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1.1.1 #H&5KA

Bl TR BE 3 (Spirulina platensis) . M A6 4 E
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5 A 3 GL224-1SCN L+ K%, I A %8 2 F B 524X
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1.2 A&

1.2.1 oHhuk

W5 R I AE 620 nm Kb A fie KWl ik, B A AR
280 nm AbA F KW W , ) #E B H F 650 nm N A
o R W WU, AR 2 1 B AT A 52 A0 T IO 43 ot Ot
BE I 42 2 280 nm 620 nm Al 650 nm Ab Y 1
JERE CAD T T3 1 3 8 2R A 2 B8 R R AR M
Ml

O EHEHLE,

BOE R A SEEE (Purity) H P 3R7R . AR Sl EE 1Y
HEEAAAFYHE.P=0.7 W HEMHH, P>
BOMHEZH, P=4.0 0 K4 Hr 2, H 3 Yan
SR A A AT BRI T .

P=Ag /A (D

QW WEHE AW,

BIERE AW H C £/, BRAE Bennett %
PR A AT BRI R .

C(mg/mL) = (Agy —0.474 X Agyy)/5.34, (2)

QOBWEE MR,

WIHEEANSRAY #n.HEART .

Y (%) =(CXVy)/(m, x1000) X100%,  (3)
K. C REIEEAWKE (mg/mL) .V, J&H 3R A&
FU(mL) m, ZIRHEHE T B i (2) .
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TR A B, DT O 1 A RO A 1 ik . AR R
T < H % AR U E 3 T 40 0 B 28R LB (1 2 10 g/
mL.1:20 g/mL.1:50 g/mL.1: 100 g/mL.1:
200 g/mL) kAT (6 h 12 h.18 h.24 h.36 h) \i&
JH B (1 WK .2 IR W3 W) % 35 R R 1 4l B S AR 5
Wi, CRE DL b2 S U B B S 5 min, 4°C #fE 12
h,4 000 r/min &.> 15 min. 5 F35 %, 2 9100 E 280
nm.620 nm.650 nm &b 1YW G E .

K H Design-Expert # 4 1 Box Behnken & it
P A5 Bk 12 T BE 2500, LRI LE L I B a0 37 Bl vk 8
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F1 WMEEBSTKEEERMKE
Table 1 Test factors and levels used for response surface analy-

sis

K 2 Factors

KF AKHEIEG/mL) e CORRRBGO

(g/mL) time (h) (times)
-1 1:20 4 1
0 1:50 8 2
1 1:80 12 3
1.2.3 &k

T T 2 B R VA TR ( — 20°C) R L fifi g
2 i T I 7K o T A VR P K A A TR T
Fi VR 5 DT B0 0 200 6L 1 T s . BT RIS R AE A0 T
ORI A 5 1 g BRHESE T8, 433 A 20 mL 4
7K.0. 01 mol/L B R #h 2% »p il (PBS) . 0. 05 mol/L
PBS 2w A1 0. 1 mol/L PBS &, #7455 min,
—20°CHE 12 h; O HEFRI 3 7 1 g BHEHE T4,
s 30 SR O3 56 Jr A5 19 e AR VS W, B S 5 min, — 20°C
Sy #E 4 h.8 h 12 h; OB FRI 5 1y 1 g MR E B
T8 s 2 N F 35 ¥ 390 i 700 o O 3R 56 BT A5 1 B A
WRLHR 45 10 10 (g/ml) 11 20 (g/
mL).1 :50 (g/mL).1: 100 (g/mL).1 : 200 (g/
mL) #8755 min, ¥ Uk B 8]y @ i 45 19 5 0 5% 14
DFEHFRI 3y 1 g BRHESE T8, I A e A RHR L%
F L UR AR B AT o 1 L2 ORI 3 WK, B 5 min,
—20CHE ., FR&ENIRE TS T #MI%.4 000 1/
min &0 15 min, 28 _EVE R 1 mL, 7 B 10 75,
43 51 2 280 nm 620 nm 650 nm Ak 1 WG, 43 b
AN RIS ) ¥ VR B ) RHIR B | om0 8 1 AR 1 4l
J& K A5 M

