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ABSTRACT

Background. ‘Cempedak’ (Artocarpus integer) is an aromatic fruit which is similar to jackfruit. Although it 
is rich in vitamin A and is consumed fresh, the fruit has a short shelf life. Hence, it can be converted through 
a spray-drying process, to form powder, which is more stable. Powder flow properties are important when 
considering storage, while its reconstitution characteristics are critical for the consumer to make juice from 
the product. 
Materials and methods. The parameters of spray-dried ‘cempedak’ fruit powder under study include in-
let air temperature (140–180°C) and maltodextrin (DE 10) concentrations (5–15% w/w). Response surface 
methodology involving 14 runs was used to assess the effects of inlet temperature and maltodextrin on the 
powder flow properties and reconstitution properties of the spray-dried ‘cempedak’ powder. 
Results. Out of the tested responses, only bulk density, change in cake height ratio, and water solubility in-
dex had a high coefficient of determination value. Inlet air temperature was found to be the main parameter 
to affect the bulk density, caking and water solubility index, when compared to maltodextrin concentration. 
By setting minimization of caking and maximization of water solubility index as the main determinants, the 
optimal parameters of 160°C inlet temperature and 15% (w/w) maltodextrin DE10 were generated, with 
a desirability of 0.697. 
Conclusion. The powder produced under optimal conditions (160°C and 15% w/w maltodextrin) had a low 
bulk density (480.01 kg/m3), low caking properties (0.17 change in cake height ratio), and a high solubil-
ity index (88.69). This indicates that the powder is stable to be stored (without caking) and will have good 
reconstitution when added to water. 
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INTRODUCTION

‘Cempedak’, with the scientific name of Artocarpus 
integer, is a yellow fruit similar to the jackfruit, and 
with an attractive aroma (Subhadrabandhu, 2001). The 
flesh of ripe ‘cempedak’ can either be consumed fresh 
or deep fried into fritters, dried into chips or creamed 
to make cakes (Lim et al., 2011), while the unripe 
‘cempedak’ is cooked as a soup dish (Janick and Paull, 
2008). The Recommended Dietary Allowance (RDA) 
for vitamin A is 0.6–0.9 mg/day, which translates to 
approximately 7 to 10.8 mg of b-carotene. In CH28 
‘cempedak’, there is 45.27 μg/100 g FW α-carotene 
and 12.23 μg/100 g FW β-carotene, respectively (Pui 
et al., 2018). ‘Cempedak’ is a seasonal fruit which is 
not available all year round. Hence, ‘cempedak’ fruit 
powder can be produced to preserve the shelf life of 
the ‘cempedak’ product. 

Drying helps to reduce the moisture content of 
the product, which then allows safe storage over an 
extended period (Doymaz and Kocayigit, 2011). The 
spray-drying method is widely utilized in the produc-
tion of fruit powder (Phisut, 2012). Although there 
are a few factors that need to be considered during 
spray-drying, the inlet temperatures and carrier con-
centration are the parameters that are optimized most. 
Spray-dried fruit juice powders have a high content of 
sugar solids, causing the powder to be prone to caking 
during storage (Bhandari et al., 1997). The addition 
of maltodextrin (MD) is commonly used in the pro-
duction of fruit powders, where it functions as a wall 
material to envelope spray-drying feed and improve 
powder yield (Bhandari et al., 1997; Chew et al., 2019; 
Quek et al., 2007; Yousefi et al., 2011). It is also used 
in the production of fruit powders such as tamarind, 
sumac, Sarawak pineapple, Solanum lasiocarpum 
and papaya (Bhusari et al., 2014; Caliskan and Dirim, 
2013; Chang et al., 2020a; Chang et al., 2020b; Wong 
et al., 2015).

In the food industry, the characterization of flow 
properties is essential as it can prevent production 
stoppages (Benković et al., 2013). Powder flow prop-
erties can be measured using a powder rheometer, 
which provides a quick and easy measurement of 
powder cohesivity (Benković et al., 2013; Freeman, 
2007). Bulk density is the weight of dried powder per 
unit volume. It is critical for spray-drying operations 

because it determines the size of containers and af-
fects the handling and shipping cost of transportation 
(Grandison and Lewis, 1996).

