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Abstract This study was conducted to evaluate the alcohol-producing abilities and
functional characteristics of five strains of non-Saccharomyces cerevisiae (NSC),
namely, Kluyveromyces marxianus KJ-L, Wickerhamomyces anomalus KJ-1, W.
anomalus CP-2, Pichia anomalus HAN-1, and Meyerozyma guilliermondii SU-L,
which were isolated from Korean traditional nuruk. The selected yeast strains
produced large amounts of alcohol using a carbon source of 20% glucose and were
identified as NSC based on their 18S rDNA sequences.
temperature and pH of the NSC except for M. guilliermondii SU-L were 25°C and
4.0, respectively. Two NSC strains, KJ-L and CP-2, produced 5-10% more alcohol
compared to that produced by S cerevisiae LP (SC LP) control. Although the a-
amylase and B-glucosidase activities were slightly lower in the NSC strains than
in the SC LP, glucoamylase activity was 1.4-fold higher in the NSC strains than
in the SC LP. The e-glucosidase inhibition activity evaluated using 1% acarbose
was 29-fold higher for K marxianus KJ-L and P. anomalus HAN-1 than that of
SC LP. The five strains of NSC exhibited higher angiotensin-converting enzyme
inhibitory activity with inhibition rates of 51.7-61.7% compared to that of SC LP
(37.3%). The tyrosinase inhibition activities of NSC (86.4-91.5%) and SC LP (94.9%)
were significantly higher than that of the positive control, kojic acid. These NSC
yeast show high potential for industrial application as domestic starters for
manufacturing fermented foods and cosmetics based on their physiological

The optimal growth

activities and functional characteristics.

Keywords alcohol producing ability, non-Saccharomyces cerevisiae, a-glucosidase inhibition
activity, ACE inhibition activity, tyrosinase inhibition activity

1. ME

el 199 491 BEE U d AFIHE %

A, 24 5 TR $79) 2R vEo] Hustu

[

52 AAANA fEE ol
AthJungy} Chung, 2017). o]&gt

https://doi.org/10.11002/kjfp.2022.29.3.482


https://crossmark.crossref.org/dialog/?doi=10.11002/kjfp.2022.29.3.482&domain=pdf&date_stamp=2022-6-30

Korean J Food Preserv, 29(3) (2022)

NS AEES 24, 43 B4t {714kt fElot
HKim 5, 2009;
Lee 5, 2015; Nam &, 2015). AGE2 o}t E40]
Ue AEFFZ - AF 52 U YRAEN AREL
dow, & Hejo} 22 JaR7 52 nafjsto] FFAF AJH
g HEolXt +5 49 v
AE B2t A& Hske AxT A9, 9=, Ax ¥ 5
A2 A28 4 229 9sto] AAEHH(KIm 5, 2014b),
A8 EF Oofote] S, By, oiF, A, 2 2 B 5
o] HIHFE w0l & - & AR AMEEUTHBaek 5,
2010). +5ol £xst= 8 E FolA S g0 F4
o] #Tojol= A= giEE GRAS(generally recognized

as safe) 52X, Saccharomyces cerevisiaes B|55}9]
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non-Saccharomyces AQR] WYt Candida albicans®)
AFAE o &2 oJofitdol 38T 4= Sli= Pichia jadinii
(Buerth %, 2016; Song &, 2013), 1¢F-& ol WAo]
Q= P anomaldTao &, 2011), 12904 glucoamylase
848 9 HAdFEET} 5%t Saccharomycopsis
fibuligera(Choi &, 2014) 5°] Eg¥ H QIAT
Saccharomyces cerevisiae ©|2] AAQA 02 AF25}1E|
+ Zoteleh 53], =l tiRE 2PN g - o= AR
€ g ol ¢ A8 a5 (La Parisinne, LP §)& &
Jsto] ArEsH= Aol

F50 oA gFs Ak Fulof| ot BH=
NHAPEEA LAHEE 7 9 AW 59 AS4rAET
ofye}, Ata-g M7hHE, oA B4 D FRISE AL 5
biotechnology(BT) AF4<] 4] L4224 o] 8HHKim
5, 1999; Lee &, 1997; Lee &, 1999). T-£2{Q1 Eofoj
A B tiAEEY B4, Brle T 714 s 5o A
AESHE T EA ZHA o] YHKim 5, 2004).
e FEYA tREA Aeas AsfEE(Kim
= 2004), FAA B-secretase AEL(Lee 5, 2007)
T} acetylcholinesterase ANEd(Lee 5, 2008), EAl
A JAEZ(Jeong 5, 2006), U|HA tyrosinase A=
A(Jang 5, 2012b), BHE3) &&= (ang 5, 2011)
g Auly @4k E48(Lee 5, 2004) 5 A% 7154 H4A
A7t &S] o] FoiA 1 Uk
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2. Mz % diH

