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Abstract

The aim of the contribution was to find a correlation between drying characteristics and electrical properties. We
measured electrical properties of some food materials by the bridge method. The frequency and moisture content
dependencies of these properties were also determined. We investigated the time dependencies of dried samples
mass, moisture ratio, and moisture content. We found out that the moisture ratio of samples decreases with time.
During drying, the mass of the samples decreases according to fifth degree polynomic function. The impedance
decreases with frequency. The resistivity decreases with increase of the moisture content according to the power

function.
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INTRODUCTION

In the case of food materials storing, the moisture
content and temperature are the most important pa-
rameters which influence the various processes in
them. Food materials have limited durability in gen-
eral because they are in instable or metastable states.
The decrease of food materials stability during ageing
is caused by mechanical deterioration, influence of
water, transport of heat and humidity, metabolic proc-
esses, respiration, destructive processes caused by
microorganism (BLAHOVEC, 2008). Water can be
removed from food materials by various processes. On
the beginning, we can name the mechanical treatment.
The water removal is caused by the material compres-
sion or centrifugation. Second is the drying, it is the
process of the removal of water (moisture) from hy-
groscopic materials at low to medium moisture con-
tents (normally < 30 % whb) by means of evaporation.
When the moisture content of the food products is
high (usually > 50 % whb) the process of removal of
moisture is referred as dehydration (JAYAS, SINGH,
2011). Drying and dehydration are high energy con-
sumption process, because of very high latent heat of
the water evaporation (BOZIKOVA, HLAVAC, 2013).
Only if we use aeration, it needs only low energy costs
(RAGHAVAN, SOSLE, 2007). The aeration is usually
carried out in a storage bin with ventilation. In hot, dry
countries, they can use solar drying (MISHA ET AL.,
2016). Quality assurance of the dried product, poten-
tial risks at convective drying, and quality of dried
material protection are described by ZITNAK ET AL.
(2015), KUBIK AND ZEMAN (2014). In the convective
drying of food can be used power ultrasound, and the
drying rate is affected in this case by both the drying
temperature and the applied ultrasonic power. Power
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ultrasound brings mechanical effects both on the gas-
solid interfaces and in the material being dried, which
may facilitate water removal without introducing
a high given amount of thermal energy. The ultra-
sound application induces an increase of both the
effective diffusion and the mass transfer coefficients,
although, this increment is more notorious at low
temperatures than higher ones (RODRIGUES ET AL.,
2014; CARSEL ET AL., 2011). Microwave, chemical,
and pulsed electric field can be used as a pre-treatment
processes on convective drying of food. In such cases,
heat is transferred to the product by a heating medium
usually hot air or superheated steam, on other hand
heat could be applied through radiation, for example,
in infrared dryers or through volumetric heating, for
example, in microwave dryers. Depending on the heat
source, operating pressure, and operating mechanism,
dryers are classified as hot air, infrared, microwave,
vacuum, freeze, flash, superheated steam, spouted bed,
fluidized bed, and spray (JAYAS, SINGH, 2011). Other
processes used at water removal from food materials
are osmotic drying, lyophilization, and addition of
water absorbing substances (e. g. silica gel).

Electrical properties of food materials have many
applications in various branches (JHA ET AL., 2011).
The measurement of electrical properties of food can
be used to get information about many other charac-
teristics of this material; in addition, there are some
food processes which are based on electrical effects.
An electric current flowing through a food material
causes a temperature rise due to energy dissipation by
the electric resistance of the food. Ohmic heating has
several advantages. The heat is produced inside the
food. On the other hand, high voltage electric pulses
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can damage cells and cause higher permeability of cell
walls (FIGURA, TEIXEIRA, 2007). The dielectric prop-
erties of materials dictate, to a large extent, the behav-
iour of the materials when subjected to radio-
frequency (RF) or microwave field for the purposes of
heating, drying or processing the materials. The char-
acterisation of dielectric properties is vital for under-
standing the response of a material to microwaves,
since most useful quantities needed in the design of
microwave thermal processes can be described in

