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Abstract

The aim of this study was to determine the optimum amount of waxy millet flour (WMF) to add to rice flour in the
preparation of Sulgidduk (waxy millet rice cakes). According to the results, increasing the level of WMF in the
formulation caused the moisture contents of samples to increase (37.14~38.81%). The L-value decreased with
increasing additions of WMF whereas the b-value increased and the a-value did not differ by the addition of the flour.
According to the mechanical evaluation results, hardness increased with increasing amounts of added WMF. Adhesive-
ness, cohesiveness, gumminess, and brittleness did not differ significantly and springiness was highest at the 30% level
of WMF. From the sensory evaluation results, the 30% WMF samples received the highest overall-acceptability scores.
In conclusion, according to its sensory and mechanical qualities, the optimal Sulgidduk formulation consisted of 30%

WMF added to rice flour.
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ol f7F A AtElE A Yot o]f7], fol, dAt
FolA A& vkel 2] Fo|tHKim NS 5 1987, Ha YD
o} Lee SP 2001). 9] @ oF 9~10%E AHA|skAL
71 % prolamin®} glutdine] ¥ Thlgo|m Zoroln] e
2F ol lysneo] BE31H leucineo] FHSHAl S
o] Atk FHL oF 72~73%E A AdHEo] W
o} Hojux] o]f24 Age] stuE gy o]&HH, F
7IdEE= P K, Ca Feol o &0 QlofAl bl
A Fgoly Bk 4%k ol oYXyt HjH-S A
st WHlE oete diAdes dste &9 ok
(Ha YD9} Lee SP 2001). %ol #3+ AgPATLEE 29
AEZA A #e A7, S ¢ ol dd #et
AT, ZE O1ET FHAaT A= #F AT, EE
o]-8gt AAnge] A AT Fo] RIFHI T} Ha
YD} Lee SP(2001)2 2=, 7+ 9 71| d@ild EX4
ATolA =l 71 Bol 3T opv| AR tyrosine &
Buslga, #Adv 5(1997)S £, &5, Az AL
Abgkel QM| AGS celdt A& MEQ] HT-29
calolAl #& AfaAE UepA 433 in vitro &9+
A AEEJSS Bsith TS Choi YH 5(1998)
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Aol B 2087F Ew7E ¢ FH 2 B9 10%2]
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3] o] A2 20TolA duldd-S T3l 8AxF 1 &
Aol Wb 2083 =7 E Sk o 7)ol AT (Chee
KY £} Hong JS 2006)2t dﬂ‘ﬂ%“@% Foll Ak 7] 5%
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Table 1. Formulas for Sulgidduk added waxy millet flour
Ingredients

Rice flour Waxy millet Sugar Water Salt
(9 flour(g) (9 (9 (9

Ratio of waxy
millet flour(%)

10 450 50 60 50 5
20 400 100 60 50 5
30 350 150 60 50 5
40 300 200 60 50 5
50 250 250 60 50 5
3 ulE] #2A HERAE 26 cm, =°] 15 cm)ollA 20
7t Bk Al AE(EA 6.5 cm, =°] 15 cm)S €&
ANA Aol 107 A7 § HIARE ARSI

2271 H7VFS gelste] Axs 27kl A7y 2
gs &8 TX7] AHZFE7lol Hol 1Ax7]elA 105T %
A7FE AXH(AOAC 1990)S ©o]&3te] 33 HkE =34
st I HHFto = e

) AHEix-I

M= 227 JArbges 2elste] Alxg 22 A
71H-g AZF A5l Alm R Mg AP T HA|(Chro-
ma meter CR-300 Minolta, Japan)S Al&3le] L(HXE
a(HA(+) = FA(—), bEA(+) > ZA()EE 3%
HHE SAste] O P o ® Yehyilon, oju Akg
¥ cdibration plates L %kol 94.50, a kol 0.3126, b ¢kl
0.31910]%ITHe] 5 5 1999).

3) HIAX &H

Az27V RS HAUVete] Azg Ar|He) A EA4S
olr 7] 9%} Rheometer(CR-150, Sun Scientific Co.
Ltd, Japan)E ©|-&3t FAsATE A= MRS AU
A71H-& Axg thy 1ARE o] $o 7 E(hardness), F-2
“J(adhesiveness), -5-714d(cohesiveness), B 4J(springiness),
24 (gumminess), F474 (brittleness) S 3+ ol A=
g = ’“71“*01] st 33] Qs o]AS 33
e ARSI AT} vEA 1995, Dago Corporation
1999).

