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ABSTRACT

Characterization and safety assessment of Pediococcus

Inopinatus 1solated from Mukeunji

Su Yeong Lee
Advisor : Prof. Hae Choon Chang, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

In this study, Pediococcus Inopinatus strains, which were dominant
microorganism in mukeunji, were isolated and then analyzed their characteristics
and safeties. Forty samples of mukeunji were collected from 32 regions in Korea.
Storage temperatures and aging periods of product mukeunji samples were
investigated and their chemical properties were determined. Forty samples of
mukeunji were collected to isolate the dominant lactic acid bacteria (LAB). And
then identified the LAB isolated base on morphological characteristics,
gram-staining and determination of 16S rRNA gene sequence. As a result, 31
strains of P. inopinatus were isolated.

The result of measuring the pH of the culture medium after culturing the
1solated P. inopinatus and the type strain. It was confirmed that the pH was 4.14
+ 0.10. As a result of analyzing sugar metabolism using the API 50 CHL Kkit, it
was confirmed that it can metabolize an average of 11 to 16 sugars. The effect of
culture temperature on the growth of P. inopinatus strains during cultivation was
confirmed. It was confirmed that it grows best at 30°C.

As a result of safety testing, none of the P. inopinatus strains showed a, B type
hemolysis, and no harmful enzyme activity. Also P. inopinatus strains showed low
antibiotic sensitivity to 6 antibiotics. As a result of observing whether or not p.

Inopinatus produced biogenic amine, it was observed that it did not produce

_VI_
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biogenic amine. Through this study, it can be proved that the P. inopinatus strain,

which dominates the mukeunji, is safe.

- VII -
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Figure 1. Mukeunji sampling locations
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Table 1. Product name of mukeunji collected from 40 areas (continue)

Collected area Product name
Bucheon UM mukeunji
Hwaseong GMN mukeunji
Icheon KL mukeunji
Seoul - Gyeonggi BMC mukeunji
Paju
AM mukeunji
Seoul JM mukeunji
Yeoncheon AR mukeunji
Gangneung AN mukeunji
Jeongseon GD mukeunji
Pyeongchang PC mukeunji
Gangwon
Sokcho SW mukeunji
TGM mukeunji
Taebaek
DM mukeunji
Chungju YN mukeunji
Danyang SM mukeunji
Goesan EC mukeunji
Chungcheong
SNK mukeunji
Nonsan
BCU mukeunji
Seosan NB mukeunji
- 6 -
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Table 1. (Continue)

Collected area

Product name

Andong PS mukeunji
Changwon UCM mukeunji
Cheongsong ME mukeunji
Daegu PG mukeunji
Daegu - Ulsan - . ..
Gyeongsang Gimhae CG mukeunji
Goryeong KR mukeunji
Miryang JO mukeunji
Ulsan NM mukeunji
Yeongyang TN mukeunji
Gurye RM mukeunji
KD mukeunji
MM mukeunji
BK mukeunji
Gwangju
RK mukeunji
Gwangju - Jeolla KG mukeunji
AJ] mukeunji
Haenam HAL mukeunji
Jeonju JJ mukeunji
Muan HK mukeunji
Muju BD mukeunji
Jeju Jeju MK mukeunji
-7 -

Collection @ chosun



oA BeA 2 #F

PN
T3

o

524 4059 vAE dFS EA4s87] fléte]l  Polymerase chain
reaction-denaturing gradient gel electrophoresis (PCR-DGGE)E %3] band&
FAAeATH29,33]. H2A Alge vk § A A=E o 3g oodls ARESHR
Standard= & Wl|FA A WaA $HsE dFE BE, s4ste B AP A
B3 = 2 639 w3 H T8 (Korean agricultural culture collection,
Wanju, Korea)olA &&wre 3% % Pediococcus inopinatus KACC 12308T<
Ab23tHTable 2). 2E w5+ de Man, Rogosa, and Sharpe (MRS, Difco,
Sparks, MD, USA) A wix]o] 1% (v/v) HZE3Fe] 30T 2427 A8 &
Athsto] AR-gsES

Y. Genomic DNA9 #% 9 PCRE 5% &

524 oA 40FH Fibdt 7EY widdE A4 E(13475% g, 5 min, 4C)3HA]
FA NS A AT Aol #AE HFFE A F S thS DNeasy blood & tissue kit
(Qiagen, Hilden, Germany)E ©]-&3}% genomic DNAE F&3} . =3 genomic
DNA+= 0.8% agarose geloll ©7] 9&3te] genomic DNA® #2] o7& &<l
Spectrophotometer (Ultrospec 2100 pro, Amersham Biosciences, Little Chalfont,
England) 2.2 F3%=E5 SAs kot =& Itk

° )\/\_ﬂ7

F=3% genomic DNAE F%317] 93] Polymerase chain reaction (PCR)
template2. 2  AF€3Ftt. DNA Z=Z7]+= C(CP2-03 (Corbett research, Sydney,
Australia)S ©]-€3}91 3, primers universal primer 27F (5'-AGAGTTTGATCCTGG
CTCAG-3')E& forward primer®, universal primer 1492R (5'-GGTTACCTTGTT
ACGACTT-3")E reverse primer® AF&3}3th. PCR template2> W4, 10 x PCR
buffer (Mg*" free), ANTP mixture (25 mM each), 25 mM MgCly,, 10 pmol primer
(27F, 1492R), 25 ng/mL genomic DNA, 5 U/ul. Taq ploymeraseS Ztz} o] H%
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-y 7k 25 plL7b A stk PCR template #l1Zo] Algd 2E A5 Takara
(Takara Korea Biomedical Incorporated, Takara, Kusatsu, Japan) Aol Al vl 3} %1
DNA %5 9% v& =702 9HBTAA 473 9& 7Fsto] initial denaturation
GAE Sy v, 95TCoA 1#3F denaturation, 45Ce|A] 133t annealing,
72TCAA 2+3F extensionst= g2 303 HHESla, wpxjeto g 72CelA 1037+
A steE 2oz 28 AtH19]. 2% genomic DNAYE 0.8% agarose gelo] 7]

FE vhe, TP

’

o M

BN
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Table 2. List of lactic acid bacteria (LAB) used for the PCR-DGGE

Genus Species & Strains Reference
Lactobacillus plantarum HD1 [49]
Lactobacillus sakei SC1 [41]
LAB isolated Weissella koreensis SK [61]
from kimchi Weissella cibaria EB1 (6]
Leuconostoc mesenteroides TA [35]
Leuconostoc citreum GR1 [39]

LAB isolated

from brewery yeast

Pediococcus inopinatus KACC 123087

[3]

Collection @ chosun
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t}. PCR-DGGEE E3 5249 nAE &4

PCRE &3le =3 genomic DNATE nested-PCR A4 PCR template®
AFEE Y. Lacl (5'-AGCAGTAGGGAATCTTCCA-3')& forward primer=, 16S
rRNA 372 & ®ol7t 7HE & dojy+= V3 regions 5% A17]7] 918l GC-clamp”}
¥xstd  GC-Lac2 (5 -CGCCCGGGGCGCGCCCCGGGCGGCCCGGGGGCACCGGGG
GATTYCACCGCTACACATG-3)E reverse primer® =X Z 8 (Cosmogenetech,
Seoul, Korea)oll A F=i& #|2tete] AF&-3FAtH34]. PCR template 5, 10 x PCR
buffer (Mg*" free), ANTP mixture (25 mM each), 25 mM MgCly,, 10 pmol primer
(Lacl, GC-Lac2), 50 ng/mL genomic DNA, 5 U/ul. Taq ploymerase (Takara)Z
zkzy o] F Fu7F 50 ulL7b = A skt

Nested-PCR WF-g2 94T A 223 €& 7}ste] initial denaturation @AIE 3
oS, 94TolA 30%3%t denaturation, 61ColA 183t annealing, 68ColA 183+
extensiondli= GAES 403 wHEsla, mpx o g 683ColA 108 B¢k AYsie=
ZHaog AYPFFATHE0], FZH AES 20% agarose geldl A7) AF3 S
= Atk
Nested-PCR #A4& &3l 42 F%F 2= The DCode Universal Mutation
Detection System (Bio-Rad, Hercules, CA, USA)E ©o]&3 PCR-DGGE| ¢]3}<]

