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SENSY FEESYHY LEIIBNEY
Abstract This study evaluated the effects of single distillation using a 30 °Brix high-alcohol wine
and accelerated aging with oak chips on the quality characteristics of brandy. By distilling 30 °Brix
fermented wine, we obtained a distillate with an alcohol concentration of approximately 43.27%,
confirming the feasibility of producing high-proof brandy without secondary distillation. Additionally,
during oak chip aging, lightness (L*) decreased by about 30%, while redness (a*) and yellowness
(b*) values increased by approximately 20% and 70%, respectively, enhancing the brandy’s depth
of color. According to electronic tongue analysis, oak chip aging contributed to an increase in
umami, resulting in a more balanced flavor profile. Preference tests indicated that accelerated aging
with medium and dark oak chips for 2 and 4 weeks enhanced vanilla, oak, and roasted flavors,
increasing overall preference. PCA analysis showed that the sample aged with medium oak chips
after a single distillation of the 30 °Brix wine was in the same quadrant as commercial imported
brandy along the DF1 axis, suggesting the industrial applicability of using high-alcohol fermented
wine and oak chip-based accelerated aging for brandy production.

Keywords accelerated aging technology, oak chip brandy, commercial brandy, single-distillation,
double-distillation

1. ME

AL BAS Fas) AL IS ZRF T QAEH AT S45}] BEE ZRFo|
Bl AzoN EF HHe Ero| ZFEAY Hae Z5 1Y Zof AAH oshe SEe} ]
HES B2 A7 TS Hek(Tsakiris 5, 2014). 13} ZRoAE Has oolS Z55l0 47L
57} OF 2030%¢] ZRAL AT, 23 ZRE B4 o] T EZ510] oF 55% oj4te] YTL B
2 714 RS ArkBalcerek 5, 2017). L} 2% ZF= T WMo Aol Au] A1go|
Q8] ouix] AWs} 23 YAk o] 27}l thdo] YIthRougier 5, 2021). o]u] &7] S5
o] YFL BES kolW 27} ZF gojE £O AFL w0 ZRAL A 2 glo] oix|e}

H &S d3sha B4 8842 =Y & Stk IREAQl 91| AR 22-25 °Brix?] I5S AHE
9FR S A] 9F 12%9] & F7-20] AAFETH(Lingua 5, 2016). 184 30 °Brix9] 52 4ad ¢
2o} 17%9] 1LdF-E eflo] AT (Caridi 5, 2022). WehA] IYFZ QRIFFOZ 13} FHTH
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High alcohol wine distillation and oak aging on brandy quality

ek Addow e 5eHel Wio] g 4 otk
BREE 050 Sl il £ 4% AL, o
o QABS P} e ok TR SAEL ATS

o Helo] 77K BA4lo] 2 WSS 714 LckSchwarz 5
2014). 2t 995 SAole QU Alzto] WAt o]z <
&) A4 B] 80| Z715l= FHAI7F UtH(Yan 5, 2024). 13 E
& o] HAlstL K471k 7HES} ok didter AR
AEShE A7 B AL 23T FUT AR
RHSof A M, o1y} HE3h= EH A0 27] wizo] &> ARt
Y are gjadyt kA dieks B8 HhEd] HElg &4
&S Eole H EFHoH(Nie 5, 2023). IHEE 233
ARES BllY A3 olA BAsks A HIE E 2350
£8%= Hl%% st 71 &

ool o 55 W 44 £2E ¥4 BT A% HHE B
A517] Q)5) 7]_5_ -2 §=F9] 20 °Brix ¥a 32} 30 °Brix
IS FEFE 474 14 4 2% 53’8}04 F4& ¥laLst
A, & GANA o2 TR LaPe & ’B‘J 4 B4
TA
Al

/\01

botol Al Hairiote] £ WS B9
Z e mAsaA

2. Mg 2 diH

2.1. &g A=

BaY QS A7 BUTE Az G Er BEE 2
YU EATIAN LB BEOZ SET AL EH(167
°brix)}2 251Ut Sacharomyces cerevisine ZH= DSM
food specialties(Delft, Netherlands)olA] +J5}ict. A A
2 242 9519 3-methyl-1-butanol(isoamyl alcohol; >98.5%),
2-phenylethanol(phenylethyl alcohol; >99%), 1-propanol(>99.5%),
ethyl acetate(99.9%), methanol(>99%), ethyl lactate(>98% )+
Sigma-Aldrich Co. Ltd.(St. Louis, MO, USA)°J|A a5}t

