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KEYWORDS Abstract Natural materials are gaining popularity in wound healing and food applications, and
Chitosan: they have the potential to alleviate the major environmental problems generated via traditional
Ginger; materials. Biomaterials based on Chitosan incorporated with natural products (Ginger, Curcumin,
Curcumin; and Cinnamon) have been fabricated by solvent casting method. The antimicrobial characterization
Cinnamon; of the prepared samples were also investigated using in vitro antimicrobial studies using Gram-
Antimicrobial Activity positive microorganism [Micrococcus luteus, Staphylococcus aureus, and Staphylococcus epider-

midis], Gram-negative microorganism [Pseudomonas aeruginosa), and pathogenic [Candida albi-
cans]. XRD patterns confirmed the complexation between chitosan and other natural products
and this indicate the change in structural of chitosan. The shifting and disappearing of bands in
FTIR-ATR and changing in fingerprints in FTIR spectra indicate the homogeneity and interaction
between chitosan and the other. Optical properties such as absorption, absorption coefficient,
Urbach tail and band gap calculation confirmed that Ginger, Curcumin and Cinnamon interact
with chitosan and induces localized state between valence and conduction band. The mechanical
properties also studied and revealed that Chitosan/Ginger has the best mechanical characteristic
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compared the other samples. In addition, the shifting toward higher wavelength for chitosan/Ginger
may be utilized to generate electron—hole pairs, which is important for antimicrobial activities, and
this confirmed from antimicrobial analysis that Chitosan/Ginger give high antimicrobial activity
toward Gram-positive microorganism and suggest it for wound dressing application.

© 2022 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The world now searches for creating new biomaterials based
on safe natural products with high antimicrobial activities to
prevent the spread of bacteria and viruses. Those materials
can regulate hazardous bacterial growth. They contain an
antimicrobial agent, which inhibits microorganisms’ stability
to grow in the material (Liu et al., 2021).

Chitosan and its derivatives are attracting the attention of
researchers for many decades because of its antimicrobial
activity that helps scientists to develop it to improve it is
antimicrobial properties (Lin et al., 2019; Zou et al., 2019).
Chitosan is a non-toxic polymer that can be modified to
increase its antimicrobial properties by blending or doping
with metal oxides to enhance their physicochemical properties
that make it has polycation nature (M, y., & pr, i., 2019).
Because of its antibacterial properties, chitosan is a good con-
tender for usage as a packaging material. Other natural mate-
rials can be used to improve the film-forming characteristics,
which will add to the antibacterial qualities (Ah et al., 2014).
Chitosan has piqued the interest of researchers not only
because of its large variety antibacterial activity, but also
because it is the most biocompatible, and biodegradable poly-
meric substance with a tremendous material complexation
capabilities.

The antibacterial biopolymer films based on chitosan and
various natural products (Ginger, Curcumin, and Cinnamon),
which were proved to inhibit the growth of bacteria in an in vi-
tro study. The use of antibiotics against bacteria is an impor-
tant form of treatment of different types of bacteria but
often causes adverse problems. Earlier studies have investi-
gated that ginger play a crucial role in microbial growth pre-
vention, or serve as antimicrobial agents(Yang et al., 2021).

Significant research on ginger has shown that ginger has
antimicrobial activity (Ah et al., 2014). Curcumin is a natural
compound known as turmeric and widely used for medicinal
purposes. It was used for decades to treat many inflammatory
and other diseases, and its non-toxicity has gained consider-
able interest, even at high doses (Motterlini et al., 2000). Cin-
namon shows antimicrobial activity that was assigned to the
characteristic of bioactive phytochemicals including cin-
namaldehyde and eugenol. When used incorrect conditions,
cinnamon is not harmful. In addition, it may be utilized in
the treatment of bacterial antibiotic-resistant infections
(Nabavi et al., 2015).

