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Abstract: This study aimed to determine the optimal UAE conditions for extracting anthocyanins
from pigmented corn using the Box–Behnken design (BBD). Six anthocyanins were identified in
the samples and were used as response variables to evaluate the effects of the following working
variables: extraction solvent pH (2–7), temperature (10–70 ◦C), solvent composition (0–50% methanol
in water), and ultrasound power (20–80%). The extraction time (5–25 min) was evaluated for complete
recovery. Response surface methodology suggested optimal conditions, specifically 36% methanol in
water with pH 7 at 70 ◦C using 73% ultrasound power for 10 min. The method was validated with a
high level of accuracy (>90% of recovery) and high precision (CV < 5% for both repeatability and
intermediate precision). Finally, the proposed analytical extraction method was successfully applied
to determine anthocyanins that covered a wide concentration range (36.47–551.92 mg kg−1) in several
pigmented corn samples revealing potential varieties providing more health benefits.

Keywords: anthocyanins; Box–Behnken design; optimization; purple corn; ultrasound-assisted
extraction

1. Introduction

Pigmented corn is recognized by orange, red, purple, and blue kernels [1,2]. In
Indonesia, varieties of purple and rainbow kernels are commonly available. Therefore,
anthocyanins are traditionally considered natural food coloring agents [3,4] and have been
used in Indonesia to reduce the use of artificial colorants. The varied colors of pigmented
corn kernels are defined by anthocyanins, which provide essential health benefits such as
anti-oxidant, anti-diabetic, anti-cancer, anti-inflammatory, and anti-obesity [5,6].

Several studies have reported high levels of anthocyanins in pigmented corn. Antho-
cyanin content in pigmented corn from Australia ranges from 2.2 to 4.4 g kg−1 [7]. The
highest reported anthocyanin content in whole fresh purple corn (16.4 g kg−1) was higher
than that in blueberries (3.9 g kg−1) [8]. Because it is a prominent source of anthocyanins, a
reliable method for identifying and quantifying anthocyanins in various pigmented corn
is necessary.

Solid–liquid maceration is the foremost extraction treatment for anthocyanins [9]. In
some cases, maceration to extract anthocyanins from purple corn requires a long extraction
time of up to 3 h, thereby promoting the degradation of anthocyanins [10–13]. Therefore,
advanced technology to accelerate extraction is continuously being developed to increase
efficiency [14].

Ultrasound-assisted extraction (UAE) is widely used because it is not limited by the
type of solvent, has low solvent consumption, and has a fast extraction time, thereby
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preventing component damage [15–17]. UAE provides higher anthocyanin recovery than
microwave-assisted extraction and maceration [12,18–21] by performing extraction in a
shorter time to avoid the breakdown of anthocyanin during the process [14].

The principle of analyte extraction from a solid matrix into a solvent is related to
the cavitation effect produced by ultrasound. The type of solvent and composition of the
mixture are essential factors because they are necessary for the cavitation effect on the
surface of the solid sample. Another critical factor is the solubility of the target compound in
the solvent medium. Anthocyanins are highly soluble in water and polar organic solvents,
whereas their glycoside forms are very soluble in pure water [3,22]. Therefore, a mixture of
polar organic solvents and water is suitable for extracting anthocyanins [23,24]. Methanol
was chosen as the extraction solvent because of its higher effectiveness in anthocyanin
extraction than ethanol [3,18,25]. A mixture of methanol and water was used to extract
anthocyanins from corn [7,26,27].

Factors associated with the chemical properties of the solvent, such as temperature and
pH, have been reported to affect extraction recovery [11,28] significantly. Anthocyanins in
pigmented corn include cyanidin, pelargonidin, and peonidin [7,27,29], which are generally
stable in acidic solutions, but the latter compound is also durable in high-pH solutions [3].
Other factors related to mass transfer effects, such as ultrasound power, pulse duty cycle,
and solid: liquid ratio, also considerably affect extraction efficiency [28,30–32].

As many factors must be optimized, a Box–Behnken design (BBD) in conjunction with
response surface methodology can help determine the condition providing the highest
recovery of anthocyanins from pigmented corn. Therefore, this study aimed to optimize
and validate the UAE method for recovering anthocyanins from pigmented corn. The pro-
posed analytical method was subsequently applied to determine anthocyanins in various
pigmented corns.

2. Materials and Methods
2.1. Chemicals and Reagents

HPLC-grade methanol was obtained from Fisher Scientific (Loughborough, UK). The
water was purified using a Milli-Q water purification system (Millipore, Bedford, MA,
USA). The pH of the extraction solvent was adjusted using 0.1 N hydrochloric acid (HCl),
0.1 M sodium hydroxide (NaOH), and formic acid (Panreac, Barcelona, Spain). Analytical
grade cyanidin 3-O-glucoside, pelargonidin-3-O-glucoside, and peonidin-3-O-glucoside
were obtained from Sigma-Aldrich (St. Louis, MO, USA).

