170

FOOD& MACHINERY

DOI:10.13652/.issn.1003-5788.2019.01.030

EHHEHE1IW AE 2078 | 201941 8 | &&EHH

BAASHERTERARNL IEE LR

Study on extraction process of polyphenols from Atractylodes macrocephala

Koidz grown in Qimen and its antioxidant and antibacterial activities
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Abstract; The present study aimed to optimize the process pa-
rameters for the surfactant sodium dodecyl sulfonate (SDS)-ul-

trasonic extraction technology of polyphenols from Atractylodes
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macrocephala Koidz grown in Qimen (Qi Baizhu). The effects of
polyphenols from Qi Baizhu (QBP) on antioxidant and antibacte-
rial activities were explored. The results showed that the optimal
process conditions were as follows: SDS concentration 0.47% ,
extraction temperature 48 “C, ultrasonic power 150 W, ethanol
concentration 64 % , extraction time 15 min, and solid-liquid ratio
1: 25 (g/mL). Under these conditions, the content of QBP was
(38.534+0.51) mg/g. QBP exhibited strong DPPH and ABTS
free radical scavenging capacities with IC;, values of 0. 056,
0.050 mg/mL, respectively. QBP also exerted the inhibition
effects on four common bacterial strains. There was a good linear
dependence between the antibacterial capacity and the concentra-
tion. Its minimum inhibitory concentration ( MIC) against
E. coli, S. aureus and P. aeruginosa was 0.25 mg/mL, while
the MIC against B. subtilis was 0.50 mg/mlL.

Keywords: Qi Baizhu; polyphenols; surfactant; ultrasonic; an-

tioxidant; antibacterial
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1.1 #RENEE
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AREAAR SR HLBAEARITE R S RN Y 2017
AF 8 F, H LA B A W A T SR T R B A O B AR
AR (Atractylodes macrocephala Koidz.) i) F AR 2%

S EMEERE (Staphylococcus aureus) i ¥ 211
FFEE (Bacillus subtilis) RKIAFFH (Escherichia coli) %%
AP (Pseudomonas aeruginosa) ;W [E #7115 55 Wy T Fifp
3 0 (CCTCO) 5

Folin-Ciocalteu & #|. T 3t ¥ 3t i & @ (butyl
hydroxy anisd, BHA) P TR (1, 1- 28 HE-2- = fiff JE 2 i
(DPPH) X 3 36 % B R N 1§ (propylparaben., PP) 2, 2-k
R B HIR I EME -6 R ) 4k (ABTS) .| —
FEH R 4 (sodium dodecyl sulfonate, SDS) ;3 # 4l , 3¢ [
Sigma-Aldrich 23 7 ;

BRI AR AL B R B AR H
FRETAEA A .
1.1.2 FEUBEH

A3k K Bl FR X : SpectraMax-190 &, 2& [ Molecular
Devices /A #] 3

BT AE G ZHJH-C2109B #, i 8 3k 4 #7 1L 2%
il 3 A PR 2 ] 5

AR RALEV3AL T, 4t 5t S A B RHUE A BR A F

Bt i A Ty 58 A 3 B 7S R B A% - SCQ-5201C B,
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i R R B 2% : SQ510C B, H PKHE SR FHE A BR A A .
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1.2.1 BEARZE MBS ORGSR T, T
60 C L ZH By R K .1 80 H G . HUHS AR H

HRESZ MARSHRRIZEASL AEEFERAR

K 3.0 g, 4% BB T2 HE 3 IOAH I 119 SDS i & 43 4% L i 7
Ty R R R 7S A R L 2B B R LG AT SR
s 5 2T 5 28 Rk i AR BIAR AR Z R I .

