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3 A} oH, citric acid, lactic acide ALFFHOIA o =4 dehdon, AY=rt 71445 5716l
EA% 23 acetaldehyded] A= AUFFOIM FHoR A HEHIY oW furfuralE FFFFOIA
okortt, Au|gRS Bojdl= ethyl acetate, HEIF, ZAY FL Holsh= ethyl lactate’} AUEH O U=
. 23 Holsl= 2-phenyl ethanol(phenethyl alcoho)2 ZARE7t F71E4E =4 YET
B2 AE 964, AUSHE AR SHF7F AYSHED ojulo] S8 AE(acetaldehyde, furfural,
methanol §)°] A& 5101 SHFFY 40 3483 FFE vAE= A& Bt E5] AY 500mmHgolA AASH
Al olujo|F Al acetaldehyde, furfural, methanol® H=7} 714 AL 52 A&EEH0 1EH E{4] 4F
Az FEg AR EAE.
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Abstract This study aimed to compare the differences in the physicochemical properties and aroma
components of distilled liquor prepared using normal-pressure distillation and reduced-pressure
distillation according to the degree of pressure used. The study was conducted during the period January
2023 to July 2023. The pH and alcohol content were higher in reduced-pressure distillation than in
normal-pressure distillation, and the amino acid content was lower in reduced-pressure distillation. An
analysis of organic acids revealed that malic acid was not produced, and citric acid and lactic acid were
found to be higher in reduced-pressure distillation and increased as the degree of reduced pressure
increased. An analysis of the aroma components revealed that acetaldehyde was detected at significantly
higher levels in normal-pressure distillation and furfural was not detected in reduced-pressure
distillation. Ethyl acetate, which gives a rose scent, and ethyl lactate, which gives butter and coconut
scents, were detected in normal-pressure distillation and reduced-pressure distillation. The quantum of
2-phenyl ethanol (phenethyl alcohol) which imparts a floral scent, increased as the degree of pressure
reduction increased. Summarizing the results, reduced-pressure distillation appeared to have a positive
effect on the quality of distilled liquor as the amounts of off-flavor-causing components (acetaldehyde,
furfural, methanol, etc.) were reduced compared to distilled liquor produced under normal pressure.
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7% 300 mmHg, 7% 500 mmHg, 7 700 mmHg

o8 PYL Hgsle] ZRaHA
221 52 € €8
8 73] SAJBHL 18C oAl 12083t AR ¥
3087 2H)7] A9 AYSAHEEA 20mesh 4
8). 488 w2 BEo 93 3571089571630
7337158 A2 B4 F 40T Y2stel

ARESEoH, SH| R 34.8%= SIS Ha

= @n =2 05kg 075 L, F+E4 2.2 mL, &%
2 g2 A71sko] 5U7F 25~28°ColA WaAA Uad

Az & & 52 3 kg, B 6.6 LE A7Iste] 5Y7t
25~28°CollAl 19 ofaitt. 2 T2 @v] 12 kg

= 7~108] AT &, 2413 Bt 20 E23L 1At &
ot =H7IE & o 607 SARSIAL 28°CE YZAIA

19 @2l & 16.6 L} 3 H7lsto] 1097t HaA]
A %< 5kt

222 8%

SR FAHSF7YG AAHSHIE 085t
FHoIA old AAER= t71SE Aol XHs
T, AYEHE= 749 300 mmHg, A% 500 mmHg, 2
% 700 mmHgP & 79k A&sto] FHSHh A
7Y AE 2AHE AR QR S 4
3] Adst 3 HG7|E 100CE AlYe & ATELE
ARgste] FR7] R A9 A% 300 mmHg, 7%
500 mmHg, ¢ 700 mmHgo 2 2ot SFAS

27t A 12

55 AT 2%

o 1_.
30~408, 7<= 100~180%, T+ 20~40E2=E F

150~250% 285Ut AUSHY B¢ 2HAHL
Ao SF715 ARgsHAer, 7HEviAl S5lol A4
2EE AR(AEYE 0.25 kef/a)stRth €H_% 9
3CA Ao SRAZ AFSAT 1

=2 Oox=o0

= e
3 ZEAZLS 28 9EZAMIA] 30~408, EaL 3
£H]8 30~1608 08 2del1, THE S5 A

S 20~40E 02 & 80~240E0] AQEITHG].