* H Design Expert 314 1) Box Behnken ¥ it
e Ak VR Tl 1 B 2 5, LRI EL ¥4 VR I D L o il Uk 8
AR HE R AR A O I R AE , BT RSM R
G IR ERE 3 ANKFEGED B EEA
P18y 0 J3E R [T S A0 Ay o o7 A8 8 R, Sk 17 AT
AR 5 AMEE R o .
1.2.4 EERREAWERRELEEZG

T P e O o 92k 2 R D 9 A e W I 2 Jo R 1 A
MEEECE A7k, R ZERRERENT . OS5 5
20 mL 7 Ik T A A9 1 OB L 43 I i A 100 H 200
H.300 H.400 H.500 H ¥ %, # & W H 5 min;

REEEANRRNIZRURE4UHR

@5 fy 20 mL 75K 25 T A5 6 S5 A4 L 43 S0l AT
PE#% 0.1 g.0.3 g.0.5 g.0.7 g.0.9 g, ik HE® HE N
b2 A Y B AR H B W B R 5 mins @HL S
0y 20 mL ¥ BK 1 BT A5 10 TR 5 VA4 L A A 3 M e i
g b3 5 T A5 Y de AR % PR, ) E T 5
min.10 min.15 min.20 min.25 min, ¥ E& ik
B B LA 8 000 r/min 5% B .0 5 min, 2T
TE LA I BT T s s B 2 A% 5 43 B e
280 nm.620 nm.650 nm &b 1Y, S B AN [ 1 P
s BB VRO A B | W B A ) X 3 A AR P al R
EESIFA TN

*2 WEES IR EEMKE

Table 2 Test factors and levels used for response surface analy-
sis
% Factors
KF ASHRIE  poemmE CoRBREGO
Levels g/ m.- (h) C:Freeze-
A': Solid- . .
i . B:Freezing thaw times
liquid ratio : .
time (h) (times)
(g/mL)
-1 1:20 12 1
0 1:50 18 2
1 1:80 24 3

e 5 R 5 09 2 A . B Design - Expert
10. 0 #1419 Box-Behnken iR 56 % 31 J5 2 3 17 W) N/ ]
T 2 BT P H BT R A e R B s T3
AP AE AR R R 2300 2 A G PR R B S LY
3 AR (3R 3) o L i i B A 0052 R [ AT A Dy i
Jo7 A g i R A 17 TR L R A 5 AN EE R
Hb s
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Table 3 Test factors and levels used for response surface analy-

sis

A& Factors

ATE PR HEL B 3% PE AN . .
KF CH Alit(g/20 mpy MR
min)
Levels A:Number B: Amount . .
. ; C:Adsorption
of active of active G
carbon mesh carbon added ( 1me)
(mesh) (/20 mL) i
-1 200 0.3 5
0 300 0.5 10
1 400 0.7 15
1.2.5 BRAREWLELEEERG

R 305 P o O T k41 JBCAT 1 110 38 i 4R 9, 2
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WaiZE—E WG 2R 0. 05 mol/L PBS W ik 2%
W (F 0.6 mol/L BiRE TV i) Bt 7K J2 At S0k}
A7 2 VR B, Y W BB FE AR I R 0. 05 mol/L PBS
(% 0.6 mol/L B R #) .0. 05 mol/L PBS (% 0.3
mol/L BiE4%) .0. 05 mol/L PBS. 4li /K , i # ¥ 41 K
2 mL/min,3 min &%, E &% 280 nm.620 nm,
650 nm Kb THR AL, o Ao e 1 - 2. 40
B2 -3 R4 fERT 3 MM R . T 4l B S %,

