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As known, composite films containing different metal ions provide improvement in 

the properties of drug release systems. In this study, it was aimed to prepare 

composite films containing different metal ions for DOX release, and the effect of 

metal ions on drug release, swelling, and thermal properties were investigated. The 

structural characterization of the composite films was carried out using FT-IR, SEM, 

and TG analysis techniques. SEM images showed that the metal-free film was 

composed of a homogeneous structure while the calcium composite films consisted 

of a non-homogenous surface. Also, thermal analysis results showed that the thermal 

stability increased with the addition of metal ions to the composite film matrix. The 

swelling and drug-release behavior of the composite films were also studied, and 

metal ions-containing films exhibited a higher swelling performance and drug-

release behavior than the metal-free composite.   

 
 

1. Introduction 

 

Biopolymers, which are also known as natural 

polymers, such as chitosan, starch, alginate, etc. 

are highly demanded in biomedical applications 

due to their biodegradability, biocompatibility, 

and non-toxic characteristics [1, 2]. Among these 

polymers, starch has attracted considerable 

attention due to its low cost, easy availability, 

and suitability for use as food [3]. Starch is also 

preferred in the production of large-scale 

biopolymer films and is used in food packaging, 

agriculture, and pharmaceutical distribution 

systems [4, 5].  

 

On the other hand, starch-based films have 

shown poor thermal stability, low mechanical 

strength, and decomposition temperature [6]. 

Cao et al. stated that mixing starch with chitosan 

overcomes these disadvantages and improves 

some properties of starch such as easy film 

forming and antibacterial properties [7]. 

Chitosan is a biopolymer composed of linear 

polycationic polysaccharide units with inelastic 

behavior, and it has an excellent film-forming 

property [8, 9]. Chitosan, which also contains 

abundant amine (-NH2) and hydroxyl (-OH) 

groups as its characteristic structural feature, is 

used as a biosorbent in dyes and organic 

pollutants [10]. It is also used in drug release 

applications due to its physical, chemical, and 

biological properties [11]. In addition, chitosan 

can easily chelate with metal ions due to its 

polycationic structure [12]. Although chitosan 

films have been shown good mechanical 

properties, they have poor flexibility and stress 

resistance [13]. Therefore, these features need to 

be developed.  

Adding metal ions into a biocompatible material 

not only facilitates cross-linking and provides 

durability to the material, but also provides many 

benefits for the body's biological functions. As 

known, metal ions play an active role in many 

biological metabolisms such as protein, bone, 

and nucleic acid structure, electron transfer, 
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charge balance, DNA signaling, redox, and acid-

base catalysis. The use of metal ions in 

biomaterials positively affects cells in different 

aspects [14]. 

 

In the present paper, a series of ascorbic acid-

based composite films were prepared by using 

chitosan, starch, L-ascorbic acid, and various 

cations such as Ag+, Ca2+, or Mg2+. Metal ions 

were used as chelating agents. The usability of 

the fabricated films as drug delivery applications 

was also investigated. The structural 

characterization was carried out by using FT-IR, 

SEM, and TG analysis techniques. The swelling 

and doxorubicin release behavior of the 

composite films were also investigated.  

 
2. Materials and Method 

 

2.1 Reagents 

 

Medium molecular weight chitosan (CS), starch 

(from potato, S), L-ascorbic acid (AA), calcium 

chloride dihydrate (CaCl2.2H2O), magnesium 

chloride hexahydrate (MgCl2.6H2O), silver 

chloride (AgCl), acetic acid (CH3COOH), and 

doxorubicin (DOX) were obtained as 

commercially from Sigma Aldrich. All other 

chemicals were commercially supplied and they 

were used without any purification processes.  

 

2.2. Preparation of the composite films  

 

Composite films were fabricated by using 

chitosan, starch, ascorbic acid, and different 

metal cations (Ag, Ca, and Mg) as follows, and 

they were called the metal-free film, Ag, Ca, and 

Mg composite films according to containing 

cations (Table 1): 

 

2.5 g of chitosan solution was prepared in 

distilled water containing 2.0% (v:v) acetic acid 

solution to prepare 2.5% (w:v) stock solution. 

