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Abstract
Humans being unable to synthesize beta-carotene, the provitamin A, depend on external sources as its supplement. Health
benefits and dietary requirements of beta-carotene are interrelated. This orange-red coloured pigment has been enormously
examined for its capacity to alleviate several chronic diseases including various types of cancer, cystic fibrosis, as well as
COVID-19. However, this class of phytoconstituents has witnessed a broad research gap due to several twin conclusions that
have been reported. Natural sources for these compounds along with their extraction methods have been mentioned. The current
communication aims at contributing to the global scientific literature on beta-carotene’s application in prevention and treatment
of lifestyle diseases.
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Introduction

Carotenoids are the class of natural pigments belonging to
the tetraterpenoids (C40 atoms) consisting of a long poly-
ene chain with alternative conjugated double bonds with
hefty scientific attention due to their substantial proper-
ties. Generally, carotenoids are classified as hydrocarbon
carotenes, composed of only carbon and hydrogen (lyco-
pene, alpha-carotene, and β-carotene etc.) and oxygenated
carotenoids (xanthophylls), which contain an epoxy-
(violaxanthin, neoxanthin, fucoxanthin), hydroxy- (lutein
and zeaxanthin), keto- (canthaxanthin and astaxanthin),
and methoxy- (spirilloxanthin) functional groups
(Lakshminarayana et al. 2022). Out of around 600 struc-
turally and functionally diverse natural types, three major
provitamin As are the alpha, beta, and gamma isomers.
The beta isomers get actively cleaved at the centre in an
O2-dependent manner to produce retinal (Liang et al.

2013; PubChem 2022). Plants and algae are considered
the best sources of these bright orange-red coloured pig-
ments, such as β-carotene (1). These hydrocarbonated
carotenes are fat-soluble and highly hydrophobic due to
the conjugated double bonds and central symmetry
(Rodriguez-Amaya 2016). These have been reported to
be safe for consumption, as nutritional supplements as
well as food additives (Akram et al. 2021).

β-Carotene (1, C40H56) is an oxygen-lacking isoprene-
containing compounds, the characteristic colour imparted
due to the presence of double bonds (PubChem 2022).
Both the ends of the molecule have cyclic rings. During
isolation, cis-isomers of carotenoids are the most com-
mon; however, they readily undergo cis ↔ trans isomer-
ization in polar environments (Bartalucci et al. 2008). Due
to the number of therapeutic and preventive effects that β-
carotene offers, it has been recognized as a functional
component of food.
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Upon oral administration of β-carotene, a hike of up to
60% in serum concentration is reported. It is the trans-
isomer of β-carotene that is higher in serum than the cis-
isomer. The concentration of β-carotene is different in
parts of the body, being 2.2–122.7 μg/dl in serum, 0.21–
6.3 μg/g in the liver, 0.05–1.5 μg/g in the kidney, and
0.05–0.86 μg/g in the lungs (Institute of Medicine 2000).
However, the levels of β-carotene do not change in the
kidneys, liver, or heart (DrugBank 2022). It is found that
the carotenoid content of tissues with a greater number of
low-density lipoprotein receptors (LDL-R) is greater, due
to non-specific uptake (Maria et al. 2015). The intact β-
carotene that is ingested has several metabolic fates to
undergo, which are depicted in Fig. 1. However, research
states that the lower the concentration of β-carotene, the
more biologically effective is the pigment mixture of ca-
rotenoids (Lohan et al. 2018).

As per James Olson, the activity of carotenes can be studied
better upon the categorization of its properties as, “functions,
actions, and associations”. The equivalence amongst these
three would imply greater confidence in studies (Cooper
2004). Functions would be the indispensable role of β-caro-
tene, to convert into vitamin A. Actions are demonstrations
noted upon the administration of β-carotene in clinical sub-
jects, minimized photosensitivity and so on. Associations
could be simply understood as the correlation of β-carotene
to any medical condition, like cancer or diabetes (Bendich and
Olson 1989; Olson 1993; Hercberg 2005; Druesne-Pecollo
et al. 2010; Marcelino et al. 2020)

This paper reviews the currently recognized potential
of β-carotene in disease treatment and prevention. The
carotenoid class of umbrella term nutraceuticals is
underrated in the sense of its capabilities due to the liter-
ature gap and the research void. These points have been
discussed in the paper in brief bringing its unnoticed ther-
apeutic characteristics to light.

