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Abstract

Carrots (Daucus carota L.) are vegetables proven to have nutraceutical effects and beneficial for health
due to its natural bioactive substances. One of the potential of carrots to maintain optimum health status
is by regulating immune response. This literature review summarized the proposed immunomodulatory
mechanisms of the antioxidant properties of carrot’s p-carotene and other bioactive compounds such as
phenolic acid, flavonoid, polyacetylene and ascorbic acid via the anti-inflammatory, antioxidant and
overall (innate and adaptive) immune response modulation. Overall, carrot’s bioactive compounds
regulated pro-inflammatory and anti-inflammatory cytokines, reduced oxidative stress by decreasing
the reactive oxygen species accumulation and improving antioxidant capacity and the expression of
genes in order to prevent more damaging oxidative destruction. Carrots also modulated the overall
immune response by regulating leukocytes, antigens, immunoglobulins, and histamine levels. Thus, the
immunomodulatory activity makes carrots as a functional food source that has the potential to prevent

and treat various diseases.



1. Introduction

The immune system system is critical to the body's physiological and immunological
function, therefore any disturbance in the immune system can lead to various diseases (Agita
& Thaha, 2017; Coussens & Werb, 2002). The immune is a complex framework designed
primarily of leukocytes and various immune components such as antibodies, proteins, and
cytokines that act as the first defense mechanism against numerous harmful substances in the
environment. This interplay of diverse immune components facilitates the establishment of an
optimum immune response (Delves & Roitt, 2000). The immune system identifies and
eliminates pathogens while inducing inflammation, cell or tissue damage, cell death, and
wound healing in order to preserve redox balance in immune cells in order to prevent various
disorders. If homeostasis is not maintained, immune-mediated diseases, metabolic disorders,
and inflammatory diseases will develop, as well as susceptibily to infectious diseases such as
COVID-19 (Adapaetal., 2011; Q. Li et al., 2022; Nardy et al., 2015; Paragh et al., 2014).

Nutrition is one of the factors that influences the immune system. For instance,
nutritional deficit may result in decreased immune responses, and supplementation of those
specific components would often restore the compromised immune responses (Venter et al.,
2020) . Optimal nutrition intake affects the immune response through regulating various genes
expression and signaling molecules (Farhan Aslam et al., 2017). Immunomodulators are
components that regulate the body's immune system (Venkatalakshmi et al., 2016).
Immunomodulators are not only available in endogenous form, but also from exogenous
sources whose mechanism of action is often based on antioxidant properties. Studies have been
able to prove that some natural antioxidants from plants can act as natural immunomodulators.
Immunomodulators from antioxidant source maintain health status through regulation of the
oxidant-antioxidant balance and immune response. Antioxidants operate either directly or

indirectly, by eliminating reactive oxygen-nitrogen species or enhancing the body's antioxidant



balance, so that immune and inflammatory responses may be regulated (Ortufio-Sahagun et al.,
2017).

Currently, many bioactive compounds from plants have been investigated for their
potential benefits as immunomodulators (Venkatalakshmi et al., 2016). Turmeric, Echinacea,
green tea, and chili pepper are examples of plant sources with immunomodulatory effects
(Catanzaro et al., 2018; Grdter et al., 2020; Hasan et al., 2021; Rahayu et al., 2018). However,
intake from some of these sources are still limited. Carrots (Daucus carota L.) are beneficial
vegetables in the world due to its massive production and its usage as food for public daily
intake, both in fresh and processed form. This vegetable has nutraceutical effects and is
beneficial for health due to its high natural bioactive substances (Ahmad et al., 2019).

Carrots' main carotenoid is B-carotene, a well-known and extensively researched
carotenoid. Carotenoids are phytonutrients that give fruits and vegetables their unique yellow,
orange, and red hues. -carotene provides a variety of health benefits in addition to providing
color in food. It has a high antioxidant capacity and provides a number of health advantages,
including decreasing the risk of certain illnesses and cancers, strengthening the immune
system, and protecting against age-related eye degeneration (Gul et al., 2015).

A recent review has shown that carrots act as antioxidants, antidiabetic, antimicrobial,
nephroprotective, hepatoprotective, cardioprotective, anti-inflammatory and wound healing
properties (Al-Snafi, 2017). Moreover, carrots can also improve the immune system and eye
health (da Silva Dias, 2014; Mahammad Shakheel B et al., 2017). The previous review
examined the protective effect of -carotene against gastric cancer based on epidemiological
surveys (Chen et al., 2021). In addition, -carotene also plays a role in stimulating lipid
catabolism, which metabolizes lipids, which is one of the atherosclerotic factors of

cardiovascular disease (ASCVD) (Miller et al., 2020).



Although prior review have addressed the health benefits of carrot bioactive
compounds (da Silva Dias, 2014), especially B-carotene, the specific immunomodulatory
activities have not been well investigated as the mechanism is known to be exceedingly
complicated and remain unclear. An experimental research discovered that administration of
carrot juice improved antioxidant capacity and decreased malondialdehyde after 3 months
consumption of carrot juice (Potter et al., 2011). A randomized cross-over study also noted an
improvement in interleukin-2 (IL-2) and tumor necrosis factor-o. (TNF-a) in healthy men after
consumption of carrot juice or tomato juice in healthy men after conducting 2-weeks low
carotenoid periods (Watzl et al., 2003). Therefore, the purpose of this literature review is to
explore into the potential immunomodulatory mechanism of carrots’ [3-carotene and its other

bioactive compound.

2. Immunomodulator

Immunomodulator is defined as substance that modulate the immunological response,
either decreasing the immune response as a type of therapy for autoimmune diseases or
enhancing the immune response to immuno-compromised conditions (llyas et al., 2016).
Immune system is defined as the body's natural defense system against disease and disorders
(Sharmaet al., 2017). The immune system is divided into innate and adaptive immune systems,
both of which determine a person's ability to fight harmful agents. Innate immunity is known
as the first defense against pathogens and consists of epithelial protection, antimicrobial
proteins and peptides, humoral and cellular components. Then, the adaptive immune system
was activated by the innate immune systems, which contributed in the foreign antigen
recognitions (Tyagi, 2016). The adaptive immune responses consist of B lymphocytes with

antigens, T lymphocytes and regulatory T cells (Treg) (Sharpe & Mount, 2015).



The main source of cytokines in the body is the T lymphocytes, in which these cells
have specific antigen receptors that enable pathogen recognitions. T lymphocytes expressing
the CD4 are known as T helper (Th) cells. This subset is further subdivided into Thl and Th2
cells, which produce Thl and Th2 cytokines, respectively. Th1l cytokines tend to act as pro-
inflammatory agents for intracellular pathogens elimination. Thl cytokines include TNF-a,
interferon gamma (IFN-y), IL-1p, IL-2 and IL-18. Th2 cytokines, on the other hand, are known
to be more complex. Th2 cytokines include the immunoglobulin response-related cytokines
such as IL-4, IL-5, IL-9, and IL-13, as well as pro-inflammatory IL-6 and anti-inflammatory
IL-10. As aresult, a balance of Thl and Th2 responses is required in order to combat pathogens
effectively while avoiding uncontrollable inflammation (Berger, 2000).

Inflammation is known as a normal physiological response of the body’s immune
system to counter harmful stimuli such as infections, damaged cells and toxic compounds.
These factors can trigger an acute or chronic inflammatory response in the heart, pancreas,
liver, kidneys, lungs, brain, gastrointestinal tract, and reproductive system, which can lead to
tissue damage or diseases. Infectious and non-infectious agents, as well as cell damage, usually
activate inflammatory signaling pathways such as nuclear factor kappa-B (NF«B), mitogen-
activated protein kinases (MAPK), and janus kinase-signal transducer and activator of
transcription (JAK-STAT) (Chen et al., 2018). Excessive inflammation exacerbates functional
disorders and tissue injuries (Bartold & Dyke, 2017). For instance, the hyper-inflammation that
occurs in COVID-19 causes a “cytokine storm” leading to acute respiratory distress syndrome
(ARDS), pneumonia, organ failures, fibrosis, or even death (Channappanavar & Perlman,
2017; Shi et al., 2020).

During the homeostatic state, several endogenous and external factors contribute to
immunosuppression and immuno-stimulation (Jantan et al., 2015), thus affecting the innate and

adaptive immune response (Fig. 1). Immune response modulation occurred to regulate the



body's immune response in therapeutic and preventive attempts against causative agents

(Rasheed et al., 2016; Razali et al., 2016). The use of immunomodulators is presently one of

the most pressing issues in the treatment of numerous diseases (Sharma et al., 2015).
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Figure 1. Immunomodulator Mechanism via Antioxidant and Anti-Inflammation Properties.

Thl, T helper type 1; Th2, T helper type 2; TNF-o, tumor necrosis factor-alpha; IFN-y,

interferon-gamma; IL, interleukin.

Application of plant-derived bioactive compounds has become one of the primary areas

of exploration for the natural immunomodulators (Shukla et al., 2014). The use of natural

immunomodulators is currently increasingly being accepted in the world because of their wide

range in preventing and treating disease via changes in immune response or oxidant-antioxidant

status (Ajith et al., 2017).
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The antioxidant defense system involves free radical reduction, antioxidant enzyme
activation and maintenance, enhancement of other antioxidant mechanisms, and specific
immunomodulatory effects (Ajith et al., 2017). Plants that serve as natural immunomodulators
have the capacity to boost immunity by activating innate immune responses such as activating
immune cellular components, modifying cytokine profiles, decreasing infection and
inflammation. The immunomodulatory properties of these plants cannot be separated from

their bioactive compounds (Jantan et al., 2015).

3. Nutrition and bioactive contents of carrots

Daucus carota L., or commonly known as carrot, is a vegetable belonging to the
Apiaceae family (Bussmann et al., 2020). Based on FAOSTAT 2021 data from the Food and
Agriculture Organization (FAO), in 2019, nearly 44.8 million tons of carrots and radishes were
widely produced for daily consumption (FAOSTAT, 2021). Carrots consist of stems and roots
in which the roots consist of the periderm, outer cortex (phloem) and nucleus (xylem). The part
of the carrot that is commonly consumed is the root. High quality carrots have a greater
proportion of phloem than xylem (Char, 2018). The taxonomy of carrots from the Integrated
Taxonomic Information System database are as follows:

Kingdom : Plantae

Sub Kingdom : Viridiplantae
Division : Tracheophyta
Sub Division : Spermatophytina

Class : Magnoliopsida
Order - Apiales

Family - Apiaceae

Genus : Daucus L.
Species : Daucus carota L.

Orange carrots are the dominant type of carrots and are mostly used in various cuisines

both fresh or cooked. The rate of carrot consumption increased due to an increase in public
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awareness of carrots as functional food that is useful in supporting healthy lifestyle (Ergun,

2018). The antioxidant activity of orange carrots based on the Ferric Reducing Antioxidant

Power method (FRAP), 2,2’-Azinobis-(3-Ethylbenzthiazolin-6-Sulfonic Acid) (ABTS) and

Cupric Reducing Antioxidant Capacity (CUPRAC) were 1.22 mol TE/g, 1.22 mol TE/g and

3.07 mol TE/qg fresh weight, respectively (Singh et al., 2018). The following Table 1 presents

data on the nutritional and bioactive content of carrots .

Table 1. Nutrition and Bioactive Contents in Carrots (per 100 g FW)

Component Amounts Unit Reference RDA (age 10-12
y.0)
Energy 41 kcal USDA, 2015 2.05%
Proximate
Moisture 88,3 g USDA, 2015 4,77%
Carbohydrate 9,58 g USDA, 2015 3,19%
Protein 0,93 g USDA, 2015 1.86%
Fat 0,24 g USDA, 2015 0,37%
Fibre 2,80 g USDA, 2015 10%
Ash 0,97 g USDA, 2015 4,77%
Iron 0,3 mg USDA, 2015 3.75%
Magnesium 12 mg USDA, 2015 7.5%
Phosphorus 35 mg USDA, 2015 2.8%
Potassium 320 mg USDA, 2015 8.21%
Sodium 69 mg USDA, 2015 3.63%
Calcium 33 mg USDA, 2015 2.75%
Zinc 0,24 mg USDA, 2015 3%
Manganese 0,14 mg USDA, 2015 26,6%
Vitamin B2 0,06 mg USDA, 2015 4.61%
Vitamin B3 0,98 mg USDA, 2015 8.17%
Folate 19 Mg USDA, 2015 4.75%
Vitamin C 5,90 mg USDA, 2015 11.8%
Total Flavonoid 4,50 mg Bahorun et al., 2004 -
Quercetin 1,50 mg Bahorun et al., 2004 -
Luteolin 0,80 mg Bahorun et al., 2004 -
Kaempferol 0,60 mg Bahorun et al., 2004 -
Total Phenolic 89,30 mg Hellstrom et al., -
2020
Caffeic acid 41,10 mg Hellstrom et al., -
2020
Ferulic acid 7,10 mg Hellstrom et al., -
2020
p-coumaric acid 73,10 ug Rozan, 2017 -
Carotenoids 12,71 mg BCE Rozan, 2017 -
a-carotene 3,38 mg Rozan, 2017 -
[-carotene 8,21 mg Rozan, 2017 -
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Falcarinol 359 -1900 Mg Rawson et al., 2010 -
Falcarnidiol 154-18000 Mg Acworth et al., 2011 -
Falcarni-acetate 77-140 ug Acworth et al., 2011 -

4. Potential of carrots as immunomodulator

Carrots and their phytochemical compounds have been shown to have potential as a
natural immunomodulator through both antioxidant and anti-inflammation properties, or by
their modulation to other immune components (Table 2). For example, Roselli et al. (2012)
indicated that organic carrot consumption at a rate of 70 mg/kg of feed for 30 days stimulated
intestinal and peripheral immunity, with an increase in lymphocytes, including regulatory T
cells (Treg). Saba et al. (2019) showed an improvement in superoxide dismutase (SOD) after
administration of carrot extract at the dose of 500 mg/kg for 7 days in oxidative stress rats
model. SOD regulates extracellular reactive oxigen species (ROS) and protects tissues from
damage, as it is well recognized that while ROS are necessary during the immune response to
pathogens, they also cause collateral tissue damage (Break et al., 2012). In a cytotoxic oxidative
tissue damage model, Embugushiki et al. (2013) also observed an improvement in the activity
of antioxidant enzymes after 5 days of carrot juice intervention (as drinking water). As
previously stated, increasing the body's antioxidant status by administrating natural antioxidant
counteracts the impacts of inflammation and further tissue injury through improvement of
oxidative stress (Arulselvan et al., 2016).

The body is constantly in a condition of equilibrium between the formation and
elimination of free radicals. The endogenous antioxidant defense mechanism against free
radicals consists of antioxidant enzymes (catalase, glutathione reductase, and SOD), as well as
glutathione, urate, coenzyme Q, or exogenous stimuli including bioactive compounds such as
[-carotene. The immune system's function of combating infections is one source of ROS
generation, because neutrophils produce free radicals. Micronutrient deficiency is known to

cause a deterioration in immune function, both innate and adaptive, thereby rendering the body
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susceptible to pathogen attack as a consequence of immune imbalance. Thus, it is critical to
consume bioactive compounds that serve as antioxidants in order to maintain a balanced
immune response (Brambilla et al., 2008).

Carrots contain a variety of bioactive compounds, including flavonoids, phenolic acids,
carotenoids, polyacetylene, and ascorbic acid. Those bioactive compound was shown to have
immunomodulatory properties due to their antioxidant, anti-inflammatory, and regulatory
properties of innate and adaptive immune response components. These modulatory activities
included the suppression and stimulation of inflammatory cytokines, antioxidative activity
through ROS scavenging activity and improvement in endogenous antioxidant defense, as well
as modulating pro-inflammatory and anti-inflammatory signaling pathways (Fig. 2).

