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Optimization of ultrasonic extraction of chlorophylls from

Spirulina platensis by response surface methodology

TONG Yang, XIAO Guomin, PAN Xiaomei

(School of Chemistry and Chemical Engineering , Southeast University, Nanjing 211189, Jiangsu, China)

Abstract: Chlorophylls were extracted by using ultrasonic from Spirulina platensis. Single factor

examination and response surface analysis experiments were adopted to investigate the effects of extraction

time, extraction solvent, solvent concentration, ratio of liquid to solid and extraction grade. The results

showed that the optimal process parameters for this method were: extraction time of 56.5 min, ethanol

concentration of 48. 3% (vol) of ethanol/acetone solvent, and ratio of liquid to solid of 7.9 ml « g~ '. The

optimized chlorophylls extraction yield was 1. 28%. The comparison experimental results indicated that the

yield of chlorophylls by ultrasonic extraction was higher than that obtained from conventional solvent extraction.
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Fig. 1 Effect of extraction time on

extraction yield of chlorophylls
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Fig. 2 Effect of extraction solvent on

extraction yield of chlorophylls
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Fig. 3 Effect of ethanol concentration on

extraction yield of chlorophylls
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Table 1

kA1)
Effect of extraction grade on

extraction yield of chlorophylls

Extraction grade Extraction yield/ %

1 1.2340.02
2 0.20%0.01
3 0.04+0.01
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Table 2 Experiment design of three factors

and five levels of RSM

Extraction time Ethanol Ratio of liquid to

Level

(a)/min concentration(b) / % solid(¢)/ml « g
—1.68 33.2 33.2 4.6
—1 40. 0 40. 0 6.0
0 50.0 50.0 8.0
+1 60. 0 60. 0 10.0
+1.68 66. 8 66. 8 11.4
3.2.2 rAp@muyAEREALER L A=(a—50)/

10, B=(b—50)/10, C=(c—8)/2 HHA &, LI
MR AR S BE (YD), 4T W N 4 BT 52
35, 23 44t o Al A BT S0 5 25 A R
A .

Table 3 Experiment design and results of

response surface methodology

Y/%
A B C

No. /min /% Jmleg! Actual Predicted
value value
1 —1 —1 —1 0.92+0.02 0.90
2 1 —1 —1 1.1340.01 1.21
3 —1 1 —1 0.97+0.02 1.02
4 1 1 —1 1.1840.03 1.17
5 —1 —1 1 0. 9840.02 1. 00
6 1 —1 1 1.2140.02 1. 18
7 —1 1 1 1.1740.03 1.11
8 1 1 1 1.09+40.01 1. 13
9 —1.68 0 0 0.87+40.03 0. 89
10 1. 68 0 0 1.2040. 04 1. 17
11 0 —1.68 0 1.1440.01 1.12
12 0 1. 68 0 1.18+0 1.18
13 0 0 —1.68 1.1340.01 1. 08
14 0 1. 68 1.1040.02 1.13
15 0 0 1.2040.02 1. 23
16 0 0 1.234+0.01 1. 23
17 0 0 0 1.2240.01 1. 23
18 0 0 0 1.2440.01 1. 23
19 0 0 0 1.2340.02 1. 23
20 0 0 0 1.2340.01 1. 23

XS 56 Bl BEA T 22 AU el A, S [ T AR
Y = 1.2340.082A + 0. 017B + 0. 015C — 0. 039AB —
0. 034AC — 3.75 X 10 * BC — 0. 070A* —
0. 026B” — 0. 042C*
XL IEATT7 220 M. SR IR 4.

