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Abstract

This study investigated the quality characteristics and antioxidant activity of muffins prepared with different amounts
(0%, 5%, 10%, and 15%) of aronia powder. The moisture content was higher in the groups that contained aronia
powder than in the control muffin. The specific volume of the muffins was lowest in the group with 15% aronia
powder added. The lightness and yellowness values decreased, while the redness values increased with increasing
amounts of the aronia powder. The hardness of the control group was lower than that of the 10% and 15% treatment
groups. The consumer acceptance test revealed no significant differences in the taste and texture of the muffin
samples, but the overall acceptability scores were lowest for the muffins with 15% aronia powder added. The substitution
of wheat flour for the aronia powder yielded muffins with a higher polyphenol content and total flavonoid content.
The antioxidant activity measured via the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity, metal
chelating effect, and reducing power increased as the concentration of the aronia powder increased. The results
showed that up to 10% aronia powder can be incorporated into muffins to meet the sensory quality and functional

needs of consumers.
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Naturprodukte GmbH, Dresden, Germany), H&3-(CJ
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Table 1. Formula for muffin added with aronia powder

Aronia powder (%)

Ingrediens (¢) A0" AS A-10 A5
Flour 100 95 %0 85
Aronia powder 0 5 10 15
Sugar 80 72 56 40
Butter 80 80 80 80
Salt 04 04 04 04
Egg 80 80 80 80
Baking powder 3 3 3 3
Milk 18 18 18 18

VA0 : aronia-0%, A5 : aronia-5%, A-10 : aronia-10%, A-15 : aronia-15%
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7¥etod 2ol xf 383t WHg-AI7] 5L, 35} NaCO; 84 04
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Aol 2 JFE AR F Aoz FEHEY ZI 7
Shako t ko] 1.04%, A 7kre] 1.02~1.04% % A & 7ho|
o4l 2ol gl

Table 2. Proximate composition of muffin added with aronia
powder

(Unit : %)
Moisture Crude protein Crude fat Ash
A0"  18.05:00170  9.02£1.05 23.28+0.17 1042001
A5 1928:0.11°  9.02¢1.16 23.55+0.22 1.03:0.01
A0 2198:0.04 1025057 2282001 1.02:0.01
A15  2204:006  1066:115 2238011 1.02+0.02

DA-0 : aronia-0%, A-5 : aronia-5%, A-10 : aronia-10%, A-15 : aronia-15%
Fach value is meanstandard deviation (SD).

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

HEe Zo|, BA, Fu, d|HA

ol o} B M7t dElste] A2 v ol
A, 53 9 HAAS 574% A= Table 37 T
M| EolE= thETo] 400 ecm, H7kEo] 3.63~3.86 cm
2 A7 bl A< 2ol 7} glgleH, ol Adt=
Seo®} Ko(27)¢] HIEZ7HF H7F o] AT e frAlst
A BuE At W3] FAE 2ol 29.29 gO 2 5%
A7hre] 2943g7} fref A9l Ael7h glglo, 10% H7hr
3} 15% H7bte 247 29.92 g3} 30.15 g7 thETET
FoA o2 A Uehsthp<0.05). M3 9] F3l= txd
o] 63.00 mLZ 7} 2 FXE HYnw Hrre
58.33~59.33 mL& ofZujo} B Hrlekel] we o]z
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Table 3. Height, weight, volume, and specific volume of muffin
added with aronia powder

A" A5 A-10 A-15
400010 386005 376:0.15  3.63:0.15
Weight (g) 2929:026™ 29430.10° 29.92024° 30.150.25°
Volume (mL) 63.00:3.00° 5933£152° 58.66:1.52" 58.33:0.57
Specific volume (mLjg) 2.15£0.00° 201005 196005 193+0.03'

VA0 : aronia-0%, A5 : aronia-5%, A-10 : aronia-10%, A-15 : aronia-15%
PEach value is meanzSD.