2.1. =50j/M &2 22 ¥ 2=

ity E4o] 43t B2} A E £ - Adolr] fJsto]
=W 47 AQEFA AE, AS, B7)olA AR Ae
2 TSI 750 Aok ARE eFEEsh] 9
slo] YPD(BD DIFCO, Mississauga, Ontario, Canada)
HiZ]of| sodium propionates 0.45% d7}oto] F3go]9
A& AAANHH. B A Aol AERt +5 1 g2 YPD
TAERR] 100 xL EESEAL 25ToA 24- 48A17F vl
sto] @ colonys 29511t #2E AX+= YPD HA|
v Ao wljgste] o]l A¥S fisto] wiFAH 40% A
E2 A7Hf -80C WEale] Eusigich vl #FEE =
Y S FUGA APFAA(F)(Seoul, Korea)oll A ARt
Saccharomyces cerevisiae (La Parisinne, Saint-Denis,
France)& AHESFAT

2.2 28] #+9 &%

T ASEEoRRE £ A 542 18S rDNA
ARG A7IAEE EASHTE Zetolm= NSI1(5°-GT
AGTCATATGCTTGTCTC-3)x} NS8(5’-TCCGCAGGT
TCACCTACG GA-3)E Ar8ot9a, PCR initial
denaturation 5%, 183 94Col|A 45%7t denaturation,
55C oA 6027t annealing ¥ 72TCofA] 6027t extension
cycled 353] =353 tt. PCR AH=29] A7|A L @A
L8(GenoTech Corp., Daejeon, Korea)ol J&sto] &
Aot (Kim &, 2008), phylogenetic treex= The
National Center for Biotechnology Information
(NCBI, http://www.ncbi.nlm.nih.gov/)°llA Azt
Advanced Blast Search ZZ13& F5} GenBankol
Hue #F #4599 A7|A LGS Hsto] AlEE5we4
FAHAE E43 &, MEGA V6.0 ©]-85t] Tamura-
Nei distance model¥} neighborjoining methodo] w
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& AEEE AAsHYEtHTamura S, 2013).
2.3 48 54 A

w9 ano 2= 9 pHE S EA4S 95t H6l
YPD IAEjAONA BHrE S A S
A4 3L o]gsto] YPD IAEA|O] 100 plE =
Skal 30T oA 48A1ZF Bt &, BAE A & A
5 4 D9(colony forming units, CFU/mL)Z LEFH
At

24 27= Y45 24

ARY] g E PAFE AR Yo EEE aRE
20% glucose(Chung %, 1990a; Rhee 5, 1997)7} &3t
E YPD HAulRo] Z+2t HFsto] 25T A 57 vijger
%, YAEF(10,000 xg 5 min)3t A5 100 mLE Al
do] Y1 AZA|(FAFA) 2-3ES Yoy FF77
(VAP200, Gerhadt, Konigs-winter, Germany)& 55
sttt 243t SFH 80 mLol|l SF+E 7I5ted 100 mL
2 AL3 & d==H7)(AT/DMA5000M, Anton Paar,
TR, USA)E AH&sto] SAstoitt.

2.5. a-Amylase 241

a-Amylase /42 &% HiFHZ 13,000 rpmolA 5
70 AAEER A5 AS ARSI 242w A
20 pLofl Bat4® 180 pLE 7kt ¥, 30 mM PBS (pH 6)°]l
91 starch (1 g/L) 200 £LZ 4°] 30COIA 208 v}
At _,7_},] HiF AAo DNS regent 400 uLE o] 5&
7F 2ol 3, LA Yztste] §BE(BioTek®, Gen5™,
Winooski, VT, USA) 550 nmOf|4] ¢-amylase 84S &
Aottt 1 unit(U)Y] S48 15 59t 1 pMo] 2 lg
< Adoke 849 Fo= Aosqitt. 2, /84l
2 Park 5(2018)9] W< wit}. LB HiA|(1% tryptone,
0.5% veast extract, 1% sodium chloide)oll 1% soluble
starchE Y1l 24A17F 8 &, 20% 8H(0.5 g L9} 1
g KD= goj=g] gk 39| 44 iz 43 gRlsiqlth

2.6. a-Glucoamylase 24

Glucoamylase 42 Ald3o] 2% 71843 & &H

=
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1 mL®} 0.2 mL acetic acidg& #33F0] 40COA 587
st &, a% wFH 100 pLE Y1 40TolA 2087t
HR85kITE 1 N NaOH €9 100 pLE H7F| v &
AAZ. 3087 A2 ARt F, 1 N HCl 894 0.1 mL
£ H7rote] FSAFAY. 3k BEEH 1 mLE glucose
assay kit(Sigma-Aldrich Co. Ltd., St. Louis, Mo,
USA)E °©]85t°] glucoses Aottt o] ¥H3AS &
FE(BioTek® Gen5™, Winooski, VT, USA) 570 nm
oA &7t glucoamylase B/ AFEsISITh

