
Send Orders for Reprints to reprints@benthamscience.net 

 Current Biochemical Engineering, 2014, 1, 75-82 75 

 

Fabrication and Characterization of Fungal Chitosan-SAP Membranes for 
Hemostatic Application 

Ahmed El-Mekawy
a
,
 
Hanaa M. Hegab

b,
*, Ashraf El-Baz

a
 and Samuel M. Hudson

c
 

a
Industrial Biotechnology Department, Genetic Engineering and Biotechnology Research Institute, Menufiya University, 

Sadat City, Egypt; 
b
Institute of Advanced Technology & New Materials, City of Scientific Research & technology Appli-

cation Borg Elarab, Alexandria, Egypt; 
c
Department of Textile Engineering, Chemistry, and Science, College of Tex-

tiles, Raleigh, North Carolina 27695-8301, USA 

Abstract: Novel membranes were fabricated from fungal chitosan (Cs) and starch based super absorbent polymer (SAP) 

for hemostatic application. The commercial production of Cs through alkaline deacetylation of crustacean chitin includes 

many drawbacks. Fungal Cs production, by a more eco-compatible technique, has become an alternative source for the 

traditional one. In this study, the production of fungal Cs was executed in a bioreactor from the mycelia of Absidia coeru-

lea. The maximum obtained fungal Cs was 0.55 g/L after 48 h. The fabrication of Cs-SAP membranes was approached 

subsequently using two methods, physical blend of two polymers, and Cs-SAP sub-layer. To evaluate the homeostatic ef-

fect of Cs - SAP membranes on blood, erythrocyte sedimentation test was conducted in vitro. Since increasing the Cs con-

centration from 0.5 to 2 % w/v in the fabricated Cs - SAP membranes, reduces the erythrocyte sedimentation time from 

69.8 to 62.3 min, respectively, while increasing the concentration of SAP (0.12-0.5 % w/v) has less or no significant effect 

on erythrocyte sedimentation time. Sub-layered 2L8 membrane significantly reduced ESR (P< 0.05) by 22%, while physi-

cally blended 11B8 membrane diminished ESR by only 12% compared to the control. Furthermore, these membranes 

were investigated by FT-IR, SEM, tensile, antimicrobial activity and cytotoxicity. Chitosan-SAP membranes can be de-

scribed as bio-membranes with a homogeneous matrix, stable structure and interesting mechanical properties, with great 

possibilities of utilization in hemostasis. 
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1. INTRODUCTION 

 The main chemical structure of chitosan (Cs) is -(1-4)-
2-amino-2-deoxy-d-glucopyranose residues and could be 
obtained by the partial deacetylation of chitin which is found 
naturally in the cuticle of marine crustacean, fungal cell wall 
and some insects. The deacetylated polysaccharide has 
gained a great interest in industrial and biomedical applica-
tions due to its abundance, biodegradability, biocompatibil-
ity, non-toxicity and chemical inertness. Recently advanced 
biotechnology has led to the production of Cs from fungal 
cell walls, which have become an alternative source for the 
production of this polymer by a more eco-compatible 
method. The fungal chitosan production overcomes many 
drawbacks of traditional commercial production by alkaline 
deacetylation of crustacean chitin. These drawbacks include 
the allergy generated by shellfish products, environmental 
pollution due to the use of huge amount of alkali, seasonal 
and limited raw material supply and inconsistent physico-
chemical properties. 

