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Enzymatic Coupled with Smashing Tissue Extraction of Polysaccharides
from Flowers of Prunus cerasifera Ehrh. cv. Atropurpurea
Jacg. and Their Monosaccharide Composition

WEI Qiang* ,JI Xiao-ying
Pharmacology College ,Anhui Xinhua University ,Anhui Hefei 230088 , China

Abstract: The aim of this study were to optimize the process of enzymatic coupled with smashing tissue extraction and
purification of polysaccharides from the flowers of Prunus cerasifera Ehrh. cv. Atropurpurea Jacg and to analyze their mon-
osaccharide compositions by GC-MS. Based on single-factor tests, response surface design was used to assure the optimal
process. Polysaccharides which were separated by DEAE-52 cellulose column and Sephadex G-150 chromatography and
treated by acetylation was determined by GC-MS. The results showed the optimal extraction parameters as follows: enzy-
matic temperature was 45 °C , enzymatic time was 2 h,enzymatic dosage was 0. 17% , extraction time was 3 min, liquid-
solid ratio was 35: 1, revolution speed was 3000 rpm. Under the optimized conditions, the yield of polysaccharides yield
13.02% . Polysaccharides were composed of PPCS-I and PPCS-II,in which PPCS-I contained Rhamnose , Arabinose , Xy-
lose , Mannose ,and Glucose with a molar ratio of 12. 11:3.16:7.06: 1: 4. 92, PPCS-II contained Rhamnose, Xylose,
Mannose, Glucose and Galactose with a molar ratio of 5.02: 1:13.65:11.76: 8.39.
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WP BERIEBRA ) o BRZEHE (Hit5 : 111668200602 ) |
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100226201105 ) ( 1 [& 24 5 A= Py il it 48 7 B, 1 14
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2 XWAHE
2.1 EEAE
2,101 BEkBRA AR

K BRI S 2T 0 22208 5 g 0y, — B
T 500 mL HLZEHETEIH, A 100 mL ZZ 18 K=
912 h, BIA 0. 1% HEY) 2 A1 35 CRif#E 2 h,
FEANA 200 mL ZEE K Z WAL 2 hy I3 — A m

fif§, B3I 300 mL ZE 58K [ 1 & s $R L
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FERPRBCT R 2Lt 22 fE kK S5 g PR, — 13 [F)
2. 1.1 W5, B A 200 mL 7% 18 7K 43 75 42 B 30
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K BRI SR L0 240K 5 g Wy, — 03 [
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7RI K R A A X HR

IR E R 3 R, BRI BRI
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2.2 TR E 2
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mn, IZERK E 25 T 100 mL 25 i, FEE RO,
0.1.0.2.0.3.0.4.0.5.0.6.0.8 mL 7258 b5t 5
VW, BT 8 H 10 mL ZIEEAE T, 2 Bl n A ZE 187K
Z 2 mL, F A 1.0 mL 8 5% R PR By IR S 7
mL (IR BRRRIA R, 550, KB AR 25 min , B HI %
W, LA 2SRk O 25 W IR 7E 490 nm T U 5E IO
JE, LIOGRE A, S ARTR, A 2 MV B2 C, iy ik Ak
b, AR EMZE A, =0.0036C,-0. 0024 , 28 14 1 Fl
J0 ~16.45 pe/mlL, MERE S MBS,

Ay S % R E 0.0.1.0.2.0.3.0.4.0.5.0.6,
0.8 mL % HEbR ST, B T 10 mL Z1 3 0
H A B AZRIR K E AR 2 4 mL, F5r HIMA 5 mL
WeBE R 6.5 mg/mL () i 5K R (DNS) %, #7
A1, 8K TR S min, R H R EIR, BRKER R
10 mL, F 540 nm K 06, ARG A,
NYAETR AR BE C, SR AR AR, 2 i b o it 2k
A, =0.0049C,-0. 0042, ZLPEJE RIS 0 ~ 16. 45 pg/
mL, A SR AR 5, 2 R R AU
ZWEG R (% ) = (SSWH BT -1 [0 B i) / J5kk T
1 x100%
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Table 1 Factors and levels of the enzymatic extraction of polysaccharides
EES 1R 7K Level
Factor Code 1 0 1
B fi# i % Enzymatic temperature ( °C) A 35 40 45
fitg £ i [6] Enzymatic time (h) 2 2.5 3
fiff FH % Enzymatic dosage (% ) C 0.15 0.17 0.20

