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Abstract

This study aimed to confirm the suitability of lactic acid bacteria isolated from Kimchi as
starters for fermented milk by assessing their carbohydrate availability, enzyme activity, and
growth characteristics. The isolates L. pentosus LK013 exhibited a 99.79% similarity to L.
pentosus DSM 20314", P. pentosaceus LK019 showed a 99.86% similarity to 2. pentosaceus
DSM 20336, L. brevis LKO30 displayed a 99.72% similarity to Z. brevis ATCC 14869", and
L brevis P215 demonstrated a 99.59% similarity to Z. brevis ATCC 14869". Regarding
carbohydrate availability, 2. pentosaceus LK019 exhibited higher availability of L-arabinose,
L-rhamnose, N-acetylglucosamine, amygdalin, arbutin, esculin, salicin, and gentiobiose, as
well as D-form carbohydrates compared to other strains. Meanwhile, Z. Arevis LK030 and
L. brevis P215 were able to utilize pentoses such as L-arabinose and D-ribose, as well as
hexoses such as D-galactose and D-glucose. On the other hand, L pentosus 1K013
demonstrated the ability to use L-arabinose, N-acetyl-glucosamine, esculin, D-ribose,
D-glucose, D-fructose, D-cellobiose, and D-maltose. In addition, 2. pentosaceus LK019
exhibited higher leucine arylamidase and valine arylamidase activities than others. L.
pentosus LKO13 was confirmed to have enzyme activities such as Lipase, Leucine
arylamidase, valine arylamidase, B-glucuronidase, a-glucosidase, and B-glucosidase. 1.
brevis LKO30 and L. brevis P215 demonstrated outstanding activity against lipid-hydrolyzing
enzymes, specifically esterase and esterase lipase, which facilitate effective digestion in the
human digestive system. Furthermore, they exhibited activity against a-galactosidase, which
is responsible for decomposing non-absorbable raffinose and stachyose. The growth curve
analysis of lactic acid bacteria revealed that all bacteria were capable of acid production,
maintaining a low pH throughout proliferation. These results suggest that the isolates (Z.
pentosus LKO13, P. pentosaceus LK019, L. brevis LKO30, and L. brevis P215) can be used
as starters in fermented milk.
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U] AE HRAER] AXl= F=  Lactobacillus,
Lactococcus, Pediococcus 2 Weissella 5 TSt 9] ANt
o] Akt RHarxlo] YtHChoi et al, 2013; Ko et al,
2013). ZA9] Tadgox FH JE sl Fiht(lactic acid
bacteria, LABZ Z=1 59| FFE ol8slo] {4t 9 Ak} 2
< AW THakeleA, SR 9 HhE ] QA1 2 tEE
59 ohet tiAMIES AYARHCHFijan, 2014; Reid et al,
2003). o]t tHAMRES AEe] Fulls AT} FAlo), A3 Al
T e B9 #FE AA6, I &, g9 2 18y
2 1AEF A B, WY SR 22 bRl 71578 UE
Y Aoz IE#A YtHKim and Kim, 2006a; Lee et al,
2012a; Shon et al, 2007). T3t JARFE 1AM ginsenoside
RAIEASHPark er al, 2017a), GABA(y-aminobutyric acid) A3
AHWu et al, 2018), riboflavin AAHThakur er al, 2016) 5
83 EAES Ao gt starter dEA AEH HE Qlo
o, AR ofet SRR} 9JokE 59 TRt RokllM® At
T2 &85t A7t AP AtHOndee et al, 2021; Tsai et
al, 2021; Si et al, 2022).
AR T, B8 F718 AR I FEpE 1N B At
O tofslal ZAE FAYolA] o, Ak os ool W& pH
oF 2739] Tgo] WS AUm bd/gdo] gk GRAS(generally
regarded as safe) ISR B2E|1 QIcKErika er al, 2004). &
At 2o giAlollA shgE 2E ARl et 53 ER
(homo-fermentation) At} o] i (hetero-fermentation)
Ato R RECHPark, 2017b). 53 #aE AN F2
Embden-Meyerhof 20| s ZrkE ZAto=z HEA7|H
Lactiplantibacillus ~ plantarum, Lacticaseibacillus —casei,
Lactococcus lactis D Enterococcus faecalis 50 ©1°] 4514,
o]y ¥a {AFES 6-phosphogluconate AZ0] 93] TS
ALk 24 olilRfeA 9 oeREE MR Leuconostoc
mesenteroides?} Levilactobacillus brevis7} ool tiEAoz £
3K Cho, 1991; Hofvendahl and Hagerdal, 2000). ©]={gt tieF
St 8% 9 E7] gEo] fAL ol HEE AEo] olgF]o] Yt
9l fANE o8 AEozETaE R AZ HEH 59 fAET
Vg, W 59 ARl At 11 5 HaaE it B B2
£ o851 YE HRAA T ARCE, ool & Ze A
HE X 0= SI9ANL T ZRHo| QYA B35 715 o
St Thilo] F550l Wzt 715/30] AxH AlE APl A=A QL
tHKim er al/, 2019b). ZZHo|QEIASt AA KA K World
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Health Organization, WHO)OIA “Ag=F HH Al &520A] 7%
e B = AoRIE vE ol AYstal Sl 5
U8R ol2jgt ZRHP|REIAS A HHT 5 A= 3FHUe=E
A, o A AAE R HFEo] F7skL = FAlotHKim and
Chung, 2017¢). SFARE =UjollA ARGEIAL Q= a2 -
B2 o2 E QE Ao, 3=R10] Ade] wrx] QAL HA}
£ k= 59 F2R8o] A = Slof ghjlol] ARt HE F
9] 7ol Q= Aot

