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SUMMARY

With the steady increase in the number of people that the world's
agricultural land nust feed, it becomes evident that we must look to those
agricultural crops that produce essential nutrients most efficlently for
our survival., Oil and protein, two of the three major essential nutrients,
can be produced with a high degree of efficicacy via the vilseeds. The
olls from oilseeds have made rapidly increasing contributions to our caloric
requirements in this century, We are now faced vith the critical need to
look to the oilseeds as a direct source of protein in the world's foods.

“The potential of protein for humans from preseat production of oil-
seeds equals the amount of protein now supplied by animal loureelf'z') The
estimated world production of oilseed proteins exceeded 30 billion kilograms
in 1971, Over half of this is produced as soybeans, chiefly in the United
States, Mainland China and Brazil., Cottonseed, peanuts and coconuts repre-
sented about 8.5 billion kilograms of protein in 1971. Most of this protein
vas produced in developing countries where there is a chronic shortage of
food proteins., Presently very .ittle of this immediately available protein
is being used divectly as human food.

Each of the vegetable protaing has one or more limiting amimo acids that

restrict its utility in animal feeds and human fouds 1f it is the sole source




of protein in theo det, Animal mtiicordits Dave Long, recognized this and

rely on blends of vegetable proteing, scuetimes capplemented with minor pro-
porticns ¢f antusl Protein ur syurhetic amino acids, Thie same approach can

readily be applied to fno systems,

A numbey cf anti-nukritionsl factors have been indentifted in aeveral
of the oilserds, lechnolugics have bLeen or are beivy developed for the

suceessful fnactivatlop or c¢limination of thege factors, However, aflatoxin

remains a major unresolved problom in the use of some vilseeds in foods,

It 1s important to recognize the differences in cllseeds and that these

differences may ¥epresent opportunities as well 2s problems. Some of these

differences are in color, tlavor, ease cf decortication and functional pro-
perties,

Each of these can contribyte favorably or uniavorablv to the

tonsumer acceptance of protein foods derived from the vilseeds,

A substantial amouat of process technology has already heen developed
for the conversion of oilgeeds mta {ond intermediates, Host of this teche

nology has been applied primariiv to soybeans. Thus there are commarcially

successful processes for producing defattod ollaseed flours, protcin concen-
trates, protein Lsolates, fibrous producte aud beverages (svy wullk), The

opportunitivs in thosa qpreqs for products othey than those derived from
soybeans has had much too Hittle experimencyl attention and Practically no

commercialization ro date.

For optimized cconomics there must be un initial separation of the oil

from the oilareds, Direct extraction whth

hwexane hos been widely applied




s o

to soybeans to recover as hign a propeviior of odi as possible. The de-

fatted soybeans are “hen uscd ar tire row moterial .or the mwufaccure of

the octher types of protucr-.  (ith the athor ofteced: 14 14 commonly necessary
Lo pre-press a sub:zlantizl portion of the oil srom the efllsecd pricr te
hexane cxtraction. Becauvse of protesn depaturation, the extract-d residucs
from the other oflseeds have reduced funetiona) nyoperties and are less
adaptable to conversion to tiue e eral fuod Interrediates.  An aquucus cen-
trifugal proces: for the aguantltative iectvery oll and undenatured proteia
products from oilseeds has been developed ind appiied successfully to fresh
cocomits and to peasuts. I the hacic of preliminary esilmates, the protein
products frow this process nre evonomically feasible and appear to have
favorable functional properties, it 1s presently belicvved that the aqueous
centrifugal oil milling technique can be applied to wost or 411 oilsceds,
An advantage of the aqueous precessing le that this provides a suirable
wedium for the chemicai attack on aflatoxin,

It is anticipatrd that the major foed pruduct areas where ollseed pro-
teins will make significanc contribucions are those of meat-1ike productsc,
beverages and protein fortified baked products (such as bread). For cach
of these spplications Lt will b. wmportunt v deternine which of (ie oil-
seed products best servir the nrecd a2z dellned by avallabllity, cout, autri-
tion and consumar acceprance,  DBecause of the {irst two considerations,
avail sbility and cost, it would .eem that tie Youpe rarge strategy {or the

develuping countzies shoula be to -oncentrate their cfinrts upon the oil-

seeds they can best produce in their owm countries
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INTRODUCTION

It is interesting to reflect on the trends in the utilization of

products derived from oilseeds during this cemtury, At the tum of
the century fats from animal or.gin, cspecially lard, tallow and
butter, enjoyed a highly preferential position as food fats {n those
countries in the temperate climates. Becauss tha vegetable olils were
available in iacreasing quanticies st comparatively low prices, thers
was a strong motivation to find a means for using the vegetable oils
89 altermates for the preferred snimel fats. After ths invention of
hydrogcnation, a shortening made entiroly from cottonseed oil was in-
troduced in the Uaited States in 1911, At this point in time it s
toth awsing and smaring t> rccall that there were stroug efforts to
introduce legislation requiring that the hydrogenated :sgetable oil
shorcening be labeled "imitation laed",

The invention of margariuc dates back cver ome hundred years,
The UBA lagged bdehind Korthern European countries in margarine
technology in the early years ofcthe century., Products were made
that contained animal fats which resulted ir rather unacceptalle
products that gave margarine a poor consumer imags, In the 1930's
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the US manufucturers developed improved and highly acceptable margarines
made exclusively Erom vegetable oils. They gradually overceme the poor
fmage that had been created by the eirlier products, grined in consumer
acceptance and grew steadily in volume in spite of extensive leglslative
vestrictions.

with the perceptive vision of hindsight, one can now sece that the
aubstitution of vegetable oils tor animal fats was considerably more
than siwply ¢ means to provide improved markets for the producers of
vegetable clis. It is now apparent that it was a necessary trend in
order to provide an adequate supply of food fats. The present world
production of butter and lard i{s iust siightly in excess of 8 million
metric tons while that of edible vegetable oils and palm oils exceeds
27 million metzic tonsfl)

Now the world s faced with the need to create protein food
products that con serve as altcrnates for the traditional protein
foods dervied from animal agriculture. The animal protein foods
enjoy a tremendous popularity, but are very inefficient in their
utilication of agricuicural land. Junsequenciy, their price is high
and out of the reach of large masses of low income populations. As
the amount of avallable agricultural land per capiia decreasea, the
inefficiency of animal agriculture becomes a greater burden. Once

again, the oilseeds offer a1 prime source of alternative protein foods,

The food industries of the world have heen working diligently, eapecially
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in the past decade, at the creatlon of alternate protelu food:, A,

before, thelr primary motivation is the disparity n price between

the proteins from oilseed sovrcas and those from animal cources. A
substantial woount of significant progress has been made and it is

the purpose of this document to review that Progress.

WORLD PRODUCTION OF OILSEEDS

As wvas ststed very succintly in The World Food Problem, "the

potential of protein for humans from present production of oilseeds

equals the amount of protein now supplied by animal souzcu.‘z)

The estimated world productior of oilsecd proteins in 1971 is showm

in Table 1. The production of over 30 billion kilograms of oilseed

proteins is equivalent to about 28 grims of protein per person per

day for 3 billion people. There are obvious fallacies in this kiad
of projection, but it does provide a perspective within which to

consider the tremendous potential of a presently produced and avail-

able supply of low cost protein.

