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Abstract Coffee parchment is one of the resi-
dues generated in coffee processing and has been
poorly explored for value-added applications. It has
been reported that coffee parchment has a high cel-
lulose content (40-49%). Cellulose has been studied
in many fields and specifically regenerated cellulose
has been explored for many applications. Then, in
this work a simple method for obtaining regenerated
cellulose nanoparticles (RCNPs) from delignified cof-
fee parchment, was determined. A complete physico-
chemical characterization of RCNPs obtained is pre-
sented, FTIR showed high cellulose purity, and XRD
analysis showed high crystallinity of cellulose II.
TEM images revealed that nanoparticles have spheri-
cal morphology. TGA showed good thermal stability
and DLS allowed to determine the stability of suspen-
sion and the Z-average of the particles. The applica-
tion of RCNPs on film formation was also evaluated
when blended with PVA and Glycerol showing good
mechanical properties with potential application on
food packing.
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Introduction

Coffee is one of the most consumed beverages in the
world. Grain processing to get roasted coffee gener-
ates several residues, which can be processed by
either the dry or wet method. In major coffee-pro-
ducing countries such as Colombia, which annually
produces approximately 750,000 tons of coffee beans
(Federacion Nacional de Cafeteros de Colombia
2021), the wet method is used and generates several
residues throughout different processes. Specifically,
during the dehulling process, a mechanical method is
used to remove the outer layer of the dehusked coffee
beans, known as coffee parchment (CP). About 39%
of the coffee grains produced through this method
consist of CP (Alves et al. 2017). Other by-products
are generated in both processing methods, such as
coffee husks, which are the red layer of the coffee
berry, and the coffee silverskin, another inner layer
of coffee beans. Additionally, obtaining the beverage
generates spent coffee grounds. These other by-prod-
ucts have been widely explored for revalorization,
such as obtaining nanocellulose, with good outcomes
(Alghooneh et al. 2017; Dao et al. 2022; Zeleke et al.
2022; Shi et al. 2021; Kanai et al. 2020; Karunakaran
et al. 2023). Nevertheless, CP is poorly utilized, and
its main usages are focused on energy production or
as livestock feed additives, which do not represent
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value-added uses, evidencing a lack of revalorization
of this by-product (Rodriguez Valencia and Zam-
brano Franco 2010; Franca et al. 2009; Limousy et al.
2017). On the other hand, it has been reported that CP
has a high content of cellulose, ranging from 40 to
49% (Bekalo and Reinhardt 2010), which is interest-
ing, since other coffee by-products have lower cellu-
lose contents, ranging from 12 to 34% and have been
successfully used for obtaining cellulose (Ballesteros
et al. 2014; Karunakaran et al. 2023; Bekalo and
Reinhardt 2010) making the CP a promising cellulose
source.

Cellulose has been studied in many fields because
of its properties. Specifically, regenerated cellulose
(RC) or cellulose II has been studied for the fabricat-
ing of fibers, films, membranes, microspheres, hydro-
gels, and aerogels. RC fibers and films have been
studied since many years ago, for example Viscose®,
Tencel®, and cuprammonium rayon for the manu-
facturing of fabrics (S. Wang, Lu, and Zhang 2016),
and cellophane and cuprophane for food packing with
high mechanical properties (Klemm et al. 2005; Fink
et al. 2001). Likewise, other methodologies for RC
film fabrication has been studied for food packing
purposes with high transparency, antimicrobial activ-
ity and pH responsive properties (Huang and Wang
2022; Xiong et al. 2010). Hydrogels have also been
studied and show high stability, solvent resistance,
and high compressive strength, as well as excellent
biocompatibility, exhibiting potential application to
be used as biomaterial (He et al. 2014). On the other
hand, RC microspheres and aerogel beads have been
demonstrated usability on separation applications like
chromatography, and biocatalyst immobilization and
carriers (Tu et al. 2021; Druel et al. 2020). Addition-
ally, RC has been widely employed in blended mate-
rials with synergistic effects in their properties (Tu
et al. 2021).

