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UTM	� Universal testing machine
PVA	� Polyvinyl alcohol
SEM	� Scanning electron microscopy
WVT	� Water vapor transmission

Introduction

Over the last 50  years, the membrane technology has 
gained excessive significance and finds its applications 
desalination, food processing and in medical field. In medi-
cal field the major area of the use of membranes is hemo-
dialysis [1]. Durability is the major issue in most of the 
applications of polymeric membranes [2]. However, in case 
of wound dressing, shelf life of a membrane is not the prob-
lem, as membrane is used once for a short period.

Wound management covers all the aspects of patient 
care including primary injury, fluid loss, wound closure 
and tissue regeneration etc. [3]. The authorities of health 
care are interested to use modern technologies in the field 
of wound dressing. There are many wound care products 
available in the market including shielding layers, metal 
ion impregnated dressings and artificial skin substitutes [3]. 
These dressing techniques are costly and time consuming.

In 1960, the Wichterle and Lim were the first to make 
the hydrogels having medical applications i.e. absorbable 
suture, contact lenses, osteoporosis, neoplasm and asthma 
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treatment [4]. In 1980s, the Yannas group modernized the 
hydrogels with natural polymers to be used effectively as 
wound dressings [5]. In 1992, the Cartmell and Sturtevant 
synthesized a hydrogel wound dressing which was trans-
parent, thin and flexible. Due to flexibility it was easy to 
remove and transparency helped to monitor the wound 
healing [6]. In 2010, the Ma-Ro Hwang synthesized the 
PVA/dextran hydrogels loaded with gentamicin by freeze 
thawing cycles. The loading of gentamicin improved the 
wound healing rate [7].

Millions of people go through accidents, chronic dis-
eases, burns and other serious injuries. These people face 
the problems in wound healing and have a chance of wound 
infection. Especially in case of over age people, adults and 
those suffering from diseases which slows the rate of derma 
regeneration and wound requires the favorable environment 
for healing [8]. The patient receiving the wound treatment 
would desire the way that minimizes trauma and mortality 
[9].

Hydrogels are the three dimensional hydrophilic struc-
tures. The presence of hydrophilic groups allowed it to 
absorb water from atmosphere. This property of polymeric 
hydrogel made it strong candidate for biomedical applica-
tions including wound dressings [6]. They are capable of 
absorbing water and other exudates which comes out of 
the wound and cannot be released under ordinary pres-
sure [10]. They maintain the moist environment that helps 
in wound healing. Due to water absorption hydrogels gave 
cushioning and cooling effects [11]. The reason behind the 
easy removal is the hydrophilic groups of the hydrogel that 
formed the secondary bonds with the hydrophilic groups 
present on the surface of wound. The malodor is also 
reduced because the exudates causing it are absorbed and 
retained as gel [12].

Hydrogels of natural polymers especially polysaccha-
rides are used recently in medical application because of 
their advantages like biocompatibility, bio degradability, 
cost effectiveness and abundance [13]. However polysac-
charide hydrogels have problem of instability (mechanical 
weakness and physicochemical properties) [5]. To over-
come this issue, polysaccharides were blended with other 
polymers, e.g. PVA/sodium alginate [14], PVA/dextran [7] 
and PVA/chitosan [15] etc.

Starch is a natural polysaccharide. It is partially soluble 
in water, biodegradable and can be modified physically or 
chemically [16]. Biopolymers are more successful wound 
healing materials as compared to synthetic polymers [17]. 
However, starch is not used alone because it does not form 
the stable hydrogel. Starch has been blended with other 
polymers to overcome this problem [18]. PVA is one of 
the most important and applied polymer for hydrogel 
membrane applications. It could be attributed to its solu-
bility in water, bio compatible, non-toxic, biodegradable, 

non-carcinogenic and has easy film forming characteristics 
[19]. The PVA has a simple structure and could easily be 
chemically modified. The crosslinking agent like glutar-
aldehyde, is used to chemically crosslink PVA with other 
polymers like starch, for biomedical applications [20]. To 
use PVA alone has disadvantages like stiff film formation, 
in elastic film and limited hydrophilicity. To overcome 
these problems, PVA is blended with polysaccharides [21]. 
Plasticizers were added to increase the strength and flexi-
bility of hydrogel membrane like xylitol, sorbitol, and glyc-
erin. They decrease viscosity and density of polymer and 
at the same time increases resistance to fracture and chain 
flexibility [22].

