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Abstract The study is an extension of an optimization study,
which was planned to determine the optimum spray drying
conditions (the feed, outlet and inlet air temperatures) for
producing yoghurt powder. The resulting yoghurt powder at
each condition was subjected to the measurement of physical
properties, moisture content, and reconstitution properties. All
the reconstitution properties of yoghurt powders produced
under 20 different spray drying conditions according to CCRD
experimental design were affected by the drying outlet temper-
ature only. Furthermore, the bulk (bulk and tapped densities,
porosity, flowability, hygroscopicity and degree of caking) and
particle properties (particle size distribution, particle density
and morphology) of yoghurt powder obtained from optimum
spray drying conditions were also determined. The bulk, tapped
and particle densities of yoghurt powder were 538, 746 and
1177 kg/m3, respectively. The mean diameter (D4.3) and the
span value of yoghurt powder were 3.053 and 2.487 μm,
respectively.
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properties .Morphology . Bulk and particle densities .

Hygroscopicity

Introduction

Spray drying is a well-known process suitable for yoghurt
drying because the very short time of heat contact and the

high rate of evaporation give high quality, stable, functional
and low moisture content products (Koc et al. 2011; Sagar
and Suresh Kumar 2010; Sarala et al. 2011; Yousefi et al.
2011). A dry powder of yoghurt is highly desirable since it
not only possesses long shelf life but also requires relatively
low transportation cost and storage capacity. It can be used
as an ingredient for the manufacture of many food products,
as well as for direct consumption due to its high content of
yoghurt starter bacteria. Recently, a spray drying system for
yoghurt has been characterized at various combinations of
inlet air, outlet air temperatures or feed rate, atomization
speed and feed temperature (Kim and Bhowmik 1990;
Bielecka and Majkowska 2000; Kumar and Mishra 2004a, b;
Koc et al. 2010). Despite this, the spray-drying process is not
well understood, mainly due to its complexity, the dispersion
of droplets and particles, moisture evaporation, particle ag-
glomeration, and changes in the morphology of the particles
as they dry (Nijdam and Langrish 2005). So the detailed
characteristics of spray dried yoghurt powder in terms of
physicochemical properties have not yet been evaluated.

Food powder properties can be classified as physical or
chemical properties. Physical properties include the reconsti-
tution properties, particle shape, density and porosity, surface
characteristics, hardness, diameter, and size (Kurozawa et al.
2009). The spray drying temperatures and the type of atomizer
can affect the physical properties of food powders that are
important in the storage, handling and final application (e.g.
reconstitution).

The reconstitution phenomenon involves wetting, sink-
ing, dispersing and dissolving the food powder. Wettability
is the capacity of the powder particles to absorb water on
their surface. Sinkability is the sinking of powder particles
below the liquid surface. Dispersibility is the dispersion of
particles with little stirring and solubility is dissolving of
soluble particles in the liquid. These mechanisms are closely
related to the particle size, density, porosity, surface charge,
surface area, and morphology of the particles in the final
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powder product (Kwapińska and Zbiciński 2005). On the
other hand, the values of these powder properties are directly
dictated by the conditions of the drying operation (Birchal et
al. 2005).

Morphological properties are directly related to physical
properties of powder food products (Schubert 1987). It is
known that complex changes in the morphologies (size,
shape and appearance) of droplets occur during spray drying
and that the protection of these properties is related to the
porosity and integrity of the microcapsules. With respect to
morphology, the particles produced by spray drying generally
show a smooth surface and are spherical in shape, have lowest
surface-to-volume ratio (aroma retention), highest bulk densi-
ties (best packing) and best flowability (Kurozawa et al.
2009).

One of the most important physical parameters of pow-
ders with regard to handling is particle size. Particle size can
influence flow out of storage bins, the blending of different
components, compaction, and the segregation of a mixture,
in which smaller particles stay distributed on the bottom and
larger particles on top. In addition, these properties signifi-
cantly influence the essential properties of food products
such as smell, texture, and appearance. As particle size
decreases, the increase in the particle surface area causes
higher affinity with moisture and higher ability to agglom-
erate during the drying process. The knowledge of food
density is of fundamental use for material properties studies
and for industrial processes in adjusting storage, processing,
packaging, and distribution conditions. Bulk density
includes the volumes of the solid and liquid materials and
all pores and is generally used to characterize a final product
obtained by drying (Kurozawa et al. 2009).

