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ARTICLE INTFO ABSTRACT
Article history: A crucial property of fibrous packaging paper for food is water resistance, while strength
Received 25 December 2019 properties are also important. To improve these properties, several bio-coating solu-
Accepted 6 March 2020 tions were applied as coatings on paper made of pineapple leaf pulp. The effects
Available online 1 April 2020 of beeswax, chitosan, shellac, alginate/gellan gum and beeswax-chitosan (1% chi-
tosan+4%glycerol+30%beeswax) solutions on pineapple leaf pulp paper were assessed in
Keywords: relation to making biodegradable paper plates. The cooking time (120-180 min) of chem-
Beeswax ical pulping and the dose of pulp by moist weight (200, 250, and 300g) to a paper frame
Biodegradable (40 x 40 cm?) were also studied on making the paper samples. The papers were tested for
Bio-coating solutions their physical and mechanical properties. The optimal cooking time and dose of pulp by
Chitosan moist weight found were 180 min and 300 g of pulp per frame, respectively. The bio-coatings
Pineapple leaf fibers increased average grammage and thickness of paper, but gave density reduction from that of

uncoated paper. Coating paper with beeswax-chitosan solution gave the longest absorbency
time, followed in rank order by alginate/gellan gum, chitosan, beeswax and shellac. The
maximum 5.9kN/m? tensile strength was found for paper coated with beeswax—chitosan
solution before hot pressing. On comparing papers bio-coated before or after hot pressing,
no difference was found in the degradable time with NaAlg/gellan coating, while such differ-
ence was observed with beeswax-chitosan coating. The results suggest beeswax-chitosan
solution as the best among the alternatives tested, for coating paper to make biodegradable
plates.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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have received much attention due to short decomposing times
and renewable character. From this perspective, cellulosic
fibers are preferred over plastics in food packaging. Thailand
is the fourth largest producer and exporter of pineapples [1].
After the harvest a large quantity of residual waste remains
in the form of pineapple leaves with high content of cellulosic
fibers [2]. This waste has the potential to serve as a source
of raw material for making eco-friendly food packaging. For
this purpose, the fibers are first pulped before forming into
paper, which is then converted to packaging. However, a draw-
back of cellulosic fibers on producing packaging is the poor
water resistance. This aspect could be improved with a suit-
able bio-coating, which motivated the current study. Several
alternative bio-coating solutions were tested as coatings on
fibrous paper to improve water resistance. Emulsion-based
edible films are favoured for packaging some foods and fruits,
and such waterproof film can extend the shelf life of these
products [3]. Zhang et al. [4] reported that sodium alginate
and gellan gum coating could waterproof paper cups. Beeswax
has been widely used as a food grade additive in cosmetics,
pharmaceuticals and foods, due to it being a natural com-
mercial wax with high hydrophobicity and excellent moisture
resistance. Paper double coating with chitosan-beeswax com-
bination served as a water vapor barrier, as the water vapor
transport rate decreased from 171.6 to 52.8g/m?/d when
concentration of chitosan in solution increased from 1.0 to
3.0wt%, while the beeswax coating weight was simultane-
ously reduced (from 10.1 to 4.9g/m?) [5]. Khairuddin et al.
[6] found that double coating with shellac/starch gave higher
water vapor barrier properties on increasing shellac concen-
tration above 50wt%. This current study is concerned with
producing fibrous paper from pineapple leaves, and effects
of the alternative bio-coating solutions beeswax, chitosan,
shellac, alginate/gellan gum, and beeswax—chitosan (1% chi-
tosan+4%glycerol+30%beeswax) on the paper. On making the
base paper, the cooking times (120-180min) and the pulp
weights (200, 250, and 300 g) per paper frame (40 x 40 cm?) were
tested to select an optimal combination, before testing the
coatings. The influences on physical and mechanical proper-
ties and biodegradation of coating pineapple leaf pulp base
paper were also investigated to select the best coating that
could benefit making biodegradable plates.

