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Abstract

To improve the functionality and palatability of Muscat Bailey A (MBA) wine, MBA was fermented with three
types of preprocessed aronia: Aronia fruit (AF), extract (AE), and powder (AP); aronia was chosen for its strong
acerbity. The fermentation characteristics of the wines did not differ greatly, except that the pH of the AP wine
was slightly higher than that of the other wines. The hue and intensity values of all the MBA wines with aronia
were higher than those of the control, except for the hue value of the AE wine. In the Hunter’s color value result,
the L* value of the AE wine and the a* value of the control were the highest among all the wines; the b* values
of all the MBA wines with aronia were higher than that of the control. The total phenolic compounds, total anthocyanin
compound, total flavonoid content, DPPH free radical scavenging activity, ABTS radical scavenging activity, and
FRAP of the AF and AP wines were considerably higher than those of the control, whereas those of the AE wine
were slightly lower than those of the control. In a sensory evaluation, the AE wine obtained the highest color, sweetness,
bitterness, sourness, body, and overall preference scores among all the wines, the whereas AF and AP wines obtained
lower scores than the control for most criteria except color and body. This study suggests that different types of
aronia can be used to improve the quality of Korean MBA wine.
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P, 2000 SR FH R JEIF AT S4
S FHSHA X G EAFFEQ A F Al o] Ehy

Ao, 20109 HAFE A& 75, A5 92, 25 484
qe AR /M LR gelyEvt v Ay
A9 ol S8 2=H7F P4 = A K Hong@ Ko, 2015).
2015 7o = Il oRIN TFRE 2F 25009 H =
olm, 1% ¢ ELEFE 2000 FE] AF T 7% o]
AAIS Holm oF 19] 84005 D8l = I X=F A%
o] 90% °]’dS At AthPark &, 2016).

ofle] FAL U8 X0 FFo 7P & I e
o, AP A7 8719 wE s Sl vkt =LA
S W=Ttl(Jeong, 2014; Yoon 5, 2017). SrujollA] vl
He gREe] Ix FF2 A2EFFo| obd Vitis labrusca
W= Vitis vinifera®} Vitis labruscas hybridgt &35 ZM
& GErt i Awrt Ak, ol A=Al ARkl
5ol Hlal] Aol ofZnl BA|, ghd 3 Fol
1o 2 42 A AthLees} Kim, 2006; Yook 5, 2007).
, 1% 4] MBA(Muscat Bailey A) = &%2] 7
© Hwd §E7t #a Ate] sl Sl 2 FE
T 7V 95 G2 A4S Ha e Aom gEA
I tHHwang®} Park, 2010). 3FA|%F MBA ¥ % &3 A
frae] dxd X% F59 A HeiA Hs 2 54
NS 918 =9o] a5 Ut
A7 Ba 4k ole] F4 NS 9 AT =
g Al HArtEe B T e A A By
£ AP L] (Campbell Early)2}e1e] 4 579 W] a(Kim
, 2001; Lee$} Kim, 2006), 422 &g HAHIE 93
Felg ok gweol A9 (Moon % 2004; Roh 5, 2008),
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Aw Aedd 4 (Yoon 5, 2017), Pichia anomala$t
Saccharomyces cerevisiae™. ST E 3 A o}ly}
oz o} eijle] Bl W 7sd B 7154 S
B Jeong 5, 2017) & YEE T3] T4 Rl A
g2 A7 lE AFER ol FolA stk
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w0} o5 9d A= Z1g AR L YEpA th(Han,
2013). T3}, epicatechin(EC), epigallocatechin(EGC) 5 &
g 2 FHEZR Aol SAbET 108] o]3<] 15000 mgke
o] ghrxlo] Ukar L&l ATh(Shin?} Choe, 2015). ©] &
el ofZuole Aakshso] g/ oA 7P =2
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shHA] Aol AHg-sleith of= Yo} #aronia powder)>
S 7-g5 A7 Z(SFDTS-10K, Samwon Engineering,
Busan, Korea)3t 3, %-3§7](FM-909T, Hanil Electric, Seoul,
Korea)= #7| mifste] A3l AL8-st3iTh

