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Effect of ohmic heating application on Salmonella

Enteritidis in liquid whole egg

ABSTRACT Hatice Ahu Kahraman'?

1b
Liquid eggs have high nutrient levels and are prone to spoilage. Although pasteurization Aleyna Gacar

can reduce the risk of pathogenic microorganisms in liquid eggs, high temperatures can
damage the egg’s basic components and structure. Ohmic heating (OH) is a food
processing technique that is applied to inactivate food pathogens and causes less change
in the nutritional profile. This study aimed to investigate the inactivation level of
Salmonella enterica subsp. enterica serovar Enteritidis (S. Enteritidis) in liquid eggs by * Department of Food
different voltage gradients of ohmic heating. Inoculated liquid egg samples with S. Hygiene and Technology,
Enteritidis PT4 (NCTC 13349) were exposed to OH at 5V/cm, 10V/cm, and 20 V/cm || Burdur Mehmet Akif Ersoy
for 5 minutes. The results showed that OH at 20 \//cm reduced S. Enteritidis counts by || University, Burdur, Tiirkiye
about 4 logs (65.6% reduction) in 4 minutes without coagulation, while OH at 5V/cm
and 10 V/cm had no significant impact. In conclusion, the effectiveness of OH for
inactivating pathogens in liquid eggs depends on the electric field intensity and the
duration of treatment. Therefore, the best OH conditions should be chosen carefully to

ensure food safety and quality. ORCID-
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NTRODUCTION

The egg is a food with high biological value due to the
exogenous amino acids, vitamins, and minerals it contains, and Correspondence
it has an essential place in human nutrition. Egg and egg Hatice Ahu Kahraman
products are used in the production of pasta, mayonnaise, confectionery, | h.ahuerdem@mehmetakif.edu.tr
and ice cream for functions such as coagulation, emulsification, adding
flavor color to the product, and increasing its nutritional value (Yiiceer,

2019). Since eggs are widely used in producing of many food products Article info
and provide a suitable environment for the growth of microorganisms Submission: 14-04-2023
due to their high biological value, they can be contaminated with various Accepted: 03-07-2023

pathogens during production and processing (Dogruer et al.,2015). Due
to the significant health risks, eggs should not be consumed raw and
should be subjected to heat treatment before use. It should be noted that
especially dirty, cracked, broken, or insufficiently heat-treated eggs and
egg products can cause Salmonella infection (Anonymous 2001; Braden
2006). The most common serotype isolated from egg, eggshell, and egg-
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borne outbreaks is S. Enteritidis (Martelli and Davies, 2012, Keyvan et e-1SSN: 2548-1150
al., 2023). Since the early 1980s, S. Enteritidis phage type 4 (PT4, doi prefix: 10.31797/vetbio
multidrug-resistant forms) has grown significantly more common in hitp://dergipark.org.tr/vetbio

poultry and humans (Gtosnicka and Dera-Tomaszewska, 1999).
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Due to the role of eggs in foodborne illnesses,
pasteurized liquid egg products that are
microbiologically safer and easier to use are
demanded by food producers (Nemeth et al.,
2011). The pasteurization aims to reduce the risk
of pathogenic microorganisms in the product and
preserve liquid eggs' physical and functional
properties. In the heat treatments applied for
pasteurization, the highest possible temperature
is tried to be used to reduce the risk of pathogens.
These temperature degrees are 58-65.5°C for
2.5-5.0 min for a liquid whole egg, 58-63°C for
2.5-4.0 min for a liquid egg yolk, and 55-57.2°C
for 1.0-8.0 min for egg white (Liang, 2007).

Nowadays, alternative processing methods that
allow safe products to be obtained by preventing
all the negative effects caused by heat treatment are
becoming increasingly important. In addition, with
the increasing demand for healthy and safe food by
conscious consumers, the food industry has
entered into new searches in food processing
technologies. Ohmic heating (OH), an innovative
food processing technique, is based on the
principle that the food placed between two
electrodes heats up due to the resistance it shows
against the applied electric current (Baysal et al.,
2011). Although there are many publications on
the applicability of OH in different solid and liquid
media (Balpetek and Giirbiiz, 2015; Icier and
Bozkurt, 2011; Kim and Kang 2015; Park and
Kang, 2013; Tian et al., 2019), there is no study has
been found on the inactivation of Salmonella
Enteritidis in liquid eggs by OH. This study aimed
to evaluate the effectiveness of OH applied at
different electric field intensities on the
inactivation of S. Enteritidis, which poses a health
hazard in liquid eggs.

