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ABSTRACT

We investigated the effect of sugar cane level and foaming process on the foaming properties, drying kinetics, and physicochemical
properties of dried pasta sauce. Experiments were conducted on drying pasta sauce based on tomatoes, both non-foamed and foamed,
at selected sugar cane concentrations (0, 15, and 30% g sugar/g concentrated tomato) and a constant drying temperature of 60 °C. The
results indicated that the density and viscosity of foamed pasta sauce were lower than that of non-foamed pasta sauce, thereby increasing
the drying rate. The higher the sugar cane concentration, the higher the density and viscosity of pasta sauce, resulting in a slower drying
rate. The Page model was found as the best model to describe the drying kinetics of pasta sauce. The foaming process and reducing sugar
cane concentration generally decreased the final moisture and sucrose content, water activity, water solubility index, and hygroscopicity.
Moreover, they increased protein content, water absorption index, and the color of dried pasta sauce. Considering the drying rate and

physicochemical properties, we proposed the foaming process and less sugar concentration to produce dried-tomato pasta sauce.
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INTRODUCTION

Pasta, including spaghetti, is generally served with tomato
sauce (Nakanishi et al., 2018). Pasta sauce is sugar-rich
food formulated using tomato paste and sugar. Kim et al.
(2010) reported that tomato paste and sugar ratio affected
pasta sauce acceptance. It is generally available as a viscous
product, which is limited due to its short shelf-life (Fabiano
et al., 2000). Drying is one of the methods of preserving
pasta sauce by evaporating some water to form a powder
product.

However, the drying of sugar-rich foods such as pasta
sauce is complex, as they contain low molecular weight
components like sugar, citric acid, and others (Bag and
Srivastav, 2011). The spray-drying process is widely applied
in the food industry to convert acid and sugar-rich foods
into powder (Muzaffar et al., 2015). Foam-mat drying is
simpler than other methods (such as freeze-drying or spray-

drying) because it is less expensive, less complicated, and less
time-consuming (Hardy and Jideani, 2017). Furthermore,
Rajkumar et al. (2007) suggested that foam-mat drying is
suitable for heat-sensitive, viscous, sticky, and high-sugar
content food products. When converted to stable foams,
materials with high sugar content can be dried rapidly in air
to yield instant powders (Rajkumar et al., 2007). In foam-
mat drying, foam structure dries rapidly due to increased
material surface atea by incorporating gas/air and forming
porous structures. The more porous the foam structure
enhances the heat transfer and drying rate. As a result, a
higher nutritional and organoleptic quality will be obtained
(Lewicki, 20006).

The drying kinetic models representing the foam-mat
drying process behavior have increased the attention of
various researchers (Maciel et al., 2017). Drying is estimated
to consume 10—15% of the total energy requirements of
all food industries (Buzrul, 2022). Describing and modeling
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the drying process is important for selecting suitable drying
conditions to design equipment, optimize production,
and improve food quality (Erbay and Icier, 2010; Buzrul,
2022). As drying process involves heat treatment, so there
must be some effect on the physicochemical characteristics
of final product (Abbasi and Azizpour, 2016). The foam
mat drying for sugar-rich foods revealed mainly about
the fruit drying, including mango pulp (Rajkumar et al.,
2007), yogurt powder (Krasackoopt and Bhatia, 2012),
milk powder (Febrianto et al., 2012), sour cherry (Abbasi
and Azizpour, 2016), and guava pulp (Maciel et al., 2017).
Sadahira et al. (20106) reported that proteins, sugars, and
polysaccharides might interact, which affected foaming
and rheological properties. They evaluated the effect of
sugar on the foaming process and the physical properties
of dried products. However, no studies have examined the
effect of sugar cane concentration on the physicochemical
properties of dried pasta sauce, moreover its effect on
drying kinetics. Thereover, this study was carried out to
investigate the effect of the foaming process and sugar cane
concentration on the drying kinetics and physicochemical
properties of dried pasta sauce.

