nut neal, cottonseed neal, or comerci al 8. A process as clained in any

one of the 65 casein is enpl oyed. '

clainms in mhich the pressure agposg The present invgaffgﬁlng

ﬁprovnaes a neat-1ike the orifice of the extruding device is at | east"

-~ product having the texture, appearance and 5 L

_Jcharacterlstlcs of neat. It is readlly ' % as clalnezeﬁalgg
one of the _ : produced on @ #ont i ndious ba5|s:ah g be ﬁpreced?%g

clainms:in which the pH f th
n'the ary protel rpﬁwﬁsl\ﬁnfussmﬂ(almmﬁiﬁﬁﬁ s

“:DRAWINGS ATTACHED oiil-ii

more, - these processcs requnc"
as binders: to- simulate the* text
and the’ resulting -meat-like ' pr ucts.
be cooked ‘without structural di

- According 1o . the present :inve
is. prowded a process for the _uctlon
a protein product, by the 51

ure: and'ap '"very snmlar 10, mauscle

ein-c ammg material -

.25

30

und oommbn mieat: products like
ks, “fowl, ss, :hams dnd the like.-

. The. prepa uon of meat-like:food: prodw:ts

otein.: sources has' long been-an
ndustry.. Heretofore, food

ilied. ini many, instances
elo d.in the production of
- _-industry;'to
“other: protein

ike products £ro

par_e' p-m ini . fibires : by solution: or

: coﬂdxdal dispersion: -of: protein in an. aqueous

assing .suchi : ‘solution .through

a:'8pit and “into.an acid. coagulating bath

mﬁ '
d to-the touch,gppen—pelled foam

‘expanded protmn—contmmng produc

immlate -the fibrous chewing - to -diameter ratio of greater- than ¢

Thus: it has ‘been proposed-..

: the transverse d,l,res:uon
also

énd _rscovenng and--,stretchmg ﬂclie resu tmg.'

aqueous  edible protein
through:; an orifice into,
inert -'gaseous- medium - at’
at a temperature -above the __
water at; said lower pressure to.

lamellar structyre as herein’ defined Wl
also be-characterised by its'0
in;which- a majority of cell

Jength . being measured in. the . di
extrusion and the, d:ameter l__:emg :

interlaced; mtgr-eonnected nbbons arymg

‘width and ﬂ;g@fgss w}uch_. y appear fibro




formw thout requiring canning. On rehydra-
product can be boiled, fried, roasted,

8. 5. tion, the
10. A process as clained in claim

9in 10 and st eaned mnthout
s “adjzasted t0 between §. 5 ewwrs
present and 7.5. ' 75
al | ows the formation of a w de 11. A process - as clainmed in claim 1 for
variety of edible products of differing texture t he production.of a
protein product sub- wi t hout destroyi the uni que characteristic -

| oss of shape or texture. which the pH
meer satl | 1Ly O the process of the

I nvention = . -

stantially, described in_any.one. of t' eC|f|c of the prodyct
of the present, |nvent|on her |ts r tentl ot“°
T e R ey ey ey 7
on rehydr ati Or‘l'pmﬂi‘l rteﬁﬁlar sh&pe Hﬁf Ofei8Gilar Exﬁﬂxoxb)&s tnhﬁeeﬂraﬂ&&Sﬁe
clainmed in arp peharadic n&dlw €

t he precedi

It
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%py
13. An expande
I s em nent | Yy cdobivg

of extrusion’ than
in the, transyerse d

SHub: bR RO drated
«mvp&enrbﬁmmi

action will cause the extrudate

R

to steam. Su

to further expand and swell and give rise to-a-

product having the fexture, appearance and
coherence of meat. The attached drawing,
Figure 1, shows a photomicrograph of a sec-
tion; cut in the machine direction, of the plexi-

‘lamellar extrudate on hydration.

