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Abstract
‘Cempedak’ (Artocarpus integer) is an aromatic fruit that looks similar to jackfruit. Response surface methodology was 
used to optimize the spray-drying process to produce ‘cempedak’ fruit powder, with inlet air temperature (140–180 °C) and 
maltodextrin (DE 10) concentrations (5–15% w/w) as independent variables. Statistical analysis revealed that these vari-
ables significantly affected process yield, moisture content, water activity, hygroscopicity, L* value of powder and carot-
enoid content. Inlet air temperature had a negative correlation with all significant variables. At the same time, maltodextrin 
concentration was found to be positively correlated with all significant powder variables except process yield and moisture 
content. The recommended optimum spray-drying conditions for drying ‘cempedak’ juice were inlet air temperature and 
maltodextrin concentration of 160 °C and 15% (w/w), respectively. Under optimized spray-drying conditions, the yield of 
‘cempedak’ powder was 60.5%, with moisture content, water activity, hygroscopicity and carotenoid content of 6.07%, 0.22, 
25.8 g/100 g and 1.00 mg/g, respectively.

Keywords  Spray-drying · ‘Cempedak’ powder · Inlet air temperature · Maltodextrin concentration · Response surface 
methodology · Properties

Introduction

‘Cempedak’ (Artocarpus integer) is a seasonal fruit with 
reduced availability throughout the year. Because of its 
attractive aroma and nutritional value, it is beneficial to pro-
duce value-added products from the fruit [1]. It was reported 
that all five ‘cempedak’ varieties studied have a high con-
tent of α-carotene (2.30–45.27 μg/100 gFW), followed by 
β-carotene (2.30–12.23 μg/100 gFW), in which CH28 hav-
ing the highest content [2].

Total carbohydrates (fresh cut) for ripe ‘cempedak’ 
was 16.2%—28.3 g/100 g, which was comparable to the 
25.8 g/100 g reported by Janick and Paull [3] and Subhad-
rabandhu [4]. Potassium was the prevalent mineral found in 
‘cempedak’ fruit (184–434 mg). This is followed by Cal-
cium (40 mg) and Sodium (25 mg). Phosphorus and Ferum 
were the minor elements in with a concentration that is less 
than 10 mg/100 g. It is also noted that ‘cempedak’ contains 
65–80 μg of carotene and 13.3–17.7 mg of vitamin C. The 
‘cempedak’ fruit can be consumed either ripe or unripe. 
The flesh can either be consumed fresh, processed into a 
refreshing juice or creamed to make jams and cakes. Unripe 
‘cempedak’ is eaten along with vegetables, or in soup or 

 *	 L. P. Pui 
	 puilp@ucsiuniversity.edu.my

 *	 H. M. Ghazali 
	 hasanah@upm.edu.my

1	 Department of Food Science, Faculty of Applied Sciences, 
UCSI University, 56000 Kuala Lumpur, Malaysia

2	 Department of Food Technology, Faculty of Food Science 
and Technology, Universiti Putra Malaysia, 43400 Serdang, 
Selangor, Malaysia

3	 Department of Process and Food Engineering, Faculty 
of Engineering, Universiti Putra Malaysia, 43400 Serdang, 
Selangor, Malaysia

4	 Laboratory of Halal Services, Halal Products Research 
Institute, Universiti Putra Malaysia, 43400 Serdang, 
Selangor, Malaysia

5	 Department of Biotechnology, Faculty of Applied Sciences, 
UCSI University, 56000 Kuala Lumpur, Malaysia

6	 Department of Food Science, Faculty of Food Science 
and Technology, Universiti Putra Malaysia, 43400 Serdang, 
Selangor, Malaysia

http://orcid.org/0000-0001-5305-4334
http://orcid.org/0000-0003-0105-6666
http://orcid.org/0000-0003-3298-940X
http://orcid.org/0000-0003-0469-2887
http://orcid.org/0000-0003-2086-4829
http://crossmark.crossref.org/dialog/?doi=10.1007/s11694-020-00565-3&domain=pdf


3239Optimization of spray-drying parameters for the production of ‘Cempedak’ (Artocarpus…

1 3

cooked in coconut milk [3, 4]. The ripe and unripe flesh is 
salted in Malaysia and used as a pickle called jerami. The 
‘cempedak’ fruit is can be preserved in syrup [1]. According 
to Lim [1], ‘cempedak’ are being fried whereby the perianth 
balls are coated with flour and deep fried to make into frit-
ters for consumption as dessert or snacks. The perianths are 
also candied or made into chips by sun-drying [5]. A few 
recipes to produce ‘cempedak’ pudding, bread and pie has 
been introduced by DOA [6].