2. Materials and methods
2.1. Materials

Pineapple leaves (Ananas comosus (L.) Merr., Pattawia) were
obtained from the plantation of Pabon community enter-
prise, Phatthalung province, Thailand. Chitosan powder (CAS
number of 9012-76-4) derived from shrimp shells (low molec-
ular weight 50-190 kDa; percentage of deacetylation 75%) and
refined beeswax (CAS number: 8012-89-3) were purchased
from Sigma-Aldrich Reagent Co., Ltd. Shellac was purchased
from Exelacs Co., Ltd. (Bangkok, Thailand). The food-grade
sodium alginate (Na*, 10.22%) and food-grade gellan gum were
purchased from Hat-Yai Food Additive Co., Ltd. (Songkhla,
Thailand). All other chemicals were of analytical grade.

2.2. Methods

2.2.1. Raw material preparation

Pineapple leaves were cleaned with water to remove dirt and
soil particles before drying at room temperature. The leaves
were cut into small about 5cm long pieces. These chopped
pineapple leaves were subjected to chemical pulping (soda
pulping) at 1 to 4 a ratio of pineapple leaves (kg wet weight) to
10% sodium hydroxide solution (L) [7].

The pineapple leaves were boiled for 120, 150 or 180 min to
determine the optimum time for decomposing the leaves to
pulp [8]. After that, the pulp was thoroughly washed under
running water to remove the residual chemicals. Then the
pulp was squeezed to remove water and weighted to 200, 250,
and 300 g doses for paper making.

2.2.2. Making paper from the fibrous pulp

Each pulp was mixed with a 50 g/L starch solution and blended
in a blender for 5min. The blended ingredients were placed
on the mesh frame of 40 x 40 cm size to make a paper sheet.
The paper sheet was then dried for 6h in a hot air oven at
65°C [9]. The paper sheet was cut to 20 x 20 cm to test packag-
ing forming using a compression molding machine (VDU-100
model LCC-140) with temperature set at 200°C and pressure
at 200kg/cm? for 10 min; this step is later referred to as “hot
pressing”.

2.2.3. Preparation of bio-coating solution and paper

surface coating

Five bio-coating solutions were used to coat paper, namely
beeswax, chitosan, shellac, alginate/gellan gum solution, and
beeswax-chitosan emulsion.

- Beeswax: 20 g beeswax was heated in a 70°C water bath to
completely molten state.

- Chitosan solution: 3 g of chitosan was dissolved in 100 mL
of dilute acetic acid (1%v/v) and stirred until complete dis-
solution.

- Shellac solution: this was in completely dissolved state.

- Sodium alginate/gellan gum solution (NaAlg/gellan):
2%(w/v) sodium alginate (NaAlg) and 1% (w/v) gellan pow-
der were dissolved with 0.5% (w/v) glycerol in distilled
water. Then the solution was heated and stirred at 70-80°C.
After that the solution was degassed by sonication [4].

- Beeswax—chitosan emulsion: 1g chitosan was dissolved in
100 mL of dilute 1% acetic acid solution before adding glyc-
erol to the solution at 4:1 (v/v) ratio. Then beeswax was
added in the chitosan solution which was heated to around
80°C in a water bath for melting the beeswax. The weight
of beeswax added was precisely such that it contributed
30wt% of the emulsion film dry matter. After that, the hot
beeswax-chitosan latex was cooled to room temperature
[10].

Paper coating: The paper samples were coated using a wire
rod coater at constant forward speed to ensure wet film thick-
ness of 250 pm with all coating solutions. The samples were
then dried in an oven (65°C) for 24h. However, in the case
of sodium alginate/gellan solution, before drying the coated
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paperin an oven it was sprayed with 5% (w/v) calcium chloride
(CaClp) solution [4].

The bio-coating that gave the highest tensile strength and
water resistance was selected for further study of whether to
coat before or after the hot pressing.

