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Fermentation Characteristics of Makgeolli Containing
Aronia (Aronia melanocarpa, Black chokeberry)

Mi-Jung Park, Hyeong-Kook Kim', Kyong-Kun Choi', Bon-Yeol Koo?, and Si-Kyung Lee*

Department of Bioresources and Food Science, Konkuk University
'Nonghyup Food Research Institute
*Department of Hotel Culinary & Catering Management, Chungwoon University

Abstract This study was conducted to investigate the quality characteristics of makgeolli containing aronia, (4ronia
melanocarpa (0-1.9%)). After an initial decrease in the range of pH from 4.93-5.04 to 3.43-3.61 over a period of 6 days,
it gradually increased until 14 days. As the fermentation proceeded, sugar contents and reducing sugar contents initially
increased in majority of the samples, and subsequently decreased after 2 days. Total acidity contents increased until 6 days
and then became higher as the content of aronia increased. Total acidity levels were within the range of 0.50-0.62%. After
14 days of fermentation, the alcohol contents ranged between 11.97 and 14.13%. Over the same time span, the amino acid
content increased from a range of 1.57-2.22 to 5.86-6.92%. The microbial cell count and yeast colony count increased over
the initial 4 days and then gradually decreased. Total polyphenol content and total flavonoid of aronia makgeolli were
significantly higher than those of the control group. Based on the sensory evaluation, makgeolli with 1.3% aronia

demonstrated the highest overall acceptance.
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W el LRSS AF AH|EH] 7S FA 7]
A AFOE WA Tt ARgAES 2t A o
g FAlo]l wolA AL lom o thet 7157} vhgst gl whet
g ksl AFEE S E L JTH).

FAEY NP eR wdEel [ H7PT SEEHUA 2
°](10), Z=(11), ®l(12), AFF13), F+A5 =42 (14), Svl=
(15), EFHE|(16), A7) 5= 7 =h7t A=A

53 ZawZ](black chokeberry)Zt &&= oFZUY oK Aronia
melanocarpay= ¥ ZH(rosaceae)oll &3h= WlE|Fo A Edm|=
= 5 oHETRAIGolA A ETh(18). olZU o= Hl=
2H(phenolic acids) Ze}H =0 T:(ﬂavonoids) 59 AEgd £4ol
FHE Ao (19) 52l Aluta) g Bt wjie] AR o)L
SRt e E N dado] UlFEHL Aot FHE7t
A FloA AE ofZuole] 75l Ae 2= diks)
&3, FF=FH0), FAZEICI), BA2E7 5B, 9
HEg723) 5ol Utk mebA & AFelA e alnitt ikl
F7¥ele of2Uole] AHE Fxlsta thddt AH 71se] o
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olgYolk= A7% FHolx 20133 8¥ol & AL 78t
o —20°ColM WE BAd F FU3} lo] ALt ans
3 aRINEATF A (Seoul, Korea)oll A F43ke] ARSI,
-2 235 (Busan, Korea)oll Al ol dle] AM8-81 T,

OfZL|of 9tdz| EE

B AT AREE 2HEEle 2 Lkgd AlASIY SAZE Bt &
o AR F, Al A 60k ¢ =715 AAT F P&l ¥
3L 100°COllA 402 &< SAEAL 107 F5 S92 F A

e

14 Aze Aowhe 2% F(25) 10L fElyel Aolgt
(1kg), F5(00g), X2 (7g9E HFH & AFQ5LE ¥l &
AT HoFo] xS AxsAh ok2Yol "I 0.3-1.9%
= Aolv(1kg), F5(200g), EE(7g), #Asg Aotz K10,
30, 50, 70 g), BTRSL)E Hol Az A ofZ o}
whAele] waE 25°ColA] 1497F wl%E7](Mir553, Sanyo, Osaka,
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pH, &=, &=

pH= pH U|E|(meter) (Model 520A, Orion Research Inc, Bos-
ton, MA, USA)E ©]&3ld SHsI9on. due 2HIEA Rx-
5000, Atago Co., Tokyo, Japan)2 o]&3te] =439, Atee
FAY] FHREA A BWAE WY 25eE SH5A o
&+ A8 10mLell 1% #=Z 22 (phenolphthaleinyx] A| 2+ 2-
3 "ol & (01N FAEFNaOH) &80 7 gElo]
veRd Wi7lx] AAste] AA AHEE S-S T AEFY &
2HS OB S (%) o E 43

