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The development of antibiotic resistant in K. pneumoniae is an emerging thread worldwide due to the
poor antimicrobial drugs. To overcome this issue, researchers are focused on plant material and their
essential oils to fight against multi drug resistant bacteria. In this context, the current study was con-
centrated in medicinal plant of guva leaves and their essential oils to combat multi drug resistant bac-
terial infections. The essential oils were successfully screened and confirmed by HRLC-MS analysis. The
anti-bacterial ability of the compounds were loaded into the chitosan nanoparticles and proved by FT-
IR analysis. In addition, the chitosan loaded essential oils morphology was compared with chitosan
alone in SEM analysis and suggested that the material was loaded successfully. Further, the anti-
bacterial ability of the chitosan loaded essential oils were primarily confirmed by agar well diffusion
method. At the 100 mg/mL of lowest concentration of chitosan loaded essential oils, the multi-drug
resistant K. pneumoniae was inhibited with 96% and confirmed by minimum inhibition concentration
experiment. Hence, all the experiments were proved that the essential oils were successfully loaded
into the chitosan nanoparticles, and it has more anti-bacterial activity against multi-drug resistant K.
pneumoniae.
� 2020 The Author(s). 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

Last few decades, the nanoencapsulation of bioactive materials,
drugs, and antibiotics using natural biopolymer is attracted signif-
icant interest (Cui et al., 2018). Because, natural biopolymers
increased all the compound materials after encapsulation includ-
ing biodegradability, biocompatibility, enhanced stability, gradual
drug release capacity, increased stability, highest antimicrobial
efficacy and low toxicity. Among the different biopolymers, chi-
tosan is an excellent biopolymer which is used as an encapsulation
process, it owing to its biodegradability, biocompatibility and tox-
icity level Hadidi et al., 2020. It also delivered as a variety forms
like beads, fibers, films and membranes. In addition, the most rich
polysaccharide content of highest biodegradable ability containing
biopolymer is chitosan (Hasheminej et al., 2019). It is a very well-
known biopolymer with increased properties of biodegradable,
biocompatible and biomedical. It is an excellent natural polymer
that synthesized from chitin through cationic process. It is an
important biopolymer driven by alkaline deacetylation process,
which is used in the entire field including agriculture, food, envi-
ronmental, pharmaceutical, biomedical and clinical (Badawy
et al., 2020). Chitosan is a second most biopolymer available in nat-
urally with high content. The marine crustaceans are the important
source to synthesize the natural chitosan (Zhang et al., 2020). Nat-
urally, biopolymers of chitosan have high biodegradability, bio-
compatibility, antimicrobial activity, anti-biofilm activity, film
forming ability with decreased toxicity level (Maruthupandy
et al., 2019). Previously, more researchers are reported chitosan
as carrier a molecule, which is used and increase the drug nature.
The increased natures of the drugs are working 80% against various
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infections after successful delivery of chitosan. Also, chitosan is a
functionalized biopolymer, highly used in all the applications
including food for packaging, biomedical for anti-bacterial and
anti-biofilm activity. In clinical, it is acted as successful carrier
molecules for various drugs (Jiang et al., 2020). Particularly, chi-
tosan is used as a important biological material in food packaging
and biomedical applications due to the decreased toxicity nature.
Sometimes, chitosan is used to improve the drug nature for
improving the anti-microbial and anti-biofilm and anti-oxidant
nature that it could expand its applications in food active
packaging.

Chemically, when the process of deacetylation process, the
weaker hydrogen bonds of chitin are linked with N-acetyl glu-
cosamine chins and formed as a chitosan, which possesses posi-
tively charged amino groups when it diluted in acidic solvent
(Mishra et al., 2018; Rajivgandhi et al., 2019ab). Chitosan is formed
with the help of negatively charged crosslinking agents in the nat-
ural polymers moieties of itself through intra- and intermolecular
hydrogen bonds (Karimirad et al., 2019). When the synthesis pro-
cess, chitosan beads is acted as a stable loading system, but it
depends on the size and types of the crosslinking agents (Topuz
and Uyar, 2020). The universal crosslinking agent is sodium
tripolyphosphate (TPP), which is used in nanoencapsulation, even
formed capsules are labile in the aqueous system based on the
pH and ionic strength (Rajkumar et al., 2020). Basically, it shows
on rod-like, crystal structures with larger surface area and hold
the negatively charged sulphate groups on the cellulose backbone
due to the process of hydrolysis. It can be formed as polymeric
matrix with the mechanical behavior. Previously, this process is
increased the rigid film matrix without stable condition for
improved antimicrobial and mechanical properties (Tatiana et al.,
2018).