Reconstitution of food powders is of particular 
importance both to manufacturers and to consumers, 
being one of the critical benchmarks of the quality of 
food powder for consumption (Chen and Patel, 2008). 
The instant properties of a powder include the abil-
ity of a powder to dissolve in water (Grabowski et al., 
2006). Reconstitution or dissolution of food powder 
generally consists of four steps or phases: wetting of 
the powder particles, sinking, dispersing and the parti-
cles completely dissolving in the solution (Fang et al., 
2007). On the other hand, the solubility index serves 
to determine the behavior of the powder in its aque-
ous phase (Chen and Patel, 2008). Product color is 
another important quality attribute for fruit powders 
as it serves as the primary consumer-recognized as-
pect of food acceptance. Color can be influenced by 
spray-drying temperatures and feed additives, along 
with other factors during spray-drying (Abadio et al., 
2004). 

Therefore, this research aims to investigate the ef-
fects of spray-dryer inlet air temperature and malto-
dextrin concentration on ‘cempedak’ fruit powder 
properties, in relation to powder flow and reconstitu-
tion. Powder properties such as density, powder flow, 
particle size and surface morphology were also ex-
amined. The ‘cempedak’ fruit powder produced was 
reconstituted and further subjected to tests, which 
included water solubility index (WSI), color and 
viscosity.

MATERIALS AND METHODS

Materials
The ‘Cempedak’ (Artocarpus integer L.) variant used 
in this study, CH28, was purchased from the Depart-
ment of Agriculture, Serdang, Selangor, Malaysia. 
Maltodextrin 10 DE and Celluclast® 1.5 L were sup-
plied by Bronson and Jacobs Ptd. Ltd. (Kuala Lumpur, 
Malaysia) and Novozymes, Denmark, respectively.

Preparation of spray drying feed
The pulp of the ‘cempedak’ fruit was obtained by cut-
ting the fruit in half and separating the fruit bulbs from 
the seed. It was then vacuum packed in transparent 
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polyethylene plastic bags (estimated 200 g of pulp per 
packet) before being stored in the dark at –20°C. The 
‘cempedak’ pulp was thawed at room temperature be-
fore the experiments. The pulp was cut into smaller 
pieces and homogenized at low speed using a com-
mercial blender into puree form. The homogenized 
‘cempedak’ puree was mixed with distilled water at 
1:2 puree: water ratio and incubated with 1.2% (v/w) 
Celluclast® 1.5 L for 1 hour at 45°C and 100 rpm in 
a shaking water bath (WNB 14, Memmert GmbH & 
Co. KG., Schwabach, Germany). It was then sub-
jected to pasteurization (5 min, 90°C) in a water bath 
(WNB 14, Memmert GmbH & Co. KG., Schwabach, 
Germany). 

The ‘cempedak’ puree treated with enzyme was 
filtered and added to maltodextrin DE 10 (2.9–17.1% 
w/w) to serve as a spray-dryer feed. The total soluble 
solids of the feed before spray-drying was 10% wet 
weight. The mixture was homogenized (T25 basic lab 
homogenizer, IKA-Werke Gmbh & Co., Staufen, Ger-
many) at 9500 rpm (Bakar et al., 2013). 

Spray-drying process
The maltodextrin-containing feed was spray-dried us-
ing a Büchi B-290 mini spray-dryer equipped with 
the two-fluid nozzles and compressed air (Büchi 
Labortechnik AG, Flawil, Switzerland). The dryer was 
set at a flow rate of 900 m3/min air, a dryer aspirator 
rate of 100%, and a pump rate of 10%. The outlet air 
temperatures used ranged from 85–95°C, with a feed 
flow rate of 5 mL/min. Spray-drying was carried out 
according to the parameters in Table 1, as gener-
ated from the response surface methodology (RSM). 
Spray-dried ‘cempedak’ fruit powders were collected 
from the product vessel.

Analysis of spray-dried ‘cempedak’ powder
Density and porosity. The determination of the bulk 
density of ‘cempedak’ powder was carried out in ac-
cordance with Caliskan and Dirim (2013), where the 
powder (5 g) was placed into a 20 mL graduated meas-
uring cylinder, where the volume was taken and the 
bulk density calculated as below:

Bulk density (ρBulk), kg/m3 = powder mass (1)volume of powder

In measuring the tapped density (ρTapped) of 
‘cempedak’ fruit powders, the cylinder was tapped 
120 times, and the volume of the powder was taken 
(Caliskan and Dirim, 2016).

