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ABSTRACT: Curcumin, the active component of the rhizome of
Curcuma longa, is a safe substance whose applications are
extensively used in medicinal, biological, pharmacological activities,
and food cosmetic additives. In the field of medicine, curcuminoids
have a greater impact; they have been associated with the
suppression of neuropathic pain, depression, angiogenesis, tumori-
genesis, diabetes, and diseases of the liver, skin, and pulmonary
systems, as well as cardiovascular and nervous systems. These are
in high demand and have high market potential and inflated costs.
For the aforementioned uses, as well as for basic research, it is
crucial to get pure curcumin from plant sources. There is a need for
effective extraction and purification techniques that adhere to
standards for process efliciency, environmental friendliness, and
safety. Scope: This account offers an accurate and thorough explanation of the many techniques used to extract and purify curcumin
from plant sources, as well as a look at its various roles in the pharmaceutical, cosmetic, medical, and other industries. Curcumin’s
prospective and commercial roles are also discussed. Key findings: Curcuminoids have been extracted and purified by using a broad
range of techniques that are utilized extensively across the world. Extraction of curcuminoids includes both traditional and
contemporary approaches, of which a handful include Soxhlet extraction, maceration, solvent extraction, ultrasound-assisted
extraction, microwave-assisted extraction, enzyme-assisted extraction, and supercritical liquid extraction. The other process called
purification can be performed alone or in combination with techniques. The use of column chromatography and semipreparative
high-performance liquid chromatography are examples of traditional purification procedures, and other innovative methods include
high-speed counter-current chromatography and supercritical fluid chromatography.

1. Extraction techniques

Further separation and purification.

Curcurmin

Curcumin extraction techniques should
use safe solvents & generate a high yield.

Medicinal Cosmetics

7 Food & other industries.

1. INTRODUCTION

Curcumin is the main active ingredient in Curcuma longa L
(Turmeric), a yellow Indian spice (native to Southeast Asia)

fects.”™” It’s antioxidant properties through the removal of
free radicals,” anti-inflammatory properties through the
inhibition of NF-kB and AP-1 activation,” anticancer proper-

obtained from the ginger family (Zingiberaceae); it is also
known as diferuloylmethane. With its dried and powdered
form, it is used all over the world as a spice and coloring agent
(in textiles, pharmaceuticals, confectionery, and cosmetics).l’2
The genus Curcuma contains the species C. longa, Curcuma
alismatzfolia, Curcuma amarissima, Curcuma cesia, and Curcuma
prakasha. The species C. longa, sometimes known as turmeric,
is the most prominent. In addition to curcumin, demethox-
ycurcumin, bisdemethoxycurcumin, diarylheptanoid curcumi-
noids, and curcuminoids are secondary components of
turmeric. The percentage composition of curcuminoids
derivatives is around 3—5% comprising three derivatives
including curcumin (75%), demethoxycurcumin (10—20%),
and bisdemethoxycurcumin (5%).**

Numerous research studies have been done on curcumin
because of its broad range of biological activities. Curcumin
has been found to have anti-inflammatory, antibacterial,
antidepressant, antioxidant, anticancer, and depressive ef-
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ties through the suppression of angiogenesis, induction of
apoptosis, and inhibition of the expression of antiapoptotic
proteins, immune system defence,'”"" and antibacterial,
antifungal, antiviral activities.'”'® Curcumin has been shown
to be effective in the treatment of cancer, diabetes, obesity,
Alzheimer’s disease, and stroke.

Curcumin may be obtained in two ways: synthetically and by
extraction from plants. Numerous publications have explained
how to make synthetic curcumin.'®"> However, extracting
curcumin from plants, which are already present naturally, still
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represents the most cost-effective method of producing
curcumin. Soxhlet extraction, maceration, and solvent extrac-
tion are examples of typical extraction methods™'®'” On the
other hand, sophisticated extraction technique examples
include supercritical liquid extraction, enzyme-assisted extrac-
tion, ultrasound-assisted extraction, microwave-assisted extrac-
tion, etc.”’®'® 72! have been described for the effective
extraction of curcumin from plant sources. In order to purify
curcumin from curcumin extracts, several alternative purifica-
tion procedures, alone or in combination, have been used. It
has been possible to separate and purify curcumin using both
traditional purification methods, such as column chromatog-
raphy and semipreparative high-performance liquid chroma-
tography, and additional cutting-edge methods, such as high-
speed counter-current chromatography and supercritical fluid
chromatography.

