
HAL Id: hal-03517539
https://hal.science/hal-03517539

Submitted on 7 Jan 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Investigation on dung beetle’s (Heliocopris Hope, 1838)
chitosan valorisation for hydrogel 3D printing

Xiaomin Yu Godeau, Freddy Jocelyne Andrianandrasana, Olga Volkova,
Caroline R Szczepanski, Arnaud Zenerino, Olivier Montreuil, René-Paul

Godeau, Pavel Kuzhir, Guilhem Godeau

To cite this version:
Xiaomin Yu Godeau, Freddy Jocelyne Andrianandrasana, Olga Volkova, Caroline R Szczepanski,
Arnaud Zenerino, et al.. Investigation on dung beetle’s (Heliocopris Hope, 1838) chitosan valorisation
for hydrogel 3D printing. International Journal of Biological Macromolecules, 2022, 199, pp.172-180.
�10.1016/j.ijbiomac.2021.12.077�. �hal-03517539�

https://hal.science/hal-03517539
https://hal.archives-ouvertes.fr


    

 - 1 - 

Investigation on dung beetle’s (Heliocopris Hope, 1838) chitosan 

valorisation for hydrogel 3D printing.   

 
Xiaomin Yu Godeau

1
, Freddy Jocelyne Andrianandrasana

1,2
, Olga 

Volkova
2
, Caroline R. Szczepanski

3
, Arnaud Zenerino

1
, Olivier Montreuil

4
, 

René-Paul Godeau
1,2

, Pavel Kuzhir
2
, Guilhem Godeau

1,2
*

 

 
1 
Université Côte d’Azur, IMREDD, 06200 Nice, France 

2 
Université Côte d’Azur,  CNRS UMR 7010 INPHYNI, Parc Valrose  Nice, 06108 France 

3
 Department of Chemical Engineering and Materials Science, Michigan State University, 

East Lansing, MI 48824 USA 

4 
UMR 7179 MNHN/CNRS, MECADEV, Muséum National d'Histoire Naturelle, Entomologie, 

CP 50, 45 rue Buffon, 75231 Paris cedex 05, France 

 

Tel: (+33) 4 89 15 29 04  

E-mail: guilhem.godeau@univ-cotedazur.fr 

 

Abstract 

Biopolymers and their derivatives are materials with increasing interest for industry and 

especially for sustainable engineering development. Among such kind of materials, 

carbohydrate polymer like highly deacetylated chitin (chitosan) is widely used for a wide 

range of applications, including material and biomedical developments. The majority of 

industrially produced chitosan is based on chitin extracted from crustacean exoskeleton. 

However, with increase of interest on this material, chitosan’s production will rapidly become 

insufficient and other species should be investigated as new sources of chitosan. In the present 

work, we focus on the preparation of chitosan from giant dung beetles (Genus Heliocopris, 

Hope, 1838). This genus was chosen to show the possibility to take animals that develop and 

leave near dejection and valuate them for material applications. This work includes all the 

chitosan extraction procedures, chitosan characterisation IR, SEM, NMR, ash content, and 

deacetylation degree. Finally, the prepared carbohydrate polymer is used to form hydrogel. 
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The prepared gel has been characterised and used for 3D printing, to show the compatibility 

of extracted chitosan with biomaterial application. 

Keywords: Dung beetle; biopolymer extraction; chitin; chitosan; hydrogel formation. 

 

1. Introduction 

Chitin is one of the most abundant biopolymers in nature, second only to cellulose. It is a 

linear polymer of β-1,4 linked N-acetylglucosamine 
1,2

, and is present in numerous animals 

including arthropods, molluscs, echinoderms and even in mushrooms.
3–7

 Due to its 

macromolecular organisation and strong intramolecular interactions, chitin is very stable and 

has low solubility in water and most organic solvents. This low solubility makes chitin 

difficult to use in industrial applications. To increase the solubility of chitin, it is often 

deacetylated or partially deacetylated, yielding chitosan. More specifically, chitosan 

corresponds to chitin with a deacetylation degree (DD) greater than 50 %. During 

deacetylation, amino groups are released along the polymer chain which imparts a higher 

solubility to chitosan, particularly in slightly acidic water, which makes it more amenable for 

industrial use. Due to this improved solubility in water, as well as general biocompatibility 

and biodegradability, chitosan has found use in many application fields including food, 

medicine, and textiles.
8–13

 In medicine, hydrogel formation using chitosan has garnered 

significant interest. Chitosan-based hydrogels are used in tissue engineering, as injectable 

materials, for wound healing and also for implants.
10,14–21

  

