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Spray drying can be considered as an effective preservation method or an alternative for a better 
utilization of durian juice, creating new kinds of products and make available throughout the year. The 
purpose of this research focused on the possibility of spray drying of durian juice juice. Different 
attributes of spray-dried fruit juice powders were significantly influenced by spray-drying variables 
including inlet air temperature, out let air temperature, feed flow rate, drying carrier agent. Results 
revealed that inlet/ outlet spray drying temperature (145oC: 90oC), speed flow rate (15 ml/ min), waxy 
starch: maltodextrin (4: 6 % w/w) were adequate for spray drying of dried durian powder from its juice. 
Spray drying can be used to convert durian juice into stable powder with new possibilities of industrial 
applications. Value addition is desirable from both the producer’s as well as the consumer’s point of 
view. 
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INTRODUCTION 
Spray drying is a conventional method to convert 
fruit juice to powder form. It consists of three basic 
steps, including atomization, droplet-hot air 
contact and moisture evaporation, and separation 
of dry product from the exit air (Khalid Muzaffar et 
al., 2018). The initial liquid feeding the spray-dryer 
can be a solution, an emulsion or a suspension 
(Gharsallaoui et al., 2007). The resulting dried 
product conforms to powders, granules or 
agglomerates, the form of which depends upon 
the physical and chemical properties of the feed 
and the dryer design and operation. Spray drying 
with supporting of wall materials could reduce the 
reactivity of the core material to oxygen, light, and 
water; controll the release rate of the core material 
to its surroundings; promote easier handling of the 
core materials; maskthe taste of the core material; 
and dilute the core material when it only needs to 
be used in small amounts (Shahidi and Han, 
1993; Gharsallaoui et al., 2007; Poshadri and 

Kuna, 2010, Badee et al., 2012). The spray-dried 
fruit powder provides more stability to the 
nutrients and other active substances present in 
the fruit (Krishnaiah et al. 2014). Also, spray-dried 
powder can be readily reconstituted, has low 
water activity and is suitable for transport and 
storage at room temperature (Kha et al. 2010). 
This lowers the storage and transportation costs 
as compared with the raw fruits. 
Processing factors affecting particle size, loose 
density and nutrient contents of the spray-dried 
powder include inlet and outlet drying temperature 
(Phisut, N., 2012). Increasing air-drying 
temperature or decreasing feed flow rate 
generally resulted in a decrease in bulk density 
and there was a greater tendency for particles to 
be hollow (Walton (2000). This could have 
resulted from a higher evaporation rate 
(Goula&Adamopoulos, 2008) or a lower residual 
moisture content (Chengini&Ghobadian, 2005), 
which may be the reason why bulk density 
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decreased dramatically as the inlet airdrying 
temperature increased.  
Durian is a tropical perennial tree belongs to 
family Bombacaceae. It’s fruiting is seasonal and 
perishable at ambient conditions (Ho and Rajeev, 
2015). The odor and bulky thorny husk of the fruit 
crop created restricted usage in some restaurant, 
public places, taxies, public transport and hotels 
and exportation via air freight (Small and Catling, 
2011). It has a creamy texture and a sweet-bitter 
taste. The unique durian flavour is attributable to 
the presence of fat, sugar, and volatile 
compounds such as esters and sulphur-containing 
compounds such as thioacetals, thioesters, and 
thiolanes, as well as alcohols (NurAtirah A Aziz 
and Abbe MaleykiMhdJalil, 2019). Durian is also 
rich in polyphenols such as flavonoids, phenolic 
acids, tannins, and other bioactive components 
like carotenoids and ascorbic acid (Haruenkitet 
al., 2007; Gorinstein et al. 2011; Gorinstein et al. 
2010; Charoenkiatkul et al., 2015; Haruenkit et al. 
2010; Isabelle et al. 2010; Kongkachuichai et al., 
2010; Ashraf et al. 2011; Toledo et al. 2008; 
Arancibia-avila et al., 2008; Leontowicz et al., 
2011; Park et al. 2015; Fu et al. 2011; 
Wisutiamonkul et al. 2017; Wistutiamonkul et al. 
2015). The energy content of durian is in the 
range of 84–185 kcal per 100 g fresh weight 
(Toledo et al. 2008; Arancibia-avila et al. 2008). 
Protein is in the range of 1.40 to 3.50 g per 100 g. 
Fat is in the range of 1.59 to 5.39 g per 100 g. 
Sugar is in the range of 7.52 to 16.90 g 
((Gorinstein et al. 2010; Charoenkiatkul et al. 
2015). Little research mentioned to spray drying of 
durian juice. One study optimized the method of 
producing Durian powder by spray drying and to 
find the optimum pulp water temperature, 
Maltodextrin percentage for the highest powder 
yield and better physicochemical properties 
(P.W.M.H.P. Panditharathana et al. 2018). 
Purpose of our research focused on the possibility 
of spray drying of durian juice. Different attributes 
of spray-dried fruit juice powders were examined 
on spray-drying variables including inlet air 
temperature, out let air temperature, feed flow 
rate, drying carrier agent. 
 
