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Abstract

The purpose of this study is to separate and identify a new yeast strain and to evaluate its brewing characteristics
in three different types of alcohol fermentation as compared with a commercial yeast strain, S. cerevisiae. The yeast
isolated from kiwi fruits (Actinidia chinensis) was identified as Saccharomyces cerevisiae and named S. cerevisiae
HKFR18. The brewing characteristics were not significantly different between S. cerevisiae HKFR18 and commercial S.
cerevisiae for all types of fermentation. The lactic acid and citric acid content in S. cerevisiae HKFR18 was significantly
higher than commercial S. cerevisiae for simultaneous two-step fermentation with Nuruk and independent two-step fer-
mentation, respectively. The acetic acid content in S. cerevisiae HKFR18 was 1.3 times lower than that in commercial
S. cerevisiae for single-step fermentation. In S. cerevisiae HKFR18 and commercial S. cerevisiae, benzene ethanol, and
3-methyl-1-butanol were the major aromatic compounds for two-step fermentation, while benzene ethanol and isobutyl
alcohol were the major aromatic compounds for single-step fermentation. These results suggest that the domestic S. cer-
evisiae HKFR18 from kiwi fruits can be a good alternative for commercial S. cerevisiae strains for various types of

alcohol fermentation.
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S. cerevisiae @5 HASIAL FF Fx Al HEA
Rl B TS, e Euy TR A8 Al &
I Ade, B99, T&, Ak, {7 24 3 A
S TARSIAL o]& Ztzbe] R oA ARRE AL &
FQE S cerevisiae w0t H|NE Fa U A4 S

cerevisiae TF2 FF7 UF Ao 2] o]& 7EAld
st HESIAIA}F 3T

R

SN
2 Aol AME kel Gl (Actinidia chinensisy= Al
FEHEAAE AFE S5 AYeolA] Augt 2oz g

oA Algitol ARSI WEA R AMEE TS
(Bio-Nuruk, Hangukhyoso, Hwaseong, Korea)3} = (Ipguk,
Joeun Cereal, Hwaseong, Korea)2 1l 3lo] ARE-31312
H, 3H-E Saccharomyces cerevisiae= La parisienne (S.
I. Lesaffre, Marcg-en-Baroeul, France), US-05 (Fermentis,
Marcg-en-Baroeul, France), Fermivin (Oenobrands, Montferrier-
sur-Lez, France)>.2 H]Zulo] @ 7 (Bision, Seoul, Korea)oll

A Frfste] AHgsisiTh.

229 2|

b o] AEES HASo] EFEHEF Fol 10gS
JFe T 100mLe] SR A 3 ¢ dAHe=
102-1079] 8|43} I3 (Sigma Aldrich, St. Paul,
MN, USA) 10 pg/mLe] E°] Sl& potato-dextrose Hdul
A (Becton Dickinson Difco™, Franklin Lakes, NJ, USA)°]
100 pLA =38l 25°Coll A 48A17F w3ttt wlj ol
e 5 I4E 2R JES o LEEth

DNA ==

¥ 455 10mLe] PD A M)A (Becton Dickinson)
oA 297k e F A S FE AEAE A AS
of Wi o R H4AE Fesiith EeE ER A

£ qAE 2] 1027 43 F 100°C B= =04 3027F
ol Ag 53] Whgste] aR o] AEHE gstth
an B9 200uLS F 3 lysis buffer (200 mM Tris-
HCI pH 8.5, 25 mM EDTA ¥ 0.5% SDS) 500 uL$} 500
uL2] phenol: chloroform: isoamyl alcohol (25:24:1 (v/v),
Bioneer Corp., Daejeon, Korea)2 73+ $, 10,000xg®l
A 308 St 94l Eelske] AEAE Ak o] & A
A 600puLoll 3M sodium acetate 60 uL2} isopropyl
alcohol 360 uLE 3713k F, 10,000xgo A 57+ L4122
stod A HE DNAE Lotk I x¥ DNA® 500 pLo
70% SErHe-S H7ks AMABEAL 10,000xgoA] 1559 9
At et s AAT F 50°CoAA 1587 7ol F
oldE NS AASATE ©] F 30puLe] TE-RNase
(100 mM Tris-HCl pH8, 10 mM EDTA, 20 uL. RNase)&
A7¥eE § 37°ColA 15% &< REEAIA RNAE Al AR
o} o]EA ERH genomic DNAE -20°CollA W& H3F

