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Abstract

The present study deals with assessment of
polyphenols content (anthocyanins, phenolics and
flavonoids), total carotenoids and antioxidant
capacity (FRAP, ABTS and CUPRAC activity)
among tropical purple carrots (Daucus carota L.
subsp. sativus var. atrorubens Alef.) developed at
ICAR-1IVR, Varanasi, UP, India. Higher amounts of
monomeric anthocyanins (218.0 mg 100g?! FW),
phenolic compounds (263.9 mg GAE 100g* FW)
and total flavonoids (122.2 mg CE 100g* FW) have
been estimated in black carrots which are
correspondingly 13.6-, 6.8- and 8.7—-times more than
rainbow carrots. Moreover, the polyphenols content
and antioxidant capacity were very strongly
associated with each other having correlation
coefficients between 0.932** to 0.997**. Further,
higher correlation values of total phenolics over
flavonoids with anthocyanins indicating that
anthocyanins represent a large fraction of the
phenolics which is related with better stability of
anthocyanin pigment as food colorant. Overall, this
work highlights that tropical black carrot and its
cultivar Kashi Krishna is one of the richest sources
of plant derived anthocyanins, phenolics and
flavonoids; having better anthocyanin yield
potential, and greater antioxidative capacity.
Therefore, considering the health and nutritional
benefits, multifarious uses and industrial importance
of plant derived natural anthocyanins, black carrot
could be potentially used as pigment crop.
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Introduction

Cultivated carrot (Daucus carota subsp. sativus) is
descended by wild carrot or Queen Anne's lace
(Daucus carota subsp. carota), native to central Asia
(lorizzo et al. 2013). It was cultivated and used as a
storage root similar to modern carrots in
Afghanistan, Iran, Irag and Anatolia (Asia Minor)
beginning in the 10th century. Afghanistan is known
as the primary center of origin because of the
presence of wide diversity. Cultivated carrot has
several categories varying in color, size, size and
flavor of roots, and need of vernalization to
complete life cycle. Hence, broadly classified into
two groups on the basis of (A) presence of root
pigments i.e. Carotenoid group (D. carota ssp.
sativus var. sativus) and Anthocyanin or purple
group (D. carota ssp. sativus var. atrorubens), and
(B) need of vernalization i.e.
Tropical/Eastern/Oriental carrot (does not require
vernalization & annual) and Temperate/ Western/
European carrot (requires vernalization & biennial)
[Singh et al. 2018]. Purple carrots together with
yellow variants were found in Afghanistan in the 7-
10th centuries followed by red carrots developed in
Iran and northern Arabia during 10th century.
Moreover, white and orange types appeared as a
natural mutant, correspondingly during the 14th and
17th century in the central Europe (France, Germany
and the Netherlands) and the Netherlands, and they
are typical to temperate climates. Cultivated carrots
extend towards Iran and northern Arabia in the 10th
century; the Mediterranean area and Western Europe
in the 11-14th centuries; North Africa in the 11-12th
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centuries; and China, India, Japan and Korea in the
14-17th centuries. During domestication over the
centuries, carrot transformed from being a small,
tough and bitter root to a fleshy, sweet, colored,
unbranched, smooth and edible vegetable, and good
source of dietary fiber, pigments, phytochemicals,
vitamins and minerals. The carrots of carotenoid
group (Orange, Red and Yellow carrot) and
anthocyanin/purple group (Black and Rainbow
carrot) are universal and of commercial significance.
Black carrot root is comprised with dark purple
pigmentation of both root exterior (epidermal layer)
and root interior [cortex (outer-phloem), phloem and
xylem (core)]; while rainbow carrot is with purple
colored root exterior and red/orange/yellow colored
root interior. Black carrot is very much suitable for
healthy salad; preparations of sweets, fresh &
fermented juice and purple tea; and pharmaceutical
& nutraceutical uses as protective food supplements,
healthy food colorants & cosmetics. Black carrot
(solid purple in some literatures) is one of the richest
and greatest sources of anthocyanins possessing very
high anti-oxidative ability. However, rainbow
carrots are the good source of organic pigments
containing moderate amounts of carotene,
xanthophylls, lycopene and anthocyanins. The
striking appearances of root section of these purple
colored carrots make salad decorative, food
nutritious and have many health beneficial
properties.