1.2.2 ZEy &% %A Folin-Ciocalteu 31 . PLIg
JCAH Y 9 YA AR LAAR HE dh 57 AR (tannic acid, TA)WRE

R AL AR LI AR ME I 2R Y =10.001 4X +0.005 3(R? =
0.996), AR _ERARuE M LT B AR FIRBEAMS T AR

ZBHEE AR UERMAARERY TS AMAYL R TR
ZIEFE R meg TA/g,
1.2.3 BRRRR

(1) SDS Ji i 43 %5« [ 2 8 75 Ty % 180 W, 7 il
60 °C,#7 B[] 10 min, Z BEWRE 60% ., B L 1 ¢ 20
(g/mL), %% SDS 4> %0 (0.0%,0.2%,0.4%,0.6 %,
0.8%6,1.0 %) X 22 o 41 UL 1 52 11

(2) HFFT 3. [H & SDS 5t 43 41 0.6 %0 . # 7 ii J%
60 °C .7 Bf[A] 10 min, Z FEVR E 6020, R L 1 0 20
(g/mL), % & #8 7 o) % (120,150, 180,210,240 W) Xt £
T3 12 Bt 19 500

(3) MW B SDS Ji & 43 4% 0. M,ﬁwlﬁzi
180 W, 75 I ] 10 min, Z BEWBE 60 % BL i b 1 :
(g/mL) , 2% 75 8 F5 Ji# (40,50,60,70,80 °C) X £ Wi 2
AR

(4) FBFEITE] - [ 2 SDS B 43 %k 0.6 %, #8 75 T %
180 W,/ R ¥ 60 C, ZWEWR B 6020, BLWEL 1 & 20
(g/mL) . % & # I ] (5.10,15,20,25 min) % 5 B 42 B
B,

(5) LWEVREE : B SDS Ji & 434K 0. GA’EF':UJ$
180 WA Y BE 60 °C @A I a] 10 min, BHE kL 1 ¢
(g/mL), %ﬁa@?%@ﬁuo%,50%,60%,70%,80%>x~l‘
2 T 42 BUiE 1 52 1

(6) BL ¥ LL - [ 5 SDS 4 4r $ 0.6 %, i 75 o) R
180 W, 7 i B 60 “C, # 75 i [ 10 min, & B ¥ i
60% . kb b (1 2 10,1 1 15,1 : 20,1 & 25,1 30
(g/mL) T} 22 i 42 B 1) 52
1.2.4 w38 % 3F R A Box-Behnken ¥ i1 J5 3,
AR 5 B PR 20 50 1 45 R s v e B T R B  DUAR (TR 2
PR Ry e B A, L SDS i 0 B A A O ﬂi;m{mf“
H 2 BT B g i3 B o S S e TG AR O 3R #EAT IR
Z I [ A T AU SR A A BT
1.2.5  PUAEALTE M

(1) DPPH A iy &35 BrAE 11 : &% SCik[15], L BHA
Sk BRI X B

(2) ABTS B 335 Bk J1
Sk BRI X B
1.2.6 490 G P 0

Q1) T8 TP AL 5 T AR R 4 o 4 Fb R A 4 b 2 i

2% 3CHK16]. L BHA
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B R e B AR AR AT AL AR 2 RE L TE TR
PHERAE & 2 PRI C I b 4 1Y B R S T 0 B AR FE AR K
o B S TR R E 29 10° ~107 CFU/mL,

(2) B A 22 B 1) 410 18 36 1 - AR 4 Sk 17 148 el dn
T W 100 L A 32 B L 0 1 A0 0 A 25 AR L RS T
e FIE W HAE 6 mm UEAL T R 10 pL AFA R £
Ty 2 AXT SR RN R (PP Sy FRMEXT IR, DL —
H LA (DMSO) g 25 X B2 .37 “C I8 5% 24 h )5
T 0 PR P AR AR 3 K ORI .

(3) /NI B e B 0 A < T DMISO 38 70 % fift A0S 13
A LWL B A 0.25,0.50,0.75,1.00 mg/mL (4 £E 5 %
WK 5 2 B L18 ]/ Jr 5, W48 45 7 Al 100 B BB 1
Te .8 K B R T G N VR BRI Ch AR B R £
) MIC,
1.3 SFitEHW

