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ABSTRACT

Food colorants will be classified broadly into natural and synthetic
colorants. Natural colorants are extracted mostly from plant material.
Natural colorants such as lycopene, carotene, anthocyanin, etc. are used to
provide colors in food. The aim of the study was to estimate the total
amount of carotenoids from naturally available vegetables namely tomato
(Lycopersicon esculentum), carrot (Daucus carota), broccoli (Brassica
oleracea), beetroot (Beta vulgaricus) and to incorporate the extracted
natural colors in processed dairy product e.g. sweetened syrupy cheese ball
(rasgulla). Total carotenoid content in tomato, carrot, beetroot and broccoli
were found to as 29.34 mg/100g, 37.13 mg/100g, 25.64 mg/100g, 23.33
mg/100g. Moreover, the ascorbic acid contents of tomato, carrot, beetroot
and broccoli were found as 20.67 mg/100g, 8.05 mg/100g, 7.65 mg/100g
and 15.12 mg/100g respectively. Similarly, the total phenolic contents of
tomato, carrot, beetroot, and broccoli were 3.72 mg GAE/g, 2.02 mg
GAE/g, 2.12 mg GAE/g and 1.87 mg GAE/g respectively. The antioxidant
activity of tomato, carrot, beetroot and broccoli were obtained 40.24%,
38.46%, 56.52% and 42.23%. Sensory analysis data revealed that the
rasgulla sample (S1) i.e. added natural colorant extracted from carrot
showed better results in terms of color attributes. It was evident from the
experimental results that naturally occurring vegetable resources contains
significant health benefits as well as nutraceutical components and can
suitably contribute the natural color during the preparation of processed
food product.

1.Introduction

Fruits and vegetables e.g. carrot, beet root,

carbon atoms. Carotenoids partially

broccoli, tomato, grapefruit, cabbage etc. are
good sources of natural colorants and most
often, mainly divided into 04 major groups:
anthocyanins, betalains, carotenoids and
chlorophyll(Rodriguez-

