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Abstract The present study compares three methods viz.
microwave assisted extraction (MAE), ultrasonic-assisted
extraction (UAE) and conventional solvent extraction
(CSE) for extraction of phenolic compounds from black
carrot pomace (BCP). BCP is the major by-product gen-
erated during processing and poses big disposal problem.
Box—Behnken design using response surface methodology
was employed to investigate and optimize the MAE of
phenolics, antioxidant activity and colour density from
BCP. The conditions for maximum recovery of polyphe-
nolics were: microwave power (348.07 W), extraction time
(9.8 min), solvent—solid ratio (19.3 mL/g) and ethanol
concentration (19.8%). Under these conditions, the extract
contained total phenolic content of 264.9 £ 10.02 mg
gallic acid equivalents (GAE)/100 mL, antioxidant
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capacity (AOC) of 13.14 £ 1.05 pumol Trolox equivalents
(TE)/mL and colour density of 68.63 £ 5.40 units. The
total anthocyanin content at optimized condition was
753.40 £ 31.6 mg/L. with low % polymeric colour of
7.40 £ 0.42. At optimized conditions, MAE yielded higher
colour density (68.63 £ 5.40), polyphenolic content
(264.9 £ 10.025 mg GAE/100 mL) and AOC
(13.14 £ 1.05 pmol TE/mL) in a short time as compared
to UAE and CSE. Overall results clearly indicate that MAE
is the best suited method for extraction in comparison to
UAE and CSE. The phenolic rich extract can be used as an
effective functional ingredient in foods.

Keywords Antioxidant capacity - Black carrot pomace -
Colour density - Response surface methodology - Total
phenolic content

Introduction

Black carrot is an industrial crop mainly processed for the
production of anthocyanin-rich concentrate for pigment
industry. At present Turkey is the prominent black carrot
producing country in the world and the tonnage is
increasing each year due to rising demand from pigment
and functional food industry. The production yield has
increased from 18,000 to 46,000 tons between 2005 and
2010 (Meyed 2011). In 2013, roughly 14,000 tons of black
carrot concentrate (ca. 60% dry matter) was produced in
Turkey and mostly exported to countries such as Italy,
Denmark, France, Japan and China as natural food colorant
in foods. However, this large-scale processing generates
huge amount of pomace, disposal of which is a major
concern as high organic matter and moisture content of
pomace makes it highly susceptible to microbial
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degradation. Thus disposal of BCP is an intractable prob-
lem for the black carrot processing industry. Despite the
extraction of high amounts of polyphenols (1028.6 mg
GAE/100 g reported by Singh et al. 2016b) and antho-
cyanin in juice, BCP is still left with significant amounts of
residual polyphenolic compounds with high bioactivity,
which can be put into use in various industries especially
the food and nutraceutical industries (Galanakis 2012).
These polyphenolic compounds are in huge demand in
these industries because of their diverse structures and
bioactivities, such as antioxidant, anti-inflammatory and
anti-cancerous properties. However, the extraction process
of polyphenols is inefficient and usually consume a lot of
time and solvent and different processing conditions
(temperature, pH, light) has usually been found to cause
changes in the colour, stability and functionality of the
black carrot anthocyanins/phenolics present in the extract,
probably due to copigmentation (Kumar et al. 2018a) and
formation of polymeric pigments (Wrolstad et al. 2005).
The high temperature used during the extraction process
and storage may lead to formation of polymeric pigments.
It is also established that anthocyanin degradation and %
PC formation is highly correlated (r = 0.989-0.997). This
means that low polymeric colour is direct indication of
high TAC. Hence, identification of methods for effective
and efficient recovery of these bioactives for utilisation in
food, pharmaceuticals and cosmetic industry is the need of
the hour.

Many innovative technologies are being developed to
improve the extraction of beneficial compounds (Barba
et al. 2014) from industrial waste. Among various extrac-
tion techniques, MAE is a relatively new method used for
the extraction of natural products. It is being widely used
for the extraction of total phenolics from grape seeds
(Hong et al. 2001), peanuts (Tameshia et al. 2010), Radix
Astragali (Xiao et al. 2008), Phaseolus vulgaris L. (Su-
tivisedsak et al. 2010), sour cherry Marasca (Garofulic
et al. 2013), potato downstream wastes (Wu et al. 2012)
and from rice grains (Setyaningsih et al. 2015). It has been
identified as one of the most promising green extraction
method (Chemat et al. 2012) because of unequivocal merits
viz, higher extraction yield, shorter extraction time and
better quality of target extracts, associated with this
extraction technique compared with other conventional
extraction methods (Tanongkankit et al. 2013). However,
still there is a lot of scope for improvement as various
functional parameters like time, temperature, microwave
power, solvent to solid ratio and ethanol concentration in
the solvent are yet to be optimized. Furthermore, these
factors might be having their interactive influence on the
extraction of the phenolic compounds from the plant
sample. During recent times, a statistical tool known as
Response Surface Methodology (RSM) has been
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extensively used for the optimization of various parameters
and to study the interactions between these parameters
during the extraction process. MAE of total phenolic from
C. sinensis (Nayak et al. 2015) and from Pistacia lentiscus
L. (Dahmoune et al. 2014), has also been optimised using
the RSM. However, there is a lack of literature on the
microwave-assisted recovery of polyphenols from BCP.
Therefore, it is of interest to develop a cost-effective and
eco-friendly protocol using MAE, which will not only
provide enhanced extraction yield but would also result in
better bioactivity and chemical composition of target
extracts. Accordingly, the purpose of present study was to
identify optimum MAE parameters using RSM for
extraction of residual phenolics from BCP for its valori-
sation, which would not only help the processing industry
to offset the problem of its disposal but would also help
them to turn waste into wealth thereby making the whole
process economically viable.