2.2 5200 HZE 54

5 Zr9 SolE7E AASHAL 3Rt &, 52 gt
20 °Brix(tf27) 9 30 °Brix(A 27t HEeS 7pge & 5
9] 0.02%(w/w) EX (Sacharomyces cerevisiae, Fermivin, DSM
food specialties)E 40°CoJ|A 2087+ %’\4ﬂ-ﬂl7]7 AZ319
o, 25°CoA] 1197} vtaslgtt. &2 A2 & oY 134
2usio] 420 jujs) 78S Fjelerals, Tk A
s & F52 8ol sttt 14 Zarvtk #ual &
2keh g ol grlo] il AL AE 15°CA 1097 AA|

S9n, 2w FAe B8l Aedetont 13 459 Hels
AAste] A2 HAFE 8 7](Daewoo machinery, Seoul,

Korea)o] E5to] SRt &

&5 45 L& F771° ¥2

1000

S2AZ % oF 2050] A FR0] 1197] Atsto] £ 30
YR N P
i B 3 HE SRl ) At
W] AAsle] S5elo] Ane Skl 10%7 B A 519

o T
1= T
oh 2% ZRE 1R 35 BHL MEGT YASE Ao5E

AHESIRTL, SRAL S5 2 FRER ofiil o 43
o] 25% A 3435 T BAsYch BATo 4L 28 &

A& light, medium, dark @ 3% (Sebak, Seoul, Korea)S 30
g/LE 37I5to] 45°Col|A] 257, 45 B2t 7H&sAdste] £4Z
H| 25t tHColdea 5, 2020).

2.3 B2C/ol o/st5t E4 24

UL, pH, B4, A UL FAF 77 24 F5el
g]s}oq zz%s} E]-(Natlonal Tax Service, 2020). 72 3

MWO}OE‘E} ﬁ_[erq'q oF 80 mLE H]'—Tl SHTE 100 mL7t
A A3 T ZHAL 15°CE 23] 7to] THL FAY
(AL-3, RIKEN KEIKI, Tokyo, Japan)g °]-&3dlo] Z4351%
o} A= A2 10 mLE $3MA]7]=d 223 0.1 N NaOH
Bo] AHE mLEE, AR AFEE tartaric acid2 2743t
o BB, LML YLE B 2HE 949 FR
A 30 mLE 0.01 N NaOHZ A At ZFS acetic acid O
= SHibsto] AJSHATH

7184 1 e FHFG A (Atago Co., Tokyo, Japan)
£ ARgsto] 245190, A= Color meter(Ultra Scan PRO,
Hunter Lab Inc., Reston, Virginia, USA)S AR&s}o] L*
(lightness), a* (redness), b*(yellowness)Zt-S =45} tt. AE*
HZ SRS VIR SHOI(Li*, ar*, bi*) MET} B L5t

SASACH(L*, ar¥, b¥), A4S 53 2t

AE*=/(L*~L,*)* +(a,*—a,*)? + (b, *—b,*)?

2.4, 52C]of RI/A Bt2F BA

Bt 9] §7)4 §ekS HPLC(LC-20AD, Shimadzu Co,
Kyoto, Japan)E ©]-85}0] post column WHO 2 BA51c).
Column TSKgel ODS-100V(4.6 mmx250.0 mm)& ARE-5
o BA5t9th o] 54 8 mM perchloric acidE ©]851%.2.
™ injection volume 10 pL, flow rate:= 1 mL/min, column
oven? &= 40°CE 5t9th columne £} UL Bo&E
2 0]5AN0.2 mM Bromothymol blue, 15 mM Na,HPO., 7
mM NaOH)¥} ¥-3-sto] UV 440 nmo|A] AE5F3t}. Flow
rate= 1.0 mL/minZ 3}t AlE& oJ3K0.2 um, Millipore,
Co., Cork, Ireland) & ARE-SIT).
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2.5, B2ir/9l 22y &%

