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Abstract: Alternatives have been investigated to reduce the environmental impact of waste emitted in 

the health field.  The replacement of conventional polymers with biodegradable polymers in hospital 

dressings is one. Corn starch is a biopolymer, biodegradable, with skin regenerating properties. Glycerol 

is a by-product of biodiesel synthesis, and when polymerized, it becomes polyglycerol, a polymer with 

plasticizing characteristics. Therefore, a polymer blend is shaped based on another promising natural 

compound: Euterpe oleracea extract. This extract has fundamental antioxidant properties for the 

efficient synthesis and dispersion of silver nanoparticles. These nanostructures have, among many 

characteristics, antimicrobial properties. This article reports the development of a polymer blend, based 

on açaí fruit extract and dispersion of AgNPs, for the production of biodegradable filmogenic dressings 

that do not require the use of glue. It was observed that the Euterpe oleracea extract is an efficient 

reducer and stabilizer of AgNPs. The antimicrobial sensitivity test, the antimicrobial efficiency of the 

polymeric blends, and the AgNPs in the S. aureus ATCC 25923 and E. coli ATCC 25922 strains were 

confirmed.  
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1. Introduction 

Millions of synthetic plastic films are produced and disposed of in the environment 

without control. An alternative to synthetic plastics that last in the environment is the use of 

biodegradable polymers made from renewable sources [1,2]. 

The production of biofilms is based on the formulation of a solution where the 

biopolymers are dispersed or solubilized in a solvent, such as water, ethanol, or organic acids; 

besides the insertion of additives or not, such as plasticizers or alloying agents, which after 

heating end up forming a filmogenic dispersion [3–5]. 

To improve some properties of these films and upgrade mechanical, physical, and 

chemical properties, polymer blends are produced, which is the physical mixture of two or 

more polymers, with the main objective of increasing the physical and chemical properties of 

the material [6–10]. 

Polysaccharides such as starch and cellulose make up most of the biopolymers found 

in nature. Starch is organized in a conformation where layers of amylopectin and amylose 

(glucose polymers) are deposited around the hilum, a central point. The accumulation causes 

an increase in the structure and the formation of semicrystalline granules, formed by long 

chains of glucose interconnected and rolled up together. Amylopectin is a highly branched 
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molecule, while amylose has a linear conformation. The proportion between amylose and 

amylopectin is related to its botanical source, varying and, for this reason, giving specific 

characteristics for each starch paste. The starch structure, its physical organization inside the 

granule, and its functionalities are correlated with these two macromolecules [11]. The 

crystalline regions of starch provide resistance to enzymatic and chemical attacks, maintain 

their granular structure and behavior in the presence of water, and the grain’s interior has a 

high degree of supramolecular organization [12,13]. Polymerization of glycerol (generating 

polyglycerol) in synergy with corn starch produces polymeric blends. 

There is an advanced search for non-toxic and natural solutions with antimicrobial 

activity. The growing need for ecologically correct synthesis pathways has increased interest 

in studies on green nanoparticle synthesis [14–17]. 

The green synthesis of silver nanoparticles through plant extracts is based on redox 

between the extractive medium’s compounds and the silver ion arising from the silver nitrate 

that undergoes ionic dissociation in the dispersive medium. In this way, the reduction of silver 

to the fundamental state occurs. Then, the nucleation and growth process begins, producing the 

AgNPs stabilized by the biomolecules present in the established colloidal matrix [18]. 

That said, in the present study for the stabilization of AgNPs, Euterpe oleracea (açaí) 

extract was used as a dispersive medium for AgNPs and production of blends with 

biodegradable polymers. The study of the extract was carried out from the peel and pulp of ripe 

fruits and green fruits to formulate biodegradable films with antimicrobial activity for a future 

application in the treatment of burn injuries and also to be used in hospital environments since 

the proposed dressing would not require the use of glue [19–23]. 

2. Materials and Methods 

2.1. Obtaining raw materials. 

The fruits of Euterpe Oleracea were obtained from family plantations in Pará, located 

in the North of Brazil, with an equatorial climate and at latitude 01º27’21” south and longitude 

48º30’16” west, and farms in the interior of Rio de Janeiro, located in the southeastern region 

of the country, with a tropical climate and at latitude 22º54’23” south and longitude 43º10’21” 

west. No use of pesticides and fertilizers. Corn starch is produced by Yoki Alimentos S / A 

[24,25]. 