MATERIALS AND METHODS

Materials

The materials used to prepare pasta sauce powder
included concentrated tomato (Wilmond, Zhejiang Ju
Zhen Yuan Foodstuffs Co., Longquan, Zhejiang, China),
sugar cane (PT. Gula Putih Mataram, Indonesia), xanthan
gum (Fufeng, China), Carboxyl Methyl Cellulose/CMC
(PT. Gunacipta Multirasa, Indonesia), salt (PT. Sidola,
Indonesia), garlic, onion, and pepper (produced by PT.
Gunacipta Multirasa, Indonesia), oregano leave powder
(PT. Hoka Jaya International, Indonesia), and vinegar 25%
(Indomaret, Indonesia). Sugar cane employed in this study
contained sucrose of 97.1% and moisture content of 0.61%

Sample preparation

The samples were prepared following the procedure
reported by Afifah etal. (2022) with slight modifications. The
composition of pasta sauce (percentage of concentrated
tomato weight) was salt (6%), onion (4%), garlic (4%), salt
(2%), oregano leaves (1.5%), xanthan gum (1%), vinegar
(1%) and water (200%), while sugar cane was added
following the treatments, namely 0%, 15%, and 30%. All
ingredients are mixed and cooked for 5 min.

The composition of foamed pasta sauce (percentage of
pasta sauce weight) was egg white (9%) and CMC (0.1%).
In order to prepare the foamed samples, the pasta sauce,
CMC, and egg white were whipped in a 3-speed kitchen
mixer (Philips hand mixer HR1552) at a speed setting of
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3 for 5 min. 300 g of sample was layered on a 40x30 cm
aluminum tray with 0.14 4+ 0.03 cm thickness. Three trays
were dried in a drying oven (Memmert UFB500) at a
constant temperature of 60 °C and air velocity of 2.7 m/s
for 10 h. The trays were previously weighed, and the
samples were weighed every hour during the drying process.
The dried pasta sauce was pulverized using a blender
(Philips HR2115) and sieved by the 20-mesh screen. The
sample was stored in a sealed plastic bag and kept in the
refrigerator prior to analysis. Each treatment was repeated
three times, and the sample analysis was duplicated.

Analysis of foaming properties of pasta sauce

The viscosity of foamed sauce was determined using a
viscometet (Brookfield DV-E, United State of America).
The spindle S64 was dipped in the sample until the spindle’s
shaft was immersed and measured at 60 rpm.

The foam density (FD) of foamed pasta sauce is expressed
in mass over volume in g/ml.. 100 mL of the sample was
poured into a 100 mL measuring cylinder and weighed at
ambient temperature (25°C + 1) (Bag and Srivastav, 2011).

Analysis of chemical properties of dried pasta sauce
The moisture content was determined following AOAC
(1990) procedure using a hot air oven (Memmert UM500).
Sucrose content was analyzed using the Luff—Schoorl
method following the procedure outlined in OJEU (1979)
No L 239/24 (OJEC, 1979).

Protein content was measured according to the Dumas
combustion method by using DuMaster (Buchi D-480,
Switzerland). 0.2 g of samples are weighed into tin foil,
placed into a sample loader, dropped into a hot furnace
(950 °C), and flushed with oxygen for very rapid and
complete combustion. The protein content was measured

automatically by the instrument using a conversion factor
of 6.25

The water activity (a ) was measured by using a smart water
activity meter HD-3A (CGoldenwell, China) according to
the procedure described by (Azizpour et al., 2016). The
sample of 2 g was placed in the cup and a  was measured
automatically by the instrument.

Analysis of physical properties of dried pasta sauce

The water absorption index (WAI) and water solubility
index (WSI) were evaluated following the procedure
described by Azizpour et al. (2016) and Shaari et al. (2017)
with slight modifications. 1 g of sample was placed in a
centrifuge tube of 50 mL and added to 40 mL of distilled
water. The sample solution was stirred using a vortex mixer
VM-300 for 10 min and centrifuged at 4,000 xg for 20 min.
The supernatant was transferred into a weighing bottle and
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dried overnight in an oven at 105 °C. The hydrated powder
remaining in the centrifuge tube was then weighed. The
WSI was calculated as a percentage of the total dry solids in
the original weight of the sample. The WAI was calculated
using equation 1.

