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Quality Characteristics and Antioxidant Activity of Cookies Made with Black Carrot Powder
Mi Ra Cho', Hai-Jung Chung®’

"Major in Nutrition Education, Graduate School of Education, Daejin University
Department of Food Science & Nutrition, Daejin University

Abstract

This study assessed the quality characteristics of cookies made with different amounts (0, 5, 10, 15%) of black carrot
powder. The density and pH value of cookie dough were constant for all groups. Compared to the control group, the
moisture content was higher in groups containing the black carrot powder. Increasing the amount of black carrot powder
resulted in decreased L-value but increased a-value. Furthermore, the hardness of cookies increased with increasing
amounts of black carrot powder. The consumer acceptance test revealed that up to 15% black carrot powder addition was
desirable. Total phenol content of the control group was 24.0 mg GAE/100 g, while black carrot powder groups ranged from
45.5 to 103.5 mg GAE/100 g. The DPPH radical scavenging activity was also augmented with increasing volumes of black
carrot powder. Taken together, we recommend that cookies with 15% black carrot powder are desirable in terms of overall

acceptability and antioxidant activity.
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A7} A7t 5] FobA] Aol
2z} JlQle Hre] A 2 A7kl dis %%-8— e 7EA
AL 2Fe] e M E A7 BHEst S
b 555 v AEeE HFsA ke &7t S71sHA

1011:} AR 5 T L7, 29, 7A, @74, WA
T2 TUEE o wEoAlsH Rl Yol A7
o] ﬂMUrttl gEatal kel Ao 2 Rl BE AHS
o] FFE3] AMStAL Qe 7H F9 shdeo|thKim &
Chung 2011). 2 S0 &M= 7074 AFH AE5S +
wjslaral b ot Wutseo] AlE|ed a3t HaE 4
ANEE F7HH 0= FHykete] Alxgt 7] A77F &ds] 71
A= Aok 27} 2 (Choi 2018), MU U (Park et al.
2018), 3|27 2 (Lee & Chung 2018), FZA=(Ryu &
Chung 2018), 4 S&9(Son et al. 2017), %<l (Park
2017), oJd 7+ 72 (Seong et al. 2017), 2.°]=(Lee 2017),
g Fdh(Im et al. 2017) £ 52 H7isk 719 A3A
T7F 2L ofjojtt.

_4

A SFZ(Daucus carota LY Bl7], 5%, =% A G
Frefste 3,000 o) A= = %‘*—a HiOl\:‘r(Agcam
et al. 2017; Montilla et al. 2011). F== ¥g] o] 2
Zdoll Wl black carrot, orange carrot, purple carrot, rainbow
carrot 522 FF3}=t|(Park et al. 2018) $-2|Z}tNAM =
T2 F84 FX(orange carrot)©] A= ]S 1} (Shin et
al. 2015; Park et al. 2018) & & A (black carrot)2]
715780] =& AoE AHAHA A7t S7FekaL lth(Park
et al. 2015; Ko & Yoo 2018). A= At F34A o
TET Aol o] i Alge EEQl QFEAo}
U8 Tk 6813 THNho et al. 2013). SHEAIOPIL 7]
=4 sete § EoE o= Hele 84 M= (Yoon
et al. 1998; Gregorio et al. 2017) A= o= itsl},
AT, T, FEAH], FLHA 5o 2 U= A
o7 4#A JrHHassellund et al. 2013; Zhen et al.
2016). AAF2E] SEAJoPI L T}E 2] Eo) k= otE
Aloldrtt 3 d, pHoll 9H4 S22 (Kirca et al. 2007)
tokst b2 AZ sfukel] 88 7PsAe] Eukw s &)

A $EY AT AT AP A7 £S

o= &0
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7 HE (Ko & Yoo, 2018), AHE A7} 722 w(Park
et al. 2018), AF 2 7} g {-(Shin et al. 2015), A
g Z5d 37F Al (Kang et al. 2017) §o] k. & A
TFollM= AEZ BEg o] g3l 75 Azl £
E4E& 2ARI] 1 o8 7RSS BRIskazAr sl
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, ¥=7), HEICIREE, o=, 92, AR EALAE, o
Jo1 4 7-H (EAhE mhEAA elsle] ARESH
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2. 3719 M=