2.2. Production of Euterpe oleracea extract. 

The methodology consisted of crushing the skins and pulps, only changing the degree 

of maturation for green and senescent seeds. The procedure for obtaining Euterpe oleracea 

extract was carried out using about 40 grams of E. oleracea seeds, rinsed with deionized water, 

and taken for heating by immersion methodology in 200 mL of deionized water up to 100 ºC 

per approximately 20 minutes. After this stage, the seeds were crushed. The filtration step was 

carried out using a paper filter weighing 80 g/m², and when completed, the extract was kept in 

an amber flask at room temperature for varying times [26,27]. 

2.3. Characterization of the extract by UV-Vis spectrophotometry. 

The spectrophotometer used was The Thermo Evolution 60S. The extract analysis was 

performed using the scanning technique between the 200 nm and 800 nm ranges. Analyzes of 
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green seed and senescent seeds were made, the latter having a more explicit reading on UV-

Vis. The cuvette used was quartz, and the white (baseline) of the solutions was deionized water. 

All analyzes were repeated in duplicates [28,29]. 

2.4. Synthesis of AgNPs through green synthesis methodology. 

0.0169 g of AgNO3 were weighed into 10 ml of solution, the concentration of 0.01 Mol 

/ L (2.5 ml of concentrated extract to 7.5 ml of deionized H2O). This solution was subjected to 

heating and stirring until it reached a temperature of 60 ºC. Only after reaching the temperature, 

the aqueous silver nitrate solution was added. Warm-ups were performed for 25 seconds, 30 

seconds, 35 seconds, and 45 seconds. Thus, the time established for the methodology was 25 

seconds of warm-up. Both tests were performed in duplicates [30,31]. 

2.5. Characterization of AgNPs by UV-Vis spectrophotometry. 

The Thermo Evolution 60S spectrophotometer was used. This technique was used to 

analyze the formation and stability of AgNPs. In addition, these nanoparticles were also 

evaluated by scanning in the 200 nm to 800 nm range. The blank (baseline) used to analyze 

these solutions was Euterpe oleracea extract diluted to 25% v / v. All analyses were performed 

in duplicates [32]. 

2.6. Production of biodegradable film from the polymer blend. 

For the biodegradable film production, the extract used was the one produced with ripe 

fruits, together with 5 g of cornstarch, in addition to the mass of 1.30 g of glycerol and 10 μL 

of polymerized glycerol (polyglycerol). Thus, the biopolymer interacts with polyglycerol to 

produce the blend. From this, the synthesis route of the polymer blend uses a solution of 

Euterpe oleracea extract with the AgNPs previously synthesized, where the proportion used in 

30 mL of concentrated extract, heated by 90°C for approximately 10 minutes, 60 mL of 

deionized water, and 10 mL of a solution containing AgNPs produced via green synthesis, as 

demonstrated in item 4 of this materials and methods [33]. 

2.7. Analysis of the film’s morphological viability. 

For the analysis of morphological viability, 10 µL of different solutions were used to 

simulate environments similar to those of the application of the dressing to verify the structure 

of the film after being subjected to these conditions. The tested solutions were: deionized water, 

ortho-boric acid-H3BO3 (boric acid water), hydrogen peroxide-H2O2 (10 volumes commercial 

hydrogen peroxide), CH3CH2OH (70% ethyl alcohol), NaCl (saline), CH3COOH 0.1 M (acetic 

acid) – (pH = 1) (acid) and Mg(OH)2 (magnesium hydroxide) – (pH = 10) (basic). The samples 

used in the morphological viability test were cut manually around 1cm x 1cm (figure 6 (4)). 

Tests were performed in duplicates [34,35]. 

 

2.8. Characterization of the biodegradable film with AgNPs by optical microscopy, scanning 

electron microscopy, and dispersive energy spectroscopy (EDS). 