Presently, the most significant source of industrial chitosan is deacetylated chitin extracted 

from seafood waste, specifically crustacean exoskeletons (e.g., shrimp, crab, lobster or 

crayfish).
22–27

 Given that applications and uses of chitosan are growing, the demand for 

chitosan is expected to increase significantly in the short-term future. It is therefore necessary 

to develop alternative sources of chitosan to meet this demand. As mentioned, a wide variety 

of animals are naturally rich in chitin. While crustaceans have been commonly sourced, 
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insects may serve as a future source of chitin and chitosan. Furthermore, if insects continue to 

be considered a potential source of protein for humans, it is interesting to consider potential 

uses of their waste.
28

 Many examples of chitin extraction and chitosan preparation from 

insects are found in the research literature and a wide diversity of insects have been 

investigated including locust, cicada, silk-worm, butterfly or beetles.
29–36

 

Since 2017, we have studied beetles both as a source of bioinspiration for surface design and 

more importantly as a potential source of materials such as chitin and chitosan.
37–39

 Our 

interests lie in the possibility of valorising chitosan from beetles. Our first work in this area 

investigated the potential of large beetles (specifically, Mecynorhina torquata Drury, 1782 

and Goliathus orientalis Moser, 1909) as a source of chitosan.
40,41

 To diversify our range of 

studied specimens, we then extended our research field from giant beetles (Cetoninae) to 

other beetles, including Scarabaeinae subfamily and more precisely on the dung beetle from 

genus Heliocopris Hope, 1838. While dung beetle breeding conditions may be considered a 

severe drawback for industrial production, the motivation here is to take animals that develop 

and live near dejection and convert them into a material appropriate for biomedical 

applications. Here we investigate the utility of materials extracted from dung beetles in 3D 

printing, as this is a key first step to for bioprinting.
42–45

 

In the present work, we focus on specimens of the genus Heliocopris from Republic of Chad 

(Figure 1), belonging to the species H. dilloni Guérin-Méneville, 1849 and investigate the 

preparation of chitosan from these animals.
46

 We characterise the prepared chitosan, and also 

prepare a mixture of the obtained chitosan and gelatin to develop hydrogels. The rheological 

properties of the prepared hydrogel are briefly investigated, and we also demonstrate that the 

prepared hydrogel is suitable for 3D printing and as consequence bioprinting.  
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Figure 1. Examples of Heliocopris sp. specimens. 

 

2. Materials and methods 

2.1. Materials  

All chemicals and solvents were purchased from Aldrich or Merck at synthetic grade and 

used without further purification. The specimens used in this work come from O. Montreuil 

collections. They were collected in the Republic of Chad. Observations were made on 6 

specimens. All observations were performed on dried specimens. 

 

2.2. Chitin extraction and deacetylation (Chitosan preparation) 

Demineralization: Dry Heliocopris sp. (10.4 g) was hydrated in a 1M aqueous HCl solution. 

The solution was then warmed for 2 hours (95 °C). The liquid phase was removed, and the 

resulting exoskeleton was rinsed with water until reaching a neutral pH. The exoskeleton was 

then used for deproteination without any further purification nor drying. 

Deproteination: After the demineralization protocol (above), the exoskeleton was placed in a 

2 M NaOH aqueous solution. The solution was warmed to 95 °C and maintained at this 

temperature for a period of 36 hours. During this treatment, the solution rapidly turned black. 

Therefore, the NaOH solution was refreshed hourly during the first 6 hours of the treatment. 

After the 36 hour period, the liquid phase was removed, and the exoskeleton was rinsed with 

Heliocopris sp. from republic of Chad
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fresh water until achieving a neutral pH and directly used in the next step without further 

purification nor drying. 

Bleaching: After deproteination, the exoskeleton was bleached using an aqueous H2O2 (50 

wt %) solution at room temperature for 4 hours. The bleached exoskeleton was then washed 

with water and acetone and finally dried in an oven (60 °C), yielding chitin. 

