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Abstract This study was conducted to determine the quality properties,

phytochemical compounds, and antioxidant activities of cookies prepared by
replacing wheat flour with 0%, 2%, 4%, and 6% aronia powder. The moisture
content of the cookies decreased as the amount of aronia powder added increased.
In contrast, the ash, crude protein, and crude fat content of the cookies did not
differ between the control cookie and the cookies prepared with 2-6% aronia
powder. The spreadability, leavening rate, loss rate and pH decreased with
increasing aronia powder content. Compared to the control cookie, the lightness
of the cookies decreased, but the redness and yellowness of the cookies increased
as the amount of aronia powder added increased. The total polyphenol content
of the cookies increased with increasing aronia powder content. The antioxidant
activity of the cookies increased significantly as to the amount of aronia powder
added increased compared to that of control cookie. Based on the these results,
it is concluded that adding aronia powder to cookies increases antioxidant activity.

Keywords aronia, cookies, quality characteristics, anthocyanin, antioxidant activity

g1 IR MEo| Y7HE, 31 BAAE P L2004 &

A7t Fofshs 54l 7HFo|tHKim¥t Chung, 2011).
rs] AT 5= e Aol et TAlo] oA AL glom, A|xHo] H]
WA Zhgsta A7g/do] S4egt F7lo] tigt =871 HEs] Flekal UrHlee &, 2011
Nam &, 2023). o= F7] 59 FA=Q U759 974 HE&Z RUHARD(Kim%
Chung, 2017), A G(Cho®t Chung, 2019), BIEFUIUE A(Parkd} Joo, 2021), A71&
U=(Cha®} Lee, 20160) 53 22 7|540] 45H AAERE Aokl ARt F7]E0] 470
= QU

Aujitof &3l ol2 Yo Aronia melanocarpa)~ AL A 9] 22 dufj 2 Hopy|
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717t @AtA]olH, ofzuYot H|E|(Aronia berry), 7 H|]
(King's berry), 3 2398 (Black chokeberry) 52
2 EdHBussires 5, 2008). of2Yol= Hukst 7| &

EJoiME vlud & Al Heso] Aokl 7 EE
57|&o] QstA| Qo ERE, A|F, STty A
A g8 AuiEal ck(Kulling®} Rawel, 2008). 2F 1099
| o] of2yolr}t Seuztol ZolH 27| 1as &
EE 732 Woton, AuiHo] 5HA sirfh 8ol
S7Fstol wmEANA 9 744 st WA|sky] 9l AEgt
o] FQsltijeon 5, 2018). otz Yolol= HHE H|T]
ol wlsl| FAre; &Aool =11 Aol &3t FEA|oMd,
EdtH ol HEihy 22 EYus IjtE Tl €5

5] w2 Aog d#A QAHKulling® Rawel, 2008). T}
St AE 53] of2Yolr} A $HAKBanach &, 2020),
FF e (Banjari 5, 2017), WIS (Lackner &, 2022),

Z¥2 AANZE AR JA|(Efenberger-Szmechtyk &, 2020),
L3}l A|(Daskalova 5, 2015), & A7 (Xing 5, 2021)

] o =] Slof |
11 Qlof AR 4HE7]
Ho= 29, d7]A, 49| FHE tE ’“EXHEQ} Q?JO}
o 7FEE AXsHA :
oj¢le] gzt dg 151541 ATHKim¥}+ Mai, 2020).
ot Yot &85t thefet AlF o] oA glo
o, ofEUotE A} A, SEAX 5ol &-&sto] thefrt
AlE=0] 271= e}, APAFol|A = ofm Yol £
o EAolA(Jang 5, 2018), 71" (Hwang¥} Hwang,
2015), ¥ (Sim &, 2019) 5ol &8st BLEAQ 4
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2. XMz % diH

2.1. 48 XH=

F7] Azol= HEE A7F= AFAE(Seoul, Korea),
HE = A2R(Seoul, Korea), Hlo|Zuhet= 4
(Asan, Korea), #4882 CJ] Al¥€AZ(Incheon, Korea),
22 (] ZFA90l(Yongin, Korea)olA F+45to] AR
SIQITE of2Yoks AAEE FHY s0lA 20229 2
St AL Y39 Folin-Ciocalteu’s phenol reagent,
gallic acid, 1,1-diphenyl-2-picrylhydrazyl(DPPH)
+ Sigma-Aldrich Chemical Co.(St. Louis, MO, USA)
oA £AsFF . ofehZ, ethyl ether, 2,2 -azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium
salt(ABTS)+= Fluka(Hekdelberg, Germany)olA 435t
At 11 9 E48 AYEL Jencei chemical Co. Ltd.
(Tokyo, Japan)olA F+4st3H.