 Many applications require utilizing Cs to fabricate bio-
functional materials such as fibers, membranes, gels, and 
sponges which have many biological properties including 
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healing stimulation, homeostasis, tissue-engineering scaf-
folds, antimicrobial activity, and drug delivery. It has been 
reported that Cs membranes have a hemostatic effect; how-
ever it is difficult to reveal the mechanism of its biological 
activity because of its complex chemical structure. Malette 
and Quigley [1] patented a new method to achieve homeo-
stasis by using liquid or powdered Cs. Cs dressing was used 
to reduce hemorrhage and improve survival after severe liver 
injury in swine [2]. Furthermore it was found that Cs en-
hanced hemostasis of lingual incision in rabbits by a 32% 
decrease in bleeding time [3]. Chitin and Cs reduce the blood 
coagulation time and enhance the release of platelet derived 
growth factor AB and the transforming growth factor- 1 
from the platelets [4]. The theory behind hemostatic effect of 
Cs was explained by its interaction with the erythrocytes, 
linking them together to establish a cellular clot or hemo-
static plug [5]. This effect is not only due to erythrocytes 
aggregation but also extends to platelet aggregation [6]. 
Since composite membranes are the key to fulfill properties 
of the required application, blending Cs with its unique 
properties and other polymers could enhance the fabricated 
membranes for hemostatic application [7].  

 Super absorbent polymers (SAP) are one of those addi-
tives with hydrophilic nature that can swell more than 100% 
of their weights in water. They are mainly used in disposable 
diapers and agricultural applications. SAPs have two main 
types, natural (polysaccharide or polypeptide based) and 
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synthetic (petrochemical-based). Starch-graft-polyacrylonit 
rile (SPAN) was the first commercial SAP that was produced 
in 1970s. Nowadays, most SAPs are produced by solution or 
inverse-suspension polymerization of acrylic acid, its salts 
and acrylamide [8]. The present study aims at the production 
and extraction of fungal Cs from Absidia coerulea, and using 
extracted fungal Cs to fabricate Cs-SAPs membranes for 
hemostatic application. The peer ranked fabricated mem-
branes were characterized in terms of FTIR, cytotoxicity, 
antibacterial, mechanical and morphology. Moreover, the 
effect of different concentrations and blend ratios on hemo-
static property of fabricated membranes was studied. 

2. MATERIALS & METHODS 

2.1. Materials 

 The fungal strain of Absidia coerulea ATCC 14076 for 
Cs production and the L929 cell fibroblast for cytotoxicity 
test were obtained from the American Type Culture Collec-
tion, Rockville, MD, USA. Super absorbent polymer 
((Starch–Poly (Sodium Acrylate-co-Acrylamide)) was ob-
tained from Water Lock

®
 (Muscatine, lowa). The erythrocyte 

sedimentation test was evaluated with heparinized samples 
of freshly drawn porcine whole blood obtained from the Col-
lege of Veterinary Medicine, NC State University. The MTT 
test was performed with the Cell Titer 96

®
 non-radioactive 

cell proliferation assay kit (Promega, Madison, WI, USA). 

2.2. Methods 

2.2.1. Fungal Strain Cultivation 

 The fungal strain was activated in potato dextrose broth 
(2% glucose and 0.4% infusion from potatoes; pH 5.6) at 
24

o
C for 48 h. It was then transferred onto potato dextrose 

agar slants and incubated at 24
o
C for 96 h, then stored at 4

o
C 

and transferred monthly. Inocula were prepared by growing 
the fungal strain on potato dextrose agar (PDA) slants at 
24°C for 4 days until sporulation. Spores were collected, 
suspended in sterile distilled water and samples were 
counted by the haemocytometer. 

 Absidia coerulea was grown in a bioreactor containing 
modified yeast peptone dextrose (YPD) fermentation me-
dium (1% yeast extract, 2% peptone, 2% dextrose, 0.5% 
ammonium sulfate, 0.1% di-potassium hydrogen orthophos-
phate, 0.1 % sodium chloride, 0.5 % magnesium sulphate-7- 
hydrate, 0.01 % calcium chloride-2-hydrate) and antifoam 
Sigma 204 was added (7.5% v/v) manually. The bioreactor 
was inoculated to give a final concentration of 10

7
 spores/L. 