A. Irawan et al. (Irawan et al., 2019) investigated the
influences of chitosan/red ginger as just an active plastic
packaging for food safety. A. Amalraj et al. (Amalraj
et al., 2020) investigated the antibacterial efficacy of chi-
tosan/gum  arabic/polyethylene glycol composite doped
by black pepper and ginger essential oils for wound dressing
and packaging. M. Yashaswini et al. (Yashaswini and Iyer,

2019) obtained the influences of doping of turmeric/clove/
ginger on Chitosan for food applications. P. Rachtanapun
et al. (Rachtanapun et al., 2021) discussed the influences
of doping of Curcumin extract by chitosan film and found
that it has high activity for packaging. S. Chakraborty
et al. (Chakraborty and Ilagan, 2020) prepared film consis-
tent of chitosan and curcumin to use it as a sensor to detect
fluoride and o-nitrophenol and N.V.Cuong et al
(Rachtanapun et al., 2021) performed the influence of Cur-
cumin on Chitosan-PAA Silver to be used as wound dress-
ing, antimicrobial packaging and antibacterial materials.

Wound infections can hinder the process of healing, and if
not treated , they can progress to infection. The human tissue
serves as a protection towards differentforces, but when it is
damaged, it loses its effectiveness and gets susceptible to bac-
terial microorganisms (Matica et al., 2019). The perfect treat-
ment is clean, non-toxic, and antimicrobial, as well as
reflecting a physical barrier that is selectively permeable while
maintaining or providing a suitable atmosphere; providing a
suitable tissue temperature to favour epithelial movement
and tissue formation; and non-adherent to avoid traumatic
separation upon recovery (Dhivya et al., 2015). The best
antibacterial polymeric must be easy to create and inexpensive,
stable for long-term usage, non-toxic and biodegradable, and,
greatest significantly, biocidal against a variety of diseases.
(Kenawy et al., 2007). Furthermore, chitosan-based products
differ from typical dressings such as gauze or cotton wool in
that chitosan actively assists in the healing of wounds (Ji
et al., 2020). Chitosan derivatives have been useful in a variety
of fields, including water purification, tmost significantly, med-
icine and pharmacy (Zhang et al., 2022). Allan et al. (Allan and
Hadwiger, 1979) were among the first to suggest that chitosan
has antibacterial properties, and the idea of producing chi-
tosan derivatives has grown in popularity among academics
since then.

Herein, in our study, we will synthesis a biomaterials based
on chitosan and natural products such as: Ginger, Curcumin,
and Cinnamon. The antibacterial activity of the synthesized
biomaterials has been performed to examine the impact of
these products to decide and gauge which of them is the best
impact in improving the antibacterial activity of chitosan for
has utilized in the food backing and wound dressing as low-
cost natural materials.

2. Experimental Work:

2.1. Materials:

Chitosan (M. W. = 160 kDa) 82% degree of deacetylation
(DD) was purchased from ALAMIA company for chemicals.
Ginger, Curcumin, and cinnamon were bought from Sigma-
Aldrich in powder form.
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2.2. Fabrication of Chitosan blended with Ginger, Curcumin and
Cinnamon:

Firstly, all powders used are dried at 50 °C to remove any
moisture. Chitosan was dissolved in Double Distilled Water
containing 2% acetic acid, then stirred continuously at 50 °C
until homogeneous transparent viscous liquid was obtained.
Equal amounts (0.5 gm) of (Ginger, Curcumin, and Cinna-
mon) in powder form are added to the Chitosan solution under
vigorous stirring at 50 °C for 6 hrs and sonicated for 10 min
using a water bath type sonicator to confirm the miscibility
between Chitosan and other components. Then the prepared
solutions are cast in Petri dishes and placed in an oven at
40 °C for about Two days for drying. The obtained films have
been kept in vacuum desiccators until use. The thickness of the
prepared films was in the range 0.1 mm to 0.2 mm.

2.3. Characterization techniques:

X-ray diffraction was performed via X-ray diffractometer
(analytical-x’ pertpro, Cu k,; radiation, A = 1.5404 A,
45 kV) within 0 = 5-80°. FTIR-ATR spectral data are col-
lected via Vertex 80 Bruker (made in Germany) at room tem-
perature in the range 4000400 cm™'. UV/vis. Spectral data
were collected using Jasco 570 double-beam spectrometer
within the range of 200-1000 nm. Morphological analysis of
samples has been examined by FESEM type (Quanta FEG
250, USA). The tensile strength test was performed using an
LLOYD LR 10 k universal testing machine in England,
according to TAPPI (T494-06) standard procedure.

