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Abstract Jerusalem artichoke (JA, Helianthus tuberosus L.) is a promising functional
food material. JA consists of inulin and fructo-oligosaccharide which are indigestible
carbohydrates in human. Previous research has develop various food products
supplemented with JA, however no studies have involved yakju (Korean traditional
rice wine) using JA because Saccharomyces cerevisiae cannot utilize inulin. We
isolated several inulin-degrading non-Saccharomyces yeasts using nuruk (a
traditional Korean fermentation starter). The isolate with the highest inulinase
activity was Wickerhamomyces anomalus JSO1 with 538.14 Unit/mL after 72 hours
of incubation. To identify whether the inulin-degrading non-Saccharomyces yeast
could improve yakju quality, W. anomalus JSO1 and S. cerevisiae KMBL7001 were
co-fermented to produce yakju supplemented with JA. We investigated the
fermentation characteristics. At the completion of the fermentation process, the
yakju co-fermented with W. anomalus JSO1 and S cerevisiae KMBL7001 (co-
fermented yakju) had similar fermentation characteristics including pH, reducing
sugar, alcohol, and organic acid contents compared to yakju fermented with S
cerevisiae KMBL7001 (control yakju). Moreover, co-fermented yakju had higher
total amino acid contents compared with the control yakju. The W. anomalus JSO1
digested some inulin into fructose which was fermented. Conversely, the control
wine did not ferment any inulin during fermentation. As a result of the sensory
evaluation, the co-fermented yakju obtained higher scores in all the sensory
categories, suggesting that supplementing with JA and utilizing inulin-degrading
yeast could improve yakju quality.

Keywords yakju, Jerusalem artichoke, co-fermentation, Wickerhamomyces anomalus
JS01, Saccharomyces cerevisiae KMBL7001
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o, olo] me]Ho] Q€ A(prebiotics)E ©-&% 4]
olof tigt A7} &s] M= JrHCunningham &,
2021). F43Hg Alo]dR2l olE™(inulin) A ol &
FE|A] Yo Z=Ee7F Won g FA0)7] wjZo] &t
< U= AHERE 2Y 4 qlof, AGF Aol o] S50k
E4o|tK(Shin &, 2012). 7154 <91 59 sl =
ZE-27 13 (fructooligosaccharides, FOS)2 A& o
2 oldE B4R 7IESfsiAY A =% g A
ol a4 (B-fructofuranosidase)s AR&sto] A|Z51H, GF2
(1-kestose), GF3(nystose), GF4(fructofuranosylnystose)
< Fout 4 9 foliet oA, viHgs A, e &
o] Ego] He 7]sAdEo|tHCosta 5, 2015; Ibrahim,
2018).

NG Helianthus tuberosus 1.)= Eotd|g7171
AR Q] =3t} sEkeEly |4 thady AlE=2A, SRA|, =3k
A B AFPOR =t th(Park 5, 2013). E3,
9] 719 27 & gobA S A Ao AEstAL 9l
ow, Azjet BEsfol tigt Aol st Eof I
o] opFoll A & Aetr] wiiEe] A AAFCR def Ayl

=3 QltHLee, 2016; Slimestad &, 2010). HHAIZA] ot
F TEol Sl olEde AEL {FARE thdRelH, 8-

o
Zsto 2 AF= D-fructose B9 FA =, gt
719 sl42] D-glucose?t fructose ARl AZAE o] =
F-zolth(Kalyani Nair &, 2010). ol &3 Q17+9] flo
Al A3tER] o1l o g Soi7t Y njE #F] 9
st} IaEEE 99 $22k Qled(insulin)9] &H] A
=0 YFZ mAA o, diHe] HlE 9 &S F7HAA
715 WAAIZItHKalyani Nair 5, 2010). E3h, ol&

go] KT HAFA = e Ty 9 FHE]

‘[\)
—_
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Aol @ol AREIL, ol 7HA] 7|54 B850l EAIS
oz o ot 59 A% FAox= &3} ltK(Shao T,
2020; Yuan &, 2012). SHAIRE, SAARE R0
=1 gA WdEs §4 "o 4712 Bashvt de
T, S5 3} ofdl W AHBE Y HABAES o
7|Hthe= 7hggoz jErst "a vt Qtk(Jungdt Shin,
2016; Kim¥ Hwang, 2021). DA7IA] HADAE 71+
& AE AR AE3 AFE= =HARA AFKimd
Hwang, 2021), SIA12A A Hwang, 2019), HAIZAF 27]
= (Hwang, 2021), HAZAL A7} da-HPark &, 2019),
HAZA B 47 Z(Kim 5, 2015) 5o Yo, At
3}, ¥k T 7154 AFLAEA TF 7HsAdo] B
I oy, HAAAE & - FF Az 8 AFe
O] FojA|A] 2 AAolrt. whebA], HHAHALY] F83F 11
B2 Fel olgdS 7 HRO AKE o] &sto] ok A
ZoJM 7154 EEEAY 74 9§45 g9 avt
At

