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Abstract 
New nonstoichiometric polyelectrolyte complex was prepared based on chitosan (CS) and Carboxymethyl cellulose (CMC) 
and the addition of ZnO nano particles prepared by green synthesis from Nettle leaf extract for increasing the antibacterial 
properties. The composites were prepared in different mass ratios and the physicochemical properties of the complexes were 
investigated by means of scanning electron microscopy, atomic force microscopy, FTIR analyzer, water absorption test, 
UV–Vis analyzer and thermal analyzer. The results indicated that the slow dropwise addition of CMC to chitosan allowed 
elaborating either anionic or cationic particles in the size range of 35.5–69.7 nm. The water uptake and the ash percentage 
of the nano composites increase by increasing the amount of CMC and the transparency and the opacity of Chitosan:CMC 
(75:25) is the best. The highest antibacterial activity related to the synthesised composite without nano ZnO for Escherichia 
coli and the best result achieved in prepared nano composite and adding nano ZnO (PCC3/ZnO) in Staphylococcus aureus 
medium.
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1  Introduction

Polyelectrolyte complexes (PECs) are the coalition com-
plexes formed between oppositely charged particles and 
formed owing to the electrostatic interaction between oppo-
sitely charged ions [1–3]. This sidestep the use of chemical 
cross-linking agents, reducing the possible toxicity and other 
unpleasant effects of the reagents [3–5].

Chitosan is one of the most abundant polymers after 
cellulose [6, 7]. Chitosan is a biopolymer of d-Glucosa-
mine and N-Acetyl, which is obtained from n-d-acetyla-
tion of chitin by alkaline solutions [8]. Chitin is a natu-
ral polysaccharide and is prominently found in shells of 
crustaceans such as shrimp, crabs, squid, and fungal cell 
walls [9–11]. The main parameters that have a direct effect 
on the properties of chitin and chitosan include molecu-
lar weight and the degree of de-acetylation [12–14]. The 
number of acetyl groups on the polymer chain, specify 
the differences between chitin and chitosan. The polymer, 
which hundred percent of amine groups, is acetylated, is 
called chitin and polymers that are free of amino groups 
are chitosan. Contiguously, the presence of 50% of amino 
groups is considered to be the boundary between chitin 
and chitosan, that is, polymer with a degree of de-acetyla-
tion of less than 50 is as chitin and more than 50% called 
chitosan [6]. Most polysaccharides in nature, including 
cellulose, dextrin and pectin, are neutral and acidic. While 
chitin and chitosan are available in the form of alkaline 
in nature. Chitin due to lipophilic properties is insoluble 
in water and many water solvents. Chitosan is soluble in 
dilute acids such as acetic acid, formic acid and lactic 
acid. In fact, chitosan is used in a variety of industries, 
including food packaging [13], sewage treatment [14], 
water engineering [15] and cosmetics [16], as well as in 
tissue engineering. Chitosan has a variety of promising 
pharmaceutical uses, is presently considered as a novel 
carrier material in drug delivery systems [17], and can be 
used to absorb heavy metal ions [18]. There are four main 
methods for making nano-chitosan: polyelectrolyte com-
plex [19], ionotropic gelation [20], Micro emulsion [21] 
and Emulsification solvent diffusion [22]. Polyelectrolyte 
complex (PECs) on the base of natural and synthetic poly-
mers evoke a particular interest. A complex polyelectrolyte 
method is an interaction between molecules with opposite 
loads, which in this method, chitosan, which is a natural 
cationic polymer, can be used [23–25]. Due to the pres-
ence of amine groups at its surface, recent use of large 
molecule complexes with opposite loads in nanoparticles 
has attracted a lot of attention which by this method the 
production of nano films with very favorable physical and 