L Y 2AdHe A& 100mLE FH3ke] 500
mL AEEaTe $71 Tl /74 10mLE 33 Lol AR
= °f 2 4E 500mL 7t
Zelazef X & GIFES SHSAUL SFHYel 70mL7t F
sl m | ~AAE FF°] 100
FA 250 2JsiA

opo|it BHE X

oAt 2] (glycine) a2 =AIA Y FFREAFA 25
wE} Fxsle], FAHS 4% AR 10mLel] Z2E 3 (formalin) &
A smLE 7tetd opEeAhE: {EAIRl - 01N FAsAE &
Ao Ag7t FEAol & w7kx] AHAsl AR 2HFE &
e Fofl A5 F9] ofrAbs FPAleE 3Gt

obH] .= 4K %)=(a(3 78 F)x<F(0.1 N 28k 94 7H)x0.0075%10

oA 158 B TH F A oA A
¥ ZH5 3mLE 2o UV-visible #3333 =A(Cary 300conc,
Varian Inc., Palo Alto, CA, USA)Z S3=E At 4

& ¥rH(glucose)s EFEEZ ARSI T

o+, g2+ &3

T, AT S4S 9Hg AEE #Ysl ol 1mLE
Bek Al Agel 107 20 wet ek 314 E A
E 1mL$} plate count agar (Difco Co., Detroit, MI, USA) 20
mLE FHEZ5 A (petri dish)oll #d3hA 2 E3H & 37°ColA
24-48717F S Mg & FHE AFelen, aRge
A 2~ E 249 (potato dextrose agar, Difco Co.) 20 mLE HE
A TLsHA S F 25°CoNA 120417 B9t wiest &
JIESFE AFsih
& EefEolE, & E2mE &2 5

% ZgHwol= ¢S Zhishen 5(27)3 Zou S(28)¢] MY
of wel =4sIAth A& 0.5mLel 574 2mLe 5% NaNO,
0.15mLE Z7Fsted 527k wk3A170th 10% NaOH 1 mLE H7F
atod 1827 ¥HSAIZ1S T IN NaOH I mLE 37 & UV-
visible spectrophotometer (Cary 300 Conc, Varian Inc., Palo
Alto, CA, USAYZ A&l 510 nmoll M S35 =43 &
FEd 2= 718 (catechin, Sigma-Aldrich Co., St. Louis, MO,
USA)S AHgalglon, & Zetnico|= ke mg 717 Bk
(equivalents, CE/%)S-Z YERY AT

% ZgHE g% 24L& 23 A LZHE(Folin-Ciocalteu)# (29)
of wet S48tk

Z, A8 0.1mLl| T7 84mLd 2N Z8 A eZE Ao
(Sigma-Aldrich, St. Louis, MO, USA) 0.5mLE Z7}3t2 20%
B} EH (Na,CO;) (Junsei Chemical Co., Kyoto, Japan) 1 mLE
7Fete] 2A17F WAIAIZ] F, UV-visible spectrophotometer (Varian
Inc)E ARE3tA 725 nmellA] 855 S48t XFEdEe
ZH:H(gallic acid) (Sigma-Aldrich, St. Louis, MO, USA)S ARE-3}
doH, F ZdE TFHS mg ZAFdH(gallic acid equivalent,

GAE/%)Z YE ST

A
FYPHFATLANN 2RI AT 209 APl UAE
A3} wAdge] #58 THQAE & S Ayl e
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Table 1. Chemical compositions of aronia (unit: %)
Sample Moisture Crude protein Crude fat Crude ash Carbohydrate
Aronia 84.43+0.08" 0.73£0.06 0.14+0.02 0.40+0.02 14.33+0.05

YMean valuestSD (#=3)

gl ST shant

BIRGEE A, A 2w, @, 53, AN J)5E .o

o el 78 71EHEN(1: 7P @k, 7 A2 FThow H7t o |

_ ‘ -8-0.3%

skt

—-0.8%

SA X2 a -1.3%
Zzke] Mgl Yste] 38 MEAYS Bael Qe A% 4

-1.9%

A87re] 1994 752 SPSS Version 18.0 package program
(SPSS Inc. Chicago, IL, USA)S o] &3te] ddufx] EAHEA
(one-way ANOVA) ¥ Duncan's®] t591737 (Duncan’s multiple
range test)S Fate] 2k AlEFLY] FOAE 5% (p<0.05)
o)A AFstArh.

EE TN
OfZ2L|ole] AUHMEFE

e AzA] Hrrer ofZyole] dWdE-S B Ade
Table 13 2t} Ao AMEg ofZYole] & 84.43%, 2
e 0.73%, ZA 0.14%, 315 0.40%, 3RS 14.33%% U
ERtTH

