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protection. Nano food processing and products can
change the color, flavor, or sensory characteristics; they
also change the nutritional functionality, removes
chemicals or pathogens from food. Nano food
packaging materials may extend food life due to high
barrier packaging, improve food safety, alert consumers
that food is contaminated or spoiled, repair tears in
packaging, and even release preservatives to extend the
life of the food in the package. Nanobarcodes are used
for safety labeling and monitor distribution of food
products. Nanosupplements can be easily incorporated
by encapsulation techniques for nutritional and drug
delivery systems effectively. The health plays a major
role in food the disadvantages of the technology is to be
concerned. In particular, gold nanoparticles of curcumin
were highlighted. To overcome the poor aqueous
solubility and bioavailability of curcumin, emphasize
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its functional features, and broaden its applications in
the food and pharmaceutical industries, many nanoscale
systems have been widely applied for its encapsulation
and delivery. Over many decades, chitosan as a natural
biopolymer has been extensively studied due to its
polycationic nature, biodegradability, biocompatibility,
non- toxicity, and non — allergenic.

Keywords: nanoparticles, curcumin, chitosan,
turmeric.

Introduction

In both medicinal and biopharmaceutical science, turmeric (Curcuma longa) is a spice that has
been received much interest for its potent medicinal properties as the source of Curcumin [1].
Curcumin is a hydrophobic polyphenol that has advantages in a variety of pharmacological
activities such as antioxidant, anti- inflammatory, antitumor, antimicrobial, and anticancer [2]. In
the function of Antioxidant, curcumin (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene- 3,5-
dione ), also called diferuloylmethane, is a scavenger of oxygen species including hydroxyl
radicals, superoxide anions and single oxygen and interferes with lipid peroxidation [3]. In spite
of these healthful properties, Curcumin has a low bioavailability in which its absorption in the Gl
tract is a significant factor. to enhance the curcumin’s therapeutic potential, several encapsulation
methods were studied [4]. Nanoencapsulation of curcumin could be a strategy to increase its
bioavailability and reduce the dose required for a desired effect in therapeutic use [5]. In
nanoencapsulation of curcumin, curcumin will be encapsulated into chitosan nanoparticles.
According to potential of chitosan to interact with the negatively charge of the mucosal cells in
the gastrointestinal tract. Chitosan helps to extend the residence time while deliver curcumin into
human body [6]. Chitosan is a second most abundant polysaccharide on earth, produced
commercially by deacetylation of chitin, which is the structural element in the exoskeleton of
crustaceans and cell walls of fungi [7]. From further study on the usage of chitosan nanoparticles,
it is best for controlled drug release and found to have minimal drug side effects [8]. The bioactive
compound curcumin can be tested or evaluated using the spectroscopic method; nanoparticles were
determined by dynamic light scattering through a dilution [9]. On the other hand, folate Is one of
the naturally occurring form of vitamin B9 which found in foods include leafy vegetables, beans,
and eggs. Folate can be synthesized, as well as normally found in supplements and fortified foods,
and it is known as “Folic acid”. Folic acid has numerous health benefits. Namely, it helps regulate
the amount of sulfur- containing amino acid in the body, a great vitamin for brain health and
preventing Alzheimer’s disease, Reduced risk of anemia and high blood pressure [10]. Most
importantly, it is known to be very significant for pregnant women which helps developing new
cells for the baby and reducing the risk of birth defects, specifically neural tube defects (NTDs).
For folic acid’s incorporating application, it is a functional drug vehicle of curcumin compound in
order to address the issue of poor water solubility and improve its targeted accumulation at tumor
site.

One of the techniques used is folic acid-conjugate micelle in which thin film hydration method is
adopted [11]. However, using folic acid-conjugate as a ligand incorporated with chitosan could
retain its original physiochemical properties of chitosan and target the folate receptor to up-
regulate on the surface of many cancer cells [12]. The nanotechnology of encapsulating curcumin
into chitosan with the further of folic acid-conjugate would enhanced the bioavailability and
retention time of curcumin in human body. It would also be used as a functional food to improve
health benefits. Therefore, this research is aim to maximize the efficiency of curcumin by
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developing a certain morphology, size, and encapsulation capability as well as to evaluate the
bioactivities (i.e. antimicrobial and antioxidant) of the encapsulated curcumin.