Moreover, regenerated cellulose nanoparticles
(RCNPs) can be obtained through solubilizing cellu-
lose in sodium hydroxide/urea solutions at low tem-
peratures or in deep eutectic solvents, followed by
regeneration on deionized water, ethanol or sulfuric
acid solutions, to form a RC hydrogel. Then, using
mechanical methods such as ultrasonication, micro-
fluidization, melt extrusion or rotative homogenizers,
RCNPs can be obtained (Choi et al. 2019; Shin et al.
2018; Zhang et al. 2016; Adsul et al. 2012; Han and
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Seo 2021; Sirvio 2019). However, these methods are
time-consuming.

The aim of this work was to obtain RCNPs from a
poorly explored source, coffee parchment, in order to
revalorize this coffee by-product through a novel and
facile approach, and to evaluate its potential use for
film fabrication. A complete characterization of the
RCNPs is presented, as well as an evaluation of the
mechanical properties of the resulting films.

Materials and methods
Sample source and materials

CP was obtained from A. Laumayer y Compaiiia
Exportadores de Café S.A.S. This sample came from
the processing of the species Coffea arabica vari-
ety Castillo®, from the department of Antioquia
(Colombia). The sample was sieved and a portion
of the material with a mean diameter of 1.3 mm was
separated for delignification process. All reagents
used were analytical grade and the Polyvinyl alcohol
(PVA) used had a molecular weight between 89 and
98 kDa.

Production of regenerated cellulose nanoparticles
Coffee parchment delignification

Samples were washed with ethanol 95% v/v at boiling
point for 15 min in a 1:10 ratio (g:mL) with frequent
stirring with a glass rod. The mixture was allowed to
cool and was decanted, and then the extracted CP was
dried at 50 °C for 24 h. After this, 5 g of extracted
CP were mixed with 50 mL of sodium hydroxide
2.4%w/v, then 25 mL of hydrogen peroxide 20%v/v
were slowly dropped, and the mixture was kept for
4 h with constant stirring at 50 °C. Then, the sam-
ples were decanted, and the process described above
was made a second time. Subsequently, samples
were decanted and washed with distilled water. The
bleached samples were dried at 50 °C for 24 h.

A bleaching refinement was carried out. In brief,
the bleached samples were grounded with a POLY-
MIX® knife mill to a particle size less than 1000 pm.
Then 10 g of bleached CP were treated with 100 mL
of sodium hypochlorite 3.3% w/v at pH between 8
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and 9, with vigorous stirring for 3 h at 50 °C. After-
wards, the solids were separated with centrifuging
at 5000 rpm for 10 min. The remaining solids were
treated again with sodium hypochlorite in the same
conditions above described. The treated material
was washed with distilled water by centrifuging at
5000 rpm for 10 min several times, until achieving a
conductivity less than 50 pS/cm to obtain a cellulose
pulp.

The above experimental conditions were previ-
ously established in our laboratory.

Solubilization and regeneration of cellulose

Cellulose pulp solubilization was carried out
according to a methodology widely reported
(Nomura et al. 2020; Adsul et al. 2012). In brief,
a sodium hydroxide/urea aqueous solution was

Fig. 1 Cellulose regenera-
tion scheme

prepared. 14 g of sodium hydroxide and 24 g of
urea were solubilized in 162 g of distilled water
and then pre-cooled to -15 °C. Then, 60 g of cel-
lulose pulp was added and mechanically stirred at
2400 rpm for 10 min into an ice bath. Afterwards,
the mixture was centrifuged at 1700 g for 10 min to
separate the non-solubilized cellulose.

The cellulose solution was regenerated into cel-
lulose nanoparticles as schematized in Fig. 1. The
cellulose solution was subjected to mechanical stir-
ring at 1400 rpm, while a regenerating solution was
slowly dropped until the cellulose was regenerated.
The regenerating solution contained sodium sulfate
3.3%w/v and 3.3%v/v sulfuric acid. The RCNPs
suspension was centrifuged at 5000 rpm for 10 min
and cellulose was resuspended in distilled water and
taken to dialysis into cellulose membranes. Water
changes were carried out until the conductivity of
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cellulose suspension was less than 50 pS/cm. The
process was made by triplicate.

