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The objective of this study was to improve the quality of Korean rice wine with wild type yeast strains isolated from various
traditional Korean fermented foods. Herein the fermentation and sensory characterization of wild yeast, for the purposes of
brewing Korean rice wine, was investigated. 12 yeast strains were examined for their ethanol and glucose tolerance. In
addition, the pH, soluble solids, acidity, amino acidity, ethanol content, organic acids, and volatile compounds were also
studied for the alcoholic beverages made with the wild yeasts. Aimost all Saccharomyces genera yeasts were showed to
have a tolerance at 10% ethanol, but non-Saccharomyces genera yeasts displayed a low tolerance. The alcoholic bever-
ages fermented by non-Saccharomyces yeasts demonstrated higher levels of soluble solids, titratable acidity, amino acids,
and lower ethanol content, when compared with the alcoholic beverages fermented by Saccharomyces genera yeasts.
The organic acid content, such as malic acid, acetic acid, and succinic acid, was seen to also be higher. The electronic
nose was analyzed, and discriminant function analysis (DFA) was used for discriminating wild yeast strains. The DFA plots
indicated a significant separation of Saccharomyces genera and non-Saccharomyces yeast strains. For volatile com-
pounds, ethyl acetate from non-Saccharomyces yeasts, and ethanol from Saccharomyces genera yeast, a high area ratio

was observed.

Keywords: Korean rice wine, fermentation, volatile compound, non-Saccharomyces, electronic nose
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Table 1. List of isolated wild type yeasts from different kind of fermented foods and commercial yeasts.

Species Strain Source
Wickerhamomyces anomalus N43-8 Nuruk, Jeonju-si, Jeollabuk-do
Wickerhamomyces anomalus SM2-7 Yakju (Sinju), Bucheon-si, Gyeonggi-do
Wickerhamomyces anomalus Y685 Meju, Jeongseon-gun, Gangwon-do
Pichia kudriavzevii N77-4 Nuruk, Seoul
Hanseniaspora opuntiae HP1-2 Peach, Suwon-si, Gyeonggi-do
Hanseniaspora uvarum N56-10 Nuruk, Seogwipo-si, Jeju-do
Candida tropicalis Y447 Meju, Gunsan-si, Jeollabuk-do
Saccharomyces cerevisiae BY30-1 Fermented Liquid, Namyangju-si, Gyeonggi-do
Saccharomyces cerevisiae A9-2 Apple wine, Gongju-si, Chungcheongnam-do
Saccharomyces cerevisiae CM4-5 Yakju (Chukbae), Bucheon-si, Gyeonggi-do
Saccharomyces cerevisiae M1-9 Nuruk, Bucheon-si, Gyeonggi-do
Saccharomyces cerevisiae SD1-2 Yakju (Sinju), Bucheon-si, Gyeonggi-do
Saccharomyces cerevisiae Fermivin Strain n°8906 Champagne, France
Pichia kluyvery Frootzen Wine, New Zealand
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st AzstAT B3N Az F=(Aseprgillus
oryzae, Choongmoo Fermentation Co. Ltd., Ulju, Korea)
o2 GEFES A2, EYFF 250gx = 2L £
35, IEE 1 kgD Y 60°Co|A] 110 rpm &2 2447k
It Fete A& (8,000 rpm, 10 min)dhe] 4
Solu 54510 GRS 16 brix® £ASAT ETF R4
(lactic acid)& F7}5le] pH 8.72 23}l 65°Cof| A 30&
AR Ao HEE A% AR T2 SYUANE R
£%H A XEE YPD broth 5 mloj 500 ul Yo} HF ¥ 30°C
ol A 48A1ZF v kST HiFSt EEE 200 ml YPD broth
of 1 ml¥ HZE35}o] 30°Co| A 484t v et &, uljFH &
1/200 3A5}e], N|3EA4>7] (hematocytometer)ol] 10 wl& &
Fito] A Z4E ZHAT 4 AR E F3tH o 1x10°
cellmlo] E=5 HZFsaL 25°Co| A 547 FA] vt 5,
8,000 rpmoJl Al 10 A& st RS A AsIAL, 45
2 24stet

