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Optimization of extraction process of total polyphenols from Brassica rapa L.
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ABSTRACT: Objective To optimize the extraction process of total polyphenols from Brassica rapa L. in Xinjiang
by response surface method. Methods The content of total polyphenols in Brassica rapa L. was determined by
ultraviolet spectrophotometry. The effects of ethanol concentration, solid-liquid ratio, ultrasonic time and ultrasonic
power on the yield of total phthalocyanine were investigated. On the basis of single factor, 4-factor and 3-level design
was carried out, and the total polyphenols yield was taken as the response value to analyze the data and optimize the
extraction conditions of total polyphenols in Brassica rapa L.. Results The optimal extraction process of total
polyphenols in Brassica rapa L. by ultrasonic wave was as follows: ethanol volume fraction was 40%, solid-liquid
ratio was 1:30, time was 30 min, power was 105 W. The results showed that the content of turnip polyphenols was
13.09 mg/g, which was close to the predicted value 13.62 mg/g, indicating that the process parameters obtained by
response surface method were accurate and reliable. Conclusion The method has the advantages of short extraction
time, less solvent consumption and high extraction efficiency, it can be used as an effective means for the extraction
process of polyphenols from phthalocyanine.
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BRI IR K R (AR A BR A F]); AB135-5 FHLF4)
P R-(Hi |- Mettler-Teledo 23 7]); KQ3200DE %5 i 7
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(33 SR A AR AR A BR S HDD
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A ST T FH 24 A e s 5 i S5 A G % Bl T S ] B L 58
o Bt avkdi s, BOGE XL T, BusEIET
JEZGRE, AR SOFEE ALK, it 60 B, HIRAEFE .
24 BEBMHSENE
2.4.1 EEFERA R &BIEIRN S

KR I 10 mg W& FRAPRUE L, G i 28 18KV

HEAZE 100 mL AR, E115 0.1 mg/mL AIARMEAR .
242 RRTEATAE M ANGLH

K2 R O & T BRI 0. 0.15, 0.30. 0.45,
0.60. 0.75. 0.90 mL, BT 10 mL WHZEXE , #%LF
43 54550 i 3 mL 28480k, #8451, 0.5 mL ARk
R, # 1k 1 min)J5 1.5 mL 7.5% Na,CO; 6K, 78505
SIJE R ZZIEE, 75 °CARKE A 10 min, L1 mL Z2IHKAL
BB RAE S AR, 76 760 nm UK GRS o
243 HRHFELBOSENL

FREGHBAR 1.00 g T 100 mL HEFE M, FRHE L
TN BT, e E YRRV 30 min, B %E T LR
Ik, LU A AR R E 0.06 mL BT 10 Z TR R
HIERE S, LT IRFmzZmEAK 3.00 mL, #2),
0.50 mL FEAIRFH, # ik 1 min G 7.5%Na,CO; I
1.5 mL, SRS ES, 75 °CKIE N 10 min, DL 1 mL
FEVAKAE R 2s AR, 7E 760 nm IIREE, SEAT 3 IR,

BEBERMITEAL: X=(C.VN/M
K X W ZE R, me/g; C RdEbRuEZR B T
B RPN BOR T Z B SRR B, pg/mL; VORI
ARF mL;

N AFBAEEG M IR TR, g0
25 BEZRRAE

A SE B G A ] B 3R X 7 55 Te 5 B 2 B R IR 1Y
S, SR R S R BRI, AR T SRR
B . BREET ] DL R SR B e SRR IR R 1Y 4 4>
HZ, RO XE WA —E g, (FRERF
AR EEAR MR S A, A UER A, AR O B
50 °CZefy, b—Hb T HAh 4 SRR FRE T, WFk 1
FiR o

#1 REFAERI
Table 1 Single factor test design

CEERE % BHE L/ (g/mL) B E/min REEIR/W
1 30 1:10 20
2 40 1:20 30
3 50 1:30 40
4 60 1:40 50
5 70 1:50 60

