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Abstract

Microcapsulation is an essential technique to stabilise and protect active ingredients of nutraceuticals during various
manufacturing processes. This study aimed to control bacterial contamination of nutraceutical raw materials and protection of
nutraceutical active ingredients using chitosan microcapsules. Thirteen bacterial isolates were isolated from ginger Gl and garlic
G. Thermal resistance isolates (Gl 7, Gl 3& G2) were exposed to different gamma radiation doses; their lethal doses were 8.0
KGy for GI 3, and 9.0 KGy for G 2 and GI 7. The GI 3 and Gl 7 isolates showed relative resistance against chitosan, they were
identified by 16S rRNA gene sequencing as Enterococcus faceium and Enterococcus durans, respectively. A microcapsule
preparation was formed using the emulsion cross-linking method by incorporating ginger or garlic with chitosan. The results
revealed that the chitosan concentration of 4% and 20 ml of GST achieved 92.5% and 87.5% encapsulation yields for
chitosan/ginger and chitosan/garlic microcapsules, respectively. Chitosan-ginger formed microcapsules were thermally stable
while Chitosan-garlic microcapsules were partially unstable.

Keywords: nutraceuticals, chitosan, microbial contamination, microcapsulation, emulsion cross-linking method.

1.Introduction presence of 6-gingerol [4]. Also, garlic is a common
spice with several health benefits due to its varied
bioactive compounds, such as saponins, phenolic
compounds, and polysaccharides [5]. Furthermore,
ginger and garlic contain active ingredients with
several health benefits [6]. Several studies have shown
important biological functions of garlic, including
antioxidant, anti-inflammatory, immunomodulatory,
anti-diabetic, and antibacterial properties [7]. The use
of natural bioactive compounds as food ingredients or
therapeutic agents has some limitations because their
bioactivity is affected by processing and storage
conditions [8] since these compounds are degraded
with high temperature [9,10]. Physical and chemical
transformations are other problems that affect their
stability and bioactivity [11].

Nutraceuticals are natural, chemical, or
bioactive substances that illustrate biological activities
and physiological benefits to elevate the body’s
natural recovery. Studying health topics involves
exploring bioactive components from different food
sources.  Functional foods are  considered
nutraceuticals if they support the protection and
management of diseases [1]. Nutraceuticals can be
used as food and pharmaceutical ingredients with great
potential against disease targets [2]. Moreover, there
are a few challenges to defining the health benefits of
certain foods, improving immune function, avoiding
certain diseases, and decreasing the side effects and
healthcare costs of nutraceuticals and dietary
supplements [3]. Several phytochemicals and

bioactive components exist in some herbs and medical Also, Cross-contamination may occur during
plants that ensure their medical importance in modern the manufacture, processing, storage, or transport of
functional and nutraceutical foods. Ginger, which is nutraceuticals [12]. Microbial contamination of
considered a nutraceutical, has high nutraceutical nutraceutical products is clinically harmful. It can

potential against many physiological threats due to the cause active drug ingredients to be metabolised into
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less effective or chemically inactive forms [13].
Microbial spoilage of nutraceutical products can be
caused by bacteria, yeasts, or fungi, which are all
extremely versatile in their metabolic activities.
Enterococcus spp. is Gram-positive, catalase-
negative, non-spore-forming, and facultatively
anaerobic bacteria. They are responsible for serious
infections; Enterococcus faecium is most commonly
recovered from humans, and Enterococcus durans is
found in the intestines of animals and is responsible
for sporadic cases of endocarditis in humans. The
presence of Enterococcus spp. in some foods may
indicate contamination or poor hygienic conditions
and increase the risks to public health [14].

