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Abstract

Aronia melanocarpa (Rosaceae family), black chokeberry, has significantly higher anthocyanin, phenolic compounds, and
antioxidant activity than other berries. The aim of this study is to characterize the content of aronia makgeolli prepared
with the additive method such as fresh-type and crushed-type and to investigate the effect of aronia on the quality of
makgeolli at 25°C for 8 days. The changes in pH, total acidity, ethanol content, color, antioxidant activity, total polyphenol
content, and sensory testing were determined. The pH values were 3.9~4.2 in fresh aronia makgeolli (the fresh group), and
3.6~3.9 in crushed aronia makgeolli (the crushed group). The total acidity of all samples gradually increased during the
fermentation period. The ethanol content was 10~15% after the second stage of fermentation, and was reduced followed
by an increase in the addition rate of aronia, showing the lowest values in 50% crushed aronia makgeolli. As the aronia
content increased, both the antioxidant activity and the total polyphenol content significantly increased. In the fresh group,
low values were seen in early fermentation, which significantly increased according to the progress of fermentation, while
the crushed group showed high values for 6 days. In the sensory evaluation, the color, flavor, bitterness, and overall
acceptance of the makgeolli with 30% fresh aronia showed higher values than the control and other samples. In conclusion,
the present study suggests that fresh aronia without undergoing the breaking process is a more suitable additive method
than the crushed type for antioxidant activity and palatability of aronia makgeolli.
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N = A2 AGSHE 5 R AAARAL ol X7 B3

(Oszmianski & Wojdylo 2005), ofZYolof E3tE o] Q=

o2 oK dronia melanocarpa)= B3] Z 34| 2|(black choke- oere] StEAlod S F 2 Aule ww isk=d, A
berry)Zhale A Qlom(Wu F 2008), 1 dAbA|= E5 A2 O] ARgo] 7Hs8taL, ol #HlEAlR, SThE 0]
ofd| 2|7t ol A gk, A FHolAE Q7S B glom, TR 22 B EEL A a1}, §8F ATHOhgami

THANAE BAlo] EotA|H, Aufrt o] F R TtH(Wu T 2005), 3} ATJankowski T 1999), WHxE7|E
5 2008; Hwang & Lee 2013). M1} gFo| Lol A 99 FA (Gasiorowski 5 2000) 5 T}k 7152 7= Aoz &4H
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2 AYoA Az Eg 9 YrEE of2YoL &, &
W, 08 BQ AT BRY FEL SR AR HA)
9] Bio {+S(Hwasung, Korea)S A3}, ofZ Y ol= 2014
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Table 1. The mixing ratio of ingredients for preparation of mkgeolli

Sample Rice(%) Nuruk(%o) Yeast(%) Aronia(%) Water(%)
1 step All 100 2 0.8 - 150
Control 200 2 - - 150
10% fresh fruit 180 2 - 20 150
30% fresh fruit 140 2 - 60 150
2 step 50% fresh fruit 100 2 - 100 150
10% crushed fruit 180 2 - 20 150
30% crushed fruit 140 2 - 60 150
50% crushed fruit 100 2 - 100 150
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3. pH & SM

pH F4F S-S 9I5to] 22 2= 9o Hadvantec No.
2, Tokyo, Japan)dte] &3 A|2& ARE3I9ILE pHE pH
meter(Sartorius AG, Gottingen, Germany)E ©]-83}o] =343}
[, FAR2 F=F AR 10 mLo] 1% phenolphthalein 2~3%-2-
=3, 0.1 N NaOHZ n|ZA(pH 8.2~8.3)0] & wj7}x] AA 3}
At Mol 4¥H NaOH 2H|ZL citric acidol] A5t
714k ASE olgste] Bato Baste] Urehygch

4. QTS =

olzujo} uHdele] R FEE FAYFEFEAH(Kim
5 2013)9) 5ol o) ZHFATE 500 mL Zekao
of ket okzuiol wde] 100 mLok 54 100 mLS $3 %
FA17 80 mLe] ERAL ATk T Fol FREE Tt
2% §Fo] 100 mL7} HES 28T F 1507} Hd 244
2 dof ame e AFstarh

