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Extraction optimization by response surface methodology of active
ingredients from chestnut bursfor Shigella dysenteriae inhibition
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Abstract: In order to improve the resource utilization rate of chestnut waste, the extraction process of
active ingredient from chestnut burs against Shigella dysenteriae were explored. The extraction solvent was
screened via spectrophotometry, and the extraction process was optimized by single factor experiment
combined with response surface methodology with bacteriostatic rate as response value. The minimum
inhibitory concentration (MIC) of extracts from chestnut burs were determined by double dilution method,
and its effect on bacterial growth curve was analyzed by absorbance spectrophotometry. The results
demonstrated that the extract from chestnut burs by ethanol and water mixture exhibited the best
antibacterial activity against Shigella dysenteriae, with antibacterial rate of 61.27%+2.60% and MIC value
of 3.2 g/L, under the optimal extraction conditions of ethanol and water mixture (ethanol volume fraction of
45%) as solvent, ratio of material to liquid 1 : 20 (g : mL), extraction temperature 50 °C. Meanwhile, the
MIC value of ethyl acetate phase extract was 0.4 g/L, and the antibacterial rate was above 85%.
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MEE ( Castanea mollissima Bl.) EAG &KX 1#k
i, hERAEE R 1.8x10" m?, 4FEFEE 260 £
Tt (et F=m i 84% ). M A et S b2
ERRARSMSE, N4 5%, Bl A AR SEAR AR T AR S ™
HBAESE N, A AR S B 59 £ 7 A R o 1) A 2
BEMRTEE 7Y . T I AFIAS R, S
FRAE AR B Bl B R e, & L E R B PR 15 Y S 0%
PRI R AR Hig 8, MR EA ki, 1k
R ORI, AGIT AR, B HE L X
NN (195N P YW SR 2 e I T )
BB HA BUEAY . Bt podE . Prse
P e il R e it AT OV L 2 RS
YRR T ) B E r  R R AE A R JE L h
SrES M R L IEEy . RER . SRR, XRT
By . SRACIR . 2K JE-6-O-B-D-MLI #4505 11 . W&
TR, FFHRREZHAMAEY, HArIEm AR
He-6-0-p-D-ML R 55 250 2 Ak &9 BAT W2 [
Wi . CERULLI U5y - WY, Mg D 5 4 R
E/R . By ri B AT A . s 2Rk S W Rk
B LA BT R IS M, 5 I A 4 AR SN S
LW, HHEAREEER T -xB (NF-xB ) F£ikF—%
LA (NO) AERRE ST . HAT, XA SEA I A2 h
R ATEA . PTRIEEF R IGER L, HXTHA
R IER D

Pt A TAEAA ST, R EFBULEILT M
FEGRHRZ L &SRR AR R E EEA LT 4
Flv: 48 ICE PR ( Shigella flexneri ). IR 35 B8 1A
( Shigella dysenteriae ). KW & ¥ W ( Shigella
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B, e a2 e AR TR R A H UL, 38 i
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A7 D0 R B 32 K A T SR T T 4 B 9 T B T TR AL
L OSEIRRW, DU OE . B ER A AT S0 R
FRE P, B IR A 0 40 e R 2 B AR, 400 56 4
PR TR 1 1E 3 R AR, AR B B9 B 4 rh 78 2 M
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ARSI B AR/ B, R AR R SR R
5 CTEARFRAT L . 1R KRR EY X A A 2 H 41
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1 SEEES
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WRERAR, 45 0 107 81 325 D10 AAR SR Hh A s RS 1 335 1 e i 8 T 2 103+

T80 °CUKFHR AT
1.22 RREEIPE RS I

SR PR R4 B POV B UM T A B A4y Bl
IR KEHPRIBONR SE R A K 10.0 g, LUBRRLE 1 -
20 (g:mL), PR 50 C, R HK. JoK
W R B 50% 2T K T T ) R
120 min, $2BOKLE 7500 r/min F &5.0> 10 min, 339§,
7% (48 °C), EHZ5 T (50 °C) 12h, #55]
W AR ERK Y (CW ), BB (CC ).
WAL 50%LBEKEEY) (CCW ), FFR MO ERE
PAE 3 FPEE YRR AT TR A A Hh 4 s
123 $2REZE

