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Extraction optimization and purification of intracellular acidic polysaccharides
from Chlorella sp. GTD4C-2 and their antioxidant activity

ZHANG Kai-yue ,ZHOU Yong-shun, HAN Kai, WANG Lu,CHEN Fu-long,GAO Jian-feng "

College of Life Sciences ,Shihezi University ,Shihezi 832003 , China

Abstract: The optimization of intracellular polysaccharides (1PSs ) extraction from Chlorella sp. GTD4C-2 was performed u-
sing response surface methodology based on a central composite design. The optimal conditions for extraction were determined
as follows;an extraction time of 1 h,an extraction temperature of 80 °C ,and a solid-to-liquid ratio of 1:25 (g/mL). Subse-
quently, the extracted IPSs were further purified through ion exchange chromatography. Structural analysis was carried out u-
sing high-performance gel permeation chromatography, gas chromatography-mass spectrometry, and Fourier-transform infrared
spectroscopy. Additionally ,the DPPH radical scavenging activity and hydroxyl radical scavenging capacity of the IPSs were e-
valuated. The results revealed two stable molecular weight acidic polysaccharides:IPS-2 (53.1 kDa) and TPS-3 (25.6 kDa) ,
both containing glucose and galactose as monosaccharide components. The sulfate content was found to be (5.69 +0.11)%
for IPS-2 and (8.46 £0.03) % for IPS-3. In vitro antioxidant activity showed that vitamin C exhibited the highest antioxidant
capacity followed by the crude extract of IPSs, then IPS-3, and finally IPS-2. In conclusion, polysaccharides extracted from
Chlorella sp. GTD4C-2 demonstrated significant antioxidant activity with stronger antioxidative properties observed in the
crude extract compared to isolated compounds (TPS-2 and IPS-3). These findings suggest promising applications for Chlorella
sp. GTD4C-2 polysaccharides in various fields such as food products, pharmaceuticals, and health supplements.
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WIIRERR TS BT B TR R/ B 2 A
DA BB B RE AT X 5 H A T AR G

ZMERR S 2 15 5 A R 1Y B LR A R |
TP TR E 20 . RV 2R R 4B E 1R H]
INH 8 ZR G5 7 A BB W T 22 F ) 9 A
98, HoWEsE 31 B RA IR & B 5 HA KA
B R, AU RY, G 20 3 271 T
FEBEZE, LS — Ui L sh Wy (e MESh B ) | £ B AN
UGN TEISTA VLR /L N 2 (G THE S iER 7 B 7 = 5
S PR 2 ik W ok K T A i 0 6 5 A0 e AR, &
B TR Es T R 5 AR W O A % ) G
ER

ARSL 56 % FH i 0 B G 1T ( central composite
design, CCD) Xf 70 75 /N BK 355 M N £ ¥ (intracellular
polysaccharides , IPSs) #2 1 T 2 #4740 4L , T B4 BF
WA SCI R itk — A T 1PSs £ 55
REZEE RUFHeAl . 20T — BRI, T
HORWE PRS2 AEDIRE LA S v 2 KA 2%
SRV B Z WERE AR AL
1 w57
1.1 ##E5EH

PRk 1B SR R PR R, B TR R
AT TR A R F B A 5 5 A e SR
% EIEARFRE, DL S 18S rRNA JEPRR#IE 7 51
BRI Y K Chlorella sp. GTD4C2" ) 1,1-—
HREE2-=FH LA (DPPH) (4l =98. 0% , L5 .
B25613-20 mg, Jt 5t 1 ok WAL £ A PR A 7)) 5 B
(46 =99.0% ,4IL5:10342418 , [ 142 s ARBHEL I
AR A 5B AT 5 (45 : 20230316, |15 2 7oAk
FHECB Oy A PR 2 W) ) 5 #5490 b o (it 5
20230425, 413 =99. 0% , |13 27 sE Rk B0y A7 P
o)) s B FLBE AR E A (450 20230206, 4 JE =
99.0% , [ SaARFHE IRy A BR 2 7)) 5 BT dk i iR
(Ve) (41£45-:20230504 , 4 £ =99. 0% , K H: i 41
R TA R A s KA IR (4t45-:202305018 , K7t
Hiot B 404 T 0F 58 B ) 5 o Ak & (35
20221209, b s MBI A A PR R ) s $hik 2
i (4165 :20230102 , 6 =99. 0% , |53 i bhRH44
ety AR 2y ] ) 5 i e (it 5 - 20230306, 41 =
99.0% , [ iff % v ARFHE IR A A PR A 7)) 5 S BRI
(L5 :20230412 , 41 =99. 0% , |- 47 FobRRH i
A BRA ] ) 5 oA SE 58 BT IR 3 23 4t

