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Abstract  15 

Blackberry contains high amount of anthocyanins, whose extraction method is closely 16 

related with anthocyanin content and antioxidant activity. The extraction yield and 17 

antioxidant capacity as the comprehensive evaluation indexes, a Box–Behnken design 18 

(BBD) of response surface methodology (RSM) was employed to further optimize 19 

microwave-assisted extraction (MAE) conditions for blackberry anthocyanins (BBAC). 20 

A significant  correlation was found between the double indexes extraction yield and 21 
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antioxidant capacity (P < 0.01). The results showed that optimized extraction 22 

conditions were microwave power 469 W, solvent concentration 52 %, liquid-solid 23 

ratio 25 g/mL, and microwave time 4 min. Under these conditions, the mean 24 

experimental value of extraction yield (2.18±0.06 mg/g), ABTS assay (32.18±1.54 25 

µMTEAC/g) and DPPH assay (27.18±1.33 µMTEAC/g)  were achieved, 26 

respectively, which corresponds well with the predicted values. Moreover, these mean 27 

experimental value increased more than 120 % compared with the ethanol leaching 28 

extraction.  29 

Keywords  30 

Blackberry anthocyanins  31 

Comprehensive evaluation indexes 32 

Microwave-assisted extraction  33 

Antioxidant activity 34 

Response surface methodology  35 

1. Introduction 36 

Blackberry is a specie of fruit belonging to the Rubus genus in the Rosaceae 37 

family, native chiefly to northern temperate regions, and it is abundant in 38 

Northeastern America and in the Pacific coast1, 2. Blackberry has not only been used 39 

in food industries to produce juice, ice cream, yoghurt, jams, wines and jellies3, 4, but 40 

also used for the treatment of various diseases as an astringent, antiscorbutic, diuretic, 41 

antidiabetic, and in chronic diarrhea and enlargement of the spleen5-8. 42 

In recent years, further researches on chemical components and pharmacologic 43 
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effects of blackberry found that it contains many bioactive constituents, such as 44 

carbohydrates, flavonoids, amino acid, vitamin, sugar, organic acid, crude protein 45 

etc.9, 10. It has been shown that blackberry contains higher amount of anthocyanins 46 

and other antioxidants than other fruits11-13. 47 

 Anthocyanins are natural water-soluble pigments responsible for orange, red, 48 

purple and blue colors of fruits, vegetables and flowers14. They have been regarded as 49 

potential replacements for synthetic food colorants, and they play important role in 50 

human nutrition15. Anthocyanins have been reported to have not only the 51 

anti-oxidative, anti-inflammatory, immunizing activity, anti-tumor, anti-diabetic 52 

effects, anti-aging properties16-18, but also beneficial effect on coronary heart disease19, 53 

protection against obesity and hypoglycemia20, memory enhancement21, and 54 

prevention of cancer22-24. Therefore, it is interesting to research blackberry 55 

anthocyanins (BBAC) owe to the antioxidant activity of BBAC contain much higher 56 

than other common fruits and vegetables 25. 57 

Anthocyanins are highly unstable and very susceptible to degradation. It has 58 

been widely acknowledged that bioactivity of anthocyanins can be affected by many 59 

factors including its pH, their own chemical structure, concentration, storage 60 

temperature, light, oxygen, and the presence of enzymes, flavonoids, proteins and 61 

metal ions26. Several extraction technologies have been recently suggested to enable 62 

rapid extraction of anthocyanins from berries and to prevent their degradation during 63 

processing: microwave-assisted extraction27, supercritical carbon dioxide extraction28 64 

and ultrasound-assisted ethanol extraction29. Among them, microwave assisted 65 
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extraction (MAE) has gained particular attention due to improved efficiency, reduced 66 

extraction time, low solvent consumption, and high level of automationx30, 31. MAE 67 

utilizes the energy of microwaves to cause molecular movement and rotation of 68 

liquids with a permanent dipole, leading to rapid heating of the solvent and the sample. 69 

MAE has been recently reported as more efficient method for extraction of 70 

anthocyanins from red raspberries, sour cherry Marasca and blueberry than 71 

conventional solvent extraction27, 32, 33. To the best of our knowledge, there are no data 72 

on MAE for isolation of BBAC. Therefore, in this study, microwave-assisted ethanol 73 

extraction method was used to prepare anthocyanin-containing extract from 74 

blackberry.  75 

Response surface methodology (RSM), as an effective statistical method, is 76 

widely used for the optimization of complex process, extraction technology, and so on. 77 

