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ABSTRACT

Quality Characteristics and Antioxdative Activity of
Sulgidduk(Rice cake) Added with Black carrot Powder

Kim Young
Advisor : Prof. Lee, Jae-Joon, Ph. D.

Major in Food and Nutrition Chosun University

In this study, changes in the quality characteristics and antioxidant
effects of Sulgidduk containing black carrot (Daucus carota L.) powder were
investigated. Sulgidouk was prepared with different amounts of (0, 3, 6, 9,

and 12% to the non-glutinous rice amount) of black carrot powder.

Physicochemical properties (moisture contents, pH, ° brix and color) of
non—-glutinous rice flour, black carrot powder, and the mixture (black carrot
Sulgidduk) are measured. Also, the antioxidant effects of ethanol extracts

of black carrot powder and black carrot Su/gidauk were evaluated.

For the physicochemical properties of the black carrot powder, the
moisture content is 2.45+0.09%, pH is 5.02+0.07, and the ° brix (sugar
content) is 7.37£0.06. The color values of black carrot powder is L
(Lightness) 23.47+0.09, a (Redness) 10.13£0.51, and b (Yellowness)
3.86+0.67. The total polyphenol, total flavonoid and total anthocyanin

compounds contents of black carrot powder were 182.07+3.48 mg GAE/g,

_Vi_
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25.52+3.56 mg QE/g, and 9.44+0.14 mg/g, respectively. The DPPH and ABTS
radical scavenging activities of samples increased with increasing the
ethanol extracts of black carrot powder. The OPPH and ABTS radical
scavenging activities of ethanol extracts of black carrot powder were lower

than those in the BTH, BHA, and ascorbic acid.

Examining the physicochemical properties of rice flour, the moisture
content was 30.45+0.14% and the pH was 6.50£0.02. The results of measuring
the color values of rice flour were L (Lightness) 65.55+0.12, a (Redness)

-1.394+0.03, and b (Yellowness) 1.5440.04.

Investigation results of the quality characteristics of Sul/gidduk with
black carrot powder added, the moisture contents of the control (no
addition) group was 35.60+0.06%, the pH was 6.44+0.04, and the ° brix was
19.53+£0.06. However, as the amounts of black carrot powder added increased,
the moisture content and pH tended to decrease, while the ° brix tended to
increase. The L value (Lightness) was low and dark as the addition amount
increased, and the a value (Redness) tended to increase, but and b value
(Yellowness) tended to decrease. In the result of measuring the texture of
Sulgidduk added with black carrot powder, the hardness increased as the
added amount increased, but the springiness, cohesiveness, chewiness, and
fractureability tended to decrease. The total polyphenol, total flavonoid,
total anthocyanin compounds contents of Su/gidduk added with black carrot
powder were increased with increasing black carrot powder. The DPPH and ABTS
radical scavenging activities of Su/gidduk added with black carrot powder

tended to increase with the addition of Black carrot powder.
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In summarizing the above results, it is indicated that black carrot powder
shows potential as a natural antioxidant, and the quality characteristics
and antioxidant activity of Sul/gidduk could be improved by the black carrot
powder. Furthermore, it is considered that black carrot powder is most
suitable for the production of functional Su/gidduk that can satisfy

consumers' preferences and for the expand of black carrot using.
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242 AOAC(Association of Official Analytical Chemists)®
> 105C Artddxzyes FAsAa, pHE pH MH
(meter) (InoLab pH 720, WTW, Weilheim. Germany)Z ©]-&3dlo] =A3stgom,
Frs 24YE

o 14—

| (Rx-5000, Atago Co., Tokyo, Japan)Z o]&3to] =43¢t}

2. A=

AN

&

A4

rH

ol o

)=
pLN R

A2 Al (Spectro  Colormeter JX-777, Color Techno. System
Co.,, Tokyo, Japan)& Atg3stel =5 FASACY. ==

a(redness/greenness)#t, b(yellowness/bluenss) 4k

o= Wy gk 89.39, a &k -0.13, b & -0.09)

filo

>
>
op
P‘L
32
iy

3. TAA=

2o Ao A A SPSS 170 P/C package(Statistical Package for

Social Science, SPSS Inc., Chicago, IL, USA)Z o]&3le] &7 EA& o 33

Wb =3 P g+H T QA2 FASEI L Student s t-testE AN & FrolA
AL AT
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AT B 100 g3 80% ethanol 1,500 mLS H713 ths a7 Wzwol
225 65T ¢ Heating mantle (Mtops ms-265, Seoul, Korea)Z ©]-&3}o] 3A]7H¥
33] FZ3F % Whatman filter paper (No. 2)2 o 33&tgon, 1 vt} o ofHe
40C 48 oA rotary vacuum evaporator (EYELA VACUUM NVC-1100,
Tokyo, Japan)& ©|-&3to] &wlE A7 A5 v 42 dxso =

