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Abstract: Polyvinyl alcohol (PVA) composite films with different hemp protein particles (HPP) as additives were
successfully synthesized by a solution casting method. The properties of HPP-based PVA composites films were
investigated. The characterizations of pure PVA and PVA composite films were performed regarding Fourier
transform infrared spectroscopy (FTIR), ultra-violet (UV-Vis) to investigate the chemical properties.  The
formation  of  hydrogen bond in  the  PVA-HPP films,  which  could  improve the compatibility  of  the  two
components was investigated by FTIR spectroscopy and UV-Vis analysis. The overall results showed that a
higher loading of HPP into the PVA matrix improved the chemical interactions significantly.  The swelling
degree decreased while the water contact angle values increased as the HPP content increased. 
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INTRODUCTION

Production  of  biodegradable  material  from natural
materials  resources  instead  of  non-biodegradable
synthetic polymers increases great attention due to
the  developing  consciousness  of  the  green
environment  (1-4).  Several  researchers  have
synthesized  biodegradation  composites,  applying
many forms of natural polymers as fillers such as
cellulose, lignin, starch, chitin, chitosan, soy protein,
and  wheat  protein.  These  fillers  were  used  as
bioabsorbable  composites  due  to  their  low  cost,
excellent  processability,  biodegradability,  and
simplicity  of  physical  and  chemical  improvements
(5,6). 

Generally, the natural materials as additives, which
revealed are difficult to melt or dissolve in a normal
solvent  procedure  as  a  result  of  their  strong
intermolecular bonding between cellulose and lignin
even  though  the  abundance  of  these  natural
materials (6). Hence, the addition of the synthetic
polymer is regularly studied to convert these into an
expected form. While these materials are significant

mainly due to their environmentally friendly nature,
to  prepare  a  completely  green  material,  the
biodegradable synthetic polymer's utilities are more
advantageous  rather  than  the  non-biodegradable
(7-9). 

PVA is considered a great low-cost option because it
is recognized for its chemical, thermal stability, and
biodegradability.  Renewable  fillers  (carbohydrates
and fibers) are cheap and biodegradable naturally in
the  environment  (10).  Many  plant  materials  are
derived  from  renewable  crops or  their  wastes
processed, adding a good source of fibers for many
industrial  applications (11-14).  The  hydrophilic
composition,  which consists  of  hydroxyl  groups in
the PVA structure, is well-linked with carbohydrates,
creating  significant  agreement  in  composites  (15-
18).

Fiber-reinforced polymer matrix became substantial
attention  in  many  applications  as  a  result  of  the
good properties and superior advantages of natural
fiber in term of its relatively low weight, low cost,
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less  damage  to  processing  equipment,  and  good
relative mechanical properties (19).

This study was investigated based on the chemical
and HPP biodegradation treatment, defibrillated and
distributed in an aqueous suspension. The films of
PVA/HPP composite  were  prepared  by  the  casting
method.  PVA-HPP  films  containing  different  HPP
loadings of 3, 7, and 12% (w/w), were formed as
composites.  The chemical,  biological,  and physical
characterizations were assessed. The purpose of this
work was to assess the impact of incorporating HPP
addition in PVA films, evaluating their compositions,
chemical  and  biodegradation  characterizations  of
PVA composites. 

EXPERIMENTAL 

Materials 
Polyvinyl alcohol material was provided from Sigma-
Aldrich, UK,  MW= 124,000-186,000; the hydrolysis
degree is in the range 87-89 mol%; hydrolysis rate:
90%;  density:  1.3  g/cm3.  The  α-amylase  and  β-
amylase  were  provided  from  Merck  KGaA  Co.

Germany.  Hemp protein  particles  were  purchased
locally,  containing  1.7%  moisture,  0.23%  protein
and 0.075% fat, and used without further chemical
treatments.

