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ABSTRACT 
 
Oxidative corrosion presumably has a great contribution in reducing nutritional 
and sensory quality of food products by deteriorating vitamins and unsaturated 
fatty acids and also affecting the shelf-life of foodstuff. In the present research, 
physical and antioxidant properties of 3% w/v of carboxy methyl cellulose 
(CMC) and alginate (ALG) filmogenic dispersions (FD) and film and their blends 
CMC/ALG enriched with 8% w/w of Zataria multiflora essential oil (ZO) as a food 
packaging material were examined. To achieve this goal, impacts of polymer 
blending as well as, ZO incorporation on the properties of FD and film were 
evaluated. According to the results, by adding polymer blends and ZO, pH, 
conductivity, ζ-potential, particle size, viscosity, light barrier and antioxidant 
activity of FD changed significantly for per type of blends and ZO content. 
Variations in the properties of filmogenic dispersions denoted an interaction 
between CMC and alginate molecules  ZO. Mechanical and water barrier 
properties of the films might be affected by such interaction. Polymer blend and 
ZO caused a significant change in films mechanical and water binding properties. 
As atomic force microscope analyses showed, ZO induced changes in the films 
surface topography through increasing surface roughness.  The antioxidant 
filmogenic dispersions dealt with in this study is promising to be used as a 
natural antioxidant additive and a substitution for synthetic antioxidants. It also 
reduces oxidative deterioration of foodstuff and improves the shelf-life of food. 
 
Key words: CMC, ALG, dispersion, zataria oil, rheology, antioxidant. 

 
 
 

INTRODUCTION 
 
Biodegradable film production based on polysaccharide 
biopolymer is characterized with strong anti-oxidant and 
antibacterial properties and serves as a strategic choice 
concerning mega trends in global health. Some of these 
biopolymers such as, carboxy methyl cellulose (CMC) and 
alginate (ALG) are proven to have high potential in food 
and pharmaceutical applications as they have strong gel-
forming properties.  

As a renewable material, CMC has desirable 
characteristics such as substantial mechanical properties, 
water absorbency, biodegradability and biocompatibility. 

It has wide variety of applications in biomedical fields 
including a biomaterial for artificial skin, artificial blood 
vessels, vascular grafts and a scaffold for tissue 
engineering and wound dressing (Shah et al., 2013). Food 
ingredients for thickening, gelling, stabilizing, water 
binding and packaging materials are found to be multi-
functional properties of CMC-based materials  (Shi et al., 
2013).  

Alginate is an anionic polymer naturally derived from 
brown seaweed and has been extensively applied in food 
and biomedical industry oweing to its biocompatibility, 
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low toxicity and excellent gel formation capacity 
properties (Pawar and Edgar, 2012). Alginate-based 
materials are found to be characterized by multi-functional 
properties; alginate hydrogels, for instance, have been 
widely applied in wound healing, drug delivery and tissue 
engineering mostly because of their structural affinity to 
extracellular matrices of living tissues (Lee and Mooney, 
2012). 

On the other side, CMC and ALG based materials do not 
have inherent anti-oxidant properties. In spite of great 
applications of synthetic anti-oxidants in various medical 
and food fields, plant extracts and essential oils as natural 
sources of anti-oxidant compounds in the formulation of 
CMC and ALG based materials have been receiving great 
deals of attentions (Gomez-Estaca et al., 2014). Sanchez-
Gonzalez et al. (2009) in their study shed lights on 
transparency and mechanical properties of 
hydroxypropylmethylcellulose incorporated with tea tree 
essential oil. At the same time, anti-microbial and anti-
oxidant activities in CMC edible films containing rosemary 
extract was reported by Liu et al. (2012). Ramirez et al. 
(2012) studied wettability and water vapor permeability 
in murta leaves extract based- CMC films. In addition, 
physical and antioxidant activities in methylcellulose-
based films containing resveratrol was found by Pastor et 
al. (2013). Finally, the remarkable anti-microbial and anti-
fungal properties of films made of lavender, tea tree, 
peppermint, eucalyptus, cinnamon and lemongrass oils 
dispersed in sodium alginate were found by Liakos et al. 
(2014). Nonetheless, it is noteworthy that to the best of 
our knowledge there are paucity of studies conducted on 
the rheological properties of filmogenic dispersion (FD) 
incorporated with essential oil. 

