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Abstract: Hylobius abietis is a plant parasitic insect belonging to the order 

Coleoptera and which causes severe damages to coniferous forests in Northern 

and Eastern Europe. This current study is aimed to provide a new viewpoint into 

the waste of this insect by producing chitosan. Dry insect corpses consisted of 

27.9% chitin and 86.2% of the chitin was converted into the chitosan. FT-IR 

spectra analyses confirmed the purity and the deacetylation degree of the 

produced chitosan (molecular weight of chitosan; 7.3 kDa). This chitosan 

exhibited antimicrobial activity against 18 bacterial strains. Further, 

biodegradable chitosan composite films with β-carotene were produced. 

Antioxidant activity of chitosan films were found to be higher than chitosan gels; 

and β-carotene incorporation further increased the antioxidative properties of the 

chitosan films. This study demonstrated that the waste of parasitic insect like H. 

abietis can be evaluated as a source for production of biodegradable and edible 

chitosan-based films for applications in food coating.  
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1 Introduction 

Hylobius abietis, known as pine weevil, is a coleopteran species and it is widely spread throughout 

Europe, Asia and New Zealand. It feeds on the bark of young trees and it is regarded as a major pest of 

the conifers in Northern and Eastern Europe [1-3]. Adult females lay their eggs under the bark of conifer 

and the larvae feed on the stem bark of young conifer seedlings [4]. The pest is responsible for growth 

losses and high mortality (60-80%) in Pinus sylvestris L. and Picea abies (L.) species [1]. The mortality 

rate can reach 100% among young conifer seedlings in clear-felling and replanting areas [5]. Especially in 

the following years of replanting, a large number of the adults and larvae attacked the bark of the 

seedlings [3]. In current study in Lithuania, where we collected H. abietis samples, damage by H. abietis 

is widespread and this aggressive species causes substantial mortality among Pinus species [6]. 

Insecticides are used for the seedling protection, pest corpses are incinerated or buried [3,7]. In our 

opinion the use incineration procedure as a H. abietis control measure wastes a potentially valuable chitin 

source. This study emphasizes the use of H. abietis corpses as a source of chitin and chitosan. 

Chitosan is a functional versatile biopolymer, obtained through deacetylation of chitin. Unlike chitin, 

aminofree group makes chitosan cationic and more suitable for modifications due to its water-soluble 

nature [8]. Nowadays chitosan has common applications in food / feeding industry, agriculture, 
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environmental protection, biotechnology, cosmetics, textile and pharmacology [9]. Also, chitosan is 

biodegradable, biocompatible and nontoxic and therefore it is used as a biomaterial in biomedical 

applications [10]. Chitosan is commercially produced from the sea animal waste like shrimp and crab 

shells. However, there are many other organisms that are widespread and capable of reproducing in large 

numbers and have chitinous exoskeleton. That sort of organisms can be evaluated for commercial 

production of chitosan.  

It is well known that antioxidant packaging increases the shelf life of food products by preventing 

the oxidation [11]. Because of its useful and economical property, antioxidant packaging can be 

indispensable for edible food coating technology in near future. Chitosan is one of the most common 

biopolymer for the production of edible antioxidant film. In some recent studies, antioxidant chitosan 

based films were produced by incorporating green tea extract, vinyl alcohol, protocatechuic acid and 

essential oils [12-15]. All these studies proved that antioxidant films area promising material for food 

coating technology.  

β-carotene is one of the natural carotenoids found in certain vegetables and fruits [16]. It is one of 

the precursors of vitamin A and is considered as an essential nutrient in human diet [17]. It also exhibits 

antioxidant [18] and anticancer activities [19]. To enhance its intake and stability in human diet many 

encapsulation methods have been developed [16]. Recent studies demonstrated that chitosan enhances the 

stability of β-carotene [20, 21]. 

This current study aimed (i) to produce chitosan from corpses of tree pest H. abietis for the first time, 

(ii) to prepare chitosan films with and without β-carotene, and (iii) to reveal antioxidant and antimicrobial 

properties of fully characterized films to see whether these edible and biodegradable films are applicable 

as food coating material.  

