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ABSTRACT
Nanotechnology involving biopolymers is comprehensively used in biomedical applications, plan-
ning sciences, and food development. The present work describes the synthesis, characterization,
and application of carrageenan and zinc oxide nanoparticles (ZnONPs) based hydrogel. The syn-
thesized hydrogels were subsequently characterized using FTIR, XRD, SEM, and TG-DTA. The swel-
ling property, antioxidant activity, and whole blood clotting effectiveness of the Carrageenan
hydrogel, and Carrageenan Hydrogels Impregnated with Zinc Oxide Nanoparticles were evaluated.
The CarrageenanþZnONPs (C/ZnONPs) hydrogels showed good antioxidant, and blood clotting
activity than the pure carrageenan hydrogel. In addition, the stable C/ZnONPs hydrogels exhibit
good antimicrobial activities against both Gram-negative and Gram-positive bacterial strains.
Biofilm analysis showed that C/ZnONPs hydrogels have excellent anti-biofilm potential in both
inhibition and disruption of preformed biofilm. The obtained results suggested that the carra-
geenan and Zinc oxide nanoparticles based hydrogel have promising biological applications.
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Introduction

Pathogenic microorganism resistance to frequently used
antibiotic substances have become an important health con-
cern in the 21st century. The development of microorganism
resistance to antibiotics has significantly increased morbidity
and mortality, longer hospitalization and increased health
care costs.[1] Resistance is increasing against antibiotics, par-
ticularly to the first line, inexpensive, and broad-spectrum
antibiotics, but also to the newly developed antibiotics; since
the development of novel alternative is necessary.[2,3]

In the specific case of wound management there are sev-
eral reports of the microorganism resistance to the drug
used to manage wounds.[4] The role of microbial infections
in the development of wound infections is well established,
the life threatening nature of the wound infections has

maximized its importance in human health. In addition, the
cost of medication for wound management is also high.[5,6]

Hence the exploration of new substance for the wound man-
agement is very important.

An important factor to take into consideration, when
nanoparticles are utilized is how they are move to the site of
activity; for this, several methods have been developed like
hydrogels, hydrocolloids, alginates, polyurethane foam films,
and silicone gels.[7]

Hydrogel are three dimensional hydrophilic polymeric
chains which facilitate mass oxygen transfer.[8] These hydro-
gels have several advantageous properties such as high bio-
compatibility, low immunogenicity and cytotoxicity, ease of
functionalization and tunable physicochemical properties
which has paved the way toward garnering appiclations in
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tissue engineering.[9,10] Other applications of hydrogels
include cell transplantation and differentiation, endogenous
regeneration, sustained drug delivery, bio prosthetics and
wound healing.[8–11] Polysaccharide based hydrogels prove
advantageous over other types of hydrogels owing to their
properties such as enhanced biological activity, biocompati-
bility and biodegradability, mechanical stability as well as
scope for chemical modification.[12]

Hydrogel act as effective wound dressing material owing
to their water holding property which keeps the wound
moist thereby facilitating rapid cure by means of cell migra-
tion and re-epithelialization.[13] These gels accelerate wound
healing process by acting as physical barriers against
microbes. Metallic nanoparticles namely zinc oxide
(ZnONPs) and Copper oxide (CuONPs) have promising
antibacterial activity as demonstrated by previous work-
ers.[14–16] Hydrogels incorporated with ZnONPs and
CuONPs exhibit multifunctional properties.[17] ZnONPs
incorporated hydrogels showed effective antibacterial activity
with gram negative than the gram positive bacteria.[18]

Carrageenan is the sulfated polysaccharides acquired by
extraction of red marine algae. It exhibits an effective
approach for drug deliverance as a nanoparticle due to its
biodegradability, biocompatibility and non-toxicity[19]

Besides, carrageenan and its modifications has been previ-
ously used in controlled drug delivery system, wound dress-
ing and tissue engineering.[20]

