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Optimization of ultrasound-assisted extraction conditions for extraction of bioactive
compounds from purple carrot (Daucus carota L.) using response surface methodology
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Abstract

Statically-based optimization was employed to maximize the total phenol content, total flavonoid content, and radical scavenging
activity from purple carrot (Daucus carota L.) using ultrasound-assisted extraction. To enhance the extraction of bioactive
components, key variables of ultrasound-assisted extraction including extraction time (5.0 ~ 55.0 min), extraction temperature
(26.0 ~ 94.5 °C), and ethanol concentration (0.0 ~ 99.5%) were chosen as independent variables and optimized using Response
surface methodology. The optimal extraction conditions were predicted as 41.9 °C, 46.1 min, and 26.0% ethanol, under these
conditions, total phenol content, total flavonoid content, and radical scavenging activity were found to be 16.1 mg GAE/g DM,
0.86 QE/g DM, and 25.6%, respectively, similar to the experimental values of the validation experiment. When the purple
carrot extract was analyzed using HPLC, chlorogenic acid was identified as a main substance. Therefore, ultrasound-assisted
extraction can effectively increase the anti-oxidant production of purple carrot, and purple carrot extract has high potential as
functional food and cosmetic raw material.

Keywords: purple carrot; optimization; ultrasound-assisted extraction; central composite design; anti-oxidant.

Practical Application: The extraction process using ultrasound waves was optimized to maximize the antioxidant ingredients in
purple carrots, which led to the conclusion that the extract had high potential as a functional food and cosmetics raw material.

1 Introduction

ROS (reactive oxygen species) are formed when some
oxygen during the respiratory process of aerobic organisms is
converted to highly unstable oxygen by chemical, physical, and
environmental stress (Madkour, 2019). They are generated in vivo
mostly through oxidative phosphorylation and inflammatory
reactions in mitochondria (Chen et al., 2019). When free radicals
are produced excessively, the body performs a defense system based
on anti-oxidant enzymes including superoxide dismutase (SOD),
glutathione peroxidase (GPx), and catalase (CAT) (Noor et al.,
2022). While the rate of ROS generation is faster than the rate of
scavenging, the imbalance between the generation, neutralization,
and removal of ROS with the corresponding triggers in a cell
signaling pathways can result in oxidative and reductive stresses
with the consequent initiation of numerous pathologies, protein
degradation, lipid peroxidation, and DNA mutation occur, leading
to the destruction of cellular homeostasis and a rapid increase
in peroxides and resulting even in cell and organismal death
(Zorov et al., 2014). In addition, excessive ROS development
promotes collagen oxidation, accelerates skin aging, and causes
diseases such as hyperlipidemia, arteriosclerosis, cataracts,
diabetes, and cancer, so the development of anti-oxidants is
necessary to effectively remove ROS.

Synthetic anti-oxidants such as butylated hydroxy anisol
(BHA), butylated hydroxy toluene (BHT), propylene glycol

(PG), and tertiary butylhydroquinone (TBHQ), which have
been developed and widely used, have adverse effects such as
liver toxicity, kidney toxicity, and carcinogenesis, despite their
outstanding anti-oxidant effect (Gam et al., 2020). Accordingly, the
need and demand for the development of anti-oxidants derived
from natural substances are increasing, which can substitute the
existing synthetic anti-oxidants. Polyphenols are natural substances
present in plants and are known to exhibit antioxidant ability
by hydroxyl groups of aromatic compounds (Nagarajan et al.,
2020). Flavonoid, which are a type of polyphenol, are glycoside
compounds consisting of two aromatic rings (A and B-ring)
and heterocyclic rings (C-ring) (Latos-Brozio & Masek, 2019).
B-ring and C-ring of flavonoids have ortho-hydroxylation and
C2-C3 double bonds, respectively, so they can effectively remove
ROS and exhibit anti-cancer, anti-bacterial and anti-inflammatory
effects (Gu et al., 2019).

Purple carrots are root vegetables in the Apiaceae family,
and contain a high level of anthocyanins, a type of flavonoid
(Blando et al., 2021). According to previous studies, Purple
carrots are known to be richer in polyphenols and vitamin C than
orange carrots, and have been reported to have about three times
greater antioxidant activity (Nicolle et al., 2004). In particular, it
is known that p-carotene and anthocyanin prevent cardiovascular
diseases and diabetes and have anti-cancer effects, thus there is
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an increasing interest in the functionality of bioactive substances
that purple carrots contain (Rasheed et al., 2022). However,
studies on the optimization of extraction conditions to increase
extraction of bioactive substances in Purple carrot extract (PCE)
and standardization of the process are lacking.