chemical characteristics is allowed. This avoids the use 
of other chemical reagents. The use of materials such as 
gelatin, alginate and carboxymethyl cellulose [26], which 
are inexpensive and available biopolymers has been used 
to produce films and hydrogels, which has some interesting 
advancements in this field [27]. Polyelectrolyte complexes 
are formed by interactions between macromolecules that 
carry oppositely charged ionizable groups. During the last 
years, PECs on the base of natural and synthetic polymers 
evoke a particular interest because this process is sim-
ple, feasible, and can usually be performed under mild 
conditions [23]. The hydrogen bonds are involved in the 
intermolecular interactions even before dissolution in an 
aqueous medium. There are two ways in which hydrogen 
bonds are formed: Between the carbonyl containing acetyl 
groups and CH2OH groups between the hydroxyl groups 
and the deoxy of the neighboring molecules [28].

One of the important properties of chitosan is antibacte-
rial properties that develop of its application [29].

The cationic nature of chitosan causes antimicrobial 
activity [30]. The interaction between positively site of 
chitosan and the opposite charge microbial causes the 
development of antibacterial properties. These days 
researchers attend to use nanotechnology in various indus-
tries and using this very small scale for antibacterial pur-
poses have been done [31–34]. The inorganic antibacterial 
materials and metal oxide such as zinc oxide has great 
attention because they are very healthy for human and 
animal [33, 35, 36]. ZnO nanoparticle are important for 
variety of medical applications because of their antibacte-
rial properties [32]. Currently, metal oxide nanoparticles 
are considered because of their availability, different usage 
include remediation, environmental, sensor, catalyst and 
antibacterial [37].

The synthesis of metal and metal oxide nanoparticle 
have been done by physical, chemical, biological and 
finally green method that green method is environmentally 
friendly alternative [38].

In this study, chitosan particles were prepared from the 
chitin of shrimp shells and then nano chitosan film was 
prepared by polyelectrolyte complex method using car-
boxymethyl cellulose. Furthermore, ZnO nanoparticles 
prepared by the green synthesis from Nettle leaf extract 
and added to the composites. The structure of the pre-
pared films was proved by FT-IR, SEM, XRD, and AFM 
following by measurement of water absorption, ash and 
antibacterial properties.
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2 � Materials and Method

2.1 � Materials

Chitosan prepared by chitin of shrimp (CS, the degree of 
deacetylation (DD) was 88%), Carboxymethyl cellulose 
(100%, Titrachem), Glycerol (85%), Acetic acid (glacial, 
100%) and Zinc acetate dehydrate (98%) are from Merck 
company.

2.2 � Leaf Extract

10 g of dried Nettle leafs was boiled in 70 cc of water and 
30 cc of ethanol for 15 min, then the extracted filtered by 
filter paper following by centrifuging to achieve the liquid 
with no solid substances.

2.3 � Preparation of Nano Zinc Oxide Particles

1 ml of Nettle leafs extract was added to 50 ml of 0.01 M 
zinc acetate dehydrate solution and the pH of the solution 
was adjust to 12. The solutions was stirred using magnetic 
stirrer at room temperature for 1 h. Changing the color of the 
solution into milky white indicates the particles formation. 
The solution was centrifuged at 10,000 rpm for 10 min, then 
the supernatant was discarded and the particles were col-
lected. The resulting dried sample was crushed into powder 
and stored in airtight container for further analysis [39].

2.4 � Preparation of Chitosan/Carboxymethyl 
Cellulose Nanocomposite

Chitosan–Carboxymethyl cellulose (CS–CMC) nanopar-
ticles were prepared by mixing a positively charged CS, 
acetic acid solution and a negatively charged CMC solu-
tion at room temperature. For this purpose, 1 g chitosan was 
dissolved in acetic acid solution (1% w/w) and stirred for 
24 h, then filtered by filter paper for future use. Then 1.0 g 
of CMC was dissolved in 100 g deionized water, stirred for 
6 h and then filtered by filter paper. Afterward, the CMC 
solution was used as a base material and the CS solution 
was dropped into it in different ratio: 25:75 (PCC1), 50:50 
(PCC2) and 75:25 (PCC3) at a dropping rate of one drop per 
second under magnetic stirring. The opalescent suspension 
was formed. The obtained suspension was then filtered by 
the filter paper, following the particle formation process, 
glycerin is added to the formed solution, and the material is 
poured into the container after mixing.