2.7. Acidic protease 241
Acidic protease &/ A&l 0.5% casein &
150 pLof Mcllvaine &5 100 L& g0} 40C &2 4
Zof| A 557t A DAIFT. g 50 wLE F7Fste] 40T
oA 6087t ¥F3A1Z1 & trichloroacetic acid (TCA) &
H 300 pLE 715l BFe= AAAFT. BFHS of2fsto]
AHES AAT H, o7 100 gLl 0.4 M Na,CO; &
% 500 pLe} Fl5AIF 100 pLE YL 40TOIA 3087
HPAA T 8RS 22 HS 8% (BioTek®, Gen5™,
Winooski, VT, USA) 660 nmolA &A%t & acidic
protease < T A CE AREsYT
Unit/mL = Tyrosine (zg) x 6 (0.6 mL + 0.1 mL)
+ 0.05 mL
0.6 mL: Casein €% + Mallvaine &9 + ¥
+ TCA &9
0.1 mL: oj¥}}
0.05 mL: ®j¥FY

2.8. £-Glucosidase =41

B-Glucosidase @42 Seo 5(2015)9] WS s}
o] A8ttt 10 mM p-nitrophenyl-g-D-glucoside
(Sigma-Aldrich Co. Ltd.)E 100 pL €3, 100 mM
citrate phosphate buffer(pH 4.0)5 890 /tL 42 35
B AASHS 10 pL YT 45T1A ¥HgAIZL 5, 0.5 M
sodium carbonate(Sigma-Aldrich)2 ¥-8-& AZJA|7]aL
AABLGE AFSHNS BT (BioTek®, Gen5™, Winooski,
VT, USA) 405 nmollA 4ttt £9 A== 1 uM
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< p-nitrophenol& 1 unite2 HFoJstct. gHH, A4
o] W 0 Z esculin(Sigma-Aldrich Co. Ltd.)& YPD
agar WA 0.5%7} H=% At Bt v, 1%
ferric ammonium citrate(Sigma-Aldrich Co. Ltd.)7}
2% = TE H7sto] vjAE ARstH. o] wiAo] ARE
HESkAL 25T A 24417 viFeE &, FHo| A2 &9 A
4 AR = Z42 Uik

2.9 &5 2N B4

a-Glucosidase A5~ €31 4lo] &, @ 5=
A 4 o] P EA(e-glucosidase 1nh1b1t1on)
JHoz BAoi3int i 4L a-glucosidase activity
assay kit (Cat No. MAK123, Sigma-Aldrich Co. Ltd.)
oA negative BAL 10002 A|R9| A4S TAKS|o]
AefE&S o3t o]t B2 enzyme (0.5 unit/mL
a-glucosidase) 50 pLeF &% 8{FY 50 pL & ¥ 27]
#H(A405) initial S5t 37CoA 58 SHEAIXI F,
2 mM p—nitrophenyl—a—D—glucopyranoside 50 ulLE
g1, 37CoA 3087 ¥RAIXl & 2E SFE(A405
nm) final& &45tAtt. o] positive control B
A2 Al 1% acarbose 50 plE do] =75ttt &
G Aoh&(%) 2t 22 A0 & ARSI

Inhibitory activity (%)
= [(1 - (Agosfinal -
Agoswater)) X 100]
Ayos calibrator: 204 §H& & calibrator 8% 4t

Agos water: 208 93 & water 4= &

Agosinitial / Agoscalibrator —

2.10. ACE Ajaf &4 24

Angiotensin converting enzyme (ACE) A3} &4l
ACE inhibition screening kit(Cat No. KT-534,
Kamiya Biomedical Co., Seattle, WA, USA)E A}-83}
of AZ3JAte] EA Wt E A3 96 well plate
9] blank 1, 291+ &% 20 pL9 40 plA 2535 &
2E wello] 20 L9 substrate bufferE #35}31,
blank 25 A3t wellol= EANES 20 plXA EF519
th. 37C H#iY7]o1A 6087 BRSAIX &, BE wellol] A

https://www.ekosfop.or.kr

AlH 200 pLE Aote] 4204 1027 BHAIA 450
nm?| FFENA SHFAT. FF T2 ACE A4
= @9 AME= captoprile AMESHRH. ACE A3 &
g2 o9 Aoz AAloto] MEE(%)Z UERAT.

