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Abstract. That publicity to extremely Low Frequency (ELF) magnetic fields can
save and suppress the increase and proliferation of pathogenic microorganisms,
which have a vital role in the process of meal spoilage. This has a look at pursuits
to have a look at the “Resilience of broiler meat thru exposure to extremely Low-
Frequency magnetic fields and safety risks to fitness. The sample of this look
was clean broiler hen meat as an awful lot as one hundred forty packs (@ 50 g)
divided into seven businesses (@ 20 packs). One institution served as a control,
3 corporations were exposed to an intensity ELF magnetic field of seven hundred
μT with a variant of publicity duration of 30 min, 45 min, and 60 min, and 3
groups were exposed to an ELF magnetic subject depth of 900 μT depth with a
version in publicity period of 30 min, forty-five mins, and 60 min as a hallmark
of the sturdiness of bird meat, pH, density, and physical condition observations
had been completed, including texture, shade, aroma, and the advent of mucus
in bird meat samples which have been saved for six hours, 12 h, 18 h, and 24 h
after being uncovered to the field. ELF magnets. The study’s results proved that
the great chicken meat saved for 12 h after exposure to ELF magnetic fields with
intensities of seven hundred μT and 900 μT become substantially better than the
manipulation. The quality pleasant of bird meat at 12 h was in the pattern group,
which became uncovered to an ELF magnetic area of 900 μT. The results of the
take-a-look show that exposure to low-intensity ELF magnetic fields does not
motivate toxic results on meals. ELF magnetic area intensity of 900μT for 45 and
60 min can keep the first-rate bird meat at room temperature for up to 12 h in the
garage and is safe for fitness.
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1 Introduction

The Extremely Low Frequency (ELF) magnetic subject is part of ELF electromagnetic
waves with a frequency of much less than 300 Hz, can penetrate almost all rely upon,
and the outcomes generated are non-ionizing radiation and non-thermal. More and more
research results report That exposure to ELF magnetic fields can boom cell prolifera-
tion, but until now, this is still the subject of discussion. Exposure to the ELF magnetic
area at a depth of 100 μT for 5 min has been proven to be with a purpose to boom
the proliferation of S. Thermophilus, L. Lactis, and L. Acidophilus bacteria inside the
fermentation manner of making cream cheese [1]. Meanwhile, exposure to the ELF
magnetic field with an intensity of 646.7μT for 30 min was able to suppress the prolif-
eration of Salmonella typhimurium in Gado-Gado seasonings by up to 56% and up to
17% in Gado-Gado vegetables. It was proven to not affect the texture, taste, and color
of vegetables in Gado-Gado [2].

Exposure to ELF electromagnetic waves (40 – 100 Hz) for 1 h can increase the
growth of E. coli bacteria, but after 16 h of exposure, it has decreased [3]. ELF-EMF
exposure with a frequency of 7 Hz can inhibit cell growth in Anabaena culture compared
to controls. The longer the exposure time, the higher the ELF-EMF inhibitory effect on
Anabaena growth and complete cell death was found in cultures exposed for 2 h [4].
Other researchers also suggested that exposure to ELF magnetic fields between 500
μT – 1,000 μT intermittently 20 min in step with day for seven days can increase
mobile survival and proliferation, besides exposure to 1,000 μT intermittently forty
minutes/day for seven days [5]. Based totally on the outcomes of this look, it can be
said that publicity of the ELF magnetic field at a high intensity (≥ 500 μT) can inhibit
the boom of microorganisms, however aside from the intensity of the magnetic subject,
other dominant factors that affect encompass the length of exposure, frequency, and
characteristics of the bacteria.

Inspired by the results of this research, it is hoped that this research can underlie the
development of technology for utilizing ELF magnetic fields to improve food security,
especially chicken meat. Chicken meat, especially broiler chickens, is straightforward
to spoil, only surviving in the open air for about 6 - 8 h. Traders often carry various ways
of preserving chicken meat, using chemicals such as formaldehyde or borax, which
negatively impact health. Consequently, this study aims to look at exposure to ELF
magnetic fields of the depth of 700 μT and 900 μT to grow the resistance of broiler
chicken meat.

2 Method

Studies is a laboratory experimental take a look at the usage of an entire randomized
layout with publicity treatment to ELF magnetic fields with intensities of 700 μT and
900 μT. This research sample was 140 packs (@ 50 g) of broiler chicken breast in
fresh condition, and the sample was divided into 7 groups. One organization served as
a control, and three companies were uncovered to an ELF magnetic discipline of 700
μT intensity, respectively 30 min, 45 min, and 60 min, and 3 groups were exposed to
an ELF magnetic area intensity of 900 μT, each for 30, 45 and 60 min according to the
studies layout as follows (Fig. 1).
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Fig. 1. Studies layout

Information:
K: control group, not exposed to ELF magnetic discipline.
E700–30, E700–45, E700–60: The pattern group becomes uncovered to a 700 μT

ELF magnetic field for 30, 45, and 60 min.
E900–30, E900–45, E900–60: The pattern group becomes uncovered to a 900 μT

