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Ingredient Mixing Ratio Optimization for the Preparation of
Sulgidduk with Barley(Hordeum vulgare L.) Sprout Powder

Hae Youn Park, Myung-Sook Jang)r
Dept. of Food Science and Nutrition, Dankook University

Abstract

This study was performed to determine the optimum ratio of ingredients in the Sulgidduk with barley(Hordeum
vulgare L.) sprout powder. A mathematical analytical tool was employed for optimization of the typical ingredients.
The canonical form and trace plot showed the affect of each ingredient in the mixture against the final product.
Mixture design showed 14 experimental points, including 4 replicates for three independent variables. The three
independent variables selected for the experiment were: water(15~22%), barley sprout powder(l ~4%), and
sugar(12~19%). The optimum responses varables such as color values(L, a, and b), instrumental texture
parametersthardness, gumminess, and chewiness), and sensory characteristics(appearance, color, smell, taste,
softness, moistness, and overall acceptability) were evaluated. The Hunter colorimetric L- and a-values of the
Sulgidduk decreased with an increasing amount of barley sprout powder. As more barley sprout powder was added,
a higher b-value resulted. Textural hardness, gumminess, and chewiness were lowered by the addition of barley
sprout powder. The optimum formulation obtained by both numerical and graphical methods showed similar results.
The representative optimal ingredient ratio commonly obtained by both methods were: 18.2% water, 2.0% barley
sprout powder, and 14.8% sugar.
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7] A5t e &85 7H 9 5P (Lee KH 2005), 2
ZA g Park MK 5 2002), =FFo] B]4i(Yoon SIS}
Lee MY 2004), thA] vl Cho MS$} Hong JS 2006), 5%
3l&(Park KS & 2003), & &= (Hong IS} Kim MA
2005), gu}(Hong JH 5 2003), dz(lee HG &
2005) 58 Holl o] &3 A7t EdsiA IF AL QL
AE dFNEs & o E£FE9 JHIE °1~r71
detde E3E AIAYHE AHEIHComell JA
1990, Ellekjx MR 5 1996, N&s T 5 1998). 4% 9
9 oy HJBEo EFFHO U, oHF FF &
‘%‘@%94 Fol BA 7} ol Egulgo] EA7F H
o 2o 71& e HEstq EA
At wekA é.‘%ﬁr 2ol & 7H 3

-lr:
i
ol
o

[e)

A oot 2

I'-?-{-'z
>,
ol
=
>,
e
2
g
)
ozr,
D‘.
_CL
J
5
S 30 ft
8 B ot ©
w2 )y 2 oo

EeEanct,
N

W i Lo

49 AHgsl HckNas T
1999). ol2lF EFE 2F AYF B 4l
e HAE A, facton @ Thotehs, HASLA
o dieted 2We FaL, dolHE A3k
A PYoE Yolag 25 A2
FolA Hoje) BHE Qe F DAL AY3
Zo] =35tk Nas T 5 1999, Saguy I & 1984).
God  ATANE 4085 4AE FAAY

& qla ool 7 9949 BFEIF AL o
WARE o18T + Yt PIOE Hr|He|
AEALEE 183 ol A WY A 4
Hge At ek

rir m*i_eho&oln!;m:%riﬁirm

ot & orlr "
1 |t d

f r_?_‘ ol
Clok

k

i

112

i

)

_ﬂ%

z

riolv
2 1'1‘.9_‘5
fu e o

(ol
e

1 THE 2 e

1. M=
B AP AT B 2005de] AR wHw =
A% oldate] FAMolT, o HAFFE 20059

d2ze Hota A A23Y 43207

g Arte 471me Az B HA3

12g9] Aujd oy B(Fs =3EY '3@ up-S-of A
AZ:E AHEsIATE od BHEAAS ALAZRII(LD-3,
Hosgawa, Japan)E o]-23}a] 35~38 Coﬂ/ﬂ 24/\12} a
ZA|A AEY BH7](KMT-007, KMtech, Korea)E ©]
ol 7R 2 wWEo] 100 meshe] A2 HA AMESH
Ak AgS (PHCAIY F9d, 252 AE(EE 8%
ol4h) AAGEL AlgSAT od RIAIFE dwHy
Bo X 48%, WA 207%, 3E 14%, A& 6.8%
olth AL AT Wt E2 FE 32%, TR
22% 3 & 03%, A& 0.3%°] At}

