1 ‘Appar atus and process for simultaneous distillation and extraction 5 The
i-nvention;concerns an apparatus and a process for the simultaneous
distillation and extraction of volatile substances from an aqueous J?WH?
to a water-imm sci ble sol vent nmedium which may be used in particular for
the extraction of volatile flavours under Ccontrolled conditions. 10 The
process for the simultaneous distillation and extraction of volatile
substances is kngwn at the | aboratory |level. A_suitable ratus known as
the "Li kens- Ni keRPBRTatYS,aRd, DTOE és@PFbé&P"ﬂ&PqéfgﬁpA?g%1¥EQG%9§ S. T.,
Ni kerson, G B. 15 ASBC proceedi ngs anddextradtibm s process and this
appar atus enable volatile conpounds to be extracted from an aqueous nedi um
to a water-inm sci bl e organi c sol vent medi um wi thout there being any
contact bétvitea ihreentijoni cosoéveatanndpparataaparndt acpredesdhfier the
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treated nedium as for exa ments or subst ances
whi ch do notsw@ﬁameﬁ sromhendéqve@asmefawme o a water-immiscible

solvent medium, which may be used in particular for the
extraction of volatile flavours under controlled conditions.

10
The process for the simultaneous distillation and extraction
of volatile substances is known at the laboratory level. A
suitable apparatus known as the "Likens-Nikerson" apparatus
is described, for example in Likens, S.T., Nikerson, G.B.

15 ASBC proceedings 1964, 5-13. This process and this
apparatus enable volatile compounds to be extracted from an
agueous medium to a water-immiscible organic solvent medium,
without there being any contact between the organic solvent
and the sample treated. Thus, the system prevents the

.20 extraction of undesirable substances from the treated
medium, such as for example lipids, pigments or other
substances which do not form part of the desired volatile
fraction, which could occur in direct contact with the
solvent. This apparatus however does not enable work to be

25 carried out'on a preparative scaie and does not provide the
desired flexibility of use, for example the possibility of
operating under atmospheric conditions or under reduced
pressure in cases where mild conditions are required, in
particular mild temperature conditions, so as to preserve

30 the heat-sensitive compounds, nor does it enable work to be
carried out either in batches or continucusly, namely under
conditions which can be modified and varied.

The apparatus and the process according to the invention
35 offer means of overcoming the insufficiencies of the known
apparatus and process.
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fracti on, whi ch could occur in direct contact with the solvent. This
appar at us ;however does not enable work to be 25 carried out on a
preparative scale and does not provide the desired flexibility of use, for
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appar at us accor e Inventli on conpri ses ans I sti

vol atile $Substances by entrainnent in steamfroma first vessel containing
an aqueous dhSPRESFGR cOndensing the aqueous vapours containing volatile

substances,

means for distilling a water-immiscible organic solvent,

10 with a boiling point close to that of water, from
vessel containing it,

a second

means for condensing solvent vapours distinct from the means

for condensing aqueous vapours,
15

means for the liquid/liquid extraction of aqueous vapours by

the condensed solvent, connected to means for condensing the

aqueous vapours and to means for condensing the solvent,

20 means for separating the agqueous extracts and organic
extracts enriched in the said volatile substances derived

from the means for extraction and

means for regulating the pressure connected to the means for

25 condensing the aqueous vapours.

Preferably, the means for liquid/liquid extraction are

provided with means for stirring.

30 Advantageously, the second vessel containing the solvent is

connected to a distillation column placed between
and the means for condensing the solvent.

the latter

In the case of a continuous operation, the first vessel

35 containing the aqueous dispersion is advantageously

connected to an evaporation system, in particular

a



mdans for condensing the aqueous vapours containing volatile substances,
means for ;distklling a water-imm scible organic solvent, 10 with a boiling
point close to that of water, froma second vessel containing it, means for
condensi ng sol vent vapours distinct fromthe neans for condensi ng aqueous
vapours, 15 nmeans for the liquid/liquid extraction of aqueous vapours by

the condensegtsalbpaRly coAUMRC k@ uGhNRRATH @heC aa@ga&isa@nt He PUHBRES by
vapours and to neans for condensing the solvent, 20 neans for separating

the aqueous BEAREcPE FnBYWPganic extracts enriched in the said volatile
subst ances derived fromthe nmeans for extraction and neans for regul ating

the pressure,gconnected.to %H far, 25 ? Si urs.
Pref erably, F%@ %Egﬁggfgp |%&?§%ﬁ%&ﬁ]g éx %%% %%n%ggekggoggﬁgggapﬁﬁﬂneans
for stirrifhgdistiAdesdoageodskextreicsicac ofd vedatdlec subatangcgst frogoavent
|'s connect ed ;0 e@u@l #eldi LRl £8 a° HatER-RiReeeiBeVEBAvERe MakkGk, and the
means for condensing the sol vent. )

' characterized in that the solvent and the aqueocus medium
contained in distinct vessels are distilled separately, that
they are condensed separately, that the condensates are put

10 into contact in an extraction cell with stirring and that
the aqueous phase depleted in, and the organic phase '
enriched in the said substances are separated by decanting,

in a manner separate from the extraction cell.

15 The water immiscible solvent which can be used in the
process of the invention has, if possible, a boiling point
at atmospheric pressure if possible relatively close to that
of water, of the order of 30 to 180°C. It is, preferably,
lower than that of water while being relatively close to it,

20 for example of the order of 0 to 60°C at the working
pressure, which is advantageous in as much as this enables
heat-sensitive substances to be handled. It may be more or
less dense than water. It is, preferably, an aliphatic
hydrocarbon, a halogenated aliphatic hydrocarbon, an

25 alicyclic hydrocarbon, an aromatic hydrocarbon or an ether,
for example selected from dichloromethane, pentane, iso-
octane, toluene, trichloroethane, trichloroethene and
diethylether.

30 Since the preceding solvents are not of food quality, it may
be advantageous to select a solvent considered as edible,
for example a terpene, such as limonene, alpha- and beta-

pinene.

