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Abstract 

Spray drying is an important method used by the food industry in the production of powder from juice 

products. The quality of spray dried food depends on different factors of spray dryer operating systems. 

The objective of this study was to evaluate the influence of the process conditions on the rehydration 

properties of spray dried sweet orange juice. The effects of inlet air temperature (130, 140 and 150 °C), 

and maltodextrin concentration (6, 9, and 12%) on dispersability, wettability and solubility were 

evaluated using a Factorial completely randomised design (FCRD). Results revealed that the spray dried 

sweet orange juice powder obtained at 6% maltodextrin concentration with 150 °C temperature had the 

highest dispersibility (84.91).At 12% maltodextrin concentration with 150 °C temperature the highest 

wettability (304.66 s) was obtained and the highest solubility (93.33%) of spray dried powder was 

obtained at 6% maltodextrin concentration with 130 °C temperature. 
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Introduction 

Spray drying is the process of simultaneous atomization and desiccation of liquid matrix with 

distinctive rheological properties, in presence of hot drying medium to facilitate rapid moisture 

evaporation and result in dried particulate products (Tontul & Topuz, 2017) [29]. The 

underlying principle of spray drying is the convective mode of heat transfer between the 

atomized liquid feed and hot air at atmospheric pressure. In recent years, adoption of spray 

drying process in food industry to generate dried particulates and agglomerates increased 

exponentially especially in beverage sector as the fortification is essential in beverage matrices 

(Shishir & Chen, 2017) [28]. Characterization of spray dried powders is critical to define their 

end-use. The ability to rehydrate or reconstitute in water is an important quality attribute of 

spray dried powders (Kaderides & Goula, 2017) [15]. The key stages in rehydration are; 

wettability, dispersibility and solubility. Wettability defines penetrability of liquid into spray 

dried powders or agglomerates which helps in describing moisture content of final beverage. 

With respect to dispersibility, spray dried particulates ability to dissolve in water, while it this 

property demonstrates formation of lumps during rehydration. Solubility assesses the final 

condition under in which the powder constituents can be brought into solution or stable 

suspension. The rehydration properties of spray dried powders are function of the structural 

state of its proteins, whether in native, aggregated form or denatured (Chever, Mejean, Dolivet, 

Mei, Den Boer, Le Barzic, et al., 2017; Jafari, Ghalenoei, & Dehnad, 2017) [4, 13].  

The reconstitution properties of spray-dried powder are essential due to their consideration in 

beverage preparation. In recent years, orange fruit juices are used most frequently in spray 

drying process. Ideally, spray-dried sweet orange juice powder should reconstitute instantly 

which is utilized as an antioxidant rich additive in food industry (Shishir & Chen, 2017; 

Verma & Singh, 2015) [28, 30]. However, sweet orange juice is most perishable product having 

pH of 3.70-4.60 which enables microbial growth and pectin methylesterase enzyme which 

degrades the inherent pectin. In addition, presence of high organic acids and low molecular 

weight amorphous sugar particles is a critical factor in controlled deposition of particle 

(Prasanna, Prabha, & Tharanathan, 2007) [21]. Spray-dried sweet orange juice powder can be 

utilized in fortification of food matrices. Variations in spray drying process parameters and 

additives type, concentration and dispersant has shown in potential improvements in functional 

and reconstitution properties such as solubility, wettability and dispersibility during food 

formulations (Rodríguez-Hernández, González-García, Grajales-Lagunes, Ruiz-Cabrera, & 

Abud-Archila, 2005; Yousefi, Emam-Djomeh, & Mousavi, 2011) [24, 31]. Spray dried powder is 

an essential ingredient in food formulations, includes reconstituted beverages and high protein  
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drinks, where their solubility is critical factor. Wettability is 

considered to be the critical step of the reconstitution process 

(Shishir & Chen, 2017) [28]. 

Due to lack of research on the reconstitution properties of 

sweet orange juice this study was carried out with the 

objective of evaluating the influence of spray drying 

operational conditions like inlet air temperature and 

maltodextrin concentration on the reconstitution properties 

like dispersability, wettability and solubility of spray drying 

sweet orange juice. 

 

Materials and Methods  

Spray drying 
Spray drying involved spraying the sweet orange juice using 

two fluid nozzles at the pre-determined inlet air temperature 

and outlet air temperatures, feed pump rate and blower speed. 

The spray dryer parameters for the present investigation are 

tabulated in Table 1. For present research work, distilled-

deionized water was pumped into the spray dryer to adjust the 

spray drying temperatures. The dryer was run at this condition 

for about 20 min before the feed was introduced. The feed 

was introduced into the spray dryer through feed pipe after 

adjusting the inlet and outlet air temperatures. 

