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ABSTRACT

The study aims to obtain spray-dried tomato powders with a high and effective product
yield and enhanced powder quality. The experiment for this investigation entailed the use
of several carrier agents, which were maltodextrin (MD) of 4-7 dextrose equivalents (DE),
MD of 10-12 DE, and gum Arabic (GA), each in varied concentrations of 5% and 10% with
spray drying inlet temperatures of 140°C, 150°C, and 160°C. Powder yield, bulk density,
hygroscopicity, moisture content, water solubility, water absorption, color properties,
particle size, and powder morphology were all evaluated in spray-dried tomato powders.
The results revealed that the stability of the tomato powder is considerably better at high
temperatures and concentrations (at 10%, 160°C), with MD 4-7 DE being the best carrier
agent among the three tested carrier agents. According to the powder analysis, the product
has a moisture content of 3.17 &+ 0.29%, the highest yield percentage of 32.1%, a low bulk
density 0of 0.2943 + 0.01 g/cm?, the lowest hygroscopicity at 5.67 + 0.58 %, a high water
solubility index (WSI) at 89.98 + 1.25%, a low water absorption index (WAI) at 6.22 +
0.22%, an intermediate particle size of 24.73 um, and color L*, a*,b* values at 31.59 = 0.03,
11.62 £0.08 and 13.32 £ 0.12. The result showed that at higher temperatures and higher

concentrations, the powder characteristics
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INTRODUCTION

Tomatoes are readily integrated as a healthier part of a balanced diet as they contain
good amounts of healthy dietary components, including carotenoids, especially lycopene,
water-soluble vitamins, and phenoliccompounds (Li et al., 2018; Martinez-Huélamo et al.,
2016; Raiola et al., 2014). However, its high-water content may hinder the conservation
of tomato products and post-harvest losses. High moisture level results in higher water
activity that promotes quality degradation as the enzymatic activity increases and microbial
development (Aderibigbe et al., 2018). Due to this, drying is commonly done to preserve
food products. Several drying methods have been used for the convenience of the large food
industry, and such fundamental drying methods include conventional hot air drying, solar
drying, spray drying, freeze drying, contact drying, infrared, and dielectric drying, as well
as reaction engineering approach (REA) (Compaore et al., 2017; Hii et al., 2021; Ismail
et al., 2020; Uyar et al., 2015; Ziaforoughi & Esfahani, 2016). Although conventional hot
air drying has great availability, the process is time-consuming and an energy-intensive
food preservation method.

Solar drying is a very inexpensive drying method, but it has numerous shortcomings
since the food has been exposed to a source of contamination (Adak et al., 2017). As for
freeze drying, it is much slower and more costly since it includes very complicated and
multi-step processes like freezing, primary drying, and secondary drying. This technique is
typically used to transform materials sensitive to heat into powder form since it preserves
their natural conformations better. Another drying method is contact drying, which includes
drying a product by exposing it to heated walls. This method is extensively utilized in heavy
industry drying operations and is demonstrated through drum and vacuum drying (Haque
& Adhikari, 2014). Infrared drying involves exposing solid food to an infrared heating
source, which raises the temperature of the food surface (Ziaforoughi & Esfahani, 2016).
In dielectric drying, heat is transferred directly to the product, and faster heating up is
observed inside the product than on the surface. However, the drawback of this technique
is that it will cause runaway heating that leads to non-uniform heating (Uyar et al., 2015).
The REA may identify the product quality and functioning variables by calculating heat
and mass balances at the individual droplet level (Patel & Chen, 2008).

Spray drying is one of the processes utilized to create dried food powder and can assist
inreducing post-harvest losses while adding value to the raw product. The conversion process
comprises the liquid feed atomization, which is then heat treated to lower its moisture
content to the desired level (Lee et al., 2018). The benefit of spray drying lies in its ability
to manufacture high-nutrient products with flavor retention and rapid moisture evaporation
throughout the conversion of liquid feed material to dry powdery form, resulting in higher
powder stability and resistance to oxidative and microbiological degradation. Powders
formed by spray drying may also be kept at room temperature for extended periods without
impacting their stability. Although spray drying is a potential preservation technology,
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converting high-value food components into particle form is challenging because of the
high amount of low relative molecular weight sugars in their composition, which causes
stickiness. As a result, product output will be decreased, and operational difficulties may
arise. The low glass transition temperature (T,) of the low-molecular-weight sugars
prevalent in such products, notably fructose, sucrose, and glucose, is mainly accountable
for powder stickiness (Bhandari & Howes, 2005; Muzaffar et al., 2015). Because of the
low T, of the tomato’s low-molecular-weightsugars, tomato pulp is an excellent sample
of a product that is tough to spray dry. Severalolutes, such as maltodextrins (MD) of 4-7
dextrose equivalents (DE), MD of 10-12 DE, and gum Arabic (GA), were employed as carrier
or coating agents during the spray drying process to decrease stickiness.

Measuring the T, of the food product may not be enough to solve the problem, even
though this may be the best instrument for predicting the structural behavior of the product
after drying. A more realistic strategy is required to deal with sugary raw materials. Adding
carrier agents has been the most utilized strategy for dealing with drying. Even though using
a high quantity of carrier agents has become the most frequent way to dry such products,
there is no defined strategy for optimizing carrier agent utilization. It is one of the topics
that have to be addressed more thoroughly. Aside from the stickiness issue, lycopene, which
is important for the red color of tomatoes, can be damaged by spray drying heat processing
(Goula & Adamopoulos, 2005). Due to this, the inlet and exit air temperatures, together
with the concentration of the feed, in a spray drying process are critical parameters that
must be controlled. Table 1 summarizes different drying methods used in the food industry.

Table 1
Summary of different drying methods used in the food industry

Drying method Advantages Disadvantages Reference
Solar drying Inexpensive drying Exposed to a source  Adak et al. (2017);
method of contaminations. Ziaforoughi and

Very vulnerable to Esfahani (2016 )
weather conditions.

Slow drying process.

Also, molding of

food may occur due

to slow drying.

Hot air convective Great availability and Considered a highly =~ Szadzinska et al.
drying moisture saturation destructive operation, (2017)
capability. particularly

problematic for
thermally sensitive
materials, it
consumes much time
and energy.
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Drying method

Advantages

Disadvantages

Reference

Freeze drying

Infrared drying

Microwave drying

Radiofrequency
drying

Osmotic drying

Keep most of their
taste, shape, and
nutritional value. It
does not need to be
kept cold and can

be used for month’s
even years. Foods that
have been dehydrated
cannot be rehydrated
as quickly as freeze-
dried foods.

Short drying time,
energy saving.

The air is not stirred,
unlike conventional
convectors.

The ambient humidity
is pushed out without
drying the ambient
air.