35 In as much as the extracted volatile substances have boiling
points close to that of the solvent, a distillation column
is preferably used for the solvent provided at its base with



Im the case of a continuous operation, the first vessel 35 containing the
aqueous dispersion is advantageously connected to an evaporation system in
particular a 3 stripping colum through which the dispersion is punped
by neans of a punp. The invention also concerns a process for the
sinmultaneous 5 distillation and extraction4of volatile substances from an
aqueous nediumto a water-inmm scible solvent nmedium characterized in that
t he sol vent anffetH&Na§ubeusoXeingmsEdNEAtned0i ASIiLSt Lind ty xeddis¢iddation

distilled sepgrghel ¥ailihahbkhavcakewiendensedoiopatately, that the
condensates are put 10 into contact in an extraction cell with stirring and

t hat the agueous phase depleted in, and the organic phase enriched in the
sai d subst anpegoziténgepar at €drgy dmbadimegst,i Anabakehet,sSehar appakraemist he

extraction cel |, 1§ The .water inmis igl sol vent._whi ch, can used.i.n the
rocess of A8 FRUBREEER'RRce FACHBE.Bufe” SBRintny s RP B8 tastic
out under an almost static wvacuum, namely at a reduced
pressure up to atmospheric pressure, preferably 30 to
760 mbar.

10 According to a second, continuous, embodiment, the vessel
containing the agueous medium may have a large volume and a
smaller quantity of agqueous medium may be pumped through a
stripping column and only this column is brought to the
boiling point and this only for a limited period. In this

15 wvariant, the aqueous medium may be directly recycled from
the stripping column to the vessel. In this variant, it is
possible also to work under reduced pressure, with an almost
static vacuum, which is achieved with the aid of a valve
automatically regulated in relation to a reference value of

20 the pressure.

In the two variants, the extraction cell may be of any known
type, operating so as to ensure good contact between the
distillates, for example in counter current or with

25 stirring.

Separation of the phases takes place in a manner separate

from the extraction cell, by decantation and, according to

the operating procedure, the aqueous phase may be recycled
30 to the vessel containing the aqueous medium.

The invention -also concerns the use of the process for
extracting substances from an aqueous medium, without
subjecting them to thermal degradation. In particular, the
35 process applies to cold extraction or to extraction at a
moderate temperature, of heat-sensitive flavouring and/or
fragrant substances present in a very dilute state in an



at atnospheric pressure if possible relatively close to that of water, of
the order ;of 30 to [err]. It is, preferably, lower than that of water while
bei ng relatlvely close to it, 20 for exanple of the order of 0 to [err] at
t he wor ki ng pressure, which is advantageo in as nmuch as this enables
heat-sensitive substances to be handl ed. ﬁ? may be nore or | ess dense than
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be made for example to the isolation of aromatic mixtures

from a coffee extract or the extraction of benzaldehyde from
water used for treating kernels, for example apricot
10 kernels.

The apparatus will be described in greater detail with

reference to the accompanying drawings illustrating two

embodiments of the apparatus, given by way of example, in
15 which :

Figure 1 is a diagram of a first embodiment of the apparatus
intended to work in batches,
figure 2 is a diagram of a second embodiment of the

20 apparatus intended for continuous extraction which is able
to process larger quantities of substrate,
figures 3 and 4 are respectively, a view in elevation and a
side view of the means for extracting aromatic substances
and condensing aqueous vapours,

25 figures 5 and 6 are respectively a view in elevation and a
side view of means for distilling and condensing the
solvent,
figure 7 is a view in elevation of the means for separating
aqueous vapours and solvent,

30 figure 8 is a section through AA of figure 7 and
figure 9 is a section through BB of figure 7.

In figure 1, the aqueous substrate contained in the vessel 1
is entrained in steam and distils through the tube 2 to the
35 extractor 3. The extractor 3 consists at its upper part of a
cooled condenser for vapours 4, and at its lower part of a
liquid/liquid extraction chamber 5, provided with a magnetic



4'a return tube for the solvent, so as to limt redistillation of the said
substances with the solvent. According to a first enbodi nent, in batches,

the-apparatus 5 is connected to a vacuum punp enabling work to be carried
out under an al nost static vacuum nanely at a reduced pressure up to

at nospheric pressure, preferably 30 to 7606anbar. 10 According to a second,
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variants, the extraction ce nown
the tube 14 to the extractlon chamber 5. The solvent
returns from the separator 8 to the vessel 10 by the tube
15. Outlets 13 and 16 leading to a vacuum device are

10 provided at the tops of the condensers 4 and 12.

In figure 2, the same components are represented by the same
numbers as previously. As differences in relation to the
preceding embodiment, the larger vessel 1 is connected, via

15 the tube 17 and the pump 18, to a stripping column 19. The
pipes 20 and 21 enable the overflow from the agqueous medium
coming from the stripping column 19 and the water coming
from the separator 8 to be returned respectively to the
vessel 1. The pipes 22 and 23 ensure removal of exhausted

20 aqueous media from the stripping column 19 and the separator
8 respectively, to the vessel 24 acting as a waste tank.

The assembly of figure 1 operates in the following manner :

25 When working in batches at atmospheric pressure, the
vessels 1 and 10 are heated to the boiling point of water
and of the solvent and are stirred magnetically. The phase
separator 8 and the condensers 4 and 13 are cooled to -1°C.
The outlets 13 and 16 are open to atmospheric pressure.

30 Solvent and water distil, the vapours are condensed and the
condensates are collected in the extractor 5 where they are
put into contact by vigorous stirring by means of the
magnetic stirrér 6 and from where they flow to the separator
8 in which two phases appear. In the embodiments shown,

35 liquid/liquid extraction takes place by contact between the
phases with vigorous stirring. Other means of achieving
liquid/liquid extraction could be envisaged, by the use of



type, operating so as to ensure good contact between the distillates, for
exanple in counter current or with 25 stirring. Separation of the phases
takes place in a nanner separate fromthe extraction cell, by decantation
and, according to the operating procedure,7the aqueous phase nmay be
recycled 30 to the vessel containing the aqueous nedium The invention al so

concerns 1Neai9e cghel BE REAGARJOM (BH! EAGHIG SURBLAREES cukdBd aqueous
ut sabj e

medi um w t ho ecting themto therm gradation. In particular, the
35 process afftr@StOF col d extraction or to extraction at a noderate
tenperature, of heat-sensitive flavouring and/or fragrant substances
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particularly appli;63ble hQ LGl 3%t t0teti8RE to the vessel 10
through the mouth of the tube 9 situated above the mouth of
the tube 15 through which the exhausted aqueous phase
returns to the vessel 1. If it is desired to use a solvent
10 denser than water, it is then sufficient to connect the end
of the tube 15 to the vessel 10 containing the solvent, and
the end of the tube 9 to the vessel 1 respectively.

It is possible to work with two specific separators/

15 decanters 8 dedicated, either to a solvent less dense than
water, or a solvent more dense than water, although,
according to the invention, it is preferable to employ a
multi-purpose separator as previously explained.

.20 In this way, the volatile fraction containing the fragrant
organic compounds is continually extracted without there
being direct contact between the matrix and the solvent,
which means that only the constituents entrained in steam
are selected. The extraction yield by weight at the end of

25 about one hour is frequently >90%.

