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Abstract 

Tomato fruits and tomato-based products are one of the most consumed foods 
globally due to its high nutritional value. However tropical temperature is not 
conducive for the cultivation of tomatoes which leads to post harvest losses. The 
development of spray-dried tomato powder is therefore crucial to extend the value 
and usability of these perishable produces. The main objective of this study is to 
determine the optimum condition for spray drying in order to obtain spray-dried 
tomato powders with the highest product yield, lowest moisture content, and the 
best retention of red-orange colour content. This study presents the effectiveness of 
spray drying of different fruit juices, the effect of selected spray drying parameters 
on the tomato powder production and its optimisation. The studied factors were the 
inlet air temperature (oC), the concentration of different carrier agents (%, w/w), 
and the feed flow rate (g/min). Meanwhile the response variables were the moisture 
content, product yield, and the red-orange colour retention of tomato powder. 
Suitable articles related to the spray-dried fruit powders and tomato powders were 
taken for analysis and comparison. Based on the analysed trend, it was observed 
that the most significant factors were the inlet air temperature (oC), and the 
concentration of carrier agents, whilst feed flow rate showed less significant effects 
on the spray-dried tomato slurry. On the other hand, response surface methodology 
(RSM) was applied to show the interaction of multiple factors and to conduct an 
optimisation study for the spray drying condition for tomato powder. The optimum 
value of inlet air temperature and the concentration of carrier agents for spray-dried 
tomato pomace powders were found to be 123.20°C and 9.40% w/w with the 
addition of gum Arabic (GA), 180.44°C and 16.42% w/w with the addition of 
inulin, respectively. Meanwhile, the optimal value of inlet air temperature, feed 
flow rate, and atomization speed for the spray-dried tomato pulp powder was found 
to be 220°C, 276 g/min, and 25000 rpm, respectively. 

Keywords: Carrier agents, Gum Arabic, Inulin, Maltodextrin, Optimization, 
Response surface methodology, Spray drying. 

mailto:anis_zaman@ums.edu.my


Optimisation of Spray Drying Operating Conditions of Tomato Slurry . . . . 113 

 
 
Journal of Engineering Science and Technology        February 2023, Vol. 18(1) 

 

1. Introduction  
Tomato (Solanum lycopersicum L.) is cultivated around the world in subtropical 
and temperate regions [1]. It is one of the most globally-consumed vegetables as it 
is a key component of the Mediterranean diet [2]. The significance of nutrition in 
tomatoes is clearly illustrated by their numerous compounds that promote health, 
in which vitamins, bioactive substances, carotenoids, and phenolic compounds are 
detected [3-6]. In addition, processed tomatoes such as soup, paste, concentrate, 
juice, and ketchup are also prepared for the global and local market [7]. There is 
also potential for instant tomato powder to be used as a natural additive in cooking, 
meat industry, and other products.  

According to Swetha and Banothu [8], high quality tomatoes have a firm, 
uniform and shiny colour with a good appearance, and the absence of any bruises. 
However, due to a short shelf-life, tomato fruit is highly perishable and subjected 
to the natural physiological process, incidence, and severity of external injury 
during the process of harvesting, handling and storing, which includes the risk of 
microbiological and parasitic diseases [8, 9].  

On the other hand, tomato is limited by post-harvest losses, which constrains 
the volumes of good quality product reaching consumers, despite its nutritional, 
economic and health importance [10]. The main reason for postharvest losses was 
due to the limited shelf life of this tropical produce. An alternative to overcome 
these shortcomings is to explore the viability of preparing tomato powder using 
spray-drying techniques.  

The drying process is one of the conventional methods that have been improved 
over time for the convenience of the food industry. The most fundamental drying 
methods include solar drying, convective drying, spray drying, lyophilization, 
infrared, microwave, radiofrequency drying, osmotic dehydration, and as well as 
reaction engineering approach (REA) [11-16]. A frequently used process for 
converting powder from liquid state phase is spray drying [17-22]. To break the 
substance into smaller droplets in the range of 10-200 µm, it is required for 
solutions or slurries to pass through a spray or atomizer. The factors that influence 
the consistency of spray-dried microcapsules are the processing index of the spray 
drier and the properties or constitution of the feed solution [16]. The most popular 
microencapsulation process is the spray drying technique, which proved to be an 
efficient technology for preserving bioactive compounds and probiotics [23]. 

Medina-Torres et al. [24] noted that with this technique, water suspensions are 
normally converted into powdered microparticles consisting of a wall material 
known as ‘shell’ and a core material known as ‘encapsulated material’. However, 
sensitive compounds such as lycopene, β-carotene, anthocyanins, vitamin C, 
colours, and flavours are influenced by the high temperature used during the drying 
process [25, 26]. 

During the drying of tomato powder, it is reported that the powder recovery in 
spray drying of fruit and vegetables is challenging because of the presence of sugars 
of low molecular weight, such as glucose and fructose [27]. In fact, these low 
molecular weight sugars are high in hygroscopicity, thermoplasticity, and contain 
low glass transition temperature (Tg) which causes the powders to become sticky 
inside the drying chamber. Stickiness is therefore the key challenge of higher fruit 
and vegetable powder production. Therefore, several steps have been taken to solve 



114       S. M. Anisuzzaman et al. 

 
 
Journal of Engineering Science and Technology        February 2023, Vol. 18(1) 

 

this concern, such as introducing high molecular weight of carrier agents to 
improve the temperature of the feed mixture’s Tg, using low humidness and 
temperature drying conditions, and changing the properties surfaces of atomized 
droplets by adding proteins such as whey, casein and soy protein [28]. On the other 
hand, the resulting spray-dried juice powders could lose their original colour due 
to the high concentration of carrier agents and high drying temperature.  

