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Abstract: The study focused on utilizing post-process osmotic solution enriched with inulin or maltodextrin,
evaluating its potential for spray drying. Parameters such as yield, energy consumption, and the physical
properties of the dried solutions and powders—including moisture content (Mc), water activity (Aw), color,
true and bulk density, porosity, and glass transition temperature —were analyzed. The effects of carrier type,
concentration, and inlet temperature (Tin) were systematically examined. Samples dried with maltodextrin
demonstrated over 50% higher yield than those with inulin, with the highest yield of 32.13+0.64% and the
lowest yield of 2.75+0.48%. Higher Tin improved drying efficiency by reducing Mc but also caused darker
powders. Energy consumption increased with rising Tin, peaking at 2295+51 k]. The Spray Drying Energy
Index (SDEI) was introduced to assess energy consumption relative to powder yield, with the most favorable
SDEI values observed for processes with the highest total energy consumption. These same samples exhibited
lower Mc and Aw values. The lowest bulk density was 0.455+0.004 g-cm, while porosity was 58.3+0.7%. The
results highlight the potential of spray drying as a sustainable method for utilizing by-products from osmotic
dehydration, aligning with the principles of sustainable food practices.

Keywords: spray drying; food by-products; osmotic solution; maltodextrin; inulin; physical
properties of powders

1. Introduction

Osmotic dehydration, a popular process in the food industry, traditionally uses sugar or salt
solutions, but concentrated fruit juices are increasingly being applied [1,2]. This approach not only
reduces water content but also enriches products with bioactive compounds, enhancing their
nutritional value [3,4]. The osmotic solution often remains unused after the process, highlighting the
need for technologies to enable its further utilization [5].

One of the proposed ideas for managing osmotic solutions after the process is their reuse in
subsequent dehydration cycles, which is possible with proper microbiological control [6]. However,
there is a lack of information on other ways to utilize these solutions [7]. Additionally, such solutions
have been primarily developed for osmotic dehydration in solutions based on substances such as
sucrose, sodium chloride, corn syrup, or starch syrup [8]. Such reuse can minimize the amount of
waste generated in the form of osmotic solutions and contribute to the development of new products
based on them. However, it should be noted that excessive consumption of these substances may
lead to negative health effects [9].

In the case of osmotic solutions rich in health-promoting compounds based on concentrated fruit
or vegetable juices, spray drying emerges as a promising alternative for utilizing spent osmotic
solutions. This technique transforms liquids into shelf-stable powders while preserving their key
properties.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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However, applying spray drying to complex mixtures like spent osmotic solutions can pose
challenges. The presence of various sugars, organic acids, and minerals can influence the drying
process, leading to issues such as stickiness, caking, and reduced powder yield [10]. This occurs due
to the low molecular weights of these compounds, which result in a low glass transition temperature
and contribute to the stickiness problem [11]. Additionally, the high temperatures associated with
spray drying can lead to the thermal degradation of sensitive compounds, affecting the color, flavor,
and nutritional value of the final product [12]. Careful control of process parameters and the potential
use of encapsulating agents to increase the glass transition temperature of the solutions are crucial to
overcome these challenges and obtain high-quality powders from spent osmotic solutions [13].

Although there have been no reports on the spray drying of osmotic solutions after the process
[7], research on the spray drying of tomato juice provides a basis for determining various parameters
to be used in trials for spray drying postprocess osmotic solutions based on concentrated tomato
juice.

Existing literature indicates the use of spray drying for tomato juice with carriers such as
maltodextrin [14], inulin [15], whey protein isolate [13] and vegetable proteins (pea protein isolate,
soy protein isolate and zein from maize) [12]. Due to the more complex nature of post-process osmotic
solutions, this study also conducted spray drying using drying carriers.

The use of spray drying for managing osmotic solutions after the process, along with the
addition of selected carriers, can serve as an exploration of the possibilities for processing these
solutions. This approach can contribute to the reduction of waste in the form of post-osmotic
solutions, while simultaneously facilitating the development of a new functional product in the form
of bioactive powder or a health-promoting food additive, aligning with the circular economy model.

In this article, the focus is on the spray drying of an osmoactive solution based on concentrated
tomato juice and basil extract with reduced pH using ascorbic acid after the osmotic dehydration
process of garlic clove halves. The process is described in the article by Zimmer et al. [16,17]. The aim
of the research was to examine the possibilities of spray drying to produce powder from the post-
process osmotic solution after osmotic dehydration of garlic in concentrated tomato juice with basil
extract. The physical properties of dried solutions with the addition of maltodextrin or inulin and the
resulting powders were examined. Moisture content, water activity, color parameters, bulk and true
density, and porosity were analyzed. Additionally, the energy consumption of the spray drying
process was also assessed.

2. Materials and Methods

2.1. Materials

To prepare the solutions for spray drying, a post-process osmotic solution was utilized. The
preparation of these osmotic solutions, as well as the osmotic dehydration process itself, followed the
methodology outlined by Zimmer et al. [16]. After osmotic dehydration, the solution was diluted to
20+1°Bx and then frozen until preparation for spray drying. Before the drying process, the solution
was enriched with drying carriers in the form of inulin and maltodextrin in various concentrations.

2.2. Preparation of Solutions for Spray Drying

For spray drying, a solution based on concentrated tomato juice with basil extract after the
osmotic dehydration process of garlic clove halves was used. The solution was diluted to 20°Brix and
mixed with inulin or maltodextrin to obtain solutions with carrier concentrations of 40%, 50%, and
60% relative to the dry matter of the juice. To properly dissolve the carrier, the calculated mass of the
carrier was dissolved in water at a mass ratio of 1:3 and dissolved on a magnetic stirrer (Biosan, Riga,
Latvia) at a temperature of 70°C. The prepared carrier solution was then added in the appropriate
amount to the post-process osmoactive solution.
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2.3. pH of the Solutions

The pH of the solutions was measured using a Mettler Toledo FiveEasy Plus pH/mV meter
(Mettler Toledo, Greifensee, Switzerland). The pH measurement was conducted immediately before
spray drying. Each measurement was repeated three times (n=3).

2.4. Viscosity

The viscosity of the solution was determined using a vibrating viscometer (A&D, Tokyo, Japan).
The viscosity measurements were conducted at a temperature of 45°C, and each measurement was
repeated three times (n=3).

2.5. Total Soluble Solids

The Total Soluble Solids (TSS) in the solutions was determined using a two-step drying
procedure involving a convection oven and a vacuum dryer. Initially, the solution samples with sand
were placed in a convection oven and dried at 105°C for the first 4 hours. Subsequently, to ensure
precise and complete moisture removal, the samples were transferred to a vacuum dryer and dried
at 80°C under a pressure of 100 Pa for 24 hours.

