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Introduction

Lecithin is a sticky fatty substance composed mainly of phospholipid
mixtures that were found in all living cells, whether of animal or plant
origin. The highest concentration of phospholipids occurs in animal
products, such as, meat, poultry,-fish, eggs, and milk/cheese. In case of
plant origin, the major source 1s from soyabean. Commercial lecithin is a
complex mixture. It is+ comprised ~of phospholipids. containing
phosphatidylcholine, phosphatidylethanolamine, phosphatidic | acid and
phosphatidylinositol, as well as sphingolipids, triglycerides, free fatty acids
and glycolipids [1]. Phospholipids are widely used as natural emulsifiers,
wetting agents and- baking improvers [2]. Moreover, in recent years
numerous applications in dietetics, cosmetics and pharmaceuticals have
been reported [3]. Pharmacological use of lecithin includes in treatments
for hypercholesterolemia, neurologic disorders and liver ailments. Lecithin
has also been used to modify the immune system by activating specific and
nonspecific defense systems [4-6].

Lecithin is usually recovered as a by-product during the oil production.
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Crude lecithin, in general, contains a minimum of 35 wt.% oil, which
needs to be reduced to less than 2 wt.% oil before it can be used as an
emulsifier [7]. The crude lecithin is conventionally refined for removal of
oil by repeated solvent extraction with acetone, as lecithin is ‘acetone-
insoluble’.

However, removal of oil from crude lecithin by conventional organic
solvents has several disadvantages such as a large amount of solvent
tedious and ‘time-consuming procedures. and a gelatinous “lumpy mass
formed at the final stage, which reduces the mass transfer efficiency of the
process [8].

Wheat germ' is a by-product of the wheat milling industry. Germ
constitutes about 2-3% of the wheat grain and it can be separated in a fairly
pure form from the grain during the milling process. Wheat germ contains
about 11% oil [9], and it is used in products such as foods, biological insect
control agents, pharmaceuticals and cosmetic formulations [10].

Wheat germ oil has the highest tocopherol content of all vegetable oils, up
to about 2500 mg/kg [11], and also the highest content of a-tocopherol,

which represents around 60% of the total content. Also, wheat germ oil is

2



highly valuable due to its highest content of unsaturated fatty acids: it has
about 80%, mostly linoleic (18:2) and linolenic (18:3) [12]. These two fatty
acids are of great importance in human metabolism and cannot be
synthesized by the organism. They are precursors of a group of hormones
called prostaglandins, which play an important role in muscle contractions
and in the proper healing of inflammatory processes [13]. Furthermore,
linoleic acid helps to eliminate cholesterol and is a-precursor of cell
membrane phospholipids [14]:

As an alternative, supereritical carbon dioxide (SC-CO,) was explored as a
solvent for extraction of oil from vegetable seeds followed by extraction of
lecithin from. the deoiled flakes with supercritical mixture of CO, and
ethanol [15-17]. This is based:on the principle that the polar lecithin is
almost insoluble in SC-CO, whereas the non-polar oil is soluble in SC-
CO,. It is the most advantageous solvent, as CO, is inert, nontoxic,
‘generally regarded as safe’ (GRAS), and is a gas at the ambient condition,
enabling its easy recovery. SC-CO, has also been explored as a solvent for
removal of oil from crude lecithin without [18-20] and with a co-solvent

(e.g. ethanol or n-butanol) [15].



Supercritical CO, extraction of vegetable oils from plant materials is an
alternative process to solvent extraction. This technique has several well-
known advantages: CO, is a nontoxic, nonflammable, nonexplosive and
low-cost gas. It is also easily removed from the solute by reducing the
pressure and has a relatively low critical pressure and temperature [21].
This last property .allows extraction of heat-sensitive material, such as
flavor and aroma compounds. Another very important advantage of CO, is
that its solvent power or selectivity can be modified by adjusting the
temperature and pressure. This interesting feature has been used to extract
volatile oils, from " solid “matrices with minimum co-extraction of
triglycerides [22]-and to concentrate important mutritional compounds,

such as tocopherols and carotenoids [23-24].

Tocopherols are a group of monophenolic antioxidants found in many
plant materials. Antioxidants eliminate free radicals, providing in this way
primary defense to our body. They accomplish the same task in vegetable

oils, preventing the formation of hydroperoxides.



The formulation of natural substances together with a biocompatible or
biodegradable carrier material to form composites or encapsulates has a
great relevance for pharmaceutical, cosmetic and food industries [25].
Natural substances such as carotenoids, fatty acids, natural antioxidants are
being extensively used on a great variety of food products [26].

Particle formations using SC-CO,, such as RESS, PGSS, and SAS methods
have received much attention as alternative precipitation methods to those
with organic solvents [27]. Particle formation using SC-CO, is important
for drug delivery systems that have been successfully used to obtain
composites or encapsulates, which comprise an active compound loaded
into a matrix of. a: carrier.material, in_order «to- improving product
preservation as well as controlling the dissolution rate of the active
compound [25].

Small particles of pharmaceuticals with a narrow particle size distribution
plays a vital role in the design of conventional drug delivery systems like
tablet, capsule, injection; biphasic drug delivery system like suspension

and emulsion and the controlled drug delivery systems of implants,



transdermal, microemulsions and nanoparticulate [26-32]. The PGSS
process may be used for the production of micro particles with a narrow
size distribution and it is vital for food and pharmaceutical industries due
to solvent free products [33].