PVA Composite Preparations
A 7% (w/v) PVA solution was prepared by inserting
10 g of PVA into 90 mL of distilled water. Then, the
solution  was  heated  and stirred  at  ~80 °C  for  6
hours to  achieve complete homogeneity, after that
the  solution  was  kept  at  room  temperature.  The
10% (w/v) PVA solution was mixed with 3, 7,  and
12% of  HPP  powder  (HPP  particle  size  300  μm),
creating the casting solution. The composite mixture
was poured into a glass dish and positioned on a
levelled smooth surface with the right thickness (40
µm). The composite mixture was kept for three days
at  room  temperature  and  then  by  drying  in  a
vacuum oven at 60 °C for three days. After drying,
the composite films were later removed from their
dishes  and put  up in  a  desiccator  for  future  use.
Figure  1  shows  the  chemical  covalent  interaction
between HPP and PVA to form PVA composites.

 

Figure 1: Chemical covalent interaction between HPP and PVA to form PVA composites.

CHARACTERIZATION

Fourier  Transform  Infrared  Spectroscopic
analysis 
FT-IR analysis  of  composite  films was carried out
utilizing an FTIR Spectrum 400 (Perkin Elmer, USA).
The investigation was performed within  the  range
between 4000 to 500 cm-1 with a 4 cm-1 resolution
and a total of 20 scans. The spectra of FTIR were
recorded in the absorbance mode.

UV-VIS Analysis
A UV–Visible-NIR spectrometer was utilized a double
beam  Lambda-25  UV-VIS  spectrophotometer

(Bandwidth: 1 nm and minimum spectral resolution:
0.5  nm)  to  determine  the  maximum  absorbance
spectra  within  the  wavelength  range (200 to  700
nm). 

X-Ray Diffraction
The  XRD  test  for  all  samples  was  carried  out
utilizing  an  X-ray  spectrometer  model  a
(PANalytical, USA) at a scan rate (0. 02°. s-1) and
the  2θ  range  were  between  0  and  80.  The
wavelength of the X-ray was 1.5 Å with a radiation
source (CuKa). All samples were conducted at 40 kV
and 15 mA.
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Swelling  Degree  (SD)  and  Contact  Angle
Analysis 
PVA and PVA composite samples were cut off into
pieces  of  3  ×  3  cm,  weighed,  and  immersed  in
deionized water at 25 ºC for 60 days with different
crosslinking times.  The swollen sample was taken
out  and  wiped with  tissue  paper  to  eliminate  the
residual water on the surface of the film and then
weighed.  The  swelling  degree  is  calculated  by
utilizing the following equation.

SD(%)=
W S –WD

W D

×100 (Eq. 1)

Where Ws = the weight of swollen samples, 
WD = the weight of dried specimens. 

The water contact angle values were tested of PVA
composites,  using  an  optical  contact  angle  meter
type  (SL200KB,  USA)  to  support  the  surface
hydrophilicity of samples.

Enzymatic Testing 
Specific  quantities  of  α-amylase,  β-amylase,  and
distilled water form an enzymatic mixture placed in
a plastic  test tube.  The films were cut  to species
with  dimensions  (2×2 cm2),  and  then,  they  were
weighed by utilizing a digital sensitive balance. The
samples  were  immersed in  plastic  test  tubes  and
subjected to a shaking incubator at a rate of speed
100 rpm at 27 °C and kept for 120 h. Any residual
enzyme  mixture  was  removed,  washed,  utilizing
distilled  water.  The  samples  were  dried  in  a
desiccator under vacuum for 48 h, and then they
were  weighted.  The  degree  of  enzymatic

degradation [DED %] was accounted based on the
following equation. 