M= 220 A A2EA|(CM-3500d, Minolta, Japan)S AN
SHaL, A& 5 mLE Fote] S A 33 HAeE U
el o] Lzk(lightness, ), aZk(redness, 2 ), bZk(yellow-
ness, A E)S BlwstHth EEHH FE 1-96.89, a=
-0.07, b=-0.180] %t}

6. Y

olZ Yo} ubda] 9] - =22 Dinitrosalicylic acid (DNS)
H(Luchsinger & Cornesky 1962)& -$8-3}% ARME-31% . 50
v 3]4gk AJ= 200 pLe} DNS £ 400 yLE 2 mL tubeo]]
E3stal, o] AlgzE YHE(10,000 rpm, 15237 F, SEIE
e B 29 & S5 1 mLE AUtsich oA £
T A EEste] A5dS B EA|(Carry UV-Vis spectro-
photometer, Agilent Technologies, Santa Clara CA, USA)E ©]
8319 550 nmold FHEES A olnf) W e
dlucose® EZEAR sho] A7)0 o Ly B
Hozge Fyshgct

o

1980)°] w2}k A& 0.1 mL, $F< 84 mL, 2 N Folin-Ciocalteu
reagent(Sigma-Aldrich Co., St. Louis, MO, USA) 0.5 mL, 20%
Na;COs | mLE S35t 1A BESAIZ] £, 725 nmofl A &
FFEAE T 3= U2 ST HedtE 3

F R - ol7]4 - o)) - JuF

=4 EFIYEIA

2 EFEZAQ gallic acid(Sigma-Aldrich Co.)& ARMESHS Af
7o) W on AT RETHOE FS AL, 25

E 39| mg gallic acid equivalent(GAE, dry basis)® UFERA ST

8. DPPH ZiC|Z A EMS

DPPH 2}t|Z &7 8L Abste A At 3o
So8 24319 o, Blois(1958) B o] gttt 225 02
mLo] 0.4 mM DPPH(2,2-diphenyl-1-picrylhydrazyl) &4 0.8
mLE 7}t F 1027F 2gata, A2oA 108 W3] & &3
FEAE AHESE 525 nmo|l A FFEE A5 AR
T Bil= AR H7FEeE AR E HUIeHA 2 Ao &
FrE WEEE YeEhfch

=

0. B}

PN 25716 4B e Q7Y 2 A9
= o= ofzYot 7} uhd 2] 9] A(color), 2|PH(appearance),
SF(flavor), 2] 7X(texture), B(taste), A1%H(sourness), FHFA Q1
713 % (overall acceptability)E 1A 97X (14; s
At 9%: Thers] 2th 94 7|5E HEvos AAstach

10. SANzE|

H2E AL 33] o]AF HHE5]% 11, Statistical Analysis System
(v8.1, SAS Institute Inc., Cary, NC, USA) SAZ2 73S o]
gtol BARASIE N, ATk Ho18E AR Histol
EAHEA(ANOVA)E 33 & A& 7t 29| {75 Duncan's
multiple range test=2 W] FA35}H THP<0.05).
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A= F23 A& = SIZ o] &HTK(Song & Park 2003). oF
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Azt ofzUo} wbaele] wava ¥ pHol SAHS Fig |
of Uetllch 2a 27]9] pHE E¥ 2= 413, A 3
g2 A APBAT BIDE 3942, ohafste] 17}
& AROHTATHDE 36392 oz ol nhafsto]
Wk AT R ATel ge Arke Awc
< = Uetlich o]% wrart A wet a7t
pH7E 3lert 49 o] o] oE F7HSHs AR R, vt
AFAAEE A pHE §AST} 49 o)l F7lshant

