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Extraction and Antioxidant Activity of Non-extractable
Polyphenols from Pyracantha fortuneana
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Abstract ; The extraction process of non-extractable polyphenols (NEPPs) from Pyracantha fortuneana was optimized by
response surface methodology (RSM). The content and antioxidant capacity of NEPP was determined. Taking extraction
yield of NEPP as evaluation index and Folin-Ciocalteu colorimetry as assay method,on the basis of single factor experi-
ments, the effects of ethanol concentration (% ,v/v) ,the proportion of ethanol in sulfuric acid-ethanol (% ,v/v) ,solid
to liquid ratio (g/mL) , extraction time (h) and temperature ( °C) on the NEPP yield was investigated. In addition,
Box-Behnken design was further adopted to optimize extraction process of NEPP from P. fortuneana. Moreover, the an-
tioxidant capacity of the extracted NEPP was determined by ABTS and FRAP assays. The optimal extraction conditions
was as follows ; extraction time of 2. 68 h;the volume fraction of ethanol ,94.44% (v/v) ;extraction temperature of 83.47
°C. Under these conditions, the extraction yield of NEPP and EPP reached 167.328 mg/g and 40. 4 mg/g, respectively.
RSM was feasible to optimize extraction process of NEPP from P. fortuneana. NEPP accounted for a high proportion of
80.55% in TEPP and the NEPP content had positive correlation with its antioxidant capacity.
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KPR ( Pyracantha fortuneana ) J2& 3% % & X il J&
T, HR S48 ZEM ROCAE MR R B (AR, )
2oy A TIRE R L B KRS . TEIESR
B e OB R B TR AR R BRI
GE R BRI By v 410 ) 1 2 TR T A, o T
K 1A K, 78 H A & AE 38 1508 T Akt
w2 AR R X OB U B T R AN IR A

ek H 3 :2015-06-29 52 H#1:2015-10-10
# M IA/EH E-mail : yanyy75@ 163. com

BEAF R 19 B AR JOBRBT IR TR 9%
ZERACGYIRAR I T EM TP A G T IR
FRREL ) L3 () SR, B 455 B R 28 BT 28 L R 2R LA
FAEAF RS MY RIR I Z BRI A Y BA
PUA AL BB B R A R A A
JREC IO L R R I R A
Z B FRIE PE 2 B . B (total polyphenol ,
TEPP) 73 2 0] 25 J 2 Wy ( EPP) HI A °] 2 B 2 )
(NEPP) B4 " o T AR HR 2 W =5 B2 45 o (7 o



2110 KERT-PIBE S I R

Vol. 27

(AT AIL- 7K AR 390 2 BURIE 7T DA AR A A Ak it 3 RS
M2, AN AT A 2 1 2R AR 45 & T 4 M BE |-
() —LeK & TR M AL T R, il a2 sl 5
2 B RE AR DG I T A0 B, IR 22 Wy ) o 5 A L BE 45
otk A REAs H o st . ARG R, R AT A
WU AR T 2 0T HIB AR Sk ok g R Al
W) & e 2 MOAE Y R o T R 2R
W, FEHL4E AL 77 T A O K T AT AR B
EATTE R ORI B I Ry B AT R
IR o 8 H T A g 3 A P LR AR
R AT 22 H 2 T 4 R D et 5 T T AN ]
IR Z W 9 SCHREE D

ARSI A I TE DAL IO W] 2 22 1 1 i B
T2, DASRIBOR] A B 2 13 1) R 5% s A DRk, >R
Folin-ciocalteu 3l 5 2 Wy & &', %5 By ABTS
SR FRAP 351 XA AT 4K B 22 8 10 AT R 4 4R
feiie 1 e . e R e B Al b gk — 2P E i
Box-Behnken Wi i A3, P41 2 NEPP 52 31 iz
T2 VIR AR I AL TR N T H2 A AR
I K It KI5 191

