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Optimization and Mathematical Model Analysis on Extraction of Chlorogenic Acid
from Chrysanthemum indicum by Enzyme-assisted Polyethylene Glycol-200
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Abstract: This study analyzes the extraction conditions of enzyme-assisted polyethylene glycol (PEG)-200
extraction of chlorogenic acid from Chrysanthemum indicum. Single factor test and response surface method
are used to optimize the extraction process by employing chlorogenic acid extraction rate as inspection index,
with cellulase dosage, liquid-solid ratio, enzymolysis temperature and enzymolysis time as test factors. Under
the optimized extraction condition, four mathematical models of chlorogenic acid extraction from
Chrysanthemum indicum at different liquid-solid ratios are established. The results show that the optimal
extraction condition are as follows: 0.8% cellulase, with a liquid-solid ratio of 20 : 1(mL : g), at 55 °C
enzymolysis temperature and of 2.5 hours enzymolysis time. This optimal condition brings up the extraction
rate of chlorogenic acid from Chrysanthemum indicum to 3.92%. Slogisticl model can simulate the
mathematical model process and best describe the extraction process of chlorogenic acid from
Chrysanthemum indicum.
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7 34 1. (Chrysanthemum indicum) iy 22 4 4= %
AW, ZAEBAEI T, i, SO5EN,
HARER ., RIPU0ILE RS . PUHLIESHZ . 5T
RIS 2 AR Y

1 6 T 57 45 46 b 28 IR R 1) $ B 53 2 4 vh
FARBRT 20, FEREHED . Kin
R B3 O S o 7 -l P ) A G T4 (R sy
TEAUBUAS 5 FERTS | IR SR HLAR IR
ROTBE (PEG) 2 —Fh AR, AR L1 H
B BB RE R BR B A A )00 o i R A
VLRI 2000 O3 A AL 200 LR, Sl M 0 o
T 2 e 4 HOHCR O SR FH R 4l B PEG-200 $2
WP B AR JE TR, I %o L4 J R B8 st AR i A 7
BF B PRI 1 R DL ARG o AN DUEF 4546
JEATRE, SR F RSB PEG-200 M HEGE,
Box- Benhnken H.04 AR T2, IF 4
ST NTR) R T LT S D R SR B B AR A, AT
Ry BT A A6 B IR I 3E— 25 I R R P B AR AR
1 #MRlER=*E
1.1 R

BRI RE: T YRR (5x10%uw/g):
LN AR A RA ] SRIEFRRXT IR . R
AT BHCABR AR s iR 24 8 23 pr 4t

SPECORD 50 PLUS #4¢4h 3ot i A - fli [
HEE AL AR B0 3 7] 3 KQ-500DB $i45 1 7
U BILT AR B/ ] 5 Hei-VAP Value
Digital G3 ig#% 28 &AL : TE4¥ Tengent; SHA-C
WK HEIRIRG 2 . ST A AR
PB-10 FRFETT: FEZ AR A A A H .
1.2 RWEHE
1.2.1 FrieihZry 2 i

2 N SR Vst R b v I 2R 0 5 i, A
FREL 10.16 mg ZR R FR bR E 5L T 100 mL 25 5,
IE RT3 800 30% PEG-200 ¥ fift s B 2= 20 3
RI1% 101.6 pg/mL MIERIEFRIRMER W o 53 0 R
WHL 0, 0.3, 0.6, 0.9, 1.2 F1 1.5 mL FiRFrufiig,
FHARFR BN 30% PEG-200 F B E A % 10 mL,
B3 0. 3.12. 6.23. 9.35, 12.47 il 15.59 pg/mL
FI) TAEW o TR R A 329 nm LI & WO
BEo DIMRIEEE Aspe FYNARRR . SRR TR VRS C

JRE AR R, bR E AT 2, A5 B AR o il £
A=0.051C+0.003 9 ( R*=0.999 8 ),
1.2.2 B4 46 5% R I B B

TP AL W T iR — i —w ff (RF
R 30%A9 PEG-200 )— 7 pH— it fift— i 75 $2
IR P PR U R R 4 — e A
1.2.3  ZRJFEFR PRI

W LR FEBUR I —E IR RS, LL 30%
PEG-200 N, #MR 1.2.1 M5 killsE A {8,
IR G F RO
1.2.4  SRIFRIER T 2T

i LR R B A . R IR . W)
[ L | AP ek R A i T 1) % BT 2 16 2 R 412 B
SR FEIN o v o 7 g B ) g J e B B3R 52 i R
K, HLHE E B AR EE N 50 °C, FIH Design
Expert8.0.6 FA: 147w b i A 50 7 S8 i1,
HHZEAKFEILEER 1,