Spray-drying can be applied to convert the ‘cempedak’ 
pulp into a powder that would have a longer shelf-life. It is 
envisaged that the use of ‘cempedak’ fruit powder in various 
food products will increase their economic value. Spray-
drying is commonly adapted for dehydration of products that 
are sensitive to heat, resulting in powders with good phys-
icochemical qualities. Besides that, fruit powders are stable 
with lower water activity, and reduced weight makes it easier 
to transport and store [7]. The spray-drying method has been 
widely applied in the production of many fruit powders such 
as mango, watermelon and acai [7–9].

Response surface methodology (RSM) is defined as 
an empirical modeling technique commonly used, as it is 
viewed as comprehensive, simple and highly efficient [10]. 
Mathematical and statistical methods were applied in RSM 
to determine the relationship between factors to achieve 
the optimum conditions for all significant responses [11]. 
Besides, RSM also reduced the number of experiments 
needed [12].

The physicochemical properties of food powders were 
reported to be influenced by the spray-drying parameters 
[9, 13, 14]. The application of RSM in finding the optimum 
spray-drying parameters of spray-dried fruits such as acai, 
pomegranate and acelora were reported [7, 15, 16]. In the 
spray-drying of acai juice, the effects of inlet air temperature 
and feed flow rate as spray dryer process parameter and also 
carrier concentration (maltodextrin) on process yield and 
outlet air temperature; physical and chemical properties of 
powder namely moisture content, hygroscopicity and antho-
cyanin retention of acai powder were determined [1]. They 
concluded that process yield was positively affected by inlet 
temperature while negatively influenced by maltodextrin. 
On the other hand, powder hygroscopicity decreased with 
decrease inlet temperature and an increase in maltodextrin 
concentration. The effect of inlet temperature and malto-
dextrin concentration on the physical properties of powder 
were assessed in the spray-drying of pineapple, Solanum 
lasiocarpum and papaya juice [17–19].

The effect of inlet temperature, drying aid/acerola, per-
cent replace of maltodextrin by crystalline cellulose on the 
moisture content, and hygroscopicity of acelora powder 
showed that higher inlet temperature decreases the mois-
ture content and hygroscopicity of the powders. In contrast, 
the carrier decreases the hygroscopicity of powder produced 

[16]. RSM has also been used to determine the effect of 
Celluclast® 1.5 L concentration, maltodextrin concentration 
and spray-dryer inlet air temperature on the process yield 
and physical properties of pumpkin powder [20], in which 
process yield increases the process yield and reduces its 
stickiness with the increase in maltodextrin concentration.

With the addition of carriers such as maltodextrin, the 
stickiness issue that is caused by compounds such as sugar, 
gums (hydrocolloids) and carbohydrates can be resolved 
[9, 14]. Maltodextrin is widely used in the production of 
fruit powders and is also reasonably cheap [21]. Maltodex-
trin functions as an encapsulator, which helps to prevent 
any undesirable effects such as loss of flavor, degradation 
of color and separation of ingredients. With maltodextrin 
addition in the spray-drying process, the powder produced 
have better powder yield. In addition, maltodextrin which 
functions as wall material, when added into the spray-drying 
feed, it envelopes the juices, encapsulating the sugar com-
ponents, which tends to be sticky. This in turn, produces 
powder that is more free-flowing and good powder proper-
ties [22].

To date, although there are ‘cempedak’ chips, cakes and 
other ‘cempedak’-based dessert, its fruit powder has not 
been produced commercially; therefore, the present research 
aims to develop a more versatile and stable product: ‘cem-
pedak’ fruit powder, by investigating the effects of spray-
dryer inlet air temperature and maltodextrin concentration 
on ‘cempedak’ fruit powder properties using ‘cempedak’ 
fruit puree treated with 1.2% (v/w) Celluclast® 1.5 L as the 
spray-drying feed. Response surface analysis was utilized 
in the determination of model for estimation of the physical 
properties of ‘cempedak’ fruit powder, in which the desired 
product should be of good yield with moisture content, water 
activity and hygroscopicity of the fruit powder, with good 
retention of its color and carotenoid content.

Materials and methods

Raw materials

‘Cempedak’ (Artocarpus integer) variety used in this study, 
CH28, was procured from the Department of Agriculture, 
Serdang, Selangor, Malaysia. Maltodextrin 10 DE was 
supplied by Bronson and Jacobs Ptd. Ltd. (Kuala Lumpur, 
Malaysia). Celluclast® 1.5 L (the cellulolytic enzyme used 
for enzyme-aided production of ‘cempedak’ juice) was pur-
chased from Novozymes, Denmark.

