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ABSTRACT ARTICLE INFO  

 

Study background: adding Smyrnium cordifolium nanoparticles and milk 

thistle essential oil can improve the physicochemical properties of films based 

on alfalfa seed mucilage. Purpose: The purpose of this study was to prepare 

edible films from alfalfa seed mucilage with Smyrnium cordifolium 

nanoparticles (0, 2, 4%) and milk thistle essential oil (0, 1, 2%). Methodology: 

Edible films based on alfalfa seed mucilage were prepared and Smyrnium 

cordifolium nanoparticles (0, 2, 4%) and milk thistle essential oil (0, 1, 2%) 

were added to it. The physicochemical properties of the prepared films were 

investigated. Results: According to the obtained results, increasing the amount 

of Smyrnium cordifolium nanoparticles and milk thistle essential oil in the film 

decreased the mechanical properties of the films. The results of antimicrobial 

activity showed that the addition of Smyrnium cordifolium nanoparticles 

increased the activity of the film against Staphylococcus aureus. The dynamic 

light scattering (DLS) results confirmed the Smyrnium cordifolium 

nanoparticles. Fourier transform infrared (FTIR) results confirmed the physical 

presence of Smyrnium cordifolium nanoparticles in the polymer matrix. The 

increase of Smyrnium cordifolium nanoparticles and milk thistle essential oil 

in the films could delay the thermal decomposition of alfalfa seed mucilage and 

increase the thermal stability of the mucilage film. Final conclusion: Adding 

Smyrnium cordifolium nanoparticles and milk thistle essential oil to edible 

films based on alfalfa seed mucilage improved the antimicrobial, Fourier 

infrared (FTIR) properties of the films, and also weakened the mechanical 

properties. 
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    1. Introduction
Due to the increase in the production and 

consumption of petroleum polymers and 

plastics in human daily life, diseases caused by 

food poisoning have become a great threat to 

human health. Since a major part of the 

packaging industry is plastic, the packaging 

industry can be linked to petroleum products 

[1]. Therefore, the ever-increasing growth of 

the population, the pollution caused by the 

packaging materials of petroleum derivatives, 

and the problems caused by the various 

methods of disposal of these materials, 

including burning, burial and recycling, have 

drawn more attention to biopolymers and 

biopackaging. Biodegradable films and 

coatings are suitable alternatives to synthetic 

films in the packaging industry due to their 

compatibility with the environment and low 

dependence on non-renewable resources, and 

have attracted the attention of many 

researchers. [2-3]. Synthetic plastics used for 

packaging.Different types of food cause serious 

environmental problems. The environmental 

effects of using plastic in the food industry have 

encouraged the packaging industry to produce 

packaging from renewable materials [4-5]. 

Biodegradable packaging protects food 

products against mechanical, physical and 

chemical damage and prevents their quality 

from deteriorating. It can also prevent microbial 

activity as an antimicrobial carrier in the form 

of antimicrobial packaging and increase the 

shelf life of food products [6-7]. In recent years, 

many studies have been done in the field of 

replacing synthetic polymers with 

biodegradable polymers, especially for food 

packaging.Most of the disadvantages and 

problems of synthetic polymers due to their 

biodegradability in nature have not been 

discussed for biopolymers, and this has caused 

many researchers to use all types of 

biopolymers in the study of food packaging to 

make biological packaging. do It is considered 

decomposable [8-9]. The main ingredients of 

the biopolymer film are proteins, fats and 

polysaccharides. These materials can be used 

alone or in combination. The physical and 

chemical properties of biopolymers have a 

great influence on the properties of the films 

made from them. Film constituents can be 

hydrophobic or hydrophilic [10]. Among the 

polysaccharide compounds that are used to 

form edible films are mucilages and granular 

gums. Mucilages are biopolymer compounds 

that are used in the production of various 

compounds, both medicinal and food, and in 

this regard, plant mucilages are preferred 

because they are non-toxic, have a low price, 

and are abundant [11]. It has been used to 

prepare edible film, mucilage is alfalfa seed, 

which is used in the present study.Mucilage can 

occur directly as a jelly-like structure in 

vegetative parts of plants (fruits, leaves, 

flowers, roots or stems) as well as in seeds after 

water treatment. From a chemical point of view, 

mucilages are large molecules that mainly 

contain carbohydrates and uronic acids, as well 

as glycoproteins and other bioactive 

compounds [12]. Mucilages have a wide range 

of applications: in food and nutraceuticals as 

structuring, gelling, texture, and film forming, 

in pharmaceuticals as binders and disintegrants 

for drug delivery systems, and in cosmetics as 

stabilizers. They have also attracted a lot of 

interest in the textile and paper industries, and 

they can be used in the production of paints . 

