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A b s t r a c t .  The paper presents an influence of raw material 
composition and technological process applied on selected physi-
cal properties of food powders. Powdered multi-component 
nutrients were subjected to the process of mixing, agglomeration, 
coating, and drying. Wetting liquids ie water and a 15% water 
lactose solution, were used in agglomeration and coating. The 
analyzed food powders were characterized by differentiated physi- 
cal properties, including especially: particle size, bulk density, 
wettability, and dispersibility. The raw material composition of 
the studied nutrients exerted a statistically significant influence 
on their physical properties. Agglomeration as well as coating 
of food powders caused a significant increase in particle size, 
decreased bulk density, increased apparent density and porosity, 
and deterioration in flowability in comparison with non-agglo- 
merated nutrients.

K e y w o r d s : food powders, physical properties, rice starch, 
agglomeration, coating

INTRODUCTION

Application of suitable technological treatments ie ag- 
glomeration or coating, allows obtaining numerous profi- 
table features of products from the point of view of food 
quality and safety, including especially stability during pro-
cessing and storage (Dacanal and Menegalli, 2010; Sharma 
et al., 2013). Dairy-based powders constitute a large part 
of instant powders used in the food industry. They have to 
follow strict specifications of safety, nutrition, and physico- 
chemical stability. In some cases, the nutritional profile 
needs to be balanced through the addition or replacement of 
specific components, for example carbohydrates. However, 
the powder should keep its functionalities regardless of its 

changed composition. Consumers expect that the powder 
reconstitution properties remain convenient and fast, as it 
would for a powder (Montes et al., 2011).

Agglomeration of food powders is successfully used in 
order to improve the instant properties of spray-dried pro- 
ducts. The process is called ‘instantization’ and is applied 
in manufacturing of milk products (hot chocolate, instant 
milk), drinks (tea, coffee) or products based on starch 
(soups, sauces, dinner concentrates, baby food powders) 
(Vissotto et al., 2010). It is also applied for improvement 
of transport properties of the material (flowability), or im- 
provement in product attractiveness in terms of both its vi- 
sual features and sensorial properties, and a decrease in its 
density, as well as prevention of caking during the storage. 
Such physical properties of agglomerated products as par-
ticle size, porosity, solubility, wettability, shape, and bulk 
density depend on the type of agglomeration and process 
parameters applied (Barkouti et al., 2013). Agglomeration 
in the fluidized bed is suitable for obtaining products in 
a form of agglomerate with high porosity and good mecha- 
nical strength significant in further processes connected with 
their turnover (Dacanal and Menegalli, 2010; Jianpong et 
al., 2008; Szulc and Lenart, 2010; Vissotto et al., 2010).

The fluid bed technology can be used to coat particles 
by spraying them with a coating solution of any desired 
material. When the spray nozzle is placed at the bottom 
(with addition of a cylindrical central tube), the coating 
material raises the particles, preventing premature drying 
of the solution before reaching and coating the particles 
(Prata et al., 2012). Additionally, food powder coating 
allows controlled release of labile nutrients as well as 
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volatile and flavour-aroma compounds and protection 
thereof against external factors (Chen et al., 2009; Karlsson 
et al., 2011).

The aim of the study was to assess the influence of raw 
material composition, agglomeration, and coating on selected 
physical properties of food powders.

MATERIALS AND METHODS

The raw material included lactose (L), whey protein 
isolate (WPI), soy protein isolate (SPI), rice starch (RS), 
wheat starch (WS), inulin (I), and vitamin C (C). Food 
powders were mixed to obtain a protein-carbohydrate 
nutrient with a composition similar to milky rice or wheat 
porridge (baby foods) available on the Polish market. 
The basic composition of the powdered multi-component 
nutrients (nutrients) included:
1. L 60% + WPI 25% + RS 13%+ I 1.9% + C 0.1%,
2. L 60% + WPI 25% + WS 13%+ I 1.9% + C 0.1%,
3. L 60% + SPI 25% + RS 13% + I 1.9% + C 0.1%.

