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ABSTRACT

Exposure of aflatoxin-producing cultures A$pergillus flavus to different
pulsed electric field (PEF), reduced B1 and G1 rtoproduction. In recently
inoculated cultures, continuous as well as 12 kposure, every two days, to 50 Hz
PEF resulted in the highest toxin decrease. Expostifour-day old cultures to 0.50
and 50 Hz., as a daily treatment for 0.5-24 hruced production by 75.53 and
82.75%, respectively. Increasing PEF from 100 t0 K& caused slight decrease in
production, through the remarkable increase at lB20 The highest amounts of
aflatoxins B1 and G1 were associated with apply&d~ strengths of 500 and 400
Hz., respectively. The multiple exposure at defgrPEF ranging from 800 to 500 Hz
decreased production by 99.0% maximum. It is wtotinote that the B1 aflatoxin
was undetectable at different combined PEF strengtultiple exposure of yellow
corn grains over 21 days to a combined treatmehtoed the amount of aflatoxin, in
either non-inoculated or in grains inoculated wikhflavus, compared to the check.
Negligible changes were observed in protein andatgrdrates contents of the treated
grains.
Key words: A. flavus, aflatoxins, electric waves, stored corn grains.

INTRODUCTION

Corn (ea maize L.) is one of the most important grain crops aleiothe
world. It is used mainly for animal feeding, poultwealth and human consumption in
some growing countries. Moreover, there are a melstrial uses of corn such as the
industrial corn products for clean environment @eigradable packing peanuts,
biodegradable tray and eating utensils, bunniepedjaclam shell, and daily home
uses. (U.S. Feed Grains Council, 19%4@sseltine (1965)Shotwell et al. (1980)and
Sauer and Tuite (1986)detected aflatoxins on some agricultural commoaslitie.
rice, wheat, corn, soybean and sorghum. Wheidasry et al. (1981)found three
mycotoxins (aflatoxin, zearalenone and T-2 toxim}he stored grain samples during
feeding of grain after storag€ohri et al. (1995)studied the occurrence of aflatoxins
and mould flora in 60 different maize snack samjpleBgypt and found that all this
samples were contaminated with aflatoxins B1, B2, &d G2 at concentration
ranging from 50 to 10Qug/kg. While, Davis et al. (1966) and Diener and Davis
(1986)andAbramson and Clear (1996)detected production of aflatoxing Bnd G
by Aspergillus flavus in semi-synthetic medium and considered tepergillus flavus
andA. parasiticus could be as aflatoxin producers onfiisa et al. (1996b)noted that
grade three of corn grains showed the highest ataairboth B (986 ug/kg) and B
(219 pg/kg) followed by grade five 237 pg/kg ofto@®; and B, respectively. While,
the least amount of bothyBind B, were shown in grade one (32.9 and 5.48 pg/kg).
Saubois et al. (1998) analyzed 37 corn samples collected from Argentmal



detected aflatoxins in 10.8% of the samples anddwels of contamination were in
the range of 20.0 to 5@g/kg. Thompson and Henke (2000ktudied the effects of
maize grain storage containers on aflatoxin pradaocand determined that aflatoxin
was produced regardless of type of storage contaiimee of storage and climatic
condition.

