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Quality Characteristics and Volatile Flavor Compounds of Doonuri Wine Using Freeze Concentration
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Abstract

The purpose of this study was to investigate the quality characteristics and volatile flavor components of Doonuri wine, using
freeze concentration. The freeze concentration can increase the sugar concentration in grape juice by reducing its water content. In
this study, after eight days od fermentation, the alcohol content of freeze-concentrated Doonuri wines was 12.5~14.1%. The pH of
the wine was 3.42~3.50 and the total acid content was 0.68~0.94 g/100 mL, respectively. The brghtness of freeze-concentrated Doonuri
wines was 19.28~54.42, the redness was 41.98~49.58, and the yellowness was 36.16~42.36. The organic acid analysis of Doonuri
wines was that most of the organic acids contain tartaric and malic acid. By using freeze concentration with grape juice, significant
increase in the total polyphenol content of Doonuri wines was 122.40~137.26 mg/mL, the total anthocyanin content was 117.06~
118.40 mg/L and the tannic acid content was 66.23~83.70 mg%. In GC/MS analysis, the volatile flavor component analysis of Doonuri
wines identified six alcohols, five esters, two ketones, on acid, two alkanes, and four other compounds.
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N =2 G & A5t A -8 9FF -Z%(carbonic maceration

vinification process) ' HO 2 Q1S A X, EAS AL

ORRI2 A AAACE 717 Wol AH|E= FAFE I (Park 5 2004), Lee & Kim(2006)-> CaCOsZ 7}sto] S=A94F
oA AAEE oFQle Fz W AT (Campbell Early), S AA A ASF= precipitation?} carbonic maceration B o]

MBA(Muscat Bailey A), 71 %(Kyoho) 502 91912 AL ofet A5 BT Sweet wine A2 o, A7FsHe
olek. SHARE G2 g EE EEo| uls] GEIb BT Alute] 9L Dejste] Ay %, wa vhg o] Yojuhs ojats}
A8 Aow BuEo] ov(le 5 2004, AAY A 1 A wsiol BY SHL 2AT ATOIA xylitole B 9
AR EQo] 7] o] 9o AxY O FAARTH  AolA Y FL /SES Byt A7ARE Yo

B A2t 40l 2919 Ho] GolAT WS S (Kim 5 2001), Lee S99 SE Heleo] ofs) £ 245

L g o] Hong ol EFORE AZY H S A F SRS AN A FES £ el Axsle] 42
QLS 44k oholat wlwste] AAEL g Fage] wrky  wisle} @Y1 9E-S BASIE stk 2 o), Aramon
FIeH(Chang 5 2008) SEEEIE, UL © FYAZARE o] 8% ohel %

oele Axs] g FholA] Asis B BES o] & SA the Ei(Moon 5 200499 FA EEE o]
§lo] R WA HOR 1S AXSIE sk Agsle] ool waE FA Bk APANA MBA gelo] ARz ol
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Hot T S-S Btk HIE Qth(Yoo 5 1984).

TRt &Rl AR 71 5 sk}l ofolA 24l A& Wy
2 Zr o] 3= F2 GV ZEE 864 gkl
GAFANE 227t FAEH G2boto] Z5HS YFAIA
A zxst= Rlo 2 Tyto] ZFotal gFo] F53 o] £740]
Th(Jeon & Kim 2014). o}o] A 2491 A2 EUo] A RE 24
7] A wkE0i A7) AlZsfiA] Ayttt 5, vl= AEA] o)A
AAbE] L QIARE, SEuEto A= ol Mo R XL s
AAH oz FAsto] ofo]A fRlS A RSH=H] o3|
ATk MBAE RIFH o= 54 71%5to] ofo]A 2RI A
23 d37F 9o MJeon & Kim 2014), AHJE] T E-=S
BA5E0t0] 4 540 tigt B3 (Hwang & Park 2009),
Ay XeES 54 Xt g RRE ol&et
8 dFHwang 5 2011) 5o] 9ok