2. E§HIE2 2XNEE st AE CIXte

od HIANFEE A7 719 RE AY design,
data A 2 F3Z8l= Design Expert 6(Stat-Easy Co.,
Minneapolis) & AM&38l3th ol HIUVIRE I7He
7199 AME E¢H|9) A 5= mixture design
D-optimal design(Myers RH9} Montgomery DC 1995)¢]]
wel AR, EHHTE AuddE AA
A7 24 71 dEE E F U TEA), o
Y HIFEB), AZH0OS A3 H3uTEe
ML, a, bgh), @ 23] (hardness, gumminess, chewiness),
AT, A, @A, o, FEEHE Jx, 5T
AL, AWE JEE)E A3 T8 oY B
A7, Ag AUMg9 A4 2 Y H9e dudd
g AX AE FFo) datd 424 15~22%, 1~4%,
12~19%2 A3t

D—optimal design®] AFHL ZA A, 713AE N F
3, F2el 3 A, FFLE Fo= olFIA
e A99S Aolde Sa47 B 4 A4 2
S 9% ¥hEgo] ZA)gciHan KH 2004). 2734
AUAA HolH HEE WY FSHEES Loty
9181 A quadratic design modelS A-E&3HEH, °l+=
Regression modelS el coefficientgk(Comell JA

1__ ]:1].0
— Wt

(]

:L rlolv o¥

1990)5°] ZAE T3 AAE ]I linear®} canonical
A9 quadratic model2 modified least square
regressione]] &3] FHEolF Tl ol full quadratic model

& stepwise regression'$H(a=0.1)2. & data A& &
Hyow, ol eElUE model# coefficient e
FtestZ2 1 $94& A& vkJang MS3} Park JE
2006). 7+ R wE HJEEY e BY] $5td
response surface plot¥} trace plot(Raymond HM 1995)&
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231, AP A AFE EF)

3. d7|=o| M=

ojd HINEE HA/G 4719 A8 9
Au|AF LS E3te] Table 1o] VeRA wviel 2ol st
I, 47198 wEE PES Fg 29 2ok 48 Ao
BAIZE B T 3087 AloA BV wja FA o}
20 mesh Aol EHAA AMESIATE A7FE 1,500 g&

A=) [e]
""%1_

L

7122 A WY A7FE, ojd B3R, ¥ W
A AT HS F AFES Yol &2 108 23
F v golg g f1d o4 20 mesh Ao F A ]
Atk 9 SG0x30 cm)o] AEE 23 HILRE Y
T BYsA fHhe e E}& 10cz g4 &7

(K-5DX, Arahata, Co., Japan)ell Al 1882 AU At} A
W ge g EelA Zue] A2Q0IT)NA 147 4
7 & Aol A&

4. M uy
1) A=
e BHHAAEE A7HS 4719E BEO) 5x5x2 om
Z AE & YAAIC-801S, Color Techno System Co.,

Water (%)
22200

{19.9, 1.8, 13.4

(17.8. 2.5, 14.8)
]

{17.0, 4.0, 15.0}
[

{16.4, 2.5, 186.1)
o

{15.0. 4,0, 16.0) (15.0. 2.5. 17.5)

o
o

19.00
Sugar {%)

8.00 15.00
Barley sproutling powder (%)

Fig. 1. Plot of a modified distance design in the mixture
region.

&

141
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e
8¢ Ez a9
0.14, 18] 1 bk 04100t}

103) 3% 7 FHEkS UepiATh o] 5§ A}
(standard plate)?] L3k 98.48, agt2

Table 1. Experimental design for the Sulgidduk added with
barley sprout powder

No Run

1
Pseudo component”

Actual component

A? B C A% B(@®% C(%
1 10 000 043 057 1500 400 16.00
2 7 050 000 050 1850 1.00 1550
3 14 000 021 079 1500 250 17.50
4 12 000 000 100 1500 100 19.00
5 6 1.00 0.00 0.00 2200 1.00 12.00
6 5 057 043 000 1900 400 1200
7 9 029 043 029 1700 400 14.00
8 13 070 011 020 1983 175 1338
9 1 020 021 059 1638 250 16.13
10 8 039 021 039 1775 250 14.75
11 4 050 000 050 1850 1.00 1550
12 2 100 000 000 2200 100 1200
13 3 000 000 100 1500 100 19.00
14 11 057 043 000 1900 4.00 12.00
YPseudo conponents : X ; = Sl ) s X P Xt X, = 1
(1-310)
?A : moisture, B : barley sprout powder, C : sugar

Washing rice (3 times)

|
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Soaking rice for 8 hrs

|

Draining for 30 min
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Roller milling

|

l

Sieving(20 mesh)

]