2 Experimental 

2.1 Materials 

H. abietis samples were collected from the conifer woods on the campus of Aleksandras Stulginskis 

University, Kaunas, Lithuania (20.07.2016). Some H. abietis samples were kept in the Institute of 

Biology and Plant Biotechnology of Agronomy Faculty of Aleksandras Stulginskis University. H. abietis 

samples, that were used in the chitin extraction procedure, were washed with distilled water and dried at 

50°C for a couple of days. DPPH• (2,2-diphenyl-2-picrylhydrazyl hydrate, Sigma-Aldrich) was used in 

the antioxidant activity assay. Images of H. abietis and its damage on the coniferous plant are shown in 

Fig. 1. 

 

 

Figure 1: Habitus of Hylobius abietis. (a) dorsal, (b) ventral and (c, d) its damage on coniferous plant 
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2.2 Chitosan Production from H. abietis 

H. abietis samples (100 g) were dried in the oven at 80°C for a week and ground to powder in a 

mortar. To get homogeneous size distribution, the samples were sieved with a 50 µm sieve. Chitosan was 

obtained after four steps; i.e., bleaching, demineralization, deproteinization, and deacetylation. The 

samples were treated in 0.5% NaOCl solution at room temperature for 1 h and recovered with a filter 

paper after extensive washing. Bleached samples were then transferred into acid solution (2 M HCl) and 

refluxed at room temperature to remove the minerals. Following the rinsing with water and filtration, the 

samples were subjected to alkaline solution (2 M NaOH) for 2 h to remove the proteins and then rinsed 

with water until neutrality. In the last step, the samples were deacetylated in hot alkaline solution of 

NaOH (60% w:w, at 100°C). After refluxing the sample for 4 h, the chitosan sample was rinsed with 

distilled water until neutrality. Finally, chitosan samples were separated by filtration and oven-dried at 

50°C for a week. Chitin content of the insect and chitosan conversion yield were calculated on basis of 

the initial amount of the dried insect sample.  

2.3 Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATR-FTIR) 

ATR-FTIR spectra of chitosan from H. abietis (10 mg) and commercial chitosan from Sigma-

Aldrich (medium molecular weight, CAS Number 9012-76-4) were recorded on a Perkin-Elmer 

spectrophotometer in the wavenumber range of 4000-625 cm-1. Deacetylation degree of chitosan from H. 

abietis was determined by using FT-IR data by the following Eq. [22]; 

DA = (A1655/A3450) × (100/1.33) (1) 

2.4 Determination of the Molecular Weight  

Molecular weight of chitosan, obtained from H. abietis, was measured by the Ubbelohde Dilution 

Viscometer. In the measurements, chitosan solutions with 5 different concentrations were prepared in the 

solvent systems of 0.1 M acetic acid + 0.2 M NaCl (1:1, v/v) at 25°C. Mark-Houwink equation was 

followed for molecular weight determination of the chitosan [23].  

[η] = k Mv𝛼 (2)   

[η]: the intrinsic viscosity,  

Mv: the viscosity-average molecular weight of the chitosan 

k and α: Mark-Houwink-Sakurada constants (k = 1.81 × 10−3 and α = 0.93).  

2.5 Film Preparation 

Two different films were prepared. For the first one, 10 mg chitosan and 50 µl glycerol were mixed 

in 1% acetic acid solution (10 ml) at room temperature for 2 days. For the second one, 10 mg chitosan, 50 

µl glycerol and 0.1 mg β-carotene were mixed in 1% acetic acid solution (10 ml) at room temperature for 

2 days. Then both gel materials were poured into Petri dishes (diameter: 5 cm) and incubated in an oven 

at 35°C for 3 days.  