Phytochemicals like polyphenols and
carotenoids are organically active compounds
produced by plants and have been identified as
beneficial to living beings in various ways.
However, the polyphenols are secondary phyto-
metabolites, hydrophilic in nature, derivative of
phenylalanine, and commonly impart to the color,
astringency, bitterness, odor, flavor and oxidative
ability. The major classes of polyphenols comprise
phenolics,  flavonoids  (flavones,  flavanones,
anthocyanins, isoflavones & flavonols), stilbenes
and lignans. Anthocyanins are the most important
water-soluble pigments present in multiple organs of
various plants (flowers, fruits, leaves, stems and
roots), stand 2nd after chlorophyll amongst the plant
pigments visible to the human eyes. Various
researchers proved that the anthocyanins are
protective to human health, possessing properties of
anti-fungal, anti-bacterial, anti-inflammatory and
anti-diabetic; lessen bad cholesterol; potentially
reducing the risk of atherosclerosis, cancer and
inflammation; enhanced vision and cognitive

functions; and improving antioxidant status (Zhang
and Hamauzu 2004; Karkute et al. 2018: Singh et al.
2018). The antioxidant properties of natural
anthocyanins also help in improving the appearance
of skin, which makes it a preferred ingredient in
cosmetics & personal care products. Looking
towards significance of natural anthocyanins and
consumers’ awareness, the major related industries
are moving towards replacing synthetic colors with
plant-derived natural pigments in their products to
fulfil the demand of high-end consumers.

Black and rainbow carrots accumulate large
amounts of cyanidin-based anthocyanins in their
taproots. Almost all anthocyanins in purple carrots
are based on cyanidin being essentially acylated; the
major anthocyanins are 3-xylosyl (glucosyl)-
galactosides acylated with sinapic, ferulic,
hydroxybenzoic, or coumaric acids attached to the
glucosyl moiety (Cammerer et al. 2004; Schwarz et
al. 2004; Montilla et al. 2011). However, Kurilich et
al. (2005) suggests that acylated anthocyanin
derivatives are not degraded by cooking or heating
and thus appear to be a key characteristic in
determining bioavailability. Large quantities of
mono-acylated anthocyanins of black carrot impart
an excellent measure of heat-, light- and pH-
stability, enhancing the color-stability of food
products during food chain (lorizzo et al. 2020).
Anthocyanins concentrate extracted from the
purple/black carrot is generally traded as powder,
lump, mush or liquid. In pharmaceutical industries,
the natural anthocyanins are being widely used as
protective food supplements, and healthy food
colorant (alternative to synthetic colorants like
FD&C Red 40) in beverages, confectioneries, soft
drinks, chips, candies and ice cream (lorizzo et al.
2020, Nath et al. 2022). To achieve a sustainable
natural colorant production system; purple/black
carrot, tomato and beetroot are representing the most
important industrial sources of the three major
pigment classes, namely for anthocyanins, lycopene
and betalain production, respectively (Baranski et al.
2016). Anthocyanin pigments extracted from purple
carrot offer advantages over extraction from other
fruit and vegetable sources due to higher
concentration of anthocyanins as well as lower
amounts of non-anthocyanin phenolics that cause
hazing and precipitation (lorizzo et al. 2020).
Therefore, black carrot has attracted interest of
breeders, biochemists, and health/drug industries
because of superior quality and higher amounts of
anthocyanins.



Vegetable Science, Vol. 49(2), July-December 2022

Antioxidants inhibit the oxidation process
and thereby ultimately reducing deleterious free
radicals or reactive oxygen species (ROS).
Commonly, hydrophilic antioxidants react with
oxidants in the cytosol and the blood plasma; while
lipophillic antioxidants guard cell membranes from
lipid peroxidation. Mostly disorders/illness in living
systems including plants and humans are produced
through the production of harmful ROS which are
constantly produced during natural metabolic
activities as well as exposure to stresses. The effects
of ROS can be mitigated by dietary antioxidants and
antioxidant enzymes in living cells. Thus, the
consumption of fruits and vegetables is associated
with reduced risk of diseases as they are rich sources
of natural antioxidants like anthocyanins,
carotenoids, phenolics, vitamin C, flavonoids,
tocopherol and organosulfides (Montilla et al. 2011;
Koley et al. 2014; Karkute et al. 2018; Smeriglio et
al. 2018; Cavagnaro et al. 2019; lorizzo et al. 2020).
In recent years, anthocyanins have emerged out as
one the most promising ingredients for functional
food industry because of their health-promoting
effects, natural colorant and pharmaceutical
properties; thereby anthocyanin-rich foods and black
carrot become more popular and focused. The
majority of works published in the literatures are
dealing with anthocyanins of black/purple carrots
especially of temperate origin, but there are very
meagre information pertains with tropical purple
carrots (Alasalvar et al. 2001; Nicolle et al. 2004;
Zhang and Hamauzu 2004; Leja et al. 2013; Koley
et al. 2014; Singh et al. 2018; Singh and Karmakar
2021). Therefore, the present study persuaded with
the objectives to quantify phytochemical and
antioxidative potential of 10 tropical
cultivars/genotypes of black and rainbow carrots
developed in India.

