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Althaea officinalis is one of the plants that contain mucilage that
therapeutic effect of its mucilage on the mucous membrane of the
tissue and healing of stomach ulcers have been proven. The mucilage
of this plant consists of L-rhamnose, D-galactose, galacturonic acid,
and D-glucuronic acid. The polysaccharides found in this plant have
antioxidant properties. The main antioxidant activity of it is related to
its a-tocopherol composition. Gums extracted from different sources
have functional and rheological properties different from each other,
and the extraction conditions significantly affect these properties.
This research studied the extraction efficiency of Althaea officinalis
mucilage as a new hydrocolloid source. For this purpose, the effect of
microwave power (250-850W), water-dry plant ratio (50-90), and
time (2-10 minutes) on the extraction efficiency were optimized. The
gum extraction yield ranged from 4.4% to 11.6%. It can be seen that
the lowest amount of extraction was obtained at a ratio of water to dry
plant of 70, time of 2 minutes, and power of 550 watts, and the
maximum amount of extraction was obtained at a ratio of water to dry
plant of 80, time of 4 minutes and microwave power of 700 watts.
According to the results obtained from the analysis of variance, the
quadratic model is the best model to describe data. In low powers,
increasing the ratio of water to dry plant led to increased extraction
efficiency. The increase in extraction efficiency by increasing the
ratio of water to dry plant can be attributed to availability of more
solvent, which intensifies the driving force for transferring gum mass
from dry plant.
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Introduction

Hydrocolloids are relatively simple
compounds used to modify texture,
control crystallization, prevent product
weeping or syneresis, coat aromatic and
flavorful substances, enhance physical
stability, form films, produce gel
structures, and increase viscosity in
liquid, semi-liquid, semi-solid, and solid
foods. Many are not metabolized in the
human body and have low caloric value,
making them useful in diet foods.
Hydrocolloids usually do not directly
affect the aroma and taste of foods but are
effective in gel formation, water
retention, emulsification, and aroma
retention (1). From a chemical
perspective, texture and stability in foods
are attributed to a group of compounds
composed of long-chain polysaccharides
and proteins, which are extensively used
today due to their essential functional
properties such as thickening, gel
formation, and emulsifying in food
systems (2). Among hydrocolloids,
mucilages are one of the best options for
use in foods because they are compatible
with other plant-derived hydrocolloids
and starch, sugar, and proteins. Unlike
most polysaccharide hydrocolloids, they
resist low pH and find greater use in
acidic conditions (3). Mucilage is a
polysaccharide containing a molecular
structure of up to 30,000
monosaccharides. This polymer has a
branched structure containing residues of
arabinose, galactose, galacturonic acid,
rhamnose, and xylose (4). Dissolving
mucilage and gum in water can be
distinguished as mucilage forms a mass
while gums dissolve in water (5). Today,
India holds the first rank in the world by
producing over 90% of the global
demand for mucilage.

Althaea officinalis, belonging to the
mallow family, is a perennial and wild
plant whose flowers, fruit, and roots are
used medicinally. Althaea officinalis has
large pink, red, white, and yellow
flowers, which are used for coating
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medicines. Besides having properties
against cough, chest burning, stomach
inflammation, tumors, and viruses, it also
enhances the body's immunity (6).
Althaea officinalis contains
polysaccharide mucilage (6.2-11.6%),
galacturonorhamnan, arabinan,
glucuronan, arabinogalactan,
carbohydrates (25-35%), flavonoids,
glycosides, sugars (10% sucrose),
amines up to 12% asparagine, fat (1.7%),
calcium oxalate, coumarins, phenolic
acids, and sterols. The pure
homogeneous mucilage of this plant is
composed of L-rhamnose, D-galactose,
galacturonic acid, and D-glucuronic acid
in a molar ratio of 3:2:3:3 (7). Althaea
officinalis contains essential unsaturated
fatty acids like omega-9 and omega-5,
which can be a good substitute for
common vegetable oils. Additionally, the
flowers and leaves of Althaea officinalis
contain essential oils and ascorbic acid
(8). The continuous need of human
society to extract effective plant
compounds has led to extensive research
in introducing more efficient and
economical extraction processes (9).
Hisarinejad and Tat (2019) studied the
effect of adding Althaea officinalis
mucilage on the physical, staling, and
sensory properties of sponge cake, and
according to the results, the sample
containing 75% Althaea officinalis
mucilage had the best quality and sensory
properties (10). Delnavaz Hashemian et
al. (2012) also stated in their research that
the parts of Althaea officinalis have high
mucilage, terpene, and phenol content
(12).