UTS LY L LY

&dFL YL YM (yeast extract 3%, malt extract 3%,
peptone 0.5%, glucose 1%) YA BiR|o] 4= oS =5
5, 10, 15% (viv)7} Bl =& Z+Z- 7189t AR E HE3)
3L 30°CollA] 597t Hi et & 660 nmol A FEEE 545}
of vttt WA YM HA| Hf o] glucose7} 20, 30,
40% (wiv)7h B =5 H7FeE & 30°Co| A 297t v et &
660 nmo| A FFEE S4sto] v SHHTH10].

(=)

olatety EAM

pHE A& 10 mlE %3t pH meter (FE20, Mettler
Toledo, Switzerland)Z AM-&3lo] 2o, 13FE
o T A (ATAGO Pocket PAL-1, ATAGO Co., Tokyo,
Japan)E AH&-5to] S 5HEth A4 A= AR 10 ml9
0.5% phenolphthalein 2-3%&2 Ho=d ttS, 0.1N
NaOHZ 53 AAstgon 2HE &R FZ acetic
acid (%) & A5 o AlE = A& 10 mlE 0.1N
NaOHZ F3A 7] &, $4 Z2EY &9 5 mlE 7}t
33t o37]9] 0.1 N NaOH -§H4& A3t pH 8.30] &
74 2825 0.1 N NaOHQ| ml 2 FA|3FHTH6]. &2
< FFE AR 100 mlE 7HEEt FFAE 80 mIzA] ¥
2 %, 100 mI7tA] B2 FE3% &, LEA| FHAE AHE
5to] 11 A =& ¢l o] Gay-Lussac £2 4] 15°CE 2 A3}
of UrEb 31TH19].
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A8 A& 2 ml& 17,000 rpmo A 1527 AHE
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3%, 0.45 um membrane filter (Millipore Co., Bedford,
MA, USA)Z o] 73t t}2 Sep-pak C18 cartridge (Waters
Oasis, Milfort, MA, USA)Z XMAE A ASIE high
performance liquid chromatography (HPLC, Chromaster
5000, Hitachi, Ltd, Tokyo, Japan)2 243}t B4 &
HL ODS-100W (4.6 mm X 250.0 mm)E ARSI} o]%
Ar2 3 mM perchloric acidg& A3 oM, flow rate=
0.6 ml/min, column oven === 63°CZ 39t AL &
Tt B &L ke 2 M (0.2 mM bromothymol blue, 15 mM
Na,HPOy, 2 mM NaOH)¥} ¥H-5-3F 3, UV 440 nmo A H&
5}t o] vk 8999 flow rate= 0.9 ml/min= 3}

TX= 24A

Metal oxide sensor (MOS)7} A& AT A| A= (FOX-
2000, Alpha MOS, Toulouse, France)& ¢|-83}¢] ofA} &
2] o3 4T g WRAAY Y] FAE ST A=
1mlE 10 ml 3= AH o] &7|of gof PEstar, Ao
A 24A17E B2 & SAEE T AR 80°Col A 20&3t
250 rpm O 2 WHFE}T, 27 LE X 130°C Ao A F
Yatgict. ojuf AFEE kA= FTlolH £ 150 mle] f
&0 38 B4t 24 AR & 33 ¥HE-& AAsHS
A A2l Alpha MOSO A Al FE £2ZE Y| & AE-s}
Fgomw, oHF,EA(Discriminant Function Analysis;
DFA)C 2 2 AR7te] Hubgie] ol HAH Ao
Z e iTh14].