AR B J7F 719 s adEls b b A
S AX HFAHOZ <Table 1>3 o] A3} Ut
F, oA ke, A S AEsle] oL Bgo] &
Z, SEE WE, 'S 9ol 227 2™ v Aldd
ANEE gl 127 sl o7l 3 "Wolg|& wheof
polyethylene bagell i W= oA 1A]7F FAAZ Ther
YUz "ol XE 50 mm, 7 Smme] 7] BRYo =z Ay
3 &3 918 150°C, o}HE 150°Ce] 2E(Model FDO-7102,
Daeyoung, Seoul, Korea)ol|A] 17%7F & 5 7Aujo] A2
oflA A7 30 W7k & Ao N8R ARSIl

3. Bt=o| A& (density) & pH &M

W5 Are vaddne] QYo FHR4E ¥ u

= 5 9o S EolE Atsle] gmlE YERAIT
pHE ¥ 3 ¢3 574 30 mLE w93 o3 pH meter
(Model HI-2020, Hana, Ann Arbor, Michigan, USA)E ©|
&3t 31

W2l A (g)
"Wkl F3(mL)

4. FI|o| ~Ee =3
FI)o] FREFS Hod FE =4 7](Model MB-45,

Ohaus, Bradford, MA, USA)Z AFE-3}o] 105°ColA =43}

Atk

AR .

5. 27|9| MAIA Al BAE =X

F7)¢] Q4 (spread factor)& AACCH (2000)°] w2}
Akt 2, 77 IS 722 FEste] do|g =43t
T zzte] TI)2 9= I AAA T 23 S 6o
LRro] BH#3ks ARGt 719 Eole 7] el 5
2o g Hol F Eolg S v ] B2 FAE vt
o] ZolE 243 & 60F o] HApke el &4

Mg 22 &It 7] 613

<Table 1> Formula for cookies added with black carrot powder

Ingredients (g) Group”

C-0 C-5 C-10 C-15
Flour 100 95 90 85
Black carrot powder 0 5 10 15
Egg 20 20 20 20
Baking powder 1 1 1 1
Butter 60 60 60 60
Sugar 40 40 40 40

C-0, Black carrot powder-0%; C-5, Black carrot powder-5%; C-10,
Black carrot powder-10%; C-15, lack carrot powder-15%

E(loss rate)y i 7o w7] A5 S
st theat 22 ARk o] met RSkl
71 UHe] B+ 274 (mm)

71 8] "+t Eol(mm)

72t =

W b FA@-TE F U BAE o
i e ()

EHE (%)

6. 7719 M =X

F7)9] Mz AMAA(Model JX 777, Juki, Tokyo,
Japan)E ARE-Ste] 7] EHQ L, a, bitS 7 AR B 58]
Z7gete] Hdgke Foldinh o] o ARES BE WA L
%k +98.04, a%k +0.27, bgk —0.010] AT}

719 A== # 27 E(Model Compac-100, Sun Co.,
Tokyo, Japan)Z Z] v A8 T 53] A5k HAE 73
o &4 Al AFEE 2712 test type: hardness, load cell:
10 kg, distance: 50%, table speed: 120 mm/min, adaptor
type: round (diameter 10 mm)2.Z A2 3}3t}.

8. 2H|A} 7|S = HAL

2nlA 715 AARE WAl Balel Y HEIY
ﬂ;ﬂr sug 161::1_0_ EH"]'OE }\1}\]—‘—]_0:]]:}. ]_g_: /q] Z]—E] ?_J
ole] sAtE /13 WA 9ol AAskon, e B
Agstel RS AR 7 Abelel ol 4 A= s
ok R A, WA, w227, AN V) EEER
T S 1A, FAE AR Bk 4, g T T
Mo she 74 A=W ARSIt ¥ d7E thHls
2 AHE 989 502 Wol ASHUTHIRB No.:
1040656-201907-SB-01-06)

