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Abstract Cocoa bean shell is an underutilised residue which can be processed into paper-like active packaging
because of its fiber and phytochemical compounds that have antioxidant and antimicrobial properties. In this study, a
minimal process was applied in making paper from cocoa bean shell. Paper making involed milling for size
reduction, mixing with polyethylene glycol (PEG 1000 g/mole) as a plasticiser, and drying at low temperature
(60°C). Chemical and heat treatment were avoided to preserve the antioxidant and antimicrobial properties of
the shell. Since there was no cellulose isolation process, the resulted papers contained various components other than
cellulose, such as hemicellulose, lignin, and inorganic materials. The addition of PEG in concentration of
5% improved the tensile strength and elongation of the paper. The presence of plasticiser did not affect the paper
thermal stability, antioxidant capacity, and antimicrobial activity. The paper samples reduced DPPH radicals by
approxymately 75% and showed antimicrobial activity againts E. coli, S. aureus, and B. cereus.
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1. Introduction
During the processing of a high value cocoa bean,
various low value by-products, such as cocoa pods,
mucilaginous pulp, and cocoa bean shell are also produced
in relatively high quantity. Among these by-products, the
utilisation of cocoa bean shell is the least studied. One of
the reasons could be the proportion of cocoa bean shell
that is the lowest compared to cocoa pods, mucilaginous
pulp, and beans. The fraction of cocoa bean shell is about
10% of the total cocoa bean mass [1]. Indonesia is one of
the largest cocoa producers in the world with the annual
cocoa production of more than 800,000 tonnes [2] and
availability of cocoa bean shell in Indonesia is abundant.
This shell residue is mostly used as organic compost
because their use as animal feed is limited due to high
theobromine content [1,3].
Despite limited utilisation, the cocoa bean shell has
high potential to be developed into higher value added
products. Cocoa bean shell is known to have high
antioxidant capacity and antimicrobial activity due to the
presence of polyphenols [4]. Moreover, our previous study
shows that this material is mainly composed of
lignocelluloses with the cellulose content approximately
22% (dw), which is relatively higher in comparison to

algal biomass, orange peels, and lemon peels [5]. This
makes the shell a potentially high source of raw material
for paper making.
Although unlike plastic, paper is biodegradable, but
paper production is not always eco-friendly. Most of the
paper products are made from woods that grow for 10-20
years before they can be harvested. However, the wood
availability is decreasing due to increase in deforestration
[6]. The rate of paper production is higher than the rate of
wood regeneration. Therefore, alternative sources for
paper making are needed [6]. China is an example where
paper from non-wood fibers is produced in large quantity
[7]. The fibers used can be from straw, reed, cotton,
bagasses, and bamboo [7]. However, there are no studies
reported for paper made from cocoa bean shell fiber.
In traditional paper making, the biomass is cooked in
alkaline and bleaching solution to remove impurities and
collect cellulose [8]. This process may be applied to cocoa
bean shell, but the phenolic compounds that have
functional properties may most likely get damaged. In
order to preserve the bioactive compounds of cocoa bean
shell, the paper should be prepared with minimum contact
with chemicals and heat treatment. Thus, in this research
we aimed to characterise the properties of cocoa bean
shell papers that were minimally processed. We also
evaluated the effect of polyethylene glycol addition as a
plasticiser. Results of this research are important to further
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develop functional paper-based packaging from cocoa
bean shell.

2. Materials and Methods
2.1. Materials
Cocoa bean shell was obtained from Kalla Kakao
Industri, Kendari, Indonesia. Polyethylene glycol with
molecular weight 1000 g/mole was purchased from Merck.

2.2. Paper Production
Dried cocoa bean shell was ground into fine flour. The
flour was added with distilled water and milled in a ball
mill for three hours. The milled shell was then added with
polyethylene glycol (PEG) in the concentration of 0
(control), 5, 15, and 30% of shell flour. The resultant
suspension was then poured into plastic petri dishes and
dried in the oven (60°C, 12 hours).