Nanoparticles have been successfully applied in the fluor-
escent biological labels, bio detection of pathogens, searching
of DNA structure, drug and gene delivery, recognition of
proteins, tissue engineering, tumor destruction, screening
and purification of natural molecules and cells, MRI contrast
enhancement, phagokinetic studies.[21] Zinc Oxide (ZnO) is
an essential metal oxide with several potential biological[22]

biomedical[23,24] wound healing and antimicrobial applica-
tions.[25,26] Especially, zinc oxide nanoparticles (ZnONPs)
can be found in numerous industrial products including
rubber, pharmaceutical and cosmetic industries, textile
industry, electronics and electrotechnology industries, and
photocatalysis.[27–29] In addition, ZnONPs have been exam-
ined for their ability to reduce microbial infections in skin
and burn wounds.[30,31] ZnONPs is used in many ointments
for the healing of injuries due to its outstanding antimicro-
bial properties.[32,33] Currently, it’s getting renowned atten-
tion due to its unique and potential applications in various
fields of research.[34–36] The various applications are
enhanced by nanoparticle interaction with cellular
components.[22,37–42]

The abundantly available polysaccharides such as alginate,
agarose, chitosan, etc. have paved way for its usage in tissue
engineering applications.[43–45] Such biopolymers have a
simple and effective extraction process that enables large-
scale production.

The aggregate of metal nanoparticles and biopolymers
has attracted a large attention due to its flawless character
for the ideal wound dressing properties.[46] In the current
investigation, we planned to investigate the efficiency of
both carrageenan and ZnONPs.

Hence, carrageenan mixed with different concentrations
of ZnONPs and hydrogel was for prepared. Nevertheless, in
a parallel research done by Oun & Rhim (2017) mixing two
ZnO and CuO NPs and prepared the hydrogels.[17] But,
their study was limited to antimicrobial activity of some
food pathogens. However, this study we have intended to
evaluate many biomedical applications of the carrageenan
based nano hydrogels.

The simple extraction process coupled with abundant
applications of ZnO based hydrogels have paved the way for
us to extend the study toward effective wound heal-
ing treatment.

The prepared hydrogel was used in order to evaluate the
changes in the properties of the polymer-nanoparticle com-
binations. The hydrogels were delineated using FTIR, XRD,
TG-DTA and SEM. The effects of nanoparticles on the
morphology, swelling characteristics of the hydrogel were
tested. Antimicrobial and biofilm of the hydrogels was tested
on both gram-negative and gram-positive bacteria. Further,
the antioxidant activity and blood clotting activities of the
synthesized hydrogel were tested.

Materials and methods

Materials

I-Carrageenan, zinc nitrate (ZnN2O6.6H2O), Sodium
hydroxide pellets (NaOH), Potassium chloride (KCl), and
Glycerol (C3H8O3) Himedia, India, were used without any
further purifications.

Synthesis of ZnONPs

ZnONPs were prepared by reducing ZnN2O6.6H2O using
NaOH as a reducing agent. 29.75 g (0.1M) ZnN2O6.6H2O
was dissolved in 1000ml of double distilled water with stir-
ring for 30min and heated to boil. Then 60ml of 5M
NaOH solution was added drop wise to the ZnN2O6.6H2O
solution and incubate at 80 �C for 2 h. The white precipitate
indicates the formation of ZnONPs, the precipitate was
washed three times with distilled water and three times with
absolute ethanol, and then it was desiccated in an oven at
70 �C for 6 h. The ZnONPs were kept in air tight container
until further use.[17]

Synthesis of carrageenan based hydrogels

Three grams of carrageenan was completely dissolved into
150ml of distilled water with 0.9 g of glycerol as a plasti-
cizer. Prepared solution was heated at 90 �C for 20min, then
2.5ml of 1M KCl solution was poured to initiate gelation
process.[17] Three different concentrations of
CarrageenanþZnONPs (C/ZnONPs) hydrogels were pre-
pared with of ZnONPs (1wt % of carrageenan, 2 wt % of
carrageenan, and 3wt % of carrageenan). For hydrogel prep-
aration, ZnONPs were added to 150ml of distilled water
and placed in one for 4 hours for uniform distribution. 3 g,
of carrageenan 0.9 g glycerol and 2.5ml KCl were added to

INORGANIC AND NANO-METAL CHEMISTRY 735



the solution according to the same protocol as men-
tioned earlier.

Morphological analysis (SEM)

The structure of carrageenan and C/ZnONPs hydrogel was
observed using a scanning electron microscope (JEOL-JSM
5610LV, JEOL, Ltd, Tokyo, Japan) at an acceleration voltage
of 10 kV and a current of 10mA after sputter coating the
samples with gold.

Categorization of hydrogels

FTIR and XRD analysis of hydrogels
The chemical arrangement of the prepared hydrogels was
evaluated using FTIR spectra, for this, freeze dried carra-
geenan based hydrogels were placed on the stage and spectra
was recorded in the range of 4000–400 cm�1.

