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Plastic pollution has led to the development of bioplastic to replace conventional petroleum-based plas-
tic. It has received attention and interest from many researchers due to the global issues of plastic pol-
lution. The formulation to synthesize the bioplastic film has been established throughout the years
with the incorporation of renewable sources such as starch, cellulose, plasticizer and several other addi-
tives to obtain a high quality bioplastic film. This study formulated a biocomposite using carrageenan,
microcrystalline cellulose (MCC), polyethylene glycol (PEG), glyoxylic acid and hydroxypropyl methylcel-
lulose (HPMC) to produce bioplastic films reinforced from a renewable resource. The percentage of MCC
was manipulated through the study to observe the strength of the film obtained with the increasing per-
centage of MCC. The film was cast onto the stainless steel plate and left to dry for 3 h at 60 �C. The results
demonstrated that the highest value of tensile strength is 20.74 MPa at 1% of MCC addition. Besides that,
the value of moisture content increased with the increasing percentage of MCC which is 16.72% at 3.5% of
MCC concentration. Results showed that the increasing concentration of MCC increased the moisture
content in the film hence influenced the strength of the bioplastic film obtained.
� 2020 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-
nc-nd/4.0). Selection and peer-review under responsibility of the scientific committee of the International
Conference on Advanced Materials, Nanosciences and Applications & Training school in Spectroscopies
for Environment and Nanochemistry.
1. Introduction

Bioplastic is an alternative to the conventional petroleum-based
plastic [1] to resolve the environmental pollution. Bioplastic are a
form of plastic that derived from renewable biological resources
such as plants, bacterial and algal sources [2]. Bioplastic has been
applied in numerous types of fields including food packaging, med-
ical care, agricultures and electronics. Although significant
improvements have been achieved such as non-brittle film, there
are still some restrictions to be overcome to obtain low-cost bio-
plastic with the same mechanical properties which are comparable
to the conventional plastic material [3]. Some characteristics of the
bioplastic such as poor heat seal ability, thermal instability, high
water vapour, brittleness and low melt strength which needs to
be improved. Coating, blending and addition of cellulose are some
of the methods proposed to overcome the limitations of these bio-
plastics [4,5] such as high water vapour and thermal instability.

A review on carrageenan structure [6,7] which is a natural
polysaccharide contains 3,6-anhydro group. The carrageenan
structure is held by inter-and intra-molecular forces, such as
hydrogen bonds, hydrophobic and Van der Waals forces [7,8].
The establishment of physical crosslink or hydrogen bond interac-
tion between kappa carrageenan and crosslinker in the biocompos-
ite application affects the carrageenan matrix arrangement to
change the swelling property. The biocomposite improved the dis-
integration time in water which is an important criterion to
develop biodegradable plastic to combat the environmental pollu-
tion. Meanwhile, cellulose is one of the natural fibres and it is
abundant polymer on earth. It contain b �1,4 linked glucopyranose
units with polymer chains associated by hydrogen bonds. Cellulose
ty of the
ent and
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can be biosynthesized by a number of living organisms from lower
to higher living plants, sea animals, bacteria and fungi [9,10,11].
Cellulose is in high demand for biocompatible and environmental
friendly products since it is renewable by nature in relatively short
period of time and abundant. Out of many, microcrystalline cellu-
lose (MCC) is widely used in variety of applications such as phar-
maceutical, cosmetic, food and polymer industries. MCC was
utilized as a stabilizer, water retainer and emulsifier in different
types of colloidal form of pastes and creams [12]. Special features
such as lightness, strength, non-toxicity, water insolubility, bide-
gradebility and renewability provides MCC a more attractive to
be used in diverse industrial applications [13,14,15].

In this study, bioplastic film was produced by incorporated car-
rageenan and different concentration of microcrystalline cellulose
(MCC) with polyethylene glycol (PEG), glyoxilic acid and hydrox-
ypropyl methylcellulose (HPMC) as plasticizer, crosslinker and
thickener, respectively. This study was purposed to investigate
the effect of the different percentage of cellulose (MCC) on the
strength of the bioplastic film obtained.
Table 1
Moisture content of the carrageenan-cellulose films.

