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Abstract: The gelatin/chitosan (GEL/CTS, GC) membranes have been fabricated well by a simple in-situ
method. The as-prepared GC membranes were characterized by morphological surface (scanning electron
microscopy,  SEM),  chemical  (Fourier-transform  infrared  spectroscopy,  FT-IR),  crystallinity  (X-ray
diffraction,  XRD),  thermal  (thermal  gravimetric  analysis,  TGA),  mechanical  (tensile  test),  hydrophilic
(water contact angle), and swelling properties to elucidate the changes in their chemical structures and
morphologies. The morphological structure of the GC membranes was found to be very smooth, non-rough
and homogeneous. The FT-IR and XRD studies manifest that the GC membranes have good interaction and
compatibility between GEL and CTS in the hydrogel mixture. The prepared GC membranes also obtain
better thermal, mechanical  and swelling properties comparing to the raw CTS molecule. These results
suggest that the nontoxic GC membrane can become a preferred hydrogel membrane in the field of wound
dressing or tissue-engineering applications.
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INTRODUCTION

As  known,  polymeric  membrane  system  was
extensively applied in different research fields and
practical applications (1-5), at  the  same time that
remarkable factors of a polymeric membrane almost
regard to possibly physical, chemical and interface
properties.  Hence,  they  are  necessary  to  conduct
considerable modification methods that  can obtain
better  desired  results  corresponding  to  multiple
researches.  Especially,  hydrogel  membrane-based
superabsorbent has effective swelling behaviors that
can be due to the hydrophilic functional groups (i.e.,
carboxyl,  amino,  and  hydroxyl  groups)  contained
availably on the polymer chains (6-14). At the same
time, the hydrogel membranes are also considered
as  hydrophilic  membranes  with  three-dimensional
cross-linked  networks  being  applied  for  plenty  of

biomedical applications. These hydrogel membranes
significantly swell  in an aqueous medium that can
be  mainly  due  to  their  cross-linked  networks,
meaning  they  do  not  disintegrate  in  water  at
physiological  pH  and  temperature  (15).
Furthermore, the hydrogel membranes reach lots of
advantages, e.g., high water content and soft elastic
property, boost granulation and epithelialization due
to the moist environment (16), promote the healed
wound  without  any  damage  (17),  respectively.
Thus, the hydrogel membrane is widely used in the
fields  of  drug  delivery,  agriculture,  purification,
hygiene,  and food industry.  The development and
expansion  of  eco-friendly  membrane  has  been
researched  and  explored  intensively  to  protect
environment;  concomitantly,  multiple  natural
sources are recently concerned (10-14). 
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Notably, single-network hydrogel membranes show
slow  response  and  weak  mechanical  property  at
swelling,  while  multiple-network  membranes  (i.e.,
interpenetrating polymer networks) can be designed
to overcome this drawback (18). So far, plenty of
hydrophilic  polymer  sources  have  been  used  to
produce  the  appropriate  hydrogel  membranes,
counting natural (proteins and polysaccharides) and
synthetic (contain hydrophilic functional groups, i.e.,
carboxyl, amino, and hydroxyl groups, etc.) polymer
sources; especially for commonly natural polymers,
e.g.,  gelatin  and  chitosan.  Specifically,  chitosan
(CTS)  is  considered  to  be  an  eco-friendly  and
widely-used  compound  of  chitin  N-deacetylation,
which  is  also  a  potential  candidate  in  numerous
fields such as drugs, catalysis, food, etc. (1, 2, 6-8).
Besides, the CTS is known as a biomedical material
source  owing  to  its  wound-healing  ability,
biodegradability,  biocompatibility,  hemostasis,
antimicrobial  activity, etc. (19-21), which leads to
being  a  valuable  biomedical  material  –  CTS
molecule. Concomitantly, the CTS is soluble in weak
acid solvents (i.e., lactic acid, acetic acid, etc.) but
insoluble  in  a  water  medium,  although  it  has  a
crystalline  structure  with  several  hydrogen  bonds
(22).  Indeed,  several  researchers  presented
possible modifications on basic of the CTS molecule
regarding  to  available  chemical  features  to  be
expanded in the material systems of beads, fibers
and membranes,  owing to  its  good solubility  in a
weak  acid  medium  (1,  2,  23-27).  By  the  way,
gelatin (GEL) is a biocompatible protein with a very
high bio-absorptivity and low antigenicity in a living
body (28, 29), and its outstanding property regards
to a sol-gel transition under an aqueous medium.
Several various membranes have been produced on
natural  material  sources  of  the  CTS  and  GEL
molecules to be applied in biomedical  applications
(2,  26,  28).  Nonetheless,  these  membranes  were
mostly  successfully  prepared  by  casting  method
using GEL/CTS (GC) solution in acetic acid solvent,
which is known as a common solvent to dissolve the
CTS molecules.  However,  the  odor  feature of  this
acid  solvent  is  one  of  the  disadvantages  to  be