Since it can depict the complete effects of variables, evaluate the interactions between 78 

multiple parameters, reduce the number of experimental trials and shorten process 79 

time. Moreover, it is more precise and effective than many approaches34, 35. Therefore, 80 

in this paper, a three-level, four-variable (microwave power, solvent concentration, 81 

liquid-solid ratio and microwave time) Box–Behnken design (BBD) of RSM was 82 

employed to further optimize MAE conditions for BBAC. Antioxidant properties of 83 

isolated microwave extracts were correlated with the content of anthocyanins. 84 

2. Materials and methods 85 

2.1. Materials and reagents  86 

Fresh blackberry was purchased from Polar Bear Ecological Agriculture Co., Ltd. 87 
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(China), and then was kept at -18 °C. Cyanidin-3-O-glucoside chloride was obtained 88 

from Guizhou Di Da Technology Co., Ltd. (China). 1,1-diphenyl-2-picrylhdrazyl 89 

(DPPH) was gained from Tokyo Kasei Kogyo Co., Ltd. (Japan). 90 

2,2’-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) was acquired from 91 

Beijing Lark Technology Co., Ltd. (China). All other chemicals and solvents used 92 

were of analytical grade. 93 

2.2. Microwave assisted extraction of BBAC 94 

The MAE procedure that was used in the experiment was developed by Li et al. 95 

with some modification36. After the frozen blackberry was taken out to thaw 10-12 h 96 

in room temperature (25-28 °C), it was homogenized by using a household electrical 97 

blender (MJ-220BP01A, Guangdong Beauty Life Electrical Appliance Manufacturing 98 

Co., Ltd., China), which was selected as sample. A necessary amount of sample (20 g) 99 

was weighted and put into a conical flask. Next, the 200 mL 50 % of ethanol 100 

concentration was added into the flask. Then the mixtures were extracted in a 101 

microwave extraction reaction workstation (Model EM-202MS1, Hefei Royalstar 102 

Sanyo Electrical Co., Ltd., China; working at frequency of 2450 MHz with maximum 103 

power level of 1080W) under a designed extraction power (400 W), and extraction 104 

time (5 min).After the flask was taken out and immediately cooled to room 105 

temperature by cooling water bath, the flask was made up for the loss of weight with 106 

the same solvent. Finally, the solution in the flask was centrifuged at 4390 g for 5 min 107 

in a low-speed centrifuge (Model TDZ5-WS, Changsha Ordinary Instrument Co., Ltd., 108 

China), and the supernatant was used for the determination of the total anthocyanin 109 
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content (TAC). 110 

The TAC was investigated according to the procedure described in Ivanovic et al. 111 

with some modification37. Briefly, 1 mL supernatant and 5 mL 1% (v/v) solution of 112 

hydrochloric acid in methanol were added to hydrolysis tube, and then were kept in a 113 

100 °C water bath for 10 min. The absorbance of the solution was measure at 530 nm 114 

and using Cyanidin-3-O-glucoside chloride (0.2113 mg/mL) as a standard on 115 

Microplate Reader (Spectra Max Plus 384, Molecular Devices Co., Ltd., America). 116 

The BBAC yield (mg/g) was calculated using the formula as follows: 117 

Eq. (1) 118 

Where C is the concentration of BBAC in standard curve (µg/mL)，V represents 119 

the volume of extraction solution (mL), N represents dilution multiple and M is the 120 

sample weight (g). 121 

2.3. Determination of ABTS radical scavenging activity of BBAC 122 

The BBAC were evaluated for their ability to scavenge ABTS·
+ radicals.  The 123 

measurements were carried out using a Microplate Reader in the kinetic mode 124 

following procedures described by Re et al. 38. ABTS·
+ was produced by the reaction 125 

of 7 mM ABTS solution with 2.5 mM potassium persulfate for 16 h in the dark at 126 

room temperature. The ABTS·
+ solution was diluted with water to an absorbance of 127 

0.70 (±0.02) at 734 nm and equilibrated at 30 °C. 50 µL of the BBAC solution samples 128 

or Trolox standards in ethanol was added to 1000 µL of diluted ABTS·
+ solution, and 129 

then added into the ELISA plate. The absorbance values were taken continuously for 130 

20 min at 734 nm at 25 °C. The standard curve was generated based on the percentage 131 

( )
* *

  /
*1000

C V N
The BBAC Yield mg g

M
=
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of inhibition of the blank absorbance by Trolox at 20 min versus Trolox concentration 132 