2.3. Analysis
Prepared paper samples were characterised for their
chemical, thermal, morphological, mechanical, antioxidant,
and antimicrobial properties. Chemical properties of the
paper samples were analysed using Fourier-transform
infrared spectroscopy (FTIR) (TENSOR 27) and scanning
electron microscopy-energy dispersive X-ray spectroscopy
(SEM-EDX) (JSM-6510) based on method ASTM E
1252-13 and ASTM E1508-12a, respectively. Samples
were made into KBr pellets prior to analysis with FTIR.
Thermogravimetric analysis (TGA) was used to
determine the thermal properties of the papers.
Thermographic analysis (TGA) (TGA Mettler Toledo)
was conducted using ASTM E 1131-14. The initial heat
treatment was done from 50°C to 600°C with temperature
increments of 10°C/min under nitrogen gas (50 mL/min).
Samples were held for 5 mins at 600°C under nitrogen gas
(50 mL/min) and continued with heat treatment up to
900°C (10°C/min) under oxygen gas (50 mL/min).
Morphology of the paper samples was characterised
using scanning electron microscopy (SEM) (JSM-6510)
after coating them with platinum for 45 s.
Mechanical properties (tensile strength and elongation
at break) of the papers were analysed using tensile test
(Shimadzu AGS-10kNG) using ASTM D882-11 with
stretching speed 0.05 mm/min and grip distance 16 mm.
The samples were conditioned at 23°C and 50% RH for
40 hours. The test was conducted at 22°Cand 53% RH.
Antioxidant capacity was evaluated by the DPPH
((2,2-diphenyl-1-picryl-hydrazyl-hydrate) assay. The
DPPH solution was prepared by diluting 4 mg DPPH with
absolute ethanol in a 100 mL volumetric flask. The
solution was incubated for 2 hours in the dark before
using. Paper sample (1 g) was macerated in absolute
ethanol (16 mL) for 6 hours. After 6 hours, the filtrate was
collected and the residue was re-macerated for another 6
hours. The filtrate from the second maceration was
combined with first one. The extract was then mixed with
DPPH solution in the ratio of 1:1 and incubated in the
dark for 30 minutes. Absorbance was read using a
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spectrophotometer at 517 nm. The antioxidant capacity
data was compared between samples using one-way ANOVA
and Tukey’s test (α = 95%) (Minitab Pro 16.2.0.0).
Antimicrobial activity of the paper sample was
analysed againts Escherichia coli, Staphylococcus aureus,
and Bacillus cereus in nutrient agar (NA). Samples were
cut with paper hole punch for uniform size. The samples
were placed on the NA that was swabbed with the
bacterial culture. The media was then incubated for 24
hours at 37°C.

3. Results and Discussion
3.1. Chemical Properties
Chemical properties of the paper samples were
characterised using FTIR and SEM-EDX. FTIR was used
to detect the main chemical compounds in the papers,
while SEM-EDX was used to determine elements present
in the paper samples semi quantitatively. Figure 1 shows
the FTIR spectra of the samples. Cocoa bean shell is
known to be rich in fibers, that include but not limited to,
cellulose, hemicellulose, and lignin [4,9]. The FTIR
spectra of the control paper show the wide peak at
3400-3200 cm-1 that indicate the presence of -OH groups.
The -OH peak together with C-O-(H) peak at 1050 cm-1
are fingerprints for the presence of cellulose [10].
Hemicellulose was indicated by the peak at 1730 cm-1 for
its acetyl and uronic ester groups. Peak at 1730 cm-1 may
be due to the ester linkage of carboxyl groups of ferulic
and p-coumaric acids of lignin. Lignin was also indicated
by the peak at 1540 cm-1 (the vibration of aromatic
ring) and 1254 cm-1 (guaiacyl ring breathing with C=O
stretching) [11].

Figure 1. FTIR of paper samples.

The addition of 5, 15, and 30% of PEG modified
the FTIR spectra of the samples relative to the control
(Figure 1). PEG and cocoa bean shell components,
especially the cellulose, may interact through hydrogen
bonding. According to [12], hydrogen bonding interaction
can be evaluated by IR spectra. The indication of
hydrogen bonding is marked by peak shifting, increase in
peak intensity, peak boardening, and the distortion of the
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peak asymmetry [12]. As can be seen in Figure 1, the peak
for -OH shifted from 3433 cm-1 in the control film to 3421
cm-1 for the PEG-plasticised samples. The intensity of the
peak increased and the symmetry level changed. Thus, it
could be concluded that the PEG formed hydrogen
bonding with -OH groups of the cocoa bean shell.
An obvious change could also be observed at the peak
around 1050 cm-1, which corresponds to C-O-(H) group
(Figure 1).
Besides lignocelluloses and PEG, the paper also
contained several elements, such as Mg, Al, Si, S, K, Ca,
and Zr, as indicated by SEM-EDX results in Table 1.
These elements are from the cocoa bean shell since there
was no added additive during the control paper making.
One should note that the sample contained relatively high
zirconium element (approximately 17.3%). The presence
of minute amount of zirconium in food products has been
well known since zirconium is ‘the twentieth most
common element on the Earth’s surface’ [13]. Zirconium
itself also does not play any biological value and there is
no adverse effect to human health reported [13]. However,
according to [14], zirconium is relatively immobile in soil,
hence the plant absorbtion of this metal is limited.
Therefore, our finding, where the cocoa bean shell paper
contained about 17% zirconium, should not be ignored.
Further investigation is needed to discover the source of
zirconium, the mechanism on how this metal was
absorbed in large quantity in cocoa plant, and the
implication of this metal to products derived from this
cocoa plant.
Table 1. Elements in the Control Sample
No
1
2
3
4
5
6
7
8
9