Chitosan, a natural antimicrobial nontoxic
polymer, is considered an alternative to antibiotics.
Chitosan is a cationic polysaccharide with several
benefits, including excellent biological activity, good
biocompatibility and biodegradability, and pH
sensitivity for acid-triggered gastric delivery. Chitosan
was prepared as a novel material for many applications
as nanoparticles, microspheres, and the preparation of
single-layer nonwoven fabric treated with chitosan
nanoparticles and its utilisation in gas filtration [15,
16, 17,18]. Chitosan has become a promising natural
polymer for the preparation of microcapsules it has
important role in the control of nutraceutical microbial
contamination and the protection of nutraceutical
active ingredients. Chitosan is highly soluble and able
to bind using its functional groups; certain bioactive
compounds and nutraceuticals should be supported
against environmental factors. Encapsulation can be
employed as a method to preserve these compounds;
due to its biodegradability and biocompatibility,
chitosan is an ideal ingredient for the encapsulation
and controlled release of bioactive compounds [19].
Microcapsules have been widely used for the transfer
and release of materials in the pharmaceutical,
cosmetic, and food industries. The encapsulation of
active nutraceutical compounds in core-shell
microcapsules exhibits great interest for taste and
odour masking and the controlled release of drugs. In
pharmaceutics, encapsulation of medicines, nutrients,
and living cells can be used for protection by a solid
biocompatible shell [20]. A number of techniques are
available for the microencapsulation of natural
bioactive compounds (core materials) and can be
broadly divided into three types: chemical,
physicochemical, and physical methods [11]. These
techniques vary according to the core materials types
and their further application in the food system.
Different types of delivery systems that can be created
based on emulsion technique are conventional
emulsions (oil-in-water), multiple emulsions (water-
in-oil-in-water), It has the advantages of compatibility
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with the food matrix, economic production, higher
loading capacity.

2. Materials &Methods
2.1. Sample collection and bacterial isolation

Two ginger and one garlic raw sample were collected
in sterile containers from a pharmaceutical factory in
Egypt on the 10" of Ramadan and carried to the
laboratory for bacterial isolation. The samples were
10-fold diluted in sterilised saline solution. Then 1 ml
from each dilution was inoculated individually on
Baird Parker agar medium plates. The plates were
incubated at 37 °C for 24 hours. One typical colony
was picked from each selective agar plate and purified.

2.2. Study of thermal death time for bacterial
isolates

Raw materials were sterilised by autoclaving
for 15 minutes and then artificially contaminated by
the isolated bacteria. The artificially contaminated raw
materials were incubated in the oven at 60, 70, and 80
°C for 0, 5, 10, 15, and 20 min, then inoculated on
nutrient agar to evaluate bacterial growth [21].

2.3. Effect of different gamma irradiation doses on
the viability of bacterial isolates

The selected bacterial isolates were cultivated
on 100 ml nutrient broth for 24 h at 37°C in a shaking
incubator (200 rpm). The bacterial cells were collected
by centrifugation at 8000 rpm for 10 min and re-
suspended in 10 ml sterile saline solution. The
bacterial solutions were exposed to different gamma
irradiation doses (1, 2, 3, 4, 5, 6, 7, 8, and 9 kGy) at
the National Center for Radiation Research and
Technology (NCRRT), Nasr City, Cairo, Egypt. Using
Cobalt-60 model Russian gamma cell (Issledodovate)
with dose rate 1.208 kGy/h. Irradiated cells and control
(non-irradiated cells) were serially diluted with sterile
saline, then plated on nutrient agar media, and
incubated at 37°C for 24 h [22].

2.4. Antimicrobial activity of different
concentrations of chitosan against selected
bacterial isolates

The agar well diffusion method determined
the antimicrobial activity of different concentrations
of chitosan. An inoculum from each bacterial isolate
(1.0x10% Cfu/ml) was separately seeded in a nutrient
agar medium. A volume of 100uL of different chitosan
concentrations (0.2, 0.4, 0.6, 0.8, 1.0, 2.0, 3.0, and
0.4%) was added to the 7.1 mm well. The plates were
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incubated for 1 h at 4°C for diffusion and then
incubated at 37 °C for 24 h. The antimicrobial activity
was detected by measuring the inhibition zones
diameter (mm). Amoxicillin & clavulanic acid (AMC:
20/10 mcg), vancomycin (VA: 30 mcg), Rifampin
(RF: 30 pg), Cefuroxime (CXM: 30 pg) were used as
positive control [23].

