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Durian (Duriozibethinus) is a high valued tropical fruit crop. However it has a short postharvest shelf life 
at ambient preservation. Converting this valuable fruit into dehydrated forms by spray drying method has 
been highly evaluated to produce long stability, light weight dry powders and agglomerates. This 
research examined the possibility of maltodextrin and gum arabic as wall materials in 
microencapsulation of durian powder during spray drying. Maltodextrin was formulated with gum arabic 
in different ratios (20:80, 30:70, 40:60, 50:50, 60:40, 70:30, 80:20). Encapsulation proficiency (%), bulk 
density (g/cm3) were evaluated. Oxidative stability of durian powder was also monitored during 6 months 
of storage by measuring peroxide value (meq peroxide/kg powder). The encapsulation proficiency 
values ranged from 54.17% to 83.11%,, being the highest value obtained for maltodextrin: gum arabic 
(50:50). Solubility % of durian powder samples were significantly increased with increasing ratio of 
maltodextrin: gum arabic from 20:80 to 60:40. Hygroscopicity percentage of all durian powder samples 
significantly increased with increasing the maltodextrin: gum arabic ratio from from 20:80 to 70:30. Bulk 
density values ranged from 0.27 to 0.52 g/cm3 with the highest value recorded at maltodextrin: gum 
arabic (50:50). Oxidative stability was strongly influenced by the wall material combination. Maltodextrin: 
gum arabic (60:40) showed the best protection against oxidation. Combination of maltodextrin and gum 
arabic had a great influence on physicochemical qualities of spray dried durian powder. A successful 
microencapsulation resulted in a spray dried powder with minimum oxidative reaction and maximum 
retention of phytochemical components. 

Keywords: Bulk density, durian powder, encapsulation proficiency, gum arabic, hygroscopicity, maltodextrin, oxidative 
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INTRODUCTION 
Durian (Duriozibethinus) is thorny, perishable, 

rich in nutrient and specific odor (Panditharathana 
et al. 2018). It is seasonal with a short postharvest 
shelf life at ambient storage (Ho and Rajeev, 
2015). The odor and bulky thorny husk of this fruit 
created limited utilization in shipping, distribution 
and commerce (Small and Catling, 2011). Spray 
drying method could resolve this problem by 
processing raw fruits into dehydrated forms with 
long stability, light weight dry powders and 

agglomerates (Sagarand Kumar, 2010; Yousefi et 
al. 2011). It could dehydrated suspension rapidly 
for time saving and minimal processing (Chegini 
and Ghobadian, 2007; Quek, 2007; Murugesan 
and Orsat, 2011; Phisut, 2012). In spray drying, 
the major optimized parameters were inlet/ outlet 
air temperature, relative humidity of air and 
atomizer speed. Wall materials were also 
important to increase the glass transition 
temperature (Anjali and Satya, 2015). The glass 
transition temperature was important to estimate 
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the collapse of the powder and the permeation of 
the powder matrix to flavor compounds (Apinan et 
al. 2015). Maltodextrin was a hydrolyzed starch 
widely utilized as wall material in 
microencapsulation of food ingredients 
(Gharsallaoui et al. 2007). It provided benefits 
such as relatively low cost, neutral aroma and 
taste, low viscosity and excellent prevention from 
oxidative rancidity. However, it had low 
emulsifying property. Gum arabic had high 
solubility, low viscosity and good emulsifying 
characteristics (Charve and Reineccius, 2009). 
Hence, a combination of maltodextrin with gum 
arabicwas desirable to achieve an effective 
microencapsulation through spray drying 
(Fernandes et al. 2008, Bule et al. 2010). 

Objective of our study evaluated the potential 
of maltodextrin in combination with gum arabic as 
wall materials for microencapsulation of durian 
powder during spray drying. The dry powder was 
characterized for encapsulation proficiency, 
solubility percentage, hygroscopicity percentage, 
bulk density. This spray dried durian powder also 
observed oxidative stability during 6 months of 
storage. 
 

MATERIALS AND METHODS 

Material 
Ripen durian fruits were harvested from 

KeSach district, SocTrang province, Vietnam. The 
fresh pulp was obtained by removing hull and 
seeds. Pulp was blended with flake ice at ratio 
1:2.5. Pulp was filtered using a stainless steel 
strainer and mixed with wall materials 
properly.Maltodextrin, gum arabic and other 
chemical reagents were all analytical grade. 