B9k AE-L gas chromatography(Nexis GC-2030, Shimadzu
Co)E AHgato] E45t9rh £48 columne DB-WAX(60
mx0.25 mm [.d.x0.25 um film thickness, J&W Scientific,
Agilent Co., Santa Clara, CA, USA)E AMZ5}11L Flame
ionization detector(FID)Z AZ3FTh Columng] %= 4
0°CoNlA] 5, £ 3°CH] 5-25t0] 200°ClA] 5802 HAst
9t} Carrier gasQl N29] 842 21.1 cm/sec, split ratio 20:1
2 AA35}t). Injector Y detector 2T+ 240°CE 5},
A #E=49 =E 0-1,000 ppmC. & AA5to] AR
E Fdos Aidetqld.

CLESIFIE B4E o ZRLHS 100 mLA 1-113]
o Uhro] Wi oHEAYSE £4 7E(Megazyme Lid.
Bray, Ireland)& ARESIATE S5 0.1 mLo| 4]¥<: 2 mLE
tst Mo buffer 0.2 mL(solution 1)2+ NAD+ 0.2 mL
(solution 2y A= F7}6lth. 2 AL U & & &
oto] 248 WA & 340 nmoJ A FFEE FASIUTHAL. ol
blank= 259 Al 4914 2.1 mLE, /1ZEEL g5 20
mLo]| EF8N 0.1 mLE &3}5lo] ARE5FSIT). Acetaldehyde
dehydrogenase 0.05 mLE 45 B4 & 340 nmof|A] S4LEE
23519IcHAD),

AA = (A2 — Al) sample - (A2 — Al) blank
¢ =(0.7159 / €) x AA [g acetaldehyde / L sample solution]

Content acetaldehyde = [c acetaldehyde (g/L sample
solution) + weight sample in g/LL
sample solution] % 100 (g/100 g)

2.6 B9 FAf5 24

958 F7 H444% BATY g el AL A%
(Astree, Alpha Mos, Toulouse, France)E o|-&5}c}. At
ARE gFE 5%=2 AT &, o7 X (Whatman No. 6,
Kent, UK)Z of2}et ohg $218710] 25 mL& 35} AEAI2
2479 &t} FEEZL standard kit(ASTREE 11, Alpha
Mos)E ARE-519] diagnostics procedure .2 sensor AE|E &
st e AT M mawrixo] §EE AL 84
ol Al ot el sk 2 717 AN 2831
ok AHSE= A%, CTS= &%, NMSe Huke Yeidls F
98 AlAo]1l PKS+ glucose, fructose, sucrosed] srE =
BIAESHY Tk HEohe AA R AMESHITH ANSE tannic
acid®] FEF £ HAESI 93 HE5h= AIAE ARES
Rt EL, ARG 7 A AEEE gt AF0|2 Hgsto]
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AEHT, BE BES 33 W 23 S, Aol BE
dlofelo] BT BEHAO)F AT 2 AR W
glolel AAGES] BEYCOL B X = | (em) | /08 A
stek. ol oz el AeHe BHE Yerhodt

2.7. BErle 2587/

233 FFE VST BlY 9 #597tE fstd ©
T W7t Adel slor, eSS AFE et =Y
AT A7 2190 7, o 14yE 2= sfof Hgat
Ak Age IFE 5E7F 25%E 2EH BATE A8oto]
T ARD 7ISE 2AF S ERAES S oH 59 n=
=S ot $HE £ g Wirol Bkt 71e ke
Ate FEE Ao 74 AER S5 o %,
ANHRl 7| e g ARl 54 Ee dede a4
A B7RE SO AL, 9, 24, vhdE, 72, A%
AN B4 2eld AeHoR 53 HER A
2 A7 THe At AEaE A eS](HR-202304-27)2
7 52 b APl