FEe PEAT AR AEEE A WS A4 -70Cd WE nEs

ol

2. % polyphenol, & flavonoid ¥ anthocyanin &% =%

4

oft
r
M

4 o e FEE9 Z polyphenol T %< Folin-Denis® (26)] wh

Atk Test tubeo] AAMGE ANe&e FEES 7217 02 mLe Folin

ol

2}

_7;‘_
reagent 0.2 mL& o] A4 3&3F ¥HSAHY. 1 v 10% NaxCO3 0.4 mL
4

|\

e

& e, ol®  ER®  Folr 40RT haol  del  wgAzd

0, 6.25, 12,5, 25, 50, 100 pg/mL7} HE%5 ZAAdsdom, o] AFFHE Sl A5
2] % polyphenol &< T3t

A B oo ehe FEE9 F flavonoid ¥ #2 Davis®(27)S W3 Hby
= wEt A3 gL 2
mLS %7} 3 IN NaOH 10 pL& %3l 37C water batholl A 147t &<t wkg-

=2

e F=E 05 mLol diethylene glycol 0.5

A7l & UV-spectrophotometer(Shimadzu UV-1601PC, Kyoto, Japan)® 420 nm®l
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PrE =43 EFEAEE querceting o] &3t HEFE 0, 6.25

N\

A =
125, 25, 50, 100 ug/mL7} &5 2t o, o] A3 Ho2HY AEFTY F
flavonoid %<& 3t

ApA T B2 o]l Anthocyanin & %S Jang 5(28)9 WHHS Wy sl =A s}

ok

S
3
.

Atk A g £ 3 g2 75 &(EtOH : HoO : HCl = 85:13:2) 6
of & ¥ 3R AE A 150 ripme & Aol A 60%3F WEEtdth FENS
Whatman filter paper(No. 2)& oj3}sle] 9Fio A 6027 W3 & ELISA
microplate reader(Model 680, Biorad Laboratories Inc., Hercules, CA, USA)Z 530
nmoll A FZ =5 SASAT Anthocyanin 32 thg 2ol sl Attssit.

Anthocyanin content (mg/mL) = O.D. x 3 w4 / 65.1(FFA5)

3. DPPH radical £2A% =3

A G+ B g2 FE5E29 DPPH(22-diphenyl - 1-picrylhydrazyl) radical
2712 Blois® W (29)el Fato] SAeA NG £ e FE5= 01
mL¥ 0.2 mM DPPH 09 mLE & &338le 37Tl 30% &k WAz 3
7S Als giAl dEeS 4 vk Al Ao, EF33xE ELISA microplate
reader(Model 680, Biorad Laboratories Inc., Hercules, CA, USA)E A}&3] 595
nmol Al =439t DPPH radical 274% e th&3 o] Axtste] Wi gz e
Wi k.

DPPH radical scavenging activity (%) = [1-(AbSsample / AbSpan)] * 100
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4. ABTS radical £2A% =3

M

PR A T oEks FEEC ABTS(22-azino-bis-3-ethylbenzothiazoline—
6-sulfonic acid) radical 275 Re 5((30)¢) WS $&3to] =A&ATt. 7 mM

ABTS €93 24 mM potassium persulfate &4 A

BN

sle] L3 v &R £
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S Yo wrsAAow EF3xE ELISA microplate reader(Model 680, Biorad
Laboratories Inc., Hercules, CA, USA)E AF&3] 734 nmolA =A 3ttt ABTS
radical &7 v Zo] ALkt WE&= e AT