(25-800 µmol/L). The total antioxidant capacity of samples was calculated as Trolox 133 

equivalent (TE) based on the percentage of inhibition of the blank absorbance by 134 

samples at 20 min. The scavenging activity (SA) and Trolox equivalent antioxidant 135 

capacity (TEAC) with the ABTS·
+ radicals of BBAC were determined using the 136 

following equation: 137 

 Eq. (2) 138 

Eq. (3) 139 

Where AControl is the absorbance of the 1 mL ABTS·
+ mixed with 50 µL ethanol 140 

solution , ASample represents the absorbance of the 1 mL ABTS·
+ mixed with 50 µL 141 

samples, TEACsample is the equivalent Trolox concentration of samples in standard 142 

curve (µM) and Csample represents the concentration of sample (mg/mL). The 143 

determination was carried out three times, and in triplicate. 144 

2.4. Determination of DPPH scavenging activity of BBAC  145 

DPPH has been used extensively as free radical to evaluate reducing substances. 146 

The BBAC were evaluated for their abilities to scavenge DPPH· radicals. The 147 

measurements were carried out using a modified protocol based on Yang et al.39. 148 

Briefly, 0.5 mL different concentrations of the BBAC solution or Trolox standards 149 

(3.125-100 µmol/L) in ethanol was added to 0.5 mL DPPH· solution (0.2 mM in 150 

anhydrous ethanol) and then added into the ELISA plate. The absorbance readings 151 

were taken continuously for 40 min at 517 nm at 25 °C. The standard curve was 152 

(%) *100%control sample

ABTS
control

A A
SA

A
+⋅

−
=

( )/ sample

ABTS
sample

TEAC
T MEAC

c
TEAC gµ+⋅

=

Page 7 of 29 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



generated based on the percentage of inhibition of the blank absorbance by Trolox at 153 

40 min versus Trolox concentration. The total antioxidant capacity of samples was 154 

calculated as Trolox equivalent (TE) based on the percentage of inhibition of the 155 

blank absorbance by samples at 40 min. The scavenging activity (SA) and TEAC with 156 

the DPPH· radicals of the BBAC were determined using the following equation: 157 

 Eq. (4) 158 

    Eq. (5) 159 

Where AControl is the absorbance of the 0.5 mL DPPH· mixed with 0.5 mL 160 

ethanol solution, ASample represents the absorbance of the 0.5 mL DPPH· mixed with 161 

0.5 mL samples, TEACsample is the equivalent Trolox concentration of samples in 162 

standard curve (µM) and Csample represents the concentration of sample (mg/mL). The 163 

determination was carried out three times, and in triplicate. 164 

2.5. Experimental design 165 

After determining the yield and the bioactivity of BBAC, the single-factor test 166 

was used for obtaining the preliminary range of extraction variables, and a 167 

three-level-four-factor BBD of RSM was used to determine the optimal combination 168 

of both extraction and antioxidant activities variables. Based on the results of single 169 

factor experiments, four independent variables (Table 1) were microwave power (X1, 170 

W), solvent concentration (X2, %), liquid-solid ratio (X3, g/mL) and microwave time 171 

(X4, min), while the response variables were the extraction yield and antioxidant 172 

activities of BBAC. Each variable was designated as three levels, coded +1, 0 and −1 173 

(%) *100%control sample

DPPH

control

A A
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A
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for high, intermediate and low value, respectively. The response could be related to 174 

the selected variables by the following second-order polynomial model: 175 

 Eq. (6) 176 

Where Y is the response variable, A0, Ai, Aii and Aij are the regression coefficients 177 

for intercept, linear, quadratic and interaction terms, respectively. Xi and Xj are the 178 

encoded independent variables (i ≠ j) affecting the response of Y. 179 

2.6. Statistical analysis 180 

SPSS 18.0 software (SPSS Inc., Chicago, IL, USA) was used to analyze the 181 

bioactivity experimental and single-factor data. The experimental design and the 182 

regression analysis of experimental data exploited Design-Expert 8.0.5 (Trial version, 183 

Stat-Ease Inc., Minneanopolis, MN, USA). 184 

The regression coefficients were performed in the form of analysis of variance 185 

(ANOVA). Student’s t-test was employed for evaluating the statistical significance of 186 

the regression coefficient, and Fischer's F-test at a probability (P) of 0.001, 0.01 or 187 

