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Abstract

This study was carried out to investigate the quality characteristics and antioxidant activity of Sulgidduk (oriental-style
rice cakes) prepared with different amounts (0%, 2%, 4%, or 6%) of maquibenry (Aristotelia chilensis) powder.
The moisture content of treated Sulgidduk ranged from 37.75% to 38.79%, with no significant differences between
treatment groups. The pH gradually decreased with the increasie in maquiberry powder. The soluble solid content
did not show significant differences between groups. The lightness (L) value decreased, while redness (a) value
increased with the increase in added maquiberry powder. Hardness of the control group was lower than those of
the treatment groups. Consumer acceptance test results revealed no significant differences in smell, taste and overall
acceptability scores. The total polyphenol and total anthocyanin contents were 8.66~262.71 mg GAE/100 g amd
0.01~9.76 mg C3G/100 g), respectively. Moreover, the polyphenol and anthocyanin levels increased with increasing
levels of added maquiberry powder. In addition. reducing power and 1,1-diphenyl-2-picrylhydrazyl (DPPH) and
2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activities significantly increased
with increase in added maquiberry powder. Based on the above results, addition up to 6% maquibenry powder
incorporated into Sulgidduk will meet the taste and functional needs for consumers.
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Table 1. Ingredients of Sulgidduk added with maquiberry powder

. Groups”
Ingredients
S0 S2 S4 S-6
Rice flour (g) 100 98 9% 94
Maquiberry powder (g) 0 2 4 6
Sugar () 15 15 15 15
Salt (g) 08 08 08 08
Water (mL) 18 18 18 18

S0, Sulgidduk with maquiberry powder 0%; S-2, Sulgidduk with maquiberry powder
2%; S-4, Sulgidduk with maquiberry powder 4%; S-6, Sulgidduk with maquiberry
powder 6%.

S FAGTESE A AR3E ATE (2016)

Hl2] % A7 S 0%, 2%, 4%, 6% = A7Fsled A28
th(16). WAVLE, np7|We] B, &9, A", 22 91
#4220 mesh Alol] 28 FIAZITE Pol] HEES
Z-31 stainless steel AFZFE(7FE 12 cmxAl 2 12 cmx 39|
5 cm)ol] A|8S dol IH-S HAASA 123 3 emx3 cm
7|2 AE B2 T HEE Yol Fo] Q& RFeA
5% A1 107 B B9 the A2olA Az v
T Ao ARESHAT

FEgtE, pH ¥ g &3 &3

np7lue] £ H7F 7" e e AuiE A
ZHANSE AT A71H 0] pH= 4719 1 goll &
9 20 mLE B st slste] 5,000 rpmell A 3023t €4
Eolsle] 9 A=AS pH meter(InoLab, Weilheim,
Germany) 2 S otith. T=& 4719 1 gofl TFF 10

E 7lsto] A8kt thg 5,000 rpmol| A 2087 A4
glste] AL 4S5NS F=Al(Atago PR-101a, Atago Co.,
Tokyo, Japan)Z =7 3}o] °BrixZ A8} Th

ofl

27153 =
o] 83}o] W I=(L, lightness), &2 %= (a, redness), 24 = (b,

[e]
yellowness) gk S4 okl g A2l Al 7He] A8

AN == &H

A7Eo]l 2278 AJ8E 3 cmx3 cmx3 cm®E 2}
Rheometer(Compac-100, Sun Scientific Co., Tokyo, Japan)S
AL8-8led 73 = (hardness), 37 Ad(cohesiveness), T A
(springiness), %) &) /d(chewiness) 5= =339t} Z- A&
P oI5 el ARE AHesied BEAZ FARAT 5
ol AFEE 272 test type: mastication, load cell: 10 kg,
adaptor type: round(diameter 10 mm), table speed: 120
min/min®] 21t}

