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Fermentation Characteristics of Ice Wines Prepared with
Freeze-dried Muscat Bailey A Grapes

Eun-Jeong Jeon and Jae-Sik Kim'*

Food Research Institute, CJ CheilJedang Corporation
'Podomaul Corporation

Abstract The fermentation characteristics of ice wines made from freeze-dried Muscat Bailey A grapes were determined.
Muscat Bailey A grapes were concentrated to 34.8 and 40.8°Bx by freeze drying and were then fermented. The content
of reducing sugar was 0.3% in conventional wine after fermentation, but was 21.5 and 23.9% in ice wines at 34 and
40°Bx, respectively. The content of alcohol was 9.6% in conventional wine but was 10.3 and 10.6% in ice wines at 34
and 40°Bx, respectively. It was observed that the red and violet colors of ice wines at 34 and 40°Bx became dominant
compared to the controls. In sensory evaluation studies, ice wines at 34 and 40°Bx showed higher intensities in color,

flavor, and overall preference.
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Fig. 1. Schematic diagram of artificial ice wine fermentation.
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Fig. 2. Sugar content and weight reduction rate of grapes during
freeze drying. @; Sugar content, O; Weight reduction rate.
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Fig. 3. Reducing sugar and alcohol contents of wines after

fermentation of musts with different sugar content. @; Reducing
sugar content, O; Alcohol content.
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Table 1. Chemical characteristics of grape must for ice wine fermentation

Control Ice wine 34°Bx Ice wine 40°Bx

Sugar content (°Bx) 16.80+0.20 34.80+3.20 40.60+£3.60
Reducing sugar (%) 17.31+0.40 34.40+3.42 46.30+4.54
pH 3.91+0.03 3.84+0.03 3.98+0.03
Total acidity (g/100 mL) 0.35+0.02 0.63+0.04 0.97+0.09
Color"

L 68.81+0.04 15.26+0.03 5.32+0.02
a 38.97+0.02 38.52+0.57 14.20+0.09
b 7.44+0.02 9.95+0.05 3.31+0.09
Hue 0.83+0.01 1.06£0.02 0.98+0.01
Intensity 0.29+0.02 2.53+0.08 3.36+0.15

UColor L; black (0) <> white (100), a; red (100-0) <> green (0- —80), b; yellow (70-0) <> blue (0- —70).

Table 2. Chemical characteristics of ice wines after fermentation

Control Ice wine 34°Bx Ice wine 40°Bx

Alcohol (%) 9.60+0.20 10.30+1.20 10.60+1.20
Sugar content (°Bx) 5.90+0.40 26.90+2.60 30.40+3.22
Reducing sugar (%) 0.36+0.04 21.50+2.24 23.89+2.66
pH 3.70+0.04 3.97+0.06 3.98+0.06
Total acidity (g/100 mL) 0.76+0.04 0.93+0.06 1.09+0.08
Color?

L 32.29+0.15 5.994+0.04 6.83+0.02
a 64.46+0.02 9.12+0.13 18.70+0.06
b 11.85+0.03 3.70+0.11 4.38+0.03
Hue 0.70+0.01 0.90+0.02 0.91+0.02
Intensity 0.85+0.06 3.23+0.12 3.03+0.10

YColor L; black (0) < white (100), a; red (100-0) < green (0- —80), b; yellow (70-0) <> blue (0- —70).

34°Bx= 2R § o] FHTEAR 26.9°BxH LM, ice wine
40°Bx= 304°Bxitt. T ke iz A4 2714 ¥4
A gaslel BE FE AldE A9 ¥43e&E HeEH 3
Fol] A AFFEASES & F AUTh FEE =Tl TS ice
wine 34°Bx= A F0] 21.5%, ice wine 40°Bx= o]
23.9%= AT o] #A vEbETh X239 pHE wEI
9 &4, AR F ETeFo g B2 9L = FeE Ik
F9] pHE 32004 3.6 Alel7} A3t HAEATH32). &