Alfalfa (Medicago sativa L.) is a herbaceous 

and perennial forage legume. All over the 

world, alfalfa is known for its high nutritional 

value as fodder and animal feed, as well as for 

its sustainable characteristics, excellent 

adaptation to extreme weather conditions and 

environmental flexibility, for example, alfalfa 

contributes to soil conservation, stabilization 

Nitrogen helps reduce soil pollutants, air 

pollutants, carbon dioxide deposition, etc. [13]. 

A protein material with the composition of 

essential amino acids similar to that of soy 

protein concentrate and 17-27% of soluble and 

insoluble dietary fibers [14] In addition, a series 

of micronutrients such as carotenoids, 

tocopherol, polyphenols, saponins B-complex 

vitamins and minerals have been identified 

[15]. Milk thistle has been used for medicinal 

purposes for more than 2000 years, mostly to 

treat liver diseases (cirrhosis and hepatitis) and 
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also to protect the liver from toxic 

substances.The therapeutic effects of St. John's 

wort are closely related to the presence of 

flavonoids. A complex called silymarin, 

consisting of a mixture of silybin A and B, 

isosilybin A and B, silychristin, and silydianin 

[16] is also made from the whole plant for 

medicinal purposes for treatment. It is used for 

kidney, spleen, liver and gall bladder diseases 

[17]  Silymarin also showed good antioxidant, 

anti-inflammatory and anti-fibrotic 

compounds. It was found to stimulate protein 

biosynthesis, increase lactation, and possess 

immunomodulatory activity. In addition, 

silymarin inhibits cell growth, DNA synthesis, 

and other mitogenic signals in human prostate, 

breast, and cervical cancers. [18]. Smyrnium 

cordifolium Boiss is a medicinal plant 

belonging to the Apiaceae family and among 

the native plants of Iran, which grows well in 

the heights and slopes of the Zagros mountain 

range in the western regions of Iran [19]. 

Sesquiterpenes, monoterpenes and flavonoids 

are among the main compounds found in the 

essential oil of this plant species [20]. The ball 

mill method is a common method for producing 

fine powder in many industries [21]. and is a 

tool of chemical mechanics and an expanding 

branch of chemistry.Ball milling of natural 

materials can bring their application potential to 

a new level [22]. In addition to reducing the 

particle size to the nanoscale [23], high-energy 

ball milling can also change the surface 

structure due to the mechanochemical effect. 

Ball milling can have severe effects on plant 

cell walls. The mode of work, as well as the 

materials of the milling jar and balls, and the 

type and amount of raw materials affect the 

result of milling [24]. Among the energetic ball 

mills, the planetary mill is a versatile and 

simple mechanical device for efficient 

grinding. Recently, planetary mills are used to 

prepare fine powders from all kinds of plant, 

mineral, chemical, ore, alloy, glass and ceramic 

materials.A planetary mill can convert particles 

into fine powders based on mechanical energy 

transfer, or impact and friction forces through 

high-hardness conductive ball balls, and is 

often used in laboratories and industry to 

produce materials with small particle sizes. 

[25]. Ball milling involves the movement of 

balls that impart kinetic energy to the material 

being milled, breaking chemical bonds and 

creating fresh surfaces by breaking up the 

material particles. In order to improve the 

properties that the raw material lacks, such as 

solubility, dispersibility, surface effects, and 

chemical reactivity, ultrafine grinding 

technology has been developed [26].The 

advantages of ball mill with high energy can be 

mentioned as flexibility, simplicity, ease of 

handling, capacity for large production periods. 

Smyrnium cordifolium Boiss was converted 

into nano particles and using DLS, the average 

size of the extracted nano particles was taken, 

and then an edible film was prepared by mixing 

mucilage of alfalfa seeds with nanoparticles of 

avondol plant and milk thistle seed oil. 

