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Abstract: [ Objective] To investigate the conditions for preparing Spirulina platensis protein isolate (spPI) using repeated freeze-thaw
cycles, and to compare the physicochemical properties of spPI and commercially processed phycocyanin (cpPC). [ Methods] The effects of
soaking time, solid-to-liquid ratio, freezing duration, and number of freeze-thaw cycles on the protein extraction yield were studied. The
physicochemical properties of spPI and cpPC were also determined. [ Results] Under the conditions of 16 hours soaking, a solid-to-liquid
ratio of 1:20 (g/mL), 9 hours freezing time, and 10 freeze-thaw cycles, the protein extraction yield reached its optimum at (29.74+0.16)%.
spPI and cpPC exhibited their lowest solubility at pH 3 and 4, respectively, and the highest solubility within the pH ranges of 5~7 and 6~7.
spPI showed better foaming capacity and foam stability. The strongest emulsifying activity occurred at pH 6~7 for spPI and at pH 7 for
cpPC. [Conclusion] Compared to spPI, cpPC contained higher levels of total thiol, free thiol, and disulfide bonds. spPI demonstrates
superior solubility and foaming properties.
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Effects of soaking time, solid-to-liquid ratio, freezing duration, and number of freeze-thaw cycles on spPI yield
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Table 3 Results and analysis of orthogonal test

RIS A B C D PR /%
1 1 1 1 1 14.12
2 1 2 2 2 17.85
3 1 3 3 3 20.34
4 2 1 2 3 19.86
5 2 2 3 1 15.27
6 2 3 1 2 14.94
7 3 1 3 2 19.50
8 3 2 1 3 15.29
9 3 3 2 1 14.45
k, 17.44 17.83 14.78 14.61
k 16.69 16.14 17.39 17.43
ks 16.41 16.58 18.37 18.50
R 1.02 1.69 3.59 3.88
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Table 4 Color composition of spPI and cpPC (n=3)
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T TR TR R R AN [FIRE 00 R 2 ) A 7 2 28 5 (P<<0.05) .
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Figure 2 Electrophoresis bands of Spirulina platensis

powder, spPI, and cpPC by SDS-PAGE
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Figure 3  Solubility of spPI and cpPC
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WILEREBRYRKYE. EE ST EER

LGtk Hm ToasEr . ME pHU T &, B EN
A TH B R R FLAL TS M R MR R BRI A,
R T AR W TR E . PR 1R
B LA I P 2 B pH AR B . Li 40N %E pH 3,4, 5 &4
T E B AL TE P (70~100 m¥Yg) i T E R EE A
M (1.77~11.27 m*/g) . X 7 RE 5 2 5 14 e 5 il 4 7
WP H A 261 Zhou ZEUUIN AE 43 B SR Y TR AR
H7E 2 mg/mL B FLALTEPE N 68.64 m*/g, %45 F v T P Fp
A& 0T AR5 o T K EE R Y A N
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Table 5 Water-holding capacity, oil-holding capacity, foaming capacity, and foaming stability of spPI and cpPC (n=3)

. ) . HLIRAE /%
B i FkbE/(mL-g™ ) FFulitk/(mL-g ") AILPE/%
10 min 30 min
s THUMER i 35 0 15 A 1 19.9340.02 19.01+0.03 231.000.14° 167.70+0.13° 60.43+0.12°
R W AR 19.81+0.06 19.05+0.05 80.934-0.10° 74.9740.05° 72.0640.06"

T TR TR R AN [FIRE B R 2 ) A 7 2 22 5 (P<<0.05) .
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Table 6 Emulsifying activity index of spPI and cpPC

(n=3)
o FLALTE M/ (m? g™ ")
BT BE B4 hEEEEA
3 5.6270.40° 1.7740.06°
4 6.6940.13° 3.4740.33¢
5 10.08+0.25" 11.2741.04°
6 14.2440.60° 18.4541.43"
7 14.26+0.03" 15.01+1.36
8 11.19+0.48" 14.18+1.36"
9 10.76+1.25° 16.83+1.57"
Fo TR R T Fe R A [F) R R R TR 2 A AE B 22 S (P<C
0.05)

