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(54) PROTEIN PRODUCTS                (71)   We, UNILEVER LIMITED, a com-
Liquid Crystalline State" by Shaw, Jansen             pany registered under
the laws of Great  and Lineweaver (Journal of Chemical Physics,
Britain,  of  Port  Sunlight,  Birkenhead,  Volume 12 No. 11 at pages
439-448; see             Cheshire, England, do hereby declare the in-
particularly page 440), there is described a         5  vention for which
we pray that a patent may  two-phase milk protein composition whose  50
be granted to us and the method by which it  lower, denser phase is a
protein mesophase:             is to be performed, to be particularly des-
that it, a fluid aqueous protein composition             cribed in and by
the following statement: -  which has a relatively high content of pro-
This invention relates to the utilisation of  tein in the dissolved state
and which is at        10  plant (as distinct from animal) proteins, par-
room  temperature appreciably more viscous  55             ticularly in the
manufacture of food products.  than water and is capable of coexisting with
It is well known that plant protein such as  and preparable from ordinary
salt-containing             soy can be utilised by converting it into the
aqueous solutions of the protein. Shaw, Jan-             form of a fluid
protein composition and in turn  sen and Lineweaver prepared their
beta-lac-        15  converting the latter into solid or hardened
toglobulin containing sodium  chloride until 60             material useful
as a component of food pro-  sufficient salt had been removed to cause some
ducts, for example, simulated meats. Thus,  of the protein to separate as a
lower 'oily' layer soy protein may be brought into solution by  of
mesophase. This mode of formation, and             alkali, and the alkaline
solution spun into an  their properties, indicate that protein meso- 20
acid/salt bath to form protein fibres. A bundle  phases have a significant
degree of internal 65             of the soy protein fibres may then be
impreg-  molecular order. They are probably made up             nated with
an edible binder and fat and com-  of aggregated units of the protein
molecules             pressed into coherent form; or, when the  present.
binder is a heat-setting one such as an albu-    The mesophases of plant
protein provided        25  men/gluten mixture, the impregnated bundle  by
the invention are new compositions, and  70             of fibres may be
given coherent form by heat-  combine fluidity with relatively high
dissolved ing it. The spinning solution may have a pro-  plant protein
concentration at a pH well below             tein concentration of from 10
to 30%, usually  that at which damage to the protein occurs.
about 15%, by weight, this concentration being  Additionally, by contrast
with  protein solu-        30  achieved by use of a pH sometimes stated to
tions of high pH, which tend to degrade on  75             be in the range
9 to 13.5 but in practice at  heating, these protein compositions can be
least 10.5.                                hardened by heat as distinct
from the action               A serious disadvantage of these processes  of
acids. These properties make the composi-             is their  use of a
high pH, which tends to cause  tions  useful per se, and -  when the in-
35  degradation of the protein and requires com-  gredients of them
besides the protein are  80             plex procedures to ensure
uniformity in the  chosen for edibility -  specially suited to the
alkaline solution submitted to spinning.   production of foodstuffs,
particularly in fibre               The present invention avoids the use of
a  form. Such compositions are also useful as             high pH, by
preparing the plant protein in the  heat-setting binders for other edible
materials,        40  form of a mesophase.                        such as
comminuted meat.                   85               Animal protein in the
form of a mesophase    The mesophases of the invention comprise has already
been described. Thus, in the  from 15 to 50% by weight of a substantially
academic paper published in 1944 entitled  undenatured plant protein
maintained in the             "The Dielectric Properties of Beta-lactoglo-
dissolved state at a pH from 3 to 9 by  a dis-        45  bulin in Aqueous
Glycine Solutions and in the  solved water-soluble salt, the compositions
90                [Price 25p]     
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2                 3              being capable of being hardened or 'set'
by  groundnut protein and arachin (a purified             heat. The
preferred protein content for fibre  groundnut protein), rape protein, pea
protein,             formation is from 20 to 45% by weight. The  cottonseed
protein and sunflower seed protein,             pH  is preferably not
greater than 7.5, and  will form mesophases. Moreover, mesophases  65
a pH not far removed from the isoelectric pH   may be formed from  mixtures
of proteins.             of the plant protein, i.e. in the range 4-6,  Many
proteins may be incorporated into meso-             is specially preferred.
phases; forming for example mesophases con-                The amount of
water-soluble salt required  taining soy protein and zein or groundnut
is conveniently measured in terms of ionic  protein  and zein, or soy
protein and gelatin  70          10  strength. The actual minimum ionic
strength  or casein or meat proteins, or soy and ground-         ni
required, which can be found by a simple test  nut proteins together.
for any particular salt, depends on the in-    With some proteins,
particularly soy pro-              dividual salt and the protein concerned,
but  tein, the presence of an antidisulphide agent              an ionic
strength of at least 0.2 (calculated on  (an agent capable of preventing
the formation  75          15  the water content of the composition) is
of, or capable of breaking, disulphide links in              usually
required. The ionic strength is cal-  the protein) is desirable, or gelling
may take              culated in accordance with the well-known   place at
room temperature at the high con-              equation:
centrations employed. Sulphites, bisulphites              C
and dithionites are the preferred agents, but  80                Ionic
strength ([err])=   [err]             mercaptoethanol and other sulphydryl
com-          20    where [err] = molar concentration of each  ponents may
be used in non-food applications.                        ion
Mesophases obtained under some conditions                     [err] =
valence of each ion           may in addition to the 15-20%  or more of
plant protein in the dissolved state contain  85              The protein
used to make the mesophases  a minor proportion (minor in relation to the
is undenatured, that is, in as near its natural  dissolved protein) of
dispersed amorphous pro-          25  condition as possible and in
particular not sub-  tein, which gives the mesophase an opaque
jected to extremes of pH as by alkali treat-  appearance. On centrifuging,
the dispersed              ment, or to high temperatures or other damag-
amorphous protein sediments and becomes  90 ing treatments.
concentrated in a lower layer, which in the                The mesophases
may be prepared in two  Table following shortly is referred to as the
30  ways. The first method involves preparing an  'denser mesophase.' At pH
4.9 soy protein              aqueous salt-containing solution of the
protein,  gives a mesophase whose total protein content              and
then altering the physical conditions in  is in part made up of variable
small amounts  95              the solution  in such a way as to cause a
of such dispersed amorphous protein. At pH              mesophase to
separate. The alteration to be  6 a single transparent mesophase can be ob-
35  made depends on the nature of the solution;  tained from  soy protein,
with composition              for example, the mesophase may be caused to
variable between 20% and 50% protein. Such              separate by cooling
(see Example 8 later in  variation is to be expected, as the effect of pH
100              this specification) or by otherwise altering the  is
different on the various proteins present       5  tr              aqueous
environment. If, for example, the  and on their interactions.          40
protein is being maintained in solution by a    The distinction between
mesophases and or-              high concentration of salt, then the salt
con-  dinary salt-containing protein solutions is illus-
centration can (following Shaw, Jansen and  trated by the results,
tabulated below, of cer- 105              Lineweaver) be reduced by
dialysis at  lowered  tain experiments. In these experiments, isolated
temperature (see Example 7) and a meso-  soy protein was mixed with water
to give a          45  phase separated. The other method of making  final
solids-not-ash content of 28.6%  by              mesophases consists in
mixing protein, water  weight (of which a small proportion, not more
of              and water-soluble salt in the required propor-  than 1/10
of the weight of the protein, was 110              tions, as in Example 1
later, or in some cases  formed by carbohydrate material), and a solid
simply mixing a protein isolate and salt (see  salt was added and
intimately mixed in. The           us          50  Example 12).
mixture was centrifuged at 50,000g, for 60                During isolation
for preparation of the meso-  minutes. The two layers that formed (upper
phase the protein, for example, soy or ground-  and lower) were separated
and analysed for 115           va              nut, is preferably
precipitated at a pH of 4  total solids, ash and water. The table shows the
20  th              to 6, the yield usually being highest at 4.8 to
protein contents of the mesophases obtained          55  4.9. Acid,
suitably hydrochloric acid, or alkali,  at a salt concentration of 0.5M
(molar), and              suitably caustic soda, may be added to change
for comparison the protein contents of solu-              the pH, provided
that care is taken to avoid  tion and precipitated (solid) protein obtained
120              a high local concentration during addition.  at a salt
concentration of 0.1M. The 'denser        25  an                The
following description is largely in terms  mesophase' referred to was a
dispersion of          as          60  of crude soy protein, but other
plant proteins,  amorphous protein in the 'lighter mesophase.'
for example, purified  soy protein, crude     
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TABLE  Nature of upper and lower layers Molar       Ionic strength
obtained after centrifuging: Salt       concentration          [err]
employed        of salt        of salt         Upper            Lower
Sodium          0. 1M             0.1        Solution        Solid
nitrate                                      containing      containing
2.6% protein      46.8% protein                                      0.5M
0.5        'Lighter       'Denser mesophase'         mesophase' containing
containing ake
25% protein        34.7% protein on-                   Calcium
0.1M             0.3        Solution        Solid                 chloride
containing      containing            5% protein
44.7% protein             0.5M             1.5        'Lighter
'Denser mesophase'         mesophase'     85
containing      containing the
23% protein        31.6% protein                    Tetrabutyl       0. 1M
0.1        Solution        Solid                   ammonium
containing      containing     90            bromide
4.35% protein     49.4% protein                                     0.5M
0.5        'Lighter        'Denser
mesophase'        mesophase'            containing         containing
95                                                          19.8% protein
45% protein    In each case the remainder of the com-  actions with the
protein predominate, and                    position was water with 1 or 2%
ash content,  borate, which forms a complex ion with car-  depending on the
salt added. The salts dis-  bohydrate when present. Part of the ionic
5  tributed approximately equally between the  strength may be supplied by
salts present in  30                    phases.
the protein as ordinarily isolated from meal,                      In
addition, lithium   chloride,  sodium   deriving from  salts present in the
oil seed                   chloride, sodium sulphate, sodium tetraborate,
itself. The salts, and other non-protein com-    sodium  metaborate, sodium
sulphite, potas-  ponents of the meal, are not however necessary
10  sium iodide, potassium  chloride,- ammonium   to the formation of
mesophases, which can be  35                    chloride,  magnesium
chloride,  calcium   made from  isolated purified groundnut and
chloride and sodium  phosphate or  mixtures  soy proteins.
of them are effective at ionic strengths of ca.    Soy mesophases form at
ca. 0.15M  (0.45    05. (Inedible salts such as lithium chloride  ionic
strength) with calicum chloride, at about                15  and sodium
borates are not, of course, to be  0.2 to 0.3M with ammonium chloride and
at 40                    used in applying the invention to foodstuffs.
about 0.5M  with sodium chloride. They re-                    Sodium
bicarbonate, at a level of 0.5M  will  main stable up to at least 0.5M  for
calcium                    also produce the mesophases, with the ad-
chloride and ammonium chloride, and 1.5M    vantage that it may be used to
raise the pH of  for sodium chloride: all at pH 4.9.                20  the
system, either or in conjunction with other    Groundnut proteins behave
similarly to soy  45                    salts such as sodium chloride to
give the re-  protein: mesophases can be prepared in the            quired
ionic strength.               presence of sodium  phosphate, or sodium
The effect of salts is mainly dependent on  chloride, or a mixture of the
two. Samples    120            ionic strength, rather than the nature of
the  of mesophases made by cooling saturated                25  anions or
cations, with certain exceptions such  solutions in 10% w/v NaC1, and
separating off  50            as aluminium  chloride where specific inter-
the mesophase, had the composition:       
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4        40.6% protein, 52% water, 7.4% salt (2.5M  Valuable products,
suitable for incorporation     on the water content). Similar samples made
in food products, are obtained by setting the     from 5% w/v NaC1
solutions contained       mesophase. A desirable chewy texture can be
43.3%  protein, 54.4%  water, 2.3%  salt  imparted to food products by
incorporating 5  (0.8M on the water content). All the samples  the set
material therein as described later.   70     had a pH of about 5.8.