251 TERENHA

FREL 1.00 g Z544, 7 100 mL 4ETEHH, 454, IIA
20 mL %5, 2900 30%. 40%. 50%. 60%. 70%FHIZ.
FETR, MEATRETE, AR 50°C, ThEEJy 150 W, B[]
30 mine KRR IR<2.4.37 TR AR D53 rh A 22 T 1 Wk
B, RS Th B2 BmRA,
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252 AHRE B HEGHE F R, SEMZBERhE S, Fit, R
PRI 1.00 g 2541, i 100 mL SRR, 45 5 0 MA g3 sh MmN, ZRIREE 40%4 4 HE .
40%Z B2 10 | 20, 30, 40, 50 mL J5 75 TH# 5 % b k4T #
L AR SO °C, BN 150 W, MR ool i
: Y=103.54X+0.0044 0
30 mino KRERE<2.4.37 175 1%, e b B 2B IOLE, 0.7+ #=0.9993
HE -0 TEE < 061 -
253 AEMIE Y% 8 2j§i .......... .
FRIL 1.00 g 254, i 100 mL HETR D, % 5 B 4331 = o3l o
BIA 30 mL HeHE Sl 40%5) 2,12, I R 3 o b 02} o
FFEIE R 50 °C, HAIIRN 150 W, M4 Ole."

20, 30, 40, 50. 60 min. ZEIUEMTE2.4.3” B BRI Z )
AW ERE, T 2 I
254 REBEAHFHTR

FREL 1.00 g 2544, i 100 mL 4R, 4 5 63 mA
40 %ZF 30 mL J5, #A 30 min, 18K 50 °C, HAEDR
3590, 105, 120, 135, 150 W, SEUEWHE“2.4.37 0 18
2R, 5 ZmER,
2.6 TRz @ERKE

TEBA R IERE |, $2 18 Box-Behnken AU I, %
W BT . BREUSTIR) | RHAL . R ) SN S Y R e PR
F, WIS s N, 4 R 3 KT
LB, WK 2 R,

*2 MREERKFERT

Table 2 Response surface factor level design

[ %
Ky zmmkrr BRNEIL  CHEUME D REGHR
1% /(g/mL) /min /W
-1 30 1:20 20 90
0 40 1:30 30 105
1 50 1:40 40 120

3 HRESR

3.1 ZMXRHER

HRAfE2.4.27 7%, 0 A4 W B R 1B 1S )k A [l
H O, FSARMERZRE H Y=103.54X+0.0044, =0.9993, i,
B BETE 0.0015~0.0075 mg/mL 75 Bl P4 -5 W 6 £ KLY
LM R, WA 1,

32 BERER
3.2.1  TEEREN S BRI YR

ME 2 075, 2B 30%~40%0, Bl 2 Bk FE (1)
B, BZBSREEIEIN, ZERE 40%H, HZHE
FIRFNRK, 4 12.01 mg/g, ZEEHREETE 50%~70%I, Ff
H ORI, B AT R, 2 W 1 A

ok
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
¥ /(mg/mL)

BT B R I A o £ ¢

Fig.1 Standard curve of gallic acid reference substance
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Fig.2 Effect of ethanol concentration on the yield of total
polyphenols (n=3)

322 HHERLEE R

M 3 a1, BB 1:10~1:30(g/mL)R, BRI
B, B2 MR 2OENA L 1:30(g/mL), JEF
Z W Rk R R &SN 1532 mgg. YRR I
1:30~1:50(g/mL) A}, BARENE B 2340, (R 2B
WURZA TR, BB A B LE 1:30 (@/mL) /e A7 AL

o 18

= 16

£h

# 10

o 8

g g

ﬁ % 1 1 1 1 1
1:10 1:20 1:30 1:40 1:50

B HE/(g:mL)

3 RHR HXT 2 S R BRI (n=3)
Fig.3 Effect of solid-liquid ratio on the yield of polyphenols (n=3)

323 RIREI 60

A 4 AT, 4RBUSE] 20~30 min B, B2 A ) 1
TS Z ISR Z AN, 76 30 min N 23R K E RS
12.56 mg/g. 40 min A5 T [, XABHEZHBR T 22
FAT LAAINE B0 B AT AR IO SR &5 m & A5 5, 5 n] Rg
XA S AR Z By ASE 760 nm YO, RO E 2
TEIRZ BARL 2y o 7E 60 min I ZER5R X IF A T (H IR E
EARFN R S, T 4/ 0B ], $RE 30 min B, 26
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30 min N'H..
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Pl 4 SRIBUN[RIA S22 Y5 38 1 R0 (n=3)
Fig.4 Effect of extraction time on the yield of total polyphenols
(n=3)