Concentration of MCC (%) Moisture Content (%)

0.5 15.20 ± 0.43
1 13.28 ± 0.31
1.5 13.72 ± 0.31
2 14.75 ± 0.86
2.5 16.08 ± 0.33
3 16.62 ± 1.02
3.5 16.72 ± 0.25
2. Materials and methods

2.1. Materials

Refined carrageenan was purchased from TACARA, Sabah,
Malaysia. Glyoxylic acid (C2H2O3, MW: 74.04 g/mol); hydrox-
ypropyl methylcellulose (HPMC) (C56H108O30) and microcrystalline
cellulose (MCC) were purchased from Sigma-Aldrich, USA. Mean-
while polyethylene glycol (PEG) was purchased from Merck,
Germany.

2.2. Preparation of carrageenan-cellulose biofilm

The 3 g of carrageenan was dissolved in 200 mL of deionized
water at 60 �C for 1 h. At the same time, 1 g (0.5%) of MCC and
1 g of HPMC was dissolved in 50 mL of deionized water, separately.
All of the solution was continuously stirred until a homogenous
solution was obtained.

After that, MCC and carrageenan solution were mixed together
and continuously stirred for 30 min. PEG and HPMC were added
into the carrageenan-MCC solution and stirred for another
30 min. Finally, 0.2 mL of glyoxlic acid as the crosslinker was added
into the mixture with continuously stirring for 30 min. Then
200 mL of the sample solution were poured onto
43 cm � 29 cm � 1.8 cm stainless steel trays. The thicknesses of
each film were measured using electronic vernier caliper after
3 h drying in the oven at 60 �C. The process was repeated with dif-
ferent percentage of MCC (1, 1.5, 2, 2.5, 3, and 3.5%) concentration.

2.3. Biofilm characterizations

2.3.1. Moisture content
The moisture content of the biofilm was determined using

moisture analyzer (ANDMS-70, Japan). Approximately 0.1 g of bio-
film sample was placed on the heating pan and the sample was
heated with continuous heating. The analysis was stopped auto-
matically when constant value of moisture content were obtained
[16].

2.3.2. Viscosity and strength analysis
The viscosity analysis of the formulation solution were mea-

sured using Viscometer (Brookfield, Rheo 3000, USA) equipped
with LCT 25. Approximately 16.5 mL solution was programmed
at the speed of 300 rpm with 100 MPoints at a constant tempera-
ture (40�C).
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Meanwhile the elongation at break (EAB) and tensile strength of
the biofilm were carried out using textile analyzer testing machine
(CT3-Texture Analyzer, Broolfield, USA) equipped with TexturePro
CT V1-8 Build 3.1. The biofilm was cut into the dumb-bell shape
(2 cm � 10 cm) and fixed to the tensile machine at both end prior
to the mechanical testing with 50 kg load cell. The method was sets
accordance to ASTM D882-12 and a crosshead speed of
50 mmmin�1 was employed [16,17]. Elongation at break (EAB)
and tensile strength was calculated from the data obtained from
the textile analyzer testing machine by using the equations as fol-
lowed [18,19]:

tensile strengthðMPaÞ ¼ ðload at breakÞ=ðoriginalwidthÞ
� ðoriginal thicknessÞ ð1Þ

elongation at breakð%Þ ¼ ðelongation at rupture=initial gage lengthÞ
� 100

ð2Þ
where the load at break and the elongation at rupture can be col-
lected from the data from texture analyzer and initial gage length
was depend on the crosshead speed used during the testing.

2.3.3. FTIR functional group determination
For the determination of the functional group presence in the

biofilm, a Perkin Elmer ATR-FTIR spectrometer (Frontier, USA)
was used. The sample was analyzed in the range of 400 to
4000 cm�1. A total of 32 scans were acquired with spectra resolu-
tion of 6 cm�1. Then the spectra were analyzed using OMNIC
software.

