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Bacterial Community of Traditional Doenjang in Longevity
Area and Antagonistic Effect against Bacillus cereus

Doo-Young Jeonl, Gi-Bok Yoonl, Yeon-Hee Yoonl, Soo-In Yangl, and Jung-Beom Kim?

!Division of Microbiology, Jeollanam-do Institute of Health and Environment
“)Department of Food Science and Technology, Sunchon National University

ABSTRACT This study investigated the prevalence of foodborne pathogens and the bacterial community of traditional
Doenjang collected from a longevity area in Korea as well as the antagonistic effect of traditional Doenjang isolates
against Bacillus cereus to estimate the microbiological safety of traditional Doenjang. Aerobic bacteria showed 10°~ 10’
CFU/g, whereas coliform bacteria was not detected. Foodborne pathogens were not detected except B. cereus, which
was detected in seven samples out of 10 Doenjang samples. A total of 327 isolates were identified from traditional
Doenjang. The isolates consisted of Bacillus subtilis 155 (47.4%), Bacillus licheniformis 68 (20.8%), Bacillus amylolique-
faciens 46 (14.1%), and Bacillus pumilus 18 (5.5%). Antagonistic effect against B. cereus was detected in 20 (6.1%)
of 327 isolates, which consisted of B. subtilis (12 strains), B. amyloliquefaciens (5 strains), and B. licheniformis (3
strains). The inhibitory zone for the antagonistic effect was 9.0~12.0 mm in diameter. Although a small amount
of traditional Doenjang was tested in this study, these results indicated that the potential risk of B. cereus in traditional
Doenjang is lower than generally presumed. It is necessary to monitor the antagonistic effect of traditional Doenjang

isolates against B. cereus.
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o] A7)l mel 2006\ A F o) FEFHAA AN AM = A
T2 F B cereus A% 7S =Y tHAAHE APs
a9l (1920) T A5E% 680 F 4 |
off edxlo] vk Ba(21) 5 &AM Al
H] 3] ﬁ%%;‘c}«] B. cereus 29°] W|§- =& Ao
(22,23)5 3L o] AEHH T B cereusel 23+ 2
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AR Gl gakslAd(6-10,14)3 FdAd(11-13
715573l g AR o] FolA gl HEE el g v A
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A Staphylococcus aureus, Listeria
monocytogenes, B. cereus, Salmonella spp., pathogenic
E. coli, Campylobacter spp., Clostridium perfringens,
Vibrio spp., Yersinia enterocolitica 5 123 t]s}<]
real-time PCR(Fast real-time 7900, ABI, Foster, CA,
USA)E o] &3t B4 33Tt Real-time PCR 20

pathogen multiplex real-time PCR strip kit(Kogene
Biotech, Daejeon, Korea)& ©]-& 50°CollA 24, 95°Cel
A 1083 ¥H-g-A171 & 95°Coll A 15%, 60°CollA] 183
% 40 cycle& WHSAIAY. PCR 82 247 A& 25 ¢
225 mL Tryptlc soy broth(Oxoid, Basingstoke, UK)l
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% 108 Al 3]A 3}
3] A oS Tryptic soy agar(TSA agar, Oxoid)
5 30°Coll A} 2413 v skl 2h2 7o)
&yJ’E}OI \:].E 40 xla]—o HXLAE /\qﬁu
71 E Al AH&-3Fl vt Genomic DNA
LT g WigolE HaE RS 1 mLel
T2 95°C heating blockol| A 10%3F 7}
3 4°C, 14,000 rpmell A 1083+ 9A1E2] sto] -70
°C Waiol Bty DNA F+H o & 283l 93 &
T F4A 971 E 42 Universal primer 27F
(E. coli numbering 8~27; 5'-AGAGTTTGATCMTGGCT
CAG-3")¢} 1492R(E. coli numbering 1492~1510; 5'-
GGTTACCTTGTTACGACTT-3)& °©]&3le] #el
2] 16S rDNA 21 A ©3H-S PCR(GeneAmp PCR system
9700, Applied Biosystem, Singapore, Singapore)= &
AZ T PCR S5& 918 A5 whE-8-94-& PCR Premix
(2> TOPsimple ™ DyeMIX(aliquot)-Tenuto Ver. P561,
AH&-3FSATE BigDye
Terminator(v.3.1) Sequencing kit(Applied Biosystems,
Foster City, CA, USA)< 3l AAIg PCR A2 ()<
A =2 ~AHDaejeon, Korea)oll 2] 3}e] ABI3730xI DNA
analyzer(Applied Biosystems)E ©]-83}%] sequencing
SHSith 71D #A1E S8k 92 7 e UM ES
The National Center for Biotechnology Information
(NCBI, http://www.ncbi.nlm.nih.gov/)ol A #|&3= Ad-
vanced Blast Search X 2135 0]-83}¢] GenBank da-
tabaseol HiE AN LS vlaste] FA43AT
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Table 1. Microbiological evaluation of traditional Doenjang

