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ABSTRACT

Background. Bintangor oranges are a mandarin species that is abundant in vitamin C and beta-carotene.
However, due to its short shelf life, the fresh fruit can be converted into powder form, which is comparatively
more stable.

Materials and methods. This study compares the effects of spray drying, freeze drying, drum drying, vacu-
um oven drying, and convection oven drying on the physicochemical properties of Bintangor orange powder,
including vitamin C and total carotenoid content. The physicochemical properties analyzed for the powders
were color analysis, moisture content, water activity, hygroscopicity, degree of caking, wettability, flowabil-
ity, water solubility index, and bulk density.

Results. Our results showed that freeze dried and convection oven dried powders retained their color so that
the powder was the same as the original puree. All powders used in this showed an acceptable moisture con-
tent level, with a range of 2.11-2.31%. Spray dried and drum dried powders had the lowest value of moisture
content and water activity. Moreover, spray dried powders showed the lowest value in hygroscopicity and
bulk density and took the shortest time to wet the powder. The highest solubility and flowability properties
were 12.99%, 0.39 g/mL, 18.39 s, 96.08%, and 19.17°, respectively. However, the freeze drying method re-
tained the highest value for both nutritional pigments of vitamin C and total carotenoid content, 18.31 mg/g
and 91.32 pg/g, respectively.

Conclusion. Freeze drying is the most suitable drying method with favorable powder properties compared to
spray drying, drum drying, vacuum oven drying and convection oven drying.

Keywords: Bintangor orange, spray drying, freeze drying, drum drying, vacuum oven drying, convection
oven drying

INTRODUCTION

Bintangor orange is a species of mandarin originating  that has issues with long-term storage. This is due
in China and is known as Citrus nobilis. It is a hybrid  to its high moisture content which leads to nutrition
between Citrus reticulata Blanco and Citrus auran-  loss due to microbial activity, rancidity, and browning
tium L., which are common types of mandarin and bit-  (Sandarani et al., 2018).

ter orange species. It is a perishable fresh commodity
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There are different techniques available to preserve
fresh fruit using drying methods (Chauhan and Patil,
2013). The crucial principle and purpose of drying
are to reduce water availability in a food product to
prolong its shelf life by inhibiting microbial activity
and enzymatic reactions (Sandarani et al., 2018). Ad-
ditionally, drying can reduce the weight of packaging
and the costs of transportation. Furthermore, it can
also minimize the packaging requirements as it offers
easier storage, reduced waste, and enhanced product
quality.

Each drying method has unique characteristics that
influence the drying rate, which maximizes water re-
moval (Ergun et al., 2010). The freeze drying method
is considered the best drying treatment because it pre-
serves the natural color and maximum nutrients, as
well as the original flavor and aroma, but it is also the
most expensive method (Chew et al., 2019; Mahen-
dran, 2008). Spray drying produced a stable powder
at room temperature with a carrier, which reduced the
stickiness and prevented caking. On the other hand,
convective drying is considered to be the most com-
mon method of dehydration due to its low cost and
an initial period of drying which is sufficiently effi-
cient due to its high drying rates and large capacity.
However, the color changed, i.e., the colour became
dark because the long hours of exposure to high dry-
ing temperatures affects the organoleptic quality of the
oven-dried powder (Gan et al., 2020). Hence, another
drying method which is distinctive from oven drying,
called vacuum oven drying, is applied to heat-sensitive
substances (Wan Omar and Sarbon, 2016). However,
the needs of the vacuum system result in high invest-
ments and operating costs, which is a downfall of this
method that limits its application. Drum drying, on the
other hand, is considered to be one of the most energy
efficient drying methods due to its principle that al-
lows food matrices to dry using a heated drum. A thin
film of dry solids is obtained through short-term high
temperature drying (Jittanit et al., 2011). Recent work
on the production of spray dried Terung Asam, papaya,
Kuini, cempedak, and pineapple powder has been re-
ported (Chang et al., 2020b; Chang et al., 2020a; Loo
and Pui, 2020; Pui et al., 2020a; Wong et al., 2015).
Research has been done to compare the powders pro-
duced from different drying methods (Senphan et al.,
2019).
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This study determined and compared the effects of
these five drying methods (spray drying, freeze drying,
drum drying, vacuum oven drying, convection oven
drying) on the physicochemical properties and anti-
oxidant properties (ascorbic acid and total carotenoid
contents) of Bintangor orange powder. These five dry-
ing methods were selected for study because they are
commonly used and have significant design and opera-
tion parameters in food processing. Lastly, the best vi-
able drying model among all the drying methods has
been identified and recommended based on its ability
to produce a high quality Bintangor orange powder.