Advantageously, the tube 2 has a large diameter, which makes
possible a high flow rate of steam. As shown in figures 3
and 4, the extractor 3 is cooled by means of fluids

30 circulating respectively between the ends 25 and 26 for the
body and the ends 27 and 28 for the coil 29 of the central
part of the condensing part 4. As is apparent in figures 5
and 6, the column 12 for condensing solvent is also cooled
by means of fluids circulating through a double envelope and

35 through the central coil 30 from the ends 31 and 32. The
column 11 prevents, to a large extent, redistillation with
the solvent of low boiling point wvolatile compounds



5 'substances as they are generated, for exanple during an enzynmatic
reaction. As particular reactions, reference my be made for exanple to the
i sol-ation of aromatic m xtures froma coffee extract or the extraction of
benzal dehyde fromwater used for treating kernels, for exanple apricot 10
kernels. The apparatus wi I'l be described ifn greater detail with reference
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follows from figures 7 to 9, the separator/decanter 8 is
provided with a double envelope which ensures its cooling by
a fluid circulating between the ends 33 and 34.
10
The atmospheric variant has however the disadvantage of
cooking samples at 100°C for a relatively long period,
which considerably modifies the qualitative and quantitative
composition of the volatile compounds with the appearance of

15 cooked, caramelized and sugary notes.

It may be preferable to work under reduced pressure, for
example with the aim of preventing deterioration of aromatic
compounds by prolonged cooking. In order to do this, the

20 extractor 3 and the condenser 12 are connected to a vacuum
pump from the outlets 13 and 16 via an automatic valve (not
shown) for regulating the pressure with respect to a set
value. This system provides an almost static vacuum in the
extractor. The pressure regulator does not allow continuous

25 pumping through the system, since the valve only opens if
the set value of the vacuum is exceeded. Losses of volatile
aromatic compounds, which would occur in the case of
continuous vacuum pumping, are thus limited. When working
under reduced pressure, it may prove particularly

30 advantageous to cool the separator/decanter 8 as previously

explained.

In the varianﬁ shown in Figure 2, with continuous operation,
it is possible to subject only a small part of the sample to
35 distillation by the stripping column 19, the pump 18
providing the stripping column 19 only with the quantity
necessary for generating a flow of steam sufficient to feed



firgure 7 is a viewin elevation of the neans for separating aqueous vapours
and solvent, 30 figure 8 is a section through AA of figure 7 and figure 9
is a section through BB of figure 7. In figure 1, the aqueous substrate
contained in the vessel 1 is entrained in ;tean1and distils through the
tube 2 to the 35 extractor 3. The extractof 3 consists at its upper part of
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tube known Likens-Nikerson apparatus. Moreover, there is
additional wvalue in working continuously under reduced
pressure, in as much as the latter variant enables a greater

10 quantity of volatile compounds in absolute value to be
extracted than in the case of working with batches from a

larger sized sample, which may be very dilute.

The following examples illustrate the process according to

15 the invention and certain applications. In these, the parts
and percentages are by weight, unless indicated to the
contrary.

Example 1
20
Recovery of a mixture of flavours in batches at atmospheric
pressure

By applying the batch process at atmospheric pressure and by
25 using the layout of figure 1, volatile organic compounds
were extracted from a mixture of flavouring compounds with
various solvents. Among the desired compounds, phenyl
ethanol and coumarin were selected as representing
particularly difficult compounds to extract with an
30 acceptable yield.

In Table 1 below, the operating conditions and the yields
obtained (%) are shown, based on an initial concentration of
15 mg/l of each compound, with a 2700 ml sample. The

35 quantities of aromatic compounds collected were determined
by gas chromatography (GC), using undecanol as an internal
standard.



15. Qutlets 13 and 16 | eading to a vacuum device are 10 provided at the
tops of ‘the condensers 4 and 12. In figure 2, the sanme conponents are
represented by the sane nunbers as previously. As differences in relation
to the preceding enbodi ment, the |arger veggsel 1 is connected, via 15 the
tube 17 and the punp 18, to a stripping colum 19. The pipes 20 and 21
enabl e the overflow fromthe aqueous medi um com ng fromthe stripping
colum 19 and the water comng fromthe parator 8 to be returned
respectively to the vessel 1. The pipegggiﬁﬂﬁiZB ensure renoval of
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2,6-dimethyl 30.9 33.1 53.5 | 81.3 99.3 | 100.5
pyrazine
10 | Limonene 99 110.8 93.6 | 98 97.3 97.8
2-phenylethanol 7.9 17 17.7 }34.6 | 101 103.2
Anethol 71.3 85.4 69.6 | 75.7 92.4 96.8
Coumarin < 1 < 1 3.8 8.2 66.8 93.8
Dodecanol 77.5 71.6 75 81.9 92.9 98

15

The above results show that the extraction efficiency
approximately follows the rule : pentane < ether < dichloro-
methane.

20

Example 2

Recovery of chicken flavour in batches at atmospheric
25 r ure

10 litres of chicken gravy were extracted by applying a
batch process at atmospheric pressure and by using the
layout of fiqure 1 for 3 h, using ethyl ether as solvent.
30 After removing the ethyl ether, the extract had a typical
roast chicken flavour. The concentration factor was
60,000 x, which corresponded to 18 ppm (parts per million)
of volatile compounds found in the standard chicken gravy by
GC after isolation by simultaneous distillation/extraction
35 using conventional laboratory apparatus.



magnetic stirrer 6 and fromwhere they flow to the separator 8 in which two
phases appear.'In the enbodi nents shown, 35 liquid/liquid extraction takes
pl ace by contact between the phases with vigorous stirring. Qher neans of
achieving liquid/liquid extraction could ¢ envi saged, by the use of 7
any type of extractor, for exanple a count@r-current extractor. In the
case, for exanple, of a solvent which is | ess dense 5 than water, as shown
in figures 7 to 9, the solvent containing the organic extract returns to
the vessel 10 through the nouth of thE%aMRI® X5ituat ed above the nouth of

t he tube .15 t hrough which the exhausted aqueous phase returns to the vessel
1. If it is desir a solvent 10 denser tifn water, i1t _is then,
suffici ent te=contree = ARG+ TALUEE O AVOULS AL atmagpher
t he sol veBt ,prawkute end of the tube 9 to the vessel 1 respectively.
possible to work with two specific separators/

It is

The batch process is limited as regards batch size and the
fact that the sample must be kept at the boiling point of
water during treatment, which produces thermal degradation.

