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(71)   We, NESTLE S.A., of La Tour-  taining less than 0.5% by weight of
lipids de-Peilz, Switzerland, a Swiss Company, do  based on the dry weight
of the isolate and hereby declare the invention, for which we  which is
water-soluble at all pH values, in  50 pray that a patent may be granted to
us, and  which a slurry comprising comminuted fish 5  the method by which
it is to be performed,  material is subjected to enzymatic treat- to be
particularly described in and. by the  ment until less than 20% by weight
of the following statement:-                   protein present in the fish
is precipitable at The present invention is concerned with a  a pH of 4.5,
undegrated proteins are then  55 process for the preparation of a fish
protein  precipitated from the slurry and insoluble 10  isolate having a
bland flavour and which is  matter is separated from  the slurry to
water-soluble at all pH values.         provide a solution of fish protein
isolate. In order to obtain a bland and stable fish    In carrying out the
process, the fish protein isolate or concentrate,it is generally  material
may be first ground, for example in  60 necessary either to remove the fish
lipids  a meat grinder and then further subdivided 15  from the proteins or
to stabilise them with  in a homogeniser, generally without addi-
antioxidants. It is generally accepted that  tion of water as most raw fish
materials have removal of fish lipids has to be quite exten-  a dry matter
content rarely higher than sive, down to less than 0.5% in dry matter,
about [err] by weight. The comminuted  65 and is normally carried out by
solvent ex-  material will normally be obtained as a 20  traction using an
alcohol such an ethanol,  homogeneous solution, and various known
isopropanol, butanol or other solvents, in-  methods exist for achieving
this end. cluding acetone, ethyl acetate, ethylene    The primary object of
the enzymatic dichloride or hexane, or mixtures of two or  treatment step
is to solubilise the proteins,  70 more of these solvents. The solvent
extrac-  without unnecessary degradation, in order 25  tion is basically a
delicate operation requir-  to free lipo-proteins and lipids and secure ing
special equipment and skilled labour.  good functional properties in the
final pro- Furthermore, if no processing other than  tein isolate. drying
is applied, the end-product is essen-    If the starting material is whole
raw fish,  75 tially insoluble in water.             the enzyme needed for
solubilisation is 30     Much work has been directed towards  usually
present intheviscera.Duringgrind- elimination of the extraction step, but
up to  ing and homogenisation, the natural en- the present no completely .
satisfactory  zymes are thoroughly mixed with the flesh method has been
devised. On the other  and the enzymatic degradation will start im-  80
hand, addition of relatively large amounts  mediately. The temperature is
preferably 35   of antioxidants for stabilisation of the fat  maintained
between 40 and [err] in order to only partly inhibits flavour reversion.
obtain rapid dissolution. Depending on the An object of the present
invention is to  type of fish used, the dissolution time will provide a
process for preparing a fish pro-  normally be in the range 15 minutes to
24  85 tein isolate, containing less than 0.5% by  hours. If the activity
of the natural enzymes 40   weight of lipids, which does not involve ex-
is inadequate, various commercially traction of fish lipids with a solvent.
available enzymes active in the pH range of Another object of the invention
is to  5.0 to 10.0 may be added. provide a fish protein isolate containing
at    When eviscerated fish or filleting wastes  90 least [err] protein
which is soluble in water  are used, any commercially available 45  at all
pH values.                        proteolytic enzymes may be added, and it
is The present invention provides a process  preferably. to use an enzyme
active at for preparing a fish protein isolate con-  alkaline pH values,
e.g. 8 to 10, because at [Price 33p]    2
1,383,223                                       2 these pH values, a
substantial part of the  to 90% of the fish protein raw material. The
proteins will be solubilised by alkali added  separated fraction containing
bones, solid for pH  adjustment, and the solubilised   proteins,
lipo-proteins and lipids may be proteins will then be more easily attacked
dried or further fractionated by selective 5   by the enzymes, allowing for
a rapid  centrifuges according to particle size and   70 



solubilisation process. The' amount of en-  specific gravity. The various
fractions are zyme to be added generally varies from 0.1  by-products and
may be further treated by to 10 g per kg of fish dry' matter, depending
known methods. on its activity. The dissolution time is also  The protein
solution is preferably con- 10  related to the activity of the enzyme, but
centrated, for example by ultrafiltration or  75 will usually be in the
range 15 minutes to 24  by thermal evaporation. Ultrafiltration is hours.
the preferred method as besides concentra- The dissolution rate is very
rapid at the  tion' some desalting and elimination of beginning of the
enzyme treatment, slowing flavour and odour compounds is obtained 15   down
with time because of an inhibitory  The protein solution may thus be
concen-  80 effect of the dissolved proteins on the en-  trated from 10 to
15% respectively to 30 to zymes. When 80 to 90% of the proteins have  40%.