2.6 Surface Morphology of Chitosan, Chitosan Film, and Chitosan-β-Carotene Film 

Surface morphology of chitosan, produced from H. abietis, was examined by SEM (FEG Quanta 

250). Before getting the images, 15 mg of the chitosan was transferred onto a stub and coated with gold 

by a Gatan Precision Etching System (PECS). Surface characteristics of chitosan film and chitosan-β-

carotene film were determined by AFM (BRUKER NanoScope V) under ambient conditions (24°C) using 

silicon nitride cantilevers. For both samples, 10 µm2 areas were scanned. Also the root mean square 

roughness of the films was determined. 
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2.7 Film Thickness 

A digital micrometer (Mitutoyo, China) was used to measure the thickness of the films. The 

measurements were carried out from 8 different parts of the films. For each film, the average values were 

calculated. 

2.8 Transparency 

A Shimadzu UV-3600 UV-VIS-NIR spectrophotometer (Shimadzu Corporation, Kyoto, Japan) was 

used to measure chitosan (from H. abietis) and chitosan-β-carotene composite films. The measurements 

were conducted at room temperature in the range of 400-700 nm and in the steps of 1 nm. 

2.9 Mechanical Properties 

Mechanical properties of the chitosan film and chitosan-β-carotene film were studied using a 

Material Testing Systems (MTS Insight 10) device (with a load cell of 250 N and deformation rate of 5 

mm/min). MTS Test Works 4 software was used to estimate Elongation at break, Young modulus and 

tensile strength of the films. Samples measuring 5 mm in width and 40 mm in length were used in the 

measurements.  

Incorporation of β-carotene into the chitosan film matrix increased the flexibility and decreased the 

light transmission. As it was reported before [24], flexible films can be used in the packaging technology. 

Additionally, lower transparency comparing to the control film will keep the antioxidant properties of the 

coated food by keeping the light transmittance and oxidation. 

2.10 Water Solubility of the Films 

The films were cut into pieces in sizes of 2 × 3 cm2   to investigate water solubility of the films. The 

films were dried to constant weight at 60°C in the oven. Then the films were rested in 20 mL of water for 

2 days. During the incubation the mixtures were stirred at different time intervals. Films were dried again 

to constant weight. The test was repeated three times and the % weight loss was determined by the 

following formula, 

%𝑊𝐿 =
(𝑊𝑖−𝑊𝑓)

𝑊𝑖
 × 100  (3) 

where WL stands for % weight loss, Wi, initial weight and Wf final weight of chitosan film.  

2.11 Soil Solubility 

Prior to soil solubility tests, chitosan films were cut into pieces (2 × 3 cm2) and oven-dried at 60°C 

until constant weight. Dried films samples were placed into the soil in a depth of 15 cm. To maintain 

constant moisture, 10 mL of water was poured into the vessels each day during the test (15 days). Then, 

chitosan samples were recollected, cleaned and dried to constant weight. % weight loss in chitosan film 

samples was calculated using the formula (3), given in the previous section. 

2.12 Antimicrobial Activity 

Antimicrobial activity of chitosan obtained from H. abietis was evaluated by using disc diffusion 

method, and 28 bacteria strains were used in the experiments.  Chitosan solutions (20 μL, 0.1 % w:w in 

0.5% acetic acid solution) were pipetted onto sterile discs (diameter: 6 mm). After adjusting to 0.5 

(106 cfu/mL) McFarland turbidity, fresh bacterial cultures (100 μL) were inoculated with sterile swab onto 

Mueller-Hinton Agar. Petri dishes were allowed to rest for 15 min at room temperature and then the discs 

with chitosan were placed onto the culture. Then, the cultures were kept in incubation for 24 h or 72 h at 

temperatures 30°C and 37°C. Inhibition zones appeared on the surface were measured in mm. Acetic acid 

solution (0.5% by volume) was used as negative control and kanamycin reference antibiotic disc was used 

as positive control under the same experimental conditions. Antimicrobial tests were performed in 

triplicate [25]. 
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2.13 Antioxidant Activity Assay 