2 HREHMH
2.1 BHESERSH

2.1.1 Mgt EAKETE EIRR BT R E R G LR
B F 7 A

Bl E B L 3 I, B R R R B LI
o ®

ke BHHE

Mg w2 TR, HAERE LY 10 200 (g/mL) B,
RS R R A ERRLE 1], S
FHR L I 1 0 B2 200 B DY AB 0B T 2 Ok RO
2 6 B 10 A R I M ) B R P B 2 TR AR 22 At R
PB4 1T RE — R I Akt ke, DR b o R 1 A R A
S INTNEA Y ST R N N = R (9 R A e
PA R RN B T 1 1 50 (g/mL) AR ¥ 5 4 R
W P SR U . I 78 A T ) S o i B 9 A
RGBT LA 1(b) ], 1 BH Bl 25 ¥ ik B T
Y HE K, T 22 0 B 1 RE L (ER A Y ik ) 25
TS PR AR T AR SN AR 7 AR R AL, ek 24
h 15 S ¥ T B ) ) o PR (. e R E A K TR BRI
BomL, BEE AWM R LT, Wi B T RELE 1o ],
RRAE 52 B 2B 7 1 5 2, BRI K 2 WRVE N IR .

0.0
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Solid-liquid ratio (g/mL)

6 12
Immersion time (h)

= Purity

18

. 2.5
—
120
SRS
=
L1072
bl
L0.5
. 0 Lo.o
24 30 i 2 3

Swelling times (times)

= Yield

% indicates significant difference in purity, * * P<C0.01, * % % P<(0.001, * * % %x P<C0.000 1; # indicates significant
difference in yield, # P<C0.05, % # P<<0.01,#%# # # P<{0.001,#% # # # P<C0.0001

&1
Fig. 1
2.1.2 EMKIR Bk B & AR AL

K F Design-Expert 5/ 5F 3£ 4 AR 56 45 1 oF
AT A3 B R AR 3 MR Z e
Wl AL, 1R Y = 2.28 + 0.12A + 0.22B +
0. 50C, P\ YR Wi 7 T [R5 A5 789 1) Jy 25 43 A 45 S 1T
LB RIA E R B R® =0.835 7, P =0.000 1<<0. 05,
JARIT P = 0. 097 0=>0. 05, 15 B [1] 9 05 B2 01 & 5 1
AT R A A L R A Sl LS X B R T R AT

% 4 ARk Box-Behnken iIXIE N R ER
Table 4 Analysis and results of Box-Behnken test by swelling
method
R \ o C KRR j
SR T R S 4%
55 (g/mL) ‘h ¢/ g R
Test A'; Solid- . C:Swelling 5°7°° 70
S . B:Swelling P Purity  Yield
number liquid ratio u (b times (%)
(g/mL) rme (times) ’
1 -1 -1 0 0.45  1.85
2 1 -1 0 0.38 2.39

3 -1 1 0 0.55

LI L U i T I 9 T Y 0w o T 1 R e A5 R B R )

Effects of solid-liquid ratio,swelling time and swelling times on the purity and yield of phycocyanin

gk
Continued table
b ey Ci R .
s COHRIL e ORI E
e g me. (h) . . a0
Test A': Solid . C:Swelling . g

SR . B:Swelling 8 Purity  Yield

number liquid ratio o b times (%)

(g/mL) e (times) 0

4 1 1 0 0.42 2.73

5 -1 0 -1 0.52 1.43

6 1 0 -1 0.33 1. 96

7 -1 0 1 0.38 2.68

8 1 0 1 0.39 2.48

9 0 -1 -1 0. 46 1.52

10 0 1 -1 0. 47 1. 80
11 0 -1 1 0.41 2.59
12 0 1 1 0. 44 2.93
13 0 0 0 0. 46 2.35
14 0 0 0 0.42 2.40
15 0 0 0 0.43 2.42
16 0 0 0 0.41 2.16
17 0 0 0 0.41 2.42
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F ] 091 A R 0 P A 45 2R (3R ) AT, [
K A.C P {E%%]M 0.000 6,0. 000 1(P<0.01),
BCH) P i} 0.001 3 (P<C0.01), £ 0K % B xf
N P AERE/N, FAERER , 5K 2 1% R 2 6] ) 1 A%

