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Abstract The bio-wastes (like peels, seeds, etc.) from food
industry are rich source of bio-active components, but are
poorly managed. In present study, carotenoids were
extracted from carrot pomace using ultrasonication and
high shear dispersion techniques and flaxseed oil as green
solvent (green biorefinery approach). Various combinations
of time and temperature were used and final selection was
made on the basis of maximum recovery of carotenoids.
High shear disperser yielded maximum carotenoids (re-
covery 94.8 £ 0.08%). The total carotenoid content,
antioxidant activity as ABTS, DDPH and FRAP and B-
carotene of carotenoid rich extract from carrot pomace
(CREP) were 82.66 £ 0.06 pg/g, 1596.04 + 69.45 ng
Trolox eq./ml, 380.21 £ 39.62 ng Trolox eq./ml,
941.20 £ 19.91 uM Trolox eq./ml, 78.37 pg/g, respec-
tively were significantly higher (p < 0.05) when compared
with the extracting medium. The L*, a* and b* values of
CRE were 18.65 4+ 0.037, 19.42 £ 0.21, 27.947 £+ 0.65
and were significantly higher than extracting medium. The
CRE could be used as a natural source of B-carotene and
natural colorant for food applications.
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Introduction

Fruits and vegetables are the richest source of bioactive
components and accessory factors such as carotenoids and
other phytonutrients, especially, their peels and other solid
residues. However, such waste is usually discarded for
example, peels of pomegranate, black grapes, tomato,
orange etc. Carotenoids (C40), lipophilic isoprenoid
molecules, are one of the largest groups of pigments
(ranging from yellow to orange to red) that are accumu-
lated in higher levels in the organs and tissues of all pho-
tosynthetic plants synthesizing them. The characteristic
colour of carotenoids is due to the presence of polyene
chain with the number of double bonds that function as
chromophores (Klein and Rodriguez-Concepcion 2015).
The biosynthesis and accumulation of high levels of car-
otenoids has a great importance in plant as well as in
human health. They act as precursor of Vitamin A, besides
possessing the ability of quenching singlet oxygen (good
antioxidant properties), and thus have been proposed to be
very good chemo preventive agents and lower the risk of
cancer (Boeing et al. 2012).

Carrot, an important root vegetable, is a major source of
carotene. At cellular level, carotenoids are found in the
chromoplasts of fresh carrot. During carrot juice process-
ing, 50% of the raw material remains as pomace and is
either used as feed or manure or is disposed off. However,
it is a good source of carotenoids and dietary fiber and thus,
can potentially be introduced into food chain. But, the
problem lies with its utilization as it contains carotenoids
bound to pectin and fibers which decrease the micellization
of carotenoids, in turn decreasing its bioaccessibility (Saini
et al. 2015). Thus, extracting carotenoids using green bio-
refinery approach could increase its bioavailability.
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Carotenoids, besides possessing health benefits can also
be used as a source of natural colourant. However, mostly
organic solvents such as acetone, methanol, ethanol, ethyl
acetate, isopropyl alcohol, petroleum ether, and hexane etc.
are used singly or in combination for the extraction and
purification of these colorants which possess toxic effects
to the body (Sachindra and Mahendrakar 2005). Halim
et al. (2012) has reported extraction using organic solvents.
The authors, however, emphasized that organic solvent
extraction is slow and uses a large amount of expensive and
toxic solvents, requires further treatment like evaporation
to concentrate the extract and cost large amount of solvents
which results in polluting the environment. The green bio-
refinery approach is need of the hour and is based on design
of extraction processes that utilizes minimal energy, green
solvents and renewable or novel sources from plant origin
and eliminate the use of solvents of petrochemical origin so
as to ensure a safe and superior quality extract or product
(Chemat et al. 2012; Baria et al. 2019). Lipid soluble nature
of carotenoids can be taken as an advantage for the
extraction of carotenoids in vegetable oils over other sol-
vent extraction methods. Sachindra and Mahendrakar
(2005) compared the extraction of carotenoids in different
oils from shrimp waste. In the present work, carrot pomace,
a bio-waste, was used as a substrate for extraction of car-
otenoids using flaxseed oil as green solvent by applying
modern methods of extraction like high shear dispersion
and ultrasonication.