} adding sugar,
barley sproutl powder

Mixing

| adding water with salt

Mixing
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Steaming for 18 min

Fig. 2. A manufacturing process of Sulgidduk.
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od HIUMRE IS AVE9E wEo] HF 3 om
9 9522 Aol g ¥olE 2 am=E 45 sk
Texture Analyzer(TA XT-2, Stable Micro System, Ltd,,
UK)E A}83ld] 50%2 HEEE two-bite compression
testE o] &3t 2AFS FHsHUGE g FF F
Ao1A force and time graphZHE] 7 Z(hardness), 74
(gumminess) 2 48] J(chewiness)¢] TPA(texture profile
analysis) SHAZ BAA BE ZFL 108 o)z
vhE25l9 T ol ¥4 average curved ARE-STH
AR 71719 FF 22 Table 29 2Th

AHZAL 7] 9% 147 AFAY T+ #5572
Abe 2719 wEo] eAF eRd £Ed 3089
AEJSFst g RS gyes 99,
A, AANE), &, FEHE AR, H59 A&, a9
o AwAEQ 7|2EY T7kA 4o tistd 98 3
Ao 2(RFS T 1993) AAsE 7E== “U
3] 4 S(dislike extremely)’S 17, “th©+3] E3(like

extremely)”S 98 0.2 FrFeAch AAIR ;\] 2= A

A A3 EASPOD, AFF 27)(5x52 cm)E

Zet HZ2 WA Halo| ot 3 A AF S

@ el NEE WG O BFE YAS AR

AT & g2 AEE HEEE gtk A8Y AA

£ & £ de 3AE Fo7] A3 7Y &
e

Aoz ARE A St

=3
Canonical 289} 432 A 3H(numerical optimization)
$ 2FE HJEd did =¥ FZ 3}(graphical
optimization)E E3&to] HAHSE 9 &, ofd EHA
4R, AEe &g AR, 1 e FE A6

Table 2. Operating conditions for Texture Analyzer

Instrument Stable Micro System TA XT-2 Texture Analyser
Type compression test(Texture Profile Analysis test)
Probe @34 mm cylinder probe

Pre-test speed 5.0 mm/s

Test speed 1.0 mmy/s

Post test speed 1.0 mm/s

Distance 10.0 mm

Strain Deformation 50%

2z A5k A A|238 A45.(2007)

A 271" A8 =gue A}

o} R HZH b= canonical RS TTLE e B
g9 Aol Z Hrge] g EX H(goal area)E
AR5 T e sy FaATh

1 n 1
D =(di x dy x -+ xdy) " =( od g
i=1
7]+ D& overall desirability(Derringer G} Suich R

1980), d= Z}z+9] desirability, ne- responseQJ o]t}
2¥3A HAHs= ZF vkgo] dig A& S A AS
AL A5t YdE3H S # 7hed MYl aH=
A 2RuE yroz FoHut

m, #o Y mE

1. E82 AEAER o8 AECIxel

A RAANTE WA A71EY AR SPH A
fatd EFE A A (mixture
design) & D-optimal designe 2 AFT]RIR1ES g Th
od HBIRE A9 IA7eaEs | 4VY £2
o] 7tg 4FE "E F Ae AAR FE(1S~22%),
oY HBVMF(1~4%), HAB(12~19%) IF7t&s =¥
Mz so] A4ddT BUH 54 A%, 924
o B5d S4e weusz APdAd SFE A
A8 Y modified distance designg ©]&sle] 24 A4
29 HYE JFHsRs o 10709 AFHFg Dol
FAHAL, 409 wEHo] AEEo 4FHS F 4
M7} A% = AcH(Table 1).

BE APEARu)E T 2 3-8 gld7] 9
stol Agoz Adadla, AFE TIPS Astel
0~19) code level S Hostdth EE ol 2 A&
o] XE FTFS YotRr] Y5t 2FP HIEE =
ags S w‘«a =0 B3 S e
plot& ©]&-3]
B 4 ERE /gﬂ—

2. M

Mz AFE Table 33 2ok AE F FED)E
59.8~77.0, M E@)E -3.97~-125 FAE(b)E 22.04
~28.682 WAE HHT FE, o RIJLF, H%
A7bgol BEE 2%, 1%, 12%, ANEE 22%, 1%,
12%, G 17%, 4%, 14% A7lstde ° 713 =
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e g Btk A= bg 2 98¢ vA Az 3~59 2tk AN vehd AFEF trace plot]
ol HZFEE, oJd HIAME F/gol ®EFE A BAXE J1evle B0l 4 B84 vAE 9
2 Fg RAFE Aoz oy BtFE YRS A4

|
ANTE YolA i, FNEE 2 RS € & ATk
ol odHE {9 FHAQ] =
Acz Az

AZE MSERE 2dHg 519 FtestE &3 79
A& AST A9 SHHESFIT A vX = EFE
A H7] 93 3 A2 Table 49} v} Hxel &4
L& quadratic 2dlo], HMEE linear Edo] AEH
2lth ®§ Probability= <0.00012 0.1% ©|g] &9
4& Bo 2de] Hggo] ABHATH

