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Abstract

Campbell Ealy grapes, the major grape variety in Korea, contain 13 - 15% (w/v) sugar, which is lower than that
appropriate for fermentation of red wine. Therefore, chaptalization with sucrose is usually used to increase the
sugar level to an extent adequate to produce a wine containing about 12% (v/v) alcohol. In the present study,
fermentation of freeze-concentrated Campbell Eally grape juice at 25 °Brix was investigated using several industrial
wine yeasts including Saccharomyces cerevisiae OC2, S. cerevisiae Fermivin, and S. cerevisiae W-3. During
fermentation, changes in the levels of soluble solids, alcohol, total acid, and yeast viable counts were investigated.
Alcohol content reached maximal levels after 9 days of fermentation, and was 12.6% (v/v) when the Fermivin
strain was used and 13% (v/v) when each of the OC2 and W-3 strains was used. No significant between-strain
difference was found, except for slightly slower alcohol production and sugar consumption, and a higher total acid
content when strain OC2 was used. Changes in the yeast viable counts were similar during fermentation. The
physicochemical characteristics of Campbell Ealdly wine prepared using freeze-concentrated juice were investigated
by measuring the levels of total phenolic compounds, organic acids, acetaldehyde, and minor alcohols and assessment
of color values. Similar levels of soluble solids and total phenolic contents were observed in wines fermented
by the three different strains, but a higher level of total acid was noted in OC2-fermented wine and a lower level
of alcohol in Fermivin-fermented wine. The highest level of malic acid and the lowest level of lactic acid were
detected in Fermivin-fermented wine. Although the wines showed variable levels of acetaldehyde and minor alcohols,
the concentrations of these materials were much lower than those mandated by legal regulations promulgated by
the Korean National Tax Service. Red and violet colors in OC2-fermented wine were darker than those of W-3-fermented
wine. In sensory evaluation, W-3-fermented wine obtained the highest scores for color and flavor. However, the
best taste score was reported for the OC2-fermented wine, whereas Fermivin-fermented wine was awarded the highest
score in overall acceptance.
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membraneS $3+A]7] 3 HPLC(Waters, 600E Massachusetts,
USA)E A8-3le] 493190 232702 Table 17 2
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Table 1. Operating conditions of HPLC for the analysis of organic
acid contents in the wine

Item Conditions
Instrument Waters Co. 600E Model
Column Shodex RSpak KC-811 (¢ 8.0 x 300 mm)
Column temp. 40T
Mobile phase 0.1 % Phosphoric acid
Injection volume 10 pL
Flow rate 1.0 mL/min
Detector Refractive Index Detector (RI, Model 410)
o+A+|E°*c1|o|= U o) gmge| HY

o] o EGHSIE H v FE9 AL gas
chromatograph(GC)‘é o] &3l BASGTH A %=1
3F U3 0.45 ym membrane filterZ 3} 3 235190
GC 2712 Table 29} 2tH17). 2 1]=19] T4L o)
retention time¥} Bl W 3tR 1 L ujz9 WA O ALk

st

Table 2. Operating conditions of GC for the analysis of
acetaldehyde and minor alcohol contents in the wine

Item Conditions
Instrument Hewlett Packard 6890 series II
Column HP-FFAP(0.25 mm X 30 m)
Column temp. 60°C(4 min) — 210°C(6°C/min) — 210°C(2 min)
Carrier gas H,
Injection volume 1.0 uL
Make-up gas N2, 30 mL/min
Detector Flame Tonization Detector(FID)
Injector temp. 190C
Detector temp. 200C

Split ratio 100 : 1
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Fig. 1. Changes in the soluble solids (A) and alcohol contents (B)
during fermentation of freeze-concentrated Campbell Early grape
juice by various wine yeasts.
O ; 02, W ; Fermivin, A ; W-3



980 FRAEATHE

Zoh g £ 4329 WAHE S cerevisiae 0C22] 7%
g oF 7Y f,f— S cerevisiae Fermivin®} S cerevisiae W-32]
5ol <F 59 Sl A Hulghol|l ZEstE BEE AlS