2.8 &H 24

S 242 7 B4 2] ool 33] B ZYeAT,
AT MeansSDE. AT 2 4|2 1] 212191 2jol7}
A=A otk 7] 915 AYufA] F4AHEA (analysis of variance,
ANOVA)E AAISI 3L Duncan 2 Tukey’s test2 AFE HA
S 995z 59 SFol| A AZ5}9r}. PLS-RegressionS A4l
el 7 5EE BEUGT Ageln Uria] 245 SYM
g sl BASET, olafeld A st Azole] o
BAHE 7] 93 F4% BAPCARISIT. BE 54 B4
XLSTAT(Addinsoft, Paris, France)E 0|25}t

=k
=

3. 21t A
3.1. BHL/Y &7 Z2E 72 RF &7

25 % 2R0M 2= .
ehe, oM EH S =S 247t 28 W 2453 Fig 1A-1C
of ZeHxE ERH QL. Fig. 1A0]A 4522 30 °BrixZ A
23 oRlE 27 SRS W oF 80%9] +AZ 7 #A
LB ol 20 °Brix2 A%t oRle 22} S/ At ¥
Wolo] 27] IR 5ETt27% AolE Blom, A WA £
Zofl A 14%2] Aol Ho|al o|F A} ZhAst gt ELE, 23
TR ARSZ ARl AUE & FE7T 60%E RES
FAE Bt 13 $7 A ARE vlustgle o, 13 57
274} S5 Aol7t s FASHA ekt

mEkE2 B A A EEE 5 Qe U AdRe w2
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Fig. 1. Major volatile components in each fraction of brandy single and double distillation. (A), variations in ethanol concentration as
a function of fractionation; (B), variations in methanol concentration as a function of fractionation 20B1; (C), variations in acetaldehyde
concentration as a function of fractionation. single distillation of 20 °Brix wine; 20B2, double distillation of 20 °Brix wine; 30BI,
single distillation of 30 °Brix wine; 30B2, double distillation of 30 °Brix wine.

Z7tof|A] Balt)o] wete o] PAIETH ClausTt Berglund,
2005). &5 Ao 02 HEe9] X+ Fig. 1Bof YERch
HERE2 FAgo] tfe H2 RO Z 22} FRKELH I} F5H
NZOJA § EA Yepsith E3t 132N FAT HaE
AA o]F 5 ppm £F0.2 A FAF AL} o ELT
3 == Aol A dH3E 44T A(ALDH)O] 98] o E
Ato g Hof A, #Edh o EYE S| = ALDH ¥Hg-E&
Hejste] 251, Ae B3 e A2 olFslo] nEZR
Zeot] 75 dAlete] 719e S e 4 ol
(ShinT} Lee, 2019). Fig. 1Co|lA] 23] & ol ELG 5= 23]
£ BYE o, 1IASFE 2245FolA oM ELH S E 4
7t A Yebgth ol 22 375 AXH Eo] AAH] ogt
= 9 A 2% =] sk VIR o ELH 5| ET F
7V3he st dth(Balcerek 5, 2017). E3] 20 °Brix] 24l
2 22t SRS o} 30 °Brix 2491S THIS W oM E
sl A7 7HE BA UERth SRE AFESRS
acetaldehyde 35S =olX B &, acetaldehyde $HFof] 31oiA]
12} S5771 22F SRYHEG a3 5 Qlct. wheha] 3
4 59 HEEQ #AE 1EHAS 1, 20 °Brix 2} 30
°Brix TEFO| YT 80| £9koH, 23} ZHHEL} 14} F
F Al oM ELHEE A7} Wokom g 30 °Brix 9IS 14}
SR U7 B8 Yo ARk Eik 2 A7
A Aze 2o 557 28 ¥ Wge, o ELYE|E o
2 BE BHoA AEFH A FASAR] HE2(1,000 mg/L
oJsh) 9 O ELTIS|E(700 mg/L °JshE FZdh= 40|
CHMEDS, 2024). WahA 3% BRAT A2 A 25 4 5RE
AAB A ol ZFFNA AFH 5 2282 Yeidie 4
Ho| A&HA ¥& Aoz AzHch