J|ZEE HAL

A71"e] 713 % HAls SR e A EGF
A 2095 thd o2 AAsnh dAst A2 A
S Lok Qelel 344 SA= 27 oG A A
ol Al Fal ar H71ekE-2 3 Al (surface color), W
(smell), Bh(taste), 1A A Q] 7] T % (overall acceptability) &
278 9% AMAH, S ATk 28, nEoE Ak
3, oH Ak 43, AR QA tek 51, o Eok
6, He o= Fo 74, wl§- Fths AH&Ste] Hrtet

.
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glHz Y & otEA O Tz £H
=9 FABAoRd g S S AR
5 ol methanol 150 mLZ Pé‘H A-gollA 2413
& g 34,000 rpmoll A 3057 QA Ee)sle] Ao
2ol S A}& -5—}931;} % Z8)9|E L Dewanto 5(18)
o] WP 47 WFsle] AR 01 mLol| 19 mLe] SF/F
Folin- 1ocalteu s phenol reagent 02 mLE 713+ & /‘a]%oﬂ A
38-7F ¥Fx)8laL 3} sodium carbonate -9 0.4 mLE 7}&}
ol TR F I 19 mLe] SHE A7ISA o] £
NS ARolA] IAIRE Rt REEAIRL 725 nmel| A 5%

=

= =1
& =331t AT EZ 2 & gallic acidE ©| 831 i%_%
mg gallic acid equivalents(GAE)/g2- =
T UEAoRD FFE Lee 5(19)¢] Wl Folod 57
st =, A28 1 mLoll 0.025 M potassium chloride
buffer(pH 1.0)2} 0.4 M sodium acetate buffer(pH 4.5)5 272}
7bete} HF B35 5 mLE 3 v 510 2 700 nmel| A
SRS 72 SA kA ofgo] Aer Atkste] C3G
(Cyanidin-3-glucoside) & YERH AT}

QtEAJobd gh&H(cyanidin-3-glucoside equivalents, mg/L)=
AXMWXDFx103
exl

A(absorbance value)=(As10 A0 i) PH 1.0-(As10 rur-A700 rn)pr 4.5
MW(molecular weight of cyanidin-3-glucoside)=449.2 g/mol
DF(dilution factor)=dilution ratio of sample
¢(cyanidin-3-glucoside molar absorbance)=26,900 molar
extinction coefficient, in Lxmol'xcm'

[=pathlength in cm
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ABTS(2,2’-azino- bis(3 ethylbenzothiazoline-6-sulfonic
acid) radical 24 % SCDe UHS dF 3]
=331} =, ABTS %‘ﬂiﬂr 2.45 mM potassium persulfate
5 1412 E3H(vv)dte] A-&o] oAl 20413 WA g
F SHTE 7Fete] 734 nmell A2l Fg=gke] 070 Wl 7t
Hr5 4319tk o] 2 mLE FHat] A58 0.02
mLe} EF3ta 4204 582 WA T 734 nmel| A

BEE St A58 Akt d R
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Table 2. Moisture content, pH and Brix of Sulggidduk added with
maquiberry powder

Groups”
S0 S2 S-4 S-6
Moisture content 38.79:040” 3806022  37.80:1.05  37.75+0.52
pH 620038 5151063  4.662001°  427:0.02°
°Brix 065007 0702000  070£001  0.80+0.00

YS-0, Sulgidduk with maquiberry powder 0%; S-2, Sulgidduk with maquiberry powder
2%; S-4, Sulgidduk with maquiberry powder 4%; S-6, Sulgidduk with maquiberry
powder 6%.

YEach value is mean<SD.