Carotenoids are isoprenoids present in a variety of plants, including carrots.
Carotenoids are acyclic molecules with five to six C rings at one or both ends (Sharma et al.,
2012). Carotenoids' color variation is caused by conjugated double bonds in polyene chains
that function as chromophore (Rodriguez-Concepcion & Stange, 2013; Ruiz-Sola &
Rodriguez-Concepcion, 2012). The main carotenoids present in orange carrots are a-carotene
and B-carotene (Sgltoft et al., 2011).

[-carotene is a secondary metabolite produced by plants that belongs to the non-
oxidized carotenoids group. 3-carotene possesses a long chain of conjugated double bonds due
to its role as a polyene compound of the derived acyclic structure (Fratianni et al., 2010;
Meléndez-Martinez et al., 2010). Carotenoids, which have the same structure as retinol
molecules, exhibit vitamin A activity, with B-carotene having the highest bioactivity as a
vitamin A precursor. It is the most potent vitamin A precursor and occurs naturally as a
combination of several isomers (cis and trans) of the -carotene molecule (Toti et al., 2018).
In vivo model indicated that long-term consumption of B-carotene reduced the production of

malondialdehyde (MDA), the end product of lipid peroxidation (Hosseini et al., 2010).
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Table 2. The Roles of Carrot and its bioactive compound as immunomodulator

Subjects Study Preparation Dose Route  Duration Immunomodulatory Modulation  Parameters/Mediator Ref
Design Activity Affected
BALB/c mice In vivo Organic and 70 g/kg of feed Oral 30 days immunostimulant in 1 Lymphocyte population, Roselli et al.,
conventional carrots intestinal and peripheral including Treg (2012)
immunity
APAP-induced In vivo Carrot deuterium- 500 mg/kg Oral 7 days Oxidative stress l ALT, AST and 8-OHdG Saba et al,
oxidative stress depleted aqueous indicators (2019)
BALB/c mice extract Antioxidant enzyme 1 SOD
Cadmium-induced In vivo Carrot juice ad libitum Oral  5days Improve endogenous 1 Catalase, SOD, GPx Embugushiki et
oxidative cytotoxic antioxidant al., (2013)
damage in rats
High fructose diet- In vivo Carrot juice 0.6 mL Oral 8 weeks Pro-inflammatory ! MCP1 and hsCRP Mahesh et al.,
induced inflammation mediator (2017)
in weaning wistar rats
LPS-induced In vivo Carrot’s falcarinol 5 mg/kgBW Oral 7 days Immune homeostasis’s 1 Heme oxygenase-1 8.42  Stefanson &
CB57BL/6 mice regulator times in mRNA levels Bakovic, (2020)
and 10.7 times in protein
levels
0 Plasma IL-4, IL-9, IL-
Cytokine release 10, IL-13, illustrating
the characteristics in the
improvement of type 1
inflammation
LPS-induced In vivo Carrot’s falcarinol 5 mg/kgBW Oral 7 days Pro-inflammatory l IL-6, TNF-o/TNF-ar, Stefanson &
CB57BL/6 mice cytokines and IFNy gene Bakovic, (2018)
expression
Albino wistar rats In vivo Carotenoid extract 559 mg/kg Oral 21 days White blood cells 0 lymphocytes, Ekam et al,
from carrots eosinophils, monocyte (2006)
counts
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|, decrease; 1, increase; APAP, Acetaminophen; LPS, lipopolisaccharide; Treg, T regulator; SOD, superoxide dismutase; GPx, glutathione peroxidase; MCP-1, monocyte
chemoattractant protein-1; hsCRP, high-sensitivity C-reactive protein; ALT, alanine transaminase; AST, aspartate transaminase; IL, interleukin; TNF-a, tumor necrosis factor-

alpha.
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MDA is an oxidative stress biomarker that contributes to maintain the balance of
physiological functions, including innate and adaptive immune responses, thus affecting
pathological settings such as neurodegenerative diseases, metabolic diseases, cancers and also
infectious diseases (Papac-Milicevic et al., 2016). For instance, in some autoimmune disorders,
such as systemic lupus erythematosus (SLE), MDA levels are elevated due to metabolic
dysregulation and increased ROS. Suppressing excess MDA in interventions is therefore

advantageous (Hardt et al., 2018).

4.1. Immunomodulatory effect of p-carotene

Katsuura et al. (2009) showed that [-carotene administration in a time and dose-
dependent manner was positively correlated with lipid peroxidation and glutathione synthesis,
as well as negatively correlated with the transcription of cytokines such as IL-1b, IL-6, and IL-
12 p40, in lipopoliscaccharide (LPS) and INF-gamma-induced RAW?264 cells. This indicated
that B-carotene triggers changes in intracellular redox status thereby regulating the immune
function of macrophages.

Monocyte chemoattractant protein-1 (MCP-1) is a CC-chemokine that plays an
important role in the inflammatory process by attracting or increasing the expression of
inflammatory factors/cells. MCP-1 is involved in the pathogenesis of a variety of diseases, both
directly and indirectly, including COVID-19, cancer, neuroinflammatory diseases, rheumatoid
arthritis, and cardiovascular disease (Deshmane et al., 2009). In high-fructose diet-induced
weaning rats, Mahesh et al. (2017) demonstrated that 0.3 mL of -carotene from carrot juice
reduced the level of free fatty acid (FFA), MCP-1 and high-sensitivity C-reactive protein
(hsCRP) by 50%, 32% and 40% respectively. Ekam et al., (2006) analyzed the

immunomodulatory effect of carotenoid extracts (a-carotene and B-carotene) of carrots at a
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dose of 559 mg/kg for 21 days, increased levels of lymphocytes, eosinophils, monocytes and
platelets in male Wistar rats was observed.

In their investigation on weanling mice, Nishida et al. (2014) discovered that B-carotene
supplementation at a dose of 50 mg/kg feed for 14 weeks elevated the synthesis of
immunoglobulin A (IgA) in the jejunum or ileum. Retinoic acid-mediated immune response
was responsible for this outcome. Considering neonate and children are susceptible to diarrhea
and gastrointestinal infections, that study also found an improvement in the immune response
in the gastrointestinal tract (Nishida et al., 2014). Nishiyama et al. (2011) investigated the effect
of B-carotene supplementation in pregnant mice during pregnancy and lactation on IgA
parameters from mammary glands, guts, and transfer of IgA from milk to neonate mice.
Administration of 50 mg/kg of B-carotene supplements from 6.5 days postcoitus to 14 days
postpartum showed an increased presence of IgA in the mammary glands and ileum during
lactation, thereby triggering increased transfer of maternal milk IgA to neonate mice. IgA is
the most abundant type of antibody in the body, and it protects mucous glands from microbial
invasion while also maintaining immune homeostasis in the gastrointestinal, respiratory, and
vaginal tracts. The relevance of IgA is proven by the protective immune response against
intestinal viral enteropathogens depends on the presence of IgA (Blutt et al., 2012).

The JAK-STAT pathway is critical in combating the immune system's challenges,
extending from infection prevention to cancer protection. This function, however, must be
maintained. Excessive and prolonged JAK-STAT signalling is a characteristic that occurs in
practically all types of autoimmune disorders (Villarino et al., 2015), as well as arthritis,
Alzheimer disease, and osteosarcoma (Chiba et al., 2009; Saravanan et al., 2014; Yan et al.,
2015). Signal transducer and activator of transcription 3 (STATS3), specifically, also contributes
in the development of inflammatory disease such as periodontitis and other cancer (De Souza

et al., 2011; Geiger et al., 2016). One of the primary functions of the jun N-terminal kinase
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(JNK)/p38 MAPK is to regulate the immune response, particularly in activating stress.
Therefore, pharmacological interventions capable of inhibiting these pathways have been
shown to be effective in alleviating inflammation in the diseases mentioned (Jeffrey et al.,
2007; Kumar et al., 2003; Manning & Davis, 2003). Yang et al. (2021) showed that
administration of -carotene for 7 days remarkably reduced production of nitric oxide (NO),
prostaglandin E2 (PGE2), TNF-a, and IL-1B in LPS-induced intestinal inflammation.
Moreover, there was suppression of mMRNA expression of IL-1B and TNF-a was observed after
intervention. The postulated mechanisms for these findings included autophagy regulation as
well as JAK2/STAT3 and JNK/p38 MAPK inflammatory pathways.

According to a prior review, -carotene inhibits ROS-mediated inflammatory signaling,
including the MAPK pathway and redox-sensitive transcription factors, as well as the
production of inflammatory mediators including IL-8, nitric oxide synthase (NOS), and
cyclooxygenase-2 (COX2) (Kang & Kim, 2017). The anti-inflammation mechanism of [-
carotene was related to the reduction of the NFxB inflammatory pathway and suppression of
ROS production (Di Tomo et al., 2012). A variety of inflammatory disorders, including
rheumatoid arthritis (RA), inflammatory bowel disease (IBD), multiple sclerosis,
atherosclerosis, SLE, type | diabetes, chronic obstructive pulmonary disease, and “cytokine
storm” in COVID-19, have been linked to NF«B activation (Hariharan et al., 2021; Pai &
Thomas, 2008). Targeting NF«B signaling is a promising method for anti-inflammatory
treatment since unregulated NF«xB activation is associated in these numerous inflammatory
disorders (T. Liu et al., 2017). Zhou et al. (2018) discovered that B-carotene blocked the NFxB
activation pathway and diminished the production of pro-inflammatory cytokines.
Furthermore, this study revealed that B-carotene treatment markedly reduced oxidative stress
by lowering ROS, MDA, and NO while increasing SOD. van Helden et al. (2013) showed a

depletion in mMRNA expression of pro-inflammatory genes associated with the NFkB pathway
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involved in the production and regulation of IFN in lungs, liver and adipose tissue in 3-carotene
15,15'-monooxygenase 1 knockout (Bcmol”) mice after 14 days of B-carotene supplement

intervention.

4.2. Other Bioactive Compound in Carrots as Immunomodulator
4.2.1. Phenolic acid and flavonoid

The most abundant phenolic acid in carrots is chlorogenic acid, such as caffeic, ferulic
and p-coumaric acids (Arscott & Tanumihardjo, 2010). Caffeic acid influenced antibody
production and inflammatory signaling, improving oxidative state in SARS-CoV-2 infected
individuals (Adem et al., 2021). Ferulic acid pre-treatment (50 mg/kg) for 30 days reduced
LPS-induced inflammation by upregulating IL-1, IL-6, TNF-a, and IL-10 production. Acute
ARDS was improved by ferulic acid's antioxidative and anti-inflammatory effects via
inhibition of the MAPK inflammatory pathway, which subsequently resulted in decreased
MDA and myeloperoxidase, as well as an increase in antioxidant status (Zhang et al., 2018).
Other study had shown that ferulic acid intervention for 4 weeks regulated NFxB pathway at
the dose of 40 mg/kg and the inflammasome domain-like receptor family pyrin domain-
containing 3 (NLRP3) at the doses of 40 and 80 mg/kg, characterized by decreased levels of
TNF-a, IL-1p, and IL-6 mRNA expression in stressed-induced mice (Liu et al., 2017).

The NLRP3 inflammasome, like NFkB, promotes inflammation. NLRP3 alters the
immune response or regulates the integrity of intestinal homeostasis in numerous inflammatory
disorders such as Alzheimer's, atherosclerosis, atrial fibrillation, osteoarthritis, cancer, and
autoimmune diseases such as SLE and IBD (Wang et al., 2020). NLRP3, on the other hand, is
vital in viral extermination due to its function in inflammation (Zhao & Zhao, 2020). As a

result, modulating these pathways is vital for therapeutic treatment. P-coumaric acid had been
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shown to ameliorate LPS-induced oxidative damage through ROS scavenging activity and
oxidative stress improvement in inflammatory state of the lungs (Kheiry et al., 2020).

The main flavonoids detected in orange carrots were quercetin, luteolin and kaempferol
(Bahorun et al., 2004). Quercetin inhibited NFxB and IL-6 signaling, which exhibited an anti-
inflammatory impact. The administration of quercetin remarkably reduced LPS-induced lung
inflammation, as seen by lower levels of neutrophils, lymphocytes, and pro-inflammatory
cytokines in the lungs (Huang et al., 2015). Quercetin also inhibited the activation of the
NLRP3 inflammasome, IL-1a, IL-6, and IL-18 secretion (Jiang et al., 2016). Luteolin at a dose
of 50 mg/kg reduced TNF-a, IL-1p and IL-6 production (Lodhi et al., 2020). In LPS-induced
bronchopneumonia model, luteolin reduces inflammatory injury by regulating the expression
of microRNA-132, thereby inhibiting NFkB pathway (Liu & Meng, 2018). microRNA-132 is
RNA molecule the involved in the inflammation suppression during wound healing (Li et al.,
2015). Kaempferol acted as an anti-inflammatory agent by suppressing the binding of NF«B
from DNA decreasing the secretion of pro-inflammatory cytokines, inhibiting toll-like receptor
4 (TLR4) which acted as a trigger in pro-inflammatory response, and increasing expression of
nuclear factor target gene mMRNA and protein (erythroid-derived 2)-like 2 (Nrf2) which was
involved in oxidative damage prevention (Nam et al., 2017; Saw et al., 2014; Tang et al., 2015;
R. Zhang et al., 2017). It may be inferred that the majority of these flavonoids and phenolic
acids' immunological actions are connected to their anti-inflammatory properties and facilitate
the protection of oxidative damage. This is important since many inflammatory and infectious
diseases depend on the inflammatory process, as demonstrated by its influence on lung

disorders like as ARDS, bronchopneumonia, and lung inflammation.
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Figure 2. Summary of Potential Immunomodulatory Mechanisms of Bioactive Compounds in
Carrots. NK-cell, natural killer-cell; CD4, cluster of differentiation 4; IgA, Immunoglobulin A;
IgE, Immunoglobulin E; NF«B, nuclear factor kappa-light-chain-enhancer of activated B cells;
MAPK, mitogen-activated protein kinase; NLRP3, NLR family pyrin domain containing 3;
PGEZ2, prostaglandin E2; TLR4, toll-like receptor 4; STATS3, signal transducer and activator of
transcription 3; Nrf2, nuclear factor erythroid 2-related factor 2; ROS, reactive oxygen species;
SOD, superoxide dismutase; MDA, malondialdehyde; TNF-a, tumor necrosis factor-alpha;

IFN-v, interferon-gamma; IL, interleukin.

4.2.2. Polyacetylene

Polyacetylene is a non-volatile phytochemical group consisting of at least two C-C
triple bonds. Carrots contain polyacetylene such as falcarinol, falcarindiol, and falcarindiol 3-
acetate (Christensen, 2012; Dawid et al., 2015). Recent review showed that polyacetylene has
the potential in improving health status due to its antitumor, antifungal, anti-inflammatory,
antibacterial and serotogenic properties (Dawid et al., 2015).

