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Abstract

The effect of electrical treatment on the growth of Saccharomyces cerevisiae in a simple fermentor with ohmic
heating system was studied. We applied alternating electric fields of 15 V and 60 Hz to the fermentor during
the entire fermentation period. The lag period decreased slightly by the use of electricity, but was not
significantly different (p>0.05) from the heating method. The maximum growth rate constant, generation time,
and maximum growth of S. cerevisiaze were not affected significantly by the electrical treatment. The production
of alcohol increased slightly by the use of ohmic heating. Results show that measurement of electric current
when ohmic heating is done at a constant voltage maybe used in monitoring such fermentations. In conclusion,
growth patterns of the yeast were not affected significantly under ohmic heating, but alcohol production was
stimulated. Electrical treatment is potentially useful in certain applications related to fermented foods.
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Introduction

In recent years, the world's food industry has
shown renewed considerable interest in technologies
utilizing electrical energy directly into processing.
Research in this area provides the processor with
the opportunity to produce new, high quality, shelf-
stable products with alternative sterilization techniques.
Today, applications of electric fields have been widen-
ed to morphology, genetics, biochemistry, physiology,
biotechnology etc.. Interaction of microorganisms
with the electric fields has intrigued food micro-
biologists for many years. Most previous studies
on this interaction dealt with microbial inactivation.
Palaniappan et al. (1992) reported no significant
lethal effect by electricity at field strengths commonly
associated with ohmic heating. However, sublethal
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electrical pretreatment of food has sometimes reduced
the subsequent thermal inactivation requirement.
At high-field strengths associated with electropora-
tion techniques and high-pulsed electrical fields
(Palaniappan et al, 1990: Castro et al, 1993:
Pothakamury et al, 1995: Zhang et al, 1994),
microorganisms are inactivated, probably due to
disruption of the cell membrane.

Information about the interaction of sublethal
electric fields with growth and metabolic activity
of microorganisms is currently limited. In vitro
studies of low frequency electric and electromagnetic
fields have revealed various effects, depending on
electrical parameters on the one hand and physio-
logical state of cells on the other (Berg, 1993).
Varieties of effects have been reported: both inhibition
and stimulation of cell growth (Rowley, 1972:
Shimada and Shimahara, 1977: Fiedler et al., 1995:
Cho et al., 1996), increased productivity (Hongo
and Iwahara, 1979: Grosse et al., 1988: Kerns et
al., 1993), changes in respiration processes (Berg,
1987: Berg, 1993: Beschkov and Peeva, 1994) etc..
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Impedance measurement methods (Firstenberg-
Eden and Eden, 1984: Ci et al., 1997) have been
used for automated monitoring of microbial growth
and metabolism. The changes of impedance are
associated with changes in medium composition
following growth of microorganism. However, some-
times contradictory results have been reported in
these area, because the targets and experimental
conditions are not always identical. Sublethal ohmic
heating is potentially useful for doing electrical
treatments in fermentation of viscous and particulate
media. Homogeneous heating of such media may
be achieved easily when ohmic rather than conven-
tional heating is applied. Accordingly, the aim of
this research is to study the growth kinetics of a
selected yeast under ohmic, compared with conven-
tional, heating methods. Additionally, possible alter-
nation of the metabolic activities of this yeast by
electrical treatments using the sublethal ohmic heating
system was considered.

Materials and Methods
Organism

Saccharomyces cerevisiae was obtained from a
commercial strain of Fleischmann's Yeast (ATCC
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7754, Burns Philp Food Inc., USA) and was used
throughout this study. The culture was maintained
as a frozen stock at -20°C in Tryptose broth (Difco,
Detroit, MI) containing 10% glycerol (Sigma Che-
mical Co., St. Louis, MO). Before use, the cuiture
was inoculated into Tryptose broth at 1% level
and incubated at 30°C for 24 h in a shaker. This
was followed by a second transfer under the same
conditions.

Ohmically Heated Fermentor

An experimental fermentor for doing electrical
treatment with ohmic heating system is shown in
Fig. 1 and described in detail in Cho et al. (1996).
The time, pH, temperature, ODy,, voltage and current
data were collected by a data logger (ISAAC 91A,
Cyborg Co., Newton, MA) linked to a microcomputer.
For fermentation under conventional heating, a similar
fermentor assembly was used except the device
for supplying electricity.