Recent years, the plant derived essential oil has got increased
attention to use as active biomedical agents that can be incorpo-
rated into biodegradable active films (López-Meneses et al.,
2018a,b). The well-known effects of potential biological activities
against various infections are received from various aromatic plant
and spices in liquid form. Plant essential oils have more phenolic
and flavonoid content, which have the excellent anti-oxidant prop-
erties. Also, terpenoid content of essential oils has increased anti-
oxidant activity (Su et al., 2020). Essential oils have excellent
anti-oxidant activity with increased biological activity such as
antimicrobial, anti-cancer, antiviral and larvicidal. Previously more
bioactive compounds with different biological activity such as anti-
inflammatory, immunomodulatory and wound healing properties
were screened from essential oil contents (Jahed et al., 2017a,b).
Some of the essential oil compounds have anti-diabetics activity.
The purification of essential oils from degradation affected by
extreme processing conditions is their encapsulation (Jahed et al.,
2017a,b). To increase the essential oil properties, recent studies
are concentrated encapsulation methods. Among the various
encapsulations, the biopolymers mediated encapsulation was
applied more in biomedical research. Among the biopolymer medi-
ated encapsulation, chitosan is a naturally derived biopolymer,
which has the ability to decrease the water vapor due to the
increased permeability in essential oils (Mohammadi et al.,
2015). Chitosan mediated encapsulation of essential oils not only
protects the environment, thereby extending the shelf life of the
product but also enables a controlled release of active compounds.
Nanoencapsulation of essential oil into the chitosan is an emerging
route of encapsulation. In this route of encapsulation, the nanoma-
terial is loaded to envelop or reservoirs where nanomaterial are
trapped and released from large surface area. Based on the above
facts, the present study was focused on chitosan loaded Guava
leaves essential oil against multi drug resistant K. pneumoniae.
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2. Materials and methods

2.1. Needed materials

The natural polymer of low molecular Chitosan (50,000 Da)
with 75% degree of deacetylation was purchased from Hi-media
laboratories, Mumbai, India. For purify the essential oils, the Guava
fruits were obtained from Pottanam village, Namakkal District. The
plant was authenticated by Dr.S.R.Sivakumar, Assistant Professor,
Department of plant Science, Bharathidasan University, Tiruchirap-
palli, Tamil nadu, India. The chemical and media was purchased
from Suresh Scientific & Co. All the glass wares of this study were
procured from Merck, Mumbai, India. The bacterial strain of multi
drug resistant bacteria K. pneumonia was obtained from Depart-
ment of Marine Science, Bharathidasan University, Tiruchirappalli,
Tamil nadu, India.
2.2. Purification and identification of available essential oil from Guava
leaves

Hydrodistillation method is the best method to purify and
quantify the essential oil from plant and it also one of the univer-
sally approved method (Rajivgandhi et al., 2020a,b). Briefly, the
collected leaves were dried after surface sterilization with D�H2O
and maintained 15 days in dark condition. The dried plant leaves
were ground by using master and pestle for nice powder. The nice
thin content of the plant powder was performed to hydrodistilla-
tion 12 h in Clevenger’s apparatus. After 12 h, the essential oil
was collected and separated the organic and aqueous phase.
Finally, the organic phase of was dried over using sodium anhy-
drous sulphate and stored at 4 �C for further use. After, the crude
essential oil powder was mixed into methanol (99%) to dissolve
the powder. Consequently, the sample was analyzed by using
HRLC-MS (Model 6745, Agilent Technology, CA, America) for com-
plete analysis of the powder content including phytochemical
compounds, proteins, amino acids, nutrients and bioactive
compounds. The HRLC-MS was connected with DB-5 colomn
925 � 0.22 mm), the film thickness was used as o. 30 mm. The
software was fitted by turbo mass gold mass spectrometer. The
injector temperature was maintained at 240 �C. The temperatures
of 40 �C and 240 �C were set initially and finally respectively. The
injected volume and helium carrier gas was designed as 1 mL
and 1 mL /m respectively. The solution of methanol was used for
analysis. In addition, the 100 K Pa of pressure, 70 eV of energy,
1000 rate of decomposition and 0.50 range of decomposition were
set. After successful completion of program, the instrument was
run and allowed 4 h for complete analysis. After completion of
the program, the available chemical constituents of the compounds
were noted. The resulted chemical constituents were compared
with Wiley library database of the Bharathidasan University NIST
and confirm the available compounds.
2.3. Preparation of essential oils loaded chitosan nanoparticles