Therefore, in this study, extraction time, extraction temperature,
and the ethanol concentration were set as independent variables,
using the environment-friendly process, ultrasonic extraction,
to effectively extract biologically active substances from purple
carrots, and for more effective optimization of extraction
conditions, the response surface methodology (RSM), a type of
statistical optimization, was applied to optimize the main process
variables. Through this, our study proposed an eco-friendly
extraction process that can increase the extraction efficiency
of anti-oxidants from purple carrots, thereby increasing the
extraction of high value-added substances from purple carrots.

2 Materials and methods

2.1 Raw materials and reagents

The purple carrot dried powder used in this study was
purchased from Purunsan (Seoul, Korea), agricultural corporation.
2 N Folin-ciocalteu, potassium acetate, aluminum chloride,
2,2-diphenyl-1-picrylhydrazyl (DPPH), citric acid, gallic acid,
quercetin, ascorbic acid, acetonitrile, and acetic acid required
for the measurement of anti-oxidant activity and HPLC analysis
were purchased from Sigma-Aldrich (St. Louis, Missouri, USA).
Sodium carbonate for the measurement of anti-oxidant activity
was purchased from Duksan Pharmaceutical Co., Ltd. (Ansan,
Korea) and all other reagents used for the analysis were Sigma-
Aldrich’s extra pure reagents.

2.2 Ultrasound-assisted extraction (UAE)

UAE was used to extract physiologically active substances,
and 1.0 g of purple carrot powder and 20.0 mL ethanol for
each concentration were mixed in a pressure vessel, and an
ultrasonicator (SD-250H, Mujigae Co., Seoul, Korea) was used
for the extraction. A mixture of distilled water and 99.5% ethanol
(Samchun, Seoul, Korea) was used as the extraction solvent, and
extraction was performed by varying the extraction time and
extraction temperature. After centrifuging the extract at 5,000 rpm
for 10.0 min for solid-liquid separation, the supernatant was
harvested, refrigerated, and used for analysis.

2.3 Total polyphenol content (TPC)

TPC was used with modifications of Dewanto’s method based
on the principle that Folin-ciocalteu is reduced by polyphenol

and turns blue (Ceccanti et al., 2022). After mixing 0.7 mL of
0.2 N Folin-ciocalteu’s phenol reagent with 0.14 mL of PCE,
and reacting for 8.0 min, 0.56 mL of 7.5% Na,CO, was added
and reacted for 60.0 min. The absorbance of the mixture was
measured at 765 nm in spectrophotometer (Optizen 2120 UV,
Mecasys Co., Daejeon, Korea), and the TPC was expressed as mg
gallic acid equivalent (GAE)/g dry matter (DM) using standard
calibration curve plotted by gallic acid.

2.4 Total flavonoid content (TFC)

TFC was measured by modifying Mussatto’s method
(Ozuna et al.,2020). 0.1 mL of PCE, 0.56 mL of distilled water
and 0.3 mL of 99.5% ethanol were added, and 1 M potassium
acetate and 10.0% aluminum chloride were sequentially added
by 0.02 mL each for a color development. The mixture reacted
for 30.0 min to induce color development, and absorbance was
measured at 415 nm in a spectrometer. TFC was quantified as a
relative concentration with mg quercetin equivalent (QE)/g DM
through a standard calibration curve using quercetin.

2.5 Radical scavenging activity (RSA)

RSA was measured based on modified Brand-Williams’
method (Akbar et al., 2022). After adjusting the absorbance of the
DPPH solution diluted with methanol at 1.0 (+ 0.02), 1.25 mL of
0.1 mM DPPH was added to 0.25 mL of PCE. After the mixture
was allowed to react in the dark for 20.0 min, absorbance was
measured at 517 nm. For the quantification of RSA, ascorbic
acid was used as a positive control to calculate radical scavenging
activity by the following Formula 1.

j x 100

In order to maximize the production of bioactive substances,
RSM based central composite design (CCD), Design Expert
9.0 (Stat-Ease Inc., Minneapolis, USA) was applied to generate
regression models for the prediction of UAE conditions. CCD with
3 variables with five levels was used to derive 17 experimental
conditions (Table 1). The independent variables (X ) were used in
our experiment are extraction time (Xp 5.0 ~ 55.0 min), extraction
temperature (X, 26.0 ~ 94.0 °C), and ethanol concentration
(X,, 0.0 ~ 99.5%), and the dependent variable was TPC, TEC,
and RSA were used. The quadratic regression equation for the
independent variable and the dependent variable was derived as
follows, and only variables recognized for significance through

absorbance of extract —added group

M

RSA(%)=|1
absorbance of control group

2.6 Statistically-based optimization

Table 1. Main independent variables and levels for the extraction of bioactive compound from purple carrot based on coded and actual values

of central composite design.