The process employed to form the plem-
lamellar protein of the present invention -com-

prises, more specifically, admizing the pro- -

tem-contammg raw material with water,
masticating the mixture until a homogeneous
plastic-mass is -obtained, subjecnng the plastic
mass to-pressure while heatmg it to-a tempera-
ture above 200°F., and -then -extruding the
pressure-heated mass through one or more
ﬁow-—restncung -orifices into ‘a2 medium of
lower - and -temperatute, in which the

water will ‘be released as steams. The ‘blend-

ing -of the ;protein’ raw -miaterial and ‘the water
to give rise to -a uniform plastic ‘mass may
be carried ‘out simmultanecusly with the bheat-
ing step. ' Atthough an extremely wide variety

of eguipment may ‘be employed to accomplish -

the aforesaid process -steps, it will ‘be apparent

- that extruders of the type employed ‘in ithe

fabrication of thermoplastic resins - -are

emmem‘ly suited 1o the process ‘of the present

invention, - These: extruders, comprising- 2
heated "barré], a rotating screw within ‘the

barrel and an extrusion die -at the front -end

of the barrel, blend the protéin-containing
extrusion mnmxre, ‘hereinafter also called the
pronem mix, while simultaneously : heating ‘the
mixture to the ‘desired - ture. The
rotating’ screw ‘builds up to the’ pressure

_tequired to push ‘the plastic protein mass

through the restricted -orifice in the extrusion

die, giving rise to the ‘pressure - differential -

across the die orifice requireéd to cause the
formation of the plexilamellar extriudate. The

batrel in combination with the rotating screw

create in effect a closed chamber which pre-
vents the reléase of the steam fromr the pro-
tein miix untrlltemergesftomthedle As
a result of the pressure differential across: -the
die orifice, the steam- is released and causes
the expansion or foamang uf the pmtem
extridate.

Although. - the fdllowmg explanauon of - the
unique properties of the plexilamellar protem
is ‘not to'be’ considered as binding, it is given
for a ‘better understandmg of thenovel product

"of the present invention. Thus it is believed

that the tough’ resilient structure “of plexi-

lamellar protein which allows it to be cooked

for long periods of time without disintegra-

W mmen ﬁ "‘1 e,

-ist Emm'genneef;onﬁfhe Hieriehal hmttedtd the

direction of flow, it will be apparent that
-the resulting -extrudate may at least in-part
be multiaxially oriented, and ‘hence may be
the cause of the umque promes -of plexi-
lamellar protein, -

The process of the present mvenuon is not.
limited to any particular type of protein. Any-

-type. of edible. protein of vegetable, fish or
animal origin may be emp'loyed The pre-
ferred proteins fromy the standpoint of an

opnmum product are the oil seed proteins :

such ‘as peanut, cotton seed, sesame sced, or
soya ‘bean proteins. The "protein may be
employed in substantlally pure or water-
soluble form: or; as is preferred, in. the form

of :flakes or flour; generically herein -referred -

to- a5 ‘meal, obtained on- sclvent extraction of
oils and other fatty muiterials. Solvent extrac-
tion of oil seeds to remove oil and other fatty
matérials is well known in the art and ihus
need not specifically be described. The pro-

tein-containing oil seed meals which have

85

95

protein concentrations" of 40 to 70 pericent - -

are preferred since they-can be-extruded into
the plexilamellar product of the present inven-
tion over a-broad range of ‘conditions. Protein
concentrates " also. give rise to plex:lamellar

" more critical.* If desired, protein concentrates
or ‘protein meals may be diluted -with non-
proteimaceous fillers such as cereals, wheat

flour or'starches. The protein concentration of

the -material to be extruded should, however,
be maintained at a level above 309, since
otherwise the added filler will interfere in the
interaction of the protein ‘molecules occurring
during - the extrusion’ and - expanding step,
which “interaction is' necessary 1o obtain the
hydratable character of - the plexilamellar
prdtem of the present invention.

‘The-nature -of the extrudate, for any given
starting matenal, is principally governed by
the concentration -of water in the protein mix,
the temperature to which the protein mix .is
]323{?1 -during the extrusion and -the pressure

el
‘water is-essential for two reasons: it plasticizes
fhe protein mix being extruded, and it causes
the. blowing of the extfudate. Ti therefore
follows thet an ircrease in-the concentration

stracture although the extrusion -conditions are

100
105
110
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“in the extruder, The presence of - .

