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Sustainable water extraction of anthocyanins in aronia (Aronia melanocarpa L.) 
using conventional and ultrasonic-assisted method

Youngbin Jang1 and Eunmi Koh1,*
1Major of Food & Nutrition, Division of Applied Food System, Seoul Women’s University

Abstract The demand for sustainable extraction of bioactive compounds from food matrices has been increasing. Water
extraction of anthocyanins in aronia was investigated using conventional and ultrasonic-assisted methods. The optimum
extraction conditions for the conventional method included a sample-to-water ratio of 1:40 g/mL, extraction temperature
71oC, and extraction time of 39 min. The optimized conditions for ultrasonic-assisted extraction were a sample-to-water
ratio of 1:40 g/mL, extraction temperature 80oC, extraction time of 20 min, and an amplitude of 87.2 µm. The anthocyanin
contents of the two extracts were 155.32 and 158.02 mg/100 g fresh weight, respectively. The major anthocyanins were
cyanidin 3-galactoside (65% of the total) and cyanidin 3-arabinoside (30% of the total). The contents of individual
anthocyanins and phenolic acids were not significantly different between the two optimized extracts.
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Introduction

Anthocyanins have been commonly extracted using acidified

organic solvents (Cai et al., 2016; Fan et al., 2008; Heinonen et

al., 2016; Liu et al., 2013). Conventional extraction of

anthocyanins is occasionally performed at high temperature with a

prolonged extraction time to diffuse anthocyanins from food

matrix into the solvent (Ku and Mun, 2008; Wong et al., 2003),

which induces oxidation, polymerization, and degradation of

anthocyanins (de Gaulejac et al., 1999; Patras et al., 2010; Tsai et

al., 2004). Recently, the demand for bioactive compounds

extraction from foods with sustainable solvents has been

increasing. Water extraction has been studied as a green and

sustainable method instead of harmful organic solvents.

In comparison with conventional solvent extraction, an

ultrasonic-assisted extraction is performed with a relatively short

extraction time (Rezende et al., 2017; Wang et al., 2016). The

ultrasonic energy generates cavitation bubbles that facilitate the

diffusion of food components into the extracting solvent. However,

the energy produces free radicals via the disruption of water

molecules (Chowdhury and Viraraghavan, 2009; Soria and

Villamiel, 2010), thus resulting in anthocyanin degradation.

Therefore, the ultrasonic-assisted extraction condition should be

optimized for maximizing the extraction yield of bioactive

compounds.

Aronia (Aronia melanocarpa L.) fruit, also known as

chokeberry, contains a high level of anthocyanins (Szopa et al.,

2017; Taheri et al., 2013) and showed beneficial properties

including antioxidant, anti-inflammatory, and antibacterial activity

(Borowska and Brzóska, 2016). In addition, aronia is an

economically good source of anthocyanins due to a lower cost

compared with other berries. When considering the fact that

anthocyanins are water-soluble, water extraction approach of

anthocyanins in aronia may meet a need for sustainable and

efficient extraction of functional components in plants. Therefore,

the objective of this study was to optimize the conventional and

ultrasonic-assisted extraction conditions using distilled water as an

extracting solvent of anthocyanins from aronia by a response

surface methodology (RSM). Individual anthocyanins and phenolic

acids in two optimized extracts were analysed qualitatively and

quantitatively. This could provide an alternative extraction method

instead of toxic organic solvent.

Materials and Methods

Sample preparation

Ripen black-colored aronia (A. melanocarpa L. cv. Viking) fruit

was harvested in July of 2020 on a local farm (Tongyeong,

Korea). The sample was frozen at –80oC deep freezer (Nihon

freezer, CLN-52U, Saitama, Japan) and freeze-dried at –44.5oC at

a pressure 9.8 Pa for 180 h (FDU-1200; Eyela, Tokyo, Japan). The

lyophilized sample was ground (Hibell, JL-1000, Hwaseong, Korea),

and passed through a steel sieve (≤600 µm), and kept at −80oC.

Experimental design

Box-Behnken design with three coded levels (–1, 0, and 1) was

employed to evaluate the effects of independent variables and

optimize the extraction conditions of anthocyanins in aronia. From

a preliminary experiment, time (X
1
, min), temperature (X

2
, oC),

sample to water ratio (X
3
, g/mL), and amplitude (X

4
, µm) were

chosen as independent variables. Anthocyanins, total phenols, and

2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical
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scavenging activity were dependent variables. Conventional and

ultrasonic-assisted extraction consisted of 17 and 29 runs,

respectively, with five central points.