Amaya,2019a).Carotenoids are a group of
phytochemicals that are responsible for
different colors of foods. All carotenoids are
tetraterpenoids, meaning that they are produced
from 8 isoprene molecules and contain 40
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completely protect intact cells (e.g. human liver
cell line HepG2) against oxidant-induced lipid
peroxidation, and the protective effect is
independent of provitamin A activity.The
oxygenated carotenoids which are derivatives
of these hydrocarbons known as xanthophylls,
examples of these compounds are zeaxanthin
and lutein (hydroxy), spirilloxanthin (methoxy),
echinenone (0xo0), and antheraxanthin (epoxy)
(Meshram etal.,2013). Carotene is an orange
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photosynthetic ~ pigment  important  for
photosynthesis. They are recognized as playing
an important role in the prevention of human
diseases and maintaining good health (Rebecca
et al.,2014). B-carotene is the most widely
studied carotenoid and present in human blood
and tissues. Color varies from yellow to
orange.Lycopene isan important carotenoid and
principally responsible for the characteristics
deep-red color of ripe tomato fruits and tomato
products. Other sources of lycopene include
watermelon, guava, papaya etc. Lycopene
undergoes degradation via isomerization and
oxidation. Lycopene is the principal
hydrocarbon carotenoid in tomatoes with lesser
amounts of a-carotene, -carotene, Y-carotene
and lutein. Lycopene is very sensitive to light,
heat, oxygen and acids in degradation(Shi
andMaguer,2000).Lycopene as an effective
antioxidant quenches highly reactive singlet
oxygen (O2) and traps peroxyl radicals(Shi
andMaguer,2000). Lycopene has been shown to
protect important bio-molecules, such as lipids,
low-density lipoproteins, proteins, and DNA
against oxidative damage, which is how
lycopene contributes to the prevention of
cancers, atherogenesis, and cell proliferation
(Rao and Agarwal, 1999; Stahl etal.1998).
Betalains are water-soluble nitrogen-containing
pigments, which are synthesized from the
amino acid tyrosine into two structural groups:
the red-violetbetacyanins and the yellow-
orange betaxanthins and provides these color
shades respectively (Stintzingand Carle,2007).
Betalains are natural dyes extracted from
different fruits and vegetables. They are largely
used as food colorants in food products like
yogurts, ice cream and other products. Recent
studies have shown that betanines have
antioxidant, antimicrobial and antiviral activity
(Ravichandran  etal.,2013). Beet (Beta
vulgaricus) is the main source of natural red
dye, known as beetroot. The betalains are stable
in the pH range 4-6 and their subject to
degradation by thermal processing as in
canning.Broccoli (Brassica oleracea) has the
highest levels of carotenoids in the brassica
family. It is particularly rich in lutein and also
provides a modest amount of beta-carotene
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(ShadaksharaswamyandManay,2011). The use
of natural colorants can provide technological
and bioactive functionalities to those foods in
which they are applied, delivering additional
value-added properties (Rodriguez-
Amaya,2016). Nowadays, single-phase
coloring systems such as baking products (solid
phase) or drinks (liquid phase) have been
successfully assayed with natural colorants
such as carotenoids or anthocyanins (Lin
etal.,2018). Colorants can be added to food
systems after a technological extraction or
could be part of the colored raw material.
However, as some of the natural bioactive
compounds that chemically constitute these
colorants can be lost due to the matrix storage
and processing conditions, some of them can be
encapsulated to take advantage of their
technological and  biological properties
(Hidalgo etal.,2018). In addition, encapsulated
colorants are easier to handle and often exhibit
enhanced physicochemical properties such as
better solubility, stability, and flow properties
(Labuschagne,2018). Food colorants play a
crucial role in food production, masking
unpleasant attributes or enhancing the food
products’ natural properties (Nwoba
etal.,2020). Therefore, based on their color,
they can also be used for specific purposes. For
instance, anthocyaninis  highly = common
watersoluble  flavonoids  exhibiting  pH-
dependent colors from red to blue, and
recognized by several bioactive properties such
as antioxidant, anti-inflammatory,
hypoglycemic, and chemo preventive effects
(Nwoba etal.,2020). Carotenoids are highly
appreciated for their red, orange, and yellow
color, primarily fruits and vegetables,
contributing to desirable flavors in food and
beverages (Rodriguez-Amaya,2019Db).
Betalains are other type of colorants that have
proven to be the most promissory candidates to
replace Allura Red AC (Red 40), a synthetic
colorant that contains benzidine, a potential
human and animal carcinogen
(Potera,2010).The aim of the study was to
extract, analyze and purify the carotenoid
content from various vegetable resources viz.
tomato, carrot, broccoli and beetroot and finally
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the extracted natural colorant especially from
carrot and beetroot was added during
processing to develop a popular dairy product
(sweetened syrupy cheese ball) rasgulla for
enhancing nutraceutical and sensorial qualities.
Therefore, the functional aspect of natural
colorant will be successfully exploited in milk
processing industry to develop the value added
dairy products for consumption.

2.Material and Methodology
2.1. Collection of raw materials and reagents
The vegetables used for the experiment are
tomato(Lycopersicon esculentum),
carrot(Daucus  carota),broccoli  (Brassica
oleracea) and beetroot (Beta vulgaricus)
respectively. The fresh vegetables were brought
from the localmarket of Kokrajhar, Assam,
India adjacent to the institute and stored in the
refrigerator.Chemicals or reagents used for the
purpose of extraction and analysis are

acetone/hexane/ethanol,Nacl,methanol/acetonit
rile, starch solution and iodine solution
(Ascorbic acid determination), Folin-Ciocalteau
reagent, sodiumcarbonate (Total phenolic
content) and 2,2-diphenyl-1-
picrylhydrazyl/ethanol(Antioxidant  activity)
respectively.

2.2. Extraction of carotenoids

The vegetables used for the study were
Tomato (Lycopersicon esculentum), Carrot
(Daucus carota), Broccoli (Brassica oleracea),
Beetroot (Beta vulgaris). The vegetables used
were bought fresh from the market and
preserved in the refrigerator. A
spectrophotometer was used to observe the
absorbance at 450 nm. Solvent extraction was
done wusing hexane: acetone (1:1) along
withethanol, 10% NaCl solution was also
prepared in the laboratory which was used in
the extraction (Rebecca et al.,2014).