If a thermal.. evaporator is used, the been dissolved the reaction is
completely  solution may be concentrated up to about stopped. It is
possible to follow the dissolu-  [err] dry weight. The concentrated protein
20  tion rate by the following simple test. A   solution has a pH value
between 4 and 5 and   85 graduated test tube is filled to a determined  is
stable enough to allow transportation level with the protein solution,
concen-  over large distances for final processing. trated acid is added to
bring the pH to 4.5  Stability of the solution may, if required, be and the
tube is centrifuged for one minute.  increased by addition of perservatives
25   The amount of solids settled at the bottom   which are removed in a
subsequent  90 of the: tube is. a direct measure of 'the  purification
step. amount of undissolved protein. The enzyme    If the protein solution'
contains residual treatment is continued until the amount of  fish flavour
or odour it may be deodorised precipitated protein is less than 20%  by
before drying. Various known deodorisation 30   weight of the total protein
present.     methods are available, including steam-  95 When the enzyme
treatment has reached  stripping and treatment with active carbon the
desired degree of protein solubilisation,  or other adsorbents such as "XAD
resin"' the undegraded proteins are precipitated  (R  hm & Hass). Chemicals
for deodorisa- from the slurry. The undegraded proteins  tion may also. be
used, for example 35   also include lipo-proteins. The precipitation
hydrogen peroxide which is very effective  100 may conveniently be effected
by adjusting  for oxidising various flavour components the pH of the
reaction mixture to a value in  and bleaching pigments. Drying of the solu-
the range 4.0 to 5.0, for example by addition  tion, optionally after
concentration, may be of an acid. Any acid of food quality may be  carried
out by conventional methods, spray- 40   used, but it is especially
preferred to use  drying being preferred.             105 hydrochloric acid
as it may be easily remov-    The resulting protein isolate is low' in ed
during subsequent steps of the process.  lipids (below 0.5% on dry weight)
and the Alternatively, the undegraded proteins may  ash content is in the
range 2 to 10% by also be precipitated by heating the slurry to  weight.
The protein content is between 90 45   a temperature above [err] preferably
to a  and [err] by weight and its molecular weight 110. temperature of 80
to [err] The residence  is essentially between 5,000 and 50,000. The time
for the precipitation has been found to  protein is of high nutritional
value, at least vary with the temperature; in practice,  equal and
generally better than casein. The times of about 10 minutes at about [err]
or  protein is 100% water-soluble at all pH 50   about 30 minutes at about
[err] have given  values. A 3% by weight solution in water is 115 very
satisfactory  precipitation. The  clearand slightly yellow in colour. The
pro- precipitation is an important step in the  tein is. bland in flavour
and can be used for process, because the precipitated protein: enrichment
of a wide range of food absorbs the lipo-proteins and the lipids so
products. By virtue of its solubility, it is es- 55  that a stable isolate
is obtained. About 10 to  pecially suitable for protein enrichment of 120
[err] of the fish protein is generally also  acidic beverages, which may
becarbonated. precipitated in this step.                  Thus according to
a. further aspect the The precipitate is then removed, together  present
invention also provides a fish pro- with undissolved material, by any con-
tein isolate soluble at all pH values having a 60   venient mechanical
procedure. For exam-  molecular weight essentially between 5,000 125 ple,
separation may be carried out using  and 50,000 and containing 90 to [err]
by vibrating screens, centrifuges or filters.  weight of protein, 2 to
[err] by weight of ash After the separation, a clear protein solu-  and
less than 0.5O  by weight of lipids based tion containing 10 to 15% by
weight of pro-  on the dry weight of the isolate. The. inven- 65  tein is
obtained, and the yield represents 80  tion also provides a food product or
130    3                                      1,383,223
3 beverage, preferably an acidic beverage,  through a column of XAD-2 resin
[err] comprising such an isolate.              &  Hass), which removes all
flavour and  65 The following examples are given by way  colour..
