L)

Check for

updates
ISSN 1229-8565 (print) ISSN 2287-5190 (on-line)
SH2 R o AF5) A ksl 5] A 30(2): 195~210, 2019

Korean ] Community Living Sci 30(2): 195~210, 2019
http://doi.org/10.7856/kjcls.2019.30.2.195

Antioxidant Activity and Quality Characteristics of
Cookies Containing Added Red Chinese Cabbage Powder

Hyun—Joo Lee - Eun—-Mi Park” - Jae-Joon Lee™

Dept. of Nutrition and Culinary Science, Hankyoung National Univeisity, Anseong, Korea
Dept. of Nutrition and Drug, Graduate School of Chosun University, Gwangju, Korea®
Dept. of Food and Nutrition, Chosun University, Gwangju, Korea?

ABSTRACT

This study examined the antioxidant activity and quality characteristics of cookies containing
red Chinese cabbage powder. Cookies were prepared with different amounts (0, 0.5, 1, 3, and
5% to the flour quantity) of red Chinese cabbage powder. The antioxidant activity and components
were estimated by the DPPH and ABTS free radical scavenging activities, as well as by the total
polyphenol, total flavonoid, and anthocyanin contents in cookies. The quality characteristics
were analyzed by measuring the bulk density, pH of dough, spread factor, color (L, a, b), hardness,
texture profile analysis, and sensory evaluation. The total polyphenol, total flavonoid and
anthocyanin contents and the DPPH and ABTS free radical scavenging activities of the cookies
increased significantly with increasing red Chinese cabbage powder content (p<0.05), while the
pH of the dough, the L and a values, spread ratio, and hardness of the cookies decreased significantly
with increasing red Chinese cabbage powder content (p<0.05). The sensory evaluation showed
that the cookies prepared with 3% red Chinese cabbage powder were significantly different than
the other groups in terms of taste, flavor, texture, and overall acceptability. The texture scores
for the 3% red Chinese cabbage powder groups were significantly higher than those of the other
groups. These results suggest that red Chinese cabbage powder is a recommended ingredient
to increase the consumer acceptability and functions of cookies. The quality characteristics of
the 3% added red Chinese cabbage powder exhibited similar or significantly higher values than
those of the controls, showing the possibility of developments in health—functional cookies. Overall,
cookies with 3% red Chinese cabbage powder showed the best results in terms of quality and
potential antioxidant properties.
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ArhrtE]ol] Qlor] 28 3ke] M8l a5
o S7IE QIR Aree] F, Age| 71}, ¢
224 g, A=A S8R dAERSke] &t A
AFE B A s 3o el gt
olsfiet #alo] wobA M AFEGA M= LAt

Wk 7158 S0 = Qs Fsdel ZhilE E

TpAg HotlM® 71sd BEg ket 24 AT
ol ABAF AFS EABHEE ITFE kL YL
ket F7e 7158 EAS e It o] FoiA|
I 9lek e A 5 ARl &3hH S ok
o] ytol n]BE3HAQl w7} A omf A7Fdt gho]
2o} foliH mdZel o]277hA] ofE] AP ZelA
a2 of-&Har Y= 7FAo|thPark & Chang 2008).
AR F71E AT =N Bt Aovkat 2
2 A5 dgle] E = Q7o) el wigh 4
H2k=e] I4lFet s 2l 22 71
o] A& Al FFol gk a7} S7kEAL
oJth(Kim et al, 1996). o}&#] AU L7
ARgSste] HhE AlFETRE A AAEY FAlE
5Ado) HA7hE AFE 3] vl 1ol wE Y
o] ghiksi<|aL Qlet, ol&gt F71¢] A Vs &F
ZgA717] $18l AR Zepn] 2 (Cha et al. 2014), W
Hx B (eon & Park 2006), 2 EZH(Kim et al,
2002), 3n] EKiee & Oh 2006), 1] 17 k(oo
& Choi 2012), B7] B Iee & Ko 2009), §har} -
(Lee et al, 2005), Y FL(Kim & Park 2008), W=
EZ(Shin et al, 2007), 4F B2 (Lee et al, 2006b)
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M= Al Azolnt. AeelMe Y=g, Tl
© HeoR wol o]gatar AolidfAe} vkl cof
=93 FFYolH, 7154 E22I glucosinolate?} $
frEo] Qlof ol5e] el 7lsAdel thek Gt et
Al ZY= 3L ACKLai et al, 2010), HABRE A&l
W|EF(B, rapa ssp. AA), 2B nigra, BB), G|
FH(B oleracea var, CC)9| 718 AlE2AE-S H|EsH
o] (B napus, AACC), oE|e3o} HARKB carinata,
BBCCO), 2K B juncea, AABB)2] 3714 7|1& AlE 21&
E 7 Aduge 2 AAE 231 AlEE20A]) 21Eo]
A= Aoz LA Jrklowe et al. 2002).