The X-ray diffraction patterns of hydrogels were analyzed
by XRD diffractometer. Hydrogels was placed on a glass
slide and the spectra were recorded using Cu Ka radiation
at a wavelength of 0.154 nm and a monochromator filtering
wave at 40 kV and 30mA.

The diffraction pattern was obtained at diffraction angles
between 2h¼ 30–80� with a scanning speed of 0.4�/min at
room temperature.

Thermal properties
Temperature stability of hydrogels was analyzed by a simul-
taneous thermal analyzer (NETZSCH-STA 449 F3 JUPITER
Instrument, Germany). The measured amount of hydrogel
samples were heated in the temperature ranged from 30 to
600 �C with a heating range of 20 �C/min under a nitrogen
stream of 50 cm3/min.

Swelling ratio
To establish swelling ratio (SR) for the hydrogels, pre-
weighed freeze dried hydrogels were immersed in swelling
medium. After incubation of samples, the surface water
were removed and weighed. The swelling ratio was calcu-
lated as follows.

SR ¼ W2�W1ð Þ=W1

Here, SR is the swelling ratio, W1 is the weight before swel-
ling and W2 is the weight after swelling.[47]

Release study of ZnONPs from hydrogels
The UV-Vis absorption spectra of ZnONPs from the hydro-
gels were recorded by using UV-Vis spectrophotometer.
About 5mg of freeze dried hydrogel disks were immersed in
5ml of distilled water and incubate at room temperature.
The medium (�3ml) was transferred into a quartz cell and
absorbance was recorded in the wavelength
range 300–700 nm.[48]

DPPH

The antioxidant assay was estimated utilizing DPPH (2,2-
diphenyl-2-picrylhydrazyl hydrate) according to the method
described by Nagaich and Gulati.[49] A stock solution of
DPPH was prepared in ethanol; 1ml of this solution was
poured into 3ml of hydrogel extract (1 g of hydrogel in
10ml of distilled water). The blend was stunned and allowed
to incubate at room temperature for 30min. Then the
absorbance was determined at 517 nm by using a UV-Vis
spectrophotometer. Antioxidant activity was estimated as
follows.

% Inhibition ¼ ðcontrol absorbance
– sample absorbance=control absorbanceÞ
� 100

Whole blood clotting assay

Whole blood clotting study of the hydrogels was performed
according to the method described by Liu[50] with minor
modifications. Blood was drawn out from healthy volunteers
in anticoagulant tubes. 200ml of blood was added to 10mg
freeze dried hydrogels and was placed in a 24 well plate, fur-
ther 0.1M CaCl2 was added to initiate blood clotting.
Hydrogels were incubated at 37 �C for 10min. After incuba-
tion 2ml distilled water was added drop wise without dis-
turbing the clot. Subsequently, 1ml of solution was taken
and centrifuged at 1000 rpm for 1min. Supernatants were
collected for each sample and maintained at 37 �C for 1 h
then 200 ml of this solution was transferred to a 96 well plate
and then measured at 540 nm with ELISA reader.

Microbial studies

Antimicrobial assay
The antibacterial assay of hydrogels was evaluated by using
the agar diffusion method against the gram-negative and the
gram-positive bacteria. Briefly, 100 ml of bacterial suspension
was spread out on the agar surface. Further, the hydrogels
were added into the wells, the petri dishes were incubated
for 12 h at 37 �C. Zones of inhibition were evaluated by cal-
culating diameter of the bacterial growth inhibition zone
around the wells.[51]

Disruption of preformed biofilm
The antibiofilm efficacy of hydrogels on biofilm formation
by Gram-positive bacteria such as Bacillus subtilis,
Staphylococcus aureus and Gram-negative bacteria
Escherichia coli, Klebsiella pneumoniae bacteria were exam-
ined by following the protocol described by[52] with minor
changes. All bacterial strains were purchased from Raja
Muthiah Medical College, Chidhambaram, Tamilnadu,
India. The bacterial suspensions were added into 24 well
culture plates. To ensure the proper biofilm formation of
cultured plate was incubated at 37 �C for 24 h. After incuba-
tion, non-adhesive cells were removed and washed with

736 SATHISH ET AL.



sterile phosphate buffered saline (PBS). For the control, bio-
films were treated with 0.1 g of hydrogels sample for 24h at
37 �C. Untreated wells were incubated with 100ml sterile dis-
tilled water. After 24h, media was removed and formed bio-
films was then fixed with 100ml absolute methanol. The plates
were kept incubated for 15min at 37 �C. Methanol was
removed from the plate and biofilms were briefly stained with
0.1% crystal violet and incubated for 30min at room tempera-
ture. Excess strains were thoroughly removed with distilled
water and then plates were left to dry for 5 h. After drying,
20% glacial acetic acid was poured to each well. De-stained
solution was further transferred into 96 well plates then optical
density was measured at 595nm with ELISA reader.