Materials and methods
Raw material

Freshly harvested medium size black carrot (Pusa Asita)
from the fields of were taken for the study were brought to
the Division of Biochemistry, Indian Agricultural Research
Institute. Black carrots were washed thoroughly with water
to remove adhering soil and dirt. Peeling was done with the
stainless steel knife and cut in slices followed by crushing
by a waring blender. The activity of inherent polyphenol
oxidase (PPO) was inactivated by heating the crushed mass
to 90 °C for 1 min and later on rapidly cooled to 40 °C.
The mass was partially de-juiced and the 10 g pomace of
the black carrot was poured into the flask for further
extraction of phenolics in microwave setup at different
levels of microwave power, time of extraction, sol-
vent/solid ratio and concentration of acidified ethanol
(pH = 4) in the extraction solvent. The extract was filtered
through the Whatman no. 1 filter paper. Heidolph rotary
evaporator (Schwabach, Germany) was used to concentrate
the obtained extract in a water bath at 40 °C so that sta-
bility of extracted sample can be increased. The extract was
analyzed for phenolics, antioxidant activity and colour
density.

Microwave-assisted extraction (MAE)

Phenolics were extracted from BCP using a microwave
oven (LG Model). The model was provided with a digital
system for extraction time and power (adjustable from 170
to 850 W). The microwave system was modified so that
vapours generated during extraction can come into the
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sample. Acidified ethanol in water was used at different
levels of concentration for efficient and non-toxic extrac-
tion of phenolics (Li et al. 2012). Ten grams of BCP was
stirred into aqueous ethanol for extraction assisted with
microwave. RSM was used to evaluate the effect of MAE
parameters viz. power (340-680 W), extraction time
(5-15 min), solvent to solid (S/S) ratio (10-30 mL/g) and
ethanol proportion (10-30%) and to identify optimal con-
ditions for three defined responses as per designed RSM
(Table 1). After treatment, the extract was filtered using
Whatman no. 1 filter paper and the extract was kept at 4 °C
until further use. The extract was analysed for TPC, AOC
and colour density.

Conventional solvent extraction (CSE)

Ten grams of BCP was stirred with 30% of ethanol with the
solvent to solid ratio of 30:1 with an extraction time of
300 min at acidic pH of 5 in a beaker. After treatment the
extract was filtered by using Whatman no. 1 filter paper
and extract was kept at 4 °C until further analysis. The
extract was analysed for TPC, AOC by Ferric Reducing
Antioxidant Assay (FRAP), colour density and % PC and
was compared with the best condition for the extraction of
anthocyanin by MAE and UAE.

Table 1 Box-—Behnken design and experimental data for TPC, AOC, colour density for microwave assisted extraction (MAE)

Run Factor 1 Factor 2 Factor 3 Factor 4 Response 1 Response 2 Response 3
A: Power B: Time C: Ratio (mL/ D: Conc TPC (mg GAE/ AOC (FRAP) (umol TE/  Colour density
(W) (min) 2) (%) 100 mL) mL) (units)
1 510 5 10 20 144.60 7.52 18.47
2 340 5 20 20 157.00 8.66 22.24
3 510 10 30 30 99.00 4.79 11.93
4 510 10 30 10 94.45 4.73 11.45
5 680 10 20 30 51.45 3.56 7.86
6 340 10 10 20 238.30 12.39 63.84
7 680 5 20 20 89.05 6.23 12.19
8 340 10 20 10 232.70 11.43 57.15
9 680 10 20 10 60.40 3.81 791
10 510 15 20 10 69.25 4.18 10.60
11 510 5 20 10 142.10 7.52 19.20
12 510 10 20 20 216.80 11.06 58.31
13 680 15 20 20 37.20 2.82 6.60
14 510 10 20 20 201.40 13.22 53.25
15 510 10 10 30 88.30 4.80 11.79
16 510 10 20 20 240.50 14.24 65.26
17 510 5 20 30 122.05 7.08 15.88
18 680 10 30 20 48.40 3.31 7.21
19 510 10 10 10 96.15 4.89 11.42
20 340 10 20 30 218.70 10.90 48.33
21 340 10 30 20 213.15 11.04 47.54
22 510 15 10 20 222.00 4.79 11.67
23 340 15 20 20 276.00 9.18 43.29
24 510 10 20 20 230.90 12.20 58.82
25 510 5 30 20 108.90 7.02 16.47
26 510 10 20 20 231.70 11.22 61.56
27 510 15 30 20 87.40 4.97 11.80
28 510 15 20 30 80.95 4.96 13.19
29 680 10 10 20 54.65 3.43 7.31

