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Abstract

The most of medicinal plant seeds contain of polysaccharides with specific functional properties and used as a
hydrocolloids source. Mucilages are polysaccharides with long chain molecules. In order to study the effect of
different temperatures on the amount of mucilage and dry matter extraction (DME) in two medicinal plants of
Plantago psyllium L. and Plantag omajor L. an experiment was carried out in a randomized complete block design with
three replications at five temperature levels: 30, 40, 50, 60 and 70 °C. The results showed thatin P. psy/lium, the highest
amount of mucilage (24.55 ml) and DME were obtained from 40 °C treatments and the lowest amounts of mucilage
and DME were recorded at 70 °C. It found that when the temperature reached from 60 to 70 °C, the amount of
DME in P. psyllium was dectreased significantly, so that at 70 °C the amount of DME decteased was 56% in compared
of 60 °C. In P. major: The highest amount of mucilage (28.6 ml) was obtained at 40°C and the lowest of it was
observed at 70 °C. The highest (0.897 gram) and the lowest (0.523 gram) amount of DME was obtained at 30 °C
and 70 °C in P. major, respectively. In general, the amount of extracted mucilage seems to depend on the watet-to-
grain ratio, and as the ratio decreases, the amount of mucilage decreases at high temperatures.
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Introduction

Plants have adapted to challenging environmental
conditions during their evolution by activating
physiological, biochemical pathways and producing
specific substance. Biochemical responses have led
to the synthesis of secondary metabolites in plants
(Zhang et al., 2015). Plant metabolites consist of a
wide range of low-weight macromolecules (less than
2000 daltons) that contain substances such as
carbohydrates, acids, amino acids, phenolics,
polyols, polyamines, lipids and etc., each of which
perform different functions in the plant. Plant
metabolites are classified into primary and secondary
metabolites according to sources of production and
the target of the reaction. Metabolites such as
carbohydrates, are direct result of the process of
photosynthesis, that it is the raw material for

respiration process in order to produce energy and
metabolites during of tricarboxylic acid cycle (TCA)
such as citric acid and oxaloacetic acid (OAA), amino
acids and etc., which are all among the primary
metabolites and are essential for plant life. Under
environment stress conditions, pathways such as
photo respiration, glucogenesis and the TCA are
activated, leading to the formation of compounds
such as glucose, malate, and proline (Cramer et al.,
2007). Derivatives of phenyl propanoids, coumarins,
lignins, flavonoids, anthocyanins and tannins are all
semi-polar compounds that are produced and
activated in defense systems for plant survival and
adaptation to changing environmental conditions
(Arbona et al., 2010).
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There are several methods for extracting the active
ingredients of plants. The choice of extraction
process depends on the origin of the materials and the
compounds containing them. Before choosing the
extraction method, it is necessary to determine the
purpose of extracting and necessary in gredients in
the extract. Therefore, knowledge of the constituent
compounds of the extract and their role in the
development of their functional properties is
essential. Although water is a traditional component
in many extraction protocols, modern methods use
organic and polar solvents to extract plant
components. Extraction processes of plant materials
can be done by diffusion, solvent extraction methods
(extraction by penetration, extraction of solvent
under pressure, extraction of solvent by ultrasound,
reflex extraction and steam distillation). In the
process of hot extraction, it requires dissolving
substances that are directly soluble in water and their
enzymatic hydrolysis after dissolving the substances
continuously, which determines the type and quality
of the extract (Taheri et al., 2017).In the heat
extraction process, there is an equilibrium
temperature between the temperature required for the
hydrolytic activity of enzymes such as amylase,
proteases, peptidases, transglucosidases,
phosphorylase and the degree of thermal inactivation
of these enzymes (Montanari et al., 2005).
Researchers believe that the temperature and time of
extraction have an effect on improving the quantity
and quality of extract. For example, Briggs and
Wadeson (1986), in the first step was used at 50 °C
for extracting malt for one hour and used of at65 °C
for the second stage of extraction for one hour. Jones
(2005) stated that when the temperature starts from
45 °C during the extraction process and gradually
continues to 70 °C, it is increased the conversion of
starch to sugar, in this study, it was also showed that
Endo-radiation activity is increased at 38 °C for 58
minutes. Uquiche et al. (2004) stated that the
synthetic extraction was done by used of supercritical
dioxideat 40 °C in red pepper plant. They also
observed that plateleting of plant raw material
(particle size 0.2 width and length 3.9 mm) was
increased process efficiency and it was found that the
performance of pigmented grains and carotenoid