1 #MREFE

1.1 RHA T 5=

R 2014 48 11 7 )R A )6 Ui R X
Hu DX, A PR R A W 2 A M 2 e Ty A %%
K Pyracantha atalantioides 1) 5252 ; JoIK £ B8k
H,S0, . Jt7/K Na,CO, ¥k o0 Hraii, I [ 245 5 A1k
AR5 /8 7] 5 Folin-ciocalteu iR 7|, Sigma 432&, |
evE YR EAT PR w5 B TR AR e (h 24
mn A2 RS T, 52 110831-201403 ) 5 S 4T 4R
AERE IR IR & (FRAP ¥5) Gt L iE I35
& (ABTS i), LA B = KA E ARG
Lambda 25 2£4h-0] WOG 766, 36 PE 247
DF-101B S E Sy i $1 4% , 4 3201 B Y7 (XA
J 7 ; Centrifuge 5424R Rl & 35 i 2 AR B O HL, 7
Eppendorf /A F] ; Molelement1018a I JBE /1< # 4l 7K 11,
T EE R AR A PR A F] 5 Anke LXJ-IT B AYAL
KRERE DL, B2 R2 AT BS R+
K-, AL FE 2 RN & 22 G2 A BR 2> | 5 SBS200DTS
XU P BT DERIL , 7 8 2 A= I R e A PR 2
A,
1.2 EWFE

1.2.1 ZAFHizEmENESL

HERFREL 0. 05 g B FERbRHE S , M ZE IR K I
it J5 e A5 51 100 mL 75 P g 2, 4 0.5 /L
WEFRRER R 2 4 .6.8.10.12 14 mL fin AE| 7
A~ 100 mL ZHIEH IMKE A . £AWHCT mL §F
10 mL i &, 23 B H A Folin-ciocalteu 5] 5 mL,
Wi IR 51 8 3 min, FAMHIANA 170 ¢/L Na,CO,
W 1.0 mL IRA) 5T 34 CHEEAKE T 40
min; [ I 25 %0 R, T 765 nm ik 4 40 1 52 1%
58
1.2.2 Xk EPP 4 % e % NEPP #3252

FRE— 2 TR et 20 B ) JOBR A , 4
BRI 1: 10 g¢/mL LA 90% (V/V) L ,90 °C T[]
TRERHL 1 h, g, DR A PR 2 R, A1 3 IR
W ,4 °C 24T 10000 rpm B5.0> 20 min DL J5 &2
EPP Ea il (K 3 R4 HUS 38 EPP & & M
B, AT 20 RT3 YRR ECA IR EPP AT
A IER B EPP) o $REUS U8 E 80 CHLA
AR R, 2 20 B

2:Bk EPP B SRR A — T 2 -7 R 2 B
Fl—7K 7 Bl R L — V2 7K ¥ H1—10000 rpm 500> 15
min— [ 35 - NEPP 5 5 (& .
1.2.3 RTHEREBAFFEHNZ

% H Folin-Ciocalteu il 52 NEPP & &% 5 ¢
2% EPP KT R Ab BRAS 2 145 NEPP $RBUK S —
B 180 mL, AR5 B 1 mL FRIRAG RE 80 1545, =
HE1.2.1 AL BRI 2 NEPP ¥ OOGE , IF4 A
2.1 B TR bR e 2 2 R P b AT M SE B, K
TR Y h NEPP & 8 (% ) 2R 2% EPP T
M A E TR M5 0 NEPP B BiE A 7051

~0.048) x80 x 180
M%) = (5.01 x5 ><)1000><1o %

Horry Sy NEPP # SO
1.2.4 R ZKERT

BU5.0 g JsUkE, DL 2 BE-BR R M S IBUA ). %58
RIF] 2, Bk B (100% 95% .90% 85% .80% ) , Z.
Ps-Bii R h < B iy 5 B 5] (100% \95% 90% 85% .
80% ) B (1:10,1:15,1:20.1:25.1:30 g/
mL)  FEHCETE] (1.3.5.7.9 h), KRB (30 .45,
60.75 .90 °C) X} NEPP $&HU%= g2, 45 5 2 UL K
I,
1.2.5 e w5 dakit