Several investigators indicated that it may be ipesg0 use pulsed electric
field (PEF) in future applications in order to puoe safe product@/Vouters et al.,
1999) As for, using PEF as a new effective technique pathogenic fungi is
considered a new trend for controlling myco-orgarsisLacking of literatures in this
field, pushed us to use the available literaturebacteria and other micro-organisms
in order to support our studlpunn (1996)discussed two new technologies for use in
the food industry, the first method uses intendseof light. This pulsed light (pure
Bright) process uses short duration flashes of dspectrum (white) light to kill all
exposed microorganisms, including vegetative bactenicrobial and fungal spores,
viruses, and protozoan oocysts. The intensity chdéash of light is about 20000
times the intensity of sunlight at the earth’s aod. The second method discussed
uses multiple short duration, high intensity eliecfield pulses to kill vegetative
microorganisms in pumpable products. This pulsezttat field (or cool pure)
process can be applied at modest temperatures iah wio appreciable thermal
damage occurs and the original taste, color, textamd functionality of products can
be retainedGrahi and Mark (1996) indicated to the lethal effects of pulsed electric
fields (PEF) on suspensions of various bacteriastyand spores in buffer solutions
and liquid foodstuffs. Living-cell counts of vegetve cell types were reduced by PEF
treatment by up to more than four orders of magieit{»99.99%). On the other hand,
endo- and ascospores were not inactivated or Kitlexhy great extent. The killing of
vegetative cell types depends on the electricadl fi@rength of the pulses on the
treatment time (the product of the pulse number deday time constant of the
pulses). In addition, they studied also the inatidn of microorganisms, the effect of
PEF on food components such as whey proteins, eezynd vitamins, and on the
taste of foodstuffs. The degree of destructionhese food components by PEF was
very low or negligible. Hence, PEF treatment isedbent process for inactivation of
microorganisms in acid and in thermosensive mediat not for complete
disintegration of microbial cell&ekez et al. (1996)reported that the proposed model
assumes that the criteria leading to the lethalakitewn of microorganisms
suspended in a continuous medium depend on twonedeas: (a) the applied electric
field must exceed the critical field of membranecteate holes and (b) the Joule
energy (deposited in the membrane) must exceedihienum value beyond which
the cell can not recover. The first parameter atet$ (reversible) breakdown and
second one, the completion of the (irreversiblegtical breakdown leading to death
of the cell. Calderon et al. (1999) reported that pulsed electric field (PEF) is a
nonthermal preservation method used to inactivateaorganisms mainly in liquid
foods. PEF is known to inactivate microorganismséysing dielectric breakdown of
the cell membrane, thus altering the functionaditthe membrane as semi-permeable
barrier. The extent of damage of the cell membraresther visible in the form of
pore or as loss of membrane functionality leadsthe inactivation of the
microorganismsEvrendilek et al. (1999) studied the effect of high voltage pulsed
electric field (PEF) treatment discherichia coli in apple juice. PEF is a promising
technology for the inactivation &. coli in apple juiceJeantetet al. (1999)reported
that high intensity electric field have been sustdly applied to the destruction of
Salmonella enteritidis in diaultrafiltered egg whiteleyamkondanet al. (1999)found
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that use of pulsed electric fields (PEFs) for inatton of microorganisms is one of
the more promising non-thermal processing methlm@tivation of microorganisms
exposed to high-voltage PEFs is related to thetrele@chanical instability of the cell
membrane. Electric field strength and treatmenttheetwo most important factors
involved in PERWouters et al. (1999)studied the effect of pulsed electric field (PEF)
treatment and processing factors on the inactimatioetics ofListeria innocua by
using a pilot plant (PEF) unit with a flow rate200 L./hr. The electric field strength,
pulse length, number of pulses, and inlet tempezatvere the most significant
process factors influencing the inactivation kiogtRamstedet al. (2000)recorded
the effect of 50 Hz sinusoidal electric currentsl anagnetic field on the Gram
positive skin bacteriumPropionibacterium acnes. Magnetic field generated by
Helmholtz Coils for up to 30 min. changed in (Calrrent densities greater than 800
A/m (2) were required for a reduction in pH. Howewe pH gradient across the cell
membrane (inside alkaline) was maintained even vexgosure resulted in less than
0.2% survival thus, dissipation of the pH gradientoss the cell membrane and
changes in [Ca (2+)] were not a consequence ofiraditivation by 50 Hz electric
currents.

This study aimed to indicate that it may be possibluse pulsed electric field
(PEF) in future applications as a promising tecbgglfor destroying aflatoxins and
other mycotoxins produced in stored grains in otdgroduce safe products and to
minimize using fungicides in this field.

MATERIALS AND METHODS

I- Use of electric waves 10 MHz Amplitude modulatedn vitro:
Mode of action

Electric charge produced electric fields aroundAtso, electric currents
produce magnetic fields. The direction of the maigrfeeld around a wire carrying an
electric current is perpendicular to the directafnthe current. Since the magnetic
field produced by a current depends on the diradiiod the value of the current, the
passage of an alternating current in a wire wiiduce an alternating magnetic field.
On the other hand, an alternating current in a wille produce alternating electric
field. Both magnetic and electric fields generdbgdhe current are perpendicular on
each other and on the direction of the current.t» other hand, we can say a
changing electric field will produce a magnetiddiand changing magnetic field will
produce an electric field we can imagine a selpptrating disturbance of electric
and magnetic fields will be produced. Action of meatc field causes either an
intensified growth of living organisms or a slowwdo of their growth or even death.
The actual response of living organisms dependthermagnetic field strength and
on the characteristic of the living organisms sitioee immemorial. There are two
possible modes for ELF magnetic fields to intesaith biological systems: induced
electric fields that are produced in accord to &ayss Law of induction and the direct
effects of the magnetic field on the magnetic gt and crystals that are present in
the organisms. There are a number of possibleaiction mechanisms including
resonance effects have been proposed. The indugednt loops in biological
systems resulting from exposures to time varyinggmeéic fields can involve
electrochemical processes in the tissue that inflaecellular functions. Moreover,
these ELF (electric field) and current circulatiimgo the extracellualr medium can
alter ion binding to membrane macromolecules, @rlte iontransport across the
membrane and modify legend receptor interactioriseatell membrane surfaced.
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the binding of hormones, mitogeresg.). These changes in membrane properties will
lead to changes in the ion transport mechanismhande affect cellular growth state.
There are several resonance models that involvadten of external ELF (magnetic
field) with the ionic motion and transport througiological membranes. Several
studies have been conducted to detect changesAndyhthesis and cell proliferation
in cell exposed to magnetic fields. It was foundvation in DNA synthesis in the
cultured cells. This increase was independent ef darrent density produced by
magnetic field in the cell culture mediupli, 1998).