TF1=2](Doonuri)= 20064 HEAEY Lo E2)st
oA &23 By Zx o= y|29] A7} 9ol xR
of ojggo] Qleng ol KA EF o= 1982 A’
E53 A E wafote] A2 AA FolA HIS AE
Sto] TSt Chang 5 2012). U &4 #3521 7+
£ o83t teftt ¥E 7HE 7l S Bl 71Ee] =Y
oA eiRlof| o] 5= EFIE T2 Q1S ool A4t
ofelo] thekal 9 = &119] thA|7F B sttt ofo] & <
FoME FrE ZEES 52 550t0] ofolA oRRIo R
o] Fx AL AT & ot} 4 ST FHES
ZAFSte] A2 2kl AlE il tigt 7HsdE AAIsk
v i L

0¥ o

Mz 3 gy
1. MEME A%
oj¥ AFol ARgSE FE] (2018 AhE S5 FE 9l

fo
ol R,

TAof|l A ARt R o]&sk o, &4l Ao ARG
K= Saccharomyces cerevisiae(Fermivin 7013, DSM Food
Specialities B. V. Nertherlands)o]| 1L, H}-JEH(HK| Ao A AT
&), $H2), HERSol3 A Institut oenologque de champagne,
France) 2 ol&5to] 9olg Az T, EBeus Yot
DPPH 2o}z &A% 40 o]&% gallic acid, Folin-Ciocalteu
reagent, sodium carbonate, 1,1-diphenyl-2-picrylhydrazyl (DPPH)2]
A|9FL- Sigma Chemical Co.(St. Louis, MO, USA) S04 -5}
T, 1 9] BAo] ol8T Al B AlSFS AT

2. 52 55 72| oolo| Hx
woh 9ol A3 1) RE(FIER A7 Sapeh
of }AL Helshi, EEFS WEtFolAILE 200 ppm

715t tfS 52 5-=7](Slushia, Sewon syschen, Korea)o]| 10
L4 ol 3312 3074 40% 07 55 stedeh. 2171
& 2eF0 ake AA FA9 0.02%wwyE 22 H7Fst
1, 18CoA dZE Iasith ¢FS IRV EG & &
Aot A GFE AAsI] HIEL o] E(Institut oenologque de
champagne, France)?} I E] LY A (Yeswine Co., Boeun, Korea)
£ olgsjol WA} olze shait.

Jx

. EE R

1) pH & &k S|

pHE= pH meter(Thermo Scientific Orion pH meter, USA)&
o]gste] &5, FAEE 9l AR 10 mLo] 1%
phenolphthalein 2~3%8-2 Y17 0.1 N NaOHE 7}5}9] pH 8.2
7h He ARS LR oE AASHRAL, 0.1 N NaOHO| 42H]
H FOoEHRY tartaric acido]] A3oh= F714F A& LHitst
Aot FEARS Z7e AE0] 0.01 N NaOHE 7}sto] F4t

243 SUSP pi 827} e AWS FRHOE 3] 4
A3k 5 An|E OFO 2 E acetic acdo] AT 714 A
2 ASHe] FIARS AHESHEITHYoon 5 2016)

2) ¢3=: Sk, 2

AT FF A7 100 mLE F5to] FFS 100 mLE
T3t & SFAA SFY 70 mLE ¥ FHSE 100 mL
48 &, 15T FHAE AHEst] S45kleH, 71
A1 FE(°Brix)2 T A Y G A (PAL-1, Atago, Tokyo, Japan)

3) M 8 Hue, Color intensity

AZe] M= colorimeter CM-5(Konica Minolta, Tokyo,
Japan)E ©]-85}o] Hunter L, a, b Z+& =75 th. Hunter
L(Lightness, "), a(redness, A T) L b(yellowness, 1
) 2 Z1Z} zero, white calibration £3] X2 A5} 0 o]
o SOl M= 1-99.55, a=-0.05, b=-0.33°] i}

