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Abstract 

Camptothecin is a promising anti-colorectal cancer agent. However, its use in clinical medicine is 

compromised by its low solubility and high instability in physiological media. The present work aims to study 

the chemical stability of the camptothecin lactone ring (alone, encapsulated, and in solid dispersion) while 

comparing it to that of a reference analog irinotecan. This stability is studied in acidic (pH 2) and 

physiological (saline) media and Human plasma by high performance liquid chromatography (HPLC). 

Stability tests carried out on CPT alone, encapsulated and in solid dispersion in artificial media and Human 

plasma demonstrate that ternary systems [CPT/β-CDs/PEG 6000 and CPT/PM-βCDs/PEG 6000] can lead to 

the protection of CPT lactone ring in physiological media and Human plasma for 72 hours. This protection is 

essential to the camptothecin therapeutic effect when administered in pharmaceutical form. 
 

Keywords: Camptothecin, Chemical Stability, Colorectal Cancer, Cyclodextrin, Irinotecan, Polyethylene Glycol, 

Solid Dispersion. 

 

 

I. Introduction 

One of the most promising anti-colorectal cancer agents is 

camptothecin (CPT, Figure 1), which is a pentacyclic 

alkaloid with a pyrroloquinoline motif [1]. This pale-yellow 

crystalline powder is extracted from an Asian tree called 

Camptotheca Acuminata. Camptothecin is a non-competitive 

inhibitor of topoisomerase I, as it binds neither to the enzyme 

itself nor to DNA but binds to both at the same time (DNA-

Topoisomerase I) to form a reversible ternary complex 

(DNA-Topoisomerase I-Camptothecin) called cleavable 

complex which will inhibit the action of the enzyme by 

irreversibly cutting DNA in multiple locations, leading to cell 

death. Despite its remarkable anticancer activity, 

camptothecin is insoluble in water and physiological media, 

its dissolution is obtained in dimethyl sulfoxide (DMSO). 

Moreover, it is unstable in physiological media due to the 

hydrolysis of its lactone ring leading to the loss of its 

biological activity [2]. 

Thus, despite the proven therapeutic potential of 

camptothecin (CPT), it has not been exploited in therapy. 

However, it has been the source of a more soluble and less 

unstable analog such as irinotecan (CPT 11, Figure 1) [3].  

However, other solutions have been studied by researchers 

such as encapsulation by cyclodextrins, nanofibrous silica 

microparticles, liposomes, and solid dispersion in 

polyethylene glycol (PEG) [4-7]. In addition, numerous 

research has been carried out to overcome the lack of 

solubility and stability of camptothecin in physiological 

media, using encapsulation with cyclodextrins (CDs), solid 

dispersion in polyethylene glycol (PEG), and/or the 

formation of ternary systems (CPT-CD-PEG) [4]. 

Cyclodextrins (CDs) are cyclic oligosaccharides composed 

of 6 to 12 glucopyranosyl subunits linked by α-(1,4) 

glycosidic bonds. The CDs containing more than 8 

glucopyranosyl units are not stable enough for 

pharmaceutical use. The most common CDs are the native 

ones (cyclodextrins no branching other than the glycosidic 

ring) α, β, γ which have 6, 7, and 8 glucopyranose residues 

respectively, all having the chair configuration. The CD is 

characterized by a "crown" structure and is in the form of a 

truncated cone ring with primary and secondary hydroxyls on 

the outside and hydrogen, carbon and ether-oxide bonds on 

the inside, their structures are given in Figure 2 [8].  

To improve the properties of cyclodextrins, numerous 

derivatives have been developed: Hydroxypropyl-beta-CD 

(HP- β -CD), Per methyl-beta-CD (PM- β -CD), Sulfobuthyl-

beta-CD (SBE- β -CD), Hydroxypropyl-gamma-CD (HP- γ -

CD). The chemical modifications concern the hydroxyl 

groups, which are substituted in varying numbers depending 

on the type of native cyclodextrin [9]. 

mailto:sofiane.fatmi@univ-bejaia.dz
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Because of the truncated cone structure and the particular 

position of the hydroxyls, cyclodextrins are amphiphilic and 

therefore have two distinct zones of polarity. The outside of 

the cavity and the ends are polar. Thus, it is the primary and 

secondary hydroxyls on the edges of the cone that make this 

molecule soluble in water. On the other hand, the inner of the 

cavity where oxygens are found is less polar. This more 

hydrophobic area will play an important function in the 

inclusion of the hydrophobic host molecules. 

Indeed, FATMI et al. [4,5] have established that 

camptothecin encapsulated by cyclodextrins becomes more 

soluble especially when using methyl-beta-CD, indicating a 

potential increased bioavailability.   

Also, it is now known that solid dispersion (SD) increases 

the solubility of drugs converting them into amorphous 

crystals, by reducing their particle size and by increasing 

their wettability [10]. In this process polyethylene glycols 

(PEGs, Figure 2) are very often used as water-soluble 

polymeric matrix [10], they are non-toxic and biocompatible. 

The Food and Drug Administration (FDA) has approved their 

use in intravenous, oral, and dermal pharmaceutical 

preparations [11]. 

A. Paudel et al. [12] have demonstrated that it is possible to 

improve the solubility of hydrophobic molecules in general 

and naproxen in particular through solid dispersion. X. Wang 

et al also used solid dispersion in PEG and Polyvinyl 

pyrrolidone (PVP) to improve the solubility of two highly 

lipid soluble molecules, namely, itraconazole and 

indomethacin, resulting in binary (PA/polymer) and ternary 

systems [(PA/surfactant)/polymer] with very satisfactory 

dissolution percentages [13]. 

The present work aims to study the chemical stability 

(lactone ring) that guarantees the anticancer activity of 

camptothecin (alone, encapsulated and in solid dispersion) 

while comparing it to that of a reference analog CPT 11. This 

stability is studied in acidic, physiological, and human 

plasma by high-performance liquid chromatography (HPLC).  
 

 
 
Figure 1: Camptothecin and irinotecan structure. 

 

 
Figure 2: Chemical structures a) Natural cyclodextrins. b) Polyethylene 

glycol. 

 

II. Material and methods 

II.1. Materials  

- Camptothecin (Mw 348.11 g/mol) and irinotecan (Mw 

586.678 g/mol) were purchased from Shenzhen Boda Natural 

Product laboratory (P. R. China).  

- Cyclodextrins: β-CD and PM β-CDs were obtained from 

Roquette Fréres (France). 

- Polyethylene glycol 6000 was obtained from BASF 

(Germany). 

- All reagents were of analytical grade. 

 

II.2. Methods 

Complexes and solid dispersion preparations  

- Binary system (CPT/CDs inclusion complexes and 

CPT/PEG 6000) preparation 

Cyclodextrins and CPT (1:1 molar ratio) were dissolved in 

50 ml of ethanol, the mixture was left under agitation for 1 

hour protected from light. After drying at 45°C for 1 hour, 

the powder was preserved in a desiccator [4]. 

- Ternary system (Solid dispersion of CPT complexes 

in PEG 6000) preparation 

Nine parts of polyethylene glycol 6000 and one part of the 

CPT complexed form were dissolved in 50 ml ethanol by 

agitation. After drying at 45°C for 1 hour, the powder was 

preserved in a desiccator [4]. 

 

Study of CPT (free, encapsulated, or solid dispersion) and 

CPT 11 lactone ring stability in artificial media pH 2 and 

physiological serum 

Five mg of camptothecin (free, encapsulated, or solid 

dispersion) and irinotecan were shaken for 72 hours in the 

dark in 500 ml of pH 2 buffer media and physiological media 

(saline). At appropriate time (1 H and 72 H), the solutions 

were filtered and quantified by HPLC. The analyses were 

carried out in triplicate.  
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 Study of CPT (free, encapsulated, or solid dispersion) and 

CPT 11 lactone ring stability in human plasma 

Investigations were performed with new blood. The blood 

was centrifuged at 6000 for 15 min at room temperature to 

isolate plasma and buffy coats. The plasma was supplanted 

by an isotonic arrangement (NaCl 0.9%). Then, plasma was 

treated with various arrangements at 0.01 mg/ml (v/v) (CPT, 

CPT11 and CPT binary and ternary systems). The samples 

were shaken for 72 hours in the dark. At the appropriate time 

(1 H and 72 H), the solutions were filtered and quantified by 

HPLC. The analyses were carried out in triplicate. 

 

HPLC analyses  

 

The analysis of lactone and carboxylate forms of CPT and 

CPT 11, were performed using HPLC-UV system (UltiMate 

3000 RS-Variable Wavelength detector) which consisted of 

an auto-injector LC 1650, consisting of vacuum degasser, 

temperature-controlled well-plate autosampler, column 

thermostat, quaternary pump, and photodiode array detector 

set at 365 nm. Chromatographic analysis was performed 

using a Hypersil ODS C-18 (150 x 4.6 mm, 5 µm particle 

size, 80˚A pore size column) from Thermo (Bellefonte, PA, 

USA). The mobile phase consisted of a mixture of a borate 

buffer and acetonitrile (65: 35, v/v) with a flow rate of 1 

ml/min, at a temperature of 30 °C and with an injection 

volume of 20 µl. Standard solutions were prepared by 

dissolving CPT or CPT 11 in a mixture of methanol/DMSO 

(95:5, v/v). 

 

III. Results and discussion 

 

Study of CPT and CPT 11 lactone ring stability in artificial 

media pH 2, physiological serum, and Human plasma  

Chromatograms resulting from HPLC analysis of the 

lactone and carboxylate forms of CPT alone and CPT 11 

solubilized in various media are shown in Figure 3. 

The first stage of this work was to investigate the behavior 

of CPT and CPT 11 in various media: pH 2, saline and 

human plasma as a function of time (1 H and 72 H). Figure 4 

summarizes the resulting data. 

The findings show that camptothecin is stable in pH 2 

media even after 72 H in solution. On the other hand, it is 

clear that in saline and human plasma, from the first hour, 

CPT is denatured and transformed into the inactive 

carboxylated form. Indeed, it is known that the lactone cycle 

of camptothecin is pH-dependent [14]. It was also observed 

that the CPT derivative (CPT 11) is stable regardless of the 

media and time of analysis, showing a small degradation. 

The results are justified by those of FATMI et al. [4,5] for 

the encapsulation or/and solid dispersion of CPT not only to 

solubilize it but also to protect it during human 

administration. 

 

 

 

 

 
Figure 3: HPLC Chromatograms of the lactone and carboxylate forms of 

CPT alone and CPT 11 solubilized in various media 

 

 
 
Figure 4: Stability of CPT and CPT 11 in the media: pH 2, serum and 

human plasma. 

Study of CPT (alone, encapsulated or/and dispersed) and 

CPT 11 lactone ring stability in artificial media pH 2, 

physiological serum and Human plasma  

Chromatograms resulting from HPLC analysis of the 

lactone and carboxylate forms of CPT (alone, encapsulated 

and in solid dispersion) and CPT 11 solubilized in various 

media are shown in Figure 5. 

The results of the investigation of the behavior of CPT 

(alone, encapsulated or/and dispersed) and CPT 11 in various 

media: pH 2, saline and human plasma as a function of time 

(1 H and 72 H) are summarized in Figure 6. 

All preparations were showing that camptothecin (alone, 

encapsulated or/and dispersed) is stable in pH 2 media even 

after 72 H in solution.  
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Unlike camptothecin alone, CPT in binary [CPT-β-CDs and 

CPT-PM-βCDs], and ternary [CPT/β-CDs/PEG 6000 and 

CPT/PM-βCDs/PEG 6000] systems showed protection from 

lactone ring degradation. This protection is maximal in CPT 

ternary systems for both types of cyclodextrins (βCD and 

PM-βCD). This protection is similar to the CPT derivative 

(irinotecan). It is probably due to the cavity stabilizing effect 

of CDs. J. Kang et al [15] in their research, had also 

established this protective capacity. 

 

 
Figure 5: HPLC Chromatograms of the lactone and carboxylate forms of 
CPT (encapsulated and in solid dispersion) and CPT 11 solubilized in 

various media.  

Among the binary systems, the PM-βCD-based system 

offers the best protection. This can be attributed to very polar 

methyl groups, which not only disrupt the intramolecular 

hydrogen bonding, making the PM-βCDs molecule highly 

soluble and stable but also extends the molecule cavity [15]. 

Also, ternary systems based on both types of CDs offer 

better percentages of protection (at an equal rate), this is 

probably due to the presence of PEG 6000 which is a very 

hydrophilic polymer and is currently widely used as a 

pharmaceutical carrier for the transport of poorly soluble and 

stable drugs.  But also, it seems that this polymer cancels the 

effect of the external groups of the cyclodextrin cavity as 

reported by R. Sawant et al. [16]. 

 

 

Figure 6: CPT (alone, encapsulated or/and dispersed) and CPT 11 in the 
media: pH 2, serum and human plasma. 

Finally, the stability tests carried out on CPT alone, 

encapsulated and in solid dispersion in artificial media and 

human plasma demonstrate that the systems prepared by 

FATMI et al. [4,5] can lead to the protection of CPT lactone 

ring, essential to its therapeutic effect when administered in 

pharmaceutical form. 

IV. Conclusions 

To ensure the therapeutic effect of camptothecin, it is 

known that the integrity of the lactone cycle must be assured. 