At o= o] HEF TR Eol o]&EHI Q=
B . Ok W= Saccharomyces cerevisiae®, &
Aol w1 BEYo] Fsitke 40| Ut Choi 5,
2018). SHA S, cerevisiaed 733, ol=d HalEo] gl
7] g A HAAAE LTE HH o] gsl]E ofF
< Ao] AJrHKurtzman¥}t Fell, 1998). °]AE s235}17]
A8, ol Eol&4Ql inulinased] oJ5f thgst £
9] Hge AT vAES ol E ol-&5te] oeEZ
AT 4 & AoltHKumar 5, 2018). Inulinase: ©]
=99 p-2, 1 2¥S #HAOR k= ZEEFIHA
(fructofuranosyl) 7FEl| EARA, AFES] Adlollo] &
AskA] FA|TE FrH eiet n]gEo] oo FHE 4 JonE
inulinase AJ4Ato] 7Fs3t non-Saccharomyces X8}t
Y3E BYaEte] S FEE Bofl, HARAY olsd
ARG dFE TRE S0 7Sl & 4 dth(Kango
9} Jain, 2011; Liu &, 2013). E3F o]8st non-
Saccharomyces @59} S, cerevisiae® ST A= |
BEY FAE THoto] of 5 AR A AR FAAQ
FFE € 5 UK Park 5, 2021). wEbA, & AtoflA

S
F594 inulinase EAEA0] 53 5 Ee & A
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WHolo] A¥E non-Saccharomyces @52 & - 50
A &3 Tgo| Hoji S cerevisiaes ©]-&35lo] A
AAE A7t e a o8 A|xskoH. ol B9, o]
4% IHEZYIT § 754 EEES TRole IE
49| oFFE WA 511, pH, Adr, BeY, ¥F
= 5 ¥a 54 ¥t f99, {714 oAt 5 o)}
4 34 E4= ARt AR F7F ok AESH

2. Mg ¥ 9y

2.1. #F9 ME ¥ 22/

Inulinase A4 ax 9 A=ujx]= 0.17% YNB(yeast
nitrogen base) without amino acid and ammonium
sulfate(Difco, Becton, Dickinson and Company, MD,
USA)oll 0.2% ammonium sulfate(Duksan, Ansan,
Korea)?t 4 ©4AYO 2 1.0% inulin(Wako Chemicals,
Osaka, Japan)& 373t YNB(YNB-1.0% inulin) ¥iX|E&
ARESEAT InulinaseE AJAboH= RO £2E 3 Al
F2E 300 sp(F8HE Saccharogenic power, SP) ©]4+9]
gt E 7l AFES(Soyulgok, Songhak Gokja,
Kwangju, Korea)Z ARHESIIH. FAHC 2= MFFS
S UAAREE uhagt & YNB-1.0% inulin A =]of
5%(w/v) BEZ FEski 30T, 150 rpmolA 358 &
QF Wit th, 1 HiFAS et AFe=E HASHA 34
T YNB-1.0% inulin ZAj|o] ZE@ste] 30T, 5Uzt
HieRet &, J=e ot 47 AE 2ot 2
o 75 HAACR inulinase A4EAES A, B4
o] 1 St FHE ANUA W PR AFALS

FF2 HFHTAAL,

©

N

2.2. Inulinase &4 Z& =&

BAEFR](1.7% YNB w/o amino acid & ammonium
sulfate, 1% yeast extract, 1% inulin)o] 12} A¥ £
& an FHHcolony) 1¥gol(loop) FFEste] 150
rpm, 72A1%F 9t HiFEHEA, 8T A(UV-1601,
Shimazu, Kyoto, Japan)® &%79 ASEE 600 nmo]

A &HotAtt. Inulinase 84842 42 A7) vjSH
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ut

S YAEF9,447 xg 10 min)et F, A5HE FHolo] o]
£ zaEAdoZ 53, AN 0.4 mLo] 7]AHGB%
inulin/100 mM acetate buffer, pH 5.0) 0.1 mLE ¢
150T, 30% ¥HAIZ % 100T, 10823 EAEste] 5t
& H& o2, DNS(3,5-dinitrosalicylic acid)Ho=&
S AFoIAHAhmed, 2004). Inulinase 1
27 431 fructose 1 pgE AAdsh=
X

F409 oz FASIATHHU 5, 2012).

23 #228 879 5%

T ITS Y9& 55017 fste] 29| rDNA
sequences 7|2 & 3o ITS1(5'-TCCGTAGGTGAACC
TGCGG-3')7} ITS4(5'-TCCTCCGCTTATTGATATGC-3")
£ primer® ARSI} ITS 1-5.8S rDNA-ITS II 99
9 FEYRHE AYE 7|2E £ #459 582 37
A GEA(Solgent Co., Ltd., Daejeon, Korea)S ©]-83
Fom, #F9] ITS 9 DNA 714249 454 HAR=
GenBank?| database] 554 JHEE 442 DDB/
NCBI/Gene Bank database®] BLAST program= °]-&s}
of vlwsitt. 7 A714E9] A5AL Biokdit(version
7.208 AHestel MERE FE 9 #Hysia, A
(phylogenetic tree)= MEGAG(molecular evolutionary
genetics analysis version 6) T2 13-S 0]-€3}0] Kimura
two-parameter model¥} neighbor-joining method®]
Azt A/t tHTamura 5, 2013).