ACE Al &/d(%)

= [(Abtank 1 = Asampte) / (Ablank 1 ~ Ablank 2)] X 100
Blank 1: positive control (without ACE inhibition)
Blank 2: reagent blank

2.11. Tyrosinase Xoff g4 =&

Tyrosinase A3}l AL tyrosinase inhibitor screening
assay kit(Cat No. ab204715, Abcam, Waltham, MA,
USA)YE ARE51H. 96 well plateo] A&} ti2+-S Z+
ZF 20 plA EF3131 ZF wello] tyrosmase enzyme 5%
50 pLE 7Fsto] 25CoA 10% ¥HAIY
714& 30 pLE ¥ 510 nmoA SFEE S4otI Tt
30-6087F 2435t Bl EZQIE 2/1& Adste] EFr9]
ZHAA = A2 - AD)oll olsto] o2} Zo] SA3H

&, tyrosinase

Relative inhibition(%)
=[(Slope of EC - Slope S) / (Slope of EC)] x100
Slope S: &9 SF= 2t
Slope of EC: &4 tZ+(tyrosinase assay buffer)
9] 3= A

212 EA4xef

2 A7 AY 2= AT 30n=3) %
THAHSD)Z HER L,
(SAS Institute Inc., Cary, NC, USA)S o|-&sfo] Hat+
EEHUAR FASAT BAA s ZAREA(ANOVA) 2
2 AAstdoer, §94 v+ Ducan’'s multiple

S Ao

Hi(mean)dt &
Statistic Analysis System

range test® p<0.05

3. Zn ¥ 1%

3.1. MEL0I4 25 B2 0/ x5
U 471 AQEA, AL, AE, B2l 4% dE
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R

AAH
LLEN L

3t 53(KJ-L, KJ-1, CP-2, HAN-1, rDNA Q71X EE& vgoz ABLE Fig. 10 YeRdTt
SU-L)9] A% E 18S rDNA ¥714Q E4E S EAAY AEkE] NSCE NCBI blastZ @71AE-E 43+ 23} SC

EstA o7 FASIAT:. Saccharomyces cerevisiae(SC) &0\ Kluyveromyces marxianus, Wickerhamomyces

9} non-Saccharomyces cerevisiae(NSC) &HXO] 18S anomalus, Pichia anomalus, Meyerozyma guilliermondii

A CP-2-Wickerhamomyces anomalus
LC120363. 1 Wickerhamomyces anomalus DBL01s1Shirosato
A KJ-1-Wickerhamomyces anomalus

MH654986.1 Wick

erhamomyces anomalus

MH654986.1 Wickerhamomyces anomalus strain 0935-9
KJ659884.1 Wickerhamomyces anomalus

A HAN-1-Pichiaanomala

EF427893.1 Pichiaanomala

AY2188395.1 Pichiaanomala strain GK1

X58054 .1 Pichiaanomala

AB094141.1 Pichiaanomala

_| X58054.1 Pichiaanomala gene

FN556011.1 Wickerhamomyces anomalus F21.8
MW281687 .1 Wickerhamomyces anomalus strain CBS 5702
AY251632.1Pichiaanomala isolate DR1

MW281639.1 Kluyveromyces marxianus strain CBS 1559

A KJ-L-Kluyveromyces marxianus

XR_002675592. 1 Kluyveromyces marxianus DMKU3-1042
MT079142.1 Kluyveromyces mandanus MON-24
GQ506974.1 Kluyveromyces sp. CW4.3

CP006446.1 Saccharomyces cerevisiae YJM451

AP012217 .1 Kluyveromyces marxianus DMKU3-1042 DNA

CP006406.1 Saccharomyces cerevisiae YJM1388

[ L

—

01

CP024006.1 Saccharomyces cerevisiae KSD-Yc
LC413766.1 Saccharomyces cerevisiae IFM40137
KJ502662.1 Saccharomyces cerevisiae isolate YN3

A SU-L-Meyerozyma guilliermondii

MN658747.1 Meyerozyma guilliermondii CFP00915

MG601180.1 Meyerozyma guilliermondii Q3

LC317638.1 Meyerozymaguilliermondii IFM 64461

MG601177 .1 Meyerozyma guilliermondii Q2
LC317639.1 Meyerozyma guilliermondii IFM 64529
LC317503.1 Meyerozyma guilliermondii IFM 64261

Fig. 1. Phylogenetic tree based on 18S rDNA sequences showing the positions of five isolated strains and the representatives of
other related taxa. The tree was constructed from an alignment of 18S rDNA from various species using the neighbor-joining
method with 1,000 bootstrap replicates. The bar denotes the relative branch length. The 18S rDNA sequences are identified by
their GenBank accession numbers in parentheses. Symbol: A, 5 selected non-Saccharomyces cerevisiae.
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2 717} 54k NSCE 4% 5539 ax= NCBIY
524 type strain¥} 99% oA =2 A4S YERHIT