2.6. Spray Drying

Spray drying (SD) was conducted using a mini spray-dryer (Mini spray-dryer, B-290, Biichi
Labor Technik AG, Flawil, Switzerland). Droplets of mixtures containing juice and an appropriate
carrier were evaporated in hot air, with inlet temperatures set sequentially at 120°C, 140°C, and
160°C. The remaining process parameters were set as follows: the airflow rate was 600 L-h"!, and the
pump control was set to 3 mL-min"!, which, depending on the properties of the supplied solution,
translated into a feed flow rate ranging from 3.58+0.8 g:min~! to 4.00+0.21 g-min™'. Spray drying at
these temperatures was performed for solutions containing 40%, 50%, and 60% inulin or
maltodextrin, calculated on a dry matter basis. The drying processes were performed in two
repetitions (n = 2).

Additionally, freeze drying (FD) was also conducted on the post-process osmotic solution for
comparison with spray drying. Freeze drying (FD) was performed in a Free-Zone 4.5 L installation
(Labconco, Fort Scott, KS, USA) at a temperature of -50°C and a constant pressure of 50 Pa for 48 h.
The temperature of the heating shelves was 30°C. In the FD process, the solution was dried without
the addition of drying carriers.

2.7. Yield

The yield of powders for each spray drying process was determined using the formula:

_ mp-DMp

* 100, % (1)

mg'DMg

where Y (%) is the powder yield, m, (g) represent the mass of the obtained powder, DM,, (%) is the
dry matter content of the obtained powder, m; (g) is the mass of the solution used for drying and
DM; (%) is the dry matter content of the solution.

2.8. Water Activity

To measure the water activity (Aw) of the samples in this study (solutions and obtained
powders), an AqualLab Dew Point 4TE device from Decagon Devices Inc., located in Pullman,
Washington, USA, was utilized. The measurements were performed three times (n=3) at a
temperature of 25+0.5°C.
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2.9. Color of the Solutions and Obtained Powders

The color was measured using a Minolta Chroma Meter CR-400 (Minolta Co., Ltd., Osaka,
Japan). The results were referenced to the International Commission on Illumination (CIE) Lab* color
space, where L* indicates lightness, a* values range from negative (green) to positive (red), and b*
values range from negative (blue) to positive (yellow). The overall color change of the dried material
was expressed as AE using the methodology presented in the article by Zimmer et al. [16]. The total
color change of the obtained powders, expressed as AE was related to the FD sample and AE of the
solutions intended for drying was calculated in comparison to the post-process osmotic solution
without any carrier, diluted to 20°Brix.

2.10. Moisture Content of Obtained Powders

The moisture content (Mc) of obtained powders was determined by using a vacuum dryer (SPT-
200, ZEAMIL, Horyzont, Krakow, Poland). The measurement was carried out by subjecting the
sample to a temperature of 80°C under a pressure of 100 Pa for 24 h.

2.11. Bulk Density

Bulk density (p,) was determined utilizing a 5.0+0.1 cm?® graduated cylinder and a PS 4500 R2
laboratory scale (Radwag, Radom, Poland). The bulk density was calculated using the following
formula:

by =, grem® ®

where m; represents the mass of the sample within the cylinder, and V; denotes the volume of the
sample in the cylinder. Each measurement of bulk density was performed in triplicate (n = 3).

2.12. True Density

The true density (p;) was determined by dividing the mass of the powder sample (m;) by the
total volume (V%) of the sample, excluding any air pockets, as shown in Equation:

pe = gem? ©)

The mass of the apple powders was measured using an analytical balance (XA 60/220/X Radwag,
Radom, Poland), and the total volume, excluding the air, was determined with a HumiPyc™/model
2 Gas Pycnometer (InstruQuest Inc., Coconut Creek, FL, USA).

2.13. Porosity
Using the measured bulk densities (p,) and true density (p.) the porosity values were
determined accordingly by applying the following formula:
e = (1-22)+100,% (4)

Pt

2.14. Glass Transition Temperature

The glass transition temperature (T;)was measured using a DSC82le differential scanning
calorimeter (Mettler Toledo, Switzerland). The sample was placed in a medium- pressure crucible,
which was then inserted into the measurement chamber of the calorimeter. The measurement process
involved gradually heating the sample at a controlled rate of 10°C per minute. The glass transition
temperature was determined based on the characteristic change in the recorded heat flow, indicating
the transition of the material from a glassy-amorphous state to a plastic state. These results were used
to determine the glass transition temperature of the studied substance.
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2.15. Total Energy Consumption and Spray Drying Energy Index

Total Energy consumption (TEC) during spray drying was calculated based on the following
formula:

Esp = (Nh+Na+Np+Nc)*tSD + Ngc * tae, K (5)

where N, represents the power required by the heater at a specific process temperature, N, stands
for the power consumed by the pump, N, indicates the power needed for the operation of the
aspirator, N, refers to the power used by the control system of the dryer, and g, denotes the process
duration, expressed in seconds. Additionally, N, refers to the power required by the air compressor,
and t,. denotes the operating time of the air compressor during the process. TEC was calculated
per 100 g of solution fed into the drying process.

The Spray Drying Energy Index (SDEI) for each spray drying process was calculated
based on the equations:

SDEI = ===, K] (6)

where TEC (k]) is the energy consumed during spray drying process, and Y (%) is the yield of the
powder obtained during each process.

2.16. Statistical Analysis

All statistical tests were carried out using the STATISTICA 13.3 program (StatSoft, Krakow,
Poland). A variance analysis (ANOVA) was conducted on the independent variables and their
interactions with a significance level set at a=0.05. The analysis included calculating the following
parameters related to intergroup variability for the factors under study: F - the value of the F-statistic,
and p - the value of the significance level. The outcomes of the physicochemical tests were expressed
as mean values with standard deviations. Variance analysis was conducted using Tukey’s honest
significant difference (HSD) test (p < 0.05) to assess the statistical significance of observed differences.

3. Results and Discussion

3.1. Physical Properties of Solutions

The osmotic solution based on concentrated tomato juice and basil extract before the osmotic
dehydration process of garlic was also acidified using ascorbic acid to increase the efficiency of the
process, as described in detail in the articles by Zimmer et al. [16,17]. After the conducted osmotic
dehydration, the solution was diluted and mixed with inulin or maltodextrin solutions. An important
fact is that the ascorbic acid present in the solution even before the dehydration process can be treated
as a carrier in spray drying [18]. Ascorbic acid reduces the tendency to absorb moisture and dusting,
as well as improves the flowability of the material, preventing its clumping during the encapsulation
process [19]. However, unpublished preliminary studies showed that spray drying of the post-
process osmotic solution alone did not result in obtaining powder and indicated that obtaining
powder from the specified solution with the best yield is possible after the addition of maltodextrin
and inulin. Therefore, the influence of these two carriers is described in the following article.
Moreover, in the study by Khwanpruk et al. [20] it was shown that an increase in maltodextrin
concentration in the solution may result in a higher retained level of ascorbic acid in the obtained
powder, which may positively affect the health-promoting values of the obtained powder.

