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ABSTRACT: Biodegradable polyester obtained from renewable, eco-friendly materials, and natural additives made 

from debris of production of seafood to create biocomposites is nowadays a possibility. This paper evaluates the 

physical, morphological, and chemical properties and the degradation stability of polylactic acid/biofillers (magnesium 

oxide/zinc oxide/crab shell particles) composite as a viable biocomposite material in bone engineering applications. 

The biofiller showed hygroscopic characteristics. Surface morphology of the composite showed fractured surfaces 

with interconnected pores suitable for bone cells’ implantation enhancement and propagation. Biofillers effect 

accelerates the precipitation of calcium apatite formation after 28 days of immersion. The XRD spectra confirmed 

high composite crystallinity structure of 93.4% due to the nucleation effects of the biofillers. The beneficial role of 

reinforcing polylactic acid polymer with biofiller showed average pH value of 7.36 and apparent porosity of 40%. 

Findings from this paper have revealed that the use of crab shell debris such as crab shell can become a resource in 

biocomposite fabrication. The addition of biofillers provided an effective reinforcement in polylactic acid polymer 

matrix and hence contributed towards sustainable developments of natural resource materials and biodegradable and 

bioresorbable material without polluting the environment. 
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I.  INTRODUCTION 

Bone fracture treatment is a germane issue to medical science 

due to the deteriorating metropolitan environments, a fast pace 

of life, the defects of organ and tissue, coupled with an older 

population worldwide. Many individuals have suffered from 

bone problems resulting from damaged tissue, diseases, 

anomalies, accidents, traumas, sports injuries, and other types 

of injuries (Gao et al., 2017; Monia, 2022). Bone disorders 

have accounted for half of all diseases in most patients (Gao et 

al., 2017), which continue to be a major therapeutic problem 

causing significant health and quality of life impairments (Qu 

et al., 2019). This has led to multiple request of different 

medical devices to restore damaged and injured bones (Aldana 

and Abraham, 2017; Ting et al., 2017), consequently, making 

treatment a major clinical operation difficult . Minor flaws and 

fractures in bone tissue easily be healed and remodeled; unlike, 

major segmental bone flaws (flaws of significant size, that is, 

>2.5 cm) which cannot be self-repaired, this demand careful 

composite design and intervention (Levengood and Zhang, 

2014; Iqbal et al., 2022). To address these challenges, variety 

of bone treatment options have been utilized including 

traditional methods, non-living engineered tissues, and 

transplantation (Fattahi, Khoddami and Avinc, 2019). These 

methods have some shortcomings ranging from lack of bone 

donors and supply of cells, inflammation of surrounding 

tissues, the need to required immunity, donor site morbidity, 

and possibly nerve injury (Gritsch et al., 2019; Offner et al., 

2019; Monia, 2022). In addition, metallic implants alternative 

such as the use of stainless steel, titanium alloys, and cobalt-

chromium-based alloys (Shi, 2016) have been used in bone 

treatment applications (Antoniac et al., 2022; Dauda et al., 

2021; Gortsas et al., 2022). These methods are also without no 

limitation, they include stress shielding, inflammation of 

surrounding tissues due to cytotoxic ion discharge-induced and 

revision surgery resulting in high patient morbidity and 

healthcare costs (Witte, 2010; Jahani et al., 2020). 
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Material development with the architecture and characteristics 

of natural native tissue is crucial in enable regeneration of 

tissues and organs, most essentially, hard tissue. Meanwhile, 

synthetic composites of biodegradable biopolyesters 

(polylactic acid), natural fillers, and either organic or 

inorganic, and metal oxide particles for bone substitute 

development have become widespread nowadays to reestablish 

the performance of damaged bone tissue. Regulating the pace 

at which bone gathers will influence the composite material’s 

quality and performance (Trimeche, 2017). A potential bone 

composite must possess smart multiple material properties, 

such as antibacterial properties; appropriate mechanical 

properties; resorbability; osteoconductive potential; adequate 

microstructure for nutrient circulation and biocompatibility; 

and the absence of virus infection risk (Levengood and Zhang, 

2014; Offner et al., 2019; Iqbal et al., 2022). Therefore, 

choosing the best bone replacement material requires 

consideration of the material properties. 

