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Abstract: To optimize the extraction technology and antioxidant activity of polyphenols from purple passionfruit leaves.On the
basis of a single factor test,the material to solvent ratio, extraction time, ultrasonic power and ultrasonic temperature were the
factors, and the Box—Beheken was used to design test program.The optimal extraction technology was as follows: Solvent to
material ratio 36: 1 mL/g, extraction time 54 min,ultrasonic power 350 W and temperature 70 °C.Under the above conditions,
the extraction amount of polyphenols from purple passionfruit leaves was (13.19 £0.17) mg/g.The test of antioxidant activity
showed that the polyphenols from purple passionfruit leaves had better antioxidant activity, and half inhibition concentrations
(ICy, ) of DPPH and hydroxyl radicals were 0.058 mg/mL and 0.144 mg/mL,respectively.
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T2 AR B R 2R S G 4% S Bl 1 38 3 Box — Behnken
BET— W) 87 1T 2% 20k} L 2 BT (8] |88 75 T 5 i
YRR o5 B Y 7 3 i 22 1 4 R A0 S, SR T
A TR I k2 ) A2 G 22 Ty 4 B, O LA B DPPH [
p 21 - OH BE 1 iF-Ar Fh 4 A0 1% v, 1028 Sy itk — 2
TF S 55 T DY 7 34 %) BRI A9 (2 B AR 4R
1 #MRl5HE*®
1.1 M5

SEPGHENT L8P R TN A S i L
BT AT, PR BT B REALET 65 it 60 H G
FHHL I TIRPRUESL ( >98% ) A BTkl
AR T DPPH( >99% ) A8 —RIE( >99% ) L
BT T A AL B A A BR S 7] 5 4E2E 28 C(AR) B 17

PREPEN(AR) KA AL AR A BR 2 7 5 71 IV
BRCAR)  PUB A T A 2700 s B R S — N (AR) (B

MR — S (AR) (oK LEE(AR)  HPRNZARE T
BIEHL W AR i S ST AR A F s DZ-2A

AUELES THRAR SHZ-D AR K B TR KM Sy
TARAL A BRAS 7 TP— A200 BIHL T RKF g
PERFEAL A BN 7] s FA2204 B 7KV g

FHESPRFE AR A BR 28 7] 3 KQ-500DE #1 % 4 i 7=
WiEvesy BRI s SR BR A R UV-1800 7Y
ROCH AN ] W3S B R AR A BR
NS

1.2 ZWH*E

1.2.1 SRV RIE ZEHEE BRI 1.0 g SRIRPEF
SEM MR FHEIEHE A, L 95% Z. i e HE B g 1,
Fi¢ FE— 72 WORE B B BT ] 8 7S 1) S RIHE 7S R R E
ATHEE, HEHUSE BT B A 50 mL 2% BRf R 25, 15
TSR, 25 S

1.2.2 SRVG RN 21 00
1.2.2.1  &EFRRRAEMZ 0 7

212 oimmom)

BEE T PR bR UE

TEHM

TR FRELE & T RR PR UESS 100 mg, INZERE /K it e
A 100 mL 2552 45, 15 1.0 mg/mL 3 & TR AR
WER A H o WA TR AR . pH =7.5 L% phiss i
#2208 GB/T 21733-2008 Fig s> .

SR FH Y A TR 4R v« 43 B2 B 0.1 .,0.2.,0.3 0.4
0.5 mL {9 1.0 mg/mL & & FRRARMEVE W, & F 10 mL
ZFAE A AMKE 1| mL, AT A RIS 3.0 mL,
AR DL pH 2N 7.5 (B IR Eh 22 vh I WE IR ) TE
540 nm Kb GE I SERE . DAMR)E C(pe/mL) kA
bR ORGEE(E A YN AR bR AE BT R, A9 2 Rl 13
Jif .y =0.01243x + 0.02677, R = 0.99989, 4t i3
W 7EAC B 10~50 e/ ml 3 B N G OG BE 5 e B &2
BRI R
1.22.2 SR PEFFEMZEPEE FEH 1.2.1 g
VH F T - 22 W B B T T KGR O T TR RS 50 5
BNAS AR I, B 1 mL FR % F 10 mL 20 A, $
BE 121 BT LI R I T B, Fe BRSO R A IR
PHFEN Z B (Y) -