Table 1 presents the physical properties of the solutions used as feed for spray drying and the
post-process osmoactive solution diluted to 20°Bx, which served as the base solution to which carriers
were added at various concentrations.
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Table 1. Physical properties of solutions: Total Soluble Solids (TSS), water activity (Aw), pH, viscosity,
concentration and color parameters.

Solutions
Dry Mass Water Activity Viscosity Color Parameters
(%) (-) (mPa*s) L* a* b* AE

16.86+0.18 23.19+0.50 13.05+0.26

Ost o 0.9754+0.0008 2 3.81+0.004 1.91+0.012

Sample pH ()

9.15+0.27 ¢ -

- b,
05 2'3919'03 23'65:'0'50 5.44+0.194 5.20+0.13* 8.59+0.26"

M40 18.64+0.0420.9896+0.0012 < 3.72+0.012

0s- 0.9873+0.0003 > 3.74:0.01>
g 20-46:0.01 ) i

I\C/)[Z) 19.69+0.16 2 0.9872+0.0026 < 3.77+0.01c 2.99+0.114 26'39:0'49

25.43+0.19
b

3.09+0.04 4 7.91+0.07 < 6.40+0.08 < 6.25+0.162

6.71+0.19~
b

6.52+0.15" 8.05+0.40°

0.9853+0.0025" 28.05+0.34

0OS5-140 20.47+0.53 2 3.72+0.002 2.20+0.05° 8.86+0.484 7.91+£0.394 6.55+0.512

0.9809+0.0033 > 3.73+0.00 > 27.71+0.26

O5-150 20.59+0.13 2 2.51+0.08<

6.25+0.15"
b b c

7.07+0.27° 8.04+0.23°

3.34+0.03 ¢ 13.69+0.24 ¢

b d e

b, a,
05-160 22.30i0.18c0'9866i?'0009 3.63+0.01 37.52+0.44 13.29+0.14 15.05C10.34

*Mean values within each column with a different superscript letter are significantly different homogeneous
groups (p <0.05). * OS - post-process osmoactive solution before the addition of drying carrier, OS-M40 - solution
with 40% maltodextrin addition, OS-M50 - solution with 50% maltodextrin addition, OS-M60 - solution with
60% maltodextrin addition, OS-140 - solution with 40% inulin addition, OS-I50 - solution with 50% inulin
addition, OS-160 - solution with 60% inulin addition.

Statistical analysis of the solutions showed that the type of carrier used had a greater effect on
dry mass than its concentration (Table 2).

Table 2. Analysis of variance regarding the effect of the studied parameters (type of carrier and carrier

concentration) on the physical properties: dry mass, Aw, pH, viscosity, and color parameters (L*, a%,

b* and AE) of the solutions prepared for the spray drying process.

Total Soluble Solids, % Water Activity, - pH, - Viscosity, mPa-s

F P F P F p F P
M/I 60.68 0.0002 16 0.0073 25 0.0024 15.61 0.0075
CC 12.48 0.0073 5 0.0014 24 0.0013 202.56 0.0001
M/Ix CC 23.33 0.0015 1 0.3483 15 0.0044 55.63 0.0001

L* a* b* AE

F p F p F p F p
M/1 1052.52 0.0001 679.33 0.0001 1126.18  0.0001 200.79 0.0001
CC 443.35 0.0001 210.34 0.0001 432.55 0.0001 312.12 0.0001

M/Ix CC 213.04 0.0001 338.79 0.0001 518.91 0.0001 271.95 0.0001
*M/I refers to the effect of the type of carrier (M - maltodextrin, I - inulin) and CC refers to the concentration of

the carrier used.

Generally, the average Total Soluble Solids (TSS) of solutions with inulin was higher compared
to the average dry mass of solutions with maltodextrin. All the dry mass values of the solutions
prepared for the spray drying process were presented in table 1. Similar TSS values of the solutions
are related to the sample preparation method, where the carrier was always added to the post-process
osmotic solution in a mass ratio to water of 1:3, but the ratio of TSS from the juice to the dry matter
from the carrier varied. As studies report, the TSS content in spray-dried solutions is an important
parameter because it affects the moisture content of the powders obtained in the drying process [21].
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The addition of carriers to the solution diluted to 20°Bx in each case resulted in an increase in
water activity (Aw). The type of carrier used influenced this parameter, while the carrier
concentration did not have a significant effect on the magnitude of this parameter (Table 2). The
solution containing 50% inulin had the lowest Aw value of 0.9809+0.0033, while the solution
containing 40% maltodextrin had the highest Aw value (0.9896+0.0012). The increase in water activity
values of the solutions after the addition of the carrier is caused by changes in the chemical
composition of the solutions.

The solution before the addition of drying carriers was characterized by a pH value of 3.81+0.01.
The addition of the carrier caused a slight decrease in pH. The pH of the solutions prepared for the
drying process slightly increased with the addition of more maltodextrin. In the case of inulin, this
trend was not clearly observed. Statistical analysis showed that both the type of carrier and its
concentration influenced the changes in pH values of the solutions (Table 2). However, these changes
were subtle. The low pH of the solutions is related to the method of solution preparation before the
osmotic dehydration process [16]. Literature reports indicate that both the addition of inulin [22] and
maltodextrin [20] have a slight effect on the change in pH after being introduced into the tested
sample. Moreover, raising the pH of the tested solutions after the addition of drying carriers may not
have been possible due to the presence of ions from the ascorbic acid in the post-process osmotic
solution, which could have stabilized the acidic environment [23].

The addition of both maltodextrin and inulin led to an increase in the viscosity of the solutions.
This value for the solution without a carrier was 1.91+0.01 mPa-s. Statistical analysis showed that the
concentration of the carrier used had a significantly greater effect on the change in viscosity value
than the type of carrier (Table 2). The viscosity of solutions with the addition of maltodextrin showed
higher values than in the case of solutions with the addition of inulin. Moreover, higher viscosity
values were observed for solutions with a higher dry matter content (Table 1), which was also noted,
for example, in the studies by Goula and Adamopoulos describing the spray drying of tomato pulp
[24].

