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Stability of Anthocyanin Pigment in Aronia Makgeolli
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Abstract

This study was conducted to investigate the effects of koji on the stability of anthocyanin pigments in aronia mak-
geolli. Adding a 12% amount of aronia was determined due to its feasible alcohol fermentation and color discrim-
ination. Redness and total anthocyanin contents of sul-dut decreased with the fermentation period. In the nuruk
group, adjustment of initial pH to 3.0, 3.5, and 4.5 resulted in higher redness and anthocyanin contents than non-
pH adjustment at the initial fermentation period, whereas no significant differences in redness and anthocyanin con-
tents were found between the two groups at the termination of fermentation. The ipguk group showed higher sta-
bility of pigments than the nuruk groups. The residual cyanidin-3-O-arabinoside of the ipkuk group was determined
to be more than three times that of the nuruk groups. Furthermore, cyanidin-3-O-xyloside was only detected in the
ipkuk group at the termination of fermentation. Therefore, it was thought that ipguk was a more suitable leavening
agent than nuruk for the maintenance of anthocyanin stability on brewing of aronia makgeolli.
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2 dHA Ah(Lee et al., 1987; Woo et al., 2010).

£ Z3u 2] (black chokeberry)ZtZ Ei]& olZUo}
(Aroniamelanocarpa)= 731 Hroaceae)ll 4:3F= W2 F2]
A9z g2 wgf{ AERT vy 2E 728 gke
o] tEAlOII S i3t UM (Jeppsson & Johansson,
2000; Tsuneo & Akira, 2001), cyanidin®] 3]
cyanidin-3-glucoside, cyanidin-3-xyloside, cyanidin-3-
galactoside, cyanidin-3-arabinoside &2 A ¥ o] 2th(Lidija
al., 2012). & StEAJold 2] anti-inflammatory
activities (Vlaskovska et al., 1990), redox potentials(Gabor,
1988), activity(Drenska 1989),

antioxidative activity(Costation et al., 1992) 52 A &34
o] A HA colorant T oY} 75 EEZA
A o] FolA L 9th(garashi et al., 1989; Meunier et
al., 1989; Hirotoshi & Atsushi, 1994). =8, M g4ts)
A2ZA HE 23 A= B8 FENL a3t o,
A, DAL, FAIE B REte] o, PP E R, FA 9 F
HguhH A Fo Aoz sk Al A sHE JHdsk=
T7F FHouts Ao] g A ohKim et al., 2006).
H A0 fal o] A7 EHA QFEAJod I} 7+
2 AA AR ERE oA = A& 40 Fao] 7z
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I AT Aol AFE sy Al Dol 2 etEAJobd
A2 Fhero] 7HAEE B v ]
o o]&sl7lole B Ak Itk wEb B
ANME 7154 A1) ofR L o}E o] &5te] AL 7154
Fo7A ol2Uo} HAYE e sluAt A Z Y}
NFF2L AMEslY BE AL gaste] 4] &8
WEE 53 ol2ljo} otEAJobS] oFPAS AT
AE A 24L& 24 .

Mz 3
AEME

2 Aol AREEE Win)= 7% A AT Al F
H SR mfEOA Fuljgl =4t QP rE RS AMESl S
™, ofRUol= ZAE G2 o2 o} AulsgelA 5
St A& et ARSI BaAlE A=A AlAl
s} AbF Ol A ze Y=} S a o)A FHe T
£ X838, S5+ La Parisienne(Brown yeast,
Vision corporation, Seoul, Korea)2 A}-&-3}1t}.

A
e

[u]

Y R R EN

WA o] Tsbe(SP) TRl E(SAP)yS AEFH T
Z(KFAC, 2013)°] weh #4383t Aee S48 F7/
AT (NTS, 2010)9 w2} Akl oH, waAe] &
FFE Ao 8 =47] (Model MX-50, AND, Tokyo,
Japan)E ©]-&3te] 75kt

T
™

B S

kol
Tt

ke =R B
wul= Alu] & 2A7F 9 = IA AL 308 T
E w7l 100°Col A 171(MODEL-1, Bluebrewlab,
Seongnam, Korea)E ©]-83tc] 2A17F 53t Sr|3taL A
oANA WzFgk thy gz o] &3ttt ofR Lol B Y]
(SY-3500, Samyang Electronics, Gimpo, Korea)S ©]-& &}
of gk ¥ ey =9 @= Al FUeah e '
= 27L& Table 13} oW, &5 &A= Fig. 13 Z2th
daAe] wet B WA 2|7t Adedl d=S AR
Hole FE @3S sto] A7 3E & 19 g9E5e 4
ettt M5 ARSSE BHde] &4 B3 A BAR
1 & &3 Al ZXKLactic acid 85-92%, Samchun Chemical,
Pyeongtaek, Koreays ©]-&-3te] pHE &5ttt

ol\ offt

i

Az e] &g 7|7 T ¢EE g AAH FHREA
TFA(NTS, 2010)0 w2k A& 100 mLS w24 ol F
a3l 15mLe] EE 23] A& AL FHA 500mL =2t
239 &7 & Wzrlel Adste] SRAIN F SHA
80 mLE W=A A 348 v 100 mL7HA] S/
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Table 1. Ingredients of makgeolli sul-dut.

