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Influence of spray drying conditions on the physical properties of dried pulp tomato
Influência das condições de secagem por atomização sobre as  
propriedades físicas da polpa de tomate desidratada 
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1 Introduction
The vegetables have an important role in our diet for being 

rich in nutrients, especially tomato, and rich in lycopene, 
an antioxidant substance (ABUSHITA; DAOOD; BIACS, 
2000; ANGUELOVA; WARTHESEN, 2000). The Brazilian 
production in 2002 was about 1.28 millions of tons in an area 
of 12.25 thousand hectares (EMBRAPA, 2003). However, high 
contents of water can limit the conservation of these products, 
but spray drying is one of the methods used in the formation 
of dried foodstuffs.

Besides, the powder product formed can be used as dry 
ingredient in dehydrated soups, enrich different nutritious formulas, 
and contribute to color and flavor (Al- ASHEH et al., 2003).

The quality of the powder foods is based on a variety of 
properties that depend on specific application. In general, the 
final moisture content, solubility, rheological properties, and 
density are of primary importance (RÉ, 1998).

The drying of the mashed tomato fruit is very difficult 
due to its high sugar concentration and other soluble solids 

which are responsible for the stickiness of the particles to 
the dryer walls. However, many possible solutions have been 
presented to solve this problem such as changing the dimension 
of the dryer and add polymers which modifies some properties 
of the products in a way that it increases the temperature in 
which its particles stick to the dryer walls lessening the problem 
(BHANDARI; DATTA; HOWES, 1997; BORGES et al., 2002; 
CANO-CHAUCA et al., 2005;  MARA -RIGHETTO; NETTO, 2005; 
ROUSTAPOUR; HOSSEINALIPOUR; GHOBADIAN, 2006). 
Other factors that contribute to the manufacturing of high 
quality powder tomato are raw material and its pre-treatment, 
the powder processing, the proper processing machine, and the 
operation condition of the dryer (MASTERS, 1991; MILLER; 
LUCAE, 1999).

The physical properties of the food related to ease the 
reconstitution include moisture content, apparent density, true 
density and respective particle porosity, particle size, and its 
distribution. These properties are influenced by the nature of 
the feed (solid content, viscosity, and temperature), type of spray 
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dryer, operational speed atomization or pressure nozzle, and 
air inlet and outlet temperatures (MASTERS, 1991; RÉ, 1998; 
NATH; SAPTHY, 1998).

Higher atomizer speeds decrease particle size (MASTERS, 1991; 
CHEGINI; GHOBADIAN, 2005), and air incorporation in the 
feed results in porous products of low apparent density making 
re-hydration more difficult (WALTON; MUMFORD, 1999).

The objective of this research was to verify the effects of spray 
drying conditions (atomization speed, inlet air temperature, and 
the feed flow rate) on tomato powder moisture content, apparent 
density, true density, porosity, and particle size.

2 Materials and methods
Tomato pulp (brand Colonial, Itacarambi, MG, Brasil) was 

blended with 10 DE (dextrose equivalent) malt dextrin (10% dry 
matter, w/w) and SiO2 (1% dry matter, w/w) and spray dried 
in a pilot scale spray dryer (home made/DTA, UFRRJ, Brazil). 
The dimensions of the drying chamber were 2.5 m in diameter 
and 1.40 m cylindrical height with a conical base. All internal 
surfaces that contact the product are made of stainless steel AISI 
316. It is equipped with a control panel (control of the atomizer 
speed, blower velocity, and air inlet temperatures), a rotary 
atomizer and gas burner. The feed was pulverized by a rotary 
atomizer and the air entrance, co-current flow, was supplied by 
a blower. The constant operational conditions were outlet air 
temperature of 90 °C and blower velocity of 30000 rpm. The 
variables (real, codified) atomization speed (AS, X3), feed flow 
rate (Q, X2), and inlet temperature (T, X1) were studied according 
to a complete 23 factorial design with three repetitions at the 
central point (Table 1). The codified variables (Xn) are obtained 
by following relationship: Xn = (RV – RV (CP))/DRV, where RV is 
real value for the variable, RV(CP) is real value for the variable 
at the central point and ∆RV is the difference between higher 
and minor real values.