0.05 was used to determine the second-order model equation and its fitness was 188 

expressed by the regression coefficients R
2. The adequacy and significance of the 189 

model were tested by F-value, determination coefficient (R2) and lack of fit secured 190 

from ANOVA. 191 

3. Results and discussion 192 

3.1. Effect of microwave power on yield and antioxidant capacity of BBAC  193 

It is very important for anthocyanins extraction to keep microwave at an optimal 194 

working power40. In the present study, the effect of various microwave power points 195 

1
2

0
1 1 1 1

k k k k

ij i ii i ij i j

i i i j i

Y A A X A X A X X
−

= = = = +
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within 100-700 W used on extraction and antioxidant capacity of BBAC was 196 

investigated, while keeping the solvent concentration, liquid-solid radio and 197 

microwave time at 50 %, 10 g/mL and 5 min, respectively. As shown in Fig. 1a, 198 

BBAC content in extract, ABTS assay and DPPH assay increased with the increase of 199 

microwave power from 100 to 400 W, and peaked at around 400 W. Further 200 

enhancing of power, however, resulted in decreasing BBAC content in extract. Thus, 201 

the power chosen for BBAC extraction was 400 W. This was identical with the result 202 

reported by Zou et al. 41. 203 

3.2. Effect of solvent concentration on yield and antioxidant capacity of BBAC  204 

Solvent concentration played prominent roles in getting high extraction 205 

efficiency of anthocyanins during MAE
42. As shown in Fig. 1b, the effect of solvent 206 

concentration on extraction yield was investigated in this study. Increasing in the 207 

tested ratio of ethanol to raw material (from 0 % to 100 %) could improve BBAC 208 

extraction, and the increase leveled off at ratio of 40 %. However, as to the 209 

antioxidant capacity of BBAC, the increase leveled off at ratio of 60 %. As the results 210 

of statistical analysis showed that significant differences were for the solvent 211 

concentration tested (P < 0.05). Considering the solvent cost problem，therefore an 212 

optimal ratio of 40 % was favorable for anthocyanins production. Zheng et al. 213 

reported the similar results33. 214 

3.3. Effect of liquid-solid ratio on yield and antioxidant capacity of BBAC  215 

Liquid-solid ratio played outstanding roles in getting high extraction efficiency 216 

of anthocyanins during MAE
33. To investigate the effect of liquid-solid ratio on 217 
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extraction yield and antioxidant capacity of BBAC, a liquid-solid ratio range from 5 to 218 

25 g/mL was tested while the microwave power, solvent concentration and 219 

microwave time were kept at 400 W, 40 % and 5 min, respectively. An increase of 220 

BBAC content and ABTSassay was observed with the increase of liquid-solid ratio 221 

from 5 to 25 g/mL, but further increase of liquid-solid ratio resulted in increasing 222 

BBAC content not significantly, and DPPH assay reach maximum at 20 g/mL (Fig. 223 

1c). Therefore, liquid-solid ratio 20 g/mL was chosen as the optimal one in the present 224 

experiment. Similar result was obtained in Yang’s research43. 225 

3.4. Effect of microwave time on yield and antioxidant capacity of BBAC  226 

Microwave time played significant roles in getting high extraction efficiency of 227 

anthocyanins during MAE
40. It will have an effect on the final yield and antioxidant 228 

capacity of BBAC in the recovery, the energy cost and the efficiency of extraction. In 229 

this study, an increase of BBAC extraction was observed with the elevation of 230 

microwave time from 1 to 9 min, reaching the highest at 3 min, but further increase of 231 

microwave time resulted in decreasing BBAC content, ABTS
 assay and DPPH assay 232 

(Fig. 1d). Thus, the microwave time 3 min was chosen as the optimal one based on the 233 

study. This conclusion agreed with the opinion of Zou et al.41. 234 

3.5. Optimization of extraction conditions of BBAC  235 

3.5.1. Correlation analysis for -extraction yield and antioxidant capacity  236 

The aim of the correlation analysis was to seek possible statistical correlation 237 

between anthocyanins and antioxidant activity and to develop an extraction method 238 

for blackberry to produce anthocyanins extracts with high antioxidant activity. To 239 
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study the relationships between anthocyanins and antioxidant activities of blackberry, 240 

the data of extraction yield, ABTS assay and DPPH assay of BBAC in Table 2 were 241 

analyzed using bivariate correlation analysis. It can be seen from Table 3 that the 242 

correlation between the double indexes extraction yield and antioxidant capacity were 243 

very significant with P values (P < 0.01). Therefore, the selection of one index can 244 

reasonably evaluate the result of optimize the approach of MAE conditions for BBAC. 245 