120

of ‘wiiter will result in greater’ plasticization -

and & higher degree of- -expansion... However
.as is-well known, - proteins contain- chmmcally
bound watér which: may not be released during
the extrusion. The concenttation of ‘chemic-
ally bound water is not constant .and increases
with decreasing extrusion temperature as well
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suited for the conversion of inexpensive, im defined, and the majority of
the open cells 85 pure proteins, e.g., soya bean neal, into of
whi ch have cel |l dinmensions of greater highly attractlve meat - | i ke produc;s

=of high length than average dianeter, the-length nutriona

7 val ue. _ ai dcell: %belng substantially

+ aligned. 25 VWHAT WE CLAIM I S: - Lo 14, An expanded
» protein food extrudate or 'the production of a

. haV|ng a pIeX|IaneIIar structur-f-ﬁ“ protegn pr oduct
hi.ch-conprises.. j J 3dn):TWeTd of=cel | s have
hrémhwm nefeg&ﬁgclemeﬂt..en&mu&a rmsaleﬁssﬁ,g%.&ﬁm@ﬁﬁ Lm@lom,@ ks of greater

eyt thet fratein ol R Ctol T dxtr@Rf € QYIS of B¢l IintPBasinglthe elp@EOE -l egmdere - di anet er,
the Ivﬂgﬁlﬂqmlm’gfh@mgfdthmm@he Serew. amem it

%i; A 'precess
herein 90

Lt
|

._.--emrusitmgnﬁmt rudi ng devi ce

e B TR, B U PR R S I, L
i) SHOb Whie Blexi 1@.: fice.TGE i el BBedleRASMEr S€ direction.
_tmdaté ‘-f'v"_a'illt {my, wsmnrdebd B lelve e amt alid a6 Behat laggn 15. An
e 4 ;ﬁf @Gﬁmﬁkﬁﬂﬁdaﬁerfgﬁ’ i¢ a%‘ﬁtpmmewﬁm€onta|n|ng

et B BET 76

Ve its ‘extrusion chiar-

 mix is too hxgh t@ allow cmmnuous extrusmn

and ‘proper. fee&mgoftheprmn mix. The

| rewltmg 'e:zi}mnsmn may “also ‘cause -a - greater “hydeat

_ .- From the fore=
il bev! apparent :that

ependcni o he nature ‘and. concentration ‘of
the protem mix; < while the
ion is limited by the extrud-

abxhty of th material which is a function of
o the ex_truder

ssign. Jn' general it was found
‘total ‘contesitration of -‘water:will vary
't0:609%.-of -the ‘protein mix. -

-expansion of the: ‘extrudate ‘norm-
ic: pressure,. ‘the: nmm-

aly ¢

o mum: peratuzeto “which - the’ protem mix

30"

the ' bmlmg point of “water,
. 't0 :cause Stéam; -expansion
The application.of-a vacuum
to-fthe extrud e mawy f-course, allow the use

' emperatures such as

An'mcrease i the sextrusion 9I;empera'curve,

35 other vanables ‘being maintained constant, will

r.celled foant, more fibrous in

 Ghamgcter.. . The upper limit" of the extrusion

tetl by ‘the stability of the
us the. temperature should :not
>-substantial degtada‘ﬁon

ressure 48 dxfﬁcult ta estabs-
- | theother factors ﬁectmg ‘the
quahty :and naturé--of the extrudate: How-
ever, it will be apparent that a certain mini-
mum presstire is necessary to force the extru-

aane ‘out -of the -orifice “and o :maintain the

premmrely expundn; - ‘In’general; the \p&es-

- Sare drop across the orfice should be at Jeas

‘. peiee e

8.4, 'and ,preferzbly xs gseater ﬂ:an

emplo 4 1&3?1 mé pr;?su Ay, .be
oymg plastics er;: _
increased by deereasmg :the size of ‘l:he onﬁne

“pHéfthb

.ncemia jon’ of ‘witer 4s”primarily  -‘in -2 ratigte of 5902t 8:5%and. préferably within

‘éxtrusion equipment in view

‘extrudate furthe
" fromy fher istza‘ndpﬁsm’t@fwh

the wﬁhﬁem py

pmte}n mak o Hiprov
avtetistics or %o wltetrithe nature -of ‘the xe-
ed “iextriidate “with:. nespect 10° texture,

'ﬁrinné%s ‘and ohésion. " Thus: in general ‘the
-proteii iniigis-adjusted -to be with-

2. rafige of 6.5 M5 At pH levels below

55 ihe: ekti"ﬁéiombé%mzs difficult in'standard

v: of. the- reduced

flow of the protein mix.": The rehydrated
CiEIibiay -be too rubbery
g and too sour
from-tHfe Frandpointiof taste. - Increasing the
PH. ‘frotn-this Yowlevel: results in increased
tenderness. -#pH" Jével mbove: 8.5 may. result
i a bitter taste makmg Ehe pmdm.t unsultable
for .consunyption, : .