The powdered samples were filled in low-density polyethylene 
pouches and stored at 10 °C until analyzed. The results were 
submitted to variance analysis and effect estimative according 
to Barros Neto; Scarmínio; Bruns, 1995, using the statistical 
software STATISTICA 5.0 (STATSOFT, Tulsa, OK, USA).

The following analyses were carried out on tomato powders: 
moisture content (vacuum oven at 70 °C to a constant weight, 
Instituto Adolfo Lutz-IAL, 1985); the apparent density (AD) 
of the powders, determined by measuring the volume of a 
determined weight of powder in a glass cylinder; the true bulk 
density (TD), determined by a picnometer, using toluene as 
the immiscible liquid, and porosity (1– TD/AD) according to 
LEWIS (1993).

The particle size was measured by microscopy (AXIOSKOPII-
Zeiss) using the software KS 300.200, and the Sauter’s diameter 
(the diameter of a sphere that has the volume/surface area ratio 
as a particle of interest) was calculated.

3 Results and discussion
Table 2 presents the estimates of the effects on the physical 

properties analyzed. 

Concerning moisture content, the obtained results showed that 
the atomization speed presented little effect (level of probability 
of 5%) on the tomato powder humidity. These relations can be 
expressed by Equation 1 considering X3 = 0, which fitted the 
linear model well (R2 = 0.96).

MC = 5.69 – 0.31 * X1 – 0.14 * X2 – 0.52 * X1 * X2   (1) 

Figure 1 represents the model more adequately.

Analyzing Figure 1, it can be observed that the increase 
in temperature and decrease in feed flow rate reduce the 
moisture content of the product. These results are due to higher 
drying rate and decreased amount of water introduced to the 
drier (MASTERS, 1991; PEREZ-MUNOZ; FLORES, 1997). 
Similar results were obtained by Al-Asheh et al. (2003), Goula, 
Adamapoulos (2005) for tomato pulp powder; by Abadio et al. 
(2004) and Chegini; Ghobadian (2005) for pineapple and orange 
juice powder, respectively, and by Hong, Choi (2007) for protein-
bound-polysaccharide powder.

With relation to the apparent density, the results showed that 
the inlet air drying temperature, atomization speed, feed flow 
rate, and the interaction among these three variables presented 
significant effect. These relations can be expressed by Equation 2 
considering X3 = 0 (R2 = 0.96). 

AD = 0.60 – 0.034 * X1 + 0.04 * X2 – 0.01 * X1 * X2   (2) 

Table 1. Experimental conditions for the factorial design.

Assay X1 T
(ºC)

X2 Q
(g/min)

X3 AS
(rpm)

1 +1 220 +1 276 –1 25000
2 –1 200 +1 276 –1 25000
3 +1 220 –1 127 –1 25000
4 –1 200 –1 127 –1 25000
5 +1 220 +1 276 +1 35000
6 –1 200 +1 276 +1 35000
7 +1 220 –1 127 +1 35000
8 –1 200 –1 127 +1 35000
9 0 210 0 201 0 30000
10 0 210 0 201 0 30000
11 0 210 0 201 0 30000

Table 2. Estimates of the effect on physical properties.

Factor MC
g/100g

AD
(g/mL)

TD
(g/mL)

ε PS
(µm)

Mean/Int.  5.70  0.60  1.18  0.53  52.00
X1 –0.06  0.07 –0.10 –0.01  –3.00
X2 –0.28  0.08*  0.09  0.00  5.00*
X3 –0.02 –0.08* –0.03 –0.01 –13.00*
X1 * X2 –1.04* –0.03  0.04 –0.01  1.00
X1 * X3  0.24 –0.02 –0.05 –0.00  –4.00
X2 * X3  0.37 –0.04 –0.12 –0.00  1.00
X1 * X2 * X3  0.91*  0.00 –0.00  0.01  –0.00
*significative at p < 0,05, MC: moisture content, AD: apparent density, TD: true density, 
ε: porosity, PS: particle size (Sauter´s diameter).
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Figure 2 represents the model more adequately.