The bioreactor used was In-situ sterilizable lab-fermentor 
(Biostat

®
 C-DCU, Sartorius Stedim Biotech, Germany) with 

a working volume of 20 L equipped with a pH, temperature 
and DO electrodes. The pH was maintained at 5.0 by auto-
matic titration with 1 M NaOH and the temperature was kept 
constant at 25°C. Sterile air was added at a rate of 1 vvm. 
The cultivation was held at 200 rpm for the first 24 h and 
then increased to 350 rpm for 12 h and finally increased to 
520 rpm. 

2.2.2. Fungal Chitosan Extraction 

 Fungal mycelia were harvested by filtration, washed with 
distilled water until a clear filtrate was obtained and stored at 

20°C. Mycelia were then dried at 60°C, weighed, ground 
and autoclaved at 121°C for 15 min after homogenization 
with 1N NaOH (1:40, w/v). After filtration, the alkali insolu-
ble material (AIM) was washed thoroughly with water until 
the pH was neutral, dried and weighed. The AIM was re-
fluxed with 2% (v/v) acetic acid (1:100 w/v) for 15 min at 
121 °C. The obtained slurry was filtered and Cs was precipi-
tated out from the supernatant by adjusting the filtrate pH to 
10 with 2N NaOH; washed several times with distilled water 
followed by acetone [9]. 

2.2.3. Evaluation of Fungal Chitosan 

 The IR spectra of the samples were carried out using a 
Thermo Nicolet 510P FT-IR Spectrometer with OMNIC 
software. Sixty-four scans were accumulated with a resolu-
tion of 4 cm

1
 for each spectrum in the range of 4000–400 

cm
-1

. The degree of acetylation (DA) of Cs was determined 
from the infrared spectrum according to Roberts [10], using 
the absorbance ratio A1655/A3450 and calculated according to 
the following Equation. 

DA (%) = (A1655/A3450) x 100 / 1.33     (1) 

 Cs weight-averaged MW and dispersity (weight aver-
aged/number-averaged MW) were determined on a 
GPC/SEC column PL aquagel OH 40 (Polymer Laboratories, 
Varian Inc., UK). All MW data were reported as weight av-
eraged MW. The calibration curve consisted of a series of 
the linear polysaccharide pullulan standards ranging in MW 
between 0.59 x 10

4
 and 78.8 x 10

4
 daltons (Shodex Standard 

P-82, Showa Denko). Each sample (0.01 gm) was dissolved 
in 5 mL of the solvent (0.5 mol/L acetic acid and 0.5 mol/L 
sodium acetate (1:1 v/v)) and injected into the column at a 
flow rate of 0.6 mL/min using the previous solvent as eluent 
[11]. 

2.2.4. Cs – SAP Membranes Fabrication 

 Cs (0.5, 1 and 2 % w/v) and SAP (0.12, 0.25 and 0.5 % 
w/v) solutions were prepared separately by dissolving each 
polymer into 30% (v/v) acetic acid aqueous solution at room 
temperature for 24 h. The solutions of Cs and SAP were 
mixed together in volumetric ratios of 1:1 and 1:2 respec-
tively, with stirring for another 24 h to form a homogeneous 
casting solution. The resulting casting solutions were cast by 
pouring 30 mL of each blend in polystyrene petri dishes (100 
x 15 mm) and dried at room temperature. Cs and SAP con-
trol membranes were prepared as previously. Two mem-
branes were made for each blend.  

 For Cs-SAP two layered (2L) membrane preparation, 
SAP solution (0.12, 0.25 and 0.5 % w/v) was obtained by 

dissolving the polymer into 30% (v/v) acetic acid aqueous 

solution at room temperature for 24 h. The resulting SAP 
solutions were cast by pouring 15 mL in a polystyrene petri 

dish (100 x15 mm) and let to be solidified for 24 h. Cs solu-

tions (0.5, 1 and 2 % w/v) in 30% (v/v) acetic acid aqueous 
solution were prepared and left at room temperature for 24 h. 

