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4,104,286 describes the isolation of cholesterol from eggs through
extraction with ethanol, saponl- This invention relates to a method for
choles-    fication in an aqueous ethanolic alkali metal hy- terol
removal in egg and  egg yolk products to    droxide and concentration and
purification with a produce products low in cholesterol and high in   5
hydrocarbon solvent and methanol. U.S. Patent polyunsatured  fat content
4,393,044 describes the formation of a steroid ester Eggs have always been
recognized as one of             to be used as an. oil phase material or
base ma- the most  nutrious and popular foods, Unforu-             terial
for cosmetics or ointments. Thus  yolk is very high in cholesterol  content
Thus, It would be desirable to provide egg approximately 1.4 percent
of the egg    10  products having desirable functional characteristics yolk
weight Futhermore, about one-third of the       of  egg  yolk  products
(e.g.,  protein  and yolk  weight  is fat. Fatty acid analysis shows  that
phospholipids), while reducing the cholesterol level the fat content of an
average yolk is 35.4 percent   and increasing the polyunsaturated fat to
saturated satured fat (principally palmitic and stearic acids),  fat ratio.
It would further be desirable to do this 40.1 percent monounsaturated fat
(oleic acid) and   15  while retaining the functionality, appearance and
155 percent polyunsurated fat (linoloic acid).      taste of natural eggs
which would yield good tex- Thus the ratio of  polyunsaturated fat to
saturated     ture upon being cooked, thus avoiding dried egg fat is less
than 1 to 2 an undesirable balance.               products and the like.
Substantial research effort has been directed to emoval of cholesterol from
egg yolks as well as   2o  Summary of the Invention food  products which
include  these material  as iagredients. A variety of approaches to  A
removal           It is therefore an object of this invention to
cholesterol from egg yolk have   been tried. One       produce wet egg
yolks and egg products therefrom approach utilzes   microorganoisms to
enzymatically         which are substantially lower in cholesterol than
oxidize and degrade cholesterol [Japanase Patent  26  normal egg. It is a
further object of the invention to 0-183751 but this method  produces
cholsterol           produce wet egg yolk and egg products therefrom
oxidation products  which may be  undesirable .Or-   which have a
polyunsaturated fat to saturated fat ganic solvents have also been, used to
extract           ratio of 1 or greater, i.e., the polyunsaturated fat
cholesterol (err)       content is equal to or greater than the saturated
fat 3,881 034 3 563 765,(err) et  3o  content In achieving the above
objects, It is an a., Can.  Inst. Food Sci.  Tech.  J... (err)       overal
object of this invention to obtain egg pro- (1985)but such methods remove a
substantial               ducts having the functionality of natural eggs.
The portion of the (err),and may involve         present   invention
relates to methods for removing to remove solvents   cholesterol from
edible triglyceride fats and oils, Those solvents are used to extract the
cholestero                35       including  animal fats, marine oils and
vegetable from the egg yolk.Even with supercritical carbon  n
oils. More particularly, this invention relates to dioxide  as the  solvent
selectivity  of cholesterol           methods for manufacturing reduced
cholesterol fats triglyceride may be limited [Prepared Food],         and
oils, such as butterfat, beef tallow, lard and 57-186 (1986)
cholesterol-containing vegetable oils such as those oil have also  been
used to extra cholestral from   40  used from extraction of cholesterol
from choles- egg yolks, as described in U.S Patents  3,717,414;
terol-containing foods products such as egg yolks. 4,103,049 and (err)
However, such  extraction        Generally, our invention accomplishes
these using a vegetable soybean oil to  remove the cho-            and
other results by combining water diluted egg lesteral from yolk produces a
waste stream of           yolk with an edible oil, preferably high in
polyunsat- (err) soybean oil. An economical process to re-  45  urated
fats, using a high energy, high shear mixer. generate rather than dispose
of this spent oil ,would  During the mixing, the cholesterol is extracted
accordingly be  desirable.                               from the yolk into
the oil. Simultaneously, if a U;S. Patent  (err)   disclose a  process for
polyunsaturated fat is used, the polyunsaturated fat the simultaneous
deodorization and cholesterol lev-           content of the yolk is
Increased, raising the P/S l reduction of fish oils. The fish oil is
derated,  50  ratio. The yolk is then separated gravitationally mixed with
sream heated,flash vaporized ,thin             from the oil and thus
recovered. The yolk is still film-stripped with a countercurrent stream ,
and      wet, having its water content intact. cooled U.S  Patent 2234,619
discloses a method for cholesterol removal from eggs by dehydrating
Brief Description of the Figures ;the eggs ,extracting the cholesterol with
liquid dimethyl ether under anhydrous conditions and  re-
Figure 1 is a schematic diagram illustrating a the          dimethyl ether
by treatment under re-           specific embodiment of a batch method of
shearing duced pressure at low temperature U.S Patent   the oil:yolk:water
mixture. 2  



3                 EP 0 550664 B1                    4 Figure 2 is a
schematic diagram illustrating a     binations within these ranges, more
preferably specific  embodiment of a batch method of shearing  about
2.8:1:0.4 to about 3:1:0.6. A limiting factor in the oilyolk water
mixture,where two sheering mix-       formulating the ratio of ingredients
is that the more ers are used.                                      water
added, the greater the cholesterol removal a is a schemetic diagram
illustrating a   5   rate, however it too much water is added, an oil-in-
specific embodiment of a batch method of  sheering             water
emulsion Is formed. When an oil-in-water the oil yolk water mixture, where
a heat exchanger            emulsion is formed it is extremely difficult to
sepa- is used to control the outlet temperature  during      rate , if
impossible, the oil and yolk phases. Although any oil such as cottonseed
oil, lard, Figure 4 is a schematic diagram illustrating a 1 0    palm oil,
beef tallow, butterfat, coconut oil and the specific embodiment of a batch
method of shearing          like can be used, oils of particular interest
are the oil yolk water mixture,whereas a heat exchange      vegetable oils.