Rheometer®] %71 sample size(6.5x1.5 cm’), full scale
4 kg, table speed 100(mm/min), chart speed 30(mm/min),
adapter diameter 1.0 cm$3th-.
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(chewiness), ZHHA}] 7] 5 = (overal-acceptability) & FA|
St=E stiom 9 Mo E HrlstAtHA 8% T
73% 2001).
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Zt Ao A A& Ayl= SAS TE 7 80 HAS A}
23l SAAE At E4HEA(ANOVA)F p<0.05 &=
Fo Al Duncan®] tHEHHAAR SR FAAH Fods A
AstATHA- A 7743 2001).

=t

. 7=|J-1|. aj =t

= =<

K

AAz7HE A71EFS 10, 20, 30, 40, 50%% sk Alx
3 2z Ar|H o] s 34 A= Table 294 2t

Atz A7l AR A7ERe] SRS 36.7%, A
27V FREFE 202070 A2TVFE H ] F
Vs Ariwe] R A YEsthTable 1).
ol x| Aoldfart FRATH AX BHFdE
zt7] wjEo = AZHET) Miyauchi KS9F Watanabe T
(1978)2] Aol ol FEREAHLE A5 ©d o
3 Azt BHo] Qloial sk en, McConndl AA 5(1974)
o dATtell ostd < 2oldfre TR/, ¥,
UAke] =270 meh FFE =T Stk Lee MH
(2003)= = ¥ FE H7IgF white layer cake AT-ollA]
2tz9] S FEEFEHO] 71.16~99.47%2] HIAZ A}

TH
K

Table 2. Moisture contents of Sulgidduk added with waxy millet
flour

Ratio of waxy millet flour(%)

Moisture contents(%)

10 37.14+1.20"
20 37.20+1.24°
30 37.76+1.68*
40 37.81+0.23"
50 38.81+1.22
F-value 0.91

Y MeanSD.
*Means in a column by different superscripts are significantly
different at 5% dignificance level by Duncan's multiple range test.
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FHo R AR FEe AAaH7] wEel A7bE
B Ag TRl FEAT w3 2px9)
fr&o] FRAFE R Qs BEgo] 7
¢ Ao g AZHEY. o3 HA¥= Joung HS(1996)
S5 AvE H7EgE WA 7)€ Chong HS(1999) 9
s AH7RRE wWAdr)e) R S8ATA} A

o
S

oM Jor lo B > oo

2, Mk

Az7VE A7VFS 10, 20, 30, 40, 50%E 3] A|=E
7190 M= 54 Aih= Table 33} At

FA7FE] L, a bae 77 94.30, -040, 2949111,
A7) L, a b @t 27} 6814, -1.10, 17.15%H.

Ax7bEE A7keke] Axd Az A7]"e Lt At
Z7E 10% H7ko] 8340202 7H =4, 50% H k-
o] 65072 71 S Uehgon AxrhE Hrigel S
7FEE SopA= el AtH(p<0.001)(Table 3). oA
“E] A7]¥(Shon J 5 2006), TAIPE A7]H(Cho MS
¢} Hong JS 2006), <17k A7 A71¥(Son KH
¢} Park DY 2007) A7llM FARE H7H0& o 9
WEIF Aadtavhke Aot AR Aotk

agte AZ7RE 10% H7keelA -0.95= 71 =7, 50%
A7zl 0852 71 WAl UehA A27HE 10%
7R} 50% H7RE el fFolHel Aolzt gl
Mg o2 Azrbe A7kl we 2 Aolg UEhA
23ktH(Table 3). o= M=k H7hgel we AR
oAl Apel7b ¢IAE Hong HI 5(1999)°] 7H7=54t
2719 Aok fARRE Adfolw wbd Bel7ERel AT}

Table 3. Color value of Sulgidduk added with waxy millet

flour

Ratio of waxy Hunter's color value

millet flour(%o) L a b
10 83.40+0.80™  -0.95:0.04°  8.41+0.17°
20 79.90+099°  -0.81+0.03°  9.33+0.30°
30 75.24+2.44°  -074+0.15°  10.03+0.15°
40 68.75+4.25°  -0.80+0.29%  11.29+0.44°
50 65.07+1.93°  -055+0.14*  11.31+0.48"