It can be observed that the apparent density has decreased 
with the increase of the inlet air temperature according to the 
results previously observed by Walton (2000), Al-Asheh et al. 
(2003), Chegini, Ghobadian (2005). The porous structures 
are favored by high drying rate promoted by the use of high 
temperatures due to the expansion of evaporation of water 
vapour leaving the empty spaces occupied by the air (NATH; 
SATPATHY, 1998; WALTON, 2000). 

Al- Asheh et al. (2003) found density values in the order of 
0.54 a 0.78 g/ml; similar results were found in this work. Goula, 
Adamapoulos (2005) using dehumidified air and compressed 
air flow rate obtained smaller values (0.50-0.37) for this same 
product.

The apparent density increased with the increase of the 
feed flow rate and with the decrease of the atomization speed. 
Similar trends were found by Al-Asheh et al. (2003) and Chegini, 
Ghobadian (2005) since higher feed flow rate lead to a minor degree 
of moisture removal, and this moisture content, due to higher 
density compared to the dry solid, contributed to the increase of 
this property. According to Bhandari; Balachandran (1998), at 
lower atomization speed the particles become larger and denser. 
For fruits dehydrated by this process, the apparent density was not 
affected by the atomization speed, (FRANCISCONI et al., 2003, 
ABADIO et al., 2004) with values of 0.46 g/ml for passion-fruit 
powder and 0.59 g/ml for pineapple juice powder.

 The values of true density were in the range of 1.07 to 1.31 g.mL–1 
and the variables under study did not have a significant influence 
over them. For dehydrated fruits (FRANCISCONI et al., 2003, 
ABADIO et al., 2004), this property was reduced with the 
increase of the atomization speed, due to previously explained 

reasons, and its values were in the range of 1.52 to 1.76 g/ml, 
respectively, for pineapple juice and passion-fruit juice powder, 
values slightly higher than the ones of powder tomato.

The porosity values were in the range of 0.50 to 0.59 and were 
not affected by the conditions under study and by the factors 
that influenced this property either (the same conditions that 
affected the true apparent density). Borges et al. (2002) found 
a porosity value of 0.86 for the dehydrated passion-fruit juice 
powder using aspersion nozzles.

The diameter of the particles of the 11 experiments was 
distributed in a single modal way, which demonstrates that there 
was homogeneous production during the drying.

The results demonstrate that the atomizer speed and the 
feed flow rate showed significant effect, to the level of 5% of 
probability, on the particle size of the tomato powder.

These relations can be expressed by Equation 3, considering 
X1 = 0, (R2 = 0.97). Figure 3 represents the model more 
adequately.

Particle size = 52.25 + 2.73 * X2 – 6.36 * X3 + 0.74 * X2 * X3   (3) 

The particle size decreases with the increase of the atomization 
speed due to higher atomizer wheels speeds and a decrease of 
droplet and therefore particle size (MASTERS, 1991). The increase 
in the feed flow rate causes an increase in the particle size and a 
similar tendency was found by Al-Asheh et al. (2003) dehydrating 
the same product and by Chegini, Ghobadian (2005) for orange 
juice powder. Al-Asheh et al. (2003) attributed this result to 
the high probability of collision and following fusion of small 
drops, and the particles size for this author was an average of 
9,11 µm, smaller than the values found in this work. This is due 
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Figure 1. Moisture content of powder at X3 = 0. Figure 2. Apparent bulk density at X3 = 0.
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to the different drying method used by the author, especially the 
concentration of solution solids which was lower than the one 
used in this work (maximum 9%) and that affects the particles 
size as verified in the research of the referred author.

4 Conclusion
The results indicate that the porosity and true density were 

not influenced by the variables studied. The best spray drying 
conditions to produce lower moisture content and higher apparent 
density tomato powder were inlet air temperature of 200 °C, feed 
flow rate of 276 g/min, and atomizer speed of 30000 rpm. 
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Figure 3. Particle size for the tomato powder obtained at X1 = 0.