The identified essential oil was loaded with chitosan molecules
by using two step nanoencapsulaiton process including oil-in
water emulsification and ionic gelation method. The method was
followed by previously reported evidence of Zhang et al. (2020)
with some alterations. Equal volume of chitosan solution, 1% of
oil and acetic acid 1: 1 ratio (1% w/v of chitosan + 1% v/v acetic
acid) were taken and dissolved completely by using ultra sonicator
(Suresh Scientific@Co, Tiruchirappalli, India) at 1 h. The diluted
mixture was filtered by using whatman NO.1 filter paper and
removes the undissolved materials. After, tween 80 solutions were
added in to 50 mL of filtered chitosan solution. The pH was
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maintained at 4.2 with the help of 1 N NaOH solution. The mixture
was further sonicated and received the homogeneous solution
after two hours’ time interval. Required quantity of purified essen-
tial oil was gradually added on the wall of the tubes constantly at
the time of homogenization with 1000 rpm for 10 min. After, the
sample was constantly maintained in ice-both conditions for make
the oil-in-water emulsion. Next, the cross linker of sodium
tripolyphosphate (TPP) was added gradually to stimulate the ionic
gelation of chitosan. The agitation was maintained constantly with
30 min and formed particles were collected. Then, the formed par-
ticles were centrifuged at 10000 rpm for 30 min at 4 �C. After cen-
trifugation, the purified suspensions were washed three times
using deionized water. Finally, the collected suspensions were
dried immediately �30 �C for 1 h using freez drier (Cryodos
50/230 V, Telstar, Madrid, Spain).

2.4. Characterization of chitosan loaded essential oil

The physiochemical characterization of chitosan loaded essen-
tial oil containing material was analyzed by UV–vis spectroscopy
and XRD. Further, the morphological observation and size and
shape of the nanomaterial were observed by SEM and TEM.

2.4.1. FT-IR analysis of chitosan loaded essential oil
The structural interaction of prepared chitosan film incorpo-

rated plant essential oil was analyzed by FT-IR with the following
reference of Jiang et al. (2020). The tested powder samples of chi-
tosan, Chitosan loaded essential oil were recorded from the peak
range at 4000–400 cm-1 by F-IR (Nexus, Shimadzhu, Japan) with
64 scans recorded at 4 cm-1 resolution.

2.4.2. Scanning electron microscopy analysis of chitosan loaded
essential oil

The prepared chitosan loaded essential oil morphological struc-
ture compared with chitosan alone was observed by SEM analysis
using JSM-3456, JEOL, Japan at 15 kv (Mishra et al., 2018). After
complete preparation of essential oil within the chitosan, the sam-
ples were fixed in aluminum support with aid of carbon rib, being
coated in liquid nitrogen contains gold metal surface to internal
structure visualization. After, 1 h, the coated samples were directly
observed under SEM with magnification of ~40.0 x.

2.4.3. Transmission electron microscopy analysis of chitosan loaded
essential oil

The surface morphology size and shape of the chitosan, chitosan
loaded essential oils structure was viewed by transmission elec-
tron microscopy (LEO EVO 40 Model, Japan). Approximately,
10 mg samples were coated on the gold coated aluminum surface
plate and analyzed by transmission electron microscope.

2.5. Anti-bacterial activity

The agar well diffusion experiment method was used to detect
the anti-bacterial activity of MDRs K. pneumoniae in the presence of
chitosan loaded plant essential and followed by previous reports of
Rajivgandhi et al., 2018. The muller hinton agar plates were used to
check the anti-bacterial activity in our study. After complete solid-
ification, 5 mm gap between the wells were made aseptically using
sterile gel borer, which had been previously swabbed with 24 h old
K. pneumoniae culture. Then, various concentration of chitosan
loaded essential oil was added into the cutted wells and main-
tained at room temperature 1 day. After incubation, the plates
were taken and observed the diameter zones of the wells. The inhi-
bition zone of the wells were measured in diameter and noted.
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2.6. Minimum inhibition concentration experiment

