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Optimization of extraction of total flavonoids from water caltrop pericarp
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Abstract: In order to optimize ultrasonic-assisted extraction of fla-
vonoids from water caltrop pericarp, response surface methodology
was used to acquire regression models for optimization of extraction
temperature, extraction time and ethanol concentration based on sin-
gle factor investigations. The results showed that this model reflected
good relationship of the flavonoids yield and these factors. The opti-
mal conditions for achieving the high extraction yield of flavonoids
were temperature of 71.77 °C, time of 37.96 min and ethanol concen-
tration of 51.82%. Under the optimum conditions, the extraction
yield of flavonoids reached 5.61% and fitted the models well. The ob-
tained model could be used for extraction of total flavonoids from wa-
ter caltrop pericarp.

Keywords: water caltrop pericarp; total flavonoids; ultrasonic; assis-

ted extraction; process optimization

22 (Trapa spp.) XFRAKSE IR A, J& i B AL 510K A4

E & TR 154 /KA 5805 8 fh m 1 A B R B 58 b0 I S 4 B
By H (G5 : 2015GCZX08) 5 M g BB 2 Be B 22 AT 5 9 H
(%5 : 14XKY107)

EB B XA L W BB A B B 2

WIS T 1980—) . 5, KUWHL T K% #H & W+,

E-mail: wangjh0909@163.com

i EH:2015—11—25

e . KWz it EREE I RERR N FAEZ
RO P EZEMREE R M EAGA 40 ' EERY
24 J7 %, SEMFE AN T FE R Y, 405 25 A R
M 25% , HE &2 W TG 2R A BUG HERS H 3R
ZE T ARG A FERED Y RO, 22 M TP AR
K T 7 sl A A i R HE IS 2 R QIR 2 T K 22 %
TR TS T, AR T Rl S A T i
i 25 Ak & W) B R 4 4 B 4804k L 00 o 6 20 1 1 4 s 4% A0 i
AT A BT R ORI 5 3 5 1 1f 3R
W5 22 5 7 vh B 1Y) 2 R 20 L (B 3 A7 e 4R U R 4 B4R
HUA 2K A IR A8E, R BB A ROM T F Lol A ™. A T 456 R
Z2 A BT AR W B IE A B 5T R DL 2 AR A AR IR )
SR JT 7 7 0 el B0 3R BT 12 DA 2 R 7 4R B R 9T 3 T o
ML TR AL L B B L B AR O T A TR Y G B A AR B
RPN DRy SR T
N R DN
1.1 ## 5 EE

M 5E R B R

PET RRHE SR :99% . 32 [ Sigma 2 A ;

AN SR ER AN R - A AT At B 2 4R 1B Ak
250 PR A 5

ML F RV . BS124S B, 18 5 78 £ F Wi 4L 11 5

EHNAT W43 6 BE . UV2800SPC Y, | i 7% 5 1 S FF
AL A BR AT

R R B DAL GL20 B, KPP R AU A IR A H]

WE s 7% S %% - RE-52A T, 94 22 T #E {28 A PR 7 5

PEFF K HL25 %5 . SHZ-DII B, 74 22 T ¥ AL g8 A BR A ) 5

PR IRAL : BILON-1000CT %1, | ¥ M B A 28 4 &
AR HE

MAEAL : LK-2000A %Y, 5 B B3 56 20 R B il 16 T s

173



RIS E N

2016 % 54

HUEA . TLD B, B AR SC 00 5 b1 AT BRAS W
L2 R®HE
L2l JFURHHIAR B BOWr F 32 f 52 T 80 CHET R AE L A
s 100 H i 2 1 3l ol It A /5 4 71
L2.2 ZEMe B E 2% 300148 J5 ik 2 4R
o 2R D R A P A AR E R e R TR sy =
1.052 72 —0.017 2(R*=0.998 0), %3 (11 #E R ECE

CXV XV, )
= T . 1
B = @xv, < Tooo < 100% ()

Hrp

E——F¢ 5 SBT3, %6

C— Wb BBV 543 B 9 B 3 B VR, mg/mlL;

V0 7 W s 8 B R VB 25 05 I R AR, L

V— SR IURE R AL, mL

V7 —— K6 0 1 BT BB A R A AR R s mL

W—— AR, g,
1.2.3  ZE A 50 2 A B B K% i) oy 1T 15

(1) 22 76 S50 T 45 I 2% 140 1 0 25 f 5 < TR 10.00 g 22
e RN 500 mL BEAR T, A ZEERR IR L B T S SR
HLH 4,5 000 r/min &0 10 min, It 2E FHER I ERE
100 mL, #% 1.2.2 o J5 32 0 5 25 A 56 o 6 25 1 32 BUAS
B R i L BRI R L B RO
PRI [B] 8 75 R T AR5 5 AR R 19K

(2) 2R FiR & it RIE R E R WL, A
Design-expert 8.06 {4 1% i1 (PB) Plackett-Burman i % , %
e R 2 b R B AR i 1 25 1 PBREG 1 0 KO, B
TE Y 2 BE VR BE RH LY AR IO B LB RS Ty S 3R O [R] X
SIS R AT B M R E . SRR R BE e B
B8 & 0 0 4T Box-Benhnken #0241 A B i 1T
1.3 HiEsbE