K F SigmaPlot 10.0 % 4 4b 35 B0 R 28 %50 8 A A &
K Fl Design-Expert 8.0.6 # {4 # 47 W 57 1 43 #71. R A
SPSS 18.0 Gt i1 Ak 4, A F 5 K % 5 2% 43 H1 (One-way
ANOVA) # [ Duncan’s £ 1 HL 8 1k 4T 22 57 B8 (P<
0.05),
2 8RS0
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2.1.1  SDS Jii 4 B A B AR Zmy IR A s
B JiT7s AR F AR 2 B 2 Bk B SDS [ &5 43 500 3 Jn
BRI TREES . 5REN SDS 41 [ (20.9040.95)
mg/g JHIE, 24 SDS VRN 0.4 26 B A58 1 A 22 My 48 Bk
KBS KAE , h (27.55+0.82) mg/g, LM iR M EIRE T
31.34 % JAETE S W Mk 22 5 (P<C0.05) . 5% W 26 1 37 1k 77
SISRNORA RS ) N R 8 € P NI E W (S
AR T 2820 0 H L {H24 SDS % it 35 215 5
B TRV B i T ) T TR 400 O T, 22 T 4R TR R R
BB T T, H ok, Y B SDS JR B 4N 0.2%6~0.6 %

IS
S

W

(=}
T

©

ﬂﬂEH C C cd

pe d

—_
(=}
T

i

Contents of polyphenols/(mg + g™
N}
S

o

0.6 08 1.0
SDSJF 414

SDS concentration/%
AR FEERR 2 7 3% (P<<0.05)
SDS i & 4 # x4 BRI E 0 F 0

Effect of SDS concentration on the extraction
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Figure 1
efficiency of polyphenols
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B RAE 4 (28.80+1.04) mg/g, W P AT LI IR A
0 200 M RE L 30 o 200 i S O L ) T N 22 T ) B I
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Figure 2 Effect of ultrasonic power on the extraction

efficiency of polyphenols
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Figure 3  Effect of ultrasonic temperature extraction time

on the extraction efficiency of polyphenols
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/N 5~15 min I, 48 AR 22 1) $12 Uik [ 35 48 7 I [A] B9
RS . XA IR D 15 min i, 22 B $2 BURE %
Pl KA 2 (28.14420.79) mg/g. i # 75 I ] 4k 25 48
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Figure 4 Effect of ultrasonic extraction time on the

extraction efficiency of polyphenols

2.1.5  ZEEWREXABAARZEHRBCEKZIE W S5 BT
IR LR BE A 4006 ~80 00 I AR IR 2 By $2 Uk B 45 &
e vk 32 1 18I S 1 T B AE 60 20 I 22 T 2 U 3 B
R AH 9 (29.4440.93) mg/g. 3K L BEU BE AT LA AIG
R R B L (AR A S R AR A R Z kY
5 22 Wl AR 1 5T AR R SR R T A 2 T ) DO I
H L H 2 2 M BE A R I IR U P A 5T B S R T W o
SE RN R 22 W S W) A 4 B () I IR 22 B ) RS
SENE B MR TR, L IR 2 BRI 50060 ~
70 6 A g Wi . T 25 4% A1

2.1.6 RIS EARZEHRRCEWZ W WE 6 fr
RSEEFETEL D 10~1 : 25 (g/mL) B, 4B AR £ #2 Bt
~ 401
B0
3 "
s 30 b =  ab b
ﬂﬂﬂﬂ'% C
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Figure 5 Effect of ethanol concentration on the

extraction efficiency of polyphenols
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1:30 (g/mL)W, Z W 42 B A8 (LR B &, 7T fiR 2 Bk i
FEAE 1025 (g/mL) B, %48 H R £ 8 289 o % i
TR B o B s ) 6T 3 0 22 W 0 5 B LT T8 R
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Figure 6 Effect of solid-liquid ration on the extraction

efficiency of polyphenols

2.2 WMEBRERBERSHH

2.2.1 FUHEEARIR S HRAKF KRB ILE L, FHE
B B E 2 15 min, BHE LR 10 25 (g/mL), Ph SDS Ji
3 B R R R BE R & T B O e R AR
FIAR 2 Wy 32 B g mg (4, 3523 U B & = 7K F Box-
Behnken {55, I 56 45 R WL 3£ 2. % 2 094048 H] Design-
Expert V8.0.6 4 #7 ] #5 [a] 9 7 # .