2.5 ZEMBEEBEAS TN

FF LT 2R AE B IR 220 L) 28 AR 7K V5 A B 1) i e
iR 120 mg/mL AU WY, 50 G I EE W 1 mL |
DEAE-52 £F 4245 (1.5 em x 60 em) , DL Z&18 K K&
0.1.0.2.0.4.0.6 mol/L GAAAME WML , ik
4 0.5 mL/min, BEILEE N3 mL, T-490 nm 4bL)
IR~ R ) WA O B, 42 ) U A PR k. O O VR vk
G, TR BT R0 T8 A5 200 2R 0 R 22 B (fRT AR
PCS) . ZHEGMT 5 mL 228K, B0 RIER
i Sephadex G-150 BE gt , HZ& 18 /K FEATUE I, 78
Ty - i 1 R A 000 R YA, 22 1 ol Ot o 28, i RV G
WSS IR 43, BT UR T ARG 20 1 (AR
PPCS- [ ) FitkE 2 4% 11 (fRiFK PPCS-11) .

AT AL B RIS 208 1 K20 T RS
SR L BT AOBE AR T 880 A A L FLE
HES 3 A ZE R KBS i, AN E AL BE i 3 h,
PIVK 2R E pH 4 ~5 N A W45 =1 AR

f§f,90 C F/KE 1.5 h, B H, I AH 2K 3 mL, N, X
TLOMACEE, EWRT 3 WR,2 mL =@ b7
B, 1L U85 2 BEE = .

GC-MS Z&4 : SAH A5 B B 4045 8 4 (HP-5,30
x0.32 mm x0.25 um) ; A, f# | mL/min,
FEE 1 pLs By FHE AR R 160 °CL 2L 6 “C/min
T2 200 C P4 6 min; PR CURIKGINZS IR 344 250
Co Bt L BB, B 70 eV B IR IE
250 °C 3 FHHTEH :m/z 30 ~600; 7307 [ :30: 1,

3 #ERESH

3.1 EEAE

H1 & 2 ], it A B A s BRI R A
AR RN 5. 14 £0.75% , N J5 73
PRHCRPLE 5 7.20 £0. 52% , 7] UL AL 3% 22 115 %
HRK TR ML IO 2 & % 1,
Fitg I A TN U AR R e o, R CR A3 7.98%

F2 FREBIFEERNSHEHLE(« 5,0 =3)

Table 2 Comparison of different extraction methods ( X+ s,n =3)

75 LIRS PRI ] LW

No. Extraction methods Extraction time Polysaccharide yield (% )
1 fif B G 20 1% Enzymatic and boiling extraction 2 h 6.88 +0.19
2 .37 Boiling extraction 2h 6.05 +0.26
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3 fitF2: 3% & #87 Enzymatic and supersonic extraction 0.5h 7.01 +0.34
4 #i7 Supersonic extraction 0.5h 4.22 £0.38
5 VL BE & % Enzymatic and microwave extraction 5 min 6.95 +0.16
6 ¥ Microwave extraction 5 min 5.05+0.10
7 B A TN Smashing tissue and enzymatic extraction 3 min 7.98 +0.22
8 [N Smashing tissue extraction 3 min 5.26 +0.15
3.2 BEAERIER
s 8 ‘Q 9t b <
= " = o
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J\;E = 6 & % 6 i}i L 7
EE o ZE6
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3 Z4 E
Z = g 4
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15 25 35 45 55 65 0.51.01.52.02.53.03.54.04.55.0 &~ 0.05 010 015 020 025 030
il e il it e ) TP
Enzymatic temperature(°C) Enzymatic time(h) Enzyme dosage(%)
S85td S S
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£ 57 £
=L Ly 2
“Z £ :
< 6.0 =3 ' ' ‘ x = 6.0 - .
< 1 2 3 4 5 6 =710 20030 4050 60 = 000 2000 3000 4000 5000 6000
PRI ] Wk L30
Extraction time(min) Liquid-solid ratio(times) Speed of revolution(t/min)
Bl EEfRRE(a) EEMRAE(D) EAE(c) JREEE () RHELE (o) REE () X SHEE RN
Fig. 1 Effects of enzymatic temperature (a) ,enzymatic time (b) ,enzyme dosage (c¢) ,extraction time (d),liquid-solid ratio (e)
and speed of revolution (f) on polysaccharides yield
GORWE 1 (a~ 1), & 1a Al BCEREAGIRIE MR &N, UL 30 ~40 £5 8 . & 1f IR,

