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A b s t r a c t .  In food colorants microencapsulation process, apart from appropriate carrier selec-
tion, the determination of the spray drying parameters which can affect the retention of active ingredi-
ents is essential. The aim of this study was to investigate the effect of drying parameters on beetroot 
pigments retention after microencapsulation. Raw material used in the study was the 100% beetroot 
juice. Low-crystallised maltodextrin DE=11 (MD) was used as the carrier. To obtain 30% dry matter 
concentration in the solution, the proper amount of maltodextrin was added to beet root juice with 15% 
of dry matter. Drying was carried out in a spray-drier at disc speed of 39,000 rpm and solution flux rate 
of 0.3·10-6 and 0.8·10-6 m3 s-1. The inlet air temperature was 120, 140 and 160oC, at a constant air flow 
rate of 0.0055 m3 s-1. Before drying, viscosity and density of the solutions were measured. Dry matter 
content, apparent density, loose bulk density of the powder, and porosity were determined. The particle 
morphology was tested as well. Pigment content was measured by Nillson (1970) and Von Elbe (2001) 
methods to determine the efficiency of encapsulation. The viscosity and density of solutions of beet 
juice with maltodextrin was 3.86 mPa s and 1100 kg m-3, respectively. In both cases, the values of 
viscosity and density were higher compared to the raw juice. Increase of solution flux rate caused a 
decrease of dry matter content, apparent particle density and loose bulk density. Increase of inlet air 
temperature caused an increase of dry matter content, average diameter and a decrease of both densi-
ties. It was observed that the increase of inlet air temperature caused a decrease in the yellow pigment 
to a higher degree (47%) than in the violet pigment (17%). However, no clear correlation was observed 
for violet pigment. There were no changes in porosity and shape factor. The obtained microcapsules 
were sphere-like in shape, with numerous deep cavities. In the whole experiment the retention of beet 
root pigments was in the range of 26.7-29.3%. 

K e y w o r d s : microencapsulation, morphology of powders, betalain pigments, density of pow-
ders  
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INTRODUCTION 

Every year the food industry introduces a wide range of products onto the 
market. Each with different structure, new shape, desired characteristics of fla-
vour and colour. Dried vegetable and fruit juices can be considered as a one of 
new forms of product introduction onto the market. Fruit and vegetable powders 
are used in many kinds of food such as beverages, soups, cakes (Khalil et al. 
2002), pastry fillings, ice cream and yogurt (Komes et al. 2007). Nutritional val-
ues of fruit and vegetable powders make them a very important ingredient of 
sauces, snacks, baby food, or extruded cereal products (Grabowski et al. 2008). 
During the last decade there has been a significant increase of consumer interest 
in natural foods without any artificial additives. As a result, companies started to 
use native components such as natural plant or animal origin pigments (Henry 
1995). However, natural colorants can be sensitive to environmental or techno-
logical process conditions. Therefore, the industry should pay more attention to 
the microencapsulation process, for instance of plant-based material like beetroot.  

In Poland beetroot is the second most important vegetable in terms of produc-
tion and consumption. Beetroots show ability for long-term storage which makes 
them available all year. Red beetroots contain 65.7% of water, 1.4% protein, 4-
8% sugar, 0.3% fat, 1% fibre and mineral salts of calcium, phosphorus, magne-
sium and iron. Beetroots colour is caused by the presence of water-soluble beta-
lain colorants: purple to violet betacyanins and yellow to orange betaxanthins 
(Ravichandran et al. 2011, Gokhale and Lele 2011). In recent years the interest in 
beetroots increased, mainly because of the betalain antioxidant activity and pre-
ventive potential against selected degenerative diseases (Georgiev et al. 2010, 
Azeredo et al. 2009). The total betacyanin and betaxanthin content of red beet-
roots varies within the ranges of 47-58 mg (100 g d.m.)-1 for betaxanthin (Gaert-
ner and Goldman 2005) and 525-875 mg (100 g d.m.)-1 for betacyanin (Nowak 
and Syta 2009), depending on the cultivar. Like the other pigments, betalains are 
sensitive to external factors, mainly temperature and oxygen, and their stability 
depends on pH (from 3 to 7) (Henry 1995).  

