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ABSTRACT ARTICLE INFO  

The aim of this study was optimization and improvement of the physic-

chemical characteristics films based on basil seed mucilage (BSM) and 

carboxymethyl cellulose (CMC) (100, 162.5 and 225% w/w the mucilage) 

using montmorillonite (MMT) (0 and 8% w/w the mucilage) by casting 

method. The produced films properties were evaluated for thickness, 

moisture content, density, mechanical properties, Fourier Transform 

Infrared Spectrometer (FTIR), and thermogravimetric analysis (TGA). 

Results indicated that thickness and density of the films were not 

significantly influenced by CMC and MMT addition (p>0.05), but the 

moisture content of nanocomposites decreased with increasing CMC 

content (p<0.05). Presence of CMC and MMT in the film matrix caused to 

enhancement of ultimate tensile strength (UTS) and elongation at break 

(EB) in nanocomposites; the maximum of UTS and EB with the values of 

27.9 MPa and 41%, respectively, were obtained for the nanocomposite 

made by 225% CMC and 8% MMT. FTIR spectra revealed no new 

compounds resultant from the chemical interactions, and only some shifts 

were observed for some peaks, and also slightly weakening or intensifying 

in several peaks. TGA plots showed that incorporation of CMC and MMT 

led to improvement of thermal properties. In conclusion, simultaneous 

loading of nanoclay and CMC generated the improved nanocomposites, 

and the treatment loaded with both MMT and the maximum level of CMC 

(T7) is advised as the best film for employing in the food packaging.  
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1- Introduction 

Today, packaging is used to maintain the 

quality of food and ensure consumer health 

safety. The packaging protect the food 

products against physical (crushing, 

abrasion and impact), chemical (UV) and 

biological (microorganisms) damage, and 

helps to safely handling, transportation and 

store of them. In the past decades, 

petroleum-based plastic materials have 

been used in the food industry due to their 

attractive properties such as flexibility, 

safety, versatility and low cost. Among the 

advantages of biodegradable films, 

considering the applications in food 

packaging, it can be mentioned the 

preventing from transfer of moisture, 

oxygen, and flavors, and as a result, 

increasing the shelf life of food products. 

Plant-based polysaccharides and proteins 

have attracted a lot of attention as raw 

materials for the preparation of 

bionanocomposite films, which can be due 

to their availability and low cost [1]. Basil 

seed mucilage (BSM) is an acidic 

polysaccharide with uronic acid content of 

approximately 7%. Compared to other 

polysaccharides, BSM has attractive 

advantages such as low production cost, 

biocompatibility, biodegradability, and 

good rheological properties, which enable 

it to have great potential as a film-forming 

agent [2].  

BSM has wide applications due to its 

cheapness, non-irritability and non-

toxicity. It offers significant physical and 

chemical properties such as high water 

absorption capacity, high viscosity, heat 

resistance, non-Newtonian pseudoplastic 

behavior, absorption, emulsifying and 

stabilizing properties [3]. It is also reported 

that BSM can produce films with good 

appearance and satisfactory mechanical 

properties [4, 5]. In a effort, the use of 

BSM as an edible film ingredient and the 

effect of adding glycerol as a plasticizer 

were investigated; The results showed that 

the addition of glycerol significantly 

increased the water vapor permeability and 

the solubility of BSM film, and increasing 

the concentration of glycerol from 25 to 

50% increased the elongation at break and 

decreased the tensile strength [2]. In 

another research, a film with antibacterial 

and antioxidant properties was produced 

by adding oregano essential oil to BSM, 

which increased the shelf life of fresh 

apricot slices and reduced fruit spoilage, 

resulting in better preservation of apricots 

[6]. 

Carboxymethyl cellulose (CMC) is a 

cellulose derivative and is widely used in 

the production of edible and biodegradable 

films; Studies have shown that the films 

prepared from CMC have moderate 

mechanical resistance, oil proof, 

transparent, odorless and tasteless [7]. 

Investigations have shown that although 

the permeability and sensitivity to 

moisture of the films from CMC and other 

cellulose derivatives are less in 

comparison with other hydrophilic 

biopolymer ones, they are still higher in 

comparison with the synthetic films [8]. 