utilized in the fabrication of GC membranes. Hence,
the  lactic  acid  solvent  is  selected  to  replace  the
acetic acid solvent and overcome this disadvantage
in this study, at same time that the incorporation of
GEL  and  CTS  molecules  is  also  considered  as  a
nontoxic  hydrogel  membrane,  owing  to  natural
polymer sources.

Herein,  the  lactic  acid  solvent  is  employed  to
fabricate  GC  hydrogel  membranes  based on  a
simple in-situ method. Moreover, the morphological
surface,  crystallinity,  thermal,  mechanical,
hydrophilic,  and  swelling  properties of  the  as-
prepared  GC  membranes  are  specifically
investigated with different weight ratios of GEL/CTS
to probably elucidate the changes in their chemical
structures and morphologies. Thereby, we hope that
these  nontoxic  GC  membranes  can  become  a
promising  hydrogel  membrane  in  the  fields  of
wound dressing or tissue-engineering applications.

EXPERIMENTAL SECTION

Materials
CTS (deacetylation degree = ~90%) and lactic acid
(CH3CH(OH)COOH,  85  –  90%)  are  obtained  from
Sigma  Aldrich.  GEL  is  purchased  from  Samchun
Chemical  Co..  Deionized  water  is  directly  offered
from a Milli-Q ultrapure system.

Fabrication of GC Membranes
A CTS stock solution with a concentration of 2% is
fabricated  by  mixing  CTS  in  100  mL  of  aqueous
lactic acid (2.5%, v/v) and stirring overnight. Then
GEL is added and stirred in 20 mL of distilled water
at 50 °C, mixed into the CTS solution, and agitated
at 50 °C with the different weight ratios (GEL:CTS,
wt/wt  =  8:2;  6:4;  5:5;  4:6  and  2:8).  The  GC
solution with different weight ratios is spread over
the bottom of Petri dishes (100 mm diameter), and
resultant  GC  membranes  are  air-dried  for  1  day
(room temperature). The fabrication process of the
GC hydrogel membrane is described in Figure 1.
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Figure 1: Fabrication process of GC hydrogel membrane.

Swelling Study
The  swelling  property  of  the  prepared  GC
membranes is performed by immersing and sealing
into  an  aqueous  solution.  Specifically,  the  as-
prepared GC membranes are cut and measured the
weight (2 cm x 2 cm, Wo) by a four-digit analytical
balance.  Next,  the  cut  membranes  are  immersed
and sealed into distilled water at room temperature.
After preset times (t = 5 – 60 min), the membranes
are  took-out  and  weight  was  measured  (W1).
Finally, the swelling rate (SW, %) of the membrane
is calculated from an equation: SW (%) =  [(W1 –
Wo)/Wo] x 100.

SEM Analysis
The morphological structures of the GC membranes
(i.e.,  top-surface  and  cross-section)  are  captured
from scanning  electron  microscopy (SEM)  (FESEM
JSM-7600F) at different magnifications. 

FT-IR and XRD Analysis
The chemical and crystalline characterization of the
GC membranes are analyzed by a Fourier-transform
infrared  (FT-IR)  spectrometer  and  an  X-ray
diffraction (XRD). FT-IR spectroscopy is measured in
the 4000–500 cm–1 wavenumber region by an FT-IR
spectrometer  with  the  KBr  method  (Nicolet  380
spectrometer).  Wide-angle  XRD  analysis  is
performed in the  2 range of 5−70° via an X-ray
diffractometer (D8 ADVANCE, Bruker Corporation). 

