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Qualities of distilled liquor using Saccharomyces cerevisiae 88-4
separated from traditional Nuruk

Dae-Hyoung Lee*, Yong-Seon Lee, Jae-Soon Seo, Seon-Yi Won, Chang-Hui Cho,
In-Tae Park, Tae-Wan Kim', and Jae-Ho Kim'
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'Brewing Research Team, Korea Food Research Institute

Abstract This study reviews the manufacturing characteristics of distilled liquor prepared using Saccharomyces cerevisiae
88-4 separated from traditional Nuruk. From analysis of soju mash (sool-dut) during the fermentation process, 17.2% of
alcohol was detected in the final fermentation with succinic acid present at the highest level (7,164.3+85.2 ppm). From
the analysis of alcohol content in different distillation conditions, distillation condition No. 6 showed the lowest amount
of alcohol (29.6+0.0%), whereas distillation condition No. 4 showed the highest amount (59.9+0.1%). N-propanol has
been detected at the highest level in distilled liquor under conditions No. 1 and 4, each being 163.4+18.3 and 174.0+ 0.1
ppm, respectively. Isobutanol showed a tendency similar to »-propanol. Distilled liquor in conditions No. 1 and 4 has
shown the highest acetaldehyde level, each being 303.4+4.5 and 325.4+13.1 ppm, respectively. After distillation, 14
volatile substances were found in common, with isoamyl alcohol present at the highest levels in all the distilled liquors.
Distillation conditions No. 3, 5, 6, and 7 have shown high levels of isobutanol that emits a banana-like fragrance and ethyl

octanoate that emits a pleasant fruity and floral fragrance.
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ARAAINA EEBtaL o] A g o8 TFRF dATe AT
olth, wpehA E A= Andt Kim(11)9] 531 A=l 2
oy B3 Fu) L FRE o|&3 FHFY A
o &g AFE T3 EvEr ddl SR AT 2 e
AEsIIA}; S8l

K= 2l g

= oH
Nz ¥ AR 2F
B A AR &F Alxg dEFE 201390 AitE o]
Aol AlBE Qt(Odae, Oryza sativa L) A|ES F0ljske]

15°Cell Bash vi2 Ao AMgtch. WEA A= (dspergilius
luchuensis, sp 150y Z-232](Choeun-goksik Co. Ltd, Hwaseong,
Korea)oll X F+Y3te] ARE-3ITE. F2 AXE 93 &% (75
o 2XE B3 Saccharomyces cerevisiae 88-4ye TH=r2|EAT
Yo ZHE HF ol A YEPD (yeast extract 2%, peptone
1%, dextrose 2%) HIA|IA] 30°C, 48A17F vl & ARE-31 0
gt FAE Ak 558 ARSI

Z o]&3 &ule A APHEES WP (12) Ax3)
Atk F, wegrld AR d=F 6.92kegd = 8311, 884 EF
14mL (3.6x10° CFU/mLYS Z7ksted 25°CelA] 59 <t aAl
A L&g AZG olF e FFE 8 & 23keE AH
Slal 247 Bk X E T A7 Bk B wr1E STk B ow)

=  30°CE Wzeidlen ©
2710 @ & 42,69 Lo} EF3le] 1047F 25°CollA] Ed A

)

AuE AAS & AbH o2 ARGl
A 60, -50emHg 3 FF 2%=(50,
60°C), ZHAE (0, 7%), BFAE (30%, 50%) 5 871A¢] thF
g 2704 FR/HE J3stAtH(Table 1).

&% FREY
Sule] Zelskebd Aol oleke e QuRdd 27t
o wEee $57] 2R vhe FAA 295k pHE pH

meter (781pH/lon meter, Metrohm Merisau, Switzerland)Z =7

Table 1. Distillation condition distilling the mash made with
separated Saccharomyces cerevisiae 88-4

Condition ~ Pressure tﬁ;ﬁiﬁ&% . Head cut Body cut
No. (ecmHg) C) (%) (%)
1 -60" 60 0 30
2 -50 60 7 30
3 -60 50 0 50
4 -50 50 0 30
5 -50 60 0 50
6 -50 50 7 50
7 -60 60 7 50
8 -60 50 7 30