10 With the aim of limiting this degradation, the layout of
figure 2 was used, by placing the sample to be treated in
the cooled vessel 1 and by pumping a continuous stream of
the sample from this vessel through the tube 17 with the aid
of the pump 18 to the stripping column 19. Thus, only a

15 fraction of the sample was subjected to a high temperature
and this only for a short period.

Starting with the same mixture of aromatic compounds as in
example 1, the degree of recovery of volatile substances was

20 evaluated. In a first case, the condensed agqueous distillate
was recycled to the vessel 1. In a second case, the
distillate was collected in a separate vessel, without
recycling it. The operating conditions and the results are
shown in Table 2 below, the yields being expressed in %.

25



15 decanters 8 dedicated, either to a solvent |ess dense than water, or a
sol vent nore dense than water, although, according to the invention, it is
preferable to enploy a nulti-purpose separator as previously explained. 20
In this way, the volatile fraction containjfg the fragrant organic
conpounds is continually extracted w thout ?here bei ng direct contact
between the matrix and the sol vent, whi g3yfgans that only the constituents
entrained in steam are sel ected. The extraction yield by weight at the end
of 25 about one hour is frequently >90% Advantageously, the tube 2 has a

| arge di amet €T WT CIT TAKES [POSSI DI € a i gt 1T OW TRLE Of  Steant, _AS _Sho I n
figures 3 anfl 4, the extract0P1§F¥¥¥W9ﬁoFéﬂY%¥uﬁban“Wth?¥Eu4i§Qy@1ate
circul ati ng ncnnr\f el \ betheen-t-he-ends—25-and 2ETEEYCIING Ay and the
ends 27 and P8oleenthe coil |29 m&héﬁmecvntn@tlpart athéhe cordaqsugg pgr t
4. As is a parent n T1gures| 5 and 6, the C Iu ndgnsin yent
is also codl pBUEBEERNs of Flui kA B oulari 23 hrn-a 98piélm44§§%§L£§;@a and
35 through t heyeeain&l coil [30 fzom the endss38 anfl 32.5TFhe ol wonsll
prevents, to [arge extent,[ redistiTTafion wih the solvent for | ow bofling
poi nt volatl_EEEKigBEEXE? 62.4 86.2 §1.¢ 81
t-2-hexenal 64 86.7 60.7 81
2,6-dimethyl 32.1 80.1 14.9 55.9
10 | pyrazine
Limonene 47.2 53.4 26.6 39.4
2- 56.3 62.5 31.6 34
phenylethanol
Anethol 73 69.9 29.6 32.5
15 | Coumarin 32.2 33.2 9.3 11.1
Dodecanol 65.4 59.5 31.2 39.3

(a) As much as 100 % of the batch of the sample (5 1) had
20 passed through the stripping column 19.

Example 4

25 Continuous recovery of benzaldehyde at atmospheric pressure
from waste water used for treating apricot kernels

The preparation of' apricot kernel milk results in waste

water containing natural benzaldehyde. It is not possible to
30 recover benzaldehyde from the condensate by stripping and

decanting on account of its significant solubility in water.

Thus a waste water was treated by using the plant according

to figure 2; that is 1.5 1 of an ultrafiltration permeate of
35 kernel milk containing 178 mg/kg of natural benzaldehyde and

proteins, were treated by passing it at a flow rate of

5 ml/min through the stripping column 19 held at 135°C for



8 collected wwth the latter under the effect of hot steam in as much as
the condensed solvent is introduced through the tube 14 directly to the
cold part of the extraction chanmber 5. In addition, on account of the fact
that the condensers 5 for steam and soIvegﬁ vapour are distinct, it is
possible to operate themat different tenperatures. Mreover, as follows

fromfigures hdog, &{&aﬁ@%ﬁﬁiﬂ@amﬁf L i DU flachnd bieA dodid e

envel ope whi'ch ensures i1ts cooli'ng by a fluid circulating.between the ends
33 and 34. EPITHOQUNIIAEI@ vari ant has however the di sadvantage of
cooki ng sanpl es at [err] for a relatively long period, which considerably
nodifies th ual i.tative and titative conposition.of the volatile
conpounds WI% lt%earﬁﬁﬁ%ﬁ?ceoof;?aﬁ TP cr%’rroﬁ‘rlgl} B:é}f" a#F&-lsRPgléﬁ not es.

It may bespradlamablendbil exbrid dndef trhesl usstzgdrdedydes td dre esenptared i h t he
aimof preventing deterioration of aromatic

Example 5

10 Recovery of a mixture of flavours ip batches under reduced
pressure

Treatment under reduced pressure considerably reduced the
artifacts due to the heat treatment. The apparatus according

15 to Figure 1 was put into operation using trichloroethene as
solvent, at an almost static pressure of 48 mbar to extract
a mixture of volatile aromatic substances.

The operating conditions and yields (%) obtained are shown
20 in Table 3 below.

Table 3
.Duration i1h 2 h 5 h 7h |23 h
25 Pyridine 5.6 42.1 | 48.3 49.3 | 47
Ethyl butyrate 60 64.7 | 69.9 75.5 | 72.2
t-2-hexenal 64.7 70.7 | 76.4 81.5 | 80.4
2, 6-dimethylpyrazine 14.6 23.6 | 48.6 59.5 | 65.2
Limonene 66.3 67.6 | 71.2 75.2 | 76.3
30 2-phenylethanol 2.6 5.2 ]13.9 20.6 | 36.8
Anethol 76 .4 84.4 | 84.6 88.5 | 87.1
Coumarin 1.3 2.3 6.1 8.2 | 27.3
Dodecanol 43.2 67.3 | 93.4 90.7 | 95.3

35



conpounds by prol onged cooking. In order to do this, the 20 extractor 3 and
the condenser 412 are connected to a vacuum punp fromthe outlets 13 and 16
via an automatic valve (not shown) for regulating the pressure with respect
to a set value. This system provides an algost static vacuumin the-
extractor. The pressure regul ator does not allow continuous 25 punpi ng
through the BystgakuBt HCEnENCLNAE VENOW Ve DREDS pyridensShayatePafively
vacuum i s exceeded., Losses of volatjle_aronptic, conpopnds, whjch would
occur in t hel @ cVisCR JREY B SR LRLRRR JEpt vE, LY DTG | RP1RY,  YHEn
wor Ki ng undedir geibbehil presshere parthyiqu ovee Pid ¢iant avéind 00 a3y aat ageous

o cool the SERRLALOAHECAILELENRE OF ULOUSL Y L0 8h e LiGs VRLT Nt

shown in Figure Z, i NUOUS operation, 1 0SSI 0 SubJ ect
only a smél Inegglecoédiie asanpichtas Jthelidifferencn hytvwern sthe pgpdibingl um

19, the pungg&ﬁa@éoeffd&m $8PSAE | DRE NEh& e d 4 &M s bhad P erSHREEA Y
necessary f generating a flow of steamsufficient to feed

préssure than at atmospheric pressure.