Materials and methods
Materials

The carrots were procured from local market of Karnal,
Haryana (India) and stored in cold store. Flaxseed oil, the
green solvent used as extracting media, was obtained from
local market of Tilak Bazar Chowk, New Delhi. High shear
disperser (IKA T18 digital ULTRA-TURRAX Disperser)
and Probe Ultrasonicator (Sonics, Vibra-Cell™, USA)
were used as extraction technique. The chemicals and
enzymes used were procured from either Sigma Aldrich
Chemicals Pvt. Ltd. or Merck Specialties Pvt. Ltd.

Methods
Processing and storage of carrots

Carrots were washed with potable water, peeled and juice
was extracted. The carrot bio-waste i.e. pomace was
blanched so as to inactivate peroxidase enzyme. The
blanching of carrots was ascertained by the method of
Cemeroglu (1992). Five gram of carrot pomace (after the

heat treatment) was taken in a testtube and 5 ml of distilled
water was added to it. This was followed by addition of
1 ml each of 0.5% solution of guaiacol and 0.08% solution
of hydrogen peroxide. The colour change in testtube was
noted till 30 s. The absence of formation of brown ring
after the stipulated time indicated the inactivation of per-
oxidase. The time—temperature combination at which
inactivation was completed was selected for blanching
carrot pomace used in subsequent steps. Blanched carrot
pomace was portioned and packed in laminated pouches of
150 g each and subsequently sealed followed by storing
under frozen conditions.

Enzymatic hydrolysis of carrot pomace

The frozen carrot pomace was thawed and a suspension of
cellulase from Apergillus niger (~ 0.8 U/mg) and pecti-
nase from Apergillus niger (~ 1.15 U/mg) in water were
added into it @ 0.35 and 0.5%, respectively. The enzy-
matic treatment was given at 45 °C for 3 h. The reaction
was terminated by heating suspension at 90 °C for 5 min
thereafter cooling to 20 °C (Baria et al. 2019).

Scanning electron microscopy (SEM) of carrot pomace
without and with enzymatic treatment A small quantity of
carrot pomace (with and without enzyme treatment) were
taken in a petriplate and fixed with 2.5% glutaraldehyde
followed by washing with cacodylated buffer (pH 7). The
secondary fixation was carried out with 1% osmium
tetraoxide and washing with cacodylated buffer followed
by dehydration using ethanol with serial dilution of 30% to
100% at an interval of 10 min. The critical drying was
done in oven at 50 °C (for 10 h). The dried samples were
sprayed on double adhesive tape mounted on aluminium
stub and were coated with gold. The samples were finally
examined using SEM (HIthachi, 3400 N) at an acceleration
voltage of 15 kV under low vacuum of 0.00009 Torr and
micrographs were recorded.

Extraction of carotenoid using flaxseed oil from carrot
pomace

Enzyme treated carrot pomace and flaxseed oil were mixed
in 1:1 ratio (based on the preliminary trials) and carotenoid
extraction was carried out by using high shear disperser
(Ultra turrax, IKA T18) at 20,000 rpm and ultrasonication
at 45% duty cycle with 13 mm probe radius and 750 W
power. The carotenoid-rich extract from carrot pomace
(CREP) was obtained by subjecting the mixture to cen-
trifugation @ 4000 rpm for 12 min after each treatment.
The CREP was analyzed for the parameters mentioned
below.
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Physico-chemical analysis of CREP

Total carotenoid content (TCC) The TCC was analysed
based on the protocol proposed by Luterotti and Kljak
(2010).