The addition of carriers to the osmotic solution caused changes in its color. Before their addition,
the parameters of the solution were: a*=13.05+0.26, b* = 9.15+0.27, and lightness L* = 23.19+0.50. The
values of the color parameters of the solutions are presented in table 1. Inulin had a greater effect on
the lightness of the solution than maltodextrin. For example, with a 40% addition of maltodextrin,
the lightness did not change significantly, but in the case of inulin, it increased to 28.05 + 0.34.
Increasing the concentration of carriers continued to affect the lightness of the solution, with inulin
at higher concentrations causing a much greater increase in lightness than maltodextrin.

All the tested solutions had positive a* values, indicating a red hue [25]. The most intense red
color was observed in the solution before the addition of carriers and in the solution with a 60%
addition of inulin. The lowest a* values were found in the solution with a 40% addition of
maltodextrin, although an increase in this parameter was noted at higher maltodextrin
concentrations. Overall, the type of carrier used had a greater impact on the red hue than its
concentration, but both factors influenced the a* value (Table 2).

Both the type and concentration of the carrier had a significant effect on the b* parameter (Table
2), which reflects the yellow hue. Statistical analysis showed that the type of carrier had a stronger
impact on the b* value than its concentration. Compared to the solution without a carrier, most
solutions had significantly lower b* values, meaning they exhibited a reduced yellow hue. However,
the OS-160 solution, with a 60% addition of inulin, was the only one that showed a higher b* value
than the solution without a carrier, indicating a more pronounced yellow hue. In the study conducted
by Anisuzzaman et al. [26], which analyzed the color of tomato pulp-based solutions with the
addition of 5% and 10% maltodextrin, it was shown that the L* 4% and b* parameters change in
different ways depending on the type of maltodextrin used. These changes lead to an increase or
decrease in the values of these parameters as the concentration of the carrier increases.

According to the statistical analysis, the concentration of the carrier had a greater effect on the
AE value than the type of carrier (Table 2). The greatest color change (AE) was observed in the
solution containing 60% inulin, reaching a value of 15.05+0.34. The solutions OS-M50 and OS-140
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showed the smallest color change, with values of 6.25+0.16 and 6.55+0.51, respectively. The AE values
of the remaining samples ranged from 8.04+0.23 to 8.59+0.26, with no statistically significant
differences between them.

3.2. Spray Drying Process Parameters

Table 3 presents the process parameters related to the spray drying processes of the post-process
osmoactive solution based on tomato juice and basil extract with the addition of maltodextrin or
inulin.

Table 3. Spray Drying Process Parameters: Outlet Temperature, Feed Flow Rate, Yield, Total Energy
Consumption and Spray Drying Energy Index.

Outlet Energy Spray Drying
Feed Flow
Sample Temperature, . Yield, % . Energy Index,
oC Rate, g-min-! Consumption, I
kJ
M40-120* 84+1.4 3.62+0.16 2 15.43+1.344d¢ 17914812 11672+15352
M40-140 95+0.1° 3.66+0.08 2 13.51+0.71¢e 2097+44b ¢ 15552+11552
M40-160 109+1.4« 3.58+0.08 2 23.17+0.61" 22954514 9912+479 2
M50-120 85+2.12 3.74+0.02>>  15.83+0.28d ¢ 1731482 1093642462
M50-140 95+0.0° 3.82+0.06 »>  25.58+1.91sh 2012+33® 7891+7182
M50-160 108+1.4 « 3.73+0.012>  28.83+2.73hi 2201+3¢d 76707382
M60-120 83+2.12 3.70£0.06>>  18.91+1.36¢f 17524272 9297+8132
M60-140 96+0.7° 3.72+0.02>  26.52+0.36 ¢ 2064+13b ¢ 9165+852
M60-160 109+0.1¢ 3.75+0.072b  32.13+0.641 2195+41¢4d 6831+82
140-120 85+1.42 3.73+0.07 b 2.75+0.482 1736+332 64249+12315°
140-140 96+1.4° 3.81+0.012>  9.27+1.21b«¢ 2017+1° 2194328424
140-160 109+1.4¢ 3.71+0.07+*  5.15+1.55aP 2218+40¢4 45271+14444%
150-120 83+1.4a 3.67+0.08 2 12.57+0.43¢d 1767+382 14067+7822
150-140 96+0.7° 3.68+0.072>  11.54+0.98¢4 2087+37°b ¢ 118140+12232
150-160 108+0.7 ¢ 4.00+0.21v 8.98+1.83b ¢ 2058+109 b« 23526459982
160-120 85+2.12 3.76+0.05>>  14.12+2.13ce 17244242 12338+16892
160-140 96+0.7° 3.73+0.032>  13.05+1.80 e 2061150 ¢ 16951423122
160-160 107+2.8¢ 3.70£0.022>  14.12+2.65 e 2224+13 ¢4 12044+31032

*Mean values within each column with a different superscript letter are significantly different homogeneous
groups (p < 0.05). *The samples were named based on the type of carrier used: M for maltodextrin, I for inulin,
the solution concentration (40%, 50%, or 60%), and the inlet temperature (120°C, 140°C, or 160 °C). For example,
M40-120 refers to a powder sample obtained through spray drying of the post-process osmotic solution with
40% maltodextrin and an inlet temperature of 120°C.

The statistical analysis showed that only Tin influenced the outlet temperature (Table 4). The
type of carrier and its concentration did not significantly affect this value. The average outlet
temperature for samples dried at 120°C, 140°C, and 160°C degrees Celsius was, respectively: 83.92 +
1.62°C, 95.42 + 0.67°C, and 108.25 + 1.42°C (Table 3).
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Table 4. Analysis of variance regarding the effect of the process parameters on otlet Temperature,
Feed Flow Rate, Yield, Total Energy Consumption and Spray Drying Energy Index.
Outlet Total Energy  Spray Drying
Temperature, Feed Flow Rate, gmin?!  Yield, % Consumption, Energy Index,
°C kJ kJ
F P F P F P F P F P
M/It 0 0.9093 3.35 0.084 550 0.0001 3.66 0.0719 94.5897 0.0001
cC 1 03969 3.49 0.05237 85.041 0.0001 4.02 0.0359 40.5008 0.0001
Tin 854 0.0001 0.82 0.4581 40.674 0.0001 341.88 0.0001 4.0753 0.0347
M/I x
cc 0.5 0.6186 1.99 0.1652 0906 04220 233 0.1263 23.278 0.0001
M/I x
T 0.9 0.4425 1.42 0.2672 52.404 0.0001 1.67 0.2169 6.0926 0.0095
in
CCx
T 02 09276 2.31 0.0974 2946 0.0491 267 0.0654 6.0007 0.003
in
M/I x
CcC 0.9 0.5102 3.04 0.0445 11.082 0.0001 3.12  0.0411 9.4102 0.0003
x Tin

*M/I refers to the effect of the type of carrier (M - maltodextrin, I - inulin), CC refers to the concentration of the
carrier used, and Tin refers to the inlet temperature.