5 A d&271¢Y pHe 3.702 YER} Muscat Bailey A L=
o] pHE 361018t a Hargh A} vwsle] fAlslden, T=&
o] AfololA 7191 ¥ RoR AZIET) ofo] =9l pHE ice
wine 34°Bx¢] 739 3.97, ice wine 40°Bx= 3.98% UWHAHCl ¥
F pHoll Hlal] =T dubE = U F AlxE 06004 08
g/100mL7} st 7202 o] Ury32). 72+ 2] F4t &
Ze 277 28 %7] 035g100mLAL, EE F8 Ade
0.76 g/100 mLAT}. $471% 3] F4to] FFEo] wE 27]
ol ice wine 34°Bx, ice wine 40°Bx2] & At=+= 7+ 0.63 g/100
mL¢t 097 /100 mLE UERloH, ol Fd7xd o X%
W ito] AxE ofo]2oQle AR A o3 xxFe
FEE AASIRE Al FAbo] ZrIsiths Aot dXEHAI(12),
g F5 Al ice wine 34°Bx2] F A= 093 /100 mL, ice
wine 40°Bx8] & AHEE 1.08 /100 mLE &I F & AxE
AR Zrkske AFgS Btk XIxF EAS Wl FE 24
9 Aees dgay 3o 4 AEE 428 = Je AE7 H

=
71= $H33). HEFTE & T EEF A% 1 a b value

Eu)
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Z}Z} 32.29+0.15, 64.46+0.11, 11.85£0.032 & 3} v|ws}
el S48 AXAA TP 52 AL Yl v
&7 v|awste] ole] 2919 L value® ice wine 34°Bx$}
ice wine 40°BxllA] ZF2t 5.99:0.05, 6.83+0.022 SA7Z o3
AEFY THOZ Fo] F2 AL T 4 Y%A, XEFe
Ao F HEEH, vAEY €4, SO, 5 o8 714 89 9
3 o), &4 F9 L value7t #aE AL SO, 7t

B3 A3 Aol ATG4H)et FARE
S & AT E3F a valueE ice wine 34°Bx®} ice wine
40°Bxoll Al 2+t 15.88+0.06, 18.71+0.06, b valuet ice wine 34
°Bx®} ice wine 40°BxolA] Z+zb 3.70+0.11, 4.38+0.032 o],
ol ofo]2 eRle] HEHle] AR AS HYU| iz o
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22 Mas

AR Mg HelE sk A3e Table 391 YERNATH 2
= AFE 4.1x10° CFUmLY] 27 S35 =T ice wine
34°Bx9} ice wine 40°BxE $A4A4%Z ¥ 7zFz} 1.1x10° CFU/mL,
56x10> CFU/MLE Uepioax S474% 5 &R Fo 27k
zpole YRS TAHA] S 1T 4 3UUTE Yoo T2
FEF BHgA FR HE %2 BAEAI(14), Kim S5(35)
3}, Koh®} Chang(36)& E=5F WaZE ) FAAAZARE
5.0x10° CFU/mL, 2.0x10° CFU/mLS57k4] F7kstdsd, 844
ZERE HA7} 3 %g 194 &R AFTE 2AEUS o o
ZT-7F v|wste] 54 AZXE ice wine 34°BxS} ice wine 40°Bx
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Table 3. The number of viable yeast cells in grape must and ice
wines

Viable yeast cell

Sample Treatment (CFU/mL)
Grape must 4.1£0.6x10°

Control 1 day after yeast addition 2.9+0.3x10°
At the end of fermentation 2.2+0.3x108

Grape must 4.1£0.6x10°

Ice wine  After freeze drying 1.1£0.2x10°
34°Bx 1 day after yeast addition 2.1£0.2x10°
At the end of fermentation 1.0£0.2x108

Grape must 4.1£0.6x10°

Ice wine  After freeze drying 5.6+0.9x10?
40°Bx 1 day after yeast addition 5.0£0.8x10°
At the end of fermentation 3.0+0.3x10°

10° CFUMmL 5302 thz73) 1)%a7]

% =0
J %o} 84 FEUE A FAT 4 A,

g
9 & tFEo| glucose} fructose”} THF-3-o]H
maltose= 2%, sucrose‘:— AEEA &2 43437 FABH A
z Z glucoses} fructose F fFElFo] SHEHAL
o OES 2. Hehi e FEd FHe SA Table 45 B
Lille A %‘3—1 A must ZgE]oA EAISHA glucoseS} fiuctose
8.05%, 7.89% 7} HE T8 A BF 2EHAT °]Z2 Kim T
(10)2] AelA e} 7Fo] glucose”t tﬂxﬁ ]Q‘E]—L fructosex= 2F7F
A o] &HI AN A= F To] BT 4xE dA7et
et U273 vlaste] g7t &2 ice wine 34°Bx$} ice
wine 40°Bx= #a A 27 glucose 13.78, 14.61%<} fructose
1025, 1427%% @& ZFo] S4HJe L& FE A ice wine
34°Bx9} ice wine 40°Bx= 717} glucose 4.07, 6.63%%} fructose
921, 12.75%= B ¥ frejde] IEIL™ glucoses} fructose
%‘* glucose”} B ®o] A EJT Ta A fiuctose”} Bl
AR ol Tute] @Wol WA | AL I 5 AT

of o] olo]