9. & Hs 82 4 DPPH radical 2715 &5
T8 A7 B TR 20g2 ‘W 70% methanol =
40 mL 7}8ted Aol 3A17F Feb wRkek T2 9,000 rpm
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oA 3087 Y42 (Model Supra-21K, Hanil Co., Korea)
SlaL AFolS Fotd ARE o ARRSIGlT & Hs o
&2 Folin-Ciocalteu (Singleton 1965)S Zarsled Al
o AE&Y 0.I1mLE FHdL FHS 1.9mLe Folin-
Ciocalteu reagent 0.2 mLE 7F}3it}. o] & 2ol 327+ &
28 & ZF4 1.9 mLo} Na,CO; &4 (E3} 04mLE 7}
atol 1A1ZE REEAIZL ThE 725 nmellA 533 = (Model
WKSP-2000UV, Woongki, Seoul, Korea)s =744 3}tt %
TEAEE gallic acids ARt AFAES AAJ8IAAL mg
gallic acid equivalents (GAE)/100 g& 2 A3} T].
1,1-diphenyl-2-picrylhydrayl (DPPH) radical &% 74
2 Algg9 80 uLell DPPH £94(0.1 mM) 2 mLE 7}5}e]
307 AAAZ - 517 nmel|A] S8 EE S35k T 4

o wet Askch.

Al 2 e 0 e
DPPH radical 2:71%5(%)= (1- 2157 8% 40
UET FHE

10. SHIX2

7h A9e 33] o) SAsien 1 A3k= SPSS 25.05
ol-gate] Het} FFHUAE T8I EAHEA (ANOVA)
Duncan’s multiple range test2 24 A5S A TH
(p<0.05).

m. ZAx gl oz

ARG B F7F 7] WEe] YEE <Table 2> U
Ehct ule} 7o) thxo] 1.22 g/mL, F7kEe] 1.21~1.22 gf
mLE A& 7l {913 Zfe|7t It dIH 272 (Lee &
Chung 2018), &9 #KLim & Lee 2015) % 7} 7] <
TIAME BE AR 7+ 2|7t §le o= vehta 2 A
3 Aol fA1e Aoldn) e UxE 79 e
HWkshes AEEA BE7F 2oW Aol Eobd] 7|3k
7 oA Wt oW A B AEIHX7E Holzl
TH(Cho et al. 2006).

o] pHE thEwo] 69008 YEbgy H7bte
6.57~6.752 A& ZF ol <l Zpol7t ilem olejgh At
= W= A4 pHE 437 6.5~8.0 (Park et al. 2018)2]
Helel &3 Qlo] viErA e o2 FET) Qo]E(Lee
2017), FAAo]Al E2Z(Jeong et al. 2014) H7F F7] Ao
Az AR 7F Zpol7t gl Ao E RIEIAY. $HH, Park et
al.(2018)e] b 9 & H7F 7], Son et al. (2017)¢]
&4 589 FA7F Tl HU o 4 S8 7
zke] H7hgol S7FS pHrF skt Hardh wh,
Jeong et al.(2013)2] &= 7} FI)olM = Z718ITkL B
aste] 717 o2 AES JErIIT

<Table 2> Density and pH of cookies dough added with black
carrot powder

Group"
C-0 C-5 C-10 C-15
Density (¢/mL) 122£0.037 1225000 122£0.03 121+0.03
pH 6.90+0.04  6.75£0.08 6.71+0.14  6.57+0.18
"See Table 1.

Pmeanztstandard deviation (SD).

<Table 3> Moisture contents of cookies added with black carrot
powder

Group"
C-0 C-5 C-10 C-15

Moisture
contents (%)

DSee Table 1.

Imean+SD.

dWithin a row, different superscripts are significantly different
(p<0.05).

4630207 545+0.01" 5.8240.08°  6.140.08"

2. 7719 et

AR B HE F719] FESES S A3
<Table 3>} 7t} thxo] 4.63%= 7P WL 5% 7}
L 5.45%, 10% A7 5.82%, 15% H7HES 6.10%
2 G 2S AEe s ] ke AW
S HAOU 10% H7REH 15% H7E 2ol /el b
o7} YERIA] &4th(p<0.05). FE3 ke 2)F0] E43} oF
Aol g A= (Seong et al. 2017) F-AFel shE
2ol e FEe Hishes Ado] o] AR A7 5
7holl wel F719] SRS Skt A 2aE b gl
(Kim et al. 2018). & A3 AR&-SF AP ko] 7
SHaFS 550% (data not shown)® & Eo] FEEHEk
12.22% (data not shown)ET} SO} Apagr Bk %
F7)9] S| txET} v B Yehd e
2ol FHrE] = Holdfrel i BfHo] A S
gk Aog F=HEr) ofH 7+ 4 (Seong et al. 2017), &5
7} 9(Choi 2018), AF4H9HOh & Kang 2016) 7} F7]9
AMe FAIES] H7F sErt oA E RSl ST
QS-S HEAT) vl A7 (Lee et al. 2015), v|7%
(Jang et al. 2010) &2 7} F7] AFoA = FEFFo]
Wol|= o2 Biste] HAl5e] EA wet thE A7
7F U= e ¢ 5 AATh

