Extrusion Cooking Systems And Textured Vegetable:

Proteins

Dog. Dr "Fatth YlLDlZ

F’ood Engmeemng Department Mzddle East Tecimwal Umversr,ty

AN KARA TURKEY

iNTnonucrlou

© Many fabncated foods are cooked indust-

rially and are given désired’ téxtures, shapas,

denslty and’ rehydratlon characterlstlcs by an

extrusioncooking process This relatively hew’
process Is used in the prepéaration of - «erigi-

neered» convenience foods: textured. vegetable
proteins. lbrcea.kfast cereals, - snaoks,.mfant
foods, dry soup “mixes, breadings,
stuffings, croutons, pasta products, beveradge

powders, hot bregkfast gruels, and in the gela~
tinization of starch or the starchy component'

of foods,

- First developed as. an economical method
of gelatinizing starches, extrusioncookers have
been modified. during the recent years.to pro-
cess an ever - widening: group -of food, indust.

rial and animal feed productsat ever incre-
asing .capacities, and with . production .costs

per pound which have steadily decreased as
contrasted to other industrial 'rnethods of
cooking.

" Modifications wére tiadé in the extiugion.
cooker which enable it to destroy, the growth
inhibitors present in soy proteins and in cer-
tain upulse protelns [Jlmmez et al, 1963 Mus-

takas et al. 1964, and DeMaeyer 1965). This

let to the protein fortification of extrusion-

cooked cereal based foods, although it took a
decade of evaluation of blologlca[ performan
ce to learn what could, be doné, and what must

not be done in thermal processing of cereals’
with proteins, vitamins,; and. amino" acids, ail

of which can be harmed.in biological. feeding

value by improper thermal treatments,. Protem,

enriched breakfast cereals snacks infant foods

and mstantlzed beverage powders are qmcklyll

developing. A method was’ deveioped to make

full fat soy flours from extrusmncooked soy-

beans.

poultry'

" Extrusion - cooked textured soy protein Is
produced from defatted soy fiour or soy con-
centrates, ‘with .or without pH.meodification of
the protsin, Used principally as a'meat exten-
der, such products are additionally. used as an
ingredient in @ new range of fabricated pro-
tein foods which, (for lack of a bétter name)
will be referred to here as the third genera-
tion of textured plant protein foods. Th:s chro.
no!ogy wotuld’ consrder the ~meat analogues
prepared from spun ~protem lsolates as the
first generation of textured plant protein foods,
and extrusion --cooked meat extenders prepa-
red from defatted soy flours or concentrates
as' the second -generation of such ‘textured
plant protein foods.. This third- generation of
textured plant protein foods atilizes - fextured
soy protein extenders, (extrusion - cooked from
defatted soy flours) plus isolated soy proteins,
unsaturated vegetable o:ls egg albumens, and
a bit of cereal flour fo create this new third
generation of textured products in. the - form
of breakfast: sausages, shces pattles steaks.__
roulades ehrlmps eta., .

“Extrusion - cooking has the capability of‘

’ controlhng product fextures and mouthfeel tc

a swprlsing extent through a wide range cf-
product densltles and rehydratlon characterls-

- tigs. It afso acts as & product jpasteur:zer pro-

ducing end’ products of -excellent bacteriologi:
cal status and shelfhfe without any appreciable
contrlbutlon to ecolcglcal problems

Extrus:on cooking may be defmcd as
«the process by which moistened, expansile,
starchy and/or proteinaceous material (s) are
plasticized In a:tube by: a combination of pres-
sure, -hedt and mechanical shear.:This results
in ‘elevated product. temperatures-within the.
tube, gelatinization of starchy. componentsy
denaturation of proteins, the stretching or-res-
tructuring. of tractile .components; the shaping:
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of the end product, and the exothermic expan-
sion of the extrudate.