Aging Sample Aerobic bacteria Coliform bacteria
period P (CFU/g) (CFU/g)
DI 4.0x 10’ NDV
D2 73%x10° ND
1 D3 45%x10’ ND
D4 8.4x10° ND
D5 3.2x10° ND
5 D6 2.6X10° ND
D7 2.0%10° ND
3 D8 3.0x10° ND
D9 1.2%x10° ND
12 D10 2.8%10° ND

UND: not detected.

2 48A1ZF v F3t TS disc ol A4 ¥ inhibition zone
(mm)e] A71& F4gste 43 avsE +45
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el D4ollA] 8.4x10° CFU/go.= 7V %A Yebwtth.
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ﬂiﬂ X}-OJ A5 LY%E+ Table 29 YES o
Staphylococcus aureus, Listeria monocytogenes, Sal—
monella spp., pathogenic £. coli, Campylobacter spp.,
Clostridium perfringens, Vibrio spp., Yersinia entero—
colitica 5 119 AFE5ATS 257 $45 YEUATh
a8y AT Uxd L97S] B cereust AFAY
10F 5 7FdA HAE9JH. o2 A= £
Aol A Staphyiococcus aureus®y Salmonella spp. 59
Aol AEHA vt Ba(26)¢ 97 5 Fel
A 7 ZATE HE AF5dol B cereusths Rk o
AeFATH21-23). AIRAFZ A& ASHAT A A
ArA G dF el 71 A7 e e B cereus
2 Uey dE38dY nAETH kdd dRE 98 B
cereus A o7t 8% Ao [TEH AT

B =

T~ Y =

=

T 4L A7 EEATe 16s
rDNA 971 ¥E-S 48 & GeneBank®} vl 57431310
W, & 327777} A E AN Table 3). AF @ g4 2
¥ 327 S Bacillus subtilis?7} 1557 5(47.4%)Z 77
22 FXE el oW, B licheniformis 6835(20.8
%), B. amyloliquetaciens 4617 +(14.1%) 0.2 E¥X &
et At AEHgE 2o TR/ D7 ©¥30] 10
&, D3 ®%e] 8%, D10 ©4¢] 7522 thsiA 2= A
tH(Table 4). &3t HAA 159 a3} wS AA3} 3 pro-
tease 52 845 AVl B amyloliquefaciensSt B.
subtilis @ 2424 10579 A9 A¥H Oﬂ"i A
o w(27), B. licheniformis 5 AZHF 95 7oA &
5= 5 7 B2 BEE JeERSY. A 1 fralskAl
& Citrobacter youngae®t E%, EH|, &3, Al S

M2 3= Geobacillus stearothermophilus= AE %7 D7

Table 2. Detection of food borne pathogens in traditional Doenjang using real-time PCR

Doenjang

Food born pathogens DI D2 D3

D4 D5 D6 D7 D8 D9 D10

Campylobacter jejuni =D - -

Campylobacter coli - - -
Clostridium perfringens - - -
Vibrio cholerae - - -
Vibrio vulnificus - - -
Vibrio parahaemolyticus - - -
Listeria monocytogenes - - -
Salmonella spp. - - -
Bacillus cereus +
Yersinia enterocolitica - - -
Staphylococcus aureus - - -
Pathogenic E. coli - - -

D—: not detected. ?+: detected.
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Table 3. Bacterial community profile of traditional Doenjang
based on the 16s rDNA sequence
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CFEl - AT

A= F Qo M-S B osubtilis, B. amyloliquefaciens, B.