TPC total phenolic content, AOC antioxidant capacity, CD colour density
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Ultrasound assisted extraction (UAE)

Extraction was done by using probe Ultrasonicator (S-
4000; Misonix, USA) with the maximal amplitude of 100
while working at 25 in practical process. For performing
UAE 10 g of material was taken in a beaker with S/S ratio
of 40:1 for 30 min. 30% ethanol was taken as solvent
system for UAE. Insertion of the probe was done inside the
solvent to get the maximum ultrasonic waves inside the
extraction unit. The temperature was kept constant by using
a chilled water bath. The extract was analysed for TPC,
AOC by FRAP, colour density and % PC and was com-
pared with MAE and CSE.

Single factor experiments

Single-factor experiments were carried out in triplicate to
investigate the influence of each factor (supplementary
Fig. 1). The effect of all four parameters (power, time, S/S
ratio and ethanol concentration) was determined by using
various levels of factors.

Box-Behnken design and statistical analysis

Based on preliminary experiment results, the approximate
range for each factor was defined and then a four-factor
Box-Behnken design was adopted to design the experi-
ment. As shown in Table 1, the four factors chosen for this
study were designated as microwave power (A), extraction
time (B), solvent to solid ratio (C) and ethanol concentra-
tion (D) and prescribed into three levels, coded + 1,0, — 1
for high, intermediate and low value, respectively.

There were a total of 29 experimental units/trials, to be
carried out in random order. The responses viz., experi-
mental values of TPC, antioxidant potential by FRAP
analysis and colour density of the extract is detailed in
Table 1. Data obtained from the experiment were used for
developing the following second-order response surface
model connecting responses and input variables:

4 4 34
f(xu) = Bo + Z Bixiu + Z Biixizu + Z Z Bii XiuXiry
i=1 i=1 i=1 =2
+ e|_1

whereu =1, 2,..., 29, x;, is the level of the ith i =1, 2, 3
and 4) factor in the uth treatment combination, f(x,)
denotes the response obtained from uth treatment combi-
nation and e, is the random error associated with the uth
observation that is independently and normally distributed
with mean zero and common variance 62, Bo is a constant,
B; is the ith linear regression coefficient, B;; is the ith
quadratic regression coefficient and By is the (i,i')th
interaction coefficient.
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The responses and input variables were subjected to
regression analysis and performed analysis of variance
(ANOVA) to determine the significance of the fitted model
and the significance of effects of linear, quadratic, and
interaction terms in the model separately for TPC, Ferric
Reducing Antioxidant Assay (FRAP) and colour density.
The optimum combination of levels of extraction variables
was determined by multi-response optimization technique
and based on the desirability function using Design Expert
software (Version 9.0).

Predictive model for response variables
and adequacy of model

The predictive models obtained by fitting the second order
polynomial model, three responses were tested for ade-
quacy and fitness by analyses of variance (ANOVA) and
the results are presented in Sect. 3. The results of ANOVA
were confirmed using good predictive model criteria: R?
(coefficient of determination) > 0.80, a significance level
of p < 0.1; lack of fit test p > 0.05 and adequate preci-
sion > 4 (Myers and Montgomery 2002).

Validation of optimized conditions and predictive
models

The suitability of the developed model equations for pre-
dicting the optimum response values was verified using the
optimal extraction condition. Experiments in triplicate
were conducted on the optimal condition and the mean data
obtained from the experiments were analysed with pre-
dicted data in order to confirm the efficacy of the models.

Total anthocyanin content, total flavonoids and total
phenolics

The pH differential method (Wrolstad et al. 2005) was used
for determining total monomeric anthocyanins (mg/L) and
total flavonoids content (Quercetin equivalents/L) in BCP
was determined by method (Khandare et al. 2011). TPC
(mg GAE/100 mL) was estimated by the method described
by Singleton et al. (1999).

AQOC using ferric reducing antioxidant power
(FRAP)

Benzie and Strain (1996) method was performed for the
determination of antioxidant properties of the extracts by
FRAP assay.
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Colour density and polymeric colour

Colour density has been taken as one of the parameters for
the optimization, which is a very important parameter
depicting the stability of colouring components of
polyphenolic compounds (example: Anthocyanins). Colour
density of the extract is directly proportional to the
anthocyanin content of the extract. % (PC) is also a very
important component as it gives an idea of polymeric
compounds present in the extract. The % PC is an indi-
cation of the degradation of anthocyanins in the polyphe-
nolic extract (Danisman et al. 2015).