Microencapsulation can be considered as one of many methods used to pre-
serve compounds of natural origin. What is more, it allows to obtain a product in 
powder form. Enclosed material is protected from the environmental factors and 
thus the final product is stable. The main objective of the encapsulation process is 
to create a barrier between the core material and the environment. The barrier is 
created by the carrier material which can create an envelope or a matrix. One of 
the most widely used techniques of microencapsulation is spray drying. Spray 
drying of beetroot extract is reported on by several research groups (Roy et al. 
2004, Desai and Park 2005, Pitalua et al. 2010). In this process, microencapsu-



                        INFLUENCE OF SPRAY DRYING CONDITIONS ON BEETROOT  345 

 

lated vegetable juice is mixed with a carrier like maltodextrin, Arabic gum or 
starch. Since the final product is free of water, a significant concentration of other 
ingredients such as betalains is observed, even if during the drying their partial 
degradation has taken place. Spray drying as a microencapsulation method allows 
to obtain a product characterised by various physical properties which depend on 
drying parameters: temperature, solution flux rate or the carrier concentration 
(Ersus and Yurdagel 2007, Loksuwan, 2007). 

Therefore, the aim of the study was to investigate the effect of spray drying pa-
rameters on the physical properties and microencapsulation efficiency of betalain 
from red beetroot juice. 

MATERIALS AND METHODS 

Raw material for the study was the 100% beetroot juice (SVZ, Tomaszów 
Lubelski, Poland). Low-crystallised maltodextrin DE=11 (PPS “PEEPES” S.A., 

om a, Poland) was used as the carrier. To obtain 30% dry matter concentration in 
the solution, the proper amount of maltodextrin was added to beet root juice with 
15% of dry matter. 

Apparent viscosity of the solutions ( ) was tested in a viscometer (Brookfield, 
model RVDV-III, Middleboro, MA, USA), as a spindle an Ultra Low Adapter 
(ULA) was used, with the range of shear rate from 20 to 100 rpm. Sample volume 
for the tests was 16 mL. 

The density of the solutions (kg m-3) was determined by the pycnometric 
method and the calculations were made according to the formula presented by 
Janiszewska et al. (2010). 

Drying was carried out in the semi-industrial spray drier LAB S1 (drying 
tower dimensions: diameter of approximately 1000 mm, cylindrical height 
approx. 820 mm, conical height 1020 mm) (Anhydro, Copenhagen, Denmark) at  
spray disk speed of 39,000  rpm and solution flux of 0.3·10-6 and 0.8·10-6 m3 s-1. 
Drying was carried out with the co-current method. The inlet air temperature was 
120, 140 and 160oC at a constant air flow of 0.055 m3 s-1. 

The powders obtained were described by dry matter content, the apparent par-
ticle density, the loose bulk density, the porosity of the powder, size and structure 
of the microcapsules. The content of pigments (Nillson 1970, Von Elbe 2001) 
needed to determine the microencapsulation efficiency of pigments in the pow-
ders obtained was examined as well.  

The dry matter of powder (DM) was determined according to PN-A-790011/3. 
The apparent density was measured in a helium pycnometer, Quantachrome's  
Stereo-pycnometr (Boyton Beach, USA). Loose bulk density was determined 
using a vibrating volumeter (STAV2003 Engelsmann AG Ludwigshafen, Ger-
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many) (Domian and Bialik, 2006). Porosity was calculated from the equation 
presented by Janiszewska et al. (2010). 