Recovery of carotenoids in CREP The recovery of car-
otenoids was determined by following formula:

[(TCC in extract * Total quantity of extract)
—(TCC in oil x Total quantity of oil)]
* 100/(TCC in Pomace * Total quantity of pomace)

Antioxidant activity ABTS antioxidant activity ABTS
antioxidant activity was measured by following the method
of Awika et al. (2003).

DPPH antioxidant activity The DPPH antioxidant activ-
ity was measured according to the method given by
Cuendet et al. (1997) with some modifications. For anal-
ysis, 50 pl sample was mixed with 3.95 ml of ethyl acetate
and reaction was carried out by adding 1 ml of 0.2 mM
DPPH solution in ethyl acetate. The absorbance was
measured at 517 nm after an incubation of 30 min in dark
at room temperature. Ethyl acetate was used as blank.
Standard curve was prepared using Trolox (from 20 to
350 pg/ml) as standard. Results were expressed in terms of
TEAC i.e. Trolox equivalent antioxidant capacity (mg/g).

FRAP antioxidant activity The FRAP antioxidant activity
was analyzed according to the method given by Benzie and
Strain (1996) with slight modifications. Three ml of FRAP
reagent was mixed with 100 pl of sample (the sample was
prepared by diluting it with ethyl alcohol to 2% and using
diluted sample for analysis). The absorbance was measured
at 593 nm after exactly 4 min of mixing sample and FRAP
reagent. Standard curve of Trolox was prepared at con-
centrations of 0, 20, 40, 60, 80 and 100 puM.

Color values Tristimulus spectrophotometer Hunter Lab
Colour Flex was used to measure color of carotenoid
extract and results were expressed in terms of L*, a* and
b*. Further, chroma, hue and total color difference were
measured using following formulae:

Chroma = [a*2 + b*z]l/2
Hue angle = tan~'(b* /a*)

Total color difference (AE*): The following formula was
used to determine total color difference between all three
coordinates:

AE* = ([AL? + Ad® + Ab?))'?

AL = L*sample
darkness (4 for

—L*gtandara = difference in lightness and
lighter, — for  darker), Aa = a*

@ Springer

sample —8*standara = difference in red and green (+ for
redness, — for greener), Ab = b* sample —D¥
standard = difference in yellow and blue (4 for yellow-
ness, — for blueness).

Peroxide value Peroxide value was estimated as per the
protocol given by ISI (1964).

Conjugated acids The conjugated acids were reported in
terms of % conjugated diene, trienes, tetraenes and pen-
taenes (AOAC, 1995).

p-Carotene determination using high performance liquid
chromatography Four hundred mg of sample was mea-
sured accurately in which 0.2 g of L-ascorbic acid, 15 ml of
absolute ethanol and 4 ml of 76% potassium hydroxide were
added. It was then incubated at 70 °C for 30 min. Five ml of
sodium chloride was added (25 g/1) after cooling and sus-
pension was extracted three times with 15 ml portions of n-
hexane and ethyl acetate (85:15 v/v). The organic phase was
evaporated to dryness at 40 °C and residue was dissolved in
hexane (for flaxseed oil, it was dissolved in 1 ml of hexane
and for CREP, it was dissolved in 1.5 ml of hexane). The
samples were passed through 0.22 pm filter before injecting
for chromatographic analysis.

Twenty pl of sample was injected and elution was per-
formed at a flow-rate of 0.8 mL/min in analytical column
of HPLC, Zorbax, 5 um C18 column, 250%4.6 mm, Agi-
lent, USA having guard column of Delta-Pack, 5 um C18
column, Agilent Technologies, USA. Column temperature
was maintained at 30 °C. The method involved isocratic
flow with a ratio of Methanol:Tetrahydrofuran:Water:Tri-
ethylamine to be 67:27:5:1. Photo-diode array was used as
detector for taking absorbance at 450 nm. Standard curve
was plotted using peak area of different concentration of
standards of B-carotene. The R* was 0.9603 with linear
equation of y = 136716 x — 281383. Peak-area of sample
was used for calculating B-carotene in sample using
appropriate dilution factor as mentioned above.