22 Of=Llof 25 & 77| HE

S E+= Bl AAT ofzYote] &7 AlAstL 5247
Z(FDU-1200, EYELA, Tokyo, Japan)3t 3o E2j7]2
HA vkt EEA(No. 2008 BIAA #L4skd AA}
A717F HEE Skt

271= APAEH(Hwang® Park, 2021)E Za1sto] &
HO| aulAE S AA Table 13 22 widH|E 2Hsta
Azxstoict. W7bE thAl H7keE o2 Yo B ol 7%

ool A F7] §r=9] E7to] Wol Aol A gt
%9 2o gjlsto] ofmYot a2 Ao 6%7H4| A
7Fstqith. 2+t of2Yol R H7iskA] ki, 4

< WFE 4l ofE Yol BHE 747t 2, 4 E 6% M7t

sto] F71E Azt ¥HE71(MUM54420, BOSCH,
Munich, Germany)°l A0 AE HEE Y1 A%
AAS] YomA A9 et HEs oAt 3o 94
Za4 7ksto] A9o] R HA =S SiGith. WIHE, H

oI, &g, otEYot LI ZL 7 YRE A9
28 A4 golgdl A Eole Fof A3 whso] ¥

AFFAOR & Zosilet. /9] Yo tixad of2
Yot 2% ol e Al 7kA] ddo] stk 771 vt
& skt 7] W52 AE 5 em®] 983w 4
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Quality characteristics and antioxidant activity of aronia cookies

Table 1. Formula for cookies containing different amounts of aronia powder

Ingredients (g) Aronia powder (%)

0 2 4 6
Wheat flour 100 98 96 94
Aronia powder 0 2 4 6
Butter 35 35 35 35
Sugar 25 25 25 25
Egg 25 25 25 25
Baking powder 0.5 05 0.5 0.5
Salt 0.5 0.5 0.5 0.5
Total (g) 186 186 186 186

Al Agsto] npzA] o2 Mol WA 4T oA 1AI7E B2t
FAAAL FAZE B 7] B2 5 mm FAZ Ze
A7l LE(SIE 160T, o1& 150C)0A 1587 +
A A AAE = 1A B A4 A
Zetag 2 Huo] Yo Yapao)A HishHA ZHE 24
o AR&-stct.

2.3. 79 LiFY, 2AF L HEAS &

F719] HAA A4= AACCH(AACC, 2000)004 HA|
Sk vie} o] £719] A A3 FAE S5kl off Ao of
dsto] Aikstgict, F719] A4 6719 F71E Uehs] &
o7 &0 MA Zolg &HstaL, 7] 715 90° 3A
A & e o g A Zolg &%l Ht HHo
2 3tk #7119 FAE 6719 FI1E AR A2 o =
ol &4, BYUT FIE B £A4E HHEo] HA

ol Z4stol W7 A Sk

H3A A$(spread factor) =

67} F719)
671 =719]

27 (mm)

A (mm)

Hat
Hat
AL TIN5 77] BEe FAE S5t e 2
BojlA & T9 FAE 74 S4stal ofefe] Ao i
sto] shict.
£2%5(loss rate, %) =
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718 271 A w5 FAe) -
7= 59 7] 7A(g)
A wE

]_ x 100
F71E€ 271 A 95 & 49 FA ()

B Q¥ 7] WES 7] An QoA 7o
Fo] ofzUo} Hake H7b5HA] ke thE2 of2uio £
e AR AFEY FA RolS 24 Fo| ok Ak

Ao jglate] Farent.

BAE(leavening rate, %) =
AP #7158 w71 A & 9

A & (g)
izt 718 w7 A% & £9

A & (g)

F71E E4)7|(Supreme Electric Co. Ltd., PGR
002M, Guangzhou, China)oll Y1l #d3t 77|19 EE=
At} PUHES ZFSHAUTHAOAC, 1995). & 3
F2 A|®E 105C dry oven(FEYELA, Tokyo, Japan)ollAl
AXAA Ax A} 24x 39| 7A zpol& AAbsto] 5t
R, ZIEL AFE 600C 2 WA 3J5t2(eil, Seoul,
Korea)oll ol 3]3} A} 3]} 9] A ZJolE Aitsto]
AFotaitt, ol EXAR|(Kjeltec 2400 AUT, Foss
Tecator, Eden Prairie, MN, USA)E ©]&35}o] A|=o] g

e 2EE A2 TR, £&3 F271(Soxtec
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System HT 1043, Foss Tecator, Eden Prairie, MN,
USA)E o|-83}9 diethyl etherZ A& &of g% $I=F

