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Ultra high pressure extraction and fractionationaotioxidants from sage, rosemary and
carotenoids containing plant material is presen@e of the main advantages of using SCF
at ultra high pressure for extraction and fracttama of substances by stepwise reducing
solvent power is demonstrated on very efficient ceoration of valuable antioxidative
compounds for the above mentioned materials.

The thermodynamic fundamental data for extractiod factionation of sage antioxidative
components were determined. Design of ultra higésgure equipment and economy of the
processes will be given in presentation.
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1. Introduction

Design of new products with special characteristicglesign of new processes, which are
environmental friendly and have an impact to sustale processes, are a great challenge for
chemical engineers. High pressure gave in seveoalepses completely new products with
special characteristics. Such new processes arneoemental friendly, of low costs and
sustainable.

Applying supercritical fluids for production of neatals with unique properties and especially
the legal limitations for solvent residues and mesbns on use of conventional organic
solvents for isolation/fractionation of special quonents, increase the use of dense gases for
extraction applications. On the other hand, frangtmn of total extracts in combination with
different formulation techniques, gives an addiibmpetus to the developments in the area
of high pressure applications. Selective extractibrcomponents or fractionation of total
extracts is also possible by use of different g&sesolation/fractionation of components.

The limitation for further applications of this tedque is the low solubility of several
substances in carbon dioxide at elevated presgupego 500 bar) and consequently the
extracts obtained by high pressure technologieseatively expensive in comparison with
conventionally obtained products. Due to the re&yi low solubility of substances in this
pressure range (up to 500 bar) cosolvents/entsaareroften added to the €t enhance the
solubility. The disadvantage of using entrainerthes contamination of extracts with residues
of the entrainer. Therefore, in this case expensegaration processes have to be applied for
separation of the residual entrainer.

UHDE HPT executed ultra high pressure extractiststavith CQ as solvent for many
different raw materials on a multipurpose extrattiglant operating up to 2500 bar and



exploited the most important advantage of usingestrgiical fluids at ultra high pressure -
selective extraction of components or fractionabbiotal extracts [1-4].

Because the solubility of several dense gas lowhé®lsubstances increases with increasing
pressure and temperature ultra high pressure (@5@0 bar) enables an economic feasible
extraction of substances from plant materials. &iraulti-stage fractionation of substances
from the extract by pressure and/or temperaturertigmt precipitation is a cost advantage of
these processes.

Some patent applications could be found where higinessure is used for separation of
substances from plant materials at pressure up@0 bar. Although most of industrial units
for caffeine separation are operating at up to B&N in a patent [6] separation of caffeine
from tea is described at pressure up to 1000 bdrtemperature up to 80°C. Isolation of
xanthohumol rich hop extracts at 60 °C and higlssuwee is described in other patents [7].

For industrial applications pressures higher thdd bar were unusual in the past and most of
the industrial high pressure plants using supéraliCO, operate at pressure from 300 bar to
500 bar. Current new extraction units are operatmg¢p 700 bar or even at 1000 bar.

This presentation will show one of the main advgesaof using SCF at ultra high pressure
for extraction and fractionation of substances thgtstepwise reducing solvent power
extended fractionation of extracts could be obthif@indamental data for separation of sage
components and examples on multi step separati@oraponents from sage, rosemary and
carotenoids containing plant material will be given

2. Ultra high pressure extraction equipment with 2 separators

Parameter
Extractor 1 Volume: 0.64L
Maximal operating pressure: 2800 bar
Maximal operating temperature: 90°C
Extractor 2 Volume: 2.0L
Maximal operating pressure: 2800 bar
| ‘ . Maximal operating temperature: 90°C
i Separator 1 Volume: 0.64L
~ [ Maximal operating pressure: 2800 bar
Maximal operating temperature: 90°C
Separator 2 Volume: 1.0L
Maximal operating pressure: 1000 bar
Maximal operating temperature: 120°C
Flow rate of CQ Max 16 kg CG/h

Figure 1: Ultra high pressure extraction unit and technitelracteristics

In this apparatus the direction of flow of the sugpiéical solvent through the fixed bed can be
upwards or downwards.

3. Examples

3.1. Sage



Ultra high pressure CO; extraction experiments

Total yield for isolation of carnosolic acid, casob and other components from sage
extracted at pressures 700 bar and 1300 bar, ggtraemperatures 60°C, 80°C and 100°C
and S/F 20, 40 and 60kg ¢Per kg feed amounted to 9.95 wt% to 17.63 wt%cudated on
dry mass on sage the yields were from 3.93 wt%o 8§61 wt%.