pigments have increased due to increased extract
pressure and decline of temperature.

Aqueous extraction is the most common method of
extraction in P. major, in which the substance is
extracted from hot water and the results showed that
the temperature of the extract, pH, water to grain ratio
has a significant effect on the amount of
polysaccharides in P. major. (Alizadeh Behbahani et
al., 2017). Most grains contain  various
polysaccharides with special functional properties
and are used as a hydrocolloid source. Mucilages are
polysaccharides with long chain molecules (Campos
et al., 2016). P. psylliumis known as an important
source of natural mucilage production and the
amount of mucilage is about 25% of grain weight
yield (Hansol et al., 1992). Due to the presence of
mucilage in the seeds of this plant, it has properties
such as: anti-cough, anti-inflammatory, anti-
dermatological, moray laxative and immune
stimulants. P. psylliumis also used in the preparation
of jellies, condiments, beverages and in the cosmetics
industry to make various creams and cosmetic lotions
(Fakhr Tabatabai, 1990).

At present, the use of medicinal plants is increasing
due to the production of effective substances that are
beneficial in curing of diseases, so that 35% of drugs
contain natural compounds (Nouri et al., 2016).Due
to the high demand for plant extracts, the use of new
technologies such as ultrasound, microwave,
extraction with supercritical fluid has improved
effectively the performance of the extract (Marr and
Games, 2000).0n the other hand, process
optimization through changes in environmental
conditions can be effective in increasing the quantity
and quality of the extracted substance. Therefore, this
study was conducted to investigate the effect of
different extraction temperatures on the amount of
extract in two medicinal plants, P. psyllium and P.
major.

P. psylliumis

known as an important source of natural mucilage
production and its amount is about 25% of grain
weight yield (Hansol et al., 1992). Due to the
presence of mucilage in the seeds of this plant,it has
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properties such as: anti-cough, anti-inflammatory,
anti-dermatological, moray laxative and immune
stimulants. P. psylliumis also used in the preparation
of jellies, condiments, beverages and in the cosmetics
industry to make various creams and cosmetic lotions
(Fakhr Tabatabai, 1990).

At present, the use of medicinal plants is increasing
due to the production of effective substances in the
treatment of diseases, so that 35% of drugs contain
natural compounds (Nouri et al., 2016).Due to the
high demand for plant extracts, the use of new
technologies such as ultrasound, microwave,
extraction with supercritical fluid has improved the
performance of the extract very quickly and
effectively (Marr and Games, 2000).0n the other
hand, process optimization through changes in
environmental conditions can be effective in
increasing the quantity and quality of the extracted
substance. Therefore, this study was conducted to
investigate the effect of different extraction
temperatures on the amount of extract in two
medicinal plants, P. psyllium and P. major.

Materials and Methods

In order to investigate the effect of temperature on the
amount of extract substance in P. psyllium and P.
major plants (Fig. 1), an experiment was conducted
as a completely randomized block design with three
replications in the Development Technology Center
affiliated to Khorasan Razavi Agricultural Research
and Education Center (KRAREC) in 2019.
Experimental treatments were temperature at five
level (30, 40, 50, 60 and 70 °C). For this purposed,
the seeds of P. psyllium and P. major was prepared
from natural resources department of KRAREC. At
the first, the seeds were cleaned for foreign
substances and weeds. To extract the seeds of P.
major plant, three small laboratory humans were
selected for each temperature treatment and then 5
grams of seeds with 50ml of distilled water was
added to them (Ghorbani et al., 2017) then they were
subjected to temperature treatments for two hours.
After that time, the seeds were poured into a cotton
cloth and separated by mucilage pressure, and the
volume of mucilage was measured (Fig. 2). Then the

seeds that had been removed from their mucilage
were poured on filter paper and placed in a dryer to
calculate their dry weight and then weight the amount
of extract substance (Fig. 3). For extraction of P.
psyllium seeds the same methodsused. After drying
the extract, the extract became viscous, so the freezer
dryer method was used to produce powder.