The analysis of the structure and size of powder particles was based on images 
taken by a scanning electron microscope, Hitachi TM3000 (Hitachi High-
Technologies Corporation, Tokyo, Japan). Projected diameter of powder particles 
was determined by the MultiScan v 18.03 software (Warsaw, Poland) (Janiszewska 
et al. 2011). Additionally, on the basis of the area (A) and perimeter (L) of the 
powder particles, the aspect ratio (W) was calculated from the formula presented 
by Dajnowiec et al. (2011): 

 

L
A

W 2
 

(1) 

Quantification of betalains was performed by the spectrophotometric method of 
Nillson (1970) and Von Elbe (2001), using a spectrophotometer Helios Gamma 
(Thermo Spectronic, Cambridge, Great Britain). Identification of pigments was 
carried out on each stage of the technological process – in beetroot juice with mal-
todextrin and in the resulting powder. Pigments were extracted from the sample 
with a phosphate buffer at pH 6.5. The buffer was prepared as follows: to 1000 cm3 
of 0.05 M solution of potassium dihydrogen orthophosphate (KH2PO4) 450 cm3 of 
a 0.05 M solution of sodium hydrogen orthophosphate (Na2HPO4) was added and 
thoroughly stirred. To this solution 0.1 g of disodium EDTA was added. Before 
testing the pH was controlled.  

1 g of beetroot solution or powder was added into the 100 cm3 volumetric flask 
and supplemented with buffer, thoroughly mixed and filtered through corrugated 
filters. 

The determination of betalain concentration, i.e. violet and yellow pigments, 
was calculated in terms of betanin and vulgaxanthin-I, respectively. Total pigment 
content was expressed as the sum of violet and yellow components. Pigment con-
tent calculations were based upon the absorptivity values A1% which were 1120 
for betanin (at 538 nm) and 750 for vulgaxanthin-I (at 476 nm). According to the 
Nillson (1970) and Von Elbe (2001) methodology, absorbance at 600 nm was 
measured and used to correct the amounts of impurities.  

Absorbance value for the violet colours (AV) was calculated from the formula: 

600538095.1 AAAV  (2) 

where: A538 – light absorption of the sample at 538 nm, A600 – light absorption of 
the sample at 600 nm, 1.095 – factor related to the increase in absorbance at 538 nm 
wavelength length due to the presence of impurities. 
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Content of violet colours in tested sample (BV) (mg (100g d.m)-1) was calcu-
lated from the equation: 

DMa
ABV V

1120
1000  (3) 

where: 1000 – conversion of grams to milligrams, a – sample weight (g). 
Absorbance for the yellow pigment (AY) was calculated from the formula: 

VY AAAA 677.0538476  (4) 

where: A476 - light absorption of the sample at 476 nm. 
Yellow pigment content (BY) (mg (100g d.m.)-1) was calculated from the for-

mula: 

DMa
ABY Y

750
1000  (5) 

where: 1000 – conversion of grams to milligrams, a – sample weight (g). 
Betalain retention (BR, %) was determined from the formula: 

100
41.0 pj

jp

DMB
DMB

BR  (6) 

where: B – sum of betanin (BV) and vulgaxanthin-I (BY) in solution of beetroot 
juice with maltodextrin and in powder (mg (100 g d.m)-1), 0.41 – share of dry 
matter of juice in the dry matter of microcapsules, Indexes: j – juice, p – powder. 

Drying trials and analyses were repeated in triplicate. Data are presented as 
mean ± standard deviation. Significance of inter-group differences was deter-
mined by one-way analysis of variance (ANOVA) also interaction between pa-
rameters (T and feed flux) was tested by multifactor ANOVA, with Statgraphics 
Plus 5.1 Software. Individual group differences were identified using the Tukey 
multiple range at a significance level of 0.05. 

RESULTS AND DISCUSSION 

Beetroot juice and the solutions with maltodextrin were Newtonian fluids over 
the entire range of shear rates. The viscosity of the raw juice was 1.13±0.13 mPa s. 
The addition of maltodextrin caused a statistically significant increase in viscosity 
up to 3.72±0.55 mPa s, which was associated with increase of dry matter content 
in the solution. 
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For all tested physical properties of the powders (Tab. 1) interactions tempera-
ture-feed flux were statistically significant (p less than 0.05). 

The increase of dry matter content from 15 (in juice) up to 30% (juice solution 
with maltodextrin) caused an increase of density from 1048±1 to 1097±1 kg m-3.  