F4 ORABEBRFTESH
Table 4 Analysis of variance for response

surface quadratic model

Sum of  Degree of Mean )
Source F-value P-value
squares freedom  square
model 0.21 9 0. 024 10.95  0.0004
A 0.093 1 0.093 42.74 <C0.0001
B 0. 004 1 0. 004 1. 90 0.19
C 0. 003 1 0. 003 1. 35 0. 27
AB 0.012 1 0.012 5.54 0. 040
AC 0. 009 1 0. 009 4. 20 0.068
BC 0. 000 1 0. 000 0.052 0. 82
A? 0.071 1 0.071 32.83 0.0002
B? 0.010 1 0.010 4.52 0.059
C? 0.025 1 0.025 11.72  0.0065
residual 0.022 10 0.0022
lack of fit 0.021 5 0.0041 21.82 0.0021
pure error 0. 00095 5 0.00019
cor total 0. 24 19
R? 0.91
Adj R? 0. 83
C.V./% 4.12
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Fig. 5 Three-dimensional plot of effect of

extraction time and ethanol concentration

on extraction yield
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Fig. 6 Three-dimensional plot of effect of
extraction time and ratio of liquid to solid

on extraction yield

75 S
TR

extraction yield/%

B 7 RS BORRORL X R
& I 114 nie) 37 T &)
Fig. 7 Three-dimensional plot of effect

of ethanol concentration and ratio of liquid

to solid on extraction yield
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0. 082 — 0. 039B — 0. 034C — 0. 140A = 0

0.017 — 0. 039A — 0. 00375C — 0. 052B = 0

0.015—0.034A — 0. 00375B — 0. 084C = 0

R T B4l A=0.647; B= — 0.135;
C=—0.076, 5K 5 B ), 2 m R
SR WORHE YRS B2 . a=56.5 min. b=
48.3% (ABD, ¢=7.9 ml« g ', pumf, L%
1 B AR IOR N 1. 2600,

gt b HA BT AR U, AR R
TEZSHCh . @SR A 56.5 min, L FE/H
WiV A 0 L BE AR AR A B 48. 3060 WRORHEL R
7.9 ml e gt g I S R 4R R B IR AT A )
12600, BIESEI LW, FRMAEA 12800, HH
WEARAT . PG, SR o 7 T 2 15 21 i SR U R F 2
RO B I 5E . BAT 6 A .

3.3 BERERESEMBIFRBUENTEXE

T AT S 30 s 1 A SR IR B G 2 SR A
I 3 26 25005 5 R 7R B B0 R AT X 1L

HEBAFRI 5. 00 g BRTEHEHY 2 f . 23008 T 100
ml HEIE M RGN A SR B B0k 48. 3001
W/ NER A WH 39.5 ml GRBHEE N 7.9 ml
g ) AR EL 56.5 min f1 10 h, SRIEHUE, UL
ARURWR . KR UE MR RE 50 A, IEATIROG AN . SE
Wa RIS,

x5 BERRZEEENBFRIGEHEIREER
Table 5 Comparison of ultrasonic and conventional

solvent extraction technology

Extraction technology Extraction yield/ %

ultrasonic extraction 1.2840.03
conventional solvent extraction 0.08£0.01®
0.7440.03%

@ Extraction time=>56. 5 min.
@ Extraction time=10 h.

HIE 5 nIT. A PR BOIR g P 2R,
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(10 b EA0 IS5 14 B A T B IR i 2% 3R A% TR
TTEER s AT B ORI

4 %
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PR — K.
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it fliH] Design Expert 7. 0. 0 8 347 %4 U
B HENL TR SR ICIBE B SRR ) TR
Y = 1.23 + 0.082A + 0.017B + 0.015C —
0.039AB—0.034AC—3.75X10*BC—0. 070A% —
0.026B* —0.042C", [l IH 4 Hr £ 07, 24 R 7 2
SE MR Gl R EHEA R, R E W
TRV KRN R R EU ] > 2 B AR R T
BHH

(4D 1) b o 7 T 32 A5 3 AR R R AT R A9
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g 'y MH R EPCRBISME A AR 1.26% . 1
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PRI SR FH o 7 T 325 R A5 170 MR8 3 v i 3R 1
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