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Abstract: The use of natural polymers is an alternative to polymers derived from petroleum that may reduce industrial
waste and contribute to the environmental protection. Following the same reasoning, the biodegradability of paper
packaging is already known for it being a product originated from cellulosic materials (cellulosic fibers). The aim of this
work was to assess the process of degradation from the junction of two different materials; biopolymer and sheets of
paper. This paper proposes the study of the biodegradability of chitosan film-coated Kraft paper sheets and emulsified
chitosan film-coated Kraft paper sheets added with palmitic acid, both in comparison with uncoated Kraft paper sheets.
The biodegradability study was conducted based on analyses of biofilm formation by Scanning Electron Microscopy
(SEM), soil respiration, Gravimetry, Microbial Biomass Carbon and enzymatic soil activity and evaluation.
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1. INTRODUCTION

The constant concern to elaborate products that
cause minimum impact and waste generation to the
environment has been subject of several studies
intended to enhance environmental protection.
Industries have been making efforts to obtain and/or
partially replace fossil raw materials by renewable
materials.

A good example of such efforts is the packaging
industry that, steadily growing in the market, prioritizes
the development of new technologies intended to
mitigate  recycling, environmental pollution and
biodegradation problems, among others. Within this
context, the replacement of synthetic polymers for
biopolymers is an alternative reduce the use of non-
renewable materials.

Biopolymers are polymers derived from natural
renewable sources and are usually biodegradable and
less toxic. They can be produced by biological systems
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or synthesized whether by chemical or enzyme
catalysis [1]. In addition to presenting an alternative to
polymers derived from petroleum, most of them are
degraded in weeks.

The biodegradability of polymers depends on the
chemical and physical structure, on the chain length
and on the crystalline structure [2]. The biodegradation
of these polymers is usually initiated at the less
crystalline parts due to the greater mobility of polymer
chains, facilitating the access of microorganisms to the
substrate [3]. Factors such as light, temperature,
humidity, morphologic structure of the surface, pH,
among others, also influence the degradation [4, 5].

Polymers are considered biodegradable when
degradation results from microbial activity, such as
fungi, bacteria and algae, generating water, CO,, CHy,,
cellular components and other products [6]. There are
several biodegradable polymers; one of them is
chitosan, which consists of a linear sequence of 3-(1-B-
4)2-acetamide-2-deoxy-D-glucose (N-acetylgluco-
samine) monomeric sugars and glucosamine from
chitin deacetylation [7].
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Chitosan is obtained from the processing of fishing
industry waste by the following operations:
discoloration, deproteinization and deacetylation. It is
able to form resistance films, difficult to break,
becoming a potential substitute for synthetic polymers
in different industrial sectors, such as the packaging
industry [8]. This industry has been looking for
applications of significant importance due to its cationic
behavior and biodegradable features [9].

The long degradation period of currently used
packaging materials is a major environmental problem
that encourages the conduction of studies on the
application of biodegradable materials [2]. Non-
degradable compounds added to the paper
manufacturing process, such as synthetic polymers
resistant to enzymatic and microbial action are
produced worldwide. The use of non-degradable
compound has been turning into a problem in which the
search for solutions is based on the exploration of new
packaging materials [9].

As many other industries, the pulp and paper
industry has also been the target of environmental
groups around the world. The environmental
awareness is clear and the efforts to turn waste into
useful products can be achieved through technological
advances, such as the replacement of low-degradable
products for those easily degraded by microbial action
[10].

The paper is comprised of cellulose fibers linked by
hydrogen bonds. The formation and quantity of such
links in cellulose and its byproducts influence on the
physical and chemical properties of such materials [11].

Several studies investigated the cellulose and paper
biodegradation. The degradation of Kraft paper under
controlled laboratory conditions (based on the
maximum measure of CO, generated) does not exceed
70% within a 45 day period [12]. Other study was
investigated the biodegradability of chitosan for 40
days in a soil experiment by gravimetric analysis [13].