IMeans with different letters within a row are significantly different from each other
at p<0.05 as determined by Duncan’s multiple range test.
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e BE gskgel RS asgit
(p<0.05), o] Ph7]ulE] o] pHE 3815 % 7479]
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pH 5905t} ¥7] wj&ol Ao g AR HF 5=
A7FA4712), F9 "7 A71026) ATelA= TxHLA =
7hgo] 7S pHYF Wolxthal Baste] A3z

2o S HolF9 T}
e tlEatol 065 °Brix, 3 7}°] 0.70~0.80 °Brix &
A7 7hol] 2] AQl 2po] & Ho|x] @k, &) B

A7F A1 EnATNM = Hohel whet foAQl Ao
7} Qttn Baste] B A8 Azbel AT

M

np7lde] B H7F Ar1d e Aw 2% Z3b= Table
37 2t Y=g YehllE L 3 tixTo] 719.172 78
=941 2% H7WE 3752, 4% 7R 2814, 6% AR 2325
= wpHe] kel S7Fgel whet freld o g fhaele
Ao 2 JePEthp<0.05). Adzx Gu £ A7t A7
28), nlute] B A7F 271" (29) AP E HA 5
A7Vl S71gtel whet | ert wolx| = 23S H sl
B A3 Ao}t fralslsith AN EE UehiE a ¢
7o) 033, 2% H7krol 12.03, 4% H7bo] 15.11,
6% 7Fe] 16,1022 Ve npy|dle] £ 3 bl
SVETFE FolH o2 F7FH oM (p<0.05) ©]= WM
2] AHe tEAlold M) JEFS F Aog AR
o EvtE 2% H7F 2719 30), AEEd A7 A7y
(25)9] AFAAE FARE H7bge] S5 whet agto]
o)A oz Frtsiitka Hastict.

=S Y= b 3k tiEao] 78022 71 )
ekt aL epldle] 28 bl SR st
2% A7t 4% A7btol 747t -0.767) -1.81% YERIS
om 6% H7/HrE -1.81% 4% A7 oAl Aol &
Holx| gksht}. ol o} £ M7} 7" (5)d <} oA}
oz & 7t A7IH(6)9] AFelA FAg bl
S7FEFE L 343 b 32 248kl a 3 7RItk s
st frAkeE A Al o] QFEAJoRd o] ShiE Ad7|H <]

Table 3. Hunter’s color value of Sulggidduk added with maquiberry
powder

Groups”
S0 S2 S4 S6
L 91711479 3752£130°  28.14%147°  2325:0.75°
a 033:019"  1203:0.14" 15112015  16.10:035°
b 780:0.13  076:015"  -1.82£025"  -1.8120.11°

S0, Sulgidduk with maquiberry powder 0%; S-2, Sulgidduk with maquiberry powder
2%; S-4, Sulgidduk with maquiberry powder 4%; S-6, Sulgidduk with maquiberry
powder 6%.

YEach value is meantSD.

IMeans with different letters within a row are significantly different from each other
at p<0.05 as determined by Duncan’s multiple range test.

AEghe G4 72
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JIAIN ==zt

nl7|We] B Ayp ArjwEe] 247 EAL =33 24
= Table 491 2t} It A =5 Yeh = AEe iz
o] 177.21 glem®® 7} R9ka A 7S 241.16~247.68
glem’2 thET R A VER o v HIkE 7ol fo) A
Aol HolA] $UTh(p<0.05). &7 H7E A713D),
FAAZ 7 BT W7 Ar1H0)e] ATeE FAE
A7hde] S7HEE Aert folAor Sulkeiivhal |
et Wi, 32219l A7 A71H©) ATl e A
7o) =t ik G| vebgtia Basto] 37}
He AR et A= 540 vEA vEdE &
Ak eEg7 7L 77} 85.54~88.66% 9F 72.65~
76.30% = UEFET A2 Zho] 59191 2ol s} gt
9L Aok e AFoR thao] 17796 g2 2 7}
& S RS AR 212.60-221.13 g & % AR 3
Fo ARl zte] & HolA] ek oH (p<0.05) °l= 33 F

A7t 4719 32)e] A7A T} Ax|ets ATFS quT

Atk Kang 5(33)2 M| 243 54 5 #5d 9=
FE 90ogE dukzlow 735, A8 5ol i o=
S-S RS vl el Aol doka Rustls
e FoAQ Aol 7t
SELO

