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Optimization of Activated Carbon Decolorization Process of
Water- and Alkali-Extracted Polysaccharides from Cordyceps taii

ZHANG Mishuai, ZOU Yujia, LIU Ruming’

(Institute of Medicinal Biotechnology, Affiliated Hospital of Zunyi Medical University, Zunyi Municipal Key Laboratory
of Medicinal Biotechnology, Guizhou Provincial Research Center for Translational Medicine, Zunyi 563003, China)

Abstract: Objective: Cordyceps taii is a kind of characteristic medical fungus resource in Guizhou. In this study, the
decolorization process of activated carbon for water- and alkali-extracted polysaccharides from C. taii was explored.
Methods: Based on the single factor experiment of active carbon dosage, decolorization time, decolorization temperature
and decolorization pH, the optimum decolorization processes of two kinds of polysaccharide with active carbon were
optimized by four factors on three levels orthogonal experiment. Results: Optimal decolorization technology of water- and
alkali-extracted polysaccharides were as follows: Active carbon dose were 1.5 and 2 g/100 mL, decolorization time were 10
and 30 min, decolorization temperature were at 50 and 70 °C, decolorization pH were at 4 and 8, respectively. Under the
optimal conditions, the decolorization rate and the retention rate of water-extracted polysaccharides were 92.12%+0.45%
and 73.46%+0.33%, and the decolorization rate and the retention rate of alkali-extracted polysaccharides were
75.67%+0.66% and 56.72%+0.47%, respectively. Conclusion: Active carbon adsorption had significant decolorization
effect on water- and alkali-extracted polysaccharides from C. taii, and the retention rates of polysaccharides were both high.

The decolorization process was simple, efficient, low cost and suitable for industrial application.
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JK; QHZ-98A FEIR  RAHEIE; UV2700 £550A] TS5
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500 g, LURHEEL 1:6 IIA 95% ZBEESNEMS 4, A
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&, WERMEESE S k. BEE RIS, &1 5 IRk
W, TENERE 28 KA ey 2R ARBLE 1/5, JinA 4 175
RFRTCIK LB, 4 °C vk EEDT 24 h, 5000 g B0
10 min WA UTHE, MK TG/K 285 . PIERTES 2 K.
FEUTHE FH— B RIS B F /KIS, Sevage T [(RER
M E/KAHFGE DT AHRE AL TCEA B3R 2, R Heds 1
S, A5 PG B BB 115 g0 B2 A ek i,
FERRR L 1:5 A 0.5 mol/L IS EALNIE R, 60 C
IKIGHEE 2 h, EE 5 K6 3%, FH 0.1 mol/L
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e, S BE SR A RE VS RO GIE
1.2.2.3 BB RN 55 30, 40, 50,
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Table 1

experiment of water-extracted polysaccharides from C. taii

Factor levels design for orthogonal decolorization

) IKT-ORHEZHE)
H%E
1 2 3
ATE M A (2/100 mL) 1.5 2 2.5
B (5 ] (min) 10 20 30
CIlR R (°C) 50 60 70
Dt ftpH 3 4 5

2 BT H R ARR B (I SR Y N F KB
Table 2 Factor levels design for orthogonal decolorization
experiment of alkali-extracted polysaccharides from C. taii

K- (AR 2 0%)
1 2 3
ATEMEH A (g/100 mL) 2 25 3
Bt € [E] (min) 30 40 50
CH & (°C) 50 60 70
Dfii fiipH 6 7 8

124 BEEFRATF 2% CHRLSE 420 nm AL
SR E K S AR 25 B (3 MG, 5%
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fit i

T Ay g 7878 W MR CRT 420 nm Zb T
HCAH s Ay o 2 WP 420 nm AEOGIHE
1.2.5 ZHENE Tk RO F RN 2P
R FH A I - A T 20T I, FHRS T 43 90| W A 4
ET BB S EE W 0.0, 0.2, 0.4, 0.6, 0.8, 1.0 mL, & T
25 mL HEERE T, B 5 A ZE K 24
1.0 mL, iTA 1.0 mL 5% BYZEER A1 5 mL #ilg, 125
¥I5) )5 E T 30 °C /KW 6 20 min, DLAR 4G b
PRUEAE 490 nm | (WOGAE I PN AL bR, 75 Wk 2
(pg/mL) S Ak PR AE B A5 bR E B 28 Y=0.01113X-