Vegetables (Carrot, broccoli, beetroot)

Cut into pieces

Homogenization

Addition of htxane and acetone (1:1 ratio)

Added 5ml of acetone at regular intervals

Solvent was collected separately (Double extraction)

Solvent containing carotenoids were filtered through filter paper

Transfer the carotenoid into a separating funnel

Add 50 ml of distilled water added along with 50 ml of 10% NaCl solution (saponification)

Mixture was shaken and kept aside for the layers to separate

Freeze drying

Figurel.Extraction of carotenoid from vegetable resources

2.2.1. Extraction of carotenoids using solvent
Vegetables viz. tomato, carrot, broccoli and
beetroot were sliced separately and 100 g of
each vegetable was weighed and kept
separately. The same extraction procedure was
followed for all the vegetables. 100 g of the
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vegetable was placed in a mortar and crushed
with a pestle. A mixture of hexane and acetone
in the ratio of 1:1 was added into the mortar
and the sample was crushed. About Sml of
acetone was added slowly at regular intervals.
The solvents were collected separately and the
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process was repeated with the sample again for
double extraction. The solvents containing
carotenoids were filtered through a filter paper
and then transferred into a separating funnel.
50ml of distilled water was added with 50 ml of
10% NaCl solution. The mixture was shaken
properly and kept for the layers to separate. The
upper layer contained carotenoids and it was
collected separately after the removal of the
water and NaCl solution. The extract was
collected in tubes. The absorbance of the
carotenoid was noted at 450 nm. The amount of
carotenoid present in 100g of each food sample
was calculated (Rebecca et al.,2014). The
carotenoid extraction process from different
vegetable resources will be represented in
figure 1

2.3. Extraction of Lycopene from Tomato
Fresh tomatoes were first to cut into pieces
and seeds were separated. The material was

homogenized to form a paste. The paste was
extracted with n- hexane (1:1 w/w) for two
hours with constant stirring at 40-45 °C in
reaction assembly. The n-hexane layer was
separated by using a separating funnel and
further saponified for lycopene isolation
(Roldan-Gutierrez et al., 2007).
2.3.1. Saponification of n-hexane extract

The oleoresin was mixed  with
saponification ~ mixture  containing  60%
propylene glycol, 20% KOH prepared in 45%
methanol and 20% water and kept at 65°C
under gentle stirring for 30 minutes followed
by n-hexane addition. The mixture was washed
with warm water to remove saponified matter
and excess propylene glycol and KOH. The
lycopene crystals formed were filtered through
Whatman filter paper no 1 and dried under
vacuum or freeze drier.The lycopene extraction
process from tomatoes will be represented in
figure 2.

Tomato cut into pieces

De- seeding (Liqu\l/d, seeds discarded)

Homogenization

Sett]ling
Tomatq paste
n-hexane—> Extr\ﬁction — Spent tomato paste
Extract
Evaporation
Conc.[extract

Saponification———> Aqueous layer discarded

Purified lycopene extracts

!

Lyophilization or Freeze drying

Figure 2. Extraction of lycopene (carotenoid) from tomato
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2.4. Determination of Ascorbic acid

Ascorbic acid was estimated experimentally
according to (Kaur and Goswami,2018). In this
technique,20 mL of sample solution was
pipetted into a 250 mL conical flask and add
about 150 mL of distilled water and 1 mL of
starch indicator solution. Titrate the sample
with 0. 005 mol L iodine solution. The end
point of the titration is identified as the first
permanent trace of a dark blue-black colour due
to the starch-iodine complex. Repeat the
titration with further aliquots of sample solution
until obtain the results.

2.4.1. Preparation of iodine solution

Weigh 2 g of potassium iodide into a 100
ml beaker. Weigh 1.3 g of iodine and add it into
the same beaker. Add a few mL of distilled
water and swirl for a few minutes until iodine is
dissolved. Transfer iodine solution to a 1L
volumetric flask, making sure to rinse all traces
of solution into the volumetric flask using
distilled water. Make the solution up to the 1 L
mark with distilled water.

2.4.2. Preparation of starch solution

Starch indicator solution: (0.5%). Weigh
0.25 g of soluble starch and add it to 50 mL of
near boiling water in a 100 mL conical flask.
Stir to dissolve and cool before using.
2.5.Determination  of  total
content(TPC)

Total phenolic content was determined
according to (Annisworthand Gillespie, 2007).
The reaction mixture was prepared by mixing
0.2 ml of natural juice separately mixed with .6
ml of distilled water. After addition of .25 ml of
Folin- Ciocalteau reagent, 1 ml of saturated
sodium carbonate (8% W/V) and 3 ml of
distilled water were added. The mixture was
then incubated for 30 min at 37 °C and the
absorbance was recorded at 765 nm using an
UV-Spectrophotometer. The measurement was
compared to calibration curve prepared using
the standard gallic acid solution. The total
phenolic content was expressed as milligrams
of gallic acid equivalents (GAE) per 100 ml of
juice.