Adg mde] g wS-FHd trace plot2 Fig.

o 7+ & gL FA FHEFY JA=E YE
W= trace plotell A =& A7FeA-ANT 27 A7M8
(CCH)ol 71E4S BES} U EE FobAal B4
T dolzlen, od H3UME A7EBBNZ F
HEEE e doAI HNES GNEE FUts
© 2FE Uitk ol & A7kl 371 5
A719e Px7F doldds d7Sim YIS 1919}
F248E WM 5 457 Zasal ag2 5009
Zkol AATH= dF(Park MKS 2002)9} §-AFskth

Table 3. Quality characteristics of Sulgidduk with barley sprout powder at various conditions by D-optimal design

Hunter’s color values Textural characteristics

Sensory characteristics

No. Run L a b Hardness Gummi- Crlzggl Appear- Color Smell Taste Softness Moist- Overa%l'
(g) ness(g) (g -cm) ance ness  acceptability

1 10 598 -40 283 5920 490.7 4592 57 6.1 6.0 6.7 53 49 6.0

2 7 746 -13 261 4770 3854 3274 6.7 6.5 6.4 6.8 7.4 7.1 7.0

3 14 625 -1.8 ° 259 5296 4326 3954 72 7.4 7.6 7.3 6.9 6.4 7.3

4 12 692 -13 235 4808 3979 3404 6.4 6.4 6.5 6.8 7.2 6.7 6.8

5 6 769 -13 227 4648 3723 3100 6.8 6.5 6.7 6.3 7.1 6.3 6.4

6 5 61.1 -32 276 5803 4688 4053 5.9 5.6 58 5.4 72 6.1 59

7 9 60.5 -2.6 - 287 5829 4803 4299 6.0 6.0 58 6.0 7.1 6.3 6.0

8 13 703 -15 230 5095 4125 3714 6.2 . 6.6 6.7 6.3 7.0 6.9 6.5

9 1 650 -20 257 5203 4309 3924 8.1 75 7.7 7.8 7.5 72 79
10 8 655 -19 268 5172 4246 3880 7.7 7.3 7.7 75 72 7.5 7.7
11 4 730 -13 226 4761 3840 3295 6.8 6.8 6.6 6.7 73 7.8 7.0

12 2 77.0 -1.3 220 465.3 3707 3151 6.7 6.6 6.8 6.5 7.1 6.2 6.5
13 3 68.8 -13 248 4822 3988 3437 6.6 6.3 6.7 6.9 72 6.6 6.8
14 11 611 -33 274 5800 4700 4089 5.7 5.3 5.7 5.5 7.2 6.3 5.8

Table 4. Analysis of predicted model equation for the quality characteristics of Sulgidduk added with barley sprout powder

Response Model R’ Prob<F Equation on terms of pseudo component
, L value Quadratic 1.00 <0.0001  76.89A"+66.72B+73.03C-46.25AB-2.28AC-42.85BC
Hunter’s color .
values a value Linear 091 <0.0001 -1.11A-6.10B-1.22C
b value Quadratic 0.99 <0.0001 22.15A+28.75B+23.39C+10.46AB-0.56AC+12.30BC
Textural Hardness Linear 0.9849 0.0001  487.99A+727.04B+479.57C
characteristics Gumminess Linear 0.9818 0.0001  372.77A+605.99B+395.93C
Chewiness Quadratic 0.9758 0.0001  315.50A+481.54B+339.01C+91.53AB+19.70AC+207.82B
Appearance Quadratic 0.69 0.0531 6.56A-8.55B+6.54C+23.21AB+0.68 AC+24.03BC
Color Quadratic 0.93 0.0002 6.47A-6.98B+6.38C+19.14AB+0.78 AC+22.88BC
Sensory Smell Quadratic 091 0.0007  6.65A-1.079B+6.62C+26.66AB+0.72AC+28.24BC
characteristics Taste Quadratic 0.88 0.0018 6.31A-3.96B+6.83C+14.46AB+0.68AC+18.25BC
Softness Quadratic 0.72 0.0001  6.98A+0.79B+7.25C+11.97AB+0.92AC+5.33BC
Moistness Quadratic 0.90 0.0007 6.17A-3.77B+6.64C+17.62AB+4.16AC+11.85BC
Overall acceptability Quadratic 0.83 0.0055  6.34A-6.32B+6.81C+20.30AB+1.57AC+20.05BC
YA : moisture, B : barley sprout powder, C : sugar
- 555 - Stz B8k 2] A #2338 A45.(2007)
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3. HIAK

