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ABSTRACT
‘Bintangor’ orange is a type of mandarin-orange hybrid, that has orangecolored pulp, but green-colored peel. The objective of this study was to
determine the effects of maltodextrin concentrations (5% w/w to 25% w/w)
and inlet temperatures (140°C to 180°C) on the properties of spray-dried
‘Bintangor’ orange powder. Color, moisture content, hygroscopicity, bulk
density and wettability of powder were analyzed. Also, ‘Bintangor’ orange
juice and the reconstituted powder were compared in color, viscosity, total
soluble solids (TSS), and pH value. When ‘Bintangor’ orange juice was
spray-dried with different maltodextrin concentrations, moisture content,
color, hygroscopicity, bulk density and wettability increases as the
maltodextrin concentration increase. On the other hand, there was no
significant difference (p>0.05) in the color, moisture content, and
hygroscopicity of spray-dried ‘Bintangor’ orange powder produced at
different inlet temperatures, except bulk density. Optimum inlet
temperature (170°C) and optimum maltodextrin concentration (20% w/w)
produced powder with 0.11±0.00 water activity and 20.02±1.00 g/ 100 g
hygroscopicity. When comparing reconstituted optimized powder with
‘Bintangor’ orange juice, the color, viscosity, TSS, and pH value of
‘Bintangor’ orange juice were higher than the optimized reconstituted
powder. ‘Bintangor’ orange powder produced have 2.21±1.91% fat, and
2.44±0.00% protein.

1.Introduction
Mandarin is one type of commercial citrus
fruit that belongs to the separate species,
hybrids that are available worldwide (Laszlo,
2008). It is well known for Mandarins are well
known for their attractive appearance, pleasant
taste, and convenience due to easy peeling
characteristics (Rizza et al., 2002). Besides,
vitamin C and flavonoids in the citrus juice are
providing good health effects to our body, such
as anti-allergic and anticarcinogenic (Ladanyia
and Ladaniya, 2010). Mandarin is a seasonal
fruit that is not available throughout the year,

like oranges (Jackson et al., 2011). ‘Bintangor’
orange is believed to be one of the hybrids
between common mandarin and bitter orange,
which is a hybrid between Citrus reticulata
Blanco with Citrus aurantium L. (Urgi, 2014).
The flesh of the ‘Bintangor’ orange is more
sour and bitter taste than the other mandarin
species. It is more prone to damage as they
have thinner and looser skins. In addition, with
shorter shelf life, there is a need to convert the
fruit into more stable products such as fruit
powder, which has a lower moisture content
(Phisut, 2012).
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In addition to food preservation, drying can
help to minimize the packaging requirement,
reduce the shipping costs, and makes the food
supply more economical (Hui et al., 2010).
Among different drying methods, spray-drying
has been employed in the drying of liquid
suspensions such as dairy products, coffee,
eggs, protein, and fruit juice (Karel and Lund,
2003). Spray-drying is the technique which is
usually used to produce the fruit juice powder
(Chew et al., 2019), this includes watermelon,
acai,
pineapple,
orange,
blackberry,
pomegranate, mango, and jackfruit (Quek et al.,
2007; Angel et al., 2009; Tonon et al., 2010;
Jittanit et al., 2010; Goula and Adamopoulos,
2010; Ferrari et al., 2012; Chng et al., 2020; Pui
et al., 2020a).
However, the physicochemical properties of
the final product obtained will depend on the
parameter of spray-drying such as types and
concentration
of
carrier
agent,
inlet
temperature, airflow rate, feed flow rate, and
atomizer speed (Phisut, 2012). Fruit powder,
when spray-dried without a carrier, has a low
glass transition temperature. Besides that, the
product will also have an unfavorable
characteristic such as high hygroscopicity, low
melting point, and high-water solubility, which
in turn results in a highly sticky product (Angel
et al., 2009; Jittanit et al., 2010). Hence, carrier
agents such as maltodextrin, waxy starch,
liquid glucose and microcrystalline cellulose
and Arabic gum were added to facilitate the
drying process, reducing the stickiness and
hygroscopicity
of
the
powder
(Phoungchandang and Sertwasana, 2010;
Phisut, 2012). Among these carrier agents,
maltodextrin is the most common carrier agent
had used for spray-drying as it is considered
cheaper and has high water solubility (Tuyen et
al., 2010; Jittanit et al., 2010). Spray-drying
with maltodextrin as a carrier has been used to
convert juice from tropical fruit such as
‘Terung
Asam’,
papaya,
pineapple,
‘Cempedak’ and ‘Kuini’ (Chang et al., 2020a;
Chang et al., 2020b; Wong et al. 2015,
Gopinathan et al., 2020; Gan et al., 2021).