In this study, lecithin has been isolated from de-oiled mackerel and wheat
germ oil obtained by SC-CO, extraction and optimized a continuous
process for the formation of particle with PEG by PGSS process. The
shape and size of the particles were analyzed using 'SEM, PSA,
manufacturing particulate particles combined with the functionality of the
active substance and characteristics are compared and evaluated by HPLC-

ELSD, GC-FID.



Material and Method

1. Material

Mackerel was purchased from fish market (Kijang, Republic of Korea).
Separated muscle, and was collected for dried. Wheat germs were
purchased from Young-Nam Flour Mills Company (Nam-Gu, Republic of
Korea). The pure carbon diexide (99%) was supplied by KOSEM, Korea.
Standard reagents were purchased from Sigma-Aldrich (St. Louis, MO,

USA). All reagents used in this study were of analytical or HPL.C grade.

2. Sample preparation

The mackerel samples were dried in a freeze-drier for about 72 hrs, and the
wheat germ samples were dried in a heating-drier for 12 hrs. These dried
samples were crushed by a mechanical blender then stored at —40°C until

using for SC-CO..



3. Method

3.1. Supercritical carbon dioxide (SC-CO.) extract
SCO; extraction was carried out two plants. Plant P1 was a laboratory-
scale supercritical fluid extraction process that was used to oil extract from
mackerel. The other plant, P2, was pilot-scale extraction process that was

used to oil extract from wheat germ.

3.1.1. Mackerel oil extract and lecithin isolate
The flow rate of CO, (22 g/min) was constant over the entire extraction
period of 2.5 hrs, and extraction parameters were different temperatures
(35-45°C) 'and pressures (15-25 MPa). Mackerel residues providing the
highest oil yield by SC-CO, extraction were used for lecithin isolation.
Lecithin was isolated from de-oiled mackerel obtained by SC-CO,
extraction according to the method of Wang [34] with modifications.
Briefly, 100 mL of ethanol (95%) was added to 30 g of SC-CO, extracted
mackerel residues and stirred for almost 24 hrs by a magnetic stirrer. The
mixture was then centrifuged at 3200 rpm for 10 min. The supernatant
containing mainly polar lipids was collected and evaporated in a vacuum

rotary evaporator.



3.1.2. Wheat germ oil extracts
Wheat germ oil was extracted by supercritical carbon dioxide for a plant
scale. The oil was extracted at temperature of 40°C and pressure of 25
MPa. The total extraction time was 1 hr. The flow rate of CO, was kept

constant at 54.55 g/min.

3.2. Particle formation
PGSS process was carried out in different temperatures and pressures to
measure the optimum condition for the formation of wheat germ oil

particle.

3.2.1. Particle formation using PGSS process
The experiments were carried out using PEG 8000 (g/mol), crude lecithin
and wheat germ oil with different pressures, temperatures, nozzle size and
mixed ratio. The schematic diagram of PGSS process used in this study is
shown in Fig. 1. PGSS experiment began by delivering SC-CO, to the
precipitation chamber until the desired pressure was reached. PEG and

Lecithin (10:1), PEG and wheat germ oil (10:1/5:1) in reactor were melted
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by SC-CO; and mixed by stirred heel. These experiments were carried out
at temperatures, ranging from 40 to 50°C and pressures, ranging from 10 to
30 MPa. The lecithin mixture was stirred at 250 rpm and the nozzle size
was 250 and 300 um. The duration for reactions was 1 hr. After reaction,
material with PEG were delivered through the nozzle and collected from a
separator.

The wheat germ oil particle formations were carried out-at one nozzle (300
um) and two' different ratios(10:1) and (5:1) of wheat germ oil and PEG
were used during PGSS process for 1 hr. The table of PGSS process

conditions used in this study is shown in Table 1.

3.2.2. Analysis of particle by  Scanning electron microscope
analysis

Scanning electron microscope (SEM) is a type of electron microscope that

images a sample by scanning it with a high-energy beam of electrons in a

raster scan pattern. Samples of the lecithin with PEG on the metallic frit
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Table 1. Condition of PGSS process for manufacturing the microparticle

Lipid

Crude lecithin Wheat germ oil
Rotor speed 250 rpm 300 rpm
Pressure 15 -30 MPa 10 — 30 MPa
Temperature 40, 50°C 40, 50°C
Reaction time 1 hour 1 hour
Nozzle size 250, 300 um 300 um
Ratio of mixture

10:1 (w/w) 10:1,5:1  (w/w)

(PEG : Lipid)
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were observed by a scanning electron microscope (S-2400, Hitachin,
USA). The SEM samples were covered with gold using a sputter coater.
Particles sizes were measured from SEM images using the Sigma Scan Pro

image analysis software.