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

Height (cm)
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ofZYo} B H7t-S delste] Az v A%
=% A= Table 49+ 2th S YEhE Late dz2F
o] 71.17& 71 =% A7 21.61~30.64 % ol 2Yo}
T M7 o] SR HAaste] 15% A7kl 7H
A e THp<0.05). A =S YE = aghe thEao]
28302 7} Woky, 5% A7V 5.75, 10% A7V 7.61,
15% 7k 885 o= o} F8 H7beF F7tel w72
Ao g2 71319 thp<0.05). FA =2 JER = bk %
o] 25298 7V =% 5% H7KE 4.24, 10% H7E
298, 15% A7}t 1.88% of2Y o} Bk Hyleko] Zrled4
5 ol om haske o2 UERTHp<0.05). ol 2l gt
ARz ofRyol i A7t AW(33), ok=YokE A7t 478
(16)X & of= Yo} H7teko] F7hhe| uhet Wz e} A
T st AT E S8 Aoz e ofZyole]
anthocyaninZ] SAHA M7} A Fo] Aol JiFg F AL
2 FSEh 1 8 BEZRE 7t #3Q7), Y5 5
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Age nel 39tk

Table 4. Hunter‘s color value of muffin added with aronia
powder

A" A A-10 A-15
L (lightness)  7117£158™  3064:121°  2539:083 216107
a (redness)  -2.831023"  575:024° 761046  8.85:0.35
b (vellowness) 25.29:086"  424:039°  298:046"  1.88:0.16'

A0 : aronia-0%, A-5 : aronia-5%, A-10 : aronia-10%, A-15 : aronia-15%
PEach value is meantSD.

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

oiElel 7|AE =3z

olZyol ¥ HrIS gelsle] A% v 71414
ZA7HS 243 A3 Table 59 2tk AL s tixTo]
171.95 glem’, 5% 3 7}-0] 188.12 glem’ O & th 273} &
o] Ql Aol 7} gl 11 o] of2 ol F I}
Al AE7F frejd oz Frkste] 10% 374 263.67
glen’, 15% 71 299.87 glem’ 2 WEFETHp<0.05). o1&
ofZuo} - MUt Skl mE S5 W] oFs)
2 7taxzF]sg o] Aste o] v vjA|H o] 7hagt A7}
o] ole AR F59v3,6). Kelerb 37t A
@3), HIEZFF7E A7), & 22 A7 v3AE5)] A
717] FARe] MrtEe] S7VedeE ARt Srsiivia
Hyste] & A7) FARRE 43S Bt vk, B2
27 oAQs) Aol E BEAF B2 Hrleke] $71
ol whgl w7} HAasiivta Hasle] B Ad Aviel=
2ol & Btk = 2 A7l #3AG6), A H7F #H(©)
M= FAse] Mol S7tglel met Aot Hasitt
7h BAl S7RIMAL Mo 24 A7kE = AR a4
Qi wet 2p7] O A 540 veRdS & F AUk
e e 270l 82.39%, H7krol 72.67~79.11% % A

Table 5. Texture characteristics of muffin added with aronia
powder

A" AS A0 Al5
Hardness (gfer)  17195:12.08™ 188.12£19.84" 26367:1668°  299.87:40.86°
Springiness (%) 82391131 T0.11:731  7599:547  T2.67:8.12
Cohesiveness (%)~ 47.61386"  4692:836"  59.19+831b  4444:874'

1978111408 206.13:47.64" 352.82:69.06°  28494:81.26"

DA-0 : aronia-0%, A-5 : aronia-5%, A-10 : aronia-10%, A-15 : aronia-15%
Each value is meanSD.

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

Chewiness (g)
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= b §o) el 2ol Atk SHA L 44.44~59.19%
o] HY R 10% A7l A 98z =4 Jeiygt
(p<0.05). HPA L tixo] 197.81 g2 5% A7t
206.13 g} o] H Q1 2ko|7} I9lon, 10% 37} A 352.82
go = 7P w7 vehgon] 1 ol A7t Alelle oAl A
FozA Hrhgl we Fole FFE HolA] it
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sdAl

ofZ o} #iF A7l dejste] A|lze M) Hsid
A 3= Table 63 2T} v 9] 9L x| 6.14%
o7 7V = HIHENAL 7R 4054678 0=
THT} U 3715 0] (p<0.05) o2 Yo} Eo] ]| u]
AE G 4 Fe Aoz eyl WAE thxaol
5324, 5% A7t 10% H7kte] 242 54149 5294 ©
= 2Tt o<l Aolglel Hrhd W, 15% A7k
4527 07 7P GHA B E AT B gl 2Te] 5.29
A, A7kEo] 5.02~5.500 0.2 RE AR 7h H9F <l
2ol 7F AR AL, 2AAE thxwo] 5,027, Hrkro] 4.88~
5524 0.2 tl2adt A7k Afeloll fol#l Akel7t fle
Ao 2 yeyth AREQl 7S+ &7l 5704, 5%
A7t 10% H7kel 247k 544793 5477 0.2 7ty
o] w3} oAl Atolgle] H7hd WHH, 15% X7kt
L 470802 71 Wre A4S ol U2 A5 7|34
ol olAlE Ag & F Atk o]} ZA3E Tt
B ou), ol2yo} BS 10%71A] Hrkele] wHL A 23t
thH 29l HollA] tizaw vlwsle] xlolr) 918 Ao
Z AlgEh