2.4, HXZIXf EUF Y79 MEME L A& ZF

O ARE ol AHEE A2 201940 AAHE Wz
EZ3Z(Hwaseong, Korea)S F9sto] AREsaT. =2
EZR2ZA)(Choeun-Goksik Co., Ltd., Hwaseong, Korea)
oA AL BRA=H(Aspergillus luchuensis, sp 60)& Ak
So1Fa, FFR S5 AlH ABE(Samjung Water Co.,
Ltd., Ulsan, Korea)g ot AR&stict. £ Ao
ARERE GRE A7) Aol AEE inulin BojlER
Wickerhamomyces anomalus JSO1(KACC 93354p)¥}+
oF - )80 2 g 2o| 943t Saccharomyces cerevisiae
KMBL7001(KACC 93363p)& °l-&at3itt. =HAA=
20189 34¥ AE HHA 7Y Al s7tolA AYAkeE

https://doi.org/10.11002/kjfp.2022.29.5.800
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Ag FYsto] ol&stelor HAHAE sEAURE =Y
sfoto] of A|xof AMESIIT. HHAIEAF 100 kgoll S5+
= 500 LE 7Foto] mpafet o2 ojyfsto] 1g =S AlASH
I @2 HAAA E99E -70CAA 5 ST oS
AR A8 =AAZR7|(Industrial Vacuum Freeze
Dryer, SFDTS10K, Samwon ENG, Incheon, Korea)%

FAAZN] AZRTL Az,

2.5, XAt FHOf 2eleE 9f 9 ME

O AR Al F£9] T3 HH EAS YotH Y] Hoto
6 Lo Za=xo] A= 600 gt = 1 L& F7IskaL 242 v
g wigst S cerevisiae KMBL70013+ W. anomalus
JS01& 1:12 sto] AR fH] 5%(w/w)E SAll HEst
Fom, 29 F 2&t §ao8 FARE AFH 1,020 g, HHA
AR 180 g, & 1.8 LE F7I5to] 20T ¥as A
oo, IS Tart oA o] goto] HalrL 1A
Al o= W HaE FESHtHPark 5, 2021). HE27
S cerevisize F=ELATO] 49, BE S cerevisiae
KMBL7001& SH¥& 4] 5%w/w)E HET e A9
SHi, 7] TR o A28 FYstA At &
a7F TR 92 4T, 4,973 xg=2 1083 Y42
(Supra 22K, Hanil Science Industrial Co., Seoul,
Korea)3t & 4L A5 AL filter paper(No.2, Advantec
Co. Ltd., Tokyo, Japan)& oj}slo] k& ARE-5}TH.

QA FFE 4T, 4,973 xg2 1087 YAEZ(Supra
22K, Hanil Science Industrial Co.)3F & A&
AaE ARSIt pHE pH meter(SevenEasy S20,
Mettler Toledo, OH, USA)E °©]-&st =% o3tt.
A 542 AR g2 5 eR AEE E
T+ 2&52 24-35] 514310 YPD(1% yeast extract, 2%
peptone, and 2% glucose) IAIA|O] =gt thS 30T
oA 247t vt FE 5RO HFH(colony)Z A
5o colony forming unit(CFU/mL)2.2 YerfAct. A
g AL i) gl 17) Bahd 15-300719) He

2 QT BRS Folo] YSHE AN A PHo=

https://www.ekosfop.or.kr

ol S TR 3,5-dinitrosalicylic acid(DNS)H
= W&ot B Aol wt Z745HAtHAhmed,
2004). &, A& 0.3 mLoll DNS A% 1 mLE %7lotod
95TCollA 5&7t FBT thg A0 WY & SHRFE 7
ml7} HEE AE3 oh, 238 EA(UV-1601, Shimazu)
£ ol&3t9] 550 nmoA FBEE S, 47 W
& ol-83to] LrFHglucose)S REEEE ARSI 24
o BEFA10 2R ST SRS skt g3 o
< A FREA HEE oI5t E4sk%itKNational
Tax Service Liquors License Support Center, 2014).
AR AIRE 15T AA% £ 100 mL HAE