10 Example 6
Recov of a mixture of flavours in batch nder reduc
pressure

15 A mixture of volatile aromatic substances was treated in
batches using the plant of figure 1. Limonene was used as
solvent and treatment took place at a pressure of 48 mbar,
for 2h 20. The yields are shown in Table 4 below.

20 Table 4
Volatile aromatic Yield
substance (%)
2-phenylethanol -2.3

25 Anethol 75.4
Coumarin 1
Dodecanol 100.3

30 Anethol and dodecanol were isolated with good yields, which
shows that it is possible to use food quality solvents to
extract aromatic substances with a high boiling point.



9'the extractor and to achieve entrainnment by steam It is possible, for
exanple, to pass the quantity to be treated through a stripper held, for
exanple, at [err]. Thus, all the sanple contained in the vessel 1, which
may be a large 5 capacity reservoir, is nojgsubjected to the distillation
tenperature for a long period, as was the case with the known

Li kens- Ni kerson apparatus. Mreover, there is additional value in working
continuously under reduced pressure, in_as cg as the latter variant
enabl es a greater 10 quantity of volat%P@mPg%b unds in absolute value to be
extracted than in the case of working with batches froma |arger sized
sanpl e, whi cly SRy, 36 Y e dbdeldl Gr oS ol uian | 9%, iHdld AL the
process acco ne 1rnvemntt on ana certdal . hese,
the parts @an De & by weight, unless indicated to the contrary.
Exanmple 1 20 Recovery of a m xture of flavours in batches at atnospheric
pressure

Analysis of aromas often requires fractionation and
concentration of volatile substances. Prior to this stage, a
sufficient quantity of the volatile fraction must be

10 isclated and the simultaneous distillation/extraction method
under reduced pressure makes extraction possible on the
preparative scale. It is known that coffee aroma is spoiled
if the extract is heated for a long time. Aromas were thus
isolated from a coffee extract under 48 mbar at 31-32°C with

15 trichloroethene using the apparatus of Figure 1, and the
trichloroethene extract was then analysed by GC. It was thus
possible to analyse the complete profile of the unspoiled
coffee aroma, which had not been the case with known
methods.

20

Example 8

Extraction of natural benzaldehyde in batches under reduced
25 pressure

Natural benzaldehyde may be extracted from apricot kernel
press cakes. By applying a temperature of 35-40°C to the
sample and by using the apparatus according to Figure 1 at a

30 reduced pressure of 48 mbar, conditions were achieved
compatible with enzymatic reactions. Amygdalin was thus
hydrolysed by beta-glycosidase. Apricot kernel press cakes
were used whiéh contained the glucoside and the endogenous
enzyme. Amygdalin was hydrolysed for 6 h in the vessel 1,

35 whereas benzaldehyde was extracted continuously as soon as
it was formed using iso-octane as solvent. The yield
obtained was 80.4 %.



By applying the batch process at atnospheric pressure and by 25 using the

| ayout of ,figure 1, volatile organic conpounds were extracted from a

m xture of flavouring conpounds with various solvents. Anong the desired
conpounds, phenyl ethanol and coumarin werg.sel ected as representing
particularly difficult conpounds to extra.f with an 30 acceptable yield. In

Tabl e 1 bel owy ke cgper I%‘eiéi‘zg &W'éﬂ&@iﬁl‘ia‘rﬁ%@aﬁuﬁ @:@?a&@t@‘v@ed (% are

shown, based on an_init concentration of each conpound W th
a 2700 m saﬁﬁlsélliﬁéli%l SXETFAAHION HToLesPaRcCOTSHRS the Laveatinte

determ ned bwnges @éﬁ@f&@?y’ . CC O, wlrt@m@d%&n@emmngﬂaﬁmal
st andar d. 10 Tabl.e ane

Di chl or omet h&ﬁé‘@éf?ﬂr”é-rngD&’rléhal (?H‘as Smultanef’“ﬁ v, e"f"h%en the Tesgsgon

19h30 41i80medium is a dispersion. Under such conditions, solid
particles would lead to blocking problems in the case where
membranes were used with the aim of recovering the products
‘of the bioreaction continuously.

10
Example 9_
Continuous recove of a mixture of flavourg under r
pressure
15
Using the apparatus according to Figure 2, a cocktail of
volatile aromatic substances was pumped continuously through
a stripping column 19, at a pressure of 48 mbar, with
recycling of the distillate. The results are shown in Table
20 5 below.
Table 5
Compound Continuous treatment Batch
25 treatment
Yield Quantity Quantity
(%) (mg) (mg)
Pyridine 17 6.8 19
Ethyl butyrate 92 36.8 29.2
t-2-hexenal 32 12.8 32.6
2,6-dimethylpyrazine 29 11.6 26.4
30 Limonene _ 79 31.6 30.9
Phenylethanol 30 12 -14.9
Anethol 90 36 35.3
Coumarin 46 18.4 11.1
Dodecanol 89 35.6 28.6

35



5 Pyri di ne 24. 3 60.2 76.3 95.4 96.9 88.5 Ethyl

butyrate . 97.1 109. 8 96.3 97.5 96. 0 95.5 t-2-hexenal
93. 2 104.7 93.4 97.7 97.1 98.9 2, 6-di net hyl 30.9
33.1 53.5 81.3 99.3 100.5 pyrazine %p Li nonene 99
110. 8 93.6 98 97.3 97.8 2-phenyT et hanol 7.9 17 17.7

Sgg C(l)grlrarl %Qﬁ:dz MM}' was obtalnfd”e:f%er 23 3. 4v1t116Q:rﬁe ééeémo%? 4
Dodecanol of low b°?-7115’9 P°1n7':1 Gempopnds oxy @05%2'1’9‘3‘ Heres L3bove

results showdda:aieﬁéae_tgxtmtslmw‘afnwms&ﬁmmﬂmi/@mcﬁaadlm the rule
1 Bvour i n BRIRE AY iR b ks STio TRIBYR NELUE MRtLRET Dravy
wer e ext ract{dd Sy )aghian g a:limtqasqorocfcesbaa;tclmtm@dmntc (@r.dssdr.e and by
using the | et f f N idi¥ial BonddniEatllbd 19l tfle 2ontaniRis

treatment (8.9 mg/l) than in the batch treatment (15 mg/l),

the absolute quantities recovered in the solvent vessel

after 23 h were comparable, from the fact that it was

10 possible to treat a larger volume with continuous treatment.

