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DENSITY OF SOME VEGETABLES DURING CONVECTIVE DRYING
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ABSTRACT

In this paper the particle density of potato and carrot slices during convective drying was studied. Some experiments were con-
ducted in a laboratory air-dryer. The experiment was repeated at different air temperatures and velocities. The drying air tempera-
ture was 40, 50, 60 and 70°C and the drying air velocity 1, 2 and 3 m/s. Some new mathematical models for correlating the dimen-
sionless particle density with the dimensionless material moisture content are proposed. Regression analysis on the experimental
data is made. High values of the correlation coefficients show that the differences between predicted and observed data are very
small.
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REZIME

Gustina je vazna fizicka osobina koja karakteriSe teksturu i kvalitet osusenog materijala. SveZz krompir i Sargarepa nakon

ljustenja se seku na komade (listiée) debljine 3 mm i precnika 40£0.1 mm. Pri odredivanje gustine susenih uzoraka jedan deo listic¢a
postavlja se na lesu u kanal eksperimentalne konvektivne susare, a drugi deo se susi u laboratoriskoj peci do potpuno suvog stanja
kako bi se odredio pocetni sadrzaj viage. Na eksperimentalnoj aparaturi je realizovana serija eksperimenata. Za svaki eksperiment
unapred su zadate vrednosti temperature i brzine vazduha koji su odrZavani konstantnim tokom jednog reZima suSenja. Listici
krompira i Sargarepe suSeni su na razlicitim temperaturama 40, 50, 60 i 70°C i razlicitim brzinama vazduha 1, 2 i 3 m/s. Promene
dimenzija i mase suSenih uzoraka merene su svakih deset minuta. PredloZeni su novi matematicki modeli za aproksimaciju zavisnosti
bezdimenzione gustine materijala od bezdimenzionog sadrzaja vlage. Visoke vrednosti koeficijenta korelacije pokazuju da su razlike

izmedu proracunatih i izmerenih vrednosti veoma male.
Kljuéne redi: gustina, susenje, krompir, mrkva.

INTRODUCTION

The drying of food is a complex process of simultaneous
heat and mass transfer within dried material and from its surface
to the surroundings caused by a number of transport mecha-
nisms.

Quality factors are the factors that determine the worth, or
value, of a food product to the consumer. This broad definition
encompasses many different factors, including colour, texture,
shape, sizes, porosity, density and shrinkage (Krokida and Ma-
roulis, 2001). Therefore, examination of the physical properties
of foods, and their responses to process conditions, is crucial for
the analysis of the drying process (7sen and King, 2002). The
density is an important physical property characterizing the tex-
ture and the quality of dry materials. Experimental values of
density are necessary for designing the facility of storage, han-
dling and processing of agricultural materials.

The change of density of some fruits and vegetables during
drying has been investigated by (Lozano et. al., 1980; Lozano et.
al., 1983, Zogzas et. al., 1994, Wang and Brennan, 1995, Mi-
trevski and Popovski, 2000).

The effect of the drying method on density of apple, banana,
potato and carrot has been investigated by (Krokida and Ma-
roulis, 1997). It was concluded that particle density is not af-
fected by the drying method, bulk density is strongly affected by
the dehydration process and particle density is affected by the
type of material and not by drying method.

The effect of material moisture content and temperature on
true density of foods was studied by (Boukouvalas et al., 2006).

The density can be defined in different ways: true density,
substance density, particle density, apparent density and bulk
density (Rahman, 2008).

Assuming the moist material of dry solids, water and air, in
literature the following definitions are used (Saravacos and Ma-
roulis, 2001):

m,=m,+m, 1)
where m;, m,, and m,, are total mass and the masses of dry
solids and water, respectively (kg), while the mass of air is ne-
glected. The total volume of the sample V,, is:

V, =V, +V,_ +V, 2)

where V,, V,, and V, are volume of dry solids, water and air
pores, respectively (m®). The true density pp is defined as:

p,=m,/V, 3)

where V, =V, + V,, is the true (particle) volume, which is the
total volume of the sample, excluding air pores. The enclosed
water density p,, can be defined as:

p,=m_ /V, %

The particle density of dry solids (particle density) p; is de-
fined as:

p,=m,/V, (5)

Reference literature offers four methods to determine the
volume of samples:
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— direct measurement method (Ratti, 1994; Clemente et al.,
2003),

— method of immersing the samples in n-heptane (Zogzas
et al., 1994; Ratti, 1994)

— method of immersing the samples in distilled water
(Babic et al., 2008)

— 1image analysis (Clemente et al., 2003)

The comparisons of these methods show that the differences
among maximum errors are less than 10% (Ratti, 1994,
Clemente et al., 2003). Therefore, it is the method of direct
measurement with calliper that is used in this paper.