3.2, H3C/9 0/3/5tX E4

S45I7) gk BUTY pH U AE, RV 52 )%
HEEA AT 2 AE ZPFE Table 10 E7I59I0 2

Hi e

1002

2 HQRS U, 20 °BrixZ 23} 283t A]7.9} 30 °Brix
} SFe AlROA 9%9] ¥iE & AolE Ho| 1Y
F& TF A TF &L O 59 F U2 BRIk 20
°Brix ¥ 30 °Brix9] &}RI& 12} SFe A oAM= 24 &
ok A&} Blwsto] W2 pH H w2 FHAF A 2 22
O EALY] gt Hglom M= Ersto] 22; 373 A
T2} 3279l zlol= gl o]+ 24} Z7 A] F|EbAlo] B
SHE]o] 12} F5Fo) vlof FEAF =2] U ofK|EAL o] 7t
APE A0 gotEh Jy $4F TR 0-0.02 FEOE
5 AR UEbtTh E3L 20 °Brix 9 30 °Brix A4S
H| W 5F3E ©, 30 °Brix A Z]tol|lA] $HAto] oF 30 mg/L =
A Yebgom pH, ofA|EAN 9 M= & Zpo|7F WA A OF
ottt o] 30 °Brix9] 2 FEo] o$t 1o Wa A} &
ol LAY FI/HIES & & Urh(Rodrigues T, 2006).

Light, medium, dark @ 3L #7}5k0] 25 A5 By
9] o]g}sta EAJL Table 20 UeRLE 23S A7t 20,
30 °Brix AgFolA= 1, 22 SF EF v ¥919 pH
(3.53-3.82)8 UEhf 233 23t pH Zol= g9, <4
9] pHol H|sf(Table 1) ZHAstitt. E3F @33 A7 <
3ff formic acid’} &8 & 4 o™, ol2fet A =
QA OAHER EFF 713 B 1 E| ¢t (Madrera 5, 2013).
ZA19] ZHS HE MEoA 0.02-0.04%= F 2}o|7} VERLA|
gl ol= ¥R 9 FRXoIY Q39| FF77F FA4tol vl
A= GFgo| nuFS & 5 Atk LAY FEE 54 F
ofeko] AlstR Qlsf 44 A3} H|wste] 3A F7letgoH,
Table 19] A3} HRI7IA R 12} SF7 Al 2% SRET =2
A £=2E Bk £39] 30 °Brix A= F 300-447
mg/LE 20 °Brix A|RHT} A¥H o =2 713 ey} of
£ 94 Aol vp7AIZ 30 °Brix 9871 HE 5 U] B2
A AR LTSS & 5 Sk 233 o] ST
8% 3ol TE AR AJol= AA et gttt 18
U 9] zto|7} 7P FEE AT, L*(HE)2 light 23
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Table 1. The physicochemical characteristics of single and double distilled brandy before aging

Sample Alcohol  Adjust to 25% alcohol

%
%) pH Total acid  Soluble solid Volatile acid Formic acid Acetic acid L*" a® b* AE*
(acetic acid, (°Brix) (acetic acid, (mg/100 mL) (mg/100 mL)
%) mg/L)
20B1V 32,07 4.82 0.01 10.47 71.87 NDY 5.13 96.59 -0.21 0.36 0.05
+0.052  +0.03°  +0.00° +0.19* +1.47° +0.84° +0.01°  £0.01®°  +0.01¢  +0.01¢
20B2 5227 7.50 0.00 10.10 2.87 ND 0.71 96.53 -0.20 0.48 0.13
+0.05°  £0.02°  +0.00° +0.08" +0.34° +0.04° +0.01°>  £0.00°  +0.00°  +0.01°
30B1 43.27 4.68 0.02 10.13 105.60 ND 6.20 96.48 -0.22 0.56 022
+0.05° +0.03¢  +0.00° +0.09° +0.33% +0.11° +0.00°  +0.00°  +0.01°  +0.01°
30B2 62.07 6.96 0.00 10.13 3.80 ND 1.58 96.40 -0.21 0.70 0.38
+0.05°  £0.02°  +0.00° +0.05° +0.43° +0.57° £0.00  £0.00°  £0.00°  +0.00°

"20B1, single distillation of 20 °Brix wine; 20B2, double distillation of 20 °Brix wine; 30B1, single distillation of 30 °Brix wine; 30B2, double distillation
of 30 °Brix wine.

IValues are meantSD (n=3). Different superscript letters within a column indicate significant differences at p<0.05.

