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Effects of milk concentration and freshness on microwave dielectric properties
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a b s t r a c t

The knowledge of dielectric properties may hold a potential to develop a new technique for quality eval-
uation of milk. The dielectric properties of water-diluted cow’s milk with milk concentrations from 70% to
100% stored during 36 h storage at 22 �C and 144 h at 5 �C were measured at room temperature for fre-
quencies ranging from 10 to 4500 MHz using open-ended coaxial-line probe technology, along with elec-
trical conductivity and pH value. The raw milk had the lowest dielectric constant when the frequency was
higher than about 20 MHz, and had the highest loss factor at each frequency. The highest linear coeffi-
cient of determination, 0.995, between the milk concentration and the loss factor at 915 MHz was
observed. The change tendency of the loss factor was inversed to pH during milk storage with the best
linear correlation (R2 = 0.983) at 1100 MHz. The loss factor can be an indicator in predicting milk concen-
tration and freshness.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Milk is one of the most important foods in daily life providing
rich nutrients. But milk adulteration is a common phenomenon,
especially in certain areas of the world where water, starch solu-
tions, industrial alkalis, and nitrite are common materials added
in milk. Milk adulteration leads to economic losses, deterioration
of the quality of end products, and a risk to consumers’ safety
(Mabrook and Petty, 2003b). Therefore, it is important for the milk
industry to confirm the quality of raw milk supplied by dairy farm-
ers and for consumer agencies to verify the quality of fresh milk
purchased from the market.

Since traditional methods for evaluating milk quality are
lengthy, labor-intensive, and expensive (Harding, 1995), several
analytical and electrical methodologies have been developed to
detect milk adulteration. Sato and Kawano (1990) used visible/near
infrared (NIR) spectroscopy to detect foreign fat adulteration
of milk. Cozzolino et al. (2001) reported identification of milk
adulteration using matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry. Recently, electrical conductivity
of milk has been studied as a means to detect freshness and adul-
teration of milk (Mabrook and Petty, 2003b; Winquist et al., 1998).
Up to now, there has been little study to develop a new technique

for quality control of milk based on dielectric properties
measurements.

Open-ended coaxial-line probe method associated with net-
work analyzers or impedance analyzers is an useful technique to
determine dielectric properties, i.e. dielectric constant, dielectric
loss factor, and loss tangent, of materials, especially for liquid
foods, according to the reflection coefficient at the material-probe
interface. Nunes et al. (2006) reported dielectric spectroscopy of
whole milk at various dilutions at room temperature over the fre-
quency range of 1–20 GHz, while the spectroscopy at low frequen-
cies (<1000 MHz) was not included and they did not study how to
predict water content or milk concentration based on permittivity.
A novel method to detect the added water to full fat milk has been
developed at 100 kHz (Mabrook and Petty, 2002, 2003b), but per-
mittivity at microwave (MW) range was not studied. Therefore,
the knowledge on dielectric properties over a wide range of fre-
quency is needed to establish complete relationships of concentra-
tions of milk in water-diluted solution.

On the other hand, milk is a food product that easily deterio-
rates during storage. The contained microorganisms make the fla-
vor, sensory, and pH of milk change during storage. Therefore,
pasteurization is an important process in packaging milk. Because
of fouling problems in a plate heat exchanger (Changani et al.,
1997), there is an increased interest in developing advanced pas-
teurization and sterilization processes for milk products using
MW and radio frequency (RF) energy. Dielectric properties, or
permittivities, are intrinsic properties that determine the inter-
action of electromagnetic energy with milk when subjected to
dielectric heating. Knowledge of dielectric properties is essential
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to determine suitable heating rates and to design optimum treat-
ment load thickness for milk. Dielectric properties of milk as
affected by protein, lactose and fat contents have been reported,
but only at 2450 MHz (Kudra et al., 1992). Nunes et al. (2006) re-
ported dielectric properties of whole, low fat, and skim milk over
a period of two weeks while the samples were allowed to spoil
at room temperature. But they didn’t monitor the pH value, which
is an important milk quality indicator used to evaluate milk fresh-
ness. Moreover, the adulteration of natural milk with synthetic
milk using alternating current (AC) conductance measurement
from 20 Hz to 1 MHz was determined (Sadat et al., 2006). The con-
tributions of lactose, fat, sodium caseinate in cow’s milk to milk
electrical conductivity were also measured only at lower frequency
band (<100 kHz) by Mabrook and Petty (2003a). The temperature
profiles of milk after heating in a continuous-flow tubular micro-
wave system based on dielectric properties of milk at three fat
levels at 915 MHz were studied (Coronel et al., 2008). However,
there is little knowledge of the relationship between MW dielectric
properties and pH value of raw milk during storage, which can be
used as an indicator of spoilage.

