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Abstract

Physical, textural and sensory properties of Seolgiddeok prepared with different amounts of broccoli(Brassica oleracea
var. italica Plen.) powder were investigated during 3 days of storage. Moisture content decreased gradually during storage
and was less in broccoli powder-amended samples. The color L value decreased significantly with increasing broccoli
powder, whereas both redness and yellowness increased. Texture analyses revealed that hardness, chewiness, gumminess,
adhesiveness and fracturability of Seolgiddeok tended to decrease in proportion to the amount of broccoli powder in the
formula. Seolgiddeok gelatinization was investigated using amylographing. Break down and setback were low in broccoli
powder Seolgiddeok. Sensory evaluations revealed that, Seolgiddeok prepared with broccoli powder was superior in flavor,
chewiness, softness to unamended samples. Seolgiddeok prepared with 3% broccoli powder showed the highest overall
acceptability score. Use of broccoli powder in Seolgiddeok preparation improves sensory characteristics and delays retrogradation.

Key words: textural properties, sensory evaluation, Seolgiddeok, broccoli powder, amylograph.
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3. Ascorbic Acid®} S-Carotenegtst =M

Ascorbic acid 3HEH(Kim & Lee 2004)2 A2 5 goll 4% met-
gohosphoric acid 8942 H7Feted 50 me= % -&-5kaL H4lEe]
7](Hittich, Universal 32R, Germany)E ©|-8-3lo] 300 rpmeil 4]
155 Zot A4 EE)E & 7 AF=H-S syringe filter(0.45 /m,
Water Co., USA)E oJ2gk T A3g w2 3|45k
HPLC(Waters Co., Modd #717 plus, USA)oll 413151t} HRLC
B 2712 UV detector 254 nm, symmetry Cig column(3.9x150
nm, Waters, Milford, MA, USA), mohile phase= 5 mM 1-hex-
ane sulfonatemethanol(6: 4, viv), flow rae= 0.5 m{/min, in-
jection volume 10 w2 313131, E5E4 -2 L-ascorbic acid,
purity 99%(Sigma Co., S. Louis MO, USA)Z AL-&-&13itt. 3-
carotene %K (Sohn & Yim 2004)& A& 0.1 g2 phosphate
buffer(2 mM, pH 7.2)ll 0.7 mM EDTA$} 1.5 mM ascorbic acid
E H7kgk &9 3 mlE Y1 B4R $ 2-propanol 1 mé2}
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mobile phase= acetonitrile:dichloromethaneimethanol (7: 2:: 1,
viIV), flow rate= 1.5 mé/min, injection volume 10 2 3151
1 RFEZ L dl-trans §-carotene, purity 95%(Sigma Co., S
Louis, MO, USA)Z A&l
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Table 1. Formula for Seolgiddeok added with broccoli
powder

. Samples
Ingredients o’ B3 B BY B
Rice flour(g) 200 194 188 182 176
Broccoli powder(g) O 6 12 18 24
Sugar(g) 20 20 20 20 20
Sdt(g) 16 16 16 16 16

Water(m() 30 3029 3059 3083 3118
Y CO: Seolgiddeok changed with no Broccoli powder,
2 B-3: Seolgiddeok changed with Broccoli powder 3%,
¥ B-6: Seolgiddeok changed with Broccoli powder 6%,
9 B-9: Seolgiddeok changed with Broccoli powder 9%,
% B-12: Seolgiddeok changed with Broccoli powder 12%.