Polylactic acid (PLA), a biodegradable synthetic polymer and 

most popular material used in hard tissue regeneration 

applications, this may be due to some unique favourable 

properties, including biocompatibility, non-toxicity, 

biodegradability, and mechanical strength. However, the 

limited durability and rapid degradability requirements of bone 

applications demand their use in conjunction with other 

biomaterials to form composite biomaterials (Saravanan et al., 

2019; Radwan-Pragłowska et al., 2020). Due to its superior 

benefits, PLA is frequently used to create biomedical products. 

Different types of reinforcements, including fiber, particles, 

and flakes, are been added to the polymeric matrix of PLA to 

enhance its mechanical characteristics. However, the particle-

type reinforcement perform optimally compared to others 

(Palaniyappan and kumar Sivakumar, 2023). 

Discovery of the latest wave of biomaterials associated with 

environmental issues linked to the financial demands for the 

handling of natural resources. The interest in biopolymer 

composites filled with natural-organic biofiller is growing 

within this context in order to enhance and/or replace the 

properties of biocomposites for environmentally conscious and 

moral operations (Gigante et al., 2020). Over the last decade, 

attention has been shifted to the use of sustainable biological 

composites due to their abundance, affordability, and 

availability in naturally derived food-related debris such as 

crab shell, shrimp shell, shellfish, oyster, and mussel shells 

(Sarki et al., 2011; Gigante et al., 2020). A sizable portion of 

leftovers in shellfish farming consists of shell waste and it 

would be ideal to turn these leftovers into extremely valuable 

products for responsible environment and cost-effectiveness. 

The seafood industry produces 6 to 8 million tons of crab shells 

and other shell debris each year, and calcium carbonate, chitin, 

and other component minerals are abundant in crab shells. 

Crab shell powder (CSP) possesses abundant porous structure 

and high surface area (Gigante et al., 2020). The marine food 

preparation businesses have benefitted financially from the 

transformation of crab shell waste into biofillers (biogenic 

calcium carbonate) for polymeric composite production. 

Several investigators have tried to construct polymeric 

composites using trash made of shells as reinforcement, with 

focus on creating biocomposites employing the filament 

extrusion and 3D printing approach to create scaffolds of 

polymer composites (Gigante et al., 2020; Radwan-

Pragłowska et al., 2020). 

(Hamester, Balzer and Becker, 2012) evaluated the addition of 

calcium carbonate from mussel and oyster shells as a filler to 

polypropylene (PP). Their work showed increased stiffness of 

the composite. Increased compressive strength and wear 

resistance were reported in the poly(methyl methacrylate) 

(PMMA) seashell reinforcement (Rajkumar, Sirisha and 

Sankar, 2014). In another report, (Funabashi et al., 2010) 

examined poly(butylene succinate) (PBS)/calcium carbonate 

from oyster shell particles. Li et al. (2012) asserted the tensile 

strength of composites made from PP alongside seashell 

carbonate were superior compared to those of the conventional 

market PP/calcium carbonate because of the crystal phase 

emergence. Aragonite crystals are more prevalent than 

commercial calcium carbonate made from stones; calcium 

carbonate from mollusks has a polymorphic arrangement, 

which is an essential characteristic. Classical calcite crystals 

are typically cubic in shape; however, aragonite crystals are 

acicular and can produce extended fragments when cut. This 

crystal form unquestionably has a favorable impact on the 

compound's mechanical capabilities. In the study by Kunitake 

et al. (2013), biogenic calcium carbonate from seashell was 

introduced into the polymer material. The calcite single 

crystals from mollusk shells revealed that plain strain 

indentation stiffness values of about 75 GPa. Osteoblast cells 

proliferation improved in PLA composites containing 

biofillers leading to bone regeneration. In addition, cell 

interactions and osteoblast cell proliferation have been 

facilitated, resulting in an in vitro calcified bone matrix 

(Jayaramudu et al., 2014; Kim et al., 2019; Li et al., 2019; 

Swaroop & Shukla, 2018; Zhao et al., 2020). Inorganic 

biofillers as a nucleant in polymer crystallization have been 

reported in literature (Shi et al., 2015; Phetwarotai and Aht-

Ong, 2017; Gigante et al., 2020). 

The aim of the paper is to investigate if crab shells debris 

produced from aquaculture manufacturing in the western 

region of Nigeria can be used as biofiller materials to develop 

a sustainable biocomposite. The objective is to evaluate if the 

calcite obtained from this crab shell might ensure an 

enhancement of the physical, morphology, chemical properties 

and degradation stability of a biodegradable matrix based on 

polylactic acid (PLA).  

