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& E. LA ( Solanum xanthocarpum ) SRS M, SR B 75 W B QBRI , MG R MR MR I T 2 HE1 75T .
A I I 2 B KIR AR AR B L R SR LU . A E] . RS 4 41N E S A BUE AR, ik
FEMGIFRIEIM T 2280, B CBEWEE . OB . B B R 2500 65%. 50 mL/g. 40 min. 60 C.
1E_F R R R A A4 IR |, E— 43 53 Box-Behnken Wi J3 [f 240 A A5 B e 28 () IR S IBCARER . BFST 25 SR K0T,
PH T2 BN 64.7%M ZBEW E \55.8 mL/g (I3B0RHELH .56.0 CF#A 40.5 min, 3 500 48 R R B BUR e, 9 6.81%.
TR AR TP AR B BRI BTEALRE S, AN 1,1- 2R3 2- = A€ F (1,1-diphenyl-2-pierylhydrazy, DPPH )
1 2,2-3% A - -(3- 2 Fe AT A WEMEMk-6-fif iR ) [2,2'-azinobis-(3-ethylbenzthiazoline-6-sulphonate), ABTS]H H H&i% ki
HEJTHY 1Cs0 43 1M 55.7 mg/L 1 20.1 mg/L,
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Ultrasound-assisted Extraction Process Optimization of Chlorogenic
Acid from Solanum xanthocarpum Fruits and Its Antioxidant Activity
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Abstract: Solanum xanthocarpum fruits are used as the test material, and the extraction process of chlorogenic acid is
studied in detail by using the ultrasonic-assisted ethanol extraction test method. Values of four group parameters for the
volume solubility of ethanol aqueous solution, ratio of liquid to the material, ultrasonic time, ultrasonic temperature
were adjusted, and then the proposed extraction process parameters of chlorogenic acid from single-factor experiments
and the corresponding results were optimized. The optimized parameters were ethanol concentration 65%, ratio of liquid
to material 50 mL/g, ultrasonic temperature 60 ‘C and ultrasonic time 40 min. On the basis of the above single factor
optimization results, the final quadratic multiphase mathematical model was obtained further by optimization from the
Box-Behnken response surface method. The extraction process parameters were ethanol concentration 64.7%, liq-
uid-to-solid ratio 55.8 mL/g, and ultrasonic temperature 56.0 ‘C for 40.5 min, and the optimal extraction rate of
chlorogenic acid was 6.81%. The extract of S xanthocarpum fruits had good antioxidant capacity to DPPH and ABTS
free radical scavenging with ICs, values of 55.7 mg/L and 20.1 mg/L, respectively.
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Pk, AT GO B SR % B 5 AR R S
EAER T FEE PRy . P, R
H—E AT IT LW E . XU ZEP8 i R  4y
B 2 ANEA 16,17-M0 8 S B 2L HS R 2
111 A e e AED AR 2 B R (6 4 ) | BERE
(44) . FEUR (24) F 124054k, Hrs-
P2 -8 H1 AE B -6, 7-3V. F — AR KL H ) R WL Y
£4 %) . CHAUDHARY W] i ko 2 40 3 vk
(high-performance lamina liquid chromatography,
HPTLC ) 43X i . 25 SR v iyt o ik A
R R AT T MR AT A, DR B2 R T
R, ARG BB, AR
YeE R R AR Y R 22 R, HA R
XK. BRENFLERSY, 430K 51.03%. 32.70%,
MERMMARMAT, SEEEBCR TR 4.35%,
I X} Kk DPPHe, «OH ¥R H HtF RCR 1,
AN, SHIVNATH 25071 % 3t 5L it 5 e 42 By ]
A AR A AR A G A A A R S R R 4%
USMAN Z:CVfF 5 2% BROMERR | ohnfl e P /il . AR
. L SR A Y B A ORI . Pl
HANERE . GUPTA 2PV LB, BRI 4B i
PRI e 25 R 8 B AT 4 i B IDE B A, T ]
Wiph HF R . NATARAJAN ZUOUR 58 | #5171
H BEEE IO BB A VAT A W s LR Es , IEH Ch
PO TR A9 7, UG R DG A 48 BR AT AR B A K
CHOUDHARY 2" REDDY 252153 531 % 38 #5
Rtk K MRS Y BA g il . PiresEn
FiPE . ZAMAN 25U F S0 5t SR i 0KV
W o 500 L e AR i T BRI i, e RE T
KF 0.051 mmol/g, Ak, ZEp KR
AL T R R PSRRI T 2, IR
0.28%.