2.2. Samples

Six corn samples, including red, yellow, purple, and mixed-color kernels, were ob-
tained from the local market in Indonesia (Figure 1). The samples were traditionally
sun-dried by a farmer and stored at ambient temperature. The dried samples were then
milled using a grinder (ML 130 Type SP-7406, JATA, Tudela, Spain) for 5 min with an on-off
interval every 30 s and passed through a 1 mm screen mesh using a vibratory sieve shaker
(AS 200, Retsch GmbH, Haan, Germany). The sample powder was homogenized and
stored in a closed container until analysis. A mixture of samples in the same proportions
was used to optimize the UAE experiments.



Methods Protoc. 2023, 6, 69 3 of 13Methods Protoc. 2023, 6, x FOR PEER REVIEW 3 of 14 
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and (d) Central Java. 
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for every 1 g sample employed 25 mL of solvent with a certain percentage of methanol in 
water at the defined pH based on the experimental design. The pH of the extraction sol-
vent was adjusted using HCl 0.1 N and NaOH 0.1 M and measured using a Crison GLP22 
pH meter (Barcelona, Spain). Extraction was carried out according to the experimental 
design for 5 min using 0.5 s−1 of a pulse duty cycle. Subsequently, the supernatant was 
separated from the solid material using a centrifuge (Centrofriger-BLT 230V, Selecta, Bar-
celona, Spain) at 4000 rpm for 10 min. The supernatant was then placed into 25 mL volu-
metric flasks to adjust the volume and pH (2). A 0.22 µm nylon syringe filter (Membrane 
Solutions, Dallas, TX, USA) was used to remove impurities before injecting the extract into 
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Figure 1. Corn samples collected from Indonesian Provinces: (a) Riau, (b) Lampung, (c) West Java,
and (d) Central Java.

2.3. Ultrasound-Assisted Extraction (UAE)

Anthocyanin extraction from pigmented corn was performed based on
Gonzales et al. [33], with slight modifications. UAE utilized a Sonopuls HD 4200 Ultrasonic
Homogenizer (20 Hz, 200 W, Bandelin Electronic GmbH & Co. KG, Heinrichstrabe, Berlin,
Germany) with a titanium probe TS 104 (diameter 4.5 mm). The extraction temperature was
controlled using a water bath (Frigiterm-10, J.P. Selecta, Barcelona, Spain). The extraction
for every 1 g sample employed 25 mL of solvent with a certain percentage of methanol in
water at the defined pH based on the experimental design. The pH of the extraction solvent
was adjusted using HCl 0.1 N and NaOH 0.1 M and measured using a Crison GLP22 pH
meter (Barcelona, Spain). Extraction was carried out according to the experimental design
for 5 min using 0.5 s−1 of a pulse duty cycle. Subsequently, the supernatant was sepa-
rated from the solid material using a centrifuge (Centrofriger-BLT 230V, Selecta, Barcelona,
Spain) at 4000 rpm for 10 min. The supernatant was then placed into 25 mL volumetric
flasks to adjust the volume and pH (2). A 0.22 µm nylon syringe filter (Membrane Solu-
tions, Dallas, TX, USA) was used to remove impurities before injecting the extract into the
UHPLC-UV-Vis system.

2.4. Determination of the Anthocyanins by UHPLC-UV-Vis

Anthocyanin content was determined using UHPLC-UV-Vis based on Gonzales
et al. [33]. An Elite UHPLC LaChrom System (Hitachi, Tokyo, Japan) equipped with
an L-2200U autosampler, an L2300 column oven, and two L-2160U pumps was used for the
chromatographic analyses. Separations were performed on a reverse-phase C18 column
(2.1 × 50 mm and 2.6 µm particle size; Phenomenex, Kinetex, CoreShell Technology,
Torrance, CA, USA). The injection volume was 15 µL. Elution was performed using mo-
bile phases A (water with 5% formic acid) and B (pure methanol). Gradient separation
was performed as follows: 2% B, 0.00 min; 2% B, 1.50 min; 15% B, 3.30 min; 15% B,
4.80 min; 35% B, 5.40 min; and 100% B, 6 min. The flow rate was 0.7 mL min−1. The column
temperature was set to 50 ◦C. The system was coupled to a UV-Vis detector (L-2420U)
and set at 520 nm for anthocyanin quantification. Assuming that the absorbance values
of the various anthocyanins were similar and considering their molecular weights, the
total anthocyanin content was calculated by summing the detected anthocyanins. The
sum of anthocyanin-detected areas was measured and normalized to the experimental
design response. A calibration curve prepared based on cyanidin 3-glucoside was used to
quantify anthocyanins because more than 70% of the anthocyanins in pigmented corn are
cyanidin-based compounds [7]. The analyses were performed in triplicate, and the results
were expressed as mg of cyanidin 3-glucoside equivalents (CGE) kg−1 of dried corn kernel.
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2.5. Identification of Anthocyanins Using UHPLC-PDA-QToF-MS