ABTS radical scavenging activity (%) = [1-(AbSsumple / AbSpam)] * 100

5. FA A=

2
stel B2 BAsith 49 P9 WRzEFoAE TANUoH, A A o3

ofo

o] Hytx AL Ay vjx] BEAMEA (one-way analysis of variance)S 3 & %
AX o4 HAHL p<0.05 FEolA Tukey's tests: ol&ste] ds A

o
e
(Post-Hoc test)d} sl o, At 7F EA4 94 HAAES Student's t-testE A
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A3 BT o 53}

1. % &% 2 pH 53
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Table 1. Formulas for preparation of Sulgidduk with black carrot powder

Black carrot powder (%)

Ingredients
(g) Control” 3 6 9 12
Black carrot
0 15 30 45 60
powder
Rice flour 500 485 470 455 440
Water 75 75 75 75 75
Sugar 50 50 50 50 50
Salt 5 5 5 5 5

YControl: Sulgidduk added with 0% black carrot powder.

3 Sulgidduk added with 3% black carrot powder (w/w).
6: Sulgidduk added with 6% black carrot powder (w/w).
9: Sulgidduk added with 9% black carrot powder (w/w).
12: Sulgidduk added with 12% black carrot powder (w/w).
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Materials Preparation

I

Washing 3 times

-

10 hours in Water

I

Draining for 1 hours
I
Milling 2 times
I
Sieving (20 mesh)

Mixing

Steaming for 20 minutes

Products

Fig. 2. Processing flow chart for Sulgidduk with black carrot powder
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Collection @ chosun



4. AAFT EES AE 27199 dgE FE AEY =24

AL 2 dJ7F A7IE e 100 g 80% ol ¥k 1500 mL& #H 7k v &
F WZ#o] B9 65 T Heating mantle (Mtops ms-265, Seoul, Korea)E ©]
£3to] 3A17H 33 F%3% % Whatman filter paper (No. 2)2 oJ¥&gom, =1
& Ao A rotary vacuum evaporator (EYELA VACUUM
NVC-1100, Tokyo, Japan)& °]&3ste] &uwl& AAstL 553 ths AE7H

EtE = Ae WAE A -70 Tl WE Rasidth

A GT B "y Arjwe] RS AOAC5)WH| waf FEEHS 105T A
tdAazHor =AU, pHE pH " E(meter) (InoLab pH 720, WTW,
Weilheim. Germany)E& ©°]&3to] SAstg o, drs =49 E=7(Rx-5000,

Atago Co., Tokyo, Japan)& ©|-&38}e] =435t}
G 41" A 27

A G B 7 Ar)j" e AAA (Spectro Colormeter JX-777, Color Techno.
System Co., Tokyo, Japan)& Ab&3te] MEE ZAstth. ME= Llightness) gk,
a(redness/greenness)?k, b(yellowness/bluenss)#t2S =43lch Algw B Ao

FAdt.

{r

22 ML #8939, a # -013, b % -009)= AHE

O
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AT B H7F A7 Ee] A RE TFERxAExEOlE 47 1xIx] cm7t HE
2 A g8 2AD EAHS =H35H7] 98] Rheometer(Compac—-100, Sun
Scientific Co., Tokyo, Japan)E A}-&3}o] Mastication test 2 Shear force, cutting
testE A At 7 %= (Hardness), ®2 4 (Springiness), 5%/ (Cohesiveness), %
314 (Chewiness) 2 71 & A (Fracturability) S &4 3}t

Abg T3S RD.S(Rheology Data System) Ver 2.01S o] &3slo] A&
t}. Table Speedi= 110 mm/min, Graph Interval2 20 mm/sec, Load cell(max)+=
10 kg®] = o= sttt & A+ @ 3 ANsE Hepo 242 33] wkE 54

stel Wt A= et

2+, A7]9 9 % polyphenol, & flavonoid ¥ anthocyanin &%

%7

A G EE 7 V"o des FEE9 F polyphenol, ¥ flavonoid %

anthocyanin % =4H& AT BT FEE9 F  polyphenol(26),

ofj

flavonoid(27) ¥ anthocyanin(28) && =4 AW H 3 sdstA A PstA

vl 4719 9] DPPH radical 2A% % ABTS radical &A%
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Q
=
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Y
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6. TAA=

= Aol Ao = ZIAA, olskstd ARl SA4 Ayk= SPSS

=
(Statistical Package for Social Science)® E74 43t A gstgctt Adwd 3
T+

FH

ez A, A Fod AES ddaA

analysis of variance)& ¢ U3 Duncan® tYa#H4d WS o] &3t p<0.05 +5

oM = HAs A
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, pH 2 =5 4% A3= Table 29 £t