SRR ) I AFAE T AR Th 25 s B Y
S B hi Al . LSRR N, HRG
AT B e SRR BB R IR TS SRR Ytk
PRI A KA . B . ERERSE VL, JUHEH
Ty B R O S S R ELA AR L IR RN
7 S [ 2 PR 200 AT 5 00 P P A B R
BRI TP AR IR . AN, RN R R LS AL AE
13 BN ) SHEE L, IE g T I AN BE
DRI E NS b S N A BN D VAT RE = L A e L

75 30 5 IR 0 T4 P, AR I Tl T
KRS %

1 #MREFEE

1.1 ##
111 A5 RA A R SR Sk A S
#AT

SRR bRES (4 =98%) , 4EERK C Fr
e (Ve, 4 =98%, BB EEYRHE AR ),
1,1- 2856 2- = 528 JF ( DPPH, 2HE =98% ) ,
2,2-3% R HE - WU -(3- £, 3 TR I — S WE W Ik -6- K R )
( ABTS, 4liJE=99%, &0 RA YR A R
o), S ERERER (Aral, dbsfk T AR TE
AT 5 KB (Fral, midh4 bk
FARAR ) o
1.1.2 B L#&E& T6 itk EAha] Wbk
FE I F A 5 b i AR A FRA R] 5 AR224CN
HLF ROF I F SR A F] 5 KH2200DE $i#=
75 B Ve I T R AR B A AR A F] 80-1
L B B DML F & 35T AR B AR )
12 FHik
1.2.1 2R RBAARE v RIE FRIUSR JE R A v
0.0010 g, & LMEAEMRS, B2 100 mL 755
HEZR, SR 0.1 mg/mL W, HERFEH
0.20, 0.50, 1.00, 1.50, 2.00, 2.50, 3.00 mL {9
PRSI Ar F 7 45 (10 mL) H, 4ig,
FEEZ, HE 15 min, 4iLMMEZS (XTI, ek
K 328 nm FAMINMOEEE AN 22, DIgE)E
FREE M C 5O A2 HltrdE <A, 153
THKFR . A=48.1297C-0.0107 (R*=0.9941) ,
122 HRBRERBRF/ICAAE  FHEW
T B BRI HERR R T R i i i
HEH BRI B O SR R TR BEFE W

BT e R R R, fL7E 40 H
T, SRR, FR025 g MiRE THENRGYE
5 DAE T A SEER I E 100 W HE T3 ),
HRBRHEZR, B8O, BEER, BN EE
PR
123 HRnRgRmeMNE  BUES GRS
% 0.5mL, HAiZBERE 10mL, HE
15 min, fEPK N 328 nm FiGE, fCA FiR
WA, HE—2 0, BT 3 4R R IR UK
124 FRAFFERET PRRELETZSHK
THILER 1,
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Tab. 1 Design of one-factor experimentals
P LRI B i&ﬂtti y B [E] & i
No. o Ethaqol B S.01ld—11qu1d Y Ultrasqnic 8 Tempera-
concentration/% ratio/(mL-g”')  time/min ture/'C
1 20, 35, 50, 30 30 30
65. 80. 95
2 65 10, 20, 30. 30 30
40, 50, 60
3 65 50 15, 30, 45, 30
60. 75. 90
4 65 50 60 20, 30, 40,
50, 60, 70