Sweet orange juice was extracted from screw press juice 

extractor, extracted juice was filtered. Sweet orange filtered 

juice was homogenised at 2000 rpm for 10 min. Maltodextrin 

solutions with different concentrations viz., 6, 9 and 12% were 

prepared in 50 ml of hot water (45-50 °C). After the 

preparation of 50 ml of maltodextrin solution, it was added to 

100 ml of filtered juice and again homogenisation was done at 

the same condition. Homogenised solution was spray dried 

with different inlet air temperatures of 130, 140 and 150 °C at 

feed flow rate of 2.5 ml.min-1(5 rpm) at 1.5-2 kg.cm-2 

pressure. 

 
Table 1: Spray dryer parameters 

 

Sl. No. Parameter 

1 Inlet air temperature (°C) 130 140 150 

2 Outlet air temperature (°C) 
 

70 
 

3 Feed flow rate (rpm) 
 

5 
 

4 Blower speed (rpm) 
 

2000 
 

5 Atomization pressure (kg.cm-2) 
 

1.5-2.0 
 

 

Rehydration properties of spray dried juice powder 

The Rehydration properties such as, dispersibility, wettability 

and solubility of spray dried sweet orange juice powder are 

very important criteria for its acceptability. All the 

experiments in the study were analysied by Factorial 

completely randomised design (FCRD).  

 

Dispersibility 

The dispersibility of juice powder was measured according to 

the method reported by Jaya and Das (2004) [11] and Fonseca 

et al. (2011) [7]. 

 

Dispersaility (%) =

j

p

as

a)s(w 
 

 

Where, 

a = Amount of juice powder used, g 

w = Weight of water taken for reconstitution, g  

ps = Total solids present in juice powder, %  

js = Per cent dry matter present in reconstituted juice after it 

has been passed through the sieve (150µ) 

 

Wettability  
The wettability of the powder was measured according to the 

method reported by Jinapong et al. (2008) [12]. 

Wettability (s) = Time in seconds necessary to achieve 

complete wetting  

 

Solubility  
The solubility of the product was measured according to the 

method reported by Zhang et al. (2013) [32] and Shittu and 

Lawal (2007) [27].  

 

Solubility (%) =

1

2

m

m10
×100  

 

Where, 

m1= Initial weight of sample, g 

m2= Final weight of sample, g 

 

Result and Discussion 

The results of the effect of processing conditions on 

rehydration properties such as solubility, wettability and 

dispersibility of spray dried sweet orange juice powder is 

presented here under. Values of different rehydration 

properties are shown in table 2. 

 

Dispersibility  

The dispersibility of spray dried sweet orange juice powder 

ranged from 83.46 to 84.91% at 6% maltodextrin 

concentration and at different inlet air temperatures, where as 

at 9 and 12% maltodextrin concentrations, the dispersibility 

ranged from 80.80 to 83.05% and from 76.76 to 78.10%, 

respectively at different inlet air temperatures. In case of 

maltodextrin concentration and temperature interaction, it 

revealed that the spray dried sweet orange juice powder 

obtained at 6% maltodextrin concentration with 150 °C 

temperature had the highest dispersibility (84.91%) and spray 

dried sweet orange juicepowder obtained at 12% maltodextrin 

concentration with 130 °C temperature had the lowest 

dispersibility (76.76%).As the inlet air temperature and 

maltodextrn concentration increased from 130 to 150 °C and 

from 6 to 12% respectively, 6.42% reduction of dispersibility 

was found in spray dried sweet orange juice powder. 

From fig.1a, it is revealed that the dispersibility increased 

with increase in inlet air temperature from 130 to 150 °C and 

this might be due to less moisture content at higher 

temperature and dispersibility decrease with increase in 

maltodextrin concentration from 6 to 12%. It is clear that a 

decrease in the maltodextrin concentration in the fruit juice 

slurry increased the dispersibility values of the spray dried 

sweet orange juice powder. This might be due to the presence 

of less amount of insoluble residue and formation of very few 

lumps as a result of the use of lower amount of additive i.e., 

maltodextrin (Abadio et al., 2004) [1]. Patil et al. (2014) [20] 

reported similar results in guava powder stating that as the 

temperature increased from 170 to 185 °C, the dispersibility 

decreased from 87.32 to 92.68 % which was nearer to the 

present investigation values. Shittu and Lawal (2007) [27] also 

recorded 79.5 to 94.5% of dispersibility in powdered cocoa 

beverages. 
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Wettability  
The wettability of spray dried sweet orange juice powder 

ranged from 277.33 to 288.66 s at 6% maltodextrin 

concentration and at different inlet air temperatures, whereas 

at 9 and 12% maltodextrin concentrations, the wettability 

ranged from 292.66 to 294.33 s and from 301.33 to 304.66 s, 

respectively at different inlet air temperatures. From the 

present investigation it was found that wettability of spray 

dried powder increased by 9.85% as the inlet air temperature 

and maltodextrin concentration increased from 130 to 150 °C 

and from 6 to 12% respectively. In case of maltodextrin 

concentration and temperature interaction, it was revealed that 

the spray dried sweet orange juice powder obtained at 12% 

maltodextrin concentration with 150 °C temperature had the 

highest wettability (304.66 s) and spray dried sweet orange 

juice powder obtained at 6% maltodextrin concentration with 

130 °C temperature had the lowest wettability (277.33 s).  