Extraction

In the conventional extraction, the pulverized sample (1-2.5 g)

was weighed with a sample to water ratio (g/mL) of 1:20, 1:30,

1:40 into 250 mL of a centrifuge bottle (NalgeneTM, Rochester,

NY, USA) and mixed with distilled water of 50 mL in a shaking

water bath (JSSB-30T; JSR, Gongju, Korea) at three temperatures

(30, 55, 80oC) for three extraction times (30, 60, 90 min). In the

ultrasonic-assisted extraction, a UP100H ultrasonic system with 7

mm diameter probe (Hielscher, Germany) was used with four

independent variables including an extraction time (10, 15, 20

min), temperature (30, 55, 80oC), a sample to water ratio (w/v,

1:20, 1:30, 1:40), and amplitude (50, 75, 100 µm). The sample

powder was weighed into a 50 mL beaker and mixed with distilled

water of 50 mL, followed by the sonication at 30 kHz of

frequency and 100 W of ultrasonic power. After centrifuged at

25,318×g for 20 min (2236R; LaboGene, Daejeon, Korea), the

supernatant was filtered through 0.45 µm polytetrafluoroethylene

syringe-filter (Millipore, Milford, MA, USA) and used for

determining anthocyanins, total phenols, and antioxidant activity.

Determination of anthocyanins and chlorogenic acids

Phenolic compounds, including anthocyanins and chlorogenic

acids, were identified using a UPLC-Q-TOF-HRMS (Waters, Worcester

County MA, USA) connected with CORTECSTM UPLC C
18

 column

(100×2.1 mm, 1.6 µm). The mobile phase was 0.5% formic acid

in water (A) and 0.5% formic acid in methanol (B) under a

gradient program: 0-20 min, 95-0% A at a flow rate of 0.3 mL/

min. Anthocyanins and chlorogenic acids were fragmented in the

positive and negative mode, respectively. Mass parameters were as

follows: capillary exit, 3.1 kV; capillary offset, –2.5 kV; sampling

cone, 40 V; source temperature, 120oC; desolvation temperature,

350oC.

Anthocyanins and chlorogenic acid isomers were quantified

using an Agilent 1260 Infinity HPLC equipped with a diode array

detector (Santa Clara, CA, USA) at 520, 280, and 330 nm.

Individual compounds were separated on a Zorbax Eclipse Plus

C18 column (5 µm, 250×4.6 mm; Agilent Technologies, Santa

Clara, CA, USA) at 30oC. The mobile phases were acetic acid/

methanol/water (5:20:75, v/v/v, A), absolute methanol (B), and

distilled water (C). The gradient program at 0.6 mL/min was as

follows: 0-20 min, 100-60% A, 0-36% B, and 0-4% C; 20-22 min,

60-0% A, 36-90% B, 4-10% C; 22-35 min, 0% A, 90% B, 10%

C. Individual compounds were confirmed using retention time,

ultraviolet-visible spectrum, and MS/MS spectrum of commercial

standard. Cyanidin 3-glucoside, cyanidin 3-galactoside, cyanidin 3-

arabinoside, and chlorogenic acid were quantified using an

authentic standard, while cyanidin 3-xyloside that was not

commercially available was quantified by the calibration curve of

cyanidin 3-glucoside. The ranges of standard solutions were 15-

60 mg/L in chlorogenic acid, 1-5 mg/L in cyanidin 3-glucoside,

10-60 mg/L in cyanidin 3-galactoside, and 5-40 mg/L in cyanidin

3-arabinoside. All standard solutions exhibited linear relationships

between injected amount and area response with the coefficients

ranging from 0.982 to 0.999. The content of anthocyanins

represents the sum of four anthocyanin amounts obtained from

HPLC analysis.

Determination of total phenols

Total phenols were determined using the method of Singleton et

al. (1999). Twenty-fold diluted extract (200 µL) was reacted with

1 mL of ten-fold diluted Folin-Ciocalteu reagent, followed by the

addition of 800 µL of 7.5% sodium carbonate solution. After 2 h

in the darkness, absorbance was monitored at 760 nm using an

ultraviolet-visible spectrophotometer (Biochrom Libra S22; Santa

Barbara, CA, USA). Total phenol content was expressed as mg

chlorogenic acid equivalent (CAE)/100 g fresh weight (FW).