The objectives of this research were (1) to study the influence of
added water content or milk concentration and freshness during 22
and 5 �C storage on the dielectric spectroscopy from 10 to 4500 MHz
with the open-ended coaxial-line probe technology, (2) to determine
useful frequencies where the dielectric properties are sensitive to
milk concentration and freshness, (3) to establish the relationship
between permittivities and milk concentration and between permit-
tivities and pH during storage, and (4) to estimate the penetration
depth for providing general guidance in design of the treatment
bed thickness for uniform MW and RF heating.

2. Materials and methods

2.1. Sample

The fresh untreated raw cow milk (raw milk) was obtained from
a local stock farm half hour before experiment in the morning, and
was filled in two plastic bottles of 2500 ml sterilized with boiling
water. The temperature outside was about 7 �C when the samples
were transported to the laboratory. The milk had 2.90% fat, 2.37%
protein, and 8.42% non-fat solids in mass.

2.2. Dielectric properties measurement

The dielectric properties were measured with an Agilent Tech-
nologies E5071C vector network analyzer and Agilent Technologies
85070B open-ended coaxial-line probe (Agilent Technologies, Pen-
ang, Malaysia). Dielectric constant and loss factor were calculated
with Agilent Technologies 85070D dielectric probe kit software
according to the reflection coefficient of the material in contact
with the active tip of the probe. Settings were made to provide
101 measurements on a logarithmic scale from 10 to 4500 MHz,
which was the upper frequency limit of the measurement system.
The port of the network analyzer used in the experiment was cal-
ibrated with open, short, and matched 50 X load in sequence fol-
lowed by calibrating the coaxial probe with open (air), short-
circuit and deionized water at 25 �C. A personal computer was used
to control the system. During the experiment, the rigid cable which
connected the analyzer and the probe was fixed to avoid the effect
of cable position and shape changes on the measurement accuracy.

2.3. Procedure

Predetermined amounts of deionized water were added to
70 ml of raw milk to prepare milk solutions with different milk

concentrations of 70%, 75%, 80%, 85%, 90%, and 95% as a ratio of
the mass of milk to the mass of milk solution at room temperature.
The masses were measured by an electronic balance (FA2104A,
Shanghai Precise Scientific Instrument Co., Shanghai, China) with
a precision of 0.0001 g. The raw milk obtained from the farm,
was stored in two covered bottles in an incubator at 5 �C and at
room temperature, 22 �C, respectively. The milk samples were used
for measurements every 12 h for storage at 5 �C and every 2 h for
storage at 22 �C until the sample was deteriorated to study the
influence of milk spoilage on dielectric properties. Before each
measurement, the milk in bottles was shaken evenly. For the milk
stored at 5 �C, it was warmed to room temperature by circulating
warm water at 25 �C for 5 min around the beakers, to reach equi-
librium before permittivity measurement. The temperature of
samples was determined with a high accuracy mercury laboratory
thermometer. Care was taken in sample temperatures as the
dielectric properties of food materials were found to be dependent
on temperature (Guo et al., 2008; Nelson, 2003; Wang et al., 2005,
2008). Each beaker filled with milk solution in 15 ml was placed on
a platform of 50 mm in diameter, and was raised up until the
downward open-ended coaxial-line probe was completely im-
mersed in the sample. Care was also taken to eliminate bubbles be-
tween the probe and the sample during measurements, since air
bubbles might interfere with proper permittivity determinations.
Dielectric properties measurements were repeated three times
for each sample. Between replications, the probe was washed with
water and wiped dry. Then electrical conductivity was determined
using a conductivity meter (DDSJ308A, Shanghai Leici Instrument
Co., Shanghai, China), and pH value was measured by a pH meter
(pHS-2C, Shanghai Precise Scientific Instrument Co. Ltd., Shanghai,
China).