Hence, this research aims to work on the
spray-drying of mandarin juice in producing
mandarin powder. This research will work on
the effect of different concentrations of
maltodextrin as carrier agents, and the effect of
different inlet temperatures on the production
of mandarin powder. Besides that, the
physicochemical properties and also the
proximate compositions of the spray-dried
mandarin powder and reconstituted powder will
be investigated.
2. Materials and methods
2.1. Materials
2.1.1. Fruit samples
The fruit that is used in this study was
‘Bintangor’ orange. Figure 1 shows the fresh
‘Bintangor’ orange and the peeled ‘Bintangor’
orange. These oranges were bought from the
local market in Sibu, Sarawak. The selected
oranges were free from external defects and
were uniform in size (6.0 cm to 6.5 cm in
diameter). The ‘Bintangor’ orange juice was
extracted, and physicochemical properties
(color, viscosity, total soluble solids (TSS), and
pH) determined. 2.2.1 Color
The color of the ‘Bintangor’ orange juice
was analyzed, according to Chang et al.
(2020a), by using a colorimeter (ColorFlex Ez,
Hunter Associates Laboratory Inc., USA),
equipped with EasyMatch QC-ER software.
Standardization was conducted using black tile
first and followed by white tile. The juice was
poured into the Quartz sample cup and placed
on top of the sample port, covered, and
measurements were taken. The values were
expressed in terms of L*, a*, and b*.
2.2.2. Viscosity
The viscosity of the samples was analyzed
according to Grabowski et al. (2006) with a
viscometer (DV-II+ Pro, Brookfield, USA)
coupled with Rheocale software program and
Ultra Lower Adapter (ULA) spindle. Juice (15
mL) was poured into the sample tube, and
measurements were taken at a rotational speed
of 100 rpm.
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Figure 1. Fresh ‘Bintangor’ orange (left) and peeled ‘Bintangor’ orange (right).
2.2. Analysis of ‘Bintangor’ orange juice
2.2.3. Total soluble solid (TSS) and pH value
Total soluble solids (TSS) of the samples
were measured with a digital refractometer
(MA 871, Milwaukee Instrument, USA), (0- 85
°Brix range) (Pui et al., 2018). On the other
hand, the pH values of the samples were
measured with a digital pH meter (Jenway,
UK) (Pui et al., 2020b).

The spray-drying process was repeated to
determine the effect of inlet temperature (140,
150, 160, 170, and 180°C) used in the
production of ‘Bintangor’ orange powder, with
maltodextrin concentration fixed at 20 %
(w/w).
2.4. Physicochemical analyses of spray-dried
‘Bintangor’ orange powder
2.4.1. Color
The color determination of the ‘Bintangor’
orange powders was conducted, according to
Chang et al. (2020a).
2.4.2. Moisture content
The moisture content of the ‘Bintangor’
orange powders was determined, according to
AOAC (2000). Approximately 2 grams of the
powders were weighed into the pre-dried
aluminum plates before drying at 105°C for 24
hours (Memmert, Germany). The readings of
powders were collected after a constant weight
was obtained.
2.4.3. Hygroscopicity
‘Bintangor’ orange powders (2 g) was
placed in a desiccator containing saturated
ammonium sulfate at room temperature for 1
week. The hygroscopicity of the powders was
calculated by using the following equation (Cai
and Corke, 2000):
Equation 1
Hygroscopicity (g/100 g) = (Weight of sample
after a week (g)- Initial Weight of sample
(g))/(Initial weight of sample (g)) x 100. (1)