Y=36.94+ 2.13A + 1.07B — 1.31C + 1. 14D +
0.68AB— 0. 27AC + 0. 21AD + 0. 14BC + 0. 24BD —
0.36CD—3.50A% —3.43B%—3.99C*—1.51D*, (D
2.2.2 WL TR R 2240 BER 3 WA, Al B
PR 2 Febl B % (P<< 0.000 1), i3 B [a] U9 B2 50 %6F 458 14
AR LW H2 B A AR A O M, AR P E RB(RT =
0.911 5) SHERE I Pe 58 R (Riy = 0.823 0) #4230 F

1, 0 R b5 S B 6 P00 6 B 4 SDS Jii it 4 B 7
TR R R R L TR B 5 AR R £ W 4R R i 2 AR
PXRRRE, BRAWCV=4.51% < 5% .3 B8 5 it

B BRI ME AR PR . R iR 22 P=0.058 7>>0.05, 2k

% 1 Box-Behnken iX 3§ i% it
Table 1 Experimental design of Box-Behnken
” A SDS Jii B # CimH D 2
T R T L L1
—1 0.2 120 40 50
0 0.4 150 50 60
1 0.6 180 60 70
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x2 MEERKELER x3 EPEERFTESHF

Table 2 The results of response surface methodology Table 3 Analysis of variance (ANOVA) regression

Wk A B C D Y/(mg-g " model
1 —1 0 1 0 26.68 B3 g | #1795 F 1 P
2 0 —1 —1 0 30.23 e 296.00 14 21.14 10.30  <C 0.000 17~
3 1 1 0 0 35.87 A 54.61 1 54.61 26.60 0.000 17~
4 0 1 1 0 27.98 B 13.68 1 13.68 6.66 0.021 8~
5 0 —1 1 0 25.55 C 20.44 1 20.44 9.96 0.007 0* *
6 —1 0 —1 0 27.62 D 15.65 1 15.65 7.62 0.015 3~
7 —1 0 0 —1 28.01 AB 1.84 1 1.84 0.90 0.360 1
8 1 0 —1 0 32.36 AC 0.28 1 0.28 0.14 0.715 6
9 —1 1 0 0 28.55 AD 0.18 1 0.18 0.086 0.774 2
10 1 0 0 1 35.14 BC 0.074 1 0.074 0.036 0.852 4
11 0 0 0 0 37.57 BD 0.22 1 0.22 0.11 0.747 2
12 0 —1 0 —1 30.56 CD 0.52 1 0.52 0.26 0.621 4
13 0 1 0 —1 31.42 A? 79.62 1 79.62 38.78 < 0.000 1%~
14 —1 0 0 1 32.09 B? 76.30 1 76.30 37.17 < 0.000 1*~
15 0 1 0 1 33.51 C? 103.08 1 103.08 50.21 < 0.000 1~
16 0 0 1 —1 31.21 D? 14.86 1 14.86 7.24 0.017 6*
17 0o -1 0 1 51.71 CmE 2874 14 205
18 0 0 0 0 36.40 MR 2 26.77 10 2.68 5.43 0.058 7
19 0 0 —1 1 33.89 AR S 1.97 4 0.49
20 o ! ! 8122 o FOR %R B (P<0.05); % x Fm % RH B (P<
21 0 0 0 0 37.73 0.01).
22 0 1 —1 0 32.11
- ) 0 ) 0 20.35 A5 3% 3 P B R AT e N Tl 2 A A, o R R K
” 0 0 . . 3943 LT AR A 2 B 38 U A7 AE i KA
- . 0 0 . 30,22 2.2.3 mAETZHBUEM M E LRI RyE K
26 T 0 0 26.99 ATV LR TP N S P NP A RN i R e G
97 1 1 0 o 31.60 9 :SDS Bt 0.47 %6 8 7 Ty % 156,02 W Rl BE
2 o 0 0 0 26,86 48.08 °C LMk B 64.39% . ZHHREUEE Jy 37.79 mg/g.
29 0 0 0 0 36.13 TE S B AR 7 o, 2 R B T R A M E AR R 22 B Y 2 B

LR 25 A B3, UL B BR AR TR BT 5T 41 1 1R 2 0 AR R £
PR RN, Bk, 7T F R O 2408 56 H
T2 RN R HEAT S HT

AR 3 AT LA 45 DR A R 22 4 U R R
B S SDS Jfi 43 50 (A > M7 I BE (C) > 2 Bk 7
(D) > A PR B, Hi AR B [ XHAF A AR 2 i
I WA, S HEHELEEMAE WA D E (P>
0.05) , A B\ C X £ Wi 412 M it 5 Wi 1 2 3% (P<C0.000 1),
D? % Z B i B 52 0 B (P<<0.05) . BB AE X H
T, A5 54RO X 45 AR B A B o (RS
h .