ololo| XM=

ofRle] AZ=E fI8l MA, A7 2 3HE 45 kgl MBA
= HzEd Jefir T ofzY oK 71E 500
), 5 500 g2 T E ofZ Yo} A}, 900 gof o=}
7, 100 g9 of2Yo} Hd-S 22t Hrkek & g o] 85
Aot 2y Iy F ZuE A Abskel It .9 S
W2]317] 9138 150 ppme] potassium metabisulfitea DAEJUNG
CHEMICALS & METALS CO., LTD, Siheung, Korea)E 3
7¥stal, # % B=r) 23 *Brix/} H =% widgo 2 Higs)
ATk ofshik Al SAIZE 3 HE FAIL 0.02%(w/w)©]
AZERE GASAA FFstarth L& 255 20T
2 A, #olet 5o EgdE dve FE
LolstA st7] el vl 23] macerations AA|SF O,
o|rkstgrao] WA o] AA|3] Fa1 dF-E o] HiH]
of medl= Al LEE Tt HErt T849
ofole- AXE-2)(4,973 xg, 10 min)dte] AR TFA S} U=
< B3 F, 4T EHAsIH B o] &3kt

543} o|sletA F4 54 w42 9l
UR-E F3le] L4EI@d.973 xg, 10 min)g F A %
ol & 0] 8319t} pHE pH meter(Mettler-Toledo MP225K,
Schwerzenbach, Switzerland)S- ©]-&3t] =73} a1, =4¢
< AOAC FEFAAH = S45IATHAOAC, 2000). &3
& FFL 15TAA AR 100 mLE FH8le] T73 S7Y
FHAE o]&ate] SN, 7HA L E(°Brix)
AT E=A(ATAGO, Co, N-1a, Kyoto, Japan)S ©] -85}
o ZAsIch FdT TS DNS(3,5-dinitrosalicylic
acid, Sigma Chemical Co., St. Louis, MO, USA) A|¢F&
AHgate] BA g ol whet 37 51t Ahmed, 2004).
A& 03 mLell DNS AleF | mLE F7Fste] 95TellA 5483t
g, 75 7 mLE H7bste] 433 = 7 (Shimazdu
Co. UV-1601, Kyoto, Japan)E ©]-83}> 550 nmol| A &
52 29ek1 glucose FETH 02 AAT G
ghksiitt. Adre ARkl 2 AlRE 9 3
Aqste] YPD AuljA]of] =aate] 30CellA] 48417 wl| &
&+ P49 IS A tMinistry of Food and Drug
Safety, 2010).
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9}R19] hue®} intensity A1 333 = A|(Shimazdu Co.

UV-1601, Kyoto, Japan)Z ©]-&-3t>] 212} 420 nm, 520 nmell
A FFEE 238t Hue 32 420 nm$} 520 nme
T4 5 H]E(420/520 nm)Z YERN S S ™, intensity Zk-2
420 nm®} 520 nm®] &3 %= FH(420+520 nm) = HERH ]
THOrtiz 5, 2013). Hunter’s color value:= colorimeter(CM-
3600d, Konica Minolta, Osaka, Japan)E ©|-&3}o] L*
(lightness), a*(redness), b*(yellowness)at 2.2 YERA AT

