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Influence of the addition of chitin nanocrystals 
on the characteristics of cellulose acetate films 
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Abstract: The present study deals with chitin nanocrystal (CHNC)-reinforced cellulose acetate (CA) films 
formed by the solvent casting method that makes use of poly(ethylene glycol) (PEG) as a plasticizing 
agent. Three different films containing various mass ratios of CHNCs (0.5, 1, and 2 wt %) in CA were 
investigated for hydrophilicity, mechanical properties, soil degradation, strength, water solubility, light 
transmittance, and antifungal activity. From the FT-IR analysis, no detectable shifts to the cellulose ac-
etate bands with the loading of small amounts of CHNCs were observed. However, the light transmit-
tance capacity of CA films decreased due to chitin addition. The chitosan incorporation enhanced the 
hydrophilic character of CA films, and also, the mechanical properties of the lower percentage of CHNCs 
in CA, like Young’s modulus, had a slight positive effect, while the tensile strength and elongation at 
breaks – had a negative influence. Finally, an increasing trend of antifungal activity with that of increased 
CHNC content was observed, i.e., the 2 wt % CHNCs containing CA film showed an inhibition rate (FGI) 
of 35%, 1 wt % CHNCs had a 15% inhibition rate, which is higher than that of 0.5 wt % CHNCs and pure 
CA, thereby indicating the potential role of CHNCs-reinforced CA films for packaging applications. 
Keywords: cellulose acetate, chitin nanocrystals, mechanical properties, antifungal activity, water solu-
bility, light transmittance capacity. 

Wpływ dodatku nanokrystalicznej chityny na właściwości folii z octanu 
celulozy 
Streszczenie: Metodą odlewania rozpuszczalnikowego otrzymano biodegradowalne folie z octanu ce-
lulozy (CA) z dodatkiem 0,5; 1 i 2% mas. nanokrystalicznej chityny (CHNC) i poli(glikolu etylenowego) 
jako plastyfikatora. Zbadano hydrofilowość, właściwości mechaniczne, zdolność do degradacji w gle-
bie, rozpuszczalność w wodzie, przepuszczalność światła i aktywność przeciwgrzybiczną folii. Przy 
niewielkiej zawartości CHNC nie stwierdzono przesunięcia pasm charakterystycznych w widmach 
FT-IR. Modyfikowane folie CA charakteryzowały się mniejszą przepuszczalnością światła i większą 
hydrofilowością (mniejsza wartość kąta zwilżania). Dodatek 0,5% mas. CHNC w niewielkim stopniu 
zwiększał moduł Younga oraz zmniejszał wytrzymałość na rozciąganie i wydłużenie przy zerwaniu. 
Stwierdzono korzystny wpływ CHNC na stopień hamowania wzrostu grzybów (wskaźnik FGI). Przy 
zawartości 1% mas. CHNC wskaźnik ten wynosił 15%, a przy zawartości 2% mas. 35% i był wyższy niż 
dla octanu celulozy (FGI = 7,5%).  Wzmocnione CHNC folie CA mogą znaleźć zastosowanie w przemyśle 
opakowaniowym.
Słowa kluczowe: octan celulozy, chityna nanokrystaliczna, aktywność przeciwgrzybiczna, rozpusz-
czalność w wodzie, zdolność przepuszczania światła.

The recent increase in the use of natural polymers for 
biocomposite production is because of many interesting 
features like non-toxicity, biodegradability, biocompat-
ibility, high reactivity, abundancy, and cost-effectiveness 

where they all can bring about technological advances 
and at the same time avoid environmental concerns [1, 2]. 
Included among various kinds of natural polymers is 
a typical ester derivative, cellulose acetate (CA), which 
is formed by the partial or complete modification of 
hydroxyl groups of glucose units in cellulose with that of 
acetyl groups. The advantage of incorporating CA in the 
biocomposite/bioplastic formation is that it can be easily 
transformed into many different shapes including fibers, 
films, and membranes from either liquid or semi-liquid 
forms [3]. Since the membranes formed with CA maintain 
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high hydrophilic abilities, they resist protein fouling and 
provide an eco-friendly behavior so that they can be used 
for applications in water treatment [4]. Although the com-
posites formed with CA have many different industrial 
applications, the compound still suffers from the limita-
tions of low stability in its natural form, mechanical resis-
tance, and reduced adsorption levels [5]. To overcome 
such limitations of CA, it has been reinforced or loaded 
with other structurally similar and naturally occurring 
plant or animal derived products like chitin, chitosan, 
etc. [6]. The alterations occurring to the in-built proper-
ties of CA followed by the fiber reinforcement like aspect 
ratio and pore dimensions can bring about significant 
improvements in geometry and mechanical percolation 
[7]. As an example, the composite formed by the com-
bination of CA and chitin nanocrystals (CHNCs) using 
an electrospinning technique investigated anti-fouling 
properties along with super hydrophilic surface transi-
tion and thus found an application as a water purifier in 
the food industry to avoid contaminants [8].