The transcription factor nuclear factor (erythroid-derived 2)-like 2 (Nrf2) defend
against intestinal inflammation and oxidative damage. Falcarinol was shown to be a dietary
immunosuppressant in individuals with gastrointestinal inflammation, such as IBD, celiac
disease, colitis, and enteritis (Stefanson & Bakovic 2020). Stefanson & Bakovic (2020) proved
that falcarinol extract supplementation of 5 mg/kg given twice daily for a week enhanced the
heme oxygenase-1 (HO-1) expression, which is the target enzyme of Nrf2. This research also
observed an increase in IL-4, IL-9, IL-10, and IL-13, indicating a decrease in inflammation
after falcarinol ethanolic extracts administration in LPS-induced oxidative stress mice.
Stefanson & Bakovic (2018) also demonstrated that pre-treatment of falcarinol extract at a dose

of 5 mg/kg twice a day for 7 days prevented pro-inflammatory genes elevation proving its
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protective effect against systemic and intestinal inflammation in LPS-induced CB57BL/6 mice.
That study discovered that LPS induction increased the expression of pro-inflammatory genes
such as IL-6 up to 103.6-fold, Tnfo up to 48.8-fold, Tnfa receptor (Tnfar) up to 5.1-fold, Ifny
up to 22.3-fold, and STAT3 3.6 times. In the presence of pre-treatment of the falcarinol ethanol
extract, the expression level of pro-inflammatory genes (IL-6, Tnfa/Tnfor and Ifny) was
equivalent to that of the negative control (not LPS induced), and the expression of STAT3
increased 2-fold. Gastrointestinal inflammation is an important issue because disruption of the
gastrointestinal barrier is an indication of early deviations from body’s homeostasis state,
which lead to the development of more serious and various diseases such as autoimmune, food
allergy, obesity, and chronic disorders (Stefanson & Bakovic, 2018). According to the findings
of these studies, the potency of falcarinol in alleviating inflammation could be beneficial in the

treatment and prevention of diseases in the gastrointestinal tract or other systems.

4.2.3. Ascorbic Acid

Apart from being rich in provitamin A, carrots also rich in vitamin C (Char, 2018).
Vitamin C is a water-soluble vitamin founded in various fruits and vegetables (Devaki &
Raveendran, 2017). Vitamin C in carrots is available in the form of ascorbic acid. This vitamin
also functions as an antioxidant by scavenging free radicals, thus improving oxidative stress
conditions. Vitamin C exerts antioxidative activity by transferring electrons in both enzymatic
and non-enzymatic processes to generate less reactive molecules (Akbari et al., 2016).

Ascorbic acid has antiviral properties, and a recent meta-analysis suggested that
administering large doses of ascorbic acid relieved common cold symptoms and duration of
sickness (Ran et al., 2018). An enhanced immune response and resistance against viral

infections by increasing IFN-o/p was observed in the lungs infected with the Influenza A virus
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in vitamin C deficient mice after the intervention of sodium L-ascorbate (3.3 g/L) for 3 weeks
(Kim et al., 2013).

As an antioxidant, ascorbic acid protected lymphocytes from oxidative impairment
(Lenton et al., 1999). Supplementation of 1 gram of ascorbic acid for 38 days also decreased
the level of IgE and histamine in a swine model induced with soybean glycinin hypersensitivity,
indicating a reduce in anaphylactic reactions (Sun et al., 2009). A review summarized another
role of ascorbic acid in modulating the immune system is by influencing the functioning and
growth of T lymphocytes and NK cells (VVan Gorkom et al., 2018). Administration of 100 uM
of vitamin C also regulated the cytokines by decreasing IFN-y and TNF-a, as well as increasing
the production of IL-10 in human lymphocytes in vitro model (Molina et al., 2014). At 48 and
72 hours after ascorbic acid intervention, splenocytes of C57BL/6 mice induced by LPS or
concavalin-A (con-A) showed an upregulation of anti-inflammatory cytokines such as IL-4 and
IL-10, as well as downregulation in the expression of pro-inflammatory cytokines such as IL-
6, IL-12, and TNF-q, indicating a decrease in pain caused by inflammation (Kong et al., 2015).
Mechanism of ascorbic acid in reducing TNF-a and IL-6 production is also involving
regulatory effects on the NF«kB pathway by suppressing the production and signaling of ROS

in NF«B transcription (Bowie & O’Neill, 2000; Carcamo et al., 2002; Peng et al., 2005).

5. Challenges and future development

This review shows the potential of carrot has a huge variety of bioactive compounds
that can be used as nutritional/therapeutic agents to modulate the immune system, either on
inflammatory processes, antioxidant or redox balance, or on immune components in general.
Nowadays, because of the escalating cost of immune therapy, natural medicines produced from
plants are becoming more popular. Carrots, in particular, have a significant potential in the

prevention or treatment of immune-related disorders due to their widespread availability and
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low cost. This suggests that developing carrot-based products, such as functional foods or
supplements, might be a viable therapy for various immune-mediated diseases, metabolic
disorders, inflammatory diseases, and infectious diseases.

However, there are several issues that must be addressed in future study. First, it is
important to emphasize the study to characterize the phytochemical composition of carrots
using established analytical methods or active markers, as well as the best extraction methods
that optimize the yield. The raw carrots, which are essential parts of the studies, must be
verified in terms of origin, cultivation condition, and plant identification. Such parameters are
essential in such research to produce replicable outcomes in pharmacological or clinical trials,
enabling appropriate comparability. Though, many studies have yet to specifically examine the
biochemical components of carrots for bioactive qualities such as antioxidant, anti-
inflammatory, and immunomodulatory activity. It is recommended that analysis of bioactive
components be used to evaluate the immunomodulatory activity of carrots, because, in this
literature review, one of the bioactive chemical components that have been specifically
identified for their effect on modulating the immune system is B-carotene and falcarinol.

Second, many studies currently use carrot interventions in the form of juice or extract,
whereas interventions using isolated bioactive compounds from carrots only include -carotene
and falcarinol. This is a concern since it is difficult to determine which bioactive compounds
have been shown to be effective in immunomodulatory pathways when utilizing an
intervention in the form of a mixture. Specific bioactive compound identification can be used
to prevent misleading results. If this issue is not addressed, it will adversely affecting the
studies' results. Then, in relation to experimental studies, it is crucial to extensively define the
experimental procedures and compare he intervention with standard therapy in order to fully
understand the function of active compounds from carrots in immune system modulation.

Additionally, toxicological investigation is also necessary to ensure the continuity of clinical
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studies. Thus, further research was suggested to conduct Phase I to Il clinical trials to
determine the mechanisms, pharmacokinetics, safety and effectiveness of the

immunomodulatory effects of carrots.
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Figure 3. Carrot’s immunomodulatory effect future research and development.

The ability of immune system to prevent diseases strongly influenced by the nutritional
status of host. The discussion in this review suggested that the carrots can be used as a potent
immunomodulator and when ingested could enhance the both cell-mediated and humoral
immunity of host, either through their antioxidant or anti-inflammation properties. Carrots have

the capacity to enhance the pharmaceutical, food, medical, and agricultural industries. Carrots
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are becoming increasingly popular as a result of increased public health awareness due to its
high nutritional content and health advantages

In future, collaborations between researchers in various fields such as chemists,
biologists, clinicians, and pharmacists as well as industrialist are needed for further exploration
regarding the influence of carrots on the human immunity (Fig. 3). It has been explained that
carrots contain bioactive compounds such as carotenoids, flavonoids, phenolic acids,
polyacetylenes, and ascorbic acid, which have been proposed to have immunomodulatory
effects; therefore, chemists may develop bioactive compounds isolated from carrots in the
future. There has been a lot of development of genetically modified plant breeding to enhance
the amount of phytonutrients and biomarkers for dietary health, for instance, red-fleshed apples
are rich in anthocyanins (Espley et al., 2013; Sekido et al., 2010), therefore researchers in this
area of expertise such as biologists may develop genetically modified carrots high in p-carotene
in order to enriched the nutritional benefit of carrots.

Nutraceuticals can be used as alternative supplementation in disease management as
well as to maintain a healthy lifestyle. Carrot-based nutraceutical products enriched with -
carotene and antioxidant properties have been developed in the form of carrot-mix juice, carrot
jam, and carrot candies (Riaz et al., 2022). Other carrot-based product development is also
encouraged in order to create a more diverse functional foods, therefore it can reach a broader
consumer target. Furthermore, carrot-based supplements can also be developed by the
pharmacists as single compounds or as phytocomplexes. Following pre-clinical and clinical
research, carrot-based supplements or nutraceuticals can be used as human interventions as a
complementary treatment in immune-related diseases.

Therefore, collaborations between researchers in various fields such as chemists,
biologists, clinicians, and pharmacists as well as food industry are needed for further

exploration regarding the influence of carrots on the human immunity (Fig. 3). Collaboration
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between researchers and industry can be a benefit in order to fasten the discoveries of this

vegetable’s benefits.

6. Conclusion

Carrot bioactive compounds such as [-carotene, phenolic acids, flavonoids,
polyacetylenes, and ascorbic acid were found to have immunomodulatory activities via anti-
inflammatory, antioxidant, and immune system pathways. On the anti-inflammatory pathway,
the bioactive substances in carrots inhibition of pro-inflammatory responses and improvement
of the anti-inflammatory cytokine levels, and promoted signaling pathways related to
inflammation prevention. On the antioxidant pathway, carrots’ bioactive substances carrots
ameliorated oxidative stress by eliminating ROS and thus reduced oxidative stress parameters,
increased antioxidant enzymes and oxidative stress prevention mechanism to achieve an
improvement in antioxidant status. Immunomodulating effects of carrots also included the
regulation of antibodies, leukocytes, immunoglobulins and histamine.

[-carotene is one of the most commonly encountered provitamin A and was abundant
in carrots. B-carotene acts as an immunomodulator by regulating leukocyte formation and
activity, enhancing immunoglobulin production, modulating inflammatory cytokine release,
and decreasing pro-inflammatory mediators. One of the ways p-carotene controls the immune
system is through redox balance alterations related to lipid peroxidation and antioxidant
enzymes.

These immunomodulatory characteristics is one of the efforts to maintain the balance
of immune response and oxidant-antioxidant status in the body. Thus, it could be suggested
that carrots have the potential to maintain the optimal immunity. Many studies have yet to
precisely study carrot’s biochemical components for bioactive properties such as antioxidant,

anti-inflammatory, and immunomodulatory activity. Collaborative works are suggested to
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further investigate bioactive components as well as underlying processes, specifically carrot

immunomodulatory action and future accessability of carrot-based products.
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ARTICLE INFO ABSTRACT

Keywords:
Daucus carota L.

Carrots (Daucus carota L.) are vegetables proven to have nutraceutical effects and beneficial for health due to its
natural bioactive substances. One of the potential of carrots to maintain optimum health status is by regulating
immune response. This literature review summarized the proposed immunomodulatory mechanisms of the
antioxidant properties of carrot’s p-carotene and other bioactive compounds such as phenolic acid, flavonoid,
polyacetylene and ascorbic acid via the anti-inflammatory, antioxidant and overall (innate and adaptive) im-
mune response modulation. Overall, carrot’s bioactive compounds regulated pro-inflammatory and anti-
inflammatory cytokines, reduced oxidative stress by decreasing the reactive oxygen species accumulation and
improving antioxidant capacity and the expression of genes in order to prevent more damaging oxidative
destruction. Carrots also modulated the immune components by regulating leukocytes, antigens, immunoglob-
ulins, and histamine levels. Thus, the immunomodulatory activity makes cairots as a functional food source that
has the potential to prevent and treat various diseases.

Immunomodulator
Oxidative stress
Inflammation
Bioactive compound

1. Introduction immune response (Delves & Roitt, 2000). The immune system identifies

and eliminates pathogens while inducing inflammation, cell or tissue

The immune system system is critical to the body’s physiological and
immunological function, therefore any disturbance in the immune sys-
tem can lead to various diseases (Agita & Thaha, 2017; Coussens &
Werb, 2002). The immune is a complex framework designed primarily of
leukocytes and various immune components such as antibodies, pro-
teins, and cytokines that act as the first defense mechanism against
numerous harmful substances in the environment. This interplay of
diverse immune components facilitates the establishment of an optimum

damage, cell death, and wound healing in order to preserve redox bal-
ance in immune cells in order to prevent various disorders. If homeo-
stasis is not maintained, immune-mediated diseases, metabolic
disorders, and inflammatory diseases will develop, as well as suscep-
tibily to infectious diseases such as corona virus disease of 2019 (COVID-
19) (Adapa et al., 2011; Q. Li et al., 2022; Nardy et al., 2015; Paragh
et al., 2014).

Nutrition is one of the factors that influences the immune system. For
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clusters of differentiation; con-A, concavalin-A; COVID-19, corona virus disease of 2019; COX2, cyclooxygenase-2; CUPRAC, cupric reducing antioxidant capacity;
FFA, free fatty acid; FRAP, ferric reducing antioxidant power; GPx, glutathione peroxidase; HO-1, heme oxygenase-I; hsCRP, high-sensitivity C-reactive protein; IBD,
inflammatory bowel disease; IFN-y, interferon y; IgA, immunoglobulin A; IgE, immunoglobulin E; IL, interleukin; JAK-STAT, janus kinase-signal transducer and
activator of transcription; JNK, jun N-terminal kinase; LPS, lipopolisaccharide; MAPK, mitogen-activated protein kinases; MCP-1, monocyte chemoattractant protein-
1; MDA, malondialdehyde; NFkB, nuclear factor kappa-B; NK-cell, natural killer-cell; NLRP3, the nucleotide-binding domain (NOD)-like receptor protein 3; NO, nitric
oxide; N1f2, nuclear factor erythroid 2-related factor 2; PGE2, prostaglandin E2; RA, rheumatoid arthritis; ROS, reactive oxygen species; SARS-CoV-2, severe acute
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Fig. 1. Immunomodulator Mechanism via Antioxidant and anti-Inflammation Properties. Th1, T helper type 1; Th2, T helper type 2; TNF-a, tumor necrosis factor-a;

IFN-y, interferon-y; IL, interleukin.

instance, nutritional deficit may result in decreased immune responses,
and supplementation of those specific components would often restore
the compromised immune responses (Venter et al, 2020). Optimal
nutrition intake affects the immune response through regulating various
genes expression and signaling molecules (Farhan Aslam et al., 2017).
Immunomodulators are components that regulate the body’s immune
system (Venkatalakshmi et al., 2016). Immunomodulators are not only
available in endogenous form, but also from exogenous sources whose
mechanism of action is often based on antioxidant properties. Studies
have been able to prove that some natural antioxidants from plants can
act as natural immunomodulators. Immunomodulators from antioxidant
source maintain health status through regulation of the oxidant-
antioxidant balance and immune response. Antioxidants operate either
directly or indirectly, by eliminating reactive oxygen-nitrogen species
or enhancing the body’s antioxidant balance, so that immune and in-
flammatory responses may be regulated (Ortuno-Sahagtin et al., 2017).

Currently, many bioactive compounds from plants have been
investigated for their potential benefits as immunomodulators (Ven-
katalakshmi et al., 2016). Turmeric, Echinacea, green tea, and chili
pepper are examples of plant sources with immunomodulatory effects
(Catanzaro et al., 2018; Griiter et al., 2020; Hasan et al., 2021; Rahayu
et al., 2018). However, intake from some of these sources are still
limited. Carrots (Daucus carota L.) are beneficial vegetables in the world
due to its massive production and its usage as food for public daily
intake, both in fresh and processed form. This vegetable has nutraceu-
tical effects and is beneficial for health due to its high natural bioactive
substances (Ahmad et al., 2019).

Carrots’ main carotenoid is f-carotene, a well-known and extensively
researched carotenoid. Carotenoids are phytonutrients that give fruits
and vegetables their unique yellow, orange, and red hues. p-carotene
provides a variety of health benefits in addition to providing color in
food. It has a high antioxidant capacity and provides a number of health
advantages, including decreasing the risk of certain illnesses and can-
cers, strengthening the immune system, and protecting against age-

related eye degeneration (Gul et al., 2015).