Technological methods included four processes: mix-
ing, agglomeration, coating, and drying. Mixing of a given 
material was performed in a laboratory mixer for loose 
material granulation Lödige type L5 (Lödige Ploughshare 
Mixer). Agglomeration, coating, and drying were conduct-
ed in one apparatus, in laboratory agglomerator STREA 1 
with the possibility of coating the material (Niro-Aeromatic 
AG). Water and a 15% water lactose solution were used as 
the wetting liquids in agglomeration and the 15% water lac-
tose solution was applied in coating processes.

Water content of equilibrated samples was measured by 
the vacuum-drying method (70oC, 10 kPa, 24 h).

Water activity was measured using a Rotronic model 
Hygroskop DT 1 (Domian and Poszytek, 2005).

Particle size distribution was measured in air with 
a Kamika particle size analyzer (Kamika Instruments, 
Poland) with a powder feeder unit. The analyser uses 
a method based on measurement of changes in the infrared 
radiation beam dispersed by particles moving within the 
measurement zone (Szulc and Lenart, 2013).

Loose and tapped bulk density were measured using 
a volume presser (J. Engelsmann A.G.), where the volume 
of a given mass of powder after 100 taps was measured to 
calculate the tapped bulk density (Fitzpatrick et al., 2004; 
Szulc and Lenart, 2010).

The Hausner ratio and the Carr index were calculated 
as a relationship between the tapped and the loose bulk 
density of the powder (Jinapong et al., 2008; Turchiuli 
et al., 2005).

Apparent density was measured using a gas stereo- 
pycnometer (Quantachrome Instruments). A sample was 
placed in the sample cell and degassed by purging with 
a flow of dry gas (helium) by a series of pressurization 
cycles (Szulc and Lenart, 2013).

Porosity of the sample (ε) was calculated using the rela-
tionship between the tapped bulk density (ρT) and apparent 
density of the powder (ρ) (Eq. (1)) (Szulc and Lenart, 2013):

100⋅
−

=
ρ
ρρ

ε T .                            

Wettability of the powder was determined with an 
A/S Niro Atomizer (1978). 100 ml of distilled water (at 
21oC) was poured into a beaker. A powder sample (10 g) 
was placed around the pestle (inside the funnel so that it 
blocked the lower opening), the pestle was lifted, and the 
stopwatch was started at the same time. Finally, time was 
recorded when the powder became completely wetted 
(visually assessed as the time when all the powder particles 
penetrated the surface of the water).

Dispersibility was determined according to Shittu and 
Lawal (2007). Dispersibility of the powder was determined 
by dissolving approximately 10 g of each sample in 100 ml 
of distilled water at 21oC. The nutrient was manually stirred 
for 1 min and then left for 30 min to settle down the suspend-
ed particles before the supernatant was carefully decanted. 
The mass of the supernatant was then determined by trans-
ferring an aliquot of the supernatant into a 50 ml density 
bottle. The weight of the dispersed solid was calculated as 
double of the difference in the mass of the supernatant and 
an equal volume (50 ml) of distilled water. All the weight 
determinations were done in duplicate using digital scales.

