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Abstract

Carotenoids are fat-soluble plant pigment which higgly vivid color. Carotenoids are
compounds constituted by eight isoprene units gbinea head to tail pattern and most of
them have 40 carbon atonfs.carotene is a primary carotenoid that is necessatiie
photosynthetic process in plants. Moreover, thataael function related with vitamin A
activity and their antioxidant activity generatesgeeat value as high quality natural
colorants in food or pharmaceutical industries. éaptical anti-solvent (SAS) process is
one of the microparticle technologies with supéical fluid. This process was used in
various fields. In this work, the application of SArocess for micronization @tcarotene

in supercritical carbon dioxide was studied. Effefcinitial carotenoids concentration, €O
flow rate, pressure and temperature of the proeese examined. The experiment was
carried out at pressures of 8 to 12 MPa and terhpesa of 40 to 6. Initial
concentration of carotenoids in dichloromethanetsmh was 2 to 8 mg/ml. Solution flow
rate was 0.5 ml/min. Morphology of particle genedatvas observed by scanning electron
microscope (SEM). Plate-like particles were obtdira all operating condition. Small
particle size could be obtained at high temperagumek pressure with low concentration of
initial solution.



1. INTRODUCTION

Carotenoids are the most common fat-soluble pleyments in nature which has highly
vivid color. There are more than 600 different typbeut only around 20 of them are
present in the human body, the most important b@htgrotene, lycopene, lutein and
zeaxanthin [Miguela et al., 2006]. Carotenoids haamjugated double bonds in a
molecule and they show colors from pale yellowitodvred. Those compounds’s function
is the coloring of vegetables and fruits such amattmes and carrots. Because of their
chemical structure, they can also behave as naaotimixidants [Mattea et al., 2008]. In the
part where the oxygen is generated in the plantybdlkere is lot of carotenoids.
Carotenoids are essential component in the phatossis process. These substances are
not produced by the human body, and therefore tingst be obtained from food. The most
important sources of carotenoids in the human dret green and yellow vegetables,
tomatoes, citrics and eggs [Miguela et al., 2008Hustrial carotenoids are usually
crystalline powders soluble in oils and organiaoseats, but poorly soluble in water. Due to
their antioxidants properties, the carotenoidsdmgraded by the presence of heat, oxygen
or light easily [Martina et al., 2007]. Among thethe antioxidant activity o-carotene is
the highest.

Supercritical anti-solvent (SAS) process is onahef micro particle technologies with
supercritical fluid. This process is suitable fbetfine particles of the thermal-sensitive,
easily oxidized substances, such as carotenoigdgube the low critical temperature of
CO, allows carrying out the process at near-ambientpegatures and in an inert
environment, thus avoiding the degradation of #n®@tenoids. Owing to the high solubility
of organic solvents in supercritical carbon dioxi@&C-CQ), solvent-free products are
obtained. Absorption to the human body of those mmmds is promoted by this
micronization. The mixing between the supercritiaati-solvent and the liquid is faster
than in conventional liquid anti-solvent processbss leading to higher super-saturation
and smaller particles diameter. Moreover, the plarsize and the particle size distribution
(PSD) can be controlled by changes in process peas[Martina et al., 2007]. For these
reasons, supercritical anti solvent processes haea studied for applications including
explosives, polymers, pigments, pharmaceuticalsraatdral compounds [Miguela et al.,
2006].

In this work, the application of SAS process forcranization of3-carotene and
lycopene in supercritical carbon dioxide was stddi€he effect of initial carotenoids
concentration, pressure and temperature of theepsoon the size and shape of particle
generated were examined. SAS process was carriednoa semi-continuous cell at
pressures of 8 to 15 MPa and temperatures of 480t€. Initial concentration of
carotenoids in the solution was 1 to 8 mg/ml ohtbhcomethane. Morphology of particle
generated was observed by scanning electron magpeSEM).

2. MATERIALSAND METHODS

2.1. Material and chemicals

Crystalline3-carotene with minimum purity of 80% was purchafed Wako, Japan.
This carotenoid was used in the micronization expent. SEM image of unprocesspd
carotene and lycopene are presentedFigure 1. Original B-carotene particles are
prismatic like crystal with dispersed sizes randiegween 2.21m and 32.6um. Original



lycopene particles are prismatic crystal with siaeaging from 19.5um to 550.3um.
Acetone (99%), dimethyl sulfoxide (DMSO) (99%), ldaromethane (DCM) (99.5%)
were provided by Wako, Japan. £€(009.5%) was supplied by Uchimura co., Japan.
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Figure 1: SEM image of original p-carotene
particles (1000x magnification)

2.2. Equipment methods and procedures

SAS process was conducted in a semi-continuousonigation vesselFigure 2 shows
schematic diagram of SAS apparatus. The apparathgded a pump for CO(LC-8A
preparative liquid chromatograph, Shimadzu, Japan)pump for solution (PU-980
intelligent HPLC pump, Jasco, Japan), heating cleanfBKICO, Japan), precipitation
vessel (0.5 inch - SUS316 tube, inner diameter:r, hength: 38.5 cm, volume: 24.5
cm’), nozzle (1/16 inch tube, inner diameter: 0.8 mitter (0.5 pm, Swagelok) and back
pressure regulator (AKICO, Japan).