Thus, the present work aims to study the chemical stability 

(lactone ring) of camptothecin (alone, encapsulated and in 

solid dispersion) while comparing it to that of a reference 

analog CPT 11. This stability is studied in pH 2, and 

physiological media and human plasma by high performance 

liquid chromatography (HPLC). Stability tests carried out on 

CPT alone, encapsulated and in solid dispersion in artificial 

media and Human plasma demonstrate that the systems 

particularly ternary systems [CPT/β-CDs/PEG 6000 and 

CPT/PM-βCDs/PEG 6000], can lead to the protection of CPT 

lactone ring in physiological media, and Human plasma for 

72 hours. This protection is essential to the camptothecin 

therapeutic effect when administered in pharmaceutical form. 
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Abstract 

The aging of materials is a degradation or a slow evolution of the properties of the material resulting from its 

intrinsic instability or caused by more or less aggressive external factors. Based on the literature, the 

degradation of polylactic acid (PLA) biocomposites mainly consists of hydrothermal degradation and 

photodegradation, the PLA/natural fibers interface is one of the main factors affecting the rate of hydrolytic 

degradation. With the addition of vegetable fibers, greater degradation is observed. Thus, because of their 

hydrophobicity, the biocomposite obtained has a greater moisture uptake causing swelling at the fiber/matrix 

interface. This causes cracking and degradation by more significant chain cuts. This work reports on the 

hydrolytic aging of biocomposites which were composed of Alfa fiber and Polylactic acid (PLA) prepared by 

extrusion. To improve the fiber/matrix compatibility, the Alfa fiber has been treated with a dispersing agent 

which is BYK W-980. Spectroscopic (FTIR), thermal, and water absorption tests before and after hydrolytic 

aging of biocomposites have been studied and compared. The results revealed that PLA/Alfa biocomposites in 

the presence of BYK W-980 are more resistant to hydrolytic aging compared to untreated composites. 

Keywords: Alfa Fiber, Biopolymer, Dispersing Agent, Hydrolytic Aging. 

  

 

I. Introduction 

Chemical aging by hydrolysis (or hydrolytic) is 

characterized by the degradation of the polymer in 

an aqueous medium (liquid or gaseous). This type of 

degradation mainly affects polycondensates such as 

polyesters and polyamides and in particular PLA 

which is aliphatic polyester. Hydrolysis is generally 

characterized by a process of random chain cuts and 

is controlled by the diffusion of water within the 

polymer and is catalyzed in the presence of acid or 

base [1].  

As in the case of other types of degradation, 

hydrolysis tends to act in amorphous zones, which 

are more permeable to water molecules [2]. 

In the case of PLA, the hydrolysis of the 

macromolecular chains produces lactic acid, which 

makes the reaction auto-catalytic leading to rapid 

and catastrophic degradation for the material [3]  

The hydrolysis mechanism of polyesters induces 

chain breaks and shows that the species formed are 

of alcohol and acid type. Due to the formation of 

shorter chains, Chemi-crystallization takes place, 

stiffening and weakening the PLA [4].  

In addition, low molecular weight oligomers and 

monomers are formed and leave the parent chains, 

causing surface erosion with the mass loss [2].  

The hydrolysis of PLA has been the subject of 

numerous studies and has been established as the 

cause of strong chain breaks, a strong crystallinity of 

the polymer and therefore a drop in mechanical 

properties. Badia et al. [5] demonstrated a lower 

diffusion of water in a material retransformed three 

times thanks to its highly crystalline character. 

The vulnerability of a biocomposite to hydrolytic 

aging is mainly linked to the fiber/matrix interface 

which is a very fragile zone. Indeed, aging by water 

immersion of PP/flax composites was carried out by 

Arbelaiz et al. [6] to study the kinetics of mass gain 

by the latter this immersion then caused swelling of 

the cellulose. This generated shear stresses at the 

matrix/fiber interface, and therefore their decohesion 

affected the mechanical properties (modulus and 

tensile strength) of the biocomposites after 

immersion [7]. 

In addition, the temperature can facilitate the 

diffusion of water molecules within the material. 

For example, Joseph et al. [8] observed faster water 

uptake of PP/sisal composites once the water was 

heated to 70°C to limit the absorption of water in a 

humid environment by composites reinforced with 

natural fibers, the method commonly used consists 

in increasing the hydrophobicity of the fibers and 

improving the interfacial adhesion by treating the 

fibers. For example, the addition of a coupling agent 

made it possible to limit the water uptake of the 

biocomposites [9-11]. 

This present work is focused on the study of the 

durability of different PLA/Alfa biocomposite 

mailto:lisa.klaai@univ-bejaia.dz
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materials treated with BYK W-980 and untreated, 

prepared via hydrolytic aging. 

II. Material and methods 

The polymer used in this work is Poly (lactic acid) 

(2003D grade) in the form of pellets. It was obtained 

from Nature Works LLC, USA. Alfa used as 

reinforcement was collected from the arid region of 

Algeria. The average particles size is ˂80 µm, 

obtained using a universal laboratory grinder for 

plastics and wood “VERDER”. The chemical 

composition of Alfa was reported previously [12]. 

The dispersing agents have been kindly given by 

BYK-CHEMIE its properties and Alfa fiber 

treatment is determined according to Ibrahim et al., 

[13].  

The hydrolytic aging was carried out according to 

the standard ASTM D570. The specimens (m0) are 

immersed in distilled water at 23 °C, with magnetic 

stirring. Every 24 hours, we take a sample; we 

remove all the surface water with absorbent paper. 

The samples are reweighed (m), the operation 

continues for 6 months. The variation in mass (∆m) 

in (%) is given by the following formula: 

∆𝑚(%) =
𝑚 − 𝑚0

𝑚0

× 100 

Where: ∆m (%) is the change in mass (wt. %), mo is 

the mass of the sample before immersion (g) and m 

represents the mass of the sample after immersion 

(g). 

III. Characterization 

III.1 Fourier-Transform Infrared Spectroscopy 

(FTIR) 

The samples were dried at 80 °C for one hour and 

used for infrared spectroscopy analysis. Infrared 

measurements were made on an FTIR 

spectrophotometer (SHIMADZU FTIR-8400S). A 

resolution of 4 cm-1 was used in the 4000-400 cm-1 

wavenumber region. 

III.2 Thermo-Gravimetric Analysis (TGA) 

The thermal analysis of biocomposites was 

realized using a TA instrument Q500. The samples 

were heated from 20 °C to 800 °C with a heating rate 

of 10 °C/min under a nitrogen atmosphere with a 

flowing rate of 50 ml/min. 

III.3 Water absorption test 

Squares 2 cm wide were dried for 1 hour in an oven 

at 60 °C and weighed the initial mass (m0) using a 

precision analytical balance of 0.0001g, before 

immersion in distilled water at room temperature. 

Then, they were removed from the water, gradually, 

wiped carefully with paper, and then the mass of the 

samples was weighed. The water absorption rate was 

calculated according to formula (2) [14]: 

𝑊𝑎𝑡𝑒𝑟 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒(%) =
𝑚 − 𝑚0

𝑚0
× 100   (2) 

Where: mo is the mass of the sample before immersion (g) 

and m represents the mass of the sample after immersion 

(g). 

IV. Results and discussion 

IV.1 Fourier-Transform Infrared Spectroscopy 

(FTIR) 

The infrared spectral analysis was carried out on 

the PLA and the PLA/Alfa biocomposites having 

undergone hydrolytic aging. The use of the results 

obtained can lead to the study of the diffusion of 

water or interpretations concerning the different 

states of water and its interactions in the system after 

hydrolytic aging. 

Figure 1 shows the IRTF spectra of (a) PLA, (b) 

PLA/Alfa, and (c) PLA/Alfa/2% BYK W-980 before 

and after 4320h (6 months) of immersion in distilled 

water at room temperature. 

As shown in the figure, aged and not aged samples 

show the same absorption bands but with different 

intensities. This difference in intensity is a 

consequence of the effect of aging and the time of 

aging [15]. The spectrum of aged PLA (Figure 1 (a)) 

shows the appearance of an absorption band at 

3650cm-1 due to the vibrations of the hydroxyl 

groups of the water molecules [16-18]. 

The same changes were detected for the 

biocomposites. However, we notice the appearance 

of a wide absorption band between 3000 and 3700 

cm-1, which increases in intensity after 4320 h of 

aging, reflecting the vibrations of elongation of the 

hydroxyls of the water molecules (OH) associated 

with the diffusion of the liquid within the matrix and 

the reinforcement/matrix interface [19]. The micro-

voids formed in the biocomposites are the results of 

imperfect degassing during processing or of 

fiber/matrix decohesion. These micro-voids tend to 

accommodate water molecules [20]. Nevertheless, 

according to the literature, it is evident that hydrogen 

bonds occur [21]. It is generally accepted that the 

unbound water molecules are characterized by a 

peak around 3650cm-1 (case of PLA alone after 

aging) and that the bands between 3000cm-1 and 

3700cm-1 characterize the associated water (case of 

biocomposites) [22]. These molecular interactions 

are also interpreted in the form of deformation 

vibration (HOH) although this mode of vibration is 

less sensitive to interactions of hydrogen bonds 

which give us less detail [16]. For untreated 

composites, Figure 1 (b) shows increased C-H and C 

= O absorption intensity for samples altered after 

4320h. The increase in the carbonyl absorption band 

indicates certain changes in the structure of 

biocomposites due to chemical degradation [23]. In 

addition to the changes mentioned above, the spectra 

of the PLA/Alfa biocomposites in the absence of 
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BYK W-980, aged for 4320 hours, show a decrease 

in the intensity of the bands located in the 1300 and 

900 cm-1 regions compared to the spectra of not aged 

biocomposites. This decrease is attributed to the 

cleavage of the C-O and C-O-C bonds of the 

untreated fiber and the hydrolysis of PLA under the 

effect of humidity [24, 25]. 

However, it can be observed a decrease in the 

absorption bands located in the regions 3500, 1600, 

1001, and 600 cm-1, after 4320 h of aging for the 

PLA/Alfa / 2% BYK W-980 biocomposites (Figure 

1 ( c)) but not for the PLA/Alfa formulation (Figure 

1 (b)), this may be due to the decrease in micro-voids 

between the Alfa fiber and the PLA matrix as well as 

the hydroxyl groups on the surface of the fiber which 

are blocked by 2% BYK W-980, in other words, 

there are fewer hydrogen bonds. 

 

 
 
Figure 1.  IRTF spectra of (a) PLA, (b) PLA / Alfa and (c) 
PLA/Alfa/2% BYK W-980 before and after 4320h of immersion 

in distilled water at room temperature. 

IV.2 Thermo-Gravimetric Analysis (TGA) 

The thermal decomposition of the three 

formulations PLA, PLA/Alfa and PLA/Alfa/2% 

BYK W-980 after aging was carried out by 

thermogravimetric analysis. Figure 2 shows the 

DTG thermograms of the three formulations. 

The results indicate that the thermal stability of all 

samples decreased after hydrolytic aging. The 

decrease in this stability is proportional to the 

amount of water absorbed where it is found that the 

treated and untreated PLA 

Alfa composites have undergone a strong decrease 

at temperatures T5%, T50% and T75% which is quite 

expected because Alfa is very hydrophilic due to the 

hydroxyl groups it contains. The fibers act as paths 

for the diffusion of water into the biocomposite. So, 

the composite containing the fiber degrades more 

than the pure thermoplastic matrix [26, 27]. 

Also, the DTG curves clearly show a large 

decrease in the degradation rate of biocomposites 

compared to unfilled PLA as there is a peak shift 

towards lower temperatures. From the ATG 

thermograms of the different materials, we could 

derive the values of the decomposition temperatures 

at 5, 50, and 75% (T5%, T50% and T75%, 

respectively) of mass loss (Table 1). From the results 

illustrated in the table below, it is noted that the two 

temperatures T5%, T50% and T75% decrease after 

4320 hours of immersion for the virgin PLA and the 

treated and untreated composites. This decrease may 

be due to the degradation of the fiber [19]. 

 
Table1. Degradation temperature of PLA, PLA/Alfa and 

PLA/Alfa/2% BYK W-980 biocomposites before and after 

immersion. 
 

Temperature 

(°C)/ 

Formulations 

PLA PLA/Alfa PLA/Alfa/2% 

BYK W-980 

Before 

immersion 

T5% 
T50% 

T75% 

 

 

317 
356 

366 

 

 

240 
306 

322 

 

 

251 
315 

327 

After 

immersion 
T5% 

T50% 

T75% 

 

 
296 

353 

363 

 

 
238 

302 

315 

 

 
201 

308 

320 

 

Modification of PLA/Alfa biocomposites using 

2% BYK W-980 influences thermal degradation 

behavior. The degradation temperature (T50%) and 

(T75%) (Table 1) of the modified biocomposite is 

shifted by approximately 6 °C. towards a higher 

temperature than that of the unmodified composites. 

Thus, this modification improved the thermal 

resistance. This effect is due to the stronger 

interaction between the fiber and the matrix with the 

formation of covalent bonds at the fiber-matrix 

interface and the good dispersion of the fibers [28]. 

The DTG thermogram showed degradation at 158 

°C for PLA and at 178 °C for PLA/Alfa only present 
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in the aged samples (Figure 2), this is due to water 

absorption during immersion [29]. It is essentially 

free water that has filled the cavities of the material 

during ageing [30, 31].  

The shift of the peak of the derivative towards the 

higher temperatures for PLA/Alfa compared to PLA 

also suggests the formation of bound water with the 

creation of bonds of higher energy between the water 

and the fiber [32]. It is interesting to point out the 

absence of this peak for PLA/Alfa/2% BYK W-980 

composites. Indeed, a small quantity of OH bonds on 

the surface of the fibers induces a low level of 

humidity. 

 

 
Figure 2. Thermogram DTG of PLA, PLA/Alfa and 

PLA/Alfa/2% BYK W-980 after 4320h of immersion in distilled 
water at room temperature. 

 

IV.2 Water absorption test 

Contact between a hydrophilic material and water 

molecules leads to the absorption of water by the 

surfaces and then in the volume of the material 

according to the laws of diffusion. According to 

various authors [33-36] the diffusion of water in 

biobased composites with an organic matrix is 

governed by different and successive mechanisms. 