FRIC 5.0 g MR EEATFESY, [EERBH& LA 1020
(g:mL), $2BUEE 50 °C, TEA[E AR5
(20%. 40%. 50%. 60%. 80% ) FHEHL 120 min,
5T BEAR TR BN A S A BRI B B T 1 ) S

FREC 5.0 g HREEAIAEM, [EE LREERFUNECH
50%, FEHGREE 50 °C, FEAREDRRE L (1: 10, 1 :
15.1:20.1:25.1:30, g:mL) F#H 120 min,
I FERR LT R S B OB 81 6 M A 5

FRIC 5.0 g MREEAIAEM, € O BRI
50%, BHE 1 :20( g : mL), 7EA [ HE R E (30,
40, 50, 60, 70 °C) TF#4&HL 120 min, AFFFEHGE
X Al S A B B A 3 P B
1.2.4 & o @ 5k

FRAE L R 45, I SRR R4 (A4),
BB EE (B). #BURE (C) AFERKNE, UMK
SR AR, SR IR N 1T 2537547 Box-Behnken M i
AL %, F Design Expert 8.0.6 JE4 7508404, #E1Mi
P A SR ) ST B B T2 A5 o T T SE R
N2 5K PSR ILE 1,

F 1 WA S P A KT

Table 1 Factors and levels of response surface test
ESES
o A CFARRREU% B RHR /(g : mL) C $&HUR E/°C
-1 40 1:15 40
0 50 1:20 50
1 60 1:25 60

125 RRERBYSB

TE S AR PR M T 20 45 1 T 19 21 b 58 45 48 B
(CE), ¥ 200 gt SEAHE U e Z2 K i i, K
WHAMEE . LFROHE . IE T EHATAEL, 331K
M (CEW). Al (CES). LR MM (CEY )
FITE TEEAH (CED) 2HU4).
1.2.6 XBfe X HERAF 6N T

S AR AR AR L P, IR VR B

BTy . KEHFRE 1.00 mg BEE TR, A
FNTCK L BEH, BB B 10 pg/mL BT
FRAE AW Zr I 10, 20, 40, 60, 80, 100 uL
BEFREFRT 96 fLldf, AEETFKERE
120 pL, JIA 0.5 mol/L (AR ARE ] 20 uL, e
10 min, fiIlA 60 pL B Na,CO; /KIER ( Ttk & H
100 g/L), 20 °CHEEHUE 2 h; £ 765 nm b2 I
W, WETROAREMEZ TR =
0.0461x +0.0141 ( R*=0.999 ), #£ &ALl & it
(1) IH5E, &RUEETmREENFME (mg
GA/g) Fon:
W= P X VxN
Kb wARERE T ERIY RS TR E, mg
GA/g; pREBEFREEWE, ng/mL; V {LF
JFOERR AR, mL; M ACEREUERE, g5 N AR
PEAREL
S 2 T NaNO,-AL(NOs), 220 52 148

Bo il e B R 0.2 g/L M T hRifEKIET, £ 10
mL ZEMHPa5A 0, 1.0, 2.0, 3.0, 4.0, 5.0 mL
PR, TIMAZEIKERZE S mL, FHIIA 0.3 mL
i BN 5% NaNO, /K% i 6 min, JIIA 0.3
mL Fi 350N 5% AIOH), KB T AT, R’
), B TFHE 6 min, FIA 4.4mL JiESECH
5% NaOH /K, 1RA)J##E 12 min, 7£ 510 nm
A A R O R . T R bR v i 2 AR
y=0.0101x+0.348 ( R* =0.999 ), Ff i i) B Bl & e =
(2) 38, RS T HENFHE (mgrutin/g)
Fon

%1000 (1)