Because of
technological
advancement,
additional parameters
such as time
efficiency, low energy
usage, and excellent
product quality may
be monitored.

It takes less time,
uses less energy,

and produces better
product quality
Preserve color,
fragrance, nutritional
compounds, and

Expensive.
Freeze-dried foods
also take up almost as
much space as fresh
foods.

Heat transmission

to food is extremely
slow.

No heat retaining.
The body can suffer
from water loss with
infrared heaters.

It only provides
targeted heating.
Heating runaway,
high cost.

May result in
particle overheating
and unfavorable
degradation of
bioactive constituents.

Causes runaway
heating which often
leads to non-uniform
heating

The final moisture
content is unstable.
Take days until

Ciurzynska and
Lenart (2011);
Nowak and
Jakubezyk (2020);
Haque and Adhikari
(2014)

Adak et al. (2017);
Ziaforoughi and
Esfahani (2016)

Pu et al. (2016);
Zielinska and
Michalska (2016);
Szadzinska et al.
(2017)

Uyar et al. (2015)

Eren and Kaymak-
Ertekin (2007);
da Costa Ribeiro et al.

flavor water loss reaches (2016)
equilibrium
Lyophilization Generally preferred ~ Consume much time  Wang et al. (2017);
for converting heat-  and has a high drying Haque and Adhikari
sensitive material cost. (2014)
to powder since it Low product yield,
preserves their natural not steady production,
structures better. and the possibility of
chill injury.
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Table 1 (Continue)

Drying method Advantages Disadvantages Reference

Spray drying A common Low product yield Chegini and
method for due to dry particle Ghobadian,
microencapsulation,  losses. (2007); Goula and
suitable for heat- The spray dryer Adamopoulos (2008);
sensitive material, is bulky and also Souza et al. (2018);
effective technology ~ expensive to install. ~ Zhu et al. (2014)
in protecting It has a low thermal
probiotic and efficiency which is
bioactive compounds, much heat is wasted
and lower time during operation.
consumed.
Fully automated and
continuous.

Short residence times
and suitability for
both heat-sensitive
and heat-resistant
foods.

Several studies have been conducted on the effects of different carrier agents on process
parameters and the qualities of spray-dried products (Souza et al., 2018; Shishir et al.,
2017; Goula & Adamopoulos, 2008). However, there is a scarcity of studies that provide
in-depth insight into the effects of different carrier agents on the varied characterization
of powders. This study focuses on practical knowledge about additives in spray drying
performance and the effects of temperature and concentration. Therefore, the main objective
of this study was to study the different effects of carrier agents and examine the impact
of different inputs of inlet air temperature and carrier agent concentrations on the powder
properties to obtain spray-dried tomato powders with an effective product yield and an
improved powder quality. The experiments of this study have used different carrier agents
such as MD of 4-7 DE, MD of 10-12 DE, and GA, each in different concentrations of 5%
and 10% and different spray drying inlet temperatures 140°C, 150°C, and 160°C. Based on
the study, results were tested using analysis of variance (ANOVA) to relate and understand
the significance of the variables towards powder characteristics.

METHODOLOGY
Materials

The materials used to produce tomato powder with carrier agents include the tomato fruit,
MD of 4-7 DE, MD of 10-12 DE, and GA. The MD of 4-7 DE and 10-12 DE was purchased
from Sigma-Aldrich, Munich, Germany The physical appearance of MD was found as a
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white hygroscopic powder produced from vegetable starch. The GA used for this study
was in powder form and was sourced from A&T Ingredients Sdn. Bhd., Malaysia.

Preparation of Tomato Juice

For the preparation of tomato juice, firstly, the tomato fruit was washed with lukewarm
water to get rid of unwanted impurities on the surface of the tomato, and then it was cut
into smaller pieces before blanching it for about 2 min in boiling water. Blanching helped
to ease the peeling of the tomato skin, and then the tomato fruit was crushed by a blender
to obtain the tomato juice. The obtained tomato juice was filtered using a cloth filter.

Preparation of Tomato Juice with Carrier Agents

As for preparing tomato juice with carrier agents, firstly, 1.5 L of tomato juice was weighed
in a water jug, and the carrier agents were added. Tomato-MD 4-7 DE, tomato- MD 10-12
DE, and tomato-GA juices were prepared in different concentrations of 5% and 10% of
tomato juice to carrier agents. The carrier agent solutions of 5% and 10% were prepared
by dissolving the carrier agents in hot water until they carrier agents were submerged
enough. The tomato juice was blended with the carrier agents using the blender. Then, the
mixture was constantly stirred and heated at 30 to 50°C on a stove. 1.5 L of tomato juice
with 5% concentration and another 1.5 L with 10% concentration for each carrier agent
were obtained. Prior to drying, the color of the samples was recorded using a Hunter Lab
color spectrophotometer. The obtained findings were stated as Hunter color values L*, a*,
and b*, where L* stands for brightness and darkness, a* stands for redness and greenness,
and b* stands for yellowness and blueness (Caparino et al., 2012).

Preparation of Tomato Powder

The main equipment for the experiment was a pilot-scale spray dryer used to spray dried
tomato juices. Figure 1 shows a schematic representation of the spray dryer.

Table 2 shows the formulation to prepare 18 different samples. The samples were fed
through a pilot scale spray dryer (Mobile Minor™, GEA, USA). The height of the drying
chamber cylinder is 0.62 m, with a diameter of 0.80 m and a conical base of 60° angles.
The spray dryer includes a peristaltic pump and a spraying mechanism that comprises a
rotating atomizer or two-fluid spray nozzles with a diameter of 1.0 mm. A start-up procedure
was done on the spray dryer for the spray drying process to ensure that the atomizer could
function well. The start-up procedure was done by referring to the equipment manual. For
each 1.5 L of juices, 500 ml was fed into the spray dryer at different inlet temperatures. The
operational conditions of the drying process were carried out with the inlet temperature
of the spray dryer set at the desired temperature of 140°C, 150°C, and 160°C with a fixed
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Figure 1. A schematic representation of a spray dryer
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outlet temperature of 85°C. The output temperature was kept at 85°C by modulating the
flow rate via the peristaltic pump. Atomization was done in co-current and fountain mode

with atomizer pressure set at 5 bar. Samples were fed into the spray dryer using a peristaltic

pump which controls the feed flow rate set at 18 rpm. The temperature of the outlet powder
was regulated and monitored via two temperature sensors positioned in the fluid bed. After
spray drying, the powdered sample was retrieved, collected from the cyclone’s base, and
kept in a sealable zip lock bag. The collected powdered samples were weighed and stored
in an airtight container with silica gel at room temperature of 25-27°C. Samples were kept

for 3—5 days weeks for further analysis. As for analyzing tomato powder, each analytical

work was done in triplicate.