A9t Denaturing gradient gelS 8% polyacrylamide gelS AF&3FS

ro

FEE ZHoto] FEo R F5

o

Acrylamide®} bis-acrylamide (n,n’-methylenebisacryl-amide, for molecular biology,
minimum 98%), Bir+S E§sle] A Z3 40% acrylamide/bis (37.5:1)°] 50 x TAE
buffer (2 M tris base, 1 M acetic acid, 50 mM ethylenediaminetetraacetic acid, pH
8.0), 7 M urea, 40% formamide, B 5 AF83} 0% denaturing solution®} 100%
denaturing solution® A %3 t}S 0%, 100% denaturing solutions FZo| YA
&35tslo]  30%, 60% denaturing gradient gels A Z3FA T 4ol denaturing
gradient gel®l 10% ammonium persulfate®} nn,n’n’-tetramethylethylene diamine<
Y Fx Ful7b 30%o A 60%E L% =2 8% polyacrylamide gelS A %33 t).
8% polyacrylamide gel®] #|=Zo] Al8H =& AJeF52 Sigma (Sigma, St. Louis,
MO, USA) Atell A 915t

PCR $% S gel9 welld] loading 3+ %, 1 x TAE bufferelA 60T, 50 V,

_11_

Collection @ chosun



Collection @ chosun

. 71450l

21 gel2 10 mg/L Ethidium bromide

x TAE bufferol] A &A3}e] #2314
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Al 248 P. inopinatus &3 TF9 &3 2 T3F
1. P. inopinatus 73 59 &3

PCR-DGGEZ %3} P. inopinatus band”’} &% 31F9 H2X= vl & Hit
Azw oifete] A oAAG A AT F2A oL serial dilution (10"l
ol&te] Al FAI E MRS #H¥ #ix¢} MRS+2% (w/v) CaCO; (Amersco,
Cochran, GA, USA)E 3 wi=lel 100 ul. =23ke] 25T, 30T 543 v kst
g & FAHE colonyss B, A7), M, FE /5, FHE 3 Ads Y
e 7]+ o2 grouping= 39l MRS, MRS+2% CaCO; H3 wjx]o] IFE=Z
toothpick 3}ttt ZF 1%& gram stain kit (BD, San Jose, CA, USA)S A}-&3}]
gram-staining=S Al YA toothpick Az} 2 AgAo|A 7|Ed HF Fold P,
inopinatus KACC 12308'¢} & ej7} Hv|<=8bH A gram-staining 23 1% %A, F3f
Hejol 55 o2 16S rRNA gene sequence 418 W3t 5% ZHE
2oE BE TFE5ELS 25% glycerol stock FEIE -70C deep freezer (Sanyo,
Moriguchi, Japan)oll X 33} t}.

o

2. 283 P. inopinatus 3 #F9 A

S2A25Y F8¥ P. inopinatus 78 w75 7437 913 16S rRNA gene
sequence #A1& Al&EATE. Dneasy blood & tissue kit (Qiagen)E ©] &3}
genomic DNAZE F%3}11  GeneBank (https://www.ncbinlm.nih.gov/)ol SE3%
5792 16S rRNA gene sequenced Hwdte] A3t =3 CLUSTAL W
(https://www.genome.jp/tools—bin/clustalw)o| /] EF TFF(type strain)9e] AsAS

CIRTAC v h=3
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A 34 BE2XZ2RY B33 P. jnopinatus® EA
1. P. inopinatus W< pH 53

X285y E89 P inopinatus 31F3 X w59 P. inopinatus KACC
12308T& MRS A #iA o 1% (v/v) HF38te] 30CAA 2447 AAwjYd ¥ 30 mL
MRS oA wfAloll Althsto] i e] pHSF 4AHeE S48ttt pHEF At S92
33] 438t H A= YERY AT

ofr
_I (
ro

2. P. inopinatus & WA}

LoXN2RY B9 P inopinatus 31% % 18%F¥ P. inopinatus KACC 123087
°] & tAlss Biomerieux AFel A3t &4 kit (API 50 CHL)S ©]-&3d}o
ZAFSFI Y. P, inopinatus 19%2 MRS A dviAe] 1% (v/v) BE & Adsle]

S YA 13475% g, 5 min, 4TC)st] FAAE AAZL F
TAE 3gste] "Hds 500 plel EFo dF dAHAES FHET dgds
suspension medium 5 mLo] %7} Mcfarland standard 29 Y3 g
SEEAT. R E 7] fdto] AMEE 5 AEelo] 2ufdl sfdsle kol wifols
API 50 CHL medium®l ¥l H, ol& 2t strip2] tubeo] 53t th strip 9ol
mineral oil ¥ &S Wojmy F7]A 27 sfoll 30TAAl 24A13F, 487l &3}
s W Abs = gl AT 3 WA A& R
= 2 713 (https://apiweb.biomerieux.com)oll Q&H3sted P. inopinatus 19% 7+9] A

A7e vaser.
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P. inopinatus® E73<& t9¥st7l 18l P. inopinatus 6&F& AWkt P
inopinatus® %% T3¢ P. inopinatus KACC 12308'% g #F 31% 16S rRNA
gene sequence’} P. inopinatus KACC 12308'3 100% AEAS Holx %€= P
Inopinatus JM1 (99.87%), P. inopinatus BD2 (99.60%), P. inopinatus PS1 (99.60%)<=
Aubslar, Aol A &9 P. inopinatus JM1, FFolA 89 P. inopinatus BD2,
otF oA B E P. inopinatus PS13¥ © & A Ao 2w P. inopinatus TGMI1
(), P. inopinatus BCU1 (=2H)& F7F Awksle] A gl A8t} 25% glycerol
stock A HIZ B3 Fold P. jnopinatus 6F5 MRS A wjA]o] 1% (v/v) HF 3}
30Tl 243 &t A w5 A viFaste] AHEsEAH

2. MY LR BE AFE
MRS AA iAol P. inopinatus 6% 1% (v/v) F&Esta ol 5 10, 15, 25,

30Tl mjeFste] Wi =fkol mE AFES SQlsidinh 5TE 39 H4 3024744,
10T 15T 24413F b4 168A13M7bA], 25C ek 30T+ 4X3E/BAIZY/12A13E 344

A HA ASEE 3elsdtl. SpectrophotometerS  AFE3F] 600 nmoll A
FHEE SA439, pH meters AMEste] pHE 43t P. inopinatus®] W%
25 WE AS FHAE gl
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1. €34 AAF

P. inopinatus®] €374 F-F& A7 & &€ HAAE FskAnh Harsk
Blood agar base (Oxoid, Hampshire, England)®ll 7% horse blood (Oxoid)E %]
P

I wAE Axsda, MRS A wiAel 1% (v/v) HIske] g

Sl

o
inopinatus 6&-5 £34 wjA|d Wgolz g =Esk & 30ToA 3Y7E v Yo
o1t o =M

AT A @ A FHA9 HAe §AWL £y B Y RS 3
)
o

+84 2 AASAH49]. &ds dedle A Wt

e}
T N o

Y

fu

I

A E- 291 M E (Korean Collection for Type Cultures, Jeongeup, Korea)oll A
Bacillus cereus KCTC 36245 A&t tH48]. B. cereus KCTC 3624% Luria
Bertani (LB; 1% NaCl, 196 Bacto—tryptone, 0.5% Yeast extract, Duchefa, Haarlem,

Netherlands) A wj =]l 1% (v/v) HFskol 37Tl A&t 5 &EA il
A =g v, 37T 3L mj st AdE wEE AT

2. 73 &4 84

P. inopinatus® 3 &A AL Biomerieux AF¢ API ZYM kitE A-&3}e]
ZASFE Y. P, inopinatus 6&S MRS A wixdd 1% (v/v) A& & Adsd
AbEat AL, wiF 15 mLE 942813475 g, 5 min, 4C)3te] A A&

TAE s §F Eatg 500 plel o w5 dgHS Fuled. o5 dgdS
suspension medium 2 mLol Yo7} Mcfarland standard 59t Y3 HEz
QT B staed AFSE v F dE e s Wi 2 mLoh £9% ¥
strip®] cupleo] 65 uL® FHEFste] 37T Ao 4A 7 Fob v &3S

ZYM A€t ZYM BE 3 WX d"ojmgla uhe FolA 5RiF WAl o E2H
H3-3kA] ekar dolliE ZYM Bl fast Blue BBE ¢l @A 4= s w=@AlS
AAG o Aol Wsts #zstdt. d3e 0~57149 o2 ®Ason 0%
BF 54, 3 o3 A Fdem AFEATHO: 0 nM, 18 5 nM, 20 10 nM, 3: 20
nM, 4: 30 nM, 5. = 40 nM).