Data were analyzed by using Mstat C software and
the means were compared using Duncan test at 5%
probability level.

Fig. 1 Images of two plants was extracted from their seeds
in this experiment, A: P. major and B: P. psyllium
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Fig 2. Extracts taken from the plant

~ (h0-
Fig 3. Methods of drying for calculating of dry matter.

Results and Discussion

P. psyllium

The results of analysis of variance showed that there
was a significant effect (P<0.01) of temperature on
the amount of mucilage in P. psyllium (Table 1). The
highest amount of mucilage (24.65 ml) was obtained
at40 °C and the lowest amount of it was recorded at
70 °C. However, the amount of mucilage obtained at
60 °C was not statistically significant at 70 °C. At 50
and 30 °C, the amount of mucilage was decreased by
16.6% and 26.4%, respectively, in compared of 40 °C
(Fig. 4, A). It seems that the reason for increasing the
amount of mucilage up to 40 °C was attributed to the
amount of water available, which increased the
solubility of grain macromolecules and their release
at this temperature. Ascan be seen, with increasing
temperature, the amount of mucilage decreased,
which can be attributed to factor changes in the pH of
the experimental medium. On the other hand,
increasing the temperature to 40 °C leads to reducing

the radius of viscosity of the extract and increasing
the flexibility of long-chain macromolecules and
ultimately reducing the compression of molecules,
which reduces the amount of viscosity and increases
the amount of mucilage due to water available in the
environment (Launay et al., 1986).

The results Alizadeh Behbahani et al., (2017) showed
that among of different water to grain ratios,
including 20 to 1, 40 to 1 and 60 to 1 in P. psyllium
plant, the maximum amount of mucilage was
obtained from 60 to 1 ratio of water to grain at 70 °C
and pH= 6.8. In the present experiment, the water to
grain ratio was 10 to 1. On the other hand, the cause
of fluctuations in the amount of mucilage produced
can be attributed to the presence of natural hydroxyl
groups and the expansion of hydrodynamic
interactions between molecules at the tested
temperatures. So that the amount of water absorbed
in the mucilage can be attributed to the effect of
temperature and pH interactions in the formation of
polar bonds between water molecules with other
macromolecules in the environment (Koocheki et al.,
2012).Therefore, in the adjustment ratio of the
experiment (water: grain equal to 10 to 1) with
increasing temperature from 30 to 40 °C caused an
increase in solubility of molecules and increased
lubrication and separation of materials from grain
and at higher temperatures the amount of water
required decreased in solution and naturally reduced
the amount of mucilage. In an experiment, it was
shown that temperatures between 20 and 50 °C has
no effect on the viscosity of psyllium. Psyllium
mucilage has many special properties (Verma and
Mogra, 2013). Temperature treatment had a
significant effect (P<0.05) on the amount of extracted
dry matter in P. psyllium (Table 1). The highest and
lowest amounts of extracted dry matter were obtained
from temperature treatment at 40 °C and 70 °C,
respectively. The amount of dry matter extracted at
30 °C was 0.14 g, which was not statistically
significant with 40 °C treatment.

The results showed that when the temperature was
increased from 60 °C to 70 °C, the amount of
extracted material decreased sharply, so that the
amount of extracted dry matter at 70 °C declined
about 56% in comparison t060 °C (Fig. 5, A).
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Fig. 4. Effect of different temperature on amount of mucilage in A) P. psyllium and B) P. major plant.