Modern methods such as ultrasound
and microwave have been studied due to
their higher speed, adequate energy in
extraction, and greater mass transfer
(12). Microwave extraction is considered
a practical step towards industrializing
the extraction of native hydrocolloids for
use in food products, though it still
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requires further research. Microwave is
one of the most efficient modern methods
with high efficiency for extraction.
Therefore, it is used in many studies due
to its high extraction efficiency,
environmental friendliness, low cost,
reduced recovery time, and ease of use on
a large or small scale.

Optimizing the process is one of the
most important activities in today's
competitive industry. On the other hand,
the high cost of research necessitates the
use of methods that allow the
determination of variables affecting a
process with the fewest number of
experiments, which is done using
classical methods and statistical model
designs (13, 14). The application of RSM
(Response Surface Methodology) for
design optimization reduces the cost of
expensive analytical methods and the
numerical irregularities associated with
them. In RSM, convergence towards the
optimal element is achieved as they
reduce the effects of irregular factors
(15). In experimental design, the goal is
to identify and analyze the variables
affecting the outputs with the fewest
experiments. This method discovers the
optimal amount of each design variable
to achieve the best response level.
Ghorbani  (2015), optimized the
extraction of Althaea officinalis
mucilage  using  ultrasound  and
microwave pretreatment and studied its
chemical structure and rheological
behavior (16). Shima Moezzi Damghan
Far (2015) also optimized the extraction
of Althaea officinalis seed mucilage
using ultrasound and microwave
pretreatment and studied its chemical
structure and rheological behavior (17).
Despite initial studies on optimizing
extraction conditions and characteristics
of this mucilage, studies have not been
yet published on optimizing the
extraction of Althaea officinalis
mucilage using microwave and response
surface methodology. The main goal of
the present study is to investigate the
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extraction  efficiency of  Althaea
officinalis mucilage under the influence
of microwave power, water-to-dry plant
ratio, and treatment duration. Process
variables were optimized using response
surface methodology to achieve the
optimal yield.

2. Materials and Methods
2-1. Sample Preparation

This study was conducted in 2022 at the
Food Technology Laboratory, Department of
Food Science and Engineering, Faculty of
Animal Science and Food Industries,
Khuzestan Agricultural Sciences and Natural
Resources University. The raw material used
in this research, Althaea officinalis flowers,
was purchased from a local market in Ahvaz.
The impurities were manually separated, and
the samples were stored in a dry and cool
environment until the tests were conducted.

2-2. Extraction of Althaea officinalis
Mucilage

To extract the mucilage, the method by
Mogbel et al. and Sokachaei et al.(12,18)
was used with slight modifications. First,
Althaea officinalis flowers were mixed with
double-distilled water in specified ratios (50-
90 times). Then, the mixture was subjected
to microwave irradiation (250-850 watts) for
the specified times (2-10 minutes). The
mixture was left at room temperature for one
hour to obtain more mucilage. The mixture
was then filtered using a cloth sieve. The
filtered mucilage was mixed with twice its
volume of 96% ethanol to coagulate and left
at room temperature for one hour. The
coagulated mucilage was separated by
filtration and dried in oven. The dried
mucilage was weighed, and the extraction
yield was calculated using Equation 1. The
obtained mucilages were stored separately in
a dry, cool place for further tests.

M, 100
=——X
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where My is the weight of the extracted
mucilage, and M: is the weight of Althaea
officinalis flowers.

2-3. Experimental Design and Data
Analysis

Response Surface Methodology (RSM)
is a set of statistical and mathematical
techniques that is used for processes
involving multiple variables or where the
mechanisms are poorly understood and
existing information is minimal, or when
variables interact and the response is
nonlinear. The main goal of RSM is to
optimize conditions, which the central
composite design being preferred. When
selecting independent variables and their
levels, influential factors are chosen, and
their levels are determined. These levels are
crucial for the success of the process as they
directly affect the outcomes. Since these
parameters have different units or ranges,
regression analysis cannot be directly
performed without normalization. Each
coded variable ranges from -1 to +1 to make
them dimensionless, and the levels are used
coded in the design analysis.