According to the investigations, there has been 

no research on the effect of Avondol 

nanoparticles and milk thistle essential oil on 

edible films prepared from alfalfa seed 

mucilage. The purpose of this research is to 

investigate the effect of Avondol nanoparticles 

and milk thistle essential oil in different 

concentrations on the physicochemical 

properties of edible films prepared based on 

alfalfa seed mucilage . 

2- Materials and methods 

2-1-Materials 

Mucilage using alfalfa seeds, essential oil using 

milk thistle and nanoparticles using extracted 

avondol were used. Sodium nitrate, 99% 

methanol, glycerol, silica gel and other 

chemicals and solutions were obtained from 

Merck (Germany) and Sigma-Aldridge (USA) 

and were used without further purification . 

2-2- The method of preparing mucilage from 

alfalfa seeds 

Alfalfa seeds were mixed with distilled water at 

a ratio of 1 to 20 and first exposed to ultrasound 

at a temperature of 20°C and then placed on a 

magnetic stirrer at a temperature of 50°C for 2 

hours. Then the entire contents were passed 

through a fabric filter. The remaining grains on 

the fabric filter were mixed again with a smaller 

proportion of distilled water and after stirring 

for 1 hour, it was passed through the fabric 

filter. Then the mixture obtained from the 

previous step was centrifuged for 10 minutes at 

a speed of 4000 rpm. The mucilage obtained 
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from the previous step was dried using an oven 

at a temperature of 40°C and stored in a zipped 

bag [27]. 

 

2-3- Preparation of essential oil from milk 

thistle 

Its essential oil was extracted from milk thistle 

seeds by distillation with water using a colonger 

machine. In this way, the milled milk thistle 

seeds were poured into a balloon and about 

three times the amount of distilled water was 

added. By closing the connections of the 

balloon and the refrigerant and showing the 

flow of cold water related to the refrigerant and 

heating the balloon, degreasing was done and 

water was extracted with anhydrous sodium 

sulfate [28]. 

 

2-4- Nanoparticle extraction from Avondol 

plant 

First, the stem and leaves of the Avondol plant 

were collected from the heights of the 

mountains and then dried for four days in the 

shade and then crushed using a mill and then 

sieved using a micrometer sieve and then 

placed in a planetary mill for six hours. It was 

placed at a speed of 6000 rpm. After every hour 

and ten minutes, the rotation of the planetary 

mill stopped. And finally, the powdered 

nanoparticles are stored in a black container. 

2-5- Production of films 

First, 2 grams of alfalfa seed mucilage was 

poured into 80 ml of distilled water and stirred 

using a magnetic stirrer at a temperature of 70 

degrees Celsius and a speed of 500 rpm. And 

different percentages of Avondol nanoparticles 

(0, 2, 4%) and milk thistle essential oil (0, 1, 

2%) were dissolved in 20 ml of distilled water 

and added to alfalfa seed mucilage solution. 

After adding 15% glycerol to the solution, pH 

was adjusted to 7 using NaOH solution. The 

solution was poured into the Falcon and 

centrifuged. The resulting supernatant solution 

was poured into the plate and after 48 hours, the 

films were dried at room temperature, then the 

dried films were stored in zipped bags [29]. 

 

 

 Fig 1: An image of the prepared films 

 

 

2-6- Characteristics of films 

2-6-1- Dynamic Light Scattering (DLS)1 

Particle size or zeta potential The mean 

diameter, size distribution or zeta potential of 

the samples were tested using a particle size 

analyzer, 3000 Zetasizer Nano-ZS Malvern. A 

sample of nanopowder was dispersed in 

double-distilled water (as a solvent) at a 

temperature of 25 °C. The sample was exposed 

to photon beams, which caused the particle to 

react. The scattering of the particle beam 

caused fluctuations in the intensity distribution, 

which were collected at the corner of interest 

 
1- Dynamic light scattering 

and then detected by a sensitive detector. The 

sample suspension was only sonicated for 60 

minutes [30]. 

 

2-6-2- Measurement of color characteristics 

Color parameters (Hunter L, a, b) were 

measured using the Hunter lab system 

(Colorimeter Minolte CR-400). In order to 

calibrate the device, a standard white screen 

was used to measure the color of the films. The 

factors determined in this device include L or 

film brightness (0 to 100), a green-red (-80 to 

100) and b blue-yellow (-80 to 70) [29]. 