In this paper the particle density of potato and carrot during
convective drying were studied. Some new mathematical models
for correlating the dimensionless particle density

Y:pso/ps (6)

with the dimensionless moisture content

U= u,—u
o (7)
are proposed.
NOMENCLATURE
A - parameter
m (kg) - mass
r - correlation coefficient
V (m’) - volume
U - dimensionless moisture content
Y - dimensionless particle density
u (kg/kg) - moisture content on dry basis
Greek symbols
p (kg/m’) - density
Subscripts
0 - initial
a - air
c - carrot
P - particle
po - potato
S - solid
t - total
w - water
MATERIAL AND METHOD

Fresh potatoes and carrots were used in this study. To pre-
pare samples, potatoes and carrots were sliced using electric slic-
ing machine to give a uniform sample thickness of 3 mm before
being reduced to a cylinder form with diameter of 40+0.1 mm.
Several measurements were made using a calliper and only sam-
ples with a tolerance of 5% were used.

The study of particle density of potato and carrot slices was
conducted in a laboratory air-dryer (Figure 1). The slices were in
contact with the drying air from the top and the bottom surfaces.
The shelf holding three potato and carrot slices was inserted into
the rectangular experimental channel with dimensions 25 x 200
mm. The slices were dried until the equilibrium moisture content
was reached. The samples of potato and carrot were drawn from
the dryer every 10 min and their weight and sample volume were
measured. The initial moisture content and the initial slices di-
mensions were measured as well. The experiment was repeated

at different air temperatures and velocities. The drying air tem-
perature was 40, 50, 60 and 70 oC and the drying air velocity 1,
2 and 3 m/s.

Various mathematical models were used to determine the
densities during drying in reference literature (Wang and Bren-
nan, 1995; Saravacos and Maroulis, 2001, Boukouvalas et al.,
2000).

Fig. 1. Experimental apparatus
1-material, 2-shelf, 3-electrical heaters,4-transformers, 5-
thermocouples, 6-centrifugal fan,7-anemometer, 8-panel meter,
9-data acquisition system, 10-stove, 11-balance, 12-hygrometer

In this paper five new mathematical models were used for
correlating the dimensionless particle density with the dimen-
sionless material moisture content (Table 1).

Table 1. Mathematical models

Model Type Pso/Ps
1 Exponential EXP(-A*U)
2 Logarithm | 1-LOG(A*U+1)
3 Hyperbolic 1/(A*U+1)
4 Power U**A-1
5 Linear A*U+1

RESULTS AND DISCUSSIONS

On the basis of experimental data, for each material (potato
and carrot) and each model from Table 1, the value of parameter
A and correlation coefficient r were determined. The following 7
methods were used: Quasi-Newton, Simplex, Composition Sim-
plex and Quasi-Newton, Hooke-Jeeves Pattern Moves, Compo-
sition Hooke-Jeeves Pattern Moves and Quasi-Newton, Rosen-
brock Pattern Search and Composition Rosenbrock Pattern
Search and Quasi-Newton. When the results for correlation coef-
ficient r were different the highest value was accepted as rele-
vant. The calculations were made by the computer package
STATISTICA. The value of parameter A for potato and carrot
are given in Table 2.

Table 2. The value of parameter A for potato and carrot

Model | Potato Carrot
1 1.037 1.5299
2 0.947 1.2906
3 1.539 | 2.7068
4 2.043 1.9734
5 -0.6978 | -0.8707

The values of correlation coefficients r for potato and carrot
are given in Table 3. The ranking of the models (Table 4) shows
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that linear model 5 gives the best results, while the power model
4 gives the worst results.

Table 3. The correlation coefficients

Model T'no I,
1 0.9474 | 0.9412
2 0.9545 | 0.9668
3 0.9167 | 0.8770
4 0.5887 | 0.9513
5 0.9581 | 0.9835
Table 4. Ranking of the models
Model | (rpo+1c)/2
5 0.9708
2 0.9607
1 0.9443
3 0.8969
4 0.7700

In Figures 2-3 the variations of dimensionless particle den-
sity of potato and carrot with dimensionless moisture content are
shown. Solid line is used to plot calculated values from model 5
and the value of parameter of Table 2. The differences between
predicted and observed data are very small and the model is con-
sidered to be adequate.
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Fig. 2. Variation of dimensionless particle density of potato
with dimensionless moisture content
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Fig. 3. Variation of dimensionless particle density of carrot with
dimensionless moisture content

CONCLUSIONS

The particle density of potato and carrot slices during con-
vective drying was studied. For this purpose some experiments
were conducted in a laboratory air-dryer. Some new mathemati-
cal models for correlating the dimensionless particle density with
the dimensionless material moisture content are proposed. The
regression analysis made with the computer package STATIS-
TICA shows that the linear mathematical model gives the best
results.
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