_16_
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3. &AA W74

P. inopinatus 639 @A WAHLS AA wiA 3 ¥H(Broth microdilution
method) 2.2 ZA3ATHA0]. & 23 A8d dAA| 8F ampicillin, vancomycin,
gentamycin, kanamycin, streptomycin, erythromycin, tetracycline, chloramphenicol<
25 Sigma AbellA FYstor, olE A= A Sl mo] 1FE stocks
Az & 0.5% dextrose2} 0.7% yeast extractE F 7}gF Mueller-Hinton (MH, Difco)
HA At Este] dAERE A st MRS HA wjAlol] wigdt #5 g
A2 (13475% g, 5 min, 4T)%F A NAS AAGL Lo FAE MH A
iAol e & 34l o] s FAde dAE=R 54“3}04 FH & A A o
12 A9 v 27] #57F 1.00 x 10" CFU/mLol H A HE3 3 30TolA 24413

o},

i & AS HEE spectrophotometerE AF-E-3l4] 600 nmol A &ZE=E S48
golsl9itl. European Food Safety Authority (EFSA, 2012)¢] #A3& Farshd]
Zyzkol  gAAIZE  H7E wiAolA HF7E SR 2 HA S

Al 8l & = (Minimum inhibitory concentration, MIC)ES 4 3151 tH16].
4. Biogenic amine A A

Bover—cid %9 decarboxylase plate methodE W&3&e] P. inopinatus 6% 2
Biogenic amine (BA) A4 oF-& FASATHS]. MRS AA iAol 1% 7 &3}
(v/v) HH et mdd 1 mLE 0.1%° A o} =4k(precursor) histidine, tyrosine©]
¥ 9 mLe] MRS A wjxol] HF3taL 30TolA] 24A13F &<t wiFstatt. wj <
T o %S 107 unit/mLE 90| decarboxylase plateo] 10 pL 23 3 30Tl A
3d7F wjYe v colony T A2 WIE AL Histidine ¢4 tix24=
A AHsHA(KACO)ANA IS Morganella morganii KACC  13822%
3} aL[8], tyrosine YA WHWETE American Type Culture Collection (ATCC,
Manassas, VA, USA)olA EFEL  FEnterococcus faecalis ATCC 29212%
ALg3 21 [24], Tryptic Soy Broth (TSB; Difco, Sparks, MD, USA)H A ujj =] o
1% (v/v) FFste] 37Tl A &t & Aol A&t

_17_
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L 8% Bexe A% % 2 A% /%

1%

A= 3278 Afe] 2ol Aol A 948 H24 40F & 2659 A% 2=
EE 524 10T ofstol A A=A 0T A3

= 7P gokd A e hE ~1d e R gdsideoy, 671

SR 5ex T pHZF 7P B2 584= BCU 5242 pH 358, pH/F 74 =&
Box= PS Bex R pH 45607 UEhton Eoxo] #Hit pHE pH 396 + 0230 =
Uelstth b=t 7 v 52X PS H2A2 0.70%, A= 7 = 52X DM
Lox® 188%= Uekon Boxeo] it Al 121 + 029%% Uehith d=rt

7 B 5E&A= GD HF2AIR 157%, 9&7F MY =& E2A+= ME 52SA|E
=

294% % vElhgon Eoxleo] HE dvE 212 + 0.32%E UEyth 9wt b e
BoxE= SM 242 570 brix®, 9E7F 7FY 58 BoxE PS B2 & 1240 brix°®E
Uehgon Eox]o] Hit dEE 931 + 1.36 brix°= YERGTHTable 4).

3. HHj 45y WS T3 F2AY "AAE 4
FHI} FE2x9 nAE FEFS #A4357] 93] PCR-DGGE (Polymerase chain
reaction-denaturing gradient gel electrophoresis)E& 2 A3} thH(Figure 2). standard€]

band®} B3 Ay 40F ] HeA T 31F9 H&X oA P. inopinatus KACC
12308" 9] Xl band”?} &<l % At}

_18_
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Table 3. Storage temperature and

(continue)

aging period of product mukeunji

Collected area Products teriz)(::ﬁﬁre Aging period
Hwaseong GMN mukeunji ~5C 1 Year
Icheon KL mukeunji 0C 1 Year
Paju AM mukeunji ~10C 6 Months
Taebaek TGM mukeunji ~10TC 6 Months
Jeongseon GD mukeunji 0~10TC 2 Months
Nonsan SNK mukeunji 0~27T 6 Months
Nonsan BCU mukeunji 0~3T 9 Months
Chungju YN mukeunji 4C 6 Months
Danyang SM mukeunji 0~2TC 6 Months
Daegu PG mukeunji ~10TC 6 Months
Andong PS mukeunji -2~-1TC 5 Months
Miryang JO mukeunji 0~1TC 11 Months
Changwon UCM mukeunji 0C 6 Months
Ulsan NM mukeunji 0C 1 Year
Cheongsong ME mukeunji -2C 1 Year
Goryeong KR mukeunji ~5TC 7 Months

Collection @ chosun
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Table 3. (Continue)

Collected area Products teri:)(::ﬁﬁre Aging period
Gwangju KG mukeunji 15T 7 Months
Gwangju MM mukeunji 2~4T 9 Months
Gwangju BK mukeunji 1T 6 Months
Gwangju RK mukeunji 1T 6 Months
Gwangju KD mukeunji 1T 8 Months
Haenam HAL mukeunji 1.5~4T 1 Year 7 Months

Gurye RM mukeunji 0C 1 Year 9 Months
Muan HK mukeunji 15T 7 Months
Jeju MK mukeunji 0T 6 Months

Collection @ chosun
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Table 4. Chemical properties of products mukeunji (continue)

Sugar

Products pH Acidity (%) | Salinity (%) content

(brix°®)

UM mukeunji 3.92 1.53 2.28 10.30
GMN mukeunji 3.64 1.49 2.30 10.86
KL mukeunji 4.11 0.95 1.66 7.50
AM mukeunji 4.01 0.81 1.71 7.60
BMC mukeunji 3.82 1.09 2.49 8.50
JM mukeunji 4.07 1.37 191 8.50
AR mukeunji 3.66 1.55 2.10 9.60
AN mukeunji 3.65 1.59 2.01 8.10
GD mukeunji 3.98 1.05 1.57 10.30
PC mukeunji 4.15 1.68 1.97 8.90
SW mukeunji 4.00 1.04 1.70 9.20
DM mukeunji 3.87 1.88 2.19 9.09
TGM mukeunji 4.06 1.06 2.17 8.20
YN mukeunji 3.72 1.71 1.81 8.80
SM mukeunji 4.01 0.72 1.7 5.70
EC mukeunji 4.33 1.02 1.95 9.30
BCU mukeunji 3.58 1.53 2.59 9.41
SNK mukeunji 4.25 0.97 2.33 12.37
NB mukeunji 3.91 1.44 1.85 9.00
PS mukeunji 4.56 0.70 2.19 12.40