Determination of proanthocyanidins

Proanthocyanidin content was measured by the method of Sun

et al. (1998). The sample extract was five-fold diluted using

absolute methanol. The diluted sample and standard solution (500

µL) were separately mixed with 1.25 mL of 1% vanillin in

methanol and 1.25 mL of 9 N sulfuric acid in methanol. Blank

was prepared in a similar way without vanillin. The catechin

standard solution was prepared from 0 to 230 mg/L to draw a

calibration curve. The absorbance was measured at 550 nm, and

the results were expressed as mg catechin equivalent (CE)/100 g

FW.

Determination of antioxidant activity

ABTS radical scavenging activity was determined using the

method of Re et al. (1999). ABTS (7 mM 10 mL) was mixed with

2.45 mM potassium persulfate (5 mL) for 12-16 h and then thirty-

fold diluted with 5 mM phosphate buffer (pH 7.4) until

absorbance at 734 nm reached 0.70. The ABTS radical solution

(2 mL) was mixed with 20 µL of ten-fold diluted sample, Trolox,

or distilled water as a blank for 4 min. The activity was expressed

as mM Trolox equivalents (TE)/100 g FW.

Ferric reducing activity power was determined by the method of

Benzie and Strain (1996). Twenty-five milliliter of 300 mM acetate

buffer (pH 3.6) was mixed with 2.5 mL of 20 mM iron chloride

hexahydrate and 2.5 mL of 10 mM 2,4,6-tripyridyl-S-triazine

(TPTZ) in 40 mM HCl. The mixture (1.5 mL) was reacted with

50 µL of ten-fold diluted sample and 150 µL of distilled water.

After 4 min in the darkness, absorbance was monitored at 593 nm.

The reducing power was expressed as mM Fe2+ equivalent (FE)/

100 g FW.

Statistical analysis

Analysis of variance (ANOVA) and regression coefficients of

experimental designs were performed by a Design-Expert software

11.0 (Stat-Ease Inc., Minneapolis, MN, USA). The adequacy of

dependent variables was determined by the R2 values and lack of

fit (p<0.05). Three-dimensional response surface plots were

obtained from each interaction of responses.
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Results and Discussion

Model fitting

Three independent variables in the conventional extraction and

four variables in the ultrasonic-assisted extraction were employed

to evaluate the effects on anthocyanins content (Table 1). The

anthocyanins content varied ranging from 82.55 to 143.75 mg/100

g FW in the conventional extraction and from 91.03 to 170.01 mg/

100 g FW in the ultrasonic-assisted extraction. The coefficient of

variables at five central points was around 4% in the conventional

extraction and 8% in the ultrasonic-assisted extraction, which

shows the repeatability of experiments (Xu et al., 2017). As shown

in Table 2, the quadratic model was found in certain independent

variables, which include anthocyanins and total phenols in the

conventional extraction and ABTS radical scavenging activity in

the ultrasonic-assisted extraction. However, no regression coefficients

of quadratic and interaction models of the ABTS radical

scavenging activity in the conventional extraction and anthocyanins

and total phenols in the ultrasonic-assisted extraction were found.

The lack of fit was insignificant in both extraction methods, which

shows that the model fits well.

Effect of extraction variables

The extraction time (X
1
) had a negative effect on anthocyanins,

total phenols, and ABTS radical scavenging activity in the

conventional extraction (Table 2). The increase of extraction time

resulted in the decrease of anthocyanins and total phenols (Fig.

1A-C). Arancibia-Avila et al. (2012) reported that the contents of

Table 1. Experimental results obtained in the conventional and ultrasonic-assisted extraction of anthocyanins in aronia

Run

Conventional extraction Ultrasonic-assisted extraction

X1 (min) X2 (
oC) X3 (g/mL)

Anthocyanins1) 
(mg/100 g FW)

X1 (min) X2 (
oC) X3 (g/mL) X4 (µm)

Anthocyanins1)

(mg/100 g FW)