ELF magnetic field for 30, 45, and 60 min.
The ELF magnetic subject is generated through an ELF Electromagnetic area-

producing machine Generator (EM ELF), as proven beneath (Fig. 2).
The technique of exposure to the ELF magnetic field on chicken meat samples

was accomplished with the aid of placing the sample into the publicity chamber, then
adjusting the modern-day electric electricity so that an ELF magnetic area exposure of
intensity of seven hundredμTor 900μTwas produced inside the publicity area indicated
by using the EMF-meter measuring instrument. Then set the length of exposure for 30
min, 45 min, and 60 min, according to the research design. Samples of chicken meat that
had been uncovered to the ELF magnetic field and managed samples had been saved in
a condition wrapped in plastic wrap at a temperature of around 26 °C. As an indicator of
the durability of chickenmeat, measurements of density, pH, and observation of physical

Fig. 2. ELF Electromagnetic Field Source Generator and EMF-meter
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conditions (change in color, texture, appearance of foul odor, and the formation of slime)
were carried out after the samples were stored for 6, 12, 18 and 24 h. The information
of the results of this examination was analyzed using ANOVA analysis and supported
by a qualitative analysis of the physical situations to determine the resistance of chicken
meat because of publicity to the ELF magnetic area.

3 Results and Discussion

Research data include 1) the pH of chickenmeat, 2) density, and 3) the physical condition
(color and aroma) of chickenmeat at storage for 6 h, 12 h, 18 h, and 24 hwill be discussed
as follows.

3.1 Change in the pH of Chicken Meat Due to Exposure to ELF Magnetic Fields
of 700 µT and 900 µT

Potential hydrogen is an important indicator to determine the quality of chicken meat,
closely related to the presence of microbes in chicken meat. The pH measurement of
chicken meat samples was carried out before acquiring exposure to the ELF magnetic
field (0 h) and after obtaining exposure to the ELFmagnetic field for 6, 12, 18, and 24 h of
storage. The pH value of chicken meat stored in plastic wrap will undergo an anaerobic
decay process. Figure 3. Shows the pH value of chicken meat from fresh conditions
(0 h). After 6 h, 12 h, 18 h, and 24 h of storage, it appears significantly (p < 0.05)
decreased with storage time. This proves that the pH value of chicken meat undergoing
an anaerobic decay process has decreased linearly with storage time. The decrease in
pH is an indication of the continuous activity of lactic acid-producing microbes, which
causes the acidity of chicken meat to increase so that the pH value decreases. This is
because meat has a high nutritional content making it a good breeding medium for
pathogenic microbes [6]. The results of previous studies proved that fresh meat has a pH
of 7.2 after slaughtering livestock. There is a decrease in pH due to the accumulation of
lactic acid in muscle tissue due to anaerobic glycolysis [7]. A comparison of the pattern
of changes in the pH value of chicken meat that gained exposure to ELF magnetic fields
with the intensity of 700μT and 900μT for 30 min, 45 min, and 60 min, and the Control
is presented in Fig. 4 as follows.

Figure 3 indicates an alternate in the pH of hen meat uncovered to an ELF magnetic
area of 700 μT intensity for 30 min, forty-five mins, and 60 min (determine three)
additionally shows a decrease but was appreciably higher (p< 0.05) as compared to the
pH price of chook meat in the manipulate institution at either 6-h, 12-h, 18-h, or 24-h
garage. This proves that publicity to the ELF magnetic area of seven hundred μT depth
can hold the pH value of chicken meat.

The sample of adjustments in the pH of chicken meat affected by an ELF magnetic
discipline of 900 μT depth for a half-hour, 45 min, and 60 min turned into appreciably
better (p < 0.05) than the management, each at 6 h, 12 h, 18 h, and 24 h of a garage.
Clock (discern five). This indicated that exposure to the ELFmagnetic discipline with an
intensity of 900 μT could resist and suppress the proliferation of lactic acid-generating
microorganisms. It can be seen that the pH of fowl meat that become uncovered ELF
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Fig. 3. Changes in the pH of Chicken Meat after Exposure to ELF Magnetic Fields

magnetic area with a depth of 900 μT for forty-five minutes and 60 min can survive
around 6—eight to 12 h in a garage.

This situation might be due to inhibiting the proliferation of lactic acid-producing
microorganisms due to ELF magnetic discipline with a depth of seven-hundred μT
and 900 μT. This truth is supported by using previous proof that exposure to an ELF
magnetic fieldwith a depth of 646.7μT for 30minhas been shown to suppress Salmonella
Typhimurium proliferation by as much as 56% [2]. The inhibition of the proliferation
of lactic acid-generating microorganisms changed inhibited, resulting in the pH price of
chicken meat exposed to an ELF magnetic discipline depth of seven-hundred μT and
900 μT appreciably higher than the manipulation until 24 h of a garage.