WAI = L (1)

my, —m

re

where m_is the weight of the residue centrifugation (g), m,
is the weight of sample (g), m_is the weight of evaporated
residue.

Hygroscopicity was measured using the procedure reported
by Shaari et al. (2017) with slight modification. 2 g of
sample was placed in a crucible dish and stored in an airtight
desiccator filled with a saturated solution Na SO, (81%
RH) at 25 °C for seven days. The difference in weight was
calculated to determine the hygroscopicity (1 g of adsorbed
moisture per 100 g dry solids) according to equation 2.

(Am/mj)+mﬂ

Higroscopicity = v o/ )

where Am corresponds to the increase of sample’s weight
(g), m_is the sample’s initial weight (g), and m_is the free
water present in the sample before measurement (g/100 g).

The color of samples was measured by a chromameter
(3NH, China) according to Azizpour et al. (2016). The
sample was put in an instrument dish and placed in the
dish chamber. The sensor of the color meter then read
the color parameters automatically. The color parameters
(L*, a*, and b*) define a three-dimensional color space, in
which L« demonstrates brightness (on a lightness—darkness
scale), positive-negative a# values measure the redness-
greenness, and positive-negative b values represent
yellowness-blueness, respectively.

Drying models

The experimental data were fitted using three thin-layer
drying models (equation 3-5), including the Page model,
the Logarithmic model, and the Wang and Singh model
(Erbay and Icier, 2010).

MR = exp(—kt") 3)
MR =aexp(—kt)+ ¢ )
MR =1+ at + bt* ()

where M_is the initial dry basis moisture, M, is the dry basis
moisture at the study time, M_ is the dry basis moisture
equilibrium, t is time, k is drying constants (s'), and a, b,
¢, n are model constants (dimensionless), except for Wang
and Singh model dimension of a and b was s dan s7,
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respectively. In these models, the moisture ratio (MR) was
simplified to M /M_ instead of (M—M)/(M_— M). the
M_ value can be neglected if the M_ value is very small
compared to M_and M, values (Diamante & Munro, 1993).

Statistical analysis

The procedure of non-linear regression based on the
Levenberg-Marquardt algorithm was used to calculate
the coefficients of the kinetics parameters (Doymaz, 2013)
using SPSS 13.0 software. The correlation coefficient (R?)
and the root mean square error (RMSE) were determined
to evaluate the fit between the experimental data and the
model (equation 6-7). An analysis of variance (ANOVA)
and Duncan test (confidence level, ot= 0.05) was performed
on the obtained results of different sugar concentrations to
establish significant differences. Comparing results of without
and with foaming process was carried out by the Paired-t test.

221(MRP”J B MRW,. )2

R’ =1-| =F— e
> (MR~ MR, )

©)

V 1 N ) 1/2
RMSE :{EZ(MRMJ. - MR, ) } ©

e
i=1

where MRPre is the predicted moisture ratio based on the
sclected modeland MR_is the experimental moisture ratio.

RESULTS AND DISCUSSION

Foaming properties of pasta sauce
The effect of sugar cane concentration on the foaming
properties of pasta sauce is presented in Table 1.

Data are expressed as mean T standard deviation (n=3).
Values with different superscript uppercase letters in the
same row indicate significant differences (P < 0.05); Values
with superscript lowercase letters in the same column
indicate significant differences (P < 0.05)

As sugar concentration increased, the viscosity of pasta
sauce with or without foaming increased significantly. Jo
and Yoo (2019) reported that sugar has hydroxyls that are
attracted to water molecules. In the aqueous system, the
water concentration could be reduced in the presence of
sugar, resulting in a decrease in polymer-solvent interactions.
In addition, the attractions in the sugar-water system lead to
much larger molecules, resulting in higher viscosity. Nastaj
et al. (2021) also reported a rise in foamed sauce viscosity
by increasing sugar concentration. Raikos et al. (2007)
pointed out the relation of foam solution viscosity with
surface tension. The addition of sucrose increases surface
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Table 1: Viscosity and density of pasta sauce

Chemical properties Sugar concentration (%)