1 60 80 20 108.77 15 30 30 100 99.04

2 90 80 30 82.55 20 55 30 100 124.78

3 90 30 30 97.98 15 30 40 75 119.26

4 60 55 30 126.38 15 55 30 75 117.77

5 60 55 30 123.49 10 55 20 75 103.99

6 60 55 30 136.53 10 80 30 75 151.07

7 30 55 20 123.00 15 55 40 50 164.69

8 30 30 30 96.86 20 55 30 50 160.19

9 60 55 30 125.45 10 55 30 100 166.13

10 90 55 20 103.97 15 30 30 50 103.56

11 60 80 40 142.01 15 55 40 100 154.40

12 30 80 30 127.72 15 30 20 75 91.03

13 60 55 30 131.32 20 55 40 75 168.71

14 30 55 40 143.75 15 80 30 100 157.81

15 60 30 20 83.23 15 80 30 50 141.90

16 90 55 40 140.46 15 80 40 75 170.01

17 60 30 40 131.82 10 30 30 75 109.42

18 20 30 30 75 110.63

19 10 55 30 50 147.81

20 20 55 20 75 134.30

21 20 80 30 75 151.59

22 15 55 30 75 140.77

23 15 55 30 75 128.07

24 10 55 40 75 133.36

25 15 55 20 100 104.16

26 15 80 20 75 144.76

27 15 55 30 75 136.48

28 15 55 30 75 143.65

29 15 55 20 50 133.09

X1, time; X2, temperature; X3, sample to water ratio; X4, amplitude
1)Sum of individual anthocyanin contents obtained from HPLC analysis.
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polyphenols and anthocyanins in murtilla and blueberry extraction

were reduced for 40 min. However, extraction time (X
1
) in the

ultrasonic-assisted extraction had no significant effect (Table 2,

Fig. 1D). A similar result was observed in the study of Lee (2019)

that the extraction time in the ultrasonic-assisted method did not

affect polyphenols content in aronia. In contrast, He et al. (2016)

found that sonication time had a negative effect on anthocyanin

content. Albuquerque et al. (2020) demonstrated that prolonged

extracting time induced a breakdown of anthocyanins, thus

resulting in the decrease of anthocyanin content. In addition, free

radicals generated during ultrasonic-assisted extraction degraded

polyphenols such as anthocyanins (Chowdhury and Viraraghavan,

2009; Soria and Villamiel, 2010). Extraction temperature (X
2
)

showed a positive effect on dependent variables in both extraction

methods. The extraction temperature affected anthocyanins, total

phenols, and ABTS radical scavenging activity in the ultrasonic-

assisted extraction (p<0.001) (Table 2, Fig. 1D-F). Hofmann et al.

(2015) also demonstrated that high temperature improves a

diffusion of phenolic compounds from plant tissue. The interaction

(X
1
X

2
) between time and temperature showed a negative effect on

the content of anthocyanins and total phenols in the conventional

extraction (Table 2, and Fig. 1A&C). Laleh et al. (2006) suggested

that the increase of extraction temperature accelerated anthocyanin

degradation via the hydrolysis of glycosidic bond and chalcone

production. A sample to water ratio (X
3
) also affected a extraction

yield of the conventional and ultrasonic-assisted extraction (Table

2, Fig. 1B&E). Ku and Mun (2008) reported that the sample to

water ratio had linear and quadratic effects on total anthocyanin

contents in Bokbunja wine extraction process. An increase of

sample to water ratio enhanced the extraction efficiency of total

phenols and antioxidant activity of grape byproducts (Pinelo et al.,

2006). This can be explained by a mass transfer theory that

anthocyanins diffusion rate is proportional to sample to water ratio

until it reaches an equilibrium state (Cacace and Mazza, 2003).

Anthocyanin content increased with increasing a sample to water

ratio (Fig. 1B). Amplitude generates a cavitation bubble, which

enhances the extraction yield of anthocyanins (Santos et al., 2008).

However, excessive amplitude led to the induction of free radicals,

thus resulting in the degradation of phenolic compounds

(González-de-Peredo et al., 2020). The amplitude (X
4
) did not

affect dependent variables in the ultrasonic-assisted extraction

(Table 2, Fig. 1F). This is in accordance with the result of

González-de-Peredo et al. (2020), demonstrating that amplitude

had no influence on the content of phenolic compounds. Espada-

Bellido et al. (2017) also found that amplitude ranging from 30 to

70% did not affect phenolic compound content (p>0.05).