components. The solution is then of illustration only. The percentages are
by   concentrated 'by evaporation to 65% dry 



5  weight.                                    matter and spray-dried. The
dry material, which is completely soluble at all pH values, Example I
has the following composition:-           70 1000kg of cod filleting wastes
are ground in a meat grinder and then further corn-      Protein
[err] minuted in a homogeniser. Sodium hydrox-     Lipids           0.2 10
ide is added to the resulting slurry to give a  Ash        2.8 pH value of
9.0, and 2 kg of a bacterial protease are added and the mixture is
Example 3 heated to [err] and maintained with stirring  The protein isolate
prepared as described   75 for two hours. A centrifugal test analysis as
in Example I is used for the preparation of 15  described above showed that
2 hours' reac-  an acidic beverage. 3.5 kg of the protein are tion time was
sufficient to reach a dissolu-  dry-blended with 6.0 kg of sucrose, 0.3 kg
of tion of more than 80% of the proteins.  a mixture of citric, malic,
phosphoric and Hydrochloric acid is then added to a pH   ascorbic
acids,'0.I kg of lemon flavour and   80 value of 4.5 and the slurry is
continuously  0.1 kg of colouring. The blend is granulated, 20  heated to
900C in a tube heat exchanger.  with addition of 10% water, on an inclin-
After a holding time of two' minutes the  ed pan granulator and dried to a
moisture solution is cooled to [err] and the bones are  content of [err]
The granulated product is removed on a vibrating screen. The free fat
easily wettable and soluble in water, 100 g   85 and the precipitated.
proteins and lipo-  of the dried  beverage powder are 25  proteins are
separated from the dissolved  reconstituted with 900 g of water to provide
proteins in a centrifuge.  The clear protein   a beverage containing above
3% protein, solution is then concentrated by ultrafiltra-  which
approximates to the protein content tion from 12 to  30% dry matter.
of milk.                                  90 The concentrated protein
solution is 30  deodorised by steam-stripping in a column,
Example 4 where it is contacted for 15 minutes        25 kg of
resin-deodorised protein solution countercurrent to steam at 100C. 0.5 kg
of  (10%  protein) obtained as described in steam are supplied per kg of
solution. The   Example 2 are combined with 25 kg of frozen deodorised
solution is then. concentrated in  orange juice concentrate and 50 kg of
water.  95 35  an evaporator to 65% dry matter and spray-  The mixture is
pasteurised for 10 seconds at dried.
[err] cooled to [err] and bottled. The The spray-dried powder is' slightly
yellow   beverage has a pH of 4.0 and is stable for at in colour and bland
in flavour. The lipid  least 4 weeks at [err] Its flavour is rated by a
content is 0.4% and the ash content 8.6%.  trained panel of tasters as very
similar to  100 40  The balance of 91% is protein of good. regular orange
juice. nutritional value. The PER value is 3.1 com- pared  to  3.0  for
casein  determined                  Example 5 simultaneously.
'         1000 kg of cod heads are ground in a meat grinder and then
further comminuted in a Example 2                homogeniser. Two kg of a
bacterial  105 45    1000 kg of whole anchoveta are ground in  protease are
added and.the mixture is a meat grinder and then further com-  heated to
[err] and maintained with stirring minuted in a homogeniser. .The homogen-
for four hours. A centrifugal test analysis as ised fish mass is heated to
[err] and main-  described above showed that four hours' tained at this.
temperature with stirring for4  reaction time was sufficient to reach a
dis-  110 50  hours. A centrifugal test analysis as describ-  solution of
more than 80% of the proteins. ed above showed that 4 hours' reaction time
The mixture is then heated to [err] for 10 was' sufficient to reach a
dissolution of  minutes to inactivate the enzyme and to about 85% of the
proteins. The resulting   precipitate the undegraded protein and the slurry
is then acidified to pH 4.5 with  fat. The mixture is cooled to [err] and
115 55  phosphoric acid and the solution is passed   coarse particles such
as bones are removed through a heat exchanger where it is heated   on a
vibrating screen. The free fat, the to [err] for two minutes to inactivate
all en-  precipitated undegraded 'proteins and. lipo- zymes. It is then
cooled to [err] insoluble  proteins are separated from the dissolved matter
is removed in a centrifuge and the  proteins in a centrifuge. The clear
protein  120 60  solution is passed through a filter in order to  solution
is then concentrated by ultrafiltra- remove traces of undissolved proteins,
lipo-  tion from 12 to 30% dry matter. proteins and free fat. The clear
solution,    The concentrated  protein solution is still at [err] is
deodorised by passage  deodorized by steam-stripping in a column,    4
1,383,223                                      4 where it is contacted for
15 minutes  effected at a temperature of 40 to [err] counter-current to
steam at 1000C. 0.5 kg    4. A process according to any one of the of steam
are supplied  er kg of solution.  preceding claims 'in which the solution
of 



The deodorised solution is then concen-  Fish protein isolate is
deodorised. 5  trated in an evaporator to 65% dry matter    5. A process
according to claim 4 in  65 and spray-dried.                         which
the solution is deodorised by steam The spray-dried powder is slightly
yellow   stripping. in colour and bland in flavour. The lipid    6. A
process according to any one of the content is 0.4% and the ash content
4.6%.  preceding claims in which the solution of 10  The balance of 95%  is
protein of good  fish protein isolate is dried.             70 nutritional
value. The PER value is 3.1 com-   7.' A process according to any one of
the pared  to  3.0 for casein determined   preceding claims in which. the
undegraded simultaneously.                          proteins are
precipitated by acidifying the slurry to a pH of 4.0 to 5.0. Example 6
8. A process for preparing a fish protein  75 15     1000 kg of red fish
filleting wastes are  isolate substantially as herein described ground in a
meat grinder and then further  with reference to Example I or Example 2.