“Sodium chloride may also he used: as’ an
additive. It ds ;geﬂémﬂy -employed 'in -con-
centrations-of up W

3 "pér icent based -on
the . protein mix, The addition’ of sodium
chioride ‘also ducteases' sthe firmness :of the
rehydrated product and thus: sodium. chloride
oy e used 16 cdmplEnient ‘the effectof pL.
A third valuable additive is a soluble
Galéium -salt such 45 caleitny chloside, Cdlciimy
jons act as crosslinking agents: mcreasmg ‘the
moleular weight of thesprotein. . Such:increase
in molecular weightis ‘particularly desirible
when the -concantrationiof the protein-contain-
ing masiterial of ithe compusition to be extruded
drops below 50 per wcent. . The increase.in
mzﬂecular weight improves thi sheanng action
eccw ‘during -extrusion and - ion:
Increased shear will irestilé iin . more fibrillated
plexilamellar structure. ‘esulting in @ finer
texture on yehytration; and :also will give rise
to higher tdegnee ‘df ﬁmness and chewiness. In
general ¢he j *_af':‘the -caleiunr salt
should not exéked Ksper'f. '_
mrk .
I 'wﬂl be ated "that various othcr

ﬂawmrmg -and céloanqg- “agiditives; ‘normally

it of the protem

‘added to-atlike s pmtem ] é'mducts may -also

be -added sto. the iprotein mix -of the fpresmt
invention ‘prior to extrusmn .

The plexilamellar extrudate emerges from
the extruder as dile ®iiore continuous bands
or stiands:* Tt d85dn-general; desitable 1o cut
sor chunks for easier

packagitig; rhi reétoring: | Depending
.o whe:extruson i tms aem;aloyed ‘3 ‘sub-
stagtially! diy” of “moist” extrudate s
obtained. From.she s 6f ‘storage aind -

'transportabihty, it is desuable to .dey” xhe

s
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| anel | ar

Iength in water.

“16.7 ATTieod product as clai med T any
dlrecthn-af@extru5|on

and t he™dianet er

2. A process as clainmed inclaim 1 in

claim 16 40
protein enpl oyd

structure as herein defined is obtai ned
wi t hst andi ng boi ling

35

t he | eng

capabl e of hydration and
in which a mpjority of the cells have a
rati o greater than one,

to di amat er

in the transverse direction.

whi ch t he product

is an ojl treab

belng nmeasured 1n the.

clainms 13 to 15 in which the protein enployed-

I's a vegetabl e protein.

in which the
8.with hot water or

gi ve

appear ance and coligfygmtda

claim 17
oi |
ext rudi ng,
with water 19.
masticated until
enpl oyed is SO0Y4o

15
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- 25
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seed protein,

seed proteip i
t he gr

oist extmdal;F prior_to- packagmg
ilamellar extrudat:

ctempperatures. . Thus, ghe

andan

ﬁbgema@ut
be variéd - to: as?upine the  structures -of

O

sion conditions,. particularly-éxtrusion: temipera-

tures, and the -nature: and amount of additives

such as pH agents and calcium salts, Higher
temperatures, -lower pH:and ‘addition of cal-

cium chloride can: chinge-the texture of the .

rehydrated product, for * exatmple, from- that
of chicken meat to 'that of beaf.- The inven--
tion is: further xllustrated by the followmg-

emamples _."'-- RIS
y EXAMPLE I

The followmg components hsted in- the
order of their addition were mixed in-a'ribbon
blender at 120°F. for.about :20' minutes: - -

11350 g. of extracted soya -bean flakes pre-
pared according. 0 -U.S.A. Patent- N
3,100,709 containing 50% soya bean protem
and 6.59%- moisturé;. .