1.2 SRIE{UEE

FH LAY (AKTA pure 25 M, Fi #it Cytiva 2y
a)) SR S ( GC-Tsolin K 1T, 32 [ Thermo 2y
F)) s AWAL (LD-D24SY 1l 4R 3¢ B 52 0 {0 s A iR
N 58 B 2148 63 (FTIR-650, I H 450 I
A il 1 A BR 2w ) 5 i 350 A €235 (U3000, 5 [
Thermo 2% #) ) ; UV 25 Ah-n] WL 4 3% K 33 i {X
(NS9300, I 15 - 1H AL &8 A Wl ) 5 5840 7] D430
HEETH(UV-5100, oA A BRA R s il E A
BUR T HRAL (LGI-12, bt R AR 4R e A BR A
A ) ;7N ZERG I #5% ( Optilab T-rEX, 3¢ [ Wyatt 5] ) .
1.3 LEH*
1.3.1 IPSs 21

B¢ Chlorella sp. GTDAC-2 F$%57 3L (Bold’s basal
medium,BBM) ,12 h/12 h(J& IR/ 505 ) K538, Ak
T4#%(0.2 MPa,-50 C,4 ~5 h) J5 Al 15 T %8, &
BT/ NEREERY 1 g, B F 4% NaOH (25 mL) %
R 10 min (400 W88 7 ik e 2L E] 3. 3
s, SRR 3.3 5) ,SRIG 7E 80 CRISH M 1 h, &
A>(8 000 r/min, 15 min) ; WEE LIEW, INATEIK &
BE(1:3)(V/V), # B % B0 (8 000 r/min, 15
min) FUTLIE, B INGE 3 % =A%, s E
DIVEA T fif 5 250 (8 000 r/min, 15 min ) Y5 135
W, FH = AR G K QB DLE LW IRE, B0
(8 000 r/min, 15 min) 13 YL 3E, L% R H %5 (0. 2
MPa,-50 C ,4 ~5 h) R34 IPSs; fiifF7E 4 C T
PIEiE— 25T
1.3.2 B A, B & st [PSs £ B FH v eg £ H

PALDR 2RI SE 06 DL IPSs 45 BT e ok IR, 2
PO X6 22 5 ) < 31 5 S 25 A [ b ( g/ mL) 1:
25 FEHEFE] 1 b, P05 AN [RDE R (°C) 70,75 .80 .85,
90 95 Xf TPSs $& HU i (Y 52 M o [V Hb X6 22 40 52 i)«
158 2 25 AR EUEL BE 80 C /KA IM#R 1 h, 2 A
] [ [ (¢/mL) 1:10 . 1:15 1:20 1:25 1: 30 ,1: 35
X IPSs $EEUER A2 o PRI [A] X TPSs 5200 ; [
SR A5 [ L 1= 25 $2IGRBE 80 °C, I AN [F] 7K
WImHES A (h)0.3.0.6.1.0.1.3.1.6.2. 0 % IPSs
PR B
1.3.3  wip pi o @ik it

TERR P Z LIS 5L L, {# H Design-Expert 13.0
BTN F 3 K 2 KL, BARGR5 K
w1, AT A F Rk, a6 4
L8, I AT CCD i i i T Ak TPSs 2 ICT- 20,
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Table 1  Factors and leves in the response surface analysis
X £ Factor
K - i -
Level Ax SRR ] B RHURL C:[H L
Extraction time(h) Extraction temperature ( °C ) Solid-liquid ratio( g/mL)
-1 0.5 75 1:30
0 1.0 80 1:25
1 1.5 85 1:20
1.3.4  1PSs ZhAL & 20 %, 57 1.3.4.5  FAREA] A