Zataria multiflora, a thyme-like plant belonging to the 
Lamiaceae family, is another promising plant used to 
activate CMC and ALG based materials. Foregoing species 
has several functional properties and is renowned for its 
anti-septic, vermifuge, anti-helminthes, carminative, 
diaphoretic, diuretic, anesthetic, anti-spasmodic, anti-
diarrheal, analgesic and anti-tussive activities (Sajed et al., 
2013). As a good source of phenolic monoterpenes (thymol 
and carvacrol) Z. multiflora essential oil (ZO) has strong 
anti-oxidant activity and good anti-inflammatory 
properties (Kavoosi and Rabiei, 2015). As earlier 
illustrated, there is a paucity of literatures on the physical 
properties and anti-oxidant activity of CMC and ALG FD 
and their ZO-based composites. Here, CMC and ALG FD and 
their composites CMC/ALG were prepared and 
incorporated with ZO. Then, we shed lights on properties, 
including density, pH, conductivity, ζ-potential, particle 
size, viscosity, light barrier and antioxidant properties of 
the FD. A comparison was carried out on films mechanical 
properties and their composites, casted from FD, such as 
tensile strength, elastic modulus and elongation at break. 
The research was conducted in two steps: we explained 
effects of polymer blending on the properties of filmogenic 
dispersions and film followed by effects of ZO on the 

properties of filmogenic dispersions and film. 
 
 
MATERIALS AND METHODS 
 
Materials 
 
Sodium alginate (low viscosity) and CMC (low viscosity) 
were purchased from Sigma-Aldrich chemical Co. (Saito 
Louis, Mo, USA). All other chemicals, including 1, 1-
diphenyl-2-picryl-hudrazyl radical (DPPH•), 2, 2-azino-bis 
(3-ethylbenzthiazoline-6-sulfonic acid) and radical 
(ABTS•) were of analytical grade and purchased from 
Sigma chemical Co. (Saito Louis Mo, USA). To extract ZO, 
the air-dried leaves (100 g) were dissolved in 1000 ml 
distilled water. The acquired mixture was exposed to 
hydro-distillation for 4 h using an all glass Clevenger type 
apparatus. ZO was dehydrated over anhydrous sodium 
sulphate and stored at 4 to 6°C. To calculate ZO, density 
digital balance was considered and the average found to be 
996 mg/ml. Thus, each µl of ZO approximately equals to 1 
mg. ZO were dissolved in one volume of tween 20 thus, the 
final concentration of emulsified ZO was consiedered as 
500 mg/ml.  
 
 
Preparation and characterization of FD 
 
In order to prepare CMC, ALG and CMC/ALG (1:1) 
dispersion one gram of each polymer was dissolved in 80 
ml of distilled water under continuous stirring at 40°C 
until a homogenous solution was obtained. The 
homogenous PVP solution was sonicated using an 
ultrasonic (Bandlin, Germany) at 140 W for 5 min at the 
temperature 30°C. To prepare CMC/ZO, ALG/ZO and 
CMC/ALG/ZO dispersions, ZO (100 mg/g of polymer) was 
added to the dispersions and mixed under mechanical 
stirring at 800 RPM for 12 h at 40°C. As an emulsifier, 
glycerol (300 mg/g PVP) was added to all dispersions and 
mixed under mechanical stirring at 800 RPM at 40°C. At 
the end, distilled water was added until the final volume 
reached 100 ml under mechanical stirring at 800 RPM at 
40°C. The final dispersions were stored at 4°C for further 
experiments. Before physical tests, the dispersions were 
equilibrated at room temperature (25 to 27°C) for 3 h to 
reach a constant temperature. The dispersions were stable 
for at least 100 days as checked by visual observation 
through testing phase separation (Goh et al., 2012; 
Sanchez-Gonzalez et al., 2011).  
 
 
Density and pH of FD 
 
The FD density was analyzed through weighing 1 ml of the 
FD using digital balance (Acculab, Sartorius group, 
Germany) and expressed in mg/ml. Mettler-Toledo 
instrument (Cleantech, Schaffhausen, Switzerland) was 
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used to measure the pH and conductivity of the FD.  
 
 
Zeta-potential of particle 
 
The dispersions were diluted to a final concentration of 50 
µg/ml by deionized water. The electrophoretic mobility of 
particles in the dispersion was determined by Phase 
Analysis Light Scattering (PALS) technique using a 
Brookhaven instruments corporation 90 Plus zeta-sizer 
(New York, 11742, USA). The Bi-PALS zeta potential 
analyzer software provided an average of electrophoretic 
mobility and a measure of zeta-potential using 
smolouchewsky model (De Oliveira et al., 2014). 
 
 
Effective hydrodynamic diameter of particle  
 
The dispersions were diluted to a final concentration of 50 
µg/ml of deionized water. The effective hydrodynamic 
diameter of particles was determined based on the 
principle of dynamic light scattering (DLS) using a 
Brookhaven instrument corporation 90 Plus particle size 
analyzer. The Bi-9000 particle sizing software provided an 
average effective hydrodynamic diameter of the particles 
(Sanchez-Gonzalez et al., 2009). 
 