T S5

#F9 542 93+ rTaq DNA polymerase (TaKaRa,
JAPAN)Z Alg-3lo] ITS1-5.8S rRNA-ITS4 99)& ZZ3}
%Ath DNA 532 93l yeast universal primer®! ITSI
(5-TCC GTA GGT GAA CCT GCG G-3)3} ITS4 (5-
TCC TCC GCT TAT TGA TAT GC-3") primerZ ©] &3}
o] S| A 8-S (polymerase chain reaction, PCR)S
33k th. PCRS  Thermal cycler (ASTEC PC-320,
ASTEC Inc, Fukuoka, Japan)g ©]-&3}o] 95°Cel|A] 1087+
pre-denaturation A|Z1 % 95°Co|A] 30%7} denaturation,
55°Col A 137} annealing, 72°ColA 30%7} extension®] 3}
AL 308 WHESE ), wpx|EEO.Z 72°Co|A] post-extension
S 1027 TRt TF A= 08% otEREA
(agarose gel) “FolA A7) FEstaL HAste], A=A
(Macrogen, Seoul, Korea)oll 1714 ¥ &8 93390
EA4%E 4714 ¥L2 National Center Biotechnology Infor-
mation (NCBI)2] Basic Local Alignment Search Tool
(https://www.ncbi.nlm.nih.gov/BLAST/)S ©]-8-3to] 543}
Atk

HEE a0 B
WARUE S5 BEE WEAL S F Bio-Nuk,

T

Hangukhyoso, Hwaseong, Korea)®} 1= (Ipguk, Joeun Cereal,
Hwaseong, Korea)S AHE-3te] AAetATh M +5S A
&5t a2 W] 06 kg A, SA F NFFE 94¢,
2 09LS HUIsE o5 #AgolA E=S S cerevisiae
HKFR18%} W HaF ¢z Az AMEEH= S
cerevisiae (La parisienne, S. 1. Lesaffre, Marcg-en-Baroeul,
France)E PD A Aol] HE3ke] 550 nmol|A 9] S3%=
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7} 1.57F =5 wjFet vl S Zh7E 50 mLA 3 E sk
1S @58 AL, 25°ColA] 24417 A2k & W] 1.2
kgS A, A=A, SAF g W] 12kg, NFFH
& 1.8LE 713t 21 H@=S AAEen, &
25°CE FAIsHHA] 847 Ha s AAEAT ¢
3 FFe A 1562g00 E 206 mLE FH7}E
cerevisiae HKFR18%} 3-8 S cerevisiaze La parisiennes
PD wjAo] HZ3a}te] 550 nmol| A ) &3 %7t 157 HES
v oSk wj kel S 7}z 10 mLA FEake] 25°Co|A] 4847
Hj kst oh Wu) 03 kgs AMlvl, FA, SA F E 09LE
71 1 S AAISAL 25°CoIA] 24417 wlj st o
+ W] 12kgS M, FA], F2F & & 1.8LE 78t
g2FE AAZ 3 &5 25 25°CE fAshEA oY