Materials and Methods

Basic experimental materials: A sum of ten
varieties and genotypes of tropical purple carrot
consisted of the experimental materials. Among
these, six were black carrot such as VRCAR-89-1,
VRCAR-124, VRCAR-125, Kashi Krishna
(VRCAR-126), VRCAR-197 and Pusa Asita; and
four were rainbow carrot, namely VRCAR-107-1,
VRCAR-107-2, VRCAR-171-1 and VRCAR-198.
All the genotypes/varieties, except Pusa Asita, are
bred at ICAR-IIVR, Jakhini, Varanasi, UP, India.
Two varieties of this study i.e. Pusa Asita (bred from

135

ICAR-IARI, Pusa, New Delhi) and Kashi Krishna
(bred from ICAR-IIVR, Varanasi, UP; Singh et al.
2019) were released for cultivation in 2015 and
2019, respectively.

Field trials and root sampling: Carrots crops
were raised in open field during winter season of
2016-2017 and 2017-2018 at ICAR-IIVR, Varanasi,
UP, India in soil with silt-loam texture, pH 7.3 and
electrical conductivity of 0.28 dSm?. The
experimental Farm is located at 82°52°36”° E
longitude, 25°10°55”” N latitude and 85 m altitude
receiving annual rainfall of 1050-1100 mm. To get
better root development, all the agronomic practices
were carried out unvaryingly during both years of
experimentations as described by Singh and
Karmakar (2015). Botanically schizocarp type carrot
seeds were sown in double row of 7-8 cm apart and
25-28 cm wide ridge with the spacing of 65 cm
between each pair of ridges. Each genotype
comprises four ridges of 6 m and replicated thrice.
The roots were uprooted at marketable maturity
(105-115 days after sowing). Randomly eight roots
of each selected and washed thoroughly with tap
water. A representative sample of the edible root i.e.
6-7 cm long piece from middle portion were rapidly
cut into thin slices, kept in transparent polyethylene
bag to mix properly, and biochemical quantification
on fresh weight (FW) basis was done using mixed
root samples.

Estimation of phytochemical

Analysis of total monomeric anthocyanins:
Composite root sample of 100 g were homogenized
after addition of ascorbic acid (5%, w/w) and water
(25%, wi/w) using a warring blander. Commuted
sample of 25 g was extracted with 100 ml of
methanol/0.1% HCI (v/v) for 2 h under dark
condition. After centrifugation at 13000 rpm for 15
min, the supernatant was recovered, and residue was
re-extracted following same method. The combined
supernatants were evaporated to dryness and re-
dissolved in distilled water. The total monomeric
anthocyanins content was determined on a UV-
visible spectrophotometer by the pH-differential
method (Wrolstad et al. 2005). Pigment content was
expressed as total monomeric anthocyanins
equivalents (mg 100g * FW).

Determination of total phenolics content and
total flavonoid: The water soluble phytocompounds
of carrot were extracted following Chu et al. (2002)



136

with minor adjustment. Five-gram sample were
homogenized with 80% ethanol (1:2 w/v) through
cooled warring blender for 5 min. Residue was again
extracted for two times. To get a thoroughly
homogenized sample, the mixed sample was further
homogenized by polytron homogenizer for 3 min;
homogenates were centrifuge at 13000 rpm for 15
min, and finally solvent was removed using a rotary
evaporator. The supernatants were collected in 50 ml
plastic centrifuge tubes and stored at -20 °C for
analysis of total phenolics and flavonoids content;
and activity of ferric reducing antioxidant power
(FRAP), 2,2'-Azino-bis (3-ethylbenzthiazoline-6-
sulfonic acid) diammonium salt (ABTS), and cupric
reducing antioxidant capacity (CUPRAC).