Tap density (ρTapped) = mass of powder (2)final tapped volume

The true density of the ‘cempedak’ fruit pow-
der was determined by employing a gas pycnometer 
(Accu Pyc II 1340, Micromeritics, Norcross, Georgia, 
USA) according to the method described by Ng et al. 
(2012). The ‘cempedak’ fruit powder (approximately 
0.5 g) was placed in the sample chamber (1 cm3) and 
the weight recorded. The sample was then placed in 
a sealed compartment where helium gas released. The 
gas displacement density was then measured. 

The porosity of the ‘cempedak’ fruit powder was 
calculated following equation 3 below (Bhusari et al., 
2014).

Table 1. Experimental conditions for optimizing the spray- 
-drying of enzyme-treated ‘cempedak’ juice using response 
surface methodology

Standard Run Block

Inlet air 
temperature

(x1)
°C

Maltodextrin 
concentration

(x2)
% w/w

2 1 1 180 (+1) 5.0 (–1)

3 2 1 140 (–1) 15.0 (+1)

6 3 1 160 (0) 10.0 (0)

4 4 1 180 (+1) 15.0 (+1)

5 5 1 160 (0) 10.0 (0)

1 6 1 140 (–1) 5.0 (–1)

7 7 1 160 (0) 10.0 (0)

10 8 2 160 (0) 2.9 (–1.41)

8 9 2 132 (–1.41) 10.0 (0)

12 10 2 160 (0) 10.0 (0)

11 11 2 160 (0) 17.1 (+1.41)

14 12 2 160 (0) 10.0 (0)

9 13 2 188 (+1.41) 10.0 (0)

13 14 2 160 (0) 10.0 (0)
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Porosity, % = 100 – bulk density (3)true density

Hausner Ratio and Carr’s Index. Cohesiveness was 
determined using the Hausner Ratio (HR), while the 
flowability of the ’cempedak’ fruit powder was meas-
ured using the Carr’s Index (CI) (Caliskan and Dirim, 
2016). Both HR and CI were calculated using equa-
tions 4 and 5 shown below. 

Hausner Ratio (HR) = ρTapped (4)ρBulk

Carr’s Index (CI) = 100 × ρTapped – ρBulk (5)ρTapped

where:
ρTapped – the tapped density,
ρBulk – the bulk density.
The HR defines the powder cohesiveness, while the 

Carr’s Index indicates the degree of powder flowability. 

Flow properties of ‘cempedak’ fruit powder. The 
flow properties of ‘cempedak’ fruit powder were de-
termined using a powder rheometer, TA.HD Plus Tex-
ture Analyzer equipped with Exponent 32 Software 
(Stable Micro Systems, Godalming, UK). The caking 
test, cohesion test and powder flow speed dependency 
test (PFSD) were performed according to the method 
by Janjatović et al. (2012).

To determine the caking properties, the test began 
with two conditioning cycles after the ‘cempedak’ 
powder was poured into the column, where the blade 
moved to the top of powder column to measure its 
height, followed by moving down through the height 
of the column and then moved up and down again 
at 20 mm/s, to compact the powder to 200 g force. 
The blade then sliced through the powder at 10 mm/s 
5 times. During the fifth time, the measurement of 
the force required was recorded as the cake strength 
(g∙mm). The change in cake height ratio (cake height/ 
initial column height) was recorded.

The cohesion properties of the ‘cempedak’ fruit 
powder started with a fixed sample volume (40 mL) 
weighed and poured into the powder column. The 
rotating blade moved downwards and, after two cy-
cles, the cohesion property was recorded, while the 
cohesion index was calculated. Based on the cohesion 

index, the powders can be categorized with values 
less than 11 considered to be free flowing, 11–14 easy 
flowing, 14–16 cohesive, 16–19 very cohesive and 
values of more than 19 hardened and extremely cohe-
sive (Benković and Bauman, 2009).

The powder flow speed dependency (PFSD), on the 
other hand, started with two conditioning cycles be-
fore a cycles were run at 10 mm/s, 20 mm/s, 50 mm/s, 
100 mm/s and two final cycles at 10 mm/s. The flow 
stability index was then calculated.

Particle size. The particle size distribution of the 
‘cempedak’ fruit powder was determined using a laser 
light diffraction instrument (Mastersizer 2000, model 
Hydro 2000MU, Malvern Instruments, Malvern, UK). 
The particle size distribution was monitored using the 
properties parameter (D 0.5).