A typical experiment was carried out as followspeucritical CQ was introduced in the
micronization vessel until the desired pressuretantgperature conditions are reached and
maintained constant. Afterwards the carotenoidsitew was injected with the desired
flow rate until an amount of solution has been pssed. Then, supercritical @ow was
remained constant to eliminate the remaining oianivent from the particles. Finally,
particles from micronization vessel and filter weatlected after the depressurization. The
experiment was carried out at pressures of 8 tMP2 and temperatures of 40 t0°60
Initial concentration of carotenoids in the solatiere 1 to 8 mg/ml of dichloromethane.
Supercritical C@ and solution flow rate were 20 and 0.5 ml/minpexgively. Table 1
shows the detailed experimental condition.
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CO, pump ) L Sample B-Carotene
o . Acetone
P { Tlvent dimethy! sulfoxids
JTC dichloromethane
Y Temperature 40, 50, 6C0°C
E;I)iznder | m .. BRR Pressure 8, 10, 12 MPa
e Y ‘\%f ~ Conggntration 2,5, 8 mg/ml
veating chamber / ” w rate_CQ 20 ml/min
' Fiow rate_feed 0.5ml/min

Figure 2: Schematic diagram of the SAS process

2.3.Micronization yield

The micronizationyield was evaluated considering the amounimicronized powder
collected in themicronizatior vessel. The percentage of micronizatyogld was calculate
by the ratio between the mas:carotenoids collected in tmeicronizatior vessel and filter
after each assay and the masscarotenoids present in the DC#blution added to th
micronization vessedt each experimer

2.4.Analysis and characterization

Micronized particles were analyzeby a scanning electron microscope (SI model
JEOL JSM-6390LVto determine particle morphology and shape. Partsize and siz
distribution were measured limage J software, using at leagiOlparticles collected
each experiment.

3. RESULTS

3.1. Selection of solvent
A suitable solvent was chosen from acetone, DM3@Q,[2CM in the SAS process [3-
carotene at pressure of 8 MPa and temperature °C. As a result, the particles we
obtained in the precipitation with DCM, thou3-carotene crystalvas not observed i
the experiment with acetone and DMSO. Because aeei@as a good solvent to t
carotenoid, it was not possible to deposit 3-carotene. Thus, the carotenoids,-CO,
and solvent were discharged as a homogeneous fibaseThe disclarged3-carotene
was confirmed from a vent as the evidence. On therdhand,3-carotene in DMS(
solution was presented in liquid form after the gess. Apparently DMSO was r
volatilized easily and was remained in vessel beedhe solubility of DMS(n SC-CQ
is very low, moreover boiling point of DMSO is higHowever, in the case of DCI
because its volatility was high, and the balancesatibility to both S-CO, and the
carotenoid was suitable, the solvent was be fitttngbtain the3-carotene article in the
SAS process. Therefore, SAS process was carriebyousing DCM as solvel

3.2. [F-carotene micronization



3.2.1. Effect of pressure and temperature
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Figure 3. SEM image (1000x magnification) of the processed B-carotene particles
precipitated from 5 mg/mL B-carotene-DCM solution at various conditions. (A) 8
MPa, 40°C; (B) 10 MPa, 40°C; (C)12 M Pa, 40°C; (D) 8 M Pa, 50°C; (E) 10 M pa, 50°C;
(F) 12 MPa, 50°C; (G) 8 MPa, 60°C; (H) 10 MPa, 60°C; (I) 12 MPa, 60°C;
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Figure 4. Particle size distribution of the processed B-carotene particles precipitated
from at various conditions. (A) 8 MPa, 40-60 °C; (B) 10 M Pa, 40-60 °C; (C)12 MPa,
40-60 °C;

SAS process dB-carotene in DCM was studied at various initial solu concentration:
pressures and temperatures. Plaicubic-like 3-carotene particles were geated by SAS
process at various initial solution concentrati(Figure 3(A)-(1)).

In the case of 407, the shape of the particles are bigger |-like at all pressure
However,by a rise in operation temperature and pressueepainticles changed insmall
cubic shapeKigure 3 (I)). At the high temperature and high pressure cad, anti-
solvent is strongly enhanc.



Figure 4 shows particle size distribution of the processatbtenoid particlesThe
particle size distribution is broad on thew temperatureondition, and the mean partic
size is bigger than othetemperatureconditions. In all pressure, thparticle size
distribution of the high temperature conditiorvery sharp, and the mean patrticle siz
small. Especially, at the 1MPa, reduction of the particle size by the tempegtise
appears eminentlyEffect of temperature and pressure were confirmganban particle
size and patrticle size distribution. Especiallythe case of 1 MPa, carotenoid particle
were very tiny een if compared with any other conditic

The vapor pressure of the solvent increases bgein temperatur Therefore it is
thought that the solubility f the dichloromethane for SC-GOrises Furthermore,
solubility of the dichloromethane tSC-CQ becomes extremely higher under the
temperature and high pressure condition becausatgof SC-CQ rises by pressurizati.
Accordingly, separation of the carotenoid happemsiédiately, and it is thought that fi
particles are provided.

3.2.2. Effect of concentration of S-carotene solution
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Figure5. SEM image (1000x magnification) of the processed B-car otene particles
precipitated from B-carotene-DCM solution at various conditions.
(A)2 mg/mL, 8 MPa, 40°C; (B) 5mg/mL, 8 MPa, 40°C; (C) 8 mg/mL, 8 MPa, 40°C;
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Figure 6. Particle size distribution of the
processed [-carotene particles precipitated
from at 8 MPa, 40 °C, 2-8 mg/mL;

Platelike particles were produc (Figure5). At high concentration, serrated p-like
particles were formed. The particle sizes werergeldin proportion to the hic
concentration, due likely to agglomerati



4. CONCLUSION

The particles were obtained in the precipitatiothidCM, thoughB3-carotene crystal was
not obtained in the experiment with acetone and DMBlate to cubic-likg3-carotene
particles were generated by SAS process at varioiigl solution concentrations,
temperatures and pressures. And small particleceiakl be obtained at high temperature,
pressure and with low concentration of solution.
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