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Throughout history, barley was the typical crop of the soils of Jeju Island due to its topographical
features. People in Jeju eat Shindari or Dansul. Shindari or Dansul is a fermented drink of Jeju, made
from the leftovers of cooked barely and nuruk of short fermentation periods. Although Makgeolli and
Shindari share a similar fermentation period and materials, research on Shindari or Dansul is still in
its early stages. In this study, we examined major bacterial species of Shindari or Dansul. In addition,
we confirmed the antibacterial activities of an isolated strain against fish and human-harmful bacteria.
Among the isolates, Firmicutes consisted of 73% and the Proteobacteria of 27%, indicating that the
Firmicutes phylum was the dominant one. In addition, the Pediococcus genus and the Bacillus genus
were the most prevalent consisting of 25%, followed by the Cronobacter genus (25%), the Enterococcus
genus (16%), the Aneurinibacillus genus (5%), the Klebsiella genus (4%), and the Paenibacillus genus
(2%). We conclude that the Lactobacillus genus predominated in Makgeolli, but the Pediococcus genus
predominated in Shindari. In a study of the antibacterial activity, growth inhibition was observed for
all bacteria, except for the fish disease bacterium Photobacterium damselae subsp. piscicida and the hu-

man-harmful bacterium Strepfococcus mutans.
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Table 1. List of strains used for antibacterial activity of Shindari
Information Strain No. Medium  Temperature () Type
Straptococcus iniae KCTC3657 1.5BHIA 25 -
Streptococcus parauberis KCTC3651 1.5BHIA 25 -
Vibrio alginolyticus KCCM40513 MA 37 -
Fish Vibrio harveyi KCTC12724 MA 24 -
pathogen Edwardsiellatarda KCTC12267 1.5BHIA 25 -
Photobacterium damselae subsp. Damselae - MA 25 Wild type
Aeromonas hydrophila. KCCM32586 NA 26 -
Hydrophila Listonella anguillarum KCTC2711 MA 25 -
Escherichia coli KCTC1682 TSA 37 -
Human Micrococcus luteus KCcMm11211 NA 26 -
athogen Streptococcus mutans KCCM40105 BHIA 37 -
pathos Salmonella enterica - BHIA 37 Wild type
Listeria monocytogenes KCCM40307 BHIA 37 -
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Table 2. Counts of the viable cells isolated from the Shindari

Medium (CFU/g)

No. MRS YM TSA R2A
1 14x10°  2.8x10°  33x10°  2.4x10°
2 18x10°  12x10°  2.6x10°  3.1x10°
3 23x10°  2.6x10°  31x10°  2.7x10°
Average 4o q0f 22x10°  3.0410°  27x10°
count

A5 A THE I YE AHS AT, BYE F
=
=

JINZIT D &

24 ehd 5
2o 358 o

of&oll w3t

16S rRNA &
Aot A
714 €< NCBI®} EZbiocloudE ©]

b A 9 TH26, 43, 62]. O] 2 &

2e8 24TEe AART ohet of f
@ g7 L9} et
65]. Artel A 28olehe B
3, o ko] EAATHE AL AT 5
@ A2 v Fo) #g u, AA 27, o
A< 7E & 4 gt
3ol HA F4%
N2AT 427 B A

—uéé
R
o

B3 79 165 ribosomal RNA
S35t B3 A3 &

W

B 5 o] Y tH28,
o

5, 40, 45, 57,

7HelE &

J\oir’]' Olfﬂ

MR H7IME9] HSEHY 2

F749 4

(Phylum) 27} (Class) 3% (Order) 5% (Family) 747 (Genus) 2. &

Z 112 #F=
atel 7H 7hke

At o A
teria & 27%= Firmicutes
Firmicutes o A Bacilli 72 98.6-100% 2 454 <

O A Zo0
_I/O

e 7

2 2459 rHTable 3). 287 QML G 24
%9 ABSE 3455 0HFg ).

