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Abstract

Functional compounds including flavonoids, anthocyanins, polyphneols and antioxidants were extracted from blue
honeysuckle (Lonicera caerulea L.) using highly efficient microwave-assisted extraction. And extraction process
was modeled and optimized according to response surface methodology (RSM). The independent variables (X.)
were ethanol concentration (X;: 0, 25, 50, 75, 100%), iradiation time (X;: 1, 3, 5, 7, 9 min), and microwave
power (X3: 60, 120, 180, 240, 300 W). Dependent variables (Y,) were total flavonoid contents (Y:), total anthocyanin
contents (Y2), total polyphenol contents (Y3) and antioxidant activity (Ys). Four-dimensional response surface plots
were generated based on the fitted second-order polynomial models to get optimal conditions. Estimated optimal
conditions for 4 responses were ethanol concentration of 54-72%, irradiation time of 7.1-7.6 min, and microwave
power of 243-251 W. Ridge analysis predicted the maximal responses of total flavonoid content, total anthocyanin
content, total polyphenol content and antioxidant activity were 38.00 mg RE/g, 6.80 mg CGE/g, 14.90 mg GAE/g,
89.10%, respectively. Verification experiment was carried out at predicted optimal conditions and experimental values
for total flavonoid content, total anthocyanin content, total polyphenol content and antioxidant activity were 38.10
mg RE/g, 6.72 mg CGE/g, 14.91 mg GAE/g and 89.13%, respectively. No significant difference was observed
between predicted and experimental values, indicating good fitness of fitted model and successful application of
RSM.
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‘ Blue honeysuckle freeze drying and grind

‘ Strain powder through 40 mesh size sieve ‘

l

‘ Honeysuckle sample powder 1 g ‘

MAE Condition
Ethanol concentration (%): 0, 25, 50, 75, 100
Irradiation time (min): 1, 4, 7, 10, 13
Microwave power (W): 180, 210, 240, 270, 300

l

‘ MAE extraction process

l

Filtered with No. 1 (Whatman) paper under vacuum
condition

|
‘ 100 mL Mess up with ethanol

Fig. 1. Scheme for microwave-assisted extraction process for blue
honeysuckle.
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Table 1. The central composite design for optimization of
microwave-assisted extraction of blue honeysuckle

Levels
Xa Response variables
-1 0 1 2
X Ethanol concentration (%) 0 25 50 75 100
X Irradiation time (min) 1 4 7 10 13
X3 Microwave power (W) 180 210 240 270 300

2 A1Z1 & 1 N NaOH 500 pLE #H7}stsit). vkl o]
= 510 nmol| 4] UV-spectrophotometer(Shimadzu Co.,
UV-2550, Tokyo, Japan)E- ©]-83le] &4ttt &4
2 rutin(Sigma-Aldrich)& ©]-8-8te] Aol 2o A}
ERIpia=g

ok (%

Z dEA lo}ﬂ ?}%%k(TAC) =742 Truong 5(10)2] A&
WS st Skt BHe] FE=2 24 500
uL 0.025 M potassium chloride(pH 1.0)¢} 0.4 M sodium
acetate(pH 4.5)E I35l 104] ﬁ” 3k 1 mL ¥ S WHE
3 ARoA 1587 WEE-A]Zl & UV-spectrophotometer
(Shimadzu Co.)Z ©| &3 %;i%u %k 530 nm, 700 nmel] A

Table 2. Central composite design (CCD) matrix for total flavonoid content (TFC), total anthyocianin content (TAC), total polyphenol
content (TPC), DPPH radical scavenging (DPPH) of blue honeysuckle under ethanol concentration, irradiation time and microwave power

Extraction conditions Responses
Exp No. Ethanol concentration Irradiation time Microwave power TFC TAC TPC DPPH (%)
(%) (min) W) (mg GAEg) (mg CGE/g) (mg GAE/p)

1 25 4 210 63.5410.38 0.33£0.00 13.79+0.39 91.22+0.39
2 25 4 270 62.9610.67 0.350.00 13.960.35 91.39+0.55
3 25 10 210 62.5110.67 0.360.02 14.5140.38 91.50+0.23
4 25 10 270 63.97+1.24 0.38+0.01 14.4540.43 91.60+0.27
5 75 4 210 63.11£1.02 0.35£0.01 13.8140.11 91.46+0.50
6 75 4 270 63.260.81 0.37+0.00 14.4%0.12 91.77+0.44
7 75 10 210 64.03£0.80 0.360.00 14.2940.13 92.11+0.17
8 75 10 270 64.17+1.17 0.420.01 14.3540.14 92.28+0.06
9 0 7 240 61.75t1.11 0.310.01 13.83£0.38 91.4610.17
10 100 7 240 62.51+1.10 0.360.00 14.3840.12 92.01+0.12
11 50 1 240 63.38+0.67 0.32+0.00 13.7840.31 91.22+0.39
12 50 13 240 63.52£1.05 0.340.00 14.1140.02 91.46%0.11
13 50 7 180 64.02+1.09 0.33£0.01 13.8240.19 91.39+0.49
14 50 7 300 64.26+1.26 0.38+0.01 14.2840.12 91.32+0.22
15 50 7 240 65.97+0.80 0.4410.00 14.6240.39 92.32+0.00
16 50 7 240 65.61+1.46 0.47+0.00 14.68+0.02 92.55+0.43
17 50 7 240 65.73£1.53 0.46+0.00 14.6810.22 92.59+0.12
18 50 7 240 65.761.07 0.44+0.01 14.6910.21 92.41+0.21
19 50 7 240 65.8+1.61 0.44+0.01 14.6510.17 92.55+0.43
20 50 7 240 65.87£0.91 0.45£0.01 14.6540.28 9245017