Table 6. Consumer acceptance test of muffin added with aronia
powder

A" A A-10 A-15
Appearance 61420927 414135 467+149"  405:153
Smell 53241170 54121450 529:111°  452¢159°
Taste 529087 550+121  538+125  5.02:148
Texture 5006096 552+1.10  5.14+1.07  4.88+140

Overall acceptability 5.70£0.83° 544107  547:086°  470+1.42'

A0 : aronia0%, A-5 : aronia-5%, A-10 : aronia-10%, A-15 : aronia-15%
PEach value is mean+SD.

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

HEe & Eelds ¥ & EEtEo|lE E&

oo}l £ A7t wjHe T Eejvs B F SeEe
ol FFE 53 AIE Table 77+ 2ok F EuE
ko 2T 57.22 mg/100 mL, H7HE 140.40~359.49
mg/100 mLE 2T HT} 2~64] Bo] gHrElo] Sle Ao
2 Yepgton, of2 o} 8 HrleFo] Frhglel el &
7¥ste] 15% A7kt A 71 A UYebsith & EehE e
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olE e F Eelvls FFH Akl tixto] 74.89
mg/100 mLo.Z 7 Sk, 15% 3 7hte] 208.31 mg/100
mLZ 714 =7 Jebdt) Kim 537 F5ET J71e
o] Z7Vgtel whet 2w e F HlEstEEe] ol
ZET2 19.36 mg/100 g, 7kt 47.81~73.46 mg/100
gO & 2u] o] F7HE S-S Bttt A& ]
o] 91+ polyphenol’d &4 ¥ flavonoid <& A o
phenolic hydroxyl”] & U= 714 1L Sl 33HE=E 3H4ts),
a9, At 43 Aoz Huyw 9lrh38,39). &
A= ofm2Y o} 8 HIbre & Eelvs 9 &
FefH ol o] g2 ET ¥ A YERT] wiol
st A% o EA Uehd AoR o SHTh

Table 7. Total polyphenol content and total flavonoid content of
muffin added with aronia powder

A" A5 A-10 A-15
Total polyphenol 2)a3) b c d
(mg/100 mL) 57.22£10.73™" 1404048.80" 244.04+3.66° 359.49+7.91
Total flavonoid a b c d
(mg/100 mL) 74.89+1.488" 110.15£3.714° 156.47+2.23° 208.31+1.11

DA : aronia-0%, A-S : aronia-5%, A-10 : aronia-10%, A-1S : aronia-15%
PBach value is meantSD.

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

HE | gitsls

olZuo} T H7pr} w9 ksl v = JEFe
olH 7] 913te] DPPH radical 2715, 55 ZE°|E &%
2 3918 58 =33 A3= Table 82 2T} DPPH radical
2ASE hxTo] 1681%E 7HE Wk, ofR Yol B
A7tero] F7vel wet Skt 5% A7kt 58.81%, 10%
A7t 93.68% 2.2 Ve o 1 o]4te] A lsrdals
ARl Aol & Holx] &9kt DPPHE F& Ha&
= vl w2 eFY e free radical 24 2]F AR S EA)3}
= sl Y BHENE AR FAE AlTEow $e
HHA e@do 2 gas R gitksls S Ho] o] &
B3 QTh40). ATEE H7F W AG), A2 A7 HA
(28)¢] AllA DPPH gtz &5 ZH2te] HAl= 5
b S7hs wet feld o kst ou 4 v
o]’d A7t Aol A< Aol & Holx] gty B st
of 2 A3 Aye} fAEtAT 5% ZEolE ade
thaste] 2943% 2 718 SESkaL, H7bko] 42.73~73.93%
Z olZyo} B A7l 10%74HA4 HA Frkslden o
o] 7} Al A4 < 2ol 7} gl 54 Zdo|E
F 9} ferrozine©] Fe’'9h wh-g-slo] FoS wlA ¥ 1,
ol W A5 Fol ZHlolE AHRE 717l Aol EAsHH
Fe’'ferrozine H-3H4] &4S Waljato] @alo] AguE A
g5 o] &3lo] 2%t th40). FUHE L 7ol 0.19%
71 wskan, of2 Yo} -k Hrbeke] gt whet A A}
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Sled 15% 7ol 14302 Z2FHT) 754 =
HS B tHp<0.05). A5 S0l ks Fo] &)
erric ion(Fe’")< ferrous ion(Fe*) 2.2 A7) HA] =
A wA 3, Mo| AEqFE A5 7o dHE S
UeERATH23). & A lA o2 o} B H7hre] dHiks)
ol T =4 Yehd AL F e &
HiolE gheo] t] #7] Wil e g F5Hm, 7t
| B S AR Folx Fiksleo]l UYehte o= g9l
H 7ol ofZY o} i H7be w9 itsts gl
Lol & Ao g ydrh