So the extraction yield index was chose to evaluate the result of RSM.  246 

3.5.2. Statistical analysis and the model fitting 247 

The BBD of RSM in the experimental design involves four independent variables, 248 

three levels and five replicates at the center point (Table 1), which was carried out to 249 

measure the inherent variability and process stability. The experimental conditions 250 

and the fit statistics of extraction yield of 29 runs with BBD design were shown in 251 

Table 2, and all tests were performed in triplicate. As shown in Table 2, the extraction 252 

yield of BBAC values (mg/g) varied from 1.85 to 2.18 mg/g， ABTS  assay and 253 

DPPH assay of BBAC (µMTEAC/g) varied from 20.01 to 30.39 and 19.21 to 28.13 254 

µMTEAC/g , respectively. 255 

The results of extraction yield affected by microwave power, solvent 256 

concentration, liquid-solid ratio and microwave time were fitted to a second-order 257 

polynomial equation, and the values of regression coefficients were calculated. 258 

The effects of four variables were highly significant on extraction yield of BBAC 259 

(Table 4). The predicted model of the extraction yield value was obtained by the 260 

following second-order polynomial equations: 261 
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Y1=2.14+0.048X1+0.034X2+0.057X3-0.021X1X2+0.042X1X3+0.016X2X3+0.078262 

X3X4-0.066X1
2-0.011X2

2-0.068X3
2-0.082X4

2 Eq. (7) 263 

The predicted values of extraction yield based on the above quadratic predictive 264 

model were shown in Table 2. 265 

The statistical significance of regression equation was evaluated by F-test, T-test 266 

and AVNOA for response surface quadratic polynomial model were presented in Table 267 

4. The results of high model F-value (22.014) and low P-value (P< 0.0001) turned out 268 

that the models were highly significant. The determination coefficient (R2) for model 269 

(0.958) was close to 1.0, which represented the satisfactory correlation between actual 270 

and predicted values. The value of adjusted determination coefficient R
2 (Adj. R

2) 271 

value was 0.916, which means most variation (> 91.6 %) of the extraction yield could 272 

be predicted by the model, and less than 8.4 % variations could not be explained by 273 

the model. 274 

The lack-of-fit used to measure the failure of the model to represent the data in 275 

the experimental domain at points which were not included in the regression. The 276 

F-value of 0.247 and P-value of 0.967 for extraction yield implied that the lack of fit 277 

was not significant relative to the pure error due to noise. Adequate precision 278 

compared the range of the predicted values at the design points to the average 279 

prediction error. The ratio greater than 4 indicated adequate model discrimination. In 280 

this research, the values were well above 4. 281 

The P-values were used as a tool to check the significance of each coefficient, 282 

which in turn may indicate the pattern of the interactions between the variables. The 283 
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smaller the value of P was, the more significant the corresponding coefficient was. It 284 

can be seen from Table 4 that linear coefficients (X1, X2, X3), quadratic term 285 

coefficient (X1
2
, X3

2
, X4

2) and cross product coefficients (X1X3, X3X4) were very 286 

significant with P values (P < 0.01). The other term coefficients were significant (P > 287 

0.05). 288 

3.5.3. Analysis of response surfaces 289 

The 3D response surface and 2D contour plots were the graphical representations 290 

of regression equation. They provided a method to visualize the relationship between 291 

responses and experimental levels of each variable and the type of interactions 292 

between two test variables. The shapes of the contour plots, circular or elliptical, 293 

indicate whether the mutual interactions between the variables are significant or not. 294 

Circular contour plot indicates that the interactions between the corresponding 295 

variables are negligible, while elliptical contour plot indicates that the interactions 296 

between the corresponding variables are significant. In this study, the results of 297 

extraction yield of BBAC affected by microwave power, solvent concentration, 298 

liquid-solid ratio and microwave time is presented in Figs. 2, 3. 299 

Fig. 2a and Fig. 3a, which give the extraction yield of BBAC as a function of 300 

microwave power and solvent concentration at fixed liquid-solid ratio (20 g/mL) and 301 

microwave time (3 min), indicated that the extraction yield increased rapidly with 302 

increase in microwave power from 250 to 470 W and decrease slowly with increase of 303 

microwave power from 500 to 550 W. The extraction yield of BBAC increased with 304 

the increase of solvent concentration from 20 % to 60%.It can be seen that the 305 