First, the water molecules penetrate by capillary 

action between the polymer chains of the fiber and at 

the fiber/matrix interface, most often resulting from 

poor adhesion during the composite processing steps 

[33]. The water molecules then form hydrogen bonds 

with the hydroxyl groups of cellulose and 

hemicelluloses. Then, the water molecules diffuse at 

the interface and into the matrix [34,36]. At this 

level, some fiber components can also be 

hydrolysed, leading to decohesion at the fiber/matrix 

interface which may be responsible for the reduction 

of functional properties. 

For each aging time, three samples: loaded and 

unloaded are weighed. The average mass gain values 

are shown in Figure 3. The mass variations of the 

PLA/Alfa biocomposites with and without BYK W-

980 were related to the initial mass of virgin PLA to 

allow comparison with the unfilled matrix. 

This Figure shows that the water uptake rate 

increases with increasing immersion time for all 

samples until saturation at about 180 days. As the 

PLA matrix does not show a significant gain in 

weight during this period of aging, we can therefore 

conclude that the penetration of water into the 

composites is through the reinforcement (Alfa fiber), 

the interface matrix/fiber, cracks and microspores 

that may exist on the surface of the composites that 

are probably formed during the manufacture of the 

biocomposites [19]. But still, the lower moisture 

absorption of PLA is expected due to its weaker 

hygroscopic nature compared to Alfa fiber. From the 

water absorption curves, it can be seen that the 

incorporation of the Alfa fiber into the PLA matrix 

caused a strong elevation in the rate of water 

absorption. They show a very high absorption rate 

(39%) compared to the virgin matrix (2.20%). Le 

Duigou et al. [37] evaluated the effect of immersion 

in distilled water at 23°C for two months of a PLA 

composite reinforced with 50% by mass of flax 

fibers on the evolution of its weight gain. While the 

weight gain of PLA alone does not exceed 0.5%, 

which of the composite increases with aging time to 

reach 14% after 8 weeks of aging. 

This huge amount of absorbed water can be 

attributed to the presence of hydroxyl groups in the 

fiber structure. This is due to the low interfacial 

adhesion between the matrix and the fiber, in other 

words, due to the hydrophilic nature of the Alfa fiber 

caused by the large number of hydroxyl groups 

linked by hydrogen and Van der Waals bonds [38 

,39], which facilitates water insertion in PLA/Alfa 

biocomposites [40]. The authors explain the high 

water mass uptake for the composite by the high 

hydrophobicity and the structure of the flax fibres. 

The accessibility of water would also be influenced 

by the degree of esterification of the pectin, the size 

of the macromolecular chains of the hemicellulose as 

well as the crystallinity of the cellulose [41,42]. 

Other authors [43] have highlighted the influence of 

micro capillarity or lumen size on water diffusion. 

According to Okubayashi et al. [44] water can be 

absorbed by the hydroxyl groups of the fibers 

directly or indirectly. Directly, the water molecules 

would be easily absorbed on the hydroxyls present 

on the surface of the fibers or the hydroxyls of the 

amorphous zones. This “free” water would easily 

evaporate. Water molecules would also be absorbed 

on the inner surface of the voids and could thereby 

be trapped and bound to the fiber skeleton. These 

water molecules would be inserted between the 

cellulose chains, thus promoting their sliding relative 

to each other, causing the fibers to swell. 

The introduction of BYK W-980 in the PLA/Alfa 

biocomposites decreased the water absorption rate 

from 39 to 15.91%. This improvement in the 

resistance to water absorption can be explained by 

the formation of bonds between the hydroxyl groups 

of the Alfa fiber and those of BYK W-980, which 

leads to the reduction of the hydrophilic character of 

the fiber. Indeed, the use of BYK W-980 reduces the 

diffusion of water in the PLA matrix reinforced by 

the Alfa fiber which is due to a better matrix/fiber 
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adhesion, therefore, reduction of micro-voids in the 

interfacial region as well as the hydroxyl groups 

which are blocked by the groups of carboxylic acids 

(BYK W-980) to form an ester.  

According to Joseph et al. [45] the decrease in the 

water absorption rate can also be explained by the 

reorganization of the polymer chains and the 

migration of compatibilizers to the surface during 

the aging process. We have also noticed that from 

150 °C, there is a slight declination of the curve 

which can be explained by the hydrolysis of PLA and 

consequently loss of mass. 

 
Figure 3. Evolution of the water absorption rate for pure 

PLA, PLA/Alfa and PLA/Alfa/BYK W-980 

biocomposites 

 

V. Conclusions 

In this work, polylactic acid reinforced with Alfa 

fibers with and without the dispersing agent which is 

BYK W-980 underwent hydrolytic aging 4320 hours 

(180 days). Considering all the results, we were able 

to draw the following conclusions: 

With the addition of vegetable fibers, greater 

degradation is observed. Thus, because of their 

hydrophobicity, the biocomposite obtained has a 

greater moisture uptake causing swelling at the 

fiber/matrix interface. This causes cracking and 

degradation by more significant chain cuts. 

The presence of BYK W-980 influences the 

properties of biocomposites before and after 

immersion. These results are confirmed by 

measuring the weight gain which decreased in the 

presence of the dispersing agent. The latter reduces 

the number of hydroxyl groups in the fiber which are 

responsible for its hydrophilic nature and protects 

the fiber from degradation as seen in the 

Thermogravimetric Analysis results. 
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Abstract 

The aim of the present work is the recovery of co-products from shrimp shells by isolation of chitin and 

chitosan. Chitin is the major structural component of the exoskeleton of invertebrates. Chitosan, the 

deacetylated form of chitin, exhibits many biological activities including antifungal, antibacterial properties, 

wound-healing properties, and tumor inhibition. Its biological and physico-chemical properties make it an 

attractive biopolymer for highly targeted applications. The shrimp shells are widely used as raw material to 

isolate chitin, which is done by, the chemical or enzyme method. In this study, the choice is made on the first 

method which requires the dissolution of minerals, by acid treatment and extraction of the proteins by a basic 

treatment, followed by a stage of bleaching to remove pigments. Chitosan, it is obtained by deacetylation of 

chitin. The isolated substances were characterized by several techniques: chemical characterization, infrared 

spectroscopy (FTIR), differential scanning calorimetry (DSC) and the X-ray diffraction. FTIR analysis 

confirmed the conversion of chitin to chitosan with deacetylation of 78.7%. The presence of a high crystalline 

portion in the chitin was observed by XRD. Regarding the glass transition, the estimated humidity 6% of the 

chemical characterization in chitin played the role of a plasticizer; therefore, there was a decrease in Tg. 
 

 

Keywords: Chitin, Shrimp Shells, Chitosan, N-deacetylation 

 

 

I. Introduction 

The oceans cover more than two-thirds of the 

earth's surface and a great diversity of organisms live 

and proliferate there. The management of marine 

litter is problematic. In the case of shrimp, more than 

75% of its weight is rejected, the equivalent of more 

than 16,000 tons per year [1]. The management of 

this waste generates costs that affect the performance 

of processing companies. 

There are many current solutions for the 

management of shrimp waste. some prefer burying 

or calcining, an expensive and environmentally 

harmful operation. Their transformation into 

compost, of course, is less polluting, but not 

profitable. Its use in animal feed, but expensive, 

unprofitable, and therefore little used. As a last 

resort, the discharge of this waste directly into the 

sea causes unwanted organic pollution [2].  

The research studies on the recovery of shrimp 

waste led to the discovery of chitin. A major 

structural component of the exoskeleton of marine 

invertebrates, mainly crustaceans, is another route 

that appears to be more profitable, as this compound 

can be transformed into chitosan which has good 

commercial value [3]. Exhibits many biological 

activities including antifungal, antibacterial 

properties, wound-healing properties, and tumor 

inhibition. Their biological, physical, and chemical 

properties make it an attractive biopolymer for 

highly targeted applications  

The objective of our work falls within the 

framework of the recovery and management of 

shrimp waste. The choice of this product lies in its 

richness in chitin. The physicochemical properties 

and the wide variety of biological activities make 

chitin and its derivatives the biopolymers of choice 

for many applications such as biotechnology, 

medicine, food, environment, etc... [4].  

The recovery of chitin takes place in two stages: 

demineralization and deproteinization of the shells 

thus forming a protein matrix and containing 

insoluble mineral salts, mainly calcium carbonates. 

As for chitosan, it is obtained by deacetylation of 

chitin in 40% to 50% sodium hydroxide solution 

under pressure, at temperatures above 100 °C [5].  

I. Material and methods 

I.1. Shrimp shell powder 

mailto:Chadia.benmerad@univ-bejaia.dz
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The shrimp shells were recovered at the port of 

Boumerdes, Algeria these shells have undergone 

several pre-treatment namely: Washing, Drying and 

Grinding 

 

 
 
Figure 1: Shrimp shell before and after grinding 

 

II. Experimental techniques  

II.1. Chitin extraction process 

Although chitin was identified before cellulose, it 

initially received less attention in scientific research 

than the latter. Chitin performs a function similar to 

that of cellulose in plants by acting as supportive and 

protective material. With its crystal structure and 

association with proteins, it prevents the internal 

organs of crustaceans from swelling in seawater [6]. 

Many methods have been developed to extract chitin 

from the shells of aquatic invertebrates. Chemical 

extraction consists of removing mineral elements 

(demineralization), proteins (deproteinization), and 

color (bleaching) [7]. 

a) Demineralization  

Demineralization is carried out with 1N 

hydrochloric acid, for 30 min, at room temperature 

and with a solid/solvent ratio of 1/10 w/v, to 

transform the insoluble minerals of the shells into 

soluble salts. Calcium carbonate, the main mineral 

compound in the shell, reacts with HCl to form 

calcium chloride, water and carbon dioxide as 

described in the following reaction: 

 

2 𝐻𝐶𝑙(𝑎𝑞)+ 𝐶𝑎𝐶𝑂3(𝑠)

0
→ 𝐶𝑎𝐶𝑙2(𝑎𝑞)

+ 𝐻2𝑂(𝑙) + 𝐶𝑂2(𝑔)
 

 

Most of the other minerals present react similarly 

and give soluble salts in the presence of acid. The 

salts formed can be separated from the chitin by 

simple filtration followed by washing. During the 

demineralization process, unwanted foams can form 

due to the production of carbon dioxide. 

 

b) Deproteinization 

The deproteinization is carried out in a reflux flask, 

in the presence of a 3% NaOH solution and with a 

solid/solvent percentage of 1/10 w/v. The duration of 

the basic treatment is of the order of 120 minutes at 

a temperature of 110 °C, to dissolve a larger part of 

the proteins. 

c) whitening  

For industrial applications, the chitin obtained 

from crustacean resources must be decolorized after 

the acid and alkali treatments. The bleaching was 

done in a solution of ethanol for 5 min with a 

solid/ratio of 1/15 w/v. Several washes are necessary 

between each step 

II.2. Chitosan obtaining 

While the extraction of chitin is easily achievable 

today, the most delicate step remains deacetylation, 

which requires sufficient substitution of the acetyl 

groups to result in chitosan. The chitin obtained is 

treated with a solution of sodium hydroxide (NaOH) 

45% by mass at a temperature of 110 °C, for 1 hour 

and 30 minutes in a ratio of 1: 15w/v to remove some 

or all of the acetyl groups. The product obtained is 

then filtered, washed several times with distilled 

water and dried in an oven at 40 °C for 24 hours. 

 

II.3. Characterization techniques  

II.3.1. Chemical characterizations  

a) Dry matter  

1 to 2 g of sample is taken and weighed in a cup of 

known weight. The dish is placed for 24 h in an oven 

at 105 ° C, and then weighed after cooling for 30 

min. The experiment is performed in triplicate [8, 9]. 

The dry matter content in chemical extraction 

products is given by the following formula:  

𝐷𝐸( %) =  
𝑀2 − 𝑀0

𝑀1 − 𝑀0

 .100 

 

DE (%) is the part of dry extract, M0 the weight of 

the cup, M1 the wet weight, and M2 the final dry 

weight. 

 

b) Moisture content  

The water content of the samples is determined 

according to the AFNOR standard (NF ISO 712). In 

a glass dish, previously dried for 1 hour in an oven 

at 100-105 ° C and cooled in desiccators, place 5 g 

of the product to be analyzed. Leave to dry in the 

oven at 100-105 °C until constant mass. Weigh the 

quantity of dry residue after cooling in desiccators 

[8, 9]. 

 

Moisture (%) =  
m (humid sample) − m (dry sample)

m (humid sample)
 .100 

 

c) Ash content  

To determine the mineral content of the samples, 

approximately 1 g of the sample is weighed into a 

sheet of aluminum foil of known weight. It is folded 

up and placed in an oven for at least 5 hours at 600 ° 

C. After cooling, it is weighed again. The weight of 
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residual ash is equated with the mineral content. 

Each measurement is repeated three times [8, 9]. 

𝐴𝑠ℎ ( %) =  
𝑀2 − 𝑀0

𝑀1 − 𝑀0

 .100 

 

Ash% is the ash content, M0 is the weight of the 

container, M1 and M2 are the weights before and 

after incineration respectively. 

d) Purity and soluble residues  

The purity of the product must be equal to or 

greater than 95%. Place 5 g of the sample to be 

analyzed in 100 ml of bi-distilled water and stir for 2 

minutes. Filter after cooling through a tight filter. 

Evaporate the filtrate and dry at 100-105 ° C. The 

soluble matter content (SM %) must not exceed 5%. 

It is calculated using the following formula [3]. The 

degree of purity corresponds to the complementary 

part. 

 

SM (%) =  
m (sample after drying)

m (sample before test)
.100 

 

𝑃𝑢𝑟𝑡𝑦 (%)  =   100 −  𝑆𝑀 
 

II.3.2. FTIR spectroscopy Analysis 

FTIR spectroscopy can highlight the appearance or 

disappearance of certain bands very significantly 

during extraction. The transmission spectra were 

carried out using an infrared spectrometer model 

SHIMADZU FTIR-8400S and were obtained in a 

wavenumber domain extending from 4000 to 400 

cm-1 on KBr pellets, with a spectral resolution of 4 

cm-1. 