From the experiment, it is revealed that the wettability was 

increased with increase in inlet air temperature from 130 to 

150 °C and increased with increase in maltodextrin 

concentration from 6 to 12% (Fig.1b). Increasing the inlet air 

temperature resulted in an increase in average time of 

wettability i.e., the decrease in wettability. The increase in 

average time of wettability as the inlet air temperature was 

increased resulted from the reduced product residual moisture 

content (Chegini and Ghobadian 2005) [2]. Other researchers 

also reported similar findings (Chegini and Taheri, 2013) [3] 

and this might be due to the formation of a hard surface layer 

over the powder particle at high temperature. This could 

prevent water molecules from diffusing through the particle. 

Consequently, it decreased the wettability of the particle 

(Fazaeli et al., 2012) [6]. 

 

Solubility  
The solubility of spray dried sweet orange juice powder 

ranged from 92.33 to 93.33% at 6% maltodextrin 

concentration and at different inlet air temperatures, whereas 

at 9 and 12% maltodextrin concentrations, the solubility 

ranged from 88.00 to 90.67% and from 84.66 to 86.33%, 

respectively at different inlet air temperatures. In case of 

maltodextrin concentration and temperature interaction, it was 

revealed that, the spray dried sweet orange juice powder 

obtained at 6% maltodextrin concentration with 130 °C 

temperature had the highest solubility (93.33%) and spray 

dried sweet orange juice powder obtained at 12% 

maltodextrin concentration with 150 °C temperature had the 

lowest solubility (84.66%). 

When the inlet air temperature and maltodextrin concentration 

was increased from 130 to 150 °C and from 6 to 12%, the 

reduction of solubility was found to be 9.26%. From Fig.1c, it 

is very clear that there was decrease in solubility with increase 

in inlet air temperature from 130 to 150 °C and with increase 

in maltodextrin concentration from 6 to 12%. When the inlet 

air temperature and maltodextrin concentration was increased 

from 130 to 150 °C and from 6 to 12%, the reduction of 

solubility was found to be 9.26%. Sahin-Nadeem et al. (2013) 
[26] observed similar results as increasing the inlet air 

temperature caused a decrease in the solubility of the samples. 

Similar findings were also observed by Quek et al. (2007) [22] 

for watermelon powder. This might be due to the higher 

tendency of agglomeration at lower inlet temperatures, which 

resulted in more rehydration of the powders. Roustapour et al. 

(2012) [23] reported 80 to 95% of solubility in pomegranate 

juice powder, which was nearer to the present investigation. 

Yousefi et al. (2011) [31] also observed that the solubility was 

strongly affected by the concentration of carrying agent. 

 
Table 2: Rehydration properties of spray dried sweet orange juice powder from different treatments 

 

MD conc. (%) Temp. (° C) Dispersibility (%) Wettability (s) Solubility (%) 

 
130 83.46 277.33 93.33 

6 140 83.65 282.33 92.67 

 
150 84.91 288.66 92.33 

 
130 80.80 292.33 90.67 

9 140 82.10 292.66 90.32 

 
150 83.05 294.33 88.00 

 
130 76.76 301.33 86.33 

12 140 77.09 303.33 85.32 

 
150 78.10 304.66 84.66 

MD conc = Maltodextrin concentration; 

Temp. = Temperature; No. of replications = 3 

 

    
 

a.      b.      c. 
 

Fig 1: Effect of inlet air temperature and maltodextrin concentration on dispersability (a), Wettability (b) and solubility (c) of spray dried sweet 

orange juice powder. 
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Conclusion  

 The highest dispersibility (84.91) was found at 6% 

maltodextrin concentration with 150 °C temperature. 

spray dried sweet orange juice powder obtained at 12% 

maltodextrin concentration with 150 °C temperature had 

the highest wettability (304.66 s). At 6% maltodextrin 

concentration with 130 °C temperature, spray dried 

powder had the highest solubility (93.33%). 

 Average redydration properties of spray dried sweet 

orange juice powder viz., dispersibility, wettability and 

solubility recorded 81.10%, 326.69 s and 89.29%, 

respectively. 

 The fresh sweet orange juice is not available in the 

market round the year. So it is essential to convert the 

sweet orange juice into powder to enhance its shelf-life of 

the sweet orange juice without compromising its 

nutritional qualities and sensory characteristics.  
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