Surface morphology. The surface morphology of the 
‘cempedak’ fruit powder was determined using a scan-
ning electron microscopy (SEM) (Leo 1455 Variable 
Pressure SEM, Carl Zeiss, Germany). The ‘cempedak’ 
fruit powders were attached using a two-sided carbon-
conducting tape and coated with gold (sputter coater, 
Bal-tec SCD 005, Japan) under vacuum (Tonon et al., 
2008). Scanning electron micrographs were obtained 
(5 kV, digital images of 2000× magnifications). 

Water solubility index (WSI) of spray-dried ‘cem-
pedak’ fruit powder. The water solubility index (WSI) 
of the spray-dried ‘cempedak’ fruit powder was evalu-
ated using the method by Grabowski et al. (2006) with 
slight modifications. The ‘cempedak’ powder (1 g) 
was added to 10 mL of water and mixed vigorously 
using a vortex for 30 s in a 15 mL centrifuge tube. 

Subsequently, the powder suspension was sub-
jected to incubation (37°C, 30 min) followed by 
centrifugation (Beckman J2-21M/E, Beckman Coul-
ter, Inc., California, USA) at 3000 rpm for 10 min 
at room temperature. The supernatant was collected, 
placed in a small aluminum tray and dried overnight 
in an oven (UFB 500, Memmert GmbH & Co. KG, 
Schwabach, Germany) at 105°C. The dried mate-
rial was then weighed, and WSI was expressed as 
the percentage of the total dry solids over the origi-
nal weight of ‘cempedak’ fruit powder used in the 
analysis. 
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The calculation of WSI was shown in the equation 
below.

WSI = weight of residue  × 100% (6)weight of ‘cempedak’ fruit powder

Reconstitution of ‘cempedak’ fruit powder. To re-
constitute the ‘cempedak’ fruit back to the same sol-
ids content as the filtered ‘cempedak’ juice (filtered 
enzyme-liquefied puree; 10%), the powder (2.5 g) was 
mixed with 25 g of water and vortexed at the highest 
speed for 2 min (Grabowski et al., 2008).

Color of reconstituted powder. The color of the re-
constituted ‘cempedak’ fruit powder was evaluated us-
ing a Hunter Lab Ultra-Scan ColorFlez Colorimeter 
(Hunter Associate Laboratory Inc., Reston, USA). The 
total color change (∆E) was calculated according to 
equation 8 (Pua et al., 2008).

 ∆E = √(L – Lo)2 + (a – ao)2 + (b – bo)2 (7)

The viscosity of reconstituted powder. The viscos-
ity of the reconstituted ‘cempedak’ fruit powder was 
measured using a Brookfield viscometer (DV-II + Pro, 
Brookfield Viscometer Ltd., Harlow, UK) equipped 
with RheocalcT 3 software, with a small sample adap-
tor spindle (SSA). Approximately 15 mL of the recon-
stituted powder was required to fill the sample cup. 
The spindle was then lowered to the sample cup to 
start the analysis at 20 rpm rotational speed. The vis-
cosity reading was recorded 3 times in 1 minute via 
Rheocalc software once the analysis had started, and 
the viscosity value expressed in centipoise, cP.

Experimental design and statistical analysis
Design Expert 10 software (Stat-Ease, USA) was ap-
plied to conduct a response surface analysis where 
two factors: inlet air temperature ranging from 
140–180°C and maltodextrin concentration from 
5.0–15.0% were optimized. With the central com-
posite design of response surface methodology, there 
are ±1.41 as additional points, together with central 
points and two axial points, giving a total of 14 com-
binations (Table 1). In addition, the design is con-
ducted in 2 blocks, due to experiments performed on 
different days.  

The data obtained was expressed using the polyno-
mial equation (8) (Bakar et al., 2013).

 y = b0 + b1x1 + b2x2 + b11x
2
1 + b22x

2
2 + b12x1x2  (8)

where
b0 – constant,
b1, b2 – linear coefficients,
b12 – cross-product coefficients,
b11, b22 – quadratic coefficients.
Design Expert 10 software was then applied to de-

termine the analysis of variance (ANOVA), test for the 
lack of fit, determine the regression coefficients and 
generate the contour plot for significant variables in 
each response. In order to determine the optimal inlet 
temperatures and maltodextrin, the criteria for desir-
able responses was set to be maximized or minimized 
at different importance levels. From the optimal point 
generated through the software, the experiments were 
carried out to validate the optimized value.