The choice of an appropriate solvent is one of the factors
that impact the extraction process and has a significant impact
on the yield and composition of the extracts that are
generated.”” Traditional organic solvents are often utilized in
several sectors to prepare bioactive components from natural
product sources. It is extremely hard to extract all metabolites
from biomass in a single step using a single solvent due to the
diverse polarity and physical characteristics of natural
chemicals. Polyphenols have previously been extracted from
the plant matrix using a variety of solvents, including alcohols,
ethyl acetate, and chloroform.”® For basic research as well as
for actual use in the realms of food, cosmetics, and medicine,
obtaining curcumin from plant sources is crucial. Nevertheless,
its usage has been complicated, by a few of its properties,
including chemical instability, low water liquefaction, photo
transformation, a disproportionately rapid pace of metabolic
breakdown, and restricted bioaccessibility. As a result, various
researchers have made an effort to use techniqéues like
encapsulation to solve these particular problems.”*™*

2. EXTRACTION TECHNIQUES

Historically, curcuminoids have been extracted using methods
such as conventional solid—liquid extraction, sonication,
Soxhlet extraction, and similar processes. But during these
conventional extraction processes, curcuminoids are degraded
by exposure to light, elevated temperatures, and oxygen.”’
Traditional extraction methods can be replaced by pressurized
liquid extraction (PLE), which is more effective and often uses
less solvent.”® PLE may be utilized to speed up extraction and
retain the solvent in the compressed liquid zone throughout
the pressures between 3.5 and 35 MPa and temperatures that
lie between 313 and 473 K.*° In order to address various
difficulties, novel extraction methods have been designed.
These methods include MAE, UAE, EAE, and PLE. These
state-of-the-art techniques demonstrate the potential to extract
curcumin from plant sources and are considered ecologically
friendly green technology.

2.1. Conventional Methods for Extraction of Curcu-
min. The ideas behind sample extraction have existed since
the beginning of human history. Throughout these ages, key
natural chemicals from medicinal and other economically
important plants were routinely subjected to percolation
through soaking. In fact, to speed up the mass transfer of the
target compounds into the organic phase, the necessary
products were sometimes leached with the proper solvent
while being heated and/or stirred.’® Up until the invention of
the Soxhlet extractor at the end of the 17th century,

maceration and its associated problems, such as ineffective
extraction and excessive time consumption, remained
common. In fact, a German scientist named Franz Ritter von
Soxhlet (January 12, 1848-May S, 1926) created extraction
equipment in 1879 that is now known as the Soxhlet extractor.
For the solid—liquid extraction of bioactive chemicals from
plants, the Soxhlet extraction method is considered the gold
standard and the method of reference. Several publications
have reported the utilization of a Soxhlet extractor to extract
curcumin from plants. When Shirsath et al. examined the
curcumin extraction yield from the UAE, Soxhlet extraction,
and solid—liquid extraction, they discovered that Curcumin
extracted using the Soxhlet method had a greater yield than
either the solid—liquid extraction method or the UAE." In
contrast to the UAE, Soxhlet extraction was conducted at a
considerably greater temperature for a much longer period of
time. The effectiveness of Soxhlet extraction has been
improved by the development of microwave, automated,
ultrasound, high-pressure assisted, and other forms of Soxhlet
extraction.

Solid—liquid extraction, usually referred to as “maceration”
or “soaking”, is a routinely used and well-known technique for
solvent extraction of solid materials. Curcumin has been
extracted from plants using a wide variety of solvents, such as
nonpolar organic solvents and mixtures of organic solvents and
water.'®® The solvents used for the extraction of curcumin
from C. longa L by Popuri and Pagala comprise acetone, ethyl
acetone, ethanol, methanol, and isopropanol. The outcomes
demonstrated that ethanol extraction at 30 °C for 1 h with a
sample-to-solid ratio of 8:1 generated the highest yield. In
accordance with it, ethanol was the most favored organic
solvent for extracting curcumin. '3 Additionally, the solvent
mixture’s ethanol content is a significant factor in the
extraction efficiency.”’