Elements
C
O
Mg
Al
Si
S
K
Ca
Zr

Content* (% mass)
41.09 ± 0.28
31.55 ± 0.59
0.83 ± 0.02
1.74 ± 0.02
1.11 ± 0.04
1.05 ± 0.02
3.40 ± 0.29
1.97 ± 0.11
17.26 ± 0.39

Figure 2. TGA curve of paper samples.

The addition of PEG did not change the initial
degradation temperature of the paper (Figure 2). Hence,
the thermal stability of the paper was not affected by the
present of plasticiser. Our previous study [19] also showed
similar results, where the use of PEG 1000 g/mole or
higher have no effect on the initial degradation temperature
of nanocellulose film from banana pseudo-stem. This was
the reason PEG was chosen as the plasticiser in this study.
Although PEG did not affect the initial degradation
temperature of the paper, it changed the TGA curve of the
samples (Figure 2). The presence of PEG was indicated in
TGA curve by a sudden drop at temperature closer to 355
o
C, which indicated the PEG decomposition [19]. This
decomposition was more obvious in PEG 30 since this
sample contained the highest amount of PEG.
The addition of PEG also affected the interaction
between paper and water. Since PEG is polar, this
plasticiser could hold water and its water holding ability
can be inferred from the TGA curve in Figure 2 and
Table 2, where the initial mass reduction at 50-150°C,
which was the evaporation of moisture, was lower in PEG
plasticised paper than in the control paper.
Table 2. Composition of the paper samples based on TGA results
Unit

*semi quantitative.

3.3. Thermal Properties
Thermal properties of the paper samples were analysed
using TGA. The TGA curve is shown in Figure 2. The
initial degradation temperature (Ti) of the control sample
was around 200°C. This was similar to the degradation
temperature of other non-wood biomass, such as bagasse,
rice straw, and rice hulls [15]. However, the control paper
sample degraded at lower temperature than the paper
made of pineapple leaves fiber [16] and pulps from
Prunus amygdalus and Tamarisk sp. [17] that have initial
degradation temperature in the range of 230-250°C. The
control paper had lower Ti than the later examples
because the control sample was made of the whole cocoa
bean shell, while paper made from pineapple lea and the
pulp undergo process to remove materials other than
cellulose. The whole cocoa bean shell still contained
protein and carbohydrate other than cellulose that would
degrade at lower temperature than cellulose [4,18].

Control
PEG5
PEG15
PEG30

%
%
%
%

Highly
Volatile
Materialsa)
3.65
2.61
-

Medium
Volatile
Materialsb)
54.46
41.84 & 18.97
38.00 & 27.38
35.95 & 26.31

Combustible
Matterc)

Inorganic
Residues

23.25
23.49
21.60
21.38

18.65
13.09
13.03
16.37

a) Decomposition of organic material at 50-150 °C in N2 gas
b) Decomposition of organic material at 150-600 °C in N2 gas
c) Non-decomposed organic material up to 600 °C in N2 gas.

Another important information that can be deciphered
from the TGA results is the amount of inorganic residue in
the paper samples. There was about 13-18% of inorganic
residue left after the TGA heating process (800°C)
(Table 2). These residues were most likely composed of
inorganic elements that were listed in Table 1. The
presence of inorganic residues could affect the quality of
the paper. The residue may act as filler that would
improve the mechanical properties of the paper or disrupt
the fiber network that adversely affects the paper strength
[20]. Further investigation is needed to determine how
exactly these residues affect the paper quality.
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As mentioned earlier, paper samples in this research
were prepared from the whole cocoa bean shell in order to
preserve the bioactive compound in the raw material. As a
result, the papers contained numerous amounts of compounds
that are naturally present in the cocoa bean shell and caused
uneven surface as can be seen in Figure 3. Heterogeneous
components in the papers was also suspected to cause
relatively large pores. The presence of PEG in the paper
matrix was not obvious from the SEM images. This was
desirable since it indicated that there was no phase
separation between PEG and the paper matrix.