licheniformis, B. pumilus, B. citreas & °]th= B9}

No Bacteria specics Broerttl peachy QA A3ithe81-33). AEEA velET BE
(V]
oF3l AL ol B I T A2 W= akg 9bA
1 Bacillus aerius 1 03 7} oheFet )\_L &9 T, 371, 7]—1‘,» w, W Za 44
2 Bacillus aerophilus 1 0.3 zfolol 7|18k Ao R IkEh, A9 A3 FE|¥ 3274
3 Bacillus altitudinis 1 03 F % 317TWF(96.9%)7} Bacillus spp. % E4¥ =0, o]
4 Bacz.llus amyloliquefaciens 46 14.1 Aot Ak AEGEC WE I Bacilus spp.7t F 2
5 Bacillus atrophaeus 2 0.6 PN RN o
6  Bacillus licheniformis 68 20.8 HojslttE B a1(34)9F A8t A9t
7 Bacillus methylotrophicus 11 3.4 SA7IHE AERA T AFEXE AYEd 19 54
8 Bacillus mojavensis ! 0.3 ® "ol M= Bacillus spp.7} 123, Oceanobacillus 2%,
9 Bacillus pumilus 18 55 . [ —
10 Bacillus safensis 1 0.3 WAl Staphylococcus nepalensis’} 1% 5 % 15%
11  Bacillus siamensis 2 0.6 o] #F7F B H ) 2\ £A49 A= Bacillus spp.
g gacz:Zus Subﬁ.llis . 15? 48; 7} 8%, Citrobacter youngae, Geobacillus stearothermo-
acillus tequilensis . ) Lol 1 S o] o o e .
14 Bacillus vallismortis 9 2.8 philus 7Y 134 & 10% 0] wel= it 3d s4+ 97
15  Citrobacter youngae 1 0.3 oAM= Bacillus spp.”} 5%, Oceanobacillus sojae, Staph-
16 Geobacillus. stearothermophilus 1 0.3 viococcus equorum Z¥7ZF 134 & 7Z o] ¥ %t}
17 Oceanobact.llus onfzorhynchus 1 03 A oo® 129 24 B BE Bacijustt TE B
18  Oceanobacillus sojae 3 0.9 S ) o
19 Staphylococcus equorum 2 0.6 F33Ath ol Ak A VIRe] efEas dedd
20  Staphylococcus nepalensis 2 0.6 kg Q1 Bacillus spp.9F 43 UAA, 394, 1247 E
Total 27 100 gho] WERGN AEs] HEow e,
oA ] H AIL(28), 21Ag EellA] Hx el Bare Oce- B. cereusO Chst Zg Fut
anobacillus oncoriynchi= D1 AE873(29), -3l A = B. cereuss E%, TF 5 AdA e EAeta, 3
% 8% Oceanobacillus sojae= D3, D8 Z1&% 7ol A HEL o] 2d0] n]g o} 2% JAEHA EAHo R X
2 H ATHB0). ol H g Ayt Al ge] Fa vAEo] Auar Joh21-23). webA dsagel Eeld Tayr
B. amyloliquefaciens, B. atrophaeus, B. methylotro- Fo| B cereus A% 3= Gristo 2 A AEHA ¢kA
phicus, B. mojavensis, B. subtilis®] 3L, 8743} 7+l A S Hrrstax Y dd g3 B2 AS AR E9
Table 4. Frequency of bacterial species in traditional Doenjang
. . Doenjang
N B
° acteria species DI D2 D3 D4 D5 D6 D7 D8 D9 DIO Total
1 Bacillus aerius D — — 42 — — — _ _ _ 1
2 Bacillus aerophilus - - + - - - - - - — 1
3 Bacillus altitudinis - - — — - — — — — + 1
4 Bacillus amyloliquefaciens + + + + + + + + + + 10
5 Bacillus atrophaeus - - - — - + + - - — 2
6 Bacillus licheniformis + + + - + + + + + + 9
7 Bacillus methylotrophicus + - + - - + + + - + 6
8 Bacillus mojavensis - + - — - - - - - — 1
9 Bacillus pumilus - + + + - - + - - + 5
10 Bacillus safensis — - — + — — — — _ _ 1
11 Bacillus siamensis - - — — + — + — — _ 2
12 Bacillus subtilis + + + + + + + + + + 10
13 Bacillus tequilensis - - - — + - — - - — 1
14 Bacillus vallismortis + - - - + + + + - + 6
15 Citrobacter youngae - - - — - - + - - — 1
16 Geobacillus stearothermophilus - - - — - — + — - — 1
17 Oceanobacillus oncorhynchus + - - - — - — - - - 1
18 Oceanobacillus sojae - - + — - - - + - — 2
19 Staphylococcus equorum - - - — - - — - + — 1
20 Staphylococcus nepalensis - - + - - - - - - — 1
Total 6 5 8 5 6 6 10 6 4 7