Washing rice (3 times)
l
Soaking rice for 8 hr
l
Draining for 30 min
l
Milling (2 times, 10 min)
l
Seving (18 mesh)
| < Brocooli powder, sugar, st
Mixing(100 times)
| <« Water
Mixing (100 times)
l
Seving (18 mesh)
l

Steaming for 25 min

l
Cooling forl hr(at room temperature)

Fig. 1. Preparation procedure for Seolgiddeok added
with broccoli powder.
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Table 2. Operating conditions of texture analyzer for
measuring the texture of Seolgiddeok

Items Conditions
Sample size 6x7%x2.5 cm
Probe 20 mm
Pretest speed 5.0 mm/sec
Test speed 2.0 mm/sec
Post-test speed 5.0 mm/sec
Digtance 40%

Time 3 sc
Trigger type Auto
Trigger force 10 g
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HsAAL Aol e AFISET A 108S Hd= A (Jang HG 2001; Oh 5 1999)°ll 4] #|A| gk Thalz]l 3+aF 2069}
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M-S ito] 15.6%, ©rshEo] 77.3%, A o] 6.2%, w3} ooz £ 98 B F S ¥ ol et 1}

ZA o] 05%, Z3]H-& 04%% Ve AF-gals dut Ao ARl ol Z19) gt SElvtet A stsle] w=91S 918 AF

JH(Kum 5 199%) FrAbeleith. B2Ee] e Fi ] o] &% 4 s Blolgta AtRETh
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Table 3. Proximate compasition of rice flour and broccoli 2228 2% HrirE gelste] Az3 Arjgel &8
powder ¥ 5% A= Tadle 491 2t} A= 9 control 2] 453t
, Cabohyd Crude Crude  Crude 2k2- 39880 B-39] 39.54%, B-122] 39.50%%} A°] fAlsl
Mosre 4 proten  fa ah 913 B6, B-9 717} 40,1296, 4007%E Rt & 2 1
Rice flour ~ 156 773 6.2 05 04 Atk A T ] ¥sl= controlo] AR o= 7}
Broccoli 106 495 - - 88 AR B-‘129} %_*P’cﬂ?i\ﬂr. B-125 A9t BE A"
powder controlol] H|al gl wokon Fio] AARE tha

(%, dry wt. basis) siokth Ar|He] £t FEgE 4 7P dEFs
Table 4. Moisture contents of Seolgiddeok added with broccoli powder during storage at 20+1C

Storage times Samplesl)
(days) co B-3 B-6 B-9 B-12
0 38.88+0.119% 3954+0.13° 40.12+0.04° 40.07+0.03 39.59+0.18°
1 36.67+0.09° 38.14+0.02*° 38.60+0.52° 38.02+0.02° 37.92+0.03
2 35.53+0.09° 37.46+0.01° 37.06+0.06° 36.95+0.04” 36.89+0.02°
3 34.83+0.05° 36.26+0.02° 36.39+0.07° 36.06+0.04° 35.1240.10°

Y See the legand of Table 1, ? All values are meanstSD(n=3),

¥ Values within a column with different superscripts are significantly different at p<0.05.
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Vs Aride] FEFo] agivhE Yoo 5(2005)9 g+ Baek 5(2004)¢] Hiehs vhE Ak Alx A5 2
Huel A3 =EEA =EA7HF el BeTs *é(Gun*rnlneﬂs)—C Soio] AA UehIA] @¥gkor} B-9,
FRGo] Yolxitia Rud Bak 5(2004)2] Huohs th B127} F W HolQlth AAshs Bl BE AEH A
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o AR S Lt el A1 e @ e ) SS9 B39 fAa Asech 5

A (Cohesiveness) &
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=2 32 eI AL, AATIe] dojdrE

e e A 2 ns 4w
Ao ATYAE AFolgom BE AR At G oNe 4] gasir 4% A% na2e Pu At
Aol2 WYtk AMES UEhE apte HeZe] P o] 2 Arwe] Sx4e] 93 4 % Aow
A7VEE Z71e o AAF 0 A= FoldS B B}, B2 =e) Buko] Ay|w yie] 1S X s
th o= Yoon SX20070)9] AUHEE A K Av|W e A AFAS KAATIEEE HIL Rl Jlo YzhEdt
Avbeh B gllA Aketsih B2 (Adhesiveness) 2 A2 A F B2 2e] Bk Ay} A7)
Eo] control Hrh frol Ao s v ghe Hola A% F1tel