The hydrogel membranes used for wound dressings 
should have anti-bacterial activity to protect wound from 
bacterial infection. As compared to commercial antibiotics, 
the natural anti-bacterial products have less side effects and 
more effective. Different spices used in Asian countries to 
give color and flavors in food have anti-bacterial activity. 
E.g. garlic, turmeric and cinnamon [23]. Turmeric is light 
yellow in color and used in eastern countries in foods. The 
active component of turmeric responsible for anti-bacterial 
activity is curcumin. The average content of curcumin in 
turmeric is 3.14 wt% [24]. The hydrogels used for wound 
dressing must have some properties i.e. (1) ability to con-
trol moist environment (2) absorb the exudates and toxic 
fluids from the wound (3) put a stop to wound dryness (4) 
biodegradable, non-toxic and elastic (5) have anti-bacte-
rial activity to prevent wound from infection [25] (6) cost 
effective.

Keeping this background, the work was designed to 
develop a biodegradable wound dressing, which helps 
in wound healing, and prevent from bacterial infection 
as well. Turmeric was used first time as an antibacterial 
agent in PVA/starch hydrogels as wound dressing. Moreo-
ver, the results of the PVA/starch hydrogel containing tur-
meric were discussed in detail that has never been reported 
before. Anti-bacterial effect was analyzed by disc diffusion 
method. Hydrogel membranes morphology and molecular 
interaction between polymers were investigated by scan-
ning electron microscope (SEM) and fourier transform 
infrared spectroscopy (FT-IR), respectively. The physical 
and mechanical characteristics of hydrogel were also stud-
ied to evaluate their practical usefulness as dressings.

Experimental

Materials

Poly vinyl alcohol (PVA), starch, ethanol, glutaraldehyde 
(GA), glycerin and hydrochloric acid (HCl) were purchased 
from Daejung Korea. Turmeric was purchased locally in 
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the form of sticks, which was converted to powder form. 
Distilled water was used throughout the experiments.

Methods

Preparation of Hydrogel Membrane

Polymeric hydrogel membranes were prepared using the 
method applied by Pal et  al. [12] with modifications. 5  g 
(10% w/v) of PVA was added in 50 ml of water and mix-
ture was heated at 70 °C for 2  h with constant stirring. 
Again taking 50  ml of water, adding 3.5  g (7% w/v) of 
starch in it, and heating at 100 °C for 15 min with constant 
stirring. Different contents of turmeric ranging from 0 to 
2.5  g were added in starch solution. Starch solution was 
allowed to cool and mixed with PVA solution with con-
stant stirring. The chemical crosslinking agent solution was 
prepared by adding 0.5  ml of GA and 0.05  ml of HCl in 
10 ml of ethanol. This solution was added to mixture with 
constant stirring. Then 2  ml of glycerin was added with 
constant stirring and the solution was sonicated for 2 h in 
order to homogenize [26]. The resulting solution mixture 
was casted in petri dishes (9 cm diameter) and left for over-
night drying at room temperature. Next day, the hydrogel 
membranes were removed from petri dishes with the help 
of forceps and stored in airtight pouches.