Ohmic and Conventional Fermentation
Fermentation was carried out in a fermentor eq-
uipped with conventional or ohmic heating devices.
Ohmic heating was achieved by passing alternating
current of 60 Hz such that a constant voltage of 15 V
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Fig. 1. Schematic diagram of the experimental setup.
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was supplied. A constant temperature was maintained
during fermentation under ohmic heating by inter-
mittently circulating cooling water through the
water circulation coil. The flow of cooling water
was adjusted by a controller (MIC 2000 series, The
Partlow Co., New Hartford, NY). The temperature
of the cooling water was 10~15°C. For conventional
heating, the fermentor was maintained at a constant
temperature by continuously circulating controlled-
temperature water through the water circulation coil.
Three temperatures (20, 25, and 30°C) were tested
in these experiments. The fluctuations around the
set temperature were +0.3 and 1:0.5°C for conven-
tional and ohmic heating, respectively. The average
room temperature during these fermentations was
22°C.

The fermentation vessel was filled with 2.0 L of
Tryptose broth and autoclaved at 121°C for 20 min.
The medium in the fermentation vessel was agitated
for 30 min prior to inoculation using a magnetic
stirrer. The culture of S. cerevisiae, which was pre-
pared as indicated earlier, was inoculated at 0.01%
(v/v) of the medium volume. Data were collected
during fermentation at 30 minutes interval by a
microcomputer. Changes in metabolic activity were
determined in samples from the fermentations at
25°C; these samples were collected manually into
sterile culture tubes at 2~5 hours interval.

Assay Methods

Samples of fermented medium were centrifuged
at 12,000 g for 20 min. Cell-free supematant was
filtered through a 0.45-pm-pore-size filter (Gelman
Sciences, Ann Arbor, MI). Glucose and ethanol in
culture filtrate were analyzed with high performance
liquid chromatography (Ringbom et al., 1996: Cho
et al., 1996). The HPLC system (Waters Associates,
Inc., Milford, MA) consisted of an autosampler
(Waters, WISP 712), an ion exclusion column (HPX-
87X, Bio-Rad, Richmond, CA), a programmable
multiwavelength detector (Waters, model 490), a dif-
ferential refractormeter (Waters, model 410), and a
386-class microcomputer loaded with a data acqui-
sition software (Waters, Maxima 820 workstation).
A 10-uL culture filtrate, or dilutions thereof, was
injected into the HPLC and eluted with 0.005 M
H,SO. which was pumped at a flow rate of 0.6

mL/min.

Data Analysis

Fermentations were repeated three times for each
treatment, and the averages of growth parameters
were reported. Data on metabolic changes at 25°C
(i.e., glucose consumption and ethanol production)
were obtained from two trials. The cell growth
was monitored by measuring the optical density of
cultures at 610 nm (ODs,). The cell counts [log
of the colony forming units (CFU)/mL] was calculat-
ed from ODy, readings using a calibration curve,
which was obtained as follows: Cells of S. cerevisiae
were collected from 250 mL of fermentation broth by
centrifugation and resuspended in 10 mL of distilled
water. A series of dilution were then made from the
concentrated cell suspension and ODg, was meas-
ured. Counts of S. cerevisiae in this series of cell
suspensions were determined by plating appropriate
dilutions onto Plate count agar (Difco, Detroit, MI)
plates. The plates were incubated at 30°C for 48 h
and colonies were counted. A linear relationship be-
tween log, (ODs) and log,e (CFU/mL) was obtained
and used to estimate the cell counts in subsequent
experiments. Growth data were fitted by the follow-
ings:

(1) Monod's model (Han and Floros, 1998):

In (Y/Y1)=p (X-X0) 1)

where X is the time (in hours), Y is the number of
cells (in CFU/mL), and p is the growth rate constant
(in hours™). The growth rate constant was calculated
by the average value of Eq. (1) of three replications
at the logarithmic growth stage, to give the linear
slope. The maximum growth rate constant (Mue)
was determined by the maximum value of the
growth rate constant.

(2) Gompertz model (Zwietering et al., 1992:
Cho et al., 1996):

Y=A+C exp (-exp(-B(X-M))) @

where Y, is log, (CFU/mL), X is the time (in hours),
and A, B, C, and M are the model parameters. The
“Nonlin" module of the Systat statistical program
(Systat, Inc., Evanston, IL) was used to estimate
the parameters of Eq. (2). Growth parameters were
calculated as follows (Cho et al, 1996): Lag period
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(in hours) equals M~(1/B), minimum generation time
(in hours) equals (log,2)e/(BxC), and maximum
growth (in log:o(CFU/mL)) equals A+C.