Sy SEE 24

o miol o3 YTE WA 7B GOMSE
EA5 T A RE 8,000 rpmol A 1087F G4 28] 514
Oasis™ HLB Plus LP &% 7}E 2] X (Waters Co., MA,
USA) A28 FAARG. Wekpentane)st ofE] 2 ether)
2 112 BRE 89 1mg A= A0 Yol FRE AR
2 FHo| W ¥, NasSO,E Wol 85} H2S ARt 1
& 8710 ol EAsIsit RAL FadzotETd )
GCMS-QP2010 PLUS (Shimadzu Co., Kyoto, Japan) 7]
718 AFE-sk Tt 2 Y2 HP-Innowax fused silica capillary
column (60 m X 0.25 mm, 0.25 um film thickness)2 A}
519, AHY =& 40°CoA 5, 230°Col|lA] 30&, T
Q79 A7) LEL 250°CE 31ATh flow rate:
1.0 ml/min, A &9 %2 1 ulE FY3t4T.

1]
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Table 2. Effect of alcohol and glucose tolerance about different wild yeasts and commercial yeasts.

Yeast Alcohol tolerance (ODggo)' Glucose tolerance (ODggg)?

strains 0 5 10 15 1 20 30 40
Non-Sacchromyces yeasts

N43-8  0.92+0.09 0.78+0.05°" 0.01+£0.01® 0.00£0.00 0.96+0.05°%%¢ 1.24+0.03° 1.07+0.04%¢ 0.56+0.00¢
SM2-7  0.89+0.02¢ 0.79+0.019" 0.01+0.01® 0.00+0.00 0.96+0.02°¢%¢ 1.31+0.01%¢ 1.13+0.01® 0.57+0.02¢
Y685 0.76+0.01° 0.85+0.07" 0.01+0.01® 0.00+0.00 1.02+0.08%%f 1.39+0.02¢¢ 1.21+0.02° 0.66+0.04%¢
N77-4 0.56+0.09° 0.66+0.05° 024+0.01° 0.00+0.00 1.04+0.00%" 125+0.03° 1.01+0.01Y 0.34+0.01°
HP1-2  0.37+0.00° 0.09+0.01° 0.00+0.00° 0.00+0.00 0.87+0.07*® 1.04+0.06*° 043+0.08% 0.01+0.00
N56-10  0.39+0.01® 0.01+0.00° 0.00+0.00° 0.00+0.00 0.84+0.04 1.07+0.02° 0.90+0.00° 0.44+0.01°
Y447 0.83+0.01°¢ 0.92+0.06' 0.00+0.00° 0.00£0.00 1.08+0.03 1.07£0.05° 0.37+0.07° 0.04+0.05°
Frootzen 0.91+0.02¢ 0.72+0.03"9 0.01+£0.01® 0.00£0.00 1.11+0.00f 1.15£0.01° 0.83+£0.00°¢ 0.25+0.01°
S. cerevisiae

A9-2 0.90+0.02¢ 0.78+0.00°" 0.50+0.05° 0.00£0.00 0.92+0.03*°° 1.40+0.00° 1.30+0.05%" 0.72+0.02%f
CM4-5  0.79+0.01° 0.82+0.00" 0.57+0.04° 0.00+0.00 1.01+0.01°%%f 1.43+0.02° 1.23+0.04"9 0.79+0.01%¢
SD1-2  0.78+0.00° 0.48+0.03% 0.50+0.00° 0.00+0.00 1.10+0.07f 1.44+0.08° 1.22+0.01%9 0.81+0.08"¢
M1-9 0.86+0.05%¢ 0.57+0.00° 0.77+£0.00° 0.00£0.00 1.06+0.01®"  1.59+0.05" 1.34+0.00" 0.89+0.11¢
BY30-1 0.91+0.03% 0.34+0.01° 0.21+£0.09®° 0.00£0.00 0.93+£0.03*°%¢ 1.39+0.03%¢ 0.79+0.04° 0.31+0.07°
Fermivin 0.84+0.02°¢ 0.67+0.06" 0.52+0.04° 0.00+0.00 0.92+0.04*P°¢ 142+0.00° 1.27+0.01%9" 0.76+0.04%"

"Yeast strains were cultured at 30°C for 5 days in YM broth containing 0%, 5%, 10% or 15% ethanol.
2Yeast strains were cultured at 30°C for 24 hours in YM broth containing 1%, 20%, 30% or 40% glucose.