Statistical analysis

The results of the analysis were statistically analyzed using
One way ANOVA (Duncan Post Hoc test) and paired ¢ test
(SPSS statistical tools) at p = 0.05.

Results and discussion

Blanching of carrot pomace

Blanching is the process of dipping cut fruits or vegeta-
bles in water maintained at fixed temperature for a specific
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period of time so as to inactivate peroxidase, index enzyme
for blanching. Blanching of carrot pomace was carried out
at 90 °C for 1, 2.5 and 5 min and the enzyme was found to
be inactivated at 2.5 and 5 min. Carotenoids are water
insoluble pigments. Therefore, these are retained during
blanching. However, prolonged treatment may result in
leaching of some carotenes into water in turn causing the
significant losses of carotenoids. Therefore, 2.5 min treat-
ment at 90 °C was selected for blanching carrot pomace.

Enzymatic treatment of carrot pomace

The TCC of extract from carrot pomace without enzymatic
treatment was 53.86 & 0.084 ng/g, while after enzymatic
treatment it increased significantly (p < 0.05) to
73.03 + 1.182 pg/g. This could be due to the presence of
carotenoids in the matrix of pectin, pectin-like substance
and cellulosic materials in carrots. Thus, food matrix is
required to be disrupted so as to break cell structure and
achieve the highest recovery of carotenoids. The major
advantage of enzymatic hydrolysis is to decrease the acti-
vation energy of chemical reaction and provide milder
conditions for the process. These benefits attract
researchers to use enzyme aided extraction for carotenoids.
Ghosh and Biswas (2016) reported cellulase and pectinase
enzymes to be highly efficient for obtaining a good yield of
carotenoids from pumpkin tissues.

Effect of enzymatic hydrolysis on micrograph
of carrot pomace

Scanning electron microscopy of carrot pomace was done
to study the difference in structure of carrot pomace before
and after enzymatic treatment at microscopic level (Fig. 1).

Fig. 1 x1000 SEM images of
carrot pomace with and without
enzymatic treatment

EMNL_PAU. 15.0kV 9.0mm x1.00k SE

Without Enzymatic Treatment

The samples of carrot pomace without enzymatic treatment
showed uniformity in the structure with negligible cavities,
indicating intactness of the tissues. On the other hand,
alteration in structure vis-a-vis formation of cavities,
irregularity and open structure was prominent in enzyme
treated sample, which could have eased in extraction of
carotenoids. Similar structural changes were observed by
Nowacka and Wedzik (2016) who processed carrots using
ultrasound treatment. Figure 1 clearly indicates that enzy-
matic treatment has efficiently assisted in extraction of
carotenoids from carrot pomace.

Extraction of carotenoids from carrot pomace using
different treatments

The blanched and enzyme treated carrot pomace was used
for extraction of carotenoids using flaxseed oil as extract-
ing medium. The carrot pomace to flaxseed oil ratio of 1:1
was subjected to different extracting techniques i.e. ultra-
sonication (probe method, UAE) and high shear dispersion
(HSD) for different times i.e. 2—12 min. It is evident from
Table 1 that as the time increased from 2 to 12 min,
extraction of carotenoids increased significantly (p < 0.05)
using both the techniques. This could probably be due to
high shearing action and contact time which in turn facil-
itated in rupturing of carrot pomace matrix. In case of HSD
technique, it was observed that there was non-significant
(p > 0.05) increase in TCC when extraction time was
increased from 12 to 14 min. The total carotenoids
recovered from HSD technique was significantly higher as
compared to that of UAE (Table 1). The results are sup-
ported by Fig. 2 as the pellet obtained in case of HSD
treated extract was almost colorless, while that obtained
after UAE treatment were not colorless indicating retention