- 21 -
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Table 4. (Continue)

Sugar

Products pH Acidity (%) | Salinity (%) content

(brix°)
UCM mukeunji 4.11 0.90 2.20 9.50
ME mukeunji 3.93 0.90 2.94 8.20
PG mukeunji 4.16 0.94 1.78 9.70
CG mukeunji 3.61 1.49 2.39 11.90
KR mukeunji 3.96 1.15 1.70 7.60
JO mukeunji 3.82 1.31 2.83 8.20
NM mukeunji 3.97 1.18 1.69 9.60
TN mukeunji 3.91 0.87 2.27 7.60
RM mukeunji 3.85 1.38 2.17 9.40
A] mukeunji 4.32 0.92 2.24 11.00
BK mukeunji 4.17 1.08 2.24 11.00
KD mukeunji 3.73 1.52 2.58 10.20
KG mukeunji 3.73 1.27 1.92 9.50
MM mukeunji 3.71 1.50 2.05 8.80
RK mukeunji 4.23 0.97 1.93 10.10
HAL mukeunji 3.90 1.16 2.64 8.10
JJ mukeunji 4.23 1.16 2.11 10.90
HK mukeunji 4.27 0.87 2.15 8.89
BD mukeunji 3.96 1.45 2.07 9.30
MK mukeunji 3.71 1.26 2.31 9.30

_22_
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Figure 2. DGGE analysis of PCR-amplified 16S rRNA fragment from forty

product mukeunji (continue)
a, Lb. plantarum HD1; b, Lb. sakei SC1; ¢, W. koreensis SK;

d, W. cibaria EB1; e, Leu mesenteroides TA; {, Leu. citreum GRI,
g, P. inopinatus KACC 123087
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Figure 2. (Continue)
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Al 248 P. inopinatus &3 TF9 &3 2 T3F
1. P. inopinatus 73 59 &3

PCR-DGGE Z3#} P. inopinatus KACC 12308" band¢} Hd3d+ X0 A band’}
ged 31T H2ARFYH Az H&A ofdE MRS #Ha wiA¢ MRS+2%
CaCO3 B3t wjx]o] =2ate] 30T 547 wlg 3 B2
Eox AXNA P. jnopinatus KACC 123087¢} colony FH7} T3 A3 ivory
A Fels wH A gram-staining 23 1% A, T FEIQl #FE0] FRIEHATH
ol¥ 3t P. inopinatus 77 T 31FS 25t 16S rRNA gene sequence 4]&

28 &3 tH(Figure 3, Figure 4).

B A3} 31

2. ¥4 3 P. inopinatus 3 TF9 A

2l¥ P. inopinatus F73 T4 genomic DNAS F%3}3l Gene
bankel T 2% #F92 16S rRNA gene sequences Hlwdle] FAH3I A} 31F¢]
P. inopinatus 7% 5 X5 P. inopinatus®.E A%tk w3 CLUSTAL Well A
¥ T F(type strain)ote] AsAdS vlust A3 P, jnopinatus JM1 (1,516 bp)< P
inopinatus strain DSM 202857¢} 99.87%¢] 254 S Yt o™ P. inopinatus PS1
(1513 bp)@ P. inopinatus BD2 (1,500 bp)e 99.60%¢ A4S YelhiAct. P
inopinatus JM1, P. inopinatus PS1, P. inopinatus BD2E A3+ 28%F 2] IFE2
inopinatus strain DSM 20285" ¢} 100.00%Q FEdS e A tH(Table 5).
P. inopinatus®.2 FAR¥ 1T 31F T 23F°] 194 Folo 294 F, 394
, 497 TS 77 5%, 2%, 150Utk olE Fdled 524 W9l P. inopinatus®

ArE o g,

.
-

o\

s

o
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Figure 3. Isolation of P. inopinatus from mukeunji
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Figure 4. Gram staining and microscopic observation of isolated strains

(continue)
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Figure 4. (Continue)
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Table 5. Identification of strains isolated from mukeunji based on 16S

TRNA gene sequence (continue)

No.| Strain |Bi-direction NCBI blast results Identity

1| UMS3 1,493 Pediococcus inopinatus strain DSM 20285% | 100.00%

2 | GMNI1 1,512 Pediococcus inopinatus strain DSM 20285 | 100.00%

3 KL1 1,546 Pediococcus inopinatus strain DSM 20285T | 100.00%

4 | BMC1 1,535 Pediococcus inopinatus strain DSM 20285" | 100.00%

51 JM1 1,516 Pediococcus inopinatus strain DSM 20285" | 99.87%
6 | ARI 1,499 Pediococcus inopinatus strain DSM 20285 | 100.00%
7 | ANI1 1,519 Pediococcus inopinatus strain DSM 20285" | 100.00%

8 | TGM1 1,543 Pediococcus inopinatus strain DSM 20285 | 100.00%

9 | SM1 1,544 Pediococcus inopinatus strain DSM 202857 | 100.00%

10| EC1 1,506 Pediococcus inopinatus strain DSM 202857 | 100.00%

11 | SNK3 1,515 Pediococcus inopinatus strain DSM 20285% | 100.00%

12 | BCU1 1,544 Pediococcus inopinatus strain DSM 202857 | 100.00%
13| NB2 1,505 Pediococcus inopinatus strain DSM 20285 | 100.00%
14| PS1 1,513 Pediococcus inopinatus strain DSM 20285T | 99.60%

15| UCM1 1,545 Pediococcus inopinatus strain DSM 202857 | 100.00%

_29_
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Table 5. (Continue)

No.| Strain |Bi-direction NCBI blast results Identity
16 | ME?2 1,541 Pediococcus inopinatus strain DSM 20285" | 100.00%
17| PG4 1,540 Pediococcus inopinatus strain DSM 20285 | 100.00%
18| CGl1 1,504 Pediococcus inopinatus strain DSM 20285 | 100.00%
19| JO2 1,511 Pediococcus inopinatus strain DSM 20285" | 100.00%
20| NM1 1,496 Pediococcus inopinatus strain DSM 20285% | 100.00%
21| TN2 1,546 Pediococcus inopinatus strain DSM 20285" | 100.00%
22| RM1 1,546 Pediococcus inopinatus strain DSM 20285 | 100.00%
23| KDI1 1,537 Pediococcus inopinatus strain DSM 20285% | 100.00%
24 | MM1 1,499 Pediococcus inopinatus strain DSM 20285 | 100.00%
25| BKl1 1,507 Pediococcus inopinatus strain DSM 20285% | 100.00%
26| RK1 1,508 Pediococcus inopinatus strain DSM 20285% | 100.00%
27| KGI1 1,511 Pediococcus inopinatus strain DSM 20285 | 100.00%
28 | HAL1 1,511 Pediococcus inopinatus strain DSM 20285 | 100.00%
29 JJ1 1,501 Pediococcus inopinatus strain DSM 20285" | 100.00%
30| HKI1 1,511 Pediococcus inopinatus strain DSM 20285 | 100.00%
31| BD2 1,500 Pediococcus inopinatus strain DSM 20285% | 99.60%

Collection @ chosun
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A 34 BE2XZ2RY B33 P. jnopinatus® EA
1. P. inopinatus W< pH 53

X285y E89 P inopinatus 31F3 X w59 P. inopinatus KACC
12308T& MRS A #iA o 1% (v/v) HF38te] 30CAA 2447 AAwjYd ¥ 30 mL
MRS oA wjAlo] Athsto] v o] pHSE 4AH=E S48k pHS AHe 54

33] F43sto] HdA =2 YEH AT

=3 A3} P. jnopinatus 32% % 7P @& pHE e 5= P fnopmatus PG4=
pH 401, 7P =2 pHE Yeld 5+ P. inopinatus UCM1 2% pH 4345 yEy o
P. inopinatus 32% 2] #i pHE pH 414 £ 0.10°.2 Yepytt 7 v e s yehd
5 P. inopinatus BD2Z 0.75%, 7V =2 A=E YEl IF= P. inopinatus
BMClo 2 140%S YelWow P. jnopinatus 32% 2 it Aes 111 £ 018%°o &
e TH Table 6).

o
=

2. P. inopinatus B WAls &<l

API 50 CHL kit& o]&3te] P. inopinatus KACC 12308"'3} P. inopinatus 31% %
19%0 diste] & thrlsS EQlsint. A% A3 P. jnopinatus 19%°] ¥4 WS
el gstEY Jge 11~167% e, sdd ©@53E 6% D-Galactose,
D-Glucose, D-Fructose, D-Mannose, N-Acetyl glucosamine, Esculin®] tH3}<]
F S HErH A tH(Table 7).