Anti‑bacterial Activity Measurement

Disc diffusion method was applied for the measurement of 
anti-bacterial activity of the hydrogel membrane samples 
[27]. Bacteria was grown for 24  h in a test tube contain-
ing broth, and was placed in shaking water bath at 37 °C. 
The broth was evenly spread over the agar plate and the 
hydrogel membrane of 6 mm diameter was placed over the 
agar plate. The agar plate was placed in an incubator for 
18–24  h. After mentioned time, plate was removed from 
the incubator and diameter of the zone of inhibition was 
measured. The test was carried out against both gram-nega-
tive and gram-positive bacteria i.e. the E. coli (DH5-alpha) 
and Staphylococcus aureus (MRSA), respectively. All the 
agar plates, broth, spreader, forceps etc. used in this experi-
ment were autoclaved.

Swelling Behavior Measurement

The swelling behavior was measured against water, 0.9% 
NaCl, 0.9% MgCl2 [28] and blood. To measure the swell-
ing behavior, the hydrogel membranes were cut in to equal 
pieces of 1 × 1 cm2 and weighed. Afterwards these pieces 
were immersed in these solutions for 24 h. After 24 h, the 
pieces of hydrogel membranes were removed and their sur-
face was cleaned with filter paper to remove any droplets 

and weighed again. Swelling behavior was measured by 
using formula [29]:

Ws is the weight of swelled membrane and Wd was the 
weight of dry membrane.

Tensile Testing

Hydrogel membranes were cut in to pieces of 2 × 2  cm 
dimension and analysis was performed at a strain rate of 
10  N/mm2 [30].The thickness of the samples was meas-
ured before each test. Samples of equal thickness were ana-
lyzed. The universal testing machine (UTM) was used for 
mechanical testing. Five samples were used to characterize 
for each sample.

Water Vapor Transmission Rate (WVT)

To carry out WVT measurements, 29.5 mm mouth diam-
eter bottle was taken and 10 ml of deionized water poured 
in it. The mouth of the bottle was covered with hydrogel 
membrane and was air tightened by using Teflon tape. 
The bottle was weighed and place in an oven for 24  h at 
40 °C. After 24 h, the bottle was taken out of the oven and 
weighed again. The water vapor transmission rate was 
measured by using formula [25]:

A was the area of the round mouth of bottle; Wi and Wt 
were the initial and final weight of bottle, respectively.

Moisture Retention Capability

To measure the moisture retention capability, the hydrogel 
membranes of almost equal thickness were cut in to pieces 
and weighed. These hydrogel membranes were placed in an 
oven for 6 h at 40 °C. The moisture retention capability was 
measured by using formula [31]:

Wi is the initial weight before placing in an oven and Wt is 
the final weight.

Gel Fraction

To measure gel fraction, the hydrogel membranes were 
cut in to equal pieces of 1 × 1  cm and placed in a vac-
uum oven until they attained the constant weight. These 
samples were weighed and immersed in distilled water 
for 4 days. After 4 days, these hydrogel membranes were 

Swelling ration(%) =
(

Ws −Wd

)

∕Wd × 100

WVT =
(

Wi −Wt

)

∕(A × 24) × 106
(

gm∕m2h
)

Moisture retention capability(%) =
(

Wt∕Wi

)

× 100
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taken out of water and place again in vacuum oven to 
attain a constant weight. The gel fraction was find by 
using formula [32]:

Wi was the initial weight after placing in vacuum oven, and 
Wt was the final weight when the wet samples were dried in 
vacuum oven.

Scanning Electron Microscope (SEM)

The surface morphology of the hydrogel membranes was 
investigated by using SEM (JSM-64900). A thin palla-
dium/platinum conductive layer was used to cover the 
samples before analysis. Sputter coater was used to cre-
ate the layer. Sample surface was observed with a sec-
ondary electron detector using the accelerating voltage 
of 20 kV.