aitsl 42 A Bt 24 B3

ofele] ksl i F s s3E(total phenolic
content), & Z2}H =o|= 3}3HE(total flavonoid contents),
% StEAJold 3}3lE(total anthocyanin content) -2 =
etk & wlsd 39E 2 Folin-Denis'i ol ot
2} )4 %) 25} tH Amerine™} Ough, 1980). A1 & 2 mLol|
50% phenol reagent(Folin-Ciocalteu phenol reagent)(Junsei
Chemical Co., Ltd., Tokyo, Japan), 2 mLE 7}3} a1, 3%
Zol 2 2o X3 3 10% Na,CO;(DUKSAN, Ansan,
Korea) 2 mLE 7}38to] 1A B9t A22] H4lofla] wkg-
Al T, BBBEAR 700 nmell A FFE=E S
™, tannic acid(DAEJUNG CHEMICALS & METALS CO.,
LTD, Siheung, Korea) E=J M o2 3 dls4 sgte &%
= Stelsith & EetE o= S1§E9] R Zhishen
5(1999)9] W& Wdste] FFelet. 5, 70 uLel A&
ol 430 pL2] 50% ethanol(Ethyl alcohol, absolute, DUKSAN,
Ansan, Korea)Z} 50 uL2| 5% NaNO,(DUKSAN, Ansan,
Korea)E #7lste] 303 Bk Ao Wx|g &, 50 uLo]
10% AI(NOs); - 9H,0O(Sigma Chemical Co., St. Louis, MO,
USA)E 718tar A-ol4] 63 F<t WHgAIZ T o] F 500
uL2] 1 N NaOH(DUKSAN, Ansan, Korea)S 7}}aL 2333
ZAIE 510 nmol|A] TFE=E =335199 21, catechin
(Sigma Chemical Co., St. Louis, MO, USA) E&34o0 2
Z FojE ol 3jhE s glste] eI &
SEAJoP SFgHE9] -2 Lee 5(2005)2] WS WY
ste] A FsFATE =, 0.025 M potassium chloride buffer
(DUKSAN, Ansan, Korea)(pH 1.0)2} 0.4 M sodium acetate
buffer(Sodium acetate trihydrate, DAEJUNG CHEMICALS
& METALS CO., LTD, Siheung, Korea)(pH 4.5)°] A1 &5
A 3T v, A2 dolA 308 Bt WA
o} o] kg S FHFEAR 520 nme} 700 nmel 4]
TFEE =33 F, cyanidin-3-glucoside®] & S (e
=26,900 M ' em )& o] &3lo] F StEAloPd 33HE &
Fa gtetel YERfIT

ofolo] gatslis H-AL 2 2 diphenyl-1-picryl-hydrazyl
(DPPH) radical 4~7%5, 2,2'-azino-bis(3-ethylbenzothiazoline
-6-sulphonic acid)(ABTS) radical 4~7 5, ferric ion reducing
antioxidant power(FRAP) €735 573131 th. DPPH radical
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2% BAL 96-well platec] TxF o2 M H A&
1 uLE 92 %, 199 pLe] 0.1 mM DPPH working solution(2
2-Diphenyl-1-picrylhydrazyl, Sigma Chemical Co., St. Louis,
MO, USA)E 71t ths, A29] gHalelA] 1027 vH3-A]
Z1 %, multi label counter(Victor3, Perkin Elmer, MA, USA)
2 517 meld §REE ZPear. EERdR:
ascorbic acid(DAEJUNG CHEMICALS & METALS CO.,
LTD, Siheung, Korea)E A}-8-3}4 2.1, control< ethanol<
AHE-3to] =% 319 th(Blois, 1958). ABTS radical 2~71%
B2 96 well plateel] 202 3| MH Al 20 pLE
Yo % 180 uLe] ABTS solution(ABTS™, Sigma Chemical
Co., St. Louis, MO, USA)S 713 th2, 4l 2-2] oalojA]
737 RESA1Z] F, multi label counter® 734 nmell A 3=
= =33t EFEZAEE  trolox((2)-6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid, Sigma Chemical Co.,
St. Louis, MO, USA)E AH&-313%1 2™, control& SF/T5
ALg-sle] 24319 th(Stratil 5, 2008). FRAP &4
Benzie®} Strain(1996)2] WH-S WEPste] 33ttt 96

well platedl] =2HH o2 3| E Alg 25 o =5
300 mM acetate buffer(Sodium acetate trihydrate, DAEJUNG
CHEMICALS & METALS CO., LTD, Siheung, Korea)(pH
3.6), 10 mM 2,4,6-tripyridyl-S-triazine(Sigma Chemical Co.,
St. Louis, MO, USA)Z} 20 mM ferric chloride(Sigma
Chemical Co., St. Louis, MO, USA)E- 10:1:1(v/v/v) H| &2
A 23k 175 L2 cocktail solutions 3 713 T2, 4129
A oA 3057F ¥H-3-A]1Z] - multi label counter® 590
ol FFEE St ETEL L toloxE AHE-SH