This study has assessed the biodegradability of
chitosan film-coated Kraft paper sheets, emulsified
chitosan film-coated chitosan sheets, as well as
uncoated Kraft paper sheets. In order to assess the
biodegradability, analysis on scanning electron
microscopy (SEM), gravimetry, soil respiration,
microbial biomass carbon and enzymatic soil activity
were performed.

2. MATERIALS AND METHODS

2.1. Materials

The materials used in this work were: Chitosan
(Primex, ChitoClear ®, batch TM 2227, Iceland), acetic
acid (Synth, Brazil), palmitic acid (Synth, Brazil), and
sheets of Kraft paper with a weight of ZOOg/m2 (Klabin,
Brazil).

2.2. Sample Preparation

The samples used in this work were: Uncoated Kraft
paper sheets (KSR), Kraft paper sheets coated with
filmogenic solution of chitosan (KQ), Kraft paper sheets
coated with filmogenic solution emulsified of chitosan
with palmitic acid coated (KAP).

2.2.1. Scanning Electron Microscopy

The KSR, KQ and KAP samples were cut into
pieces of 0.25cm® and placed inside plastic flasks with
10mL of common soil solution and distilled water at a
100g/1L ratio, respectively. The flasks were stored at
room temperature and the samples were collected.
After each collection, the samples were submerged in a
fixative solution. By the completion of the last
collection, the samples were dried to “critical point” by
the CPD 030-Critical Point Dryer (BALZERS model),
and then, it was used an Emitech metalizer. The
samples received gold deposition for three minutes
under a 25,000 Ampere current, and then had their
structure and biofilm formation analyzed by a Gemini
Leo 982 (Leica x Zeiss) high resolution scanning
electron microscope from the laboratory of
environmental microbiology of Brazilian Agricultural
Research Corporation-EMBRAPA of under the
following conditions: voltage = 10Kv; working distance
=16mm.

2.2.2. Gravimetric Analysis

The gravimetric analysis consists in storing the
KSR, KQ and KAP samples in nylon bags. The bags
were prepared containing about 0.80g of samples dried
in an oven at 105°C. Then they were buried in 10cm
deep common soil furrows (without treatment). In soil,
the furrows were moulded by establishing the distance
of 40cm between samples with similar coating and
100cm between different samples (Figure 1). The
collections were performed in: 3, 7, 15 and 30 days. In
each collection, samples were taken off the bags, dried
in an oven at 105° C and weighted in a Scientech SA
210 analytical balance. The mass of samples that may
have been degraded by microorganisms in soil was
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determined by their weight difference. The analyses
were performed in ftriplicate and the results were
expressed in grams:

3

20 cm

A
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Figure 1: Area of furrow moulded in soil.

2.2.3. Analysis of Microbial Biomass Carbon and
Enzymatic Soil Activity

The uncoated Kraft paper samples (KSR), chitosan
filmogenic solution-coated Kraft paper (KQ), palmitic
acid emulsified chitosan solution-coated Kraft paper
(KAP), were divided into the following weights: 0.5, 2.5
and 5.0g; and were stored in nylon bags (10cm x
10cm). The bags containing the samples were buried in
10cm deep common soil furrows (without treatment). In
soil, the furrows (Figure 1) were moulded by
establishing the distance of 40cm between samples
with similar concentrations and 100cm between
samples with different concentrations (Figure 2). The
collections were performed in: 7, 15 and 60 days for
the microbial biomass carbon analysis and 15 and 60
days for the enzymatic soil activity analysis.

2.3. Methods

2.3.1. Solubilization of Chitosan

The filmogenic solution was obtained by dispersing
chitosan 4% (w / w) in aqueous acidic solution under
continuous stirring. Addition of acetic acid was made
from the sample mass, considering the degree of
acetylation of chitosan (18%) to avoid excess acetic
acid, or the amount of acetic acid added was
stoichiometrically calculated on the basis of the groups
glucosamine chitosan present in the molecule.

2.3.2. Emulsion of Chitosan

The emulsified filmogenic solution was obtained
after preparation of the chitosan solution (4.0% w / w)
with the addition of palmitic acid (2.0% w/w) under
heating to T = 90 °C (temperature above the melting
point of the lipid) under continuous stirring. The solution
was emulsified in a mechanical stirrer at 5000rpm for
10 minutes.