The colour of the powders was determined using 
a Minolta chromameter (model CR-300, Minolta Co.) 
equipped with an adaptor for granulated and powdered 
materials (CR- A50). The colour parameters were meas-
ured using a CIELAB system (L*, a*, b*) and expressed in 
accordance with Horváth and Hodúr, 2007; Manickavasagan 
et al., 2015; Telis and Martinez-Navarrete, 2010. In this 
coordinate system, the L* value is a measure of lightness 
(contribution of black or white varying between 0 and 
100); the a* value is used to denote redness (+) and green-
ness (-), and the b* value is used to denote yellowness (+) 
and blueness (-). The studied food powders were analyzed 
using differential scanning calorimeter (DSC) Q200 (TA 
Instruments). The calorimeter was calibrated by verifica-
tion of standard melting and enthalpy temperatures using 
high purity indium and sapphire. All the measurements 
were performed in a nitrogen atmosphere as a cooling 
medium. Before the specific calorimetric measurement, the 
samples of the material were dried in a vacuum drier under 
lowered pressure (10 kPa) at a temperature of 70oC for 24 h, 
and prior to the analysis they were stored in an environ-
ment of water activity close to zero (CaCl2). The reference 
sample was an empty aluminium container closed in a non-
hermetical manner. The mass of the powder was 11-13 mg; 
the samples were cooled up to a temperature of -60°C and 
maintained at that temperature for 5 min. The thermogram 
of the powder was obtained as a result of sample heating 
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from a temperature of -60 to 250°C with a rate of 5oC min-1. 
Thermograms presenting heat flow absorbed or released by 
the material sample (W g-1) depending on the temperature 
(°C) were obtained during the study. 

All technological trials and measurements were per-
formed at least two times. One-way analysis of variance 
(ANOVA) was carried out using Statgraphics Plus 4.1 
software. Statistical differences between means were 
determined using the LSD test at a 95% confidence level 
(α= 0.05).

RESULTS AND DISCUSSION

The analyzed food powders (nutrients) were charac-
terized by considerable differentiation in terms of water 
content and water activity (Fig. 1a, b); however, the water 
content in the studied nutrients did not exceed 6 g H2O 100 g 
d.m.-1 and the water activity was lower than 0.35. 

The type of starch used (rice or wheat) significantly 
influenced the diameter of the particle size of the multi-
component nutriens obtained (Fig. 1c). Agglomeration of 
food powders also caused a significant (α = 0.05) increase 
in the particle size. This was also confirmed in the study 
conducted by Jinapong et al. (2008), Machado et al. (2014); 
or Szulc and Lenart (2010). The raw material composition 
of the nutrient exerted a significant influence on the size of 
particles obtained in the form of agglomerate, while the type 
of the wetting liquid (water or 15% water lactose solution) 
had a lesser effect. The particle size values for the nutrients 
ranged from 114 to 151 µm, for agglomerates obtained 
using water as the wetting liquid from 170 to 262 µm, 
and for agglomerates obtained using the 15% water lactose 
solution from 170 to 250 µm. The agglomerates in which 
rice starch was substituted by wheat starch (nutrient 2) 
were characterized by the highest increase in particle 
size, irrespective of the type of the wetting liquid (Szulc 
and Lenart, 2012). The coating of agglomerated nutrient 
1 contributed to a further statistically significant increase in 
particle size, with respect to the material before and after 
the agglomeration process. It was noted that, except the 
coating, concurrent additional agglomeration of the studied 
material also occurred (nutrient 1). The type of the liquid 
wetting the agglomerated material also significantly influ-
enced the median. This relationship was also observed by 
Szulc and Lenart (2012).

The raw material composition of the nutrients (1, 2, 
and 3) statistically significantly influenced the loose and 
tapped bulk density of the studied powdered nutrients 
(Fig. 2a, b). A statistically significant decrease in bulk den-
sity of the agglomerates obtained was observed, depending 
on the raw material composition of the nutrient and the 
type of the wetting liquid. The coating of nutrient 1 caused 
a statistically significant increase in loose and tapped bulk 
density, compared to the nutrient in the form of agglo- 
merate. A statistically significant decline in bulk density 