The data in Table 2 show the trends in production of oilseeds
since 1960. Soybeana are outstanding, not only because they represent
such a large proportion of the total ollseed crop, but also because of
their spectacular growth over the past three decades and the favorsdle

prospects for increased production. While cottonseed continues to
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maintain its secomd position, its future depends upon world demands
for cotton fibers. Because it is a by-product, its production is
less flexible than thst of the other major oilseeds. Peanuts (or
groundnuts) continue to maintain a strong third posi_ti.on. Both
sunflower and rapeseed have beeu moving up rapidly in this period
of time. The production of each can continue to be iacreased if
there 15 a demand for their products at a price that will bring s
suitable return to the producers. Sesaze seed yields both an oil
and a protein meal with dezirable properties. However,its future
production will probably continue to be inhibited by its lack of
adaptability to mechanical harvesting. Coconut protein is a minor
proportion of the world's total supply, bdut in a few countries,
especially the Philippines and Indomesia, it could make a very
significant eontribution to the diet of the people of those
countries. The protein represents a minor proportion of the
coconuts and its future availability will be dependent entirely
upon the world demand for cocunut oil.

Yor those concemed with world food problems, it is important
to considcr not only the total world supply of the oilseeds, but also
where each of them is grown. It is natural for a country with limited
foreign exchange to prefer to use indigencrus crops. Therefore, in

the creation of new supplemental protein fonds one should be com-

carned with the indigencus proteina supply in the coumtry of
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Interest. In Tables 3 to 7 are shown the major producing countries of

the principle oilseeds, From Table <, it 1s appareat tiat the great

preponderance of soybeans are produced in the tnited States and Matnland

China. Brazil is rapidly becoming 3 major factor as a3 consequence of

its very dramatic lncrease in soybean acreag: over the past several

years. soybeans represent somewhat of a problem to international plan-

¥
ners. Because the tachnology uf soybean floure, concentrates and

1solates has been so fur

years, the preponderance ~f the food product development work that has
been done in the past decade has

advanced in the United States for 3 number of

been based on products derived from

soybeans, Unfortunately, soybeans are not grown in many of the countries

in gresteet need of lﬂpplémental protein foods. It ig possible that

varieties of coybeans can be developed fur production in the semi-

tropical and tropical climates, but thie may require

sacrifice in per acre yield,

a cousiderable

Even in the United States the per acre

yield of soybeans 1s tonsidered to he only marginal in terms of being

4 satisfactory cash erep for a produvrir, Sonsequeatly, :lanneas are

faced with the Prospect that, if they do develop acceptable focds based

upor the products of soybeans, they may be committing themselves to

an import program for which there {s inadequate foreign axchange.

The geographic distribution of the production of cotton, and
therefore cottonseed, as shown in Table
from the point

4, 1s much more favorable

of view of many of the developing countries, Presently




cottonsecd is very wastefully used in terms of potential human benefits.
Ouly in Innfe 1s there one small plant for the removal of gosaypol from
¢nttonseed to make it more suitable for use in humau foods. A similas
plant is presently under construction in the iUnited States.

As shown in Table 5, the production of peanuts (groundnuts) is
wather widely distributed among countries in the warmer climates, 1India
is the world's largest producer of peanuts. They are produced in many
countries of Africa and perhaps could be produced in all of the countries
of Africa. Again, the protein meal from paanh!:s. as in cottouseed, 1ig¢
used in ways that make a minimum coptribution to the humen diet. Omly
in the United States are peanuts consumed principally as fuod. In
other countries it is primarily oroduced for the recovery of oil and
the highest use of the meal 18 as an animal feed. The peanut represents
a tremendous untepped source of protein for human consumption whose
production could be readily axpanded.

The data in Table 6 show that the major producer of sumflower seed
is the U.5.5.R. The other major producing areas are Southern European
cowntries and Argentina., There L : substantial amount of interest in
sunflower seed as a crop in the United States. The oil and protein
products derived from sunflower seed are quite attractive and Che only
deterxent from its becoming a major oilseed crop is the economic return

to the primary producer. The distribution of production of rapeseed is

shown in Table 7. MNote particularly the rapid increase in production
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in Canada. There &re also reports of groving interest in Sweden. Major

deterrents in the past to the produ “fon of Tapes2d | ve hoen some

components in both the ofl and the real that had undesirable properti.s,

The o1l contained substantlal . oo {so 8 oorvede acid vieh soma
rutritionists considered to be undesirable., plagt genaticists huve
developed varieties of Tapeseed containing oil which is essentially
devoid of erucic gcid, This has substantially increnged the commeicial
interest in rapasesd oll. Research in Canada and {n Swveden sppuars to

be overcoming the deficiencies of rapeseed meal. These will be discusaed
in & later section. |

COMPARATIVE NUTRITIONAL VALUES OF THE PROTEIN oF OI1LSERDS

As their name implies the otlseeds have been produced principally
4 a source of ou; The residue that rematns after cll is removed by
any of the cmréhl processes has commonly been used as a protein
supplement in animal feeds. This r legation of the pv tain to a by-
product status has kept the prica low so that the defatted olleceds
constitute a source of Very low cost protein.

It is beyond the scope of this document to review the tremendous
amount of research that has been done on the nutritional quality of
oilseed protein products. However, sevorsl general observations may
be made from the mass of this research. Flrst, 1t s generxally

Yecognized that proteins from vegetsble origins do not have as favorsble




an amino acid balance for animal requirements as do proteins from animal
sources. In comparison with animal proteins, each of the vegetable
proteins has one or more 1imiting amino acids that restrict its utility
in animal feeds and human foods if it is the sole source of protein in
the diet. Animal! nutritionists have long recognized this and rely on
blends of vegetable proteins sometimes supplemented with minor propor-
tione of animal protein or synthetic amino acids.

The long recognized supplemental effect of one vagetable protein
upon another should not be ignored in planning human food systems. In
evaluating the nutritionsl quality of any protein product, one should
always keep in mind the other proteins with which it will be consumed
and estimate the protein quality of the amticipated blend.

The data in Table 8 show typical snalyses of the various oilveeds
for protein, oil, crude fiber and ash. Soybeans are noteworthy in their
high proportion of protein to oil. The world demand for protein supple-
ments for animal feeds has accounted in large part for the tremendous
growth in production of soybeans., As mentioned earlier, the supply
of cottonseed 1s linkad to the demand for cottom fiber. Because of
the high ratio of oﬂ’ to protein inm the other oilseeds, their pro-
duction will be dependent more on world demand for oil than for protein.

Typicsl analyses for the residues remaining after the oil has been

removed from oilseeds are shown in Table 9. It should be pointed out

that in all cases the oil content can be reduced to one percent or less
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by modern techniques of solvent extraction. There is am Lnverse re-
lationship betwcen the amount of crude fiber and the pxotein content.

70 a large o«tent the anouni of caxu e fiher depends u; on the success

In decorticating the seec. The soybean processors have been markedly
successful in decorticacing Luyveuns so clat ther can produce a de-
fatted meal containing nu more thau 3% crude fiber and approximately 507
protedn. This technology f¢ not ar well advanced with the other oilseeds,
Investigations of methods for the quantitative dacortication of cotton-
seed foxr use in food preducts are pPresently underway at Texas ASM
University and progress to date has been most encouraging.

Typical amino acid analyses of the protein of oilseeds arc shown
in Table 10. Note that the most conmion limiting amino acids are lysine,
iscleucine and the sulphur-containing amine acids. There is really a
rather rermarkable similarity in the emino acid composicion of the
proteins of the oilseeds, which is perhaps not too surprising in view
of the fact that they were all laid down by the plant to serve more

or less the zme piysiological functions,
ANTI-NUTRITIONAL COMPONENTS OF OILSEEDS
A number of corponents have been identifiad in oilseeds that have

undesivable physiological properties. These have been the subject

of considerable research and a nultitude of publications. Ome must
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be concerned with each of these vhen designing a process or food
product besed on oilseed proteins.