Data on growth parameters were analyzed statis-
tically using the General Linear Model of the SAS
statistical program (SAS Institute Inc., Cary, NC).
The multiway analysis of variance was performed
using trial, method of heating, and temperature of
the fermentation as treatment factors. Methods*
Temperature interaction was also included in the
statistical model. When treatment factors were signi-
ficant, Tukey's studentized range test was used for
multiple comparison of means.

Results

Electrical Treatment for Fermentation

The growth pattern of S. cerevisiae and a con-
dition of electrical treatment are shown in Fig. 2.
The electrical current passing in the fermented
medium at 25°C, under a constant voltage of 15 V
and a frequency of 60 Hz, decreased with the
progress of growth. Most of the changes in the
current occurred at the early exponential phase.
Some of the variability in the measured current
may be caused by the noise from the electrical
source, the high ionic strength of the medium, and
lack of accuracy and sensitivity in measuring devices
at the level of current used in this study (1.43~1.53
A). However, it may be concluded from Fig. 2
that current measurements follow approximately
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Fig. 2. Changes in voltage (---), temperature (--), current
(---), pH (-:-) and growth (—) during fermentation
under ohmic heating.

the changes in the growth of S. cerevisige during
fermentation.

Growth Characteristics

Differences in growth characteristics of S. cere-
visine were observed when Tryptose broth was
fermented under ohmic and conventional heating
(Tables 1 and 2, and Fig. 3). Statistical analysis of
data is shown in Table 1, and the average values
of growth parameters and the statistical comparison
of means at 0.05 probability (p) level are shown in
Table 2. The maximum growth rate constant was
not affected significantly (p>0.05) by the method
of heating and the interaction between the method
of heating and temperature of fermentation. However,
an increase in temperature of fermentation increased
the maximum growth rate constant significantly (p<
0.01, Tables 1 and 2).

The lag period decreased slightly by the use of
ohmic, rather than conventional, heating. But it
was not affected significantly (p>0.05) by the method
of heating and the interaction between these two
factors. The generation time for S. cerevisiae was
not significantly different (p>0.05) by the heating
method. An increase in temperature of fermentation,

Table 1. Analysis of variance for growth parameters
as affected by method of heating and fermentation tem-
perature

Degree of Mean Probability

Source freedom s ®)

Maximum growth rate constant

Trail 2 0.000 0.497
Method 1 0.000 0.527
Temperature 2 0.047  0.000
Methods*Temperature 2 0.000 0.661
Lag period
Trail 2 0.107 0.468
Method 1 0.515  0.075
Temperature 2 10.922  0.000
Methods*Temperature 2 0.090 0.525
Generation time
Trail 2 0.033  0.369
Method 1 0.037 0.294
Temperature 2 2129 0.000
Methods*Temperature 2 0.025 0.463
Maximum growth
Trail 2 0.194  0.065
Method 1 0.032 0459
Temperature 2 0.052 0412
Methods*Temperature 2 0.055 0.394
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Table 2. Growth parameters for S. cerevisiae during fermentations under chmic and conventional heating

Growth parameter*

Heating Fermentation
method temperature (°C) Haax Lag period Minimum Maximum
@& ) generation time (h)  (logew CFU/mL)
Treatment
Conventional 20 0.155" 5.126" 1.947* 7377
Ohmic 20 0.154* 4.510" 1.951* 7.400*
Conventional 25 0.278° 3.579" 1.085* 7.249*
Ohmic 25 0.270" 3424 1.114° 7.180"
Conventional 30 0.327" 2.242° 0.191* 7.094*
Ohmic 30 0.327 1.198* 0.131% 7.392*
Main factors
a. Method
Conventional 0.253° 3.649" 1.238" 7.240"
Ohmic 0.251* 3310 1.328" 7.324°
b. Temperature
20 0.155° 4.818" 1.949* 7.388°
25 0.274" 3.501™ 1.099" 7.215"
30 0327 2.120™ 0.801™ 7.243°

*: Means within each data column with the same superscripts are not significantly different at «=0.05.

however, decreased the lag period significantly (p<
0.01, Tables 1 and 2).

Interestingly, the maximum growth was not affect-
ed significantly (p>0.05) by the method of heating,
temperature of fermentation, and the interaction be-
tween these two factors (Tables 1 and 2).