LE S HASAT
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w o}(Pilsner Malt, Weyermann, Germany) 3 kg& 3
5 & 16 LS F7tste] 64°ColM 117 & F33 H
78°ColA 1027 FF F o Fgt Q3 o3} ZhALe
78°Ce] = TLE 37Iste] oAt ol g Edtete] HES
A Z3ATH WES 1587 2o AV o2 SAAZF
(TOP HOP spol. s. r. 0., Czech Republic) 20 g= Zro}A]
A7t & 4587 B AiEia, WA A AS59S Eech
W& 35100 FoEolA E2$ S cerevisiae HKFR18%}
e Eutg gz AMEEE AYE S cerevisiae (US-05,
Fermentis, Marcq-en-Baroeul, France)S PD #|A|ol| %3}
o] 550 nmollA o] FFE=TF 157 HES g WS
72zt 44 mi¥ HFE vy EY9 2% 20005 A A
547 Aa & AAEIS T

clals 2% 23
Aok LS A F oIBE AF 10L0] 4P 866

g A7tk 15brix® A % yeast extract (Difco, New
Jersey, USA) 5¢g H7F & ool A 2&lgk S. cerevisiae
HKFR189} 34 & S cerevisiae (Fermivin, Oenobrands,
Montferrier-sur-Lez, France)& PD HJA] o] HF3lo] 550
nmol| A8 FFE7E 1.57F HEE wget v S 742t
90 mLA HES th £8 2% 25°CE fAIsHAA wE

g 4Asn,

deMd=el g 54 24

=5le] 4L AFS FHEHTYNTS, 2010)0] w2}
S8k £8ls dAwgste] 4 o7 100 mLE
H2dAge] 2 o2 500 mL AZEEisAe] &7]aL
30 mL SHTE WA2AddHd] F2 AR S 13 A2 F

2 Hg ool EoiglE 500 mL AzHEEksAe F7t
E 9 gojFoitt. 7 ¥ A s I3 SF7I 4

A71aL S o] WztEo] Yow ol WAy E A
gto] SFY 80mLE e o 100mL7t 2 w7HA
FrE2 AL v T7E &4E density meter (DMA
35, Anton paar, North Ryde, Austria)E AF&3le] 43I&
S 45k F9E2 dinitrosalicylic acid (DNS)H
(Chae et al., 2002)2 ©|-&ste] FA AT 26S o Fst
o] 1mLE #3 § DNS &9 3mLE H7}staL 100°C
10-15%2F WA O S/ 21 mLE J7F § 233
= Al(Genesys 10-S, Thermo Fisher Scientific Inc. Waltham,
USA)E o]&3l4 550 nmollA SF=E SASIL 2
s EFTOE sto] FATE ALdEeH, dEe
= A (HI96811, Hanna Instruments, Woonsocket, USA)E
AHEEte] SAEAT AR e SAA FREA S
(NTS, 2010)9] we} o338 A8E5 83 10mLS A
3Fod 100 mL 4H2E2Ek2=39 Y& S BTB (bromothymol
blue, Samchun Pure Chemical Co., Pyeongtack, Korea)<}
NR (neutral red, Dae Jung Chemicals & Metals Co.,
Siheung, Korea) EFA|AIFS 231 "Hoj=d U
0.1 N NaOHZ F3} A3l Al52| pH7l 6.85-7.07F 2
W7kA] AAGSHHA 0.N SRS EF A9 &H mL
FAE St A= st

ofN .

K710t A

f+714F& HPLC (Shiseido Nanosapce SI-2, Japan)S ©]
slo] E2E A (post column)HS ZE-3to] B33
. AlEE 045 um E(Advantec, Tokyo, Japan)E ©]-&
ate] o gk & ARE-3F AL Shodex RSpak KC-811 (8.0
mm IDx300 mm, Showa Denko KK CO., Tokyo, Japan)
A4S Vi dAst] AHEEon 28 2EF 63°C,
FH(flow rate) 0.8 mL/minZ 3N, °]F542 3 mM
perchloric acidg AF&-31%1.2M Al 53¢ FH(injection volume)
2 10 uLZ k| h #2l¥ 77142 reaction coilol|A] 0.2
mM BTB, 15mM Na,HPO,, 2mM NaOHZ AR&-3lo] gt
A ROH, 5= 25°C, Y &N o] F(flow rate)>
1.0 mL/minZ 393, 440 nmol| A 9] F3EE 43514

HESIAH.