Aflatoxin is a problem common to all oilseeds as well as to all
other food products. It has been the swbject of s recent comprehensive
review{3) Obviously, the best way to attack aflatoxin is to prevest it.
Howevar, this is not always possidle and may never be totally successful
in hot, humid climates. Techniques for removing or destroying aflstoxin
by solvent extractiom or chemical actiom have been demonstrated, but
none of the processes has yet heen adopted for commsrcial use. BRech of
the mthods reported to date has disadvantages, including dematuratiom
of the proteins and destruction of some of the amino actds. This to mn
ares vhere such more resesrch is still needed.

The utilization of cottonseed in food products hes bess inhidited
by the chemicals, particularly goesypol, found in the pigment glands
of the seed. Gossypol and relsted compoumds are quits toxic to momo-
gastric animals, including men. However, the pigment glands cam wow be
removed almost quantitatively from cottonseed mesl by a liquid cyclone
process. Such a plamt it presently operating in India and another is
under construction in Lubbock, Texas. Im sddition, plant gemsticists
have developed varisties of cottonseed which are devoid of the pigmemt
glands. Several varieties ars alrsady in trial production im the
United States and it is reported that s mamber of other varieties ave

roady for releass. Thess glandless varieties could entirely eliminate
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the many problems associated with gossypol,

It has long been known that 80" beans contain seve-al anti-
nutritional components, including a trypcin inhibitor, 4 goitrogenic
compound, a diuretic and a Mewagglatinda, Each of thege ie heat sensitive
and des.royed during normal processing of soybean meal .(‘)

Rapeseed contains glucosinolates which on hydrolysis yield toxic
isothiocyanates. These are vater soluble and & procession of diffusion
extraction has been reported by the University of Saakatchewan (%) It

has also been reported that a group in Sweden has developed a detoxifying
Process which is ready for cmrciauzntlmfe)

OTHER CHARACTERISTICS OF OILSEEDS THAT CAN
AYPECT THEIR POOD USE POTENTIAL

Mequate nutrition for all segments of the world's populatien tas
& noble sctentific cbjective. The creation of attractive, palatable,
low cost protein foods is important to attaining that cbjective, The
sreat mass of consumers, be they rich or poer, buy foods for gastronomic
satisfaction rather than for nutritional balance. Thexefors, while our
objective may be good autrition, our vehicle must be good food. Betause
of this, we must recognize certain food quality actributes that can
favorsbly or adversely affect the successful use of oilseed proteim in
foods,

One very practical considezation that har been largely overlocked

1s that of adequate decortication. For example, 1f the hulls are not
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quantitatively removed from cottonseed kernels, the flour and the com-
centrate made from these kernels will contain unsightl; dark specks.
While these nay not be physiclogically harmful, they are distinctly
detriwental to the aesthetic appeal of any food products containing
them., The new varieties of sunflower seed are cspecially difficult to
decorticate. On the other hand, tachniques are available for adequate
decortication of soybeans and peanuts. Rapeseed probably represents a
special situation where quantitative dehulling can best be accomplished
after solvent extraction. For the broadest possible use of cottonseed,
smflower seed and rapeseed in food products, improved methods of decorti-
cation are cssential.

Flavor is a most important characteristic and one about which very
11ttle {s presently known with refersnce to the oilseed protein products.
It is commonly agreed that extracted soybeun meal has a strong charac-
teristic flavor which is generally considered to be undesirable. This
was one of the principle motivezions for tho creation of soy protein
concentrates. In the production of soy protein concentrates and also
the isolates, a substantisl proportion of the characteristic soy flavor
1s eliminated. However, the original premise may not be valid for all
food systems. While it is unquestionably true that soy flavor would
be unsatisfactory in some food systems, it may be totally compatible

with other food products. This is an area vhere there has been a




sarious deficicncy of contreile erperiment gt fon o evalyate the 1lavor

"

characteristics of ollseod yootein product: in 4 variety of joud sy Lems,
Without questclon, the flavors of the flours anc concentcates prepared
frow the dilfuorenr nilseeds vary whstantially,. vy we need to know
is how each of these products affects the flavor ot variety of types
of food=.

Color Ls also lmportant in o number of foud systems, Giten the
color of the dry coucentrate oxr isolate can he decoptive. oy vXample,
one made from glandleys cortonsewd may look quite white ir rhe dry form,
but when wet can become 4 rather unpleswant: BTay. Of course. this would
only be pertinent in a food where whitencs. ig important.  The proteins
themselves are coloxrless, bui arg Influerced by the nwierous chronophoric
Or natentially ehromophoric substanees astoclated wich thom 1in the sced.
One spectal problem i; thar of chiorogeais nesg tyy sunilower seed thai
turns green to brown wider alkaline conditious.,  [hiz makes tihe Prcpara-
tion of a pratein Lsolate from runflower sced Uwossible by the traditional
wethed: unless speeisl Precautions .re taken.

In the past several Jears there hay been .- ¥rowlnr awareness of the
importance of Yecognlzing wne Giiferences n the function.] properties
of proteins and protefa food producie, 1n using 2 neocein product in
a food, the manufacturer wants it to have certain specific properties.
These will vary depending wpon the noturc of the food product and whar
ne expects the Protein to contribute to thrar food produet, [f ie iy

used primarily for the purp2se of previding sdded nutrition, then it




sionld diepurse ;1 Foon preduil i tnoe affeciing the noiwal charvac-
Ceristdes ol that product, More convon'ly  he proveis is ewpectad oo
arovide sewe propoy e, agch o gt PRIl wWibepe TR 4 gedoation
21 tuxture.  In asy of Lhese funeticral propert fos, protcin prodfucts
1rom the same source may vary depeoding upor che treatment they have re-
calved  snd proteins from differicg souvrces will vary hecause ot the
differing umieo weid compacitions ol configar-iious, The literaturae
on funetional prepexties s still very gparse. Tt s ccrmonly apreed
tnal there Ls a necd for scre uniforem, srandardized f{unetional WIUpeTLY
tests that bear swee real relatlouship te wscfulness in fuod syshede.,
There ace o nunber of tests heing used, ot there has beca ittle or

vo demonatration that the resait: of tiese kests can be oredictive of
useful performaice in foodr, 1t Lo ole'r that proveing £rom the
digferent oilreed wcurces do noi booaave al fke ia certude foud myscems,
but at this noiny 14 our tectavlogy b 1s e kowe vhy they differ

nor how Lo predict how they will dUffer othar thas o test them in

the Joeds. This 46 2n area where tness i need rar exrensive basic

and apptied investiparion.

FULL-FAT OILSEED FLOUR

There has heen some interc:t fa the past decade for a Full-fat

soy flour primarily for uve in low cost protaein foode in areas of

pirotein ander-nuiviticn. ligure 1 ohiows » procese that war developed
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The central vtep cf the nrocecs ts the cookingeexirus.on in the

Wenger apparatus. Dehulled suybean f{lakes are pre-canditloned wien

open ctcan injection, wiich rolses the woistore courent of the flakes

to about 207 and elevatoes the tvaperature. The conditioned flakes

are then put through t.e conkerextruder, which has g tesldonce tine

of less than one minute.  This shert tloe at maxlonmm pressure and
teaperature nminimizec damage to autritional proterties, hat adequatel

inactivatan anti-nutricional factors, the product in reported to have

a mild £lavor accept:ble in some foromlted food products.
PRODUCTION OT bF FATITED CILSEED FLOURS

For the produetion ol vilseed meul or flour the oil:zeeds are
conmonly defattad by ore of three m:thods ; expelier, nre-press s0lvent
extraction or gipecr solvent extraction  1n ibe expeller process the
vil 18 remaved by mechanically squeezing the ollseade gt aoderately
bigh temperaturcs and PIressures.  The partially detarted residue of

this process stii) contains 4 o 67 oil and the proteln bas been syb-

stanifally devatured g, 4 result «f the high temperacure.  This limics,




Bet hoce mod omveclas rra o ow of gt tler prees sk tn Do owe baet,
Witle tro protain Le denatnrsd et Ti-tomt? oo spgeantl L pedbies 1t
sotebility, the srvoe. s 2aq ho coltrolled in a masner o retadn oot of
e nerritional vadue of e protein Ao gite fuil-fut flonp, thic
tme of percitlly defoteld flour ~an probably best be usad in forous
Vatea products of the infant flod or cooked cerual !ypes.