Colour density and polymeric colour were analysed
according to the Khandare et al. (2011) method.

Result and discussion

Industrial applications often require valorisation of the
pomace and byproducts to prevent microbial decomposi-
tion of the waste and for environmental reasons. The
pomace generated, was hence subjected to solvent assisted
MAE for developing phenolics rich extract.

Preliminary experiment
Influence of ethanol concentration

The recovery of TPC from the BCP with increasing con-
centration of ethanol followed a parabolic curve from 10 to
50% (Supplementary Fig. 1.1). The yield of TPC increased
with increasing amounts of ethanol concentration in the
extraction medium up to 20% and declined thereafter
(Supplementary Fig. 1.1). A percent of 10-30 was further
used in the optimization of process parameters for RSM.

Influence of extraction solvent to solid ratio

A significant increase in recovery of phenolic content was
observed with increasing ratios of solvent to solid (S/S),
maximized up to 20:1 and declined thereafter at higher
levels (Supplementary Fig. 1.2). Thus, the optimal solvent—
solid ratio of 20:1 was chosen for further process param-
eters. A ratio of 10-30 (v/w) was further used in the
optimization of process parameters for RSM.

Influence of extraction time

An optimum extraction facilitates increased recovery of
phenolics, although there is the risk of the degradation at
longer exposure times. The recovery of TPC from BCP
increased with the increase in extraction time from 2.5 to
10 min, and reached a peak at 10 min, then significantly

decreased. Maximum recovery of 159.9 mg GAE/100 mL
was obtained after 10 min followed by a substantial
decrease to the tune of 2.7 folds (Supplementary Fig. 1.3).

Influence of microwave power

The effects of microwave power on the recovery of TPC
from BCP were investigated at the levels ranging from 170
to 850 W with fixed solvent concentration (20% ethanol),
extraction time of 10 min and a solvent to solid ratio of
20:1 (mL/g). A similar trend was observed, maximum
recovery (171.2 mg GAE/100 mL) at 340 W, followed by
a decrease (Supplementary Fig. 1.4). Understandably,
higher microwave power level might degrade phenolic
compounds. These observations revealed that extraction at
higher microwave output power levels at 510 W or more,
do not ensure better recovery of phenolic compounds than
those extracted at medium power. Taking these factors into
account, the optimal power level was found to be
340-680 W for RSM.

Model fitting

The results obtained (in Table 1) ranged as follows: TPC
(37.20-276.0 mg GAE/100 mL), FRAP (2.82-14.24 umol
TE/mL) and colour density (6.60-65.26 units). Variations
in the content of total phenols, FRAP and colour density of
the extracts was observed depending on the experimental
conditions. Experimental results suggested regression
model fitted is a good fit to the data for all the responses.
Model parameter estimates along with their standard errors
and model fitness measures were obtained and given in
Table 2.

Total phenolic content (TPC)

Black carrot phenolics were extracted according to the
experimental design in order to select microwave power,
extraction time, solvent to solid ratio and ethanol
concentration which are optimal for extraction of phenolic
acids.

The quadratic regression model in terms of coded
variables showing the effect of operating parameters on the
TPC is given in the following equation.

TPC = 224.26 — 82.89A + 0.76B — 16.06C — 2.88D
— 42.71AB + 4.72AC + 1.26AD — 24.72BC + 7.94BD
+ 3.1CD — 28.84A% — 46.40B> — 51.56C% — 69.03D>

where A, B, C and D were the coded values of microwave

power, extraction time, the ratio of solvent to solid and
ethanol concentration, respectively.

@ Springer
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Table 2 Model summary

statisticss ANOVA, regression Source df

CE for TPC

CE for AOC

CE for colour density

coefficient and coefficient of
determination (R?) for the TPC,
AOC and colour density

Model 14
A
B
C
D
AB
AC
AD
BC
BD
CD
A2
B2
2
D2
Residual 14
Lack of fit 10
Pure error 4
Corrected total 28
R2

Adjusted R*

Adequate precision

CV %

L T o S S S S T T S S Y

224.26 (13.82)%%*
— 82.89 (8.92)%*
0.76 (8.92)™

— 16.06 (8.92)*

— 2.88 (8.92)™

— 42,71 (15.45)%*
4.73 (15.45)™

1.26 (15.45)™

— 24.73 (15.45)™
7.94 (15.45)™

3.10 (15.45)™

— 28.84 (12.13)%*
— 46.41 (12.13)%%%
— 51.56 (12.13)%**
— 69.03 (12.13)%#*

ns

0.9140
0.8280
11.304
21.57

12.39 (0.56)%**
— 3.37 (0.36)%%*
— 1.1 (0.36)**
—0.16 (0.36)™
— 0.039 (0.36)™
—0.98 (0.63)™
0.31 (0.63)™
0.068 (0.63)™
0.17 (0.63)™

0.3 (0.63)™
0.038 (0.63)"