LUgtollA] FE2 A28]|E3 9= vl3=(Chen et al.
2008)= A8l Brassica rapa subsp, pekinensis) =2
U] A 2nlEre] 25%F RISk disEA el Ak
22X PR F2 7R AplEo] gtovt, Hell
= AR A 5ol Tt He] 9T S8t b
H(Lee et al. 2013). vi5+= 25 H[ERT] 2]o]XH
&, T vEe F71d o] 53t A 9l
T Ode agje] FAE B FAER 2olal glon,
sk Qi S5 el E8s o Sk
BolA 5531 ok 3| FRtE I} Hold Alow
HE37 Jh(Fenwick & Mullin 1983; Colditz et al,
1985; Lee et al. 1990).

W2E i WsFEA AEE w5 TS
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anthocyanin®| W& E|0]2] Brassica rapa. L
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o] o] 7FsAe AEstas) 3holct. E3] 2o w
7k W3 Hake Hret A 7o) A
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1. M=
2 Ao ARg-E ik w2015 119 Hehd
= oA Tk ARSI Wk v RS Ao

5 cmz. Agste] 215 Ase, A2 W )
ZFE -70C deep freezer(MDF-U52V, Sanyo, Osaka,
Japan)& ARESte] G598 A7l & FAAZY)(ED
8512, Tlshin, Yangju, Korea)& ARE-3}e] -70°C oA 72
AR $ A2AT, A D W vl )
7](HR2904, Philips Co., Amsterdam, Netherland)S
ARGk A F e AlFsklaL, 70T ol ¥
FEI st AlE2 ARSI BFE(Daehan Flour
Mills Co., Ltd., Incheon, Korea), A& (Samyang Co.,
Ulsan, Korea), BE](Seoulmlik, Seoul, Korea), &5
(Haepyo, Jeongeup, Korea), @ZXPulmuone, Eumseong,
Korea), vPde} 32U (Kyle's Story, Incheon, Korea),
o)) 39-Cj(Jeonwon, Gimpo, Korea)2 AR&-s}e]

71E Alxskit

=
w7k w3 e uhie] vt ulee ofy] He| o
HAES Aon, Wzl ujS Bato] HrlE|#| oke
< JlZFH(contro) 02 3}, W7k wjE Bl

o
Hr
2

teted 05, 1, 3 5L 50 IR A Ao
2 BIICH0.5, 1, 3, 5% 7). W3k v 2
F7) Azxe 7P BEE F7] Azl 29EW
(creaming method)& A3} ¥HE71A|(NVM-14,
Daeyong, Seoul, Korea)ol] HE|E Wil FE3] 5|
REe @ F 4GS 5 vl Lhro] ol 4 24
o] Xolx] ¢k& w7k Sgste] A dER HEIT
92 33] Lprol Yol A s g §, Fee
& o] H=E et Bt Ho) ke, vt
e} ah¢tE Aol 31§ 33 2 Hof S 4%
WdellM 1ARE Bt FA] AT W FAE
W52 YR 1 om FAR FdeHA A v AE
50 mme] YF F7] S= Ho| Hpe] WA, siE
180T, L& 160CE o|IAIZ] LE(FDO-7104, Daeyung,
Seoul, Korea)ollA 1387t 79}, & 7)== 2184

ol 71 1AIZF B8 20 £ 4Colld YA Rl T AR
27k PETIE AN, A TR OpP
(oriented pony propylene) B0l EA3}F] 2447 &

PR, FPY, A, pH, U B AEE S5
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Table 1. Ingredients of cookies prepared with different amounts of red Chinese cabbage powder
. Red Chinese cabbage powder content(%)

Ingredients(g)

Control 0.5% 1% 3% 5%
Weak flour 400 398 396 388 380
Red chinese cabbage powder 0 2 4 12 20
Butter 200 200 200 200 200
Sucrose 180 180 180 180 180
Salt 2 2 2 2 2
Egg 100 100 100 100 100
Vanilla powder 4 4 4 4 4
Baking powder 4 4 4 4 4
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3. 7t HiF 2SS ke F7| EE FE Al

r

w7k w5 2 7 F70E 100 g7 80% ole-e
1,500 mLg 71 vhE S zieo] 734 65T 9
Heating mantle(Mtops ms-265, Seoul, Korea)©l| 34|
A 33 =3+ T Whatman filter paper(No, 2)&
oj7ksldet, ofolS 40C 428 “FollA] rotary vacuum
evaporator(EYELA VACUUM NVC-1100, Tokyo,
Japan)2 &iE AASIAL A} - 5T o]F A5
Ak WAs] flete] 70T WEollA Bakskdot.