e gAdo 2 Sk 248 Btk okzyol o}
HEH7HES A= AFY o] g2y okzYolE At
o Yoz Ak Ruch 94 22 B ey wa
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Fig. 1. Changes of pH(A) and total acidity(B) during
fermentation of makeolli with aronia. 4, Control (without
aronia); @, Makeolli with 10% fresh aronia; O, makeolli
with 10% crushed aronia; VW, Makeolli with 30% fresh
aronia; A, Makeolli with 30% crushed aronia; W, Makeolli
with 50% fresh aronia; [ ], Makeolli with 50% crushed aronia
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7} 24 Aoz Ho|u(Yoon 5 2014), E3F upty &
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27§ We pHE Btk YbHQl v BEodE 2
7ol REEAEY 4-5 FE| pHE 7T} WETE AR
o wrel ugBe] Ag0= AL 45 f714k] s pH
7} 254, F4b7t Z7k5et (loung 5 2004; Lee 5 2007),
RIAAZE ol FS BAT, nHFYRE 2]
e pHY| GO pH Fage] Hgick
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F9 5e 29 ¥ EH ge By UE 275 BE
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Aol AR, Z= S 2o BUE e G e
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o] 2ol B = fARF AYHS Uehithlee 5
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Fig. 2. Changes of alcohol contents during fermentation
of makeolli with aronia. 4, Control (without aronia); @,
Makeolli with 10% fresh aronia; O, Makeolli with 10%
crushed aronia; VW, Makeolli with 30% fresh aronia; A,
Makeolli with 30% crushed aronia; W, Makeolli with 50%
fresh aronia; [ ], Makeolli with 50% crushed aronia
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Tt A 9 =H|(Lee 5 2009), & H7-9] 4% of=Y o}
O] 7} ul&o] Fobd4E pHYL Wobx| L, At=7t Fobd
A2 Hol, W2 e of2Yoks H7iste] an o) 5ol
AAE] d2E Adsol ol ARz odEnh

3. =4

TEF Y F FF ang ogs YAs=E 2%
i, R F719ES g A% A% ol 9
Ao Z AdEHA QUthLee & Lee 2000; Jin 5 2007). 7|
of w& 2hATe] H3h= Table 20 Uehfglck ofzyof o
A7) god e Ha s JAYT4E Ao, o
RO AYFolA BaE 08A 2~3% +E2 2 Huge Y
BRI, 11 o]% FA3] st UE 6dA}ol= A o &
e Aoz Helth Ik gaFolA vg F23] $4E 5%
7t EAROEN 22 Ty 2HHRE B ogE a9 7]
AR o] &g o= Q7] wioll, o] Al7]of Fo] 4|, &t
3] ofgtZo] APt e Aeli e T Fgol Ha &
7\ 7HA] 743t =d|(Park & Lee 2000), 71 o]-4-= B F¢t
48 F Ao 2344 HEo] G2t amylase 2H-g-of 34 2
AEEAT) 22 G2 #3f7h dojutar, o] T2 ofeE
H2O| 712 nES AT IYELE o§H7] H'elt
(NTSTSI 2005).
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4. Mz

obRUolE W7tsto] A% HAelo) A 23T A
= Table 33+ 2ok W= ekt L3k W 27t of
2uoh 43S Y ARE AZ AT 60 FER e,
a7 QY FAE vl%akA fAHUE bz Lol ohy
sfel 10, 30, 50% A7KE AF7E AR HF L 2 %
48.16, 34.92, 28822 FaFo] F7lof| wet § W2 2 7M.
on), sk AYHAX 1 gro] F7ISHT HE S A

A - 0719 - Zol7] - AR

=4 EFIYEIA

S et = agh tix279F o= YokE nhafiste] J7gt
A&EE Fhol AL, ofzYoks Ao Fez Jrket
A&E grol S7kshsich mA|gr ez Ao thdt byl

= AROA Fho] St AFAS Rt

olZgt A:= ofZYotof| Eolqle UdEAOI] WEe
2, 0|AZ AEY £, B4, ¢, B Tl F \A THE
Sl A4, A, HAE Rl 484 Behriols A4
24 F2 AR EAh, W 8L B BEA 5
o= olgHo] 4Ee] 7AE BY 4 Y=, k2ol &
9 A& A MaE skl UtHKim 5 1996; Son
S 2001; Strigl 5 1995). wheba] Aap ARE- A] M ¢Fo) QtE
Alopdo] HHs] §&HEE WAty < agho] A3 F
shetel, AAlo] AT WE HF ARl oE A5
& W v AT g, Y] hafstel A7k
$ AR agto] 2 A2 Hol WA 2wk Halo]
S} v AAHRA B o ED AT AFAE w
AL A etk obmuiol Uaz o) Az Ao
o ATE R, ol UolE nhfslel Al W U
75tk w]o] agro] 27 wtobi, o]Ae & Aol
e} FARIE T ESE o] cyanidin-3-O-galactoside 2} 2
ez Aol o] §epol FAUTHT Buskg, ol ve
o] pH x5t ozl tEAloPd vigA| & a4 B, 2%
F 59 FFE Hol, tEARd Eai7t SRS Aol
3 3} tHYoon 5 1997; Lee 5 2014)

