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Summary

Pulsed electric field (PEF) processing involves the application of pulses
of voltage for less than one second to fluid products placed between two
electrodes. Streptococcus thermophilus is an important bacterium used for the
production of fermented dairy products. Objective of this study was to
determine the influence of a mild PEF condition on the growth and protease
activity of Streptococcus thermophilus. A range of mild pulsed electric field
conditions were earlier screened by the author to arrive at an optimum overall
mild pulsed electric field condition for various probiotic characteristics.
Freshly thawed Streptococcus thermophilus was suspended in 0.1% w/v sterile
peptone water and treated in a pilot plant PEF system. The treatment was a
mild PEF condition of positive square unipolar pulse of 3 ps, pulse period of
0.5 sec. and voltage of 1 kV/cm. Control was run through PEF system but
without receiving any pulsed electric field condition. Control and treated
samples flow rates were kept constant at 60 ml/min. Samples were
individually inoculated in lactobacillus MRS broth. Samples were plated in
duplicate. Pour plates were incubated aerobically at 37°C for 3 days. Growth
was determined hourly for 20 hours. The extracellular protease activity of
Streptococcus thermophilus was determined by the o-phthaldialdehyde (OPA)
spectrophotometric assay. Experiments were replicated three times.The
control and mild PEF treated samples had the same counts of 10.97 (+/- 0.25)
log cfu/ml at O hour. The mild PEF treated samples reached the log phase an
hour earlier than control. Although at most time points, counts were within the
same log cfu/ml for the control and treated samples, the mild PEF treated
samples had significantly (p<0.05) higher counts compared to control for most
of the time points over the 20 hours of growth. The mild PEF condition
enhanced growth of Streptococcus thermophilus. Mild PEF treatment
conditions had a significant influence on the protease activity of
Streptococcus.thermophilus where a significant enhancement in its proteolytic
activity compared to the control has been detected.
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Introduction

Pulsed electric field (PEF) is a non-thermal treatment that offers the
advantage of inactivating microorganisms with minimal impact on quality and
nutritional factors (1). Microbial inactivation by PEF is affected by many
factors which, in decreasing order of importance, include: electric field
strength, treatment time, number of pulses, pulse wave shape, processing
temperature, type of microorganism, microbial growth stage, electrical
conductivity of the food, viscosity, pH of the food and the presence of
antimicrobials (2,3,4and5). Microbial inactivation increase with an increase in
the electric field intensity, above the critical transmembrane potential (6) which
was found to be in the range of 1V (7) leading to permeabilization of the
membrane by pore formation. Below critical values of electric field strength
cell damage was reversible and both the metabolic activity and membrane
integrity were initially reduced without loss of viability, above the critical
values, however, irreversible cell damage occurred (8,9and10). It is well
known that most if not all microorganisms are practically unaffected by electric

21



Iragi J. Vet. Med. 34 (2): 20 — 29; ( 2010).

fields of less than about 4-8 kV/cm (11). Garcia (12) confirmed that the
transient reversible pores by mild PEF would mechanically reseal in less than
two minutes after removing the electric field and the process may involve a
structural reorganization and resealing rather than a synthesis of new
components. Several consensus documents have acknowledged the probiotic
nature of yogurt cultures and this includes the report of the Joint Food and
Agriculture Organization/World Health Organization working group (13), the
International Scientific Association for Probiotics and Prebiotics workshop
consensus document (14), and the Lancet review on gut flora in health and
disease (15). Guarner (16) concluded that the yogurt starter culture clearly
fulfill the current concept of probiotics. Streptococcus.thermophilus and L.
bulgaricus were reported to improve digestion absorption and reduce the risk
of lactose intolerance symptoms (17,18and19). They reduce antibiotic-
associated diarrhea ,produce anti ulcer effects, prevent chronic gastritis, reduce
the incidence rate of diseases like colorectal cancer and necrotizing entero
colitis (16,20,21,22and23). Yogurt containing these two strains was used in the
management of acute diarrheal disorders as recommended by the World Health
Organization (24and25). Yogurt consumption enhanced the immune system in
the immune compromised people (16,26and27). It was reported that a
probiotic mixture containing Streptococcus. thermophilus was successful in
increasing the immunity of HIV infected children (28). Yogurt bacteria have
been detected in faeces of human subjects consuming yogurt (29and30). Most
of the published works were focused on microbial inactivation by high
intensity pulsed electric field (10-50 kV/cm) (31,and32). However, there is a
lack of literature and only limited information available concerning the effects
of mild PEF on friendly bacteria and have not received much attention.
Accordingly, our objective of the present study then was to understand the
influence of mild PEF (1 kV/cm) on the growth characteristics of
Streptococcus salivarius subsp. thermophilus ST-M5.