92, trolox equivalent mM(TE mM)Z YERHAT]
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Fig. 1. Changes in the soluble solid, reducing sugar, alcohol, pH, total acidity, and viable cell count of MBA wines added with different

types of preprocessed aronia during alcohol fermentation.
M, MBA; , MBA + aronia fruit; A, MBA + aronia extract; O, MBA + aronia powder.
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Wl RSt

SAHRXE

RE AY Aye 33 vhE AAsle] AE AHE Hitt
FEHARE e, A3 ko] fode A5
$13ted SAS FAI*]2(Statstical Analysis System, SAS
Insititute Inc., Cary, USA)E ©]-&3F 4AHEAI(ANOVA)Z
Duncan®] ©FH Y7 5 (Duncan's multiple range test,
p<0.05) 2.2 Fold2 H533

ot Y pE

ot2u4o} M7} ¥Eljol mE MBA 2¢lo| wE 4
ofZuo}l X7} Fejoll w2 MBA 9Rle] UE 545
ZAbsl7] fleted, R A T B, S, €3, pH,
FAE, Avtre] Wsks #Eel A 3E Fig 1ol JERIRL
Th MBA (=9} ofZote] Aute] B 183 *Brix 2}
11.3 °Brix3 29, of2uol 7} ool w2} LAy Aol
Z7) BEe MATo R Widle] 23 °Brix® 4EE TR
£ it die] 18 Sr ofZujo} #, o2y
of A}, okz o} F37}, ofmYol o] £o = WEto
™, 7} ofRle] HF e of2Uol A A7t 9<lo] 8.7
°Brix= 7} %3l YAl 9IS 7.7-7.9 Brix®
et S99 B0 % o2 Yol A A7l 9l S
AL e BE AT 1% nite g S w]o] e
S 2 oz AdHAn 4FE T B4
Az}, OF 2R 7 At vldsle] sUAA] F2
st kel om, E 7UAA] SutkshA| E v} K19
HAth HF d7389 T ol o} Buk13.6%), oF

2 FAAEI A A27A A1LE (2020)

22U o} ATH13.1%), oF2Y o} FH7K12.7%), oF=u o}
A(123%) £o&2 Uk ow, ol HF 9Rle 1
I} A3 AHE YeRAALE 9RlelA pHE &Re] ©E
of G A, TE o]F FH HEE T IF=
7| A& 83 20 |thPark &, 2002). IukA o 72 9}<]
o] pHE 32-3.6 A=} 7P uld sl delA] 9o
™, pH7} 32 ©]atd wi= Alute] A= 31, pH 3.0 o] 3tell
AMe ER7F AsiEota g8 A /e, pHYL 3.6 o] /o]
= gt 298 7heAdo] Eolxlnka BaEo] ¢}

(Park 5, 2002; Jeong 5, 2017). ¥ oA = olZ Yo}
2 47} ejele] pH7E 3522 THE MBA RIS HT} okgt
A S ER oY RE MBA 99150 A% pH ¥
ghol == AS sk} gk BE %7] o2y o}
Azt A7) 22t 88K0.597%)& o=y o} - 7
(0499%)Ert A o= =4 yepkom, 48 T8 &
A= ofmEuo} A7} HIlFolA THF = A T
(0.766%)°] 7 Z= AT} Jeong 5(2017)2} Yoon 5(2017)
o] AFAME ofZ o} ofRle] FAk Jhifo] WE 7]
2 g 5 o Adde] oRlEY Hriy HiEo
AUtk FE Y F o] Wl of2y ol A7t {5

ZHglo] W 2710l s STl L R 2 A
B 98 F3A7HA] 7 log CFUML ©]4e] & A8 =
= Uehm Aoz dwr s et dukbg o
2 ofZYol A7} eRlE Ua A4S AV EgS o,
TE AFFoA 12% o]/d9] ¥ I3 go] AU
= Rl L, of= Yo} M7t Feel wE ERo S
A o]/ A T A dojupr] g Foz 3l
Aok wEh MBA 9491 Al Z2A] F 940 FA] iy
10% oJWe] of2uol= oju gt P 2 Hrb= et ¢

Q9] pH 5o 2 FF& F4 ok, £ue] 4% 2 gl

Hir Mo

Table 1. Hue and intensity values of MBA wines added with different types of the preprocessed aronia during alcohol fermentation