MATERIALS AND METHODS

Sample preparation

In the research, pasteurized liquid whole eggs
obtained from the local markets of Burdur
province were used. For sterility control of the
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liquid eggs used, 25 mL sample was taken and
placed in 225 mL buffered peptone water (Oxoid,
CMO0509) and incubated at 35 + 2°C for 24 + 2
hours (Berrang et al., 1991). Then, 0.1 mL
bacterial culture was incubated in 10 mL
Rappaport-Vassiliadis broth (Oxoid, CM0669) at
42 + 0.2°C for 24 + 2 hours. After that, it was
checked whether it was contaminated with
Salmonella by spreading it on XLD agar (Merck
1.05287) using the spread plate method (Andrews
et al.,2016). The S. Enteritidis PT4 (NCTC
13349) was inoculated into a 10 mL Tryptic Soy
Broth (TSB) (Merck 1.05459) and incubated at
37°C for 18 hours. Then, it was centrifuged at
5000 g for 20 minutes to remove the supernatant.
Pellets were washed twice with sterile 0.9 % NaCl
and the pellet suspend into a 0.1% peptone
suspension. To enumerate bacterial cells, they
were serially diluted in 0.1% peptone water and
sprouted on XLD agar (Merck, Germany). The
plates were then incubated at 37°C for 24-48
hours. The final concentration of S. Enteritidis
cells in liquid egg was confirmed to be
approximately 107 CFU/mL using the spreading
plate technique.

Experimental equipment

The OH unit used in the experiment was based
on a previous study by Ozkale and Kahraman
(2023). The OH device consisted of 304 L
stainless  steel  electrodes, a K-type
thermocouple, a microprocessor, a personal
computer, a power supply (AC, 50Hz, 10 A, 0-
250 V), a magnetic stirrer and a heating unit.
During the heating process, time and temperature
changes were recorded using a microprocessor
connected to a personal computer. Two hundred
mL liquid whole egg samples inoculated with S.
Enteritidis PT4 (1 mL) were subjected to 5V/cm,
10V/cm and 20 V/cm in the OH treatment. All
experiments began at 23.5°C and were continued
until the temperature at the core of the liquid egg
reached 57°C. This temperature was regarded as
the end of the heating.
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Enumeration of cells

A mL of liquid egg sample cooled with ice was
serially diluted in 0.1% peptone water. The
dilutions were plated onto XLD agar to count the
viable ones and onto XLD+TSA (XLD-TSA) to
count both injured and uninjured bacterial cells.
All plates were incubated at 37°C for 24-48
hours before counting the colonies. The sub-
lethal rate (%) was calculated according to Tian
et al. (2019).

Statistical analysis

The experiments were carried out in triplicate.
The data was analyzed using one-way ANOVA
and the T-test with SPSS software (Version 21.0;
SPSS Inc., IBM Corporation, USA). Duncan's
multiple range test (p<0.05) was used to
determine significant differences.

RESULTS

This study investigated the effect of different
electric field intensities of OH on the inactivation
of S. Enteritidis in pasteurized liquid egg.
Pasteurized liquid egg samples in 200 mL sterile
glass beakers were inoculated with 1 mL (10" log
CFU/mL) bacteria. OH was applied at 5 V/cm,
10 V/cm and 20 V/cm electric field intensities
using stainless steel electrodes. The OH process
began when the liquid egg temperature was
around 23.5 °C and samples were collected with
a sterile syringe at 0, 1., 2., 3., 4. and 5. minutes
of heating. After the five-minute process, the
liquid egg temperature reached 57 °C in about 2
minutes in the group with 20 VV/cm electric field
intensity, while this temperature was not
achieved in the groups with 5V/cm and 10 V/cm
electric field intensity.

Table 1. Colony counts of S. Enteritidis (log CFU/mL) in liquid egg samples treated with 5V/cm, 10V/cm and 20V/cm

voltage gradient

Experiment time (min)

0 6.69+0.16
1 6.55+0.22
2 6.74+0.292
3 6.60+0.222
4 6.76+0.182
5 6.65+0.092

6.69+0.23 6.74+0.104
6.94+0.04 6.59+0.134
6.68+0.13% 4.86+0.965°
6.58+0.242 3.65+0.11¢
6.60+0.132 2.77+0.02Pb
6.67+1.112 2.3240.01°0

Values were means + standard deviation of three replicates. *: Values with different superscripts within rows differ
significantly (p<0.05) A°: Values within a column with different letters are significantly different (p<0.05)