Fifteen mL of each Cs solution were poured onto the solidi-

fied SAP. Two membranes were made for each membrane. 
(Table 1) illustrates the coding system for the various con-

centrations and volumetric blends of Cs and SAP. 
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2.2.5. Erythrocyte Sedimentation Rate Test (ESR) 

 The erythrocyte sedimentation test was conducted by 
measuring the time of red blood cell sedimentation or “eryth-
rocyte sedimentation rate”, in anti-coagulated blood. A stan-
dardized method called erythrocyte sedimentation rate (ESR) 
has been widely used for the diagnosis of various diseases 
[12]. In this study, conventional glass tubes were used 
whether the blood sedimentation is observed or not, by addi-
tion of fabricated Cs and layered membranes into the tube. 1 
mL of whole blood was pre-incubated for 5 minutes at 37ºC 
inside glass tube (10 x 75mm). Disks of 1 cm diameter were 
made of all of the blends, two layer and control membranes. 
Each membrane disk was put into the blood, and the tubes 
were placed in an upright position and incubated at 37ºC 
until the blood was separated into two phases, supernatant 
and red blood cell aggregation with a ratio of 1:1. The time 
of blood sedimentation was recorded for each sample. Three 
replicates were conducted. After 1.5 h, the test was stopped 
and membranes were taken out from the blood pool. The 
morphology of the red blood cells was examined by Nikon 
Labophot2-POL equipped with a COOLPIX digital camera. 
A drop from the phase containing red blood cells was placed 
on a glass slide and covered with a cover glass and examined 
with the optical microscope [13]. The membranes that have 
been observed to coagulate blood were selected for further 
investigation and analysis. The ESR Reduction% was calcu-
lated according to the following Equation: 

ESR Reduction% = [(control ESR - sample ESR) /control 
ESR] x 100             (2) 

2.2.6. Characterization of Cs-SAP Membranes by FT-IR 

 The selected membranes were characterized by obtaining 
the FTIR spectra on a Thermo Nicolet 510P FT-IR Spec-
trometer with OMNIC software. The experiments were run 
with air as the background. Sixty-four scans were accumu-
lated with a resolution of 4 cm

1
 for each spectrum in the 

range of 4000-400 cm
-1

. 

2.2.7. Mechanical Test 

 Membranes thicknesses were measured using a screw 
gauge micrometer. Three thickness measurements were 
taken along the gauge length of each specimen and the mean 
value was used in calculating the membrane tensile strength.  

 Cs -SAP blended and layered membranes were dried at 
room temperature, then cut into strips 0.5 cm wide and 5 cm 
length [14] and mounted between cardboard grips so that the 

final area exposed was 3 cm. A minimum of three strips 
were prepared from each membrane. The tensile strength and 
elongation at break were measured by Instron tensionmeter 
(Model 5544P9181) with a 100 N load cell and crosshead 
speed of 10 mm/min. The load to the membrane to break was 
plotted as a function of crosshead and the values of break 
stress, % strain at peak load, modulus and break energy were 
measured. 

2.2.8. Bactericidal Assay 

 To test antibacterial effect of Cs-SAP on microorganism, 
Pseudomonas aeruginosa, was grown in nutrient broth for 
24 h at 30°C. The microorganism pellet was suspended in 
distilled water and 0.5 mL was then added to 250 mL Erlen-
meyer flasks containing 50 mL of nutrient broth and 0.1 g of 
each tested membrane and one flask without samples was 
serving as the control. 

 All flasks were agitated on an orbital shaker at 30°C for 
24 h. Serial dilutions with distilled water were made for each 
specimen and then plated on nutrient agar. The plates were 
incubated at 30°C for 48 h, after which the numbers of colo-
nies on each plate were counted. The percent of reduction in 
plate colonies were calculated by comparing the experimen-
tal plates with the control [15]. 