Total phenolics content was analysed by
spectro-photometer using Folin—Ciocalteu reagent
(Singleton et al. 1999). Aliquot (100 pl) of
hydrophilic extract were mixed with 2.9 ml of
deionized water, 0.5 ml of Folin—Ciocalteu reagent
and 2.0 ml of 20% Na2CO3 solution. Then mixture
was allowed to stand for 90 min and absorption was
measured at 760 nm against a reagent blank. Results
were expressed as gallic acid equivalent (mg GAE
100g* FW). Moreover, total flavonoid in carrot root
sample was quantified using aluminium chloride
method of Zhishen et al. (1999). In 10 ml of
volumetric flask, an aliquot of 1 ml hydrophilic
extract was mixed containing 0.3 ml of 5% NaNO2,
4 ml of distilled water and 0.3 ml of 10%
AICI3.6H20. The mixture was allowed to stand for
6 min at room temperature, then 2 ml of 1 mol
NaOH was added and the solution was diluted to 10
ml with distilled water. Instantaneously, the
absorbance of the solution and blank was taken at
510 nm, and results were expressed as catechin
equivalent (mg CE 100g* FW).

Determination of total carotenoids: Using a
pestle & mortar and acetone solvent, 100 g carrot
sample was repetitively extracted until the residue
became colorless. The pooled acetone extracts were
transferred into separatory funnel and the entire
carotenoids were transferred to petroleum ether
phase. The reading was measured by UV-Visible
spectrophotometer at wavelength of 452 nm and
calculated (mg 100g* FW).

Estimate antioxidant capacity
FRAP assay: The ability to reduce ferric ions, FRAP

activity, was quantified as per methodology of
Benzie and Strain (1996). Primarily, the reagent of
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FRAP was made by mixing 10 mM TPTZ in 40 mM
HCI, 300 mM acetate buffer (pH 3.6) and 20 mM
FeCl3 in the ratio 1:10:1 (v/v/v). Subsequently, 100
ul aliquot was meticulously mixed with 3 ml FRAP
reagent in a test tube and vortexed in the incubator
for 30 min in a water bath maintaining 37 °C
temperature. The reduction of  ferric-
tripyridyltriazine to the ferrous complex give rise to
formation of intense blue colour solution. The
absorbance was taken at wavelength of 593 nm and
results were expressed in terms of trolox equivalent
(umol TE gt FW).

ABTS assay: ABTS activity (a peroxidase substrate)
as Trolox equivalent antioxidant capacity (TEAC) in
sample was analysed through a modified procedure
using ABTS (Re et al. 1999). The ABTS*+ free
radical (7 mmol) was prepared through reaction of 7
mmol ABTS and 245 mmol of potassium
persulphate as the oxidant agent. Hydrophilic extract
(10 pl) was added to 90 pl of ABTS*+ solution and
absorbance readings were taken exactly 10 min after
initial mixing at 734 nm. The inhibition (%) of
ABTS of the test sample and known solutions of
Trolox were calculated by the formula i.e. Inhibition
(%)= 100%(A0-A)/A0; Where A0 was the initial
absorbance at 734 nm, obtained by measuring the
same volume of solvent, and A was the final
absorbance of the sample extract at 734 nm. Finally,
radical-scavenging activity was expressed as pmol
TE gt FW.

CUPRAC assay: The CUPRAC assay in terms of
ability to reduce cupric ions was quantified
following the method of Apak et al. (2008). As per
protocol 100 pl of hydrophilic extract was mixed
with 1 ml each of CuClI2 solution (1.0 x 10-2 mol/l),
neocuproine alcoholic solution (7.5 x 10-3 mol/l),
and NH4Ac (1 mol/l, pH 7.0) buffer solution and 1
ml of distilled water to make the final volume 4.1
ml. The mixture was incubated at 50°C in a water
bath for 30 min, and absorbance was recorded at 450
nm against the reagent blank. Standard curve was
prepared using different concentration of Trolox and
results were expressed in terms of umol TE g FW.
Statistical analyses: Data were collected during the
both years for each genotype/variety and were
analyzed statistically for analysis of variance (Singh
and Chaudhary 1977). Pooled data of both years
were used for making histograms to compare mean
differences by using standard error bars with p<0.05
through Microsoft Excel, and correlation analysis
was done as mentioned by Singh and Chaudhary
(1977).
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Results and Discussion