RESULTS AND DISCUSSION

Table 2 describes the experimental responses of spray-
dried ‘cempedak’ fruit powder, while Table 3 portrays 
the regression model for the powder flow properties 
and solubility of spray-dried ‘cempedak’ fruit pow-
der. Table 4, on the other hand, shows the estimated 
regression coefficients, corresponding determination 
coefficients (R2), R2 (adj.), F-value and p-value of lack 
of fit. The R2 values obtained (>0.8) for the response 
variables that are significant indicate that the response 
surface models were able to explain the response vari-
ations (de Oliveira et al., 2009). For this study, the re-
sponses that are of low R2 (adj.) values were excluded 
from the optimization process (change in color of re-
constituted powder R2 adj. = 0.45). 

The regression models are considered to be accu-
rate in describing the variation of the responses, sup-
ported by the lack of fit (Table 3). Generally, the linear 
effect of inlet air temperature and maltodextrin was 
significant for all responses (Table 4). The quadratic ef-
fects of inlet air temperature and maltodextrin concen-
tration were found to be nonsignificant (p > 0.05) for 
all response regressions except for the water solubility 
index, while the interaction effects of inlet air tempera-
ture and maltodextrin concentration were significant 
(p ≤ 0.05) for changes in cake height ratio (Table 4). 
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Table 2a. Experimental responses of spray-dried ‘cempedak’ fruit powder

Run
Bulk density

(Y1)
kg/m3

Porosity
(Y2)

Hausner ratio
(Y3)

Carr’s index
(Y4)
%

Change in cake 
height ratio 

(Y5)

Cohesion index
(Y6)
mm

Flow stabil-
ity index

(Y7)

Particle size
(Y8)
µm

1 486 0.71 1.67 40.29 0.01 10.6 0.89 266.24

2 441 0.72 1.89 47.09 0.26 11.1 0.86 183.77

3 481 0.73 1.53 34.74 0.23 10.6 0.94 118.10

4 387 0.72 1.80 44.37 0.13 12.1 0.94 162.19

5 457 0.71 1.78 43.94 0.17 11.4 0.93 268.72

6 530 0.70 1.58 36.67 0.42 11.1 0.95 246.62

7 481 0.68 1.47 32.13 0.24 11.4 0.97 218.38

8 500 0.65 1.45 31.19 0.28 12.3 1.07 198.44

9 510 0.76 1.47 32.09 0.34 12.9 0.97 183.93

10 446 0.66 1.58 36.62 0.15 12.2 0.94 198.03

11 397 0.74 1.82 45.15 0.01 12.3 0.94 162.73

12 446 0.66 1.50 33.26 0.17 12.2 0.95 191.76

13 447 0.67 1.35 25.70 0.01 12.2 0.88 204.60

14 490 0.65 1.52 34.31 0.20 10.1 0.95 211.14

Table 2b. Experimental responses of solubility of spray-dried ‘cempedak’ fruit powder and properties of reconstituted 
‘cempedak’ fruit powder

Run Water solubility index
(Y9)

Total color difference between lique-
fied juice and reconstituted powder – 

∆E (Y10)

Viscosity reconstituted powder
(Y11)
cP

1 83.05 5.79 4.58

2 82.08 3.17 3.90

3 87.18 3.09 4.11

4 90.21 3.30 5.64

5 86.63 3.80 5.30

6 74.02 4.18 4.24

7 85.46 3.32 3.55

8 81.45 2.90 4.23

9 81.38 4.01 4.50

10 88.10 3.42 4.80

11 89.17 2.68 3.85

12 86.10 3.53 4.92

13 89.36 7.00 5.67

14 86.34 3.38 3.80
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Influence of independent variables  
on density and porosity  
of spray-dried ‘cempedak’ fruit powder
The bulk density (Y1) of the ‘cempedak’ fruit powder 
ranged from 397 to 530 kg m–3 (Table 2). Both the lin-
ear effects of inlet air temperature and maltodextrin 
concentration significantly (p ≤ 0.05) affected the bulk 
density of the ‘cempedak’ fruit powder. The effects of 
inlet air temperature and maltodextrin concentration 
on the bulk density of the spray-dried ‘cempedak’ fruit 
powder are illustrated in Figure 1. 