Deacetylation: The dry chitin was rehydrated in an aqueous NaOH solution (50 %, w/w). The 

solution was then warmed (95 °C) overnight. The liquid phase was removed and the solid was 

washed with fresh water until reaching a neutral pH. The deacetylated chitin (chitosan) was 

then washed with acetone and dried in an oven at 60 °C. The deacetylation yields 2.3 g of 

chitosan (Overall yield: 22,1 %). 

 

2.4. Chitosan characterisation 

All surface characterizations were performed on Heliocopris specimens treated surfaces. All 

observations were performed in triplicate to obtain standard deviations. 

 

Scanning Electron Microscopy 

SEM (scanning electron microscopy) observations were carried out using Phenom Pro X 

Desktop SEM from Thermo Fisher Scientific. For analysis, dry samples were placed on the 

SEM support using carbon tape. The samples were then coated with gold using Quorum 

Q150R S Sputter Coater. The coated samples were then observed in full BSD mode at an 

accelerating voltage of 5 and 10 kV.  

 

H
1
 NMR Characterization 

H
1
 NMR (nuclear magnetic resonance) were performed on a Brucker 400 MHz, using 

CF3COOD as solvent. The NMR chemical shifts are reported in ppm. Due to the polymer 

structure of chitosan, all reported signals are broad signals. 
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Chitosan from Heliocopris dilloni: δH (400 MHz, CF3COOD, ppm): 2.84 (H-Ac); 4.06 (H2-

Deacetylated); 4.15 - 4.95 (H2 to H6); 5.35 - 5.65 (H1-Acetylated); 5.70 - 5.90 (H1-

Deacetylated). 

 

Deacetylation degree titration 
47

 

Dried chitosan (0.1 g) was dissolved in 30 mL of 0.1 M HCl solution. Once the chitosan was 

completely dissolved, the solution was titrated with a 0.1 M NaOH solution. The pH value 

was monitored using a pH-meter (pH 110 M from VWR). 

 

FT-IR Characterization 

Fourier Transform Infrared spectroscopy (FT-IR) measurements were carried out using a 

Spectrum Two FT-IR spectrometer from Perkin Elmer with universal ATR accessory. The 

measurements were performed between 4000 cm
-1

 and 500 cm
-1

. 

 

TGA and DSC measurements 

Thermogravimetric (TGA) and differential scanning calorimetry (DSC) measurements were 

performed simultaneously on a STA449 F5 Jupiter ECO from Netzsch. The samples were 

warmed from 40 °C to 850 °C with heating rate of 10 °C per min under nitrogen flow of 50 

mL.min
-1

, the temperature was then stabilized at 850 °C over a period of 4 hours. 

 

X-ray diffraction (XRD) analysis 
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X-ray diffraction of powdered chitosan samples were examined by a Panalytical X’Pert Pro 

with an Xcelerator fast detector operating at 45 kV and 30 mA. The radiation was generated 

from a Cu K (k =0,15418nm) source. The diffraction data were collected at 2h values from 

5° to 75°. 

The crystallinity index of isolated chitosan samples (CrI) were calculated from XRD data 

using the following equation:
31,32

 

CrI = [(Icr−Iam)/Icr]*100 

Where Icr is the maximum intensity for crystalline lattices at 2 = 19.6° and Iam is the 

maximum intensity at 2 = 12.6° corresponding to the amorphous region. 

 

Elemental analysis 

Elemental analysis was carried out on an elemental analyzer Flash EA 1112 series (Thermo 

Finnigan), equipped with Eager Xperience software. 

 

2.5. Hydrogel preparation and characterisation 

Hydrogel chitosan/gelatin preparation 

- Chitosan solution preparation: 

600 mg of chitosan was dissolved in 20 mL of 2% acetic acid aqueous solution (Chitosan final 

concentration: 3 % w/v) at 40°C using an ultrasonic bath. After complete dissolution, the 

warm solution was filtered. The solution’s pH was then systematically increased to 4.7 using a 

0.5M aqueous solution of NaOH.  

- Gelatin solution preparation: 

3,6 g of gelatin was dissolved in 20 mL of water at 40°C using an ultrasonic bath. After total 

dissolution, the warm solution was filtered. 

- Hydrogel preparation: 
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10 mL of gelatin solution was mixed with 20 mL of chitosan solution. The mixture pH was 

increased to 6 by addition of 0.5M aqueous solution of NaOH added drop by drop.  