1.3.4.1 1PSs B&-F4lifk

K FHR (440X, #E4T TPSs 6 BEVEMG , ¥ DEAE
Seplife FF(1.6 cm x 300 cm) 2 814 3847 55 vh i F
7,5 mL IPSs (20 mg/mL) ZKIFW A, B EEVR TR
JHE T Tris-HC1(pH = 7.2) BEBEHK Y NaCl %5 v
FEMRIR H7:0.00.,0. 50 1. 00 mol/L, S JH B il 5 e
RGN 52 o PR v TP b S A TR B SliAb R
IPSs [ 10 000 Da s #T4$7E X B F /K (1 5544 T i A
48 h, 1 J5 LSRR T M, 20 CvKAR IR AT
1.3.4.2 1PSs 4lifif % 5¢

JEHTIE 1PSs SR 43 £ 2 000 ~ 500
nm P HEFT S AN GIE A, K L AE 260 nm J
280 nm AZb ) I ISCI 45, DT H4 i U0 S /)N Bk 8 A
IPSs [2li
1.3.4.3 BRI & S0

SR PR R L R R
FES AT AL B S, B IR 0. 1 mL A & S AR O A
1.00 mL 8% (1) =5 L FR/KIEWA 1.0 mL SEALEN
(0.5 g EALBAE T 100 mL BRI R ) 28400
JEHETHAE 360 nm K I RS o LA R B bR
JKEEW(0.5.10.15.20 .30 g/ ml) FE 7 Bt R M 5
FRUEIZE , 18109 957 F2 R y = 0. 006 9x-0. 002 2, R* =
0.992 4,
1.3.4.4  SrFatkail

et FH s 280 A €2 15 (o FH 8 e HlEBHL €335 £ Ohpak
SB-805 HQ(300 mm x 8 mm) Fl Ohpak SB-803 HQ
(300 mm x 8 mm) HREKI 4T, KU A5 A Opti-
lab T-rEX 7R 22K I &% o FFHE LA AE 0. 1 mol/L
NaNO, /K% (7 0.02% NaN,, W/W) i | 203k i
K1 mg/mL, FFE L FLAE R 0. 45 wm (5t g4 i U8
Ja LA . S5k ok AR IR 45 °C, HEAE 100
wL, i shAH A(0.02% NaN,,0.1 mol/L NaNO;) , ¥
# 0.6 mL/min,

FIWENG 2 BeBR iR 1k o MR A TPSs K MR
FEf A 10 mg EHhFRFZE AN 0.5 mL MERE, DA K&
0.5 mL Z R, 43 51# H 1 mL(1 mol/L) Ex iz i 1
mL H,0 #F47 =R, il A e 45 1 mL, i
Jaid 0.22 wm J@ ik 8 B, HE 4TS (GC-
MS) ., {4k CP-Sil 24 LOWBLEED MS 4145 {6,
JEAE(30 m x 0.25 mm x 0.25 wm) , SN &4l
He, #ii# 1.0 mL/min, ZLAMGIER A KBr JEF 2
SEN LA EREFI R T 400 ~4 000 em”
1.3.4.6 Priafeimt

MR ¥ Smirnof 251 J7 kgt T DPPH. [ phy L35 R
K, BEGTES A 0. 04 mg/mL (%) DPPH £ 5 W
HR ] 96 FLAMFLAR AT INAE o AEANFE N [ v
(0.4 ~4 mg/mL) #EA7MIK, PL4EA 2 C(vitamin C,
Vi) R BHPEXT HRATL, PARE 76 2 R T P55 30 min, £
517 nm AbEROGREE . MRPEA0(1) 7145 DPPH A
H I BRFE(R,) o

A, A,
R, =(1--"-"2) x100% (1)
A()

A RN R R R 205 I A5 () W AR A,
RICK AR DPPH R S AE i X IR OB RE A,
RTCIK C AR S A E S 2 VBB BE
1.3.4.7  FHE [ WG BRkm

FRAE Seedevi 2510 77 1 HEAT ¥R HE [ Hh L5 R4S
M, LA 6 mmol/L ¥ FeSO, VAWK A1 6 mmol/L ¥ H,0,
VSR SR S O AE 96 LA ARSI, I s L AE 510
nm 2RO, RIEA K (2) THA R A B d R
H(R,) .