Without foaming Foaming

Viscosity (mPa.s) 0
15
30
Density 0
(9/mL) 15
30

6 776.67+289.19%
7 396.67+51.324°

7 353.33+187.714
8 676.67+270.06%°

10 816.67+85.05%° 8 316.67+35.12%°
1.06+0.0182 0.70+0.014a
1.09+0.018° 0.79+0.01%°
1.12+0.015¢ 0.82+0.01%°

Data are expressed as meanzstandard deviation (n=3). Values with different superscript uppercase letters in the same row indicate significant differences
(P<0.05); Values with superscript lowercase letters in the same column indicate significant differences (P<0.05)

tension of solutions and decreases the surface activity
of globular proteins due to their lower hydrophobicity,
resulting in a more viscous solution. Therefore, protein
molecules tend to remain in a continuous phase thus do
not adsorb at the air-water interface, affecting protein
foamability (Nastaj et al., 2021). The viscosity of foamed
pasta sauce was significantly lower than that of pasta sauce
without foaming, as Rajkumar et al. (2007) reported. The
foaming process involves incorporating a foaming agent
(egg white) into semi-liquid foods by subsequent whipping,
resulting in a more dilute liquid.

The density of pasta sauce without and with foaming
increased significantly by adding sugar concentration. In
addition, the foam density of foamed pasta sauce was
significantly lower than pasta sauce without foaming,
The added sugar in pasta sauce caused the solution to be
denser, resulting in higher density. The density increase
of foamed pasta sauce is likely related to increased sauce
viscosity, allowing less air to be incorporated. The lower
air entrapped, the higher the foam density, as Raikos et al.
(2007) reported. In the foamed pasta sauce system, sugars,
proteins, and polysaccharides may interact with each
other. According to Lau and Dickinson (2005), the sugar
addition increased continuous phase viscosity which
caused decreasing air incorporation. The high viscosity
possibly hindered the incorporation of air bubbles during
whipping and influenced molecular diffusion, decreasing
the adsorption rate of protein (Sadahira et al., 2018). Raikos
et al. (2007) reported that sucrose created a less favorable
thermodynamic environment for protein so that sucrose
could limit protein unfolding and the development of
protein-protein interactions.

Drying kinetics model

The effect of sugar cane concentration on non-foamed
and foamed pasta sauce on dimensionless moisture content
(Me) during drying is illustrated in Fig, 1.

The MR decreased fast in the eatly part of drying and
tended to be constant after 7 h. The moisture content was
decreased with a reduction in sugar concentration and
incorporation of foaming and stabilizing agent. The time
utilized to attain a moisture content of ~10% w.b. (wet base)
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Fig 1. Moisture ratio of pasta sauce during the drying process
(A: without foaming and B: with foaming).

for non-foamed samples was 455, 494, and 518 min at the
sugar concentration of 0, 15, and 30%, respectively, while
foamed pasta sauce took drying time of 446, 452, and
458 min. It indicates that the drying rate of foamed sauce
was faster than that of non-foamed sauce. The drying rate
relates to the surface area of material that exposures heat
(Bag and Srivastav, 2011). As shown in Table 1, the foamed
sauces had more expanse than that of non-foamed sauce,
resulting in a more porous structure and a larger liquid
surface area, enhancing the heat transfer and drying rate.
In addition, Rajkumar et al. (2007) reported that a decrease
in viscosity due to foaming operation eased the moisture
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movement through the foamed pulp and decreased the
time required for drying. Likewise, the sugar added to the
sauce will inhibit the incorporation of air in the emulsion,
reducing the surface area. Similar results were reported by
Rajkumar et al. (2007), Abdel Rahman (2012), and Gupta
and Alam (2014). Abdel Rahman (2012) observed that the
high level of sucrose created leathery layers on the surface
of the puree (case hardening), decreasing its vapor pressure.

The constants, coefficients, and statistical analysis values
of the models are summarized in Table 2.