Then, 2.0% starch (w:v), 1% L-ascorbic acid 

(w:v), and 5 mM of the cation (Ca, Mg, and Ag) 

solutions were prepared in distilled water and 

added into the chitosan solution as summarized 

in Table 1. Then, the solution was homogenized 

using a homogenizer for 3 minutes, and it was 

mixed for 4 hours at room temperature.  The 

composite films were poured into the petri dish, 

and the solvent was completely evaporated under 

ambient conditions. Finally, the fabricated films 

were stored at +4 oC for further experiments [15, 

16]. 

 
Table 1. Composition of the composite films 

Composite film 
CS 

(v:v) 

S 

(v:v) 

AA 

(v:v) 

Ca 

(v:v) 

Mg 

(v:v) 

Ag 

(v:v) 

Metal-free  80 5 10 - - - 

Ca composite 80 5 10 5 - - 

Mg composite 80 5 10 - 5 - 

Ag composite 80 5 10 - - 5 

2.3.Characterization 

 

Fourier Transform-Infrared spectroscopy (FT-

IR, Perkin-Elmer Spectrum Two FT-IR 

spectrometer) with an ATR unit was used to 

confirm functional groups in the starting 

materials and composite films. These 

measurements were carried out in the range from 

500 to 4000 cm-1 under ambient conditions. The 

thermal degradation behavior of the composite 

films was also investigated using a Perkin-Elmer 

Diamond Thermogravimetric Analysis (TGA) 

with a heating rate of 10 oC min-1 in the range 

from 20 to 700 oC under a nitrogen atmosphere. 

The surface morphology of the composite films 

was determined using a Zeiss EVO LS 10 

Scanning Electron Microscopy (SEM) under the 

high electron voltage (10 kV). 

 

2.4. Swelling behavior of the composite films 

 

A certain amount (20-25 mg) of the fabricated 

composite films was weighed and immersed into 

the freshly prepared phosphate buffer solution 

(PBS, pH 7.4, 25 mL) to investigate the swelling 

performance at room temperature. The 

composite films were removed from the solution 

at predetermined times, and their weights were 
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recorded. The swelling percentage was 

calculated using the following equation (Eq.1) 

[17, 18]: 

 

%Swelling = 
𝑚2− 𝑚1

𝑚1
 x 100        (1) 

 

where m1 and m2 are the weights of the dry and 

wet films, respectively. 

  

2.5. Drug delivery behavior  

 

Doxorubicin (DOX), which is one of the most 

effective chemotherapy drugs used in various 

cancer treatments such as breast, and prostate, 

etc., was used as a model drug for drug release 

experiments in the present paper [19, 20]. The 

drug release performance of the composite films 

was determined in 20 mL PBS (pH 7.4) as the 

following equation (Eq. 2) [21]: 

 

%Released drug= 
𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑂𝑋 𝑤𝑒𝑖𝑔ℎ𝑡

𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐷𝑂𝑋
 x 100 (2) 

 

About 10 mg of the composite film was added to 

the 20 mL 0.01 M PBS containing DOX and 

placed in a shaking incubator at 37 oC. At certain 

time intervals, 3 mL of DOX-containing PBS 

was removed from the solution medium, and the 

same amounts of the freshly prepared buffer 

solution were also added. The drug release 

amount was measured with the help of an UV-

Vis spectrophotometer at 480 nm, and the 

released drug % was found. 

 

 

 

 

3. Results and Discussion 

3.1. Characterization of the composite films 

 

FT-IR spectra of chitosan (CS), starch, L-

ascorbic acid (AA), magnesium chloride 

hexahydrate (Mg), and Mg composite film were 

represented in Figure 1, and all FT-IR data were 

given in Table 2. In the FT-IR spectrum of CS, 

the characteristic peaks at 3279, 2864, 1646, 

1414, 1372, and 1025 cm-1 were associated with 

the stretching vibrations of the hydroxyl (-OH), 

aliphatic –CH (Al-CH), -NH, -C-O, aromatic –

CH (Ar-CH), and –C-O-C, respectively [22]. In 

the FT-IR spectrum of the starch, -OH, Al-CH, -

C-O, and Ar-CH stretching, and –C-O-H bending 

vibrations were seen at 3280, 2920, 1418, 1329, 

and 991 cm-1, respectively [23].  

 

In the spectra of the Ca, and Mg, the stretching 

and bending vibration of H2O were seen at 3322-

3356 and 1608-1610 cm-1, respectively [24]. 