Changing the inlet air temperature from 120 to 160°C resulted in a significant 
decrease of apparent particles density, loose bulk density of powders, and an in-
crease of the average diameter  (Tab. 1). Increase of dry matter content was signifi-
cant only at higher solution flux rate. Ersus and Yurdagel (2007) in the purple carrot 
powders based on maltodextrin, Kha et al. (2010) in the Momordicaco chinchi-
nensis fruit powders, and Cai and Cork (2000) in amaranth powder, based also on 
maltodextrin as the carrier, observed analogous positive correlations between the 
inlet air temperature and dry matter content of powders. It could be explained by 
higher heat transfer coefficient at higher processing temperatures, which could re-
sult in faster evaporation of water from the droplet during drying. This fact was also 
noticed by Kha et al. (2010) and Fazaeli et al. (2012). 

The change of raw material feed stream from 0.3 to 0.8 mL s-1 resulted in re-
verse dependence in the case of the dry matter content as when the temperature was 
increased. Evaporation occurred most intensely in powders obtained at a lower feed 
flux of raw material, regardless of the inlet air temperature. Moreover, this resulted 
in obtaining powders with the highest dry matter content (Tab. 1). Increase of raw 
material feed flow resulted in a decrease of dry matter also in experiments of Cai 
and Cork (2000) and Jimenez-Aguilar et al. (2011). 

Table 1. Selected physical properties of microcapsules  

Inlet 
tem-
pera-
ture 
(oC) 

Feed 
rate 

(10-6 m3 s-1) 

Dry matter 
content 

(%) 

Apparent 
particles 
density 
(kg m-3) 

Loose 
bulk 

density 
(kg m-3) 

Porosity 
(–) 

Average 
diameter 

( m) 

Particles 
aspect 
ratio 
(–) 

120 
0.3 96.99c 0.29 1389d 9 615e 20 0.56a 0.03 9.36a 0.69 0.87a 0.02 

0.8 95.02a 0.10 1220b 30 466b 17 0.62bc 0.01 9.89a 0.23 0.87a 0.03 

140 
0.3 97.23c±0.31 1334cd±29 583d±15 0.56a±0.01 10.03a±0.01 0.86a±0.03 

0.8 95.25a±0.8 1218b±12 412a±11 0.66c±0.01 10.28b±0.07 0.86a±0.03 

160 
0.3 97.17c±0.28 1272bc±28 507c±20 0.60ab±0.02 11.39c±0.06 0.86a±0.03 

0.8 96.21b±0.79 1112a±3 410a±14 0.63c±0.01 12.81d±0.03 0.87a±0.03 

Mean values in the same column denoted with different letters: a, b, c, differ statistically at p = 0.05. 
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It was shown that increase of inlet air temperature caused a decrease in appar-
ent particles density, but only for the higher feed flux rate at the temperature of 
140-160oC (Tab. 1). The same relationship was observed by Finney et al. (2002) 
who examined the effect of spray drying parameters on physical properties of 
microencapsulated flavours. Correlation between inlet air temperature and appar-
ent particles density during spraying of liquid droplets is related to the fact that 
a lower amount of hot air enters the particle and during the evaporation process it 
stays enclosed inside the particle. Similarly, the coating material itself, maltodex-
trin, results in a smaller apparent particles density at higher temperatures. 

Loose bulk density decreased with the increase of temperature and solution 
flux rate. Decrease of loose bulk density with the temperature increase from 120 
to 160oC was also observed by Chegini and Ghobadian (2005) in the case of or-
ange juice microencapsulation, and by Fazaeli et al. (2012) for black mulberry 
juice. According to those authors, decrease in loose bulk density is due to the 
higher evaporation rates which can produce more porous powders with lower 
shrinkage of the droplets during drying. This phenomenon is confirmed also in the 
presented research (Tab. 1). 

The porosity and particles aspect ratio did not differ within themselves when 
temperature was changed. 

The increase of temperature and solution flux rate caused an increase in the 
diameter of beetroot juice microcapsules. This can be caused by faster microcap-
sules formation with the higher temperature, which is connected to faster water 
evaporation. On the other hand, the increase in mean diameter with increasing 
solution flux rate is associated with higher supply of the solution per second to the 
spray disc, which creates larger droplets and thus larger particles after the drying. 
The same relationship between the diameter growth and increasing both the tem-
perature and feeding flux was obtained by Chegini and Ghobadian (2005, 2007) 
who spray-dried solutions of orange juice with maltodextrin as the carrier. 