Previous evidence shows that exposure to a magnetic discipline for 2 h can inhibit
the growth of microorganisms and affect pH [8]. Electromagnetic fields cannot simplest
have an effect on hydrogen bonding in aqueous solutions. However can also disrupt the
balance of the gasoline/liquid interface, produce a few oxygen species, and probably
induce CO2 hydration, which adjustments the pH of liquid structures [9]. Fresh meat
has a pH of 7.2 after slaughtering livestock, and there is a decrease in pH due to the
accumulation of lactic acid in muscle tissue due to anaerobic glycolysis [7]. Low pH
values in chookmeat can stimulate protein denaturation, increasing the quantity of water
contentmaterial. LowpH reasons the oxidation ofmyoglobin (pink color) andmyoglobin
oxygen (pink shade) to meta myoglobin (brown meat coloration) [10].

The potential hydrogen value of chicken meat uncovered to an ELF magnetic field
intensity of 900μT for 45 min and 60min after 6 h of storage, 12 h, was not significantly
different (p > 0.05) compared to the pH of fresh chicken meat (at 0-h measurement).
This proves that exposure to the ELF magnetic field intensity of 900 μT for 45 min and
60 min is effective in maintaining the pH of chicken meat until the 12th hour.

3.2 Modifications in the Density of Chook Meat by Using Publicity to the ELF
Magnetic Area

The density of chicken meat stored in plastic wrap will experience anaerobic decompo-
sition. Figure 5. Shows the density of chicken meat from fresh conditions (0 h), after 6
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h, 12 h, 18 h, and 24 h of storage, significantly (p < 0.05) decreased with storage time.
This proves that the density of chicken meat that has undergone an anaerobic decay
process has decreased linearly with the length of storage. The process of meat decom-
position caused by bacterial activity can affect organic materials intensively, such as
causing smelly gases, which affect the decrease in the nutritional content of meat [11].
The process of natural chicken meat spoilage is caused by increased microbial activity
and the release of intracellular and extracellular microbial enzymes, such as extrain-
testinal pathogenic Escherichia coli strains [12]. Foodstuffs that are contaminated with
pathogenic bacteria can endanger health. E. Coli bacteria in poultry meat can cause
meningitis and Pepsis in the human body [13]. The emergence of gas in the decomposi-
tion of chicken meat during storage for 6 h, 12 h, 18 h, and 24 h will affect the volume
so that the density decreases along with the storage time.

The density of fowl meat after being uncovered to the ELF magnetic field depth of
700 μT and 900 μT for 30 min, forty-five mins, and 60 min was reduced linearly with
storage time, starting at zero hours (fresh situation), 6 h, 12 h, 18 h, and 24 h. The results
of the one-manner ANOVA evaluation proved that the density cost of fowl meat exposed
to an ELF magnetic area depth of 700 μT for a half-hour, 45 min, and 60 min become
notably (p< 0.05) higher than the manipulation at 6 h, 12 h, 18 h, and 24 h of a garage.

Figure 5 explains that the density of hen meat exposed to an ELF magnetic area with
a depth of 900 μT for 30 min, 45 min, and 60 min become extensively (p< 0.05) higher
than the sample institution uncovered to an ELF magnetic discipline with a depth of 700
μT for 30 min, 45 min, and 60 min as properly as compared to the ControlControl. It
may be visible that the density of the chickenmeat pattern group, which became exposed
to a 900 μT magnetic area for 60 min, had the highest fee until the twenty-fourth hour
of storage. The value of the density of chicken meat uncovered to the ELF magnetic
subject depth of 900 μT proved to be better. This illustrates that the extent of chicken
meat has not accelerated due to bacterial activity, and the advent of excess mucus doesn’t
always follow this lower. Oxidative processes in proteins, fats, pigments, and vitamins
harm meat quality, including changes in color, texture, aroma, reduced nutrient content,
and the formation of toxic compounds [14]. As a result, the decomposition process will
result in a softer texture and increased water content, increasing the volume of chicken
meat while decreasing its density.

The effects of this examination proved that publicity to an ELF magnetic discipline
intensity of 900 μT for 45 min and 60 min become capable of keeping the density of
chickenmeat till the 18th and twenty-fourth hours, respectively, notably (p> 0.05) better
than the manipulate pattern. The mechanism of resistance to the density of chook meat
uncovered to an ELF magnetic subject with a depth of 900 μT is an idea to be due to
the inhibition of the proliferation of spoilage bacteria so that the activity of the chicken
meat putrefaction process is hampered.

The sample of changes within the density of chicken meat uncovered to the ELF
magnetic subject with intensities of seven hundred μT and 900 μT for 30 min, 45 min,
and 60 min, as compared to the management as an entire, is presented inside the graph
in determine 6 as follows.