II. EXPERIMENTAL METHODOLOGY 

 

A. Materials   

In this paper, the materials used were: 
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Percentage 
Composition 

%  
Mg 

% 
Zn 

% 
Cl 

% 
Fe 

% 
Pb 

% 
Ca 

% 
Na 

% 
K 

% 
SO4 

% 
Others 

MgO 99.25 - 0.15 0.1 - - - - 0.5 <0.001 

ZnO 0.005 99.07 0.001 - 0.005 0.005 0.05 0.01 0.01 <0.01 

 

 % 
Chitin 

 % 
Protein 

  % 
CaCO3 

    

CCS 29  16   55     

 

Table 1 Chemical analysis of the material selection (MgO, ZnO and CCS. 

particles) 

 Polylactic acid (PLA) purchased from Sigma-Aldrich 

(Sigma-Aldrich BCCG7787, USA), having molecular 

weight of 60,000 g/mol serve as the polymer matrix.  

 Magnesium oxide (MgO) and zinc oxide (ZnO) 

purchased from TUNNEX laboratory material, 

Lagos, Nigeria serve as the metallic ions, 

respectively. 

Carapace crab shell (CCS) used was sourced from Ijora 

Market, Lagos, Nigeria. Washed with water (cold and hot), 

then calcinated at 700 oC for 6 hours, before been crushed into 

smaller pieces using a mortar and pestle. Thereafter, it was 

blended using a rotating blade lab blender to obtain the shell 

powder, and then sieved to achieve a micrometric filler using 

a sieve mesh of 90 µm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Biofillers Sample Preparation   

Table 1 shows the chemical analysis in analytical grade 

of both MgO and ZnO in powdered form, respectively. The 

amount of moisture present in both MgO and ZnO was 

determined as percentage material’s mass. In this paper, 20 g 

of the MgO and ZnO samples were weighed using a G&G 

electric scale (JJ623BC). The wet and moist samples were 

taken as wet weights. Then, the samples were oven dried for 

24 hours at 110 oC in a thermostat oven. Thereafter, the weights 

of the oven-dried samples were determined. The moisture 

content of the samples was determined using equation 1. To 

separate powders based on their particle size, moisture free 

samples of MgO and ZnO powders were sieved to a particle 

size of 90 µm, respectively. 

 
Wa − Wb

Wa

 × 100%                                                                   (1) 

 

  In equation 1, 𝑊𝑎 is the Wet Sample, 𝑊𝑏 is the Dry Sample. 

 

The loss-on-ignition test was used to remove the volatilized 

materials. To achieve this, 5.01 g of both sieved powders of 

MgO and ZnO were used. The wet sample was then weighed 

as a wet weight in a crucible. The samples were oven-dried at 

105 oC in a UNISCOPE laboratory oven for 6 hours and then 

heat-treated in a muffle furnace at 600 oC for 2 hours. The loss 

on ignition of the sample was determined using equation 2.  

 
i − f

i
× 100%                                                                               (2) 

In equation 2, i is the initial weight of the sample, f is the final 

weight of the sample after ignition. 

A specific gravity-density test was used to calculate the 

weight ratio of an equal volume of distilled water in air. Herein, 

2.00 g of each sieved powder was measured and then, 

transferred into the density bottle. A weighed density bottle 

holding the samples was filled with 100 ml of distilled water 

(i.e., sample + density bottle + distilled water). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 This was left for 24 hours before the sample weight was 

measured. The specific gravity of density of the samples was 

determined using equation 3. 

 

 
Wds − Wd

(Wdw − Wd) − (Wdsw − Wds)
                                         (3) 

In equation 3, 𝑊𝑑𝑠 is the weight of density bottle + 

sample, 𝑊𝑑 is the weight of density bottle, 𝑊𝑑𝑤 is the weight 

of density bottle + water, 𝑠𝑤 is the weight of density bottle + 

sample + water.  

 

C. Processing of the Biofillers and Polylactic Polymer  

In this paper, the carapace crab shell (marine shell) was the 

starting material. The details of the experiment are as follows: 

The crab shell waste was cleaned three times using distilled 

water to get rid of visible impurities. The shell was then broken 

down into smaller piece using ball milling. To eliminate 

macroscopic clinging contaminants, the broken shell was 

boiled for about two hours in a sealed container at 200 oC and 

then, washed repeatedly using distilled water. To prevent shoot 

formation during grinding, the boiled shell was dried for two 

days in the laboratory environment, followed by drying in a hot 
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Table 2 Batch formation of PLA Composite sample. 