2.2.9. In Vitro Cytotoxicity Evaluation 

 The cytotoxicity effect was evaluated by the modified 
indirect method of the ISO10993-5 protocol using a refer-
ence cell line of rat lung fibroblast L929 (ATCC CCL-1) 
grown in Dulbecco’s Modification of Eagle’s Medium 
(DMEM) supplemented with 10% fetal bovine serum (FBS) 
and maintained at 37°C under a humidified atmosphere with 
5% CO2. Media was replaced three times per week and cells 
were trypsinized and sub-cultured every 5 days. The Cs–SAP 
membranes were cut into pieces of 1 x 1 cm, sterilized in 
70% ethanol for 30 min, and dried. Extracts were prepared 
by adding each sterilized membrane to 2 mL of culture me-
dium and incubating at 37°C for 24 h without shaking. Cells 
were seeded into a 96-well plate at the density of 2 x 10

4
 

cells/well in 100 L of DMEM supplemented with 10% 
FBS. After incubation in a humidified atmosphere of 5% 
CO2 at 37°C for 24 h, the culture medium was replaced by 
100 mL of the membrane extracts (three replicates were con-
ducted) and culture medium was used as the control. The 
plate was incubated for 24 h at 37°C in a humidified atmos-
phere of 5% CO2 after which the MTT test was performed to 
quantify cell viability. The colorimetric reaction starts by 

Table 1. Coding for various volumetric blends of Cs and SAP. 

Cs/SAP Concentrations (% w/v) Membrane 

Fabrication 

Method 

Volumetric 

Blend Ratio 
0.5/0.12 0.5/0.25 0.5/0.5 1/0.12 1/0.25 1/0.5 2/0.12 2/0.25 2/0.5 

1:1 11B1 11B2 11B3 11B4 11B5 11B6 11B7 11B8 11B9 Physical 

Blending 
1:2 12B1 12B2 12B3 12B4 12B5 12B6 12B7 12B8 12B9 

Sub-Layer 2L1 2L2 2L3 2L4 2L5 2L6 2L7 2L8 2L9 
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adding 15 L of the dye solution to each well followed by 
incubation at 37°C in humidified 5% CO2 for 4 h, then 100 

L of the solubilization solution was added to each well. 
One hour after the addition of the solubilization solution, the 
contents of the wells were mixed to get a uniformly colored 
solution. The absorbance was recorded at 570 nm using 96-
well plate reader [16]. 

2.2.10. SEM Analyses 

 The morphological structures of the Cs-SAP blended and 
layered membranes -dried naturally in room temperature- 
were studied by a Hitachi S-3200 scanning electron micro-
scope. The dried samples were coated with gold, and then 
observed and photographed. 

2.2.11. Statistical Analysis 

 All experiments were performed at least in triplicates. 
SPSS software (SPSS Software, Chicago, IL, USA) was 
used for analysis of variance. Differences in the properties of 
the films were determined by Fisher’s least significant dif-
ference (LSD) test, using P<0.05 as level of significance. 

3. RESULTS & DISCUSSION 

 Lag phase of 12 h was occurred with very low oxygen 
(0.083 g/L/h) and glucose (0.395 g/L/h) consumption rates, 
followed by a rapid sharp decrease of dissolved oxygen and 
glucose consumption rate (0.395g/L/h) accompanied by high 
fungal growth. The maximum Cs content (0.55 g/L) was 
obtained after 48h at the end of the exponential phase. After 
fungal Cs extraction, Cs and starch-poly (sodium acrylate-
co-acrylamide) super absorbent polymer (SAP) membranes 
were fabricated. Cs and super absorbent (SAP) mixtures 
were prepared at different pH values (2-6). No insoluble 
complex formation at pH 2 was detected. In the 3 to 6 pH 
range, the maximum complex formation occurred. Therefore, 
the acetic acid solution (30% v/v) was used for dissolution of 
both of the Cs and SAP. 