phenolic
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2.6. Determination of antioxidant activity

The antioxidant activity of the extracts was
determined wusing the modified method
of(Sharma and Bhat,2009). In this method,
0.001g of DPPH (2,2-diphenyl-1-
picrylhydrazyl) in ethanol was prepared and
Iml of this solution was added to a test sample.
The reaction mixture was shaken well and
incubated for 30 min at 37°C. The absorbance
was read at 517 nm using a UV-
Spectrophotometer against the ethanol blank.
The percentage inhibition of the DPPH radical
by the samples was calculated according to the
formula of (Yenand Duh, 1994).

IP = [(AC (0)- AA(t)/ AC (0))] x 100 (1)

Where AC (0) is the absorbance of the control
at t = 0 min; and AA(t) is the absorbance of the
Anti-oxidants at t = 16 min.

2.7. HPLC analysis of carotenoids

HPLC analysis was carried out by the
following experimental procedures and the
materials are taken such as tomato, carrot,
beetroot and broccoli.
2.7.1. Sample preparation

The solvent mixture used for the HPLC
method is generally methanol/Acetonitrile
(90:10 v/v). A sample of 5 grams of vegetables
(carrot, tomato, beetroot and broccoli) was
placed in a vessel, protected from light, and
mixed with 100 ml of extraction solvent. The
mixture was magnetically stirred during 30
minutes. The extracts were centrifugated to
separate the supernatant, and these operations
were repeated until the pulp was completely
colorless. After that saponification was done
with BHT/Methanol (40:60 v/v) (Barba et
al.,20006).
2.7.2. Standard carotenoid preparation

Individual stock standard solutions were
freshly prepared every day adding a suitable
volume of hexane to the vial containing the
carotenoid standard and mixing until complete
dissolution; then the solutions were transferred
to a volumetric flask and the concentration was
determined spectrophotometrically. Individual
working standard solutions of around 0.5-9.5
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uM were freshly prepared every day from
individual stock standard solutions by diluting
in hexane.
2.7.3. Chromatographic conditions

Several mobile phases were assayed.
Methanol/ ACN (90:10 v/v) and different
mixtures of methanol/THF/ water. The mobile
phase was filtered through a 045 pm
membrane, and degassed ultrasonically prior to
use. The mobile phase flow rate was 0.9
ml/min. The column temperature was 30 °C and
the absorbance was read at 455 nm and for
Lycopene the absorbance was read at 503. The
injected volume was 50 pL. The efficiency of
the separation was evaluated by the calculation
of the number of plates (N), using the width of
the peak at half its maximum height. The
identification of the peaks was carried out by
comparing the retention times with those
obtained with a mixed standard solution of all-
trans lycopene, b-carotene. The quantification
was performed using calibration curves made
with different injected amounts of all-trans-

2.7.4. Analysis of - carotene
Determination of B — carotene was made
according to the formula,

AxXCsXV
C(uglp) =52~ ()

Where, A,= Carotenoid peak area, (=

Standard  concentration, A;, =  Standard

area, V = Total extract volume, P = Sample
weight

2.8. Utilization of extracted natural colorant
in dairy product preparation viz. Rasgulla

In this study, rasgulla preparation was
performed by the addition of extracted and
purified colour. Mainly the color obtained from
the carrot (beta carotene) and beetroot (beta
lain) under the class of carotenoid was
considered for the development of the product.
2.8.1. Preparation of rasgulla

The processed dairy product viz. rasgulla
preparation will be represented by figure 3,
where ingredients are considered as milk,
lemon/citric acid, refined sugar, water and

lycop ene and .b-carotene, in a similar colors (from carrot, and beetroot).
proportion as in the samples (Barba et
al.,20006).
Milk
Boiling &e milk

Cooling the m+i1k (70-72)°C

Coagulant adgition to milk

Holding the coagulanY mass for some time

Draining and wh*pping the whey

Chhana preparation and add color

Kneading and tall formation

Cooking in *ugar syrup

Soaking in iugar syrup

Cooled and storage

Figure 3. Preparation of rasgulla
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2.9. Sensory evaluation of
(sweetened syrupy cheese ball)

A total of twenty two panelists including
faculty members and students of Central
Institute of Technology Kokrajhar, Kokrajhar,
Assam, India rated the prepared rasgulla added
with extracted natural color for preference of
color, appearance, flavor, taste, texture and
overall acceptability of the products. Evaluation
of organoleptic properties was done by nine
point hedonic rating scale from like extremely
to dislike extremely according to (Ihekeronye
and Ngoddy, 1985).