Anthocyanins in mixed samples were identified using a UHPLC system coupled to a
photodiode array detector and a quadrupole time-of-flight mass spectrometer (UHPLC-
PDA–QToF–MS) model Xevo G2 (Waters Corp., Milford, MA, USA). Identification was
based on Gonzales et al. [33]. Separations were performed on a reverse-phase C18 column
(100 × 2.1 mm and 1.7 µm particle size). Elution was performed using mobile phases A
(water with 2% formic acid) and B (pure methanol). Gradient separation was performed
as follows: 5% B, 0.00 min; 20% B, 3.30 min; 30% B, 3.86 min; 40% B, 5.05 min; 55% B,
5.35 min; 60% B, 5.64 min; 95% B, 5.94 min; and 95% B, 7.50 min, with a flow rate of
0.4 mL min−1. Each analysis was conducted within 12 min, including 4 min to restore
initial conditions. The electrospray was operated in the positive ionization mode. The
desolvation gas temperature was 500 ◦C, and the flow rate was 700 L h−1. The source
temperature was 150 ◦C, and the capillary cone was set to 700 V. The cone voltage was set
to 20 V with a gas flow of 10 L h−1. The trap collision energy was 4 eV. The full scan mode
was used to identify anthocyanins in the 100–1200 m/z range.

Six anthocyanins were identified in kernel corn samples (Figure 2). The major antho-
cyanins [M+] were identified as cyanidin-3-glucoside (m/z 449), pelargonidin-3-glucoside
(m/z 493), peonidin-3-glucoside (m/z 463), cyanidin-3-malonyl glucoside
(m/z 535), pelargonidin-3-malonyl glucoside (m/z 519), and peonidin-3-malonyl glucoside
(m/z 549). The identified anthocyanins were the same as those described previously by
Colombo et al. [1].
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Figure 2. Chromatogram of 6 anthocyanins identified in the mixture of pigmented corns: 1. Cyanidin-
3-glucoside, 2. Pelargonidin-3-glucoside, 3. Peonidin-3-glucoside, 4. Cyanidin-3-malonyl glucoside,
5. Pelargonidin-3-malonyl glucoside, 6. Peonidin-3-malonyl glucoside.

2.6. Experimental Design and Statistical Analysis

Box–Behnken design (BBD) with Response Surface Methodology was used to study
factors that may affect the extraction efficiency of anthocyanins from pigmented corn,
namely pH, temperature, solvent composition, and sonication power. The total area
covered by the six identified anthocyanins was used as the target response. A BBD with
four independent variables at three levels of factor values (−1, 0, and 1) was carried out.
The independent variables and their levels are listed in Table 1. The overall design consists
of 27 basic experimental units, as detailed in Table 2.
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Table 1. Selected independent variables and their levels.

Independent Variables
Levels

−1 0 +1

x1, pH 2 4.5 7

x2, Temperature (◦C) 10 40 70

x3, Solvent composition (% methanol in water) 0 25 50

x4, Ultrasound power (%) 20 50 80

Table 2. A Box–Behnken design for four factors with the measured responses.

DOE
Independent Variables Relative Measured Value to

Maximum Responses * (%)x1 x2 x3 x4

1 −1 0 −1 0 34.55

2 −1 0 +1 0 59.63

3 0 −1 −1 0 35.45

4 +1 +1 0 0 82.22

5 0 0 +1 +1 60.95

6 0 0 −1 −1 29.90

7 0 0 +1 −1 64.09

8 0 −1 0 −1 58.85

9 0 0 −1 +1 42.26

10 +1 0 0 +1 83.42

11 0 +1 0 +1 91.01

12 0 0 0 0 74.21

13 0 −1 +1 0 100.00

14 −1 −1 0 0 67.62

15 0 +1 +1 0 83.69

16 −1 0 0 +1 80.78

17 0 +1 0 −1 77.10

18 −1 +1 0 0 75.68

19 0 0 0 0 67.73

20 0 −1 0 +1 65.36

21 +1 −1 0 0 80.27

22 −1 0 0 −1 62.75

23 +1 0 +1 0 91.86

24 0 +1 −1 0 40.66

25 +1 0 0 −1 59.63

26 0 0 0 0 73.13

27 +1 0 −1 0 57.73
* Relative value to the total chromatographic area (520 nm) in the experimental design.