2.2.4. Physical and mechanical property testing

1) Thickness and grammage
The thickness of the paper was determined using a Vernier
caliper. Eight locations on each sample were measured,
and the mean thickness was determined with an accuracy
of £0.001 mm. The grammage of paper was determined
according to ISO 536 [11]. Whenever possible, each test
piece shall have an area of not less than 500 cm? and not
more than 1000 cm?. 20 test pieces were weighted on a bal-
ance and masses were recorded to three significant figures.
The grammage in grams per square meter was calculated
as follows:

g = % x 10000 (1)

where m is the mass of the test piece (g) and A is the area
of the test piece (cm?).
2) Absorbency
The absorbency was measured by placing a paper sample
on top of a cavity. 0.01cm? (10 uL) of water was dropped
on top of the paper using a micropipette. A stopwatch was
immediately started when the preset volume of water was
dropped on the paper, and it was stopped when the water
droplet was completely imbibed into the paper. This test
was repeated five times at different locations on each type
of sample [2].
3) Water absorptiveness

The Cobb method was used to determine water absorptive-
ness of the paper according to ISO 535 [12]. Five samples
of each type of bio-coated paper were kept in the condi-
tioning atmosphere throughout the test. After weighing,
the samples were slowly immersed in 100+ 5 ml water (or
proportionately less for a smaller test area) in a cylinder
providing 10 mm head space, and the timer was immedi-
ately started. Fresh water was used for each determination.
The samples were taken out of the liquid, blotted with
an absorbent paper to remove excess water, and weighed
again. The procedure was repeated until reaching equal
masses in two consecutive measurements (during 4 days),
and the absorption capacity of the paper was calculated
using Eq. (2):

water absorptiveness = (mp; — mq)F 2

where mj; is the wet mass of the test piece (g), m; is the
dry mass of the test piece (g) and F is 10,000/test area (for
a typical test apparatus this is 100 cm?).
4) Tensile strength

Tensile strength was tested on an Instron Testing Sys-
tem Model UTM-5582 equipped with a 1kN capacity load
cell. A total of 8 representative test pieces, 25+ 1mm wide
and 180+2mm long, were cut from each type of paper
and tested to obtain the tensile properties, namely elon-
gation at break, force to break, force at break, time to

failure, strain at break and stress at break, from which the
tensile strength was determined. The rate of elongation
(crosshead speed) was set to 5 mm/min + 2.5 mm/min [2].

5) Burst strength
Twenty pieces of bio-coated paper samples (2.5 x 2.5in.)
were used to test burst strength in accordance with ISO
2758 [13]. The specimens were securely clamped in posi-
tion, with overlap at all points. Hydrostatic pressure was
increased as specified until the specimen ruptured, and the
maximum pressure was registered. If any movement of the
unclamped margin of the specimen was observed, that test
run was rejected and clamping pressure was increased. If,
however, excessive clamping pressure damaged the speci-
men, the test result was also disqualified and the clamping
pressure was reduced. Each side of the paper was tested ten
times.

6) Internal tear resistance of paper (Elmendorf-type method)
The tear resistance of paper was determined from the aver-
age tearing force in accordance with the Elmendorf method
[14]. The test pieces were first conditioned in a controlled
atmosphere. The two sides of the paper were distinctly
marked for distinguishing between them. The bio-coated
paper was cut to four rectangular sheets of the same size,
between 50+2mm and 76 +2mm wide and 43+0.5mm
long. A pendulum (with augmenting mass) was used to reg-
ulate the energy input and to show the remaining energy
by swing amplitude. The mean readings were arranged to
within the range 20% to 80% of the full-scale reading by
adjusting the mass and the number of sheets tested in a
single run. The tear resistance was determined as follows

po P
n

Fis the tearing resistance (mN), — F is the mean scale read-
ing (mN), p is the number of sheets torn simultaneously
for which the pendulum scale has been calibrated to give a
direct tearing resistance reading (mN), and n is the number
of sheets torn simultaneously.

2.2.5. The surface morphology analysis by scanning

electron microscopy

Scanning electron microscopy (SEM) was employed to analyze
the morphological properties of the paper and the bonding
quality between the pineapple leaf fibers and the bio-coating.
The surface morphology of uncoated and coated paper was
investigated from Scanning Electron Microscope (SEM, JSM-
5800 LV, JEOL; Japan) imaging. The surface of the sample was
carbon coated and then gold coated for conductivity, and the
SEM accelerating voltage used was 20kV.