 

2-6-3- Measuring the mechanical properties 

of the film 



Fatemeh Khakpour & Sajad Pirsa                                                   Extraction of nanoparticles of Avondol.. 

 

118 

Tensile tests were performed with a tissue 

analysis device. The force of 200 newtons, the 

distance between the two jaws of the machine 

was 40 mm and the speed of movement was 50 

mm/min. Then the tensile properties of the 

films, including tensile strength (TS)2 and 

percentage of elongation at the point of rupture 

(%E) were evaluated according to the ASTM 

D882-12 standard method [29]. 

 

 2-6-4-Inspection of antimicrobial properties 

In the agar diffusion method, films with a 

diameter of 15 mm were cut into discs and 

placed on Mueller Hilton agar culture medium 

and plates containing Escherichia coli and 

Staphylococcus aureus. Then the plates were 

kept in a greenhouse at a temperature of 37 

degrees Celsius for 24 hours. Then, the 

diameter of the growth halo was measured with 

a caliper [29]. 

 

2-6-5-Measurement of thermal properties 

(DSC) 

DSC machine (Netzsch 200 F3 model made in 

Germany) was used in Urmia University to 

measure the thermal properties of the films. The 

accuracy of the device is 0.1 °C and it measures 

the transferred heat with an accuracy of 0.1 

w/mg. The device was calibrated by indium and 

silver. Empty aluminum container was used as 

reference and nitrogen as atmosphere. Samples 

weighing 0.04 grams were heated at a speed of 

22 Ċ/min in the temperature range of 0 to 240 

degrees Celsius. From the obtained thermal 

pattern, the melting temperature (Tm), the glass 

transition temperature (Tg) was determined 

[29]. 

 

2-6-6- Fourier transform infrared 

spectroscopy (FTIR)3 

The changes of functional groups were 

investigated with the help of infrared Fourier 

transform spectroscopic device. In the resulting 

spectrum of the substance, the functional 

groups in the chemical structure appeared as 

peaks in specific areas. The FTIR spectrum was 

investigated in the transmission mode using a 

spectrophotometer in the wave number range of 

4000-500 cm-1 [29]. 

 

2-7-Analysis of statistical analysis 

In this study, the statistical method of the 

response surface and the central composite 

 
2  - Tensile strength 

statistical design were used to investigate the 

effect of two variable factors, the percentages 

of Avondol nanoparticles and milk thistle 

essential oil, on the physicochemical 

properties of the prepared films. The statistical 

analysis of the data was done at the probability 

level of 95% using Design Expert-10 software. 

 

Table 1:  Table of prepared films  

B: Essential 

oil  

)%( 

A: NP   

 (%) 

Film 

1 2 F1 

2 4 F2 

0 0 F3 

2 0 F4 

1 2 F5 

1 4 F6 

0 2 F7 

1 2 F8 

1 2 F9 

1 0 F10 

1 2 F11 

0 4 F12 

2 2 F13 

 

 

 

3- Results and Discussion 

3-1- Dynamic Light Scattering (DLS) 

Particle size and zeta potential The particle size 

or size distribution was determined using 

dynamic light scattering (DLS) method, which 

is the most common technique for size 

distribution detection. Figure 3-1 shows the 

characteristics of nanopowders with a size of 

371 nm. Zeta potential is a significant measure 

that indicates the stability of the micellar 

system. It has been reported that under a 

relatively high surface charge, the particles can 

repel each other with a strong electrostatic 

repulsion force, thereby increasing the stability 

of the system [31]. Zeta potential is a measure 

of the size of nanopowder charges. It has more 

value. In addition, researchers defined 

nanoparticle as a solid or dispersed particle with 

a scale of 1000 nm [32]. Microparticles is a 

3- Fourier transform infrared spectroscopy    
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term used to describe particles with a diameter 

of 1-1000 micrometers [33].Many researchers 

used the term nanoparticle for their materials 

with sizes greater than 100 to 1000 nm, such as 

150-250 nm [34], 234.7 nm-892.6 nm [35], 680 

and 974 nm [36]. These results confirm that 

Avondol powder is a nanoparticle. 