Table 1 presents the change in S. Enteritidis
count in liquid egg after OH with different
electric field intensities (5V/cm, 10V/cm and 20
V/cm). There was a significant difference in S.
Enteritidis count between the groups after 2
minutes of OH (p<0.05). The group with 20
V/cm electric current had a greater reduction of
S. Enteritidis count than the other two groups
(p<0.05). Moreover, the group with 20 V/cm
electric field intensity showed a significant
decrease in S. Enteritidis count from the initial
level from the 2" minute of the process and this
decrease lasted until the 4" minute (p<0.05). The
groups with 5 V/cm and 10 V/cm electric field

intensity did not significantly decrease the S.
Enteritidis count from the initial level. The group
with 20 V/cm electric field intensity reached a S.
Enteritidis count of 2.32+0.01 log CFU/mL at
the 5" minute of the process, which was about
4.42 log lower (65.6 % reduction) than the initial
S. Enteritidis count (Table.1; p<0.05).

Figure 1 shows the percentage of sub-lethally
injured cells during the OH process. The number
of sub-lethally injured cells increased
progressively in all three groups as the
processing time increased. This increase was
statistically significant for all groups except for
the one with 10 V/cm electric field intensity
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(p<0.05). The percentage of sub-lethally injured
cells in a group with 20 V/cm was significantly
higher than after the 2" minute of the OH
process. The groups with 20 VV/cm, 10 V/cm, and

Sublethall injured S. Enteritidis cell (%)
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5 V/cm electric field intensity had the highest
and lowest percentage of injured S. Enteritidis
cells (%) during the process, respectively
(p<0.05).

@5V/cm
B10V/cm

B20Viecm

Ohmic Heating time (min)

Figure 1. Sublethal injury levels (%) of Salmonella Enteritidis in liquid egg samples by 5V/cm, 10 V/cm and 20V/cm
OH treatments. Values with different superscripts (a-b) differ significantly (p<0.05).

DISCUSSION

The mechanism of microbial inactivation in OH
is due to the thermal effect generated during the
process and the electroporation caused by the
alternating current in the bacterial cells (Jeager
et al., 2016). The electric current increases the
membrane permeability of microbial cells,
causing the formation of pores in the cell
membrane and reducing the resistance of
bacteria to heat (Cappato et al., 2017; Yildiz-
Turp et al., 2013). In a study investigating the
inactivation of Streptococcus thermophilus
inoculated into milk by ohmic heating, Sun et al.
(2011) stated that OH caused non-thermal
damage to S. thermophilus cell membrane by
increasing the permeability of bacterial cell
membrane. According to our results, we assume
that this electroporation effect generated during
the OH process is the reason for the inactivation
of the Salmonella Enteritidis PT4.

Alamprese et al. (2019) stated that OH is a
suitable alternative to conventional

pasteurization in eggs, and that low temperature
applications should be preferred to avoid

rheological problems caused by protein
denaturation.  Furthermore, due to low
processing  temperatures, the  standard

pasteurization procedure may not entirely
eliminate Salmonella in products (Nemeth et al.,
2011). Salmonella cells that survive the low-
temperature pasteurization process can still
cause infection. (Braden, 2006; Noble et al.,
2012; Sasaki et al., 2011). However, high
temperatures reduce the foaming ability of liquid
eggs and cause protein coagulation. (Hamid-
Samimiet al., 1984). In general, methods used at
low temperatures to eradicate pathogens take
more processing time, but processes used at high
temperatures can harm food quality. As a result,
balancing the processing time and temperature of
classical pasteurization is difficult. For this
reason, the results we obtained from our study
show that OH provides pathogen inactivation at
lower temperature and in a shorter time without
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damaging the general properties of the liquid
egg.