4) Sl g

A|ZEE 045 ym membrane filter= o }9F & Hi-Plex H(7.7 x
300 mm, Agilent) AHS A& HPLC(1200 Infinity, Agilent
Technologies, Santa Clara CA, USA)E ©]-&5}o] E4I5}31t}.
0]5A2 0.01 M HySO4, 342 0.6 mL/min, A& FYFS
20 uL=E SFRIHE UV 210 nmof|A] AE5Helo, #2542
citric acid, tartaric acid, malic acid, lactic acid, acetic acid
(Sigma-Aldrich Co., St. Louis, MO, USA)Z 7R {714 $=5F9]
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Folin-Ciocalteu phenol reagentE ©0]-&
L2 BA5I9tHAmerine &
0.1 mLo] 2% Na,CO; 8N 2 mL

50% Folin-Ciocalteu reagent 100
, 750 nmof| A FFE 2 5
HFEA9] gallic acidE o]-&
1A, 9kl F9] gallic acid
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2) DPPH 2iC|g

AN =9| Ak}t B/4dS &2lst] 913 DPPH S 4aAs
S BA5F9tHLu & Foo 2000). Blois MS(1958)2] HPH-S &
ol 245193, ZF A= 0.2 mLof| 0.4 mmol 1,1-diphenyl-2-
picryl-hydrazyl(DPPH) 291 0.8 mLS 21 1027t X5t 4
2ol A 102 Bt AT o2 510 nmoJ| A FB =5 S5t
At AR5 Alm J7He 2 AH(EFP)Y 8%
£ MEga Yl dchPark 5 2018).

_th.l = EA‘I

3) & CtEA|OH] BtEt

OtEAJobd B4 A|E 100 pLo] 900 uLe 0.025 M
potassium chloride buffer(pH 1.0)2} 0.4 M sodium acetate
buffer(pH 4.5)5 &8t & 510 nme} 700 nmoJ|A] S4 =&
ZHston, T UdEAPI FF(mg/L)> cyanidin-3-
glucoside®] EE3A|5(e=26,900 M'em')E 0]-835}0] A%
S tH(Giusti & Wrolstad 2001).

ol

13=13

o

rm

Eﬂlﬂn‘;"rz

22 Duval & Shetty(2001)9] ¥ Oﬂ e} =435}
1 mLo]| 95% Ethanol 1 mLe} $5F4 1 mLE 715}
A5, 5% Na,CO;-89% 1 mLe} 1 N-Folin-Ciocalteu's
agent 05 mLE H7H T ALAA (0% TAXZ TS
725 ol SHES SHoIR0H, % v T
tannic acid(Sigma-Aldrich Co.)& ©]-&5}o] A5ttt

rlo

S

A

1

N—ﬂﬂ.‘lé
I
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ji-ﬂ_—gz]

%71*5}% FA2 Losada 5(2012)9] WS LB W Y5} o]
A& 10 mLo]] WEEZE2Z2Q 4-methyl-2-pentanol
o, F71%

= A7 JE9] &2 direct headspace trap 7|
& 78'3]?_] Turbomatrix 40 trap(Perkin Elmer)& AR5}t

Gas chromatograph/mass spectroscopy(Perkin Elmer Clarus 680GC/
Clarus SQ8T MSD)Z A3} om, AHL Elite Volatile
MS(30 m x 0.25 mm x 0.25 um, Perkin Elmer)& A-&sl17 &
£1(99.9995%)Z carrier gasi o]-g&sttt. F714E] FH
GC-MSE 0]85}F0] UL mass spectrum= NIST data baseZ 7
Asto] F7 (Mass H 9l 45~450 m/z)okal, AT WRES
Z29] 4-methyl-2-pentanol®] HAH|E 7|F£0 2 ATF5IATh

4L 33 wEagy, Ave g $AR
(Statistical Analysis System, v8.1, SAS institute Inc., Cary, NC,
USY SARIBE gL, Bkl fold 42 2

AHEA(ANOVA) & A& 7F 9] 555 Duncan’s multiple
range testz H| 1 EA5} TH(p<0.05).

