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|. INTRODUCTION

Given the need to find new ways of packaging and
moving food without risk of being contaminated by the
composition of the packaging, in recent years packages with
many additional advantages have been offered that also
comply with the conservation of the environment, that is,
packaging called smart for the preservation of food [1] that
gives the quality and safety of the product that contains it, as
well as the reuse of the residues that are produced. In this
context, paper as use in wrapping is undoubtedly very
advantageous because it is ecological and biodegradable; it is
recyclable, helping with the solution of waste problems and
conservation of forest resources [2].

The research also seeks to demonstrate the reuse of organic
waste that is sent to final disposal, among them the crowns of
the Ananas comosus that in large quantities are discarded for

being the non-consumable part as fruit. In Peru about 56% of
the waste generated is of organic type [3], in what corresponds
to the production of Ananas comosus, the Ministry of
Agriculture in 2016 reported 460,000 tons, taking into account
that 10 to 13% of said weight is the crown part of the
mentioned fruit [4]. It is worth mentioning that, in the
commercial center where the sample was obtained produces a
daily average of 200 kilos of crown.

On the other hand, cellulose is the fundamental raw material in
the production of paper, so it is important to know its chemical
properties because it will influence the quality of the paper
produced. The main component of crown leaves is cellulose,
which is found in the cell wall as in all plants, and is a regular
polymer of high molecular weight made up of glucose. There
are also hemicelluloses, pentose and hexose polysaccharides,
and lignin (phenylpropanoid monomers) that polymerize in an
enzymatic oxidation to form a macromolecule without a
defined structure [5]. It is important to know its composition of
pineapple crown, [6] as it has a composition of 11-45%
cellulose,14-50% Heminicellulose and 10-30% lignin.

The paper is manufactured from the wood of the trees being
the traditional industry, however, the production of paper from
corn cobs and cane bagasse has also been tested, obtaining a
mixed pulp with properties with a significant percentage of
cellulose [7]. It has also been verified that plant products have
chemical properties such as cellulose and lignin that can be
used, which is why there is potential for the production of
paper, with up to a percentage of 47% cellulose found in the
crown of Ananas comosus (pineapple) [8]. Obtaining
newsprint from banana rachis waste has been experimented
with with economic and environmental benefits [9]. In another
case, the mesocarp of the orange peel was used, obtaining 11%
yield [10].
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II. MATERIALS AND METHODS

The methodology used for this research study is of
experimental design, using as a baseline the methodological
guide "Elaboration of handmade paper projects with vegetable
fibers", prepared by the Ministry of Foreign Trade and
Tourism. It should be noted that to ensure the quality of the
product obtained, some parameters were analyzed, such as:
resistance characteristics (humidity, cobb and tearing),

physical characteristics (grammage, thickness and whiteness)
and finally the yield obtained (amount of pulp).

Fig. 1 Paper Obtained

For the production of paper it is necessary to carry out a
chemical process, which consists of removing the lignin, which
is the fundamental component that strengthens and provides
rigidity to plant tissues. The procedure is carried out by
cooking, where the reagents are added in aqueous solution.
They are controlled under some parameters such as
temperature, pressure, time and reaction speed.
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Fig. 2 Graphical Representation of Chemical Delignification

For the production of paper it is carried out through three
processes:

Process 1: Ananas comosus crown pulp paper was made
without any bleaching agent.

Process 2: Sodium Hypochlorite (NaCIO) was added as a
bleaching agent to the pulp of Ananas comosus,

Process 3: Hydrogen peroxide (H202) was added as a
bleaching agent to the pulp of Ananas comosus.

Process 1. without any
bleaching agent

Process 2. bleaching
with NaClO

Process 3. bleaching
with H202

Fig. 3 Obtaining the crown pulp of Ananas comosus (pineapple)

It is important to mention that no physicochemical analysis of
the wastewater (black liquor) generated when cellulose was
obtained was carried out in this research.

The stages of the research for the production of handmade
paper are:

Stage 1: Collection of the Ananas comosus crown coming
from the “Unicachi” product market, Los Olivos-Lima.

Stage 2: Elaboration of the ecological paper, which is
indicated below.

+ Selection of Ananas comosus crowns
condition (Figure 4).

in good

Fig. 4 Crown of Ananas comosus
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« Ananas comosus crowns were chopped by hand, a 5
kg sample was taken and cut to a size between 0.5 cm to 2 cm
to facilitate homogenization in the following phases.

» Washing and soaking, in order to remove impurities
and then soak them for 12 hours in a container to soften the
fibers and facilitate obtaining the cellulosic pulp of the Ananas
COMOSUS Crowns.

» Cooking for one hour at a constant temperature
between 180° to 200°, with the addition of sodium hydroxide
(in proportion of 10% per kilo of Ananas comosus crowns) to
remove the lignin from the crown, obtaining the cellulosic
pulp.