2 Z4959C.

2.5, Bk, pH, e 2 3 £&

F7|= Ba47](Supreme Electric Co. Ltd., PGR 002M)
£ ol-&sto] E3lelel, otz Yot W= & AH
9] A &E o] &5tk ZF A=) 28] FFY 95% olle-Z
= A7kote] 40ToAM 2ZHE 30% 5 FE5t 94
£)(13,500 xg, Mega 17R, Hanil Co., Incheon,
Korea)sto] 92 A5H0= F=, pH X AHeE S45H3
ot FEQt FEA(PR-201e, Atago Co., Tokyo, Japan)
2 pHE pH ©]H(420 Benchtop, Orion Research,
Beverly, MA, USA)Z Z73IAth Atew= 10 mLY A&
FZ%0| pH 8.371A =E5= o 285 0.1 N 4kt
EFY Hml)Z 7A4 FFH®) L= SHitsto] Lrehfi itk
(AOAC, 1995).

7% (hardness)= 7715 AR FY 2014 &4 &3
7|(Texture Analyzer, CT3 10K, Brookfield., Middleboro,
MA, USAE ZAstoith. 40 AM&3t probe= TA25/
1000, target type= % deformation, target value=
60% 1L, pre-test speed= 2.0 mm/sec¥} test speed
= 10.0 mm/secC.2 A9, load cell2 100 g&

ol gttt

26 ME =5

F7] Azl AR W7FFet otz Yot B 9l A3t
F719] M= MEA(CR-300, Minolta, Tokyo, Japan)
2 4okl LB, lightness), a* (8, redness)
b* (M, yellowness)E HEFRITH

N
N
Oty
re

EAIOIH, SE2/H= & SEC12X0/E g5 5

Fe 24517] 9ste] 100 Lo AlEHo] pH 1
buffer®} pH 4.5 bufferE z}z 1,900 xLA A715E S
520 nmollA &Fx(Infinite M200 Pro, Tecan Group
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gotoiet. EYer S9tH9) 700 nmolA Bk
= F, Meyers 5(2003)°] AAI3E A4k4] o tdst
o] cyanidin-3-glucoside(C3G) ¥Fo & e
Azo] gH FE2 ¥ =2 Singleton¥}t Rossi(1965)
9] Ho] Fstof st AR FE97} 2 N Folin
Aok 747} 0.5 mLA Egbsto] A4 387 §HAIX]
of 2% sodium carbonate 1.5 mLE g1 Wo] Jdd
T oA 247 BRF RESAIF T BHEo] S S
< 760 nmoA FFEE S5k, AR 019
252 gallic acidg BEEAE ofo] AFHE AT
3o gallic acid equivalent(GAE)Z HA|5t .
Zhishen(1999)9] ®WHol| &5t FEGHLo|E TF
< ST AR FE97 e ARl 2%
aluminium chloride® ZtZt 1 mL4 23}sto] A0 A
158 &% §ESAIZ] 29 430 nmolA FFEE S45HA
o} Azof E0J%E FETHo|EE querceting EEE
AR stof HPFAZ 23 Fo| quercetin equivalent

QB)= Yt Tt

2.8 giis} 24 FH

EIUSRE AR 5 g 95% ofghE 20 mLE St &
13,500 xgollAl 158 &<t iEest] A J5Ho=
A &85 S7gskitt

DPPH &tz 2ASAE S745H7] s Al= 100 pLot
0.2 mM DPPH &9 100 pLE &8st 3of 37CA 30
H2FHEEAIA 515 nmolA FBEE S 24 AR
9] DPPH 2tz &2AEAL Cheung 5(2003)9] HHoj
utet Akttt
ABTS &tz 2AZEE 45171 918 7.0 mM ABTS
2.45 mM IEHAIEES Y-S AAst oA 18A7F &
HESAIA ABTS ol F4AIZ1 Tl 735 nmollAf
A3t Z4% o] 0.70+0.03 M7t L2 oete =
3|45ttt AlE9t ABTS €9& 7+ 100 pL¥ F st
37CE DA FL7)0] Y1 3087 5HSAIZ] o 732
nmollA FFEE S5t 2 A9 ABTS 2oz &
A8 Re 5(1999)9 wHol whet A4bstict.

