RESEARCH ARTICLE

Physicochemical and Bioactive Compounds in Carrot and
Beetroot Juice

Simran Arora?, Saleem Siddiqui?, Rakesh Gehlot? 10.18805/ajdfr.DR-1363

ABSTRACT

Carrot and beetroot are mostly used for salad and juice purposes. To know the physicochemical and bioactive composition of the locally
grown carrot and beetroot, the present investigation was carried out. A physicochemical and bioactive compound like total soluble
solids, total sugars, reducing sugars, titrable acidity, pH, ascorbic acid, total antioxidant activity, anthocyanins, betanin, total phenols and
total carotenoids were determined from fresh carrot and beetroot juices. The results showed that fresh red carrot juice contained a high
amount of B-carotenoids (4.59 mg/100 mL) content. Freshly extracted beetroot juice contained 62.20% DPPH scavenging antioxidant
activity, 990.7 mg/100 mL total phenols, 790 mg/l anthocyanins, 520.3 mg/| betanins. The results suggest that carrot and beetroot juices

are a rich source of nutrients and bioactive compounds thus can be used for value addition in food formulations.
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INTRODUCTION

Carrot (Daucus carota L.) is one of the most important
seasonal root vegetables of Apiaceae (Umbelliferae)
family grown throughout the world. It is an inexpensive and
highly nutritious vegetable. China is the largest producing
country of carrot in the world (FAO, 2011). In India, the carrot
is produced 10.93 lakh tones annually from an area of 68,000
ha during 2014-15. Haryana is the leading producer of carrot
with 2.51 lakh tonnes in an area of 18000 ha, followed by
Tamil Nadu, Punjab, Karnataka and Uttar Pradesh (NHB, 2016)

Carrot is an excellent source of B-carotene, a precursor
of vitamin A, which neutralizes the effect of free radicals
(Yoon et al., 2005). It is rich in antioxidants like a-carotene,
[3-carotene, flavonoids and phenolic derivates, which have
anticarcinogenic activities, reduce inflammatory insult, and
modulate immune response (Zhang and Hamauzuet, 2004;
Dias, 2012). It also contains small amounts of other lipophilic
antioxidants like lutein and lycopene having importance
in eye health and protection from age-related macular
degeneration (Tanumihardjo and Yang, 2005).

Beetroot (Beta vulgaris) is botanically classified as an
herbaceous biennial from the Chenopodiaceae family and has
several varieties with bulb colors ranging from yellow to red.
Deep red-colored beetroots are the most popular for human
consumption, both cooked and raw as salad or juice. Beetroot
contains 87.4,1.35,0.3, 1.9, 2.56 and 1.4% of moisture, protein,
fat, dietary fiber, total fiber, and mineral contents respectively.
It is also rich in valuable active compounds such as glycine
betaine, saponins, pigments (vulgaxanthin |, vulgaxanthin
I, indicaxanthin, betanin, prebetanin, isobetanin, and
neobetanin) and pool of phenolic compounds that includes
phenolic acids, flavonoids, and organic and inorganic acids
(Kujala et al., 2000; Singh and Hathan, 2014). Thus, the
objective of this study was to carry out the physicochemical
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and bioactive characterization of carrot and beetroot juice so
that we can supplement it with other fruit juices and products

MATERIALS AND METHODS

The experiment was conducted at the Centre of Food Science
and Technology, CCSHAU Hisar in the year 2016. Raw materials
(red carrot and purple beetroot) were procured from local
orchards/market, Hisar. Before juice extraction, carrot and
beetroot were washed thoroughly under running tap water
and peeled to remove adhered soil particles and small roots
attached to their skin. Then the juice was extracted separately
by centrifugal juice extractor. The procedure adopted for juice
extraction is presented in Figure 1.

Analysis of physicochemical parameters

The following chemical parameters were analyzed for
fresh carrot and beetroot juice: total soluble solids, total
sugars, reducing sugars, titrable acidity, pH, ascorbic
acid, total antioxidant activity, total phenols, and total
carotenoids. However, anthocyanins and betanin content
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Figure 1: Flowsheet for extraction of juice

were determined only in beetroot because these pigments
are not present in red carrot.

Total soluble solids

Total soluble solids (TSS) of fresh juice were estimated at
ambient temperature using a hand refractometer (Erma,
Japan) having a range of 0-32%.

Total and reducing sugars

Total and reducing sugar of fruit juices was estimated by the
titration method, as suggested by Hulme and Narain (1931).
The results were calculated and expressed in g of sugar per
100 g.