Antioxidant activity assay of chitosan in gel and film forms and chitosan-β-carotene films was 

performed using DPPH radical scavenging method. In the assay a modified version of the method 

reported elsewhere [13] was followed and antioxidant activity experiments were done in triplicate. Briefly, 

chitosan gel (about 10 mg), pieces of chitosan or chitosan-β-carotene films weighing 10 mg were placed 

in tubes. Subsequently, following the addition of DPPH solution (6 × 10-5 M), the tubes were rested in 

darkness for 3 h at room temperature. Radical scavenging activity of the samples was determined 

spectrophotometrically by monitoring changes in colour at 517 nm on a UV-vis spectrophotometer (DU 

730, Beckman Coulter).  

Inhibition rate of each sample (%) was calculated using absorbance of the control and the sample 

according to the formula given below, 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (𝐼 %) = (
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
) × 100 (4) 

36 mg of ABTS was dissolved in distilled water. In another beaker, 10 mL of potassium persulphate 

solution was prepared by dissolving 6.62 mg of potassium persulphate in distilled water. To activate the 

radicals, the two solutions were mixed together and incubated at room temperature for 12-16 h. The 

activated radical solution was diluted until giving 1.5 absorbance at 734 nm on UV-vis spectrophotometry 

(DU 730, Beckman Coulter). This absorbance measurement was also recorded as the absorbance reading 

for the control. Chitosan samples weighing 10 mg were cut out from chitosan films. Then, the chitosan 

samples were kept in 1 mL of radical solution for 30 minutes. Finally, absorbance readings were done at 

734 nm. The ABST radical scavenging activity of the samples was calculated using the following 

equation: 

Inhibition (I%) = ((Acontrol-Asample) / Acontrol) × 100 (5) 

The same procedure was followed for trolox with varying concentration i.e., 25-100 µg/mL to draw 

a concentration-absorbance plot. Then, by using the calibration curve, trolox concentrations were 

obtained.  

3 Results and Discussion 

3.1 ATR-FTIR Spectrum Analysis of H. abietis Chitosan  

Chemical composition of the chitosan from the exoskeleton of H. abietis and the commercial 

chitosan was examined by FTIR spectrum analysis (Fig. 2). Other than the characteristics absorbance 

peaks, two sharp peaks were observed at 1647 cm-1 and 1579 cm-1 in the spectrum of H. abietis chitosan 

and at 1651 cm-1 and 1565 cm-1 for the commercial chitosan. Earlier studies on FTIR spectrum analysis of 

chitosan have demonstrated that band stretching of C = O at 1650 cm-1 (Amide I band) and stretching of 

NH2 at 1590 cm-1 (Amide II band) are considered as an indication of chitosan [26]. As mentioned above, 

presence of those sharp peaks demonstrates that H. abietis chitin was converted into chitosan. Also, 

intensity of the peaks indicates deacetylation degree of chitosan. The deacetylation degree of H. abietis 

chitosan was calculated as 81.3% based on FTIR spectrum. This high conversion rate indicates that the 

method used in chitosan production was effective. Overall FTIR spectrum of H. abietis chitosan bears a 

high similarity to that of the commercial chitosan and other chitosan samples obtained from other 

organisms [27,28]. Molecular weight of the chitosan was calculated as 7.3 kDa, which is characterized as 

low molecular weight chitosan [29]. Chitin content of H. abietis was found as 27.9% chitin, and 86.2% of 

chitin was converted into chitosan. 
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Figure 2: FT-IR spectra of the chitosan obtained from Hylobius abietis and the commercial chitosan from 

the shrimp 

3.2 Surface Characteristics 

SEM analysis showed that surface of H. abietis chitosan was smooth at the magnifications 1.000X 

and 5.000X (Figs. 3(a), 3(b)). However, at higher magnifications (10.000X and 20.000X), the nanofibers 

on the chitosan surface were clearly visible (Figs. 3(c), 3(d)). Also, the pores were present in some parts 

(Fig. 3(d)). Rough surface morphologies were observed on both chitosan film and chitosan-β-carotene 

film (Figs. 3(e), 3(f)). AFM analysis revealed that surface morphologies of chitosan film and chitosan-β-

carotene film were almost the same with slightly rough structure (Fig. S1). The root mean square 

roughness values were recorded as 86.5 nm for chitosan film and 78.4 nm for chitosan-β-carotene film.   