Treatment of publicity to ELFmagnetic fields with intensities of 700μT and 900μT
for 30min, 45min, and 60min objectives to boom the resistance of fowlmeat because it is
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Fig. 4. Change in Density of Chicken Meat Due to Exposure to ELF Magnetic Fields of 700 μT
and 900 μT

believed that high-intensity ELF magnetic fields (> 500 μT) can inhibit bacterial boom.
Giving microorganisms a magnetic discipline can affect their activity and metabolism
[15]. The physical condition of the chickenmeat in the control group sample of this study
showed that, at the 12th hour, a foul and slimy odor had begun to appear, the amount
of mucus was increasing, the stench was more pungent, and the texture condition was
getting softer at the 18th and 24th hours compared to other groups. This is caused by the
proliferation of putrefactive bacteria during the putrefaction process, which produces
odors, slime, and changes in texture, resulting in an increase in the volume of chicken
meat while its mass remains relatively unchanged. This condition causes the density
of chicken meat to get smaller and smaller. Colonies of -hemolytic Streptococcus in
fermented culture media decreased when exposed to magnetic fields of 1200 and 1500 T
[16]. Therefore, exposure to an ELF magnetic field intensity of 700 μT. The effects of
this observation imply that exposure to the 700 μT ELF magnetic subject can grow the
sturdiness of hen meat until the 18th hour.

This fact is supported by previous research on the effect of the ELF magnetic field
on inhibiting bacterial growth. The provision of an ELF magnetic field with a frequency
range of 1–15 Hz at 20 °C can affect the survival and morphology of E.Coli and Sac-
charomyces cerevisiae bacteria. At a frequency of 3 and 13 Hz, the growth of S. cere-
visiae bacterial cells became significantly more inhibited. In contrast, the survival of
E.coli bacterial cells was much smaller than that of S. cerevisiae bacteria [17]. The ELF
magnetic field causes changes in the physicochemical properties of Gram-positive and
Gram-negative bacteria [11].

3.3 Changes in the Physical Condition of Chicken Meat by Exposure to ELF
Magnetic Fields

Assessment of the physical condition of chicken meat in this study used color and aroma
indicators in the Indonesian National Standard (SNI) in Table 1.
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Table 1. Indonesian National Standard (SNI) for the Color and Aroma of Chicken Meat [18]

Score Color Fragrance Texture

5 Fresh white, slightly yellowish fresh chicken meat Chewy not slimy

4 pale white, slightly yellowish fresh chicken meat A bit chewy, not slimy

3 Fresh white with a yellowish
color

Rather fishy A bit chewy, a little slimy

2 Pale white Fishy Somewhat soft slimy

1 Very Yellow Very fishy Soft slimy

Fig. 5. Color Change Pattern of Chicken Meat After Exposure to 700 T and 900 T ELFMagnetic
Fields Compared to Control

3.3.1 Change in Color of Chicken Meat by Exposure to ELF Magnetic Fields

The color of chicken meat is one of the main attractions for consumers when assessing
the quality of chicken meat. Figure 7 shows the assessment by 3 observers of the color of
chicken meat after 24 h. Chicken meat without exposure to the ELF magnetic field gets
the highest score of 1, with a yellow color indication. At the same time, the highest score
was given to chicken meat with exposure to 900 μT with indications of fresh white and
slightly yellowish chicken meat. Respondents’ assessment of the color of chicken meat
showed that chicken meat exposed to a magnetic field of 900 μT was better than the
control class and followedSNI standards, so it was safe and healthy for consumption. The
color of poultry meat is influenced by several factors, including storage, water content,
and pH [19]. The pH value of chicken meat exposed to 900 μT was higher than that of
the control group, both at 6 h, 12 h, 18 h, and 24 h of storage. This indicated that exposure
to the ELF magnetic field with an intensity of 900 μT could suppress the proliferation
of lactic acid-producing microorganisms.

3.3.2 Adjustments in Chicken Aroma by Using Publicity to ELF Magnetic Fields

The aroma of poultrymeat is naturally formed through various processes, such as heating
and chemical reactions. According to SNI standards, chicken meat has a distinct aroma
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Fig. 6. Change of Chicken Aroma Pattern by Exposure to 700 μT and 900 μT ELF Magnetic
Fields Compared to Control

that does not smell rancid or rotten, does not sting, and does not smell fishy [18]. The
results of assessing the aroma of chicken meat after 24 h are shown in Fig. 6.

Score 5 indicates the distinctive fresh aromaof chickengiven to chickenmeat exposed
to a 900 μT magnetic field. While score 1 is often chosen by respondents for chicken
meat in the control group. Exposure to the ELF magnetic area can suppress the quantity
of micro organism to carry out metabolic activities, so chicken meat exposed to a 900
μT magnetic field effectively maintains the quality of chicken meat that is healthy and
safe for consumption according to established standards.

At 0 h, the physical condition of chicken meat is fresh, brightly colored, not slimy,
and has a distinct chicken meat aroma. The effects of observations at the sixth hour, it
has started to look slimy and yellowish red but has not smelled of rot and is still a bit
chewy. Observations at the 12th hour had secreted more mucus, the texture was getting
soft, the color was pale yellow, and it gave off an unpleasant odor. At the 18th hour,
observations revealed that the animal had secreted mucus; the texture was soft, the color
was paler; and it emitted a foul odor. Observation at 24 h had secreted a lot of mucus,
the texture was soft, the color was pale, and it gave off a pungent, foul odor. Animal
food ingredients such as chicken meat contain protein, which makes it a vehicle for
pathogenic bacteria to grow and reproduce. Raw meat is a major source of infection
with food-borne pathogenic bacteria [6]. Chemical reactions cause sensory changes in
food ingredients caused by microbial activity. In decomposed food, there is an increase
in the microbial population, which causes the nutritional content of the food to decrease
[20]. The result of this damage is the formation of mucus, discoloration, change in smell,
change in taste, and rancidity caused by the breakdown or oxidation of meat fat.