Inlet air temperature correlated negatively with the 
bulk density of spray-dried ‘cempedak’ fruit powder, 
indicated that the powder can be packed in a small-
er volume, thus it reduced the cost of transportation 
(Caliskan and Dirim, 2013). An increase in the inlet 
air temperature often resulted in a rapid formation 
of a dried layer on the droplet surface. This, in turn, 
causes the skinning over or casehardening of the drop-
lets. Maltodextrin concentration had a more signifi-
cant effect, negatively affecting the bulk density of the 
‘cempedak’ fruit powder compared to inlet tempera-
ture (Table 4). The addition of maltodextrin lead to an 
increased volume of air trapped in the particles (Goula 
and Adamopoulos, 2008), thus increasing the bulk 
density of the powder and the space needed for pack-
ing (Caliskan and Dirim, 2013). On the other hand, 
inlet air temperature and maltodextrin concentration 
also do not have a significant effect (p > 0.05) on the 
porosity (Y2) of spray-dried ‘cempedak’ fruit powder.

Table 3. Regression model for powder flow properties and 
solubility of spray-dried ‘cempedak’ fruit powder

Regression 
coefficient

Bulk 
density

(Y1)
kg/m3

Change in 
cake height 

ratio
(Y5)

Water 
solubility 

index
(Y9)

b0 464.28 0.19 86.84

b1 –23.38 –0.13 3.56

b2 –41.87 –0.052 3.27

b1
2 – – –1.38

b2
2 – – –1.41

b12 – 0.068 –0.22

R2 0.86 0.86 0.93

R2 (adj.) 0.83 0.85 0.88

Regression p-value <0.0001 0.0001 0.0007

Linear <0.0001 0.004 0.0002

Square 0.2595 0.7990 0.0331

Interaction 0.7939 0.0224 0.8415

Lack of fit F-value 0.56 2.78 4.18

Lack of fit p-value 0.7486 0.1715 0.1003

b0 – constant term, b1 – linear coefficient of inlet air tempera-
ture, b2 – linear coefficient of maltodextrin concentration, b1

2 – 
quadratic coefficient of inlet air temperature, b2

2 – quadratic 
temperature of maltodextrin concentration, b12 – interaction ef-
fect of inlet air temperature (maltodextrin).

Table 4. The significance probability (p-value and F-ratio) of regression coefficients in the polynomial response surface 
models

Independent variables
Linear effects Quadratic effects Interaction 

effects

x1 x2 x1
2 x2

2 x12

Bulk density (Y1), kg/m3 p-value 0.0036 <0.0001 – – –

Change in cake height ratio (Y5) p-value <0.0001 0.0159 0.224 – –

Water solubility index (Y9) p-value 0.0003 0.005 0.0431 0.0398 0.7763

x1, x2 – the linear effect of inlet air temperature, °C, and maltodextrin concentration, % w/w, respectively.
x1

2, x2
2 – the quadratic effect of inlet air temperature, °C, and maltodextrin concentration, % w/w, respectively.

x12 – the interaction effect of inlet air temperature, °C, and maltodextrin concentration, % w/w.
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Influence of independent variables  
on powder flow, caking and cohesion  
of spray-dried ‘cempedak’ fruit powder
From Table 3, it can be seen that inlet air temperature 
and maltodextrin concentration do not have a signifi-
cant effect on the Carr’s Index (Y3) or Hausner Ratio 
(Y4) of ‘cempedak’ fruit powder, ranging from 1.35–
1.89 and 25.70–47.09, respectively. These results 
indicate that the ‘cempedak’ fruit powder has a high 
cohesiveness (high Carr’s Index), while the powder 
flowability ranges from fair to very bad flow (high 
Hausner Ratio). 

Caking occurs when the food powder, which is in 
an amorphous condition, transitions into a sticky ma-
terial under conditions that result in a powder that los-
es its functionality and has a lower quality (Aguilera et 
al., 1995; Benković et al., 2013). Caking strength can 
be used to evaluate the potential of different samples 
to form a cake. It is defined as the forces required to 
cut through the cake formed (Shah et al., 2008). 

As shown in Tables 3 and 4, the linear effects of 
inlet air temperature and maltodextrin concentration, 
and the quadratic effects of inlet air temperature have 
a significant effect (p ≤ 0.05) on change in cake height 

ratio (Y9). The effects of inlet air temperature and 
maltodextrin concentration on change in cake height 
ratio are shown in Figure 2. Inlet air temperature has 
a high negative correlation with the change in the cake 
height ratio of ‘cempedak’ fruit powder (Table 3). 
A decreasing change in the cake height ratio indicates 
that it is less susceptible to caking (Janjatović et al., 
2012). The lower moisture content at higher maltodex-
trin concentrations can also be the main reason which 
affects the change in cake height ratio between the first 
and the last caking cycle. Maltodextrin concentration 
also has a negative effect on the change in the cake 
height ratio of ‘cempedak’ fruit powder (Table 3). 
This decrease in powder caking as the maltodextrin 
increases is attributed to an increase in the glass transi-
tion temperature (Tg) with the addition of maltodextrin 
(Shavakhi et al., 2012). 