 

Rheological measurements 

Rheological measurements were conducted using MCR502 (Anton Paar) rheometer in parallel 

plate geometry. The hydrogel was placed between two parallel disks (r=2 cm) separated by a 

gap of 0.5 mm. A solvent trap was used to prevent solvent evaporation during measurement. 

Storage (G’) and loss (G”) moduli were measured in a linear viscoelastic regime as function 

of temperature imposed on the lower rheometer plate using an integrated Peltier element. The 

duration of measurements was adjusted so the moduli achieved their steady state value (with 

an error of ±5%) at each tested temperature. The steady-state flow curves were measured in a 

shear rate control mode imposing a continuous shear rate ramp from 2 s
-1

 to 100 s
-1

 at the rate 

of 0.1s
-1

/s and measuring the resulting shear stress. 

 

2.6. Hydrogel 3D printing assays 

3D printing was performed using a Bio-X bioprinter from Cellink (Boston, MA, USA). The 

printing was performed following an extrusion process. The cartridge was kept at room 

temperature, while the heated substrate temperature was kept constant at 25 °C. Steel needle 

(sizes G22) was used to print hydrogels. 

Printing parameters: An extrusion pressure of 60 Kpa and translational speed of the printing 

head (feed rate) 5 mms
-1

 were chosen to ensure proper and continuous filament formation and 

were kept constant throughout the study. 

 

3. Results and discussion 

3.1. Chitin extraction and deacetylation (Chitosan preparation) 
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As reported in the literature, different pathways can be employed to extract chitin and prepare 

chitosan, with the most common methods being based on chemical or enzymatic 

treatment.
23,48

 In the present work, we employ a chemical strategy (described in detail in 

Sec.2.2): with chitin being extracted from dry beetle in three steps: 1- demineralisation (1 M 

HCl aqueous solution, 95 °C, 2 hours), 2- deproteination (2 M aqueous NaOH solution, 95 °C, 

36 hours) and 3- bleaching (50 wt % H2O2, RT, 4 hours, followed by acetone rinsing). The 

obtained solid (chitin) is directly used in deacetylation without further purification. Chitosan 

is obtained after deacetylation (50/50 w/w NaOH water solution, 95° C, overnight). The final 

solid is washed with acetone and dried (overall yield, 22.1 %). The final product, chitosan, is 

a poly (β-(1-4)-D-glucosamine) with random presence of N-acetyl-D-glucosamine (Figure 2). 

The isolated chitosan can be fully dissolved in slightly acidic water, confirming the removal 

of acetyl groups. 

 

Figure 2. Theoretical chemical structures of chitin and chitosan. 

 

3.2. Chitosan characterisation 

To properly characterize the prepared chitosan, FT-IR analysis was conducted. FT-IR 

observation reveals all the characteristic bands associated with chitosan (Figure 3, Table 1). 

 

Table 1: FT-IR data for chitosan from Heliocopris dilloni specimen. 
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Figure 3. FT-IR spectrum of Heliocopris sp. chitosan. 

 

Heliocopris chitosan presents strong bands at 3430-3330 cm
-1

 and 3230-3300 cm
-1

, which are 

consistent with the stretching of O-H and N-H bonds, respectively. The band corresponding to 

sp3 CH2 vibration is observed at 2850-2930 cm
-1

 and the C=O band from the amide group is 

weak but can be observed at 1640-1665 cm
-1

. Lastly, the bending and vibration bands from N-

H can be observed at 1550-1585 cm
-1

. As expected, the observed IR bands for chitosan from 

Heliocopris sp. are consistent with data reported in the literature for shrimp chitosan.
40

 

 

Elemental analysis was also performed on extracted chitosan. The results from this analysis of 

Heliocopris dilloni chitosan are shown in Table 2. The experimental elemental proportions are 

all consistent with the expected theoretical elemental proportions for chitosan.
40

 

 

Table 2. Elemental analysis for chitosan 

Functional group
Chitosan for Heliocopris

Sp.