2.3.3. Packaging Systems Kraft Paper-Film

After complete dissolution of chitosan, the solution
was distributed into sheets of kraft paper with an area
of approximately 0.45 m°, resulting in a concentration
equivalent to 3.5 g/m® of chitosan coated sheet. The
solutions were applied to sheets of Kraft paper, using
an extender spiral (TKB Ericksen, Brazil) of 80um. And
then were dried for 1 minute at T = 200 °C.

2.3.4. SEM (Scanning Electron Microscopy)

The scanning electron microscopy analysis showed
the surface of each samples: KSR, KQ and KAP,
(uncoated Kraft paper, Kraft paper coated with chitosan
films and Kraft paper coated with films emulsified
chitosan films and palmitic acid in crescent time
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Figure 2: Layout of samples arrangement in soil.
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intervals in order to follow-up the formation of films
thoughout the soil microorganisms and to view
bacterial colonies.

2.3.5. Soil Respiration

The soil respiration analysis was performed based
on norm ASTM D5271-92 (1983) [14], and consisted in
storing 0.5g of each sample (KSR, KQ and KAP) in
properly sealed threaded glass flasks containing 100g
common soil (without treatment) and placing them
under light together with glass flasks containing only
100g soil (without samples), called 'witnesses'. The
CO, evolution volumetric measure during the
respiration process was determined by titration (Eq. 1).

KOH +CO, — K,CO; + H,0 (Eq. 1)

2.3.6. Gravimetry Analysis

The gravimetric analysis of soil degradation in soil
was performed based on guideline NBR 10.004 (ABNT,
1987) [15], and consisted in the difference of mass of
the samples buried in soil (initial weight) and the
samples weight after a certain period (final weight). The
collections were performed at: 3, 7, 15 and 30 days for
the KSR, KQ and KAP samples (Table 1).

2.3.7. Microbial Biomass Carbon

The microbial biomass carbon analysis was
performed based on the fumigation-extraction method
[16], in which the microbial biomass is estimated by the
difference of CO, flow of soil samples fumigated with
chloroform (F) and those non-fumigated (NF) (Figure
3).

2.3.8. Microbial
Respiration

Biomass Carbon and Soil

Altogether, the microbial soil biomass is directly
related to the carbon amount (substrate) in the soil [17].

0,5

A

2,5

The microbiological activity, like every reaction
catalyzed by soil microorganisms, reflects the
physiological state of active cells and can be divided
into general and specific activity. The general activity is
that performed by almost all soil microorganisms as
respiration [17].

Soil respiration is one of the most antique variables
used to quantify microbial activity [18] and is positively
related to the organic matter content and microbial
biomass [19].

The combination of microbial biomass measures
and soil respiration provide the amount of CO, evolved
per biomass unity and is known as metabolic or
respiratory coefficient (qCO;). The qCO; indicates the
microbial biomass efficiency to use the carbon
available for biosynthesis [20]. In this work, a study
relating the microbial biomass carbon and soil
respiration was conducted, in which the samples (KSR,
KQ and KAP) were buried and stored, respectively.

2.3.9. Enzymatic Soil Activity

The enzymatic soil activity was determined by the
quantification of B-glucosidase and endoglucanase
activities in soil, related to the carbon cycle. The first
one was related to the completion of the cellulose
decomposition process [21]. The enzymatic soil activity
analysis was based on the Schinne and Von Mersi
(1990) method, in which 5g soil in a 2mm sieve were
incubated in acetate buffer and carboxymethylcellulose
(0.7% wi/w) for 24h at 50°C using Cientec CT-281 ultra-
thermostatic shower. By the completion of the
incubation period, the suspension was filtered and 1mL
was taken from the filtrate. The part was divided in
threaded flasks, in which dilutions for 20mL by distilled
water were performed. From dilution 1mL was taken
and reagents A and B were added. Then, the samples

5,0
A

—

3¢ 30¢g
Fumigated Not

Soil Fumigated
Soil

Figure 3: Arrangement of samples for analysis on microbial biomass carbon.
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were put into water bath at 100°C for 15 minutes and
then put into cooling bath at 20° for 5 minutes. Then, to
each threaded tube 5mL reagent C were added and
put in rest for 60 minutes in order to develop the color.
The reading was performed with a Shimadzu UV-
1601PC spectrophotometer at 690 nm. Analysis were
performed in triplicate and the calculations to determine
the glucose quantity per gram of dry soil pg soil*.24h™
was performed according to equation 2.