Vegetable oils high in polyunsat- is used to control the inlet temperature
during        urated fat are of the most interest. Typical vegeta-
shearing.                                         ble oils could include
the following: safflower oil, Figure 5 illustrates the effect of varying
the   15  corn oil, sunflower oil, soybean oil, canola oil, olive removal
oil, peanut oil and the like. Additionally, a blend of rate as a function
of cumulative sheer history a    these oils could be used. Most preferably,
safflower peak.sheer of approximately (err)or soybean oil are used herein.
The egg yolks may Figure 6 illustrates the effect of temprature on  be
salted or unsalted which ever is applicable for the cholesterol removal
rate as a function of cu-  20  the ultimate end use. mulative shear history
with a peak shear or ap-           Preferably, the premix is added to the
vegeta- proximately (err)     where   dilution ratio was         ble oil
after the vegetable oil has been heated to a (err)
temperature of about (110'F) 43.3 C to about (err) is a flow  diagram of a
continous   (125 F) 51.7*C, more preferably about (115 F) for removal of
cholesterol from egg yolk.     25  46.1 *C to about (120 * F) 48.9 a C. If
the oil has not been preheated, the mixture can be heated to the Detailed
Description temperatures as described above. Typically, any shearing device
can be used so To remove the cholesterol from egg yolks, , the  long as the
cumulative. shear value is achieved. yolks are admixed with water to form a
dilute     30 Generally, any mixer could be used as a shearing premix  This
premix is added to soybean oil  to       device including, but not limited
to high shear form a mixture which is sheared. The sheared
mixers-dispersing, in-line mixer homogenizers and is  seperated by
centrifugation. The results -        the like. The process herein can be
accomplished ing product has  a reduced cholesterol value  and  by the
apparatus Illustrated in Figures 1 through 4, can be used like whole eggs
ie. in  baked   goods.  35   but should not be limited to such designs. The
puddings desserts such as ice cream in pasts    temperature during shearing
is preferably between eggs dishes such as omeletes,viscous products as
about (124' F) 51.1 'C and about (148'F) 64.4 C, mayonnaise and the like
.The egg products tends to   more preferably about (136' F) 57.(err) C to
about be light yellow color but by adding . beta-carotene        (139'F)
59.4(err)most preferred is between about after processing the bright yelow
color is restored .   40  (err). The tem- The eggs are preferably seperated
such that      perature Is preferably controlled at the inlet tem- only the
egg yolks are treated,however,if  desired       perature prior to shearing.
may be treated.the seperated  yolks          After shearing the oil
containing cholesterol is may be combined after treatment with the whites
easily separated from the mixture by centrifugation. and used as one would
similarly use whole eggs.  45  Any means may be used to separate the oil
con- The treated yolks whether combined with the egg       taining
cholesterol from the egg yolks, but typically whites or  not can be packed
fresh or frozen.      centrifugation is generally used or cyclones could
The egg yolks are preferably first seperated        be used. After
separating the oil from the egg yolk from the whites and then diluted with
cold water  to  dilution, the cholesterol contained in the oil may be form
a premix. The premix is then combined  with  50  removed by steam stripping
and the oil can then an  oil to form a mixture,preferably a vegetable oil.
be recycled. The mixture optionally can contain from zero to           As
can be seen from Figure 6, the processing about 14 percent salt based upon
the weight per-  time (per lb of oil/yolk/water/mixture) required at cent
of the water and egg yolks used. The salt is  about (147 * F) 83.9'C to
about (err) 64.4 * C to added optionally to control microbial growth. Pref-
55  reach for example 65% cholesterol removal is less erably,the mixture
contains about 12 percent salt       than 60% of the time required to reach
that level of The  ratio of ingredients,oil :yolk:water,is typi
extraction at the lower temperature of between cally about (err) to about
(err) or any  com-     about (124 F) 51.1 C and about (128 F) 53 C. At 



3    5                 EP 0 550 664 B1                     6 higher
temperature greater rates of cholesterol are  E es extracted,however at
these higher temperatures there is a problem with protein densturing.