The feed flow rate during the drying process ranged from 3.58+0.8 g-min™' to 4.00+0.21 g-min~.
Statistical analysis (Table 4) did not show any effect of the type of carrier, its concentration, and Tin
on this parameter, however, it can be observed that the flow depended on the properties of the
solutions such as viscosity and moisture content (Table 3).

It was observed that samples containing maltodextrin as a carrier had an average yield value
over 50% higher compared to samples with inulin. For samples with added maltodextrin (M40, M50,
M60), it was noted that increasing the maltodextrin concentration in the solution led to a higher yield
value (Table 3). For the samples containing inulin (140, 150, 160), the lowest yield values were noted
for the I40 variants, especially at the lowest tested temperature, where this value was 2.75+0.48%. On
the other hand, the highest yield values were recorded for the 160-120 and 160-160 variants. The
conducted statistical (Table 4) showed that the type of carrier used had the greatest influence on yield.
Additionally, the concentration of the carrier and the inlet temperature also significantly affected the
efficiency of powder recovery from the post-process osmotic solution based on tomato juice.

Studies conducted by Anisuzzaman et al. [26] also showed that an increase in maltodextrin
concentration and inlet temperature leads to a higher yield of powder obtained from tomato pulp-
based solutions. However, it should be noted that in those studies, the spray drying process was
conducted only for solutions containing two different concentrations of maltodextrin (5% and 10%).
Preliminary unpublished studies that we conducted showed that obtaining powder from the post-
process osmoactive solution used in the current research was not possible at such low concentrations
of drying carriers, even with the use of high inlet temperatures, due to under-drying of the product
and sticking to the dryer chamber.

Despite these lower yields, there is a noticeable relationship between yield, moisture content
(Mc), and water activity (Aw). Generally, samples with a low yield, particularly those based on inulin,
tend to have higher moisture content and water activity, indicating that less effective moisture
removal during drying is associated with reduced yield, as confirmed by the study by Roccia et al.
[27]. For example, the 140-120 sample, with the lowest yield, also showed relatively high Mc and Aw
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values, while maltodextrin-based samples with higher yields had lower Mc and Aw values, reflecting
better moisture evaporation during the drying process.

The noticeably lower yield for samples containing inulin may be due to the lower glass transition
temperature (Table 5), compared to samples with maltodextrin, which is often added specifically to
raise this parameter. This was evident during the process, where the solution containing inulin
behaved like syrup, sticking to the dryer chamber and cyclone, which may be directly related to the
structural relaxation of the dried solution [28]. Moreover, previous studies have shown that
maltodextrin can alter the surface viscosity of low molecular weight sugars such as glucose, sucrose,
and fructose, as well as organic acids, which facilitates drying and reduces the viscosity of the spray-
dried product [29,30].

In the studies conductd by Largo et al. [31], it was suggested that lowering the viscosity of the
solution fed for drying might decrease the process efficiency. This was confirmed in each case for
samples containing inulin; however, for samples with maltodextrin, other factors played a more
significant role, not confirming the stated hypothesis. For example, in the case of the OS-M60 solution
with a viscosity of 2.99+0.11 mPa-s dried at 120°C, a higher yield was obtained compared to the OS-
M50 solution with a viscosity of 3.09+0.04 mPa-s, where the yield was over 5% lower. The greatest
influence on the energy consumption of the process was exerted by the inlet temperature (Table 4).
The increase in energy consumption with the rise in inlet temperature was also demonstrated in other
studies, such as those by Aghbashlo et al. [32].

The lowest energy consumption was recorded for the drying process of a solution containing
60% inulin at 120°C (1724 + 24 kJ), while the highest was for a 40% maltodextrin solution at 160°C
(2295 + 51 KJ). In most cases, the drying processes of different solutions, using the same Tin, resulted
in energy consumption that did not differ statistically from one another. In this study, a novel metric
was used to assess energy consumption relative to powder yield. This metric provides a more
universal tool, as opposed to the typical Specific Energy Consumption index used in conventional
drying methods, which considers only the evaporated water or the amount of solids [16]. Instead, it
relates energy consumption directly to powder yield. This allows for the calculation of the specific
energy needed to produce a unit of powder, which is crucial in spray drying, where part of the
powder is lost due to surface deposition and other phenomena.

It is noteworthy that the lowest SDEI value was obtained for OS-M60 dried at 160°C, which
resulted in the highest powder yield (over 32%). In most cases, despite higher energy consumption
during spray drying at the highest temperature, the calculated SDEI was more favorable due to the
simultaneously higher powder yield during the process.

Statistical analysis shows that the type of carrier used had the greatest influence on this index
(Table 4). This is also related to the fact that, in general, solutions dried with the addition of
maltodextrin allowed for a higher powder yield compared to those dried with inulin.