A recent review has shown that carrots act as antioxidants, antidia-
betic, antimicrobial, nephroprotective, hepatoprotective, car-
dioprotective, anti-inflammatory and wound healing properties (Al-
Snafi, 2017). Moreover, carrots can also improve the immune system
and eye health (da Silva Dias, 2014; Mahammad Shakheel et al., 2017).
The previous review examined the protective effect of f-carotene against
gastric cancer based on epidemiological surveys (Chen et al., 2021). In
addition, p-carotene also plays a role in stimulating lipid catabolism,
which metabolizes lipids, which is one of the atherosclerotic factors of
cardiovascular disease (ASCVD) (Miller et al., 2020).

Although prior review have addressed the health benefits of carrot
bioactive compounds (da Silva Dias, 2014), especially p-carotene, the
specific immunomodulatory activities have not been well investigated as
the mechanism is known to be exceedingly complicated and remain
unclear. An experimental research discovered that administration of
carrot juice improved antioxidant capacity and decreased malondial-
dehyde after 3 months consumption of carrot juice (Potter et al., 2011).
A randomized cross-over study also noted an improvement in
interleukin-2 (IL-2) and tumor necrosis factor-o (TNF-a) in healthy men
after consumption of carrot juice or tomato juice in healthy men after
conducting 2-weeks low carotenoid periods (Watzl et al., 2003).
Therefore, the purpose of this literature review is to explore into the
potential immunomodulatory mechanism of carrots’ f-carotene and its
other bioactive compound.

2. Immunomodulator

Immunomodulator is defined as substance that modulate the
immunological response, either decreasing the immune response as a
type of therapy for autoimmune diseases or enhancing the immune
response to immuno-compromised conditions (Ilyas et al., 2016). Im-
mune system is defined as the body’s natural defense system against
disease and disorders (Sharma et al., 2017). The immune system is
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divided into innate and adaptive immune systems, both of which
determine a person’s ability to fight harmful agents. Innate immunity is
known as the first defense against pathogens and consists of epithelial
protection, antimicrobial proteins and peptides, humoral and cellular
components. Then, the adaptive immune system was activated by the
innate immune systems, which contributed in the foreign antigen rec-
ognitions (Tyagi, 2016). The adaptive immune responses consist of B
lymphocytes with antigens, T lymphocytes and regulatory T cells (Treg)
(Sharpe & Mount, 2015).

The main source of cytokines in the body is the T lymphocytes, in
which these cells have specific antigen receptors that enable pathogen
recognitions. T lymphocytes expressing the clusters of differentiation 4
(CD4) are known as T helper (Th) cells. This subset is further subdivided
into Th1 and Th2 cells, which produce Thl and Th2 cytokines, respec-
tively. Th1 cytokines tend to act as pro-inflammatory agents for intra-
cellular pathogens elimination. Th1 cytokines include TNF-q, interferon
v (IFN-y), interleukin 1p (IL-1p), IL-2 and interleukin 18 (IL-18). Th2
cytokines, on the other hand, are known to be more complex. Th2 cy-
tokines include the immunoglobulin response-related cytokines such as
interleukin 4 (IL-4), interleukin 5 (IL-5), interleukin 9 (IL-9), and
interleukin (IL-13), as well as pro-inflammatory interleukin 6 (IL-6) and
anti-inflammatory interleukin (IL-10). As a result, a balance of Th1 and
Th2 responses is required in order to combat pathogens effectively while
avoiding uncontrollable inflammation (Berger, 2000).

Inflammation is known as a normal physiological response of the
body’s immune system to counter harmful stimuli such as infections,
damaged cells and toxic compounds. Inflammatory responses, whether
acute or chronic, can cause tissue damage or disorders in the heart,
pancreas, liver, kidneys, lungs, brain, gastrointestinal tract, and repro-
ductive system. Infectious and non-infectious agents, as well as cell
damage, usually activate inflammarory signaling pathways such as nu-
clear factor kappa-B (NFkB), mitogen-activated protein kinases (MAPK),
and janus kinase-signal transducer and activator of transcription (JAK-
STAT) (Chen et al., 2018). Excessive inflammation exacerbates func-
tional disorders and tissue injuries (Bartold & Dyke, 2017). For example,
the hyper-inflammation that occurs in COVID-19 causes a “cytokine
storm” leading to acute respiratory distress syndrome (ARDS), pneu-
monia, organ failures, fibrosis, or even death (Channappanavar &
Perlman, 2017; Shi et al., 2020).

During the homeostatic state, several endogenous and external fac-
tors contribute to immunosuppression and immuno-stimulation (Jantan
et al., 2015), thus affecting the innate and adaptive immune response
(Fig. 1). Immune response modulation occurred to regulate the body’s
immune response in therapeutic and preventive attempts against caus-
ative agents (Rasheed et al., 2016; Razali et al., 2016). The use of im-
munomodulators is presently-one of the most pressing issues in the
treatment of numerous diseases (Sharma et al., 2015).

Application of plant-derived bioactive compounds has become one of
the primary areas of exploration for the natural immunomodulators
(Shukla et al., 2014). The use of natural immunomodulators is currently
increasingly being accepted in the world because of their wide range in
preventing and treating disease via changes in immune response or
oxidant-antioxidant status (Ajith et al., 2017).

The antioxidant defense system involves free radical reduction,
antioxidant enzyme activation and maintenance, enhancement of other
antioxidant mechanisms, and specific immunomodulatory effects (Ajith
et al., 2017). Plants that serve as natural immunomodulators have the
capacity to boost immunity by activating innate immune responses such
as activating immune cellular components, modifying cytokine profiles,
decreasing infection and inflammation. The immunomodulatory prop-
erties of these plants cannot be separated from their bioactive com-
pounds (Jantan et al., 2015).

3. Nutrition and bioactive contents of carrots

Daucus carota L., or commonly known as carrot, is a vegetable

Journal of Functional Foods 99 (2022) 105303

Table 1
Nutrition and Bioactive Contents in Cairots (per 100 g FW).

Component Amounts Unit Reference RDA (age 10-12
y.0)
Energy 41 keal USDA, 2015 2.05 %
Proximate
Moisture 88,3 g USDA, 2015 4,77 %
Carbohydrate 9,58 g USDA, 2015 3,19%
Protein 0,93 g USDA, 2015 1.86 %
Fat 0,24 g USDA, 2015 0,37 %
Fibre 2,80 g USDA, 2015 10 %
Ash 0,97 g USDA, 2015 4,77 %
Iron 0,3 mg USDA, 2015 3.75%
Magnesium 12 mg USDA, 2015 7.5%
Phosphorus 35 mg USDA, 2015 2.8%
Potassium 320 mg USDA, 2015 8.21%
Sodium 69 mg USDA, 2015 3.63 %
Calcium 33 mg USDA, 2015 2.75%
Zinc 0,24 mg USDA, 2015 3%
Manganese 0,14 mg USDA, 2015 26,6%
Vitamin B2 0,06 mg USDA, 2015 4.61 %
Vitamin B3 0,98 mg USDA, 2015 8.17 %
Folate 19 ug USDA, 2015 4.75 %
Vitamin C 5,90 mg USDA, 2015 11.8%
Total 4,50 mg Bahorun et al., -
Flavonoid 2004

Quercetin 1,50 mg Bahorun et al., -

2004
Luteolin 0,80 mg Bahorun et al., -

2004
Kaempferol 0,60 mg Bahorun et al., -

2004
Total Phenolic 89,30 mg Hellstrom et al., -

2020
Caffeic acid 41,10 mg Hellstrom et al., -

2020
Ferulic acid 7,10 mg Hellstrom et al., -

2020
p-coumaric 73,10 ug Rozan, 2017 -

acid
Carotenoids 12,71 mg Rozan, 2017 —
PCE

a-carotene 3,38 mg Rozan, 2017 -
p-carotene 8,21 mg Rozan, 2017 -
Falcarinol 359-1900 ug Rawson et al., -

2010
Falcarnidiol 154-18000 pg Acworth et al., -

2011
Falcarni-acetate 77-140 ug Acworth et al., -

2011

Abbreviation: USDA, United States Department of Agriculture.

belonging to the Apiaceae family (Bussmann et al., 2020). Based on
FAOSTAT 2021 data from the Food and Agriculture Organization (FAO),
in 2019, nearly 44.8 million tons of carrots and radishes were widely
produced for daily consumption (FAOSTAT, 2021). Carrots consist of
stems and roots in which the roots consist of the periderm, outer cortex
(phloem) and nucleus (xylem). The part of the carrot that is commonly
consumed is the root. High quality carrots have a greater proportion of
phloem than xylem (Char, 2018). The taxonomy of carrots from the
Integrated Taxonomic Information System (2022) database are as
follows:

Kingdom: Plantae.

Sub Kingdom: Viridiplantae.

Division: Tracheophyta.

Sub Division: Spermatophytina.

Class: Magnoliopsida.

Order: Apiales.

Family: Apiaceae.

Genus: Daucus L.

Species: Daucus carota L.

Orange carrots are the dominant type of carrots and are mostly used
in various cuisines both fresh or cooked. The rate of carrot consumption
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Table 2
The Roles of Carrot and its bioactive compound as immunomodulatory.

Journal of Functional Foods 99 (2022) 105303

Subjects Study Preparation Dose Route Duration Immunomodulatory Modulation Parameters/Mediator Ref
Design Activity Affected
BALB/c mice In vivo Organic and 70 g/ Oral 30 days immunestimulant in 1 Lymphocyte Roselli et al.,
conventional kg of intestinal and peripheral population, including (2012)
carrots feed immunity Treg
APAP-induced In vivo Carrot 500 Oral 7 days Oxidative stress l ALT, AST and 8-OHAG Saba et al.,
oxidative stress deuterium- mg/kg indicators (2019)
BALB/c mice depleted Antioxidant enzyme 1 SOD
aqueous extract
Cadmium-induced In vivo Carrot juice ad Oral 5 days Improve endogenous 1 Catalase, SOD, GPx Embugushiki
oxidative libitum antioxidant et al., (2013)
cytotoxic damage
in rats
High fructose diet-  In vivo Carrot juice 0.6 mL Oral 8 weeks Pro-inflammatory 1 MCP1 and hsCRP Mahesh et al.,
induced mediator (2017)
inflammation in
weaning wistar
rats
LPS-induced In vivo Carrot’s 5 mg/ Oral 7 days Immune homeostasis’s 1 Heme oxygenase-1 Stefanson &
CB57BL/6 mice falearinol kgBW regulator 8.42 times in mRNA Bakovic,
levels and 10.7 times in (2020)
protein levels
1 Plasma IL-4, IL-9, IL-
Cytokine release 10, IL-13, illustrating
the characteristics in
the improvement of
type 1 inflammation
LPS-induced In vivo Carrot’s 5 mg/ Oral 7 days Pro-inflammatory 1 IL-6, TNF-0/TNF-ar, Stefanson &
CB57BL/6 mice falearinol kgBW cytokines and IFNy gene Bakovic,
expression (2018)
Albino wistar rats In vivo Carotenoid 559 Oral 21 days White blood cells 1 lymphocytes, Ekam et al.,
extract from mg/kg eosinophils, monocyte (2006)

carrots

counts

|, decrease; 1, increase;

Abbreviations: APAP, Acetaminophen; LPS, lipopolisaccharide; Treg, T regulator; SOD, superoxide dismutase; GPx, glutathione peroxidase; MCP-1, monocyte che-
moattractant protein-1; hsCRP, high-sensitivity C-reactive protein; ALT, alanine transaminase; AST, aspaltate transaminase; IL, interleukin; TNF-a, tumor necrosis

factor-alpha

increased due to an increase in public awareness of carrots as functional
food thart is useful in supporting healthy lifestyle (Ergun, 2018). The
antioxidant activity of orange carrots based on the Ferric Reducing
Antioxidant Power (FRAP), 2,2'-Azinobis-(3-Ethylbenzthiazolin-6-Sul-
fonic Acid) (ABTS) and Cupric Reducing Antioxidant Capacity
(CUPRAC) were 1.22 mol TE/g, 1.22 mol TE/g and 3.07 mol TE/g fresh
weight, respectively (Singh et al., 2018). The following Table 1 presents
data on the nutritional and bioactive content of carrots.

4. Potential of carrots as immunomodulator

Carrots and their phytochemical compounds have been shown to
have potential as a natural immunomodulator through both antioxidant
and anti-inflammation properties, or by their modulation to other im-
mune components (Table 2). For example, Roselli et al. (2012) indicated
that organic carrot consumption at a rate of 70 mg/kg of feed for 30 days
stimulated intestinal and peripheral immunity, with an increase in
lymphocytes, including Treg. Saba et al. (2019) showed an improvement
in superoxide dismutase (SOD) after administration of carrot extract at
the dose of 500 mg/kg for 7 days in oxidative stress rats model. SOD
controls extracellular reactive oxygen species (ROS), which are known
to cause collateral tissue damage even though they are essential for the
immune system’s defense against pathogens (Break et al., 2012). In a
cytotoxic oxidative tissue damage model, Embugushiki et al. (2013) also
observed an improvement in the activity of antioxidant enzymes after 5

days of carrot juice intervention (as drinking water). As previously
stated, increasing the body’s antioxidant status by administrating nat-
ural antioxidant counteracts the impacts of inflammation and further
tissue injury through improvement of oxidative stress (Arulselvan et al.,
2016).

The body is constantly in a condition of equilibrium between the
formation and elimination of free radicals. The catalase, glutathione
reductase, and SOD antioxidant enzymes, as well as glutathione, urate,
coenzyme Q, or exogenous stimuli such bioactive substances like
f-carotene, are all parts of the body’s natural defensive system against
free radicals. Because of the neutrophil-produced free radicals, the im-
mune system’s defense against infections serves as one of the sources of
ROS generation. Micronutrient deficiency was known to cause a dete-
rioration in immune function, both innate and adaptive, thereby
rendering the body susceptible to pathogen attack as a consequence of
immune imbalance. Thus, it was critical to consume bioactive com-
pounds that serve as antioxidants in order to maintain a balanced im-
mune response (Brambilla et al., 2008).

Carrots contain a variety of bioactive compounds, including flavo-
noids, phenolic acids, carotenoids, polyacetylene, and ascorbic acid.
Those bioactive compound was shown to have immunomodulatory
properties due to their antioxidant, anti-inflammatory, and regulatory
properties of innate and adaptive immune response components. These
modulatory activities included the suppression and stimulation of in-
flammatory cytokines, antioxidative activity through ROS scavenging
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activity and improvement in endogenous antioxidant defense, as well as
modulating pro-inflammatory and anti-inflammatory signaling path-
ways (Fig. 2).

Carotenoids are isoprenoids present in a variety of plants, including
carrots. Carotenoids are acyclic molecules with five to six C rings at one
or both ends (Sharma et al., 2012). Carotenoids’ color variation is
caused by conjugated double bonds in polyene chains that function as
chromophore (Rodriguez-Concepcion & Stange, 2013; Ruiz-Sola &
Rodriguez-Concepcion, 2012). The main carotenoids present in orange
carrots are o-carotene and B-carotene (Seltoft et al., 2011).

f-carotene is a secondary metabolite produced by plants that belongs
to the non-oxidized carotenoids group. p-carotene possesses a long chain
of conjugated double bonds due to its role as a polyene compound of the
derived acyclic structure (Fratianni et al., 2010; Meléndez Martinez
et al., 2010). Carotenoids, which have the same structure as retinol
molecules, exhibit vitamin A activity, with p-carotene having the highest
bioactivity as a vitamin A precursor. It is the most potent vitamin A
precursor and occurs naturally as a combination of several isomers (cis
and trans) of the f-carotene molecule (Toti et al., 2018). In vivo model
indicated that long-term consumption of p-carotene reduced the pro-
duction of malondialdehyde (MDA), the end product of lipid peroxida-
tion (Hosseini et al., 2010).