Y(mg/g) =CxV xN/m x107°

o C MR R BT , wg/mL; V A S I W 1)
PR, mLs N Sy SR RS 20 m Sy 58 2R VY 2 38 - 19 BT
I, 8.
1.2.3  PAKZESILS HHE 1.2 Fpg o s, s
FEAGAE Sy OB 250 1 mL/ g, 2 HXETA] 40 min,
AR IIE 300 W R A IR EE 60 °C . B 35056 4%
PRI (5: 1 15:1 .25:1 .35:1 45:1 mL/g) &
HXAHA] (20 30 40 .50 .60 min) #8753 (200 250 .
300,350,400 W) Fi# /5 iiF B (40 .50 .60 .70 .80 C) ,
Sy NP5 SEMORE G B BT [E] A S D) 3 ORIHE 7 IR R X
£ LYY 35 22 P B B SR )
1.2.4  mpRi e ki i kas AR B o P 2R S G 1Y 4
SR Box—Benhnken [ H1.0 21 A 5 10 56 PR 28 ATk
UL 1 MR e R TP Ak 1 T 6 4 R R AT 56 UE
PR, IO 2 1 HR G .
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Table 1 Levels and factors table
of response surface methodology
K
RS -1 0 1
A R (mL/g) 30: 1 35:1 40: 1
B H2HiAst ] ( min) 40 50 60
CHREFIIR(W) 300 350 400
D R (°C) 60 70 80

1.2.5 525G 3 3 I 22 [ b 0Tk 1 P 2

1.2.5.1 5% DPPH [ 38361 2 08 5 AR 4 2
777 - B 2.0 mL DPPH %5 F1 2.0 mL N [&] ¥ i (R 3
MK A 0.02 .0.04 .0.06 .0.08 .0.10 ,0.15 ,0.20 mg/mlL.)
BYRE SR T 10 mL L (A5 R S 30 min, LLZEMH
IRAGZE E, AE 517 nm Zh I 552 FEW G E Sy A, 4% 1R[]
FERYTT 2052 2.0 mL 80% £, Ty i A1 [ 14 22 1
FESLE 2.0 mL BYISGEE AN A, ,2.0 mL 80% L BEE WK
F12.0 mL DPPH #EUE I WOCREN A, DI4EZEZR C 2
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X HE A, DPPH B B B BR R A A=K

R (%) =[1-(A; =A,) /A, ] x100
1252 #5BR-OH 3GVE S MRABAR 4 25" Jr ik . BL
1.5 mL 5 mmol/L {48 ALV T 10 mL H (0%
W, hm 2.0 mL pH =7.5 (YBERREL 22 v, FEAN 1.0 mL
7.5 mmol/L [¥) FeSO, &K , 28 /K B 45, 1E 37 C 7K
WARIE 1 h, 78 510 nm ZbWAE e S5 A B 1.5 mL
5 mmol/L (48 — & VWK T 10 mL L4 b, i
2.0 mL pH = 7.5 #® 2 £ 22 o W, #4m 1.0 mL
7.5 mmol/L#] FeSO, ¥k, i1 A 1.0 mL 1.0 mL/L Y
H,0,,ZZ W /K xE 4, 76 37 C Iy KIGRIE 1 h, 78
510 nmAb B SGEEFS A 3B 1.5 mL 5 mmol/L 4
ZHEARW T 10 mL LA T, 2.0 m L pH =7.5
Rl Eh 2% wh ¥k, ¥-h0 1.0 mL 7.5 mmol/L ) FeSO,
W, A3 0.1 mL ASTRI ok BE (| JFEAR IR 2R 0.05
0.10.0.15 ,0.20 ,0.40 ,0.60 .0.80 ,1.00 mg/ml.) A4 5
VW, F-m 1.0 mL 1.0 mL/L 5 H,0, , Z8 18 /K E 4%,
37 COKWEARIE 1 h, 7€ 510 nm LI SEWROCEEFS A,
LigiAE 2R C X BE AL, 35T 3 HEE - OH Y BR%

HEER (%) = (A, —A,)/ (A, —A,)) x100
1.3 #iEaE

BARIZR 280 R P A A TS PR SR Origin 8.0 K
AE 53 AT 5 i . TG A 1a 56 >R ] Design—Expert V8.0.6 4k
PRSP ES S N 7 2% , I TR Sy BT AR R I T 2
2 BRESW
21 BERZW
211 OB SRR PE T HE A Z W S B s UK
BEEE X 28 SR P A i rh 2 Wy PR B 2 UL 1, i
BT AT, BEE WO LB, S8 IR vE v 2 4R
B Th e MW e 350 1 ml/g 0, S8 2R PGt
Z W PR B B i, MU A 2 PR B 13.31 mg/g, X
S R R 2R BORH B ININ T TROR B R v, A T 2 T TE
AR TR, Z2 T B D, BEAE OB L G O,
TRAGTR BEREAIG, 2By e VR P B, s i 2,
FIK35: 1 ml/g ), Z Wy L AEARUE . S0k
35:1 ml/g, BEE WOR LG A 38 R, S8 R PG A st v 2 1
PEICR S T B, X2 R S 2 Wy E i i 58 4, B i
SR ZR BT, AR B0 3G 22 I Z Wi, Z2 W vk B2