Powders can be classified into non-cohesive and 
cohesive, being referred to as powder flowability 
(Janjatović et al., 2012). The effects of both inlet air 
temperature and maltodextrin concentration on ‘cem-
pedak’ fruit powder’s cohesion index (Y6), and flow 
stability (Y7) of spray-dried ‘cempedak’ fruit powder 
were nonsignificant (p > 0.05). The cohesion index of 

Fig. 1. Response surface plot for effects of inlet air temperature and maltodextrin 
concentration on the bulk density (Y1) of spray-dried ‘cempedak’ fruit powder, kg/m3:  
IT – inlet air temperature, MD – maltodextrin concentration
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the ‘cempedak’ fruit powder obtained in this study had 
a range of 10.1–12.9, indicating that the powder is in 
a free-flowing state (Benković and Bauman, 2009).

Influence of independent variables  
on the particle size  
of spray-dried ‘cempedak’ fruit powder
A particle size larger than 200 µm is defined as free 
flowing, while finer powders are prone to being cohe-
sive and reduced in flowability (Benković and Bau-
man, 2009). From Table 2, the particle size (Y8) of the 
‘cempedak’ fruit powder ranged from 118.1–268.72 
µm. However, the inlet air temperature and maltodex-
trin concentration had no significant effect on the par-
ticle size of the powder. This is in agreement with the 
work of Bednarska et al. (2020) on the spray-drying of 
chokeberry juice powder.

Influence of independent variables  
on the surface morphology  
of spray-dried ‘cempedak’ fruit powder
Morphological images of ‘cempedak’ fruit pow-
der produced at different inlet air temperatures and 

maltodextrin concentrations, captured using a scanning 
electron microscope, are shown in Figure 4. It can be ob-
served that the ‘cempedak’ juice spray-dried at inlet air 
temperatures that are lower (132–160°C) had smoother 
surfaces compared to the wrinkled and shriveled sur-
faces that can be observed on the surface of ‘cempedak’ 
fruit powder spray-dried at 188°C. Higher shrinkage 
at higher spray-drying temperatures may be due to the 
transportation of moisture during the falling rate period 
(Walton, 2000). 

The increase in maltodextrin concentration pro-
duces powder with a smoother surface. With the ad-
dition of less maltodextrin (2.9% w/w), the powder 
had a shriveled surface. On the other hand, more 
maltodextrin (17% w/w) incorporated into the spray-
drying feed produced powder with a smooth surface 
and round particles. Bednarska et al. (2020) observed 
that most of the spray-dried chokeberry powder had 
a creased and spherical shape. Ferrari et al. (2012) also 
found that maltodextrin addition leads to the produc-
tion of blackberry powder with a smoother surface. 
Maltodextrin contains sugars with a low molecular 
weight, which function as plasticizers and prevent the 

Fig. 2. Response surface plot for effects of inlet air temperature and maltodextrin 
concentration on the change in cake height ratio (Y9) of spray-dried ‘cempedak’ fruit 
powder: IT – inlet air temperature, MD – maltodextrin concentration
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shrinkage of the powder surface. This leads to the for-
mation of smooth particles (Loksuwan, 2007).

Influence of independent variables  
on water solubility index of reconstituted  
spray-dried ‘cempedak’ fruit powder
Food powders with good solubility are a must for them 
to be applied to a product or consumed (Caliskan and 
Dirim, 2013; Chen and Patel, 2008). In Table 2, the 
water solubility index of the ‘cempedak’ fruit powder 
(Y15) ranges from 74.02–90.21. The independent vari-
ables (inlet air temperature) and their interactions (lin-
ear, quadratic and interaction) show a significant effect 
(p ≤ 0.05) on the water solubility index of ‘cempedak’ 
fruit powders (Table 2), with inlet air temperature hav-
ing a higher F-ratio value (Table 4), indicating that the 
drying temperature is more dominant in its effect on 
powder solubility. 