Preparation of the spray‑dryer feed

‘Cempedak’ fruit (syncarp) was slit into half, and fruit bulbs 
that comprised the pulp (aril) and seed were removed from 
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the central core. Fruit pulp was separated from seed before it 
was vacuum packed in transparent polyethylene plastic bags 
(200 g of pulp per packet) and stored in the dark at − 20 °C. 
Before experiments, the ‘cempedak’ pulp was thawed at 
room temperature and cut into smaller pieces, and then 
homogenized into a puree at low speed using a commercial 
blender. To prepare ‘cempedak’ juice, the ‘cempedak’ puree 
(100 g) was mixed with distilled water at 1:2 puree: water 
ratio and incubated with 1.2% (v/w) Celluclast® 1.5 L for 
1 h at 45 °C and 100 rpm in a shaking water bath (WNB 14, 
Memmert GmbH & Co. KG., Schwabach, Germany). After 
incubation, the end product (liquefied ‘cempedak’ puree) 
was immediately subjected to pasteurization at 90 °C for 
5 min (in a water bath) to inactivate the added enzyme and 
endogenous enzymes, and microorganisms that might be 
present [23].

Spray‑drying process

To prepare the feed for spray-drying, the liquefied ‘cem-
pedak’ puree, which went through filtration via muslin cloth, 
was added with maltodextrin DE 10 (2.9–17.1% w/w). The 
total soluble solids of the feed before spray-drying was 10% 
wet basis. The mixture was then homogenized using a lab 
homogenizer (T25, IKA-Werke Gmbh & Co., Staufen, Ger-
many) at 9500 rpm [24], before left at room temperature for 
30 min. The maltodextrin-containing feed was spray-dried 
in a Büchi B-290 mini spray-dryer equipped with the two-
fluid nozzles and compressed air (Büchi Labortechnik AG, 
Flawil, Switzerland). The dryer was operated at a flow rate 
of 900 m3/min air, while the dryer aspirator rate and pump 
rate were kept constant at 100 and 10%, respectively. The 
outlet air temperatures used ranged from 85–95 °C, with a 
feed flow rate of 5 mL/min. Spray-drying was performed in 
an experimental design generated from RSM (Table 1). Dur-
ing the spray drying process, the feed mixture was constantly 
stirred. Spray-dried ‘cempedak’ fruit powders were collected 
from the product vessel. It is then vacuum packed and stored 
in the dark condition at − 20 °C until further analysis.

Analysis of spray‑dried ‘cempedak’ fruit powder

Process yield

Product recovery, expressed as process yield, is defined 
as the ratio of powder mass to the mass of total solids in 
feed mixture [25–27]. Only the powder collected from the 
product vessel was used to calculate the product yield and 
excluded powder that adhered to the drying chamber or 
cyclone wall [13]. This is because powder accumulated 
in the chamber wall have different properties due to the 
intense heat exposure during the drying process, rendering 

them useless to be considered as a product [28]. The pro-
cess yield of ‘cempedak’ fruit powder was calculated 
based on the formula below (Eq. 1):

Moisture content and water activity

The moisture content of the spray-dried ‘cempedak’ fruit 
powders was analyzed according to AOAC2000 [29]. The 
aw of the spray-dried ‘cempedak’ fruit powders was meas-
ured using a water activity meter (PRE 00207, AquaLab 
Pre, Decagon Devices, Inc., Pullman, USA).

Color (L*, a*, b*)

A HunterLab Ultra-Scan Color Flez spectrophotometer 
(Hunter Associate Laboratory Inc., Reston, USA) was 
employed to determine the color of ‘cempedak’ fruit pow-
der [18]. The instrument was calibrated using a white tile 
and black tile, before filling the sample cup with ‘cem-
pedak’ powder. After covering the sample cup with a 
black color cover cup, the color analysis was conducted at 
room temperature, and its readings were expressed in L* 
(lightness–darkness), a* (greenness–redness) and b* value 
(blueness–yellowness).

(1)

Process yield (%) =
Weight of �Cempedak� powder

Total solid in feed mixture
× 100%

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

Standard Run Block Inlet air tem-
perature (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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Carotenoid content

The carotenoid content of the ‘cempedak’ fruit powders 
was determined by mixing 1 g ‘cempedak’ fruit powder and 
10 mL distilled water as the starting sample [30]. Cold acetone 
(50 mL) was added to the suspension, mixed and allowed to 
stand for 15 min before filtration through a Whatman filter and 
Büchner funnel with pump suction. The residue was treated 
with 15 mL cold acetone for further extraction, and the filtrate 
(extract) pooled.