Page 14 of 29RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



maximum extraction yield of BBAC can be achieved when microwave power and 306 

solvent concentration are around 470 W and 60 %, respectively. A similar result was 307 

also reported previously by Zou et al. 41. 308 

The extraction yield of BBAC affected by different microwave power and 309 

liquid-solid ratio was shown in Figs. 2b and 3b, when the solvent concentration and 310 

microwave time were fixed at 40 % and 3 min respectively, indicated that the 311 

extraction yield increased rapidly with increase in microwave power from 250 to 410 312 

W, and increased with the increase of liquid-solid ratio from 15 to 21. However, the 313 

extraction yield decreased rapidly with the microwave power increasing from 410 to 314 

550 W and liquid-solid ratio from 21 to 25 g/mL. These results were in agreement 315 

with a study done by Zou et al.41. 316 

The Figs. 2c and 3c showed the 3D response surface plot and the contour plot at 317 

varying microwave power and microwave time at fixed solvent concentration (40 %) 318 

and liquid-solid ratio (20 g/mL). It indicated that the maximum extraction yield of 319 

BBAC can be achieved when microwave power and microwave time at the threshold 320 

level of around 430 W and 2.8 min, respectively. The accordant result was also 321 

reported previously by Liazidet al. 41. 322 

The Figs. 2d and 3d illustrated the 3D response surface plot and the contour plot 323 

at varying solvent concentration and liquid-solid ratio at fixed microwave power (400 324 

W) and microwave time (3 min), indicated that the extraction yield of BBAC 325 

increased with the increase of solvent concentration from 20 % to 48%, extraction 326 

yield of BBAC reached the plateau region where the yield was maximized and did not 327 
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further increase the yield. The extraction yield increased rapidly with increase in 328 

liquid-solid ratio from 15 to 21 g/mL and decrease slowly with increase of microwave 329 

power from 22 to 25 g/mL. It can be seen that the maximum extraction yield of BBAC 330 

can be achieved when solvent concentration and liquid-solid ratio are around 48% and 331 

21 g/mL, respectively. This was accordant with the result reported by Zheng et al. 33. 332 

In Figs. 2e and 3e, when the 3D response surface plot and the contour plot were 333 

developed for the extraction yield of BBAC with varying solvent concentration and 334 

microwave time at fixed microwave power (400 W) and liquid-solid ratio (20 g/mL). 335 

The maximum extraction yield of BBAC achieved when solvent concentration and 336 

microwave time at the threshold level of around 60 % and 2.7 min, respectively. Zou 337 

et al. reported the unanimous results 41.  338 

The 3D response surface plot and the contour plot based on the independent 339 

variable liquid-solid ratio and microwave time were shown in Figs. 2f and 3f, while 340 

the other two independent variables, microwave power and solvent concentration 341 

were kept at 400 W and 40 %, respectively. An increase in the extraction yield of 342 

BBAC could be significantly achieved with the increasing of liquid-solid ratio. It was 343 

observed that the extraction yield of BBAC increased with the microwave time from 1 344 

to 3.8 min, and reached the maximum value at an extraction time around 4.2 min, but 345 

beyond this time, extraction yield of BBAC decreased. This conclusion conformed to 346 

the opinion of Elez Garofulić et al. 32. 347 

3.6. Verification of predictive model  348 

Response surface optimization is more advantageous than the traditional single 349 
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parameter optimization in that it saves time, space and raw material. In order to 350 

validate the adequacy of the model equations, verification experiment was carried out 351 

under the optimal conditions: microwave power 469 W, solvent concentration 52 %, 352 

liquid-solid ratio 25g/mL and microwave time 4 min. Good agreement exist between 353 

the values predicted using model equations and the experimental values at the points 354 

of interest. To ensure the predicted result was not biased toward the practical value, 355 

experimental rechecking was performed using this deduced optimal condition. This 356 

set of conditions was determined to be optimal by the RSM optimization approach and 357 

was also used to validate experimentally and predict the values of the response using 358 

the model equation. The mean value of extraction yield (2.18 ± 0.06 mg/g), ABTS 359 

assay (32.18±1.54 µMTEAC/g) and DPPH assay (27.18±1.33 µMTEAC/g) (n = 5), 360 

obtained from real experiments, demonstrated the validation of RSM model. The 361 

validation result revealed that there was no significant difference between 362 

experimental and predicted values, suggesting that the response model was adequate 363 

for reflecting the expected optimization (Table 5). This result of analysis indicated 364 

that the experimental values were good agreement with the predicted ones, and also 365 

suggested that the model of Eq. (7) is satisfactory and accurate. 366 

Furthermore, ethanol leaching extraction were compared with the MAE method, 367 

as seen in table 5, a mean value of extraction yield (1.81 ± 0.04 mg/g), ABTS assay 368 