Tsuneo} Akira(18)= ol2Uole] URHIES £A3 A3 &
B 84.36%, T 0.70%, XA 0.14%, FJ& 0.44%, S3=
1437%C19 kAL 3t o] E AdAze} zpolrt A4 s
& AATh

pH, €, &=

olZuole] AVt w=E gt vy €8 W8 5 pHE 2
A Ao R F 149 B9t S 3= Fig 13 2 e
2 g3 3 thx2olM = pHE 5.04, o}2U o} 03% 742l
AE 502, oF2Uo} 0.8% 7Rl = 4.95, o}2Uo} 1.3% A
TREAM = 4.93, ol2Uo} 1.9% H7REAAE 5.0002 4.93-5.04
o B¥EZ HTH

g 2940l R pH7F 3.67, okEUo} 03% HA7kEdl
AE 3.67, oF2Y o} 0.8% H7FEoAlA 349, ok2Yol 13% H7f
oA 344, oF2Uo} 1.9% H7FEAA 3.660.82 FA3] ol
th. ole w@a 2Y Fof| AAE 4T o] F43] FUHEs] &
B Ago] A A AV de AL AZ4HET Kim 5
(30)2 Az Az T Ag 2do) pH7F ZAasRTE e
ol HE T AANEE oS fr1stel oe Aolgtar st

g cdAollE thRFAA 361, okEUo} 03% F7HrolAE
3.54, o210} 0.8% H7lEolAE 343, olZYo} 13% A7
A& 3.52, ol2Uo} 1.9% H7FEAE 3.58S UglWoH, =
E A 28 6dA7IA HasitE wE 8dAlols dlxT
ol A 3.65, ok=ZUo} 0.3% H7kEdA = 3.71, ok2Uo} 0.8% F
JHE e 349, of2Yol 13% I 7HEAME 3.55, olZ o}
1.9% A7ktelA = 3.710] S50 Frlete 43S B

Lee(1)¢} Kim¥} Yi3l)e 2z 2asd F< pH ¥slo
Ozl L& x7] §435] ZAAsAryE davE 28 Em gnkelA
Z7FAL Bt B ArAe) sk 2E 10dUA7E

o
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Fig. 1. Changes in pH of makgeolli containing 0, 0.3, 0.8, 1.3 and
1.9% of aronia during fermentation period.
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Fig. 2. Changes in sugar contents of makgeolli containing 0, 0.3,
0.8, 1.3 and 1.9% of aronia during fermentation period.

T 0E 14974 SRl AL 4% o] pHE JERI
I HE pHE 349-3.749] 7S UERjRich

% pHe tlZol vis) o2 Yo} dul ¥yt e feo
] 20)(p<0.05)= YERA] 2Skth. Choi 5(32) vy} dujs
718k wbdele] HEEAAME HF pHE tixZol vls)] H|3t
drll H7Hg w2 {94 Aole YehA getia BaEks)
=d £ drdaet AR

olZ2Uole] FEE ] Hriste] wast vzl 2g
% Bx9 Wsl= Fig 29 2t A E 95 AT gz
FEE 131°Bx, oF2UYo} 0.3, 0.8, 1.3 2 1.9% IH7kolA
134, 140, 1.93 2 275°Bxith. 5 A5 FrE thzxeol v
3] ofZujo} HrrA ESkow, Myt wlet fejHos &
7Vttt Jeond Lee(16y> EFWZE 7S 2Hde] o] A|xof
A B E Hrie Bl gert 29kon, ol EFHE
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Fig. 3. Changes in acidity of makgeolli containing 0, 0.3, 0.8, 1.3
and 1.9% of aronia during fermentation period.

Aol G/t F43] F7tete] ZRAME 7.96°Bx, oF=ZL o}
03, 08, 1.3 ¥ 1.9% #H7ktelA 22t 823, 831, 831 ¥ 853
°BxZ UEPHL, olZUo} 1.9% A7RzolM 713 28 g8 1w
Atk Kim (332 A= A7l og g5 dae ek Aol
A xR FEES FMESFE gz vlE) 9Rrt soldtial
3o, ojet 7ol ¥ 2Ye PErt Uk A whd
YEQ o] HEo] FF o) E3l=e] F43] Sk AL
2 A7t =3 Choi 5(34)# Park 5(35)2 ¥d %7] 9=
7t 7kt a ] FEHe gASRU sl 2 A3Est
oF fAFSHA T

ool AflolA ' 2d o]F UxaF EE AlFLlA &
Agle] Gt AAE] Aastgon, HE UE 149Adl= g
TOIHE 6.95Bx, oF2Uol 03, 0.8, 1.3 2 1.9% H7ktollM 2+
7} 721, 723, 736 2 7.39°BxE YERN ST

wart s gsE AHAA iz ok2Y ol Hrkte]
e S8 A3 o 2ol(p<0.055 EiTh

Park?} Lee 36y B WE T YsU Iudo] g3} ofdl
go]2e] ZHgoz Qlte] PRoZ HalHH FAld HAES
Qo BErAR o] gHRRE B U)o Jgrrt gast
b By ol B Aot dAsTh

olZYols Hriete] Alxg wde]e] wE F ke &% 2
= Fig. 33 2}

o)) g7 FFY Aves BE AYTOM 0.12-0.18%E
Uelton, NF3E 210 (p<0.05)= UATE TE 2
drjoll= F43] Aestdon wa 6daols Aer) gzl
AE 0.62%, oFZYo}l 03, 0.8, 1.3 2 1.9% H7ktolM 2k
0.63, 0.66, 0.68 & 0.73%2 YERHOH, o2 o}o] Hrlgo] &
71stel wEl Ab=rh =kt