Another common extraction technique for bioactive
substances and essential oils is hydro/steam distillation. To
obtain flavor-free curcumin, it has been used to extract the
essential oil from raw turmeric powder or turmeric oleoresin. A
good yield of deodorized turmeric was produced following
hydro-distillation in research by Silva et al.'” Deodorized
turmeric contained the same amount of curcuminoids as the
control sample and a sample that had undergone extraction
using hexane for deodorization. These outcomes demonstrated
the efficacy of the hydro-distillation technique in creating
curcuminoids or turmeric powder while retaining little to no
turmeric taste and no color.

The traditional liquid—liquid extractions technique is a
strong and effective separation method that has been widely
applied in a variety of applications, such as the purification of
antibiotics, natural products, precious metals, proteins, and
hydrocarbons, among others.”” This method is quite similar to
the traditional Soxhlet extraction method in terms of its
operating restrictions.

2.2. Novel Methods for Extraction of Curcumin. The
basis of ultrasound is the simultaneous compression and
expansion of sound waves with a frequency range of 20 kHz to
100 MHz. Intense shear forces, shock waves, macroturbulen-
ces, micromixing, and acoustic streaming are produced as a
result of the cavitation phenomena, which are caused by
ultrasonic waves. Motion energy is transformed into heat
during the sonication process, acting as the activation energy
for several physicochemical processes, which facilitate the
conveyance of mass.””** Hence, ultrasound-assisted extraction
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is noted as one of the novel methods for extracting curcumin.
Operating parameters, including the rate, environment, and
duration of application, both the qualities of the plant’s
material and the parameters of the solvent, are significant
determinants of curcumin output in ultrasound-assisted
extraction; in order to recover curcumin, it is therefore wise
to optimize the UAE process first.

Shirsath et al. determined the ideal operating parameters
after examining the impact of operating factors on the
extraction yield using the UAE, which include:

e 35 °C temperature,

solid/ethanol ratio of 1:25 (g/mL),
an hour for the extraction

250 W of ultrasonic power and

a 22 kHz ultrasonic frequency.

The yield that was achieved was 72%, ten percent more than
using solvent extraction.” Higher extraction yields than those
obtained with high-frequency ultrasound were made possible
by low-frequency ultrasound. UAE showed that process
intensification was possible by requiring less time, less heating,
and increased extraction yield.”” Microwave-assisted extraction
is dependable, automated, environmentally friendly, and
employs microwave radiation to extract bioactive chemicals.
Electromagnetic waves play a crucial part with frequencies
between 300 MHz and 300 GHz, which are substantially
higher than in the UAE. 2.45 GHz electromagnetic waves
engaging directly with polar solvent molecules through ionic
conduction and dipole rotation underlie microwave (MW)
heating.”* Notably, MAE has several benefits over conventional
procedures, such as the combined decrease of extraction time,
solvent, and energy consumption, and it yields a higher amount
of material.>> Furthermore, industrial scale-up systems have
been developed due to their low cost and ease of operation. In
their Taguchi L9 orthogonal design, Mandal et al. made use of
the solvent-sample duo-heating synergism and microwaves for
the extraction of curcumin from C. longa L.*° Ideal
circumstances were as follows:

e 140 W (20%) of microwave power,
e 4 min of exposure,

® 20-mesh screening of the particles,
e solid-to-acetone ratio of 1:20.

This produced a yield of curcumin that was greater than that
obtained after Soxhlet extraction, maceration, and stirring
extraction, at 4.98%. The aforementioned instances demon-
strated that as compared to traditional methods, curcumin
extraction by MAE had superior accuracy, a higher yield, and a
noticeably shorter extraction time.

There are several techniques, including ionic liquid-based
extraction, pressurized liquid extraction, supercritical fluid
extraction, and ultrasonic and supercritical carbon dioxide-
aided extraction.