(20.84±1.49 µMTEAC/g) and DPPH assay (17.01±0.19 µMTEAC/g) (n = 5) obtained 369 

from the ethanol leaching extraction. Those mean value of microwave treated 370 

condition increased 120 % compared with the ethanol leaching treated ones. 371 
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Moreover, the mean value of extraction yield is higher than the result reported by 372 

Oancea et al.44. And the mean value of antioxidant capacities is higher than the result 373 

reported by Reátegui et al.45. Therefore, this finding corroborates previous reports that 374 

with respect to anthocyanin content, microwave has its superiority in improving 375 

efficiency, shortening extraction time, reducing solvent consumption. The 376 

anthocyanin content and antioxidant capacity reported herein are higher than those 377 

previously reported. This may have been partly due to increased extraction efficiency. 378 

4. Conclusions 379 

In the present study, microwave assisted extraction method and ethanol leaching 380 

extraction method were screened for the extraction treatment of blackberry, and the 381 

extracts exhibited different yields, levels of scavenging effects on DPPH· free 382 

radicals and ABTS·
+ free radicals. Microwave assisted extraction method was found to 383 

be the most effective one for improving yield and antioxidant capacity of BBAC 384 

among the tested methods. In the case of ethanol as solvent, optimal extraction 385 

conditions for microwave assisted extract of BBAC are obtained as follows conditions: 386 

microwave power 469 W, solvent concentration 52 %, liquid-solid radio 25 g/mL, and 387 

microwave time 4 min. Under this condition, the mean experimental value of 388 

extraction yield (2.18±0.06 mg/g), ABTS assay (32.18±1.54 µMTEAC/g)  and DPPH 389 

assay (27.18±1.33 µMTEAC/g) were achieved, respectively, which corresponds well 390 

with the predicted values and increased more than 120 % compared with the ethanol 391 

leaching extraction. 392 
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Table 1.The coded values and corresponding actual values of the optimization parameters 481 

Solvent code Microwave power（W) Solvent concentration (%) Liquid-solid rata (g/mL) Microwave time (min) 

ethanol 

-1 250 20 15 1 

0 400 40 20 3 

1 550 60 25 5 

Table 2.The coded experimental and predicted for RSM design using ethanol as solvent 482 

Run X1 X2 X3 X4 
Extraction yield (mg/g) ABTS (µMTEAC/g) DPPH (µMTEAC/g) 