As a consequence, this technique may be used to recover
dilute flavours from large sample volumes.



30 After renoving the ethyl ether, the extract had a typical
flavour. The concentration factor was 60,000 x, which corresp @ﬂ}i‘ ﬂum mmulll
ppm (parts per mllion) of volatile conpounds found in the stamdas whwc en *
gravy by GC after isolation by sinmultaneous distillation/extraction 35

usi ng conventional |aboratory apparatus. 18 Exanpl e 3 Continuous recovery

of a mxture of flavours at atnospheric 5 pressure The batch process is
limted as regards batch size and the fact that the sanple nust be kept at

t he boiling Y& M® of water during treatnment, which produces thermal .
degradation. 10 Wth the aimof limting this degradation t he | ayout of

figure 2 wag usedoduedl 261 1.4 18 SATHLRAG 8 duigaled I e sagled speel

1 and by punpi ng @ cont i nuous stream romthl's vesse rough
the tube 17 ofi Moliatd la dsudfsttansqsufirors arp adueonts imgaivgn dol dmwvat®r-Thus,

only 22 15 friapfidiife (&8P nfediRin,S WHRH Gy B ¥ R A’
for the extraction of volatile flavours under controlled
conditions, characterized in that the solvent and the
aqueous medium contained in distinct vessels are distilled
separately, that they are condensed separately, that the

10 condensates are put into contact in an extraction cell and
that the aqueous phase depleted in, and the organic phase
enriched in the said substances are separated by decanting,
in a manner separate from the extraction cell.

15 2. Process according to claim 1, characterized in that the
water-immiscible solvent has a boiling point at atmospheric
pressure relatively close to that of water, of the order of
30 to 180°C and in particular less than that of water while
being relatively close to it, of the order of 0 to 60°C at

20 the working pressure.

3. Process according to claim 1, characterized in that the
solvent is more or less dense than water and is an aliphatic
hydrocarbon, a halogenated aliphatic hydrocarbon, an

25 alicyclic hydrocarbon, an aromatic hydrocarbon or an ether,
in particular selected from dichloromethane, pentane, iso-
octane, toluene, trichloroethane, trichloroethene and
diethylether.

30 4. Process according to claim 1, characterized in that the
solvent is of food quality, in particular a terpene, such as

limonene, alpha- and beta-pinene.

5. Process according to claim 1, characterized in that
35 treatment is in batches and that the apparatus is connected

to a vacuum pump enabling work to be carried out under an



and’ thls only for a short period. Starting with the sane m xt
aromati c conpounds as in exanple 1, the degree of recovery oflmml lll“""ll””"]
substances was 20 evaluated. In a first case, the condensed

distillate was recycled to the vessel 1. In a second case, the dlstlllate
was collected in a separate vessel wi t hout? recycling it. The operating

conditions a Its @@ I re% el |ng
expressed i nggmogg S%% eIri a{%le); recy?l%'cg\a P %t ng; stillate
recycling Sohﬂmnspherlc pressum@n 1n partdcular fmomedo to 768r mbaz: .

Dur ation 23 h 23 h 8h30 (a) 8h30 (a) Pyridine

21.9 75.5 5.2 50. 5 _Et.hyl butyrate 4 86. 2
61. 6 81 6t-- 2 Pregess accordinggto claim 1,8gh?racterlggd71n thag

5 treatment is continuous, that the vessel containing the
aqueous medium has a large volume and in that a smaller
quantity of aqueous medium is pumped through an evaporation
system, in particular a stripping column, and in that only
this system is brought to the boiling point, and this only

10 for a short period.

7. Process according to claim 6, characterized in that the
aqueous medium may be recycled directly from the stripping
column to the vessel, and that it is possible also to work

15 under reduced pressure, with an almost static vacuum, which
is achieved with the aid of a valve automatically regulated
in relation to a reference value of the pressure.

8. Process according to claim 1, characterized in that
.20 extraction takes place in counter-current or with stirring.

9. Apparatus for the simultaneous distillation and
extraction of volatile substances, characterized in that it
comprises :

25
means for distilling volatile substances by entrainment in
steam from a first vessel containing an aqueous dispersion,

means for condensing the aqueous vapours containing volatile

30 substances,

means for dis;illing a water-immiscible organic solvent,
with a boiling point close to that of water, from a second
vessel containing it,

35
means for condensing solvent vapours distinct from the means

for condensing aqueous vapours,



i ronene 472 ss0 2eo  3saz MU
S

56. 3 62.5 31.6 34 phenyl et hanol Anet hol
69. 9 29.6 32.5 15 Coumarin 4 32.2 33. 2
9.3 11. 1 Dodecanol 65. 4 59.5 31.2 39.3 (a)

As much as éﬁ %Oﬁokhﬁhéa}EHuQ&éi%guiénﬁkéréétibnh&ﬂ 2§ugéﬁ§GGg%Eﬁg§99 the

stripping c . ntinuous recovery of benzal
at nospheri c EPES§BP€3$FBQ1ﬁﬁé?ﬁnﬁatEPnﬂgﬁﬂeﬁoFotWGQFFn§°§p?PE€?n§éﬁﬂeF§eThe

preparation Q&ué@ﬁBCOE?Bﬂféehn&1t& meatkt SokNcvAaeRs MA§ethe0s8bavahay
nat ural benzal dehyde IS not possible to 30 recover benzal dehyde from

t he condensate by stripping and decanti ng on account of its significant
sol ubi li t 5 i meanseforThaparatangethat equeaust egtiradtsyandi agygahiécpl ant

accor ding { Oekf gues2entighehSih Bl QIANULLERIL! LBkiSficRE! 8ERI 6Bl 35

kernel milk GORtalAln nat ural _benza de proteins, were
treated by péggmnghetmaana 2 oﬁKFﬁﬁétbpn and '

means for regulating the pressure connected to the means for
10 condensing the aqueous vapours.

10. Apparatus according to claim 9, characterized in that
the means for liquid/liquid extraction are provided with
means for stirring.

15
11. Apparatus according to claim 9, characterized in that
the second vessel containing the solvent is connected to a
distillation column placed between the latter and the means
for condensing the solvent.

20
12. Apparatus according to claim 9, characterized in that,
in the case of a continuous operation, the first vessel
containing the aqueous dispersion is connected to an
evaporation system, in particular a stripping column,

25 through which the dispersion is pumped by means of a pump.