MINITAB (version X) (Minitab LLC, State College, PA, USA) generated the BBD and
established the RSM model. An analysis of variance (ANOVA, p = 0.05) in conjunction with
the Least Significant Difference (LSD, p = 0.05) test was used to determine the significance
of the difference between the means.
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2.7. Determination of the Optimal Extraction Time

The optimum extraction condition proposed by the RSM was used to evaluate the
extraction time. The optimal extraction time was determined by assessing the level of
anthocyanins at different extraction times (5, 10, 15, 20, and 25 min). The experiment was
performed in triplicate using a randomized block design.

2.8. Method Validation

The analytical method was validated based on ICH Q2(R1) guidelines [34]. In addition
to evaluating the analytical properties of the chromatographic procedure, the precision
and accuracy assessments of the extraction method were also included in the method
validation. The precision of the method was evaluated by performing repeatability (intra-
day) and intermediate precision (inter-day). Repeatability was assessed by repeating nine
analyses from a sample on the same day (n = 9), while intermediate precision was evaluated
by performing three extractions on three consecutive days (n = 3 × 3). Precisions were
expressed as the coefficient of variation (%CV). The trueness of the method was assessed
by calculating the UAE recovery (%R), which was determined by comparing the total
anthocyanin areas of the samples with and without spiking. The recovery was performed
by adding the concentrated sample as a spike solution in the 25–40% range.

3. Results and Discussion
3.1. Performance of the Chromatographic Method

The total area of the detected anthocyanins was the response used for the optimization
step, and the determination method for the compounds was validated for quality assur-
ance. Hence, chromatographic analysis was validated by measuring the linearity, limit of
detection (LOD), limit of quantification (LOQ), and precision of the method. A calibration
curve (y = 168.154x − 28.642) was prepared using the cyanidin 3-glucoside standard
(1−48 mg L−1) and measured at 520 nm. The resulting coefficient of determination
(R2) was 0.9999, as described by Gonzales et al. [33]. The slope and standard deviation
from regression were included in the calculation to define LOD (0.38 mg L−1) and LOQ
(1.18 mg L−1). The molecular weights of the other anthocyanins (pelargonidin, peonidin,
and malonyl derivatives) were used to calculate the total level of anthocyanins and were
expressed as cyanidin glucoside equivalents (CGE). The precision of the peak area in the
chromatographic results was evaluated by performing intra-day (CV, 1.52%) and inter-day
(CV, 2.11%) injections on the sample. The resulting CV values were less than the acceptable
level (2.7%) for analyte concentrations of 1–48 mg L−1, confirming the high precision of the
method [35].

3.2. Effect of the UAE Operating Variables in the Recovery of Anthocyanins

The BBD, consisting of 27 experiments, including three central points, was completed.
Subsequently, the effect of the studied UAE factors on the level of anthocyanins extracted
from corn kernels was assessed using analysis of variance (ANOVA). The statistical signif-
icance of each effect provided by the UAE factors was obtained by comparing the mean
square error with the estimated experimental error. The standardized values (p = 0.05) in
descending order of importance are plotted on a Pareto chart for the main, interaction, and
quadratic effects (Figure 3).
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The bars crossing the vertical line indicate the factors or combinations that significantly
affect the response. The two effects had p-values below 0.05, marking a significant difference
at the 95% confidence level. The main effect of solvent composition positively influenced
(p < 0.001) the extraction, which means that the higher the amount of methanol in water, the
higher the recovery of anthocyanins. The solvent composition has previously been reported
as an influential variable for the extraction of anthocyanins from other similar matrices, such
as purple corn cobs [4,36], purple corn flour [37], and red rice bran [38]. Hydroalcoholic
mixtures are also more efficient than pure solvents for extracting moderately polar or
amphiphilic molecules such as anthocyanins [39,40]. The polarity agreement between the
analyte and the extraction solvent could increase the solubility. Improving the methanol
in water as the extraction solvent provided higher recovery because the solubility of
anthocyanins increased, facilitating the mass transfer rate.

However, the quadratic solvent composition showed a significant effect (p = 0.013)
with an inverse relationship, which means that excess methanol in the solvent lowered the
recovery. Excess methanol in the solvent would decrease the extraction yield because it
creates a difference in polarity between the analyte and the extraction solvent, affecting
the solubility.