Table 2

Formulation of the samples

Carrier Carrier agent ~ Weight of
Volume of . . o
Samples  agent . concentration, carrier agent Inlet temperature, °C
tomato juice, ml

used % used, g
TP1 140
TP2 1500 5 75 150
TP3 160

GA
TP4 140
TP5 1500 10 150 150
TP6 160
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Table 2 (Continue)

Carrier Carrier agent ~ Weight of
Samples  agent Volu.m.e of concentration, carrier agent Inlet temperature, °C
used tomato juice, ml % used, g
TP7 140
TP8 1500 5 75 150
TP9 MD 4-7 160
TP10 DE 140
TP11 1500 10 150 150
TP12 160
TP13 140
TP14 1500 5 75 150
TP15 MD 10- 160
TP16 12 DE 140
TP17 1500 10 150 150
TP18 160

"TP = Tomato powder

Analysis of Tomato Powder

Powder Yield. Based on dry matter measurements, the process yield of powder was
calculated by Equation 1 (Garofuli¢ et al., 2016).

, a g
0= —0\3
Powder yield, % D) gx100 (1)

where a = weight of obtained powder, g; b = dry matter content, g of juice; ¢ = mass, g of
the carrier agents used.

Bulk Density. For bulk density, 5.0 = 0.01 g of tomato powder was filled slowly into
a 20 mL dry cylinder. The cylinder was tapped 3 times, and the apparent volume of the
powder was recorded. The method is described by Caparino et al. (2012), in which the
bulk density of the spray-dried powder was calculated using Equation 2.

Bulk density g _ Weight of powder, g
"em3  Volume of powder,cm3

(@)
Hygroscopicity. The analysis was performed using powder exposure to air relative humidity

(RH) of 79.5% and checking of weight increase every 10 min until the maximum weight
was reached. Approximately 0.5 g of the sample was weighed and evenly spread on a plate,
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then placed in the apparatus, and the analysis started. The calculation of hygroscopicity is

given by Equation 3 (Oliveira et al., 2012).

(%WI+%FW)x100
100+%W1I

% Hygroscopicity = 3)
where %FW =% free water; Y% WI= ((c-b) / (b - a)) x100; a = weight of plate (g); b = weight
of plate + powder (g); ¢ = weight of plate + powder in equilibrium (g)

Moisture Content. The AOAC method was utilized (AOAC, 2012) to determine powder
sample moisture content. The equipment needed was an oven, crucible, and analytical
balance. The crucible and lid were dried in a laboratory oven (Binder, Germany) and then
cooled in a desiccator. The empty crucible with a lid was measured, and a powder sample
of approximately 2 g was placed into a crucible. The weight of the crucible with 2 g of
sample was recorded. The crucible was placed inside the oven without the lids. The sample
was dried at 105°C in the laboratory oven (Binder, Germany) for 24 h or until a uniform
weight was reached. After that, the sample was taken out from the oven, and the samples
were cooled in a desiccator prior to weighing. The samples were weighed after 15 min of
cooling. The samples were evaluated three times, and the mean value was recorded. The
moisture content of the powder samples was calculated by Equation 4.

(b—C), g
b-a) g x100 4)

Moisture content, % =

where a = weight of crucible + lid, b = weight of sample + crucible + lid before drying
process, ¢ = weight of sample + crucible + lid after drying process.

Water Solubility Index (WSI). The WSI of tomato powder was measured using the
approach outlined by Sabhadinde 2014, in which distilled water of 20 ml was vigorously
combined with the spray-dried tomato powder of 2.5 g weight in a 100 ml centrifuge tube
and incubated at 37°C for 30 min in a water bath. It was then centrifuged at 10,000 rpm
for 20 min. The supernatant was collected carefully into a pre-weighed beaker before
being oven-dried at 103 + 2°C. The WSI (%) was calculated as a percentage of the dried
supernatant in proportion to the sample quantity (Equation 5).

Weight of supernatant,

0 =
WSI, % Weight of sample, g ®

Water Absorption Index (WAI). The WAI of tomato powder was determined by using
Sabhadinde’s method (2014). 2.5 g tomatopowder suspension in 20 ml distilled water was
stirred for 1 h before being centrifuged at 3000 rpm for 10 min. The supernatant is discarded
for the removal of free water and to obtain the wet residue only. The wet residue was then
weighed. The calculation of WALI is given by Equation 6.

Pertanika J. Sci. & Technol. 31 (3): 1379 - 1411 (2023) 1387



S. M. Anisuzzaman, Collin G. Joseph and Fatin Nadiah Ismail

Weight of residual,
ghtof 9 x100 (6)
Weight of sample, g

WAIL % =

Color Analysis. A color spectrophotometer (Colorflex D65/100, Hunterlab, USA) was
used to study the color properties of the tomato powder. The obtained data were represented
per the Hunterlab scale values of the samples. The color properties were calculated using the
total color difference equation. Then, the tomato powder was dissolved in distilled water to
prepare a resampling of the obtained tomato powder; for the resampling procedure of the
tomato powder, Equation 7 was used so that the color comparison of the tomato powder
would be fair to the feed sample in the preliminary stages of conducting the spray drying
of tomato juice (Jittanit et al., 2010).

WDWR, g = wx WPR (7)
WDP,g
where WDWR = weight of distilled water for resampling, WFM = weight of feed material,
WDP = weight of dried powder obtained, and WPR = weight of powder for resampling

This analysis was done in triplicates to take reading for the L*, a*, and b* values, and
the mean values were taken. Prior to the sample analysis, the colorimeter was calibrated
using a black tile, a white plate with L, a*, and b* values of L=93.87, a=-0.73, b=+2.06 and
a green plate with L*, a*, and b* values of L=51.23, a=-25.32, b=15.14. For color analysis,
control tomato (CT) samples prior to drying were included, in which there are 6 control
samples for each carrier agent of different concentrations: CT1 for tomato juice with 5%
GA, CT2 for tomato juice with 10% GA, CT3 for tomato juice with 5% MD 4-7DE, CT4
for tomato juice with 10% MD 4-7 DE, CT5 for tomato juice with 5% MD 10-12 DE and
CT6 for tomato juice with 10% MD 10-12 DE. These control samples were prepared to
study the color difference in the L*, a*, and b* values before and after drying the juice at
three different temperatures. All the initial values were classified as control values stated
as CT1,CT2,CT3, CT4, CT5, and CT6 and shown in Table 3.