MATERIALS AND METHODS 

2.1 Material 
Fresh durian fruit was collected from 

TienGiang province, Vietnam. The fruit was stored 
in dry cool place and transferred quickly to 
laboratory for experiment. Apart from durian druit, 

other materials were used such as maltodextrin, 
waxy starch. 

2.2 Researching method 

2.2.1 Effect of inlet and outlet air spray drying 
temperature  

Various parameters of inlet: outlet air drying 
temperature (125oC: 80oC, 135oC: 85oC, 145oC: 
90oC, 155oC: 95oC) were examined. The optimal 
parameter was chosen by comparing different 
indicators in the spray-dried powder like moisture 
content (%), water activity (aw), total phenolic (mg 
GAE/g), ascorbic acid (mg/100g), carotenoid (mg/ 
100g), bulk density (g/ml), yield (%), solubility 
(%),hygroscopicity (%), total plate count (cfu/g), 
sensory score. 

2.2.2 Effect of speed flow rate 
Various speed flow rate (5, 10, 15, 20 ml/ min) 

was examined. The optimal parameter was 
chosen by comparing different indicators of the 
spray-dried powder like moisture content (%), 
water activity (aw), total phenolic (mg GAE/g), 
ascorbic acid (mg/100g), carotenoid (mg/ 100g), 
bulk density (g/ml), yield (%), solubility (%), 
hygroscopicity (%), total plate count (cfu/g), 
sensory score. 

2.2.3 Effect of ratio of drying carrier agents 
Various ratios of drying carrier agents by waxy 

starch: maltodextrin (3:7, 4:6, 6:4, 7:3% w/v) were 
used to prepare the juice using a shear mixer. The 
optimal parameter was chosen by comparing 
different indicators of the spray-dried powder such 
as moisture content (%), water activity (aw), total 
phenolic (mg GAE/g), ascorbic acid (mg/100g), 
carotenoid (mg/ 100g), bulk density (g/ml), yield 
(%), solubility (%), hygroscopicity (%),  total plate 
count (cfu/g), sensory score. 

2.3 Physico-chemical, microbial, sensory 
evaluation and statistical analysis 

The hygroscopicity (%) was determined 
according to Cai and Corke (2000). The solubility 
(%) was determined according to the method 
described by Chau et al. (2007). Solubility (%) = 
weight (g) of supernatant after drying x100/ weight 
(g) of sample. The yield of the spray drying 
process was calculated by formula: Yield (%) = 
Weight of the solids in dried powder x 100/ Solid 
content of the feed material (SangeetaSaikia et 
al., 2014). The sensory attributes was evaluated 
by a group of specialists (9 members) using five 
point Hedonic scale. The total plate count (cfu/g) 
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was enumerated by Petrifilm - 3M. Bulk density 
(g/ml) was determined by gently pouring spray-
dried powder into a 10 cm3 graduated cylinder, 
and was calculated as the ratio of the weight (g) of 
the sample contained in the cylinder to the volume 
occupied (Gallo et al., 2011). Carotenoid content 
(mg/ 100g) was calculated by measuring the 
absorbance at 450 nm using a spectrophotometer 
(Jagannath et al., 2006). Ascorbic acid (mg/ 100g) 
was measured by 2,6-dichlorophenolindophenol 
titration. Total phenolic content (mg GAE/g) was 
determined using the FolinCiocalteu method 
described by Rocha and Morais (2002). Water 
actitity (aw) was measured was measured by a 
water activity meter. Moisture content (%) was 
determined by infrared moisture analyzer. The 
experiments were run in triplicate with three 
different lots of samples. Statistical analysis was 
performed by the Statgraphics Centurion XVI. 
 
RESULTSAND DISCUSSION 

3.1 Effect of inlet/ outlet spray drying 
temperature 

From table 1, the optimal inlet/ outlet spray 
drying temperature should be 145oC: 90oC so we 
choose this value for further experiments. 

