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"SOYBEAN PRODUCTION, PROCESSING AND UTILIZATION
IN A MODERN AGRO-INDUSTRIAL ECONOMY"

Those who have been concerned about the relafMonship between
population growth in the world and food supply, have recognized that
conventional protein foads such as dairy products, meat and eggs
cannot be relied upon to supply those demands in the world picture,
Even in the more affluent nations, such as the United States, where
we have had overall adequate p.otein supplies, and will have good
supplies for the foreseeable future, economics tends to dictate changes
in ingredients which are used in processed foods,

There was a tin:e when the U.S, agricultural production was at
such a level that we had large surpluses, so we were able to supply
large quantities of food and feed grains to other areas of the world
without difficulty, However, the situation has rapidly changed and
for practical purposes we have no surpluses and are not likely to have
any real surpluses ever again,

The most important U.S, farm crop of the last 30 or 40 years,
which is responsible for the livestock economy we enjoy in the United
States, is the soybean,

Table 1 showe that since 1924 the U,S, production of soybeans
has increased from 135,000 metric tons to over 42,000,000 metric
tons in 1973, The average in 1924 was .74 metric tons per hectare
and in 1973 averaged 1,87 metric tons per hectare. The 1973 average
yield in the Statc of Illircis with harvest from over 3,7 million hectares
was 2,2 metric tons per hectare and in the State of Iowa with harvest
from over 3,2 million hectare was almost 2,3 metric ton per hectare,

The big use for protein in the form of soybean meal is for animal
feed purposes but increasing quantities of the soy protein-containing
portion of the soybean are being used in various ways as human food,
New technology and economics will see a sharp risc in the increase in
soy protein-containing products for human food.

Table 2 presents figures for protein concentrate production and
feed use of these concentrates in the United States for years 1962-63 and

1972-73, The figures for feed use represent domestic production plus
importe, minus estimated food, industrial and non-feed uses,




This Table indicates that of the protein concentrates used in animal
feed, soybean rmral makes up over 62% of the total, but, on a protein
basis, would be considerably higher,

Based on figures of 1972, the consuinption of soybean meal in
the United States un 2 percentage b sic was approximitcly as fellows:
poultry - 429, hogs = 19%, beef cattle - 13%, dairy cattle - 11% and
other uses - 15%,

While practically everywhere in the world, there is a great desire
for meat products, with inCreasing afflnence in some arcas of the world,
the demand per capita for meat products is increa sing and s0 is the
price, With the projected population increase, it does not appear
possible for the world to supply sufficient protein in the form of animal
products to satisfy nutritional needs and demands,

Table 3 shows the red meatl consuraption per Ccapita in 1971 for
selected areas of the world, It does not seerr likely, even if everyone
could afford to purchase meat prodicts, that it will be at all possible
to bring the level of red meat On a per capita basis up 1o the Jevels of
Canada, the United States, some areas of Oceania and Sauth America,

Table 4 gives some figures on the number of people who could
theoretically be fed for one day by protein from various sources based
on pruduction from one hectare of land in one year, I s obvious from
these figures, that the amount of land te produce protein as anirnal
Protein is much less eficient than vegetable protein, Further, when
one considers thut the cereal drains are relativeiy low in protein and
relatively poor in protein quality, it is obvious that the use of land for
growing soybeans would give us the best land use for protein production,

Chart ) shows the efficiency of altrogen conversion through feeding
protein sources (largeiy vegetable) to animals, For an approximation,
it takes 4 to 5 pounds of Protein in the forin of animal feed to produce
1 pound in the form of chicien mecaty  For swine it takes 7 pounds of
pProtein in the form of feed to produce 1 pound ef meat protein, To
convert feed to milk protein, it takes approximate

ly 4 pounds of protein
in feed to produce 1 ponnd of protein in rmilk,

Looking at the sitvation in another way, Chart 2 illustrates in a

general way man's competition for food with feed requirements for food :
producing animals, Mants tompetition is for some of tie types of
pProteins which are used in supplemental protein feeding,

protein concentrates such ag that supplied by the soybe

namely,
An, sunflower, etc,
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Tables 5, 6, 7 and 8 illustrate the improvement in nutritional value of
feed before and after soy protein concentrates (as well as other
concentrates) were available in quantity in the United States, While
other factors such as better knowledge of animal nutrition with regard
to vitamin and irineral requirements, the advent of antibiotics, etc.,
contributed to this irproved feed conversion and weight gains of various
animals, there is no question thal © ylcan cneal contributed greatly to
this improvement, For example inbroilers, when one compares the
1931 ration with the 1969 ration the average increase in size of broilers
in an 8 week fecding period was 35% using about 23% less feed. Similar
rasults arc¢ indicated on turkeys, swine and beef cattle,

Tables 9 and 10 show soybean production and average yields in
selected countries for approximately the past 10 years, This data
indicates that suybeans can be grown in areas of Eastern Euxope with
good yield,

Tables t1, 12 and 13 indicate the iinports to varicus countries in
Eastern Europe for soybeans, scybean meal and soybean oil. These
figures indicate that processing of soybeans to produce oil and meal has
been increasing over the past several years and that soybean meal and
oil appears to have proved to be useful products. The mecal portion has
been used almost excl'usively for animal feed ure.

Table 14 shows production of sunflower seed and yields in selected
countries, In comparing the data in Table 1 on soybean yields with the
information in Table 14 on sunflower yields, while some figures indicate
very good yields for sunflower, there are other areas where the yields
for sunflower are not nearly as high as for soybeans in the United States.
It is possible that by selection of varieties and using the best agronoraic
procedures, that both soybcan and sunflower yields can be and will be
improved in Eastern Europe.

In Table 16 a comparison is made on the amount of soybean o0il
and soy proteins produced per heotare in the United States, in comparison
to some data for Bulgaria and Yugoslavia, These figures show that on
the average, the figures for Bulgaria and Yugoslavia are approaching
those of the United States.