"'xV'x N'
"= pM’><1000 (2)
K w B TEHBLIYW S TR E, mg
rutin/g; p"fRF TR, o/L; VRRIERE M)
R, mL; MCERIERE, g; NUERBRATEL
1.2.7 wmAOWERERE (MIC) #nlE
K FH A AR B 0 i A A 4% B U 1 MIC
fH. ¥t SR I T DMSO /Kis i ( DMSO
PRI 3% B KA ), MBI IR IE N 6.4 g/L ¥
W, SRIGKIRFREE 3.2, 1.6, 0.8, 0.4, 0.2 ¢g/L,
B2 A (100 pl) SR LB Bilg 753k
(50 uL) R4, JA ODegoo (N 0.1 FFIEFT 1 B
B (50 uL ), A S IR A R 5 3.2, 1.6,
0.8, 0.4, 0.2, 0.1, 0.05g/L, VATCH K N2 X} HE
(CK), DMSO (1.5%) ( Bl DMSO AF3%L 1.5%
FIIKEAIR ) JBHPEXTER, 0.01 g/L FOERPI VD My B
STHR, RS, ARWIFE 37 CHEE 15 h, Mg HAEK
DL, MIC A JCAH T A K A B IRE A TR R
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SR AR 6N 8 7 A1 7 Al T 45 R B o
FEEEAE R 2 B2 00 oK ODgoo fH M 0.1 FURIEA I
BT, HEMIER R, MR SRR AR
B 1 VIRA, 76 96 FLARHANA 100 uL A 5 %
(0.5g/L, FCHITTEEmE 1.2.7 %) A1 100 pL FigFF
W SRR RS AR 14 h 0 7E
600 nm AL B EEEME ( ODgop ), 227 40 B 19 A= 1 i
LR, R (3) HEMER.

A —A
mﬁ%w%:céyxmo (3)

K A FORRIBEFF EVEAE 14 h 1 ODgoo fH; Ay
FTNEE A A RS IR AT AL 14 h 1) ODgoo fH -
1.3 #HESH

P AT SER AT AT 3 4, ORI EAE Al 5
A AR U A R AR A e N, 38 s Ty 25 A IR E AN
(] PR 28 50 40 B8 36 PR A S 2 R R i ol O i
Design-Expert 8.0.6 ¥ {:%} Box Behnken 3246 # 4 1E
708, B3 T 22800 R IEH ) ##

2 GRS

21 BHAXREERBINE SR

% 1.2.2 b AT S, S O B ik BRI
BKARY) . BORAIRARY) . BUEAL 50% L BEKARY)
PURBAT B E, 42 mE 1 R,

0.7 —= DMSO (1.5%)

0.6 F —— 0.5g/L CW
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0.5F —— 05g/L CCW
Q'é 0.4
o 03r
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0_
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I fEl/h
BT AN TRIVA SRR IR AT TR A K R 1 52 )
Effects of different solvents on growth curve of
Shigella dysenteriae

Fig. 1
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X} K AR U A B 16 A T i — 20 T A k.

22 BEEXLRHERSHHT

221 CTEARARY IR E BRI HE E Yk
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Fig. 2 Effect of ethanol volume fraction on antibacterial
activity
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LEERIARRIAEL, TRER TSR L BAARF A B
FIEE R AN E], FEO T A 2201 . METROUH-
AMIR PRI B H AR R 50% & BEK TR
P %o i Y 4R P bR 4 e 4 K A ) 41 4 P e
i, R R R I b 2 B MR S
. HAYEK ZEPNge i, $RE 21k
G TR DA 5 K 1935 38 B I o ARRE SE a0 25
TPEHL 2 AR TR BN 40%~60%34 70 17 T A AL
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A+ 7 TRT 35 DIG A A SRR AT R R T T 15 1 B Y R BT - 105+

IR 3 Al FERNREE M 1 10~1 1 20 B, A
SEALPR YRR AT TR A R AR W g i, R L
120 B, MRSEALERHUYN RN B R E, N
63.12%, VLPHFE LR LT 410 B 4 Joi A ik ik 3 A
FE o BI 25000 Ll 57 v 36 B O IE S ot
W, BEE SRR, AR SR
AR, TERNEEE R 1 0 20 Bk FE s IR %,
o $2 B AT e b ) A B M s 7 BRI LR T 1
20 JE VPTG HEREAC, T REIA FIIG N T 8Os s R
WIGIn sk, Pk, BEHORME L 10 15~1 & 25 3
A7 N TE AR A
223 FBUBE AR TR ITE F 0

i 1.2.3 TS0, 25 S AR HORLEE X Al S B

BCm e R sem, 4558 ULIE 4.
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Fig. 4 Effect of temperature on antibacterial activity