Chitin is a common marine polysaccharide obtained 
from fungal cell walls, yeast, arthropod exoskeletons, 
crustacean shells, etc., and plays a significant role as 
a biopolymer in various chemical and biological pro-
cesses [6, 9, 10]. Reinforcement with CHNCs [11] has 
been tested along with other polymer matrices including 
alginate [12], polycaprolactone [13], poly(S-co-BuA) [14], 
rubber [15], poly(vinyl alcohol) [16], soy protein isolate 
plastics [17], starch [18] and chitosan [19]. Besides taking 
advantage of the “green” biodegradable and biocompat-
ible filler properties of CHNCs, they have been employed 
in food packaging to nullify the negative effects of silver 
nanoparticles on humans [20]. Apart from the advan-
tages, CHNCs possesses a self-aggregation property 
which leads to poor efficiency in nanocomposites and, to 
avoid that, plasticizers are used [11]. Among many differ-
ent plasticizers, poly(ethylene glycol) (PEG) is a naturally 
derived one and the biocomposite films formed with this 
plasticizer avoid brittleness and have increased water 
vapor permeability and hydrophilicity [21, 22]. 

By taking into consideration the individual properties 
offered by CA and chitin, the present study deals with 
CHNC reinforced CA films that make use of PEG plasti-
cizer in a solvent casting technique. For the testing, three 
different composite films with varied concentrations of 
CHNCs (0.5, 1, and 2 wt %) were produced and we fur-
ther investigated the physicochemical, mechanical, and 
antifungal properties to be useful as a packaging mate-
rial at the industrial level. 

EXPERIMENTAL PART

Materials

Cellulose acetate (CA, Mn 30 000) and acetone analy-
sis grade were purchased from Sigma Aldrich, USA. 
Glacial acetic acid and poly(ethylene glycol) (PEG, Mn 

400) were purchased from Panreac. Potato dextrose agar 
was obtained from Scharlau. All chemicals were used 
without any further purification. 

Alpha chitin and alpha chitin nanocrystals were iso-
lated from lobster waste by simply following the earlier 
reported method [23]. Chitin nanocrystals (CHNCs) were 
produced by acid hydrolysis [8, 24] and for that, about 5 g 
of chitin flakes were bleached and deproteinized before 
undergoing hydrolysis with 3 M HCl for 90 min at 80°C. 
After completion of the hydrolysis, the muddy remains 
were centrifuged to remove the unused acid and pre-
serve the thick supernatant, CHNCs. To achieve the neu-
tral pH of CHNCs, the supernatant was dialyzed using 
distilled water (supernatant was resuspended in 300 cm3 
distilled water and dialyzed using dialysis membrane 
with 12 000 g/mol molecular weight cut-off under room 
temperature for 4 days) and sonicated to separate the 
clumps to attain individual nanocrystals before storing 
(the supernatant was sonicated with maximum ampli-
tude of 40% for a total operating time of 20 min with 
every 5 min of sonication cycle undergoing 5 min interval 
between alternating cycles to attain individual nanocrys-
tal using QSonica Sonicator, 700 W). Various mass pro-
portions of CHNCs, i.e., 0.5, 1, and 2 wt % were impreg-
nated into CA by mixing, followed by sonication. The 
initial concentration of CHNCs was found to be associ-
ated with 76.23% water.