 

II.3.3. Differential Scanning Calorimetry 

Analysis (DSC) 

The apparatus used is of the TA Instruments, TGA 

Q10 type. The experiments were carried out on 

samples of mass ranging from 5 to 10 mg, placed in 

an aluminum crucible and heated in an inert nitrogen 

medium with a heating rate of the order of 10 °C/min 

and in a temperature range from 20 °C to 250 °C. 

 

II.3.4. X-ray diffraction (XRD) 

X-ray diffraction analyzes were performed on an X 

Pert Pro Panalytical type apparatus using the Kα1 

line of copper with wavelength λ = 1.540598 Å. The 

diffractograms were recorded from 0° to 70° (2θ) 

with a step of 0.01°. 

The crystallinity index, denoted X (%), was 

calculated from the XRD spectra, according to the 

method of Focher et al. [10], according to the 

formula below.  

𝑋 (%) =
𝐼110−𝐼𝑎𝑚

𝐼110
.100 

 

With : I110, (à 2θ = 20° dans le plan de réflexion 

(110)), Iam (autour de 2θ = 12°), le pic représentatif 

de la région amorphe 

 

 

III.Results and discussion 

III.1. Chemical characterizations 

Chemical compositions such as dry matter content, 

moisture content, mineral or ash content, purities and 

soluble residues were determined for the chitin, and 

chitosan samples. Regarding the ash content, the test 

was carried out on the two samples chitin and 

chitosan in addition to the raw material (i.e without 

any prior treatment). The various results found are 

shown in Table 1.  

 
Table 1: The chemical composition of the extraction products 

Chemical 

compositions 

(%) 

Chitin Chitosan Raw 

material 

 

Dry matter 90,83 90,13 / 

Humidity 6,5 5 / 

Ash 0,24 0,24 28,54 

purity 95,37 97,57 / 

Soluble 

residues 

2,43 4,63 

Chitosan
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III.2. FTIR spectroscopy analysis 

The FT-IR spectra of the chitin and chitosan 

samples are shown in Figure 2. From this Figure, we 

notice there are some absorption bands that are 

identical in the two spectra and other bands appear 

in the spectrum of chitin only whereas they disappear 

in that of chitosan [12]. 
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Figure 2: FTIR spectrum of chitin and chitosan 

 

• The two spectra show a wide band between 

3100-3500 cm-1 to more particularly at 3440 cm-1 

which correspond to the –OH stretching vibrations  

• The chitin spectrum also shows two peaks at 

3250 and 3104 cm-1 which correspond to 

intermolecular hydrogen bonds and amide II –NH 

stretching vibrations. While these peaks do not exist 

in the spectrum of chitosan, which reflects a decrease 

in hydrogen bonds, therefore a more amorphous state 

is justified by the results of the XRD and that the 

deacetylation has taken place and has been 

successful. 

• Peaks between 1960 -1860 cm-1 correspond to the 

stretching vibrations of –CH and –CH2.   

• The peaks appearing at 1662, 1635cm-1 and the 

peak at 1556 cm-1 in the chitin spectrum are due 

respectively to the C=O stretching vibrations of the 

groups in amide I and the amide II [13]. Thus, the 

appearance of two peaks at 1662 and 1635 cm1 

shows that the chitin used is an α-chitin. However, 

α-chitin is the most stable and abundant 

orthorhombic system with aligned antiparallel 

macromolecules forming a regular crystal structure) 

[14]. The first peak corresponds to the vibrations 

between the C-N and C=O groups of the amide I 

linked by a hydrogen bridge to the OH groups. The 

second corresponds to an amorphous state, where the 

detected vibrations correspond to the bonds between 

the amide I and the C=O group [15]. 
• The absence of the peak at 1556 cm-1 in the 

spectrum of chitosan shows that the latter is very 

deacetylated [11].   

• There are also two peaks at 1078 and 1025 cm-1 

which correspond to the asymmetric C-O-C 

elongation vibrations of the glucosidic cycle and 

another peak at 895 cm-1 which corresponds to the 

β (1-4) glucosidic bonds in the polysaccharide. 

• The absence of the peak at 1540 cm-1 which 

corresponds to the low or absence of protein 

impurities in the two spectra, demonstrates the purity 

of the chitin used and that the deproteinization was 

successful. 

III.3. Degree of acetylation (DA) and degree of 

deacetylation (DD) 

• The degree of acetylation (DA) is the one of the 

most important parameters to observe at the level of 

chitin is its degree of N-acetylation. The principle is 

based on the ratio of the areas between the 

characteristic bands of N-acetylglucosamine amine, 

chitin, and reference bands. According to the 

bibliography, several formulas are proposed [6]. In 

our case, we opted for the formula of M. R Kasaai et 

al. [16].  

𝐷𝐴 % =  
(

𝐴1655

𝐴3450
)

1,33
. 100 

 

 With: A1655: Absorbance of C=O groups in the 

amide. I A3450: Absorbance of OH hydroxyl groups. 

The factor 1.33 represents the ratio (A1655/A3450) for 

a chitosan entirely N-acetylated. 

 

• The degree of deacetylation (DD) is one of the 

main parameters characterizing chitosan, it 

corresponds to the degree of free –NH2 groups in the 

chitosan molecule and is given by the following 

formula [16]. 

𝐷𝐷 % = 𝑁𝐻2 % = [1 −  𝐷𝐴%]. 100 

 

After carrying out the necessary calculations, we 

have got the following results. 

 
Table 2: Degree of acetylation and deacetylation 

sample DA (%)  DD (%)  

Chitin 82.59  37.90  

Chitosan 28.25  78.7  

 

From the values in Table 5, it can be seen that the 

deacetylation of the chitin gave an acceptable degree 

of deacetylation (DD ≈ 79%). This leads us to 

conclude that the chemical treatments carried out 

were very successful and allowed us to extract chitin 

and chitosan from the shell powder of the shrimp, 

similar to the commercialized products found on the 

market. 

III.4. X-ray diffraction (XRD) 

Figure 3 shows the XRD spectra of chitin and 

chitosan. X-ray diffraction spectra of chitin and 

chitosan show the presence of several peaks. Each 

peak is associated with an atomic plane; these planes 

https://pubmed.ncbi.nlm.nih.gov/?term=Kasaai+MR&cauthor_id=19187020
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are designated by miler indices (h, k, and l). For 

example, the reflection at 2θ = 9.41°, is relative to 

the plane (020), the reflection at 2θ = 19.5° 

corresponds to the plane (110) and the reflection at 

2θ = 26.40 ° is relative to the plane (130). 
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Figure 3: DRX spectrum of chitin and chitosan 

 
It can be seen that the first two peaks (at 9.41 and 

19.5°) are very intense and they correspond to the 

proportion of crystalline zones within the structure 

of the sample, and three other peaks at 12.82, 26.40 

and 29° have very low intensities. Our results are 

similar to those obtained by Zhou et al. [17] with 

pure commercial chitin. Other researchers Entsar et 

al. [18]) have shown that α-chitin has a strong 

reflection at 2θ = 9-10° and 2θ = 20-21° and a minor 

reflection at 2θ = 26.4°. We can therefore conclude 

that the characteristic peaks of pure chitin appear in 

our sample prepared by chemical means. We also 

note that the intensity of the peaks corresponding to 

chitosan is slightly higher than that of chitin. The rate 

of crystallinity, denoted X (%), was calculated from 

the XRD spectra, according to the method of Focher 

et al. [10]. The results obtained are shown in Table 

3.  

 
Table 3: The rate of crystallinity of chitin, chitosan 

Samples X (%) 

chitin 62,47 

chitosan 54,46 

 

According to the results of Table 3, it can be seen 

that the crystallinity index of chitosan which is 

54.46% is lower than that of chitin which is 

estimated at 62.47%. This reduction, according to J. 

Machida [19], is attributed to prolonged acid and 

basic treatments which tend to reduce crystallinity as 

well as to deacetylation which involves the reduction 

of N-acetyl groups, demonstrated by Revol and 

Marchessault [20]. 

 

III.5. Differential enthalpy analysis (DSC)  

Figures 4 show the DSC thermograms of the chitin 

and chitosan samples. We note that the two 

thermograms exhibit an endothermic peak between 

100°C and 200°C which is due to the fusion of these 

two biopolymers, and more precisely the melting 

temperature of chitin was estimated at 198°C and 

that of chitosanis 186°C.This difference can be 

attributed on the one hand to the difference in the 

crystallinity rates [21], because a rate of 62.5% for 

chitin was recorded against 54.5% for chitosan 

calculated from the XRD. This result is confirmed by 

the heat of fusion ΔHf calculated from the DSC 

thermograms. On the other hand, the presence of 

impurity was estimated at 5% in chitin according to 

the chemical characterization carried out. This 

caused an increase in the melting temperature 

 

 
 

Figure 4: Representation of the melting temperature of chitin 

and chitosan 
 

The glass transition temperatures (Tg) of chitin and 

chitosan are shown in Figures 5 and 6. 

 

 
 
Figure 5: The glass transition temperatures of chitin  
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Figure 6: The glass transition temperatures of chitosan 

 

In the chitin sample, its Tg is observed at 

141°C.The decrease in the Tg of chitin compared to 

chitosan (160°C) would be due to the suppression of 

certain hydrogen bonds between the macromolecular 

chains, caused by the presence of a small quantity of 

water molecule (Rate ofhumidity estimated at 6.5% 

according to the results of the chemical 

characterization) which plays an important role as a 

plasticizer. Thus, increasing the flexibility of the 

chains, which makes their sliding a little easier. 
 

IV. Conclusions 

The demonstration of the extraction was examined 

by different analytical techniques, namely chemical 

characterization, IRTF analysis, X-ray diffraction 

and thermal analysis by DSC. The various results 

revealed that: The raw material exhibits a very high 

ash content of 28%, while the chitin sample registers 

only 0.24%. This means that the demineralization 

step was successful. IRTF analysis confirmed the 

conversion of chitin into chitosan, justified by the 

substitution of acetyl groups for chitin by amine 

groups for chitosan. The degree of acetylation and 

deacetylation for chitin (DA=82.59%) and chitosan 

(DD=78.7%) respectively, lead us to conclude that 

the chemical treatments carried out were successful 

and allowed us to extract chitin and chitosan similar 

to the commercial products found on the market. The 

presence of a large crystalline part in the chitin 

observed by XRD confirms the increase in the 

melting temperature of chitin (198 °C) compared to 

chitosan (186 °C) observed by DSC. Concerning the 

glass transition, the presence of water molecules 

estimated at 6% according to the results of the 

chemical characterization in chitin played the role of 

a plasticizer, thus increasing the flexibility of the 

chains that leads to sliding a little and consequently 

a reduction in his Tg. 
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Abstract 

The prickly pear seed is a part rich in fatty substances; it can be exploited for the extraction of oils for food, cosmetic, 

pharmaceutical, and medical use. The focus of this review is to define one of the most expensive oils in the world "Prickly Pear 

Seed Oil" (PPSO). Its method of obtaining by cold pressing of its seeds makes it rich in active ingredients. For this, we will 

present a description of the cactus plant and its botanical classification, its chemical composition for either the pulp, the bark, 

or the seed. The morphology of the seed and its different applications, in addition to the seeds oil, presents extraordinary 

properties. 
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I. Introduction 

  The valorization of agricultural wastes for achieving 

lignocellulosic fillers (or fibers) represents a promising 

strategy to develop green materials with appropriate 

performance and high sustainability from an economic and 

ecological point of view [1]. 

  The prickly pear (PP) or Opuntia ficus-indica (OFI), its 

scientific name comes from Latin Opuntius of Oponte; the 

name of the Greek city [2]. The common name is the cactus, 

which comes from the Greek word "kaktos", which means: the 

thorny plant [3]. According to Schweizer (1997), the plant may 

have a different name depending on the local idiom: Nopal, 

Tuna, African thistle, Prickly pear, El-tin-el-Choki, and others 

[2]. The Opuntia is native to Mexico, besides, the fruit of the 

prickly pear appears on the emblem of the Mexican flag [4]. It 

grows mainly in arid and semi-arid areas and extreme 

conditions. Its geographical distribution is located mainly in 

Mexico, Sicily, Chile, Brazil, Turkey, Korea, Argentina, and 

North Africa [5]. Low water exigency and a high water-use 

efficiency ratio favor the extension of cactus production, as 

underlined by the Food and Agriculture Organization [6]. 

  Seeds constitute about 10–15% of the edible pulp and are 

usually discarded as waste after extraction of the pulp [7]. The  

 

 

oil processed from the seeds constitutes 7–15% of whole seed 

weight and is characterized by a high degree of unsaturation 

wherein linoleic acid is the major fatty acid (56.1–77%) [8]. 

According to Regalado-Rentería et al. (2018), this oil could be 

used in foods as a nutritional supplement, as well as an 

ingredient in cosmetics and pharmaceuticals. A major 

advantage is that the residual oilcake can be directly used in 

animal feed or other secondary products [9]. Edible cold-

pressed oils are functional products because of their bioactive 

substances such as polyunsaturated fatty acids, tocopherols, 

sterols, phenols, carotenoids and chlorophyll. These oils have 

specific characteristics which provide additional health 

benefits [10]. 

  The main objective of this review is to define prickly pear (PP), 

PPS and PPSO. Furthermore, to demonstrate the method of 

obtaining it by cold pressure of the prickly pear seeds (PPS) 

vegetable fiber, which is considered as food waste. In addition 

to this to make a valorization to its waste and to know the 

chemical compositions, physical and morphological 

characteristics, and the various applications of PPSO and PPS. 

II. Botanical classification 
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  Many authors have elaborated classifications of the genus 

Opuntia. The classification considered the most valid to date 

is undoubtedly that established by Britton and Rose in 1963 

[11] : 

✓ Kingdom : Plants. 

✓ Order : Caryophyllalles. 