L op

& (M 2

F713EL GC/MS Agilent 6890N GC/Agilent 5973
mass selective detector (MSD, Agilent Co., Pal Alto, CA,
USAYE AHg3le] BA ST SUA ARe) F3de
SPME (Solid Phase Micro Extraction) fiber (50/30 pum
divinylbenzene, carboxen on polydimethylsiloxane, Supelco
Co., Bellefonte, PA, USA)E AF&3I¥ 3, €5 A& 10
mLE 20 mL head space vial®] ¥ 3L teflon capl = U%&
3 o 50°Cel A 30%E 7F HEAAE O =gz

SPME fiberg 1cm =FA1A 308 &< 3 485

Ty Pt
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ZIAZ1 tr GCE AlEFY Tl SPME fibers =EA]7]
I 200°C 187 22327tk 2382 DB-wax (60 m length
x0.25 mm 1.d.x0.25 um film thickness: J & W Scientific,
Folsom, CA, USA)E ARSI, @8 &= 40°ColA
7 A F 2000074 5°C/mine] £E2 F2A1A

203 7+ FABTh AR FUTe 252 200°C, HE7

TEE 250°CE slon, olsdoRe dFEIHES AR
AL §4S 1.1 mL/min® & 337, ©]- 2334 $H(ionization
voltage)2 70 eV, EAZe] H(m/z)= 33-500L2 3l
A skt

=ZIBSE

A¥ A= SAS package (release 8.01, SAS Institute,
Cary, NC, USA)E o| &3] S4siitt. SAAx= B+
+XFUAE YR o, F3ge] A4 Fo8S
Duncan's multiple range testoll 28] p<0.05 =04 A

SFlT.

=29l 5

Fohe vl 25E E2$ 2 PD wiAolA A 3
< JAs9em 3 e HEddA de #FE AdA E
1] 7 (Olympus, IS2-XLP, Tokyo, Japan)> 2 773+ 23}
AR L] FEE BAFIL FolE st #57F IR
ATh(Fig. la). Foiel] ujollA &Eeld #52 DNAE &
gt R T4 AHgEE 5ol4 xZglo]M=E PCR

(@)

S5 3 F AAE PCR AHES vlE 24 (Seoul, Korea)
| 217 (sequencing) A, ©|]g A3} S cerevisiae®
ITS1-5.8S rRNA-ITS29} YA %=7F 7H¢ =41 vebst
(Fig. 1b). ©o]¢¢] Z#=5H ot dvi=58 22
T2 S. cerevisiage® HZE AL o|E S. cerevisiae
HKFRI8= W8Il o] & F2d gl ARS8ttt

2

HAmwe =59 YT 54

NFFES SRAZ AR WP Eds 6l wa 9
d 743} & HKFRI8 A&+ 4Y8 &5 La parisienne
AETe BE MAE 24 A3, €3S TS HKFRIS
AlgFANA 19.4%, La parisienne Al &4 19.8%=Z &

T Y s Aol FRlEen, S e
HKFR18 A& oA 1.2 mg/mL, La parisienne A] & -4
12mg/mLE F% FFo|0on, A= HKFRIS A&+
oA 3.2mL, La parisienne A& 7-ol4] 2.9 mLZ HKFR18
AT B w2 23S HERHITH(Table 1). & f+714F
5132 HKFR18 Al&--ollA4] 2,918.4 ug/mL, La parisienne
Aol A 2,372.9 pyg/mLE YER} HKFR18 A]t‘ﬂ%ﬂ =3
714k 9ol La parisienne A1 @7+ ] £ 235
ERJI Sl e (Table 1), ©]¢} 72 ZA3}= HKFRI8 Al
o] AF=7} La parisienne Al OiH] =2 ZA3e] U<l
o Aoz A7tE T 53] HKFRIS Al ol A= lactic
acid $F&Fo] 1,540.6 pg/mL=Z 7H %ol FEHAL, La
parisienne A& thH] oF 244 £ AHE UERAS
W, La parisienne A] -0 4= succinic acid7} 802.0 ug/
mLE 7P @o] =AU, HKFRI8 Al H] oF