2.5. Molecular Identification

The total DNA of the selected bacterial
isolates was extracted as illustrated by the instruction
manual with DNA extraction kits (Thermos, Fisher
Scientific, USA) and kept frozen at — 20 °C until the
PCR reaction was completed. A pair of universal
bacterial primers, 27F (5'-AGA GTT TGA TCC TGG
CTC AG-3") & 1492R (5'-GGT TACCTT GTT ACG
ACT T- 3"), was used for amplifying the target gene.
Two microliters of the bacterial DNA were used as a
model for the PCR reaction. PCR was carried out by
Premix Tag (My Tag, Bio line, UK), consistent with
the instruction manual. PCR had been completed in
genius model FGENO2TD thermal cycle (Techno,
England). The PCR conditions were used for 5 min for
primary denaturation at 94 °C, at that time 35 cycles
of 1 minat 94 °C, 1 min at 54 °C, and 1 min at 72 °C,
and finally 10 min at 72 °C for amplification of genes.
The amplified genes were run on 1% agarose gel to
determine the size and purity of the products. The
amplified bands had been cleaned by a PCR product
purification kit (Thermos, Fisher Scientific, USA).
The forward directions of the partial 16S rRNA gene
were sequenced in Macro gen, Korea. The BLAST
search program identified the sequence, National
Center for Biotechnology Information (NCBI), and
National Library of Medicine, USA [24]. Alignments
Sequencing was completed by Crustal W 1.83 XP
software. A phylogenetic tree was made using the
neighbor-joining method by MEGA 6 software. Then,
the sequence was submitted by the Ban kit tool (NCBI
website; www.ncbi.nlm.nih.gov) to get the accession
number.

2.6. Preparation of microcapsules by emulsion
cross-linking method

A modified method of [25] was used for
microcapsule preparation. Two grams of ginger and
garlic were added to different concentrations of
chitosan solution (2.0%, 3.0%, and 4.0%). A
homogenizer homogenized the mixtures for 30 min to
produce an emulsion of oil in water. The emulsion was
added to 150 ml of corn oil to form the oil medium,
then was agitated for 1 h to form oil/water/oil
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emulsion. Glutaraldehyde saturated toluene (GST)
solution was formed and added drop by drop to the
emulsions every 15 min. The mixture was stirred for
15 min, then 2 ml of glutaraldehyde 25% were added
and Shaked for 2 h. Microcapsules were collected by
centrifugation for 10 minutes. The microcapsule
product was cleaned with petroleum ether and n-
hexane and dried at 70°C.

2.7. Encapsulation yield

Encapsulation vyield is the ratio between the
formed microcapsules weight after drying and the total
weight of the core material.

2.8. Scanning electron microscopy (SEM)

JEOLJSM-6510LV Scanning Electron
Microscope (SEM) at the National Center for
Radiation Research and Technology (NCRRT), Egypt,
examined the morphology of the formed
microcapsules.

2.9. Thermal gravimetric analysis (TGA)

The stability study was evaluated by thermal
gravimetric analysis (STPT 1000) at a heating rate of
10°C each min. with a continuous nitrogen rate of 20
ml per min. at the National Center for Radiation
Research and Technology (NCRRT), Egypt [25].

2.10. Fourier-transform infrared spectroscopy
(FTIR)

study of Functional groups and chemical
structure of chitosan, ginger, garlic and formed
microcapsules was performed by FTIR spectroscopy
at the National Center for Radiation Research and
Technology (NCRRT), Egypt [18].

2.11. Statistical analysis

All experiments were triplicated, and the mean
+ standard error was calculated. The data were
analyzed by one-way analysis of variance (ANOVA),
and the difference in means was established with
Tukey's multiple range test with a P-value of less than
0.05 was considered significant.

3. Results

3.1. Isolation of bacteria from the nutraceutical
raw materials

Thirteen black bacterial isolates were selected
from garlic and ginger raw materials grown on Baird
parker (photo.1) The isolates GI 1, Gl 2, Gl 3, Gl 4,
Gl 5, Gl 6, and GI 7 from ginger, while isolates G 1,
G2,G3,G4,G5,and G 6 from garlic.
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Photo.1: black bacterial colonies on Baird Parker agar
medium.