Problem statement

Due to the rapid development and advances in the preparation methods of Biopolymeric
nanocarriers, the present review focuses on the most recent literature to summarize the innovative
CS — based nanocarriers for curcumin delivery that are reported in the past 3 years, including
nanocomplexes, self- assembled nanoparticles, nanocomposites, nanoemulsions, nanotubes, and
nanofibers. The mechanisms of the molecular interactions between curcumin and CS — based
nanocarriers, as well as the in vitro release are illustrated explicitly. Furthermore, their applications
as delivery systems in different fields are discussed in detail to offer an updated overview,
particularly on the therapeutic efficacy. Compared with previously published review articles that
only focus on various methods utilized for CS nanocarriers preparation, or pharmacokinetic
findings on the delivery of curcumin using CS nanocarriers, the novelty of the current article is to
discuss how physicochemical properties of CS impart functionality to the formation of
nanocarriers and encapsulation of curcumin, as well as their pharmaceutical applications for
treating chronic diseases. Lastly, research prospects and directions are suggested for the future.

Challenges

The challenges were what we faced was the lack of sufficient equipment to work and complete the
results. This tasked us with completing the work in another country, and after that we obtained the
results. The potential problems that arose when implementing the project were in order, but we
did our best to solve all the problems. Finally, we hope that this project will participate and benefit
from other means to achieve food security and safety and preserve people’s health.

Chitosan

In medical field, chitosan is an interesting compound which has been used broadly with the
production of encapsulation or a drug carrier. It was produced by deacetylated of chitin_ existed
in fungal cell walls and crustacean shells. Chitosan can be obtained via two ways; one is obtained
from deacetylated chitin using sodium hydroxide and the other one is obtained from deacetylated
chitin using enzymes under favorable conditions. Though, deacetylated chitin under alkaline
condition is a better choice of converting chitin into chitosan [13]. Chitosan is biodegradable
polymer that functions as an adhesive, antibacterial and antifungal agent. One source stated that,
“the elemental composition of the chitosan polymer Is carbon (44.11 %), hydrogen (6.84%) and
nitrogen (7.97 %) and the viscosity of average molecular weight of chitosan is ~5.3xI Daltons [14].
The degree of deacetylation has an impact on chitosan molecular weight which then affect many
properties of its compound in carrying other raw materials into biological cells. Those properties
included Solubility, viscosity [15]. Reactivity of proteinaceous material coagulation, and heavy
metal ion chelation [16], and physical properties of films Formulated using chitosan such as tensile
strength, elasticity, elongation, and moisture absorption [17]. Chitosan has a unique functional
property after a slight modification. As it is soluble in an aqueous acidic solution; the amino group
could possibly protonate and giving itself a positive charge. Within this property, cationic chitosan
compound can interact with other anionic molecules through electrostatic interaction. Usually,
chitosan nanoparticles would have formed by interacting with a polyanions such tripolyphosphate
(TPP) into chitosan solution [18].

Folate and its bioavailability activity:

Folate (Vitamin B9) is an essential vitamin which body needs; it is widely known as an impoZliant
vitamin for pregnant women in order to produce red blood cells and synthesizing certain amino
acids. Also, it is recognized as health- beneficial in the prevention of neural tube defects, anemia,
cardiovascular disease, poor cognitive performance, and some forms of cancers. Due to its
beneficial properties, Folate was used to study its bioavailability, and research shown for human
and pig that folates synthesized by colon bacteria is bioavailable. Passive diffusion of folate across
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the cell membrane is limited and happens only at high doses. Minor extent folate is also absorbed
in the colon; and it is suggested that colonic absorption may contribute significantly to total folate
absorption [26].

Literature review

There are many sources that focus on the functionality of encapsulated curcumin via chitosan
nanoparticles, however, different sources have their own application, for example, not only the
stable encapsulated curcumin could be delivered and cured colon cells and breast cancer cells in
humans, but it can be also used for treatment of arsenic toxicity. In this review, many ideas,
infonnation, methods, and techniques have been generated to produce a stable and efficient
encapsulated curcumin, by discussing all advantages and disadvantages of all sources that are
useful for this research.

There are many articles and research explaining the role of nanotechnology

Vijayan et al, have been found that functional coating materials can be developed using
nanomaterials as their polymeric nanocomposites. In this article, various aspects of antiviral
nanolayers are reviewed including the mechanism of interaction with coronavirus, different types
of nanolayers developed for various substrates, future research areas, and new opportunities and
challenges [34].

