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The Resistance of Bacillus subtilis in Makgeolli to Hydrostatic Pressure

Eun-Jung Lee, Joo-Sung Kim, Se-Wook Oh’, and Yun-Ji Kim*
Division of Convergence Technology, Korea Food Research Institute
'Department of Foods and Nutrition, Kookmin University

Abstract In order to understand the effect of hydrostatic pressure (HP) on Bacillus subtilis isolated from makgeolli, the
survival of B. subtilis after HP treatment (400 MPa for 5 min) in various substrates including phosphate buffer, tryptone
soya broth at pH 7 and 4, and makgeolli at pH 4 was evaluated depending on bacterial forms (spores and vegetative cells)
and adaptation conditions (25°C for 3 h, or 10°C for 24 h). Spores were generally resistant to HP (<1 log reduction)
regardless of conditions. In contrast, vegetative cells were generally susceptible to HP (up to 3 log reduction-except
makgeolli) and were more susceptible after 3 h at 25°C compared to 24 h at 10°C. In vegetative cells inoculated makgeolli
(7 log CFU/mL), the colonies were not detected after 24 h at 10°C. Consequently, B. subtilis in makgeolli easily existed
as spores and the spores were resistant to HP. Results demonstrate that HP was more promising in the inactivation of

vegetative cells.
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ZZAPH 4 23t 7189 79 pH 183l adaptation =
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(400 MPa, 5min, =)0l 98t Abd G35 43Tt £ B
subtilis /% =HAg)e AR 25(10 T 25°C)°] WE 74 ¥
stol & IS S

T
=z & 2F

SAtellA Bl <1 wHAE]E Fdste] ARSIl 5 AF:
S 9 FaudEs 12100014 1587 GAfeste] FHlsksiv
B. subtilis MB 18-5 =457 $2lEd73dlA =g
oA Eeld - TdLot ARSIt YA E kS Sl
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A}, B subtilis AE A7) 1380, plate count agar(PCA, BD,
Sparks, MD, USA)J @AS =23te] 30°C, oF 24h i3,
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el o3 FeEtE AvEd o3 Z9ktH(Table 1). ZF 7]
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O3t 4 WSE AHEY taF EUTHTable 1). EAE HE
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Fig. 1. The changes of hydrostatic pressure—induced colony

counts in a makgeolli purchased from Market. Non-treatment is
the sample of 0.1 MPa (atmospheric pressure).
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ANA el osk AEHsE BFEA e AL IERAH
pH7} AEe $golgke Aol B subtilis?t FFANEE A
$ER] B =R EAgte 2R FHE olE g<lE]
QA3iA, A5 TSB(pH 7)0l HES F 25°C, 3h o]l Z53
vFo g #F Az dF A 27 FHEHAA T, 10°C, 24h
A & 2% IAYEHE FEEATHdata not shown). 3 B,
subtilise G4 A4t TEo] st #F2(20-22) 39t 93|
o] HlshR] FUAAN A BH Wtz vhde £2
o 4TS = & YA dis AFe o oS Hez AlE