30,00

¢ 1300 bar 80C

® 700 bar 80C

25,00
1300 bar 100C

20,00 = 700 bar 100C

X 1300 bar 60C
15,00 -
® 700 bar 60C

10,00

Theor yield (wt%)

>0 B

5,00

% Oy
b ]

0,00 T T T T T T
0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00

SIF (kg/kg)

Figure 2: Theoretical yield vs. S/F on dry material

I nfluence of pressure on vield

At constant temperature 60°C, 80°C and 100°C the &xtraction yields increases with
increasing pressure at constant ratio S/kodmeed. The content of carnosolic acid and
carnosol in extracted sage material (raffinateyeses with increasing extraction pressure at
constant extraction temperature and constant S/F.

I nfluence of extraction temperature on vield

Extraction experiments were performed at tempeeat@0°C, 80°C and 100°C and it is
evident that the extraction temperature has a imgiact on the total extraction yield, degree
of extraction of carnosolic acid and of carnosat@istant pressure and constant S/F.

At constant pressure of 1300 bar an increase oftdted extraction yield with increasing

temperature at constant S/F could be observed. eBegf extraction of total present
carnosolic acid is very much influenced by the tempure. In extraction experiments at
pressure 1300 bar the highest degree of extra¢88r66%) of carnosolic acid could be
observed at 100°C. At lower extraction temperatiueedegree of extraction of carnosolic acid
was between 79.40% and 88.38%.

I nfluence of S/F on vield

Total extraction yield increases with increasind= Smco/Mmeeg at constant extraction
pressure at constant extraction temperature. Tgieehbi total extraction yield was obtained at
a pressure of 1300 bar and an extraction temperafut00 °C and a S/F of 60.




The degree of extraction of carnosolic acid is vanch dependant on extraction pressure and
extraction temperature, but again the higher Sife dagher degree of extraction. The same
phenomenon was observed for isolation of carnasoh fsage where degree of extraction of

carnosol is very much dependant on extraction presand extraction temperature and higher
S/F gave higher degree of extraction.

Phase observationsfor the system sage extract/CO,

Phase observations were made at 23°C, 40°C, 60°C,a&hd 98°C in pressure range from 20
to 590 bar and some pictures are presented orefgyur

Pressure 22.3 bar, temperature 209

Pressure 153.2 bar, temperature 80°CPressure 445.4bar, temperature 80?C
Figure 3: Phase behavior of sage extractf@Dvarious pressures and temperatures




Solubility deter mination of sage extract in CO,

Solubility of substances from sage extract increaséh increasing pressure at constant
temperature. The solubility also increases withraasing temperature at constant pressure.
Based on measured data and phase observation piredisted that pressure in separator S1
should be between 150 bar and 250 bar, while tipeaeature should be between 40°C and
80°C.
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Figure 4: Solubility of sage extract in GQ¥s. pressure and temperature

M ulti-stage separ ation of sage extract

Till now no study on fractionated separation of esaaxtracts produced with UHP GO
extraction have been published.

In a multi-step separation, pressure and temperatufirst separator have a high influence on
the yield and composition of the product in separ&tl and subsequently in separator S2.

In two-stage separation experiments part of theaekimass were collected in separator S1
and the other part in separator S2. SeparatorsaSloperating at pressures 150 bar and 250
bar and temperatures 40°C, 60°C and 80°C. In sstgfge separation experiments, separation
of extract from CQ@ was performed in separator S2. Separator S2 wesyaloperating (in
single-stage and in two-stage separation expersheat a pressure of 20 bar and a
temperature of 19-20°C.
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Figure5: Ratio of mass vs. pressure and temperature inaep81



For the composition of the extracts from experiraemhere temperature in separator S1 was
41°C it is evident that the concentration of caotiosacid in separator S1 was higher than the
concentration of carnosolic acid obtained in singfigge separation experiment at pressure
250 bar in S1. The content of carnosolic acid itraet separated in S1 at pressure 150 bar
and temperature 41°C was only 9.57 wt% what is tdh@n in the extract obtained in single
stage separation experiment performed at samecaatigorocess conditions (13.50 wt%).

At a temperature of 61°C and operating pressurelstf bar and 250 bar in S1 the
concentration of carnosolic acid in obtained extna&S1 separator pressure 250 bar as well as
at 150 bar were lower than in single-stage semaraxperiments.

At temperature 80°C in S1, the concentration ohaswolic acid was 18.12wt% at pressure
250 bar, while at 150 bar extremely good separagfficiency was obtained and the
concentration of carnosolic acid in the extract w&s42 wt%. This concentration of
carnosolic acid is as high as in industrial prodwehich are used as commercial antioxidant
in food products.

3.2. Rosemary

Total yield for isolation of carnosolic acid, casob and other components from rosemary
extracted at pressures 1000 bar and 1500 bar,caégtraemperature 80°C, S/F 20, 40 and
60kg CQ per kg feed and were from 14.10 to 18.53 wit%.