Bt TOUMR T 2 3 2 £ 1 AN T B 9 A 1 FLAR AR E
e 7 FraR o B pH B3N, PIAR A 1R i LA R E
PR IS TR BT REH  J> B E TR pH 4 A0
SO T i FLICAS E M T pH 3. R AE R 5 Li DY
FUARE A — . IR 7H AT LA i, pH 2 3~6 I, 43 12 8
A FLA R E VR T i S & A, pH A 7~9 I, J5 3 19
FUILTR E Mk THIH o 20 8 8 L 7E pH 4~6 Y [H N R B
T A 9 LA AR RE T T AR % B R 7 pHL 5~7 9 IR A B
BT RUE M . Dickinson 25245 e HE SR 1 Bk
i 2 455 LRI /7K BT IS 2 RO R RE R R TR R 1 o R
R B H AR

x7 @gMERESBEANMTEREEAIKEEY'
Table 7 Emulsion stability index of spPI and cpPC (n=3)

FLALFEE PE/min

i TOURR e o 4 2 TR T E RN

3 22.98+5.60" 15.554+1.67°

4 41.03+5.92° 13.524+0.64°

5 37.034-2.40° 20.4941.71"

6 32.77+0.67" 26.5245.09%

7 13.05+0.28¢ 25.7244.87"

8 14.9340.11° 19.0140.99"

9 24.4145.48" 29.2845.84°

to T EEOR R R R R R RE R R T A A AR R 2 (P

0.05)

29 mMEM_mE

Yo T MR T 9 3 S AR ORI T B o O R 1 B A L
BB HE A A i AR 8 T . 0 B AR T R Sk i
B AR S m AT HE SRS, WRE A
MZEM 25 AR S PR A A G, BT E
2 5% WA B BT 4 oAk R Y T Y N A 4

o

HEE 288 HA | 2025 FF 10 A | RRSHUK

L Tian 55400 52 9 W B b Ui B ok O ROl 15~
16 pmol/g. P45 A 15 T A5 36 1 2R 11 0 8 31 26 3 AL .
S0 0 B B A A A S ) B R A TR
HH T RER B E E YA AR E M T A . AR
E 7 T A TR BR E DG I pH Y R 5, A 5 R
RIEA A P, B 5 F AT R A
o 32 BV HN IR IN ZBSER o TRRE FRE dl BY S R R
TR ATAE 22 S, AT RE AR i P 8 PRI 22 S i Y

F8 HMEREISEAMALELEEERLGE.
HEZREM_mEsE
Table 8 Total thiol, free thiol, and disulfide bonds of spPI

and cpPC (n=3) pmol/g
B i BT i 7 Hi .7

BT ESE > B 1 27.2940.36° 12.52+0.88" 7.39+0.55"

MEHEEEA

TR R TR SRR R R RE AR R 2 ) A T R 2 R (P
0.05).

35.01+£0.31° 16.524+0.87" 9.25+0.28"

3 i

Z A5 A B R R 56 A IE 22 6 0 Ak T B TR iE
BB R AR ICT 2 A5 B A i A S R R e
16 h, BH EL 1:20 (g/mL) , UR&5 AT [R] 9 h, R Al R 2L 10 1K o
TEZ R AETT B IO 3 43 5 4 SR IO N 29.74% .,
43S R FORTI B AR 1 00 B AR AR X B R R B, D
b 4R BR3P AR P AE 17 000 i 3E . pH 5~7
H6~7 I, 43w 4 1 0T B S R AR 3R AT B VA R B
A3 5 R 45.44%~47.29% ,44.98%~45.15% ., B EABA
A 9 A 3 P (231.00% ) , B 10 min &, 23 25 2 1 89
KFE T (167.70% ) KR m T RERD . dEHEA
AT B 9 05 R U TE pH 6~7 A1 7 1 FLAK I M s, 4 B ok
14.24~14.26,18.45 m*/g, WL M5 Tl EEEE A,
A HE 22 e A 0 T RE B 4 B AR R B R G T
PERGE WM. REZO R H & s mahiEaEan
2l B IR T TR R SR T A TR A S — T
PSS A B A2 2 PERE AT B ORI, T A g —Fh i
TEMRREE
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