The minimum inhibition concentration effect of synthesized
chitosan loaded essential oil sample was detected by 96-well
microtiter plate followed by the earliest report of Yilmaz et al.
(2019). Briefly, 24 h staled K. pneumonia culture was diluted into
the 96-well plate containing fresh tryptic soy broth. After dilution,
different concentration of chitosan loaded essential oil solution
was added into respective wells. Whereas, without addition of
the chitosan loaded essential oil containing well acted as a control.
The plate was maintained at room temperature for one day. After
incubation, the turbidity of the wells was observed on the naked
eye and lowest concentration of the well that shown with higher
turbidity of the well was confirmed as minimum inhibition con-
centration. This minimum inhibition effect was converted to per-
centages using universal formula,

Inhibition %ð Þ ¼ Control result� Test result=Control result� 100:
3. Result

3.1. Purification and identification of available essential oil from Guava
leaves

After careful purification through hydro-distillation method
using Clevenger apparatus, the highest yield of the Guva leaves
were obtained approximately 15.5 mL/l. The obtained essential
oil was exhibited with whitish color and available phytochemi-
cals, proteins, amino acid, and other compounds were observed
by HRLC-MS peaks of Fig. 1. Among the peaks, the anti-
microbial activity compounds were screened. All the screened
compounds were identified based on the retention time, occupied
area and occupied percentages. Among the entire identified com-
pounds, there are 13 antimicrobial compounds were identified
from previous reports (Paula et al., 2011; Zhang et al., 2020,
and our identified compounds may also have anti-bacterial activ-
ity against tested K. pneumoniae. Some of the major compounds
are phytochemical derivatives; they are also listed including thu-
jene, ɑ-pinene, b-pinene, sabinene, cubenol, P-aucubin and L-
scopoletin. Therefore our result was indicated that the anti-
microbial ability of the bioactive compounds and phytochemicals
compounds were highly present in the Guva essential oil. The
result was agreed by previous report of Chaturvedi et al. (2019)
and Guva essential oil was one of the important sources for bio-
logical activities. Recently, Joseph and Priya (2010), was reported
that the purified guva essential oils have more anti-bacterial and
anti-cancer activity against multi drug resistant bacteria and can-
cer cells. Usually, the traditional medicinal plants have increased
bioactive compounds and phytochemical derivatives. In addition,
the more alkaloid and flavonoid derivatives are also present in
the essential oil derived compounds (Soliman Magda et al.,
2016; Mahfuzul Hoque et al., 2007). Supportively, Garode and
Waghode (2014) documented that the traditional medicinal plant
derived essential oils have rich phenolic and flavonoid content; it
may be leads to high anti-oxidant activity. Sometimes, the phyto-
chemical derivatives and bioactive compounds were presented in
different ratio due to the various environmental factors including
pH, temperature, salt content, and genetic factors, nutritional sta-
tus, harvesting time as well as the organs used for EO extraction
(Joseph and Priya, 2011; Farhana et al., 2017). Finally, our result
was confirmed that the Guva leaves derived essential oils have
enormous bioactive compounds and phytochemical derivatives
with increased biological activity.



Fig. 1. Detection of phytochemical constituents of Guava leaf extract by HRLC-MS analysis.
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Fig. 2. Detection of functional group changes between the chitosan.
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3.2. Preparation of EOs-loaded chitosan nanoparticles

Recent years, the chitosan loaded essential oils formed nanogel
is participated as a promising drug delivery system against antimi-
crobial activity of different bacterial infections (Kavaz and
MaryamIdris, 2019). In addition, the chitosan loaded essential oils
formed nanogel is a one of the excellent materials in biomedical
applications due to the more entrapment efficiency, stability and
control release of drugs (Joseph and Priya, 2010; Salehi et al.,
2020), it is a two way process, the formation of chitosan loaded
essential oils was emulsified using ionic gelation between the chi-
tosan and cross linker of TPP by electrostatic interaction. In our
study, we have used TPP as a cross linker in the ionic gelation of
chitosan to essential oils. Previously, more researchers Jahed
et al., 2017ab; López-Meneses et al., 2018ab; Tatiana et al., 2018,
were reported that the chitosan loaded essential oil method is
one of the best method for drug delivery due to the amide linkage
between carboxylic group of plant essential oil and primary amino
groups of chitosan without leaving a spacer molecules. In the pre-
sent study, we have formulated the Guva leaves mediated essential
oils with chitosan and form a cage like structure due to the self-
association of hydrophobic segment of Guva essential oil inside
and outside of chitosan with hydrophilic segment (López-
Meneses et al., 2018a,b). In our study, we have used sonicator for
chitosan plus essential oil mixer. The maximum encapsulation effi-
ciency and loading capacity have been detected for 1: 1 ratio of chi-
tosan and guva essential oils. Therefore, our result was initially
confirmed that the essential oil was successfully loaded into the
chitosan polymer. The confirmation of this nanogel formation
was identified by FT-IR analysis.
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3.3. FT-IR analysis of chitosan and chitosan loaded guva leaf essential
oil