✓ Subclass: Caryophyllidae. 

✓ Family : Cactaceae. 

✓ Group : Opuntiaeae. 

✓ Genus : Opuntia. 

✓ Subgenus : Platyopuntia 

✓ Species: Opuntia ficus-indica, Opuntia megacantha. 

The family Cactaceae has about 130 genus and 1500 species, 

of which 300 belong to the genus Opuntia [12]. 

   The species of Opuntia the most widespread in Algeria are: 

Opuntia cylindrica, Opuntia mieckleyi, Opuntia vulgares, 

Opuntia schumanni, Opuntia megacantha, Opuntia maxima 

and Opuntia ficus indica [13]. 

III. Plant description 

  The prickly pear (PP) is a robust arborescent plant of (3 to 5 

m) height, PP has a thick and woody trunk and an organization 

in flattened articles, of the elliptic or ovoid shape of green-mat 

color, having a length of (30 to 50 cm), a width of (15 to 30 

cm) and a thickness of (1.5 to 3 cm) called cladodes or 

racquets. The cladodes ensure the chlorophyllic function and 

are covered with a waxy cuticle (the cutin) which limits the 

transpiration and protects them against predators [14]. 

  The leaves are conical in shape and a few millimeters long, 

ephemeral, appearing on young cladodes, at their base are the 

areoles (about 150 per cladode) which are modified axillary 

buds. 

  The spines are whitish, solidly implanted, and long (1 to 2 

cm). The glochids are fine spines of a few millimeters of a 

brownish color, easily detached, implanting themselves solidly 

in the skin [15].  

  The Opuntia bears flowers and fruits in abundance. The 

flowers are hermaphrodite; it is on the top of the rackets that 

appear beautiful and big lateral corollas, wide of (4 to 10 cm), 

of yellow to red color with all the intermediate nuances and 

become reddish with the approach of the senescence of the 

plant. In certain hot and arid regions the plant flowers and 

carries fruits twice in the year [2].  

  The seeds of the fruit are used to extract very valuable oil that 

is widely used in many fields. About 300 seeds for a 160 g of 

one fruit [16]. 

 

 

Figure 1: Prickly Pear Seed (A. Cactus, B Prickly Pear Seed, C. crushed 

Prickly Pear Seed) 

IV. Chemical composition of Prickly pear (PP) 

  The (chemicals, minerals, vitamins and dietary fibers) 

compositions of prickly pear are summarized in the following 

tables. 

Table 1: Chemical composition of prickly pear (g/100g of dry matter) [17]  

Components Pulp Skin Seed 

Protein 0.5 – 5.3 8.3 11.8 

Lipids 0.7 – 1 2.40 6.77 

Total fiber 20.50 40.8 54.2 

Ashes 0.4 – 8.5 12.10 5.90 

Sugar 11 - 16 - - 

 

Table 2: Chemical composition of prickly pear of carbohydrate (% of dry 

matter) [17 - 18]  
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Sugar Pulp Skin 

Sucrose 0.19 2.25 – 2.3 

Glucose 29 – 35  14 – 21 

Fructose 24 – 29.6 2.29 – 2.9 

 

Table 3: Chemical composition of prickly pear of amino acids (mg/100g of 

dry matter) [19] 

Amino acids Pulp Seed 

Alanine 3.17 4.75 

Arginine 1.11 6.63 

Asparagine 1.52 Trace 

Serine 6.34 8.46 

Histidine 1.64 3.11 

Glutamine 12.59 Trace 

Methionine 2.01 0.70 

Proline 46.00 Trace 

Taurine 15.79 Trace 

 

Table 4: Mineral composition of prickly pear (mg/100g of dry matter) [17] 

Mineral 

elements 

Pulp Skin Seed 

Ca 163 2090 92 – 258 

Mg 76 322 79 - 208 

Na 7.8 <0.8 <0.8 – 12 

K 559 3430 122 – 275 

P 0.1 0.1 110 – 124 

Fe 16.5 8.3 1.2 – 12.1 

Cu <0.8 0.9 <0.8 – 0.23 

Zn 1.5 1.7 1.4 – 4.2 

Mn 7 73 <0.8 – 2.3 

Mb <0.3 <0.3 <0.3 

Table 5: Dietary fiber compositions of prickly pear (mg/100g of dry matter) 

[17] 

 Pulp Skin Seed 

Hemicellulose 2.5 – 6.4 20.8 9.9 

Cellulose 14.2 – 

2.24 

71.4 83.2 

Pectin 0.21 – 

1.45 

7.7 6.69 

Lignin 0.01 0.06 0.19 

 

Table 6: Vitamin compositions of prickly pear (mg/100g of dry matter) [19] 

 Pulp Skin Seed 

Vitamin K 53.2 109 52.5 

Vitamin C 34 – 40 - - 

Vitamin E 527.4 2182 106 

 

V. Prickly pear seeds (PPS) 

V.1. Morphological description 

  According to the morphological analysis made by Habibi et 

al, (2004), the prickly pear seed consists of two layers: the 

pericarp is the outer layer of the seed and the endosperm is the 

layer located inside the seed [16]. 

 

Figure 2: Cross section of the prickly pear seed PPS [16] 

✓ Pericarp: there are two types of cells, mostly spindle 

fibers or sclerenchyma fibers and some spiral vessels. 

This support tissue is widely found in many cells such 

as fruit stones, spines and prickles of stems and leaves 

... And what guarantees their thick walls is the regular 

layers of cellulose.  

✓ Endosperm: it consists mainly of starch granules 

embedded in a tile-shaped parenchymatous cell wall. 

 

V.2. Chemical composition of PPS 

  In recent years, many studies have multiplied to characterize 

the seeds of prickly pear and their constituents to assess their 

nutritional value.  

  Sawaya et al. [8] studied the composition of seeds, their 

potential uses in animal feed. They reported a protein content 
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of 16.6%, 17.2% of fatty substances, 49.6% of fiber and 3.0% 

of ash. The mineral content is high in sodium (67.6 mg 100 g-

1), potassium (163.0 mg 100 g-1) and phosphorus (152.0 mg 

100 g-1). 

V.3. Prickly pear seed applications 

  Cerezal and Duarte [20] used the cactus pear pericarp to 

formulate marmalade. The seed meal seems to have potential 

use as a dietary fiber source for human consumption, for the 

extraction of oil. 

  Literature reports studies, several researchers have been 

working on prickly pear seed. PPS is used as a vegetable filler 

added to the polymer to strengthen its physic-chemical, 

mechanical, or thermal properties. As reported in the work of 

Malainine et al.[21] who was studied PPS / Poly(propylene) 

composites. And Scaffaro et al.[22]  PPS was added to PLA, 

to prepare biocomposites by melt processing. Bellache et al. 

have incorporated the biodegradable polymer polyhydroxy 

(butyrate-co-valerate) with PPS to study the enzymatic [23] 

and hydrolytic [24-25] degradation of this biocomposite.  

VI. Prickly pear seed oil (PPSO) 

  The prickly pear seed is a part rich in fatty substances; it can 

be exploited for the extraction of oils for food, cosmetic, 

pharmaceutical, and medical use.  

  Prickly pear seed oil (PPSO) belongs to the family of 

polyunsaturated oils like most vegetable oils. PPSO is a very 

rare and precious oil. Its yield is very low, there is only 6% oil 

in a small seed obtained by cold pressing, it must therefore 

treat about a ton of figs to obtain 1 liter of oil, a figure however 

variable depending on the parameters mentioned above but 

also the performance of the equipment used that is why this 

precious oil is very expensive. 

  Prickly pear seeds oil belongs to the family of 

polyunsaturated oils like most vegetable oils. 

  The commercial value of this oil is interesting because of its 

cosmetic characteristics sought. It is rich in unsaturated fatty 

acids such as linoleic acid (64.43%) and oleic acid (18.46%). 

Among the saturated fatty acids, the most important are 

palmitic acid (12.60%) and stearic acid (2.82%). On the other 

hand, its particularity lies in its richness in unsaponifiable 

matter (sterols and tocopherols). This characteristic could be a 

lever for its exploitation in the field of cosmetology, given the 

beneficial effects of these substances on the elasticity of the 

skin, cellular metabolism and restoration of the skin structure. 

It has remarkable cosmetic characteristics, as it prevents aging 

and wrinkles in the skin. The seeds are also used for the 

preparation of cream for dermal use. 

  An interesting content of polyphenols that are natural 

antioxidants and reduce the risk of cancer, cardiovascular 

diseases and neurodegenerative diseases such as Alzheimer's 

[26].  

Conclusions 

  This review concludes that the vegetable fiber of prickly pear 

seeds has given much interest in recent years; Seed meal 

appears to have the potential for use as a source of dietary fiber 

for human consumption, and oil extraction and this latter 

present’s one of the most expensive oils in the world. 
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Abstract 

Due to their large deformation, rubber-like materials are used in many industrial applications. However, few 

studies are available in the literature on the classification of rubber-like materials, their mechanical properties 

and the behavior of this material due to their hyperelastic and nonlinear behavior. In this work, an 

incompressible isotropic nonlinear elastic thick-walled spherical structure subjected to external pressure is 

studied using analytical formulation. The study aims to analyze the behavior and the stress field of such 

materials which are characterized by high deformability. Five different type strain energy functions are applied 

to a pressurized thick-walled hollow sphere to model the material behavior. A closed-form analytical solution 

is obtained and the results predicted from classic strain energy models (Neo-Hookean and Mooney Rivlin) and 

those obtained by Isihara, Biderman and Gent-Thomas models are compared in the prescribed case. The 

solution obtained, for different models, was used to determine the stress field (radial and hoop stresses) across 

thickness of the sphere. Finally, the influence of some parameters such as the radial pre-stretched sphere on 

stress components was examined. Comparisons are done to investigate the accuracy and evaluating the 

effectiveness of some existing constitutive models in the analysis of spherical vessel under external pressure. 
 

Keywords: Hyperelastic; Strain Energy Functions; Thick-Walled Pressure Vessel; Analytical Solution 

 

 

 

I. Introduction 

Rubber and rubber-like materials which are assumed 

incompressible and isotropic materials are used in many 

engineering applications such as in automotive as tires, engine 

and transmission mounts, center bearing supports and exhaust 

rubber parts. The particularity of these rubber-like materials is 

their stress- stretch curves which are S-shaped to J-shaped 

forms due to their high deformability.  

The mathematical modeling of such material encounters 

considerable difficulties related to their nonlinear behavior [1]. 

In recent years, many scholars have developed constitutive 

modeling of rubber like materials [1-5]. In order to describe 

the elastic behavior of elastomers, numerous models can be 

found in the prolific literature, but only few of them can be 

able to reproduce the response of the material, i.e. to 

satisfactorily fit experimental data for different loadings [6]. 

Among the various models recommended for the mechanical 

behavior of elastomers, the hyperelastic models are generally 

employed for modeling the nonlinear elastic behavior of 

homogeneous and isotropic polymers which exhibit large 

deformation [7-11]. The authors in [6] proposed a comparison 

of twenty different phenomenological and physical 

hyperelastic models for rubber-like materials. The material 

parameters of each model were determined by fitting to 

experimental data of [12]. The aim of their work [6] was to 

systematically compare hyperelastic models in order to 

classify them with respect to their ability to fit experimental 

data. There has been remarkable interest to know how an 

appropriate strain energy function can provide the foundation 

of an analytical solution on prediction of response of a realistic 

structure which undergoes three-dimensional large 

deformation.  

The design of thin/thick-walled hollow spherical structures 

made of hyperelatic material and subjected to internal pressure 

remains a challenging talk. From a general perspective, 

cylindrical and spherical structures used in many industrial 

applications under internal and/or external pressure require 

rigorous stress analysis for their optimal, reliable and secure 

operational design. The behavior of an inflating of thin-walled 

cylindrical/spherical membrane under internal pressure has 

been investigated for large deformations by many authors [13-

16]. In most cases the authors investigate the stability of 

hollow thin spherical membranes [17-19]. It is generally 

admitted that membranes and thin-walled spherical structures 

are successfully modeled as an ideal membrane with related 

mathematical simplifications.  

However, in the case of thick-walled spherical structures the 

problem of formulation should consider the three-dimensional 

character of the solid. Accordingly, the analysis of the 

complete stress field of thick-walled spheres made of rubber-

like materials by applying different hyperelastic models has 

received less academic interest.  

In their work, Anssari-Benam [20] investigated the accuracy 

of a generalized neo-Hookean strain energy function to model 
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the two characteristic instability phenomena in the inflation of 

rubber-like. 

Recently, Taghizadeh et al. [21] analyzed elastic behavior of 

cylindrical and spherical shells using different strain energy 

functions. The authors carried out an analytical study to 

investigate the stability of structures under internal pressure, 

where a comprehensive study was done on vanishing 

circumstances of the snap-through instability that occurs in the 

inflation of internally pressurized spherical shells and 

cylindrical tubes. 

Debotton et al. [22] focused on axisymmetric bifurcations of 

thick-walled hollow spheres. The authors studied the 

mechanical behavior of a thick-walled spherical shell during 

inflation using four different material models. They 

investigated the existence of local pressure maxima and 

minima and the dependence of the corresponding stretches on 

the material model and shell thickness. 

The present workplaces emphasis on the analytical 

formulation of the distribution of stresses across the thickness 

of thick-walled spherical structure subjected to external 

pressure. The analytical solutions are proposed for different 

constitutive models to study the inflation of a hyperelastic 

material as the material parameters are identified by using 

experimental calibration for various strain energy functions. In 

Section 2, the basic equations are developed for a sphere made 

of hyperelastic isotropic homogeneous material. Section 3 

gives the results and the analysis of the sphere are described 

and discussed. 

II. Mathematical formulation 

We consider a hollow sphere made of an incompressible 

isotropic hyperelastic material. The sphere has inner and outer 

radii, noted A and B, respectively and subjected to an external 

pressure (labeled Pout). The schematic view of the thick sphere 

is shown in Figure 1, where the initial and the current 

configurations are detailed. 