Biofilm inhibition
This assay traditionally used to estimate the drug efficacy to
prevent biofilm formation. For test wells, 0.1 g of hydrogels
was added to plate and seeded with bacterial suspension,
untreated wells incubated with 100 ml of sterile distilled
water and kept incubated at 37 �C for 24 h. After incubation,
biofilms inhibition was assessed by the violet stain as
described in 2.8.2.

Result and discussion

Morphological analysis

General observation
The transformation of liquid hydrogels into solid gel was
noticed with the presence of KCl (supplementary Figure S1).
Regardless of ZnONPs concentration, the gelation time of
carrageenan based hydrogels was less than 2min. The fast
gelation in this carrageenan-based hydrogels preparation
may be advantageous to prevent unwanted diffusion and
loss of the delivered species.[53]

SEM analysis
SEM imaging is one of the promising methods for the
topographic analysis of synthesized hydrogels and nano-
particles. SEM images of hydrogels and nanoparticles are
shown in Figure 1A and B. Carrageenan was completely
dissolved and complete smooth uniform layer was
obtained. The incorporation of ZnONPs onto the carra-
geenan hydrogels was also analyzed through SEM.
Vigorous mixing causes ZnONPs dispersed uniformly
inside the carrageenan based hydrogels. The homogeneity

Figure 1. (A) SEM images at different magnification micrographs of Carrageenan and SEM ZnONPs. (B) SEM images at different magnification micrographs of C/
ZnO1%, C/ZnO2%, and C/ZnO3%.
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and uniform distribution of ZnONPs on the hydrogel
matrix are confirmed from this image. C/ZnO1%,
C/ZnO2%, and C/ZnO3% hydrogels showed an increased
surface roughness with enhancement in the concentra-
tions of ZnONPs. Further, the morphology of ZnONPs
was confirmed through SEM analysis and the observed
shape of ZnONPs was spherical.

Characterization of ZnONPs and carrageenan
based hydrogels

FT-IR
Chemical interactions between carrageenan and ZnONPs
were examined by FT-IR spectroscopy, and the observed
results are presented in Figure 2. The peaks at 3294 to

Figure 1. Continued.
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3360 cm�1 were recognized to the stretching of hydroxyl
groups. The sharp peak at 2926 cm�1 was matching to the
stretching of C-H bonds. The peak at 1581 cm�1 was due to
the presence of water molecule. The absorption band at
1259 cm�1 was corresponding to the sulfate ester group. The
peaks at 920 and 844 cm�1 were attributed to C-O of 3, 6-
anhydro-D-galactose and C-O-SO3 of D-galactose-4-sulfate.
Variations in intensity and peak positions were noticed after
integration of nanoparticles, which was corresponding to the
interactions between carrageenan and ZnONPs. Similar
observations were reported by Oun et al..[17]

X-ray diffraction
X-ray diffraction (XRD) patterns of the hydrogels are pre-
sented in Figure 3. The XRD pattern of the ZnONPs shows
the characteristic peaks located at 2h of 31.8, 34.4, 36.2,
47.65, 56.6, 62.85, 68.08 and 69.09 corresponding to the zinc
oxide.[17,54] The carrageenan hydrogel showed specific dif-
fraction at 2h of 40.6 and 50.2 representing KCl. The pre-
sent intensity of C/ZnONPs hydrogel was changes due to

the presence of KCl in hydrogels. ZnONPs added hydrogels
exhibits peaks at 2h of 38.3 and 46.12 corresponding
to ZnONPs.