wEhA], B Ao 2 Taq AR A 75 9] 7]
ZARZ ARSI AEUEAES AXEREH fANS &
2 sk, gedkE o84 A B E AR EAS AR

AT

i

=z A SE
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AA| N72E Lactobacilli MRS broth(Difco Co., Sparks, MD,
USA) 1 mLell 1%(v/v)E Esto] 30TollA 24417 S+t vidst
¢t o]& MRS broth 1mLOll 1%(v/v)& &3t 30TAA 24
AZE 2 uiokselh. o]F fAF 7 HiAIQl Bromo Cresol
Purple(BCP) plate count agar(EIKEN chemical, Tokyo,
Japan)oll ALt 30TAA 48417t v, 4k A
sto] colony 910l b $hE FA%E 22 Fdl <= skl
ot o]F 16S rRNA @7IAEE EAst] HE Ao
(BIOFACT Co., Daejeon, Korea). G714 Q8 BAS s AR&SH
pirmers  27F(5'-AGAGTTTGATCMIGGCTCAG-3) 4
1492R(5'-TACGGTTACCTTGTTACGACTT-3')o|H, HAst 4
71MEL  BZBioCloud website(www.ezbiocloud.net)?] 16S
database tool& 7|RFO 2 HE H0] H7|4 B} st oH, A
S4(phylogenetic treex= MEGA11 Z&1349] neighbor-joining
WS AREsto] 2Mdsieit

APl 50 CHL kitE 0|2t Et+2lE 0|24 =il
B #5E9] ©5dle ol88e ERIskaAt APL 50 CHL
kit(50300, BioMérieux, France)s Ak&5I9tt. MRS broth 1 mL
ol 1%(v/v)= HZsto] 30TolA 24ARE BLL viket +F wirts
12,000 rpmellA] 557 YRS & phosphate buffer saline(PBS)
2 33] washingdl%t}. ©]& suspention medium(BioMérieux,
France)°ll 2 McFarland standard solution®] s=2 HEA|A &
S 92 5 APl 50 CHL kit®] Z+ tube]l 47] @55 200uLA

=
B34 3 7 7320 mineral oilg 24& A% Wolzck. o]
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30°CM 24ARE % HiSIlem, AP SARIE
(http://apiweb.biomerieux.com)olA] AlFsl= WEEE 7|12
2 4971] erolE Ha of RS SIS, APL 50 CHL 23k
frakto]l AEY 9] e3kE 7|ES o gsto] TEolule Aol
9J3}o] bromocresol purple XJA|2FQ] Alo] Ha}iof|A] L2k 0 g
HHgo) wheh 71 FE0] AlE + (B D), + L +H++ (IR EA),
w (2 24) 3 - (&4 E F7I6k