R;(l-%) x 100% (2)

2P Ay S HIZRACES 228 it I A5 1) I DY {5 A,
AN TR B Z2 BN AS B O (EL A, i HIR AU K
BRI AN [F) e B2 T Z2 MBI BB (E
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1.3.5 Hpae

A R A ¥ 3 I E R T IAME + bRl 2
(;is) FIRo [fi FH Design-Expert 13 #E47 0 b7 {ifi 1
JyHT, 48 ] Origin 2022 22 [, i Fi] SPSS 20 317
ANOVA 23 ¥

2 HBRESW
2.1 #R
2.1.1 GRJE A B iR AT IPSs 32 B vk 69 S A

W1 7R, TR I 1) 0 [ 9 E X 1PSs 2 B
H(g/g) AR, 7£ 70 ~80 CHY, B % M=,
IPSs $2 Ui W (P <0.01) s8R, FE ik — 28 T
T ORI B LF IO . AN [ [V LL AR
HURH ) BUE R K& S8 IPSs 2R L AET
FEadh, HEFEISY 1 ~1.3 h, IPSs $EHUE A B i K
8, ZJG TG TR, 25530, 1PSs IRUE 2 £
Foft DR 28 B IR 1T 7 A oA, T Bk — 25 BB 5T R
1k,

2.1.2  vh B @AEAL 5 B

AR AR 3R SR 25 R, 4% I CCD B3,
HHEFT 20 IR 5, Horh 14 A BT AL 6 b
LA Design-Expert 13 X5 0817 2 50 [ A 14 404,
HENE IR AR LA IPSs AR T 200

0.055/

1PSsHIL I
n

W———
1:10 1:18 1:20 1:28
[Mf L Liquid-solid ratio

~ 0.040

1PSsH I
IPSs extraction quality (g/g
o °
Q Q
s 153

**

—

e o
2 2
5 &

1:30 1

°
°

03 086 09 12 15
HRELET ) Extraction time  (h)

B 1
Fig. 1
" S, 2255 8% (P <0.05); "

18

TR Z IR )T A

Y=0.0551+0.001 54 +0.004 9B +0.002 6C
+0. 003 84B-0. 003 0AC + 0. 000 7BC-0. 015 7A°-
0.011 4B*>-0.015 4C*

iR 2 455 B, CCD BRI F {H K 48.77,
P <0.000 1, H ik iR Y AR A I 25 e 5 R 4D
H0.135 1, 259 WE(P>0.05) , BEARER 757
RIS I . BERIAISE R B R =0.977 7,R.,; =
0.957 7, K WISL IR 25 F SRR F N 45 5 B AT R 419
AW, Segm iR 22 /el B A o PRt iR ] T
DV NER 5 TPSs 2 HUER (1) SE 00 45 .l o A A
SIS M SR, B R C 1 AB X} IPSs $2 U
HABELW,B A B C° X 1PSs #EHUR HA W
S R RS | [V LG R ] 1 %05 TPSs 48 1K
BAR G, R SLE AT RS2, &3
FXF IPSs FEICE 1Y 52 K/ INIUT Ay - 2 BORLEE > [
WLt > BEHET]

P T 2 AT, 7 R 2R 32 A%, — 4k i 1 1 43 AT
S5 N B R A RT3 o A e 4k I T AU
F23) AB FE s S N MRIEIE AR, Ul B HAH B 3
BC MR DY , vl B HAH BAE B /N 5T De-
sign-Expert 13. 0 J3Hr &5 RA5 5, 7ERF[A] 1.03 h & B

_ —i—1

70 75 30 85 %0 o5
FEHGATE Extraction temperature (°C)

BREEXRER

Single factor experimental results

S EAEl, Z 30 5# (P <0.01), Note: * Compared with the highest value,significant

difference (P < 0.05) ; * * Compared with the highest value, very significant difference (P < 0.01).
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Table 2 shows the results of regression simulation analysis of variance

2SR 35 . , B
Source Mean square Significance
Model 571 0.000 9 48.77 <0.000 1 o
A 0.000 0 1.77 0.2135 -
B 0.000 3 17.67 0.001 8 o
c 0.000 1 5.07 0.048 0 *
AB 0.000 1 6.12 0.032 8 *
AC 0.000 1 3.92 0.0759 -
BC 0. 000 000 45 0.2449 0.631 4 -
A? 0.003 5 192.37 <0.000 1 o
B 0.001 9 102.26 <0.000 1 v
c? 0.003 4 186.77 <0.000 1 o
2% Residual 0.000 0 - - -
ST Lack of fit 0.000 0 2.88 0.1351 NS
#li{5% 2% Pure error 0.000 000 946 7 - - -
FH e Z2 %4 Correlation coefficient R?=0.9777 R2:=0.9577 -

adj

P <0.05;""P

< 0.01,

81.14 °C (WL 1:25 HYZ&1F T, IPSs Fe L4 T
ZAIERAT0.055 g $RECE .y 56 ki 7 AR R I Af

LSRG, S B E AL AR AF IR ] 1 b Gl
J¥ 80 C [ L 1025, FE ML Z&AF T BEAT 3 IRSL 5.