Search Strategies

Search keywords associated with β-carotene for various life-
style disorders like cardiovascular diseases, cancer, COVID-
19, and other diseases were used in the following order: β-
carotene, sources of β-carotene, extraction technique, cancer,
COVID-19, and cardiovascular diseases. The following list of
biological databases was used to search the data for writing
this article: PubMed, PubMed Central, Google Scholar,
Springer, Science Direct, Wiley Online Library, LiebertPub,
Nature. A time filter was used to retrieve articles from 2015 to
2021 in PubMed.

Discussion

Physicochemical Properties

β-Carotene, a type of secondary metabolite produced by
plants and algae, is a dark red to brown-coloured solid sub-
stance. The brightness of the colour depends upon the level of
double bond cis↔ trans isomerization, as a result of exposure
to high temperatures (Bogacz-Radomska and Harasym 2018).
The melting point of β-carotene is around 178 °C, having
variable solubility in non-polar organic solvents but water-
insoluble. The substance is heat-labile and photosensitive,
making the storage condition preferably in dark at 4 °C. The
lipophilic properties of β-carotene make it localized in lipo-
proteins and cell membranes. Hence, the extracted β-carotene
is also found dissolved in the lipid phase (Bogacz-Radomska
and Harasym 2018).

Dietary Requirements

Even being categorized as a micronutrient, due to its require-
ment in minute amounts as compared to other requirements of

Fig. 1 Fate of ingested β-carotene
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the body, β-carotene is considered to be very essential. β-
Carotene conversion to vitamin A has moved from 6:1 to the
current ratio of 28:1. The reason is the single nucleotide poly-
morphisms in the β-carotene-15′,15-monooxygenase (BCMO)
enzyme, responsible for converting provitamin A into retinol.
This means that, in the affected individuals, 28 mg of β-
carotene is converted into 1 mg of retinol. This exposes the
population to a greater risk of developing vitamin A deficiency
and associated disorders, as well as the inability to utilize pro-
vitamin A from the diet (Gröber and Holick 2022).

To date, no potential adverse effects of β-carotene con-
sumption have been reported other than ‘carotenodermia’
which is skin discolouration due to elevated concentrations
of carotenoids. β-Carotene did not appear to be mutagenic,
carcinogenic, nor teratogenic in any of the assays carried out
(Milani et al. 2017; Pham et al. 2014). In fact, no increase in
serum retinol level was found even after long-term β-carotene
supplementation in people with already adequate levels of
vitamin A (Nierenberg et al. 1997). For prolonged serum
and tissue accumulation ofβ-carotene, its administration must
be with dietary fats (Kwatra and Modi 2020). However, peo-
ple who smoke are better not subjected to high supplementa-
tions of β-carotene as this might put them at higher risk of
lung cancer and an enhanced chance of mortality (Bohn et al.
2019). Most of the absorbed β-carotene is converted by the
gut microbes into unknown complex compounds, and the re-
mainder gets excreted. The general absorption, distribution,
metabolism, and excretion route of β-carotene in humans is
illustrated in Fig. 2.

Sources and Production

Mammals lack the de novo carotenoid synthesis capability and
hence totally depend on external sources for their supplemen-
tation (Huang et al. 2018) (Fig. 3). These yellow-, red-, and
orange-coloured pigments are naturally found in algae, higher
plants (in fruits and flowers as esters), fungi, and animals as
illustrated in Fig. 4 (Rodriguez-Amaya 2016). Even human
milk has a carotenoid component, which is easily alterable,
depending on the manipulations in the mother’s diet (Institute
ofMedicine 2000). This intake ofβ-carotenoids is reflected in
serum levels which is also an indicator of the health parame-
ters. A natural pigment, so promising, should have been the
centre of the bio-pharmaceutical industry. However, it is not.
Out of all the β-carotenoids in the market, only 3% of it
comprise the bio-synthesized type and the rest comes under
the synthetic β-carotene category. There is no strict difference
between the function of the two, natural and synthetic. But the
latter costs more. Switching to microalgae for β-carotene ex-
traction is both scientifically and economically sensible. A lot
of research has been done on the optimization of pigment in
various species, along with special extraction techniques for
cost-effective and enhanced yields (Marino et al. 2020).

There are several extraction methods of β-carotene, de-
pending upon the source selected. A lot of research is involved
in the optimization of pigment production as well as its ex-
traction. From a broader perspective, the extraction methods
can be divided into the organic solvent-based, enzymatic
method as well as mechanical extraction. Some collaborative
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Fig. 2 ADME (absorption, distribution, metabolism and excretion) of β-carotene
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extraction techniques also exist which involve clubbing of the
existing methods, as well as some innovation (Chen et al.
2021).

