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Abstract

To improve functionality and palatability of Korean Campbell Eady wine. Campbell Early and aronia were fermented
by either individually or at 5:5 (v/v) mixed culture of Saccharomyces cerevisiae Fermivin and Pichia anomala
JKO04. Blending was carried out using those two wines with different mixing ratio. Antioxidant activity analysis
and sensory evaluation of blending wines were conducted. The Campbell Early wine and aronia wine blended
with 9:1 (v/v) ratio showed excellent antioxidant activity and sensory scores. Total anthocyanin compound, DPPH
radical scavenging activity and total phenolic compound of blending wines were higher than those of Campbell
Early wine (control). Hue and intensity values increased in the order of A, B, C and D, E, F depending on P.
anomala JK04 use. Anonia wine contributed the increase in a and b values of blending wine. Although blending
wines fermented by P. anomala JK04 increased small amounts of aldehyde and acid compound, ester compound,
the most important factor for wine aroma was also increased sharply. Adding aronia wine fermented by single
culture of P. anomala JK04 (A, D) got higher color, taste, souness and overall preference scores than other wines
in the sensory evaluation. All of blending wines showed higher flavor scores than control did. This research shows
a possibility of blending and utilizing non-Saccharomyces yeast for Korean wine industry.
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g (5), H2E A2 2% ZF carbonic maceration *]2](6),
Lactobacillus plantarums ©]-&-3+ malolactic fermentation(7)
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Non-Saccharomyces &

A Gt Esste] ojled 553 Fh
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ofZYolE WA, e HustuA ARESITE Adel AL
& #7= 45U =3 o n A ST A o
AR 2 BaEQl &) S B3} Sl Pichia anomala
JK04(17)} 7448 91 a2 Q1 Saccharomyces cerevisiae
Fermivin(DSM Food Specialties, Delft, Netherlands) S A}
stttk w5 w2 st YPD HiA|(1.0% yeast extract,
2.0% peptone, 2.0% glucose)E AH8-5ke3 30Coll A 150 rpm,
24717k 51t 218 v eket & YAE2]7](Hanil Co., SUPRA
22k PLUS, Daejeon, Korea)ol| 4] 941 %-2](8,000 rpm, 15
min)ate] gk #AE Aol AHEsHAT

O

ZuHe| 2ol U ofzL o} efele =

2] 917} ofZ o} ¢91e] Alxe= YRSl AEY
2o} ofZ o} 247t 5 kg MA, A8t kg & AW
2L E Y F A 2d9S WASH] 918+ potassium
metabisulfite(K,S,05) & #EFE7} 200 ppmo] = =5 3
7}stal 24 °Brix7t B 5 AWS BRetth 183 P
anomala JK04S} S cerevisiae Fermiving FE.2 Al-8-3}0]
P. anonala JK04$} S cerevisiae Fermiving 2H2 ¢ g
8t A% P anomala JK049} S cerevisiae Fermivin=
5:5v/v)e] Hle R &3 TES A9 3 71k APE Y
sto] AEde] 91} of=ujo} gRle] R BEAS AN
Atk I8 25= 20CE 3t9aL oliksierae] WAool |
A8 21 s o] HjA]o| EEete Al-CA TR
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A3} of= Yo} oRle] WEHY F T4 &
e dg 9 9Rle] RS FHslo] U 218,000 rpm,
10 min) ¢t § A& FANE o] &tk pHE A 10
mLE pH meter(Mettler-Toledo CH, MP225K, Seoul, Korea)
& ol&ste] SAe9ian, T4 AOAC W ol w47
-2 0.1 N NaOH= Z%sto] Ailde] 2412 tartaric acid,
o} 1o} 2491 malic acid & $HFate] JERAATH1S).
Fro] g2 ade] okl 3 of=uo} ol UEE
g A ol-S ZHYEA(ATAGO, Co., N-1a, Kyoto, Japan)
£ AMESle] Sslin) 9 e 572 dinitrosalicylic
acid(DNS) ] 2F2 AFg-sto] v g o2 S35kt
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2 olZyo} ¢}l Al 03 mLol| DNS A< 1 mLE 7}
stal e EollA] 58 vRAIR §, SRS 7T mLE AUt
8to] 13333 Al (Shimazdu Co., UV-1700, Kyoto, Japan)S
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Tz HE U S ket 74 9}0194 Rl
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Table 1. The group of blending wine depending on inoculated
yeast strains