Extrusion - cooked foods are foods engi-

neered to meet a specific need or group needs.
These include :

1. The need for convenience foods =en.
gmeered» to meet spectfuc food requ-
' frements '

2. The need for nutritional -balance, and

to up grade the rbiotoglcal utnhzetion
of . foods.

o3 T’he' need to p_aéteur_ize foods for impro-
~ ved shelf- life, T

4. The need to reduce nutrient josses
often encountered in thermal proces.
sing of foods '

5. A need to lower production costs.

6. A need for specific textures or func-
tional characteristic (s) of foods or
Ingredients used in the preparation of
foods.

7. A need for versattl!ty in line of pro-
~ ducts to be produced.

This paper will attempt to explain ‘the
capabilities and the limitations of ‘extrusion -
cooking to meet these needs. Additionally it
will outling. some of the methods which have
been followed to meet specific processing ob-

jectives, to tell somethlng about methods de-

veloped to control of effect rheological pro-
perties of the foods produced,- and  some . of
the things we believe can be produced by
extrusio'n.(ﬁook!ng in the future.

PHING]PLES OF THE EXTHUSION PHOGESS
[HT/ST)

wtrusion-cookers include a methoed of
steam preconditioning at modest and carefully
controiled temperatures (65°tc 100°C) at at

mospheric. pressures; a method of uniform

application of moisture; an extruder assembly
desigrned to work the moisturized. oilseed or
cereal into a dough at modest temperatures

(85° to 110°C); a means of elevating the
temperature of the dough in the extruder in a
coned nose section of extruder to a desired
higher temperature (115° to 175°C) during a
very short - period of time (12 to 20 seconds):
the forming of the dough into the desired
shape by use of a final die, and 2 means of
cutting the expanding dough into segments of
desired length. (See Figures'1,2)

. Certain extrusion - cooked products (tex-
tured soy proteins or breadings for example)
are run through a wet milling device after
extnislon - cooking but before drying and co0.
ling. (See Figure 3.)

Flaked lbrwlt:f::\s‘t cereals are made nby cut-
tmg an ‘extrusion - cooked and cooled extruda-
te into pea. sized balls which are flaked in a
water jacketed roller mill while the extrudate
is -still moist and pliable, before drying (Sec
Figure 4.)

- After extrusion processing, all products

" are passed through a tunnel type drier and

cooler, sometimes followed by a flavor appli.
cation ree! ‘with which liquid flavors or dry
powdery flavors are applied externally to the
extrudate from a suitable flavor feeding device,

Flavors In liquid form (solution or emulsion}

_are sometimes suspended in a vegetabls oil

carrier. Alternate techniques have bsen deve-
loped to sugar coat breakfast cereals or snacks.

Most extrusion - cooked products may be
reduced to a precooked flour or granule 'by
i‘n"npact milling or roller milling bf the dried
extrudate.

. Ektrusio,n -cookers are built in several
éonf‘igurations-és' steam pressure cookers
which discharge Into a forming extruder, or
as a simpler long barreled extruder which
gradually builds pressured and temperafure‘s
while feed materials are advanced through the
barrel and into which barrel steam is Iﬂ]ECth

'The high temperature/short time (HT/ST)

extrusion - cooker shown in Figure 2 is the on2
which this paper will comment on.



YILDIZ, F. , o L I -

J

G\MAQ#\{V\PVW ' SVAVA\?Z\»

: 'i
d H q
g} —

| :
CIREULAR BIN
DISC HTRGER
|

CUTAWAY VIEW OF LARGE éAPACITY EXTRUSION COOKER |
Fig 2, Typical Arrangement Of Live Bin Feeder, Frecon Ditioner, And Extrusion Coolter



140  YIL: 10 SAYI: 3 MAVIS—HAZIRAN 1985 .  -GIDA

o e . . FLOW.SHEET . ] i
.0+ . TEXTURED SOY.(VEGETABLE) PROTEIN. OR BREADINGS - co@ronm

BV M Wcowscroe/re&neh‘ oo S \{/

) ‘{ . PRODUCT
: A GIRCULAR BIN COLLECTION
START R - DISCHANGER BIN

PRECONDITIONER

BULX STORAGE
NK.DEFATTED
S0Y FLOUR

#

' TWO SCR
KNIFE ! SHAKER

NS1 B0 70 %,

__SECOND: FLOOR OR PEDESTAL

‘ TV T vy —1 —
TP PACKING BINS FINES
— COMMINUTOR MEDIUMS

COARSE

DRIER /COOLER

© SINGLE SCREEN SHAXER

END

.‘LV ..