Materials and methods

The control and PEF treatment samples were prepared by inoculating 10 ml
of freshly thawed pure frozen concentrated stock culture of Streptococcus
thermophilus ST-M5 (F-DVS ST-MS5, Chr. Hansen’s Laboratory, Milwaukee,
WI, USA) into 990 ml of sterile 0.1% (w/v) peptone water and pumped through
while being exposed to the electric field at elevated PEF treatment temperature
(40.5°C). The control run through PEF system but without receiving any PEF
condition. A range of mild pulsed electric field conditions were earlier
screened by the author to arrive at an optimum overall mild PEF condition for
various probiotic characteristics. The treatment was mild PEF condition of
positive square unipolar pulse width of 3 ps, pulse period of 0.5 sec., voltage of
1 kV/cm and flow rate of 60 ml/min. The equipment used to apply the different
PEF conditions in this study was an integrated continuous fluid handling pilot
plant processor (OSU-4M, Columbus, OH, USA ). The PEF processor consist
of four (2 pairs) co-field tubular treatment chambers, each chamber contains
two stainless steel electrodes separated by a gap of 0.29 cm. Prior to testing the
PEF equipment was cleaned and sanitized with 5% sodium hypochlorite
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solution and then rinsed thoroughly with three liters of sterile distilled water.
Growth characteristics analyses was determined hourly throughout 20 hours,
where 10 ml of each of control and PEF treated samples were transferred into
90 ml of MRS broth individually and incubated aerobically at 37°C. 1 ml
samples were taken hourly and ten-fold diluted in a sterile 0.1% buffered
peptone water and plated in duplicates by using Streptococcus thermophilus
agar (33). Pour plates were incubated aerobically at 37°C for 72 hours before
enumeration.  Experiments were replicated three times. The extracellular
protease activity of Streptococcus salivarius subsp. thermophilus ST-M5 was
determined by the o-phthaldialdehyde (OPA) spectrophotometric assay
according to the method described by Oberg (34). Streptococcus salivarius
subsp. thermophilus ST-M5 in control and pulsed electric field (PEF) treated
samples was inoculated (10% {v/v}) into sterile skim milk (autoclaved at
121°C for 15 min.), and incubated at 37°C for 0, 12, 24, 36, and 48 hours.
After incubation, 2.5 ml from each sample was mixed with 1 ml distilled water
and transferred into test tubes containing Trichloroacetic acid (TCA) and the
test tubes were vortexed at the same time. After setting at room temperature
for 10 minutes the acidified samples were filtered through a Whatman Number
2 filter paper .Non-inoculated sterile skim milk was prepared similarly to use as
a reference in the assay. Duplicate aliquots from each TCA filtrate were
analyzed by the o-phthaldialdehyde (OPA) spectrophotometric assay using an
UV-Vis spectrophotometer (Nicolet Evolution 100, Thermo Scientific;
Madison, WI, USA). One hundred and fifty ul of each TCA filtrate were
mixed with 3 ml of o-phthaldialdehyde final solution in a 3 ml cuvette, and the
absorbance at 340 nm was read. The absorbance of the o-ohthaldialdehyde
final solution with non inoculated sterile skim milk (reference) was subtracted
from each sample reading. The o-phthaldialdehyde final solution was used as a
blank to calibrate the UV-Vis spectrophotometer.These experiments were
replicated three times.