Therefore, the aim of this study was to investigate the effect of carrier agent’s 
concentration used in the production of tomato powders and to identify the optimal 
processing parameters of spray drying in order to create a microencapsulated 
powder of tomato slurry with the highest product yield, the lower moisture content, 
and the best red-orange colour retention. This study estimated the range of drying 
temperature and feed flow rate that will be suitable to produce tomato powders. 
Besides, this study also demonstrated the best concentration of carrier agents and 
the commonly used type of carrier agents to produce good quality tomato powders. 
The desired characteristics of tomato powders which can be manipulated by 
adjusting the spray drying conditions were also presented in this study.  

2. Methodology 
The experimental data of the spray-dried tomato powders and other fruits powder 
were compiled from past researchers [29, 30]. The obtained properties of spray-
dried powders were recorded in the form of numerical data consisting of the inlet 
air temperature, type of carrier agent, concentration of carrier agent, and feed flow 
rate. The compiled numerical data of factors were shown in the form of coded 
values (+1), (0), and (-1) for clear classification of maximum and minimum value. 
Graphical data was also included to show the relationship between the spray drying 
conditions and the properties of tomato powders produced. The graphical data in 
the form of contour plot, three-dimensional plot, or linear plot was mostly re-run 
based on the experimental data obtained from literature and analysed using the 
design software 8.0.6 by applying the response surface methodology (RSM) for the 
extracted data.  

Optimisation of spray drying condition 
To apply the optimisation of spray drying by using RSM, two articles related to 
spray-dried tomato powders were chosen for data extraction [29, 30]. The 
experimental data obtained by the authors were used for RSM optimisation. Table 
1 and Table 2 show the ranges of the process variables and their coded levels for 
the experimental design for tomato pomace powder [29] and tomato pulp powder 
[30], respectively.  

Table 1. Experimental conditions for the  
experimental design of tomato pomace powder. 

Level -1 0 +1 
𝑿𝑿𝟏𝟏 (°C) 110.00 155.00 200.00 
𝑿𝑿𝟐𝟐 (%, w/w) 5.00 20.00 35.00 
𝑿𝑿𝟑𝟑 (g/min) 127.00 201.50 276.00 

where  𝑋𝑋1 = inlet air temperature (oC); 𝑋𝑋2 = concentration of different carrier agents 
(%,w/w); and 𝑋𝑋3 = feed flow rate (g/min). 
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Table 2. Experimental conditions for the  
experimental design of tomato pulp powder. 
Level -1 0 +1 
𝑿𝑿𝟏𝟏 (°C) 200.00 210.00 220.00 
𝑿𝑿𝟑𝟑(g/min) 127.00 201.50 276.00 
𝑿𝑿𝟒𝟒 (rpm) 25000.00 30000.00 35000.00 

where 𝑋𝑋1  = inlet air temperature (oC); 𝑋𝑋3  = feed flow rate (g/min); and 𝑋𝑋4= 
atomisation speed (rpm). 

The data obtained from the past researchers were rerun by using the Box-
Behken and D-optimal depending on the number of factors to be studied. The order 
of the experiments was fully randomised. The experimental data were analysed by 
multiple regressions using the least-squares method. Hence, second order 
polynomial equation was used to demonstrate the variables’ responses as a function 
of the independent variables. 

𝑌𝑌𝑘𝑘 =  𝛽𝛽𝑘𝑘0 + ∑ 𝛽𝛽𝑘𝑘𝑘𝑘𝑋𝑋𝑘𝑘𝑛𝑛
𝑘𝑘=𝑗𝑗 + ∑ ∑ 𝛽𝛽𝑘𝑘𝑘𝑘𝑗𝑗𝑋𝑋𝑘𝑘𝑋𝑋𝑗𝑗 +𝑛𝑛

𝑗𝑗=𝑘𝑘+1
𝑛𝑛−1
𝑘𝑘=𝑗𝑗 ∑ 𝛽𝛽𝑘𝑘𝑘𝑘𝑘𝑘𝑋𝑋𝑘𝑘2𝑛𝑛

𝑘𝑘=1                                  (1) 

where  𝑌𝑌𝑘𝑘  is the response variables; 𝛽𝛽𝑘𝑘0 , 𝛽𝛽𝑘𝑘𝑘𝑘𝑘𝑘 , and 𝛽𝛽𝑘𝑘𝑘𝑘𝑗𝑗  are the regression 
coefficients for the linear terms, quadratic terms, and two-factorial interaction 
terms, respectively. 

The test of statistical significance was performed on the total error criteria by 
using a confidence level of 95%. The significance terms in the model were analysed 
by using the analysis of variance (ANOVA) for each response variable. Then, the 
adequacy of the model was measured by calculating the 𝑅𝑅2  and adjusted-𝑅𝑅2 . 
Meanwhile, the optimisation of spray drying conditions was conducted by setting 
the desired goals for both independent and response variables. Then, the designed 
variables with the highest desirability were chosen as the optimum condition for 
the spray drying condition of tomato slurry. The response variables were either 
minimised or maximised, while the independent variables were kept within range. 