0.0094, R*=0.9991. HEWJEFE 10~100 ug/mL i [
PN, 3 EG H B K R R R 2208 5 (0 1 )5 43 A A 2
Fy-BRERVEINAE 490 nm AL SGIE, 832U Sk
JE, VI R B %

zﬁﬁ%$@@=%wﬂﬁxmo

REN B2

T My o g g2 7S 22 BT IR (00 i R 32,
ug/mL; Mm@ﬁg@g%mgﬁfgﬁﬁﬁ@ﬁﬁﬁﬁg s
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1.2.6 JLEZBORITPHT BB AL 2 PO B 2™
g kR, H 3% T S R —4F, SR SE 504K
PR AL FRR PG 53325, 25 e dn kR LAz oA
FIIELL 100 RIS, XA BRI BE AL Y R
PHITFRBRIEF T INAGCR TN, B8 35 WA EE R R
0.5, Hf5: ZEEPES3=0.5< LA 35R+0. 5< 2R BE R .
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SR SPSS 21.0 Xt 1E A2 50 45 S A Tk 25 Fl T
55T, * IR P<0.05 BEMEXER, **3RIK P<0.01
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2.1 BRBEERTERARIKHNTE

Xof 2B MR AE 400~800 nm 7 1K 78 BBl P AT
WOLE 1) 455 WoR PR PSR AE 7T TLOGIX
Tei R g, H A 400~800 nm 75 [l PN W WA 52 328 i
SRR, ARYE PR B R I BT A AR €0,
MBS B AMOZS TR, H-S25 0 8 NS 4% 20
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K PEFIORIE W RS I OGIE, TR AR
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Fig.1 Full-wavelength scanning before decolorization of water-
and alkali-extracted polysaccharides from C. faii

22 SEMRAERE

Bl 2A S ARBERE G TR FH B N, 7K B 2
{0 RARYE 42708, £ 2 g/100 mL FH sk i (0 3R B
TR 80.72%; Dl Wil 2 1% P o FH B 1 i, s £,
I 2R R (P<0.05), M &#EiT 2 g/100 mL LS,
B e e ARG N, T CE 3R TL-F-AS A 0, T B Dt sl 2
A (73 B ToFA8, 76 3 g/100 mL & Bsp i 45 3
BRR 68.77%. HMUGLLEAR IR, /KIEFIHE 2
WH I T P P 4353135643 2 F1 3 g/100 mL,
2.3 BRER BRI
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Fig.2 Effect of different conditions on the decolorization of
water- and alkali-extracted polysaccharides
VE: A: WM F o B BT C: R ; D: B pH;
SFATL I RN W R ) 2, RS R R A e 2
S, AN A FREARRE B ) 22 57 13 (P<0.05), FRENIT A 4

THM/NEIRHES (a<b<c<d<e) .

IG5 B it 22 B 56 €0 238 [ 25 1) 8] 3485 i 38 7 7 = L TE
50 min X B KRAE N 68.16%. Wi B i (4, 42—~
BN AT 3 I R, R 25 SR AT A TR R 22 b,
PR 7K B 220, 22 (A W S A AR R TR B e [ T
s ] AR SR e, 2 2 T BB A TSR IR AT 2,