$t A= <Table 4>} Zth. 719 #HAZL o]
4742 7P =4I H7RES 4.10~43322 5% 7kt
10% HA7kE 78, 10% JA7E3 15% A7kt 7Hs §94



<Table 4> Spread factor, loss rate and leavening rate of cookies

AT 22 Bt 77| 615

<Table 5> Hunter's color value of cookies added with black carrot

added with black carrot powder powder
Group" Group"
C-0 C-5 C-10 C-15 C-0 C-5 C-10 C-15

Spread factor4.74+0.022%%  433+£0.04° 4.22+0.03%*  4.10+0.19° L 76.8540.487%) 44.1541.54" 38.23+156° 35.13+1.90°

Loss rate (%)11.550.49°  9.7840.17° 9.774025"  9.71£0.24 (lighness) ' ' '

"See Table 1. (re diess) -1.04£0.02¢  9.50+0.32° 10.35£0.17° 11.07+0.13°

YmeantSD.

dWithin a row, different superscripts are significantly different b 32594093 22140.64° 1374015 0.91+0.12°

(p<0.05). (yellowness) ~ ’ ’ ’ ’ ’ ’ ’
DRefer to Table 1.
Imean+SD.

Aol7h gt AP Bk Hrkgel F71A5E oA
2 Yol Aol rh(pe0.05). ALAE 7] wzo] ©
Boi 9w E AL gashn 970] AE A

S ZA3h= 2= (Seong et al. 2017)E, ¥HE2] pH, W<

%Ej*é, T S s ok, dlE sk 5 ooly 29l
o] JaS WH=TH(Choi 2009; Park et al. 2018). ¥H U
Ao ko] o HgEo] Frkehs WHA, o] 84
‘do] Hadte] wkse] Axwrt #oA AL o] Hask d
’do] raste] Aol FolA Al EtH(Lim & Cha 2014;

Lee 2015). T3t gk ] o] Aol AJHl= Ex)stH
H=o] A4S B el 9F8S F 5 flo] w3l A
Stoh(Lee & Jeong 2009). Y ¢S 3 71sk F7](Song
& Lee 2014) A7olA= Oy H7ER dlate] v W o]
A FeFol S7tste #Rde] Wolxltta Hasiich. &
AT D7pFe] IR} AAgZo = iAol ulet 2
oAl FHeFol Fvteled H7te] HRAde] Al Hobxl A
o2 F=H1 o] Hwang(2010)9] T £ 7k
sugar-snap cookie®] HFA A}ols FAMSE 7 &o] ATt
F719] S4ELS g2T0] 11.55%2 7FY =
£ 9.71~9.78%% UERG=H ole A -
= Aol vis Ul BEyES Eof g 29 "t

R
Fo| STHdrSE EdE0] g Jlos Addd

4. FF|o| Mz
A e AR 719 g AV EY <Table
5>9} 7tk W E JepE Lk tiZTo] 76.85% 7
o] 35.13~44.152 A Buke H7peks
2 Golx]= Zggelen ol Aae A
7Vt 2] 2k (Park et al. 2018), AFAIG 2+

o
kK
ét‘_',
N

o

9/]

tlo nlo ?ﬁ J ¢
o JP
N

R IsIT}

AA=E Yehle aghke tizao] -1.04Z 78 Wkl
A7REE 9.50~11.072 APEE e 7S #9114
o2 Z7FsIAt). 3|22 (Lee & Chung, 2018), o1& 7+
72 (Seong et al. 2017), M| 2](Choi & Lee 2015) &2
< FH71sE 7] A7 E 2R HrkElA agkel 5

Within a row, different superscripts are significantly different
(p<0.05).