IND, not detected.

“The L* value represents lightness, while a* and b* correspond to the red-green and yellow-blue color axes, respectively, in the CIE Lab* color space.

Table 2. The physicochemical characteristics of single and double distilled brandy aged with oak chips for two weeks

Sample Adjust to 25% alcohol

pH Total acid  Soluble solid Volatile acid Formic acid Acetic acid L*" a* b* AE*
(acetic acid, (°Brix) (acetic acid, (mg/100 mL) (mg/100 mL)
%) mg/L)
20BIL"?  3.66 0.03 10.47 378.33 1.94 6.26 69.41 12.70 67.91 73.95
£0.,02°% £0.00° £0.12° £1.79° £0.11% £0.70° £0.01° £0.00' £0.01" £0.01)
20BIM 3.63 0.03 10.50 391.13 5.70 6.41 66.54 15.04 67.81 75.39
+0.01% +0.00% +0.14° +1.46¢ +0.13° +0.17° +0.00¢ +0.02 +0.011 +0.01"
20B1D 3.75 0.03 10.43 348.33 430 6.81 65.92 15.53 67.10 75.11
+0.02° +0.00¢ +0.12° +0.258 +1.22° +0.88° +0.008 +0.01° +0.02] +0.02!
20B2L 3.81 0.02 9.97 318.67 3.08 3.58 68.49 13.03 66.32 72.90
+0.02° £0.00" £0.05 £0.25' £0.25° £0.37% £0.00° £0.01" £0.00* +0.01*
20B2M 3.68 0.03 10.13 363.33 0.64 291 65.68 17.40 71.07 79.15
+0,03° +0,00° +0,05% +1.25" £0.01" +0.47° £0.01" +0.02° £0.00° +0.01
20B2D 3.77 0.02 10.10 310.80 155 3.48 65.01 18.10 70.77 79.31
+0.01° £0.00° +0.08* +3.05' £0.32 +0.09% +0.01° +0.00°  20.01° +0.01°
30BIL 3.60 0.04 10.27 433.00 0.59 8.84 66.20 14.09 68.19 75.68
+0.00° +0.00° +0.05" +6.95° +0.20" +0.10° +0.00" +0.008 +0.048 +0.03¢
30BIM 353 0.04 10.27 447.47 153 9.32 63.39 17.39 70.38 79.45
+0.01" +0.00* +0.05" +4.67° +0.25%f +1.29° +0.00 40.01° +0.01¢ +0.01°
30B1D 3.65 0.04 10.27 420.20 2.09 10.34 61.34 19.63 71.46 81.79
+0.02 +0.00° +0.05" +1.73° +0.62% +0.30° +0.01' £0.01° +0.03* +0.02°
30B2L 3.82 0.02 10.33 319.93 0.86 3.19 69.51 12.13 65.27 71.40
+0.01* +0.00" +0.05% +1.09' +0.54° +0.12% +0.01* +0.00 +0.02' +0.01"
30B2M 3.75 0.03 10.33 339.53 143 3.49 66.31 15.86 68.29 76.08
+0.04° +0.00° +0.05% +1.57" +0.66%" +0.10% +0.00° +0.01¢ +0.02" +0.02°
30B2D 3.79 0.03 10.33 296.87 2.54 431 64.94 17.39 69.24 77.81
+0.01* +0.00° +0.05® +0.96" +0.27% +0.06° +0.01 40.01° +0.01° +0.01°

0B, single distillation of 20 °Brix wine; 20B2, double distillation of 20 °Brix wine; 30BI1, single distillation of 30 °Brix wine; 30B2, double
distillation of 30 °Brix wine.

L, light oak chip; M, medium oak chip; D, dark oak chip.

Values are mean+SD (n=3). Different superscript letters within a column indicate significant differences at p<0.05.

“The L* value represents lightness, while a* and b* correspond to the red-green and yellow-blue color axes, respectively, in the CIE Lab* color space.
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LHEdTH
LIS FHEE F7Isto] 45 /J7F Bt 9] o|5}ahA]
E/32 Table 30] YERTE. 45°Col|lA] 45 &<t 714 &4 of
e o ¥R 2 FRE2M 9 237 FH UE Aol 25
=/ Aol FARE A3E EAL, $4717t0] LfESEQ
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Zo]7F FEBA A Ut o|F% 4ta 3 gﬂq :L7] e
o 22 8912 By 4 $9 3p5H 24 B2 ¥

") X th(Madrera 5, 2013).