=}
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1. 524 = 9219| UHIM

HI

o= o™ 2o T='I_'—|
ree] BEF] 52 5% YEY dubdR 24 Ant

Table 114' Zot 2 E0] Bal7} 30%, 40%, 50%7HA] 559
59 AA 5EHE&2 737, 643, S4.6%E FEHE &
o) 4558 A 99 5% AR G Ao v
o 52 55T 1 BE B 43 55
She At g 2okn SESHE 2 Aot A AL
2 % 5t £ Bigo] sSslol 0] AL el &
A gego] S718H 217(Moon - 20049 LX|3fe] =
E 9] o FAF glEFo] 0.66~0.50 g/100 mL7}HA] /‘01'%0}93\
T}, Table 2004 F42] 2FQ1-2 F4F ghefo] 0.47 g/100 mLE
Qe H=ofele] A ek WA Uehkon, §714F

Table 1. Chemical characteristics of Doonuri grape must

using freeze concentration”

Control AY B C
Sugar content 15 0 061 27.340.00° 24.140.01° 22.140.00°
(°Brix)
pH 3.760.01° 3.42+0.06° 3.50:0.03° 3.42:0.03°
Total acidity d a b .
@100 mL) 402001 0661016 0.5840.02" 0504000

D All values are meantS.D. of triple determinations.

? Means with different superscripts in the same row are significantly
different (p<0.05).

3 All abbreviations mean different freeze concentrated grape must,
respectively.

Control: no freeze concentration, A: freeze concentration of 30%,

B: freeze concentration of 40%, C: freeze concentration of 50%.
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Table 2. Chemical characteristics of Doonuri wine using

freeze concentration””?

Control AY B C
Sugar confent 000 13.020.0° 8740.1°  7.940.0°
(°Brix)
pH 3.5940.04° 3.42+0.06° 3.50£0.03° 3.42+0.03¢
Total acidity d b
0.4740.01° 0.94£0.16" 0.72+0.02" 0.68+0.00°
(/100 mL)
Volatile

C a a b
acidity(¢/100 mL) 0.01+0.00° 0.04+0.01* 0.04+0.01* 0.0340.01

D All values are meantS.D. of triple determinations.

? Means with different superscripts in the same row are significantly
different (p<0.05).

9 All abbreviations mean different freeze concentrated wine, respec-
tively.

Control: no freeze concentration, A: freeze concentration of 30%,

B: freeze concentration of 40%, C: freeze concentration of 50%.

1%
et}

o o2 F5=0l Hls) §714H 57 A H
7] W& AoR wtEt. TR g2 9FQle
o] 047 g100mL= WA Yet AT, 5455 2+
T20] X202 9l 0.68~0.94 g100mLE Y¥HA QI
o}l FAF T FARRE Ao R UER O M(Lee &
2004), A 2RIG0%7H] TA5ET A1) oHE eRIET=
9] GV} 13.1°BrixE AgS 7oA 92 A9 E 9l
ojct. &I& Wgel g LHT T7o] Qlo] Aut
FES o]8ote] I Tavt dojde s I 5=}
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1 rlo e
H—_‘[ ]:]0[1