3. Results and Discussion 

3.1. Effect of inlet temperature on moisture content 
In this study, the experimental data was obtained from Sousa et al. [30] to study the 
effect of inlet air temperature on the moisture content of spray-dried tomato 
powder. Figure 1 shows the effect of inlet temperature and feeds flow rate on the 
moisture content. In Fig. 1(a), the blue-turquoise zone indicated the lowest value 
of moisture content, and the yellow-orange zone indicated the highest value of 
moisture content, whilst the green zone indicated the median value of moisture 
content. From Fig. 1, it was shown that the moisture content decreased with the 
highest value of inlet air temperature at a high feed flow rate but also increased 
with the highest value of inlet air temperature at a low feed flow rate. However, 
Sousa et al. [30] stated the moisture content reduced with the increase in inlet air 
temperature and decrease in feed flow rate due to the higher drying rate. High inlet 
temperature reduced moisture content because the drying rate increased [21]. 
According to Zanoni et al. [31],  a temperature rise increases the heat diffusion into 
the droplets. Consequently, the shrinkage of the powder also increases and leads to 
the reduction of diffusion. According to Goula et al. [21], the rate of heat transfer 
into the particles will be greater when the temperature difference between the 
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drying medium and the particles is greater as it provides the driving force for the 
removal of moisture from the particle. 

 
(a) 

 
(b) 

Data adapted from: Sousa et al. [30] 

Fig. 1. Effect of inlet temperature and feed flow rate on the moisture  
content (a) Contour plot of moisture content surface design  

(b) Three-dimensional surface plot of moisture content. 

Meanwhile, Pui et al. [17] in their study of spray-dried cempedak (Artocarpus 
integer) fruit powder also observed the same trend of analysis with the study of 
spray-dried tomato powder. The researchers found that the inlet air temperature 
influenced more significantly on the moisture content compared to maltodextrin 
(MD) concentration. They also stated that the higher rate of heat transfers to 
particles had provided a better driving force for moisture removal resulting in the 
production of powders with less moisture content.  

3.2. Effect of carrier agents on moisture content 
The data of the effect of MD and gum Arabic (GA) on the moisture content of 
spray-dried powder was taken from the study of spray-dried acai (Euterpe oleracea 
mart) powder. Based on the experimental data from Tonon et al. [32], it was 
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demonstrated that both of the carrier agents had efficiently reduced the moisture 
content of the powder because the moisture content was in the desirable range of 3 
to 5%, but the most significant reduction was shown by MD and GA with a higher 
dextrose equivalent (DE). The researchers mentioned that MD with a lower DE had 
a great binding property compared to MD with higher DE which led to greater 
moisture retention. This finding was also supported by Bicudo et al. [33] who 
reported that moisture content of the jucara (Euterpe edulis M.) pulp powder 
produced with MD was significantly higher than that produced with GA and gelatin 
because it was difficult for water molecules to diffuse through the larger MD 
molecules during the spray-dring process [21, 33].  

On the other hand, these findings were in contradiction with a study by Du et 
al. [34] who stated  that MD was better in reducing the moisture content compared 
to GA as GA is a complex heteropolysaccharide with a highly ramified structure, 
containing shorter chains and more hydrophilic groups compared to MD. 
However, although GA is a polysaccharide that is highly hydrophilic but the GA 
is also consisting of amino acids at the peripheral of the branched structure. 
Hence, its functionality in reducing the moisture content may be determined by 
proteoglycans rather than that of pure polysaccharides [33]. Therefore, it can be 
concluded that GA is better in reducing the moisture content of spray-dried 
powders compared to MD.  

A different trend of analysis was studied by Goula et al. [21] in regards to the 
different DE MD as it was observed that higher DE MD reduced the drying rate of 
the tomato powder. It is stated that the high-DE MD takes a longer time to develop 
stickiness and reach a state of non-adhesion slower than low-DE MD, hence the 
sticky phase lasted longer than that of low-DE MD. Stickiness resulted in an 
agglomeration of powder which then led to the reduction of surface area and 
thereby provided small surface contact with the heating medium and small surface 
for moisture to escape. Therefore, according to Goula et al. [21],  low-DE MD was 
better in spray drying of tomato slurry.  

Fazaeli et al. [35] also found the same trend of analysis in the spray drying of 
black mulberry juice powder in which they found that high-DE MD caused an 
increase in powder moisture content which was attributed to the lower molecular 
weight of MD with high-DE and therefore contain shorter chains and more 
hydrophilic. On the other hand, Goula et al. [21] also found that the increase in MD 
concentration increased the moisture content because it became difficult for the 
water molecules to diffuse past the larger MD molecules as mentioned previously. 