DED(% )=
W D –W I

W D

×100 (Eq. 2)

Where WD= the dry weight of the samples after the
enzymatic treatment,  WI = the initial dry weight of
the samples,

RESULTS AND DISCUSSION

FT-IR Analysis: Chemical Linkage
The  FT-IR  spectra  of  the  PVA  and  PVA/HPP
composites are shown in Figure 2.  PVA showed a
wide-ranging  peak  at  3500–3600  cm−1 that  is
attributable to O-H stretching. The specific peaks at
2850  cm−1,  1400  cm−1 and  1100  cm−1 were
attributed to C-H stretching, C-H bending and C-O
stretching,  respectively.  In  the  FT-IR  absorbance
spectra of PVA and PVA/HPP, the band at 2854 cm−1

involves  the  stretching  of  the  C-H  bond  in  the
crosslinked  PVA  and  PVA/HP  composites  be
attributed to the alkyl chain of aldehydes. The bands
observed at 1100–1145 cm−1. Similar groups seem
in 2935/2905 cm−1, instead of CH2 asymmetric and
symmetric  stretching;  1605  cm−1 is  the  C-O
vibration and 1435 cm−1 due to CH2 bending. The
broad groups between 3000–3500 cm−1, which are
related to the stretching vibration of the hydroxyl
group,  display  the  presence  of  intermolecular,
intramolecular  hydrogen  bands,  and  the  reduced
band intensity after the increase of HPP loading in
PVA and gave higher crosslinking that indicated the
formation of the hydroxyl group. 

Figure 2:FTIR Spectra of PVA and PVA composites.
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UV Absorption 
Figure 3 shows the UV–vis absorption of the PVA
with  different  HPP  loading.  The  UV  absorption  of
PVA-HPP composites showed an absorption peak at
260 nm corresponding to n —> p* transition of HPP
filler. Pure HPP represented an absorption at about
260  nm  related  to  its  chromophoric  groups.  In
addition,  pure  PVA  did  not  show  any  absorption
peak in the range of 200–600 nm. As it is shown in
Figure 3, pure PVA-HPP shows an absorption peak

related to HPP absorption peak. After incorporation
of HPP in the PVA matrix, the peak shifted to higher
absorption which indicates the interaction between
HPP and PVA matrix. The minimal absorption of PVA
showed that the PVA has a clarity characteristic. In
the  UV  region  (200-400  nm),  the  pure  PVA
displayed weak UV blocking as a result of the low
light absorption. The intensity of UV absorption of
PVA raised greatly as the amount of HPP rose from
3 to 12 wt.% in the PVA matrix (Figure 3). 

Figure 3: UV-Vis absorption spectra of PVA and PVA/HPP composite samples with different loadings of HPP.

X-ray Diffraction
X-ray  diffraction  was  carried  out  to  test  the  PVA
nature  and PVA composites'  crystallinity.  Figure  4
illustrates  the  diffraction  pattern  for  the  PVA and
PVA/HPP composites, as shown clearly in Figure 8, a
broad peak at 17.5º (peak 1) for the pure PVA film.
However, it was also obviously noticed that the PVA
composite  intensity  exhibited  higher  values  and
significantly shifted toward the higher value of the
angles as the HPP additives were increased. Thus, it
indicates that  incorporating HPP additives into the
PVA  matrix  significantly  increased  the  amorphous
region domain. When the PVA composite becomes
much amorphous, it can be enhanced by reducing

the PVA composite relative crystallization. As shown
in the XRD spectra of PVA, there were two peaks
around 2θ= 11.0º and 2θ = 19.5º (16). From Figure
4,  it  is  shown  that  as  the  content  of  HPP  was
increased from 3 wt. % to 12 wt. % in PVA, the
peak at 2θ = 18.2º slightly increased to 2θ =20.6º.
Therefore, these diffractograms proposed that HPP
in PVA has included a combination of crystalline and
amorphous peaks (20). These results also indicate
that  the  addition  of  HPP  does  not  affect  the
uniformity  in  the  blended  PVA  matrix  structure.
However, rather enhance molecular ordering in the
amorphous phase of the PVA matrix (21). 
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Figure 4. XRD spectra for PVA and PVA/HPP composites with different loadings of HPP.