Fourier Transform Infrared Spectroscopy (FT‑IR)

FT-IR (PerkinElmer, SpectrumTM100) was performed 
to evaluate the structural changes occurred in polymeric 
hydrogel membranes. The dried and impurity free sam-
ples were subjected to FT-IR. The spectra was recorded 
by FT-IR spectrometer equipped with an attenuated total 
reflection (ATR) unit in the range of 450–4000  cm−1. In 
case of hydrogel membranes the samples were put directly 
to FT-IR machine. However, in case of powdered samples, 
pellets were made together with the infrared grade KBr 
by pressing and then placed the pellet in the machine. All 
analysis was done at ambient temperature.

Gel fraction(%) =
(

Wt∕Wi

)

× 100

Results and Discussion

Anti‑bacterial Activity of Hydrogel Membrane

Anti-bacterial activity is one of the most important prop-
erties of hydrogel membrane when it has to be used as a 
wound dressing. The anti-bacterial activity was investi-
gated at different contents of turmeric i.e. 0, 0.2, 0.3, 0.4, 
0.5, 1, 1.5, 2, 2.5-g. The anti-bacterial activity was carried 
out against both gram-negative and gram-positive bacteria 
i.e. the E. coli (DH5-alpha) and S. aureus (MRSA). Hydro-
gel membrane without turmeric had shown no anti-bac-
terial activity for both types of bacteria. Therefore all the 
anti-bacterial activity obtained was due to turmeric in both 
cases as shown in Fig. 1.

Figure 1 showed anti-bacterial activity of hydrogel mem-
branes against both the bacteria’s. For DH5-alpha, the anti-
bacterial activity started growing with increase in the con-
tent of turmeric and became constant after 0.5 g. The zone 
of inhibition at 0.5 g turmeric against gram-negative bac-
teria (DH5-alpha) was 9.9 mm. Further increase in content 
of turmeric did not significantly improve the anti-bacterial 
activity. This could be attributed to the anti-bacterial resist-
ance development in bacteria. Therefore, the most effective 
content of turmeric was 0.5 g in case of DH5-alpha. Simi-
larly, the anti-bacterial activity for gram-positive bacteria 
was also investigated. Here also the anti-bacterial activity 
was shown with increase in the content of turmeric and 
became constant after 0.5 g. No significant improvement in 
anti-bacterial activity was noticed due to further increase in 
turmeric. The zone of inhibition at 0.5 g turmeric against 
gram-positive bacteria (MRSA) was 11.3  mm. This con-
firmed that the gram-negative bacteria are more resistant 
to anti-biotic as compared to gram-positive bacteria [33]. 

Fig. 1   Anti-bacterial activity of hydrogel membranes against gram-positive and gram-negative bacteria
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The formation of zone of inhibition by hydrogel membrane 
using turmeric as antibody against both type of bacteria 
showed the effectiveness of hydrogel membrane. These 
values of the anti-bacterial activity of hydrogel membrane 
containing 0.5 g turmeric were in accordance with the val-
ues of the anti-bacterial activity of aqueous extract of tur-
meric given in literature [23]. This means that the turmeric 
in hydrogel is working properly and did not face any hin-
drance in leaching out of the hydrogel membrane.

Swelling Behavior of Hydrogel Membrane

The experiments were carried out with the neat hydrogel 
(without turmeric) and with hydrogel containing 0.5  g of 
turmeric. Figure 2 shows the % swelling of the hydrogel in 
different solutions i.e. water, blood, MgCl2 and NaCl that 
ranges between 105 and 170%. It was observed that for all 
four different solutions the swelling percentage was more 
than 100% [12]. That can be attributed to the hydrophilic 
nature of hydrogel membrane. The swelling percentage in 
water, MgCl2 and NaCl were comparable to each other. 
However, blood solution showed the maximum swelling 
percentage. This is due to clot formation, freeing the vol-
ume inside the hydrogel for more blood to come in.

The hydrogel membrane containing turmeric showed 
higher swelling behavior as compared to neat hydrogel. 