Z+ Firmicutes ¥ 73%9} Proteobac-
ol AT AR Yeyt

S vhehy

%A 71 ¥ Lactobacillales ¥ Lactobacillaceae 3} Pediococcis
42 994-99.8%2] 54 22 Firmicutes &3 Proteobacteria
E AA A 25%S XA 5 2, Lactobacillales = Enterococ-
caceae I Enterococcus 42 98.7-99.8%9] 454 =2 16%E

A8t ATk, X3, Firmicutes &9 Bacilli 7 Bacillales &
Bacillales ¥+ Bacillus 42 98.8-99.8%2 45422 25%E 2}
A3} A 21, Paenibacillaceae 3 Aneurinibacillus <2 99.9-100%
9 4EX & 5%, Paenibacillus 42 98.5-99.7%2 AE5A o
Z AA Y 2%E AA st A2 UYEHRT Proteobacteria
ol 4| Gammaproteobateria 72 98.6-99.9%°] &4 & UEH
%tk 1 F Enterobacterales & Enterobacteriaceae Klebsiella
£8 995-99,7%) FsH o2 AA 9 4%E AAAL, Cro-



76 8B et X| 2021, Vol. 31. No. 1

Enterococcus lactis

~T15
75
M2
99
94
94| M1
100
96 58
79({
98 'R2

98 ’
ol
8

L Aneurinibacillus

9 |

56

59

100

70

94
62

BT159T (GU983697)

Enterococcus hirae ATCC 9790T (CP003504)
Enterococcus thailandicus DSM 217677 (JXLE01000039)

Enterococcus saigonensis VES0OT (LC127059)

1

Pediococcus acidilactici DSM 20284T (GL397069)

‘ Pediococcus pentosaceus DSM 20336 JQBF01000022)
- Pediococcus stilesii LMG 230827 (AJ973157)
Pediococcus argentinicus DSM 23026" (JQCQ01000064)

Bacillus velezensis CR-502T (AY603658)

F{ Bacillus subtilis subsp. Stercoris DTXPN1T (JHCA01000027)
Bacillus licheniformis ATCC 145807 (AE017333)
Bacillus glycinifermentans GO-13T (LECW01000063)

danicus NCIMB 13288" (AB112725)

Aneurinibacillus terranovensis LMG 224837 (AJ715385)
Aneurinibacillus tyrosinisolvens LL-002T (BBWZ01000108)
— Paenibacillus larvae ATCC 95457 (CP019687)

&{

T7

Paenibacillus residui MC-246" (FN293173)

Paenibacillus senegalensis JC66" (JF824808)
Paenibacillus doosanensis CAU 10557 (1X233493)

— T45
99 L Paenibacillus tumbae CSA42" (KX289440)

99 | Klebsiella michiganensis W14 (JQ070300)

95 | | Klebsiella grimontii 06D0217 (FZTC01000044)
Klebsiella aerogenes KCTC 21907 (CP002824)
81 R21
Klebsiella quasipneumoniae subsp. quasipneumoniae 01A030" (HG933296)
85 || Klebsiella quasipneumoniae subsp. quasipneumoniae 01A0307 (HG933296)

— Klebsiella granulomatis KH 227 (AF010251)
54| Klebsiella variicola subsp. variicola DSM 15968 (CP010523)
58|Y7
Klebsiella pneumoniae subsp. ozaenae ATCC 112967 (Y17654)
Cronobacter dublinensis subsp. dublinensis LMG 238237 (CP012266)
Cronobacter dublinensis subsp. lactaridi LMG 238257 (AJKX01000065)
Cronobacter turicensis 30327 (FN543093)
Cronobacter universalis NCTC 95297 (AJKW01000003)
T17
YIl
Y6

62| Cronobacter malonaticus LMG 23826T (AJKV01000019)
64 - Cronobacter sakazakii NBRC 102416" (BAWU01000071)

0.005

Fig. 1. Neighbour-joining phylogenetic tree determined from the 165 rDNA sequences of bacteria from the Shindari. GenBank accession

numbers given in parentheses. Boostrap values (>50%) based on 1,000 replications are shown.