Fresh meat has a pH of 7.2. After slaughtering livestock, there is a decrease in poten-
tial hydrogen due to the accumulation of lactic acid in muscle tissue due to anaerobic
glycolysis [7]. Low potential hydrogen or pH values in chicken meat can stimulate pro-
tein denaturation to grow the water content. Low pH reasons the oxidation of myoglobin
(crimson shade) and myoglobin oxygen (crimson shade) to meta myoglobin (brown
meat color) [10].
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Fig. 7. Texture Change Pattern of Chicken Meat by Exposure to ELFMagnetic Field 700μT and
900 μT compared to Control

3.3.3 Changes in Chicken Meat Texture by Exposure to ELF Magnetic Fields

The results of the respondent’s assessment of the texture of chicken meat after the 12th
hour are shown in Fig. 7.

The results of the observations of the control group proved that the texture of chicken
meat at 12 h for all indicators got a score of 1. That is, it had a soft texture, secreted
mucus, had a yellow/pale color, and gave off an unpleasant odor. While the chicken
meat sample was exposed to a 700 μT ELF magnetic field, all indicators had a score
of 4: slightly chewy texture, no mucus visible, no color change, and still smelling of
chicken meat. Chicken meat samples exposed to a 900 μT ELF magnetic field had a
chewy texture, no mucus was visible, no color change had occurred, and the smell of
chicken meat was still felt.

Texture, aroma, and look are the maximum essential factors of meat, regularly due to
volatile aromatic materials which include aldehydes, ketones, esters, phenols, alcohols,
natural acids, and alkanes, among others. Consequently, the content material of different
risky components and the presence or absence of those additives decide the aroma and
taste traits [9]. Biologically, the damage to fowl meat is typical because of the boom
of microorganisms and might, without delay, affect chicken meat’s bodily and chemical
high-quality [21]. Pathogenic microorganisms can reason meat spoilage by secreting
lipase and protease, forming sulfide and trimethylamine (odorless), and secreting mucus
on the body’s floor [20].

Exposure to an ELF magnetic field intensity of 900 μT for 45 min and 60 min was
proven to enhance the bodily excellent of broiler meat until the 12th and 18th hours,
respectively. The underlying mechanism is that exposure to the ELF magnetic discipline
can inhibit the proliferation of spoilage microorganism, resulting in a slowdown inside
the procedure of chook meat spoilage. Static magnetic fields at 18 000 T and 20,000 T
intensities for ninety minutes extensively reduced E. Coli microorganisms [22]. In com-
parison, ELF-EMF with an average intensity of 250 μT inhibited the growth of the
bacterial species Serratia marcescens, while the static magnetic field was not statisti-
cally significant [23]. Administration of a magnetic field with an intensity of 107 μT
for 30 min reduced the autoaggregation of the Escherichia coli E2348 / 69 bacteria and
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modified its adherence pattern, with both events most likely related to changes in BFP
expression [24].

The condition of chicken meat with an ELF magnetic field intensity of 900 μT for
45 min of exposure time was classified as a score of 5 because the physical condition
appeared fresh and yellowish-white. Besides that, chicken meat with an intensity of
900 μT for 45 min of exposure gave off an aroma like chicken meat. So chicken meat
exposed to an ELF magnetic field of 900 μT is still feasible and safe for consumption.
However, in the control group, the chicken meat looked pale and dark and started to
secrete mucus, causing an unpleasant/fishy smell. Mucus resulting from the activity of
organisms causes chicken meat’s physical condition to be more sticky.

Greater harm to chicken meat is due to the boom of microorganisms and might
directly affect the physical and chemical quality of hen meat [21]. The changes that
occur in rotting meat are: 1) odor, caused by the production of volatile end products, 2)
color, caused by bacterial pigment production or natural oxidation of meat components
such as myoglobin oxidation3) texture, the texture becomes soft due to proteinases,
4) gas accumulation, caused by the production of CO2, H2, H2S, 5) mucilage, caused
by the production of dextran, exopolysaccharide, or the number of growing microbial
cells, 6) liquid, caused by the breakdown of the hydration barrier structure in the meat.
Microbes will experience growth during storage and produce enzymes that decompose
food components such as proteins, fats, and sugars [6].

Publicity to the ELFmagnetic area depth of 900μT for forty-five and 60min became
a concept to suppress the proliferation of spoilage bacteria in fowlmeat so that the density
and pH of the bird meat were appreciably (p < 0.05) better than the manage sample.
The results of observations of bodily conditions also proved that the hen meat pattern
institution, which was exposed to an ELF magnetic area with a depth of 900 μT for
forty-five minutes and 60 min, respectively, confirmed the bodily resistance of hen meat
(elastic, no longer slimy, and no rotten scent), until the 12th hour.