42 Oyaizu(1986) HHo 2 A5t A= 0.5
mLoll pH 6.6°28 93 20 mM QA+ &% 0.5 mLe}

ok v o o
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1%9] #H 2 AFsEdE(potassium ferricyanide) 0.5 mL
£ A E ket 50TAlA 20% 5 BHAIFH HHe
ol 10% ETZ2 R0 EAKtrichloroacetic acid) &
4 1 mLE ¥ 13,500 xgollA 108 5< LA&2|sto]
AL ASdlof 224 1 mLY YSHAI2 & (ferric chloride)
1 mLE #A7Fsto] 720 nmolA SBEE 43 942 &9
gog st

2.9. &4 &4

H& ol-gsto] BAEA(ANOVA)Z 53 72
AE "SI 4 AEE 7HY 940l &1ld ASol=

Duncan’s multiple range test® AAISFHTHp<0.05).

o2 Yo} B S deEjote] Axg F7]9 mHA,
£4E 9 BHES 33 2= Table 20 AAIsHA
349 A%, ot2Yol Big HrlohA] gk thRtol|A]
3.54% 7P =9k, of2 Yol B 2-6% H7IeH] whet
3.44001A 3.22742] 748HAtHp<0.05). 719 /g2
A@e F7] ¥ QEA wE A 28 &9 2
T7t Z71eo) whet giso] Ho 2 HAHA FA7L gFobA|
1 AAo] ARE FACE(Yang 5, 1997), W7HE W=
Holl g et 284 #A7F Atk Doescher 5,
1987; Hwang¥} Park, 2021). Y& o= 7|9 HAA
2 WS §H59] & jhgo] w01 J7lelthrt vk

of sHo] Fusto] Az HYHo| A FFL

BHolthHwang¥ Park, 2021). of2Yo} 42 5Z2AX
o] IS A FES AAIA7] W el DrtFol B
FHo] A1, oo we} ofZ Yo} i ghgFo] W w2
2l

PA
oME E24E] E4(i% Yoo, 2010y 0-7% A7}t
7], otAtolH2] BE-S 0-8% H7I3t F7](Choi 5, 2014),
HEZE £ 0-7% H7FE F7(Lee®t Park, 2020)004]
T olE FARY dgo] TIE] et H3H 7719 |
o] AT AS FRlsto] & A Aot FARE A%

SUEL 7] H5E 2204 He I T SLEs
TEYFS SHT AR d2zolM 16.112 7P =9
i, ofzYot 2 2% ATEolH= 16.0622 H2at
FARRO U, of2Yot 2 4% U 6% H7HrolAe &4
Eo] 77} 15.33004 14.83°0% A4sHRTH(p<0.05). A
FATIAE vizts] B2 Nam 5, 2023). ZH7H] £

A,

(Go%} Choi, 2021), otAtelHE] £&H(Choi 5, 2014), ™
YEE EZ(Lee} Park, 2020) A7t F7]IA % & A+
A} FAFeHA olE RARS] Hrlgo] F7stol whet &
Ago] ZAstglrt,

Az 7719 BFEL ofZ Yo} Buks HrleiA] 4
gz F719 YHES 100%=2 dto] S35t ofzY
of FIZ 2-6% H7Iete] wet 7719 BHEL 99.67%C]
A 92.22%2 ZF43FATHp0.05). F7] BHEo] 7%t otz
Yo 54 ggo] 71kl et AlRE 7719 gAEe] #
o=t ol ofRUYole] Eolgls ARfart 77] Bl
FE-S FEoto] Ao " agh sERFo] tiRe] Hg) £

Z5to] YePd d4(Doescher &, 1987; Hwang® Park,

Table 2. Spread factor, loss rate, and leavening rate of cookies containing different amounts of aronia powder

Measurement Aronia powder (%)

0 2 4 6
Spread factor 3.54+0.04%" 3.44+0.12° 3.38+0.09° 3.22:0.14°
Loss rate (%) 16.11£0.96° 16.06£0.92° 15.33£0.60° 14.83+1.04°
Leavening rate (%) 100.00£0.00% 99.67+0.58" 95.5619.67° 92.2247.13°

Walues are mean+SD (n=3).

*“Means with the same superscript within the same row are not significantly different at p<0.05.
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2021)2.& ofAtolHE] BK(Choi 5, 2014), P12 % (Jung
3} Lee, 2011)3% vix}n] EZ(Nam 5, 2023)& 347}t
AZ3E F7|AME o]F FARI] Ffo] F7I5ol uet

Hgo] gashe AL stk

3.2 2ESE

AFo]| AFLH WrtE olZu o]- Bl gl off Yo} Bt
Fe geElsto] A F719 8, 3, 2Ed § 2
A A2 5795t Table 39 Xﬂ/‘]ﬁ}@‘t} oz Yot &
o] 22 1.55%% MRl A 42(10.70%)°0 =
3 WAL, ofZYot £ 3E2 4.55%= WHRS 3
FFRA 0.64%0] HIsh A YebdTh ofz Yo} £
AL 0.53%H L, 2AS 0.62%% D7HF] vl
o}