Nine readings in three replications were recorded for permittiv-
ities, conductivity and pH measurements. The average of the three
replicates was used in the analysis. In order to detect milk deteri-
oration by high temperature flocculation, the milk from the three
replicates was collected in a steel cup that was heated to about
107 �C, which is the boiling point, at normal pressure to see
whether floccules appeared. The milk was regarded as deteriorated
if floccules appeared in heated milk.

2.4. Dielectric properties, electrical conductivity and penetration depth

At RF and MW heating, loss mechanisms of foods and agricul-
tural products with a high moisture content are dominated by io-
nic conduction and dipole polarization (Ryynänen, 1995). This can
be mathematically expressed as

e00 ¼ e00d þ e00r ð1Þ

where e00d and e00r are dielectric loss due to dipole rotation and ionic
conduction, respectively. e00r is further expressed as:

e00r ¼
r

2pf e0
ð2Þ

By taking the logarithm on both sides of Eq. (2), it becomes:

log e00r ¼ log
r

2pe0
� log f ð3Þ

where r is ionic conductivity of a material in S/m; f is frequency in
Hz; and e0 is the permittivity of free space (8.854 � 10�12 F/m). Eq.
(3) expresses a negative linear relationship between the dielectric
loss factor contributed by ionic conductance and the frequency in
a log–log plot. To evaluate the influence of ionic conductivity on
the loss factor, the electrical conductivity of fresh raw milk was
used to calculate e00r according to Eq. (2).

Penetration depth of RF and MW power is defined as the depth
where the power is reduced to 1/e (e = 2.718) of the power entering
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the surface. The penetration depth dp in m of RF and MW energy in
milk was calculated according to von Hippel (1954):

dp ¼
c

2pf

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2e0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ e00

e0
� �2

q
� 1

� �s ð4Þ

where c is the speed of light in free space (3 � 108 m/s). After
obtaining the dielectric properties at 22 �C, the penetration was cal-
culated as a function of frequency for milk concentrations of 70%
and 100%, and in raw milk at storage periods of 0, 18, and 36 h at
22 �C.

3. Results and discussion

3.1. The influence of milk concentrations on permittivities

The frequency dependent permittivities of fresh raw milk (milk
concentration of 100%) and diluted milk with the milk concentra-
tion of 70% from 10 to 4500 MHz at 22 �C are shown in Fig. 1.
The dielectric constant of the raw milk and diluted milk decreased
with increasing frequency, especially at lower frequencies. The
dielectric constants of raw milk decreased faster than that of the
diluted one. When the frequencies were higher than about
20 MHz, the raw milk had lower dielectric constant than the di-
luted milk (Fig. 1a). For example, it was 97.7, 68.1, and 65.9 for
raw milk, while 93.3, 70.9 and 69.1 at 10, 915, and 2450 MHz,
respectively, for 70% milk solution.

The dielectric loss factor against frequency from 10 to
4500 MHz is shown in a log–log plot (Fig. 1b). The loss factor
looked similar for raw milk and diluted milk, and reached a mini-
mum at about 1700 MHz. Moreover, there was a good linear rela-
tionship between log f and log e00 at the lower frequency range (e.g.
<600 MHz), which further confirmed the negative relationship
indicated in Eq. (3). Because the added water diluted the ionic con-
centration in milk, the loss factor decreased with increasing water
content, that is, with decreasing milk concentration. The dielectric
constants and loss factors of milk solutions with different milk
concentrations at 22 �C at several selected frequencies are listed
in Table 1. Among them, 27, 915 and 2450 MHz are allocated by
the US Federal Communications Commission (FCC) for MW and
RF heating applications.

3.2. Correlation between electrical conductivity and loss factor

Fig. 2 shows the comparison of measured e00 and e00r of raw milk
calculated from measured electrical conductivity from 10 to
4500 MHz at 22 �C. The close data of measured e00 and the esti-
mated e00r were observed when frequency was lower than about
300 MHz together with the negative linear relationship between
e00 and frequency in log–log plot, suggesting that ionic conduction
dominated the loss mechanism at the RF range (Wang et al.,
2005, 2008). The difference between e00 and e00r was e00d, which be-
came greater with increasing frequencies. That is the dipole polar-
ization increased with the increasing frequency and contributed
greater than ionic conduction at the MW range. This phenomenon
has also been observed in fruits (Guo et al., 2007a; Nelson et al.,
1994) and eggs (Guo et al., 2007b), and been demonstrated by
Wang et al. (2008) in salmon fillets, and by Wang et al. (2005) in
fruits.