S OR . JE S A R 225050, /KBEFnmiE =
BRI A 0B (] 4353113568 20 Fi1 50 min.
24 MRREERERRI

&l 2C o, B ISR A3, JK 3R R R
ARAVTEREEIN, 76 70 °C B ASRREE N 91.56%:;
W HE 22 W B o Vi B B4 0, W (2R M T v, R ARRAE
70 °C BFRENHR AR 77.27%, 2SR RSk T s i
LR TN RE . ST T REIFEA, BRI BRI
WOk, T 5 ik A WG PR R 2S B, A5 AT R 1 F
5 (B SRR Sy P R, e A R S BRI
e o (0L 22 I W BRE, EL AT BE B IR 22 W 45 A8 5 i HL v
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2.5 it pH BIZM

€ 2D 7R, pH g 3 Fll 4 B5], 7K 2B (05R 5
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Rz i i FC e /K B 2B O B 5 i DRl AR U2 1 1
wmHAE(A) . pH(D) | I (C)FIRTEI(B), 4 ~HZEY
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Table 3 Results of orthogonal on decolorization of water-extracted polysaccharides from C. faii with activated carbon

S A B c D Tt %(%) SRBR BT (%) LA
1 1 1 1 1 88.40+0.43 70.94+1.31 97.83+0.23
2 1 2 2 2 90.39+0.26 70.92+0.93 98.91+0.22
3 1 3 3 3 88.42+0.44 71.92+1.03 98.52+0.13
4 2 1 2 3 91.11£0.23 65.76+0.43 95.72+0.40
5 2 2 3 1 90.25+0.40 59.53+0.62 90.91+0.15
6 2 3 1 2 88.43+0.56 67.13+£0.75 95.20+0.15
7 3 1 3 2 90.83+0.34 61.84+0.69 92.84+0.28
8 3 2 1 3 89.48+0.52 59.99+0.31 90.81+0.39
9 3 3 2 1 90.92+0.54 50.80+0.09 85.21+0.51

F4 R FOKAR M IE AR 2 o

Table 4 Extremum difference analysis of orthogonal experiment of water-extracted polysaccharide from C. taii

Eiztan A B C D
B 2(%)
k, 89.07 90.11 88.77 89.86
k, 89.93 90.04 90.81 89.88
ks 90.41 89.26 89.83 89.67
R 1.34 0.86 2.04 0.21
FEHNE C>A>B>D
Rk A, B, C, D,
ZHEREE (%)
K 71.26 66.18 66.02 60.43
k, 64.14 63.48 62.49 66.63
k, 57.54 63.28 64.43 65.89
R 13.60 3.10 3.54 6.30
FEHEE A>D>C>B
Rk A B, C, D,
LTSy
k, 98.42 95.46 94.61 91.32
k, 93.94 93.55 93.28 95.65
ks 89.62 92.98 94.09 95.02
R 8.80 2.48 1.33 433
FEHEE A>D>C>B
Bk T A B, C D,

F5 MR HROKIR ZHRE B O R T7 220

Table 5 Variance analysis of decolorization rate of water-extracted polysaccharide from C. faii with activated carbon

Eiztan K% SS df MS F B
MR (%) A 8.33 2.00 4.17 15.03 <0.01
B 18.70 2.00 9.35 33.74 <0.01
C 4.00 2.00 2.00 7.22 <0.01
D 0.25 2.00 0.12 0.45 >0.05
ZHE R (%) A 847.26 2.00 423.63 711.97 <0.01
B 47.17 2.00 23.59 39.64 <0.01
C 56.18 2.00 28.09 4721 <0.01
D 206.64 2.00 103.32 173.64 <0.01
LEETE A 348.22 2.00 174.11 1903.47 <0.01
B 30.43 2.00 15.22 166.36 <0.01
C 8.11 2.00 4.06 4435 <0.01
D 98.33 2.00 49.17 537.50 <0.01

:: SS, sum of squares of deviation from mean, #3424 75 Fll; df, degree of freedom, H Hi J&; MS, mean square, 3 /5 2%; F, F-statistics, F{E; P>0.05/8 .3,
P<0.0553%, P<0.01H% 5.3 8,