AL PN ﬁﬂi

KON

AH O

ShZulo BE A 9 AZT FA19] $8L
2.83%% 71 ¥91T, of=ujol BEe WIS F3F oh]
2-6% Bl we 3719 SES 2.43%0014] 2.25%2
FasHe A UERITHp(0.05). ol ofzujo} el
el IR Sl Wi o] ool £ 7wl
o] £248 779 S% Fafo] Yopl Ao ARHh
25100 B9 SHLS EPIIE 0.63E 71 B
ool Bt 7heo] wlelste] 0.67-0.77%= 571519
18], ol WrhRe| Hl8) ofzulo} Halo] o B 3zl
x3slo] glo] vt vtz e 700 ¢eE 29
HA L 1.28-1.30%% 1, A 20.78-21.55%2 H=
23 ofzujo} £ F7HLolA BAH Fol B
RITH(p)0.05). otZUol Eat Wrie] FRE 2o
A3} 24 T Aol7k 2A) obd ofzjol Bk A

Thegoll W2 F719] mermas 24 el A o))
A e Ao Az

3.3 5E, pH, Mz 2 FE

oz Yo} £ 0-6%7HA| 7Fsto] A x5k 719 T
T, pH, A% 9 AL E 543 A= Table 49+ 2t
Ago] ARgRE otz Yol 28O Bk 22.2 °Brix® WEF
Wt ofREYols: H7iehA] 2 tiR79 "k 184
°Brix@1L, of= Yo}l £ M7t 2-6%= F7Ietl wt
7| &2 9Lt 19.8-21.302 F7leke AL &9
Sttt AYPAFE Sl of=Hoto| g T R &
Ast A1l sorbitolo] 7 @k, fructose, glucose,
sucrose Q& 3Fo] =2 AS It HDenev &
2018). ‘I}E}/ﬂ ofZ Yo} & H7Fgo] F7Ige] w47
ol ol& #23 FFE Eorq vt S7IRE Ao E
E

2 Aol ARERE W7} ofZ Yo} 29| pHe 72
6.1337 4.778 of2Yo} B9l pH7} WrtEo] Blg| T
A Uebgt AZg 9719] pHE S4% 23 229
pHE 6.05% 7P 3L, of=Yot &% H71gol 2-6%
7] F71st] Wl pHE 6.01914 5.617k4] #4st et

oli= W7ol Hls| pH7F W2 ot2 Yot £ H7Iet 4
HE ARET 2 Aol AR D7FRe} ofE Yol £
o] Al = Z7F 0.01%%2F 0.04%% D720 H]5) ofZu4o}
09 A7t § =4 Yt F719] 4ttt
A 0.01%% YEFAL, ot2Yol BT 7kl 2-4%7HA]
S7Fstol e 0.01%F A5t ®ak7t giglon, of=yot
=4S 6% F7IRE F71004 = 0.02%% A7 5716k

flo

ruE

Table 3. Proximate analysis of wheat flour, pumpkin sweet potato powder, and cookies containing various amounts of aronia powder

Measurement Wheat flour Aronia powder Cookies with aronia powder (%)

0 2 4 6
Moisture (%) 10.70£0.33*" 1.55£0.04° 2.8310.11° 2.43+0.12% 2.37+0.09 2.25+0.08"
Crude protein (%)  1.40:0.08° 0.53£0.16° 1.29¢0.11° 1.30£0.01° 1.29:0.01° 1.28+0.07°
Crude fat (%) 0.22+0.30° 0.62+0.03° 21.5520.15° 20.78+0.06° 21.39:0.23° 20.79£1.42°
Ash (%) 0.6410.05° 4.55+0.21° 0.630.17° 0.67+0.10° 0.72£0.02° 0.77+0.01°

Walues are mean+SD (n=3).

*Means with the same superscript letters within the same row are not significantly different at p{0.05.
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Table 4. Sugar content, pH, total acidity, and hardness of cookies containing different amounts of aronia powder

Measurement Wheat flour Aronia powder Cookies with aronia powder (%)

0 2 4 6
Sugar content (°Brix) - 22.240.12 18.440.1¢ 19.840.0¢ 20.4+0.1° 21.3:0.0°
pH 6.13£0.012" 4.77+0.03¢ 6.05+0.00° 6.010.04° 5.79+0.00° 5.61£0.01°
Total acidity (%) 0.01£0.00° 0.04+0.00° 0.010.00° 0.010.00° 0.01£0.00° 0.02+0.00°

Hardness (g) -2

- 10,181.67+432.53° 10,227.33t471.19° 10,900.67t544.84° 11,856.00£443.72°

Walues are mean£SD (n=3).
2~ not measured.