23 992 oy 53

AU T AYE OE APSHRE Aokl 29
TRFE & £50] A0 FHAE AMESI] 1 E
AEE 9lo] Gay-Lussac £2A 15°CE HAsto] &=
< TFE SA5HATHTL.
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2.4 pH, ZAE OO\ AtE

pHE pH meter(Orion 3 star, Thermo Electron
Co., Waltham, MA, USA)E ©ol-8sto] 4319t &
AHE FARFRUAYAE F584 7o) Tt A
2% 10 mLE 0.1 N NaOHZ pH 7.07k4] &3t &
ZATo g ZHiISto] oot Zo] MiEg= RSt

Total acidity 0.006 x VxfxD

(w/v%)

x100

S

0.1 N NaOH 1 mL = 0.006 g CH;COOH
V: 0.1 mol/L consumption of NaOH (mL)
f: 0.1 mol/L factor of NaOH

D: Dilution factor

S: Sample volume (mlL)

ot AtE = Z2ARS 245t AR formalin &9 5
mLE A715E o2 0.1 N NaOHZ &A% gto 2 yef
WATHII.

2.5 {71t

R71AR2 2719 MEot A2E 145 AA A20E
I2i1|(High performance liquid chromatography,
HPLC, LC-20A, Shimadzu Co., Kyoto, Japan)E ©|
&oto] Btk /714 48 A" RSpak
KC-811 (8.0%x300 mm, Showa Denko Co., Tokyo,
Japan) 27F& Shodex Rspack KC-G (6.0%x50.0
mm)°| AZsto] ARgSIITt X A9 o] 3 mM
B A K perchloric acid)E o] &3l oH, 42 0.8
mL/min, 2Y 2E(column oven)?] 2+ 63CZ
sielth. 292 e £8E A4E2 H BY olF
/40.2 mM bromothymol blue, 15 mM Na;HPOq, 2
mM NaOH)#} ¥+8(30T)3 & UV 440 nmelA A&
33l ol HI BO] #F2 1.0 mL/mino& 475}
i}, AE-2 o7K0.2 um, Millipore Co., Cork, Ireland)
T ARSI

2.6 &7| 42 24

) e FRF HulgER S5 SRS
2R PSRN BHE A FagRe e
2, oo, FAE S TAHFFANA WA
B FREATAC Ut £5578 fadwoiEdy

(HP Agilent 7890 GC, Agilent Technologies, Fort
Worth, TX, USA)E ol&sto] EA5t9rH2I.
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2.7 s

WY 1132 a2 Ageleict $74) a3 9
AR 7|55 tte] 78 AEE Wokste] B E
A= vehioi

2.8 &4

3% A7 E SPSS T2 T(SPSS Inc. ver.25.0)0&
o|-gsto] 7} A+ Wy} EEHAE Folal, A=
ko] o] HFE A A B4 EA(ANOVA)E ARE-
3F9.2H Duncan's multiple range testoll Wt p<0.05

SEAIA fOE BB,

3. Znt o o
3.1 T2 20 035t S
Al w2o] H9ho] W2 pHE l@sE F3ke of
25} Pek(Table 1). U} Z7130E pHE
= Ao g UG OoH(p(0.05), B4 E FASH= Ao

2 UERTH(pC0.05). HdEl wE A F59 &3
< S HIwsiEH A 300 mmHg?l 9 44.9%
2 7P 92 S el A 700 mmHg
T 54.52%% 7P B2 S HERHATH(p<0.05). oF
UARELE 3.239014 3.429] WA= WERgton], At

HolA of| At HaEE & 5 AATHP0.05).

3.2 Ml £5O YT ME RIM €2

A +59 APz O 714 A SR
gt A3= o Zti(Table 2).

Citric acid®] B¢ FAHE7T S71EE 715192
H(p<0.05), malic acide= AEEHA Y3t} Lactic
acid9 A% A=l w2t Frretew ek 700
mmHg¥ o FH0 2 7P & vepudth 3 A9t
T} Z9F 300 mmHg, Y 500 mmHg 7ol /214
Q1 Zpo]7}F YEFFA] QEtH(p<0.05). Acetic aicdE 3
F=7t F7HREE S715HATH(p<0.05).

3.3 Mell +=o| YU ME SFF /| 4=

Table 1. General components of distilled liquor according to the degree of pressure reduction of traditional

Nuruk
Division Normal pressure the degree of pressure reduction
7%+ 300 mmHg 729t 500 mmHg 72t 700 mmHg
pH 4.22+0.93" 43140.11° 4.59+0.56" 4.62+0.21°
Total acidity(%) 0.32+0.09* 0.28+0.01° 0.2240.05" 0.19+0.02°
Alcohol content(%) 47.2943.59° 44.91£1.6° 50.01£3.01° 54.52+4.32°
Amino acidity(%) 3.42+0.05" 3.23+0.01° 3.27+0.03" 3.24+0.03"

* Values with different letters in the same row were significantly different at p<0.05 by Duncan's multiple range test.

* Bach value is expressed as mean+SD”.