3.3. Properties of Obtained Powders

Table 5 presents the parameters related to the properties of powders obtained in the spray drying
process of an osmoactive solution based on tomato juice and basil extract, with the addition of inulin
or maltodextrin at different concentrations and using various inlet temperatures.
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Table 5. Physical properties of obtained powders: Moisture Content (Mc), water activity (Aw), color parameters (L*, a*, b*, AE), bulk density, true density and porosity.
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Powders
Water Activity, Color Parameters Bulk Density, Tru.e . Glass Transition
Sample Mc, % ) Density, Porosity, % o
- L* a* b* AE g-cm?3 g-cm Temperature, °C
M40-120* 3.81+0.5824"  (0.218+0.017b<  83.91+0.26 f8  9.58+1.55>d  13.70+0.92b4  26.17+2.47¢8  0.558+0.019%>f 1.590+0.0092  64.9+1.02" 38.1+0.34
M40-140 5.23+1.654f  0.215+0.010b  81.78+0.01¢f  11.53+0.01¢f  14.96+0.10>f  23.33+0.204f  0.538+0.001>f 1.514+0.0292  64.4+0.6%P 38.3+0.6¢
M40-160 3.21+0.132¢  0.222+0.011b< 78.295+0.04bc 12.39+2.08ts  17.49+0.44h  19.84+1.762< (0.591+0.018=f 1.549+0.034>  61.8+0.3+P 38.4+0.1f
M50-120 3.80+0.392d  0.228+0.007c¢  84.58+0.728  9.55+0.71b4  13.16+0.51»>  26.84+0.81s  0.540+0.003>f 1.511+0.0562  64.2+1.1ab 38.4+0.3 ¢
M50-140 2.87+0.132¢  0.214+0.011<  83.95+0.63fs  9.36+0.52bc  13.08+0.072> 26.36+0.55fs  0.562+0.008<f 1.686+0.0692  66.6+1.94Pb 38.640.21
M50-160  2.27+0.03a  0.198+0.0092°  82.22+0.10¢&  9.73+0.58be  14.19+0.48>f 24.54+0.444s  0.548+0.001>f 1.463+0.0712  62.5+1.7aPb 38.0+0.37
M60-120  3.56+0.392d  (0.214+0.005%<  87.80+0.34h 7.324¢1.162 11.30+0.522  30.91+1.50*" 0.594+0.012f  1.486+0.0162  60.0+1.32"P 37.2+0.3¢8
M60-140 2.98+0.132¢  0.233x0.004¢  84.22+0.08s  8.20£0.17»  13.60+1.75bc  27.10+1.44s  0.576+0.007¢f 1.481+0.0292  61.1x1.32P 36.8+0.3h i
M60-160  2.28+0.10a  0.177+0.006=  82.83+0.01es  9.62+1.34bd  13.60+0.77bc  25.18+2.08=s  0.597+0.002f  1.431+0.0192 58.3+0.7 2 36.1+0.11
140-120  6.12+0.21ef  0.231+0.021c¢e  79.98+0.13¢d  11.48+0.904f 15.97+0.28th  21.69+1.49¢d  0.486+0.0162¢ 1.379+0.3902  63.4+9.2ab 35.0+0.2¢
140-140  4.48+0.20¢¢  0.230+0.0694<  79.82+0.001<4 11.71+0.03¢f 15.79+0.01¢h  21.44+0.29b<  0.480+0.049+4 1.594+0.0112  69.9+3.3ab 35.6x0.10
140-160  5.33+0.034f  0.232+0.011e 75.59+0.01b 14.3+0.11s  17.00+0.09s8h  16.55+0.40=  0.511+0.010=f 1.440+0.0812  64.5+2.7aPb 36.6+0.32
I50-120  3.95+0.34»d  0.208+0.007P<  83.11+0.03¢8  9.27+1.482c  13.85+1.18be  25.57+1.81es  0.466+0.0342< 1.517+0.2212  68.8+6.82P 38.3+0.2f
I50-140  3.32+0.102<  0.196+0.006>>  80.96+0.13c¢  10.77+0.09<f 15.22+0.06c<&  22.89+0.44ce  0.484+0.025>¢ 1.601+0.0262  69.8+0.6+° 38.240.3¢
I50-160  4.23+0.23>4  0.232+0.004¢  76.64+0.10> 12.77+0.73ts  14.47+1.38h  18.22+0.54ab  0.495+0.032+f 1.520+0.0372  67.4+2.9ab 38.640.2¢
160-120  3.56+0.352d  0.205+0.010b<¢  83.69+0.21¢s  8.66+£0.592b  14.33+2.61bf  26.38+1.40fs  0.530+0.029b+ 1.476+0.0242  64.1+2.62P 41.4+0.2 0
160-140  3.31+0.062<  0.208+0.005b<  82.00+0.03 ¢& 10.19+0.20><  14.69+0.04>f 24.10+0.114s  0.455+0.004>> 1.507+0.0452  69.8+0.62P 40.3+0.3f
160-160  2.64+0.172b  0.199+0.0102> 79.95+0.09<d 11.29+1.16<f 15.63+0.17¢h 21.74+1.65<4  0.596+0.063f  1.429+0.0232  58.3+3.7aPb 41.3+04 s
FD 6.49£0.12¢  0.196+0.0012<  60.38+0.202  20.75+0.33h  16.08+0.32 th - 0.413+0.0452  1.491+0.069= 72.4+1.7° -

*Mean values within each column with a different superscript letter are significantly different homogeneous groups (p < 0.05). *The samples were named based on the type of carrier used: M for
maltodextrin, I for inulin, the solution concentration (40%, 50%, or 60%), and the inlet temperature (120°C, 140°C, or 160 °C). For example, M40-120 refers to a powder sample obtained through
spray drying of the post-process osmotic solution with 40% maltodextrin and an inlet temperature of 120°C.
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Statistical analysis (Table 6) showed that the carrier concentration had the greatest effect on the
moisture content (Mc) (Table 5) of the obtained powders; however, the type of carrier and inlet
temperature also had a significant impact on this parameter. In other studies focusing on the effect
of maltodextrin concentration and inlet temperature on the quality of powders obtained from
watermelon juice, it was found that both inlet temperature and maltodextrin concentration influence
the Mc of the obtained powder [33], in studies concerning the drying of sea buckthorn juice, it was
observed that inlet and outlet temperatures had the greatest impact on this value, followed by
maltodextrin concentration [34].

Table 6. Analysis of variance regarding the effect of the studied parameters (type of carrier, carrier
concentration and inlet temperature) on the physical properties: dry mass, Aw, pH, viscosity, and
color parameters (L*, a* b* and AE) of the powders obtained during spray drying process of the
postprocess osmotic solution.

. Water Bulk True
Moisture Content, . . . . o
% Activity, Density, Density, Porosity, %
- g.Cm-3 g.Cm-S
F p F p F p F p E p
N_l[_/l 24.839  0.0001 0.81 0.3716 637'6 0'200 0.54 0'171 31.53 0.0001
CC 41486 0.0001 3.07 05479 8.94 O.(())OZ 1.564 0'2536 18.35 0.0001
Tin  9.105 0.0018 18.82 0.0001 8.16 0'%03 2172 0'1942 19.25 0.0001
M/1
X 3.528 0.051 17.53 0.0001 0.08 0922 0.49 0620 1.24 0.2978
0 8
CcC
M/1
X 7.507 0.0043 3.7 0.0312 197 0'1967 0.384 0'(;86 3.00 0.0583
Tin
CcC
X 1.177 0.3541 10.67 0.0001 3.02 0'245 0.386 0'8528 1.36 0.2586
Tin
M/1
) 0.133 0.496
CC 5324 0.0052 5.77 0.0001 2.03 ‘6 0.878 '7 2.96 0.0279
X
Tin
L+ o+ - AE Glass Trans1t1(o)n
Temperature, °C
F P F P F P F P F p
M/ 1454 0.0001 62.09 0.0001 81.4 10]1:- 134.2 0'200 4372.6 0.0001
CcC 62.9 0.0001 67.68 0.0001 399'7 1011_ 70.46 0'200 3739 0.0001
Tin  108.8 0.0001 55.28 0.0001 47.9 1E- 1005 0.000 63.6 0.0001
3 04 2 1
MA 0.782
X 0.3 0.743 0330 0.7221 4.56 0.015 0.25 '2 443.3 0.0001
CcC
MA 0.115
X 2.2 0.116 4130 0.0214 1.05 0357 2.24 '8 1283.8 0.0001