Samplel) Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Control  1.023+0.0072* 0.914+0.004> 0.937+0.011° 0.786+0.005° 0.739+0.006° 0.583£0.015° 0.578+0.014° 0.603+0.012°

A 0.613£0.005  0.930+0.026° 0.956+0.035" 0.846+0.013" 0.834+0.015" 0.679+0.004* 0.692+0.017* 0.670+0.013°

e B 0.876+0.022°  1.004+0.003" 0.938+0.029" 0.757+0.013° 0.730£0.010° 0.623£0.005° 0.630£0.007° 0.674=0.008"

C  0.608+0.007°  0.895+£0.010° 0.903+0.010° 0.735+0.011° 0.685+0.014° 0.678+0.017* 0.652+0.010° 0.711+0.016

Control 1.192+0.009'  3.648+0.015% 4.138+0.025° 4.450£0.016" 3.948+0.011° 3.537+0.014° 3.325:0.048" 2.842:+0.044°

i A 5273£0.094°  5.950£0.042° 6.580£0.041° 6.540+£0.013" 5.602:+0.038* 5.268+0.051* 4.983+0.068" 4.725+0.050°
ntensity

2.17120.006¢
C 3.593+0.035°

3.756+0.012° 3.870+0.030¢ 3.704+0.027¢ 3.386+0.008¢ 2.904+0.036 2.631+0.036° 2.411+0.015¢
4.605+0.027° 4.684+0.036" 4.387+0.030° 4.271+0.026° 3.848+0.011° 3.294+0.065° 2.991+0.013°

UControl, Muscat Bailey A (MBA); A, MBA+aronia fruit; b, MBA+aronia extract; C, MBA+aronia powder.

IThe values were expressed as meantSD (n=3).

IDifferent letters within the same column indicate significant different (p<0.05).
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g = ole] A= ool FHo] Fo dAd 7Ee

2 244 e = anthocyanin] 49} gH541-S UERR
= chlorophyll, carotene, xanthophyll, flavone &<l <&
HH=THKim -5, 2010). 2RI R 2 5 Ao} A s
o] ¥g} 58 dolrr] 9 F2 ©]-&% = hue value®}
intensity valueE =% 3t Z32}E Table 19 YERARITE Hue
valuedl| Al thz27= EE 27 7FF =& & YeEhiy
A8 Aasigl o, ofmyol H7F BE AIRTES TR
1-29 2744 S7belert aete 43S Yt
dukd o7 Al d= 24919] hue value= 0.5 W&
Uehitol, 4ebk R A9 10 ool vehdria o
# 9 thHwang¥} Park, 2010). o}2Uo}S #H7}13E 9l o]
7%, hue value:= 0.670 - 0.7119] 9= Vehfgl o o}
2Uol= H7lsHA] &S th2TH0.603) 5T} H& 7HS et
Uitk & Al e BE AlETe] #HE <1212 hue value
7} 1.0 olstz S7g o] AgA ole] Helel 2etdnin
detE et a7 3 intensity value®] 3= BhE 27|
o o}2ujo} M7} & AlF 152 intensity value”} oF=1
oS A7t S thETHEY =A UEster, iR 2-
32 S7kethrE AA 8] fradte Ao ® YEbsTh
FZ 24219 intensity valuew 2t AT E Fol 21 Afo]
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A ET7F a* value® 7HE B YERd o2 AvE 5
pem, ofZyo}l &3] &o] F71E45E L* values} a*
value7} 7438h= 23S YERIITHE Yoon 5(2017)9]
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Table 2. Hunter’s color values of MBA wines added with different types of the preprocessed aronia during alcohol fermentation