Q1Ql-g IHEFAIT, B 3 Jeon & Kim (2014)2] A9}
o] AlEE GRS 0]85to] ofo]A ol WAt A}
FAH gag dart dojuth

oFQ19] FAL FHFE FEE ok S8% AR 2
AbF9] @ o] F= 7]50] 0.05 g/100 mLo]1l, AH|R7} gt
0= QIAet: HEE .07 g100 mLo]THYoon 5 2017). &
4 5% T5E] 9R1L 0.04~003 g/100 mLE &4 Yeht 2
AL HFF 9] 7HsAdo] glon® oro & kst wHx|o] st A
AF7F = olof & Zoltt
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Fig. 1. Changes in alcohol contents of Doonuri wine
using freeze concentration. Contrl: no freeze concentration,
A: freeze concentration of 30%, B: freeze concentration of
40%, C: freeze concentration of 50%.

olIg Bte ) e B2 5| shiel At FUL
Rrkshe aaolo), Fx 9 44 HHE oae - Uk 2
¥} H)71% gch(Zoecklein S 1995). 24019 Ao A A A
Q1 anthocyaninZ] ABAQ} Al =AWA] A AQ] chlorophyll,
carotene, xanthophyll, flavone 522 o ¥ th(Hwang & Park
2009). 2] €919 M= B9 Table 37} Z-0] Hunter A4
AAZ S75kTh. HA Prgh(Lgh)S 49.28~54.428 542
59 et & A7t gl ACE et Ak ()=
AQ}QIo] A 49582 71 &2 FFO& anthocyaninA] Aj47}
gEEY Ao =E Holw, Rl /1Al 4 pH, SO, &
EodE T W3} 5o= 29t & Zol7t gl AL
E YEgoH(Lee 5 2002), FHE(b)= 52 55 ZaF
= o83t A} BlEE 55 R4 & Zo|E HUEY o]
2T 1885, 5255 AU 36.16042.3622 24U
Z}o]& e o] chlorophyll, carotene, xanthophyll, flavone 5

=

Table 3. Hunter’s color values of Doonuri wine using

freeze concentration”?

L(Lightness) a(Redness) b(Yellowness)
Control 53.62+0.06° 41.2620.06" 18.85+0.06"
A 54.42+0.01° 49.58+0.01° 36.16+0.00°
B 49.28+0.00° 44.83£0.01° 42.36:0.00°
C 52.77+0.01° 41.98+0.01° 36.85+0.01°

D All values are meantS.D. of triple determinations.

? Means with different superscripts in the same column are
significantly different (p<0.05).

Samples are the same as Table 2.
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9] 54 s o] ool Zol7t AUFS & 5 AH(Hwang
& Park, 2009).

T 9Rle] {714k B =
t} Chang 5 (2012)0] WE2W FH89] {74H -2 3
A4k} ARAEO & o] o)A QIthal Sh, o]ef FALSHA H
T4 55 dRT ARIS FA 4k} Alabato] i FEo], o
A A E 53 4% g4to] 0.06 mgmLy} AFH= U &
2 55 Rl A S VA2 /714 550 R
AvtA o2 A St 2Rl WA Fof st 771
ARl ZAY, A4, 24 59 Fgol 55 A=t 2255
ol 71t A0 2 Yk, Z4R2 0.50~0.18 mg/mLo] 1,
ZHE]ARS- 0.12~0.15 mg/mLE 1 E| Tt A 4L 39
Ab gFF AT FAFSHA A 2FR191A] 0.03 mg/mLel Ao
EAEQ, oRlo] UREHA A4S §Fo] 71 Wol
Z7}s}o] 1.442.04 mg/mLo|H, o]= 52 7R MBA ZL &
THE ofo] A eRRIoA] Afatit o] 7 Wol 55 A+
A1} X5 tHJeon & Kim 2014).