Inoculated yeast

Sample Campbell Early wine Aronia wine
s P+S S P+$ P
Control O
A @) @)
B @) @)
C O O
D O @)
E O @)
F O O
All the wines were blended with Campbell Early wine and aronia wine with 9:1
(vfv) ratio.

l)S, Saccharomyces cerevisiae Fermivin; P+S, Pichia anomala JK04+S cerevisiae
Fermivin; P, P. anomala JK04.

Z QtEAotd &=t

Z QUEAold =S 0.025 M potassium chloride
buffer(pH 1.0)¢} 0.4 M sodium acetate buffer(pH 4.5)°1 A&
£ AR s v HFFEAE o] 838k 520 nmo}
700 nmo A FFEE 54 ¢ £ cyanidin-3-glucoside®] &
T 4(e=26900 M cm ™) o] 83} ofefo} e 2o
2 A2k BA3tH22). thET-= S cerevisiae Fermivin &
2 o5 dEAR gy olE A

A243A A3Z (2017)

AXMWxDFx10°
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SHEAlobd g -

#F(cyanidin-3-glu, mg/L)=
A(Absorbance)=(As2 mr-Azo mm) PH 1.0-(As2 mrAzo mm) PH 4.5
MW (Molecular weight of cyanidine-3-glucoside)=449.2
DF=2] 4}u] 42

e(cyanidin-3-glucoside molar absorbance)=26,900 M cm™

g H=d sigtE e

Lol ¥ HleEd 348=2 ¢ Folin-Denis'y
of uj} vl A 7 sl th23). A& 2 mLo 50% phenol
reagent(Folin-ciocalteu’s reagent) 2 mLE 7}ste] 3% &<t
Aol WA T F 10% NaxCOs €9 2 mLE 3 7fsto] A&
A 1A)7F Bk WA A O thRe wkgal S Bl

& ] ‘5}04 700 nmo| A FFEE 573t tannic acid
2 9 wERoany £ isd B3

T

o i E
kg
HN
>4

DPPH 2it{&t &Hs

Edlg 91| DPPH 2tz &7 %5 492 96 well plate

o £AH e g BME AR 1 ILE ¥ 5, 199 pule] 0.1
mM DPPH working solution(4 mg DPPH/100 mL 50% EtOH)
= 37K v, AReA] Ho] gle 202 10w7F vhe-
AlZ1 & multi label counter(Victor3, Perkin Elmer, Waltham,
MA, USA)E o] 4319 517 nmoll A S35 333tk
o, FFEZ =+ ascorbic acidE AH8-3F 2™ control>
ethanol & A}8-3te] At Wi o2 A5t 272
£ S cerevisiae Fermivin© 2 T W H dde] ool

A8 TH2a).

ME 2A

Sl 2kl 9] hues} intensity 412 - FF A E o] &
3to] 420 nm$} 520 nmoll A EFEE =33 th-2, hue
FS 420 nm} 520 nme] FFE ¥]£420/520 nm) = 3+
S, intensity #k< 420 nmm<} 520 nme| $420+520 nm).2-
2 YEPATH2S). BT <R1e] Ak = A XA|(CM-3600d,
Konica Minolta, Osaka, Japan)E ©]-&-38}o] S73 39 om,
L), aBA %), b(FAE) gto= Yepfdtt