EMNL_PAU 15.0kV 10.7mm x1.00k's§r~«-~ d

With Enzymatic Treatment
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Table 1 Effect of extraction

Extraction technique (TCC content pg/g)

time and technique on the total Time (min.)
carotenoid content and its
recovery

2

4

6

8

10

12

14

UAE (probe method) HSD

TCC % Recovery TCC % Recovery

14.34 £ 0.02* 1.32 £ 0.02 62.98 + 0.18Y 66.54 £ 0.24
15.28 + 0.30™ 2.62 £ 041 67.64 + 24 74.3 £ 0.32
16.41 + 0.02> 4.15 £ 0.02 69.32 + 1.129 76.60 £ 1.53
17.83 £+ 0.20* 6.10 £ 0.27 77.08 £ 0.12% 87.21 £ 0.16
19.40 & 0.46%™ 8.24 + 0.63 79.12 £ 0.24% 90.01 £+ 0.32
21.67 £ 0.40* 11.36 £+ 0.54 82.66 + 0.06" 94.85 £+ 0.08
- - 82.97 & 0.02° 95.28 £+ 0.02

Mean £ SD (n = 3)

Different superscripts (*) are significantly different with each other within column (p < 0.05), different
superscripts (*™) are significantly different with each other within row (p < 0.05)

Ultrasonicator (pellet contains carotenoids)

Fig. 2 Comparison between high shear dispersion and ultrasonication

of carotenoids in pellet. Thus, 12 min using HSD carried
out at 20 000 rpm was selected for extraction of car-
otenoids from carrot bio-waste (i.e. carrot pomace).

The significantly higher yield using HSD treatment
could mainly be due to mechanical disruption of cell wall
and cell membranes, enabling the release of intracellular
compounds (Poojary et al. 2016), while ultrasonication
uses the principle of acoustic cavitation phenomenon
which induces sound energy. This sound energy leads to
cavities or bubbles formation, implosion of cavitation
bubbles can hit surface of solid matrix and disintegrate the
cells causing release of desired components (Knorr et al.
2004). The superior efficiency of extraction for various
components using UAE have been reported to be obtained
by using organic solvents such as ethyl acetate, ethanol,
methanol, n-heptane, n-hexane etc.

Physico-chemical analysis of carotenoid rich extract
from carrot pomace (CREP)

The results of CREP analyzed for different parameters

were compared and statistically analyzed (paired t-test) for
significant differences (Table 2).

@ Springer

High shear disperser (pellet is colorless)

Total carotenoid content

The TCC of CREP was significantly higher than flaxseed
oil (p < 0.05) and it increased from 13.38 £ 0.141 (ng/g)
to 82.66 £ 0.06 (ng/g). The pretreatment given to carrot
pomace i.e. enzymatic treatment followed by HSD were
found to be a good combination for extracting carotenoids
from carrot pomace using green bio refinery concept. HSD
is associated with disruption of cell wall by involving
principles of turbulence, cavitation, shear stress which
helps in rupturing of rigid cell walls and removing the
carotenoids from fiber matrix resulting in removal of
maximum amount of carotenoids from carrot pomace
(Clarke et al. 2010). Also, slight increase in temperature
during homogenization was hypothesized to have further
assisted in softening of cell walls.

The carotenoids from carrot pomace are rich in B-car-
otene which possess high pro-vitamin A activity. There-
fore, this extract could also be used as dietary supplement,
besides providing coloring attributes to food products.
Furthermore, -3 rich flaxseed oil is known for its health
promoting attributes like preventing diabetes, cancer,
arthritis, inflammatory diseases, depression, heart disease,
memory problems, etc. (Goyal et al. 2014). Thus, CREP
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Table .2 PhySlC.O_Cheml.cal Parameter Flaxseed oil CREP

analysis extracting medium and

carotenoid rich extract Total carotenoids content (1g/g) 13.38 + 0.141° 82.66 + 0.06
[B-carotene (ug/g) 6.75 78.37