Preparation of films

About 5.5 g of CA was dissolved in a solvent mixture 
consisting of 25 cm3 acetic acid and 25 cm3 of acetone 
and to this, 13.2 cm3 (30%) of PEG was added as a plasti-
cizer. To ensure the complete mixing of all components, 
the mixture was stirred overnight (12 h) [24] and after 
this period, the obtained mixture was used for the for-
mation of four different films. The first film sample was 
prepared without any CHNCs but contained 10 cm3 CA 
solution only (pure CA); the 2nd film sample was prepared 
with 0.5 wt % CHNCs in 10 cm3 CA solution (CA/CHNC 
0.5%). The 3rd film sample was prepared with 1 wt % 
CHNCs in 10 cm3 CA solution (CA/CHNC 1%), while the 
4th film sample was prepared with 2 wt % of CHNCs in 10 
cm3 CA solution (CA/CHNC 2%). The increasing percent-
age of CHNCs in CA were homogenized separately for 
each percentage (Heidolph, Silent Crusher M) for 10 min 
at 12000 rpm until no traces of CHNCs were found in 
the solution. The homogenized sample was poured into 
glass Petri plates and allowed to dry for 24 h at 30°C tem-
perature, where the film thickness was measured using 
a digital micrometer (Mitutoyo, China).

Methods of testing

– Fourier transform infrared (FT-IR) spectra were 
recorded on a Perkin-Elmer spectrometer equipped with 
Universal Attenuated Total Reflectance accessory with 
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an internal reflection diamond crystal lens. The defined 
range was from 650 to 4000 cm−1 with a resolution of 
4 cm−1 and 8 scans. 

– The light transmittance spectra of the formed bio-
composite films were measured at room temperature 
in the spectral range of 400–700 nm using a Shimadzu 
UV-3600 UV-VIS-NIR spectrophotometer. 

– The contact angle measurements for the evaluation 
of changes in the hydrophilic character of CA/CHNCs 
films were performed by taking small film samples at 
room temperature and, for that, the Data physics OCA20 
Contact Angle System was employed. By using a syringe 
with a needle, distilled water was delivered dropwise on 
the film sample and three different measurements of the 
film’s contact angle were recorded by varying the posi-
tions.  

– Gravimetrically, water solubility testing was per-
formed using the film samples that were cut into small 
pieces of 2 x 3 (cm2) size and placed in Petri plates con-
taining 20 cm3 water. The test was carried out at room 
temperature (25 ± 1°C) and consecutively noted the initial 
dry mass of samples and the 24 h immersion of film sam-
ples followed by the drying at 60°C for another 24 h. The 
procedure was repeated thrice, and the final dry mass of 
films was presented as total soluble matter (TSM) in per-
centage by the equation, 

TSM (%) = [(Initial dry mass – final dry mass)/Initial 
dry mass] × 100%

– The dry films were cut into small pieces [2 × 3 (cm2)] 
and weighed accordingly. The films were placed into 
enriched soil and watered daily (10 cm3) for 30–60 days. 
The final mass of the films was recorded. In order to 
maintain a natural biodegradable environment, the soil 
microflora was not altered. The microorganisms in the 
soil were activated via adding water. The final mass 
revealed the biodegradability range of film samples in 
the natural environment.

– The tensile tests were performed under ambient con-
ditions using a Material Testing Systems (MTS Insight 
10) device having a load cell of 250 N and a deformation 
rate of 3 mm/min (gauge length of 10 mm). The tensile 
strength, tensile modulus, and elongation at break were 
calculated using MTS Test Works 4 software. The results 
presented were the average of 10 determinations.

– The antifungal activity of synthesized film was 
determined using the mold Aspergillus niger (A. niger) 
Tiegh (MB284309) (CBS-KNAW, Holland) so as to inves-
tigate the influence of CHNCs on the CA film. In the solid 
substrate of potato dextrose agar (Sharlau), A. niger was 
previously cultured and incubated for 72 h at 25 ± 1.5°C 
in sealed Petri dishes within a Selecta Medilow climatic 
chamber. An aliquot of spores was diluted after grow-
ing in Ringer solution and aseptically inoculated on the 
surface containing the film by using a spray (0.04 cm3 of 
dissolution at 1.05 · 106 spores/cm3). After incubation for 
7 days at 25 ± 1.5°C, the films were gently extracted from 
the agar and washed with Ringer solution. The obtained 

spore solution was vortexed and stained with LPCB 
(Lactophenol Cotton Blue) to count the spore’s concen-
trations and using a trypan blue solution for the viability 
analysis. The concentration of the cells was determined 
using a Cellometer® Mini (Nexcelom Bioscience LLC) 
automated cell counter by placing 0.020 cm3 of each spore 
solution inside a Cellometer® Counting Chamber and 
using Cellometer® Mini software for the analysis. The 
average of three independent experiments corresponds 
to the concentration of each sample. The fungal growth 
inhibition (FGI, %) was calculated as the concentration of 
spores (conidia) per milliliter, by the following equation: 