3.3. Prediction Model Using Response Surface Methodology

The purpose of optimization using Response Surface Methodology (RSM) was to
obtain the best combination of UAE factors to achieve the highest recovery results. A
mathematical model of a second-order polynomial Equation (1) was established, consid-
ering the significant main and quadratic effects of the solvent composition on the level of
extracted anthocyanins.

y = 0.7169 + 0.1831x3 − 0.1431x3x3 (1)

where y is the total area of anthocyanin as a response, x3 is the solvent composition, and
x3x3 is the quadratic solvent composition. The correlation between the measured and
predicted values of total anthocyanins obtained using the model is plotted in Figure 4.
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Figure 4. The measured and predicted areas of total anthocyanins in UAE extract.

The agreement between the measured and predicted total anthocyanin values was
evaluated by the average relative prediction error (9.73%). The measured vs. predicted
data values showed low variability (0.03–26.60%) around the mean value. A lack-of-fit test
was also performed to determine whether the selected model was suitable for describing
the measured data results. The resulting p-value for lack of fit (0.07) was non-significant,
indicating that the model chosen satisfactorily represented the data at the 95% confidence
level [30,31,39]. Hence, the equation model could describe the conditions of the UAE factors
that defined the response with satisfactory predictions, as plotted in Figure 5.
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The dark blue area represents the lowest relative area, whereas the dark green area
represents the highest relative area. In this case, the region representing the highest recovery
in the DOE was obtained when the solvent composition and ultrasound power approached
their highest values in the studied range.

3.4. Optimization Conditions and Verification

The experimental design results suggested that the optimal extraction condition was
set at +0.43 for solvent composition, while the remaining conditions were at a level of +1 for
pH, +1 for temperature, and +0.78 for ultrasound power. Therefore, optimized extraction
of anthocyanins from mixed pigmented corn samples using UAE could be achieved by
applying 35.86% methanol in water at a pH of 7, a temperature of 70 ◦C, and a sonication
power of 73.33%. The predicted anthocyanin area was 495.52 V s.

Three experiments were conducted to verify the optimum condition using 36% methanol
in water with a pH of 7 at 70 ◦C and a sonication power of 73%. The resulting level of
anthocyanins, indicated by the peak area, was 449.57 ± 3.44 V s, with a deviation of 9.27%
from the prediction. These findings suggest that the Box–Behnken design successfully
optimized anthocyanin extraction with RSM.

Muangrat et al. [4] conducted optimization research on extracting anthocyanin from
purple corn cobs using UAE. The optimal conditions were similar to those determined in
this study, namely the temperature (64 ◦C). However, the solvent composition (50% ethanol
in water) and ultrasound amplitude (50 ◦C) differed from those observed in this study;
both factors could be closely related to the various parts of corn.

3.5. Optimal Extraction Time

The optimal extraction time was determined by varying the extraction time (5, 10,
15, 20, and 25 min). An ANOVA was used to analyze the results, which showed that
the extraction time significantly affected the extraction efficiency (p = 0.018). As shown
in Figure 6, when the extraction time was increased to 10 min, the level of anthocyanins
in the extract also increased. However, this level decreased when the extraction time
was increased to 20 min. A prolonged heating process may result in the degradation
of thermolabile compounds [41]. Extracted anthocyanins are also easily oxidized by the
environment if the extraction time is too long at high temperatures [42]. Thus, the extraction
time of 10 min was chosen as the optimal extraction time for anthocyanins in pigmented
corn. This value was much lower than the extraction times optimized in purple corn
cobs with UAE (30 min) [4], MAE (19 min) [13], and in purple corn kernels with stirred
maceration (30 min) [1].

3.6. Validation of the UAE Method

The accuracy of the method was assessed by measuring UAE recovery (%R). The antho-
cyanin extraction recovery was 92.81%. According to the AOAC guidelines
(80–110%), the recovery results were within the accepted range, indicating that the optimal
method has a high level of accuracy [35]. The precision of the method was evaluated by
performing repeatability (intra-day) and intermediate precision (inter-day) tests. The re-
sults of the repeatability and intermediate precision tests were 4.62 and 4.61%, respectively.
The acceptance limit for the precision of the analyte at a concentration of 1–10 mg L−1 was
11.0% [35]. The CV value obtained was less than the acceptance limit by the AOAC; thus,
the proposed method can be validated as providing high-precision results.
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3.7. Applying the Optimized Method to Different Pigmented Corn

The extraction method was applied to extract anthocyanins from pigmented corn
to recover anthocyanins from various samples (Table 3). The studied pigmented corn
contained anthocyanins in the 36.47–551.92 mg CGE kg−1 range. Purple corn had the
highest anthocyanin content compared with red and white-purple corn. Purple corn has a
high chroma and is positively correlated with anthocyanins [36].