3. Results and discussion

3.1. Moisture content and appearance of the biofilm

The moisture content for each carrageenan-cellulose films with
different percentage of MCC used are shown in Table 1. The
increasing value of the percentage of MCC had increased the value
of the moisture content for the films. At 1% of MCC, the value of
moisture content was the lowest with only 13.28% of moisture
inside the film obtained. Meanwhile, the highest value of moisture
content was at 3.5% of MCC which is 16.72%. The increasing value
of the moisture content in the film has increased due to the pres-
ence of the MCC. MCC increased the tendency for the films to
absorb more water. Hydrophilicity properties of carrageenan
increased with the incorporation of MCC due the intermolecular
interaction between carrageenan and MCC had increased the num-
ber of H bonding which increasing the affinity for the films
obtained to adsorb more water [20]. Since carrageenan is hydro-
philic and soluble in water, carrageenan is more sensitive towards
water compared to MCC, hence it mobilize more water [16]. Thus
this would reflect the result of moisture content where at 0.5%
MCC concentration, the moisture content is higher than the subse-
quent of 1% and 1.5% MCC concentration.



Fig. 1. Moisture content and tensile strength of carrageenan-cellulose films.
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Fig. 1 shows the relationship between moisture content of the
biofilms obtained and the tensile strength. The presence of more
water molecule in the moisture content was increased; it
decreased the tensile strength of the films. 1% of MCC shows the
highest value of tensile strength with the lowest value of moisture
content which was 13.28%. Meanwhile, 3.5% of MCC had the high-
Fig. 2. Physical appearance of c
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est value of moisture content with 16.72% achieved the lowest
value of tensile strength. When the water adsorption of biofilms
was high, the properties of the biofilms obtained would change
by reducing the value of tensile strength and resulting to the brittle
biofilms [21]. Hence, this characteristic demonstrated that 1% of
MCC film is more favorable compared to the other film obtained.
arrageenan-cellulose films.
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The moisture content also affected the appearance of the film
obtained. As the concentration of MCC increased the biofilms
obtained was thicker and less opacity. Fig. 2 (a) and (b) shows
the film with 0.5% and 1% of MCC, respectively have the smoothest
surface and more transparent compared to the other films. Mean-
while, the films with 3.5% of MCC shows the high opacity com-
pared to the other films. A similar effect of MCC on the surface
appearance of the avocado seed starch biocomposite films also
was observed [22]. MCC is insoluble in water [23] and the surface
opacity at the higher concentration of MCC tends to retard the
intermolecular relation between the compounds which resulting
aggregate and heterogeneous film surface was obtained [22]. The
transparency of the film appearance has a relation with the con-
centration of MCC used into the matrix at the higher concentration
of MCC. Thus, cloudier solutions of the films were obtained.
Fig. 3. Relationship of (a) tensile strength and viscosity and (b
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3.2. Viscosity and strength analysis

Viscosity represents the intermolecular interaction among the
chemical compound in the film matrix. Viscosity also can be corre-
lated with the tensile strength of the biofilms obtained [24]. Fig. 3
(a) shows the graph that indicates the connectivity between vis-
cosity and tensile strength of the film. Fig. 3(a) shows that 1% of
MCC has the higher value of viscosity which is 352.55 mPa/s com-
pared to other films. 3.5% of MCC films have the lowest value of
viscosity at 198.26 mPa/s. This pattern of results is due to the com-
plementary number of carboxylmethyl group of MCC with car-
rageenan and other material in the matrix which leads to the
increasing of intermolecular interaction between the composite
chains of the films [25]. Meanwhile, 3.5% of MCC has the lowest
value in both viscosity and tensile strength might suggest to the
agglomeration of MCC in the biocomposite matrix [26].
) tensile strength and EAB of carrageenan-cellulose films.