(Unit: g)
Step Sample materials N-5" N-12? N-20¥ -5 1-12¥ 1-20°
Toguk T - - 264 264 264
Seed Yeast S .- 1125 1125 1125
mash
Water - - - 396 396 396
Nuruk 234 234 234 - - -
Inguk - - - 1086 1086 1086
1st Yeast 11.25 11.25 11.25 - - -
Water 2250 2250 2250 1854 1854 1854
Rice 1500 1500 1500 150 150 150
Nuruk 46.8 46.8 46.8 - - -
nd Water 4500 4500 4500 4500 4500 4500
Rice 3000 3000 3000 3000 3000 3000
Aronia 225 540 900 225 540 900

D'N-5: Nuruk, aronia 5%

2 N-12: Nuruk, aronia 12%
3 N-20: Nuruk, aronia 20%
Y 1-5: Ipguk, aronia 5%

) 1-12:Ipguk, aronia 12%

8 1-20:Ipguk, aronia 20%

1%t mash
4
Seed mash
4
Seed mash s Additor
| Mixing Rim: E;uk water
Rice .
N
' 2 mash
5 Addit
”""‘.‘P .{cg;.lr;nwm. watar ,L
— v — 1* mash
Al A ' 1
T Additon
NT" Rice.:ma& water
Fermentation (5).
(A)
1%t mash 27 mash
— "
Seed mash 1 mash
: Additon 1 . Additon
ll o I}
“’f‘ Rice, joguk water “’?‘9 Rice, Aronia, water
Fermentation (25T) Farmentation (25C)

(B)

Fig. 1. Schematic diagram of makgeolli sul-dut fermentation;
(A) Ipguk method, (B) Nuruk method.

A8 & density meter(DMA 35 portable density meter,
Anton Paar, Wundschuh, Austria-Europe)E ©]-8-3}4 20°C
NA SA sk

MY A= 2 pH
A Ao A FHREAFHNTS, 2010)90 ot
I0mLe] AEE 3o BTB & NR EggAA|eF
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(Bromothymol Blue 0.2g, Neutral Red 0.1 g, 95% ethyl
alcohol 300 mL)& 2-3%-2 Hoj=d ths 0.1 N NaOHZ
%3 499 F 2002 Fsled TAST pHE pH
meter(HI2215-02, HANNA Instruments, Woonsocket, RI,
USA)ZE =33} th

H

rlob
[¢]]
u

FT B

A 5e] 3 g2 Dinitrosalicylic acid(DNS)H (Chae et
1, 2008)°] w2} #3F = (Genesys 10-S, Thermo Fisher
Scientific Inc. Waltham, MA, USA)E ©]-&3}o] A 31%2
M BFETS XEFO R st} FdFo R ALtEgit

I

o g

=
AEE AR 7IE o]&3te] 4,500 rpmoll A 15387F A
T o AedS FHaho syrmge filter(Nylon,

045 um 13 mm)E ©|&3t o33t T T A(HI 96811
Wine refractometer, HANNA Instruments, Woonsocket, RI,

USA)E o|-&3ate] 733kt

k=2 2314 4,500 rppmo A 1587F
A S o S FHste] Adol ol&adirt A=
= A X}A|(CR-400, Konica Minolta, Osaka, Japan)E ©|-&
st WE(L), HAME(a), FM=(b)E =7 5le] Hunter’s
color valueZ WERJ ST},

319 4500 rppmol A 1587 A

A oF A5 AE FH3F F Syringe filter(Nylon,
045 pm 13mm)E ©| &3] ogHs & AJE 10uLE
Eclipse XDB-C18(4.6x250 mm, 5.0 um, Agilent,
Clara, CA, USA) columng A}83}e] HPLC(HP 1200
series, Agilent, Santa Clara, CA, USA)Z A 3l3oH,
diode array detector(Agilent, Santa Clara, CA, USA)E 7

Santa

Table 2. Operating conditions of HPLC analysis for the
determination of aronia anthocyanin.