YES medium (yeast extract sucrose) was used taipsodflatoxins Band G
by A. flavus, as described bfpark and Bullerman (1981). Each 25 ml YES broth
medium was transferred to 100 ml Erlenmeyer flaakgyclaved at 121°C for 15 min,
inoculated with 0.5 ml spore suspensionfofilavus (10 spore/ml). The inoculated
flasks withA. flavus were exposed as follows:

1- For 1 hr after 4 days from inoculation with A. flavus:

The inoculated flasks were incubated for 4 daysofgefexposing to wave
generator (GA-1230, 30 MHz synthesised ARBitardapan), at Faculty of Science,
Biophysics Dept., Cairo Univ, Giza, Egypt underenvision ofProf. Dr. Fadel M.

Ali, for 1 hr at different exposure doses as follows, 0, 2, 4, 6, 8, 10, 12, 14, 16, 18,
20, 30, 40 and 50 Hz. Then, the flasks were in@d&dr 10 days.

Aflatoxins were extracted from the broth with cldform, according t®avis
et al. (1966).Aflatoxin B; and aflatoxin Glevels were determined by comparing the
unknown samples to quantitative standards on #yetlchromatography (TLC). The
aflatoxins B and G production was compared with the control resuitsl @he
reduction rates due to the use of electric wavase Ween calculated as follows.

Reduction%=
Concentrabn of aflatoxinin control- concentrabn of aflatoxinin exposedlask 9

Concentréon of aflatoxinin contro

100

2- Use of 50 Hz wave after 1 hr from inoculation vih A. flavus and for

different period exposed.

YES flasks (25 ml/each) are inoculated with 0.5afn& spore suspension Af
flavus, incubated for 1-hr and then exposed to electrizesaat rate 50 Hz for
different exposure time (i. e. 0.5, 1.0, 3.0, 4.B,and 24 hrs) every 2 days during 14
days incubation. Aflatoxins were extracted as noerdd before. The reduction in
aflatoxins B and G production as compared with control flasks werkewdated as
previously determined.

3- Different electric waves (Hz) for 2 hrs.

The same previous technique was done till inocutawith A. flavus spores
then, incubated for 1-hr and exposed to electricesat rates 100, 200, 300, 400 and
500 Hz for 2 hrs only.

4- Different electric waves at different exposure griods for 21 days

The same previous technique was done till inocutawith A. flavus spores
then, incubated for 1-hr and exposed daily to eleetaves at rates 600, 700 and 800,
Hz for 2 hrs, 700+ 800 Hz for 4 hrs (2 then 2 laspectively), 600+700+ 800 Hz for
6 hrs (2, 2 then 2 hrs respectively) and 500+600+800 Hz for 8 hrs (2, 2, 2 then 2
hrs respectively) for 21 days continuos incubaperiod.

5- Electric wave 700 Hz:

In this experiment, the flasks were exposed daily3fdays to electric wave at

700 Hz directly before inoculation with flavus spores for 4 and 6 hrs exposure time.



Then the flasks were inoculated with flavus and incubated for 21 days at 25°C.
Aflatoxins were extracted as mentioned before.
[I- Use of electric waves 10 MHz Amplitude modulatd in vivo

Imported corn grain samples (grade 2) were scrdttlyeshaking with sand
for 1 min Eisaet al. 19969, disinfested by immersing in 5% sodium hypoché&for
2 min, washed thoroughly with sterilized water ahigéd in hot-air oven at 44°C for
42 hrs Osman (1982) The moisture content of grains was adjusted t&o 255
described byisaet al., (1996a),divided into two groups, the first inoculated wah
flavus (aflatoxin producer isolatébou-El-Ella, 2002 at rate 3000-3500 spore/g
grains Eisa et al. 19969, comparing with control grains (un-inoculatedhdathen
exposed to electric waves (800+700+ 600+500 HzRfbrs of each wave every day
for 21 days continously. The second group at sameéstore content was leaved
without inoculation and exposed to the same eleetdves for 2 hrs of each wave
every day for 21 days continously. The control timeant of this group is un-exposed
grains. Aflatoxins (B, B,, G; and G) were determined according #®.0.A.C.
(1990), 100-grams of imported corn grain samples were lyamized in 200 ml
methanol: water solution, (8 : 2) in blender athhgpeed for 3 min. The samples were
filtered by using filter paper No. 1 then, cleanssihg 50 ml of clean up solution (150
g zinc sulphate + 50 g phosphotungestic acid thiesotved in 1000 ml distilled
water) and filtered again by using filter paper MoAbout 75-ml of collected filtrate
were put in separating funnel containing 15-ml leerez then shaked for 5 min. The
upper layer was collected in a glass beaker anpogaged till dryness under steam of
nitrogen.