2.2.6. Determination of biodegradation

Four pieces of each bio-coated type of paper were retrieved
every 15 days from where they were buried under soil. Each
piece was cleaned from soil debris attached to it. The samples
were left overnight to dry at room temperature. The dry sam-
ples were placed in a desiccator until a constant weight was
reached. The weight of each sample was recorded. The degra-
dation of a sample is expressed as percentage of weight loss
[15].
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Percentage of weightloss

_ [ Weightofinitial sample — Weight of sample after degradation
- Weight of initial sample

x100% ®3)

2.3.  Production of biodegradable plates

The optimum dose of pineapple fiber pulp per mesh frame,
for good paper quality after hot pressing, and that bio-coating
alternative which gave the best physical and mechanical
properties was used in further study of plate forming with
a compression molding machine (VDU-100 model LCC-140)
operated at 200°C and a pressure of 200kg/cm? for 10 min.

2.4. Statistical analysis

Two-way analysis of variance (ANOVA) was performed on
the instrumental and sensory parameters to evaluate signif-
icant differences among the samples at 95% confidence level
according to Tukey’s test, using SPSS statistical software. This
analysis was a multilinear modeling method of pattern recog-
nition, which shows the relationship between the groups on
the basis of their distribution in the multidimensional space
described by all the variables and also made it possible to
determine which variables are principally responsible for the
separation of the objects [16].

3. Results and discussion
3.1.  Making paper from pineapple leaf pulp

3.1.1. Pulping process

Usually the cooking of pulp is intended to do delignification.
The lignin removal depends not only on the decay of ether
bonds in lignin macromolecules, but also on the capability of
the aqueous solvent solution to dissolve lignin fragments [17].
Table 1 illustrates the characteristics of pineapple leaf pulp
produced by boiling pineapple leaves for 120, 150, or 180 min.
It was found that the cooking time affects characteristics of
the paper. Increasing the cooking time gave smoother paper.
180 min chemical pulping time gave paper with fine structure
and no residues of pineapple leaves. When considering the
turbidity of the spent liquor after the pulping process, it was
found that the turbidity increases with cooking time due to
the precipitation of lignin on the surface of the fibers, in agree-
ment with Xu et.al. [17] and Laftah and Rahaman [18]. Thus,
180 min was selected as the optimum alkaline cooking time.

3.1.2. The grammage and thickness

Paper products are categorized by their grammage, which is
the mass per unit area. The grammage of handmade paper can
be varied by increasing or decreasing the amount of pulp used
for one sheet, and this will affect the paper thickness along
with other physical properties of the paper [19]. The weight
and thickness of paper samples made of pineapple leaf pulp
are shown in Table 2. The dry weight and thickness of paper

Table 1 - Characteristics of paper made from pineapple
leaf pulp cooked for various times.

Boiling time Characteristics of paper from pineapple leaf pulp

120 min Texture of paper is
coarse and it has many
residues of pineapple

leaves.

150 min Texture of paper is
medium and it has
some residues of

pineapple leaves.

180 min Texture of paper is fine
and no residues of

pineapple leaves

per sheet increased with amount of pulp used per sheet. The
paper formed with 200 g per sheet was torn during forming,
being too thin for the poor formation. 250 g per sheet gave soft
and flexible paper. 300 g per sheet gave stable and strong paper,
and this pulp dose of 300 g per sheet was selected for further
study.