Due to the low flexibility and brittleness of 

CMC films, plasticizers are used to 

increase their flexibility. In recent years, 

many studies have been conducted on 

improving the functional properties of 

biopolymeric films by producing alloy 

films (blended films) by means of the 

mixing a biodegradable polymer with 

other biopolymers [9]. 

The main problems of biocomposites are 

relatively weak mechanical properties and 

low resistance against moisture and gases, 

which have limited their applications. One 

of the strategies to improve the properties 

of biopolymer films is to use the fillers 

with special characteristics. Various 

inorganic materials such as layered solid 

materials, synthetic nanofibers, carbon 

nanotubes, and cellulose nanofibers can be 

added as fillers to the polymer to prepare 

nanocomposites [10]. Polymeric 

nanocomposites, especially silicate 

nanocomposites, provide better 
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mechanical, optical, thermal, and physico-

chemical properties compared to pure 

polymeric film or common composites due 

to the presence of nano-sized particles 

dispersed in the polymer matrix. Also, 

they have other advantages such as low 

permeability, low density, transparency 

and good surface properties, and their 

biodegradability is still maintained by 

remaining the inorganic materials and 

natural mineral after decomposition [11]. 

Montmorillonite (MMT) or nanoclay is 

one of the inorganic clay fillers, which has 

a crystalline and layered structure 

consisting of stacked silicate sheets with a 

high aspect ratio. A high aspect ratio plays 

an important role in increasing the 

mechanical and physical properties of 

composite materials. Normally, the 

diameter of silicate plates is in the range of 

10 to 1000 nm. Employing of MMT has 

received much attention due to its natural 

origin, high elastic modulus and improved 

mechanical properties [12]. Due to these 

outstanding features, nanoclay has been 

widely used in the packaging industry to 

strengthen the biopolymers, and very 

favorable outputs have been attained; 

Researchers have reported that the addition 

of MMT to starch-CMC film increased the 

tensile strength by more than three times 

compared to starch-CMC biocomposites. 

Also, nanocomposites loaded with 7% 

MMT showed the least water solubility 

[13]. In another research that focused on 

the improvement of CMC film properties 

using MMT, the results showed that CMC 

presented the best film-forming properties 

compared to other biopolymers that were 

tested, and its barrier and physical 

properties was greatly improved in the 

presence of nanoclay [14]. The review 

literatures showed that no research had 

used the simultaneous combination of 

BSM with CMC and nanoclay to prepare a 

biodegradable film. Therefore, the aim of 

this research was to prepare a blended film 

based on BSM with different 

concentrations of CMC to measure the 

effect of adding CMC on net BSM film. 

Next, nanoclay in a low and optimal 

concentration, obtained from the articles 

was incorporated to the filmogenic 

solutions to reduce the possible negative 

effects from CMC, and the properties of 

the resulting nanocomposite films were re-

determined. 

2. Materials and methods 

2.1. Materials 

Basil seeds was purchased from a local 

grocery in Ardabil, Iran, glycerol, calcium 

nitrate tetrahydrate from Merck 

(Darmstadt, Germany), sodium 

montmorillonite (Cloisite® Na+) from 

Nanocor Inc., and carboxymethyl 

cellulose sodium salt (CMC, 400–800 cP, 

2% in H2O (25 °C)) from Sigma-Aldrich 

(Schnelldorf, Germany). 

2.2. Methods 

Basil seeds mucilage was extracted by 

method of Razavi et al. [15] (temperature 

of distilled water = 50 °C, pH = 7, soaking 

time = 20 mon, and water to seed ratio of 

50 : 1). The extracted mucilage was poured 

into the polypropylene molds, dried at 50 

°C for 48 h. Dried mucilage was peeled 

from the mold, powdered and maintained 

in zip pack bags up to film making.    

2.3. Film preparation    

2.3.1. Preparation of nanoclay solution 
To prepare MMT nanodispersion, 0.032 gr 

MMT NPs (8% w/w mucilage) was dispersed 

in 25 ml distilled water, stirred for 30 min in 

1200 rpm, and then sonicated in an ultrasonic 

bath (Backer vCLEAN, 6 L, Iran) under 35 

kHz frequency for 30 min. To prevent MMT 

precipitation, the solution was gradually added 

to the filmogenic solution immediately after 

sonication.  