The aim of the present work was to evaluate the reconstitu-
tion properties (solubility index, dispersibility, andwettability),
morphological properties (appearance, particle shape and size),
bulk and particle density and hygroscopicity of yoghurt pow-
der produced by spray drying.

Material and methods

Materials

Yoghurt powders used in this study were obtained by spray
drying in a pilot scale spray drier (Mobile Minor Niro
Atomiser, Denmark) under 20 different processing condi-
tions according to CCRD experimental design shown in
Table 1. Details of the equipment and drying method were
reported by Koc et al. (2010). The optimum spray drying
condition for yoghurt powder production (inlet air tempera-
ture of 171 °C, outlet air temperature of 60.5 °C and feed
temperature of 15 °C) was previously determined by Koc et
al. (2010), targeting the maximum survival ratio of lactic

acid bacteria, maximum overall sensory attributes, mini-
mum colour change and acceptable moisture content. As
explained in previous work of Koc et al. (2010), overall
sensory acceptability (total 20 scores for each of 5 points of
appearance, taste and flavor, consistency in the mouth and
spoon) of yoghurt powders under 20 different processing
conditions of spray drying were evaluated.

Reconstitution properties (solubility index, dispersibility,
wettability) of yoghurt powders were investigated under 20
different spray drying conditions and at the optimum condi-
tion (inlet air temperature of 171±2 °C, outlet air temperature
of 60.5±2 °C and feed temperature of 15±2 °C). Besides, the
bulk and morphological properties were measured only at
optimum spray drying condition.

Analytical methods

Moisture content

Moisture contents of yoghurt and dried powder were deter-
mined gravimetrically by oven drying at 102 °C for 2 h
(AOAC 1990).

Reconstitution properties

Dispersibility and wettability Dispersibility and wettability
measurements of yoghurt powder in water were performed
according to the procedure described in FIL-IDF: 87 (IDF
1979).

Solubility index The solubility index of yoghurt powder was
measured after reconstituting 13.0 g powder in 100 mL
water at 24 °C (IDF 1988).

Particle properties

Particle morphology The morphological properties of yo-
ghurt powder (the appearance and the particle shape) were
investigated by taking images via a scanning electron mi-
croscope (SEM, JSM–6060 JEOL, Japan).

Particle size distribution The particle size distribution of the
yoghurt powder was measured using a laser light diffraction
particle size analyser (MasterSizer model S 2000, Malvern
Instruments Ltd., Worcestershire, U.K.) in which a small
quantity of powder was dispersed in water and the particle
distribution was monitored during five successive trials.
The particle size was expressed as mean volumetric size
D4.3 (De Brouckere mean diameter), and was calculated
as follows:

D4:3 ¼
P

nid4iP
nid3i

ð1Þ
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where ni is the number of particles of diameter di . The particle
size distribution of the powder was measured as the span,
which is defined as;

span ¼ d90 � d10
d50

ð2Þ

where d90, d10, and d50 are the equivalent volume diameters at
90%, 10%, and 50% cumulative volume, respectively.

Particle density Particle density (ρp) of the powder sample
was analyzed according to a study by Barbosa-Cánovas et
al. (2005).

Bulk properties

Bulk and tapped densities The bulk density (ρb) of the
yoghurt powder was determined by measuring the weight
of the powder and the corresponding volume. Approximate-
ly 20 g of powder sample was placed in a 100 ml graduated
cylinder. The bulk density was calculated by dividing the
mass of the powder by the volume occupied in the cylinder.
For the tapped density (ρt), the cylinder was tapped vigor-
ously by hand until no further change in volume occurred
(Jinapong et al. 2008).

