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ABSTRACT
Background: In the production of food powders, foam mat drying is
a suitable and cost-effective alternative to traditional drying methods.
Aims: The aim of this research was to select the optimal conditions for
producing sugarcane molasses powder using the foam mat drying
method.
Methods: In the initial stage, different concentrations of albumin (5 to
15%), xanthan gum (0.1 to 0.15%), and whipping time (2 to 6 minutes)
were used to produce foam. The properties of the produced powders
(density, solubility, bulk and tapped density, moisture content, pH, and
rehydration) were examined at two foam thicknesses (4 and 6 mm) and
temperatures of 50, 60, and 70 °C. Six drying models were used to
investigate the drying kinetics of the samples.
Results: The results showed that the sample produced with 12.417%
albumin, 0.12% xanthan gum, and 6 minutes of whipping had the best
performance in terms of foam stability and density. Furthermore, the
Wang and Singh model was selected as the best model for
investigating the drying Kkinetics of the samples at all drying
temperatures and foam thicknesses. Using Fick's second law, the
effective moisture diffusivity was calculated and was in the range of
2.07x108t0 5.18x10°® m2/s with activation energies of 16.35 and 20.15
kJ/mol for thicknesses of 4 and 6 mm, respectively.
Conclusion: Based on the obtained results, most of the sugarcane
molasses foam drying process occurred in the falling rate period.
Considering the fitting of different drying models, the Wang and Singh
model was the best model for describing the drying behavior of
sugarcane molasses foam. Additionally, increasing the temperature
and foam thickness increased the effective moisture diffusivity.
Therefore, sugarcane molasses powder can be produced as a sweetener
and additive in the formulation of various food products using the foam
mat drying method.
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Introduction: Sugarcane molasses is an
underappreciated by-product of the sugar mill
industry. It is classified as generally
recognized as safe (GRAS) and has been
utilized as an alternative sweetener in the food
industry (Deseo et al., 2020). Molasses is the
final effluent obtained during the preparation
of sucrose through a repeated process of
evaporation, centrifugation, and crystallization
from sugarcane juices (Jamir et al., 2021). It
possesses  special  properties such as
antioxidant, antimicrobial, weight loss, and
treatment of anemia, and is used in cooking as
a fermentation feed (Deseo et al., 2020; Jamir
etal., 2021). Foam mat drying is a process used
to convert liquid or semi-liquid foods into
stable dried products. This is achieved by
incorporating a large volume of gas in the
presence of an edible foaming agent and/or
stabilizer, followed by drying. Foam mat
drying is suitable for drying viscous, sticky,
heat-sensitive, and high-sugar food products
that are difficult to dry using other tray drying
techniques (Afifah et al., 2022). To ensure
efficient foam mat drying, the foaming agent is
used as a surfactant to reduce the surface
tension  between solid-liquid interfaces.
Proteins are considered good and form a
viscoelastic  film around the bubbles,
improving the powder's rheology (Brar et al.,
2020). Xanthan gum, a natural polysaccharide,
is one of the most important industrial
biopolymers. It is widely used in various food
materials for its emulsion stabilization,
temperature stability, compatibility with food
ingredients, and pseudo-plastic rheology
properties. Xanthan gum is also utilized in
pharmaceutical formulations, cosmetics, and
agricultural products as a dispersing agent and
stabilizer for emulsion or suspension due to its
stability to thicken aqueous solutions (Song et
al., 2006). The stability of the foam is
influenced by foam stabilizers such as gelatin,
xanthan, and string time. It is crucial to
optimize the process by using an appropriate
concentration of foaming agent and foaming
time (Mihe et al., 2023). Therefore, in the
production of food powders, foam mat drying