2.3.2. Making net BSM film, BSM-CMC 

blend films and nanocomposites 
In order to fabrication of net BSM film, first, 

0.4 gr (100% w/w mucilage) glycerol as 

plasticizer was weighted and then, mixed with 

distilled water. The solution was heated to 80 

°C, then, the mucilage powder was gradually 

added under stirring, mixed at 1200 rpm for 10 

min. The beaker was sealed with Al foil, kept 

for 24 h at ambient temperature for complete 

hydration of mucilage, poured into the 

polystyrene mold as control film 
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sample. To making T2 to T4 films (Table 

1), the beaker containing mucilage was 

heated to 80 °C under stirring with 900 

rpm, then CMC was gradually added, 

mixed at 1200 rpm for 40 min. The 

solution was maintained at ambient 

temperature to cooling and removing air 

bubbles, casted on polystyrene molds. In 

order to prepare nanocomposite films (T5 

to T7), the MMT sonicated solutions were 

added drop wise into the BSM-CMC film 

solution, mixed for a further 15 min at 

1200 rpm without heating. Finally, the 

solutions were then cooled at room 

temperature, and the filmogenic solutions 

were cast onto polystyrene molds. The 

films were dried at 50 ◦C for 36 h in an 

oven. 

 

Table 1 Formulations of basil seed mucilage based films
*
. 

Film composition (treatment) BSM (g/100 ml 

water) 

CMC (g/100 ml 

water) 

MMT (g/100 ml 

water) 

T1 = BSM  0.40 0 0 

T2 = CMC 100%+BSM 0.40 0.40 0 

T3 = CMC 162.5%+BSM 0.40 0.65 0 

T4 = CMC 225%+BSM 0.40 0.90 0 

T5 = MMT %8+CMC 100%+BSM 0.40 0.40 0.032 

T6 = MMT%8+CMC162.5%+BSM 0.40 0.65 0.032 

T7 = MMT%8+CMC225%+BSM 0.40 0.90 0.032 

* BSM = basil seed mucilage, CMC= carboxymethyl cellulose, MMT= montmorillonite.  

 

2.4. Film conditioning and thickness 

measurements  

The dried films were gently peeled off 

from molds and transferred into the zip 

packaging for storage. All of the films 

were equilibrated at 23 ± 1 °C and 50 ± 

2% RH, inside a chamber containing 

saturated solution of calcium nitrate 

tetrahydrate for 48 h before mechanical 

properties, density and moisture content 

tests. Film thickness was measured with an 

electronic micrometer (QLR digit-IP54, 

China) at several positions of the films and 

the mean measurements were used to 

calculate the properties of the films. 

2.5. Moisture content 

The moisture content (MC) of the film 

samples was determined by measuring the 

weight loss of two grams of each films 

before and after drying in oven at 105 °C 

until constant weight. MC was calculated 

with Eq. (1) in triplicate.  

(%)𝑀𝐶 =
(W𝑓−W0)

W0
× 100                                                                         

(1) 

Where W0 was initial weight of specimen 

and Wf was weight of specimen after oven 

drying.  

2.6. Density 

The film density (ρs) was evaluated 

instantly after the conditioning, weighting, 

and thickness measuring according to the 

Eq. (2):  

ρ 𝑠 =
weight (g)

thikness (𝑐𝑚)×area (cm2)
                                                                     

(2) 

where A is the film area (2 × 2 cm
2
), δ is 

the film thickness (cm), m is the film mass 

(g) and ρs is the density of the film 
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(g/cm
3
). The tests were measured in three 

replicates for each type of film. 

2.7. Mechanical properties 

The ultimate tensile strength (UTS) and 

elongation at break (EB) of the films 

(10×80 mm
2
) were determined using a 

STM-20 Universal Testing Machine 

(SANTAM, ENG. DESIGN CO. LTD) 

equipped with a 25 Kg load cell according 

to the ASTM D882-02 (ASTM, 2002) 

method. Initial grip separation and 

crosshead speed were 50 mm and 50 

mm/min, respectively. The tests were 

measured in five replicates for each type of 

film and meat of the measurements were 

used. 