HIEl 4 AT, 76 30~50 °CHY, T SR Bl4E HUR
FETHR g, fE4RBUREE R 50 °CH A S a4 i
PR R e, AR EBUR B RS T R R R 4R T
R o AR IO T v DRI SR U Vs A LR O, AT 42
R A, MR EOR SR s A
A RE 2% B R R KA MR, A0 R T B
DOUGHARI Z:BY% 3, Balanites aegyptiaca (L.)
Drel. fll Moringa oleifera Lam.R) £ BB AOPTE
TEPETE 50 °CAf AR W ELW, SRR A4k 2 T)

2R WA (254, BTG PERER, 5
AHFTEAE R —B, FrLd, SR IBOR N 40~60 °C
HEA T R T AL o
23 MEEZERUREENAYRHRRIZ
231 RF B F AR 40

K Design-Expert 8.0.6 X3 2 1% vt
TG, R k2T mH 7

Y=64.63-5.394-2.87B+4.10C-1.014B+2.944C+

1.98BC-2.924"-5.368"-9.09C"*
[ 3 77 7 v A 2R BRI 2% PR 25 % i oz {1 ) 552 W)
He 40521

M 3 I 20 M R nl A, FER 61.97( P<
0.0001 ), AR EA &M, KPR L E (P=
0.0819>0.05 ), RI#LHY 401G BEAT, Ui g7 250 2
HEIT2E X, PE RECR 7 0.9876, JARELE &
K AdIR> 77 0.9719, TP 4L PredR® 2y 0.8406,
Ut B T 5 S AP o A O, A B AR TN R4
AR EME R 23.361, DLl B0 ] (5 B 45
TR o 5 R 2R 0T Al S A 4 R P R O M R s Sk A4

( CEERBU D) >C (RBUREE ) >B CEIREL ).

2 M SERBTTR SE

Table 2 Design and results of response surface experiment

No. A B c /%
1 0 0 0 64.39
2 1 -1 0 53.81
3 0 -1 1 56.24
4 1 1 0 48.29
5 0 0 0 63.25
6 1 0 -1 40.06
7 -1 0 -1 56.89
8 0 1 -1 40.16
9 0 1 1 5221
10 0 0 0 65.19
11 -1 0 1 59.30
12 -1 1 0 60.91
13 1 0 1 54.24
14 -1 -1 0 62.39
15 0 0 0 65.19
16 0 -1 -1 52.12
17 0 0 0 65.12
R3 HESN

Table 3  Analysis of variance

PRI PR AME ¥ FE P{H BFEME

sl 1036.91 9 11521 61.97 <0.0001  **
A 232.09 1 232,09 12485 <0.0001  **
B 66.07 1 66.07 3554 0.0006  **
c 134.15 1 134.15  72.16 <0.0001  **
AB 4.08 1 408 219 0.1820
AC 34.63 1 3463 18.63 0.0035  *
BC 15.72 1 1572 8.46 0.0227  *
A 35.88 1 3588 1930 0.0032 ¥
B? 120.92 1 12092 65.04 <0.0001  **
los 347.64 1 347.64 187.00 <0.0001  **
B2 13.01 7 1.86

AU 10.18 3 339 4.80 0.0819 AEFE
gl 2% 2.83 4 0.71

S 1049.92 16

e ** 25 S W 3F (P<0.001) ; *22 5Pk 3% (P<0.05) ,
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Fig. 5 3D response surface analysis

PRETE TP B PR RV R PY o i 7 T 39 5 e i B s e
THA SRS, K Sc BEmiRbE, £ A4 5 C
()38 ELAE FH e K, 2% I H X R S A 1 B4 1% 40 o i
22 HAE B Y F I Sa. b AT, 3 R B
FEWR R BEWEAIGIRIE, U B Y5 C. 45 B XHIF %
A —EMSCEHAEN ; SRR SEBUR B FERR
R OEIETESA TR ISy S e St
233 AL A E A IRGE LI