& BRELE-0IS 3 JF ‘ 747t 24T 24T G e AEASEAA S ol

o] W] & Behuieol= FUIFOS] SHL aluminam g ' oo
colorimetric assay(9)E AH8-3Fth Be] =% 70 pLol
S5 430 ILE 713 5 5% NaNO, 50 pLE A 7}skitt TAC(mg cymﬂding-3-glucoside/L)=%

83 10% AI(NOs); - OH,0S 713 5 A2d|A] 657t



626

o

A=(As30 nm-A700 nm)pr1.0-(A530 nm-A700 nm)pH45
DF : dilution factor of the sample
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Table 3. Regression coefficients and analysis of variance (ANOVA)
results for the MAE models for dependent responses

Cocfficients TRC" TAC TPC DPPH
Intercept 65717 04497 146637 92467
ETOH? 0.19 0011" 0078" 0.188"

TIME 0.13 0.009” 0.144" 0133"
POWER 0.10 0013” 0.105" 0,038
ETOH*ETOH 0957 0007 01397 091"
ETOH*TIME 023 0,003 0010" 0.084
ETOH*POWER 007 0.003 0.068 -0.026
TIME*TIME 0627 00307 01797 0290
TIME*POWER 025 0223 009" -0.026
POWER*POWER ~ -045" 0047 01537 0286
R square 095 097 0.94 095
Lack of fit 036 028 034 041

Model significance <.0001 <.0001 <.0001 <.0001

Stationary points maximal maximal maximal maximal

1)TFC, total flavonoid content; TAC, total anthocyanin content; TPC, total polyphenol
content; DPPH, DPPH radical scavenging activity.

ETOH, ethanol concentration; TIME, irradiation time; POWER, microwave power.

Jierk p<0.001, ** 0.001<p<0.05, * 0.05<p<0.1.
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Table 4. Predicted levels of microwave extraction of blue honeysuckle extract for the maximum responses of total flavonoid contents (TFC),
total anthocyanin contents (TAC), total polyphenol contents (TPC), DPPH radical scavenging activity (DPPH) by the ridge analysis

) X1 Xg X3 Maximum
Responses R Pro>F ) - Morphology
(%) (min) W) Predicted
TFC 0.95 0.0001 529 15 244 65.74 mg GAE/g Maximum
TAC 097 0.0001 54.8 74 248 0.45 mg CGE/g Maximum
TPC 094 0.0001 56.9 11 250 14.71 mg GAE/g Maximum
DPPH 0.95 0.0001 64.1 79 242 92.54% Maximum
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Table 5. The range of optimum MAE condition for the maximum
responses of TFC, TAC, TPC, DPPH from blue honeysuckle

MAE conditions Predicted optimal condition
Ethanol concentration (%) 53-64
Irradiation time (min) 74-19

Microwave power (W) 242-250

Eihanol concentration (%)
- - - -

Fig. 2. Four-dimensional response surface plots for TFC (at
constant values of 63, 64 and 65 mg RE/g) from blue honeysuckle
as a function of microwave power, ethanol concentration, and
irradiation time under microwave-assisted extraction.
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Fig. 3. Four-dimensional response surface plots for TAC (at constant
values of 0.2, 0.25, and 0.3 mg CGE/g) from blue honeysuckle as
a function of microwave power, ethanol concentration, and
irradiation time under microwave-assisted extraction.
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Fig. 4. Four-dimensional response surface plots for TPC (at constant
values of 14, 14.2, and 14.5 mg GAE/g) from blue honeysuckle as
a function of microwave power, ethanol concentration, and
irradiation time under microwave-assisted extraction.
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Fig. 5. Four-dimensional response surface plots for DPPH radical
scavenging activity (at constant values of 90, 91, and 92%) from
blue honeysuckle as a function of microwave power, ethanol
concentration, and irradiation time under microwave-assisted
extraction.
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Fig. 6. Superimposed four-dimensional response surface plots for
the optimization of total flavonoid content (65 mg RE/g), total
anthocyanin content (0.3 mg CGE/g), total polyphenol content (14.2
mg GAE/g) and DPPH radical scavenging activity (92%) from blue
honeysuckles under microwave-assisted extraction.
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contour mapsE superimposingdte] 2]
(Fig. 6). BHo] 4 F224 HE &S F=53-64%,
FZA]Zt 7.4-7.9 min, microwave power 242-250 W2 L}E}
WTKTable 5). 22 27 Wolld ol A odeg v=
60%, 5% A|Z}t 7.5 min, microwave power 245 Wol| th <]t
A3}, TECE 65.74 mg RE/g, TACE 045 mg CGE/g, TPCE
1471 mg GAF/g, DPPHE 92.54%°] +X|& Jehitt
(Table 6). o5 Aol sl 222 53] sl Tz
deje] oA 1S skl en, 1 A7} TFC,
TAC, TPC 18|31 DPPH= 717t 64.09 mg RE/g, 0.38 mg
CGE/g, 14.29 mg GAE/g, 91.85%2] +X& YeRfAth
(Table 6).

Table 6. Comparison between predicted and experimental values
of response variable of blue honey suckle extract at the givcen
condition” within the range of optimal condition

Predicted value

Response variables” Experimental value

TFC (mg REJg) 65.74 64.09
TAC (mg CGEfg) 045 038
TPC (mg GAE/g) 1471 1429

DPPH (%) 92.54 9185

The given conditions; 60% of ethanol concentration, 7.5 min of irradiation time,
245 W of microwave power.

z)TFC, total flavonoid content; TAC, total anthocyanin content; TPC, total polyphenol
content; DPPH, DPPH radical scavenging activity.
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