 

 

Figure 1 Thick-walled sphere with wall made of hyperelastic material, (a) 

initial configuration (b) current configuration. 

Considering the symmetry of the geometry and the 

axisymmetric load conditions, it is more appropriate to 

consider a spherical coordinate system (r, θ, ϕ).  

If (R, Θ, Φ) and (r, θ, ϕ) are coordinates of the rubber sphere 

before and after deformation respectively, the deformation 

pattern of the rubber sphere can be expressed as [5]: 

 

( ), ,r f R  = = =                 (1) 

 

Based on the theory of continuum mechanics, the 

deformation gradient tensor F and left Cauchy green tensor 

B are defined as [5]: 

 

0 0

0 0

0 0

r
T

F F 









 
 

= =  
 
 

,    
T

B F F=     (2a, b) 

 

Where
r ,   and   are the principal stretches in the 

radial, circumferential and meridional direction of the thick-

walled sphere. The stretches are expressed as follow [5]: 

 

r

dr

dR
 = , 

r

R
 = ,

r

R
 =  (3) 

 

Correspondingly, the principal invariants of the left Cauchy-

Green strain tensor are [5]: 
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Substituting Eq. (2) into Eq. (4) results in [5]: 
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For convenience [21]:  

 

1R
Q

r

−= =

 

(6) 

 

It is worth noting that the present formulation based on the 

notation facilitates the steps and the derivation trend of the 

analytical solutions. It is considered that the material of the 

sphere is considered to be incompressible.  

The resulting deformation is then described by the following 

equations [21]: 

 
2 3 3,r Q r R k = = +  (7) 

 

It can be easily concluded: 
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2dQ Q Q

dr r

− −
=  (8) 

 

The principal Cauchy stresses are given in the form of: 

 

2
r

Q W
p

Q

W
Q p

Q
 



 

 
= −




 = = − −
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 (9) 

 

where the scalar p serves as an indeterminate Lagrange 

multiplier. 

It can be also concluded: 

 

3

2
r

dW
Q

dQ
 − =  (10) 

 

where ( ) ( )2 1 1, ,W Q W Q Q Q− −=
  

By considering nobody forces, the equilibrium equation of the 

axial symmetry in the current configuration can be achieved 

as: 

 

2 0rrd

dr r

  − 
+ = 

 
 (11) 

 

Applying the chain rule for finding derivatives, we have: 

 

r rd d dQ

dr dQ dr

 
=  (12) 

 
The substitution of Eqs. (8) and (10) into equilibrium equation 

(11) could lead to : 

 

3

3

1

rd W

dQ Q Q


−

 
= − 

−  
 (13) 

 

The solution of Eq.13 can be computed easily by using any 

well-known computer algebra system such as Maple for 

different strain energy functions such as Neo-Hookean, 

Mooney-Rivlin, Gent-Thomas, Biderman and Isihara. These 

models have simple mathematical forms listed below: 

- Neo-Hookean strain energy function [12]: 

 

( )10 1 3NHW C I= −  (14) 

 

where 10 2C =  and  is the shear modulus.  

- Mooney-Rivlin strain energy function [23]: 

 

( ) ( )10 1 01 23 3MRW C I C I= − + −  (15) 

 

where C10 and C01 stand for the material parameters of 

Mooney-Rivlin model. 

- Gent-Thomas strain energy function [24]: 

 

( ) 2
1 1 23 ln

3
GT

I
W C I C

 
= − +  

 
  (16) 

 

where C1 and C2 are the two material parameters 

- Isihara strain energy function [25]: 

 

( ) ( ) ( )
2

10 1 20 1 01 13 3 3IW C I C I C I= − + − + − (17) 

 

where C10, C20 and C01 stand for the material parameters of 

Ishira model. 

- Biderman strain energy function [26]: 

 

( ) ( )

( ) ( )

10 1 01 2

2 3

20 1 30 1

3 3

3 3

BW C I C I

C I C I

= − + −

+ − + −
 

(18) 

 

where C10, C01, C20 and C30 stand for the material 

parameters of Biderman model. 

The material parameters of each model can be identified 

using experimental data as shown by [6]. 

For example: 

Gent-Thomas Model: 

 

( )

( )

( )

4

1

6

2 3

3 4

ln 1 2

2 2 arctan 2

r C Q Q

Q
C K

Q

 = +

 +
 + +
 +
 

 (19) 

 

where the parameter K in Eq. (19) is an unknown constant 

that is determined using the mechanical boundary conditions. 

Applying a constant uniform pressure at the outer surfaces of 

the thick-walled pressure vessel, the boundary conditions are 

expressed as: 

( )1

r out b outQ p −= = −  (20) 

 and a ba A b B = = are the radial stretch at the inside 

and outside surfaces of the sphere, respectively and are 

expressed by: 
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3 3 3

3
33

3

1
1 1,

1 1

b a

a

R

r A

R
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

= − + =

+ −

(21a, b) 

where A B =  

Here the hoop stress is obtained from Eq. (10): 

 

3

2
r

dW
Q

dQ
   = = −  (22) 

Assuming that the spherical shape of the pressurized sphere 

remains unchanged and 
in outP p p = − is denoting the 

pressure difference between the inner and the outer surfaces: 

 

( ) ( )1 1

r in a r out bP Q Q   − − = − = + =  (23) 

III.Numerical application  

The calibrated material parameters for Gent-Thomas (WGT), 

Ishira (WIs), Biderman (WB), Mooney Rivlin (WMR) and for 

the neo-Hookean (WNH) strain energy density functions are 

reported in Table 1.  

Table 1 Parameters of hyperelastic models for Treloar experimental data [12]. 

Type of model Material parameters 

Neo-Hookean C10 = 0.2 

Mooney-Rivlin C10 = 0.162 and C01 = 5.90 10-3 

Gent-Thomas C1 = 0.176and C2= 5.65 10-2 

Ishihara C10=0.171, C20=4.89 10-3and C01= -
2.4 10-4 

Biderman C10= 0.208, C01= 2.33 10-2,  

C20 and C30 = -2.4 10-3 

 
The parameters of the models described by the strain density 

energy functions given in Eqs (14) to (18) are listed in Table 1 

[6]. The parameters are derived by fitting data from the 

experimental results reported in Treloar [12]. 

In this section, we focus on the numerical results obtained for 

mechanical behavior modeling of these materials using five 

different types of strain energy density functions. These 

numerical computations are carried out for internal pressure 

and stress field.  

We consider a thick sphere with the following 

characteristics: A = 0.1 m, B = 0.2m. In order to determine the 

unknown constants in these closed-form solutions, appropriate 

boundary conditions should be defined. The applied external 

pressure is Pout = 0.5 MPa. 

 

IV. Results and discussions 

IV.1. Validation 

In order to validate the calculation methodology as well as 

the data consistency, the results reported in [21] are taken as a 

benchmark. In Figure 2, the pressure differences between the 

inner and the outer surfaces (ΔP) as a function of the stretch λa 

are plotted. The concordance between the outcomes of the 

current study and the reference (Taghizadeh et al. [21]) are 

evaluated by applying Mooney Rivlin (WMR) and neo-

Hookean (WNH) strain energy density functions and by 

considering η = 0.35. The results from the current analytical 

formulation are in excellent agreement with those reported in 

[21]. In fact, the maximum error does not exceed 0.1%. 

 

. 

 
Figure 2 The pressure ΔP as a function of the stretch λa for the Mooney 

Rivlin (WMR) and for the neo-Hookean (WNH) strain energy density functions 

for η = 0.35: comparison of current results and results obtained by Ref. [21].  

 

IV.2. Current work 

 

 
Figure 3. The pressure ΔP as a function of the stretch λafor the Gent-Thomas 

(WGT), for the Ishira (WIs), for the Biderman (WB), for Mooney Rivlin (WMR) 

and for the neo-Hookean (WNH) strain energy density functions for η = 0.5. 

 
Figure 3 illustrates the difference on the pressure ΔP as a 

function of the stretch λa for different strain energy density 

functions studied herein, for the case of internal to external 

radii ratios η = 0.5 for the spherical shell made of the rubber 

tested by Treloar (Treloar [12]). It could be concluded that a 

progressive increase of in the stretch λa leads to create a 

monotonic increase in pressure until λa ~ 2. 
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In the case of Gent-Thomas (WGT), Mooney Rivlin (WMR) 

and neo-Hookean (WNH) models, the pressure curves have a 

single local pressure maximum and after that the pressure 

curves suddenly show monotonic decrease. This general 

observation is violated for the Ishira (WIs) and the Biderman 

(WB) models where the two curves remain with the same slope.  

Thus the evolution trend of the pressure could be classified as 

closer for three models whereas large dispersion is observed 

for the two representative curves of Ishira (WIs) and the 

Biderman (WB). In fact, as the stretch λais higher than 2, a 

disproportional increase of the pressure is identified. 

 

Figure 4a shows the radial stress distributions (σrr/Pi) in the r-

direction for different strain energy functions, from which it is 

found that the radial stress components have its minimum 

values in at inner surface of the sphere ( )r A=  and its 

magnitude shows a monotonic behavior increasing towards the 

outer surface of the sphere. However, for all the applied 

models, the normalized radial stress is minus one at outer 

surface (σrr/Pi(r=B) = -1) of the sphere that satisfies the 

boundary conditions. The curves of the radial stresses 

components show a divergence between models results in the 

outer region of the sphere. 

The circumferential stress component (σθθ/Pi) is a maximum at 

the inner surface of the hollow sphere and its magnitude shows 

a monotonic behavior decreasing towards the outer surface of 

the sphere for all the tested strain energy functions (Figure 4b). 

The curves of the hoop stresses remain parallel. 

As shown in Figure 4, the radial stress is consistently 

compressive; however, the hoop stress is tensile at the inner 

surface and become compressive at outer surface. 

 

V. Conclusions 

In this work, the behavior of a thick-walled pressure sphere 

made of an incompressible isotropic nonlinearly elastic 

material is studied. The aim through this investigation is to 

examine the stress field and the response of the sphere to the 

imposed mechanical loading. A closed-form analytical 

solution was derived from the governing equations. The 

hyperelastic behavior was modeled by employing five 

different strain energy functions (Neo-Hookean, Mooney 

Rivlin, Gent-Thomas, Biderman and Isihara) as established in 

the literature. The result analysis shows that an important 

divergence of the stress components is outlined as different 

models are applied. At the first glance, the study highlights the 

importance to impose a concise methodology to select 

modelsfor structural designing as hyperelastic materials are in 

process. The difference between the results obtained based on 

different strain energy functions are related to the accuracy 

with which these models reproduce the experimental data. 

Mechanical loading as radial stretch is too important structural 

designing parameters; stress field of a thick-walled pressure 

sphere is examined in terms of the influence of these 

parameters. It was shown that the radial and hoop stress 

components are sensitive to the variation of radial stretch 

where the higher radial stretch is applied the higher stress 

components are generated.      

 

 

 

Figure 4. The normalized  radial (a) and hoop (b) stresses as a function of 

the dimensionless radial position (R/A) of a spherical vessel made for the 

Gent-Thomas (WGT), for the Ishira (WIs), for the Biderman (WB), for 

Mooney Rivlin (WMR) and for the neo-Hookean (WNH) strain energy density 

functions in the presence of radial loading λa =1.2 and for η = 0.5. 
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Abstract 

Propolis is a natural bee substance and resinous material produced from various plants, which showed 

important biological activities. The current study aims to evaluate and validate simultaneous methods of 

identification and quantification of three phenolic compounds (caffeic acid, vanillin, and cinnamic acid) in 

propolis extract from different Bejaia regions using high performance liquid chromatography (HPLC).  

Chromatographic analyses were performed using gradient mode, in are versed-phase C-18 (150 x 4.6 mm, 5 

µm) column. The mobile phase contained 0.5% v/v acetic acid in water (solvent A) and acetonitrile (solvent B), 

using a flow rate of 1 ml/min and by injecting 20 μl, at a wavelength of 290 nm. The method was validated 

according to ICH guidelines. Specificity, linearity, accuracy, precision, detection, and quantification limits 

studies were made. The results showed that the correlation coefficient (R2) was > 0.99 for Caffeic acid, Vanillin, 

and Cinnamic acid, the percentage of relative standard deviation (RSD) of all assays found below 2% and 5% 

for intra-day and inter-day, respectively, limits of detection were 0.024, 0.008, and 0.009 mg/ml and limits of 

quantitation was 0.074, 0.025, and 0,029 mg/ml, for Caffeic acid, Vanillin, and Cinnamic acid respectively. 

According to these various parameters: accuracy, precision, linearity, and specificity, the proposed method was 

successfully validated in the simultaneous assay of Caffeic acid, Vanillin, and Cinnamic acid. 

 

Keywords: High-Performance Chromatography, Simultaneous Validation, Natural Product, Polyphenol, Propolis 

Extract.    

 

 

I. Introduction 

 

Propolis is a natural complex mixture collected and 

synthesized by bees from different plants (resins and waxes) 

and their salivary enzyme [1, 2]. It is used to construct, protect, 

and maintain the hives, and to treat many diseases in the poplar 

medicine [3]. 

Many studies revealed that propolis shows several 

pharmacological properties including anti-inflammatory [4, 

5], antibacterial [6, 7], antioxidant [8], antiviral [9], and 

anticancer [10], this is due to the diversity of its chemical 

composition which depends on the bee species, meteorological 

conditions, plant, and geographical source [11]. 

The most important chemical contents of propolis are 

phenolic compounds which are considered secondary 

metabolites of plants, and they consist of wide large groups 

and classes that include flavonoids, terpenes, lignans, stilbene, 

aldehyde (vanillin), and phenolic acids [12]. 

Phenolic acids contain two main classes: hydroxycinnamic 

acids such as caffeic acid, cinnamic acid, and hydroxybenzoic 

acids like gallic acid [13, 14]. 