In order to reduce environmental contamination, “green
solvents” have recently displaced traditional organic solvents as
the preferred choice. Ionic liquids have drawn a lot of attention
in this respect because of their distinctive chemical and
physical characteristics, including their low volatility, high-
temperature stability, adjustable viscosity, and capacity to
preserve biological activity.””** Table 1 summarizes the
various extraction processes of curcuminoids.

Ionic liquids have been utilized in conjunction with various
extraction techniques, such as UAE, MAE, and EAE, to extract
curcumin, and encouraging findings showed that these

techniques, which are based on ionic liquids, not only have a
lower environmental effect but also have a higher extraction
efficiency. When the ionic liquid concentration achieves its
CMC, which is a feature of micelle solubilization, the solubility
of curcumin substantially increases. Curcumin’s solubility is
getting more soluble as ionic liquid hydrophobic chain
grows.71 Hydrophilic ionic liquids [Bmim]Br, [Him]Br,
[Omim]Br, and [Omin][BF4] were studied by Xu et al. as
solvents for the UAE of curcuminoids from turmeric.*’

e Room temperature,
e Time 10 min to 1 h 30 min,
e [OMIM]Br to solid ratio of 30:1.

The yield of curcuminoids in the [OMIM]Br-based UAE
was 6.14%, above the yields of the heat-reflux extraction using
85% ethanol (4.40%) and 85% ethanol (5.12%).”” A C18
column (250 mm, 4.6 mm, S mm Welch materials) running at
30 °C was used to separate the analytes chromatographically
and evaluate them. As mobile phases, acetonitrile/water
(60:40, v/v) and glacial acetic acid (0.5%) solution was
employed. The injection volume was 20 L; the flow rate was
set at 1.0 mL/min 1, and the detection wavelength was 430
nm. The mass ratio of curcuminoids in the extracting solution
to the turmeric powder is used to quantify extraction
efficiency.”’ In comparison to its solubility in ethanol (4.9
mg/mL), curcumin’s aqueous solubility might reach almost 15
mg/mL with imidazole Ionic Liquids and 55 mg/mL with
quaternary ammonium Ionic Liquids.”” Curcumin—ionic liquid
interactions are most likely to include hydrogen bonds,
hydrophobic interactions, and #—x interactions based on
their structural similarities.”” In order to further investigate the
effects of the hydrophilic headgroup, Jinghang Li’s study
focused on five solubilizers with the same hydrophobic chain.
The ranking of solubilization is as follows: [N22212] Br >
[C12Tr] Br > [N11112] [C12mim] Br > Dodecyl sulfate of
sodium > Br.

In contrast to imidazole ionic liquids, it was discovered that
curcumin is more soluble with quaternary ammonium ionic
liquids, suggesting that the 7—x interaction is not a significant
issue in this case. Furthermore, [N222 12] Br’s larger
headgroup makes it more soluble than [N111 12] Br, resulting
in a looser arrangement of surfactant molecules in micelles.”*””
Additionally, imidazole ionic liquids exhibit superior extraction
capabilities compared to other ionic liquids, which may be
explained by their stronger hydrogen bonds and enhanced
capacity to dissociate and degrade cellulose in the turmeric cell
wall.

Studies have shown that the electric charge of the surfactant
headgroup has a substantial impact on the electrostatic
interaction between curcumin and the surfactant headgroup.
Compared to cationic surfactants, anionic surfactants exhibit a
poorer affinity for curcumin.”®’”” Gokdemir’s research group
employed an alternative sustainable solvent, the ionic liquid
[BMIM][Tf2N] (1-butyl-3-methylimidazolium bis-
(trifluoromethylsulfonyl) imide). Response surface method-
ology (RSM)-based face-centered central composite design
(FCCCD) was used to analyze the effects of a few factors on
curcumin extraction. The experimental yield ranged from 0.76
to 2.94%.”

In recent work, Isabelle S. developed and used novel
aqueous two-phase micellar systems (ATPMS) for the
separation and purification of curcumin. These systems
included Pluronic F68, a triblock amphiphilic copolymer. In

https://doi.org/10.1021/acsomega.3c04205
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Figure 1. Schematic diagram of (a) conventional and (b) novel extraction systems.

copolymer (1.0—10.0 wt %) and Ionic Liquids (0.1—3.0 M)
aqueous solutions, curcumin is stable for up to 24 h.°

The creation of an energy-saving extraction method with
quick curcumin dissolution and little negative environmental
consequences is made possible by the use of ionic liquids.