Using the figures for U,S.S.R,, the largest producer of sunflower
seed, for average yield in 1972 and using the {igures for yields of soybeans
in the United States, the production of sunflower prctein per hectare in
Russia, Table 17 shows the sunflower protein production of 0,28 metric
tons and oil production of 0.564 :netric tons in comparison to the
production of 0,711 metric tons of soy protein and 0.357 metric tons of
oil per hectare.
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Table 18 presents data in comparing the production of protein and
oil per hectare from suntlower ang soybeans in Yugoslavia., This data
indicates that oi] Production per hectare from sunflower js about 2.8 times
that from soybeans and Protein production from soybeans 13 around 1, 9
times that frop, sunflower,

There is o question that both (e protein and cil are of importance,
50 it is a matter of evaluating the relative impoertance from an tconomic
and nutritional standpoint for buth the protewn and o},

There is no ‘{uestion *hat (k.. protein in sunflower meal, when used
43 a concentrate for Supplermenting cereca] grains, feeaq etficiency can be
improved, There still seemns to be some disagreemers among nutritionistg
on the relative merits of sunflower meal as a complete replacement for
soybean meal in rations. KEvidence s€ems to be that care muy st be taken
in heating sunflower mea] whereby excese heat tan have an adverge effect
on the nutritiona] value of protein in aunflower megyl, particuiarly with
regard to lysine,

With currem methods of processing sunflower, there is generally
a higher fiber tontent which may adversely affect the feeding resylts on
young swine and poultry. 25 YEATs or 50 ago, most of the soybean meal
Produced in the Unjteq States was mad. by solvent extraction of the flaked
beans containing all of the hulls (0 produce what is known as 2 44% protein
soybean meal, Animaj hutrition studies haye indicated that the removal
of the fiber results in better feeg el*iciency tor poultry and young swine,
80 large quantities of soybeans are processed whereby huils are removed
to produce a meal with 49 to 509, Protein,  While there 18 no general
reporting on the quantilies of each type of meal being marketed, experts
in marketing estimate that approximately 35% of the total meal Production
in the United States is marketed as 49 to 50% protein meal, Some soybean
Processing plants Produce ¢..1v 15 g pretain real, ¢ume Produce only
44% protein mea) and other mmay produce bLoth types of products,

In Perusing the literature with regard to aminoe acid composition
of protein Products, one wii| find that there js variation from various
literature sources. Table 19 pgives approximate aming acid composition
of soy and sunflower protein hbased on 16 Erams of nitrogen, Using a
factor of 6.25 x N, this would represent 1009, Frotein, In 1957, the
FAO/WHO (Food Agricultural Organization/ World Health Organization)
committee on Protein requirements established 3 Provisional pattern for
essential amino acidg based on what they considered to be the average
Mminimal requirement of adylts and infants for cach of the individual
essential amino acids, Thjg pattern wae established with the view that
the protein quality of foods op Combinations of t)e foods might be
predicted by comparison of the portion ol the essentija] amino acids in
such foods or foog combinations wit}, this provisiona] pattern, Ag 3
result of €xperimental wori ¢, rried on, thig pattern was reviged in 1965,
88 shown in Table 19, It we d€cept the aming acid analysis as shown
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for soy and sunflower protein, it is obvious that, at least theoretically,
using 4 combination of soy and sunflower protein-containing products
would give an overall better aminc acid balance, in that the soy would
furnish lysine to the sunflower and sunflower weould Le furnishing the
sulfur -containing amino acids for gy,  Whiie the requirements of {ood
producing animale are sormewbat difiereat from the huiman, it still would
appear that the combination ui 80y and sunflower meal alorg with other
ingredients, should result in a borter guddaty feed than using either one
alone.

In the United States, sunflower protein has not been used for human
food, although roasted and salted sunflower seed products are on the
market to be used as a snack itera, It is my understanding that such
products are available in Eastern Europe, but also sunflower ie used for
making & confectionery product, namely, halvah. Inthe United States
and some other areas of the world, the halvah type product is usually
made using sesame seed,

Soy protein-containiug products have been used for centuries as
food products in Asiatic asuntries. With the advent of sclvent extraction
and other technology, a variety of protein-containing products have been
produced in the United States and elsewhere. In Japan, where traditional
Oriental foods are still being us=d, they, too, are developing new ways
of taking advantage of the protein from the soyhean,

In the United States, processed whole soybeans, which have been
dehulled, are being marketed as snack items to the consumer, While this
use of the soybean still is relatively small, the major soy protein-
containing products are defatted soy flour and grits, full {at soy flour,
expeller produced low fat soy tlour and grits, soy protein concentrates,
1solated soy protein, texturized SOy prutein and spun protein fibers.,
Tables 20 and 21 show the typical composition of these soy protein-
containing products,

Table 22 stows the estimated current annual production of the
various edible soy products in the United States. The production of soy
flour and grit products have tssentially doubled in the last 10 years.

For practical purposes the other products were essentially at a zero
level of production 10 years ago,

Before getting into fusther discussion regarding the various edible
soy protein-containing products, Chart 3 shows the general steps involved
in producing various products from the soybean,




In Processing soybeans to produce meal and o, the steps through
solvent extractjon are exactly the sae aa for Freduciag flakes for
making edible products, However, if seyheans are to be brocessed for
producing edible Produc, s the plant should be designed in such g WAy a8
to permit good sanitary practi-es, Generally, it ;s aecesswary to do a
beiter jobL of bear cleaning ror edible rodacts than for producing meal
for animal feed Purposes, Wi | Ce b prited feg producing ol
and meal for anmmal fued, the de:..n.kvemizin_;; 18 usually virpied oul in one
unit referred to as A desolventiger toaster,  Inthis angt ti:e solvent is
removed from the solvent wet flakes anc the meat heay pProcessed te
destroy anti-pgrowth fantory, wuch as the ant:-trvigim factor, and to
improve the rutritional Quality of th,e proten,  inthe desoj ventizer
toaster unit, the meal js heat Provessed in suen 4 way that the vrease
activity, when determined by a 5.4 ndard procedures, ig leas than 0,15,
At this urease activity ievel, there 18 also a correlation witl: the arnount
of protein which 18 watcr dispersible unde ;- A 21ven rondition nf teats,

