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Effect of composition and microwave radiation on electrical impedance spectrum of
cow milk
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Electrical impedance spectrum of cow milk with 1.5%, 2.8%, 3.5% and full fat content was determined in frequency
range from 30 Hz up to 1 MHz. The impedance magnitude and the phase angle were measured before and after
microwave irradiation — with power 900 W and with radiation time of 10, 20, 30, 40, 50 and 60 s. The temperature of
milk samples after radiation was measured. The impedance spectrum of samples with various fat contents was
determined after conventional heating process at temperature reached under microwave radiation. The microwave
radiation decreased the impedance magnitude in the whole investigated frequency range when radiation time increased
up to 30 s, but further increase of radiation time did not caused further decrease. The phase angle in low frequency
range (30 Hz — 10 kHz) also decreased after radiation and this change raised as the radiation time became longer. The
conventional heating at low temperature range — 20 °C — 40 °C — resulted in increasing of impedance magnitude but at
higher temperatures the decrease of impedance magnitude was observed. The effect of conventional heating on the
phase angle was similar to the effect of microwave radiation. Electrical impedance spectroscopy can be used to

distinguish milk sample heated by microwave radiation from milk heated by conventional method.
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INTRODUCTION

The milk undergoes several - among others
some heating - processes before consumption. The
radiation of microwave oven used in millions
household for reheating and processing foods can
cause various physical and chemical changes in
processed object. In scientific literature there are
few articles in which the effect of microwave
radiation on structure of milk is discussed [1-3].
Generally there is stated, that microwave heating is
very effective for destruction of microorganisms
and the structure changes caused by it is similar to
the changes after conventional heating [1,3].

The microwave of 2.45 GHz frequency excites
the dipole of water molecules and the high energy
of dipoles can cause a local temperature increase.
The temperature gradient results in a heat flow and
so the temperature of whole food in oven increases.
Microwave exposure of milk can decrease the
averages of fat, protein, dry substance and lactose
concentrations while the density averages can
increase [3]. Some structure changes can be
observed in casein stabilized by microwave energy
on gold-nanoparticles, too [4].

The electrical impedance spectrum of biological
material contains four bands characteristic for ion
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concentration, membrane state, macromolecular
organization, bound and free water [5]. The
electrical impedance spectrum of milk can be
described with a model circuit consisting of a
parallel connection of serial RC element with a
capacitance [6]. The admittance values can be used
for detection of added water to the full fat milk [7].

The aim of our work was to investigate, whether
the electrical impedance spectroscopy is sensitive
enough to detect the structural changes caused by
microwave radiation in milk.

EXPERIMENTAL

Full fat cow milk was purchased from a local
farm and milk of 3.5 %, 2.8 % and 1.5 % fat
content were bought in a local shop. 80 ml of milk
in glassware was put into the domestic microwave
oven of a Whirlpool VIP 20, with double emission
system, and was radiated 10, 20, 30, 40, 50 and 60 s
with 900 W powers. The temperature of milk was
measured  after microwave radiation.  For
conventional heating the glassware with milk was
in water bath and the water temperature was
controlled with a Hake DC10 P5 thermostat.
Temperature value was set for the same value
reached after microwave radiation.

The magnitude, Z, and phase angle, ¢, of
electrical impedance were measured with a HP
4284A precision LCR meter in frequency range
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from 30 Hz up to 1 MHz. Two ECG Ag/AgCl
electrodes (Fiab Spa) in 1 cm distances from each
other were put into milk. The measuring voltage
was 1 V, which is too low to cause changes in
biological material. The measured spectra were
open-short corrected to eliminate the stray
capacitance and inductance. The real part,
R=Zcosp, and imaginary part, X=Zsinp were
calculated and represented as a function of
frequencies. The difference spectra (R(t)-R(22 °C))
obtained by subtraction of real part spectrum
determined at room temperature (22 °C) from real
part spectrum determined after microwave radiation
at higher temperature, (t), were calculated. The
same difference spectra were evaluated for

imaginary parts  (X(t)-X(22°C)), too. These
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difference spectra were also determined for
conventionally heated milk samples.