Tin
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cC 0.186

X 2.1 0.087 0900 04693 193 0119 16 59.4 0.0001
Tin

M/I

x 1E 0.005

cC 41 0006 4.160 0.0052 6.96 04' 413 210.8 0.0001

X

Tin

*M/I refers to the effect of the type of carrier (M - maltodextrin, I - inulin), CC refers to the concentration of the
carrier used, and Tin refers to the inlet temperature.

reduction in Mc in the obtained powders. A similar trend was observed in samples produced
from solutions containing 60% maltodextrin. However, in the M40 series, raising the inlet
temperature from 120°C to 160°C resulted in a decrease in moisture content, although the sample
dried at an intermediate temperature exhibited higher moisture than the one dried at the lowest
temperature. In the samples containing 40% and 50% inulin (140 and I50 series), the lowest moisture
content was noted in the sample dried at 140°C, compared to those dried at 120°C or 160°C. In
contrast, in the 160 series, the lowest moisture was found in the sample dried at the highest
temperature. For samples with the highest inulin concentration, an increase in Tin resulted in a
gradual reduction in moisture content. The obtained values were typical for powders obtained by
spray drying [35].

A decrease in moisture content in spray-dried powders with increasing inlet air temperature has
been observed in numerous studies. For example, such trends were found during the spray drying
of tomato juice [36] as well as orange juice [37]. Similar results were obtained in studies on
pineapple juice powders [21] as well as in the studies by Mishra et al. [36], which analyzed the effect
of carrier concentration on the quality of powders from amla juice (Emblica officinalis). It is also
worth noting that samples containing maltodextrin were characterized by a lower average moisture
content compared to samples with inulin, as confirmed in the studies by Tkacz et al. [38]. This is
related to the physicochemical properties of inulin, which retains more water in its structure than
maltodextrin [39].

The water activity (Aw) of powders obtained from solutions with added inulin was on average
0.215+0.017, while for samples obtained from solutions with added maltodextrin it was 0.213+0.018.
High water activity means that there is more free water in the food, which can participate in
biochemical reactions, thus shortening its shelf life. It is generally believed that food with Aw<0.6 is
microbiologically stable, and any spoilage is more likely to result from chemical reactions rather than
the action of microorganisms [22]. In this study, all the obtained powders were characterized by water
activity lower than the indicated 0.6. For samples containing maltodextrin (M40, M50, M60), it was
observed that higher inlet temperatures lead to a reduction in Aw. This trend was also noted in the
studies conducted by Goula et al. [40]. For example, the M60-160 sample, dried at the highest Tin,
achieved the lowest Aw value of 0.177+0.006. For samples containing inulin (140, 150, 160), a
downward trend in Aw was also observed with increasing inlet temperature. The 160-160 sample,
dried at the highest temperature, had an Aw value of 0.199+0.010, which is one of the lowest values
in this group. Statistical analysis, however, showed that inlet temperature is the only factor
significantly affecting the water activity of the obtained powders, while the type and concentration
of the carrier did not have a significant impact on this parameter. The most notable difference in
water activity values can be seen between the samples dried at 140°C and 160°C. The difference in
this parameter between the samples dried at 120°C and 140°C was much more subtle. The study did
not show that a decrease in Mc values correlates with a decrease in Aw. For example, the M60-140
sample had a relatively low Mc (2.98+0.13), while its Aw was 0.233+0.004, which was the highest value
of this parameter among all the samples studied. This suggests that the small amount of water present
in the sample existed in a free state. On the other hand, in samples with high moisture content, such
as M40-120 and 140-120, the water activity was noticeably low, indicating strong water binding to the
structure, limiting its availability [40].
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No trend in changes in water activity values related to the change in carrier concentration was
demonstrated. The lack of a clear relationship between the increase in carrier concentration and the
decrease in Aw was also noted in other studies, including the work by Li et al. [41].

Bulk density is related to the size, shape, and surface properties of the particles. Powders with
smooth and uniform surfaces are characterized by higher bulk density. On the other hand, powders
with lower bulk density require a larger packaging volume for the same mass of material [42,43]. In
general, bulk density increases as particle size decreases, because more particles fit into a given
volume, reducing the amount of empty space between them [44,45]. Statistical analysis (Table 6)
showed that in the conducted studies, the type of carrier used had the most significant effect on the
bulk density of the obtained powders.

A smaller, but still significant effect on this parameter was observed for the carrier concentration,
followed by the inlet temperature. Powders obtained by spray drying solutions containing
maltodextrin had a higher bulk density than powders obtained from solutions with inulin. This is
interesting, considering the fact that the bulk density of inulin itself was higher than that of
maltodextrin (for inulin 0.607+0.016 g-cm=3, for maltodextrin 0.441+0.017 g-cm=3). This effect may have
been caused by intermolecular interactions during the spray drying process, which influenced the
final structure of the obtained powders. Compared to inulin, maltodextrin may have formed more
homogeneous structures [46], which consequently resulted in a higher bulk density. This hypothesis
is supported by studies showing that powders obtained from drying blueberry juice with added
inulin. exhibited a sudden change in structure from amorphous, characterized by regular spherical
particles, to crystalline, where the particles tended to agglomerate and took on irregular shapes. In
contrast, samples containing maltodextrin retained an amorphous microstructure across the entire
range of water activity [28]. Higher densities may also indicate that maltodextrin forms less sticky
particles, which further reduces the amount and size of the agglomerates formed [47]. For samples
dried at 140°C, bulk density increased with the increase in carrier concentration, which was also
observed in the 150 series (50% inulin). However, for samples containing 60% maltodextrin, the
opposite behavior of this parameter was noted. In the conducted studies, the lowest bulk density for
powders containing maltodextrin was recorded for the M40-140 sample, which was 0.538+0.001
g-cm3, while the highest value was observed for the M60-160 sample, which was 0.597+0.02 g-cm™3.
For inulin, the lowest bulk density was recorded for the 150-120 sample and the highest for the 160-
160 sample, with values of 0.466+0.034 g-cm= and 0.596+0.063 g-cm3, respectively. However, the
lowest bulk density was found in the control sample (FD). It should be noted that no clear trend was
observed between the increase in carrier concentration or inlet temperature on the bulk density of the
obtained powders. Furthermore, in the case of samples where an increase in drying temperature led
to an increase in bulk density of the powders, it can be assumed that the high drying temperature
may have contributed to the rapid formation of a dry layer on the surface of the droplets. This, in
turn, could have resulted in an increase in particle size due to the formation of a coating or hardening
of the surface at higher temperatures [48]. As a result, layers impermeable to steam may have formed,
promoting the creation of vapor bubbles and the expansion of droplets. The hard coating could have
prevented further evaporation of moisture, as confirmed by studies from other researchers. However,
other researchers indicate that higher moisture content in the powder may lead to an increase in bulk
density because water is significantly denser (bulk density) than dry solids [25]. In such a case, it
could be expected that with an increase in drying temperature, higher bulk density would also result
in higher moisture content (Mc). However, this was not observed in our study, which suggests that
in the case of powders obtained by spray drying an osmoactive solution based on tomato juice and
basil extract, which was first used for osmotic dehydration of garlic clove halves, this may indicate
complex interactions between the solution particles and the carrier under specific conditions, having
an unpredictable effect on the product's parameters.