Sample Percentage (%) Weight (grams) 

PLA 77.5 15.50 

HAP 7.5 1.50 

Mg 10 2.00 

Zn 5 1.00 

 

 

 

Figure 1 Experimental Design of PLA Composite Development. 

 

air oven for 3 hours at 110 °C. The dried shell was then further 

broken down into powder using a mortar and pestle and sieved 

to achieve the desired particle size of 90 µm. 100 g of sieved 

powder was calcined at 700 oC using a muffle furnace for 2 

hours at a heating rate of 2 oC per minute. After the calcination, 

the furnace was carefully brought to room temperature while 

still having the sample in the furnace. After cooling, the 

samples were washed in distilled and deionized water to 

remove contaminants.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thereafter, the samples oven-dried at 90 oC for 1 hour to obtain 

dry samples. The calcined samples were then ground to obtain 

the powder crab shell using a mortar and pestle and sieved to 

the required particle size.The PLA matrix pellet weighing 15.5 

g was heated at 230 oC in a crucible. Then, 2 g of MgO and 1 

g of ZnO with a particle size of 90 µm in weight percentage 

were introduced into the melt and then, stirred for 5 mins, 

respectively. Table 2 shows the batch formation for the 

developed PLA/MgO/ZnO/CSP biocomposite. After stirring, 

the temperature of the melt was maintained, and then 1.5g of 

calcined CSP of size 90 µm was added and further stirred to 

achieve a homogeneous blend. Then, the biocomposite blend 

was cast into a mold and allowed to cool to room temperature, 

forming a solid blend. Samples was then prepared for testing 

and characterization. Figure 1 shows the experimental design 

of the developed PLA/MgO/ZnO/CSP composite. 
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Table 3 Moisture content, Loss on Ignition, Specific gravity 

and calcination determination of Magnesium oxide, Zinc oxide 

and Marine Crab shell. 

Test on Samples MgO ZnO Crab Shell 

Moisture content -3.794% -0.300% - 

Lost on ignition 10.37% 5.58% - 

Specific gravity of density 1.48g 4.54g - 

Calcination - - 72.72%  

 

 

D, Testing Methodologies 

The surface morphology of the developed 

PLA/MgO/ZnO/CSP composite was evaluated using a field 

emission scanning electron microscope (FE-SEM, GEMINI 

Ultra 55). The elemental composition within the composite 

material was observed by energy dispersive spectroscopy 

(EDS) technique attached to the FE-SEM, and the technique 

relies on the interaction of the sample with X-ray excitation. 

The functional group within the composite was ascertained by 

the FT-IR technique (Perkin-Elmer 3000 MX spectrometer 

model). The crystalline structure was obtained by XRD 

analysis using the Rigaku SmartLab diffractometer (Rigaku 

Int. Corp., Tokyo, Japan). Data were collected and analyzed 

using OriginPro software. Percentage crystallinity was 

calculated using equation 4. The crystallite size and strain 

energy density were determined by the Williamson–Hall plot 

(W–H plot). 

A1

Ta

× 100%                                                                  (4) 

In equation 4, A1is the area of crystalline peaks, Ta is the 

overall area of peaks. 

The amount of water absorbed by the developed 

PLA/MgO-ZnO-CSP composite was determined using an 

apparent porosity test. 2 g of dry sample was soaked in distilled 

water for 24 hours. After 24 hours, the soaked sample was then 

removed and reweighed. The saturated weight was obtained by 

immersing the PLA/MgO-ZnO-CSP biocomposite back inside 

the distilled water and removed immediately before weighing. 

Apparent porosity was determined using equation 5. 
𝑊𝑤 − 𝐷𝑤

𝑊𝑤 − 𝑆𝑤

× 100%                                                      (5) 

In equation 5, 𝑊𝑤 is the wet weight, 𝐷𝑤 is the dried 

weight, 𝑆𝑤  is the saturated weight 

The biodegradation integrity profile of the PLA/MgO-

ZnO-CSP composite was study in terms of pH. 3 g of sample 

was evaluated by soaking in a phosphate buffer solution 

conditioned to the human body environment (37 °C). At each 

scheduled time interval of 24 hours, 7, 14, 21, and 28 days, the 

sample were removed, reweighed and the pH value of the 

solution was measured. The average pH value of the solution 

was obtain using equation 6. 