The ‘cempedak’ extract (1/3 of the total volume) was added 
to petroleum ether (20 mL) in a 500 mL separatory funnel, 
followed by the addition of 300 mL of distilled water. After 
mixing, separation of phases was allowed to take place, where 
the bottom colorless aqueous layer was discarded. Another 1/3 
of the ‘cempedak’ extract was added to the organic phase in 
the separatory funnel, followed by the addition of water, and 
the separation process was repeated.

Once the final 1/3 of the extract had been similarly treated 
as described above, the upper organic layer containing the 
carotenoid extract (yellow color) was collected. The extract 
was filtered through anhydrous sodium sulfate (15 g) to 
remove residual moisture, and the solvent was evaporated 
using a rotary evaporator at 35 °C. Acetone (10 mL) was 
then added to the round bottom flask to dissolve the carot-
enoids, followed by measuring the absorbance of the solution 
with a spectrophotometer at 450 nm. An β-carotene standard 
curve was constructed using different concentrations of the 
β-carotene (Sigma-Aldrich, USA) standard solution (0–6 mg/
mL).

Hygroscopicity

The hygroscopicity of the ‘cempedak’ powder was measured 
by placing 2 g ‘cempedak’ fruit powder into a pre-weighed 
petri dish (100 mm × 15 mm) and the dish was then placed in 
an airtight desiccator containing 500 mL of a saturated solu-
tion of Na2SO4, for one week at room temperature [24]. The 
hygroscopicity was calculated as grams of adsorbed mois-
ture/100 g dry solids [31].

Experimental design and statistical analysis

A central composite design was applied for the spray-drying 
of ‘cempedak’ juice (filtered enzyme-liquefied ‘cempedak’ 
puree). In which, 5 levels of inlet air temperature (132–188 °C) 
and maltodextrin concentration (2.9–17.1% w/w), with a total 
of 14 combinations, inclusive of a central point and two axial 
points (Table 1). The following polynomial equation (Eq. 2) 
was fitted to the data:

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

2
2
+ b12x1x2,

where b0 was a constant; b1, b2 = linear coefficients; 
b12 = cross-product coefficients; and b11, b22 = quadratic 
coefficients.

The analysis of variance (ANOVA), test for the lack of 
fit and the determination of the regression coefficients with 
the contour plot was carried out using the Design Expert 10 
software (Stat-Ease, USA), in which equations generated 
will be used for evaluation linear, quadratic and interactive 
effects of independent variables on the chosen response. To 
determine the optimal parameters, the inlet temperature and 
the maltodextrin ranges is fixed; and criteria for desirable 
responses is set to be maximized or minimized, accordingly 
at a different importance level. An optimal point suggest-
ing inlet temperature and maltodextrin conditions, with its 
predictive value, will be generated by the Design Expert 
software. This is followed by experiments to validate the 
optimized value.

Results and discussion

Through RSM, simultaneous determination of the independ-
ent variable’s effect [either main and interaction, assessed 
as linear, quadratic and interaction terms of spray-dryer air 
inlet air temperature (x1) and maltodextrin concentration 
(x2)] on each response (Yi) can be performed. Experimen-
tal responses of spray-dried ‘cempedak’ fruit powder were 
shown in Table 2. Tables 3 and 4, on the other hand, exhib-
ited the regression model and estimated regression coeffi-
cients for response variables, and determination coefficients 
(R2), R2 (adj), F-value and p-value of lack of fit. The R2 
values of all significant variables were found to be more 
than 0.8, except for the L* value of ‘cempedak’ fruit pow-
der (0.78), which indicates that the response surface models 
were able to explain the majority of responses variables [32].

The model fitness, which is measured by the lack of fit, 
was found to have no significant p-value (Table 3), which 
indicates that the regression models are sufficient to describe 
the variation of the responses. Table 4, on the other hand, 
tabulates the probability of regression coefficients in terms 
of p-value and F-ratio, respectively, in the polynomial 
response surface models. The linear effect of inlet air tem-
perature and maltodextrin was significant for all responses 
found in the table (Table 4). On the other hand, the quadratic 
effects of air inlet air temperature and maltodextrin concen-
tration in all in all response regression were non-significant 
(p > 0.05), except for moisture content.

Influence of independent variables on process yield 
of spray‑dried ‘cempedak’ fruit powder

Based on observations made during preliminary work on 
spray-drying, there was hardly any powder accumulated in 
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the product vessel for the feed without maltodextrin, as most 
of the powder stick to the wall chamber and cyclone instead. 
However, maltodextrin, when added to the spray-dryer feed, 
was able to form a film around the solids in feed, which in 
turn produces a flour-like powder that is non-hygroscopic 
and free-flowing [33]. The linear effects of inlet air tem-
perature and maltodextrin concentration were found to be 
significant (p ≤ 0.05) on process yield (Y1) (Table 3), with 
the linear effect of inlet air temperature having a slightly 
higher F-ratio (Table 4). This indicates that both inlet air 
temperature and maltodextrin concentration were critical 

factors that lead to an increase in the process yield of ‘cem-
pedak’ fruit powder.