S REAR, BRI oA A 3501 mL/ g,
14

—_
v
I

Z IR B (mg/g)
1

) . 1,
i 5:1 1501 2501 35:1 4501
WOEHE(mL/g)
P WO X 52 R 74 2 22 W S RO ) 52
Fig.1 Effect of solvent to material ratio on extraction amount

of polyphenols from the purple passionfruit leaves
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Wi ECE )X 5 S VG 5 2 - v 22 1y IO %) 2 i) L
P20 phEl 2 m o, B B HUI [] e 1 i, 5 SR 04 2 5
i rp 22 4 O T 5 2SR B [E] 2 SO min B, 552K
VU b 22 1 B O e, e R 22 W B O
12.90 mg/ g X IR S Bl 35 F TR] (9 340, 22 Wi o b
i, REUR R 2 SO min B, 22y L FEASEY Y 5 FAE R 4
RS Ta] X B B R AN TR, 52 1T okt 22 153 7 B LA 0% 4
SR B SR ASRRSE , i i s AR T At A TR
i Z M PR IR ARG, DR A R ERE U [6] 29 50 min

13 .
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Fig2 Effect of extraction time on extraction amount

of polyphenols from the purple passionfruit leaves
2.1.3 GBS I AR 0E 5 R P A A v 22 ) e U Y 5
M R DR SR P A R v 2 W PR R B UL
3. &l 3 mII, BEAE R S DA g B, 58 2R 0
i rp Z2 PRI T s RS R 350 WO, SRR P
Tt vt A 22 Wy PR R B, DU I 22 W 3R O
12.84 mg/g 3 S R Al 75 D3 B i s, RS I i IR v
TGRS IR i 2 Y BE = v R E A A S P
B, Z2 Wi AR, 2 TR 350 WO, 2 e
FEASY H, P IAE F Dy 5 50 RV 5 2 v 22 1 B
ST RARG , 3 2 PR R 22 B S5 R B IR , IR Fpis H 1 2
Bt 2, il Z2 Wy PO ST RRALG , PRSI 7 Dy 23

k1 350 W,

300250 300 350 400
AT (W)
3 A D300 R Y 2 S 2 W B IR A2 )

Fig.3 Effect of ultrasonic power on extraction amount
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of polyphenols from the purple passionfruit leaves
2.1.4 RS IR R SR VY I 2k i 22 1 B A
W R R X S SR PG A T v 2 W SR R A S DL
Pl 4, &l 4 mT UL, BEAE B S RS Y T e, S8R DY R
e ZZ PR IR T, 2R RS S 70 CC I SR P
SEM T Z T PR B R , I 22 T PR B 13.11 me/ g,
X N Sl B IR BE B T, 30 Sl g U] 4 fih
HLARIG 2, Z Wi R0 248 AR EE S 70 C iy, =
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Fig4 Effect of temperature on extraction amount of

polyphenols from the purple passionfruit leaves

2.2 iRz EIRE AL
2.2.1 e T M g5 MR 4E Box—Benhnken
B A2 A TR FRA T T 29 4HR IS IS4 SR Lk 2,
JH Design—Expert V8.0.6 #1741 S5#l& )5, 1555 R
PO FF S Z R ARG (YY) iy RIE 7R

Y (mg/g) =13.11 + 0.47A + 1.10B + 0.15C +
0.058D-0.20AB -0.035AC-0.13AD + 0.002.500BC -
0.025BD +0.000CD-0.98A* —1.26B* —1.06C* —1.08D’ ,

M N T A BT AR U T 25 T R 3. B3R 3 7T
J0 L, ARG P {E/INT 0.0001 , 58 B 3086 — R UL &
BERT AT I B I e 25 B2 BCERL 3R 5 i . {E 22 [R] 19 A%
B FR o ORI e s 52 80 R IE 1 2 R B ol R?
=0.9896 Fl R%, =0.9792 , 45 5 ZEL CV = 1.50% %5 /)N,
AT P B K 0.7414 JCF 0.05, LB AL R LA 47 F&
EAHE, I#E A B .CA° B [ C° \D® X 45 54 K i
22 Wy P BUCEE B2 M Al 2. 35 (P < 0.01) , 32 B3 AB X
SOOIV 2 M 2 W HE BB R i 2 (0.01 < P <
0.05) , A& D K&A2 H I AC . AD BC BD CD X%} %8 5
PEEEN Z R E %A B E M (P >0.05),
FHER 3 BRI 7 Z 0Tl 15 1 4 DRI R X S RV &
FE I 22 Py B W A 52 W )y S $RE HRES A] (B) > WOk b
(A) >8I (C) > AEIRE(D)

