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Quality Evaluation of Brown Rice Sulgidduk added with Jerusalem Artichoke Powder
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ABSTRACT

This study examined the quality characteristics to evaluate the optimal mixing ratio of a Jerusalem artichoke powder (among
0%, 3%, 5%, and 7%) in brown rice Sulgidduk. The moisture contents of a Sulgidduk decreased significantly (39.57~29.50%)
with increasing amount of Jerusalem artichoke powder. The L and b values of the Hunter's color value decreased significantly
in proportion to the amount of Jerusalem artichoke powder. In the physical properties, the hardness and chewiness of brown
rice Sulgidduk increased significantly in proportion to the amount of Jerusalem artichoke powder. The DPPH free radical
scavenging activities of brown rice Sulgidduk increased significantly in groups of Jerusalem artichoke powder (12.11~
14.15%). The ABTS free radical scavenging activities of brown rice Sulgidduk increased significantly in groups of Jerusalem
artichoke powder (10.47~16.01%). The brown rice Sulgidduk containing 5% Jerusalem artichoke powder showed a high score
with regard to color, flavor, moistness and overall acceptance. These results suggest that the appropriate amount of Jerusalem
artichoke powder for making brown rice Sulgidduk is 5% and the addition of Jerusalem artichoke powder could contribute
positively toward the quality characteristics of brown rice Sulgidduk.
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Table 1. Preparation of brown rice Sulgidduk added with
Jerusalem artichoke powder

Ingredients (g)

Samples”

Brown rice . Jerusalem Sugar Salt Water
powder artichoke powder
JASO 1,000 0 125 10 150
JAS3 970 30 125 10 150
JASS 950 50 125 10 150
JAS7 930 70 125 10 150
D JASO : Sulgidduk added with Jerusalem artichoke powder 0%,

JAS3 : Sulgidduk added with Jerusalem artichoke powder 3%,
JASS : Sulgidduk added with Jerusalem artichoke powder 5%,
JAS7 : Sulgidduk added with Jerusalem artichoke powder 7%.

Washing (5 times)
l

| Soaking (48 hrs) |
l

| Draining (30 min) |
l

| Milling (2 times) |
l

| Sieving (20 mesh) |

l

Mixing (brown rice powder,
Jerusalem artichoke powder, water)

l

| Sieving (20 mesh) |
l

| Adding sugar |
l

| Steaming (10 min) |
l

Getting well steamed (10 min)

Fig. 1. Preparation procedure for Sulgidduk.
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4. DPPH Free Radical M5 &%

A7 A g2} A71He] 2,2-diphenyl- -picrylhydrazyl(DPPH)
free radical £27A% =4 WHS 74 A8 3 g& 2k~ a
o] Z#sle] Ha1, 95% o2 27 mLE 7}5ke] shaking
incubatorol| 4] 160 rpm =2 12A]17F &3+ o728 10,000 rpm
oﬂ}q 10 OJ/\IE_FJ o]—Oq 1 )\]—Eglll.(_)‘ /\] Eoﬂ oz 5}@1—% /\]
59 1.0 mLE A@ ¥ ¥31 0.6 mM DPPH &9 1.0 mLE
H7¥ste] 3087t hael] | gh - spectrophotometer(Shimadza,
UV mini 1240, Japan) S ©]-851] 517 nmel4] FB=E 54
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5. ABTS Free Radical =~

719 259} A7) ABTS free radical 227152 Dewanto
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A71E A5} Ariwe] Ax= MTA spectrocolorimeter
(MinoltaCR-170, Japan)Z ™ X(lightness), % =(redness), &+
A% (yellowness) #2 33] W 43t HAahS 4AHES
S}t FE A F(Calibration palate CR-A43)9] HE e
94.50, A% kS 03032, FAE FHS 031930 Th

Measuring condition

Test speed 100 mm/min
Trigger force 3 kef
Sample diameter 40 mm
Sample height 28 mm
Sample compressed 50%
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A71"e] 242 rheometer compac-100(SUN Scientific
Co., LTD Tokyo, Japan)Z 7}2 4 cm, AlZ 4 cm, %=°] 2.8
em®| 7|2 FH|3 A5 F 33] WHE S ote] Highs A
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itk HrleE-2 A(color), Fflavor), 1123k HB(savory
taste), ZZ3H(moistness), %3 d(chewiness), Z1HHY 7|5 %
(overall acceptance)= 3}3. 0™, 74 AW oz Hrlelich
(IRB 5%1¥3%: EU18-104).