2.8. FT-IR spectroscopy 

Fourier transform infrared (FT-IR) spectra 

of the nanocomposite films were recorded 

using a FT-IR spectrophotometer (model 

Spectrum RXI, Perkin Elmer, UK). The 

spectrum was taken in the wavelength 

range of 4000–400 cm
-1

 and a resolution of 

1 cm
-1

 on film samples. 

2.9. Thermogravimetric analysis (TGA) 

 Thermal stability of the film samples was 

distinguished using a thermogravimetric 

analyzer (TGA) (Linseis STA PT 1000, 

Selb, Germany) under a nitrogen 

atmosphere, a heating rate of 10 °C/min, 

and a temperature range of 25 to 550 °C. 

 

2.11. Statistical analysis 

Statistical analyses, on a completely 

randomized design, were performed by the 

analysis of variance (ANOVA) procedure 

in Minitab. Duncan’s multiple range test (p 

≤ 0.05) was used to detect differences 

among the mean values of the films 

properties. 
3. Results and discussion 

3.1. Film thickness 

Changes in the ratio of carboxymethyl 

cellulose (CMC) and nanoclay (MMT) did 

not make a significant difference in the 

BSM films thickness (p>0.05). However, 

as shown in Table 2, the pure BSM film 

had the lowest thickness (67 µm) and the 

film with the highest percentage of CMC 

and MMT had the highest thickness (88 

µm). In fact, the pure BSM film had the 

lowest thickness due to the lowest amount 

of solid matter, and vice versa, the film 

containing the highest amount of CMC 

and MMT with the highest amount of solid 

matter had the maximum thickness. In 

some previous researches, it has been 

found that decreasing the percentage of 

BSM or increasing the percentage of CMC 

in the structure of the film prepared from 

BSM and thymol essence [17] and cassava 

starch and CMC [18] has increased the 

thickness of the films. 

3.2. Film density 

As it is clear in Table 2, the changes of 

CMC and MMT ratio in the 

nanocomposite structure did not make a 

significant difference among the density of 

the films (p>0.05); However, the pure 

BSM film had the lowest density (1.17 

g/cm
3
) and the T5 film had the highest 

density (1.40 g/cm
3
). On the one hand, 

with the addition of CMC (density = 1.6 

g/cm
3
) and MMT (density = 2-3 g/cm

3
) to 

the film formulation, it was expected that 

the density would increase due to the high 

density of these materials. But on the other 

hand, the presence of these materials 

caused a decrease in water loss during 

drying (and a decrease in the measured 

moisture content (Table 3)) due to their 

ability to absorb water, and because water 

has a lower density than CMC and MMT, 

remaining more water in the body of the 

films neutralized the effect of density 

increasing caused by these two substances. 

And as the data shows, the density of 

blend and nanocomposite films slightly 

increased. 

Table 2 Effect of CMC and MMT addition on the thickness and density of BSM-based composite 

films
*
 

Treatment Thickness (µm) Density (g/cm
3
) 

T1 67 ± 15.3 1.17 ± 0.17 
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T2 81 ± 13.6 1.40 ± 0.10 

T3 67 ± 10.8 1.17 ± 0.18 

T4 75 ± 2.0 1.37 ± 0.07 

T5 80 ± 18.8 1.40 ± 0.05 

T6 72 ± 25.2 1.29 ± 0.06 

T7 88 ± 7.3 1.30 ± 0.12 

*: T1: BSM, T2: BSM + 100% CMC, T3: BSM + 162.5% CMC, T4 :BSM + 225% CMC, T5: BSM +100% 

CMC + 8% MMT, T6: BSM +162.5% CMC + 8% MMT, T7: BSM +225% CMC + 8% MMT.  

 

3.3. Moisture content 

Fig. 1 shows the effect of changes in the 

ratio of CMC and MMT nanoclay in the 

composite structure on the moisture 

content of the films. As it is known, the 

pure BSM film has the highest moisture 

content, and the film moisture content 

decreased significantly (p<0.05) with 

increasing CMC content. Due to the 

presence of a large number of hydroxyl 

groups on CMC, some of the free water in 

the film matrix will be bonded with these 

groups, thereby reducing the water 

evaporation during drying [17, 18 and 19]. 