Experimental Predicted Experimental Predicted Experimental Predicted 

1 1 0 1 0 2.16  1.96  30.39  26.18  26.99  21.26  

2 0 0 0 0 2.14  2.10  28.48  23.04  24.48  22.82  

3 1 -1 0 0 2.09  2.08  23.06  26.82  23.55  24.69  

4 0 1 1 0 2.15  2.13  30.07  28.74  26.09  24.74  

5 0 0 0 0 2.11  2.02  27.44  22.25  25.15  20.30  

6 0 0 0 0 2.10  1.98  29.85  26.54  28.00  24.83  

7 0 0 -1 -1 2.01  1.85  22.03  20.18  20.23  20.87  

8 0 -1 -1 0 2.01  2.12  19.67  31.44  19.21  27.43  

9 0 -1 0 -1 2.04  1.95  23.57  27.34  21.35  21.39  

10 1 0 -1 0 1.96  2.06  18.58  27.60  19.41  24.95  

11 0 1 0 1 2.08  1.95  28.22  29.63  25.22  25.73  

12 0 0 1 -1 1.98  2.03  26.30  28.14  26.02  23.78  

13 0 0 0 0 2.18  1.99  29.22  18.90  23.79  18.63  

14 0 -1 0 1 1.98  2.03  24.12  19.56  21.93  21.36  

15 -1 1 0 0 2.10  2.07  26.38  24.17  24.57  24.23  

16 0 1 0 -1 2.11  2.17  25.29  29.85  23.34  26.86  

17 0 -1 1 0 2.07  1.95  24.34  23.82  23.26  21.26  

18 1 0 0 -1 2.05  1.96  28.58  19.82  24.64  20.32  

19 0 0 1 1 2.13  1.98  31.23  28.22  28.13  25.06  

20 1 1 0 0 2.12  2.15  28.96  30.99  25.31  27.62  

21 -1 0 0 -1 1.93  2.03  27.71  23.88  20.66  21.37  

22 0 0 -1 1 1.85  2.09  20.01  25.87  20.30  23.39  

23 1 0 0 1 2.04  2.00  28.77  24.12  24.32  22.30  

24 -1 0 0 1 1.95  2.09  29.65  28.47  25.84  25.63  

25 0 1 -1 0 2.02  2.14  20.39  28.45  22.13  25.47  

26 0 0 0 0 2.18  2.14  27.25  28.45  25.91  25.47  

27 -1 -1 0 0 1.97  2.14  25.53  28.45  21.31  25.47  

28 -1 0 1 0 1.97  2.14  28.89  28.45  25.55  25.47  

29 -1 0 -1 0 1.94  2.14  23.86  28.45  21.46  25.47  

 483 

 484 

 485 
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Table 3.The correlation analysis of the extraction yield and antioxidant capacity double indexes 486 

Index Extraction yield DPPH 

ra P ra P 

DPPH 0.611** 0.001 

ABTS 0.534** 0.003 0.847** 0.001 

a**Significant at P < 0.01 487 

 488 

Table 4.ANOVA for the effects of microwave power (X1), solvent concentration (X2), liquid-solid ratio (X3) and 489 

microwave time (X4) on extraction yield of BBAC with ethanol as solvent using predicted polynomial models 490 

Source Sum of squares Df Mean square F-value P-Value Significant a 

Model 0.195  14 0.014  22.014  < 0.0001 *** 

X1 0.027  1 0.027  42.739  < 0.0001 *** 

X2 0.015  1 0.015  23.049  0.0003 *** 

X3 0.039  1 0.039  61.085  < 0.0001 *** 

X4 0.001  1 0.001  1.165  0.2987  

X1 X2 0.002  1 0.002  3.743  0.0735  

X1 X3 0.007  1 0.007  11.243  0.0047 ** 

X1 X4 0.000  1 0.000  0.537  0.4759  

X2 X3 0.001  1 0.001  1.717  0.2111  

X2 X4 0.000  1 0.000  0.376  0.5494  

X3 X4 0.025  1 0.025  38.996  < 0.0001 *** 

X1
2
 0.028  1 0.028  43.917  < 0.0001 *** 

X2
2
 0.001  1 0.001  0.976  0.3400  

X3
2
 0.031  1 0.031  48.870  < 0.0001 *** 

X4
2
 0.044  1 0.044  70.143  < 0.0001 *** 

Residual 0.009  14 0.001     

Lack of Fit 0.003  10 0.000  0.247  0.9670 not significant 

Pure Error 0.005  4 0.001     

Cor Total 0.203  28     

R2 0.958       

Adj.R2 0.916       

Pred.R2 0.872       

Adequate 

Precision 
18.143            

 491 

 492 
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Table 5.Result of model validation experiments 493 

NO. Optimum conditions Extraction yield (mg/g) ABTS (µMTEAC/g) DPPH (µMTEAC/g) 

Microwave power 

(W) 

Solvent concentration 

(%) 

Liquid-solid radio 

(g/ml) 

Microwave time  

(min) 

Experimental Predicted Experimental Predicted Experimental Predicted 

1 469 52 25 4 2.22 2.19 34.13 32.94 26.23 27.78 

2 469 52 25 4 2.1 2.19 30.08 32.94 29.08 27.78 

3 469 52 25 4 2.14 2.19 33.13 32.94 25.93 27.78 

4 469 52 25 4 2.17 2.19 31.54 32.94 26.65 27.78 

5 469 52 25 4 2.25 2.19 32.04 32.94 28.01 27.78 

Average     2.18  32.18  27.18  

Ethanol Leaching Extraction           

6 0 52 25 60 1.82  21.34  17.14  

7 0 52 25 60 1.77  22.02  16.79  

8 0 52 25 60 1.84  19.16  17.09  

Average     1.81  20.84  17.01  

 494 

 495 

 496 

 497 

 498 

Page 25 of 29 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Figure Captions 499 

Figure1.The effect of different microwave power (a), solvent concentration (b), 500 

liquid-solid ratio (c) and microwave time (d) on the extraction yield and antioxidant 501 

capacity of BBAC. 502 

Figure2.Response surface (3D) showing the effect of microwave power (X1), solvent 503 

concentration (X2), liquid-solid ratio (X3) and microwave time (X4) on extraction yield 504 

of BBAC. 505 

Figure 3.Contour plots showing the effect of microwave power (X1), solvent 506 

concentration (X2), liquid-solid ratio (X3) and microwave power (X4) on extraction 507 

yield of BBAC. 508 
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Figure 3 534 

Page 29 of 29 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t