The true density values of the obtained powders range from 1.379+0.390 g-cm™ to 1.686+0.069
g-cm3. The true density of all powders was higher than the true density of the carriers themselves,
which was 1.374+0.001 g-cm™ for inulin and 1.278+0.042 g-cm for maltodextrin. A similar situation
was observed in the article by Tkacz et al., where the effect of the carrier on Encapsulated Sea
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Buckthorn Juice Powders was studied [38]. No significant differences were noted between the true
density values of the tested powders (Table 5), and the slight changes in this value may be related to
the differences in moisture content of the obtained powders [49].

The porosity of the obtained powders is presented in Table 5. The type of carrier used had the
greatest influence on this parameter, but the carrier concentration and inlet temperature also
significantly affected the porosity values. The variability in porosity values for the obtained powders
was directly correlated with the differences in bulk density values, given the similar true density
values obtained for all tested samples. The porosity of samples containing inulin ranged from 58.3+3.7
(I60-160) to 69.9+3.3 (140-140), while for samples with maltodextrin, it ranged from 58.3+0.7 (M60-160)
to0 66.6+1.9 (M50-140). The lowest porosity values were observed in samples spray-dried at the highest
inlet temperature and the highest carrier concentration, with samples containing inulin generally
exhibiting higher porosity, which is related to their lower bulk density.

The differences in the physical properties of the samples with maltodextrin and those with inulin
may be due to differences in how these carriers interact with the particles in the dried post-process
osmoactive solution, which has a very complex composition. Tomato juice itself contains, among
other things, aldehydes, alcohols, and volatile derivatives of lycopene, which determine its sensory
properties [50]. The impact of these compounds on the differences in results depending on the carrier
used, based on studies conducted by Lee et al. [51], suggests that the type of carrier used may
influence interactions with aldehydes and their retention in the final powder, affecting differences in
texture, the amount and size of the agglomerates formed, and thus physical properties. This
hypothesis is supported by findings that, in the case of small particles present in the obtained
powders, powder cohesion becomes a significant factor, and van der Waals, electrostatic, or capillary
forces are considered dominant, which poses an additional challenge in predicting their bulk
behavior and properties, such as the bulk density or porosity determined in this study [52].

The L* parameter, which represents the brightness of the powder color, showed significant
variability among the tested samples. The lowest value, indicating the darkest color, was observed
for the control FD sample (60.38+0.20), which was expected, as the addition of inulin or maltodextrin
typically increases the brightness of samples. The highest brightness was achieved by the M60-120
sample (87.80+0.34), which was the brightest.

Statistical analysis showed that the type of carrier had the greatest influence on brightness, but
the inlet temperature during drying and the concentration of the carrier also affected the brightness
of the resulting powder (Table 6). On average, samples containing inulin were darker than those with
maltodextrin, which is also confirmed by Michalska-Ciechanowska et al. [53], who found that inulin
leads to darker powder compared to other carriers. Higher inlet temperatures caused darker powder,
which is the opposite of the findings by Sousa et al. [54] and Abadio et al. [21], where higher
temperatures resulted in brighter powders due to pigment oxidation.

The a* and b* values, which reflect the intensity of red and yellow hues, respectively, also
showed significant variability among the samples. The M60-120 sample had the lowest a* value
(7.32+1.16), indicating weak red intensity, while the FD sample had the highest a* value (20.75 + 0.33).
In general, samples with inulin tended to have higher a* values, suggesting a more intense red hue,
while samples with maltodextrin had lower a* values. These changes are consistent with earlier
studies that found that adding more than 10% maltodextrin can lead to a loss of the attractive red-
orange color [33].

A similar trend was observed for the b* parameter. The M60-120 sample had the lowest b* value
(11.30+0.52), indicating a weaker yellow hue, while the highest b* value was recorded for the M40-
140 sample (17.49+0.44). Samples with inulin tended to have higher b* values than those with
maltodextrin.

The highest AE value was observed for the M60-120 sample (30.91+1.50), suggesting the greatest
color change, likely due to the higher inlet temperature and carrier concentration. The lowest AE
value was observed for the 140-160 sample (16.55+0.40), indicating the smallest color change.
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5. Conclusions

The study demonstrated that the utilization of post-process osmotic solution based on
concentrated tomato juice and basil extract, after the osmotic dehydration of garlic, is feasible through
spray drying with appropriate drying carriers and carefully selected process parameters.

1. The type of carrier used had the greatest impact on the efficiency of the drying process. The
use of maltodextrin resulted in over 50% higher powder yield compared to inulin.

2. The maximum yield of 32% was achieved for the sample containing 60% maltodextrin at the
highest inlet temperature (M60-160).

3. The highest energy consumption was observed at the highest inlet temperatures, although the
type and concentration of the carrier did not have a significant effect on energy consumption.

4. To assess the energy efficiency of the process, the Spray Drying Energy Index (SDEI) was
proposed, which relates total energy consumption to powder yield. Despite higher energy
consumption at higher inlet temperatures, the powder yields were greater, indicating higher
energy efficiency for these processes. The highest energy efficiency was observed for the M60-
160 sample, where high energy consumption was offset by a large powder yield.

5. The moisture content of the powders was primarily influenced by the concentration of the
carrier, while water activity was significantly affected by the inlet temperature. The lowest
moisture content and water activity were observed for the M60-160 and M50-160 samples.

6. The color change (AE) was most affected by the type of carrier used, but the concentration of
the carrier and the inlet temperature also had a significant impact. The largest color change
was observed for the M60-120 sample, while the smallest was noted for the 140-160 sample.

7. No statistically significant differences were observed in the true density of the various powder
samples. The bulk density and porosity were most affected by the type of carrier used.

Samples containing maltodextrin generally exhibited higher values for these parameters. The

lowest bulk density and porosity were observed for the M60-160 sample, with values of

1.431+0.019% and 58.3+0.7% respectively.

Overall, the study showed that valorization of a by-product from osmotic dehydration process
in form of spent osmotic solution can be successfully carried out through spray drying with the use
of carriers. The idea is in line with the concept of sustainable food production and can contribute to

achieving sustainable development goals. However, further studies are required to determine
microbiological and bioactive properties of obtained powders.
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