e e

EEEEANRENIZRUERESEHTHR

RYSZ . 2, RILAR IR R 5 v F A R/DATRLE B,
M A T T R A SR A TR 2R A I R B > R >
K 1]

x5 BERFRWNEDEFERSGZE DN
Table 5 Variance analysis of regression model for extraction rate by swelling method
K 5 i iz ¥y F {f P it ¥
Source Quadratic sum Degree of freedom Mean square F value P value Significance
Model 3.720 6 0.620 15.51 0.000 2 * %
A 0.970 1 0.970 24.23 0.000 6 * %
B 0. 097 1 0. 097 2.42 0.150 8
C 1. 510 1 1.510 37. 64 0.000 1 * %
AB 0. 058 1 0. 058 1.44 0.257 7
AC 0.130 1 0.130 3.15 0.106 2
BC 0.770 1 0.770 19. 36 0.001 3 * %
Residual error 0. 400 10 0. 040
Misfit term 0. 290 6 0.048 1.78 0.300 0
Net error 0.110 4 0.027
Total dispersion 4.120 16

Note: * * indicates extremely significant difference (P<C0.01)
2.1.3 ZEMKEEZR XA 648 E AR R

F 4 Box-Behnken 15 1112 40 45 S A g o7 il fi
P, 2% 406 1 il R AR, 20 R LL 9 ik BT, 3%
JH R B =5 22 18] 28 TEL AR 6 3 B A5 32 0 5 ) (R
2), HE 2 AT, X 3 AN KR Z R JCAH B 5 e, SR

3.0- Actual factors
A:Solid-liquid ratio=1:50
B:Swelling time=24 C
C:Swelling times=2

2.5
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P2 ORI L 7 T B T B 9 M R 50 1Y) A 5 T
Fig. 2 Interaction of solid-liquid ratio,swelling time and

swelling times

i B DR R e AR A SR AL A nT LA B0 K T RE
AT AR 1 50 (g/mL) % AKATE] 24 h, %
BV EL 2 Wk, AR T 4 5 Ok 0. 47, T 45 HOR Sy
2.16%.,
2.1.4 BhiEMXE

SR FH M 1 TR 3 BT 95 6 1 T A5 18 5 0 0 B 45 2 - et
W 1050 (g/mL), % MAE] 24 h, %k 2 1k,
AT ISR RS0, R 3 W, BOE (5 L I A5 5 i 2K
aifE Sy 0. 47,45 K Hg 2. 17 %, 5 1R 0 46 B 0. 47
FATR) 5 R TRON 5 % 2. 16 % 353 , W% T LR E

A, A S HME .
2.1.5 @ MLER AR )G 5Tk

R T 40 MO A TR I S A S S A I 3
B0 I G 3 [ R TR MR e 45 4 2B 1 W 3R [l i 7 A
TR AR ML R T ULV I T R AR R
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Pl 3 BRHE N I A T Y PR A

Fig. 3 Microstructure of Spirulina cells before and after fragmentation
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EEGLEBIFRY YA AU, B 1 1 10 (g/mL) A8 4BF] 1 1 200 (g/

Sk E A 0.10 mol/L PBS ZZ b ik #2 B mL) B, 35 i 2 (1 A A3 R 5 W 1 T, T o 05 2K 11 4l
WHEEAN REERANARMAER R ET & ETERAZERARELE 4] kM 150 (g/
PEFE 0.10 mol/L PBS ZE i AE A VRl 48 OB mIDAE 3 8 FORMR i e (8. VRl BN 2
BEMBERLE 4], REREEMA 4 h B 12 h R INE] 3 Y, 805 8 09 75 32 R0 2060 52 0 3 M 2
BLCEEEANGREETIR TR MREEEAML  RIM4DO] VIR 2 KE R EEEAD
BEZNG T RELIE 4(b) ] BEAE WEEI A 3G I SR A 4 B DN E % 2 YRR o VR R OB e AL