MATERIALS AND METHODS

Preparation of fruit samples

The fruit used in this study was Bintangor orange.
These oranges were purchased from a local hyper-
market located in Cheras, Kuala Lumpur. The selected
oranges were at commercial maturity (orange color),
free from external defects and uniform in size, ranging
from 6.0—6.5 cm in diameter. Three batches of samples
were purchased.

Preparation of fruit purees

The Bintangor orange was peeled and deseeded. Juic-
ing was carried out through a cheesecloth, and the
mixture was mixed with maltodextrin (50%) at a ratio
of 1:5, with total soluble solids of 11°Brix measured
with a refractometer (Milwaukee, USA). Maltodextrin
(DE = 10, Bronson ad Jacobs, Australia) was incor-
porated constantly at 50% for different drying meth-
ods and to provide a thickener and preservative effect.

Spray drying

The spray drying process was conducted according
to Chang et al. (2020b) with some modifications. Ap-
proximately 500 g of juice was weighed into a 500 mL
beaker. Maltodextrin with a concentration of 50%
(w/w) was added to the juice and homogenized using
an electric homogenizer (IKA, Germany). The inlet
temperature was set at 140°C, with a nozzle speed and
air compression of 5 and 40 mm, respectively. Next,
the nozzle pump was connected to a beaker of distilled
water, which was then allowed to feed into the spray
dryer (SD-05; Keison, United Kingdom) for around
15 min before spray drying.
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Freeze drying

The prepared fruit purees were added to aluminum
trays that were covered with aluminum foil before be-
ing frozen and freeze dried. They were frozen to —80°C
in the freezer overnight. The frozen fruit purees were
then freeze dried for 48 h, at —50°C in an ice condenser
and a vacuum of 0.28 mbar in the freeze dryer (Christ
Alpha; John Morris group, Osterode, Germany). The
final drying was set for 2 h. After this, the freeze dried
products were collected in airtight conditions through
vacuum packaging for further analysis (Gopinatha et
al., 2020).

Drum drying

The fruit puree was added to the drum dryer (with
specifications of a 20 cm pool level depth and a 2 cm
gap; R. Simon (Dryers) Ltd, Nottingham, England).
The drum drying process was conducted with the ro-
tation speed and drum clearance set at 0.75 rpm and
0.245 mm, respectively. The resulting flakes were
then ground into a powder (Sharp Blender, Malaysia)
before being stored in airtight conditions (Pua et al.,
2010).

Vacuum oven drying

The fruit puree was spread on a baking tray with an
average thickness of 1.5 cm. The drying process was
conducted in a vacuum oven (VD 23; Binder, Germa-
ny), with the temperature and pressure set at 70°C and
1 bar, respectively. After 24 h, the dried flakes were
ground into powder (Gopinatha et al., 2020).

Convection oven drying

The drying was conducted in an oven (Memmert, Ger-
many) with the following settings: 0.13 £0.06 m/s air
velocity, counter-current flow, and at 55 +0.5°C; Gopi-
natha et al., 2020). The puree was spread on a drying
tray with a thickness of 3.2 mm. The dried powder
flakes were ground into powder and stored in airtight
conditions through vacuum packaging until further
analysis.

Process yield

The process yields of freeze dried, spray dried, drum
dried, vacuum oven dried, and convection oven dried
powders were determined using the equation below
(Pua et al., 2010):
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Process weight of dried powder, g

yield, %

x100% (1)
weight of fruit puree, g

Physicochemical analysis of the powders

Color analysis. The color of the Bintangor orange
powders was analyzed using a HunterLab’s Colorim-
eter (ColorFlex, Ez Hunter Associate Laboratory, Inc,
United States) coupled with EasyMatch QC-ER soft-
ware. The color data was expressed in terms of L*,
a* and b*, with L* indicating the luminosity of the
sample, ¢* indicating the variation between red and
green, and b* indicating the variation between yellow
and blue (Pui et al., 2018).