FIF Design-Expert 8.0.6 #0443 Hr 15 21 g T4
0B W B O S AR AR . O BE AR R A Bk
42.79%, WRHEL 18.63 1 1, #EEBURFE 51.57 °C. T
I ) ST VR BE R 0.5 /L BT 22 Ky 67.18%
FiE AL ERE, R ORI ECN 45% . WOk
ok 20 01, $RBCE AR 50 °C, 42 B E
120 min, FESLAAME T 64T 3 RERIESCE:, MEER K
61.27%+2.60% , ik F| FU I H ZE AT 91.20%, 6 L
FEE SO TS A AR A5 B AR SRR R T 2 ST 4,
BE—ES%ME, FHAR TR R AT
24 WEEBEIMEESERYTEASHEH. RERS

EHNE

Fi 1.2.5 WIHCEAT IR TR, 4% 1.2.6
X AR SR AR ) S 45 R AR AT B 2 . B
Pl & i e, 25N 4 PR

® 4 PO R B B

Table 4 Total phenol and total flavonoid contents of extracts
from chestnut burs

B SR/ SEER

(mg GA/g) (mg rutin/g)
Ccw 32.89+0.99 77.09£2.08
CE 35.07+0.36 82.81£1.57
CC 33.21+0.56 79.51+2.24
CEW 42.05£0.18 77.49+£2.51
CEY 46.27+1.44 151.96+0.59
CED 39.24+0.18 127.96+2.16
CES 41.42+0.90 139.04+3.10

H: SN THIELSD, SD ATAT 3 KL ML,

M 4 ATo0, ML 4R £ TR A5 U2 R o
((46.27+1.44) mg GA/g ) TEA A BUZ i, K2
((42.05+0.18) mg GA/g ) IRZ o FLEE R &5t (I 72

iR G5 Z WML, WA R CBEJE S
( (151.96+0.59) mg rutin/g ) #x &, A1 o B 2
( (139.04+£3.10) mg rutin/g )] K Z , /K #
((77.49+2.51) mg rutin/g ) HEEHR & BB, W5
KB, 2 1 R R 1 0 4 R AR
HRSCHEVE T, TR AT DL AR Y R 58
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WRERAR, 45 0 107 81 325 D10 AAR SR Hh A s RS 1 335 1 e i 8 T 2 107+

Pk, R T ORI B ARG, 40 o 20 e
it e A7 440 B e o M, S O A 0 U B
TIAN Pt M), AR E X 4 v (A 2
BR A RN E ZE AR B 0 B RAE 5 R B R AL P
B Er B YIA G . ZHANG 2B B, s i
B Al 2, B4R ) ( ME F1 EE ) 1Y SCBE R A1 22 ) & &

LZ =TI W O o R 6 B D R o R e ]
ZJERTA ) MIC AR A BT v B2 (MBC ) Y928
1.25 pg/mL,
25 MICERAKHLNNE

2 1.2.7 AT SR, SR AR B AT
TEPEME, DL MIC H PPN IR 6, 25 R ILER 5.

K5 MRECA IO RIB T I B9 MIC

Table 5 MIC of extracts from chestnut burs against Shigella dysenteriae

i Wk FE S BT R B/ (g/L) MIC/(g/L)
0.05 0.1 0.2 0.4 0.8 1.6 3.2

CE +++ +++ ++ ++ ++ + — 3.2
CEW +++ +++ +++ +++ ++ ++ + -
CEY +++ ++ + - - - - 0.4

g CED +++ +++ ++ ++ ++ + - 3.2

'R CES o ++ + - - - - 0.4
XFE (25 E) +H+ -
(=) ++ -
MR (+) B A - 0.01

e 7 EREA MR 7 A RAE; 7 FOR T ER NG 7 R KRN

FH2E 5 AT, MOSEAHE Y . IE T BEAHAY MIC
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