APl ZYM kitE 0|25t 54 24 &9l

Bejgh 4559 a4 84S RISk APL ZYM kit(25200,
BioMeérieux, France)& AFE31EE MRS broth 1mLoll 1%(v/v)
= T3] 30T 24A1F 52T vt o vl 12,000rpm
oA 587+ YAESE 3 phosphate buffer saline(PBS)E 33]
washing S}t ©]% suspention medium(BioMérieux, France)
o] 5-6 McFarland standard solutiond] X2 FERA BEE
9k & APL ZYM kit9] 7 tubeol A7) 455 65 ul¥ £
otal AFulE SUR I HS AFAS F 30°ColA 4AIE 5
QF viFstict. v & ZYM A A9k ZYM B A9k 747} 3t
WA gojy] & 5EZF vhEAIFH o™, AP WAl E(http://
apiweb.biomerieux.com)o|A AlFots WERE 7|F0=2
1971A19] 714 o] o 7o wet aa S-S Z2skSich API
ZYM Ail=, ZYM A A%t ZYM B A9k 71 & BEHE
7108 MO] Ao Zpojof] mEhA] + (B4 W), ++ H +++
& 24), w (e &4) 7 - (&4 YDHE #7188

-

S broth 30 mLel| 5%+/v)& JE3 &
30°CollA] HiFstHA 3AIZE 0 & AR5 AFstoich AF et
Al&= UV-Vis Spectrophotometer(OPTIZEN POP, Mecasys,
South Korea)& AR50 600 nmolA SF=E 27ds9.0H,
ZAlo] pH meter(Seven Compact Duo S213, Mettler
Toledo, Switzerland)& AF&sto] o BIYNS] pHE SH51Lt.

-
£ ARdollA Eeigt w591 LKO013, LK019, LK030 % P2159] 168
rRNA 47} 7148 B4 A 1K0132 Lactiplantibacillus
pentosus DSM 20314'@} 99.79%, LK019%  Pediococcus
pentosaceus DSM 20336"2} 99.86%, LK030 Levilactobacillus
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brevis ATCC 14869™®} 99.72% 9 P215% Levilactobacillus
brevis ATCC 148692} 99.59%°] fA=S Hol= 2102 ERIxEo]
Z¥2y Jactiplantibacillus  pentosus 1LK013, Pediococcus
pentosaceus 1K019, Levilactobacillus brevis 1K030 %
Levilactobacillus brevis P215%2 HHsISTKFig. 1).

Er3lE 012 &2l
ABLRAES WA B G40 WA AHERAY
o1& 7153 BRIs] Sislel 7710 el P o doF
9] Bl o] 8A1S BRISIYIE P pentosaceus LKO19= £
TollA BEegt o2 o) H[g] L-arabinose, L-rhamnose,
N-acetylglucosamine, amygdalin, arbutin, esculin, salicin 2
gentiobiose®} D-ribose, D-xylose, D-galactose, D-glucose,
D-fructose, D-mannose, D-cellobiose, D-maltose %
D-trehalose®} 22 D-form E81E9] o8/l ¢ &foH
Bajpai 5(2016)9] 97l Ar&H P pentosaceus 411 2 Oh &
(2014)9] Aol AR P pentosaceus?t EL51A L-arabinose,
N-acetylglucosamine, amygdalin, arbutin, salicin, gentiobiose,
D-ribose, D-galactose, D-glucose, D-fructose, D-cellobiose,
D-maltose @ D-trehaloseZ ©]8sk= 7o WIFt P
pentosaceus= 5% WaFOE E JoA B P
pentosaceus LK019 E3F 53 Hawte] EYO= Qlsf, 7|4d=A
pentoseQl L-arabinose, D-riboseZ 083 4= 922 SRI53]
TH{Dobrogosz and Demoss, 1963). I [, hrevise o|@ &
872 2A hexose ¥ pentoseS HAlSIo] AR} HARS AL
4= Q= ZoE IHA Jod(Kandler, 1983), & AofA]
B3t L. brevis 1LK030x L. brevis P215+ JE40=
pentose$] L-arabinose, D-ribose & D-xylose®}, hexose$l
D-galactose, D-glucose @ D-fructoseS o83 4= Q= Ao
2 ZRIEQILE sHAE F #5= 22 speciesYoll B35l 0]
€ 7% ©pkEe] SR Adolsilth. ol2fdt Axke, 16S
rRNA §414F 7149 B4 R4 B4 D] f3449] 497
RS AR Zo|BE, BT} 100%2] FAHES Holuzt
T AR HE A A0 3ke S Q7] iR ' wekET) v
wOo 2 [ pentosus LKO13S Lee 5(2017b)9] A2} A
S}A  L-arabinose,