Extraction

Solvent-based extraction includes the use of aprotic or-
ganic solvents such as hexane, tetrahydrofuran, and ace-
tone for the extraction of β-carotene from algae post- and

pre-treatment. These extraction solvents are useful for the
extraction of β-carotene from algae, fungi, and plants
(Chen et al. 2021). Supercritical fluids reduce the extrac-
tion time of β-carotene as well as enhance the efficiency
of extraction. Atmospheric liquid extraction with the help
of maceration is used for extraction purposes without the
use of sophisticated instruments and is simple to carry
out. Soxhlet extraction is much simpler and most widely
used for the extraction of carotenoids such as β-carotene.
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Fig. 3 Different natural sources of β-carotene

Fig. 4 A representation of the necessary balance of antioxidant properties of β-carotene
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This method provides the highest recovery rates and does
not require sophisticated instruments. This method uses
large amounts of solvents along with the starter material
for extraction purposes which makes the extraction proce-
dure highly expensive (Saini and Keum 2018).
Supercritical fluids are used for the extraction of β-
carotene from plants and algae (Baysal et al. 2000).
Various physical methods such as ultrasonic waves,
microwave-assisted extraction, pressurized liquid extrac-
tion, bead milling, and high-pressure homogenization are
also used for the extraction of β-carotene. These methods
prevent thermal as well as chemical damage to pigment.
This method is used for the extraction of β-carotene from
algae, yeast, and plants (Dey and Rathod 2013; Yu and
Rupasinghe 2013). There are several enzymatic ap-
proaches including pectinolytic and cellulolytic ap-
proaches which can be used in combination with other
extraction methods for cell disruption and β-carotene ex-
traction. These methods can be used for the extraction of
β-carotene from carrots, bagasse, apples, and other juice-
extracted leftover (Macedo et al. 2014). The selection of
an appropriate method for β-carotene extraction depends
upon the efficacy and the targeted purpose (Saini and
Keum 2018).

Synthesis

Genetic engineering approaches such as the insertion of
functional genes such as crtI, crtE, crtY, and crtYB en-
hance the production of β-carotene and block the expres-
sion of repressor genes like crgA which blocks the syn-
thesis of β-carotene. These approaches have been applied
to red yeast and fungus so far (Zhang et al. 2016; Wu
et al. 2020). There are various environmental conditions
such as organism-based culture condition, optimization of
light intensity, salt stress, pH, and carbon sources that can
be optimized for enhanced production of β-carotene.
These optimizations have been carried out on microalgae,
plants, and fungi for enhanced production of β-carotene
(Chen et al. 2021). One of the key methods for enhanced
production of β-carotene is the construction of polyene
chains using Wittig’s reaction, such as two 15 carbons
containing phosphonium salt molecule along with one
10 carbons containing dialdehyde molecule, and using
Grignard’s reaction involving 2 molecules of methanol
and diketone (Farfán et al. 2019).

Quantification

The spectrophotometric analysis method is an inexpen-
sive, sensitive, simple, and rapid procedure for the esti-
mation of β-carotene. This method employs the use of
smaller amounts of toxic chemical solvent for the analysis

of β-carotene. Spectroscopic methods have widely been
employed in commercial settings; however, this method
faces certain disadvantages such as being applicable for
certain food components only (Biswas et al. 2011).
Recently, many liquid chromatography (LC) techniques
have also been developed for the analysis of β-carotene.
Amongst all the LC techniques, high-performance liquid
chromatography (HPLC) is the most suitable method for
analysis (separation and quantification) of β-carotene.
HPLC has a requirement for high sample purification
steps for the analysis of β-carotene present in the sample
(Olives-Barba et al. 2006). Column chromatography is
also one of the most important methods for the separation
and detection of various carotenoids including β-carotene.
In the case of column chromatography, silicic acid and
alumina are used as stationary phases in order to separate
different carotenoids from the extracts (Starek et al. 2015;
Ganea et al. 2016).