 

(
D1 + D7 + D14  + D21 + D28

5
)                                  (6) 

 

In equation 6, 𝐷1 is the pH value at day 1, 𝐷7 is the pH value 

at day 7, 𝐷14 is the pH value at day 14, 𝐷21 is the pH value at 

day 21, 𝐷28 and is the pH value at day 28. 

 

III. RESULTS 

 

A. Physical Property of the Biofillers 

The physical properties were determined from the selected 

materials, such as moisture content, loss on ignition, specific 

gravity of density on MgO and ZnO, and the calcination of crab 

shell. The physical property of the selected material depicts the 

ability to re-absorb moisture when exposed to air. The 

percentage impurities lost during ignition was 10.37% and 

5.58%, with a purity of 89.63% and 94.42%, respectively. The 

percentage of impurities lost during the calcination of the crab 

shell was 72.72%, leaving 27.28% purity as shown in Table 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. 

B. Surface Morphology (SEM) of the Developed 

PLA/MgO/ZnO/CSP Composite 

Figure 2 depicts the morphological examination of the 

composite with different magnifications of 100, 200, 500, 1000 

and 2000. Fractured surfaces on the external surface of the 

composite were visible because of the presence of aggregated 

particles, pores, and microscopic cracks. Furthermore, the 

micrograph depicts the biofillers dispersion in the polymer 

matrix. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C. Elemental Composition (EDS) of the PLA/MgO-ZnO-CSP 

Composite 

Figure 3 depicts a graphical representation of the spectrum of 

PLA/MgO-ZnO-CSP composite with their respective peaks. 

 
Figure 2 SEM Micrograph of the Developed of 

PLA/MgO-ZnO-CSP Composite. 
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Figure 3 EDS Spectrum of Developed of PLA/MgO-

ZnO-CSP Composite. 

 

Table 4 Elemental composition of the 

developed composite. 

 

Elements Weight % Atomic 

% 

C 45.94 54.07 

O 50.07 44.24 

Mg 2.07 1.20 

Ca 0.50 0.18 

Zn 1.41 0.31 

 
 

Energy dispersive spectroscopy was used to obtain the 

elemental composition of the produced PLA composite and 

their weights as shown in Table 4. The apatite formation from 

calcination process of crab shell were doped by the release ions 

(magnesium and zinc) which act has the doping agent in the 

composite. The element of the apatite formation were partially 

replaced by the doping agent in MgO and ZnO particles as 

shown in the elemental contents of the produced composite 

(carbon, oxygen, magnesium, zinc and calcium), with the 

highest peak was oxygen, followed by carbon, magnesium, 

zinc and finally calcium. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D. Fourier Transform Infrared Spectroscopy (FTIR) of the 

PLA/MgO-ZnO-CSP Composite 

Figure 4 depicts the spectra analysis of the 

PLA/MgO/ZnO/CSP biocomposite peaks within the wave 

numbers (cm-1) of 500 – 4,000. A wavelength of 500–1,500 

cm-1 represents the fingerprint region, while 1,500–4,000 cm-1 

is the diagnostic (functional group) region. Wavelength peak 

of 3,685.75 and 3,634.25 cm-1 has a medium appearance of two 

sharp peaks of N-H stretching. The secondary amine 

compound with intermolecular bonds has a medium 

appearance at the peak of 3,516.75 cm-1. The sp3 hybridization 

absorption peaks of 3,034.25, 2,993.75, and 2,967.75 cm-1 

have a medium appearance of the C-H stretching group of the 

alkane group. Wavelength peak of 1,945.75 cm-1 has a weak 

C-H bending, peak at 1,700.5 and 1,749.75 cm-1 shows strong, 

sharp, and narrow peaks of absorption of C=O and C=N 

stretching group of esters compound, respectively. The amine 

group appears at 1,293.5 cm-1 and 1,243.25 cm-1, respectively, 

as strong C-O stretching and medium C-N peaks.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4  FTIR Spectra of Developed PLA/MgO-ZnO-CSP Composite. 
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Table 5 IR Spectrum Tables of Frequency Range. 