Table 3
Initial values of color properties of the CT samples
Control Color properties Control Color properties
tomato (CT) . . . tomato (CT) . . .
samples L a b samples L a b
CTl1 3353 1699 1431 CT4 37.01 19.67 18.24
CT2 31,59 1537 1540 CT5 3352 1896  15.17
CT3 36.15 19.30  15.70 CTo6 3097 17.19 1393
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Particle Size. A particle size analyzer (Malvern Zetasizer, Nano Z, UK) was used to assess
the particle size of tomato powder in a liquid medium. The equipment was set at an operating
temperature of 25°C, and size measurement was taken in triplicate with 13 runs each. For
the preparation of the analysis, 1 g of tomato powder was mixed with 10 ml of distilled
water to prepare the aqueous suspensions (Tonon et al., 2011). After thorough stirring, the
suspension was put into a disposable cuvette and placed in the instrument for measurement.
The particle size was given in micrometers (um), and each sample was measured in
triplicate, with the mean z-average for each sample taken as the size comparisons.

Particle Morphology. A scanning electron microscope (SEM) (Carl Zeiss MA 10,
Germany) was used to examine the morphological structure of tomato powders. A few
samples were chosen for SEM images: the samples with 140°C and 160°C of the same
concentration at 10% and another with a 5% concentration at 160°C for each powder sample
of a different carrier agent. The samples were chosen likewise to compare the differences
in particle morphology of the resulting tomato powder based on the concentration, inlet
temperature, and type of carrier agents. Prior to SEM imaging, samples were coated using
a sputter coater (EMITECH, K550X, UK) with a fine coating of gold platinum to make
them conductive for SEM imaging and to obtain a much clearer image. The samples
were analyzed in the SEM instrument at an accelerating 10—15 kV. Three magnifications
were used to observe the sample at an objective magnification of 500x, 1000x, and 2000x
magnification (Jafari et al., 2017).

Statistical Analysis. Obtained experimental data were analyzed using repeated measures
ANOVA with the alpha set 0.05 to identify the significant difference and the mean scores
between the samples. The statistical analysis used IBM statistical product and service
solutions (SPSS) software version 28.0. All experiments were carried out in triplicate
(n=3), and the data were presented as mean + standard deviations.

RESULTS AND DISCUSSION

Powder Yield

In this study, all the powder samples were collected at the cyclone, and the hard rubber
hammer periodically knocked the drying chamber during the experiment to keep the
remaining powder on the drying chamber surface and its accessories as minimal as possible.
The production yields of tomato powder were 17.40-32.10%, similar to the data reported by
Chegini and Ghobadian (2007), with a production yield of 18-35% in the study on orange
juice powder. Compared to their findings, the product yields obtained from the study are
accepted as the range obtained is close to the reported product yield. Figure 2 represents
the production yield of samples at varied conditions.
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Figure 2. Production yield of samples at varied conditions (different temperatures and concentrations) with
different carrier agents

The result shows that the production yield increases with the increase of carrier agents.
The concentration of the carrier agents affected the powder properties. A low concentration
of carrier agent may obtain the stickiness powder. The addition of carrier agents could
increase the total solid content in the feed and increase the number of solid particles
available in the drying system while decreasing water evaporation, thus, reducing the
moisture content of the product (Tonon et al., 2008). According to Jittanit et al. (2010), a
rise in MD concentration decreased the moisture content of pineapple juice powder. It was
suggested that carrier agents such as MD and GA could alter the surface stickiness of low
molecular weight sugars such as glucose, sucrose, fructose, and organic acids, facilitating
drying and reducing the stickiness of the spray-dried product (Bhandari et al., 2005). As the
inlet temperature increased, production yield increased. The increase in inlet temperatures
has given the higher process yield, and it was due to the greater efficiency of heat and
mass transfer processes occurring when the higher inlet air temperature was used (Phisut,
2012; Cai & Corke, 2000). As the inlet temperature increases, the moisture content of the
powder produced decreases, resulting in less accumulation of wet powder on the chamber
wall of the spray dryer, thus an increase in powder yield.

Characterization of Tomato Powder

All subsequently produced tomato powders were analyzed to determine the features of the
physicochemical properties found in the powder. The physical properties to be determined
against the resulting tomato powder include bulk density, hygroscopicity, moisture content,
WSI, WAL color, particle size, and particle morphology. Table 4 shows the physical
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properties of the produced tomato powder. The mean scores were obtained from SPSS

based on the data for the following characteristics taken in triplicates.

Table 4
Mean scores on the characteristics of tomato samples

Bulk density, Hygroscopicity, Moisture WSI, WAL, Partlcle

Samples 3 o content, o o size,
g/cm % o % %

% pum

TP 0.3387 12.00 = 7.50 = 87.76 + 12.44 + 14.577 +
0.01 0.00 0.50 2.72 0.23 5.17

P2 0.2943 + 11.67 + 7.00 + 88.39+ 12.00 = 21.943 +
0.01 0.58 1.00 1.35 0.22 1.97

TP3 0.2780 + 11.33 + 6.17 89.37 + 11.56 + 26.937 +
0.01 0.58 0.29 0.87 0.23 2.75

TP4 0.2943 + 10.67 = 550+ 86.57 12.44 + 18.143 +
0.01 0.58 0.50 1.30 0.23 8.09

TP5 0.2860 + 9.67 + 5.00 £ 89.43 + 11.55+ 25.053
0.01 0.58 0.50 0.83 0.24 1.91

TP 6 0.2630 + 10.00 = 3.83 =+ 88.17 + 12.00 = 30.273 +
0.01 1.00 0.76 1.22 0.22 2.86

TP 7 0.3753 933+ 5.67+ 87.50 = 933+ 7.352
0.01 0.58 1.04 1.74 0.23 0.79

TP 8 0.3573 8.00 £ 4.83 88.11 + 8.44 + 11.367 =
0.01 1.00 2.02 1.17 0.23 3.31

TP 9 0.3327 733+ 533+ 89.56 + 7.56 + 11.880 =
0.01 0.58 1.61 1.25 0.23 0.54

TP 10 0.3334 = 6.67 + 4.83 88.11 + 7.10 £ 10.352
0.01 0.58 0.76 1.77 0.23 0.90

TP 11 0.3230 + 6.33 + 3.83 =+ 89.56 + 6.67 + 18.843 +
0.01 0.58 1.44 1.25 0.23 6.52

TP 12 0.2943 + 5.67 3.17=+ 89.98 + 6.22 24.733 +
0.01 0.58 0.29 1.25 0.22 0.89

TP 13 0.4007 + 14.00 = 8.00 £ 86.02 + 11.11 + 6.884 +
0.02 1.00 0.50 1.25 0.22 0.51

TP 14 0.3890 = 13.67 = 7.00 = 88.64 + 10.67 = 7.044 =
0.01 0.58 1.00 1.25 0.23 1.04

TP 15 0.3573 13.33 £ 6.33 £ 89.12 8.87 7.460 =
0.01 0.58 0.76 1.20 0.22 0.77

TP 16 0.3450 + 13.33 £ 6.33 £ 88.91 = 7.99 = 7.961 £
0.01 0.58 0.76 1.25 0.23 0.29

TP 17 0.3230 + 12.33 £ 533+ 88.91 = 7.55=+ 10.697 +
0.01 0.58 1.53 1.26 0.22 0.37

TP 18 0.3130 + 12.00 = 4.50 £ 89.12 7.12+ 14.337
0.01 1.00 0.50 1.20 0.22 1.16
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Bulk Density