Samples and standard aflatoxins,(B,, G and G), (Sigma, USA) were
spotted on thin layer chromatography (TLC) platediffierent concentrations: 2, 5, 7
and 10 pl, the spotted samples on TLC plates wieiteckin eluting jar (contained,
diethyl ether-methanol-water 96:3:1, respectivelgy running. The running of
samples were stopped when elution solvent readhedend line then TLC plates
dried and examined under ultraviolet detector (UMyelength 365 nm.

Mycotoxin pg/kg samples = (Sx Y x V) / (X X W)

Where: S = ul mycotoxin std. equal to unknown

Y = concentration of std. mycotoxins (aflatoxingy/ml

V= ul of final dilution of sample

X = ul sample extraction spotted giving flouresceménsity equal to S (mycotoxins
such as aflatoxins)

W = weight of sample (100 g).

The reduction percentages were calculated as nmextibefore.

[lI- Chemical determinations in exposed grains to kectric waves 10 MHz

Amplitude modulated:
a- Determination of total protein:

Protein was determined by Kjeldahl method accordm@.O.A.C (1990)
One gram from each sample of grains was digested asmixture of concentrated
sulphuric acid and hydrogen peroxide (40%) Fivengramixture composed of
potassium sulphate and selenium (in proportion9& rams + 1 gram, respectively)
was used as a catalyst. Digestion was carriedoowtS min. Cooling the samples and
added 75 ml sodium hydroxide (NaOH) solution 10st¢éam distillation and titrated
by sulphuric acid (1%). The resulted volume of bulfic acid required titration was
multiplied by a factor (1.99) which gives the pemage of crude proteiAOAC
(1990)



b- Determination of total carbohydrates:

Carbohydrate was determined using the phenol-sulphacid method
described bybubois et al. (1956) Simple sugars, oligosaccharides, polysaccharides,
and their derivatives, including the methyl etheith free or potentially free reducing
group, give an orange-yellow colour when treatethwhenol and concentrated
sulphuric acid. The reaction is, sensitive and gpis stable.

A known weight of sample (20 mg) was mixed withriDof 1.0 N-sulphuric
acid in a tube, sealed and placed in an oven &CLify 16 hours.

One ml hydrolyzed solution which taken from 100 myHrolyzed sample in
distilled water, 1 ml of 5% phenol in water and 5 aficoncentrated sulphuric acid
were pipetted into test tube. The tubes were altbtwestand for 10 min, then shaked.
The resulted colour is stable for several hourse Tighly absorbency value of the
characteristic yellow-orange colour was measurdaricoetrically at a wavelength of
490 nm. The amount of carbohydrate was determiryedsing a standard curve for
glucose, which prepared. Fifty mg of anhydrous ghecwas dissolved in distilled
water, completed to 100 ml. In measured flask. #eseof dilutions were carried out.
The colorimetric method of the phenol sulphuricdaeias followed. The absorbance
was plotted against the corresponding concentratidhe sugar to obtain a standard
curve. The percentage of carbohydrate in a paaicdmple was calculated according
to the following formula:

Readout of Sx concentrabn of st N

% of Carbohydrates = 100
wt. of Sx Reacoutof thesi

where:
S = the sample st = the standard wt = weightnfgja

RESULTS
I- Effect of electric waves 10 MHz Amplitude modul&ed in vitro on the aflatoxins
production in YES media inoculated withA. flavus:
1- One hr and after 4 days from inoculation withA. flavus:

The obtained data ihable (1) indicate that there was a remarkable reduction
percentages in aflatoxin (BG;) production as a result for exposify flavus
(aflatoxin producer isolate) to different electrigaves. Where, the reduction
percentage in aflatoxins (BG1) was gradually increased after exposing the fungus
doses started from 0.5-50Hz. The highest redugi@nrentage in aflatoxins (BG)
was recorded with 50Hz while the least reductiorc@etage was recorded with 0.5
and 1.0 Hz.

Table (1): Effect of electric waves 10 MHz Amplitude modulatedin vitro on the
aflatoxins production in YES media inoculated withA. flavus

*Exposure Dose | Aflatoxin production pug/ml C o
(H2) B, G, Total B, + G, Reduction %
0.5 16.04 15.16 31.20 1.01
1.0 16.00 15.20 31.20 1.01
2.0 16.40 14.40 30.80 2.28
4.0 15.60 14.60 30.20 4.18
6.0 14.80 15.20 30.00 4.80
8.0 14.80 15.60 30.40 3.55
10.0 14.40 15.20 29.60 6.09
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12.0 14.00 14.80 28.80 8.63
14.0 13.60 15.04 28.64 9.14
16.0 14.60 13.96 28.56 9.39
18.0 13.60 14.80 28.40 9.90
20.0 13.20 14.84 28.04 11.00
30.0 12.40 14.80 27.20 13.70
40.0 12.00 13.20 25.20 20.00
50.0 10.00 12.00 22.00 30.20
Control 15.97 15.55 31.52

* Inoculated flasks were incubated for 4 days befexposing to electric waves for 1 hr.