3.3. The correlation between permittivities and milk concentration

Fig. 3 shows the good linear regression between the measured
electrical conductivity and milk concentration with coefficient of
determination of 0.972. Therefore, the electrical conductivity could
be used in predicting milk concentration.

Linear regressions between permittivities and milk concentra-
tion (Mc, in %) were carried out at 101 measured frequencies from
10 to 4500 MHz. The coefficient of determination, R2, between the
dielectric constant e0 and Mc at all detected frequencies was lower
than 0.75 (not shown), but reached the highest (R2 = 0.995) for the
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Fig. 1. The frequency dependent permittivities of fresh raw milk (100%) and diluted
milk with milk concentration of 70% over the frequency from 10 to 4500 MHz at
22 �C.

Table 1
Dielectric constant (e0) and loss factor (e00) of milk solutions with different milk
concentrations at 22 �C at four selected frequencies.

Milk
concentration

Permittivity Frequency (MHz)

27 915 2450 4500

70% e0 76.4 ± 0.1 70.9 ± 0.0 69.1 ± 0.0 65.7 ± 0.1
e00 233.8 ± 1.2 11.9 ± 0.0 12.4 ± 0.1 16.8 ± 0.2

75% e0 76.3 ± 0.1 70.4 ± 0.1 68.5 ± 0.1 65.1 ± 0.1
e00 245.3 ± 3.2 12.4 ± 0.0 12.6 ± 0.1 17.0 ± 0.2

80% e0 76.4 ± 0.1 69.9 ± 0.1 68.0 ± 0.1 64.7 ± 0.1
e00 255.7 ± 1.9 12.8 ± 0.0 12.9 ± 0.1 17.3 ± 0.1

85% e0 76.3 ± 0.1 69.5 ± 0.1 67.5 ± 0.1 64.3 ± 0.1
e00 266.4 ± 1.4 13.3 ± 0.0 13.2 ± 0.1 17.6 ± 0.2

90% e0 76.3 ± 0.7 69.0 ± 0.7 66.9 ± 0.7 63.8 ± 0.7
e00 277.1 ± 2.9 13.7 ± 0.0 13.4 ± 0.1 18.1 ± 0.2

95% e0 75.1 ± 0.3 67.7 ± 0.3 65.6 ± 0.2 62.2 ± 0.3
e00 291.1 ± 2.1 14.2 ± 0.0 13.5 ± 0.1 17.8 ± 0.1

100% e0 75.8 ± 0.3 68.1 ± 0.0 65.9 ± 0.0 62.4 ± 0.0
e00 282.1 ± 3.1 14.3 ± 0.2 14.3 ± 0.1 19.3 ± 0.3
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loss factor at 915 MHz as shown in Fig. 4. The linear regression
equation was:

e00 ¼ 0:084Mc þ 6:083; R2 ¼ 0:995 ð5Þ

then,

Mc ¼ 11:905e00 � 72:420 ð6Þ

If the loss factor of milk solutions at 915 MHz is known, milk con-
centration can be predicted from Eq. (6).

3.4. The influence of freshness on permittivity

Fig. 5 shows the dielectric properties of raw milk at frequencies
ranging from 10 to 4500 MHz at storage times of 0, 18 and 36 h at
22 �C. The fresh milk had the lowest dielectric constant at lower
frequencies and the lowest loss factor when frequencies were low-
er than about 1700 MHz. The dielectric properties of raw milk at
22 �C during the cold storages at 5 �C for 0, 72 and 144 h are shown
in Fig. 6. The milk kept for 72 h had higher dielectric constant at all
frequencies and lower loss factor than fresh milk, while the milk
kept for 144 h had lower dielectric constant and higher loss factor
than fresh milk, when frequency was lower than about 1700 MHz.