RESULTS AND DISCUSSION

The electrical impedance spectrum of milk
depends on its composition. Decreasing fat content
increased the magnitude of impedance (Figure 1A)
in the whole investigated frequency range. The
phase angle values (Figure 1B) at low frequencies
also increased with decreasing fat content. The
impedance magnitude of milk with 3.5 % fat
content was slightly lower, than the impedance
magnitude of sample with 2.8 % fat. Similar
anomalous change was observed if 2 - 3 % water
was added to full fat milk [7]. This can be
explained by the hydrolysis of milk fat [7].
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Fig. 1. Magnitude (A) and phase angle (B) of electrical impedance measured in milk with 1.5 %, 2.8%, 3.5% and full

fat content at 22 °C temperature.

Microwave radiation (Figure 2A) of increasing
time durations decreased the real part of impedance
in full fat milk. 10 s and 20 s radiation caused only
little decrease, but 30 s and longer radiation
remarkably reduced the real part. The extent of real
part decrease remained practically constant even
the time of radiation was raised from 30 s up to 60
s. The imaginary part increased after microwave
radiation and the measure of change was similar to
the changes in real part. After 10 s, 20 s and 30 s
microwave radiation the imaginary part became
higher and higher and the increase was practically
constants after 30 s and longer radiation. There was
similar tendency in changes both in real and
imaginary parts of milk samples with 3.5 %, 2.8 %
and 1.5 % fat content (not shown).

After the conventional heating of full fat milk on
water bath (Figure 2B) the real part of impedance
increased and only at temperature higher than 43 °C
decreased. The imaginary part of electrical
impedance decreased as the temperature increased.
There was similar tendency in changes both in real
and imaginary parts of milk samples with 3.5 %,
2.8 % and 1.5 % fat content (not shown).
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The difference spectra (R(t)-R(22 °C), X(t)-X(22
°C)) of microwave radiated milk of 2.8 % fat
content (Figure 3. A and B) are remarkably differ
from difference spectra of no radiated,
conventionally heated milk of 2.8 % fat content
(Figure 4A and B). Differences increased while
radiation time increased from 0 up to 30 s, and
remained constant when the radiation time was
further increased. It seems that during 30 s radiation
the changes caused by microwave radiation were
completed. Dumuta et al. [3] found that there is a
critical radiation time about 30 s. The decrease of
lipid, protein, lactose concentration and increase of
density depended on radiation time from O s up to
30 s, but these changes not have further increased
after 30 - 120 s radiation time [3]. The difference
spectra of milk with 1.5 %, 3.5 % and full fat
content were similar to difference spectra of 2.8 %
fat containing milk (not shown).

Difference spectra for radiated milk samples can
be explained by the several chemical processes
observed after microwave radiation: auto oxidation
milk lipid, induction of reactive oxygen species,
resulting of free radicals, changes in whey protein
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structure, change in B-lactoglobulin folding process
and changes in water structure [3].
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Fig. 2. Real part and imaginary part of electrical
impedance of full fat milk after microwave radiation (A)
and after conventional heating (B)
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Fig. 3. Difference of real part (A) and imaginary part (B)
of impedance spectrum of microwave radiated milk with
2.8 % fat at the reached average temperature according
to the real and imaginary part of impedance spectrum of
2.8 % fat containing no radiated milk at 22 °C
temperature
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Fig. 4. Difference of real part (A) and imaginary part (B) of impedance spectrum of conventionally heated - up to
temperature reached with microwave radiation - milk with 2.8 % fat according to the real and imaginary part of
impedance spectrum of 2.8 % fat containing milk at 22 °C temperature.