3, 2SR (R = T 45 °C L,
SR A TV, PERE N R, OB AR TR RS AE 35 ~45 C oy
Ho Kb IR, B 2 ~3 h A R T &35 Fe LB
ROR . K Le TR, G B NK, 215 3250
Perm W > 0. 20% B 2 B8 R JL T A48, LLO.
15% ~0.20% N'H . B 1d 5o, BEE 5B a] r
I, W5 A8 0 P (PR B ] > 4 min B 20
PRZE MM A T B, 31X A 68 -5 Bk 8] 7™ A i PR X B
SR G K Le SWoR Bl 2 WORH G A% Bl 8

B 25 5 R (N, 22 BHAS SR8 N, (H 55 34 > 4000
rpm WM 248, %5 FE 2 REFE N %, L)L 3000 ~ 4000
rpm B

3.3 MmAEESH
3.3.1 Bkva @it R

P BALPR 2R S B b, el g U A [
FE D A =~ 2 384T Box-Behnken FA.0>SLE6 1
T, SR R WK 2 3 4 FiIE 2(a~c),

®3 EBEMEESTEITRERBER

Table 3 Design and results of response surface methodology of the enzymatic extraction

X Z Factor

S : : _ LR
BN vass A BEfRIR R B i st fa) C B = Polysaccharide
No. Enzymatic Enzymatic Enzymatic yield (M,% )
temperature  ( °C) time (h) dosage (% )
1 0 0 0 8.26
2 0 -1 1 8.12
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3 1 1 0 7.65

4 0 0 0 8.29

5 0 1 1 8.61

6 1 0 -1 7.62

7 0 0 0 8.31

8 0 1 -1 8.05

9 0 -1 -1 7.61

10 1 0 1 8.33

11 1 1 0 8.22

12 1 0 1 7.43

13 0 0 0 8.28

14 0 0 0 8.32

15 1 -1 0 7.01

16 1 0 -1 7.02

17 1 1 0 7.95

F4 HEOESTER
Table 4 The results of variance analysis of the enzymatic extraction
A T it sy i ot i
Source of saares e Mean square F value Significance

A 3.609357 9 0.40104 1057.355 < 0.0001 ®
B 1.132513 1 1.132513 2985.909 < 0.0001 % %
C 0.4232 1 0.4232 1115.782 < 0.0001 ® %
AB 0.599513 1 0.599513 1580. 636 < 0.0001 ®
AC 0.034225 1 0.034225 90.2354 < 0.0001 * %
BC 0.0225 1 0.0225 59.32203 0.0001 ® %
A? 0.000625 1 0. 000625 1.647834 0.2401

B? 1.232341 1 1.232341 3249.11 < 0.0001 ®
c? 0.007967 1 0.007967 21.00624 0.0025 ®

5% 7% Residual 0. 002655 7 0.0003793
JAUI Loss of quasi item 0.0003750 3 0.0001250 0.22 0.8785 A\E%
Not significant
AT Sum 3.61 16

T T FORERWEE (P <0.01),

Notes: * * means extremely significant difference (P <0.01).

M4 7], AB.C =A%, AB AC BC 3¢
HRFEFN B C* R R TR R SRR AR B (P <
0.01), KW =AHERLKHZHAEHIX L 2L
WIS SR IA G W52 00 . FH BT 2a AT, Mgk ) H) 7 2
min FIEHHFRETE 35 °C I Z2HE15 3B, B 1 [6]
IR IR 5, 2R B A0 . (B Iun)
) RS i S T2 AR 2 AR 32, |y &1 2b 7T
A, Bt T R I ROR AR N (R B | 22 WS R S
PRI, SO AT BRI B RIS AZ HAEHIAH

XTS5 o Bl 2¢ WL, BEAE T B 1 0 R R A U
Perm, Z WS R 2 IR BRI, 5 SO R %, 2
TRPHE A HAE RO o Ud A g R 1 T S R R B
AT, 35 ) T A 240 RELRE I A, [RTERBOK M 2 A 45
A e bt s AR HUOR .