Titrable acidity

Total acids were extracted in water and were determined
using the titration method described by A.O0.A.C. (2005). Total
acids were extracted and titrated against 0.1 N NaOH using a
few drops of phenolphthalein as an indicator.

pH

The pH of fresh juice was determined by a pH 700 digital
meter at 25 + 2°C. Before estimation, pH meter was calibrated
using a pH buffer solution of pH 4.0, 7.0, and 10.2.

Ascorbic acid

The ascorbic acid content was determined using a 2-6
Dichlorophenol-indophenol (dye) visual titration method
(Ranganna, 2014).

Antioxidant activity

The percentage of 2, 2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging activities of fruit juices was determined by
the slight modification of the spectrophotometric method, as
suggested by Shimada et al., (1992). DPPH dye was prepared
by dissolving methanol, and the mixture stands in the dark at
refrigerated temperature for 12 hour. Then, the DPPH working
solution was diluted with methanol to an absorbance of
between 0.3-0.6 at 519 nm. After that, an aliquot of 100 uL
tested samples was added to 3 mL of DPPH working solution
and measured at thirty minutes of reaction at 517 nm. Lower
absorbance of the reaction mixture indicated higher free
radical scavenging activity/ antioxidant activity.

Anthocyanin

Anthocyanin content of beetroot juice was determined by pH
difference method as per the procedure of Askar and Treptow
(1993). The sample was mixed with 20 mL of pH 1.0 buffer,

centrifuge, and filtered to remove haze or sediments. The
dilution factor was determined by diluting the test portion
with pH 1.0 buffer until the absorbance at 520 nm is within
the linear range of spectrophotometer (0.4 to 0.6). Using this
dilution factor, prepared dilution for the same sample with
a pH 4.5 buffer. The absorbance of the test portion diluted
with pH 1.0 buffer and pH 4.5 buffer were recorded at both
520and 700 nm. The anthocyanin content was calculated and
expressed as cyaniding-3-glucoside.

Betanin or betacyanin

The betanin content of beetroot juice was assayed by
modification of the differential spectrophotometry method
suggested by Nilsson (1970). The sample was mixed with 20
mL of phosphate buffer pH 6.5, centrifuge, and filtered to
remove haze or sediments. The absorbance was taken at 538
and 700 nm. The purpose of measuring absorbance at 700
nm is to correct the haze or turbidity and subtracting it from
the absorbance at the wavelength of maximum absorption
(538 nm).

Total phenols

Total phenols were determined using a method suggested by
Amorium et al. (1997). Phenols from juice were extracted with
80 percent acetone, and results were calculated using the
standard curve expressed in terms of tannins as mg/100 mL.

Total carotenoids

Total carotenoids of carrot juice were determined spectro-
photometrically by a slight modification of the method
described by Rodriguez-Amaya (2004). The sample was
extracted with chilled acetone, centrifuged, and the
supernatant was transferred to the separating funnel.
Petroleum ether was added to this solution and mixed
thoroughly. After 5 min, two layers were separated on
standing. Discarded the lower layer and the absorbance of
the above layer was read at 452 nm against petroleum ether
as blank.

RESULTS AND DISCUSSION

Carrot juice

It was observed that fresh carrot juice contained 8.33% total
soluble solids, 5.23 g/100 g total sugars, and 2.79 g/100 g
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reducing sugars (Table 1). The results are in agreement with
the previous findings of Moza (2010) who reported that fresh
carrot juice had 7.4% of total soluble solids, 4.67% of total
sugars and 2.16% of reducing sugars. Similarly, Jothi et al.
(2014) found that carrot juice contained 4.91% of total sugars
and 2.15% of reducing sugars. The mean values of titrable
acidity and pH were found to be 0.06%, 6.15, respectively
which are in accordance with the findings of Zadernowski
et al. (2010) who reported 0.19 g/100 g acidity in fresh red
carrot. Similarly, Jothi et al. (2014) recorded pH (5.00) and
titrable acidity (0.05%) in carrot juice.

Ascorbic acid is a water-soluble vitamin. It acts as
an important nutrient because of its antioxidant, anti-

atherogenic, and immune modulator effects. The data in
Figure 2a and 2b shows mean value of 2.94 mg/100 mL of
ascorbic acid and 189.2 mg/100 mL of total phenols which are
in agreement with the previous findings Leahu et al. (2013)
who reported that fresh red carrot juice had 5.54 mg/100 g of
ascorbic acid and 352 mg/100 mL of total phenols. Similarly,
Bystricka et al. (2015) observed total phenols in the range of
8.12 to 11.37 mg/100 gm in five varieties of carrot.