3.2.3. Analysis of particle size by Particle size analyzer
The size distribution of the PEG and lecithin with PEG powder were
measured by particle size analyzer (LS 13320, Beckman coulier, USA).
The result from the analysis is the relative distribution of volume of
particles in the range of size classes. From this basic result, the data on
particle size distributions are calculated. The frequency curve is useful for
displaying the results to show the peaks-in the graph. The peak of the
frequency curve gives the modal diameter, the most commonly occurring

particle diameter.
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3.3. Particle characterization
3.3.1. Phospholipid of lecithin particles measurement by HPLC
analysis

In this study, phospholipid (PC) in PEG particle was quantified by a Jasco
HPLC equipped with a controller, a 4-line degasser (DG-2080-54), a
quaternary gradient unit (LG-2080-04), an intelligent HPLC pump (PU-
2080 Plus), an -evaporative light scattering detector (ELSD-Softa
corporation, Model 400, London, UK)'and a silica column (5 pm, 4.6 mm
x 250 mm, Waters, Milford, Massachusetts, USA). The analysis was
carried out according to the method of Letter [35] with modification of the
ELSD operation. Lecithin with PEG was dissolved in chloroform and
injected 20 pL via-the injector. A gradient program with three mobile
phases at a flow rate of 1.25 mL/min was used isopropyl alcohol, hexane
and water to the following scheme: t0 min: 58:40:2 (v/v/v), t10 min:
48:50:2, t15min: 42:50:8, t30 min: 48:50:2 and hold up to 35 min. The
spray and drift tube temperature of ELSD were set to 70 and 60°C,
respectively. The pressure of nitrogen gas at the nebulizer was 50 psi. The

quantification of the phospholipids was performed based on the peak area

14



of the standard phospholipid, PC (Fig. 2.). Millennium software was used

to analyze the data obtained by HPLC.

3.3.2. Characterization of wheat germ oil particle

3.3.2.1. Analysis of fatty acid composition

The fatty acid compositions in the wheat germ oil-particle were determined
by GC-FID (Agilent 6890N series) with a Supleco Fused silica capillary
column (100.0 m x 0.25 um * 0.20 um), operational condition was shown
in Table 2. Firstly the fatty acid methyl esters were prepared according to
AOCS official method (AOCS, 1998). It was assumed that the ratio of
single component peak area to total peak area is the mass fraction of the
component. Particle ‘methyl esters were identified by comparison of

retention time with Fatty acid methyl esters mixture standard.

3.3.2.2. Analysis of total phenolic content
Total phenolic content (TPC) of wheat germ oil particle was measured
with a spectrophotometry according to [39-40]. 1 ml of 50 times diluted
(w/v) wheat germ oil particle was mixed with 1 mL of 1:10 (v/v, in

deionized water) diluted Folin-Coicalteu reagent (FCR).
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Y = 1.4969x + 0.0138
4 4 R*=10.9997

Fig. 2. Total phospholipid standard curnve.
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Table 2. Operational condition of gas chromatography for analyzing the

composition of fatty acids in wheat germ oil particle

Gas chromategraphy

Model Agilent 6890N

Control Mode Splitless

Injection Temp. 250°C

Detection Temp. 260°C

Carrier Gas/Flow He;. 1 mL/min

Oven Temp. 140°C (5 min) — 4°C/min — 250°C (15 min)

Agilent Supleco fused silica capillary column
Column
100.0 m x0.25 um x 0.:20 um

17



After 4 min, 800 ul of sodium carbonate solution (7.5%, w/v) was added
into the mixture. Then, the mixture was vortexed for 5 sec and stored at
room temperature in dark environment for 2 hrs. Blank was also prepared
by replacing 1 ml of particle solution. The absorbance of mixture was
measured at 765 nm against blank using UV-spectrometer (UVIKON 933,
Kontron Instruments). The measurements were carried out in triplicate and
gallic acid was used for calibration of standard curve (Fig. 3.). Results
were expressed as mg gallicacid equivalent per 100 g of particle (mg
GAE/100 g DW). The calibration equation for gallic acid was y = 0.0294x

+0.0198 (R*=0.9994)

3.3.2.3. Analysis of DPPH radical-scavenging capacity
The DPPH radical scavenging capacity of particle was determined based
on the method described by Wong et al., Miliauskas et al., and Saha et al.
[41-43]. 1 ml of 50 times diluted with methanol (w/v) wheat germ oil
particle was mixed with 1 mL of methanolic 0.1 mM DPPH, total volume
of 2 ml. After thoroughly mixed, they were stored in dark environment at

room temperature for 50 min.

18
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Y =0.0294x + 0.0198
R? =0.9994
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Fig. 3. Total phenolic contents standard curve.
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Subsequently, the absorbance of crude extract and control was measured
against methanol (as blank) at 517 nm using UV. The percentage of DPPH

radical scavenging effect was calculated as follow equation:

Scavenging effect (%) = [1-(As/Ac)] x 100

As = absorbance of particle at 517 nm

Ac = absorbance of control at 517 nm

20



Results and Discussion

1. Analysis of particle by SEM

Several experiments were performed at different temperatures in
supercritical states using two different nozzles, 250 and 300 um, for
lecithin with PEG 8000. The particles produced by PGSS process were
characterized by SEM. Fig.4-1, 2 shows SEM images of micro particles of
lecithin with PEG obtained by PGSS process using SC-CO,. These results
can be explained in detail with the help of the various parameters such as
the temperature, pressure, nozzle size etc. Almost all particles size was
decreased by different temperatures and pressures. Most of the particles
obtained by PGSS using SC-CO, were agglomerated. Lecithin is sticky,
and it had emulsification -ability that -effect particles aggregation.
Agglomerated particles were found by PGSS in biopesticide encapsulation
[47]. Fig. 5-1, 2 shows SEM images of micro particles of wheat germ oil
with PEG obtained by PGSS process using SC-CO,. Almost all particles
size was decreased by different temperatures and pressures, also.