Researching method 
Maltodextrin (MD) and gum arabic (GA) 

powder in different ratios (20:80, 30:70, 40:60, 
50:50, 60:40, 70:30, 80:20) were completely 
disolved in distilled water. These mixtures were 
added into durian juice at concentration 25% to 
form emulsion. Spray drying process was 
conducted in a laboratory scale spray dryer at 
inlet and outlet air temperature (170 ± 0.5 oC and 
90 ± 0.5 °C, respectively) and feed flow rate 
(15 ± 0.5 ml/min), air pressure 0.05 MPa, drying 
air flow rate 65 m3/h to get the final moisture 
content of dried powder 1.60 ± 0.15%.  

Physicochemical determination 
The final spray dried durian powder was 

carefully examined encapsulation proficiency, 

solubility percentage, hygroscopicity percentage, 
bulk density, and oxidative stability. 
Encapsulation proficiency (%) was estimated 
according to the procedure described by Bae and 
Lee (2008). Solubility percentagewas calculated 
by using the Eastman & Moore method described 
by Goula and Adamopoulos (2010).Hygroscopicity 
percentage was examined by method described 
by Goula and Adamopoulos(2010). Bulk density 
(g/cm3) was evaluated by method described by 
Goula and Adamopoulos 
(2004).The peroxide value (meq peroxide/kg 
powder) was determined by spectrophotometry 
described by Helena et al.(2013) and Gharsallaoui 
et al. (2007). 

Statistical analysis 
The experiments were run in triplicate 

withdifferent groups of samples. The data were 
presented as mean±standard deviation. Statistical 
analysis was performed by the Statgraphics 
Centurion version XVI. 
 

RESULTSAND DISCUSSION 

Encapsulation proficiency 
The encapsulation proficiency in durian 

powder by different ratios of maltodextrin: gum 
arabic was clearly presented in table 1. The 
encapsulation proficiency values ranged from 
54.17% to 83.11%, being the highest value 
obtained for maltodextrin: gum arabic (50:50). The 
encapsulation proficiency gradually decreased 
during storage. According to Barbosa et al. 
(2005), the more stable the emulsion, the higher 
the encapsulation proficiency was, i.e., the lower 
the amount of nonencapsulated material on 
particles surface.  Charve and Reineccius (2009) 
proved that modified starch showed the highest oil 
retention.  Helena et al. (2013) confirmed that a 
mixture of maltodextrin and modified starch gave 
the best encapsulation efficiency. 

Solubility percentage 
Solubility % of all treatments were significantly 

increased with increasing ratio of maltodextrin: 
gum arabic from 20:80 to 60:40. Afterwards 
(70:30 and 80:20, maltodextrin: gum arabic), the 
solubility percentage of durian powder was 
gradually decreased (table 2).Solubility of all 
formulas were sightly decreased during storage. 
Similarly, results were obtained for sweet potato 
powder with increasing maltodextrin (Grabowski 
et al.2006). 
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Table 1: Encapsulation proficiency (%) in durian powder by different ratios of maltodextrin: gum arabic 
 

MD:GA 20:80 30:70 40:60 50:50 60:40 70:30 80:20 

1st month 54.17±0.53d 59.83±0.41cd 64.27±0.25c 69.85±0.37bc 83.11±0.16a 77.63±0.22ab 73.04±0.09b 

2nd month 53.44±0.18d 59.26±0.21cd 63.91±0.30c 69.42±0.24bc 82.79±0.15a 77.25±0.16ab 72.66±0.42b 

3rd month 53.01±0.19d 58.89±0.34cd 63.58±0.23c 69.06±0.17bc 82.31±0.11a 76.97±0.38ab 72.24±0.15b 

4th month 52.63±0.15d 58.33±0.36cd 63.07±0.14c 68.70±0.25bc 82.05±0.39a 76.60±0.12ab 71.95±0.11b 

5th month 52.14±0.07d 58.02±0.22cd 62.74±0.16c 68.24±0.13bc 81.74±0.27a 76.39±0.30ab 71.57±0.13b 

6th month 51.75±0.14d 57.73±0.11cd 62.11±0.17c 67.93±0.40bc 81.20±0.31a 76.05±0.23ab 71.13±0.17b 

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

 
 

Table2: Solubility (%) in durian powder by different ratios of maltodextrin: gumArabic 
 