K il Design Expert 8.06 4¢it#fF, % 18 Central Com-
posite [ J5 B AT 813 50 15 3 3 X HUH8 1 AT 4T O 25 4
BT B S 25 MKl 0,05,
2 IR 50r
2.1 PBIRIGHR

Zeid BN R WA A AR W R LE SR U
PEIA [R] B 7R T X 5 AN A KPR IR 5026 .1 1 25
(g/mL) .70 °C .40 min,360 W, 7E It FEal - #47 PB X6 %
P HIKP i B 45 5 43 51 L 2% 1.2, ] Design Expert 8.06 %}
AT [ VAR J5 22 43 B 45 R L3R 3,45 3 (8] U5 O A

Y=4.0740.25A+0.067B+0.42C—0.11D—0.27E, (2)

H P=0.018 0<C0.05, [a] W 9 34 HH X g 2 1) 4 A5
0 2RI IR B R B PR IO B R B ]
2.2 mBEMHIKIE

R PB & 56 b 45 32 52 R 2 A R0 R/ B T ik BE IE 383K
B 5RO 4, f AT A B R B R BE R oL Al
B o 5L B ACZ BRI B 52 % .CUHRBUR ) 72 C .E
CHEIRAT 6] 38 min,

174

#1 PBRITEERHEKFB/KE

Table 1 Factors and levers in PB design
e AW BWCRE  CiE/  D#AEB  ErfN/
/Y% (mLeg D e HEHR/W min
—1 40 20 60 240 30
0 50 25 70 300 40
1 60 30 80 360 50

*x2 PBRITARKRMAE

Table 2 PB design scheme and its response value

. A B e b S T 4 T
B2/ %
1 —1 —1 —1 —1 —1 3.73
2 1 —1 1 1 1 3.86
3 —1 1 1 —1 1 4.03
4 1 —1 1 1 —1 5.00
5 1 1 —1 1 1 3.92
6 —1 —1 1 —1 1 4.19
7 1 1 1 —1 —1 5.50
8 —1 —1 —1 1 —1 3.53
9 1 —1 —1 —1 1 3.71
10 1 1 —1 —1 —1 3.91
11 —1 1 1 1 —1 4.36
12 —1 1 —1 1 1 3.09
®3 PBIREEAZEHH
Table 3 ANOVA of PB test
TRV A mE Y55 F 14 P {H .
f5E 7Y 5 0.783 253 6.878 494 0.018 0 *
A 1 0.731 313 6.422 356  0.044 4 *
B 1 0.053 092 0.466 254 0.520 2
C 1 2.124 931 18.661 040  0.005 0 % %
1 0.141 217 1.240 162 0.308 1
E 1 0.865 714 7.602 659  0.033 0 *
oz 6 oa13so
sl 11

T o« FARMEE(P<0.0D); * R B FH(P<0.05),

* 4 RBERHINIE K 4R
Table 4 Design and result of the steepest

ascent experiment

5 A C E  GEERIEAR/ %
1 50 70 40 4.77
2 52 72 38 5.55
3 54 74 36 4.18
4 56 76 34 4.56
5 58 78 32 3.97
6 60 80 30 3.75
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Table 5 Factors and levels of Box-Benhnken

experiment design

KE CHbE/TC

E WA /min - A ZEEHE/ %

—1 70 36 50
0 72 38 52
1 74 40 54

#*& 6 Box-Benhnken i& it 75 & 5% b [ &

Table 6 Box-Benhnken design scheme and its
response value
RS C E A EEEIRER R/ %
1 0 1 —1 4.38
2 0 0 0 5.73
3 1 0 —1 4.01
4 1 —1 0 4.27
5 0 0 0 5.47
6 0 0 0 5.81
7 1 0 1 4.21
8 —1 1 0 4.94
9 0 —1 1 3.96
10 —1 0 1 4.27
11 1 1 0 3.86
12 —1 0 —1 4.19
13 0 0 0 5.53
14 0 —1 —1 5.13
15 —1 —1 0 4.37
16 0 0 0 5.49
17 0 1 1 4.39
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Table 7 ANOVA of response surface

FERE A ¥ 75 Ffd P {H B
LT 9 0.761 415 10.825 040  0.002 4 % %
C 1 0.249 737  3.550 516  0.101 5
E 1 0.002 951 0.041 955 0.843 5
A 1 0.097 086  1.380 276  0.278 5
CE 1 0.238 662 3.393 054  0.108 0
CA 1 0.003 339 0.047 472 0.833 7
EA 1 0.346 727 4.929 416  0.061 9 *
c? 1 2.520 819 35.838 510  0.000 5 X %
E? 1 0.944 263 13.424 590  0.008 0 X %
A? 1 1.855 739 26.383 060  0.001 3 x %
""" #% 7 007038
ES1) 3 0.132 229 5.527 868  0.066 0
Yz 2 4 0.023 920
Js¥ill 16

tox x TR E (P<K0.01) ;5 * FoR i3 (P<<0.05)
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Figure 1 Response surface plot for effects of extraction time
and temperature on extraction yield of total fla-

vonoids
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Figure 2 Response surface plot for effects of ethanol concentra-
tion and extraction temperature on extraction yield of

total flavonoids
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Figure 3 Response surface plot for effects of ethanol con-
centration and extraction time on extraction yield

of total flavonoids
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