3.2. Non-Saccharomyces 2829 42 £E4&

AGEE AT 437 A FFolA 2t 55 B8R
9] 2% 9 HHSA(pH 2-pH 9)& XA Ak NSC
4K, marxianus KJ-L, W. anomalus KJ-1, W.
anomalus CP-2, P. anomalus HAN-1)9] 7 38 &
T 250 EKTable 1). A= 25T df¥] 35COA 18-40%
o] 8-S BT, AT 100) A 1% H]vol|A

7% 010}-4 LS Bt E3], 12(45T, 55C) 249
A olg BRE ASSHA ot 272 ARGRE SC &
A Y52 25T thH] 35CA 35% 853 1 9 250
Al 1% vRke] BS 5445 Uehd A Bl%stiti(data
not shown). &SV, M. guilliermondii SU-L S H= 35T
7h A A&ollom, 25T A= 78% BE= Eutt
(Table 1). ¥4, &2 a%9| pHo w& &F434HS £
ARRE A3}, pH 4004 5ol 7MY gastqial, 421 pH
THEB= 10-60%7H] B850l S5t 1L, A e I

ZAAM(pH 2, pH 9) 25% TO g NSC A5
1 ZottH(Table 2).

3.3. Non-Saccharomyces £29 2T= M5

A3 5522 NSCE 22 °Brix®E H33e YPD HA %]
of Z47} JFT T, 25T oA 597t vigsto] AdFS A4
Fe 2ARE A3, W, anomalus CP-27F 11.73%2 7V &
A Yebt3, K marxianus KJ-1(11.14%), S. cerevisiae
LP(10.54%), P. anomalus HAN-1(10.14%), W. anomalus
KJ-109.91%), M. guilliermondii SU-L(9.55%) <C. =&
AFEE AR THTable 3). E3 o] &R0 ¥H
o2 7184 Tk HIE AWE A3, dart JgH o
2} NSC& SCi= %& o] JFdolt &8 7|d& o] &5
WA FEE Aot g3 T2 F7FoFH(Table
3). SC BXY 1F& 7L 7.2 °Brix®, NSC & AR
(7.3-8.3 °Brix)® A YERgTE SCO 1P E R
NSC & amETh 22 é.%;— Uetigl=dl, ol= SC7t
NSC %(genus)Ett B2 ol-gsto] d37& Tazt o 19
(Baek &, 2015)€ /\LHE golstA YeErsth Baek &

_;

Table 1. Temperature-dependent growth characteristics of five yeast strains isolated from traditional nuruk (unit: CFU/mL)

Strains Temp. (C)

5 10 15 25 35 45 55
K. marxianus KJ-L 2.8x10° 3.6x10° 1.4x10’ 1.7x10° 5.0x10° ND ND
W, anomalus KJ-1 2.6x10° 5.3x10° 3.0x10 6.1x10° 1.2x10° ND ND
W, anomalus CP-2 9.1x10° 4.5x10° 3.2x10 1.2x10° 2.2x108 ND ND
P. anomalus HAN-1 3.0x10° 6.1x10° 3.1x10 7.6x108 2.9x108 ND ND
M. guilliermondli SU-L 3.3x10° 8.0x10° 3.7x10 5.4x108 6.9x10° ND ND
ND, not detected.
Table 2. pH-dependent growth characteristics of five yeast strains isolated from traditional nuruk (unit: CFU/mL)
Strains pH

2 4 7 9

K. marxianus KJ-L 9.0x10’ 3.6x108 4.0<10 1.6x10
W. anomalus KJ-1 2.4x10° 1.3x108 3.0x10’ 1.3x10
W. anomalus CP-2 2.1x10° 6.7x10° 2.0x108 9.0x10’
P. anomalus HAN-1 1.9x10 2.3x108 6.5x10 4.0<10
M. guilliermondli SU-L 2.0x107 1.8x108 1.0x108 1.1x10

https://www.ekosfop.or.kr
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Table 3. The soluble solid and alcohol production in five yeast
strains

Strain Soluble solid  Alcohol
(°Brix) (%)
Non-Saccharomyces cerevisiae
K. marxianus KJ-L 8.3:0.01" 11.140.60°?
W, anomalus KJ-1 7.3#0.05% 9.91+0.70°
W. anomalus CP-2 7.5£0.05° 11.73+0.02°
P, anomalus HAN-1 7.440.11% 10.1440.02°
M. guilliermondli SU-L 7.4+0.05> 9.55+0.02'
Saccharomyces cerevisiae
S. cerevisiae LP 7.2¢0.11° 10.54+0.3°

"Mean valuestSD (n=3).
2Values with different letters in the same column are significantly
different (p¢0.05) by Ducan’s multiple range test.