Reagent A — 16g sodium carbonate (anhydrous)
were dissolved in distilled water and 0.9g potassium
cyanide were added (it was performed 1000mL dilution
with distilled water).

Reagent B — 0.5g ferric potassium hexacyanide
were dissolved in distilled water and increased to
1000mL in volume (ps: store in amber flask).

Reagent C — 1.5 ferric sulfate of ammonia were
dissolved together with 1g dodecyl sulfate of sodium
and 4.2mL sulfuric acid concentrated in distilled water
at 50°C. A in distilled water. The solution was
increased 1000mL in volume with distilled water.

g .glicose _C*V#g
g.solo.secoem24hrs  Sw*dwt

(Eq. 2)

where,

C = concentration of glucose/mL of filtrate (1mL)
V = test suspension volume (at the 30mL system)
t = dilution factor (20mL for agriculture soil)

Sw = weight of soil sample used (59 soil)

dwt = incubation time (24h).

3. RESULTS AND DISCUSSION

3.1. SEM (Scanning Electron Microscopy)

To better understand the biodegradability of the
Kraft paper coated with natural material it is extremely
important to evaluate some scientific paramethers
because there are few data available on the subject.
The greater evidence of biofilm formation was seen in
the KQ samples (8h), what may be related to the
beginning of the paper degradation process in soil. It
was possible to visualize a greater formation of
bacterial cells in the KQ samples after 72h, indicating
that the chitosan film coating acted a substrate for the
cellular reproduction, also noticed by the increase of
bacterial cell formation during the collection periods
when compared to the KSR samples (times: 3, 8, 12

KQ(T=3hrs)

. | KSR

KSR(T=12hrs)

KQ(T=12hrs)

KAP(T=3hrs) KAP(T=8hrs)

KAP(T=12hrs) KAP(T=72hrs)

T=3hrs T=8hrs

Figure 4: SEM pictures of Kraft paper sheets: KSR, KQ and KAP.

T=12hrs T=72hrs
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and 72 hours). The KAP samples had a similar
behavior to the KQ samples. As the number of cells
increased, the times of collection were increased
(Figure 4).

3.2. Gravimetric Analysis

In the gravimetric analysis of soil degradation was
the collections were performed at: 3, 7, 15 and 30 days
for the KSR, KQ and KAP samples (Table 1).

It was observed in all samples the gradual reduction
of masses in relation to the times of collection and even
more in the degradation behavior regarding the KQ and
KAP samples (Figure 5).

Gravimetric Analysis

60

40
W KSR

KQ
W KAP
20
3 7 15 30

Time (days)

Degradation (%)

Figure 5: Percentage graph of the degradation of KSR, KQ
and KAP systems under gravimetric soil analysis.

The difference of masses could also be noticed by
the degradation percentage, which confirmed the
greater degradation. The KSR, KQ and KAP samples
presented increasing degradation percentage of 38, 42
and 45% in 30 days (Table 1).

Table 1: Percentage of Degradation of the KSR, KQ and
KAP Systems under Gravimetric Soil Analysis
Time (days) 3 7 15 30
KSR 4.84 12.10 21.57 38.54
KQ 4.96 13.94 21.52 42.80
KAP 4.24 12.70 29.68 45.62

3.3. Soil Respiration

In the soil respiration analysis performed with 0.5g
of each sample: KSR, KQ and KAP; during the 15 days
interval of material incubation in soil, as shown in
Figure 6, the increase of microbial activity can be
observed.

Soil Respiration

900.0
800.0
3 7000
2 6000 kAP
S 500.0
S 400.0 KQ
O 300.0 -/._. =l=KSR
g’ 200.0 =4=Witness sample

100.0 — ¢ ¢

0.0

7days 15days 60 days

Figure 6: Soil respiration analysis graph.