The results of years 2016-17 and 2017-18 for the
content of monomeric anthocyanins, phenolics,
flavonoids and total carotenoid content, and
antioxidant ability in terms of FRAP, ABTS and
CUPRAC values were analyzed for analysis of
variance to observe the effect of year and genotypes.
Highly significant variations were observed among
genotypes, especially between black and purple
carrots; but considerable differences or definite
pattern due to year effect among genotypes was not
found. Hence, the pooled data of both years for 10
genotypes as well as mean values of black and
rainbow carrot are presented (Figures 1-4). Since,
the crops were raised in almost similar climatic
conditions during both years, and color trait is easily
distinguishable and qualitative in nature; it is
obvious to get least differences over the year and
lack any interactions between both years for various
estimates analyzed. The significant variability
among genotypes and non-significant differences
between years were also reported among various
colored carrots for total phenols, phenylpropanoids,
flavonoids, anthocyanins and antioxidant activity
(DPPH) by Leja et al. (2013); and for carotenoids,
phenols, flavonoids, and antioxidant activity (FRAP,
ABTS & CUPRAC) by Singh et al. (2018). The
genotypic variations for carotenoids, phenols,
flavonoids, anthocyanins and antioxidants have been
described in colored carrots and other vegetables by
various researchers (Nicolle et al. 2004; Zhang and
Hamauzu 2004; Karmakar et al. 2013; Leja et al.
2013; Koley et al. 2014; Singh et al. 2018).

The content of total monomeric
anthocyanins (mg 100g* FW, Figure 1A) in the
purple carrot were significantly very high i.e. 13.63-
fold in black carrot (157.5-282.3 mg) than rainbow
carrots (12.9-18.1 mg), especially for
cultivars/genotype Kashi Krishna (282.3 mg),
VRCAR-125 (268.0 mg) and Pusa Asita (235.1 mg).
It is notable that the color intensity and the extent of
the root (exterior and interior portions) covered with
purple pigmentation are both directly associated
with the total anthocyanins accumulation in root.
Thus, black carrot genotypes with dark purple color
throughout the entire root section tend to have the
higher amounts of anthocyanins, whereas rainbow

137

carrots with purple pigmentation in only the
epidermal layer of roots usually have low levels of
anthocyanins. Globally, the food plants that are rich
sources of natural anthocyanins (mg/100 g FW) are
chokeberry (1480 mg), black raspberry (589 mpg),
raspberry (365 mg), concord grape (326 mg), red
currant (80-420 mg), black currant (190-270 mg),
black bean seed (213 mg), red cabbage (150 mg),
cherry (122 mg), blue corn (71 mg) and black rice
(60 mg) [Anonymous 2020]. Furthermore, few
red/purple accessions of vegetables contain
appropriate amounts of anthocyanins (mg/100 g
FW) in their edible portions are red-fleshed sweet
potato (25-45 mgq), red/purple radish (0.46-16.6 mg),
purple-podded French bean (7.1 mg), purple tomato
(20-66 mg), red okra (3-5 mg) and purple
cauliflower (2-7 mg) [Rodriguez-Saona et al. 1998;
Teow et al. 2007; Lo-Scalzoa et al. 2008; Singh et
al. 2011]. From the various reports mentioned, it is
evident that the accessions of tropical black carrot
(Kashi Krishna, VRCAR-125 & Pusa Asita)
possesses 235-282 mg 100g* FW of anthocyanins,
which is one of the best sources among plants and
richest source among vegetables.

Worldwide, the usages of natural
anthocyanins have witnessed a significant rise in the
past few years owing to the increased awareness
about its health benefits, biochemical significance,
and multifarious use by industries related to the
nutraceutical, food & beverage, pharmaceutical, and
cosmetics & personal care. The global anthocyanin
market is expected to grow from USD 300 mn in
2015, USD 365 mn in 2019 to USD 489 mn by the
end of 2025 at a CAGR of 5.0%. Moreover, Food
industry (Wild, Germany) assume that an annual
global need of 10,000 ton of -carrot-derived
anthocyanin concentrate will meet the requirement
by production of purple/black carrot in about
1,00,000 ha area (Baranski et al. 2016). In the
present study, anthocyanins yield potential (kg/ha)
of various promising lines and cultivars was
calculated by multiplying total monomeric
anthocyanins content (mg 100g* FW) to root yield
(g/ha) and divided by 1000. Among purple carrot,
total anthocyanins yield varied from 3.9-6.0 kg (5.1
kg) in rainbow carrot and 38.4-78.6 kg (56.0 kg) in
black carrots (Figure 1B).
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Figure 1A & 1B: Total monomeric anthocyanins content (mgl00g FW) and its yield potential (kg ha!) in black and rainbow genotypes of tropical carrot, respectively

(Standard error bars with p<0.05).