WA (glucose 20, 30, 40% (w/v)) £4 A I}ZE Table 29 L+
EMJ QU €42 10%0A &% M1-99 &34% 32 0.77
ol Y ZF(Fermivin)& 0.522 M1-97} ¢3Z& fAo] &=
grom, BY30-12 A Lst YR S. cerevisiage R = TR
23 A YAAS YEFY it Non-Saccharomyces S5
T ¢EE 10%A Wde Uetdle B2E N77-4 03]
o, S. cerevisiae 2T AWAH OS2 ¢FE fAo] ¥ A
°2 Yeigt 181 3E 15%0A WS Bl aE=
Atk T 40%0 A WAL M1-97F 7H EokoH, gz
o] FHE gL 0.760|8 M1-92 0.892 F WAo| &gttt
F 40%°| A non-Saccharomyces AR KT} S. cerevisiae &
ZEo] WAo] &9ken, HP1-2, Y447 A9t AR EL
glucose 40%°] A WAL 71X = Ao 2 Ueyth Kim 5
[11]0] Bt 43 WA axel vjus) & 23, & A+
of A3 A AIE 15% A YAlo] uf$ Wgro,
Foll et WA= vt Aoz vyt
YT waoe| ofafEx 4

Fotole] opY ARE 5UZ HES YA N pH, 1P,
ARQAE, ofn| e AtE 9 UFE kS B4 A= Table
31} 2t} Saccharomyces & 82 9] pH= 3.28-3.49%2 LE}
Yo A9-2 ARV} 7} Woka BY30-17F 7H &4 e
W%t} non-Saccharomyces & X2 2| pH= 3.01-3.61Z Y
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Bl om, N77-47} 7H Wokon, Y447 G 27} pH 3612
V% %7 ebdet.

Saccharomyces & A2 9 1P E =S 8.73-9.27 °Brix
2 b, MLo7} 714 WSER SD1-27k 744 i
non-Saccharomyces & A X0 1 E FF2 8.90-13.10
*Brix®, N77-47} 78 WFQFT Yaa77} 74 =) vhebube}.
Saccharomyces & AR 0] WFHE 312 non-Saccharomyces <5
arac e S Yl 1, o] Saccharomyces <
ARt g ol g5t 4L Havt o AYPH ALE B
2t

Saccharomyces & A1 2] AAAEE 0.25-0.28%= et
o, M1-97} 7H8 @eka SD1-27 7H3 =9ttt non-
Saccharomyces & A7 += 0.28-0.33%= UEFLO W, Y447
7} 7FA 2okt Y6857F 7H4 &9kt Non-Saccharomyces
& RO AAAEI} Saccharomyces & AR HTH =& 7
F= 2

Saccharomyces < AR 2] ofu| AT = 1.61-2.02 g/100
ml2 et oen, CD4-57F 7Y @kl SD1-27} 71 =9
t}. non-Saccharomyces & A X = 1.91-2.61 g/100 mlZ
el o, N77-47}F 7F8 3okl N56-107F 7 =94t
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Table 3. Chemical content of alcohol fermentation with different wild yeasts and commercial yeasts.

231

Yeast strains o0 Soluble_solid Titratable acidity Amino acid Alcohol
(°Brix) (%) contents (g/100 ml) (%)