. Coded levels
X Independent variables
n -1.68 -0.84 0 +0.84 +1.68
X, Extraction time (min) 5.0 15.0 30.0 45.0 55.0
X, Extraction temperature (°C) 26.0 40.0 60.0 80.0 94.5
X Ethanol concentration (%) 0.0 20.0 50.0 80.0 99.5

3

X, :independent variables, X : extraction time (min), X : extraction temperature (°C), X,: ethanol concentration (%).
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ANOVA and regression analysis were adopted. In addition, the
interaction between the univariate optimization curve and the
three-dimensional response surface curve and the variables was
confirmed, and the response surface of the dependent variable
according to the change of the independent variable was analyzed
using Formula 2.

Y =by+bX] +by Xy +b3 X3 +b 2 X1 Xy +B X X5 +

(@)

by’ X X3 +b' Xy? +by" X7 +b37 X5
Y is process response, X _is the coded independent variables,

X *is the quadratic term of the independent variable, b is the

y-intercept, and b_is the regression coefficient.

2.7 Measurment of main substances

To detect main substances contained in purple carrots, the PCE
was filtered with a 0.22 um syringe filter (PVDF2025A, Hyundai
Micro Co., Seoul, Korea), and HPLC analysis was performed
using a Poroshell 120 EC-C18 column (4.6 mm x 150 mm,
Agilent Tech., Santa Clara, California, USA). Mobile phases were
used by changing the mixing ratio of mobile phase A (99.9%
acetonitrile) and mobile phase B (1.0% acetic acid) according to
the separation time. For identification of components in extract,
the flow rate was fixed at 0.5 mL/min for the comparison of
retention time, and the comparison of absorption spectrum

was applied to reconfirm the compounds identified based on
retention time at 190 ~ 640 nm using diode array detector (DAD).
The detection time and absorption spectrum were compared
with the standard material and a calibration curve based on the
peak area was used for the quantification.

2.8 Statistical analysis

All experiments conducted for functional evaluation of purple
carrots based on optimal extraction conditions were repeated
three times and expressed as mean * standard deviation. Mean
values, standard deviations and statistical numerical calculations
were performed using GraphPad Prism (Ver. 5.0, GraphPad
software Inc., California, USA).

3 Results
3.1 Exploring TPC optimal extraction conditions

Compared with experimental values depending on each of
the 17 conditions, the maximum value of TPC was measured
18.0 mg GAE/g DM at Run #4, while the minimum value
was measured to be 6.5 mg GAE/g DM at Run #14 (Table 2).
The correlation between the independent variable and the
dependent variable according to the experimental conditions is
shown in the quadratic regression equation and the coefficient
of determination in Table 3. The p-value is the probability that

Table 2. Central composite design matrix for independent variables with experimental values of Total polyphenol content, Total flavonoid

content, and Radical scavenging activity.

Extraction conditions TPC TEC
Run No. X, X, X, (mg GAE/gDM)  (mg QE/g DM) RSA (%)
1 15.0 40.0 20.0 15.8 0.40 42.6
2 45.0 40.0 20.0 15.8 0.39 42.2
3 15.0 80.0 20.0 16.2 0.48 59.5
4 45.0 80.0 20.0 18.0 0.35 51.8
5 15.0 40.0 80.0 12.3 0.57 40.0
6 45.0 40.0 80.0 12.0 0.60 46.6
7 15.0 80.0 80.0 14.3 0.68 47.2
8 45.0 80.0 80.0 14.0 0.66 56.2
9 5.0 50.0 50.0 16.3 0.41 71.6
10 55.0 50.0 50.0 17.3 0.40 72.7
11 30.0 50.0 50.0 16.6 0.39 62.9
12 30.0 94.0 50.0 17.2 0.53 84.7
13 30.0 60.0 0.0 15.9 0.19 28.7
14 30.0 60.0 99.5 6.5 0.62 23.2
15 30.0 60.0 50.0 16.9 0.53 70.4
16 30.0 60.0 50.0 17.1 0.53 71.8
17 30.0 60.0 50.0 17.4 0.56 72.7

X,: extraction time (min), X,: extraction temperature (°C), X,: ethanol concentration (%), TPC: total phenolic content, TFC: total flavonoid content, RSA: radical scavenging activity.