3.3. Bairjel g2y g7 &F

4 A AR L eae SFER sl 27, 4% 54
o By A|&9] $Hd 7] AwS 5795t0] heatmap Q=
ATIA S Ak Fig. 2A-2C0] ufE}LHszin}. Fig. 2A%= &
A A A FEZ, 30 °Brix #2729 72 acetaldehyde $l=Fo]
O HIoh 1, 27 SHEAH B 370 LERL O 1s-
L74Y), o= AESAR #AVES 2364 %71 deol
A=3 5 AAel —‘T’—Xé@.?l FTF2 & Ao R AlEH B
£ YUet= furfural @ 5-51/dE21 methanol> =& 20 °Brix
Ao A=A YePtoL, isoamyl alcoholS HESH 7]

Table 3. The physicochemical characteristics of single and double distilled brandy aged with oak chips for four weeks

Sample Adjust to 25% alcohol
pH Total acid  Soluble solid Volatile acid Formic acid Acetic acid L*¥ a® b* AE*
(acetic acid, (°Brix) (acetic acid, (mg/100 mL) (mg/100 mL)
%) mg/L)
20BI1L"? 3.59 0.04 10.47 404.00 1.89 6.64 67.61 1489 7032 7711
+0.01% +0.00° +0.05% +5.74° +0.68" +0.22° +0.00° +0.011 +0.02 +0.02'
20BIM 3.57 0.04 10.53 475.40 1.04 8.36 62.05 20.68 72.46 82.53
+0.03° +0.00 +0.09° +1.57° +0.37% +0.51° +0.00" +0.00° +0.06° +0.05¢
20B1D 3.58 0.04 10.47 401.80 1.55 8.99 6137 21.68 73.70 84.15
+0.03° +0.00° +0.05% +5.57° +0.02¢ +0.11° +0.01 +0.02° +0.03° +0.02°
20B2L 3.72 0.03 10.10 334.13 0.91 377 68.09 14.76 68.73 75.46
+0.05" +0.00° £0.08° +4.06¢ +0.28¢ +0.08" +0.01* +0.00 +0.04" +0.03/
20B2M 3.65 0.03 10.17 386.47 1.99 417 64.42 1951 7121 80.17
+0.02° +0.00° +0.05% +1.27¢ +0.70 +0.05! +0.00° +0.00" +0.02' +0.02"
20B2D 3.71 0.03 10.17 336.53 1.94 453 62.64 21.77 72.35 82.47
+0.01% +0.00% +0.05% +]1.73¢ +0.27% +0.10° +0.028 +0.01° +0.01° +0.02°
30BIL 3.49 0.04 10.37 478.20 3.31 8.52 66.07 16.64 73.06 80.52
+0.02¢ +0.00° +0.05" +1.99° +0.22° +0.08" +0.00¢ +0.01" +0.03¢ +0.038
30BIM 3.43 0.04 10.37 537.13 1.67 10.94 60.58 21.36 74.67 85.24
+0.01° +0.00° +0.05% +6.03° +0.42° +0.96" +0.01* +0.00¢ +0.03° +0.02°
30B1D 3.50 0.04 10.30 477.73 2.14 11.59 61.37 21.43 74.88 85.11
+0.03¢ +0.00° +0.08% +2.38° +0.33° +1.13* +0.00/ +0.00° +0.02° +0.02°
30B2L 3.75 0.03 10.23 357.13 0.81 409 67.42 14.49 66.61 73.76
+0.01° +0.00° +0.05% +1.48° +0.20¢ +0.24°f +0.01° +0.00 +0.04' +0.03
30B2M 3.69 0.03 10.27 392.27 1.93 492 64.11 18.90 71.60 80.49
+0.04° +0.00% +0.05% +3.80¢ +0.59" +0.08% +0.01° +0.018 +0.008 +0.00¢
30B2D 3.73 0.03 10.27 349.27 1.37 5.56 61.94 21.78 71.34 81.88
+0.03* +0.00% +0.05% +3.80" +0.28>¢ +0.30¢ +0.01° +0.03* +0.04" +0.04"

"0B1, single distillation of 20 °Brix wine; 20B2, double distillation of 20 °Brix wine; 30BI1, single distillation of 30 °Brix wine; 30B2, double

distillation of 30 °Brix wine.
L, light oak chip; M, medium oak chip; D, dark oak chip.