All powders, regardless of the drying parameters, had spherical shape (Photo. 1, 
Tab. 1). Analysing the particles in the images, two types of morphology can be 
distinguished: powders with smooth surface, but with smaller semicircular diame-
ter, and larger particles with very strongly folded surface. Fruit or vegetable pow-
ders obtained by spray drying of juice solution containing carriers like maltodex-
trins were close to spherical shape with numerous dents (Cai and Cork 2000, Er-
sus and Yurdagel 2007, Obón et al. 2009, Robert et al. 2010, Fazaeli et al. 2012). 

In the solution of beetroot juice and maltodextrin, betalain content was 248.2 
±1.4 (mg (100 g d.m.)-1), including violet pigment in the range of 141.6±0.5 (mg (100 g  
d. m.)-1) and yellow pigment as vulgaxanthin-I 106.6±0.9 (mg  (100 g d.m.)-1). It 
turn, in powders, violet pigment as betanin content ranged from 117 to 
123 (mg (100 g d.m.)-1) (Fig. 1.a), while the value of yellow pigment ranged from 
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57 to 67 (mg (100 g d.m.)-1) (Fig. 1.b). Similar values for beetroot juice powder 
based on maltodextrin spray dried at 150oC were obtained by Nemzer et al. 
(2011) for a Polish variety of beetroot. 
 

  

  

  
Photo. 1. Morphology of microcapsules of beetroot juice with maltodextrin as carrier (magnifica-
tion 2000 x). A) 120°C, 0.3 (mL s-1),  B) 120°C, 0.8 (mL s-1),  C) 140°C, 0.3 (mL s-1),  D) 140°C, 
0.8 (mL s-1),  E)160°C, 0.3 (mL s-1),  F) 160°C, 0.8 (mL s-1)
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The decrease is acceptable and the obtained powder could be used in food in-
dustry as a colorant.  

A significant negative effect of air temperature on the violet and yellow beet-
root pigments content was observed. A similar tendency was observed by Quek et 
al. (2007) and Solval et al. (2012) who examined the spray drying of melon and 
watermelon juice based on maltodextrin. The -carotene content in the obtained 
powders decreased with increasing inlet air temperature 

No clear tendency between increasing the solution flux rate and the violet 
betanin pigment content was observed (Fig. 1.a). For the yellow pigment vulgax-
anthin-I content an upward trend with increasing the solution flux rate was noted. 
However, this increase was statistically significant only for temperature of 160oC 
(Fig. 1.b).    

 

 
Fig. 1. Content of betalain a) violet pigment – betanin (BV), b) yellow pigment – vulgaxanthin-I 
(BY). Mean values denoted with different letters: a, b, c, differ statistically at p = 0.05 
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Such a different betanin colours behaviour during drying may be due to their 
chemical structure (Neelwarne and Halagur 2013). Vulgaxanthin-I has less mo-
lecular mass and its chemical structure is not so complicated as that of betalain, 
which may result in greater sensitivity to high temperature and rapid degradation. 

The betalain retention (BR) after the spray drying process ranged from 26.7 to 
29.3% (Fig. 2). Increase of the solution flux rate caused an increasing tendency in 
betalain retention. Robert et al. (2010) and Saénz et al. (2009) obtained retention 
of polyphenols at the level of 51-83% and 92%, respectively.  

 

 
 
Fig. 2. Betalain retention (BR). Mean values denoted with different letters: a, b, c differ statistically 
at p = 0.05              
 

The increase in inlet air temperature decreased betalain retention. Similar re-
sults were observed by Chegini and Ghobadian (2007) for orange juice, and by 
Saénz et al.  (2009) for cactus pear juice, both with maltodextrin as the carrier.  