2- Different exposing periods:

Results inTable (2) revealed that increasing exposure periods fron24%:hrs
increased gradually the reduction percentage ial @flatoxin (B+G;) production
compared with control. The highest reduction petages were 73.8, 71.4, 70.7, 69.7,
and 68.68%, after exposing the inoculated media2for 12, 4, 3 and 2 hrs for
continuos 14 days respectively. Meanwhile, exposiogulated media for %2 hr gave
the least reduction percentage in aflatoxins probdnat the same conditions.

3- Effect of different electric waves (Hz):

Results inTables (3) showed that exposing the inoculating mediuitin .
flavus to different electric waves started from 100-50@ Hecreased the total
aflatoxin amounts (B&G3i) than un-exposed ones (control). Moreover, théédsg
reduction percentages in aflatoxins production mai different exposure doses was
37.2% at both 100 and 200Hz whereas the least tiedugercentage were 5.9 and
19.9% at 400 and 500Hz respectively. It was notited the last doses increased to
somewhat the amount ofiG

Table (2): Effect of 50 Hz electric wave (for diffeent periods after 1 hr post inoculation
YES medium with A. flavus) on the aflatoxin production (B, and G,).

;j’i‘gg?ﬁg I,:11‘IatOX|ns p(r:ductlon ppgoltg:l Reduction %

B, +G

Y% 7.45 5.71 13.21 56.68

1 6.25 5.00 11.25 63.10

4.05 5.50 9.55 68.68

3 3.00 6.25 9.25 69.70

4 2.88 6.04 8.92 70.70

12 4.80 3.92 8.72 71.40

24 3.92 4.40 8.80 73.80
Control 155 15.00 30.50

*Exposure to electric waves was done by exposiagrtbculating medium seven times every two days for
14 days continuos. ( for different periods aftér post inoculation YES medium with flavus)

Table (3): Effect of different electric wave dose@Hz) on aflatoxin production (B; & G1)

Aflatoxin production ppg/mi
Total Reduction %
B, + G,

Exposure

Exposure dose (Hz) time (hr) B, ‘ G ‘




100 2 40.0 40 80.0 37.25

200 2 24.0 56 80.0 37.25

300 2 24.0 64 88.0 30.98

400 2 40.0 80 120.0 5.90

500 2 42.0 60 102.0 19.90
Control 52.5 75 127.5

*Exposure to different electric waves was done Xposing the inoculating medium with flavus one time
for 2 hrs only.

4- Effect of different electric waves (Hz) under diy exposure condition.

The obtained data ifable (4) revealed that the reduction percentages in
aflatoxins production was greatly high as a redaltt exposing the inoculating
medium withA flavus to daily exposure with electric waves at dosegiram from
600-800 Hz (alone or in combination) for 21dayse Tighest reduction percentages
were 99.0, 98.0 and 95.1% at the combined electsiave doses i.e.,
(800+700+600+500Hz), (800+700+600Hz) and (800+7Q0Hzespectively.
Meanwhile, aflatoxin B could not be detected at the same aforementiooethined
electric wave doses. On the other hand, expogiagirtoculated medium witi.
flavus for 21 days continuous to individual doses of gleovaves (600, 700 and
800Hz), resulted in also high reduction percentagexflatoxins production. Where,
the reductions were 60.4, 68.3 and 72.5% respdygtibat lesser than the combined
doses of electric waves at the same incubatiorogeH is clear also that increasing

exposure time from 2-8 hrs increased gradually rdduction percentages in total
aflatoxin production

Table (4): Effect of electric wave (different waveHz) on aflatoxin production (B, and
G1) (YES) inoculated with A. flavus exposed after 1 hr post inoculation
(different period) and incubated for 21 days at 25C.

exposure doss (| Exposure (A1 ORISR Reduction
B, + G,
600 2 30.0 204 50.4 60.4
700 2 20.0 204 40.4 68.4
800 2 10.0 25.0 35.0 72.5
800+700 2+2 00.0 6.24 6.24 95.1
800+700+600 2+2+2 00.0 2.50 2.50 98.0
800+700+600+500 | 2+2+2+2 00.0 1.26 1.26 99.0
Control 52.0 75.0 127.5

5- Effect of electric wave (700 Hz) on aflatoxinsrpduction (B; and G;) in YES
medium before inoculation with A. flavus:

Data inTable (5) showed that exposing YES medium to electriwevdose

(700Hz) 6 hrs for 3 successive days before inomratvith A. flavus (aflatoxin
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producer isolate), led to whole inhibition of afiain B; and reduced the produced
amount of aflatoxin @ to lower level comparing with control (un-exposed)
Meanwhile, the reduction percentage in total akat® (B, + G;) was 94.1% as a
result for the previous treatment. Therefore, exgpthe same medium for 700Hz. 4
hrs for 3 successive days resulted in 84.1% reclugtercentage in aflatoxin (8G,)
production and reduced also the produced total amaiuaflatoxins (B&G) to low
level comparing with the control treatment. Genlgraxposing medium to 700Hz, 6
hrs was better than 4 hrs for 3 successive days.