3.1. Erythrocyte Sedimentation Test 

 In order to evaluate the homeostatic effect of Cs - SAP 
membranes on blood, erythrocyte sedimentation test was 
conducted in vitro. Since membranes which show substantial 
hemostatic activity were only investigated, this allowed re-
ducing the number of membrane samples for subsequent 
mechanical and biological analysis. The erythrocyte sedi-
mentation time (min) varied with Cs and SAP concentra-
tions. Overall increasing the Cs concentration from 0.5 to 2 
% w/v in the fabricated Cs – SAP membranes, reduces the 
erythrocyte sedimentation time from 69.8 to 62.3 min, re-
spectively, as illustrated in Fig. (1A), while increasing the 
concentration of SAP (0.12-0.5 % w/v) has less or no sig-
nificant effect on erythrocyte sedimentation time Fig. (1B). 

 Cs – SAP membranes separated the blood into two equal 
phases in a time ranging from 56 – 72 minutes, while the 
control (without any membranes) exhibited the same phe-
nomenon in 72 minutes. The results showed that ESR was 
significantly reduced (P < 0.05) by 22% when whole blood 
was mixed with 2L8 membrane compared to the control. 
Contrary, other membranes had less effect on ESR in the 

view of the fact that they reduced the ESR by 0-12% com-
pared to the control. Unexpectedly, the addition of fungal Cs 
control membrane into whole blood did not lower the ESR 
value so much (6%) as shown in Fig. (2). These results were 
comparable to El-Mekawy et al. who fabricated crab Cs - 
SAP membranes to achieve hemostasis and found that 1:1 
blend and two layered membranes with the highest chitosan 
and SAP concentrations lowered blood coagulation time by 
22% as compared to the control [7]. 

 After sedimentation test a drop of the red blood cell 
phase was examined by the optical microscope with 40x 

magnification. Significant red blood cell aggregation was 

observed for 2L8 that reduced the blood coagulation time by 
22% in contrast to the control that has a lower density of 

aggregated red blood cells as illustrated in Fig. (3). Also, 

large clots were formed on the surface of these membranes, 
although the blood was heparinized to prevent clotting. Af-

terwards the 11B8, 2L8 and Cs control membranes were 

selected for further characterization. 

 The coagulation process can be divided into two main 

stages; the primary stage where the platelets form a spigot at 
the site of hemorrhage and at the same time the secondary 

stage starts by initiating the coagulation factors to form fibrin 

strands which support the platelet spigot [17, 18]. The role of 
erythrocytes in the coagulation process is not confirmed. It 

was suggested that the erythrocytes can be the source of 

phospholipids needed for the coagulation mechanism [19].
 

Cs and SAP may induce not only the aggregation of plate-

lets, but also erythrocytes agglutination. Electrostatic interac-

tions may also play a role. The Cs membranes were prepared 
and left as the ammonium acetate salt. The positively 

charged Cs is speculated to interact with the negative sur-

faces molecules on the platelets surface leading to its aggre-
gation and therefore accelerating the coagulation process [6]

 

as illustrated in Fig. (3).  

 Another electrostatic interaction is also possible between 
the SAP which has an anionic nature due to its hydroxyl 

groups, and the erythrocyte in the presence of ionic bridges. 

The role of Cs in aggregating the erythrocytes has been sug-
gested by many authors [1, 3, 5, 20-22]. The ionic electro-

static interaction between the positive amino groups of chito-

san and the negative groups on the N-acetylneuraminic acid 
results in the aggregation of blood, whereas the anionic SAP 

interacts with negative surface of the erythrocytes by the 

formation of hydrogen bridges which could help in the ag-
gregation process. There could be a change in the surface 

charge of the Cs and SAP as it interacts with the blood (pH 

7.4) and the response would change with time. Interestingly 
though, the membranes have an observed effect upon the 

aggregation of the red blood cells. Only in vivo testing will 

determine the performance of these membranes compared to 
other currently available Cs hemostatic dressings.  

3.2. FT-IR Analysis 

 The FTIR spectra of Cs, SAP and the representative Cs – 
SAP membranes (11B8 and 2L8) are shown in Fig. (4). Four 
characteristic peaks for Cs were observed, the O-H and N-H 
stretching at 3450 cm

-1
, C-H stretching at 2920 cm

-1
, amide I 

band at 1665 cm
-1

 and the ammonium band at 1550 cm
-1

.
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Fig. (1). Effect of Cs (A) and SAP (B) concentrations on the erythrocyte sedimentation rate (ESR). 