4. F7|9| £ polyphenol, = flavonoid &
anthocyanin &% =X
w2 wE B A7 ) dee FEEY F
polyphenol $F& Folin-Denisf(Folin & Denis
1912)0]) Foto] SAskSin. Alddl w3k viF 2
oleke &5 0.2 mLe| Folin reagent 0,2 mL& &
3he] 387 HESAIZ] T, 10% Na,CO; 84 0.4 mL
A7kste] bAoA 40w7F WREAIFYE S¥%

ELISA microplate reader(Model 680, Biorad Laboratories

O

My o

rr

Inc., Hercules, CA, USA)Z 760 nmollA =33},
EFEEZE unnic addg o]83te] RS 2438t
o™, & polyphenol $HF& 1 mL 5 g tannic acid
equivalent(TAE)2 YERJSITE

2719] % flavonoid S Davis¥(Chae et al.
2002)5 WP WS ot SAES w3t wi
B A7t F7) olgE FEF 0.5 mLs} diethylene
glycol 0.5 mLE 713 & IN NaOH 10 puLE il
37T oA 1A B9 HESAIZ] T2 ELISA microplate
reader(Model 680,
Hercules, CA, USA)Z 420 nmolA] SF=E =731
o} FFEEEE nting o83t HAFIS 2Adekal
o, Z flavonoid $FH-& 1 mL 5 g rutin equivalent

(RE)Z YERARI

Biorad Laboratories Inc.,

F719] anthocyanin %2 Jang et al, (2006)2] B
e HEste] S2daeic). Alzgh wih v S 7] &
23 g8 F2 GU(BOH : HO : HCl = 85 : 13 :
2) 60 mLol| Y& & U2 F-g RA] 150 rpm o2
Feeld 6027t "skde. FES Whatman
filter paper(No, 2)& oj¥}te] gharollA 6087 HFX]
3} & ELISA microplate reader(Model 680, Biorad
Laboratories Inc,, Hercules, CA, USA)E 530 nmol|A]
E3e 2 24319t} Anthocyanin 3HEES The- 2o
ofsf Alkstdct.

Anthocyanin content (mg/mL)
= O.D. x Al / 65.1(F3AF)

5. £7|2] DPPH % ABTS radical 2Hs &4

Wk owjE B HA7E §7) e FEEY
2 2-diphenyl-1-picrylhydrazyl(DPPH) radical £~75
< Blois(1958) 9] WRiell Fahe] Z7gatict. W3k vj
F 2% 37 F7] olekE 55 0.1 mLol 0.2 mM
DPPH &< 0.9 mLE 2 £9ste] 37C ok 302 &<t
WA TR AR g dleheg Hol Hhy
AlF o, E3 %=+ ELISA microplate reader(Model
680, Biorad Laboratories Inc., Hercules, CA, USA)E
AR&3}e] 517 nmeolx] 233}tk DPPH radical 27
52 83 o] ARkl wEgE veRgd

DPPH radical scavenging activity (%)
= [1‘(Abss;1mple / Absblank)] X 100

2,2-azino-bis-3-ethylbenzothiazoline—6-sulfonic
acid(ABTS) radical 2271%5-¢] 23S Re et al.(1999)]
WS §83ke] S5kt 7.4 mM ABTS 893}
2.6 mM potassium persulfate -8H-& A5} FL3h
H| &2 E33te] ABTS radical o](ABTS")<] 474
< 98l hmellA] 24ARE FE WRSAIFITE O v
ABTS" &1 734 nmel|M 0.7-1.0 + 0.02¢] F35%=7}
ebd m7A] dgEs 4sit. Wik w2



A7} 7] olet FZ5 0.1 mLe} ABTS" & 0.9
2 209 7 570o 08 59 ¥ w8, 7

TRt AR A dlEES ol REeAIZ e, $3:

+ ELISA microplate reader(Model 680, Biorad
Laboratories Inc,, Hercules, CA, USA)S Al&3}e]
734 nmol|x] Z435FT). ABTS radical 275 o
3} o] Atshe] MEgw LreRRI