According to the results of the mean scores in Table 4, the processing of tomato powder has
produced a powder with a bulk density range between 0.2630 g/cm?*-0.4007 g/cm?. Bulk
density is one of the very important features for the packaging design and the calculation
of transportation volume (Jittanit et al., 2011). High bulk density in the sample resulted
in the tendency of powder particles to be stuck to one another (Goula & Adamopoulos,
2008). The study discovered a significant difference (p<0.05) in the effect of temperature
and concentration of carrier agents on the bulk density of the spray-dried powder with
the increment of the two factors. The result shows a decrease in the bulk density as the
temperature and concentration of carrier agents were increased. The results of this study are
supported by statements from other studies conducted by Chegini and Ghobadian (2007),
which show that orange powder dried at the inlet temperature of the dryer at 130°C had
a bulk density as low as 0.42 g/ml and the bulk density of orange powder dropped to as
low as 0.21 g/ml when the inlet temperature was increased to 150°C. Results showed that
with an increase in inlet temperature, bulk density would decrease as there is an increase
in the insoluble solid content (Chegini & Ghobadian, 2007). Bulk density decreases as the
apparent volume of the powdered samples obtained is higher for samples with increasing
inlet temperature.

At higher temperatures, an increase in the input air temperature frequently results in the
quick production of a dry layer on the droplet surface and particle size and skinning over or
case hardening on the droplets. It causes the droplet surface to produce vapor-impermeable
coatings, followed by the production of vapor bubbles and, as a result, droplet enlargement
(Chegini & Ghobadian, 2007). Bulk density will increase when there is a decrease in the
inlet temperature (Goula & Adomopoulos, 2005).

Figure 3 illustrates that the bulk density lowers as temperature increases and that there is
a significant difference (p<0.05) for both concentrations. Figure 4 also shows the same trend
as bulk density decreases with the increase of temperature and increasing concentration of
GA, resulting in the lower bulk density followed by MD 4-7 DE. MD 10-12 DE shows a
higher bulk density. However, few samples show no significant difference (p>0.05), such
as MD 4-7 DE and MD 10-12 DE at all conditions except at 5%, 150°C. GA and MD 4-7
DE also shows no significant difference (p>0.05) at 5%, 140°C. It might be because of
the particle size, as most of the samples obtained have no significant difference in their
particle size. Smaller particles migrate downward, filling the gaps left by larger particles.
The bulk density of a material with many smaller particles is greater than that of a material
with a few smaller particulates.

The addition of carrier agents to feed material also has a variable influence on bulk
density. Adding MD has a carrier agent’s influence on the bulk density of the powdered
particles. It is demonstrated by the fact that MD’s skin-forming tendency increases the
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amount of air trapped in the particle and
reduces thermoplasticity. According to
Kwapinska and Zbicinski (2005), carrier
agents with skin-forming qualities, such
as MD, frequently include air bubbles,
and the greater the usage of comparable
carrier agents, the lower the bulk density
of powders. The use of acacia GA in
spray drying shows roughly equivalent
observations since it has a higher T, point
due to its big molecular size. Additionally,
with increasing concentrations of carrier

agents, the bulk density of orange juice powder has decreased (Shrestha et al., 2007). The
heavier the material, the more easily it fits into the gaps between the particles, taking up
minimal space and contributing to increased bulk density values. Chegini and Ghobadian
(2007) discovered that spray-dried powders with greater moisture levels had a larger bulking
weight owing to the existence of water, which is much denser than the dry solid. This
characteristic is consistent with the results, as tomato powders made with MD, especially
MD 10-12 DE, exhibited higher moisture content and bulk density.
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Figure 4. Effect of the conditions (different temperatures and different concentrations) with different types of
carrier agents against estimated marginal means for bulk density
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Hygroscopicity

As for the hygroscopicity, the result in Table 4 shows that range was at 5.67—13.67%, with
TP 12 having the lowest hygroscopicity and TP 14 having the highest hygroscopicity. The
results showed that the concentration and inlet temperature have significant differences
(»<0.05) to the hygroscopicity of the tomato powder except for formulations of 5% at
140°C and 150°C; 5% at 150°C and 160°C. At 10%, the temperatures 150°C and 160°C
also show no significant difference (p>0.05). Figure 5 illustrates that the increasing
temperature reduces hygroscopicity and difference in concentration in affecting the
powder’s hygroscopicity, in which the higher concentration, 10%, resulted in a much lower
hygroscopicity compared to the 5% and that the hygroscopicity decreases with an increase
in temperature. By comparing the carrier agents, as shown in Figure 6, it is found that
adding MD 4-7 DE produced powders with the lowest hygroscopicity, followed by GA
and MD 10-12 DE. Carrier agents also showed a significant difference from one another
except for sample TP6 with sample TP18 and sample TP2 with sample TP14 (»p>0.05).
The hygroscopicity decreased as the concentration of the carrier agent increased. The
greater the input air temperature difference, the greater impact on the hygroscopicity of
the powders, as increasing temperatures yields lower hygroscopicity values. Samples
adding GA to MD 10-12 DE show no significant difference when treated, even under the
same conditions. It could be due to the agent chemical structure of the carrier agent that
explains the differences in water adsorption. The phenomena of adsorption of water by a
carbohydrate were ascribed to the connections of the hydrogen contained in water molecules
with the hydroxyl groups accessible in the amorphous and surface crystalline areas of the
substrate. GA and MD of higher DE have many interactions with hydrophilic groups. As
a result, it quickly absorbed moisture from the surrounding air (Tonon et al., 2011). The
MD degree of polymerization also impacts the powder’s hygroscopicity. The study is in
accordance with Tonon et al. (2011) findings, in which the samples made with MD 10 DE
had the lowest rate of moisture adsorption, but the samples made with MD 20 DE and GA
were found to be much more hygroscopic, had greater adsorption of water and had lower
moisture content in the powders.