Items Instrumental conditions

Instruments Agilent HP 1200 series

Detector Diode Array Detector, Agilent

Column Agilent Eclipse XDB-C18
(4.6x250 mm, 5.0 pwm)

Detection Wavelength 520 nm

Flow rate 0.8 mL/min

Injection volume 10 uL

Run time 40 min

Mobile phase A: Water + 5% Formic acid

B: Acetonitrile + 5% Formic acid
Column temperature 30°C

A9 -

Feul - g

O

Table 3. Physicochemical properties of aronia.

Value Contents
Reducing sugar" 2.73
Brix 15.20
Acidity? 0.66
pH 4.03
cyanidin-3-glucoside 187.9
-y cyanidin-3-galactoside 3677.1
Anthocyanin cyanidin-3-arabinoside 1277.5
cyanidin-3-xyloside 226.1
YUnit: mg/mL
IUnit: %
dUnit: mg/kg

7|12 AMESEA T HPLCY] s 2712 Table 29 7t

o] W] mobile phaseE 8% 7HA] &1 AS 95%% 3L,
BEEE 90%, 13 E¥EHE 85%, 25 % Bl 80%, 28

FHE= ] 9 A3kt

THE = 70%, 35 3 95%= X

A2 o D@
OfZL|0}

B Aol AHEE ofmuote] olshety £ A=
Table 3° UERHATE ol ole] g2 2.73 mg/mL,
AHEE0.66%, pHE 40302 YEST. otz o] F tE

Alobd e 5368.6 mg/kgol A o™, JFEAoPd 22402
cyanidin-3-glucoside, cyanidin-3-galactoside, cyanidin-3-
arabinoside, cyanidin-3-xyloside & & 47X 2 &2 7z}t
187.9, 3677.1, 1277.5, 226.1 mglkg = cyaniding-3-galactoside
o] kol 7P =k o]} e A= of2Uole] FF
W F otEAlobd SES 2477.0-6470.0 mgkg ©]H 2E
ZZ9A] cyanidin-3-galactoside”} 7} =& gFS YERY
ke B (Lidija et al., 2012)9F f-AFSFA T

2SS

LA Z ARESE Y= TS Ik, A, F
o] A= Table 491 2t} TS T3ty ol
e o] Q=rol wla) =A U, Atees Y=ol
0.76%% MFF=2] 0.11%ET =kon, FEstgke 7))

Table 4. Characteristics of koji.

Sample Sp? SAP? Acidity” Y (ox
Ipguk 85.89 6.47 0.76 6.55
Nuruk 1609.89 23.71 0.11 7.51

YSP: Saccaharogenic power

ISAP: Spectrophotometric acid protease unit
dAcidity: Total acidity (unit; %)

“MC: Moisture content (unit; %)
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Fig. 2. Alcohol contents (A), reducing sugar (B), total acidity (C)
and pH (D) of makgeolli sul-dut during fermentation by different
amounts of aronia and different kinds of koji(:N-5, Nuruk, Aronia
5%, : N-12, Nuruk, Aronia 12%, : N-20, Nuruk, Aronia 20%, °%o:
I-5, Ipguk, Aronia 5%, : 1-12, Ipguk, Aronia 12%, : 1-20, Ipguk,
Aronia 20%).

=3 Q)=o) 7H2} 6.55, 7.51%% YERSTH

_L

USH SFet Ot=LoF F7 il [ME =Xe| Ye Sd
LeARE A=) NFFFEN)= o8t 27t %
F Oi¥] olZYelE 5, 12, 20% Hriste] 2z & cq o
Hl-;@;g]_oiq_ H]—§_J—r,]_;<4 Zo] o]-i_o_ g]_‘i%)_, A :LELL
pHS] W3}E Fig. 20 e, &Tlo M= Fig. 3

o YehA AT}

7Y Ao GG FEHE YAS YIAZ AR IS, I
12, 1-200] z+z} 155, 15.6, 15.0%, NEF=S 242

AR N-5, N-12, N-200] 7k7} 144, 147, 142%2 9=
I NFFF AT BT ofEY o} 20%9] 7kl 5,
12% 347kl vls) %i% FEFo] e AL I F
ARt PG e ot GF 2 Axjole= 57}3}5
“*E Ak g d57E soldel we gaste
< HATHFig. 2). 59 @ F Ao 74
514 A BHe BAE 7HAH, 53] 2a 7}
© 3o AT LR Afho] A O R o] Fo]A]7]
wio] el 7haet HlE st YR E Tt ks
nog -&‘?l’%q 7 42 e Y= AlE A= 120
o] 0.61%, NF F= Al E N-200] 031%= 7H3
U Jeld=g ol 438 wg o] XAz Aale] 9l
Aoz AAEATHWoo et al,, 2010). pH= Y= A1F
o] 3.27-3.85, MNFFE A|FEo] 3.72-4.262] HIYS
AA e ole HE T 5 A el de A
2 B A

rr1

73
or
=

¢

élﬂjoﬂioﬂ—l

Z

oZi

fr

o do mot

8 B B R

L (lightness)
&

L (lightness)