Moisture content. The moisture content of the Bin-
tangor orange powders was determined according to
Jittanit et al. (2010) with some modifications. The alu-
minum plates were pre-dried in a convection oven at
105°C for 1 h. Approximately 2 g of each powder was
weighed into the pre-dried aluminum plates. Then,
the powders were placed in the oven for drying (24 h,
105°C). The moisture content of the powders was de-
termined by using the equation below:

weight of wet powder, g —

Percentof  yejoht of dry powder, g

moisture =
content, %

x 100% (2)
weight of wet powder, g

Water activity. The water activity of the Bintangor
orange powders was determined using an Aqualab Pre
Water Activity Meter (Meter Food, Novasina, Swit-
zerland). The water activity meter was switched on for
30 min before the analysis to warm up the instruments.
The sample cup was placed into the sample port of
the water activity meter without a cover, and the water
activity meter was allowed to start. The reading was
collected after the water activity meter made a beeping
sound (Pua et al., 2010).

Hygroscopicity. The hygroscopicity of the Bintangor
orange powders was determined as described by Pui
et al. (2020b) with some modifications. Saturated am-
monium sulfate was prepared in the glass desiccator
at room temperature. The weight of the 50 mL beak-
ers was recorded before 2 grams of each powder was
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weighed. Each powder was added to 3 beakers. The
beakers with the powders were placed into the glass
desiccator. After 1 week, the powders were removed
from the desiccator to be weighed. The hygroscopic-
ity of the powders was calculated using the following
equation:
weight of sample after
a week, g — initial weight

Hygrosco- of sample, g
picity, x 100% (3)
g/100 g initial weight of sample, g

Degree of caking. 5 grams of powder was weighed
and put through a 500 pm sieve. The powders were
shaken constantly for 1 min during sieving, and the
remaining powder that was still left in the sieve was
recorded. Degree of caking was calculated using the
equation below (Chang et al., 2020b):

weight of sample left

on sieve, g
= x 100% (4)
weight of sample used, g

Degree of
caking, %

Wettability. The wettability of the Bintangor orange
powder was determined according to Chauhan and Pa-
til (2013). The time was recorded for how long it took
for the powder to spread over the cloth in a 6 cm circle
(1 g) and be completely wet in a 2.5 cm dish filled with
distilled water.

Flowability. The flowability of the powders was
performed by allowing 5 g of powder to be poured
through a funnel (2 cm above base; Loo and Pui,
2020). The diameter of the resulting heap was record-
ed where the flowability (expressed in angle of repose)
was determined using the equation below:

height of funnel
Angle of _ tan! from base, cm

x 100% (5)
repose

radius of sample
on base, cm

Water solubility index. The water solubility index of
the powder was determined as described by Loo and
Pui (2020). Approximately 1 gram of the powder was
added to distilled water (10 mL). The centrifuge tube
was shaken vigorously and incubated (37°C, 30 min)

114

in a water bath. The supernatant was collected, and
the aluminum plates were allowed to dry in the oven
at 105°C for 5 h. The residues in the aluminum plates
were then weighed. The water solubility index was
then calculated using the equation below:

Water solubility ~ Weight of residue

: = x100%  (6)
index (WSI) weight of powder ’

Bulk density. The bulk density of the Bintangor or-
ange powders was measured according to Tonon et al.
(2011) with some modifications. The powders (5 g)
were added to a measuring cylinder (20 mL), and the
volume of powder after tapping (5 times) was meas-
ured. Bulk density was expressed in grams per mil-
liliter (g/mL).

Bulk density _ Weight of powder, g

(BD)

x100% (7)
volume of powder, mL

Antioxidant analysis of the powders
Vitamin C content analysis. Bintangor powder (5 g)
was added to distilled water (150 mL) and starch indi-
cator (1 mL) before titration with an iodine solution.
The amount of vitamin C was then calculated using
the equation below (Sapei and Hwa, 2014):
MV MYV
171 _ 272 (8)

n n,

where:
M — molar of KIO,,
V' — final volume in the conical flask, mL,
n — the number of moles, and where 1 mole of
iodine is equal to 3 moles of ascorbic acid.