5. M7|mo| 24 t BT Zkgc 53 A% 198E BE A9 1A
B39 22 HArME3 A7)t i 27w & ol FA3] Zrlele] o 24 ZAZS WAL o]t wE
% 2% A3k Tble 67 2tk An(HadnesyE A% 9L /hRe] @rhgol /H85E RA4e] FrlekArE B
controlo] 719 E}m BEFe) Fue] AES4E AEE (g B 2008)9 FASIGIL, AU/EE 7K A7]EeA
AR GolxHA] FolFel zfolES Ht) 37t AAEE= control 2.t} 771 o] =713t uhel BEzbAdo] 7hAslk
FUE conole] A F2T FRiET Hede] ¥ ha WA Kim $(1909)°) Astshe B uss vy
< 71 71" 5L controlol] Hal =7 GHAl e (Springiness) & A= 2 B-3 74-$%-7ko] controlZ} ok A7)
=8 245 YRl ol& 2E AR A7kl & o vla) =L S Hol 7P Bl 227HS slx|e
s A2 F71E Btk Had SA71HHan & Ao AAEATh Adshs B ey wsks =E 47
Lee 2002) 2 41X % 471H(Cha & 2005)9] ZA¥oh= e HolA x&A o ghagho wa FAe 227Hs ehfil
7ol At 494 (Cheninesy = A= FY controle] 7FE Tk ol Lee & Yoon(2004)°] Rugh o] WAl it
St Hege $U W] T84S BG4 & A/ Amel ee) AR B ST 2
4 2975 B-o7} B127} The A7 vl AL shehe the Aellth #4114 (Fracurability) & A%
2 ujg she ghS MIEU, ofoh B At Alwe]l A < conold] ghe] L] Mla) HMzZe] B Aol St

Table 5. Hunter's color value of Seolgiddeok added with broccoli powder

Samples”
co B-3 B-6 B-9 B-12
L 87.59+0.417% 68.63+1.84° 61.44+1.91° 57.31+2.45™ 52.23+2.34°
a —1.55+0.25" —1.06+0.04° —0.96+0.02" —0.67£0.02° —0.22+0.10*
b 6.14+0.31° 17.224053 18,61+0.29* 19.2240.27 18.91+0.24%
AE 10.32+0.31° 32.24+1.85° 39.27+1.75° 43.27+2.32P 47.84+2.217

Y See the legand of Table 1, ? All values are meanstSD(n=3),
¥ Values within a column with different superscripts are significantly different at p<0.05.
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Table 6. Texture profile analysis of Seolgiddeok added with broccoli powder during storage at 20+T