29l kg B4 177
A g AT A 714 RV vAe 9% HES
A3t FAb SEFo] T wo= mallc acid > tartaric acid > citric

acid > lactic acid®] o2 A7 8P (38). X2 FH &
714F& tartaric acid, malic acid, citric acid® citric acid SF&-S
Aoz o} xeFo A8k F2 tartaric acid®?} malic acid
o Jal AFETH39).

ade 332—4 714 2 Table 591 o] FA4k 1t
AR 273 vlaste] g4 ot ofo]2=eR19] £
715b dhepo] MAMH o R A S A0 X
2F % malic acid 3ol 1,872 ppmoﬂ*ﬂ ice wine 34°Bx9] 7
= 7216 ppmSZ, ice wine 40°Bx2] A= 10,853 ppmo =
4 Bol s5EA dE S 7%@*1 =79 malic acid

skafo] 1,872 ppmollA 5,820 ppmo2 72} F7A = T MY B
|

o] Z7}%21 3 ice wine 34°Bx%} ice wine 40°Bx AA Al &
714k teko] 24 Z71E AL Fgold 4= ATt

o EsigES Al e St Ae-S HolH
(40), %ﬂiﬂl‘ % trans-resveratrol (trans-3,4',5-trihydroxystilbene)
AEAES, dFF, AT 22 ohdst A= 248 e
ity BuEIt4]). 2559 HEgEe A“ ], B8-S
LPE}‘HUJ](@) Az e 71T JE%%‘, Fx7)eol & 9%
£ WETE5). A2 4 FAF thEFeR EAlete dd=d
°l Zg}H o] =(flavonoids)= Z&]HE ﬂ@%ﬁ’\ﬂ 2}, Ab 2
A F el x=gde] wol EAlste, XA} A UEA
721 Axese ded 29 39 2 F Jdu36). & mled
B1EHE SRS Fig 49 7o) L@ z)ol 2, ice wine 34°Bx,
ice wine 40°Bx”} ZtZ+ 250, 666, 1,006 mg/LollA &a 37 Al
468, 1,304, 1,350 mg/Lo 2 a7} FePge] wet FrkEe 3L
Z Auw 0(25)‘3] Bg717F = FE dhgo] Ax} ZU1Eke Bask
A3 AxF= AL stole

= =

A}, Ice wine 34°Bx, ice wine
40°Bx®] & #HEA4 SE Fo] 2T Blaste] Hads 2
Hj o] =2 e UrE]rlﬂ‘}idr. ol FAAXR g3l TEFe
Z A=A S FF0] s5EY] dadge] 2T =2 ¢e o
el Aolgt A=A, Lee 5(33)2] FulAt
B3 955-1,215 mg/Lelghs Baoks Hlsedh B YeRfSIth

Table 4. Changes in free sugar contents of ice wines (unit: %)
Grape musts Wine
Sample
Glucose Fructose Glucose Fructose
Control 8.05+2.14 7.89+2.26 nd" nd
Ice wine 34°Bx 13.78+3.04 10.25+2.88 4.07+0.73 9.21+1.55
Ice wine 40°Bx 14.61+3.16 14.27+3.08 6.63+2.02 12.75+2.92
Ynd: not detected.
Table 5. Changes in organic acid contents of ice wines (unit: ppm)
Sample Oxalic acid Citric acid Tartaric acid Malic acid Lactic acid
Control 5743 182+24 1315+86 1872+106 1436+84
%ﬁgf Ice wine 34°Bx 7946 387436 120175 7216+320 21224156
Ice wine 40°Bx 102£10 626+58 1715+104 10853+558 3363+286
Control 717 359+32 1154473 5820+208 1876+108
Wine Ice wine 34°Bx 178+15 620+54 1356+79 7834+356 3628+270
Ice wine 40°Bx 203420 888+67 1704498 11042+554 49174342
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Fig. 4. Changes in total phenolic compounds of wines during

fermentation and aging. @; Control, A; Ice wine 34°Bx, H; Ice
wine 40°Bx.

