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Optimization of extraction of flavonoids from Prunus cerasifera leaves using
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Abstract: The yield of ultrasonic assisted extraction of cyanidin-3-0-glucoside, rutin, quercetin and kaempferol in the leaves
of Prunus cerasifera were determined by high-performance liquid chromatography ( HPLC). And according to the activity of
the four substances,the weight calculation formula for the yield of flavonoids in the leaves of P. cerasifera was established.
On the basis of single-factor test, Box-Behnken response surface methodology was used to optimize extraction process of fla-
vonoids from P. cerasifera leaves. The leaves of P. cerasifera in different months were treated by the best extraction process,
and the flavonoids yield was calculated according to the weight of four substances to determine the best picking month. The
results showed that the optimum extraction conditions were as follows : ethanol volume fraction was 63.93% ,ratio of liquid to
raw material was 25:1 (ml/g) , extraction temperature was 44. 08 °C , and extracted for 41. 62 min. And the best picking
month was August. The results showed good repeatability and high reliability. The yield of cyanidin-3-O-glucoside changed
most obviously over time,and was also significantly related to sunshine conditions. All in all,the study in this paper can pro-
vide the beneficial reference for the extraction of related components in the future.
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Table 1  Preparation of reference solution
. y 7 &S N A -3-0-HE BT AL T R
. T WA AT SRR -0 R TG
Concentration eradient Rutin Quercetin Kaempferol Cyanidin-3-0-glucoside
oncentrz .
£ (pg/ml) (pg/ml) (pg/mL) (pg/ml)
‘ EH (S NS Ly g
X SR L B 7 L . 100 100 100 100
The mass concentration of the reference solution
F# B — Gradient one 75 75 75 75
FRJEE . Gradient two 50 50 50 50
A = Gradient three 25 25 25 25
FA 3 Y Gradient four 10 10 10 10
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Table 2 Factors and levels of Box-Behnken test

2% Factor

K
Lo A WOk B 2RI C SR D IR ]
Liquid-material ratio( mL/g) Ethanol volume fraction(% ) Extraction temperature( °C ) Extraction time( min)
1 15:1 50 40 40
0 20:1 60 50 50
1 25:1 70 60 60
B SRIBOR 4% 2. 17 0N 3 SRR E il 3 ERES
2. 4"WUPIHRINET R MAFE A MR EHR3-0- 3.1 pREHERNKFMGTEEERER
HAFEHAEE R T MR LS 4 MY 3 11 ARl

(R & TELy/IigE R
2.8 GZitoth

gt H A 3 W O IE, 2R USE A
bR (v x5 ) (BRI, R Design-Expert
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Table 3 Linear regression equation and correlation coefficient

T ER (]

Retention time

sy

Ingredient .
°© ('min)

R FREL

Coefficient of correlation

(R*)

[l =15

Regression equation

M
Linearity range( pg/mL)

REFGR3-0-MERET LT R

Cyanidin-3-0-glucoside 23.61
7T Rutin 31.70
Kt 2 2 Quercetin 47.89
1175} Kaempferol 53.62

y=1241.9x - 6 072.2 0.998 4 0.010 ~ 10
y=4051.5x +10 185. 4 0.999 3 0.025 ~10
y=9073.2x - 64 097 1.000 0 0.010 ~ 10
y =22 604x - 108 066 0.999 3 0.025 ~5
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Fig. 1 HPLC chromatograms
WX B (A) R R 3-0-HFBH TR (B) T (COME (D) iz, Hefh: (B) 2R BUR : (a) R -3-0-H A0
FHHHFZE; (b)) BT (e) M 2 ZE; (d) 1AW, Note: Reference substance: ( A) Cyanidin-3-O-glucoside; ( B) Rutin; ( C) Quercetin; (D)

Kaempferol. Sample: (E) Extraction solution of Prunus cerasifera leaves:(a) Cyanidin-3-O-glucoside; (b) Rutin;(c) Quercetin;(d) Kaempferol.
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Fig. 2 Effects of ethanol volume fraction, liquid-material ratio, extraction temperature , extraction time on yield of flavonoids
NG FRFOR N R BA B E SR AR (P <0.05) , Note: Lowercase letters mean a significant difference among the

different treatments at P <0. 05 level in single factor test.
Tk BT B 2R ) AR A M AN 2 (C) Bl 3830 0. 085% 0. 000 3% , 22 J BT i 2 ) o 4 2 Bl il J32
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SEIG G AR SR BURFE] 2 50 min i 35 R 2K 9 ot
R KFNH KN 0.057% =0.000 2% , 32 B ] 88
id 50 min 5 MY AR T B, N EARNER
IR RA I, Y HA P R [ E ), SEERFR -8R,
TORELE , 312 UL RIS U 8] 73571 o 60% ,20: 1,50
CHI S0 min i, B EI2EH) i ok

3.3 Box-Behnken Ng 5 m& {4k

#& 4  Box-Behnken i HIIZIT R ER
Table 4 Design and results of Box-Behnken tests

3.3.1 AR @ik R 5 54

PR ARG A FE R L S BORCRHEL | B
ST PGB B EUSH ] 4 SR AR, LS
Z IS IR B TR 2 ) I A5 2R R I (B, SR De-
sign-Expert 8. 0. 6 Zeit#/Fi#k1T 4 BHIE 3 /KFikse,