The powder‘s hygroscopicity increased considerably when MD 10-12 DE was
utilized as a carrier. This study found that the lower the air inlet temperature, the higher
the hygroscopicity of the tomato powder. The powders generated with a high air inlet
temperature had low moisture content and greater potential to absorb ambient moisture.
The high drying air temperature resulted in a considerable temperature gradient at the feed
drop surface. It instantly accelerated the heat transmission rate and moisture evaporation
from the liquid (Muzaffar et al., 2016). Caparino et al. (2012) state that tiny particle sizes
have a considerable surface area for absorbing environmental moisture. Particle size is
a key component in determining particle surface area. Smaller particles will increase
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the surface area, while larger particles will
reduce it. Depending on the active spots
in the dry matrix adsorption force, this
results in greater water adsorption from the
environment (Sudeep et al., 2010). This
condition may result in product aggregation
during storage. Food powder particles with a
high hygroscopicity could exhibit a process
known as caking, which causes the powder
to agglomerate. This phenomenon is linked
to water absorption on the particle‘s surface,
which forms a saturated solution and
makes the particles adhesive and capable

of establishing hydrogen bonds, resulting in caking (Goula & Adamopoulos, 2008). Fruit

products often have high sugar content, resulting in a hydrophilic nature and sticky powders

that tend to agglomerate.
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Figure 6. Effect of the conditions (different temperatures and different concentrations) with different types of
carrier agents against estimated marginal means for hygroscopicity

Moisture Content

According to the result in Table 4, the percentage range of moisture content found in the
resulting tomato powder is 3.17-8.00%, with TP12 having the lowest moisture content
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and TP13 having the highest moisture content. Variations in these results are referred to
as parameters to measure the quality of a powder labeled as a dry product and similar to
that reported for other food powders (Bhandari et al., 2005). The main factor affecting the
stability of the powder is the moisture content since a small amount of water can press
enough temperature to increase the mobility of the matrix during storage (Bhandari et al.,
2005; Osman & Endut, 2009).

Based on Figure 7, increasing the concentration of carrier agents and inlet temperature
on the tomato juice resulted in powder with a much lower moisture content. The
concentration has no significant difference as the temperature is increased (p>0.05) except
for samples prepared at 10%, 140°C, and 10%, 160°C (p<0.05). It is because, compared
to 5%, the greater concentration of the carrier agent, the greater the capacity to overcome
the sugars present in fruit powder, which have an extremely hygroscopic nature and absorb
humidity from the adjacent air (Shrestha et al., 2007). It is also in accordance with Jittanit
etal. (2010) increasing the MD content caused pineapple juice powder moisture content to
decrease. The greater inlet temperature difference between 140°C and 160°C is significant
because the moisture content decreases at higher temperatures.

However, the temperature significantly differs as concentration increases (p<0.05).
Figure 8 illustrates the moisture content of the samples prepared with different carrier
agents as temperature and concentration increase. The result shows no significant difference
between the samples except for samples prepared at 5%, 140°C for GA and MD 10-12 DE,
which are sample TP7 and sample TP13. The study found that an increase in the percentage
of carrier agents used significantly impacted the moisture content of tomato powder. By
increasing the carrier agent concentration, there is more potential to lower the percentage
of moisture contained in the tomato powder. For example, spray drying of tomato powder
with MD 4-7 DE at a drying temperature of 150°C decreased the moisture content from
4.83 to 3.38% when MD was increased from 5 to 10%. The results of this study agreed
with the roselle-pineapple powder studied by Osman et al. (2009), which discovered
that the increased MD content reduced the moisture content in the powder. The moisture
content in tuna powder decreased from 7.47—4.63% when the MD percentage increased
to 26% (Caparino et al., 2012). In addition, Jittanit et al. (2010) also supported this fact
through their study of pineapple juice spray drying. The results showed that the moisture
content of pineapple powder was 4-5.8% and that the increase in MD content had caused
the product’s moisture content to be lower. It may be due to increased solid content in food
and reduced free water content for evaporation, resulting in reduced moisture content in the
produced powders (Osman et al., 2009). Moreover, MD has properties to prevent sugar in
powders from absorbing moisture from the surrounding air (Jittanit et al., 2010). It means
that powders with lower moisture content can be obtained by increasing the percentage of
MD added. An increase in the inlet temperature of the spray dryer equipment affects an
insignificant difference in the percentage of moisture content in the resulting tomato powder.
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With an increase in the inlet temperature, the moisture content found in the tomatoes is
lower. It was supported by Osman et al. (2009) in their study of roselle-pineapple powder,
in which the moisture content in the sprayed powder decreased with an increase in inlet
temperature. Jittanit et al. (2011) also stated the same statement after conducting their
study of tamarind powder. In addition, through studies of pineapple powder, Jittanit et al.
(2010) also proved that high temperatures would reduce the humid content in the powder.
His study showed that the inert content of pineapple powder decreased from 5.8 to 4.8%
when the temperature increased from 130 to 170°C.
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Moisture content is an important powder
parameter that is linked to drying efficiency.
Because it influences glass transition and
crystallization characteristics, the moisture
content of a microencapsulated product
plays an essential role in determining its flow
properties, adhesion, and storage stability
(Phisut, 2012). According to the findings,
an increase in the inlet air temperature
decreased the moisture content of spray-
dried powders, consistent with previous
research. MD powders had proportionally
higher moisture content as temperature
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Figure 8. Effect of the conditions (different temperatures and different concentrations) with different types of
carrier agents against estimated marginal means for moisture content
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increased than GA results. MD*s chemical structure can explain this tendency since lower
molecular weight MD (20-25 DE) has shorter chains and a much more hydrophilic nature
(Cai & Corke, 2000).

Water Solubility Index (WSI)

The reconstitution property WSI was used to investigate the influence of process factors.
Based on Table 4, the WSI% ranged from 86.02—89.97% for the spray-dried tomato
powder. The results in Figure 9 show a significant difference (p<0.05) as the temperature
and concentration increased except for the conditions of 10% at 150°C and 160°C. The
solubility index of spray-dried powder is affected by the properties of the powder, which
are the moisture content and the size of particles (Lee et al., 2018). From the study, the
moisture content decreases at increasing temperatures, and the particle size increases at
increasing temperatures. The lower the particle size, the lower the solubility and flow
ability of powder (Phisut, 2012).

The statistical analysis also shows that

031 there is no significant difference (p>0.05)
90 between the carrier agents even though
505 | the data obtained shows that there is a
Sl concenmaion | S11gHt increment between WSI% for the
4 :?:;/ carrier agents, with GA giving most of
w37 the lower WSI1% and MD 4-7 DE giving
8 | most of the higher WSI%, and MD 10-12
a7s | DE was somewhere in between as shown
in Figure 10. The highest mean score for

87

140°C 150°C 160°C WSI is 89.97% (TP12), and the lowest

emperature, °C
) T, e , mean score recorded was 86.02 (TP13).
Figure 9. Effect of inlet temperature at different
concentrations against estimated marginal means Phoungchandang and Sertwasana (2010)
for WSI% observed a similar pattern while spray-
drying ginger juice. The solubility index of
spray-dried powder is influenced by the underlying materials and carrier agents employed
and the powder‘s properties (Goula & Adamopoulos, 2008; Grabowski et al., 2006).