7hehe Ao Baste] B AT Azkel AR5
FATE e E b3S thxato] 32.59% 7F =3k
5% 7R 221, 10% H7HE 137, 15% A7l 0912
A} ol ot 10% o)/de] A7t sxdA= F+4<1 A
o] 7} YERIA] 23TH(p<0.05). F71¢] M 9 B ol|x] wh
=S H= 59 248} w321 Maillard WH3-3} 7lehd s} vk
3 3FS WO (Park et al. 2005) F71EE FAF 9
T 3RS wol duizlo g g Hrigo] woldAs
HrE 7HA3TH(Lee et al. 2007). ¥ Ao q AFE-3H
2 AEAOPIAIG Y] F& A wT 7] wie]
ARG B o] SUHE 719 Lk AsiaL

afk> TV AR o AZIH.

APAGT B H7ek $7)9] s <Table 653 72T
o] 1,127.71 glem?, 5% 7120l 1,221.14 glem’E
T AR ZFFH A7t glloy 1 o]9e] Hrbse
X= Hak F7He] 10% 7] 1,616.02 glem?, 15%
A7kro] 1,890.52 glem’®E S EATHp<0.05). 719 A=
© AR RS 2 HA7HE W] 2y, J]ee] W
Soll w} 22kdthJoo & Choi 2012; Joung et al. 2017).
oy B9 37} 7] A7 (Song & Lee 201494 E L7+
oA By F@e] H7mlgo] sopyle ulet Hxrt F7heh
TR 3FaL 2 Rl il gk fhaol i w=se] &
23 54 wskel 7] W 7159] A wEel Zle s #
At FAIR L] FiEgho] WrkRe] SR W
735, F719] AE7F S7Fite Bavt d=dl(Lim & Cha
2014; Park 2015), ¢l & Ao A3 Ap2e] &=
E33Fo] 550% (data not shown)Z HHEES] 12.22%
(data not shown)l.t} YWobx H7kre] HE7F S71sk A&
Siekdsla o, whdel], =UE(Kim & Lee 2015), 54
389(Son et al. 2017) F7} FIolME FAEY] 7o)
7l wet AErt wobdtial B siith



616 BWEREFLBET Vol 34, No. 5(2019)

<Table 6> Hardness of cookies added with black carrot powder

Group"

C-5

C-10

C-15

1,221.14+115.74°

1,616.02+47.04°

1,890.52+116.61°

C-0
Hardness (g/cm?) 1,127.71£255.767<Y
DSee Table 1.
’mean+SD.

dWithin a row, different superscripts are significantly different (p<0.05).

<Table 7> Sensory characteristics of cookies added with black carrot powder

Ingredients (g) Group”
C-0 C-5 C-10 C-15

Color 6.31+1.082% 4.75+1.00 5.56+1.03 5.75+1.06"

Odor 5.81+1.22 5.50+0.97 5.19+1.17 4.88+1.26

Taste 5.63+1.50 5.94+0.77 5.69+1.30 5.56+1.50

Texture 5.81+1.33 5.81%1.05 5.69+1.49 5.50£1.63

Overall acceptability 5.69+1.35 5.69+0.95 5.69+1.08 5.63+1.26

DSee Table 1.

2mean£SD.

dWithin a row, different superscripts are significantly different (p<0.05).

<Table 8> Total polyphenol content and DPPH radical scavenging activity of cookies added with black carrot powder

Group"
C-0 C-5 C-10 C-15
Total polyphenol (mg GAE?/100 g) 24.0£0.01349 45.5+2.12¢ 89.0+1.41° 103.5+0.71*
DPPH radical scavenging activity (%) 9.11+0.52%% 76.93+0.23¢ 86.14+1.14° 88.79+0.37°

DRefer to Table 1.
Dgallic acid equivalents
Imean+SD.

“Within a row, different superscripts are significantly different (p<0.05).