YPressure unit conversion: -60 cmHg (-0.08 Mpa), -50 cmHg (-0.067
Mpa)

stom FAR2 AR 10 mLol| Yz el (naphthalene)S 2-3W-%
7Fsted 01N NaOH £ o2 g=ao] yepd w7ix] Z3 4
Aot 2mj7kA] AB]E NaOHS & EH¥Hk(succinic acid)O =
shatsle] EAEeH FiMie s 438 BE =30 A3
ZHY 10mLe HI &, v=zgAE 23%E 7Hske] 001N
NaOHEH o2 ghxalo] Uepd wi7tx] F3} H7gste] 1uj7lA|
2H1E NaOH2| 4& 2Ato = 3hibale] BASITH12). $UF
slke DNS (3,5-dinitrosalicylic acidy’} )=o) A4 3-amino-
5-nitrosalicylic acid®] &#=E UV/VIS #3337 (Diod-Array)
HP 8453 (Hewlett Packard, Palo-alto, CA, USA)2Z 550 nmo]
A 23 TH(13). BEE T 15300 pge dHele 258
Aol A Fdsle, AR Fo YUY F(mg/mL)S TSI

m}oJ

710 &
F714He A]RE 045 um membrane filterS ARE-3le] o] 33t

T HPLC (Agilent 1100 series UV/VIS detector, Folsom, CA,
USA)ZE ZA8I5tt. f714k] #2496 column® 2= Aminex Hpx-
87H (Bio-rad, Hercules, CA, USA)E ARSI on HAE9HL
210 nm, 2E(oven)?] =+ 35°C, 52 0.6 mL/min Z710|A]

A8 TH14).

Fusel alcohol ¥ R#3liE&

SF79 fusel alcohole} F3ldHE 412 flame ionization detector
(FID)7} #2¥ gas chromatography (GC, Agilent 7830 series,
Folsom, CA, USA)E AH&-sI3iTh GC 240l olste] #ajd 7t
peak ‘3> EFEHL BF-F A7 HlaLste] A o
u] ARE-3E BEEE (Sigma-Aldrich, St. Louis, MO, USA) ©]
E B9 @ e EFEE XF IAR0EIYPS T
3 AR 2EE 98 columne DB-WAX (30 mx0.53 mm
Id, 1pum film thickness, J&W Scientific, Folsom, CA, USA)&
AREEIATE Ovend] 25E 45°ColA 287+ §X13F %, 10°C/min
2 230°C7HA 25 &8 230°ColA] 4587 FASHAT
Carrier gas (He)?] 42 4 mL/minZ A5}tk GC injectore}t
detector === 717} 240°CE AA3I] A& 1.0 uLE split ratio
20:12 )5 TH(1S).

3 Hl/lé Sk
FrlE PE o] 83+ capping § solid phase microextraction
(SPME) WHZ ol&ato] 483t A 8E 70°CollA 20%7F
& A1z £ 100 um polydimethylsiloxane®] ZEE fibers ©]§

7+ &S X R3] Stabilwax DA column (30 mx0.25
mm Ld, 025um film thickness: Restek Corp., Bellefonte, PA,
USA)°] &2 mass selective detector (MSD)E ©]-&3fo] £2443}
Atk AREE GCY oven 2=+ 40°ColA 287F F4] % 200°C
7HA] 5°Chmin®] SEZ FSARLH 200°CA 582 fA1A13
t}. Injector =%+ 250°CE 3F1 2™, carrier gas= heliums A}
439 Y. MSD X712 capillary direct interface temperature
250°C, ion source temperature 230°C, electron ionization voltage
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70 eV, mass range 45-550 am.u, ZL2]3 scan rate 2.2 scan/sec
AT 3LA 3IFE 5L mass spectra?}l aroma propertiesS H]
ko] ERISHATH(16).
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Fig. 1. Changes of alcohol content (@), total acidity( ), volatile acid (<) and reducing sugar () during fermentation of mash made

with Saccharomyces cerevisiae 88-4
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Fig. 2. Changes of organic acid during fermentation of mash

made with Saccharomyces cerevisiae 88-4. @: cirtric acid, O:
malic acid, ¥ succinic acid, ll: acetic acid, A: lactic acid

4.99+0.12-5.83+0.130 % UEPOH 27 7%Z Wold Az &
BF 50%E jEe ot 7H ZA0NA 4.93+0.04, 4.99+0.12% S
< pHE UERITE SRE we 249 S 2/E 7%
AES & BFZS 50% AED 6, 71 7 2A E& 283+
1.59} 31.1£0.5 ppmo] AE =AW o] Azg Hol 24k
Fo] T wWol THE o AL & k0. vl
g AAR Z/E % AES F EFE 0% AES 2, 8 =
A= F HAZ F& 1162027 26.0£0.4 ppme] ZAto] 7
Z F3ch

S5 4o o2 SFF fusel alcohol 24

Bie] FR4 270l @REel dE Faw @7 gEe
A

1
AAATE), o FAHL 4R
3 Fod ROz ol

&S 3t} E3] n-propanol, isobutanol, isoamyl alcoholo] 7]
AR o] Fadk IS sh2l).