Tl i e 24510.09%= ek ow ) pHy 5.02+0.07 %L,

Table 2. Moisture content, pH and °Brix of back carrot powder

Sample Moisture(%) pH °Brix
Black carrot D
2.45+0.09 5.02+0.07 7.37+0.06
powder

1) All values are expressed as mean+SE of triplicate determinations
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AN pere] A% %73 Aze Table 33 2k,
YEE tehle

L#t(Lightness)2 23.47+0.32, 4 %=5 YERY = atk(Redness)
< 10.13£051, S =5 e = bib(Yellowness) 3.86+0.67% 578 & T,

Table 3. Hunter’s color value of black carrot powder

Sample L a b
P (Lightness) (Redness) (Yellowness)
Black carrot D
23.47+0.09 10.13+0.51 3.86+0.67
powder

1) All values are expressed as mean+SE of triplicate determinations.
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A2d ANGZ e FE2E9 FA3 59

1. & polyphenol, & flavonoid ¥ anthocyanin $ %

AR el F EEdls RS 182074348 mg GAE/gelH, ¥ YR x

o= dtako 2552+356 mg QE/g, anthocyanin %S 9.44+0.14 mg/g & g

Table 4. Total polyphenol, total flavonoid and total anthocyanin

compounds contents in ethanol extract of black carrot powder

Total
Total polyphenol Total flavonoid anthocyanin
Sample D 2)
(mg GAE1Y/g ) (mg QE“/g ) compounds
(mg/g)
Black carrot 2
182.07+3.48 25.52+3.56 9.44£0.14

powder

1) GAE: Gallic acid equivalent
2) QE: Quercetin equivalent

3) All values are expressed as meanzSE of triplicate determinations.
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2. DPPH radical &A%

AAGE B FE5E Fhd 0 ks 248 uwsly] 915kl DPPH radical 4
Ass 574 A= Table 59 YeR It DPPH radical 47152 4,000 pg/mL
AAG Ba 2525 oA 67.76%, 2,000 ng/mLolA 44.34%, 1,000 pg/mLol
A 26.29%, 500 pg/mLelAl 1538% = AAMY B FEE RV SUMESE
DPPH radical &A% FHo=z Fr7lste AFES EAH(p<0.05). DPPH
65640 pg/mL FEE e

kv
o
29
v
:g‘
[\

radical 2A5 54 AHE ICy @z
itk ol Ay 2 FH5(1,000 pg/mL)olA =43 A etarstA & A

d FAsAlE Hrbetel A ARl wsiM s ikl dAdo] "ojA= Ao

h4
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Table 5. DPPH radical scavenging activity of ethanol extracts of black

carrot powder

S 1 Concentration DPPH radical ICso”
ample
P (ug/mL) scavening activity (%) (ug/mL)
4,000 67.76+0.23"
2,000 44.34+0.31¢
Black carrot - 2,656.40
1,000 26.29+0.23°
500 15.38+0.23"
BHA? 1,000 73.26£0.21°°
BHT® 1,000 73.96+0.58""
Ascorbic acid 1,000 85.42+0.29%4

1) ICsy: Concentration required to reduce 50% of DPPH radical scavenging activity

2) BHA: butylated hydroxyanisole
3) BHT: butylated hydroxytoluene
4) All values are expressed as mean*SE of triplicate determinations

5) a-f Means with the different letters within the same column are significantly
different at p <0.05 by Duncan’s multiple range test
6) A-C Values with different letters in the same concentration are significantly different at

p<0.05
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3. ABTS radical &A%

oo &S FEE9 radical 27 %Y ZI+= Table

M

ABTSE o] 48 a5
63 2

ABTS radical 2A%< 1,000 pg/mL A B2 22 =woA 81.60%,
500 pg/mLol A 54.69%, 250 pg/mLel A 34.55%, 125 pg/mLelA 23.19%= <Atk