In Figure 6, the curve relative to the control
corresponds to white, landmark, therefore, to the glass
flasks that contained only 100g soil, without no stored
samples. The respiration increased in all systems at
the first 15 days. The increase of respiration in
descending order for the KQ, KSR and KAP samples
(Figure 6).

The KSR system, as expected, presented
remarkable cellulose content, increasing the microbial
activity observed by the increase of its respiration when
compared to the control.

In the system KAP did not occur high respiration,
suggesting that the presence of lipid at the emulsified
filmogenic matrix promote an increase of the microbial
community metabolism in the soil sample. It is possible
to conclude that the junction of Kraft paper to the
emulsified filmogenic matrix had been stabilized in this
metabolism.

3.4. Microbial Biomass Carbon

In the Microbial Biomass Carbon (MBC) performed
with the KSR, KQ and KAP samples in the 0.5, 2.5 and
5.0g masses, the term control was used to identify the
white, reference point and, therefore, the soil samples
in which no analyzed samples were buried (Figure 7).

It was reported in the KAP and KQ samples the
inhibition of the microbial activity at the first 7 days,
which has been restored from the 15" day.

The KSR samples, within the 7 day collection
period, presented an increase of microbial biomass
carbon with significant statistical differences between
the witness soil and the samples with 0.5, 2.5 and 5.0g
mass. However, there were no changes in the
microbiota and consequently there were no changes in
the samples degradation process. Within the 15 days
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Figure 7: Microbial biomass carbon analysis of the KSR, KQ and KAP systems' (a) 0.5g, (b) 2.5g, (c) 5.0g masses.

collection period, there were no significant statistical
differences between the control witness soil and the
5.0g samples, indicating that a greater the presence of
Kraft paper, when compared to the 0.5 and 2.5g
samples. However, this 5.0 sample presented an
increase within the 7 day collection period, indicating
an increase in the KSR samples degradation process.
Within the 60 day collection period, there were

significant statistical differences between the control
witness soil and the 0.5, 2.5 and 5.0g samples,
indicating a reduction of microbial biomass carbon and
consequent organic matter decrease and a period of
greater microbial activity within the 15 days period.

In the KQ samples, within the 7 days collection
period, there were no significant statistical difference
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Table 2: Comparison between the Percentage of Increase and Reduction of the Microbial Biomass Carbon and Soil
Respiration Analysis of the KSR, KQ and KAP Samples

Samples MBC (uC/gsoil) Respiration (MCO,/100gsoil)
from 7 to 15 days from 15 to 30 days from 7 to 15 days from 15 to 30 days
KSR -22.32% -34.92% +76.59% Stable
KQ +76.29% -47.90% +41.91% Stable
KAP +135.74% -60.87% +78.15% Stable

(+) = increase; (-) = reduction.

MBC = microbial biomass carbon.

between the 0.5, 2.5 and 5g samples when compared
one to another. However, they presented significant
statistical difference when compared to the witness
soil, indicating that there was no increase in microbial
biomass carbon. Therefore, there were no changes in
the KQ samples degradation process. Within the 15
day collection period, there were no significant
statistical difference between the 0.5, 2.5 and 5g
samples when compared to the witness soil. However,
there were significant statistical differences when
compared to the 5.0g samples, indicating microbial
activity reduction. Within the 60 days collection period,
there were no significant statistical differences between
the 0.5, 2.5 and 5.0g samples when compared one to
another. However, when they were compared to the
witness soil, the 0.5 and 5.0 g samples presented
significant statistical differences and reduction in
microbial activity, indicating that there was no organic
matter in the soil, indicating that the period of greater
microbial activity occurred at the 15 days interval.

In the KAP samples, within the 7 day collection
period, there were no significant statistical difference
between the 0.5, 2.5 and 5g samples when compared
one to another and to the witness soil. Within the 15
day collection period, there were significant statistical
difference between the 0.5, 2.5 and 5g samples when
compared one to another and to the witness soil. Such
difference was greater for the 5.0g sample, indicating
an increase of biomass carbon. This increase also
corresponded to an increase of organic matter and
consequently to an increase in the degradation of KAP
samples in soil. Within the 60 day collection period,
there were significant statistical difference between the
0.5, 2.5 and 5g samples when compared one to
another and to the witness soil. Such difference was
greater for the 5.0g sample, once again indicating the
increase of degradation of KAP samples in soil.

