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Abstract

This study was to investigate the efficient method for the extraction of astaxanthin
from krill. To apply supercritical fluid extraction technique in order to recover astaxanthin
from krill, it is essential to know the solubility of astaxanthin in supercritical carbon
dioxide(S-CO;) with varying pressure and temperature. In this work, pure and modified
S-CO, was used as solvent. Experiments were carried out under different conditions. The
effects of different parameters, such as pressure (80 to 280 bar), temperature (35 to 45°C),
modifier volume and extraction time (1- 4 h), on the SCO, extraction for oil including
astaxanthin from krill were investigated in order to evaluate their influence on the yield and
composition of the krill oil. Organic solvent extraction with the same sample was performed
and used as a comparative method. The chemical composition of each supercritical fluid
extraction sample has been analyzed by HPLC and GC and the global composition were
compared with that obtained by organic solvent extraction. The main fatty acids from krill
were Tridecanoic acid ,heptadecanoic acid, palmitic acid, stearic acid, palmitoleic acid, EPA
(eicosapentaenoic acid), and DHA (docosahexaenoic acid).

INTRODUCTION

Krill represents a very large biomass, little contaminated by organic pollutants and heavy
metals and harvested since 1975 for animal feed and aquaculture [1]. Its expanded use in
human health is possible through enzymes, various krill extracts and oils. The fat content of
krill is low, but it is rich in EPA and DHA of high bioavailability given their presence in
phospholipids. These fatty acids have health benefits and have been reported to reduce the
risk of coronary heart diseases [2], and lower blood pressure and plasma triacylglycerol levels
[3]. In addition they can improve inflammatory conditions, reduce the symptoms of diabetes
[5] as well as a range of other disorders.




Supercritical fluid extraction (SFE) has been used for the determination of organic
pollutants in environmental solids with variable success [7]. Additionally, SFE has been
shown to produce equivalent or more effective results compared to other extraction
techniques such as Soxhlet, sonication and accelerated solvent extraction [8].

In the supercritical state, the difference between the liquid and gas phase has disappeared
and the fluid can no longer be liquefied by raising the pressure nor can gas be formed on
increasing the temperature. Thus, the physicochemical properties of this fluid, such as density,
diffusivity, dielectric constant and viscosity can be easily managed by changing the pressure
or the temperature without ever crossing phase boundaries [9]. The main profits of SFE
instead of conventional organic solvents are the minimal consumption of organic solvents, the
exclusion of oxygen, and the reduction of heat. Modern SFE offers shorter extraction times,
potentially higher selectivity and increased sample throughput (due to available automated
instruments) compared to conventional solvent extraction techniques [10]. SCO, extraction
and fractionation of fish oils has been the subject of ongoing research, where a lot of
information has been published on fundamental measurements of solubility and phase
equilibria of polyunsaturated @-3 fatty acid fish oil compounds in supercritical fluids [10].

Thus, the purpose of this work was to obtain extraction data of krill using SCO,,

determined at various conditions (from 35 to 45°C and from 80 to 280 bar). At the optimal

condition, we were identified the fatty acids in the oil. Also we were compared the
astaxanthin obtained from krill by SCO, and organic solvent extraction with astaxanthin
standard solution.

MATERIALS AND METHODS

Materials

The raw material employed in the experiments was krill and this was obtained from F & F Co.,
Busan, Korea. The krill was washed and brought to the laboratory in iced condition. And used
after crushed (Philips, HR1727) and sieved (700 ym, Chung gye sang gong SA). The samples
were stored at -80°C in deep freezer (Samwon Freezing Engineering Co., SW-UF-200) and
used for lipid extraction by SCO; and also for organic solvent extraction. Carbon dioxide with
a purity of 99.99% was supplied by local company. Also all other reagents are analytical grade
and HPLC grade supplied by Sigma Co.

Supercritical Fluid Extraction Method

Twenty five grams of freeze dried krill sample were applied in 200 mL stainless steel
extraction vessel containing cotton at the bottom. Before plugging with cap another layer of
cotton was used at the top of the sample. CO, was pumped into the vessel by high pressure
pump up to the desired pressure, which was regulated by a back pressure regulator. The vessel
temperature was maintained by heater. Flow rates and accumulated gas volume passing
through the apparatus were measured using a gas flow meter. The extracted oil were collected
by a cyclone separating vessel. Extraction trials were performed at temperatures between 35
and 45°C and pressure between 80 and 280 bar. SC-Co, was introduced into the vessel at a
predetermined temperature and pressure. The extracted lipid was collected every 60 minutes .




1. 0O, tark

2 Pressure gauge ,_,__J,_,.__
3. Check valve '-:_t‘_g_ ]
4. Cooling bath 7 2]
5. Back pressure regulator ‘ff ?
6. Punp F iy
7 &

7. Safety valve z g
& Heat exchanger "
0. Extractor I
10. Temperature indicator h
11. Metering vatwe .
12. Separator
13_ Gas flow meter =1 ]
@ 2 Aot I
A TES 0 X

i U

11 5

Figure 1: A schematic diagram of SFE process.