rasgulla

3. Results and Discussions
3.1.Extraction of carotenoids as natural
colorant

In this study, different vegetables viz.
carrot, beetroot, broccoli and tomato were
considered for the extraction of natural colors
viz. carotenoids e.g. beta carotene, lycopene,

betalain etc. by using a mixture of acetone and
hexane (1:1) for the first three and hexane only
for remaining one respectively. It was suitably
represented by table 1. From the experimental
investigation, it was found that carrot and
broccoli show maximum and minimum
extraction efficiency respectively. This is due
to the fact of the ability of interaction and
dispersibility. The extraction efficiency of
either beta carotene or lycopene by using
different solvents e.g. hexane, ethanol, acetone
etc. depends upon interaction effect and method
of extraction (Vieira et al., 2020). Carotenoid
extraction from Bixa orellana L was shown a
lower value by using acetone as solvent
(Cruz et al., 2008).Extraction of carotenoids by
using a combination of different solvents was
shown comparatively better result than that of
use of an individual solvent (Amr and
Hussein,2013).

Table 1. Estimation of extraction of carotenoids from different vegetables and their yield

Sample Weight of sample(g) Extracted sample (ml) | Yield (%) w/v
Tomato 195.22 85 43.40+0.42
Carrot 211.10 95 45.68+0.34
Beetroot 200.65 88 42.36+0.64
Broccoli 190.55 82 41.15+0.76
3.2.Carotenoid content of  different lycopene content in tomato was varied from 55

vegetables

Carotenoid is a class of natural color
contains different carotenes (alpha carotene,
beta carotene, Lutein, cryptoxanthin, lycopene
etc.). Now different vegetables as indicated in
table 2 were considered for carotenoid content
(mg/100g). it was observed that the carotenoid
content was found to be highest in carrot and
conventionally the major fraction is beta-
carotene which is the precursor of vitamin A
whereas for broccoli it was minimum.
Experimental investigation revealed that
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to 181 mg/kg (Malviya,2014), 4.31 to 5.97
mg/100 g fw (Shahzad et al,2014).The
amounts of major carotenoids of carrots, B-
carotene and a-carotene, ranged from 29 to 130
mg/kg and from 9 to 66 mg/kg, respectively
(Kocaand Karadeniz,2008; Alasavaret al.,2001;
Hart and Scott,1995;Kidmose et al.,2004;
Bushway,1986; Bureau and Bushway,1986;
Heinonen et al,1989; Konings and
Romans,1997; Niizuand Rodriguez-
Amaya,2005).
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Table 2. Carotenoid content in vegetables

Vegetables Carotenoid content(mg/100g)
Tomato 29.34+0.46
Carrot 37.13+£0.32
Beetroot 25.64+0.74
Broccoli 23.33+0.86

3.3. Estimation of Vitamin C

Determination of vitamin C or ascorbic
acid is so important in this study and
represented by figure 4. The experimental
result revealed that tomato and beetroot was
shown the maximum i.e. 17.67mg/100g and

minimumi.e.7.65mg/100gvitamin C content
respectively compared to others. This is due to
the inherent characteristics of these two
vegetables.

17.67

2/100g
W (e

8.05

—
(e
1

13.12 Ascorbic

Acid(mg/100g)

Ascorbic acid m
wh
1

(e

Tomato carrot

Beetroot  Broccoli

Figure 4. Graphical representation of different vegetables vs ascorbic acid

Total phenolic content

on
S
=2 1 ,
= ® Total phenolic content
=
1 |
0 T T T T

Tomato Carrot Beetroot Broccoli

Figure 5. Graphical representation of different vegetables vs total phenolic content

3.4. Estimation of total phenolic content
(TPC)

Determination of total phenolic content (mg
GAE/100g) is considered to be a potential
marker or indicator for antioxidant content. It
acts as an indicator of health benefit. Therefore,

it is represented by figure 5. Experimental
investigation revealed that tomato and broccoli
was shown the maximum i.e. 3.72mg/100g and
minimum i.e.1.87mg/100g total phenolic
content respectively compared to others.
According to (Gebczynski, 2006), the total
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polyphenols in fresh carrot was 20.9 mg of
chlorogenic acid/100 g. However, (Vinson et
al.,1998) found 46.4 mg of catechin/100 g FW.
On the other hand, the range for total phenolics
was also reported by (Kendall, 2006) as 1.1-1.6
mg of gallic acid/g for carrot samples.