The selection of models considered that the semi-theoretical
and empirical models require small amounts of time
compared to the theoretical models and do not need the
geometry assumptions of a typical food or its mass diffusivity
and conductivity (Ertekin and Firat, 2015). The Page model
and the Logarithmic model (represent semi-theoretical
models) and the Wang and Singh model (represent empirical
models) were applied and compared to illustrate the drying
kinetics of MR profile. The Page model and Logarithmic
model describe the drying kinetics as an exponential function
derived by analogs with Newton’s law of cooling and Fick’s
second law of diffusion, respectively. The Wang and Singh
model illustrated the process as a new quadratic function
(Erbay and Icier, 2010). Mathematical model fitting resulted
in R* greater than 0.98 in all the treatments, indicating a good
fit model. According to statistical analysis of all models, the
Page model obtained the highest value of R? and the lowest
value of RMSE in the sugar concentration range studied.
Table 2 shows that for the Page model, the ‘k’ (the drying
constant) values of foamed sauce were higher than that of
pasta sauce without foaming. Moreovert, the addition of sugar
decreased the ‘k” value. The “k” value of the non-foamed

sauce on sugar cane concentration of 15% was higher than
that of a concentration of 0%, but the ‘n’ value was lower,
resulting in a slower drying rate. It was consistent with the
viscosity and density of pasta sauce.

Chemical properties of dried pasta sauce

Table 3 illustrate the effect of sugar cane concentration and
foaming process on the water activity, moisture, sucrose,
and protein content of dried pasta sauce.

Data are expressed as mean F standard deviation (n=3).
Values with different superscript uppercase letters in the
same row indicate significant differences (P < 0.05); Values
with superscript lowercase letters in the same column
indicate significant differences (P < 0.05)

The moisture content of dried pasta sauce without foaming
increased significantly as the sugar concentration increased.
Although it was not significantly different, a similar trend was
observed in the foamed pasta sauce. The foamed pasta sauce
had a significantly lower moisture content at the same sugar
concentration than that of non-foamed pasta sauce. This
result is in good agreement with the drying rate and drying
constants value of pasta sauce in Figure 1 and Table 2. The
foaming process creates tiny bubbles, which causes a larger
surface area for moisture evaporation. The foaming process
made the drying mass extremely porous and easier to dry to
its deepest layers (Sangamithra et al., 2014). Therefore, the
foaming treatment resulted in lower moisture content for the
same drying time (10 h). An increase in the sauce viscosity
is proportional to the increase in the sugar concentration.
The thicker sauce hinders the incorporation of air in the
emulsion, reducing the surface area of heat transfer and
resulting in the higher moisture content of the dried product.

Table 2: Constants, coefficients, and statistical analysis values of the drying model

Drying model Sugar concentration (%) Coefficient R? RMSE
Page Without foaming 0 k=0.189 n=1.509 0.997 0.041
15 k=0.192 n=1.423 0.997 0.019
30 k=0.188 n=1.429 0.994 0.022
Foaming 0 k=0.268 n=1.279 0.992 0.029
15 k=0.234 n=1.356 0.995 0.024
30 k=0.212 n=1.417 0.997 0.019
Logarithmic Without foaming 0 a=1.139 k=0.302 ¢ = -0.09 0.983 0.039
15 a=1.123 k=0.288 ¢ = -0.080 0.985 0.041
30 a=1.111 k=0.292 c = -0.064 0.983 0.043
Foaming 0 a=1.092 k=0.319 ¢ = -0.077 0.990 0.032
15 a=1.112 k=0.308 ¢ = -0.084 0.989 0.035
30 a=1.122 k=0.303 ¢ = -0.086 0.987 0.038
Wang and Singh Without foaming 0 a =-0.250 b=0.015 0.994 0.031
15 a=-0.240 b=0.014 0.995 0.034
30 a=-0.238 b=0.014 0.994 0.034
Foaming 0 a=-0.257 b=0.016 0.994 0.026
15 a=-0.252 b=0.016 0.996 0.028
30 a =-0.250 b=0.015 0.996 0.029
446 Emir. J. Food Agric e Vol 35 e Issue 5 e 2023
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In this study, sugar cane was added to pasta sauce as a
sweetening agent. The effect of sugar cane concentration
and foaming process on sucrose content of dried pasta
sauce is presented in Table 3. There is a tendency that the
higher concentration of sugar cane used, the higher the
sucrose content contained in these dried pasta sauces. While
at the same sugar concentration, no significant difference
in sucrose content was observed in foamed pasta sauce and
non-foamed pasta sauce. Sugar cane has a moisture content
of 0.61%, sucrose content of 97.1%, and inverted sugar
of 1.24%. Thus, the addition of sugar cane increased the
sucrose content of dried pasta sauce.