Computer software generates optimal
designs based on specific criteria and user
inputs, differing in the number of
experiments and blocks. After selecting the
design, the model relationship is defined, and

its coefficients are estimated. The model
used in RSM is usually a full or reduced
second-order polynomial, expressed as:

Y=b0+ 2 biXi + z bii Xiz z bini Xj

Where  bjjs bji« bie by are  regression
coefficients for the intercept, linear,
quadratic, and interaction terms, and Xix_ixi
and xjx_jxj are coded independent variables.
The model coefficients are estimated using
the least squares method, a multiple
regression technique. After estimating the
coefficients, the predicted response can be
easily calculated using the model equation.
Since the system behavior is often unknown,
the model's fit to the experimental data must
be evaluated using various techniques,
including error analysis, scaled residuals,
PRESS (Prediction Error Sum of Squares),
and lack-of-fit tests. The overall predictive
capability of the model is usually expressed
by the coefficient of determination (R?)
calculated from PRESS. However, R? alone
is insufficient to assess model accuracy (19).

Treatments were designed using RSM
and based on the central composite design
for independent variables, including water-
to-dry plant ratio, microwave power, and
exposure time (Table 1).

Table 1- Levels of independent variable

Independent variable Min MAX -Alpha +Alpha
A Microwave power(watt) 400 700 250 850
B Time(min) 4 8 2 10
C Water ratio 60 80 50 90

Table 2 — Experiments of central composite design

Independent variable

Water ratio Time(min) Microwave power(watt) Treatment number
80 8 700 1
80 4 700 2
80 8 400 3
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To select the empirical models for response
prediction, linear, second-order, and third-
order polynomials were fitted to the
experimental data and then statistically
analyzed to select the appropriate model.
Model factors were evaluated at a 95%
confidence level. Independent factors were
added to the model sequentially, and their
significance was tested. As shown in Table
3, the quadratic model is significant based on
the results of the analysis of variance
(ANOVA).

Next, the chosen statistical design and the
model relationship for prediction were fitted
and evaluated. The experiments were
designed using RSM and central composite
design with Design Expert 11 software for
the independent variables, and the graphs
were drawn using Excel 2016 software.
Table 2 shows 20 treatments based on the
water-to-flower ratio, microwave power, and
time.

3. Results and Discussion

3.1. Model Fitting

Table 3- ANOVA analysis of quadratic polynomial model for extraction yield

p-value F Mean df Source
Prob > F Value Square

0.0225 11.28 9 Model
0.0167 28.13 13.32 1 A-power
0.5139 34.32 1 B-time
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0.2811 12.75 2.10 1 C-water ratio
0.5547 2.40 0.61 1 AB
0.3671 7.81 1.44 1 AC
0.3671 7.28 1.44 1 BC
0.4540 1.12 0.98 1 A2
0.0015 8.32 30.30 1 B2
0.0288 5.18 10.55 1 C?
0.52 10 Residual

0.0012 7.92 0.92 5 Lack of Fit

ANOVA was performed to evaluate the
significance of the process variables in each
response. The response functions for the
measured parameters were compared using
different models (linear, two-factor, and
quadratic) based on the adjusted correlation
coefficient. The model with the highest
values of these factors has higher predictive
power and accuracy. ANOVA was used to
determine the lack of fit and the significance
of the independent variables' linear and
quadratic effects and interactions on the
dependent variables. If the p-value for the
lack-of-fit test in ANOVA is >0.05, the
model is considered sufficient for predicting
the desired response (20). In the model used
for yield, the equation representing the
contribution of each factor and their
interactions on the percentage extraction
yield of Althaea officinalis mucilage is as
follows, where A, B, and C are, respectively,
microwave power, time. and the water-to-
seed ratio.

10.80+0.91A+0.21B+0.36C+0.28AB-
0.42AC-0.42BC-0.2B*+C?