There have Leon 3 number of terms ysed tn designate the amount of
Protein in the prodct which is warer dispersible, but th. more commonly
used terms ave PDI (protein diapersibility index) and N5I (nitroger
solubility index)., The Procedures used for dete-rmining these values have
been publisheq iy, the "Ofticial and Tentative Methods - American Qil
Chemists Society', For purposes of this discussion, the teprm PDI will
be used. When the urcase activity of 1 ) eat Processed oy nroduct is
below 0, 15, the PDI will gensrally be below about 30, which represents
the Percentage of the total Protein in a product Whick is digpersihle in
water under the conditions of the deterraination, It ie poscible to overhezt
2 soybean meal ard harm the nutriticnal value of the pProtein, Generally
the product should not be heat process,d beiow a urrasge activity of around
0.05 or a PDJ halny about 5, if npe wishes to have the Optimurn protein
nutrition,

The use of 89y flour and yrits PUY proten concentrates and soy
Protein jisolates in fnogy 0 tihe United States, Las teon Primarily to take
advantage of certain tunctional ety e crericticg with o crt.onal value being
secondary, Naturally. there have heon exceptiong to this, where
nutritional value wag of Prime impoctance, This sitcation jg Changing,
While functional value is of hiapoitance, the nutriiione ) “onsiderations
also are now becoming of TAuch more interep,

In the case of soy flour procducts, the functional tharacter:itics are
influenced by the PDI and particle gize, Soy flour ang gErits are differ-
entiatad based ou particle size. Those products Which arc ground to pass
4 100 mesh U. s, sicve or finer are referred to 45 flour products, and
those which are more coay sely ground ind screened are reierred to as grits,

Chart 4 js a general scheme for operztion of the desolventizer-deodorizer
toaster system to produce goy fiour apd grits.
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Soy protein cencentrates, by definition, are products which have
been processed in such 2 way a5 to contain greater than 70% protein on
a dry basis. The general schem= for their production 18 shown in
Chart 5. There are 3 procedures which are currently being used to
manufacture these types of products.  Inone process aqueous alcohol
is used to extract the solublc cariohyirates, imunerai:, and other
cornponents. The concertrate produced by this procedure is generally
considered to have the least beany flovor, Regardless of the PDI of the
flakes used as starting material in this process, the proteins are
denatured so that the PDI of tire {iuished product is in the range of 5 to
15%. The concentrate produced by this process has very little beany
flavor but does have the ability to absorb moisture and fat. This type of
product iz used in breads, rcat products, breakfast cereals, calf milk
replacers, etc.

The soy protein concentrates produced by the acid leach process
are usually neutralized to a pH in the range of about 6.8 and spray dried,
The acid leach concentrates, when so neutralized, have PDI values close
to the original flakes or flour used for processing. This type of
concentrate is used in a manner similar te the alcohol leach product, but
does not seem to have a market in caif milk replacers, primarily due to
higher price.

In the third process for producing concentrates, the flakes or flour are
heated to such a point that the proteins are almost completely denatured so
that straight water wash will remove salubles and give a product which has
water and fat absorption properties, but very little in the way of other
functionality characteristics.

The priinary advantage of the concentrates over regular soy flour
and grits is the higher protein concontration and better flavor. Inthe
manufacture of thece producis, the soluble portion, it not recovered,
constitutes a water pollution problem. Most of the companies producing
these products concentrate the soirhles and add them back to meal for use
in animal feeds. :

At the bottom of Chart 5 a general flow sheet is presented on the
manufacture of isolated soy proteins. These producte are high in protein,
are generally bland in flavor, and have good furctionality, Depending
on the proccss, there will be differcnces in the functional characteristics
of the isolates,

Since isolated soy proteins are essentially free of carbohydrates, fiber
and fat, and also have a variety of other properties different from
concentrates and soy flour, they can be used more successfully in
imitation dairy-type products. Soy protein isolates do find extensive
use as a binder and emulsificr in comminuvted meat products.



Chart 6 shoywg the products from the soybean and gses of the
various products in tke United States, The Hirures in parenthesis
indicate the typical yield from soybeians,

It soy flour or REIL products wr. te be ysed as mgredients in foods
which do nai have ANy apprec.alle o ing dur.rg their Processang, the soy
flour should be made from flakes heat treated to have 2 PDI of below
about 30, [he teasnn for thir is t,.y iy the POI ,: Fagher, the optimum
nutritional valy. Wouid not be obtajn.g due to the presence of the anti-
trypsin factor. Inthe case of food products thyt do go through heat
treatment during the Imanuiacturing procesg or whirh wiil be Yeateqd
during the PTeparation of the food before Cmsuming, the higher PDI types
of soy flour nay be vned to take advantage of the functional cha racteristics
these products POssSess, The heat treatment during Processing of these
Products in manufacture or Cooking before Lousumntion wilj destroy the
anti-trypsin factor 80 the nutritiona] value of the pProducts wonld be
satisfactory.

The textureq SCy protein products Which are produced by a thermeo-
plastic extrusion processg have come Mto existinge during the past few
Years., Chart 7 gives a disgrarnatic sketch of the pProcess used for making
these products, The textureq S0y proteins are rroduced from defatted
sov flaur and haye a Jaminated structure and are produced as dry products,
which, when rehydrated, have textura] characteristicg similar to meat,
They may be colored, flavored and toriified with vitaming and minerals,
These products have found acceptance 45 g Partial subctitute for ground
meat and were approved for yse in the School Luynch Program in the United
States in 197} « The dry textured soy Protein products yre hydrated with
water using 2 parts of water for cach Part of the textored 30y protein.