324 RERIHFHH

ME S AL, IR 90~105 W I, B2 & EE
# ETHES, 1E 105~150 W IHSE FRR 24 ETF TR
e, 120 W RAR T B0 I I AE AR AR IR 22, TR S D4R 105
WIS B A R R 14.5 mg/g, [RILTE 2 W
FEHUAY A AR RITE 105 W ORHL

o 16
o0
E
& 10
E s
s
& 6
4
0 1 1 1 1 1
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RBIE/wW

5 RIINAEBR RIS (n=3)
Fig.5 Effect of extraction power on yield (n=3)

3.3 Box-Behnken i 38 i% it 54 R

FIF Design-Expert 8.0.6 B T8 E, 5
BT S 4R LR 3.
34 BREMEISEEMKER

F|FH Design-Expert V8.0.6 F {4 X Hdi it 472 st Ml 44
A, BRI Y=13.67+7.5x107°4+0.38B-0.35C+

0.59D+0.524B+0.374C+5.00x10°4D—0.013BC+0.41BD—
0.85CD-1.104%-1.17B°~0.98C*~0.76D*,

B R4S IRTT R, Jy BRI ) 251 P<0.0001 J& %
VR, IR R R AT ROT SR . AR 2R L
P=0.057>0.05, 4 8 2, LA 19 a3 77 R A5 & SE Br 1
Blo AHEREL 17=0.9707, r°5q=0.9413, FWIBR LI
PIAE R, SRR 2280/, UG 5, AR AT
FIETE B 2R ST O . Jr AR 25 IR 0 e X {E
TP S 5 DR 28 0 o o R A S M AR B, R B IE, T
e WL T R0 1) . B FIZ O R A R R A R U,
DRI ELA W KBS, REREEATORAR 0BT o 25 DR 3R 0 e 5 A

Z R SZ T . C>D>B>A, B4R I ] > L)
PR > ORI

% 3 Box-Behnken HJZ5 R
Table 3 Results of Box-Behnken

S hass

L A ZEHEB Bl © BT DRI B mi

S3BU%  (g/mL) /min  MFE/W  /(mg/g)
1 0 1 0 -1 11.19
2 -1 0 0 1 11.26
3 0 0 -1 1 10.39
4 1 0 -1 0 10.54
5 -1 1 0 0 10.65
6 1 1 0 0 10.90
7 -1 0 -1 0 9.51
8 0 0 0 0 13.48
9 -1 -1 0 0 11.08
10 1 0 1 0 10.87
11 0 -1 1 0 10.84
12 0 -1 0 -1 11.27
13 0 1 0 1 10.49
14 1 0 0 -1 11.45
15 0 0 0 0 13.62
16 0 0 1 1 11.23
17 -1 0 0 1 10.39
18 0 -1 0 1 10.53
19 0 0 -1 -1 10.53
20 -1 0 1 0 11.36
21 0 0 0 0 13.56
22 0 1 -1 0 10.32
23 0 1 1 0 12.11
24 0 0 0 0 13.59
25 0 0 0 0 13.59
26 -1 0 0 -1 10.84
27 0 0 1 -1 11.24
28 1 -1 0 0 10.50
29 0 -1 -1 0 11.50
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%510 %

3.5 MMNE@EmSHR

A5 PR 2R S A KT 2 53 R BCA W 1  )7 f T F]
WP 6~11 [ H i m A BENSRREE, AT AR A8 B X 4R R
SRR IE, AT BE R TR AR, RO /N, 2

KR T AR Z R H AR SRE, WP £~ EAE
AR, FEERLEEAANLE.
et o7 pH TR ) ) B RS T R R SRR (40%)
FHR (1: 30, g/mL), #BANTEI(30 min), $REEHF105 W),