N-acetyl-glucosamine, esculin, D-cellobiose, D-maltose,

D-ribose, D-glucose, D-fructose,

D-melibiose, D-trehalose, D-raffinose, gentiobiose %
D-turanoseS ©]-&3sk= Aoz 3=tk Table 1).
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65, Lactiplantibacillus pentosus DSM 203147 (AZCU01000047)
Lactiplantibacillus argentoratensis DSM 16365 (CP032751)
196 L aetiplantibacillus plantarm ATCC 14917 (ACGZ01000098)
CM001538 sKCAIT (CM001538)
Lﬁacﬁp({mﬁbactllmpm'ap[an/m‘umDSM 106677 (AJ306297)

Lactiplantibacillus paraplantarim DSM 106677 (CP032744)

Lactiplantibacillus herbarum TCF032-E4* (LFEE01000051)
bacillus fabifermentans DSM 211157 (AYGX01000383)
Lactiplantibacill is LMG 26013T (JQCL01000078)

Lactiplantibacillus garii FI11369T (MN817919)

\_+— Lactiplantibacillus plajomi NBS3" (AB907190)
99! iplantibacillus modestisalitolerans NB466T (AB907192)

Lac
is 218-37 (LC438518)
is 110507 (HF679037)

Lact

Lactiplantibacill
actip il

BT
Lactip illu

Lactiplantibacillus daowaiensis 203-3 (LC438517)
9% (CP027194 s CBA3606" (CP027194)
CP027190 s CBA360ST (CP027190)
Lactiplantibacillus pingfangensis 382-17 (LC438521)
JS_SE( Lactiplantibacillus daoliensis 116-1AT (LC438516)

SO0L Lactiplantibacillus nangangensis 381-7F (LC438520)

001
A

Levilactobacillus lanxiensis 13B17" (LC397584)
Levilactobacillus wangkuiensis 6-5(1)T (LC597583)
Levilactobacillus mulengensis 112-37 (MK110866)
Levilactobacillus cerevisiae TUM BP 140423000-2250" (KT445896)
Levilactobacillus andaensis 866-3" (LC397582)
Levilactobacillus koreensis DCY50" (F1904277)
Levilactobacillus fjinensis 218-6T (MK110865)
[ Levilactobacillus enshiensis HBUAS5 009" (MN082021)
Levilactobacillus yiduensis HBUAS62285 (OM978642)
Levilactobacillus yonginensis THK-VST (IN128640)
90— Levilactobacillus tongjiangensis 218-10T (MK110863)
90: Levilactobacillus hammesii TMW 112367 (AJ632219)
Levilactobacillus senmaizukei L13* (AB297927)
Levilactobacillus firyuanensis 244-4T (MK110862)
5

Levilactobacillus parabrevis LMG 11984 (JQC101000059)
Levilactobacillus tang is 137-37 (MK 110859)
Levilactobacillus angrenensis M1530-17 (MK110858)
Levilactobacillus suantsaiihabitans R19™ (MH810313)
Levilactobacillus spicheri DSM 154297 (AZFC01000009)

Levilactobacillus brevis LK030
100" Levilactobacillus brevis ATCC 148697 (KI271266)

|
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1005~ Pediococeus pentosacens LK019

Pediococcus pentosacens DSM 203367 (JQBF01000022)
Pediococcus stilesii LMG 23082 (AI973157)
Pediococeus acidilactici DSM 202847 (GL397069)
Pediococcus argentinicus DSM 230267 (JQCQO1000064)
Pediococcus claussenii ATCC BAA-344T (CP003137)
Pedrocomlxpm ulus JCM 5889T (D88328)