Different analytical methods were studied and applied in the 

analysis and quality assessment of propolis, among these 

chromatographic techniques: gas chromatography (MS), high 

performance liquid chromatography with diode array detection 

(HPLC-DAD) [15, 16], and high-performance liquid 

chromatography with Ultra-violet detector (HPLC-UV). 

Among the analytical methods, high-performance liquid 

chromatography (HPLC) [17, 18] is one of the most powerful 

analytical methods for this purpose. However, to ensure that 

analytical methodology is accurateusing (HPLC) methods, 

specific and over the specified range that an analyte will be 

analyzed; an analytical test method validation was completed. 

This validation, guidelines from the US Pharmacopeia (USP) 

and International Conference on Harmonization (ICH) [19]. 

The purpose of the present study was to develop and validate 

simultaneous method assay of Caffeicacid,Vanillin, and 
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Cinnamic acid in propolis extract from different Bejaia 

regions: Adekar, Akfadou, Baccaro, El kseur, Kendira, 

Kherrata, and Melbou, extracted by ultrasound and agitation 

methods. A simple HPLC method was used, allowing a good 

separation and short run time followed by a qualitative and 

quantitative determination of Caffeicacid, Vanillin, and 

Cinnamic acid. 

 

II. Material and methods 

Chemicals and reagents 

Caffeicacid, Vanillin, Cinnamic acid,Alpha-tocopherol 

(vitamin E), Ascorbic acid (Vitamin C),Cholesterol was 

purchased from SIGMA-ALDRICH. Saturated phospholipids 

were purchased from RHONE POULENC (Phospholipon 90H 

lot: 90060). β-Cyclodextrin (β-CD) was obtained from 

Roquette Frères. Polyethylene Glycol 6000 (PEG 6000) was 

purchased from BIOCHEM.  

HPLC-grade methanol, HPLC-grade acetonitrile, and acetic 

acid were purchased from BIOCHEM CHEMOPHARMA. 

 

Equipment and Chromatographic conditions  

Quantitative analysis of Caffeic acid, Vanillin, Cinnamic 

acid, vitamin E, vitamin C phospholipids, β-CD, and PEG 

6000 were carried out using the high-performance liquid 

chromatography (HPLC) method, coupled to a UV detector set 

to 290 nm.  HPLC-UV system (UltiMate 3000 RS-Variable 

Wavelength detector) was equipped with an auto-injector LC 

1650, consisting of vacuum degasser, temperature-controlled 

well-plate autosampler, column thermostat, quaternary pump, 

and photodiode array detector. Chromatographic analysis was 

performed using a Hypersil ODS C-18 (150 x 4.6 mm, 5 µm 

particle size, 80˚A pore size column) from Thermo 

(Bellefonte, PA, USA). The mobile phase consisted of 0.5% 

v/v acetic acid in water (solvent A) and acetonitrile (solvent 

B), with a flow rate of 1 ml/min, injection volume was 20 µl, 

and the column temperature was 40°C as presented in Box 1. 

Vanillin, Caffeic acid, Cinnamic acid were identified by 

retention times and spectral data. 

 

Standard preparation 

The standard solution of Caffeic acid, Vanillin and Cinnamic 

acid were prepared in methanol in different concentrations: 

0.0196-0.059 mg/ml, 0.0144- 0.0216 mg/ml, and 0.0392-0.059 

mg/ml of Caffeic acid, Vanillin, and Cinnamic acid, 

respectively. These solutions were used to study linearity, 

accuracy, and precision. Specificity study was realized by the 

preparation of different solutions containing Polyethylene 

glycol 6000, β cyclodextrin, phospholipids 90H, Vitamin E, 

Cholesterol, and vitamin C.  

Samples preparation 

Propolis extracted from different regions was prepared in 

methanol at a concentration of 2mg/ml and analyzed by HPLC.   

Box 1: Chromatographic condition of HPLC analysis. 

Column:  A reverse-phase C-18 (150 x 4.6 mm, 5 µm)  

Mobile phase: 0.5% v/v acetic acid in water (solvent A), and 

acetonitrile (solvent B) 

Flow rate: 1 ml/min 

Detector:  UV detector 290 nm 

Injection volume: 20 µl 

Mode: Gradient (90% solvent (A) at 0 min, 65% of solvent (A) at 5 

min, 40% solvent (A) at 10 min, 20% solvent (A) at 15 min, 80% of 

solvent (A) at 20 min, and 90% of solvent (A) at 30 min) 

Temperature: 40°C. 

 

Method validation 

Specificity 

Specificity was determined by analyzing samples 

containing: Cyclodextrins, phospholipids, PEG 6000, 

methanol, mobile phase, mixer solution (containing all 

substances), cholesterol, ascorbic acid, and vitamin E and the 

sample solutions. All chromatograms were examined to 

determine if Caffeic acid, Vanillin, and Cinnamic acid co-

eluted with any other excipient peak.  

 

Linearity and range  

Calibration standard was tested in the concentration range: 

0.0196-0.059 mg/ml, 0.0144- 0.0216 mg/ml, and 0.0392-0.059 

mg/ml of Caffeic acid, Vanillin, and Cinnamic acid, 

respectively. Five points of calibration were prepared at 

different concentration levels in methanol. Peaks areas (y-axis) 

versus drug (percentage) concentrations (x-axis) were plotted 

and subjected to regression analysis by the least-squares 

method, calibration equations y = m x + a were obtained.  

A method with r values higher than 0.99 can be considered 

linear. The range was an interval between the highest and 

lowest concentration analyte where acceptable linearity, 

accuracy and precision were obtained. 

 

Accuracy 

Accuracy was established by recovery studies at five 

concentrations:  0.0196-0.059 mg/ml, 0.0144- 0.0216 mg/ml, 

and 0.0392-0.059 mg/ml of Caffeic acid, Vanillin, and 

Cinnamic acid, respectively. At each level, samples were 

prepared in triplicate and recovery percentage was determined. 

 

Precision  

Precision was validated through intra-day and inter-day 

testing. The intra-day precision of the assay method was 

evaluated by carrying out five independent assays of Caffeic 

acid, Vanillin, and Cinnamic acid. Samples were against 

qualified reference standards on the same day and these studies 
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were repeated on three consecutive days to determine inter-day 

precision. Precision was expressed as % RSD of analyte 

concentration. 

 

Quantitation Limit and detection limit  

Quantitation limit (LQ) is the lowest amount of Caffeic acid, 

Vanillin, and Cinnamic acid, in a sample, which can be 

quantitatively determined with suitable precision and 

accuracy. The detection limit (LD) is the lowest amount of 

Caffeic acid, Vanillin, and Cinnamic acid in a sample that can 

be detected, but not necessarily quantitated as an exact value. 

Quantitation limit (LQ) and detection limit (LD) were 

determined based on the standard deviation of the response and 

the slope. The quantitation limit and detection limit are 

expressed as:    

LQ = 10 σ / S 

LD = 3 σ / S 

 

Where σ is the residual standard deviation of the regression 

line, and S is the slope of the analyte calibration curve. 

 

III.Results and discussion 

 

HPLC method described was developed for simultaneous 

Caffeic acid, Vanillin, and Cinnamic acid quantification 

following International Conference on Harmonization (ICH) 

guidelines [19]. Specificity, Linearity, accuracy, precision, 

quantitation, and detection limit were tested to determine if the 

developed method is suitable for the identification and 

quantitation of Caffeic acid, Vanillin, and Cinnamic acid in 

propolis media. Retention time, plate number (N), and peak 

asymmetry factor (Tailing) were evaluated with the help of a 

standard chromatogram and shown in Table 1. 

 
Table 1: System Suitability Parameters. 

 

Parameters Caffeic 

acid 

 

           

Vanillin 

Cinnamic 

acid 

Tailing factor 1.1 1.36 1.05 

No. of 

theoretical 

plate 

80959 47937 176492 

Retention 

time (min) 

10.86 11.77 15.28 

 

 Method validation   

Specificity 

The specificity of the analytical method was determined by 

injection of 20μl: standard stock solution of Vitamin E and 

Cholesterol, β-Cyclodextrin, phospholipids 90H, PEG 6000, 

ascorbic acid, methanol, mobile phase, and solution contain all 

compounds. Chromatogram of Vitamin E and Cholesterol, β-

Cyclodextrin, phospholipids 90H, PEG 6000, methanol, the 

mobile phase was not shown any significant peak at 10.86 min 

(caffeic acid retention time), 11.77 min (vanillin retention  
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          Figure 1:  HPLC chromatogram of caffeic acid. 
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         Figure 2:  HPLC chromatogram of vanillin. 

Figure 3: HPLC chromatogram of cinnamic acid.  

time), and 15.28 min (cinnamic acid retention time) (Figure 

1, 2, and 3).  

All compounds solution chromatogram (Figure 4) confirmed 

the absence of other peaks at the retention time of Caffeic acid, 

Vanillin, and Cinnamic acid. 
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Figure 4: (A) Chromatogram of solution contains all compounds, and 

Chromatogram of Caffeic acid, Vanillin, and Cinnamic acid. 

 

Linearity and range  

A plot of peak area response against concentration is shown 

in Figure 5. Linearity was evaluated by calibration curves over 

the analytical range of 0.0196-0.059 mg/ml, 0.0144- 0.0216 

mg/ml, and 0.0392-0.059 mg/ml of Caffeic acid, Vanillin, and 

Cinnamic acid, respectively (Table 2). Linear regression 

analysis for two reference compounds was performed by the 

external standard method. The correlation coefficient (R2) was 

found to be > 0.99 for Caffeic acid, Vanillin, and Cinnamic 

acid, indicating suitability for Caffeic acid, Vanillin, and 

Cinnamic acid, quantification. A great linear relationship was 

found for the two components (Caffeic acid, Vanillin, and 

Cinnamic acid). Results of linearity were presented in Table 2. 

 

 

 

 
 
Figure 5: Calibration curve data for Caffeic acid, Vanillin , and Cinnamic 

acid. 

Table 2: Calibration curve data for Vitamin E and Cholesterol. 

Accuracy  

To evaluate the accuracy and reliability of the method, 

recovery studies were carried out in the range of 80–120% 

concentration. Recoveries percentages were found to be 

average of 99.97%and 100% for Caffeic acid, Vanillin, and 

Cinnamic acid respectively. This method showed suitable 

accuracy. The obtained results are presented in Table 3. 

 

Precision 

The precision study has comprised the evaluation of the intra-

day precision of the assay method.  Five injections of target 

levels of calibration standard for Caffeic acid, Vanillin, and 

Cinnamic acid were performed. These studies were also 

repeated on three consecutive days to determine inter-day 

precision. The percentage of relative standard deviation (RSD) 

of six assay values was calculated and found to be below 2% 

and 5% for intra-day and inter-day, respectively. The results 

obtained are presented in Table 3. Thus, it concluded that it 

assures the precise HPLC method.
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Table 3: Linearity, Precision and Recovery data for Caffeic acid, Vanillin andCinnamic acid. 

Samples Added 

standard 

(mg/ml) 

Linearity 

(R2) 

Accuracy 

(%recovery) 

Precision (%RSD) LD 

(mg/ml) 

LQ(mg/ml) 

Intra-day Inter-day 

 

 

Caffeic 

acid 

0,039  

 

0.997 

97,81  

 

0,670 

 

 

9,298 

 

 

0,024 

 

 

 

0,074 

 

0,044 100,78 

0,049 102,11 

0,054 100,64 

0,059 98,54 

 

Vanillin 

0,032  

 

0.997 

99,57  

 

0,049 

 

 

3,116 

 

 

0,008 

 

 

0,025 

 

0,036 101,43 

0,04 99,28 

0,044 99,04 

0,048 100,69 

 

Cinnamic 

acid 

 

0,014  

 

0.998 

100,97  

 

0,209 

 

 

9,637 

 

 

0,009 

 

 

 

0,029 

 

0,016 97,60 

0,018 102,25 

0,019 98,98 

0,022 100,21 
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Figure 6: HPLC chromatograms of propolis extract from different Bejaia regions [A-Adekar(ultrasoundmethod),B-Akfadou  (ultrasound method),C- Akfadou (agitataion 

method), D- Baccaro (ultrasound method),E- El kseur (ultrasound method), F- El kseur (agitataion method),G- Kendira (ultrasound method), H- Kendira (agitataion method), I- 

Kherrata (ultrasound method), J- Kherrata (agitataion method),K- Melbou (ultrasound method),L-Melbou(agitataionmethod),1-Caffeicacid,2-Vanillin,3-Cinnamicacid].

Detection and Quantitation Limits 

Limits of detection and quantification were determined 

according to ICH, based on the standard deviation of the 

response and the slope. Caffeic acid, Vanillin, and Cinnamic 

acid presented limits of detection of 0.024, 0.008, and 0.009 

mg/ml and limits of quantitation of 0.074,0.025, and 0,029 

mg/ml, respectively. The results obtained are presented in 

Table 3 and indicated that the sensitivity of this HPLC method 

was suitable for the quantitative determination of Caffeic acid, 

Vanillin, and Cinnamic acid. 

I.V. Conclusions 

Analytical HPLC simultaneous assay of Caffeic acid, Vanillin, 

and Cinnamic acid was developed and validated satisfactorily 

for various parameters: accuracy, precision, linearity, and 

specificity as per ICH guidelines. This method shows simple, 

rapid, high precision and accuracy and offers the advantage of 

simultaneous assay of Caffeic acid, Vanillin, and Cinnamic 

acid in propolis extract from different Bejaia regions. Besides, 

this work offers an excellent alternative to methods already 

existing for Caffeic acid, Vanillin, and Cinnamic acid 

determination in propolis. 
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Abstract 

Soil burial test comprises of placing samples in soil/ compost for long durations and testing the mechanical 

properties/dimensional changes/ morphology before and after soil burial. In a bioreactor, samples are placed 

in a composting vessel containing a mixture of compost and the percentage of biodegradation is theoretically 

calculated by measuring the amount of CO2 evolved from the composting vessel for a period of 45 days.  This 

present work is focused on the study of the durability of different PLA/Alfa biocomposite materials treated 

with BYK W-980 and untreated, prepared via burial in soil aging.  The study of biodegradation by burial in 

soil showed that the biodegradability of biocomposites prepared with untreated and treated PLA/Alfa degrade 

in soil more than those prepared with BYK W-980 for the same burial conditions. Knowing that the PLA 

buried in the ground is biodegradable after 4 to 5 years, by consecrating in this time interval of burial, we 

only have the fibers which degrade. 