S| w2 ZF5 fusel alcohol 414 ¥= Table 33 7+
t}. 57 F npropanol ¥4 A= 2R/E WA &3 ERE
30%E W 1, 48 =W FHRFAA 7P =& 1634+183,
174.0+0.1 ppmo] S =HYoH thFoZ 2RAE glo] &7
50%E W2 3, 5 27 FFFIE 1416404, 143.7+0.3 ppm, =
F %2 WY T BEFE 30% T 2, 84 A FFHFIA
134.5£1.6, 1413204 ppmO.& 3, 5 =7F A3 FAE gk
eI 27 7%E WA & £/E 50% T2 6, 7d =
5 S 7P B 1229403, 122.6+0.7 ppme] n-propanol
o] ZHHALE oJAL Lee T(22)2 UFS o83 A FF A

F-2] n-propanole] %710l FFES] U2the A¥ dife}t f
AFeHa

Isobutanol®] 9% n-propanol?t FAFSIIEH FFZ7 A
e X0 FHAGle] 2/HE WA UL EFE 30%E ©
= 1, 4 24 SFFNAM 7P & 234.5£282, 231.7+1.0 ppm
9] isobutanol®] ZAFHATE ThFo = 3, s =W FHFVL
156.7+0.5, 160.6£09 ppm, 2, 81 Z7A FHFFA 154.0+4.1,
179.6£1.6 ppm &2 3, 51 =7 S/ FARIATE W 6, 7
H 2 FRF 45 7P @ 95.6+1.4, 105.3+2.5 ppm2]
isobutanol®] A AT}, Isoamyl alcohol JA] n-propanol, isobu-
tanolZt fFAMEH AES BHOH EF/E 30%E W 1, 44 =7
ZHFA 7PF =& 8870.5+81.8, 1,008.7+6.8 ppme] ZH =Y
o 6, TH XU FTHFVF BT 7P 2 330.8+2.5, 3287+
10.4 ppm2] isoamyl alcohol®] S =Tt T3 =7/ T IF
437E& 2 isoamyl alcohol>isobutanol>n-propanol® T3 &=

B ARE 05w A9 JEte).

5 4o M2 SRF FoiME 2

GASRINZ SRS WE SH2 LFE aldehyde, fusel
alcohol, furfural & &v| AEo] B3 970 ulg}l 53 £
£ Z=t(23). Y= SFFY acetaldehyde, methanol®} furfural®]
374 3l B tidk B4 A= Table 49} 72t} Acetalde-
hyde= SFZZAA dE3} 256 Hgle] XFAE glo] &
FE 30%E W2 1, 4 20 SRFI 7P =2 3034445,

g
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Table 2. Alcohol, volatile acid, pH, and acetic acid in distilled liquors obtained on distillation conditions

No.

Analysis 1 2 3 4 5 6 7 8
Alcohol (%) 57.6+0.0° 45.0£0.1° 40.3£0.1° 59.940.1° 40.0£0.3° 29.6+0.0* 29.9+0.1° 46.5+0.1°
Volatile acid (%) 0.27+0.06°  0.40+0.00° 0.50£0.00™  0.27+0.06 0.60£0.00  0.70+0.00° 0.80+0.00° 0.50+0.00"
pH 5.78+0.08°  5.58+0.07° 5.25+0.13° 5.83+0.13¢ 5.20+0.02° 4.934+0.04° 4.99+0.12° 5.37+0.04°
Aceticacid (ppm)  11.75£2.84* 21.6243.18°  15.65+3.79°  16.39+1.28™ 17.56£1.21° 28.29+1.50° 31.08+3.52¢ 25.95+2.35°

Each value is expressed as meantSD (n=3).

*Different letters show significant difference by Duncan’s multiple range test at p<0.05.

Table 3. n-propanol, iso-butanol and isoamyl alcohol in distilled liquors obtained on distillation conditions
No.

Compound 1 2 3 4 5 6 7 8
n-propanol (ppm) 163.4+18.3%  134.5+1.6°  141.6:0.4™ 174.0£0.19  143.7+0.3° 122.9+0.3* 122.6£0.7°  141.3+0.4"
Isobutanol (ppm) 234.5£28.2¢  154.0£4.1° 156.7£0.5°  231.7+1.0°  160.6+0.9° 95.6£1.4*  1053+2.5°  179.6+1.6°
Isoamyl alcohol (ppm) 870.5£81.8°  520.4+26.9" 571.743.9"° 1008.7+6.8'  596.9+3.8"  330.8+2.5°  328.7+10.4* 590.7+3.8"

Each value is expressed as meantSD (n=3).