After preparation of nanocomposite chitosan/carboxym-
ethyl films, the physical structure of the films were studied 
in terms of moisture absorption, then the best sample was 

selected, and the selected composite prepared again and at 
the final step of the preparation, 0.05 g of zinc oxide nano-
particles was added to its constituents.

2.5 � Instrumentation

The FT-IR spectra obtained from chitosan and nano chi-
tosan by FT-IR device model Thermo Nicolet Nexus 870. 
The scanning electron microscopy analysis was performed 
by SIGMA VP500 model. The Atomic force microscopy 
analysis was performed by DME-95-50E model. The XRD 
patterns was performed using Philips, PW1730 analyzer. 
The thermal degradation of the composites were recorded 
by using thermo gravimetric analyzer by NETZSCH TG 209 
F1 Iris modle. The UV–Vis test was measured using a spec-
trophotometer model 2100 UWI.

2.6 � Transparency and the Transmittance

The transparency and the Transmittance of the samples 
were calculated with the help of Eqs. 1 and 2 respectively. 
To achieve this purpose, a piece of the intact part of the 
bio composite without tear was selected and cut into strips 
(30 mm × 10 mm) and put it into dry glass cuvette and then 
the absorbance was measured at the several wavelength 
between 100 and 600 nm.

In which; A: absorption, T: transmittance.

2.7 � Ash Percentage

To measure the amount of residual ash, 2 g of each chitosan 
composite film was put into crucible and the samples were 
burned by electrical furnace at 550 °C for 4 h. Then the 
residual ash content was calculated using Eq. 3 [40].

W1: Initial weight of the sample, W2: The final weight of 
the sample.

2.8 � Hydrophilicity and Moisture Content

To measure the percentage of water absorption of the films, 
which is a mechanical property, a small piece of a film 
(1.5 × 1 cm2) was first dried in an oven at 40 °C for 24 h then 
immersed in a beaker containing 20 ml of water and kept for 
10 min. Then the film was removed from the water and the 

(1)Transparency =
A500

X

(2)A = 2 − logT%

(3)Percentage of ash (%) = W2∕W1 × 100
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surface was dried using filter paper and then weighed again 
and the water absorption was calculated by using Eq. 4 [40].

In which W1: Initial weight of the sample, W2: Final weight 
of the sample.

Measurement of the moisture content of composite is 
calculated using the following equations. To measure the 
moisture content of the prepared films, 0.5 g of the sample 
was put into a Chinese plant and placed in an oven at 110 °C 
for 1 h. The moisture content was calculated according to 
Eq. 5 [40]:

where W1: Initial weight of the sample (g), W2: Final weight 
of the sample (g).

2.9 � Antibacterial Properties

For the antibacterial tests, S. aureus (PTCC 1112) and E. 
coli (PTCC 1270) representing gram-positive and gram-
negative bacteria, respectively, were selected. Initially, three 

(4)Water percent (%) =
(

W2 −W1

)

× 100

(5)Moisture content (%) =
W1 −W2

W1

× 100

samples of gel materials were selected: chitosan hydrogel 
(CS), a chitosan with carboxymethyl cellulose hydrogel sam-
ple (PCC3), and a chitosan with carboxymethyl cellulose 
hydrogel sample with 0.05 g of zinc oxide nano particles 
(PCC3/ZnO). A dilution of 1.5 × 10–8 McFarland from the 
desired bacteria was prepared and 100 μl of the bacteria 
solution was poured into the prepared culture medium and 
uniformly spread using sterile cotton swab. Next, a pasture 
pipette was used to make three wells in each plate and the 
culture medium was removed from the wells. The wells were 
then filled with 30 μl of the selected samples. The plates 
were put inside the incubator at 37 °C for 24 h and eventu-
ally, depending on the amount of halo of the lack of bacterial 
growth, the inhibition zone was measured.