Table 2 tabulates the process yields of ‘cempedak’ fruit 
powders spray-dried using the experimental runs shown in 
Table 1. The process yield (Y1) of ‘cempedak’ fruit powder 
ranges from 42.8 to 62.4% (Table 2). The range of success-
ful total recovery of powder is reported to be approximately 
50% [22]. Figure 1 shows the 3D response surface plot for 
inlet air temperature and maltodextrin concentration effect 
on the process yield of spray-dried ‘cempedak’ fruit pow-
der. ‘Cempedak’ is rich in sugar, where these low molecular 

Table 2   Experimental responses of spray-dried ‘cempedak’ fruit powder

Run Process yield 
(Y1, %)

Moisture con-
tent (Y2, %)

Water activ-
ity (Y3)

L*powder (Y4) a*powder (Y5) b*powder (Y6) Carotenoid con-
tent (Y7, mg/g)

Hygroscopicity 
(Y8, g/100 g)

1 44.4 6.36 0.22 62.77 13.23 36.08 1.61 33
2 57.1 6.47 0.22 76.36 7.42 26.14 1.80 30
3 58.2 6.48 0.23 74.07 8.43 29.43 1.63 33
4 42.8 6.03 0.19 72.02 9.41 31.98 1.38 30
5 52.2 6.07 0.22 65.30 12.58 33.00 1.73 31
6 59.3 7.04 0.25 68.90 10.60 31.20 2.09 36
7 55.4 6.42 0.22 72.69 8.91 31.24 1.64 32
8 45.7 6.52 0.26 66.49 11.61 34.93 1.84 38
9 60.2 7.13 0.27 75.02 7.85 28.00 1.89 34
10 52.4 6.49 0.23 70.88 9.69 30.75 1.56 33
11 62.4 6.04 0.23 77.96 6.86 25.48 1.16 31
12 55.1 6.22 0.23 70.64 9.51 30.34 1.44 34
13 48.4 6.26 0.20 62.35 13.10 37.45 1.17 34
14 49.3 6.24 0.23 69.62 10.25 31.66 1.62 33

Table 3   Regression model for properties of spray-dried ‘cempedak’ fruit powder

b0, constant term; b1, linear coefficient of inlet air temperature; b2, linear coefficient of maltodextrin concentration; b1
2, quadratic coefficient of 

inlet air temperature; b2
2, quadratic temperature of maltodextrin concentration; b12, interaction effect of inlet air temperature (maltodextrin)

Regression coefficient Process yield 
(Y1, %)

Moisture content 
(Y2, %)

Water activity (Y3) L*powder (Y4) Carotenoid content 
(Y7, mg/g)

Hygrosco-
picity (Y8, 
g/100 g)

b0 52.86 0.32 0.23 70.36 1.61 32.94
b1 − 4.61 − 0.29 − 0.020 − 3.55 − 0.24 − 0.47
b2 4.11 − 0.20 − 0.013 − 4.12 − 0.19 − 2.36
b1

2 – 0.18 – – – –
b2

2 – − 0.023 – – – –
b12 – 0.060 – – – –
R2 0.82 0.89 0.88 0.78 0.93 0.85
R2 (adj.) 0.78 0.2 0.86 0.74 0.91 0.82
Regression p-value 0.0002 0.0026  < 0.0001 0.0005  < 0.0001  < 0.0001
Linear 0.0002 0.0024  < 0.0001 0.005  < 0.0001  < 0.0001
Square 0.9628 0.0299 0.4353 0.4670 0.9040 0.1001
Interaction 0.6642 0.5890 1.0000 0.7482 0.7122 0.1471
Lack of fit F-value 1.44 0.074 7.07 0.31 0.99 2.47
Lack of fit p- value 0.3785 0.9708 0.0396 0.9028 0.5299 0.2006
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weight sugar caused a low glass transition temperature of 
powder produced, hence most of them will adhere to the 
chamber wall. Maltodextrin is added to increase the glass 
transition temperature, which aims to prevent or reduce 
powder stickiness [34]. Tables 3 and 4 show that there is a 
negative correlation between inlet air temperature and the 
yield of ‘cempedak’ fruit powder. This is attributable to the 
reduction of powder production and yield caused by the 
melting of the powder that sticks on the chamber wall [35].