1.2.5 Box-Behnken v & @ 52 3%+ HE FiRsL
2t R %1l Box-Behnken Ml v TH] SE 56, TLEE 2.

% 2 Box-Behnken LEE5KF
Tab. 2 Factors and levels of Box-Behnken experimentals

S JKF- Level
Factor -1 0 1
/% 60 65 70
B/(mL-g™") 40 50 60
y/min 50 60 70
3/C 30 40 50

12.6 DPPH AwAFkir ®WETZEZMHT
WL SR BRI Ve TG/ 2B i BAS R v
FEM R, IR JEK S BERCH] 0.20 mmol/L
DPPH %%, Bt 2 mL DPPH %5 2 mL Jo/K
OSSN ANEI R ) 2 mL FEBGRDEIR A, 37 C
KIAREF 30 min, 517 nm AP SERE, J3505C A
A, F1 Ay, DPPH s BRFIHH AR

DPPH 55 E=(A — Ay)/Ax100%
1.2.7 ABTS A wAFRES 75 BOH R
[ 7.4x10° mol/L ABTS /K&l 2.6x10~° mol/L
BB KA RS, WO 12 h, &P,
fift T R JCK S BEAs R, i LAE 734 nm T WO
9 0.70+£0.02, HX 3.6 mL ABTS A5 0.4 mL &
K BRSO [FR BE 1Y 0.4 mL AR iR 4,37 C
KIBAEFF 6 min, 734 nm Ab43 S0 CREE, 435
iC 4 A FIA . DPPH iR HE AR

ABTS iHERHF=(A - A)/ A x100%.
1.3 #HiEAIE

AR ERE 2 W, R EE LOE Y bR
HEZEFR o SR Design expert V8 HPFHEA T Lz I
WA, SR Excel B AT 8E 5811004 o

2 HER55H

21 BEEXE

2.1.1 CTERREXNFRBERBRF RN K
1 855K, CEEREART 35%0T, $REU SRR
SRR AR/, R 1.79% 4 X
R, KSR ZEIRNFT B AR P4 R R i) 52
B, B CREWREZEIIME] 65%, LkJFRRRHEEL
RAGHEIE N B R AE 3.50%. I, S5 Zesc Bl
FELBERIETE 65%. (HIE, LBk Eaksesim,
ST 23 P i) o S R A 0, i PR ] B 791 AR
SR SRR MRS PR B s b
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Z. Bk BE Ethanol concentration/%
1 ZERENERMERBRRENENZNE
Effect of ethanol concentration on extraction rate of
chlorogenic acid in S. xanthocar pum fruits
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Fig. 1

212 EARATHRABLERBIFEG YA K 2
SRR, SRR IR ORI O L3S I 25
WK R, IFAE 50 mL/g Fff A5 B B (4
4.57%) , SRR 10 mL/g B (645 J5 R $i iU R
FH L, SEBCRAERG N T 29 2 £ o M 220} L 60 mL/g
BRI 1) Ay B B3R s AR AT, L S5 PR T 2 e
Ll it R S B St B S UG T — xRS,
TR BESLEA BUAS SR SRR S5 2R S e OROK L
1Y FRed BB N 50 mL/g[ls]o
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Fig. 2 Effect of liquid-solid ratio on extraction rate of
chlorogenic acid in S. xanthocar pum fruits
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2,13 A5 s R AR R B R Hm
P 3 Al T, i B ) 5 e s R 2 AN R T B R
SRR SR, Feili A YRS AMELN 60 min, MK
IR Iy, SRR B AR AN RERS SE 70 i, T4
SO [P R, A ol v AT RE A B 2 AR H AR
Yy, B AR RITEE . AU A E] Dy

60 min*",

52
48}

44|

$2BU# Extraction rate/%
'S
(=)