Where adeguste ~aplial ir available, the ewpeller precess haa been
lazgeiy repiaced by cither direct solvent axtraction or pre-press solveant
ertraction. The major use of dureet solvent extraccion hag been with
oybuaris,  Secauae of thele relandvzly Tow oil conteni soybeans can be
rollcd lato thia flakes droa wniteh the ofl 12 readily extracted by hexane
at o rate of poercozaticn vhich perntrs nracouical continueus processing,

In e case of Lbe cther ollpeeds with highar levels of odl 1o the
keruels, direct salven: extraction becope: more d1FFLcult o entirely
Imprectical. pvidently, the removal of the targer arovns ol il re-
sults an a collapse of the structure ol tie meal. tausing roor percota-
paom rateg. with careful preparatio.n cottousead f£1ikes vau be golvent
exiructed,. in arder te isprovs the nercealation, che hells sre nouc
rotpietaly remeved. 1t s o woot guestiou whether cotiousesd can be
comaarclally exteacted 1f all of the hulls wore remrad fron the kernels.

Pre~pre~s solvent extraction, which is spplicd to most of the oil-

sceds ochex than coybeans, is a4 Lwo-stap oparaticn L chicu part of the

nid i3 xeroved by an cxpeller or acrew press and tue remainder removed
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rentagis and disadvantages of Hoth peratione. The g ispre wdvant age

ts economice. perause rhe marketolace bar nlacad g

s

“alve wa the ali
at toc or more vy taah of L o Fioon Sahe, Uhe Cdlec0d piocegnat
Ts motivated Lo tomove as mach as ol ra e prectically wd eeonacfeal by
cen. Thder pond operating eonditions selvent cgtrastion will reduc.
toe oll lewnl of the rastdue o wdrler ooe percert. e try to reacover
€ sigvliicgil part of e remaluing, coe nercen. is unecostoefc,

For food ues purposes of the Protein vesidue, solvent mxtyaction

ofiers o distiner acventags lo versatilivy, Comirniy, for feed use
the solvent 45 removed from “he defstted resfidue fn a desclventizey
toestar, lUnder nroperly controlled copdi Loue thir will winimize anti-
nutritional foctors and maxiodzc the feed quai ity of the protelns.
owever, it also de-arures the proveius Lo the extent chat their
colubility (s substont fally reduccd. par the prepiatracion of isolates
and som2 foord uses this low pretein coluinlidey {e isadvantage.
Hovever, desslveniizers have jLeen devigned and are i1 wse that can
ke operated undur coaditions to retaln all or o part of the protain
sclubiidey, 1t is, therefore, commen fiy g [ood manutaccurer to
purctiase food grade soyhean weal or flour with u specified nltiogen
gclubllity based upon his preduct develogment experimentatios. [n
scne food sretamg g high niirogen golubdlity 1s desirable in ochers
a1 intermediate, and in come g 1ow nitrogen solubility 1s prefecrad,
The pre-prec. sclvent CRLraction process does aot ngve ac wuch
tlexibility as Jdoss the Urect solvent . «rrucsioe. There ls encaph

frictional heat developed jn ihe pre-pressing to »ffect 9 substanc lal
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reduction in ulrrogen colubility.  his the case in ordiuary ecoumexcial
practice. L1 fs pesiiblo o aper.te tio premprids s Ghior tnorult o oway
as to mindulze the Locs do wsto gedr coabinily wal suil produce o press-
cake sultable for zolvent extraction. dnder these conditious less oil

i yemaved ia the pro-press opevation aod, coaseguentiy. hese will he

need for o higher Zodveni to neais Tatio {0 the extractuon. 1o wininize

the nitrogen solubility lons requires very careful control of the pre-

precs vcperation.

FROCESSES FOR QILSLED PROTVEIN JONCEWURATES

The prasently svallable soy protein concectrobes yesult Jrom the
temoval of woest of the oil anu the warer seluble constitucot: of de-
hulled sovbeans (Figuwve 2. !'n 208t sessous the concentrates will
contain aboat 707 protein (N ¥ #2533, while this Las rather inad-
vertencly barowe the accepted standard and deffnltdon of roy concentrates
and is being somewhat fvproncily ap; Hed ro concentrat 6 from other nil-
seed sources, the initic! objective of the process was to eliminate
those couponents responsiblv Lox wuen 0f the flaver aad wdor ot soy-
beans. colncidentaliy, che [latus producing components are also
greatly reduced o ~llwinated.

There are at leas. three processes in coumercial use for making
sov prorein coucentrates. These differ ln the technulopy ewmployed

te rendeir the wainr proportion of the proteir insvluble during the

extraction siep.
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1. Extraction with 60 to 807 aqueous ethangl (9)

2. Imsolubilize the Protein with heat ang
with water(10)

then extract

3. Aqueous extraction at the isoelectric PH (point of
lowest solubility) of the major protefn components (s 12)

The products of the first two processcs are deratuyred
sequently, insoluble,

and, con-

The isvelectric Process may suffer o somevhat

larger loss of protein in the whey, but ylelds o much more soluble

protein concentrate. In the isoelectric process

it is common to
neutralize the concentrate prior to drying,

A sinilar concentrate can be made from cottonseed tlm‘lad probably

from other oilseed flours. The solubles contain sugars, ninerals ond

some nitrogenous constituents, sogme of which is protetn. These coun-

of the original Components and a potential
pollution hazard, Work 1s in progress

stitute o significant loss

at Texas AgM University to
identify the Components of an oilaced vheay, davelop methods for the

recovery of the major comporents wan’ find ccomomde usie for them.

It has already been demonstrated that Cottonseed whey coatains g component
or components that have good whipping progertiu.a“

As has been went foned Previcusly, a liquid cyclone process has been

developed for the removal of pigment 8lands as measyred by gossypol from

the present varieties of cottanu&dfls’ 16) Yigure 3 shows the basic

elements of the Process. The classification {g carried out in g liquid-

s0lid cyclone which Separates soltd particles on the bacis of their size




md specific pravivy. The pleneac glanda abieh g Cogpt and resilicent
enough to resizt Aisvaprion dusiag Recane caotroodioun snd g inding Lo ow
slurry, flew 1o g divecrion opposite vo the wajor portion of the protein.
The major product ceprosivis 657 of the initiag proteis gad slightly
more than half of the defartod cottomeend meal.  The protein content of
the major fraction is at leact 657 avd the anssypol Lo redaced to less
than 0.1%. This type of produce i pregentiy being marketed in India
under the trade name "Scamdro™ and Ly expectod to he avallable in the
United States in eavly 1970

1t e a resoaable nresung! ion tiut the iiguid cyclone could also
b2 used Lo concentrate the provuin wa glondles. cottonseed meal.