Porosity The porosity (ε) of the powder samples was calcu-
lated using the relationship between the tapped (ρt) and

particle (ρp) densities of the powders as shown below (Jinapong
et al. 2008):

" ¼ ρp � ρt
ρp

� 100 ð3Þ

Flowability Flowability of the yoghurt powder was evaluated
in terms of Carr index (CI) (Carr 1965). CI was calculated
from the bulk (ρb) and tapped (ρt) densities of the powder as
shown below:

CI ¼ ðρt � ρbÞ
ρt

� 100 ð4Þ

Hygroscopicity About 1 g of powder was spread evenly on
petri dishes (9 cm diameter) to allow for a high surface area
between humid air and powder. The dishes were placed in
desiccators containing saturated NaCl solutions, providing
(75.3%) relative humidity at 25 °C. A 10 min interval was
selected to get the kinetics of moisture sorption. Although
hygroscopicity is based on the equilibrium moisture content,
to compare hygroscopicities, the weight increase per gram
of powder solids after being subjected to the atmosphere
with relative humidity of 75.3% for 90 min was determined
(Al-Kahtani and Hassan 1990; Goula and Adamopoulos
2004). The gain in weight of the samples was considerably

Table 1 Reconstitution properties of yoghurt powder under 20 different experimental spray-drying conditions according to CCRD experimental design

Run
No

Outlet air
temperature (°C)

Inlet air
temperature (°C)

Feed
temperature (°C)

Solubility
index (%)

Dispersibility
(s)

Wettability
(s)

Moisture content
(%, wet basis)

1 66 156 9 65.00 355 636 6.56

2 84 156 9 69.25 430 363 4.42

3 66 174 9 68.00 425 756 6.43

4 84 174 9 72.75 592 424 4.36

5 66 156 25 70.50 398 678 6.88

6 84 156 25 69.75 897 485 4.43

7 66 174 25 66.00 194 665 6.55

8 84 174 25 72.50 714 327 4.67

9 60 165 17 69.00 340 697 7.17

10 90 165 17 71.50 605 307 3.98

11 75 150 17 66.50 483 569 6.44

12 75 180 17 71.00 552 625 6.04

13 75 165 4 67.00 494 405 6.23

14 75 165 30 68.00 475 504 6.04

15 75 165 17 68.25 594 450 6.08

16 75 165 17 69.00 523 316 6.09

17 75 165 17 69.75 565 334 6.68

18 75 165 17 71.00 664 395 6.32

19 75 165 17 69.00 634 372 6.04

20 75 165 17 70.00 465 497 6.11
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lower after 90 min but it certainly continued. Hygroscopicity
was expressed as kg moisture/100 kg dry solids.

Degree of caking After the determination of hygroscopicity,
the wet sample was dried in an oven at 102 °C. After cooling,
the dried sample was weighed and transferred into a sieve of
500-μm size. Then the sieve was shaken for 5min in a shaking
apparatus. The weight of the powder remaining in the sieve
was measured. The degree of caking was calculated as (Jaya
and Das 2004):

CD ¼ 100 � b
a

ð5Þ

where CD is the degree of caking (%), a is the amount of the
powder used in sieving, and b is the amount of the powder that
remained on the sieve after sieving.

Statistical analysis

All measurements were made in triplicates. Results are
expressed as mean ± standard deviation. The analysis of

variance (ANOVA) at a confidence level of 95% was per-
formed. All the results that were obtained were analysed
using Design Expert–version 7.0 software (Statease Inc.,
MI, USA).

Results and discussion

Spray drying of yogurt at the optimum process condition
could significantly improve the survival of lactic acid bac-
teria and overall sensory acceptability with minimum colour
change and acceptable moisture content for longer periods
of storage. It was found that overall sensory acceptability
scores were significantly affected by the outlet air tempera-
ture of drying and these values decreased with an increasing
outlet air temperature.

The moisture content of the fresh yoghurt sample was
determined as 85.8% wet basis. The moisture content (%, wet
basis) of yoghurt powders obtained at twenty different experi-
mental spray drying conditions is presented in Table 1. Mois-
ture content values varied between 3.98 and 7.17%, wet basis.