= BY FEE FE7t 27185432 ABTS radical 245 E #FoH o2 F7hs=
=

Hno=z g2l tHp<0.05). ABTS radicalE 50% A Asl= AMGT B8 FE55
9] FE(Cs)E 491629 pg/mLE YEFWAT. ABTS radical 2A T2 e 5%
(1,000 pg/mL)oll A SA gk st eitsiAl el AT 8 FE=53+ #o|7F gl

o, A kst wignl Coll wsiM = &atsl garh w2 Ao UERT
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Table 6. ABTS radical scavenging activity of ethanol extracts of black

carrot powder

S ) Concentration ABTS radical ICs”
ample
P (ug/mL) scavening activity (%) (ug/mL)
1,000 81.60+4.59Y%5B9
500 54.69+6.06
Black carrot 491.63
250 34.55+9.86°
125 23.19+8.90¢
BHA? 1,000 84.45+5.58%8
BHT® 1,000 83.97+3.28"°
Ascorbic acid 1,000 89.31+5.49°A

1) ICsy: Concentration required to reduce 50% of DPPH radical scavenging activity
2) BHA: butylated hydroxyanisole

3) BHT: butylated hydroxytoluene

4) All values are expressed as mean*SE of triplicate determinations

5) a-f Means with the different letters within the same column are significantly
different at p <0.05 by Duncan’s multiple range test
6) A-B Values with different letters in the same concentration are significantly different at

p<0.05
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1. &% &% % pH

A7VFe] i ) pHE 543 A3 Table 73 2o
Wrpgo] R FEe 3045+0.14% % e on] pHE 650£0.022 hEbg:

Table 7. Moisture content and pH of non-glutinous rice powder

Sample Moisture(%) pH

Rice powder 30.45+0.14 6.50+0.02

1) All values are expressed as mean+SE of triplicate determinations.

AL A =4 A= Table 8% Zth,

HEE UJeRE Lik(Lightness) S 6555+0.12, A =2 UERRE agk(Redness)S

|

—
W
Ne)
I+
o
j=}
%8
ot

G =S YJER = bgk(Yellowness)S 1.54+0.04% UERS:

Table 8. Color values of Non-glutinous rice powder

Sample L a b
P (Lightness) (Redness) (Yellowness)
Rice powder 65.55+0.12" -1.39£0.03 1.54+0.04

1) All values are expressed as mean+SE of triplicate determinations.
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A4 AAFZ A7|ge] o #F

| 1T =

ANGT B A FEE Gl Az Wrlwel e A FE Y

AR Fig. 33 2Tt} Fig. 364 B+ vpe} o] ApAgkto] M7t s%7F S7ksh

of wel A7lE e A ol Frbeta, A

L

o

AL FAsgh w3 A7
& gelsy] Ang Fol Aol o gely A% FAY 4 AN

Black carrot powder (%)

Control 3 6 9 12

Before

cooking 9 '

After
cooking

Fig. 3. A photograph of Sulgidduk added with different amounts of black
carrot powder.
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A5d ANFZ ELS FHIHE

3} 23

i
N
18
o
e
X,
J[m
o,
we
odk
2

AT Pue Wb A7lHe] FEGSS 2584£086~3560£0.60%] W92

T
o
¥
o
D)
1
ot
rl
g
=3
tlo
jalnl)
N
S
ol
ol
X

(o]

S

p

Uiz otz A i GhaFel 3560£0.60%
2 M wgtom, AAYE B 12%5 A7ME Av]Ho] 258440.86% % M
A vEbstth ofek 22 Ay Aol ARSE 2VFES o §R30.45+0.14%)

Hl g AR e] g (2.4520.09%) 0] wt7] wiEQl Ao m ke o]

—

@ Ass ANRFIE S AVEHED ANGEEe A A7]E(32),

MUEE Hrbe M71WE3), obzvel $ AbEe Bed /9G] R

A S e A71E e pHE dlXxaro] 64440042 7H =A YERS:
om AAGT B 3% Hrh A71"e 5844001, 6% H7F A71"H-e 557+0.03,
9% F7F A71H& 5224003, 12% FH7F A71H2 51120032 AAG L B

a

-

7
go F/HA5E FolHow vropyr) o] A7bF el pHE 650002013, A A

v A
T

wo pHi= 502:0.07% AAGT o] pHrl A7k pHRT vhol 2pAg
B Hrbgel F/HESE pHF Fohslel B wobdE Ao BeHEr) o
e Avhe opiolule RWS WA M/WUED), Wk RUATE AP m
2 27153609 AT WAool FAB5E pHtel FOHoR Fad A