Keywords: Aerobic biodegradation, Alfa fiber, Aging, Burial in soil, Dispersing Agent, Polylactic Acid.   

 

 

I. Introduction 

 

Environmental concerns and awareness have paved the way 

to the development of biodegradable composites as a 

replacement for petroleum-derived or non-degradable 

polymers. So, there is an increase in demand for natural fiber-

based composites for commercial use in various industrial 

Sectors [1].  

A variety of biopolymers such as polylactic acid (PLA), 

polyhydroxyalkanoate (PHAs), and polybutylene succinate 

(PBS) are reported to be used as matrixes in composites. 

These biopolymers are naturally sourced and can potentially 

be combined with various natural fibres/lignocellulosic to 

produce biodegradable composites [2].  

Natural fibers are sustainable materials in nature with 

advantages like low cost, lightweight, renewability, and, most 

importantly, biodegradability [3,4]. Pretreatment methods can 

improve the interfacial bonding quality. Physical treatment 

methods include hydrothermal treatment [5], microwave 

processing [6-8], steam explosion method [9], etc. Chemical 

treatment methods include acid treatment [10], alkaline 

treatment [11], acetylation treatment [12], benzoylation 

treatment [13], etc. Recently, many investigators have studied 

different pretreatment methods; the reports indicate that 

treated fibers can improve the physical and mechanical 

properties of fiber-plastic composites [14]. The rough 

surfaces of the fibers can easily combine with matrix 

(plastic), whereby the mechanical and thermal properties of 

the resulting composites are improved.  

Several studies measure the biodegradation in 

biocomposites by means of soil burial test and testing in a 

bioreactor. Soil burial test comprises of placing samples in 

soil/ compost for long durations and testing the mechanical 

properties/dimensional changes/ morphology before and after 

soil burial. In a bioreactor, samples are placed in a 

composting vessel containing a mixture of compost and the 

percentage of biodegradation occurrence [5]. 

The influences of fiber content on microbial development 

as well as the preferential localization of microorganisms at 

the composite interface were analyzed by Feng et al. [15]. 

These authors evaluated the development of molds on HDPE 

composites reinforced with different mass rates of wood and 

bamboo fiber flour, the results obtained showed a progressive 

increase in the development of molds with the rate of fibers, 

with a better resistance for composites with wood fibres. By 

scanning electron microscopy, the authors observed a 

preferential concentration of mycelium in the interfacial zone 

between fibers and matrix of the composites. In addition, it 

appears that microbial growth has allowed a greater uptake of 

water mass.  

In another study [16], PLA composites containing oil palm 

empty fruit bunch fiber was compounded with a slow 

releasing fertilizer and was subjected to soil burial tests at a 

temperature of 30°C and relative humidity of 80%. The 

samples were recovered at different stages of degradation and 

weighed to ascertain the mass loss during soil burial. The 

surfaces of the samples were also analyzed using scanning 

electron microscopy. The biodegradation rate of the samples 
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containing fibres and fertilizer was found to be lower than 

that of neat PLA. The scanning electron micrographs 

depicted the changes that occurred during the degradation 

period. The surface of the composite samples exhibited traces 

of shrinkage and roughness and exposed the natural fiber 

bundles. The scanning electron micrographs also revealed the 

presence of cracks and holes which were produced by the 

degradation of oil palm fibres. Soil burial test of 

biocomposites from wheat gluten and rubber wood sawdust 

were carried out by Bootklad et al. [17]. Compression molded 

samples were buried in soil for 15 and 30 days and the 

subsequent weight loss was measured. The authors observed 

that this type of green biocomposites could be degraded 

within 15 days. During the first 15 days, the weight loss was 

attributed to the leaching of glycerol which was used as a 

plasticizer in the system. The authors also observed that the 

biodegradation rate of composites containing 20 weight 

percent of rubber-wood waste was slower than that of wheat 

gluten biocomposites.  

In another study, Pantyukhov et al. [18] investigated the 

biodegradation behavior of a range of lignocellulosic filler 

reinforced low-density polyethylene composites. The 

lignocellulosic fillers included flax shives, sunflower husk, 

hay, birch leaves, and banana skin. Soil mixture comprising 

of sand, garden soil, and horse manure were prepared and 

samples were placed in the soil for a period of 1year. The 

authors observed the greatest weight loss was in the case of 

hay filled composites followed by lignosulfonate, husk, 

banana, leaves, and shives. This was attributed to the 

chemical, fractional, and particle size composition of the 

fillers. 

This present work is focused on the study of the durability 

of different PLA/Alfa biocomposite materials treated with 

BYK W-980 and untreated, prepared via burial in soil aging. 

 

2. Material and methods 

2.1. Materials 

The polymer used in this work is Poly (lactic acid) (2003D 

grade) in the form of pellets. it was obtained from Nature 

Works LLC, USA. Alfa used as reinforcement was collected 

from the arid region of Algeria. The average particles size is 

˂80 µm, obtained using a universal laboratory grinder for 

plastics and wood “VERDER”. The chemical composition of 

Alfa was reported previously [19]. 

Ethanol was 99% pure purchased from Changshu 

Yangyuan Chemical Company (Jiansu, China). The 

dispersing agent (BYK W-980) has been kindly given by 

BYK-CHEMIE whose properties are subjected previously 

[19]. 

The aging by burial in the ground of the samples prepared 

was carried out according to the ISO 14851 standard.  

2.2. Methods 

Fourier-Transform Infrared Spectroscopy (FTIR) 

The IR spectra of olive husk powder and cellulose were 

analyzed with a Fourier transform infra-red (FTIR) 

spectrophotometer (SHIMADZU FTIR-8400S). The 

equipment was operated with a resolution of 4 cm-1 and 

scanning range from 4000 to 400 cm-1. The samples were 

dried firstly at 80 °C for one hour before the FTIR analyzes. 

 

Thermo-Gravimetric Analysis (TGA) 

The thermogravimetric analysis (TGA) was performed on a 

DSC-LINSEIS calorimeter with a temperature range between 

10 and 800 °C, with a heating rate of 10 °C/min under an 

inert atmosphere (nitrogen). 

 

Aerobic biodegradation 

The biodegradation of biocomposites was studied by 

burying different test specimens in the soil (compost) of a 

wild dump placed in pots of yoghurt. The latter was 

recovered from private compost in the Ouzellaguen/Béjaia 

region. Six specimens of each formulation were buried at a 

depth of 10cm for 3 months. All tests were carried out under 

aerobic conditions at a temperature of 20°C. 

 

II. Results and discussion 

Fourier-Transform Infrared Spectroscopy (FTIR) 

 

Burial aging of no-charged and charged systems is 

accompanied by changes in their physical and mechanical 

properties. This is probably due to the structural changes that 

aging causes. Figure 1 shows the spectra of the different 

samples before and after 4320h buried in the ground. As 

shown in Figure 1, aged and unaged samples show the same 

absorption bands but with different intensities. The spectrum 

of aged PLA (Figure 1 (a)) shows the appearance of an 

absorption band at 35000cm-1 due to the vibrations of the 

hydroxyl groups of water molecules under the effect of 

humidity in the soil [20,21]. An increase in the intensity of 

the bands at 1543 and 719 cm-1 is also observed. This 

increase can be attributed to the presence of moisture during 

aging [22]. 

According to the spectra of aged samples, there is an 

increase in the absorption bands located in the 1800-1650cm-

1 and 800cm-1 region due to the vibration of the water 

molecules. The increase in the hydroxyl absorption band can 

also be attributed to the hydrolysis of the ester [23] In 

addition, we observe on the spectra of the biocomposites 

(Figure 1 (b)) that after aging there is interference of the 

peaks of the hydroxyl groups with CH of CH2, this can be 

explained by the fact that after aging, the humidity has 

diffused in the biocomposite, which created a broadening of 

the hydroxyl peak and its shift towards lower bands due to 

hydrogen bonds [24]. 

On the other hand, we can clearly observe a decrease in 

peak intensity in the OH stretch, the C=O stretch and the CO 

stretch indicating the absence of segregation between the 

PLA and the Alfa fiber, after 4320h of burial in soil, for 
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PLA/Alfa/BYK W-980 biocomposites (Figure 1 (c)), i.e., 

BYK W-980 reduced the hydrogen bonds between the 

matrix/fiber [25-27]. 

 

 

 
Figure 1: IRTF spectra of (a) PLA, (b) PLA / Alfa and (c) PLA / Alfa / 2% 

BYK W-980 before and after 4320h of burying. 

 

Thermo-Gravimetric Analysis (TGA) 

 

The thermal decomposition of charged and uncharged PLA 

before and after aging was carried out by thermogravimetric 

analysis (TG/DTG). From the TG thermograms of the 

different materials, it was possible to derive the values of the 

decomposition temperatures at 5, 50 and 75% (T5%, T50% and 

T75% respectively) of mass loss (Table 1).  

Modification of PLA/Alfa biocomposites using 2% BYK 

W-980 influences the thermal degradation behaviour of the 

biocomposites. The degradation temperature at 50% mass 

loss (T5%) the TG curve of the modified biocomposite is 

shifted by approximately 120 °C. towards a higher 

temperature than that of the unmodified biocomposites. Thus, 

modification of PLA/Alfa biocomposites with BYK W-980 

improved thermal stability. This effect is due to the stronger 

interaction between the fiber and the matrix with the 

formation of covalent bonds at the fiber/matrix interface [28]. 

 
Table1: Degradation temperature of PLA, PLA / Alfa and PLA/Alfa/2% 
BYK W-980 biocomposites before and after 4320h of burying 

 
Temperature 

(°C)/ 
Formulations 

PLA PLA/Alfa PLA/Alfa/2% 

BYK W-980 

Before 

Burial 
T5% 

T50% 

T75% 

 

 
317 

356 

366 

 

 
240 

306 

322 

 

 
251 

315 

327 

After Burial 

T5% 

T50% 
T75% 

 

286 

332 
342 

 

213 

296 
317 

 

225 

295 
310 

 

 

Aerobic biodegradation 

 

Biodegradation is followed by loss of mass from samples 

buried in soil, which is due to assimilation of the material by 

microorganisms [29]. Figure 2 shows the mass loss of PLA 

and the various biocomposites during 180 days of burial in 

the ground. 

According to figure 2, it is noted that the loss of mass of 

virgin PLA is almost zero whatever the time of burial in the 

ground, in this chosen interval. Knowing that PLA buried in 

the ground is biodegradable after 4 to 5 years, only the fibers 

degrade [30]. We can also note that the mass loss of 

PLA/Alfa is much higher than PLA/Alfa/2%BYK W-980. It 

went from 2.39% for the biocomposites in the presence of the 

dispersing agent to 11.53% for the biocomposites in the 

absence of BYK W-980, which the microorganisms easily 

assimilate [31,32]. This was attributed to the reduction of the 

hydroxyl groups during the fiber pretreatment. The 

hydrophobicity of the Alfa fibers was reduced when 

compared to the untreated fibers. The BYK W-980 was 

easily coated by the PLA matrix, which improved the 

interfacial bonding that led to less mass loss. In contrast, 

biocomposites prepared with the dispersing agent BYK W-

980 experience fiber distribution and scattering to the point of 

making their assimilation difficult [33]. In fact, the presence 

of BYK W-980 at the PLA/Alfa interface inhibits the 

penetration of water and consequently it causes interference 

with the action of microorganisms. 

In general, the studies encountered in the bibliography are 

carried out on wood fiber composites and are limited to 

highlighting microbial development with an evaluation of 

changes in color or change in mass of the composites. For 

example, Naumann et al., [34] studied the resistance to 

Trametes versicolor fungi of PP composites reinforced with 

55% by mass of solid beech wood. Growth of fungal 

mycelium was observed by light microscopy and mass loss 

was determined after 16 weeks of incubation at 21.5 °C on 

samples previously dried at 103 °C. The authors estimated a 

mass loss of 2.2% for composites, whereas it is 45% for solid 

beech wood. 
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Figure 2: Mass loss rate of PLA, PLA/Alfa biocomposites and PLA/Alfa 

biocomposites/ 2% BYK W-980 after 180 days of burial in the ground. 

 

The authors observed a surface fungal development 

following aging but which has no consequences on the 

chemical and mechanical properties of the composites. Other 

authors [35] have shown that PVC/wood fiber composites are 

resistant to Serpula lacrymans, this fungus is responsible for 

the degradation of half of the buildings constructed of wood 

in Europe. Thus, they recorded a mass loss after 16 weeks of 

aging of about 0.8% against a water mass gain of 9.2%, the 

authors do not specify the incubation conditions. 

 

II. Conclusions 

In this work, poly lactic acid reinforced with Alfa fibers 

with and without the dispersing agent which is BYK W-980 

underwent burial in soil aging for duration of 4320 hours 

(180 days). Considering all the results, we were able to draw 

the following conclusions: 

The study of biodegradation by burial in soil showed that 

the biodegradability of biocomposites prepared with 

untreated and treated PLA/Alfa degrade in soil more than 

those prepared with BYK W-980 for the same burial 

conditions. Knowing that the PLA buried in the ground is 

biodegradable after 4 to 5 years, by consecrating in this time 

interval of burial, we only have the fibers which degrade. 
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