7elg % 771N B2k

gy 714 dEre B9Y 9l9lS membrane
filter(Millex-HV 0.45 um, Millipore Co., Bedford, USA)=
oJ}A)Zl T high performance liquid chromatography
(Shimadzu Co., Model Prominence, Seoul, Korea)S ©|-8-5}
of EA3F9th7,26). 2l columne Sugar-Pak I({
6.5x300 mm)< A8+ T, column 5= 90CE A% s}
At} F714F column PL Hi-Plex H($7.7x300 mm)S A&

S, column 2= 65TCE A3t
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3Ly 7] dE

13187 3] A2 FID7} 42 gas chromatograph
mass spectrometry(Agilent 7890A, Santa Clara, CA, USA)E
ARgstel B4R, 7188 E£F] 2 SPME fiber
(50/30 ym DVB/CAR/PDMS, Supelco, Bellefonte, PA, USA)
£ Abgto] head-space W02 EH3ATH7). KA )
HWH © 2 = headspace vial(20 mm, PTFE/silicon septum,
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e et F 35CellA A uRy] = 208 3t wt
sho] Al 5.9} headspace®] 3127 A Eo] HA o] o] FoR
< W SPME fiberE F%15to] 4023t 714
ok 3 3] 48 BAE 918 Columns DB-WAX(60
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= 4072 min), 220°C(2 C/min), 240°C(20C/min), 240°C(5
min) &2 A% 3t} Injector === 240°C, carrier gas=
HeS AH&sISITE 3 &F7] e 45 98 AH8d
Wiley9Nist0.8(Wiley9Nist0.8  Library,
spectral search program, version 5.0, Ringoes, NJ, USA)°| %}
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913kl SAS EAA ] (Statstical Analysis System, SAS
Insititute Inc., Cary, USA)E ©] &3t &4HEA(ANOVA) T}
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p<0.05)°.% 935 AS3ATHR6).
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21} =

Huldz| ool 9 of=Lo} &lo WE EA
A A g] e} ol2Yo}Z Z+2t § cerevisiae Fermivin®} P,
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L] tn L] L
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Fig. 1. Changes in the soluble solid, reducing sugar, alcohol contents, viable count, pH and total acid content during alcohol fermentation
of Campbell Early (black symbol) and aronia (white symbol) inoculated with Saccharomyces cerevisiac Fermivin (A, A), Pichia anomala
JK04 (@, O) or mixed culture of those two strains with 5:5 (v/v) ratio (ll, [J).

All the data were expressed as meantSD (n=3).
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anomala JKO4Z 797 @528 &= g3l gste 34
T B, Y9, &43E, AT, pH, F4HEe WIS Fg.
1ol YeIQlth BE Ald ol A Lar) Ad s A
T7h S7¥ete] BE 29AHE 7 log CFUMmL ©]°49] %2
AT S YeERQlth g g 24 23 P
anomala JKO4Z @= g3l 7ilde] ¢olz} olz2Yo}
Rl BFoA sl de] W& o R <l & Fal
7F AR =R g 23S JERL A, U A] Al T
M Adde] ol HF F=7F < 8.0 °Brix, o2 Yo}
o}l #HF Frt oF 120 “Brix®E UEFEH], ol 95
o] © 24 Atold 7Ilske ACR AAZIY. dFE T
BA A3} S cerevisiae Fermivin .2 =g 3k Auld g
9}l o}Z o} &2} § cerevisize FermivinS. & THEE g
gk A Rl Ryt W] ZlgEo] HFTH o= AW
A oR1E 14.0%, oF=Y o} 991 120%] 31 T
= YelHAT). P, anomala JK04AS} S cerevisie Fermivin -
2 SRS o2 Yo} gl Aoz RV =
AYPL QAT HFH 02 12%2] &2 FFS YeER
ot} Wb P anomala JKOAE SEEF 3 o1EL HE
d3E F=7t 3.7-40%= v A YERRTE Non-
Saccharomyces 8525 ©o|&3dt] XEF LEE st
Domizio 5(27)2] Aol W2W, P. anomalas H=50 2
60Y3t T=F WEAZ S W, R=F] diE ol
6.94% = vl WA YElstin B8kl a1, Kwon(17)<]
AN P anomala JKO4 =50 2 7H9101-S WA Z]
S, 4% Fro] e 458 S A A9E Y
weltta B uskgitt ol= P anomala®l &3 A0l
S cerevisiaeol| ¥]5to] @A 6] o= 7] wjitolH, & AT
NME A AFEH v A7E YEUTH
Aade] Q17 of2 Yo} 9J]le] 27| pHE 3.73-3.78
ojom, ANAg ol gy} NPDF= X Ae] 7+