According to the FT-IR spectrum of L-ascorbic 

acid, -OH, Al-CH, -C-O, enol hydroxide (-C=C-

OH), and –C-O-C stretching vibrations were 

recorded at 3205, 2916, 1429, 1317, and 1023 

cm-1, respectively [25]. Also, the mentioned 

stretching vibrations were observed in the range 

from 3245 to 3267 cm-1, 2885 to 2936 cm-1, 1588 

to 1639 cm-1, 1386 to 1410 cm-1, 1328 to 1305 

cm-1, and 1012 to 1018 cm-1 in the structure of 

composite films. These findings showed that the 

most of stretching vibrations of the composite 

films were shifted to the lower values compared 

to the chitosan and starch. This tendency was 

evidenced by the successful preparation of 

composite films [18] 

 
Table 2. FT-IR data of the using materials and composite films 

Materials 1 2 3 4 5 6 

Chitosan 3279 2864 1646 1414 1372 1025 

Starch 3280 2920 - 1418 1329 991 

L-Ascorbic acid 3205 2916 - 1429 1317 1023 

Metal-free 3228 2874 1638 1407 1306 1017 

Ag composite 3245 2917 1589 1386 1328 1012 

Ca composite 3250 2936 1588 1410 1305 1014 

Mg composite 3267 2885 1639 1408 1305 1018 
1: Hydroxy (-OH)   4: -C-O 

2: Aliphatic -CH (Al-CH)   5: Enol hydroxy (-C=C-OH) or aromatic -CH (Ar-CH) 

3: -NH     6: -C-O-C or -C-O-H 
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Figure 1. FT-IR spectra of chitosan (CS), starch, L-

ascorbic acid (AA), Mg and Mg composite film 

 

The surface of the fabricated metal-free 

composite and Ca composite film was 

investigated by using Scanning Electron 

Microscopy (SEM), and SEM images were 

shown in Figure 2. As can be seen in Figure 2, 

the metal-free film has a homogeneous and 

smooth surface whereas Ca composite film has 

been composed of a non-homogenous surface. 

Also, the surface roughness of the Ca composite 

film was increased after the addition of Ca2+ ions 

into the starch, chitosan, and L-ascorbic acid-

containing composite matrix.  

 

The thermal degradation behavior of the metal-

free and composite films was clarified by using 

Thermogravimetric Analysis (TGA). 

Thermograms of the films were represented in 

Figure 3 and the results were summarized in 

Table 3. According to the degradation behavior 

of the composite films, they exhibited the two-

step decomposition behavior.  

 

The first degradation step, which takes place 

between room temperature and about 200 °C, is 

due to the evaporation of water, and acetic acid 

used in the fabrication of the composite films. 

The second degradation step, in which the main 

mass loss step was performed in the range from 

200 to 350 oC, was due to the degradation of the 

saccharide rings in the structure of the composite 

films, the degradation of acetylated units or the 

decomposition of the biopolymer chains [26]. 

 

 
 

 

  
 

  
Figure 2. SEM image of metal-free film (a, b, c) and 

Ca composite film (d, e, f) at different magnitudes at 

1, 5, and 20 kX 

 

Also, Tmax, T20, T50, and char residual at 700 
oC (char) of metal-free film, Ag, Ca, and Mg 

composite films were found in the range from 

233 to 262 oC, 208 to 219 oC, 287 to 325 oC, and 

30.77 to 35.99%, respectively. As can be seen in 

the char value of the films, the addition of cations 

into the composite film matrix, it was slightly 

increased.  

 
Table 3. TG data of the composite films 

Composite 

film 

Tmax 

(oC) 

T20 

(oC) 

T50 

(oC) 

%Char 

(at 700 oC) 

Metal-free 262 208 307 30.77 

Ag 

composite  
235 215 325 35.99 

Ca 

composite  
233 219 307 35.96 

Mg 

composite  
237 208 287 33.63 

 

a b 

c d 

f e 
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Figure 3. TG curves of metal-free film (a), Ag (b), 

Ca (c), and Mg (d) composite films 

 

3.2. Swelling performance 

 

The water uptake performance of the fabricated 

composite films was studied for 240 minutes, and 

the results were given in Figure 4. %Swelling 

capacity of metal-free film, Ag, Ca, and Mg 

composite films were determined as 58, 65, 79, 

and 94% after the 240 minutes. These results 

indicated that the % swelling performance of the 

composite films was increased after the addition 

of cations into the film matrix. The prepared 

chitosan, starch, and L-ascorbic acid matrix 

interact strongly with metal ions such as Ag+, 

Ca2+, and Mg2+, and as a result, the swelling 

capacity of the composite films was increased 

due to the formation of a tight structure compared 

to the metal-free film [27].  