3.2. Determination of thermal death time for
bacterial isolates

Thirteen bacterial isolates were isolated from
ginger and garlic powders only 3 isolates were heat
resistant to temperatures (60, 70, and 80°C) for the
selected times. The lethal time for isolate G 2 was 10
min at 80°C while isolates Gl 3& GI 7 were 15 min at
80°C (Table.1).

Table (1): Study of Thermal death time for the
bacterial isolates.

Resistant Death time at different
isolates temperatures
60°C 70°C 80°C
G2 15min | 15 min 10 min
GI3 20 min 20 min 15 min
GI7 20 min 20 min 15 min

3.3. Effect of different gamma irradiation doses on
the viability of bacterial isolates

The selected bacterial isolates (G 2, Gl 3, and GI 7)
were exposed to different gamma radiation doses
ranging from 1.0 to 9.0 KGy, and the count was
recorded. The count of GI 3, GI 7, and G 2 isolates was
decreased by increasing the dose of gamma radiation.
The lethal dose of gamma radiation was 8 KGy for Gl
3and 9 KGy for G 2 and GI 7. There was a significant
difference at p < 0.05 (Fig.1).

3.4.  Antimicrobial activity of different
concentrations of chitosan on bacterial isolates
from row material.

The sensitivity of the (GI3 and GI7) selected
isolates was increase with increasing chitosan
concentrations (0.2 to 4.0%) using well diffusion
method. the inhibition zones of GI3 ranged from 15
mm to 42 mm while G17 zones ranged from 15 mm to
44 mm when chitosan concentration increased from
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0.2 to 4.0 %. Garlic isolate G2 showed complete
sensitivity to low concentrations of chitosan no
inhibition zones were detected (Fig.2).

Log (CFU/ml)

Dose [KGy)

Fig (1): Effect of increasing Gamma irradiation doses
on the viability of bacterial isolates. &' values in the
same column followed by different letters indicate a
significant difference (p <0.05).

In this experiment four antibiotics were used also to
determine the antibiotic resistant isolates and as
positive control to measure chitosan efficiency, they
were Amoxicillin & Clavulanic acid (20/10 pg),
Vancomycin (30 pug), Rifampin (30 pg), and
Cefuroxime30 pg. Results in table 4 showed that
generally the inhibition zones diameter occurred by
different chitosan concentrations were rising by
increasing chitosan concentrations. Conc. 4.0% had
the most efficient killing ability (44mm) against GI7.
Its inhibition zone was greater the most powerful
antibiotic (AMC: 42mm), More over the efficiency of
chitosan conc 1.0 % equal to and CXM inhibition
zones both of them recorded 30mm against G17, also
the efficiency of chitosan conc. 3.0% equal to AMC its
inhibition zone both of them recorded 42 mm against
GI7. Otherwise, 1.0% chitosan conc. efficiency was
equal to CXM (28mm) against GI3 while rest of
chitosan concentrations efficiencies were
approximately the same antibiotics efficiencies. "
values in the same column followed by different letters
indicate a significant difference p <0.05 (Fig. 2).

3.5. Molecular Identification of the selected
bacterial isolates

Two isolates (GI 3 and GI 7) were selected for
their resistance to different concentrations of chitosan
ranging from 0.2 to 4%. The 16s rRNA gene identified
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them as Enterococcus faecium and Enterococcus
durans (sequence similarity 99%).
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Fig (2): Antimicrobial activity of different
concentrations of chitosan and antibiotics was used as
a standard positive control against ginger isolates

The nucleotide sequence was submitted to GenBank
as E. faecium strain R2 and E. durans strain R1 under
accession numbers OK605881 and OK605880,
respectively. Neighbor-joining phylogenetic tree with
the alignment of 16S rRNA gene revealed that E.
faecium strain R2 was placed in the phylogenetic
cluster with E. faecium strain 4427 while E. durans
strain R1 in the cluster with Enterococcus strains. The
topology of the phylogenetic tree confirmed the
NCBI-BLAST results and the belonging of our strains
to the genus Enterococcus (Fig.3).