The loss factors at 915 MHz and pH values of raw milk as a func-
tion of the storage time at 22 and 5 �C, respectively, are presented
in Fig. 7. Leaving milk at room temperature showed a small de-
crease in pH and small increase in loss factor for the first 12 h, fol-
lowed by quick decrease in pH and increase in loss factor from 12
to 32 h (Fig. 7a). The pH and loss factor kept constant in last 4 h.
The acidification tendency during storage matched well with other
research (Gu and Hua, 2005). When stored at 5 �C, the acidification
process and increase in loss factor were less important (Fig. 7b).

Milk is a complex mixture of water, lactose, fat, protein (mostly
casein), minerals and vitamins distributed throughout colloidal
and soluble phase (Mabrook and Petty, 2003a). The microorgan-
isms present in the milk make the milk quality deteriorate over
time, slowly at first and more rapidly subsequently. With the
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Fig. 2. Measured e00 and e00r of fresh raw milk calculated from measured electrical
conductivity over the frequency range from 10 to 4500 MHz at 22 �C. The difference
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with R2 = 0.972.
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Fig. 4. The linear regression between dielectric loss factor and milk concentration
at 915 MHz with R2 = 0.995.
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Fig. 5. Dielectric properties of raw milk from 10 to 4500 MHz at the indicated
storage time at 22 �C.
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growth of microorganisms, the components in milk, such as lac-
tose, protein and fat, are decomposed into various acids, especially
lactic acid, and other inorganic materials with small molecules
(Weng et al., 2006). This leads to a significant decrease in pH. Dur-
ing the breakdown of the milk compounds, the molecules become
smaller, and the ionic concentration increases, which makes the
loss factor increase over the storage time. It was also observed that
floccules appeared in heated milk when milk pH was lower than
6.5.

The linear coefficient of determination between pH and loss fac-
tor for both storage conditions against frequency is shown in Fig. 8.
The R2 was higher than 0.89 from 10 to 1300 MHz. The highest,
0.983, appeared at 1100 MHz (Fig. 9). Their linear relationship
can be described as

e00 ¼ a � pHþ b ð7Þ

where a is the slope of the regression line, and b is the intercept at
e00 ¼ 0 in Fig. 9. If the loss factor is known, the pH can be calculated
as:

pH ¼ e00 � b
a

ð8Þ

Typical values of a, b, and R2 at several selected frequencies are
listed in Table 2. As it was described above, when pH was lower
than 6.5, floccules began appearing in heated milk. So, the loss fac-
tor where the pH is equal to 6.5 can be used as a critical value in
distinguishing milk freshness. For example, the milk could be re-
garded as deteriorated if the loss factor at 1100 MHz was higher
than 13.8.

3.5. Penetration depth

The penetration depths in milk solution with 100% and 70% milk
concentration and in raw milk at different storage periods of 0, 18
and 36 h over the frequency range from 10 to 4500 MHz at 22 �C
are shown in Figs. 10 and 11, respectively. The penetration de-
creased with increasing frequency, and was higher in diluted milk
than in raw milk (Fig. 10). It was the highest in fresh raw milk, and
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Fig. 6. Dielectric properties of raw milk from 10 to 4500 MHz at 22 �C at indicated
times during 144 h storage at 5 �C.
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Fig. 7. The change of loss factor (e00) at 915 MHz and pH value of raw milk during
storage at 22 (a) and 5 �C (b).
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the lowest for 36 h storage at same frequency (Fig. 11). The pene-
tration depth (80 mm) at 27 MHz in raw milk might develop prac-
tical RF pasteurization processes for large packages, resulting in
continuous and uniform RF heating in large-scale samples. The
penetration depth should be deep enough to provide sufficient
information on sensing milk quality according to permittivity
measurements.

4. Conclusions

The dielectric constant of milk decreased with the increasing
frequency, and the loss factor had a minimum at about
1700 MHz over the frequency range from 10 to 4500 MHz at
22 �C. The raw milk had lowest dielectric constant when the fre-
quency was higher than about 20 MHz, and had the highest loss
factor over the detected frequency range when compared with di-
luted milk. There was a high linear coefficient of determination be-
tween the milk concentration and loss factor with the highest
R2 = 0.995 at 915 MHz. The dielectric loss factor of raw milk was
linearly inversed to pH value during storage at 22 and 5 �C, while
the coefficient of determination (R2 = 0.983) reached the highest
at 1100 MHz. The loss factor can be a good indicator in predicting
milk concentration and freshness. The penetration depth increased
with decreasing frequency, water content and storage time, which
was large enough to detect dielectric properties changes in milk
samples and provide large-scale RF pasteurization processes. The
study provides some useful information for developing a fast and
simple milk concentration and freshness sensor in food processing
industry.