A number of the underlying studies’ results, particularly publicity to ELF-EMF
4000 μT, 20 Hz for 6 h, have been able to inhibit the capacity to form CFU colonies
compared to controls. Each inhibition turned 95.2% for S. Aureus and 85% for E.
Coli [25]. A thousand μT ELF magnetic subject for 2 h brought on adjustments in the
physicochemical residences of Gram-effective and Gram-bad micro organisms, and a
slight decrease in bacterial growth became located [11]. Exposure to ELF magnetic
fields with intensities of 730 μT and 880 μT each for 2 x 30’ on fresh Exposure to
ELF magnetic fields with intensities of 730 μT and 880 μT each for 2 x 30’ on fresh
milkfish, become proven with a purpose to suppress bacterial boom up to seventy three%
and 62%, respectively at five hours after exposure in comparison to manipulate [26].
Theoretical effects can explain the magnetic sensitivity of E. Coli cells and show that
intracellular enzymatic reactions are the primarymagnetoreceptors in residing organisms
[27]. Exposure to a 300 μT ELF magnetic field for 25 min significantly (p < 0.05)
suppressed the proliferation of S. thermophilus, L lactic, and L. Acidophilus Log phase
bacteria [1].
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Based on the results of the research and review of the literature, it can be stated
that exposure to the ELF magnetic field with an intensity of 900 μT is likely to be able
to inhibit the proliferation of pathogenic bacteria so that the process of decomposition
of chicken meat will be hampered, meaning that the resistance of chicken meat will
increase. This was proven from the results of this study that exposure to a magnetic field
intensity of 900 μT for 45 min and 60 min could maintain the physical condition of
chicken meat until the 12th hour.

3.4 Food Safety Risk to Health by Exposure to ELF Magnetic Fields

The Extremely Low Frequency (ELF) magnetic field can penetrate almost any material
but is non-ionizing radiation and non-thermal. But until now, there have been suspicions
about the possibility of toxic effects from exposure to ELF magnetic fields. Several
studies have been reported that prove that exposure to ELF magnetic fields does not
cause toxic effects. The results of Sudarti’s 2016 research proved that exposure to the
ELF magnetic field with an intensity of 646.7 had no effect on changes in the texture,
color, and taste of Gado-gado vegetables. Belyaev, 2011, also confirmed that exposure to
ELF electromagnetic fields is a non-toxic substance.Meanwhile, exposure to 50Hz ELF-
EMF at an intensity of up to 1000 μT has shown no neurotoxic effects [28]. Meanwhile,
exposure to a 50Hz ELF magnetic field at an intensity of 2000 μT did not cause a
genotoxin effect (DNA damage) [29].

Based on the effects of this examination, It proves that exposure to the ELFmagnetic
discipline does now not purpose poisoning in food, along with fowl meat. The results of
this examination have temporarily proven that the bodily condition of hen meat uncov-
ered to ELFmagnetic fieldsmeets SNI health standards with a score of 5 to 12 h. A rating
of five manners that it meets the standards for a slightly yellowish, fresh white color and
an exclusive clean aroma of chook meat. This indicates that fowl meat is suitable and
meets the necessities for healthy food. This proves that publicity of the ELF magnetic
subject can increase the resistance of chicken meat which is safe for health.

4 Conclusion

Publicity to a Very Low Frequency (ELF) magnetic subject with a depth of 900 μT can
increase the resistance of hen meat by inhibiting pathogenic bacteria in fowl meat. ELF
magnetic area radiation is an alternative technique to boom meal security that is secure
for Resilience due to the fact it is demonstrated no longer to motivate toxicity to meal
components.
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of Jember.



110 Sudarti et al.

References

1. Sudarti, T. Prihandono, Y. Yushardi, Z. R. Ridlo, and A. Kristinawati, “Effective dose analysis
of extremely low frequency (ELF) magnetic field exposure to growth of S. termophilus, L.
lactis, L. acidophilus bacteria,” IOP Conf. Ser. Mater. Sci. Eng., vol. 432, no. 1, 2018, doi:
https://doi.org/10.1088/1757-899X/432/1/012010.

2. Sudarti, “Utilization of Extremely Low Frequency (ELF) Magnetic Field is as Alternative
Sterilization of Salmonella Typhimurium In Gado-Gado,” Agric. Agric. Sci. Procedia, vol. 9,
pp. 317–322, 2016, doi: https://doi.org/10.1016/j.aaspro.2016.02.140.

3. Y. Chen et al., “Evaluation of the Extremely-Low-Frequency Electromagnetic Field (ELF-
EMF) on Growth of Bacteria Escherichia coli,” Biol. Eng. Med., vol. 4, no. 2, pp. 1–6, 2019,
doi: https://doi.org/10.15761/bem.1000169.

4. M. A. Fadel, Z. A. Mohamed, M. A. Abdellateef, and A. A. Hosny, “Effect of Extremely
Low Frequency of Electromagnetic Fields on Some Toxic Species of Cyan Bacteria,” Int. J.
New Horiz. Sin Phys. Int. J. New. Hor. Phys, vol. 5, no. 1, p. 5, 2018, doi: https://doi.org/10.
18576/ijnhp/050102.