Set products can be incorporated into food       Groundnut mesophase can
also be made by  products in various forms. A mass of liquid     directly
mixing the protein, salt and water,  mesophase can be set in relatively
large pieces,     in suitable proportions. For example when the  for
example long strips or layers. These may 10  protein at pH 5 is mixed with
water contain-  then be diced to give meat-like chunks, or  75     ing 5 to
20%  sodium  chloride to give a  comminuted  to  give  simulated  minced
45%   protein  mix, and  more water, or  meat.  The   mesophase  can   also
be     salt solution, is added, two phases appear:  extruded, e.g. in the
form of fibres, which     a mesophase containing about 43%  protein,  may
for example be bound in a suitable matrix 15  and a protein solution
containing a few per-  to yield simulated meat. Alternatively the  80
cent protein, in equilibrium.              mesophase before setting may
itself be used       Groundnut protein does not require the pre-  as a
binder for foodstuffs, for example meat     sence of an anti-disulphide
agent, though it  pieces or simulated meat pieces, and subse-     can be
prepared in the presence of one.    quently set. 20    Arachin, a purified
groundnut protein, can  Because the process for producing the meso-  85
be obtained as a mesophase with protein con-  phases avoids the highly
alkaline conditions     centration 43% protein, made with 10% w/v  (pH 10.5
or more) used in prior processes for     sodium chloride solution.
preparation of edible fibre products from soy       The mesophases
described in the Examples  meals and other protein sources, production of
25  later are stable to storage. They may for ex-  fibre is simplified.
Mesophases may be used     ample be stored frozen and, while certain  with
ease in processing because of their fluidity     changes take place in the
system (as shown by  and high protein content. They may for ex-     a more
opaque appearance), a mesophase re-  ample readily be pumped. Also the
relatively     appears  on  thawing.  This  freeze-thaw  low cost of plant
proteins such as soy protein 30  capability is a valuable property.
as compared with other sources of protein such  95       The mesophases are
resistant to precipita-  as meat allows a substantial reduction in costs
tion with organic solvents, for example alco-  without impairment of
nutritional or organo-     hols. When ethanol is added to a soy protein
leptic quality. Frequently an improved quality     mesophase at pH's
varying from 4.6 to 6.5  may be obtained by the incorporation of 35  up to
40%  by weight of ethanol based on  mesophase. The protein, particularly
soy, need  100     the water present can be added before precipi-  not at
any stage be damaged during prepara-     tation of the protein becomes
apparent. This  tion from the meal and the level of 'bean' off-     is a
remarkable result, since glycinin, the  flavour in the product can be kept
very low.     major soy protein, is precipitated from  or-  When fibres are
made, much of the bean 40  dinary solutions of low protein content by
flavour and colour is found after the extrusion  105     about 10% ethanol
and most globular proteins  in the setting bath, rather than bound to the
are precipitated under similar conditions. Also,  protein.     up to 40%
of dioxane can be incorporated    Other material forming part of a finished
into soy protein mesophase before precipitation  foodstuff can be
incorporated before the meso-      t 45  occurs. (Dioxan is toxic and it
not, of course,  phase is set. For example, ground particles 110     to be
used in applying the invention to food-  of meat can be added to the
mesophase and         45  f     stuffs). This exceptional stability is
attributable  this gives a means of making use of meat     to the molecular
structure of the mesophases.  that would otherwise be waste, for example
The stability of soy mesophases to alcohol  trimmings or low quality cuts.
When ground 50  and dioxan allows the formation of mesophases  particles of
meat are added to the mesophase,  115     containing both soy protein and
zein by the  they appear to dissolve while the viscosity of      50  f
addition of a solution of zein in ethanol or  the mix hardly alters. True
solution does not,     dioxan, to the soy mesophase. Solutions of  in fact,
take place since masses of fragmented     zein in aqueous ethanol having a
concentra-  muscle fibres which are striated and birefrin- 55  tion of from
20%  to 40%  can be used, and  gent can be observed in the system when it
120     if desired, the soy protein mesophase can be  is examined under the
microscope. The ap-     diluted with a little ethanol before addition
parent "solutions" may be shaped, for ex-     of the zein solution. A
single mesophase is also  ample by extrusion to form fibres, to give pro-
obtained when a solution of zein in dioxan is  ducts very useful as
simulated meat or for 60  added to a mesophase which has been diluted
incorporation into meat products. The pre- 125     with dioxan. The
addition of zein generally  sence of the meat in the mesophase increases
60     increases the viscosity of the mesophase. Many  its value
nutritionally, since the meat acts as     other proteins may be added,
without greatly  a source of animal protein.     affecting the properties
of the mesphase. The  Further the mesophases are capable of carry- 65  most
usual effect is an increase in viscosity.   ing at least part of the
soluble and particularly  130     
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5  the                the insoluble carbohydrate component of the  of salt
from the outer zone causing precipita-  65  oil seed meal and accordingly
high purification  tion of protein and formation of a skin. Fibres  of the
protein is unnecessary. Mesophases have  which are formed by extrusion into
water at  been formed containing up to 40%  of car-  80[err]C or above
require no further heat treat-  5  bohydrate by weight based on the total
weight  ment. If the temperature of the extrusion bath  of protein and
carbohydrate and these may  is below 80[err]C the fibres require a heat
treat-  70                     be set. They may also be  extruded to form
ment ('texturing') to set them fully and give fibres if any large pieces of
insoluble carbo-  them elasticity or 'chewiness.'   hydrate are removed.
The main factors concerned in the speed of 10   The mesophases containing
carbohydrate  heat setting are the protein content of the be
may conveniently be formed from a mixture   mesophase and the kind of
protein, the salt  75                 of protein isolate and whole meal.
For ex-  content of the mesophase and the kind of salt, ample, a mesophase
can be made from a mix-  the temperature at which setting takes place ture
of (a) soy protein isolate formed by a  and the pH of the mesophase. The
higher the 15  precipitation at the isoelectric pH and (b) up   protein
content and the higher the tem- to twice its weight of a solvent extracted
soy  perature, the more rapid the setting. As pre-  80             bean
meal. This has the advantage that only  a  pared, the protein mesophase is
generally near             proportion of the meal need be purified. The
its isoelectric pH  (4.8 to 4.9 for soy), the       85            addition
of carbohydrate  also provides a  yields in precipitating protein during
the pro-             20  method of softening the texture of the set
cessing of meal being best at that pH. Shift-  mesophases. In particular,
fibres produced  ing the pH away from this towards pH  4.0  85  from  a
mesophase containing carbohydrate  increases the rate of heat setting. Also
soy  containing protein, salt and water alone, and   protein sets more
rapidly than groundnut pro-  have a softer texture for eating when in-
tein. As an example the fibres formed by ex-     25  corporated in food
products. The texture of  trading soy mesophase into water at a solids
pieces. of set mesophase may also be softened   content of 33%  by weight,
a salt content of  90  in this way.                            4% sodium
chloride by weight and a pH near             Further materials may be
incorporated into  the isoelectric pH are generally set by heating the
protein mesophases, such as fat. An emul-  at 90 to 100[err]C for at least
a second. Ground-                 30  sion of fat in an aqueous protein
mesophase  nut requires several seconds.                     may be set, or
may be extruded as fibres which  Varying the salt content of the mesophase
95                     retain the fat. The use of fat emulsified in the
when the salt used is the salt of a univalent   mesophase provides a method
of incorporating   cation and a univalent anion has a very marked
oil-soluble additives, such as flavouring and   effect in increasing the
time of heat setting. 35  colouring materials, into a foodstuff containing
For example, one mesophase containing 2% material derived from a protein
mesophase.    by weight of sodium chloride heat set in 35  100
Fat-soluble flavouring and colouring agents  seconds at 91[err]C, whereas a
similar mesophase    may be incorporated into fat, which is then
containing 16% by weight of sodium chloride      emulsified into the
mesophase. It has been  took 59 minutes to set fully at that tempera-  the
40  found that these flavours and dyes are retained  ture. Potassium
chloride  and  ammonium  in the mesophase during processing, even
chloride also have a very marked effect in in-  105
when the mesophase is extruded into a bath  creasing the time of heat
setting although they                     to form fibres. If it is desired
to use water  are not as effective in this as sodium chloride.      110
soluble flavouring or colouring agents, these  The salts of divalent
cations with monovalent                 45  flavours or dyes are dissolved-
in water, which   anions, however, do not have a very strong
is then emulsified in fat. The fat is then emul-  effect on the time of
heat setting. A meso- 110     sifled in the mesophase to form  a double
phase containing 16% by weight of magnesium   emulsion. In this case the
flavours and dyes  chloride takes about twice as long to set as      are
retained in the mesophase during fibre  mesophase containing 2%  by weight
of mag-   50  formation and other processing steps more  nesium chloride.
When mesophases are formed   tenaciously than if merely included direct.
containing calcium chloride the time of heat 115                     If no
fat is included in the mesophase, then  setting is almost independent of
the salt con-             water-insoluble colouring and flavouring agents
centration.   120            are mixed directly into the mesophase.
The presence of small amounts of certain   55   The setting of the
mesophase is by heating.  specific salts also has a marked effect on the
The temperature required to set the mesophase  time of heat setting  even
though  larger 120                     is generally above 80[err]C and a
temperature  amounts of other salts may be present. For      above 90[err]C
is preferably used. Setting may be  example, when mesophases are formed
con-      in large pieces e.g. in moulds or mesiphase  taining varying
amount of sodium  chloride                 60  may be extruded into water
or salt solution  together with a small proportion of calcium   in the form
of sheets, ribbons or fibres. Ex-  chloride or magnesium chloride such as
0.5%   125                     trusion into cold, warm or hot water through
by weight, the time of heat setting of meso-   a spinnaret yields discrcte
fibres. The fibres  phases containing concentrations of sodium   are set at
the surface initially, mainly by loss  chloride in the range of 4 to 12%
by weight,    
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6       is very much less than the time of heat setting  slightly raising
the temperature of the water      of mesophase containing these proportions
of  bath to 40-70C. The temperature range sodium chloride without any other
salt.     is below that required to produce the elastic        As noted
above the mesophases may be  texture characteristic of fibres produced by
the  5  spun or shaped into fibrous materials. The  hot water process, but
it improves the stability  70      bath into which the fibres are extruded
may  of the fibre towards salt solution. If the meso-      be tap water
softened water or distilled water,  phase has been prepared at a pH above
the      or may be an aqueous solution of salt. It is  isoelectric pH  a
setting bath containing a      possible to extrude fibres into air with
sub-  buffer solution made up with O.1M  sodium 10  sequent water
treatment, for example the spin-  acetate gives good results.            75
naret may be above the bath as opposed to    In the hot water process, that
is, at tem-      being in it.                                  peratures of
the water bath above about 80[err]C        If the fibres produced are
treated with hot  and preferably above 90[err]C, the elastic fibres
water at above 80[err]C preferably 90[err]C  to  are formed directly. A
skin is still formed, but 15  100[err]C or with steam for example on a con-
the core of liquid mesophase is rapidly con-  80      veyor belt, they
become elastic and tougher,  verted to a cross linked mesh by the heat, as
with properties giving good texture on chewing  shown by electron
micrographs of the heated      and can be made up into food products. Al-
fibres. The efficiency of the process is affected      ternatively these
fibres may be obtained by  by the speed with which this happens. If it is
20  extruding the protein mesophase directly into  not sufficiently rapid
the fibres, while still  85    2      hot water.
strong and elastic, become broken up into short        The mesophase may be
extruded at protein  lengths. These themselves are desirable and
contents up to about 50% by weight, the up-  useful products, for example
in the formation      per limit being determined as much by the  of
simulated meats. 25  high viscosity as any other factor. The  vis-   The
protein content of the fibres is gener-  90     2      cosity of the
mesophases is highly non-New-  ally not the same as the protein content of
the      tonian, and viscosities can therefore only be  mesophase from
which they were formed. The      referred to as apparent viscosities. The
ap-  protein content is usually higher when ex-      parent viscosities at
room temperature (20[err]C)  truding into water. When a mesophase having 30
can vary for example between 0.2 poise for soy   a protein content of about
25%  is extruded  95      protein mesophases containing 23%  protein  into
water, the fibres formed generally have a      to 2000 poise at 40% solids
for the same pro-  protein content of about 30 to 32%. If it is      tein
at comparable shear rates. Using soy pro-  desired to produce fibres having
a lower pro-      tein, mesophases preferred for fibre formation  tein
content, extrusion of a mesophase into 35  are those with apparent
viscosities (measured   a setting bath containing from 1 to 4%  of a 100
3      by Rhiogoniometer) about 50 poises at shear  salt may be suitable.