Texture Storage Samplesl)
paameters  time(days) CcO B-3 B-6 B-9 B-12
0 1,667.74+35829%9  1546.96+30.89 145523+ 1383  1,42582+11.58 1,403.73+ 12.99°
Hardness 1 4,669.70+41.57° 4,190.57+68.38° 3849.63+133.87°  3,247.16+6557° 2,582.76+ 30.03°
(g/c) 2 7,748.54+63.10°F 6,305.20+17.48° 5688.60+ 145  57118.39+26.1° 453153+ 64.70°
3 9,763.86+43.68° 7,892.14+ 7.5¢° 6500.95+ 1878°  6,159.16+38.21° 5,254.62+148.20°
0 856.60+ 3.03° 807.33+ 3.24° 837.96+ 1.91° 710.67+ 1.35° 627.97+ 114°
Chewiness 1 287193+ 227 2,690.78+ 2.17° 193825+ 0.88° 866.96+ 1.19° 81296+ 0.16°
) 2 4,881.69+ 0.34° 3,508.75+ 1.36° 349335+ 091°  1,703.03t 0.84° 152570+ 1.36°
3 9,715.31+ 052 6,132.15+ 0.15° 522050+ 064° 122279+ 1.84° 1,23591+ 0.80°
0 884.43+ 2.77° 887.85+16.18° 909.53+ 17.97° 819.18+ 1.07° 684.62+ 3.40°
Gumminess 1 1,795.36+ 0.98° 1,340.52+ 1.03° 144023+ 150° 91555+ 1.61° 919.46+ 21.40°
) 2 2,138.84+ 153 1,679.06+ 1.03° 187280+ 224°  1,367.99+ 177" 1,374.92+ 8.20°
3 4,707.33+11.62° 2,208.69+ 2.50° 257212+ 360° 156378+ 249" 1,493.75+ 84.82°
0 061+ 0.01% 059+ 0.01° 058+ 001° 049+ 0.0 049+ 001°
Cohesiveness 1 0.38+ 001° 0.37+ 0.01% 038+ 001 0.25+ 0.01° 020+ 001°
(%) 2 0.12+ 0.02* 0.11+ 0.02° 015+ 002 0.13+ 0.01® 013+ 001*
3 0.08+ 001° 0.08+ 0.01° 013+ 003 0.04+ 0.01° 002+ 001°
0 —191.74+ 0.7%° —97.77+ 0.49° —101.09+ 0.12° —9157+ 0.3¢° —738% 085
Adhesiveness 1 —12.35+ 042° —1091+ 0.09° —1448+ 0.41° —13.89+ 0.15° —4212+ 0.26d
(9 2 —9,00t 0.10° 531+ 0.08° 1148+ 045° 1241+ 037 —10.00+ 0.84°
3 2.82+ 0.04° 8.68+ 0.27° 1510+ 0.08° 16.15+ 0.05° 0.72+ 0.09°
0 093+ 001° 0.97+ 001% 091+ 001° 0.86+ 0.01° 0.83t 001"
Springiness 1 0.88t 0.02° 091+ 0.01° 088t 001° 0.90+ 0.01% 079+ 001°
(%) 2 0.77+ 0.01™ 0.89+ 0.01% 081+ 001~ 0.84+ 001° 0.76+ 0.03"
3 051+ 0.01° 0.67+ 0.01% 064+ 001° 0.62+ 0.01° 057+ 0.01°
0 521+ 002 2.39+ 0.01° 319+ 00F 3.82+ 0.04° 263t 0.0
Fracturability 1 6.13+ 0.01% 5.82+ 0.02* 486+ 0.04° 5.32+ 0.03° 575+ 029
(9 2 9.25+ 0.05° 8.33+ 0.07° 7.65+ 0.0 8.85+ 0.02° 826+ 001°
3 14.16+ 0.04° 10.65+ 0.65° 1013+ 0.0 9.35+ 0.01° 961+ 049

Y See the legand of Table 1, ? All values are meanstSD(n=3),
¥ Values within a column with different superscripts are significantly different at p<0.05.
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Table 7. Gelatinization properties of Seolgiddeok added
with broccoli powder

Samples”
Control B-3 B-6 B-9 B-12
Initia i
pest ng 69.5 69.5 71 72 74
temperature(C)
Pesk viscosity
380 280 300 320 300
(B.U)
Hot i i
PREVICOSY 120 150 130 120 120
(B.U)
Breask down
210 130 170 200 180
(B.U)
Setback
—70 —40 —50 —80 —80
(B.U)

Y See the legand of Table 1.
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Fig. 2. Quantitative descriptive analysis profile of Seolgi-
ddeok added with broccoli powder.

Table 8. Sensory characteristics of Seolgiddeok added with broccoli powder

Items Samp e’
Cco B-3 B-6 B-9 B-12
Color 5.00+1.057% 6.60+0.51° 5.20+1.03 3.00+0.94° 1.90+0.73°
Flavor 5.00+1.24° 6.20+0.78% 5.30+1.15% 3.20+1.0%° 1.80+0.88°
Softness 3.80+0.63 5.50+1.08% 5.80+0.91 4204123 2.20+0.78°
Chewiness 4.00+1.24° 5.90+0.99% 5.70+0.94% 410+1.19 2.10+0.78°
Overall acceptability 4.70+1.16° 6.40+0.69" 5.30+0.94% 3.30+1.04° 1.60+0.70"

Y See the legand of Table 1, ? All values are meanstSD(n=3),

¥ Values within a column with different superscripts are significantly different at p<0.05.
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