MATERIALS AND METHODS

The samples of carrots (Daucus carota L.) were pro-
cured from the local market. We used 50 slices for the
measurement. Other samples: corn (Zea mays L.)
grains hybrid, of CTF-8C, wheat (Triticum aestivum
L.) grains variety, of Magister, Amaranth (Amaran-
thus hypochondriacus L. and Amaranthus caudatusL.)
seeds we had from various departments of the Slovak
University of Agriculture in Nitra. Samples were dried
in cabinet dryer Venticell 111 (MMM group). Mois-
ture analyser MAC 50NP (RADWAG) was also used
for the drying of samples. The mass of samples was
measured with a Sartorius Basic electronic analytical
and precision balance (Sartorius AG). The moisture
content of samples was determined according to stan-
dard by drying to constant mass. The moisture content
wet basis was calculated from mass losses. Moisture
ratio is defined as:

U-—ug

M (1)

Ug —Ue

RESULTS AND DISCUSSION

The moisture ratio versus time of drying curves for the
carrot samples No 2, and 5 as influenced by tempera-
ture 50 °C are shown in Fig. 1.

Moisture ratio decreases with drying time, and after
drying, moisture content (wb) ranged from about 7 %
to 8 %. As we can see, the change in moisture ratio at
the beginning of the drying period is significant, com-
pared to the final stage of drying where very small
changes in moisture ratio were reported. For approxi-
mation we used the exponential function:

“ ®)
where: Mg, - reference value of moisture ratio,
¢ - constant (s™).

In Tab.1, the coefficients of regression equation
Eqg. (3) and coefficient of determination are presented.
The values of the coefficient of determination also for

MR:MROe
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terms of them (JHA ET AL., 2011; VENKATESH,
RAGHAVAN, 2004).

Many authors use mathematical models for describing
the drying process. The effects of air temperature, air-
flow rate and sample thickness on the drying kinetics
of carrot cubes were investigated by DoymAz (2004).
The Page model gave better prediction than the Hen-
derson and Pabis model and satisfactorily described
drying characteristics of carrot cubes. KERTESZ ET AL.
(2015) confirmed this model also for carrot slices.

where: Mg is moisture ratio, u, ug and u, are local,
initial and equilibrium moisture contents, respectively.
The values of equilibrium moisture content, u,, are
relatively low compared to u or up. Thus Eqg. 1 is sim-
plified (DoYymAz, 2004) to:

u
Mg =—

Uo

The electrical properties of samples were measured
with precision LCR meter GoodWill 821(Good Will
Instrument Co.) in frequency range from 100 Hz till
200 kHz, and also with precision LRC meters HP
4284A and 4285A (Keysight Technologies) at fre-
quencies from 30 Hz to 30 MHz, at voltage of 1 V.
Each electric property was measured at all frequencies
three times. Average value and standard deviation has
been computed from these ones. The measured values
were loaded by PC.

@)

other slices range from 0.9865 to 0.9983. Eq. 3 is in
good agreement with Henderson and Pabis model. We
can also use the Page's model which has been widely
advocated for the thin-layer drying of solids under
constant drying conditions. This model has produced
good fits in predicting the drying of sweet potato,
garlic, apricot, seedless grapes, and mint leaves
(DoymAz, 2004). The samples of corn and wheat were
dried in Moisture analyzer MAC to constant mass. For
corn grains the drying time 120 min and for wheat
grains 150 min was appropriate. The drying curves

can be approximated by polynomial function:
M=a, +a,r+a,7° +a;7°+a, 7" +a,7° 4
where: m — mass, a; — coefficients of regression equa-
tion, 7—time.
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Fig. 1. — Drying time dependence of moisture ratio for carrot slices No 2 (A), 5 (x)

Tab. 1. — Coefficients of regression equation Eq. (3) and coefficient of determination

Sample Mro c(sh R®
Slice 2 0.8637 - 0.0045 0.9865
Slice 5 0.9611 -0.0043 0.9983

The coefficient of regression equation Eg. (4) and
coefficient of determination, which has high value, are
in Tab. 2.

At the drying beginning, the change in mass is more
notable as the end of drying. This fact is right also at
lower moisture content as has carrot. We had used the
fifth degree polynomial function as regression equa-
tion. For thin layer drying, Wang and Sing model can
be used (KiLic, 2016), which is second degree poly-

nomial function (quadratic function). But Eq. 4 for our
samples has higher coefficient of determination. This
may be due to the fact that the sample had a loose
character.

Fig. 3 represents drying time dependency of the ap-
parent moisture content for amaranth seeds. The dry-
ing temperature was (103 — 105) °C. Each hour after
conditioning, samples were weighed and the moisture
content was calculated.