For example, if a soy      rates 30-70 sec[err].
protein mesophase containing sodium chloride        When the extrusion
takes place into water  is extruded  into a bath of 1%  sodium      below
25[err]C the fibres are soft and pasty and  chloride solution the fibres
formed generally 40  although on exposure to water at this tem-  have a
somewhat lower protein content than  105     4      perature for many
hours, they become tougher,  the mesophase from which they are formed. If
they do not develop the elastic qualities that  extrusion takes place into
a bath containing      appear at temperatures above 80[err]C. In the  a
stronger sodium chloride solution, for ex-      "hot water" process,
mesophases are extruded  ample 4% by weight, the fibres formed have a 45
directly into water at 80 or 90[err] to 100[err]C. In   much lower protein
content than the meso- 110        4      the other, the "cold water"
process, the meso-  phase from which they are formed.      phases are
extruded into water at tempera-    The availability of a method of varying
the      tures between 15[err] and 80[err]C; the fibres are  protein
content of the fibres is an important      given elasticity and the desired
texture by sub-  feature of the invention. The texture of the 50  sequent
heating above 80[err]C.               fibres produced depends to a large
extent on  115       5        In the "cold water" process the formation
the protein content; fibres having a high pro-      of fibres is believed
to depend on the forma-  tein content are tougher and have a more      tion
of a skin over a surface of the fibre, this  chewy texture than those with
a lower protein      being formed of precipitated protein, caused  content,
for example those produced by ex- 55  by loss of salt into the bath from
the meso-  trusion into a bath of high salt concentration. 120   5
phase. The fibre at this stage comprises a set  If it is desired to produce
a foodstuff, for      outer skin containing still-fluid mesophase  example
a simulated meat, having a marked      material. On heating the fluid gives
a textured  fibrous texture and requiring more chewing,      material
forming the bulk of the fibre. The  fibres of high protein content for
example 60  skin is well defined, as shown by electron  those produced by
extrusion into a water 125            6      micrographs. Below 40[err]C,
the cold setting  bath, are used. It has been found that a small
process is reversible and a mass of such fibre  variation in the protein
content, for example      may, if the surrounding salt concentration be-  a
2 or 3% variation, has an effect on the tex-      comes high enough, revert
to a mesophase.  ture of the fibres produced.-- 65  This tendency is
eliminated or reduced by    The use of a setting bath containing a salt 130
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7 solution also provides a means for varying   are being extruded that the
total volume of  65 other properties of the fibres. The presence  the
spinnaret hole should be appreciably larger                        of salt
has a marked effect on skin formation  than the volume of the dispersed
material. of the fibres. The fibres extruded into a bath   This can easily
be achieved by using spin- 5  having a relatively high salt content, for
ex-  narets consisting of tubes, for example tubes
ample 4 to 8%  by weight, are translucent,  1 cm long and 0.1 mm internal
diameter. This  70  swollen and fragile. In general, the diameter of
consideration does not apply when extruding  the fibres produced is
increased by extrusion  any homogeneous phase, and although the use
into salt solution by comparison with extrusion   of such tubes causes
considerable shear forces       10  into water. The presence of salt in the
setting  on the mesophases prior to fibre formation it bath appears to
inhibit shrinkage of the fibres  is believed that this is not important to
fibre  75 during setting. The fibres produced by ex-  formation. trusion
into a salt solution have a smoother    When using spinnarets containing
holes of surface than fibres produced by extrusion into  0.1 mm diameter or
less it is desirable that con-  80          15  plain water. The fibres are
also more translu-  larger pieces of carbohydrate should be re- cent
presumably indicating that the formation  moved from the original protein
extract, for  80                       of a skin of precipitated protein is
a less im-  example by recentrifuging it. portant feature of setting when
the extrusion   An extrusion apparatus suitable for carry- bath contains a
salt, and the fibres are slower  ing out the process of the invention is
shown 20  in setting and of lower protein content.      in operation in the
drawing accompanying the If it is desired to control the pH  of the
provisional specification.                  85 bath, a strong buffer, for
example sodium      A  reservoir 1 contains mesophase 2 for
acetate, may be used.                   spinning. The mesophase is fed to a
gear                         Fibres produced by extrusion of mesophase
pump 5, under the action of compressed air    25  through a spinnaret may
have a diameter  from a supply 3 pressing against a disc 4 which  wider
than the holes in the spinnaret from   forms a piston to prevent
channeling, and  90  which they were extruded and, as stated above,  thence
to the actual extruder generally in-  this effect is more marked when they
are ex-  dicated at 6. In the extruder the mesophase
truded into a salt solution. For example, when   passes through a supply
channel 7 to a spin-      30  extrusion takes place into water through a
naret 8. The spinnaret is only diagrammatic-   spinnaret having holes of
0.1 mm  diameter  ally shown but consists of 20 steel tubes of  95 the
fibres produced which have a somewhat  0.2 mm internal diameter set in a
steel plate rough surface and an irregular cross-section  to support them.
into                 have an average diameter of about 0.2mm.    Cooling
water passing through a jacket 10 of a  100        35  Similarly, fibres
produced by extrusion through   from  a supply 9 surrounds the mesophase a
spinnaret having holes of 0.2mm diameter  until it enters the spinnaret.
The water passes 100 have a diameter of about 0.3 to 0.4mm but  from  the
jacket through the spinnaret and fibres produced by extrusion through a
spin-  thence to waste through a channel 11. The                      naret
having holes of 0.5mm diameter having  fibres, shown emerging at 12, pass
into a water 40  a diameter which is very little larger than the   bath
constituted by a stainless steel tank 13 holes in the spinnaret. The fibres
produced by   and are carried away on a conveyor belt 14. 105
extrusion through larger holes also have a  The bath is provided with an
electric heating smooth surface and a more regular cross-sec-  element 15
powerful enough to maintain the   a                  tion.
bath at boiling if desired and situated beneath     110         45    In
the hot water process it is desirable in  the extruder though separated
from  it by a                      order to prevent the mesophase setting
in the  baffle 16 to minimise direct heating of the  110 pipes leading to
the spinnaret or in the spin-  spinnaret. naret itself, that these should
be kept at 20[err]C  The extrusion process is not confined to the
or below. For this reason, the pipes leading to  extrusion through
spinnarets to form  fibres; on  115         50  the spinnaret are
preferably water jacketed,  ribbons and other desired shapes can be and the
spinnaret itself fitted with cooling  formed. For example a mesophase may
be ex- 115 channels, through which cold water is cir-  truded in the form
of a corrugated ribbon and                      culated. The mesophase
should set just as, but  this material, when rolled gently, breaks up not
before, it emerges from the spinnaret.   to yield a material resembling
bunches of 55    The mesophases which are extruded need  fibres. Such a
material has a texture suitable for                 not be homogeneous.
They may as mentioned  for incorporation into food products for ex- 120
earlier contain a minor proportion of dispersed   ample, simulated meat
products.   amorphous protein, and soy mesophases are    In an entirely
different application, the often of this type, containing dispersed
material  mesophase can be used in the unset liquid form     125         60
of the order of 10 microns in size. When these  as a binder in food
products. The products                      are extruded, the holes in the
spinnaret should  thus formed may be set by heating to a centre  125
have at least a certain minimum volume. It  temperature of 80[err]C
preferably 90[err]C.           is important for maintaining a uniform  and
The food products thus made may be based 



steady extrusion rate when mixtures of forms  on a large variety of food
materials, especially                     8
1,265,661                                         8                 meat
and simulated meat products. Mesophase  protein concentration. This makes
it easier to                may be used to bind minced or diced meat or
mix and pump the meat in product manufac-       may be used to bind
reformed meat made from  ture.                milled raw meat and cooked
mince meat which    The shaped heat-set mesophase products,            5
may be subsequently dried or canned. It may  for example diced or
comminuted bulk set 70                also be used as a binder for the set
mesophase  material or extruded fibres or rods may be
products, for example heat-set fibres or non-  used by incorporation in a
variety of food-                fibre pieces such as chunks or for other
stuffs or alternatively substantially on their                vegetable
protein products, for example the  own suitably flavoured and if desired
supple-            10  fibres produced by extrusion of an alkaline  mented
with amino acids or a small proportion  75       10                protein
solution into an acid coagulating bath.  of an animal protein for example
casein. They                  The mesophase when used as a binder has,  can
be set in a matrix of coagulable protein                we have found,
after setting in a variety of  which may itself be a mesophase if desired.
products, a particular advantage in texture over  Two or more forms of
heat-set mesophase for            15  known binders, since it has a chewy
texture  example fibres and diced bulk set material 80           15
of its own in addition to the textures given  may be incorporated into a
foodstuff if desired.                by the other material in it.
These heat-set materials may be used to re-                  A further
advantage of mesophase when  place all or part of the cooked meat ingre-
used as a binder in meat products is its  dient in known foodstuffs.
20  used as a binder in meat products is its capa-    The amounts of the
fibres, the set pieces or  85   20                city to bind water and
hence reduce the loss of  liquid mesophase binder to incorporate in the
weight of the meat when cooked. This bind-  meat products will vary
according to the pro-                ing of the fluids of the meat within
the meat  duct considered. For instance in the product                meat,
making it more juicy and tender. The  of the beefburger type which is
formed from            25  water-holding capacity of mesophases and of
minced beef as the major ingredient together  90        25
meat mesophase mixture varies with pH, which  with onion and other flavours
up to 60% by                makes it possible to form a meat product hav-
weight of the meat may be replaced by protein                ing a desired
water-holding  capacity while  mesophase fibres substitution of 20% to 40%
varying the proportions of meat and meso-  by weight of the meat by fibres
yielding a            30  phase binder in the product.
particularly good product. The texture of the  95           30
When soy protein mesophase at its isoelectric  product is improved in this
way, since it be-                pH (about 4.6 to 4.9) is added to mince
meat  comes more fibrous. The yield of the product                and the
mixture is heated to 100[err]C for an  on cooking is also improved.