3.2 Physical and mechanical properties of bio-coated
paper samples

3.2.1. Tensile strength and water barrier properties

The paper made from pineapple leaf pulp boiled for 180 min
at 300 g per sheet (40 x 40cm?) was coated with five alterna-
tive bio-coating solutions, namely beeswax, chitosan, shellac,
NaAlg/gellan solution and beeswax-chitosan emulsion before
hot pressing. 6 samples of each type of coated paper were
tested for tensile strength using the universal testing machine.
The tensile strengths are shown in Fig. 1(a). It was found
that all other coatings except for chitosan improved ten-
sile strength from that of the uncoated base paper. The
beeswax-chitosan solution gave the highest tensile strength
of 5.91kN/m followed by the shellac coated cases (5.53 kN/m)
without a statistically significant difference. The beeswax-
chitosan solution gave the highest tensile strength because
the coating film deposited on paper has mechanical strength
[20]. The other types of coating were not fully absorbed
either, leaving a thin coating. Regarding water resistance, it
was observed that papers coated with chitosan, NaAlg/gellan
and beeswax-chitosan solutions gave improved water resis-
tance over the uncoated base paper. The paper coated
with NaAlg/gellan solution had the highest water resistance,
agreeing with Papageorgiou et al. [21] who reported that a com-
bination of NaAlg/gellan crosslinked with calcium ions could
form a stable film by hydrogen and ionic bonds having good
water barrier properties. The beeswax and shellac coatings
did not have measurable water resistance as the water was
immediately absorbed. The tested types of coating differed
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Table 2 - Grammage, thickness of and characteristics of paper samples from pineapple leaf pulp.

Wet weight of pineapple pulp Grammage of paper (g/ m?) Thickness of paper (mm.) Characteristics of paper after
© forming testing

200 420.188 +2.46 1.490+0.078

250 500.854 + 2.669 1.810+0.115

300 603.875+2.826 2.170+£0.233
(@)

Tensile strenght (kN/m?)
S = N W H U NI R

C
b b
3 ' a I

-
A A A 4 g"f

Type of bio-coating solutions M
)
30000
825°C170°C B8 890°
€ 25000 5°C ©70°C 580°C B90°C
20000
'8 15000 :
8 10000
NI
5000 N
N/A N/A
0 fenl :3

Type of bio-coating solutions

Fig. 1 - Properties of bio-coated papers made from pineapple leaf pulp. (a) Tensile strength, and (b) water resistance.



J MATER RES TECHNOL.2020;9(3):5056-5066

5061

statistically significantly. The effect of water temperature on
paper absorption was also investigated. It was found that dif-
ferent test temperatures had no significant effects as shown
in Fig. 1(b).

The NaAlg/gellan and beeswax-chitosan coatings gave bet-
ter physical properties than the other tested coatings. Both of
these coatings were then tested for coating before or after hot
pressing with the workflow shown in Fig. 2. The blend ratio
in the beeswax-chitosan emulsion was also explored, with
beeswax contents 0, 30% and 60% w/w.

3.3.  Effect of coating process on physical properties of
coated paper

3.3.1. Grammage, thickness and density

It was found that paper coated with the bio-coating solutions
had a higher average grammage and thickness along with
a lower density than the uncoated base paper, as shown in
Table 3. This indicates that the coating film contributed to both
mass and thickness. It was also found that the paper coated
before hot pressing had a lower grammage and density (with
larger thickness) than paper coated after the hot pressing. This
might be due to some decomposition of the bio-coating dur-
ing hot pressing seen as mass loss, while the added moisture
before hot pressing caused evaporation that added bulk (i.e.,
reduced density and increased thickness).

3.3.2. Tensile strength
From Fig. 3,it was found that paper coated with the bio-coating
solutions before hot pressing had a higher average tensile

strength than the uncoated base paper, and also had aver-
age tensile strength higher than after hot pressing, except for
the paper coated with 1% chitosan+4%glycerol+60%beeswax.
This might be because hot pressing after coating can
force the coating into the bulk paper, while hot pressing
before coating smoothens the top surface of the paper.
The maximum tensile strength of 5.9kN/m was found with
1% chitosan+4%glycerol+30%beeswax coating applied before
compression. The lowest tensile strength of 2.851kN/m was
recorded for the paper coated with NaAlg/gellan solution after
compression. This indicates that the beeswax—chitosan solu-
tion gave better bond strength than the NaAlg/gellan solution
between the cellulose fibers. Increasing the beeswax fraction
in beeswax-chitosan emulsion did not increase the tensile
strength, because hydrophobic lipids can act as effective bar-
riers to moisture but are inferior in structural strength. For
example, Zhang et al. [10] reported that increasing lipid in
a lipid-hydrocolloid emulsion based film could improve its
water vapor barrier properties, but also reduced the mechan-
ical strength. Composite films with a high lipid content will
give poor structural properties and low mechanical strength.
Moreover, two-way ANOVA found no significant difference in
tensile strength between coating before or after hot pressing
at 95% confidence level.

