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The pandemic caused by COVID-19 has generated an increase in the consumption of personal protective
equipment focused on reducing the risk of contagion and respiratory affectations, being the masks the
fundamental article to combat the spread according to the World Health Organization, where the surgical mask
is the most used worldwide, made entirely of polypropylene, taking 400 years to disintegrate being 90% of these
masks end their useful life in streets, landfills or even in the ocean. To decrease contamination sugarcane
bagasse due to its availability and percentage of cellulose has important characteristics to be used as a
biodegradable filter media as the first step to incorporate it into a cloth mask. Three cellulose extraction
methodologies were stipulated based on acid hydrolysis using H 2SO4 and alkaline hydrolysis using NaOH, in
acid routes there is a rupture of the β 1- 4 glycosidic bonds generating glucose affecting the % of cellulose,
giving reason to the use of alkaline hydrolysis at 5% w/v with a yield of 32.00 %, 80.39 % in its extraction and
taking advantage of the black liquor generated in the alkaline hydrolysis towards cogeneration. Finally, as the
filter media is an organic nonwoven, its disintegration time is shorter compared to the polypropylene nonwoven,
evidenced in a qualitative study of vermicomposting by implementing Californian earthworm, governed by EN13432, with 18°C, moisture above 50%, pH of roughly 9 and a C/N ratio of 25:1 are taken into account, resulting
in a total disintegration of the filter media in 26 days compared with dry leaves, both sources of carbon.

1. Introduction
In Colombia, sugarcane is the second-largest crop, where 25% belongs to sugar mills and the remaining 75%
to farmers in different areas of the country with a total of 241,205 hectares(Cueva-Orjuela et al., 2017).
Sugarcane bagasse is the agro-industrial waste generated when is extracting the juice (Aguilar Rivera, 2011),
consisting of cellulose at 41.05% w/w, hemicellulose at 37.4% w/w, and lignin at 21.55% w/w (Velandia, 2017).
Consequently, 83% of this is used for cogeneration of energy by burning in boilers (Cueva-Orjuela et al., 2017),
the remaining being applied to various extraction processes for lignocellulosic compounds, where it is estimated
that for each ton of sugarcane bagasse 170 kg of cellulose is obtained (Ross-Alcudia et al., 2017). we drilled
down into the chemical method due to its worldwide use. On the other hand, the pandemic caused by the SARSCoV-2 virus known as COVID-19 has generated an increase in the consumption of facemask that is only is
using once, after that is a plastic waste which is not biodegradable material and induces further climate change
pollution by affecting land and groundwater(Selvaranjan et al., 2021). Recently, the interest in giving an added
value to agroindustrial wastes has become more relevant due to their good properties. Therefore, the objective
of this study was to evaluate the obtaining of cellulose from sugarcane bagasse according to the hydrolysis
used and to determine the degradation time of approximately 1 gram in vermicomposting.

2. Sugarcane bagasse scope
The sugarcane bagasse was mainly evaluated with three extraction methodologies to determine the one with
the best results according to its percentage of cellulose and yield of the raw material used; for the development,
the operating conditions were taken into account by (Bassante, 2018), (Montañez & Moreno, 2019) and (Garcia
Alcocer et al., 2019) acco,rding to their percentages of lignocellulosic compounds close to the sugarcane
bagasse, extracted by acid and alkaline hydrolysis, as shown in Table 1
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Table 1: Hydrolysis Routes
Route
I
II
III