%253:::‘;;"0"0 o
55025
— | SR

S5
5%

K

1PSsHEIL AL
IPSs extraction quality (g/g)

IPSsHEHLE
IPSs extraction quality (g/

G 04
O/,d/i@,%-[é_ 035
Yuzy
’H[,b

2% 2( Continued Fig.2)

>,
00.0’ oY

S5 R R TPSs $2 i A7 (0. 054 +0.002) g, #
1 Dunaliella salina ZFEEEUE 0. 041 g F1 Arthrospaira

BN

Extraction temperature (°C)

C:[fl i te

Solid-liquid ratio

IPSsH2HL &

A:HRHL 8]

Extraction time (h)

IPSsHEIL i
IPSs extraction quality (g/g)

AR [7]

Extraction time (h)

IPSs extraction quality (g/g)

platensis ZAFEHEHLE 0. 042 g[m BT Wang gl 18] 5op
Rhodosorus sp. SCSI0-45730 A2 EIE 0.093 g,
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e
2
L7
g 777 7KL

77922050958 S

illlll'::' % “‘ SRS

XXX

1PSs UL
IPSs extraction quality (g/g)

I
A2 ‘$‘s:‘\:§‘\\§\\
SR

& X
=="0‘0’0’ ST

IPSsHz L &
IPSs extraction quality (g/g)

C:E
Solid-liquid ratio

BRI

Extraction temperature (°C)

2 WEEXEME-#MEERERSZ

Fg 2 Three-dimensional response surface and contour lines of interaction between two factors

2.1.3 1PSs 5 & 44t

P B 728400 207 AE, #5647 IPSs 735 . Sefdi
0.00 mol/L NaCl ¥/ ( WL 3) , f55 Z 45 1PS-1 42
WK Sy 5% . T J5 4 U fd T 0. 50 mol/L il 1. 00
mol/L NaCl ¥ & if 17 U6 W, 15 2] /R 14 £ b 1PS-2,
IPS-3, R HUR 43 5k 6%  12% , 525 X DL
NaCl My B AR A5 0 PR 2 Zo 4, A 7 I 225256

554 L&iﬁl{iiglb/iolpﬁon vakue 10
2.0 4 - 0.8
3
g S
E 15+ (HEE
=} N7
5 g
2 1.0 i
=
- 0.2
0.5 4 .
\
T e L Y}
0.0 T T T T T
0 50 100 150 200 250 300
et A F Elution volume (mL)
3 IPSs B DEAE Seplife FF #f B % Bit B 2
Fig. 3 DEAE Seplife FF elution curve of IPSs
2.1.4 1IPSs 452

S5 R EE A SO TE X 22 E Al R AT
BRRAE A6 TE T Wil Sy 260 nm , 8 1 BT 7E 55 4k
FEFE T WS04 Ry 280 nm, IPS-2 1 IPS-3 #E 260 nm
1280 nm JCH] R W cid (DL 4)  FE—E FREE B
U] =R CTRIEFR R AR RIS, R B A 8
SEE 0 SNSRI A I R Al B B —
1R 34 1 o

2.1.5 [IPSs B85 #F

I T e i | SO S TSRS A R 2 6 T 4 16k FH
WASHE 5L L Xt it . ZHER A WA [EE 50+
i, T oy 5 oA P 34ME . TPSs S ZHEHLERY)
P —E W SAZIR , He o A M R 152 25 3
KOABGEPRE L, @i &2k 1PS-2
IPS-3 AR M B 2R HE AT 70 2, 45 2R R IPS2 433
KT 1PS-3, i@t 3, Al 41 IPSs  IPS-2 #1 IPS-3 1
AR, H IPSs Erit A M (11.97 £0.23) %,
A DB 2l Ak 5 (0 2R IR ik B S A BRI . S
gl rf IPS-2 \IPS-3 (IPSs =ik i 4H hi 44 LA A 45
FIREFLBE R 32, 5 Sun 21 F1 Sang 52 L), A
ZWERZ & A wkaE U