Organic solvent Extraction Method

Lipid extraction from krill samples were performed by n-hexane using soxhlet
apparatus. The extraction time was 24 hours. After extraction the krill residues remaining in
soxhlet apparatus were stored at -80°C.

Analysis of Fatty Acids

The samples were used not only SCO, treated powder and oil but also organic solvent
powder and oil. For organic solvent extraction, the method described by Bligh et al. [14] was
used. The samples (0.3 g) were methylated by the AOAC method (996.06 standard) [15], and
the methyl esters of fatty acid compounds in the krill were determined by gas
chromatography-flame ionization detector (GC-FID) (HP5890I1, USA). The column used was
a DB-wax column (Agilent, 30 m x 0.25 mm i.d., 0.25 pm film thickness). The GC
conditions were: the initial temperature of oven was 40°C, and programmed from 40 to 180°C
at 10°C/min, and then to 260°C at 5°C/min, finally at 260°C for 5 min, injector temperature
250°C, injection volume was 1 uL, the split ratio was 100:1, total carrier gas (nitrogen) flow
rate was 1.52 mL/sec. A lipid standard (fatty acid methyl ester mixture, Supelco 37
Component FAME Mix) was used to identify the fatty acids.

Analysis of Astaxanthin

HPLC Analysis of extracts Supercritical carbon dioxide extraction method using organic
solvent extraction device and compare the extracted ataxanthin was conducted to verify the
HPLC analysis. Waters600E (USA) devices using YMC-C30 (250mm X 4.6mm) column was
used, the temperature was set to room temperature. Solvents ACN: CH2CI2: MeOH: H20O:
Propionic acid (71: 22: 4: 2: 1 (v/ v /v /v /v)) to the Iml/min yongri use of the flow rate of a
single solvent. The percentage of identified astaxanthin was presented by peak area %.




RESULTS AND DISCUSSION
Supercritical Fluid Extraction

The amount of extracted oil was increasing with the increasing of CO, mass
depending on the pressure and temperature. The amount of extracted krill oil per solvent mass
used was increased constantly over the entire extraction period, until almost all the oil was
extracted. The change in the slope of the extraction curve (45°C and 250 bar) indicated that
SCO; extracted almost all krill oil. After SCO, extraction at low pressure and low temperature,
krill residues contained still oil. At constant temperature, the amount of oil extracted from
krill was increased with the pressure. Due to the
increase in pressure, the density of the SCO,
was increased and hence the solvating power.
The effect of pressure can be attributed to the 0.06 -
increase in solvent power and by the
strengthening of intermolecular physical
interactions [11]. Similar results were found in
the extraction of oil from boiled anchovy [7].
The amount of oil extracted was highest at 45°C
as compared to other conditions. Despite of the
decreasing of solvent’s density, the oil
extraction yield was increased with the T T 1520 a5 w0 s a0
temperature which can be attributed to the Pressure (MPa)
increase of the oil components vapour pressure.
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Figure 2: Effect of CO, density on the amount
of extracted oil
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Figure 3: Comparison of fatty acid composition between SCO,
extraction and organic solvent extraction from krill

In this work, the compositions of the S-CO, extraction component and the organic
solvent extraction oils were almost similar. Tridecanoic acid, palmitic acid, Stearic acid,
heptadecanoic , EPA, DHA were the main compounds in essential oils obtained by organic
solvent extraction and S-CQO, extraction.




Table 1: Main fatty acids composition in krill.
[0)
F.acid R.Time SCO, Extraction Areao(r/g?a\nic solvent Extraction
14:0 11.164 28.96 13.93
14:1 12.079 1.36 0.61
16:0 15.385 31.64 28.34
17:1 18.390 5.95 9.88
18:0 22.197 1.90 1.99
18:1 23.142 18.48 15.92
18:2 n-6 25.365 1.33 1.60
18:3 32.427 1.32 1.81
EPA (20:5 n-3) 44.633 4.78 14.49
22:0 45.889 0.33 1.14
22:1n-9 48.638 0.12 0.43
DHA (22:6 n-3) 55.857 1.70 7.36

Analysis of Astaxanthin

The S-CO, extracts from krill showed identical
chromatographic profiles than that of astaxanthin
standard solution. This suggests that the SFE
process did not alter the pigment profile in the
sample. Astaxanthin is unstable at high pressures
and temperatures around 80°C [6]. Even with the
use of very high pressures (Above 300 bar), the
temperatures of all the treatments were below 80°C,
therefore, it is very unlikely that the S-CO, process
caused any degradation of the pigment present in the
raw material.

Figure 5: HPLC result of
astaxanthin standard solution.
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CONCLUSION

According to this study, the supercritical carbon dioxide removed almost all lipids from
krill at pressure, 250 bar and temperature, 45°C. Astaxanthin can be completely removed by
SCO, extraction within the range of conditions used. And the extraction efficiency of
functional components was competitive compared to those of organic solvent extraction. Also,
it is important to understand the properties between the target materials to be separated and
supercritical fluids process as an alternative process to the conventional extraction process.
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