 

3.3.Drug release behavior 

 

Drug release behavior of the metal-free film and 

composite films was also studied, and 

doxorubicin was used as a model drug in these 

studies. DOX release performance of the films 

gradually increased within the first 90 minutes 

and it reached a constant value after the 

mentioned times (Figure 5). 

 

%DOX release amounts of the metal-free film 

and composite films were calculated as 80.5, 

55.0, 37.2, and 20.2% for Mg, Ca, Ag composite 

films, and metal–free films. Niazvand and 

coworkers stated that the desired properties of a 

drug release system can be achieved by the 

development of metal-containing composites. In 

addition, with the development of composite-

containing cations for drug release systems, long-

term controlled drug release can be achieved, the 

stability of the drug delivery system can be 

increased, and the preservation of drug 

bioactivity in the polymer-based composite 

system can be improved [28]. 

 

 
Figure 4. Swelling performance of the composite 

films 

 

 
Figure 5. Drug release behavior of the composite 

films 

 

4. Conclusion 

 

In this paper, composite films based on chitosan, 

starch, L-ascorbic acid, and different metal ions 

such as Ag+, Ca2+, or Mg2+ were successfully 

fabricated to study the release of doxorubicin. 

The structural confirmation of the composite 

films was performed by FT-IR, SEM, and TG 

analysis techniques to clarify the structure, and 

chemical interactions, morphological and 

thermal properties. The swelling and drug release 

behavior of the composite films were also studied 

in 0.1 M PBS (pH 7.4). The results demonstrated 

that the addition of the metal ions into the 

composite film matrix increased the swelling, 

drug release, and thermal properties, and the 

developed composite films have the potential to 

be used for doxorubicin release.  

0

20

40

60

80

100

0 40 80 120 160 200 240

S
w

el
li

n
g

 (
%

)

Time (min)

Metal-free
Ag
Ca
Mg

0

20

40

60

80

0 20 40 60 80 100 120 140 160

C
u

m
la

ti
v
e 

d
ru

g
 r

el
ea

se
 (

%
)

Time (min)

Metal free
Ag
Ca
Mg



Umran Duru Kamacı  

 

599 
 

Article Information Form 

 

Funding 

The author(s) has no received any financial 

support for the research, authorship, or 

publication of this study.  

 

The Declaration of Conflict of Interest/ 

Common Interest  

No conflict of interest or common interest has 

been declared by the authors.  

 

The Declaration of Ethics Committee Approval 

This study does not require ethics committee 

permission or any special permission. 

 

The Declaration of Research and Publication 

Ethics  

The authors of the paper declare that they comply 

with the scientific, ethical, and quotation rules of 

SAUJS in all processes of the paper and that they 

do not make any falsification on the data 

collected. In addition, they declare that Sakarya 

University Journal of Science and its editorial 

board have no responsibility for any ethical 

violations that may be encountered and that this 

study has not been evaluated in any academic 

publication environment other than Sakarya 

University Journal of Science. 

 

Copyright Statement 

Authors own the copyright of their work 

published in the journal and their work is 

published under the CC BY-NC 4.0 license. 

 

References 

 

[1] G. A. Martau, M. Mihai, D. C. Vodnar, 

“The use of chitosan, alginate, and pectin 

in the biomedical and food sector—

biocompatibility, bioadhesiveness, and 

biodegradability”, Polymers vol. 11, pp. 

1837, 2019.  

 

[2] E. B. Yahya, F. Jummaat, A. A. Amirul, A. 

S. Adnan, N. G. Olaiya, C. K. Abdullah, S. 

Rizal, M. K. M. Haafiz, H. P. S. A. Khalil, 

“A review on revolutionary natural 

biopolymer-based aerogels for 

antibacterial delivery”, Antibiotics, vol. 9, 

pp. 648, 2020. 