 
Apparent viscosity  
 
The dispersions were decanted into a 200 ml glass 
cylinder (80 mm × 70 mm) and left on an anti-vibration 
bench with a flat level for 10 min to equilibrate. The 
apparent viscosities (mPa.s) of the dispersions were 
quantified through the use of Brookfield viscometer (DV-II 
+ PRO digital viscometer, Meddleboro, USA, spindle 2) at 
spindle rotational speed of 1, 2, 5 and 10 s-1. The software 
of Brookfield instrument directly provided the apparent 
viscosity of the dispersions (Fu et al., 2011).  
 
 
ABTS• radical scavenging assay of FD 
 
Twenty microliters of each FD (0-1000 µg/ml) were added 
to 1 ml of diluted ABTS• radical solution (7 mM ABTS• and 
2.54 mM potassium persulfate). Once mixed, the 
absorbance (A) was read at 734 nm using Unico 2100 
spectrophotometer. ABTS• scavenging percentage was 
estimated through the following formula given as:  
 
ABTS• scavenging (%) = [(AABTS•- Atest) / AABTS•] ×100.  
 
Where, AABTS• is the absorbance of ABTS• solution and Atest 

is the absorbance of ABTS• solution in the presence of FD.  
 
The concentrations that could provide 50% ABTS• 

scavenging (IC50) were calculated by the graph plotted on 

the inhibition percentage versus different concentrations 
of the FD. ABTS• scavenging power of FD was calculated 
employing the following formula:  
 
[1000/IC50] × 100 (Floegel et al., 2011). 
 
 
DPPH• radical scavenging activity of FD 
 
Twenty microliters of each FD (0-1000 µg/ml) were added 
to 2 ml of 0.2 mM DPPH• in 95% methanol. The mixture 
stored for 30 min at room temperature at night. Unico 
2100 spectrophotometer was applied to assess reduction 
in each sample light absorbance (A) at 517 nm (Figure 1). 
DPPH• scavenging activity was expressed as DPPH• 
scavenging percentage using the formula:  
 
DPPH• scavenging (%) = [(ADPPH•- Atest) / ADPPH•] ×100.  
 
Where, ADPPH•= absorbance of DPPH• solution and Atest = 
absorbance of DPPH• solution in the presence of FD.  
The IC50 was calculated from the graph plotting the DPPH• 
scavenging percentage versus different FD concentrations. 
DPPH• scavenging power of FD was calculated the given 
formula:  
 
[1000/IC50] × 100 (Floegel et al., 2011). 
 
 
Preparation and characterization of films 
 
The FD was poured into flat and leveled polystyrene petri 
dishes (Farazbin, Tehran, Iran) for film casting. Once set, 
the petri dishes were held overnight at 50°C in a vacuum 
oven (Fan Azma Gostar, Tehran, Iran) for 12 h to bring out 
a uniform thickness followed by cooled to ambient 
temperature before peeling them off the petri dishes 
(Sanchez-Gonzalez et al., 2009, 2011). The film samples 
were stored in plastic bags and held in desiccators at 60 ± 
5% relative humidity over a saturated solution of 
Mg(NO3)2.6H2O for further testing.  
 
 
Mechanical behavior of the films 
 
Tensile strength (TS), elongation at break (EB), and elastic 
modulus (EM) were determined according to ASTM 
method D 882-00 (ASTM, 2002) with an Instron Testing 
Machine (Santam, Tehran, Iran) equipped with a tension 
cell of 100N. The films were cut to 60 mm × 10 mm. The 
area of film used for each experiment was 60 mm × 10 mm. 
However, 20 mm of the films were within the jaws, so the 
initial length of the film was taken as 40 mm. The thickness 
of the films was measured at different points with 
micrometer and the average was acquired. The initial 
cross-sectional area of film cuts were 10 mm × average 
thickness in mm. The film cuts were conditioned at 27°C 
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Figure 1. Light absorbance of carboxymethylcellulose (CMC) and alginate (ALG) filmogenic dispersions and 
their blends incorporated with 8% w/w of Zataria oil (ZO). 

 
 
and 60 ± 5% relative humidity by placing them in 
desiccators over saturated solution of Mg(NO3)2.6H2O for 
two days. The tensile strength test was then performed by 
stretching the film cut at speed of 50 mm/min. The 
software of testing machine directly provided the tensile 
strength, elongation at break and elastic modulus of the 
films. All the mechanical tests were carried out at room 
temperature (Bonilla et al., 2014).  
 