230 Foto] F7 STHAIR {711 15 mLY SHFE
23] AAT & AFdz A ohg HASHATE W= &
712 3 5§ F5Fste] 70 mL7t HE FRE SRS
71l SF45 37180 100 mL A7 A2 & & s}
o #9354 stx, FFA(Dongmyeong, Seoul, Korea)
2 4FE 55 5740t] Gay-Lussace] 4 SHHEE

o|&sfa] 15CE HASlo] 4L =S =A%

£

g 4
oA 8Yt W ¥, HHVF TRH €% U9 YRE 2
oto] 4T, 4,973 xg=2 1087 A& (Supra 22K,
Hanil Science Industrial Co.)3t & HL ASRS A|7
= ol-gsigith. fEd E f7l4E ok

ulE T (HPLC, 600E, Waters Co., Milford, MA,
USA)E AHgsto] 24519 tHTable 1). f2d3 /714
HEFEHS XA & B4 peak areaZ 23 Ao
2 FS FFotArHLee, 2019). oF|AR 6 N HCIZ
7ksto] A4 ZAAstolA 110T, 24417 B9 7R
A& 7R EE amino acid autoanalyzer(Hitachi,
L-8900 Model, Tokyo, Japan)Z EA45ttt. &4 21}
E2 1859 otu|liAt EEE] retention timed} H] W5}

I, FFZ peakd] WAoo R THAISIATHWeng, 2014).

2.8 ES5ZA
ool WAAHE oF - Bl Tt oS 4ok
sk ojstel

sl bt B2

L,
rlo
oM,
A
fn)

_?15
El [

>

H

|

ol
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Table 1. Condition of HPLC for analyzing free sugar and organic acid contents

Parameters Condition
Free sugar Organic acid

Instrument HPLC (HPLC 600E, Waters Co., Milford, MA, USA) HPLC (HPLC 600E, Waters Co., Milford, MA, USA)

Column Sugar-Pak | column (6.5x300 mm, Waters, Milford, PL Hi-Plex H column (7.7x300 mm, Agilent Technologies,
MA, USA) Santa Clara, CA, USA)

Flow rates 0.5 mL/min 0.6 mL/min

Column oven 90T 65T

Mobile phase 0.001 M Ca-ethylenediaminetetraacetic acid (Ca—EDTA, 0.005 M sulfuric acid (Duksan, Ansan, Korea)
Sigma Chemical Co., St. Louis, MO, USA) buffer

A 168s s 71 Ve H 542 sAAR F ol 5t A4S ASIHATHp0.05).

WAAH(double blind test)2.2 $35}9ct £ #54

AFe A sF o Aok ol Z3HA 7|5 RS §HEo E BlY) 3. Znt U jE

on] 78 AEHOE APk B A WP 2%

ety AH-SE ALY 3] (Institutional Review Board,
IRB)9] 419] & %215 (2020-0075)% wol AP}t

2.9. &2/

T HlolEE 33 o4 W AdS Ayt &, Angk
< BAEZHAZ B
SAS program(9.4, SAS Institute Inc., Cary, NC, USA)
2 0]835}9] student t-test, EAFEA(ANOVA), Duncan
of 5u9

Z(Duncan’s multiple range test)& 4%

3.1. Inulinase M 229 22/ & SX

Inulinase A4t 829 AES 95t w5 HidAS
YNB-1.0% inulin ZAE}A]] =23t} 30T, 5U3t Bl
T, 9%9 #FE 1A Yoot £edT § 2agAo]
S8 #55 A5 Y9l inulinase A48 558

BAEHA(1.7% YNB w/o amino acid & ammonium

sulfate, 1% yeast extract, 1% inulin)°] F33t & 30T,
150 rpm, 72A17F viFetHA BSE 2 54 %” 9 &4
SttHTable 2). 959 £ ¥ F 45°] 2484 A

Table 2. Changes in the cell growth and inulinase activity of various isolated yeasts in the YNB-inulin medium

Isolated yeast Cell growth (OD 600)

Enzyme activity (Unit”/mL)

0h 72 h 0h 72 h

JS01 0.38+0.082%9 13.50+0.00" 38.71£2.27% 538.14+0.25™
Js02 0.2620.09°%® 9.92+0.06° 51.8845.14" 512.15+3.20%
Jso3 0.15£0.12%° 8.97+0.07° 38.71+1.28% 245.83+5. 70"
Jso4 0.15+0.08% 7.95+0.33" 38.26£0.648° 72.3143.85"
JS05 0.16+0.02%° 8.37+0.17% 33.72+0.84% 36.44+3.90™
JS06 0.12+0.04%° 2.74+0.14" 24.80+3.21% 37.35+1.65™
Jso7 0.39£0.16% 5.76+0.18% 33.2615.78% 101.82+9.63
Jsos 0.230.00°%® 4.52+0.16'" 25.09+2.57% 55.5141.20%
Js09 0.57+0.05" 9.44+0.12% 33.2640.54%° 4845445 28

"1 Unit of inulinase activity defined as the amount of enzyme that produces 1 ug fructose.

27l the data were expressed as meanSD (n=3).