TELPR R 3R I, 852 O BE-BR R Hh 2




Vol. 27

VFRUSE KR VT ZE I L B 1 3 BT 2 Al Bt B il o

2111

BT R 95% FoRHR HE 1:20 g/mL, 38 FH Design-
Expert 8. 0.6 %4, 245 Box-Behnken i, LA Z, 1%
WRBE (X)) RIS (X, ) FRBGREE (X)) i FEH
I E, DL NEPP 153 B {H, B SC e TR 1,

% 1 Box-Behnken i%itFE &=k T K &HAL{E
Table 1  Factors and levels of Box-Behnken design
H 7K Levels
Factors 1 0 i1
X, &I E] i 3 5
extraction time(h) )
X =8 i
ZL@*”&E 86 92 98
Ethanol concentration( % )
Xy $RHE
s RIUR 75 85 95

extraction tempemture( C )

1.2.6  FEAAL(ABTS % & FRAP %) 40 7 &% 69
#E3

PS50 ] 5 0 AN [R] R B2 1) NEPP ¥ W TR A A
i, a3 A A Trolox #11 FeSO, « TH,O SRR UEY), 221
PRk, BAARERAIES WA = RAEYBORDIT fr i
P ST AL RE I e R & (ABTS PR 3 K&
FRAP &) {45, B 10 mmol/L Trolox FRifEIA R
ZEIEK R 0.15.0.3.0.6.0.9 1.2 F1 1.5 mmol/
L, 196 fLAREE AL P A 20 L i 8 A il
TAEWR . VAZRIBZK R 28 FOR R Bm o ittt 4 0 Ly
JIA 10 L 2% 4% B Trolox Fn HEVA WL, A AL A

A 10 pL 2 ke 5, o0 BIR AT, B FLI A
170 pL ABTS T/EW, 1R~ , ZRMEH 6 min J57F
415 nm AT E . 53 AP FREL 27. 8 mg FeSO, -
TH,O, B it 288K B2 0.15.0.3.0.6 0.9,
1.2 Ffi11.5 mmol/L , 96 FLAx A% 4546 I FL Hoim A
180 wL FRAP TAEW . ZEIB/K Ry a5 ) IR, A fi it
AATMAFLNINA S pL 25 FVR EE 1) FeSO, ARIEATR
AL A S L &R 5L TR 2,37 CIEE
3 ~5 min J57F 595 nm #EATIE S

2 FER59H
R FEAEHRLNET
ZR 2.1 Wi E S ), DI E TRk E
(X, wg/mL) XFEOEEE (Y) A T4 BT, A5 81 )5
FLY =0.010X +0. 048 (R> =0.9996) , W 3 Ji 7 i
VRN 10 ~80 wg/mL [HJZ MG R REF
2.2 ANBRATERSEHRINARZKE

A1 1 (A) A %0, 32 5 2Bk 2 45 F) T NEPP fY
PRI, Y 2 R T =95% J5 , $R IR TR g2,
FAN, TR 2 T % 1R, MOk B LW 95%
A 1(B) A1, £ BE-H R P 2 BT o L 1) = 95%
2 J5i ,NEPP $2HURIF 44 T %, LB EKT 90% J5
NEPP 15852l K F , il 2 BE-Bi R h 20 B BT o L 4]
VEH 95% A AaE . ML (C) ml AL B A 1
:20 g/mL B NEPP {2 IC%R 8 B A , 4k 2258 Kokt

2.1

243} C

Percentage of ethanol in

9b 95' 160 IIO 1.5 2IO 2I5 30
iR 2 BEHIOR P Z LR

W L
Liquid to soild ratio(ml./g)

ethanol-sulfuric acid(%)

——

I 2’4A B
WS 23 " 25+F
S s 25
gonf s
21 =
g% 20} R
% 19 B
T E I8t = ]
= 17 =2
16 e ¢ .
80 8 90 95 100 ~ 10 80 85
LR
Concentration of ethanol(%)
o 24D E
B o 25
\/\;\523 S A 3
A ) =g 2
REZ 21 R 15t
= 20 2o
HF= 19 ﬁz 10
2= 18 A
e H L
b1 S L S A
0 2 4 6 8 10 50 60

FEIUS H]

Time of extraction(h)

70 80 90
PRI
Temperature of extraction(°C)