The powder was characterised by a high content of pigments, although it de-
creased compared to the starting juice. The inlet air temperature of 140oC could 
be recommended as a good condition because of high content of betanin pigments 
and also because of good physical properties of microcapsules (particle size, po-
rosity, apparent particles density, loose density and dry matter content). 
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CONCLUSIONS 

1. Increase of solution flux rate caused an decrease of dry matter content of 
powders, apparent particles density, loose bulk density and particles diameter. 
The increase of inlet air temperature caused an increase of dry matter content, and 
decrease in both treatment densities. 

2. The porosity and particles aspect ratio did not differ within themselves 
when temperature was changed. 

3. Obtained microcapsules were sphere-like shaped with numerous deep indenta-
tions. 

4. It was observed that increase of inlet air temperature caused higher decrease in 
yellow colour (about 46%) than in violet colour of beetroot juice (almost 17%). 

5. In the whole experiment the retention of beet root pigments was in the 
range of 26.7-29.3%. 

6. The inlet air temperature of 140oC could be recommended as a good drying 
condition because of the higher content of betanin pigments and also because of 
good physical properties of microcapsules, which is important for storage. 

REFERENCES 

Azeredo H.M.C., Pereira A.C., Rodrigues de Souza A.C., Gouveia S.T., Barbosa Mende K.C., 2009. 
Study on efficiency of betacyanin extraction from red beetroots. Int. J. Food Sci. Technol., 44, 
2464-2469. 

Cai I.Z., Corke H., 2000. Production and properties of spray-dried Amaranthus betacyanin pig-
ments. J. Food Sci., 65(6), 1248-1252.  

Chegini G.R., Ghobadian B., 2005. Effect of  spray-drying condition on physical properties of or-
ange juice powder. Dry. Technol., 23, 657-668. 

Chegini G.R., Ghobadian B., 2007. Spray dryer parameters for fruit juice drying. World J. Agri. 
Sci., 3(2), 230-236. 

Dajnowiec F., Kubiak A., Zander L. Banaszczyk P., 2011. The structure of microcapsules of ethyl 
esters of vegetable oil (in Polish). Acta Agrophysica, 17(1), 33-41. 

Desai K.G.H., Park H J., 2005. Recent development in microencapsulation of food ingredients. Dry. 
Technol., 23, 1361-1394. 

Domian E., Bialik E., 2006. Selected physical properties of apple juice powder (in Polish). Acta Agro-
physica, 8(4), 803-814. 

Ersus S., Yurdagel U., 2007. Microencapsulation of anthocyanin pigments of black carrot (Daucus 
carota L.) by spray dryer. J. Food Eng., 80, 805-812. 

Fazaeli M., Emam-Djomeh Z., Kalbasi Ashtari A., Omid M., 2012. Effect of spray drying condi-
tions and feed composition on the physical properties of black mulberry juice powder. Food 
Bioprod. Process, 90(4), 667-675. 

Finney J., Buffo R., Reineccius G.A., 2002. Effects of type of atomization and processing tempera-
tures on the physical properties and stability of spray-dried flavors. J. Food Sci., 67(3), 1108-
1114. 



354 E. JANISZEWSKA, J. W ODARCZYK   

 

Gaertner V.L., Goldman I.L., 2005. Pigment distribution and total dissolved solids of selected cycle 
of table beet from recurrent selection program for increased pigment., J. American Soc. Hort. 
Sci., 130 (3), 422-433. 

Georgiev V.G., Weber J., Kneschke E.M., Nedyalkov Denev P., Bley T.,  Pavlov A.I., 2010. Anti-
oxidant activity and phenolic content of betalain extracts from intact plants and hairy root cul-
tures of the red beetroot Beta vulgaris cv. Detroit dark red. Plant Foods for Human Nutrit., 65, 
105-111. 

Gokhale S.V. Lele S.S., 2011. Dehydration of red beet root (Beta vulgaris) by hot air drying: proc-
ess optimization and mathematical modeling. Food Sci. Biotechnol., 20(4), 955-964. 

Grabowski J.A., Truong V., Daubert C.R., 2008. Nutritional and rheological characterization of 
spray dried sweet potato powder. Lebensm. Wiss. Technol., 41, 206-216. 