I HDjfferent letters within the same column indicate a statistically significant difference (0€0.05).
“2PDjifferent letters within the same row indicate a statistically significant difference (0€0.05).
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S Aolg wyl, 2ol #59) AKES A4
H|F5A]= &9koH, inulinase 48/ 72417 vl
Al, JSO1, JS02, JS03, JS09°lA Z+zt 538.14, 512.15,
245.83, 484.52 Unit/mLE S4=Qlth. 4840 7P¢
=2 JS01& W, anomalus CBS 442 ¥&4532F 100%2]
g BAHFig. 1). wWEhA, £ A4
a484go] 71 A 238" W, anomalus JSO1(KACC
93354p)t < - &80 WaEHo| 2
KMBL7001(KACC 93363p)& HAIZAF ofF &adf o]
&5ttt

inulinase

Q35 S cerevisiae

3.2 HNZA A7} EYE FEY U5 54
aRel B hE HALA ok WE Al pH, 4

91

56

o<, Y, ¢F-29] MI= Fig. 29 At

3.2.1. pH

pHe T& 094 3.63-3.71°0A4] Wl=t2] &40 = <l
off AR 1YA= 3.46-3.48, R 29Af 3.32-3.367}

A gHasta, 26 B A1719 38 3.37-3.442 tha
Z7hrgom, FRAH 8Ue] Y2T 3.57, TE
3372 SRl 59, $E sUAA GSEE o
T3 G4 pHE YephRon, UE $2 A EgdEe
pH7} izt WA UehithFig. 2(4). &29) 43
Sas A EE ulAbgel Ao FTE Y S0l 2
o A gout, Aol YlHoR BHE 43
o] AL a5k 1 Al 24k 2eHE A

o Bt

OlPN o

o

o rlo

Wickerhamomyces anomalus CBS 4427

100 | Wickerhamomyces anomalus ATCC 8168 T

Wickerhamomyces anomalus CBS 5759 T

JSo1

Wickerhamomyces sydowiorum NRRL Y-7130T
Candida silvicultrix CBS 6269 T

99

Pichia myanmarensis CBS 9786 T

20 ,—— Wickerhamomyces patagonicus CBS 11398 T
100 = Candida ponderosae CBS 8801 T

Cyberlindnera suaveolens CBS 2557

Cyberlindnera amylophila CBS 7020 T

100

Zygotorulaspora chibaensis PYCC 6970 T

Torulaspora pretoriensis NRRL Y-17251T
99 | Torulaspora delbrueckii KACC93355p
Torulaspora delbrueckii CBS 11467
55|  Torulaspora indica MTCC 97727
92 - Torulaspora globosa CBS 764 T
100 Pichia kudriavzevii ATCC 6258 T

24

L Pichia cecembensis NRRL Y-27985T

Pichia dushanensis CBS 139127

100

Candida pseudolambica CBS 2063 T

Candida rugopelliculosa CBS 6377 7

0.05

Candida tetrigidarum CBS 10457 T
Pichia cactophila CBS 6926
Pichia norvegensis CBS 6564 T

Fig. 1. Phylogenetic tree based on the ITS | -5.85-ITS|l sequence of Wickerhamomyces anomalus JSO1.
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5.0
(A) —e— KMBL7001
_ 40 L —KMBL7001+JS01
o
30 |
2.0 L 1 L L L L 1

~9 |
= !
S 8
G 7
g
S 6
€5 |
5 —e—KMBL7001
]
o 4 |
8 3 | —e—KMBL7001
[
s 2 (KMBL7001+JS01)
S ; —=—JS01
[ (KMBL7001+JS01)
0 1 L L L L L L
0 1 2 3 4 5 6 7 8

Fermentation time (d)

(C)8 20
—« KMBL7001
—o-KMBL7001+JS01 - 18

5 | —e—KMBL7001
—o KMBL7001+Js01 1 16
14
_4
o~
b 12
o S
73 10 S
2 3
S 8 <
®
)
6
4

1
2
0 0
01 2 3 45 6 7 8

Fermentation time (d)

Fig. 2. Profiles of the pH (A), viable cell count (B), reducing sugar and alcohol (C) during the fermentation of yakju supplemented
with Jerusalem artichoke co—fermented by Wickerhamomyces anomalus JS01 and Saccharomyces cerevisiae KMBL7001.

Aol dojuA o] FA#9 o9 ESH ZtistcHSongd
Park, 2003). Kang 5(2015)°f w2, @<+ oF30] 42
pH7} 3.92-3.980]} 01} £ AFojAE o|HT} 25 e

+A% B,

3.2.2. Mz

=R et SRREEa L WEoA] S cerevisize KMBL7001
o) At WSk HIt A3E UEhileH, HE 0YAt
5.50-5.75 log CFU/mLollA & 3YA} 8.21-8.73 log
CFU/mL7HA] SAl5to, i 8YAtoll A= 8.26-8.29 log
CFU/mLE YetHtt. =FEaA W, anomalus
JS01-2 & 3940l 7.36 log CFU/mL7HA] 7+ & A}
Haste] Hg gAAtol= WEEA AUTHFig. 2(B). €
YA 0 2 non-Saccharomyces AR5 S, cerevisiae®l
Hlgto] Jojdos @2 5-7%9 43 WS 7o
H g0l QItiCiani 5, 2016). ¥ AF)A % ethanol &
o] 7%oll =23 HH 3YAL o|F 2 W, anomalus JSO1
O] A7t Aol AT DS B2 A=0lA