3 � Results and Discussion

3.1 � FT‑IR Analysis

The interaction of composites were further assertion by Fou-
rier-transform infrared (FTIR) spectroscopy. Figure 1 indi-
cates the spectra of chitosan and nano chitosan composites.

Fig. 1   FT-IR of the samples: 
a PCC1, b PCC 2, c PCC 3, d 
chitosan
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The peaks appearing in the region of 3430 cm−1 rep-
resent the combination of NH2 and OH groups. The peak 
at 1160 cm−1 indicating the presence of the vibration of 
C–O–C group, and the peak at 1655 cm−1 indicates the 
presence of the CO group [41]. The difference between chi-
tosan and nano chitosan film in the FTIR spectrum is that the 
peaks appearing in chitosan are more intense. The interac-
tion between chemical groups on different natural polymers 
must shift to a peak of competitor groups. This evidences the 
formation of strong polyelectrolyte complex exist between 
chitosan and carboxymethyl cellulose and by changing the 
amount of substances it shows small gaps.

3.2 � XRD Patterns

Synthesized ZnO nano particles were subjected to X-ray 
diffraction studies, to obtain the crystallinity and average 
particle size of the synthesized nanoparticles. The size of the 
nanoparticles was calculated from Debye-Scherr’s equation 
(Eq. 6) [42].

where d is the average particle size (nm), k is 0.89, λ is 
0.154060 nm for Cu Kα and β is the full width of half maxi-
mum (FWHM) of the peak.

The XRD pattern of the nano ZnO is shown in Fig. 2.
Following figure, reveal the XRD pattern of zinc oxide 

nanoparticles [43]. The peaks appear at 2θ = 31.77° (100), 
34.44° (002), 36.27° (101), 47.62° (102), 56.73° (110), 
62.96° (103), 68.06° (112), 69.13° (201) and 77.04 (202) 
are belong to ZnO nano particles [065121]. By using Debye-
Scherr’s equation, the mean crystal size of nano ZnO was 
calculated 30 nm.

(6)d =
��

� cos �

3.3 � SEM Images

Figure 3 shows the SEM images of the prepared nano chi-
tosan film. The images show that the particles are regular 
and spherical structure. The image of scanning electron 
microscope indicate the composites were coalescence in 
somewhere. In natural polymer composites the voids have 
tendency to fill with the opposite ingredient. The SEM 
images indicate that the size of the particles change between 
35.5 and 69.7 nm. The size of nano ZnO particles were 
measured by scanning electron microscopy that found to be 
48–77 nm. These images showed that the particles are inter-
sperse. Structural characteristics indicate that the particles 
are almost spherical [38].

3.4 � AFM Analyses

AFM images of the prepared nanocomposites are shown in 
Fig. 4. Atomic force microscopy is high spatial and vertical 
resolution and has been applied to determined morphology 
and topography of the surface. The polyelectrolyte com-
plex method is an usual method used to prepare chitosan 
nanoparticle. During the process the interaction between 
positively charged amino group on chitosan and oppositely 
charged carboxymethyl cellulose cause to be created cross-
link in biocomposite. According to the following figures 
chitosan indicates mote and mound structure and uneven 
pores tophography. The surface roughness of pure chitosan 
film is less than other nano composite. According to the 
images obtained from the composite surface, it can be seen 
that by increasing the amount of carboxymethyl cellulose an 
increase in porosity on the surface happens. The topography 
patterns of nano particle include of heights from 0 to 70 nm.

Fig. 2   XRD pattern of ZnO 
nano particles
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3.5 � Thermal Characterization of the Samples

Thermal studies of all the samples were performed in the 
temperature between 50 and 700 °C at the heating rate of 
10 °C min−1.