Table 3. Second-order polynomial equations generated by central composite design for the optimization of extraction conditions of purple carrot.

Responses Regression models R? p
TPC (mg GAE/gDM) Y, .=+ 12.54946 + 0.037584X + 0.015369X, + 0.17187X, + 7.62917X X, - 7.12056X X, + 0.9506 0.0009
2.9312X X, - 5.66267X? - 2.07775X,? - 2.39853X
TFC (mg QE/gDM) Y, =+ 10.38222 + 0.24887X + 0.74118X, + 1.92733X, - 2.0416X X, - 6.58333X X, - 0.8706 0.0201
2.02083X X, - 6.83164X 2 - 2.38439X ? - 0.020451X
RSA (%) Yo, = +0.011382 +9.19603X, + 4.89458X, + 4.46105X, - 7.08333X X, + 4.22222X X, + 0.9558 0.006

2.62500X,X, - 1.30352X* - 2.07318X ? - 3.35553X

R?: coefficient of determination, X : extraction time (min), X : extraction temperature (°C), X,: ethanol concentration (%), Y.

of TFC, Y ,: predicted response of RSA.
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more events against the null hypothesis occur than events
observed under the null hypothesis, and the smaller the p-value,
the more statistically significant it can be interpreted (Kim &
Park 2019; Gam et al., 2021). Rejection is decided based on
the significance probability of 0.05. TPC was confirmed as
p < 0.0009, which was smaller than 0.05, so it was possible to
reject the null hypothesis and confirm that it was statistically
significant. Also, the concentration of ethanol was found to be
p <0.0001 in the linear and quadratic terms, indicating that the
ethanol concentration is a major variable that has a significant
effect on TPC.

As the ethanol concentration increased, TPC increased up to
the maximum value of 17.7 mg GAE/g DM and then decreased,
verifying that the ethanol concentration had a significant effect
on the TPC variance (Figure 1). The interactions between two
independent variables on TPC was presented using visualization
through 3D response surface plot (Figure 2). In both Figure 2B
and Figure 2C, it was confirmed that the ethanol concentration
had a large effect on the TPC variation, whereas the extraction
temperature and extraction time did not have a significant
effect. Based on RSM, the optimized TPC extraction conditions
for purple carrots were predicted to be 32.5 min, 76.3 °C, and
38.0% ethanol, under these, TPC was derived to be maximum of
18.1 mg GAE/g DM. This result was consistent with the results of
Lee (2016), in which the ethanol concentration was proportional
to TPC at less than 20.0% and the ethanol concentration was

20—
—~ Xz
= :
a 154 x X
3 104 %
U -
[
=
0 %s
T T T T T
-1.68 -0.84 0.00 +0.84 +1.68

Figure 1. Univariate optimization graph of TPC affected by each
independent variable, including extraction time (X)), extraction
temperature (X,), and ethanol concentration (X,).
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inversely proportional at 50.0% or more. It is known to use a
mixed solvent of ethanol and water rather than a single solvent
to increase the solubility of polyphenols in the extraction solvent
when extracting plant polyphenols (Lohvina et al., 2021).
According to the study results that polyphenol contained in
natural substances have multipolarity depending on hydroxyl
groups, molecular weight, and length of hydrocarbons, and that
the polarity changes of a binary solvent of water and ethanol
affects the extraction yield (Kong et al., 2021). Therefore, it is
considered that the optimization of the ethanol concentration
should be prioritized for optimal PCE.

3.2 Exploring TFC optimal extraction conditions

This experiment was intended to maximize TFC, and the
changes in the experimental values depending on the conditions
shown in Table 2 were observed. The maximum value of TFC was
found to be 0.68 mg QE/g DM at Run #7, while the minimum
value was measured to be 0.19 mg QE/g DM at Run #13. R of the
quadratic regression equation, was 0.9113, and the effectiveness
of prediction and the significance of the regression model were
verified with p < 0.006 (Table 3).