olde]l AgolA wHde e wE F e IR
olF XMA3] Frtele A EAh ol#st |l tig
Z Yi B 950 &FE opv=ejd &7t pHO SRS o
LS B wEolgl BHYsgon, ol H Ay
o} AXEAT TS Lee (1) E g T A= ¥
HAES] g0z AFHE {75kl o) Aberk FUkE Al
B3N Lee 5372 T3 FEES IS = AxA
A7)~ Hr7pE Be4E Y g Evhe 29} Lee 5
(G8)= AitEte] Hrbo] Frighel wel FAke] kol FUke
o st B Aol x|kt dE 8UAol= tRt
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Fig. 4. Changes in alcohol contents of makgeolli containing 0, 0.3,
0.8, 1.3 and 1.9% of aronia during fermentation period.

ME 0.56%, oFEUo}l 03, 0.8, 1.3 2 1.9 % JA7K- 42 0.60,
0.65, 0.66 2 0.72%5 YERNSIT. ol & 6dA|S] Aol H]
& i Thshe Al HE 2E 14Y00e dRTolM e
0.50%, oF=Z4o} 03, 08, 1.3 % 1.9% 7+ Z+2F 0.53, 0.56,
057 2 0.62%=, 27} 0.50-0.62%) EIXE Jepliglon,
olZYo} HrhtolA] tha okt ool AjelA wde] Az
T FAwe] Wsle W AR Uk AdES Roltt
SUAIRE] HF LR 14U7EA] AA8] ZHAshr] A1AFsETE Han
5369 f7lbe] &3s 53 st o 2Ee) 2 Fn]
A 5ol o]l gERRE Iy AL 74 AoE HIFge

W, & A7AFIE AR RS ehidn Skl Wst
£ oele) AEwsE 44 ¢ 5 A 2919 B ope} &
T2 A el B om AYHRR vhdee] wE Y
FEE & F YE g ARRe] Hn, =9 ] F4
Fdge wE wE A% T wdYe] aEds 29w ¢ 5
P INEX-E-T = ()
gag

&3

=43 Axe Fig 49 2ok 2 E 9 A% ZE AEE
N 0%E VEREO™, o]& Yang? Eun(40)d] 727 94X
sTh HE 2¥AdE tRae] YFE T 7.0%, okZ4 o}k
03, 08, 1.3 ¥ 1.9% H7ltodlM+= zhz 833, 867, 933 H
1033%% UeRlo] §43] S7lstor, ok2vote] H7Fsert
Z713tel wet 2L ko] =9hth o]= Lee9}t Lee(dl), Park
5(42) T3l Lee 5(43) AT T &E 29 T} 3
o] shapo] FSEHA Fre] &IE Aurgo] s dof
W Aty Busion, ol B AFAziel dx|sict
F 2% O|FHE RE AN BEad v Sl mE
A (p<0.05)2.2 F7telt) 2F TR 148A e iRl
o] ¢FE FFE 11.97%, oF=4o} 03, 0.8, 13 ¥ 1.9% H7}t
ZolME 27t 13.03, 13.07, 13.90 2 14.13%S JeRSoH, o}
2o} ggo] ZUIEFE dFE FHE FoFoz EA e
gt e Ak e Hobel ot gais Rk
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Fig. 5. Changes in amino acid contents of makgeolli containing 0,
0.3, 0.8, 1.3 and 1.9% of aronia during fermentation period.

o] O& olfE ofZYoldl| FFEol U= Folu FIkt 5

2 o8 nAE HEsl 43S BA ol 2XHW dgEe
2 AZET Lee 5@3)e IAHNE F718E s Azl
B 2UNEH &g AAo] ST Ste] B ArAne) 2
259tk B3 Song S(44)S WA x9) V| ELB ] HES
gg)ale] Az g 4L Ao BE Aol wdzs)
e wHdele] A9 AR ez Rl e dol ¢EE B
To 3EHor Agd) dFE o] YT IR, Kim
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< B3
I Kim 546 TIEHE o83 A% 7&F9 Afolr 1
S5 Hre A4S WrleiAl g nEgFHT 43e AT
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Botky dhel ol= B d7Ase} UX3HA