Thermal Gravimetric Analysis
Thermal gravimetric analysis (TGA) is conducted on
a Seiko Exstar6000 instrument with a temperature
range of 30–700 °C at a heating rate of 10 °Cmin−1

for the samples. 

Contact Angle Measurement
In order to determine the hydrophilic properties of
the GC membranes, a drop technique is applied to
investigate  the  water  contact  angle  [SEO Phoenix
MT(M)] by using a distilled water drop (volume = 5
μL).  The  contact  angle  values  are  calculated  by
analyzing the captured drop images based on the
ImageJ® program.

Tensile Analysis
The strength and strain of the tensile test (original
size of membrane = 1 cm x 5 cm) are carried out by
a universal tensile machine (UTM model 5565, UK)
with 250 N of load cell and 10 mmmin-1  of pulling
rate. Prior to the tensile test, the membranes are
stored for more than one day at room temperature.

RESULTS AND DISCUSSION

Characterization of GC Membranes
As known, several  researchers  (30-32) have  used
acetic  acid solvent, which is known as a common
solvent to dissolve the CTS molecules; however, the
odor  nature  of  this  solvent  is  seen  as  a
disadvantage to be utilized in the fabrication of GC
membrane. Thus, the lactic acid solvent is chosen to
replace  acetic  acid  in  this  study  as  well  as  to
overcome this disadvantage.
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Figure 2: SEM images of top-surface (a) and cross-section (b) of GC_5/5 membrane.

For  a  hydrogel  membrane,  the  morphological
structure  is  also  concerned  to  be  one  of  the
significant  factors  to  evaluate  its  performance
corresponding to the aim study (2). In this study,
the  morphological  structure  of  GC  membranes  is
detected by SEM images (Figure 2), indicating that
the  top-surface  (Figure  2a)  and  cross-section
(Figure 2b) morphologies of the GC_5/5 membrane
are relative smooth surface and non-rough without

the  pores.  Thereby,  this  smooth  morphology  is
owing  to  the  GC  hydrogel  formation  in  the
membrane,  manifesting  that  the  CTS  and  GEL
molecules are well dispersed in the molecular level,
as well as the homogeneous characterization of this
GC  mixture.  As  such,  the  smooth  surface  and
homogeneous feature of the GC hydrogel membrane
are truly  useful  in the field of  wound dressing or
tissue engineering applications.

Figure 3: Ion exchange in lactic acid solvent and possible reaction mechanism between CTS and GEL.

Figure  3  indicates  that  in  the  GEL/CTS spectrum,
the  C=O  groups  of  GEL  absorbed  with  the  N–H
groups of CTS resulting in strong hydrogel bonds,
leading to a far more miscible GEL/CTS component.
To further understand the chemical characterization
of the membrane, FT-IR spectra of CTS, GEL, and
GC membrane are shown in Figure 4a. The peaks at
3500-3000  cm-1 can  belong  to  the  O-H and  N-H
stretching  of  CTS,  and  the  peak  at  1560  cm-1

regards to the C-N deformation vibration (amide II)
of CTS (33, 34). The peaks at the amide I (C=O)
band (1645 cm-1) and the amide II band are very

weak that can be due to the higher deacetylation
degree of CTS (33, 34). For GEL spectra, the N–H
bending vibrations of the amide I, II, and III bands
can be observed at 1655 cm-1, 1510 cm-1, and 1324
cm-1,  respectively  (35).  Moreover,  the  vibrational
peak of the GC membrane relating to amino groups
at  1560  cm-1 has  disappeared  after  GEL/CTS
polymerization, while prominent peaks at 1650 cm-1

are observed clearly in the GC membrane spectra.
Thereby, these are probably explained as based on
the amidation reaction between carboxyl and amino
occurring  in  CTS  and  GEL  mixture  (Figure  3).
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Besides,  the  peaks  at  3500–3000  cm-1 have  also
became  broader  in  the  GC  membrane  spectra
regarding  their  hydrogen  bonding  interaction
occurred in that GC hydrogel mixture. At the same
time,  the  shifted  peaks  of  C=O  and  C–O–C  are
observed from 1645 cm-1 to 1539 cm-1,  and from
1068  cm-1 to  1058  cm-1 in  the  GC  membrane
spectra,  respectively.  Thereby,  the  chemical
interactions  of  GEL  and  CTS  molecules  have
happened in this hydrogel mixture, similarly to the
above-mentioned SEM analysis. In addition, Figure
4b manifests the XRD pattern of the CTS, GEL, and
GC  membrane.  These  show  that  the  primary