2.4. The antimicrobial activity

Bacteria used in this study were Gram-positive microorganism
[Micrococcus luteus (ATCC 10240), S. aureus (ATCC 6538),
and S. epidermidis (ATCC 12228)], Gram-negative microor-
ganism [Pseudomonas aeruginosa (ATCC 27853)] and patho-
genic fungi [Candida albicans (ATCC 12228)]. All
microorganisms are freshly overnight broth cultures that have
been incubated at 37 °C. Each plate contained 20.0 mL of ster-
ile nutrient agar medium that was infected with microorganism
suspensions (Mostafa et al., 2016; McFarland, 1907)(Gao
et al., 2019). After that the media had cooled and solidified,
the prepared films had been divided into two groups: one
was attached to the surface of the previously synthesized inoc-
ulated agar plates, while the second group was used in the
shake flask method applying 25.0 pL of microorganisms sus-
pensions have been inoculated into each plate containing
20.0 mL of the sterile nutritional agar medium (NA), and
the inoculum size of both pathogenic strains was adjusted to
roughly 0.5 McFarland standard (1.5 108 CFU /mL). The
seeded plates had been chilled for one hour before being incu-
bated at 37 °C for 24 h, and the zone of inhibition was
observed (ZI) have been measured in millimeters. The antimi-
crobial activity was measured throughout the relative (%)
reduction of the growth of these selected pathogenic strains
was detected by optical density (OD) at 600.0 nm and the
antimicrobial activity was measured throughout the relative
[OD (%)] reduction of these pathogenic strains after treated
with the disc samples compared to the control of these patho-
genic strains have no any treatment(Yan et al., 2020; Yang

et al., 2017). The following equation was used to express all
of the results (Rehim et al., 2020; Abdelghaffar et al., 2018)
and tabulated in the following Tables 3 and 4.

Relative[ODReduction(%)] = (A — B/A) x 100 (4)

Where A is the (OD) of the control flask contains patho-
genic strains only without any treatment and B is the (OD)
of tested flasks after applying a disc sample treated.

3. Results and discussion:
3.1. X-ray diffraction (XRD)

Fig. 1 represents XRD of Chitosan, Chitosan/Ginger, Chi-
tosan/Curcumin and Chitosan/Cinnamon. For Chitosan, there
are diffraction peaks at chitosan at 20 = 7.2° and 20.5°
(Mohseni-Bandpi et al., 2015; Choo et al., 2016; Olafadehan
et al., 2019). When Ginger, Curcumin and Cinnamon added
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Fig. 1 XRD diffraction patterns of Chitosan, Chitosan/Ginger,

Chitosan/Crucumin and Chitosan/Cinnamon.
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Fig. 2 FTIR-ATR of (a) Pure Chitosan, (b) Ginger, (c)
Curcumin, (d) Cinnamon, (¢) Chitosan/Ginger, (f) Chitosan/
Curcumin, and (g) Chitosan/Cinnamon.
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to the chitosan, the diffraction peaks appeared flatter and less
visible, indicating a loss in crystallinity with addition of Gin-
ger, Curcumin and Cinnamon. In addition, there is a notice-
able shift to a higher 20 in addition when these compounds
are added to chitosan, the crystallinity index decreases, result-
ing in less close packing in the polymer chains. This could be
due to a stronger interaction between active chemicals and
biopolymers (i.e. H-bonds, Van der Waals), which improves
the crystalline 3D-network.

3.2. Fourier transform infrared —Attenuated total reflection
analysis (FTIR-ATR):

Fig. 2 shows FTIR-ATR of Chitosan, Ginger, Curcumin, Cin-
namon, Chitosan/Ginger, Chitosan/Curcumin and Chitosan/
Cinnamon. FTIR-ATR of Chitosan obtains a band at
3454 cm~!, which is assigned to O-H and N-H stretching
vibrations. Bands at 2920 cm ™' and 2865 cm ™! are corre-