*kk #H#
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|I r2.5 0.8 I dekk 2.0
2.0 0.6 - 1.5
F1s S = S
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% indicates significant difference in purity, ¥ * P<C0.01, * * % P<Z0.001, * * * % P<C0.000 1; # indicates significant

difference in yield, # P<C0.05,% # P<{0.01,# # # P<0.001
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Fig.4 Effects of different solvent,freezing time,solid-liquid ratio and freezing-thawing times on the purity and yield of phy-

cocyanin
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2.2.2 Ak EkiKER B 5 A kAL

Kl Design-Expert B/ X & 6 112t 56 45 S it
A1 LG 19 30 B R AR SAH R Z T
WA A R, 45 2 Y = 2.30 + 0.43A + 0. 0558 +
0.53C—0.060AB+ 0. 18AC + 0. 22BC, H4IH % &

BR*=0.903 0,P =0.000 2<C0.05, L7 P =
0. 3>>0. 05, id B [ U= 5 R 480 A5 B 0 nl 5 B #4948 & L i

BEm o e A0 T 2 AT ., IR ALBLC WY P

REEEANRRNIZRURE4UHR

B 43504 0. 001 6,0.155 8,0.000 6, 1] 1K & —
WA B BFEP<0.0D),.BARE.CHREFHFP<
0.0 (F 7), £ HII AB,AC.BC By P {5435 K
0.146 0,0.107 3,0.002 3, Al A H.1 AB,AC A
E,.BC W E(P<<0.0D), MRIEERT b F HEK/N, W]
Ao HH B M R o B B A R R 3R R VR B > R TR
L =>4 VRt ]

£ 6 &KFh% Box-Behnken i S5 R & R
Table 6 Analysis and results of Box-Behnken test by freeze-thaw method
s A ERR L (g/mL) B ¥ VR 1] (h) C: ¥ VR B (VO 4 GESSP)
Test number  A:Solid-liquid ratio (g/mL)  B:Freezing time (h) C:Freezing times (times) Purity Yield (%)
1 -1 -1 0 0.42 1.56
2 1 -1 0 0.4 2.88
3 -1 1 0 0.47 1.71
4 1 1 0 0.38 2.55
5 -1 0 -1 0. 46 1.77
6 1 0 -1 0.51 2.28
7 -1 0 1 0. 46 2.01
8 1 0 1 0.41 3.23
9 0 -1 -1 0. 45 2.15
10 0 1 -1 0.4 1. 80
11 0 -1 1 0.38 1.92
12 0 1 1 0.37 3.33
13 0 0 0 0.37 2.13
14 0 0 0 0.37 2.13
15 0 0 0 0.39 2.42
16 0 0 0 0.38 1.98
17 0 0 0 0.38 2.26
R7T FRFERNEDEFEEFTESHN
Table 7 Variance analysis of regression model for the extraction rate by freeze-thaw method
e I 77 F H i o7 F{H Py &
Source Quadratic sum Degree of {reedom Mean square F value P value Significance
Model 3. 680 6 0. 620 16.71 0.001 4 * oK
A 0.970 1 0.970 23.60 0.001 6 * %
B 0. 097 1 0. 096 2.36 0.155 8
C 1.390 1 1. 490 36.70 0.000 6 * %
AB 0.156 1 0. 058 1. 44 0.146 0
AC 0.130 1 0.130 3.15 0.107 3
BC 0. 760 1 0.770 20. 06 0.002 3 * %
Residual error 0. 380 10 0.039
Misfit term 0. 280 6 0. 049 1.79 0.300 0
Net error 0. 140 4 0. 024
Total dispersion 3.890 16

Note: * * indicates extremely significant difference (P<Z0.01)
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2.2.3 KERERE B &R 6948 ZAE A