The films were preliminarily analyzed by the Nikon Eclipse E200 optical microscope 

at 10x magnification to analyze corn starch’s structure and a possible characterization of the 

AgNPs. In addition, the films were analyzed to observe possible structural changes.  
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To analyze the presence, dispersion, and behavior of AgNPs, characterizations were 

made using the scanning electron microscope VEGA 3 LMU; manufacturer Tescan; operating 

between 15 and 20kV. Before preparing samples, the seven metal bases were washed with 

acetone to remove grease, oil, particles, dust, or other contaminants. Then, EDS analysis was 

performed using the detector coupled to the scanning electron microscope mentioned above 

[36]. 

2.9. Characterization of AgNPs presents in polymer blends after chemical surface treatment by 

characteristic X-ray mapping. 

To ascertain whether the treatment with a chemical surface attack (item 7) would 

preserve or eliminate the AgNPs in the blends and assess whether the AgNPs would remain 

dispersed in the material, elementary characterization mappings were carried out through the 

EDS. The technique’s objective is to reveal the dispersion of the chemical elements on the 

surface of the films, which consists of an additional analysis made by the scanning electron 

microscope VEGA 3 LMU from the manufacturer Tescan [37,38]. 

2.10. Antimicrobial sensitivity test. 

In the qualitative antimicrobial sensitivity test, the bacterial strains S. aureus ATCC 

25923 and E. coli ATCC 25922, were incubated for 24h at 37ºC in Tryptic Soy Agar (Difco 

(R)) and, after that, resuspended in NaCl solution (0,85%) up to the 0.5 MacFarland turbidity 

range. Then, they were sown on Mueller Hinton Agar (Difco®) in a confluent manner, under 

conditions similar to those used in diffusion disk antibiograms (EUCAST, 2021). The AgNPs 

solutions were sterilized by filtration at 0.22 μm (Micropore®). The susceptibility test was 

carried out by diffusion using five strategies: (I) applying 20 μL of the AgNPs solutions (in 

their original concentration and diluted 1:10) in sterile filter paper discs (H and I); (II) disk of 

the dry polymer blend containing AgNPs incorporated during its synthesis (F); (III) dry 

polymer blend blended with H2O + AgNO3 solution and a sterile disc containing H2O + AgNO3 

solution (D and G); (IV) sterile disk without solution and another with pure Euterpe Oleracea 

extract (B and E) and (V) water-based synthetic blend and one containing pure Euterpe 

Oleracea extract (A and C). The disks were 0.6 cm in diameter in both cases, with case 

preparation (i) performed directly on the inoculated culture medium. The dry polymer blend 

disc, composed of silver nitrate, was used for the positive control during the blend synthesis. 

The dry polymer blend disc contains only the polymeric compounds and water for the negative 

control. Petri dishes were incubated in the oven at 37ºC for 24 hours, and the inhibition halos 

were measured [39]. 

3. Results and Discussion 

3.1. Production of Euterpe oleracea extract and characterization by UV-Vis. 

Figure 1 shows the extraction tests for Euterpe oleracea extract. The extracts were 

characterized by UV–Vis in the 200nm - 800nm range. For the production of the extract, green 

and senescent fruits were used. The ripe fruit route was chosen because, as seen in the spectrum, 

it presents more intense absorption peaks in the 290 to 690 nm ranges, associated with phenolic 

compounds and their absorption bands in the ultraviolet. Besides, the peaks are wider and well 

defined, revealing a more significant amount of extracted compounds and the presence of 
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antioxidant chemical species. It is worth mentioning that in the route with the ripe fruit, a new 

band appears, with a peak at 500 nm and a characteristic range of anthocyanins, which may be 

related to the pH of the medium that was 5 [40]. 

 
Figure 1. Overlapping UV-Vis analyses of different crops of Euterpe oleracea extract. 

3.2. Synthesis of AgNPs through green synthesis methodology and characterization of AgNPs 

by UV-Vis Spectrophotometry. 

Figure 2 lists the results obtained in the different synthesis routes of the AgNPs. The 

heating for 25 seconds was chosen to standardize the work because its absorbance bands are 

more intense, and the wavelength is 400 nm [41]. 