diffraction peaks are observed at ~20° in their XRD
patterns,  suggesting  good  interaction  and
compatibility between GEL and CTS in the hydrogel
membrane. Concomitantly, the peak intensity ratio
of GC membrane is reduced with a supplement of
GEL  component  into  the  mixture,  resulting  in  a
decrease  in  CTS  crystallinity  probably  because  of
the incorporation of the amorphous nature of GEL
into this mixture. Besides, a small reduction in the
GC  membrane  crystallinity  can  be  due  to  the
hydrogen bonding interactions between the GEL and
CTS molecules in the mixture regarding their good
compatibility (36, 37).

Figure 4: FTIR (a) and XRD (b) spectra of CTS, GEL, and GC_5/5 membrane.

Furthermore, the thermal property of a material is
also  concerned  as  a  significant  factor  to  be
investigated in this study. In Figure 5, it illustrates
the thermograms of CTS, GEL, and GC membrane.
Their loss of initial weight at ~50 °C is attributed to
their loss of moisture in all samples. In addition, the
CTS curve shows lower thermal stability than that of
the  GC  membrane.  Specifically,  the  second
degradation of the CTS curve is observed at 295 °C,
while  that  of  the  GC  membrane  is  at  319  °C.
Thereby,  it  probably  relates  to  incorporating  the
amorphous nature of GEL into the mixture, as well
as  the  GEL  degrades  faster  than  the  GC
membranes.  Besides,  the  DTG  peaks  of  the  GC

membrane are similar to CTS peaks, while those of
GEL are not similar to the GC membrane (Figure 5b)
that can be due to the difference in crystal structure
and hydrogen  bonding  network  between GEL  and
CTS.  Also,  it  indicates  that  the  as-prepared
membranes with CTS and GEL are well dispersed at
the  molecular  level.  As  a  result,  combining  these
materials  to  form a  hydrogel  membrane  is  stable
more  in  thermal  property  compared  with  pure
materials. Overall, there are good interactions and
compatibility between the GEL and CTS molecules in
this  hydrogel  mixture  through the aforementioned
analyses.
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Figure 5: TGA (a) and DTG (b) curves of CTS, GEL, and GC_5/5 membrane.

Mechanical Property of GC Membranes
In  addition  to  the  above-suggested  chemical,
crystalline  and  thermal  characterizations,  a
material's  mechanical  property  is  also  seen  as  a
rather important factor in this study. Actually, the
hydrogel membranes reach lots of advantages, e.g.,
soft elastic property and promote the healed wound
without any damage (17). Herein, the prepared GC
membranes  are  used  to  directly  investigate  their
mechanical property  based on the values of stress
at break and strain at break through the tensile test
(Figure 6). It is obvious that the values of stress at
break  of  the  GC  membranes  are  high  with  the
decrease  of  weight  ratio  of  GEL/CTS;  it  is  the
opposite for  those of  strain  at  break.  Specifically,
the GC_2/8 membrane has the highest stress and
lowest  strain  values;  on  the  other  hand,  those
values  are  opposite  for  the  GC_8/2  membrane.
Additionally, the GC_5/5 membrane shows a higher
value of stress at break comparing to the GC_6/4
and  GC_8/2  membranes  (i.e.,  the  stress  value
range  from GC_5/5  to  GC_6/4  membranes:  0.26
MPa; the stress value range from GC_5/5 to GC_6/4
membranes:  0.62  MPa);  on  the  other  hand,  the
stress  value  range of  GC_5/5  membrane is  lower

