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Abstract

Supercritical fluid extraction (SFE) has been used to extract the nomilin from citron seeds. The extrac-
tion pressure was increased 100 to 300 bar a the interva of 100 bar, a the temperature 40, 60, 80°C
and the extracted time 30, 90, 150 min at CO, flow rate 2 mL/min. Overall experiments were planned
by central composition design and the results were analyzed by response surface methodology to find
out the effects of three independent variables such as pressure (X,), temperature (X,) and time (X;) on
the yield of nomilin extract (Y). Extraction yields of nomilin were affected by pressure, time and tem-
perature in the decreased order, and the Taylor second order equation was obtained as Y =-650.683283
+11.337258X -9.569495X ,+3.874388X ,-0.023381X ,*+0.039897X ,>-0.021832X ,+0.006699X ,X ;+0.007193X X, +
0.004717X,X,. The optimum condition for the extraction process was obtained as the extraction pressure
of 255 bar, and the time of 117 min at the fixed temperature of 46°C.
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Fig. 1. Flow diagram of supercritical extraction system.

(2) Liquid carbon dioxide cylinder, (2) Modifier, (3) Cooling
circulator, (4) CO, Pump, (5) Modifier pump, (6) (7) stop
valve, (8) Pre-heating coail, (9) Mixer, (10) Line switching
valve, (11) stop valve, (12) Extraction vessdl, (13) Oven, (14)
UV-detector, (15) Back pressure regulator
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Citron seed
Supercritical Fluid extraction

Conditions
Pressure : 100, 200, 300 bar
Temperature : 40, 60, 80C
Solvent : CO,
Extraction time :

Extraction

30, 90, 150 min

Evaporation(35C)

Re-extraction with 6 mL
dichloromethane : water(1:1)
i Water layer
Dichloromethane layer

Evaporation(35C)

Dissolving in 2 mL methanol

HPLC analysis

Fig. 2. Flow chart of extraction of nomilin from citron
seed by SFE.
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Table 1. HPLC conditions for nomilin analysis
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HPLC(Model 600E, Waters Co. New York. U.S.A)
XTerraTMRP18 5 pm 4.6x250 mm (Weters)

water: acetonitril: methanol (49:10:41)

Operating Conditions
Instrument
Column
Detector UV Detector
Absorbance 210 nm
Flow Rate 1.0 mL/min
Mobile phase
Column temperatrue 35°C

Injection volume 20l
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Table 2. Experimental combinations’ and data at various extraction pressures, temperatures and times

Trestments Pressure(bar)  Temperature(°C) Time(min) Actual parameters
X, X, X, Presssure(bar)  Temperature(°C) Time(min)
1 -1 -1 0 100 40 90
2 -1 0 -1 100 60 30
3 -1 0 1 100 60 150
4 -1 1 0 100 80 90
5 0 -1 -1 200 40 30
6 0 -1 1 200 40 150
7 0 1 -1 200 80 30
8 0 1 1 200 80 150
9 1 -1 0 300 40 90
10 1 0 -1 300 60 30
11 1 0 1 300 60 150
12 1 1 0 300 80 90
13 0 0 0 200 60 90
14 0 0 0 200 60 90
15 0 0 0 200 60 90
YExperiments were performed in random order
Table 3. Comparison of nomilin yield from citron seed by 7ot
various extraction methods
Extraction methods Nomilin content (mg/100 g) HI2FM 2EAM
methano 30156 Teble 4= 294 #4) & 9L olgd 44
Solvent  ethanol 289.23 el FSE nomiling] FH& Z2E22AL dolr 7
edrection  acetone 52911 Sleh gk, e, Azl el SRR 3
___ chioroform 429.99 T2 fractiona factoriad designdll 2|k 15719 =
Supercritical fluid extraction 670.429

DExtraction pressure, temperature and time=200 bar/60°C/90 min
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Table 4. Experimental data on nomilin content from supercritical fluid extracts under different conditions based on

central composite design for response surface analysis

Treatment number Pressure(bar) Temperature(°C) Time(min) Nomilin content(mg/100 g)
1 100 40 0 208.13
2 100 60 30 37.22
3 100 60 150 67.92
4 100 80 90 45.24
5 200 40 30 512.43
6 200 40 150 783.96
7 200 80 30 395.80
8 200 80 150 689.98
9 300 40 0 808.63
10 300 60 30 537.32
11 300 60 150 740.65
12 300 80 0 699.33
13 200 60 0 647.23
14 200 60 90 670.42
15 200 60 90 656.90
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Table 5. Taylor second equations calculated by RSM program for nomilin content

Responses

Taylor second equations R?

Significance

Nomilin
contents

Y =-650.683283+11.337258X -9.569495X ,+3.874388X ;-0.023381X 2
+0.039897X,%-0.021832X *+0.006699X X +0.007193X ;X ;+0.004717X ;X ,

0.9859 0.0004

Table 6. Analysis of variance showing significant effect of

processing variables on nomilin contents

m of
Processvariables  DF Sum of squares

Nomilin contents Pr>F
Pressure (bar) 4 946555 0.0001**
Temperature (°C) 4 30924 0.1690
Time (min) 4 110335 0.0166
**Significant at 1%
*Significant at 5%
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Fig. 3. Response surface plot for nomilin contents as affected
by extraction time and temperature in SFE.
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Time (min) 40 100

Fig. 4. Response surface plot for nomilin contents as affected
by extraction pressure and time in SFE.
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Fig. 5. Response surface plot for nomilin contents as affected
by extraction pressure and temperature in SFE.
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Fig. 6. Contour plot of response for nomilin contents (mg/
100 g) under the constant temperature (46.02°C).
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