As shown in Table 3, the foaming treatment had a
significantly lower water activity (a ) than that of without
foaming. As the sugar concentration increased, the water
activity of the sample tended to increase. Generally, sugar
can reduce water activity (Davis, 1995). Furthermore, at high
sugar concentrations, water activity tends to be affected by
the amount of low molecular weight substances (sucrose)
due to the colligative property of water (Pongsawatmanit
et al., 2002). In this study, the increased water activity by
increasing the sugar cane level suggested that free water in
the examined systems dominated the overall water activity.
This result was strengthened with the final moisture content
of dried pasta sauce.

The protein content of dried pasta sauce with and without
foaming decreased significantly by adding sugar cane
concentration. The presence of sucrose decreases the
adsorption of ovalbumin protein because ovalbumin forms
hydrogen bonds with the sugar molecules (Raikos et al.,
2007). This result agrees with the previous study reported
by Jambhari et al. (2018). It is due to the increase of sugar

Table 3: Moisture content, sucrose content, water activity,
and protein content of dried pasta sauce

Chemical Sugar Without Foaming
properties concentration foaming

(%)
Moisture 0 6.87+0.3088 3.49+0.21%a
content, % 15 10.87+0.368° 3.82+0.23
(wet base) 30 11.92+0.418  4.14+0.39%
Sucrose 0 6.54+1.62%2 7.48+1.32A2
content % 15 23.29+2.20%  23.01+0.314°
(dry base) 30 33.12+2.48%  34.67+3.07%
Water activity 0 0.30+0.0182 0.20+0.02#
(a,) 15 0.32+0.0182 0.23+0.0142

30 0.36+0.018° 0.29+0.014°
Protein 0 12.10+0.34%° 17.90+0.08®°
content, % 15 9.17+0.18% 14.13+0.2480
(dry base) 30 71240.14%  11.3140.08%

cane levels increasing the proportion of total solid content.
Table 3 shows that the protein content of foamed pasta
sauce was significantly higher than that of non-foamed
pasta sauce. Protein albumen in egg white is widely used as
a foaming agent due to its good foaming stability (Noordia
etal., 2020). Egg white, so-called albumen, contains about
9.7-10.6% protein. Using of egg white as a foaming agent
could enhance the protein content of pasta sauce powder
under foam mat drying, Kandasamy et al. (2012) reported
that the biochemical compositions in the foamed dried
papaya powder were significantly higher than those of
the non-foamed dried papaya powder. A similar result was
also reported by Teoh et al. (2016) that the protein content
in foam mat dried corn flour was higher than the protein
content in non-foamed dried corn flour.

Physical properties of dried pasta sauce

The hydration properties of dried pasta sauce, including
water absorption index, water solubility index, and
hygroscopicity are presented in Table 4.

Data are expressed as mean * standard deviation (n=3).
Values with different superscript uppercase letters in the
same row indicate significant differences (P < 0.05); Values
with superscript lowercase letters in the same column
indicate significant differences (P < 0.05)

The water absorption index (WAI) shows instant powder’s
ability to re-associate under limited water conditions. The
WAI value of the foaming sample is significantly higher
than that without foaming at the same sugar concentration.
According to Shaari et al. (2017), the absorption capacity
of the liquid into the material is influenced by moisture
content, porosity, total solids content, and powder texture.
In line with Pua et al. (2010), the foamed powders have
a larger surface area to enhance the contact area between
powder and water. This finding is consistent with the
density of foamed pasta sauce in Table 1. In addition, the

Table 4: Water absorption index, water solubility index, and
hygroscopicity of dried pasta sauce