9. E4 Azl

A& A3}= SPSS(Statistics package for the social science,
Ver. 12.0 for Window, SPSS Inc., IL, USA) packageE ©]-&
st BAHEA(ANOVA)F Duncane] Tt A8 H(Dun-
can’s multiple range test)= AAISFA L, Al52] BAA 9

3 A2 p<0.05 FEolA AAISHIH.
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1. 7|9 xjZ o] == &t2k DPPH Free Radical 27
=, ABTS Free Radical 2= % Mz

718 g9 FEIH =% A (Table 3), rl7lF=
34.58%, HAAAHEZD-L 6.72%°]%1 11, DPPH free radical &
A% EHAn7HE 10.39%, HAAEARET-E 14.10%2] AT Woo
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Table 3. Moisture contents, DPPH and ABTS free radical scavenging activity and Hunter's color value of Sulgidduk

ingredients
Moisture DPPH free radical ABTS free radical Hunter's color value
Ingredients contents scavenging activity scavenging activity
(o) (%) (o) L a b
Brown rice powder 34.5840.36 10.39+3.85 5914243 61.67£0.19  0.61+0.03 8.36+0.36
Jerusalem artichoke powder  6.72+0.26 14.10+0.94 9.274+0.92 52.92+0.12  1.13+0.05 9.69+0.08

SG(2017)9] ATollA= A FHAHEZe] DPPH free radical

27%5°] 30.60%e} skl 20| & HAT) ABTS free radical

A AVZHE 5.91%, HARARE R 9.72%°] ATt En

7ML X HE e Wi 7b7) 61.67, 52.92, AN EE
7}z

7}
27+ 0.61, 1.13, SNE= 7217t 836, 9.692 ZAFE AT

2. M7|o| =2 &2t DPPH Free Radical 2H= 4
ABTS Free Radical &7

7w o] 4=83t2k DPPH free radical 4~7% % ABTS
free radical 27A%5S ZAFSF AIb= Table 49 2t} 188}
F2 AR A o] S7FeAA 39.57~29.50%=
oH oz 223 tHp<0.001). HARAR LS 71 w2
ATollA H7EF STt met FiEgtare] stk B
&1 3L (Park GS 2014), SHA AR Ee] $E3 o] 6.72%=
FAn 72 SR 34.58%00) H]E) o} g ko] 7had)
Aoz Holth sAZAARET H7F WA A+ (Park KS
2010)lX &= wAe] o] s, # AT
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Table 4. Moisture contents and DPPH and ABTS free ra-
dical scavenging activity of Sulgidduk added with Jerusalem
artichoke powder

Moisture  DPPH free radical ABTS free radical

Samples”  contents scavenging scavenging

(%) activity (%) activity (%)

JASO  39.57+0.55% 5.27+1.80° 9.16+0.43

JAS3  34.79+0.30° 12.11£0.59° 10.47+0.48"

JAS5  31.95+0.95" 12.75+0.44" 13.07+0.77°

JAS7  29.50+0.48" 14.15+0.70° 16.01+1.71°¢
F-value  422.681" 63.464™ 37.117™

D Refer to Table 1 for abbreviations.

2 274 Means in a column by different superscripts are significantly
different at 5% significance level by Duncan’s multiple range
test. Each value is presented as mean+S.D. of 3 times.

™ p<0.001.
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E Btk a8y FAlse] TR wet e A7y
(Woo SY 5 2016), thA|u} A7]%(Cho MS & Hong JS 2006),
2542717 4 7] " (Chae KY & Hong JS 2006) AT SollAl &
FAR Hrbdo] S71ErE Fistee] 718k

DPPH free radical &A% 1A 234k Al AL} #=0]
NE FAELs ARR, 2T 527%, HAZARRT A7k
Z¥7} 12.11%, 12.75%, 14.15%% SR AR H7bgo] S71
ol met oo R FsIATHp<0.001). HHAIEA A
7} B27LR B A9HKim GC 5 2013)0l|4 % H7leo]
10~30%= =7}5PHA] DPPH free radical &7 5°] fel&d o
2 7kt sl FYgt 23 Bich SR AT 2~
A A 012 A94Suh KH & Kim KH 2014)ol| A% A7k 7}
of e} fe]& o2 DPPH free radical 227 5°] 57181510,
AR sHeEAol3 A9HKim NS 2015)04 %= =HA]3F
ARG HrlEke] 0%oA 16%E Z7FFHA] DPPH free
radical &2A5o] feld oz Frtelsitt ofe] A-HKim GC
5 2013; Choi SH 5 2013; Kim KH 5 2016; Choi SN & Choi
EH 2018)°|4 #71el= H-#1 =<l DPPH free radical 4~715©]
Ne AT FAlEe] Hrte] S7keA 2 AlF<] DPPH
free radical 22750 Fo]Ho g F78H= AL & 4 AUATh