A protein coveentrane can alsc oe producod from properly ground,
defatted cotconteed meal Sy air ¢losstfioatiof®s 17) (Figure 4). With
glanded meal his proces: Is tess effcctive than liquid classification
In reducing the gossypo! Sevei . ioveyer, hecause of the cimplicity of
the prucess {1t vould find congrderabis applicution with giandless meal
and pertaps with cilier defacted oilacod weals,

PROCLSELS FOR QLLSEED PROTE I LSOLAIEéa' 13, 19

Although food grade protein isolates have heer produced from roy-
bean flour for over ten yeqrs, there is little publiched tnformation

on the detalls of the design, equipment and operating conditions used
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proteins diffexr, the most appropxiate tsolation procedur: for each will -
differ. For example, with cottonsead a two-step procedure has been de-
veloped which yields two distinet and differeat protein isvlates(zo)
(Figure 6). The first isolate is obtained by extraction with water and
precipitation at pH 4. About one-fourth of the total protein is ex-
trocted and about 157 recovered as the first isolate.

The insolubles from the water extraction are then extracted with
0.015 NaOH (pH about 9.7) and precipitated by acidification to pH 7.
This extracts about 60% of the original protein and the second isolate
represents slightly more than half of the proteln uriginally present
in the cottonseed meal. The two isolates constitute about 10 and 30% of
the initial total weight of the meal. A modificatton of this process
in which all of the cottonseed protein is extracted in as alkaline
medium and then selectively precipitated has also been recently re-
portesgx)The wheys resulting from the preparaticn of protein isolates
arc presuned to be similar to those from the production of concentrates.

Thereforc, the research mentioned above intc the utilicy of the compo-

ents of wheys 1s considered to be applicable both to those from the

isolate and from the concentrate processes.




AN AOUE.03 CUNTRTILOAL PRGN ooy
RECOVERY OF ofi. & PROIY I WRODMGETS Fid C.I SFFs

As polited out abowve, curreatly avef! bie proceeges for the po-
ctovery of 0il fyom ndgh-oii wilrseds commonly pesutt 4y sufficient de-
naturation of the proteins to lower _hefy solubiliey g | restrice thelr

rmge of utility in food products. In addition , Presprass solvent ex-

traction plant is bogh hawardovs anu bapensive, especialiy af equipment

iz added to convert the oilgecd flour into cuncentr..tes and {aclates,

Because of this alternative Processes have been sought for the recovery

of oil and food grade protein products from oilseeds, Principle attention
has been focused om the use of aqueous centriiugal processes and sube
stantial numbers of investigaticas huve been reported and reviewedfzz)

Two of the leading rasecarch ceuters that have becn g-tive in this area
have been the Central Food Technological Rosearch Institute in Mysore,
Indigzggﬁ the Tropical Products Tastitute in Englané?&)lt is reported

/9

{25)
that the Tata 0411 M111ls in Bombay, Indla gre using a imxiification of

ik R R e s e .

the CPFTRI process for the menufacture of peavut prutein isolstes, Por
the past threc years, the ¥aod Protein Revearch & Development Center at

Texas AsM Univeraity has beun diligently Investigating these precesses,

On the basis of laboratory investipatione and pilot-scale unit operation:
1t 15 now believed that the aquecur centrifugel processiug of buih coconut£70)
and peanntgzzg practical ond can yield high quality oile and food grade pro-
tein products at coupeticive costs,

Figure 7 shows a simplified flow diagran of the afquevus processing
of coconuts, Because the process starts with frosh, husked coconuts and

i3 continuous, the o1l has 4 minime opportunity to hydrolyze and con-

Sequently, has a low free fatty zcid aad gowl color. 1n discontiuucug




anit opevatene. snch oo o s JioU phant, v f dilad tcull to obtaln
SN wat el Eal Bl vice et betaeln ahr. G e vk grodact fuss
by wdhexronce to the aany piees. g TEPLRRRT U Gnd Tu Lb s neeessary mags
trousfers. Nonetheless, recnveries of oil in the ~1i1 product in the
ranga of 17 have hees wbreland T s Yetieuod that oin o coatinuous
omnercial plant the oll recovery probably would excecd 95%.

Prescntly > protein fraction of privcinrle interest as that re-
ferred to an Coconut Traction . “¢o empasiiion 14 approviwately 25/
protein 57 fat. A5 solubls carbohydrate; ard 97 ash.  This compos Lt ion
L noL oo dlsslnllar fronm than of nop- fat dry 2ilk.  The soluble carboe
Ywdrate Js priaclpally suerose. b flavor of vhe product 1s sweet and
mlldly coconut. Poecagse of lus h fah bovel ot solubility 1t is belleved
that it can be used ir many of the applicatlons of nwomefat dry milk
and particularly us a beverage Szeo. i che assunes ouiy a 0% recovery
of olt in the process and asclers no velun to the Fihrous Residuc or
Proteln Concentrate 1, 4t L« astivaced Ethat the Coconut Praction 5 would
cest lbe pey pound to preduct, The real ¢t shouid be substant {ally
less thon this bnasmueh as it s fu dy anticipated ths. o higher than
905 recovery of oil will be obtufancd und that voth the Fibrous Pesidue
and Protein Coneentrate § wiil be thown 1o have ruatl value,

Parlier acveapls have concentrated on = prodoctior of an isolate
a5 shown in the altesn.te process in Figure ;. Becanse the oll elings
rather tenuovsiy o the protoin the aeld precipltated fraction contains

about 057 protetn. 47 oll 7 ash wd 1o teivible carbobydrates. Peeavse
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the yield 1s s0 low the .ost to produce the seid precipitated fraction
would be abuut 59¢ PeY pound, 1f it were woumed to be he only market-
able product. Even presuming that the cost can be reduced by improving
the oil recovery and Finding markets for the other by-products, 1t 1g
probable that the cost of Lhe acld precipitatey protein will be suffi-
clently high that Ltvmarketability will depend upon finding some yp-
usually ugefyl application.

The above costs were cileuiated on the basis of a hypothetical
Processing plant which would handle 125 metric tons per day of husked
coconutsg, Proceesing costs were estimated at $15.80 Per ton of husked
coconuts processed, The estimated total equipment cost ig $650, 000,
The total installed plant cost would depend upon the location of the
plent and the labor rates prevalling 4p thae area,

With peanuts an aqueous centrifugal: oil mil can be designed and
operated to yield either a coicentrate (Pigure 8) or an isolate (Figure 9),
A concentrate can generally be used for thg SAUC purpc @5 as an isolate
and often at lower DSt This 1y true in the case of the aqueous pro-
cessing of peanuts inosmuch as both oll and protein ylelds are higher
{n the concentrate process than in the isolate process, atertial balance
daty obtained in 4 discontinucus pilot plant indicate that about 92% of
the protein and g9y of the 0il present 1n ghe peanuts can be recovered
by the concentrate process shovw in Figure 8. Again, it is anticipated

that these yields would be lmproved in 4 continuously operated commercial




Plant. The f:cad poount sooteta coucentiae contadns about 67% protein
and 9% il ®aacc on €l %Wt roccaer s, it is estlmated that chis
concentrate ol (oot cow. Vg pur nowad (230 per porad of protein).
Whilie the propertic uf tuis comcov: ot hove a0t been exhaustively
explored at thi: tise, it 4von w0 o vy neg level of solublility
In water ir che pourval o0 raags. 04 . w derately low viscosity.

An advantawe F the crvesrs procsesing of peacuts is that this
rrovide: o suit “i sewsus £oo the chemical atteck on aflatoxin. Most
eliemieqls iha Dave svown to b eflnet ve in the destroying of afla-
toxin are most ~ffecifue {4 o1 cgreuous svscem. This Is the present
thrust of invesrigutions 1. Texas AN Tlmoversity in the aqueous processe

ing of peanuts.

FIBKONS PRODUCTS

There are twe rlasses v fibrous preaucts that are currently being
produced from soybec.r procacts. The first o7 these is based on spun
fibers and the second on ew.rueded Flovrs.