Table 3. Anthocyanin content of different pigmented corn matrices.

Location Color Picture Anthocyanin Content
(mg CGE kg−1)

Lampung Red
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Table 3. Cont.

Location Color Picture Anthocyanin Content
(mg CGE kg−1)
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West Java. This is because red corn from Lampung has thicker red corn bran than that from
West Java. In addition, red corn from West Java has a thicker white endosperm than red
corn from Lampung. Purple corn from other regions of Indonesia also contains different
anthocyanins. For example, Manado has an anthocyanin content of 341 mg CGE L−1, and
Malang has an anthocyanin content of 376 mg CGE L−1 [10]. The anthocyanin content in
corn can vary depending on several factors, one of which is the growing conditions, such
as growth location [43].

4. Conclusions

A new ultrasound-assisted extraction (UAE) method was successfully optimized
using the Box–Behnken design to extract anthocyanins from pigmented corn. The optimal
condition was achieved by applying a solvent pH of 7 at 70 ◦C employing 36% methanol in
water and 73% sonication power for 10 min. The proposed optimal method was validated
with high levels of accuracy and precision. The developed UAE method was successfully
applied to determine the anthocyanin content of pigmented corn from several regions of
Indonesia. Pigmented corn contains anthocyanins in the 36.47–551.92 mg CGE kg−1 range.
Based on these results, it can be concluded that the newly developed UAE method in this
study is fast yet reliable for determining anthocyanin content in pigmented corn matrices.

Author Contributions: Conceptualization, W.S. and M.P.; methodology, W.S. and M.P.; software,
A.N. and C.C.; validation, C.C. and M.P.; formal analysis, A.N. and W.S.; investigation, A.N. and T.F.;
resources, A.N., T.F., C.C., and M.P.; data curation, W.S. and M.P.; writing—original draft preparation,
A.N. and M.P.; writing—review and editing, W.S. and C.C.; visualization, M.P.; supervision, W.S.
and M.P.; project administration, A.N. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in this article.

Acknowledgments: The authors are grateful to the Instituto de Investigación Vitivinícola y Agroali-
mentaria (IVAGRO) for providing the necessary support to complete the research.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Colombo, F.; Di Lorenzo, C.; Petroni, K.; Silano, M.; Pilu, R.; Falletta, E.; Biella, S.; Restani, P. Pigmented Corn Varieties as

Functional Ingredients for Gluten-Free Products. Foods 2021, 10, 1770. [CrossRef] [PubMed]
2. Oladzadabbasabadi, N.; Nafchi, A.M.; Ghasemlou, M.; Ariffin, F.; Singh, Z.; Al-Hassan, A. Natural anthocyanins: Sources,

extraction, characterization, and suitability for smart packaging. Food Packag. Shelf Life 2022, 33, 100872. [CrossRef]

https://doi.org/10.3390/foods10081770
https://www.ncbi.nlm.nih.gov/pubmed/34441547
https://doi.org/10.1016/j.fpsl.2022.100872


Methods Protoc. 2023, 6, 69 12 of 13

3. Khoo, H.E.; Azlan, A.; Tang, S.T.; Lim, S.M. Anthocyanidins and anthocyanins: Colored pigments as food, pharmaceutical
ingredients, and the potential health benefits. Food Nutr. Res. 2017, 61, 1361779. [CrossRef] [PubMed]

4. Muangrat, R.; Pongsirikul, I.; Blanco, P.H. Ultrasound assisted extraction of anthocyanins and total phenolic compounds from
dried cob of purple waxy corn using response surface methodology. J. Food Process. Preserv. 2017, 42, e13447. [CrossRef]

5. Blando, F.; Calabriso, N.; Berland, H.; Maiorano, G.; Gerardi, C.; Carluccio, M.A.; Andersen, Ø.M. Radical Scavenging and
Anti-Inflammatory Activities of Representative Anthocyanin Groupings from Pigment-Rich Fruits and Vegetables. Int. J. Mol. Sci.
2018, 19, 169. [CrossRef] [PubMed]

6. Tan, J.; Han, Y.; Han, B.; Qi, X.; Cai, X.; Ge, S.; Xue, H. Extraction and purification of anthocyanins: A review. J. Agric. Food Res.
2022, 8, 100306. [CrossRef]

7. Hong, H.T.; Netzel, M.E.; O’Hare, T.J. Optimisation of extraction procedure and development of LC–DAD–MS methodology for
anthocyanin analysis in anthocyanin-pigmented corn kernels. Food Chem. 2020, 319, 126515. [CrossRef]

8. Lieberman, S. The Antioxidant Power of Purple Corn: A Research Review. Altern. Complement. Ther. 2007, 13, 107–110. [CrossRef]
9. Teng, Z.; Jiang, X.; He, F.; Bai, W. Qualitative and Quantitative Methods to Evaluate Anthocyanins. Efood 2020, 1, 339–346.