The linear effect of inlet air temperature had the 
highest positive correlative effect on the water solu-
bility index of spray-dried ‘cempedak’ fruit powder 
(Table 3 and Fig. 4). The powder produced at a low 
inlet air temperature had a higher moisture content and 
a higher tendency towards agglomeration, helping to 
increase the reconstitution of the powders (Quek et 
al., 2007). Higher spray-drying temperatures tend to 
reduce powder moisture content, making the powder 
more soluble (Bakar et al., 2013). The water solubil-
ity index was also positively affected by maltodextrin 
concentration (Table 3). The addition of maltodextrins 
improved the solubility of powder as maltodextrin has 
good water solubility (Pinthong et al., 2019). In addi-
tion, higher maltodextrin may also be due to the less 
insoluble and smaller lumps in the powder, which in-
crease the powder’s water solubility index (Abadio et 
al., 2004; Jaya and Das, 2005).

Fig. 3. Morphological images of ‘cempedak’ fruit powder produced at different inlet air temperatures (a) and with different 
maltodextrin concentrations (b) (2000× magnification)

(a) Different inlet temperatures

 132°C, 10% (w/w) maltodextrin 160°C, 10% (w/w) maltodextrin 188°C, 10% (w/w) maltodextrin

(b) Different maltodextrin concentrations

 2.9% (w/w) maltodextrin, 160°C 10% (w/w) maltodextrin, 160°C 17% (w/w) maltodextrin
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Influence of independent variables  
on the color and viscosity of reconstituted  
spray-dried ‘cempedak’ fruit powder
Both inlet air temperature and maltodextrin concen-
tration (Table 2) had no significant effect (p > 0.05) 
on the color change between juice (spray-dryer feed) 
and reconstituted powder (Y20), and the viscosity of 
reconstituted spray-dried ‘cempedak’ fruit powder 
(Y21). The carotenoids, as the main group of pigments 
responsible for the red and yellow color of the prod-
uct, were encapsulated (Kha et al., 2010). The total 
color change obtained in this study was too small to be 

detected visually, except for in the powder spray-dried 
at 180°C (Obón et al., 2009). Martínez-Navarrete et 
al. (2018) reported that grapefruit juice reconstituted 
from spray-dried powder has color changes due to heat 
during the spray-drying process. 

Optimization of independent variables 
and verification of the final models
In relation to the powder flow and solubility properties 
of the powder, the goal was to set (minimum or maxi-
mum) the properties of the developed product (spray-
dried ‘cempedak’ fruit powder), as shown in Table 5. 

Fig. 4. Response surface plot for effects of inlet air temperature and maltodextrin 
concentration on the water solubility index (Y15) of spray-dried ‘cempedak’ fruit 
powder: IT – inlet air temperature, MD – maltodextrin concentration

Table 5. Criteria and outputs of the numerical optimization of the responses for ‘cempedak’ fruit powder processing

Responses Goal Lower limit Upper limit Importance

Inlet air temperature, °C is in range 140 180 3

Maltodextrin concentration, % w/w is in range 5 15 3

Bulk density (Y1), kg/m3 minimize 387.1 530.2 2

Change in cake height ratio (Y5) minimize 0.005 0.417 5

Water solubility index (Y9) maximize 74.02 90.21 5
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The results indicate that ‘cempedak’ juice spray-dried 
at 160°C with the addition of maltodextrin (1.5% 
w/w) is the optimum parameter (Fig. 5), where the 
experimental values were found to be close to those 
predicted, in which there was no significant difference 
found (p > 0.05) in the aspects of bulk density, caking 
(change in cake height ratio) and water solubility in-
dex. Table 6 shows that most of the predicted respons-
es were close to the experimental values.

CONCLUSION

Response surface methodology (RSM) using central 
composite design (CCD) were used to study the effects 
of inlet air temperature (140–180°C) and maltodextrin 
(DE 10) concentrations (5–15% w/w) on the pow-
der flow and reconstitution properties of spray-dried 
‘cempedak’ fruit powder. All the response variables – 
bulk density, caking (change in cake height ratio), and 
water solubility index (R2 > 0.80) – were significantly 
matched to the response surface models, with predict-
ed values that are similar to the experimental values. 
Response variables were most influenced by the lin-
ear term of inlet air temperature, followed by a linear 
term of maltodextrin concentration. The optimum pa-
rameters for the production of spray-dried ‘cempedak’ 
were an inlet air temperature of 160°C and maltodex-
trin DE10 at a concentration of 15% (w/w).
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