Process
H2SO4 0,4 % v/v + NaOH 5 % w/v
H2SO4 1 % v/v + NaOH 5 % w/v
NaOH 5 % w/v

2.1 Sugarcane bagasse pretreatment
Bagasse from sugarcane of the "Saccharum officinarum" specie, known as "caña criolla" (Triana et al., 1990)
was obtained after removing the juice from the sugarcane, this removal was done by passing the cane 3 to 4
times through a mill, followed by drying bagasse for 40 to 48 hours at room temperature, seeking to inhibit
microbial growth by preventing the degradation of lignocellulosic compounds, this because of the approximate
50% moisture with which it leaves, forming a rich substrate capable of allowing microbial growth (Olmo et al.,
2018), After the drying time, the remaining medulla (parenchymatous tissue) was separated from the fiber,
avoiding the increase in the use of reagents because this is the container of the juice in the cane. Finally, its
size was reduced to obtain a larger contact surface and sieving, to obtain the adequate size for hydrolysis, which
was from 0.7 mm to 1.8 mm obtained in the 20 mesh according to ASTM standards because the 10, 20 and 40
sieves were used.
2.2 Hydrolysis routes
The cane bagasse fiber was treated in the route I with 13 grams of 20 mesh, using water as solvent. This solution
was manually agitated maintaining a range of 50 °C for one hour, then it was washed with water in excess to
neutralize the pulp and was left to dry for 24 hours at 50°C. Once the pulp was dry, the alkaline hydrolysis was
carried out using NaOH 5 % w/v, with constant agitation and following the same steps of the previous hydrolysis,
taking into account the temperature of 70 °C in this case.Route II was carried out in the same way as the
previous one, changing the concentration of the acid hydrolysis to 1% v/v. These changes in concentration are
associated with obtaining fermentable sugars from lignocellulosic compounds, in which the acid hydrolysis must
be diluted to avoid the denaturation of the compound, allowing its main use in the production of bioethanol
thanks to the solubility of hemicellulose and lignin. (Chandler et al., 2012). Finally, route III was carried out by
performing the alkaline hydrolysis based on the same concentration contemplated in the route I and II, which is
very similar to the Kraft process. After the chemical process routes were carried out, the pulp was dried to obtain
a filter media of approximately 1 gram, as can be seen in Figure 1.

Figure 1 Sorting and extraction of cellulose fibers
2.3 Method of analysis
Due to the previously indicated routes, the quantification of cellulose percentage was carried out, being the most
abundant renewable biomass present in the cell wall (Ngo et al., 2021), This was carried out at reflux with a
constant temperature of 70 - 75ºC for 20 minutes where 1 gram of sample (Pm) is put in contact with a solution
of concentrated HNO3 and CH3COOH at 80 % v/v. Then, it was washed with ethanol, left for 20 minutes in the
muffle at a temperature range of 140ºC-160ºC, and passed 15 minutes to the desiccator obtaining PA, this value
was incinerated for 30 minutes at 520ºC-560ºC, weighing again after 15 minutes in the desiccator obtaining P B.
𝐶𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 (%) =

(𝑃𝐴 ) − (𝑃𝐵 )
∗ 100
𝑃𝑚

(1)

Following the cellulose quantification, the lignin determination was carried out to obtain a low percentage that
allows the connection of the fibers, looking for the homogeneity of the filter media, together with slight microbial
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protection, This methodology was performed by weighing 1 gram of sample (Pm) and according to adjustments
to the Klason method standardized according to ASTM D 1106-96, starting by putting the pulp in contact initially
with H2SO4 at 72% v/v for 2 hours, in which the carbohydrates are hydrolyzed and solubilized by the acid. (Adell
& Mocchiutti, 2008). To change from polysaccharides to oligosaccharides, the concentration was then reduced
to 5% v/v in which the oligosaccharides were broken down into monosaccharides. (Romero et al., 2014). then
filtered to obtain the residue for drying using a muffle at 105 °C and 15 minutes obtaining the P C and finally, the
temperature was raised to 540 °C for 15 minutes obtaining PD (Domínguez-Domínguez et al., 2012)
𝑙𝑖𝑔𝑛𝑖𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑎𝑔𝑒 (%) =

(𝑃𝐶 ) − (𝑃𝐷 )
∗ 100
𝑃𝑚

(2)

2.4 Compostability test
To evaluate the feasibility of applying the filter media for composting, an ecosystem focused on
vermicomposting, in which the filter media is a substrate rich in carbon, generated a distribution by layers ( table
2), where the influence of the Californian earthworm is evaluated; for the adaptation of the filter media from
sugarcane bagasse, in which the evaluation of parameters such as pH, moisture and temperature was carried
out for 4 weeks, having the filter media as the main substratum. Additionally, a carbon and nitrogen ratio (C/N)
between 25:1 w/w was implemented. (Román, Pilar, Martinez, Maria, 2015) using eggshells around the filter
media.
Table 2. Weights of layers used by triplicate in vermicomposting
First Layer
Ground (g)

Second Layer
Humus (g)

Third Layer
Worms (g)

100.70

50.40

2.67

Fourth Layer
Fifth Layer
Ground (g) Filter Media (g) Eggshell(g)

31.20

1.09

1.01

Sixth Layer
Ground (g)

81.10

3. Results and discussion
The result regarding the route of extraction by both alkaline and acid hydrolysis can be seen in Figure 2, being
cellulose the major constituent in the pulp to be implemented, focused on the use in masks such as N95. On
the other hand, as sugarcane bagasse is a soft fiber, it has a high content of cellulose. (Montañez & Moreno,
2019) requires low concentrations in the established processes shown in Table 1. Thus, the yield is directly
associated with the percentage of cellulose extraction, since it is not higher than 60%. (Carpio et al., 2020) due
to the solubilization of the fibers in the type of treatment, looking for a benefit in both variables along with a
beneficial degradation time.