 

 
Figure 3-1: (DLS) alfalfa seed mucilage films with Smyrnium cordifolium nanoparticles and 

milk thistle essential oil

. 

 

3-2- Color characteristics 

The effect of the percentage of Avondol 

nanoparticles and milk thistle essential oil on L, 

a, b is shown in Figure 3-2. Mathematical 

equation shows the relationship between 

independent variables L, a, b and regression 

coefficients. Research in the field of food color 

and factors affecting it is still an important part 

of research in the field of food [37]. The color 

and transparency of packaging films play an 

important role in their appearance and 

acceptability. Usually, in the packaging of most 

food products, it is preferred that the polymer 

used is colorless, completely transparent and 

shows the appearance characteristics of the 

packaged product. The color parameter L 

provides a measure of lightness/darkness. The 

color parameter a provides a measure of 

redness/greenness, the color parameter b 

provides a measure of yellowness/blueness. L 

values range from 0 to 100 as an indication of 

dark to light.The higher the amount of the 

compound, the whiter it is. According to the 

shapes, the amount of L did not change with the 

increase of Avondol nanodrate and milk thistle 

essential oil. Based on numerous studies, there 

are different results related to the effect of 

different nanoparticles on the color indices of 

nanocomposite films, which can be due to the 

different properties and characteristics of 

nanoparticles. Also, with the increase of 

Avondol nanoparticles and milk thistle 

essential oil, the amount of a and b decreased 

significantly (p<0.05), which is consistent with 

the results of Zulfi et al [38]. 

 

L* =  83.999 -97.113 *A -78.379 *B +127.597 

*A*B 

(R2 =0.634;  AdjR2 =0.512) 

a* = 6.063 -4.837 *A -1.702 *B +1.038 *A*B 

+0.372 *Aʌ2 -1.106 *B ʌ2 

 (R2 =0.990;  AdjR2 =0.933) 

b* = 10.316 -13.197 *A +3.974 *B -0.097 

*A*B +6.257 *A ʌ2 -1.178 *B ʌ2 

 (R2 =0.978;  AdjR2 =0.962 
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Figure 3-2:  L,a,b three-dimensional shape of alfalfa seed mucilage film with Smyrnium cordifolium 

nanoparticles and milk thistle essential oil. 

3-3- Mechanical properties of 

manufactured composites (tensile 

resistance, elongation percentage) 

One of the most important features of a 

synthetic film is its mechanical properties, this 

feature is affected bylength The chain and 
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molecular weight of macromolecules, as well as 

the length and position of the side chains in it. 

These characteristics affect the biopolymer's 

ability to form intermolecular bonds. The more 

and stronger these bonds are, the greater the 

structural integrity and, as a result, the higher 

the mechanical resistance. Optimizing the 

mechanical properties of edible films is 

important from various aspects, such as the 

high strength of the film makes it not suffer 

from mechanical damage such as punctures due 

to the stress applied to the packaging material, 

and as a result, its inhibitory properties are 

better. To preserve gases and moisture.The high 

flexibility of the film makes it conform to the 

shape of the food item without breaking and can 

be easily used as a coating. Mechanical 

characteristics are among the important factors 

in choosing the type of food packaging. The 

packaging should be able to protect against 

physical stress and change in environmental 

conditions during storage until consumption. 

Tensile strength represents the maximum 

tensile stress a film can withstand, percent 

elongation represents a film's ability to stretch, 

it is the maximum change in length of a test 

specimen before breaking, and elastic modulus 

is a measure of film stiffness. Food packaging 

generally requires a lot of stress with 

deformation based on the desired application. 

TS is the maximum tensile stress endured by 

the sample during the tension test [39]. Figure 

3 shows the results of the tensile strength and 

the percentage of elongation at the break point 

of the produced films.Tensile strength and 

elongation percentage for alfalfa seed mucilage 

film decreased by adding Avondol 

nanoparticles and milk thistle essential oil. 

Adding milk thistle essential oil to mucilage 

films reduces the tensile strength. This can be 

due to the disproportionate distribution of milk 

thistle essential oil in the polymer matrix of 

alfalfa seed mucilage, which is due to the lack 

of coordination between milk thistle essential 

oil and alfalfa seed mucilage biopolymer, 

which is due to the effect of fat on the branches 

of alfalfa seed and this phenomenon that the 

phase rich in Polysaccharide has a higher 

tensile strength compared to lipid phases, which 

is consistent with the results of Maizura et al 

[40]. 