-45 ml, of 50%. hydrogen peroxxde for pur-.

s . of flavour: and’ odour comml dlluted
in 380 nil. of water, N
- 1700 g.. of: imitation . beef seasomng,

3785 ml.: of water; .. - .

.90 g of 97 % pure sodlum; hydmxlde,
and -
340 g of . ca.lcmm chlonde dxssolved Jin
500 ml. of -water.: - ..

-The ‘resulting’ composmon contamed 30%
moisture and 3% calcium, chloride, and was

- extruded -in- a “Prodex” (Registered :Trade

Mark) 12 “inch extruder. equipped. with: a
medium . compression: screw and an-extrusion
die - containing ' eight . 3/16 inch diameter
orifices.” - The extruder was:maintained ‘at a

temperature 'of 350°F.,; at' the -extrusion . die
. The screw - -
was rotated ‘at- a rate of. 176 r.p.m. -

and the front-énd. of the “barrel.

“The product expanded rapidly- on., emerg-
ing from: the -die “while releasing’ steam: -Sub-
stantially ‘dry plexilamellar protein - strands
were obtained which were cut into 0.5 inch
lengths by a rotating. knife. .

product was autdclaved at. 15 p.s.i. steamy for
60 minutes: The rehydrated product. resembled
beef in appearance and had ﬁrmx and chewy
eatmg charactenstlcs Lo _ :

: . Exameie 5o
The follcwmg ‘components . lxsted in the

order of their addition-were miked:in a:ribbon -

blender at 120°F. for -about ‘20 minutes:
11350 -g.- of the extracted :soya bean flak
of Ezample. I containing, 50% soya be'_ pro-
- tein :and: 6.5.9% moisture; - .
- 3340 ml. of water;

be simmere eal
a&é‘xn& 5415 Eﬁ'f@ﬁi

L inik o, Wt 671 Gib Mihe Te truder described AN

chdrates] exirmlatehi The dxingleniwhs ssiewinglr gt 2 rempera-
ture. of 250°F. at the extrusion die. and’

- meat products by changing the extru- the front end of the barrel. The screw was

-resulted .in".a plexilamellar extrudate.:

The resulting

rch ‘befo

LA

ample . L

steamio,

fods gy% id T
5r oducl/ zﬁ'grec mm R F
readﬂy :&lneved @ORS Svith Sraet, arefmd & mSCg abﬂ‘nsodilmro rchlorida &ﬂeol@ld inh

~

17. A food product as clained in
is further expanded by

—

-«

70-'

operated: at. 176 .rpm. and: the pressure . -

developed “at: the front end- of the -extruder
“The dried -plexilameHan

was 1750 -psi..

]

extrudate absorbed 3.65.g ‘of water per g = -
of dry extrudate, was white in- colour; fibrous -*:’

in’-appearance ‘and . resembled. dried’ chicken
meat.

: The rehydrated unflavoured . product"'

%0

was firm 0~ shgh.tly chewy and bland in- .

ﬂavou.r

S EXAMPLE oo '
Employmg the “procedure of Bxam le II

-a blend of-the soya bean flakes of Example I '
19 calciunx chloride and E

1% sodiuza chloride,
30% moisture;-having.a pH. of 6,15, was ex-

truded: at a temperature of 275°F. - The ex- .

trudate. was- tough -and strongly ﬁbnllated

Ttie. dried -product: was simmered .in_ water;
retdined its shape, and had a fibrous teture..

85

Extrusion of the samme. material at 105°F'

resulted- in -an unfoamed: soft)-. gel:like,

amorphous. extrudate which comp-letely dis-
o 95

mtegrated on sunmermg in water. .

EXAMPLE IV

Followmg thc procedure of Examplle II a -

“blend of :a soya-bean flake containing 70% _
soya bean protein, 1% sedium chloride; and
359% moisture, having -a. pH-of 16,9, was"
extruded at 260°F. . Steam- evcluuon at the

orifice - caused ‘considerable - expansxon and -

:On
simmering in:water, the extrudate. had a- chewy
meat-like texture,” Extrusion of the: same

extrudate that was not expanded The material

_completely cooked apart on- s1mmenng

EXAMPLE V- Y
The soya bean flake compos1-t1on of. Example

1 containing 509 water was extruded .at a

temperature of 325°F.. using. the: procedure
of. Example: I1.