After analyzing the data and extracting the
model for each dependent variable to assess
the performance and accuracy of each model,
existing charts can be used. One of these
charts shows the predicted response values
versus the actual values to help identify
values or groups of values the model did not
accurately predict. Figure 1 illustrates the
actual and predicted values for the model
under study. The closer the data points are to
the line in this chart, the better the model fits
the data and shows less misfit. Figure 1
demonstrates a relatively good fit for the
data.

Predicted vs. Actual

Predicted
|

Actual
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Figure 1. Actual values of mucilage extraction versus values predicted by the model

IIn this study, the minimum extraction
yield was 4.4%, and the maximum extraction
yield was 11.6%, corresponding to samples
20 and 2. These samples had water ratios of
70 and 80, extraction times of 2 and 4
minutes, and microwave powers of 550 and
700 watts, respectively. The value of these
parameters varied according to the extraction
conditions. Figure 2 shows the effects of the
interaction of the independent variables on
the gum extraction yield. Figure 2 shows the
interaction effects of time and the water-to-
dry plant ratio. The gum extraction yield
decreased as time increased at constant water
ratios and fixed power. Part b of the response
surface chart shows the interaction effect of
power and time. According to the figure, as
microwave power increases at a constant
time, the gum extraction yield increases;
however, simultaneous increases in power
and treatment time lead to a decrease in gum
extraction yield. Increasing time while
keeping power constant initially increases
extraction yield, but after a certain point, it
decreases. Part ¢ of the response surface
chart shows the interaction effects of power
and the water-to-seed ratio. To achieve the
highest extraction yield, an increase in
microwave power must be accompanied by
an increase in the water ratio.

yield

700
//640

580

80

70 g 520

65\\/ ,/4 " A: power

C: water ratio 60 ~ 400
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As indicated, increasing the water-to-dry
plant ratio at constant powers leads to a
decrease in gum extraction yield. Increasing
the water ratio at lower powers shows an
increase in extraction efficiency. The
increase in extraction efficiency with
increasing water ratio can be attributed to the
greater availability of solvent, which
enhances the driving force for the mass
transfer of gum from the seeds. In other
words, increasing the amount of water
facilitates the necessary conditions for water
osmosis into the seeds and diffusion of gum
out. The negative effect of higher water-to-
seed ratios on extraction efficiency has been
reported by Singh Tang et al. (2009) for
Yanang leaf gum [21] and Karajian et al.
(2008) for Lepidium sativum gum [22]. With
a further increase in the water ratio, the
dilution effect reverses the osmosis process
and gum diffusion, decreasing extraction
efficiency [23]. Increasing power at fixed
time and water ratios also increased mucilage
efficiency.

yield

7 580

6 520

B: time 47 400

A: power
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yield

fig.2. Effect of power and water ratio (a), water ratio and time (b), power and time(c) on extraction
yield of Althaea officinalis

The increase in extraction yield with
increased microwave power is related to the
direct effects of microwave energy on plant
materials [24]. Microwave power is highly
related to temperature during microwave-
assisted extraction, and with increased
microwave power, temperature rises [25].
When the material is exposed to microwave
waves, the cell membrane structures break,
and as a result, the mucilage enters the
solvent. Therefore, increasing microwave
power generally improves extraction yield
because increased microwave power leads
to higher temperatures (depending on the
material's and solvent's ability to absorb
microwave energy) and faster extraction
(evaporation). Selecting a solvent with high
extraction power and strong interaction
with the material is also essential [26].
Polar solvents such as water and ionic
solutions (usually acids) are suitable
solvents in microwave-assisted extraction
methods, unlike nonpolar solvents like
hexane, because they absorb microwave
energy well due to their permanent dipole
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moments. The absorption of microwave
waves is related to the dielectric constant,
which determines the material's ability to
absorb microwave waves. For example,
water has a high dielectric constant, which
absorbs more microwave energy relative to
its loss. Therefore, it increases the
temperature and the penetration of
compounds into the solvent [27].

Khameh et al. (2020) reported in their
research that in the extraction of mucilage
from the seeds of Echium amoenum using
the microwave, the most influential factor
was power (strength), followed by
extraction temperature [28]. In the study by
Goudarzi Shamsabadi et al. (2022),
mucilage extraction from quince seeds was
optimized. The results showed that some
extraction parameters significantly affected
the extraction yield. The reported range in
this study was higher than other studies
conducted using traditional methods [29].
Samavati and Eskandari (2016) obtained
similar results in their study on the
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extraction of gum from the fruit of Acacia
seyal, with the highest extraction yield
achieved at the highest microwave power
used (300 watts) and the longest time
(80.67 minutes) [30]. Yan et al. (2010) also
reported the highest extraction yield of gum
from  Astragalus using  prolonged
irradiation with these waves but stated that
if irradiation continued for too long, the
extraction vyield decreased due to the
decomposing effects of the waves on the
extracted mucilage [31].