ABTS free radical 275 & 9.16, HAAAHEE A
7Veko] Z71gkel ulel 24+ 10.47%, 13.07%, 16.01%=2 F2
Hog Z7FIAtHp<0.001). SiAZAIES b Sof] 3t
AHKim MH & 2015)°ll4] ABTS free radical &27]5°]
ARARED H7broll A freld oz 3, AR E A
7} A AAX Aol AHKim MK 5 2014) X% 34 7}o]
zel vlal Frtsido] freld oz Frlkettta st 2
7} LAk

3. MU|HEo| M

A7ide] Mw =3 A3KTable 5), A AL A7tk
Z71l wel WEE 63.21~51.39%2 7143811 3(p<0.001), 241
T 254~3.87% Z7}61 21 (p<0.001), M EE 21.56~
19.54% 7+t thHp<.001). SHAIZAEZ M A (Park
GS 2014)0l 4 Bree} Gz 4 Bl AT Frte At
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Table 5. Hunter's color value of Sulgidduk added with
Jerusalem artichoke powder

Hunter's color value

Samples”
L a b
JASO 63.21£0.26%  2.54+0.07° 21.56+0.42°
JAS3 56.48+0.43° 3.130.04° 20.60+0.77°
JAS5 55.56+0.40° 3.57+0.08° 19.72+0.11°*
JAST7 51.39+0.39° 3.87+0.18¢ 19.54+0.28"
F-value 675.881"" 116.220™ 16.078™

D Refer to Table 1 for abbreviations.

2 a4 Means in a column by different superscripts are signifi-
cantly different at 5% significance level by Duncan’s multiple
range test. Each value is presented as meantS.D. of 3 times.
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p<0.001.
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I(p<0.001), TH{S FH7bo] STt el whet 2HAaskd
(p<0.001). ©FEA)E A AREE H7teFo] S7kekel] whet
ZH3k (p<0.01), R A F718FAtH(p<0.001). A7+
AHE TS A (Jung MS 2015)9} SR AR A o
2B} A7 (Woo SG 2017)0ll4] 7tk F7t wat Awr}
7kt Axrh BL3Th A AT BV
A7HKim HK 5 2013)X % B4 S3A7, e3¢ 4
sto] T Z2AE Bk SR AR E w3 A(Park
GS 2014), HAZAAEZ g-=Ao] =2 A (Kim NS 2015)
oANA sHAAREE 7ol ~7}% o wet A7t fol A
o= ~7MML SRl gk Aakol Agheh e ¢
o] A= A A7V o Oq:rL(Lee HG & Baek HN
2004; Thee OH 2010; Choi SH % 2013; Ahn GJ & Lee YJ
2014)0ll A FA & A7t vﬂ?ﬁﬂ w2t A7t S7Vske
Abgh 23S Uepil e, o2 A719 # A94(Hyun YH
5 2008; Cho GS & Kim AJ 2015)°4 FAge] H7l= ¢
o] AstE ATk st 2 AFAHet FLeATh e
A(Park YM 5 2012; Choi SN & Choi EH 2018)°ll4] 5
79 Hrhke] Sl whet A=rt AAadtia ot e
225 etk AR g Aok SvkR A7y
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B 271x]7 0] A AA7(Suh KH & Kim KH 2014)°l]4 37}
Foll me} @4 e) Wspt glve 29, =EET AUt
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FAED A7) Al W3A T e o] Z7KShin SM 5 2009)
5o A B u) sl E40] AFAF] B
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Table 6. Texture characteristics of Sulgidduk added with Jerusalem artichoke powder

Samples” Hardness Cohesiveness Springiness Chewiness
JASO 492.08+27.39" 72.04+1.01¢ 83.88+2.79° 41.61%1.63°
JAS3 541.53+31.26° 69.19+0.41° 79.11£1.25° 44.77+1.18°
JAS5 576.80+5.15¢ 67.61+1.22° 76.57+0.95% 47.18+1.87%
JAS7 589.03+8.52¢ 64.97+0.63 73.54+3.76" 49.39+1.62°

F-value 16.551" 45.538"™ 12.592" 17.555"™

D Refer to Table 1 for abbreviations.

? 274 Means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test.