The hydrated 2roduct 15 thenp mixed with Pround meat on the basis of 39
parts of the hydrateq product with 75 Rarts of nieat, During the 1971-72
school year, the usage on the detiydrated bag; g was a little over 3 million
kilograms and 1a g year estimaied at 27 million kilograms, The savings
over the purchase of ajj meat in the 1973 S:hoo! Lunch Program ig
¢stimated at 49 millien dollarg, These proguctsy are alse being ysed in
ground meat products being sold direct to toOnsumers, R ucently,packaged
flavored and colored textured S0y protein Products have appeared on the
market as complete replacement for meg: in szuves, casseroles, etc,
where ground meat products are usually ysed, Ertimateg by the Uniteq
States Departmen, of Agricultyre are that by [198¢ these pProducts,
including 80y prcteip Concentrates, isolates and soy flour and grits could
be equivalent to 8% of the U. s, total red meat Product,

Studies in hum,ng have shown that the use of textured 30y protein
products in combination with meat give nutritiona] results which are not
essentially differont from that obtained with 100% meat Products,
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Another more sophisticated type of textured sov protein product
is that produced from isolated §0y proiein whereby the dispersion of the
protein is forced through very fine openings into a coaguiating bath
whereby fibers are formed. The-e products are then pulled oft in
what are referred to as "tows' and processed to make difter =nt types
of simulated meat and fish products., Chart ¥ represernis the scheme
for the soy prutein fiber process, ihese proaucts are available on
the consumer inarket in the U.8. as biavon-type bits, noi-meat sausage-
type products, of both the patire anl i type, and as slices shnulating
ham. The bacon-type products arc a dry flavored product used for any
use where fried bacon bits might be desired. The flavored simulated
meat tiber-type preducts hove recently appeared in the supermarkets as
a frozen item to he warmed and eaten in 4 menner simi.ar to meat,
There are also simulated chicken, ham, heef, otc. products being sold
as {rozen items in the institutional field to be used as complete or
partial replacement for meat inany way that a cubed or chopped meat
product might be used.

A major rneat processor 1s test marketing a frankfurter-type
product where reportedly 50% of the protein 18 isolated soy protein,
This product is apparently being well accepted in the test markets, and
may eventually be marketed on a nationa! basis.

While it has been well accepted that 8oy protein, by itself, 15 a
very good nutritional protein, and the aminc acid halance of the protein
is such that in combination with c2rea) proteins, cereal containing protein
products can be improved from the standpoant of protein quality, and
total protein content of suckh products can be increased, the major
problem has been the flavor of soy fiour and grits, This has had a
limiting affect on 1te use. In more recent years, improvernents have
been made in the processing to prodace soy flour and grits, so the
flavor is somewhat less of a vroblemn, As a result, further processing
to produce soy protein concentrates and isolates with iess of a flavor
problem have resulted. In the case of the textured soy protein products,
the processing does give somne flavor improvement, but still they are not
pertect. When the textured soy protcin products arc¢ used in combination
with meat, it is common practice to add sea soning ingredients which
'"coverup' the undesirable soy flavors.

Scientists agree that pact of the flavor problem in making defatted
products is that in the current methods where the beans are cracked and
flaked, the lipoxygenase system is such that, within a very short period
of time, reactions take place with the fat tied 1o the protein in the form of
lipo-proteins so that flavors develop which are not easily removed during
subsequent operations. As a result of this finding, in making full fat
and low fat soy flour, the beans are heat processed betore cracking and
further processing in order to inactivate the lipoxygenase system. As a
result, the {ull fat products which are produced by heat processing of the
beans followed by hull removal and grinding do not develop the beany,
bitter flavor, but depending on the degree of heat processinrg have a
Pleasant nutty characteristic. This type of flour is being used i1 haked
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Products, tgy 5 Bmited exty g i calf mj)u Teplacers and a4 pariial
replacernent for pPeamat Lutter §,, itked product s using peanut butter
and Contectioneyy iteme B0y Mtk prodictg usnd fos- !veding habies
allergic to cows milk,

Anot:.or type of oy flouar wy, B xd flavor 4, 4 o fat g0y Noup
which 1s produced by heat Proiesiing i CeRNL g Tamner similar (o
that for Making ul] (a¢ S0y flour, f6llny. od DY dehalleg 4nd expeliing
Part of the ~j] Yield a g, Protein. CAIIIY G adhyer Witk arcund 6%
fat and 509, Protein. Thiy tYPe of predy. s ' being used iy Comminuted
meat item s, pet foogs hrked pProduct. UV ais and othes tood prod-.ctg
where the Presence of the fat ig )y delrimeneai .

One of the mijor usey of SGy bProtein-contg ining Froducts in the
United Stytes s in pet foods, 7 Mere are a Variety of ditferent Products
Produced, including Canned, seyv ;. mMoist aned dey.  The dollar retajj Sales
volume of these Products ;g over 81906 million, While there is no géneral
reporting on 1he quantitics of SQY protery Procucts used j ig estimateq
that the overall uge of ROV as meal, ETits apd Tour 4nd textured S0y
Proteins woulqd pe tNthe range of 33002 (o 450,500 IMetric tons per ycar,
Ona Protcin b,y A1S, thig undoumcdly Makes LUp oy 56% of the total
Protein consiumed by pets, Wainly degs,

i

In many fqia Products soy tecithin pq used as ar, addiuve, 1p the
U.S. where soy flour and lecithin 4re boih used 44 ingredients in the
Same food Product, j j, CEIDMOD Bractice 14 add the Lecathin (4 the
80y flour at levels up to i5% as a Convenient vay of handiirg tje lecithin,
By way of Beneral interegy 8 e3timated soy tecitl in production iy the
U.S. is in the range of 34,000 46 0000 mcrg, tors, op o crude lecithin
basis, Lecithin o VATIOUS types 4r, Used g s wad. variety of toed and
indus tria] products,

For many years SOV ik produgg havae bren avalable 55 dry and
canned or liquia Prodacty for fuedn:g babiic.s whe, 1reoallergic < Cows milk
and for Others, such a4 Veputariav. ang .., 20 religioy- Rroupsa, who do
not desire animal profe;y,

It has been estimated thoy mobuyy about 1o ¢ the infangy in the
United States wiil b 1eq formualias L. sed URBOYL 26 e 3 Years ago
infant formylas Vere develoyeqd based o Proqucing «oy milk directly
from beans, with fuil fa¢ ¥0y flour and jiw fat expeller lype soy flour,
While these Products are still being Pruduced, 1y tie 19607, when
isolated 50y proteins 44 Pioteinates way tvatable, became possible
to make a nicer Jooking Product with RO0G color, ang belter genera]
acceptability ingory, 4% the mother wag ‘oncerned.  Thege Products are
formulated In such a way as 1o give good caloric d':st.rihution insofar ag
protein, fat a4 CArtoly dyyr g e Concerpeq, With the addition of
Mmethionine, minerals any Vitauine,




-.11 -

The soy milk products based on tzolites, for fexding infants result
in better formed and less odorous stools, In the 0y flour products,
the presence of stacchycse and raffinose results in the developinem of
microbial flora, different from that preduced if these carhohydrates are
not present. In manufactuving of the 30y protein isolates, these
carbobydrates are removed.