3.2 Effect of speed flow rate 
Different speed flow rate (5, 10, 15, 20 ml/ 

min) was examined. From table 2, the optimal 
speed flow rate was noticed at 15 ml/min so this 
value was selected for further experiments. 

3.3 Effect of ratio of drying carrier agents 
From table 3, ratio of waxy starch: 

maltodextrin (4: 6 % w/v) was appropriate for 

application. 
The characteristics of spray-dried fruit juice 

and pulp powders depends on spray-drying 
conditions including concentration of drying carrier 
agent used, inlet air temperature, feed flow rate, 
feed characteristics etc. (Chegini et al. 2008). 
Spray-dryers come in different forms including 
cocurrent, counter current and mixed-flow. 
Cocurrent spray-dryers (where the feed droplets 
travel in the same direction as that of the drying 
gas flow) are most common and widely used 
dryers when compared to other systems (Zbicinski 
et al. 2002). In other reports, Spray drying of 
durian juice under 100oC output temperature and 
20% maltodextrin level were recommended to 
obtain best quality powder (P.W.M.H.P. 
Panditharathana et al. 2018). The effect of the 
inlet temperature on the quality of watermelon 
powder after spray drying was evaluated. Inlet 
temperatures of the drying air of 120, 130, 140, 
and 150°C maintained water solubility of the 
watermelon powder at 96%. An inlet temperature 
of the drying air of 130°C was the optimal 
temperature for the production of watermelon 
powder (Yue Shi et al., 2018). Mishra et al. (2014) 
studied the effect of drying carrier agent 
concentration (maltodextrin) and inlet air 
temperature on the physicochemical properties of 
spray-dried amla juice powder. Ferrari et al. 
(2012) studied the effect of spray-drying 
conditions on the physicochemical characteristics 
of blackberry juice powder. A higher inlet air 
temperature significantly increased the 
hygroscopicity of the powder, decreased its 
moisture content, and led to the formation of 
larger particles with smooth surfaces. 

 
Table 1: Effect of inlet/ outlet spray drying temperature (125oC: 80oC, 135oC: 85oC, 145oC: 90oC, 

155oC: 95 oC) to physico-chemical, microbial, sensory of spray-dried powder 
 

Inlet/ outlet spray  
drying temperature (oC) 

125oC: 80oC 135oC: 85oC 145oC: 90oC 155oC: 95oC 

Moisture (%) 5.17±0.03a 5.04±0.00ab 4.96±0.02b 4.94±0.01b 

Water activity (aw) 0.29±0.02a 0.29±0.02a 0.27±0.01a 0.26±0.00a 

Total phenolic (mg GAE/g) 68.72±0.00a 68.31±0.01ab 68.04±0.00b 66.39±0.03c 

Ascorbic acid (mg/ 100g) 28.34±0.01a 26.13±0.02ab 25.57±0.01b 20.18±0.02c 

Carotenoid (mg/ 100g) 19.63±0.02a 19.17±0.03ab 18.85±0.02b 14.36±0.00c 

Bulk density (g/ml) 0.37±0.00a 0.35±0.01ab 0.31±0.00b 0.30±0.02b 

Yield (%) 81.35±0.03a 81.16±0.00ab 81.03±0.01b 81.03±0.01b 

Solubility (%) 54.21±0.01b 56.73±0.02ab 59.84±0.03a 59.88±0.00a 

Hygroscopicity (%) 13.45±0.02a 13.07±0.01ab 12.91±0.00b 12.89±0.03b 

Total plate count (cfu/g) 0.8x101±0.00a 0.7x101±0.03ab 0.5x101±0.00ab 0.2x101±0.01b 

Sensory score 7.21±0.01b 7.49±0.01ab 7.67±0.01a 7.53±0.02ab 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), 
the difference between them was not significant (α = 5%). 
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Table 2: Effect of different speed flow rate (5, 10, 15, 20 ml/ min) to physico-chemical, microbial, 
sensory of spray-dried powder 