MDA is an oxidative stress biomarker that contributes in maintaining
balance of physiological functions, including innate and adaptive im-
mune responses, thus affecting pathological conditions such as neuro-
degenerative diseases, metabolic diseases, cancers and also infectious
diseases (Papac-Milicevic et al., 2016). For instance, in some autoim-
mune disorders, such as systemic lupus erythematosus (SLE), MDA
levels are elevated due to metabolic dysregulation and increased ROS.
Suppressing excess MDA in interventions is therefore advantageous
(Hardt et al., 2018).

4.1. Immunomodulatory effect of p-carotene

Katsuura et al. (2009) showed that p-carotene administration in a
time and dose-dependent manner was positively correlated with lipid
peroxidation and glutathione synthesis, as well as negatively correlated
with the transcription of cytokines such as IL-1p, IL-6, and IL-12, in
lipopoliscaccharide (LPS) and INF-gamma-induced RAW264 cells. This
indicated that p-carotene triggers changes in intracellular redox status
thereby regulating the immune function of macrophages.

Monocyte chemoattractant protein-1 (MCP-1) is a CC-chemokine
that plays an important role in the inflammatory process by attracting
or increasing the expression of inflammatory factors/cells. MCP-1 is
involved in the pathogenesis of a variety of diseases, both directly and
indirectly, including COVID-19, cancer, neuroinflammatory diseases,
rheumatoid arthritis, and cardiovascular disease (Deshmane et al.,
2009). In high-fructose diet-induced weaning rats, Mahesh et al. (2017)
demonstrated that 0.3 mL of p-carotene from carrot juice reduced the
level of free fatty acid (FFA), MCP-1 and high-sensitivity C-reactive
protein (hsCRP) by 50 %, 32 % and 40 % respectively. Ekam et al.,
(2006) analyzed the immunomodulatory effect of carotenoid extracts
(a-carotene and p-carotene) of carrots at a dose of 559 mg/kg for 21
days, increased levels of lymphocytes, eosinophils, monocytes and
platelets in male Wistar rats was observed.

In their investigation on weanling mice, Nishida et al. (2014)
discovered that p-carotene supplementation at a dose of 50 mg/kg feed
for 14 weeks elevarted the synthesis of immunoglobulin A (IgA) in the
jejunum or ileum. Retinoic acid-mediated immune response was
responsible for this outcome. Considering neonate and children are
susceptible to diarrhea and gastrointestinal infections, that study also
found an improvement in the immune response in the gastrointestinal
tract (Nishida et al., 2014). Nishiyama et al. (2011) investigated the
effect of p-carotene supplementation in pregnant mice during pregnancy
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and lactation on IgA parameters from mammary glands, guts, and
transfer of IgA from milk to neonate mice. Administration of 50 mg/kg
of p-carotene supplements from 6.5 days postcoitus to 14 days post-
partum showed an increased presence of IgA in the mammary glands
and ileum during lactation, thereby triggering increased transfer of
maternal milk IgA to neonate mice. IgA is the most abundant type of
antibody in the body, and it protects mucous glands from microbial
invasion while also maintaining immune homeostasis in the gastroin-
testinal, respiratory, and vaginal tracts. The protective immune response
against intestinal viral enteropathogens was dependent on the presence
of this immunoglobulin, which demonstrated the importance of IgA
(Blutt et al., 2012).

The JAK-STAT pathway is critical in combating the immune system’s
challenges, extending from infection prevention to cancer protection.
This function, however, must be maintained. Excessive and prolonged
JAK-STAT signaling occurs in practically all types of autoimmune dis-
orders (Villarino et al., 2015), as well as arthritis, Alzheimer disease, and
osteosarcoma (Chiba et al., 2009; Saravanan et al., 2014; Yan et al.,
2015). Signal transducer and activator of transcription 3 (STAT3), spe-
cifically, also contributes in the development of inflammartory disease
such as periodontitis and cancers (De Souza et al., 2011; Geiger et al.,
2016). One of the primary functions of the jun N-terminal kinase (JNK)/
p38 MAPK is to regulate the immune response, particularly in activating
stress. Therefore, pharmacological interventions capable of inhibiting
these pathways have been shown to be effective in alleviating inflam-
mation in the those diseases (Jeffrey et al., 2007; Kumar et al., 2003;
Manning & Davis, 2003). Yang et al. (2021) showed that administration
of B-carotene for 7 days remarkably reduced production of nitric oxide
(NO), prostaglandin E2 (PGE2), TNF-a, and IL-1f in LPS-induced intes-
tinal inflammation. Moreover, there was suppression of mRNA expres-
sion of IL-1p and TNF-a was observed after intervention. The postulated
mechanisms for these findings included autophagy regulation as well as
JAK2/STAT3 and JNK/p38 MAPK inflammatory pathways.

According to a prior review, p-carotene inhibits ROS-mediated in-
flammatory signaling, including the MAPK pathway and redox-sensitive
transcription factors, as well as the production of inflammatory media-
tors including IL-8, nitric oxide synthase (NOS), and cyclooxygenase-2
(COX2) (Kang & Kim, 2017). The anti-inflammation mechanism of
p-carotene was related to the reduction of the NF«kB inflammatory
pathway and suppression of ROS production (Di Tomo et al., 2012). A
variety of inflammatory disorders, including rheumatoid arthritis (RA),
inflammatory bowel disease (IBD), multiple sclerosis, atherosclerosis,
SLE, type I diabetes, chronic obstructive pulmonary disease, and
“cytokine storm” in COVID-19, have been linked to NFxB activation
(Hariharan et al., 2021; Pai & Thomas, 2008). Since uncontrolled NFkB
activation is linked to these multiple inflammatory conditions, targeting
NFxB signaling is a viable approach for anti-inflammartory therapy (Liu,
Zhang et al., 2017, Liu, Shen et al., 2017). Zhou et al. (2018) discovered
that p-carotene blocked the NFkB activation pathway and diminished
the production of pro-inflammatory cytokines. Furthermore, this study
revealed that -carotene treatment markedly reduced oxidative stress by
lowering ROS, MDA, and NO while increasing SOD. van Helden et al.
(2013) showed a depletion in mRNA expression of pro-inflammatory
genes associated with the NFkB pathway involved in the production
and regulation of IFN in lungs, liver and adipose tissue in p-carotene
15,15"-monooxygenase 1 knockout (Bemol”") mice after 14 days of
p-carotene supplement intervention.

4.2. Other bioactive compound in carrots as immunomodulator

4.2.1. Phenolic acid and flavonoid

The most abundant phenolic acid in carrots is chlorogenic acid, such
as caffeic, ferulic and p-coumaric acids (Arscott & Tanumihardjo, 2010).
Caffeic acid influenced antibody production and inflammatory
signaling, improving oxidative state in severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infected individuals (Adem et al.,
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2021). Ferulic acid pre-treatment (50 mg/kg) for 30 days reduced LPS-
induced inflammation by upregulating IL-1, IL-6, TNF-a, and IL-10
production. Acute ARDS was improved by ferulic acid’s antioxidative
and anti-inflammatory effects via inhibition of the MAPK inflammartory
pathway, which subsequently resulted in decreased MDA and myelo-
peroxidase, as well as an increase in antioxidant status (Zhang et al.,
2018). Other study had shown that ferulic acid intervention for 4 weeks
regulated NF«xB pathway at the dose of 40 mg/kg and the nucleotide-
binding domain (NOD)-like receptor protein 3 (NLRP3) inflammasome
at the doses of 40 and 80 mg/kg, characterized by decreased levels of
TNF-a, IL-1p, and IL-6 mRNA expression in stressed-induced mice (Liu,
Zhang et al., 2017, Liu, Shen et al., 2017).

Like NFkB, the NLRP3 inflammasome promotes inflammation. In
several inflammartory conditions like Alzheimer’s, atherosclerosis, atrial
fibrillation, osteoarthritis, cancer, and autoimmune illnesses like SLE
and IBD, NLRP3 modulate the inflammation response in innate immune
system (Wang et al., 2020). On the contrary, NLRP3's role in inflam-
mation makes it essential for the elimination of viruses (Zhao & Zhao,
2020). Thus, modulating these pathways is vital for therapeutic treat-
ment. P-coumaric acid had been shown to ameliorate LPS-induced
oxidative damage through ROS scavenging activity and oxidative
stress improvement in inflammatory state of the lungs (Kheiry et al.,
2020).

The main flavonoids detected in orange carrots were quercetin,
luteolin and kaempferol (Bahorun et al., 2004). Quercetin inhibited
NFxB and IL-6 signaling, which exhibited an anti-inflammatory impact.
The administration of quercetin remarkably reduced LPS-induced lung
inflammation, as seen by lower levels of neutrophils, lymphocytes, and
pro-inflammatory cytokines in the lungs (Huang et al., 2015). Quercetin
also inhibited the activation of the NLRP3 inflammasome, IL-1a, IL-6,
and IL-18 secretion (Jiang et al., 2016). Luteolin at a dose of 50 mg/
kg reduced TNF-a, IL-1p and IL-6 production (Lodhi et al., 2020). In LPS-
induced bronchopneumonia model, luteolin reduces inflammatory
injury by regulating the expression of microRNA-132, thereby inhibiting
NF«B pathway (Liu & Meng, 2018). microRNA-132 is RNA molecule the
involved in the inflammation suppression during wound healing (Li
et al., 2015). Kaempferol acted as an anti-inflammatory agent by sup-
pressing the binding of NFkB from DNA decreasing the secretion of pro-
inflammatory cytokines, inhibiting toll-like receptor 4 (TLR4) which
acted as a trigger in pro-inflammatory response, and increasing
expression of nuclear factor target gene mRNA and nuclear factor E2-
related factor 2 (Nrf2) which was involved in oxidative damage pre-
vention (Nam et al., 2017; Saw et al., 2014; Tang et al., 2015; R. Zhang
etal., 2017). It may be inferred that the majority of these flavonoids and
phenolic acids’ immunological actions are connected to their anti-
inflammatory properties and facilitate the protection of oxidative
damage. This is important since many inflammatory and infectious
diseases depend on the inflammatory process, as demonstrated by its
influence on lung disorders like as ARDS, bronchopneumonia, and lung
inflammation.

4.2.2. Polyacetylene

Polyacetylene is a non-volatile phytochemical group consisting of at
least two C—C triple bonds. Carrots contain polyacetylene such as fal-
carinol, falcarindiol, and falcarindiol 3-acetate (Christensen, 2012;
Dawid et al., 2015). Recent review showed that polyacetylene has the
potential in improving health status due to its antitumor, antifungal,
anti-inflammatory, antibacterial and serotogenic properties (Dawid
et al., 2015).

The transcription factor nuclear factor (erythroid-derived 2)-like 2
(Nrf2) defend against intestinal inflammation and oxidative damage.
Falcarinol was shown to be a dietary immunosuppressant in individuals
with gastrointestinal inflammation, such as IBD, celiac disease, colitis,
and enteritis (Stefanson & Bakovic 2020). Stefanson & Bakovic (2020)
proved that falcarinol extract supplementation of 5 mg/kg given twice
daily for a week enhanced the heme oxygenase-1 (HO-1) expression,
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which is the target enzyme of Nrf2. This research also observed an in-
crease in IL-4, 1L-9, IL-10, and IL-13, indicating a decrease in inflam-
mation after falcarinol ethanolic extracts administration in LPS-induced
oxidative stress mice. Stefanson & Bakovie (2018) also demonstrated
that pre-treatment of falcarinol extract at a dose of 5 mg/kg twice a day
for 7 days prevented pro-inflammatory genes elevation proving its
protective effect against systemic and intestinal inflammation in LPS-
induced CB57BL/6 mice. That study discovered that LPS induction
increased the expression of pro-inflammatory genes such as IL-6 up to
103.6-fold, Tnfa up to 48.8-fold, Tnfa receptor (Tnfar) up to 5.1-fold, Ifny
up to 22.3-fold, and STAT3 3.6 times. In the presence of pre-treatment of
the falearinol ethanol extract, the expression level of pro-inflammatory
genes (IL-6, Tnfa/Tnfar and Ifny) was equivalent to that of the negative
control (not LPS induced), and the expression of STAT3 increased 2-fold.
Gastrointestinal inflammation is an important issue because disruption
of the gastrointestinal barrier is an indication of early deviations from
body’s homeostasis state, which lead to the development of more serious
and various diseases such as autoimmune, food allergy, obesity, and
chronic disorders (Stefanson & Bakovic, 2018). According to the find-
ings of these research, falcarinol’s ability to reduce inflammation may be
useful in the treatment and prevention of disorders of the gastrointes-
tinal tract or other systems.

4.2.3. Ascorbic acid

Apart from being rich in provitamin A, carrots also rich in vitamin C
(Char, 2018). Vitamin C is a water-soluble vitamin founded in various
fruits and vegetables (Devaki & Raveendran, 2017). Vitamin C in carrots
is available in the form of ascorbic acid. This vitamin also functions as an
antioxidant by scavenging free radicals, thus improving oxidative stress
conditions. Vitamin C exerts antioxidative activity by transferring
electrons in both enzymatic and non-enzymatic processes to generate
less reactive molecules (Akbari et al., 2016).

Ascorbic acid has antiviral properties, and a recent meta-analysis
suggested that administering large doses of ascorbic acid relieved
common cold symptoms and duration of sickness (Ran et al., 2018). An
enhanced immune response and resistance against viral infections by
increasing IFN-a/f was observed in the lungs infected with the Influenza
A virus in vitamin C deficient mice after the intervention of sodium r-
ascorbate (3.3 g/L) for 3 weeks (Kim et al., 2013).

As an antioxidant, ascorbic acid protected lymphocytes from oxida-
tive impairment (Lenton et al., 1999). Supplementation of 1 g of
ascorbic acid for 38 days also decreased the level of IgE and histamine in
a swine model induced with soybean glycinin hypersensitivity, indi-
cating a reduce in anaphylactic reactions (Sun et al., 2009). A review
summarized another role of ascorbic acid in modulating the immune
system is by influencing the functioning and growth of T lymphocytes
and NK cells (Van Gorkom et al., 2018). Administration of 100 pM of
vitamin C also regulated the cytokines by decreasing IFN-y and TNF-q, as
well as increasing the production of IL-10 in human lymphocytes in vitro
model (Molina et al., 2014). At 48 and 72 h after ascorbic acid inter-
vention, splenocytes of C57BL/6 mice induced by LPS or concavalin-A
(con-A) showed an upregulation of anti-inflammatory cytokines such
as IL-4 and IL-10, as well as downregulation in the expression of pro-
inflammatory cytokines such as IL-6, IL-12, and TNF-a, indicating a
decrease in pain caused by inflammation (Kong et al., 2015). Mechanism
of ascorbic acid in reducing TNF-a and IL-6 production is also involving
regulatory effects on the NFkB pathway by suppressing the production
and signaling of ROS in NFkB transcription (Bowie & O’Neill, 2000;
Carcamo et al., 2002; Peng et al., 2005).