 

 

Figure 3: Scanning electron microscopy (SEM) images of (a,b,c,d) chitosan from Hylobius abietis, (e) 

chitosan film and (f) chitosan-β-carotene film 
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Figure S1: Atomic-force microscopy (AFM) images and the mean squared roughness of (a,b,c) chitosan 

films and (d,e,f) chitosan-β-carotene films 

3.3 Film Thickness 

The average thickness of chitosan and chitosan-β-carotene films was recorded as 0.044 ± 0.001 mm 

and 0.045 ± 0.002 mm, respectively. As it is seen from the average values, there was not a big difference 

in thickness of the films. 

3.4 Transparency 

Transparency is a very important characteristic of the films for determining the application area of 

material. The light transmittance results of the produced films are shown in Figs. 4(a) and 4(b). The 

transparency of the insect chitosan film was determined as 74.4 at 700 nm, 70.1 at 600 nm, 63.1 at 500 

nm and 50.0 at 400 nm, while the transparency of β-carotene included insect chitosan film was recorded 

as 52.4 at 700 nm, 48.3 at 600 nm, 42.6 at 500 nm and 32.9 at 400 nm. As expected, addition of β-

carotene into the chitosan film reduced the transparency, because the colour of the film was changed 

slightly from white to orange and this little change in the colour decreased the light transmission. Visual 

transparency of the films is shown in Figs. 4(c), 4(d). As depicted in Figs. 4(c) and 4(d), the colour of the 
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chitosan films was turned into slightly reddish following the β-carotene incorporation, but they were still 

transparent. 

 

 

Figure 4: Optical transmittance: (a) chitosan film, obtained from Hylobius abietis and (b) chitosan-β-

carotene film. Visual transparency: (c) chitosan film, obtained from Hylobius abietis and (d) chitosan-β-

carotene film 

Light transmission of low molecular weight chitosan films (400-600nm) were recorded between 50 

and 90%, depending on the concentration of the plasticizer that was used [30]. In some previous studies, 

light transmission values of some edible films were determined and the results are; between 40% and 85% 

for chitosan-nanofibrillated cellulose film [31], more than 80% for fish gelatin-chitosan blend film [32], 

and around 60% for chitosan-poly (vinyl alcohol) films [13]. Considering the obtained results in these 

earlier studies, light transmission values of the chitosan and chitosan-β-carotene films in the present study 

were found almost similar with them. 

3.5 Mechanical Properties 

Tensile strength of the chitosan film and chitosan-β-carotene film was measured as 9.27 ± 0.87 MPa 

and 6.82 ± 0.61 MPa respectively. Elongation at break was recorded as 53.84 ± 5.47% for chitosan film 

and 62.92 ± 5.44% for chitosan-β-carotene film. Young Modulus of the chitosan film and chitosan-β-

carotene film were determined as 96.20 ± 9.22 MPa and 70.41 ± 2.57 MPa, respectively (Fig. 5). 

Incorporation of β-carotene into chitosan film decreased Young Modulus and tensile strength and 

increased elongation at break. In an earlier study, chitosan films with a mixture of soy protein and whey 

protein with β-carotene were produced. Young Modulus of soy protein β-carotene and whey protein β-

carotene were observed as 109 MPa and 50.3 MPa respectively. In the same regard, elongation at break of 

soy protein β-carotene and whey protein β-carotene was recorded as 76% and 6% respectively [33]. 
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Considering these results, Young Modulus and elongation at break values of the chitosan-β-carotene film 

were found higher than whey protein β-carotene film and closer to soy protein β-carotene film.  