These results can be explained in detail with the help of the various
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w

13/0CT/11
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3) 4)

Fig. 4-1. SEM images of the particles obtained by PGSS process using SC-
CO,. (1) Original:PEG, (2) 40°C, 15 MPa, (3)40°C, 30 MPa and (4)

50°C 30 MPa with the nozzle size of 250 pm.
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20kV X200 100pm 23/FEB/12
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20kV X200 100pm 23/FEB/M2
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20kV X200 100pm 23/FEB/12

Fig. 4-2. SEM images of the particles obtained by PGSS process using SC-

CO;. (5) 40°C, 20-MPa, (6) 40°C, 30 MPa, (7):50°C 20 MPa and (8)

50°C 30 MPa with the nozzle size of 300 pm.
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Fig. 5-1. SEM images of the particles obtained by PGSS process using SC-
CO:s. (1) 40°C, 10 MPa, (2) 40°C, 30 MPa, (3):50°C 10 MPa and (4)

50°C 30 MPa with the PEG : Oil-ratio (10:1).
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Fig. 5-2. SEM images of the particles obtained by PGSS process using SC-
CO:. (5) 40°C, 10 MPa, (6) 40°C, 30 MPa, (7):50°C 10 MPa and (8)

50°C 30 MPa with the PEG : Oil ratio (5:1).
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parameters such as the temperature, pressure etc. Most of the particles

obtained by PGSS using SC-CO; were agglomerated.

2. Analysis of particle size by PSA
The size distributions of original PEG and lecithin particles with PEG 8000
obtained by PGSS using SC-CO, under different conditions are shown in
Fig. 6. In this study, the average particle size of PEG before PGSS process
was almost 400 times bigger-than that'of PEG obtained by PGSS process
using SC-CO».

The average size of lecithin particles with PEG was found to be ranged
from 0.873 to 1.164 pm at nozzle size of 250 um. On the other hand, the
average size of lecithin particles with. PEG ‘was 1.180 to 2.080 pm at
nozzle size of 300 pm. However, nozzle size also moderately affected the
size of particles with PEG. In most cases, the particle size obtained by
PGSS process using 300 um was bigger than that of obtained by PGSS
process using 250 um. Particle size was also remarkably affected by

temperatures, pressures (Fig. 6-8.).
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Fig. 6. Particle size and distribute volume of original PEG.
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Fig. 7. Particle size and distribute volume of particle formed by PGSS with

lecithin.
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Table 3. The average diameter of the particles from PEG 8000 with lecithin

at different conditions

Nozzle size Temperature  Pressure Average particle size
(nm) (°C) (MPa) (nm)
15 1.096
20 0.873
40
25 0.877
30 0.879
250
15 1.164
20 1.026
50
25 0.879
30 1.107
15 1.180
20 1.880
40
25 1.660
30 2:088
300
15 1.320
20 2.070
50
25 1.860
30 1.760
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Fig. 8. Compare of lecithin particle sizes by PGSS process condition.
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The size distributions of wheat germ oil particles with PEG obtained by
PGSS using SC-CO, under different conditions are shown in Fig. 9-10.

The average size of wheat germ oil particles with PEG was found to be
ranged from 0.632 to 1.350 pm at PEG/Oil mixed ratio 10:1. On the other
hand, the average size of PEG/Oil mixed ratio 5:1 was 1.177 to 3.767 pm.
Temperature and pressure was moderately affected the size of wheat germ
oil particles with PEG. In most cases, the particle size obtained by PGSS
process using PEG/Oil mixed ratio 5:1'was bigger than that of obtained by
PGSS process using PEG/Oil mixed ratio 10:1, it shown in Fig. 11.

CO, density depends on pressure and temperature and solubility is
increased with higher density-and other factors. The solubility of a gas
increases as pressure increases; decreases as pressure decreases and as
temperature decreases gas solubility increases, as temperature increases the
solubility decreases. When the mixture was kept for pressurized a period
long enough to reach phase equilibrium, during this time SC-CO, was
dissolved in the mixture. The high pressure mixture is rapidly
depressurized through a nozzle leading to particle formation by

precipitation, as the gas goes out of the solution.
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Fig. 9. Particle size and distribution volume of particle formed by PGSS with
wheat germ oil (mixed ratio was PEG : Oil = 10:1).
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Fig. 10. Particle size and distribution volume of particle formed by PGSS
with wheat germ oil (mixed ratio was PEG : Oil = 5:1).
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Table 4. The average diameter of the particles from PEG 8000 with wheat

germ oil
i article siz
No. PEG : Oil Temg,ecr;‘mre P(ffdsls)g;e Average(ﬁm) cle size
! 10 1.006
? 15 0.789
> 40 20 0.762
) e 0.686
: L2 0.649
10:1
° 10 1351
7 e 11313
i 50 . 0.860
’ 23 0.709
v pu 0/633
1 10 3.768
12 . 2.114
P 40 20 2173
H 25 1.754
b 30 1.800
5:1

1 10 1.891
v 15 1.840
e 30 20 1.674
P 25 1315
?0 30 1.178

32



B 10 MPa
34 1 15MPa
Bl 20 MPa
25 MPa
E=3 30 MPa
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Mixed ratio (10:1) Mixed ratio (10:1)Mixed ratio (5:1) Mixed ratio (5:1)
Temp. 40°C Temp. 50°C Temp. 40°C Temp. 50°C

Fig. 11. Comparison of wheat germ oil particle sizes by PGSS process

condition.
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3. Characterization of lecithin particle

3.1. Lecithin measurement

Fig. 12. shows the amount of lecithin entrapped in PEG by PGSS process
under different SC-CO; density conditions at the nozzle size of 250 and
300 pm. The amount of lecithin absorbed in PEG was ranged from 4.38 to
8.37 mg/g of lecithin particles at the nozzle size of 300 um. On the other
hand, at the nozzle size of 250 um, it was 4.24 to 17:49 mg/g of lecithin
particles. When the mixture (PEG and lecithin) was kept pressurized a
period long enough to reach phase equilibrium, during this time SC-CO,
was dissolved in the mixture. The high pressure mixture is rapidly
depressurized through a mnozzle leading to particle formation by
precipitation, as the gas goes out of the solution.