little  comparing  to  the  GC_4/6  and  GC_2/8
membranes  (i.e.,  the  stress  value  range  from
GC_5/5  to  GC_4/6  membranes:  0.10  MPa;  the
stress  value  range  from  GC_5/5  to  GC_2/8
membranes: 0.30 MPa).  Furthermore,  the GC_5/5
membrane shows a lower strain value compared to
the GC_6/4 and GC_8/2 membranes (i.e., the strain
value range from GC_5/5 to GC_6/4 membranes:
0.37%;  the  strain  value  range  from  GC_5/5  to
GC_6/4 membranes: 0.81%), while the strain range
of GC_5/5 membrane is higher little comparing to
the GC_4/6 and GC_2/8 membranes (i.e., the strain
value range from GC_5/5 to GC_4/6 membranes:
0.14%;  the  strain  value  range  from  GC_5/5  to
GC_2/8 membranes: 0.26%). It indicates that the
prepared GC membranes with various weight ratios
of  GEL/CTS are flexible and reach different  stress
and strain values. Besides, physical strength is seen
as  an  important  factor  in  biomedical  applications.
These  show  that  the  as-prepared  GC  membranes
can be truly useful in the applications of biomedical
fields, at same time that the GC_5/5 membrane can
be selected as a promising membrane to apply in
the fields of  wound dressing or tissue-engineering
applications.
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Figure 6: Stress-strain curves of the as-prepared GC membranes.

Hydrophilic Property of GC Membranes
As known,  the hydrogel  membranes reach lots  of
advantages,  e.g.,  high  water  content,  boost
granulation,  and epithelialization due to the moist
environment (16). At the same time, the wettability
and hydrophilic properties of a solid surface based
on a liquid can be predicted from the use of contact
angle.  Herein,  the  hydrophilic  property  of  the  as-
prepared GC membrane surface is also investigated
through  the  water  contact  angle  method.
Specifically,  the picture  of  a water droplet  on the

CTS surface  is  captured  and shown in  Figure  7a,
resulting in that its water contact angle is obtained
at 119.6°, as well as the hydrophobic nature of the
CTS surface. On the other hand, the water contact
angle  of  the  as-prepared  GC  membrane  surface
significantly  decreases  with  the  increase  of  the
GEL/CTS  weight  ratio  (i.e.,  from 68.0°  to  32.3°)
(Figure 7b-f) (38). These results further support the
swelling test of the  as-prepared GC membranes as
well.

Figure 7: Contact angles of CTS (a), GC (b – f) membranes: GC_2/8; GC_4/6; GC_5/5; GC_6/4 and
GC_8/2, respectively.
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Swelling Property of GC Membranes
Basically,  the  hydrogel  membranes  significantly
swell in an aqueous medium that can be mainly due
to their interacted networks, meaning they do not
disintegrate  in  water  at  physiological  pH  and
temperature  (15).  In  addition  to  the  above-
mentioned  hydrophilic  properties,  the  swelling
property  of  the  as-prepared  GC  membranes  is
conducted  by  immersing  into  distilled  water  at
different  times  (i.e.,  5  –  60  min,  r.t).  For  visual
observation of the swelling studies (Figure 8), after

30  and  60  min  immersing,  GC_8/2  and  GC_6/4
membranes  are  almost  soluble  into  the  aqueous
solution,  in  contrast  for  GC_5/5;  GC_4/6,  and
GC_2/8  membranes.  These  show  that  the  GC
membranes can maintain stable swelling ability with
a  low  weight  ratio  of  GEL/CTS,  which  involves
stronger intermolecular hydrogen bonds among the
GC membranes. At the same time, these results are
similar to the above-mentioned hydrophilic property
of the membranes as well.

Figure 8: Swelling of all GC membranes after different immersing times.

Besides, each membrane's swelling rate at various
immersing  times  is  also  concerned  to  be  further
investigated, as shown in Figure 9. Specifically, the
swelling property  of  the  GC membranes increases
with the weight ratio of GEL/CTS within 5 – 60 min
of immersing and sealing time period (i.e.: 51.6 –
211.3%  /  GC_2/8  membrane;  87.7  –  248.3%  /
GC_4/6  membrane;  107.3  –  270.4%  /  GC_5/5
membrane; 148.2 – 390.9% / GC_6/4 membrane;
and  134.0  –  438.2%  /  GC_8/2  membrane).  The
main reason is that the addition of GEL can cause
the hydrogel membrane structure to become looser,
and  the  molecular  chains  in  the  system  is  more
easily  extended  (39).  Besides,  the  swelling  rate
range of each hydrogel membrane has significantly
raised from 5 to 60 min of immersing and sealing
time  period  (i.e.:  159.7%  /  GC_2/8  membrane;
160.6%  /  GC_4/6  membrane;  163.1%  /  GC_5/5
membrane;  242.7%  /  GC_6/4  membrane;  and
304.2% / GC_8/2 membrane). The results suggest
that  the  swelling  property  of  each  membrane
increases  rapidly  from  5  to  60  min.  However,  it
slows down gradually after 45 min, indicating that
the swelling equilibrium of each membrane reaches
at 45 min. In general, the GC membranes manifest
a good swelling behavior since the incorporation of
GEL  molecule,  which  is  one  of  the  common
hydrophilic  polymers.  Concomitantly,  the  water-