Loading MMT did not change moisture 

content of the films maybe due to trace 

amount (p>0.05). 

 

Fig. 1 Effect of CMC and MMT addition on moisture content of BSM-based composite films (T1: BSM, T2: 
BSM + 100% CMC, T3: BSM + 162.5% CMC, T4 :BSM + 225% CMC, T5: BSM +100% CMC + 8% MMT, 

T6: BSM +162.5% CMC + 8% MMT, T7: BSM +225% CMC + 8% MMT). Different lowercases on the top of 

bars indicate significant differences (p<0.05) among treatments. 

 

3.4. Ultimate tensile strength (UTS)  

Mechanical properties of composite 

polymers depend on the proliferation of 

interface interactions of the compounds. In 

general, the establishment of appropriate 

interactions among different compounds 

causes an important improvement in the 

mechanical properties of films. Fig. 2 

shows the effects of different proportions 

of CMC and MMT on the UTS of 

nanocomposite films. As seen, the increase 

in CMC and MMT increased the UTS of 

the films, but UTS changes of treatments 

compared to the control are not significant 

except for the treatment containing highest 

percentage of CMC and MMT. The 

increase in UTS with the increase of CMC 

is probably due to strong intermolecular 

interactions between CMC and BSM 

macromolecules, leading to strengthening 
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the biopolymer network and thereby 

improving UTS of the films [20]. By 

reducing CMC level, the softening 

property of BSM prevails and as a result 

UTS of the film decreases. In fact, 

presence of BSM in CMC chains space 

inhibit the formation of strong CMC 

intermolecular bonds, thereby diminishing 

UTS and increasing the films flexibility 

[21 and 22]. Increasing CMC 

concentration resulted in strong 

connections between macromolecules and 

enhancing the film continuity and 

diminishing the films flexibility [23]. In a 

research conducted by Hazirah et al. [24] 

on the effect of adding xanthan gum on the 

properties of CMC-gelatin film, the 

negative effect of adding the gum was 

revealed on both UTS and EB. Wang et al. 

[25] reported that the addition of 

Dioscorea opposita mucilage to CMC film 

decreased the UTS and increased EB of 

the films. The mechanical changes of the 

films by MMT incorporation can be 

attributed to the fact that the high aspect 

ratio of the silicate layers provides a large 

surface area for strong interactions 

between CMC and MMT which leads to 

strengthening the UTS and reducing the 

EB of the films [13, 26 and 27]. In line 

with the findings of this study, there are 

many reports on the increase of UTS and 

decrease of EB of the nanocomposites as a 

result of adding small amounts of nanoclay 

[28 and 29]. 

 

 

Fig. 2 Effect of CMC and MMT addition on ultimate tensile strength (UTS) of BSM-based composite films (T1: 

BSM, T2: BSM + 100% CMC, T3: BSM + 162.5% CMC, T4 :BSM + 225% CMC, T5: BSM +100% CMC + 

8% MMT, T6: BSM +162.5% CMC + 8% MMT, T7: BSM +225% CMC + 8% MMT). Different lowercases on 

the top of bars indicate significant differences (p<0.05) among treatments. 

 

3.5. Elongation at break (EB) 

Elongation at break refers to the film 

ability against changes in shape without 

tearing. The EB is desirable for edible 

films because it improves the film 

efficiency for wrapping and surrounding 

food [30]. The effects of different levels of 

CMC and MMT on the EB of 

nanocomposite films are presented in Fig. 

3. As seen, with increasing CMC and 

MMT amount, the %EB of the films has 

increased too. It has been reported in 

several researches that polysaccharidic 

films show high flexibility, and by 

increasing their ratio in film formulation, 

the film acquires elasticity. Since the 

moisture content of polysaccharide-based 

films changes with the relative humidity of 

the surrounding atmosphere, it is very 

important that the films are equilibrated in 

ambient with a relative humidity and 

temperature similar to the environmental 

conditions for their application, and their 

mechanical properties be determined under 

these conditions. In fact, the water content 

of layers changes with relative humidity, 
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and water acts as a plasticizer for 

polysaccharide-based layers, thus affecting 

its mechanical properties and making the 

film flexible [31 and 32]. It has been 

reported that the loading MMT into the 

edible films led to brittleness and fragility 

of the films, and the EB of films decreases 

with the increase of MMT [13, 16 and 33]. 