Texture GTOUPSI)

properties $0 $2 54 56
H"I‘Cir“n%? 21417 430IF ULIGHLIY  4768:4448°
Spﬂ?%")m‘s 8866271 6387 BB 8675340
Cm?‘%““ 76304435 745544.66 72.82:4.04 7.6543.56
Cheg)“‘*s 17796:1886" L1361 2260:3215  2007:3955°

Y80, Sulgidduk with maquiberry powder 0%; S-2, Sulgidduk with maquiberry powder
2%; S-4, Sulgidduk with maquiberry powder 4%; S-6, Sulgidduk with maquiberry
powder 6%.

YEach value is mean<SD.

IMeans with different letters within a row are significantly different from each other
at p<0.05 as determined by Duncan’s multiple range test.

J|EE =A}

np7leE] 8 H7FA719e] 713 % AL 2= Table
59} 2o}, EHALS th2to] 5587 02 HIFE A 2%
7ol 4257 0 &2 7P W AR Brbd v, 4%
6% 717t 55847} 5.67 0.2 2T} §oAQl z}o]
o] H 71 A thp<0.05). WA= 4.33~5.427], ok 4.92~
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5834, HAAXQ] 72 5= 525~5.NH 02 BE A7
o o4 Aol7t fle Aoz yehd nizvlel e A7t
A71we] 715wl 34 e MAA Bes @ F AN
ot o3| d¥E Fete] & w) vplElE 6%7H4] 7t
stol e IeAdlle IA &S AR s ALz oA
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Table 5. Consumer acceptance test of Sulggidduk added with
maquiberry powder

Group”
S0 ) S4 S6
Surface color  5.58:0997™ 425:154°  558t124"  567£155
Smell 542£1.16  492:156 467107 433098
Taste 583111 5255096  492:079  492t144
Overall acceptability 5924108  525:128 5501090  525:121

S0, Sulgidduk with maquiberry powder 0%; S-2, Sulgidduk with maquiberry powder
2%; S-4, Sulgidduk with maquiberry powder 4%; S-6, Sulgidduk with maquiberry
powder 6%.

YEach value is meantSD.

IMeans with different letters within a row are significantly different from each other
at p<0.05 as determined by Duncan’s multiple range test.

Ot
o

Egjd=s Y & tEA O &2 53

np7l el EE Mo AriEe & s g 9
otEAlold ghek =4 A= Table 63 2t} & 229
© %] 8.66 mg GAE/100 g2 &2 713 BA ekt
A7kt-E 76.98~262.71 mg GAE/100 g & vl H]z] &
A7bo] S7MEdTE oA o2 S7let A thp<0.05). 3
otEAJopd ke o] 0.02 mg C3G/100 go-2 A9
HAEHA &k, F7RES 9.76~31.19 mg C3G/100 g& =
izl E] £ Hrleke] 7SS ST 6% M7t
oAA 7 =7 YEhp<0.05) F EeldlE ol
22 7335 Jehi 2Tl Hwang? Hwang(5)< oF&2U o}
Bt H7l A7|we] otEAlopd Fdko] 11.7~58.4 mg
C3G/100 g2 YEPska of=2y o} 8 74 St w
2t S7Fel Tt Haste] B Ao Aol fA1SH T

ofjr

e R

Table 6. Total polyphenol and total anthocyanin contents of
Sulggidduk added with maquiberry powder
Groups”
S0 S2 S4 S-6

Total polyphenol 2)23) b c d
8.6611.3 76.98+2.72° 159.74+13.61° 262.71£14.97

(mg GAF/100 5 3

Total anthocyanin

(mg C3G/100 g) 0.0240.00°

S0, Sulgidduk with maquiberry powder 0%; S-2, Sulgidduk with maquiberry powder
2%; S-4, Sulgidduk with maquiberry powder 4%; S-6, Sulgidduk with maquiberry
powder 6%.

YEach value is meantSD.

