+1.21 5.47+0.84

3 2.5 90 6.47<1.17 5.68+1.06 5.89+1.29 6.32+1.38

4 2.5 110 6.42+1.30 5.79+1.51 5.84+1.54 6.42+1.50

5 1.5 100 6.21£1.18 5.324+1.42 6.05+1.22 6.26+1.19

6 0.09 100 5.26+1.28 5.11x1.41 5.68+1.34 5.26+1.33

7 291 100 6.21+1.44 5.53+1.17 5.63£1.21 6.11£1.37

8 1.5 85.86 6.05£1.22 5.74+1.59 5.84+1.34 6.32+1.06

9 1.5 114.14 6.21+1.18 5.68+1.57 6.16+1.30 6.53£1.07
10 1.5 100 6.11+1.29 5.53£1.35 6.16+1.38 6.05£1.13
11 1.5 100 6.32+0.95 5.89£1.10 6.26+1.05 6.32+0.89

D Xi: Lotus leaf powder, X,: White bean paste.
2 mean=+S.D..
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Table 6. Analysis of predicted model equation for sensory evaluation of Yanggaeng prepared with different mixture ratio

of lotus leaf powder and white bean paste

Responses Model R F-value p-value  Lack of fit Polynomial equation”
Color Linear  0.8853 30.8772  0.0002 0.1546  Y7=5.56+0.82X,—0.02X,
Appearance Linear  0.8518 22.99™  0.0005 0.1769  Yg=5.61+0.72X,+0.04X,

Lotus leaf aroma Quadratic 09850  65.69™  0.0001 04829  Yo=6.28+0.64X,—0.07X,—0.05X,X; —0.41X,*+0.02X,>
Sweetness Quadratic ~ 0.7462 2.94 0.1308 0.6017  Y10=6.56+0.29X,+0.07X,+0.09X,X, —0.32X,* —0.05X,’
Bitterness Quadratic ~ 0.9474 18.02™ 0.0033 0.8129 Y 1=6.14+0.49X; —0.04X,+0.07X, X, — 0.42X,*+0.06X,>

Flavor Quadratic ~ 0.9591 22.44" 0.0018 0.4251 Y 1=6.21+0.41X,+0.03X,-0.04X,X, —0.23X,>—0.03X,’
Hardness Quadratic ~ 0.7197 2.57 0.1619 0.9905  Y13=5.58+0.18X; —0.02X,+0.08X, X, —0.13X,*+0.07X,’
Chewiness Quadratic ~ 0.8137 437 0.0658 02720  Y14=6.16+0.06X,+0.06X,—0.04X,X; —0.28X,2 —0.11X,>
Overall . - 5 5
acceptability Quadratic ~ 0.9253 12.39 0.0076 0.3659  Y15=6.2140.39X,+0.06X, —6.09X, X, —0.30X,°—0.07X,

Y X,: Lotus leaf powder, X,: White bean paste.

2" p<0.05, ™ p<0.01, ™ p<0.001.

A8 Bon, MYF(X) ot AL EX ol Aol mlX]| RO, p-value= 0.0001 = 2|21 235 YepfA L, 2
E 93] o 2 Ao YEllT) oA AR H 7L v A o377 (Lack of fit test) A3}, p-value7} 0.4829% Relo
zZtato} AR 7S B thPark BH 5 2014). Ago] QA=A e EHAE AT, AL3KYo)l Ul

AL H7F ] e Higt VS E= 447~637H
o] MR H4ghke Sample 1(X;: 0.5 g, Xo: 90 g), HAUIaLe
Sample 4(X;: 2.5 g, X2: 110 g)ollA et AdETHX)
7 WG FX)ol AF(Ypol et 715w e JFe
IAZAN A3, S5Y¥AG7)F 42t Z-8-81= Linear Model©]
A=At RE2 0.8518% =2 AP S B3l om, pvalue
= 000052 oAl AdE JYeRdx, AFFAA98%
(Lack of fit test) A=}, p-valueZ} 0.1769% F@lo] A3t4o]
A=Ak W-gEA/de A, (Yol Het VsEE
AUTEX) H7bFol S71ErE FAM F7teke A
= Blom, MgaX) et AU X))ol | nA=
Fgo] o & AR UEith & ATl A3 e
A7} GARE A4S Beom, o] Mo 9|F Prio] o
I}