Contrary the previous TPC results, TFC increased as ethanol
concentration decreased, and a maximum value was 0.7 mg
QE/g DM (Figure 3). In Figure 4A, the TFC for the extraction
temperature showed the maximum value at 0.5 mg QE/g DM,
and it can be seen that the TFC decreased as the extraction time
increased, and through this, the correlation between the extraction
time and the extraction temperature (X, X,: p < 0.0135), which
was consistent with the study of Lee et al. (2018).

In Figure 4B and 4C, TFC decreased with increasing
ethanol concentration, and the maximum values were found
to be 0.40 mg QE/g DM and 0.5 mg QE/g DM, respectively.
The optimized TFC extraction conditions for purple carrots
were predicted to be 33.4 min in terms of extraction time, with
extraction temperature of 49.2 °C, and 3.0% concentration
of ethanol, deriving TFC of 0.9 mg QE/g DM. Using mixed
solvents, the normalized polarity increased as the concentration
of ethanol decreased (Huaman-Castilla et al., 2019). Accordingly,
it is expected that TFC increased as the solubility of flavonoid
with high polarity increased due to an increase in the polarity
of the extraction solvent under the condition of 3.0% ethanol
concentration. Particularly, anthocyanins, which are highly
contained in purple carrots, exist as glycoside combined with

TPC (mg GAE/g DM)

-
100 —

z /100
7 75
g
25 25

15
05
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Figure 2. 3D response surface graph for the evaluation of interactive effects of independent variables on TPC of the PCE.
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cyanidin (Corinti et al., 2019). As a result of comparing the anti-
oxidant activity of honeyberry extracts by Lee et al. (2016), the
lower the concentration of ethanol, the higher the anthocyanin
content. Based on the research results of kim that the higher
the ratio of water in the water and ethanol mixed solvent, the
more the tissue of the sample swells, and the penetration into
the inside of the sample is easy (Kim, 2016). Therefore, UAE
using 3.0% ethanol liberates anthocyanins and is considered to
have an effect of improving biological activity.

3.3 Exploring RSA optimal extraction conditions

This experiment was intended to maximize RSA, and the
changes in the experimental values depending on the conditions
shown in Table 2 were observed. The maximum value of RSA
was measured to be 84.7% at Run #12, and the minimum value
was measured to be 23.2% at Run # 14, indicating that RSA was
affected by extraction temperature and the ethanol concentration.

The coefficient of determination (R-squared) R? has a value
between 0.0 and 1.0 and the closer to 1.0, higher suitability of
the quadratic regression equation is judged (Yeom et al., 2022).
The R? of the second regression equation was 0.9558, showing
suitability of 95.0% or higher, and the validity of the optimal
condition prediction using the second regression equation was
recognized (Table 3). Depending on changes in independent
variables, RSA was explored through a univariate optimization
graph, but the variation range of RSA was not big depending
on extraction time and extraction temperature (Figure 5).

1.0
= X3
2 0.8
g
054 x Xz

E_‘ 0.3 ]

O_

-1.68 -0.84 0.00 +0.84 +1.68

Figure 3. Univariate optimization graph of TFC affected by each
independent variable, including extraction time (X,), extraction
temperature (X,), and ethanol concentration (X,).
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However, in the case of ethanol concentration, the graph showed
the maximum value at 84.7%. In addition, interactions between
independent variables were visualized using 3D response surface
graph (Figure 6). Consequently, there was no significant change
in the extraction time, it was found through a graph in which
RSA increased according to the extraction temperature confirmed
(Figure 6A). In Figure 6B and 6C, RSA according to the change
in ethanol concentration showed maximum values at 69.4%
and 79.8%, respectively. As extraction temperature increased,
RSA increased, whereas it was found that the response variation
range of extraction time was not wide. Based on the previous
results, the optimized extraction conditions for purple carrots
were derived as an extraction temperature of 94.0 °C, ethanol
concentration of 47.0%, and extraction time of 27.0 min and
RSA was predicted to be 79.6%. Dorosh et al. reported that the
proportional relationship between the extraction temperature and
RSA was due to the new formation of low molecular polyphenols,
and Kaur et al. reported that the mixed solvent of ethanol and
water affected RSA (Dorosh et al., 2020; Kaur et al., 2022).
Therefore, it is presumed that this result is because the newly
formed phenolic hydroxyl groups of purple carrots extracted by the
mixed solvent do not form a pair and thus have reducing power
to eliminate or stabilize radicals by providing electrons to highly
reactive radicals (Ahn et al., 2015). Therefore, it is considered
that extraction temperature and ethanol concentration should
be prioritized for maximizing purple carrot RSA.