Alternatively, up                hour there is little variation in
water-holding  to 40% of the meat may be replaced by bulk           35
capacity up to about 40% mesophase content.  set mesophase binder, which
may be minced  100          35                Above this level of mesophase
the expressible  together with the meat.                juice decreases
rapidly. The  "expressible   A dried meat product can be produced from
juice" is the weight percentage of liquor which  a mixture of fine milled
raw meat and minced                can be decanted from a sample after
centri-  cooked meat. In the formation of such a meat           40  fuging
at 157,000 g for 30 minutes in a 10 ml.  product there is the possibility
of using meso- 105  40                tube. This is a very severe test of
the water-  phase in any of its three forms. The raw meat
holding capacity of the material. When pH   may be replaced partly or
wholly by unset                of the mixture is increased the expressible
juice  mesophase binder and the mix heat-set to a                is
markedly reduced (and the water-holding  centre temperature of at least
80C[err]. For ex-           45  capacity therefore increased) and at about
pH   ample, about 50%  of the raw meat may be 110         45
6.5 to 6.8 the replacement of only 10% of the  replaced by unset mesophase
binder yielding                meat with mesophase causes a drop of up  a
product having an improved and juicier tex-                to 25%  in the
expressible juice.            ture. Moreover this meat product can be
When the mesophase is adjusted to the pH   rehydrated at discrete coherent
pieces, with           50  of the meat, which is 5.7, before mixing the
none of the crumbling of the rehydrated pro- 115                variation
of expressible juice with mesophase  duct which is often a drawback of such
meats.                level follows an intermediate course between
Alternatively or additionally some or all of                the above two
examples. An addition of 10%   the cooked meat content of the dried meat
may                mesophase to the meat causes a drop in ex-  be replaced
by heat-set pieces or fibres. For           55  pressible juice and
thereafter there is little  example, if fibres are incorporated into the
120     55                change until the mesophase level is greater
cooked meat portion of dried meat the product                than 40%. This
is a very useful property of  has an improved texture due to increased
the mesophase when used as a binder since  fibrosity. the mesophase can be
added in proportions    It is possible to produce a dried meat sub-
60  varying between 10 and 40% and it will in-  stitute formed wholly from
vegetable protein  125               crease the water-holding capacity of
the meat  using unset mesophase binder as a matrix for 



to a desirable level for processed meat pro-  heat-set mesophase protein
fibres and sub-               ducts. A further property of the mesophase
sequently heating the product to set the binder.               is that it
markedly reduces the viscosity of  Flavouring substances, for example beef
and           65  comminuted meat without altering the total  chicken
flavours, and permitted colouring may  130           1,265,661
9 be incorporated in the product before or after  ways to produce products
of this type. It may setting.                                 be mixed in
with the pieces of meat and the                      The artificial meats
formed partly or wholly   whole mass may be subsequently heat-set. This
from protein mesophases may also be used in  is similar to the use of
mesophase as a 5  pies, for example in pork pies. The texture of  binder in
meat products. Alternatively, meso-  70 the bulk set mesophase is more
suitable for  phase may be injected into the meat for ex- pork pies than
that of the fibres and if a pro-  ample before it is subdivided into pieces
and                      portion of the meat of the pie is replaced by
when the meat pieces are subsequently mixed                      bulk set
protein .mesophase a more succulent  together and heat-set the protein will
exude  75           10  product may be obtained. In this application  from
the meat pieces and upon heating will  75                      it is
preferable to use a mesophase having a  bind them together. The use of
mesophase in                      solids content in the lower end of the
range  this way gives the added advantage that the in which mesophase will
form, for example  loss of fluids from the meat on cooking is re-
about 20%  solids by weight, as this gives a  duced, and the texture of the
meat is improved. 80           15  product having a slightly softer
texture. It is  The water binding power of the mesophase  80
also possible for meat for pork pies to use  holds the fluids of the meat
within the meat                      unset binder as a replacement for part
of the  and these fluids give to the meat a more tender  meat, preferably
in addition to the use of  and more juicy texture.
minced set pieces.                         If desired a meat-like product
may be made 20   Mesophase protein may also be used for  from protein
mesophase in which all the pro-  85                      canned and frozen
meat products from milled  tein present is derived from vegetable protein
raw meat and cooked mince meat and as with  and where no meat is present.
One suitable                      the dried product meat the raw meat may
be  method of doing this is to prepare a protein
partially or wholly replaced by unset meso-  mesophase having a solids
content of about     25  phase binder, for example up to 40%  of the   25%
by weight, and to emulsify with this 10  90 raw meat may be so replaced, or
the cooked  to 30% by  weight of fat based on the total
meat may be replaced by bulk set mesophase   weight of the mesophase. This
mesophase protein or by mesophase fibres, for example  emulsified with fat
acts as a binder in the pro- up to 50% of the cooked meat may be so re-
tein product and is used in an amount of 20    30  placed. In the case of
the canned product, a  to 50%  by weight of the whole product  to-  95
product having a particularly desirable chewy  gether with 50 to 80%  by
weight of fibres                      flavour which is an improvement over
the  formed by protein mesophase. These fibres
corresponding product containing no vegetable  preferably have a relatively
soft texture and             protein, can be  obtained by using bulk heat-
this soft texture may be achieved by using    35  set mesophase protein to
replace a propor-  fibres having a low protein content, for ex- 100
tion of the cooked meat. It is also noticed that  ample 20 to 25% by weight
of protein, or by when soy protein is used to form a mesophase  using
fibres containing carbohydrate. The                   and this is
subsequently used as a binder for  fibres may suitably be those produced by
ex-            heat-set pieces of a meat product the soy off-  trusion of
mesophase into a setting bath con- 40  flavour which is frequently found in
soy  taining a salt solution. The binder ingredient 105
materials is absent even if the products are  and the fibres are mixed and
the mixture may                      canned.
be moulded or extruded to align the fibres. The a
Reformed meat may be made in the same  product comprising protein mesophase
fibres                      way and may be used as an ingredient in  bound
in a matrix of heat-set mesophase may, 45  frozen products such as meat
pies, for ex-  if desired, be subsequently diced or divided  110
ample chicken pie or steak and kidney pie,  into half inch chunks. The
product has a                      or as an ingredient in boil-in-the-bag
sauces.  chewy fibrous texture. Colouring and flavour-            Mesophase
protein products, in particular  ing agents may be incorporated both into
the            bulk heat-set mesophase may be used in the  protein
mesophase which is emulsified with    50  formation of sausages. The set
mesophase may  fat and into the protein mesophase from which  115 5be
chopped .in a bowl chopper in the process  fibres are formed. In the latter
case, the            conventionally used for making sausages. As  colours
and flavours are preferably incor-            with pie meat, it is
preferably to use a meso-  porated into the mesophase before extrusion. If
phase having a relatively low solids content  desired, fat may be
incorporated into the   55  and indeed generally when bulk heat-set meso-
mesophase before the formation of fibres.  120      phase is used
mesophases having a low solids content yield a product which is softer tex-
EXAMPLES                     tured.                                     The
invention is illustrated by the follow- 



A  further use for the protein mesophase  ing examples, wherein percentages
are by n  125          60  is in the formation of large regularly shaped
weight unless otherwise stated:            pieces of meat formed by
sticking together                     smaller pieces of meat. Such products
are              EXAMPLE 1                 125 valuable commercially, for
example when it    Soy Fluff W, a low-temperature solvent is desired to
produce slices of meat of a uni-  extracted soybean meal was mixed with
excess 65  form size. The mesophase may be used in two  water containing
0.1%  sodium  sulphite and            10
1,265,661                                       10     a few drops of
silicone antifoaming emulsion  pump through a spinnaret into water at
20[err]C.  65    and centrifuged at 5,000 g to remove insoluble  The
pumping rate was about 6 ml/minute and    carbohydrate material. The
supernatant liquid  the spinnarct contained 2000 holes, each of    was then
adjusted to pH 4.6-4.9 by adding  0.09 mm diameter, so the extrusion rate
was 5  hydrochloric acid. A white precipitate appeared  about 0.5 m/minute.
Continuous white fibres         5     and was at once collected by
centrifuging as  formed, and were collected. The bath water  70     a
buff-coloured, putty-like material. The analy-  became slightly yellow, but
no significant     tical composition of the material prepared  amount of
protein dissolved in it. The fibres     in this way was solids (excluding
ash) 43 to  as extruded were treated at 95 [err]C. in water for 10  51%
depending on the force exerted during  1 1/2  minutes and gave fibre
suitable for in- 10     centrifugation; water (containing  dissolved
corporation in foodstuffs.                  75     sodium sulphite) 48 to
56%; salts 1%. There    In a run at an extrusion pH of 4.65 similar     was
some 10%  by weight on the protein of  results were obtained.     residual
dissolved carbohydrate in the protein 15  isolate. The solids-not-ash
figures given in-                EXAMPLE 3
15     clude this carbohydrate.                       This example
illustrates the use of various       250 g of the protein isolate,
containing 43%   salts.                                   80
solids-not-ash were mixed with 150 ml of    Similar procedure to that of
Example 2     water and 6 g of solid sodium chloride in a  was followed and
the reservoir of a spinning 20  laboratory mixer to give a final
solids-not-ash   machine was filled with mesophase, contain-       20
content of 27%  and a final sodium chloride  ing 25% protein, prepared with
0.5 m sodium     molarity on water of 0.39 (not including the  nitrate in
place of the sodium chloride solution.  85     salt derived from the soy
bean meal), at pH  This mesophase was pumped through a     4.82. On mixing
viscosity dropped sharply  single nozzle of 2 mm diameter into water at 25
and transparency rose. Air was removed by  20[err]C. White continuous
fibres formed and     centrifuging  at 600 gav. for  15 minutes. A   on
treatment in hot water they  became     vacuum mixer can be used to avoid
incorpora-  stronger.                                   90     tion of air.
The reservoir of the spinning   Runs with  calcium  chloride, potassium
machine was filled with the mesophase and it  chloride, sodium  phosphate
and ammonium 30  was pumped with a gear pump through a  chloride gave
similar results.     spinnaret containing 20 apertures of 0.2 mm
diameter into water at 20[err]C. Extrusion rates             EXAMPLE 4
of 1.6 and 5 m/minute were used. White con-    This example illustrates the
extrusion of  95     tinuous fibres formed in both cases and were
mesophases which are alkaline to the iso- 35  collected. After treatment
for 1 minute in  electric pH.     water at 90[err]C, the fibres were tough
and     200 g of protein isolate (prepared as des-     elastic and suitable
for incorporation into food  cribed in Example 1) of solids-not-ash 45%
products.                                    were mixed with 44 ml of
water, 5.6 g sodium  100       In runs of this example at mesophase pH's
chloride and 6.2 g sodium bicarbonate in a 40  of 4.05 and pH 4.41 similar
results were ob-  laboratory mixer, to give a transparent meso-     tained.
phase pH 7.10, containing about 40% solids-     In a further run, at pH
4.65, in a spinnaret  not-ash and a total ionic strength of ca. 1.1 on
with 0.1 mm holes and at an extrusion rate  water. The mixture was then
centifuged at 105           45     of 7 m/minute, similar results were
again  500 g for 15 minutes, to de-gas. 45  obtained.