in 'structure and .could be rehydrated into.a
ﬁrm texture .without disintegration.
- Similar :results are:obtained if..i

the :s0ya bean flakes used-i

s -whale flour

‘Feed and . ‘extrusion Were -
-difficult to: mdintain oontmunusly in view -
of the limitations of the equipment employed. -
The ‘extrudate,  however, was plexﬂamellar.

if  instead.: of
: _the foregoing-
- examples; a. soya.. “bean _protein obtained by
s isoelectri¢ . point .  precipitatio
*sohubilized from: soya: bean flak ,
produced: by the solvent- extraction. of whale
-meat, isolvent extracted peanut meal, ground

105
‘composition. ‘at 140°F. resulted in a weak -

10

115
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‘inert

namely, its retention of texture and shape
on rchydration. The flexibility of the process
of the present invention also allows the
addition
basic nature of the product. It is eminently
suited for the conversion of ‘inexpensive, im-
pure proteins, e.g., soya bean meal, into
highly attractive meat-like products of high

nutrional value. :

WHAT WE CLAIM IS:—

1. A process for the production of a
protein product which comprises extruding an{
through an orifice into the atmosphere or an
gaseous medium at a lower pressure
than that in the extruding device at a tempera-
ture above the boiling point of water at
the pressure in the receiving vessel so that an
expanded protein-containing product of plexi- -

llar structure as herein defined is obtajned
in which a majority of the cells have a length
to diameter ratio greater than one, the length
being measured in the direction of extrusion
and the diameter in the transverse direction,

2. A process as claimed in claim 1 in
which the product is further expanded by
treatment with hot water or steam to give
the appearance and coherence of meat.

3. A process as claimed in claim .1 or
claim 2 in which before extruding, the protein-
containing raw material is mixed with water
and masticated until a homogeneous plastic
mass is obtained which is heated under pres-
suré 10 a temperature above 200°F..

4. A process as claimed in any one of
the preceding claims in which the protein-
containing material is an oil-seed protein, in
the form of meal obtained on the solvent
extraction of oils and other fatty materials
from . said oil-seed material,

5. A process as claimed in claim 4 in
which: the oil-seed material is peanut, cotton-
seed, sesame seed or soya bean.

6. A process as claimed in claim 4 or
claim 5 in which the oil seed meal has a
protein content of 40 to 70 percent.

7. A process as claimed in any one of the
preceding claims in which the extrusion
temperature is maintained within the range of
200 to 450°F.

of modifiers without changing the

12. A protein-containing product when pre- 80
pared by the process claimed in any one of
the preceding claims.

13. An exzpanded protein food product
having a plexilamellar structure, as herein
defined, and the majority of the open cells
of which have cell dimensions of greater
length than average diameter, the length
of said cells being substantially aligned.

14. An expanded protein food extrudate
having . a plexilamellar structure as herein
defined in which the majority of cells have
cell dimensions of greater length than average
diameter, the length being measured in the
direction of extrusion, the diameter being
measured in the transverse direction.

15, An expanded protein food extrudate
as claimed in claim 13 or claim 14 and being -
capable of hydration and withstanding boiling
in water.

16: A food product as claimed in any of
claims 13 to 15 in which the protein employed
is a ‘vegetable protein,

17. ‘A food product as claimed in claim 16
in which the protein employed is an oil
seed protein. :

18. A product as claimed in claim 17
in vlvhich- the oil seed protein is an oil seed
meal.” .

19. A product as claimed in claim 17
in which the oil seed protein employed is soy
protein. :

20. A.product as claimed in claim 19 in
which ‘the soy protein is in the formy of soy

8

95

100

105

110

. i:product as claimed in any of claims 115
13 to 20 having a protein concentration of at
least :30 ‘percent based on the solids content
of the product.

22.-A product as claimed in any of claims
13 to-21 in hydrated form.