W5 A3}E EUZR apiweboll X 54 A} P jnopinatus JMI1, P. inopinatus
TGM1, P. inopinatus BCU1, P. inopinatus UCM1, P. inopinatus PG4, P. inopinatus
RK1< Pediococcus spp.o-Z &% N3, P. inopinatus JO2, P. inopinatus TN2+=
Pediococcus damnosus 1.2 SR Q). P. inopinatus KACC 12308, P. inopinatus
GMNI1, P. inopinatus KL1, P. inopinatus BMCI1, P. inopinatus AN1, P. inopinatus
SM1, P. inopinatus RM1, P. inopinatus KD1, P. inopinatus MM, P. inopinatus

BD27} Pediococcus damnosus 22 574 % 3L, P. inopinatus PS1°]| Lactobacillus
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acidophilus 1.2 545 Qo Ado A& API 50 CHL kit Lactobacillus < °]
S 93 kito] aL, apiweb Aol E P. jnopinatuss= SE2FH YA Formz 2o
AH&El P, inopinatuse 919t #S & UlAbs 3 AR sAs7] e A EEkA

&t Al E tH(Table Q).
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Table 6. Culture medium pH of P. inopinatus (continue)

Collection @ chosun

Strain pH Acidity (%)

KACC 12308 4.25 1.05
UM3 4.10 1.35
GMN1 413 1.24
KL1 4.15 1.23
BMC1 4.02 1.40
JM1 4.02 0.85
ARI1 4.25 1.15
ANI1 4.15 1.17
TGM1 4.31 1.05
SM1 4.19 1.18
EC1 4.07 1.32
SNK3 4.30 1.01
BCU1 4.14 0.99
NB2 4.14 1.19
PS1 4.07 0.88
UCM1 4.34 1.01
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Table 6. (Continue)

Strain pH Acidity (%)
ME2 4.25 1.11
PG4 4.01 1.28
CGl 4.32 1.00
JO2 4.06 0.86
NM1 4.24 1.11
TNZ2 4.05 1.39
RM1 4.17 1.16
KD1 4.05 0.93
MM1 4.03 1.38
BK1 4.09 1.25
RK1 4.07 0.92
KG1 4.06 1.28
HAL1 4.08 1.36
Jn 4.15 0.83
HK1 4.04 0.88
BD2 4.14 0.75
- 34 -
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Table 7. Carbohydrate metabolism of P. inopinatus isolated from mukeunji (continue)

NO. Sugar gjg(?S% GMNI1 KL1 BMC1 JM1 AN1 | TGM1 | SM1 BCU1
1 Glycerol - - - - - - - - -
2 Erythritol - - - - - - - - -
3 D-Arabinose - - - - - - - - -
4 L-Arabinose - - - - - - - - -
5 Ribose - - - - - - - - -
6 D-Xylose - - - - - - - - -
7 L-Xylose - - - - - - - - -
3 Adonitol - - - - - - - - -
9 | Methyl-B-D-xylopyranoside - - - - - - - - -
10 D-Galactose + + + + + + + + +
11 D-Glucose + + + + + + + + +
12 D-Fructose + + + + + + + + +
13 D-Mannose + + + + + + + + +
14 L-Sorbose - - - - - - - - -
15 Rhamnose - - - - - - - - -
16 Dulcitol - - - - - - - - -
17 Inositol - - - - - - - - -
18 Mannitol - - - - - - - - -
19 Sorbitol - - - - -

20 a-Methyl-D-mannoside - - + - + + + + +
21 a-Methyl-D-Glucoside - - - - - - - -
22 N-Acetyl glucosamine + + + + + + + + +
23 Amygdalin + + + - + - + - -
24 Arbutin + - - - + - + - -
25 Esculin + + + + + + + + +
+! positive reaction, —: negative reaction
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Table 7. (Continue)

NO. Sugar i{z‘gggg GMN1 KL1 BMC1 JM1 AN1 | TGM1 | SM1 BCU1
26 Salicin + + + + n n " n —
27 Celobiose + + + n ¥ N I " "
28 Malotse - + + + + - T - T
29 Lactose - + - _ + . " - "
30 Melibiose - - - - - _ , - -
31 Sucrose - - - - _ - " _ -
32 Trehalose + + + n n n n n "
33 Inulin - - _ - _ - _ -

34 Melezitose - - - — - _ - _ -
35 Rafinose - - - — Z _ - _ -
36 Starch - - - - - _ _ _ _
37 Glycogen - - - - — _ _ - _
38 Xylitol - - - _ - _ _ - -
39 B-Gentiobiose + + n n n n N n
40 D-Turanose - + + - n + n n "
41 D-Lyxose - - - — , ,

42 D-Tagatose - - - 7 7 , , - -
43 D-Fucose - - - - - - - - -
44 L-Fucose - - - - - - - - -
45 D-Arabitol - - - _ _ _ _ - =
46 L-Arabitol - - - - Z _ _ - =
47 Gluconate - - - 7 7 Z - - -
48 2 Keto—gluconate - - - - - — _ - -
49 5 keto-gluconate - - - - _ - Z _ -
+! positive reaction, —: negative reaction
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Table 7. (Continue)

NO. Sugar UCM1 | PS1 PG4 JO2 TN2 | RM1 | KD1 | MM1 | RK1 BD2
1 Glycerol - - - — - = = = = =
2 Erythritol - - - - - , - , - -
3 D-Arabinose - - - - - - _ _ _ -
4 L-Arabinose - - - - — - _ _ - -
5 Ribose - - - - — _ _ _ - .
6 D—Xylose - - - - - _ - _ _ _
7 L-Xylose - - - - - Z _ _
3 Adonitol - - - - - . - -
9 | Methyl-BD-xylopyranosicle - - - - - _ - _
10 D-Galactose + + + + + n T n n ;
11 D-Glucose + + - + + + n + n n
12 D-Fructose + + - + + T T i ; "
13 D-Mannose + + + + + + n n + n
14 L-Sorbose - - - - - , _ -
15 Rhamnose - - - - _ Z _ _ - _
16 Dulcitol - - - - - - _ _ _ _
17 Inositol - - - - - — - , , _
18 Mannitol - - - - _ _ _ . - =
19 Sorbitol - - - - - _ _ Z
20 a-Methyl-D-mannoside + - + + + — ¥ T N n
21 a-Methyl-D-Glucoside - - - - - Z - , .
22 N-Acetyl glucosamine + + + + + + + + I ¥
23 Amygdaline + + + _ - _ n _ 4 -
24 Arbutin + + + - - - - - n -
25 Esculin + + + + ¥ n n N n n
+! positive reaction, —: negative reaction

- 37 -

Collection @ chosun



Table 7. (Continue)

NO. Sugar UCM1 | PS1 PG4 JO2 TN2 | RM1 | KD1 | MM1 | RK1 BD2
26 Salicine + - + - + + n + n n
27 Cellobiose + - + - - + + n ¥ ¥
28 Malotse + - + - - + n + n
29 Lactose - - + + - - - - " .
30 Melibiose - - - - — - , , - -
31 Sucrose - - - - - - - - Z -
32 Trehalose + - - + + + n T n
33 Inuline - - - - - - — _ _ _
34 Melezitose - - - - — - _ _ - -
35 Rafiinose - + - — _ _ _ - - —
36 Starch - + - _ _ _ _ - - -
37 Glycogen - + _ _ _ _ _ - —
38 Xylitol - + - _ - - —

39 B-Gentiobiose + - + + - n n n n

40 D-Turanose - - + - - - + N n -
41 D-Lyxose - - - - - - , _ , ,
42 D-Tagatose - - - - - _ - - Z -
43 D-Fucose - - - - - - , , - -
44 L-Fucose - - - - _ Z - , - -
45 D-Arabitol - - - - _ Z _ Z - -
46 L-Arabitol - - - - — - _ _ - -
47 Gluconate - + - — 7 , , - - -
48 2 Keto-gluconate - + - _ _ _ — _ = -
49 5 keto—gluconate - + - _ - _ _ _ = -
+! positive reaction, —: negative reaction

- 38 -

Collection @ chosun



Table 8. Identification of strains isolated from mukeunji based on

carbohydrate metabolism

Strain Identification result Identity (%)
JM1 99.8

TGM1 82.0

BCU1 99.9

Pediococcus spp.