Results

The growth curve of Streptococcus salivarius subsp. thermophilus ST-M5
subjected to the positive square unipolar pulse width of 3 us for pulse period of
0.5 sec. using voltage of 1kV/cm at elevated PEF treatment temperature
(40.5°C) over the growth curve periods of 20 hours are shown in Figure 1. PEF
treatment*hour interaction effect was significant (p=0.0117) (Table 1). The
control and the mild PEF treated samples had the same counts of 10.97 (+/-
0.25) log cfu/ml at O hour. The mild PEF treated samples reached the log
phase an hour earlier than the control. From hours 2 to 5, there were significant
(p<0.05) differences between the control and that subjected to PEF treatment
(Table 2). The PEF treatment effect had significant (p=0.0002) influence on
the growth curve (Table 1). The exponential (log) phase of the growth curve of
that subjected to PEF treatment was significantly (p<0.05) higher than that of
the control. Although at most time points, counts were within the same log
cfu/ml for the control and PEF treated samples, the PEF treated samples had
non significantly (p<0.05) higher counts compared to the control for both the
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stationary and decline phases of the growth curve. The mild PEF conditions
significantly (p<0.05) enhanced the growth of the Streptococcus salivarius
subsp. thermophilus. The Streptococci counts (log cfu/ml) of both the control
and PEF treated samples increased significantly (p<0.0001) during the log
phase and decreased significantly (p<0.0001) during the decline phase (Table
1) .The Optical Density (OD) values of the protease activity subjected to the
same PEF conditions over the five time points of 0, 12, 24, 36 and 48 hours are
shown in Figure 2. PEF treatment*hour interaction effect was non significant
(p=0.4223) (Table 1). There were significant differences (p<0.0001) in the
proteolytic activity of the control samples between 0, 12 and 24 hours of
incubation at 37°C whereas non significant (p>0.05) differences were found
between 24, 36 and 48 hours of incubation at 37°C. There were significant
(p<0.01) difference in the proteolytic activity of the PEF treated samples
between 0, 12, 24 and 36 hours of incubation at 37°C while non significant
(p>0.05) differences were found between 36 and 48 hours of incubation at
37°C. At hours 0 and 24, there were no significant (p>0.05) differences among
the control and the PEF treated samples. At hours 12, 36 and 48 the protease
activity subjected to the PEF treatment were significantly (p<0.05) higher
compared to the control (Table 2). PEF treatment effect had significant
(p=0.0005) (Table 1) influence by enhancing the protease activity of
Streptococcus salivarius subsp. thermophilus ST-M5.

Discussion

Some studies reported that electrical treatment could affect cell physiology
(35). Garcia (12) confirmed that the transient reversible pore would be
mechanically resealed in less than two minutes after removing the electric field
and the process may involve a structural reorganization and resealing. The
application of moderate electric field (MEF) (1 V/cm) at frequency of 60 HZ
have been shown to alter the metabolic activity of the microbial cells (36). The
application of MEF at different frequencies and waveforms during
fermentation altered some of the growth kinetics of L. acidophilus (37). MEF
treatment with purely sinusoidal waveforms at frequencies of 45 and 90 at 30°C
produced a shorter lag phase than conventional (control) fermentation of L.
acidophilus OSU at the same temperature and the fermentation process was
accelerated by applying pure sinusoidal MEF at the early stage of growth and
concluded that the MEF fermentation could add economic benefits by
decreasing the fermentation time (37). However, recent studies under
controlled temperature conditions have shown that MEF accelerate growth in
the early stage, but inhibits growth at the late stage of fermentation of L.
acidophilus (39) and Lactococcus lactis (39). In general, enzymes require more
severe high intensity PEF treatment than microorganisms to obtain significant
Inactivation (40&41). Pilar and Antonio (42) suggested that the PEF could
originate small conformational changes leading to enhanced proteolytic
activity. Bendicho, (41) studied PEF treatment on Bacillus subtilis protease
and reported that an enhancement in proteolytic activity was found when the
PEF treatment was carried out in milk.
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Table 1: Mean square (MS) and Pr>F of PEF treatment, hour, and their interaction for
growth and protease activity of Streptococcus thermophilus.

Source Growth Protease activity

MS Pr>F MS Pr>F
PEF treatment 0.1911 0.0002 0.0013 0.0005
Hour 0.6703 <0.0001 0.0075 <0.0001
PEFtreatment*hour 0.0259 0.0117 0.0001 0.4223
Error 0.0125 0.0001

Table 2: Least square means for growth characteristics and protease activity of
Streptococcus thermophilus as influenced by pulsed electric field.

Treatment Growth Protease activity
LSMean LSMean
PEF 11.6164 A 0.0937 A
Control 11.5365 B 0.0804 B

LS Means with the same letter are not significantly different ( p>0.05)

25




Iragi J. Vet. Med. 34 (2): 20 — 29; ( 2010).

12
11.8
= 116
£
-
3
()
g
S 114
= ]
e}
c
3
o
T 112
§ =+ Control
frer) B
i‘,‘ &= pEF
& 1
10.8 -
106 T T T T 1
0 5 10 15 20 25
Incubation time {hr)
Figure 1 : The influence of mild pulsed electric field (PEF)on the
growth characteristics of Streptococcus thermophilus
0.14
0.12 — —
—— —
0.1
£
=
(=]
& 0.08
®
(7]
Q
2 0.06
@©
>
[a]
o 0.04 == Control
—f—PEF
0.02
O T T T T T 1
0 10 20 30 40 50 60

Incubation time (hours)

Figure 2: The influence of mild pulsed electric field (PEF) on
protease activity of Streptococcus salivarius subsp. thermophilus
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