SRR 4,

el 2 (AT K £y YE R o i

e Clidoteia Db e C b Db AEREE
No. ratio(mL/g) fraction( % ) temperature ( °C) time ( min) Flavonoids yield (% )
1 15:1 50 50 50 0.081 748
2 25:1 50 50 50 0.075 511
3 15:1 70 50 50 0. 077 664
4 25:1 70 50 50 0.099 515
5 20:1 60 40 40 0. 086 857
6 20:1 60 60 40 0. 095 909
7 20:1 60 40 60 0. 096 107
8 20:1 60 60 60 0. 093 969
9 15:1 60 50 40 0.073 657
10 25:1 60 50 40 0. 103 901
11 15:1 60 50 60 0. 095 450
12 25:1 60 50 60 0. 094 262
13 20:1 50 40 50 0. 099 390
14 20:1 70 40 50 0. 095 783
15 20:1 50 60 50 0.078 146
16 20:1 70 60 50 0.073 610
17 15:1 60 40 50 0. 086 237
18 25:1 60 40 50 0.103 818
19 15:1 60 60 50 0. 079 700
20 25:1 60 60 50 0. 086 533
21 20:1 50 50 40 0. 089 747
22 20:1 70 50 40 0.080 918
23 20:1 50 50 60 0.099 138
24 20:1 70 50 60 0.077 637
25 20:1 60 50 50 0. 099 436
26 20:1 60 50 50 0. 097 450
27 20:1 60 50 50 0. 101 957
28 20:1 60 50 50 0.107 246
29 20:1 60 50 50 0. 099 565

K H Design-Expert 8. 0. 6 FAFX AR A5 R AT

“RZocllIA T, XA AR A B LC.D FIE S
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YA R T 20 I BRI . DA 2R rh
B2 AT 2 A i N AE, 28 1 006 05 A5 21 i ]
IHA R .

Y=0.10 +5.757 x 10°4 - 1.546 x 10° B -
5.027 x10°C +2.131 x10°D +7.022 x 10°AB -
2.687 x10°AC - 7.858 x 10°AD - 2.322 x10*BC
- 3.168 x10°BD - 2.797 x10°CD - 6.866 x 107
A* - 0.011B> - 4.608 x107°C* - 3.172 x10°D*,

Xl BEEAT 7 22 o0 b, A5 SR DL 5. e

TR RS TS P <0. 05, FRUIBIRLELAT I 5 K
T P =0.07 >0. 05, FKH I RIS FE v, o i
RPFAE, BRI A . AR 5 o F R /N]
DA 4 A P28 5% 5 i 2 400 5 45 58 1) 5 ) R A
WOREE > R > B lE] > AR 8, — kI A
C, 28 HI AB AD, YRI5 A® Xif ¥ i 25 ) 15 R 11
SEMR 25 (P <0.05) s kI B> X 8 Wi 2K ) Jo 1%
HA W B2 52 (P <0.01)

RS FAENWER

Table 5 Results of variance analysis

T3 22 KR A A ¥ F p EE
Source Sum of squares  Degree of freedom Mean square Significance

FETE Model 0.002 23 14 0. 000 159 3.048 711 0.022 8 *
A 0. 000 398 1 0. 000 398 7.613 261 0.015 4 *
B 2.87 x10° 1 2.87 x 107 0. 549 091 0.470 9
C 0. 000 303 1 0. 000 303 5.805 11 0.030 3 *
D 5.45x10° 1 5.45 x10° 1.043 309 0.324 4
AB 0. 000 197 1 0. 000 197 3.775 537 0.072 4
AC 2.89 x10° 1 2.89 x10° 0.552 831 0.469 5
AD 0. 000 247 1 0. 000 247 4.728 039 0.047 3 *
BC 2.16 x107 1 2.16 x 107 0.004 13 0.949 7
BD 4.01 x107 1 4.01 x107 0.768 471 0.3955
CD 3.13x10° 1 3.13 x10° 0. 599 235 0.4517
A2 0. 000 306 1 0. 000 306 5. 853 807 0.029 7 *
B 0.000 717 1 0.000 717 13.728 09 0. 002 4
c? 0. 000 138 1 0.000 138 2. 636 885 0.126 7
D? 6.53 x10° 1 6.53 x 107 1.249 075 0.2825

3% Residual 0. 000 731 14 5.22x107%
AT Lack of fit 0. 000 674 10 6.74 x10° 4.736 796 0.073 7 ENTE
4li{5 7% Pure error 5.7 x10% 4 1.42 x10°
S Cor total 0. 002 961 28

" AZRRE(P<0.05) ;" " HEFHWEE (P <0.01),

Notes ; * Significant difference (P <0.05) ; * * Very significant difference( P <0.01).

T 2A ) SR A5 3R 4 e 7 T ] DL P 3 g 7 T ]
AT LA T M 52 k45 PR 2% 1] 114 38 A R e o) g AL ) 5%
M R FEE M) 7 T 3% B e B 2 s R DR R 58 AR FH
R, Z W F RN E L BEAR AR E ol e
3(C) WA i, B0k EE AR BRI (] 58 BT (1% 1) 37 7 34
JEE A5 B, 0 I VP PRI 28 58 AR P A 3, T At R 3R A 58
HYERARE . 585 FEMTER—

ZRARAT MY, $E BUES 2 v v R R S ) I 11 e
FETEEM R CBARFU 41 63.93% R 25: 1

PRIURE 44. 08 °C L] 41. 62 min, Fi 0 2
KA %H 0. 105 8%
3.3.2 iR

TEHE TR TAE R g 18 T4 il 25 6
AR T2 SRR Ry SRR TR 3 E 64% JBELLE 25
S1FRIBURLE 44 °C BRI [E] 42 min, BTSSP
13 YOPATIRGE: , P X B SE Y BT 0. 106 2%
+0.000 2% .,
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