UCM1 96.7
PG4 99.8
RK1 99.8
JO2 72.6

Pediococcus damnosus 1
TGM1 96.5
KACC 12308" 99.8

GMN1 33.9
KL1 81.7

BMC1 98.6
ANI1 99.5

Pediococcus damnosus 2
SM1 99.5

RM1 98.6
KD1 1.7
MM1 66.1
BD2 93.2
PS1 Lactobacillus acidophilus 1 93.0
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A 48 AL Fade] Mg 2526 wE S

o 2% wE ASE=E MRS A ®iA]o P. inopinatus 6F& 1% (v/v)
HEstal o] 5, 10, 15, 25, 30TolA wjste] SISt} Spectrophotometer&
AFE3FY] 600nmoll A B E=E 48R, pH metergs AFE3to] pHE =A35te] P.

inopinatus 6%2] ¥ %o wE A FHAS el gt

e 2red mE ASEE FRE FAHES Fotd FAlsdd &4 A, P
inopinatus KACC 1230878 5Tl A 64841 7H( Ay = 3.081), 10Tl A 14441 7H(Agpo =
4.036), 15ColA 96AI7HAgn = 4.545), 25CAA  48A17HAsw = 5.340), 30Tl A
241 (Age = 6.215) H S =Estal, P. inopinatus JM12 5Tl A
50441 7H(Agoy = 2.340), 10ColA 1447 7HAgo = 5.695), 15ColAl 1444 7H(Agoo =
6.345), 25Tl A 40A17H (Ao = 5.840), 30TolAl 3241 ZH( Ao = 5.735) ] A5 ol
=23t P inopinatus BD2¥E  5TCoA 504X 7HAgw = 5.450), 10Tl A
961 TH(Aggy = 4.584), 15TAA 64X 7H( Age = 6.630), 25Tl A 40AI TH( Agry = 5.485),
30CoNA 24X 7H Ay = 5.630)0] HW Ao =ds o™ P jnopinatus PS1<
5Col A 360A1 7HAgy = 4.725), 10Tl A 144X 7H( Agoe = 4.880), 15Tl A 96A1 7H Ao
= 5811), 25Tl A 20A THAgo = 5.790), 30Tl A 20~ TH Agp = 6.225)0 FH ol 25l

=239t P, inopinatus TGM1S 5ColA 5764 1HAgw = 2.663), 10Tl A
12041 7H(Agoo = 4.568), 15Tl A 12041 7H(Agoo = 4.470), 25CoN A 32A1 ZHAgo = 5.735),
30CoANA 2071 7H(Agy = 5.245)0 Hof ABHo =23}, P. inopinatus BCUl
5CoA 21641 7H Agoo = 2.997), 10°C ol Al 12041 7H( Agoo = 4.568), 15T A 12021 TH Aeoo
= 4.470), 25Col A 48~ 7H(Agp = 6.300), 30CoNA 3241 7H Agyy = 6.530)0 ZH tf A S5-o

g3t olE EFote P. inopinatus WY 2%7F 30CY wl 7HE ©HAZR FH o)

Ago] gl AS &4 5 Aok (Figure 5).
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Figure 5. Growth of lactic acid bacteria at different temperature
5C(X), 10C(®), 15C(A), 25T (@), 30C (M) (continue)

A, P. inopinatus KACC 12308"; B, P. inopinatus JM1; C, P. inopinatus BD2
D, P. inopinatus PS1;, E, P. inopinatus TGM1, F, P. inopinatus BCU1
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Figure 5. (Continue)
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Figure 5. (Continue)
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2. WY X9 W& pHY W3

g 2o WE BS5EE pH A4S %3}04 I8t AY. P. inopinatus KACC
123087 2] pHE w8l oA 33 2skedrE, 5CA 57641 7HpH 4.51),
10Tl A 14441 7HpH 4.10), 15CelA 144A]ﬂ(DH 3.83), 25C oAl 48A1HpH 3.98),
30ColA 40A7HpH 391Dl °l& wl pH7} XA P. inopinatus JM1¢ pHE
5CAlA 432A1H(pH 4.56), 15TCelA 144A13H(pH 3.88), 25CelA] 48] 7HpH 3.82),
30Tl A 32A1ZHpH 4.0Del o]& W pH7}F FA = ATh 10TAA = 168A17F o] Fol &
pH7} #A3sFA . P inopinatus BD29] pHx 5TCelA 576A17HpH 4.39), 15Tl A
12021 ZHpH 3.89), 25TeAl 40A1ZHpH 3.90), 30TColAl 40AHpH 3.97) °]l&
pH7F A=Atk 10Tl = 168A1%F ool pH7} ZFAstATh. P. inopinatus
PS19] pH¥= 15ToA 72A1ZHpH  4.01), 25TelA  48A17HpH 3.87), 30T elA]
32A1ZHpH 3.90)el o]& uw pH7F = Atk 5Tk 10ToA = 720417k, 16841 7F

o3 o= pH7} 743ttt P. inopinatus TGM12] pH¥:= 10Tl A 1441 7HpH 4.37),
15ColA 14441 HpH 4.17), 25ColA 60A1ZHpH 3.79), 30TCoAl 40A1HpH 4.09)°
ol uwl pH7F RFAHUL. 5TCoA= 720417 o] Fol= pH7F #AsAth P
inopinatus BCU19] pHi= 5TCelA 504A1ZHpH 4.14), 25TCelA  48A1ZHpH 3.77),
30T~ 32A12HpH 389 ol& W pH7F F*= Ak 10T 15TCA+= 1684 1t
o] 3o %= pH7} 743 thH(Figure 6).
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Figure 6. pH changes of lactic acid bacteria growth at different
temperature 5C(X), 10C (@), 15C(A), 25C(@), 30C (M) (continue)

A, P. inopinatus KACC 12308"; B, P. inopinatus JM1; C, P. inopinatus BD2
D, P. inopinatus PS1, E, P. inopinatus TGM1, F, P. inopinatus BCU1
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Figure 6. (Continue)
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A 54 Be SaFe dAd Bt

AA

ol Y

and O‘D
il
)
oz

< FE A P, ZAE oA sk, BlAg A &89 9
B ALY A ERF Vs Gl R Qlste]l AA] el AW A ARE
7FA 2 tH23]. 53] a-hemolysis®t B-hemolysist= HUA vy o3t &34 A}
o2 & 9lo] #Fe b FEs A= &8 HAE H5A o)t 50].