Although there are many studies on the OH
application in liquid eggs (Alamprese et al.,
2019; Darvishi et al., 2012; icier and Bozkurt,
2011), the number of studies on the inactivation
of pathogens in liquid eggs is quite few. Martin-
Belloso et al., (1997) conducted research on the
inactivation of E. coli in a liquid egg with a
pulsed electric field which resulted that a 60%
reduction for viable E. coli using a pulsed
electric field without coagulation. The results of
this study demonstrate the similarity to our
results in the reduction rate of bacteria. In
another study investigating the inactivation of
Escherichia  coli  O157:H7,  Salmonella
Typhimurium and Listeria monocytogenes
inoculated into orange and tomato juice with OH
at 10-20 V/cm electric field strength and 540 s
exposure to electric current, Sagong et al. (2011)
reported that L. monocytogenes population
decreased to 3.76 log CFU/mL after 180 s
application of 15 V/cm current in orange juice.
They also reported that the same electric field
strength decreased L. monocytogenes count
below the detection limit (1 log) after 210 s
application. They observed that 20 V/cm electric
field strength applied for 90 s reduced three
pathogens below the detection limit (<1 log) of
all in tomato juice, while 15 V/cm electric field
strength applied for 180 s and 150 s reduced the
detection limit of all three pathogens They also
reported that the same pathogens were reduced
below the detection limit after applying 10 V/cm
electric field strength for 480 s and 420 s. These
findings indicate that OH can be used to
inactivate E. coli O157:H7, S.Typhimurium, and
L. monocytogenes, and that the effectiveness of
inactivation is dependent on the applied electric
field intensity, application time, pathogen, and
type of food.

Lee etal., (2013) investigated the inactivation
level of Escherichia coli 0O157: H7 and
Salmonella Typhimurium in salsa by OH. They
concluded that when the frequency increased, the

time required to reduce Escherichia coli
0O157:H7 and Salmonella Typhimurium to
below the detection limit (1 log CFU/Q)
decreased. Our results confirm that the
effectiveness of OH in pathogen inactivation
depends on the applied electric field intensity
and the application time and are in a line with the
results of Lee et al, (2013), Martin-Belloso et al.,
(1997), and Sagong et al. (2011).

CONCLUSION

Salmonella is an important burden for the egg
industry. Alternative methods are required to
ensure food safety with the least detrimental
impact on the nutritional content of egg products.
Due to the short processing time and rapid
microbial inactivation provided by ohmic
processing technology, reliable products
requiring less processing can be produced for the
egg industry by selecting appropriate electric
field strength and processing time.

ACKNOWLEDGMENT

Financial support: This study was supported by
TUBITAK 2209A Student Scientific Research Grant
(grant no. 1919B012100762).

Conflict of interest: The authors declared that there is
no conflict of interest.

Ethical statement: In studies that do not require ethics
committee approval, authors must declare this
situation with justification.

REFERENCES

Alamprese, C., Cigarini, M., & Brutti, A. (2019).
Effects of ohmic heating on technological properties of
whole egg. Innovative Food Science & Emerging
Technologies, 58, 102244.  https://doi.org/10.
1016/j.ifset.2019.102244

Anonymous. (2001). Salmonella in Humans: England and
Wales (1981-99). Public Health Laboratory Service,
http://www.phls.co.uk.

Andrews, W. H., Jacobson, A., & Hammack, T. S.
(2018). Bacteriological Analytical Manual (BAM)
Chapter 5: Salmonella. US. Food and Drug
Administration, MD., USA., Silver Spring Available
at: https://www.fda.gov/Food/FoodScienceResearch/L
aboratoryMe thods/ucm070149.htm

ML


https://doi.org/10.%201016/j.ifset.2019.102244
https://doi.org/10.%201016/j.ifset.2019.102244
http://www.phls.co.uk/
https://www.fda.gov/Food/FoodScienceResearch/LaboratoryMe%20thods/ucm070149.htm
https://www.fda.gov/Food/FoodScienceResearch/LaboratoryMe%20thods/ucm070149.htm

VetBio, 2023, 8(3), 168-174

Balpetek D., & Giirbiiz, U. (2015). Application of ohmic
heating system in meat thawing. Procedia-Social and
Behavioral Sciences, 195, 2822-2828. https://doi.org/
10.1016/j.sbspro.2015.06.400

Baysal, T., icier, F., Baysal, H. A. (2011). Giincel
Elektriksel Isitma Yontemleri. Sidas Medya Yayinlari,
Cankaya, [zmir.

Berrang, M. E., Cox, N. A, Bailey, J. S, &
Blankenship, L. C. (1991). Methods for inoculation
and recovery of Salmonella from chicken eggs. Poultry
Science, 70(11), 2267-2270. https://doi.org/10.3382/

ps.0702267

Braden, C. R. (2006). Salmonella enterica serotype
Enteritidis and eggs: A national epidemic in the United
States. Clinical Infectious Diseases, 43, 512-517.
https://doi.org/10.1086/505973

Cappato, L.P., Ferreira, M.V.S., Guimaraes, J.T.,
Portela, J.B., Costa, M.Q., Freitas, A.L.R., Cunha,
R.L., Oliveria, C.A.F., Mercali, G.D., Marzack,
L.D.F.and Cruz, A.G. (2017). Ohmic heating in dairy
processing: Relevant aspects for safety and quality.
Trends in Food Science & Technology, 62, 104-112.
https://doi.org/10.1016/j.tifs.2017.01.010

Darvishi, H., Khoshtaghaza, M. H., Zarein, M., &
Azadbakht, M. (2012). Ohmic processing of liquid
whole egg, white egg and yolk. Agricultural Engineering
International: CIGR Journal, 14(4), 224-230.