 
Solubility measurement of films  
 
The films were cut into 20 mm radius disc and then dried 
in a vacuum oven (Fan Azma Gostar, Tehran, Iran) at 70°C 
for 2 h and then weighed for the initial dry mass. Then, the 
dried films were immersed into 50 ml capped falcon tubes 
containing 25 ml of distilled water and placed inside the 
shaker oven (Jal Tajhiz Labtech. co. Ltd. Tehran, Iran) for 
24 h at 25°C. Thereafter, the solution was filtered through 
Whatman filter paper (no. 1) to recover the remaining un-
dissolved film. The remaining film pieces were placed in 
the vacuum oven (Fan Azma Gostar, Tehran, Iran) of 70°C 
for 2 h and thereafter, weighed to determine the final dry 
mass of film. The percentage of weight losing was taken as 
water solubility of the films  (Gomez-Estaca et al., 2010).  

Water vapor permeability of films 
 
Water vapor permeability (WVP) of the film samples was 
examined using aluminum cups filled with 20 g silica gel to 
produce 0% relative humidity below the film. The film cuts 
were conditioned at 27°C and 60 ± 5% relative humidity 
by placing them in desiccators by saturated solution of 
Mg(NO3)2.6H2O for three days. After taking the initial 
weight of the test cups, they were placed in a box. The 
weight gain of the cups was measured at 3 h intervals 
during per day using electronic balance (Acculab, Sartorius 
group, Germany). A plot of weight gain (g) against time (h) 
for each cup was prepared. The slope of the linear portion 
of this plot showed the amount of water vapor diffusion 
through the film per time unit and was expressed as gram 
unit per time unit (g/h). Water vapor transmission rates 
(WVTR) of the film was calculated from the slope of the 
linear portion of this plot per square meter (m2) and 
expressed as g/m2. h. The WVP was calculated using the 
formula:  
 
WVP (g.mm/m2.kPa.h) = [(WVTR × T)] / ΔP.  
 
T is the film thickness (mm) and ΔP is the partial water 
vapor pressure difference (kPa) between the two sides of 



Academia Journal of Food Research; Raisi-Nafchi et al.       005 
 
 
 

Table 1. Density, pH, conductivity, Zeta-potential and particle size of carboxymethylcellulose (CMC) and alginate (ALG) filmogenic dispersions 
and their blends incorporated with 10 % w/w of Zataria oil (ZO). 

 

Filmogenic dispersions Density (mg/ml) pH 
Conductivity 

(µS/cm) 
Zeta-potential (-mV) Particle size (nm) 

CMC 971 ± 9b 7.07 ± 0.09a 1050 ± 12b 16.5 ± 2.0b 582 ± 35b 
ALG 998 ± 11a 6.19 ± 0.09b 76 ± 3d 8.0 ± 0.5d 597 ± 28b 
CMC/ALG  988 ± 10ab 6.47 ± 0.06b 393 ± 8c 19 ± 0.8b 665 ± 20a 
CMC/ZO 918 ± 7e 7.17 ± 0.07a 1150 ± 16a 27 ± 1.5a 435 ± 20c 
ALG/ZO 958 ± 6c 6.32 ± 0.08b 87 ± 7d 13 ± 1.2c 243 ± 12e 
CMC/ALG/ZO 940 ± 7d 6.66 ± 0.08b 435 ± 9c 28 ± 2.0a 370 ± 12d 

 

The values are expressed as means ± standard deviation for at least three independent experiments. Mean values with different small letters within a 
column are significantly different as analyzed by Duncan test at (p < 0.05). 

 
 
the film (4.2449 kPa at 27°C) (Bonilla et al., 2014).  
 
 
Swelling test of films 
 
The film were cut into 20 mm radius disc and then dried in 
a vacuum oven (Fan Azma Gostar, Tehran, Iran) at 70 °C 
for 2 h and then weighed for the initial dry mass. The film 
cuts were immersed into a 50 mL falcon tube containing 
25 mL of the distilled water. The samples were kept at 
room temperature for 1 h. Each sample was taken out of 
the tubes, wiped between filter papers to remove the 
excess surface water and were weighed for final weight of 
swollen film. The percentage of weight gaining was taken 
as water swelling (WS) percentage of the films. 
 
 
Atomic force microscopy of the films 
 
The surface morphology of the films was analyzed using 
Olympus atomic force microscope instrument system 
(California, USA) according to manual instruction. The 
images were acquired in air on an anti-vibration bench and 
within an acoustic enclosure. Single-beam silicon 
cantilevers tips (PPP-NCHR-10) were used for data 
acquisition.  
 
 
Statistical analysis  
 
All the tests were performed in at least three independent 
experiments and expressed as the mean values ± standard 
deviations. The significant differences between means 
were analyzed by Duncan test at P<0.05 using statistical 
package for the social sciences (SPSS, Abaus Concepts, 
Berkeley, CA) software. 
 
