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Water (by                                      Oil          Solids
Kernels       difference         Head Samples (Percent)                1.
46.8           12.4           23.0           17.8                2.
46.5            13.5          22.0           18.0
TABLE 3                     Free Fatty Acid Content of Oils from Sterilised
Palm Fruit                  Sample                                      %
FFA as Palmitic Acid                  Head (before solvent extraction)
2.25                          Stage 1
2.28                          Stage 2
2.00                          Stage 3
0.42                  Head (after completion of Solvent extraction)
2.70                The nitrogen content of the fine             +22 mesh
1.1%                     10             solids (minus 22 mesh) was 2.17
per-           -22 mesh 6.3 %             cent as determined  by  Kjeldahl
dry sludge 83.4% 5           analysis. Other possible constituents  C.2 .
Second Sample. A  detailed mass             such as phosphate were not
deter-            balance was not determined with this 



mined.                                       sample. Yield data and an
analysis  15               The oil content of residual solids        of a
head sample are shown in Table             was:
4. Free fatty acid determinations are
shown in Table 5.                                            TABLE 4
Approximate Product Yields and Head Analysis for Sterilised Fresh Fruit
(Percent)                                                    Yields
Head                  Kernels                            35.0
29.0                  Fibre and fine solids               5.0
11.0                  Solids in Sludge (estimated)        1.0
Oil -  recovered Stage 1           20.0               45.5 (total oil)
Stage 2            2.0                                   Stage 3
3.0                  Residual solids (oil)               0.1
oil                 Balance (by difference)            33.9  sludge
14.5 (water)                                                          water
100.0             100.0           6
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TABLE 5                     Free Fatty Acid content of oil from sterilised
fresh palm fruit                   Sample
Percent Palmitic Acid                   Head
1 .02                   Stage 1
0.63                     ,,  2
0.75                     ,,  3
0.05                   The nitrogen value of the fine              this
stage because the majority of              solids was 2.18 percent by
Kjeldahl           residual oil in the solids appeared
analysis.                                     to be in the fine solids. The
prac- 5              The  oil in  the  residual solids           tical
advantage with this technique  50              was:-
is the ready removal of residual oil                +22 mesh:  1.0%
from  kernel and fibre by a simple                -22 mesh        1.5 %
washing system  on a screen deck
while the fine solids require longer     D. Discussion of Results.
reaction time and positive separation  55 10     D.l. Fresh Fruit. The high
value obtained            from the solvent.              from fruit
sterilised prior to analys-              ing for FFA indicated that the
fresh     D2.2. Oil Recovery. The first stage liquor              fruit
sample was in a severe state of         required  separation  from  fibrous
deterioration when received.                  solids to enable a ready
separation 15             Disintegration  of the stalk  was            of
the oil. In commercial operation  60              difficult in the system
of fluid mixing       separation would be carried out using
described above. While this may have          a solid bowl centrifuge
similar to the              been partly due to the small scale
Westfalia decanter or a vibrating              of operation, it is certain
that to be        screen as used at present to remove 20
effective in practice, reasonable chip-        fibre from the oil. The
solids would  65 



ping with cutting knives or alterna-          be returned into the second
stage of              tive size reduction may be essential
extraction. More efficient separation              to ensure suspension in
the slurry.           of the hot liquor could be achieved
The fruit disintegrated reasonably          using an automatic desludging
centri- 25           easily but it was necessary to use             fuge,
the solids again being returned  70              two stages of fairly
intense mixing to        to stage 2, the oil passing to a solvent
adequately strip the pericarp from            stripping column and the
aqueous              the kernel. The dry solid residues            solvent
passing to solvent recovery.              and kernels were separated
readily              The second stage oil seemed to 30           by
screening.                                  separate  satisfactorily  and
rapidly  75
under gravity and use of a settling     D.2. Sterilised Fruit.
tank is possible.  Addition of the         D2.1. Digestion-Extraction.  In
the case            optimum water requirement for stage              of
sterilised fruit, disintegration was       1 to the liquor prior to
entering stage              easy and one stage of mixing was              1
would ensure a maximum yield of  80 35           sufficient to adequately
strip the peri-       stage 2 oil. If oil is required from
carp from  the kernel. At the same            stage 3 it is desirable to
cool the out-              time lower agitation intensity was
going liquor from this stage to pre-              used indicating low power
require-            cipitate oil readily and remove it by
ments for this operation. Separation          settling.
85 40           of the kernels from the stage 1 slurry           Variation
in  the   percentage              was simple  by wet screening.
recovery between  the three stages                Immediate separation and
separate           may be obtained by variation of the
processing of kernels and fibre solids        process conditions. As shown
in Table              in the subsequent stages is desirable.        4 the
yield of oil from both stages  90 45             It may be desirable to
separate              2 and 3 was lower than that shown              coarse
fibre from  the fine solid at          in Table 2.  This may have been
1,104,577                                         7  