XA T A A5 E TR R

M =8.29 +0.384 +0.23B +0.27C-0. 0934B +
0.075AC +0.012BC-0. 54A°0.043B°-0. 15C”

AL R R? = 0. 9993 | ¢ # [] 46 56 (lack of
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Sit) P {EH 0.8785 , Al 2, R 2 085 L MR 45 °C B [E) A 2 h B &8 0.17% .
At Expert-design 8. 0 Tl ik B A T4 0 - g it

a 5
500 e - £ 90
2 S8 T ER M5 o
=S80 ==L rEEss
wmeEy R =EES
RS REE E5275
R =770 < Nz =70
0.20 T
3.0 ) -
28267455 sas® Oflgoﬁ 0.16 2 26°° 0'28.190 = oms P
Bt < 22.03537 " A wgsmin C:igIaE 015 2.0 Bty st ] 1 016 15353771 o
. ; e : Fnzymati CoHig T 5357 AR IRLEE
B:Enzymatic A-Enzymatic C:Enzyme B:Enzymatic -
time(h) :Enzy OC dosage(%) time(h) C:Enzyme A:Enzymatic
temperature("C) dosage(%) temperature(°C)
2L 1 )
2125 E-D £
w T 120 MES 5 <
%E‘gllﬁ m‘b%é% - tﬁ;ﬁé |
EEZ110 B L = EZ 10
&= ST 108 Esal 2210
R E=100 N == y / R &= 1Y
= 9.5 < : < =
~
o 4000 g 4000
05 e P 0
3034553430 $§§%03259000 393420 3259 o
YRR 303.07 . g e i z-i ll—f T30 e ] LA Y LRORHEE
Yl:Ll_qm_d'SOhd X:Extraction wpeed ol X:Extraction Z:Speed of Y 1:Liquid-solid
ratio(times) time(min) revolution(r/min) time(min) revolution(r/min) ratioftimes)

2 FEMEREAEEMIRE (o) EEREMEBMAE (D) BEASMERERE (o) R LRI E (d) (FiEFiR B E
(e) REREABFILL (1) X & ¥ELT 2 52 N 0 e R i TE] P

Fig.2 Response surface plots showing mutual effects of enzymatic time and enzymatic temperature (a) ,enzyme dosage and enzy-

matic time (b) ,enzyme dosage and enzymatic temperature (c¢) ,liquid-solid ratio and extraction time (d) ,speed of revolu-

tion and extraction time (e) as well as speed of revolution and liquid-solid ratio (f)

3.3.2 AXAERUR B @5 %R S AT Box-Behnken 0 SCH B, 5 45
EHE 3.3, 1 e T ZAUALEE RBEA TR . [FF  JRILES ~7 FME2(d~ 1),
TEHLIN SR SE IR LR [, DEPEFR IR ] OB} L AN
# 5 SIRERN R E R Rk F

Table 5 Factors and levels of the smashing tissue extraction

FEES e K Level
Factor Code 1 0 1
FRUUEHE] Extraction time (min) X 3 3.5 4
BB The ratio of liquid-solid ( times) Y 30 35 40
3 Speed of revolution (rpm) A 3000 3500 4000

F6  IRACIRENE A E A AR T R SRR

Table 6 Design and results of response surface methodology of smashing tissue extraction

K Z Factor .

o ‘ ERR(N)
NI X IR IR] Y ORI Z e Polysaccharide
No. Extraction Liquid-solid Speed of yield (N, % )

time (‘min) ratio ( times) revolution (rpm)
1 1 -1 0 10.25
2 0 0 0 12.22
3 0 0 0 12.29