FrAksh o,

M

rH
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A Baks ek A7) °Brixe 19.80£0.00~19.50+0.002] WS UE
o, AT Bds HrbshA @& dEzd9 °Brixes 19.53+0.062.% L ERRL

Aol FARSE Brixt F7heM 6% Wrh Avjwe

r
M
e
Lo

o A
19.57+0.06, 9% 7} A7]"-& 19.67+0.06, 12% H7F A7]= L2 19.80+0.00 7Hg =

Al et o o= AT FEctel ¥ °Brix sk 7.37.80+0.06°1 o] A

o dadrh sARE AT Biko] 3% HrhE Ad7]¥e] °Brixe 19.50+0.00

o Hashs Ador ZHHQY. ook 22 Ay Heaass MM A7y

B

37, B#A A7k A71He olsshd FASH L FUHHEYY AT Astsh U

sk A @Itk

Table 9. Moisture contents, pH, and °Brix values of Sulgidduk with

different addition of black carrot powder

Black carrot powder (%)

Texture
parameters ¢ ontrol 3 6 9 12
pH 6.44+0.04V%? 5.84+0.01° 5.57+0.03° 5.22+0.03¢ 5.11+0.03°
Moisture Do) , " ) ‘
(%) 35.60+0.60"# 35.23+0.74* 34.20+0.35¢ 33.56+0.71 25.84+0.86¢
(o]
°Brix 19.53+0.06V% 19.50+0.00¢ 19.57+0.06™ 19.67+0.06° 19.80+0.00%

1) All values are expressed as mean+SE of triplicate determinations.
2) a-d Means in row with different letters are significantly different (p<0.05) by

Duncan’s multiple range test.
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Table 103 v},

WEE YeRE Lak(Lightness)2 thEwo] 963612412 718 A A=A
HA7bee] 3, 6, 9, 12%= 75 50.15+£0.50, 36.06+0.52, 30.84+0.11, 20.44+0.15
2 fadhe A4S Bidn S AVige AEs A B8 JAUMEe] xS E

L2 Zaste 4o = vewt.

I TS YelhE b#at(Yellowness)2 A% aft(Redness)e W ZT 9]
6.94+0.17%2 YEstow MG FHrpske] 3, 6, 9, 12%=  F7idel wet
11.98+0.33, 9.81+0.49, 9.15+0.46, 4.60+0.32% A5 ZAst= FeHZ B H Y.
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Table 10. Color values of Sulgidduk prepared with different addition of

black carrot powder

Black carrot powder (%)

Color

values Control 3 6 9 12
L 96.36+2.41"% 50.15+0.50" 36.06+0.52¢ 30.84+0.11¢ 20.44+0.15°
a -0.52+0.07° 9.02+0.22¢ 12.46+0.13° 13.64+0.21° 14.45+0.40°
b 6.94+0.17° 11.98+0.33% 9.81+0.49" 9.15+0.46" 4.60+0.32¢

1) All values are expressed as mean+SE of triplicate determinations.

2) a—c¢ Means in row with different letters are significantly different (p<0.05) by

Duncan’s multiple range test.
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A B HbES 2e]dk A" el Hardness(7d =), Springiness(§H8A4)),
Cohesiveness(-3- 8 4), Chewiness(% 3 4), Fracturability(Z] @ Ad)e] a&o] 33
A4S F43% A3 Table 113 2t

Hardness(4 %) 34 ZA3 g BT 12% "7 A719e Fxv)
3,165.92+210.03 kg/cm’Z 7}4 =¢ka, 1 thgom zpAg Buk 9o Hyp A7)
W 2789.23+190.61 kg/cm?® 6% H7F 71" 2761.29+120.12

g/cm ]}. A0 E]—:L

k
2o 3% H7F A7ES 2640.04+153.45 kg/cmiE i, xS

|\
ol

2,318.70+175.20 kg/cm’®E 73 A =R = Ak

Springiness(&+84) =4 A3 2+ 83.42+1.960.2 71 =4 SAHEHAoH
AAGE BT 3% H7F A7He 83294413 %2 R Lo a1 v
SO E AT B 6% H7F A" 7374320 %, AMG L 2E 9% H7H
7182 66.40+2.99 %, AT B 12% HI7F A7|Ee 5647+1.96 %= 7HE
A S8 A