However, the result was in contradiction with the spray drying of watermelon 
powder by Quek et al. [36] in which the increase of the concentration of MD 
decreases the moisture content of the watermelon powder. The difference in the 
study might be attributed to the lower temperatures used during the drying process 
in the drying chamber as Goula et al. [21] used the dehumidified air as the drying 
medium. When the drying temperature is lower than the Tg of the feed, then 
stickiness will occur due to agglomeration caused by high moisture content [37]. 
Meanwhile, Fazaeli et al. [35] investigating the spray drying of fruit powder had 
also reported that the increased concentration of low-DE MD and GA reduced the 
moisture content of the spray-dried black mulberry juice powder significantly [38-
41]. Hence, it is expected that the increase in both the MD and GA with lower DE 
will reduce the moisture content of the tomato powder. 
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3.3. Effect of feed flow rate on moisture content 
By referring to Fig. 1, it was observed that the moisture content of tomato powder 
was reduced with the decrease in feed flow rate. According to Sousa et al. [30], the 
reduction in moisture content was attributed to the decreased amount of water 
introduced to the drier when the feed flow rate was low and which increased the 
drying rate of the tomato pulp. The same pattern of analysis of spray-dried tomato 
powder was also observed by Goula et al. [21] in which a low drying feed flow rate 
had caused the product sojourn time or the time in the drying chamber to increase. 
Hence, it improved the circulation effects and led to the reduction of moisture 
content [42, 43]. Therefore, it can be concluded that a low feed flow rate was better 
in reducing the moisture content of spray-dried tomato powder. 

3.4. Effect of inlet temperature on product yield 
Figure 2 shows the effect of inlet temperature and GA on the moisture content. This 
was done based on the experimental results obtained from Corrêa-Filhoet al. [29]. 
There were two forms of data included such as the contour plot and the three-
dimensional surface plot to demonstrate a clear trend of results. It was noticed that 
the inlet air temperature had increased the drying yield constantly while the low 
concentration of GA had increased the drying yield significantly. Similarly, the 
blue-turquoise zone indicated the lowest value of drying yield, the orange-yellow 
zone indicated the highest value of drying yield, and the green zone indicated the 
median value of the obtained drying yield. 

 
(a) 

 

 
(b) 

Data adapted from: Corrêa-Filhoet al. [29].  

Fig. 2. Effect of inlet temperature and GA on  
the product yield (a) Contour plot of drying yield surface design  

(b) Three-dimensional surface plot of product yield 
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3.5. Effect of carrier agents on product yield 
Based on the experimental data adapted from Corrêa-Filhoet al. [29], the highest 
drying yield of tomato pomace extracted with GA was found to be slightly lower 
than inulin as a carrier agent which was 44.0% and 49.5%, respectively. However, 
the highest yield was obtained by GA at the concentration of 9% indicated the high 
efficiency of GA as the carrier agent compared to inulin at the concentration of 
22%. The losses in the recovery of the powders in the spray drying process may be 
due to the deposition of the powder on the wall of the drying chamber or cyclone 
[29]. Meanwhile, Souza et al. [45] found that the addition of MD was highly 
efficient in reducing the moisture content of the tomato concentrate. Therefore, the 
degree of the stickiness of the tomato concentrate can be efficiently reduced with 
the addition of MD and thereby can increase the production yield [17, 35, 40]. Pui 
et al. [17] had stated that a film around the solids in the feed was formed when the 
spray-dryer feed was added with MD, which in turn produces a flour-like powder 
that was non-hygroscopic and free-flowing. The same researcher reported that the 
linear effects of MD concentration were significant on process yield along with the 
inlet temperature (p ≤ 0.05). Therefore, it is expected that the addition of MD will 
also aid in increasing the tomato powder yield with the increase in MD 
concentration. In general, both MD and GA can be used to spray dry tomato powder 
efficiently. However, in a study by Yousefi et al. [47], the drying yield was 
observed to increase more with the addition of GA compared to MD. It was because 
the waxy starch of MD caused the powders to have a crystalline configuration and 
hence the deposition on the wall increased, creating a lower dryer yield. Comparing 
the efficiency of five different carrier agents on the spray-dried persimmon pulp 
powders also found the same pattern of result in which product yield increased 
more with GA compared to MD [34]. The researcher stated that it was because of 
the higher Tg of GA as their molecules are larger than the MD. Unfortunately, there 
is no direct study on the effect of MD and GA on the spray-dried tomato powder 
available in literatures. Hence, by considering the experimental data obtained by 
Du et al. [34] and Yousefi et al. [47], it can be concluded that GA is better in 
producing a higher yield of tomato powder compared to MD.  

3.6. Effect of feed flow rate on product yield 
It was found that a lower feed flow rate helped to reduce the moisture content of 
tomato powders more efficiently. Hence, it is expected that the lower feed flow 
rates the higher is the drying yield of tomato powders in this study because the 
correlation of drying yield is directly proportional to the moisture content [42,43]. 
According to Bazaria and Kumar [43], the feed flow rate had affected the powder 
yield negatively which was attributed to the slow heat and mass transfer rate. 
Hence, it can be concluded that a low feed flow rate will help in maximising the 
powder recovery.  