HAx & Ax(hodnes)E 464.8~5920 g 73/d(gumminess)
2 307~4907 g A chewiness)} < 3100~4592 g - ecme]
9o) Zse RgtkTble 3. B%, d4% 44 =% &
2, o9 BT, 49 A7Hg0] A7 2%, 1%, 12%
J o 7% e AHE BeATable 3), F¥ AL
3 ol BI/E A48 b He BRI
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Fig. 3. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
lightness of Sulgidduk added with barley sprout powder.
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Fig. 4. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
redness of Sulgidduk added with barley sprout powder.
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Fig. 5. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
vellowness of Sulgidduk added with barley sprout powder.
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FEHE A &€ 7 Ut
A=t 749 -7 linear 29o], A4 quadratic 2
dof AFHIAIL, 1% olHdA FYHE Ko 2
o] A= AtH(Table 4). Table 4] b 3]
23} Fig. 6~89] trace plotol Al HAX &= 7]&7]1& 4
HE 2% AEelE o BT A 2 9FL
Fi Aoz Yt $B A/18AAN), 4% A7)

X3(1200) % > s
\

T -
Y X1 (15.00) ™ or otor o357 osr
iy

% B0 Deviation from Reference Blend

Fig. 6. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
hardness of Sulgidduk added with barley sprout powder.
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Fig. 7. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
gumminess of Sulgidduk added with barley sprout powder.
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Fig. 8. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
chewiness of Sulgidduk added with barley sprout powder.
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(C-CHel #E&4F =, A4, 8ol Faste
FE Yo, o HEUJEE F7Fe@B-BA)Cl ¥

A4, 4480l F7rete S U
F&ol 71 € +5(Sim YI & 199)),
FE(Park MKE 2002) A%, A4,
BEHR AT

&
akl)
N

4. BSZAL
od HIVMEE FAVke U199 AE E£FHEY
HAAHE AT BePAlA ZAFE Table 33 ZaL
QAL 57~8.1, ML 53~75, WA= 57~7.7, @
54~78, RZale AX 49~78, &3 FALE 49~
78, AWAQ 715 %E 59~79 B9 HFE TUTh
A, A, @A, &, FEEE BE, £5F &, A
quadratic 222 ZZ=FHJAoH, oF

BHHA VS EE
& A3 EE FEA probability7} Z+zF 0.0002,

b 2 (3.00 .
L] M
Frme = 6019.00)
X (12 00) e sor
- T — -
T xs oy om o ow o osr

-~

Fig. 9. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
appearance evaluation of Sulgidduk added with barley
sprout powder.
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Fig. 10. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
color evaluation of Sulgidduk added with barley sprout
powder.
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0.0007, 0.0018, 0.0001, 0.0007, 0.0055% 1% ©|jllA
o4 B 2d9 HFgol dFHAST AE &
gyl go] TEAA HRAE 7dEE B ExEy
trace plot2 Fig. 9~159} 2t}

AT, A, dA, &, EEF FE, IAWFA V&
59 ¥t E AT trace plotol A FE HITEA-A

AF HAg JA7HECCA)) F7MESFE A7t B
Zbatth Adige Bl ¥ Fag, o BE)
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Fig. 11. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
smell evaluation of Sulgidduk added with barley sprout
powder.
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Fig. 12. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
taste evaluation of Sulgidduk added with barley sprout
powder.
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Fig. 13. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
softness evaluation of Sulgidduk added with barley sprout
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Fig. 14. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
moistness evaluation of Sulgidduk added with barley sprout
powder.
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Fig. 15. Response surface and trace plot for the effect of
moisture (A), barley sprout powder (B), and sugar (C) on
overall acceptability of Sulgidduk added with barley sprout
powder.
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Table 5. Optimum constraint values using two analytical
methods in the object goal

Numerical ~ Graphical

Constraints name Goal  optimization optimizaion
solution solution
Moisture( %) in range 18.2 18.1
Barley sprout powder(%) maximum 2.0 2.0
Sugar(%) in range 14.8 14.8
L value in range 67.9 67.8
a value in range -19 -1.9
b value in range 249 250
Hardness minimum 5103 5109
Gumminess minimum  416.0 416.6
Chewiness minimum 3709 3715
Color maximum 72 72
Smell maximum 7.4 74
Taste maximum 7.2 7.2
Softness maximum 7.5 15
Moistness maximum 75 75
Overall acceptability maximum 7.5 7.5
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