Lopez et al, investigate whether chitosan nanoparticles enhance the effects of curcumin and other
natural compounds in vitro and in vivo.

In addition to its biocompatibility and biodegradability, chitosan is known for its mucoadhesive
properties. Chitosan-based nanosystems enhance most aspects of loaded drugs, including cellular
transport and other biological effects. The use of chitosan nanoparticles enhances the penetration,
stability and bioactivity of natural compounds. In this review, an overview is provided of the main
features of chitosan nanoparticles that have improved in vitro and in vivo effects of natural
bioactive molecules, with an emphasis on the results obtained with curcumin [35].

In this review, it was concluded that chitosan-based delivery systems for curcumin: A review of
pharmacodynamic and pharmacokinetic aspects to mahsa saheb, Narges Fereydouni, Saeideh
Nemati, George E Barreto, Thomas P Johnston, Amirhossein.

Effective drug delivery is one of the most important issues associated with the administration of
therapeutic agents that have low oral bioavailability. Curcumin is an active ingredient in the
turmeric plant, which has low oral bioavailability due to its poor aqueous solubility. One strategy
that has been considered for enhancing the aqueous solubility, and, thus, its oral bioavailability, is
the use of chitosan as a carrier for curcumin. Chitosan is a biodegradable and biocompatible
polymer that is relatively water-soluble. Therefore, various studies have sought to improve the
aqueous solubility of chitosan. The use of different pharmaceutical excipients and formulation
strategies has the potential to improve aqueous solubility, formulation processing, and the overall
delivery of hydrophobic drugs. This review focuses on various methods utilized for chitosan-based
delivery of curcumin[36].There is a clear article chitosan-Polyphenol conjugates for human health
,To Ananya Pattnaik, Sanghamitra Pati , Sangram Keshari Samal.

Human health deteriorates due to the generation and accumulation of free radicals that induce
oxidative stress, damaging proteins, lipids, and nucleic acids; this has become the leading cause of
many deadly diseases such as cardiovascular, cancer, neurodegenerative, diabetes, and
inflammation. Naturally occurring polyphenols have tremendous therapeutic potential, but their
short biological half- life and rapid metabolism limit their use. Recent advancements in polymer
science have provided numerous varieties of natural and synthetic polymers. Chitosan is widely
used due to its biomimetic properties which include biodegradability, biocompatibility, inherent
antimicrobial activity, and antioxidant properties. However, due to low solubility in water and the
non-availability of the H-atom donor, the practical use of chitosan as an antioxidant is limited.
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Therefore, chitosan has been conjugated with polyphenols to overcome the limitations of both
chitosan and polyphenol, along with increasing the potential synergistic effects of their
combination for therapeutic applications. Though many methods have been evolved to conjugate
chitosan with polyphenol through activated ester- modification, enzyme-mediated, and free radical
induced are the most widely used strategies. The therapeutic efficiency of chitosan-polyphenol
conjugates has been investigated for various disease treatments caused by ROS that have shown
favorable outcomes and tremendous results. Hence, the present review focuses on the recent
advancement of different strategies of chitosan-polyphenol conjugate formation with their
advantages and limitations. Furthermore, the therapeutic applicability of the combinatorial
efficiency of chitosan-based conjugates formed using gallic acid, Curcumin, Catechin, and
Quercetin in human health has been described in detail [37].

Materials and methods:

Curcumin, Chitosan, hydrochloric acid (HCI), dimethyl Sulfoxides alcohol (DMS), Folic acid 50
mg and Distilled water were purchased from Sigma-Aldrich

Formulation of curcumin-loaded chitosan nanoparticles:

Curcumin-loaded chitosan nanoparticles were created using the ionotropic gelation process based
on the electrostatic interaction between positively and negatively charged molecules using
dimethyl sulfoxide (DMS) as a crosslinking agent. The following steps were used to make
curcumin-loaded chitosan nanoparticles:

1. Distilled water is placed in a 200 ml glass beaker.
2. The machine is placed inside the glass beaker.

3. The glass beaker is placed on the centrifuge and starts rotating at a temperature ranging from
55-65 degrees Celsius.

Gradually add 200 mg of chitosan.
5. Add hydrochloric acid, and after 10 minutes, add another 100 mg of chitosan.