 FGI % = 100 × (Cg-Tg)/Cg (1)

where, Cg – the average concentration of the control set 
(A. niger only), Tg – the average concentration in different 
sets of the film.

RESULTS AND DISCUSSION

Measurement of film thickness 

After 24 h of drying, the films were removed from 
the Petri plates, and the thickness was measured using 
a micrometer, while the appearance and transparency 
were observed visually. The thickness of pure CA film 
was found to be 0.298 µm, CA/CHNC 0.5% was 0.277 µm, 
CA/CHNC 1% was 0.223 µm, and CA/CHNC 2% was 
0.254 µm. The visual observation of all the CA/CHNCs 
films indicated that they were transparent with a pale 
milkish white color.

FT-IR analysis

Figure 1 shows the comparison of FT-IR spectra of pure 
CA, CA/CHNC 0.5%, CA/CHNC 1%, and CA/CHNC 
2% films. From the spectral bands, the characteristic 
absorption peak of chitin (in CHNCs), as well as NH 
and OH stretching, occurred at 3434 cm-1. The divided 
peaks around 1656–1618 cm-1 can be attributed to the 
amide I region, while the peak at 1552 cm-1 can be linked 
to the amide II spectral region. However, the upcoming 
signal at 1530 cm-1 of protein would result in absorp-
tion [25] and the CA sample seems to have undergone 
a higher acetylation degree with a lower bandwidth as 
observed by the band at 3442 cm-1, i.e., due to the -OH 
group. The partial cellulose acetylation at 3442 cm-1 indi-
cates a decreased intensity of the sample. The CA absorp-
tion peak at 1742 cm-1 relates to the vibration of carbonyl 
groups in –COOR and an ether group was encountered 
at 1644 cm-1. No new peaks were formed, and observable 
changes were not seen after the addition of 0.5, 1, and 
2 wt % CHNCs to the CA matrix and this means that, no 
chemical changes occurred to the structure of CA due to 
the incorporation of a small fraction of CHNCs into the 
matrices of CA. 



POLIMERY 2021, 66, nr 2 101

Optical transmittance

The transmittance spectra of each film was measured 
in the visible spectral range (400–700 nm) at room tem-
perature as shown in Fig. 2 where the optical spectral 
values provide information about the complete disper-
sion of filler (CHNCs) in the matrix of CA [26]. The addi-
tion of 0.5 wt %, CHNCs into CA not only decreased the 
amount of light transmitted but also reduced the trans-
parency of CA films. All the films were less transparent 
than the pure CA film, which transmitted 21% of the light 
in the visible region. 

Water solubility testing

The water solubility of CA/CHNCs film was illus-
trated in Fig. 3. All the films, with or without CHNCs 
in CA, achieved higher TSM%. The pure CA film had 

the highest TSM% of 51.5%, which gradually reduced to 
49.8, 48.2, and 48.2% due to the addition of 0.5, 1, and 
2 wt % (respectively) of CHNCs into the CA matrices. 
Although the TSM% of the films decreased gradually, 
there was no significant loss observed. An increasing 
fraction of CHNCs in CA decreased the solubility level 
of films; however, after 6 days of water solubility testing, 
the films appeared shrunk and became brittle with an 
absolute loss in weight percentage.

Mechanical properties

The elastic modulus, tensile strength, and elongation at 
break of each film are shown in Fig. 4, where a substantial 
increase in the amount of CHNCs in the CA film revealed 
a positive impact on the Young’s modulus and negative 
impact on tensile strength and elongation at break of the 
film samples. The elastic modulus of CA/CHNC films 
increased compared to pure CA film. The tensile strength 
of CA/CHNC 2% film is similar to the control film, while 
the elongation at break of CA/CHNC films showed a grad-
ual decline to that of the control film. The decrease in the 
mechanical strength of CA/CHNC films can be due to the 
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irregular adhesion between CHNCs and CA [27]. On the 
other hand, the formation of fragile components can be due 
to the addition of filler (CHNCs), which is attributed to the 
brittleness of the films [28]. This may be due to lower frac-
tions of CHNCs in CA and can be overcome with the use 
of higher fractions of CHNCs embedded in the CA matrix.