Table. 3. Bacterial diversity associated with Shindari
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Phylum Class Order Family Genus No.
Proteobacteria Gammaproteobateria Enterobacterales Enterobacteriaceae Klebsiella 5
Cronobacter 25
Firmicutes Bacilli Lactobacillales Lactobacillaceae Pediococcus 28
Enterococcaceae Enterococcus 18
Bacillales Bacillales Bacillus 28
Paenibacillaceae Aneurinibacillus 6
Paenibacillus 2
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Table 4. Origin and direct antibacterial activity against various fish pathogens of selected strains isolated from Shindari

Diameter of inhibition zone (mm)

Selected 5 oin 1 2 3 4 5 6 7
strains
supernatant pellet supernatant pellet supernatant pellet supernatant pellet supernatant pellet supernatant pellet supernatant pellet
Mpg  Pediococeus g ¢ 158 - - 9 12 - -
cidilactici
R2 Bacillus 112 117 - 205 - -
velezensis
R5 Bacillus - 2 - 194 6 - -
velezensis
R7 Bacillus - 25 319 161 109 88 13 -
velezensis
R8 Bacillus - 1838 8 - -
velezensis
R10 Bacillus 165 179 102 176 - -
siamensis
Ris  Cronobacter - - 325 - 115 256 151 -
sakazakii
T16  Cronobacter - - 155 - -
sakazakii
T19 Bacillus - - 337 125 203 148 -
siamensis
™ Eac1llu§ } _ 3265 - 24 4 - -
siamensis
25 Bacillus - - 33.55 113 - -
siamensis
T40 Bacillus - - - 115 -
velezensis
Bacillus
Y8 . . - - 29.5 29.9 118 165 229 135 -
siamensis
vy~ Cromobacter - - 175 - - - - -
sakazakii
Y19 Bacillus 21 26 265 368 136 18 19.8 21 217 99 157 112 117
siamensis
1, S. iniae; 2, S. parauberis; 3, V. alginolyticus; 4, V. harveyi; 5, E. tarda; 6, A. hydrophila; 7, L. anguillarum.
w2l HH, 9ol Astd AgoA 713 HUA = 283t B =R Hd 37 A7 228 Aow Adn. T
Ne%F 5 T IS AWe Ao M w4 OB, $AF D SFoI £3 BAE 23 ¥4 P
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d4S K A9y EY #FFE Pediococcus acidilactici,
Cronobacter sakazakii, Bacillus velezensis, Bacillus siamensis® &
474HA FOE e

7131597 QI WAA R Fote] A&
o gy Ao BFHE 1" A U
sakazakii= ThFE Ao S %Wiﬂ
bacter sakazakii 757} TFE WA T A A e
AT HHIG ARt 23]. 18y, S E l 2 AF A
AHEE A FAY Al A Aol Eﬂﬁ}‘# gt G4 S
el = AL &9 F Adt. 718 HAF2A Cronobacter
sakazakii7t o1 G A THE o} FHW ol EHE}OE] T AGE Y

A v
Cronobacter
1, Crono-

F3to] hgt

ro mp

A

i_?,

m r#J

Pediococcus acidilacticiv= pediocin®. 2 %2 % bacteriocin]
HH] ol AW HdAE £3F gE v Z i) g
7 24& vepdtha deA A, 4, 5] LA F
%%6}- Ay EA T thekdt g FA EFo] &A%
% & ¢ E4 bacteriocing 33 B 7t FH s}
,ANE A T8 v EY AEe g DNAY 4%
A AE dAAY AL AA G EARE UEG.
b WAz 450 9o A W 7h& 3
off A =40l A<
A TH9-11]. Baczllus
Ao
%

oo"