RCNPs production yield

The yield was determined by gravimetric analysis.
The measurement was performed at each stage of the
process by triplicate, and the Eq. (1) was used.

Input mass

Y<gpmducz/10()ginput) = 100 (1)

where Y is the efficiency in grams of product per
100 g of input in each process, input mass is the mass
of the material entering the process on a moisture-
free basis, and product mass is the mass of the mate-
rial resulting from the process on a moisture-free
basis. To achieve the measurement on a moisture-free
basis, the samples were dried for 24 h at 105 °C in
previously dried and weighed glass containers, and
then allowed to cool completely into a desiccator for
1 h before being weighed.

Characterization
Infrared spectroscopy

Cellulose suspension was freeze-dried, and a Fourier
Transform Infrared Spectroscopy (FTIR) was carried
out from 400 to 4000 cm™! in a Spectrum Two of the
Perkin Elmer brand. Data were processed and plotted
with Matplotlib on Python.

Morphology analysis

Samples were stained with uranyl acetate and dried
on a carbon membrane and analyzed with Transmis-
sion Electron Microscopy (TEM). The assay was
carried out with a microscope FEI Tecnai F20 Super
Twin TMP.

Crystallinity analysis

The crystallinity of RCNPs was analyzed using
X-Ray Diffraction (XRD). Cellulose suspension was
freeze-dried to obtain a powder, which was then ana-
lyzed with a Malvern-PANalytical Empyrean 2012 in
reflection mode. The analysis was conducted using a
pixel detector 3D, a Cu source with A=1.541874 A,
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a voltage of 45 kV, a current of 40 mA, and a step
size of 0.013°. A sample holder of silicon crystal was
used, and a blank run was captured. The data from the
blank run were subtracted from that of the sample run
to eliminate environmental noise contribution. The
data were plotted using Matplotlib in Python.

Thermal profile determination

Cellulose suspension was freeze-dried, and the pow-
der was subjected to a thermogravimetric analysis
(TGA) in a TGA Q500 TA Instruments. Sample was
heated from room temperature to 600 °C at a rate
of 10 °C min~! under a flow of nitrogen. Data were
processed and plotted with Matplotlib on Python. In
addition, the differential thermogravimetric (DTG)
curve was determined.

Dynamic light scattering (DLS) and Z potential

The cellulose suspension was diluted until 0.1 mg/
mL and sonicated, then the samples were analyzed
on a Malvern-PANalytical Zetasizer Nano. Size and
Z potential were determined. For size measurement
polyethylene glycol 3350 3%w/v was added to the sus-
pension as dispersant. The measurements were made
by triplicate.

Film preparation and mechanical properties
evaluation

RCNPs/PVA/Glycerol blended films

A mixture of RCNPs/PVA/Glycerol was made in a
50:25:25 ratio on a dry basis. For this, 0.5 g of PVA
and 0.5 g of glycerol were added to 50 mL of RCNPs
suspension 2% w/v. The blend was stirred for 5 min,
then it was taken into an ultrasonic bath for 10 min.
Afterwards, the blend was stirred at 85 °C for 20 min.
Finally, 10 mL of mixture was poured on rectangular
silicone molds of 8 cm length and 5.5 cm width, to
obtain five films, and were let dry for 48 h at room
temperature. The process was made by triplicate.

PVA/glycerol blended films
PVA/Glycerol blended films were fabricated as con-

trols, for this a solution of PVA/Glycerol was made in
a 50:50 ratio, for which 1 g of PVA and 1 g of glycerol
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were added to 50 mL of water and stirred at 85 °C for
20 min, then the solution was poured on rectangu-
lar silicone molds of 8 cm length and 5.5 cm width,
10 mL in each mold. The films were let dry for 48 h at
room temperature. The process was made by triplicate.