of coated nutrient 1, compared to an initial material, was 
observed only for the coating with application of water 
as the wetting liquid. The Hauser ratio and the Carr index 
determine the flowability of the studied powdered material. 
Multi-component nutrients and coated agglomerates may 
be classified as a material with a very good flowability, 
as indicated by the calculated Hausner ratio value below 
1.2 and the Carr index below 18% (Fig. 2c, d). In turn, 
the agglomerates obtained may be classified as material 
with fair flowability (Hausner ratio 1.2-1.4 and Carr index 
18-25%). In the study by Szulc et al. (2012), agglomeration 
of commercial nutrients with water led to improvement of 
the flowability of the agglomerates obtained according to 
the Hausner ratio and the Carr index. Statistical analysis of 
the values of the Hausner ratio and the Carr index confirmed 
a similar tendency in determination of the flowability of 
particular nutrients in the form of powder, agglomerate, 
and coated agglomerate. Based on the conducted statistical 
analysis, no significant influence of the raw material com-
position of the nutrient on the values of the Hausner ratio 
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and the Carr index was observed (Fig. 2c, d). Statistically 
significant deterioration of the flowability of the analyzed 
material (increase in the Hauser ratio and the Carr index) 
was noted during the process of agglomeration of the exa- 
mined nutrients. The coating of agglomerated nutrient 1 
caused improvement in flowability, compared to the agglo- 
merated material (Fig. 2c, d). The technological process 
significantly influenced the flowability of the studied nu- 
trients. The agglomeration caused a significant reduction 
of flowability determined based on the Hausner ratio (from 
1.16-1.19 to 1.23-1.27) and the Carr index (from 14-16 

to 19-21%), with a concurrent increase in porosity (from 
57-58 to 58-69%) (Fig. 2c-d and 3b). This suggests con-
siderable development of the surface of the agglomerates, 
which may be a cause of the increase in the Hausner ratio 
and Carr index values, and thus negatively influence the 
flowability of the studied material.

At application of water and the 15% water solution as 
wetting liquids, agglomeration and coating caused a signifi-
cant (α = 0.05) increase in apparent density of the nutrients, 
compared to the nutrients (Fig. 3a). The apparent density 
values for the nutrients (powdered nutrients) were in the 
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range of 1 330 to 1 393 kg m-3, for the agglomerates obtained 
using water as the wetting liquid 1 404-1 442 kg m-3, for the 
agglomerates obtained using the 15% water lactose solu-
tion 1 361-1 440 kg m-3, and for the coated agglomerates 
1 414-1 449 kg m-3. A significant influence of the type of 
the wetting liquid on the differentiation of the apparent den-
sity of the particles was noted.

A significant increase in porosity of the agglomerated 
particle bed and selected coated agglomerates was not-
ed, compared to the nutrients that were not subjected to 
these processes (Fig. 3b). The particle shape and surface 
properties, particle size distribution, and geometry of the 
system are factors affecting flowability (Dhanalakshmi and 
Bhattacharya, 2011). The type of the wetting liquid used 
in the process of agglomeration and coating significantly 
influenced the differences in the porosity values for the par-
ticular nutrients. The nutrients with whey protein isolate 
contribution (nutrients 1 and 2) agglomerated with water 
were characterized by higher porosity than those obtained 
using the water lactose solution. A reverse relationship was 
noted in the case of nutrient 3, where the whey protein iso-
late was replaced with the soy protein isolate.  

The application of the soy protein isolate (SPI) in the 
composition of nutrient 3 caused a significant decrease in 
the wetting time, and thus considerable improvement of 
wettability in comparison with the other nutrients (Fig. 3c). 
The addition of rice starch led to a significant increase in 
the viscosity of reconstituted powder and thus had an effect 
on the wettability (Chávez Montes et al., 2011). In turn, no 
significant influence on the type of the wetting liquid and 
coating on differentiation in the wettability of the studied 
nutrients in the form of powder, agglomerate, and coated 
agglomerate was noted. 

There was no statistically significant influence of the 
raw material composition, the technological process used, 
and the type of the wetting liquid on differentiation in the 
dispersibility of the studied nutrients (Fig. 3d). 