(2015)9] Haro|A 25T, 48A1%F v Al, SCO] ¢34
52 7.3-9.5%% I, NSCE 2.2-4.7%= VEbd A
= oA 2ol YERAITE I8 Y Choi 5(2019)0014]
+ W. anomalus SC-1°] 7]& Al 328} Blwsto] gt
AQl 4FE U85S Uehd A= FAFSHEH i E
oF A|Zk9] Atol= YA HAH o2 SCO YFE BT
o] NSCo| Hlwsto] oyl SHAHAT, E AFoA=
NSC SNME K marxianus KJ-LZ W. anomalus
CP-27} 71& Alg an kot 43E&S 5.8-11.3% © Hol
AT 718 A FRE B3R o] 43S 845l
Hojd NSC A aRE & - ok AR 5 &8
AR

3.4 MEEt 829 aAEY

AR o2 NSCE thfet 45 AX grog Zugho
BEH 7Y 7] AR SV & F= =L ¢
THBaek 5, 2015). NSCO| &3 AJAto] tfgh 4id 4 &
|4 AME A A o2 Buel tefet S 54
24 AT

AR AE9 B 8o x B 9 A= AN
amylase©] 25} &£o= 0] FE2 A PR AREHT
23k 55 NSC2 82C AR g HE Eois<
AHErS W X marxianus KJ-L& AQst a2= 30T
oA vl A7]9] HE Edls= e ATHFig. 2). B
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Fig. 2. a-Amylase activity of isolated yeast strains. a-Amylase
cells were incubated on plate at 25C and photographed
after 3 days. Symbol: KJ-L, Kluyveromyces marxianus, KJ-1,
Wickerhamomyces —anomalus, CP-2, Wickerhamomyces
anomalus, HAN-1, Pichia anomalus, SU-L, Meyerozyma
guilliermondii, LP, Saccharomyces cerevisiae.

ZF& NSCY ¢-amylase B4 EANNE K. marxianus
KJ-L %9 ¢-amylase 40| 7F¢ 3FA et
(Table 4). & A3o] tjx2 ARESE SC7F e-amylase &
o] 7V =X W, anomalus CP-2, M. guilliermondii
SU-L, P. anomalus HAN-1& 22 BB 0= & ¥4,
W. anomalus KJ-12 Al AA] £0&2 4844 UEtW
o HEHoE 43S IR AHEEE 2R AR £
go| o} AE Eoflof] D33t g-amylase®} glucoamylase
Y A & 1 FHH|= AA et P4l AT
FEE AHAokaL Qt}. £9], e-amylaseEtt G350l %
%t glucoamylase7t AEES| O] o HaHo|th(Park
5, 1999).

Glucoamylaset= ©d521 glucose AJAtol| Tolsiy, &
38 Hrlole 83 A4(Chung 5, 1990b)ZA] viF
AZNE 34519 glucose assay kitZ glucoseS st
A}, 212 A8 SC LP(28.24£0.58 units/mL)Ect
NSCOl M. guilliermondii SU-L(40.21+1.28 units/mL)
o] 1.48} =A Yeheth 1 9 4379 SEE= 14.02+
0.14-22.524+2.64 units/mLE YZFHEHc} F2 o5l
< YEHHTable 4).
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Table 4. Various enzyme activities of five yeast strains

Strain Extra cellular enzymatic activity (U/mL)

a-Amylase Glucoamylase Acidic protease B—Glucosidase
K. marxianus KJ-L 41.68:0.04"" 22.52+2.64°7 27.5418.85° 565.48+20.62'
W. anomalus KJ-1 41.69£0.00° 21.1440.3%° 89.01451.15% 2,386.90£20.62°
W. anomalus CP-2 41.70+0.00° 14.620.12° 83.69+14.23° 2,172.624232.37°
P. anomalus HAN-1 41.70£0.00° 18.14+0.57¢ 148.31£23.46° 2,910.71£35.71°
M. guilliermonali SU-L 41.70+0.00° 40.21£1.28° 136.77+16.54% 934.52+41.24°
S. cerevisiae LP 41.72+0.00° 28.24+0.58° 181.77£30.77° 3,767.86£128.76°

"Mean valuestSD (n=3).

Nalues with different letters in the same column are significantly different (p¢0.05) by Ducan’s multiple range test.

Acidic protease®] Z$-ol= P anomala HAN-1°]
148.31423.46 units/mLE ¥ &84S H9L, M
guilliermondii SU-12 136.77+16.542 YEPHA|T of
ZQ1 SC LP(181.77+30.77 units/mL)Ett &/do] &
A et ek (Table 4). IRt og Wi Ao gt g
7= F& "BE°] A4t protease] Qo FFE
=0 FEA Axol(Lee 5, 1997), & A4 AR
protease &/d& YUEHE Ao Q5] Alo|7} lon=g
TRRt a1 FFo] AR tfdS ET 4 glogE
7=t