Absorption 

Peaks 

(cm-1) 

Reference 

Absorption 

Peaks (cm-1) 

Appearance Functional 

Group 

Compound 

Class 

Comment 

3685.75 3700-3584 medium, 

sharp 

N-H 

stretching 

Amine Present 

3634.25 3700-3584 medium, 

sharp 

N-H 

stretching 

Amine Present 

3516.75 3550-3200 strong, 

broad 

N-H 

stretching 

Amine intermolecular 

bonded 

3034.25 3000-2840 medium C-H 

stretchin 

Alkane Present 

2993.75 3000-2840 medium C-H 

stretching 

alkane Present 

2967.75 3000-2840 medium C-H 

stretching 

alkane Present 

1945.75 2000-1650 weak C-H 

bending 

 Overtone present 

1749.75 1750-1735 strong C=O 

stretching 

esters Present 

1700.5 1710-1685 strong C=O 

stretching 

 Present 

1293.3 1310-1250 strong C-O 

stretching 

aromatic ester  

1243.25 1250-1020 medium C-N 

stretching 

amine Present 

1181.75 1210-1163 strong C-O 

stretching 

ester Present 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Developed of PLA/MgO-ZnO-CSP Composite (a) XRD crystal peak and (b) Williamson Hall Plot of the. 

 

The absorption at 1,181.75 cm-1 shows a strong, narrow peak 

of the C-O stretching group of the ester compound. The 

functional groups arise from the polymer (polylactic acid), and 

calcium carbonate and protein from the crab shell used. Table 

5 shows the compares the IR spectrum obtained in this study 

with the standard reference absorption peaks. 
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E. Crystal Structure (XRD) of the PLA/MgO-ZnO-CSP 

Composite 

Figure 5 depicts the XRD peaks of the PLA/MgO-ZnO-

CSP biocomposite. The XRD peak pattern were sharper and 

narrower, showing that the composite has high crystalline 

structure, with crystal peaks totaling 13 and average peak of  
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Table 6 Biodegradation rate pH value of the 

biocomposite. 

Day’s interval pH values 

Day 1 7.62 

Day 7 7.56 

Day 14 7.17 

Day 21 7.00 

Day 28 7.47 

 

Table 7 Apparent porosity of the composite 

Test on Samples Weight (grams) 

Dried wet 0.13 

Wet Weight 0.18 

Saturated Weight 0.155 

 

 

 

Figure 6 pH value of developed composite with 7 days interval  
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39.4. The percentage crystallinity of the composite’s 

structure was obtained from the XRD data analyzed using 

OriginPro version 2022b (OriginLab, 2022). Williamson-Hall 

(W-H) plot was used to determine the crystallite size in 

nanometers and the strain (ε) of the crystalline peaks of the 

PLA/MgO-ZnO-CSP biocomposite.  

 

F. Degradation Stability of the PLA/MgO-ZnO-CSP 

Composite  

Table 6 shows the pH value of the PLA/MgO/ZnO/CSP 

composite over the course of 28 days of immersion with 

average pH value of 7.36, which is within the range of human 

body pH, this is in agreement with the previous study of (Reina 

et al., 2021). There was reduced water uptake after 7 days 

(0.78%) and decreased pH value. Then, after 7 days of 

immersion in distilled water pH value decreased but with 

increased water intake (5%) by the composite. Further decrease 

in pH can be seen after day 14 and 21, respectively, having 

decreased water intake by the composite (2%). The pH value 

increases after 21 days, with a diminished water intake with 

average pH of 7.36. Table 7 shows the apparent porosity value 

of the composite with average porosity of 40%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the current study, MgO/ZnO/CSP biofillers have been 

blended with PLA to develop biocomposite via a melt blending 

approach. PLA polymer has been blended with osteogenic 

mineral synthesis from biogenic raw materials (shells) and 

metallic oxide to make composites of biological and synthetic 

materials in a synergetic hybrid that can cause bone 

regeneration. Addition of biofillers to PLA polymer has 

increased the composite qualities while avoiding the downside 

of primary mineral scaffolds’ tendency to shatter (Radwan-

Pragłowska et al., 2020). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MgO and ZnO powder have been added to the polymer matrix 

in weight proportion in order to perhaps boost the nucleation 

rate in addition to the calcite. An experimental assessment of 

the stability and adherence of the polymeric matrix and 

biofillers is provided. The present biofillers have been found to 

encourage biomaterial disintegration into small molecules such 

as water, carbon dioxide, and ions. 