5. Challenges and future development

This review shows the potential of carrot has a huge variety of
bioactive compounds that can be used as nutritional/therapeutic agents
to modulate the immune system, either on inflammatory processes,
antioxidant or redox balance, or on immune components in general.
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Nowadays, because of the escalating cost of immune therapy, natural
medicines produced from plants are becoming more popular. Carrots, in
particular, have a significant potential in the prevention or treatment of
immune-related disorders due to their widespread availability and low
cost. This suggests that developing carrot-based products, such as
functional foods or supplements, might be a viable therapy for various
immune-mediated diseases, metabolic disorders, inflammatory diseases,
and infectious diseases.

However, there are several issues that must be addressed in future
study. First, it is important to emphasize the study to characterize the
specific phytochemical composition of carrots using established
analytical methods and determine the best extraction methods to opti-
mize the yield. The origin, plant identification and cultivation condition
such as climate of the raw material (carrot) must be verified. Such pa-
rameters are essential in such research to produce replicable outcomes
in pharmacological or clinical trials, enabling appropriate compara-
bility. Though, many studies have yet to specifically examine the
biochemical components of carrots for bioactive qualities such as anti-
oxidant, anti-inflammatory, and immunomodulatory activity. It is rec-
ommended that analysis of bioactive components be used to evaluate
the immunomodulatory activity of carrots, because, in this literature
review, one of the bioactive chemical components that have been spe-
cifically identified for their effect on modulating the immune system is
p-carotene and falcarinol.

Second, many studies used carrot interventions in the form of juice or
extract and the use of isolated bioactive compound was still limited. This
is a concern since it is difficult to determine which bioactive compounds
have been shown to be effective in immunomodulatory pathways when
utilizing an intervention in the form of a mixture. Specific bioactive
compound identification can be used to prevent these misleading re-
sults. Then, in relation to experimental studies, it is crucial to extensively
define the experimental procedures and compare the intervention with
standard therapy in order to fully understand the effects of carrot’s
bioactive compounds on immune system modulation. Additionally,
toxicological investigation is also necessary to ensure the continuity of
clinical studies. Thus, further research was suggested to conduct Phase 1
to III clinical trials to determine the mechanisms, pharmacokinetics,
safety and effectiveness of the immunomodulatory effects of carrots.

The ability of immune system to prevent diseases strongly influenced
by the nutritional status of host. The discussion in this review suggested
that the carrots can be used as a potent immunomodulator and when
ingested could enhance the both cell-mediated and humoral immunity
of host, either through their antioxidant or anti-inflammation proper-
ties. Carrots have the capacity to enhance the pharmaceutical, food,
medical, and agricultural industries. Carrots are becoming increasingly
popular as a result of increased public health awareness due to its high
nutritional content and health advantages.

It has been explained that carrots contain bioactive compounds such
as carotenoids, flavonoids, phenolic acids, polyacetylenes, and ascorbic
acid, which have been proposed to have immunomodulatory effects;
therefore, chemists may develop bioactive compounds isolated from
carrots in the future. There has been a lot of development of genetically
modified plant to enhance the amount of phytonutrients and biomarkers
for dietary health, for example, red-fleshed apples rich in anthocyanins
(Espley et al., 2013; Sekido et al., 2010), therefore researchers in this
area of expertise such as biologists may develop genetically modified
carrots high in p-carotene in order to enriched the nutritional benefit of
carrots.

Nutraceuticals can be used as alternative supplementation in disease
management as well as to maintain a healthy lifestyle. Carrot-based
nutraceutical products enriched with p-carotene and antioxidant prop-
erties have been developed in the form of carrot-mix juice, carrot jam,
and carrot candies (Riaz et al., 2022). Other carrot-based product
development is also encouraged in order to create a more diverse
functional foods, therefore it can reach a broader consumer target.
Furthermore, carrot-based supplements can also be developed in
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Fig. 3. Carrot’s immunomodulatory effect future research and development.

pharmaceutical industry as single compounds or as phytocomplexes.
Following pre-clinical and clinical research, carrot-based supplements
or nutraceuticals can be used as human interventions as a complemen-
tary treatment in immune-related diseases.

Therefore, future collaborations between researchers in various
fields such as chemists, biologists, clinicians, and pharmacists as well as
food industry are needed for further exploration regarding the influence
of carrots on the human immunity (Fig. 3). Collaboration between re-
searchers and industry can be a benefit in order to fasten the discoveries
of this vegetable’s benefits.

6. Conclusion

Carrot bioactive compounds such as p-carotene, phenolic acids, fla-
vonoids, polyacetylenes, and ascorbic acid were found to have immu-
nomodulatory activities via anti-inflammatory, antioxidant, and
immune system pathways. On the anti-inflammatory pathway, the
bioactive substances in carrots inhibition of pro-inflammatory responses
and improvement of the anti-inflammatory cytokine levels, and pro-
moted signaling pathways related to inflammation prevention. On the
antioxidant pathway, carrots’ bioactive substances carrots ameliorated
oxidative stress by eliminating ROS and thus reduced oxidative stress
parameters, increased antioxidant enzymes and oxidative stress pre-
vention mechanism to achieve an improvement in antioxidant status.
Immunomodulating effects of carrots also included the regulation of
antibodies, leukocytes, immunoglobulins and histamine.

B-carotene is one of the most commonly encountered provitamin A
and was abundant in carrots. -carotene acts as an immunomodulator by
regulating leukocyte formation and activity, enhancing immunoglobulin
production, modulating inflammatory cytokine release, and decreasing
pro-inflammatory mediators. One of the ways p-carotene controls the
immune system is through redox balance alterations related to lipid

peroxidation and antioxidant enzymes.

These immunomodulatory characteristics is one of the efforts to
maintain the balance of immune response and oxidant-antioxidant sta-
tus in the body. Thus, it could be suggested that carrots have the po-
tential to maintain the optimal immunity. Many studies have yet to
precisely study carrot’s biochemical components for bioactive proper-
ties such as antioxidant, anti-inflammatory, and immunomodulatory
activity. Collaborative works are suggested to further investigate
bioactive components as well as underlying processes, specifically carrot
immunomodulatory action and future accessability of carrot-based
products.

CRediT authorship contribution statement

Gemala Anjani: Conceptualization, Methodology, Validation,
Writing — review & editing, Supervision, Funding acquisition. Fitriyono
Ayustaningwarno: Conceptualization, Methodology, Validation,
Writing — review & editing, Supervision. Rafika Eviana: Methodology,
Formal analysis, Investigation, Data curation, Writing — original draft.

Declaration of Competing Interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Gemala Anjani reports financial support was provided by The Ministry
of Education, Culture, Research, and Technology of Indonesia.

Data availability

No data was used for the research described in the article.



G. Anjani et al.
Acknowledgment

The authors acknowledge the financial support from the Indonesia’s
The Ministry of Education, Culture, Research, and Technology “Match-
ing Fund” Funding Assistance Program Year 2021.

Gemala Anjani reports financial support was provided by The Min-
istry of Education, Culture, Research, and Technology of Indonesia.

Funding statement

This work was funded from the “Matching Fund” Funding Assistance
Program Year 2021, based on the Cooperation Agreement between the
Directorate General of Higher Education Institutions Ministry of Edu-
cation, Culture, Research, and Technology of Indonesia’s Ministry of
Education, Culture, Research, and Technology with Diponegoro Uni-
versity Number 3077/E3/PKS.08/KL/2021.

References

Acworth, L., Plante, M., Bailey, B., Crafts, C., & Waraska, J. (2011). Simple and Direct
Analysis of Falcarinol and other polyacetylenic Oxylipins in Carrots by Reverse
Phase HPLC and Charged Aerosol Detection. Planta Medica, 77(12), 1-5. https://doi.
org/10.1055/s-0031-1282199

Adapa, D., Sai, Y., Anand, S., Mehaboobi, S., & Aramalla, E. (2011). A Brief Review on
Immune Mediated Diseases. Journal of Clinical & Cellular Immunology, 02(03).
https://doi.org/10.4172/2155-9899.5s11-001

Adem, §., Eyupoglu, V., Sarfraz, L., Rasul, A., Zahoor, A. F., Ali, M., Abdalla, M.,
Ibrahim, I. M., & Elfiky, A. A. (2021). Caffeic acid derivatives (CAFDs) as inhibitors
of SARS-CoV-2: CAFDs-based functional foods as a potential alternative approach to
combat COVID-19. Phytomedicine, 85(August), Article 153310. https://doi.org/
10.1016/j.phymed.2020.153310

Agita, A., & Thaha, M. (2017). Inflammation, Immunity, and Hypertension. Acta. Med.
Indones. 2017; 49:158-165. Acta Medica Indonesiana, 49(2), 158-165.

Ahmad, T., Cawood, M., Igbal, Q., Arino, A., Batool, A., Sabir Tariq, R. M., Azam, M., &
Akhtar, S. (2019). Phytochemicals in daucus carota and their health
benefits—review article. Foods, 8(9), 1-22. https://doi.org/10.3390/
FOODS8090424

Ajith, Y., Dimri, U., Dixit, S. K., Singh, S. K., Gopalakrishnan, A., Madhesh, E.,

Rajesh, J. B., & Sangeetha, S. G. (2017). Inmunomodulatory basis of antioxidant
therapy and its future prospects: An appraisal. Inflammopharmacology, 25(5),
487-498. https://doi.org/10.1007/s10787-017-0393-5

Akbari, A., Jelodar, G., Nazifi, S., & Sajedianfard, J. (2016). An Overview of the
Characteristics and Function of Vitamin C in Various Tissues: Relying on its
Antioxidant Function. Zahedan. In Press Journal of Research in Medical Sciences.
https://doi.org/10.17795/zjrms-4037.

Al-Snafi, A. E. (2017). Nutritional and therapeutic importance of Daucus carota- A
review. IOSR Journal of Pharmacy (IOSRPHR), 07(02), 72-88. https://doi.org/
10.9790/3013-0702017288

Arscott, S. A., & Tanumihardjo, S. A. (2010). Carrots of many colors provide basic
nutrition and bioavailable phytochemicals acting as a functional food. Comprehensive
Reviews in Food Science and Food Safety, 9(2), 223-239. https://doi.org/10.1111/
j.1541-4337.2009.00103.x

Arulselvan, P., Fard, M. T., Tan, W. S., Gothai, S., Fakurazi, S., Norhaizan, M. E., &
Kumar, S. S. (2016). Role of Antioxidants and Natural Products in Inflammation.
Oxidative Medicine and Cellular Longevity, 2016. https://doi.org/10.1155/2016/
5276130

Bahorun, T., Luximon-Ramma, A., Crozier, A., & Aruoma, O. L. (2004). Total phenol,
flavonoid, proanthocyanidin and vitamin C levels and antioxidant activities of
Mauritian vegetables. Journal of the Science of Food and Agriculture, 84(12),
1553-1561. https://doi.org/10.1002/jsfa.1820

Bartold, P. M., & Dyke, T. E. Van. (2017). Host modulation: controlling the inflammation
to control the infection. Periodontology 2000, 75(1), 317-329. https://doi.org/
10.1111/prd.12169.

Berger, A. (2000). Science commentary: Thl and Th2 responses: What are they? British
Medical Journal, 321(7258), 424, https://doi.org/10.1136/bmj.321.7258.424

Blute, S. E., Miller, A, D., Salmon, S. L., Metzger, D. W., & Conner, M. E. (2012). IgA is
Important for Clearance and Critical for Protection from Rotavirus Infection. Mucosal
Immunologyogy. 5(6), 712-719. https://doi.org/10.1038/mi.2012.51.1gA

Bowie, A. G., & O’Neill, L. A. J. (2000). Vitamin C Inhibits NF-kB Activation by TNF Via
the Activation of p38 Mitogen-Activated Protein Kinase. The Journal of Inmnunology.
165(12), 7180-7188. https://doi.org/10.4049/jimmunol.165.12.7180

Brambilla, D., Mancuso, C., Scuderi, M. R., Bosco, P., Cantarella, G., Lempereur, L., Di
Benedetto, G., Pezzino, S., & Bernardini, R. (2008). The role of antioxidant
supplement in immune system, neoplastic, and neurodegenerative disorders: A point
of view for an assessment of the risk/benefit profile. Nutrition Journal. 7(29), 1-9.
https://doi.org/10.1186/1475-2891-7-29

Break, T. J., Jun, S., Indramohan, M., Carr, K. D., Sieve, A. N., Dory, L., & Berg, R. E.
(2012). Extracellular Superoxide Dismutase Inhibits Innate Immune Responses and
Clearance of an Intracellular Bacterial Infection. The Journal of Immunology, 188(7),
3342-3350. https://doi.org/10.4049/jimmunocl.1102341.Extracellular

Journal of Functional Foods 99 (2022) 105303

Bussmann, R. W., Batsatsashvili, K., & Kikvidze, Z. (2020). Daucus carota L. Apiaceae. In
Ethnobotany of the Mountain Regions of Central Asia and Altai (pp. 259-266). https://
doi.org/10.1007/978-3-030-28947-8 47.

Carcamo, J. M., Pedraza, A., Borquez-Ojeda, 0., & Golde, D. W. (2002). Vitamin C
suppresses TNFa-induced NFkB activation by inhibiting IkBa phosphorylation.
Biochemistry, 41(43), 12995-13002. https://doi.org/10.1021/bi0263210

Catanzaro, M., Corsini, E., Rosini, M., Racchi, M., & Lanni, C. (2018). Inmunomodulators
inspired by nature: A review on curcumin and Echinacea. Molecules, 23(11), 1-17.
https://doi.org/10.3390/molecules23112778

Channappanavar, R., & Perlman, S. (2017). Pathogenic human coronavirus infections:
Causes and consequences of cytokine storm and immunopathology. Seminars in
Immunopathology, 39(5), 529-539. https://doi.org/10.1007/s00281-017-0629-x

Char, C. D. (2018). Carrots. In Fruit and Vegetable Phytochemicals (p. 969).

Chen, L., Deng, H., Cui, H., Fang, J., Zuo, Z., Deng. J., Li, Y., Wang, X., & Zhao, L. (2018).
Oncotarget 7204 www.impactjournals.com/oncotarget Inflammatory responses and
inflammation-associated diseases in organs. Oncotarget, 9(6), 7204-7218. www.
impactjournals.com/oncotarget/.

Chen, Q. H., Wu, B. K., Pan, D., Sang, L. X., & Chang, B. (2021). Beta-carotene and its
protective effect on gastric cancer. World Journal of Clinical Cases, 9(23), 6591-6607.
https://doi.org/10.12998/wjcc.v9.i23.6591

Chiba, T., Yamada, M., & Aiso, S. (2009). Targeting the JAK2 / STAT3 axis in Alzheimer ’
s disease. Expert Opinion on Therapeutic Targets, 13(10), 1155-1168.

Christensen, L. P. (2012). Aliphatic C17-Polyacetylenes of the Falcarinol Type as
Potential Health Promoting Compounds in Food Plants of the Apiaceae Family.
Recent Patents on Food, Nutrition & Agriculturee, 3(1), 64-77. https://doi.org/
10.2174/2212798411103010064

Coussens, L. M., & Werb, Z. (2002). Inflammation and cancer. Nature, 420(6917),
860-867. https://doi.org/10.1038/nature01322

da Silva Dias, J. C. (2014). Nutritional and Health Benefits of Carrots and Their Seed
Extracts. Food and Nutrition Sciences, 05(22), 2147-2156. https://doi.org/10.4236/
fns.2014.522227

Dawid, C., Dunemann, F., Schwab, W., Nothnagel, T., & Hofmann, T. (2015). Bioactive
C17-Polyacetylenes in Carrots (Daucus carota L.): Current Knowledge and Future
Perspectives. Journal of Agricultural and Food Chemistry, 63(42), 9211-9222. https://
doi.org/10.1021 /acs.jafc.5b04357

De Souza, J. A. C., Nogueira, A. V. B., De Souza, P. P. C., Cirelli, J. A, Garlet, G. P., &
Rossa, C. (2011). Expression of suppressor of cytokine signaling 1 and 3 in ligature-
induced periodontitis in rats. Archives of Oral Biology, 56(10), 1120-1128, https://
doi.org/10.1016/j.archoralbio.2011.03.022

Delves, P. J., & Roitt, I. M. (2000). Advances in Immunology. The New England Journal of
Medicine, 343(1), 37-49. https://doi.org/10.12968,/bjha.2021.15.10.492

Deshmane, S. L., Kremlev, S., Amini, S., & Sawaya, B. E. (2009). Monocyte
chemoattractant protein-1 (MCP-1): An overview. Journal of Interferon and Cytokine
Research, 29(6), 313-325. https://doi.org/10.1089/jir.2008.0027

Devaki, S. J., & Raveendran, R. L. (2017). Vitamin C: Sources, Functions, Sensing and
Analysis. In Vitamin C (Issue August, p. 3). https://doi.org/10.5772/
intechopen.70162.