(A). pH(D) . B[ (B) FIIREE(C), PUASPIZEEAT 6] 10 min, WZERREE 50 °C. KE pH ok 4.
W2 (P<0.01); A A SR, 27 BRKOEEESERESETIZSEXENHRE
4 A\B,C,\D,, HNEPES 4 1.5 g/100 mL ., B B LG B 2B (L0 Lo (3%) IE 3186 4% 1A
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FKPR IR 2, BARSIIG BT M SCge g L | i 2= il i 3 E R R 22 B € 3 1 PR B AR O TR (C)
T ZMTEEIST IR 6. % 7 Sk 8, BHE (B) . pH(D) FEH FH (A), 4 DNHIRBEA
2 7 AR E R G R D C>B>D>A, Al M EEZER(P<0.01); &Ll &8 A;B,C3D,, HIE

6 T EARR 2 HHE VA (U IE ST A

Table 6 Results of orthogonal on decolorization of alkali-extracted polysaccharides from C. taii with activated carbon

SRS A B C D B AR (%) LB R (%) LEATESY
1 1 1 1 1 65.81+0.54 52.13+0.79 91.10£0.50
2 1 2 2 2 64.15+0.72 49.80+0.72 87.85+0.54
3 1 3 3 3 73.60+0.59 53.51+£0.53 97.40+0.24
4 2 1 2 3 67.77+0.72 45.89+0.77 86.53+0.66
5 2 2 3 1 70.65+0.39 40.0240.42 82.90+0.19
6 2 3 1 2 70.48+0.60 40.82+1.94 83.54+1.58
7 3 1 3 2 77.63+0.31 35.21+0.68 82.90+0.33
8 3 2 1 3 61.45+1.11 42.160.67 78.97+1.01
9 3 3 2 1 73.09+0.83 32.58+0.53 77.52+0.71

F 7 IR AR 2 IE AR 2 A

Table 7 Extremum difference analysis of orthogonal experiment of alkali-extracted polysaccharide from C. taii

Eiztan A B C D
B3R (%)
K, 67.85 70.40 65.91 69.85
k, 69.63 65.41 68.34 70.75
k, 70.72 7239 73.96 67.61
R 2.87 6.97 8.04 3.14
FEFE C>B>D>A
S med A, B, C, D,
ZHERER R (%)
K, 51.82 4441 45.04 41.58
k, 4224 43.99 4276 41.94
ks 36.65 4231 4291 47.19
R 15.17 2.10 228 5.61
FEHEE A>D>C>B
FetfkF A, B, C, D,
LA bR (%)
k, 92.12 86.84 84.54 83.84
k, 84.32 83.24 83.97 84.76
ks 79.80 86.15 87.73 87.64
R 12.32 3.60 3.77 3.80
FEHNE A>D>C>B
Rk A B, G, D,

F 8 IR HUR AR G VA (R T7 2= 0

Table 8 Variance analysis of decolorization rate of alkali-extracted polysaccharide from C. taii with activated carbon

izt G5 SS df MS F B
(%) A 37.87 2.00 18.94 27.09 <0.01
B 232.42 2.00 116.21 166.24 <0.01