In the produciicn ol the spun flbor products, as shown in Figure 10,
1solated soy protefa fs dictolved a* 10 £y 207 so'ids ir aqueous
alkaline soluticn with a pif o7 i6 or rbove. Thie provides the spinning
"dope" which is forced thaiv-en 1 stasdard, noble metal "spinnerette" and
ewerges inco a coagulativg bath o liusted to the isoelectric pH of the
proteir., ilee procioitacion o ecurs,

If thi. precipitate is ¢rom ovay continusuily  from the discharge

foce, the moncZilanonte oy be nroduccd endlesely so long as the alkaline
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dispersion ig supplied under pressyve and the ¢oagulating bath chemicals
are replenished. The isoclectric bath ig ap aquous solution of a food
grade acid and often containe dissol red tlectroiytes, por example, for
80y lsolate, acetic acid and sodium chicride are used,

The choice of the size of the spimnerette orifice is {wportant to
the ultimate texture of the products, Generally & diametor of under
0.008 inches is« used. The tendemess ad toughness of the fibers can
be influenced by stretching and heat setting the stretched mater{al.

The texture of finished foods can be varied by alrering the geometrs -
arrangement of the filamentg OvVer a range from “8sentially parallel

to nearly randc"m. This is effected during the compounding of the food
Product. Fintshed textured foods usually contain aboyt 35 to 65% of
their dry weight asg *pun protein fibers. These are compounded with
fats, flavors, coloring agents, nutrients, Lhamxo~sett£ng binding
agents and so forth to fabricate sigulated meat productg,

A more receat class of fibrous, textured producte is made by the
extrusion of soy flour or fiakes. The 80y flour at a suitable moisture
level 1 put through an extrysion devize wherein the temperature and
Pressure at the orifice Cause an elongation of the protein into a
fibrous structurc. After exiting from the extruder, the elongated fibrous
structure maintaing its integrity when the product is ysed in ordinary

cookery. The dried products will absorb Up to 3 times their weight of

moisture and exhibit many of the Physicd properties of chuuks of meat.




Coloring and flavorirg agencs way be added to the fibrous products.

The openners of the toxture and the rate of ehydration appesr to be re-

lated to the operating cnaracteristics of the extrusion equipment used.

.. (28}
50V MILY

Soy milk has beca prodused '-r a Yoag time by a rather wide aseort~
ment of processes. ‘The proces: evmployed generally depends upon the
availabil ity of eculpment and the quality characteristics desired. A
typical process is shown Ln Fliure 21, 1o some instances the cleaned
soybeans may be soaked in water onc or more times., The soak water may
be discarded, 'fhe heans are then disintegrated {in water by a variety
of grinding anu pulverfzlog levices, icsearch at Cornell University
has shown that the use of water heated Lo at least 80°C in the disine
tegration step will prevent lipoxidase acti~ity amd result in better
flavors,

The disintegrated sluiry sumst be heated at some puint in the process
sufficiently to destroy the tiypsin inhibltor .ctivity in the soybeans,
In those cases where the end product 45 a bottled beverage this heat-
ing is probably part of the final sterillization operation.

The slurry may be filtered or centrifuged to remove the least
soluble and di:pereible componcats that would settie out in a beverage
or produce an unpleasant, gritty feel fu the mouth, Depending upon

the degree of scparation ot insclubles, the yletd: of soikds inm soy

milk will range from about 65 to 907 ot the original dehylled soybeans.
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ORMPARALTVE FOOT USE POTENTIAL OF i ; RUTE L
PRODUCIS TEAT CAM KE DRRLVED PRGi: 0'Qsgpng

The food use potenrial or wmy ne

product or class of nroducts
depends upon hoy thay fit into traditdoral “und potterns .nd food

economics. A produ~t thar 1~ biz wucces: In one place may have

no potential for sueccess in wa0ther. ¢ nzaquently, ft i3 hazardous

to make projections from ‘. experienie: to daty which have been mostly

in the United States, to the potential for c¢flveed preteins in other

countries.

There {5 an o1d sdage that "necessity is the mother of invention."
Cortainly ia this care the "remendous need to expand ogr food protein

supplies 13 going to stimuiace Wi upsucpe L creativity, Further, most

countries would prefer to yge ladigenous products, Presently, most of
the commeytcal technology is hased upou soybeane, Undoubtedly, an
increasing amcunt of attencion will ba dizected tosard otler oilseeds.
1t 1s possible ro anticipate g.neral rrends that /1l develop in
the utilization of oilseed uritetns, Certzinly the area of meat ex-
tenders and alternates vill core in for much attention. Except whers
it is precluded [or rclisgious reasons, neat is gererally one of the
most preferred foodstuffs. 1tg consumption is restricted only by
{ncome. Tremendous Prugress ha. already bec: nade in developiug meat
extenders and altermates from soy products. Those made from the 3pun

fibers have pruven to be Very versatile am' to Lave high consuner

3cceptability. ilowever, their cost will be a detcrrent. The extruded




products, however, ar: incxpencive svo have n wide range of potential

uses. All of ulie pivsent tecnnology is baced on extruded soy flour
and Lt i ot known wvheihexr acceptoble ccurtarpatts cen be preduced
from the other vil. euds.

Another aicn of substantial interest s bevirages, This interest
has two facets, that of prouvcing sstenders ur replacers for milk and
that of fortlfylns: with pryorein rhe mans peverages that are congumed
st7ictly for plaasure, ozincipally cavbonated. 1w bnth cases flavor
is a contr.lliag criterion, While the suecess of Vitusoy in Hong Kong
has attracted nuch attentdon, the flavor of Vlitasoy 1s certainly mot
universslly accecpted. A zoy milk like vitasoy haw e strong characteristic
flavor that many people concider unpleasant. Therefore, there has been
considerable effort Lo wodify the flavor ¢l soy beverages. There has
been some succesa o doing thi;x i1 blends with cheese whey with properly
controlled procezaing t cvercome the sey Llaver. sSoy bas the additional
disadvantage that it produccs a .staer substantial increase in viscosity
with a small incressc in soncentyst-on.  Pesnut protein, on the other
hand, is considerably more zoluble than that of scy and produces a much
lower increase in viscog.ty. ihile these oilseed protains can be used
in conjucticn with whey or other milk products, a different problem
is encountered 1f cne :ttempt: to wmake a simulated milk without the
inclusion of a dairy product. it ix presymed that P gynthetic milk

should have a proteir and mineral content cifmilar to +hat of natural

milk. It 1is a charucter!stic of several of the vegetsble proteins that
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vhile they may be soluble in water at Phe peoof s ticy precipitate

in the presemnce of 1., Yevele of raleter Lovn, Mds | un area vhere

much new researcl: | needed
In the case of the carbonated (actie) brverapes one mgee look for

A protein that 15 .o!ghle AMoa low pi, Tue wajor finlane {prom cotton-

seed has Lhis propetey.  Io additton, che w“hey aroteios feo cilseed

procassing are 31., soluble a0 1w pite,

It 15 suggest~: that the warer sojuble fraction from coconur

processing could be c.mverted latu a beverag: tliar might ve positicned

between milk auuy the plersure beverages. ¢ 183 a coposleion very

close to that of ik povder, hue with its swect goconut tiavor might

be marketable con feg merits ss 3 pleasure beverage, There has not yet

been enough produced 1 MAKe ANy Consumer tosta,

A third potential ar-y 1. in the protein toge itication of bre.d

and other bakery items. Iy the casge sE the waleavenegd bakery products

flavor and color age tmdoubtedly the controi: ‘Mp criteria, Ipn chese

applications probably all of tie 0ileed protiias that have been rendered

essentially flavorles: -ug colorles. should find utility, It rust be

recognized, however, tlar in genaral even the Jowest coxe oilseed jro-

tein toncentrates, that iy the flouzrs, will probably be more ¢ xpensive

than the ingredients they reprace  vhe added cout would have to be
borne by the product ana wuld make fLgo mavket Lo aore difilcale, while

the nutritional bencfit of *he wided vilseed [lour could be 1 real bargaia,




in a direct price competition with an unfcrtified product the marketing
appeal would have to be based upon nutrition vhich ia the past has not
been a very effective sales tool.