Example 1 When the oil:yolk:water mixtyre is processed with a peak shear of
17,900/s  the dilution process  5  A 3:1:0.5 ratio mixture of soybean oil
to salted has achieved at least 70 percent cholesterol extrac-        egg
yolk to water was prepared in the kettle 201. tion, based on the natural
mosture level,when          Thawed, 10% salted egg yolk of (13.3 lb.) 6.03
kg was mixed with (6.7 Ib)3.04 kg of water and then
was mixed with (6.7 lb.) 3.04 kg of water and then of  less than
120,000s/s.This represents an excess       added to (40.0 lb.) 18.14 kg of
(120F) 48.9-C of a 30 percent increase in the level of cholesterol
10  soybean oil. The mixture was then circulated at (10 extraction achieved
without yolk dilution.Process    Ib/min.) 4.54 kg/min. through the process
system with a peak shear of 17,900/s the dilution process  shown in Figure
2. After the mixture had warmed to has acieved at least 80 percent
cholesterol extrac-        (err)  the mixers were then started. The tion,
based on the natural moisture level, When         first mixer, 210, was
operated at 3514 RPM and the sheared with an estimated cumulative shear
history  15  second mixer, 214, at 3282 RPM. The peak shear of less than
200,000s/s. This represents an excess   was 17,915/s. During processing,
the mixture re- of 20 percent increase in the level of cholesterol   mained
at (err) Samples of extraction achieved without yolk dilution.When pro-
the oil:yolk:water mixture were taken after 5 and with a peak shear  of
29,000/s the dilution    after 10 equivalent passes (30 and 60 minutes
process has achieved at least 80 percent choles-  -  20  respectively).
After 5 equivalent passes (a cumula- terol extraction based on the natural
moisture level      tive shear f 11,710 s/s), 75.0% of the cholesterol when
sheared with an estimated cumulative shear            was extracted from
the egg yolk. This represents a history of less than 78,800s/s.As the peak
shear is                39%  increase over the 54% extraction level ob-
increased the same amount of cholesterol can be       tained for salted egg
yolk processed under the removed with a lower cumulative shear history than
25  same conditions but without water dilution. After 10 if  lower peak
shear value were used.                     eqivalent passes (a cumulative
shear history of Generally the oil is pre-warmed in a  mixing      234,200
s/s), 83.3%  of the cholesterol was ex- with a scrapped surface agitator
100,201,10      tracted from the egg yolk. This represents a 23% where the
kettle is locked with hot water  Increase over the 68% extraction level
obtained for 101,205,15 and 610.The water and egg yolk are  30  salted egg
yolk processed under the same con- added to the heated oil and mixed.The
mixture  is         ditions, but without water dilution. transferred via a
pump 109,207,20 and 618 to a high shear mixer/homogenizer 114, 210 22 and
Example The temperature of the mixture in the mixer is controlled by a cold
water jacket 112,212 outside   35   A 3:1:0.6 ratio mixture of soybean oil
to salted the mixer.The mixture is recycled 117,223,28             egg yolk
to water was prepared in kettle 201. and 660 to the kettle  100, 201, 10,
and 607 where       Thawed, 10% salted egg yolk of (13.0 lb.) 5.90 kg
another cycle begins.The temperature is  mon-      was mixed with (7.8 lb.)
3.54 kg of water and then tored b thermocouples 105,116 222,224 230,  added
to (39.1 lb.) 17.78 kg of (120F) 48.9C 30,32,34,36,659,657 and 655.These
cycles are   40  soybean oil. The mixture was then circulated at (10
repeated until the desire shear history is attained .         lb/min.) 4.54
kg/min. through the process system The  process can be further modified,see
Fig-  shown in Figure 2. After the mixture had warmed to ure 2,where
instead of recycling after shearing in      (120 F) 48.9 C, the mixer units
were then started. the mixer 210,the mixer is cycled into second        The
first mixer, 210, was operated at 3520 RPM mixer 214 that is cooled with a
second cold water       45  and the second mixer, 214, at 3282 RPM. The
jacket 216.Another modification to this process      peak shear was
17,946/s. During processing, the would be to add more mixers or use a mixer
that   mixture remained at (122-130*F) 50.0-54.4-C. does not require a
pump,instead of using water     Samples of the oil:yolk: water mixture were
taken jackets to control temperature,see Figure 3 a heat
after 5 and after 10 equivalent passes (30 and 60 50  at the  mixer outlet
is used to control   50   minutes respectively). After 5 equivalent pastes
(a temperature of the mixture after shearing,or,as            cumulative
shear history of 117,200 s/s), 71.6% of in  Figure 4,a heat exchanger 620
at the mixer inlet          the cholesterol was extracted from the egg
yolk. could be used to control the temperature of the     This represents a
33%  increase over the 54% mixture prior to shearing.Many variations to
these    extraction level obtained for salted egg yolk pro- schematic
diagrams could be used depending           55  ceased under the same
conditions but without wa- upon the desired needs of the user.