Non-Sacchromyces yeasts
N43-8 W. anomalus ~ 3.40+0.005°¢ 10.05+0.150%¢  0.32+0.025° 2.12+0.057¢° 3.80£1.13°
SM2-7 W. anomalus ~ 3.40+0.000°¢ 9.65+0.250°¢  0.32+0.006° 2.10+0.021¢ 3.65+0.21°¢
Y685 W. anomalus ~ 3.41+0.025°¢ 10.45+0.650%¢  0.33+0.008° 2.11+0.028° 3.10+0.1420¢
N77-4 P kudriavzevii  3.01+0.020? 8.90+0.100*°  0.29+0.006"¢ 1.91+0.014° 2.25+0.07°
HP1-2 H. opuntiae 3.47+0.157° 11.70£0.200° 0.31+0.026° 2.26+0.007" 2.50+0.422b
N56-10  H. uvarum 3.51+0.030%¢ 11.45+£0.050%F  0.29+0.003°¢ 2.61+0.0219 3.60+0.85°¢
Y447 C. tropicalis 3.61+0.049¢ 13.10+1.1319 0.28£0.055"¢ 2.21+0.007 3.00+0.283P¢
Frootzen P kluyveri 3.05+0.025% 12.15+0.150" 0.31+0.011¢ 1.75+0.014° 3.10+0.143b¢
S. cerevisiae
A9-2 S. cerevisiae ~ 3.28+0.078° 9.13+£0.5772°  0.26+0.042%° 1.72+0.021° 8.50+0.42¢
CM4-5 S. cerevisiae ~ 3.31+0.098° 8.83+0.493% 0.26+0.015%° 1.61+0.014° 7.50+0.14¢
SD1-2 S. cerevisiae 3.39+0.074°¢ 9.27+0.643*°  0.28+0.0212°¢  2.02+0.021¢ 8.40+0.28¢
M1-9 S. cerevisiae  3.30+0.081° 8.73+£0.6512 0.25+0.026%° 1.88+0.028° 7.80+0.00¢
BY30-1  S. cerevisiae 3.49+0.080°¢ 8.90+0.000*°  0.26+0.0112° 1.62+0.0212 7.40+0.714
Fermivin  S. cerevisiae ~ 3.29+0.091° 9.00+0.624% 0.24+0.0382 1.75+0.007° 8.20+0.00¢

Data are means+standard deviations of two independent experiments. Values displaying different superscript letter (2P¢4.259)

according to the Duncan test (0.05%).

Table 4. Concentrations of organic acid of alcohol fermentation with different wild yeasts and commercial yeasts.

(Unit: g/1)

Yeast strains Oxalic acid Malic acid Lactic acid Acetic acid Citric acid Succinic acid
Non-Sacchromyces yeasts
N43-8 W anomalus 0.27+0.001%%9 0.21+0.033*® 1.66+0.031% 1.56+0.032¢ 0.10+0.036*° 0.20+0.048°
SM2-7 W anomalus 0.29+0.008"9  0.26+0.025° 1.68+0.033% 1.72+0.220° 0.12+0.0422® 0.22+0.068"°
Y685 W, anomalus  0.29+0.001%¢  0.26+0.090° 1.75+0.154*® 1.58+0.180¢ 0.15+0.002° 0.17+0.0672P¢
N77-4 P kudriavzevii 0.24+0.018%%¢f 0.60+0.197° 1.86+0.162%° 0.29+0.018*° 0.09+0.048%° 0.27+0.071°
HP1-2  H. opuntiae  0.28+0.007%¢  0.29+0.069° 1.94+0.164*° 041+0.071° 0.08+0.022% 0.18+0.077°¢
N56-10  H. uvarum 0.30+0.003¢ 0.32+0.110°  1.82+0.079° 0.77+£0.275° 0.10£0.025*° 0.21+0.140°¢
Y447 C. tropicalis ~ 0.23+0.027°%¢  0.24+0.034*° 1.94+0.258%° 0.30+0.085%° 0.08+0.023% 0.22+0.038°¢
Frootzen P kluyveri 0.29+0.004"9  061£0.175° 1.96+0.026>° 0.49+0.007° 0.10+0.020*° 0.14+0.0392P¢
S. cerevisiae
A9-2 S. cerevisiae  0.16+0.035° 0.26+0.033°  1.95+0.103® 0.31+0.079° 0.06+0.016° 0.10+0.011%P
CM4-5  S. cerevisiae 0.18+0.033*°  0.25+0.056*° 1.92+0.146° 0.36+0.0622° 0.08+0.004° 0.12+0.092%¢
SD1-2 S cerevisiae 0.21+0.020°°¢ 0.28+0.003° 1.91+0.082*° 049+0.071° 0.08+0.006° 0.22+0.005°¢
M1-9 S. cerevisiae  0.18+£0.030>°  0.28+0.047° 1.89+0.145*° 0.43+0.099° 0.06+0.004®> 0.13+0.060%P¢
BY30-1 S. cerevisiae  0.22+0.000°%¢ 0.21+£0.019*° 2.06+0.298° 0.35+ 0.026*° 0.08+0.029%° 0.13+0.060*"
Fermivin S. cerevisiae  0.19+0.020°P¢ 0.19+0.052*® 2.00+0.033*® 0.25+0.152*° 0.08+0.020° 0.16+0.017°°
Medium 0.31+0.040° 0.05+0.039° 1.89+0.132%® 0.09+0.041®  0.09+0.0217 nd?