This increase in swelling behavior with the addition of tur-
meric could be due to the presence of additional hydroxyl 
group in turmeric. This is beneficial for wound healing. 
Moreover, the hydrogel membrane did not dissolve in to 
these solutions, showing the effectiveness of crosslinking 
agent.

The 0.9% MgCl2, 0.9% NaCl and water have pH 5.16, 
5.84 and 7, respectively. The percentage swelling of the 
neat hydrogel membrane was in accordance with the val-
ues given in the literature against buffer solution of the 
same pH [12]. However, the values of hydrogel membrane 
with 0.5 g turmeric were higher, which helps the dressing 
to maintain the moist environment that could facilitate the 
healing of wound.

Tensile Strength of Hydrogel Membrane

The mechanical properties of hydrogel as wound dressing 
are important to determine their durability and strength to 
withstand external forces. To investigate mechanical prop-
erties, the tensile strength and percentage elongation of 
the dry hydrogel membrane was measured (Table 1). The 
hydrogel membrane formed was very thin, flexible and 
elastic. The hydrogel had to cover the wound, so it should 
be strong enough to withstand frictional stresses during 
activities and absorb them without breakage.

The value of tensile strength of neat hydrogel membrane 
was higher as compared to hydrogel membrane with 0.5 g 
turmeric. The lowering of mechanical strength could be 
attributed to the decrease in chain length and increase of 
chain mobility due to the presence of turmeric [34]. The 
fall in value was also due to decrease in polymer con-
tent. Moreover, as turmeric was not completely soluble in 
water [35], so it gives weak point for breakage. The tensile 
strength of human skin is 11.5  MPa [36]. The membrane 
with turmeric has higher strength than human skin and 
other hydrogels reported in literature [37], so it can be used 
effectively as wound dressing.

Water Vapor Transmission (WVT) Rate of Hydrogel 
Membrane

The hydrogel wound dressing should have ability to mini-
mize the liquid fluid loss from the wound by maintaining 
the moist environment under the wound. Lower the value Fig. 2   Swelling behavior of hydrogel membrane

Table 1   Physical and mechanical properties of hydrogel membrane with and without turmeric content

Turmeric content 
(g)

WVT (g/m2h) Moisture retention (%) 
after 6 h

Gelation (%) Tensile strength (MPa) Max. strain at break (%)

0 60.99 ± 4.98 91.69 ± 0.64 76.17 ± 0.651 15.51 ± 0.12 570.33 ± 5.2
0.5 52.85 ± 2.87 91.96 ± 0.70 62.84 ± 1.39 12.47 ± 0.766 374.44 ± 3.93
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of WVT, good is the hydrogel for wound dressing. The loss 
of water from second and third degree wound burn skin 
wounds is 178.55 ± 4.5 and 143.2 ± 4.5 g/m2h, respectively 
[38]. Table 1 showed the values of WVT of the neat and 
0.5  g hydrogel membrane. In this study, the vapor trans-
port from both hydrogel dressings was less as compared to 
above-mentioned values, which was helpful to minimize 
the liquid loss from the wound and to maintain the moist 
environment. Hydrogel membrane with turmeric has even 
less WVT as compared to neat hydrogel. These values are 
also less as compared to literature, which is favorable for 
wound healing [25].

Moisture Retention Capability of Hydrogel Membrane

Greater is the loss of water, difficult for the wound to heal. 
The loss of water from the wound may cause the body 
temperature to come down that might cause the increase 
of metabolic rate. Table 1 revealed the moisture retention 

capability of neat and hydrogel membrane containing 
0.5 g turmeric. Results showed higher retention capability 
for both hydrogel membrane i.e. neat and 0.5  g turmeric, 
which favors the wound healing. More over after 6  h no 
significant differences in moisture retention capability of 
hydrogel membranes was noticed i.e. 91.69–91.96%.