 
RESULTS AND DISCUSSION 
 
Density of FD 
 
The density of ALG was higher as compared to CMC. In 

addition, ZO significantly reduced (p < 0.05) the density of 
CMC and ALG and their blends CMC/ALG (Table 1), 
conforming to other researches (Sanchez-Gonzalez et al., 
2009, 2011). The CMC/ZO and ALG accounted for the 
lowest and highest densities, respectively. The decrease in 
the density might be attributed to the lower density of ZO 
rather than water, although, the rise in the intermolecular 
distance among FD molecules was attributed to ZO 
(Sanchez-Gonzalez et al., 2009, 2011). 
 
 
pH of FD 
 
As results showed, pH value of ALG was lower than that of 
CMC. ZO had no significant (p > 0.05) impact on the pH 
value of CMC, ALG and CMC/ALG. CMC/ZO and ALG 
accounted for the highest and lowest pH values, 
respectively (Table 1). Other literatures pointed out that 
when essential oil content increase, pH of different 
hydrogels decreases(Sanchez-Gonzalez et al., 2009, 2011). 
Adding ZO constant pH of CMC and ALG and their 
composites may be linked to the buffer capacity of CMC 
and ALG and the neutralization of ZO acidic compounds 
(Fu et al., 2011). 
 
 
Conductivity of FD 
 
According to the light of aforementioned results, ALG 
showed lower conductivity compared to CMC. In addition, 
ZO significantly (p < 0.01) increased the conductivity of all 
FD. The ALG and CMC/ZO accounted for the lowest and 
highest conductivity, respectively (Table 1). The 
conductivity of FD generally rests on how many electric 
charges (cations and anions ions) are in an electric field. 
Given  the presence of carboxyl and hydroxyl groups, CMC 
and ALG had negative charges to which the high 
conductivity of pure CMC and ALG could be attributed. At 
the same time, the rise in the conductivity of FD caused by 
the addition of ZO could be mainly attributed to the some 
acidic components of ZO. Ionization of these acidic 
compounds increases the total negative charges of FD, 
hence, conductivity increased (Clements, 2007).   
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Table 2. Viscosity (mPa.s) of carboxymethylcellulose (CMC) and alginate (ALG) filmogenic dispersions 
and their blends incorporated with 8 % w/w of Zataria oil (ZO) at different shear rates. 

 

Filmogenic dispersions 
Shear rate (RPM) 

10 20 50 100 

CMC 70 ± 4a 84 ± 4a 93 ± 5a 112 ± 4a 
ALG 8 ± 1c 12 ± 1d 21 ± 2e 27 ± 2e 
CMC/ALG  8 ± 1c 20 ± 2c 40 ± 3c 56 ± 3c 
CMC/ZO 77 ± 5a 86 ± 4a 95 ± 5a 120 ± 5a 
ALG/ZO 8 ± 1c 12 ± 1d 26 ± 2d 35 ± 2d 
CMC/ALG/ZO 24 ± 3b 32 ± 3b 51 ± 4b 73 ± 3b 

 

The values are expressed as means ± standard deviation for at least three independent experiments.  Mean 
values with different small letters within a column are significantly different as analyzed by Duncan test at (p < 
0.05). 

 
 
ζ-potential of FD 
 
The ζ-potential values (surface charge) of CMC and ALG 
and their composites were negatively related with the ζ-
potential value of CMC higher than ALG. At the same time, 
ZO highly increased (p < 0.05) the ζ-potential of CMC and 
ALG and their composites. The lowest and highest ζ-
potential values belong to ALG and CMC/ALG/ZO, 
respectively (Table 1). Increased ζ-potential of different 
hydrogels may be due to rise in the essential oil content 
found by other literatures (De Oliveira et al., 2014; 
Sanchez-Gonzalez et al., 2011). A rise in the negative 
charges on the surface of CMC and ALG and their 
composites by the addition of ZO can be attributed to the 
interaction among polymer molecules and ZO droplets as 
well. The interaction between ZO (negative charge) and 
CMC and ALG polymer chains (negative charges) increases 
the total negative charges of particles in the FD (Huang et 
al., 2001; Clements, 2007).  
 