OH Stretching 3330-3430 cm-1

NH Stretching 3230-3300 cm-1

CH2 Vibration 2930-2850 cm-1

C=O 1640-1665 cm-1

NH (Bending) 1550-1585 cm-1

750125017502250275032503750
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To complement these characterizations, the deacetylation degree (DD) was also estimated 

using both 
1
H-NMR (Figure 4) and titration (Figure 5). Using NMR, the deacetylation degree 

was determined following a previously reported method.
49

 In brief, this method compares 

signals from acetylated and deacetylated glycosamine units and estimates DD as follows: 

DD = [H1-D/( H1-D + 1/3H-Ac)]*100, 

where H1-D is the integration of the proton H1 of deacetylated saccharide (H1-D, integrated 

to 0.92) and H-Ac is the integration of the peak of the three protons of acetyl group (H-Ac, 

integrated to 1). Following this equation, the DD calculated using NMR for chitosan from 

Heliocopris dilloni. In this study is 73,4 %.  

 

 

Figure 4. Example of 
1
H NMR for Heliocopris dilloni Chitosan. 
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DD can also be confirmed using titration, as described by Czechowska-Biskup et al.
47

 As seen 

in Figure 5, the chitosan titration curve has two deflections. The first is attributed to excess 

HCl, and the second is attributed to chitosan hydrochloride formation (Figure 5). 

   

Figure 5. Example of titration curve for Heliocopris dilloni chitosan deacetylation degree 

determination (Blue: titration curve and red: first derivative of the titration curve). 

 

The difference between these two deflections can be used to calculate DD using the following 

formula: 

Deacetylation degree [%] = 2.03 ∗
𝑉2−𝑉1

𝑚 +0,0042∗(𝑉2−𝑉1)
, 

where m is sample mass (g), V1 and V2 are volumes of NaOH solution corresponding to the 

deflection points for HCl and chitosan hydrochloride respectively, 2.03 is a coefficient 

resulting from the molecular weight of a chitin monomer unit and 0.0042 is a coefficient 

resulting from the difference between molecular weights of chitin and chitosan monomer 

units. Using this approach, the DD was determined to be 73.5 ± 2.0 % for the chitosan 

obtained in this work. Both methods explored here, NMR and titration, yield very similar 

values for DD and are consistent with data published in the literature for beetles.
32
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Thermal analysis was also performed to characterise the obtained chitosan. Differential 

scanning calorimetry (DSC) was performed on Heliocopris sp. chitosan. The degradation 

profile of the sample reveals a peak at 302°C (Figure 6). 

 

Figure 6. DSC observation for Heliocopris dilloni chitosan. 

 

This peak can be attributed to the chitosan degradation as reported in the literature.
5,6

 In 

addition to DSC measurements, thermo-gravimetric analysis (TGA) was carried out. During 

TGA analysis, the samples were progressively heated to 850 °C with mass loss recorded 

during the heating. As seen in Figure 7, from 40 °C to 100 °C, the deflection in the mass loss 

curve reveals the evaporation of water (13 %). Additionally, near 300 °C a significant 

deflection is observed, which can be attributed to chitosan degradation. At higher 

temperatures, the organic content completely degrades and only the mineral part of the sample 

remains. This mineral residue is typically described as ash content of the chitosan. Ash 

content is an important parameter, as for many applications a low ash level is preferred. For 

the material obtained here, the ash content is roughly 5 %, and this value is compatible with 

applications in hydrogel formation (Figure 7). 
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Figure 7. TGA curve for Heliocopris dilloni chitosan. 

 

 

Figure 8. XRD observation for chitosan. 

 

To complete characterisation of the chitosan, XRD studies were conducted on Heliocopris 

dilloni Chitosan (Figure 8). Major, sharp peaks were observed at 10.3° and 20.0°, as well as a 

shoulder at 22.0°.
31,32

 The XRD measurements are consistent with chitosan and allow 

determination of the crystallinity index (Crl). The CrI was found to be 24.9 % revealing the 

significant amorphous fraction of the chitosan in the obtained product. 

 

Electron microscopy was performed on Heliocopris dilloni surfaces before and after treatment 

(Figure 9) to observe how the specimen surface evolved during treatment. The raw surface did 

not show significative structuration, only a few cracks on an otherwise smooth surface are 
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observed (Figure 9 A). After demineralisation, the surface presents similar morphology 

without any specific structure. This lack of modification after demineralisation is not 

surprising and is consistent with our previous work on chitin extraction.
40,41

 After 

deproteination and deacetylation, the surface presents significantly different morphologies 

(Figures 9 C and D) and revealing slight roughness. Compared with deproteinated and 

deacetylated surfaces from beetles like Mecynorhina torquata, the surfaces in this study from 

Heliocopris dilloni did not reveal any regular network organisation. This observation is not 

surprising, as this Heliocopris genus is not known for structural colour.  