2.3. Spray-drying of ‘Bintangor’ orange juice
The spray-drying process was performed
with mini spray-dryer (B-290, Büchi,
Switzerland) (Loo and Pui, 2020). The setting
was fixed at aspirator rate 100%, nozzle speed
5, and air compressor 40 nm. Maltodextrin was
added into juice at different concentrations of
5, 10, 15, 20, and 25% (w/w), respectively,
with a spray-drying temperature fixed at 180°C.
The ‘Bintangor’ orange powders were
recovered in the vessel, which is the collecting
area of the spray-dryer. It was collected,
weighed, and vacuum packed immediately. The
weight of the spray-dried powders, total time
taken, and also the condition of powders was
recorded for spray-drying of each inlet
temperature. Physicochemical analyses and the
reconstitution properties of spray-dried
powders were performed after all the spraydried powders with different inlet temperatures
were collected.
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2.4.4. Bulk density
‘Bintangor’ orange powder (5 g) was
transferred into a 20 mL measuring cylinder
and tapped by hand for 5 times. The volume
occupied that was recorded, and bulk density
was calculated according to equation 2 (Tonon
et al., 2011). Bulk density was expressed in
grams per milliliter (g/mL).

powder were analyzed by One-Way ANOVA
(IBM SPSS software 22). The significant
differences at p ≤ 0.05 were determined by
Tukey’s test (Chng et al., 2020). On the other
hand, paired-samples T-test was used to
compare the physicochemical analyses between
‘Bintangor’ orange juice and optimized
reconstituted ‘Bintangor’ orange powder.

Equation 2
Bulk density (BD) = (Weight of powder
(g))/(Volume of powder (mL)).
(2)

3.Results and discussions
3.1.Physicochemical
properties
of
‘bintangor’ orange juice
Table 1 showed the physicochemical
properties of the ‘Bintangor’ orange juice used
for the spray-drying process, including color
measurement, pH values total soluble solid
(TSS), and viscosity. The lightness (L*),
redness (a*), and yellowness (b*) of the
‘Bintangor’ orange juice were 47.92±1.46,
10.44±0.33 and 38.53±0.88, respectively.
When compared to the fresh orange juice in
Cortés et al. (2008), the lightness and
yellowness of the fresh orange juice were
slightly higher than the ‘Bintangor’ orange
juice which was 51.36 and 50.73, respectively,
while the redness of the orange juice was
slightly lower than the ‘Bintangor’ orange juice
which was 4.56. This can be possibly explained
as the growing environment and the ripeness of
the mandarin tree (Ladanyia and Ladaniya,
2010). Besides that, the viscosity of
‘Bintangor’ orange juice recorded in Table 1
was 4.87±0.60 centiPoise (cP). This viscosity is
low enough to prevent clogging in the atomizer
during the spray-drying process (Chegini and
Ghobadian, 2007; Phisut, 2012).
From Table 1, the total soluble solids (TSS)
of the ‘Bintangor’ orange juice was 12.00±0.35
°Brix, while the TSS for the other types of
mandarin was around 12.5-14.5 °Brix (Roussos
et al., 2011). This TSS was slightly lower than
the other types of mandarins. This difference
may due to different species of mandarins have
different types of breeding goals. Hence, there
will be some differences in the quality of
different species of mandarin (Jenks and
Bebeli, 2011).

2.4.5. Wettability
The wettability of the ‘Bintangor’ orange
powder was determined according to Chauhan
and Patil (2013). ‘Bintangor’ orange powder (1
g) was spread about 6 cm (in diameter) on a
cloth, and the time for the powder to be
completely wet as recorded.
2.5. Physicochemical analyses of reconstituted
‘bintangor’ orange powder
The spray-dried ‘Bintangor’ orange powder
was added with water, to a similar total soluble
solid (TSS) content as the ‘Bintangor’ orange
fruit juice (Pui et al., 2021). ‘Bintangor’ orange
powder (5 g) was added with warm water (45
g), stirred until all powder is dissolved. This is
followed by the gradual addition of powder
until TSS is reached. Analysis such as color,
pH, and viscosity, were carried out on
reconstituted powders.
2.6. Proximate analysis of spray-dried
‘Bintangor’ orange powder
The proximate analyses for ash, fat and
protein of spray-dried ‘Bintangor’ orange
powder were determined according to the
Association of Official Analytical Chemists
(AOAC) methods (2000) with some
modifications.
2.7. Statistical Analysis
All the experiments were carried out in
triplicate (n=3). The data collected was
expressed in terms of mean ± standard
deviations. All the data in the analysis of
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Table 1. Physicochemical properties of ‘Bintangor’ orange juice (spray-dryer feeds)
Properties
Values
L* value
a* value
b* value
Viscosity (cP)
Total soluble solids, TSS (°Brix)
pH