Effect of the Water Uptake on the Properties of
PVA/HPP Composites
The  wetting  behavior  of  PVA  composites  was
investigated by the static angle with a contact angle
meter by drop method. It was analyzed that neat
PVA is hydrophilic with a contact angle of  48.8º as
shown in  Figure 5 A.  However,  the water  contact
angle  of  PVA  composites  was  reduced  as  the
concentration of HNT nanoparticles was increased.
The 12 wt.% of  HNT in the PVA matrix  have the
highest  hydrophobicity  with a contact angle of 83º
while the water contact angle 3 and 7 wt.% HNT in
PVA increased slightly in comparison to that of pure
PVA (48.8º) as shown in Figure 5(A). 

The value of water absorption in terms of swelling
percentage  crosslinked  PVA  and  PVA  composite
samples are shown in Figure 5.B. 

PVA has a higher  value  of  swelling percentage of
82%  due  to  the  presence  of  a  large  number  of
hydroxy   groups.  These  hydroxyl  groups  allow
incoming water to occur in the interspaces between
mobile polymer chains in the amorphous region of
polymer and hence cause large swelling. In crosslink
films,  a  smaller  number  of  hydroxyl  groups  and
restricted  chain  movement  results  in  significantly
are lower water absorption compared to PVA (21-
24).

In  composite  films,  crosslinking  of  PVA-12% HPP
also  demonstrates  a  significant  lowering  in  the
water absorption of PVA (52.8%) while 3 and 7 wt%
of HNT loading showed slightly decreased by 72.5%
and  67.5%,  respectively,  which  is  slightly  better
than the swelling percentage of PVA (82.5%).  This
is  because  the  crosslinked  PVA  with  HPP  is  less
hydrophilic and absorbs less water. 

Figure 5: The water contact angle (left) and swelling degree (right) of PVA and PVA/HPP composites.

Enzymatic Testing
The weight loss of pure PVA and PVA composites is
displayed in Figure 6. The percentage of DED was

accounted for  later  the  PVA composites  had been
immersed in enzymatic  solution up to 100 h.  The
degree  of  enzymatic  degradation  (DED,  %)  was
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increased with increasing the enzymatic treatment
times, as shown in Figure 6. With the addition of the
biodegradable  HPP,  the PVA blends became much
easier to degrade, as shown in Figure 6. After 20 h
immersion  time,  the  degree  of  enzymatic
degradation of PVA composites increased slightly in
comparison to the PVA matrix. The DED, % of PVA
increased up to 64.2% while (DED, %) values of 3,
7, and 12 wt.% HP in PVA was 26, 30, and 37.4%,
respectively.  Pure  PVA  exhibited  a  slower  rate  of

degradation  than  PVA  composites.  After  100  h
immersion treatment time, 12 wt. % of HPP in PVA
exhibited  a  higher  enzymatic  degradation  rate
(95.5%) while the pure PVA was 67.5%. This higher
observation of the amylase solution in PVA/12 wt.%
HPP the film was due to the  hydroxyl  group that
enhanced the diffusion of α amylase and β-amylase
into  the  PVA/HPP  composite  films  and  then
improved the attack of amylase on the HPP.

Figure 6: Enzymatic biodegradation of PVA and PVA/HPP composite films using α-amylase and β-amylase.

CONCLUSIONS

HPP  has  been  used  as  reinforcement  in  the  PVA
matrix and prepared with sample solution casting.
There  is  a  remarkable  improvement  in  chemical
interaction  that  noticed  in  FT-IR  and  UV-VIS
spectral  analyses.  The  chemical  stability  was
enhanced with increasing HPP loading.  The overall
results showed that a higher loading of HPP into the
PVA  matrix  improved  the  chemical  interactions
significantly.  The  swelling  coefficient  decreased
while the water contact angle values increased as
the HPP content increased. From the XRD results,
crystallinity was decreased by incorporating HPP in
the  PVA  matrix.  The  degree  of  enzymatic
degradation (DED, %) was increased with increasing
the enzymatic  treatment times of  PVA composites
and swelling degree decreased with increasing HPP
loading  in  the  PVA  matrix.  Overall,  an
environmentally friendly technique was investigated
to HPP in wide applications such as biodegradable
packaging.
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