 

 

 
Fig. (2). The ESR reduction% of various fabricated Cs-SAP membranes as compared to blood control. 

 

 

 

Fig. (3). Blood coagulation mechanism using fabricated Cs-SAP membranes. 
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Fig. (4). FT-IR spectra of Cs-SAP membranes; A: Cs; B: SAP; C: 11B8; D: 2L8. 

 The SAP spectra can be divided into two parts, the first 
one is related to the acrylic/acrylamide residue which have 
bands located at 3360 cm

-1
 (O-H and N-H stretch), 2910 cm

-1
 

(C-H stretch), 1710 cm
-1

 (C=O Stretch), 1550 cm
-1

 (-NH3
+
), 

1467 cm
-1 

(CH2), 1420 cm
-1

 (C-N stretch) and 1350 cm
-1

 
(COO

-
 stretch), while the second part has the characteristic 

peaks of starch polysaccharide located at 3360 cm
-1

 (O-H 
stretch), 2910 cm

-1
 (C-H stretch), 1467 cm

-1 
(-OH bending) 

1130 cm
-1

 (C-O stretch) and 1072 cm
-1

 (C-O-C stretch). 

 Both physical and chemical interactions can happen 
when Cs and SAP materials are blended or layered with each 
other. The peaks at 1665 cm

-1
 (amide I band) and 1550 cm

-1
 

(-NH3
+
) appear at different positions and intensities. Also, 

the starch peak at 1467 cm
-1

 and the Cs amide peaks at 1665 
cm

-1
 and 1550 cm

-1
 are shifted to higher frequencies indicat-

ing a possible interaction between the NH3
+ 

of Cs and the      
-OH group of starch [23].  

3.3. Mechanical Properties 

 Only those membranes that had the best effect for aggre-
gating the blood cells include 11B8 and 2L8 were mechani-
cally tested, and compared to Cs membrane as a control. It is 
known that the mechanical properties of the blend mem-
branes may be influenced by the interaction of different 
polymers. 

 As shown in Fig. (5) the tensile strain of the tested 11B8 
and 2L8 Cs-SAP membranes were 34.61 ± 9.281% and 
14.26 ± 1.47%, respectively, compared to 30.55 ± 6.73% for 
Cs membrane control. The break load, break stress and 
modulus of the tested 11B8 membrane were 1140± 0.06 gF, 
21.96 ± 1.04 MPa and 840 ± 0.13 MPa, while they were 510 
± 0.06 gF, 11.76 ± 1.38 MPa and 340 ± 0.34 MPa for 2L8 
membrane, compared to Cs membrane which had values of 
650 ± 0.15 gF, 18.89 ± 4.4 MPa and 170 ± 0.29 MPa, respec-
tively. 

 The Cs control membrane show a good mechanical prop-
erty as expected, while the SAP membrane had too poor me-

chanical properties to be tested. Introducing SAP into Cs 
membranes fabricated by blending approach (11B8) en-
hanced the mechanical properties in terms of all the meas-
ured parameters, rather than sub-layer method (2L8), com-
pared to Cs membrane control. This could be explained by 
the creation of well-arranged crystalline blended Cs- SAP 
membrane; however in the case of sub layer method, the 
SAP is not expected to be miscible with Cs, Resulting in the 
formation of Cs- SAP membrane with more defects, which 
decreased the tensile properties of the membranes, compared 
to the Cs control.  

3.4. SEM Analysis 

 The scanning electron microscope surface and cross sec-
tion topography of Cs-SAP blended (11B8); two layers 
(2L8) and Cs control membranes are shown in Fig. (6). No 
remarkable difference between the Cs control and Cs-SAP 
blended (11B8) membrane, which indicate the uniformly 
distribution of SAP into these membranes. However, the 
same observation was noticed for the two layers (2L8) mem-
brane, which could be attributed to the top Cs layer not for 
both polymers. Also, no observed wide pores or separations 
were observed between the Cs and SAP which results in fea-
tureless, homogenous and defect-free membranes. The cross 
section morphology confirms the presence of the two layers 
in 2L8 membrane and the absence of such structure in the 
blended 11B8 membrane.  