Total carotenoid content. The total carotenoid con-
tent of the Bintangor powder was determined accord-
ing to Pui et al. (2020a). Three grams of powder were
added to distilled water (10 mL) and left to stand for 30
min. Following this, cold acetone (20 mL) was added
and incubated at 25°C for 15 min. The sample solution
underwent vacuum filtration where further extraction
was conducted on the residues. The filtrate and 50 mL
of petroleum ether was then placed in a separatory fun-
nel for further extraction. Two layers of solution were
formed, and the stopcock was opened to discard the
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a

Fig. 1. Bintangor orange fruit powder processed using five different drying methods: a — spray drying, b — freeze drying,
¢ — drum drying, d — vacuum oven drying, e — convection oven drying

bottom layer solution. The top layer solution in the
separatory funnel was allowed to flow through anhy-
drous sodium sulfate (15 g). The filtrate collected was
distilled off the petroleum ether using a rotary evapora-
tor at 25°C. The dried extract was then added to cold
acetone (1 mL) before the absorbance was measured at
450 nm with a spectrophotometer (Uviline 9400, Seco-
mam, France).

Statistical analysis. The analysis of the physicoche-
mical properties and reconstitution properties of spray
dried, freeze dried, drum dried, vacuum oven dried,
and convection oven dried Bintangor orange powders
was conducted triplicate (n = 3). SPSS (ver. 22) was
used to conduct statistical analysis. A one-way ANO-
VA test and Tukey’s test were performed to determine
the significant differences (p < 0.05).

RESULT AND DISCUSSION

Process yield

The Bintangor orange powders obtained through dif-
ferent drying methods are presented in Figure 1. Fig-
ure 2 shows the process yield of the spray dried, freeze
dried, drum dried, vacuum oven dried, and convection
oven dried powders. The process yields of spray dried,
freeze dried, drum dried, vacuum oven dried and
convection dried Bintangor powders were 21.11%,
43.98%, 31.13%, 37.27%, and 48.02%, respectively
(Fig. 2).

Figure 2 also shows that spray drying had the low-
est yield among all the drying methods. This can be ex-
plained by the stickiness of the fine spray that the dried
powder produced. The stickiness of the powder caused
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Fig. 2. Process yield of spray dried, freeze dried, drum dried,
vacuum oven dried, and convection oven dried. Different
letters a—¢ in the same column represents significances dif-
ferent at p < 0.05

cohesion of the powder to the surface of the spray dry-
er chamber. The presence of molecular weight sugars
such as glucose, fructose, and organic acids is respon-
sible for the fruits’ stickiness (Chang et al., 2020b).
These compounds have a low glass transition tempera-
ture and their hygroscopic nature causes the stickiness
of dried fruits (Chang et al., 2018). Moreover, powder
stickiness may cause blockages in the spray dryer sys-
tem and reduce yields. In contrast, convection oven
drying produces the highest yield, followed by freeze
drying, vacuum oven, and drum drying methods.

Physicochemical analysis of the powders

Color analysis. The color of dried Bintangor orange
powders is affected by the drying method (Mahendran,
2008). Figure 3a shows that the L* value for Bintan-
gor puree was 54.05 (Fig. 3a), while the spray dried,
freeze dried, drum dried, vacuum oven dried and con-
vection oven dried powders were 91.39, 73.70, 79.54,
79.72, and 40.43, respectively. In comparison to the
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Fig. 3. Hunter color analysis (L, a, b values and total color
change) of Bintangor orange puree, as well as spray dried,
freeze dried, drum dried, vacuum oven dried, and convec-
tion oven dried Bintangor orange powders. Different letters
a—e in the same column represents significant differences at
p=<0.05

fresh Bintangor puree (54.05), a significant increase
in the L* value was observed with the exception of the
convection oven dried Bintangor sample, which had
a significantly lower L* value than the rest of the dry-
ing methods.