806

el =13

by
b Lo

il

o

non-Saccharomyces HX5°0] TFYUF 279
Fu & 5 Hdet 23 gAMEES ARt
o] 9Jo™(Chen 5, 2021; Ravasio &, 2018: Zhang &,
2022), ¥ AT W, anomalus JS019] AJ<-0] LA
ot 7)o HAGA oFF=0] F4o] Hakd Zo® 7]

oA

=
al

1.75-1.77%=
A S7ketelon, dagsE Ald
(0.27-0.29%)7HA] HI%=®E F2 EATHFig. 2(0). 1€
A G o] Zjol= 27| S cerevisiae KMBL7001
HEEF Aolof| W2 A= wtEw, IR 3Ytof| S9hd
9] gddo] tixto] s F7IeE A2 2¢Atol| H7t
H HAZAY inulin®]l W. anomalus ]JS01°0] EH|sl=

inulinase®] 9 YF Eof=lo] AH=H fructosel] FF
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oF AtmHrh

3.24. 432

YT TS HAGA H7F 290 A 3-5UA0 &
FE7F 2R 0.9-1% FA 574
FARolE SFERTY R EF
A5t HFig. 2(C)). Gonzalez 5(2013) S. cerevisiae
9} 3| crabtree negative A€ non-Saccharomyces
AW, anomalus)’s A&SHE 2E SRRIo|A ofg2
ol wopd £ otal Bskott. Varela 5(2017)9 €
TANXE Metschnikowia pulcherrima®t S. uvarunr&
S. cerevisiae®t 27t ELESF S W, S cerevisiae
=da oRIE T 4FE FEFol 1.0%% 1.7% RA B4
ATt BHI5HE0H, Lee 5(2019)9 A1AE W,
anomalus JK049} S. cerevisiae W-3 E4ta 94219
AFE 0| S cerevisiae W-3 T=ELE QRQIHT} oF
1% ZAA A=), W. anomalus’t S. cerevisiaeRth &
A Fol|lA Patols gFE o] R A0 wHEH
2 AFoA SEa e} dEdaTY X g4I o
o] H|&3t o9+, W. anomalus ]S019] €7 A3450]
S. cerevisiae KMBL70012.tt @A AW, W, anomalus
JS010] £H]ok= inulinase®] 9g W&o o] & 4= U=

fructose ¥EFo] Z7151917] fEo g Atggc).

3.3 SNZY EIF BEs 9o 75 54
3.3.1. |g2g

ano] gehdtao] wE HAAA Y FT oA
Table 37 At} S F )4 inulinS 27+ Hiy]

19 rlo

Table 3. Free sugar contents of yakju supplemented with Jerusalem

and Saccharomyces cerevisiae KMBL7001

45% A Fol9l= Ao7 9] . IS sucrose®t
glucoset= &% AZ, fructose= EHEH UM, sorbitol
< g=IRAoA o &2 ko] ERIESIH Byundt
Nahm(1978)2 HAGAE E4A oo 7f=Es & &
F 2L EAFAS W, 77%Y fructose®t 23% glucose
E o|FojA4 ot Hisiglon, SIPAFoA W
anomalus JS01°] Y& inuling £5fI5t9] fructoseE Tt
E o2, @rgo o] &3t Ao g woHt E35t Duvnjak
5(1991)°) W2, sorbitol] At ol S cerevisiae
ATCC 368595 ol-&sto]l HAFA fructoseZHH
sorbitols YAFE 4= 9low off, HjR|HA}F FoA E=
FZ 9Hs] AHSE ¥ 3% §F FEEE AVHRIE
sorbitol?] &= 4.6%° o|Ettl H1stth. Wei &
(2001)9] AtolA = HHAAAZRE sorbitolE P4t}
98t} Kluyveromyces @t S cerevisiaeS AT o
FE /Mstolon, & AL oF 0] AfoME 2t
o} Toktg A ARRE S cerevisiae KMBL7001 &R0
o5 HHAHAZRE JHH o & W2 sorbitolo] P
AOE FZEH, ol gt & A7t BRI Aot

0,
)
39,
)

J

HFE oAH E4E BHA =o| &9 Frld] B2 JF
< UAHChois, 2018; Kangs, 2016; Shin¥} Park,
2021). §714t9] ghke &= A|gF RTO)A] citric acid
(1.97-2.16 g/L), lactic acid(1.37-1.47 g/L), succinic
acid(0.83-0.86 g/L), malic acid(0.36-0.38 g/L), acetic

artichoke co—fermented by Wickerhamomyces anomalus JS01

Strains” Free sugar content (g/L)

Inulin Sucrose Glucose Fructose Sorbitol
KMBL7001 43.3241.21? ND? 1.210.01 ND 40.4043.02
KMBL7001 + JSO1 19.4141.01 0.200.01 0.790.01 ND 13.8241.08

p-value®

"KMBL7001, Saccharomyces cerevisiae KMBL7001; JSO1, Wickerhamomyces anomalus JSO1.