Soil degradation

A novel study done by researchers revealed that CA 
fibers were partially degraded in 2 months in moist soil 
and completely degraded over 4–9 months [29]. In the 
present study, the CA films reinforced with 0.5, 1, 2 wt % 
CHNCs were placed in soil for 1–2 months. After 30 days, 
the films weighed slightly less than the initial film 
weights. After 60 days, the films were almost half the ini-
tial weight, which means that the films are biodegradable 
under a natural environment in a short period. But the 
incorporation of CHNCs into CA decreased degradation.

Contact angle analysis

The hydrophilic property of the films was character-
ized by the measured contact angle of the film surface; 
it was less than 90° [30]. The basic information of hydro-
philicity of the prepared films given by the contact angle 
measurements is shown in Fig. 5. All the films seem to 
be hydrophilic during the initial stages and this hydro-

philicity of the samples can be attributed to CA and the 
presence of plasticizer [22]. The CA film had high hydro-
philicity (of 48°), but the addition of varying fractions 
of CHNCs into CA decreased the hydrophilicity of the 
prepared films. The reduction of contact angle values 
was mainly due to the CHNC’s chemical structure alter-
ation on the surface of CA [31]. An increase in unsubsti-
tuted groups of OH subsequently decreased the contact 
angle of the samples [32]. Thus, a substantial increase of 
CHNCs in the CA matrix affected the membrane sur-
face.

Antifungal activity

The antifungal activity of biocomposites was conducted 
to determine the effect of CHNCs on CA films. In this 
case, CA was mixed with 0.5, 1, and 2 wt % of CHNCs and 
exposed to the action of A. niger. Even though the antimi-
crobial activity of chitin and chitosan were outstanding 
against bacteria and fungi, a few facts are unknown or 
hidden [33]. As shown in Fig. 6, a significant difference 
was observed, i.e., the antifungal inhibition of compos-
ite films increased with a higher percentage of CHNCs 
in the CA matrices. We found that the CA/CHNC 0.5% 
sample restricted more fungus cell units per millimeter 
than that of the pure CA sample, while the CA/CHNC 1% 
and CA/CHNC 2% showed considerable inhibition rates 
compared to that of CA/CHNC 0.5%. The considerable 
increase in the fungicidal action of 2 wt % CHNCs is due 
to the availability of more amino groups to support the 
interaction of CHNCs with the fungal surface [23]. There 

Fig. 6. Anti-fungal activities of: CA, CA/CHNC 0.5%, CA/CHNC 1%, 
CA/CHNC 2% films expressed as inhibition zone diameter (mm) 
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have been many literature studies indicating the fungi-
cidal and antimicrobial activity of chitin and chitosan-
based composites [33–35]. Also, few other works show dif-
ferences between CHNCs and chitin nanofiber fungicidal 
activity [36], and this is the first report dealing with the 
inhibiting action of CHNCs and CA in a single composite. 

CONCLUSION

The CA matrices with small fractions of CHNCs and 
varying concentrations (0.5, 1, and 2 wt %) were pre-
pared using the solvent casting technique to investigate 
the influence of chitin reinforcement towards the physi-
cochemical, mechanical, and biological properties. The 
formed films were found to be hydrophilic and showed 
considerable improvement in the antifungal activity and 
Young’s modulus values by the addition of a 0.5 wt % 
increasing fraction of CHNCs. Also, the water solubil-
ity of the films decreased slightly. Slight changes were 
observed in a few of the results mentioned above, which 
may contribute to the packaging application due to an 
increase in the characterized values by the addition of 
CHNCs. To conclude, the solvent casting of CA with 0.5, 
1, and 2 wt % CHNCs didn’t pave the way for consider-
able results due to the small proportion of CHNCs which 
could not interact strongly with the matrices of CA and 
so future studies are aimed to test the behavior of films 
formed with a higher fraction of CHNCs in CA matrices.
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