1 WMEERKEEEKER
Tablel Levelsof response surfacetest factors

(S
KF gprm A WEIK B MR C e D
1% /(mL : g) /°C /h
-1 0.8 10 : 1 45 1.5
0 1.2 15:1 50 2.0
1 1.6 20: 1 55 25
1.3 HES

mw o7 T LA 15 11K B Design Expert8.0.6 #k {2
HEAT TS BT 58 s b, B BORE R
Origin Pro 8.0 £it4i sb B AK 14
2 HBRE5GH

21 BEAZRRE
21,1 i X A B R AR B 11 5 i)

HE 1 AT, fER A& 0%~1.2%0T, SRR
PEBCR SR E Tt e AR 1.2% 0] 2% 5 R 42 I
RIRBNR KM, MG HRIBCEIF R o TR, X2
DRI Ay I 2 g P S 38, il 5 RG22 b L 23 185 K
it gt S o RN R SR R, S5 EUR
IV 72 G0 RS DR BE AR O AN | BRHAIE S 7 R B
DR T i 3t SRR AR ) IR i S 6 4 1 ik
BEETHE R R BN 1.2%.
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Fig.1 Effect of enzyme dosage on extraction
rate of chlorogenic acid
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Fig.2 Effect of ultrasonic temperature on extraction
rate of chlorogenic acid
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Fig.3 Effect of liquid-solid ratio on extraction rate

of chlorogenic acid
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fip VR IR I, 2R SR R s, it 2 h
Ja, SRR IR HOR S TR 3 H O 2 R
ZE HA AT, KW E R T BEH o AR
WK gt i b S AR R BRIOR R R . A
IR R AU BRI ) E 2 2 he

22 NWmpzmERIELER
2.2.1 W R A5 R M

e o TR g B T R AR WK 2, A
Design-Expert 8.0.6 Z X 3% 2 i £dis i 47 [l 14
G, Bl 2ok, Wk 3,

* 2 Box-behnken HLABRBER

Table2 Test resultsof Box-behnken center combination
4 % % %

1 -1 1 0 0 3.39 16 1 -1 0 0 3.22

2 -1 0 0 -1 2.85 17 1 0 0 1 3.07

3 0 1 -1 0 3.24 18 0 0 0 0 3.40

4 1 0 -1 0 3.21 19 0 0 -1 -1 343

5 1 1 0 0 3.59 20 1 0 1 0 3.29

6 0 1 0 1 3.58 21 0 1 0 -1 3.26

7 0 0 0 0 3.48 22 0 0 1 1 3.64

8 1 0 0 -1 3.79 23 0 0 0 0 3.52

9 0 0 -1 1 2.90 24 0 0 1 -1 2.92
10 0 0 0 0 341 25 0 -1 -1 0 2.84
11 -1 0 0 1 3.50 26 0 -1 1 0 3.30
12 0 1 1 0 3.45 27 -1 0 -1 0 2.90
13 0 0 0 0 3.46 28 0 -1 0 1 2.82
14 0 -1 0 -1 3.19 29 -1 0 1 0 3.26
15 -1 -1 0 0 3.00

®3 MEEMAESFTER
Table3 Variance analysisresults of response surface

g 3 -5 il A ¥J5 F P A
LAY 1.91 14 0.14 22.60 <0.000 1 *¥

A 0.13 1 0.13 22.23 0.000 3 *x

B 0.38 1 0.38 63.11 <0.000 1 ok

C 0.15 1 0.15 24.74 0.000 2 ok

D 4.083E-004 1 4.083E-004 0.068 0.798 8

AB 1.000E-004 1 1.000E-004 0.017 0.899 5

AC 0.020 1 0.020 3.24 0.093 4

AD 0.47 1 0.47 77.59 <0.000 1 *x

BC 0.016 1 0.016 2.58 0.1303

BD 0.12 1 0.12 19.68 0.000 6 *x

CD 0.39 1 0.39 64.60 <0.000 1 ok

A 0.040 1 0.040 6.57 0.022 6 *

B? 0.067 1 0.067 11.16 0.004 9 *x

c? 0.18 1 0.18 29.03 <0.000 1 *x

D? 0.056 1 0.056 9.33 0.008 6 *x
B 0.085 14 6.047E-003

el 0.075 10 7.474E-003 3.01 0.149 6 NTE S
aliiR 2% 9.920E-003 4 2.480E-003

2= 2.00 28

R—

0.9576 Riz=0.9153

e **, P<0.01, ZFWEE; *, P<0.05, Z2REHE; P>0.05, ZRABE,
Note: **, P<0.01, the difference is extremely significant; *, P<0.05, the difference is significant; P>0.05, the difference is not significant.
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UK ) AT > it g YL > il