During extraction process water was co-extractemhtéht of water in extraction residues
decreases with increasing extraction pressure raaréasing S/F. The residual water content
in extraction residues, extracted at various pmaanditions varied between 1.28 wt% and
3.95 wt%, while in the extracts water content wasMeen 12.20 wt% and 50.93 wt%. Water
from the extracts could not be easily separatedetbee the results are given on the
composition of extracts as such.

For industrial application of extracts of rosemaoyntent of carnosolic acid in the extract has
to be high, but the concentration of essentiahad to be relatively low.

Therefore fractionated separation was studied &edrésults gave excellent separation of
carnosolic acid and aromatic components. At cepaitess conditions in separators S1 and
S2 the enrichment on carnosolic concentration ofentban 10 was obtained. The aromatic
components were practically quantitatively separatdow pressure separator.

In experiments on fractionated separation of rosgnextracts produced with ultra high
pressure C@extraction separator S1 was operating at presd@@$ar, 200 bar and 300 bar
and temperatures 40°C and 60°C. In single-stagaraém of extract from COwas
performed in separator S2. Separators S2 was alwpgsating at pressure 50 bar and
temperature 40°C.

As could be seen from data in Figs. 6 and 7, highessure in S1 at temperature 40°C gave
lower mass fraction of total extract in S1. Thisame¢hat at higher pressure more products are
collected in separator S2.

At temperature 40°C and pressure 200 bar in sepa&it the maximal concentration of
carnosolic acid was found. The highest concentrasiacarnosolic acid (21.49 wt%) in was in
separator S1 operated at temperature 40°C andupe®80 bar, while the extraction was
performed at pressure 1000 bar, extraction temper&0°C and S/F 40 kg/kg. The extract in
separator S2 contain at this process conditiork Wt6o carnosolic acid. The maximum mass
fraction and mass fraction of total carnosolic anideparator S1 was at temperature 40°C and
pressure in separator 100 bar while #hdraction was performed at pressure 1000 bar,
extraction temperature 80°C and S/F 40 kg/kg. im ¢hse in S1 also other substances were



precipitated and therefore the concentration ohaswlic acid in extract were lower (15.80
wit%).

At temperature 60°C in separator S1 higher presgave lower mass fraction of total extract
in S1. The concentration of carnosolic acid in &is decreases with increasing pressure in
S1. The highest concentration of carnosolic acRlQ2 wt%) was obtained in separator S1
operated at temperature 60°C and pressure 100vhde, the extraction was performed at
pressure 1000 bar, extraction temperature 80°CSAR@0 kg/kg. The extract in separator S2
contain at this process conditions only 1.84 wt%arhosolic acid.
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Figure 6: Concentration of carnosolic acid and ratio of totahss in S1 at separator
temperature 40°C vs. separator S1 pressure
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Figure 7. Concentration of carnosolic acid and ratio of totahdss in S1 at separator
temperature 60°C vs. separator S1 pressure

3.3. Carotenoid extracts fractionation

Isolation of carotenoids from plant materials aegsures below 400 bar is practically
impossible without use of entrainers. At pressumggher than 700 bar the solubility of
carotenoids is good enough that relatively lowosats/F (neaodMreed could be used for the
extraction of carotenoids.

Plant materials were extracted at ultra high pmesand fractionated separation gave extracts
with high concentration of carotenoids.



Based on phase equilibrium data, separation camgditfor operation of separator S1 were
determined. Extraction experiments were perfornmea pressure range of 700 bar up to 1500
bar at temperatures 40°C and 60°C.

Results of fractionated separation are presentéabie 1.
Table 1: Influence of multi-stage separation procedureamotenoids concentration in extract

(extraction was performed at 1500 bar and 60°C=&)JF and mass ratio of total
extract in separators S1 and S2 and concentrafiacarotenoids in fractionated

extracts
Concentration Concentration
Pin Sl a\i\'itrzgtoifn of car otenoids e\;vttr:{gt?L of car otenoids
(bar) sl in extr.in S1 < in extr.In S2
(mg/kg) (mg/kg)

300 21.80 3320 78.20 1930

250 35.57 3772 64.43 1612

200 47.99 4620 52.01 551

Temperature in S1 was 60°C, pressure in S2 wasb@imperature was 50°C

4. Conclusions

One of the major advantages of SC fluid extracpmtesses performed at ultra high pressure
fractionation of extracts decreasing the solvenwvgroof CQ is presented. Antioxidative
compounds from sage rosemary and carotenoid camgamaterial were very efficiently
fractionated by two step separation.

For the design of separation process for fractionaif sage extract components fundamental
thermodynamic data were determined.

The possible limitation of SCF technologies couddit high investment costs, but the legal
restrictions on solvents and solvent residuestitmaation of highly valuable compounds from
total extracts in combination with formulation pesses will lead to an increase in the use of
gasses under high pressure for extraction appiitsiti
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