Lecithin entrapped in PEG increased with the increase in SC-CO; density
at nozzle size of 250 pm. At high SC-CO, density condition, the solubility
of lecithin and PEG was higher and that enhanced the inclusion of lecithin
in PEG by PGSS process. Some researchers reported similar effects of

pigment solubility in SC-CO, from different sources [48, 49].
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Fig. 12. The amount of lecithin entrapped in PEG by PGSS in different SC-

CO; density conditions-at nozzle size of 250 and 300 pm.
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Table 5. Phospholipid content of lecithin particle at different process

conditions
Nozzle size Temperature  Pressure Phospholipid
(nm) (°C) (MPa) (mg/g)
15 5.262
20 9.325
40
25 17.489
30 16.560
250
15 4,240
20 8.066
50
25 13.341
30 15.340
15 5.194
20 7.941
40
25 8.241
30 8.370
300
15 4.385
20 4.654
50
25 6.962
30 7.270
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4. Characterization of wheat germ oil particle
4.1. Fatty acid composition
Fatty acid composition of wheat germ oil particle can be an indicator of its
stability, physical properties, and nutritional value. There were almost no
differences in fatty acid composition of wheat germ extracted oils. Shown
in Table 6-7, a high content of unsaturated fatty acids in particles were
identified. The main components are palmitic acid (C16:0), oleic acid
(C18:1), linoleic acid (C18:2at), and r-linelenic acid (C18:3). Among them,
linoleic acid showed the highest content and its amount represents from
51.60% to 58.48% of total identified fatty acids. Another unsaturated fatty
acid, oleic acid was also present in higher percentage ranging from 14.94
to 17.41%. The fatty acid. compositions-were changed moderately at

different PGSS process conditions.
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Table 6. Comparison of fatty acid composition® of extracted oil and micronized oil (ratio 10:1)

I;itg Ethlc ted 2 3 4 5 6 7 8 9 10
C14:0 0.39 0.00 000 000 000 000 000 000 092 000  0.00
C16:0 1933 2069 2095 18.86 1954 21.93 2061 1991 19.50 22.55  21.88
C16:1 0.33 0.00 000 000 000 000 000 000 059 000  0.00
C18:0 0.81 0.00 / 0.00 ~ 000+~ 000 TL55 000 000 1.09 000  1.07
Cl$:1n9t 1555 1591 1507 1526 1519 1721 1621 ' 1550 1642 17.76  16.70
Cl8:1In9%  0.00 0.00 = 000 000 000000 000 000 000 000  0.00
Cl182n6 5559 5559 5696 5848 57.59 5320 5674 @ 56.14 5331 5259 52.87
C20:1 133 130 . 0.00 ~ 0.00 * 0.00 000 000 128 161 000 127
C18:3n3 6.67 651 703 74l 769 611 644 717 655 710 622

* GC area percentage. Footnote (1-10) is shown in Table 4
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Table 7. Comparison of fatty acid composition® of extracted oil and micronized oil (ratio 5:1)

I;itg Ethlc ted 12 13 14 15 16 17 18 19 20
C14:0 0.39 0.00 000 000 000 000 000 000 000 000  0.00
C16:0 1933 1728 1795 1741 1670 17.98 1747 1732 1583 16.87 15.99
C16:1 0.33 0.00 000 1.8 245 000 069 000 253 000 192
C18:0 0.81 0.81 / 088 ~ 080" 083 70.00 098 110 079 087  0.79
Cl8:1n9t 1555 1653 1684 1626 1631 1670 1623 ' 1613 1564 1629  15.68
Cl8:1In9%  0.00 0.00 - 0.00 000 000000 000 000 000 000  0.00
Cl182n6 5559 5695, 57.37 5509 5428 54.89 5723 | 5758 5404 5776  56.91
C20:1 133 843 ' 696 . 857 ™ 943 1044 739 78 1117 821 871
C18:3n3 6.67 0.00 000 ~0:00. 000 000 0.00. 000 000 000  0.00

* GC area percentage. Footnote (11-20) is shown in Table 4.
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4.2. TPC measurement

TPC of wheat germ oil particle are shown in Table 8. As a result, TPC
range from 0.2175 to 1.5977 ug GAE/ 100 mg particle in all conditions and
was maximized at 15 MPa and 40°C at the ratio of 5:1. Total phenolic
content was varied according to the change of temperature and pressure.
Higher temperature and lower pressure increased total phenolic content.
Pinelo et al. and Spigno et al. reported that total phenolic content from

grape pomace and grape mare'was increased up to 60°C [50, 51].

