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Effect of lons in Aqueous Solution on Sterilization of
Escherichia coli by High Electric Field Pulse
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We have been investigating the sterilization of liquid food by high electric field pulse. The sterilization mechanism is
considered that Maxwell stress caused by application of high electric field pulse destroys cell membrane. The sample is
Escherichia coli (JM103) in NaCl, KCl, CsCl, or CsBr aqueous solution. High voltage pulse (—4.40 kV) is applied to the
each sample at room temperature. As results, the survival rate of E. coli decreases with the concentration of ions in aqueous
solution regardless of the kinds of electrolytes. The experimental results suggest that the survival rate of E. coli depends on the
concentration of anion in aqueous solution because the original amount of cation in the cytoplasm is much larger than of

anion.
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Table 1 Components of liquid culture medium and agar culture
medium.

Liquid culture medium Agar culture medium

[wt%] [wt%]
Tryptone 1.0 1.0
Yeast Extract 0.5 0.5
NaCl 0.5 0.5
Agar 0 1.5
Distilled water 98 96.5
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Fig.1 The electric conductivity of sample as a function of the
concentration of electrolytes.
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Table 2 Duration of wave front and tail for applied voltages.

Duration of  Duration of

Concentration

Electrolytes [ mol/L ] wave front wave tail
[ps] [us]
1.0x10? 4.9 11.2
NaCl 8.6x10" 5.4 13.0
8.6x10° 5.1 13.7
1.0x10? 5.2 11.4
KCl 6.7x10" 5.3 12.4
6.7%10° 4.9 12.6
1.0x10° 4.8 11.5
CsCl 3.0x10" 5.6 13.2
3.0x10° 5.2 13.6
CsBr 1.0x10? 5.3 11.6
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Fig.5 The typical applied voltage waveform for NaCl sample.
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Fig.6 The typical applied voltage waveform for KCI sample.
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Fig.7 The typical applied voltage waveform for CsCl sample.
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Fig.8 The typical applied voltage waveform for CsBr sample.
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Fig.9 The input energy for application of 30 pulses as a function
of the concentration of electrolytes.
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Fig.10 The survival rate of E. coli after 30 minutes as a function
of the concentration of electrolytes with no pulse application.
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Fig.11 Effect of the concentration of NaCl on the survival rate of E.
coli for NaCl samples as a function of the number of pulses.
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Fig.12  Effect of the concentration of KCI on the survival rate of E.
coli for KCI samples as a function of the number of pulses.
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Fig.13  Effect of the concentration of CsCl on the survival rate of E.
coli for CsCl samples as a function of the number of pulses.
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electrolytes.
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Table 3 radius”, molar massm, hydrated radius”, and mobilitym of ion.

Iolnicm mola}g> hyd.rati()i Mobilitylw
radius mass radius [em¥sV ]

[nm ] [ g/mol | [nm ]
Na 0.095 22.99 0.36 5.19%x 10"
K 0.133 39.10 0.33 7.62x 10"
Cs' 0.169 132.91 0.33 7.96 % 10"
Cl 0.181 35.45 0.33 7.91x 10"
Br 0.195 79.90 0.33 8.10x 10"

2% (2016)

NHEOZ END, KR THE L-BRFEOME L 2D
EEHRIPE T, KIBWEOERBIIKBERTOA A+ v o
B, OHE, KMEE BIXOBBIETIEZ L, KBRS
DEIFEIREE DRI LT B Z EATRIEB S LT,
4.2 KBBRPOEHREREOTE

4175, 7OV ABBENNC X 2 KBRAE L, KE
WHOEBEDOREIMKF L TWD I LHRIES NI,
B 16 (2 & T OV A BB 2 T B EIRE O
BWAIRT. KBWPFOA F 1, ESER OV AR &

WHEULYZ AT 2 VIBTIZES 34, ZLC, ZOIh
TIPSR A 4 2 2 L CHRBET A, COL X, <
A VB FIERG)TEHE2Z NS 7,

_ 1 2

F=2émEn (3)
22T, e BB OFEELEZ, EAIHEEIZAEL S
FERMEZRYT. 72, E. 3@ THZONA.

5

ZCT, SITMIEBEREICHFET 2EMHTETH L
K@) o, MIBEREIZEYS S A 4 > OB HE
o THINBE B L OKIEHAHIE N D A F » DiREE
AEiEe, MBI A L2 EBRME IR LI LN
bbb, T, R@)»H~7 A7 2 )VieE, MRk
WZELDERBEDNEL B HIFEREL DL ENb)
5. GE-C, K16 1R T X )iy Grakateh)
DA T VIRENFEL R BIEE, BIZE <7 2T Vs
TN 2, ARFEEED L EEZ LN, K
BRTDA T OEEI I AT L VETOREEEH
R, ¥~ 7 AT 2 VBT E BRSOV AREORER L O
BIERICOWTIE, SiRE=EMIZEHE L T <

— AR IZ B 2 IEA 4~ (Na', K') SFAEL
ZFDOUEEIX 015 mo/L FRETH S Y. —J, MIEEN
BAF > (C17) OEEEIXIEAF > OiEE LKL, 0.004

Cell membrane

Maxwell stress
l Cytoplasm
2

Aqueous solution
q v Weak
O 0 .
Ton oo . '. 0 °,
concentration| ol . S
i ° .o g e
Low M °. AN Pulse |o Po©
. O application |, R ..
Strong
.
o 0 d
° . 0 .
o e ° L] .
High o.'oo o . N o
. 0% W e
® 0% 0 n°2 Or
¢ Cation (+)
0 Anion (0

X 16 FEF OV ARRIE I LTS B ERE O E
Fig.16 Effect of the concentration of electrolytes on the mechanism

of sterilization by high electric field pulse.
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