— 1.77 (0.5)%*
— 3.25 (0.5)%**
— 3.4 (0.5)%**
— 3.53 (0.5)#*

ns

0.9346
0.8693
11.513
16.96

59.44 (3.47)%%x

— 19.44 (2.24)%%%
—0.61 2.24)™

— 1.51 2.24)™
—0.73 (2.24)™

— 6.66 (3.88)™
4.05 (3.88)™

2.19 (3.88)™

0.53 (3.88)™

1.48 (3.88)™
0.029 (3.88)™

— 8.93 (3.04)%*
— 25.16 (3.04)%**
— 21.5 (3.04)%*x
— 22.02 (3.04)%x

ns

0.936
0.8721
10.907
28.36

A = power, B = time, C = solvent to solid ratio, D = ethanol concentration in solvent, AB = power *
Time, AC = power * solvent to solid ratio, AD = power * ethanol concentration in solvent, BC = time *
solvent to solid ratio, BD = time * ethanol concentration in solvent, CD = solvent to solid ratio * ethanol
concentration in solvent and A, B, C* and D are representing the quadratic terms for power, time, solvent
to solid ratio, ethanol concentration in solvent respectively and values shown are regression coefficient of
respective term. Figures in parenthesis denote standard error

TPC total phenolic content, AOC antioxidant capacity, CV coefficient of variation, CE coefficient estimate
coded variable, df degree of freedom, ns non-significant

*Significant at p < 0.1, **significant at p < 0.05, ***significant at p < 0.01

From the p values of each model term, it could be
concluded that effect of A, interactions effect AB and four
quadratic terms Az, B2, C? and D? are significant model
terms (p < 0.1) affecting the TPC. The microwave power
and solvent—solid ratio were found to be the most signifi-
cant linear effect and AB i.e. microwave power and time
were the most significant interactive effect, which influ-
enced total phenolic yield. Here, determination coefficient
(RZ), model F-value, predicted and adjusted Rz, adequate
precision, lack of fit F-value explain the statistical signifi-
cance of the model fitted. The values of each term are also
presented in Table 2.

According Sun et al. (2010) and Yin and Dang (2008),
the interaction effects of the factors on the responses can be
evident from the three-dimensional response surface plots
(Fig. 1a—f) served very effective as they depicted the sen-
sitiveness of response value towards the variable
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manipulation. Maran et al. (2013), stressed that such graphs
can be drawn by keeping two factors as constant and the
other two factors should be varying so as to comprehend
their main and interactive effects on the dependent
variables.

The effect of microwave power (A) and irradiation time
(B) on the yield of total phenolics from BCP at a fixed
solvent: solid ratio and concentration of ethanol at its
central level can be seen in Fig. la. At a definite micro-
wave power of 340 W, an increase in the extraction time
from 5 to 15 min led to an increase in the extraction effi-
ciency of TPC (190.32-275.49 mg GAE/100 mL); simi-
larly at a microwave power of 680 W, there was a drastic
decrease in the extraction efficiency from 110.53 to
27.33 mg GAE/100 mL as the time increased from 5 to
15 min. TPC increased linearly when the power levels are
decreased from 680 to 340 W and achieved maximum at
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microwave assisted extraction (MAE). TPC total phenolic content in
mg gallic acid equivalents (GAE)/100 mL
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around 340 W. Extraction time of 10 min was found to be
having maximum TPC further increasing the time level at
340 W decreased the TPC content slightly. This may be
attributed to the fact that the extraction power is main
factor which plays crucial role in the extraction of TPC and
extraction time plays an important role to enhance the
extraction yield till a threshold level, after this no increase
in the rate of extraction occurs due to saturation (Arvin-
dekar and Laddha 2015). The extending extraction time
could result in a higher extraction recovery up to 10 min.
However, the recovery decreased with the extension of
extraction time above 10 min, which was possibly due to
the degradation of total phenolics by microwave wave.
Similar results were also obtained by Song et al. (2011).
Alara et al. (2018), reported that increase in microwave
power and irradiation time beyond the limit leads to
decrease in the recovery of TPC. Increasing the microwave
power up to 340 W resulted in the highest recovery of the
TPC that may be due the ionic conduction and dipole
rotation effects of MAE which facilitate leaching out of
phenolic compounds from the plant matrix through
molecular interaction (Chan et al. 2011; Alara et al. 2018).

Another reason for enhanced recovery of TPC was the
use of ethanol-water mixture as an extraction solvent
because the mixture has a high dielectric constant and
dissipation factor to absorb microwave energy effectively
and was able to increase the penetration of the solvent into
the sample matrix, and consequently, heating efficiency
was increased and as a result of presence of a small amount
of water in the solvent extraction, increased the diffusion of
water into the cell matrix, delivers better heating, and
facilitates high-speed mass transfer compound into the
solvent. The results are in line with the findings of the
Mun’im et al. (2017), Azlim et al. (2010) and Sochar et al.
(2010).