Table 1. Results of analysis of variance (mean squares) effect of temperature treatments on the amount of mucilage and
extracted dry matter in P. psyllium and P. major plants.

P. psyllium P. major
S.0vV df Amount of Extract Amount of Extract substance
mucilage substance mucilage
Block 2 2.45ns 0.001ns 1.40ns 0.012ns
temperature 4 28.6** 0.021* 175.5** 0.086*
Error 8 0.70 0.0001 0.090 0.008
CcVv 2.43 13.2 10.3 12.5
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Fig 5. The amount of substance extracted in A) P. psyllium and B) P. major plant under the influence of different
temperature treatments
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P. major

The results of analysis of variance table showed that
temperature treatment had significant effect
(P<0.01) on the amount of mucilage in P. major
(Table 1). The highest amount of mucilage (28.6 ml)
was obtained from 40 °C and the lowest amount was
obtained at 70 °C. Application temperatures at 30,
50 and 60 °C were obtained 26.1, 17.1 and 15.2 ml
of extracted substance, respectively (Fig. 4, B).
There was a significant difference (P<0.05) between
temperature treatments in terms of dry matter
production in P. major (Table 1). The highest and
the lowest amounts of extracted dry matter were
obtained at 30 °C and 70 °C with 0.897 and 0.523 g,
respectively. There were no statistically significant
differences between the three temperature
treatments of 50, 60 and 70 °C with the production
of dry matter of 0.643, 0.577 and 0.523 ¢
respectively. At 40 °C, the amount of extracted dry
matter was 0.863 g, which produced only 4% less
dry matter at 30 °C and no statistically significant
difference was observed between them (Fig. 5, B).

P. major plant produces a large amount of seeds, the
seed coat of which contains polysaccharide
components that, by absorbing water, form mucilage
with a high concentration. These polysaccharides
contain oxylose, arabinose, galacturonic acid,
glucuronic acid, rhamnose, galactose and glucose
(Samuelsen, 2000). Aqueous extract is the most
important method for extracting the substance from
the seeds of this plant. Extraction is traditionally
based on hot water. The amount of extract depends
on time and temperature (Koocheki et al., 2009).
Therefore, changes in environmental factors such as
temperature, pH, and water to grain ratio have a
significant effect on the properties of raw grain
polysaccharides. The results of Alizadeh Behbahani
etal., (2017) showed that at a constant ratio of water
to grain of 40: 1 in P. major plant, with increasing
temperature, the yield of extracted materials was
increased. They attributed the increase in mucilage
along with the increase in temperature to the
decrease in mucilage viscosity and the facilitation of
the release of mucilage from the grain, as well as the
lubrication and greater solubility of the extract
carriers. In the present study, in the ratio of water to

grain 10: 1, the amount of extract increased with
increasing temperature to 40 °C and the amount of
mucilage decreased with increasing temperature in
the next three temperature ranges. It seems that the
reason for the decrease in the extract with increasing
temperature in this ratio was attributed to the
decrease in the amount of water required to increase
the solubility of material in grain. Sepdlveda et al.,
(2007) reported that increasing the water in the
solution increased the amount of extract substance
in Opuntiaspp plant. Koocheki et al (2012) also
stated that temperature had an effect on increasing
the extracts of Yannang leaves and the amount of
Erucasativa seed jelly. In the same study, the results
showed that the highest amount of mucilage was
obtained in Euricasative plant at 65.5 °C, pH= 4 and
water to grain ratio of 60: 1. The findings of Sciarini
et al (2009) showed that the amount of water in the
extract is due to the experimental conditions, which
can disrupt the three-dimensional structure of
polysaccharide components and increase the
branching ratios in them, which causes improved
and lubricated extract.

In general, the results showed that the most effective
in the extraction process, depending on the sources,
the ratio of water to grain and then temperature. In
the present experiment, the water to seed ratio in
both plants was 10: 1 and the application of 40 °C
treatment had greater amount of extracted substance
and dry matter than other temperature treatments.
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