TollA LE %E 3 A58 e oF 13% 2 Ve

K
to
oé

2 must] T ol FHEHT = o|8FoFE
—“Fﬂ]‘ﬂliv— 51.1%, FI|H¥| 2= 59.0% 7} alcohol
22). £ AFolXe TR F ¢IE T
g A2 B0 24E 99 Laa s
olFAHES ¢ F U
ak«l Wsh= Fig. 29} #th WE A wE
o] T4t FFE 065%2FA SHA e
IE ) 4L 0.608%7F AT FEO
ASIHEY. EE s 5Ie) Be $5A)
22 et A9 fake
‘/‘rE‘rlﬂoi %@ 5 34 %01] e 714kl
FAEL dtg 8 3§ cerevisize OC29|
2 e BTl M8l okt B uelsten,
S cerevisiae Fermivin®} S cerevisiae W-38] 733 A+
0 F710] oF 065% ek BE T F4e)
L BF 0608% & A5t Iditdo g ¥ o]
F ge AY FE02 5] Yk wust AR
AS HAFA Kim 5(24)3 Koh 5(25)& X5 %
7] wraE Al &Rl 47t 5.0x10° CFU/mL, 2.0x10°
CFUmL/} =% ¥xe] £2.8 W/lsld Eess U
3k Zlo] frelstoka Had il gltk B AFelAR ols)
fA1E el ERE Hrlele] WEE YshHA WE Y
= Ao W3E AR 23 Fg 33 2t Campbell
Early«] AL dA3 e oz Veh ) warl AAHdo =z
S AT HE VIRE F B ddlA As
0] —,——.—o} o g Hol thh WE S cerevisiae Fermivin
T57V S cerevisiae OC2, S cerevisiae W-3 ol B|&}od AW
F7F o =2 Zo® Yt

T,z £ 1-{?‘1 fi oft 1
% H.EG m}o r_)i no{l
E P oy o
> O{N i i g Lo
oH‘ = ;?

nY “* FJ'

2 % L

vOEl'mgi

filo —lo W i)
%

1‘,’,0{1

0.6

Total acid (%)

0.4

0.0

o 3 6 9
Fermentation time (d)

Fig. 2. Changes in the total acid contents during fermentation of
freeze-concentrated Campbell Early grape juice by various wine
yeasts.
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Fig. 3. Changes in the yeast viable counts during fermentation of
freeze-concentrated Campbell Early grape juice by various wine
yeasts.
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Table 3%} Zt}. S cerevisiae Fermivin £E=F2] 7 =
39] stafol 8 cerevisine OC2 E=F-9} S cerevisiae W-3
T 13%HT} A W 126% = YERtor YA
%E—t— A M TF E5F 11,082 FARH Uebgth
ZE o] ke vy 9 Fof tREe] STl
AREAT FA4be] S S cerevisiae OC2 X=F7}
07%=ZA S cerevisiae Fermivin, S cerevisiae W-3 X E=F2]
0.64, 0.65% K.t} Tk ¥9ko ™ pHE S cerevisiae OC2
EEFTE o gtk & EYus SEY dEe S
cerevisiae W-3 L7} 1.62 mg/mL, S cerevisiae Fermvin
=F7} 1.67 mgmLOZ A Tk =30 S cerevisiae
02 =5+ 132 mgmLo. 2 o7t vk &g Yehioh

Table 3. General properties of the wine after fermentation of
freeze-concentrated Campbell Early grapes by various wine
yeasts

em Strain

0C2 Femivin W-3
Alcohol (%, vfv) 13.0 126 13.0
Soluble solids (°Brix) 11.0 11.0 11.0
Reducing sugar (mgfmL) 5.03 12.68 6.42
Total acid (%) 0.70 0.64 0.65
pH 3.65 3.69 3.68
Total polyphenol (mg/mL) 132 1.67 1.62