ter dilution. After 10 equivalent passes (a cumula- 



The following examples are not meant to limit         tive sar history of
234,400 s/s), 82.0%  of the or narrow the  scope of the invention herein.
cholesterol was extracted from the egg yolk. This 4    7                 5P
0 550 664 51                    8 represents  a 21% increase over thw 68%
extraction  batch centrifuge and added to (40 lb.) 18.14 kg of level
obtained for salted egg yolk processed under   fresh, (err) soybean oil.
The mixture the same conditions,but without water dilution.       was again
circulated at (10 lb/min.) 4.74 kgmin. through the process system shown In
Figure 2. Example 3                                     5   After the
mixture had warmed to (122 F) 50.0 C, the mixer units were then started.
The first mixer, A (err) ratio mixture of soybean oil to salted  210, was
operated at 3518 RPM and the second egg yolk water was prepared in kettle
201.          mixer, 214, at 3146 RPM. The peak shear was Thawed 10%salted
egg yolk of 6.17 kg   17940/s. During processing, the mixture remained was
mixed with (err) 2.49kg of water and then    o  at (err) 50.0-53.9* C. The
process was op- added to (40.9Ib)18.55 kg of (err)             erated for
an additional 5 equivalent passes (35 soybean oil.The mixture was then
circulated at (10      minutes). At this point, (the cumulative shear his-
Ib/min)4.54 kg/min,through the process system        tory not totaled
253,890 s/s), 82.0% of the choles- shown in Figure 2. After the mixture had
warmed to  terol was extracted from the egg yolk. (err) the mixer units
were then started. 15 . The first mixer,  210,was operated at  3500 RPM
Example 5 and the second mixer,214 at 3282 RPM           . The peak shear
was 17,844/s.During processing,the             A 3:1:0.4 ratio mixture of
soybean oil to salted mixture remained at (err)            egg yolk to
water was prepared in kettle 100. Samples of the oil:yolk water mixture
were taken   20  Thawed, 10% salted egg yolk of (13.6 lb.) 6.17 kg after 5
and after equivalent passes (err)    was mixed with (5.5 lb.) 2.49 kg of
water and then minutes respsctively )After 5 equivalent passes (a  added to
(409 lb.) 18.55 kg of (120-F) 48.9-C cumulative sheer history of
116,750s/s) 70.4% of    soybean oil. The mixture was then circulated at (10
the cholesterol was extracted from the egg yolk.       lb/min.) 4.74
kg/min. through the process system This represents a 30% increases over the
54%   25  shown in Figure 1 with the mixer, 104, configured extraction
level obtained salted egg yolk pro-     with a course, medium, and fine
rotor/stator com- under the same conditions but without wa-    bination.
The peak  shear was approximately ter  dilution.After 10 equivalent passes
(a cumula-       80,000/s. After the mixture had warmed to (120 * F) tive
shear history of 233,500s/s)78.7% of the    (err), the mixer, 104, unit was
then started (the cholesterol was extracted from the egg yolk. This  3o
mixer, 104, increased the circulation rate to ap- a  16% increases over the
68% extraction      proximately (52 lb/min.) 23.59 kg/mm. During pro- level
obtained for salted egg yolk processed under             cessing, the
mixture remained at (err) 48.9- the same conditions but without water
dilution.                 (err). Samples. of the oil:yolk:water mixture
were taken after 30, 60, and 90 minutes. After 30 min- Example  4
utes, 72.6% of the cholesterol was extracted from the egg yolk. After 60
minutes, 80.7% of the cho- A(err) ratio mixture of soybean oil to salted
lesterol was extracted from the egg yolk. After 90 egg yolk to water was
prepared in kettle   201.    minutes, 84.6% of the cholesterol was
extracted Thawed 10% salted egg yolk of (35.0Ib) 15.88 kg  from the egg
yolk. mixed with (17.5Ib)7.94 kg of water and then    40 to (70.0 Ib)31.75
kg of (err) 48.9'C  Example 8 soybean oil. The mixture was then circulated
at (10 Ib/min) 4.54kg/min through the process system        A 2:8:1:0.4
ratio mixture of soybean oil to salt- shown in Figure.  After the  mixture
had warmed to       ed egg yolk to water was prepared in the kettle
(err)the mixer units were then started.  45  607. Thawed, 10% salted egg
yolk of (13.6 lb). The first mixer,210  was obtained at 3498 RPM
6.17 kg was mixed with (5.5 lb.) 2.49 kg of water and  the second
mixer,214,at 3146 RPM. The      and then added to (40.9 lb.) 18.55 kg of
(120'F) peak shear was 17,830/s.During processing  the        (err) soybean
oil. The mixture was then cir- mixture remained at (err). The     culated
at (50 lb/min.) 22.68 kg/min. through the process was halted after 6
equivalent passes (73.5  58o  process system shown in Figure 4. After the
mix- minutes )At this point (a cumulative  shear history    ture   had
warmed to (120'F) 48.9'C, the mixer, of 138,240s/s)68.4% of the cholesterol
was ex-           630, unit was then started. The mixer, 630, was tracted
from the egg yolk.This represents a   19%        operated at 3510 RPM. The
peak shear was over thegu th %  He~r n lqI tOinm for            29,900/s.