(b)

Description Max  Total - Query Identities
score score cover value
.Saccharomyces. cf. cerevisiae/parz.:ldoxus culture CBS:7336 1325 1325 100% 0.0 99%
internal transcribed spacer 1, partial sequence
Saccharomyces cerevisiae .culture CBS:7764 small subunit 1325 1325 100% 0.0 99%
ribosomal RNA gene, partial sequence
Saccharomyces cerevisiae culture CBS:5818 internal 1325 1325 100% 0.0 99%

transcribed spacer 1, partial sequence

Fig. 1. Morphological feature (a) and ITS-5.8S-rRNA concordance (b) of colony on culture of isolate.
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Table 1. Composition of ethyl alcohol, reducing sugar, acidity and organic acids in simultaneous saccharification and alcohol
fermentation mash using S. cerevisiae HKFR18 and S. cerevisiae (La parisienne) with Nuruk and Ipguk

i Organic acids (ug/mL)
.. Yeast Ethyl = Reducing Acidity
Koji strain alcohol sugar (mL) Citric Malic L Lactic Acetic
(%, v/v)  (mg/mL) acid acid Succinic acid acid acid Total

Nuruk La parisienne  19.8£0.1  12+0.0 2.9+0.0 406.7+25.3 347.5+22.7> 802.0£27.4" 642.2+62.5" 174.5£6.8° 2,372.9+23.5

HKFR18 19.4+0.1 1.2+0.0 3.2+0.1 396.0£19.9° 276.4+17.4* 578.5+26.8" 1,540.6+29.3* 126.8+54.1* 2,918.3+101.0%
Inouk La parisienne  18.4£0.0  0.6£0.1  5.5+0.0 2,200.1£43.5" 299.5+16.4* 580.2+40.5° 515.0+78.5* 22.6£20.2° 3,616.4+89.8"
pe HKFR18 18.3+0.0  0.7+£0.0 5.8+0.0 2,326.5+47.5* 334.0+16.8" 597.7£16.9° 571.4+31.0° 45.0+£39.4* 3,874.6+74.2*

**Values with different superscript within a same column are significantly different (<0.05) by Duncan's multiple test.

14w} =2 A3#E YEh Atk HKFRI8 A1 7-¢} La
parisienne A| 1] F7]dE FAJNA A 22 2Tk
Fojsle Aoz UEF acetic acid (Kim et al., 2009)9}t
furanAl B ¢! ethyl pentofuranoside} ethyl hexopyranoside=
La parisienne A @0l A ¥+ AZE 5L 1,2,3-propanetriol>
La parisienne Al @104 HKFR18 AlgFH T} o2 o=
B2 ol AZHAT. sHAR b 78RN s 5ol
9] zol= A AUTH(Table 2).