is a suitable and cost-effective alternative
compared to traditional drying. This research
was conducted to determine the optimal
conditions for the production of sugarcane
molasses powder using foam mat drying.
Material and methods: Molasses from Ahvaz
Sugarcane Development and Auxiliary
Industries Company, as well as Sigma
Alderich xanthan gum were used in this
research. Egg white was also used as foaming
agent which was obtained by purchasing whole
eggs and separating the white. The eggs were
purchased from the Mollasani local market. To
prepare the foam, the molasses was brought to
a brix level of 25. Then, xanthan gum was
added at three different levels (0.1%, 0.125%,
and 0.15%) and mixed thoroughly to create a
homogeneous mixture. Following this, the egg
white was added at specific concentrations
(5%, 10%, and 15% w/w) and mixed using a
household mixer (Moulinex, model BMS6,
Spain) for three different time periods (2, 4,
and 6 min) (see table 1 for details). The
resulting foam was placed in aluminum trays
(6 mm in height, 48 cm in length, and 40 cmin
width) and dried in a dryer (Heraeus,
Germany) at a temperature of 50 °C. After
leaving the dryer, it was powdered using a
home grinder and stored in impermeable
plastics until the tests were conducted.
Results: Based on the obtained results, Wang
and Singh's model was chosen as the best
model to examine the drying kinetics of the
samples at all drying temperatures and foam
thicknesses. Using Fick's second law, the
effective diffusion coefficient of humidity was
calculated to be in the range of 2.07x10® to
18.5x10® (m?/s), with activation energy of
16.35 and 20.15 kJ/mol for thicknesses of 4
mm and 6 mm, respectively.

Conclusion: The maximum drying process of
sugarcane molasses foam was found to be in
the descending speed stage. Wang and Singh's
model was the best fit to describe the drying
behavior of sugarcane foam. Additionally,
increasing the temperature and foam thickness
resulted in an increase in the effective moisture
diffusivity. Therefore, sugarcane molasses
powder can be utilized as a sweetener and
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additive in the formulation of various food
products using the foam mat drying method.
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Table 2- Mathematical models to investigate the drying kinetics of foam-mat drying of molasses foam

Number Model Equation References
Diffusion MR=a*exp(-k*x)+(1-a)*exp(-k*b*x) Sobukola, Dairo, and Odunewu
(2008)

Henderson Pabis

MR= a*exp(-k*x)

Pandith (2018)

Logarithmic MR=a*exp(-k*x)+c Erbay and Icier (2010)
Newton MR=exp(-k*x) Vengaiah and Pandey (2007)
Wang and Singh MR=exp(-k*x”n) Doymaz and Ismail (2011)
Page MR=1+a*x+b*x"2 Kadam and Dhingra (2011)
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Figure 1- The effect of foam production conditions (alboumin, Whipping Time and xanthan gum) on the density
of sugarcane molasses foam
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Table 3- ANOVA for stability and density of the sugarcane molasses foam

Source DF Foam stability Foam density
Intercep 1 225.48** 2.803**
Albumin 2 91.299** 0.029**
Whipping Time 2 2.343* 0.007**
Xanthan Gum 2 19.707** 0.000**
Albumin * Whipping Time 1 1.074** 0.000**
Albumin * Xanthan Gum 1 0.781** 0.000**

Whipping Time * Xanthan Gum 1 0.469** 7.656E-5**
Albumin * Whipping Time * Xanthan Gum 1 0.377** 0.000**
Error 0.040 1.227E-5
R-Squared 0.998 0.998
Adj R-Squared 0.995

* Significant at 5% level
Df, Degrees of freedom

** Significant at 1% level
ns, lack-of-fit, is not significant at p> 0.05
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Figure 2- The effect of foam production conditions (albumin, whipping time and xanthan gum) on the stability of
sugarcane molasses foam
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Figure 3- The effect of albumin, whipping time and xanthan gum on the solubility index of sugarcane molasses
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Table 4- analysis results for sugarcane molasses powder responses