Pediococcus ethanelidurans DSM 223017 (JQBY01000053)|
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99, iquorilactobacillus capillanis DSM 199107 (AZEF01000036)
Liguorilactobacillus aguaticusDSM 210517 (AYZD01000026)
%zwrﬂmmbam llus hordei UCC128" (EU074850)
Liquorilactobacillus satsumensis DSM 162307 (AZFQ01000022)
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Levilactobacillus acidifarinae DSM 193947 (AZDV01000008)
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L(rmmseibnﬂiiux brantae DSM 239277 (AYZQ01000010)
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Levilactobacillus lanxiensis 13B17T (LC397584)
05 Levilactobacillus wangkuiensis 6-5(1)" (LC397583)
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Levilactobacillus cerevisiae TUM BP 140423000-2250" (KT445896)
Levilactobacillus andaensis 866-3" (LC597582)
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Lev linrmbncrf] us enshiensis HBUASST009T (MN082021)
Levilactobacillus yiduensis HBUAS62285" (OM978642)
85| L{: Levilactobacillus tongjiangensis 218-107 (MK110863)
Le\ ilactobacillus yonginensis THK-V8T (IN128640)
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$3 Levilactobacillus parabrevis LMG 119847 (JQCI01000039)
0 Levilactobacillus tangyuanensis 137-37 (MK 110839)
Levilactobacillus angrenensis M1530-17 (MK110858)

Levilactobacillus suantsaiihabitans R 197 (MH810313)
Levilactobacillus spicheriDSM 154297 (AZFC01000009)

Levilactobacillus brevis P215
99° Levilactobacillus brevis ATCC 148697 (K1271266)
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Fig. 1. The neighbor-joining phylogenetic tree of strains (A) Lactiplantibacillus pentosus LK013, (B) Pediococcus pentosaceus LKO019,
(C) Levilactobacillus brevis LK030, and (D) Levilactobacillus brevis P215 from a comparative analysis of 16S rRNA gene sequences.
Bootstrap values (expressed as a percentage of 1,000 replications) > 65% are shown at the branch points. Bar, 0.01 substitutions per

nucleotide position).

B AL APL ZYM kit AH83le] S48, g, A
59 the] Tofshs AR The 1074 Tao] dhsle] 21zl
o] #5450 BATHS IR WRY AFEHEAY) o]

oo HE i

73S EQletty. P pentosaceus 1K019+= Zommiti &
(2018)9] ATtollA AR #5291 P pentosaceus MZF163} 5
A5HA] 733t leucine arylamidase, valine arylamidase,

N-acetyl-#-glucosaminidase ¥ B-glucosidase €432 UEt
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Table 1. Carbohydrates availability of Lactiplantibacillus pentosus LK013, Pediococcus pentosaceus LK019, Levilactobacillus brevis LK030,
and Levilactobacillus brevis P215 using APl 50 CHL kit

Carbohydrates LK013 LK019 LK030 P215
Glycerol w) - . .
L-Arabinose +2 +++1) + +
D-Ribose + ++ + +
D-Xylose A +t + +
Methyl-3 D-xylopyranoside - - - +
D-Galactose + +Ht + +
D-Glucose + ++t + +
D-Fructose + +H+ + +
D-Mannose + +++ + -
L-Sorbose + - + -
L-Rhamnose w + - -
D-Mannitol + - + B
D-Sorbitol + . " }
N-Acetylglucosamine + ++ + -
Amygdalin + ++1) + -
Arbutin + ++ + -
Esculin + ++ + +
Salicin + ++ + -
D-Cellobiose + ++t + -
D-Maltose + +++ + +
D-Lactose + - + B
D-Melibiose + - + +
D-Saccharose + - " }
D-Trehalose + +++ + -
D-Melezitose + - + -
D-Raffinose + - - -
Gentiobiose + + W -
D-Turanose + - + R
D-Arabitol w - - -
Potassium gluconate + - - -

U++ and +++, strong positive; 2+, positive; Jw, weak positive; ¥-, negative.