In the beverage product avea, sterifized soy mulk products have been
8old for many years in Asian countries + Inlong Kong, |
At e e gt ranufactured Yy ¢ lge) rRrpAny
reportedly outsells carbonate: beverages., It was projected that this past
year around 150 million bottles were sold, These products are made from
whole soybeans witn sugar, flavor, vitamins and minerals added.

For a number of years the U.S, Government has parchased a product
known as "CSM". which is a corn-soy-non-fat milk product, but with the
shortage of non-fat milk and the high prices, a new product has been
formulated based on sweet cheese whey and about 36,5% full fat soy flour,
along with other additives, which ir intended for use as a beverage in the
AID (Agency for International Developmert) Progran'. This project is
just now getting underway, and guvernment purchases have been projected
at approximately 1 million pounds a month during the 1éext year with an

eventual growth to around 10 niillion pounds a month in the next 2 or 3 years,

For at least 25 to 30 years, soy flour products have been used as a
partial replacement for milk 1n milk replacer products for feeding young
animals, with perhaps 95%. of this type of product being used for feeding
calves. Soy protein conceadrates are also widely used in calf milk
replacer products, and there is a limited amount of isolated soy protein
used in such products. The isolates are not used so much fo- nutritional
value, but rather to take advantayge of certain functional characteristics
in producing these products,

In teeding baby calves for herd replacement, generally soy flour is
used up to levels of around 10%. Buby calves are allowed Lo feed on the
mother cow {or 2 or 3 days and then fed on milk replacer products for
about 3 to 4 weecks at which time they then begin to get solid feed. In the
case of calves raised for veal. they want to get a fast weight gain so the
animals are esscntiaily force fed for 10 to 12 weeks, but up until recently
very little soy protein was used in teeding veal animais. However, it is
reported that due tc the high prices for non-fat milk, that small amounts
of soy flour are used in some products.

In the case of herd replacement animals, there is not as much
interest in rapid gain, but bone Structure is most important, so the
mineral content, particularly calcium, is of importance.




Some milk replacer products are ased for fceding baby pigs, where
they are fed on coiostrum for about 3 days and then may be fed a milk
replacer. After about 2 wecks they are switched to a high milk pellet
which will contain whey ard non-fat mijk and may contain up io S to
10% soy fiour.

There are some liquid products fed to dogs which may consist of
combinations of whey, sodiun: caseinate and soy {lour, but these are
special products usually sold through veterinarians,

In the baking field one type of soy flour which has been used
extensively in the United States and Europe for many years is that
referred to as "enzyme active', The enzyine active type product is
produced as a defatted product whereby the desolventizing is carried out
in such a manner that there is very litlle moist reat involved sc¢ that the
Protein denaturation is at g minimum and the enzyme activitr retained.
Another type of enzyme active flour is the full fat type, whereby the
beans are cleaned, dehulled and ground to a fipe flour. The enzyme
active flour is usuaily used at a level in the range of 0.3t0 0.75% based on

the wheat fiour. Thig type of flour does have a beany, biter flavor,
but at the levels of use and through the heat given to the product during
baking, this flavor does not s¢em to conie through in the final product,
The reason for using this type of flour is to taxe advantage of the
lipoxidase énzyme systems whereby a bleaching effect is obiained on the
pigments of the floar. The soy lipoxidase enzyme system results in the
formation of hydroperoxides which in turn react to give a bleaching effect
giving an improverment in crumb color. It is also stated that there is
improvement in the crumb softness, keeping quality and flavor, Other
types of soy flour used ir bread baking, cakes, etc. arc types which have
been heat processed to some extent and do st have the lipoxidase
activity, but which still have a PDI in the range of 60 to 70.  These
flours are used Primarily fo: other turctiorality characteristics such as
water absorption and are vued at iigher leve!s,

It has been comrion Praciice in the United States to use non-fat milk
solids in breads at levels from 2 to 5% . The non-fat milk has been used
to help with crust color, what some people feel is better {lavor, and for
nutritional improvement.

Ten years or so ago non-fat milk was available in the United States
at around 15¢ per pound, but more recently has been in the 70¢ per pound
range. As a result, we now have an example of economics coming into
Play whereby blends of cheese whey, non-fat milk solids, sodium caseinate
and soy flour are used as non-fat milk solids replacenmient, These blends
may sell at one third to one half the price of non-fat mulk solids and are
produced in su~h a way that they can be uged a« direct replacement for
non-fat milk. This is not only true in the baking ficld, but in other areas
such as the confectionery field, sauces, ment products, etc,
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When soy flour 18 used at higher levels than 1 or 2% in bread,

based on the wheat flour, as one increases the soy flour level, the
volume ot the finished loa{ gradually decreases in proportionto the
amount of soy flour added. In recent years, it has been found that
when certain emulsifiers are added ilong with the soy flour, this
affect on volume can be ov. .come. The emulsifiers ~re the
stearoyl-2-lactylate type. It is clairmmed that with the addition of this
emulsifier, the affect of flavor is also overcome.

The normal protein efficiency ratio (PER) of white bread in the
U.S. is in the range of 0.7 to 1.0 with a protein content of about 8%,
When bread is fortified with about 6% soy flour, the PER is increased
to about 1.3 and the protein content to 10%. With 12% soy flour added
the PER is increased to 1,9 and the protein content will be around 11.5%.
In cookies in the United States, the protein content is usually about 5%
and the PER around 0.5. When cookies are produced using 12% soy
flour, based on the wheat flour, the protein content will be increased to
about 8% and the PER to around 1.5,

Currently, the price of wheat flcur in the United States 18 around
11¢ per pound, and defatted soy flour in the range of about 9¢ per pound.
This would mean that fortification can be carried out to give overall
improvement in protein quality at a lower cost than using wheat flour
alone,

When soy flour is used in baked products, it is necessary to make
some adjustments in the processing, in that mixing time is usually
decreased and one should add about one additional pound of water for
each pound of soy flour used, over what normally would be used in
preparing the food product.