Table 2. Organic acids contents of distilled liquor according to the degree of pressure reduction of traditional

Nuruk (ppm)
the degree of pressure reduction
Division Normal pressure
300 mmHg 500 mmHg 700 mmHg
Citric acid 133.1140.89"” 141.74+2.63" 143.84+14.72% 143.97+10.08"
Succinic acid 13.30+4.78" 11.20£17.81° 12.054£9.27° 12.05+£1.73°
Lactic acid 4176.77+336.62° 4633.98+331.06° 4670.95£326.55 6728.61£391.06"
Acetic acid 43815+489.01" 4261.94+331.06 43409.65+129.55" 44079.15£383.44"

* Values with different letters in the same row were significantly different at p(0.05 by Duncan's multiple range test.

* Bach value is expressed as mean+SD"
* ND is not detected.
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olA 72.50 wl/LE YEht AFSH AlFTolAET 7
gHoz =A AEHAULH(p0.05), AAYE7T F71
42 acetaldehyde?d] 5EE Rol= AS & 4 AN
I:‘r(p<o 05). Yi ‘3[8 23} i F5O0= Axt &
Agor FHE 450 YA S ATsIA=H
E— ALY @31}74 acetaldehyde~ e) ge] giel] R
o] ZYFollA Hashe A2 E YTt Methanol9] 7
F= Aol TAYe] AlFE 54 Ao)7t ¢l
o} Furfurald acetic acid2 A4SFAlT 22t
11.70 w/L, 1.33 /LY =& B, TFFSFAl
A= A4 #AQe] HAEE U Lee 51619 A
TolME Furfural T2 A4 SFot] A= 5
ZZ0|A 7ME =4 ASEHY Ao g 225 =
759 A9 furfural AEEA] got 2 A2} FA
& UERQIL) Furfural2 57 Al €30 354 &
glotu]Ato] o aldehyde, ketone® 53 O}H]h—j]-i
Y(aminocarbonyl) ¥ slHA] AAEE SRIERE
7HAH(EE 7H 2 QieH11l

oAE 9 A= F 127] RS AU 1 Sl

Ao A Glo] 3RS Hof[9]5k= ethyl acetate
7P} B EE Btk 1 the gA%RE Fojske
ethyl palmitate®t H%=F, QHHAGS F7]= ethyl
pelargonate, HE3, IFIH IFZ Hosl= ethyl
lactate”} 1 FE ©J3ltt. Ethyl acetate2 ZU=L}
AFEglo] AFQtel 9 194.42 w/LoE 7V Wol HE

A p<0.05). 18]3L methyl acetate, ethyl caproate,
ethyl heptanoate, ethyl caprylateS ZEo] A
o] AEHA P2 A= Utk E9] ethyl
pelargonate= Yi 51819 A+ 2t Lol AASH

Ao AAFFAIE 28] 7FF =A eyt $ 1

FLTEL F 5719 GEo] BHHUAEY 1 F SHF
of Z8H10)& FoI5k= 2-phenyl ethanole] Y=t
Z7REEE =2 =n 2 Byt E3] 749t 700 mmHg

g o 7P =2 5EE YR IS isobutyl
alcohol, n-propyl alcohol, isoamy alcoholo] 21 ¥
£ o]t} Kim 511219 dFolAE £ A5t ZAaolA
A FLASFE AR SF504 2-phenyl ethanol
LIt AASRE AxE SFFEY fY5H =34t

Table 3. Fragrance components of distilled liquor according to the degree of pressure reduction of traditional

Nuruk (ut/L)
Divisi N | the degree of pressure reduction
1wvision orm: ressure
ap 300 mmHsg 500 mmg 700 mmHg
Acetaldehyde 72.50+9.5%) 63.73+1.7% 54.50+15.6" 38.3143.9°
General Methanol 21.65+1.5™? 21.50+4.63 19.70+1.9 22.69+1.53
ingredients Furfural 11.70+1.53 ND ND ND
Acetic acid 1.33+0.08 ND ND ND
E. lactate 24.31+5.43° 20.4245.19* 19.25+3.9° 10.78+2.34°
E. pelargonate 41.23+4.48 25.16+8.71 ND ND
E. caprate 16.62+3.15 9.14+1.69 ND ND
Diethyl succinate 23.19+14.2 ND ND ND
Ester E. myristate 16.20%6.07 7.57+2.47 ND ND
E. acetate 194.42+61.3* 165.85+15.1° 128.6421.4° 156.5+24.6°
2-Phenyl ethyl acetate 2.83+0.66 ND ND ND
E. palmitate 142.86+57.1* 49.60+12.23" 36.56+21.6" 14.83+1.2¢
Total 461.6+102.4" 277.74+88.8" 147.85+68" 182.14+80°
n-propyl alcohol 139.46+8.44" 136.10+1.6 140.8+30.1° 172.4+42.2°
Isobutyl alcohol 254.58+8.38" 236.69+58.8" 203.1£70.6° 317.4+28.6
Hiél;h n-butyl alcohol 4.97£0.95" 5.31£1.51% 4.96£1.93" 6.91£0.94°
quality
alcohol 2-phenyl ethanol 677.18+69.0° 695.13£49.2° 692+105.5° 934+98.07*
Isoamyl alcohol 110.65+9.6" 109.1947.67% 74.40+10.8° 43.84+5.49°
Total 1,216.3+93.47° 1,182.4+118.83" 1,115+219.01° 1,475+175.39*