Dogruer, Y., Telli, N., Telli, A. E., Kahraman, H. A., &
Giiner, A. (2015). Pastorize sivi yumurta ile kabuklu
yumurtanin  bazi kalite 0Ozellikleri bakimindan
kiyaslanmasi. Eurasian  Journal of  Veterinary
Sciences, 31(3), 177- https://doi.org/183. 10.15312/
EurasianJVetSci.2015310976

Glosnicka, R. & Dera-Tomaszewska, B. (1999).
Comparison of two Salmonella Enteritidis phage typing
schemes. European Journal of Epidemiology, 15(4), 393—
399. https://doi.org/10.1023/A:1007599101833

Hamid-Samimi, M., Swartzel, K. R., & Ball, H. R. (1984).
Flow behavior of liquid whole egg during thermal
treatments. Journal of Food Science, 49(1), 132-136.

https://doi.org/10.1111/].1365-2621.1984.th13689.x

Icier, F., & Bozkurt, H. (2011). Ohmic heating of liquid
whole egg: Rheological behavior and fluid dynamics.
Food and Bioprocess Technology, 4, 1253-1263.
https://doi.org/10.1007/s11947-009-0229-4

Jeager, H., Roth, A, Toepfl, S., Holzhauser, T., Engel,
K.H., Knorr, D., Vogel, R.F., Bandick, N., Kulling,
S., Heinz, V. and Steinberg, P. (2016). Opinion on the
use of ohmic heating for the treatment of foods. Trends
in Food Science & Technology, 55, 84-97. https://
doi.org/10.1016/j.tifs.2016.07.007

Keyvan, E., Kahraman, H.A., Tutun, H., Dénmez, S.,
Sen, E., Cahskan, Z., Rugji, J., Demirtas, A., AKyiiz,
A.O. (2023). Curcumin and carvacrol mediated
photodynamic inactivation with 405 nm light emitting
diodes (LEDs) on Salmonella Enteritidis. Food Science
and Technology International. https://doi.org/
10.1177/10820132221114763

Kim, S. S., & Kang, D. H. (2015). Effect of milk fat
content on the performance of ohmic heating for
inactivation of Escherichia coli O157: H7, Salmonella
enterica  serovar  Typhimurium and Listeria
monocytogenes. Journal of Applied Microbiology,
119(2), 475e486. https://doi.org/10.1111/jam.12867

Lee, S. Y., Ryu, S., & Kang, D. H. (2013). Effect of
frequency and waveform on inactivation of Escherichia
coli O157: H7 and Salmonella enterica serovar
Typhimurium in salsa by ohmic heating. Applied and
Environmental Microbiology, 79(1), 10-17. https:/
doi.org/10.1128/AEM.01802-12

Liang, D. (2007). The study progress of liquid egg
sterilization. Academic Periodical of Farm Products
Processing, 5, 18-22

Martelli, F. & Davies, R.H. (2012). Salmonella serovars
isolated from table eggs: an overview. Food Research
International, 45, 745-754. https://doi.org/10.1016/].
foodres.2011.03.054

Martin-Belloso, O., Vega-Mercado, H., Qin, B. L.,
Chang, F. J., Barbosa-Canovas, G. V., & Swanson,
B. C. (1997). Inactivation of Escherichia coli
suspended in liquid egg using pulsed electric
fields. Journal of  Food Processing and
Preservation, 21(3), 193-208. https://doi.org/10.1111
/j.1745-4549.1997.tb00776.x

Nemeth, C. S., Friedrich, L., Pasztor-Huszar, K.,
Pipoly, E., Suhajda, A., & Balla, C. S. (2011).
Thermal destruction of Listeria monocytogenes in
liquid egg products with heat treatment at lower
temperature and longer than pasteuri-zation. African
Journal of Food Science, 5(3), 161-167.