caused by the boiling water rinse      E.3. Procedure. 1 kg. of fruit was
mixed                          adopted to displace oil from  the
for 5 minutes under mixing condi-  30        "bed" of fibre in the
centrifuge.           tions imposing moderate fluid shear        Similarly
a re-cycle liquor rinse may       on the system. The solvent mass was
5           be used to reduce or control the            determined by the
solvent/water mass                         quantity of oil carried forward
with        ratio of 2/1 and the water content                         the
solids.                                 of the fruit thus 1240 g. solvent
was  35                           The only loss from the process is
added for the water content of 62%.                         that retained
in the solid residue            The temperature of the reaction
10          leaving the final extraction stage.          was above
25[err]C.                           It may be expedient to recover all
The liquor was separated from the                         the oil in one
stage only because           solids and the solids further processed  40
separate recoveries require separate        in a countercurrent system  at
45-                         stripping units and there may be
50[err]C to recover the oil retained in            15          little
advantage to be gained by             these solids. A total of four stages
separate recovery. The most notable         of extraction were used.
improvement however was in the                Oil was recovered by two
tech-  45                         third stage oil, but the overall per-
niques.                         centage yield in this stage was low.
(1) by separation from  the solvent by            20             All
samples of oil bleached readily,      settling, decanting and stripping of
solvent from the oil by steam;                 E. Olives. The following
example illustrates     (ii) by  separation  from  the  aqueous  50 the
application of the invention to         liquor  remaining   after  solvent
olives:                                     recovery.
The   solids  were  dried  and                    E. 1. Material. Fresh
olives were processed      recovered.            25           for the
recovery of olive oil.
E.4. Results.                            55                    E.2.
Equipment. The equipment used was      E4.1. Process Yields compared with
Head.                         similar to that described for palm
fruit.                                                            Process
Head                              Oil                              13.6%
11.9%                              Pips                             12.0
23.0         26.1 (pips and solids) 



Solids                           11.0
Oil-sludge                        0.7                              Water
(by difference)            62.7                62.0 (direct evaluation)
E4.2. Oil.                                    Free fatty acid (as oleic
acid)  0.48%                    (i) Recovered by separation and stripping
Refractive index at 15[err]C      :  1.4701  60          of solvent.
S.G. 15.5/15.5                  0.918                           The oil was
very pale yellow and     Weight per ml at 20[err]C          =0.914
similar to first quality virgin oil in    Iodine Value (Hanus)        =  83
80                         appearance, taste and bouquet.
Saponification               = 193                           It contained
free fatty acids equal            65          to 0.11%  expressed as oleic
acid and   WHAT I CLAIM IS: -    possessed a refractive index  at 15[err]C
(1) A process for extracting oil from palm                         of
1.4701.                         fruit or olives which comprises passing the
fruit into a multi-stage counter-current flow   85                     (ii)
Recovered after distillation of solvent.  with an organic solvent which is
miscible with                           This oil was darker than the oil
water and in which oil is soluble the fruit            70          which
was  separated  from   the  pulp being disintegrated in at least the first
aqueous solvent. It was similar to  stage with medium  to high intensity
mixing                         commercial olive oil in appearance-
sufficient to cause disintegration of the peri-  90
and taste and it retained a distinct  carp (fruit pulp) without significant
breaking                         fruity bouquet.                    of the
kernels, the temperature being such to
maintain the oil being extracted in a liquid     75             It gave the
following analysis:    condition.
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caused by the boiling water rinse      E.3. Procedure. 1 kg. of fruit was
mixed 



