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Abstract

Extremely Low Frequency Magnetic Field (ELF-MF) is non-ionizing and non-termal radiation. The previous research result was
proven that prevalence death of Salmonella typhimurium in the fisiology liquid that has positive correlation with exposure
intensity, but without exposure duration. The exposure of ELF 646.7 uT magnetic field during 30 minutes gives higher
Salmonella death impact rather than 60 minutes and 90 minutes exposure. The objective of this research was to determine dose
effectiveness of ELF magnetic field exposure in Gado-Gado fresh food as sterilization alternative method from Salmonella
typhimurium. The sample in this research was Gado-Gado (containing of seasoning and vegetables) which was gotten from the
street vendors around Jember University campus. The dose of ELF magnetic field exposure that be tested was on 646.7uT with
exposure during 30 minutes. The dose effectiveness of Extremely Low Frequency (ELF) magnetic field with 646.7uT intensity
during 30 minutes was proven can decrease Salmonella typhimurium population in Gado-Gado by inhibition effectiveness was
shown by the destruction percentage in Gado-Gado seasoning was 56% and in Gado-Gado vegetables was 17 %. According to
the result of this research, it could be concluded that ELF magnetic field radiation has potency as the sterilization alternative
method of fresh food which was cheap and safe from Salmonella typhimurium.
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1. Introduction

Infectious diseases problem, especially typhoid fever still becomes a global health problem for community of the
world. Indonesia is one of the typhoid endemic regions with the majority of incidence occurred in the age group 3-19
years approximately 91% of cases (Lesser & Samuel, 2005; Brusch, 2010; IDAI, 2008). This disease is caused by
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Salmonella typhimurium bacteria in the body. Salmonella typhimurium transmission mainly occurs through
contaminated food or drink. Based on the Indonesian National Standard (SNI), the prevalence of Salmonella
typhimurium is not allowed in foodstuffs, which means that the test result should show negative value.

Generally, the method done to leave some biological contaminants out including bacteria in foods or beverages is
through either radiation of gamma or beta rays. Remaining of the radiation ingredients contained in food or drink
would affect biological way in our bodies, which is likely to cause mutation in cells and cause of cancer in the body.
While pasteurization process often has an impact on texture change and food taste. Therefore we need a method that
is effective, cheap, easy, and safe for the body, and does not change the texture and flavor of food to avoid
Salmonella typhimurium contamination. Extremely Low Frequency (ELF) magnetic field radiation is a non-ionizing
radiation that is easy and inexpensive to obtain and safe for health, at certain dose it can kill cell or bacteria.

The results of previous study, prove that the exposure of ELF 646.7 uT magnetic field during 30 minutes gives
higher Salmonella death impact rather than 60 minutes and 90 minutes exposure (Sudarti, 2014). Thus, the objective
of this research was to determine the exposure dose of ELF 646.7 T magnetic field during 30 minutes give an
effective effect in killing Salmonella typhimurium in Gado-Gado.

2. Methods
2.1. Research Design

This research was done on Gado-Gado sample which was gotten from the stree vendors around Jember
University campus divided into two groups, namely control group (K), experimental group exposed (ELF) magnetic
field with 646.7uT intensity during 30 minutes.

2.2. Tools and Ingredients

The tools used in this research included Magnetic Field Sources, microscopes, incubators, autoclaves, pH-meters,
and a set of glass tools. The main ingredient used was Gado-Gado seasoning. The solvent used was distilled water.
The bacteria culture test used was Salmonella typhimurium. The media used was trypticase soy broth (TSB) dan
salmonella chromogenic agar (SCA). Other ingredient used in this research was like NaCl and safranin.

2.3. Experiment Design

The design of the study was the Control Group Design. The sample of this research was Gado-Gado ingredients
consisting of seasoning and vegetables gotten from the street vendors around Jember University campus.

3. Result and Discussion

The intensity of magnetic field used in this research is to kill Salmonella typhimurium pathogen microbe
contained in Gado-Gado ingredients. ELF magnetic field exposure intensity produced by ELF Magnetic Sources
tool in FKIP Advanced Physics Laboratory, Jember University, by arranging the electrical current at the tool as
presented in Table 1.