 
Particle size of FD 
 
According to the results, CMC had lower particle size as 
compared to ALG.  At the same time, upon mixing CMC 
with ALG remarkably, particle size of the composite 
dispersion as well as, pure CMC and ALG increased. 
ALG/CMC mix accounted for the highest particle size 
(Table 1). ZO caused a significant (p < 0.05) loss in the 
particle size of CMC and ALG and their composites, while 
the lowest particle size belongs to ALG/ZO. Any losses in 
particle size might be mainly attributed to the dispersive 
activity of ZO after interaction with polymer chain. 
Appropriate dispersion of ZO in the FD lowered polymer 
particles aggregation, decreased particle sizes (Salvia-
Trujillo et al., 2013; Zhong et al., 2010). On the other side, 
CMC and ALG with negative charge have been proven to 
present interfacial activity and can interact with ZO 
droplets; hence, ZO can modify the electrical surface 
charges of polymer particles and the ζ-potential (Fu et al., 
2011; Zhao et al., 2011). Adding ZO to CMC and ALG and 
blends caused an increase in the electrical net charge on 

the surface of polymer particles. The increase in the ζ-
potential caused by the addition of ZO resulted in a strong 
electrostatic repulsion among particles whereby 
increasing the stability of FD. If the particles charges are 
sufficiently high, the solution may remain stable versus 
aggregation given electrostatic repulsion, so particle sizes 
are hereby lowered (Huang et al., 2001; Liu et al., 2012; 
Yang et al., 2013). Accordingly, upon adding ZO to FD, the 
mean particle size significantly decreased, leading to 
smaller particles with higher electrical negative charges.  
 
 
Viscosity of FD 
 
According to results, CMC had higher viscosity than ALG. 
At the same time, CMC/ALG showed a lower viscosity than 
CMC and a higher viscosity than ALG (Table 2). The 
viscosity of simple and composite dispersions evaluated in 
the present research was raised upon increasing the ZO 
content and also by increasing shear rates in the analyzed 
shear rate range. Thus, ZO incorporation led to a 
substantial increase in the viscosity. It should be noted 
that these effects were more evident at higher shear rates 
(Table 2). Many literatures reported an increase in the 
viscosity of different hydrocolloids as well as, increase in 
essential oil (Sanchez-Gonzalez et al., 2009, 2011). The 
viscosity (resistance to shear stress) of a liquid rests on the 
size and shape of its particles, the attraction among the 
particles and the interaction between water and the 
particles (Clements, 2007; Xiao et al., 2012). The increase 
in the viscosity of the FD in the presence of ZO can be due 
to any rise in the interaction forces between polymer chain 
and ZO droplets (Fu et al., 2010; Yang et al., 2013).  

On the other hand, final viscosity is affected by polymer 
particle net charges as well as particle size. By addition of 
ZO, the particle size decreased while the particle net 
charge increased. The decrease in the particle sizes 
increases the surface to volume ratio and the contact area 
between the particles thereby resulting in an increase in 
the viscosity of the FD (Salvia-Trujillo et al., 2013). The 
increase in the shear rate also caused an increase in the 
physical interactions among the adjacent polymer chains, 

http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20GH%5BAuthor%5D&cauthor=true&cauthor_uid=21645595
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Table 3. Anti-oxidant power of carboxymethylcellulose (CMC) and alginate (ALG) filmogenic 
dispersions and their blends incorporated with 8% w/w of Zataria oil. (ZO). 

 

Filmogenic dispersions 
Anti-oxidant power against 

ABTS DPPH 

CMC - - 
ALG - - 
CMC/ALG  - - 
CMC/ZO 702 ± 45b 654 ± 34b 
ALG/ZO 1100 ± 90a 986 ± 60a 
CMC/ALG/ZO 615 ± 30c 565 ± 25c 

 

Anti-oxidant power of samples was calculated by using the following formula: [1000/IC50] × 100. The 
values are expressed as means ± standard deviation for at least three independent experiments.  Mean 
values with different letters within a column are significantly different as analyzed by Duncan test at (p < 
0.05). 

 
 

Table 4. Tensile strength (MPa), elastic modulus (MPa) and elongation at break (%) of 
carboxymethylcellulose (CMC) and alginate (ALG) films and their composites incorporated with 8% w/w 
of Zataria oil (ZO). 

 

Films  Tensile strength (MPa) Elastic modulus (MPa) 
Elongation at break 

(%) 

CMC 37 ± 1.5a 540 ± 15a 12 ± 1.5e 
ALG 21 ± 1.4c 170 ± 7d 17 ± 1.2d 
CMC/ALG  21 ±  1.2c 453 ±  12b 33 ±  1.7b 
CMC/ZO 25 ± 1.0b 448 ± 10b 17 ± 2.0d 
ALG/ZO 16 ± 1.0d 138 ± 5e 23 ± 2.2c 
CMC/ALG/ZO 14 ± 0.8e 380 ± 8c 48 ± 2.7a 

 

The values are expressed as means ± standard deviation for at least three independent experiments. Mean 
values with different letters within a column are significantly different as analyzed by Duncan test at (p < 0.05). 

 
 
hence, it significantly increased the viscosity in the range 
of the tested shear rate (Zhong et al., 2010). 
 