MHITI0. 1 Fn s i HCDILY

HEDE 5
stain ROI 21

5% OKGUSES1,] £
3 MISMSAL Ente

OKB03880.1 Lnterococcus dura
KNOV6396.1 Racilius subsits strain DIKT3

Fig. (3): Neighbor-joining phylogenetic tree of 16S
rRNA genes. The numbers at the nodes are bootstrap
values recovered from 100 trees.

3.6. Chitosan microcapsules coating raw materials
Preparation by Emulsion cross-linking methods

According to the results in fig. (2), chitosan
concentrations (2.0, 3.0, and 4.0%) were chosen to
form microcapsules. The recorded data indicated that
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increasing chitosan concentration and GST volume
increased the encapsulation yield of chitosan/ginger
and chitosan/garlic microcapsules, as recorded in table
(1). The encapsulation yield was 92.5%& 87.5% for
chitosan/ginger and chitosan/garlic microcapsules,
respectively, using 4% chitosan concentration and 20
ml of GST.

Table (2): Preparation of chitosan microcapsules
coating ginger or garlic using Emulsion crosslinking
methods.

Chitosa | Volum Encapsulation Yield
n conc. e of %
(%wlv) | GST Chitosan- Chitosan-
mi Ginger Garlic
microcapsul | microcapsul
es es
2% 10 425 33.2
20 45.0 37.5
3% 10 83.3 70.5
20 85.2 73.4
4% 10 91.0 83.2
20 92.5 87.5

3.7. Characterization of the formed microcapsules
3.7.1 Scanning electron microscopy:

The morphology of the produced chitosan-
ginger and chitosan-garlic microcapsules were
examined by SEM analysis. Both microcapsules had a
spherical shape. Chitosan-garlic microcapsules have a
smoothly rigid surface (Fig 4a), while chitosan-ginger
have a slightly irregularly rigid surface (Fig 4b)

Fig (4): SEM for chitosan-garlic microcapsule (a) and
chitosan-ginger microcapsule (b).
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3.7.2. Thermogravimetric analysis for the prepared
microcapsule:

TGA analysis of microcapsules was
completed by plotting the microcapsules mass
reduction against the increased temperature according
to TGA graphs. Firstly, the water was evaporated at
temperatures between 30°C and 230°C. Then melting
of microcapsule at temperatures ranging from 230°C
and 450°C was selected according to saccharide rings
dehydration, depolymerization, and decomposition of
the acetylated and deacetylated unit of the polymer. In
the case of chitosan-ginger microcapsules, the mass
was reduced to half at 375 °C using a chitosan
concentration of 4 % and 20 ml of GST (Fig. 5a).
While in the case of chitosan-garlic microcapsules, the
mass reduced to half at 132 °C using chitosan
concentration 4% with 10 or 20 ml of GST. Results
indicated that chitosan-garlic microcapsules are less
thermal stable than chitosan-ginger microcapsules
(Fig. 5b).
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Fig. (5): TGA analysis for chitosan-ginger
microcapsules (a) and chitosan-garlic microcapsules

(b).
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3.7.3. Fourier-transform infrared spectroscopy
(FTIR)