B-Glucosidase 842 291 A2 A, v]FHHY 7|4
& A= o qlo] $83 93 Itk gEA x
(Hernandez, 2003), NSCQl Candida stellata, Candida
hellenica, Kloeckera apiculata®|~ f-glucosidase &
Aol HAEJAH(Strauss, 2001). E3|, Hansenispora
vinea®} Candida &°] YAt glucosidase”l 9FQ19] T
Gt Foll FF= "Rk FEA SItk(Strauss, 2001).
B-Glucosidase H&t £ A2 o] A o RZ o]
B0 S RS 4 ok Y AEFFOIAN 2 - A
e}t 530] NSCoJlA o] &40 A4S Sl tHFig.
3, Table 4). Table 4°] YebH ZAH B-glucosidase &
2 Al 522 SC LP7F 3,767.86+128.76 units/mL
2 7P =9eH, P anomalus HAN-13} W. anomalus
KJ-1, W. anomalus CP-27} 2,910£353.713 2,386.90+
20.62, 2,172.62+232.37 units/mL <22 AL UEr
Woltk(Table 4).

Ol

https://www.ekosfop.or.kr

Fig. 3. B-Glucosidase activity of isolated yeast strains.
B-Glucosidase cells were incubated on plate at 30C and
photographed after 1 day. Symbol: KJ-L, Kluyveromyces
marxianus,  KJ=1,  Wickerhamomyces  anomalus, CP-2,
Wickerhamomyces anomalus, HAN-1, Pichia anomalus; SU-L,
Meyerozyma guilliermondli, LP, Saccharomyces cerevisiae.

ojgt g4I g - o5 A2 UoNA Saccharomyces
9} non-Saccharomyces cerevisiaeE: TEO 2 AREE

A%, 49 FulE IAY 7hsAE AlAe =t
3.5. a-Glucosidase A&f E4&

a-Glucosidase= @¢-amylase©] 23| £3)% o|FHE

FEH o7 AR Hijslo] 429 gHE FLEo] g
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O o5, Hho) Y At G Ao &
S AANPOE AT Fgo] 343 A5t A2

AT 4 QltK(Shinde &, 2008). Baron(1998)
glucosidase AJoiAle et 22 G4 B A H?l’
A g2A4 7ol f-&stctal Eastgict. HESolA &2
3t NSC9) e-glucosidase Adls= AR, 1 AWE
Fig. 40l Yebd AAE K marxianus KJ-L3+ P. anomalus
HAN-1 257} 89 oz A &A5o] =9t A=
& a-glucosidase GAAZ & dHA 1% acarbose®}
9 H|WANNE K marxianus KJ-L %+ 9F 27919] =&
242 UESIH ol=
Y257-79] 90.9%EtHE 20H) & B4 7ML AUt

l‘O

3.6. ACE Xf3ff =24

AT 57 BRY MGAORRE g FSAL st
o] ACE A3 ¥4 472 Table 5] Uehigich. ACE: %

242l angiotensin & ZAdste] &44P< angiotensin
0= Agsl= 1 S48, BAZ FS5A7]= Al E
o} 745} 2482 BH= bradykinin® Baohs 202 4
A HellA EdE o7l= F/% AR LA U
(Hong &, 2004). ACE Asls= RASH] o ¢/ tix

3500

o
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T
o

2000

—a
—

1500

1000

a-Glucosidase inhibition rate (%)

500 [ 4
f
T g
0 am
KJL  KJ1  CP2 HAN1 SU-L LP PC

Yeast strains

Fig. 4. a—Glucosidase inhibition rate of isolated yeast strains.
Data values were expresses as meantSD (n=3). The different
letters represent significant difference by Ducan’s multiple
range test (p¢0.05). Symbol: KJ-L, Kluyveromyces marxianus,
KJ-1, Wickerhamomyces anomalus, CP-2, Wickerhamomyces
anomalus, HAN-1, Pichia anomalus, SU-L, Meyerozyma
guilliermondii, LP, Saccharomyces cerevisiae; PC, 1% acarbose.
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Table 5. Antihypertensive activity of five yeast strains isolated
from traditional nuruk

Species Strain ACE inhibitory
activity (%)
K. marxianus KJ-L 56.20£2.57°"
W. anomalus KJ-1 61.65+1.63%
W. anomalus CP-2 54.30+1.61%
P. anomalus HAN-1 56.49+0.90°
M. guilliermondli SU-L 51.72+2.04°
Saccharomyces cerevisiaze P 37.3111.83°
Positive control Captopril (1%) 75.81£0.11°

Kim(2014)°] ¥31st P purtonii

"Mean valuesSD (n=3).
2Values with different letters in the same column are significantly
different (p¢0.05) by Ducan's multiple range test.