sponded to CH symmetric and asymmetric stretching vibra-
tion, respectively. The bands at 1631 cm ™! and 1542 cm ™ 'are
due to amide I (C = O) and amide II (N-H bending vibration),
respectively. The band at 1402 cm™! corresponds to the —OH
group of the primary alcoholic group. The stretching of the
C-O-N group is observed at 1324 cm~'. The band at
1147 cm'is attributed to the asymmetric stretching of bridge
oxygen (glycosidic bonds). Bands at 1067 cm~'! and
1020 cm ™! corresponded to C-O in the secondary and primary
O-H groups, respectively. The band at 655 cm ™! is attributed
to N-H out of the plane (Wang et al., 2018, 2021). Ginger
obtains a band at 3282 cm ™ 'corresponds to the O-H stretching
vibration. Asymmetric stretching of CH, is observed at
2923 cm™~'. The band at 1640 cm ™! has related to O-H bending
vibration and stretching vibration of the C-O bond. The
stretching vibration of C = C of an aromatic ring is seen at
1516 cm™!. Bands at 1149 cm ™!, 1082 cm ™!, and 1000 cm ™ !are
assigned to C-O-C stretching vibration (Feng et al., 2021; Li
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Fig. 3 (a) UV—Vis absorption spectra, (b) Relation between o and hv, and (c) Relation between Ina and hv of Chitosan, Ginger,

Curcumin, Cinnamon, Chitosan/Ginger, Chitosan/Curcumin and Chitosan/Cinnamon.
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and Wang, 2021; Zhang et al., 2021). Curcumin shows a band
at 3284 cm™ !, which corresponds to O-H stretching. Bands at
2924 cm™! and 2850 cm ™! have corresponded to CH, symmet-
ric and asymmetric stretching vibration. The band at
1631 cm™! corresponds to the overlapping of stretching vibra-
tions of C = C and C = O. While the band at 1512 cm™'indi-
cates the existence of ethylene group in Curcumin. The band at
1277 cm ™! is related to C-O (phenolic band) bending vibration
(Ji et al., 2021). C-O-C stretching vibrations are seen at
11499 cm — 1, 1074 cm — 1, and 1000 cm_'(Duan et al.,
2021).C-H band is observed at 856 cm™' and 761 cm™!
(Ismail et al., 2014; Valand et al., 2015; Chen et al., 2015;
Yaseen et al., 2020). Cinnamon shows a stretching vibration
band at 3296 cm ™! corresponding to O-H of alcohols and phe-
nols. The C-H stretching vibration of alkanes is observed at
2919 cm~'. The weak band at 1736 cm™'corresponds to the
stretching vibration of C = O of aldehydes. The presence of
C = C (alkenes) is shown at 1608 cm~'. The absorption band
at 1440 cm™is attributed to the bending vibration of C-OH of
alkanes.

The band at 1014 cm ™" has corresponded to C-O stretching
vibration. The C=C-H bending vibration was saw at 767 cm ™"
(Salim and Bidin, 2017; Zhang et al., 2016). The change in
intensity, shifting of bands, appearing and/or disappearing of
bands in FTIR indicating the complexation and miscibility
between components of materials so that FTIR is a very useful
technique for indicating the bond breaking and this confirmed
the interaction between materials.

As seen in Chitosan/Ginger, Chitosan/Curcumin and Chi-
tosan/Cinnamon spectrum that O-H stretching band at
3447 cm~', which shifted to higher wavenumber, compared
to that for individual materials. The bands at 1631 cm™' and
at 1516 cm™' vanished and a new band appeared at
1585 cm™". The intensity of the band at 667 cm™'is increased
compared to chitosan.

3.3. Optical properties

Fig. 3a shows UV—Vis spectra of Chitosan, Ginger, Curcumin,
Cinnamon, Chitosan/Ginger, Chitosan/Curcumin and Chi-
tosan/Cinnamon at room temperature in the range 200-
1000 nm. As seen in Fig. 3a, Chitosan has a maximum band
at 208 nm, which corresponds to N-acetyl glucosamine and
glucosamine of Chitosan (Liu et al., 2006; Guo et al., 2013).
Ginger shows a band at 280 nm, which indicates the presence
of both flavone and gingers in ginger (Singh et al., 2014). Cur-
cumin shows two bands at 245 nm and 422 nm because of the
n-* type excitation resulting from the electronic dipole. As
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Fig. 4 Relation between (a) (ahv)'/? and (b) (othv)? versus hv of
Chitosan, Ginger, Curcumin, Cinnamon, Chitosan/Ginger, Chi-
tosan/Curcumin and Chitosan/Cinnamon.