Table (5): Effect of electric wave (700Hz) on aflaixin production (B;&G,) in YES
medium before inoculation with A. flavus.

*Exposure Aflatoxin production pg /mi Reduction %
time (days) B, G, Total B, + G,

4 hrs/3 days 4.28 16.0 20.28 84.1

6 hrs/3 days Zero 7.5 7.50 94.1
Control** 52.50 75.0 127.5

*YES medium was exposed to 700Hz for 3 successays,chen inoculated with. flavus and
incubated for 21 days at 25°C.
** Control = un-exposed medium

[I- Effect of exposing inoculated and non-inoculated ¢o grains with A. flavus to
electric wave 10 MHz Amplitude modulated on aflatoin production:

Results inTable (6) showed that the exposing the inoculating cornngraiith
A. flavus (producer isolate for aflatoxins) to different eléc waves (800 + 700 +
600+500 Hz) for 8 hrs continuously for 21 days géweeduction in aflatoxins (B
B,, G; and G) production reached 12.36% compared with conwihput exposure).
While, exposing natural infected corn grains ta&le wave (800 + 700 + 600 + 500
Hz) decreased aflatoxin productioni(BB,;, G; and G) to about 21.16% reduction
comparing with control.

Table (6): Effect of exposing inoculated and non-inoculated e¢o grains with A. flavus at
25% moisture to electric wave 10 MHz Amplitude modtated on aflatoxins
production

Aflatoxin production mg/100 g grains Total Reduction

B. | B, | G | G (%)

Exposure dose (Hz)

Inoculated with A. flavus
800 + 700 + 600 and 500 92.46 109.58 171,20 136.980.22 12.36
Control 102.74| 130.14 188.86 160.96 582,20
Without inoculation
800 + 700 + 600 and 500 27.4 60.19 126/90 125.690.18 21.16
Control 27.4 82.19| 171.23 150.68 431.50

[ll- Effect of electric waves 10 MHz amplitude moduated on total protein and
carbohydrate percentage in yellow corn grains (inadated with A. flavus).
Data inTable (7) showed that exposing yellow corn grains that itated
with A. flavus to electric waves 800 + 700 + 600 + 500 Hz forr@ &f each wave
every day for 21 days continuously, did not do ahanges in protein and
carbohydrate contents of treated corn grains comgavith control (un-exposure).
While, results showed that exposing natural inféciellow corn grains (25%
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moisture content) to electric waves 800 + 700 + 6@D0 Hz for 2 hrs of each wave
every day for 21 days continuously, did not chatingeprotein and total carbohydrate
contents of treated corn grains comparing with @nt

Table (7) Effect of electric waves 10 MHz amplitudemodulated on total protein and
carbohydrate percentages in inoculated and non-inatated yellow corn
grains with A. flavus.

Exposure dose (Hz) Crude protein (%) | Carbohydrate %6)
Inoculated with A. flavus

800 + 700 + 600 + 500 8.4 72.9
Control (1) 8.9 73.6

Without inoculation

800 + 700 + 600 + 500 8.3 73.0
Control (1) 8.6 73.0
*Control (2) 8.3 70.2

* = Analyzed corn grains at zero time just befstating the experiment.

DISCUSSION

Corn ¢Zea mays L.) is one of the most important grain crops akothe world.
A wide variety of microorganisms are present on @ngrain kernels. The kinds and
abundance of these microorganisms depend on fastars as the climate under
which the grains are produced, the conditions afagfe, and the portion of the grains
of which the products are composed. The most comspegies of storage fungi are
mostly species ohspergillus andPenicillium (Abo El-Ella, 2002)

In contrast, exposure the inoculated semi-synthetaclium (YES) withA.
flavus to electric waves (for 1 hr and after 4 days fromculation) resulted in a
remarkable reduction percentages in aflatoxipt(®). The reduction percentage in
aflatoxins (B&G1) was gradually increased after exposing the futguoses started
from 0.5-50Hz. The superior reduction percentageaffatoxins (B&G;) was
recorded with 50Hz while the least reduction petage was recorded with 0.5 and
1.0 Hz. On the other hand, exposing for differemtiqds after 1 hr post inoculation
with A. flavus using 50Hz, results revealed that increasing exgogeriods from %-4
hrs increased gradually the reduction percentagetah aflatoxin (B+G;) production
compared with control. Meanwhile, exposing inocedhinedia for %2 hr gave the least
reduction percentage in aflatoxins production atsame conditions. While, exposing
the inoculating medium witlA. flavus to different electric waves started from 100-
500 Hz decreased aflatoxins production amounts céspe the total aflatoxin
amounts (B&G;) in comparing with the un-exposed ones (contrilpreover, the
highest reduction percentages in aflatoxins pradocby using different exposure
doses was at both 100 and 200Hz whereas, thertzhsttion percentage was at 400
and 500Hz especially /G Un-published data ofAli (1998) could be used for
interpreting our findings in this respect, whererhentioned that matching between
frequency of electric field currents and frequenéyonic metabolism of cell activity
of microorganisms cause an enhancement (increases) activity which reflected in
form of increasing the toxin production. In the gatime, it will happen antagonism
between the frequency of electric field currentd &|equency of ionic metabolism in
active cells of microorganisms, which reflect byusiag inhibition in activity for
microorganisms as the production of toxins, de@éas