“*Means with the same superscript letters within the same row are not significantly different at p<0.05.

t}. Denev 5(2018) 23%9] HPLC 42 Bdf Al4%
ol yotof 3-8 FQ 714, quinic acid®} malic
acido]™, 0|29 ascorbic acid, shikimic acid, citric
acid, oxalic acid, and succinic acid®] 77}A] |-7]4ko]
SHEo] S-S ERIstAtt. mekA 7o H7Kst otz Y
of £ dgfo] F7Ig wet ol R[4k R IS pH}
Hagt Z0® AR

ofZ ol S F7lote] AXet F7|9 HE AT
A3}, ofgYol E8Z HA7FHA g2 dR+Y

Q1 10,227.33 g} §-93Q1 Afol= YepiA] ekt 1
U otz Yol Bt kS 4% 9 6%7HA 58 AR 7]
oME A=7F 27F 10,900.67 g 2 11,856.00 g2 o
Zt3} of2 Yot Bk 2% 7ol Hlsf F7tstqct. ]
9] Are $ESE HE] Ur, Hrlehke BARE 5o o
gt gEpA e, oy RAR9 8 9 A g Uy
St Aol QUHChoi 5, 2014). Y7IEHTH £8 ko]
A1 Agart B2 FARE HKE F7)00A At St
tal d71Fo] Hlg| o] B2 ARE A7l ALt
tashs AoR A#A ItHChoi &, 2014; Lee%} Park,
2020). £ AtolA] F7] Az AHEg SEAX ofZ Yo}
BuK1.55% $8)2 D712(10.70% S0l v]s) 48 3
gol A1 B84 9 84 Aoldfart EEo] Slo],
ot o} B H7lge] vlgsto] 7719 A=}t F7KeE A
o= AEHEr}

_I

i

[¢)

N

34 ME
2 4] g3 DR, ofzjol B & ofzo} &
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TS A7sto] vhE 7719 M= Table 59 2t} 8715
Uetlls BE(l9)E U7HEe of2Yot BEdoA Zz
65.473} 14.73 0.2 of2 Yo} Hio] YrlFo| vlg] o &
A vetth 719 49, 29 ¥7t 40.3322 7t
& =5k, of2Yol B §eFo] 2-6%= F7ietol whet
P 38.63904 28.212 FASFHHp(0.05). AMES
Uet= a*3t 97158 ot Yot BoflAf Z+2t -0.70
7} 9.030.2 ofZuo} Eito] WrlFof H]gf o T2 4
< YeRdth of2yof B HristA] okl A 2g 7
9] ML= 3.6302 7P Woral, o2 Yol Bt kI
HF5to] a*gro] 4.95-7.987H4] Stk ERletgict &
AeE YetfE b*gt2 W7hRet o2 Yol BolA Zhzt
6.087F 2.98% ofZyYo} o] UrtRo| H]gj t WA
Eft}. of2 Yol B H7ioiA] ghal AlRg 7719 &
Nl 14328 718 =911, ol Yol 22 2% 9 4%
A7kt F7104= 11.02 9 9.842 FHAsHYaL, o2 Yo
S 8% F7IeE 719 FMEE 7.6582 7P RoTh
ot Yol= F2 Hepdo] otEAJopd AL pH, §7]4L
T4, FEoh= MA Foll et JFS wrom(Hwang
3} Ki, 2013), of=24ot £ gFo] F713te]| wet QIEA|
ofd MA0] JFo R HME = F715E whHo| FME= 3t

A9,

3.5, SUEMOI, SENE ¥ SEef0/= #Y
ofzuol B A7lekA 4 Az 7719 SUEA
obd, FEAE % FHefHClS YFS ST 1
AT Table 60 AXISSALE. 7719] FFEAlNd Ay
243 A3, Rl EHA Ggout, o2y

o
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Table 5. Changes in Hunter's color value of cookies containing different amounts of aronia powder

Measurement Wheat flour Aronia powder Cookies with aronia powder (%)

0 2 4 6
L 65.47+4.75"" 14.73+1.24' 40.33£3.63° 38.63+3.57° 36.79+4.89° 28.21:0.60°
a* -0.70£0.06' 9.03£0.93° 3.6310.39° 4.95+0,57¢ 6.51+0.99° 7.9810.24°
b* 6.08+0.61° 2.98:0.20' 14.32+1.19° 11.02+1.46° 9.84+0.99° 7.65£0.18°

Walues are mean+SD (n=3).

*fMeans with the same superscript letters within the same row are not significantly different at p¢0.05.

Table 6. Total anthocyanin, total polyphenol, and total flavonoid contents of cookies containing different amounts of aronia powder

Measurement Wheat flour Aronia powder  Cookies with aronia powder (%)

2 4 6
Total anthocyanins (mg C3G/g)  ND" 39.28+0.54°? 0.670.01° 1.06£0.13° 1.8740.24°
Total polyphenols (ug GAE/g)  4.89+0.68' 87.74+1.60° 13.630.52° 18.43+0.49° 37.66+0.68° 47.870.52°
Total flavonoids (ug QF/g) 1.98:2.33' 52.4542.34° 8.12+4.66° 12.9542.71¢ 14.84+1.74° 20.56+1.08°

ND, not detected.
2Nalues are meantSD (n=3).