5. D. Shahbazi-Gahrouei, S. Razavi, F. Koosha, and M. Salimi, “Exposure of Extremely-Low
Frequency (ELF) magnetic field may cause human cancer,” Acta Medica Int., vol. 4, no. 1,
p. 32, 2017, doi: https://doi.org/10.5530/ami.2017.4.7.

6. M. Pal, Y. Ayele, S. E. Patel, and F. Dulo, “Microbiological and hygienic quality of Meat and
Meat Products,” Beverage Food World, vol. 5, no. 5, pp. 21–27, 2018.

7. T. Marsidah, “Perendaman Daging Ayam Broiler Dengan Infusa Daun Kari (Murraya
koenigii) Terhadap Awal Pembusukan,” Jimvet, vol. 01, no. 1, pp. 13–18, 2017.

8. P. Goldschmidt Lins, A. Aparecida Silva, S. Marina Piccoli Pugine, A. Ivan Cespedes Arce,
E. José Xavier Costa, and M. Pires De Melo, “Effect of Exposure to Pulsed Magnetic Field
on Microbiological Quality, Color and Oxidative Stability of Fresh Ground Beef,” J. Food
Process Eng., vol. 40, no. 2, 2017, doi: https://doi.org/10.1111/jfpe.12405.

9. X. Zhan, Z. Zhu, and D. W. Sun, “Effects of extremely low-frequency electromagnetic field
on the freezing processes of two liquid systems,” LWT, vol. 103, pp. 212–221, Apr. 2019, doi
https://doi.org/10.1016/j.lwt.2018.12.079.

10. G. Kralik, Z. Kralik, M. Grcevic, and D. Hanzek, “Quality of Chicken Meat,” Anim. Husb.
Nutr., pp. 63–94, 2017, doi: http://dx.doi.org/https://doi.org/10.5772/57353.

11. S. Oncul, E. M. Cuce, B. Aksu, and A. Inhan Garip, “Effect of extremely low frequency
electromagnetic fields on bacterial membrane,” Int. J. Radiat. Biol., vol. 92, no. 1, pp. 42–49,
2016, doi: https://doi.org/10.3109/09553002.2015.1101500.

12. M. M. Rasmussen, J. A. Opintan, N. Frimodt-Møller, and B. Styrishave, “Beta-lactamase
producing Escherichia coli isolates in imported and locally produced chicken meat from
Ghana,” PLoS One, vol. 10, no. 10, pp. 1–15, 2015, doi: https://doi.org/10.1371/journal.
pone.0139706.

13. Z. R. Stromberg et al., “Evaluation of Escherichia coli isolates from healthy chickens to
determine their potential risk to poultry and human health,” PLoSOne, vol. 12, no. 7, pp. 1–18,
2017, doi: https://doi.org/10.1371/journal.pone.0180599.

14. R. Domínguez, M. Pateiro, M. Gagaoua, F. J. Barba, W. Zhang, and J. M. Lorenzo, “A
comprehensive review on lipid oxidation in meat and meat products,” Antioxidants, vol. 8,
no. 10, pp. 1–31, 2019, doi https://doi.org/10.3390/antiox8100429.

15. G. Khokhlova et al., “Effects of combinedmagnetic fields on bacteria Rhodospirillum rubrum
VKM B-1621,” Bioelectromagnetics, vol. 39, no. 6, pp. 485–490, Sep. 2018, doi: https://doi.
org/10.1002/bem.22130.

16. J. Zhang, C. Xu, Y. Wan, and M. Gao, “Effects of extremely low frequency magnetic field on
production of mannatide by α-hemolytic Streptococcus,” Bioelectromagnetics, vol. 37, no. 5,
pp. 331–337, 2016, doi: https://doi.org/10.1002/bem.21984.

https://doi.org/10.1088/1757-899X/432/1/012010
https://doi.org/10.1016/j.aaspro.2016.02.140
https://doi.org/10.15761/bem.1000169
https://doi.org/10.18576/ijnhp/050102
https://doi.org/10.5530/ami.2017.4.7
https://doi.org/10.1111/jfpe.12405
https://doi.org/10.1016/j.lwt.2018.12.079
https://doi.org/10.5772/57353
https://doi.org/10.3109/09553002.2015.1101500
https://doi.org/10.1371/journal.pone.0139706
https://doi.org/10.1371/journal.pone.0180599
https://doi.org/10.3390/antiox8100429
https://doi.org/10.1002/bem.22130
https://doi.org/10.1002/bem.21984


Resistance of Broiler Meat Through Exposure to ELF Magnetic Fields 111

17. G. A. Plutakhin, V. I. Dmitriev, andN. S. Vasiliev, “Research on effects of low frequencymag-
netic fields on survival and morphology of Escherichia coli and saccharomyces cerevisiae,”
J. Pharm. Sci. Res., vol. 10, no. 3, pp. 601–603, 2018.

18. Badan Standarisasi Nasional, “SNI Petunjuk Pengujian Organoleptik dan atau Sensori,” BSN
(Badan Standarisasi Nasional), pp. 2–14, 2006.