Antioxidant activity

ABTS (pg Trolox eq./ml)
DPPH (ug Trolox eq./ml)
FRAP (UM Trolox eq./ml)
Color values

L*

a*

b*

Chroma

Hue

Peroxide value (meqO,/1000 g of sample)

Conjugated acids (%)
Conjugated dienes
Conjugated trienes
Conjugated tetraenes

Conjugated pentaenes

930.33 £ 64.61%
255.32 £ 9.05%
52191 + 12.65%

4.085 £+ 0.12°
1.502 + 0.025*
2.163 £ 0.106"
2.63 £ 0.07*
55.19 £+ 0.79*
1.0736 £ 0.104*

0.311 £ 0.000"

0.0423 + 0.001*
0.0009 + 0.001*
0.0001 + 0.000"

1596.04 + 69.45°
380.21 + 39.62°
941.20 + 19.91°

18.65 & 0.037°
19.42 + 0.206°
27.947 + 0.65°
34.03 + 0.41°
55.19 + 0.92°
1.0493 =+ 0.08"

0.406 £ 0.000°
0.055 + 0.001°
0.0046 + 0.001°
0.0004 =+ 0.000°

Mean £ SD (n = 3)

CREP carotenoid rich extract from carrot pomace

Different superscripts (* °) are significantly different with each other within a row (p < 0.05)

could be a good source of both B-carotene and o-linolenic
acid.

Estimation of [-carotene using high performance liquid
chromatography (HPLC)

Carotenoids are the major lipophilic antioxidants present in
carrot. Among the different varieties of carrots, orange
carrots mainly contain appreciable amount of B-carotene
over other carotenoids. The typical chromatogram of
standard of P-carotene indicated retention time of
11.68 min (Fig. 3). The B-carotene content of flaxseed oil
was approximately 6.75 png/g, while for CREP it was
78.37 ng/g. Koley et al. (2014) reported that amount of -
carotene present in orange variety of carrots is approxi-
mately 45 pg/g, while our study showed higher content of
-carotene which may be attributed to varietal differences.
Tadesse et al. (2015), on the other hand, reported that fresh
carrot contains approximately 71 ppm of B-carotene. Our
results are in accordance with the reported value.

Antioxidant activity

The antioxidant activity is reported to be dependent on the
extracting solvent (type and polarity), procedures adopted
for isolation, purity of active compounds and technique of
estimation (Meyer et al. 1998). Carotenoids are lipophilic

pigments and possess antioxidant potential. The electron-
rich conjugated system of polyene is responsible for
antioxidant activities of carotenoids, both by quenching
singlet oxygen (Conn et al. 1991) and scavenging radicals
to terminate chain reactions (Everett et al. 1996). The
antioxidant activity of carotenoids are mainly due to
reducing nature of conjugated double bond system and ring
structure of terminal ends. The antioxidants could have an
added advantage of preventing unsaturated fatty acids of
flaxseed oil from being oxidized.

The methods for estimation of antioxidant activities for
natural products can broadly be classified into two cate-
gories: (1) those based on evaluation of radical scavenging
activity (RSA) of samples i.e., 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) assay; 2,2’-azinobis(3-ethylbenzothiazo-
line-6-sulfonic acid) (ABTS) assay; oxygen radical
absorbance capacity (ORAC) assay; chemiluminescent
assays and (2) those based on evaluation of reducing
activity of natural samples i.e., ferric reducing/antioxidant
power (FRAP) assay; cupric reducing antioxidant capacity
(CUPRAC) assay (Laguerre et al. 2007). In the present
study, ABTS, DPPH and FRAP methods were used for
determination of antioxidant activities of carotenoids
extract.