ABTS radical scavenging activity (%)
= [1‘(Abssample / Abshlzmk)] X 100

6. F710| Yk 2

O

F7)9] YUFFEL ACACH(1984) o) whe} 2Ala}e]
R 2 ek FEe Akdziiies 10
scell 2ARE o) Axdte] ARFetAaL
Soxhlet FZ7](Soxtec System HT 1043 Extraction
Unit, Foss Tecator, Hogands, Sweden)E AR5
diethyl ether2 F&3le] s, Zehzo
semimicro-Kjeldah . & 2% thild A7) (Kjeltec™
2400 AUT, Foss Tecator, Hilleroed, Denmark) 2 -]
aFodct. 23S 600T oA SARE o)t Blskek 4
3]3}H(F-4800, Barnstead, Boston, MA, USA)S & =
Akt @rshES AR 100 g & 4, e,
ZAY Bl 23T S Alefete] AEsoint. g

A=ZAI(PARR 1351 Bomb Caloriemeter, Moline, IL,
USA)E ol-&ate] E43k3itt.

, A

rlo

7. 7| g=

WL iR e A 7] WSS pH e 7]
k=2 5 goll S79F 50 mLE 37}3}e] Homogenizer
(Bihon Seiki, Ace, Osaka, Japan)oil4] 7,000 rpmo. 2
3023F s}t AIX1 F 72| (Whatman No, 2)2 o
I3l oJH-S pH meter(Mteeler Delta 340, Mettler-
tolede, Lid, Cambridge, UK)Z &43}5th 2= =
< 50 mL HAAEH] S75 40 mLE Wil v
As o Solve EolE SAs) viso] H

i"—‘jﬁo?i

5g& 4%

ofl thgk FA12] ¥l(g/mD = FE AXRBFACHChoi 2009).

8. #7129 My =3
W2E w2 37F F71¢] 9134 (spread ratio)e
A (width: diameter, cm)oll gk F7(thickness,
cm)®] & YR 2024 AACC HH(1995)9] 2lh
HATE Tl 719 e W
< R ) TiE sEeR 7}7<]E+3

<

AU e

AA Holg SA43kaL, 2] 715 0CTE 33AIA
e o R o] AA HolE &% fﬂ' 5 7] g
ZHell thet Ft 2782 T8ttt 719 T $1¢]
7] e AR B F 57 Folg S48 the,
TA] F719] FR] AE vHro] EolE SA% & F
7] g 7Rl digt H FAE ekt 7] R
Bt A8 A= 33] W SAete] Fegks 78t
it

HAas 71 170l Higt et 278 em/7H)

7] 1700l it H+t FA(cm/7H)
9. F7|9| M =H

W2E w2 37E 719 vt Qe 7y
F719] 4(crumb)¥ B(crust) 9] A& MAA (Spectro
Colormeter JX-777, Color Techno, System Co.,
Tokyo, Japan)E o] §3te] Z4algic). W) 77]
2] A= SidAM, F7] & M 7] 2S5

2k2 FgellA 53] vk ZAgskelrt. Ao ol
H=(LFE, lightness), Z20 = (agk, + redness/-greeness)
9l A (bgk, +yellowness/-blueness)E Z43}3]
o} ojull AREEE FFUMT] LEk2 89,39, agk 0.13,
bike 0512 2% § ARgSlnt. vt -2 5
7] 9182 YAE 7hH2HWB250F, Samsung, Seoul,
Korea) 2 #<g3}3ict.

10. #719] 3 =4

w7} w3 2o 47} FE7)9] 2272 Rheomether
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(Compac-100, Sun Scientific Co., Tokyo, Japan)E ©]
23le] SA8FA[Y. Rheometherd] Z71L max, wt:
10 kg, table speed: 120 mm/min, rupture: 1 bite,
distance: 50%, provei= A& 2 mme| number 4
needleS ARE3Ie] 7] EHOE 4 mm IF3=E
AR T, AR 0 A 244 59 24E
o Pk FARRl Bed o @t Ad @
(maximum force)S 33| WHE3l 4319, o] AL

7% (hardness) 2 YERJ ST}

W7 I B ) 719 sk W e
B AP A B0l B}
gl vlsl 33] e 5 AAISch Berel

o &3 Wk wl S B 7} F)E Lol 7 ¥

o
>
oy
5
A

=
~y
T
g
~
I
i
fou
e
o
ol
ol
£
f
s
z

ek Aol ot AT, 2 7le] Al

Sz gke A o e
NS HFlER Skoitt. 7S A (color),
vk(taste), 7|(flavor), 227 H(texture), 713 %(overall
acceptability)oll T8 54 7155 HE oz B9
o}, 7t 5} smol dislel Wl Fo 54, wE 3,
wh- vk 1o AAs 0