Among the different powders produced, spray
dried Bintangor powder appeared to have the high-
est L* value, followed by drum dried, vacuum oven
dried, and freeze dried. In contrast, convection oven
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Bintangor powder had the lowest L* value. This indi-
cates that spray dried Bintangor powder had the light-
est color, while the convection oven Bintangor powder
had the darkest color among all drying methods. The
higher L* value of the spray dried Bintangor powder
can be explained by the short drying time limiting
color degradation. The lower L* value of convection
oven Bintangor powder is probably due to the non-en-
zymatic browning reaction caused by certain chemical
reactions including the deterioration of ascorbic acid.
This leads to color degradation with prolonged expo-
sure (Bharate and Bharate, 2014).

The a* value of fresh Bintangor puree was 17.27
and all dried Bintangor orange powder had a positive
a* value, indicating that the powders were close to ared
color (Fig. 3b). Jittanit et al. (2010) indicated that the
positive a* value of freeze dried, drum dried, vacuum
oven dried, and convection oven dried powders may
be due to the browning reaction that occurred during
the drying process. However, freeze dried Bintangor
orange powder had the highest a* value, which was
12.66, indicating that the powder was more reddish
and closer to the original color of the puree (17.27).
Devit et al. (2010) found that a low processing tem-
perature retained the highest pigment content of vita-
min C while simultaneously protecting the molecules
responsible for the red color (Mahendran, 2008).

Bintangor orange puree is yellow in color, and the
Bintangor puree (56.43) and Bintangor powder pro-
duced from all drying methods were 15.52, 40.23,
30.79, 38.07, and 36.33, respectively (Fig. 3c). They
had positive b* values, indicating that they are more
towards their original color. Spray dried Bintangor
powder had the lowest b* value among all the pow-
ders, which was 15.52. Jittanit et al. (2010) stated that
a low b* value may be caused by the high temperature
of 140°C used during the spray drying, which was the
highest among all drying methods, resulting in a less
yellowish color. Moreover, the decrease in yellowness
was also due to the oxidation of free radicals during
drying. At the same time, the freeze dried powder had
the highest b* value among all the powders due to its
low processing temperature.

In terms of total color change, as seen in Figure 3d,
it was found that freeze dried Bintangor orange pow-
der had the smallest changes, while spray dried pow-
der had the highest color changes, as the maltodextrin
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applied was white in color. Figures 4 and 5 illustrate
the physicochemical results of spray dried, freeze
dried, drum dried, vacuum oven dried, and convection
oven dried Bintangor orange powders.

Moisture content. Figure 4a shows that the mois-
ture contents of freeze dried, vacuum oven dried, and
convection oven dried Bintangor powders are 2.30%,
2.27%, and 2.31% respectively, which display no
significant differences (p > 0.05), while the moisture
contents for spray dried and drum dried powders were
2.11% and 2.19%, respectively. The value obtained
from the study was lower than several reported stud-
ies in cempedak powders (6.07%) (Pui et al., 2020a),
papaya powder (5.21%) (Chang et al., 2020b) and or-
ange powder (Chegini and Ghobadian, 2015).

Spray dried Bintangor powder had the lowest mois-
ture content as the drying temperature was 140°C, fol-
lowed by the drum dried Bintangor powder. With an
increase in rotation speed, the moisture content of the
powder also increased as the time that the feed stayed
in the drum was reduced (Pua et al., 2010). Convec-
tion oven dried Bintangor powder had the highest
moisture content as the drying temperature used was
45°C, while for the freeze drying process, as the pow-
der formed had a more porous structure, the moisture
content was slightly higher. However, all the dried
Bintangor orange powder was microbiologically sta-
ble since the range of moisture content was less than
4% (Mahendran, 2008).