Ginger particles results were depicted in (Fig.
6,7). The spectral region focused on 500 and 4000
cm—1, which contained more appropriate information
on the chief chemical functional groups. Also, The
main characteristic peaks of standard chitosan were at
3379 (-OH stretch), 2880 (C—H stretch), 1632 (N-H
bend), 1378 (bridge O stretch), and 1076 cm-1(C-O
stretch). The complexity of the IR spectra of chitosan
come from the complicated and specific network of H-
bonds in which the OH, C-O and NH groups are
involved for each polymorphic form, and to the typical
broadness of the IR bands of natural polymers. The
results showed some similarity of values of FTIR
between ginger powder and ginger in microcapsule
(Fig.6.,7) which mean there is slight change in the
chemical structure of both. The beak at 3329.76 for O-
H Stretch and H- bond in wavenumber 2880 and
2974.02 cm-1 assigned for C-H Stretch, while 1376.3
represents C-H bending. As we can see in FTIR
analysis charts that the microcapsules did not show
new peaks, only a change in the peak width and
slightly shifting the frequency, this indicates the
absence of any significant interaction between the
microcapsule's contents. While The FTIR bands of the
garlic microcapsules were different from IR
spectrogram of garlic (Fig.6.,7). Those spectrograms
revealed both characteristics of garlic and chitosan
with some wavelength shift, and also showed some
new bands which indicated the complex formation of
chitosan and garlic. The microcapsules exhibited
functional  group, chemical structure and
characteristics of both original substances. The
difference between IR spectra of garlic powder and
microcapsules were found at 3400-2700 and 1800—
500 cm!indicated alkyl group-hydroxy or possibly
amino substituent, hydroxyl or amino compound
general and aliphatic alcohol with carbonyl
substitution.

4. Discussion

The microcapsulation of active nutraceutical
compounds in core-shell microcapsules-controlled
release of drugs, control microbial contamination and
protect the active ingredients from degradation by a
solid biocompatible shell. Encapsulants that are
suitable for food applications must be biodegradable,
and stable during processing, storage and
consumption. The greatest suitable encapsulants are
natural polymers such as chitosan, [17].

In this study collected two ginger and one raw
garlic sample for bacterial isolation on selective media
(Baird Parker). Thirteen different black colonies were
selected and purified. [26] used Baird Parker medium
for the staphylococci and enterococci isolation from
food and pharmaceuticals.
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The thermal stability of the selected isolates was
evaluated, and the most thermal-resistant isolates (G 2,
Gl 3, and GI 7) exposed to 60, 70, and 80 "C were
selected. The lethal time was 10 min at 80 ‘C for
isolate G 2 and 15 min at 80 °C for GI 3 and GI 7
isolates. Similarly, [27] reported that Enterococcus sp.
grows at high temperatures this may be due to the
formation of cellular aggregations during heat
treatment.

The selected bacterial isolates were exposed
to gamma irradiation doses ranging from 1.0 to 9.0
KGy. All the isolates' counts were decreased by
increasing the dose of gamma radiation. The isolate Gl
3 was killed at 8.0 KGy, while the isolates G 2 and Gl
7 were killed at 9.0 KGy. [28] showed a crucial
positive connection between the killing of pathogenic
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bacteria and gamma irradiation. Also, [29] revealed
that a dose of 7 kGy was sufficient for total
inactivation of pathogenic bacteria. Microorganisms
DNA is the most target for irradiation, bases of DNA
molecules are highly susceptible to radiation with
result of cleavage of phosphodiester bonds of DNA,
then damage to DNA would cause bacterial cells to
loss their ability for replication, and lead to bacterial
cell's death [30].

In this study, the antimicrobial activity of
different concentrations of chitosan (0.2, 0.4, 0.6, 0.8,
1.0, 2.0, 3.0 and 4.0%) against the3 selected isolates
were determined using well diffusion method.
Generally, garlic isolate was very sensitive to chitosan,
0.02% chitosan concentration was sufficient to kill this
isolate. while ginger isolates were more resistant. their
inhibition zones were ranged from 15 mm to 42 mm
for Gls and 15 mm to 44 mm for Gl; when chitosan
concentrations ranged from 0.2 to 4.0 % respectively.
[31] reported that chitosan has antibacterial /antifungal
activities. they added that chitosan is useful in
pharmaceutical and other applications.