12. SAXE

E Ao dojzl A= SPss(Statistical Package
for Social Science)E o]-&3l|A 54 £43}c} A
T H £ EEeAE BARA, A foA
AAE Aglx] EakEA (one-way analysis for variance)
S 3 5 p0.05 <ol Duncan®] o244 HHES
|83t s A3kt

N

[}

UPRS B4 AT Table 29} e}, 2
& vzl 1 SekaL, Wk vl B 7} Fegel
S5 feldow sk AFolsleh Cha e
al Qo19)°) A Zeh] ke e o) )
ware] el Bk B 8 Fgo] felHow
itk Baste) B okpel SR AuE ek

38
o

Z35o] gk Wzt uiE B M7} ghepol
71E oA 23]l Afo)7) YERg e, £3
% HA7krollA 71 A JERT) e o] -
W2E S B ) o] 1S S
St =2 SRS 20,99~21.32 %] W9

Folg matort freldel Aol gigleh,

o 2 oy
ol
o
f
x

[l
©
<
1o

Table 2. Proximate compositions of cookies prepared with different amounts of red Chinese

cabbage powder

Red Chinese cabbage powder content(%)

Component(%)
Control 0.5% 1% 3% 5%

Moisture 7.85 + 0.012° 729 + 0.02° 7.00 + 002 698 + 0.01° 6.80 + 0.02¢
Crude ash 0.74 + 0.02¢ 0.74 £ 0.01° 078 + 0.02° 111 + 0.04° 1.37 £ 0.04°
Crude protein 6.55 + 0.01¢ 6.68 + 0.019 685 + 0.01°  7.09 + 0.05° 7.47 + 0.08°
Crude fat 20.99 + 0.26™ 2132 + 2131 £ 035  21.79 + 0.02 21.22 * 0.05
Carbohydrate? 64.43 + 0.26° 6429 + 045 6406 = 0.34* 63.14 £ 0.03*  62.17 £ 0.05°
Calorie (kcal/100 g)  466.54 + 1.50™  469.14 + 2.00 468.78 + 1.50 46593 * 0.01  466.62 + 0.50

Y100 - (moisture + crude protein + crude fat + crude ash).

YAll values are expressed as the mean + SE of triplicate determinations.
9dMeans in the row with different letters are significantly different (p<0.05) by Duncan’s multiple range test.

INS: not significant.



ershe S Wizt S 2 Akl BAlglel
62.17~64.43% HAZ 2221 ol UEREA] 249k
on, ek w3l 466.54~469.14 keal/100 g M= &
o] ZQl ol UEhNA] eighet,

2. F7| HEtE FE22 = polyphenol, &

flavonoid % anthocyanin &%

WRE i g AR ) oldg FEEC &
polyphenol, % flavonoid & anthocyanin -8 &34
gk A¥= Fig. 13 gy wl uis 719 F
polyphenol g2 thZ2 90.69 & 3.02 p#g TAE/g
°JaL 0.5, 1, 3, 5% FEEE W Wi g 37}
& F7] oleE& F5E2] ¥ polyphenol 9] g2 Z¢
7} 113,36 £ 0.70, 121.64 £ 7.97, 128.98 * 333,
146,67 & 4.66 ¢ TAE/go|Jet. M3t w5 F7]9] F
polyphenol $Fge WE vi5= 2 7hdo] Skt
= izl Hlsl folHor Srkekrt. WhElE AR
% polyphenol gho] 3HFakaL Q17| wiZell Wk wl

F LS kA &2 dxTdME yebdS &

iy

a7t i RS HUIet 7719 gtelEy W FE5Y 201

T USTHRagace et al, 2000) S-FH 2] FL(i & Yoo
2010; Kim et al, 2014), o}21]o} E&(Lee & Choi
2016), AMEE B2 (Son et al, 2015), A77ME B
(Lee 2015), a17mkel 2 Go 2015)S H71ek 7]
AToME EE HrbFel KRl uweb %
polyphenol gFo] o]z oz F7bsigitt, of= &
ARAE AR A Blom, F7]o] ik w5
B 7o = F polyphenol S Eol= A

& F719] P52 ol Hlkg Wolear Ak

f

Wk g B Qp 29 dgs 280 &
flavonoid $FHFS thzT0] 0.66 + 0,04 #g RE/g°]3]
3L, 0.5% H7REe 4.74 + 0.07 pg RE/g, 1% H7kt-e
9.60 % 0.26 pg RE/g, 3% 7S 28.82 & 0.40 pg
RE/g, 5% 7}~ 48.31 + 0.54 p#g RE/go|r}. &
w7 g B R et 7 A uiz
ol HIgl 7k frefZRl AlolE UERIT e
tjul B2 (eon et al, 2013), 3 YIS #2(Hwang