19. I. M. Handayani, E. Susanto, and Wardoyo, “Analysis of the Physical and Chemical Quality
of Local Livestock Meat in Local Chickens at RPU ( Poultry Slaughterhouse ), Sidoharjo
Market , Lamongan Regency,” Int. Journal Anim. Sci., vol. 3, no. 3, pp. 76–85, 2020.

20. S. Rawat, “Food Spoilage: Microorganisms and their prevention,” Pelagia Res. Libr. Asian J.
Plant Sci. Res., vol. 5, no. 4, pp. 47–56, 2015.

21. H. Hajrawati, F. M., W. Wahyuni, and I. I. Arief, “Kualitas Fisik, Mikrobiologis, dan
Organoleptik Daging Ayam Broiler pada Pasar Tradisional di Bogor,” J. Ilmu Produksi dan
Teknol. Has. Peternak., vol. 4, no. 3, pp. 386–389, 2016, doi: https://doi.org/10.29244/jipthp.
4.3.386-389.

22. S. Mousavian-Roshanzamir and A. Makhdoumi-Kakhki, “The inhibitory effects of static
magnetic field on Escherichia coli from two different sources at Short exposure time,” Reports
Biochem. Mol. Biol., vol. 5, no. 2, pp. 112–116, 2017.

23. L. W. E. Tessaro, N. J. Murugan, and M. A. Persinger, “Bacterial growth rates are influenced
by cellular characteristics of individual species when immersed in electromagnetic fields,”
Microbiol. Res., vol. 172, pp. 26–33, 2015, doi: https://doi.org/10.1016/j.micres.2014.12.008.

24. M. A. Quiñones-Peña, G. Tavizon, J. L. Puente, C. Martínez-Anaya, U. Hernández-Chiñas,
and C. A. Eslava, “Effects of static magnetic fields on the enteropathogenic Escherichia coli,”
Bioelectromagnetics, vol. 38, no. 7, pp. 570–578, Oct. 2017, doi: https://doi.org/10.1002/
bem.22077.

25. E. Bayir, E. Bilgi, A. Sendemir-Ürkmez, and E. E. Hameş-Kocabaş, “The effects of different
intensities, frequencies and exposure times of extremely low-frequency electromagnetic fields
on the growth of Staphylococcus aureus and Escherichia coli O157:H7,” Electromagn. Biol.
Med., vol. 34, no. 1, pp. 14–18, Mar. 2015, doi: https://doi.org/10.3109/15368378.2013.
853671.

26. Sudarti, B. Supriadi, Subiki, A. Harijanto, Nurhasanah, and Z. R. Ridlo, “A potency of ELF
magnetic field utilization to the process of milkfish preservation (chanos chanos),” J. Phys.
Conf. Ser., vol. 1465, no. 1, 2020, doi: https://doi.org/10.1088/1742-6596/1465/1/012005.

27. S. J. Kim et al., “Extremely low-frequency electromagnetic field exposure enhances inflam-
matory response and inhibits effect of antioxidant in RAW 264.7 cells,” Bioelectromagnetics,
vol. 38, no. 5, pp. 374–385, Jul. 2017, doi: https://doi.org/10.1002/bem.22049.

28. M. W. G. D. M. de Groot, M. D. M. Kock, and R. H. S. Westerink, “Assessment of the
neurotoxic potential of exposure to 50Hz extremely low frequency electromagnetic fields
(ELF-EMF) in naïve and chemically stressed PC12 cells.,” Neurotoxicology, vol. 44, pp. 358–
364, Sep. 2014, doi: https://doi.org/10.1016/j.neuro.2014.07.009.

29. L. Su, A. Yimaer, X. Wei, Z. Xu, and G. Chen, “The effects of 50 Hz magnetic field exposure
on DNA damage and cellular functions in various neurogenic cells,” J. Radiat. Res., vol. 58,
no. 4, pp. 488–500, 2017, doi: https://doi.org/10.1093/jrr/rrx012.

https://doi.org/10.29244/jipthp.4.3.386-389
https://doi.org/10.1016/j.micres.2014.12.008
https://doi.org/10.1002/bem.22077
https://doi.org/10.3109/15368378.2013.853671
https://doi.org/10.1088/1742-6596/1465/1/012005
https://doi.org/10.1002/bem.22049
https://doi.org/10.1016/j.neuro.2014.07.009
https://doi.org/10.1093/jrr/rrx012


112 Sudarti et al.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	Resistance of Broiler Meat Through Exposure to Extremely Low-Frequency Magnetic Fields of 700 µT and 900 µT Intensities and Safety Risks to Health
	1 Introduction
	2 Method
	3 Results and Discussion
	3.1 Change in the pH of Chicken Meat Due to Exposure to ELF Magnetic Fields of 700 µT and 900 µT
	3.2 Modifications in the Density of Chook Meat by Using Publicity to the ELF Magnetic Area
	3.3 Changes in the Physical Condition of Chicken Meat by Exposure to ELF Magnetic Fields
	3.4 Food Safety Risk to Health by Exposure to ELF Magnetic Fields

	4 Conclusion
	References