The initial characterization of the AgNPs was performed through the reading made by 

the UV-Vis spectrophotometer. The literature is already well described for the typical silver 

nanoparticle band, which varies between 380 nm - 500 nm, due to the Plasmonic Surface 

Resonance phenomenon (RPS). This effect is strongly related to the size, shape, and state of 

aggregation of the particles. For example, AgNPs with bands between 380-390 nm generally 

are associated with sizes between 5 to 10 nm, and as they increase in size, these plasmon bands 

tend to increase [42]. 

 
Figure 2. UV-Vis analysis of the green synthesis of AgNPs by different routes and different heating time 

variations. 
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3.3. Production of biodegradable film from the polymer blend. 

Figure 3 presented the expected morphological pattern, with the preserved starch 

granules, besides interesting mechanical properties such as good malleability and mechanical 

resistance. Therefore, polymerized glycerol improved the mechanical properties of the 

biodegradable film compared to those previously made without increasing it, Figure 4 and 5 

[43-45]. 

 
Figure 3. Biodegradable film synthesized by an extract with AgNPs. 

 
Figure 4. Biodegradable film. 

 
Figure 5. Polymeric Blend with water. 

3.4. Analysis of the film’s morphological viability. 

Feasibility tests were carried out using biodegradable blends synthesized from Euterpe 

oleracea extract and the AgNPs listed in item 2.7. These tests are intended to macroscopically 

analyze the film’s mechanical strength after surface treatment, using different solutions to treat 

wounds (Figure 6). In addition, these conditions depend on the exudate (Figure 7). The exact 

nature of the exudate is associated with the severity of the injury and specific cause. 

Microscopically, it was possible to analyze if the superficial attack with the different solutions 

in the blends modified with the AgNPs would change the nanostructures’ morphology and 

dispersion, as shown in Figures VI and VII [46,47]. All samples of blends that were 
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superficially attacked showed resistance to the solutions and did not show ruptures, an essential 

factor in producing the nanostructured material. 

 
Figure 6. Feasibility test after 24 hours of contact with H2O, H2O2, H3BO3, and CH3CH2OH. 

 
Figure 7. Feasibility test after 24 hours of contact with NaCl, Mg(OH)2, and CH3COOH solutions. 

3.5. Characterization of the biodegradable film with AgNPs by optical microscopy, scanning 

electron microscopy (SEM), and EDS. 

In Figure 8, we have the preliminary characterization of the biodegradable films made 

based on the extract and impregnated with AgNPs, which were analyzed by optical microscopy 

with 10x magnification, where analyze the structure of cornstarch. By the result of optical 

micrographs, we can see the preservation of starch granules [48]. 

To analyze the presence, dispersion, and behavior of AgNPs, the characterizations by 

SEM, Figure 9, were made, and to corroborate the micrographs obtained in the SEM, and 

regarding the existence of AgNPs in the blends, the EDS technique that analyzes the absorption 

and emission signature of each element on that surface was used, as shown in Figure 10. 

Figures 9 (A) and (B) refer to the analysis by SEM and EDS, respectively, where the 

intention was to analyze whether the dispersive medium of Euterpe oleracea was efficient in 

stabilizing and dispersing AgNPs. Figure 9 (A) shows a micrograph with 200 μm 

magnification. As a result, it was possible to visualize particles from the AgNPs, visualized as 

luminous points, characteristic of silver. In Figure 9 (B), we have a micrograph with a 50 µm 

magnification where we have a better view of the particles coming from the AgNPs. It is 

important to highlight that the AgNPs are well dispersed throughout the film, which is 

significant since they do not form clusters in the analyzed images. By EDS, Figure 10, we can 

confirm the presence of silver in the material since the technique explores each element’s 

absorption and emission. The surface reveals silver's presence, which is the leading study 

element [49]. 
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Figure 8. Micrograph with 10x magnification of the biodegradable film based on the extract. 

 
Figure 9. SEM micrographs of film III. In (A) 200 µm magnification and (B) 50 µm magnification with AgNPs 

marked in red circles. 

 
Figure 10. EDS spectrum Ag presence. 

3.6. Characterization of AgNPs present in polymer blends after chemical surface treatment by 

characteristic X-ray mapping. 