l

obO| =k

olZYols st A|Zxg uhdele] wE F ohuxit FE
A e =43 A= Fig 59 2tk 98 E 9F 23 o)
ZTME 1.57%, ok=Uo} 03, 0.8, 1.3 2 1.9% H7kol z+
7 1.82, 1.79, 181 ¥ 232%E yehfjo] 24l o] 1.57-
232%2] BEE Jehrfdth ol HA7IRF 989 B3 gy
Soll ofgk ZoF HITh47). L& 29A0lE ofZ Lo} o
wg} opw|izAke] o] {94 (p<0.05)02 F7HES Hol iz
FAAME 2.79%, oFEUo}l 03, 0.8, 1.3 2 1.9% HA7krollME 7+
7+ 3.02, 3.57, 297 ¥ 3.05%% YJERATE Kim3 YiRey= 3
Rz Frtel W g4y AzeA LEr|te] APPLE o}
vt o] feojHom Frbstnial Bt B AFAd)
o} AX|IGth HEEE 14l = dZ2TodA 5.87%, oF=Y
o} 03, 0.8, 1.3 2 1.9% A7krolHe 22t 6.85, 6.23, 586 2
6.92%E YERIATE o9 22 A= 75 FTHRE s
e B wE 3y F EUe FEEAY fARE 295 B
AAFN 01 (39), Tl HIs|A] olZ o} Hrite] ofu|xAt &
o] =Y ofZYo}l drmje] wlAy FEo] iy F n
AEo] AFo] wol mAE )] AitEe e AT
# &4 (acid protease)e} HEO| =7 S A (peptidase) 5] &
22§07 ofmiedte] AAdE ] whde]e] 7hEgt g oAt
Fol Y + 202 AZHE Yang 5(48)y A=A
A7rete] Azg wdE] AFA = 2Tl vl A2

o B
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Fig. 6. Changes in reducing sugar contents of makgeolli containing
0, 0.3, 0.8, 1.3 and 1.9% of aronia during fermentation period.
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ol Y] SIS 133%, oF=Uo} 03, 0.8, 1.3 2 1.9% H
TR Z2F 1.12%, 1.26%, 1.27%, 1.31%= JeERIA.om A]
FEZ {94 20]E<0.05)7F UATE FE 2UA = R
oM E 4.06%, ok=Uel 03, 08, 1.3 L 1.9% H7olMe 7
7} 4.19, 424, 475 2 501%S YERISITE Kim 550> @&
z27] B FFFo] Sk A2 GRd 93¢ ¥ TdEAHHT)
ko] gl glol g o] EUS AoE HIFNOH, Lee
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o] S45 &de] sh= A WEoE AZETkS]). 2R 4

o] Ftasl= Aol UElgoH, HE dE 14Y
Aole gz E 1.67%, oFZYol 03, 0.8, 1.3 2 1.9% #
Tl Zb2E 178, 1.85, 1,90 2 1.97%2 YERAQITh o=
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Lee(16)= 75l oJgt A& st =0l ogh Fo] An|7t
wol ed=]o] F o] AMAT
BIEdth €5 4 T 399 24
o] A3 WA BAE A, 53] BEaAY FolA T A
At dIE&R AZlo] BT o]FoR7] wiFol| AT
7o} vigsle] 438 FEE S71eh34).
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Table 2. Changes of microbial cell counts (CFU/mL) in makgeolli containing 0, 0.3, 0.8, 1.3 and 1.9% of aronia during fermentation

period
D Aronia (%)
E)
Y 0 (CFU/mL) 0.3 (CFU/mL) 0.8 (CFU/mL) 1.3 (CFU/mL) 1.9 (CFU/mL)

0 8.9x10* 9.0x10* 7.2x10* 8.1x10* 1.0x10°
2 1.2x10% 1.5x10° 1.5x10° 1.5x10° 1.7x10°
4 2.3x10" 2.0x10" 1.5%10" 2.0x10" 1.9x10"
6 1.3x10'° 1.5%10'"° 1.9x10'° 2.3%10" 2.8x10'"°
8 6.2x10° 8.5x10° 8.0x108 3.2x10° 3.9x10°
10 6.2x108 8.7x108 5.2x10% 6.3x10° 7.4x108
12 1.6x10° 1.2x10° 6.5x107 9.2x10’ 1.5x10°
14 4.7x107 1.2x107 5.3x10° 8.6x107 1.2x108

Table 3. Changes of yeast colony counts (CFU/mL) in makgeolli containing 0, 0.3, 0.8, 1.3 and 1.9% of aronia during fermentation

period
D Aronia (%)
a
Y 0 (CFU/mL) 0.3 (CFU/mL) 0.8 (CFU/mL) 1.3 (CFU/mL) 1.9 (CFU/mL)
0 4.8x10* 7.6x10* 8.2x10* 8.2x10* 8.7x10*
2 1.3x10° 3.4x10° 5.6x10° 3.2x10° 3.6x10°
4 1.8x10'" 1.0x10" 7.3x10° 6.6x10° 6.0x10°
6 5.5x108 2.0x10° 2.1x10° 2.0x10% 1.8x10°
8 5.9x108 1.9x10° 2.0x10° 1.3x10° 1.1x10°
10 5.4x108 1.1x10° 2.0x10° 1.0x10° 9.8x10%
12 6.7x107 1.3x10% 1.6x10% 1.3x10% 1.4x10%
14 3.4%107 8.5%x107 6.4x107 7.8x107 9.4x107
& o, g2 Zt A7 594 (p<0.05) Zol7t AATh HE 4dA o R