ABTS antioxidant activity The ABTS antioxidant activity
of CREP was 1596.04 & 69.45 pg Trolox eq./ml, which

@ Springer
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Fig. 3 Peak for B-carotene a standard indicating the retention time of 11.68 min, b peak obtained from carotenoid rich extract from carrot

pomace

was significantly higher (p < 0.05) than that of flaxseed oil
(930.33 £+ 64.61 pg Trolox eq./ml, Table 2). The ABTS
antioxidant activity is based on the extent of reduction of
ABTS radical cation and is based upon single electron
transfer mechanism. The ABTS free radical scavenging
activity of carotenoids is mainly due to carboxyl or
hydroxyl functional group at terminal ends as well as
number of conjugated double bonds in hydrocarbon chain.
It is mainly based on ionization potential of carotenoids in

@ Springer

non-polar solvents (Miller et al. 1996). Hence, increase in
antioxidant activity is mainly contributed by extracted
carotenoids with some minor lipid soluble antioxidant
components in CREP.

FRAP antioxidant activity Antioxidant activity (as
FRAP) was also found to have increased significantly
(p <0.05) from 52191 + 12.65 uM Trolox eq./ml in
flaxseed oil to 941.20 &+ 19.91 pM Trolox eq./ml in CREP
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(Table 2). The principle of FRAP antioxidant activity is
based on reduction of ferric ion to ferrous ion at low pH
(3.6) via electron transfer mechanism with antioxidant
resulting in colored ferrous-tripyridltriazine complex for-
mation due to which it leads to increase in absorbance
(Benzie and strain 1996).

FRAP and ABTS are, however, based on single electron
transfer mechanism, but the values for both the parameters
were different. This could probably be due to different
reaction conditions adopted to measure both the antioxi-
dant activities, especially in terms of pH value (pH for
FRAP being 3.6, while that for ABTS being 7.4) and the
oxidizing molecules (ferric di-TPTZ vs. ABTS) leading to
different antioxidant activities (Miiller et al. 2011).

DPPH antioxidant activity DPPH is reported to be a
chemical compound possessing a proton free radical hav-
ing characteristic absorption which decreases significantly
when exposed to proton radical scavengers (Yamaguchi
et al. 1998). The DPPH free radical-scavenging by
antioxidants is attributed to its hydrogen donating ability
due to which hydroxyl radical is generated (Chen and Ho
1995). DPPH antioxidant activity increased significantly
from 255.32 &+ 9.05 pg Troloxeq./ml in flaxseed oil to
380.21 £ 39.62 pg Troloxeq./ml in CREP (Table 2).
Miiller et al. (2011) reported that carotenoids do not
scavenge DPPH free radical, hence lower DPPH antioxi-
dant activity was observed as compared to ABTS and
FRAP antioxidant activities. The reported rise in antioxi-
dant activity could be due to some other antioxidants pre-
sent in extract such as o-tocopherol which may act as
radical scavenger.

Color values

The colour values of flaxseed oil and CREP are seen in
terms of L*, a*  b*, total color difference (AE), Chroma
(C*) and Hue angle (h*).

L*a* b*values Color of flaxseed oil and CREP is mainly
because of carotenoid pigment. There was significant dif-
ference (p < 0.05) in color values between flaxseed oil and
CREP for all parameters i.e. L*, a* and b*. This increase
could be attributed to extraction of lipophilic carotenoids in
flaxseed oil. The L* value increased from 4.085 4 0.12 to
18.65 + 0.037, indicating more bright colour of extract as
compared to flaxseed oil. a* value increased significantly
from 1.502 £ 0.025 to 19.42 £ 0.206, indicating that
colour of extract shifted towards red shade and b* value
increased from 2.163 £ 0.106 to 27.947 + 0.65 which
revealed that there was significant increase in yellow shade.
The increase in red and yellow shade of extract can mainly
be attributed to the use of orange (combination of red and

yellow primary colours) variety of carrot in the present
study.