F-value 28.97+** 251 42.89+**

YMean+S.D. ***p<0.001
®\leans in a column by different superscripts are significantly
different at 5% significance level by Duncan's multiple range test.
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= A7 Lt4(Sc>n KH®}F Park DY 2007)3% ojdzx &% 47

G(En D 5 2008)9] AFolH FAgel Bl B
el whel A SR Ardnes e
Agolnh

bate 27T 7t SUMETE molAe A
ollom 27V E 40% H7bEH 50% F7hE o=
oAl Ao glo] E2 e UERATHp<0.001)(Table 3).
oL AXVIFE AAA BHEIA G Aol o]}
7] el A=V ke SV E =4 UERd
ZAog AZidn) oA &% F7F MA7](Joung HS 1996),
357 A7]"(Chae KY 2} Hong JS 2006), 7HAlL
7FaE(Shin MJ2} Park YM 2006)0ll419] A7-A 39}
ARgE ZgFo)tt.

3. HAX 54

A7 J7VEE 10, 20, 30, 40, 50%E Skl A=
g Arime| "xx F4 A= Table 49+ 2t

73 E(hardness) = 2271 A7eEFo] TR HolA|
= 75"—56"]"1‘4(%005) 27V 1006, 20% H7lo] 30~

40 H=9aL 30%, 40%, 50% F7FTo] 40~502 M=
A7V AA7bFe] BE AS fYHoR 52 ARE
UeRET 30% ol b ztele #9# Ajolrt

AATHTable 4). oA A= FEFF 54 2dHeh=
OE AFIH olAS A A7]H(Chee KY 2F Hong
JS 2006) ATolAet 2ol AxE EHA A9 AE &
sl v A2V o]&o & <la, A" Wi
zxZlo] Aoz 1l deiFr] wjE o2 AztEr
7717k ZAAgel wet xkx ArH o) AHxo W)
= A2IHE AJUVE & AZpolrt glo] BE AV|HY
AE7F AR Vb Y-S B xxrbRe A
7he A71Ee] Al FatFe HIHA| °-t ZAeE
E}ttH(data not shown). Lee MH(2003)= *x25 7)st
o] A %3 white layer cake ATollA xpxo] FH7leo)
F7FeHl wet =7t SUbskAtkal Barsksl o w, Chang

ATl Haskith =9k Lee KS ~(2001)4 Hﬂrﬂ *
&S A AR Z7rel gl it A7l 2
He], 9 3 A Vil wers AE7F St
okl Basil=d ol & A7Edet fARE A
otk ¥HA Kim KS9} Lee JK(1999)2] 2w 7} 447
g 79k Kweon SY 5(2007)9] th¥7h+ H7F 274
ATelM= H7bEe] S7Fgel wet 2ol AETE B
oMES Hastiet ol & d7adee v A
oltt.
2k (adhesiveness) S AFZ7HF 20% F71Ee] 10.00
o7 7P =} 40% F7hro] 5.330® TP ukgko
U 2z b A7Eel e AlsRtel oAl Aole &l
Ach(Table 4). o] AAT= 727k A7]H(Shin
M2t Pak YM 2006)% “FuF f3ET A7) (dun
|v| s 2008)°llA 9k FARRE Aot Wb ApparhE
" 7]% (Chae KY€ Hong JS 2006)3 #ZRe], 714, A
7~l T4 H7F A714H(Lee KS & 2001)2 H7bol S7F
gholl w} A271He) Fagol vﬂﬂ‘}ii, Rlasi o el
A7 271" (Lee K 5 2000)94E F20] Hrleke] =
Z¥gell whet Ad71He) FapAdo] asioittal Hasieith
374 (cohesiveness)> xt=7FF 50% FH7hro] 46.30
o2 7P E9ka 30% Hrhwol 32.710% 7 Yk
b 2R3 nUIR 2 AR JAUbEE] uE AR
Zroll Fo] Al Aol & b}E‘rIHZl &3} TH(Table 4). Gu SY
S} Lee HG(2001) 7H7 H7hgol wetd 27149
Aol FelFQd A7t e HAEIAAL Lee MH
(2003)& wl= Bl 2pz= FH7Yell oJsiA caked] Sl
TR A7t Qe Hasiglet o= # A7A
o} FARRE el
A (springiness) 2 Ax27HF bl mE folHd
Z}o]E HYTHp<0.01). 2Z7HE 30% o] H7bol| Al