During processing, the mixture in the tank 



$uttWd egg yolk guooe~s~d  mntr th  Some  gn- a s   remained at (90 -95 F)
32.2 -35.0 C, the mixture : Ntipn1 IWst wIt vth wtr 0ikMlgn!.
exiting the mixer, 630 at (1241-128'F) 51.1 lTh 000Q L.) NA1 Wkg eg  yolk
/woar phase      53.3'C, and the. mixture exiting the heat exchanger waS
nparatsd frcm toh qybn U ging a semi-          620 at (85'-88'F)
29.4A-31.1-C. Samples of the 5    9                 EP 0 550 664 B1
10 oil:yolk:water mixture were taken after 10 and 20   (17.6 and 35.3
minutes respectively). After 6 equiv- equivalent passes (29.4 and minutes
respec-  alent passes (a cumulative shear history of 46,740 tively)  After
10 equivalent passes (a cumulative         s/s), 71.3% of the cholesterol
was extracted from shear history of 77,900 s/s)73.3%  of the choles-
the egg yolk. This represents a 164%  increase terol was extracted from the
egg yolk. After 20   5   over the 27% extraction level obtained for
unsalted egg yolk possessed under the same conditions, but [err]s/s 80.6%
of the cholesterol was ex-       without water dilution. After 12
equivalent passes (a tracted from the egg yolk.
cumulative shear history of 93,480 s/s, 79.3% of the cholesterol was
extracted from the egg yolk. 10  This represents a 69%  increase over the
47% extraction level obtained for unsalted egg yolk pro- A. [err] ratio
mixture of soybean oil to salt-  cessed under the same conditions., but
without egg yolk ti water was prepared in the kettle 10    water dilution.
the additional salt in the water brings the salt of the egg yolk/ water
phase to 12% and  15   Claims will more throughly control microbial growth)
Thawed 10%, salted egg yolk of (err) kg  1. A method of extracting
cholesterol from egg was mixed with (10.0Ib)4.74kg of 20% salt water
yolks where the method comprises: shearing a and then added to
(84.0Ib)38.1kg  of 9(err)           mixture containing a ratio of oil to
yolk to water [err]soybean oil.The mixture was then cir-  20         of
3:1:0.8 to 1.5:1:0.4 where the temperature of circulated at (50 Ib/min)
kg/min,through the    the mixture during shearing is between 51 I C process
system shown in Figure 3.After the mix-                (err) in the
mixture, ture had warmed to (err)the mixer 22,   preferably  between  (err)
and unit was then started.The mixer ,22 was operated at 3510 RPM. The peak
shear was 29,900/s.  During   25 processing the mixture in the tank
remained at    2. The method of Claim 1 wherein the mixture is (err) the
mixture exiting           a ratio of 2.8:1:0.4 to 3:1:0.6. heat exchanger
25 at (err) (err) and the mixture exiting the mixer 22 at             3.