2. 82 3= AQl9 wolbt S =Y
o
=2
=

¢

N

3. S2 = 2Ql9l Mg

T2 55 2RI AREAS EA5 Slste] SEH=
T3, DPPH 2}ojz 47180405, SRHEAloRd B, vhd Heke
EA5t9itt HA, Z28 8= 33HE-L flavonoids, anthocyanins,
tannins, catechins 52 S35, I4d @ A7 T2 A=
o 5% 5ol AthH(Urquiaga & Leighton 2000). &=
(polyphenols)°]] EA5}= slo]| ES417|(-OH)= o7 3jt=
I A Atoto] FAS a3+ HIESHo] g, FE 2t
7F Qlol QA A7 §-8&% Aor AHA Utk (Cha 5
1999, Lu & Foo 2000). &8 d& $FF2 Folin-Ciocalteu's Bt

2 olgelo] 2HaI00], 1 Aske Fig 29 ek 52
5% JE7 808 FBUE Y S7Hl0] Askel
oAl 137.26 mg%=Z ST UL, RFOAE= 122.72 mgh=

54 %% Trel A= siole] F4 9 @] w4 489

160

IN)
o
'

Total polyphenol contents (mg%)
& 3

Contrl A B [}

Doonuri wines

Fig. 2. Total polyphenol contents of Doonuri wine using
freeze concentration. All values are meantS.D. of triple
determinations. Contrl: no freeze concentration, A: freeze
concentration of 30%, B: freeze concentration of 40%, C:
freeze concentration of 50%.

ety ol 2 500 o8 259 & EuHlE A7t
2 Fol 550 ol Fsstdlent, A 52 553
E3 Hlwsto] 2 ApolS HERA] Y=t oldT dite &
AeEIE 0 Lo TAE Fog Pz, MBA 54
20010 A= 135.0 mg%=E °F 44 A& Z71510](Jeon &
Kim, 2014) & A7-2h= o7k QAT sHARE 2] EF
e Uit FE oRlY) & ST Aol 95.5~1215
mg% Helol Al AT AR A UehdthLee 5 2002).

Fiet E44& DPPH 2 2485 S5k,
Table 5 Uetdtt. 52 559 {72k A7 glo] 8295~
83.3%E ¥ FAST a3} Q= ACE YEhdth kst
2L 27 A7 &2 2 e 7] Hiiel DPPH 2}
02 2784450l 52 50l AT siA I Fol 9
F5AE & Aos webErt DPPH S d 2784
< ER=E0] A B &2 Ate} 28l 9] T4

o T+ v

Sl hydroxyl radical -2 superoxide radical 5= A|# 5=

Table 4. Organic acid contents of Doonuri wine using freeze concentration”” (mg/mL)
Control B C
Tartaric acid 1.009+0.015¢ 1.583+0.072* 1.569+0.028° 1.25440.050°
Malic acid 0.852+0.015¢ 2.040+0.056" 1.7180.017° 1.441+0.029°
Lactic acid 0.05520.005¢ 0.495+0.094" 0.26320.045° 0.176+0.011°
Formic acid ND 0.145+0.045" 0.122+0.025 ND
Acetic acid ND 0.025+0.008° ND ND

D All values are meantS.D. of triple determinations.

? Means with different superscripts in the same row are significantly different (p<0.05).

Samples are the same as Table 2.
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FAbst 582 B7IE W AREEs A (Lee T 2012 H=

ol £25% 2ABY0] FrkaT Gt

Z QrEAJotd §FeF B4 Cyanidin-3-glucoside®] =535
AGE ol&oto] TS UEH o, Fre oRRle dat=
Table 59} 2T} A 2FIoA 11840 mg%= 71 &4 S4 =
A3, 2 52 55 dRIE 218}t 794 ztolE YEr
el 52 55 20l Hls tEAoId 2kgtE o]
S7IoHA] 2 A2 52 559R19 ¥R F FEAoMd 4
9] e Aol HolA A mFFol HIsH & Ao]7}t HolA|
U= AOo=E AREHY, o]gfgt Ayt oY oRlat Zo] QF
EAJobd gtfo] g Py /ol et Xpo|7t U= A FAE
ot Ao 7 TWHFETHKIm 5 2008).