Figure 1 presents the positive effect of maltodextrin con-
centration on process yield. It has been suggested that the 
surface stickiness of low molecular weight sugars (glucose, 
sucrose and fructose) and organic acids could be altered by 
maltodextrin, in which it will facilitate better drying with a 
product that is less sticky [36]. This happens as the addition 
of maltodextrin causes better particle dispersion, decreas-
ing the cohesive forces between them [21]. Hence, it can be 
stated that the addition of maltodextrin to ‘cempedak’ juice 
has influenced the properties of the ‘cempedak’ powder, 
causing changes in its microstructure.

Effect of independent variables on the moisture 
content and water activity of spray‑dried 
‘cempedak’ fruit powder

Caking is influenced by the amount of residual moisture 
that will affect the final quality of the powder [27]. Mois-
ture content is the water composition in food, while water 
activity it’s the free water that is available for biochemi-
cal reactions, which affects its shelf-life [37]. It is reported 
that powder moisture content below 10% is considered safe 

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

x1 and x2: the linear effect of inlet air temperature (°C) and malto-
dextrin concentration (% w/w), respectively; x1

2 and 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)

Independent 
variables

Linear effects Quadratic effects Interaction 
effects

x1 x2 x1
2 x2

2 x12

Process yield (Y1, %)
 p-value 0.002 0.0006 – – –
 F-ratio 24.15 19.24 – – –

Moisture content (Y2, %)
 p-value 0.008 0.0068 0.0113 0.6832 0.4415
 F-ratio 31.91 14.40 11.61 0.18 0.67

Water activity (Y3)
 p-value  < 0.0001 0.008 – – –
 F-ratio 53.73 22.30 – – –

L*powder (Y4)
 p-value 0.0030 0.0011 – – –
 F-ratio 15.15 20.38 – – –

Carotenoid content (Y7, mg/g)
 p-value  < 0.0001  < 0.0001 – – –
 F-ratio 81.06 48.36 – – –

Hygroscopicity (Y8, g/100 g)
 p-value 0.1799  < 0.0001 – – –
 F-ratio 2.08 53.31 – – –

Fig. 1   Response surface plot for 
effects of inlet air temperature 
and maltodextrin concentra-
tion on the process yield (Y1, 
%) of spray-dried ‘cempedak’ 
fruit powder (IT inlet air 
temperature, MD maltodextrin 
concentration)
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microbiologically [38]. In the case of ‘cempedak’ fruit 
powder, the moisture content ranged from 6.03 to 7.13% 
(Table 2). The linear effect of inlet air temperature has the 
highest F-ratio (Table 4), indicating that inlet temperature 
has a bigger influence on the moisture content of spray-
dried ‘cempedak’ fruit powder, as compared to maltodextrin 
concentration.

The water activity (Y3) of the encapsulated powder 
(Table 2) varied from 0.19 to 0.27, and the fruit powder 
can thus are categorized as microbiologically and biochemi-
cally stable [38]. From Table 4, it can also be seen that both 
the linear effects of inlet air temperature and maltodextrin 
concentration significantly influenced the water activity of 
spray-dried ‘cempedak’ fruit powder, with inlet air temper-
ature having the highest significant effect (p ≤ 0.05). 3-D 
response surfaces plot gave better visualization on the effects 
of independent variables on the moisture content, and water 
activity is shown in Figs. 2 and 3, respectively. From both 
figures, it is observed that inlet air temperature has negative 
correlations with the moisture and water activity of spray-
dried ‘cempedak’ fruit powder. There is a large temperature 
gradient between atomized spray-drying feed and the dry-
ing air when the spray-drying was performed at a higher 
inlet temperature. The higher rate of heat transfer to particle, 
providing a better driving force for moisture evaporation, 
in turn, produces powders with lower moisture content [9].

With an increase in maltodextrin concentration, there 
is a slight decrease in moisture content and water activity 
(Figs. 2, 3). Abadio et al. [39] reported a decrease in the 
moisture content of pineapple powder when maltodextrin 

concentration from 10 to 15% (w/v). The reduction of mois-
ture content and water activity of powder with an increase 
of carrier concentration is attributed to the increase of feed 
solids, causing a reduction in total moisture available for the 
evaporation process [40, 41].

Effect of independent variables on the color 
of spray‑dried ‘cempedak’ fruit powder

In the food industry, the color of food powder is consid-
ered as an important parameter, where it reflects the sen-
sory attractiveness. It indicates the nutrients and bioactive 
compounds exhibit color (pigments) [37]. In this study, the 
spray-dried ‘cempedak’ fruit powders obtained were yellow-
ish, which is an attractive quality. As shown in Table 3, both 
the inlet air temperature and maltodextrin concentration have 
influences on the powder’s lightness (L*, Y4). The L* values 
of the powders ranged from 62.35–77.96. Data in Tables 3 
and 4 showed that the linear term of both inlet air tempera-
ture and maltodextrin concentration has a significant effect 
on lightness of ‘cempedak’ fruit powder, with maltodextrin 
concentration having the higher significance.