13. Apparatus according to claim 9, characterized in that
it is provided with a distillation column for the solvent
provided at its base with a return tube for the solvent, in

30 order to limit redistillation of the said substances with
the solvent.

14. Use of the process according to one of claims 1 to 8,
for extracting substances from an agqueous medium, without
35 subjecting them to thermal degradation.



5 mM/mn through the stripping colum 19 held at [err] for

W t hout recycling. 50 m of iso-octane were used for the extraﬁmg}mﬁ,{lll“w””"l
si ngl e passage of the solution through the stripping 5 colum enabd e s *
of the benzal dehyde to be recovered. Exanghe 5 10 Recovery of a m xture of

flavours in batches under reduced pressure Treatment under reduced pressure

consi der abl y1 8 eduged 4b8EoPAihd aES ScTafn Dy | Mo ekt tH4EB IR Eo1d NeoRPRAN At US

according 15 t ﬁaggre 1 was, put |€#o %£erat|on uslqgaérlchloroet ene as

sol vent, at @95%5 { CETRETREUT s O AL 22LRHLE 1R TRPMLIC SHPREInCed

vol atile aroppésentsubstancesy dibutpestdtedin ol dquesusinmediwhdsu¢ifas

gbha' ngdhar % %WQ%'QJS‘%&&P&&N JzabJJPgulPs‘J{ﬁéeog which are very Lh
S difficult to extract, for example an agqueous residue

containing volatile flavours.

16. Use according to claim 14, for the extraction of
substances as they are generated, for example during an
10 enzymatic reaction.

i?. Use according to claim 14, for the isolation of

flavouring substances from a coffee extract or the

extraction of benzaldehyde from water for the treatment of
15 kernels, in particular apricot kernels.



25 Pyridine 35.6 42.1..48.3 49.3 47 Eth
60 64.7 69.9 75.5 72.2 t-2-hexenal

81..5 80.4 2, 6-dinethyl pyrazi ne 14.6 23.6 48.6
66.3 67.6 71.2 75.2 76.3 30 2-phenyl et hanol

13.9 20.6 36.8 Anet hol 76.4 84.4 84=6"
Coumarin 1.3 2.3 6.1 8.2 27.3 Dodecanol
43. 2 67.3 .93 4 90.7 95.3 35 14 The results show that the yield in

pyri di ne mashyiﬁﬁﬂ?eely | ow, which may be explained by its |ow boiling
point, its air/trichloroethene partition coefficient being 0.35 at 48 nbar.

The phenomengh E?iﬂ as nuch as
the difference S%Fae é%%e €%|€H% 0|nts 0 the sol vent andél e solute is
| ess undef rwb@eseﬁreowahlet s@mw.%rwe%%@@eous medium to

a water-immiscible solvent medium, cqmprlses :

separate means for mixing and decanting the phases,
10 a distillation column for the solvent,

an extraction cell provided with means for stirring,

separate condensers for steam and solvent and

15
a multi-purpose configuration permitting continuous or batch
operations to be carried out at reduced pressure or at
atmospheric pressure.

20

Figure 2.
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10 ° i Exanpl e 6_Recovery of a mixture of flavours
i n batches under reduced pressure 15{A xture of volatile aromatic
subst ances was treated in batches the plant of figure 1. Linonene _was

used as solvent and treatnent took place at a pressure of .q_u-.Uk ‘
20. The yields are shown in Table 4 behfg j| T e it 4*58 \
Table 4 Volatile aromatic subst ance it ’L“‘*‘E L9 i
2- phenyl et hanol .2.B 55 Anet hol — 75. 4
Coumarin 1 Ppodecapol 100. 3 30
Anet hol and dodecanol were isolajed wifh good yields, which shows that it
is possible to use food quality polvenfs to extract aronmati c substances
with a high boiling point. Exhnpl e |7
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Recovery of coffee aromas froman extract in batches at 5 reduced pressure
Anal ysis of aromas often requires fractionation and concentration of

vol atil e substances. Prior to this §Z?g a sufficient quantiq SEEN
volatile fraction nmust be 10 isol at t he sinul taneous 'ﬂﬂsd%thgéz
distillation/extraction nmethod under reduc U(@ ssure nakes e tractﬂtﬁ*“

possi ble on the preparative scale. It is hat coffee aroma 15 spoil ed

if the extract is heated for a long ti Arbnas were thus isolated froma

cof fee extract under 48 nbar at [err] th 1% trichloroethene using the
apparatus of Figure 1, and the trichl ordet hepe extract was then anal ysed by

GC. It was thus possible to anal yse thejconpllete profile of the unspoiled
coffee aroma, which had not been tke cage-wi {h known met dp.3 20 Exanple 8
Extraction of natural benzal dehyde in bdtchesg under reduf®d pressure

Nat ural benzal dehyde may be extracted frjom apr Ncot kernkl press cakes. By
applying a tenperature of [err] to the
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sanple and by using the apparatus according to Figure 1 at a 30 reduced.
pressure of 48 mbar, conditions were achi eved conpatible wi t.h-enzymegdanN ‘\
reactions. Anygdalin was thus hydrol st b&beta gl yco&:;eH Mdiqﬂ—:"\
kernel press cakes were used which co t he gl uco —and—the ===
endogenous enzyne. Anygdalin was hydrolysed for 6 h in the vessel 1, 35
wher eas benzal dehyde was extracted continuously as soon as it was forned
usi ng i so-octane as solvent. The yield obtained was 80.4 % It is thus
seen that the sinultaneous pgrepayative distillation/extpactign process
according to the invg?i : duced pressure, is [suigaldle for
generating and recov&rithg S\simgl t aneously, even @ue the reaction
5mad|um|sad|sperQ8. I uch condi tions, solid [paftidles would | ead
to bl ocking problens i Nt he i
recovering the products of/t e bl
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éxahple 9. Conti nuous recovery of a mxtuge of _flavours un
pressure 15 Using the apparatus accordi ZB igure 2, a ¢Kkﬁbmt
vol atile aromati c substances was punped coftinuously thro gh a gg i

tg&EEN

columm 19, at a pressure of 48 nbaflfj with recycling of th
results are shown in Table 20 5 bekow. Table 5 Conpound
Cont i nuous treat nent Bat ch 25
treatnment Yield Quantity Qupntjty (99 (m) (m)
Pyridi ne 17 6.8 19 Ethyl |butyrate
92 36. 8 29. 2 t(2 ex |ﬁ§
32.6 2, 6-di net hyl pyrazi ne ©29%, 11.6
Li nonene 70 £ A
30 12 14.9 Anés-4@D)
35.3 s’
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Gounari n 46 18. 4 1L_lﬂgodecana4