FT-IR is one of the important techniques that used for detection
of possible chemical groups present in the tested materials
(Rajkumar et al., 2020). In our study we have confirmed the avail-
able functional groups of chitosan and presenting converted chem-
icals groups of chitosan loaded plant essential oil. The result of our
tested material was present in Fig. 2a, At the peaks of 3388, 2885,
1647, 1538, 1387, 1082, 892, 528 was corresponding to respective
chemical groups of AOH and NH stretching,ACH stretching, amide
linkages I and II with NAH bending, carboxylic stretching of
CAOAC with glucose like ring were exhibited. The exhibited peaks
and their respective chemical groups were confirmed that the sam-
ple was chitosan (Fig. 2a). After addition of TPP, the new chemical
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groups of PAO and P@O was observed within the place of amide II
(ANH bending). It was confirmed that the new chemical group’s
peaks of 2211, 1641, 1290 and 506 cm-1 were shifted from chitosan
peaks of 2885–1082. The new PAO and P@O peaks were observed
from this process. It has shifted by the process of electrostatic link-
age between ammonium ions of chitosan and phosphoric ions of
TPP in nanoparticles. Further, after addition of purified guva essen-
tial oils into the chitosan, the peaks were exhibited with 3457,
2211, 1641 and 506 cm-1 for the respective chemical groups of
OAH stretching, CAH stretching, C@O stretching, CAC aromatic
ring stretch, CH2 bend and CAH aromatic bend. The result was
clearly indicated that the essential oil was successfully loaded into
the chitosan-TPP mixture (Fig. 2b). The resulted absorption peaks
of FT-IR result was indicated as same wave number. In addition,
among the combination of chitosan-TPP-essential oils, the CAH
stretching peak intensity was significantly increased due to the
loading efficiency of essential oils. The exhibited peaks of 2866–
2925 and 1238 cm-1 clearly indicated that the essential oils were
successfully loaded in to the chitosan nanoparticles. Our result
was agreed by recent report of Su et al. (2020), and the chemical
groups of the shifted places were exhibited the loading efficiency
of essential oils into chitosan. Supported evidence was published
by K. Myszka, et al. (2020), and the shifted peaks without change
of wave number containing chitosan loaded essential oil combina-
tion were successful. Therefore, our result was confirmed that the
guva essential oils were encapsulated into the chitosan nanoparti-
cles without inclusion of any chemical reaction. The unchanged
structure and role of the chitosan loaded essential oils were indi-
cated that the nanomaterial increased their biological properties
(Yadav et al., 2020).

3.4. Scanning electron microscopy analysis

Scanning electron microscopic analysis is an important tool for
analysis of morphology and particle size of the chitosan; chitosan
loaded essential oils (Rajivgandhi et al., 2019a,b). In result, the chi-
tosan nanoparticle was exhibited with spherical shape with
smooth morphology and various sizes. In addition, the resulted
morphological mediated chitosan was exhibited with uniform par-
ticles, and their average size was 40–96 nm. After loading with
essential oil, when compared with chitosan alone (Fig. 3a), the chi-
tosan loaded essential oil morphology (Fig. 3b) of was shown with
swelling in inside the chitosan layer, it surrounded by individual
particles (Rajivgandhi et al., 2020a,b). However, when we find,
the particle was clearly aggregated. In addition, the result was sug-
gested that the essential oil was combined and melted with chi-
tosan with each other, which might have the presence of some
essential oil content on the chitosan surface. It exhibited that the
chitosan may decreased slightly and increased the essential oil
content (Hasheminej et al., 2019). Therefore, our result was con-
a b 

Fig. 3. Confirmation of plant essential oil loaded chitosan nanoparticles images by
scanning electron microscope. Original morphology of chitosan (a) after loading of
essential oil in the chitosan nanoparticle morphology (b).
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firmed that the essential oil was loaded into the chitosan surface.
Our result was agreed by Hadidi et al. (2020) and the swelling
and aggregation variation between the chitosan alone and chitosan
loaded essential oils.
3.5. Anti-bacterial activity