3.3.3.  Absorbency

The absorbency of bio-coated paper samples is shown in Fig. 4.
It was found that all coated papers gave higher absorbency
time than the un-coated base paper, indicating that all the
coatings somewhat repelled water. The beeswax—chitosan

/ Coating paper before compression \

Coated with bio-coating solution
-NaAlgsgellan

- lwchitosan+4%glycerol
-1uchitosan+4uglycerol+30%beeswax

- luchitosan+4uglycerol+60%beeswax
Compression using compression molding

machine (VDU-100 model LCC-140) with

temperature of 200 °C and a pressure of

\ | 200 kgrem? for 10 min. |

_/

Pineapple fiber paper uncoated with bio-coating solution)

-

/ Coating paper after compression \

Compression using compression molding

machine (VDU-100 model LCC-140) with

temperature of 200 °C and a pressure of
200 kgiem? for 10 min.

Coated with bio-coating solution
-NaAlggellan

- luchitosan+4uglycerol

-luchitosan+4uglycerol:30%beeswax

/

)

\ - luchitosan+4uglycerol+60%beeswax

Fig. 2 - Testing NaAlg/gellan and beeswax-chitosan coatings on paper made of pineapple leaf pulp.
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Table 3 - Average grammage, thickness and density of bio-coated paper made of pineapple leaf pulp.

Type of paper Type of bio-coating Grammage Thickness Density
(gm?) (mm) (kg/m?)

Uncoated No coating 720.64 0.77 936.17

Coating before compression NaAlg/gellan 793.00 1.19 669.49
1%chitosan+4%glycerol (1% C+4% G) 724.73 0.99 722.75
1%chitosan+4%glycerol+30%beeswax 748.34 1.22 662.33
(1% G+4% G+30% B)
1%chitosan+4%glycerol+60%beeswax 765.33 0.96 766.57
(1% C+4% G+60% B)

Coating after compression NaAlg/gellan 819.27 0.84 878.38
1%chitosan+4%glycerol (1% C+4% G) 728.22 0.81 901.00
1%chitosan+4%glycerol+30%beeswax 761.26 0.79 968.03
(1% G+4% G+30% B)
1%chitosan+4%glycerol+60%beeswax 774.97 0.80 982.92

(1% C+4% G+30% B)

® Coating after compression
@ Coating before compression b

Tensile strenght (kN/m)

Uncoat NaAlg/gellan 1% C+4% G 1% C+4% 1% C+4%
G+30% B G+60% B

Type of bio-coating solutions

Fig. 3 - Tensile properties of bio-coated paper made of pineapple leaf pulp.

1600 + ®Coating after compression
B Coating before compression

= 1000 |

600
400
200 r a

Absorbens

Uncoat NaAlg/gellan 1% C+4% G 1% C+4% 1% C+4%
G+30% B G+60% B
Type of bio-coating solutions

Fig. 4 - The absorbency time of coated papers made of pineapple leaf pulp.
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u After-1%chitosan+4%glycerol

O After-1%chitosan+4%glycerol+60%beeswax
@ Before- 1%chitosan+4%glycerol

& Before-1%chitosan+4%glyceroH-60%beeswax

45 60

O After-NaAlg/gellan

= After-1%chitosan+4%glycerol+30%beeswax
B Before-NaAlg/gellan

B Before-1%chitosant+4%glyceroH30%beeswax

Fig. 5 — Physical changes in paper made of pineapple leaf pulp with different bio-coatings, during degradation for 60 days

while buried in soil.

solution gave a higher absorbency time than the NaAlg/gellan
solution. This might be because chitosan has an excel-
lent emulsifier capacity to prepare stable lipid latexes, due
to electrostatic interactions between positively-charged chi-
tosan with negatively-charged lipids or beeswax [22]. Further,
beeswax is rich in lipids that resist water, increasing the
absorbency time more than NaAlg/gellan solution that has
only calcium ions as a crosslinking agent and plasticizer
to enhance water resistance [23]. Monedero et al. [24] also
reported that lipids are usually applied to enhance water-
repellency in a coating, due to their strong hydrophobicity.
In addition, the absorbency time increased when increasing
beeswax content in beeswax-chitosan solution, because this
increased the lipid content. ANOVA found no significant dif-
ference in absorbency between paper coated before or after
hot pressing, at 95% confidence level.