Cohesiveness($-14) 54 A3 2o 74284228 %= YEIGL oW, pA gt
w2 3% #H7F AVI"e 75224379 %, AN +E 6% H7F A"
65.97+2.72 %, AN G EH 9% HI7F A71H S 65.7244.16 %, AAEE 2 12%
H7F A71"-2 58.75+2.07 %= 7HY @Al S A

Chewiness({ 94) 54 A3 AT B8 12% H7F 27192 1,041.41+71.62
goZ 7MY =k, I ggos MY 28 9% HIF A" 902.73+27.77 g,
AT B 6% H7F A7]"-2 7384013051 g, ARG Y 3% M7 A7Y

2 652.45+19.23 g2 YEROoH xS 463.87+13.96 go 2 7HE A SAH S
}.

Fracturability(] A4) =34 ZAy dZ+o] 85.86+4.89 kg= 7V =9k, 1 v}

wo B AMGT T 3%l 83.89+6.78 kg, AHMEE 6% H7F HA7HE
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52.67+2.32 kg, AT =T 9% H7F A7|H2 45.27+1.90 kg2 HEEoH, A

MG B 129 A7 A" e 3690+1.14 kg®E A A HJC 57HA =27

1 O =

Z4AY ANGE Aol FAhgel weh Al ztel felAel FHolE ey

=

Table 11. Texture characteristics of Sulgidduk added with different

amounts of black carrot powder

Black carrot powder (%)

Texture
arameters
P Control 3 6 9 12
Hrdness 2.318.70 2,640.04 2,761.29 2,789.23 3,165.92
(kg/cm?) +175.200 +159.45) +120.12° +190.61° +210.03
Springiness 83.42 83.29 73.74 66.40 56.47
(%) +1.96° +4.13° +3.20° +2.99° +1.96¢
Cohesiveness 74.28 75.22 65.97 65.72 58.75
(%) +2.807 +3.79° +2.79b +4.16° £2.07°
Chewiness 463.87 652.45 73840 902.73 1,041.41
(g) +13.96° +19.23¢ +30.51° +27.77° +71.62°
Fracturabilit 85.86 83.89 52.67 45.27 36.90
(kyg) +4.89° +6.78° +2.32b +1.90° +1.14¢

1) All values are expressed as mean+SE of five determinations.
2) a-d Means in row with different letters are significantly different (p<0.05) by

Duncan’s multiple range test.
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4. 4719 9] # polyphenol, & flavonoid ¥ anthocyanin %

ANGE B QB gese] ARG AN ArHe F FeldlE, F B

gH o]z 9 otE Aol eSS A3 A= Table 12, Fig. 4, Fig. 5, Fig. 6

% polyphenol $t# ZAyl= thxe 152361518 mg GAE/go = 714 3hakol

sotom, AAT £ 3% H7F AVIH2 179864316 mg GAE/g, A=

M

4 6% H7F A7]"-2 188.0646.91 mg GAE/g, AN &2 9% #H7F A7jHe
203.80+2.42 mg GAE/g, AT 2 12% #H7F A7|"& 213264721 mg
GAE/go 2 A FHo Hrtigo] F7Hed45 F polyphenol 32 S7HgHE
Bt

& flavonoid & Adel = t2 0.68+0.017 mg QE/ge] s Hlow,
A B 3% H7F A7)"-2 1.38+£0.03 mg QE/g, A G &2 6% H7F A
71® 2 1.85+0.10 mg QE/g, A 2 9% H7F A7|" 2 3.06+0.07

AL i 12% A7F A719 e 3.65+0.26 mg QE/go® A ol Hrt

ol Z7Fs 5 F flavonoid $#-S S718S EAth
% anthocyanin %2 &2 050+0.11 mg /100 g2 sh=kS Hlom xpAE

< 3% HF A7]EE 1124002 mg /100 g, AAAE T 6% H7F A9

< 248+0.03 mg /100 g, AL FF 9% FH7F A7]H-2 359+0.03 mg /100 g,

m

A Bur 129 H7b A7]"e 5204005 mg /100 go® AL Fuke] A

7ol 71845 F anthocyanin &= Z7H8hE A4S UER A

_I
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Table 12. Total polyphenol, total flavonoid and anthocyanine contents of