Ethanol Production

Trpytose broth was fermented at 25°C for 25 h
under ohmic and conventional heating, and changes
in glucose and ethanol concentrations were monitored
(Fig. 3). The pattern of glucose consumption in ohmic
heating was not different from that in conventional
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Fig. 3. Changes in growth, glucose, and ethanol during
fermentation of Tryptose broth by. S. cerevisiae at 25°C
under ohmic (—) and conventional (--+) heating.

heating. However, the ethanol production increased
slightly by the use of ohmic, rather than conventional,
heating.

Discussion

In recent years, the low frequency (LF) or d.c.
electrostimulation of cell proliferation reveals positive
and negative electric effects for many animal and
bacterial cells (Berg, 1987 and 1993: Cho et al,
1996), whereas for yeasts only few results have
been published until now: C. albicans, d.c. (below
57 V/em; 20 mV/cell), inhibition of germ tube
extension (cited by Fiedler et al, 1995); C. albicans,
d.c. (below 1 mA), inhibition of growth (cited by
Fiedler et al., 1995); Saccharomyces cerevisiae, a.c.
(below 200 V/cm, 10 kHz), increase in cell division
and orientation of budding (cited by Fiedler et al,
1995). In addition to these generally positive or ne-
gative results for certain ranges of polarization of
some microorganisms, specific (positive or negative)
electric effects have been detected for other cells,
e.g.,: Escherichia coli B, a.c. (0~110 mA, using a
power supply source of 100 V and 50 Hz), no
effect for growth lag of E. coli (Shimada and
Shimahara, 1977); Brevibacterium flavum, d.c. (200~
300 pA/em®, 1.5 V), a positive effect (increase, +
10%) for yield of L-glutamic acid (Hongo and
Iwahara, 1979); Acetobactor suboxydans, d.c. (be-
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tween 5 and 30 pA), a positive effect (increase, +
80%) for the specific growth rate (Beschkov and
Peeva, 1994), no effect was found for human fibro-
blasts (HF-19), a.c. 50 Hz, 2 mT (Cridland et al,
1993), but only this one magnetic flux. Comparing
these results one can assume that electrical effects
for proliferation can be detected at small d.c. or
(induced) a.c. LF fields, but the experimental details
available in the literature are insufficient.

The current study illustrates the difficulty in making
generalized conclusions about the effect of electricity
on yeast growth and survival. S. cerevisiae, used
in this study, is a baker's yeast with significance to
the bakery industry and human health. I used an
electric current to directly heat a medium fermented
by this yeast. This electrical treatment, when com-
pared with conventional heating, decreased the lag
period of S. cerevisiae slightly, and the generation
time, maximum growth, and the maximum growth
rate constant was not affected significantly (p>0.05).
Additionally, ohmic heating and temperature of
fermentation did not cause significant changes (p>
0.05) in the maximum growth, but temperature of
fermentation was affected significantly (p<0.01) in
the generation time, the specific growth rate, and
the lag period (Table 1). Therefore, we can assume
that the electric current enhances the early stages of
growth. It appears that the heating method caused
fewer differences in growth patterns and metabolic
activities of S. cerevisiae.

Glucose consumption and production of ethanol
were used as indicators of the metabolic activity
during fermentation. Magnitude of glucose consump-
tion appears to depend on the cell density in the
fermented medium, but the production of ethanol
increased slightly by the use of ohmic, rather than
conventional, heating.

Additional investigation is needed to explain the
short lag period and the trend of increasing produc-
tivity observed under ohmic heating; however, a
hypothesis about this phenomenon will be discussed.
As a illustration by Cho et al. (1996), 1 assume
that the oscillating electric field used in this study
can dislodge the polar antimicrobials (which are
found at low levels in culture media) adhering to
cell walls and membranes. This may have improved
the absorption of nutrients and minimized the inhi-

bitory action of fresh medium, thus shortening the
lag period and increasing the production of ethanol.
This study provided evidence that heating complex
fermenting media by direct application of electric
current may be useful in the food industry. In
conclusion, the use of electricity to maintain the
temperature during fermentations altered a few growth
pattern and some metabolic activities of S. cerevisiae.
Phenomena such as decreasing the lag period and
increasing production of ethanol may be utilized
beneficially in the food industry. In addition, we
may be able to monitor the progress of the fermenta-
tion by measuring the current passing through the
fermentor when the voltage remains constant.
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