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1. Matricaria spice
2. Asteraceae
3. German Chamomile (Matricariarecutita L.)

4. Roman Chamomile (Chamaemelumnobile)
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5. Central composite design (CCD)
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Table 1 Coded and uncoded levels of independent variables

Indep.endent Symbol Coded and
variable uncoded levels
-2 -1 0 +1 +2
Pressure X1 80 120 160 200 240
Temperature X2 35 40 45 50 55
Time X3 30 60 90 120 150
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Table 2 The selected factors at different levels based on the CCD and the related responses

Independent Measured
variables response
RUNNO Pressure/X1  Temperature/X2 Time/X3 Extraction yield  BSBO content
' (bar) (C) (min) (%) (%)
1 160 45 90 1.02 47.6
2 160 55 90 0.82 47.3
3 160 45 90 0.98 47.0
4 240 45 90 1.46 44.9
5 80 45 90 0.62 45.2
6 160 45 90 0.90 46.3
7 200 50 60 1.04 48.8
8 160 45 90 0.94 47.0
9 160 45 150 1.12 40.7
10 200 40 120 1.35 40.8
11 160 35 90 1.07 41.1
12 200 40 60 1.12 44.7
13 160 45 30 0.91 47.0
14 120 50 120 0.78 45.7
15 120 50 60 0.73 485
16 160 45 90 0.95 45.6
17 160 45 90 0.93 45.3
18 120 40 120 0.92 40.6
19 120 40 60 0.80 44.2
20 200 50 120 1.27 45,5
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6. Full quadratic model
7. Lack of fit
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Table 3 Regression coefficients and analysis of variance of the linear model for Extraction yield

Source Coefficient F value P value
Model 91.49 <0.0001
Constant 0.4715 0.003
Linear
X1-Pressure 0.0050 232.95 < 0.0001
X2-Temperature -0.0109 16.90 0.001
X3-Dynamic time 0.0022 24.62 <0.001
R? model 0.94
Adj. R? 0.93
Lack of fit 1.88 0.252
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Table 4Regression coefficients and analysis of variance of the full quadratic model for BSBO content

Source Coefficient F value P value
Model 20.85 <0.001
Constant -22.9216 0.258
Linear
X1-Pressure 0.0963 1.7 0.221
X2-Temperature 2.3911 14.13 0.004
X3-Dynamic time 0.0378 0.15 0.706
Quadratic
X1? -0.0002 5.12 0.047
X2? -0.0228 13.00 0.005
X3? -0.0007 17.29 0.002
Interaction
X1*X2 -0.0004 0.07 0.795
X1*X3 -0.0001 0.13 0.729
X2*X3 0.0012 0.39 0.547
R? model 0.95
Adj. R? 0.90
Lack of fit 0.58 0.720
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Fig 3 Combined effect of (a) pressure and
temperature , and (b) pressure and dynamic time on
the BSBO content of extract
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9. Desirability
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In this research extraction process optimization of chamomile (Matricaria recutita) flower head
extract by supercritical CO,techniquewas carried out at different levels of process variables using
response surface methodology based on central composite design. Hence, the effects of pressure
(80-240 bar), temperature (35-55 ‘C), and dynamic extraction time (30-150 min) were evaluated
with respect to extraction yield and bisabololoxide A content in the obtained extract. According to
the results, the pressure had the most significant effect (p < 0.05) on the extraction yield followed
by dynamic extraction time and temperature. Also the linear effect of temperature and the quadratic
effects of dynamic extraction time, temperature and pressure on the bisabololoxideA content were
significant (p < 0.05). As a result of the optimization process, it found that the highest amount of
extraction yield (1.29%) and bisabololoxideA content (47.12%) was obtained by applying pressure,
temperature and dynamic extraction time at 240 bar, 49.7°C and 66.4 minute, respectively.

Keywords: Extraction, Chamomile, Optimization, Supercritical carbon dioxide, Response surface
methodology.
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