 

G. DISCUSSION 

The physical, morphological, and chemical properties of 

MgO/ZnO/Crab Shell biofillers-reinforced polylactic acid 

(PLA) matrix composite via melt blending technique was 

evaluated in this work as a potential scaffold material in bone 

tissue engineering application. The developed composite 

stability and porosity were evaluated further in phosphate 

buffer solution and distilled water, respectively. Due to its 

biocompatibility and biodegradability, polylactic (PLA), a 

biodegradable synthetic polymer, was used in the study. 

However, limited durability and rapid degradability 

requirements in bone applications demand their use in 

conjunction with other biomaterials to form composite 

biomaterials. The melt blending approach was used to develop 

the PLA composite been the most versatile and economical 

technique of improving properties of most materials. The 

developed PLA composite was evaluated by SEM, FTIR, EDS, 

XRD and degradation stability. The selection of appropriate 

materials for biocomposite development is very important in 

bone engineering applications. The physical properties of the 

biofillers material (MgO, ZnO, and crab shell) showed 

hygroscopic characteristics, thereby, introducing hydrophilic 

properties into the composite formation without the release of 

any cytotoxic materials (Table 3). 

The PLA composite surface morphology showed fractured 

surface with pores and microcracks (Figure 2). The 

interconnected pores can enhance bone cells’ implantation and 

propagation. Because of the inter-bonding action between 

polymeric covalent bonds and ceramic electrovalent bonds, 

grain boundaries were well compacted. The zinc oxide (ZnO), 

on the other hand, aids in the stabilization of the bonding 
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reaction during crystal formation, while the magnesium oxide 

altered the thermal stability. Magnesium and zinc oxide fillers 

are biocompatible in nature, capable of releasing ions 

beneficial to human metabolism. Due to the correct lattice 

balancing of the ions, the addition of these biofillers form 

interfacial connection with the polymer matrix phase. The 

elemental composition of the developed composite showed 

that presence of carbon, calcium, magnesium, zinc and oxygen 

were the dominant elements followed by calcium ions as 

revealed in the energy dispersive spectroscopy (Figure 3). 

The functional group arise from the polylactic acid, MgO, 

ZnO, and crab shell powder, as shown in Figure 4. The N-H 

stretching with wavelength peaks of 3,685.75 and 3,634.25 cm-

1, respectively showed medium appearance of two sharp peaks 

which is in arrangement with literature (Yasmeen et al., 2016). 

The secondary amine compound with intermolecular bonds 

appears with medium appearance peak of 3,516.75 cm-1 in the 

biocomposite phase. Because of sp3 hybridization, absorption 

peaks of 3,034.25, 2,993.75, and 2,967.75 cm-1 of medium 

appearance of the C-H stretching group of the alkane group 

were seen in the structure and is in arrangement with literature 

(Iqbal et al., 2022). The wavelength peak of 1,945.75 cm-1 has 

a weak C-H bending while wavelength peaks of 1,700.5 and 

1,749.75 cm-1, respectively, shows strong sharp and narrow 

peaks absorption of C=O and C=N stretching group of esters 

compound. Amine appears at a wavelength of 1,293.5 cm-1 

with strong C-O stretching peaks and 1,243.25 cm-1 as a 

medium C-N peak. The absorption at 1,181.75 cm-1 shows a 

strong, narrow peak of the C-O stretching group of the ester 

compound. These functional groups arising from the polylactic 

acid and protein in the crab shell further shows that the 

developed biocomposite when deployed in hard and soft tissue 

engineering would not release toxic materials because they are 

free from alcohol and carboxy groups, therefore, they are safe 

for use as a biomaterial implant without causing any 

cytotoxicity. 

The percentage crystallinity of the developed 

PLA/MgO/ZnO/CSP biocomposite was 93.4% due to large 

crystals with sharp and narrow peaks of the biofillers particle. 