there are electrostatic interactions between  polar
Table 1  Values of absorption edge, band tail energy, direct (Ey), indirect (Eoq) optical band gap energy.
Samples Absorption edge (eV) Band Tail (eV) Energy Gap (eV)
Egd Egi

Chitosan 4.88 1.53 5.41 4.28
Ginger 4.61 0.94 5.29 4.15
Curcumin 4.98 2.97 5.45 4.49
Cinnamon 4.65 0.44 4.93 4.24
Chitosan/Ginger 291 6.53 4.39 2.25
Chitosan/Curcumin 0.80 5.13 4.15 1.00
Chitosan/Cinnamon 3.58 3.24 4.31 3.26
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Fig. 5 FE-SEM photos of Chitosan, Chitosan/Ginger, Chitosan/Curcumin and Chitosan/Cinnamon.

Fig. 6 3D images of (a) Chitosan, (b) Chitosan/Ginger, (c¢) Chitosan/Curcumin and (d) Chitosan/Cinnamon.
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chromophores in Curcumin and molecules and solvent due to
the degradation of Curcumin in water (Subhan et al., 2014;
Bonilla and Sobral, 2017). Cinnamon shows also two absorp-
tion bands at 213 nm and 284 nm due to n-n* of the conju-
gated C = C and C = O bonds (Aziz, 2017). For Chitosan/
Ginger, there is a shift in the band of chitosan to a longer
wavelength (red shift) from 208 nm to 223 nm. While for Chi-
tosan/Curcumin and Chitosan/Cinnamon, new bands are
appearing at 439 nm and 409 nm, respectively. This means
the presence of surface plasmon resonance phenomena for
Chitosan blended with both Curcumin and Cinnamon. These
results indicate the interaction and complexation between
chromophoric functional groups of Ginger, Curcumin, and
Cinnamon with chitosan and this agreed with FTIR-ATR
results.

Major information about the band gap and the band struc-
ture between different materials can be estimated from the cal-
culation of optical absorption parameters such as optical
absorption coefficients (o) and it is calculated from the follow-
ing equation (Menazea et al., 2020).

Table 2 Values of root mean square roughness (Rq) and
mean roughness (Ra) for Chitosan, (b) Chitosan/Ginger, (c)
Chitosan/Curcumin and (d) Chitosan/Cinnamon.

Samples Root mean square Mean roughness
roughness (Rq) (Ra)

Chitosan 50.6 nm 40.1 nm

Chitosan/Ginger 224.7 nm 167.2 nm

Chitosan/Curcumin 82.3 nm 63.1 nm

Chitosan/Cinnamon 80.0 nm 53.5 nm

2.303
a(r) = —

Where A is the absorbance and t is the thickness of the pre-
pared sample. Fig. 3b obtains the relation between o and hv
(photon energy) for Chitosan, Ginger, Curcumin, Cinnamon,
Chitosan/Ginger, Chitosan/Curcumin, and Chitosan/Cinna-
mon. The extrapolation of the linear portion of the curve with
hv (x-axis) gives absorption edge values and it is tabulated in
Table 1. As seen from the table that the value of absorption
edge shifted to lower photon energy compared to individual
components and this means a reduction in bandgap structure
of Chitosan and other components and also due to charge
transfer complexes between different Chitosan and other
materials.

Amorphous materials are characterized by their band tail
energy E, and have the property that their electronic transition
density decreases exponentially with the band tail energy
between located states. Therefore, it can calculate the band tail
energy by calculating the reciprocal of the slope that results
from drawing between In o and hv as showed in Fig. 3c accord-
ing to Urbach relation (Mott and N. F. Davis NF, , 1979).

o= 0y eXp (}é—\y/) (2)

As shown in Table 1 that Urbach energy values are
increased with chitosan blends compared with other individual
components and this means that there is a structural disorder
resulting from intermolecular interaction and random fluctua-
tion of internal fields between chitosan and other components.