»  Washing until reaching a neutral pH, to eliminate the
sodium hydroxide with the lignin leaving only cellulosic pulp
of Ananas comosus crown.

» Bleaching, in order to remove the natural color of the
pulp from the crowns, sodium hypochlorite (process 2) and
hydrogen peroxide (process 3) were used. The amount of 80
mL was incorporated with stirring and then allowed to stand
for 1 hour. See figure 3.

» Liquefying of the pulp of the Ananas comosus
crowns, in order to obtain a pulp of fine granulometry and to
be able to enter the subsequent phase. It is worth mentioning
that an Oster blender with a 3-speed rotary control and a
power of 600 watts was used.

* Preparation of the pulp. The mixture obtained is
placed in a tank with water, the mixture being constantly
stirred to avoid the adherence of the pulp.

« Elaboration and Molding of ecological paper. A frame
is introduced into the tank with the cellulose mixture and is
removed looking for the thickness that is required for the
paper.lIt is important to mention that the size of the sheet will
have as a reference the measurements of the frame, for the
present investigation a frame of the size of an A4 sheet was
used.

» Drying of ecological paper. The ecological paper of
Ananas comosus crown is removed from the frame and placed
on a Bombay cloth to remove the water initially and then
placed on a sheet of melamine allowing it to dry at room
temperature. See figure 5.

Fig. 5 Ecological paper in the drying process

I1l. RESULTS

A. Pulp Yield obtained by Ananas comosus Crowns

From 5000 g of Ananas comosus crown, the treatment
processes indicated were proceeded with the results indicated
in Table 1. From this, the yield percentage was calculated,
finding 26.26%, 26.12% and 26.18% for each process
respectively.

TABLE I
RESULTS OF THE PROCESS AND PERFORMANCE OF
THE CROWN OF PINEAPPLE COMOSUS IN OBTAINING

PULP
Process 1: | Process 2: .
. - Process 3:
without any | bleaching -
Process type bleaching with bleaching
agent NaClO with H20,
Cronw amount (g) 5000 5000 5000
NaOH amount (g) 500 500 500
Washing and Soaking (L) 40 40 40
Washing (L) 20 20 20
Amount of | cooking (L) 15 15 15
water used
during | Washing (L) 40 40 40
paper i 15 15 15
production Sheet molding (L)
Total water 90 90 90
consumption (L)
H202 - NaCIO
Input of | (m) _ 100 100
whitening
Time (minutes) — 60 60
Amount of pulp obtained (g) 1313 1306 1309
Yield (%) 26.6 26.12 26.18

B. Physical characteristics of the ecological paper of the
crown of Ananas comosus

The physical characteristics of the sheets evaluated in process
1 indicate that a higher grammage was obtained than in
processes 2 and 3 with an average of 86.18 g/m2, 78.47g/m2
and 73.66 g/m2 respectively. Likewise, process 1, obtained
greater thickness than processes 2 and 3 with an average of
116 um, 114 pm and 113 pm respectively. It is worth
mentioning that each leaf was made with 110 g of moist pulp.
Finally, process 2 presented a higher percentage of whiteness
with respect to processes 3 and 1, which reached percentages
of 59.5%, 41.3% and 22.1%, respectively. See Table 2
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TABLE II
PHYSICAL CHARACTERISTICS OF THE ECOLOGICAL
PAPER OF THE CROWN OF ANANAS COMOSUS

Repetitions Grammage Thickness | Whiteness
(g/m2) (um) (Yphotovlt )

R1 85.88 116 23
R2 85.3 116 23
Process 1 R3 87.38 116 22
R4 87.4 116 21
R5 84.95 116 21
Average 86.182 116 22
R1 77.2 114 62
R2 77.12 114 61
Process 2 R3 78.71 114 57
R4 79.29 114 55
R5 80.04 114 61

Average 78.472 114 59.2
R1 75.37 113 40
R2 73.22 113 43
Process 3 R3 72.7 113 43
R4 72.02 113 40
R5 75 113 42

Average 73.662 113 41.6

C. Resistance characteristics

Regarding the resistance characteristics, process 1 of the
Cobb factor presented higher percentages than processes 2 and
3 reaching values of 201 gH20/m2, 182 g H20/m2 and 164
gH20/m2 respectively. Likewise, these processes are directly
related to the Humidity factor, since process 1 presented a
higher percentage with respect to processes 2 and 3, reaching
values of 9.2%, 8% and 7.9% respectively. On the other hand,
the stress factor in process 3 registers higher levels than
processes 2 and 3 with an average of 5731 m, 4379 m and
3542 m respectively. Finally, in the tear factor, process 1
presented better properties than processes 3 and 2 with 12.2
mN-m2/g, 12.1 mN-m2/g and 10 mN-m2/g respectively. see
Table 3.