6. Weigh 200 mg of curcumin under opaque conditions, as it is a light-sensitive compound, and
place it in small bottles.

7. Add dimethyl sulfoxide (DMS) to the curcumin, then close the containers and shake them until
the curcumin molecules are completely dissolved.

8. Inject it drop by drop using a needle.

9. After that, it is gradually added to the chitosan solution and left for 15 minutes.

10. Add hydrochloric acid, and after 15 minutes, add 50 mg of folic acid.

11. The centrifuge continues to spin at a speed of 500 degrees to achieve a small particle size.

12. High-resolution transmission electron microscope (TEM) and field emission scanning electron
microscope (SEM) are used for particle analysis.

These are the detailed steps that were followed to produce curcumin-loaded chitosan nanoparticles.
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Figure. 7. Procedure of encapsulation of curcumin into chitosan nanoparticles (C-CS-NP s)

Measurements of particle size

The size and polydispersity of Cs-CU nanoparticle were measured with a Zetasizer Nano-ZS
(Malvern Instruments, UK). After pre-paring a solution of Cs- CU nanoparticle in double distilled
water at 1 mg/ml, the mixture was sonicated for 15 s in an ice cold bath. At RT, every measurement
of the Cs-CU nanoparticle nanoformulation was performed using three independent replicates.

Transmission electron microscopy (TEM).

The interior properties of the CU-Cs nanoformulation were determined by high-resolution TEM
(JEM-2000 EXII, JEOL, Tokyo, Japan) at 120 kV. A drop of diluted CU-Cs nanoformulation
solution was placed on a 200 mesh formvar carbon-coated copper grid (TABB Laboratories
Equipment).

Scanning electron microscopy (SEM).

The morphology of the CU loaded Cs was studied by SEM (LEO 1525 field emission scanning
electron microscope, Zeiss, Oberkochen, Germany). The dry CU loaded nanocomposite was
located on aluminum stubs with double-sided conducting carbon tapes and covered with a 50/50
mixture of Au/Pd. The samples were scanned at an accelerating voltage of 25 kV.

X-Ray Diffraction (XRD) Analysis

XRD analysis was performed to ascertain the crystallo- graphic structure of the nanoparticle
formulation. The diffractograms of curcumin, Chi-NPs and Cu- NPs were obtained using an X pert
Pro X-ray diffractometer (Panalytical, Netherlands) equipped with a radiation source Cu K-alpha
operated at 45 kV and 40 mA. The analysis was performed from 5 to 75° with a scanning speed of
0.02°/step and the step time was 0.5 s.

Encapsulation Efficiency

Determination of CU encapsulation in the nanoparticles CU-Cs (5 mg) was dispersed in 40 ml of
1mol/L HCL by sonication. After 2 h, the supernatant was collected by centrifugation at 14000
rpm and magnetic separation. The concentration of CU in the supernatant was measured by
fluorescence spectroscopy (Hitachi, Japan) in 420 nm absorption and 430-600 nm emission and
the gap width of 5 nm. The supernatant from CU-Cs was used as a contrast. The drug encapsulation
efficiency of CU-Cs was taken utilizing the following equation:

Encapsulation efficiency (%) = [(drug fed — drug loss) / (drug fed)] x 100% Eq. (1)
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Drug Release Profile

Different buffers such as citrate 0.01 M and pH = 5.4 and phosphate 0.01 M and pH = 7.4 buffers
were used in 37 °C to measure drug release value from CU-Cs. Nanoformulation of 1 ml solution
was added in the dialyze bag and placed in 100 ml citrate and phosphate buffers separately. The
Tween 80 was utilized as an emulsifier to inhibit the sedimentation of released drugs. To perform
the release process, shaking water bath was used. The sampling was done at 0, 4, 8, 12, 24, 48, 72,
and 96 h. The 500 ul was aliquoted freeze-dried in each sampling process and resolved in 2 ml
methanol. The CU release was measured by fluorescence spectroscopy. The CU release was
measured using the following equation:

R=V ¥ n—iCi+ V;Cn/mdrug
where R is the final drug release (%), Ci and Cn are the CU concentrations, V is the volume of

each sample, VO is the initial volume of drug, m drug is the mass of curcumin in nanoparticle, i
and n are the sampling times, and precipitated material was rinsed and suspended again with DDW.