47.92±1.46
10.44±0.33
38.53±0.88
4.87±0.60
12.00±0.35
4.29±0.03

Data on TSS, pH, viscosity, and color are means ± standard deviations of triplicate determination. Abbreviations: TSS =
total soluble solid, °Brix = degree Brix, pH = potential of hydrogen, cP = centipoise, L* = degree of lightness and darkness,
a* = degree of redness or greenness and b* = degree of yellowness or blueness.

The pH value was less susceptible to
microbial growth as the value lower than 4.5 is
considered as a low acid fruit (Chukwuka et al.,
2010). However, the pH value of ‘Bintangor’
orange juice was higher than the other species
of mandarins like Clementine, Encore, and
Kara, which are ranged from 3.71 to 3.86
(Roussos et al., 2011). This may be attributed
to the different environment for mandarin
growing (Ladanyia and Ladaniya, 2010).
Besides the environment, the storage
temperature and time also can influence the
sensory quality of mandarins such as TSS,
acidity, and aroma volatile composition (Sinha
et al., 2012).

maltodextrin concentrations were exhibited in
Table 2.
L* value of spray-dried powder was ranged
from 87.45±1.02 to 92.71±0.45, and a* value
was ranged from 2.75±0.21 to 6.18±0.56.
Besides that, the b* value of the spray-dried
‘Bintangor’ orange powder was ranged from
14.28±0.67 to 27.63±0.48. All L* values in the
table were close to 100. Hence, it can be said
that the spray-dried ‘Bintangor’ orange
powders appeared to be lighter or brighter in
color. The L* value increased from the lowest
value at 5% (w/w) concentration, which was
87.45±1.02 to the highest value at 25% (w/w)
maltodextrin concentration, which was
92.71±0.45. The possible explanation for the
increase of value is due to the addition of
maltodextrin, which is whitish, which affects
the lightness of the spray-dried powder (Tuyen
et al., 2010).

3.2. Effect of maltodextrin concentration on
physicochemical analyses of spray-dried
‘Bintangor’ orange powder
The physicochemical analyses of spraydried ‘Bintangor’ orange powder at different

Table 2. Physicochemical analyses of spray-dried ‘Bintangor’ orange powder under different
maltodextrin concentrations of maltodextrin
Maltodextrin
concentration
(w/w)
5

Color (L*)

Color (a*)

Color (b*)

87.45±1.02a

6.18±0.56a

27.63±0.48a

Moisture
content
(%)
7.39±1.03a

10
15

b

90.63±0.66
91.54±0.32c

b

3.88±0.40
3.40±0.21bc

b

19.92±0.88
17.33±0.64c

ab

20

92.22±0.29bc

2.99±0.09bc

25

92.71±0.45c

2.75±0.21c

Hygroscopicity
(g/100 g)
29.09±0.79a

Bulk
density
(g/mL)
0.37±0.01a

Wettability
(secs)