The reservoir of a spinning machine was
filled with the mesophase and it was pumped                     EXAMPLE 2
by a gear pump through a spinnaret contain-        500 g of protein isolate
prepared as des-  ing 2000 holes of 0.09 mm diameter into a 110          50
cribed in example 1, containing 43%  solids-  bath containing tap water at
25[err]C. The ex-     not-ash were mixed with 200 ml of water  trusion rate
was about 1 m/second. Weak 50  and 14 g of solid sodium chloride in a
labora-  fibres formed and were strengthened by heat-     tory mixer to
give a final solids-not-ash con-  ing the water to 95[err]C.     tent of
25% w/v and a final salt molarity of   In a run of this example using a
mesophase  115     0.53 on water (not including the salt derived  of pH
5.61 prepared using 3.1 g of sodium            55 



from the soy bean meal). The pH was 4.8  bicarbonate and 5.6 g of sodium
chloride simi- 55  to 4.9.                                      lar results
were  obtained.        The mixture was then centrifuged at 9000     gav for
60 minutes. Two protein layers and a                 EXAMPLE 5     small
pellet of carbohydrate separated. The    This example illustrates the use
of anti-di- 120     60     upper protein layer, a transparent mesophase,
sulphide agents subsequent to isolation. 60  was removed gently, without
incorporating air,    800 g of meal (Soy Fluff W, a solvent ex-     and the
carbohydrate pellet was discarded.  tracted meal) was mixed with 4 litres
of water        The reservoir of a spinning machine was  to give a mixture
of pH 6.41. This was cen-     filled with the mesophase, which contained
trifuged to remove solid carbohydrate, and  125     23%  protein, and it
was pumped by a gear  the supernatant was brought to pH  4.8 by
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11  adding  hydrochloric  acid.  A  precipitate    20 g of meal (Soy Fluff
W) in each case was  formed, which was removed by centrifuging   mixed with
200 ml of water containing the  to give a sticky putty-like mass, of water
amount of sulphite shown in the table below  content about 47%  and solids
content (in-  and centrifuged to remove carbohydrates after  25  5  cluding
residual dissolved carbohydrate) 53%.  standing for about 30 minutes. From
the       The mass was mixed immediately after pre-  supernatant (pH shown
in column 3 of the                      paration with 2%  (w/w) sodium
chloride. A   Table below), extracted  protein was pre-
clear viscous liquid mesophase formed, which,  cipitated by adjusting the
pH  to 4.8 with if left, rapidly increased in viscosity, setting   HC1. The
yield of wet protein was as shown.  30 10  into a gel 1%  w/w.
mercaptoethanol was  The wet protein, containing about 45%  pro-      added
to prevent this, though the gelling is  tein was then mixed with 6 ml of 2%
sodium                      partly reversible and if the mercaptoethanol is
chloride solution, and additional solid sodium                      added
to the gel the viscosity falls and even-  chloride added to give a final
content of 2%                      tually a liquid mesophase may result.
(w/w) on the whole mass, and a total pro-  35                   15
Similarly, sodium sulphite (1%  w/v) will  tein of 35%. Mesophases formed,
and were prevent or reverse the gel formation. The  separated from  each
other by  centrifuging:      mesophases could be extruded and set as in
the less dense form was removed and analysed   Example 1.
for protein content with the result as shown.
EXAMPLE 6                The mesophases remained  stable  showing  40
20   This example illustrates the effect of various  only a small increase
in viscosity over 48      concentrations of sulphite during extraction.
hours.    at                                                     TABLE
Sample    Sulphite    pH        Yield wet protein      Mesophase protein
content                           1       0.02%      6.60           10.4g
32.5            2       0.05%          6.63             11.7
32.4                           3       0.20%      6.85           11.8
31.0  of  95                 4        0.50%      7.12           12.1
30.8   5       1.00%      7.40            10.7                    27.1  6
2.00%      7.63           10.8                    24.0  a    on
In a similar run 40 g of meal was mixed   droplets appeared which were
separated from  at 105         45  with 200 ml of water, and the total
protein  the coexisting supernatant protein solution by  65
content of the mesophase was adjusted to  centrifuging at 1000 g for 30
minutes in a 49%  protein. Samples at 1-4 in the table  cool centrifuge.
The sediment, warmed to room                     gave viscous transparent
mesophases, which  temperature, was a mesophase and could be
remained stable for at least 24 hours. Samples  extruded to form fibres as
in Example 1. It   a  110         50  5 and 6 were opaque and even more
viscous.  remained stable for several days, and did  70 In both cases the
mesophases could be ex-  not gel.                     truded and set as in
the previous example.            EXAMPLE 8 The example illustrates the use
of ground-           EXAMPLE 7                nut protein, prepared from
low-temperature     This example illustrates the preparation of  solvent
extracted meal.                   75                 55  the mesophase by
cooling and dialysis.         40 g of protein was mixed with 200 ml of
A mixture of i) 60 g of meal (Soy Fluff W)  12.5%  (w/v) sodium chloride
solution at pH                     and ii) 140 ml of a solution of
potassium   5, and kept at 50[err]C for an hour, before filtra- 



phosphate (0.035 M) and sodium  chloride  tion in an oven at the same
temperature, 50                     (0.4 M) at pH 7.6 and containing 1%
mer-  ml of the salt solution being used in addition  80 120         60
captoethanol, was centrifuged to remove in-  for washing. The filtrate
became turbid on                     soluble carbohydrate, and the
supernatant was  cooling in ice, and overnight 50 ml of an ex-
cooled and dialysed against water at 4[err]C for  apparent precipitate
separated. The coexisting 18 hours. A cloudy loose 'precipitate' of 'oily'
supernatant protein solution  was decanted and      125 by            12
1,265,661                                     12       the 'precipitate'
allowed to warm  to 25[err]C   Example 8 was mixed with 700 ml of water
when it formed a clear slightly brown meso-  and 28 g of solid sodium
chloride in a labora-      phase.                                     tory
mixer. The mixture was then centrifuged  15        In a further run the
protein solution was  at 10,000 g for 30 minutes. Two layers
5  5  dialysed against water at 4[err]C. A precipitate  formed, the upper
one being a solution, of      formed and after separation and warming
volume 386 ml containing 6.0%  protein and      formed a mesophase
containing about 43%   2.75% ash. The lower was a viscous slightly
protein.                                   opaque mesophase with a pH of
5.25. The  20              10        The mesophases could be extruded and
volume was 614 ml, and it contained 45.6%  10  textured as in Example 1.
protein and 1.52% ash.
The other mixtures, samples 2 and 3, were                     EXAMPLE 9
made in the same way but containing differ-        300 g of the groundnut
protein used in  ing amounts of salt. The figures were:     25
15                        Total     % NaCl          Mesophase
Supernatant             Sample   Protein   (w/w water)  Protein      Ash
Protein    Ash                1       30%           4         45.6
1.52       6.0       2.7
20               2       30%          10         30.0      8.3       11.9
5.0                3       30%          20         36.8      8.5        7.8
14.7
25        The mesophases could be extruded and tex-  to those of Example 9
but containing approxi-      tured as before.
mately 45% protein.                                                   They
did not separate on centrifuging, giv-   -                     EXAMPLE 10
ing viscous mesophases directly on mixing.               30 30    Mixtures
were made up in a similar way  The salt content was varied:-
35                          % NaC1      Protein in
Sample   (w/w water)   Mesophase     Ash                             1
5           42.9         3.1                             2           10
43.1         5.1                        3           20           40.2
10.8
40         The mesophase could be extruded and tex-               EXAMPLE
12      tured as before.                             This example
illustrates the formation and  55
extrusion of a mesophase from rape protein.                     EXAMPLE 11
1 kilogram of ground rapesced was extracted  40    450 g of groundnut
protein was mixed  by stirring for 4 hours with 2.5 litres of a 2: 1
with 550 ml of 5%  (w/v) sodium chloride  mixture of chloroform and
methanol. A 500      solution to give a mesophase, as in Example  gram
sample of the defatted seed was then  60      10. This was then further
mixed with 5%   extracted with 5 litres of water adjusted to      (w/v)
sodium  chloride to give a range   of  pH 7.1 with sodium hydroxide.
Carbohydrate  45  total protein contents (23, 26, 30, 33, 36, 41,  was
removed by centrifuging and the pH  was      43, 44%). After centrifuging,
in every case, a  adjusted to 5, bringing down a brown protein
sediment appeared  containing  42.2-43.9  precipitate; 4% by weight of
sodium chloride  65 



total solids and about 40%  protein, together  was added to the wet
precipitate and a viscous      with a variable amount of supernatant, which
liquid mesophase was produced.  50  was a solution containing 8-10%
protein.    This mesophase was extruded into cold      The pH was 5.25.
water and light brown pasty fibres were ob-        The mesophase could be
extruded and tex-  tained. These could be textured as described  70
tured as before.                           in Example 1.
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13  EXAMPLE 13                  In two separate experiments, this mesophase
This example illustrates the formation and  was extruded into water at
95[err]C. through  60                      extrusion of a mesophase from
pea protein.    spinnarets having holes of 0.2 and 0.5 mm
1 kilogram of dried peas were powdered  respectively. In both cases
continuous fibres                   5  and mixed with 10 litres of 0.1%
sodium sul-  were formed. The fibres produced by extru- phite. The residues
were removed by settling  sion through holes of 0.2 mm diameter had
and centrifuging and the pH of the super-  a carbohydrate content of 4.0%,
whilst the  65                      natant was then reduced from 6.5 to 4.8
with  fibres produced by extrusion through holes of            hydrochloric
acid. A green protein precipitate  0.5 mm diameter had a carbohydrate
content. 10 appeared on centrifuging. 4%  by weight of  of 6.0%, showing
that soluble carbohydrate                      sodium chloride were added
to this precipitate  was lost from the fibres of smaller diameter.
and a viscous liquid mesophase was produced.                        This
mesophase was extruded into cold                  EXAMPLE 16
70                      water. Soft fibres were produced which were    361
grams of Soy Fluff W were mixed with     15 given a chewy texture by
heating in boiling  160 grams of the protein isolate prepared as
water. Much of the colour of the peas was  described in Example 1, and a
solution of                      lost to the water of the extrusion bath,
which  21.0 grams of sodium chloride in 545 grams
become green.                             of water was added. A mesophase
having fol-  75
lowing composition was produced:
EXAMPLE 14                  20    This example described the preparation
and    Total Solids Content      43.4%                      extrusion of a
soy bean protein mesophase   Ash                           4.45%
containing carbohydrate, from soy meal.     Protein
23.6%                        580 grams of soy protein isolate prepared as
Carbohydrate            15.3%     80                      described in
Example 1 were mixed with 83                  25  grams of soy Fluff W and
a solution of 24.4    This mesophase was extruded into water
grams of sodium chloride in 336 grams of  through holes of 0.2 mm and 0.5
mm as des-                      water was added. No phase separation
occurred  cribed in Example 14. Soft fibres were pro-
and a mesophase was produced. This meso-  duced which were mechanically
weak, those phase had the following composition, the per-  which produced
by extrusion through holes  85                  30 centage being by weight:
of 0.5 mm diameter were fragmented. The soft     35
weak fibres produced were useful for incor-                        Total
Solids Content          42.1%     poration in meat products of the kind
where                        Ash                            3.3%     a very
fibrous, chewy texture was not desired.                        Protein
30.2%     The carbohydrate content of the fibres was  90
Carbohydrate                   8.6%     4.2%  for the fibres produce by
extrusion
through holes of 0.2 mm diameter and 5.7%                  35   This
mesophase was extruded into water  for fibres produced by extrusion through
holes                      through a spinnaret containing 20 holes each  of
0.5 mm diameter.                      of 0.2 mm diameter. Continuous fibres
formed                      at 95[err]C. These fibres were found to have
car-        EXAMPLE 17                 95                      bohydrate
content of 6.7%. The lower carbo-  Part (a)                  40  hydrate
content of the fibres compared to the    A soybean protein mesophase was
prepared                      mesophase was assumed to be due to the loss
by mixing a precipitated protein isolate (here,                      of
soluble carbohydrate to the extrusion bath.  as in previous and subsequent
Examples, ob-  The mesophase containing 8.6% of carbo-  tained as described
in Example 1) with salt 100            hydrate was also extruded into water
through  and water. The mesophase contained about                  45  a
spinnaret containing 20 holes each of 0.5 mm   4% sodium chloride based on
the water pre-                      diameter. Again, continuous fibres
formed and  sent, and had a protein content of about 45%
these had a carbohydrate content of 7.4%.  by weight. The pH of the
mesophase prepara-     tion was 4.9. To this (10 grams) was added 105
EXAMPLE 15                  15% by volume of ethanol. The mesophaso
460 grams of soy protein isolate prepared  remained stable. 1 ml of a 20%
weight solu-                  50  as described in Example 1, were mixed
into  tion of zein in aqueous ethanol was then                      208
grams of Soy Fluff W and a solution of  added to the system. This was
incorporated     22.5 grams sodium chloride and 332 grams  into the
mesophase to give a mesophase con- 110                      water was
added. A mesophase having the  taining both soybean protein and zein 



following composition was produced:         This mesophase was extruded
into water
and fibres formed. The fibres had a smoother,                  55    Total
Solids content          45.0%     shinier appearance than those obtained
from     70                 Ash                            2.2%
soybean protein alone. The fibres could be 115
Protein                       29.6%     textured by heating.
