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Currently, the world faces the consequences of contamination by petroleum-derived plastics (plates, 

glasses, cutlery) which causes the search for new biodegradable materials based on agro-industrial 

lignocellulosic residues that help reduce their use and create more friendly waste with the environment 

[1,2] The use of garlic skin (GS) as a raw material in form of cellulose microfibers (CMF) and also as a 

precursor to cellulose insulation to obtain microcrystalline cellulose (MCC) to make a composite film that 

is biodegradable is presented below. To achieve biodegradable films, mixtures of potato starch, gellan 

gum and glycerol with CMF were used for future use as food utensils (dishes); On the other hand, chitosan 

(Q), alginate (A) and MCC, were used to obtain a film capable of removing dyes from water and absorbing 

gases. These CMFs were used in the preparation of biodegradable films for food utensils and cellulose 

nanoparticles from garlic skin (CNP-GS) were used in the removing dye films. Both materials were easily 

analyze using scanning electron microscopy (SEM) as a powerful technique to evaluate the surface and 

cross-sectional views in the materials and understand the arrangement of the polymers. 

To obtain cellulose microfibers (CMF), 10 g of selected and ground samples were stirred with hot water 

(80 °C x 3 h) and dried in an air oven at 80 °C for 4 h. Subsequently, an extraction with ethanol/toluene 

(95:5) was carried out in a soxhlet extraction equipment at reflux for 8 h [3–5][5][5][5]. The Soxhlet 

apparatus was used with ethanol/toluene to remove other soluble compounds and not polar compounds 

[6]. Until here, CMFs were obtained to prepare the films with raw material. In other hand, the MCC 

isolation was carried out using alkaline extraction with a NaOH 5% solution at 80°C by 5 h [7]. A 

bleaching treatment with a 1:1:1 solution of acetate buffer (pH=4.5), aqueous chlorite (1.7 wt% in H2O) 

and distilled water was used with a pulp/solution ratio of 1:50 at 85 °C by 2 h [8]. The final MCC was 

neutralized, dried and milled using a planetary mill (PULVERISETTE 7, Fritsch GmBH, Idar-Oberstein, 

Germany) in containers (45 mL) and agate balls (5 mm) for 2 h to obtained the CNP-GS [9]. 

For the films with raw material (Figure 1a), solutions of 1.5 %w/v potato starch and 1% w/v gellan gum 

were prepared and binary mixtures were made in a 1:1 ratio using 5% glycerol as a plasticizer. The 

concentration added of CFM was 2%, and different sizes of particles (1410, 212 and 38 um) were used. 

For the films with CNP-GS (Figure 1g), a 1:1 solution of alginate (1.5%w/v) and chitosan (1%w/v) in 

2%v/v acetic acid was prepared [1]. The final nanoporous membrane (NPM) was made by adding 0.1, 0.3 

and 0.5% of CNP-GS to the alginate/chitosan solution (Fig. 1h) and dried at oven (60 ºC x 12 h) and 

cryostat (-34 ºC x 1 week). The films presented a visual appearance similar to that reported by other 

authors [1,10] and showed no characteristic odor. Final films in optical (Fig. 1b) and SEM images (Fig. 

1d-f) presented promising mechanical characteristics for the preparation of dishes, being the one that 

contains 2% of MFC and 38 um of particle size, which shows a greater resistance and elasticity to be 

subjected to a thermoforming process (6.06 N vs 11.13 mm) (Figure 1c). 

On the other hand, the composite with alginate and chitosan (Fig. 1g) and the film reinforced with CNP-

GS (Fig. 1h) presented a good removal of dyes in a solution of known concentration of methylene blue 

that it was evaluated using UV-Vis spectroscopy at 664 nm (Fig. 1i). All membranes showed comparable 
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physicochemical characteristics but the membrane with 0.1% CNP had a lower solubility. The pH (3.54), 

solubility (93.15±0.18 %) and thickness (150 um) were similar to those reported by other authors [1]. The 

NPM 0.1% showed a higher removal percentage (50.86±0.43%) in comparison with other membranes. 

For new applications of these NPMs, the congelation and later dried at -34 ºC of the chitosan/alginate 

composite was a good alternative to obtain a material similar to expanded polystyrene (EPS) that is used 

in food tracks and recipients due to their thermal, resistance and harmless properties [11]. Figure 2 displays 

the SEM and optical pictures of NPM 0.1%, as well as the surface and cross-sectional, vies of alginate-

chitosan modified with CNP-GS. In the top view (Fig. 2a and 2c) the NPM show a rough surface that is 

characteristic of the membranes when there are dried in the freezer. The non-uniformity and defect holes 

are clearly observed, making the porous structure a very define material (Fig. 2c). In the lateral view of 

SEM images (Fig. 2b and 2d) it’s possible to observe a well-defined laminar structure (950.35±273.20 

nm), inside of each laminar wave sand-like is characteristic of these structures with CNP. The results 

clearly indicate that even at this loading level CNPs are still uniformly distributed and dispersed 

individually with the formation of layered lasagne-like structure (Fig. 2d) [12]. The evaporation of water 

inside of these structures is slower than in an oven but, permits to obtain different cavities inside of the 

NPM [12]. The authors suppose that the alginate-chitosan complex facilitates the formation of ionic for 

both in chitosan (cation) and alginate (anion) matrix structure associated with the presence of ionized 

functional groups, that was proposed, e.g. by [13]. Figure 2 also shows the composition of the garlic skin 

used as native material and the isolated cellulose for further milling [14]. 

The most promising results showed that the mixture of alginate, chitosan and nanocellulose based could 

be a biodegradable alternative for the removal of dyes thanks to the electrostatic interaction of the NPC 

with the chemical dye charge. Also, brings the opportunity to evaluate other materials (potato starch, 

gellan gum, and raw material) more biodegradables for food utensils. 
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Figure 1. Optical and SEM images of biodegradable films for raw material (a-f) and por nanocellulose 

(g-l). Fig. 1c show the textural test for these films. Fig. 1i show the removal of methylene blue in solution 

with the alginate-chitosan composite. 
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Figure 2. SEM images of biodegradable films for nanocellulose in top (a,c) and lateral view (b,d). Fig. 2 

also shows the initial composition of garlic skin used to obtain the raw material and the cellulose isolated.    
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