Krishna (78.6 kg) followed by VRCAR-125 (73.4
kg), Pusa Asita (61.3 kg), VRCAR-89-1 (43.2 kg),
VRCAR-124 (40.8 kg) and VRCAR-197 (38.4 kg).
Dark purple pigmentation of root sections (exterior
and interiors) in black carrot, and higher root yield
potential  both  contribute  towards  higher
anthocyanins yield potential per unit area. Since
black carrot is an important and highest industrial
source of anthocyanins of plant origin, the most
potential tropical cultivars/genotype, namely Kashi
Krishna, VRCAR-125 and Pusa Asita will certainly
play a major role for their industrial use as well as
will boost seed industry in tropical and sub-tropical
regions of the world.

Moreover, total phenolics concentration (mg
GAE 100g*! FW) in black and rainbow -carrots
analyzed to be 263.9 mg (183.1-310.9 mg) and 39.0
mg (29.9-52.6 mg), respectively with significantly
higher amounts in Kashi Krishna & VRCAR-125
followed by VRCAR-89-1, VRCAR-197 and
VRCAR-125 (Figure 2A). Largely, black carrot
roots possessed 6.8-fold more phenolics than roots
of rainbow carrots. Higher concentration of
phenolics in black carrot is due to presence of
anthocyanins. The trend of present result is in
concurrence with Algarra et al. (2014) who analysed
187.8 & 492.0 mg of phenolic compounds in two
black carrot cultivars Antonina and Purple Haze,
respectively. Moreover, Leja et al. (2013) estimated
9-times more phenolics in purple carrot than roots of

other colors. Comparatively, greater amounts of
phenolics in black carrots (solid purple) have also
reported by have also reported by Alasalvar et al.
(2001), Koley et al. (2014), Singh et al. (2018), and
Smeriglio et al. (2018).

Another polyphenol, flavonoids content (mg
CE 100g' FW, Figure 2B) was analyzed
significantly higher in black carrots (122.2 mg, 8.66-
fold) cultivars and promising lines such as Kashi
Krishna (140.0 mg) followed by VRCAR-125
(133.1 mg), VRCAR-124 & VRCAR-197 (116.9
mg), Pusa Asita (114.6 mg) and VRCAR-89-1
(111.4 mg); and lesser concentration in the
genotypes of rainbow carrot, namely VRCAR-107-2
(20.9 mg), VRCAR-107-1 (17.0 mg), VRCAR-171-
1 (12.0 mg) and VRCAR-198 (6.5 mg). In various
lines of black and rainbow carrots, the average
phenolic content is higher (1.6-8.1 times) than the
corresponding total flavonoids. Anthocyanins are
responsible for the purple color of carrot roots which
is being reflected in the present analysis with higher
values of phenolics and flavonoids in the roots of
black and rainbow carrots. Various previous
researchers (Leja et al. 2013; Koley et al. 2014;
Smeriglio et al. 2018) estimated higher amounts of
flavonoids in the roots of black/purple coloured
carrots.

The total carotenoids content (mg 100g*
FW) among purple carrots ranged from 5.15-9.70
mg in
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rainbow genotypes and 0.46-1.10 mg in black
carrots with a general mean value of 6.95 mg and
0.61 mg, respectively (Figure 3A). Rainbow carrots
with orange/red/yellow root interior/core contribute
towards higher amount of total carotenoids. Present
result is in accordance with the previous findings of
Alasalvar et al. (2001), Nicolle et al. (2004), and
Singh et al. (2018) who also reported the lesser
amounts of carotenoids (<2 mg 100g* FW) in
black/yellow carrots. The presence of organic
pigments like anthocyanins and carotenoids in
rainbow carrots responsible for the brilliant colours
ranging from pale yellow through bright orange to
dark red make it most suitable for use as table/salad
purpose which is not only attractive/decorative but
also very nutritious containing reasonable amounts
of carotenoids (lycopene, B-carotene, a-carotene &
xanthophyll) and anthocyanins.