Water Absorption Index (WAI)

As for the WAI of the powdered samples, the result shows that the concentration has a
significant difference as temperature increases (p<0.05) and that temperature also has
a significant difference as concentration increases (p<0.05). Figure 11 explains the two
factors that are affecting the WAI of the powdered tomato samples. Figure 12 shows the
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effect of carrier agents at varied concentrations and inlet temperatures. The figure shows
that increasing the inlet temperature and concentration of carrier agents will result in lower
WAL WAI decreases gradually with the increase of the two factors. Whereas the WAI for
MD 10-12 DE also decreases gradually except at 5%, 150°C to 5%, and 160°C, which
decreases substantially. For GA, the WAI gradually decreases as temperature increases
for the 5% samples. However, for the 10% samples, the WAI increases from 150 to 160°C.
Figure 12 also shows that GA carrier agents and MD 4-7 DE have the highest significant

difference (p<0.05).
The amount of water that remains

bound after applying an external force,
such as centrifugation, is called the WAL
WAL is one of the immediate properties of

concentration
5%
+10%

140°C

150°C
Temperature, °C
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Figure 11. Effect of inlet temperature at different
concentrations against estimated marginal means

for WAI1%
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a powder that represents a sample‘s ability
to reassociate with water under constrained
water conditions. A good rehydration
powder would moisten rapidly and fully,
sinking rather than floating. WAI percent
results showed significant differences as the
inlet temperature and carrier agent amount
increased. It could be due to the samples*
low hygroscopicity. The low WAI values of
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Figure 12. Effect of the conditions (different temperatures and different concentrations) with different types
of carrier agents against estimated marginal means for WAI%

the WAI percent could also be attributed to the high WSI values. Based on the data obtained
in Table 4, the WAI was lower in TP12 with a mean score of 6.22%, while the highest WAI
mean scores were found in TP1 and TP4, both at 12.44%. The results revealed that when
concentration increases, the WAI drops. As the concentration of carrier agents increases, the
WALI decreases. Grabowski et al. (2006) obtained similar findings with spray-dried yellow
sweet potato flour. MD can develop outer layers on the droplet surface, affecting particle
surface stickiness due to the transition into a glassy state. Changes in surface stickiness
diminish particle cohesion, resulting in less agglomeration and, as a result, lesser water-
holding capacity of the powder.

Color Analysis

Figure 13 represents the effect of the varied conditions for the color analysis of the tomato
powder. The a* value for the control sample CT1 was 16.99. The results showed that the
range of a* values for the redissolved samples were 11.93—13.16, which has a significant
difference (p<0.05) from the a" value of the control sample, CT1. The results also showed
that the obtained a” values of the redissolved samples were between 10.01-10.42, 13.31—
13.81, 11.62-16.10, 13.10-14.98, and 10.83—12.04 for the other control samples of CT2,
CT3, CT4, CT5, and CT6, respectively. All of which has a significant difference (p<0.05)
as the concentration of the carrier agents increases and as the temperature increases. The
obtained b* values of the redissolved samples were between 17.24-18.51, 14.84-15.78,
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20.34-20.80, 13.32-22.61; 19.43-21.16 and 16.72—-16.98 for the control samples of CT1,
CT2, CT3, CT4, CT5, and CT6, respectively (Figure 13). As for the b* values, the result
also showed a significant difference (p<0.05) between the redissolved samples and the
control samples. The results show a decrease in a” and b* values for each sample with
different carrier agents as the concentration and inlet temperature increase. It is due to
the increasing inlet temperature that causes loss of pigment and results in tomato powder
products with lower a* and b* values. The decreasing a* and b* values were also caused
by the increasing concentration of the carrier agents as both MD, and GA are white, while
tomato juice is red; as a result, all the powder produced had a lighter color. Grabowski et
al. (2006) found that a reduction in redness and yellowness was also observed when MD
concentrations were raised in the manufacturing of sweet potato powders. The primary
changes in the color of powders were caused by variations in the inlet temperature, which
indicates that increasing the inlet temperature causes a commensurate drop in the red
color. It might be because lycopene degrades significantly at higher temperatures. a* and
b* values indicated that increasing inlet temperature causes loss of pigment and results in
tomato powder products with lower a* and b* values. The decreasing a* and b* values are
also caused by the increasing concentration of the carrier agents as both MD, and GA are
white, while tomato juice is red; as a result, all the powder produced had a lighter color.
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Figure 13. Effect of the conditions (different temperatures and concentrations) with different types of carrier
agents against estimated marginal means for color analysis
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The obtained L"values of redissolved samples were between 29.94-30.67, 28.61-28.75,
32.53-33.07,31.59-35.34,30.52-31.58, and 29.27-29.64 for the control samples of CT1,
CT2, CT3, CT4, CT5, and CT6, respectively (Figure 13). The average L* value for the
tomato sample solution is lower than that of the control sample, and there is a significant
difference (p<0.05) between the L* value in the tomato powder re-solution and the increase
of carrier agent concentration across the same temperature. The reduced brightness in the
solution of the tomato powder sample may be due to the reasons stated by Jittanit et al.
(2010), in his note that the lower brightness is due to a small portion of the powder not
being dissolved completely in the solution. In addition, the concentration of the carrier agent
may also cause the color difference between the control tomato sample and the solution
of the tomato powder sample. Among other reasons that affect brightness for reduction is
the reaction of non-enzyme browning that occurs when the drying process is carried out.
Therefore, the brightness in the solution of the tomato powder sample is lower than the
brightness of the control sample. Readings of redness and higher yellowness levels in the
sample can also result from non-enzymatic reactions such as the caramelization process and
Maillard reaction during the drying process. These reactions can occur due to heat supplied
to the samples in the drying chamber (Jittanit et al., 2010).

Particle Size

The mean particle size for tomato powder samples produced at different inlet temperatures
and concentrations with different carrier agents ranged from 6.884 pm to 30.273 um (Table
4). The results show no significant difference (p>0.05) at 140°C temperature for both
concentrations. However, there is a significant difference at higher temperatures (150°C
and 160°C) for both concentrations (p<0.05). At 5% concentration, the temperatures of
140 to 150°C and 150 to 160°C have no significant difference (p>0.05). Meanwhile,
temperature 140 to 160°C significantly differs (p<0.05). For the 10% concentration, there
is no significant difference in temperatures from 140 to 150°C, but at 140 to 160°C and at
150 to 160°C, it shows a significant difference (p<0.05). As for the formulations, all have
significant differences (p<0.05) from one another except for the following pairs: T7 and
T13, T8 and T14, T4 and T10, and T5 and T11. Based on Table 4, the mean score of the
particle size shows that the particle size increases as the concentration and the temperature
increase, and the higher score is at 10%, 160°C formulations (highest is TP6 with a mean
score 0f 30.273 um) and the lower score is at 5%, 140°C formulations (lowest is TP13 with
amean score of 6.884 um). Figure 14 shows a line plot for the interaction of concentration,
the temperature that shows the increase in the particle size with the increase in temperature,
and the significant differences between the two concentrations.
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Higher inlet temperatures produced
bigger particles, which can be attributed
to the increased swelling as the drying
temperature was raised. When a particle
is exposed to greater drying rates,
moisture evaporation is fast, promoting
the production of a hard crust that prevents
particle shrinkage during spray drying. If
the inlet temperature is lower, the particle
remains wet for longer and contracts,
reducing particle size (Gouaou et al., 2019).
Tonon et al. (2008) discovered comparable
properties in spray-dried acai powders. The
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Figure 15. Effect of the conditions (different temperatures and different concentrations) with different types
of carrier agents against estimated marginal means for particle size

use of carrier agents, particularly a higher MD content, has been shown to enhance the

particle size of the spray-dried powder.