Bulk Tap

Source DF WSI WAI Moisture pH . ) Rehydration
density  density
Intercep 1 202.881** 563.692** 1153.11** 993.619** 7.595**  8,788**  132.223**
Albumin 2 124.187**  8310**  22.231**  0.159**  0.080**  0.091** 1.739%*
Whipping Time 2 0041™ 0466  3.101*  0002%*  0.001** 1'15?]98'5' 0.001"
Xanthan Gum 2 26.645**  1.037**  0.455**  8306E-5™ 0.001**  0.001** 0.199**
2 -
Albumin * 1 0001 0062+  0328*  0009% 808 go00mx 1 000E-5™
Whipping Time 5
o .
A'b“m'gu Xanthan - g7eger 04527 0.002%  2500E-5" 0.000%* S 0020
Whipping Time * ns . o gns D.256E- o -
Xanthan Gum . 0002 0.029 0.011 2.500E-5 o 0.001 0.001
Albumin *
Whipping Time * 0.004" 0.118** 0.003* 0.000"  0.000**  0.001 0.001*
Xanthan Gum 1
Error 0.081 0.002 0.002 0.000 0.008 0.015 0.001
R-Squared 0.996 0.999 0.993 0.992 0.995 0.997 0.996
Adj R-Squared 0.993 0.997 0.989 0.985 0.991 0.994 0.992
* Significant at 5% level ** Significant at 1% level
Df, Degrees of freedom ns, lack-of-fit, is not significant at P > 0.05
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Figure 5- The effect of albumin, whipping time and xanthan gum on the moisture content of sugarcane molasses

powder
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Table 4- Optimizing the production conditions of sugarcane molasses powder

Xanth Foam Foam WSI WAI  Moist H Bulk Tap Rehydrati
T anthan oisture ehydration
Whipping stability  density P density  density Y

Albumin

Time

12.417 6 0.12 98.412 0.451 94988 5741 5581 6.363 0.513 0.532 2.861
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Figure 10- Variations of moisture ratio with drying time for foam-mat drying of sugarcane molasses at 4 mm(a)
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Table 5- Statistical results obtained from fitting the laboratory data with a thickness of 4 mm and a temperature

of 50, 60 and 70 (°C)

Model R? RMSE SSE
50 0.9641 0.0562 0.1170
o 60 0.9548 0.0620 0.1115
Diffusion 70 0.9586 0.0663 0.1197
50 0.9763 0.0451 0.0772
Henderson Pabis 60 0.9633 0.0549 0.0906
70 0.9657 0.0532 0.0792
50 0.9761 0.0458 0.0777
Logarithmic 60 0.9631 0.0551 0.0910
70 0.9655 0.0533 0.0796
50 0.9641 0.0548 0.1170
Newton 60 0.9548 0.0600 0.1115
70 0.9486 0.0640 0.1187
50 0.9971 0.0158 0.0095
. 60 0.9948 0.0205 0.0126
Wang and Singh 70 0.9962 0.0178 0.0089
50 0.9964 0.0177 0.0119
Page 60 0.9916 0.0263 0.0208
70 0.9957 0.0185 0.0096

Table 6- Statistical results obtained from fitting the laboratory data with a thickness of 6 mm and a temperature

of 50, 60 and 70 (°C)

Model R? RMSE SSE
50 0.9642 0.0563 0.1270
Diffusion 60 0.9969 0.0161 0.0091
70 0.9539 0.0668 0.1294
50 0.974 0.0466 0.0892
Henderson Pabis 60 0.9855 0.0344 0.0427
70 0.9623 0.0548 0.0901
50 0.9747 0.0468 0.0897
Logarithmic 60 0.9855 0.0344 0.0427
70 0.9633 0.0549 0.0904
50 0.9645 0.0548 0.1260
Newton 60 0.9770 0.0427 0.0674
70 0.9475 0.0646 0.1294
50 0.9962 0.0180 0.133
Wang and Singh 60 0.9983 0.0118 0.0050
70 0.9949 0.0205 0.0126
50 0.9959 0.0189 0.0146
Page 60 0.9988 0.0097 0.0034
70 0.9936 0.0230 0.0159
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Table 7- Effective diffusivity and activation energy of drying sugarcane molasses foam

Temperature Thickness Effective moisture

(0 (mm)

2
diffusivitymzlsy  =e(<J/mol) Do(m?/s)

50 4 2.07x10®
60 4 2.58x10® 16.35 9.21x10°8
70 4 2.95x10®
50 6 3.34x10°®
60 6 3.91x10® 20.15 21x107
70 6 5.18x10®
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