These results also coincide with preliminary single
factor analysis experiment in which the maximum yield of
TPC was obtained at 340 W and irradiation time of 10 min.
The mutual interaction between the microwave power and
time was found to be significant at p < 0.05 (Table 2). The
mutual interactions between all other interactive terms
were found to be non-significant (Table 2 and Fig. 1b—f).

Antioxidant capacity (AOC)

Lachman et al. (2008) and Rumbaoa et al. (2009) have
described multifarious health benefits of phenolics, espe-
cially antioxidants. The antioxidant activity of the MAE
extracts of BCP were evaluated through FRAP as in vitro
method. The AOC evaluated using the FRAP method
ranged from 2.82 to 14.24 pmol TE/mL (Table 1) for all
treatments. The quadratic regression model in terms of
coded variables showing the effect of operating parameters
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on the antioxidant activity by FRAP assay is given in
following equation.

FRAP = 12.39 — 3.37A — 1.1B — 0.16C — 0.039D
— 0.98AB + 0.31AC + 0.068AD — 0.17BC
+ 0.30BD + 0.038CD — 1.77A% — 3.25B
— 3.4C* — 3.53D?

The parameter estimates along with standard error and
model significance are presented in Table 2.

ANOVA of regression model fitted to experimental
results of antioxidant activity by FRAP showed that linear
terms power (A) and time (B) are significant (p < 0.01)
model terms and AOC increased with decreasing power
and time. However, S/S ratio (C) and concentration of
ethanol (D) in solvent had no significant (p > 0.10) effect
on AOC. Whereas ANOVA of regression model fitted to
experimental results of AOC by FRAP showed that all
quadratic terms Az, Bz, C? and D? are significant model
terms (p < 0.01) (Table 2). AOC was significantly and
inversely dependent on power, time, S/S ratio and ethanolic
concentration and its content reduces with increasing effect
of quadratic terms as followed in TPC. TPC and AOC were
found to be positively correlated in juices of red grapes by
Dani et al. (2007) and in jambolan fruit by Singh et al.
(2016a). In another study by Xu et al. (2018) showed that
AOC of the extract was positively correlated with the TPC
and its conjugated polysaccharides in Eucommia ulmoides
Oliver leaves and total flavonoid content in black carrot
marc (Kumar et al. 2018b). Hence it is clear that enhanced
antioxidant capacity at 340 W is the resultant of the high
recovery of the TPC at similar conditions.

All the interactive terms are non-significant model terms
(p > 0.10). The model F-value of 14.32 implies the model
is significant (p < 0.01). A non-significant lack of fit
(»p > 0.05) and R? (0.93) indicated fair suitability of model
in predicting AOC of the extract by the FRAP (Table 2).
The mutual interaction for AOC was found to be non-
significant for all the interactive terms (Table 2 and
Fig. 2a—f).

Colour density

Colour density as an important index for measuring
colouring potential of natural colourants and for tracking
deterioration of colour during processing.

The quadratic regression model in terms of coded
variables showing the effect of operating parameters on the
colour density of the sample is given in following equation.



J Food Sci Technol (February 2019) 56(2):995-1007

1003

[2.28021

>

107112

~ 16

==
ST S S TS SNt

SR

3 T T

SOOI ‘::““\\\\\\\\\\\“

P ‘

po

)OS

FRAP (umol TE/ml

15
13 680
\ _—"595
. 9 510
B: Time 7 %
A: Power

57340

10.2086]

E
L
|_
©°
E 8 =
= 4 R
~ SOTTTRTIIASIRIRIRTTN
o 4 "
x 2
Sl
30
680
C: Ratio 15 510

107340 A: Power

SRR S

S SSNNNNNNNNNY
““‘ \\\\“““:{‘\{t\\ N
aRrIimmmmmtt
X Nk
S OTTEEIITITTIR IR R Y
QSSTTTTRTTTRITTIRRNGR

=SS

FRAP (umol TE/mI)

D: Conc 15 205

Fig. 2 Response surface analysis of black carrot for the effect of
microwave power and time (a), power and solvent to solid ratio (b),
power and ethanol concentration in solvent (c), time and solvent to
solid ratio (d), time and ethanol concentration in solvent (e), solvent

FRAP (umol TE/mi)

FRAP (umol TE/ml)

=y

FRAP (umol TE/ml)

S=SRaaa
S
S S S S ST T IINE T Y
R
T ST TI LIS IITE NN
S “\“‘\\‘\\\\\\§§§‘§\
\

SIS
“:‘:‘:““ IS
S
S [~
S
O

C: Ratio 15

T
i
S LITNNERTRT RN
SRR
eset
>

SIS
S SSORSS
SIS N
SRR

S TTTTRLLIANY

D: Conc 20
15 .
10™10 C: Ratio

to solid ratio and ethanol concentration in solvent (f) on Antioxidant
capacity (FRAP) using microwave assisted extraction (MAE). FRAP
ferric reducing antioxidant potential in pmol TE/mL

@ Springer



1004

J Food Sci Technol (February 2019) 56(2):995-1007

Colour density = 59.44 — 19.44A — 0.61B — 1.5C — 0.73D
— 6.6AB + 4.04AC + 2.18AD + 0.53BC
+ 1.48BD + 0.029CD — 8.93A2 — 25.16B
— 21.5C% — 22.02D?