The agglomeration and coating with the application 
of water and the 15% water lactose solution as wetting li- 
quids caused a significant (α = 0.05) darkening of the nu- 
trient surface (Fig. 4a). A significant influence of the type 
of the wetting liquid on differentiation of the brightness 
coefficient (L*) of the agglomerated nutrients studied and 
additionally coated nutrient 1 was noted, which was proba- 
bly caused by their higher water activity (Telis and Martinez- 
Navarrete, 2010). It is possible that the Maillard reaction 
occurred during the agglomeration process, which is charac- 
terized by a combination of reducing sugars with amino-
acids present in the food powders, under the effect of heat, 
resulting in darkening of the nutrient (Hiller and Lorenzen, 
2010; Vissotto et al., 2010 ). The Maillard reaction is an 
important mode of deterioration in nutrients, which li- 
mits shelf life. It results in a decrease in quality (protein), 
which is accompanied by undesirable colour (browning) 
and functionality changes (Pereyra Gonzales et al., 2010).

The technological processes applied (agglomeration, 
coating) caused a significant (α=0.05) increase in the value of 
the green colour parameter (a*) for the nutrients containing 
whey protein isolate (WPI) in its raw material composition 
(nutrients 1 and 2) (Fig. 4b). Only in the case of the agglo- 
merate of nutrient 3 (25% SPI), a considerable decrease in 
the green colour was noted in comparison with the nutrient 
that was not subjected to agglomeration, at the application 
of the 15% water lactose solution. 

The yellow colour parameter (b*) for the nutrients sub- 
ected to the agglomeration process, as well as coating 
(nutrient 1), significantly increased, compared to the mul-
ti-component nutrients (Fig. 4c). Statistically significant 
differences were observed in the studied parameter depen- 
ding on the type of the wetting liquid used in the agglome- 
ration process for nutrients containing whey protein isolate 
(WPI) in their composition. Nutrients 1 and 2 agglome- 
rated with water demonstrated higher contribution of yel-
low colour than that in the nutrients obtained at application 
of the 15% lactose solution as the wetting liquid. 
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The DSC thermograms of the studied nutrients had a si- 
milar course (Fig. 5). The soft inflexion at the temperature 
range from about 40 to 120°C may be a result of surface 
water evaporation from the sample. The sharp endothermal 
peaks at the temperature of ca. 144°C are connected with 
large loss of crystalline water by lactose (Chiou et al., 2008; 
Kaialy et al., 2011; Tang and Li, 2013). The other endother-
mal peaks at the temperature of ca. 211-215°C are the peaks 
for a-lactose form melting, other ‘sharped’ peaks present 
β-lactose form melting. Similar conclusions were drawn 
by Ostrowska-Ligęza et al. (2012), who studied nutrients 
for babies with an addition of omega-3 and omega-6 acids. 
This may be influenced by other components of nutrients 
and agglomerates; however, lactose as a main component 
determines the course of all the curves. The course of the 
thermograms indicates that the applied technological pro-
cess (mixing, agglomeration, coating) and the type of the 
wetting liquid (water or lactose solution) do not cause any 
significant changes in the physical state of the components.

CONCLUSIONS

1. The analyzed food powders were characterized by 
differentiated physical properties, including especially: 
particles size, tapped bulk density, wettability, and dis-
persibility. The raw material composition of the studied 
nutrients demonstrated a statistically significant influence 
on the analyzed physical properties. 

2. Agglomeration and coating, irrespective of the 
type of the wetting liquid and raw material composition 
of the powdered nutrients, considerably contributed to 
an increase in particle size, a decrease in bulk density, an 
increase in apparent density and porosity of the particle 
bed, and deterioration of flowability, compared with the 
non-agglomerated nutrients. 

3. Agglomeration and coating exerts a statistically sig-
nificant influence on the parameters of colour of powdered 
nutrients: a decrease in brightness (L*) and an increase in 
green (-a*) and yellow (+b*) colour, irrespective of the 
type of a wetting liquid used.

4. Lactose in the powdered nutrients occurs in a stable 
form at each stage of the technological process.
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