P. inopinatus 6%°| tsle] £384 HAALE a3 A3 P. jnopinatus 6% ET
g FHo HAo S AAEE a-hemolysis WS = FWHI 3& A=
~hemolysis WHg-o] #H#H A ¢Urh B-hemolysis ¥4 WH&S Hol= S vz
B. cereus KCTC 3624= A F9lo #7383 2= vHede= As &dedvH(Figure
7).

o oY

k>

m U

2. ¥l & A
API ZYM kitE AF83tod P. inopinatus 6&°] 24 &4& ZAeal 3 6_/,:0]]
3t A AR E Fld vt P. inopinatus BCU1S A3+ P. inopinatus 5%
Hefol= 7R &4 leucine arylamidase, valine arylamidase] wste] A&
YeElWW 3, P. inopinatus JM1, P. inopinatus BD2, P. inopinatus PS1
Naphthol-AS-Bl-phosphohydrolased] Wald= 4S5 Yeld It (Table 9). Wt
3l &2 a-chymotrypsin, B-glucuronidase, B-glucosidase®] WA= P.
Inopinatus 6& =7 &4& YeEA Z9th a-chymotrypsine #ZEA4d AUWEd =+
vtolel=A H =& &Y o]l He ew dHA dew[45]
B-glucuronidase> “Ful Alite] tiA} ZEo 2 FH|H= a4=2, 3 2o A=
FAEE  FFlA  glucuronic  acidell  ol8] EFE O] &5 ZEo] o] FojA|
B-glucuronidaseell 98] w53 A FHE wiHE  glucuronic acid EIAE
gdxstete] oA 5AS AT d#A du44]. E=gF B-glucuronidase®k

B-glucosidase®] &Adeo] =olx|WH olvlF{e} =SAEH WHold Fo] AN, FH

o,

2 rlo m
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2 F5E 4% 2AEe AUE eBswd o 5% Bus, 9 ),
Wesls As 5 otk A A% F Aol £ Fol WFUL s
Aoz deA YrHIZ1T]

3. TAA WA

EFSA A A A3 Pediococcus 42] break pointE #11ste] P. inopinatus 6% 9
A A 8% ampicillin, vancomycin, gentamycin, streptomycin, erythromycin,
tetracycline chloramphenicole] W3t HA A5 A3 53 X=(Minimum inhibitory
concentration, MIC)E & <l&}1tH16].

P. inopinatus 6% EF @A A 6& ampicillin, vancomycin, gentamycin, kanamycin,
streptomycin, erythromycin®| t3ate]l EFSAc| 4] A A3+ break pointE.t @AY 72
Fro A S BAvk A 2% tetracycline, chloramphenicolol] taj A =
EFSA9| A AA3+ break pointHtt =2 ZIFAES Hole ALR Hol P
inopinatus= & SolAQl A WA FHAAE 7HAL dew, g FHATL
chromosomal DNA°| &A1& Aoz FAHE(Table 10). Bacteria®l =4 WA
o1x= WA (intrinsic) ¥ 5 d (acquired) 2.2 FEHY, E3] F53 YA Ax:=

FAED == AN WAd  FHAE B4 o8 bacteria®FH
3 o] 5 (horizontal transfer)ol 2]3dle] HAojxlma o] A= Aoz HrlEH 1
UTHSE]L. 2Rz 53 IH=d A FHAAE EAe de vAd=ol
AELEE Fooly ZEupo]oE HFE ANEE Qg AFoly Aus R
A A=l A FB=AWE AAE ARE F e TFsAdo]l Eofbx

AEE NS Aol wtEA] A FH ook 1,161

~
£
Shl
=

4. Biogenic amine A

X by
St
sl

T g
fru
o1
=
an
&
&
=]
(@)
o
HU
_VE
2
rigt
i,
r
=
%
Q
S
5
(@)
fo &
A<
ot
it
N
i
o
o
ﬂ

U, e, E 2 F 9% 52 weul, AAAS, TE, A4 3
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A To S Ade AS FA 92 sFado] yelduia dEA doH42,54].
Tyrosine. ZF-E HEEE tyramines & JHT 25 184S €2o717[4,36,52]
&5 A=A OI (Monoamine oxidase inhibitor) &3l S o] AHHE
Aeols & FAo] AsEo] ‘cheese reaction'¥ 72> AFE, HEH, ARAS
a7l = @uHb3]. g=clel Al BAY AHAE FE OAXA, FF %2 AE F9Y
LA FAATY 7117wt HeAelA A= P oinopinatus®] 73 BA

o
ox

o] - glo] g2 o] tH[10].

Decarboxylase plate method:= ®{#| Wo] &% pH indicatore] oJs] A Z&

bl wiA o] JdEjel whel Gz BAYE HEHE dYgE ol &3 otk S,
7} amino acid decarboxylase®l ]3] amines A/d3te] w7} pH 5.0°14 pH

6.8 oleor dzelst =W dF FHY wjx7p Hepdlow AlEo] BA A

57 AEEUSE]L FATS glucose T thAbel whEl F4bo] "ﬁ”ﬂﬂi BAZE

AdeA e A Wl pHZE Adelal, BAE AAdste Akt AAE

BAe| &gl oleto] vi¥ ¥ pH7F T4 ~ Ll S yEhdA %‘jr.

2] ¢ decarboxylase plate methodE ¥ &3}o] P. inopinatus 642 BA A
B2 gelst Ay P. jnopinatus 652 M7z W37 dEE A 9kal, histidine %43

279 M. morganii KACC 13822+ g mReEpog WA tyrosine WA

Wz E. faecalis ATCC 29212&= shekAl Wste]  BA  Ad

F4 = At (Figure 8).

o
o2

O

N
f

W
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Bacillus cereus KCTC 3624

Pediococcus inopinatus

KACC 12308T JM1 BD2

PS1 TGM1 BCU1

Figure 7. Hemolysis test of P. inopinatus and B. cereus KCTC 3624
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Table 9. Enzymatic activities of P. inopinatus by API ZYM analysis

NO. Strain KAC(% JM1 | BD2 | PS1 |TGM1|BCU1
Enzyme 12308
1 Control 0 0 0 0 0 0
2 Alkaline phosphatase 0 0 0 0 0 0
3 Esterase 0 0 0 0 0 0
4 Esterase lipase 0 0 0 0 0 0
5 Lipase 0.5 05 0 05 05 0
6 Leucine arylamidase 4 3 3 4 1
7 Valine arylamidase 3 3 3 4 0.5
8 Cystine arylamidase 0.5 05 05 0.5 05 0
9 Trypsin 0 0 0 0 0 0
10 a-chymotrypsin 0 0 0 0 0
11 Acid phospatase 0 0 05 0 0.5 0
Naphtol-AS-BI-
12 1 5 4 3 1 0.5
phosphohydrolase
13 a-galactosidase 0 0 0 0 0 0
14 B-galactosidase 0 0 0 0 0 0
15 B-glucuronidase 0 0 0 0 0 0
16 a-glucosidase 0 1 0 1 0 0
17 B-glucosidase 0 05 0 1 0 0
N-acetyl-
18 0 0 0 0 0 0
B-glucosaminidase
19 a-mannosidase 0 0 0 0 0 0
20 a-fucosidase 0 0 0 0 0 0
- 52 -
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Table 10. Minimum inhibitory concentrations (MIC) of antibiotics for P.

Inopinatus
Unit: MIC (png/mL)
Antibiotics?
) AMP | VAN | GEN | KAN | STR | ERY | TET | CHL
Strain
)
bzl pobal 4 | nr. | 16 | &4 | 64 | 1 8 4
for Pediococcus sp.
KACC 12308" 4 512 4 32 8 0.25 16 4
JM1 4 512 4 64 16 0.25 16 8
BD2 1 512 4 16 16 0.5 16 8
PS1 4 512 4 64 64 0.25 16 8
TGM1 4 512 8 32 32 1 16 8
BCU1 4 512 4 32 16 05 32 8

1) AMP: ampicillin, VAN: vancomycin, GEN: gentamycin, KAN: kanamycin, STR: streptomycin,
ERY: erythromycin, TET: tetracycline, CHL: chloramphenicol.
2) Break point: Break point were according to the guidelines of European Food Safety Authority (2012).