Disease Prevention and Treatment

β-Carotene not only treats or prevents the likeliness of disease
development but also improves its prognosis. It has been
found to play roles like antioxidant and anti-inflammation,
upon administration in varying amounts:

i) In a study, subjects with a generous amount of β-
carotene intake, about 12–25 mg/day, reported a
decrease in DNA strand breakage, along with a re-
duction in Cu-induced LDL oxidation. There was
also subsequent supplementation of vitamins C
and E (Pool-Zobel and Bub 1997; Mosca et al.
1997). An amount of 10 mg/day was reported in
increased CuZn-superoxide dismutase activity
(Hininger et al. 1997). In subjects with increased
oxidative stress, smokers, and sufferers of cystic
fibrosis, administered β-carotene resulted in deplet-
ed lipid peroxidation as compared to control. The
biological markers responded inconsistently when
the amounts of β-carotene were higher than 25
mg/day (Institute of Medicine 2000).

ii) In vitro studies have demonstrated a stimulation of cel-
lular communication through gap junctions (Sies and
Stahl 1997). A study concluded the positive effect of
β-carotene leading to increased intercellular communi-
cations in rats (Novo et al. 2013).

iii) The degree of conversion of the consumed provitamin
A carotenes to retinol is the essential measure to which
the deficiency of vitamin A, common in children, can
be treatable. This is because vitamin A deficiency is
indirectly related to poor immunity of the body, night
blindness, and so on. In older men, β-carotene
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increased the activity of natural killer cells (Hughes
et al. 1997).

iv) There is a contrary association between the pigment
levels in serum and systemic inflammationmarkers like
neutrophil to lymphocyte ratio and resistance to insulin
as well as dysfunctional beta cells (Huang et al. 2018).

v) The carotenoid-derived metabolites have been found to
participate in gene alterations by interactions with nu-
clear and retinoic acid receptors (Piga et al. 2014).

Various studies have been carried out to identify the actions
of β-carotene intake; CARET study was carried out for the
prevention of lung cancer using β-carotene along with retinol.
The study reported a twin conclusion that daily consumption
of 30 mg of β-carotene along with retinol supplementation
showed no harm as well as no benefit in preventing lung
cancer (NLM NCT00712647 2022). Another study named
as ATBC (α-tocopherol, β-carotene cancer prevention) has
been carried out to access the incidence rate of cancer and
mortality in male smokers usingβ-carotene andα-tocopherol.
The study reported that these compounds can be used as a
“chemo-preventive” for lung cancer (NLM NCT00342992
2022; ATBC cancer prevention study group 1994).

Depending upon the extent of oxidative stress in the
environment to which the pigment is exposed, the actions
can be beneficial or damaging. The accumulation of very
reactive products released upon carotenoid breakdown
contributes to pro-oxidation. This involves the production
of very reactive organic compounds like aldehydes. Such
products are termed carotene breakdown products (CBPs)
(Siems et al. 2009). A representation of the necessary
balance of antioxidant properties of β-carotene is depicted
in Fig. 4. Hence, it can be summarized that the pigment
offers several therapeutic effects in the context of acting
as a provitamin A: antioxidants neutralizing ROS, regu-
lating connexin expression, thus improving communica-
tions through gap junctions, activating macrophages, and
triggering an immune response (Chen et al. 2021).
Various therapeutic effects of β-carotene are recapitulated
in Fig. 5. A combination of magnesium along with vita-
mins having antioxidant properties has been used to treat
noise-induced hearing loss (NIHL) in animals, which is
assumed to scavenge oxidative radicals produced due to
trauma (le Prell et al. 2011; Eroglu and Harrison 2013;
Álvarez et al. 2014; Maurya et al. 2021).

Bioavailability and Absorption

The lipophilic β-carotene like all other lipids and lipid-
associated compounds is absorbed in the mammalian
small intestine for further transport to the peripheral tis-
sues. Despite the presence of β-carotene-cleaving en-
zymes in the small intestine, about half of the uncleaved

β-carotene enters the circulatory system. The readily
available provitamin A absorbed by human intestinal ep-
ithelia can be estimated by the concentration of intact
plasma-β-carotene (Shete and Quadro 2013). The other
factors affecting the bioavailability of β-carotene are ge-
netic factors like pigment-cleaving gene polymorphisms
and mutations, the type and lipid content of the food
and its matrix, its digestibility and interactions, and sub-
jective variations referring to individuals’ endogenous di-
gestive enzymes (Reboul 2013).

Lipoproteins and cholesterols facilitate the transport
and distribution of the non-polar β-carotenes in the organ-
ism. They can be found in the hydrophobic cores of or-
ganic compounds like various sub-types of lipoproteins,
and cholesteryl-esters (Shete and Quadro 2013). This β-
carotene flowing from blood can be taken up by tissues
for either storage or metabolism. The most efficient res-
ervoir of β-carotene in the human body is the liver,
followed by muscles, kidneys, and skin, as well as glands
like adrenal and mammary glands. It has also been found
in the placenta and the yolk sac. Hence, it is comparative-
ly very widely distributed in the body as compared to the
other classes of carotenoids (Renzi et al. 2012). The
cleavage, transport, and distribution of β-carotene in
humans are similar to that in ruminants, and hence, they
are considered a good study model (Bohn et al. 2019).