The carotenoids are natural pigments that give both
appearance and attractiveness to beverages as well as add
nutritional value due to antioxidant property. The results in
Figures 2c and 2d show the antioxidant activity of 32.31%
scavenging of DPPH and total carotenoids of 4.59 mg/100
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Figure 2: Bioactive compounds in carrot and beetroot juice.
Table 1. Chemical analysis of carrot and beetroot juices
Total sugars Reducing sugars Titrable acidity
Parameters TSS (%) (9/100 g) (g/100g) (g/100g) pH
Carrot juice 8.33+0.58 523+0.16 2.79+0.07 0.06 £0.03 6.15+0.06
Beetroot juice 10.00 £ 0.00 6.67 £0.57 2.39+0.21 0.05+0.02 8.03%0.11

Values are mean + Standard Error (SE)
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g which are in agreement with the findings of Moza (2010)
who observed the antioxidant activity of 31.8% and total
carotenoids of 8.85 mg/100 mL in carrot juice. The observed
differences in our study may be due to a different variety
and environment. Similarly, Bystricka et al. (2015) observed
antioxidant activity in the range of 6.88% to 9.835%, and
[-carotenes in the range of 24.58-124.28 mg/100 kg in five
varieties of carrot.

Beetroot juice

It was observed that fresh beetroot juice contained 10.00%
total soluble solids, 6.67 g/100 g total sugars, and 2.39 g/100
greducing sugars (Tablel). The results are in conformity with
the findings of Khade (2015) who studied the physicochemical
composition of beetroot juice and reported that beetroot had
TSS content of was 10°Brix, total and reducing sugars of 4.20
and 7.93%. Similarly, Kazimierczak et al. (2016) analyzed total
and reducing sugars in juices in relation to the production
system and processing technology for beetroot and found
that it contained total sugars (1.73-7.85 g/100 g) and reducing
sugars (1.21-7.31 g/100 g). The mean values of titrable acidity
and pH of beetroot juice was found to be 0.05% and 8.03
respectively, which are in accordance with the findings of
Perez and Perez (2009) reported that beetroot juice contained
titrable acidity (5.61 mg/100 mL) and pH (6.34). Similarly,
Dambalkar et al. (2016) recorded acidity 0.06% and pH 8.2
in beetroot juice.

Fruits and vegetable juices contain a higher amount
of antioxidants, which reduces the incidences of cancer,
heart diseases, and boosts the immune system. The data in
Figures 2a and 2d shows ascorbic acid (6.44 mg/100 g) and
antioxidant activity (62.20% scavenging of DPPH) of beetroot
juice which is in agreement with the findings of Dambalkar
et al. (2016) who found that beetroot juice contained 10.07
mg/100 g of ascorbic acid on a fresh weight basis. Wruss et
al. (2015) observed antioxidant capacity in the range of 19.7
to 379 mM TE in seven varieties of beetroot grown in upper
Austria. Similarly, Vasconcellos et al. (2016) found that beetroot
juice contained 80.48% of total antioxidant activity.

Phenolic content in fruits and vegetables prevents and
treats many oxidative stress-related diseases. In the present
study (Figure 2b), the total phenolic content of beetroot juice
was found to be 990.7 mg/100 mL which is higher than carrot
juice. The results of the present study are in agreement with
the previous findings of Venkatachalam et al.,(2014) who
reported a total phenolic of 57.64 mg/100 g for fresh beetroot.
Anthocyanins are water-soluble pigments and members of
the flavonoid group of phytochemicals. These compounds
play animportantrole in the color of many fruits, vegetables,
and products derived from them. The data in Figure 2f
represents anthocyanins content (790 mg/I) of beetroot juice
which is in accordance with the previous findings of Manea
(2013) who analyzed bioactive compounds in beetroot juice
during preservation by refrigeration and found that fresh
beetroot juice contained 0.54 g/L anthocyanins content.

Kovarovic et al. (2017) reported varied content of anthocyanin
(14.48 to 84.50 mg/kg) in five varieties of beetroot.

The betanin is an important pigment, possesses the
antioxidant ability, and provides protection against free
radicals. The data in Figure 2e shows that beetroot juice had
520.3 mg/L betanins. The result was in agreement with the
previous findings of Wruss et al. (2015), who reported that
betacyanin content ranged from 465-807 mg/I in different
varieties of beetroot grown in upper Austria. Similarly,
Czapski et al. (2009) found red pigment (betacyanins) in
the juice, which ranged from 570-1630 mg/L in 11 different
cultivars of beetroot.

CoNCLUSION

It can be concluded that carrot and beetroot juice contained
ahigh amount of valuable bioactive compounds that prevent
degenerative processes (free radical formation) in the human
body system. As these vegetable juices have nutritional and
medicinal properties, would need to be supplemented with
other fruit juices and products in the diet to meet up with
the body requirements for healthy nutrition.
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