2018) A7het F7lM e 7hol S7hetell wiet

160 -

a
b ab
| b
c
40
0+ T T T T
3% 5%

control 0.5% 1%

a
b
4
[

3
oy R
o.._._ . .

as% it 3% e

eontrol

-
I
s

Total polyphenol
(e TAR/g)

Anthocyanin conte nts
(mg/100 &)

s0 =
40
=
5 b
RS
é::
=
3- 20
10 -
—_— - .
.
Ll mm .
control 0.5% 1% 384 £94

Fig. 1. Total polyphenol, total flavonoid and anthocyanin contents of cookies prepared with different

amounts of red Chinese cabbage powder.

All values are expressed as the mean + SE of triplicate determinations. *“Values with different superscripts

on the bar are significantly different at p<0.05 according to a Duncan’s multiple range test.
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% flavonoid §rFo] Frejdo 2 Zrlslitka B st
et

wE w7 5] des FEEC
anthocyanin =& t]Zro] 1.33 & 0,01 mg/100 g
°]JaL, 0.5% 7k 1.35 £ 0.02 mg/100 g, 1%
H7FEE 3.06 = 0.05 mg/100 g, 3% H7HE-S 4.48
+0.03 mg/100 g, 5% 7 5.67 £ 0.05 mg/100
go|Sitt, w7k v Eite] Hrleko] SYIEE B
©JE# 0 & anthocyanin e S7Fehk= 4%l ek
AR 3a) 7b (Lo et al, 2013)9] FHEA
2 ksl 3 AelME Hrlere] Flgtel whEt
anthocyanin $FFo] frolH o= Frlstirtar Hast

of ¥ A%} AR olge] At wr HH# i

2 W) Azt Pl RS} ol Jles
&2J7 % polyphenol, % flavonoid @ anthocyanin

gl vlasel Hlste] S7KsHe AR mol 7)ol
AP ol Wk vl o] F]ofg Aow Hel
A},

3. F7| OEt2 FE22| DPPH radical £71s
2 ABTS radical 2715

Wk W e AN 7] oEe FEE

DPPH radical 271 9 ABTS radical 275 =4

A¥= Fig, 29} 2t} DPPH radical 22715l thx

EolM= 22 10.47 £ 2,34, 18,07 £ 0,72, 2544 =
1.89, 43.79 £ 1.67%= Vet Wiz vl S 2 37k
o] WS<% DPPH radical 2750 f-¢&Hog =7}
Bk, wrk v 27 olleke FEE-9] ABTS radical
2752 t)zo] 22,58 + 0.93%E 71 Wk, 0.5,
1, 3, 5% H7kolM= 42 27.72 £ 0,93, 37.91 +
0.76, 54,40 = 0.98, 88,05 £ 1.100% eIt} iz
o vlske] wWizk wijE B Hrlgo] SRS R
Ao EolA= S Btk ABTS &3} A3t
ZFRHE v A A A= ABTSE 415, 645, 734,

815 nmoflA] 922l FHEE veRdTkaL &=t
% 734 nmollM FF=E S48 2™ (Shin 2007),
ol Blske] Wizl v 2 1, 3, 5% H7brellA

SolA oz =5l A3kS
A o] Ve A
anthoyanin 53} 22 7| ol 2lal4A]| %@01 =7}
81917 whEolgka aF¢dtkiee et al. 2017). E-FH]
Buks 1748k F7)(i & Yoo 2010; Kim et al, 2014),
ol2 Yo} BrS H73l F7)(Lee & Choi 2016), Ak
U 8-S H7ReE F171(Son et al, 2015), 7S
71k F7(Lee 2015), 7wt o S H7IeE 571
(Go 2015), 3 Y1EdY 2 Hrsh #7](Lee et al,
2007; Hwang 2018), ¥1djo] §] LS H713k 7]
(Shin 2013)¢] QA7relM = Zpzte] T H7Fde] <7t

Bk ols ol sk

polyphenol, flavonoid &

T 355 + 11240 JEREOH, 05, 1, 3, 5% 7k S5 lsleo] TR A3 veRlol £ AF
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Fig. 2. DPPH and ABTS radical scavenging activities of cookies prepared with different amounts of

red Chinese cabbage powder.