The obtained data revealed that the reduction p&ages in aflatoxins
production were greatly high as a result for expgghe inoculating medium witA
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flavus to daily exposure with electric waves at dosegednbetween 600-800 Hz
(alone or in combination) for 21days. The highestuction percentages were at the
combined electric wave doses i.e., (800+700+600HzD0(800+700+600Hz) and
(800+700Hz) respectively. Meanwhile, aflatoxind@uld not be detected at the same
aforementioned combined electric wave doses. Onother hand, exposing the
inoculated medium withA. flavus for 21 days continuous to individual doses of
electric waves (600, 700 and 800Hz), resulted o &ligh reduction percentages in
aflatoxins production but lesser than the combiteses of electric waves at the same
incubation period. It is clear also that increasegosure time from 2-8 hrs increased
gradually the reduction percentages in total afiato production. Data showed also
that exposing YES medium to electric wave dose,HZD® hrs/3 days continuos
before inoculation withA. flavus (aflatoxin producer isolate), led to whole inhidit

of aflatoxin B, and reduced the produced amount of aflatoxint@ lower level
comparing with control (un-exposed). Therefore, asipg same medium for 700
Hz/4 hrs/3 successive days realized also a goodctied percentage in aflatoxin
(B1&G1) production and reduced also the produced totabusun of aflatoxins
(B1&G)) to low level comparing with control treatment.r@eally, exposing medium
to 700Hz, 6 hrs was better than 4 hrs for 3 suceestays.Wouters et al. (1999)
indicated that it might be possible to use pulsésttac field (PEF) in future
applications in order to produce safe productsfoAsusing electric waves at different
doses affected growth and aflatoxins productioA.dfavus. This finding may be due
to the bio-physiological and chemo-physiologicahiehes, genetic variations in the
fungus under stress or that these electric wavdisceethe viability of cells. Results
showed also that exposing the inoculating cornngraiith A. flavus (producer isolate
for aflatoxins) to different electric waves (800700 + 600+500 Hz) for 8 hrs
continuously for 21 days gave % reduction in aftate (B;, B,, Gi and G)
production reached 12.36% compared with controthi@it exposure). Meanwhile,
exposing natural infected corn grains to the sareatrnent decreased aflatoxin
production (B, B,, G; and G) to about 21.16% reduction comparing with cont@unh.
the other hand, exposing yellow corn grains thatimated withA. flavus to electric
waves 800 + 700 + 600 + 500 Hz for 2 hrs of eachemavery day for 21 days
continuously, did not do any changes in protein eaudohydrate contents of treated
corn grains comparing with control (un-exposurehiM/ exposing natural infected
yellow corn grains (25% moisture content) did nlearge also, the protein and total
carbohydrate contents of treated corn grains comgpavith control. In this respect,
Grahi and Mark (1996) reported that living-cell counts of vegetativel dgpes of
bacteria, yeast and spores in beffere solutionsligndl foodstuffs were reduced by
PEF treatment. As well as, the Kkilling of vegetatizell types depends on the
electrical field strength of the pulses and time.t@e other handReinaet al. (1998)
indicated that PEF resulted in greater reductiomiable cells and the use of a high-
voltage PEF is a promising technology for inacimatof food-borne pathogens.
Also, the studies o€alderon et al. (1999), Evrendileket al. (1999), Jeantetet al.
(1999) and Ramsted et al. (2000) verified our results and agreed together that the
high voltage of PEF is a promising technology famdtivation the pathogenic
microorganisms. Also, Prof. Dr. Ali, F. explaindtht in light of we have here two
possibilities: The first is an effect of electrieidch magnetic fields on the media
components YES itself, so there are a great resluatanged between 84.1 and
94.1%, this reduction may be due to the effectletteic and magnetic field on Ca
and Na iones exchange of yeast metabolites. Thendeis electric and magnetic
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fields affect the component of medium and this rhaymake the medium non-un-
suitable to fungus so it makes him un-active timastoxin production.

Finally, we can conclude that the dose of exposime the time of exposure
are the main effective factors.

In general, all the discussed data give us uncdatplmagination view to
what is happened?. This make us to think deeptiyaw a future plan for further
work concentrated in two directions: (1) On theeefffof electric field on the
fungus. (2) On the effect of electric field on thedia.

REFERENCES

Abou-El-Ella, M.F. (2002): Studies on maize grains deterioration under Egypitanditions.

Ph.D Thesis, Fac. Agric., Moshtohor, Benha BraZelgazig Univ. Egypt, 139 pp.

Abramson, D. and R.M. Clear (1996):A convenient method for assessing mycotoxin
production in cultures ofspergilli andPenicillia. J. of Food Protectiorbh9: 642-644.