 
Antioxidant activity of FD 
 
Antioxidant activities of the FD and their composites 
versus ABTS•, DPPH• radicals were further assessed (Table 
3). Pure ALG and CMC had a slight antioxidant activity 
(Tomida et al., 2012). CMC and ALG and their composites 
which were combined with ZO had potent anti-oxidant 
activity. Many previous literatures reported similar DPPH• 
and ABTS• scavenging capacities for ZO (Kavoosi and 
Rabiee, 2015; Kavoosi et al., 2012). DPPH• and ABTS• 
radical scavenging capacity of ZO can be a great measure of 
hydrogen atom and/or the electron donating capacity of 
ZO. Once ZO is considered (as an anti-oxidant), a hydrogen 
atom or an electron is transferred to DPPH• and ABTS• 
radicals, consequently convert them to a non-radical state 
(Floegel et al., 2011).Thus, CMC and ALG and their blends 
which were incorporated with ZO, had potent antioxidant 
capacity. It has been reported that oxidative corrosion may 
play crucial role in the reduction of the nutritional and 
sensory quality of food products (Gomez-Estaca et al., 
2014).  

Oxidation leads to a significant loss of nutritional worth 
of food products by damaging vitamins and unsaturated 

fatty acids. Oxidation also affects sensory quality of food 
products including color, texture and taste and shortens 
the shelf-life of food (Tongnuanchan and Benjakul, 2014). 
The antioxidant activity of CMC/ZO and ALG/ZO imply that 
such products can effectively reduce the oxidative 
deterioration of food stuff. 
 
 
Mechanical properties of films 
 
Table 4 presents results of mechanical properties of CMC, 
ALG and CMCA/ALG films. Tensile strength (TS) and elastic 
modulus (EM) of pure CMC films were higher as compared 
to that of ALG films. CMC/ALG composite film had lower TS 
and EM than CMC. ALG film showed higher elongation at 
breaks than CMC films. CMC/ALG composite films had 
higher elongation at break than pure CMC and ALG. The 
results showed low compatibility of ALG with CMC for 
producing a composite film with high tensile but with 
strong compatibility of them to produce a flexible 
composite film (Sirvio et al., 2014).  

ZO lowered tensile strength and EM of CMC and ALG 
films and their composites, while increasing elongation at 
break of them (Table 4). The results demonstrated that the 
tensile strength and EM of the films and their composites 
decreased by adding ZO which is in agreement with the 
results of Sanchez-Gonzalez et al. (2009), Liakos et al. 
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Table 5. Solubility, water vapor permeability (WVP) and swelling of carboxymethylcellulose (CMC) and alginate 
(ALG) films and their composites incorporated with Zataria oil (ZO). 

 

Films  Solubility (%) WVP (mg.mm/m2.h) Swelling (%) 

CMC 63 ± 4c 740 ± 25c 700 ± 20a 
ALG 85 ± 7ab 753 ± 20c 240 ± 9e 
CMC/ALG  43 ±  4d 744 ±  30c 488 ±  11c 
CMC/ZO 75 ± 7b 880 ± 37b 616 ± 14b 
ALG/ZO 89 ± 8a 915 ± 23b 205 ± 8f 
CMC/ALG /ZO 55 ± 5c 1037 ± 45a 408 ± 8d 

 

The values are expressed as means ± standard deviation for at least three independent experiments. Mean values with 
different small letters within a row are significantly different as analyzed by Duncan test at (p < 0.05). 

 
 
(2014), Benavides et al. (2012) and  Rojas-Grau et al. 
(2007). Reduction of films tensile strength in the presence 
of ZO is probably mainly attributed to the formation of 
inter-molecular interaction between hydroxyl/carboxyl 
groups of CMC and ALG and hydroxyl groups of ZO 
components (Liakos et al., 2014). Hence, the original 
bonds/interactions between polymer chains could be 
replaced with new bonds/interactions between polymer 
molecules and ZO. These events amend polymer matrix 
integrity and reduce tensile strength of the films (Goh et 
al., 2012). 

EM is a measure of the stiffness (hardness) of the film. A 
stiff material has high EM and changes its shape only 
slightly under elastic loads. Reduction in the film rigidity in 
the presence of ZO could be mainly attributed to 
replacement of original bonds between polymer chains 
with new bonds between polymer chain and ZO droplets 
which caused an increase in the segmental mobility of 
polymer chains (Sanchez-Gonzalez et al., 2009; Pastor et 
al., 2013). 

In the presence of ZO, the flexibility of the films 
increased, which was in accordance with the results of 
Maizura et al. (2007) on the lemongrass oil incorporated to 
alginate films and Benavides et al. (2012) on the alginate 
film incorporated with oregano oil. Elongation at break is 
an indication of flexibility and extensibility of the films. 
Increasing the flexibility of the films in the presence of ZO 
could be mainly attributed to replacement of original 
bonds between polymer chains with new bonds between 
CMC and ALG (Liakos et al., 2014). By this effect, the 
segmental mobility of polymer chains increases which 
leads to more sliding effect of polymer chains versus each 
other, thus, flexibility of films increased (Sanchez-Gonzalez 
et al., 2011). 
 