The complex structural polysaccharides that make up plant
cell walls give cells stability and resistance to the removal of
intracellular components. Specialized hydrolytic enzymes are
required to break down the matrix of the plant cell wall in
order to access the bioactive elements located inside the
cytosolic spaces, as well as those bound to the cellular walls.
Curcumin is extracted using the EAE technique using enzymes
such as glucoamylase, amyloglucosidase, and a-amylase.””*>*!
It is significant to remember that a variety of variables,
including temperature, time, pH, and enzyme concentration,
have an impact on the specificity and selectivity of enzymes.
Therefore, in order to achieve the highest level of hydrolytic
activity, the utilization of optimal enzyme reaction conditions
is required.

In the study by Sahne et al, under optimal conditions, the
application of a-amylase and Glucan 1,4-a-glucosidase upon
sample yielded a 4.1% curcumin yield utilizing enzyme-assisted
extraction. They also optimized the process parameters to
obtain the highest yield of curcumin. The optimum conditions
include

e 15—-45°C

e 2 h to 1-day extraction time

e A solid-to-carbamate-ionic liquid proportion ranging
from 1:10—1:50

Accelerated solvent extraction is an appealing green
technology that extracts bioactive chemicals from liquid
solvents at high temperature—pressure circumstances below
their critical point at temperatures above their atmospheric
boiling points.*” This environmentally friendly method is
referred to as subcritical water extraction, pressurized liquid
extraction, or pressurized hot water extraction if H,O is used as
the extracting solvent. Figure 1 shows the schematic diagram of
(a) conventional and (b) novel extraction systems.

The lowered dielectric constant of subcritical water is
comparable to that of organic solvents, making it an efficient
extraction solvent for a variety of medium- and low-polarity
chemicals. In a study by Kiamahalleh et al., SWE conditions at
optimum conditions investigated the curcumin yield from
unflavored turmeric*

e particle size of 0.6—2 mm,

e 120—160 °C extraction temperature,
e Pressure at 10—25 bar, and

e retention time of 6—22 min.

Under ideal circumstances, the scientists were able to extract
3.8 wt % of curcumin from C. longa L.
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There are several techniques, including ionic liquid-based
extraction, pressurized liquid extraction, supercritical fluid
extraction, and ultrasonic and supercritical carbon dioxide-
aided extraction. The results of several research articles are
presented in Table 1, together with the yield and optimum
conditions.

3. PURIFICATION

Curcumin is subjected to further separation and purification
steps following a successful extraction using various techniques.
A number of purifying techniques, such as counter-current
chromatography (HSCCC), thin-layer column chromatogra-
phy, supercritical fluid chromatography, and crystallization
methods, were designed for purifying based on variables like
polarity, ligand interaction, and solubility. A single chemical
component can be isolated from a mixture by using the
chromatography technique known as column chromatography
in chemistry. Based on the differential adsorption of chemicals
to the adsorbent, chromatography may separate substances
into fractions by letting the compounds pass through the
column at various speeds. Since a variety of adsorbents
(normal phase, reversed phase, or other) may be utilized with a
variety of solvents, the process is broadly adaptable. On ranges
ranging from micrograms to kilograms, the approach may be
applied. The fundamental benefit of column chromatography is
that the stationary phase, which is utilized in the procedure, is
relatively inexpensive and easily disposed of. With the latter,
recycling-induced stationary phase deterioration and cross-
contamination are avoided. Quite different methoxy sub-
stitution patterns on the aromatic ring result in distinct
polarities in curcumin, DMC, and BDMC. Due to the
variations in how curcuminoids interact with the stationary
phase, curcumin and crude curcumin can be distinguished
from one another. Figure 2 shows the chemical structure of
curcuminoid.

HO

Figure 2. Curcuminoid structure.