3) n.r.: Not required.
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CHOSUM UNIVERSITY

Figure 8. The developed screening plate for biogenic amine production by
P. inopinatus
(A) media with precursor histidine, (B) media with precursor tyrosine
1, Morganella morganii KACC 13822; 2, Enterococcus faecalis ATCC 29212;
3, P. inopinatus KACC 12308%; 4, P. inopinatus JM1; 5, P. inopinatus BD2;
6, P. inopinatus PS1; 7, P. inopinatus TGM1; 8, P. inopinatus BCU1
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S7betA L, K-2&stke %%,2i4ﬂﬂ1

A T 3 BeAt Bhe g 4o
Q15ko] e wE g el skl *07} wre wolw Bex fgel wad AL Am
514 o ATHAOL Ao el EEol tiake] BHE A7 A Auk 1A

A}
of Hla] =LA F23 AAo|tH40]. Hong 59 972 E3to] 13 oA &£A3 o
ANAM P. damnosus®t P. parvulus’} $-743%ro] = AATE 35 wwke]

who] ARgEO] 1 AT Al WA Bex #F el 7]

A H20]

ole wel A= HAaozHy 3% 52X 40594 TES BEAsto 2N
AREA Q. H24] ’I—ET}E]‘T”]' #Eo] Ul dolHE FAAL Bexe #EF B4 Ay
E2A oA P. inopinatus’t +38&S EAsA . P. inopinatuss W+ ZLEAA F

x2 Zdd FadFE g3 WFe Fudor deA v322] wEkq P
inopinatus®] g AT FFE A EW HFo] Rifo] ojud HoE st ojg
A7} F5 o|F W P. inopinatus® 573 Ao W AFNN %= P. inopinatus®
o] Fajd W As A = UTHG6] old # A= H2ACdA A=
P. inopinatus®] 573& A sta hdAd S kst skt

A= 3270 A9 ekl Aol g 405 H2A4 T 25659 A 2= U
A% 71bs AT AN A3 25F 9] H&A = 10T olstell A AFEJAIL 0T
olgtell A Ad H2A7F 5Fo® JPE wiath A 7S 2E~1d ONE R
geFstslon, 671d AT HSAVE 7PE B2 AR AT 5249
olgteta 54 A Ay HF2x9 Hyt pHE pH 396 + 0.23, A=+ 1.21 £ 0.29%,
dEs 212 + 032%, T=+= 931 + 136 brix°= YERST S w6 sk
U (PCR-DGGE)S E3lo] 524 AR 40F9 DGGE #4 A3} 31F9 S|4 A
P. inopinatus KACC 12308"¢] M=} FU3 Aol A band’} #Z5 At}

b
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gl
Q
';U
U

GGE A3 P. inopinatus KACC 123087 band®} 43 x4 band’}
Ay 52X Alg 3159 ode A xste] MRS, MRS+2% CaCOs; H3 wf#]d

Tdeta 25T, 30Te #igstat. wiYd = FAdE colonyeEd FEHE #ES
Festd EAS 7|$o 2 Yy 1% ¥R gram-stainingS HsATh 1 A3
= [e]

3159 HE&x Aol P. inopinatus KACC 12308"¢} colony FEj7} Hd3 ¢& ol

=

r-\

ivory M3 #eS wHA gram-staining A3 2 A Fir FEd HFFE
golxdrl. o]5S Este] 16S rRNA gene sequence A4S E3 TAHS
A&t 548 ZAY P. inopinatus 31%F°] SARAHUIL, 1 F 23F0] 1+H FI&

P. inopinatus 313 %&F #5¢ P. inopinatus KACC 123087 wjekele] pHE
A% A3} P. inopinatus vt 32% ¢ ¥+t pH+ pH 4.14 + 0.100]9, A A=+
1.11 £ 0.18% o % YEelwt}. P. jnopinatus w5 315 % 183} P. inopinatus KACC
12308"9] & tiAlbeS AT A, G S vEd BstEe] s 11~1670
gdon FAI ©BFIE 6F D-Galactose, D-Glucose, D-Fructose, D-Mannose,
N-Acetyl glucosamine, Esculin®] w3}o] A4S YeElyUL. 5% ZA3E Egz
apiweboll A 543 A3} Pediococcus spp., P. damnosus 1, P. damnosus 2 5 2. %
TR o AH A8E APl 50 CHL kit® Lactobacillus £ 4S5 93
kite]aZ, apiweb AlolEo P. inopinatust SEZTFOIUA Formz o} pe o
HArbs B 23R P inopinatuss s733F7]ol = AEsHA] Zvha Al E Tk

e}
P. inopinatus KACC 12308"x Awt 7o) whel M@3d P jnopinatus 5% 9]

wjokslx EAS ATt P inopinatus 6%F< 5, 10, 15, 25, 30T ®j %3}
ASEE &8t A3 P jnopinatus 6% EF 30ColA wjgd w 7} Akl
Hd 3= g3 HA pH S YelAY. wEkA P inopinatus® W HZA A5
25 30T Aoz AlsHT

P. inopinatus 6&2] SHAAAS HAALE STt AA U 88 4 F2 v,
7, ZAE FolA EAstH, v AAQl &8 Aol BT Ae AT Ata
&b 7ls Ael® Qlste] Al ol WAl AdE shA2u23]. §84 AL A
P. inopinatus 6& 5 a-hemolysis ¥F-g 5 B-hemolysis ¥H-8-= YERA] &9%aT,
B. cereus KCTC 3624 wA F9o T3 S AAHsE B-hemolysis FA
W8S WER AT

API ZYM kit& AFg&3le] P. inopinatus 652 3] &2 A4S FAsE A3, P
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inopinatus BCU1& A3 5% leucine arylamidase, valine arylamidase®l] t]3a}¢]
A4S Yel A, P inopinatus JM1, P. inopinatus BD2, P. inopinatus PS1<&
Naphthol-AS-BI-phosphohydrolaseo] thaid % A4S YJelAA N P, inopinatus

SAA WS gelstr] fste] dAA 8F ampicillin, vancomycin, gentamicin,
kanamycin, streptomycin, erythromycin, clindamycin, tetracycline, chloramphenicol®]
st HAx AS AleEs A A3 P inopinatus 6F EF FAA 6F
ampicillin, vancomycin, gentamycin, kanamycin, streptomycin, erythromycin®l] t3s}<]
EFSAclA  AAgE breakpoint® vt DAY 2 ZAFAS Bloy, FAA 2F
tetracycline, chloramphenicole] wW3ajx = EFSAdA A|A]$+ break pointHEt =2

d Bt Bacteria® < FAEd WA dA= WA ¥ (intrinsic) ¥
Y (acquired) 0.2 FE=H =, o] F 58 U AAE SANEHD == A
AAE B4 2 bacteria= 58 30| & (horizontal transfer)ol <]3}o]
2 9ol e ZAor HrhEn38]l 2Rz 53 FHEE UK

Bfetal Qe mAEe] AFTas oy Zeule] el HFE AREHE
4 s Az srdsodA Il s A9 = U=
EobA| 7] w2, AEE mAE AdaAoA wrEA] HF ook 31v[]1,16],
= T 959 IHEHE Y Ao glo] Fastt
Histidine© & 5-€] H# %= histamine> #&F HFA T 2§ 5o 233, F=7],

$E Y R4 9% 52 Yow, 4% A% 24 2 sFEdel Yehitin g4

N HJo o = oo oY
off do = o ox i A
N o ox
> oy (g o tlo
K Y
[0}

1
i
l-'O
_H -

ATH42,54].  TyrosineZH-E ¥ =  tyramineS &5 HEAQA MAOI
(Monoamine oxidase inhibitor)E& &

A3 = o] ‘cheese reaction'¥} 2 HF%F H&EY, A
ATHB3L. FF=relol Al BASl A= F2 AA, FF L AZ 59 HaaFo
715 7] wWjEe HE2A A "= P inopinatus®l 735 BA A4 oA o]
LA o]t}10]. Decarboxylase plate methodE W&3le]l P. inopinatus 6%° BA
A oRE Bt A3} P. inopinatus 6% M2 Ws7l BEEA kol BAE
QA eEgol FAE S, histidine YA W& M. morganii KACC 13822+
gk Hepy oz WAE I tyrosine YA 2T E. faecalis ATCC 29212% SFEA
Wate] BA A w52 FASACH
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