Table 1 ELF-MF intensity for Salmonella typhimurium destruction

Electrical current Magpnetic field intensity (uUT)

(Ampere)
500 409.7
700 536.3

900 646.7
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The prevalence analysis of S. typhimurium in the Gado-Gado was based on the death percentage of Salmonella
typhimurium calculated based on bacteriological analytical mannual calculation (BAM, 2001), determining the size
of bacteria cell (Pelczar and Chan, 1986; Fardiaz, 1989) and acid degree (Dufour et al., 2002).

The prevalence of S. typhimurium in Gado-Gado of the control group. Gado-Gado sampel (seasoning and
vegetables) was gotten from the street vendors around Jember University campus. The sample gotten was calculated
the first exposure Salmonella sp. population either in the seasoning or in the vegetables of Gado-Gado. The
calculation was done on serial dilution of 100 dan 101. The presence of Salmonella sp bacteria on fertilization by
using Salmonella chromogenic agar media showed by purple or magenta colonies, as shown in Picture 2 for sample
of Gado-Gado ingredients and Picture 3 for sample of Gado-Gado seasoning.

Figure 1. Sampel of Gado-gado (seasoning and vegetables).

The calculation showed that the Gado-Gado samples either the sauce and the ingredients contained of Salmonella
sp. bacteria was 2 log cfu/ml (more than 100 colonies per ml) at the ingredients of Gado-Gado was 1 log cfu/ml
(approximately 10 colonies per ml). The population was not suitable with Indonesia National Standard (SNI 1992
dan SNI No 01. 6242. 2000) for drinking water and ready consumption food (ready to eat/RTE) that the presence of
Salmonella sp bacteria should be zero (hone) in the ready consumption food.

The population of Salmonella sp. bacteria was quite high in the Gado-Gado vegetables ingredient because there
were food variety such as egg, cabbage, bean sprouts, lontong, potatoes, cucumber, tofu, etc. which majority of
those consist of row ingredients and commonly were at room temperature in a long time. Eggs are the largest
opportunities to be contaminated by Salmonella sp. bacteria. Lavigne and Blanc-Potard (2008) reported that the eggs
are often contaminated by Salmonella enterica serovar typhimurium. Besides, it was also very possible to be
occurred the cross-contamination of fresh food contaminated by Salmonella bacteria and coliform or equipment and
presentation by the seller.

Vegetables ingredient sample of Gado-Gado of each cup containing 100g of the group exposed to ELF magnetic
fields 646,7uT intensity for 30 minutes and the control group was not exposed to vegetable ingredient that ELF
magnetic field.

Seasoning sample of Gado-Gado in the cup containing of a group 100g exposed by ELF magnetic field with
646.7uT intensity during 30 minutes and the control group was not exposed by ELF magnetic field.
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Figure 2. Salmonella sp. population on Gado-Gado vegetables before (top) and after (bottom) exposed by ELF magnetic field.

Figure 3. Salmonella sp. population in Gado-Gado seasoning before (top) and after (bottom) exposed by ELF magnetic field.

The research result showed that there was reduction of Salmonella sp bacteria population in Gado-Gado
seasoning exposed by ELF magnetic field with 646.7uT intensity during 30 minutes. The biggest destruction
percentage occurred in Gado-Gado seasoning that was 56% compared to Gado-Gado vegetables (17%). It occurred
because on Gado-Gado ingredients was solid form and in Gado-Gado seasoning was liquid form. Beside that Gado-
Gado ingredients contained of protein such as in eggs. Foodstuff containing protein was the strong component
protector for bacteria cell to heat treatment as well as physical and mechanical. Gurtler et al. (2010) reported that
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Salmonella sp protected by cryoprotectant compounds such as protein and fat will have a better resistance to
physical and mechanical treatments.

o T 220 A . B
E T T 56,65
2 L 5 g 60 I
o o 1‘1' - T J_

- e
;:_[‘ - £ 50

S 15 Ex
&1 1.24 2 40
5 * £d

g 1 & 30
= 0.54 = 20 Wge

:é 0.3 I g

2 Ur = 10
= A

¢ o 0

Before ELF After ELF Gado-gado vegetables Gado-gado Seasoning

Figure 4. (a) Salmonella sp. population after and before ELF treatment with 646.7uT intensity during 30 minutes: on vegetables and seasoning of
Gado-Gado (b) fig. 5 Salmonella sp. destruction percentage after ELF treatment with 646.7uT intensity during 30 minutes