' FINES B %’FF'E’.'E‘R'%IE%«“"“
r—‘ J/ TO REPHOCESS
AIRLOCK i . AIRLOGK
TYPICAL ARRANGEMENT GOF EXTRUSION GOOKING SYSTEM
FIG. 3
¥ig 3. Typrical Arrangement Of Extrusion Cooking System
FLOW DIAGRAM
FOR PRODUCTION OF FLAKED BREAKFAST CEREAL
START
[ . o TWO SCREEN _
MAKE UP S : : . SHAKER
BINS ) : . : . ) ) 7 Ejl .
- ‘ : FINES TO
- - . REPROGESS
FAGKING
w BINS
b COLLECTOR
TANK FOR LIQUID :
SYRUPS AND LIVE BIN
“FLAVORS MIXING
. CYLINDER
EgTwL'i‘nGER - :
AND KNIFE DRIER /COOLER ] L
AR LOGK -

Fe. 4

Fig 4. Flow Disgram For Production of Flaked Breakfast Ceri



| YILDIZ, F.

141

. Preconditioning with steam is desirable
~ for some, but not for all extrusion - cooked
- products. Hence, extrusion - cookérs are pro-

" duced with or without steam preconditioners, .

" dependent upon product line.-

Such extrusion - cockers are efficient con.
verters of electrical energy to thermal energy
" and are thermadynamically efficient. They have
the ability to entrain moisture and heat. maka
" doughs; gelatinize starches; denature and de-
bitter proteins; contro! heat labile growth in_
hibitors; “histologically restructure process
materials; and retexture, shape, expand, size,
and partially diy the expanded products them-
selves.

Senatuia‘tion of proteins is the thermal °

processing of proteins which lowers protein
‘solubility, renders the protein digestible, and
destroys the biologica! activity of enzymes
and of toxi¢ proteins.

Growth inhibitors may be defined as any
substance in foods which exert a deleterious
physlolog;cal effect on man or animals as re-
vealed by growth or metabolic studaes

Gelatinization may be defined as «the
complete rupture of the starch granule. brought
about by a comblnatlon of monsture heat, pres..
sure and [m some mstanoes] ‘me&chanical

‘shear »
\

More precnse terlmmology and measure-
ment tools are needed for starch conversion
however, as gelatinization "~ as. defined above
“covers only the basic - rupture of the starch
granule. In point of fact starch conversions are
much mofe complex, and occupy several pla.
teaus hetween the basic rupture of the starch
graniule and the. dextrinization = of . starches.
Precise industry definitions and rapid methods
of measurement are needed for each level of
" starch conversion. -

- CAPACITY OF EXTRUSION - COOKERS

Processing can be done of diry ‘expanded

. patfoods, for example, at capacities to 20,000

pounds per hour, or of textured soy protein at
3000 to 4000 pounds per hour. Snacks are

produced in somewhat smaller maohmes at’

capacities of 760 pounds per hour, and break. .
fast cereals weighing only 3 pounds per cubic
food can now be produced on a single machine
at upwards of 2800 pounds per hour. Breakfast
cereal flakes can be prepared at capacities of
up’' to 4000 pounds per hour.