3.7. Effect of inlet air temperature on colour retention 
Figure 3 shows the effect of inlet temperature and feed flow rate on the colour 
retention. The blue-turquoise zone indicates the lowest value of hue angle, the 
orange-yellow zone indicates the highest value of hue angle, and the green zone 
indicates the median value of the obtained hue angle. As Fig. 3 shows, the hue angle 
increased with the decreased inlet temperature and increased feed flow rate. It was 
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desirable for the hue angle to increase as the lightness value decreased when the 
hue angle increased. Meanwhile, the lightness value decreased when the inlet 
temperature increased, and no significant effect was shown by the feed flow rate as 
the lightness value stayed constantly in the green zone. Therefore, it can be 
concluded that high inlet temperature increased the hue angle and decreased the 
lightness value while feed flow rate had no significant effect on the colour retention. 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Data adapted from: Sousa et al. [30] 

Fig. 3. Effect of inlet temperature and feed flow rate on the colour retention 
(a) Contour plot of hue angle surface design (b) Three-dimensional surface 

plot of hue angle (c) Contour plot of lightness value surface design (d) Three-
dimensional surface plot lightness value. 

Quek et al. [36] observed the same pattern of result in which an increase in inlet 
temperature had caused the lightness of the powder to decrease. It can be attributed 
to the fact that the colour of the powders was darkened when the inlet temperature 
was high. Furthermore, it was found that the hue angles increased along with the 
increase in the inlet air temperature but suddenly decreased when the inlet air 
temperature was in the highest value. The degradation of red colour was mainly 
due to the destruction of lycopene and β-carotene at higher temperatures [36]. 
Tomato is similar to watermelon in which red-orange colour is contributed by the 
high content of lycopene and β-carotene. Therefore, the characteristic of the red 
colour in spray-dried watermelon powder is identical to the spray-dried tomato 
powders. On the other hand, several researchers also found a decrease in powder 
lightness due to the high temperature [40, 42, 46].  

3.8. Effect of carrier agents on colour retention 
There is no data available to study the effect of MD and GA with different DE on 
the colour changes of tomato powder. Therefore, a study by Chang et al. [40] on 
the spray drying of enzyme-liquefied papaya (Carica papaya L.) was used for 
review since papaya also contains a high amount of carotenoid. The study on the 
spray drying of papaya powder was taken as both tomato fruits and papaya fruits 
have strong colour pigment concentrations like red-orange and orange-yellowish 
colour respectively. In addition, the effect of feed flow rate showed the same pattern 
of results on the spray drying of fruits powders as a higher feed flow rate increased 
the volume of the feed and decreased the surface area exposed to heat, thus, 
decreasing the tendency for the colour pigment to become lighter. Moreover, 
papaya fruits also contain a high concentration of lycopene that gives orange-
yellow pigmentation to papaya fruit and red-orange colour to tomato fruits. It was 
observed from Figs. 4 (a) and (b) that the increase in MD had caused the colour 
retention of the reconstituted powders to decrease. Movahhed and Mohebbi, [42] 
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stated that the loss of colour pigment in fruit powders was mainly attributed to the 
increase in capsulation of particles in which the pigments are covered by the carrier 
agent. Meanwhile, Yousefi et al. [47] stated that the total colour difference of 
pomegranate (Punica granatum L.) powder decreased as the concentration of the 
main carrier increased but the range of concentration was between 8 to 12% which 
was not too high. It showed the efficiency of carrier agents in the preservation of 
colour when used in optimum value. The colouring agent in the pomegranate may 
be absorbed by the carrier agent and hence was protected from severe drying 
exposure during the formation of particles in the drying chamber [47]. 

 
(a) 

 
(b) 

Data adapted from: Chang et al. [40] 

Fig. 4. Effect of MD concentration on (a) the hue angle (b) the lightness value. 

Meanwhile, Du et al. [34] mentioned that changes in colour lightness can be 
due to the sensitive colour pigment retention ability of different carriers during 
drying and the colour-diluting effect of the carriers. Similar to tomato fruits, fresh 
persimmon fruits also have a favourable orange-red colour due to the high 
concentration of carotenoids. It was found that the addition of GA increased the 
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lightness of persimmon powder more than MD. It was because MD retained 
polyphenol better than GA [33]. This finding is also supported by Yousefi et al. 
[47] in which the addition of GA showed the highest value of total colour 
difference. Besides, it might also have related to the morphology of the powders 
produced [34]. Meanwhile, MD with a high-DE increased the agglomeration of the 
powder during the drying and therefore the surface area was not exposed too much 
to the oxygen and heating medium, leading to lower thermal degradation and 
oxidation which can affect the colour pigment [47]. 

3.9. Effect of feed flow rate on colour retention 
Sousa et al. [30] stated that the feed flow rate affected less significantly the colour 
properties. Another study in spray-dried fruit powders also stated that the feed flow 
rate showed no significant effect on the powder colour of spray-dried beetroot juice 
[43]. It was concluded based on the good fit of the experimental data (𝑅𝑅2 and 𝑅𝑅𝐴𝐴𝐴𝐴𝑗𝑗2 ) 
analysed from the experiment. It was observed that the decrease in the feed flow 
rate tends to increase the powder lightness which indicated that a low feed flow rate 
leads to weak colour retention [30]. This finding was supported by Movahhed and 
Mohebbi, [42] in which the lightness of powder tended to reduce with the increase 
of feed flow rate. It was highly related to the increase of size particle due to the 
high feed flow rate in which volume to surface ratio increased and protected the 
colour pigment. This statement was also supported by Souza et al. [48] in which a 
low feed flow rate had reduced the particle size.  