27l the data were expressed as meanSD (n=3).
ISymbols (*) indicate significant difference (***p¢0.001).
“ND, not detected.
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acid(0.08-0.12 g/1) 02 &7 FRIFon, izt
tjv] S E oA acetic acidE AL F714F 4E0]
g5 thAh =2 RS HYtHTable 4). Kim S(2018)0]
W2H A Juchuensis 74-5%2 AZs BAFE3} oy 7}
A AR A e g AReYe o, MHFEOR citric
acid gHFo] 7 #=9k1!, malic acid, lactic <22 UE}
Wty 2ugdek 3 Shind Park(2021)0]] wEw,
B AS AMESE non-Saccharomyces®}t S. cerevisiae
o] Z3tg oFFo|A X citric acid(4.31-4.53 mg/mL)
gteo| 714 &9kom, o]o] succinic acid, malic acid,
acetic acid, lactic acid <22 ZRIFATt 1=
o} YA 2 R R0 R4 S B4R JungTt
Shin(2017)9] Atol W=H, F £5 HARAY F49 &
714k citric acid, malic acid, succinic acid2tal £4
HoH, FR714F e S =HRRH2,065 mg/100
g)oll sl A4 HHAFRH2,482 mg/100 g)7F FJH o=
(p€0.05) =4tk B =gt webA, HAHA A7t o
9] {714t o F thE Aok citric acide HR
A= ARESE W3 Y& HAHAE SR8k citric acid
of 93t Aol AlmH

3.3.3. Ofo|ic it

opn|i-Ate] ZA 4w}, 7 opn|icibE JhgolA R
T7F 2T ET Ao &2 =AY FASHITHTable 5).
aro gAFAA -G8 ofu|i Ak Ehrlich pathway
£ A A alcohol & aldehyde A&0] AEEE & &
Fof| 9lo] 523 B7} 40|tiNas} Park, 2020). T

4o} 25 412l obv|eAle 77t SR g ek,

D-glutamic acide 739, L-leucine, L-isoleucine,
L-methionine, L-histidine, L-phenylalanine, L-alginine
2 &0t L-asparagine, L-aspartic acid, L-glutamic
acide= A9 L-proline2 211 AlUb glycine, L-alanine,
DL-serine, DL-valine, DL-threonine, L-hydroxyproline,
L-lysine, DL-tryptophan< ©@9h2 7HIthal A QL
tHOh &, 2008). & A+Y PR ofufiAt F
serine, glycine, alanine, lysine®] 3%, Z+Zr 44.09,
91.70, 258.98, 31.06 mg/LZ d=T a7 H5) =4
SAEoH, oA BTt T F UM d=ER
Tl Bl AH o= £2 Hrlo] JFS U= AR
HOolti(Table 5). Jung¥} Shin(2017)9] Ao =¥, &
FAZS AR Fre] FopuiAke 1.337x10° mg/kg
o], 1% F4obu] Ak 3HF 2,737 mg/kg °I9le
o, ofu|li- A 3 histidine(7,305 mg/kg)°] &1, leucine
(184.16 mg/kg)ol A TFE Hotka Hisigirt &
= Ae HAARY YIRS AR Lee(2016)9] A+
of =1, &2 HAHANA F 2459 ofn|iAto] 54
Eglon, Fopr|icAle] T 2,678.018 mg/100 go]iL
o] ieih 157.294 mg/100 gl &2 ERIElom,

53] arginine ¥Fol W FHHL EuEH

34. HXZA EOf 2Elde 9fF9 A5Ef

BHO| S gd o HAAA ko] Byt A
+ Table 63} At} H& oA Al= 749] F244Ql A}
ol Yoy W. anomalus JS013+ S cerevisiae
KMBL7001& S@dast of57h d=a9} vlusto]
Za¥ 22 TATE WUt HARA o5 Mo H

Table 4. Organic acid contents of yakju supplemented with Jerusalem artichoke co-fermented by inulin-degrading yeast
Wickerhamomyces anomalus JSO1 and Saccharomyces cerevisiae KMBL7001

Strains” Organic acid content (g/L)

Citric acid Malic acid Succinic acid Lactic acid Acetic acid
KMBL7001 1.9740.167 0.36:0.04 0.83+0.02 1.37£0.06 0.12+0.01
KMBL7001 + JSO1 2.1620.21 0.38:0.03 0.860.02 1.47£0.18 0.08+0.01
p-value? NS NS NS NS o

UKMBL7001, Saccharomyces cerevisiae KMBL7001; JSO1, Wickerhamomyces anomalus JSO1.

Il the data were expressed as meantSD (n=3).