The  antioxidants are  bio-molecule
substances which counteract reactive oxygen species
(ROS) or free radicals, thus preventing oxidative
damage. The plant materials rich in antioxidant
ability like black carrot are of growing interest in the
food/pharmaceutical industries because they retard
oxidative degradation, and thereby improve the
quality and nutritional value of foods. The dietary
antioxidants from plant products are generally more
effective in reducing ROS levels due to the
synergistic actions of a wide range of biomolecules
such as vitamin C & E, phenolic compounds,
anthocyanins, carotenoids, terpenoids and other

phytonutrients. In food nutrition research, the
evaluation of antioxidant ability is becoming more
important as it provides useful information with
regard to health promoting functional quality of food
items. In the present experimentation, the
antioxidant activities of purple carrots were analysed
by three different in-vitro methods i.e. FRAP, ABTS
and CUPRAC assay to compare the potentiality of
promising lines/cultivars of black and rainbow
carrots.

The reducing capacity was assayed in
tropical purple carrots using the FRAP method
(umol TE g! FW) that ranged from 2.5-4.9 pumol
(3.3 umol) in rainbow carrot, and 25.6-59.4 pmol
(45.8 umol) in black carrot. It is much higher in
black carrot lines such as Kashi Krishna followed by
VRCAR-125, VRCAR-197, VRCAR-89-1, Pusa
Asita and VRCAR-124 (Figure 3B).

FRAP activity is estimated 13.63-fold
higher in black carrot as compared to rainbow carrot.
The higher FRAP value of black carrot is due to the
presence of greater amounts of anthocyanins and
phenolics. The trend of higher reducing capacity of
black carrot is in concurrence with those of previous
studies (Algarra et al. 2014; Koley et al. 2014; Singh
et al. 2018). Further, Raman (2010) listed the most
effective 12 healthy foods that are very high in
antioxidant capacity (FRAP value umol TE g* FW)
which are dark chocolate (150 pmol), pecan nut
(106 pmol), blueberry (92 pmol), strawberry (54
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(Standard error bars with p<0.05).

pmol), globe artichoke (47 pmol), goji berry (43
pmol), raspberry (40 umol), kale and red kale (27 &
41 pmol), red cabbage (22 umol), beans (20 pumol),
garden beet (17 umol) and spinach (9 umol). It is
revealed that FRAP antioxidant ability is higher in
black carrots (25.6-59.4 pmol), particularly in
cultivar Kashi Krishna (59.4 pmol) which is ranked
under 5 among food items and highest among
vegetables.

The free radical scavenging activity of black
and rainbow carrots was analyzed following ABTS
assay (umol TE g! FW) as described in
methodology. The antiradical capacities of the black
carrot cultivars were 11.53-fold higher than that of
the rainbow carrot that ranged from 26.4-73.1 umol
& 4.3-63 pumol, respectively (Figure 4A).
Significantly higher ABTS radical scavenging
capacities was estimated for Kashi Krishna (73.1
umol) and VRCAR-125 (71.9 pumol) followed by
VRCAR-89-1 (61.1 pmol), VRCAR-197 (60.7
umol) and Pusa Asita (58.0 umol). Moreover, Zhang
and Hamauzu (2004) analyzed stronger radical
scavenging ability (RSA) in phenolic extracts than
pure chlorogenic acid, vitamin C and B-carotene in
carrot. In another study, Leja et al. (2013) estimated
RSA among 35 genotypes of temperate and tropical
carrots, and reported 7.4-times more RSA in purple
carrot than carotenoid carrots.

Furthermore, the antioxidant potential in
terms of CUPRAC value (umol TE g! FW) in
tropical black and purple carrots was varied from

39.7-83.2 umol (68.6 umol) and 3.1-7.6 umol (5.0
pumol), respectively (Figure 4B). CUPRAC value
was analysed significantly higher particularly in
Kashi Krishna (83.2 pmol) and VRCAR-125 (79.8
pumol). The higher CUPRAC values for black carrot
in comparison to rainbow carrot are due to the
presence of anthocyanins and phenolics. CUPRAC
estimates were found to be highest in black carrots
in previous studies of Koley et al. (2014) and Singh
et al. (2018). The ability to reduce metal ions was
measured using CUPRAC and FRAP assay; and the
overall values of CUPRAC assay were considerably
higher than the values of FRAP assay which may be
because of the presence of flavonoids such as
quercetin and kaempferol.