Di Tomo, P., Canali, R., Ciavardelli, D., Di Silvestre, S., De Marco, A., Giardinelli, A.,
Pipino, C., Di Pietro, N., Virgili, F., & Pandolfi, A. (2012). p-Carotene and lycopene
affect endothelial response to TNF-a reducing nitro-oxidative stress and interaction
with monocytes. Molecular Nutrition and Food Research, 56(2), 217-227. https://doi.
org/10.1002/mnfr.201100500

Ekam, V. S., Udosen, E. O., & Chigbu, A. E. (2006). Comparative effect of carotenoid
complex from Golden Neo-Life Dynamite (GNLD) and carrot extracted carotenoids
on immune parameters in albino Wistar rats. Nigerian Journal of Physiological Sciences
: Official Publication of the Physiological Society of Nigeria, 21(1-2), 1-4.

Embugushiki, Elisha, R., Gabriel, M. S., & Zebulon, O. (2013). Protective effect of carrot
juice pretreatment on cadmiuminduced oxidative cytotoxic damage to some rat
tissues. IOSR Journal of Pharmacy and Biological Sciences, 7(6), 55-62. https://doi.
0rg/10.9790/3008-0765562.

Ergun, M. (2018). Evaluating Carrot As a Functional Food. Middle East Journal of Science,
4(2), 113-119. https://doi.org/10.23884/mejs.2018.4.2.07

Espley, R. V., Bovy, A., Bava, C., Jaeger, S. R., Tomes, S., Norling, C., Crawford, J.,
Rowan, D., McGhie, T. K., Brendolise, C., Putterill, J., Schouten, H. J., Hellens, R. P.,
& Allan, A. C. (2013). Analysis of genetically modified red-fleshed apples reveals
effects on growth and consumer attributes. Plant Biotechnology Journal, 11(4),
408-419, https://doi.org/10.1111/pbi.12017

FAOSTAT. (2021). Crops and Livestock Products. Food and Agriculture Organization.
http://www.fao.org/faostat/en/#data/QCL.

Farhan Aslam, M., Majeed, S., Aslam, S., & Irfan, J. A. (2017). Vitamins: Key Role Players
in Boosting Up Immune Response-A Mini Review. Vitamins & Minerals, 06(01), 1-8.
https://doi.org/10.4172/2376-1318.1000153

Fratianni, A., Cinquanta, L., & Panfili, G. (2010). Degradation of carotenoids in orange
juice during microwave heating. LWT - Food Science and Technology, 43(6), 867-871.
https://doi.org/10.1016/j.lwt.2010.01.011

Geiger, J. L., Grandis, J. R., & Bauman, J. E. (2016). The STAT3 pathway as a therapeutic
target in head and neck cancer: Barriers and innovations. Oral Oncology, 56, 84-92.
https://doi.org/10.1016/j.oraloncology.2015.11.022

Griter, T., Blusch, A., Motte, J., Sgodzai, M., Bachir, H., Klimas, R., Ambrosius, B.,
Gold, R., Ellrichmann, G., & Pitarokoili, K. (2020). Immunomodulatory and anti-
oxidative effect of the direct TRPV1 receptor agonist capsaicin on Schwann cells.
Journal of Neuroinflammation, 17(1), 1-16. https://doi.org/10.1186/512974-020-
01821-5

Gul, K., Tak, A., Singh, A. K., Singh, P., Yousuf, B., & Wani, A. A. (2015). Chemistry,
encapsulation, and health benefits of pf-carotene - A review. Cogent Food &
Agriculture, 1, 1-12. https://doi.org/10.1080,/23311932.2015.1018596



G. Anjani et al.

Hardt, U., Larsson, A., Gunnarsson, L., Clancy, R. M., Petri, M., Buyon, J. P.,
Silverman, G. J., Svenungsson, E., & Gronwall, C. (2018). Autoimmune reactivity to
malondialdehyde adducts in systemic lupus erythematosus is associated with disease
activity and nephritis. Arthritis Research and Therapy, 20(1), 1-12. https://doi.org/
10.1186/513075-018-1530-2

Hariharan, A., Hakeem, A. R., Radhakrishnan, S., Reddy, M. S., & Rela, M. (2021). The
Role and Therapeutic Potential of NF-kappa-B Pathway in Severe COVID-19 Patients.
Inflammopharmacology, 29(1), 91-100. https://doi.org/10.1007 /s10787-020-00773-
9

Hasan, Z. Y. M., AlHalbosiy, M. M. F., & Al-Lihaibi, R. K. (2021). The Immunomodulation
Effect Of Purified Resveratrol Extracted From Black Grape Skin Cultivated In Iraq.
Journal of Natural Volatiles and Essential Oils, 8(4), 4490-4504.

Hellstrom, J., Granato, D., & Mattila, P. H. (2020). Accumulation of phenolic acids
during storage over differently handled fresh carrots. Foods, 9(10), 1-13. https://doi.
org/10.3390/foods9101515

Hosseini, F., Naseri, M. K. G., Badavi, M., Ghaffari, M. A., Shahbazian, H., & Rashidji, 1.
(2010). Effect of beta carotene on lipid peroxidation and antioxidant status following
renal ischemia/reperfusion injury in rat. Scandinavian Journal of Clinical and
Laboratory Investigation, 70(4), 259-263. htips://doi.org/10.3109/
00365511003777810

Huang, R., Zhong, T., & Wu, H. (2015). Quercetin protects against lipopolysaccharide-
induced acute lung injury in rats through suppression of inflammation and oxidative
stress. Archives of Medical Science, 11(2), 427-432. https://doi.org/10.5114/
aoms.2015.50975

Ilyas, U., Katare, D. P., Aeri, V., & Naseef, P. P. (2016). A review on hepatoprotective and
immunomodulatory herbal plants. Pharmacognosy Reviews, 10(19), 66-70. htips://
doi.org/10.4103/0973-7847.176544

Integrated Taxonomic Information System - Report. Daucus carota L. (2022). Integrated
Taxonomic Information System - Report. https://www.itis.
gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=29477#null,

Jantan, I., Ahmad, W., & Bukhari, S. N. A. (2015). Plant-derived immunomodulators: An
insight on their preclinical evaluation and clinical trials. Frontiers in Plant Science, 6,
1-18. https://doi.org/10.3389/fpls.2015.00655

Jeffrey, K. L., Camps, M., Rommel, C., & Mackay, C. R. (2007). Targeting dual-specificity
phosphatases: Manipulating MAP kinase signalling and immune responses. Nature
Reviews Drug Discovery, 6(5), 391-403. hrtps://doi.org/10.1038/nrd2289

Jiang, W., Huang, Y., Han, N., He, F., Li, M., Bian, Z., Liu, J., Sun, T., & Zhu, L. (2016).
Quercetin suppresses NLRP3 inflammasome activation and attenuates
histopathology in a rat model of spinal cord injury. Spinal Cord, 54(8), 592-596.
https://doi.org/10.1038/5¢.2015.227

Kang, H., & Kim, H. (2017). Astaxanthin and p-carotene in Helicobacter pylori-induced
Gastric Inflammation: A Mini-review on Action Mechanisms. Journal of Cancer
Prevention, 22(2), 57-61. https://doi.org/10.15430/jcp.2017.22.2.57

Katsuura, S., Imamura, T., Bando, N., & Yamanishi, R. (2009). p-Carotene and
pB-cryptoxanthin but not lutein evoke redox and immune changes in RAW264 murine
macrophages. Molecular Nutrition and Food Research, 53(11), 1396-1405. https://
doi.org/10.1002/mnfr.200800566

Kheiry, M., Dianat, M., Badavi, M., Mard, S. A., & Bayati, V. (2020). Does p-coumaric
acid improve cardiac injury following LPS-induced lung inflammation through
miRNA-146a activity? Avicenna Journal of Phytomedicine, 10(1), 50-57. https://doi.
0rg/10.22038/2jp.2019.13526

Kim, Y., Kim, H., Bae, S., Choi, J., Lim, S. Y., Lee, N., Kong, J. M., Hwang, Y., Kang, J. S.,
& Lee, W. J. (2013). Vitamin C Is an Essential Factor on the Anti-viral Immune
Responses through the Production of Interferon-a/p at the Initial Stage of Influenza A
Virus (H3N2) Infection. Immune Network, 13(2), 70. https://doi.org/10.4110/
in.2013.13.2.70

Kong, E. H., Ma, S. Y., Jeong, J. Y.. & Kim, K. H. (2015). Effects of L-ascorbic acid on the
production of pro-inflammatory and anti-inflammatory cytokines in C57BL/6 mouse
splenocytes. Kosin Medical Journal, 30(1), 41-49. https://doi.org/10.7180/
kmj.2015.30.1.41

Kumar, S., Boehm, J., & Lee, J. C. (2003). P38 MAP kinases: Key signalling molecules as
therapeutic targets for inflammatory diseases. Nature Reviews Drug Discovery, 2(9),
717-726. https://doi.org/10.1038/nrd1177

Lenton, K. J., Therriault, H., Fiilop, T., Payette, H., & Wagner, J. R. (1999). Glutathione
and ascorbate are negatively correlated with oxidative DNA damage in human
lymphocytes. Carcinogenesis, 20(4), 607-613. htips://doi.org/10.1093/carcin/
20.4.607

Li, D., Wang, A.. Liu, X., Meisgen, F., Griinler, J., Botusan, . R., Narayanan, S., Erikei, E.,
Li, X., Blomgvist, L., Du, L., Pivaresi, A., Sonkoly, E., Chowdhury, K., Catrina, S. B.,
Stahle, M., & Landén, N. X. (2015). MicroRNA-132 enhances transition from
inflammation to proliferation during wound healing. Journal of Clinical Investigation,
125(8), 3008-3026. https://doi.org/10.1172/JCI79052

Li, Q., Wang, Y., Sun, Q., Knopf, J., Herrmann, M., Lin, L., ... Shi, Y. (2022). Immune
response in COVID-19: What is next? Cell Death and Differentiation, 29(6),
1107-1122. https://doi.org/10.1038/541418-022-01015-x

Liu, T., Zhang, L., Joo, D., & Sun, S. C. (2017). NF-kB signaling in inflammation. Signal
Transduction and Targeted. Therapy, 2(April). https://doi.org/10.1038/
sigtrans.2017.23

Liu, X., & Meng, J. (2018). Luteolin alleviates LPS-induced bronchopneumonia injury in
vitro and in vivo by down-regulating microRNA-132 expression. Biomedicine and
Pharmacotherapy, 106(6), 1641-1649. https://doi.org/10.1016/j.
biopha.2018.07.094

Liu, Y. M., Shen, J. D., Xu, L. P., Li, H. B., Li, Y. C., & Yi, L. T. (2017). Ferulic acid inhibits
neuro-inflammation in mice exposed to chronic unpredictable mild stress.
International Immunopharmacology, 45, 128-134. https://doi.org/10.1016/].
intimp.2017.02.007

10

Journal of Functional Foods 99 (2022) 105303

Lodhi, S., Vadnere, G. P., Patil, K. D., & Patil, T. P. (2020). Protective effects of luteolin
on injury induced inflammation through reduction of tissue uric acid and pro-
inflammatory cytokines in rats. Journal of Traditional and Complementary Medicine,
10(1), 60-69. https://doi.org/10.1016/j.jteme.2019.02.004

Mahammad Shakheel, B., Saliyan, T., Satish, §., & Hedge, K. (2017). Therapeutic Uses of
Daucus carota: A Review. International Journal of Pharma And Chemical Research, 3
(2), 138-143. https://www.researchgate.net/publication/316430041_Therapeuti
c_Uses_of Daucus_carota_A_Review.

Mahesh, M., Bharathi, M., Reddy, M. R. G., Pappu, P., Vajreswari, U. K. P. A., &
Jeyakumar, S. M. (2017). Carrot juice ingestion attenuates high fructose-induced
circulatory pro-inflammatory mediators in weanling Wistar rats. Journal of the
Science of Food and Agriculture, 97(25), 1582-1591. https://doi.org/002/jsfa.7906.

Manning, A. M., & Davis, R. J. (2003). Targeting JNK for therapeutic benefit: From junk
to gold? Nature Reviews Drug Discovery, 2(7), 554-565. https://doi.org/10.1038/
nrd1132

Meléndez-Martinez, A. J., Escudero-Gilete, M. L., Vicario, I. M., & Heredia, F. J. (2010).
Study of the influence of carotenoid structure and individual carotenoids in the
qualitative and quantitative attributes of orange juice colour. Food Research
International, 43(5), 1289-1296. https://doi.org/10.1016/j.foodres.2010.03.012

Miller, A. P., Coronel, J., & Amengual, J. (2020). The role of p-carotene and vitamin A in
atherogenesis: Evidences from preclinical and clinical studies. Biochimica et
Biophysica Acta - Molecular and Cell Biology of Lipids, 1865(11), 1-32. https://doi.
org/10.1016/j.bbalip.2020.158635

Molina, N., Morandi, A. C., Bolin, A. P., & Otton, R. (2014). Comparative effect of
fucoxanthin and vitamin C on oxidative and functional parameters of human
lymphocytes. International Immunopharmacology, 22(1), 41-50. htips://doi.org/
10.1016/j.intimp.2014.06.026

Nam, S. Y., Jeong, H. J., & Kim, H. M. (2017). Kaempferol impedes IL-32-induced
monocyte-macrophage differentiation. Chemico-Biological Interactions, 274, 107-115.
https://doi.org/10.1016/j.cbi.2017.07.010

Nardy, A. F., Freire-de-Lima, G. G., & Morrot, A. (2015). Immune responses to infectious
pathogens. Innovative Immunology, 1-11.