*Different letters show significant difference by Duncan’s multiple range test at p<0.05.
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Table 4. Acetaldehyde, methanol and furfural in distilled liquors obtained on distillation conditions

No.

Compound 1 2 3 4 5 6 7 8
Acetaldehyde (ppm)  303.444.5¢ 84.3+2.8" 178.0425.7¢  325.4+13.1°  168.7+21.5 65.7+0.7* 66.3+1.3" 105.5¢1.9¢
Methanol (ppm) 340.8+8.4¢ 38.3+£3.1° 147.1£21.1°  355.4+17.0°  133.3£10.3° 11.8+1.7° 9.6+0.3" 29.5+3.8"
Furfural (ppm) 0.0+0.0° 0.2+0.0° 0.0+0.0° 0.0+0.0° 0.1+0.0° 0.1+0.0 0.0+0.0° 0.0+0.0

Each value is expressed as meantSD (n=3).
*9Different letters show significant difference by Duncan’s multiple range test at p < 0.05.
Table 5. Volatile compounds obtained on distillation conditions (Unit: peak area%)
No. RT Compound 1 2 3 4 5 6 7 8
1 1.07 Acetaldehyde 0.01" 2 - - - - - -
2 228 Ethanol 96.37 95.23 91.36 97.08 91.61 85.33 88.22 95.28
3 4.33 n-Propanol 0.03 0.02 - 0.03 - - - 0.03
4 6.35 Isobutyl alcohol 0.10 0.19 0.66 0.44 0.52 0.42 0.45 0.30
5 7.42 n-Butanol - - - - - - - -
6 9.34 Isoamyl alcohol 1.07 0.77 1.09 0.79 1.17 1.12 1.01 0.79
7 9.81 Hexanoic acid 0.05 - 0.23 0.04 - 0.09 0.08 0.01
8 16.72 Ethyl octanoate 0.58 1.65 2.61 0.40 2.46 423 4.56 1.54
9 20.66 Decanoic acid 0.49 0.54 1.50 - 1.27 1.07 0.98 0.73
10 27.45 2-phenylethyl acetic 0.05 0.19 0.25 0.05 0.17 0.83 0.53 0.13
11 28.33 Dodecanoic acid 0.06 0.14 0.08 0.04 0.08 1.16 0.30 0.14
12 30.02 Phenylethyl Alcohol 0.03 0.23 0.31 0.03 0.47 1.08 0.87 0.14
13 33.45 Ethyl myristate 0.03 0.03 0.02 0.01 0.05 1.18 0.55 0.05
14 38.15 Ethyl palmitate 0.28 0.09 0.08 0.03 0.30 1.50 0.70 0.07
Others 0.85 091 1.81 0.00 1.90 1.98 1.76 0.78
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
DAverage of relative percentage of total peak area.
INot detected.
325.4+13.1 ppm°] SHE AT}, Acetaldehydes ¢I-L L@ F 7)ol Frheth HEe R o £5S odHsk ¥ F
AEEA ugo R APEE AFHY el SHE o AU S/ F FRET) SHRE Jl £6e de] EolE
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Table 6. Sensory evaluation of distilled liquors produced on distillation conditions

No.

Sensory attribute ! 2 3 4 > 6 7 8
Color 7.0£0.0® 6.7+0.8® 5.3+0.8* 7.3+0.8® 5.7+1.0° 6.0+1.1* 6.0+1.1° 8.7+0.8%
Alcohol flavor 5.8+1.0% 6.7+0.8° 5.0£0.2* 5.0+0.2% 4.8+1.0° 6.2+1.3¢ 4.5+0.8* 4.8+1.0°
Flavor 5.5+1.5® 4.7+0.8° 4.3£1.0° 5.7+1.6® 4.8£1.6" 4.5+0.8° 3.8+1.0° 4.5+1.8°
Taste 5.0+1.3 43+1.8* 3.7+1.6 4.7+0.8* 4.5+1.2° 4.5+1.9 4.2+2.0° 3.8+1.3*
Swallowing 4.5+£1.2* 4.7+0.8* 4.0£1.7° 4.7£2.0° 4.7+1.0° 42+1.6 4.2+2.0° 5.2+1.3°
Overall acceptance ~ 5.8+0.9® 5.2+1.0° 4.5+0.8* 5.3+1.5° 5.0+0.6 4.5+0.8* 4.3+0.8% 4.8+1.6*

Each value is expressed as meantSD (n=3)

*9Different letters show significant difference by Duncan’s multiple range test at p<0.05
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