2.2.2 W I A HLAR A3 AT B e A B BT 25
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i Design-Expert 8.0.6 #4700 HriTE 15
PN EF AL o R R AR U e e T 50 R4 R
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P figp s [H] 2.5 h, IR BT 2 A 2o St TR 4 BB 174 ot
HH 4.05% FEM T 2550 T 3E17 3 IRESTIEIR L,
TBRERBOR A 3.92%, FHXTIRZEHR 3.21%, KW
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23 BHHFEHFEEBRENNEESF
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HIE 6 RIAT, 9% [ L T 4 48 Hh % DR R 114 42
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M7 Haf DA, W it R e R
F Tk R r SR B . ¥ b R 4 5 354 i rp H
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Fig.6 Response surface diagrams of two factors' interaction
influence on extraction rate of chlorogenic acid from
Chrysanthemum indicum
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Table4 Fitting parameters of the extraction model under different liquid-solid ratios
" TP eS8 R 240
BOREFR IR W L . —
i A Xo p Reduced-Chi? R Adj-R
Logistic 10 : 1 2.246 74 3.009 54 0.583 82 4.509 96 0.002 40 0.967 51 0.935 02
y= A -A, FA 15:1 2.989 79 3.458 35 0.834 86 5.201 43 0.005 17 0.910 85 0.821 70
=—Ll L +A
X
1+ X 20 - 1 2.598 12 3.144 97 0.734 84 4.504 40 0.004 36 0.930 95 0.861 91
0
" TP eS8 BRI 240
BORARRIR  WE 2
a Xe k Reduced-Chi? R Adj-R?
Sgompertz 10 : 1 3.008 63 0.109 15 4.316 21 0.001 79 0.967 70 0.951 55
15:1 3.463 50 -0.254 20 2.637 97 0.003 88 0.910 80 0.866 20
y= ag oL k0x)]
20 : 1 3.145 24 —-0.108 23 3.012 15 0.003 18 0.932 74 0.899 12
" . TP G S RPN 248
BOMAR R WAL =
a b c Reduced-Chi? R Adj-R?
Asymptoticl 101 3.008 79 4.052 31 0.015 75 0.001 78 0.967 78 0.951 67
b 15:1 3.460 44 1.589 60 0.077 48 0.003 90 0.910 35 0.865 53
=a-bc
Y 20 -1 3.145 39 1.989 68 0.054 75 0.003 19 0.932 66 0.898 99
" . IRT A S HEAIPF A 250
WA B0 I )7 B W I L &
a X k Reduced-Chi? R Adj-R
Slogisticl 10 : 1 3.008 47 0.145 02 4.488 62 0.001 79 0.967 62 0.951 43
a 15:1 3.460 27 —0.206 01 2.720 80 0.003 87 0.911 22 0.866 82
1+ %) 20 1 3.145 07 —0.060 77 3.123 78 0.003 18 0.93279 0.899 18

Y y-SRERRARECR s xR 1]
Note: y-extraction rate of chlorogenic acid; X-enzymolysis time.
Fe2ERIA K. ZRG DL Bl # - Slogisticl 158
TR G s I 44 18 Hh R 4 B R A R A
232 BUFBRIA IR

N T AR R IE AR, 2 B e R [ B
S5 PF T 5 E PO A R S PR AR 2] A R
SHOME ST AL, SRR 5. ik 5 A,
SEINAE S TN (A A R L UEPH Slogisticl 527
SRR A A6 P R R R HR I R () S AR

= 4 PRYEHE R . BR Logostic AN, H
A =AY Sgompertz., Asymptoticl Fil Slogisticl
PIReRhr m & ar IR B S U B . P AR R T
10 : 1B, Asymptoticl HEEIfY Adj-R® 4 0.951
67, LT HAt =ML s fER A HE S 15 1 120
1 I, Slogisticl #AIMGSBR M, MM
AR, Slogisticl BIRAEMR F L 10« 1 444 T 42
HUER AR BB A B BB R 5 Asymptoticl LA

*5 HHEEPEFEHRINHFERGIE
Table5 Validation of mathematical model for chlorogenic acid extraction from Chrysanthemum indicum

23 R R B /%
i H] /h 10: 1 15: 1 20 1
e SENE G REE T SENAE WA TEREE T SENE AT
1.25 2.99 2.95 0.986 6 3.40 3.26 0.958 8 3.09 3.02 0.977 3
2.75 3.01 2.98 0.986 7 3.46 3.30 0.953 8 3.14 3.07 0.9777
3 & PEG-200 $2&HCHT 44 46 Hh 4 R IR 1) e A T2 20 560

A E R 0.8%, WEH 20 - 1(mL : g), FEf#

ARHIRLAEGTAEOTEAL, RIURREMI s 55 o At 2.5 b, B SchREEACE b
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