absorbing  capacity  of  the  hydrogel  membranes  is
higher  than  their  own  weight.  Additionally,  the
GC_5/5 membrane shows lower much swelling rate
comparing to the GC_6/4 and GC_8/2 membranes
(i.e.:  the  swelling  rate  range  from  GC_5/5  to
GC_6/4 membranes:  41.0% / 5 min, 84.9% / 10
min,  105.9%  /  30  min,  110.2%  /  45  min  and
120.5%  /  60  min;  the  swelling  rate  range  from
GC_5/5  to  GC_8/2  membranes:  26.7%  /  5  min,
120.2% / 10 min, 149.9% / 30 min, 69.8% / 45
min and 167.8% / 60 min); on the other hand, the
swelling rate range of GC_5/5 membrane is higher
little  comparing  to  the  GC_4/6  and  GC_2/8
membranes  (i.e.:  the  swelling  rate  range  from
GC_5/5 to GC_4/6 membranes:  19.6% / 5 min,
22.7% / 10 min, 17.1% / 30 min, 22.3% / 45 min
and 22.1% / 60 min; the swelling rate range from
GC_5/5  to  GC_2/8  membranes:  55.7%  /  5  min,
58.8% / 10 min, 40.1% / 30 min, 46.8% / 45 min
and  59.2%  /  60  min).  As  a  result,  the  GC
membranes can maintain stable swelling ability with
a  low  weight  ratio  of  GEL/CTS,  which  involve  to
stronger intermolecular hydrogen bonds among the
GC  membranes.  At  the  same  time,  the  GC_5/5
membrane is chosen as a stable membrane to can
apply  for  wound  dressing  or  tissue-engineering
applications. 
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Figure 9: Swelling behavior of all GC membranes at room temperature.

CONCLUSION

In  summary,  GC membranes  with  various  weight
ratios of GEL/CTS have been successfully prepared
by a simple in-situ method. The surface morphology
of the as-prepared GC membranes, is found to be
very smooth and  homogeneous.  For chemical  and
crystalline  characterization  of  the  as-prepared  GC
membranes, indicating that the incorporation of GEL
in the membrane has decreased the crystallinity of
CTS as well as appearing interaction between these
molecules based on FT-IR and XRD studies. Besides,
combining these natural polymer sources to form a
hydrogel  membrane  is  more  stable  in  thermal
property  than  pure  materials.  In  addition  to  the
above-mentioned characterizations,  the hydrophilic
property of GC membranes is investigated through
contact  angle  measurements,  resulting  in  their
contact angle values significantly decrease with the
increase of weight ratio of GEL/CTS (i.e., from 68.0°
to 32.3°).  For the mechanical  property of  the GC
membranes, the values of stress at break are high
with the decrease of weight ratio of GEL/CTS, but it
is the opposite for the values of strain at break. At
the same time, the prepared GC membranes with
various  weight  ratios  of  GEL/CTS are  flexible  and
reach different stress and strain values. Moreover,
the  swelling  equilibrium  of  each  membrane  has
reached at 45 min, as well as the GC membranes
can  maintain  a  stability  in  the  swelling  ability
according to the low weight ratio of GEL/CTS, which
involves  to  both  the  stronger  intermolecular
hydrogen  bonds  among  the  hydrogel  membranes
and the addition of GEL in the hydrogel membranes.
These results  suggest that  the GC membrane can

become  a  promising  material  (i.e.,  special  for
GC_5/5 membrane) in the field of wound dressing
or  tissue-engineering  applications,  at  same  time
that the incorporation of GEL and CTS molecules is
also considered as a nontoxic hydrogel membrane,
owing to natural polymer sources.
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