45 Box-Behnken 12X 46 25 F AF w1y iy 18 141, %
ZEAOL B 0 i T TR AR S 20 BT ¥ R S R BRI EL | VR il Uk R
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bon amount and adsorption time on purity and yield of phyco-
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Table 8 Box-Behnken test analysis results
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MERERAREIE 6], FZEFSE 10 min 1E R &
DIE T 4 25 1 B B T
2.3.2 FEWRB IR0 L&A ERA

R 2 R 3 3 00 485 AL L 3o BRUTE M e H A CAD I
PE BN (B) F BB ] (C) 3 A~ B & # 17 Box-
Behnken i85 %31, 36 17 MG HpE 5 A~ ER
By s IR BT Or RS AR IR 8 .,

AR TER HECCHD

B i PES A B (g/20 mL)

Tesmmber  ANomberofaciive U Amowncof aerive o GUERERINE 0SB g R
carbon mesh (mesh) carbon added (g/20 mL) :
1 -1 -1 0 0.84 67. 40
2 1 -1 0 0.63 70.17
3 -1 1 0 0.75 55. 24
4 1 1 0 0.72 65.12
5 -1 0 -1 0.72 68.53
6 1 0 -1 0.73 67. 84
7 -1 0 1 0.77 62. 63
8 1 0 1 0. 66 71.57
9 0 -1 -1 0. 66 75.16
10 0 1 -1 0. 64 68. 57
11 0 -1 1 0. 66 73.51
12 0 1 1 0.71 65.2
13 0 0 0 0. 68 70. 63
14 0 0 0 0.66 71.32
15 0 0 0 0.67 72.31
16 0 0 0 0. 64 72.51
17 0 0 0 0. 66 72.78
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0.010B* — 4. 750 X 10 — 3C* (R* = 0. 910 2), ¥ W% &
g % RP = 71.91 + 2. 61A — 4. 01B — 0. 90C +
1. 78AB+ 2. 41AC — 0.43BC — 5. 20A% — 2. 23B* +
0.93B*(R*=10.980 4),

T R P R [ SRR T 0 T R AR ] U R
BT 200 sr Bl W3R 9 fdk 10, R 9 FTLLE M,
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Table 9 Variance analysis of regression model for phycocyanin purity

K EaA kil s907 F fii P i W H
Source Quadratic Degree of Mean F value P value Significance
sum freedom square
Model 0. 045 9 5. 017E-003 7.88 0.006 3 * %
A 0.014 1 0.014 22.70 0.002 0 * %
B 1. 125E-004 1 1. 125E-004 0.18 0.686 8
C 3. 125E-004 1 3. 125E-004 0. 49 0.506 1
AB 8. 100E-003 1 8. 100E-003 12.73 0.009 1 * %
AC 3.600E-003 1 3. 600E-003 5. 66 0.049 0 *
BC 1. 225E-003 1 1. 225E-003 1.92 0.207 9
A2 0.017 1 0.017 26. 05 0.001 4 *
B2 4. 424E-004 1 4. 424E-004 0.70 0.432 0
C2 9. 500E-005 1 9. 500E-005 0.15 0.710 7
Residual error 4. 455E-003 7 6. 364E-004
Misfit term 3. 575E-003 3 1. 192E-003 5.42 0.068 1
Net error 8. 800E-004 4 2. 200E-004
Total dispersion 0. 05 16
Note: * indicates significant difference (P<C0.05), * * indicates extremely significant difference (P<Z0.01)
F10 BEEQRWRFESH
Table 10 Variance analysis of phycocyanin recovery rate
S ijjgi“ I?‘?giif M Foe Proe Sifrfiﬁzice
sum reedom square
Model 367. 85 9 40. 87 38. 84 <<0.000 1 * %
A 54. 60 1 54. 60 51. 89 0.000 2 * %
B 128. 88 1 128. 88 122. 48 <20.000 1 * %
C 6. 46 1 6. 46 6.14 0.042 3 *
AB 12. 64 1 12. 64 12.01 0.010 5 *
AC 23.18 1 23.18 22.03 0.002 2 * %
BC 0.74 1 0.74 0.70 0.429 5
A2 113. 74 1 113.74 108. 10 <<0.000 1 *ox
B2 20. 94 1 20. 94 19. 90 0.002 9 * %
C2 3. 64 1 3.64 3.46 0.105 2
Residual error 7.37 7 1. 05
Misfit term 4.10 3 1.37 1.68 0.308 1
Net error 3.26 4 0. 82
Total dispersion 375.21 16