3.2 I 1 I I 1 )
15 30 45 60 75 90

#8375 B ja] Ultrasonic time/min

B 3 B EExERARERRERNENZI
Fig. 3 Effect of ultrasonic time on extraction rate of
chlorogenic acid in S. xanthocar pum fruits

214 REBEMNFRBERBRARGY A W
Bl 4 AR, B A IR A RS IR SR 8 2 1
S 4 D R v AR EL T R A R B RRL i o
AT 5 355 % it P 44 BB AR X A, 1T A v ) 9
WM 2R R R P I, RIS Y, B HOR
B BG I 2s B 3G B O 7E 40 CHEE] LIAR
BB AR ERE
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B4 BREERENERMFRERRENENZIN
Fig. 4 Effect of ultrasonic temperature on extraction rate
of chlorogenic acid in S, xanthocarpum fruits
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2.2 Mg bz T 53 #7 SE 5w

P SR i R 1) B I R T 4 A
Box-Behnken SZ5G 25 5 K Ay Ar WLER 3. % 4, il
Design Expert V11 A] A2 — R Z o ml 5 5 #2
Y=_225.05+4.930+1.15p+0.757+0.945-3.75%10 a

B+2.50x10 *ay+1.30x100d—5.08x10 > By—1.75x10""
B6-5.25%10 *y5-0.040°—5.56x 10 >B*~4.09x10 y*—
0.018%, R* 4 0.9967.

% 4 nl%0, F {80 303.35, P<0.0001, i
AF A 52 0 A R0 8 1) 1A B KR RBIIE P o
0.1115>0.05, ULFAMLIUA L &, Kk, HELE
BRIy, HBU PG . 22k, ATk Tk —
HRAE, — I B & M ZIKIA o, B y7. S
FAZHIG off . By 25 8 I i 1 (B 5 i b 2, T
BT I N T o ol o M S R Tz
MUY Sy = Pt o << 7P s [i) <7 75 3 38 <V L

B I3 v o J R B HCRE 114 e i 1 AN B8 B
W5, 22 HI op. B S 2 LRI HAEETE, M
N YR BEACBE, s HARIR, [HHA 4 I i
T VI B A 2%, SR HAE AN B3

% 3 Box-Behnken i &R 5447

Tab. 3 Results and analysis of Box-Behnken experiments

4% 5 B

No. * P ! Extraction rate/%
1 -1 -1 0 0 4.51
2 1 -1 0 0 4.93
3 -1 1 0 0 5.82
4 1 1 0 0 5.49
5 0 0 -1 -1 4.84
6 0 0 1 -1 5.01
7 0 0 -1 1 5.17
8 0 0 1 1 5.13
9 -1 0 0 -1 4.51
10 1 0 0 -1 4.42
11 -1 0 0 1 4.53
12 1 0 0 1 4.70
13 0 -1 -1 0 4.86
14 0 1 -1 0 6.67
15 0 -1 1 0 5.79
16 0 1 1 0 5.57
17 -1 0 -1 0 5.42
18 1 0 -1 0 5.40
19 -1 0 1 0 5.23

20 1 0 1 0 5.26

21 0 -1 0 -1 4.29

22 0 1 0 -1 5.19

23 0 -1 0 1 4.61

24 0 1 0 1 5.44

25 0 0 0 0 6.64

26 0 0 0 0 6.72

27 0 0 0 0 6.68

28 0 0 0 0 6.69

29 0 0 0 0 6.63
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Tab. 4 Analysis of variance for regression model