olZ2Uo} H7ige galste] Axs whdele] waad T F
o] Wsts 243 A3 Table 29F 7th

$A8E @7 AT gzl 8.9x10° CFUML, oF=ZYo}
03, 08, 13 2 19% H7FlAE zkz 9.0x10Y, 7.2x10°,
8.1x10* & 1.0x10° CFU/mLE o}2Uo} 1.9% M7kl 78 =
A It 2E 4d4ollE 2 E 2.3x10" CFU/ML, °}&
Yol 03, 08, 13 2 19% A7l = 2.0x10", 1.5x10",
2.0x10" 2 1.9x10" CFU/mML YeRtow, thzollA 73 =4
UERTE ol okZYol Gul A7t whdele] Fa4e] Hal
2 9EL vHA E2S & F Ak Choi 5(32)2] HTt &
Wi E A7Ee 2] AlxoME 2N 7MY =2 FAE
Rom, ol B ArAzet AR HE 6Y o] FHE
E A@TAN F a5 A7t YERETE Jeondt Lee(16)=
& Fgol 10% ooz Eolddl wel HiAlge] AP
olgt ZAow Bt 2E sYAdE thERTAME 62x10°
CFU/mL, oF24o}l 03, 08, 13 2 1.9% H7l2ole= 2tz
8.5x10°, 8.0x10%, 3.2x10° ¥ 3.9x10° CFUmMLE Yebson 74
e A2 Btk Leedt Jeon(16) WHE7F B9t & 749
Wl BE A AR AR JEgen, tixatd &
FHEE et Al FEs 2ol Holx] eigktiar St

g 4Rl dZzTolME 47107 CFU/MmL, k24l 0.3,
0.8, 13 & 1.9% H7krollXE 742+ 1.2x107, 53x10°, 8.6x107 2
1.2x10° CFU/MLE }ebTH,

olZuols sty Azt Bldele] wtE T ax4e] g
& 243 A3= Table 33 Zoh RS ©E A ol
e %7} 4.8x10* CFUML, o4} 03, 0.8, 1.3 2 1.9% 3
7ol ME ZH2E 7.6%10% 82x10% 82x10°% 8.7x10* CFU/MLE

B el

o4 1.8x10" CFU/mML ot=4o} 03, 0.8, 1.3 % 1.9 % A7kt
M= ZFzF 1.0x10", 7.3x10°, 6.6x10° L 6.0x10° CFU/mLE 1}
Eior gzl 7P =4 UERTh Lee S(1)2 3 A
B2 Y] AzFe aE4e Wl A AFelA 3
ARE G529 7t FHM SIS oy B At
Me IE 44 oo BRSO FUt FUIETE BE 6dA =
offyol 7kl FrksizE 21 ol gashs Ade W
Eiigleon, HE 2a 14UM e 2zl 34x107 CFU/
mL, o}EZ4Yo} 03, 0.8, 13 E 1.9% F7lFoAE 8.5x10,
6.4x107, 7.8x10" 2 9.4x107 CFU/mLZ YEPgdtl Kim S(10y
Qo012 A3 YAy AFME Bar)7 B9t 243 au
o] F7PF AN oY 67k HE Foll= BE AIFTA
zlelE §le AoZ yepdth X3 Kim 5(52)2 2719 o]
|3t Suls el Az 4o A AFINE ERFIH
2 A5RE dE 3dAld 3435 SR 2Asita st

of ¥ APsh fARE TS ehiL,

& EdlEL0lE, & E2HE

olEUols Hrlate] Az Bl WE F T FohE 0
zo] HalE 243 A= Table 49+ 7t HdE)E &5 A5
gzl e 1649 mg CE%, oF2Uol 03, 08, 1.3 2 1.9%
A7FolA ZzF 22,06, 22.09, 2291 2 31.41 mg CE%S e
USdT). olde] Ad@eA ofZuol Hrhegel whebA o3 2ol
(p<0.05)7F ATt LE 294 tiEolME 6241 mg CE/%, ©F
ZUo}l 03, 08, 1.3 2 1.9% H7ErAE ZH2F 6525, 65.72,
6635 2 69.86 mg CE/%°]3Ath ©]& Lee T@3) ZdH|Z=
A7rete] Az 2] FHEEARC B AFME RE A
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Table 4. Total flavonoid contents of makgeolli containing 0, 0.3, 0.8, 1.3 and 1.9% of aronia during fermentation period
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D Aronia (%)
> 0 0.3 0.8 13 19
0 16.49+0.08"°") 22.06+0.00<" 22.09+0.01¢* 22.91£0.05%" 31.41£0.014"
2 62.41+1.12¢¢ 65.25:+0.06 65.72+0.03% 66.35:+0.08" 69.86+0.07"¢
4 67.10£0.18% 70.85+0.065" 72.35+4.88A8C¢ 76.06+0.0745" 77.52+0.177
6 68.86+0.08™ 76.65+0.09% 76.77+0.02¢ 77.76+0.16% 81.34+0.08
8 72.18+0.14% 77.82+0.16™ 78.80+0.01¢ 80.40:£0.08 82.89+0.07A4
10 75.34+0.235 80.49+0.10™ 81.58+0.08™ 82.25+0.21% 85.21+0.224¢
12 79.43£0.09® 84.09+0.26° 85.83+0.07% 86.06:+0.25% 88.73+0.14%°
14 89.38+0.11P* 91.40+0.19% 92 .41+0.13% 95.10:£0.15" 95.21+0.11%