 

Figure 9. SEM image for Heliocopris dilloni. Surfaces (scale bar: 8 µm). A. Raw, B. After 

demineralization, C. After deproteination and D. Heliocopris dilloni Chitosan. 

 

3.3. Hydrogel preparation and characterisation 

A B

C D
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After extraction from the specimens, the prepared chitosan was used to prepare a hydrogel. 

Various hydrogels based on chitosan are reported in the literature. In most cases, chitosan is 

mixed with a secondary polymer to facilitate electrostatic reticulation.
17,50–52

 Various 

polymers, such as alginate or poly vinyl alcohol (PVA) are employed to this end. In our study, 

we selected a chitosan/gelatin mixture to prepare a biocompatible hydrogel. For the hydrogel 

preparation, gelatin and chitosan were first dissolved separately and then subsequently mixed, 

with concentrations of 2% and 6% for chitosan and gelatin, respectively in the final resin.  

 

To be compatible with 3D printing, a hydrogel should be easy to melt and also fluid enough 

upon melting to flow into the injection chamber.
44

 However, it should also remain solid at 

room temperature to maintain the printed shape after printing. With these parameters in mind, 

it is important to determine the hydrogel melting point, and also to characterize viscoelastic 

properties near room temperature. Towards this end, two experiments were performed. First, 

the storage (G’) and loss (G”) moduli (reflecting the stored elastic energy and viscous energy 

dissipation, respectively) were measured as a function of temperature (Figure 10). A 

sinusoidal strain of constant amplitude (0.05%) and a frequency f=1Hz was applied and the 

resulting shear stress was measured and the moduli G’, G” were determined using standard 

rheological conversion. Preliminary experiments showed that at the applied strain amplitude 

of 0.05%, the internal structure of hydrogel remains intact (linear viscoelastic domain).  
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Figure 10. Measurement of storage and loss moduli as function of the temperature. 

 

The measurements presented in Figure 10 show that the storage modulus is roughly 2 orders 

of magnitude greater than the loss modulus at low temperature (15°C), and then slowly 

decreases between 24 and 28 °C, revealing the beginning of gel melting. At temperatures 

above 28 °C, the modulus dramatically decreases indicating that the gel is molten. At the 

highest temperature tested, 30°C, the storage modulus becomes nearly equivalent to the loss 

modulus, indicating a solid-liquid transition of the gel at this temperature. This observation 

indicates that the gel should be totally molten at 30 °C but will remain solid at 25 °C. These 

properties are suitable for 3D printing applications. 

The second set of rheological measurements conducted concerned the flow curves (shear 

stress vs shear rate), obtained at two temperatures near ambient conditions (23 and 25 °C) 

(Figure 11). 
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Figure 11. Flow curves for the hydrogel (shear stress vs shear rate) at two different 

temperatures. 

 

The measured flow curves were extrapolated to the ordinate axis and the shear stress value at 

zero shear rate was assigned as a dynamic yield stress. Following this method, the yield stress 

was 2.5Pa for 23°C and 1Pa for 25°C, confirming the solid gel structure at rest. When flow 

occurs due to an increase in shear rate, we observe a decrease in the viscosity (as inferred 

from decreasing slope of the flow curve), indicating shear-thinning behavior of the studied 

hydrogel. Additionally, Figure 10 reveals that viscosity depends strongly on the temperature. 

In all ranges of the applied shear rates, the viscosity is roughly two times greater for 

measurements at 23°C compared to 25°C. All these observations again confirm that the 

prepared hydrogel is a good candidate to prepare bio-ink for bio-printing. 

 

The prepared hydrogel was also observed with SEM. This imaging was performed on the 

dried hydrogel (Figure 12). The images reveal a membrane-like structure which is consistent 

for dry hydrogels. 
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Figure 12. SEM images of the dried hydrogel (Scale bar, A: 100 µm and B: 30 µm). 

 

3.4. Hydrogel 3D printing assays 

The prepared hydrogel was then used for 3D printing application (Figure 13). 

  

Figure 13. Example of 3D printing. 