oRQlo] 'hd-2 Y=ol 501 U= AEAIO, H=Ah A
A" fEA9F 22 2450 YAolA 232 U <kl
o] +x7to] S8% TS gt 52 55T Fr o
o] & 9FF2 Fig 33 Zom, 54 55 Fof w=t gd
IRIEE 3 0] Eo] 83.70~66.23 mg%E HAE Q]
ok AEEE FARRRRIS) 'Bd RS 245~350 mg%=
(Yoon 5 2017) h2 #Fof H|sf R A2 ekt
Chang 5 (2012)2 F4g] 219 ghd o] 923~119.6
mg%E A 2RQlof| Kot Erh= A Aot Aozt
Row, o9} 72 Aoz XL AujA| 9 7|F, Au Y,
FEA7]0f| wet dEfR|s Ao wE

4. 57 55 ololo] alNE
S Shle] PR B4 =

TH= Table 63} 2ot 4
H F7IAAEL F 2050]H, alcoholFE 6, esterFe= 55
ketone{= 25, acidi+ 18, alkane®-= 25, 7€} SIEHE
450 % Ueth 7] AuS AFNS W 7P E2 A

o

fo

5]

Table 5. Total anthocyanin contents and DPPH free
scavenging activity of Doonuri wine using freeze concen-
tration"?

Total anthocyanin contents DPPH free scavenging

Sample

(mg%) activity (%)

Control 103.20+2.60" 83.93+1.45"
A 118.40+1.30° 83.32+1.75¢

B 117.06+4.65° 83.7142.07°

C 117.11£1.28° 82.95+1.64°

D All values are mean + S.D. of triple determinations.

? Means with different superscripts in the same column are signi-
ficantly different (p<0.05).

Samples are the same as Table 2.

Tannic acid contents (mg%)

80 1
60 1
40
20 |

Contrl A

o

B C

Doonuri wines

Fig. 3. Tannic acid contents of Doonuri wine using
freeze concentration. All values are mean+S.D. of triple
determinations. Contrl: no freeze concentration, A: freeze
concentration of 30%, B: freeze concentration of 40%, C:
freeze concentration of 50%.

2 alcoholFO]H, 56.86~121.41 mgmLZ AFE Tt 1 ot
207 ester’F= 10~24.65 mgmlLE HEE oM, o|g|st
ester SFFE2 Ta IO A acetyl-CoAS] L2002 4%
oferZ £l 8ol S5t ATASERE FAHEH, &
Qle] T Al HEolA] $& 5 FE HoloRoiT LelA
QtH(Swiegers & Pretorius, 2005). & JFLo)| A= 559] ester
slehEol AEHoH, 53] ethyl esterf= 2ARINA S8
2t kS SRMEE T gt} RS YER L Qlof £RR1g]
F4o) SHH R AGeta dHA Urh(Duarte 5 2010).
T4 5T I 7] HAEZ 20F50]1, HsZE FFT
2T QRIS 165202 54 553 2ARIA 7] ol
t Wo] HEElon, 59|, 7|8 IFEE9 FrIHE0]
AEEA LA 53] A eRRloA 7HE B2 7] &0l
HEF 0] l-heptanol, ethyl 3-hydroxybutyrate, hexaethylene
glycol, biphenyl:2 A 2RRIoAT HEH gF7|d=o|th & &
TolA F2 AEH P A2 EFZ TR s A
= AEOF 2-methyl-1-propanol, 3-methyl-1-butanolo] A&

R, 54 =351 2RIoA= 6.08~9.14 mg/mL, 68.56~96.11
mg/mLE UEE O™, o3t &2 BE oRRIoA HEE
Aot 4919 9 esters AJHQ ethyl acetater= 7.99~20.17
mg/mLE 3-methyl-1-butanol TF-2- 0 & T2 ko] gF7] AJHo]
AE =Tt Ethyl acetate?} 3-methyl-1-butanol-> 52 5=
o] wet 11 o] FoMAlE AR UEHoH, o
F71EE Bt} E55] =A YT Ethyl hexanoate= T}
QlofZ9] 8 7|4 EolH, 2,6-dimethyl-4-heptanone> |
WRIE GE e HEOR o2t 4RES B2 53 AE
o= Aol7} glo] AREIUT. B4R B4 A3 FE

|

0l
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Table 6. Volatile compounds of Doonuri wine using freeze concentration (mg/mL)