Speed flow rate (ml/ min) 5 10 15 20 

Moisture (%) 4.96±0.02b 5.02±0.00ab 5.07±0.02ab 5.11±0.01a 

Water activity (aw) 0.27±0.01a 0.29±0.02a 0.30±0.03a 0.30±0.03a 

Total phenolic (mg GAE/g) 68.04±0.00b 69.25±0.03ab 70.19±0.00a 70.23±0.01a 

Ascorbic acid (mg/ 100g) 25.57±0.01b 25.74±0.01ab 25.95±0.00a 25.98±0.00a 

Carotenoid (mg/ 100g) 18.85±0.02b 18.97±0.03ab 19.08±0.02a 19.08±0.02a 

Bulk density (g/ml) 0.31±0.00a 0.30±0.02a 0.29±0.03a 0.29±0.03a 

Yield (%) 81.03±0.01b 81.42±0.01ab 81.65±0.01ab 81.74±0.01a 

Solubility (%) 59.84±0.03a 59.41±0.00ab 59.22±0.00ab 59.03±0.02b 

Hygroscopicity (%) 12.91±0.00b 12.97±0.02ab 13.01±0.02ab 13.04±0.03a 

Total plate count (cfu/g) 0.5x101±0.00b 0.9x101±0.03ab 1.1x101±0.00a 1.1x101±0.00a 

Sensory score 7.67±0.01b 7.82±0.02ab 7.94±0.03a 7.87±0.01ab 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), 
the difference between them was not significant (α = 5%). 

Table 3: Effect of different ratio of drying carrier agents (waxy starch: maltdextrin)to moisture 
content (%), water activity (aw), total phenolic (mg GAE/g), ascorbic acid (mg/ 100g), carotenoid 

(mg/ 100g), bulk density (g/ml), yield (%), solubility (%), hygroscopicity (%), total plate count 
(cfu/g), sensory score in spray-dried powder 

 
Waxy starch:  

Maltodextrin (% w/v) 
3:7 4:6 6:4 7:3 

Moisture (%) 5.07±0.02a 5.06±0.02a 5.08±0.00a 5.09±0.02a 

Water activity (aw) 0.30±0.03a 0.31±0.00a 0.32±0.01a 0.31±0.00a 

Total phenolic (mg GAE/g) 70.19±0.00b 70.86±0.03a 70.54±0.02ab 70.35±0.03ab 

Ascorbic acid (mg/ 100g) 25.95±0.00b 26.75±0.01a 26.34±0.03ab 26.12±0.02ab 

Carotenoid (mg/ 100g) 19.08±0.02b 20.18±0.03a 20.04±0.01ab 19.52±0.01ab 

Bulk density (g/ml) 0.29±0.03a 0.28±0.02a 0.27±0.00a 0.26±0.03a 

Yield (%) 81.65±0.01b 81.72±0.00ab 81.94±0.02ab 82.01±0.01a 

Solubility (%) 59.22±0.00b 60.38±0.01ab 60.73±0.03ab 60.91±0.02a 

Hygroscopicity (%) 13.01±0.02b 13.16±0.00ab 13.34±0.01ab 13.49±0.00a 

Total plate count (cfu/g) 1.1x101±0.00b 1.3x101±0.03ab 1.4x101±0.00ab 1.7x101±0.02a 

Sensory score 7.94±0.03b 8.26±0.01a 8.15±0.02ab 8.01±0.00ab 

Note: the values were expressed as the mean of three repetitions; the same characters (denoted above), 
the difference between them was not significant (α = 5%). 

 
Feed flow rate have significant effect on the 

dryer yield and wall deposit of spray dryer 
individually and jointly (G.R. Chegini and B. 
Ghobadian, 2007). Our results were similar to 
findings in other studies. Spray-dried technique 
was selected and used as drying process of 
young coconut juice. Maltodextrin was used as 
encapsulating agent to dried powder. Spray-dried 
maltodextrin-young coconut juice powder 20% 
(w/v) was selected to future study because of their 
good physical appearance, physicochemical 
properties, antioxidant activity and good stability 
(PimolmartRattanaburee et al., 2017). Chegni et 
al. (2005) studied the effect of feed flow rate, 
atomizer speed, and inlet air temperature on 
various properties of spray-dried orange juice 
powder. The results indicated that increasing inlet 
air temperature increased the particle size, 
average time of wettability, and insoluble solids, 

and decreased the bulk density and moisture 
content of the powder. Increasing atomizer speed 
results in increasing the bulk density and average 
time of wettability of powder and decreases the 
particle size, moisture content and insoluble solids 
of powder. Increase in feed flow rate increased 
the bulk density, particle size, and moisture 
content of the powder and decreased the average 
time of wettability and insoluble solids of powder. 