Thermal studies are very important in these similar cases 
of polymers because they are applicated for packaging and 
the films perhaps expose to heat processes. TGA analysis 
of the effect of different ratios of carboxymethyl cellulose 
in natural polymer are shown in Fig. 5. The first step of 
decrease of weight happens between 0 and 100 °C by los-
ing water. The lose of weight continues to 230 °C and also 
keep on to 400 °C. After 400 °C this process occurred very 
hurriedly.

As it said the initial reduction weight related by evapora-
tion of water and the seconde step and the third and fourth 
stage related to dehydration of the polysaccharide. Accord-
ing to the figures as the temperature increases from 30 to 
130 °C about 5wt% weight loss happens. The second step in 

above 100 °C until 280 °C have 96 wt% lossing weight by 
destruction of the chitosan structure [44].

3.6 � Transparency and Transmittance of the Samples

Table 1 shows the absorbance of the samples in different 
wavelength. The transmittance and transparency of the 
samples were calculated using Eqs. 1 and 2 and shown in 
Tables 2 and 3 respectively.

The film with high light transmittance can be used in food 
industry and the contents can be clearly visible for packag-
ing application.

The most transmittance and transparency were observed 
at wavelengths of 200 and 600 nm, respectively. Actually in 
600 nm the lower the passage, the less corruption occurred. 
As the amount of transparency increases, the opacity is 
increased. So, in this experimental PCC1 shows the best 
transparency.

Fig. 3   SEM images of a chitosan nano composite and b ZnO nano particles
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3.7 � Ash Percentage

The quality of chitosan based composite films can be meas-
urement of several parameter. One of them is the amount 
of minerals in the structure, which can be calculated by the 

percentages of ash (Eq. 3). The results of the ash test are 
presented in Fig. 6.

Chitosan and bio composite contain mineral elements 
such as calcium, sodium, potassium and magnesium. It is 
clear that calcium content is more than other minerals in 

Fig. 4   AFM images of the prepared nanocomposites
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chitin. This is because the main component of minerals in 
shrimp shell is calcium carbonate. Mild acid treatment after 
fermentation reduced the mineral content to permissible 

limits in the chitin. One of the factors determining the good 
quality of chitin is the low mineral content. The investigation 
of this experimental can be understood how much mineral 
material is in bio composite. The percentage of ash show 
that by adding the CMC in the structure of the composite 
the percentage of ash is increased.

3.8 � Hydrophilicity and Moisture Content 
of the Films

The water absorption and moisture permeability coefficients 
of a film are related to the hydrophilicity of the molecules. 
The percentage of water uptake is also one of the important 
characteristics of the films that affect the quality of the films. 

Fig. 5   TGA analyses of the samples

Table 1   UV–Vis absorbance of the samples

Sample Wavelength (nm)

200 300 400 500 600

CS 0.032 0.354 0.371 0.776 0.776
PCC1 1.574 1.429 0.565 0.329 0.299
PCC2 1.637 2.259 0.911 0.528 0.472
PCC3 1.807 1.779 0.832 0.570 0.533

Table 2   Transmittance of the composites (%)

Sample Wavelength (nm)

200 300 400 500 600

CS 92.82 42.2 42.55 16.74 16.59
PCC1 2.66 3.72 27.22 46.77 50.11
PCC2 2.30 0.1 12.27 29.64 33.72
PCC3 1.559 1.66 14.72 26.91 28.84