PP R 2R A8 B AE A g o tar DL 5, t L S5 T A
2% R 2 22 HAE FH w7 T O X 1) R, 150 B e 8 T {E
o) 6 1 DR 22 1 R T 18 R, 35 B B 5 S IR /) o
e S RT3 TP 7 S A, D0) 55 SR VY 0 22 1 g A 7
AW PRI 8 A V2 B N a1 D VAT B A T S S8
VU B3 0 22 1 B B 7 1 56 PR 3R 5 i gt N CE
nie) 7 TG 3% 1T BE W IR S5 AB > AD > AC > BD > BC >
CD, BPygz otk bb AT ISR 7] 32 B A R i) I T e B i , %
AHVRORE Eb AN B2 B[] 4 22 AR R X S5 R 00 et =
M PR B ) i 5, DA AE R ZE TRORE L X 22 1 2 B
S MRS T AR 7 ) 238 FIES 75 YR BE 32 5L AE A o Nz T
B V-2 , 2 BHER 7 2 SR I 7 IR BE 1Y 38 B4R X 48
RPGF N 2 W IR R L IR 2, NS S L E B
7 I R T 22 W R B S IR AR D 6
2.2.2  ma R T 3 98 O A6 K B8 iE 3 e

214 0 5m01m)

2 Design —
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Table 2 Arrangement and results of

response surface methodology

Y Z e U

e

s A B C D (mg/g)
1 0 -1 0 -1 9.59
2 1 0 0 -1 1141
3 0 0 0 0 13.37
4 0 1 0 1 11.94
5 0 -1 0 1 9.69
6 0 0 1 1 11.13
7 1 0 -1 0 114
8 0 0 0 0 12.88
9 0 1 -1 0 11.79
10 -1 0 -1 0 10.23
11 -1 -1 0 0 9.31
12 0 0 1 -1 11.05
13 1 -1 0 0 10.32
14 1 1 0 0 12.06
15 0 -1 -1 0 9.54
16 0 0 0 0 12.95
17 0 -1 1 0 9.76
18 0 0 -1 -1 10.86
19 0 1 0 -1 11.84
20 -1 1 0 0 11.86
21 0 0 -1 1 10.94
22 0 1 1 0 12.02
23 -1 0 0 -1 10.24
24 -1 0 1 0 10.76
25 1 0 0 1 11.58
26 0 0 0 0 13.16
27 0 0 0 0 13.18
28 1 0 1 0 11.79
29 -1 0 0 1 10.71

Expert V8.0.6 #RA4ALTY S3-Hr , THUM 25 2L VG 5 2 ) =
AR T2 Wk b 35.97: 1 mL/g 3% BBt ]
54.19 min FEFE TN 353.31 W A4S 75 i & 70.10 °C
SRR BRI 22 W $ W i O 13.3895 mg/g, AR s 5L PR
VEV T 58 S 78 75 32 i b 22 Wy 42 B 2% 10 2y WOk Lk
36: 1 ml/g FEHUEFE] 54 min  #E A T2 350 W FIKE
FRUREE 70 °C #2238 47 3 U471, 45 28 2R
PO I o ) 2 M R B GE  (13.19 £0.17) me/g,
ZER ST A B AH T . RABIAHIG R4, %
HERA T 58,