 

Tensile strength (Mpa)=  1.636 -2.199*A -

1.545*B +0.439*A*B +1.804*Aʌ2 +0.818*B 

ʌ2 

 (R2 =0.975;  AdjR2= 0.958) 

 

Elongation at Break (%) =   9.265 +27.34 -

18.586 *A -8.387 *B +4.527 *A*B +14.559 

*Aʌ2 +1.655 *B ʌ2 

(R2 =0.986;  AdjR2 =0.977)  

 

 
Figure 3-3: The three-dimensional figure of tensile strength, percent increase in film length of alfalfa 

seed mucilage with Smyrnium cordifolium nanoparticles and milk thistle essential oil. 

 

 

 

3-4- Investigation of antimicrobial 

properties 

Antimicrobial properties of Avondol 

nanoparticle film and milk thistle essential oil 

are shown in table and figure 3-4. Edible films 

can contain antioxidants and antimicrobial 

substances. For several years, food coatings 

have been considered to delay or prevent the 

growth of microorganisms. Microbial growth is 

largely a surface phenomenon, and therefore, 

by limiting the growth of bacteria on the surface 

of foods, the useful life will be improved. As it 

is known, the said films prevented the growth 
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of Escherichia coli and Staphylococcus aureus. 

With the increase in the amount of Avondol 

nanodrate and milk thistle essence, the diameter 

of the lack of growth has increased. Therefore, 

it can be said that films supported with these 

compounds can act as an active packaging 

against microorganisms.In general, the 

inhibitory property of films containing 

Avondol nanoparticles and milk thistle 

essential oil against Gram-positive 

microorganisms (S. aureus) is higher than 

Gram-negative types (E.coli). The cause of this 

phenomenon is the difference in the cell wall 

structure of these microorganisms. The main 

composition of the cell wall of gram-positive 

bacteria is peptidoglycan with a small amount 

of protein; However, the cell wall of Gram-

negative bacteria is more complex despite 

being less thick and contains different 

polysaccharides, proteins and lipids in addition 

to peptidoglycan. Also, the cell wall of Gram-

negative bacteria has an outer membrane that 

covers the outer surface of the wall. The 

combination of these factors increases the 

resistance of Gram-negative bacteria compared 

to Gram-positive bacteria [41]. Avondol 

nanoparticles show different antibacterial 

properties based on the ratio of surface area to 

volume.It is possible that the ions released from 

nanomaterials react with thiol groups (SH-) of 

surface proteins of bacterial cells. A number of 

these bacterial cell membrane proteins are 

responsible for transferring minerals from the 

surface of the wall; that nanomaterials by acting 

on these proteins cause inactivation and 

impermeability of the membrane [42]. 

Inactivation of membrane permeability 

eventually causes cell death. Also, 

nanomaterials delay bacterial cell adhesion and 

biofilm formation, which prevents a group of 

bacteria from stabilizing and multiplying [43]. 

It has been found that the strong binding of 

nanoparticles to the outer membrane of bacteria 

can prevent the dehydrogenase enzyme from 

functioning. Preventing the activity of bacterial 

periplasmic enzymes and thus preventing the 

activity and function of RNA, DNA and protein 

synthesis has also been seen. In total, inhibition 

of these activities will lead to cell lysis [44]. 

 

 

 

  
Films 

Microorganism 

S. aureus E. 

coli 
A 3 - 

B 22.12 - 

C 17.03 - 

D 
  

31.21 - 
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Figure 3-4: The diameter of the growth halo (mm) 

  

3-5- thermal properties (DSC) 