TG-DTA
Thermogravimetric studies of the hydrogels and ZnONPs
were conducted from 30 to 600 �C. The TGA and DTA
curves for the hydrogels and nanoparticles are shown in
Figure 4. No considerable weight loss is observed after this
up to 600 �C. The observed results elucidated that ZnONPs
is stable even above 398 �C. The weight loss curve of the
control carrageenan hydrogel in the range of 260–300 �C are
associated with decomposition of carrageenan films.[17] The
corresponding weight loss curves of the C/ZnONPs hydro-
gels in the range 260–300 �C, suggest the comparable weight
loss events of C/ZnONPs hydrogels. TG-DTA analysis shows
a loss of 5% up to 398 �C (Figure 4). The residual weight of
the carrageenan hydrogel and C/ZnO1%, C/ZnO2% and C/
ZnO3% hydrogels were 36.13, 33.27, 36.22, and 38.32
respectively (Table.1).

Figure 2. FT-IR spectra of (A) ZnONPs, and (B) (1) Carrageenan hydrogels, (2) C/ZnO1%, (3) C/ZnO2% and (4) C/ZnO3%.
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It was observed that the residual weight of the C/
ZnONPs hydrogels varies based on the ZnONPs concentra-
tion. C/ZnO2% and C/ZnO3% hydrogels are more stable than
carrageenan hydrogel. Among all, C/ZnO3% has more
residual weight after TGA thus considered to the more sta-
ble hydrogel in this investigation.

Swelling capability
The swelling capability of hydrogel is used for the measure-
ment of water holding capacity of the C/ZnONPs hydrogels.
The swelling capability of carrageenan hydrogel and C/
ZnONPs hydrogels increased quickly in the first 10min of
immersion into PBS and the swelling capacity started to
decrease after 30min of immersion. Reduction in the swel-
ling capacity after 30min was mainly because of the dissol-
ution of carrageenan into the PBS. The carrageenan

hydrogel exhibited the swelling capacity of 2136%, using
KCl as cross linker in hydrogel synthesis increased swelling
capacity of carrageenan hydrogel in dramatic level. The C/
ZnO1%, C/ZnO2%, and C/ZnO3% hydrogels exhibited the
swelling capacity of 2563%, 2824% and 3216%, respectively.
The increase in the C/ZnONPs hydrogels swelling capacity
is dependent on the ratio of cross linker (KCl) and concen-
tration of ZnONPs present in the hydrogels. Incorporation
of ZnONPs into carrageenan hydrogels was probably caused
by increase mechanical properties to maintain the structural
integrity of hydrogels during absorbing PBS. This increase
in the swelling capacity has been noticed when carrageenan
hydrogel films integrated with ZnONPs and CuONPs.[17]

Release study of ZnONPs from hydrogels
To understand the ZnONPs release from the carrageenan based
hydrogels, in-vitro studies were carried out in pH 7.4 PBS buffer
solution at 37 �C. The presence of ZnONPs in the hydrogel was
confirmed by UV- Vis spectroscopy. Supplementary Figure S2
displays the release profile of ZnONPs from C/ZnO1%, C/
ZnO2%, and C/ZnO3% hydrogels in 7.4 pH media with respect to
time. A distinct absorption maximum is observed at wavelengths
300nm for the C/ZnO1%, C/ZnO2%, and C/ZnO3% hydrogels
respectively. Similar absorption peaks have been reported for
zinc oxide nanoparticles.[55] C/ZnO3% hydrogel have higher
release, whereas C/ZnO1% hydrogel has shown less release, this is
because of the presence of more ZnONPs that are entrapped
inside the hydrogels.[56]

DPPH radical scavenging activity

The supplementary image (Figure S3) shows the DPPH rad-
ical scavenging activity of the carrageenan, C/ZnO1%, C/

Figure 4. TGA and DTA curves for ZnONPs, Carrageenan, C/ZnO1%, C/ZnO2%, and C/ZnO3% hydrogels respectively.

Figure 3. XRD patterns of a (A) ZnONPs, and (B) (1) Carrageenan hydrogels, (2)
C/ZnO1%, (3) C/ZnO2% and (4) C/ZnO3%.

Table 1. TG-DTA analysis of carrageenan, C/ZnO1%, C/ZnO2%, C/ZnO3%,
and ZnONPs.