Mechanical properties of films

A tensile testing was carried out to the films accord-
ing to the ASTM D882-12 with some modifica-
tions (ASTM 2017). The test specimens were cut in
strips of 67 mm length and 10 mm width, avoiding
nicks and tears that could cause premature failures.
The testing was carried out using a universal testing
machine Digimess with self-tightening roller grips at
a speed of 5 mm min~!. The testing was made twice
for each film.

Results and discussion
The Fig. 2 shows both a concentrated and a diluted

suspension of the RCNPs, that were characterized to
determine its physicochemical properties.

Fig. 2 RCNPs suspension
obtained

2%

Infrared spectroscopy

The FTIR spectrum of RCNPs is shown in Fig. 3,
and the main bands of cellulose are presented. The
broad band in 3325 cm™! is associated with the
hydrogen bonds between RC chains, which suggests
that, after regeneration, cellulose rearranges into an
organize structure maintained with these bonds (Coe-
lho de Carvalho Benini et al. 2017; Lim et al. 2020;
Kale et al. 2020; Najeeb et al. 2021). The band in
2890 cm™! has been related with the stretching move-
ments in C—H bonds of methylene groups of cellulose
(Coelho de Carvalho Benini et al. 2017; Lim et al.
2020; Kale et al. 2020; Najeeb et al. 2021; Rizwan
et al. 2021). There is a band around 1624 cm™! related
with the bending movement of O-H bond in water,
which suggests water trapping into RC chains. It has
also been related with the same movement of O-H
in cellulose (Jyothibasu et al. 2019; Pang et al. 2014;
Mohamed et al. 2016; Kilulya et al. 2011). Some
bands have been associated with crystalline organiza-
tion on cellulose by hydrogen bonding, in this case,
there are such two bands in 1420 cm™" and 1378 cm™!
(Coelho de Carvalho Benini et al. 2017; Choi et al.
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Fig. 3 FTIR spectrum of RCNPs. Main bands are marked with dotted lines

2019). Stretching movements of some C—H bonds in
cellulose can show a band in 1365 cm™!, as well as
the 1314 cm™' band can be associated with coupled
wagging movements between C—H and primary alco-
hols in cellulose (Silverstein et al. 2005; Choi et al.
2019). The asymmetric stretching of C—O—-C bonds in
the glucose ring generates a band in 1159 cm™" (Sil-
verstein et al. 2005). The main band of cellulose is
presented in 1039 cm™! and is attributed to the over-
lapping of the band of the cyclic ether on glucose and
the band of C-O bonds in alcohols of glucose (Coe-
lho de Carvalho Benini et al. 2017; Lim et al. 2020;
Kale et al. 2020; Najeeb et al. 2021; Silverstein et al.
2005). There are also bands associated with amor-
phous regions in cellulose, in this case, there are
such two bands in 994 cm™! and 654 cm™! (Coelho
de Carvalho Benini et al. 2017; Choi et al. 2019).
Finally, the band in 895 cm™' corresponds to p-(1-4)

@ Springer

glycosidic bonds of cellulose (Coelho de Carvalho
Benini et al. 2017; Lim et al. 2020; Kale et al. 2020).

The crystallinity of cellulose has been determined
from the absorbance ratio of bands associated with
crystalline and amorphous regions, using Eq. (2)
(Coelho de Carvalho Benini et al. 2017; Choi et al.
2019; Adsul et al. 2012).

I = i—:xloo% )
where I, is the crystallinity index, A is the absorb-
ance of the crystalline band, and A, is the absorbance
of the amorphous band.

Specifically, a ratio between the 1372/654 and
1420/895 bands has been reported (Coelho de Car-
valho Benini et al. 2017; Choi et al. 2019; Adsul et al.
2012). In this study, for similar values, a crystallinity
of 35% with the first ratio, and 47% with the second
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are obtained. Although these values are not consist-
ent with each other, it can be stated that the regenera-
tion methodology employed gives rise to crystalline
regions. This is a positive result due to the benefits
that have been attributed to crystalline cellulose
(George and Sabapathi 2015; Abdul Khalil et al.
2015; Debnath et al. 2021; Seidi et al. 2022; Wang
et al. 2022).