6.03±0.35
3.81±0.99bc

b

25.02±0.06
22.99±0.37c

b

0.45±0.03
0.49±0.03b

125.22±4.02a
149.22±5.67b

15.54±0.67cd

2.43±0.78c

21.64±0.43d

0.48±0.03b

166.78±5.19c

14.28±0.67d

2.38±0.85c

20.79±0.49d

0.48±0.03b

177.22±3.35c

112.56±6.50a

Data on all analyses are means ± standard deviations of triplicate determination. Within the same column, different
superscripts are significantly different at p≤0.05, as measured by Tukey’s test. Abbreviations: % = percent, L* = degree of
lightness, a* = degree of redness, b* = degree of yellowness, g/mL = gram per milliliter, g/100 g = gram per 100 g, and secs
= seconds.
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In Table 2, there was a significant effect (p
≤ 0.05) of maltodextrin concentration on the
value of a* and b* of the spray-dried
‘Bintangor’ orange powder. All a* value
obtained were in positive. The a* value,
indicating the ‘Bintangor’ orange powder’s
redness,
decreased
from
maltodextrin
concentration of 5% (w/w) to 25% (w/w). The
positive a* value indicates the powders are
more in red color and less in green color. The
b* values in the table were also in positive
value, where it is increased from 5% (w/w)
concentration of maltodextrin to 25% (w/w)
concentration of maltodextrin. All powders
obtained are yellowish, as all the b* values are
in positive value. As mentioned by Tuyen et al.
(2010), the color intensity of the spray-dried
powder was lost due to increase concentration
maltodextrin.
The moisture content of spray-dried powder
at 5% (w/w) maltodextrin was 7.39±1.03%,
decreased to 6.03±035% and 3.81±0.99%,
respectively with the addition of maltodextrin
at 10% (w/w) and 15% (w/w). It was further
decreased to 2.43±0.78% and 2.38±0.85% for
spray-dried powder with 20% (w/w) and 25%
(w/w)
concentration
of
maltodextrin,
respectively. The moisture content was in
agreement with Jittanit et al. (2010) and Tuyen
et al. (2010), who reported the range of 4-4.8%
and 4.06-4.87 pineapple and gac fruit. Besides
that, Quek et al. (2007) also reported that
powders with lower moisture content could be
obtained by increasing the concentration of
maltodextrin added.
When the maltodextrin concentration
increases, maltodextrin addition to the feed will
increase the total solid content, leading to a
reduction in the amount of water for
evaporation. This, in turn, will lead to a
decrease in moisture content (Quek et al.,
2007). In addition, maltodextrin covers the
sugars content, which is highly hygroscopic in
the powder, thus reducing the ability to absorb
the humidity in the surrounding air
(Phoungchandang and Sertwasana, 2010;
Phisut, 2012). Hence, decreasing moisture
content in the powder cause the powder less

likely to get sticky as the maltodextrin
concentration increases.
According to Table 2, it was found that
there was a reduction of hygroscopicity of
spray-dried powder with 5% (w/w) to 25%
(w/w) maltodextrin concentration, which was
reduced from 0.79 g/100 g to 29.09±0.79 g/100
g. Maltodextrin is a material with low
hygroscopicity (Tuyen et al., 2010). When it
acts as the coating agent, it could reduce the
hygroscopicity of the spray-dried powder (Cai
and Corke, 2000).
The bulk density of the spray-dried
‘Bintangor’ orange powder obtained with
different concentrations of maltodextrin can be
observed in Table 2. The bulk density of spraydried powder varied from 0.37±0.01 g/mL to
0.49±0.03 g/mL, which are achieved by
addition of 5% (w/w) concentration and 15%
(w/w) concentration of maltodextrin added,
respectively. However, bulk density of spraydried powder with 20% (w/w) and 25% (w/w)
maltodextrin added decreased to 0.48±0.03
g/mL. This is because maltodextrin added can
minimize the thermoplastic particles from
sticking (Goula and Adamopoulos, 2010).
From Table 2, it can be observed that the
wettability of the spray-dried powder was
decreased from 112.56±6.50 seconds to
177.22±3.35 seconds. ‘Bintangor’ orange
powder with 5% (w/w) maltodextrin have the
highest wettability value (112.56±6.50
seconds), while with 25% (w/w) maltodextrin,
it has the lowest value (177.22±3.35 seconds).
Wettability can be defined as the ability of a
powder to be penetrated by a liquid. The
wettability value is higher than those of
blackberry powder (82.20±12.30 seconds to
134.20±12.52 seconds). With higher wettability
value, a longer time is needed to wet the
powder. This may be due to smaller particles
are less porous, making it diﬃcult for liquid
penetration to happen. It will result in poor
reconstitution properties (Ferrari et al., 2012).
The spray-dried powder with 20% (w/w)
maltodextrin concentration achieved the lowest
bulk density value and the highest L* value,
which were 0.48±0.03 g/mL and 92.22±0.29
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g/mL, respectively. For the moisture content,
the spray-dried powder with 25% (w/w)
maltodextrin achieved the lowest value.
However, there was no significant difference
(p>0.05) between the moisture content of 20%
(w/w) and 25% (w/w) concentration. The value
of the moisture content for 20% (w/w)
maltodextrin concentration was 2.43±0.78%.
Apart from that, the water activity of the spraydried powder with 20% (w/w) maltodextrin
concentration achieved the lowest value, which
is 0.08±0.01.