* Values with different letters in the same row were significantly different at p(0.05 by Duncan's multiple range test.

* Each value is expressed as mean+SD"
* ND is not detected. ?ns is not significant.
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Table 4. Sensory evaluation of distilled liquor according to the degree of pressure reduction of traditional

Nuruk
the degree of pressure reduction

Division Normal pressure
300 mmHg 500 mmHg 700 mmHg
Flavor 4.18+1.54" 5.17+1.16" 5.32+0.96° 5.39+1.21°
Taste 4.37+2.09° 4.26+1.08° 5.04+1.39° 4.96+1.26"
Sweetness 4.29%1.67° 4.41£1.60° 4.69£2.36" 4.99£1.67°
Bitter 4.09£1.29° 4.49£1.63 5.22+3.01° 5.25+2.32°
Overall acceptability 4.42+2.05" 4.23£1.91° 5.07+2.00° 5.04+2.12°

* Values with different letters in the same row were significantly different at p<0.05 by Duncan's multiple range test.

* Each value is expressed as mean+SD”.
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P&t S7HEE A2t S71E & 5 A
ot A% 500 mmHgel HIsiA A7 2 =9k Bl A 2
ok 700 mmHgo] o7 k= o] et o4
Aol @l ACE Yehgth % dot, £%9] 4
FLSTl HIsiM AASFT S & ¢ A
, BAU=TE S SUHE Bl ol Lee &
0]9] AFolA = AJUollM o] SFET HAedolM o S7
st F71dE A 714t o] Bol &5 T
T4 &Fe] S0 I vE Aol stglem, Cho
¢} Cheong[11]9] @7olx= 2H A=A AHE 55
71E ARt A3 @2 7] oA dEE S
o] TRske A AT A2 TR 7HEH
U7 AA FEAe] 2 7] el fAE= B
e 7L stof & A7 Ao AA " AR 27t
FESFAMES S7FBIATAL SHAH.
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F7149] 739 malic acid= AJAFEA] Q9kOH, citric
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3F7] ABO AL acetaldehyde? A= ARIEH7}
AASFES 9402 A AEFHIJLH furfural
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AABFAA BT ik oIS Holoke ethyl
acetate, H’]ﬂ _l_ilj\ 3RS HojSl= ethyl lactate”}
HUEReE BUERIN BTN AL o
=7 ng%lé 2 4= AT}t methyl acetate, ethyl
caproate, ethyl heptanoate, ethyl caprylate2 7t
Tof Aaglol AEHA ¥ Ao YEyTth B3 5
F5o] 232 ¥oJ5}= 2-phenyl ethanolo] ZY=7}
FT/IESE £ 555 Eorth o] Totd ] AR

B4 Bl AUS R AUSRo thet 42| fo
2 Aol g Mol FRF| Fao] JHPL Wk o ¥
A—]QOJ]:]‘

-

W1 E 24, 3 ) A

RE AXY FRAAYER

52 FysH,

—,v_—(acetaldehyde, furfural, methanol §)°] 4% o]
ST 40 384 JFE VA= ALeE HYr
E35| IsAA 23 73 500 mmHgolA 7HY €2 2
s HojFglon 2-HEdeFE2 Y 700 mmHgel
Al 7V =31 300 mmHg¥ 500 mmHg2 FHAZ =
kot o] F AFLZ o= Aol7t gl olwjolH A
F9l acetaldehyde, furfural, methanol®] 5=+ &
4 500 mmHgolA 7FY A2 == AEEUt E3t
Az dFoA #A 500 mmHgoA JFAl 700
mmHgETH oA AH]Fo] 20% F= Al ABakg
ok 10% © EUH14,151= AL st A% 500
mmHgolA AYFFRIHE 1EH9] F7A] &3 Az
9 AAER] SHAA FEE AR BEAHT ESt
o Yo7tA o2 &4 AIEE Bol 5559 &4 71t
o W& 4 WHIE duEolol & Aog AJZtHE
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