89 + 35.6 28.6 35 17 A good recovery § obhat neg: aj.ltgﬁ 23

h, with the exception of |ow boiling point conpounds o* OSﬁ%gﬁ]& & wer e

sIomAy recovered by the simultaneous distillation/extracti - heph- s

will be noted that the sanple volune Ka er 5 (4.5 1) than in the case
e

of a batch treatnent (2.7 1). Despite initial concentration in the
continuous treatnment (8.9 ng/l) than in t batch treatnment (15 ng/l), the
absol ute quantities recovered in the solvent vessel after 23 h were
conparable, fromthe fact that it was 10 possible to treat a |arger volune
with continuous treatnent. As a consequence, this technique nay be used to
recover dilute flavours fromlarge sanple vol unes.
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18 Cfains 1. Process for t he simultaneous distillation anqlg LQGLMQQT EET W
vol atile $ubstances from an aqueous nmediumto a water- Inﬁ1SCIb|§? “
sol vent nedium which may be used in particular for the emtrathF

vol atile flavours under controlled conditions, characterized in”

sol vent and the aqueous medi um cont ai ne#2in di stinct vessel's are dlstllled

separately, that they are condensed separately, that the 10

condensates are put into contact in an extraction cell and that the aqueous

phase dep! et gdoRardRd ai° pRicRAAISC sRAASSubRARERYS! Brishrsadorusiances -
are separate Igg¥EEB%EEFE'grUﬁrrﬁﬁ‘Eirréﬁfrﬁh cel
15 2. Process accordlng to ct= characterized in that the

wat er -i mm sci bl e solvent has a boiling point at atnospheric pressure
relatively close to that of water, of the order of 30 to [err] and in
particular less than that of water while being relatively close to it, of

i
3

the order of O to [err] at 20 t he working pressure. 3. Process
according to claiml1, characterized in that the
Abstract

The apparatus for the simultaneous distillation and

5 extraction of volatile substances from an aqueous medium to
a water-immiscible solvent medium, comprises :
separate means for mixing and decanting the phases,

10 a distillation column for the solvent,

an extraction cell provided with means for stirring,

separate condensers for steam and solvent and

15
a multi-purpose configuration permitting continuous or batch
operations to be carried out at reduced pressure or at
atmospheric pressure.

20

Figure 2.



solvent is nore or |less dense than water and is an aI|phat|cEE%%géhgb<ﬂ%Q§kgT
hal ogenat ed al’i phati ¢ hydrocarbon, an 25 alicyclic hydr M

aromati c hydrocarbon or an ether, in particular selected fro 8. MAR iS4,

di chl or onet hane, pentane, iso- octane, toluene, trichloroeth &@V‘Z .
trichl oroethene and diethyl ether. 30 4. Process accordlng To claimil; ==
characterdized in that the solvent 4s,of=food quality, in particular a

t erpene, such as |inonene, alpha-‘$n6 ta-pinene. 5. Process according to
claim1l, characterized in that 35 treatnment is in batches and that the
apparatus is connected to a vacuum punp enabling work to be carried out

under an 19 al npost static vacuu \ﬂg |y at a reduced pressure up to

at nospheric pressure, in particyladfeoni30 to 760 nbar. 6. Process
according to claiml1, characterijzed i that 5 treatnment is continuous, that
t he vessel containing the agueoys nedijum has a | arge volune and in that a
smal | er
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i

quantity of aqueous nediumis punped through an evaporatlog Systent dta- TV
particul at ‘a stripping colum, and in that only this systemis brogthRFﬁkﬂ L
t he boi ling point, and this onIy 10 for a short period. 7. Proces&d VAR 9l i
according to claim6, characterized in that the aqueous medi um-ay=be:. =
recycled directly fromthe stripping colum to the vessel, and that it is
possi ble also to work 15 under reduced pressure, with an aInDst static

vacuum which is achieved with the aid of a valve automatically regul ated
inrelati'on to a reference value of the pressure. 8. Process according to
claim11, characterized in that §ZA£ E}IOH takes place in

counter-current or with stlrrlng 9 atus for the sinultaneous
distillation and extraction of volatile s z ces, characterized in that

it conprises 25 neans for distilling vola{g¥' ubst ances by entrai nnent in
steamfroma first vessel containing af aquqous dispersion, nmeans for
condensi ng the aqueous vapours contai nifng vql atile 30 substances, nmeans for
distilling a water-imm sci bl e organi ¢ qol vent,




with a boiling point close to that of water, froma secondirEsBEACEMENTSHEETi

contai niag 1t 35 neans for condensi ng sol vent vapours di stji nct fgcp AE@R
means for condensing aqueous vapours, 20 neans for the Hiqmbal.igﬁi. ............ !
extraction of aqueous vapours by the condensed sol vent, confectred—Fro—reans—"

for condensing the aqueous vapours and to neans for condensing the solvent,
5 neans for separating the aqueous extracts and organic extracts enriched
in the said volatile substances derived fromthe neans of extraction and
means for regulating the pressure;;gngicted to the means for 10 condensi ng
t he aqueous vapours. 10. Apparatu cCOrding to claim9, characterized in
that the nmeans for liquid/liquid extraction are provided with neans for
stirring. 15
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11. Apparatus ,according to claim9, characterized in that fhE*8stond VESHEET :
cont ai ni nyy ‘the solvent is connected to a distillation col uﬁn,__\Bllag:éthgtjggpn g
the latter and the neans for condensing the solvent. 20 12; ZApPparatus:-- ... |
according to claim9, characterized in that, in the case of a continuous ===
operation, the first vessel containing the aqueous dispersion is connected

to an evaporation system in particuzﬁyﬁstri ppi ng columm, 25 through

whi ch the di spersion is punped by nea a punp. 13. Apparatus according

to claim9, characterized in th it is provided with gpdistillation colum
for the solvent provided at itskpase with a return tubgijff or the solvent, in
30 order to limt redistillati of the said substance ith the sol vent.

for extracting

14. Use of the process accordi $ to one of clainms 1t
J [them to thernmal

substances from an aqueous nedj gm w t hout 35 subjectijn
degr adati on. : ( L
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sqbstances which are very 5 difficult to extract, for e
resi due containing volatile flavours. 16. Use according to claim14, for
the extraction of substances as they are generated, for exanple during an
10 enzymatic reaction. 17. Use according to claim 14, for the isolation of
fl avouring substances froma coffee ez;r ct=or the extraction of

benzal dehyde from water for the treat ? 15 kernels, in particular
apri cot kernels.
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