Soy flour products can aiso be used 16 fortify pasia or macaroni -
type products. Although the addition of soy flour does result in some
color and textural changes, pasta products are being produced using soy
flour to improve the nutritioral characteristics in products being used
in overseas programs, School Lunch Programs and other feeding
programs in the United States. In pasta products inthe U.S., durham
flour is the product of choice. Feeding studies have shown that when
100% durham is used, the PER is around 1,27, fortified with 12,5%
soy flour increases the PER to 1.94 and with 25% soy flour to 2.39.
The soy fortified products would contain approximately 50% and 100%
more protein in a fortified product, but the quality of the protein also
is increased in almost a proportionate amount.

In certain comminuted meat products in the United States, there
are standards of identity, whereby in a standard product the quantity of
soy which may be used is limited, For example, in {rankfurters, when
soy flour or soy protein concentrates are used, they may be used up to



e

-14 -

& maximum of 3.5% ang isclates are Jimited to 2%. However, in
those meat Produce which do not have a standard of identity, there is
no limitation to the usage, tut the ingredients used must be listed on
the label in order of the quantity in a given food product. The leve]
of use in so-called "nen-specific ! mea’s would be dependent on the
characteristics and quality de-ired in «'.a produnt tg be marketed,

With the shortages and high prices for dairy products, there is
a considerable activity in the possible use of soy beverages or soy
milk-type Products as Partial or complete replacement in alj types of
dairy foods, including cheese, ice Cream, yogurt, etc,

It appears that the S0y protein products, which once were
considered as ''ergatz" items, now are being recognized as good food
ingredients ang will stand on their OWn a8 good nutritional products to
oe used as ingredients in foods Or as foods by themselves as
replacement for meat and dairy preducty in the human dietary.
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TABLE 1

U.S, PRODUCTION AND YIELDS OF SOYBEANS!

Production Yield
(1000 metric tons; (metric tomihectare)
Range
[ 1924 135 740 ¢370~1,009
; 1944 5,229 1,264
1964 19,076 1,533
H 1973 42,640 1,870 1,278-2,287

! Soybean Digest Blue Book - 1974




PROTEIN CONCENTRATE PRODUCTION ~ U, S,
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TABLE 2

1

Soybean Meal

Cottonseed Meal

Linseed Meal

Peanut Meal

Copra Meal

Gluten Feed and Meal
Tankage and Meat Scraps
Fish Meal

Dried Milk Products

Other Milk Products3

TOTAL

(1000 M, T,)
1962=1963
Production Feed Use?
9,624 8,290
2,477 2,446

363 297
72 72

84 84
1,241 1,241
1,758 1,760
271 669
194 194
519 519
16,603 15,572

1 Soyhean Digest Blue Book -~ 1974

1972«1973
Production Feed Use2
15,158 10,861
2,057 2,018
327 192
164 163
91 91
1,573 1,573
1,571 1,578
338 4:12
299 299
317 31
21,895 17,534

2 Domestic production plus imports, minus sstimated food, industrial and
non-feed uses,
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TABLE 3

RED MEAT CONSUMPTION/CAPITA 19711

Total Beef & Mutton, lamb
Red Meat* Veal Pork & Goat
U.S. 87.3 52,7 33,2 1.4
Canada 4.6 42,3 30.5 1,8
European Community 55,5 25,0 28,2 1e4
Eastern Europe
Bulgaria 31,8 10,9 11,8 9,1
Cucho-lmkh 53,7 19,1 34.1 0.5
'f- Hungary 50,1 91 40,5 0.5
| Poland 40.9 15,5 24,1 0.9
Yugoslavia 35,0 11,8 20,5 2.7
Us8. S.R. 40,5 22,3 13,6 4.9

% Includes horsemeat

U.S.D.A. - r.AOsC Bm.“n rm 1-73




TABLE 4

NUMBER OF PEOPLE WHO COULD THEORETICALLY BE FED FOR ONE DAY
BY PROTEIN FROM VARIOUS SOURCES BASED ON PRODUCTION FROM ;
1 HECTARE OF LAND IN | YEAR ASSUMING 60 g. PROTEIN INTAKE/CAPITA/DAY

Protein

Beef

Pork

Poultry

Milk

Rice (white;
Cottonseed
Peanuts (Groundnut)
Wheat Flour (white)
Sesame

Corn {lakes

Rye flour (whole)
Sunflower kernels
Wheat flour {(whole)
Oat mr.eal

Corn meal (whole)
Rice (brown)

Dry beans
Potatoes

Split peas
Soybearns

Algae

Yecast

Number ofl

_People

130

319

457

583
2469
1793
2536
2712
2620
2848
3186
1314
3391
3445
3536
3926
4315
5239
6901
9075

43,200-154,000

3,275,000

Animal protein data calculaied froin data - Comparative Proteins =
D. Catron - American Soybean Association Meeting = 1967

Other data based on U.S.D,A, world averag= ylelds - 197}

’
]
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TABLE 5

BROILER GROWTH AND FEXD CONVERSION IN 8 WEEKS
M

Type of Weight Gain Feed!