Henry B S., 1995. Natural food colors. In G. F. Hendry, J.D. Houghton (Eds.), Natural food color-
ants (pp. 40-79). (2nd edition). London: Springer. 

Janiszewska E., Krupa K., Witrowa-Rajchert D., 2011. Influence of homogenisation on physical 
properties of lemon aroma microcapsules obtained by spray drying method (in Polish). Acta 
Agrophysica, 18(2), 287-296. 

Janiszewska E., liwi ska D., Witrowa-Rajchert D., 2010. Effect of lemon aroma content on se-
lected physical properties of microcapsules (in Polish). Acta Agrophysica, 16(1), 59-68. 

Jimenez-Aguilar D.M., Ortega-Regules A.E., Lozada-Ramirez J.D., Perez-Perez M.C.I, Vernon-
Carter E.J., Welti-Chanes J., 2011. Color and chemical stability of spray-dried blueberry ex-
tract using mesquite gum as wall material. J. Food Compos. Anal., 24, 889-894. 

Kha T.C., Nguyen M.H., Roach P.D., 2010. Effects of spray drying conditions on the physico-
chemical and antioxidant properties of the Gac (Momordicaco chinchinensis) fruit aril powder. 
J. Food Eng., 98, 385-392. 

Khalil K.E., Mostafa M.F., Saleh Y.G., Nagib A.I., 2002. Production of mango powder by foam-
drying of the juice. Egyptian J. Food Sci., 30(1), 23-41.  

Komes D., Lovri  T., Kova evi  Gani  K., 2007. Aroma of dehydrated pear products. Lebensm. 
Wiss. Technol., 40, 1578-1586. 

Loksuwan J., 2007. Characteristics of microencapsulated b-carotene formed by spray drying with 
modified tapioca starch, native tapioca starch and maltodextrin. Food Hydrocolloids, 21, 928-935. 

Neelwarne B., Halagur S.B., 2013. Red Beet: An overview. In Bhagyalakshmi Neelwarne (Ed). Red 
Beet Biotechnology: Food and Pharmaceutical Applications (pp 1-43)., London: Springer. 

Nemzer B., Pietrzkowski Z., Sporna A., Stalica P., Thresher W., Micha owski T., Wybraniec S., 
2011. Betalainic and nutritional profiles of pigment-enriched red beet root (Beta vulgaris L.) 
dried extracts. Food Chem., 127, 42-53. 

Nillson T., 1970. Studies into the pigments in beetroot (Beta vulgaris L. ssp. vulgaris var. rubra L.). 
Lantbrukshoegsk. Ann., 179-218. 

Nowak D., Syta M., 2009. Identify the impact of the degree of fragmentation, pre-treatment and 
drying method on the betalain pigment contents from dried beet (in Polish). In ynieria Rol-
nicza, 2(111), 131-137. 

Obón J.M., Castellar M.R., Alacid M., Fernández-López J.A., 2009. Production of a red-purple food 
colorant from Opuntiastricta fruits by spray drying and its application in food model systems. J. 
Food Eng., 90  471–479. 



                        INFLUENCE OF SPRAY DRYING CONDITIONS ON BEETROOT  355 

 

Pitalua E., Jimenez M., Vernon-Carter E.J., Beristain C.I., 2010. Antioxidative activity of microcap-
sules with beet root juice using gum Arabic as wall material. Food Bioprod. Process, 88, 253-
258. 

PN-A-79011/3:1998. Food Concentrates - research methods - water (in Polish). 
Quek S.Y., Chok N.K., Swedlund P., 2007. The physicochemical properties of spray-dried water-

melon powders. Chem. Eng. Proces., 46, 386-392. 
Ravichandran K., Thaw Saw N.M.M., Mohdaly A.A.A., Gabr A.M.M., Kastell A., Riedel H., Cai 

Z., Knorr D., Smetanska I., 2011. Impact of processing of red beet on betalain content and an-
tioxidant activity. Food Res. Int., in press, doi:10.1016/j.foodres.2011.07.002. 