The bandgap energy values that result from optical transi-
tion might be estimated by Mott and Davis extrapolation
method that occurred [46]:

A (1)

Table 3 Antimicrobial activity of Chitosan, Chitosan/Ginger, Chitosan/Curcumin and Chitosan/Cinnamon via agar plate method.

Samples

Test bacteria Inhibition zone (mm)

Chitosan Chitosan/Ginger Chitosan/Curcumin Chitosan/Cinnamon
Pseudomonas aeruginosa NiL NiL NiL NiL
Micrococcus luteus NiL NiL NiL NiL
S. aureus NiL NiL NiL NiL
S. epidermidis NiL 16.0 15.0 Nil
Candida albicans NiL NiL NiL NiL

* Nil: No antimicrobial activity recorded.

Table 4 Antimicrobial activity of Chitosan, Chitosan/Ginger, Chitosan/Curcumin and Chitosan/Cinnamon via shake flask method.

Samples

Test bacteria Treated sample

Chitosan Chitosan/Ginger % Chitosan/Curcumin % Chitosan/Cinnamon %
%

Pseudomonas aeruginosa NiL 58.97 NiL NiL

Micrococcus luteus 62.50 95.51 93.59 33.01

S. aureus 23.74 9.29 NiL 11.87

S. epidermidis NiL 96.26 84.62 NiL

Candida albicans 44.98 17.27 46.94 41.64

* Nil: No antimicrobial activity recorded.
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(ahv) = B(hv — E,)"/" (3)

Where B is regarded to the probability of transition (as-
sumed to be constant) and n is regarded to the distribution
of state density, thus defining the form of electronic transition.
The plot of both direct and indirect transition against hv is
seen in Fig. 4. As seen from values in Table | that there are
clear decreases in values of direct and indirect optical band
gap energy of chitosan blends compared to individual materi-
als. This results meaning that there is electronic interaction
between Chitosan and other component resulting to increase
the number of localized charge carrier levels (trapping sites)
leading to a decrease in the structural order of the system
and this confirmed the complexation and interaction between
a different components of the system.

3.4. Morphological

Fig. 5 (a-d) shows FE-SEM images of the morphology of pure
Chitosan and Chitosan doped by Ginger, Curcumin, and Cin-
namon samples, respectively. Fig. 5a obtains the homogenous
coherent nature of chitosan. Fig. 5b shows the original fiber of
raw ginger granules scattered in chitosan with slight agglomer-
ation. The agglomeration of Ginger could be evident from
polymer adherence and magnetic interaction between the par-
ticles. Fig. 5¢ and 5d shows a uniform distribution of both
Curcumin, and Cinnamon on chitosan surface with appearing

s Conamon
N D

\'\

of small white spot on some parts of the image because of
small agglomeration that related to the percentage of addition
of Curcumin, and Cinnamon.

The surface roughness of the produced membranes was
studied using 3D image using Gwyddion software are seen in
Fig. 6. The brightest area in these photos depicts the mem-
brane’s highest point, while the dark areas depict the valleys
or membrane pores. Table 2 summarizes the surface roughness
characteristics. As seen Rq and Ra is increased compared to
pure chitosan which means that surface properties are
enhanced. As noticeable Chitosan/Ginger has higher rough-
ness compared to other samples which depicts that has high
antibacterial activity.

3.5. Antimicrobial activity of films:

As seen from Figs. 7, 8, and Table 3 the agar plate method is
not effective for measuring antimicrobial activity for prepared
films so the shake flask method is used. In this experiment, the
samples Chitosan/Ginger and Chitosan/Curcumin have excel-
lent antimicrobial activity on gram-positive microorganism
and moderate antimicrobial activity toward Candida albicans
respectively, while the sample Chitosan and Chitosan/Cinna-
mon have moderate antimicrobial activity toward the patho-
genic microorganism strains and very good antimicrobial
activity toward Candida albicans. Activity index of Chitosan,
Chitosan/Ginger, Chitosan/Curcumin and Chitosan/Cinna-

p— . »

Pseudomonas aeruginosa

Candida albicans

Chitosan/Ginger

Fig. 7 Antimicrobial activity of Chitosan, Chitosan/Ginger, Chitosan/Curcumin and Chitosan/Cinnamon against Pseudomonas

aeruginosa and Candida albicans via agar plate method.
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o
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Fig. 8 Antimicrobial activity of Chitosan, Chitosan/Ginger, Chitosan/Curcumin and Chitosan/Cinnamon against Staphylococcus
aureus, Staphylococcus epidermidis and Micrococcus luteus via agar plate method.

mon against Staphylococcus aureus, Staphylococcus epidermidis
and Micrococcus luteus was obtained in Fig. 9 as statistical
data.