m o

Mo md P rid @ X

5. & EClHl=

Z o4 3HE-2 flavonoids, anthocyanins, tannins, catechins
o= AT, 1 9 A7 T2 AEA oF
o] Qlth(Urquiaga & Leighton 2000). £ 2] 9|=(polyphenols)]|
EAshs e SI=EEA7I(-OH)= A7 ajtEdt 44
At A4S 7HAI Qlof, 3itet aat 9l ek FE &

fe

Table 2. Reducing sugar contents of the mkeolli with Aonia melanocarpa (Unit: %)
Sample Fermentation days
0 2 4 6
Control 2.25+0.16*" 0.98+0.02¢ 0.33+0.05" 0.24+0.02"
10% fresh 2.7120.02° 0.39+0.01° 0.57+0.30° 0.26:0.03°
30% fresh 2.09+0.06% 1.21£0.06° 0.2120.05° 0.17+0.00°
50% fresh 2.3140.01° 0.19+0.02° 0.20£0.01° 0.19+0.01%
10% crushed 2.05+0.08° 3.85£0.27° 42540.11° 4.48+0.05*
30% crushed 2.7240.07° 3.49+0.06° 0.17+0.04° 0.2120.02>¢
50% crushed 1.02+0.04° 0.27+0.05° 0.28+0.15° 0.20+0.02

All values represent mean+S.D.

Y Means with different letters(**®) within a column are significantly different(P<0.05).
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Table 3. Colorimetric characteristics of the makeolli with aronia

607

Fermentation time (Day)

S le
amp 0 2 4 6
Control 58.42+1.51°D 64.90+0.16 62.56+1.22° 65.29+0.16
10% fresh 60.1240.56" 64.83+0.19* 64.08+0.23" 64.60+0.40°
30% fresh 59.84:0.52% 61.4442.62° 58.47+0.46° 60.69+0.24°¢
L 50% fresh 58.44+0.48" 55.98+0.53¢ 52.20+0.98° 57.21+0.51°
10% crushed 48.16+0.93° 57.85+0.09° 57.9240.15° 58.9440.19¢
30% crushed 34.92+0.57° 49.22+0.06° 50.11+0.42° 51.56+0.06
50% crushed 28.82+0.02° 49.43+0.06° 44.19+0.22° 45.77+0.17¢
Control - 1.0140.15¢ - 1.38+0.052 -1.51+0.02¢ - 1.59+0.048
10% fresh - 1.18+0.18¢ - 1.00+0.04° - 0.69+0.09° -0.57+0.07"
30% fresh - 1.19+0.14¢ 0.48+0.31° 0.750.04¢ 1.13+0.08°
a  50% fresh - 1.26+0.02¢ 3.77+0.28¢ 0.72+0.14¢ 1.70+0.09¢
10% crushed 13.97+0.42° 4.53+0.04° 3.200.13° 3.03+0.08°
30% crushed 23.48+0.20° 12.98+0.10° 12.30+0.47° 10.83+0.28°
50% crushed 27.34+0.02° 14.09+0.10° 16.95+0.08° 14.4740.15°
Control 0.80+0.47% 2.1340.13% 1.68+0.62¢ 2.15+0.14
10% fresh 0.73+0.15%° 2.65+0.15® 3.2240.22° 3.30+0.25°
30% fresh 1.08+0.28" 2.38+1.69% 1.78+0.09¢ 3.3240.22°
b 50% fresh 0.4140.34% -0.02+0.38¢ 1.93+0.56" 4.7040.25°
10% crushed -2.35+0.44¢ 3.3120.05® 4.53+0.12° 5.97+0.12°
30% crushed -2.16+0.13¢ 1.05+0.04 3.93+0.19® 5.56+0.10°
50% crushed 0.2240.09° 1.6620.08° 3.55+0.17™ 4.18+0.03¢

All values represent mean+S.D.