Water activity. Figure 4b shows that the water activity
of all the powders produced ranged from 0.171-0.241,
which was in the range of powder water activity, ac-
cording to Gobbetti et al. (2010). The spray dried and
drum dried Bintangor orange powders had water ac-
tivity of 0.171 and 0.190, respectively, which were
the lowest of the powders. This was due to the fact
that the puree was heated at 120°C and 140°C for 48 h
and several hours for drum drying and spray drying,
respectively. Convection oven dried powder had the
highest amount of water activity due to the low tem-
perature used. In contrast, the second highest average
values occurred with the freeze dried process, this is
in agreement with results for apple juice powder and
carrot powder, where a similar relation was also ob-
served (Ergun et al., 2010). Microbial activity that
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Fig. 4. Bintangor orange powders: a — moisture content,
b — water activity, ¢ — hygroscopicity, d — degree of caking.
Different letters a—d in the same column represents signifi-
cances different at p <0.05

causes food deterioration was demonstrated as being
inhibited because all the produced values were below
0.6 (Gobbetti et al., 2010).

Hygroscopicity. Chegini and Ghobadian (2015) and
Moreira et al. (2009) reported that the percentages of
hygroscopicity of powders are in the range of 3.28—
34.72%. Figure 4c shows that there was no significant
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difference (p > 0.05) in the hygroscopicity values of
all the powders produced except for the spray dried
Bintangor orange powder. These results reflect those
of Chegini and Ghobadian (2015) who found that all
Bintangor orange powders were hygroscopic with
a percentage between 15.1-20%. Drum dried powder
had the highest percentage of hygroscopicity due to
its higher absorbance of moisture from the environ-
ment as the product has a lower moisture content in
processing conditions of a high temperature (Tonon et
al., 2011). Spray dried Bintangor powder had the low-
est percentage of hygroscopicity due to its high mois-
ture content, which makes it unable to absorb moisture
from the environment (Ergun et al., 2010).

Products that are sticky are more hygroscopic,
hence the drying process should be conducted at
a lower temperature than the glass transition tempera-
ture of its constituents (Chang et al., 2018). Further-
more, size is a reason for differences in hygroscopicity
percentage. With particles that are smaller, the surface
area is larger, which increases the active sites for in-
teraction with air. However, maltodextrin, which is
a well-known drying aid, helps resolve hygroscopicity
problems (Tonon et al., 2011).

Degree of caking. Figure 4d shows the degree of cak-
ing of spray dried, freeze dried, drum dried, vacuum
oven dried and convection oven dried Bintangor or-
ange powder, which was 42.62, 35.03, 14.56, 10.36
and 9.75, respectively. The result obtained was in the
range between 9.62—40%, which is similar to a study
done by Demirci et al. (2014) and Chegini and Gho-
badian (2015), where convection oven dried was
categorized as non-caking, while vacuum oven and
drum dried were classified as slightly caking powders.
Freeze dried and spray dried were classified as caking
since the value was in the range between 20-50%.
Based on Figure 4d, there is no significant differ-
ence (p > 0.05) between vacuum oven dried and con-
vection oven dried powder. However, the degree of
caking of spray dried powder was higher than the oth-
ers because it was exposed to high humidity to produce
a powder with high solubility. The relative humidity of
the freeze dried environment was also high compared
to other methods, which resulted in the second-highest
value due to the temperature being —50°C, while the
convection oven dried powder had the lowest degree
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of caking because the environment had a low humid-
ity; therefore, it produced a powder with low solubility
compared to spray dried and freeze dried powder.

Wettability. Figure 5a shows that the wettability of all
the powders obtained from different drying methods
was below 60 s, which was also supported by Sun-
jka et al. (2014). Drum dried powder has the longest
wettability time of 56.63, in comparison to the other
drying methods. This may be due to a decrease in the
powder moisture content of the drum dried powder
(Chegini and Ghobadian, 2015). Spray dried powder
had the shortest time of wettability. This indicates
a good reconstitution of the properties of the pow-
der obtained due to the small size of the beads that
were produced by the spray drying apparatus (Lee et
al., 2016). Schwartz and Lorenzo (2014) also stated
that all dried powder had excellent properties with the
powder being higher in carbohydrates than fats and
proteins.

Flowability. Figure 5b shows the flowability of the
Bintangor orange powders, where they can be clas-
sified under free-flowing properties with a repose
below 45 (Moreira et al., 2009). The flowability of
the freeze dried Bintangor orange powder showed the
lowest values of angle repose (18.09°), indicating the
best flowability properties. This result is supported by
Moreira et al. (2009), where the freeze dried product
has more flowability, while convection oven dried
has the weakest flowability. This may depend on the
particle structure where it involves adhesion between
particles.