comminuted in a homogeniser. Ammonium      9. A fish -protein isolate
prepared by a hydroxide is added to give a pH value of 9.5  process
according to any one of the and 0.5 kg of trypsin is added, the mixture is
preceding claims.                 80 20  heated to [err] and maintained at
this    10. A process according to any one of temperature with stirring for
two hours. A   claims .1 to 6 in which the undegraded centrifugal test
analysis as described above  proteins are precipitated by heating the
showed that two hours' reaction time was  slurry to a temperature above
[err] sufficient to. reach a dissolution of more       11. A process
according to claim 10 in  85 25  than 80% of the proteins.
which the slurry is heated at a temperature The mixture is then heated to
[err] for30  of about [err] for about 10 minutes. minutes to inactivate the
enzyme and to    12. A process according to claim 10 in precipitate the
undegraded protein and the  which the slurry is heated at a temperature
fat. The free fat, the precipitated proteins,  of about [err] for about 30
minutes.    90 30  the lipo-proteins and 'the bones are    13. A process
for preparing.a fish protein separated from the dissolved proteins in a
isolate substantially as herein described decanting centrifuge. The clear
protein  with reference to Example 5 or 6.' solution is then contacted for
5 minutes    14. A fish protein isolate prepared by. a counter-current to
vacuum steam at [err] in  process according to any one of claims 10 to  95
35  order to remove ammonia and flavour com-  13. ponents. 0.2 kg of steam
are supplied per kg    15. A fish protein isolate soluble at all pH of
solution. The deodorized solution is then  values having a molecular weight
essentially concentrated in an evaporator to 50% dry  between 5000 and
50000 and containing 90 matter and spray-dried. The isolate has a  to 98%
by weight of protein, 2 to 10% by  100 40  bland flavour and contains 94%
protein.    weight of ash and less than 0.5% by weight WHAT WE CLAIM IS:-
of lipids, based on the dry weight of the 1. A process for preparing a fish
protein  isolate. isolate containing less than 0.5% by weight    16. A food
product or beverage com- of lipids based on the dry weight of the   prising
a protein isolate as claimed in claim  105 45  isolate and which is
water-soluble at all pH   9 or claim 15. values, in which a slurry
comprising com-    17. An acidic beverage comprising a pro- minuted fish
material is subjected to en-  tein isolate as claimed in claim 9 or claim
zymatic treatment until less than 20% by   15. weight of the protein
present in the fish is    18. An acidic beverage substantially as 110 50
precipitable at a pH of 4.5, undegraded   herein described with reference
to Example proteins are then precipitated from  the  3 'or Example 4.
slurry and insoluble matter is separated    19. A food product or beverage
com- from the slurry to provide a solution of fish   prising a protein
isolate as claimed in claim protein isolate.                        14.
115 55    2. A. process according to claim  I in         ELKINGTON AND
FIFE, which the fish material comprises raw            Chartered Patent
Agents, whole fish and the enzymatic treatment is          High Holborn
House, effected with enzymes present in the fish.         52/54 High
Holborn 3. A process according to claim I or claim       London, WC1V 6SH,
60  2 in which the enzymatic treatment is            Agents for the
Applicants. Printed for Her Majesty's Stationery Office by the Courier
Press, Leamington Spa, 1975. Published by the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    4
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15 minutes  effected at a temperature of 40 to [err] counter-current to
steam at [err] 0.5 kg    4. A process according to any one of the of steam
are supplied  er kg of solution.  preceding claims in which the solution of



The deodorised solution is then concen-  fish protein isolate is
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according to claim 4 in  65 and spray-dried.                         which
the solution is deodorised by steam The spray-dried powder is slightly
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process according to any one of the content is 0.4% and the ash content
4.6%.  preceding claims in which the solution of 10  The balance of 95% is
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value. The PER value is 3.1 com-    7. A process according to any one of
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[err] sufficient to reach a dissolution of more   I. A process according to
claim 10 in  85 25  than [err] of the proteins.                 which the
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