Existing research revealed that column adsorption chroma-
tography is a useful technique for producing individual
curcuminoids at a large scale with high purity.*”* 7" For
instance, Revathy et al. reported using a silica gel-based
adsorption chromatography technique using chloroform/
methanol as the mobile phase to separate curcumin, DMC,
and BDMC as shown in Table 2: Curcumin, DMC, and
BDMC structures in comparison with Curcuminoid. Using this
technique, S g of extracts yielded 906.4 mg of curcumin, 597.5
mg of DMC, and 390.5 mg of BDMC, with purity levels of 84,
86, and 80.6%, respectively.”® Using silica and diol columns in
series with methanol/chloroform as the mobile phase,
Jayaprakasha et al. devised a false two-dimensional (2D) liquid

Table 2. Curcumin, DMC, and BDMC Structures Were
Compared with Curcuminoid

curcuminoid CUR DMC BDMC
R1 —OCH, -H -H
R2 —OCH, —OCH, -H

flash chromatography to segregate curcumin, DMC, bisdeme-
thoxycurcumin, and DHBDMC from turmeric oleoresin. The
combined quantitative approach (QNMR) was used to assess
the purity of separated curcuminoids, which was found to be
between 92.4 and 95.45%."

One of the most crucial procedures for separation and
purification in chemical engineering processing sectors, such as
the food and pharmaceutical sectors, is crystallization. In
general, there are four ways to crystallize substances:
antisolvent addition, chilling, evaporation, and consolidation.
Sometimes combining these methods will yield better results.
To distinguish curcumin from unprocessed curcumin (a
complex consisting of curcumin, DMC, and BDMC) and
suppress unconstrained nucleation of undesirable components,
it is imperative to select solvents with a relatively high
solubility for DMC and BDMC and a low solubility for
curcumin.””** Curcumin purification from commercially
available crude curcumin by three- or four-stage consecutive
cooling crystallization has been examined in research by
Ukrainczyk et al. It was discovered that the purification of
curcumin is enhanced greatly by gradual cooling and seeded
crystallization, particularly with the metastable Form II seed.
Additionally, by adjusting the crystallization settings, it is
possible to minimize the number of crystallization stages
necessary to achieve a particular purity, which considerably
enhances the total curcumin yield.”

When it comes to the separation and purification of natural
compounds, medicines, and other items, HPLC is one of the
most effective and well-accepted methods available. Although
it is more difficult for operators to use and somewhat more
expensive than Conventional liquid chromatography, this
method’s benefits include high-efficiency separation, continu-
ous detection, self-governing, greater yield, and strong
repeatability.””*® Recycling prep HPLC (up to five cycles)
was utilized to achieve pure curcumin at high sample loading
concentrations, and greater purity (>99.0%) of curcumin was
obtained when the sample concentration was up to 6 mg.
Numerous studies indicated that the semiprep HPLC approach
is both practical and efficient since high-purity curcumin could
be achieved.**™*

The preparative separation of numerous active chemicals
from natural products has been successfully accomplished
using a variety of techniques, including preparative super-
critical fluid chromatography, high-speed counter-current
chromatography, gas chromatography, and many more, while
others praise it for being highly effective and environment-
friendly. As high-purity curcumin, DMC, and BDMC can be
quickly produced, these are among the most effective tools for
separating curcumin from curcuminoids.

4. APPLICATIONS OF CURCUMIN

Ayurvedic and traditional Chinese medicine have long used
turmeric, which comes from the rhizome of the Curcuma longa
plant, as a natural remedy for skin issues, wound healing, and
respiratory, digestive, and joint health. Recent studies have
demonstrated the anti-inflammatory, neuroprotective, cardio-
protective, anticancer, and antioxidant properties of curcumin.
Curcumin’s uses in food, medicine, cosmetics, and health
goods have been the subject of several research.”” ¢!