d

Table 4. Texture characteristics of Sulgidduk added with waxy millet flour

Texture Ratio of waxy millet flour(%o) Evalue
characteristics 10 20 30 40 50
(XT%‘E/?]Z) 33.50:+4,73%° 35.54+4.41° 45.19+4.45° 45.20+0.11° 46.28+1.43° 4.64%
Adhesiveness 7.00+1.41° 10.00+4.95% 6.33:1.41° 5.33+2.82° 6.67+1.41° 1.15
Cohesiveness 44.42+9.01% 36.04+1.12% 32.71+0.17° 42.43+0.97 46.30+5.00° 2.08
rnginess .3010. 01+2. 9111, .0813. .0213. .
ingi 73.38+6.58™ 63.01+2.21° 87.91+1.99% 82.08+8.94% 78.82+8.53% 7.19%*
GuMMiness 19.58+0.26° 25.70+4.58% 25.46+5.30% 30.96+1.80° 26.38+1.99% 3.15
Brittleness 17.56+7.11% 16.18+2.35° 23.23+1.03 21.78+1.75% 20.78+0.91% 242

YMean+SD. *p<0.05, **p<0.01

*Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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7P E9kal k27 20% kol 63018 7}
7 Wokti(Table 4). Lee KS 5(2001)2 FAIE A7 A
1ol &gk AgolA ZRre g Foxe= 20% H7HA
o 238 W& &S /IS "ET @¥igo] WA=
7ol Atk B st
723 (gumminess)2 AFZ7HF 40% 7kl 30,962
Z 7P =9k 10% F7kre] 1958% 7 vl yEk
U fo A8l Aozt Aot AxrhRel Hrhe A4
o FEFE AR e A= UEITHTable 4). Kweon
SY 5(2007)¢] W77+ H7F AE AFtellA A o
T2 ZA7% 4% AgE 10 g& #J7E ol M =
& S et Buslgsd o= B dF Ax
ob= & ZAxjo|tt

A A A (brittleness) & xFZ27FE 30% H7ko]l 23.23
S8 7ME EwSkA 20% H7bo] 16.18E 7Y wgkow
20%¢9} 30% H7hE ol ol Aozt Aot Al
Tl HREHRL Fo A<l ApolE YERNA] eFSktHTable
4). Chae KY3} Hong JS(2006)= A<=<7715 50% 37}
oA 7Pt e FAFAES JUehina slet ol
v 2 A7 Heks e Aotk

AR o2 A27}EE HUlete] Axg Ar|Ee] H)
24 BEAL A= gEAdS At AxrbE Ut
ol & AlBItel FoAQl Apo]lE HolA| STt

Azgk A7|He] B5x 4 A= Table 591 2t
A(color) S A27FE 0% HA7EE FoHow s
A BIKEIAAL 10% A7 fFodos 7 B
7189 tH(p<0.001). F(flavor)& 2FZ7FE 30% A7
S 7R =4 Hrrsgouw 10% FAbES A9 tE

A7 geja A7lEe 95y 131

o

7
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A=t Fo13 Q1 AFol7t fIATHp<0.05). TH3H(sweetness)
2 2T 20% H7FAA 7P A HIENeH
ZHEH 0 2 4.00~5.00 Atole] WHRIE 7t A8 3
o ztol7} Atk 1A nutty taste)> xFER7ME A
7heFol F7VErEE foFow E=A Hrlsly AxrhE
40% o) FrtrolA] 7.830E EL V|EEE et
(p<0.001). 223 Kroughness) S X271 10% 7o)
71 E=Al, AZ7HE 40% ©)d H7hEo] 3.830.2 U
3745 A THp<0.001). HE2]¢ 4 E(softness) = AZ27++
10%, 20%, 30% Z7hrol frel&Ql zte] glo] =4 3
7FE A0 40%St 50% FH7HES 30% o|E 7ol
Hlg Fo]dom WA H7EEITtHp<0.001). 53 A=
(moistness) = AF27HE 30% H7FEAA P & V&
=5 yehdon 2x7FE 30% 7R+ A2 H7bF
o] F7tgtell et 715 =7 #A BUFE T 40% 7t
TRE] 7|5%7F YA H7EE tHp<0.05). 434 (chewi-
ness)S AFZ7HE 20%2t 30% F7krollA 6.000.2 =
P E Q0 227 50% F7HEo] 40002 WA 7t
HATHp<0.05). Au+HA<Ql 7] 3 % (overall-acceptability)= 2t
Z7VF 30%, 20%, 40%, 10%, 50% <=O.2 =A HrlH
2ATHp<0.001).