4.3. DPPH radical-scavenging effect
The DPPH radical-scavenging effects of wheat germ oil particles was
ranged from 2.00% to 7.54% at the ratio of 10:1 and from 4.42% to 8.09%
at the ratio of 5:1, it shown in Table 9. Although the radical-scavenging
effects in micronized particles are lower than extracted oil and standard
materials, it is enough to be suitable for use as the size of the inhaled
sanctions because fine particles are considered superior to its functional
expression. The high ratio of oil-micronized particle showed maximum

effect, but significant changes couldn’t be found.
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Table 8. Total phenolic content of wheat germ oil particle at different process

conditions
PEG: Temp. Pressure Total phenolic content
Oil (°0) (MPa) (LgGAE/ 100 mg)
10 1.354
15 1.376
40 20 1.275
25 0.599
30 0.217
10:1
10 1.449
15 1.326
50 20 1.348
25 0.864
30 0.505
10 1.463
15 1.598
40 20 1.459
25 1.451
30 1.533
5:1
10 1.566
15 1.594
50 20 1.521
25 1.399
30 1.079
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Table 9. DPPH radical scavenging capacity of wheat germ oil particle at

different process conditions

PEG : Oil T(S?I;' P(rlfdsls,‘;;e D(I; /I:)H
10 7.54
15 3.14
40 20 4.17
25 3.31
30 2.46
10:1
10 2.00
15 4.05
50 20 4.00
25 2.69
30 4.10
10 6.85
15 6.71
40 20 7:99
y 2 7.86
30 8.09
5:1
10 6.84
15 6.89
50 20 6.26
25 4.41
30 5.43
Wheat germ oil 60.40
Ascorbic acid 96.25
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Conclusion

In this study, the particles of lecithin and wheat germ oil with PEG were
formed by PGSS using SC-CO,. Most of the aggregated particles prepared
by PGSS which average diameter of 1.13 pm. The particles formed by
PGSS process at different conditions showed a considerable size reduction
with a uniform size distribution volume, and it was due to the unique
physical properties of supercritical fluids. It was found that the pressure
and temperature had moderate effect on the particle size' distribution
obtained by PGSS process. The amount of the active compounds (lecithin
and wheat germ oil) in PEG mixtures influenced in which higher SC-CO,
density conditions caused the increase in solvating.power of CO,. Acid
value and peroxide value of lecithin was reduced using PGSS process with
various conditions. After wheat germ oil particles micronization, TPC
showed in all conditions and DPPH activity was small higher at the ratio of
5:1 compared to the ratio of 10:1 which may be valuable effect for food

and pharmaceutical industries [52].

43



ob7|x| ol

=

=

Xzet 2y, A8

Acknowledgement

A Arat

29|

AtE 2L

i

=
e

s MEid, ol

MH{E, 0|3

Lt
=]

8| SujdDt o[ Cf

Zleq
=]

(=]

AtE 2L

a sz X

HH =7

{0k

y

Bi MEid, %

ofl

£ OMX| @UH  Salim,

22

ARLE ==t

FOHME

ro

Abdelkader, Asaduzzaman, Tanbirul, Evi, MelisaOf| Al = ZtAtS| Or22 FgtL|Cl.

w0
|
Kk
ol

ol
ol

=L

X

.

1o

Toill

ofl
jor

o Ap2H

o

[

. SH@o| FLf, Rlof, AF,

E)

[=}

o
(=}

AtE 2 LCH

3

<

od

I
o3

.
Wt 9l

T EtX|OfAM 2

ol =
:l—Aklt_l'__

t

ME

0|, D24CHOIM 1

arc.

F 1

Heto|ntx| =

=13
=

o
Kkl

ol
a0
ol
ol

_./_._._
K1

L|C}.

3

i

=

25

opxjgto @ QlFLt K7t

oL, 7t

=

00|

Ul

Lct 75

3

S|
=

D5 AR

==
==

== CHAl o B 02| %0 ZAel 2

44

FL|Ch.

=

A

3

A ERLCE



Reference

[1] Parnham M.J. The importance of phospholipid terminology, Inform 7,
1168-1175 (1996).

[2] Scocca P.M. Utilization of lecithin, J. Am. Oil Chem. Soc. 53, 428-429
(1976).

[3] Pardun H. Pflanzenlecithine-wertvolle Hilfs-und wirkstoffe, Fat Sci.
Technol. 91, 45-58 (1989).

[4] Reynolds J.E. Martindale Royal Pharmaceutical Society, 31, London,
UK: (1996).

[5] Marderosian A.D. and Liberti L.E. Natural product medicine : a
scientific guide to food, drugs, cosmetics. Philadelphia:
George F. Stickley Co; 121-122 (1989).

[6] Strunk JR.W. and White E.B. The elements of style. 3rd ed, New York:
Macmillan; (1979).

[7] List G.R."and Szuhaj B.F."Lecithins Sources, Manufacture and Uses, J.
Am:Oil*Chem. Soc. Champaign, IL, 145-161(1989).

[8] Schneider M. Lecithins:sources, manufacture&uses, J. Am. Oil Chem.
Soc. Champaign, IL, 109-130 (1989).

[9] Sonntag N.O.V. Composition and characteristics of individual fats and
oils. In D. Swern (Ed.), Bailey’s industrial oil and fat products.
Vol. 1. New York: John Wiley & Sons, 284-477 (1979).

[10] Kahlon T.S. Nutritional implications and uses of wheat and oat kernel

oil. Cereal Foods World, 34, 872-875 (1989).