Small particles, droplets, and substances are 
surrounded or entrapped by a relatively stable 
wall material to obtain small capsules during 
spray-drying. The addition of high molecular 
weight additives to the product before atomizing is 
an widely-used alternative (Truong et al. 2005; 
Shrestha et al. 2007). Maltodextrins are products 
of starch hydrolysis, consisting of D-glucose units 
linked mainly by α (1→4) glycosidicbonds. 
Maltodextrins are low cost and very useful for 
spray drying process on food materials. Way 
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starch, the second most abundant of these 
biomass materials, is stored in many plants as a 
source of energy from photosynthesis (Tetsuya 
Ushiyama and Naoto Shimizu, 2018). 
Maltodextrins, waxy starch when introduced into 
the feed solution, influenced the properties and 
stability of the powder specially hygroscopic and 
thermoplastic character. When waxy starch was 
used as the main carrier, the powders had a 
crystalline configuration and wall deposition was 
enhanced, creating a predictably lower dryer yield. 
The powders produced with maltodextrin and 
waxy starch presented non-spherical and smooth 
particles and more complex link bridges as a 
result of the higher hygroscopicity. The crystalline 
configuration of the powders using waxy starch, 
were more stable than the more amorphous 
powder made with maltodextrin (ShimaYousefi et 
al., 2011). When tomato and pineapple pulp were 
dried using maltodextrin as the carrier in a spray 
dryer, the particle size of the powder increased 
when the feed concentration increased (Goula 
and Adamopoulos 2004; Abadio et al. 2004). 
Maltodextrin with higher DE increased the 
agglomeration of the powder and its exposure to 
oxygen, reducing oxidation and anthocyanin 
content (Ersus and Yurdagel 2007). Our results 
were similar to findings in other studies. A 
research was conducted to identify influences of 
spray-drying temperatures and carriers on 
physical and antioxidant properties of lemongrass 
leaf extract powder. The powder samples 
produced by mixing with Maltodextrin at 130 ◦C 
retained the high levels of antioxidant capacity, 
TFC, TPC and had the highest water-soluble 
ability and lowest moisture content as compared 
to the others, matching well with quality 
requirements for an instant powder product (Tuyet 
T. A. Tran and Ha V. H. Nguyen, 2018). Muzaffar 
et al. (2018), studied the effect of drying carrier 
agent concentration (maltodextrin) on 
determination of production efficiency, color, glass 
transition, and sticky point temperature of spray 
dried pomegranate juice powder. Increase in 
concentration of maltodextrin significantly 
increased the powder recovery and 20% of 
maltodextrin was required for successful spray 
drying of pomegranate juice (powder recovery > 
50%). Razzaq A et al., (2017) reported that fresh 
apricot pulp (100 mL) with 15 g of waxy starch, 
diluted by additon of distll water to adjust Brix at 
20° was processed through a lab scale spray 
dryer with inlet temperature at 190°C. These 
drying parameters were observed as the best 
drying conditons for maximum production of 

Apricot powder (9.1%). Ferrari et al. (2012) 
studied the effect of spray-drying conditions on 
the physicochemical characteristics of blackberry 
juice powder. Powders produced with higher 
maltodextrin (DE 20) concentrations were less 
hygroscopic and had lower moisture content. The 
color of the blackberry juice powder was mainly 
affected by maltodextrin concentration, which led 
to the formation of powders that were whiter and 
less red as the concentration of maltodextrin 
increased. With respect to powder morphology, 
higher inlet air temperatures resulted in larger 
particles with smooth surfaces, whereas particles 
produced with lower maltodextrin concentrations 
were smaller. A work was to microencapsulate 
passion fruit juice (PFJ) by spray-drying in two 
different biopolymers blends: Gum Arabic-
mesquite gum-maltodextrin. The best vitamin C 
retention level occurred at 25 ◦C, aW = 0.447 (H. 
Carrillo-Navas et al., 2011). A study was to 
assess the effectiveness of the blends with 
different levels of lactose-maltodextrin (8:5, 10:5, 
and 12:5 % w/v) during the spray-drying of the 
durian juice juice. The lowest values of the 
moisture content and hygroscopicity were reached 
in the temperature range of 188-190 °C and at 
12:5 % (w/v) concentration of lactose-
maltodextrin; the best vitamin C retention level 
occurred at 180 °C and 0.2 MPa (Ruiz Cabrera 
Miguel Angel et al., 2009) 

CONCLUSION 
Durian pulp can be transformed to powder by 

spray drying. The spray-dried maltoxetrin-durian 
powder maintained physicochemical, microbial 
and organoleptic attributes. Added value of durian 
juice has been created by converting physical 
form of the agricultural material to its greater 
acceptability, prolonged availability, improved 
commercial viability. Marketability of durian will be 
improved significantly in value chain in 
international commerce. 
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