The method of Claim  1 wherein the oil is [err]  Samples of the      30
selected from the group consisting of safflower oil:yolk"water mixture were
taken after 6 and 12          oil, corn oil, sunflower oil, soybean oil,
canola equivalent passes (15.1 and 30.2 minutes respect -              oil,
olive oil and peanut oil, preferably soybean tively) After 6 equivalent
passes  a  (a cumulative      oil. shear history of 46.740s/s) 71.7% of
the choles- terol  was extracted  from the egg yolk.After 12   35  4. The
method of Claim 1 wherein the mixture Is equivalent passes (a cumulative
shear history of                          heated to a temperature between
43.3*C s/s 80.7% of the cholesterol was  extracted                  (err)
prior to shearing. from the egg yolk. 5. The method of Claim 1 wherein the
cumulative 40                                  shear history is not greater
than 300,000s/s. A [err] ratio mixture of soybean an oil to salt-   6. The
method of Claim 5 wherein the peak shear ed  egg  yolk to water was
prepared in the kettle 10.     Is 29,000/s with a shear history of
78,000s/s, Fresh,unsalted egg yolk of (err) kg was           preferably
wherein the peak shear is greater mixed with (err)  of water and then    45
than 17,915/s. added to (err) soybean oil. The mixture as then circulated
at (50       7. The method of Claim 5 wherein the amount of
Ib/min)[err]kg/min,through the process system          cholestrol removed
from  the egg yolk is shown in Figure 3.After the mixture had warmed  to
greater than 75%, preferably greater than [err] the mixer was then start-
50   80%. ad.The mixer, 22 was then opreated at 3510RPM.The- preak shear
was 29,900/s.During processing,the -             The method of Claim 1
wherein the mixture mixture is the tank remained at (err
contains not more than 14% salt. 



[err] the heat ex- (err) and   55  9. A method of extracting cholesterol
from egg yolks comprising the steps of:      yolks comprising the steps of;
a) beating an oil to a temperature between tive were taken after 6 and 12
equivalent passes           (err) and (err)    (err) 9                 EP 0
560 664 B1                     10     (err) oill:yolk:water mixture were
taken after 10 and 20  (17.6 and 35.3 minutes respectively). After 6 equiv-
equivalent passes, (29.4 and 58.8 respec-  minutes respec-   alent passes
(a cumulative shear history of 46.740 tively). After 10 equivalent passes
(a cumulative  s/s), 71.3% of the cholesterol was extracted from shear
history of 77,9.Q0 s/s), 73.3% Of the choles-  the egg yolk. This
represents a 164%  increase terol was extracted from the egg  yolk. After
20    5   over the 27% extraction level obtained for unsalted equivalent
passes (a cumulative shear history of             egg yolk possessed under
the same conditions, but 155.800s/s)80.88% of the cholesterol was ex-
without water dilution. After 12 equivalent passes (a tracted  from the egg
yolk                       cumulative shear history of 93,480 s/s, 79.3% of
the cholesterol was extracted from the egg yolk. Example 7
10  This represents a 69%  increase over the 47% extraction level obtained
for unsalted egg yolk pro- A  [err] ratio mixture of soybean oil to salt-
cessed under the same conditions, but without ed egg yolk to water was
prepared in the kettle 10    water dilution. (the additional salt in the
water brings the salt content of the egg yolk/water phase to 12% and   is
Claims will more thoughly control microbial growth ) Thawewd, 10% salted
egg yolk of (err)13.61 kg   1. A method of extracting cholesterol from egg
was mixed with (err.) 4,74 kg of 20% salt water   yolks where the method
comprises: shearing a and then added to  (err) 38.1 kg of (err)    mixture
containing a ratio of oil to yolk to water (err) soybean oil. The mixture
was then cir-  20    of 3:1:0.8 to 1.5:1:0.4 where the temperature of
culated at (50Ib/min) 22.68 kg/min.through the       the mixture during
shearing is between 51 *C process system   shown in Figure 3. After the
mix-       (124 F) to 64.4-C (err) in the mixture, ture had warmed to (err)
the mixer, 22.    preferably  between  (err) and unit was  then started
.The mixer,22,was operated    (err) at 3510RPM.The peak shear was
29.900/s.During   25 processing the mixture in the tank remained at    2.
The method of Claim 1 wherein the mixture is (err) the mixture exiting
a ratio of 2.8:1:0.4 to 3:1:0.6. the heart exchanger 25  at (err) and the
mixture exiting the mixer 22 at     3. The method of Claim  1 wherein the
oil is (err)     Samples  of  the   30    selected from the group
consisting of safflower oil:yolk:water mixture, were taken after 6 and 12
oil, corn oil, sunflower oil, soybean oil. canola equivalent passes (15.1
and 30.2 minutes respec-        oil, olive oil and peanut oil, preferably
soybean tively). After 6 equivalent passes (a cumulative       oil. shear
history of 46.740 s/s). 71.7% of the choles- terol was extracted from the
egg yolk. After 12   35  4. The method of Claim 1 wherein the mixture is
equivalent pages (a Cumulative shear history of          heated to a
temperature between 43.3-C 93.480  s/s), 80.7% of the cholesterol was
extracted  (err) prior to shearing. from the egg yolk. 5. The method of
Claim 1 wherein the cumulative Example 8.