Figures 11, 12, and 13 show the characteristic X-ray mapping. It was possible to 

evaluate how the dispersion of the AgNPs, present in the polymeric blend, was current after 

treatment with a superficial chemical attack. For that, all blends tested with the superficial 

chemical attack were analyzed by the X-ray mapping technique to verify Ag’s presence. This 

analysis’s main purpose was to verify the impact of the superficial chemical treatment on the 

dispersion of AgNPs in the film. As shown in the Figures below, it was possible to confirm the 

presence of silver in all treated blends and the preservation of their dispersion. In contrast, the 

silver was not present in blend I, which was expected because it did not contain AgNO3 
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insertion; it was just a blend without AgNPs (control). These results are of paramount 

importance. They make it possible to apply the blends since even in contact with the chemical 

solutions widely used in injuries in general, the AgNPs presented in the blends do not suffer 

carrier and aggregation, which would mischaracterize the material as nanostructured [50,51]. 

 
Figure 11. X-ray mapping images of the blend treated with NaCl (A) and CH3COOH, where the luminous dots 

represent the presence of Ag (B). 

 
Figure 12. Images of X-ray mapping of the blend treated with Mg(OH)2 (A) and H2O2 (B), where the luminous 

dots represent the presence of Ag. 

 
Figure 13. X-ray mapping images of the blend treated with CH3CH2OH (A) and H3BO3 (B), where the 

luminous dots represent the presence of Ag. 

3.7. Antimicrobial sensitivity test. 

After 24 hours on the stove, the results of antimicrobial sensitivity tests were evaluated, 

as shown in Figure 14. The preliminary results of the qualitative antimicrobial sensitivity test 

demonstrate that both disks and blends incorporated with silver nitrate and silver nanoparticles 

have antimicrobial activity against gram-positive strain S. aureus ATCC 25923 and concerning 

the gram-negative strain E. coli ATCC 25922. Also, the Euterpe Oleracea extract solution with 

1:10 diluted AgNPs demonstrated antimicrobial activity when applied to the disc. In contrast, 

blends and discs incorporated only with water or plant extract did not show antimicrobial 

activity, except for a slight subinhibitory effect of the extract on S. aureus [52–59]. 
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Figure 14. E. coli (A) and S. aureus (B) antimicrobial sensitivity test. 

Table 1. Table with the legend of the tests performed for E. coli and S.aureus strains. 

A – Water-based blend F – Blend impregnated with AgNPs 

B – Empty Disc (negative control) G – Disc containing the solution of H2O + AgNO3 

C – Extract based blend H - Disc containing solution of açaí + AgNPs 

D – Blend incorporated with AgNO3 I - Disc containing solution of açaí + diluted AgNPs 1:10. 

E – Disc with extract  

 

Table 2. Table with the halos length formed in contact with strains of E. coli and S.aureus. 

E. coli ATCC 25922 S. aureus ATCC 25923 

A – No halo formation F – 9,0 mm A - No halo formation F – 11,0 mm 

B - No halo formation 

 

G – 14,0 mm B - No halo formation G – 17,5 mm 

C - No halo formation 

 

H – 15,0 mm C - No halo formation H – 17,0 mm 

D – 9,0 mm I – 13,0 mm D – 10,0 mm I – 12,0 mm 

E - No halo formation  E – Some activity 

detected 

 

4. Conclusions 

The analyses mede it possível too concluem chat lhe Euterpe oleracea extrat. is an 

efficient, reducing, and stabilizing agent for AgNPs, not being necessary too use toxic 

compounds for lhe synthesis route of lhe nanoparticles. Furthermore, characterization by UV-

Vis, SEM, EDS, and characteristic x-ray mapping confirmed the formation of AgNPs, 

dispersion, and presence in polymer blends.  

The results obtained with the antimicrobial sensitivity test confirmed the efficiency of 

both the solution with AgNPs (H) and the blend synthesized with AgNPs (F). These results 

demonstrate the potential of AgNPs as antimicrobials in substitution for silver nitrate, which, 

even with satisfactory results, has its use, in the long run, as a cause of pathologies such as 

Argiria’s disease. Therefore, the utilization of AgNPs can be an alternative for use in hospital 

materials and, in the case of blends, for use as wound dressings. 

The possibility of using dressings based on biodegradable polymeric films, with 

excellent adhesion to the skin without the need to use glue and with proven antimicrobial 

efficiency, innovates the medical field, allowing for better dressing efficiency and low 

environmental impact. 
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