In this study four antibiotics were used also to
determine the antibiotic resistant isolates and as
positive control to measure chitosan efficiency, they
were Amoxicillin & Clavulanic acid (20/10 pg),
Vancomycin (30 pg), Rifampin (30 pg), and
Cefuroxime30 pg. Results showed that Chitosan
concentration 4.0% had the most efficient Killing
ability (44 mm) against GI7. Its inhibition zone was
greater to the most powerful antibiotic (AMC: 42
mm), while the efficiency of chitosan concentration
1.0 % equal to CXM inhibition zones both of them
recorded 30 mm against Gl, also the efficiency of
chitosan conc. 3.0% equal to AMC. Both of them had
inhibition zone 42 mm against Gl;. This was similar to
the findings of [32] they revealed that chitosan can be
used as an alternative antimicrobial agent for the
bacterial infection’s treatment.

The antibacterial activity of chitosan may be due to
disrupting the cell membrane/cell wall, forming a
dense polymer film on the cell's surface and blocking
the exchange of nutrients, interaction with microbial
DNA, and/or chelation of nutrients by chitosan [33].
Also, chitosan can inhibit microbes by neutralizing
negative charges on the microbial surface [34].

The isolates GI 3 and GI 7 were selected and
identified by 16S rRNA gene as Enterococcus faceium
R2 (OK605881) & Enterococcus durans R1
(OK605880), respectively. As similar, [35] isolated
Enterococcus faecium and other Enterococcus species
from plants. Moreover, [26] isolated E. faecium on
Baird-Parker agar medium.

Obtained results revealed that the chitosan
concentrations that showed maximum efficient killing
for GI3 & GI7 isolates were selected for microcapsules
preparation. Increasing the concentration of chitosan
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and GST volume, the encapsulation vyield of
chitosan/ginger and chitosan/garlic microcapsules
increased.

In present study chitosan used as a wall
material for coating the core material (ginger or garlic)
in small droplets, then crosslinking agent was added to
form a crosslink between amine groups in chitosan
with  aldehyde  groups  (toluene  saturated
glutaraldehyde) to produce microcapsules similarly to
[34].

The chitosan concentration of 4.0% and 20 ml
of GST produce 92.5% and 87.5% of encapsulation
yield for chitosan/ginger and chitosan/garlic
microcapsules, respectively. [35] illustrated that the
chitosan microcapsules yield between 81.35% and
98.93%. The microcapsules yield decreased when
GST volume decreased at the same chitosan
concentration. Also, the highest yield of chitosan
microcapsules was 99.19%, achieved by 25 ml of
GST.

The thermal stability of all prepared chitosan
microcapsules was estimated by thermal gravimetric
analysis similarly to [35]. The chitosan/ginger and
chitosan/garlic microcapsules (chitosan conc. 4%+ 20
ml GST) reached to half of their mass at temperature
375 °C and 132 °C, respectively. This mean that
chitosan/ginger microcapsules have more thermal
stability than chitosan/garlic microcapsules.

In the present study, FTIR was used to test the
stability of the raw material's functional groups. the
formed chitosan/ginger microcapsules did not show
new peaks, only a change in the peak width and
slightly shifting the frequency. This indicates the
absence of any significant interaction between the
microcapsule's contents. Similarly, to [36]. While The
FTIR bands of the chitosan/garlic microcapsules were
different from IR spectrogram of garlic and chitosan.
Those spectrograms revealed both characteristics of
garlic and chitosan with some wavelength shift, and
also showed some new bands which indicated the
complex formation of chitosan and garlic.

5.Conclusion

Chitosan, a natural biopolymer with a wide
variety of physicochemical and biological properties
has numerous applications in the fields of agriculture,
textile, nutritional enhancement and food processing,
waste water management, cosmetics, drug delivery
and many other medical and pharmaceutical
applications. The chitosan concentration of 4% was
used as an effective antimicrobial agent against
bacterial isolates isolated from ginger and garlic. The
ginger or garlic microcapsules were prepared by cross-
linking emulsion on chitosan coating. The prepared
microcapsules were spherical with a smooth surface.
The encapsulation yield of chitosan/ginger and
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chitosan/garlic microcapsules were 92.5 and 87.5%,
respectively, using 4% chitosan concentration and 20
ml of GST. Chitosan-ginger microcapsules were
thermally stable while Chitosan-garlic microcapsules
were partially unstable.
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