3.5. Estimation of antioxidant activity by
DPPH radical scavenging assay

DPPH reagent is very much useful for free
radical scavenging assay of compounds viz.
naturally occurring colorants extracted from
vegetable resources. The nutraceutical potential

of natural colorants is exhibited by the
antioxidant activity. The experimental result
was shown by figure 6. It was observed that
carrot and beetroot were shown
maximum(56.46%)and minimum (36.52%)
values respectively compared to others. (Ouet
al., 2002) reported that the antioxidant activity
varied considerably from variety to variety in
carrots.(Kendall, 2006) found that antioxidant
activities against ABTS cation radicals in
carrots varied between 3.1 and 7.2 umol TE/g
DW.

D
w

H
No
No
(¢8)

D
N

D
[uly

AD-IA
FULTF

N
o

38.46

w W
o O

36.52

® Antioxidant activity(%)

w w
[ IR

w
(]

Antioxidant activity (%)

w
D

w
w

Tomato Carrot

Beetroot

Broccoli

Figure 6. Graphical representation of different vegetables vs antioxidant activity (%)

3.6. HPLC analysis of extracted carotenoids
from carrot

This experiment was considered to be
important for the purpose of purification of
extracted carotenoid. Enhancement of

nutraceutical potential was
occurred.Here,experimental investigation was
carried out for purification of carotenoid from
carrot and represented by figure 7.

=== r==
e

T I NCR ST S SN S NOSTSNRLSSTSa=S Sono Fe O

Figure 7. HPLC analysis of carotenoid (carrot)
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3.7. HPLC analysis of lycopene from tomato

This experiment was considered to be
important for the purpose of purification of
extracted  lycopene. Enhancement  of

nutraceutical potential was occurred. In this
study, experimental investigation was carried
out for purification of lycopene from tomato
and represented by figure 8.

== TS NOSTS RIS STSw=S Suno mes

Tag=

1 o= =

3.8. Evaluation of sensory quality of rasgulla
The sensory analysis of rasgulla was done
by 9 point Hedonic Rating Test with the help of
twenty two panelists and represented by table 3.
During this test natural color extracted from

carrot 1i.e. beta-carotene and natural color
extracted from beetroot i.c. betalain were added
in rasgulla sample (S1) and rasgulla sample
(S2) respectively.

Table 3. Sensory characteristics of rasgulla sample (S1) and (S2)

Parameters Sample (S1) Sample(S2)
Color 7.25+0.43 6.5+0.5
Appearance 6.5+£0.5 6.75+0.43
Flavor 6.25+0.82 6.25+0.43
Taste 6.25+0.82 5.75+0.82
Texture 7+0.70 7+0.70
Overall acceptability 6.75+0.43 6.25+0.43

From table 3. it was evident that there was
no such significant variation of overall
acceptability of both the two kinds of rasgulla
samples i.e. S1 and S2. However, the color
ofthe rasgulla sample (S1) i.e.beta carotene
added was more attractive according to hedonic
rating score in comparison to the color of
rasgulla sample (S2) i.e. betalain added.

4. Conclusions

The vegetables from where the colors were
extracted are the source of ascorbic acid, total
phenolic content and possess of significant of
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antioxidant activity. The antioxidant activity
was found to be 40.24%, 56.46%, 36.52%,
42.23%respectively for tomato, carrot, beetroot
and broccoli. Similarly, the total phenolic
content was 3.72 mg GAE/g for tomato, 2.02
mg GAE/g for carrot, 2.12 mg GAE/g for
beetroot and 1.87 mg GAE/g for broccoli
respectively. Again, the ascorbic acid content
was found to be 20.67 mg/100g, 8.05 mg/100g,
7.65 mg/100g and 15.12 mg/100g respectively
for tomato, carrot, beetroot and broccoli. From
this study the amount of carotenoid content in
fresh tomato, carrot, beetroot and broccoli were
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found as 29.34 mg/100g, 37.13 mg/100g,
25.64mg/100g and 23.33mg/100g respectively.
Carotenoids extracted from carrot i.e. beta-
carotene and betalain from beetroot were
utilized on processed foods i.e. rasgulla
preparation and sensory analysis data revealed
that beta carotene added rasgulla sample
(S1)was found to be satisfactory.
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