The most common source of betalain-based
food colorant is red beetroot (Beta vulgaris) which
has been reported to be one of the most potent
antioxidant vegetables whose antioxidative potential
in terms of FRAP and ABTS values on dry weight
(DW) basis quantified as 40-125 mmol TE kg* DW
(i.e. = 4.0-12.5 umol TE g* FW) and 30-110 mmol
TE kg-1 DW (i.e. = 3.0-11.0 umol TE g! FW),
respectively (Song et al. 2010; Carrillo et al. 2017).
In the present study, it is very interesting to note that
the black carrot cultivars possessed 500-800% more
antioxidant ability than red beetroot with respective
FRAP, ABTS and CUPRAC capacity of 25.64-59.40
umol TE g! FW, 26.39-73.14 umol TE g* FW and
39.67-83.23 umol TE g' FW. Therefore, black
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carrot is one of the best sources among plants and
richest among vegetable for antioxidant compounds
that need to be promoted in the daily diet and
utilized for industrial manufacturing. Overall, the
antioxidant ability is higher in anthocyanins rich
black carrot followed by rainbow carrot and least in
carotenoid pigmented carrot.

The correlation coefficients between polyphenols
content (anthocyanins, phenolics, flavonoids),
antioxidant ability (FRAP, ABTS, CUPRAC) and
total carotenoids were computed to assess strength
of linear association between variables (Table 1).

Table 1: Correlation coefficient between phytochemical content and antioxidant capacity in tropical purple carrot

Parameter Monomeric Total Total FRAP ABTS CUPRAC Total
anthocyanins phenolics flavonoids activity activity activity carotenoids

Monomeric 1.000 0.974** 0.963** 0.976** 0.961** 0.964** -0.884**
anthocyanins

Total phenolics 1.000 0.971** 0.992** 0.985** 0.993** -0.911**
Total flavonoids 1.000 0.957** 0.932** 0.961** -0.917**
FRAP activity 1.000 0.995** 0.997** -0.871**
ABTS activity 1.000 0.994** -0.881**
CUPRAC activity 1.000 -0.851**

**: significant at 1% level

Anthocyanins, phenolics and flavonoids were
strongly and positively correlated to each other
(0.974**, 0.963** & 0.971**), and with all three
antioxidants i.e. 0.961** to 0.976**, 0.932** to
0.961** and 0.985** to 0.993**, respectively
because of the presence of various polyphenols in
purple carrots. The higher coefficients of total
phenolics over flavonoids with anthocyanins
indicate that phenolics could be used as a
biochemical indicator while genetic improvement

programmes; and also suggesting that anthocyanins
represent a large fraction of the phenolics which is
associated with better stability of anthocyanins as
food colorant. Further, the activity of antioxidants
FRAP, ABTS and CUPRAC were also highly
associated with each other i.e. 0.995**, 0.997** &
0.994**, respectively. Positive association between
polyphenols and antioxidant ability in root
vegetables have also been reported in earlier studies
(Leja et al. 2013; Koley et al. 2014; Carrillo et al.
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2017; Singh et al. 2018). Nevertheless, there were
significant negative correlation between total
carotenoids and phytonutrients/antioxidative
capacity (-0.851** to -0.917**) because of lower
concentration of anthocyanins in the roots of
carotenoid carrot.

Conclusions

The present study assayed higher amounts of
monomeric anthocyanins (218.0 mg 100 gt FW),
phenolic compounds (263.9 mg GAE 100 g* FW)
and total flavonoids (122.2 mg CE 100 g* FW) in

Figure 5: Utility of black carrot
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black carrots which are correspondingly 13.6-, 6.8-
and 8.7-times more than rainbow carrots. Overall,
the anthocyanins, phenolics and flavonoids have
very high and direct associations with all three
antioxidants i.e. FRAP, ABTS and CUPRAC.
Higher content and better yield potential of
anthocyanins, strong direct association between
anthocyanins & phenolic compounds, health and
nutritional benefits, multifarious uses & industrial
importance, and greater antioxidant ability of black
carrot (Figure 5) make it very suitable to be used a
pigment crop.
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