3.10. Optimisation of spray drying condition of tomato pomace powder  
From the experimental data adapted from Corrêa-Filhoet al. [29], the studied 
factors mentioned was the inlet air temperature, 𝑋𝑋1 (°C) and the concentration of a 
different type of carrier agents, GA 𝑋𝑋2𝐺𝐺𝐴𝐴 (% w/w), Inulin 𝑋𝑋2𝐼𝐼𝐼𝐼𝐼𝐼 (% w/w). Inulin is 
a protein derivatives carrier agent. In this section, inulin was mentioned instead of 
MD because the optimisation was conducted based on two studies which were the 
spray drying of tomato powder and the spray drying tomato pulp powder in which 
the spray drying of tomato powder did not study the properties of MD as carrier 
agent whilst the spray drying of tomato pulp powder did not study on carrier agents. 
Meanwhile, the responding variable was the product yield, (%). For the 
experimental design, there were a total of 11 runs designed by the RSM model in 
which; the highest level and the lowest level for the GA concentration was 30.6% 
(+1) and 9.4% (-1) respectively; the highest level and the lowest level for the inulin 
concentration was 22.1% (+1) and 7.9% (-1) respectively; the highest level and the 
lowest level for inlet temperature was 186.8°C (+1) and 123.2°C (-1) respectively.   

From the analysed data, the final fitted equation of quadratic model for the 
product yield with the addition of GA and inulin shown in Table 3. 

Table 3. Regression coefficients of second-order  
polynomial equations for each carrier agents. 

Carrier agent Equation 𝑹𝑹𝟐𝟐 𝑹𝑹𝑨𝑨𝑨𝑨𝑨𝑨
𝟐𝟐  

GA 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝑦𝑦𝑦𝑦𝑦𝑦 =  +158.78913− 1.56470𝑋𝑋2𝐺𝐺𝐴𝐴 − 1.35931𝑋𝑋1 + 2.29916𝐸𝐸 − 003𝑋𝑋2𝐺𝐺𝐴𝐴𝑋𝑋1
4.15869𝐸𝐸 − 003𝑋𝑋12                                                                                                            (2) 

0.9333 0.8665 

Inulin 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝑦𝑦𝑦𝑦𝑦𝑦 =  −25.95988 + 1.68168𝑋𝑋2𝐼𝐼𝐼𝐼𝐼𝐼 + 0.67662𝑋𝑋1 + 7.64018𝐸𝐸 − 003𝑋𝑋2𝐼𝐼𝐼𝐼𝐼𝐼𝑋𝑋1
2.19265𝐸𝐸 − 003𝑋𝑋12                                                                                                           (3) 

0.8716 0.7433 
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A good fit to the data was indicated by high values of 𝑅𝑅2 and 𝑅𝑅𝐴𝐴𝐴𝐴𝑗𝑗2 . Hence, the 
model designed by the RSM was adequate to study the effect of inlet air 
temperature and carrier agent on the drying yield of spray-dried tomato pomace. 
Figure 5 shows that the drying yield was most affected by the inlet air temperature 
and the carrier agents. The figures indicate that the drying yield increased by 
increasing the inlet air temperature and decreasing the carrier agent concentration. 

 
(a) 

 
(b) 

Data adapted from: Corrêa-Filho et al. [29] 

Fig. 5. Plots of the drying yield of spray-dried tomato  
pomace powder response surface (a) Drying yield of tomato  

pomace powder obtained when added with GA (b) Drying yield  
of tomato powder obtained when added with inulin. 

3.11. Optimisation of spray drying condition with the addition of GA 
The formulation of optimisation was developed based on the obtained responses. 
For drying yield, the obtained value was within 14.7-44%. For an efficient product 
yield, a drying yield of 50% and above would be better as stated by Bhandari et al. 
[27]. However, the authors obtained only 44% as the highest drying yield with the 
addition of GA. Therefore, the optimisation process took 44% as the most desirable 
yield in the study. Table 4 shows the criteria used in numerical optimisation. From 
the optimisation, the suggested spray drying condition can be seen in Table 5. It 
was suggested by taking the highest desirability of solutions into account. The 
highest desirability was found to be 97.60%.  
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Table 4. The criteria used in numerical optimisation. 

Response Target In range 
Low High 

Drying yield Maximum 14.7 44 

Table 5. The suggested formulation of spray dying. 
Component Suggested formulation 
Inlet air temperature, oC 123.20 
GA concentration, % w/w 9.40 

Figure 6 shows that the inlet temperature gave a constant effect on the drying 
yield, which indicated that the range of the inlet temperature chosen by the authors 
was adequate enough to produce powders with high productivity. Meanwhile, the 
optimum concentration value of GA was found to be at the minimum value, which 
was aligned with many studies that reported the drying yield would increase with 
the decrease of GA concentration. 

 
(a) 

 
(b) 

Fig. 6. The optimisation of spray-dried tomato pomace (GA) (a) Contour  
plot of drying yield (b) Three-dimensional surface plot of drying yield. 

3.12. Optimisation of spray drying condition with the addition of inulin 
The formulation of optimisation was developed based on the obtained responses. 
As mentioned previously, drying yield at 50% and above was efficient. However, 
the authors obtained only 49.5% as the highest drying yield with the addition of 
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inulin. Therefore, the optimisation process took 49.5% as the most desirable yield 
in the study.  