[CrossRef]
10. Chayati, I.; Marsono, Y.; Astuti, M. The Effect of Varieties, Sifting Factions, and Solvents on Total Anthocyanins, Total Phenolic

Contents, and Antioxidant Activities of Purple Corn Extracts. J. Riset. Teknol. Ind. 2020, 14, 13–26. [CrossRef]
11. Chen, L.; Yang, M.; Mou, H.; Kong, Q. Ultrasound-assisted extraction and characterization of anthocyanins from purple corn

bran. J. Food Process. Preserv. 2017, 42, e13377. [CrossRef]
12. Fernandez-Aulis, F.; Hernandez-Vazquez, L.; Aguilar-Osorio, G.; Arrieta-Baez, D.; Navarro-Ocana, A. Extraction and Identifica-

tion of Anthocyanins in Corn Cob and Corn Husk from Cacahuacintle Maize. J. Food Sci. 2019, 84, 954–962. [CrossRef]
13. Yang, Z.; Zhai, W. Optimization of microwave-assisted extraction of anthocyanins from purple corn (Zea mays L.) cob and

identification with HPLC–MS. Innov. Food Sci. Emerg. Technol. 2010, 11, 470–476. [CrossRef]
14. Salacheep, S.; Kasemsiri, P.; Pongsa, U.; Okhawilai, M.; Chindaprasirt, P.; Hiziroglu, S. Optimization of ultrasound-assisted

extraction of anthocyanins and bioactive compounds from butterfly pea petals using Taguchi method and Grey relational analysis.
J. Food Sci. Technol. 2020, 57, 3720–3730. [CrossRef]

15. Albero, B.; Tadeo, J.L.; Pérez, R.A. Ultrasound-assisted extraction of organic contaminants. TrAC Trends Anal. Chem. 2019, 118,
739–750. [CrossRef]

16. Kumar, K.; Srivastav, S.; Sharanagat, V.S. Ultrasound assisted extraction (UAE) of bioactive compounds from fruit and vegetable
processing by-products: A review. Ultrason. Sonochem. 2020, 70, 105325. [CrossRef] [PubMed]

17. Ikhtiarini, A.N.; Setyaningsih, W.; Rafi, M.; Aminah, N.S.; Insanu, M.; Imawati, I.; Rohman, A. Optimization of Ultrasound-
Assisted Extraction and the Antioxidant Activities of Sidaguri (Sida rhombifolia). J. Appl. Pharm. Sci. 2021, 11, 70–76. [CrossRef]

18. Aliaño-González, M.J.; Jarillo, J.A.; Carrera, C.; Ferreiro-González, M.; Álvarez, J.; Palma, M.; Ayuso, J.; Barbero, G.F.; Espada-
Bellido, E. Optimization of a Novel Method Based on Ultrasound-Assisted Extraction for the Quantification of Anthocyanins and
Total Phenolic Compounds in Blueberry Samples (Vaccinium corymbosum L.). Foods 2020, 9, 1763. [CrossRef] [PubMed]

19. Celli, G.B.; Ghanem, A.; Brooks, M.S.-L. Optimization of ultrasound-assisted extraction of anthocyanins from haskap berries
(Lonicera caerulea L.) using Response Surface Methodology. Ultrason. Sonochem. 2015, 27, 449–455. [CrossRef] [PubMed]

20. Vázquez-Espinosa, M.; de Peredo, A.V.G.; Ferreiro-González, M.; Carrera, C.; Palma, M.; Barbero, G.F.; Espada-Bellido, E.
Assessment of Ultrasound Assisted Extraction as an Alternative Method for the Extraction of Anthocyanins and Total Phenolic
Compounds from Maqui Berries (Aristotelia chilensis (Mol.) Stuntz). Agronomy 2019, 9, 148. [CrossRef]

21. Backes, E.; Pereira, C.; Barros, L.; Prieto, M.; Genena, A.K.; Barreiro, M.F.; Ferreira, I.C. Recovery of bioactive anthocyanin
pigments from Ficus carica L. peel by heat, microwave, and ultrasound based extraction techniques. Food Res. Int. 2018, 113,
197–209. [CrossRef]

22. Pérez-Gregorio, R.M.; García-Falcón, M.S.; Simal-Gándara, J.; Rodrigues, A.S.; Almeida, D.P. Identification and quantification of
flavonoids in traditional cultivars of red and white onions at harvest. J. Food Compos. Anal. 2010, 23, 592–598. [CrossRef]