45



[11] Shuler P. Natural Antioxidants Exploited Commercially, Food
Antioxidants, Hudson, B.J.F, Elsevier Applied Science, England,
Chap. 4, 99-170 (1990)
[12] Wang T. and Johnson L. Refining High-free Fatty Acid Wheat Germ
Oil, JAOCS, 78, No. 1, 71-76 (2001).
[13] Coultate T. Food, The Chemistry of its Components, The Royal
Society of Chemistry, London, Chap. 4, 106-126 (1989).
[14] Salinas R. Alimentos Grasos y Nutricion, Bromatologia Aplicada a la
Salud, El Ateneo, Buenos Aires, Chap. 7 (1993).
[15] Dunfold N.T."and Temelli F. Proceedings of the Third International
Symposium on Supercritical Fluids, 3, Strassbourg, France,
471 (1994).
[16] Montanari L., Fantozzi P., Schneider J.M. and King J.W. Selective
extraction of phospholipids from soybeans with supercritical
carbon dioxide and ethanol, J. Supercrit. Fluids 14, 87-93
(1999).
[17] Mukhopadhyay M. Natural Extracts using supercritical carbon dioxide,
CRC Press; Boca Raton, FL, Chapter10, 276-292 (2000)
[18] Eggars R. and Wagner H. Extraction device for high viscous media in
a high-turbulent two-phase flow with supercritical CO, J.
Supercrit. Fluids 6, 31-37 (1993).
[19] Eggars R. and Wagner H. Extraction of spray particles with
supercritical fluids in a two-phase flow, AIChE. J. 40, 1901-
1910 (1996).

46



[20] List G.R., King J.W., Johnson J.L. and Mounts T.L. Supercritical CO2
degumming and physical refining of soybean oil, J. Am. Oil
Chem. Soc. 70, 473-476 (1993).

[21] King M.B. and Bott T.R. Extraction of natural products using near-
critical solvents, Chapman & Hall (1993).

[22] Reverchon E. Supercritical Fluid Extraction and Fractionation of
Essential Oils and Related Products, J. Supercrit. Fluids 10, 1
(1997).

[23] King J., Favati F.-and Taylor S. Production of Tocopherol
Concentrates by - Supercritical ~ Fluid - Extraction and
Chromatography, Separation Science and Technology 31, No.
13, 1843 (1996).

[24] Ambrogi A., Cardarelli D. and Eggers R. Fractional Extraction of
Paprika Using Supercritical Carbon Dioxide and On-line
Determination of Carotenoids, Journal of Food Science 67, No.
9, 3236 (2002).

[25] Cocero M.J;, Martin A., Mattea F. and Varonha S. Encapsulation and
co-precipitation. " processes - with - supercritical  fluids:
Fundamentals and applications. J. Supercrit. Fluid 47, 546-555
(2009).

[26] Budavari S. The Merck Index. Volume 11, New Jersey: Merck and Co,
854 (1989).

[27] Mishima K. Biodegradable particle formation for drug and gene
delivery using supercritical fluid and dense gas, Advanced

Drug Delivery: Reviews 60, 411-432 (2008).

47



[28] Turk M. and Lietzow R. Formation and stabilization of submicron
particles via rapid expansion processes. J. Supercrit. Fluid 45,
346-355 (2008).

[29] Yildiz N., Tuna S., Doker O. and Alimli A.C. Micronization of
salicylic acid and taxol (paclitaxel) by rapid expansion of
supercritical fluids (RESS). J. Supercrit. Fluid 41, 440-451
(2007).

[30] Park S.J. and Yeo S.D. Recrystallization of phenylbutazone using
supercritical fluid antisolvent process. K. J. Chem Eng. 25,
575-580 (2008).

[31] Tandya ~A., Foster N.R. and Dehghani- F. Micronization of
cyclosporine .using dense gas techniques. J. Supercrit. Fluid
37, 272-278 (2006).

[32] Li G., Chu J.,, Song E.S., Row K.H., Lee K.H. and Lee W.J.
Crystallization. of acetaminophen micro-particle using
supercritical carbon dioxide. K. J. Chem Eng. 23, 482-487
(2006).

[33] Pathak P., Sun Y.P, "Meziani M.J. and Desai T.J. Formation and
stabilization of ibupropen nanoparticles in supercritical fluid
processing. J. Supercrit. Fluid 37, 279-286 (2006).

[34] Saima A.L. National Science Digital Library, E-book. New Delhi
110062. 2007.07.09.

[35] Munuklu P. and Jansens P.J. Particle formation of edible fats using the
supercritical melt micronization process (ScMM), J. Supercrit.

Fluid 43, 181-190 (2007).

48



[36] Palacios L.E. and Tong W. Egg-yolk lipid fractionation and lecithin
characterization, J. Am. Oil Chem. Soc. 82, 571-578 (2005).

[37] Letter W.S. A Rapid Method For Phospholipid Class Separation by
HPLC using an Evaporative Light-Scattering Detector, J.
Liquid Chromatogr. 15, 253-266 (1992).

[38] AOCS. Official method and recommended practices of the American
Oil Chemist Society. Volume 1, fifth ed., Champaign, Illinois,
USA, (1998)a.

[39] Cocero M.J., Martin-A., Mattea F. and Varona S. Encapsulation and
co-precipitation  processes - with  supercritical  fluids:
Fundamentals and applications : Review, J. Supercrit. Fluid 47,
546-555 (2009).

[40] Li H.B., Wong C.C., Cheng K.W. and Chen F. Antioxidant properties
in vitro and total phenolic contents in methanol extracts from
medicinal plants. LWT - Food Science and Technology 41,
385-390 (2008).