In the case of leaveaed Laked goeds even the strongest wheat flour
1s adversely affected by relavively email addiciaps o1 oilseed flours.
The Kansas State group hus shown that the use of commercially available
dough conditioners, especially soddun stearoyl lactylate, assiste in
making wheat flour muxe tolerant of i ollzeed floure. particularly
soybean flouﬁ”ﬂor’k at Texas A&M University has shown that the oil-
seed flours vary in thelir incompatibility with wheat flour and that
peanut ﬁwr and sesame flour aspecially are much better tolerateg?m
m objective of thic latter research is ultimately to learn why the
ollsead pro.teine differ and using that kiowledge hopefully to develop
techniques for making any oilseed fiour compatible with wheat flour.

There is and will continue to be activity in = number of other
food product development arcas, incluiiug injiant foods, weaning foods,
geriatric foods, snack irems, fat control diets, cholesterol comtxol
diets, etc. Each of these has its own produer eriterla and consequent
rav material demands. While ail of the ollseed proteins should parti-
cipate in this development effort, essentinlly of the work that has been

done to date has been based on products derived from soybeans.

—‘
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Applications research into the utilization of oilseed proteins in

a wide variety of food products i- maving at a pace so rapid and so

widespread tha: it is alwost Lapossible o comprehend. The Breat pre-

ponderance of progress i: being made irn the food ‘ndustries in duveloped
countries wich profi+ as the primary motive. Recoume of the ready avatla-
bility of raw materials upor witdeh to do development work, all of the
effort hae been concentrated upon products derived from soybeans. Con-
sequently, the spln-off henef!” to most of the developing countries is
limited. This presumes that wozt of the developing countries would
prefer to use indigenous raw matexials and in most of those that raw
material is an oflsecd other than soybeans,

While it 15 easier to follow the lead of the big food companies
ir. the developed countries and take cdvantage of ‘thc rapidly increas-
ing knowledge about the properties of soy protein products, it would
seem that the better, long runge st ategy for the dew .oping countries
would be to concentrate tieir efforts apon the vilsceds they can best
produce in their own conntries. LCP flour from glanded cottonseed 1s
the first generation non-soy product that is and will be avaiable in
substantial quantitics. Its poteniial should be investigated extensively,
The techniques for converting all the world's cotton production to gland-
less are now available. Techniques are being developed for the recovery

of food grade protein products from peanuts and coconute. Substantial




progress is being made with rapeseed. Tha developing countries do not

bave to depend upon soybean as & souree of food prote.n, but to avoid
that dependeuce it will be necersary to ineroase the rate of development

of techniquez for the recovery and ut Ilization of the proteins in the

cilsecds indipgenous 1o those countries
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TABLE 3 SOYBEANS: PRODUCTION IN MAJOR PRODUCING COUNTRIES
AND ESTIMATED WORLD TOTALS
(1,000 wetpi: toms)(2)

*

Yield Per Acre

(in kilograms)
18 16 0 aep i
nireo starxs 20,022 0,653 30,911 31,990 .730
civa (MAD.AND) 6,480 6.200 6,900 6,900 .350
Mo 654 1,057 1,332 3,100 .680
Bussx ' ' 528 43 629 .- -
B INDONRS A 420 389 488 39 .2%

MEXICO | 270 300 240 150 .810
Rsoms xoma 25 229 122 246 .32001)
Bcanon 206 209 283 256 710
e 168 1% 126 125 504

sToutED TOTAL 39,643 40,361 41,959 43,687

(1) From USDA Foreign Agricultural Service, Foreiyn Agricultural Cireulagr, Washington,
8 D.C., October 1971,

() 1bid., March 1972,

L]
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TARE & COTTONSEED: PRODUCTYON IN MAJOR PRﬁYCI&G COUNTRIES
{1,000 metric tons)

UNITED STATES 3,592 2,91z 4,200 3,690 3,713 4,03
U.8.5.0. 3,755 3,755 3,785 3,600 4,3%5 3,960
CHINA (ADLAND) 2,750 2,960 2,875 2,875 2,915 2,915
INDIA 2,008 2,312 2,136 2,225 1,963 2,095
BRAZIL 905 1,193 1428 1,370 53¢ 1,20
PAKISTAN $28 1,056 1,973 1,003 1,01 1,1n
VAR 820 758 758 ” 884 910
TUREY 611 63 696 640 640 2%
MEXICO 980 a7 1,067 762 627 679
SUDAN 343 3% 426 442 453 458
IRAN 230 233 205 314 308 200
SYRIA 288 250 311 303 303 265
COLIMBIA 177 205 283 260 239 256
ADGENTINA 177 148 228 294 177 254
CREECE 187 204 155 23 23 249
PERU 200 197 180 165 167 169
UGANDA 1564 126 156 172 154 168
NICARAGUA 243 206 188 143 160 161
TAN ZANIA 159 142 103 143 128 161
CUATEMALA 122 148 142 102 105 110
seADN 181 132 154 117 106 88

(1) From USDA Agricultural Research Service Statistical Report, World Agriculture
Production and Trade, October 1971




TARE 5 PRARUTS : PRODUCTION IN MAJOR PROD

(1,000 metric tons) jrC COUNTRIES

1368 1269 1979 1971
DRTIA 4,631 5,130 6,065 5,800
CHIM QUINLAND) 2,150 2,350 2,650 2,700
WIGERIA 1,445 1,360 780 1,100
UMITED STATES 1,153 1,147 1,351 1,357
SENBOAL 830 800 554 800
ML 754 754 810 800
TRDONRS A 410 382 419 478
BUBA 398 bisty 421 .
SUDAN 164 382 353 .
NIGER 252 280 236 240
SOUTH AFRICA 224 343 303 380
CuAD 110 115 115 -
©OMGo 17 20 20 -
L 96 120 100 .-
MOZAG IQUE 109 119 “- .-
MALAWT 130 212 153 e
ZNBTA 47 62 42 103
UGANDA - 234 234 234 .-
TATHAN 106 101 122 -
JAPAN 122 126 124 125
TEATLAND 158 180 220 .-
(1) FProm USDA Foreign Agricultural Service, Foreijn Agricultural Circulsr,

Washington, D. C., November 1971.
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TABLE 6 SUNFLOWER SEED: PRODUCTION BY MAJOR PRODUCING GOU!‘?TRIES( )

(1,000 metric tons)

1963 1966 1967 1968 1969 1970 574

U.S.5.R. 5013 5,658 6,079 6,150 5,89 5,652 5,24k
Pomania 564 671 720 730 747 769 900
Argentina 757 782 1,120 940 876 1,140 830
Bulgaria 357 423 78 456 541 407 450
Turkey 160 200 230 430 310 375 400
Yugoslavia 263 282 250 309 390 264 347
Spaia 9 33 21 31 153 160 254
United States 17 30 102 71 78 85 162
Hungary 75 102 79 9 114 92 150
South Africa 74 102 101 82 90 97 128
Australia 2 3 2 3 6 13 8
France 18 21 19 26 30 49 74
Canads 13 15 16 11 15 28 69
Uruguay 39 99 76 49 63 65 48
Chile 47 54 53 43 8 20 29

- -

(1) USDA Foreign Agricultural Service, Foreigsn Agricultusal Circulsr,
Washington, D, C., February 1972,
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TABLE 7 RAPESEED:  PRODUCTION IN }bAJOR PRo Jue couTnies
{1,000 metric tons)(

1368 1969 1929 o
157 | 1,568 1,347 1,564 1,963
CHINA OIADELAND) 786 658 780 830
POLAND n2 204 566 4%
PAXISTAN | 396 358 378 s
CANADA 440 758 1,638 2,2%
TRANCE 457 513 567 621
RAST GRRANY , 263 164 180 210
SWRDEN : 263 208 103 s
ST GERMXNY 170 158 185 224

(1) Prom USDA Poreign Agricultural Servics Zexeisn Atricultuzal Cireulas,
Washington, D. C., December 1971, '
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TABLE 8 COMPOSITION OF OTLSEEDS
Protein 01l Crude Fiber Ash
- e R S .