23. Aliaño-González, M.J.; Espada-Bellido, E.; González, M.F.; Carrera, C.; Palma, M.; Ayuso, J.; Álvarez, J.; Barbero, G.F. Extraction
of Anthocyanins and Total Phenolic Compounds from Açai (Euterpe oleracea Mart.) Using an Experimental Design Methodology.
Part 2: Ultrasound-Assisted Extraction. Agronomy 2020, 10, 326. [CrossRef]

24. Kapasakalidis, P.G.; Rastall, R.A.; Gordon, M.H. Extraction of Polyphenols from Processed Black Currant (Ribes nigrum L.)
Residues. J. Agric. Food Chem. 2006, 54, 4016–4021. [CrossRef] [PubMed]

25. Trikas, E.D.; Papi, R.M.; Kyriakidis, D.A.; Zachariadis, G.A. A Sensitive LC-MS Method for Anthocyanins and Comparison of
Byproducts and Equivalent Wine Content. Separations 2016, 3, 18. [CrossRef]

26. Kim, H.Y.; Lee, K.Y.; Kim, M.; Hong, M.; Deepa, P.; Kim, S. A Review of the Biological Properties of Purple Corn (Zea mays L.). Sci.
Pharm. 2023, 91, 6. [CrossRef]

27. Suriano, S.; Balconi, C.; Valoti, P.; Redaelli, R. Comparison of total polyphenols, profile anthocyanins, color analysis, carotenoids
and tocols in pigmented maize. LWT 2021, 144, 111257. [CrossRef]

28. Xue, H.; Tan, J.; Li, Q.; Tang, J.; Cai, X. Optimization Ultrasound-Assisted Deep Eutectic Solvent Extraction of Anthocyanins from
Raspberry Using Response Surface Methodology Coupled with Genetic Algorithm. Foods 2020, 9, 1409. [CrossRef] [PubMed]

29. Moreno, Y.S.; Sánchez, G.S.; Hernández, D.R.; Lobato, N.R. Characterization of Anthocyanin Extracts from Maize Kernels.
J. Chromatogr. Sci. 2005, 43, 483–487. [CrossRef] [PubMed]

https://doi.org/10.1080/16546628.2017.1361779
https://www.ncbi.nlm.nih.gov/pubmed/28970777
https://doi.org/10.1111/jfpp.13447
https://doi.org/10.3390/ijms19010169
https://www.ncbi.nlm.nih.gov/pubmed/29316619
https://doi.org/10.1016/j.jafr.2022.100306
https://doi.org/10.1016/j.foodchem.2020.126515
https://doi.org/10.1089/act.2007.13210
https://doi.org/10.2991/efood.k.200909.001
https://doi.org/10.26578/jrti.v14i1.5399
https://doi.org/10.1111/jfpp.13377
https://doi.org/10.1111/1750-3841.14589
https://doi.org/10.1016/j.ifset.2010.03.003
https://doi.org/10.1007/s13197-020-04404-7
https://doi.org/10.1016/j.trac.2019.07.007
https://doi.org/10.1016/j.ultsonch.2020.105325
https://www.ncbi.nlm.nih.gov/pubmed/32920300
https://doi.org/10.7324/JAPS.2021.110810
https://doi.org/10.3390/foods9121763
https://www.ncbi.nlm.nih.gov/pubmed/33260750
https://doi.org/10.1016/j.ultsonch.2015.06.014
https://www.ncbi.nlm.nih.gov/pubmed/26186866
https://doi.org/10.3390/agronomy9030148
https://doi.org/10.1016/j.foodres.2018.07.016
https://doi.org/10.1016/j.jfca.2009.08.013
https://doi.org/10.3390/agronomy10030326
https://doi.org/10.1021/jf052999l
https://www.ncbi.nlm.nih.gov/pubmed/16719528
https://doi.org/10.3390/separations3020018
https://doi.org/10.3390/scipharm91010006
https://doi.org/10.1016/j.lwt.2021.111257
https://doi.org/10.3390/foods9101409
https://www.ncbi.nlm.nih.gov/pubmed/33020421
https://doi.org/10.1093/chromsci/43.9.483
https://www.ncbi.nlm.nih.gov/pubmed/16212795


Methods Protoc. 2023, 6, 69 13 of 13

30. Albuquerque, B.R.; Pinela, J.; Barros, L.; Oliveira, M.B.P.; Ferreira, I.C. Anthocyanin-rich extract of jabuticaba epicarp as a natural
colorant: Optimization of heat- and ultrasound-assisted extractions and application in a bakery product. Food Chem. 2020,
316, 126364. [CrossRef]
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