Sample

Residual weight (%)

200⁰C 400⁰C 600⁰C

carrageenan 85.24 42.23 36.13
Ca/ZnO1% 87.94 43.64 38.32
Ca/ZnO2% 84.32 42.19 36.22
Ca/ZnO3% 84.55 35.03 33.27
ZnONPs. 98.18 95.74 94.95
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ZnO2%, and C/ZnO3% hydrogels. The activity was high and
it subsequently decreased with the integration of ZnONPs in
the carrageenan hydrogel. The decrease in the antioxidant
activity of C/ZnO1%, C/ZnO2%, and C/ZnO3% hydrogels can
be explained by many answers. Precisely, the low antioxi-
dant activity was due to the slower release of the ZnONPs
from hydrogels. The scavenging activity of the test hydrogel
was carrageenan hydrogel>C/ZnO1% > C/ZnO2% > C/
ZnO3%. Current study results are consistent with the previ-
ous work.[57]

Whole blood clotting

To evaluate the influence of ZnONPs on the whole blood
clotting behavior of carrageenan hydrogels, whole blood was
kept in contact with prepared hydrogels.

For comparison carrageenan hydrogel without ZnONPs
was selected as control (Figure 5).

The appearance and graphical representation of influence
of C/ZnONPs hydrogels on the whole blood clotting behav-
ior is shown in Figures 5 and S4. C/ZnONPs hydrogels have
much higher blood clotting efficiency as compared with
pure carrageenan hydrogel. When blood was introduced
onto the hydrogels, it was rapidly absorbed by the C/
ZnONPs hydrogels. However, for the pure carrageenan
hydrogels, blood was not absorbed rapidly (Figure S4, A3).
To quantify the blood clotting efficiency of hydrogels, blood
which is not trapped in the hydrogels was washed away with
saline and optical density of the solution was measured
(Figure S4, A4). All the C/ZnONPs hydrogels show a
decrease in the absorbance value when compared with con-
trol thus indicates a faster clotting performance. The exist-
ence of ZnONPs in the hydrogels did not alter the blood
clotting nature of the carrageenan. However, in a similar
research, adding a chitosan hydrogelþNano ZnO composite
has good effects on blood clotting.[58] Incorporation of
ZnONPs into carrageenan hydrogel can lead to more than
50% decrease in the absorbance value of hemoglobin solu-
tion. Therefore, C/ZnONPs hydrogels are superior in view
of whole blood clotting (Figure 5). Carrageenan is a highly
sulfated blood clotting material and also called as good
hemostatic agent,[59] carrageenan blood clotting ability can
be attributed to the negatively charged surfaces in the

carrageenan activating factor XII which initiates the inherent
pathway of blood coagulation.[60] C/ZnONPs hydrogels pos-
sess in high absorption ability. Due to the connections
between the blood and C/ZnONPs hydrogels, the hydrogels
could trap more blood leading to more rapid and stable
blood clotting compared with pure carrageenan.

Microbial studies

Antimicrobial assays
Antibacterial activity against B. subtilis, S. aureus, E. coli and
K. pneumonia of the carrageenan, C/ZnO1%, C/ZnO2%, C/
ZnO3% hydrogels and ZnONPs was evaluated using agar
well diffusion method, and the respective results were pre-
sented in Figure 6. The carrageenan hydrogel did not show
any antibacterial activity against above mentioned bacteria
(Figure S5), but the C/ZnO1%, C/ZnO2%, C/ZnO3% hydro-
gels and ZnONPs exhibited strong antibacterial activity
against all the strains. However, the antibacterial activity was
dependent not only on the concentration of ZnONPs but
also on the type of bacteria. C/ZnO1%, C/ZnO2%, C/ZnO3%

hydrogels and ZnONPs exhibited strong antibacterial activity
against Gram-negative bacteria E. coli and K. pneumonia
and Gram-positive B. subtilis, and S. aureus (Figure 6). Shi
et al. and Oun and Rhim also found that the ZnONPs
showed stronger antibacterial activity against food pathogens
of both Gram-positive and Gram-negative bacteria.[17,61]

The mechanism behind the antibacterial activity of ZnONPs
might be due to several reasons such as reactive oxygen spe-
cies (ROS) generation, zinc ions (zn2þ) release, different
probable mechanisms.[61,62] They concluded that the hydro-
gels releases the entrapped ZnONPs in the surrounding
medium thus destroying the microorganisms.