Carbohydrate                  12.4%          14
1,265,661                                      14         Part (b)
EXAMPLE 21        To the soybean protein mesophase des-    This example
illustrates the use of hot water      cribed in Part (a) was added 16% of
ethanol,  in the extrusion baths. 1000 g of soy protein  60      followed
by 1ml of a 40%  solution of zein  isolate prepared as described in Example
1, 5  in aqueous ethanol, and the mesophase was  containing 43%
solids-not-ash were mixed      extruded to form fibres as described above.
with 300 ml of water and 25 g of solid sodium
chloride in a laboratory mixer to give a meso-      Part (c)
phase of pH  4.8, solids-not-ash content of  65        To 10 g of the
soybean protein mesophase  25%  and a molarity on water of 0.5. This
described in Part (a) was added 12%  of  introduced air, which was removed
by cen-  10  ethanol followed by 5 ml of a 40% solution  trifuging at 600
g, for 15 minutes.     of zein in aqueous ethanol. The mesophase was
1333 g of the mesophase were placed in     noticeably more viscous than the
original con-  the reservoir of a spinning machine and  70     taining
soybean protein alone. The mesophase  pumped through a spinnaret containing
20     was extruded to form fibres and these fibres  holes of 0.5. mm
diameter into a bath of dis-        15  15  were textured by treatment in
hot water.   tilled water at 95[err]C. The pumping rate was
40 ml/minute and the extrusion rate was 10                    EXAMPLE 18
m/minute. 1317 g of wet fibres were produced, 75        To 5 g of the
soybean protein mesophase  of composition 69.4%  (w/w) water, and
prepared in Example 17 was added 10%  of  30.6% solids. They contained 43.7
mg N/gm      dioxan followed by 1 ml of a  20%  solution  wet weight and
had a protein content of about 20  of zein in 60%  aqueous dioxan. The
meso-  85% (w/w) of the dry weight.      phase containing both zein and
soybean protein  The bath water contained 0.01%  nitrogen  80      was
extruded into water and fibres formed.  and 0.43%  solids. The bath
contained only      The fibres became stronger on heat treatment.  15 g of
protein, if all the nitrogen was of pro-
tein origin. Analysis of the bath water after                    EXAMPLE 19
freeze drying showed that the nitrogen was 25    This example illustrates
the use of inter-  mainly of non-protein origin, and virtually  85
mediate temperatures in the extrusion bath  no protein was lost into the
bath. The bath     when making fibres. Mesophases of soy pro-  contained
164 mgm of sodium sulphite derived          throu     tein of pH 4.6
prepared as described in Ex-  from the original protein isolate, and the
fibres     ample 1 were used at an extrusion rate of  34 mgm.
Fibre 30  2 m/minute through a spinnaret having holes    Much of the
colouring and flavouring com-  90      throu     of 0.2 mm diameter, the
procedure being that  ponent of the soy protein preparation remained     of
example 1. The results were similar to  in the water bath after  extrusion.
The fibres         Fibre     those of that example, runs being carried out
were white and bland, and were strong and          throu     at 30[err]C,
50[err]C and 80C, the fibres being  elastic, with a texture giving a good
"chew." 35  the more stable in the mass  and the better in   The initial pH
of the bath was 5.2 and the  95     form the higher  temperature.
final pH 4.80.                                                   In runs
with  0.2 and 0.1 mm  spinnaret                    EXAMPLE 20
holes at the same pH and at pH 4.25 and 4.61     This example describes
the extrusion  of  (adjusted with HCI) similar results were ob-
groundnut protein mesophase into baths at  tained.
100 40  intermediate temperatures.                   The fibres were rinsed
with tap water be-       80 g of protein was mixed with 120 ml of  fore
storage.     water and 12 g of solid sodium chloride, and     centrifuged
at 500 g for 15 minutes to de-gas:     no phase separation occurred. The
mesophase 45  was then pumped from a reservoir by means of          EXAMPLE
22 .     a gear pump through a spinnaret containing  This example
illustrates the  effect  of dif-     20 holes of 0.2 mm into water at
20[err]C. Fibres  ferent protein contents in extrusion of meso- 105
formed, continuously, and were collected. The  phase into hot water.  The
procedure of Ex-     fibres were finally textured in hot water.  ample 21
was followed except that mesophase 50    In further runs extrusion was into
water at  containing 25% and 27.3% protein were used.     40[err]C and
80[err]C. Continuous fibres formed,  Extrusion was at 6 m/minute through a
spin-     somewhat more discrete and stable than those  naret having holes
of 0.5 mm diameter. Fibres 110     formed at 20[err]C.
formed but tended to break up giving a dis- 



All fibres were textured by suspension in  continuous product, useful but
less desirable 55  boiling water for 2 minutes. They become  than the
continuous fibres.     strong and elastic with a good texture, suitable
In runs at 35%, 38%  and 41%  protein     for incorporation into
foodstuffs.         continuous fibres were obtained.          115
15           1,265,661                                                15
ExAmPLE 23                             EXAMPLE 24 The procedure of Example
4 was followed,    The rape protein mesophase produced in using the
mesophase having pH 5.61 but ex-  Example 12 was extruded into water held
at truding into a solution of commercial sodium   95 to 100[err]C. Tough
moderately elastic fibres  20 5  acetate 0.1 M at pH 4.7. Fibres more
discrete  with a "chewy" texture and with a rather and continuous than
those of Example 4 were  hot mustardy flavour were produced. obtained and
treated in hot water as before. Fibres having a chewy texture were
obtained.             EXAMPLE 25 In a further run using mesophase contain-
A soy protein mesophase having a protein                10  ing 32%
solids-not-ash and a pH of 6.25 simi-  content of 28.4% by weight was
prepared by  25                    lar results were obtained.
mixing protein isolate with salt and water. in                  In further
runs again using the mesophase  This mesophase was then extruded into a
bath having 32% solids content and pH 6.25 the  of water at 95[err]C
through spinnarets of three     sodium acetate solution was at 70[err]C.
Fibres  different sizes. The diameter of the fibres 15  more discrete and
of greater stability in the  produced was measured and their appearance  30
mass were obtained.                    was noted. The solids content,
protein content, 10
and ash content of the fibres was also measured. The results are shown in
the following table.       80                                       Content
Diameter    Appearance                                    % H20     (%)
% Ash    % Protein        of fibres    of fibres                 Mesophase
before extrusion        67.5      32.5  3.1       25.7    85
Fibres extruded  through 0.l mm holes    66.7      33.3      0.72
32.4      0.2 mm         fragmented           Fibres extruded    90
through 0.2mm holes     66.2      33.8      0.55        30.2
0.3-0.4mm        Smooth              Fibres extruded                through
0.5mm holes     66.7      33.3      0.64        29.9      0.5-0.6 mm
Smooth     95  35               ExAMPLE 26                truded into five
different setting baths at 95[err]C  45                     This example
describes the extrusion of soy  containing  a varying  amount of sodium
protein mesophase  into  baths having a vary-  chloride. The following
table compares the                   ing concentration of sodium  chloride.
composition of the fibres formed by extrusion                 40  content
of about 25% was prepared by mixing  mesophase had a solids content of
31.3%, an  50                    together a protein isolate and sodium
chloride  ash content of 2.7%  and a protein content
solution. The pH of this mesophase was ad-  of 24.9%. The fibres were
washed with water                    justed to 4.4 with hydrochloric acid.
In  before analysis.                    separate experiments, this
mesophase was ex-          16                                  1,265,661
16                                              Fibre Composition
Salt Content 



of Bath      % H[err]O       % Solids    % Ash    % Protein
0            60.5        39.5       0.9         36.2                   0.1%
64.3        35.7       0.48        37.6                   0.5%         66.1
33.9        1.09       32.3                   1.0%         68.6        31.4
0.39        29.8                   4.0%         74.5        25.5       0.5
23.2                    EXAMPLE 27                 prepared and extruded as
described in Ex-           15      This example describes the extrusion
into  ample 26. The mesophase before extrusion had    water and sodium
chloride solution of a soy  a solids content of 30.4%, an ash content of 5
protein mesophase of pH 4.6 and having a  2.6%  and a protein content of
24.6%. The  10    protein content of 24.6%. The mesophase was  results
obtained after washing were:
20                                              Fibre Composition
Salt Content                  of Bath      % H[err]0      % Solids    % Ash
% Protein                     25                   0            60.3
39.7        0.9        35.8                   4.0%         74.2        25.8
0.3        23.2                    EXAMPLE 28                 pared and
extruded as described in Example      This example describes the extrusion
into  26, had a water content before extrusion of 15 water and sodium
chloride solution of a soy  70.1%, an ash content of 2.7%. and a protein
20     protein mesophase of pH 5.0 and solids con-  content of 24.3%.
tents 29.9%. The mesophase, which was pre-
Fibre Composition                Salt Content                  of Bath
% H[err]O      % Solids     % Ash    % Protein                   0
64.3        35.7       0.8         32.6                   4.0%         76.5
23.5        0.4        21.5                    EXAMPLE 29
by extrusion through a spinnaret having holes       50       This example
describes the incorporation of  of diameter 0.2 mm. 25  soybean protein
fibres into a meat product. The  (a) Raw forequarter beef was coarsely
milled  30     fibres used were prepared as described in Ex-  through a 14
mm. plate. This was mixed with     ample 21 from a mesophase having a pH
4.8  the protein mesophase fibres and other in-
55
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17                     gredients in the proportions shown below in
proportions of milled beef mesophase, rusk,                     a Hobart
mixer using a paddle. The mix was  onion, flavouring agents, salt and
spices des-                     moulded to form products of the
"beefburger"  cribed in Part 1 of that example. In this case,
type weighing 75 g. and these were frozen at  however, the mesophase was in
the form of  65                 5   -20[err]C.
minced bulk-set material prepared as des-
cribed above. Simulated beefburgers were ob-
Ingredients            % Formulation    tained and these could be fried.
milled beef                      48.0. 