Note: * indicates significant difference (P<C0.05), ¥ * indicates extremely significant difference (P<Z0.01)

Hh T 7 v a2 R ] A A 00 L R0 S5 o (L 89 X LE
SER AT LA A U B ] W 25 A T L A 552 B L LG

BRI T 400 1Y) F0I0 (B RN S PR (BLAT — € 220, T RE

JE W TAERS A S F T Al i ALV R, 5 LA 2R
SR T AT S A — 7 0 2% o (H B MR B R T A
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Fig. 7 Comparison of predicted values with actual values
of purity and recovery rate
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F11 BEEARGIZER
Table 11 Results of phycocyanin purification process
T5 ik 4 M\ (06)
Method Purity Recovery rate (%)

Swell method 0.47 2.17
Charcoal adsorption process 0.8 73.23
Hydrophobic chromatography 1.34(1-2) 14.63
2.47(2-3) 37.49
3.16(>3) 9.03
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Study on the Optimization of the Extraction and Purification of
Phycocyanin from Spirulina platensis

CHEN Shengshi', LIU Ziyi', LI Mengqi' s MI Shunli®* , CHEN Xiangiang®, ZHANG Ling'®" "

(1. Guangxi Scientific Research Center of Traditonal Chinese Medicine, Nanning, Guangxi, 530200, China; 2. Institute of Marine
Drugs, Guangxi University of Chinese Medicine, Nanning, Guangxi,530200,China;3. Guangxi Key Laboratory of Chinese Medicine
Foundation Research, Guangxi University of Chinese Medicine, Nanning, Guangxi,530200,China)

Abstract: The purity and recovery rate of phycocyanin from Spirulina platensis were used as indexes to in-
vestigate the effects of different wall-breaking factors in swelling method and freeze-thaw method,as well as
the number of activated carbon mesh,activated carbon addition and adsorption time in the activated carbon
adsorption method on the crude extraction of phycocyanin. The extraction process parameters were optimized
by response surface methodology,and the optimal wall-breaking conditions and activated carbon adsorption
conditions were obtained. The results showed that the optimum extraction conditions of swelling method
were as follows:Solid-liquid ratio was 1 : 50 (g/mL) ,swelling time was 24 h,and swelling times was 2. The
purity of phycocyanin was 0. 47 and the yield was 2. 17%. The optimum extraction conditions of freeze-thaw

method were: Solid-liquid ratio 1 : 50 (g/mL),freezing time 8 h,freeze-thaw times 2 times. The purity of
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phycocyanin was 0.34 and the yield was 2.19%. The optimum conditions of activated carbon adsorption
method were as follows:300 mesh activated carbon,0. 7 g/20 mL activated carbon, adsorption time of 10
min. The purity of phycocyanin was 0. 80 and the recovery rate was 73. 23%. Food grade phycocyanin(purity
P =0. 7)and pharmaceutical grade phycocyanin (purity P=3.0) were purified by hydrophobic chromatogra-
phy,and the total recovery rate was 61.15%. Therefore, swelling-activated carbon adsorption-hydrophobic
chromatography three-step purification of phycocyanin process is reasonable and feasible, which can realize
the separation and purification of pharmaceutical-grade phycocyanin, reduce industrial production costs and
has a practical value.

Key words: Spirulina platensis; phycocyanin; swelling method; active carbon; response surface methodology

optimization; hydrophobic chromatography
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