Ali, F. M. (1998): Principles of Biophysics."2Edit., Special Print for Biophysics Dept., Fac.
Sci., Cairo University.

A.O0.A.C (1990): Official methods of Official analysis, f5ed, Kenneth Helrich edit,
published by the Association of Official Analyticdhemists, Inc., Virginia, USA.

Calderon, M.; G.V. Barbosa-Canovas and B.G. Swansof1999): Inactivation ofListeria
innocua in skin milk by pulsed electric field and nisimt.lJ. Food Mictobiol.51: 31-
38.

Davis, N.D.; U.L. Diener and D.W. Eldridge, (1966)Production of aflatoxins Band G by
Aspergillus flavus in a semi-synthetic medium. Applied Microbiologyl: 379-381.

Diener, U.L. and N.D. Davis, (1986)Biology of Aspergillus flavus and A. parasiticus.
Aflatoxin in maize. A proceeding of workshop, Mexjdpril, 7-11, page 33-44.

Dubois, M.; Gilles, K.A.; Hamilton, J.K.; Repers, BA. and Smith, F. (1956):Colorimetric
method for determination of sugar related subswn&ealytical Chemistry28:350-
356.

Dunn, J. (1996): Pulsed light and pulsed electric field for foodggegAntimicrob Agents
Chemother.40: 2012.

Eisa (Nawal), A.; S.K. Abdel-Reheem; A.E. Badr andM.F. Abol-Ela, (1996a):
Pathological studies on deterioration of yellowrcduring storage and its control. I-
Associated fungi, percentage of infection and @stiml. Al-Azhar, J. Agric. Res24:
65-81.

Evrendilek, G.A.; Q.H. Zhang and E.R. Richter (1999: Inactivation ofEscherichia coli in
apple juice by pulsed electric fields. J. Clin. Miciol.,37: 2858-2862.

Grahi, I.T. and I.H. Mark (1996): Killing of microorganisms by pulsed electric fisld
Biochemistry,35: 3328-3359.

Henry, M.S.; F.R. Paul and O. Wilford, (1981): Some mycotoxin levels in farm-stored
corn. J. Agric. Food Chen29: 207.

Hesseltine, C.W. (1965)A millennium of fungi food, and fermentation. Myogia, 57: 149-
197.

Jeantet, R.; F. Baron; F. Nan; M. Roighant and G. Bule (1999): High intensity pulsed
electric field applied to egg white: Effect @&lmonella enteritidis inactivation and
protein denaturation. FEBS, Lef62 447-452.

Jeyamkondan, S.; D.S. Jayas and Holley (1999%ulsed electric field processing of foods.
Infect control Hosp. Epidemiol20: 598-603.

Kekez, M.M.; P. Savic and B.F. Johnson (1996)Contribution to the biophysics of the
lethal effects of electric field on microorganisrdsBacteriol.178 1113-1119.
Osman, A.R. (1982):Studies on fungi associated on the sorghum gaunsg storage. Ph.

D. Thesis, Fac. of Agric., Cairo Univ.

12



Park, K.Y. and R. Bullerman, (1981): Increased aflatoxin production béspergillus
parasiticus under conditions of cycling temperature. J. of dF@cience46. 1147-
1151.

Ramsted, S.; C.M. Futsaether and A. Johansson (200Effects of 50 Hz electric currents
and magnetic fields on the prokaryd®eopionibacterium acnes. Int. J. Syst. Evol.
Microbiol., 50: 417-427.

Reina, L.D.; Z.T. Jin; Q.H. Zhang and A.E. Yousef 1998): Inactivation of Listeria
monocytogenes in milk by pulsed electric field. Res. Microbiol49 361-372.

Saubios, A.; T. Tanaka; M.C. Nepote; M.L. Wagner ad Y. Ueno (1998):Aflatoxins,
Type B trichothecenes and toxigenic fungi in Indéamn from a region of Argentina.
Microbiologia, Aliments Nutrition16: 61-69.

Sauer, B.D. and J. Tuite, (1986)Condition that affect growth oAspergillus flavus and
production of aflatoxin in stored maize. Aflatoxin maize. A proceedings of
Workshop, El-Batan, DF. Mexico, April, 7-11: pp.80-

Shotwell, O.L.; M.L. Gouldern; C.W. Hesseltine; J.W Dickens and W.F. Kwolek,
(1980): Cereal Chem57: 206-208.

Thompson, C. and S.E. Henke (2000Effect of climate and type of storage container on
aflatoxin production in corn and associated rigksvildlife species. J. of Wildlife
Diseases36: 172179.

Wouters, P.C.; N. Dutrux; J.P. Smelt and H.L. Lelieveld (1999):Effects of pulsed electric
fields on inactivation kinetics dfisteria innocua. J. Food Prot62: 1381-1386.

Zohri, A.A.; M.A. Abdel-Sater and M.A. Ismail (1995): Incidence of aflatoxins and mould
flora in corn snacks. J. of Food Sci. and Techngldysore,32: 289-294.

13