MD:GA 20:80 30:70 40:60 50:50 60:40 70:30 80:20 

1st month 67.42±0.15d 69.54±0.18cd 73.19±0.20c 76.80±0.24bc 84.39±0.09a 82.01±0.20ab 79.43±0.17b 

2nd month 67.21±0.24d 69.30±0.11cd 72.96±0.17c 76.56±0.30bc 83.14±0.14a 81.74±0.14ab 79.11±0.25b 

3rd month 69.97±0.12d 69.09±0.25cd 72.73±0.13c 76.32±0.15bc 82.85±0.27a 81.57±0.15ab 78.85±0.14b 

4th month 69.71±0.36d 68.78±0.31cd 72.54±0.22c 76.17±0.17bc 82.62±0.19a 81.30±0.33ab 78.62±0.30b 

5th month 69.52±0.29d 68.53±0.17cd 72.30±0.19c 75.93±0.28bc 82.35±0.03a 81.04±0.19ab 78.47±0.16b 

6th month 69.24±0.33d 68.27±0.33cd 72.05±0.11c 75.69±0.14bc 82.10±0.16a 80.82±0.26ab 78.23±0.22b 

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

 
Table 3: Hygroscopicity (%) in durian powder by different ratios of maltodextrin: gum Arabic 

 
MD:GA 20:80 30:70 40:60 50:50 60:40 70:30 80:20 

1st month 73.96±0.16d 82.55±0.10c 87.59±0.26bc 90.43±0.13b 93.44±0.17ab 95.80±0.11a 96.01±0.13a 

2nd month 73.31±0.13d 82.01±0.19c 87.00±0.12c 89.78±0.26b 92.79±0.14ab 95.54±0.20a 95.60±0.12a 

3rd month 72.74±0.24d 81.35±0.22c 86.38±0.15c 89.15±0.12b 92.14±0.22ab 94.93±0.17a 94.91±0.11a 

4th month 72.09±0.30d 80.70±0.17c 85.73±0.19c 88.46±0.18b 91.50±0.16ab 94.27±0.22a 94.30±0.09a 

5th month 71.40±0.16d 80.16±0.13c 85.14±0.31c 87.83±0.19b 90.87±0.14ab 93.65±0.13a 93.69±0.13a 

6th month 69.83±0.20d 79.57±0.18c 84.52±0.24c 87.21±0.08b 90.22±0.12ab 93.07±0.15a 93.04±0.15a 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted above), the difference between them was not 
significant (α = 5%). 
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Table4: Bulk density (g/cm3) in durian powder by different ratios of maltodextrin: gum Arabic 
 

MD:GA 20:80 30:70 40:60 50:50 60:40 70:30 80:20 

1st month 0.27±0.01d 0.34±0.02cd 0.39±0.00c 0.52±0.03a 0.47±0.01ab 0.43±0.02b 0.41±0.00bc 

2nd month 0.26±0.00d 0.33±0.03cd 0.37±0.01c 0.51±0.02a 0.46±0.01ab 0.42±0.01b 0.40±0.00bc 

3rd month 0.25±0.02d 0.30±0.00cd 0.34±0.03c 0.50±0.01a 0.43±0.00ab 0.39±0.02b 0.37±0.01bc 

4th month 0.23±0.01d 0.28±0.02cd 0.30±0.00c 0.48±0.03a 0.41±0.01ab 0.35±0.00b 0.33±0.03bc 

5th month 0.20±0.00d 0.25±0.01cd 0.27±0.02c 0.45±0.01a 0.38±0.00ab 0.32±0.01b 0.30±0.00bc 

6th month 0.19±0.01d 0.21±0.02cd 0.24±0.03c 0.41±0.00a 0.36±0.02ab 0.29±0.00b 0.26±0.01bc 

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

 
 
 
 

Table 5: Peroxide value (meq peroxide/kg powder) in durian powder by different ratios of maltodextrin: gum Arabic 
 

MD:GA 20:80 30:70 40:60 50:50 60:40 70:30 80:20 

1stmonth 4.15±0.02a 3.86±0.01ab 3.14±0.03bc 2.84±0.02cd 2.67±0.00d 2.96±0.03c 3.59±0.01b 

2nmonth 4.21±0.03a 3.91±0.00ab 3.17±0.02bc 2.90±0.01cd 2.68±0.03d 2.98±0.00c 3.62±0.01b 