IPS-2
8
g
=]
g
2 | —---IPS33
o
B |
= N

l\

\,

\\__‘
200 360 400 500 600 700 800

1 Wavelength (nm)

4 TPS-2.1PS-3 ZESMRULIEE
Fig. 4  Ultraviolet absorption spectrum of IPS-1 and IPS-2

2.1.6 LT AT
LA 25 S an 5, IPSs (IPS-2 | 1PS-3 #Y FT-
IR YGi% 30 A AR LAY R E B REAT . -NH . -OH
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=3 IPSs LR S (v £5,n=3)
Table 3 Chemical composition of TPSs( xts ,n=3)
[ ~ e HOREZE L
A2 g, sy TR S Monosaccharide composition(mg/g)
Chemical composition Molecular weight(kDa) Sulfate group( % ) ~
%585 Glucose 2B Galactose
IPSs — 11.97 £0.23 0.199 6 0.043 0
1PS-2 53.1 5.69 £0.11 1.460 0 0.026 6
IPS-3 25.6 8.46 +0.03 0.776 2 0.201 5

£ 3 250 ~500 em™ i 4R 3, C-H 7 2 900 em™ [
44 22 L K -COOH £ 1 700 ~1 750 em™ [y
HRsh ' Ky 220 4 M R E W iU . 1200 ~ 1 000
em™ Y5 FEl Y C-O-H I 3 F1 C-O-C 4% 15 41 3h W i
i -NO, 7E 1 500 ~1 600 em™ HU4 , C-H 25 i

WeAE 1433 em BHE L1433 em™ 11 733 em ™ 01K
W, I 45 I TPSs rh ELAT WS RR . 7F 790 ~ 850
em™ b A BR R ISCHT , 25 W 20 9 35 T i 1 Ik
HME 845 em™ 1918 em™ 4b W BRIRE Bl s, FE B IPSs
HIAEAE -l B-F 72027

IPSs

W IPS-2

1PS-3

4000 3500 3000 2500

2000

1500 1000 500

% Wavenumbers (cm™)

&5

IPSs IPS-2 IPS-3 By FT-IR Stigk

Fig. 5 FT-IR spectra of IPSs,IPS-2 and IPS-3

2.1.7 REAEW S

— U RE A I HA B %) DPPH K23k A i 2T
W4 iE P, IPSs \IPS2 K TPS-3 X [ h LI BRI P 2
R B AR . LA Ve PR IR, 2 B TP-
Ss %f DPPH |4 fi 3£/ ICy, =0. 011 mg/mL, $3F V,
%t DPPH [ Hi 319 IC,, =0. 007 mg/mL, IPSs X325
H i 2ERY 1Cs, =0.737 mg/mL, [FAE4EIT Vo X R4

-

@
3

g

3 2

& 60

i g

h oh

#s

=5

 § 40

B —

i3 ——F
-}
€20 ——4
%‘ —a—Vc
5 —e—1PS
=0 —a—1PS-2

—v—IPS-3

0.1 03 0.5 08 1 2

e Concentration(mg/ml.)

H i FERY 1G5, =0. 626 mg/mL, [ 2285 1 4lifb ) £
Wi B ETEBRIE PRI SS . 7E 2 mg/mL B IPSs (IPS-2
A1 IPS-3 %f DPPH H & R 2051 o (91. 13 =
2.93)% (23.16 £0.79) % J% (27.36 £2.44) % ( I},
K 6),7F 2 mg/mL [ IPS IPS2 1 IPS-3 X325 [
PRI 5 R 43 31 4 (80. 01 +0.98)% . (23. 19 =
2.35)% J%(32.06 £3.78) % . B KA ) ok BF 4 144 F

DPPH [ s &5 RRETE
3 3

DPPH radical scavenging rate (%)
s
S

N
S

—a—Ve
—e—1PS
—a—IPS-2
—v—IPS-3
03 05 08 1 2

HeJ¥ Concentration(mg/ml.)

0

6 IPSs &R DPPH FSE Bl EiFHE (v +5,n=3)
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