3.5. Microbial Biomass Carbon and Soil Respiration

The microbial biomass carbon and soil respiration
are interlinked, since the steady respiration behavior of

a certain soil sample corresponds to a reduction of
biomass carbon (Figure 8).

The comparative analysis of the MBC and soil
respiration analysis, performed in the KSR, KQ, and
KAP samples, showed the reduction and relative
increase when compared to both analysis (Table 2).

The KSR sample, at the 7 from 15 days collection
interval, reduced 22.23% in CBM and increased
76.59% in soil respiration. Within the 60 days collection
interval, the KSR sample had its MBC reduced about
34.92% and the respiration analysis remained stable,
indicating that when there was no more microbial
activity, there was heat of the microorganism’s
respiration that indicates consistency in the analysis.

The KQ sample, within the 7 to 15 day collection
interval, had its MBC increased about 76.29% and at
the same time presented 49.91% soil respiration.
Within the 15 to 60 day collection interval, the KQ
sample had its MBC reduced about 47.90% and the
respiration remained stable, indicating that as the
respiration stabilized, the MBC reduced.

In Figure 8, the KSR samples present 22.32%
reduction of Microbial Biomass Carbon up to 15 days
and 34.92% from 15 to 30 days.

The samples had a microbial biomass carbon
increase of: KQ (76.29%), KAP (135.74%); however,
the KAP samples presented a great increase than the
other samples, what can be due to the presence of lipid
in the composition of films applied as coating in Kraft
paper sheets.

3.6. Enzymatic Soil Activity

The degradability of samples was assessed by the
enzymatic soil activity, where the KSR, KQ and KAP
samples were buried. The experiments were aimed to
determined the enzymatic activity of cellulase enzyme.
The increased production of cellulase by
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Figure 8: Solil respiration and Microbial Biomass Carbon
using 0.5g of material of the (a) KSR, (b) KQ and (c) KAP.

microorganisms was observed more closely in the soil
samples in which the KSR and KQ samples were
buried in 15 days with 5.0g sample mass (Figure 9).

The soil is a complex system, shared by beings of
different species interacting one with the other and with
the soil constituents.

4. CONCLUSIONS

. It was possible to see in MEV analysis the
formation of microbial biofilms in 8h in KQ

Enzymatic Activity
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0.0350 d
0.0300 1
0.0250 1
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0.0150 1
0.0100 1
0.0050 1
0.0000

ug Glucose (100 g soil

Initial time KSR 454ays KQ KAP

Figure 9: Enzymatic activity of KSR, KQ and KAP samples.

samples, and during the collecting periods (3, 8,
12 and 72h) it was possible to see the gradual
growth of KQ and KAP bacterial cells when
compared to the KSR samples, indicating that
the chitosan film and emulsified chitosan-based
coatings act as a substrate to the
microorganisms, inducing their growth.

. The KSR, KQ and KAP samples presented
increasing degradation percentage of 38, 42 and
45% in 30 days and 62, 67 and 49% in 60 days,
indicating that they were degraded.

. The respiration increased in all systems at the
first 15 days. The increase of respiration was
accented for the KSR, SQ and KAP systems in
descending order.

. It was reported in the KAP and KQ samples the
inhibition of the microbial activity at the first 7
days, which has been restored from the 15th
day. Among the samples studied, it was
observed the increased of carbon in microbial
biomass, showing an increase in microbial
activity in soil at the first 15 days, mainly in KAP.

. The increased production of cellulase by
microorganisms was observed more closely in
the soil samples in which the KSR, KQ, FQ and
FAP samples were buried in 15 days with 5.0g
sample mass.

. The increased production of cellulase by
microorganisms was observed more closely in
the soil samples in which the KSR, KQ samples
were buried in 15 days with 5.0g sample mass.
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