The results are presented in Table 2. The quadratic
polynomial equation with significant (p < 0.001) and non-
significant terms (p > 0.10) of colour density of BCP
extract were given in Table 2. In this case only one linear
term i.e. ‘A’ (Table 2) was found to be statistically sig-
nificant (p < 0.01). Antioxidant activity by FRAP was
significantly dependent on power and increased with
decreasing power. Microwave power had an inverse effect
on the colour density and causes specific degradation of
colour due to heating effect. A study by Sala et al. (1995)
and Tchabo et al. (2015) highlighted that cavitation which
fastens chemical reactions, enhances diffusion rates, dis-
persion of aggregates can also be a possible factor that
prompts degradation of colour. Whereas ANOVA of
regression model fitted to experimental results of colour
density showed that quadratic terms A” (p < 0.05) and B2,
C? and D* (p <0.01) are significant model terms
(Table 2). Colour density was significantly and inversely
dependent on all quadratic terms.

The change in the colour density may be attributed to
changes in TPC here which were significantly and nega-
tively dependent on the interaction of power and time; as
the power and time increases there is a decrease in the
colour density. This may be due to degradation of coloured
compounds in the extract due to prolonged heating effect in
the microwave resulted in colour degradation (Wang and
Xu 2007). The model F-value of 15.99 implies the model is
significant (p < 0.05). A non-significant lack of fit
(p > 0.05) and R? (0.936) indicated fair suitability of
model in predicting colour density of the extract. The
mutual interaction between all the interactive terms for
colour density was found to be non-significant at p > 0.1
(Table 2 and Fig. 3a—f).

Determination and validation of optimum conditions

Best condition for the MAE of total phenolics, antioxidant
activity and colour density from the pomace of black carrot
was done by multi-response optimization technique with an
objective to obtain higher content of phenolics, antioxidant
activity and colour density. To derive at the stated ideal
conditions, the three second order polynomial models were
used. Results, indicate that a microwave power 348.06 W,
extraction time 9.86 min, solvent—solid ratio of 19.3 g/mL
and ethanol concentration of 19.8% in the solvent gives
277.07 mg GAE/100 mL of TPC, 14.01 pmol TE/mL of
antioxidant activity by FRAP and 69.99 units of colour
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density with an overall desirability value of 0.993. These
optimal conditions could be considered as feasible. The
experimental values (TPC =264.9 + 10.025, AOC =
13.14 £ 1.05, colour density = 68.63 £ 5.40 units) were
in accordance with the values estimated as given in Sup-
plementary Table 1, which is indicative of the appropri-
ateness of the quadratic models developed (Table 2).

Comparison of MAE with UAE and CSE

The optimized MAE conditions, CSE and UAE were set
side by side for comparison (Table 3). For performing UAE
selected conditions were 30 min, 30% ethanol and S/S ratio
40. Extraction was done by using probe Ultrasonicator (S-
4000; Misonix, USA) with maximal amplitude of 100,
while working at 25 in practical process. In case of CSE
conditions were 300 min, 30% ethanol, S/S ratio 30, 50 at
pH 3.0, based on previous preliminary trials. The results
show that the three investigated extraction techniques gave
statistically  different TPC yields (264.9 + 10.025,
194.5 £ 12.24, 108.7 £ 5.63 mg GAE/100 mL MAE,
UAE and CSE respectively). The TFC was greatly variable
for all the three studied protocols and found to be maxi-
mum with MAE (1662.22 + 47.3 mg QE/L) than with
UAE and CSE (1076.66 £ 36.66 and 683.33 £ 34.80 mg
QE/L respectively). Also, the anthocyanin content was
superior with MAE (753.40 + 31.6 mg/L) than with UAE
(607 £ 55.69 mg/L) and with CSE (323.4 & 21.7 mg/L).
Similar findings of high anthocyanin content were reported
by Karabegovic et al. (2014) from cherry leaves, Sun et al.
(2007) from red raspberry and Yang and Zhai (2010)
regardless the extraction time and this is generally because
of the microwave irradiation mechanism (Sun et al. 2007,
Zhang et al. 2008). Localized temperature rise in plant
tissues caused by microwaves results in their disruption and
subsequent migration of phenolic compounds to the nearby
solvent. Forty milligram GAE/g dw of TPC was extracted
with 40% aqueous ethanol from blackcurrant leaves by
Nour et al. (2014).