Table 2 Reconstitution, particle and bulk properties of yoghurt pow-
der produced at optimum spray drying condition (inlet air temperature
of 171±2 °C, outlet air temperature of 60.5±2 °C and feed temperature
of 15±2 °C)

Properties Values

Dispersibility (s) 351±17.21

Wettability (s) 374±14.57

Solubility index ((%) 68.7±0.577

Bulk density (kg/m3) 538±10.05

Tapped density (kg/m3) 746±6.22

Particle density (kg/m3) 1177±45.22

Porosity (%) 36.54±1.93

Carr Index (CI) (%) 27.93±1.76

Degree of caking (%) 30.32±3.37

(Values are means ± standard deviation of triplicate measurements)

Table 3 The analysis of vari-
ance of the experimental results
for reconstitution properties

p<0.05 is significant at α00.05,
X1: outlet air temperature (°C),
X2: inlet air temperature (°C),
X3: feed temperature (°C)

Source df Solubility index Dispersibility Wettability

Mean square p-value Mean square p-value Mean square p-value

Model 7 8.932 0.0052 29282 0.0153 37099 0.0320

x1 1 26.31 0.0017 125404 0.0012 235113 0.0006

x2 1 11.11 0.0228 9545 0.2679 795 0.7933

x3 1 2.576 0.2329 70.2 0.9223 1487 0.7204

x1x2 1 7.508 0.0531 32640 0.0528 5202 0.5061

x1x3 1 0.945 0.4613 17955 0.1370 685 0.8078

x2x3 1 7.508 0.0531 5995 0.3753 15488 0.2598

x1x2x3 1 6.570 0.0679 13366 0.1943 925 0.7775

Error 12 1.632 7071 11072

Fig. 1 Particle size distribution of yoghurt powder produced at opti-
mum spray drying condition (inlet air temperature of 171±2 °C, outlet
air temperature of 60.5±2 °C and feed temperature of 15±2 °C)
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Reconstitution properties

In the case of dried-powdered foods, a number of properties
influence the overall reconstitution characteristics (Hogekamp
and Schubert 2003). For instance, solubility is the final step of
powder dissolution and is considered as the key determinant
of the overall reconstitution quality. Commercial milk powder

manufacturers often use this property as a criterion to indicate
the quality of milk powders. In terms of the fundamental
interpretation of solubility, it does not follow the usual chem-
ical sense but instead is often used to represent the complete
phenomenon of dairy powder reconstitution, comprising sol-
uble components such as lactose, un-denatured whey protein,
and salts, as well as dispersible components like casein (Fang
et al. 2008). The rate of insoluble material formation in dairy
products largely depends on the temperature of any heat
application prior to drying as well as drying temperature.
Generally, dispersibility and wettability depend on particle
size, density, porosity, surface charge, surface area, and the
presence of amphipathic substances and the surface activity of
the particles (Kim et al. 2002). The poorer wettability, as
reflected by lower dissolution rates, may be related to the
decreased solubility of the denatured protein (Fang et al.
2008; Marabi et al. 2007; Millqvist-Fureby et al. 2001).

The solubility index values of yoghurt powder at different
spray drying conditions and at the optimum spray drying
condition were given in Tables 1 and 2, respectively. The
analysis of variance showed that the solubility index value
was affected by the outlet and inlet air temperatures (p<0.05)
(Table 3). As a similar observation, Figueroa et al. (2002)
reported that the solubility index values of spray-dried yoghurt
powder was affected by the outlet air temperature, but the
trend of this effect could not be figured out clearly.

The dispersibility and wettability values of yoghurt pow-
der at different spray drying conditions and at the optimum
spray drying condition were also given in Tables 1 and 2,
respectively. The analysis of variance showed that the dis-
persibility and wettability values were affected by the outlet
air temperatures (p<0.05) (Table 3). Figueroa et al. (2002)
reported that the dispersibility values (%) of spray-dried
yoghurt powder were affected by the outlet air temperature,
but the trend of this effect could not be figured out, clearly,
as in the case of solubility.