Physical Sugar Without Foaming
properties concentration foaming
(%)
Water Absorption 0 7.25+0.23"*  9.83+0.36%°
Index (WAI), g/g 15 6.58+0.08"2  9.46+0.14%°
30 6.39+0.20%2  8.84+0.08%
Water Solubility 0 0.68+0.01%2  0.66+0.01%2
Index (WSI), g/g 15 0.75+0.018>  0.71+0.01%°
30 0.83+0.01%¢  0.76+0.01%¢
Hygroscopicity, 0 5.31+0.37%2  2.70+0.16"2
g/100 g 15 8.62+40.27%  3.16+0.11%
30 10.38+0.72%  3.42+0.25"2

Data are expressed as meanzstandard deviation (n=3). Values with
different superscript uppercase letters in the same row indicate significant
differences (P<0.05); Values with superscript lowercase letters in the same
column indicate significant differences (P<0.05)
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Data are expressed as meanzstandard deviation (n=3). Values with
different superscript uppercase letters in the same row indicate significant
differences (P<0.05); Values with superscript lowercase letters in the same
column indicate significant differences (P<0.05)
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free hydroxyl group present in the foaming agent facilitates
the binding of water molecules from the surrounding
environment, thereby affecting the water absorption index
in dry food (Shaari et al., 2017). The results showed that the
added sugar concentration tended to lower the WAI score
for dried pasta sauce. The addition of sugar concentration
reduces the WAI score also in rice flour extrudate (Silva
et al,, 2009). Samples without added sugar had a higher
WALI score than those with added sugar. The addition
of sugar produces a powder with higher water content,
resulting in more sticky powder and less surface to bind
water (Munawar et al., 2020). Samples with a higher water
content also have the potential to cause clumps, which
causes additional time needed to break the bonds between
particles so that the water adsorption power decreases
(Widyasanti et al., 2018). This resultis in agreement with the
moisture content of dried pasta sauce presented in Table 3.

The water solubility index (WSI) indicates the ability of
the powder to dissolve and mix homogeneously with
water. The results of this study indicate that the foaming
treatment and the addition of sugar significantly affect the
WSI score. The sugar concentration treatment significantly
increased the WSI score of all treatments. The addition
of sugar increases the WSI score in rice flour extrudates
(Silva etal., 2009). It is because sucrose has a low molecular
weight that contributes to increasing the total dissolved
solids content, thereby increasing the solubility of the
product (Silva et al., 2009; Pui et al., 2021). Generally, the
foaming treatment had a trend of lowering the WSI score.
This could be because the egg albumin protein will be
denatured and coagulated during the drying process, which

causes the solubility of the powder in water to decrease
(Affandi et al., 2017).

Pasta sauce powder is expected to be hygroscopic due
to its high sugar content. The effect of sugar addition
and foaming process on hygroscopicity is mentioned in
Table 4. The hygroscopicity of non-foaming pasta sauce
exhibited significantly higher than that of foaming pasta
sauce. The sugar concentration significantly increased the
hygroscopicity of non-foaming pasta sauce. The higher
hygroscopicity suggests easier moisture adsorption of
pasta sauce powders. Hygroscopicity is related to physical
properties, chemical content, and microbiological stability
(Shaari et al., 2017). In addition, hygroscopic properties
are related to solubility properties and the hydroxyl group
(Davis, 1995). The hygroscopicity of powders with high
sugar levels is attributed to the amorphous state of sugar
and loose free-flowing nature at high moisture content
(Jaya and Das, 2004). Sugars are responsible for strong
interaction with water molecules due to the polar terminal.
The moisture adsorption is attributed to the links between
the hydrogen present in water molecules and the hydroxyl
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groups available in the amorphous regions of sugars.
This result is consistent with the moisture content of
pasta sauce. The moisture content of foaming treatment
was lower than non-foaming treatment, implying that
less hydrogen is available to bind to the hydroxyl group
of sugar, resulting in lower hygroscopicity. Shaari et al.
(2017) observed a similar result that non-foamed powder’s
hygroscopicity was higher than foam mat dried powder.

Color is one of the most critical parameter quality attributes
of the dried product to the nutritional value. The result
concerning the effect of sugar addition (0%, 15%, 30%)
and the effect of the foaming process are presented in
Table 5.