 

[3] W. Zhu, D. Zhang, X. Liu, T. Ma, J. He, Q. 

Dong, Z. Din, J. Zhou, L. Chen, Z. Hu, J. 

Cai, “Improving the hydrophobicity and 

mechanical properties of starch 

nanofibrous films by electrospinning and 

cross-linking for food packaging 

applications”, LWT- Food Science and 

Technology, vol. 169, pp. 114005, 2022.  

 

[4] L. Wu, S. Lv, D. Wei, S. Zhang, S. Zhang, 

Z. Li, L. Liu, T. He, “Structure and 

properties of starch/chitosan food 

packaging film containing ultra-low 

dosage GO with barrier and antibacterial”, 

Food Hydrocolloids, vol. 137, pp. 108329, 

2023.   

 

[5] L. Tuovinen, S. Peltonen, K. Jarvinen, 

“Drug release from starch-acetate films”, 

Journal of Controlled Release, vol. 91, pp. 

345–354, 2003.  

 

[6] A. Guo, X. Tao, H. Kong, X. Zhou, H. 

Wang, J. Li, F. Li, Y. Hu, “Effects of 

aluminum hydroxide on mechanical, water 

resistance, and thermal properties of 

starch-based fiber-reinforced composites 

with foam structures”, Journal of Materials 

Research and Technology, vol. 23, pp. 

1570-1583, 2023. 

 

[7] Y. Cao, J. Yin, Y. Shi, J. Cheng, Y. Fang, 

C. Huang, W. Yu, M. Liu, Z. Yang, H. 

Zhou, H. Liu, J. Wang, G. Zhao, “Starch 

and chitosan-based antibacterial dressing 

for infected wound treatment via self-

activated NO release strategy”, 

International Journal of Biological 

Macromolecules, vol. 220, pp. 1177–1187, 

2022. 

 

[8] O. M. Khubiev, A. R. Egorov, A. A. 

Kirichuk, V. N. Khrustalev, A. G. 

Tskhovrebov, A. S. Kritchenkov, 

“Chitosan-based antibacterial films for 

biomedical and food applications”, 

International Journal of Molecular 

Sciences, vol. 24, pp. 10738, 2023. 

 

[9] Z. Jiang, J. Wang, D. Xiang, Z. Zhang, 

“Functional properties and preservative 

effect of p-hydroxybenzoic acid grafted 

https://www.sciencedirect.com/journal/journal-of-materials-research-and-technology
https://www.sciencedirect.com/journal/journal-of-materials-research-and-technology
https://www.sciencedirect.com/journal/journal-of-materials-research-and-technology/vol/23/suppl/C


Sakarya University Journal of Science, 28(3) 2024, 594-601 

 

600 
 

chitosan films on fresh-cut jackfruit”, 

Foods, vol. 11, pp. 1360, 2022.  

 

[10] S. S. Vedula, G. D. Yadav, “Chitosan-

based membranes preparation and 

applications: Challenges and 

opportunities”, Journal of the Indian 

Chemical Society, vol. 98, pp. 100017, 

2021. 

 

[11] D. Radha, J. S. Lal, K. S. Devaky, 

“Chitosan-based films in drug delivery 

applications”, Starch, vol. 74, pp. 2100237, 

2022. 

 

[12] P. S. Bakshi, D. Selvakumar, K. Kadirvelu, 

N. S. Kumar, “Chitosan as an environment 

friendly biomaterial – a review on recent 

modifications and applications”, 

International Journal of Biological 

Macromolecules, vol. 150, pp. 1072–1083, 

2020. 

  

[13] A. A. Abd-Elghany, E. A. Mohamad, M. 

A. El-Sakhawy, S. Mansouri, S. H. Ismail, 

M. S. Elneklawi, “Enhancement of 

mechanical properties of chitosan film by 

doping with sage extract-loaded 

niosomes”, Materials Research Express, 

vol. 9, pp. 035006, 2022.  

 

[14] G. Janarthanan, I. Noh, “Recent trends in 

metal ion based hydrogel biomaterials for 

tissue engineering and other biomedical 

applications”, Journal of Materials Science 

and Technology, vol. 63, pp. 3553, 2021.  