23 LREFEMZEHMEMLEYE

2.3.1 4Bk DPPH [ i BLy% M SRV FHEI 2
X DPPH H H IS BRIE WK 6 Fras, BmIE 6 7T
U, SRR VG F M 2 Wy BHAA — & /) DPPH 5 i BRIEER
11, Z WXt DPPH [ H 3k [ 30 50 Bl 45 A 5 ik &
PSR MR B SR I — B e R, Y
WeBEEN 0.2 mg/mL J5 , Z X DPPH | H 33 Rk
82.25% ,{H W & Ik T X A& &5 4k 4= 2 C A9 I bR 16 T
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Table 3 Analysis of variance of model
TiH FJ7 A FI B ¥or FAig P M
R 37.98 14 2.71 95.09 <0.0001 3
A 2.66 1 2.66 93.24 <0.0001 ok
B 14.52 1 14.52 508.91 <0.0001 * %
C 0.26 1 0.26 8.94 0.0097 ok
D 0.041 1 0.041 1.43 0.2514
AB 0.16 1 0.16 5.75 0.031 ®
AC 4.90E-03 1 4.90E-03 0.17 0.6848
AD 0.063 1 0.063 2.19 0.161
BC 2.50E-05 1 2.50E-05 8.76E-04 0.9768
BD 2.50E-03 1 2.50E-03 0.088 0.7716
(01)) 0 1 0 0 1
A’ 6.28 1 6.28 219.94 <0.0001 o
B’ 10.38 1 10.38 363.71 <0.0001 o
c’ 7.27 1 7.27 254.76 <0.0001 ok
D’ 7.6 1 7.6 266.32 <0.0001 ok
k2= 0.4 14 0.029
E=Ziven 0.25 10 0.025 0.64 0.7414
afi % 0.15 4 0.038
syl 38.38 28

T FORERMEBE (P <001), =« FREFLE(P<0.05),

— —_
_'_M;";

@
on
E
]
=
=
=
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SRS

Z IR (mg/g)
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C,g,ﬂ;% 4
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0 £ 36.
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extraction amount of polyphenols from the purple passionfruit leaves
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Fig.5 Response surface of the effect interaction between two factors of the
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(95.41% ) , ¢ Origin 8.0 AU , SR VU AL 2 1)
X DPPH [ Hh JE 2 il W 2 (1C5, ) 247 0.058 mg/mL,
XFREARLEAEZR C BRI (1C,, ) 2 0.007 mg/mL,
BE 45 Y WY T UUE M 2 W 2510 G 5 B DPPH
A H S B i He B2 (1, ) 2 0.106 mg/mL, W 58

RV EE Z WA B9 TE R DPPH | i 3ERE T .
100~

//‘”—i f =
— 80 3 1
% 6ol v
&
iz v~
R .
: |/ —— S 2 )
2 207 ==V,

0 L 1 1 L 1 L 1

0.04 . 0.:)8 . 0.12 0.16 0.20
e (mg/mL)
K6 SRV ZEX) DPPH H B35 ERVEH]
Fig.6 DPPH radicals scavenging activity of
polyphenols from the purple passionfruit leaves
232 JHBR-OH {htE SR PUAEZEM Z 1% - OH 11y
W BRIGPEAN T BT 7S o ph AT, SR DY e 0 2 1y
HA—EfY-OH BYIFEREE J1 : Z W X - OH 1§ BR & 5%
Bt it T R ) P T 0 A, TR R S R M R B —
ARG AR, AR T 0.8 mg/mL i}, Z 1 X - OH
R T XA AR R C; 2k 0.8 mg/mL
B, Z %) - OH 15 BR383iK90.59% , 5XF IR i 4i2E 3 C
MITE BRI P (90.89% ) AH 2 , 28 Origin 8.0 4L 5,
EE IRV B E N 2 Wy X - OHL 119 2 4100 1) ke B2 (1G5, ) Hy
0.144 mg/mL, X} MU 4E A= 20 C By 2400 i ik BE (1Cs,)
h 0.282 mg/ml., 2= gL AE ) ARRF ST T R R 22 1
T ER - OH [P il e J& (1C5, ) 4y 0.440 mg/mlL, 2R
EERV T 2 WA BRI TSR - OH BB T

100
g 80
;}@: L
& 601
4
5 —v— 5 PR T £
40k v
SV,
20+
1 " 1 1 1 M 1 M 1

0.2 0 0.8 1.0

4 0.6
K% (mg/L)
K7 SRV Z W] - OH W EREH]
Fig.7 Hydroxyl radicals scavenging activity of
polyphenols from the purple passionfruit leaves
3 #it
SR FHURE 7 i By i OG22 Wy, 70 B D9 38 S 5 1) 2
Ailh b 2545 e 07 1T O A L PR BT 2 S SR SR - e L
THT 3BT A R R S i d 25 1, MER PR o, WORH L
(A) FEEUNE(B) A LR (C) Ol i (D) 4%
4 PRI XS 22 W3 P U 52 i W Sy $2 By 1] (B) >
WORHL (A) > A TIR(C) > BARE (D), 2
PR A T 20 MWK EE 360 1 mL/g 12 MO [|]

216 0z zz01m)

54 min 7S D53 350 W ORI REE 70 °C , i 2851
VAR 22 Wy B9 PR HUCRE S (13.19 £ 0.17) mg/g. Jf
LI ER DPPH [H i 5EF0 - OH fE S 3P4 1 58 2R P4 95 3%
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