Thermal analysis of nanocomposite films based 

on alfalfa seed mucilage with avondol 

nanoparticles and milk thistle essential oil is 

shown in Figure 3-5. Investigating the thermal 

properties of films such as the glass transition 

temperature (Tg) and melting temperature (Tm) 

of the film is important, because the films are 

soft and rubbery at temperatures higher than the 

glass transition temperature and at temperatures 

higher than Tg The reason for the increase in 

the space between the polymers, the mobility of 

the polymers increases and as a result the 

permeability of the film increases, so the higher 

the Tg of a film, the packaging film can act as a 

protector in a wider temperature range [45]. . At 

the melting temperature, the polymer film 

becomes completely liquid. In the present 

study, the thermal properties of the produced 

films have been evaluated in terms of 

parameters such as glass transition temperature 

(Tg) and melting temperature (Tm).The results 

show that Tg increases with the addition of 

Avondol nanoparticles and milk thistle 

essential oil, which confirms the strengthening 

role of Avondol nanoparticles and milk thistle 

essential oil in making nanocomposite films in 

a wide temperature range. The melting point 

temperature (Tm) of the characteristics of the 

areas Crystalline and glass transition 

temperature (Tg) depend on the characteristics 

of amorphous regions and these two 

temperatures do not necessarily increase or 

decrease together. According to the results, it 

was observed that by adding Avondol 

nanoparticles and milk thistle essential oil, Tg 

and Tm increased in nanocomposite films. This 

can be attributed to the establishment of strong 

interactions between the hydroxyl groups of the 

matrix and the nanofiller, as a result of which, 

the mobility and flexibility of alfalfa seed 

mucilage fibers, avondol nanoparticles, and 

milk thistle essential oil are reduced in the 

crystalline and amorphous regions, 

respectively. Tg and Tm increase [46]. 

Swaroop studies. 

 

 

Figure 3-5: Measuring the thermal properties of alfalfa seed mucilage films with Smyrnium 

cordifolium nanoparticles and milk thistle essential oil. 

 

3-6- February infrared (FTIR) 

FTIR spectroscopy is often used as a suitable 

tool to determine specific functional groups or 
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chemical bonds present in a substance [48]. The 

results of infrared spectroscopy of alfalfa seed 

mucilage film and its nanocomposites are 

shown in Figure 3-6. The peaks between the 

wave number cm 1, 3200, and 3600 are related 

to the OH stretching bands, which overlap with 

the NH stretching bands. The band appearing at 

1636 cm 1 related to the vibration of carbonyl 

CO groups and the 1500 cm 1 band can be 

attributed to amide II groups, the 1410 cm band 

related to the bending vibration of the OH 

group, the 1142 cm 1 peak related to the 

asymmetric stretching of the C O C bridge and 

the band Absorption at 1090 cm 1 can be 

attributed to skeletal stretching vibrations of 

1018 cm 1 and O [49].As it is known, the 

spectra of alfalfa seed mucilage are not much 

different from its composites, because the 

functional groups in Avondol nanowires are 

similar to alfalfa seed mucilage, and therefore 

their peaks overlap with the alfalfa seed 

mucilage peaks and with Paying attention to the 

fact that the percentage of Avondol 

nanoparticles used in the structure of alfalfa 

seed mucilage film was not high, there was no 

noticeable change in the intensity of the peaks 

that appeared. The point that should be noted is 

that by adding milk thistle essential oil to the 

structure of the alfalfa seed mucilage film, the 

wave number of the appeared peaks has been 

shifted, and this shifting of the peaks indicates 

the creation of electrostatic interactions 

between the polymer chains of alfalfa seed 

mucilage and the essential oil. It is milk thistle. 

 

Figure 3-6:  FTIR results of alfalfa seed mucilage film with Smyrnium cordifolium nanoparticles and 

milk thistle essential oil. 

4 – Conclusion 

The biocomposite of alfalfa seed mucilage, 

avendol nanoparticles and milk thistle essential 

oil as a biodegradable film with physical 

properties has a high potential as a coating. 

Milk thistle essential oil is also rich in 

antioxidant compounds. The composition of 

milk thistle essential oil has high antioxidant 

properties as well as high antimicrobial activity. 