PoS DaAE AR HPEUs 26l U8 99 A

% HKFRI18 A8+$} La parisienne Al g2 2g A3
3 B4 A, ¢=2E TS HKFRIZ A TollA
8.3%, La parisienne A& FNA 184%% &5 52 &
& ATl gRlEen, SdY S HKFRIS A
g-ol4] 0.7 mg/mL, La parisienne A]&-7-41A] 0.6 mg/mL
2 5% FFolden, AHE= HKFRIS Al FolA 5.8
mL, La parisienne A] & 79|41 5.5mLZ HKFRI18 A&+
oA thd e A3E AT Table 1) & #7142 &
ZFS HKFRI8 Al 7oAl 3,874.6 ug/mL, La parisienne
A& Tl 3,616.4 ug/mLE LER} HKFR18 A& -2] &
714t $FaFo]| La parisienne AT thH] =& A3E
ER 212 (Table 1), o9} 2> A= HKFRI18 Al H 9]
APE7} La parisienne Al@7- thH] &2 ZA3ke] 19l A
o7 AztE o {714t Rl e Aol NFFFS
WA R ARES AT tiR] 4] 2 ZoE RIHS]
o, HKFR18 A& +9} La parisienne Ao~ z+2t
citric acid $r#o] 2,326.5 ug/mL, 2,200.1 pg/mLE & 57
2] 50% o3l A#E Yeflidlet ole =l HE:
Sk Aspergillus luchuensis7t A AF8H= citric acid®] 93
(So et al,, 1999) W<l Ao = A7 AT =5 AHEgH
HKFR18 Al&-#9} La parisienne Al @12 7|38 =4
NME Fol&Ql Apol= AFEHA] Ao}t Ak, v
F3o} &S e Aoz ¢ F isobutyl alcohol (Choi,
2017)°] HKFRI18 Al 3ol A1 9k 73 & =] S TH(Table 3).

B A4 AFR-3F La parisiennes HIEE 2 &
oA ALEE I = HEAQ S cerevisiae TF0] 1L,
LA RE T NFrSH d=S DaARE AHgst

i)

S

—_

Table 2. Aromatic compounds of simultaneous saccharification
and alcohol fermentation mash using S. cerevisiae HKFR18 and
S. cerevisiae (La parisienne) with Nuruk

Peak Area (x10°)
Compound

La parisienne HKFR18
1-propanol 12.5+1.1° 17.0+1.4°
Acetic acid, ethyl ester 53.942.3¢ 60.2+11.8°
Acetic acid 20.1+0.9 -
2-methyl 1-propanol 96.3+£3.8° 129.0+31.2*
3-methyl-Butanal 13.6+1.8° 14.2+£2.7°
Ethane, 1,1-diethoxy- - 13.6+0.7
3-methyl-1-butanol 283.54+6.0° 303.3+£31.8*
2-methyl-1-butanol 106.5+1.9° 101.6+9.2°
2,3-butanediol 54.4+6.4° 51.8£14.9*
Benzenaldehyde 14.4+1.2° 21.8+6.8*
1,2,3-propanetriol 106.3£13.4° 46.3£24.1°
Benzeneacetaldehyde 22.1£3.0° 20.0£5.0°
ethyl 4-hydroxybutanoate 27.7€1.9° 25.1£5.1°
Benzeneethanol 512.2428.3* 565.3£106.4°
2,3-dihydro-3,5-dihydroxy-6- 9.24+0.7° 20.2+5.3
methyl-4H-pyaran-4-one
Ethyl hydrogen succinate 25.1£5.4° 15.1£7.2
Butanedioic acid, diethyl ester 36.6+2.7° 30.7+8.3°
Octanoic acid, ethyl ester 13.0+£2.9° 10.0+2.8°
Ethyl pentofuranoside 52.145.1 -
Benzeneethanol 54.4+3.9° 50.9+16.1°
Ethyl hexopyranoside 47.8+30.7 -
Tryptophol 8.1+£0.9° 9.8+4.3*

*®Values with different superscript within a same row are significantly
different (<0.05) by Duncan's multiple test.

2 9ee zse W oo 2 Ase Hd A4 S
cerevisiage <1 HKFR18¢] W 3=t
48 F5d Fx BHS Ul 5
2 AZtE o, dEAZ NFFEHS A A TelA
o] B3 o] Aol e & 9 f
o] zpol7} ERIHUC B R JNFFHS LaA R
73%- HKFR18 A& +$} La parisienne A] & --2]
2PE8lE 71 S = S Ao = A7
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Table 3. Aromatic compounds of simultaneous saccharification
and alcohol fermentation mash using S. cerevisiae HKFR18 and
S. cerevisiae (La parisienne) with Ipguk