Ration (1_Kilogram) Conversion
1931 1.28 2,75
1969 1.73 2.10

1 Amount of feed/unit gain




TABLE 6

TURKEY GAIN AND FEED CONVERSION

Gain from
Type of Hatch To 6 Weeks
Ration of Age
(Kilograms)
1930 0975

1969 | 1,260

Feed

Conversion

2,30

1.73




TABL® -

SWINE GROWTH AND FEED CONVERSION
M

. Average Average Average Feed
4 Type of Days Initial Final Daily Conver-
Ration Fed Weight Weight Gain sion
] (Kilograms) (Kilograma) (Kilograms)
1908 108 18,2 28.4 <095 8.11
1958 105 18,7 9.4 74 3.18
1929 79 20,5 62,7 o 54 3.29
1969 79 20,5 72.9 «66 2.9




Type of

Ration

1908
1958
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TABLE 8

CATTLE GROWTH AND FEED CONVERSION

Initial Final Average
Daye Weight Weight Daily Gain

Fed (Kilograms) (Kilograms) (Kilograms)

252 189.8 392,3 80

252 170.7 439.4 1,14

Feed
Conversion

9.0
6.3

i

e o ks




U.8,

Romania
Yugoslavia
Bulgaria

U.S8.8.R

i Soybean Digest Blue Book ~ 1974
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TABLE 9

SOYBEAN PRODUCTION - SELECTED COUNTRIES!
M

Production
{in 1000 Metric Tons)

1962-66
Average

20, 920
6.21
8.98

436,.8

1971

32,005
165,0

4.0

535,0

1973
1972 (Indicated)

34,915 42,633
186.0 2340
5.99 -

- 15,0
260.0 400.0
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TABLE 10

' SBOYBEAN YIELDS - SELECTED COUNTRIES'

YIELD
(Metric tons/hectare)

1962-66 1971 1972 1973

Average (Indicated)
uU.Ss, 1,634 1,849 1,883 1.883
Romania +686 1,123 1,708 -
Yugoslavia 1,358 .827 1,641 .
Bulgaria - - - 1.7
U.8.8.R. «511 619 - -

i Soybean Digest Blue Book - 1974
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TABLE 11

U. S, SOYBEAN EXPORTS TO EASTERN EUROPE!

{in
1969
- 4
Rxechoslovakia 12,791
ast Germany 0
Bungary 13,581
@oland 134,118
. so so no 0
Jugoslavia 0
her 0
TOTAL 160, 953

Soybean Digest Blue Book - 1974

UeSe DA, = F. A, S, Bulletin

metric tons)

1970

3,130
15,431
32,305
83,361

0
30,672

15,431

180,330 .

1971

65,943

27

65,970

1972

354

0

0

0
145,086
858,404

0

19,439

102,330

19732
(Through Dec,’®

7,239




Bulgaria
Csechoslovakia
Hungary
Poland
Yugoslavia

Other

TOTAL

! Soybean Digest Blue Book - 1974

2 .8, DoA. = FoAeS. Bulletin

U, S, SOYBEAN MEAL EXPORTS TO EASTERN EUROPE!

- 36,6
2.8

154.8

187.7

486,60

- 26~

TABLE 12

(in 1000 metric tons)

1970

29.8

141,53

101.9

169.9

532.9

1971

63%.6

85,4

105.4

9.6

406,7

173.3

4.2
308,7
136,1

166.6

875.9

19732
(Through Dec;

18.1

2.7
58.1
65.3

34,5

178.7
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TABLE 13

U,8. SOYBEAN OIL EXPORTS TO EASTERN LUROPE!
(Metric Tons)

1969 1970 1971 1972
nd 4536 3178 0 0
oslavia 454 122,923 90,268 53,070
her 454 0 0 0
TOTAL 5444 126,098 90,265 53,070

Soybean Digest Blus Book - 1974
UQSQD.A. Ld r.A.'. Bm.‘in

19732
(Through Dec,)

3992

3992
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TABLE 13

SUNFLOWER PRODUCTION = SELECTED COUNTRIES

Production! Y ieldz |
(In 1000 Metzic Tons) (Metric Tons/Hectare
1970 1971 1972 1973 1970 1971 1972
(Preliminary) (Indicated) (Indicate
U.S. 84,7 185,0 287 .4 - 1,013 1,025 g
leldl 25. l 77.0 77.0 - .‘88 .795 -
Bulgaria 407.0  455.0 483.0 525 1.360 = 2.0°
Hungary 81,0  152,0 132.0 - .903 1,103 -
Romania 769.6 791,0 848,0 875 1,276 - -
Yugoslavia 264,0 347,.0 277.0 - 1.364 1,900 -
U.S,8.R, 5652,0 5200,0 4627,6 5500 1.183 1.168 1,218

! World Agricultural Production & Trade-U,8.D,A-F,A.S, = Aug. 1973

2 Y.5.D.A, = F.A.S, Bulletin FFO 16~72

3 Bulgarian Miniatry of Agriculture




TABLE 15

ANALYSES OF SUNFLOWER SEED (AS IS BASIS)

Canadian! Bulgarian?
High oil
Sunflower Seed Seed
% %

Hull 25 23
Hzo 6.1 7.0 :
Protein 18.2 17.0
oil 42,7 46,5 |

1
Averages from - Compositional Data on Sunfjlower Seed -

JeA.0,C.8, 45 876 (1968)

2 Private Communication - Peter Petrov = CNIRD = Bulgaria :
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TABLE 16

OIL AND PROTEIN PRODUCTION/HECTARE

Soybean Production (U, S.)

Soy Oil Production

Soy Protein Production

Soybean Production
Soy Oil Production

Soy Protein Production

1973
Average in

Metric Tons

1.870
o337

711

1973
Bulgaria

}

1.7
«306

«64b

1973
Range
(Metric Tons)
1,278=2,.287
0230- 412

.486- ..69

1972
Ygoohm
1,641
«295

«623
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TABLE '7

COMPARISON OF PROTEIN AND OIL PRODUCTION (IN METRIC TONS)/HECTARE
FROM SUNFLOWER IN U,8,8,R, (BASED ON 1972 AVERAGE YIELD) AND FROM
SOYBEANS IN THE U.S, (BASED ON 1973 AVERAGE YIELD)