Data are means *standard deviations of two independent experiments. Values displaying different superscript letter (3¢4.2%9)
according to the Duncan test (0.05%).
nd : Not detected.
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Fig. 1. Discriminant function analysis (DFA) of the obtained data from electronic nose date for the flavor patterns of
alcohol fermentation with different wild yeasts and commercial yeasts. < ; Medium, A; Non-Saccharomyces yeasts, m; S.

cerevisiae.

http://dx.doi.org/10.4014/mbl.1507.07002



8t non-Saccharomyces A st TR Fof wet A
Abst= 8 7159 Aol & FAEEA(PCA, principal
component analysis) .2 YEI S W, S. cerevisiase, P.
kudiavzevii, W. anomalus, C. stellate 5°] A2 th2 3
< FA5t= AL BaEo] 2 A7 Aol FAFsHST

Characterization of Fermentation with Wild Yeasts 233

AT B S. cerevisiase®} non-Saccharomyces & AR Z 3
A FEE =T, S. cerevisiase= ethanol 29| % 3-methyl-a-
butanol, 2-methyl-1-propanol, 2-methyl-1-butanol 5 T-%F
s %‘r‘j‘T—‘] AdFLE0] A&HTt ¥HH non-Saccharomyces

21-==
oﬂE]—.Q. Igl Ol—i.Q.E 594 3;:]1:1]—/“ ?‘S}:7]/H HEo] =3

X Foupo Yakst=

5 #7429 a7t 9ag Ao

OFd S0 ME AT=

o] AR 5
ol surA 37| A

arsono] Sty
g gelste] 5ug waY ¢
HS GC-MSZ 143t ZI}E Table

z9 7] 483 7)Ao e
= AjmE

H e}

5, 69 YEFU 1tt. Non-Saccharomyces 4 29 F92 3]
HhA] 3F7| A B2 ethyl acetate (11.71-91.88%)%} ethanol
(2.16-52.26%)2 UEFET WHH S, cerevisiase A9 9
3 371 E-L ethanol (37.67-62.89%)3} ethyl acetate

(1.32-11.97%)2 4 F At

dIEF disf ANFFE=

rr = oZ: FIO J}‘)‘ r

HIEQrii6]. &
cerevisiase A @l Al

e 9w
o R BERgH) oa) YEH, 1T F2E

P EE

s =
> T =, T

l%% YER e S A= iR

g

o o] 7]

= %9&01] Asste 4%

ol &3t

E£2 isoamyl alcohol¥} 2-methyl-1-propanol=
Ao A] 2-methyl-1-propanol& ZE S.
HE5%21(0.68-3.12%), non-

Saccharomyces & A= C. tropicalis Y4470l A 4.41%2

7V ¥ ebget

Non-Saccharomyces & G ZL TaMo] 9 J|itA 3
ethyl acetate® UEFGTE. W. anomalus &%
(N43-8, SM 2-7, Y685)2] ethyl acetate?] 34 37| A&

71 8e

[oRu Ly

Table 5. Volatile compound content of alcohol fermentation with different non-Saccharomyces yeasts and commercial yeast.