Result of size and polydispersity evaluation

The DLS results showed an average diameter of 63.00 + 19.57 nm with single peak shape and
narrow particle size distribution. The polydispersity was 0.085 * 0.019 that proved the excellent
dispersion of nanoparticles.

Size (d.nm): 1% Intensity: St Dev (d.nm):
Z-Bwerage (dovm): 63.00 Peak 1: 68.37 100.0 19.57
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Figure. 8. The particles size and distribution of CU-Cs uses dynamic light scattering (DLS).
Results of SEM and TEM

Furthermore, the high-resolution transmission electron microscope (TEM) and field emission
scanning electron microscope (SEM) were applied to recognize the synthesis. nanoparticles’
structural order, size, and shape. The result of the synthesized nanoparticles exhibited that the NPs
were smooth, ball-shaped, and had no adhesion between them (Fig. 3A, B). It is observed that the
particles were obtained in this study uniform in size and spherical. The prepared CU-Cs
nanoparticles had a spherical shape and uniform size as observed by TEM, and SEM.
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Figure. 9. Microscopic analysis of CU-Cs (A) TEM image of CU-Cs (B) SEM image of CU-Cs

Encapsulation Efficiency

The CU-Cs NPs solution was centrifuged after synthesis, and the supernatant was collected. The
supernatant was evaluated by spectrophotometer (UV-Pharma spec, Shimadzu) in 280 nm. The
CU encapsulation efficiency in Cs NPs was diagnosed about 80%. The nanoformulation showed
high Encapsulation Efficiency

XRD Analysis

The XRD diffractogram of curcumin shows multiple peaks between 5 and 30° which were mainly
attributed to its crystalline nature. These characteristic peaks had disappeared in the Cu-NPs (Fig.
4), suggesting the transformation of the crystalline nature of curcumin to an amorphous state. This
change in physical characteristics may perhaps result from the molecular interactions between
curcumin and chitosan occurring during formulation. It is worthwhile to note that the physical
transformation of curcumin in the Cu-NPs did not affect the structural characteristics of curcumin,
as confirmed by the FTIR analysis.
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Figure. 10. XRD patterns of curcumin, Cs-NPs and Cu-Cs NPs
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Release Profile

CU releases from Cs over a 96 -h period, and the result indicates that release time is slower at pH
7.4, as compared with pH 5.4 as shown in Fig. 4. In comparison with the release profiles of free
CU, there are similar release profiles at pH 7.4 and 5.4; we observed a faster CU liberation profile
at pH 5.4 under the planned conditions compared with pH 7.4.

100

—a—pH=* 5.4 ——pH> 7.4

(CUR) release

100

Time (hour)

Figure. 11. drug release curve of nano-formulation with CU loaded Cs at different pH (7.4 and
5.4) and 37 °C. The mean values + SD (n = 3) are defined by the data.

Conclusion and future prospect:

So far, excellent pharmaceutical activities of curcumin including anticancer, antimicrobial, wound
healing, neuroprotection, antidiabetic, and nephron protective properties have been well
elaborated. Tremendous efforts have been made to develop different types of CS — nanocarriers
and try to broaden applications of curcumin in the field of food and pharmaceutical industries.

In conclusion, chitosan nanoparticles are a versatile nanomaterial with numerous applications
across various fields. Their unique properties, such as biocompatibility, biodegradability, and
antimicrobial activity, make them attractive for a wide range of uses.

The current applications of chitosan nanoparticles in drug delivery, wound healing, cosmetics and
skincare, agriculture, food industry, and environmental applications show great promise. However,
further research and development are still needed to optimize their properties, explore new
applications, and overcome any challenges or limitations.

The future prospects of chitosan nanoparticles are highly encouraging. Ongoing research is
focused on enhancing their drug delivery capabilities, improving wound healing properties,
developing innovative formulations in cosmetics and skincare, exploring their potential in
advanced agriculture technigues, discovering new applications in the food industry, and expanding
their use in environmental remediation.

Additionally, as technology advances and our understanding of chitosan nanoparticles improves,
there is potential for the development of novel applications that we may not have even envisioned
yet. The versatility of chitosan nanoparticles makes them an exciting area of exploration for
scientists and researchers in various fields.

In summary, chitosan nanoparticles have already demonstrated their value in several applications,
and their future prospects are promising. Continued research and innovation will undoubtedly
uncover new possibilities and further enhance their effectiveness in addressing challenges and
creating sustainable solutions in various industries.
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