The surface response plot in Fig. 4 serves to illustrate 
the effects of inlet air temperature and maltodextrin con-
centration on the lightness of spray-dried ‘cempedak’ fruit 
powder. Inlet air temperature has a significant but negative 
effect (p ≤ 0.05) on the lightness of the powder. The sugar 
that is present in ‘cempedak’ fruit contributes to the brown-
ing of the powders when they are spray-dried at higher inlet 
temperatures. In the production of watermelon powder, L* 

Fig. 2   Response surface plot for 
effects of inlet air temperature 
and maltodextrin concentration 
on the moisture content (Y2, 
%) of spray-dried ‘cempedak’ 
fruit powder (IT inlet air 
temperature, MD maltodextrin 
concentration)
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values of the powders decreased, indicating that the color 
of the powders is darker when spray-dried at a higher inlet 
air temperature [9].

However, there was a negative effect (p ≤ 0.05) with a 
slightly higher F-ratio (indicating more influence on the 
response) on ‘cempedak’ fruit powder lightness, as shown 
in Tables 3 and 4. The L* values increased with an increase 

of maltodextrin concentration (white) when spray-dried at 
inlet temperature below 200 °C [41, 42]. Conversely, these 
independent variables (Table 3) did not have significant 
effects (p > 0.05) on powder a* (greenness–redness, Y5) and 
b* (blueness–yellowness, Y6) values. The powders obtained 
have a* values and b* values that range from 7.42–13.23 and 
25.48–37.45, respectively (Table 2).

Fig. 3   Response surface plot for 
effects of inlet air temperature 
and maltodextrin concentration 
on the water activity (Y3) of 
spray-dried ‘cempedak’ fruit 
powder (IT inlet air temperature, 
MD maltodextrin concentration)
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Effect of independent variables on carotenoid 
content of spray‑dried ‘cempedak’ fruit powder

The carotenoid content (Y7) of spray-dried ‘cempedak’ 
fruit powder was found to be negatively proportional to the 
linear effects of the inlet air temperature and maltodextrin 
concentration (Table 3, 4). The linear effect of inlet air 
temperature has the biggest influence on powder’s carot-
enoid content (highest F-ratio). The effect of inlet air tem-
perature and maltodextrin concentration on the carotenoid 
content of ‘cempedak’ fruit powder is shown in Fig. 5.

From Table 2, the carotenoid content of ‘cempedak’ 
powder ranges from 1.16–2.09 mg/g. This is in agree-
ment with the previous report, where a total of 1.09 mg/g 
(109 mg/100 g) dry weight total carotenoid content in 
‘cempedak’ flesh (variety not stated) [43]. As can be seen 
in Fig. 5, the carotenoid content of ‘cempedak’ fruit pow-
der decreased with an increase in inlet air temperature. 
With higher inlet air temperature, the powder obtained 
has higher moisture content [41]. The increase of mois-
ture content will result in a greater degree of aggregation, 
leading to a reduction of oxygen exposure to carotenoid, 
decrease its loss [28]. Carotenoids are also susceptible 
to heat destruction, attributed to their highly unsatu-
rated chemical structure [9]. This is also supported by 
Grabowski et al. [44] in the spray-drying of sweet potato 
puree, where the total amount of carotenoids is reduced 
with an increase in temperature. Also, the total carotenoids 
content in gac (Momordica cochinchinensis) powder was 
decreasing with the increase of maltodextrin from 10 to 
30% [41].

The Recommended Dietary Allowance (RDA) for vita-
min A is defined as 0.6–0.9 mg/day, which is approximately 
7–10.8 mg of β-carotene [45]. In this respect, although there 
is a decrease in total carotenoids content, the spray-dried 
‘cempedak’ fruit powders may still contribute to vitamin 
A intake.

Effect of independent variables 
on the hygroscopicity of spray‑dried ‘cempedak’ 
fruit powder

Powder hygroscopicity is the ability of the powder to 
absorb moisture from the humid environment [46]. Results 
in Table 3 indicated that the hygroscopicity of spray-dried 
‘cempedak’ fruit powder was negatively correlated to the 
inlet air temperature, where an increase in inlet temperature 
leads to a decrease in hygroscopicity value. From Table 4, 
it is found that both the linear effect of independent vari-
ables (inlet air temperature and maltodextrin concentration) 
significantly (p ≤ 0.05) influenced the hygroscopicity of 
‘cempedak’ fruit powder (Y8). The hygroscopicity values of 
spray-dried ‘cempedak’ fruit powders ranged from 30–38% 
(Table 2). These values are lower than the hygroscopicity 
of spray-dried Amaranthus powder, which is in the range 
of 44.6–49.5%, probably due to the different water uptake 
capacity of powder type and also the amount of carrier agent 
applied [31].