The manner of action of these samples may cause suppres-
sion of the microorganism cell wall, which is composed of pep-
tidoglycan, a muco polysaccharide component (murein). So,
the influence of these substances on gram-positive microorgan-
ism cell walls, that entered the microorganism cell and halted
several cascading actions including inhibition of nucleic acid
synthesis, that led to protein formulation inhibition, and then
inhibition of other microorganism metabolism activities. These
specimen are also antibacterial against pathogenic (Candida
albicans), Chitosan /Ginger, has an excellent antimicrobial
activity toward both gram-positive microorganism (Micrococ-
cus luteus, S. aureus, and S. epidermidis), gram-negative
microorganism (Pseudomonas aeruginosa) and pathogenic
Candida albicans with reduction (%) rang (17.27 — 96.26) for
Chitosan/Ginger, the other samples (Chitosan/Curcumin) that
has reduction (%) rang (46.94 — 93.59), also the other samples
Chitosan and Chitosan/Cinnamon that have reduction (%)

rang (11.87 — 62.50), so the sample Chitosan/Ginger and
Chitosan/Curcumin acts as promising antimicrobial agent.

3.6. Mechanical properties

Fig. 10 depicts the characteristic stress—strain mechanical
response (tensile strength-strain) of pure Chitosan and Chi-
tosan doped by Ginger, Curcumin, and Cinnamon samples.
The study indicated that all doped sample had higher tensile
strength than pure chitosan. The addition of Ginger, Cur-
cumin, and Cinnamon samples improved tensile strength,
implying that the resulting samples interfacial properties have
improved. Chitosan molecules have a lot of cyclic chain struc-
tures, which makes hydrogen bonding with -OH and —NH,
groups easier to form. These bonds make rotation difficult,
as well as other chain molecule movements, and are responsi-
ble for the chitosan film’s mechanical properties. Ginger, Cur-
cumin, and Cinnamon operate as chitosan molecules’ interface
coupling agents, forming higher-energy intermolecular interac-
tions that encourage molecular chain rotation and boost the
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Fig. 10  Stress—strain curve of Chitosan, Chitosan/Ginger, Chi-

tosan/Curcumin and Chitosan/Cinnamon.

tensile strength of the doped sample. The stress of pure Chi-
tosan and Chitosan doped by Ginger, Curcumin, and Cinna-
mon samples are 32.8, 38.3, 36.9 and 35.8 MPa, respectively.
It can be seen that Ginger has better tensile strength and
elongation.

4. Conclusions

The structural characterization of chitosan blended with low
cost and ecofriendly component as Ginger, Curcumin and Cin-
namon is investigated using XRD, FTIR-ATR and FE-SEM
to be used as antibacterial product. XRD, FTIR-ATR and
FE-SEM curves confirmed the homogeneity between chitosan
and other natural products and change in structural of chi-
tosan. Optical properties of polymer blends are analyzed by

determining the optical parameters as Urbach tail and direct
and indirect band gap and the results confirmed that the
decrease of band gap and increasing Urbach tail by blended
Chitosan with Ginger, Curcumin and Cinnamon which
affirmed the creation of localized state and change in the band
structure after blending. In addition, the antimicrobial activity
of the prepared film were investigated using two methods (in-
hibition zone and shake flask methods) against Gram-positive
microorganism [Micrococcus luteus, Staphylococcus aureus,
and Staphylococcus epidermidis], Gram-negative microorgan-
ism [Pseudomonas aeruginosa), and pathogenic yeast [Candida
albicans]. Chitosan/ Ginger has better tensile strength and
elongation. The shake flask method gives effects compared
to inhibition zone method and showing that Chitosan/Ginger
give high antimicrobial activity toward Gram-positive
microorganism compared to pure chitosan that make it used
for medical applications.
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