mesophase fibres                 32.0                    EXAMPLE 31
rusk                              6.4       This example describes the use
of a meso-  70                 10    onion                            12.0
phase as a binder in preparing a dried beef-
flavouring agents, salt and               based product.
spices                          1.4       A soy protein mesophase was
prepared hav-
ing a solids content of about 30% and its pH                        The
simulated beefburgers thus formed  was adjusted with sodium bicarbonate to
5.8-  75                     were fried for 10 minutes in medium hot fat
6.0.  The mesophase was then incorporated                 15  (140[err]C).
into a meat product formulation containing                        For
comparative purposes beefburgers con-  the ingredients listed below.
taining 80%  milled beef and no mesophase fibres with the same additional
ingredients as    Ingredients        % Formulation                     set
out above were prepared and fried. The   milled raw meat
16.83    80                 20  products containing mesophase fibres were
cooked meat                       40.40                     similar in
appearance to the products contain-    defatted liquor             18.53
ing 80%  beef. They were found to have a    fat
5.72                     chewy texture which was preferred to the tex-
mesophase binder              16.83                     ture of the control
containing no mesophase   salt and flavourings              1.68    85
25  fibres. No objectionable soy off-flavour could                     be
detected in the fried product.             The mix was mould cooked in
boiling water                        The apparent yield of the product
contain-  until it had a centre temperature of 85[err]C. It
ing mesophase fibres after cooking calculated  was then sliced and  broken
into pieces and                     by comparing the weight of the product
after  the pieces were air dried at 50[err]C for 16 hours.
30  and before cooking was found to be 93.3%,    A control experiment was
carried out using  91                     which was higher than the yield
found for the  the same process but replacing the mesophase
control, which was 91.9%.                   with an equal amount of the
milled raw meat.                     (b) A meat product of the beefburger
type  The dried pieces obtained in each case were           was prepared as
described in Part (1) except  heated in boiling water for 10 minutes for
35  that it contained 64.0% milled beef and 16.0%   assessment. The texture
of the rehydrated  95                      mesophase fibre, the other
ingredients being  pieces containing mesophase binder was pre-
used in the same proportions. The product  ferred to that of the control
pieces.                      after cooking was again found to have a chewy
The above example was repeated using the                      texture which
was preferred to the texture  same ingredients in the same proportions but
40  of a control containing no mesophase fibre.  heating the mix to a
centre temperature of 100                      (c) A product of the
beefburger type was  95[err]C while cooking before drying. In this
made as described in Part 1 except that it  case the texture of the
rehydrated pieces which                      contained 32%  milled beef and
48%  meso-  contained mesophase was greatly preferred to
phase fibre, the proportion of the other in-  control pieces prepared as
described above.                 45  gredients remaining the same. The
product  The rehydrated pieces were also found to  105
after frying had an acceptable texture, al-  have an improved texture over
the pieces pre-                      though this was more fibrous than
would nor-  pared by the process in which the mix con-
mally be expected in a beefburger. The ad-  taining mesophase was only
heated to a centre                 vantage of a higher yield on cooking was
temperature of 85[err]C. It was thus shown that                 50  again
obtained.                             heating to the higher temperature
improved  110
the texture (chewiness) of the product. No tex-     30
EXAMPLE 30                   ture improvement was found when the control
A soybean protein mesophase having a total  mix, which did not contain
mesophase, was                      solids content of about 30% was
prepared by  heated to a higher temperature before drying.
mixing protein isolate, salt and water in the    The yields of dried
material from the cooked  115                 55  required proportions. The
pH of the meso-  mix and of rehydrated meat from the dried
phase was adjusted to 5.8-6.0. The meso-  material were calculated for the
product con-                      phase was then set in long strips by
heating  taining mesophase (that heat-set to 95[err]C) and
(to 100[err]C) and the bulk heat-set mesophase  for the control. The ratio
of the weight of dried                      obtained was minced through a 5
mm. plate.  pieces to the weight of the cooked pieces before 120
60   Products of the beefburger type were ob-  drying was 1:2.53 in the
case of the product                      tained as described in Example 29
using the  containing mesophase, whereas it was 1: 2.69                18
1,265,661                                       18        for the control.
Thus the yield of dried meat  used in meat for pork pies. The table below
60          product from the cooked mix was somewhat  shows the proportion
of ingredients used and          higher in the case of the dried pieces
contain-  the quantity of the meat mix used in each pie.          ing
mesophase. Moreover, the proportional in-  The pork was mild cured and
minced through 5  crease in weight on rehydration was 2.66: 1 for  a 5 mm
plate. Minced fat was added to it to          the pieces containing
mesophase compared with  increase the fat level of the meat to about  65 



2.57: 1 for the control. There is thus a further  40%. The ingredients were
mixed together          increase in yield on rehydration.          on a
Hobart mixer using a paddle.                          EXAMPLE 32
Quantity used  10    A meat product was prepared using the same    pork
meat                   132.7 g          ingredients in the same proportions
as in Ex-    heat-set mesophase         76.6 g    70          ample 31.
After mixing the pH of the mix    fat                             12.0 g
was adjusted to 5.6. The mix was then mould   water
11.9 g          cooked in boiling water to a centre tempera-    spice and
salt mix           3.9 g      15  ture of 95[err]C, sliced and broken into
pieces          and the pieces were air dried.               Hot water
pastry was freshly made and            When the pieces were rehydrated they
were  moulded into cases around the meat while  75  found to have an
improved texture over con-  still warm. The pies were cooked and glazed
trol pieces which did not contain any meso-  for 1 1/2 hours and gelatin
solution was added      20  phase. The texture of the rehydrated pieces
when they were cool.          was similar to that of the pieces containing
A similar pie containing no mesophase was          mesophase heated to a
centre temperature of  made as a comparison. This had the formula-  80
95[err]C before drying which had had no pH ad-  tion:          justment,
described in Example 31.     Quantity used     25                 EXAMPLE
33                     pork meat                     223.5 g            A
dried meat product was prepared con-    water
10.0 g          taining both the mesophase binder prepared as    spice and
salt mix         4.18 g    85          described in Example 31 and
mesophase fibres          of the type used in Example 29.              The
pork pies formed containing mesophase      30  The formulation used was: -
had a succulent texture. A small taste panel
was conducted in order to determine a pre-            Ingredients
% Formulation    ference for flavour and texture between the
milled raw meat                 16.83    pie containing heat-set mesophase
and the con-  go            cooked meat                     32.32    trol
pie which had a much higher meat content.            defatted liquor
18.53    Very few people could distinguish any dif-      35    fat
5.72    ference between the pies and no significant            liquid
mesophase binder         16.83    preference was noted in spite of the big
dif-            mesophase fibres                 8.08    ference in the
meat content                 95            salt and flavouring
1.68      For comparison a pie was made by the
same process but using mixed bulk heat-set            The mix was mould
cooked in boiling water  mesophase which had a solids content of about
40  to a centre temperature of 85[err]C and was then  30%  The texture of
this product, although          sub-divided and air dried.
still acceptable was not as succulent as that 100             The dried
pieces were heated in boiling  of the product using mesophase having a 20%
water for 10 minutes for assessment.       solids content.             On
rehydration coherent pieces were ob-      45  tained, although these were
rather soft-tex-              EXAMPLE 35          tured. Rehydrated pieces
having a firmer tex-    Pork pies were made by the process of Ex-
ture could be obtained if the mix was heated  ample 34 using the quantities
of ingredients 105          before drying to a centre temperature of
95[err]C.  listed below. The unset mesophase used was
the 20% solids content mesophase prepared in
EXAMPLE 34                  Example 34. It was mixed in with the other in-
50    A soy protein mesophase having a solids  gredients after the pork and
the heat-set meso-           content of about 30%  was prepared as des-
phase had been minced.                    110           cribed in Example
31; this was then diluted           by the addition of 4% sodium chloride
solu-                           Quantity used           tion until the
protein content was 20%. The    pork meat                   132.7 g      55
pH of the mesophase was adjusted to 5.8 to    heat-set mesophase
47.5 g           6.0 and it was then set by autoclaving at 5    unset
mesophase              29.2 g           p.s.i.g. for 30 minutes and the set
material    fat                         12.0 g    115           was minced
through a 5 mm plate.             water                          11.9 g
The minced bulk heat-set mesophase was    spice and salt mix
3.9 g                             19    1,265,661
19     60               The pork pies formed by the process of this
% Formulation    60 



example had a succulent texture which was    milled raw meat
33.66          rather softer than that of the pies prepared in    cooked
meat          30.30                    Example 34. When a small taste panel
ex-    heat-set mesophase          10.10                    periment was
conducted using a control pie    defatted liquor           18.53    65
prepared as in Example 34 there was again    fat
5.72    65                    no significant preference for either pie and
few    salt and flavourings     1.68                    people could
distinguish any difference be-                    tween the pie containing
mesophase and the    The meat pieces were incorporated into
10  control containing a higher proportion of meat.  frozen steak pies and
canned meat products
as described in Example 37, and were com-    EXAMPLE 36
pared with a control which contained no  70                      A soy
protein mesophase having a 20%  mesophase material. The products containing
solids content was prepared as described in  mesophase had the appearance
of discrete co-                    Example 34. Soy fluff W  soybean meal
was  herent pieces of meat and had the same ap-          15  added to the
protein mesophase in the ratio  parent meat content as the control. The
pro-                    1:19. This increased the proportion of car-  ducts
containing mesophase were chewy and  75     bohydrate in the mesophase but
no phase  close textured and their texture was preferred
separation occurred. This mesophase material  to that of the control.
was autoclaved at 5 ps.i.g. for 30 minutes and                20  was
minced through a 5 mm plate.                      ExAMPLE 39  Pork pies
were then prepared by the method    A meat product in the form of pieces
suit-  - 80              of Example 34 using the mesophase containing  able
for freezing or canning was prepared by  80                    added
soybean meal in place of the heat-set  the method of Example 38, using soy
protein                    mesophase used in Example 34. Acceptable  fibres
of the type used in Example 29 in place                I 25  simulated pork
pies were formed.       of the heat-set mesophase. Soft textured pro-
Pork pies were also formed by the method  ducts having a fibrous meat-like
texture were                    of Example 35 using the minced heat-set
meso-  obtained.                        85     85             phase
containing added soybean meal in place           EXAMPLE 40
of the heat-set mesophase used in Example 35  A meat product containing
both mesophase  30  and the  unset mesophase containing added  binder and
fibres formed from  soy protein  soybean meal in place of the unset
mesophase  mesophase was prepared as described in Ex-
used in Example 35. An acceptable simulated  ample 33. After cooking, the
meat product was  90 pork pie was again formed.              chopped into
pieces and was used in frozen     and canned products. Acceptable products
EXAMPLE 37                                           having a meat-like
texture were obtained. 35   A meat product containing mesophase binder was
prepared using the same ingredients as in    WHAT WE CLAIM IS:-
Example 31. The ingredients were mixed and   1. A  fluid heat-settable
aqueous protein  95     95             mould cooked as described in that
Example.    mesophase comprising from  15 to 50%  by After cooking, the
meat products were  weight of a substantially undenatured plant 40  chopped
into pieces simulating stewed steak.  protein maintained in the dissolved
state at a These "stewed steak" pieces were incorporated  pH from 3 to 9 by
a dissolved water-soluble with gravy into a pastry case to form a steak
salt.                            100 pie, which was then frozen. When the
product    2. A protein mesophase according to Claim                    was
reheated, it contained discrete coherent  1, in which the content of
dissolved plant pro-                 45  pieces of "meat" and had the same
apparent  tein is at least 20% by weight.                    meat content
as a product in which raw meat    3. A protein mesophase according to Claim
was used instead of the mesophase binder.  2, in which the content of
dissolved plant pro- 105 The "stewed steak" pieces could also be  tein is
from 20 to 45% by weight. canned in a savoury gravy. When this pro-    4. A
protein mesophase according to any 50  duct was rewarmed, discrete coherent
meat-  one of claims 1 to 3, having a pH from 3 like pieces were obtained,
and no soy off-  to 7.5.                     flavour was detectable.