D—: not detected. ?+: detected.
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Fig. 1. Antagonistic effect of Bacillus spp. isolated from traditional Doenjang against B. cereus NCTC 10841. A: B. subtilis, B:

B. amyloliquefaciens, C: B. licheniformis, D: non-activity.

Table 5. Antagonistic effect of Bacillus spp. isolated from tradi-
tional Doenjang against Bacillus cereus

Species Aging  Inhibition

period  zone (mm)
Bacillus subtilis D1-1 1 10.3
Bacillus subtilis D1-2 1 10.7
Bacillus subtilis D1-3 1 11.7
Bacillus subtilis D4-1 1 11.7
Bacillus subtilis D4-2 1 11.3
Bacillus subtilis D4-3 1 10.7
Bacillus subtilis D5-1 1 9.0
Bacillus subtilis D10-1 12 9.0
Bacillus subtilis D10-2 12 10.0
Bacillus subtilis D10-3 12 9.7
Bacillus subtilis D10-4 12 10.7
Bacillus subtilis D10-5 12 11.0
Bacillus amyloliquefaciens D3-1 1 10.0
Bacillus amyloliquefaciens D5-1 1 9.3
Bacillus amyloliquefaciens D5-2 1 12.0
Bacillus amyloliquefaciens D7-1 2 11.0
Bacillus amyloliquefaciens D10-1 12 9.3
Bacillus licheniformis D7-1 2 9.3
Bacillus licheniformis D10-1 12 10.7
Bacillus licheniformis D10-2 12 11.0

A R Bdetglon] T A3 Table 59 Fig. 19
R AT RElat T 327 T 209 (6.1%) 004 A5
AA Zho] FEom, AR gl F7]= 9.0~12.0 mm=
YEL T B cereusdl Wigk A3 aE Ve T T
= B subtilis?7} 1240F2 7V @Sk, B amyloliquefa-
ciens 5T, B. licheniformis 3¢5 <22 B ¥ 3},
H+EHR AXNSe 7= B subtidis A 9.0~11.7 mm,
B. licheniformis 9.3~11.0 mm, B. amyloliquefaciens 9.3
~12.0 mm= YEtth #5H 43 IETE AHEE B
subtilis7} 1554 & 1245(7.7%), B. licheniformis 631
F = 30F(4.4%), B. amyloliquefaciens 4615 & 51
(10.9%)= YErwt). oleldt Zie H=xFoZiRY B
cereusdll Wt Aat5 8] A3, B subtilis 155 &

sH Tk Ba(35)¢}F vt vl W FEdTEA A
E920] A$- B cereus LAE} AEFTH Az @A
v 3 =29 B, cereus A% 35 YE = 757 B2
o= ATt o d A3 AAE Fe 2 o dEd

= (e}
cereus A A 7ol Q3 o= AT

2 o

2 ATE v FEA Yol AxE AFEFTS A
ste] AFEAT 9= MAE T €38 S5,
o9 vAE 7R Bacillus cereus A3 ays 713
owX HEeRde] AESA kS Hrtekaat sh3l
ot A5 P AETH A S BIEsHr] s kA
&, g, AESATS 28 A3 dubagse 10°

ot AT E5AT T B cereust A
HEHJOoY 7E} Aes5d2 245 HAT. 23 47
FrA Y Aol 7HE FATE He A= B cereus
2 Uehd dg9ge] b GRE 93l B cereus A7t
F8% Joz AgEY. AFad vAE 3 244
%} Bacillus subtilis7} 15507 (47.4%)2 7V & 23
Vel oW, B licheniformis 6835(20.8%), B. amy-
loliquefaciens 4675(14.1%)% ¥ ¥X & YEl= 5
% 3274571 AU B. cereusol|l g A3 avs
B7rgE A3t BElat 327w T 5 207 (6.1%)0 4 9~12
mm A5 A A Zo] BAEJ oW B subtilis?t 1274FE 7}
Z @kl B amyloliquefaciens 515, B. licheniformis
3T wom FESY. AE5HGe B9 B cereus L%
ot AEEFE Az 93 vl =AW B cereus A3
a%E YepllE 4377 B2 3oz #aFdn. ojest
ARE T £ ) AFAGe 29E B cereus 9184
o 7|EY 4R Ue Ao Ay, &% ohae] A
A& o= 3 B cereus A3 &3 Ao Q3
= sk

il

uli

A, offt r
o i

A =
o] ATE AUYEHADFATY AT NBAYO R 53
A AneA Aol =gy,
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