I Fo ASE+E F7)XFC 2 E tartaric acid, malic acid
9 citric acid7} o™ AF A AL T o] {74k g
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acid 3FeFS- 1,854-2,587 ppmO-E tartaric acid®] ko] v
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Table 4. Contents of organic acid in the wine after fermentation
of freeze-concentrated Campbell Early grapes by various wine
yeasts

Organic acid (ppm)

Strain
Malic acid ~ Tartaric acid  Citric acid ~ Lactic acid
02 1,200 481 230 2,567
Fermivin 1,458 377 88 1,854
W-3 1,351 678 183 2,152

eiH|sl= 4 o|2F TS &t
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, SHIELH 3= 5 T/7F Bou o]& F =l
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=4, HL%]”‘J T Abe] 170l VR ks A=
i’ﬂ o}R1e] SR EYH|B| = e 2FFHolA 7]
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A1Z1 Campbell Early®] S cerevisiae W-3 =04 40.27
ppm=z O ARG ga A Ugke S cerevisiae
002 TEFl|A 3161 ppmZ 7 & 432 Uit
SMHELHB|E FHeFe BE Al TollA 4 ’\]E 379 71+
Q1 700 ppmEt} w9 StA] LESTH(Table 5).
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Table 5. Contents of acetaldehyde and minor alcohols in the wine
after fermentation of freeze-concentrated Campbell Early grapes
by various wine yeasts

Content (pg/mL)

Strai Acetaldehyde  Methanol 52%%11 iz(l)é]g}lll(t))lll izloéﬁllg{l

(0(67) 31.61 1529 61.87 51.67 124.0
Fermivin 3249 1304 58.55 58.81 1332

W-3 4027 82.7 10.14 51.99 144.0

Fusel oil > BT &R F= Ho] =3 4 7+24
g U B2 B 43ES AN o2 EE
#Rol A2 Wl F09 BEol HE BEold ¥
T Ax F AAEE 17 ¢ Gl wet T=F F2
°ﬂ T FEFES PIRITHY) o& Tk F 'I‘»U— g gFE=
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*—i o5 A7t A2 w9 553 WAle)l 3do=
et T} o] UL }'%-7} @ L:’%*é =5
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Holth29). & AollA Az X% —r«] n-propyl &5-&
o] & S cerevisiae W-3 X=F7} 10.14 pgmLZ S A
SHAl SO ™ S, cerevisiae OC2 EE=F8} S cerevisiae
Fermivin 55 7} 7} 61.87 ng/ml, 58.55 ug/mLEZ L}E}
Itk iso-butyl alcohol®] FHEFe S cerevisiae Fermivin X5
F7F 5881 pgmLoz 7bF ¥ dHS HIy S
cerevisiae OC2 =52} S cerevisiae W-3 X=F7} 2}
Z} 51.67 pg/ml, 51.99 pgmlLo 2 LERES ™ iso-amyl
alcohol &2 S. cerevisiae OC2 EX=F7} 124.0 ug/mL,
S. cerevisiae Fermivin X =7} 1332 pg/mlL, S cerevisiae
W-3 577} 144 ugmLo.2 LR THTable 5).
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Table 6. Color values of the wine after fermentation of freeze-
concentrated Campbell Early grapes by various wine yeasts

Hunter’s color value
a b
0C2 1771 091 291 39.70 4474 2230

Strain ODsx Hue

Intensity

Fermivin ~ 1.765 097 2.83 4042 4320 2225
W-3 1.642 0.95 275 41.70 40.98 23.01

Table 7. Sensory evaluation of the wine after fermentation of
freeze-concentrated Campbell Early grapes by various wine yeasts

Sensory score

Strain Color Flavor Taste Overall acceptance

0oC2 280° 3.00° 2.70° 2.80°
Fermivin 2.80° 2.60° 240° 2.90°

W-3 3.10° 3.00° 240° 2.70°

“a, b and ¢ represent scores within a row followed by the same superscript are not
significantly different at 5% level using Duncan’s multiple range test. Sensory evaluation
was conducted by 10 members of panel using scoring difference test and sensory
scores were 5, excellent ; 3, fair ; 1, very poor.
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