&dfo] 357-3.615 WEIH AL, of= Yo} kel AA 3]

A243A A3Z (2017)

Z7Fste] 3.81-3.945 UERIUTE 2 =T HEIolA] A
e & pHE 2.8-4.0 W ZA olHt} & A Fte
A $go] EASH pH7E R vl = et A3
o] AL pH 3.0 o3t & dart #s) =, 4lute]
7= Q8 AlFe] WA F4o] AstE] e oE Hiy
o] Itk17,28). 74 AL 2] 919] 7§ pHE 3.3-3.6 F =7}
vhE2lsitta B vh 9lom(29), Jidde] Rl ot =
Yolelel 25 |7 pH W9 <t Eoj7ke 225 el
ALt wE 2y F Fake] st IE A Adde ofle]
Z27] FAHEE 034039%, oFz=Y ol eRRle] 27| FAtE=
0.57-0.61% =M o}ZUjo} e}Qlo] 27| FAbwr} o4 o
2 =7 veisth ade] ole] A%, Er) e
A P anomala JKO4 TEE T T F4to] AjA oz
B ZrtEol HEARo = 053%E JUEAL, S
cerevisiae Fermivin @52 19} S g FolM= 2E
7} GAsHA A7) Al A BE 2UAHRE F45H
Z7kete] HFA 07 0.66-0.69%2 FAEE JeERAQITH
ofZYo} oRle] 7, HEIY F FA=I AA 3] St
3lo] 0.68-0.71% % P. anomala JKO4E THEREEE 71
2] o1 A& et BE Rlol|A] H]S=g FAE g UE

7]

BAZ A dE] ople Y dF2 a7 ofZ Yo}
s}ol-S 2t} 5%, 10%, 20%(v/v) A P3ttt Sdd 2
7}, of2 o} 9Q1E HIIeHA] 9 thZ7-(46.88%)H.th
10%, 20% Z7}7elA DPPH &dZd A&7A5o]
6027-62.74% = AA S7Fe Ao 2 YEltov F M7k
Atolol] f-2] Q] Apo] & Holzl gghom, ofZ o} 54
ol Wento g 9lg 20% H7FrolA 10% 7R B,

Table 2. Preliminary experiments for selecting an optimal blending ratio

Ratio of Campbell Early and aronia wine (%)

Properties
100:0 95:5 90:10 80:20
DPPH free radical scavenging activity (%) 46.8810.55"” 52.07+1.04° 60.27+1.25" 62.74+1.6T
Total anthocyanin compound (g/L) 2.30£0.02° 3.07:0.05" 32940.18" 3.86£0.10°
Total phenolic compound (%) 0.16£0.01" 0.19£0.00° 022£0.01° 027:001°
Sensory evaluation
Color 5.631022' 5.5040.20" 5574021 5.83+021°
Flavor 5.43£022" 5.23+0.20" 5.4040.20" 437:0.14
Taste 480£024° 5.00£0.20° 5.67:0.16" 440£022°
Sourness 447+023" 4.604021° 5.00£0.23" 457£021°
Overall preference 5.131021° 547:0.16" 5.73£0.16" 453£0.14°

"The values were expressed as meantSD (n=3).
PDifferent letters within the same row indicate significant difference (p<0.05).
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28 AARl 7|5k oA Hedgrt HojAl = A
£ AATKTable 2). oH] A& 235 vigo =2 e
9}13} of 2o} 9fQle] Edlle] &S 9:1(viv)= A8t
Hom, AdFE &iFo] 4% o|st= vl XA P, anonmia
JKM=Z =053t e oQlg Aleleh 57H4] 9RlS
Attt WET2E S cerevisiae Fermivin® 2
T Aude] ¢fQl-S AL8-31% ti(Table 1).