3rdmonth 4.28±0.01a 3.96±0.02ab 3.22±0.01bc 2.96±0.02cd 2.73±0.01d 3.04±0.01c 3.67±0.03b 

4thmonth 4.35±0.00a 4.01±0.01ab 3.26±0.03bc 3.03±0.00cd 2.78±0.02d 3.09±0.03c 3.72±0.00b 

5thmonth 4.42±0.01a 4.09±0.03ab 3.31±0.00bc 3.09±0.02cd 2.84±0.03d 3.14±0.00c 3.77±0.02b 

6thmonth 4.50±0.02a 4.15±0.00ab 3.39±0.02bc 3.14±0.01cd 2.89±0.00d 3.18±0.02c 3.81±0.00b 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted above), the difference between them was not 
significant (α = 5%). 
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Panditharathana et al. (2018) confirmed that 
solubility (%) of spray dried durian powder 
increased with increasing of maltodextrin 
percentage. 

Hygroscopicity percentage 
Hygroscopicity percentage of all treatments 

significantly increased with increasing the 
maltodextrin: gum arabic ratio from from 20:80 to 
70:30. There was not significant difference of 
hygroscopicity percentage in durian powder at 
70:30 and 80: 20 (table 3). Panditharathana et al. 
(2018) demonstrated that hygroscopicity (%) of 
spray dried durian powder increased with 
increasing of maltodextrin percentage. The 
hygroscopicity percentage was increased with 
increasing maltodextrin % due to decreasing the 
moisture content (Cai and Corke, 2000; Tonon, 
2008). Goula and Adamopoulos (2012) indicated 
that the hygroscopicity decreased with an 
increase in maltodextrin concentration. Without 
the additional wall materials, the lower 
hygroscopicity of the low salt fish sauce powder 
with the low product recovery was reported 
(Chindapan et al. 2010) 

Bulk density 
Bulk density variations of durian powder 

encapsulated with different ratios of maltodextrin: 
gum arabic were presented in table 4. Bulk 
density values ranged from 0.27 to 0.52 g/cm3 
with the highest value recorded at maltodextrin: 
gum arabic (50:50). The benefit of dried powder 
with higher density was that it could be kept in 
large amount into smaller bag when compared to 
product with lower density. Apart from that, higher 
bulk density implied lower amount of air occluded 
in the spaces between particles, which can help to 
avoid oxidative rancidity (Helena et al. 2013). 

Oxidative stability 
Peroxide value variations of durian powder 

encapsulated with different ratios of maltodextrin: 
gum arabic were presented in table 5. At 
beginning of preservation, all samples showed a 
low level of oxidation, ranging from 2.67 to 
4.15 meq peroxide/kg powder. Durian powder 
microencapsulated by maltodextrin: gum arabic 
(60:40) showed the lowest peroxide value 
accumulation after 6 months of storage. Peroxide 
values of powder microencapsulated at 50:50 and 
60:40 (maltodextrin: gum arabic) were not 
significant difference during preservation. Jimenez 
et al. (2006) found that whey protein concentrate 

was more suitable in the prevention from lipid 
oxidation than gum arabic. Sung-Tong et al. 
(2010) affirmed that the kinds of drying wall 
materials incorporated significantly affected 
volatiles retention in the spray-dried durian 
powder. The incorporation of gum arabic caused 
higher retention of volatiles in the durian powder 
as compared to maltodextrin. The rates of 
volatiles emission from the spray-dried powder 
under accelerated storage condition increased 
remarkedly at higher relative humidity. Helena et 
al. (2013) concluded that a combination of 
maltodextrin and whey protein concentrate was 
the wall material that best protected the active 
material against lipid oxidation. Panditharathana 
et al. (2018) recommended maltodextrin for the 
spray drying to obtain best quality durian powder. 

CONCLUSION 
Spray drying converted durian pulp into dried 

powders with good quality, low moisture content, 
easy distribution and storage. Moreover it also 
protected the active components against 
undesirable reactions. This research 
demonstrated that durian pulp could be converted 
into powder by spray drying with the supporting of 
maltodextrin and gum arabic as wall materials. 
Increasing maltodextrin: gum arabic ratio to 50:50 
or 60:40 obtained the best  encapsulation 
proficiency, solubility percentage, hygroscopicity 
percentage, bulk density, and oxidative stability. 
Therefore, maltodextrin and gum arabic have a 
great impact on various physicochemical 
attributes of spray dried durian powder. 
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