 
Water binding capacity of film 
 
Table 5 presents results of water binding capacity such as 
water solubility, WVP and swelling. CMC film showed 
lower solubility as well as, higher swelling compared to 
ALG film. CMC/ALG composite films were shown to have 
lower solubility than pure CMC and ALG films. CMC/ALG 
composite films had higher swelling than pure ALG and 

lower than CMC films. All CMC, ALG and CMC/ALG had 
similar WVP values. The results established the strong 
compatibility of CMC with ALG concerning the production 
of a composite film with a low solubility and swelling 
(Benavides et al., 2012; Rojas-Grau et al., 2007). 

ZO was led to a significant (p < 0.05) rise in water 
solubility and WVP and a significant (p < 0.05) decrease in 
the swelling of the films. This increase in the water 
solubility might be caused by establishing of CMC-ZO and 
ALG-ZO interactions, which weakens the interactions 
stabilizing the polymer network (Benavides et al., 2012; 
Rojas-Grau et al., 2007). ZO can interact with hydroxyl 
groups of CMC and ALG chain and competitively weaken 
polymer chain-to-chain Hydrogen Bridge. This effect 
reduces CMC and ALG matrix network integrity and 
consequently, causes an increase in the solubility of the 
films (Goh et al.,  2012). At the same time, the original 
hydrogen binding between CMC and ALG chains replaced 
with the new hydrogen bonds between hydroxyl groups of 
polymer and ZO. This event increases the distance 
between polymer chain and introduced twisting pores in 
the polymer matrix; thus, water vapor transmission across 
the film samples increased (Liakos et al., 2014). Due to 
hydroxyl and/or carboxyl groups, CMC and ALG are 
hydrophilic materials so that they can absorb huge amount 
of water molecules (Sanchez-Gonzalez et al., 2011). ZO 
could reduce swelling capacity of the films which might be 
mainly attributed to hydrophobic nature of the ZO. 
Hydroxyl groups of CMC and/or ALG can interact with ZO 
components through hydrogen binding and whereby the 
interaction between polymer chain and ZO was increased. 
This event saturates CMC and ALG network with ZO; 
hence, water molecules cannot interact with CMC and ALG 
whereby swelling decreases (Pastor et al., 2013). 
 
 
Atomic force microscopy  
 
Figure 2 illustrates atomic force microscope images of CMC 
and ALG films and CMC/ALG composite films. 
Incorporation of ZO induced the changes in the surface 
topography of the simple and composite films. Upon 
addition of ZO the surface roughness was increased. This 
means that ZO decreased CMC and ALG chain association 
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Figure 2. Atomic force microscope micrographs of the surface of the carboxymethylcellulose (CMC), alginate (ALG) and 
CMC/ALG films incorporated with Zataria oil (ZO). 

 
 
in the filmogenic dispersion and during the film drying and 
casting (Liakos et al., 2014; Pastor et al., 2013). 
Accordingly, ZO had an impact on the surface morphology 
and structure of pectin film. The change in the film 
morphology will affect the mechanical and water binding 
properties of films. 
 
 
Conclusion 
 
The last but not the least, CMC, on the other hand, showed 
the highest pH, conductivity, ζ-potential and viscosity. In 
addition, ALG was accounted for highest density, particle 
size, light barrier and antioxidant values. ZO lowered the 
density and particle size of CMC and ALG FD and their 
composites. It also caused a significant rise in the ζ-
potential, viscosity, light barrier and antioxidant 
properties of CMC and ALG as well as, their composites. 
Accordingly, when ZO was added, oil percentage, polymer 

type and polymer blending affected density, pH, ζ-
potential, average particle sizes, size distribution, viscosity 
and light barrier of CMC and ALG and their composites 
were affected by them. Changes in the physical properties 
of CMC and ALG implied an interaction between the 
molecules of CMC and ALG and ZO components. Such 
interactions might influence mechanical properties of the 
films casted from the FD. CMC film accounted for the 
highest tensile strength while ALG film showed the highest 
flexibility. A significant decrease in tensile strength and 
increase in elongation at break of CMC and ALG films and 
their composites resulted from  ZO. The improved 
antioxidant activities denoted on potential of CMC and ALG 
in such applications as food preservation. Above all, much 
more in vivo researches are required to shed lights on 
biocompatibility of such materials. It is accordingly 
promising that forthcoming researches focus on the 
applications of CMC and ALG (enriched with essential oil) 
to in vivo systems to evaluate their biocompatibility.  
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