Each value is presented as meantS.D. of 3 times.
™ p<0.01, ™" p<0.001.
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5. ZHsZAAL = Azxdte] FAELE AR Ade o 2h

A7|we] WAL AT Table 7), 78 T AL Bx 1 A7 5] $FEFFS AvIFE 34.58%, HALAE
PAET 5% H7kre] % 5.652 7P E9%kaL, 3% MU T 6.72%°]%)3L, DPPH free radical 227162 dn|7h
4.64 ol AThp<0.01). FrlE 5% H7Hro] 4882 7MY = 10.39%, SHAIZAAHEZS 14.10%2] 21T} ABTS free radical
%3L(p<0.001), ZZ3Hp<0.001)Z 434 (p<0.001)2] 7% 2SS ARZHE 5.91%, HAAAREE 9.72%°] ) &
A% 5% H7hwre] 247t 5.59, 5,872 The H7keel B3 = o 7HE B A AR Y] e 242t 61.67, 52.92, A4
& ke Bla, AW 715 Es 5% M7 5.88, 3% 3 = 47 061, 113, FY=E 247} 836, 9.69°] ATk
THE 471 222 YEPETHp<0.001). LAE wke Al ghol] 2. A7He] FESFS AAAATE Mol SUHErE
frol A Zpel7t gtk HADAREE 3% H= 7% H7keol 39.57~29.50%= 7F23F1TH(p<0.001). DPPH free radical
&) 5% HArbe] BRI} feldoR 2o e RAR 2AL WRT 527%, WARARET H7teko] Z7kle]
o] M7tEe] AL Aol FASE AANN =2 & e wkeb Zhzh 12.11%, 12.75%, 14.15%2 27110 (p<0.001).
E4do] Fsla, Hrtaol B Aeole AR A o, & ABTS free radical 27%6-< Wz 9.16, A AR Z A
5 B% EA4o] ZaA AW o w HolY 3 U TVeko] F7Ve = 242t 10.47%, 13.07%, 16.01%= Z7F
& o] FrhatA H7HE 7S AR T ] o] B A 3 th(p<0.001).
FEFS vH Fe 7ZEE JeE Hoz Heldh 3. 479 0] Aw 2 Ad AR S HUb St o

A AT 7] (Park HY 5 2013)2] 7% 30% A7, 2} 217} e 63.21~51.39% 7H8k thp<0.001). 24
PA AL Y 5k ~ElWoo SG 2017)914E 6% H7hE, T 254~387% Z7FFa(p<0.001), BMEE 215
CEIET A7|H(Woo SY & 2016)9 A$ ZEZET 6~19.54% 74380 tHp<.001). A" BAZA A}
10% 74, A2 A 7]%(Shin SM 5 2009) &AM Bre HARAREE Hrbdel SUHESE Skl
4% H7M, =FgHo] WA A71"(Yoon SJ & Lee MY (p<0.001), SR 7231 THp<0.001). =HA|ZFA R
2004)2 3~6% H7he, AHF B8 A9 (Ahn G 2017)2 A7bgol Skl wek g 7HAasH (p<0.01),
3% H7E 5 S dlgele veR FAsE Mgt 3L 718 tHp<0.001).
A% ohe 2ol HE) 2 Wrke Belvh webd Raest 4 A7Ee B

AAE A A2 AR T 5% H7ko]
(o]

THE e 54 whet HA 9n o] tkshl vehd 5.65%2 7P B 3% M7 4.64 0] ATHp<0.01). ]
= AL ¢ 5 gk = 5% kol 488% 7MY EA(p<0.001), =T
(»<0.001), B3 (p<0.001)2] 7F-l= 5% FH7ke] 7t

Qof ol A= 7} 5.59, 5.879] gro® e Aol vlE) & Bt

Bt ANk 7SR 5% A7 5.88, 3% W7k

B Ao Arwe] Agz WavtE gl dn)ske 4.71 0] AHp<0.001). LAZEHE A]F Tl 2}o] & H
£ ARSIIaL TR AREg7] sl Sle SR AR ojA Wttt WeHA A SATAEL 5% H7kol
0%, 3%, 5%, 7% 7t @F 71685 73kt 4719 A, o], 223 A3 B ARk V] s eol A freA e

Table 7. Sensory characteristics of Sulgidduk added with Jerusalem artichoke powder

Samples” Color Flavor Savory taste Moistness Chewiness Overall acceptance
JASO 4.41£1.12% 3.29+1.36" 4.65+1.22° 4.35+1.11° 5.56£1.09° 4.41+0.94°
JAS3 4.64%0.86° 3.714£1.49° 4.94+1.03° 4.59+0.79° 4.88+0.78° 4.71%0.59°
JAS5 5.65%1.17° 4.88+0.93° 5.1240.93" 5.59+0.94° 5.87+0.86° 5.88+0.60°
JAS7 4.47+0.80° 3.71£1.61° 476097 4.41+0.87° 4.76£0.56° 4.65+0.79*

F-value 5.656" 42417 0.662" 6.449™ 6.091" 13.404™

D Refer to Table 1 for abbreviations.

2 2> Means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test.
Each value is presented as meantS.D. of 3 times.

Rating scale: 1(very bad) to 7(very good).

™ p<0.01, ™" p<0.001, ™ not significant.
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