4.1. Curcumin for Medicinal Purposes. Curcumin has
been shown to have antiproliferative effects in a number of
cancers by inhibiting the transcription factor nuclear factor
kappa-B and downstream gene products (including Cyclin D1,

https://doi.org/10.1021/acsomega.3c04205
ACS Omega 2023, 8, 34868—34878


https://pubs.acs.org/doi/10.1021/acsomega.3c04205?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04205?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04205?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04205?fig=fig2&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c04205?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

c-myc, NOS, Bcl-2, TNF-, MMP-9, COX-2, and interleukins).
Curcumin also affects a number of cell adhesion molecules and
growth factor receptors implicated in tumor angiogenesis,
metastasis, and tumor growth.62 Numerous cancers, including
brain, melanoma, head, colorectal, bone, lung, neck, pancreatic,
prostate, and colon tumors, can be treated with curcumin.>*
Moreover, research on safety evaluations shows that curcumin
is well tolerated at a high dose without any negative side
effects.®® Additionally, curcumin is useful in the prevention and
treatment of cardiovascular illnesses such as myocardial
infarction, cardiomyopathy, and oxidative heart damage.”’

The majority of its modes of action are connected to its anti-
inflammatory properties. By exerting antioxidant, anti-inflam-
matory, and anti-protein aggregation activities, additionally,
curcumin has anti-inflammatory properties that can treat and
prevent damage to the nervous system, particularly brain
disorders, it is also associated with this im};ortant organ, such
as Alzheimer’s and Parkinson’s diseases.””** In addition to
producing novel derivatives, the most typical experimental
research on curcumin focuses on its antioxidant properties.
The biological categorization of curcumin as a pro-oxidant and
an antioxidant as well as a scavenger of free radicals, a reducing
agent, and an inhibitor of DNA damage, particularly in the
presence of Cu or Fe ions, has been shown in studies. It has
been noted that curcumin’s ability to bind to Fe, Mn, and Cu
can modify its antioxidant capabilities.”> The biochemical
properties of curcumin, such as its anti-inflammatory, anti-
infectious, and antioxidant activities, have been reported to
contribute to tissue remodelling, granulation tissue develop-
ment, and collagen deposition, which are all involved in
enhancing wound healing.65

4.2. Curcumin in Other Industries. Due to its
antioxidant and anti-inflammatory properties, curcumin has
been utilized in the beauty industry for many years. With
positive effects against ultraviolet (UV) light, aging, inflamma-
tion, hair loss, lip care, and nail care, it has shown progress in
far-ranging of cosmetic treatments such as skin, nails, hair, lips,
and face."” Curcumin’s continual presence improves skincare
and esthetics. In addition, curcumin is recommended for the
treatment of acne vulgaris as an antibacterial and anti-
inflammatory agent. Curcumin in vehicles with a concentration
of 0.43 g/mL greatly reduced P. acnes growth. Confocal laser
scanning microscopy proved that the curcumin-loaded vehicles
created a curcumin reservoir in the skin.'” Additionally,
curcumin-loaded formulations can be utilized to administer
topical curcumin deep into and through the hair follicles,
successfully penetrating there.”’

Curcumin has historically been used as a natural food
coloring ingredient since it has a pleasing bright yellow-orange
hue and may be used in place of synthetic food colorings. It is
frequently used to enhance the appearance of dishes includin%
rice, beef, mustard, pastries, dairy items, and canned fish.®
Curcumin can also function as a natural preservative to
lengthen the shelf life of the food. Escherichia coli, Staph-
ylococcus aureus, Salmonella typhimurium, and Listeria mono-
cytogenes are just a few of the microorganisms that it effectively
combats.”® Due to curcumin’s great sensitivity to acid—base
reactions, it is also suggested that curcumin be used as a pH-
sensitive indicator or sensor for monitoring and providing
producers, retailers, or consumers with information about the
quality of food. The color of the sensor may be immediately
observed during food spoiling through eye inspection, and it
can also be quantitatively quantified after canning with color

analysis software, hence a food analyte.”” Figure 3 displays the
application of curcumin in different industries.
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Figure 3. Application of curcumin in different industries.