However, it seems that dedicated elasticity 

by hydrophilic BSM and CMC neutralized 

the brittleness effect of MMT, and the 

obtained films show a suitable EB in spite 

of high UTS. Also, in a project focused on 

the effect of MMT on the mechanical 

properties of BSM, the EB of films 

increased with the increase of MMT, 

which can indicate the fact that the 

interaction between MMT and BSM can 

be different from other polysaccharides, 

and the combination of these materials 

gives a strong and flexible structure to the 

edible film [34].

 

 

 

Fig. 3 Effect of CMC and MMT addition on elongation at break (EB) of BSM-based composite films (T1: 

BSM, T2: BSM + 100% CMC, T3: BSM + 162.5% CMC, T4 :BSM + 225% CMC, T5: BSM +100% CMC + 

8% MMT, T6: BSM +162.5% CMC + 8% MMT, T7: BSM +225% CMC + 8% MMT). Different lowercases on 

the top of bars indicate significant differences (p<0.05) among treatments. 

 

3.6. FTIR 

FTIR spectroscopy results of 

nanocomposite films are presented in Fig. 

4. On the pure BSM spectrum, the peaks 

appeared at 3500 to 3000 cm
-1

 are related 

to -OH stretch caused by inter- and 

intramolecular hydrogen bonds, including 

the stretching of free -OH groups as well 

as -OH bonding groups of carboxylic acid 

and -OH stretching of alcohol [3]. The 

peaks between 2800-3000  cm
-1

 show C—

H stretching and CH, CH2 and CH3 

bending, the peaks in the region of 1600-

1700 cm
-1

 indicate the stretching of the 

amide -I group of C=O and C—N, while 

the N—H bending of the amide-II group is 

in the range of 1500-1600 cm
-1

 [35]. The 

peaks at 1600-1630 cm
-1

 are from free 

carboxylate groups, the peaks between 

1400 to 1600 cm
-1

 show symmetric and 

asymmetric C—O stretching which 

confirms the presence of uronic acid, and 

the peaks appeared in the range of 1130-

1160 cm
-1

 are due to C—O and C—O—C 

stretching. The peak at 1008 cm
-1

 shows 

the C=O stretching of alcohol, and the 

peak at 863 cm
-1

 is due to the aromatic 

C—H bond [19]. It is found from the other 

spectra, the addition of CMC and MMT 

did not change the general trend and shape 

of the pure BSM spectrum, and only the 

intensity and weakness of the absorption 

peaks changed to some extent, and in some 

cases, the absorption peaks have slightly 

shifted. 
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Fig. 4 The FTIR spectra of BSM-based composite films (T1: BSM, T2: BSM + 100% CMC, T3: BSM + 

162.5% CMC, T4 :BSM + 225% CMC, T5: BSM +100% CMC + 8% MMT, T6: BSM +162.5% CMC + 8% 

MMT, T7: BSM +225% CMC + 8% MMT).  

 

3.7. TGA 

The use of film in food packaging is 

influenced by its thermal stability. Figs. 5 

and 6 show the thermogravimetric (TGA) 

curves of nanocomposite films. According 

to these Figs, four stages of thermal 

degradation can be recognized in the 

curves. The first stage, between 35 and 

100 
o
C, is related to moisture evaporation 

[36]. The second stage, at a temperature of 

120-210 
o
C, was created due to the thermal 

degradation of glycerol in the sponge [37]. 