Y Means with different letters(*'®) within a column are significantly different(P<0.05).
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Fig. 3. Changes of total polyphenol during fermentation of makeolli with aronia. Control, makeolli without aronia; 10%
fresh, makeolli with 10% fresh aronia; 30% fresh, makeolli with 30% fresh aronia; 50% fresh, makeolli with 50% fresh
aronia; 10% crushed, makeolli with 10% crushed aronia; 30% crushed, makeolli with 30% crushed aronia; 50% crushed,
makeolli with 50% crushed aronia; 0, 2, 4, 6 day, fermentation time
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Tk Holut, QA A7) et -8Et de) ARET 9
thCha 5 1999; Lu & Foo 2000).

olzUo} ghelel WA F ¥ Bl FHSA Ankk
Fig. 30 Urehsich. W 2715 Aw=d ofzuote] ¥rjat

o] FNYSE & Felv: Aol Frhstgon, AT
Zur o FA A B B Beuise] SR H:
5 R ARold Ba} ARLES F By
ol 271t W of2ujolE ulahste] 30%3t 50%
AR AR BEI ABDSE F Bevs] o) o
& R} 058 FasErh ST, TR AR
MEYZE E Belu o] S7He AL FEomR
B foE v aastgo ols WAzt Wago] uet
o8 584 P Sl st Ao Bk rkCho
5201, ok vl 300k 50% A7 A 3 el

o Baw Aoz

st2yololis The Wzl prct o We Zeuno] X3
o] Q3 (Mikulic-Petkovsek 5 2012), A H=3dE F
25%7} QFEA]oFd(anthocyanin) o] ™, T 50| 3-O-galactoside,
3-O-glucoside, 3-O-arabinoside?} Z+2 vGA| Fel2 FAE
o] lil(Jan & Aneta 2005), 18}o]| T3t H|=AKphenolic
acid), A Z2A®(quercetin) FE=ASZ FAETL A Uk
(Oszmianski & Wojdylo 2005). H] &, o}ZUjo} A7} HhHdH

HAH - e - LA - 071G -

Zol7] - gax RERE T DS B

= é_‘fﬂ%mﬂ/ﬂ Qz7Ech 5 FEHE o] U
g3t L= 10% A7FE AQslrs ﬁ‘éﬁt} =gy
1163%#% %%*01 Fadstes AS 4 5 AT T2 F

AAE w7 eAE e 3 ek R
3t Fe A7sHe Aol Eabaole} ke,

6. DPPH EH:I;’ 2HEHS

DPPH =t £A5& EAQEH 0] AA 9 A28 &2
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Kim 5 2012a).
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Fig. 4. Changes of DPPH radical scavenging activity during fermentation of makeolli with aronia. Control, makeolli
without aronia; 10% fresh, makeolli with 10% fresh aronia; 30% fresh, makeolli with 30% fresh aronia; 50% fresh, makeolli
with 50% fresh aronia; 10% crushed, makeolli with 10% crushed aronia; 30% Crushed, makeolli with 30% crushed aronia;

50% crushed, makeolli with 50% crushed aronia; 0, 2, 4, 6 day, fermentation period.
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Table 4. Sensory evaluation of the makeolli with aronia
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Sample Color Flavor Sweetness Sourness Bitterness Overall acceptance
Control 5.2t 4.6™ 3.4 42 4.0°¢ 4.0
10% fresh fruit 5.0%¢ 42° 3.4 42 5.0° 4.4°
30% fresh fruit 7.2 4.4® 3.4 42 5.4° 5.6"
50% fresh fruit 6.8 5.6™ 3.2° 4.6° 3.6™ 4.6
10% crushed fruit 3.2° 5.2% 4.0° 5.4° 4.8 52
30% crushed fruit 5.6 5.8 3.0° 4.8° 4.8 54
50% crushed fruit 5.4 6.0° 3.0° 3.8 3.2° 4.0

All values represent mean+S.D.

Y Means with different letters(*) within a column are significantly different(P<0.05).
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