RT." Compounds Control A B C

4.80 2-Methyl-1-propanol 4.55 9.14 6.08 6.35

7.04 Ethanol 541 12.98 10.77 8.57

16.16 3-Methyl-1-butanol 45.53 96.11 89.36 68.56

Alcohols 2245 1-Hexanol 1.16 2.26 1.70 2.11
26.86 1-Heptanol 0.13

43.74 Phenylethyl alcohol 0.21 0.79 0.63 0.50

Total alcohols 56.86 121.41 108.54 86.09

6.21 Ethyl acetate 7.99 20.17 19.60 10.83

9.75 Ethyl butyrate 0.41 0.91 1.40 0.76

Esters 12.81 3-Methylbutyl acetate 0.67 2.50 2.49 1.86

17.47 Ethyl hexanoate 093 0.92 091 1.73
29.29 Ethyl 3-hydroxybutyrate 0.15

Total esters 10 24.65 24.4 15.18

8.80 Methyl isobutyl ketone 0.59 0.54 0.18

Ketones 14.93 2,6-Dimethyl-4-heptanone 4.80 443 4.92 4.94

Total ketones 4.8 5.02 5.46 5.12

Acid 26.20 Acetic acid 0.12 3.08 0.68 0.35

Total acid 0.12 3.08 0.68 0.35

6.33 1,1-Diethoxy-ethane 1.24 5.25 432 1.56

Alkanes 7.28 2,4,5-Trimethyl-1,3-dioxolane 0.87 3.96 3.14 1.93

Total alkanes 2.11 9.21 7.46 3.49

7.99 1,2,3,6,7,8,9,10,11,12-Decahydrobenzo[e]pyrene 0.50 0.22 0.57

17.60 1,2,4-Trimethyl-benzene 0.32 0.74 0.60 0.69
Miscellaneous 30.05 Hexaethylene glycol 0.13
46.27 Biphenyl 0.17

Total miscellaneous 0.32 1.54 0.82 1.26

D Retention time.

=
& BUSGG B 5 T
Q

& 5 BUSYTH PR
?) Slle ¥IE BAsk 8AoNA T 12% ooz
o, AlE= 0.68~094 g/100mLo|™, G 7.9~13.1°Brix

=2

B Uetth £ eI f7l4F S 32 FA4NL A
FAEO B o]Fo]A gloH, A 5T T 2Rl 9kl
Hg Zo IAsts ZAK0.05~0.18 mg/mL), 7]H]AR0.12~

0.15 mg/mL), Z4H0.03 mg/mL) 5 £t 52 555
HA AbHAR BFEFo] 7MY Wol 555 0] 1.44~2.01 mg/mLE
et 5 oRle] Aegd B4 2, SEYEE
SUEA O 3, gl e 5E 55 RloA #=A
Ve, 222 s 3HFS 122.40~37.26 mg/mL, ZOFE AJo}
SRS 117.06~11840 mg/L, B IFFS 66.23~83.70
mg%=E 54 55 J=of wet sRrEY T I 554
Ao g wEt PR B4 2, F 2050]9, alcohol
5= 635, esters 55, ketoneHF+ 2%, acidi+— 15, alkane
e 2%, 7IE SRMES 4308 YEyTh 1S4 A%t
QloflA 71 @2 3] FuE& TRotal Qo] SRS T
Ad A& & = Atk T8 2RI 52 55 7[aS o8
stof 7]&9] eRRlE T FH F49] eRlor Frlg =
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