The third stage, at a temperature of 255 to 

320 
o
C, was due to the thermal degradation 

of glucomannan, xylan and other 

polysaccharides in hemicellulose in BSM 

molecules [2].The fourth stage, at a 

temperature of 460-410 
o
C, was due to the 

thermal decomposition of cellulose and 

lignin in BSM [38]. The thermal properties 

of the films have increased with the 

increase of CMC in the nanocomposite 

films, especially in the third and fourth 

stages. The reason for such a phenomenon 

can be due to the placement of BSM 

between CMC chains, and as a result, the 

moisture content of composite films is 

lower than that of pure BSM film. The 

lower weight loss of the composite films in 

the second stage can be attributed to the 

better thermal properties of CMC, which 

have a higher temperature tolerance than 

the pure BSM film [9]. The reason for the 

weight loss of the pure BSM film 

compared to the composite films can be 

attributed to the evaporation or destruction 

of a part of volatile substances of the 

mucilage and antioxidants with low 

stability [39].The lower weight loss of the 

composite films compared to the pure 

BSM film in the third stage is probably 

due to the placement of stable and mineral 

mucilage compounds around and between 

the CMC chains, which act as layers or 

protective networks and increase the 

thermal stability of the film. Among the 

mineral and metal compounds isolated and 

identified in mucilage, which can be 

attributed to the increase in thermal 

stability, calcium, fluorine, chlorine, silica, 

sulfur, sodium, potassium, magnesium, 

manganese, iron, zinc and other mineral 

compounds can make nanocomposites 

more stable by creating a larger and more 

complex ionic network or by acting as 

fillers in the CMC used in this study [40]. 

The much lower weight loss of composite 

films compared to the pure BSM film in 
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the fourth stage can be related to the 

presence of aromatic substances in BSM in 

such a way that with the increase of the 

CMC in the films, the amount of volatile 

aromatic substances decreases and the 

content of non-volatile dry matter 

increases. The addition of MMT has 

improved the properties of composite films 

to some extent. MMT has a high thermal 

resistance due to its inorganic nature, and 

increases the temperature at which thermal 

decomposition of films begins [41]. On the 

other hand, nanoparticles increase thermal 

stability by limiting the movements of 

CMC-BSM molecules and reducing the 

free volume for the folding of polymer 

chains [42]. The dominant mechanism of 

thermal decomposition of CMC-BSM 

composite film is its chain breakage [43]. 

Chain breakage is the result of release of 

free radicals and volatile products resulting 

from thermal decomposition through 

polymer chains [44]. Therefore, the 

behavior of nanocomposites at the 

beginning of thermal decomposition can 

be described in terms of the ability to 

release free radicals in the polymer matrix. 

Polymer chains with low mobility create a 

physical 

barrier for the 

release of free 

radicals, and 

thus delay the degradation of the polymer 

[43]. On the other hand, nano-sized silicate 

layers properly dispersed in the polymer 

act as a shield against oxygen, and also 

prevent the penetration of volatile products 

produced during decomposition in the 

matrix and leaving the nanocomposite 

structure [45]. Thus, the presence of 

silicate on the surface of the sample 

increases the thermal stability of 

nanocomposites by creating a protective 

coating on the polymer and acting as a 

thermal insulator and mass transfer barrier. 

The way of dispersion of nanoparticles and 

the morphology of nanocomposites play an 

important role in reducing the rate of 

thermal decomposition of the polymer 

matrix. More interfacial interaction 

between nanoparticles and polymer chains 

will cause more restrictions for the 

movement of the chains, and thus the 

breaking of the polymer chains will be 

more difficult and their decomposition 

temperature will increase [46]. 

 

 

 

 

Fig. 5 TGA graphs of BSM-based composite films (T1: BSM, T2: BSM + 100% CMC, T3: BSM + 162.5% 
CMC, T4 :BSM + 225% CMC, T5: BSM +100% CMC + 8% MMT, T6: BSM +162.5% CMC + 8% MMT, T7: 

BSM +225% CMC + 8% MMT).  
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Fig. 6 DTG graphs of BSM-based composite films (T1: BSM, T2: BSM + 100% CMC, T3: BSM + 162.5% 
CMC, T4 :BSM + 225% CMC, T5: BSM +100% CMC + 8% MMT, T6: BSM +162.5% CMC + 8% MMT, T7: 

BSM +225% CMC + 8% MMT).  

