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Abstract  Ultra-high temperature (UHT) processed full fat milk inoculated with Escherichia coli, Pseudomonas fluorescens,
and Bacillus stearothermophilus was exposed to 30-60 kV/cm square wave pulsed electric field (PEF) with 1 psec pulse
width, and 26-210 psec treatment time in a continuous PEF treatment system. Eight log reduction was obtained for E. coli and
P, fluorescens and 3 logs reduced for B. stearothermophilus under PEF treatment conditions of 210 psec treatment time, 60
kV/em pulse intensity at 50°C. There was no significant change in pH and titration acidity of milk after PEF treatment. The
electrical energy required to achieve 8 log reduction for E.coli and P, fluorescens was estimated to be about 0.74 kJ/L.
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Introduction

High voltage pulsed electric field (PEF) processing is an
emerging non-thermal technology for food preservation.
The PEF is usually applied to the fluid food in the form of
short pulses with a pulse duration ranging between a few
microseconds and milliseconds. Food may be processed in
a short period of time at the ambient temperature, and the
energy lost due to heating is minimal. Much research has
been proved that both spoilage organisms and pathogens
are very effectively killed by PEF treatment (1-5).

It has been shown that high levels of reduction of
microorganisms in milk can be achieved by the PEF
treatment (6-8). The lethal effect of the PEF treatment for
milk is mainly dependent on the electric field strength and
treatment time (9-11). Treatment temperature and the type
of the medium, in which the bacteria are suspended, are
also critical factors affected to the lethal rate of
microorganisms (9).

The objective of this research was to investigate the
effects of PEF on the inactivation of inoculated
Escherichia coli, Pseudomonas fluorescens, and Bacillus
stearothermophilus into ultra-high temperature (UHT)
milk. We also analyzed the energy saving effect of this
PEF milk pasteurization comparing with conventional
thermal process.

Materials and Methods

Microorganisms  Shaking cultures of E. coli (ATCC 10536),
P flourescens (ATCC 13525), and B. stearothermophilus
(ATCC 7953) were centrifuged. The harvested cells were
washed once with 0.85% saline, and inoculated into 200
mL of UHT processed milk (3.4% fat) at the level of ca.
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108, 10%, and 10° cells/mL for E. coli, P flourescens, and
B. stearothermophilus, respectively. The viable cell counts
in inoculated milks before and after PEF treatments were
assayed by counting the colony forming units (CFU) on
nutrient agar. The mean CFU of at least 3 plates was
reported for each sample.

PEF treatments Square wave pulse was generated by
the apparatus designed and manufactured by Jaepae Hi-
Tec (Incheon, Korea), which supplied 50 kW of the
maximum power at a frequency of 5-50 kHz. A
continuous treatment chamber, consisting of 7 units with
0.025 mL capacity each and 0.2 cm gap, was used to
apply the high voltage PEF treatment with a constant flow
rate for the inactivation of microorganisms. The pulse rate
was adjusted to achieve 26-210 psec treatment time as
function of electric field intensity (30-60 kV/cm) and pulse
width of 1 psec. Treatment temperature was varied from
10 to 50°C. The pulse treatment was started when the
sample was equilibrated at the desired temperature.

Results and Discussion

Inactivation of microorganisms Figure 1 shows the
killing effects of PEF treatment in UHT milk on 3 test
microorganisms. The inactivation of all inoculated bacteria
increased with increasing treatment time and temperature.
E. coli and P. fluorescence were reduced by 8 log cycles at
60 kV/ecm and 50°C after 200 psec of treatment, which
means that her inocula were inactivated nearly completely.
However, B. stearothermophilus, which is known as a
representative thermostable microorganism, was reduced
by only 3 log cycles. The electrical energy required
obtaining the 8 log reduction of E. coli or P. fluorescence
was approximately 0.74 kJ/L by applying the equation as
follows:

E=vIt/V (D
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where, E: electrical energy per treated volume in kJ/L, v:
voltage in kV, I: current in A, t: total treatment time in sec,
V: treated volume in L.
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Fig. 1. Effects of PEF treatment time and temperature on the
inactivating of microorganisms suspended in full fat UHT
milk (60 kV/cm). € 10°C, l 30°C, A 40°C, @ 50°C.

Table 1. pH and titration acidity of milk treated with PEF at
50°C and 60 kV/cm

Treatment time (usec) pH Titration acidity (%)
0 6.6 0.15
26.25 6.59 0.152
525 6.58 0.153
105 6.58 0.155
155 6.58 0.16
210 6.57 0.166
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This indicates that continuous PEF pasteurization
technique is a great energy efficient process comparing
with conventional thermal process for pasteurization of
raw milk with a similar sterility. Biziak ef al. (12) reported
that the energy required for manufacturing processed milk
with a continuous pasteurization system at 138-149°C was
estimated from 357.9 to 697.6 kl/kg. Chandarana et al.
(13) also estimated required energy as 217-667 kJ/kg
when milk was processed at 120-140°C. Furthermore,
titration acidity and pH were not affected by the PEF
treatment conditions dealt in this study (Table 1). These
results indicate that PEF treatment of milk has no effect on
milk quality and is suitable to milk pasteurization.

Inactivation Kkinetics The inactivation of 3 test
organisms increased with increasing the electrical field
strength when the field strength, E, exceeded a critical
value E. (Fig. 2). According to the reports of Grahl and
Markl (14), the microbial survival fraction, S, is related to
the electric field strength, E, as following equation:

In S =- kg (E-E) @)

where, kg: regression coefficient or death rate constant,
E: applied electrical field in kV/em, E.: critical electrical
field obtained by the extrapolated value of E for 100%
survival,

Table 2 shows the results for estimating critical
electrical field strength at different treatment temperatures.
As shown in this Table, the values of E. decreased with
increasing treatment temperature for all tested
microorganisms in this study. B. stearothermophilus
showed slightly higher value of E, than those of E. coli
and P fluorescens. Hilsheger et al. (15) proposed an
inactivation kinetic model that relates microbial survival
fraction, S, with total PEF treatment time (t) in the form of:

InS =k (t-t.) 3)
1
101
10-2 O
’8 10’3
£
z
= 10
2
k3t
= -
& 107
=
z
't 1076
F
@n
107
108
EC
100 -

0 10 20 30 40 50 60 70
Electric field intensity (kV/cm)
Fig. 2. Dependence of the fractions of surviving cells of E. coil

on the electric field intensity of PEF treatment at 50°C. 4
26.25 psec, A 52.5 psec, M 105 psec, @155 psec, [1 210 psec.
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Table 2. Electrical parameters of microorganisms from regressive analysis

Temperature E., Critical electric field strength (kV/cm) T,, Critical treatment time (usec)
Q) E. coli P, fluorescens  B. stearothermophils E. coli P, fluorescens  B. stearothermophils
10 28 27 28 24 26 40
30 24 25 27 23 22 32
40 22 23 24 22 14.1 28
50 21 21 21 18 8.3 25
1 further studies are needed.
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