(LU
Jt N
1 i

0%
rx

3 gd 5w

WAool 7)%54S B SAste] % ehEAlohd
DPPH 2}t 2 £7%, & st 8132 3e 54
on), 3 A% Fig. 20] UEISITE % EAlok

s

A Ay}, 2o & QtEAJobd 33 1.668 gL
U, Zalgelel 5ol & HeEAobd a2 2.054-2.421
gLE AA F7F AL g1t a, o] o= Yool g
H FHS <EAolde] o g HoZth E3 §
cerevisiae Fermivin 27+ 9 ¥ B F)ET} P,
anomala JK04©| Hg ol o] &5 RIS (A-E) Fdld o
2 ¢ Ee dEAM S Yehjlen, ol P
anonmla JKMS] &8 B4 wjEo g Aztdr) Sl o]
°] DPPH 2}tz 275 4 23, 2T += 46.88% %
el oy Edg 9152 61.96-63.88% 2 R &4
ello|A] DPPH U]z A7 %0] 34 Z71et AL &l
stk & dlEAdsits 9 B4 Addaz 2 B
Fopolol A thZ740.155%) H.cF <kt -2 0.160-0.170%
o] F #EA siHE RS JERIISE 22t 2, 4, 6, 8%
of2 Yo} B Hrlste] F71E A2t Lee<}t Yoon(30)
o] AFAE of2 Yo} 7}l whel DPPH 2t 2 &7,
ABTS &}z &A%, & dey 5] d3o] S718ke
AEFE Jepgilen, & AT oujdd Ao vzt
A2 ofZYofe] Hrtero] A% i oldo] HUS W,
olZYo} A7} F7)9] gksl & F7HFo] A Holzltk

&

3@ oo ol ok
[0 o ¥B o g

F

% o
&

wagdele] g2l % £/ 24 BAG ANE
Table 39 WrERRITE. BRI stele] fol

s
sucroser= ZTE X33k BE A|F oA EE AR
=

Yol 9kQl-& H7 71k Ald A, D)ollA = glucose®} fructose
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Fig. 2. Total anthocyanin compound, DPPH free radical scavenging
activity and total phenolic compound contents of various wines
blended with Campbell Early and aronia fermented by single or
mixed culture of Saccharomyces cerevisiae Fermivin and Pichia
anomala JKO04.

All the data were expressed as meantSD (n=3).
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Table 3. Free sugar and organic acid contents of blended wines after inoculated with mixed culture of wine yeasts after alcohol fermentation

(%)

Sample Sucrose Glucose Fructose Citric acid Tartaric acid Malic acid Succinic acid Acetic acid
Conrol  00330005"”  0019:0.004" 00520005  0012£0007 00230005  0030:0006°  0023:0004"  0.002+0.001°
A 0020:0006°  0530£0006°  1393:0.004"  0011£0.007  0019:0005° 007820007  00230.005°  0.004£0.003"
B 0030£0.007  0021:0006° 03410008  0013:0006° 00210007  0053:0.007°  0035:0.006"  0.0090.008'
C 0030£0.007 00220008  0348:0007° 00110007  0024:0008°  0052:0.007°  0023£0.005°  0.0090.008'
D 0035£0.007 05270005  1093:0005° 00110007 00100006  0077:0005°  0020£0.008°  0.006+0.005"
E 00360007 0019:0007  0073:0008° 00110007  0024:0008°  0033£0.007°  0024£0.005°  0.006+0.005"
F 0035£0.005  0017:0007°  0073:0008°  0014:0008"  0022:0007"  0033:0.005°  0024£0.005°  0.001£0.001°
"Ihe values were expressed as meantSD (n=3).
"Different letters within the same column indicate significant difference (p<0.05).
Table 4. Color values of blended wines inoculated with mixed culture of wine yeasts after alcohol fermentation
Color Hunter’s color values
Sample .
Hue Intensity L a b
Control 0.916+0.031™ 48510013 4.72:001° 2260001 10.03£0.02
A 0.8670.035" 4,6690016° 43,04£001° 23.13£0.05" 9.98+0,03°
B 0.89010.019" 4.807£0.047° 40,040,018 22.82+0.06° 10.25:0.04™
C 0.8940,033" 4.825:0,019° 42.44:001° 2300001 102120.01™
D 0.9060.033" 488920018 4263001 23.19:0.04" 10330.02°
E 0.9180,033" 5.087:0.017" 43.24£001° 23.170.02° 10.05£0.01
F 0.9500,037" 49430021 42.29:0.00 23.56£0.02" 10.8020.01°