Sulgidduk with different addition of black carrot powder

Black carrot Total polyphenol Total flavonoid Anthocyanine

powder (%) (mg GAEY/g) (mg QE?/g) (mg/ 100 g)
0 152.36+5.18" 0.68+0.017° 0.50+0.01°
3 179.86+3.16° 1.38+0.03¢ 1.12+1.12¢
6 188.06+6.91° 1.85%0.10° 2.48+0.03¢
9 203.80+2.42° 3.06+0.07° 3.59+0.03"
12 213.26+7.21° 3.65+0.26° 5.29+0.05"

1) GAE: Gallic acid equivalent
2) QE: Quercetin equivalent
3) All values are expressed as meanzSE of triplicate determinations.

4) a—c Means in row with different letters are significantly different (p<0.05) by

Duncan’s multiple range test.
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Fig. 4. Total polyphenol contents of Sulgidduk with different addition of
Black carrot powder. All values are expressed as meantSE of triplicate
determinations. a-d Means in row with different letters are significantly different

(p<0.05) by Duncan’s multiple range test.
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falvonoid contents
n

Total
t

1 b e
0

Control 3049 620 904 104

Fig. 5. Total flavonoid contents of Sulgidduk with different addition of
Black carrot powder. All values are expressed as meantSE of triplicate
determinations. a—e Means in row with different letters are significantly different

(p<0.05) by Duncan’s multiple range test.
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Fig. 6. Total anthocyanin compounds contents of Sulgidduk added with
different amounts of black carrot extract powder. All values are expressed
as meantSE of triplicate determinations. a-e Means in row with different letters

are significantly different (p<0.05) by Duncan’s multiple range test.
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5. 47199 DPPH radical 245 % ABTS radical &A%

A

e

Wrge 2eElsto] A= AMET A7IHel DPPHe ABTS

=

4
M

radical 27% <& A3 A3 Table 13, Fig 7, Fig 8% #t}.

e ANFE BEe AAHA @GS dEeA

oL

¢

DPPH radical 47 &4
3.15+1.93% = ERYE AL, AT S 3%, 6%, 9% 2 12%70A H7re A7H
o 5= DPPH radical &~A €4d¢] Z+7} 15.29+0.50%, 23.13+0.81%, 32.40+0.40% =
3743+0.98% = HH S7tstAtt.

ABTS radical &7 &4 %= ANGT &2 H7bdo]l S7Fgel wet =4 versk

E

A 7F8HA
LFERA A
AL, AN BES 3% 62%= Frbste] Axg Ao 22 47.59+091%
85%2.94%] ABTS radical 4] &8 vetdith AAd2 £2 gHeFo] 9%¢}
12%<%1 A71"e A= Zh2F 94.41+0.14%, 94.65+0.09% 2] ABTS radical 427 €4&

tlo

o, DPPH radical &7 #7443} W23t F&S Bvh AAgT 22
o

tlo

% Ad7iwe]l ABTS radical 27 84-& 836+2.30%% 7F4 & 7k

L
@
Q
o0

wol AMYE we] HrhFol wlestol ABTS radical 24 Bl F1FL 3
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Table 13. DPPH and ABTS radical scavenging activities of Sulgidduk

with different addition of black carrot powder

Black carrot DPPH radical ABTS radical
powder (%) scavenging activity (%) scavenging activity (%)
0 3.15+1.93V? 8.36+2.30¢
3 15.29+0.50¢ 47.59+0.91°
6 23.13+0.81° 67.85+2.94"
9 32.40+0.40° 94.41+0.14?
12 37.43+0.98° 94.65+0.09°

1) All values are expressed as mean+SE of triplicate determinations.
2) a-b Means in row with different letters are significantly different (p<0.05) by

Duncan’s multiple range test.
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Fig. 7. DPPH radical scavenging activity of Sulgidduk with different
addition of Black carrot powder. All values are expressed as meantSE of
triplicate determinations. a—e Means in row with different letters are significantly

different (p<0.05) by Duncan’s multiple range test.
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Fig. 8. ABTS radical scavenging activity of Sulgidduk with different
addition of Black carrot powder. All values are expressed as meantSE of
triplicate determinations. a-d Means in row with different letters are significantly

different (p<0.05) by Duncan’s multiple range test.
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=
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