6. AH|X} 7S HAL

A Bk HrbeRs delste] Az 719 auAt
713% 7AA} A= <Table 7> 2th Ao thxo] 6.31
7, 5% A7l 4757, 10% F7HEe) 5.564, 15% A7}
o] 575802 5% H7RrNA FeH oz WA HIHESL
o} WA= tizato] 5.814, H7kEo] 4.88~5.500 02 thx
wHT U HrEE o Al ZE 2)R1 AfolE flith
R 5.56~5.948 02 H7HEAL, 27 5.50~5.81H
2 FrhElom F EA BE AE 7F FolZQl Ao
7F SATE ARl 7S GA] tiFRTo] 5.698, 5% 7t
T 5.698, 10% H7KE 5.694, 15% H7E 5.63802 o
7hEo] BE AR ZF o8 &)t QAT o)de] At
2 E5sle] 2 u) g2 BES 15%7HK] Fr)ske] £
71& A ® 2t} vlaste] 7|3 =AM zjo] 7} §l
S & Al FFole 71 SHE Az &

o Be gl NPT WA ) ARE Tes B 5

H

25 h=eEd
A seee

PPH free radical 2=

21ZA]0] d] £33 ¢ phenol,
flavonoid, flavonol, flavone 5& ¥3tslE=d] o] 52 <,
rks}, utold X, AT, SN, FLHA 5o ohdst A
71%5S e ZAe® BuddtiJang et al. 2014; Kim
& Yoo 2017). AP B8 H7F F719 F de T
<Table 8>l WERt vk} o] tizo] 240 mg GAE/100 g,
5% H7E 455 mg GAE/100 g, 10% 37}~ 89.0 mg GAE/
100 g, 15% 7k~ 103.5mg GAE/100 g & AP &
o] A7FETE FolsHl F7FFATHp<0.05). olH g A}
= A G2l FElo] A= 7154 ARl FEAJoRd
o] HEA SgEe| T TS T o= dAvE
27]2 Bk H7} £7)(Lee & Chung 2018)} AHE7]
H7F F7)(Yun & Chung 2016)¢] £ &= TFe
12.32~59.86 mg GAE/100 g3 4.03~56.17 mg GAE/g
AR Vel FARe] Hrkge] BoldrsE T ¥
FE S7FsIohaL B arskelnt.

A=)

N
oo g N ol T oot

tr 1o



DPPH radical> B]24 P43l radical2 FAitsl =29
AT 5-S S5k Bl o853 Ith(Han & Chung
2013). DPPH radical 24 A3 tjxo] 9.11%% 7P¢ &
R AAGZ BI-S HMNEFE FUEEE 5% H7ME
76.93%, 10% H7H- 86.14%, 15% H7}+ 88.79%= LIe}
= (p<0.05), °1E F vE g A9} RSl o] 7
2 giEEo] F719 FAtslEAd U YIS + AL
2 ddEt IZAZRyu & Chung 2018), 2 (Park
2017), B9 (Song & Lee 2014), FAlo]4l(Jeong et al.
2014) H7F F719] AolM = FAlFe] Hrisko] S7HEr
= DPPH free radical 22752 F2vsHAl S7ket o=
Haste] 2 Aol FARBHATH

byl
)

—

V. 29

28

B Apods AgE BES oy £F07 Hrkske]
F71& Axsta FAEALS AHEATE F7)9 d=e
1.21~1.22 g/mL, ¥F52] pHE 6.57~6.902 A& 7F F214
Q1 zpol7t AATE. FEFFS tEwto] 4.63%= 7P W%
A S JUNSE el Fkehe A
S HIOU 10% 7R 15% H7RE 7kl #2902 Aol
£ Stk HRAS dxae] 4742 7P =9 A7k
4.10~4332 tRTET ST} F719] EHES tjx2To]
7P =R 7R YA VERe T eS8 Aa A
< IS AVSE LS AAEtl agke SUkeRe A

Aok AEE tlR2T 5% F7RE 2Rl #2A<) Zfo
7} et "zt Frkste] 15% H7REelA 7P =4 U
Bttt &AL 7155 A A WA, Bt 227 B ARk
ARl 715 %ollA Alg 7F folHQl Zpol7t T F HiE
Sk 24.0~103.5 mg GAE/100 g0 2 A B H7}
& Z71o wel feld o2 71kt DPPH radical 227
T 9.11~88.79%= AL FH Hrlgo] SIS 5
7¥eiact & A3 A3 7] Ax A 7I5% SR ts)

fr

I o

o r
e A

24 29U BT TP O ANFE B 15%E P2
s 22 Qo AuEn
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