YValues are mean£standard deviations of triplicate determination.
YMeans with different superscripts in the same row (A-E) and column (a-h) are significantly different by Ducans multiple range test at p<0.05.

Table 5. Total polyphenol contents of makgeolli containing 0, 0.3, 0.8, 1.3 and 1.9% of aronia during fermentation period

Aronia (%)
Day
0 0.3 0.8 1.3 1.9
0 49.510.07"° 54.32+0.05¢¢ 57.14+0.07%" 69.22+0.07A 69.30£0.10%¢
2 131.59+0.47% 142.69+0.12° 145.24+0.17¢¢ 149.66+1.93% 160.23+0.57AF
4 143.05+0.28 149.69+0.24 153.57+0.13%f 153.90+0.17 163.85+0.04*¢
6 150.18+0.15% 154.66+0.41" 157.96+0.15 160.75+0.755¢ 166.37+0.074¢
8 153.29+0.18 159.99+0.17% 159.91+0.26% 162.36+0.195 167.660.327¢
10 154.15+0.09% 160.84+0.23"° 163.41£0.17¢ 165.77+0.14% 168.93+0.134°
12 156.83+0.08" 162.81£0.30% 167.55+0.33%° 167.32+0.16% 170.25+0.18"
14 157.32+0.04"* 162.87+0.25% 168.53+0.28" 170.71+0.324 170.76£0.29**

YValues are meansstandard deviations of triplicate determination
IMeans with different superscripts in the same row (A-E) and column (a-h) are significantly different by Ducans multiple range test at p<0.05.

Aol ZefH o]

= gago

| oo Zrksink sl
AT fAE APl AFUE YA thErlHE

(54y= oF2UYolol| =l = Z-]EIEF+= neochlorogenic acid,
chlorogenic acid, quercetin-3-rutinoside,

quercetin,

cyanidin-3-

89.38 mg CE/%, ok2Uo} 03, 0.8, 1.3 2 1.9% H7kelMe 2zt
Z} 9140, 92.41, 95.10 2 9521 mg CE/%ZS YERi9en of=
Yol 1.9% F7keell 7P A ugken, BE gt e A
Grelln SEhRieolE ggo] {24 (p<0.05)02 Skt
ol Lee 543y g Iy B vAE 2o o HalibE
o o3 Azt Raugon, Ar7HE o83 Suks w4
z9t 4 A A7(2)% AHet dX STt Chen F(51)
2 B& ke e Az AFolx 2 At St uket
Z7tehe A Bon, ol B ArAztel fAlSIATh
olZUols Hrisle] Azt wHdee] Ha F & Egds &
2] H3lE =243 A= Table 59 2t} 44gE @2 4%
izl F ZedEdao] 49.51 mg GAE %, oF=Yol 0.3,
0.8, 1.3 B 1.9% H7lollA ZHz} 5432, 57.14, 69.22 H 69.30
mg GAE/%S el whg 294 thzZolME 131.59 mg
GAEM, otZ4Yol 03, 08, 1.3 ¥ 1.9% Izl es 44
142.69, 14524, 149.66 2 160.23 mg GAE/%S Uehfglon &
H 2UAINE AA3E] SUtstElen, o2 Yol dwl Hutel ulel
3 (p<0.05)C2 F71319 k. Bae 5(53)& 494 EnjE o)
43 2hde] AellA A1 gvl HrlEke] S-S Zaly
= ol IIBIATAL Basiglon ol B AFAdet fA}
sttt AEea 1494 ix2TAME 157.32 mg GAE%, ©F=
Yol 03, 0.8, 13 2 1.9% Arkrolx= 22+ 162.87, 168.53,
170.71 ¥ 170.76 mg GAE/%E YeEMITE Z)Ee] st
AE 77 Wt {017 (p<0.05)02 F7151 oM, Hwang#) Lee