Nishida, K., Sugimoto, M., Ikeda, S., & Kume, S. (2014). Effects of supplemental
f-carotene on mucosal IgA induction in the jejunum and ileum of mice after
weaning. British Journal of Nutrition, 111(2), 247-253. hitps://doi.org/10.1017/
50007114513002195

Nishiyama, Y., Sugimoto, M., Ikeda, S., & Kume, S. (2011). Supplemental & betal-
carotene increases IgA-secreting cells in mammary gland and IgA transfer from milk
to neonatal mice. British Journal of Nutrition, 105(1), 24-30. https://doi.org/
10.1017/50007114510003089

Ortuno-Sahagtn, D., Zanker, K., Rawat, A. K. S., Kaveri, S. V., & Hegde, P. (2017).
Natural Inmunomodulators. Journal of Immunology Research, 2017, 1-2. https://doi.
org/10.1155/2017/7529408

Pai, S., & Thomas, R. (2008). Immune deficiency or hyperactivity-Nf-kb illuminates
autoimmunity. Journal of Autoimmunity, 31(3), 245-251. https://doi.org/10.1016/].
jaut.2008.04.012

Papac-Milicevie, N., Busch, C.-J.-L., & Binder, C. J. (2016). Malondialdehyde Epitopes as
Targets of Immunity and the Implications for Atherosclerosis. Advances in
Immunology, 131, 1-59. https://doi.org/10.1016/bs.ai.2016.02.001

Paragh, G., Seres, L., Harangi, M., & Fiilop, P. (2014). Dynamic interplay between
metabolic syndrome and immunity. Advances in Experimental Medicine and Biology,
824, 171-190. https://doi.org/10.1007,/978-3-319-7320-0_13

Peng, Y., Kwok, K. H. H., Yang, P. H,, Ng, S. S. M., Liu, J., Wong, O. G., He, M. L.,
Kung, H. F., & Lin, M. C. M. (2005). Ascorbic acid inhibits ROS production, NF-kB
activation and prevents ethanol-induced growth retardation and microencephaly.
Neuropharmacology, 48(3), 426-434. https://doi.org/10.1016/].
neuropharm.2004.10.018

Potter, A. S., Foroudi, S., Stamatikos, A., Patil, B. S., & Deyhim, F. (2011). Drinking carrot
juice increases total antioxidant status and decreases lipid peroxidation in adults.
Nutrition Journal, 10(1), 1-6. https://doi.org/10.1186/1475-2891-10-96

Rahayu, R. P., Prasetyo, R. A., Purwanto, D. A., Kresnoadi, U., Iskandar, R. P. D., &
Rubianto, M. (2018). The immunomodulatory effect of green tea (Camellia sinensis)
leaves extract on immunocompromised Wistar rats infected by Candida albicans.
Veterinary World, 11(6), 765-770. https://doi.org/10.14202/vetworld.2018.765-
770

Ran, L., Zhao, W., Wang, J., Wang, H., Zhao, Y., Tseng, Y., & Bu, H. (2018). Extra Dose of
Vitamin C Based on a Daily Supplementation Shortens the Common Cold: A Meta-
Analysis of 9 Randomized Controlled Trials. BioMed Research International, 2018,
1-12. https://doi.org/10.1155/2018/1837634

Rasheed, H. M. F., Rasheed, F., Qureshi, A. W., & Jabeen, Q. (2016). Immunostimulant
activities of the aqueous methanolic extract of Leptadenia pyrotechnica, a plant from
Cholistan desert. Journal of Ethnopharmacology, 186, 244-250. hitps://doi.org/
10.1016/j.,jep.2016.03.039

Rawson, A., Koidis, A., Patras, A., Tuohy, M. G., & Brunton, N. P. (2010). Modelling the
effect of water immersion thermal processing on polyacetylene levels and
instrumental colour of carrot disks. Food Chemistry, 121(1), 62-68. https://doi.org/
10.1016/j.foodchem.2009.12.003

Ragzali, F. N., Sinniah, S. K., Hussin, H., Zainal Abidin, N., & Shuib, A. S. (2016). Tumor
suppression effect of Solanum nigrum polysaccharide fraction on Breast cancer via
immunomodulation, International Journal of Biological Macromolecules, 92, 185-193.
https://doi.org/10.1016/j.ijbiomac.2016.06.079

Riaz, N., Yousaf, Z., Yasmin, Z., Munawar, M., Younas, A., Rashid, M., Aftab, A.,
Shamsheer, B., Yasin, H., Najeebullah, M., & Simon, P. W. (2022). Development of
Carrot Nutraceutical Products as an Alternative Supplement for the Prevention of
Nutritional Diseases. Frontiers in Nutrition, 8(January), 1-19. https://doi.org/
10.3389/fnut.2021.787351



G. Anjani et al.

Rodriguez-Concepcion, M., & Stange, C. (2013). Biosynthesis of carotenoids in carrot: An
underground story comes to light. Archives of Biochemistry and Biophysics, 539(2),
110-116. https://doi.org/10.1016/j.abb.2013.07.009

Roselli, M., Finamore, A., Brasili, E., Capuani, G., Kristensen, H. L., Micheloni, C., &
Mengheri, E. (2012). Impact of organic and conventional carrots on intestinal and
peripheral immunity. Journal of the Science of Food and Agriculture, 92(14),
2013-2922. https://doi.org/10.1002/jsfa.5667

Rozan, M. (2017). Carotenoids, Phenolics, Antioxidant Activity and Sensory Attributes of
Carrot Jam Effect of Turmeric Addition. Egypt. J. Food Sci, 45, 113-123. htt
ps://www.researchgate.net/publication/335452601 Carotenoids Phenolics Antioxi
dant Activity and Sensory Attributes of Carrot Jam Effect of Turmeric Addition.

Ruiz-Sola, M.A., & Rodriguez-Concepcion, M. (2012). Carotenoid Biosynthesis in
Arabidopsis: A Colorful Pathway. The Arabidopsis Book, 10, 1-28. https://doi.org/
10.1199/tab.0158

Saba, E., Lee, Y. Y., Kim, M., Kim, H.-K., & Rhee, M. H. (2019). Comparison of the
Antioxidant Activities of Various Processed Fruits and Vegetables in APAP-induced
Oxidative Stress in BALB/c Mice. Biomedical Science Letters, 25(3), 211-217. https://
doi.org/10.15616/bs1.2019.25.3.211

Saravanan, S., Hairul Islam, V. 1., Prakash Babu, N., Pandikumar, P.,
Thirugnanasambantham, K., Chellappandian, M., Simon Durai Raj, C., Gabriel
Paulraj, M., & Ignacimuthu, S. (2014). Swertiamarin attenuates inflammation
mediators via modulating NF-xB/I kb and JAK2/STAT3 transcription factors in
adjuvant induced arthritis. European Journal of Pharmaceutical Seiences, 56(1),
70-86. https://doi.org/10.1016/j.ejps.2014.02.005.

Saw, C. L. L., Guo, Y., Yang, A. Y., Paredes-Gonzalez, X., Ramirez, C., Pung, D., &
Kong, A. N. T. (2014). The berry constituents quercetin, kaempferol, and
pterostilbene synergistically attenuate reactive oxygen species: Involvement of the
Nrf2-ARE signaling pathway. Food and Chemical Toxicology, 72(August), 303-311.
https://doi.org/10.1016/j.fct.2014.07.038

Sekido, K., Hayashi, Y., Yamada, K., Shiratake, K., Matsumoto, S., Maejima, T., &
Komatsu, H. (2010). Efficient breeding system for red-fleshed apple based on linkage
with s3-rnase allele in “Pink pearl”. HortScience, 45(4), 534-537. https://doi.org/
10.21273/hortsci.45.4.534

Sharma, K. D., Karki, S., Thakur, N. §., & Attri, §. (2012). Chemical composition,
functional properties and processing of carrot-A review. Journal of Food Science and
Technology, 49(1), 22-32. https://doi.org/10.1007/513197-011-0310-7

Sharma, P., Kumar, P., Sharma, R., Gupta, G., & Chaudhary, A. (2017).
Immunomeodulators: Role of medicinal plants in immune system. National Journal of
Physiology, Pharmacy and Pharmacology, 7(6), 552-556. https://doi.org/10.5455/
njppp.2017.7.0203808032017

Sharma, V. K., Zboril, R., & Varma, R. S. (2015). Ferrates: Greener oxidants with
multimodal action in water treatment technologies. Accounts of Chemical Research,
48(2), 182-191. https://doi.org/10.1021/ar5004219

Sharpe, M., & Mount, N. (2015). Genetically modified T cells in cancer therapy:
Opportunities and challenges. DMM Disease Models and Mechanisms, 8(4), 337-350.
https://doi.org/10.1242/dmm.018036

Shi, Y., Wang, Y., Shao, C., Huang, J., Gan, J., Huang, X., Bucci, E., Piacentini, M.,
Ippolito, G., & Melino, G. (2020). COVID-19 infection: The perspectives on immune
responses. Cell Death and Differentiation, 27(5), 1451-1454. https://doi.org/
10.1038/541418-020-0530-3

Shukla, S., Bajpai, V. K., & Kim, M. (2014). Plants as potential sources of natural
immunomodulators. Reviews in Environmental Science and Biotechnology, 13(1),
17-33. https://doi.org/10.1007/511157-012-9303x

Singh, B. K., Koley, T. K., Maurya, A., Singh, P. M., & Singh, B. (2018). Phytochemical
and antioxidative potential of orange, red, yellow, rainbow and black coloured
tropical carrots (Daucus carota subsp. sativus Schubl & Martens). Physiology and
Molecular Biology of Plants, 24(5), 899-907. https://doi.org/10.1007/512298-018-
0574-8

Seltoft, M., Bysted, A., Madsen, K. H., Mark, A. B, Biigel, S. G., Nielsen, J., & Knuthsen, P.
(2011). Effects of organic and conventional growth systems on the content of
carotenoids in carrot roots, and on intake and plasma status of carotenoids in
humans. Journal of the Science of Food and Agriculture, 91(4), 767-775. https://doi.
org/10.1002/jsfa.4248

Stefanson, A., & Bakovic, M. (2020). Dietary polyacetylene falcarinol upregulated
intestinal heme oxygenase-1 and modified plasma cytokine profile in late phase
lipopolysaccharide-induced acute inflammation in CB57BL/6 mice. Nutrition
Research, 80, 89-105. https://doi.org/10.1016/j.nutres.2020.06.014

11

Journal of Functional Foods 99 (2022) 105303

Stefanson, A. L., & Bakovic, M. (2018). Falcarinol is a potent inducer of heme oxygenase-
1 and was more effective than sulforaphane in attenuating intestinal inflammation at
diet-achievable doses. Oxidative Medicine and Cellular Longevity, 2018, 1-15. https://
doi.org/10.1155/2018/3153527

Sun, P., Li, D., Dong, B., Qiao, S., Ma, X., & Chen, X. (2009). Vitamin C: An
immunomodulator that attenuates anaphylactic reactions to soybean glycinin
hypersensitivity in a swine model. Food Chemistry, 113(4), 914-918. https://doi.org/
10.1016/j.foodchem.2008.08.018

Tang, X. L., Liu, J. X, Dong, W., Li, P, Li, L., Hou, J. C., Zheng, Y. Q., Lin, C. R, &
Ren, J. G. (2015). Protective Effect of Kaempferol on LPS plus ATP-Induced
Inflammatory Response in Cardiac Fibroblasts. Inflarnmation, 38(1), 94-101. https://
doi.org/10.1007/s10753-014-0011-2

Toti, E., Oliver Chen, C. Y., Palmery, M., Valencia, D. V., & Peluso, 1. (2018). Non-
provitamin A and provitamin A carotenoids as immunomodulators: Recommended
dietary allowance, therapeutic index, or personalized nutrition? Oxidative Medicine
and Cellular Longevity, 2018. https://doi.org/10.1155/2018/4637861

Tyagi, R. K. (2016). Introductory Chapter: Immunity and Immunomodulation. In Immune
Response Activation and Immunomodulation (pp. 1-3). https://doi.org/https://doi.
org/10.5772/intechopen.85299 1.4.

USDA FoodData Central. (2015). FoodData Central. https://fde.nal.usda.gov/fde-app.
html# /food-details/170393/nutrients.

Van Gorkom, G. N. Y., Klein Wolterink, R. G. J., Van Elssen, C. H. M. J., Wieten, L.,
Germeraad, W. T. V., & Bos, G. M. J. (2018). Influence of Vitamin C on lymphocytes:
An overview. Antioxidants, 7(3), 1-14. https://doi.org/10.3390/ANTIOX7030041

van Helden, Y. G. J., Godschalk, R. W. L., van Schooten, F. J., & Keijer, J. (2013). Organ
specificity of beta-carotene induced lung gene-expression changes in Bcmol-/- mice.
Molecular Nutrition and Food Research, 57(2), 307-319. https://doi.org/10.1002/
mnfr.201200277

Venkatalakshmi, P., Vadivel, V., & Brindha, P. (2016). Role of phytochemicals as
immunomodulatory agents: A review. International Journal of Green Pharmacy, 10(1),
1-18.

Venter, C., Eyerich, S., Sarin, T., & Klatt, K. C. (2020). Nutrition and the immune system:
A complicated tango. Nutrients, 12(3). https://doi.org/10.3390/nul12030818

Villarino, A. V., Kanno, Y., & O’Shea, J. J. (2015). Mechanisms of Jak/STAT signaling in
immunity and disease. The Journal of Immunology, 194(1), 21-27. htips://doi.org/
10.4049/jimmunol.1401867 . Mechanisms

Wang, Z., Zhang, S., Xiao, Y., Zhang, W., Wu, S., Qin, T., Yue, Y., Qian, W., & Li, L.
(2020). NLRP3 Inflammasome and Inflammatory Diseases. Oxidative Medicine and
Cellular Longevity, 2020. https://doi.org/10.1155/2020/4063562

Watzl, B., Bub, A., Briviba, K., & Rechkemmer, G. (2003). Supplementation of a Low-
Carotenoid Diet with Tomato or Carrot Juice Modulates Immune Functions in
Healthy Men. Annals of Nutrition and Metabolism, 47(6), 255-261. https://doi.org/
10.1159/000072397

Yan, J., Wang, Q., Zou, K., Wang, L., Schwartz, E. B., Fuchs, J. R., Zheng, Z., & Wu, J.
(2015). Inhibition of the JAK2/STATS3 signaling pathway exerts a therapeutic effect
on osteosarcoma. Molecular Medicine Reports, 12(1), 498-502. https://doi.org/
10.3892/mmr.2015.3439

Yang, Y., Li, R., Hui, J., Li, L., & Zheng, X. (2021). p-Carotene attenuates LPS-induced rat
intestinal inflammation via modulating autophagy and regulating the JAK2/STAT3
and JNK/p38 MAPK signaling pathways. Journal of Food Biochemistry, 45(1), 1-12.
https://doi.org/10.1111/jfbc.13544

Zhang, R., Ai, X., Duan, Y., Xue, M., He, W., Wang, C., Xu, T., Xu, M., Liu, B., Li, C.,
Wang, Z., Zhang, R., Wang, G., Tian, S., & Liu, H. (2017). Kaempferol ameliorates
HON2 swine influenza virus-induced acute lung injury by inactivation of TLR4/
MyD88-mediated NF-kB and MAPK signaling pathways. Biomedicine and
Pharmacotherapy, 89, 660-672. https://doi.org/10.1016/j.biopha.2017.02.081

Zhang, S., Wang, P., Zhao, P., Wang, D., Zhang, Y., Wang, J., Chen, L., Guo, W., Gao, H.,
& Jiao, Y. (2018). Pretreatment of ferulic acid attenuates inflammation and oxidative
stress in a rat model of lipopolysaccharide-induced acute respiratory distress
syndrome. International Journal of Immunopathology and Pharmacology, 32(16).
https://doi.org/10.1177/0394632017750518

Zhao, C., & Zhao, W. (2020). NLRP3 Inflammasome—A Key Player in Antiviral
Responses. Frontiers in Immunology, 11(February), 1-8. https://doi.org/10.3389/
fimmu.2020.00211

Zhou, L., Ouyang, L., Lin, S., Chen, S., Liu, Y. J., Zhou, W., & Wang, X. (2018). Protective
role of B-carotene against oxidative stress and neurcinflammation in a rat model of
spinal cord injury. International Immunopharmacology, 61(May), 92-99. https://doi.
0rg/10.1016/j.intimp.2018.05.022