3

- e . e e C =0 )

2

w0

10 1

5 ¥
ol | nl = ol -
T 2 7

4 4
Fermentation time {day) Fermentation time {day)

L ® e =

I| Il Il

7

a (redness)

a (redness)
o =« M oW & o@m o@

4
Fermentatmn time {day] Fermentation time (day)

- SN NI - S
ol ‘l “ ‘ “ || I“
2 7 2 4 T

4
Fermentation time (day) Fermentation time (day)
(A) (B)

w -

b (yellowness)

b (yellowness)

L O R )

Fig. 3. Hunter’s color of makgeolli sul-dut during fermentation
by Nuruk (A) and Ipguk (B). (N-5: Nuruk;aronia 5%, N-12:
Nuruk;aronia 12%, N-20: Nuruk, aronia20%, 1-5: Ipguk, aronia
5%, 1-12: Ipguk, aronia 5%, 1-20: Ipguk, aronia 5%).
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Table 5. Alcohol contents, acidity, reducing sugar and pH
during fermentation by different kinds of koji and initial pH.

Fermentation time (day)

Sample Values
2 8

Alcohol contents (%) 7.00 17.80

AD Reducing sugar (mg/mL) 15.18 5.05
Acidity (%) 0.60 0.67

pH 3.11 3.83

Alcohol contents (%) 5.10 16.8

BY Reducing sugar (mg/mL) 13.78 1.81
Acidity (%) 0.14 0.35

pH 4.12 4.02
Alcohol contents (%) 6.20 17.60

o Reducing sugar (mg/mL) 33.38 1.38
Acidity (%) 0.24 0.37

pH 3.55 4.17
Alcohol contents (%) 6.80 17.50

Do Reducing sugar (mg/mL) 29.00 1.51
Acidity (%) 0.19 0.32

pH 3.71 420
Alcohol contents (%) 6.30 17.30

B Reducing sugar (mg/mL) 21.53 1.49
Acidity (%) 0.17 0.33

pH 3.89 4.12

Y A: Ipguk, aronia 12%
2B: Nuruk, aronia 12%
3 C: Nuruk, aronia 12%, added lactic acid (pH 3.0)
Y D: Nuruk, aronia 12%, added lactic acid (pH 3.5)
9E: Nuruk, aronia 12%, added lactic acid (pH 4.5)

A
2 B pHE 2T NFEFS EAZ AHG A
B 7be) wde) Sule] WEEYT 4ok

AR

23 A FES B, C, D, EE 39t BE HARS &
& AgFo|H C, D, Ex 3S kst zbzbe] pHE
, 3.5, 452 =A% Algdaolddh g 2dF g U=
& profile®] ¥3s= Table 59 YeERNATE &a 8 Uk
AL FH2 ANFLOI17.8%E 7 =YL B
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A= Ao HE A 1 FF ol Fr 23S 3
o2H grol B At MEFE AP HE] 4%

(So et al, 1999). ¥& 84 2} B, C, D, E A|&d+9] 3
3 e 7bzt 181, 138, 1.51, 1.49 mg/mLE Fo] #¢]
2HE Ao7 Hol dFE gyt £7Y o7 Juy
Ak HE g Aat] A AT A=, pHE ZHE 0.67%,
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Fig. 4. Change of Hunter’s color by different kinds of koji and
initial pH. (A: Ipguk, aronia 12%, B: Nuruk, aronia 12%, C:
Nuruk, aronia 12%, added lactic acid (pH 3.0), D: Nuruk,
aronia 12%, added lactic acid (pH 3.5), E: Nuruk, aronia 12%,
added lactic acid (pH 4.5)).

383202 At 7P AL pHE 7P @2 3hE UER
Atk B, C, D, E Al@9 A== 7470035, 037, 032,
0.33%A oM, pH= 712t 4.02, 4.17, 420, 4122 YER} 19
9= Al pH B4 &3 2Hde] &8le] 2 8 A T8
Al W =R ek AFE UER=] olol tiste= E
Eo] F7HAFE S o] BT Ao AR H
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Table 6. Anthocyanin contents of makgeolli sul-dut during
fermentation by different kinds of koji and initial pH.