C 306.57 2.00 153.28 219.28 <0.01

D 47.07 2.00 23.53 33.67 <0.01

LR (%) A 1058.85 2.00 529.43 664.99 <0.01
B 29.13 2.00 14.57 18.30 <0.01

c 2233 2.00 11.17 14.02 <0.01

D 177.24 2.00 88.62 11131 <0.01

LEETE A 699.18 2.00 349.59 606.77 <0.01
B 65.69 2.00 32.84 57.00 <0.01

C 7435 2.00 37.18 64.52 <0.01

D 70.64 2.00 35.32 6131 <0.01
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T H&E 3 /100 mL ., WA E] 50 min., B AR
70 °C. WM pH 2 7. ZHELREE R ZE R 45 BoR
A>D>C>B, RP 5 [C Bl $E bR B iy R 3
R WG P FH & (A) . pH(D) | 333 (C) FEs[a]
(B), 4 M~HZEBIHAW B2 (P<0.01); it &
N AB,C,D;, BINE SR & 2 g/100 mL ., WA (]
30 min., R EE 50 °C. W pH S 8. M 2245
AT, WG TR 2 BRI (R R 2B R B R
PRSI A B, 6 PR FH BB, o6 €0, 3R vy 17T 22 AR
B BRI e R 0] 55 2 R B SR al AR OG, Bl A
[FJEE N, Z2PH0R B R 5 R REa s, (H 20818 (eI
(AT E] 2 40 min B ERATG A5 €20 Tl B 55 Z2 W00 €0 52 il
TEAH G, T TR v o € S5 vy, 1T 22 WO B SR £
R 50 °C Bl iy At pH 5 Z2 W8 B R AL IEAR
%, pH sy 2008 BE SR s, (H 2 (R 0 B R A
HILTFE pH N 7 B,

BRI ZBEZE 51 R 4551 R A>D>C>B, HJI
s B ARV Sk R (A) L pH(D) | & JE(C)
FIET ] (B), PUA B 2R 2 BAT #2525 7 (P<0.01)5
A A AB,C3D;, BTG PE 2 & 2 ¢/100 mL,
W RAESTE] 30 min, WEMHEEE 70 °C . B pH & 8.
2.8 BEIZRIIE

A S B9 45428, BRIV: K 32 Z2 005 06 1 e FH =
1.5 g/100 mL . W FEFE] 10 min, IR 50 °C. %
B pH A 4; Sl 2 pEnG MR AR 2 /100 mL, W
A T8] 30 min, WZRHHREE 70 °C. WL pH A 8, 435Xt
AR HETIC, JTI0E R R RO B R, BOIE
WA T2 G5 IRR IC I R K B2 2RI 5 b
(HRBEZRA351Sh 92.12%+0.45% Fil 73.46%+0.33%, # [T
M R 2 MR (2 R N 2 BE O B R N 75.67 %0+
0.66% Fl1 56.72%+0.47%, FHALAL G 1 T 245154
RER[TT,
3 He54Ee

iAo Ry 2P B gl Ao B 1 BB 2 — 20, %
Z W B g5 M K 5E FNIE PR VRN AL 2F S T AR
LSS = & (8 4 w7 P B E K o = 0 i e N (B 3
IRASFNTET B ATIOENE T2, HEALEI08 ., S
R AAREE, AT Y2 N T ORI T 2 MR I €, A,
ZZBECY RN UG BR Z2 B0 XA B S0 43 ) 4
PRI R ARIE X U S 2 i T 2 36 7
TXTEUHITSE, UERH A RUEE /K IR 2 BRI R0 T
PEIREL (74.82% vs 70.51%), {H 2B B R B 25 F
W2 (80.57% vs 95.79% ), FLIE PRI T] BEVR T X4
KX ZZWREE R IR . RSIZH BT D101 AU
FLA B FH T3 LG R RR R WY zlifh, 1207 1 2050
1O RN BE 5N 64.84% T 53.43%); 1R
FHAS W 98 IF & 0 3% R e 08 60,325, B3 M o &
1.5 g/100 mL . WBFFATE] 10 min., BERAHREE 50 °C . M
B pH b 4, 3% 0GB BK $& 2005 1Y JIid (0.3 0 2 R Y
RIY PN 92.12% Fil 73.46%, YL T IFLIR IR H.

PR RN R, SO AMASR A SR o, S G R K
PEZHHEITE R ORI UL T 08 20, HEDn]
AEIE R Sk it 2 HE I Gt e AE pH SR, B =
W i e A pH st . SCHERHRE 1 PR X 77 H,
Yy (AN s ) B B RE 1 S5 pH A7 5% S5 1R
Y JAEAR pH B A DB AN HL, 5 BT, v
pH IS HLGRTARER, ANFI T R, AP EmR A A5 A sl i P 4
i R PR A SR A SSOREY

£ b, ATl B AaE e A R TE]
JI5t e 30 B FIBE €2, pH PUASRIER, X 3 PG HL B 7K SR
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