HsdAl
ofo] 29l A Bk g W FEHQl sk dste] dEAAL
£ A3t Table 60 YeEPHRATE #5%7t Al 3579 AF
ExF9 AlF BiE T Y= red ice wine?l Pinot Noir ice wine
Z} ConcordEE2] sweet wine T 75 F7I8te] AAISIA T
FEFo Al gRojME & HFH] Pinot Noir ice wine®]
17002 7P @& JFE A9 YA 330, 360 2 3.70
OS2 FFRI Apol7t YEPA] kUt X= Fol tigh W=
ice wine 34°Bx7} 3.80, ice wine 40°Bx7| 33022 =2 JAFE
Aol AR gJsiA 7)1 dEe] FEERA itk AS &
4 AU grape flavore] HE7l =4 ngAe e 480 7}
7 =2 Bleg B 4 ks AF@d3)de} 2ol grape flavor
7} B0l HollM mig- F23 24US & 5 A%k duke
ZEEsks o] 71 B2 Pinot Noir ice wine®] 4.402.2 7}t
F =2 HFE AdASM ice wine 40°BxE 391, ice wine
34°BxE 3.60, concord= 2.80, 2T 14002 X=F9 3
It} o] At dAlsTh FAIES ice wine 34°Bxet
ice wine 40°Bx7} 3.60, 3.502.2 =& H4E 2J0T, Pinot Noir
ice wineZ 25002 FAI7ro] WolRe & UL, Tuke] F
A ZA G FAE U AAAR] 7= = ice
wine 34°Bx7} 42002 7H} E& A =E YL ice wine
40°Bx 9G4l 3.6022 =& FFE Aot &7 Pinot Noir
ice wine®] 2 H7IE ol AY ojo]x 9Rle] FHo] 9435
T AR XxF HEA EFES HEEFY S0 B
e v ¥ ot X3l A g nh 5 354 5A
T F83lths A7GadlA et vRVIEAE 5 IE Al S
EeF F o dlEdgel /Mg v X5 ti279} Pinot Noir
% Q ZlE=oA 7P W ke YEhfiglon
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Table 6. Sensory evaluation of ice wines

A gFo] 4 HAME A BukS 71 ice wine 34°Bx7F A

o oF

A =
S X F4 NAE A dE PRHeE Uit X
= Muscat Bailey AE FAAXI|E |83l dFHo=z FE
S FFAZIAL o]E RSl ofo] 2RI Ao AlF
ofo] 2ol Zro] FhdFo] Wo| ZEIHA LAE =Fe
10£5% WOl 2 BRE FTas) dvaos Axg L7 vl

sl 2 EAS AT

Aukz] olo]xslel 71EF FAFE EEFH(must) TE 34.8°Bx

9}, Ho] w2 T ukgoxM A wad 4= e AR
=

=
2 A7E IEF I% 408BxE XS

=
=, 399 s pH, 4, aRAGS, IET AN &
3 HokE=t], ice wine 34°BxS} ice wine 40°Bxt =% o, Ak
o= 8 HErt TEIUS W FEshe FYFTL dlZ2T7Ut
0.3%S1 HFH ice wine 34°Bx%} ice wine 40°Bxi= Z}Z} 2
23.9%% YERASITE 3 d=E e T 9.6%cl HlE) 7t
7} 103%3F 10.6%S U on, S5k ool =ta R
7t dofuka-& ER1 = AATh FElE, F71AF 23S Hol=
ofo]29jRle] A7t wradgol ko] =A Uon, ¥ =
ST 468 mg/Lel hET9t ¥ Ete] ice wine 34°Bx$} ice
wine 40°Bx= ZH2}b 1,304, 1,350 mg/LE o} A77|5H¢ =
AME 53k o = Uk vEE, guF=dHe A&y
o] 7NEAE @A Fen, w5=o] g A A ice wine
34°Bx9} ice wine 40°Bx= 520 nm I3 EolA =ton ol= A
T L, a b s FEAE G154

AlF I=Es B= ofo]29RIQ] Pinot Noir ice wineZ} sweet
wine?! Concord ¥ ¢RR1S EFsled 71 xweo] A g o
o, A 7135 E AR A3 3ol 7 =2 Pinot Noir
ice wineo] ©atollA =7t 7P =9kAL ice wine 34°Bx%} ice
wine 40°Bx7t A, &, FF4 7S xoM ¢S & 5 AUTH
AAAR 755X = A, o] S E ATet duks 7t
%l ice wine 34°Bx7} 7P 58 713 =8 HATH
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