4 0 1 -1 11.36



Vol. 27 T ORAE FRRIEA T USRI LT 2248 0 K SRER) 2L BT 2107

5 0 0 0 12.25

6 0 1 1 12.09

7 1 1 0 9.81

8 1 -1 0 9.66

9 1 0 -1 9.68

10 1 0 1 9.59

11 0 -1 -1 12.02

12 0 0 0 12.23

13 0 -1 1 11.39

14 1 0 1 10.15

15 0 0 0 12.16

16 1 1 0 10.12

17 1 0 -1 10.01

x7 WAXREBREESFER
Table 7 The results of variance analysis of the smashing tissue extraction
IR T Deste e P po w
Source of squares of freedom square F value Significant

X 0.400513 1 0.400513 299.0493 < 0.0001 ®
Y 0.00045 1 0.00045 0.336 0.5803
VA 0.002813 1 0.002813 2.1 0. 1906

XY 0.0196 1 0.0196 14. 63467 0.0065 % %
XZ 0.013225 1 0.013225 9. 874667 0.0163

Yz 0.4624 1 0.4624 345.2587 < 0.0001 ®
X2 17.9329 1 17.9329 13389.9 < 0.0001 * ok
Y2 0.179112 1 0.179112 133.7368 < 0.0001 ® %
72 0.401375 1 0.401375 299. 6933 < 0.0001 ®

5% 2 Residual 0.009375 7 0.001339
ST Loss of quasi item 0.0003750 3 0.0001250 0.056 0.9805 Nntﬁiiﬁant
S Sum 20.06 16
TE: " " SRR ERMEE(P<0.01),

s

Notes: * * means extremely significant difference (P <0.01).

HI2 7 WAL X XY YZ X2V 77 St A
SN R 3 (P <0.01) fy & 2d A1 2e AT AL, $2 U
[AI7E 3 ~4 min N Z2 BT R EBUREE N, DU R
(%, TBORE L 7R 30 ~ 40 A% e 3 7 3000 ~
4000 rpm iz [ AT FHY TAT 50 °F- B, 0 22 0 4R R i) 4
/0o VT FIT 1B RO TBORE RV 89 1] PA 1 T A 2% 4
TR ZBE R PRI, T FRIBON A B . 18] 2 43
Fral 0, BE G WORE L A5 EORN e SR ) HS o, 22 3
R, H A PR 300 Z2 Wl S U A AR, 52 AR
BE.

XTI TOUAL , 75 1A T A

N=12.23 +0.22X +0.0075Y +0.019Z-0. 07 XY
+0.058XZ +0.34YZ-2.06X>-0.21Y*-0. 312"

ALJG B R* =0. 9995, 2 Ul [a] ¥ 35 P {E Ky
0.9805, A i} 2, R WIB A 70 53 U G0 DL Ex-
pert-design 8. 0 Tl ik 5 A4 T2 25 A < 42 B[] 4 3
min, R 35 4%, %344 3000 1rpm,
3.3.3 HiEAgk

X S LR AT 4B, 45 2T 2R AR Z2 R
T ESEC N W fd R B 0 45 °C Tl g i 1) Ry 2
h iR 0.17% , [N AR A R 3 min, BORHE
35 4%, %% i 3000 rpm, 2 BEAH R I HE AN
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13.10% . DL ERGAHAT T A UESCE:  MAS 20 A 45320006, 32 B 208 i P AP AS [ 2H B 0 2415044
BARSEPRME N 13.02% (n=3,RSD =1.01% ) , 53 . U 3b F13c, M SephadexG-150 JZ#rEXT4H

WO TMAEAR L, AR R 225/, 6 T 2588 . Gyt —2 B alidh, 3 BB AE R RR I 45 3
3.4 ZEHEBEAES ST PPCS-1 F1 PPCS-II P Fh Z2 541 704l i
WK 3a iR, L2248 Z M4 DEAE-52 #: )2
1.61b c -
1810 el ) ig
£12 £l @il
S200 RN =200
=E08 = 206 =206
=20 XZ 04 == 0.
=03 o2 0
% 20 40 60 80 100 0 10 20 30 40 50 0 10 20 30 40 50
HR R B
Tube number Tube number Tube number

B3 DEAE-52 SF4EEAEBER (a) (Sephadex G-150 $ER#43 PPCS- 1 (b) & Sephadex G-150 #£BE48 PPCS- 11 () BOERE B &
Fig. 3 Elution curves of DEAE-52 cellulose column chromatography (a) ,PPCS- | by Sephadex G-150 (b) and PPCS- ] by Sepha-
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