References

Changani, S.D., BelmarBeiny, M.T., Fryer, P.J., 1997. Engineering and chemical factors
associated with fouling and cleaning in milk processing. Experimental Thermal
and Fluid Science 14 (4), 392–406.

Coronel, P., Simunovic, J., Sandeep, K.P., Cartwright, G.D., Kumar, P., 2008.
Sterilization solutions for aseptic processing using a continuous flow
microwave system. Journal of Food Engineering 85 (4), 528–536.

Cozzolino, R., Passalacqua, S., Salemi, S., Malvagna, P., Spina, E., Garozzo, D., 2001.
Identification of adulteration in milk by matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry. Journal of Mass Spectrometry 36
(9), 1031–1037.

Gu, X., Hua, Z., 2005. Experimental study on effect of storagetime on quality of milk.
Journal of Refrigeration 26 (4), 48–50 (in Chinese).

Guo, W., Nelson, S.O., Trabelsi, S., Kays, S.J., 2007a. Dielectric properties of
honeydew melons and correlation with quality. Journal of Microwave Power
& Electromagnetic Energy 41 (2), 44–54.

Guo, W., Trabelsi, S., Nelson, S.O., Jones, D.R., 2007b. Storage effects on dielectric
properties of eggs from 10 to 1800 MHz. Journal of Food Science 72 (5), 335–
340.

Guo, W., Tiwari, G., Tang, J., Wang, S., 2008. Frequency, moisture and temperature-
dependent dielectric properties of chickpea flour. Biosystems Engineering 101
(2), 217–224.

Harding, F. (Ed.), 1995. Chapter 5: Adulteration of milk. Chapter 6: Compositional
quality. In: Milk Quality. Blackie Academic & Professional, London.

Kudra, T., Raghavan, G.S.V., Akyel, C., Bosisio, R., Voort, F.R.v.d., 1992.
Electromagnetic properties of milk and its constituents at 2.45 MHz. Journal
of Microwave Power and Electromagnetic Energy 27 (4), 199–204.

Mabrook, M.F., Petty, M.C., 2002. Application of electrical admittance
measurements to the quality control of milk. Sensors and Actuators B:
Chemical 84 (2–3), 136–141.

Mabrook, M.F., Petty, M.C., 2003a. Effect of composition on the electrical
conductance of milk. Journal of Food Engineering 60 (3), 321–325.

Mabrook, M.F., Petty, M.C., 2003b. A novel technique for the detection of added
water to full fat milk using single frequency admittance measurements. Sensors
and Actuators B: Chemical 96 (1–2), 215–218.

Nelson, S.O., 2003. Frequency- and temperature-dependent permittivities of fresh
fruits and vegetables from 0.01 to 1.8 GHz. Transactions of the ASAE 46 (2),
567–574.

Nelson, S.O., Forbus Jr., W.R., Lawrence, K.C., 1994. Permittivities of fresh fruits and
vegetables at 0.2 to 20 GHz. Journal of Microwave Power & Electromagnetic
Energy 29 (2), 81–93.

Nunes, A.C., Bohigas, X., Tejada, J., 2006. Dielectric study of milk for frequencies
between 1 and 20 GHz. Journal of Food Engineering 76 (2), 250–255.

Ryynänen, S., 1995. The electromagnetic properties of food materials: a review of
the basic principles. Journal of Food Engineering 26 (4), 409–429.

Frequency, Hz
107 108 109 1010

d p
 , 

m
m

20

40

60

80

100

120

140

160

100%
70%

Fig. 10. Penetration depth (dp) of electromagnetic energy in milk solutions of 70%
and 100% milk concentrations at 22 �C.
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Fig. 11. Penetration depth (dp) of electromagnetic energy in raw milk at indicated
storage periods at 22 �C.
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