Soybean (¥ 42 20 5.0 .-

Cottonseed 21(3) 19(9) 103 4.4

Peanuts (® 19¢V 4% 2.8-3.03  2.5.3,009

sunflower Seed  13.617  39.6(D 144 3,59

(4)

Rapeseed 20 51 3.8 3.5

Sesame Seed 25(1) so(? s 5(3)

coconut (& 7.4 69 4.9 1.8

(1) Mattil, Karl ¥., "Oilseed Meals: Some Cenaral Comronts on theiy
Potential for Yood,” id Foreifi f )
edited by Nevin §. Scrimshaw and Aaron M, y P. 128,

MIT Press, Cambridge, Mass., 1969,
(2) "The World Food Problem," A keport of the President's Science
Advisory Committee, Vol. II, pp. 339 and 328, May 1967.

) ein Foodstuff:, edited by Aaron 4. Altschul, pp. 499,343,423 |
Academic Press, New York, 1958, _ '

(4) Bklund, A., Agren, G., Langler, F., Strenram, U. and Nordgren, Jag

L ractions II - Chemical osition and Biological Qu
%%i-i_tgt trate from seed a8
657, 1971.

(5) Carter, ?. L., Cirino, V, 0. and Allen, L. B, "Effact of Processing on
the Composition of Sesame Seed and Meal," Joumal of the American 0i]
Cheutsts Soctety, 38:148, 1961.

(6) "Development of a Process for Preparation of Coconut Protein Products

(a)

for Use in Foods," Seventh Quartexly Report, Pood Protein Resesrch
and Development Center, Teias A&M University, Table 17, April 1972,

Decorticated.




TABLE 9

CMEOTITION OF ORLSREG AL 3

-

Protein ot1 Crude Tibey Ash

A " e o,
Soybean(l) 45.8 0.9 6.0 3.8
Cottonseed (1) 41.6 1.6 1.0 6.5
Peanuts (%) 4957 0.6-3 0 4057 4.9-6.0
suntlower scad > 455 11.0 1.7

Rapesged (2) 36.9 31 9.3 7.3

Sesame Seed (™ 60-2032) ¢ 5 4 ¢ 1.7-3.1 10.5-13.2

Coconu

g (B 2% .0 0.5 7.8 5.5

(1)

(2)

At

Plerce, R. M.. "Sunflower Procegsing Techriqu@g."_gournal of
the American 011 Chemtges Seclety, 47.239a, 1970,

Lrogessed Plant Projein Fuodetuffe, sdfted by Aaron b, Altschul,

-

Acadenic Prosy, jisy York, 1953,

Caxter, F. i, , Zivinoe, v, O., aad Allen, L. E., "Effect of Pro-

cesaing on the Comusicion of sedanme Seed and Meal," Journal
of the americas De) Cromists Soctety, 38:148, 1961

Proteln = & » 4 20

Develupaent of o Procer: foy Priparaiien of Coconut Protein
Productys for Use la Towde ' Seyenth Guarterly feport, Food
Protein Rescarch i Devalopment Center, Texas AsM University,
Table 17, April 1472,
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FIGURE 1

4
;
i

PRODUCTION OF FULL FAT SOY FLOUR

Whole BSovhcans J

-

Cracking
behulling e e
l ""““*'1 Hu 1&}
Pretompering
(water)

Conditioning with Steam in
Mixerefroaker

Cocker-Extruder ]
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Cool

|
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PIGURE 2

PRODUCTION OF S0Y PROTEIN CONCENTRATES

Defatted Soy Flakes or Flour

|
Solvent Extraction

out vr #leoholic
Do ox Picohalte)

| Insolubles | | Solubles
Desolventize !vat_mrnte
U N N
r“‘»Soy Protein l Whey Symp_t Dry
Concentrate R S
! Dry

) |
[Sey Solubles

s
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FICUR 3

PRODUCTION OF PROTEIN INCENITATY FROY
COTTONSEED BY LIQUID CLASSIFICATION

e w—

DPofatted Cottonsced Fl.zkes_;
Hexane Added for Fluidity

Comminute

Thru 80 Mesh Screen

3 or 4 Stages Liquidqszflone

High Protedn ! litgh Cossypol
Fract 1oq 'L_ Fraction

Bcnnﬁvanttze Desolventize

High Protein High Gossypol
Product Product




FIGURE 4

PRODUCTICN OF PROTEIN CONCENTRATE ¥FROM
COITONSEED BY AIR CLASSIFICALTION

A e ol R4 s i 4

' Defatted Cottonsecd Flakes?

g 4 Lo 1 @

¢ z'i nd

”{;_ir Classify

. oy

Protein COncentrate"j Low Protein ¥Fraction

o
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FIGURE 5

PRODUCTION OF SOY PROTELN ISOLATE

Defatted Soy Flakes|

|
Extraction
(Aqueous Alkali)

— xtracted |
Residue f
[(Protein Solution|
I

Acid i'fiu tion

Protedn Prec ipi cataﬁ;

Wash a!vl Dewater

T~ Washings
Neutralize ny
b}'y Protein Isolate

Protein I:ci";;‘eﬁ;




FIGURE ¢

TWO STEP PRODUCTION OF
COITONSEED PROTEIN ISOLATES

! Defacted Cottonseed Flourf

Extrace with Water (1:15)

Centrifuge

¥ 1

ey o i Ay
| Insolubles _f |Extrace A ,

|
Bxtract with .015 N NaOH (1:15) Acidily to pit 4

'Se;:_x_tri{ggi Centrif\ugi‘
Insolubles {Extmct _li ‘ — l ‘s“?enmgmg 1
| SOMds; =

Acidify to pit 7 | |

Dry
Cantrif&ge b —
,, EQQEEE Protein Tsolate 1

Supernatant . ’
' Dry

} .

‘Proa‘am fsolatc i1 ;
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FIGURE 8

BLANCHER
_ GRINDER

DILUTE ACID

SOLUTION —>| EXTRACTOR

CENTRIFUGE
WHEY SOLIDS  CRUDE 0

PEANUT SPLITS—

(pH 4.0)
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FIGURE 10

PRODUCTION OF SPUN FIBER PRODUCTS

8oy Protein Isolate Solution

!
8pln into C%agulating Bath

ngoteiu Fihri!s

I
Blend with Fat, Flavors, Coloring
Agents, Binders, Stabilizers

Form into Crapules,
Cubes, Slices
!

Fabricated Food Pfoduct




FIGURE 11

PRUDUCTION OF SOYMILK

Cleaned Soybeans |

!v,aAdd water at 60°-80"c,
Distutegrato

-,

Siurey |
e

S o WO -,

T "
Homogenize Filter or
Centrifuge
e
' ‘ Linaolubleal
Spr?y Dry Spray Dry

. R .
|Saym11k Powder [gﬁymilk Powder