The DMSO diluted chitosan loaded essential oil was showed
increased anti-bacterial activity against tested K. pneuminiae after
overnight incubation when compared with previous reports of
Dima et al. (2014); Hafsa et al. (2016); Rieger and Schiffman
(2014). Previously the guva leaf extract was showed with 10,
12 mm zone of inhibition against P. aeruginosa and K. pneumoniae
respectively. Interestingly, our resulted chitosan loaded essential
oils material was exhibited with 22 mm zone of inhibition against
tested multi drug resistant K. pneumoniae at 70 mg/mL concentra-
tion (Fig. 4). This concentration was very low compared with pre-
vious reported essential oil loaded chitosan (Tatiana et al., 2018).
Our result was suggested that the increased zone of inhibition
may stimulate by chitosan. The available essential oil compounds
of Karimirad et al. (2019); Topuz and Uyar (2020); Mishra et al.
(2018) may play a anti-bacterial inhibition role against K. pneumo-
niae in this study. These compounds are major compounds in guva
essential oils. Our result was also agreed by previous documented
reports of Hasheminej et al. (2020), and clove essential oils b-
Pinene, Thujene and b-Farnesene have excellent anti-microbial
properties. In mechanistic role, the chitosan loaded essential oils
may enter in inside of the cytoplasm through ion channels and
leads to membrane damage and protein damage. After the cyto-
plasmic leakages were done continuously and the production of
pathogenicity molecules were lost.
3.6. Minimum inhibition concentration of chitosan loaded essential oil

The anti-bacterial activity of the chitosan loaded essential oil
was further confirmed by using minimum inhibition concentration
assay. In this assay, we have found the minimum concentration of
the chitosan loaded essential oil against tested K. pneumoniae by
96-well plate assay. After 24 h incubation, the 96-well plates were
showed with more turbidity at increasing concentration. When the
concentration was increased that the inhibition activity also
increased in 96-well plates of treated wells (Deepika et al., 2019).
The result was indicated that the chitosan loaded essential oil
has antibacterial activity at lowest concentration. When, the
diluted sample at 10 mg/mL, the chitosan loaded essential oil found
with 13% inhibition rate against tested K. pneumoniae. The half
minimum inhibition concentration of 52% was exhibited at
0

5

10

15

20

25

20 40 60 80

Zo
ne

 o
f i

nh
ib

iti
on

Various concentration of essential oils

20

40

60

80

Fig. 4. Anti-bacterial activity result of chitosan loaded essential oil against multi
drug resistant K. pneumoniae.



0%

20%

40%

60%

80%

100%

120%

10 20 30 40 50 60 70 80 90 100

Pe
rc

en
ta

ge
 o

f i
nh

ib
iti

on

Various concentration of EOs

10

20

30

40

50

60

70

80

90

100

Fig. 5. Minimum inhibition concentration analysis of chitosan loaded essential oil against multi drug resistant K. pneumoniae.

F. Zhang et al. Saudi Journal of Biological Sciences 27 (2020) 3449–3455
60 mg/mL concentration and the complete inhibition of 96% was
inhibited at 100 mg/mL concentration. This concentration was very
lowest concentration compare with previous study. Therefore, the
lowest concentration of 100 mg/mL was fixed as a minimum inhibi-
tion concentration for this study (Fig. 5). Similar result was pub-
lished by Alharbi and Alarfaj (2020), and the chitosan loaded
essential oil improved the anti-bacterial activity and exhibited
the result with very lowest concentration. Previous reported docu-
ments were agreed this study result, and stated that the minimum
concentration of chitosan loaded essential oil has excellent inhibi-
tion activity against various bacteria. Recently, Williams and
Stavrinides (2020); TchindaIgor et al. (2017), reported that the
minimum inhibition concentration method was one of the best
method for identification of lowest concentration.

4. Conclusion

Based on our study result, we have confirmed that the essential
oils were successfully loaded into the chitosan surface and it con-
firmed by comparison of chitosan alone result. The confirmation of
chitosan loaded essential oils was showed by transferred chemical
groups of FT-IR. In addition, the rough surface morphology of chi-
tosan loaded essential oil was confirmed that the oils were present
inside of the chitosan. Further, the anti-bacterial activity of the chi-
tosan loaded essential oil was found at excellent activity against
selected multi drug resistant K. pneumoniae. Furthermore, the min-
imum inhibition concentration study result was confirmed that the
chitosan loaded essential oils was inhibited the K. pneumoniae at
very lowest concentration (100 mg/mL). Finally, we have concluded
that the present findings were confirmed that the chitosan loaded
essential oil has increased anti-bacterial activity against K.
pneumoniae.
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