Al of the strains are negative for acid production from erythritol, D-arabinose, L-xylose, D-adonitol, dulcitol, inositol, inulin, methyl-o
D-mannopyranoside, methyl-¢ D-glucopyranoside, amidon(starch), glycogen, xylitol, D-lyxose, D-tagatose, D-fucose, L-fucose, L-arabitol, potassium
2-ketogluconate, and potassium 5-ketogluconate.
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WloH, I pentosus LKO13 TSt A7) 84 Aol 9122 &
QIsHT}. 11 % B-glucosidasex HIFA| FEfQ] SRIES HHiE:
A FHQ SRIEE 7eEslicke 54 7HA1AL Qlo, &%t &
& =0 AF A9 ekt ZopojlA E-8E11 JtHChun er
al, 2008). EA & AFo] =0} Sli= vigA TR 9

= o]AZETE(isoflavone)T} AFEU(saponin) S°] UL} o4
EE2 Foll 245t HEAM|Z (phytochemica) 2 A&7 o
AEZA(phytoestrogen)O|H, 4] T2EQ] JAEZ AT} L2
9 Aol mf$- FAKHHVitale er al, 2013). E3F o]aEe}
22 74a7] o9 IrhaSat YA ES TR of e}, ARSH
4 ot 13t 5& U= AR B v QItiEwies, 2002).
AEEAS FRRSLAL Q= AlEole F, HY, =24 % 3 5ol 9L
A9k 7H ehgo] W A Qliloltt ql4ke] 8 R
2SI FAkAR| E(ginsenoside)=
H9 715 24, I a9 9 Pk 83 5 5t AREEE
1%]o] JtHBenishin er al, 1992; Mei et al,
1994; Saito er al, 1988). SHAE o]AZ Ry} AA| Ao Ex
ThEe AFol| vl FEE EA6l] el AW S4-&0] Wt
= 9¥o] ot ojd dHE FESP] ot 2 &
Pediococcus pentosaceus &5 o-&sto] 3 F&E g4
ojAZTHES AEA EEQ dolstol=Rrte|=AQl(dihydro-
daidzein) & Akt A-HLee er al, 2013c), ¥ oA Ze}
B9 Jactobacillus plantarum®} Bifidobacterium longum o
F5 olgslo] HuigA|R A%t A7(Kim er al, 2010d) H Hf
A FEH9 AMNLA|=E  Rbl¥ Rb2E  Leuconostoc
mesenteroides 755 ©]-&5t0] HHiGA] FEj ZAM|Alo|=
Rg3E AHEt AKShim et al, 2014) 5 SARES 0|83} Hf
FAE BEAR Mol A7F o] = ok webA
FAbtS 283 Haf ARE O 2 ARE AA R o8 &
%S Bt ofg}t fAkto] AHilshs g £ 93t 7164
BIE 7| & U Aot wH. L brevis LKO30Z L.
brevis P215+= M- §ARRE 84 43S 717 A0 = FRIEglC
o 2|2 718 8491 esterase Y esterase lipase©] gt &
37} QI7te] Pt Aol AdlE|al F4E|R] 9= raffinose®t
stachyoseS E3l51= @-galactosidase©l et E4& 71|
U= Ao= ZRIFrHTable 2).
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o] WE S8 9 pH &4 AHE 7|WO R slo] EEE 7t o=
9] ASEALS IRITo=HN YR f AFEHEAY ol§ 7Msde
sholstti(Fig. 2). L. pentosus LK013 4= 8l GAIZERE
= S21710] Hotse] 21AKIeIA 24A1%F Alole]l Ao F-41&
ERfglom, ojdfQ] pH A4t 9 Ak} -2 4ko] 340 = Ql5]
3.617HA] Wolrls RS FRIG & Aty P pentosaceus
LK019 w5 FZF 21A17HIA 24A17F 59 9] AdE0] A
o =gsigion, ofof wiet pH7} 3.4871] Holl= 2 gl
= Qi L brevis LKO30 € P215 @5 GAIZELE g 54
710 ZFsta] 2447kl | S ESh L pentosus
LKO13, P. pentosaceus 1K019, L. brevis LKO30 ¥ P215 &=
9] #5= ZFZ ik 18A17ERlel| 3.2340.07%10° CFU/mL,
4.17£0.40x10° CFU/mL, 3.87+0.35x10° CFU/mL %
2.554+0.13x10° CFU/mLY] Zo& SRIFIIct. E3] L. brevis
LK030 ¥ P215 w= 2 AolA] E2f3t ke 52} Bl
= o, S2ol| vls} AriEes W2 pHE YUtk Bae &
(2004)0ll W=H FANFY] Foll wet A7 S 2 pHY Aol
oh2A Uedthar B gk v ek K030 P215 w#9] A350]