Y=36.94 + 2.13A + 1.07B — 1.31C + 1. 14D —
3.50A*—3.43B*—3.99C*—1.51D*, (2)

Bt T2 0 - SDS ds i 0.47% , #8 75 B T R 150 W,
MR A8 C L, L WA 64% . R Lk &k, AT R
HESE S (n=23) A8 I AR Z W $2 it R (38.53+0.51) mg/g.
53 WOMAE37.79 me/g WX IR 20 1,920, UL 1A A
VARERD 55 52 BRI LA BT

2.3 MARSBHBHRAKEE

2.3.1 X%} DPPH H AW WERIER  BE 7 /8. 485
AR Z W%t DPPH [ Hi (1 35 B 75 F 5 8 8. 09 0] i %800
B 6 2 22 B vk B A 34 0. DPPH A i 3 37 B 48 T B =2 5
M. MALEARZEWUEE N 0.2 mg/mL i, % DPPH H i
BTG RRR R 94.37% o 48 H AR Z B A BH X IR BHA %t
DPPH H 1 % 7 B /E I W ICs {4 4 %1 A 0. 056,
0.015 mg/mL, £IAE AR £ B H A BFH DPPH A i
B BREE T
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Figure 7 DPPH free radical scavenging ability of QBP

2.3.2 X ABTS Al M EBRERN A 8 ol H1, 78
0.01~0.20 mg/mL B}, % (4R £ # f1 BHA %} ABTS H
P 5 o A PR B 2 e B Y 8 R T T R R S e AR
% QBP ¥ N 0.2 mg/mL i, %t ABTS A i1 2 19T bR %
H88.39% , A8 A Z WA BH M T I BHA Xt ABTS H
FER W BRVER A 1Cs {4524 0.05,0.02 mg/mL, DLk
iR BN ASA AR Z B 4 DPPH il ABTS H i 3675 B 1E
FA 78 A FL A B 0 i — bk U A 22 T 28 4 S5 2 AR
S N E R AR Y R
2.4 MEBRSEBHMEEGE

B 4 a0 A EH R Z Xt 4 R BT 8 R
MEER . XA AR Z R 1 mg/mL i, %K
i FF AT 4 0 €00 1 4 TR TAT A B 2 F00FF TR R S R TR 10
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Figure 8 ABTS free radical scavenging ability of QBP

KAMBE R B AR 4 5 (11,17 +0.22), (11.83 +0.56) ,
(10.3340.22), (11.3340.22) mm; FIPE % B8 %) 35 36 8 |1
BRI R (PP) Ji it e 2o 1 mg/mL B, % 138 4 F gl ) B
FCHN T B8l B A% 4 B R (11,67 £ 0.56), (11.3340.22),
(12.1740.44),(12.17+£0.22) mm, 7% — L 0 E
TABREAAR Z2 B X5 4 B4 it B 1 S (1K 30 B8 VR B (MIC) . |y
e 4 WH1LFE 0.25~1.00 mg/mL I QBP X 4 Ff it i 1
AT S R S R A L B B S 2 T R T B
T AT VR P RE 2 B0 . 4B R 2l R R T L A A
A BR T G R B 1 MIC 2 0.25 mg/mL, X Al i 4F 7
FF 9 MIC 24 0.50 mg/mL, 255 R4 (AR XS 4 F it
NI e A o N | S R i N R Sl A R |
VR S 17 22 6 24 Wy o 2 32 2 0 900 B 0 P 84 o

R4 MAERSHM 4 HENNEBRER

Table 4 Diameter of inhibitory zone of the QBP against four common bacterial strains

e e/ 308V 4%/ mm

M (mgemL D N GHOMARE MR ST
DMSO — — — —

0.25 7.50+0.33¢ 9.17+0.22¢ — 7.00+0.33¢

0.50 9.6740.56" 10.33+0.44" 7.5040.334 7.67+0.56¢

P 0.75 10.67+0.56% 11.1740.22% 8.83+0.22¢ 9.50+0.33"
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