- ADVANTAGES OF EXTRUSION - COOKING

i.. Gelatinization of cereals or starches
results in great uptake of water for Improved
digestibility and caloric availability, Additio-
nally, gelatinized starches have improved func.
tional characteristics - better extensibility, gas
holding properties, pasting characteristics, and
evidence some gluten development during pro.
cessing. Starches . gelatinized by extrusion .
cooking bond added proteins and microingre-

* dients {vitamins, minerals, food colors, flavors,

etc.}) uniformly and irreversibly throughout the
extrudate. This then assures that.a reasonably

~ even distribution of such additives wilf reach

the consumer in every mouthful of food, no
matter what the particle size may be. Additi-
onaily, the solubility and textural characteris-
tics of an extrusion - cooked carbohydrate can
be adjusted over a wide range, so that it may

- ‘be produced as soluble as a drum dried infant.

food or as chewy as the most dense bhreakfast
cereal, or may be given on intermediate den-
sity or textural characteristic, It is practical
also to extrusion - cook cereal flours or starc-
hes. which have baen modified in pH. (within
reasonable limits) for desired textural change.

2. The inactivation of growth inhibitors
and the thermal elimination of anti - palatability
factors in important in processing soybeans
or other pulse proteins. The temperature re.
quired to destroy growth inhibitors found in
uncooked soy proteins and in certain other
pulse proteins is uniquely high, but the shor.
ter the period at that terhperature peak, the
better. The brevity of the cooking period at
high temperatures is the major reason for the
excellent biological performance of HT/ST
extrusion - cooked foods.- It is practical fo
extrusion - cook concomitantly for control of

"heat [abile growth inhibitors and to gelatinize -

cereal flours and to provide desired textura!
properties to the precooked protsin enriched
food thus produced. (See Table 1.)
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'3. Labor costs and processing costs per
ton are lower In extrusion - cooking systems
than in any other Industrial cooking method
known. Processing costs per ton have steadily
declined with increasing capacity per horse--
power and per man hour, [nvesiment costs per
ton of production capacity are lower for the
large capacity HT/ST exftrusion - cookers than
investment costs per ton of production capa-
city in other cooking methods. :

4. Extrusion - cookers and driers and coo-
lers built as part of the system are designed
to be quickly and easily disassembled. for

clean out, Total bacterial plate counts are

" very low, and no insects, larvae, pathogens

or salmonelia have been known to survive the
process, where recommended sanitation pro-
cedures have been followed.

Table 1. Protein Utilization Of Typical Extrusion Cooked Mixtures Of Cereals-

And Oilseed Proteins

Referenice Per Vaues Net Protein

No: Ingredients Mixtures Casein Utilization
(1 Degerminated Corn- Full Fat Soy. Sugar- Ca; PO, 2.40 2.50 . T4
(4)  Full Fat Soy - Full Fat Feanut - Rice Flour 2.32 2.50 60
(14} Full Fat Soy - Full Fat Cottenseed Corn 2.30 3.00 63
(2}  Wheat Flour - Peanut Flour - Milk 1.68 250 - 54
(12)  Rice - Full Fat Soy - Defatted Soy 249 3.00 65
(14) = Full Fat Soy Alone 2.44 3.00 66
(1) Degerminated Corn - Full Fat Soy - Milk - Sugar 2.51. 3.00 58
(3) Casava Flour - Full Fat Soy ' 2.51 3.00 57
(14)  Expeller Cottonseed - Defatted Soy - Sugar - Corn 2.18 300 58

5. Shelf - life' of extrusion - cooked pro-
ducts seems extraordinarily good without ref.
rigeration, if reasonable sanitation procedures
have been followed. Fat splitting enzymes are
essentially deactivated during the extrusion -
cooking process, improving the oxidative sta-
bility of the lipids in the process. While the
pasteurizing effect of the extrusion - cooker is
important indeed, and while the inactivation of
lipase during the process will improve shelf.
life of extrusion - cooked products, one addi-
tional possibility seems reasonable cause for
the unexpectedly good shelf - life. British wor-
kers (Daniels et al. 1970) showed that high
energy mixing of a dough in the absence of
 air results in a marked increase in lipid bin-
ding . in the dough. It was found . that when
such doughs were freeze - dried and powdered.

they showed no sign of rancidity in storage. -

" unlike airmixed doughs, which released the
greater part of their lipid in the free form and
auickly developed rancid offodors. Daniels et al
{1970) have shown that bound lipids are pro-