CONCLUSION

The impedance magnitude and the real part
of impedance of milk was decreased by microwave
radiation when radiation time increased up to 30 s,
but further increase of radiation time did not caused

further decrease. The conventional heating at low
temperature range resulted in increasing of
impedance magnitude but at higher temperatures (>
40 °C) the decrease of impedance magnitude was
observed. While the imaginary part of milk
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impedance increased after microwave radiation the
conventionally heating decreased the imaginary
part of impedance. Electrical impedance
spectroscopy is enough sensitive to show that the
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BJIMAHUE HA CbCTABA 1 MUKPOBBJIHOBOTO OBJIBUBAHE BbPXY EJIEKTPUUHUA
NUMIIEJAHCEH CIIEKTHP HA KPABE MJISIKO

E. Boszapu’, H. ITandu, JI. Mapxko

Kameopa @usuxa u xonmpon, Kopsunyc Yuusepcumem na byoanewa, Bydanewa, Yneapus
Iocrenuna Ha 25 centemspy, 2014 r.; npuera Ha 10 nexemspu, 2014 1.
(Pestome)

B HactosmaTa pabota Gelie onpeneneH eISKTPUYHUAT UMIIEAaHCEH CIeKThp B nuamnazoHa ot 30 Hz no 1 MHz na
KpaBe MJIsIKO ¢ MacieHoct 1.5%, 2.8%, 3.5%, meiaHomacneno. ['onemMuHata Ha umnenanca u (ha3oBUAT BIBJI ca
HU3MEPEHH TPEH U ClIe] MUKPOBBIHOBO 00mbuBane ¢ MomrHocT 900 W u mpoasmkurennoct 10, 20, 30, 40, 50 u 60 s.
W3mepeHa Oemie TemreparypaTa Ha oOpa3nuTe OT MIISKO ciell 00TbYBaHeTo. VIMITeTaHCHUAT CIIEKThpP Ha 00pasluTe ¢
Pa3IMYHO MAcJCHO ChIbPIKaHUE Oellle OmpeleNieH ciell MpoIec Ha KOHBEHIIMOHAHO HAarpsBaHE NPU TeMIIEpaTypara,
KOSITO C€ JIOCTUTA TP MUKPOBBIHOBOTO 00N'bUBaHe. MHUKpPOBBIHOBOTO oOipuBane 10 30 S moBeme MO HaMalsBaHE
rojeMruHaTa Ha MMIIEaHCa B MM M3CICIBAaH YSCTOTCH OUAIA30H, a MO-HATATHITHOTO YBEMYaBaHE Ha BPEMETO Ha
00IbUBaHe HE MPEIM3BHUKA JIOMBIHUTEIHO HamassiBaHe. Da30BUsT brbll, U3MEPEH B HUCKOYECTOTHUS nuana3on (30 Hz
— 10 kHz), cpiio noka3a HamaneHue cie/] 00JbYBAHETO, KATO Ta3 MPOMSIHA CE YBEJIWYH [IPU yBEINYaBaHE BPEMETO Ha
obmpyBaHeTo. KOHBEHIMOHATHOTO HAarpsABaHe JOBEAE [0 YyBEJIMYaBaHE ToOJeMHUHAaTa Ha HMIeJaHca B
HuckoTemneparypuusi auana3od 20 °C — 40 °C u 10 HaMansBaHETO My IPH MO-BHCOKH Temreparypu. Edekrsr Ha
KOHBEHIIMOHAJIHOTO HAarpsBaHe BbPXY (ha3oBus BIba Oeme momobeH Ha epekTa OT MUKPOBBIHOBOTO OONBYBAHE.
EnextpuyHaTta MMIETaHCHA CHEKTPOCKONHMS MOXe Ja ObJe HM3IOJI3BaHAa 3a paszinyaBaHe Ha 00pasiy OT MIIKO,
3arpsBaHHU Ype3 MUKPOBBIHOBO 00JIbUBaHE, OT 00pa3liy, 3arpsiIBAHN Upe3 KOHBEHIIMOHAJIEH METO/.
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