ISymbols (*) indicate significant difference (**, p¢0.01; NS, not significant).
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Table 5. Amino acid contents of yakju supplemented with
Jerusalem artichoke co-fermented by Wickerhamomyces
anomalus JS01 and Saccharomyces cerevisiae KMBL7001

Compound Amino acid content (mg/L)
KMBL7001" KMBL7001 + JS01?
Aspartic acid 89,5242 229 41.30+1.58°
Threonine ND? ND
Serine 35.98+1.25° 44,0942 5"
Glutamic acid 129.26+4.22° 172.75t5.25"
Glycine 74.202.248 91.704.82"
Alanine 176.1846.23° 258.98+8.24*
Cystine 36.41£3.57° 53.90£4.23"
Valine 80.61¢3.21° 87.1242.22%
Methionine 19.75+0.56° 25.95+0.95"
Isoleucine 32.60+0.88° 42 46+0.56"
Leucine 110.3541.42° 131.83+1.21
Tyrosine 136.700.89® 147.8241.23"
Phenylalanine 78.45+0.46° 101.94+0.56"
Lysine 51.2340.65° 53.03¢0.78"
Histidine 23.40+0.45° 31.06£0.21%
Arginine 134.90£0.56 101.8741.218
Proline 475.83+4.25° 629.92+5 95"

Total amino acid 1,685.38+33.06° 2,015.72+41.50"

DKMBL7001, Saccharomyces cerevisiae KMBL7001.

JSO1, Wickerhamomyces anomalus JSO1.

All the data were expressed as meanzSD (n=3).

ABDifferent letters within the same column indicate a statistically
significant difference (p{0.05).

9ND, not detected.

N

)
)
3
4

(o
ek

$ 4.58-4.84, F1|= 4.41-4.760F EQ1FJ o, Al
2 3.41-4.12, 99k 3.76-4.269] HE A9t Cho
5(2010)0 WEH, A5} G992 A2 =2 AL 7
Aok 349, Kang 5(2020)2 A5 542 A, o
9] Algto] oF9] ©@ulZ ASAIAETIL Bistqitt &
HAAA EFER oFF] A, Wt aHojA P
7140 ® Qlsl, A7t @utE S7HX Ao R AlaH
t}. S cerevisiae KMBL70013} W. anomalus JS01 A4t
A0l 713 koA bR A, 5.128 ©EIad
15 0.3 A=Y 2 7|35 Yeth £ d+9] &
87t 23E B, =HAAA FJ7F O AR Al S
cerevisiae KMBL70013} inulin 9 &% W. anomalus
JS019] EERE o]-&sto] 45k A HAIA o=
Az9| 7Fs8< st

4

jud

4. 2%

fufok
o

7247 Wi A, 538.14 Unit/mLE ZH= 3
CATE FFE ol&sto] HAAA o5 AR A 8YA}
, pHe & 3.57, T8 3372 A=Y, 4
T+ S cerevisiae KMBL70019] 7%, &5 9 &gyt
AollA 242} 8.26 log CFU/mL, 8.29 log CFU/mLZ &
olE ot 3 aolA W. anomalus JS01-S HEE

L 0 P o 48
DU
N
2,
2]
i
S
5
3
—y
w
2
Al
N
1o
-
£
=
o
®
fol %

Table 6. Sensory evaluation of yakju supplemented with Jerusalem artichoke co-fermented by Wickerhamomyces anomalus JSO1

and Saccharomyces cerevisiae KMBL7001

Strains” Sensory score

Color Flavor Sweetness Sourness Overall preference
KMBL7001 3.58+1.32% 3.41+1.66 2.76£1.28 3.41%1.66 4.82+1.67
KMBL7001 + JSO1 3.84+1.64 3.76£1.79 3.26+1.36 4.12+1.80 5.121.58
p-valug” NS NS NS NS NS

UKMBL7001, Saccharomyces cerevisiae KMBL7001; JSO1, Wickerhamomyces anomalus JSO1.

2All the data were expressed as meantSD (n=3).
IAll the data were not significantly different (py0.05).
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A gkoit. Tt HR TR AR FEY R 0.27-
0.29%, 72 FF2 14.8-15%% W27} FABH &
BEAT. FEFY B, EddaFolA inuling R+
ojv] oF 45% Hx 7HE51H oM, sorbitol TERIE O
A H g2 S Btk f71Ae] e T AR B
oA citric acid ) lactic acid ) succinic acid ) malic
acid ) acetic acid €22 YEFFOH, acetic acid 29
A& 7] F-9AQl Apol= o 2t o], Sohd
BTOA acetic acidg ATt F714F 450 o oha
=2 WS Bk op|iAl oA EdEEE o
THO HurH o g =AY fARIIH TeE7e ME
£ 7k 993t Aol Qiloyt RE BAGE Sohlg
o] 7|2%7} #A B7HEdnh. webA HAAA} inulind
fructooligosaccharide®} 22 7154 B4 o 3
St S 1HT uf, HAFA J7F = AR Al S
cerevisiae KMBL70012} inulin ¥l &% W, anomalus
JS01& & ash= Ao| HAAA] 7164 dis &8
g 1FE 7158 dFE AXS= U w2 E 5 9

ZAos AtEn

PN
z

0

o

ALl =

E 3= 20224 AT 3EA|(2022R 111A3072406)
9] A-tH] A o] Qg =] glom, olo] FAEHUYT
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