R4 FHEMRER

Table 4 Analysis of variance

Pl SEHFI A B ¥r FAi P
Y 35.48 14 2.53 33.10 <0.0001 ok
A 2.083%107* 1 2.083%107* 2.721%107 0.9591 N
B 3.000%107* 1 3.000%107* 3.918%107 0.9510 N
C 1.97 1 1.97 25.70 0.0002 ok
D 0.41 1 0.41 5.41 0.0355 *
AB 0.17 1 0.17 2.25 0.1559 N
AC 0.58 1 0.58 7.54 0.0158 *
AD 0.55 1 0.55 7.15 0.0182 *
BC 1.50 1 1.50 19.60 0.0006 *k
BD 4.000%107* 1 4.000%107* 5.224%107° 0.9434 N
CcD 4.225%107 1 4.225%107° 0.055 0.8177 N
A? 14.40 1 14.40 188.02 <0.0001 *
B? 9.91 1 9.91 129.43 <0.0001 ok
c 11.88 1 11.88 155.20 <0.0001 ok
D? 11.09 1 11.09 144.78 <0.0001 ok
hk2z 1.07 14 0.077
El 1.06 10 0.11 36.95 0.057
afiiR 2% 0.011 4 2.870%107°
eyl 36.55 28

R RN MR B (P<0.01), “*”3R RS2 B35 (P< 0.05), N KR .25 (P>0.05)

0
B: B H/(g/mL)

0 -
) 5
35.00 40.00750.00

40
00

.0
A: LEERE %

B: BHB Hb/(g/mL)

40.00

35.00

30.00

20.00
30.00

35.00

K6 ZMERBEHUEHR LU X Jo75 2 B s R 1 S HAR

Fig.6 Interaction of ethanol concentration and feed-liquid ratio on the yield of turnip polyphenols
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C: 3B E]/min 00 0003000 45.00
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B 7 Rk SR IR ) (0 JE 5 2 B 2 HAE

Fig.7 Interaction of ethanol concentration and extraction time on the yield of turnip polyphenols

35.00

30.00

C: $EEU 8] /min

25.00

oos B0
4500 A ZEEWKEE/% 20.00
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40.00 ~50.00
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B8 LBk BRI AN I 2 MR 1 s HAE A

Fig.8 Interaction of ethanol concentration and extraction power on the yield of turnip polyphenols
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Fig.9 Interaction of material-liquid ratio and extraction time on turnip yield
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3.6 =IEXTTRAVIIE

FRBUBI A 1.00 g BEFHEIEIRH, IAEREL 5L 40%2,
30 mL, #A 30 min, KRR S M SEE R UES BIUER, Sk
JEUEE 0.06 mL BT 10 mL AR H SRS T, mzEmK
3.00 mL, /il 0.5 mL fRAMEHAFE L 1 min J5h0 1.5 mL
7.5% 0 TCAKBRERENTR I, ZRIBMKESRZE 10 mL, 70 °C/KR
JCF 10 min, FISEAMIEIEEE TR G (A), W3k S,

IS UESER AR EE A 0.275 A, 1S IEHE S
(75 13.09 me/g, 81575 FEFIMIME 13.62 mg/g, ZECHA
MRV 3T, 0 A AT AR R 2 T 5, R b B 2 8 1Y
BTSN CREHRIE 40% ., RHEE 1:30(g/mL). HEAH}A]
30 min, #IIIE 105 W,

x5 LHEIERIE

Table 5 Experimental validation data

F5 15 2% 35
e /A 0.260 0.281 0.284

Interaction of solid-liquid ratio and extraction power on the yield of turnip polyphenols

25.00

30.00
C: HEHE ] /min

35.00 40.00

SIS (0] AN SR I A %) F6 5 2 B A% A< 19 S EAFR

Interaction of extraction time and power on the yield of turnip polyphenols

MM AARBUT AR L, ARSI, [ FHREL
Tl B HR I, RS BRI, AN S0 R FH A A R D A
BHHRIR, $RIUR ) e R AR B 258 T 90 min®, #5504
FAEREEARSESL B 30%), RECRE T 8.64 mg/gl*Hy4E
SRR IE T R 2 W R U B . MR T A AT
ALY AR, R RS B . BT 45
K Z B2 AR RS, &6 T Tl fed: =,
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