SN LA L ARE

pEYe) u

Table 5. Aromatic compounds of independent saccharification
and alcohol fermentation mash using S. cerevisiae HKFR18 and
S. cerevisiae (US-05)

Peak Area (x10°)
Compound
La parisienne HKFR18
1-propanol 22.8+2.7% 25.6+2.0°
Acetic acid, ethyl ester 65.5+45.6* 98.4+1.4%
2-methyl 1-propanol 71.6+17.8% 66.6+4.4*
3-methyl-Butanal 8.6+0.8" 9.6+1.4*
Isobutylalcohol - 265.6+8.8
3-methyl-1-butanol 234.3£17.3 -
2-methyl-1-butanol 72.6x4.7° 82.0+£2.1°
2,3-butanediol 54.7+25.6" 54.3+3.7°
1-butanol, 3-methyl-, acetate 76.2+4.6° 74.8+5.8%
Oxime, methoxy-phenyl- 6.7+0.8° 6.4+0.2%
1,2,3-propanetriol 52.6+21.9* 58.3+35.7%
Hexanoic acid, ethyl ester 94.8+64.5 -
Benzeneacetaldehyde 19.3+0.4* 20.9+1.1*
Ethyl 4-hydroxybutanoate 12.3+3.7% 17.1+1.17
Benzeneethanol 541.7+£21.6 536.2+20.5°
Octanoic acid 12.9+4.7° 12.0+£3.5°
Butanedioic acid, diethyl ester 7.9+0.3 -
Octanoic acid, ethyl ester 20.4+1.9% 17.8+2.2%
4-vinylphenol 8.3£1.1 -
Acetic acid, 2-phenylethyl ester 83.8+13.4* 62.6+7.0%
2-methoxy-4-vinylphenol 11.1+4.3° 10.9+2.2%
Benzeneethanol 42.9+15.2° 48.0+4.2°
Tryptophol 18.9+3.6* 21.2+1.69*

**Values with different superscript within a same row are significantly
different (<0.05) by Duncan's multiple test.
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Compound Peak Area (x10°)
US-05 HKFR18
Acetic acid, ethyl ester 71.4+17.4"  21.12+0.6°
2-methyl 1-propanol 11.5+0.6°  21.5+2.4°
3-methyl-1-butanol 106.0+3.7°  127.5+8.0°
2-methyl-1-butanol 35.6£1.5°  71.3x4.4°
1,3-Butanediol 233433 -
2-Furanmethanol 12.9+6.6 -
1-Butanol, 3-methyl-, acetate 15.1+1.8* 14.1+2.8°
1,2,3-propanetriol 34.1426.2"  23.4+12.3"
4H-Pyran-4-one, 3-hydroxy-2-methyl-  11.1£2.3" 6.5+0.7°
Benzeneethanol 208.7+12.6" 371.7+33.6"
Octanoic acid 30.843.3"  33.0+£5.4°
Octanoic acid, ethyl ester 9.3+1.5% 9.6£1.6"
4-vinylphenol 11.1+1.8° 14.6+1.7*
5-Hydroxymethylfurfural 15.3£5.1* 17.4£5.7
Acetic acid, 2-phenylethyl ester 12.0£1.0° 16.1£3.0°
2-methoxy-4-vinylphenol 17.0£0.7°  28.3+4.3"
Decanoic acid - 16.0+3.0
Decanoic acid, ethyl ester - 6.8+0.9
Benzeneethanol 11.1£1.1° 24.4+4.5°
Ethyl hexopyranoside 20.6+10.0 -
Tryptophol 26.3+£6.4°  42.0+8.0°

*bValues with different superscript within a same row are significantly
different (<0.05) by Duncan's multiple test.

acid &Fo] oF 1.38) =& A3E YERA L, succinic
acid®} acetic acid &2 US-05 Al & o4 HKFRI8 Al
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Table 4. Composition of ethyl alcohol, reducing sugar, acidity and organic acids in independent saccharification and alcohol
fermentation mash using S. cerevisiae HKFR18 and S. cerevisiae (US-05)