Y

tective a-géinst peroxidation, and have shown
that lipid peroxides were formed exclusively

in the free lipids of the doughs. They demons-

trated that aerobic mixing of doughs results
in the release of lipids which have been bound
in the early stages of hydration of the doughs.
They found that «lipid release was found to
be sulprisingly sensitive to small quantities
of air admitted to the dough and preceded the
formation of appreciabie amounts of lipid pe-
roxides in the dough.» They found also that
aerobic mixing of the dough, under various
work levels, while increasing the amount of
air available to the dough, led to 2 decrease

"in the lipid binding after mixing. Moreover, as

the work load increased, the ‘effect of air on
lipid binding became more pronounced.

By anaerobic mixing, on the other hand,
Daniels and his colleagues were able greatly
to increase the work I‘e{fel, while actually inc-
reasing the percentage of bound lipids. The
aerobic mixing work was performed in the
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presence of normal amounts of air, while the

anzerobic mixing of doughs was performed .

under nitrogen or under vacuum..

Extrusion - cooking cannot be considered
as anarerobie mixing., Nonetheless, the con-
version of moistened granular meterials to a
colloidal dough occurs in HT/ST “extrusion -
cookers inside the extruder harrel itself, at
which point there is a starving effect, as far
as air is concerned.

6. Extrusion - cookers are very versatile.
The same HT/ST-extrusion - cooker can produ-
ce any one or a whole range of normal or pro-
tein - enriched food products.

The basic equipment is designed in extru-

der configuration to produce the specific food
or foods which are desired at the outset, Ho-
wever, should some other extrusion - cooked
product be desired at a later date, interchan-
geable extruder components are produced (io
such extent that it is necessary to exhange an
existing extruder screw or head or die for
enother) to produce the new product or pro-
ducts. It is also possible to lengthen or shorten

the extruder assembly where needed to pro-

duce some new product. Flexibility ‘of product
line is perhaps the most important capability
of modern extrusion - cookers.

7 They require only a small amount of

lzbor and a small amount of floor space per -

ton of production capacity, Careful positioning
of system components will further reduce la-
bor requirements.

8. Extrusion - cookers can produce a wide
range of product shapes, textures, sizes, den.

sities, rehydration ratios, and rehydration cha-
racteristics. Individual ingredients or mixtures
may .be cooked. They can gelatinize starches
while simultaneously cooking for control of
growth inhibitors. '

9. HT/ST extrusion - cookers can cook
vegetahle proteins with practically no harm
to protein quality and with only minimal drop
in vitamin content, when microencapsulated
vitaming are used.

10. They histologically modify and res.
tructure all foods processed by them, It is
possibile to control the texture of the cooked
oduct within reasonable limits.

11. They can cook a wide range of ingre-
dients - all the cereal flours, oilseed and pul.
se proteins, wet milled starches, dehydrated
flours of root carbohydrates. defatted vege-
table proteins (soy, peanut, linseed, copra,

letc.). Egg proteins, fish proteins, or meat

proteins can be blended into any of. the above,
in dry or slurry form, prior to extrusion - coo-
king, Synthetic amino acids blended into ce-

reals show only modest losses (Howe et al.

1965) during- HT/ST ‘extrusion - cooking of the
mixture. Milk proteins can be blanded into
such mixtures, but special precautions need be
exercised when cooking mixtures which inclu.

- de milk proteins. Many flavors are sufficiently

stable to stand HT/8T extrusion - cooking, but
others are so volatile that they need to be
appplied after extrusion and after drying, per-
haps in an oil emulsion.

12. Engineered convenience foods have
been the fastest developing foods of industri-
alized societies.

13. Extrusion - cookers produce almost
no effiuent or other ecological hazard.

14. HT/ST exfrusion - cookers consume
less total energy per ton of production capa.
city than any other cooking method known
and are thermodynamically efficient.”