[

e 2 OSLorroro

. bacteriocin T
o o3 4A B2 & A7 WE
o

S
i3
i
FRE AFOE Y, S40E FHYstn

gadads 7HAe AR dEd CLP (cyclic hp-
opeptides)& A 4tetth[42]. CLP+ sufactin, iturin, fengycin
-‘-:—_9] ’5‘]—%%—/\4“7&] o }\g 3]'111 Ag%ﬁ]—x—l E]-.Q Z]Z—] _\“1_],34‘8]—0
2 7129 FAARG BUA Aol (A FFE w3
o= Bu7b IYh3, 14-16, 47, 63, 64]. Bacillus velezenstsﬂ

fo rlo 22 o



Journal of Life Science 2021, Vol. 31. No. 1 79

Table 5. Origin and direct antibacterial activity against various human pathogens of selected strains isolated from fermented foods

Diameter of inhibition zone (mm)

Selected Origin 1 2 3 4
strains
Supernatant Pellet Supernatant  Pellet Supernatant Pellet  Supernatant  Pellet
R2 Bacillus velezensis - - - 9.45 - - 5 -
R5 Bacillus velezensis - - - 15.2 - - 75 -
R7 Bacillus velezensis - 11.7 134 189 - 10.7 - -
R8 Bacillus velezensis - - - 18.3 6 - - -
R9 Cronobacter sakazakii - - - 15.1 - 111 - 115
R10 Bacillus siamensis - - - 114 - - - -
R15 Cronobacter sakazakii - - - 21.6 - 9.2 - -
T8 Cronobacter sakazakii 7.8 - - 16.9 - - - -
T19 Bacillus siamensis - 111 - 19.8 10.2 - - -
T21 Bacillus siamensis - 13 - - - 10.6 - -
T25 Bacillus siamensis - - 9 - - - - 12.8
T40 Bacillus velezensis - 10.2 - 22.8 - 135 - -
Y16 Cronobacter sakazakii - - - 17.6 - - - -
Y19 Bacillus siamensis 4.2 - 16.7 19.9 11,9 14 - -
Y20 Cronobacter sakazakii - 129 - 16.7 - - - -
M28  Pediococcus acidilactici 115 16.5 - 20.5 - - - -
1, E. coli; 2, M. luteus; 3, S. enterica; 4, L. monocytogenes.
Bacillus siamensis= A& 44 3 18 44, WA iocin-producing Enterococcus faecium isolated from donkey
I P AFOEA, 23 AR M BEEH 73 milk, in the bio-control of Listeria monocytogenes in fresh
o] E o =] o ol o = Es AD whey cheese. Int. Dairy ]. 73, 1-9.
jﬂo; i o ;Z} &l Ei 7}31 o j Bﬂ];' ;’°L I 4. Bhunia, A. K,, Johnson, M. C. and Ray, B. 1988. Purification,
JUA 4 FAUS fAd Re=27) v E AR A characterization and antimicrobial spectrum of a bacteriocin
T8E 42 Fh[50, 51]. produced by Pediococcus acidilactici. Lett. Appl. Microbial.
B A Ao A T3 Bacillus velezensisSt Bacillus sia- 65, 261-268.
mensis= 7MA ¥ T 2 3 G S Bt waka o 5. BDorges?J[L ; ]gdoga]g?f, V. ]f, Wi;kie, Df. %I,nWl;ite,dL { ani
_ rew, M. D. . Effect of replacing fishmeal and oil wit]
A, oA AR R x2e] 2822 AF AE A % simple or complex mixtures ofpvegetfble ingredients in diets
o dtel o] of & Ths el Wk F7b A7k ol Fof Ak & fed to Nile tilapia (Oreochromis niloticus). Aquac. Nutr. 12,
Ao, 1 o] Fof T o ”d oA drkel e &8 7t 141-149.
S U3 B 4 98 Aoz AgFET 6. Chang, J. H, Shim, Y. Y., Cha, S. K. and Chee, K. M. 2010.
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