The optimized MAE conditions, CSE and UAE were set
side by side for comparison. For performing UAE selected
conditions were 30 min, 30% ethanol and S/S ratio 40.
Extraction was done by using probe Ultrasonicator (S-
4000; Misonix, USA) with the maximal amplitude of 100
while working at 25 in practical process. In the case of
CSE, conditions were 300 min, 30% ethanol, S/S ratio 30,
50 at pH 3.0, based on previous preliminary trials. The
results show that the three investigated extraction tech-
niques gave statistically different TPC yields
(264.9 £ 10.025, 194.5 + 12.24, 108.7 £ 5.63 mg GAE/
100 mL MAE, UAE and CSE respectively). The TFC was
greatly variable for all the three studied protocols and



J Food Sci Technol (February 2019) 56(2):995-1007

1005

Color density (units)

Color density (units)

Color density (units)

Fig. 3 Response surface analysis of black carrot for the effect of
microwave power and time (a), power and solvent to solid ratio (b),
power and ethanol concentration in solvent (¢), time and solvent to

NSNS N
N AR S LLLLLLARRR RN
R{\‘:\\\\\\\\\\\\\§§§§§\\

AN
““*&&*

25
20
C: Ratio 15 25 510
A: Power

SSSSoSa S
T SRNSNRRNRANY
..
SSSSaaNEN R

SN

_—
_—T i a i_ah
N

SSSNNNNNNNY

NN

INSNNNNN
NN

107340

s
SSSURNNN ~

S
“““““‘\\
SIS
LSS0RES
Sies
1:\“““

107340

NN
N

SN

Color density (units)

NN
NN
NN

Color density (units)

_|hhhm

Color density (units)

510

425

A: Power

4
_—

255
227
277,
Z

7%
0
e

7
7
7722
&
2%

7555505555

%
55

C: Ratio

y
L 219/%%,
g

"O
02
90,%
%03,
S
&

%
7t
.
.
55

75527, Z
5
55
5%
2%

107

X
PO Se S eSS TN NN

o oes eI N
N

nukm

st

SeSSes Rt

COOSSRRSSSI I

0 QS
052, SR
<25 R ¢‘:$‘

%
LS
LS

S

SN

S N

S S T SSOTT SRR

‘::“‘:: :‘\8{\“\\\\\\“
S

N
SRS
sy
SOOI ‘

XX

X

8K
S 0

9%
P0tode.
(2028,

&
20%0%
5

oo
55

&
R
2030

o

<

‘::0

<

e S SRR
R
SO ““‘-\\ R LY

25

20

0 C: Ratio

solid ratio (d), time and ethanol concentration in solvent (e), solvent
to solid ratio and ethanol concentration in solvent (f) on CD using
microwave assisted extraction (MAE). CD colour density (units)

@ Springer



1006

J Food Sci Technol (February 2019) 56(2):995-1007

Table 3 Comparison of MAE with UAE and CSE

Method TPC (mg GAE/100 mL) TFC (mgQE/L) TAC (mg/L) AOC (FRAP) (umol TE/mL)  CD (units) PC (%)

MAE 264.9 + 10.025 1662.22 + 47.3 753.40 £+ 31.6 13.14 + 1.05 68.63 £+ 5.40 7.40 £+ 0.42
UAE 194.5 + 12.24 1076.66 + 36.66 607 + 55.69 10.18 &+ 1.30 41.05 £ 1.86 11.83 4+ 0.89
CSE 108.7 + 5.63 683.33 £ 34.80 3234 + 21.71 7.64 + 048 2728 +£2.18 1238 £+ 1.37

Data are mean & SD (n = 3)

TPC total phenolic content, TFC total flavonoid content, TAC total anthocyanin content, AOC antioxidant capacity, FRAP ferric reducing

antioxidant potential, CD colour density, PC polymeric colour

found to be maximum with MAE (1662.22 + 47.3 mg QE/
L) than with UAE and CSE (1076.66 £ 36.66 and
683.33 £ 34.80 mg QE/L respectively). Also, the antho-
cyanin content was superior with MAE
(753.40 &+ 31.6 mg/L) than with UAE (607 % 55.69 mg/
L) and with CSE (323.4 £ 21.7 mg/L). Similar findings of
high anthocyanin content were reported by Karabegovic
et al. (2014) from cherry leaves, Sun et al. (2007) from red
raspberry and Yang and Zhai (2010) regardless the
extraction time and this is generally because of the
microwave irradiation mechanism (Sun et al. 2007; Zhang
et al. 2008). The localized temperature rise in plant tissues
caused by microwaves results in their disruption and sub-
sequent migration of phenolic compounds to the nearby
solvent. Forty milligram GAE/g dw of TPC was extracted
with 40% aqueous ethanol from blackcurrant leaves by
Nour et al. (2014).

Conclusion

In the present study, microwave assisted extraction has
been identified as an efficient method for the extraction of
bioactives such as total phenolics, anthocyanins and other
antioxidants; clearly surpassing the performance of other
conventional extraction methods including ultrasonication.
It can, therefore, undoubtedly prove to be a successful
proposition for the cost-effective and eco-friendly extrac-
tion of polyphenolic compounds from black carrot pomace
and other by-products of food industry for valorisation
purposes.
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