The type of carrier agent also plays a role in affecting particle size. The size of the

particles in the feed suspension likely affects spray-dried particle size and encapsulation

efficiency. This quality is also significantly connected to suspension stability which is

essential to feed successive steps uniformly. The latter had a larger mean diameter based
on the findings of Tonon et al. (2011) when comparing MD 20 DE to the powder generated
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with MD 10 DE. However, it was found that the larger particle size was obtained with the
addition of GA, followed by the addition of MD 4-7 DE, and the smaller particle size was
obtained with the addition of MD 10-12 DE (Table 3). The findings agree with Tonon et
al. (2011) for the MD 4-7 DE and MD 10-12 DE. The difference in the study is that GA
produces a much larger particle size than MD. Figure 15 shows the effect of conditions
(different temperatures and different concentrations) with different types of carrier agents
against estimated marginal means for particle size.

Powder Morphology

The morphology of spray-dried tomato powder produced with different conditions is shown
in Figures 16, 17, and 18. As stated in the methodology, only a few samples were chosen
for SEM imaging: the samples with 140°C at 10%, 160°C at 10%, and 160°C at 5%. The
samples were chosen likewise to compare the differences in particle morphology of the
resulting tomato powder at different inlet temperatures (140°C and 160°C) and differences
in powder morphology at different concentrations (5% and 10%) with different types
of carrier agents (MD 4-7 DE, MD 10-12 DE, GA). For the spray drying of the tomato
powder, the inlet temperature and the concentration of the carrier agents were shown to
be the key factors influencing the morphology of the powder. The particle size has been
varied, in which GA has formed the largest particle out of the other two carrier agents,
and MD 10-12 formed the smallest particle. The particles formed were mostly wrinkled,
irregular, and possessed pockmark surfaces and had some agglomeration between the
samples® materials, these being the typical morphologies of spray-dried powders (Tonon
et al., 2011). Comparing the morphology based on the type of carrier agents, the spray-
dried powder with 10% GA at 160°C is considerably large, with many folds of wrinkled
surfaces, larger pockmarks, and smaller particles attached to the surface. The 10% GA at
140 °C also shows the same property with a lesser wrinkled surface the 5% GA at 160°C
is found to be smaller than the other two and has a smoother surface. The morphology of
powders produced with MD 4-7 DE appeared to be the same as those produced with GA
and only differed in size. However, smooth spherical shapes were found for the tomato
powder with 5% MD 4-7 DE at 160°C. As for the powders produced with MD 10-12 DE,
the morphology also follows suit to those produced with GA and differs in size. However,
globular and agglomerating shapes are observed on the 5% MD 4-7 DE tomato powder at
160°C. From the observation, it was found that the higher inlet temperature led to more
wrinkled particles and that the lower concentration led to some smoother particles. Lower
temperature drying makes the particle wetter and much more flexible, and it collapses
(Jafari et al., 2017). There was no effect of carrier type on the particle shape, as it appears
that carrier agents are more likely to affect the particle size and that the concentration of
carrier agents and inlet temperature is deemed to be the key factors affecting the morphology
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of the spray-dried powders. Nonetheless, Jafari et al. (2017) concluded from a study of
pomegranate juice that a higher content of MD as a carrier produces more particle ridging
due to its propensity to migrate in the outer zones of particles, limiting its endurance, which
is verified by Tonon et al. (2008). Preceding research has found that wrinkles are caused
by mechanical stress caused by uneven drying at various sections of liquid droplets during
the initial drying step (Pourashouri et al., 2014).
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(h)
Figure 16. SEM images of tomato powder with the addition of GA at (a) — (c) 160°C, 5%; (d) — (f) 160°C,
10%; (g) — (i) 140°C, 10% with 500x, 1000x, 2000x magnification
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Figure 17. SEM images of tomato powder with the addition of MD 4-7 at: (a) — (c) 160°C, 5%; (d) — (f) 160°C,
10%; (g) — (1) 140°C, 10% with 500x, 1000x, 2000x magnification
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Figure 18. SEM images of tomato powder with the addition of MD 10-12 at: (a) — (c) 160°C, 5%
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Figure 18 (Continue). SEM images of tomato powder with the addition of MD 10-12 at: (d) — (f) 160°C, 10%;
(g) — (i) 140°C, 10% with 500x, 1000x, 2000x magnification

CONCLUSION

Spray-dried tomato powder was successfully produced and prepared at different
concentrations of various carrier agents at different inlet temperatures. Each spray-
dried powder resulted in a satisfactory result on the physical properties. Based on the
experiment, the inlet temperature and carrier agent concentration profoundly influence
the powder properties. The data obtained shows that the stability of the tomato powder is
much better at higher temperatures and higher concentrations, with MD 4-7 DE being the
best carrier agent among the three experimented carrier agents. The result showed that
at higher temperatures and higher concentrations, the powder characteristics are more
likely to have a higher yield, WSI, and larger particle size, as well as lower bulk density,
hygroscopicity, moisture content, WAI, and color index. The findings also showed that the
type of carrier agents have significantly improved powder characteristics, with MD 4-7
DE that gives better overall performance on powder quality. The powder analysis shows
that the product has a moisture content of 3.17 = 0.29%, the highest yield percentage at
32.1%, a low bulk density of 0.2943 + 0.01 g/cm?, the lowest hygroscopicity at 5.67 +
0.58%, a high WSI at 89.98 + 1.25%, a low WAI at 6.22 & 0.22%, an intermediate particle
size of 24.73 pm, and color L*, a*, b* values at 31.59 = 0.03, 11.62 £ 0.08 and 13.32 +
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0.12. As for powder morphology, the product shows wrinkled surfaces, larger pockmarks,
and smaller particles attached to the surface. As for the recommendation, it is signified
that the effect of additives, their concentration, and inlet temperature on the properties of
the powder has shown distinctive characteristics under the influence of these parameters.
However, the main function of higher-intensity additives can be emphasized as additives
improve product yield by manipulating transition temperature.
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