The pulp yield did not vary significantly in any of the 3
processes, registering the lowest value in process 2 with
26.12% and reaching a maximum vyield in process 1 with
26.26%.

TABLE III
STRENGTH CHARACTERISTICS OF ANANAS
COMOSUS PAPER

Strain o Humidity Cobb Tear
Repetitions | length of
break (m) | (%) | (g deH.0/m?) ET’EZ)
Process R1 4087 8.2 183 122
! R2 4172 9.2 217 13.2

R3 4598 10 460 9.2
R4 2555 9.6 660 10.3
RS 2555 8.9 600 10.6
Average 3593.4 9.18 424 11.1
R1 3836 8 172.8 11.1
R2 4678 8.2 195 11.3
Process R3 5427 78 178.1 13.6
2 R4 3930 8.3 185.5 15.5
RS 4397 7.9 178.4 14.3
Average 4453.6 8.04 181.96 13.16
R1 4516 7.9 158.7 9.6
R2 7025 8 163.6 10.5
Process R3 4616 7.7 141.6 10.2
3 R4 6623 8.1 181.9 9.3
RS 6021 75 177.7 10.2
Average 73.662 113 164.7 9.96
I11. DISCUSSION

The process of obtaining ecological paper from Ananas
comosus waste turned out to be possible by means of an
artisan method with projection to scale to an industrial level.
The results obtained were subjected to manufacturing
processes taking into consideration from a due selection of
Ananas comosus crowns followed by cooking for 1 hour where
the removal of the lignin must be sought so that the cellulosic
pulp presents the best characteristics in the subsequent
manufacture of the ecological paper (8%) of final residual
lignin verified by the kappa number), in addition to eliminating
the high water content that the fruit presents, which is up to
86% as indicated [11].

Another parameter that was controlled was the pH of the
pulp, which was initially around 12 in all the three processes
tested, so by washing it was adjusted to a neutral pH, in this
way the paper to be obtained would have good quality and
conservation characteristics. Since it is less than 5, the paper
tends to yellow, has less resistance and deteriorates [12], and if
it is greater than 7, the pulp presents sizing problems in the
production of paper [13].

The average weight obtained in the three processes was
varied by the artisanal methodology used, where the humidity ,
quantity of fiber [14] influences, the same happens with the
thickness that is not exactly uniform having paper of the same
weight but of uneven thickness that may depend on the
understanding in its manufacture.

In the research on the bleaching of the pulp for the paper,
when sodium hypochlorite was used, better whiteness was
obtained than with hydrogen peroxide due to its better
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oxidizing power [15]. According to NTP 272,128 [16] the
paper obtained in processes 1 and 3 corresponds to the type of
dark papers (whiteness less than 45%) and to that obtained
from process 2 of the type of semi-white paper (whiteness in
the range 45 -75%). Bleaching is favorable to the tear
resistance of the paper as there is more fiber per unit of weight
[17] as well as it improves the stress factor or rupture length
[14].

The Cobb factor, which has to do with the sizing of the
paper, a property that prevents ink from running on the paper,
was found between 164 and 201 g H20/m2 due to high
humidity (7.9 to 9.2%), but can achieve low values by drying
up to around 13 to 24 g H20/m2 as stipulated by the NTP
272.128, as well as adding binders [18].

In the trials of processes 1, 2 and 3, pulp was obtained for
the manufacture of paper in a higher percentage in process 1
with 26.26%, allowing the manufacture of an average of the
three repetitions of 5.8 A4 size sheets with possible use in
wrapping or bags for food and other species, due to the
advantages it presents among them of biodegradability, low
cost and high benefit, it is recyclable, not thermally
conductive, it can adhere to coatings, it is light, it can
withstand oil and grease, easy to mold and its very versatile
use [19].

I11. CONCLUSION

It was determined that it is possible to obtain paper from
the crowns of Ananas comosus fruits as an alternative to use
these organic plant residues with physical and resistance
characteristics similar to paper obtained from wood. In this
way, deforestation is avoided with an impact on environmental
improvement through the circular economy and being able to
address the impacts of greenhouse gas pollution, benefiting
from the environmental service offered by forests, which must
be cared for and not destroyed.

The paper obtained using vegetable pulp as raw material
(Ananas comosus fruit crowns) provides ecological
characteristics such as biodegradation and other essential
characteristics that facilitate its use in wrapping and packaging
for food preservation and transportation, without the risk of
contamination due to its nature. On the other hand, the paper
obtained can be used in the paper industry since it is possible
to write, draw and print on the paper.

This research makes it attractive for use by society,
manufacturing by commercial companies and environmental
care.

The use of Ananas comosus crown waste to obtain
ecological paper means prolonging the life chain of this natural
resource, giving it use, value and entering into the concept of
circular economy.
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