All values are expressed as the mean + SE of triplicate determinations. *“Values with different superscripts
on the bar are significantly different at p<0.05 according to a Duncan’s multiple range test.
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Table 3. Spread factor of cookies prepared with different amounts of red Chinese cabbage powder

Red Chinese cabbage powder content (%)

Properties
Control 0.5% 1% 3% 5%
Widthness(cm) 732 + 0.012* 719 + 0.01®> 7.01 + 0.01° 6.75 + 0.03¢  6.60 + 0.04°
Thickness(cm) 1.80 + 0.01™?  1.81 + 0.01 1.81 + 0.01 1.82 + 0.01 1.83 + 0.01
Spread ratio(w/t)" 4.05 + 0.02° 3.97 £ 0.01° 3586 £+ 0.01° 370 + 0.01¢  3.60 + 0.01°

DSpread ratio(w/t): Width(cm)/ Thickness(cm).

2All values are expressed as the mean * SE of triplicate determinations.

92-dMeans in row with different letters are significantly different(p<0.05) according to a Duncan’s multiple range test.

NS ot significant.
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o] pHE F7kehs Ae] Adwel sl J%

71
_% H= 7oz /\}g_gr,].

77| gtz0| pH
W7k ) 2 7)ol ohe whe] pHi Table 6. 7 gtz YUz
4} ek, WIES] pHE BhETO] 6,382 71 E9ko WL R WK WS W g 30

o, Wt wl g B 7ol 0.5 1, 3, SuE 71 2} wkEe] W tlzo] 0.91 + 0,01 g/em’®
2 7}7} 6,35, 6.12, 6,01, 5.872 G o2 7hial= vERG T Wzt wlE B 05, 1, 3, 5% Wb 7kt
A Bk olget A= Wk Al pHE 0.96 = 0.03, 0.83 + 0.03, 0.87 £ 0.03, 0.97 £ 0.03
6.390]az, Wi} w3 o] pH7F 5,930 % W) w5 g/em’Z JER} BE AEE 7ho]l 21791 Aol v
o] Wi=e] pHell JFs nlzl ZloE Bzt E}Ur%l oisiet, W=l Wi Wk W AEE vjo}
W] pHe F719] 3, o, Ak ol JFS vlA| T o] 719 T F2 HrF AR ARHA,
Ed|(Cho et al. 2006), pH7} =252 2517} Al b o 277} wetela 7|5 Alo] skt =
AW Zdek g Atk sto] G = whdC F7]¢] A ATt Eow I A Fawd 5 Qlo] A
pH7} S E F171] Aevt AsiRIHA] 7]Fo] Zo} 2] 7127} HojA]7|= $HH(Cho et al, 2006). 7]

;2 m‘j ru°“

i

Rzl A Holtky B uHErHCha & Lee o] e w259} AL o] vl o) ulel
2016). E3F 7] Hk=2] pHYL 7 o8kollA] hexose A g yehd & lu FEEF 0] o ERsE
enolizationdl] &3l hydroxymethy furfuralo] =]
aL olEHo] opniey]el Agste] Wekieold, the 12

22 B9 9 & s g skltiGo
2015). Cha et al.(2014)9] A4 Zejv] 22 7], ~
Hwang(2018)2] W= ¢ 7], Ji & Yoo(2010) é 06
o] EFHE] 2 F719 AFeME T A7l g

S71tel wet 7] vise] pHr} frejd o vtk

T waste] B AY Avel fA1F ARL Bk N

uhg ek 9 2eks A7k 771(Go 2015)8) E7) e e ™™

4 B H7IeE F7](Choi et al. 2009)& &e] A Fig. 3. Density of dough prepared with amounts
Tigo] S7VRE Wi ph} ol Hake vl of red Chinese cabbage.

All values are expressed as the mean * SE of

o] & 217 Asels the Aake ugl, olsh 2L

triplicate determinations. NS: not significant.

Table 4. pH values of red Chinese cabbage powder and dough prepared with different amounts of
red Chinese cabbage powder

Dough containing various contents of
Weak Red Chinese

red Chinese cabbage powder content(%)
flour cabbage powder

Property

Control 0.5% 1% 3% 5%

pH 639 + 019 593 + 000 6.38 + 0.04? 635 £ 0.02* 6.12 £ 0.01° 6.01 * 0.02° 587 + 0.01¢

DAIl values are expressed as mean # SE of triplicate determinations.

Y2dMeans in row with different letters are significantly different(p<0.05) by Duncan’s multiple range test.
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Red Chinese

cabbage powder content (%)

Control 0.5%

1%

Dough

Cookie

3% 5%

Fig. 5. External appearance of dough and baked cookie prepared with different amounts of red

Chinese cabbage powder.