25,0

mass , g

23,0

time , min

100 150

Fig. 2. — Time dependence of the sample mass, maize (CTF-8C) grains (m) and wheat (Magister) grains (A)
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Tab. 2. — Coefficients of regression equation Eq. (4) and coefficient of determination
Coef. ag a; (g/min) &, (g/min®)  as (g/min®)  a, (g/min®) as R?
(9) (g/min®)
corn 30.067 - 0.0465 0.0003 4E-06 - 6E-08 2E-10 0.9996
wheat 20,043 -0.11 0.0025 - 3E-05 2E-07 -4E-10 Higher
31.0

¥
w
250 /

27.0

Moisture content , %

0.0 4.0 8.0 12.0
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Fig. 3. — Drying time dependence of apparent moisture content (wb) for Amaranthushypochondriacus seeds
(mass 10 g)

We can observe the changes in slope of the curve not exist, and according our measurement, we can
caused by different types of bound water evaporation.  recommend the required drying time, 8 hours.

The stable (and thus correct) value of moisture content  Fig. 4 illustrates the frequency dependence of imped-
was reached after 8 hours. The standard for the ama-  ance for the sample of dried carrot slice No 16 after
ranth seeds moisture content determination currently  drying for 660 min, and 780 min.
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Fig. 4. — Frequency dependence of impedance for the sample of dried carrot slice No 16
(660 min - 0, 780 min - o)
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The following charts are described by power function where: Z - impedance, Z, - reference value of imped-
-k ance, f - frequency, f, = 1 Hz, k — constant. Tab. 3
7 = Zo(_] ) contains the coefficients of regression equation Eq. (7)

fo and coefficients of determination.

Tab. 3. — Coefficients of regression equation Eq. (5) and coefficient of determination for slice No 16

Time of drying Z, (MQ) k R®
660 min 300 000 -0.926 0.9931
780 min 200 000 - 0.9056 0.9893

The impedance of the sample 16 is increasing with  the values of moisture content of samples (KERTESZ
drying time because the moisture content of the sam-  ET AL., 2015). The impedance of these samples at this
ple decreases with drying time. In the final stage of  stage does not differ greatly from each other, as shown
drying, there can be recorded a very little change in  on Fig. 4.

1.0E+9 —
_ \ .
1.0E+8 —
I i \
£ 10E+7 4 N
S E
> 7 \
= B o
B 1.0E+6 — ON
73 |
> E o
o E O
J 9
1.0E+5 — KB\O
1.0E+4 s O e [ A A S B s e
10.0 15.0 20.0 25.0 30.0

moisture content , %
Fig. 5. — Moisture content dependency of resistivity for the sample of Amaranthuscaudatus at an average bulk
density of 760.4 kg.m™

The resistivity decreases with moisture content, as is  where: p - resistivity, p, = 8.00329 .10"® Q.m — resis-
shown on Fig. 5. We can use once again the decreas- tivity at the reference moisture content, @ - moisture
ing power function as the mathematical model to de-  content wet basis, and d = 9.8411 — constant. Regres-
scribe this dependence: sion equation (6) has high coefficient of determina-
tions R? = 0.969244. This regression equation was
used also by VERMAET AL. (2001) for the conductivity
of Brassica species.

—d
P=pPo @ (6)

CONCLUSIONS
We found out the connection between drying charac-  The results of the measurements are time dependen-
teristics (as are change in mass, moisture ratio, mois-  cies of sample mass, moisture ratio, apparent moisture
ture content) and electrical properties. Most significant  content. First two characteristics decrease with drying
factor influencing electrical properties is the moisture  time, apparent moisture content increasing with the
content, and this is the reason why correlation be- time. We found out that the impedance of the meas-
tween drying characteristic and electrical properties ured samples decreases with frequency according to
exists. power function in measured frequency range. The
impedance of the samples is increasing with drying
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time because the moisture content of the samples
decreases with drying time. The resistivity decreases
with moisture content according to power function.
The regression equations coefficients of determination
reached high values for all measured quantities and
materials.

Drying characteristics of various agricultural and food
materials are different and are also influenced by
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growing region, growing season, and weather condi-
tions; therefore, it becomes necessary to study drying
characteristics of the specific product for design of
proper and efficient drying conditions. We can con-
clude that the measured electrical properties are inves-
tigated to reveal the quality of food materials and
quality of drying as well.
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