2

galactoside, cyanidin-3-glucoside, cyanidin-3-arabinosie, cyanidin-3-
xyloside 52 SFEAfoJopd gkl ]k Zojgpal B3It}
Lee 5550 97 €5 F==5 <183 =zl FAEA
A3 AT B EF FEE H/HE wEl, 2E 7|7 o
2t & YsisdEe] S7keiv Rasled o & dF
At FArE 7432 vehiich

HsAAL

ol2uol ErlE H7bsto Alxg vzl A Age
Table 63 7t} Warh 5¥ A IE 140 AT E A,
ok, Algh 28k 3 Hdi] a8 ARkl 713 sk
AR e Mg olZUol 7% H7kEelAM 7P =
Al vgkor, ol= thETo oA &) (p<0.05)7F AN o=
Yol Hrlgke] Z71ad4E AFwrt 9t @ke ofzyo}
13% A7 =24 Uk, Aluke ofg Yol 1.9% 37k
Al E=A Uskem 28k of2Uo} 1.9% H7kEolA B8] EA
Uttt ol ofZYol dnfjollA fEiEe Aoe= Aztdrt.
L& gxzFoA =4 Uk, ol2Uol 0.8%2} oFEUol 1.9% A
74olA e E 2ol (p<0.05)7F URNLH, 4.80-4.93%F ThET
Hoh @A Jepstth 53] SEie ok2Uol 1.3% H7EolA
A vgkon, AukARl 7| oM ofZ Lo}l 1.3% A7k
A=A Ut WA ol2Yol 1.3% 7k Aol AT
2 gd=oh

JeonZ} Lee(16)y= SFHIEIE H7IgH 24 AFelx EFH)
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Table 6. Sensory evaluation of makgeolli with different levels of aronia

AN EASEA A 48 A A 15 (2016)

Aronia Sensory evaluation
(%) Color Sweetness Sourness Bitterness Flavor Texture Overall preference
0 3.17+0.65"2 3.03£1.17° 4.40+0.83¢ 5.67+0.82° 6.93+0.70" 5.60+0.83" 4.80+0.68°
0.3 3.57+0.56° 4.50£1.21° 4.47+0.74° 5.60+0.83° 6.27+£0.80™ 6.80+0.86" 5.33+0.62
0.8 5.23£1.02° 4.93+1.03° 5.73+0.80° 5.73+0.70° 4.80+0.68° 5.60+0.51° 5.000.85™
1.3 6.37£1.01° 6.20+1.21° 5.67+0.82° 6.60+0.83" 6,.13£0.83° 7.13+0.83° 6.60+0.91°
1.9 7.00+1.31° 5.000.85° 6.73+1.28" 7.33+0.82° 4.93+0.59° 5.200.86" 5.67+0.82°

YValues are meantstandard deviations of triplicate determination

eDifferent superscripts in a column are significantly different (p<0.05).

2 10% olste] A7} TsAAAtlA
Yo, Kim# Eun(13)e 415%
FAME T2 13% JA7HElA 7P
BIstH) of2 ol Al tekst 7154

2ho] a5 AEE Apde] FEER sojual Sle

o] vhgstet AEF ARl vt ke d Aom Azt

e oF

olZYo}l H71ES 03, 08, 1.3 E 1.9%= A=x3F e
E F ol3tehy EAY #54 548 ZARIATH pHe #R
4 T BE AdA] Faste] HE 6do A3 oA+
FE Hon, HFE pHE 3493740 YEv B2 F 50|

131-2.75°Bx= thx77F 7P w@okom, of2yol H7Ho]
Tt Eokt) BE 294 7.96-8.530 2 HzkS JERAA
3, 2 o|$RE FHF SEU7A AMAE AAse AES YE
Wtk 2les @ A5 @ 647K 343] Sk o
ol BlE|A olRUolE 7Kgl wiet AAwrt SUIE AL
AT 14900 0.50-0.62%Z UERTE ¢FE e HE 0

2= =4

olN i ox

& 149714 @wbs] Z71ek A, 11.97-14.138 B2 JeERid
o gjzol Hlste] olZuo} Hrktolr U FaFo] =9k

ok oblieakl wHdElE da AFole 1.57-222%04 HEw
& 14991 586-6.92%% UEREOH okzUol 1.9% 7kl
A 7P A el Sl DE 29 S8 4
4 FrE gaEen, AFTUIA 1.67-1.97%2 HERSL
oh Fatroh ARSE BE AETUE BE 494 HAdighs e
UL ol §43] gasislth. & Felledds & S
ojE FEE wE AFNEH AT YA S, of=

Yol 7o) Z71erE ZUtsiith. @A Hrra o)A
Ao olgl o} 1.9% 7oA, ©Eke olZ U o}l 13% 7t

oA, Almat 5ke olzuo} 19% A7kzold EA vsken,
BEAE Hol7ke A FA /5= okEuo} 13%
A7kl 7Hg sl e, ofzuiel wzlels] A 4
£3} Fedo] e Aoz FABU.
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