Alizadeh Behbahani et al. (2016) studied
the optimization of extract from the leaves
of Avicennia marina using the mixture
method and examined its antimicrobial
effects. In this study, the effects of solvents
such as water, ethanol, methanol, and
glycerin, each in five levels (0, 31.25,
83.33, 125, and 250 ml) using mixture
design geometry, were evaluated for the
extraction of the Avicennia marina leaf
extract. The Scheffé polynomial model and
numerical optimization were used to model
and optimize the extraction. The Scheffé
polynomial model could significantly
predict the yield from the extraction of
Avicennia marina leaf extract. Based on
this, the optimal formulation consisted of
glycerin (0 ml), water (28.22 ml), methanol
(59.83 ml), and ethanol (161.95 ml). This
study showed that Avicennia marina leaf
extract had a significant antimicrobial
effect on the strains under laboratory
conditions [32].

Ghorbani  (2020) optimized mucilage
extraction from Althaea officinalis flowers
using  ultrasound and  microwave
pretreatment and then investigated its
chemical structure and rheological
behavior. For optimizing the extraction of
Althaea officinalis flower mucilage,
ultrasound pretreatment (fixed frequency of
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37 kHz, power 100-160 watts, time 1-20
minutes, and temperature 30-50°C) and
microwave pretreatment (power 180-540
watts, time 5-10 minutes, and powder
weight of 30-50 grams) were used. The
results showed that extraction with
ultrasound had the lowest protein content
and was ranked second in viscosity after the
microwave method, which had the highest
viscosity but even higher protein content
than the conventional method [16]. In the
study by Salahi et al. (2021), optimization
of the extraction conditions  of
glucomannan from Eremurus root was
investigated. For this purpose, the effects of
temperature (30-80°C), water-to-solid ratio
(50-100), and time (1-4 hours) on
extraction yield, apparent viscosity, and
solubility were modeled and optimized
using the response surface method. The
results showed that the quadratic model was
best for describing the data. The optimal
extraction conditions were a temperature of
79°C, a water-to-solid ratio of 98.3:1, and a
time of 3 hours and 12 minutes [33].

Alizadeh Behbahani and Imani Fouladi
(2021) evaluated the effects of independent
parameters such as the water-to-seed ratio,
temperature, time, and ultrasound intensity
on the extraction yield of Plantago major
using the response surface method. The
optimal conditions for achieving maximum
extraction yield (13.1%) were an extraction
temperature of 70°C, extraction time of 40
minutes, water-to-seed ratio of 10:1, and
ultrasound power of 90%. The results
showed that at a constant extraction
temperature, the yield significantly
increased with increasing extraction time,
while it showed a slight increase with
increasing ultrasound power [34]. Karajian
et al. (2011) stated that increasing
Lepidium sativum's water-to-seed ratio to
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1:45 increased the extraction yield. They
attributed the increase to the availability of
sufficient solvent and the driving force
needed to mass transfer a certain amount of
polysaccharides. However, increasing the
water-to-seed ratio to 1:60 resulted in a
decrease in extraction yield [35].

Campos et al. (2015) optimized mucilage
extraction from chia seeds and evaluated its
application in ice cream. They reported that
the effects of temperature (30-80°C) and
time (2-4 hours) on extraction yield were
significant, with both parameters leading to
an increase in extraction vyield [36].
Dehghan et al. (2017) found that increasing
the temperature increased the extraction
yield but decreased the apparent viscosity
in their study on optimizing quince seed
gum extraction using ultrasound and the
response surface method [37]. Another
study by Yang et al. (2019) showed that
increasing extraction time and temperature
significantly increased the extraction yield
of pectin from potato peels [38].