3.3. Effect of inlet temperature on
Physicochemical analyses of spray-dried
‘Bintangor’ orange powder
Table 3 describes the physicochemical
analyses of spray-dried ‘Bintangor’ orange
powder at different inlet temperatures ranged
from 140°C to 180°C under 20% (w/w)
maltodextrin concentration. From Table 3,
there was no significant difference (p>0.05)
observed for all the physicochemical analyses
except bulk density. In Table 3, it can be
observed L* values, a* and b* value of
‘Bintangor’ orange powder were in the range of
92.23-92.81, 1.76-1.98, and 13.99-15.05,
respectively. The powders have low moisture
contents (2.82-3.66%), the hygroscopicity of
20.02-20.85 g/100g and wettability of 198 to
220 sec.

Table 3. Physicochemical analyses of spray-dried ‘Bintangor’ orange powder with optimum
maltodextrin concentration at different inlet temperatures
Inlet
temperature
(°C)
140

Color (L*)

Color (a*)

Color (b*)

Hygroscopicity
(g/100 g)

13.99±0.44a

Moisture
content
(%)
3.66±0.61a

20.77±1.53a

Bulk
density
(g/mL)
0.48±0.01b

92.27±0.27a

1.92±0.29a

150
160

92.49±0.13a
92.81±0.17a

1.88±0.14a
1.76±0.23a

14.51±0.37a
14.43±0.85a

170

92.44±0.10a

1.98±0.26a

180

92.23±0.52a

1.69±0.29a

Wettability
(secs)
198.33±0.58a

3.27±0.42a
3.00±0.50a

20.85±0.64a
20.71±0.75a

0.49±0.00bc
0.46±0.00a

198.33±0.58a
205.89±0.19a

15.48±0.90a

2.88±0.50a

20.02±1.00a

0.50±0.01c

211.11±1.50a

15.05±0.66a

2.82±1.04a

20.15±1.42a

0.50±0.00c

220.00±0.67a

Data on all analyses are means ± standard deviations of triplicate determination. Within the same column, different
superscripts are significantly different at p≤0.05, as measured by Tukey’s test. Abbreviations: % = percent, L* = degree of
lightness, a* = degree of redness, b* = degree of yellowness, g/mL = gram per milliliter, g/100 g = gram per 100 g, °C =
degree Celcius and secs = seconds.

The bulk density of the spray-dried
‘Bintangor’ orange powder ranged from
0.46±0.00 g/mL to 0.50±0.01 g/mL. The lowest
bulk density was achieved by the spray-dried
powder at inlet temperature 160°C, while the
highest bulk density was achieved by the
powder that spray-dried at 170°C. The bulk
density of the spray-dried powder at inlet
temperature 140°C and 150°C increased from
0.48±0.01 g/mL to 0.49±0.00 g/mL. While the
bulk density of the powder spray-dried at
180°C was 0.50±0.00 g/mL, which is less than
the bulk density of powder that is spray-dried at
inlet temperature 170°C.

From the finding of other studies, it was
found that increasing inlet temperature causes
the bulk density of the spray-dried powder to
decrease (Cai and Corke, 2000; Chegini and
Ghobadian, 2007; Tuyen et al., 2010). This
reduction was due to evaporation rates are
faster and products dry to a more porous or
fragmented structure when the inlet
temperature
increases
(Goula
and
Adamopoulos, 2005). Hence, it can be said the
optimum inlet temperature with optimum
maltodextrin concentration for the spray-drying
of ‘Bintangor’ orange powder is 170°C with
20% maltodextrin concentration.
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3.4. Reconstitution of optimized ‘Bintangor’
orange powder
The optimized reconstituted powder was
compared with the ‘Bintangor’ orange juice in
Table 4. The reconstituted powder was darker
(with a reduction in L* value). In addition, the
yellow and red values were lesser as compared
to the fresh ‘Bintangor’ orange juice. This may
be due to browning reactions occurring during
spray-drying and maltodextrin addition (Jittanit
et al., 2010). The viscosity of the optimized
reconstituted powder was 2.92±0.22 cP, while
the viscosity of the ‘Bintangor’ orange juice
was 4.87±0.60 cP.
The difference between the TSS of the
optimized
reconstituted
powder
and