Consumption of food contaminated by Salmonella bacteria could increase the frequency of tropical diseases such
as typhus. Indahwati and Jusmaldi (2010) reported that the highest frequency of tropical diseases occurrence caused
by typhus by Salmonella Typhi (20.73%) compared to tropical tuberculosis disease (1.37%).

4. Conclusion

The dose effectiveness of Extremely Low Frequency (ELF) magnetic field with 646.7uT intensity during 30
minutes was proven can decrease Salmonella typhimurium population on Gado-Gado fresh food by inhibition
effectiveness was shown by the destruction percentage in Gado-Gado seasoning was 56% compared to the
destruction percentage on Gado-Gado vegetables was 17 %. According to the result of this research, it could be
concluded that ELF magnetic field radiation has potency as the sterilization alternative method of fresh food which
was cheap and safe from Salmonela typhimurium.

Acknowledgements

The authors say thank you to the General Director of DP2M DIKTI that has defrayed the research through
Fundamental Research in 2013/2014 for the opportunity given to us

References

Brusch, J.L., 2010, Typhoid Fever. http://emedicine.medscape.com/article/231135-overview.

Duun, J., Clark, R.W., Asmus, J.F., Peariman, J.S., Boyer, K., Pairchaud, F., Hofmann, G.A., 1991. Methods for Preservation of Foodstuffs.
Maxwell Laboratories Inc. USA.

Estiasih. T., Ahmadi, K., 2011. Teknologi Pengolahan Pangan. Bumi Aksara, Jakarta

Fardiaz, S., 1989. Penuntun Praktikum Mikrobiologi Pangan. PAU Institut Pertanian Bogor. Bogor

Gurtler, J.B., Rivera, R.B., Zhang, H.Q., Geveke, D.J., 2010. Selection of surrogate bacteria in place of E. coli O157:H7 and Salmonella
typhimurium for pulsed electric field treatment of orange juice. International Journal of Food Microbiology 139, 1-8

Indahwati, Jusmaldi. (2010). Studi kasus frekuensi kejadian penyakit tropis dan penyebaran kelompok resikonya berdasarkan hasil pemeriksaan
sampel laboratorium di Rumah Sakit Islam Samarinda. Jurnal Bioprospek 7(1)

Lavigne, J.P., Blanc-Potard, A.B., 2008. Molecular evolution of Salmonella enterica serovar typhimurium and pathogenic Escherichia coli: From
pathogenesis to therapeutics. Infection, Genetics and Evolution 8, 217-226.

Lesser, C.F., Samuel, .M., 2005. Salmonellosis. Harrison’s Principles of Internal Medicine (16th ed). McGraw-Hill Professional. USA.

Pelczar, M.J., Chan, E.C.S., 1986. Dasar-Dasar Mikroboilogi, Terjemahan Ratna SH dkk. Penerbit Universitas Indonesia. Jakarta



322 Sudarti / Agriculture and Agricultural Science Procedia 9 (2016) 317 — 322

Sari, E.K.N., Susilo, B., Sumarlan, S.H., 2012. Proses pengawetan sari buah apel (Mallus sylvestris Mill) secara non-termal berbasis teknologi
oscillating magneting field (OMF). Jurnal Teknologi Pertanian 13(2), 78-87.

Sudarti, 2007. The Mechanism of Increasing Apoptosis Germinal Cell on Bulb/C Mice Exposed Extremely Low Frequency Magnetic Field 100 -
150 uT, Saintifika 8(1), 36 — 44.

Sudarti, 2014. Prevalence of Salmonela typhimurium on Gado-Gado seasoning by Treatment of Extremely Low Frequency Magnetic Fields.
Prosiding Seminar Nasional “Nutrisi, Keamanan Pangan dan Produk Halal” 26 April 2014. Fakultas MIPA UNS. Surakarta.