Hawthorn (1973) hes reported that the .
world needs to examine the production of
foodstuffs from the standpoint of energy con-
sumed in all aspects of getting that food on
the table. Generally, manufacturers of foods
examine processing costs per ton, but Skesser
(1973} had previously suggested that we look
much further - to the energy input in producing
fertilizer and pesticides plus the energy sub.
sidy and the.labor needed in preparing the
soll, fertilizing, irrigating, cultivating, harves-
tng, processing, drying, particle sizing, pac-
kaging, storage, rafrigeration, shipment, distri-
bution, preparation in the home, and - (presu-
mably] the treatment and disposition of
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. effluents. He points out that «energy utilization
to power the human race is just as subject
to the faws of thermodynamics as is the
. energy utilization to power an internal com-
"bustion engine.» Berry (1972) has shown that
“ thermiodynamic analysis is a realistic way to
. amgsess the ultimate wvalie of an’economic
process because ‘it does so in terms of the
" only commodity in the -world in ultimate li.
mitation - thérmodynamic potential.

~ When we examine food costs in the light
of total energy subsidy plus the total labor
. costs, and relate those costs to 100 grams
’ of utxl:zable pr*otem or to 100 ca!ones of me-
" tabolizable energy._we ‘may find that many
_of our food patterns should indeed be changed
15. Extruslon cookers have the abllity

to modxfy greatly the texture, mouthfee! and

utﬂ:ty of every product which is extrusion -

: _cooked be it breakfast cereal snacks, brea-

dings, or textured soy protem The Iatter is
probably as good = an illustration as can be
found to explain the steps through which de.
-~ -sired textural changes are produced. The raw
material normally used in. the production of
~ textured vegetable protein is defatted soy flour
{min. 50 % protein; max 3 % fiber; maw 1%
fat, and preférred NSI of 50 to 70). Soy protein
concentrates or other vegetable proteins high
in protem content also may be used in the
preparation of such chewy pmtem gels. The
"mtrogen solubility of - (NSI) unprocessed ve-
getable proteins is- qmte high. However, during
extrusion - cooking the proteins are denatured,
the mojor evidence of which is a great reduc.
tion in protem solubahty .As defatted vegetab-
le proteins are denatured, the protein strands
are rendered stretchable and bacome good
encapsulators of gases, yet refain the charac-
teristics of rapid firm.ing of the cell structure
after extrusion through the final.die plate. The
_ reduction -in_solubility: of the proteins, plus
their characteristic of becoming. stretchable,
- act concomitantly to make . these denatured

- - proteins capable of reorientation into certain

.. desired structures, In this way, defatted soy

. flours or concentrates. are made inte chewy
-textured soy proteins by an‘extrusion - cooking
process which accomplishes all of the follo
wing steps:

a. Moistening and h-eating-of'the protein

- flour; pH adjustment for changed tex-

tural characteristics is possibie, but is
not necessary;

b, _Effec't-ﬂ/e detruction of residual growth
" inhibitors;

c. Denaturation of protein which makes
the protein stretchable;
d. Rupture of the cellulose sac which sur.
rounds each protein body;

~e. The jbining of these liberated protein
bodies into fibers of protein, which
subsequently are twisted together into
protein strands; and '

f. -'i'he stretching and twisting of these
protein strands and the uniform, . sys.
tematic layering of these strands one
over another produces a structure quite
similar to the structure of muscle tis.
sue. This gives textured soy protein
‘its chewy, meatlike characteristic and

., its laminar structure.

Textured soy proteins produced from de-
fatted soy flours or concentrates are the most
important meat extenders available today -a
boon not only to. hicusehold budgets in these
days of high meat prices, but aiso for their
high protein content, and for making no known

‘contribution to serum cholesterol levels. Used

widely in institutional feeding programs (school
lunch feeding programs, etc.), textured soys
are also being incorporated into suitably la.
bsled prepacked hamburged and food flavoring

. ocndiments sold in superkarkets. Textured plant |

proteins would also seem to have important
potential markets in foods for the military, for
field workers, and in allergy diets, etc. Usags
of moisturized textured soy as meat extenders
includes the preparation of hamburger, meat-
loaf, chilli, soups, stews, salads, pizza, dry
soup mixes, sausages, pot pies, tacos, gravies,
curries, enchiladas, seasonings, tamales, pasta
casseroles, meat and spaghetti sauces, frozen
dinners, canned foods Ind meat and spaghetti
sauces, frozen dinners, canned foods and in
vegetarian diets.