Inhibition of development of pre-formed biofilms
The antibiofilm efficacy of the hydrogels was evaluated
against both Gram- negative and Gram- positive bacteria. A
standard crystal violet assay for biofilm analysis indicated
that hydrogels are effective in eradication of preformed bio-
film built by Gram-positive Bactria i.e., B. subtilis and S.
aureus. Similar results were also noticed in case of biofilm
built by Gram-negative E. coli and K. pneumonia. Besides,
an equal amount of carrageenan hydrogel was added to bio-
film, and shows significant difference in the ability to dis-
turb preformed biofilm was observed between carrageenan
hydrogel and C/ZnONPs hydrogels Figure 7A. which is in
consistent with the earlier findings indicating enhancement
of biofilm activity of carrageenan.[63] Thus, the enhanced
activity of carrageenan hydrogels could unmistakably be
associated to the presence of ZnONPs in hydrogels.
Quantification of biofilm indicated that C/ZnONPs hydro-
gels especially C/ZnO2% and C/ZnO3% were superior to
inhibit the biofilm formation of both Gram-negative and
Gram-positive. Taken together, these observations estab-
lished that C/ZnONPs hydrogels were more effectual to dis-
rupt preformed biofilms, regardless of Gram-positive and
Gram-negative bacteria.

Figure 5. Whole blood clotting evaluation of the carrageenan hydrogel and
carrageenanþ ZnONPs hydrogels.
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Antibiofilm inhibition
Synthesized hydrogels have utilized to inhibit the biofilm
activity. In the present study, biofilm inhibition activity of
hydrogel was determined with most strong biofilm forming
and frequent wound infecting pathogens B. subtilis, S. aur-
eus, E. coli and K. pneumonia (Figure 7B). These results
indicated that, hydrogels inhibited the biofilm formation of
all tested bacterial strains as compared with negative control.

Interestingly, an inhibition of biofilm activity was on con-
centration based. As a result, B. subtilis was inhibited over
45%± 1.26% only by C/ZnO3% hydrogel, while Carrageenan,
C/ZnO1%, C/ZnO2% had an inhibition 28%± 1.49%,
34%± 1.6%, and 45%± 1.06% respectively. The C/ZnO3%

hydrogel was shown inhibition up to 36%± 0.8% the biofilm
formation of S. aureus, other hydrogels have very mild
effects on S. aureus biofilm formation. In Gram-negative E.

Figure 6. Zone of inhibition evaluations of respective stains B. subtilis, S. aureus, E. coli and K. pneumonia against of (1) Carrageenan, (2) C/ZnO1%, (3) C/ZnO2%, (4)
C/ZnO3% hydrogels, (5) ZnONPs.

Figure 7. Images of the percentage of (A) pre-formed biofilm and (B) biofilm disrupted by different hydrogel formulations B. subtilis, S. aureus, E. coli and
K. pneumonia.
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coli, biofilm inhibition was shown up to 40%± 0.64%, C/
ZnO3% hydrogel was the most active. Results with the K.
Pneumonia, shown as C/ZnO3% hydrogel had significant
level of inhibition up to 30%± 0.56%. Carrageenan, C/
ZnO1%, C/ZnO2% hydrogels did not show significant
effectiveness.

The efficacy of disruption preformed biofilm and biofilm
inhibition by carrageenan hydrogel and C/ZnONPs hydro-
gels in vitro analysis was originally demonstrated. Although,
S. aureus, E. Coli, B. subtilis and K. pneumonia are the com-
mon bacterial species frequently identified from wound
infections.[64] All these bacterial pathogens have been
increasingly associated with wound infections. If effective
measures are not taken for the wound infection the small
wound may lead to death.[65] Recently,[66–69] demonstrated
zinc oxide shows significant biofilm activity against S. aur-
eus, E. Coli, B. subtilis and K. pneumonia. Our in vitro
results were also quite promising, suggesting the hydrogel
reinforced with ZnONPs exhibited significant biofilm activ-
ity. Thus, C/ZnONPs hydrogels represents a promising com-
posite for the management for bacterial infections and a
serious candidate for wound healing applications. The
release of Zn ion from ZnONPs will be checked in our
future work.

Conclusion

The synthesized C/ZnONPs hydrogels was produced by a
simple and efficient method, performing proper swelling
capacity and much better mechanical properties. It exhibited
better antioxidant, blood clotting activity and also possess
excellent antibacterial and biofilm efficacy against B. subtilis,
S. aureus, E. coli and K. pneumonia. The present study con-
firmed that C/ZnONPs hydrogel have multi-potential prop-
erty. Thus, the present study suggests that this bio-reduction
practice is a well suitable system for large-scale production.
The blood clotting and biofilm efficacy were tested in this
study only at the grassroot stage which needs to be
addressed further.
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