adopted to displace oil from  the            for 5 minutes under mixing
condi-  30                      "bed" of fibre in the centrifuge.
tions imposing moderate fluid shear                      Similarly a
re-cycle liquor rinse may        on the system. The solvent mass was
5           be used to reduce or control the             determined by the
solvent/water mass                      quantity of oil carried forward
with         ratio of 2/1 and the water content                      the
solids.                                  of the fruit thus 1240 g. solvent
was  35                        The only loss from the process is
added for the water content of 62%.                      that retained in
the solid residue             The temperature of the reaction         10
leaving the final extraction stage.          was above 25[err]C.
It may be expedient to recover all           The liquor was separated from
the                      the oil in one stage only because
solids and the solids further processed  40                      separate
recoveries require separate         in a countercurrent system at 45-
stripping units and there may be             50[err]C to recover the oil
retained in         15           little advantage to be gained  by
these solids. A total of four stages                      separate
recovery. The most notable          of extraction were used.
improvement however was in the                 Oil was recovered by two
tech-  45                      third stage oil, but the overall per-
niques.                      centage yield in this stage was low.     (1)
by separation from  the solvent by         20             All samples of
oil bleached readily.       settling, decanting and stripping of
solvent from the oil by steam;             E. Olives.  The following
example illustrates    (ii) by  separation  from  the  aqueous  50
the application of the invention to          liquor  remaining   after
solvent                      olives:
recovery.
The solids were dried and                E.1. Material. Fresh olives were
processed        recovered.         25           for the recovery of olive
oil.                                                             E.4.
Results.                            55                E.2. Equipment. The
equipment used was       E4.1. Process Yields compared  with Head.
similar to that described for palm                      fruit.
Process              Head                          Oil
13.6%                11.9%                          Pips
12.0                         23.0         26. 1 (pips and solids)
Solids                           11. 0 



Oil-sludge                        0.7                          Water (by
difference)            62.7                 62.0 (direct evaluation)
E4.2. Oil.                                     Free fatty acid (as oleic
acid)  0.48%                 (i) Recovered by separation and stripping
Refractive index at 15[err]C      :  1.4701         60           of
solvent.                           S.G. 15.5/15.5               :  0.918
The oil was very pale yellow and    Weight per ml at 20[err]C       = 0.914
similar to first quality virgin oil in    Iodine Value (Hanus)      =  83
80                      appearance, taste and bouquet.
Saponification                = 193                        It contained
free fatty acids equal         65           to 0.11% expressed as oleic
acid and  WHAT I CLAIM  IS: - possessed a refractive index at 15[err]C
(1) A process for extracting oil from palm of 1.4701.
fruit or olives which comprises passing the fruit into a multi-stage
counter-current flow   85                  (ii) Recovered after
distillation of solvent.  with an organic solvent which is miscible with
This oil was darker than the oil  water and in which oil is soluble the
fruit        70           which  was  separated  from   the  pulp being
disintegrated in at least the first                      aqueous solvent.
It was similar to  stage with medium  to high intensity mixing
commercial olive oil in appearance  sufficient to cause disintegration of
the peri-  90                      and taste and it retained a distinct
carp (fruit pulp) without significant breaking                      fruity
bouquet.                     of the kernels, the temperature being such to
maintain the oil being extracted in a liquid 75             It gave the
following analysis:     condition.            8
1,104,577        (2) A process as claimed in Claim 1 wherein  free oil
which separates therefrom before said  25     the solid material is
separated from the extrac-  liquor is passed to the preceding stage. 



tion liquor before being passed to the next    (7) A process as claimed in
any one of the     stage.                                         preceding
claims wherein the outgoing liquor 5     (3) A process as claimed in Claim
2 wherein  from the first stage is distilled to remove the     the
separated extraction liquor flowing from   solvent to produce an aqueous
liquor and oil  30     one stage to the preceding stage is used to  from
which the oil is subsequently separated.     wash the solid material
passing from said pre-   (8) A process as claimed in any one of the
ceding stage to said one stage.                preceding claims wherein the
solvent is acetone 10    (4) A process as claimed in any one of the  or a
mixture of ethyl alcohol, ethyl acetate and     preceding claims wherein
the outgoing extrac-  acetone in the ratio of 1:1:1, by volume or a  35
tion liquor from the first stage is treated to  mixture of ethyl alcohol,
ethyl acetate and iso-     separate the oil from the aqueous solvent liquor
propyl ether in the ratio of 4: 2: 1 by volume.     and said separated oil
is stripped of solvent.  (9) A process as claimed in any one of the 15
(5) A process as claimed in Claim 2, 3 or  preceding claims wherein the
extraction is     4, wherein the slurry of extraction liquor and  carried
out at a temperature of between 50[err]  40     solid material  from the
first stage is treated to  and 55[err]C.     separate the kernels and
coarse fibrous solid    (10) A process for extracting oil from palm
material and the fine or undersized solid  fruit  and  olives
substantially  as  herein 20  material is separated from the extraction
liquor  described.     before being passed to the next stage.
H. N. & W. S. SKERRETT,       (6) A process as claimed in any one of the
24, Temple Row,     preceding claims wherein the liquor passing
Birmingham, 2,     out of at least one stage is treated to remove
Agents for Applicant.            Printed for Her Majesty's Stationery
Office by the Courier Press, Leamington Spa, 1968.           Published by
the Patent Office, 25 Southampton Buildings, London, W.C.2, from which
copies may be obtained.    