Vasiei et al. (2019) optimized the extraction
conditions of gum from Lepidium sativum
seeds using the response surface method.
The effects of three independent variables
(water-to-seed ratio, extraction time, and
temperature) on extraction yield, apparent
viscosity, and light transmittance were
investigated. The results showed that
increasing the water-to-seed ratio and
extraction time increased extraction yield
while increasing the temperature decreased
yield. The optimal conditions were
determined as a water-to-seed ratio of 44:1,
extraction time of 120 minutes, and
temperature of 40°C, resulting in the
highest extraction yield [39]. Zamani et al.
(2020) optimized the extraction of Althaea
officinalis seed using the response surface
method and concluded that increasing the
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temperature enhances the extraction yield [40].
Gholali Khani et al. (2014) optimized the
conditions for mucilage extraction from
flixweed seeds. They found that a temperature
of 94°C for 2.9 hours with a water-to-solid ratio
of 44.2 at pH 7.5 was the optimal extraction
point [41]. Mittal et al. (2016) optimized the
extraction of galactomannan from guar
(Leguminosae order). They investigated the
effects of adding NaOH and MCA,
temperature, and time on the extraction yield
and solubility. The results showed that
increasing the pH from 1.2 to 10 increased the
solubility percentage [42]. Alizadeh Behbahani
etal. (2017) demonstrated in their study that the
optimal conditions for extracting Plantago seed
gum are a temperature of 75°C, pH of 6, and a
water-to-seed ratio of 1:60. They reported that
the gum extracted from Plantago seeds is a high
molecular weight polysaccharide (1.2x1076)
containing 85.59% carbohydrates, 76.79 mg of
gallic acid equivalents per gram of dry sample
total phenolic content, and 97.8 mg per gram
total flavonoid content [43].

The optimization of Plantago seed gum
extraction with ultrasonic pretreatment was
conducted by Niknam et al. (2018).
According to their results, the optimal
conditions for ultrasonic-assisted extraction
were 400 W power, 35°C temperature, and
30 minutes, with a seed-to-distilled water
ratio of 1:20, extraction temperature of
75°C, and 40 minutes extraction time. After
extraction, purification, and optimization of
Plantago seed gum, the moisture, ash,
protein, and carbohydrate contents were
measured. The results showed that the
moisture content was 6.20%, ash 3.23%,
protein 2.03%, and carbohydrate 88.47%
[44].

The optimization of quince seed gum
extraction using microwave power (250-
850 W), water-to-seed ratio (20-60), and
extraction time (2-9 minutes) was
conducted by Goudarzi Shamsabadi et al.
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(2022) using the response surface method.
The physicochemical properties of the gum,
including ash, moisture, protein, and fat,
were measured, and the antioxidant
properties were evaluated. The extraction
yield ranged from 8.9% to 15.2%.
Increasing the microwave power at a
constant time increased the gum extraction
yield, but simultaneous increases in power
and time led to a decrease in extraction
yield. Increasing time at a constant power
initially increased extraction but decreased
gum vyield. The antioxidant properties and
inhibitory power were evaluated using
DPPH, FRAP, ABTS, and beta-carotene
bleaching tests, resulting in 53.19 pg/mL,
1.06 pg/mL, 69.61 pg/mL, 2.92 mg per 100
g, total phenolic content of 74.66 mg gallic
acid equivalents per gram of sample, and
670.21 mg quercetin per gram of dry
sample [29].

4-Conclusion

Mucilages are secondary plant metabolites.
Due to their antioxidant activities,
application of mucilages such as Althaea
officinalis mucilage increases the shelf life
of food products. They are recommended
and usable in diets as health-promoting
fiber compounds. In the present study, the
improvement of Althaea officinalis
mucilage extraction with microwave
assistance was investigated using the
response surface method to achieve optimal
extraction conditions based on independent
variables such as microwave power,
treatment duration, and water ratio, which
resulted in maximum extraction yield. The
extraction yield ranged from 4.4% to
11.6%, corresponding to samples 20 and 2,
with water ratios of 70 and 80, treatment
durations of 2 and 4 minutes, and
microwave powers of 550 and 700 watts,
respectively. Increasing the water ratio at
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lower powers led to an increase in
extraction yield. Modern methods such as
microwave waves, due to their higher speed
and effective energy in extraction and mass
transfer, can be effective in optimizing the
extraction of plant metabolites.
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