 

[15] I. K. Sani, S. Pirsa, S. Tag, “Preparation of 

chitosan/zinc oxide/Melissa officinalis 

essential oil nanocomposite film and 

evaluation of physical, mechanical and 

antimicrobial properties by response 

surface method”, Polymer Testing, vol. 79, 

pp. 106004, 2019. 

 

[16] S. Li, J. Yi, X. Yu, Z. Wang, L. Wang, 

“Preparation and characterization of 

pullulan derivative/chitosan composite 

film for potential antimicrobial 

applications”, International Journal of 

Biological Macromolecules, vol. 148, pp. 

258–264, 2020. 

[17] S. Ediyilyam, B. George, S. S. Shankar, T. 

T. Dennis, S. Waclawek, M. Cernik, V. V. 

T. Padil, “Chitosan/gelatin/silver 

nanoparticles composites films for 

biodegradable food packaging 

applications”, Polymers, vol. 13, pp. 1680, 

2021. 

 

[18] U. Duru Kamaci, M. Kamaci, “Preparation 

of polyvinyl alcohol, chitosan and 

polyurethane-based pH-sensitive and 

biodegradable hydrogels for controlled 

drug release applications”, International 

Journal of Polymeric Materials and 

Polymeric Biomaterials, vol. 69, pp. 1167–

1177, 2020.  

 

[19] M. Kciuk, A. Gielecinska, S. Mujwar, D. 

Kolat, Z. K. Kolat, I. Celik, R. Kontek, 

“Doxorubicin—an agent with multiple 

mechanisms of anticancer activity”, Cells, 

vol. 12, pp. 659, 2023.  

 

[20] R. Sawpari, S. Samanta, J. Banerjee, S. 

Das, S. S. Dash, R. Ahmed, B. Giri, S. K. 

Dash, “Recent advances and futuristic 

potentials of nano-tailored doxorubicin for 

prostate cancer therapy”, Journal of Drug 

Delivery Science and Technology, vol. 81, 

pp. 104212, 2023. 

  

[21] S. Karimi, H. Rasuli, R. Mohammadi, 

“Facile preparation of pH-sensitive 

biocompatible alginate beads havening 

layered double hydroxide supported metal-

organic framework for controlled release 

from doxorubicin to breast cancer cells”, 

International Journal of Biological 

Macromolecules, vol. 234, pp. 123538, 

2023.  

 

[22] M. Kamaci, “Polyurethane-based 

hydrogels for controlled drug delivery 

applications”, European Polymer Journal, 

vol. 123, pp. 109444, 2020.  

 

[23] F. J. Warren, M. J. Gidley, B. M. Flanagan, 

“Infrared spectroscopy as a tool to 

characterise starch ordered structure—a 

joint FTIR–ATR, NMR, XRD and DSC 

study”, Carbohydrate Polymers, vol. 139, 

pp. 35–42, 2016.  



Umran Duru Kamacı  

 

601 
 

[24] H. Zhou, D. Zhang, “Effect of graphene 

oxide aerogel on dehydration temperature 

of graphene oxide aerogel stabilized 

MgCl2⋅6H2O composites”, Solar Energy, 

vol. 184, pp. 202–208, 2019. 

  

[25] A. Umer, S. Naveed, N. Ramzan, M. S. 

Rafique, M. Imran, “A green method for 

the synthesis of copper nanoparticles using 

L-ascorbic acid”, Revista Materia, vol. 19, 

pp. 197-203, 2014. 

 

[26] L. Balau, G. Lisa, M. I. Popa, V. Tura, V. 

Melnig, “Physico–chemical properties of 

chitosan films”, Central European Journal 

of Chemistry, vol. 2, pp. 638–647, 2004.  

 

[27] F. Doustdar, A. Olad, Marjan Ghorbani, 

“Effect of glutaraldehyde and calcium 

chloride as different crosslinking agents on 

the characteristics of chitosan/cellulose 

nanocrystals scaffold”, International 

Journal of Biological Macromolecules, 

vol. 208, pp. 912-924, 2022. 

  

[28] F. Niazvand, A. Cheshmi, M. Zand, R. N. 

Azadani, B. Kumari, A. Raza, S. Nasibi, 

“An overview of the development of 

composites containing Mg and Zn for drug 

delivery”, Journal of Composites and 

Compounds, vol. 2, pp. 193-204, 2020. 

 