3.4.  Biodegradation of paper

The biodegradation of 25 x 25mm samples of each type of
paper made with pineapple leaf pulp was investigated for
60 days. The degradation was characterized by the average
weight loss of paper after being buried in the soil for 15 days
and the results are shown in Figs. 5 and 6. The uncoated paper
was the fastest to become completely decomposed, within 30

days. This could be because pineapple leaf pulp was formed
into paper without any crosslinking agent or film coating. In
comparison, when papers bio-coated before or after hot press-
ing were compared, no difference in degradation time was
found for paper coated with NaAlg/gellan solution, but a dif-
ference was there for beeswax-chitosan coated cases. Paper
coated after hot pressing with beeswax-chitosan degraded
faster that that coated before hot pressing. This is because
after compression the bio-coating solution coated only the
paper surface, but when coated before hot pressing the solu-
tion was heated and compressed into the bulk paper, inducing
crosslinking that gave resistance to microbial digestion and
degradation.

3.5.  Morphology of paper from pineapple leaf pulp by
scanning electron microscopy

Scanning electron microscopy, SEM, was used to study the
surface morphology of the un-coated paper and the paper
samples with bio-coatings, and the images are shown in
Fig. 7(a) and (b). It is clear that the bio-coatings filled pores
between the cellulose fibers, leading to high tensile strength
and increased water resistance. It was also found that bio-
coating before hot pressing covered the fibers to a higher
extent than coating after hot pressing. Hot pressing after coat-
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Fig. 6 - Degradation of the pineapple leaf pulp papers with different bio-coatings shown in photos taken every 15 days.

ing forced the coating into the bulk paper, instead of leaving
it only in a surface layer on top of the paper.

3.6. Production of biodegradable plates

The pineapple leaf pulp paper was coated with solution of
1%chitosan+4%glycerol+30%beeswax before compression to
form biodegradable plates, as shown in Fig. 8. The plate
grammage, thickness and density were 750.01 g/m?, 1.24 mm,
670.55 kg/m3.

4, Conclusion

It was found that paper made of pineapple leaf pulp
when coated with a bio-coating had improved physical
and mechanical properties. This was attributed to bonding
due to improved tensile strength, burst, and tear resis-

tance; and the water absorbency was higher than of paper
made of pineapple leaf pulp without coating. The high-
est absorbency (353 g/m?) was found for paper coated with
1%chitosan+4%glycerol+60%beeswax before hot pressing, and
the lowest (163g/m?) was for paper coated with 1%chi-
tosan+4%glycerol+30%beeswax after hot pressing. Hot press-
ing after coating with 1%chitosan+4%glycerol+30%beeswax
gave the the highest 5.914kN/m tensile strength and 6784 mN
tear resistance, followed by the paper hot pressed before
coating with 1%chitosan+4%glycerol+30%beeswax in tensile
strength ranking, while 6435mN tear resistance was found
on compressing before coating with NaAlg/gellan. The highest
477 kPa burst strength was found by hot pressing before coat-
ing with 1%chitosan+4%glycerol+30%beeswax. The results
overall demonstrate that pineapple leaf pulp can be used in
biodegradable packaging to reduce the use of plastics. At the
same time such value-added use of natural fibers reduces a
waste stream and its contribution to landfill.



J MATER RES TECHNOL.2020;9(3):5056-5066 5065

HV | Mag = HFW m
PSUY 20 kV|1100 x 124 1 ym uncoat

Coating
before
compression

Coating
after
compression

(b) Morphology of pineapple leaf fiber paper with bio-coating solution.

Fig. 7 - Morphology of uncoated pineapple leaf pulp paper and similar paper coated with bio-coating solutions.

Fig. 8 - Biodegradable packaging from pineapple leaves with bio-coating solutions.
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