IMeans with different letters within a row are significantly different from each other
at p<0.05 as determined by Duncan’s multiple range test.

976028  20.59+0.14°  31.19+139°

ul7| W 2] ol = phenolic acid, quercetin, myricetin, catechin,
AEAoPd ol Eejulso] EAeHH nhrlH 2] o] FEA]
oA 74% ©]/3°] delphinidin.© 2 delphinidin 3-O-sambubicside,
delphinidin 3,5-O-diglucoside, delphinidin 3-O-sambubioside-
5-O-glucoside 59| “dito] =gt kst 2483 oh= Ao
2 BRuEa rh2,34).

n7 W] &2 A 7F A71% 2] DPPH radical 2A% =%
g 137} 2t} thztol 2052% % 714 $ska n})
' Hrtgol S ESE SUtet 2% b
55.10%, 4% A7+ 88.10%S UYERNI o™ 6% & 71
S 94.67%= 4% A7 H fFolA zelzb gt
(p<0.05). DPPH= & K2} vl = free radical 241 &4t
3} BARRE AAY $£42 Agited A v
Ao g Galel= g g o] &sto] itsts Sl Bel
o] &= 1 21335) Mol HolAE BErt FFF 2750
Z As onigitt. A7 5 A7 2719 ), 7 £
A7V A71910), obz=akgb A 2 F7F A7 @) ] ATl A
&= FAR H7Fel $71E4= DPPH radical 427]%©]
Skttt Huslo] 2 Aol Axel dxetgih

120
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40 t
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) J
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Fig. 1. DPPH radical scavenging activity of Sulggidduk added with
maquiberry powder.

S0, Sulgidduk with maquiberry powder 0%; S-2, Sulgidduk with maquiberry powder
2%; S-4, Sulgidduk with maquiberry powder 4%; S-6, Sulgidduk with maquiberry powder
6%.

Values with different letters (a-d) are significantly different at p<0.03.

DPPH radical scavenging activity (%)

np7)uE] B8 H7F 71" o] ABTS radical 475
Fig. 20 vehd uke} o] thxao] 6.75%, 7ol
43.63~9634% 2. w}7)ME] Bk A bk Z7}o) wheh Go A
© 2 Z7}3l9 k. ABTS radical 227%5& A& ol kst
W& e =dol EAshd A =42] ABTS cation radical
(ABTS M| 2AEHA 245 = He]E o] &3t St

P F25E 217
A71% d7+¢k shin 5(38)9] ks FE= A7F 2719
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Fig. 2. ABTS radical scavenging activity of Sulggidduk added with
maquiberry powder.

S-0, Sulgidduk with maquiberry powder 0%; S-2, Sulgidduk with maquiberry powder
2%; S-4, Sulgidduk with maquiberry powder 4%; S-6, Sulgidduk with maquiberry powder
6%.

Values with different letters (a-d) are significantly different at p<0.05.

ABTS radical scavenging activity (%)

np7|w ] 2 H7F Arig e sk 5323+ Fig.
39 Ve ubel 2t} 2L 0.03 (Abs)oE G4 o]
A9l giglom niFlug] B Hrlgko] FrleeE Frls)
o] 2% A7 029 (Abs), 4% A7} 045 (Abs) 2= VFERGE
I 2ol F FA3] 7] 6% H7EE 1.20 (Abs) o=
71 =7 e THp<0.05). 98-S dhakes) @3t 1y

14 r

c

12 |

‘I L
08
06 b
04 ab
02 r

a
0
S-2 S5-4 5-6

S-0

Absorbance (700 nm)

Fig. 3. Reducing power of Sulggidduk added with maquiberry
powder.

S-0, Sulgidduk with maquiberry powder 0%; S-2, Sulgidduk with maquiberry powder
2%; S-4, Sulgidduk with maquiberry powder 4%; S-6, Sulgidduk with maquiberry powder
6%.

Values with different letters (a-c) are significantly different at p<0.05.
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