5. A protein mesophase according to any one 110
of claims 1 to 4, having a pH from 4 to 6.     EXAMPLE 38
6. A protein mesophase according to any                       A meat
product was prepared incorporating  one of claims 1 to 5, which
additionally con-                 55  minced heat-set mesophase material of
the  tains a dissolved anti-disulphide agent as                     type
used in Example 30. The process used for  hereinbefore defined.
115                     preparing the meat product was similar to that
7. A protein mesophase according to Claim                     used in
Example 37, and the following formu-  6, in which said agent is a sulphite,
bisulphite       lation was used:                        or dithionite.
19                                   1,265,661
19      The pork pies formed by the process of this                     %
Formulation    60 



example had a succulent texture which was   milled raw meat
33.66        rather softer than that of the pies prepared in    cooked meat
30.30                     Example 34. When a small taste panel ex-
heat-set mesophase            10.10 5  periment was conducted using a
control pie    defatted liquor              18.53 prepared as in Example 34
there was again   fat                            5.72    65 no significant
preference for either pie and few  salt and flavourings           1.68
people could distinguish any difference be-                     tween the
pie containing mesophase and the     The meat pieces were incorporated into
10  control containing a higher proportion of meat.  frozen steak pies and
canned meat products
as described in Example 37, and were com-    70
EXAMPLE 36                  pared with a control which contained no  70
A soy protein mesophase having a 20%   mesophase material. The products
containing                    solids content was prepared as described in
mesophase had the appearance of discrete co-                    Example 34.
Soy fluff W  soybean meal was  herent pieces of meat and had the same ap-
15  added to the protein mesophase in the ratio  parent meat content as the
control. The pro-                    1: 19. This increased the proportion
of car-  ducts containing mesophase were chewy and  75 bohydrate in the
mesophase but no phase  close textured and their texture was preferred
separation occurred. This mesophase material  to that of the control. was
autoclaved at 5 p.s.i.g. for 30 minutes and                20  was minced
through a 5 mm plate.                        EXAMPLE 39
Pork pies were then prepared by the method  A meat product in the form of
pieces suit-    of Example 34 using the mesophase containing   able for
freezing or canning was prepared by  80                    added soybean
meal in place of the heat-set  the method of Example 38, using soy protein
mesophase used in Example 34. Acceptable  fibres of the type used in
Example 29 in place               25  simulated pork pies were formed.
of the heat-set mesophase. Soft textured pro-               Pork pies were
also formed by the method   ducts having a fibrous meat-like texture were
of Example 35 using the minced heat-set meso-  obtained.
85   85              phase containing added soybean meal in place
EXAMPLE 40                    of the heat-set mesophase used in Example 35
A meat product containing both mesophase               30  and the unset
mesophase containing added  binder and fibres formed from  soy protein
soybean meal in place of the unset mesophase  mesophase was prepared as
described in Ex-                   used in Example 35. An acceptable
simulated   ample 33. After cooking, the meat product was  90
pork pie was again formed.                chopped  into pieces and  was
used  in frozen   and canned products. Acceptable products
EXAMPLE  37                having  a    meat-like texture were obtained.
35   A meat product containing mesophase binder         was prepared using
the same ingredients as in  WHAT WE CLAIM   IS: -                   Example
31. The ingredients were mixed and     1. A  fluid heat-settable aqueous
protein  95   95             mould cooked as described in that Example.
mesophase comprising from   15 to 50%   by                     After
cooking, the meat products were  weight of a substantially undenatured
plant               40  chopped into pieces simulating stewed steak.
protein maintained in the dissolved state at a                   These
"stewed steak" pieces were incorporated   pH from 3 to 9 by a dissolved
water-soluble                   with gravy into a pastry case to form a
steak  salt.                               100                   pie, which
was then frozen. When the product    2. A protein mesophase according to
Claim         was reheated, it contained discrete coherent  1, in which the
content of dissolved plant pro-               45  pieces of "meat" and had
the same apparent  tein is at least 20%  by weight.                  meat
content as a product in which raw meat    3. A protein mesophase according
to Claim                  was used instead of the mesophase binder.   2, in
which the content of dissolved plant pro- 105                    The
"stewed steak" pieces could also be  tein is from  20 to 45%  by weight
105             canned in a savoury gravy. When this pro-   4. A  protein
mesophase according to any              50  duct was rewarmed, discrete
coherent meat-  one of claims 1 to 3, having a pH  from  3
like pieces were obtained, and no soy off-  to 7.5.
flavour was detectable.                     5. A protein mesophase
according to any one  110
of claims 1 to 4, having a pH  from  4 to 6.  EXAMPLE 38
6. A  protein mesophase according to any        A  meat product was
prepared incorporating  one of claims 1 to 5, which additionally con-
55                  minced  heat-set mesophase material of the  tains a
dissolved anti-disulphide agent as                  type used in Example
30. The process used for  hereinbefore defined.               115
preparing the meat product was similar to that    7. A protein mesophase
according to Claim                  used in Example 37, and the following
formu-  6, in which said agent is a sulphite, bisulphite 115
lation  was used:                         or dithionite.
20                                       1,265,661
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8. A protein mesophase according to any  0.2 based on the water content of
the meso-          one of claims 1 to 7, in which the dissolved  phase.
water-soluble salt is present in a concentration  24. A process according
to any one of Claims         sufficient to give an ionic strength (based on
the   16 to 23, in which the edible salt is sodium              5  water
content of the mesophase) of at least  chloride.
70                  0.2.                                           25. A
process according to any one of                     9. A protein mesophase
according to any  Claims 16 to 24, in which the plant protein
one of Claims 1 to 8, in which the plant pro-  is soy protein.
tein is soy protein.                           26. A process for the
production of edible              10    10. A protein mesophase according
to any  protein fibres, in which an aqueous soy protein  75
one of Claims 1 to 8, in which the plant pro-  mesophase is extruded into
an aqueous medium                  tein is groundnut protein.
which is at a temperature  above 80[err]C, said                     11. A
process for the production of solid  mesophase comprising from 20 to 45%
by                  protein material, in which a fluid heat-settable
weight of substantially undenatured soy pro-              15  aqueous plant
protein mesophase according to  tein maintained in the dissolved state at a
80                  any one of Claims 1 to 10 is set by heating  pH from 4
to 7.5 by dissolved sodium chloride                  above 80[err]C.
present in a concentration sufficient to give an                     12. A
protein mesophase according to any  ionic strength of at least 0.2 based on
the water                  one of Claims 1 to 10, in  which the dissolved
content of the mesophase, said mesophase ad-              20  water-soluble
salt is an edible salt and the  ditionally containing a dissolved sulphite,
bi-  85 mesophase is heat-settable to edible material.  sulphite or
dithionite.                 13. A protein mesophase according to Claim  27.
A process for the production of edible                 12, in which the
edible salt is sodium chloride  protein  fibres  according  to  any  one
14. A  heat-set edible protein mesophase  of   Claims   16   to   20,  in
which              25  which has been obtained by heating above  the
plant  protein   mesophase  is  ob-  90                  80[err]C a protein
mesophase according to Claim  tained  by treating a substantially oil-free
12 or  13.                                   source of soy protein with
water in the pre-              15. A  heat-set edible protein mesophase
sence of a water-soluble anti-disulphide agent                  according
to Claim 14, in the form of fibre.    as hereinbefore defined to form a
solution of             30    16. A process for the production of edible
soy protein containing said agent in solution;  95                  protein
fibre, in which a fluid heat-settable  separating said soy protein solution
from un-                  aqueous mesophase of plant protein is ex-
dissolved matter; adjusting the pH  of said                  truded into an
aqueous medium and the fibres  solution to precipitate a soy protein
isolate;                  formed are set by heating above 80[err]C, said
and treating the isolate in the presence of said             35  mesophase
comprising from 20 to 50%  by   anti-disulphide agent with a water-soluble
100                  weight of substantially undenatured plant pro-  edible
salt in an amount to bring the soy pro-                  tein maintained in
the dissolved state at a pH   tein into the dissolved state at a
concentration                  from 3 to 9 by a dissolved water-soluble
edible  of not less than 20% by weight.                  salt.
28. A process according to Claim 27 sub             40    17. A process
according to Claim  16, in  stantially as described in Example 1.
which the aqueous medium  into which the       29. A process for the
production of edible                  mesopbase is extruded is at a
temperature  protein fibre according to Claim 17 substan-
above 80[err]C, so that fibre formation and heat-  tially as described in
Example 21.                  ing above 80[err]C  occur substantially simul-
30. A  process according to any one of             45  taneously.
Claims 16 to 24, in which the plant protein  100                    18. A
process according to Claim 16 or 17,  is groundnut protein.
in which the mesophase contains from 20 to    31. Edible protein fibre
whenever obtained                  45% by weight of dissolved plant
protein.    by a process according to any one of Claims
19. A process according to Claim  16, 17   16 to 30.             50  or 18,
in which the pH of the mesophase is    32. A food product comprising the
edible  115                 from 3 to 7.5.
heat-set mesophase of Claim 14 is association                    20. A
process according to Claim 16, 17 or  with other edible material.
18, in which the pH of the mesophase is from   33. A food product
comprising the edible            4  to 6.
fibre-form  heat-set mesophase of Claim  15            55    21. A process
according to any one of Claims  or 31, in association with other edible
material. 120                 16 to 20,  in which the mesophase
additionally    34. A food product comprising the edible
contains a dissolved anti-disulphide agent as  heat-set mesophase of Claim
14 in the form                 hereinbefore defined.
of a matrix in which other edible material is            22. A process
according to Claim  21, in  distributed.            60  which the
anti-disulphide agent is a sulphide,    35. A food product according to
Claim 34  125                 bisulphite or dithionite.
wherein the other edible material is fat                   23. A  process
according to any one of    36. A food product according to Claim 34
Claims 16 to 22, in which the dissolved water-  wherein the other edible
material is cooked                 soluble edible salt is present in a
concentration   meat.             65  sufficient to give an ionic strength
of at least    37. A food product according to Claim 36  130       
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21           in which comminuted raw meat is also present.  heat-set
mesophase of Claim 14 in the form                       38. A food product
according to Claim 36  of a matrix having distributed in it the edible
or 37, in stable, dried form.              heat-set mesophase of Claim 14
in the form of                       39. A food product according to Claim
34  discrete non-fibre pieces or the edible fibre-  15    5  wherein the
other  edible material is a car-  form heat-set mesophase of Claim 15 or
31.                     bohydrate.                                   42. A
food product according to Claim 32                       40. A food product
comprising the edible  substantially as described in any one of Ex-
heat-set mesophase of Claim 14 in the form   amples 29 to 40.
of discrete non-fibre pieces, in association with   UNILEVER LIMITED,    10
other edible material.                             Per: D. D. E. Newman,
41. A food product comprising the edible          Chartered Patent Agent.
Printed for Her Majesty's Stationery Office by the Courier Press,
Leamington Spa. 1972.                          Published by the Patent
Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained. a  80
ERRATA     85                                    SPECIFICATION No.
1,265,661                                      Page 1, line 52, for that it
read that is                                     Page 1, line 60, after
toglobulin insert meso-                                         phase by
dialysing at 10-15[err]C a con-   90
centrated solution of beta-lactoglobulin            Page 3, line 20, after
either insert alone                                     Page 5, line 22,
after carbohydrate insert have                                         less
mechanical strength than fibres                                     Page 6,
line 53, for a surface read the surface   Page 8, line 20, delete used as a
binder in              meat products is its
Page 8, line 23, after meat (second occurrence)
insert product improves the texture of the
cooked   100                               Page 8, line 114, for at read as
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Page 20, line 60, for sulphide read sulphite
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PATENT OFFICE              18th April 1972    100    