AL H7F el AUkl e 7T EE 4.42~6.63
Hol™, 2 A7k-e Sample 6(X;: 0.09 g, Xy 100 g), gk
Sample 3(X;: 2.5 g, Xo: 90 g)ollA] YRl X)) 2
AT (X0l LYool et 7150l WA= FaFe A
1] 913t AR Ay 5¥¥S7F 252881 Quadratic
Modelo] A= ATh RPS 0985002 =& AdS 1

o

d71EEs AUwHX) A7heel STtEeE FAl 5
7kslet A o F ghadhe =41e] FHE Hlow, U
FX)ET AUEEX)ol AUl vAE FFo] o 2

Aoz vepgeh

N

) et

— A

QT H7F 47y e] dubol] gt 7| S = 5.58~6.84%
, A2z Sample 6(X;: 0.09 g, Xo: 100 g), HAZES
Sample 11(Xi: 1.5 g, Xa: 100 g)ollA] WEbsTh AAEE(X)
I} W dEH(X,)0] ©EkY el tEF 7Sk nAE kS
AN Az, E¥HF7E 25288 Quadratic Model
o] A=A} RPZES 0.74620]1, p-value:= 0.1308Z
o|Fo)#] gttt RgEHASE A, Tul(Y )l tigt 71&
=E ALRRX) bl SEFE FA Sk
1y o] F s Hhdhe 4] FHE Bylon, o
FEC)ET ALEE(X )0l ©@ute] wAE o] ¥
Aoz Yepyth o] 22 Ay shujobitd 7 i<
W 7HKim YJ 5 2015)94 4% 5 o]de] £82 A
7kebH 93| ©ute] 73S AAarFIvtn HuslgEd),
B ATz TL3 295 Bk

=

2 e

°|

[}

]

AUED H7F B9 %53t vol] Uid V| a%= 4.58~
637301, HAZES Sample 6(X;: 0.09 g, Xo: 100 g), Atk
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Fig. 2. Perturbation plot and response surface plot for sensory evaluation of Yanggaeng prepared with
different mixture ratio of lotus leaf powder (A) and white bean paste (B).
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Fig. 3. Perturbation plot and response surface plot for the optimization mixture of Yanggaeng added
with lotus leaf powder (A) and white bean paste (B).

Table 7. Optimum constraint values using two numerical
methods in the object goal

. Numerical
Constrains name Goal e
optimization (g)

Independent Xi In range 247
variables X5 In range 101.66
Y, Maximize 6.36

Ys Maximize 6.31

Yy Maximize 6.50

Responses

Yu Maximize 6.23

le Maximize 6.39

Y15 Maximize 6.31

X;: Lotus leaf powder, X,: White bean paste, Y7: Color, Ys:
Appearance, Yo: Lotus leaf aroma, Yi;: Bitterness, Yi,: Flavor,
Yis: Overall acceptability.

QoF gl 7Ed§

e
re
®
£
rlo
=

o
=5
b
T
L

3 (Response Surface Method)
& o) g3 QW Mo HA wPnE WEFow

T g T3 S Nt
el A ALl
= AdEEX)F 0

A
A~ I~ 3L = 2~ g
G, TEHSFE 22 EAIFEY)),

120 Overlay Plot
W/ 1/
/N
R e T
- ) vl
[varat ascepmminy 6 53]
‘=
110 ‘
T k. T] [ (rpp—————
—_ | [rwooens] eH: 632882
o preT—T (Sopar corinmiz 242601
e brirey Color L 23.408% 3
- £ 'I[ Color a: 0178183
7 i sratfvns [\ )
g. cla Color: 634701 Color b: 1506
2 Appesance: 6423 .m
E 100 —f e Lot leaf womas £40091 m"‘ b=
— Sweetren: £56714 < ¥ '
o bz Bittereass 622944 e e
= [ppewance: 4.47] Faver: 63913 Erewiners: 5.5
= Fardnen: 564472 \
[P, (Chewiness: 595746
o ' Overal acceptabal 631342 [TEENE e T
X1 2.4T136
o0 2 10156 ™
[
. [Water content 6072 ‘
ey w A\
| . ay’ Swretren: §.58)
- f
| [agmenzsl— 1
80 s
T T 1
-0.5 0.5 15 25 35

A: Lotus leaf (g)

Fig. 4. Overlay plot for the optimization mixture of
Yanggaeng added with lotus leaf powder (A) and
white bean paste (B).
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