Table 6 shows the criteria used in numerical optimisation. From the 
optimisation, the suggested spray drying condition can be seen in Table 7. It was 
suggested by taking the highest desirability of solutions into account. The highest 
desirability was found to be 100%. Figure 7 shows the optimisation of spray-dried 
tomato pomace with the addition of inulin. 

Table 6. The criteria used in numerical optimisation. 

Response Target In range 
Low High 

Drying yield Maximum 34.9 49.5 

Table 7. The suggested formulation of spray drying. 
Component Suggested formulation 
Inlet air temperature, oC 180.44 
Inulin concentration, % w/w 16.42 

 
(a) 

 
(b) 

Fig. 7. The optimisation of spray-dried tomato pomace (inulin) (a) Contour 
plot of drying yield (b) Three-dimensional surface plot of drying yield. 
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Figure 7 shows that the inlet temperature gave a constant effect on the drying 
yield, which indicated that the range of the inlet temperature chosen by the authors 
was adequate enough to produce powders with high productivity. Meanwhile, the 
optimum concentration value of inulin was found to be at the median value.  

3.13. Optimisation of spray drying condition of tomato pulp powder 
From the analysed data, the final fitted equation of quadratic model for the moisture 
content is shown in Eq. (4). 
𝑀𝑀𝑀𝑀𝐷𝐷𝑀𝑀𝑀𝑀𝑀𝑀𝐷𝐷𝑦𝑦 𝑐𝑐𝑀𝑀𝐷𝐷𝑀𝑀𝑦𝑦𝐷𝐷𝑀𝑀 = 1.12603 + 0.038144𝑋𝑋1 + 0.12981𝑋𝑋2 − 6.06074𝐸𝐸 − 004𝑋𝑋3 − 6.97987𝐸𝐸 −
004𝑋𝑋1𝑋𝑋2 + 2.40000𝐸𝐸 − 006𝑋𝑋1𝑋𝑋3 + 4.96644𝐸𝐸 − 007𝑋𝑋2𝑋𝑋3                                                 (4) 

The 𝑅𝑅2  and the 𝑅𝑅𝐴𝐴𝐴𝐴𝑗𝑗2  for the equation (4) was 0.65 and 0.12 respectively. It 
shows that the RSM model was not adequate enough to demonstrate the 
relationship between the manipulated variables and the response variables. 

Figure 8 shows that the moisture content was most affected by the inlet air 
temperature, feed flow rate, and atomisation speed. In these plots, the moisture 
content decreased by increasing the inlet air temperature and the feed flow rate and 
decreasing the atomisation speed.  

 
(a) 

 
(b) 
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(c) 

Data adapted from: Sousa et al. [30]  

Fig. 8. Plots of the moisture content of spray-dried tomato powder response 
surface. (a) Moisture content of tomato powder obtained when 𝑿𝑿𝟒𝟒=0;  

(b) Moisture content of tomato powder obtained when 𝑿𝑿𝟑𝟑=0;  
(c) Moisture content of tomato powder obtained when 𝑿𝑿𝟏𝟏 =0. 

From the analysed data, the final fitted of linear model for the colour retention was  
𝐻𝐻𝑀𝑀𝑦𝑦 𝑎𝑎𝐷𝐷𝐷𝐷𝑦𝑦𝑦𝑦 = 1.60434 − 2.62500𝐸𝐸 − 003𝑋𝑋1 + 4.86577𝐸𝐸 − 004𝑋𝑋2 −
5.25000𝐸𝐸 − 006𝑋𝑋3                                                                                              (5) 
𝐿𝐿𝐷𝐷𝐷𝐷ℎ𝑀𝑀𝐷𝐷𝑦𝑦𝑀𝑀𝑀𝑀 𝑣𝑣𝑎𝑎𝑦𝑦𝑀𝑀𝑦𝑦 = 206.15640 − 0.61275𝑋𝑋1 + 0.46376𝑋𝑋2 − 1.15200𝐸𝐸 −
003𝑋𝑋3                                                                                                                    (6) 

The 𝑅𝑅2 and the 𝑅𝑅𝐴𝐴𝐴𝐴𝑗𝑗2  for the equation (5) was 0.65 and 0.50 respectively; the 
equation (6) was 0.50 and 0.28 respectively. It showed that the model was not 
adequate enough to show the effect of manipulated variables on the response 
variables. 

Figure 9 shows that the colour retention was most affected by the inlet air 
temperature, and the feed flow rate. In these plots, the hue angle decreased by 
decreasing the inlet air temperature and the feed flow rate. Meanwhile, the lightness 
value was also decreasing with the increase of inlet air temperature and the decrease 
of feed flow rate. 

 
(a) 
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(b) 

Data adapted from: Sousa et al. [24] 

Fig. 9. Plots of the colour retention of spray-dried tomato  
powder response surface (a) Hue angle of tomato powder obtained when 

𝑿𝑿𝟒𝟒=0; (b) Lightness value of tomato powder obtained when 𝑿𝑿𝟒𝟒=0. 

The formulation of optimisation was developed based on the obtained 
responses. Table 8 shows the criteria used in numerical optimisation. From the 
optimisation, the suggested spray drying condition can be seen in Table 9. It was 
suggested by taking the highest desirability of solutions into account. The highest 
desirability was found to be 56.70%.  