(Unit : peak area %)

Volatile compounds N43-8 SM2-7 Y685 N77-4  HP1-2 N56-10 Y447 Frootzen Medium
Acetic acid 0.69 nd 0.6 nd 0.89 1.81 nd nd nd
Tetrahydro-2-methyl-furan nd nd nd nd 0.33 23.64 nd 0.08 0.61
Ethyl acetate 91.88 90.82 78.97 74.72 342 25.03 11.71 60.81 5.41
Isoamyl acetoacetate 0.49 0.125 nd 0.715 1.09 1.025 4.49 nd nd
Ethanol 23 2.16 2.91 8.89 41.16 2017 52.26 17.47 nd
Heptyl alcohol nd nd nd nd nd 0.63 nd 0.11 1.29
2-Butanol nd nd nd nd 0.12 nd nd nd nd
1-Heptanol nd nd nd nd 0.31 nd nd nd nd
2-Methyl-1-pentanol nd nd nd nd nd nd nd nd 1.58
3-Methyl-1-butanol 0.04 nd 0.07 nd nd 0.58 nd nd 1.23
2-Methyl-1-propanol 0.15 0.08 nd nd 0.93 nd 4.41 nd nd
2-Methyl-1-butanol 0.15 nd 0.25 nd 0.8 1.03 1.42 nd nd
2-Phenyl ethanol nd nd nd nd 0.37 nd nd nd nd
3,3-dimethyl-4-[(1-methy- 1.25 2.94 1.61 6.23 nd 5.05 7.42 13.59 19.23
lethyl)amino]-2-Butanone
2-Methylheptane nd nd nd nd nd nd nd nd 11.19
Benzene nd nd 7.18 nd nd nd nd nd nd
1,2-Benzenedicarboxylic acid, nd nd 2.38 nd nd nd nd nd nd
bis(2-methoxyethyl) ester
2,4-dimethyl hexane 1.15 0.89 0.9 4.34 7.18 6.79 11.18 7.31 6.59
Decane 1.25 0.56 0.72 2.76 6.57 7.70 7.55 1.50 5.21
Dodecane nd nd nd 1.32 nd nd nd 5.42 10.43
Propadiene 0.08 nd nd nd 0.4 1.03 nd nd nd
1-Decene 0.08 nd nd nd 0.40 1.03 nd nd 1.2

nd : Not detected.
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Table 6. Volatile compound content of alcohol fermentation with different wild-type S. cereviaise yeasts and commercial yeast.

(Unit : peak area %)

Volatile compounds A9-2 CM4-5 SD1-2 M1-9 BY30-1 Fermivin Medium
Acetic acid 0.39 nd 0.43 nd nd nd nd
Tetrahydro-2-methyl-furan 0.24 nd 0.14 nd 0.2 nd 0.61
Ethyl acetate 4.01 8.29 2.49 3.44 5.02 5.35 5.41
Isoamyl acetoacetate 4.00 9.15 1.32 3.80 5.46 11.97 nd
Ethanol 62.89 41.71 51.96 37.67 40.19 37.12 nd
Heptyl alcohol 0.54 nd 0.18 nd 0.47 nd 1.29
2-Butanol nd nd nd nd nd nd nd
1-Heptanol 0.10 nd nd nd nd nd nd
2-Methyl-1-pentanol 0.57 nd nd nd nd nd 1.58
3-Methyl-1-butanol 0.52 0.43 0.17 0.37 nd 0.24 1.23
2-Methyl-1-propanol 2.27 3.12 0.68 2.31 1.22 2.58 nd
2-Methyl-1-butanol 212 3.24 0.63 2.57 0.79 3.04 nd
3,3-dimethyl-4-[(1-methy- nd nd nd nd nd nd nd
lethyl)amino]-2-Butanone

2-Methylheptane 7.71 9.16 nd 12.76 13.36 6.39 19.23
Benzene nd nd nd nd nd nd nd
1,2-Benzenedicarboxylic acid, nd nd nd nd nd nd nd
bis(2-methoxyethyl) ester

2,4-dimethyl hexane 3.74 nd nd 3.68 15.69 8.68 11.19
Decane 6.45 11.06 9.26 12.34 13.19 9.32 6.59
Dodecane 1.88 10.77 0.94 11.19 11.84 10.24 5.21
Propadiene nd nd 47.84 3.1 nd nd 10.43
1-Decene 0.48 nd 0.2 0.4 nd 0.53 nd

nd : Not detected.
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