dr}

B. subtilis QALM|ZS| adaptation condition0l| = =712t0]|
olgt " BiS}

B. subtilis QYAEE 7+ 7149 7 log CFU/ml 5222 H{F
3l ¥ 25°C, 3h adaptation & ZIYol 2|3+ F4FHIE Avn
W TR ZAATh(Table 1). FEAE7F HEE o 71dodA
25°CollA] 3h &9t adaptation ¥ FFE 3.5-6.5 log CFU/MLF=
o2 vz vyttt &, TSBEUE bufferol A, pH 78T} pH
404 AEEo] WA U Aol 7Pt B #2135
log CFU/mMLZ #2E| 30t 400 MPa 22l €]31A buffer(pH
73+ 4)9k TSB(pH 72+ 4)llA 2.2-3.2 log CFU/mLS] A7t &7}
#AZHJ 2 ATl E 1 log CFUML ©]3ke] Atasr) =
AEAT BE AlRA 238t ogt APEI= SAXCE
Frol 3k THp<0.05). FUAE 7 log CFUMLES Z+ 718 H=
& 10°C, 24 h adaptation® 2 H3}El 59} 23940 9t g3}
of et AxE Ao EW v ZUATH(Table 1). Adaptationo]]
o 4= WHslE AW HE™, 25°C, 3h adaptationr] w4 Rtk
10°C, 24 h adaptation®l] 2|3l buffer(pH 75} 4), TSB(pH 72 4)
oA 2 log CFUML 7F&F 9808 7H4st3al(p<0.05), =4
2]l A= detection limit(2 log CFU/mL) ©|3l2 AZTA] 23
oh 23] & A At FoHeE e Y TSB(pH
7oA A EF= 1.6 log CFUML =22 #H2E A, buffer
(pH 72 4), TSB(pH 4)olA A7 &EIR= EF 04 log CFU/mLo]
SI=2 ulu|sAitt. =, 10°C, 24 h adaptation ©]% 231}l 2]k
A7ra = 25°C, 3h adaptation ©]F ZIQFel ok A7 &3}
Hop U #AFEAS b e 25(10°0) X e 9F
A E7} 87 2-SHo] AFoz s B o F 4o
AR T 238l tigk Aol FH R Folxl Ao
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Z7olEt e AL(10°C) $HAolA #H-ggo] o, AL #E

Table 1. The changes of hydrostatic pressure-induced colony counts depending on forms of Bacillus subtilis for inoculation and

adaptation times in various substrates” (Unit: log CFU/mL)

Adaptation” 25°C for3 h 10°C for24 h
B. subtilis

form® Substrates” Treatment . treatment HP-treatment Non-treatment HP-treatment
Buffer (pH 7) 6.37+£0.23% 6.33+0.14* 6.18+0.09"" 6.13+0.15"
Buffer (pH 4) 6.25+0.12*4 6.04:+0.20°® 5.68+0.13° 5.76£0.12¢
Spore TSB (pH 7) 6.18+0.16* 5.40+0.18® 6.10£0.36™* 5.99+0.13"
TSB (pH 4) 6.26+0.22** 5.96+0.16" 5.95+0.06"* 5.91+0.04°"
Sterilized-makgeolli 6.29+£0.07*4 6.31£0.05* 6.41+£0.36* 6.47+0.34
Buffer (pH 7) 5.60+0.18" 2.85+0.09°° 3.57+0.24" 3.27+0.22%
Buffer (pH 4) 4.70£0.13% 2.53+0.04°5¢ 2.70£0.30" 2.43£0.09%
Vegetative cell TSB (pH 7) 6.48+£0.07** 3.20£0.23* 4.54+0.09% 2.91£0.19°
TSB (pH 4) 5.32+0.13 2.78+0.14°° 3.46+0.33" 3.11£0.10"

Sterilized-makgeolli 3.50+£0.25%4 2.90+0.30"® N.D.? N.D.

USpore was harvested after 7 days in plate count agar (BD, Sparks, MD, USA), and vegetative cell was harvested after activation at 30°C for 15

hr in TSB.

PHarvested spore and vegetative cell were inoculated in various substrates at 7 log CFU/mL, respectively.
Hydrostatic pressure (400 MPa) was treated after storage at 25°C for 3 h or at 10°C for 24 h to adapt to environments.
“Buffer and TSB are phosphate buffer and tryptone soya broth, respectively. pH value was adjusted by 0.1 N HCL.

DAll values are meantSD of two replications.
ON.D. means ‘not detected’.

“*means within a same column of same B. subtilis form with different letters are significantly different (p<0.05).
ADPmeans within a same row with different letters are significantly different (p<0.05).
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Fig. 2. Changes of colony counts in Bacillus subtilis (spore (a)
and vegetative cell (b)) inoculated in sterilized-makgeolli during
storage at 10 and 25°C. Heat treatment was performed at 70°C for
30 min to enumerate the number of spores. The inoculation level was
8 log CFU/mL.
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