[41] Wong S.P.-Leong L.P. and Koh J.H.W. Antioxidant activities of
aqueous extracts of selected plants. Food Chemistry 99, 775-
783 (20006).

[42] Miliauskas G., Venskutonis P.R. and Van Beek T.A. Screening of
radical scavenging activity of some medicinal and aromatic
plant extracts. Food Chemistry 85, 231-237 (2004).

[43] Saha K., Lajis N.H., Israf D.A., Hamzah A.S., Khozirah S., Khamis
S. and Syahida A. Evaluation of antioxidant and nitric oxide
inhibitory activities of selected Malaysian medicinal plants.

Journal of Ethnopharmacology 92, 263-267 (2004).

49



[44] Cai Y.Z., Sun M., Xing J., Luo Q. and Corke H. Structure-radical
scavenging activity relationships of phenolic compounds from
traditional Chinese medical plants. Life Sciences 78, 2872-
2888 (20006).

[45] Wetwitayaklung P., Phaechamud T., Limmatvapirat C. and Keokitichai
S. The study of antioxidant capacity in various parts of Areca
catechu L.. Naresuan University Journal 14, 1-14 (20006).

[46] Guimaraes C.M., Giao M.S., Martinez S.S., Pintado A.l., Pintado
M.E., Bento. L:S. and Malcata F.X. Antioxidant activity of
sugar -molasses, including protective effect against DNA
oxidative damage. Journal of Food Science 72, 39-43 (2007).

[47] Surveswaran S., Cai Y.Z., Corke H. and Sun M. Systematic evaluation
of natural phenolic antioxidants from 133 Indian medicinal
plants. Food Chemistry 102, 938-953 (2007).

[48] Roh M.K., Uddin M.S. and Chun B.S. Extraction of fucoxanthin and
polyphenol from Undaria pinnatifida using supercritical
carbon dioxide with co-solvent Biotechnol. Biopro. Eng. 13,
724-729 (2008).

[49] Macius-Sanchez M.D., Mantell C., Rodriguez M., Martinez de la Ossa
E., Lubian L.M. and Montero O. Supercritical fluid extraction
of carotenoids and chlorophyll a from synechococcus sp. J.
Supercrit. Fluid 39, 323-329 (2007).

[50] Pinelo M., Rubilar M., Jerez M., Sineiro J. and Nez M.J. Effect of
solvent, temperature, and solvent-to-solid ratio on the total

phenolic content and antiradical activity of extracts from

50



different components of grape pomace, J. Agric. Food Chem.
53, 2111-2117 (2005).

[51] Spigno G., Tramell L.and Faveri D.M.De. Effects of extraction time,
temperature and solvent on concentration and antioxidant
activity of grape marc phenolics. J. Food Eng 81, 200-208
(2009).

[52] Martin A., Mattea F. and Cocero MJ. Carotenoid processing with
supercritical fluids. J. Food Eng 93, 255-265 (2009).

51



	Introduction
	Material and Method
	1. Material 
	2. Sample preparation
	3. Method
	3.1. Supercritical carbon dioxide extracts
	3.1.1. Mackerel oil extract and lecithin isolate
	3.1.2. Wheat germ oil extracts

	3.2. Particle formation
	3.2.1. Particle formation using PGSS process
	3.2.2. Analysis of particle by Scanning electron microscope analysis
	3.2.3. Analysis of particle size by Particle size analyzer

	3.3. Particle characterization
	3.3.1. Phospholipid of lecithin particles measurement by HPLC analysis
	3.3.2. Characterization of wheat germ oil particle
	3.3.2.1. Analysis of fatty acid composition
	3.3.2.2. Analysis of total phenolic content
	3.3.2.3. Analysis of DPPH radical-scavenging capacity




	Result and Discussion 
	1. Analysis of particle by SEM
	2. Analysis of particle size by PSA
	3. Characterization of lecithin particle
	3.1. Lecithin measurement

	4. Characterization of wheat germ oil particle
	4.1. Fatty acid composition
	4.2. TPC measurement
	4.3. DPPH radical-scavenging effect


	Conclusion
	Acknowledgement
	Reference


<startpage>8
Introduction 1
Material and Method 7
 1. Material  7
 2. Sample preparation 7
 3. Method 8
  3.1. Supercritical carbon dioxide extracts 8
   3.1.1. Mackerel oil extract and lecithin isolate 8
   3.1.2. Wheat germ oil extracts 9
  3.2. Particle formation 9
   3.2.1. Particle formation using PGSS process 9
   3.2.2. Analysis of particle by Scanning electron microscope analysis 10
   3.2.3. Analysis of particle size by Particle size analyzer 13
  3.3. Particle characterization 14
   3.3.1. Phospholipid of lecithin particles measurement by HPLC analysis 14
   3.3.2. Characterization of wheat germ oil particle 15
    3.3.2.1. Analysis of fatty acid composition 15
    3.3.2.2. Analysis of total phenolic content 15
    3.3.2.3. Analysis of DPPH radical-scavenging capacity 18
Result and Discussion  21
 1. Analysis of particle by SEM 21
 2. Analysis of particle size by PSA 26
 3. Characterization of lecithin particle 34
  3.1. Lecithin measurement 34
 4. Characterization of wheat germ oil particle 37
  4.1. Fatty acid composition 37
  4.2. TPC measurement 40
  4.3. DPPH radical-scavenging effect 40
Conclusion 43
Acknowledgement 44
Reference 45
</body>