Yeast Ethyl Reducing Acidity Organic acids (pg/mL)
trai alcohol sugar L
ST or viv) (mg/mL) (mL) Citric acid Malic acid ~ Succinic acid ~ Lactic acid  Acetic acid Total
US-05 4.7+0.0 9.0£0.3  1.2+£0.0 841.3+59.8"  81.7427.6 453.2+29.5° 223.2439.5"  256.0+49.5° 1,855.4+144.1°
HKFR18  4.8+0.0 84+0.2  1.2+0.0 1,102.7£25.2" 105.0+£31.6" 307.8+11.5" 245.8+64.3" 53.4+48.5" 1,814.7+67.3"

*b*Values with different superscript within a same column are significantly different (<0.05) by Duncan's multiple test.
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Table 6. Composition of ethyl alcohol, Brix, acidity and organic acids in single-step alcohol fermentation mash using S. cerevisiae

HKFR18 and S. cerevisiae (Fermivin)

Yeast Ethyl alcohol Brix  Acidity

Organic acids(pg/mL)

strain (%, vIv) (%) (mL) Citric acid Malic acid ~ Succinic acid Lactic acid ~ Acetic acid Total
Fermivin 7.2+0.0 6.0 15.4+£0.1 7,860.0+£52.6° 899.8+19.8*  754.1+58.3* 198.5+9.4% 78.3+5.2° 9,790.8+133.8*
HKFR18 7.2+0.0 6.4 15.1£0.1 7,881.0+£39.9* 905.7+1.5° 709.1+£12.5*  207.5+14.5% 52.6+6.6* 9,755.9+£73.9*

**Values with different superscript within a same column are significantly different (<0.05) by Duncan's multiple test.

Table 7. Aromatic compounds of single-step alcohol fermentation
mash using S. cerevisiae HKFR18 and S. cerevisiae (Fermivin)

Compound Peak Area (x10°)
Fermivin HKFR18
Hexane - 20.0+12.0
Acetic acid ethyl ester 32.449.0°  40.0+5.1*
Acetic acid 7.5+1.8 -
2-methyl-1-propanol 30.7£3.4° 45155
isobutyl alcohol 273.7£6.9° 338.9+29.4°
2-methyl-1-butanol 104.1£3.0°  157.6+13.1°
1-Hexanol 61.2+4.6°  67.0£6.2°
3-methyl-1-butanol, acetate 61.4+6.1°  139.44+20.8°
2-methyl-1-butanol, acetate 83+1.0°  21.2+3.2°
3-methyl-2,5-Furandione 26.0£21.4°  36.1+13.4°
propanedioic acid, proyl- - 17.6+2.6
1,2,3-propanetriol 47.2443.0°  16.8£12.3*
Hexanoic acid, ethyl ester 19.3£5.2*  20.6+4.3°
Acetic acid, Hexyl ester 14.1£3.08  34.8+£7.2°
Benzeneethanol 182.2+16.0" 383.2+39.3"
Octanoic acid 76.3+12.0°  90.7+12.8"
Octanoic acid, ethyl ester 20.4+6.5° 22.8+5.1°
4-vinylphenol 13.5+2.7* 13.3+2.64"
Acetic acid, 2-phenyethyl ester 142+1.8°  41.4+7.9°
2-methoxy-4-vinylphenol 17.9+6.1* 14.2+3.3"
Decanoic acid 22.748.3*  27.6+4.9°
Bezeneethanol 1,3,4,5- 14.843.9

Tetrahydroxycyclohexanecarboxylic acid 132.7+44.2* 122.1+£36.6°
Tryptophol 24.0+8.0°  38.5+10.3°

*b*Values with different superscript within a same row are significantly
different (<0.05) by Duncan's multiple test.
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