As the increasing sugar addition in the drying process
without foaming, a*, b* increased not significantly, while
L* decreased significantly. On the other hand, the increased
sugar added in the drying process with the foaming
agent shows that a*, b* increased significantly and not
significantly, respectively. While L* decreased significantly.
Similar results were observed by Gupta and Alam (2014)
and Sramek et al. (2015).

Viuda-Martos et al. (2012) reported that lightness (L*) in
foods is related to several factors, such as concentration
and type of pigments present, water content, and water
concentration on the surface. Tomato paste color is affected
by carotenoid pigment compounds (lyco-red) with the
major carotenoids of tomato are lycopene, P-carotene,
cis-lycopene, phytoene, phytofluene, and lutein (Rizk et al.,
2014). Akanbi and Oludemi (2007) reported that the raw
tomato had a bright-light red color and changed into dark red
after being exposed to heat due to lycopene is a heat-sensitive
pigment. This change may be due to the isomerization of
lycopene from all transform to cis-isomers (Yildiz and Baysal,
2007). This is in line with Kadam et al. (2012) that the change
in lycopene content of dried powder was due to its heat-labile
nature. The higher lightness of foaming treatments is due to

Table 5: The color parameters of dried pasta sauce

Color Sugar Without Foaming
concentration foaming
Lightness- 0 48.06+0.96"°  55.11+1.168
darkness (L) 15 38.01+0.974°  44.99+0.75°°
30 33.17+0.48%  42.81+0.588
Redness- 0 10.80+0.89%  12.98+0.274
greenness (a) 15 10.66+0.09%  13.37+0.538%0
30 10.99+0.34%  13.97+0.408%°
Yellowness- 0 11.51+0.88%  15.42+0.718
blueness (b) 15 11.62+0.12%  17.84+1.1480

30% 11.65+0.25%  19.24+0.09%°

*) Data are expressed as meanzstandard deviation (n=3). Values with
different superscript uppercase letters in the same row indicate significant
differences (P<0.05); Values with superscript lowercase letters in the same
column indicate significant differences (P<0.05)
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the white color of the egg as a foaming agent. The decrease
of the L* value was more prominent in tomato paste with
foaming agents; egg white as foaming agents could decline
in lycopene. The decrease of lycopene could indicate the
changes in color to the darkness.

The increase in a* and b* values is possibly related
to the browning reaction. However, there were no
significant (p<<0.05) results concerning the a*, b* value
by increasing sugar cane concentration, especially at
treatment without foaming agent addition. Moreover,
pasta sauces are subjected to high temperatures during the
drying process may cause enzymatic and non-enzymatic
browning (Maillard reactions). The Maillard reaction
must have a molecule containing an amine (egg protein),
a reducing sugar (sugar cane), and water. This result is
consistent with sucrose content and protein content in
Table 3. Furthermore, Davis (1995) explained that as
sugar dehydrates to hydnoxymethyl-furfunal, a-dicarboxyl
compounds form with pigments. It suggests that as amino
sugars develop, they begin to impart color to the food.

Regarding the quality parameters of food powders, lower
values of water content, water activity, hygroscopicity,
more excellent water absorption and solubility index are
desirable properties to be applied in food formulations due
to the storage stability (Bakar et al., 2013). The foaming
process and decrease in sugar cane concentration promise
to produce dried pasta sauce by maintaining its quality.
Moreover, these processes revealed a faster drying rate,
which needs lower energy consumption.

CONCLUSIONS

Based on the study, it was observed that reducing sugar cane
concentration and foaming process reduced the viscosity
of pasta sauce and improved the incorporation of air in
the emulsion, resulting in lower density and a faster drying
process. Based on the three models we proposed, the Page
model was the fitted model to describe the drying kinetics. In
addition, the foaming process and decreasing sugar cane level
reduced water activity, water solubility index, hygroscopicity,
enhanced water absorption index, and color of dried pasta
sauce. It is suggested that free water dominates in the
interaction of water, sugar, and protein. Therefore, foam
mat drying and reducing sugar cane concentration holds a
good process in preparing pasta sauce powdet.
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