Sample” Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Control 49.81+0.187% 2531+0.10° 25.25£0.04* 25.26+0.09° 25.86£0.09° 26.60+£0.05° 27.05£0.03° 28.89+0.11°
. A 2213£0.10°  20.61+0.05% 21.12+0.04° 21.71£0.03¢ 21.09+0.07% 21.63+0.04' 22.17+0.02° 22.89+0.03
- B 40.95+0.04°  25.89+0.01° 25.66+0.35" 25.87+0.03" 26.74+0.17° 2827+0.06" 29.46+0.01°  30.70+0.02"
C  3056+0.11°  24.93£0.03° 24.63+0.03" 24.38£0.04° 24.62+0.04° 25.96+0.03° 26.84+0.01° 28.02+0.04°
Control 14.12+0.17°  25.54+0.14°  24.26£0.07° 25.99+0.09° 29.05+0.09° 30.44+£0.03° 30.53£0.02° 31.41+0.09°
. A 1829+0.23°  12.90+0.02° 15.47+0.03% 19.12+0.06° 18.86£0.04° 20.30£0.07° 22.34+0.02¢ 23.82+0.13¢
: B 2083026  2541£0.07° 25.19£0.10" 27.40£0.01° 29.50£0.16" 31.03+0.14° 31.49+0.03" 30.80:£0.05"
C  32.83+022°  24.49+0.06° 23.69+0.03° 25.73+0.04° 27.38+0.05° 29.48+0.06° 30.80+0.01° 30.47+0.03°
Control ~ 0.82+0.09° 6.1740.02°  7.45+0.02°  8.93+0.05°  6.75+0.09°  5.84+0.02¢  539+0.01  4.53+0.13¢
. A 5.370.10° 3.1620.02¢  4.39+0.01¢  6.33+0.02¢  5.83£0.02°  6.26+0.01"  7.07£0.02*  7.41+0.09"
° B 3.85+0.10° 6.75£0.01°  8.11£0.03*  8.38+0.02°  6.72+0.15°  5.89+0.02°  5.48+0.02°  5.47+0.02°
C 9.36£0.08"  7.61£0.02"  7.08+0.02°  7.72+0.03°  7.05£0.02" = 6.42+0.01  6.15£0.01°  6.60+0.02°

UControl, Muscat Bailey A (MBA); A, MBA+aronia fruit; B, MBA-+aronia extract; C, MBA+aronia powder.
IThe values were expressed as meantSD (n=3).
IDifferent letters within the same column indicate significant different (p<0.05).
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Fig. 2. Total phenolic compound, total anthocyanin compound, total flavonoid content, DPPH free radical scavenging activity, ABTS
radical scavenging activity, and ferric ion reducing antioxidant power of MBA wines added with different types of preprocessed aronia.
Control, MBA; A, MBA + aronia fruit; B, MBA + aronia extract; C, MBA + aronia powder; L-AA, 100 ppm of L-ascorbic acid.
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BHAAE Ueidol & dlsddel =275 =2
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ols] YA == ABTS free radicalo] 3Hats} B-2of o)
AAEAA HEM0] gAE] = A& o] &3 4 Y
°|t(Joo 5, 2011). ABTS &}t|Z 4715 HA|, ofZ 1o}
At} o 2o} 8-S 71 MBA €RQ1SolA 242}
0.564 mMZ} 0.567 mM2] ABTS &}t]Zd 275 o] &2lE| o]
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Table 3. Sensory scores of MBA wines added with different types of the preprocessed aronia after alcohol fermentation

Samplel) Color Flavor Sweetness Bitterness Sourness Body Overall preference
Control 6.40+1.317%  6.00+£1.65 4.70+1.66" 5.05+1.19° 4.95+1.79" 4.55+0.94° 5.55+1.79°

A 6.55+1.10° 5.50+1.15° 4.25+1.16° 4.95+1.47° 5.10+1.68" 5.40+0.99* 5.10+1.48"

B 6.80£1.47° 5.85£1.27° 5.80+1.79* 5.25+1.55% 5.55+1.54* 6.05+£1.19* 6.40+1.35"

C 6.55+1.19* 5.40+1.96 3.70+1.69° 4.70£1.45° 4.60+1.82° 5.70+1.26" 4.50+1.61°

DControl, Muscat Bailey A (MBA); A, MBA+aronia fruit; B, MBA+aronia extract; C, MBA-+aronia powder.
DAl values are meanSD (n=3) and represented the mean of 20 observations using on hedonic scale of 1 (dislike very much) to 7 (like very much).
IDifferent letters within the same column indicate significant different (p<0.05).
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