U. 80 s.‘. Uh 8.
SUNFLOWER SOYBIAN

Average yield ' 1.218 1,870
Protein production «380 o711
oil 564 337




TABLE 18

COMPARISON OF PROTEIN AND OIL PRODUCTION/HECTARE
FOR SUNFLOWER AND SOYBEANS IN YUGOSLAVIA

Metric Tons

Soybean Production (1972) 1,641
Soy Oil .295
Soy protein 623

Sunflowcer Production (1971) 1,900
Sunflower oil .833

Sunflower Protein ¢ 323



TABLE 19

APPROXIMATE AMINO ACID COMPOSITION OF SOY
AND SUNFLOWER PROTEIN IN GRAMS/16 g N,

Soy Sunflower
Amino Acid Protein Protein FAO
Pattern

1965
Arginine 7.2 7.6 -
Histidine 2,5 2.2 -
Leucine 7.8 6ol 4.8
Isoleucine 4,4 4.0 4,2
Lysine 6.4 3.6 4.2
Methionine 1.2 1.7 1.7
Cystine 1.3 1,5 -
Methionine and Cystine 2.5 3.2 3.4
Phenylalanine 4,8 4.4 2.8 |
Tyrosine . 3.2 2,7 2.8 z
Phenylalanine and Tyrosine 8.0 Tel 5.6 |
Threonine 3,7 3.4 3.3
Valine 5.0 4,8 2.8
Tryptophan 1,3 1,5 1..1

Glycine 4,0 5.0 -




TABLE 20

TYPICAL COMPOSITION OF SOY PROTEIN-CONTAINING PRODUCTS

Moisture
Protein
Fat
Fiber
Ash

Soluble Carbohydrates

Insoluble Carbohydrates

Soy
Defatted Protein Soy
Whole Soy Concen- Protein
Soybeans Flour trates Isclate
10 7.0 4.0 4.0
38 52,0 68, 92
18 1.0 1.0 0.1
L 3.5 4.5 0.1
5 6.0 5.0 3.5
18 14.0 2.0 0
17 20 28.0 0.1




o enipse

TABLE 21

IYPICAL COMPOSITION OF FULL FAT AND LOW FAT SOY PRODUCTS

Full Low

Fat_ Fat_
Moisture 5.5 5.0
Protein 40.5 50,0
Fat 21.0 6.0
Fiber 2.3 2.8
Ash 4,5 6.0

Carbohydrate 26.2 30.2




ESTIMATED CURRENT ANNUAL PRODUCTION OF
VARIOUS EDIBLE SOY PRODUCTS IN THE U,S§,

Metric
Tons
l
Soy flour and grits 340,000 to 450,000
Soy protein concentrates 30,000
Isolated soy proteins 25,000
Textured soy proteins 90, 000

Spun protein fibers 8,000
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EFFICIENCY OF NITROGEN CONVERSION
sJer |

I, AIR N, 0%, FERTILIZER N

2. FERTILIZER/SOIL N ~——208_ pLANT PROTEIN

3. BALANCED RATIONS —S=2T8  spmiMAL PROTEIN
DAIRY COW {MILK) zi'r 30° 23 28
BROILER 22 25 18 24
'HEN (£6G8) 22 20 23 23
IWINE 6 19Y 13 7

BEEF PROOUCTION € 8 8 )

Av.  BYERLY WILCKE PALSTON
(1968) (1966) (iD66)

Chart ]

Comparative Proteins” by Dr. Damon V. Catron, University of Missouri (1967)




FOOD-PRODUCING ANIMALS COMPETE FOR
MAN'S FOOD SUPPLY

NIGH RUMINANTS i___NON-RUMINANTS
' Perescromacpnccsaccncncccrsmvonn. -.;-..-.o.-- tevae .TU.""
preccasamcccscmatcccmanicniiiaay see.. <BROILENS

---------------------------------- :LAV”.C Nt“’ ‘o
precescamasccscctccnccnticancandeaae SWINE
P.“..‘.-.-.woonnm-‘.“u “‘L“ : \‘

DESAREE OF PRODUCTION

COMPETITION |ocnena..... MISH- GRAN BEEF:
Tiony PROOUCTION |
(WITH MAN|  yen-rorast/ AUUGNASE

rom enain =" Lk PrODUCTION
N1 on-mOVeNASE

Chart 2

'Comparative Proteins” by Dr. Damon V. Catron, University of Missouri (1967)
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CHART 3}

SOYBEAN PROCESSING

SOYBEANS
FROM STORAGE

l

CLEANING
CONDITIONING
CRACKING
Jf HULLS
DEHIiLLING - COOK ——»GRIND —» FEED
FLAKING
A 4
SOLVENT
EXTRACTION
SOLVENT
SOLVENT WET FLAKFES MISCELLA
r~ ' —DESOLVENTIZING
v
DESOLVENTIZING CRUDE OIL
J 3 ¥ ;
SOLVENT WHITE FLAKES HYDRATION STORAGE
MOIST HEAT CENTRIFUGATION
|
¥ V
COOLING DRYING DEGUMMED
l l OIL
SIZING (grinding and/or sieving)
| LECITHIN

v v
GRITS FLOUR

=

i
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CHART 4

Honone
Aesovery Superhaated Mesenpmm

a3 (v
naxts @ DESOLVENTIZER —

“m L 4
90-108°% S~ FLAKES=PDI 90

eoe() DEODORIZER ()vere v

o= FLAKES~PDi 70

TOASTER

208-230% O — FLAKES =PDi 10

a«() COOLER Dar

>

GRINDER

[ 4
L4

L 4
g GRITS end FLOUR
Dusolventiser-“spdoriser- 1essser yshem,

HORAN - JAOCS-51, 67A, 1974




Detatted Sayhean Flakes or Flour

1. Aquesus alcedol leach
2. Dilute acid leach [ph 4.5)
3. Moist heat, water leach

|
Solubles Im?uhles
[Sugars, ash, [Proteins,
WAy compenents) polysaccharides)
Neutralize
Bry
Concentrate

Mregaration of sy protein concentrate.

Commercsal Iselation of Soybean Proteins

Defatted Meal

Dilute alkali
Claritication

Resitms Extrast
4
Washiag
Iseslostric| Dryin Pistein Wy
Pratein Curd
Washing
Noutralizing

Brying

Pescess for the preparation of isoiates soybesn proteia.

HORAN - JAOCS-51, 67A, 1974
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CHART 7
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Thermoplastic extrusion process. Cooking extrusion is a
fochnique for mt:‘rmn soy flours. Technique is similes 19 that
omployed for mumtm,ucmd based snack foods.

HORAN - JAOCS-51, 67A, 1974




CHART 8

Ot Free Soy Fiokes Soludle Soy Proteins.  Recenir mma Solitle

oncenteated Soy
. Soy Frotcms 7 Proteins
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