In short, this result allows determining that the RC
obtained presents high purity, since no bands were
found that could be associated to other compounds, in
addition, it was possible to determine that the meth-
odology used gives rise to regenerated cellulose with
crystalline regions.

Crystallinity analysis

Figure 4 shows the X-ray diffractogram of regener-
ated cellulose. The three main diffraction peaks are
presented at 12.2°, 20.1° and 21.6°. Monoclinic mod-
els have been proposed for the crystal system pre-
sented in cellulose II, and different techniques have
been applied to determine the lattice parameters that
have been used to simulate the X-ray diffraction pat-
terns, which are consistent with the pattern shown in
Fig. 4 (Nam et al. 2016; French and Santiago Cintrén
2013; French 2014). Likewise, the diffraction patterns
for RC have been experimentally determined where
the marked peaks in Fig. 4 are reported (Nomura

et al. 2020; Azubuike et al. 2012; Han and Seo 2021;
Jyothibasu et al. 2019; Shin et al. 2018; Sirvio 2019).

The crystallinity of this type of cellulose can also
be estimated with the Segal method using the Eq. (3)
(Segal et al. 1959).

Loy — 1

I = ~x100% 3)

‘ (200)
where, 1, is the crystallinity index, I, is the inten-
sity of diffraction of plane (200) and I, is the inten-
sity of amorphous phase at around 18°. For regen-
erated cellulose it has been reported the use of the
intensity of the diffraction peak of the (020) plane and
an intensity of amorphous phase at 16° (Nomura et al.
2020; Azubuike et al. 2012; Han and Seo 2021).

In this case, the crystallinity is around 75%,
which is higher than that estimated through the band
ratio of the infrared spectrum and other reported
values (Nomura et al. 2020; Nam et al. 2016; Wang
et al. 2022). Nevertheless, this technique has been
criticized because it can underestimate the amor-
phous content (Nam et al. 2016). However, it con-
tinues to be widely used to estimate the crystallinity
of cellulose, and the obtained result is very favora-
ble. It indicates that the regeneration methodology
used allowed for the rearrangement of the cellulose
chains in a way that highly favored the formation of
crystals.

Fig. 4 XRD pattern of 3500 T 1
regenerated cellulose, H H
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Morphology analysis

TEM images allow to determine that the cellulose
obtained was within the nanometric scale, with an
average diameter of 32.8+9.3 nm. This value was
calculated after measuring 40 particles in several
images. Figure 5 shows that the morphology of the
particles obtained is spherical, and that they tend to
agglomerate but present a very homogeneous size
distribution. Agglomeration may be favorable since
interactions between the nanoparticles are required
to generate a macroscopic structure with appropri-
ate mechanical properties. Considering that cellulose

1 um

Operator: UdeA

Fig. 6 TEM images of
RCNPs with concentric lay-
ered morphology. Annota-
tions with the diameters are
presented
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has many OH groups, hydrogen bonding could be the
responsible for agglomeration.

A concentric layered morphology was also
observed (Fig. 6), which could be cellulose nano-
onions due to their similarity to carbon nano-onions
(Adhikari et al. 2019). It is possible that the regen-
eration methodology had led to a layered growth of
the particles, which give rise to this morphology. This
result has not been reported previously and could be
of interest for applications such as encapsulation of
molecules between the cellulose layers, or for coating
other particles, obtaining Core—Shell nanostructures.
However, it is necessary to study the conditions that
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favor the formation of these nanostructures, since
they were not observed in all cases.