Validation of optimal conditions

The optimum extraction condition in the conventional method

was an extraction time of 39 min, an extraction temperature of

71ºC, and a sample to water ratio of 1:40 g/mL (Table 3). The

optimized condition for the ultrasonic-assisted extraction was an

Table 2. Regression coefficient and ANOVA of responses surface model analysis results for conventional and ultrasonic-assisted

extraction

Source
Conventional extraction Ultrasonic-assisted extraction

Anthocyanins Total phenols ABTS•+ Anthocyanins Total phenols ABTS•+

Intercept 128.63 783.62 3.79 134.91 731.90 3.32

Linear X1 –8.30** –45.51** –0.2277 3.20 –1.51 0.1572

X2 6.40* 29.20* 0.0000 23.68*** 111.99*** 0.6416***

X3 17.38**  104.33*** 0.4557** 16.59*** 39.95* 0.1221

X4 –3.74 –20.31 –0.0786

Quadratic X1
2

–8.01* –5.92 0.1928

X2
2

–19.35**  46.73** 0.3171*

X3
2 7.17 25.92 –0.0390

X4
2 0.0006

Interaction X1X2 –11.57**  –49.31** 0.2131

X1X3 3.94 –4.54 –0.1453

X1X4 –0.1162

X2X3 –3.84  31.01* 0.0549

X2X4 0.3681**

X3X4 0.1615

R2 0.95 0.97 0.62 0.70 0.65 0.87

F value (lack of fit) 2.23 3.67 4.98 3.67 3.40 2.98

F value (model)  15.72**  24.65*** 7.17** 24.65*** 11.14*** 6.80**

*, **, and *** mean significant differences at p <0.05, 0.01, and 0.001; X1, time; X2, temperature; X3, sample to water ratio; X4, amplitude; ABTS•+,
ABTS•+ scavenging activity. 
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extraction time of 20 min, an extraction temperature of 80ºC, a

sample to water ratio of 1:40 g/mL, and an amplitude of 87.2 µm.

Under optimal conditions, anthocyanin contents were 155.32 and

158.02 mg/100 g FW, respectively. This is lower than the result of

Jakobek et al. (2012), who reported that anthocyanin content in

aronia ‘Viking’ was 418.98-439.13 mg/100 g FW. The contents of

total phenols were 937.69 and 954.80 mg CAE/100 g FW in both

extracts, which is lower than the result of Rop et al. (2010) that

total phenol content was 1,285 mg gallic acid equivalent (GAE)/

100 g FW in aronia ‘Viking’ from the Czech Republic. The ABTS

radical scavenging activity was 4.64-4.76 mM TE/100 g FW

(Table 3). Rugină et al. (2012) found that ABTS radical

scavenging activity of aronia ‘Viking’ was 17.17 mM TE/100 g

FW. The ferric reducing activity power was 5.02 mM FE/100 g

FW in conventional extraction and 4.47 mM FE/100 g FW for the

ultrasonic-assisted extraction (Table 3). Szopa et al. (2017) reported

that ferric reducing activity power ranged from 43.8 to 77.0 mM

FE/100 g dry weight (DW) for A. melanocarpa, A. arbutifolia, and

A. prunifolia. Oszmianski and Lachowicz (2016) observed 53.78 mM

FE/100 g DW of dried aronia fruit powder. Proanthocyanidin

contents were 155.67 mg CE/100 g FW for conventional extraction

and 161.38 mg CE/100 g FW for ultrasonic-assisted extraction.

These were about one-fourth of 845.2 mg CE/100 g FW (Wilkes et

al., 2014) and 710 mg CE/100 g FW (Hwang et al., 2014) in

black chokeberry, which used organic solvent for improving an

extraction efficiency. The lower content of anthocyanins obtained

in this study can be explained by the difference in aronia cultivars,

agronomic environment, and ripening stage (Boyles and Wrolstad,

1993). In addition, Nistor et al. (2021) compared the extraction

efficiency of aronia using methanol, ethanol, acetone, and distilled

water as an extracting solvent, and distilled water extraction

showed lower antioxidant activity compared with the other

extractions (p<0.05). In this study, no significant difference was

found between conventional and ultrasonic-assisted extraction

under each optimized condition (p>0.05).