Being water-insoluble, the bioavailability of β-carotene
through the gastrointestinal tract is very low. Due to its
vulnerability to physiochemical degradation during pro-
cessing, storage, and post-consumption, its protected de-
livery becomes necessary. Nanotechnology offers better
solubility, storage, target delivery, encapsulated protection
stability, and dispersion properties to the β-carotene.
Some such nano-engineered forms of β-carotene are
nanostructure- or solid-lipid-carriers, microemulsions,
nano-spheres, and capsules, inter alia. The polymer-
based and lipid-based delivery systems are the most
adopted delivery systems for β-carotene. These nano-
engineered pigments have to be targeted to the gastroin-
testinal tract fluid for them to be absorbed by the
enterocytes for subsequent assimilation. For this purpose,
micelles and niosomes have been widely exploited.
However, the interaction of these nano-pigments with
the gastrointestinal tract cells and the environment within
must be wisely researched before their incorporation into
functional foods.

Cancer

The confirmation of the anti-cancer properties of fruits
and vegetables rich in carotenes comes from epidemiolog-
ical studies. According to the observations, the pigment-
rich food preceded the direct intake of supplements in
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preference. This protection against cancer that carotene
provides is due to metabolisms like singlet-oxygen
quenchers, immunity enhancement, intracellular commu-
nications through gap junctions, and inhibition of cell di-
vision (Cooper 2004).

Communication that is regulated amongst cells means
coordination in metabolism and growth. The failed signal-
ling would eventually lead to uncontrolled cell growth
and ultimately cancer. Hence, the cell-signalling regula-
tion is another mode of action, through which β-carotene
offers anti-cancer properties (Institute of Medicine (US)
Panel on Dietary Antioxidants and Related Compounds,
2000). In fact, β-carotene supplementation can be useful
in the treatment of site-specific cancers categorized as that
of high incidence. For example, gastric cancer, which has
complex aetiology has been under research against this
natural pigment by many scientists. Varied research
methods and subject areas have been used for epidemio-
logical and cohort studies on patients suffering from gas-
tric cancer. Several molecular mechanisms of the pigment
are established for the probable result in the treatment of
such patients in the past years (Chen et al. 2021). It also
exhibits apoptotic as well as anti-proliferative effects on
tumour cells (Kacar et al. 2022).

Cardiovascular Diseases

Diet rich in β-carotene has been found to be preventive for
heart-related problems (Yang et al. 2022). The pigment is fat-
soluble and is transported primarily in low-density

lipoproteins (LDL). This association protects LDL from get-
ting oxidized which would otherwise upon oxidation cause
atherogenesis. A decrease in the thickness of “intima-media”
resembles decreased risk of atherosclerosis, which was a result
of increased total carotenoid concentration in serum (Mikkilä
et al. 2009; Bhat et al. 2019). There is a lowered risk of CVD
and related mortality cases due to the antioxidant effect of β-
carotene which modifies the LDL oxidation and peroxidation
mechanism (Carroll et al. 2000).

The β-carotene in blood plasma effectively increases the
bioavailability of nitrous oxide (NO) along with levels of cy-
clic guanosine monophosphate (cGMP). This leads to a de-
cline in endothelial cells’ NF-κB-dependent molecules re-
sponsible for adhesion. The pigment also can enhance drug
activity and function in the downregulation of genes that are
involved in metabolizing cholesterol. Hence, there is a re-
duced chance of developing atherogenesis or other cardiac-
related issues (Aizawa et al. 2003; Shaish et al. 2006).

COVID-19

Medical professionals confirm that the deficiency of vitamin
A is associated with infections of the respiratory tract (Calder
2020). On the other hand, deficiency of vitamin D, due to less
exposure to the sun, has been the reason for viral epidemics in
winters. Muscogiuri et al. (2020) has described the interrela-
tion of quarantine periods practised during COVID-19 with
vitamin deficiency in patients. Doctors recommended strict
diets to patients infected with corona virus, inclusive of β-
carotene supplementing vegetables and fruits along with those
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supplementing vitamin C and other micronutrients. On the
other hand, β-carotene due to its antioxidant activity stimu-
lates responses from lymphocytes, interleukin production, and
the activity of natural killer cells and, thus, stimulating the
overall immune system (Muscogiuri et al. 2020; Gröber and
Holick 2022).