it H - J7 i H B ¥ F i P {E e ¢
Item Sum of squares  Degree of freedom Mean square F value P value Significance
A 16.86 14 1.20 303.35 <0.0001 *x
o 2.70x10°3 1 2.70%x107 0.68 0.4233
B 2.24 1 2.24 565.49 <0.0001 o
y 0.011 1 0.01 2.87 0.1121
3 0.15 1 0.15 36.58 <0.0001 ok
ap 0.14 1 0.14 35.43 <0.0001 o
oy 6.25x107* 1 6.25x10°* 0.16 0.6975
ad 0.017 1 0.017 4.26 0.0581
By 1.03 1 1.03 259.54 <0.0001 o
B 1.23x107° 1 1.23x10°° 0.31 0.5873
6 0.01 1 0.01 2.78 0.1178
o? 5.55 1 5.55 1397.44 <0.0001 o
p? 2.01 1 2.01 505.17 <0.0001 *
¥ 1.08 1 1.08 272.69 <0.0001 o
8 9.69 1 9.69 2441.20 <0.0001 o
B 2% 0.56 14 3.97x107°
ES e 0.05 10 5.01x107° 3.66 0.1115
gl s 5.48x107° 4 1.73x107?
S 16.91 28
R*=0.9967 R.;?=0.9977

e *FRZEFBE (P<0.05); **FREFWEE (P<0.01),

Note: * indicates significant difference (P<0.05); ** indicates extremely significant difference (P<0.01).

23 MRAUERIELR

3 8 w7 1 RS B R T2 S8 64.7%
BV B2 | 55.8 mL/g WKL L 56.0 “C#EFH 40.5 min )
T HARERER N 6.81%., % REH)SLhR Tl
AT AT AR, B RSS2 65%
LW, 60 mL/g BCRHEE . 55 'C FABA 40 min, N
B AR RIS R 3 COTIME N 6.83%. LILIH
SIS AR R B, SRR N 1 SRR e
AT,
24 REWEIMTENEE
241 DPPH awiFArkaes WwHE 6w, 5
Ve WY DPPH R AR, $EHUK ) DPPH %
FRZTE 10~60 mg/L I [l P A 2 W B 388 hn i 3 Kk,
EIHHBWEMEXR, HFHW 1Cs [ 51N
18.4. 55.7 mg/L. & UMK &k i 2 55 1 iy Sk ]
PAEF T, BHXHERE DPPH A —E R .
242 ABTS awikFmaes WK 7 iR, 1
5~30 mg/L S FE P, $EBOR ABTS W%
SR L A SRR, 7RG 30 mg/L B,
FEPOR Y ABTS 1B FRRIRFR KA, N 65.5%.

Ve BRI UK 1) 1Cso 53918 6.5.20.1 mg/L,
PRI Ve VAR TR B3R 287 U3 el N B g — 2

3 itig

R PR AR AR = ) B )RR 32 EOR TR T 4
ERAEAETE . FRpR L ommE G A HAR O AL T
FIF H AL TANEE 259547k 27, 3 A 4 Ay s 0 4
FHERIFHFE &L, K, 2B HR
B YRR SRR AT DA S ) v SRR 1 B B
JE TS N BE AR A Dy B2 B v i 2 SR 5 LR AR
R HE, (BAGR KBRS, HEhaais
R AR %, AR IR ger it s
O A 5 U IR 4l B VR R34 4 R T H bR 00 42
B, (A% RS S50, S EEEKES
I Tl W A, T 7 Al B e 2 b v AR AR B
PR | IR B S B P, peah, A3
I 1Y 4 6 S5 SR S DR PR B R R, B BB 4331
R 3.92%F1 2.86%, JUHAEH 4% R R R OR I]
Bk 5.68%!" 20 I, AN SR A B AR
T 1 FH 3] B SR 0 TR o SRR B O, B R A
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Fig. 5 Effect of interaction on extraction rate of chlorogenic acid
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RRELR, TR H WA S s 2 R AT
ﬁ%m%%ﬁm%m,$ﬂﬁﬁ%TDWHﬁ
ABTS % 2 P bk 2ok it — 20 74 3 SR 0 2R
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() DPPH Fl ABTS F FH 235 BRHE 119 1Cso 73 31 K
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