All the data were expressed as meantSD (n=3).
PDifferent letters within the same column indicate significant difference (p<0.05).
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Table 5. Volatile aromatic compounds in blended wines inoculated with mixed culture of wine yeasts after alcohol fermentation
(unit: peak area value/1,000)

Sample
Compound names Odor description Ref.
Control A B C D E F

Aldehydes

Acetaldehyde 406 659 681 605 520 559 430
Benzaldehyde Almond, burnt sugar 916 1355 978 812 1271 1058 982 [33]
Acids

Acetic acid Pungent 693 1301 745 548 1148 641 715 [34]
Octanoic acid Candy, caramelized, perfumy, fruity, peachy 1663 1092 1007 798 1959 1850 1449 [33]
Esters

Methyl acetate Banana, pineapple 229 336 280 260 231 213 223 [35]
Ethyl acetate Fruity, sweet 83691 130774 140934 140621 81971 85116 67744 [36]
Ethyl butyrate Fruity, papaya, butter, sweet, apple, perfumed 836 1607 1296 1658 945 1046 815 [37]
Isoamyl acetate Fresh, banana, sweet 31698 38322 37983 32018 33930 35474 32169 [34]
Ethyl hexanoate Fruity, apple, banana 27957 23675 30886 22386 32179 38861 25812 33, 37]
n-Hexyl acetate Fruity, apple, pear 1447 2830 2473 2868 1793 1660 1713 [38]
Ethyl heptanoate 978 1078 1295 1286 965 1062 1021

Ethyl octanoate Pineapple, pear 31677 47357 58723 39825 34582 38250 29639 [33]
Ethyl decanoate Fatty acids, fruity, apple, solvent 6368 7063 9627 6523 6913 6863 6245 [37]
Ethyl benzoate Camomile, flower, celery 1725 2144 3802 3184 1466 1649 2132 [34]
Ethyl decenoate Sweet, fatty, nut-like 411 529 982 502 430 543 299 [15]
Methyl salicylate Wintergreen, peppermint 2063 3752 3989 3879 2607 1551 2296 [15]
Phenethyl acetate Floral, fruity, sweet 2062 3507 4041 3074 2124 1636 2031 [34]

Table 6. Sensory scores of blended wines inoculated with mixed culture of wine yeasts after alcohol fermentation

Sample Color Flavor Taste Sourness Overall preference
Control 520:0.31" 42040.26' 340033 3.60+0.36" 3.70+033"

A 5.40£0.23" 4.30+0.30" 3.700.29" 425042 4.10£0.29"

B 4.80+0.34" 4904022 3354031 3.500.37" 3.55£0.27°

C 4.400.39" 4601024 3.50£0.25" 3.6040.39" 3.6510.28"

D 5.60+0.26" 465:031° 3.90+0.30" 420+0.37" 435+0.25"

E 5.10£0.29" 4.50+0.26" 3.600.28" 3.60:0.37" 3.9020.25"

F 5.35+024° 4.30+0.29" 3.65£0.20" 3.55:037" 4.00+0.19"

The values were expressed as meantSD (n=20).

"Different letters within the same column indicate significant difference (p<0.05).
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