23.A product as claimed in claim 13 sub-
stantially -as herein described with reference
to any.one of the Examples.
= Chartered Patent Agents,
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- protein product which comprises extruding an

:,-nut meal, - covttonseed meal, or commercial

The present ‘invention provides a meat-like

: product having the texture, appearance and
~ seating cliaracteristics of meat.
. jproduced -on a: continuous basis and can be

It is readily
packaged, handled and stored in the dry

form without réquiring canning. On rehydra-

tion, the product can be boiled, fried, roasted
and steamed without loss of shape or texture.
The versatility of the process of the present
invention “allows the formation of a wide
variety of edible products of differing texture
without destroying the unique characteristic
of the product of the present invention;

/' namely, its retention of texture and shape

on rehydration, The ﬂex1b1l1ty of the process
of the present invention also allows the

addition of meodifiers" without changing the .

basic nature of:the _product. It is eminently
suited for the conversion .of inexpensive, im-

‘pure proteins, -e.g., soya bean meal, into

highly attractivé meat-like pmducts of high

WHAT WE CLAIM IS:—
1. A process for the: producuon of a

through an_orifice into’ the. atmosphere or an
inert gaseous medium at a lower pressure

'30." than that in the extruding device at a tempera-

ture above the boiling point of water at

B the pressure in the receiving vessel so that an

50

) . the form of meal obtained on

55
" which the oil-seed material is peanut, cotton-

- expanded protein-containing product of plexi-
a5 - lamellar structure as herein defined is obtained
- to diameter ratio greater than one, the length

in which a: m:a;onty of the cells have a length

being measiired ‘in the direction of extrusion
and the diameter in the transverse direction.
2. A process; as claimed in claim 1 in

- which the . product is further expanded by
" treatment -with. hot water or steam to give

the appearancé and coherence of meat.
3. Aprocessasclaxmedmclalmnlor

claim 2 in which-before extruding, the protein-

containing raw material is mixed with water

“and mrasttcated intil a homogeneous plastic

mass is obtained.which is heated under pres-
sure to a temperature above 200°F.

4. A process:as claimed in any one of
the preceding claims in which the protein-
containing material is an' oil-seed , in
. solvent
extraction of oils and other fatty materials

from: said .o_ilfs,e'cd 'materia-_l,

5. A process as claimed in claim 4 in

~'seed, sesame: seed or soya bean.

60

6. A -as: claimed in claim 4 or

‘claim 5 in-which the oil seed meal has a

protein content of 40 to 70 percent.
© 7. A process as claimed in any one of the

-~ preceding claims in which the extrusion

temperature -is maintained within the ‘range of
200 to 450°F -

8. A process as claimed in any one- of the
preceding claims in which the pressure :across
the orifice of. the extruding device i is at Jeast
1000 p.si, -

9. A process as claimed in any one of the
preceding claims in which the pH of the
gr;)tem mix - 1s adjusted to between 5.0 and

10. Aprocessasclaxmedmclmm9m
wl:ich 5’the pH is adjusted to between 65
and 7.

11. A process as claimed in clalm 1 for -

the production of a protein product sub-
stantially as described in any one of the specific
Examples herein.

12. A protein-containing product when pre-
pared by the process claimed in any one of
the preceding claims.

13. An expanded protein food: product
having a pnlexxlamellar structure, as herein
defined, and the majority of the open cells
of which have cell dimensions of -greater
length than average diameter, the. length
of said cells being substantially ligned,

14. An expanded protein food extrudate
having a plexilamellar structure as herein

{ defined in which the majority of cells have

cell dimensions of greater length than’ ayerage
diameter, the’ length being measured in the
direction of extrusion, the diameter being
measured in the transverse direction. .
15. An expanded protein food extrudate

fron1mh|ch cop|e§ nay be

65
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as claimed in claim 13 or claim: 14 gnd being

capable of hydration and wuhstandmg boxhng
in water.

16. A food product as claimed in any. of
claims 13 to 15 in which the protem employed.
is a vegetable protein.

17. A.food product as claimed in clam 16
in which the protein employed is an oil
seed protein,

18. A product as claimed in . clann 17
in which the oil seed protein is’ an oil ‘seed’

meal.
19. A product as claimed in claim 17

in which the oil seed protein employed is soy

protein.
20. A product as claimed in claim 19 in

which the soy protein is in the form of soy.

meal.

21, A product as claimed in any of claims
13 to 20 having a protein concentration of at
least 30 percent based on the solids content
of the product.

22. A product as claimed in any of claims
13 to 21 in hydrated form.

23. A product as claimed in claim 13 sub-
stantially as herein described with reference
to any one of the Examples,
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