3.5. Antibacterial Activity 

 The antibacterial activity of Cs - SAP membranes was 
investigated against Pseudomonas aeruginosa, which was 
selected for its low antibiotic susceptibility and its ability to 
cause blood infections (sepsis) because of its opportunistic 
nature. As shown in (Table 2) all the membranes showed a 
high antibacterial activity (99%), which was slightly decreased 
(88%) when SAP control membrane was used. The antibacte-
rial activity of Cs - SAP membranes prepared in acidic condi-
tions could be attributed to the R-NH3

+ 
formation [24].
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Fig. (5). The mechanical behavior of the fabricated Cs-SAP membranes. 

 

 

 

Fig. (6). Real and SEM Photographs of Cs – SAP blended and layered membranes; upper: photos of casted membranes; middle: SEM surface 

topography of fabricated membranes; lower: SEM cross-section of fabricated membranes. 

Table 2. Bactericidal effect of different Cs - SAP membranes 

against Pseudomonas aeruginosa. 

Sample Surviving Cells (x 10
8
 CFU/mL) % Reduction

a
 

Control 548 ± 13.87 - 

SAP 61.5 ± 7.68 88.790 

Cs 3.9 ± 0.35 99.295 

11B8 0.05 ± 0.02 99.999 

2L8 0.2 ± 0.12 99.957 

aReduction % = ((control-sample)/control) x 100. 

 

3.6. Cytotoxicity 

 The in vitro cytotoxicity test is based on the concept 
that toxic chemicals affect the basic functions of cells. 

Such functions are common to all cells; hence the toxicity 

can be measured by assessing the cellular damage. The 
MTT assay is used to measure the activity of mitochon-

drial reductase enzymes that reduce the MTT to purple 

formazan which can be measured colorimetrically as an 

indicator of cell viability. The results of the MTT test af-

ter 24 h of incubation with the membranes are shown in 

(Table 3). After incubation, normal cell morphology was 
observed when examined with the inverted light micro-

scope Fig. (7). The cell viability percentage is related to 

the control which is considered being 100% viable. All 
the membrane samples exhibited a viability percentage 

around 100% with no cytotoxic effect on the cells. No 

significant difference was observed on the cell viability 
by increasing the Cs content. 

 

Table 3. MTT cytotoxicity test of different Cs - SAP mem-

branes. 

Membrane Code Absorbance at 570 nm Cell Viability (%)
a
 

Control 1.0528 ± 0.04 100 

Cs 0.9942 ± 0.09 94 

11B8 0.9499 ± 0.03 90 

2L8 0.9436 ± 0.04 90 

aSample/Control*100. 
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Fig. (7). Inverted microscope images of fibroblast cells viability 

upon treatment with various Cs-SAP membranes; A: Control; B: 

Cs; C: 11B8 and D: 2L8. 

4. CONCLUSIONS 

 To our knowledge it is the first time fungal Cs - SAP 
membranes were fabricated for hemostatic application, by 
blending and layered both polymers with different con-
centrations and volumetric ratios. The sub-layered 2L8 
membrane, which contained the highest Cs concentration, 
shows 22% reduction of erythrocyte sedimentation rate as 
compared to the control. The FTIR analysis confirmed the 
appearance of new function groups, resulting from the 
interaction between SAP and Cs molecules. All mem-
branes showed antimicrobial property with reduction per-
centage of 99%, as well as biocompatibility when tested 
against L929 fibroblast cells. Overall results verified that 
physical blending approach was better than sub-layer one 
in terms of mechanical properties, while sub-layered 2L8 
membrane had a potential effect on hemostatic applica-
tion, rather than blended 11B8 membrane. 
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