Thermal profile determination

The thermal degradation profile of the RCNPs was
obtained and is shown in Fig. 7. From the TGA curve,
the derivative (DTG) was calculated to identify the
different stages. The first stage, from room tempera-
ture to 150 °C, corresponds to the evaporation of
water and has a maximum evaporation rate at 75 °C,
the percentage of humidity was 3.5%. The degrada-
tion of the material begins at 150 °C, with a second
stage occurring between this temperature and 313 °C
with a maximum degradation rate at 288 °C, and with
a mass loss percentage of 42%. Then a mass loss
occurs up to 600 °C with a maximum degradation at
333 °C, in which there is a loss of 33% of the mass.
The remaining mass is 21.5% and may correspond
to cellulose pyrolysis products since the test is per-
formed in a non-oxidizing atmosphere.

Considering that the analysis of the infrared spec-
trum of cellulose did not show the presence of impu-
rities of other materials, then, the two degradation
stages observed in Fig. 7 should correspond to cel-
lulose degradation and could be explained from the
crystallinity point of view. It is possible that in the
regeneration methodology, particles with a higher
crystallinity than others are obtained, giving rise to
the presence of one material more thermically stable

than another. In that case, 44% of the cellulose in the
material would have high crystallinity and 66% low or
no crystallinity, which is consistent with crystallinity
obtained by FTIR and then also supports crystalline
cellulose regeneration. A decrease in the maximum
degradation temperature for a completely amorphous
cellulose has been observed, which is consistent with
the hypothesis stated here (Hu et al. 2018). Likewise,
similar thermal behavior to that obtained here has
been attributed to amorphous cellulose (Kumar et al.
2020).

DLS and Z potential

Even though the samples were conditioned with soni-
cation to disaggregate the particles, the DLS showed
a Z average of 403.3+51.6 nm, which according to
TEM images, would correspond to the size of the
agglomerations. This suggests that the interaction of
the particles is quite strong, and that polyethylene gly-
col might not be the best dispersant in this case. Fur-
thermore, the agglomerations have a closed distribu-
tion with a polydispersity index of 0.38 +0.02.

On the other hand, the Z potential of the particles
is —26.46+0.28 mV, suggesting some instability of
suspension, which explains aggregation of the parti-
cles, which was already observed in the TEM images
and corroborated by DLS. For suspension applica-
tions of nano-cellulose it would be of interest to study
how to modify this potential to keep the particles

Fig. 7 TGA (black) and 100 0.8
DTG (gray) of regenerated 2" stage
cellulose. Different stages L 0.7
of thermal degradation are
marked 801 3™ stage
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stable for a longer time, however, this is beyond the
scope of this work.

RCNPs production yield

Table 1 shows the yield of each stage of the process,
as well as the yield of the whole process.

The solubilization and regeneration stage is the least
efficient, achieving the solubilization of 30.00% of the
cellulose pulp. However, it was observed that the solid
material that remains non-solubilized contains a sig-
nificant amount of unregenerate cellulose, which can
be recovered by washing with distilled water and then
regenerated. On the other hand, this remaining solid
material can be subjected to a second solubilization cycle
in which a cellulose solution is obtained again. Thus, it
would be interesting to make a cost-benefit analysis of
performing multiple solubilization cycles, as well as to
evaluate the properties of the unregenerated cellulose
remaining in the solid material after centrifuging.

Mechanical properties of films

Previous experimentations showed that RCNPs can-
not form films due to its high stiffness, then the film
formation was evaluated when blended with PVA
and Glycerol to provide elasticity and plasticity,
respectively.

Then the Young’s modulus, tensile strength and
elongation at break were determined for RCNPs/
PVA/Glycerol and PVA/Glycerol blended films and
they are presented in Fig. 8. It is noted that RCNPs
caused an evident increment on stiffness by obtaining
a Young’s Modulus 450% higher compared to con-
trol. The tensile strength is also significantly higher in
blended films with RCNPs, obtaining an increment of
46%. Nevertheless, the elongation at break is dimin-
ished in 85% by the addition of RCNPs.