r4 e ofy

7t
519l
fi

4 2 rlo

Table 8. DPPH radical scavenging activity, metal chelating effect
and reducing power of muffin added with aronia powder

A" AS A-10 Al5

DPPH radical
scavenging activity

Metal chelating effect 29.43£0.50" 42.73:025" 61.17£2.26° 73.93£125°
Reducing power 0.19£0.08"  055:0.10° 092006 1.43:0.16"
A0 ; aronia-0%, A-5 : aronia-5%, A-10 : aronia-10%, A-15 : aronia-15%
YEach value is mean+SD.

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

1681+1.977 58.81+0.72° 93.681.03° 9691+0.41°

e F Fevs ¢ 2 3 SotiwolE
gatals 7ke] ABRAA S 2AKS A3 Table 99+ 2t}

s g 5 ZeolE 839 7P =2 )
o] FHAA (=091 VRN, I o FLEHa=
0.981) > DPPH radical 27 %5(r=0.927) <=2 & e}
% ZEtE wo|E ST 22 S Yehyo] 34 o]
E 33Kr=0.993) > 92 (r=0.988) > DPPH radical &~71%
=0922) O 2 733 YL BT o] 24 o2y
o} T =] e ZTjHE ¢ ZefEo|=rt wA
o] itslsol T Ao R AEP5S HolFa Tt

Table 9. Correlation coefficient (r) between total polyphenol
content, total flavonoid content and antioxidant activities of
muffin added with aronia powder

TpC” TRC” prPH’  MECY REP”
TPC 1 0.997" 0927 091" 0981”
TFC 1 0922° 0993”0988~
DPPH 1 095" 091"
MEC 1 0973"
REP 1

1)
2)
3)

TPC : Total polyphenol content

TEC : Total flavonoid content

'DPPH : DPPH radical scavenging activity
'MEC : Metal chelating effect

'REP : Reducing power

>

&

D

o ok
hd =

& ATl E ofZYol £&& WHF skl 0%,
5%, 10%, 15% % thAlsto] w5 Alzskal F4
Frrelee ARG B A E B4
e dxzwEn A7keelA 24 dehsa, 29
AT 9 3T T AR el fol2< 2ol 7t gldleh
A ¥R 15% H7kro] FelA e s vl et
mde] Hst e oo} B Akl 7kl

aghuhd, A e ksl 24 SgA,
Aree 2T 5% drheo] WA UehEa, ofzyol
T8 A7k S/HEE Sl we A A3, 1
Ae) o2 tizo] 7P =2 AR Wk gl WA
= WETH 5%, 10% H7hE kel Aol 7k gl ov 15%
A7kel 7P w2 HeE g7 s 202 o)
S0 H7RE el o AQ1 Aol 7k flRleh AnkE <l 7]
Sre 2T 5%, 10% H7hE el f-2l <l Aol 7}
e 15% H7hre] 7 e AR 7kl o
e F Eelvls FF 8 S e wolE FEe ofry
of B HtEel Irtdes Irlete A4S Bl
DPPH radical 22715, 54 Ze°|E &3 9 &= tix
THE of2yol £9 H7bAIM A YERReH, of=
Yot 2% H7tge] S7tdes AR Srlske 4=
Helvk vidle] & E2uls g9, & Evhilieol=
Fibsks ko] FARAE AR A3} v w2
ol e Bk o) Aas Fdte] &
W, ofEHol RS 10%714] H7kste] mi S AlEdrhd
oz} vl asto] e ]l Mol e o)zt gla 7164
 MellXe Fatsdol FdE] 715 HFomA
7Fsdel vk sHAl
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