40      shear history is not greater than 300,000s/s. A 2:8:1:0.4 ratio
mixture of soybean oil to salt-  6. The method of Claim 5 wherein the peak
shear ed  egg yolk to water was prepared in the kettle 10.    is 29,000/s
with a shear history of 78,000s/s, Fresh unsalted egg yolk of (5.0 lb.) 2.7
kg was           preferably wherein the peak shear is greater mixed with
(14.0 Ib.) 6.35 kg of water and then   45   than 17,915/s. added to (err)
44.45 kg of (err) Soybean oil. The mixture was then circulated at (50  7.
The method of Claim 5 wherein the amount of Lb/min.) 22.68 ,kg/min. through
the process system        cholesterol removed from  the egg yolk is shown
in Figure 3. After the mixture had warmed to   greater than 75%, preferably
greater than (err) the mixer, 22, unit was then start-  so  80%. ed. The
mixer, 22. was operated at 351Q RPM.. The 



peak shear was 29.900/s.During processing, the      8  The method of Claim
1 wherein the mixture mixture in the tank remained  at (err)       contains
not more than 14% salt. (err). the mixture exiting the heat   ex- changer
25 at (err). A method of extracting cholesterol from egg the mixture
exiting the mixer, 22, at (err)  yolks comprising the steps of: (err)
Samples of the oil:yolk:water mix-          a) beating an oil to a
temperature between ture were taken after 6 and 12 equivalent passes
(err) and    11                 EP 0 550664 B1                        12
(err) (err) adding egg yolk and water to form a  mix-          mehr als
75%, vorzugsweise mehr als 80%, ture. wherein the mixture contains a ratio
of      betrlgt. oil  to egg yolk to water of 3:1:0.8 to 8. Verfahren gemil
Anspruch 1, wobel die Mi- b) shearing the mixture so that the mixture   5
schung nicht mehr als 14% Salz enthalt. has a cumulative shear history of
not great- er than 300.000s/s wherein the temperature   9. Verfahren der
Extrahierung von Cholesterin of the mixture is (err)             aus
Eldotter, welches die folgenden Schritte (err)and
umfaflt: c) seperated the mixture into seperate wa-  10            a)
Erhitzen eines 11s auf eine Temperatur ter and oil phases by
centrifugation,   wherein           von  43,3*C  (110*) bis etwa 51,7*C the
cholesterol is contained in the oil phase.   (125' F) und Hinzusetzen von
Eldotter und Wasser zur Bildung einer Mischung, wobei 10.  The method of
claim 9 wherein the temperature -            die Mischung ein Verhditnis
von 61 zu Ei- ture  of the mixture during shearing is between     dotter zu
Wasser von etwa 3  1: 0.8 bis (err)or be-                   etwa 1,5:1: 0,4
besitzt; tween (err)          b) Scheren der Mischung, so daB die Mi-
schung eine kumulative Scherbehandlung .Rate~i~t ..a......g 9von nicht mehr
als 300 000  s/s erfahrt, 20         wobel die Temperatur der Mischung bei
1, Vt~rgn ;Ur txtratitqn von Choleasterin aus             etwa 51,1 *C
(124') bis etwa 64,4'C Fipt4t9mn, wg9ipi cp V. ,erfahren folgende Schrit-
(148' F) liegt; und tO vmfWat aoherqn einer Misshung, die ein
c) Trennen der Mischung in getrennte Was- *rhlinJ iygn .Ij wDttiar {y WWsr
von                  eer- und O1phasen mittels Zentrifugation, * jatwa   *
1: l~iu /$w  1,5:1: Q,4 beel tzt   n      wobei das Cholesterin In der
Olphaseeent- *  woWi 04 TRMnpYNr OFr Michung withrernd               halten
let. *   $     >,;wihtp: 01 C.  1*F) Oma  $9hwrr. fwl. ~   y   1'C. (I1Z4)
ur. r4  94$ s4~ (il4gQ f) in   r Miechung,       10. Verfahren gemaB
Anspruch 9, wobei die Tem- *rzwq.ya IwiJl',?, qa  j  Q:    uwn etsie
peratur der Mischung wlhrend des Scherens I  4,Q
30 o    zwischen etwa 57,8'C (136' F) und 59,4'C (139'F) oder zwischen etwa
62,8'C und etwa t  ,4m'tghhpi grjB  Anirtpbh 1, woOei in der
64,4 C liegt. 0ijhw~p gtn V~rhilt*is8 yeA aetwe 2,8:1 : 0,4 W, . I4v  ; ,
1Q;Q 9W.gigt.                      Revendlcatlons 36 ;   qr~fqhrn pmM13
Anapruch 1, wobel das 61          1. Procdd6 pour extraire le cholestdrol
des jaunes -     . w S4Rr w  ,$,flgral, M0.01, Sonrnenblumendl,  d'oeufs,
qul comprend le cisaillement d'un md- Aoj1ohn0*nvl, Qanx4fl1, Qlivendl und
ErdnuB-        lange contenant de lhuile, des jaunes et de 1 bntharrWcan
ypgq, vQrZU;pwuiape W.  So-         l'eau selon un rapport d'environ
3:11:08 A envi- j4ghnqnl, -Wjagwhlq t wrid.                40      ron
1,5:1:0,4, dans lequeo la tempErature du melange pendant la cisaillement
eet comprise 4, 'VWfghan gomri  Angprygh 1, wobel die Mi-            entre
environ 51 C (124' F) et environ 64,4' C :sAlwg aVuf sime. Tbmpeur gwischen
etwa             (148 ' F) et de prof~rence entre environ 62,8* C 4flQ
(W11) uJ, f    51,7'0 (125*) vgr              (145 F) et environ B4,4*C
(148'F). * w  $chw   e!htx  wirb                    45 2. Procedd sulvant
la revendication 1, dans lequel 4. Vpfqlwgn gyiy2lii Anriqjr(h 1, wobei die
kumu-      le melange prdsente un rapport d'environ : -tative
djung rtight mehr als 300            2,8:1:0,4 & environ 3:1:0,6. 