Values are mean+SD (n=3). Different superscript letters within a column indicate significant differences at p<0.05.
“The L* value represents lightness, while a* and b* correspond to the red-green and yellow-blue color axes, respectively, in the CIE Lab* color space.
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Fig. 2. Volatile compounds of brandy with single and double distillation and aging using various oak chips. (A), non aging; (B), aging
for two weeks; (C) aging for four weeks. 20B1, first distillation of 20 °Brix wine; 20B2, second distillation of 20 °Brix wine; 30B1,
first distillation of 30 °Brix wine; 30B2, second distillation of 30 °Brix wine. L, light oak chip; M, medium oak chip; D, dark oak chip.
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T ¥3IZ LA (ADH)O 93t oeE2] Atslo] o5 S

7}t %1 2.7 (ShinT} Lee, 2019), 23§ S4IFA = 54371
o] S7FLE ethyl acetate”} F7tHe HET = 0
(Madrera 5, 2013).
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W SASH] B 27 FF AR 71 A ke
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Table 4. Electronic tongue measurements of brandy with single and double distillation, aged for 2-4 weeks with various oak chips

Sample AHS (sourness) PKS (Sweetness) CTS (Saltiness) NMS (Umami) ANS (Bitterness)
NAY 2w 4w NA 2W 4w NA 2W 4w NA 2W 4w NA 2W 4w
20B1L"? 112 620 5.90 9.1 490  5.00 8 590 590 3.6 6.5 6.4 8.4 5.6 5.7
20B1M 550 530 3.60 430 5.00  5.40 8 7 4 5
20B1D 550 5.00 460  4.50 560 550 7 6.7 5.1 52
20B2L 106 6.10  5.60 112 490  5.40 126 590 630 08 68 6 128 54 6.2
20B2M 490 5.70 470  4.80 570  5.70 7 6.7 52 5.4
20B2D 490  5.10 500  5.10 6.00  6.00 6.6 6.4 55 5.7
30BIL 117 620  4.90 10 470  5.70 8 5.60 430 5 6.8 6.8 7.7 53 49
30BIM 520 420 460  5.60 550 420 6.9 6.6 52 49
30B1D 470 420 540  6.00 6.10 450 8.4 6.2 3.9 52
30B2L 9.4 6.00  5.50 109 590 6.70 122 490 520 0.5 7.2 5.6 119 53 6
30B2M 520 5.00 6.10  6.60 480  4.90 6.8 5.8 53 5.7
30B2D 460  5.10 6.50  6.80 510  5.10 6.3 5.4 5.5 6

"0B1, single distillation of 20 °Brix wine; 20B2, double distillation of 20 °Brix wine; 30BI1, single distillation of 30 °Brix wine; 30B2, double

distillation of 30 °Brix wine.
IL, light oak chip; M, medium oak chip; D, dark oak chip.
*NA, non-aging; 2W, 2-weeks aging; 4W, 4-weeks aging.
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Fig. 3. PLS-R (partial least squares regression) of sensory profile
for liking (7-scale) and attribute (5-scale) scores of brandy with
first and second distillation, aged for 2-4 weeks with various oak
chips. 20B1, single distillation of 20 °Brix wine; 20B2, double
distillation of 20 °Brix wine; 30B1, single distillation of 30 °Brix
wine; 30B2, double distillation of 30 °Brix wine. L, light oak
chip; M, medium oak chip; D, dark oak chip. NA, non-aging;
2W, 2-weeks aging; 4W, 4-weeks aging.
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Fig. 4. PCA plot for physico-chemical analysis of commercial
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chips using accelerated aging. CIB, commercial imported brandy;
CDB, commercial domestic brandy; 30B1M, brandy single-
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