Various 3D structures including the pyramid structures shown in Figure 13 were successfully 

printed using the obtained material, including squares, circles and letters. For 3D printing, an 

important factor is preservation of the printed shape. Indeed, after printing, due to the gravity 

and the gel fluidity, the risk is that hydrogel will flow and loose the printed shape. To 

determine the magnitude of this effect, different measurements were performed on each 

printed structure (Figure 14) to determine the variation in size due to the gel creep. 
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Figure 14. Evaluation of the printing accuracy. A: Theoretical model, B: Printed shape and C: 

measurement. 

 

The variations are presented in Table 3 and are calculated as follow: 

𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 % =
𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑠𝑖𝑧𝑒

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑠𝑖𝑧𝑒
∗ 100 

  

L

W
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Table 3. Variation of the printed shape compared with theoretical model. 

  

Compared with the proposed structures, all the presented printed structures are very similar 

with 5 to 15 % variation in size. The formed hydrogels did not flow after printing and the 

printing shapes are preserved for a few hours at room temperature (Observations in Table 2 

were made after two hours). Such shape preservation is expected to be related to the yield 

stress of the hydrogel at ambient temperature, as revealed by rheological measurements 

(Figure 11). This observation reveals that the prepared hydrogel is compatible with 

bioprinting. 

 

Conclusion 

In conclusion, we report here for the first time the preparation of chitosan based on 

Heliocopris dilloni and its application in 3D printing. Chitosan was obtained using simple, 

straight-forward chemical treatments including demineralisation, deproteination, bleaching 

and deacetylation. After the four-step process, the treated cuticle produced chitosan (22.1 % 

yield). The formed chitosan was characterised using various techniques including FT-IR, 

TGA, XRD, elemental analysis and NMR. The deacetylation degree was determined to be 73 

% and the ash content was 5%. After characterisation, the extracted chitosan was successfully 

used to prepare a Chitosan/gelatin hydrogel. After rheological characterisation and SEM 

observation of the gel, it was used for 3D printing. The gel adapts to the bio-printing 

technique and various three-dimensional shapes were printed. Measurements on the printed 

shapes show well defined structures with shape accuracy between 85 and 95 %. All this 

encouraging preliminary data confirms the possibility to use Heliocopris dilloni as source of 

Accuracy (%)
Length Width

Square 87.5 87.5
Circle 85
Letter 96,3 92,5

Pyramid 94,3 96,7
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chitosan. These results show the strong potential of beetle for chitosan production and 

hydrogel preparation. Combined with the increase in the insect production in the world to feed 

animals or humans, this work offers an efficient solution to valorise the industrial by-products 

of insect production. This research article is a first step for insect waste valorisation and 

reveals the potential for this strategy to impact materials science and biomedicine. Future 

work in this area and follow-up studies will evaluate the cytocompatibility of beetle’s chitosan 

hydrogel and the suitability of this material for bioprinting. 
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Figure caption: 

 
Figure 1. Examples of Heliocopris sp. specimens. 

 

Figure 2. Theoretical chemical structures of chitin and chitosan. 

 

Figure 3. FT-IR spectrum of Heliocopris sp. chitosan. 

 

Figure 4. Example of 
1
H NMR for Heliocopris dilloni Chitosan. 

 

Figure 5. Example of titration curve for Heliocopris dilloni chitosan deacetylation degree 

determination (Blue: titration curve and red: first derivative of the titration curve). 

 

Figure 6. DSC observation for Heliocopris dilloni chitosan. 

 

Figure 7. TGA curve for Heliocopris dilloni chitosan. 

 

Figure 8. XRD observation for chitosan. 

 

Figure 9. SEM image for Heliocopris dilloni. Surfaces (scale bar: 8 µm). A. Raw, B. After 

demineralization, C. After deproteination and D. Heliocopris dilloni Chitosan. 

 

Figure 10. Measurement of storage and loss moduli as function of the temperature. 

 

Figure 11. Flow curves for the hydrogel (shear stress vs shear rate) at two different 

temperatures. 

 

Figure 12. SEM images of the dried hydrogel (Scale bare, A: 100 µm and B: 30 µm). 

 

Figure 13. Example of 3D printing. 

 

Figure 14. Evaluation of the printing accuracy. A: Theoretical model, B: Printed shape and C: 

measurement. 

 

Table 1: FT-IR data for chitosan from Heliocopris dilloni specimen. 

 

Table 2. Elemental analysis for chitosan 

 

Table 3. Variation of the printed shape compared with theoretical model. 
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