Figure 2. Percentage of extraction and extraction yield concerning the type of hydrolysis evaluated.
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Once route III was established as the best procedure, due to its extraction of 78.95% cellulose and a yield of
32.1%. From which a black liquor is generated, currently used as an energy cogenerator, since it has
lignocellulosic components, it means soluble lignin, hemicellulose, and solubilized cellulose. As a filter media
applied in biosafety, was taking into account the neutrality of the fibers as they come into contact with the user
and seeking to avoid irritation or damage to the skin.
Table 3. Lignin remaining and cellulose extraction in cellulose fibers by sugarcane bagasse.
# Alkaline
replica
1
2
3

Lignin
percentage (%)
3.98
1.72
2.26

Cellulose
percentage (%)
83.23
80.39
79.95

Although a percentage of 1.39 % ± 1.18 % is found, it also provides benefits to the filter media due to its structure,
which retards the penetration of microorganisms to the lignocellulosic compound, preventing degradation of the
lignocellulose (Negro et al., 1990). However, it provides flexural strength that was later solved with a group of
additives since it is not significant.
Based on these 2 key variables in contrast to the search to reduce the use of polypropylene masks, sugarcane
bagasse fibers are an alternative since it is an organic element and its components can degrade, compost, or
be modified to benefit the environment, generating a positive impact for its final disposal and/or processes after
its use as a filter media, for that reason, 1.09 ± 0.09 grams of final filter media sheet is exposed to
vermicomposting where the Californian earthworm is used, in this case, 10 of them with a weight of 2.67± 0.17
g, in 3 trials in addition to the white one, being dry leaves. Where, there is a distribution to reach the
substratum, in this case, the cellulose fibers without affecting their growth, as shown in Figure 3.

Figure 3. Layers in vermicomposting.
It also is noted that both the filter and the dry leaves should be checked periodically for pH since they require
soils with free calcium ions to maintain a higher pH in their blood, avoiding acidic soils. (Román, Pilar,
Martinez, Maria, 2015), moisture and temperature, are directly linked to these variables, since to conserve the
population, contact with light and high temperatures must be avoided, being below 35ºC with moisture
above 50%. (Departamento Nacional de Planeación, 2016), as shown in the table below.
Table 4. Average regulated conditions in vermicomposting.
Parameters
pH
% Moisture
Temperature (°C)

Filter Media
9.23±0.12
60.43±0.02
18.75±1.65

Dry leaves
9.26±0.14
60.3±0.03
18.75±1.7

Based on a process evaluated from the change over time, a qualitative analysis is developed, where being a
hygroscopic material, it benefits the compostability process by being easily digested by the worms since they
do not have teeth, and on the other hand, since cellulose is a carbon source, giving reason to the addition of
eggshell to generate an appropriate C/N ratio. (Sherman, 2018).
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Figure 4. Filter media in vermicomposting; dry leaves in vermicomposting.
Finally, in 26 days, the filter media was totally transformed into organic fertilizer when digested and transformed
by the enzymes of the earthworms and 60% excreted. (Mikolic et al., 2018), providing a new sustainable product.
The opposite is the case with dry leaves because their stalk does not disappear since it is not feasible for feeding
due to its rigidity.

4. Conclusions
When routes I and II are carried out, a strong difference is evidenced by changing the H 2SO4 concentration by
0.6%, which confirms the breaking of the glycosidic bonds present, generating glucose. On the other hand, the
percentage of cellulose from route III presents greater ease of replication and allows obtaining a pulp with less
lignin content due to the rupture of the ether bonds of the lignin using the OH free radicals of the sodium
hydroxide, obtaining a low percentage of lignin that offers the connection of cellulose pulp and mild antimicrobial
protection. In addition, being a hygroscopic material, it benefits the digestion of the worms by being a food of
interest. Therefore, after 26 days, no remaining fibers are observed.
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