‘Bintangor’ orange juice might due to the
optimized powder produced at high
temperature was increased in particle size. The
particles produced were uneven in size. Powder
with larger size will sink while smaller size
particles are dusty and resulted in uneven
wetting and reconstitution (Fazaeli et al., 2012).
The pH of the optimized reconstituted powder
was 4.20±0.02, which was slightly lower than
the pH of the ‘Bintangor’ orange juice with pH
4.29±0.03. This difference may be the result of
concentration accompanied by the release of
sugars and acids from maltodextrin during
drying (Patil et al., 2014).

Table 4. Physicochemical analyses of ‘Bintangor’ orange juice and optimized reconstituted powder
Analyses
‘Bintangor’ orange Optimized reconstituted
juice
powder
a
Color (L*)
47.92±1.46
37.16±0.26b
Color (a*)
10.44±0.33a
-3.28±0.37b
a
Color (b*)
38.53±0.88
15.03±1.85b
Viscosity (cP)
4.87±0.60a
2.92±0.22b
TSS (°Brix)
12.00±0.35a
11.67±0.25b
a
pH
4.29±0.03
4.20±0.02b
Data on TSS, pH, viscosity, and color are means ± standard deviations of triplicate determination. Abbreviations: TSS =
total soluble solid, °Brix = degree Brix, pH = potential of hydrogen, cP = centipoise, L* = degree of lightness and darkness,
a* = degree of redness or greenness and b* = degree of yellowness or blueness.

3.5.Proximate
analyses
spray-dried
‘Bintangor’ orange powder
The proximate analyses of spray-dried
‘Bintangor’ orange powder are shown in Table
5. There was no ash content had been observed.
Besides that, the fat content and the protein
content of the ‘Bintangor’ orange powder were
2.21±1.91% and 2.44±0.00%, respectively. The
fat and protein content of the ‘Bintangor’
orange powder was very low. As compared to
the spray-dried sweet potato powder, the ash
content of the spray-dried ‘Bintangor’ orange

powder was much lower than the ash content of
spray-dried sweet potato powder, which is 2.4
g/100 g (Grabowski et al., 2008). While for the
protein and fat content, the fat and protein
content of the ‘Bintangor’ orange powder is
higher than the berry powders (strawberries,
blueberries, raspberries, and blackberries). The
fat content of berries fruit powder was ranged
from 0.30% to 1.00% while the protein content
for berries fruit powder was ranged from 0.60%
to 1.30% (Khalloufi et al., 2000).
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Table 5. Proximate analyses of spray-dried ‘Bintangor’ orange powder
Properties
Values (%)
Ash
0.00±0.00
Fat
2.21±1.91
Protein
2.44±0.00
Data on ash, fat, and protein are means ± standard deviations of triplicate determination. Abbreviations: g/100 g = gram per
100 g and % = percent.

4. Conclusions
‘Bintangor’ orange is believed to be the
hybrid between a common mandarin and bitter
orange. This research study was conducted to
produce ‘Bintangor’ orange powder through the
spray-drying
process,
with
different
maltodextrin concentration and different inlet
temperatures. The water activity of spray-dried
powder was decreased with the addition of
maltodextrin (5 to 15% w/w), with no further
decrease from 15 % (w/w) to 25% (w/w). In
contrast, moisture content decreased with an
increase of maltodextrin concentration. With an
increase in maltodextrin concentration, the
powder produced was lighter, less yellow and
less reddish. Also, hygroscopicity and
wettability of spray-dried powder reduced with
an increase from 5% (w/w) maltodextrin
concentration to 25% (w/w) maltodextrin
concentration. Generally, the properties of
‘Bintangor’ orange powder were not affected
by the increase of inlet temperature. It can be
concluded that the production of ‘Bintangor’
orange powder is optimized at inlet temperature
at 170°C with a 20% (w/w) concentration of
maltodextrin.
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