£ 5 o500] vl 2 o] o]e} T2 Ane} IAsk= AL
2 WE Lonner} Preve(1989)9] ¢toll Wi2H o]@da &
A& 7W L. previs7} TRE dFETH A Ao 7 Wkl B
IRF HE Qlek. o]t £ #FE0] Ab il mE W& pHe Y
BF AR Al BYE Al 9 olFHE WA she A A Al
Sk BIE 7HAIL Qlo] AR HEEA] 7EX|7F Qlrkal whekETh
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Aol Waf ARG ABE o5 L] 7|2A R ARES)H
7] Sfoll A daARES] AAERE fits 79 9 56k, B
Sk o84 84 B 9 S EAS AR S16l AAsHSIth
XA E2lgt 4529] fARFS 16S rRNA 4402t @714 F 240
w2l 22}y Jactiplantibacillus pentosus 1LK013, Pediococcus
pentosaceus LK019, Levilactobacillus brevis LK030 X
Levilactobacillus brevis P215% 8oL} €=5E o]-8/dof &
34 P pentosaceus 1K019+= & SAollA] E2gt T2 <ol vl
L-arabinose, L-rhamnose, N-acetylglucosamine, amygdalin,
arbutin, esculin, salicin @ gentiobiose®} D-form E-8H=9] o]
24o] o] =940, 1. hrevis LKO30T} L. brevis P215% pentose®]
L-arabinose @ D-ribose 53 hexose?! D-galactose 2 D-glucose

52 o8 5 A, L. pentosus 1K013< L-arabinose,
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Table 2. Enzyme activity of Lactiplantibacillus pentosus LK013, Pediococcus pentosaceus LKO019, Levilactobacillus brevis LK030, and
Levilactobacillus brevis P215 using APl ZYM kit

Substrats LK013 LK019 LK030 P215
Esterase (C4) w? - + +
Esterase lipase (C8) w - + +
Lipase (C14) +2 -
Leucine arylamidase + w4+ ) + +
Valine arylamidase + ++ + +
Cystine arylamidase w + W +
Acid phosphatase w + + w
Naphthol-AS-Bl-phosphohydrolase + ++1) + +
a-Galactosidase w - + +
[B-Glucuronidase + - + n
B-Glucosidase A - + W
2-Glucosidase + - + +
B-Glucosidase + ++ + +
N-Acetyl-3-glucosaminidase + ++

U++ and +++, strong positive; 2+, positive; Jw, weak positive; ¥-, negative.

All of the strains are negative for alkaline phosphatase, trypsin, @-chymotrypsin, ¢-mannosidase, and e-fucosidase.
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Fig. 2. Growth profile of (A) Lactiplantibacillus pentosus LK013, (B) Pediococcus pentosaceus LK019, (C) Levilactobacillus brevis LK030,
and (D) Levilactobacillus brevis P215. @; cell growth, B; pH. Data are presented as mean £ SD (n=3).
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N-acetyl-glucosamine,  esculin, D-ribose, D-glucose,
D-fructose, D-cellobiose ¥ D-maltose 5 °]&& 4 AU
o ESE g4 o] tieiMe P pentosaceus LK019=
leucine arylamidase, valine arylamidase % B-glucosidase
o] 431 Ao RIEAT, L. brevis LKO30T} L. brevis
P215& A4 7lpEe] 849 esterase E esterase lipase©] ™
Sk S/do] =3tk ERF QI7HY] Adpr| oA 48}, E5EA| &
+ raffinose®} stachyoseE H3llok= e-galactosidase©] tigt
S 7L Y= AR ERIFQILE & A toflA] Eafgh 4379
AR oSk S B4 2RI dat, WE o] tis SA7IE AA
FZH 0 3.48-4.429] pHE FAoh= 2& ERIg 4= Tt o]
AYo] AIE v|Ro] B o] AXZRE B3t Lactiplantibacillus
LKO13, LKO019,
Levilactobacillus brevis 1K030 9 Levilactobacillus brevis
P215& Haf AR A| 28 524 i 7sdo] lrkar st
Heot

pentosus Pediococcus  pentosaceus

dAel=

o] A= FR(I|EAHREAIR) Y] APoz Ao
A YL dhol 3= ALA(2022R1F1A1066873).
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