There are some reports of RC/PVA blended films
with tensile strengths between 60 and 80 MPa, and
Young’s Modulus of 3 GPa without glycerol (Zhang
et al. 2012; Zhu et al. 2020). However, the addition of
Glycerol has been reported as plasticizer, which can
explain the mechanical properties obtained (Setiawan
et al. 2022; Abd Karim et al. 2022; Abdullah et al.
2022). Additionally, PVA presents a wide range of
properties according to its molecular weight and
hydrolyzation grade, which also explains the differ-
ences obtained (Alipoori et al. 2021; Fu et al. 2022).

This result can also be related with crystallinity
and interparticle interactions. The RCNPs obtained
have a high crystallinity compared with many other
RC reported in literature (Nomura et al. 2020;
Azubuike et al. 2012; Han and Seo 2021; Jyothibasu
et al. 2019; Shin et al. 2018; Sirvit 2019). High crys-
tallinity indexes in cellulose have been related with
higher mechanical properties (George and Sabapathi
2015; Abdul Khalil et al. 2015; Mokhena et al. 2021;
Seidi et al. 2022), then RCNPs in blended films can
cause an increase in mechanical properties compared
with control. Moreover, as observed in TEM images
and Z potential measurements, the particles tend to
agglomerate, probably by mean of hydrogen bond-
ing. Glycerol and PVA are rich in OH groups that can
interact with those present on RCNPs generating a
physical cross-linking that can cause the mechanical
properties to increase. Similarly, the decrease of elon-
gation capacity is an expected effect because cellu-
lose is not as elastic as PVA (Alipoori et al. 2021; Fu
et al. 2022; Seidi et al. 2022; Mokhena et al. 2021).

Biopolymers for food packing applications have
been reported with similar mechanical properties to
those obtain in the RCNPs/PVA/Glycerol blended
films. Tensile strength has been reported between 3.4
and 10.32 MPa, Young’s modulus between 63 and
177 MPa and Elongation at break between 3.1 and

Table 1 Yields achieved in each process for the production of RCNPs

Process Input Product ( Sproduct )
Y \ 1008
Hydrogen peroxide bleaching Coffee parchment washed with ethanol Bleached coffee parch- ~ 85.28 +0.87
ment
Bleaching refinement Bleached coffee parchment Cellulose pulp 80.94+0.54
Solubilization/regeneration Cellulose pulp RCNPs 30.00+0.01
Whole process Coffee parchment washed with ethanol RCNPs 20.67+0.68
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Fig. 8 Mechanical properties obtained for PVA/Glycerol and RCNPs/PVA/Glycerol blended films

179% (Jafarzadeh et al. 2017; Hassannia-Kolaee et al.
2016; Hashemi Tabatabaei et al. 2018; Hasheminya
et al. 2018; Pagno et al. 2015). Considering that cellu-
lose and PVA have been used for food packing appli-
cations (Cazén et al. 2019; Huang and Wang 2022),
this could be a possible application for the blended
films here obtained.

Conclusions

The cellulose pulp obtained was solubilized by
30.00% using the described methodology. The pro-
posed regeneration method allowed regenerating the
solubilized cellulose into spherical nanoparticles as
seen in TEM images, but they tend to agglomerate
due to a low Z potential. The FTIR results indicate
a high purity of the cellulose and allowed determin-
ing that the crystallinity of the material is between
35 and 47%. XRD confirmed the presence of cel-
lulose II crystals with a crystallinity of 75% cal-
culated by Segal’s method, which is still the more
accepted method, then the RCNPs obtained have
a high crystallinity. TGA shows a good thermal

stability and suggests crystalline and amorphous
coexistent domains in RCNPS.

The whole process to obtain RCNPs has a yield
of 20.67+0.68 g of RCNPs per 100 g of washed
coffee parchment, which is a satisfactory yield, con-
sidering that only around a half of coffee parchment
is cellulose.

On the other hand, the RCNPs obtained can be
used to form flexible films with good mechanical
properties when blended with PVA and Glycerol,
that could be used for food packing applications.
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