Other Diseases

Patients suffering from diseases like cystic fibrosis (CF) and
non-CF-associated bronchiectasis have lower levels of
plasma-β-carotene as well as vitamin E. They have been
found to be disposable to damage by oxidation, which can
be prevented by β-carotene supplementation (Çobanogcarlu
et al. 2002). The different roles played by β-carotene contrib-
ute to different therapeutic effects in the management of sev-
eral diseases including cancer, cardiovascular disorders,
COVID-19, cystic fibrosis, and bronchiectasis. In the case of
cancer, β-carotene acts as an antioxidant and anti-inflamma-
tory, enhances immunity, and increases intracellular signal-
ling. In addition to these effects, β-carotene also exhibits
anti-apoptotic and anti-progressive effects on tumour
(Middha et al. 2019). β-Carotene exhibits antioxidative prop-
erties and enhances drug activity in the case of cardiovascular
diseases (Huang et al. 2018). In the case of cystic fibrosis, β-
carotene helps to reduce the levels of TNF-α (tumour necrosis
factor) and helps to increase the levels of vitamin E; also, it
acts as an antioxidant (Çobanogcarlu et al. 2002). In bronchi-
ectasis, β-carotene has been reported to reduce the levels of
malondialdehydes and also serves as an antioxidant
(Çobanogcarlu et al. 2002; Bartoli et al. 2011). In COVID-
19 disease, β-carotene has been reported to stimulate cellular
immune responses as well as act as an antioxidant
(Muscogiuri et al. 2020).

Perspectives and Future Directions

Some of the physiological properties of β-carotene limit
its effectiveness. Its poor bioavailability in crystalline
form was reported, and is insoluble in water. Hence, its
better delivery is obtained in oil/water emulsion, which
also imparts the pigment and its stability (Liu et al.
2014). Its sensitivity to heat and light and liability to
oxidation are other challenges that need to be addressed.
The trend of involving low-on-fat products in food has
been adversely affecting the absorption of β-carotene in
the body. This might also be the reason for trial results
not agreeing with the epidemiological observations. The
span of the study and the dosage of β-carotene are all
crucial in determining the pigment’s disease-preventing
potential.

The effect of carotenes on diseases can be studied better by
considering the epigenetic factors. The diet pattern is another

factor. The complex evidence of research has to be translated
into an effective lifestyle and dietary recommendation, to low-
er the risk of disease development. The existing pattern of
public health will then witness a paradigm shift, post-
recognition of carotenes not only in disease treatment but also
in prevention.

It is important to identify the indicators of carotene adequa-
cy in the system and evaluate them. Such biological markers
could be strong evidence of β-carotene intake levels required
to prevent diseases. The biomarkers, indicative of disease pro-
gression, should be ligand-specific and indicative of β-
carotene intake with responsiveness. However, these bio-
markers must be validated, engaging a broad range of ana-
logues and subjects.

The biological activity of β-carotene is enhanced in an
aqueous solution if it is present in the form of nanoparticles
(Rocha et al. 2018). This is where the role of nanotechnology
might come. β-Carotene can be applied as nutraceuticals,
cosmeceuticals, and pharmaceuticals in the form of emul-
sions, with improved sensitivity, solubility, and bioavailability
(Yuan et al. 2008). There are a lot of prospects for enhanced
production of β-carotenoid engaging the technological ad-
vancements of genetic engineering and nanotechnology.
Regulation of gene expression or transformation of genes in-
volved inβ-carotene biosynthesis in some ways is to be listed.
Proteins and water-soluble nano-β-carotene particles can offer
bioactivity beyond their limitations.

Conclusions

The human body has a very vigilant feedback mechanism that
maintains a balance between the serum retinol and β-carotene
concentration. When the body gets deficient in vitamin A, the
pre-consumed available β-carotene is converted into retinol
and the metabolic conversion stops as the levels reach
optimum. Until now, no side effects of β-carotene consump-
tion have been reported apart from the harmless skin pigmen-
tation due to overdose. However, some studies suggest post-
menopause women are at a higher risk of fractures if having an
excess of supplemental vitamin A. This could be simply
concluded as making a wise preference of choosing diet-
based β-carotene over-supplementation. During the literature
survey, it was found that not much work has been carried
out on β-carotene in the past two decades. Most of the avail-
able research data date back to the mid-90s, which resembles
the scientific gap that the carotenoid family has been subjected
to.
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