Avondol nanoparticles and milk thistle 

essential oil in combination with alfalfa seed 

mucilage can be used as a suitable coating for 

coating food. The effect of alfalfa seed 

mucilage biocomposite oral coating with 

Avondol nanoparticles and milk thistle 

essential oil was studied in terms of 

physicochemical properties.Despite all the 

advantages that alfalfa seed mucilage 

biopolymer has in the production of 

biodegradable films, but its poor mechanical 
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properties and sensitivity to water are the main 

obstacles to the widespread use of this 

biopolymer in the packaging industry. For this 

reason, alfalfa seed mucilage film with 

Avondol nanoparticles and milk thistle 

essential oil was used. The dynamic light 

scattering (DLS) results confirmed the Avondol 

nanoparticles. The results showed that with the 

increase of Avondol nanoparticles and milk 

thistle essential oil, tensile strength, elongation 

percentage and ab decreased. The addition of 

Avondol nanoparticles caused the antimicrobial 

activity of the film against Staphylococcus 

aureus. Avondol nanoparticles and milk thistle 

essential oil increase the thermal stability of 

alfalfa seed mucilage film. Fourier transform 

infrared (FTIR) results confirmed the physical 

presence of Avondol nanoparticles in the 

polymer matrix 
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و استفاده از آن در تهیه بیوکامپوزیت موسیلاژ بذر  (Smyrnium cordifolium Boiss) آوندولاستخراج نانوذرات گیاه 

 فیزیکوشیمیایی یونجه و روغن بذر گیاه خار مریم و بررسی خواص 

  2، سجاد پیرسا *1فاطمه خاکپور

 ایران ارومیه، ارومیه، دانشگاه کشاورزي، دانشکده صنایع غذایی، و علوم دانشجوي کارشناسی ارشد گروه -1

 ایران ارومیه، ارومیه، دانشگاه کشاورزي، دانشکده صنایع غذایی، و علوم گروه استاد -2

 دهیچک اطلاعات مقاله                        

 

 مقاله :   یخ هایتار
 

 12/7/1402افت: یخ دریتار

 21/9/1402رش: یخ پذیتار

تواند سبب بهبود خواص  اسانس خار مریم میافزودن نانوذرات آوندول و  زمینه مطالعاتی:  

هدف در این مطالعه تهیه    هدف:هاي بر پایه موسیلاژ بذر یونجه شود.  فیزیکوشیمیایی فیلم

و اسانس خار    %(    4،  2،  0)موسیلاژ بذر یونجه با نانوذرات آوندول  از  هاي خوراکی  فیلم

هاي خوراکی بر پایه موسیلاژ بذر یونجه تهیه شده و  فیلم کار:روش. بود %(  2، 1، 0)مریم 

خواص    %( به آن افزوده شد.  2،  1،  0)و اسانس خار مریم    %(    4،  2،  0)نانوذرات آوندول  

تهیه شده بررسی شد.  فیلم  فیزیکوشیمیایی افزایش    نتایج:ها  با  آمده  نتایج به دست  مطابق 

ها  مقدار نانوذرات آوندول و اسانس خار مریم در فیلم باعت کاهش خواص مکانیکی فیلم

شد. نتایج فعالیت ضدمیکروبی نشان داد که افزودن نانوذرات آوندول باعث فعالیت فیلم علیه  

نانوذرات آوندول را     (DLS)پراکنندگی نور دینامیکی  نتایج  .  شد  استافیلوکوکوس اورئوس

را در    آوندولنانوذرات    ی کیز یحضور ف  (FTIR)خ  فروسر  هیفور  لیتبد  جی نتا تایید کردند.

توانستند ها  . افزایش نانوذرات آوندول و اسانس خار مریم در فیلمکرد  دییتا  يمریپل  سیماتر

تاخیر بیاندازند و باعث افزایش پایداري حرارتی فیلم  را بهموسیلاژ بذر یونجه    تجزیه حرارتی

هاي  به فیلمنانوذرات آوندول و اسانس خار مریم  افزودن    :گیری نهایی نتیجه.  موسیلاژ گردند

 (FTIR)ضدمیکروبی، فوریه مادون قرمز  سبب بهبود    موسیلاژ بذر یونجهخوراکی بر پایه  

 . گردیدخواص مکانیکی  ها، همچنین موجب تضعیف فیلم

 

 

 

 : یدیکلمات کل

 فیلم خوراکی، 

 موسیلاژ، 

 ، نانوذرات آوندول

 . خار مریم اسانس

 

DOI: 10.22034/FSCT.21.147.114. 

 

  :مسئول مکاتبات  

sevdakhakpour1@gmail.com 

 

 

  رانی ا  ییع غذایمجله علوم و صنا                          
 

www.fsct.modares.ac.ir :سای ت مجله   

 ی پژوهش_ یمقاله علم

http://www.fsct.modares.ac.ir/