Noble, D. J., Lane, C., Little, C. L., Davies, R., De
Pinna, E., Larkin, L., & Morgan, D. (2012). Revival
of an old problem: an increase in Salmonella enterica
serovar Typhimurium definitive phage type 8
infections in 2010 in England and Northern Ireland
linked to duck eggs. Epidemiology & Infection, 140(1),
146-149. https://doi.org/10.1017/S0950268811000586

Ozkale, S., & Kahraman, H. A. (2023). Determination of
the effect of milk fat on the inactivation of Listeria
monocytogenes by ohmic heating. Ankara Universitesi
Veteriner Fakiiltesi Dergisi, 70(3), 277-283. https://
doi.org/10.33988/auvfd.1069886



https://doi.org/%2010.1016/j.sbspro.2015.06.400
https://doi.org/%2010.1016/j.sbspro.2015.06.400
https://doi.org/10.3382/%20ps.0702267
https://doi.org/10.3382/%20ps.0702267
https://doi.org/10.1086/505973
https://doi.org/10.1016/j.tifs.2017.01.010
https://doi.org/183.%2010.15312/%20EurasianJVetSci.2015310976
https://doi.org/183.%2010.15312/%20EurasianJVetSci.2015310976
https://doi.org/10.1023/A:1007599101833
https://doi.org/10.1111/j.1365-2621.1984.tb13689.x
https://doi.org/10.1007/s11947-009-0229-4
https://doi.org/%2010.1177/10820132221114763
https://doi.org/%2010.1177/10820132221114763
https://doi.org/10.1111/jam.12867
https://doi.org/10.1016/j.%20foodres.2011.03.054
https://doi.org/10.1016/j.%20foodres.2011.03.054
https://doi.org/10.1111%20/j.1745-4549.1997.tb00776.x
https://doi.org/10.1111%20/j.1745-4549.1997.tb00776.x
https://doi.org/10.1017/S0950268811000586

Effect of ohmic heating on Salmonella Enteritidis in egg

Park, 1.K. and Kang, D.H. (2013). Effect of
electropermeabilization by ohmic heating for
mactivation of Escherichia coli 0157:H7, Salmonella
enterica  serovar Typhimurium, and Listeria
monocytogenes in buffered peptone water and apple
juice. Applied Environmental Microbiology, 79(23),
7122-7129. https://doi.org/10.1128/AEM.01818-13

Sagong, H.G., Lee, S.Y, Chang, P.S., Heu, S., Ryu, S.,
Choi, Y.J., Kang, D.H. (2011). Combined effect of
ultrasound and organic acids to reduce Escherichia coli
0157: H7, Salmonella Typhimurium, and Listeria
monocytogenes on organic fresh lettuce. International
journal of food microbiology, 145, 287-292.
https://doi.org/10.1016/j.ijfoodmicro.2011.01.010

Sasaki, Y., Tsujiyama, Y., Asai, T., Noda, Y.,
Katayama, S., & Yamada, Y. (2011). Salmonella
prevalence in commercial raw shell eggs in Japan: A
survey. Epidemiology & Infection, 139(7), 1060-1064.
https://doi.org/10.1017/S0950268810002153

Sun, H., Masuda, F., Kawamura, S., Himoto, JI.,
Asano, K., Kimura, T. (2011). Effect of electric
current of ohmic heating on nonthermal injury to
Streptococcus thermophilus in milk. Journal of Food
Process Engineering, 34, 878-892. https://doi.org/10.
1111/j.1745-4530.2009.00515.x

Tian, X., Shao, L., Yu, Q., Liu, Y., Li, X., & Dai, R.
(2019). Evaluation of structural changes and
intracellular substance leakage of Escherichia coli
0157: H7 induced by ohmic heating. Journal of
Applied Microbiology, 127(5), 1430-1441. https://doi.
0rg/10.1111/jam.14411

Yildiz-Turp, G., Sengun, LY., Kendirci, P., icier, F.
(2013). Effect of ohmic treatment on quality
characteristics of meat: A review. Meat Science, 93,
441-448. https://doi.org/10.1016/j.meatsci.2012.10.013

Yiiceer, M. (2019). Yumurta ve Yumurta Uriinleri Isleme
Teknolojisi ve Uygulamalar:. Sidas Medya, pp.117.



https://doi.org/10.1128/AEM.01818-13
https://doi.org/10.1016/j.ijfoodmicro.2011.01.010
https://doi.org/10.1017/S0950268810002153
https://doi.org/10.%201111/j.1745-4530.2009.00515.x
https://doi.org/10.%201111/j.1745-4530.2009.00515.x
https://doi.org/10.1016/j.meatsci.2012.10.013