Bl ZERE(A) ZE-REBEHZERGER(B) BRI (C) RIEE (D) RERRE (E) SNRATERSBHF X

e

Fig. 1

Effect of ethanol concentration ( A) ,proportion of ethanol in ethanol- sulfuric acid (B) ,liquid to solid ratio ( C) ,extraction

time (D) and temperature (E) on NEPP yield of P. fortuneana



2112

KERT-PIBE S I R

Vol. 27

L, NEPP 73R AT N [, 2% 82 AN e Sk 4
TP H R L E D 1020 ¢/mL B iE.
L(D) w] 1, it S HCnT (] /) 3 0, NEPP $2 1503 e T
Jr K SREUNTRL g 3 b i, SR HCR IR B (6, o — 2P
SR U], NEPP $RIBCR S0 [, 3 fE - H
IRSRIR ST, SR i NEPP 4 B SR A 5, ik
PEPRSRIUNTEI N 3 he fhi ] L(E) AR, S A RS

R EE Y TH i NEPP 32 R38R, S G 2 90 C i,
PEICR i LB B T 90 C 2 )5, SR IUCR S M B A
TRE, X AIRE S NEPP Y& IR AR A OC, Ok
BGILRE 90 CAay LB RIE o
2.3 NERAEIZEER & R BR A Ay AL SE58
2.3.1 mp@EEiRsgR

ZM1.2.5 Wt AR SR A R LR 2,

%2 Box-Behnken SEI§i& it M &5 R

Table 2 Box-Benhnken experimental design and the results

K 2 57K Factors and levels

s — — — RSB %
No. X, RIS ] X, SR X, PR IBGR Yield of NEPP (% )
Extraction time (h) Ethanol concentration (% ) Extraction temperature ( °C)
1 1 86 85 17.2224
2 5 86 85 12. 9600
3 1 98 85 18.9792
4 5 98 85 18.5472
5 1 92 75 18. 2880
6 5 92 75 16. 8768
7 1 92 95 16.7040
8 5 92 95 12.9888
9 3 86 75 14.6592
10 3 98 75 19.2672
11 3 86 95 13.9680
12 3 98 95 16.9344
13 3 92 85 22.4928
14 3 92 85 22.0896
15 3 92 85 21.5712
16 3 92 85 21.5424
17 3 92 85 22.2912

LA NEPP 155 %y =220 v {8, 4438 2 T SE i 4k
a2t Design-Expert 8. 0. 6 #4317 £ 7t [nl 7 41
A58 1997 FE . Y = 4. 40-0. 25X, + 0. 37X,-

0.21X, + 0. 19X,X,-0. 12X,X,-0. 082X, X,-0. 51X’-
0. 51X5-0. 65X , AP EAT I 22504 , G5 5 L3 3

®3 HARAFBRAZESN

Table 3 Variance analysis for each item of regression equation

Rl F

Iy 2A TR #y5 F {if P
) Sum of Degree of
Source Mean square F value P value
squares freedom
57 Model 6.598 9 0.733 83.348 < 0.0001 * = *
X, 0.482 1 0.482 54.824 0.0001 * * *
X, 1.113 1 1.113 126.508 <0.0001 " = *
X 0.361 1 0.361 41.030 0.0004 " * *
XX, 0.147 1 0.147 16.6780 0.0047 " *
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X, X, 0.0537 1 0.053 6.0349 0.0437*
X, X, 0.027 1 0.027 3.064 0.1235
X 1.084 1 1.084 123.190 < 0.0001* * *
X3 1.090 1 1.090 123.891 < 0.0001* * *
X2 1.7860 1 1.786 203.052 < 0.0001* * *
52 Residual 0.062 7 0.009
AT Lack of Fit 0.0312 3 0.010387354 1.36623955 0.3732
#1522 Pure Error 0.03042 4 0. 007602879
JFN Cor Total 6.659901042 16
R? =0.9908 R, =0.9789 R, =0.9180 Adeq Precisior =25. 386

TE: " P<0.05 BEM; " 7 P <0.01 JEREMEM; "~ " P <0.001 B BEAE.
Note: * P <0.05 significant effect; * * P <0.01 very significant effect; * * * P <0.001 extremely significant effect.
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