3.4 Exploring the optimal extraction conditions

To establish the optimal extraction conditions, the common
optimized extraction conditions were predicted by overlaying
the individual response surface curves of TPC, TFC, and RSA,
which were predicted using the quadratic regression equation.
In the scope of the optimal extraction conditions including the
extraction time for 5.0 ~ 55.0 min, the extraction temperatures
at 26.0 ~ 94.0°C, and 0.0 ~ 99.5% ethanol, the concentration
of ethanol which was confirmed to be a major variable, was
preferentially optimized. Considering economic feasibility,
the minimization conditions of extraction time and extraction
temperature were selected as limiting conditions. This derived
the optimal extraction conditions including the extraction
time for 46.1 min, the extraction temperature at 41.9 °C, and
26.0% ethanol, where TPC, TFC, and RSA were predicted to be
15.86 mg GAE/g DM, 0.91 mg QE/g DM, and 24.96%, respectively
(Figure 7). This was similar to the experimental values in the
verification experiment, thus reliability of the derived quadratic

Figure 4. 3D response surface graph for the evaluation of interactive effects of independent variables on TFC of the PCE.
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regression equation and the optimal extraction conditions in this
experiment were reconfirmed to be suitable for optimization.

3.5 Main substances

To explore the main substances contained in PCE, purple
carrots were extracted using the conditions derived through

80— Xe
Xy X
65 x,
g
Z) 50—
X3
35 X3
20
-1.68 -0.84 0.00 +0.84 +1.68

Figure 5. Univariate optimization graph of RSA affected by each
independent variable, including extraction time (X)), extraction
temperature (X,), and ethanol concentration (X,).

RSA (%)
RSA (%)

X3 Con. (%)

X3 Temp. (°C)

X,: Time (min)

statistical optimization, and the main substances were
quantitatively analyzed through HPLC (high-performance
liquid chromatography). The main peak of the optimal PCE
was 11.52 min, and peak of chlorogenic acid, which is one
of reference materials, was 11.52 min, confirming that the
retention time was the same (Figure 8). In a comparison of
absorption spectrum, the absorbance pattern and maximum
absorbance showed the same pattern, confirming that the
main material was chlorogenic acid. Using the peak area, the
concentration of chlorogenic acid was calculated, showing the
result of 0.47 mg/g.

Chlorogenic acid, which is a type of polyphenol, belongs to
cinnamic acids, and is a compound where a hydroxyl group and
a carboxyl group (-COOH) are ester-bonded, and its various
biological activities are being reported. Recently, chlorogenic
acid, which has the highest content among physiologically
active substances in burdock root extract, inhibits advanced
glycation end products (AGEs), which cause diseases such as
diabetes complications, aging, and arteriosclerosis, which are
produced due to chemical stress Research results have been
reported (Kim et al., 2011). Therefore, it is deemed that based
on the efficacy of chlorogenic acid in the optimized extract of
purple carrots, its usefulness as various functional foods will
be increased.

Xy: Time (min) .- Con. (%) 070

Figure 6. 3D response surface graph for the evaluation of interactive effects of independent variables on RSA of the PCE.
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Figure 7. Superimposed plots showing the optimized condition of extraction time, extraction temperature, and ethanol concentration.
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purple carrot extract
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Figure 8. HPLC analysis to identify the main components of PCE. A: PCE, B: chlorogenic acid standard.

4 Conclusions

In this study, conditions for the ultrasonic extraction process
were optimized using CCD to effectively extract biologically active
substances in purple carrots. The optimal extraction condition
to maximize dependent variables including TPC, TFC, and RSA,
were predicted to extraction temperature of 41.9 °C, extraction
time of 46.1 min, and ethanol 26.0%, under these conditions.
To verify this, TPC, TFC, and RSA were performed, with results
of 15.86 mg GAE/g DM in TPC, 0.91 mg QE/g DM in TFC, and
24.96% RSA, showing the similar values to the predicted values.
Thus, it was found that the quadratic regression equation was
reliable. The PCE was analyzed using HPLC, and the results
showed that chlorogenic acid was the main substance. From the
above results, purple carrots are expected to enhance high value-
added revenue as a functional ingredient for biological activities.
It is considered that the effects of preventing and delaying aging
and degenerative diseases can be expected by reducing oxidative
damage in the human body as purple carrots exhibited a high
possibility to be a medicinal ingredient in the future.
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