Fig. 4. Infrared spectra of carrageenan, MCC and carrageenan-cellulose film.
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EAB indicates the capability of the sample to endure the pres-
sure being applied and the breaking point of the samples. Fig. 3
(b) shows the relationship between tensile strength and EAB of
the films obtained. The graph shows that 1% of MCC has the highest
value of tensile strength and EAB of 20.74 MPa and 35.12%, respec-
tively. Meanwhile the lowest value of tensile strength and EAB are
5.16 MPa and 15.15%, respectively for 3.5% MCC. Both tensile
strength and EAB usually is caused by the presence of plasticizer.
Hence the decrement in tensile strength and EAB as the concentra-
tion of MCC increased is due to the insufficient amount of plasti-
cizer in the compound that inhibits the flexibility and continuity
in the matrix chain [27]. The sample without reinforcement tends
to have poor mechanical and physical properties [28]. Hence, the
addition of MCC as the reinforcement agent into the bicomposite
matrix is to improve the mechanical and physical properties of
the films obtained. 1% addition of MCC improved the mechanical
& physical properties of film at the optimum concentration.

3.3. FTIR functional group determination

Fig. 4 shows the infrared spectra of carrageenan, MCC and 1% of
MCC film. All films at different concentration of MCC exhibited an
identical spectrum with the existence of the identical functional
group as in 1% of MCC addition.

Infrared spectrum of carrageenan shows significant functional
groups that present in carrageenan molecular structure. Peak at
1223 cm�1 in the spectrum indicates the –SO sulphate esters in
carrageenan and peak at 1034 cm�1 shows the glycosidic linkage
(–CO) of carrageenan. The glycosidic linkage usually appeared in
the range from 1010 to 1080 cm�1 [29]. Meanwhile, band that
appeared at 923 cm�1 and 841 cm�1 attribute to 3,6-anhydro-D-
galactose (–CO) and D-galactose-4-sulfate (–COSO3) of car-
rageenan, respectively. 3,6-anhydro-D-galactose usually appeares
in the range of 925–935 cm�1 and D-galactose-4-sulfate appeares
in the range from 840 to 850 cm�1 [29]. Thus, the sample is con-
firmed as the j-carrageenan chemical structure.

The infrared spectrum of MCC in the figure indicates several
functional groups that are usually found in the MCC. Broad band
of 3381 cm�1 in the figure is due to the stretching vibration of –
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OH groups of the MCC and this band usually appeared in the range
of 3200–3500 cm�1 [30,31]. Peak at 2875 cm�1 belongs to the
asymmetrically stretching vibration of –CH groups of MCC, peak
at 1647 cm�1 indicates the –OH adsorbed water vibration and
finally peak at 1062 cm�1 shows the –CO groups of cellulose
[32]. The infrared spectrum of 1% of MCC shows the fingerprint
from carrageenan and MCC. However, it can be seen that the peaks
is slightly shifted and increased in intensity which indicates the
intermolecular interaction between carrageenan and MCC had
occur in the biocomposite matrix. As can be seen peak at
1247 cm�1 was belongs to the carrageenan however shows
increasing in the intensity of the peak as the peak appeared more
obvious compared to the original carrageenan spectrum. Same
goes to the peak at 924 cm�1 and 842 cm�1 which also belong to
carrageenan and the intensity of the peak was increased higher
compared to the original peak which also shows that there were
also highly interaction occur at the functional group of 3,6-
anhydro-D-galactose and D-galactose-4-sulfate of carrageenan
with MCC.
4. Conclusion

In conclusion, the addition of the MCC into the matrix of car-
rageenan biocomposite improved the tensile strength, EAB, water
content and the appearances of the films. However, as the percent-
age of the MCC increased from 0.5% until 3.5% the mechanical and
physical of the films changed where the results shows that biofilm
with 1% of MCC give the most favorable properties for bioplastic.
The film has the highest value of viscosity, tensile strength and
EAB which were 352.55 mPa/s, 20.74 MPa and 35.12%, respec-
tively. Thus, 1% of MCC bioplastic holds the priority to be further
explored as a potential packaging material.
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