“Means with the same superscript letters within the same row are not significantly different at p<0.05.

of B A7FFo| 2-6%= SVl wet F7o) 23E F
tEAlOR FHFE F7FAtH(p(0.05). &, ot=Yot &%
= 2, 4 9 6% A7 #7198 FAEAloR 2 0.67
mg C3G/g, 1.05 mg C3G/g, 1.87 mg C3G/gl2 UERS
o} & Aol AR&SE ofm Yo} Eofli= 39.28 mg C3G/g
EQlon, MRS of2Yol RUE thAsto] A%
St 7oA 7] ¥HEof| 7Rt of2 Yo} Eio] oy
of whet Axet F71of FE FAEAOR ol F7tst
AUt ot Yoz FEAJoMd o] A& ST °F 0.6-2.0%
A 83511l Jom(Kokotkiewicz 5, 2010), &34
tEAoPHL HiFA o] FE|= cyanidin®t Agsto] EA
ofH, 7 $keFo] -2 cyanidin-3-galactosideE 2§+
5t9] cyanidi-3-glucoside, cyanidin-3-arobnoiside,
cyanidin-3-xyloside®] 4579 tEAoPI S dhiol=
Aoz dHA Qth(Kokotkiewicz &, 2010; Meng &,
2019)

o

—_

FEYE T2 2 F H 3%, gallic acidE
1—r_E 13.63 1g GAE/g l of2 Yo} Bt H7lego]
S7FESE F710] 28E F Eluﬂ% T SIS
(p€0.05). &, ot=Yo} —‘ﬂf‘?e*é 2, 4 9 6% A7rge] ot

https://www.ekosfop.or.kr

FTEY = 2 18.43 g GAE/g, 37.66 g GAE/g,
47.87 ng GAE/gl & thZ tH] 1.35-3.518)7k4] &7}
ohe 202 Ueith 2 Ao ASSE WrkRet of2 Yol

LY & F&= 3 S FEee T2 44

4.89 pg 9 87.74 pgOo 2 U7IFo| Hg| ofZy o} EiHoj
Lo =] ZZ g0 oF 17.944) £=917] wl&o] 7] Alxo]

A71et otm= Yot # gHgo| Wopgld] wet AlxH 719
FEYHE I SISl ofZYoto] gl e 5
8 HsSRMEL chlorogenic acid®} neochloroganic
acido]®, 1 99| epicatechin, quercetin-3-rutinoside,
quercetin-3-glucoside, quercetin 6= XEgolal O
o, o|F & IRMEY 2 of2Yol] 5, S48, A
H%]-%]’ 2, X%X—]O] {9] U] _r_kh:ﬂ—lﬂ '60ﬂ EL']—E]— da-z]r,}
(Denev 5, 2012; Denev 5, 2018; Kim¥} Mai 2020).

FEGEEO|E FFE 2T F7|9 B, AR 1 gd
quercetine 7|&9& 8.12 g QE/go]}1, o}ZYo} &
T A7hgol S7HESE 700 29E SETE o|E o
T S7I8IAHpL0.05). &, otzYor £2 2, 4 % 6%
A7ietol we FESErolE S 12.95 pg QE/g,
14.84 pg QE/g, 20.56 pgQE/go2 R thH] 1.59-
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2.53H7HA] S7Feloint. & Atoll ARERE WrFRe} of=Y
of 29| gk FE& ol TiE FEHHEo|E
¥7+ 1.98 pg 1 5245 pgQ = U7FFo] H]gf| ofZLo}
o g SEEo|=7t oF 26.494] E97] wE
7] Azl F7Iet ofZ Yo} Fo] wolyo] whet A

F719] FETE ol AT SIS oF=Yot
Zofjof= flavanone eriodictyol 7-O-8-glucuronide,

N

He rlo
i) _x

o

—111

0
4

|
-

quercetin 3-vicianoside, quercetin 3-robinobioside
9 quercetin glycosides 59 E8tR 0|t AJHo| Thf
Eof Ql1 FEEH | T 2 AR ofm Yol FHf 1
g3 °F 71 mgo] o] Urk(Slimestad 5, 2005)