TO2 1% captopril@FEA)Z AT A3, 75.81+
0.11%= Yehgtom, NSCY ACE As) &4 K
marxianus KJ-1, P. anomalus HAN-1, K. marxianus
KJ-L, W. anomalus CP-2, M. guilliermondii SU-L &
o YERYT o= S cerevisiae LPETF 1.4-1.78) =&
AL YePd AC & Jang(2012a)0] B8t P anomala
o] ACE 844} &2 734"1} i A R S R
3He AEH, &5 75, BE3 AEH A 5 U g
8210z Qlgj ’3%"%}71" Ag TP Eo] EorA AL Qe A%
(Kim &, 2022)°0A, FE} S4& UYetde o
non-Saccharomyces Al@e] ARE WaAEo] #83
o2 & Y A5AY] TG st} AE R
9] ACE A3l @44 et 7|2 A1=EA FF 494
Z-87gdo] 7|H=h

W

I (‘_c’r‘io

3.7. Tyrosinase A{of £4&

Tyrosinase= Al W detd A A2NA 7V 5
3% 7] £EZ249A o Tojsk= BARA, B4do] A
= debd P Adfols 2a4E doHKim 5,
2014). A13E 5529] NSC ¥l A5H9 tyrosinase A3}
A AL Table 60 YEFHITt. Kojic acidE ¥4 o
2FOZ ARSI, 7 Azl 7Hg Bol
AH&SH= SC LP9F Adeh NSCY| vldl] &4 AR 2
I, W. anomalus CP-27} 244(93.18%)°] 7V =3k1L,

Qutdgozg F
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Table 6. Tyrosinase inhibitory activity of five yeast strains
isolated from traditional nuruk

Species Strain Tyrosinase inhibitory
activity (%)

K. marxianus KJ-L 90.911.14%"

W. anomalus KJ-1 86.3611.14?

W. anomalus CP-2 93.18£3.41°

P. anomalus HAN-1 88.64+1.14

M. guilliermondli SU-L 91.4840.57%°

Saccharomyces cerevisiae P 94.8913.98"

Positive control Kojic acid 63.07+1.70°

"Mean valuestSD (n=3).
2Values with different letters in the same column are significantly
different (p¢0.05) by Ducan's multiple range test.

N

W. anomalus KJ-1(86.36%)°] 71 WAk, kA of
T2 AR Kojic acid(63.07%)X .t Agkst g2 9] A
HoflA] mjel gHdo] =2 2 FRIT 4= UATHTable 0).
Jang(2012b)o] B8t P anomala®) tyrosinase Aol &
X(3.4%-14.4%)3} v]wstol = XSt NSCQ| tyrosinase A
3l &/do] 6-28H] A Uit AA, HYFE 9 A
FollAl m|El 27 9] o] &AJo] EolA|= AlROfA] & ol
A gt vje &4 5o] Hold non-Saccharomyces
cerevisiaee ¥, 715/ TRAE 9 E AEEA

28/d°] 7IHEnt.

1o

ol

4. Qo
AeFEoAA &g 559  non-Saccharomyces

cerevisiae, K. marxianus KJ-L, W. anomalus XJ-1,
W. anomalus CP-2, P. anomalus HAN-1 % M.
guilliermondii SU-L 29 ¢F-& A 9 7|54 EA
S RARSIGITE AR AR 20% oA E2 g
< AAHsS B9, 18S r1DNA ¥71A4E E4& 55t
B NSC AlgY AR(NSOZE 5= ik NSCo| 4
s X9 pHe 242 2509 4.001%0°4, M
guilliermondii SU-1Z 35CoA AxAZ YEHS
ot 2359 NSC #5KJ-L ¥ CP-2) S cerevisiae
LP(SC LP)ETh 5-10% B #& ¥3ZS BASIAH. o-
Amylase®} f-glucosidase 842 NSC #+5+7} SC LPE

https://www.ekosfop.or.kr

ot 9F7F WA, glucoamylaser SC LPHETE NSC7}
1.49) o &2 @4& BAt} 1% OFHEAE AMSSFAS
o, e-glucosidase JA| AL S cerevisiaeEtt K.
marxianus KJ-L 9 P. anomalus HAN-19]4 294 ¢
=T 5579 NSCE= S cerevisiaed37.3%)° vl <
A&o] 51.7%-61.7%% =2 ACE A &4 YeA
k. NSC(86.4-91.5%)2F SC(94.9%)2] ml¥ gHd-2 g
Z2l kojic acid®th @A|5] FHolgrh. ARt NSC
B St YT ot 7158 42 Y, &

A A

MR AE 9 BE 59 A Rejl 2 2HFOF A

ol

o™ o=

=
| 2§ X7 Boha Az

r O

iy —{Oll

ALl 2

o] =2 5&X8H YA |&/NIAA(HAHS:
PJ0141612022)9] Aol oJsf| o]Fo]xl ZolH, AA+H]|
A hofl ZA=E YTt
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