Gel Fraction of Hydrogel Membrane

Table  1 revealed the results of gel fraction for neat and 
0.5 g turmeric hydrogel membrane. It was observed that the 
gel fraction results showed proper crosslinking. When the 
hydrogel was immersed for 4 days [32], the polymer con-
tent should dissolve in water, which was not cross-linked. 
The gel fraction value of neat hydrogel membrane was high 
as compared to the hydrogel membrane containing 0.5  g 
turmeric. Solubility of turmeric in water could be the rea-
son for this. As discussed earlier, the turmeric particles 

Fig. 3   SEM images of hydrogel 
membrane a neat hydrogel 
membrane, b 0.5 g turmeric 
hydrogel membrane
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were leached from the hydrogel membrane into the water 
and gives anti-bacterial activity.

SEM of Hydrogel Membrane

The hydrogel membranes prepared without turmeric were 
transparent and with turmeric were light yellow in color. 
The surface morphology of hydrogel membrane was inves-
tigated by SEM as shown in Fig.  3. It was observed that 
surface of hydrogel membrane was dense and even at very 
high magnification no pore was found. Dense surface will 
favorable for wound dressing; it did not allow the pen-
etration of bacteria that can cause infection to the wound. 
Some of the starch particles, which remained insoluble, 
were visible in neat hydrogel membranes. Similarly, in 
hydrogel membranes with 0.5 g turmeric, the turmeric par-
ticles were also visible in the form of dots over the hydro-
gel membrane.

FT‑IR of Hydrogel Membrane

FT-IR analysis was performed to identify the interactions 
between polymeric chains (see Fig. 4).

In the present research, the focus of FT-IR was on the 
presence of free hydroxyl groups, which were responsi-
ble for the water holding capacity of the hydrogel. The 
materials used in the preparation of hydrogel membrane 
showed the presence of free hydroxyl groups. The PVA, 
starch and turmeric showed peaks at 3420, 3390 and 
3420 cm−1, respectively, representing the presence of free 
hydroxyl groups. Moreover, in case of hydrogel mem-
brane without turmeric the peak at 3440 cm−1 showed the 
presence of free hydroxyl groups and peak at 2920 cm−1 
indicated the Sp3 hybridized hydrocarbon chains. In 
case of hydrogel membrane containing 0.5  g turmeric, 
there was a strong peak observed at 3460  cm−1 show-
ing the presence of hydroxyl group. Moreover, peak at 
2155 cm−1 showed the Sp hybridized hydrocarbon chains. 
In both the hydrogel membranes the peaks between 1690 
and 1740 cm−1 showed the C=O stretching vibrations of 
aldehyde group of glutaraldehyde. The glutaraldehyde is 
toxic to skin when used more than 0.5% aqueous solution 
[39].

Fig. 4   FT-IR images of a starch powder, b pure PVA, c turmeric, d hydrogel membrane with 0.5 g turmeric, e neat hydrogel membranes (with-
out turmeric)
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Conclusion

Anti-bacterial wound dressing consisting of turmeric was 
successfully prepared by solution casting method. Higher 
the content of turmeric more yellow was the hydrogel 
membrane. However, the best content of turmeric was 
0.5 g, which showed the highest anti-bacterial activity.

The physical properties of hydrogel membrane includ-
ing swelling behavior, tensile testing, WVT, moisture 
retention capability and gel fraction were character-
ized. The swelling behavior of hydrogel membrane was 
increased and WVT of hydrogel membrane was decreased 
by the addition of turmeric, both properties were favora-
ble to control the fluid loss from the body. The addition of 
turmeric resulted in the decrease of mechanical strength 
but had no effect on the moisture retention capability.

The hydrogel membrane showed anti-bacterial activity 
against both, gram-positive and gram-negative bacteria. 
The diameter of the zone of inhibition was less against 
gram-negative bacteria, which showed their higher resist-
ance to anti-biotic. Therefore, the hydrogel membrane 
prepared containing turmeric has all the properties of the 
good wound dressing and it not only favors the wound 
healing but also prevents the wound from infection.
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