Figure 3. Morphology of the papers: a) control, b) PEG 5, c) PEG 15,
d) PEG 30

The effect of PEG on the mechanical properties of the
paper is shown in Table 3. The control paper had tensile
strength of 4.54 MPa and strain at break 1.15%. The
strength of the paper can be comparable with the paper
made from the mixture of cassava bagasse and kraft paper
that was reported by [21]. However, the control sample of
the paper could not be folded as it was brittle and breaks
when folded.
The addition of PEG could slightly improve the
flexibility of the paper at low concentration (strain at
break of PEG 5 was 1.35%). At higher concentration, PEG
with molecular weight 1000 g/mole did not improve the
strain at break of papers. However, all the plasticised
papers were not brittle and foldable. The foldability of a
paper is important, especially when the paper is intended
for use in food packaging.

1000 g/mole at concentration of 5% was the optimum
amount for improving the mechanical properties of cocoa
bean shell paper.

3.4. Antioxidant Capacity and Antimicrobial
Activity
The primary aim of minimal processing of cocoa bean
shell for paper production was to preserve the bioactive
compounds that according to [4] have antioxidant and
antimicrobial properties. Figure 4 shows the antioxidant
capacity of the papers. As shown in Figure 4, the control
sample had relatively high antioxidant capacity, which
was approximately 83% and the presence of PEG did not
significantly (p>0.05) affect the antioxidant capacity of
the papers. Plasticised samples had antioxidant capacity in
the range of 69-77%. Thus, the process of paper making in
this study had successfully preserved the antioxidant
property of the cocoa bean shell. This also shows that the
papers made from cocoa bean shell have great potential
for use in packaging of fatty food and provide protection
to the product from oxidation.
Antioxidant capacity (%)

3.4. Morphology and Mechanical Properties
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Figure 4. Antioxidant capacity of paper samples. Means that share the
same letter are statistically the same (p>0.05)

Antimicrobial property of the papers was evaluated
against E. coli, S. aureus, and B. cereus. After one day
incubation, the bacteria colonies covered almost entire
surface of the agar media, except where the paper sample
was placed. Figure 5 shows an example of how the E. coli
colonies did not grow on the area with paper attached.
This was also observed for other bacteria in all paper
samples, which indicated that the papers had antibacterial
properties. The addition of PEG neither improved nor reduced
the antimicrobial properties of the cocoa bean shell papers.

Table 3. Tensile strength and strain at break of paper samples
Samples
Control
PEG 5
PEG 15
PEG 30

Tensile strength (MPa)
4,54 ± 0,91
6,76 ± 1,27
5,65 ± 1,34
4,87 ± 0,61

Strain at break (%)
1,15 ± 0,35
1,35 ± 0,45
1,07 ± 0,50
1,10 ± 0,05

Tensile strength of the paper improved due to the
addition of PEG. Although, the tensile strength of the
plasticised papers decreased with increase in the
concentration of PEG. At higher concentration, PEG may
have trapped more moisture from the environment,
which caused the paper to be softer. Thus, it can be
concluded that the addition of PEG with molecular weight

Figure 5. Paper samples againts E. coli. A control, B PEG 5, C PEG 15,
and D PEG 30
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4. Conclusion
Foldable papers that had antioxidant capacity and
antimicrobial activity had been successfully made from
cocoa bean shell with minimal processing and without
chemical extraction and heat treatment. The paper samples
contained compounds that are naturally present in cocoa
bean shell, such as cellulose, hemicellulose, lignin,
and inorganic materials. The paper samples prepared
in this study also contained zirconium at relatively high
quantity, which needs further investigation. The addition
of plasticiser in paper making was crucial since the
unplasticised paper was brittle and unfoldable. PEG with
molecular weight 1000 g/mole as plasticiser improved the
mechanical properties of the paper, especially in the
concentration of 5%. This plasticiser did not affect
thermal stability, antioxidant capacity, and antimicrobial
activity of the paper. The paper extract could reduce the
DPPH radical by approximately 75% and inhibit the
growth of E. coli, S. aureus, and B. cereus.
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