Table 3   Transparency of the composites

Sample Absorption in 600 nm Transparency

CS 0.776 38.8
PCC1 0.299 14.95
PCC2 0.472 23.6
PCC3 0.533 26.65
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It was suggested that it is affected by factors such as crystal-
linity, hydrophobic properties, and film thickness and integ-
rity of the film components. All three-precursor molecules 
of the composite film contain a large number of hydrophilic 
hydroxyl groups, which significantly increases the perme-
ability coefficients of all substrate combinations, thereby 
limiting the application of the film to packaging of food with 
lower water content. This is due to interaction between water 
and hydroxyl and amino groups in chitosan [45]. The amount 
of hydrophilicity is a parameter related to the total volume 
vacant occupied by water molecules in the microstructure of 
the film network, while the solubility is related to the water-
solubility of the substance. According to Eqs. 4 and 5 the 
value of water absorption and moisture content are shown in 
Figs. 7 and 8 respectively. The percentage of water absorp-
tion related to the presence of carboxymethyl cellulose in 
the samples because CMC has a surface hydroxyl group and 
can easily adsorb water. The absorbance of water by CMC is 

not found to be so high [46]. It is reported by Othma et al. as 
well [47]. Furthermore, it showed that the hydrophilic acetyl 
group cause water absorption in chitosan films.

The results in this Figures show that the highest percent-
age of moistureis related to nano composite (PCC3) and the 
lowest absorption of water is related to chitosan film alone 
with no addition of carboxymethyl cellulose.

3.9 � Antibacterial Activities of the Prepared Nano 
Composites

Thentibacterial activities and inhibition zone of the compos-
ites were shown in Fig. 9. Furtheremore, Table 4 shows the 
antibacterial results of the chitosan film alone, nano compos-
ite film and nano composite film with ZnO nano particles. 
According to the results of the microbial test and according 
to the results, it can be concluded that the nano composites 

Fig. 6   Ash percentage of the 
nano composite films
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have a better effect on gram positive bacteria than gram-
negative bacteria.

With regard to the results obtained from the Table 4, in 
the case of S. aureus bacteria, according to the formation of 
bigger halo, the antibacterial property of PCC3/ZnO shows 
better activity and, in the case of E. coli, the best perfor-
mance belongs to PCC3 which shows 20 mm of inhibition 
zone.

4 � Conclusion

In this research, chitosan from shrimp skin with a degree 
of deacetylation of 88% was prepared. On the other hand 
ZnO nano particles was prepared from Nettle leafs extract 
by green synthesis method. Furthermore, nano compos-
ite films by using a polyelectrolyte complex method and 
adding carboxymethyl cellulose to chitosan solution were 
prepared as well. Three nano composite films were made 
in different mass ratios of chitosan and carboxymethyl cel-
lulose and variety analysis were performed on them. FT-IR 
analyses show the interaction between chemical groups 
on different natural polymer matrix. XRD patterns prove 
the formation of ZnO crystals and the size of nano ZnO 
was calculated to be about 30–60 nm using SEM images. 
Furthermore, the mean size of the nano particles in the 
composite films were measured 48–77 nm.

Fig. 8   Moisture percentage of 
the composites
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Fig. 9   Antibacterial activities of the samples in S. aureus and E. coli culture medium

Table 4   Inhibition zone results of the composites

Sample E. coli (mm) S. 
aureus 
(mm)

CS 17 16
PCC3 20 19
PCC3/ZnO 16 21



53Journal of Inorganic and Organometallic Polymers and Materials (2021) 31:43–54	

1 3

According to the images obtained from the composite 
surface by AFM, it can be seen that by increasing the amount 
of carboxymethyl cellulose an increase in porosity on the 
surface happens. The percentage of ash show that by adding 
the CMC in the structure of the composite the percentage 
of ash is increased and UV–Vis test show that the transpar-
ency and the opacity of PCC1 is the best. Furthermore the 
water uptake of the composites increase by increasing the 
amount of CMC.

Antibacterial results show that all of the composites 
have antibacterial activities and the highest antibacterial 
activity related to the synthesized composite without nano 
ZnO (PCC3) in E. coli medium culture and the best result 
achieved in prepared nano composite with nano ZnO (PCC3/
ZnO) in S. aureus medium. As a result chitosan/carboxyme-
thyl cellulose composite films incorporation with zinc oxide 
nano particles can be a good alternative as the biodegradable 
coatings instead of synthetic ones in food industries.
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