Total color difference (AE) The concept of measuring
color change as modulus of distance vector between initial
and actual color ordinates is termed as total color differ-
ence (Martins and Silva 2002). The total color difference
values of CREP and flaxseed oil was 34.60. This could be
due to increase in total carotenoid pigment in carotenoid
rich extract.

Chroma (C*) Chroma (C*) is quantitative attribute of
colorfulness and is used to determine degree of difference
in hue with respect to grey color with same lightness.
Higher intensity of chroma value is associated with higher
intensity of color. The chroma value significantly increased
(p < 0.05) in CREP which can again be attributed to car-
otenoid pigment extracted in flaxseed oil (Table 2).

Hue angle (h*) The hue angle (h*) is qualitative attribute
of color and is used to define color with respect to grey
color with same lightness. Hue angle of 0° or 360° denotes
red hue, whereas angles of 90°, 180°, and 270° represent
yellow, green and blue hues, respectively (Rentfrow et al.
2004). The h* value of flaxseed oil and CREP were
55.19 £ 0.79 and 55.19 &+ 0.92, respectively which is
between 0° and 90° (Table 2). The results depict that the
hue of both flaxseed oil as well as CREP lie in red-yellow
region with more inclination towards yellowness.

Peroxide values

The onset of oxidation was checked by analyzing the
development of primary oxidation products (peroxides and
hydroperoxides) in flaxseed oil and carotenoid rich extract
(reported as peroxide value). This peroxide value is an
empirical measure of fat oxidation that is highly useful for
samples that are oxidized to relatively lower levels. There
was no significant difference (p > 0.05) between the per-
oxide value of flaxseed oil as well as CREP (Table 2)
which was within limits as given by New Zealand Food
Regulations (1984) for edible fats and oils i.e. 10 meq
peroxides/kg of oil and Codex Alimentarius Commission
(1999) i.e. 5 meq peroxides/kg of oil, indicating that both
oil and CREP were free from oxidation. Burton and Ingold
(1984) reported that carotenoids can prevent vegetable oils
from being oxidized as are potent antioxidants.

Conjugated acids
Conjugated dienes and trienes are formed on oxidation of

polyunsaturated fatty acid which can be monitored by
intense absorption in ultraviolet region at 233 and 269 nm
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for dienes and trienes, respectively (Abdulkarim et al.
2007). Conjugated dienes and trienes were very less in oil
as well as in CREP (Table 2). Abdulkarim et al. (2007)
observed effect of frying on conjugated dienes and trienes
and reported an increase in these values on frying. The
authors reported higher increase in these values in soybean
oil (more unsaturation) over palm oil (more saturation).
Farmer and Sutton (2002) indicated that increase in
absorption due to formation of conjugated dienes and tri-
enes is proportional to uptake of oxygen and formation of
peroxides during early stages of oxidation. The low levels
of both conjugated dienes and trienes observed in present
study indicate the oxidative stability. Tetraenes and pen-
taenes are formed from dienes and triene and these also
showed negligible values.

Conclusion

The study concludes that carotenoids can be very effec-
tively extracted from natural bio-waste using green bio-
refinery concept. Blanching at 90 °C for 2.5 min resulted
in inactivation of peroxidase enzyme. The enzymatic
treatment of carrot pomace caused a significant increase
(p < 0.05) in extraction of carotenoids. The carrots and
flaxseed oil (as the extracting medium) in the ratio of 1:1
yielded highest carotenoids content by using high shear
disperser at 20,000 rpm for 12 min over ultrasonication.
The oxidative stability of carotenoid rich extract from
carrot pomace was high in terms of peroxide value and
conjugated acids, which can also be attributed to increased
antioxidant activity in terms of ABTS, DPPH and FRAP.
The B-carotene content was found to be high i.e. 78.37 pg/
g. Thus, the carrot bio-waste can be diverted to human use
as the extracted carotenoids can be used as a source of -
carotene or natural colorant in oil based products or it can
be used in the form of emulsion in aqueous type products.
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