Table 5. Colorimetric characteristic of dough and cookies prepared with different amounts of red

Chinese cabbage powder

Red Chinese cabbage powder content(%)

Items
Control 0.5% 1% 3% 5%
L 6293 + 30279 5946 + 236" 4474 + 084° 3596 + 056° 2901 + 0.62
Dough  a 358 + 018 675 + 052 1015 + 0.71° 1491 + 047° 1982 + 0.54°
b 1605 £ 034" 826 + 050° -545 + 128 -9.10 + 075 -13.02 + 1.01°
, L 8632 + 022° 7821 + 072° 7504 + 020° 6494 + 045 5933 + 0,65
2‘112;” f;;i:f a 057 + 028 171 0170 469 + 033 891 + 038" 1049 + 041°
b 3032 + 040" 1935 + 096° 2114 + 005"  7.59 + 0.54° 1368 + 0.73°
L 8105 + 041° 7452 + 092 7313 = 049° 6081 + 0470 5633 + 0.21°
CC:;‘E: o o 274 £ 0100 -L13 £ 013 077 £ 005 676 + 035 1042 + 027
2458 + 0.84° 1660 + 058" 1148 + 023 149 = 016° 156 = 0.19°
ozt W i B A7) 05,1, 3, ) Az A e Pals SRl deiE ot v

kol -2.74, -1.13, 0.77, 6.76, 10428 foJHog =
7¥eh= A7t vskon, S bike 24,58, 16.60,
11.48, 1.49, -1.560.8 Fo]H o8 FHish= S
2o} o|gdt A= EFHg] 23 & Yoo 2010),
o}2Yo} Bik(lee & Choi 2016)S 71k 7)o w
B A%} vs=g A4S Btk AsE e 259
B 5 Foll Bt Bl 9§t caramelization ¥hg-
o} ol o)gh v g4z Q] maillard W&ol ]
3 We A wof F719] o] WaHA Hat, F7]

THlee et al. 2007). ¥tdo g HAjge] Hrlgfo
Z7lshd HAae 9 ZAvr) ZlEn Hes 7443
Bl FAAEEs s 2ARe] Ao we dekzict

(Lee et al, 2000b), & AFX e HE, A%, Al
= 2F et fo2el ole Byt

- —

wE e Ahste] Azg 1) A, 3
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Table 6. Sensory properties of cookies prepared with different amounts of red Chinese cabbage

powder

Sensory Red Chinese cabbage powder content(%)

Characteristics Control 0.5% 1% 3% 5%
Color 3.00 £ 0.19"2 291 + 0.31° 336 £ 034> 473 £ 027* 491 + 0.31°
Taste 336 £ 0.15™Y 355 + 0.31 427 + 0.30 427 + 0.33 3.55 £ 0.39
Flavor 3.00 £ 0.13° 345 £ 0.28° 391 + 031® 473 £ 033 400 £ 047
Texture 3.10 £ 0.16° 355 £ 021° 364 + 034° 427 £ 038 3.64 &£ 031®
Overall acceptability 3.10 £ 0.21° 2.82 £ 033 355 £ 0.28° 427 £ 030° 436 + 0.39°

YAIl values are expressed as the mean % SE of triplicate determinations.

2)a-]

INS: not significant

7], Amek, W % A 75 RoR W
7VE AATse] Rt Aok Table 63} 2}, 7]
Apge) 7|5t thaol wjs) Wk v B ke
o] AAH o S Uelton, e wrlest 7}
3 ghe Ale] thaszol vls) Wk W 2 9% ke

o RS ek ol o dsws
W2k Wi B 1% S 3% Wb A e
ABEE Jepior], gult 31 kel 714 e
ABEE Ueie, A7) SloE o) tz o
The bl vlsl Wk vjF R 36 ko] 71
37 VeRdon] feld Aol uolh Wk vl &
Be e 7)ol va 7 5EE 9 kel 7

il

il

=7 JERSL, 0.5% H7kro] 7P v HEE wigk
o} 23 s B 700 gk gk vl 2L

H7he F719] A2, ut, ], Zzk, Al Vs
Soll S0 FFS A, ARl 715 EE 5%
H7VRE4.367)y 3% F7REE.278) ) 1% 7G55
A) Yy T A7REG.004)) 0.5% H7RE2.827)
Fo R 7|Ewr} ashe AgS el B
ARE 3 & w 3% ke 0 9, F E 22
o 7P & AR el o, A 7
= 5% H7kte] 71 £ A7E YEISICh 0.5%
e e sy IsHor T3yl Hsh
of Yo M4 wiglth Wk wi S g 3% 37k

F719) AEEsh Ao A FhEg ol

Means in row with different letters are significantly different (p<0.05) according to a Duncan’s multiple range test.
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27153} ABTS radical 2762 W3 w5 &2 0,5,
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