-  Q~  t .   - .$/WFgt~ 60   &  Procdde suivant la revendication 1, dans
lequel *,, Pu Vrfhran gre' Anspruch 5, wobei die Spit-         l'hulle eet
choisie dans le groupe consistant en wiggrulng 9 9.09,/10 WHrOtbel elner
Scher-         huile de carthame, huile de maib, huile de ; $gjplvldniu mg
vQn  ,  7  Q9Q s/8.; wobel vor-   tournesol, huile de soja, huile de
canola, huile :R   0$ wrJ~1i  rig1herwig mehr ale etwa            d olive
et huile d'arachide, et eat de pr~f~rence :   TO , 1 , rpt.r6
lhuile de soja. t  Yelqh rgn g.omM  APniruph 5, woqei die Men-      4.
Procddd suivant la revendication 1, dans lequel : 8 . o- yA  F GrQ ei~gfr
ntfrmteDn Cholesterins  le m0lange est chauffd & une tempErature 7    13
EP 0 550 664 B1                        14   (err) (err) y>    fi~9rWi9
entre 4.?   C  (110 F) et. environ Pro$49 suiYv. la romand4cafon 1. Dan
lequel :rhizW-ira du cisillement cumul no d~passe    a ;Prg*r4   SOflY. g
r"ndig   n 5       loquel to  /lVf->sgz                           avac wt@
J'il*Jr, 4, g   Ilsrnut 4'bwiro-n 7tS0  7o a  *. pr4*rngo 4^  isqu1I
j5hmt, *  $ *M04  snvsw~ ir4i6 Is ,a :Pg  i 42'vnt4 revP1 -4!9ptJn 5., 4mw
lcqu.i ! QUO~l~t0 4e caheI~tirQI 4IfrnOe j portir du   7C 1mm.Q: 4~u   g
j$rigur  dI,! *o prif4- '0og  upzow Vps 4   J*j-g$% t jv~nPt le. rem-n
ig#,n 1, 4ns loquel ,':-N g  =rW gQrtktMp9D      dp p 14% de   20 , Pna$
pPow, extrare du chqlestdrol des jau- ,rp     1 .'QO   QgmrOntant !a 4tapps
do: {fal gN <gffpgp ,,e WVjp e tti, I p tsmrs.atpre   26 .mrR  ntrg 4fl1;
(11nF) el  nyIryn 617'5 LI2F)' ytt. s*$g do Iwno .C  d'. pur fgrgr u.,n
rmlong-e, 'ge   'lIS In m n        t ini l'h~t  Isep jp~"wU~   1 PgIt-
w'i rapf ftnviron   3o 0 D.            Y 4 rvfl' $144;     or (t)
QaP'Wlim*rt 4y' mtsge4 t.~e prur.,.n &W    tfl4~~~~"e cqIjqfgn"  ctquj n,4
POP  S; 91   %.QQQ it Andpi 01 igul I rn mh w u  rElnp  tt d'nviron   as
:~.5/Q 44P) jl} gnugQ.,4 ; (14  F); (     *w')' :pge vl  4 mlrg p,.ar
centrifugation p:q IwUal s4parese, * 4 to., QhlAFQI .Qt g Qfl1SP  dns ls
Ohw   40 tg.; Prpeid sivant .1 revon-cication 9, dans loquel It tomp
hr.rf  m        nont I. clsjaIle1- moorrt as  sornprietpaxp   gyroi  rh' 0
4 #1 r14     virm   w8A0 (1$P), ph ; wlgn Q  ,JQ  (14 F). tI qpjrgn-
O&4'QX- .00. .  .  9mrf ;,M             -v,.rn5.$C 4 <44 'F'  6
iO~~~~~~~~~~~5 655 8    