(Unit: mg/kg)
Fermentation time (day)
Sample Anthocyanin

2 8

Cyanidin-3-O-galactoside 68.17 0.84
Cyanidin-3-O-glucoside - -

A" Cyanidin-3-O-arabinoside 19.43 15.74

Cyanidin-3-O-xyloside 0.66 0.56

Total contents 88.26 17.14

Cyanidin-3-O-galactoside 4.26 0.29
Cyanidin-3-O-glucoside - -

B?  Cyanidin-3-O-arabinoside 6.10 427
Cyanidin-3-O-xyloside - -

Total contents 10.36 4.56

Cyanidin-3-O-galactoside 0.69 0.20
Cyanidin-3-O-glucoside - -

CY  Cyanidin-3-O-arabinoside 5.11 3.97
Cyanidin-3-O-xyloside - -

Total contents 5.80 4.17

Cyanidin-3-O-galactoside 0.92 0.43
Cyanidin-3-O-glucoside - -

D?  Cyanidin-3-O-arabinoside 6.18 5.27
Cyanidin-3-O-xyloside - -

Total contents 7.10 5.70

Cyanidin-3-O-galactoside 1.06 0.21
Cyanidin-3-O-glucoside - -

E”  Cyanidin-3-O-arabinoside 5.90 4.77
Cyanidin-3-O-xyloside - -

Total contents 6.96 4.98

Y A: Ipguk, aronia 12%
2B: Nuruk, aronia 12%
3 C: Nuruk, aronia 12%, added lactic acid (pH 3.0)
YD: Nuruk, aronia 12%, added lactic acid (pH 3.5)
D E: Nuruk, aronia 12%, added lactic acid (pH 4.5)

g7 7ke e &
d el A, B, C, D,
27260199 Aol 8
283002 BE A9ty BF FUlsle AT BRI
8§ AAPellA Lk E7F 718 =%em A7F 7P Skt
AN =S JeEPE agte 2¥3to A, B, C, D, E 217
11.02, 3.02, 5.79, 4.15, 3.92& A7} 7P& =9tom, B, C,
D, E= €439 pH7} Fold 45 agtol WA YUErRh
8 AAM= A, B, C, D, E 77 5.56, 2.16, 2.18, 191,
20302 2% o] Hla) agko] A AP oH, AE
7+ age] Atol= 2 Y A4o] A3k fAFSHA e A
2bo 2 pHE HASH FgHA] pHel wE ofZ o} A
2~ ok A AlE FH(data not shown), L3 pHE B3
de] sl aghS ZHzh vl RE 24 E] &5
A9 agre] ¥ @A YeRgEY ol 714 pH 9=

o] A= Wsk(Fig. 4= L w2 2
717} 24.04, 2843, 26.50, 27.43,

o YL

QtEAlod kg 379

O Bl wigA] &) a4 24, &%, % 5
G ol oJaf StEAJop ] Eaf 7t 27| wEolg
A=Y tH(Yoon et al., 1997). bk azta} v|<23F 4
S YeEhida 29 #9 A, B, C, D, E Z+Z} 6.14,
2.16, 3.06, 2.49, 2.572 A7} 74 =k B7F 7P o
Al Yebst) T3 8 A Zoll= A, B, C, D, E 77} 4.46,
297, 3.59, 327, 2932 AE A9 ZE AFES 2¢
2ol B8] bgke] F7Fetdnt Rako g pHE BA I Al
TAME BE 2712 Y Zele Ax okgst adut 9l
RAEE, HF $7)8 Y bl BF agte]l 7AEte] pH
HAAE - zpol & deA FUth A= AP+ E
27t AAEFE agho]l hdle BFS HAANL
WA 0 2 S EAI g H T =4 YER T

o= o} BAg|&Tle] QtEAOI 24 B o] W}
+ Table 60 YERNSITE. A% a 7he] A1A Wslel &
A3HAl Al AA F QPEAloPd o] 71 w9k o
M, B A2 AlEE 7F F tEAlOR ShEFellA] 2 3}
°ol8 YeHA &skth A" AoA wE 2d A
cyanidin-3-O-galactoside®H &2 68.17 mg/LE B} A|E W
H & 57t uf$ 5o Ao 2 VeI, cyanidin-3-O-
arabinoside S wg 2d A % 8L oA EF A]F
o OH] 3u) o} ESE AoE FRIFeH, nFgo]
71& AR BF Ald ol A= HEEA = cyanidin-3-O-
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