These could be attributed to the nucleation effects of the 

biofillers, particularly, crab shell powder in the system (Yang 

et al., 2023). The MgO particles were crystalline in nature with 

characteristic sharp diffraction peaks seen at 2θ = 18.10o, 

43.40o, and 62.70o, respectively, and is in arrangement with 

literature (Balakrishnan et al., 2020). Sharp diffraction peaks 

at 2θ = 25.70o and 32.10o proved that CaO particles crystalline 

in nature were present in the composite structure, and is in 

arrangement with literature (Athanasoulia et al., 2017). The 

increase in crystallinity was due to the presence of CaO apatite 

formation, crystalline MgO/ZnO particles, and the semi-

crystalline nature of the PLA. The high crystalline can be 

correlated with an increase in the strength of the biocomposite 

because, in the crystalline phase, the intermolecular bonding 

would be more significant leading to oriented chains; hence, 

the PLA biocomposite deformation would result in higher 

strength (Farshchi and Ostad, 2020). However, there were no 

characteristics of PLA peaks seen in the XRD spectra (Morsi 

and Abd Elhamid, 2019). Due to the irregular peaks caused by 

the instrument and sample microstrain, 1-iteration was 

performed until all fittings converged during the iteration 

process using the Williamson-Hall (W-H) plot. An adjacent R-

square value of 0.95, which is very close to one, was used in 

the linear fitting of the plot. A crystallite size of 0.011066 

nanometers was determined using the slope of the W-H plot 

and the strain energy density of -5252.22 from the intercept of 

the plot. The synergetic effects of the biofillers in the 

reinforcement of PLA polymer depicted a decrease in both 

strain energy density and crystallite size values of all matrix 

phases. 

The biodegradation stability shows that the PLA/MgO-ZnO-

CSP biocomposite has pH value of 7.36 which falls within the 

range of human physiological pH value (Table 5) and is in 

arrangement with literature (Reina et al., 2021). Table 6 

depicts the developed PLA composite's porosity of 40% 

indicating that the biocomposite exhibit hydrophilic quality 

according to (Bajpai et al., 2016; Wang et al., 2020; Reina et 

al., 2021). PLA is an organic material with a hydrophobic 

nature, but the introduction of the biofillers creates porous 

structure in the biocomposite, thereby, increasing the porosity 

of the PLA composite material due to the hygroscopic nature 

of the biofillers (Monia, 2022). 

The addition of biodegradable and bioabsorbable materials 

such as seafood shell powder for strength and 

osteoconductivity, magnesium and zinc oxides for metabolism 

to reinforced biodegradable PLA polymers for flexibility and 

resorbability to form biocomposite materials appears to be the 

most promising alternative bone substitute. Hence, this study 

contributes towards sustainable developments and promotes 

the utilization of natural waste resources such as crab shells, 

metallic oxide which include MgO/ZnO, and polylactic acid in 

the development of biocomposite for bone engineering 

applications. The study leads to a potentially composable 

formulation that can be explored for use in real-world 

scenarios. The current paper fits into sustainable development 

ideas currently utilized in bone engineering applications. 

 

H. CONCLUSION 

This paper evaluates the physical, morphological and chemical 

properties, and degradation stability performance of 

PLA/MgO-ZnO-CSP composite. The addition of biofillers had 

a significant effect on the developed composite and its 

properties. PLA/MgO/ZnO/CSP composite was developed via 

a melt blending technique. The development involves the use 

of low molecular weight PLA polymer as the matrix and 

synergetic hybrid of MgO/ZnO/CSP biofillers of particle size 

of 90 µm to form the composite. The selected biofillers of 

MgO, ZnO, and calcined CSP showed hygroscopic and non-

cytotoxicity characteristics. The hydrophobic properties of 

PLA biopolymer was escalated to hydrophilic properties by 

introduction of synergetic hybrid of the biofiller. The 

composite promotes and propagates cell proliferation as 

revealed from the morphological examination with fracture 

surface and micro pores. The functional group and XRD 

spectra have depict both free alcohol and carboxy groups, with 

increased crystallinity of the PLA polymer, due to the 

nucleation effect of the biofillers. Meanwhile, pH value and 

porosity after immersion, falls within the normal human body 
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physiological system. This paper promotes the utilization of 

natural resources and reduction in substantial environmental 

and health risks associated with seafood industry's waste of 

crab shells. Findings from this paper show that 

PLA/MgO/ZnO/CSP composite can become a viable and 

sustainable solution in bone engineering applications on an 

industrial scale. However, further study should be carried out 

on the composite materials such as mechanical, antibacterial, 

and biocompatibility properties, and in-vitro and in-vivo 

studies for a wider range of bone engineering applications. 
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