Density, ‘chewinéss, and' rehydration cha-

_racteristics of the textured plant proteins may .
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be controlied over a considerable range by
selective configuration of.extruder components,
Further textural madifications can be made
bycareful adjustment of pH, before extrusion -

cooking in most cases, However, pH adjust-

ments can also be made after extrusion - coo-
king. :

DIISAD\_IANTAGES OF EXTRUSION - -
GQOKING

1. Extrusion - cookers process bnly floury
or granular materials. Whole grains or whole
ollseeds may be put through  an exfrusion .
cooker, but in that event the -extruder has to
be designed in part as a grinder, with high
shear forces, and thus loses ‘cooking efficiency,
capacity, and flexibility in textural versatility.
It also loseés some of the advantages found in
biological performance of processed proteins.

2. Mixtures containin milk proteins must
be cooked in the lower third of the available
range of  extrusion iemperatures - say from
100° to 135°C for optimum hiological utiliza-
tion of the protein (Smith 1969). A Maillard
reaction can occur at higher temperatures, alt-
frough this may be acceptable in certain foods
for its contribution to flavor. '

3. It has not yet been possible consis-
tently to bind or destroy the growth |nh|b|t0r
«gossypol» found- in cottonseed.

- 4, S-eve-ral of the microencapsuiated vita-
mins can be premixed with cereals prior to

HT/ST extrusion - cooking and _length show

little loss in vitamin stability, probably due to
‘the period at high temperatures (12 to
20 seconds) in an HT/ST system, Hower, cer-
tain vitamins, partieularly Vitamin C, show
excessive loss in processing, and should be
applied externally after extrusmn cookmg and
after drying.

CONTHOL OF PROCESS VARIABLES TO
AFFECT TEXTURAL PROPERTIES '

The textures which can be achieved by
extrusion - coukmg are many Experience - has
shown that there are six major means available

1o, modlfy textures in extrusmn cooked foods

“1. Control of product moisture levels and
selection of the points of moisturs
application arid selection of the form
In which maisture in applied (as wa. .
ter, as steam, or as muxtures of both,
or as syrup).

2. Go‘r_:trol of product temperatures at
each point in the system.

3. Selection of ingredients or mixtures of
~ several ingredients for desired functi-
‘onal characteristics. ‘

4. Contro! of pH of mgredwents or mix.
ture (s).

5. Selection of extruder components to
provide the dwell time and the pro.
duct temperatures desired in each
section of the extrudsr. Interchangeable
extruder components are designed to
produce ‘low, medium, or high tempe-
ratures of product within each section
of the extruder. Extruder assemblies
can be arranged to utilize only a short
extruder - (as needed for producing
snacks) or a much extended extruder

" as needed for other products. Extruder
heads are Jacketed so steam, cold
Water, or brine may be circulated as

- needed. '

-6. Final dies are selected primarily to
‘shape the extrudate as needed, but diz
selection can alsc have an effect on
“the textural charactenstlcs of the final

~ product.

‘No capabil-ity of modern . extrusion - coo-
kers is. more important than their. ability to

' conirbl product - temperatures at each point

within the 'system and quickly to alter that
temperature should product temperatures vary
form that temperature preselected for any
point. An automatic temperature  control

. system has been developed -for "use whera

product uniformity is particularly imiportant,
such as breakfast cereals or texturéd soy pro.
telns, for example. Manual control ‘of product
temperature s still in widespread use, howe-
ver, particularly where a bit of :rregu[ar:ty in
product is "acceptable. :
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THE TEXTURING OF EXTRUSION - COOKED
PRODUCTS

It has been indicated earlier that whene-
ver any cereal and/or protein is extrusion -
cooked, the extrudate is texturally and histo-
logically restructured, Before this takes place,
however, several steps occur during the coo-
king process and these steps themselves of-
ten affect the texture of the final product:

‘1. The materials are uniformiy moistened
sometimes with steam, sometimes only
with water or sometimes with'a com-
bination of both.