Water solubility index. Figure 5c shows the water
solubility index (WSI) of spray dried, freeze dried,
drum dried, vacuum oven dried, and convection oven
dried Bintangor orange powders, which were in the
range between 39-91%. The WSI of drum dried Bin-
tangor orange powder (39.05%) was lower than all the
others. High temperature destroys the product surfaces
and the pores which allow reconstitution (Chauhan
and Patil, 2013).

Vacuum oven dried powder showed the second
lowest WSI due to the high temperature used, which
was 70°C for 24 h. It had a lower value of WSI com-
pared to the spray drying method because the duration
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Fig. 5. Spray dried, freeze dried, drum dried, vacuum oven
dried, and convection oven dried Bintangor orange powders:
a — wettability, b — flowability, ¢ — water solubility index,
d — bulk density. Different letters a—e in the same column
represents significances differences at p < 0.05

of heating was longer. The convection oven dried pow-
der showed the highest WSI followed by the freeze
dried powder due to the low temperatures applied
which preserved the product surface and the pores that
allowed water to enter into the sample and solubilize
it. Moreover, the low temperature did not destroy any
proteins present in the powder, which is responsible
for the rate of solubility due to the presence of hydro-
philic molecules (Devitt et al., 2010).
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Bulk density. Figure 5d showed that the bulk densi-
ties of the Bintangor orange powders were signifi-
cantly different from each other (p < 0.05), except for
freeze dried, drum dried, and convection oven dried.
The bulk densities of Bintangor orange powders pro-
duced from all drying methods ranged from 0.39-0.63
g/mL. Spray dried Bintangor orange powder appeared
to have the lowest bulk density compared to the oth-
ers. This is due to its relationship to the inlet air tem-
perature used, where the higher inlet air temperature
caused faster evaporation, which made the powders
more porous, while at the same time reducing their
bulk density (Chang et al., 2020b).

Moreover, Chauhan and Patil (2013) reported that
foods that underwent freeze drying had sublimation
of ice in vacuum conditions. In this process, the ice
changes to vapor without passing through the liquid
state. This prevents shrinkage and the collapse of the
product. A lower bulk density product was produced
as it is more porous. The vacuum oven drying method
had the highest bulk density because the powder is
grainy in structure. In contrast, vacuum-dried powder,
which is more crystalized in its form, has a less spe-
cific surface which gives less friction. Hence, the par-
ticles flow more easily and the powder becomes more
compact and therefore density increases (Sogi et al.,
2015).

Antioxidant properties of the powders

Vitamin C. Figure 6a illustrates the vitamin C con-
tent of Bintangor orange puree, as well as spray dried,
freeze dried, drum dried, vacuum oven dried, and con-
vection oven dried Bintangor orange powders. The vi-
tamin C content of the Bintangor orange purees was
originally high, with a value of 37.42 mg/g. However,
after drying the puree into a powder form, there was
a decrease in vitamin C content in the spray dried,
freeze dried, drum dried, vacuum oven dried, and con-
vection oven dried Bintangor orange powder methods,
where the yields were 15.03 mg/g, 28.31 mg/g, 13.72
mg/g, 18.10 mg/g and 24.36 mg/g, respectively.

The total vitamin C content of freeze dried Bin-
tangor orange powder was the highest followed by
convection oven dried, vacuum oven dried, spray
dried, and drum dried. The reduction in vitamin C af-
ter undergoing different drying treatments was in the
range of 10-23 mg/g. This is attributed to the lower

119


http://dx.doi.org/10.17306/J.AFS.2022.0901
http://dx.doi.org/10.17306/J.AFS.2022.0901
http://www.food.actapol.net/

Phing, P. L, Abdullah, A, Lee Sin, Ch., Yin Foong, S. Ch. (2022). The effect of drying methods on the physicochemical and an-
tioxidant properties of Bintangor orange (Citrus nobilis) powders. Acta Sci. Pol. Technol. Aliment., 21(1), 111-122. http://dx.doi.

org/10.17306/).AFS.2022.0901

©
IS
o

Vitamin C, mg/g

c
d
| | I
Spray Freeze Drum Vacuum  Convection
drying drying drying  oven drying oven drying