 

 

Figure 5: Mechanical properties of the chitosan film from Hylobius abietis and chitosan-β-carotene film 

3.6 Water and Soil Solubility of the Films 

It was observed that the control and chitosan-β-carotene films retained their integrity at the end of 

two-day incubation in water. The results showed that water solubility was reduced when beta carotene 

was added into the chitosan film. Therefore, the films resistance was increased against water. The water 

solubility values for chitosan control and chitosan-β-carotene films were recorded as 28.4 ± 1.21% and 

31.1 ± 1.34%, respectively. For soil solubility, weight loss values of chitosan control and chitosan-β-

carotene films were observed as 30.4% and 23.5%, respectively.  

3.7 Antioxidant Activity 

DPPH absorption inhibition (%) of the chitosan gel, chitosan film and chitosan-β-carotene film were 

recorded as 8.99%, 72.87% and 81.57%, respectively. As expected, the chitosan gel exhibited 

comparatively low antioxidant activity. This low activity can be ascribed to the high water content of the 

chitosan gel and therefore lower concentration. Incorporation of the β-carotene into chitosan almost 

completely inhibited DPPH absorption by exceeding that of chitosan about 9%. As reported previously, 

β-carotene has high antioxidant activity and scavenges free radicals [34]. 

In a previous study, DPPH radical scavenging activity of protocatechuic acid (a natural phenolic 

substance) incorporated in chitosan films was recorded in the range of 14-45% [14]. In another study, 

pure chitosan film showed inhibition value as 43.07%, while antioxidant activity of films revealed a 

gradual decrease (34-24.82%) with the addition of poly vinyl alcohol [13]. As can be seen, the inhibition 

values of the chitosan film and chitosan-β-carotene film, obtained from H. abietis, were significantly 

higher than the previous studies. For this reason, the chitosan-β-carotene film produced in the present 

study may be called as an antioxidative film. 

The ABST radical scavenging activity of the chitosan and chitosan-beta carotene films was recorded 

as 74.38% and 76.55%. Similarly, TE activity of the chitosan film was found as 176.40 µg/mg and 

chitosan-beta carotene films had TE activity of 181. 63 µg/mg. This shows that the inclusion of the beta-

carotene enhanced the antioxidant activity of the chitosan. 
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3.8 Antimicrobial Activity of H. abietis Chitosan  

The antimicrobial activity of the chitosan produced from H. abietis was studied by following the disc 

diffusion method and 28 bacterial strains were used in the experiments. Acetic acid solution of the 

chitosan (1 g of chitosan was dissolved in 1% acetic acid solution) was used in the antimicrobial activity 

experiments. The antibiotic kanamycin was used as a control and the data obtained is presented in Fig. 6. 

Chitosan exhibited antibacterial activity on 18 strains out of 28. Highest activity was recorded against V. 

parahaemolyticus and followed by A. baumannii and Streptococcus pneumonia. Chitosan showed a 

comparatively lower activity on Klebsiella pneumoniae subsp. pneumoniae ATCC 700603 and S. sonnei. 

Kanamycin, on the other hand, exhibited a much higher antibacterial activity on all the strains (2-5 times 

of that of the chitosan); and this can be attributed to the toxicity of the antibiotic kanamycin. Yet, 

considering its nontoxic nature, antibacterial studies with the chitosan can be fruitful. 

 

 

Figure 6: Antimicrobial activity of the chitosan gel obtained from Hylobius abietis 

4 Conclusions 

Here, a common plant parasitic insect (with its huge amount of waste biomass) was converted into 

versatile biopolymer (chitosan) successfully. With high chitin contents and chitosan yield, H. abietis 

could be used as a source for chitin and chitosan production. Also the obtained chitosan was used for 

production of the chitosan based film, exhibiting high antioxidative and antimicrobial activities. These 

chitosan and chitosan-β-carotene films, obtained from H. abietis, can find applications in food industry as 

a coating material thanks to their biodegradable, antioxidant and antimicrobial properties.   
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