3.6. giéf_é/ _gb(-l

2 Aol ARS 271Re} ofz Yol £ H A2 F
719] FAtst E/4& £k Table 701 1 AIE AAlSH
At G7hFe} oz Yot £¢] DPPH Az &75
Z}7t 12.38% 2 72.65%% B7HF0| H]S] oz o} BEe
DPPH &tz &£750] o 5.874) A Uittt o2y
of £ 7t 719 DPPH gz &7 52 dRaofA]
23.57%= YERRL, ofzYot #8g 2, 4 H 6% H7I%t
TN 22 32.44%, 52.25% 2 64.07%7HA] Z7FoE
2(p€0.05), ol diE F7100 BIsf oF 1.38-2.72¢] &2
242 et

ABTS =2 2759 3¢, ot2Yol F&2 H7IsHA|
&2 F7oAE 14.71%2 7P WAL, otZyol & 3
71 vl w2t 247} 30.83-58.03%% °l& HEE 71
off uls oF 2.10-3.944] ¥ &S Uehl ofZuof ¥
A7rgol S7kedell Wt ABTS g 75k #orde &
ABFHTHP(0.05). & Aol ARGt 778} ofz Yo} £

rsk

o] ofehg &89 ABTS i 246 47 4.36%
2 68.52%% W7}o] ] ofZ Yo} | ABTS 2htjz

AA50] oF 15728 &57] W&ol of2 Yot B M7k
of wl#lste] 719 ABTS &tz AAFE S7HE 208
Az g,

UEL2 720 nmolA FFER SR, dRE
F71o14 0.142 7Pg @9ka, of2yol B Hrlgkol
2-6%2 S71%ol| el U= 0.15-0.242 Eorxth
(p<0. 05) £ Aol A3t U7bRe} of2 Yo} Bike] o
B 550 SE2 7242 0.08 2 1.032.2 I

H|g ofZ Yo} Hio] 9k, o]& <lsf ofR ol £
H7bgol wEste] F719] FLHE 7K A0R Atm
gt

ol Uotolli= et gatst G2 A FEAl, &
2z, St ot JES0] F55tH(Denev 5, 2018:
Meng &, 2019), oI& A&/ JL| Fat FAkst &
AL F9] AHIAE Ad AR H1HI ItHDenev
5. 2018). webA, otz ol #i ghefo] F7kgto] whet of
Zuopo] HiE FABFELS] FFE F7SHL olF 59
PAst ST S7KE 20 AlrHh APALA L of
FUo} £%Z H7lotd Axg A71H(HwangZ Hwang,
2015), ~¥AACIA(Jang 5, 2018), RPESim 5,
2019) BoME FARE 718t of2 Yol Bk 3ol F
71kl whet 2 A AFket fAkH felettizel DPPH
o} ABTSE &A= &/do] F7kskrt.

4. 2%
2o

FolAe LM SF diH] okzYot £T 2, 4

Table 7. Antioxidant activities of cookies containing different amounts of aronia powder

Measurement Wheat flour Aronia powder  Cookies with aronia powder (%)

0 2 4 6
DPPH radical scavenging activity (%) 12.38+2.35"  72.65+1.10° 23.57+1.61° 32.44£2.11° 52.25+1.02° 64.07£1.27°
ABTS radical scavenging activity (%) 4.360.61° 68.52+0.28" 14.71£0.37° 30.830.90° 43.40+1.59° 58.03+1.26°
Reducing power (absorbance at 720 nm) 0.08+0.00' 1.03£0.01° 0.14+0.00° 0.15+0.01¢ 0.22+0.001° 0.24+0.00°

Walues are meantSD (n=3).

“Means with the same superscript letters within the same row are not significantly different at p<0.05.
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% 6% A71e 7] wEel BRE,
Hoka, Az F719) FE, pH, 72
Thojsle 34 23 9 3Rls} S é;ﬁ 5}o] o}gq o=
F7) Az &8s7] A3t 71xARE vt oFF
o 719 $E2 ofmyot &% H7Fgol HlFsto] Fa
SFRAL, I S7M5he A¥ES UEHl 719 29
A 22 A 2T oz Yol BES 6%7HA] 3
7hE F71014 FAAR AolE HErA] eFith F719]
713t otz Yol B k] BlFlst] 719 HH, &
FE, SHES A2, #7119 Bre S7IeA of
2ujoh B g7l ujelste] 3719 Wroh YL 7
as901 AARE s 7] WE0] B4 of
ZUjo} £ glego] golilo] w2t 77]9] FekAlohd ¥
= 2717, e FETR = PFE of
EUol B H7Hgel vl#ste 7kt okzYot &
o A7} Hl&o] Skl wet DPPHeF ABTS 2oz 47
247 Y E oAt oY 2HE S F7190 of
EUol B2 7ok et 84de w9 4 deH, #
719 Az /\Hﬂilﬂ =23 oc}/k}g}ﬁl =S _7_7_,2:]“@;_]— o o}
EYol 22 4% oA F7lste 2] AT 2R
Atz
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