160 - Drying method
140+ a

120 + I

100 -

eo: I

Puree

o

Total carotenoid, pg/g
o
o
Ho
Q.
HOo

20 +

Vacuum  Convection
oven drying oven drying

Freeze Drum
drying drying
Drying method

Puree Spray

drying

Fig. 6. Spray dried, freeze dried, drum dried, vacuum oven
dried, and convection oven dried Bintangor orange powder:
a — vitamin C, b — total carotenoid content. Different letters
a—f in the same column represents significant differences at
p=<0.05

processing temperature applied in the freeze drying
method. According to the results obtained, the freeze
dried Bintangor orange sample was able to retain the
most vitamin C, which was 76%.

Lee et al. (2016) showed similar results, finding
that the freeze dried tomato powder had a higher level
of ascorbic acid, around 78.5%, than spray dried and
drum dried powder. In their work, the oxidative loss
of ascorbic acid during vacuum drying was 31.3%,
which was higher than freeze drying (21.5%) and
spray drying (25.8%). The high temperatures and oxi-
dation involved in these reactions degrades ascorbic
acid. The lowest vitamin C content in drum dried pow-
der was due to easy evaporation at high temperatures
because vitamin C is a heat-sensitive pigment (Pua et
al., 2010). The usage of nitrogen gas applied during
the freeze drying treatment can reduce oxidation (Ma-
hendran, 2008).

120

Total carotenoid content. Figure 6b shows that the
total carotenoid content of Bintangor orange puree
(122.83 pg/g) was originally high. However, after
drying the purees into powder, the total carotenoid
content in the spray dried, freeze dried, drum dried,
vacuum oven dried and convection oven dried Bin-
tangor orange powders decreased drastically to 40.08
ng/g, 91.32 ng/g, 36.90 ng/g, 67.41 pg/g, and 79.70
ng/g, respectively. The reduction in total carotenoid
content after undergoing different drying treatments
was in the range of 30—80 pg/g.

As shown in the results obtained, the freeze dried
Bintangor orange powder was able to retain the most
total carotenoid of around 74%, while the drum dried
powder only retained around 30%. The total carot-
enoid content of the freeze dried powder was higher
than the other drying methods, followed by convec-
tion oven, vacuum oven, spray drying, and drum dry-
ing due to the moderate and lowest temperatures being
applied and the possibility to perform rehydration at
any desired level.

The total carotenoid content of convection oven
dried powder was higher than the vacuum oven dried,
spray dried, and drum dried powder. This is attributable
to the low oven drying temperature applied (Sunjka et
al., 2014). The lowest total carotenoid content in drum
dried powder may be due to their higher processing
temperature and stickiness of the fruit itself. This leads
to powder accumulation on the drum wall, which leads
to further oxidation (Demirci et al., 2014). Moreover,
drum dried powder showed the least amount of total
carotenoid since the drying conditions applied were at
high temperatures for a longer time (Pua et al., 2010).
Bigger losses in pigment and vitamin C content in the
drum drying of cassava, cowpea and Africa spinach
were also reported (Schwartz and Lorenzo, 2014).

CONCLUSION

Overall, the results showed that freeze dried Bintangor
orange powder was the optimum method when com-
pared to spray drying, drum drying, vacuum oven dry-
ing, and convection oven drying methods. The freeze
dried powder retained a color similar to the original
puree. The moisture content and water activity for all
dried powders fell into an acceptable range to inhibit
the growth of microorganisms. Furthermore, freeze
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dried Bintangor orange powder had better wettability
properties. Despite being slightly higher in the degree
of caking and hygroscopicity, it was also more soluble
than the other dried powders. Lastly, for antioxidant
property analysis, the freeze dried powder retained
a higher quantity of vitamin C and total carotenoid con-
tent compared to the other dried powders. The results
of this study indicate that the freeze dried treatment is
the most suitable and desirable method to preserve the
maximum physicochemical and antioxidant properties
of Bintangor orange powders. The orange powder pro-
duced from this study had a high stability with well-
retained quality, which means that it can be applied
in the food industry as a functional ingredient in food
products such as beverages, jams and, baked goods.
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