Table 8. The criteria used in numerical optimisation. 

Response Target In range 
Low High 

Moisture content, % Minimum 4 6.8 
Hue angle, o Maximum 0.95 1.16 
Lightness value Minimum 37.56 78.76 

Table 9. The suggested formulation of spray drying. 
Component Suggested formulation 
Inlet air temperature, oC 220 
Feed flow rate, g/min 276 
Atomisation speed, rpm 25000 

Figure 10 shows that a high inlet temperature was suitable to produce powders 
with low moisture content and high colour retention. Meanwhile, the optimum 
concentration value of feed flow rate was found to be at the maximum value, which 
was not aligned with many studies that reported the low feed flow rate was suitable 
to produce powders with low moisture content. However, it was in alignment with 
the studies that reported that a high feed flow rate would give better colour retention 
despite its negative effect on the moisture content. 

Moisture content decreased as inlet temperature increased due to the higher 
drying rate. Besides, it decreased the most with the addition of low-DE MD and 
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high concentrations of GA due to their structural properties. Next, a low feed flow 
rate was better in reducing the moisture content of the spray-dried powders. 
Therefore, it was expected that in the spray drying of tomato powders, the moisture 
content will decrease along with the increase in inlet temperature, and decrease in 
feed flow rate with low-DE MD and high concentration of GA. On the other hand, 
product yield increased as the inlet temperature increased because the tendency for 
the powders to stick on the drying chamber reduced which was attributed to the 
high heat and mass transfer. As mentioned previously, a low feed flow rate reduced 
moisture content and thereby increased the drying yield of spray-dried powders. 
Therefore, it was expected that in the spray drying of tomato powder, product yield 
will increase with the increase in inlet temperature, and decrease in feed flow rate 
with an efficient addition of MD and GA. 

 
(a) 

 
(b) 

Fig. 10. The optimisation of spray-dried tomato pulp  
(a) Contour plot of moisture content and colour retention (b) Three-
dimensional surface plot of moisture content and colour retention. 

Furthermore, colour retention is highly related to lycopene retention in which 
degradation of colour pigment indicates the degradation of the lycopene content. It 
was stated in the studies that high inlet temperature and low feed flow rate had 
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reduced the colour and lycopene retention due to the high drying rate that led to the 
exposure of thermal degradation and oxidation. Previously, it was reported that MD 
was better in retaining the lycopene content compared to the GA due to the 
morphology of the powders produced by using the MD. However, due to the 
dilution effect, it had also increased the lightness value of the spray-dried powders 
which had decreased when the temperature increased. Therefore, it is expected that 
the low heat temperature and high feed flow rate will decrease the colour retention 
of tomato powders along with the addition of MD. 

Eventually, it was noted that an increase in both MD and GA concentration had 
reduced the moisture content due to the high solids ratio in the feed and increased 
the drying yield but at the same time decreased the nutrients contained in the spray-
dried fruit powders due to the dilution effect of the carrier agents. Therefore, it is 
expected that a high concentration of carrier agents is good to reduce the moisture 
content and increase the drying yield of the spray-dried tomato powder but not the 
retention of the colour pigment. Considering the different effects brought by the 
spray drying conditions, it is important to ensure that the spray drying condition is 
in optimum conditions to produce powders with the best quality and high 
productivity. The optimisation of spray drying condition can be conducted by 
applying the RSM. Many researchers had applied the method in their studies, and 
it had helped them to design the experimental matrix which in turn reduced the time 
taken needed for experiments. Meanwhile, the RSM had also aided in optimising 
by analysing the trend of results obtained from past researchers. After setting the 
goal target for each response, it had provided solutions with high desirability. 
Hence, a solution with the highest desirability was considered as the optimum spray 
drying condition for tomato powder. 

4. Conclusions 
Moisture content reduced significantly whilst drying yield increased significantly 
with a high inlet air temperature and low feed flow rate with the optimal addition 
of MD and GA concentration. Meanwhile, red-orange colour retention of tomato 
powders was best obtained at a low inlet air temperature, high feed flow rate, and 
the optimal addition of MD and GA concentration. Furthermore, the concentration 
of the carrier agents should not be too high or too low as it can affect the moisture 
content and the nutrient content retention of the powders differently. Lastly, in 
terms of feed flow rate, it was expected that a low feed flow rate is beneficial to 
decrease the moisture content of the tomato slurry during the drying process and 
increase the powder recovery. However, a high feed flow rate helped to retain the 
colour pigment of spray-dried tomato powders. Therefore, it is important to identify 
the optimum condition of the spray drying process to maintain the quality of the 
tomatoes. The optimum value of inlet air temperature and the concentration of 
carrier agents for spray-dried tomato pomace powders were found to be 123.20°C 
and 9.40% w/w with the addition of GA, 180.44°C and 16.42% w/w with the 
addition of inulin, respectively. Meanwhile, the optimal value of inlet air 
temperature, feed flow rate, and atomization speed for the spray-dried tomato pulp 
powder were found to be 220°C, 276 g/min, and 25000 rpm, respectively. These 
optimum values were designed by the RSM model with the highest desirability to 
produce tomato powders with the highest drying yield, and the lowest moisture 
content along with the best red-orange colour retention. 
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