Robert P., Gorena T., Romero N., Sepulveda E., Chavez J., Saenz C., 2010. Encapsulation of poly-
phenols and anthocyanins from pomegranate (Punicagranatum) by spray drying. Int. J. Food 
Sci. Technol., 45, 1386-1394. 

Roy K, Gullapalli S, Chaudhuri U.R, Chakraborty R., 2004. The use of a natural colorant based on 
betalain in the manufacture of sweet products in India. Int. J. Food Sci. Tech., 39, 1087-1091. 

Saénz C., Tapia S., Chávez J., Robert P., 2009. Microencapsulation by spray drying of bioactive 
compounds from cactus pear (Opuntiaficus-indica). Food Chem., 114, 616-622. 

Solval K.M., Sundararajan S., Alfaro L., Sathivel S., 2012. Development of cantaloupe (Cucumis-
melo) juice powders using spray drying technology. LWT – Food Sci. Technol., 46, 287-293. 

Von Elbe J.H., 2001. Betalains, Curr. Protoc. Food Analyt. Chem, F3.1.1-F3.1.7. 
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S t r e s z c z e n i e .  W procesie mikrokapsu kowania barwników, poza dobraniem odpowiednie-

go no nika, istotne jest ustalenie parametrów suszenia rozpy owego, maj cych wp yw na stopie  
zatrzymania rdzenia. Celem pracy by o zbadanie wp ywu zmiennych parametrów suszenia na sto-
pie  zatrzymania barwników buraka wik owego po procesie mikrokapsu kowania. Surowiec do 
bada  stanowi  100%-owy sok z buraka wik owego. Jako no nik u ywano maltodekstryny nisko-
scukrzonej DE=11 (MD). Do soku o 15% zawarto ci suchej substancji dodawano proszek malto-
dekstryny w celu uzyskania roztworu o 30% st eniu suchej masy. Suszenie sporz dzonych roztwo-
rów prowadzono w suszarce rozpy owej LAB S1 firmy Anhydro, przy pr dko ci dysku rozpy owe-
go 39000 obr·min-1 i strumieniu surowca 0,3·10-6 oraz 0,8·10-6 m3·s-1. Suszenie odbywa o si  wspó -
pr dowo, a temperatura powietrza wlotowego wynosi a 120, 140 i 160oC, Nat enie przep ywu 
powietrza by o sta e i wynosi o 0,0055 m3·s-1. Przed suszeniem oznaczano lepko  i g sto  roztwo-
rów. W otrzymanych proszkach oznaczano zawarto  suchej substancji, g sto  pozorn  proszku, 
g sto  lu n  z o a proszku, porowato  z o a, okre lano morfologi  cz stek oraz zawarto  barw-
ników metod  Nillson’a (1970) i Von Elbe (2001) w celu wyznaczenia efektywno ci procesu kap-
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su kowania. Lepko  roztworów soku buraczanego z maltodekstryn  wynosi a 3,86 mPa·s, g sto  
natomiast 1100 kg·m-3, w obu przypadkach uzyskane warto ci by y wy sze w porównaniu do suro-
wego soku. Wzrost pr dko ci podawania surowca spowodowa  spadek zawarto ci suchej substancji 
w proszku, g sto ci pozornej, g sto ci lu nej z o a proszku. Wzrost temperatury powietrza wlotowego 
spowodowa  wzrost zawarto ci suchej substancji i redniej rednicy cz stek oraz spadek obu badanych 
g sto ci. Zaobserwowano, i  wzrost temperatury powietrza wlotowego spowodowa  wi kszy spadek 
zawarto ci barwnika ó tego (ok. 47%) w porównaniu do obni enia zawarto ci barwnika czerwonego 
(ok. 17%). Nie zaobserwowano zmian w warto ciach porowato ci oraz wspó czynnika kszta tu. 
Otrzymane mikrokapsu ki by y zbli one kszta tem do kuli z licznymi g bokimi wkl ni ciami. 
W ca ym eksperymencie efektywno ci kapsu kowania mie ci y si  w zakresie od 26,7 do 29,3%. 

S o w a  k l u c z o w e : mikrokapsu kowanie, morfologia cz stek, barwniki betalainowe, g sto  
proszku 

 