Profile of phenolic compounds

The biological activity of anthocyanins is known to be

influenced by their chemical structure (Kong et al., 2003; Rice-

Evans et al., 1996). Therefore, the profile of anthocyanins obtained

Fig. 1. Three-dimensional response surface plots from conventional (A-C) and ultrasonic-assisted (D-F) extraction.
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from different extraction methods should be considered when

comparing the extraction efficiencies of anthocyanins in aronia. In

this study, phenolic compounds in the optimized aronia extract was

identified and quantified by UPLC-ESI/MS/MS and HPLC/DAD,

respectively. Two chlorogenic acids (neochlorogenic acid and

chlorogenic acid) and four anthocyanins (cyanidin 3-galactoside,

cyanidin 3-glucoside, cyanidin 3-arabinoside, and cyanidin 3-

xyloside) were identified (Table 4). Tian et al. (2017) found that

these compounds amounted to 90% of aronia phenolic compounds.

In this study, neochlorogenic acid, chlorogenic acid, and cyanidin

3-galactoside comprised 83-84% of phenolic compounds. Tian et

al. (2017) reported 244.3 mg/100 g FW of chlorogenic acids and

402.11 mg/100 g FW of anthocyanins in aronia. In this study, the

contents of chlorogenic acids were 185.56 mg/100 g FW in the

conventional extraction and 181.28 mg/100 g FW in the

ultrasonic-assisted extraction. Cyanidin 3-galactoside was a major

anthocyanin of aronia (65% of the total), followed by cyanidin 3-

arabinoside (30% of the total). Chlorogenic acid contents were

significantly different between the two extraction methods

(p<0.05), while the sum of phenolic acids levels was not

statistically different. Trace amounts of kaempferol 3-hexose,

quercetin 3-vicianoside, quercetin 3-galactoside, and quercetin 3-

glucoside were also identified, but below the quantified level.

In conclusion, there was no significant difference in anthocyanins

content, total phenolic content, and antioxidant activities between

the optimized conventional and ultrasonic-assisted extracts. This

indicates that conventional water extraction is compatible with

ultrasonic-assisted extraction under optimal conditions of aronia.

The aqueous extract of aronia can be directly available to real food

processing as a functional ingredient. Further studies for improving

the efficiency of anthocyanin extraction as well as storage stability

should be continued.
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Table 3. Optimized extraction conditions and experimental results for conventional and ultrasonic-assisted extraction of aronia 

Conventional Ultrasonic-assisted

Optimized condition

Time (min) 38.923 19.999

Temperature (oC) 71.044 80.000

Sample to water ratio (g/mL) 40.000 40.000

Amplitude (µm) -1) 87.223

Experimental values

Anthocyanins (mg/100 g FW) 158.02±5.53a0 155.32±10.18a

Total phenols (mg CAE/100 g FW) 954.80±20.09a 937.69±58.59a

ABTS radical scavenging activity (mM TE/100 g FW) 04.64±0.20a 04.76±0.26a

Ferric reducing activity power (mM FE/100 g FW) 05.02±0.15a 04.47±0.10b

Proanthocyanidin content (mg CE/100 g FW)  153.39±5.07a0 152.25±8.64a0

1)Not applicable
Different letters mean significantly different between conventional and ultrasonic-assisted extraction (p<0.05).

Table 4. Identification and content of phenolic compounds in aronia using LC/ESI/MS/MS

RT
(min)

λmax

(nm)
(M)+

(m/z)
(M-H)−

(m/z)
MS2

(m/z)
Compound

Content (mg/100 g FW)

Conventional Ultrasonic-assisted

6.525 323 353 179, 191 Neochlorogenic acid 92.75±1.10a 90.93±1.39a

8.977 323 353 191 Chlorogenic acid 92.81±0.99a 90.35±2.07b

10.277 520 449 287 Cyanidin 3-galactoside 100.68±3.31a0 100.11±6.40a0

11.079 520 449 287 Cyanidin 3-glucoside 05.62±0.25a 05.42±0.42a

12.601 520 419 287 Cyanidin 3-arabinoside 46.58±1.67a. 44.99±2.87a

16.483 520 419 287 Cyanidin 3-xyloside  5.14±0.31a  4.81±0.50a

Different letters represent significant differences between conventional and ultrasonic-assisted extraction (p<0.05) using independent t-test; Phenolic
acids and anthocyanins were analyzed in the negative mode and positive mode, respectively
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