Fig. 2 The scanning electron microscopy images of yoghurt powder,
produced at the optimum spray drying condition (inlet air temperature
of 171±2 °C, outlet air temperature of 60.5±2 °C and feed temperature
of 15±2 °C)

Fig. 3 Hygroscopicity of
yoghurt powder at 25 °C and
75.3% RH
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Bulk and particle properties

The physical properties of yoghurt powders, namely particle
size distribution, particle density, bulk density, tapped density,
porosity, degree of caking, and flowability, produced at opti-
mum spray drying conditions were given in Table 2.

Spray-dried products are usually nonhomogeneous. For
nonhomogeneous systems, with particle size distribution,
the voids between big particles are filled with smaller par-
ticles, which cause an increase of the bulk density (Schubert
1987). The mean diameter (D4.3) of a sphere, which gives an
indication of the diameter corresponding to the average
particle volume of the particle size distribution, and the span
value, were found to be 3.053 and 2.487 μm, respectively.
The span-value expressing the width of the size distribution
was also in the same order of magnitude. Figure 1 also
shows the particle size distribution of the yoghurt powder.
It can be seen that the yoghurt powder had a narrower
particle size range with a relatively uniform distribution.
These results show that spray drying does not produce large
particles. The lower the particle size, the lower the solubility
and flowability of powder (Kurozawa et al. 2009).

Through scanning via electron microscopy, the yoghurt
powder particles were mostly observed as spherical and
showed a crater-like structure. It is stated that, spray dried
dairy powder products are generally spherical in shape
although some extending parts may exist (Hall and Hedrick
1975). Also as stated by Elversson and Millqvist-Fureby
(2005), the lactose particles appear as perfect spheres, which
is a well-known characteristic of spray-dried lactose. The
scanning electron microscopy images of yoghurt powder,
produced at the optimum spray drying condition, were given
in Fig. 2 with a level of magnification of 2,500×. The porous
surface is expected to be advantageous for improved wetting
and improved solubility (Rogers et al. 2008).

The bulk properties (bulk and tapped densities, porosity,
flowability) of a food powder are highly dependent on particle
size and its distribution (Barbosa-Cánovas et al. 2005). Lower
bulk densities of a product are not desirable, resulting in a
greater volume of package. Moreover, lower the bulk density,
more occluded air within the powders would be and a greater
possibility for product oxidation resulting in reduced storage
stability (Goula and Adamopoulos 2008; Kurozawa et al.
2009). The bulk densities of milk and whey powder were
400 and 530 kg/m3, respectively and the particle density of
most food powders is about 1,400 kg/m3 (Barbosa-Cánovas et
al. 2005). The bulk, tapped and particle densities of yoghurt
powder were found to be 538, 746 and 1177 kg/m3, respec-
tively. The porosity of yogurt powder was calculated as
36.54% (Table 2). Spherical particles pack the best and thus,
have the highest bulk densities and porosity (Reineccius 2004).

Yoghurt powders have moderate-poor flowability (CI0
27.93%) due to their small particle size. Caking and

stickiness are common problems prevailing in food powder
handling and processing. The caking degree of the yoghurt
powder was 30.32%. Goula and Adamopoulos (2008)
reported that the caking degree of tomato powders varied
from 8.9 to 22.3%. Moisture adsorption of the spray-dried
yoghurt powder at 25 °C and 75.3% relative humidity after
90 min is shown in Fig. 3. Yoghurt powder is not very
hygroscopic as seen in the Fig. 3.

Conclusion

The solubility index, dispersibility and wettability of yo-
ghurt powder were affected by the outlet air temperature,
but the trend of this effect could not be figured out clearly.
The bulk, tapped and particle densities of yoghurt powder
were 538, 746 and 1177 kg/m3, respectively. These values
are an indication that yoghurt powder has fair porosity
(36.54%). Yoghurt powders have moderate-poor flowability
(CI027.93%) due to their small particle size (3.053 μm),
and high caking degree (30.32%) values. The resultant
powder is not very hygroscopic. With respect to morphology,
the yoghurt powder particles were mostly spherical and
showed a crater-like structure. For purposes of understanding
the particle formation process, predicting product quality and
evaluating the behaviour of spray-dried yoghurt powder dur-
ing reconstitution, this information will provide a helpful
approach.
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