5. RESULTS AND DISCUSSION

In the Ginithillawala research, the influence of the high-
pressure homogenization (HPH) pretreatment phase on the
turmeric rhizome was assessed, along with the effect of various
extraction and drying processes on the recovery of curcumin.
Both HPH-treated and control (non-HPH) samples under-
went Soxhlet extraction (SE) and ultrasound-assisted extrac-
tion (UAE), followed by drying. The lowest particle sizes in
the turmeric suspensions and the maximum curcumin
concentration in the aqueous supernatant were seen under
an HPH treatment setting of 100 MPa for 10 cycles. The
release of curcumin from freeze-dried turmeric extracts derived
from Soxhlet extraction and UAE was similarly observed to be
enhanced by HPH treatment (+76.2 and +57.5%, respec-
tively).*

In order to compare the outcomes of ultrasound-assisted
extraction (UAE), a yield of 4.409 mg curcumin/g of C.
aromatica powder was obtained through Soxhlet extraction,
and this yield was regarded as the highest yield (100%).”
Highly wet, untreated turmeric was utilized to extract
curcumin and antioxidants using liquefied dimethyl ether.
Liquid dimethyl ether was used to extract more curcumin
(7.94 mg/g of dry weight (DW)) than ethanol (6.77 mg/g
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DW). In addition, microscopic and spectroscopic examinations
showed that neither cellulose extraction nor cell wall apoptosis
was caused by liquefied dimethyl ether. Liquefied dimethyl
ether, however, demonstrated a somewhat poorer antioxidant
efficacy and extraction capacity for total phenolic components
than ethanol.*'

Degot’s group extraction studies in the region of greatest
solubility revealed that a 1:10 powder-to-solvent ratio
produced the best extraction yield in terms of extraction
effectiveness and sustainability. Additional research revealed
that the solubility is not a linear function of the total extraction
efficiency for any of the three curcuminoids. Regarding the
total curcuminoid content, extraction studies in pure EtOAc,
the solvent composition of the critical point, and the point of
greatest solubility produced findings that were quite com-
parable. As an adjuvant to ethanol/triacetin mixes, a choline
chloride + lactic acid (1:1) natural deep eutectic solvent
(NADES) is employed to solubilize and extract curcumin from
Curcuma longa. A decent extraction with a yield of about 90%
requires a powder-to-solvent ratio of 1:8. According to the
green chemistry principles, increasing the powder-to-solvent
ratio further would just result in the solvent being wasted and
would not considerably improve the extraction yield. However,
compared to the powder-to-solvent ratio (1:4) in the binary
combination of EtOH/TriA (4:6) as utilized by Degot et al.,
this solvent, which included NADES in place of water,
increased the extraction yield by around 12%. Since Degot et
al. discovered a remarkable solubility synergy in the binary
system EtOH/TriA, they employed a water/EtOH/TriA
system to extract curcumin,**~**

6. CONCLUSIONS

Over the past few decades, a large amount of research on the
extraction and purification of curcumin from plant sources has
been published. This study’s main objective is to give
researchers and industry experts a comprehensive under-
standing of the various processes for extracting and purifying
curcumin from plant sources so that they may obtain effective
curcumin. Curcumin extraction techniques should use safe
solvents, generate a high yield, and be energy efficient.
Although traditional extraction methods have been demon-
strated to be time-consuming, notably with Soxhlet, it has been
established in several studies that they compare favorably to
more modern extraction methods. Some of the main
advantages of the conventional extraction method are its
ease of use, minimal operational expenses, and, therefore,
reasonable price. The results also demonstrate that the
temperature and pressure of the extraction had the greatest
effects on the curcuminoid extraction. To improve extraction
efficiency, reduce the use of dangerous solvents, shorten
processing times, and use less energy, new extraction
techniques have been researched. These include UAE, MAE,
EAE, PLE, SWE, SFE, and ionic liquid-based extraction.

The purifying procedure is essential for the generation of
curcumin. Both conventional (such as column chromatography
and HPLC) and advanced techniques (such as counter-current
chromatography and thin-layer column chromatography,
crystallization, etc.) have been thoroughly studied. The extra
innovative methods have exceptional accuracy and provide
high-quality yields quickly and affordably. Numerous research
on the extracting and purifying of curcumin has focused on the
possible implementation of curcumin in various industries,
including pharmaceuticals, cosmetics, and food. The biological

effects of free and encapsulated curcumin as well as its
potential industrial applications have been extensively studied
in the literature.
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