HsH7t A, AZMEE Hrisle 719 e A RE
o Jodoz AxTEE He Yoz & Aol
Al Al gk gk V&7t WA WUiES B
¥ M Ae 22 Fege A= dig 7]
357t A BrkE A
wEbA] WAL AAZ2TVRE ket A|Es A=
 w WR7LE dd) AXIEE 30%E HUishe A
o] 1A%, @uts HWs| Wi, R AR, A
S FA, 27235 dde s g4 =0 =2H
] 714 #e B HANEERl 7ss WA 7 A
A Ao= Aztert
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Table 5. Sensory characterigtics of Sulgidduk added with waxy millet flour

Ratio of waxy millet flour (%)

Sensory characteristics F-value
10 20 30 40 50
Color 5.00+0.04" 6.67+0.04™ 7.83+0.04° 7.00+0.14° 6.33+0.14° 24,53+ **
Flavor 5.33:0.14° 6.17+0.04% 6.67+0.14° 6.17+0.04% 6.17+0.04% 3.38
Sweetness 4.67+0.14% 5.00+0.14% 4.17+0.04% 4.00£0.00° 4.33+0.04% 217
Nutty taste 3.17+0.14° 5.00+0.00° 6.33+0.14° 7.83+0.14° 7.83+0.14° 45.11%**
Roughness 6.50+0.14° 5.17+0.14° 5.17+0.14° 3.83+0.14° 3.83:0.14° 17.61%**
Softness 5.67+0.04% 5.67+0.04% 5.67+0.04% 4.50+0.14° 3.67+0.14° 11.89%**
Moistness 5.83+0.04° 6.83+0.04% 7.00+0.04 6.17+0.14> 5.83+0.04° 5.0
Chewiness 4.66:0.14° 6.00+0.00° 6.00+0.00° 5.83+0.04 4.00+0.00° 3.88
Overall acceptability 5.00+0.00 7.13+0.04% 8.00+0.00% 5.67+0.04° 3.83+0.14c 34.98%**

1)MeantS.D. *p<0.05 ***p<0.001

abcdMeans in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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B AT Az o8 FE FHoE 27t
Z AHTIEES 10%, 20%, 30%, 40%, 50%E F7lstke] A
7|9 Ao Ariwe] R, AE 7AH
FAEA, 53 FTAELS HUiste] WAL g
Az7HRe] BEFS AAEtaa stk Ad ARE
okl T At

Az7HEE AR 271He] RS 37.14-38.81%
HAATE Lae A2THF J7be] S7HErE YolAle
Aol agke AXVFE AU WE 2 Aolg
UERNA] gkokor, bikd Ax7F H7iao] T71drsE
EolA = o)At

AT AZVMF J7VF] SETE Eoe AE
olglom, By S AT Myl mE A
S0 FoFQl Aolg YERNA Zdth BHEAHL A
27 30% H7bre]l 7P =itk AR AxTHE
40% F7hrol, MRS A27HE 30% H7hrolA 7t
2 E=Ro AlETl HRFARI fo]AQl AfolE Kol
23Ut

A3} e AZ7ME 30% HUES foFow vhE
A HrkelRa 9ok ANk o Z 400~5.00 Abole
MR Hri=e] AlE Tholl ztel7} AUt Az A
7Vl F7VdrE 14k i V5% EA 8ot
Hlow Z2zZgut] g 7| E5e WA HriEATE F
T ARE AT 10%, 20%, 30% H7ko]l fo
Al zto] glo] =A HriENer £E5% AEe A=
7HE 30% AH7krelA 7P w8 1EEs vEh A
e 22T HR 20%9) 30% H7krellA T FA Ht
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