 

 

4. Conclusion 

The addition of CMC and MMT improved 

the mechanical properties of the resulting 

nanocomposites by more than two times in 

the films containing the maximum 

concentration of these two substances, 

without exceeding the thickness of the 

films from suitable limit. Also, the thermal 

stability of the films increased as a result 

of CMC and MMT incorporation without 

any specific chemical interaction being 

observed on the FTIR spectra. In general, 

T7 treatment can be recommended as the 

best treatment for use in the primary 

packaging of food. 
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پذیر تخریبحرارتی فیلم زیست شیمیایی و-موریلونیت بر خواص فیزیکیسلولز و مونتمتیلتأثیر افزودن کربوکسی

 موسیلاژ دانه ریحان 

 *2یزاهد یونس و 1مرضیه قمی مرزدشتی

 .ایران یل،اردب یلی،دانشگاه محقق اردب یی،غذا یعصنا یارشد علوم و مهندس یآموخته کارشناس دانش ی،مرزدشت یقم یهمرض -1

 .ایران اردبیل، یلی،دانشگاه محقق اردب یی،غذا یعصنا یگروه علوم و مهندس یار)مسئول مکاتبات(، دانش یزاهد یونس-2
 چکیده                        مقاله اطلاعات 

 

 : مقاله های تاریخ

 

 30/3/1402: دریافت تاریخ

 4/9/1402: پذیرش تاریخ

متیل ن و کربوکسیموسیلاژ دانه ریحاسازی و بهبود خواص بیوپلیمر بر پایه هدف از این مطالعه بهینه

% وزنی موسیلاژ( و با  8% وزنی موسیلاژ( با استفاده از نانو رس )صفر و  225و  5/162، 100سلولز )

پس از تهیه  ضخامت، رطوبت، دانسیته، خواص مکانیکی، گیری بود. گیری از روش تولید قالببهره

گیری شد.   ها اندازهدر فیلم (TGA)( و وزن سنجی حرارتی FTIRمادون قرمز تبدیل فوریه ) سنجی طیف

داری تحت تأثیر اضافه شدن بصورت معنی BSMدانسیته فیلم خالص  و نشان داد که ضخامتنتایج 

CMC  وMMT ( 05/0قرار نگرفتند<p ولی مقدار رطوبت با افزایش غلظت )CMC  روند کاهشی به

و  CMCاستفاده از تأثیر بود. روی این پارامتر بی MMT( در حالیکه حضور p<05/0خود گرفت )

MMT ها شد باعث افزایش مقاومت به کشش نهایی و همچنین ازدیاد طول تا نقطه پارگی نانوکامپوزیت

و  MPa 9/27ای که بیشترین مقاومت کششی و ازدیاد طول در نقطه پارگی به ترتیب به میزان گونهبه

که  حاکی از این بود FTIRنتایج  حاصل شد. CMC% 225و  MMT% 8برای نانوکامپوزیت حاوی  41%

فعل و انفعالات شیمیایی خاصی که منجر به تولید ترکیبات جدید شود اتفاق نیفتاده است و فقط شدت 

های جذبی بصورت های پیکجموهای جذبی تا حدی تغییر کرده و در مواردی نیز طولو ضعف پیک

سبب بهبود مقاومت حرارتی  MMTو   CMCافزودن نشان داد TGAاند. نتایج جزئی تغییرمکان داده

 BSMروی فیلم  MMTو  CMCها حاکی از تاثیر مثبت گیریدر مجموع، نتایج اندازه. شودها میفیلم

های بهتر برای توان به عنوان فیلمی با ویژگیرا می CMCو بیشینه غلظت  MMTبود و تیمار حاوی 

 بندی توصیه نمود.استفاده در بسته

 

 :یدیکلمات کل

 بندی مواد غذایی،بسته

 پذیری،زیست تخریب

 .نانوکامپوزیت

 

DOI: 10.22034/FSCT.20.145. 74 
 

 مکاتبات مسئول : 
              

younes.zahedi@gmail.com  
Y_zahedi@uma.ac.ir 

 

 

 

 

 

ایران غذایی صنایع و علوم مجله  
 

www.fsct.modares.ac.ir  مجله سایت:  

 پژوهشی_علمی مقاله

 [
 D

O
I:

 1
0.

22
03

4/
FS

C
T

.2
0.

14
5.

74
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 f
sc

t.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-1

1-
27

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://www.fsct.modares.ac.ir/
http://dx.doi.org/10.22034/FSCT.20.145.74
https://fsct.modares.ac.ir/article-7-69952-en.html
http://www.tcpdf.org