2, The moistened (and sometimes heated)
raw materials of mixtures are worked
into a dough, followed by modification
of the amorphous structure of an opa-
‘que, stretchable colloidal structure,

3. Proteins are denatured and rendered
tractile, chewy, and capable of being
stranded. Heat labile growth inhibitors
are destroyed during the ‘extrusion
process.

. 4. Gelatinization of starchy components .
occurs during this process, foolowed

by a great uptake of moisture and
substantial increases in dough vis_
cosity.

5\ During propulsion through the final

coned section of the extruder the dough
is elevated rapidly in temperature to
a point at which its moisture content
is well above the boiling point. Ho-
wever, since the area through which
the dough Is propelled (in the final
coned section of the extruder) is being
reduced, it is obvious that the moisture
being converted to steam has no chance
to expand. Hence the final coned sec-
tion of the extruder itself becomes a
small superheater. Since the dough has
- been rendered stretchable by being ge.
latinized or denatured, and since the
moisture content is in superheated
“form at the ‘instant of extrusion, the
cefl structure of the extrudate expands
rapidly at the moment it is expelled

from the extruder. The degree of ex-
pansion for any single ingredient or
mixture will normally be directly pro-
partional to the tém-perature of extru.
sion. Hence it is possible to control the
degree of expansion .within reasonabls .
ranges hy control of the extrusion tem.
perature and moisture content.

6. Thermosetting follows normally within a
few seconds of final extrusion. Most
extrudates have a breadlike cell struc-
ture, and lose their plasticity rapidly
after extrusion. :

The texturing of extrusion - cooked foods
is a process about which much has been lear.
ned, and it is now possible, within reasonable
limits, to provide certain characteristics of
chewiness or tenderness, brittleness or plasti-
city, crunchiness or crumbliness. Much still

" has to be learned about this field, and about

the employment of additives, about the fun-
ctional selection of ingredients, and about the
affect of pH changes. Experience Is being
gained about the affects of and the selection
of shortenings, 'emulsifiers, bleaching agents,
humectants, glutens, and starches on rheologi-
cal properties of extrusion-cooked foods.
Much more has been learned about the control

-~ and utilization of process variables and modifi-
_cations in component configurations to achieve

desired product forms, chapes, densities, and
textures within the desing limitations of the

" gystem.

FLATULENCE IN FABRICATED PLANT
PROTEIN FOODS

The cuses of flatulence are several, but
most recent research seems to agree that fer-
mentative degradation of carbohydrates of low
nolecular weight by the microflora in the ileum
and colon are the primary causes (Steggerda
et al, 1966, and Calloway 1966). Of these,
stachyose and raffinose appear to be the most
likely culprits. Calloway (1966) showed that
the human ileal and colonic microflara utiliza
stachyose to produce gas. Rackis et al. (1967)
showed that raffinose and stachyose hydrol-
yzed with yeast invertase and acld produced
large amounts of gas. Rackis et al. (1967) also
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- showed that defatted cottonseed or peanut

produced flatulent activity in dogs comparable

to the flatulence of soy. Rakis et al. (1970)
reported that oligosaccharides in defatted soy-
bean meal total about 15 % of the weight of
the meal. Kawamura €t al, {1963) showed that
this total Is made up of 8 to 8 % sucrose, 4 10

5 % stachyose, 1 to 2 % raffinose, plus a trace
of verbacose. Steggerda et al. (1966} reported:
flatus volume of several soy protein products
in man, and found there are considerable dif-.
ferences between individuals in flatus voluma
when each individual in the group was fed an
a specific soy diet.
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