The effects of inlet air temperature and maltodextrin con-
centration on hygroscopicity are illustrated in Fig. 6, which 
shows that an increase in inlet air temperature results in a 
decrease in the hygroscopicity of ‘cempedak’ fruit powder. 

Fig. 5   Response surface plot for 
effects of inlet air temperature 
and maltodextrin concentration 
on the carotenoid content (Y7, 
mg/g) of spray-dried ‘cem-
pedak’ fruit powder (IT inlet air 
temperature, MD maltodextrin 
concentration)
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Feed mixture spray-dried at lower temperatures tends to 
produce a powder with higher hygroscopicity [16]. This is 
because at lower inlet air temperature, powders obtained 
have higher moisture contents, and water has the tendency to 
decrease the glass transition temperature, causing the pow-
der to be more hygroscopic [20]. Inlet air temperature was 
also reported to decrease the hygroscopicity of spray-dried 
red pitaya peel powder [24].

As compared to inlet temperature, maltodextrin con-
centration has a greater influence on the hygroscopicity of 
‘cempedak’ fruit powder (Table 4), with lowest hygroscopic-
ity obtained when highest maltodextrin concentration was 
added (Fig. 6). As maltodextrin itself is low in hygrosco-
picity, its addition can modify the balance of hydrophilic/
hydrophobic sites of the powder particles, thus decreasing 
the amount of water absorbed [47]. In the spray-drying of 
cactus pear juice and betacyanin pigment, there was also 
hygroscopicity reduction with increasing maltodextrin con-
centration [31, 48].

Optimization of independent variables

To obtain an optimal region, the limit for each variable was 
narrowed down, where each goal was minimized or maxi-
mized based on the desired properties of the spray-dried 
‘cempedak’ fruit powder (Table 5), such as low moisture 
content, minimized color difference; the enhanced nutri-
tive value can be obtained with higher carotenoids content. 
Numerical optimization was also performed to determine 
the exact value of multiple response optimization. Results 
indicated that ‘cempedak’ juice spray-dried at 160 °C with 
the addition of maltodextrin (1.5% w/w) was predicted to 
be optimal parameters, with response values under opti-
mum conditions for process yield, moisture content, water 
activity, hygroscopicity, L* value of powder and carot-
enoid content are tabulated in Table 6.

Fig. 6   Response surface plot for 
effects of inlet air temperature 
and maltodextrin concentra-
tion on the hygroscopicity (Y8, 
g/100 g) of spray-dried ‘cem-
pedak’ fruit powder (IT inlet air 
temperature, MD maltodextrin 
concentration
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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
Process yield (Y1, %) Maximized 44.44 62.38 5
Moisture content (Y2, %) Minimized 6.03 7.13 4
Water activity (Y3) Minimized 0.19 0.27 4
L*powder (Y4) Maximized 62.34 77.96 3
Carotenoid content (Y7, mg/g) Maximized 1.16 2.09 4
Hygroscopicity (Y8, g/100 g) Minimized 30 38 4
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Verification of the final models

From Table 6, it was found that the experimental response 
values were close to the predicted ones, in which there was 
no significant difference found (p > 0.05) in the aspect of 
for process yield, moisture content, water activity and L* 
value of powder. This indicates that the model used was 
suitable to be applied in the optimization of the production 
of spray-dried ‘cempedak’ fruit powder.

Conclusion

In the optimization of spray-dried ‘cempedak’ fruit pow-
der, inlet air temperature and maltodextrin (DE 10) con-
centrations, 14 runs were generated using central compos-
ite design. All response variables, which includes process 
yield, moisture content, water activity, hygroscopicity, L* 
value of powder and carotenoid content were fitted with 
the response surface models, with most of the reduced 
model having a high overall coefficient of determination 
value (R2 > 0.80), except for L* value of powder. All the 
responses were significantly influenced by carotenoids 
content and hygroscopicity of ‘cempedak’ fruit powder. 
The factors that most significantly affect the responses are 
the linear term of inlet air temperature was the most sig-
nificant, followed by a linear term of maltodextrin concen-
tration. The multiple response optimization shows that the 
combined level of 160 °C inlet air temperature, and 15% 
(w/w) maltodextrin DE 10 as the optimum parameters for 
the spray-drying of the ‘cempedak’ juice.
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