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Over the past 35 years or so, workers in the fieid of animal
nutrition have shown that the protein of the soybean, wher properly
processed, is ap econenic source of feed pretein for the efficient
production of . :estock znd pouitry.

The protein in soy flours can also perfsym the same function
in the diet of humarn beings and is, today, the mest cceonomical source
of food-grade vegetable rrotein,

Soy flour is used ln s variety of food products. The most
common ases (1) include:

Fully Cocked Flou:

Baby cereals, meat processing, bakery goods, animal silk

replacers, pharmac:zuticals




Medium-Cooked Flour

Meat processing, hydrolyzed vegetable pro:ein, bakery goods,

aniral milk replacers, hadby rereals, beverages

Balery mix, deuphnut mix, beverages, hydrolyzed vegetable
protein, wvavy cercals

Uncooked Flour

Bleaching agent in white bread

Sovybean flour, variicularly the full-fat type, has bee: receiving
atisntion in Tescarch at the Norihern Laboretory. Emphasis is being
placed on fuli-faw flour vecsuse of the importance of bot™ calories
and protein in feadiug hunary peorle around tne world.

This paper will review geaeral tecknological aspects of soy
flours and will emphasize veiezarch infornation developed at the
Jorthern latoratcry under sunport from the Agency for International
Levelopnent (AT0) and i an earlier cooperative prograr with UNTCEF.

Processing. The production of llours f~om soybeans invoives the
removal of hulls to produce a full-fat soy flour or removal of both
hull and oil {ractions to produce 2 defatted flour. The quantitative
yield of each flour from 2 bushel of soyieans 1is diagrammed in

Figure 1.

Fig. 1




Stcps in the mmuwacture of Loth full-fat and defatted soy

~

flours by conventisn:l procecses are shown in Figure Z,

Ctuay ol the vredteyion of full-fat soy flour by extrusion-

ceokins (2,3 was undortalben in 1905 at the N rthern lLahoratory
in cooperation wice A1 pxiruders ove being used industrially
to produse many toodz, such as snack-type cercal foods, but extrusion
Jor heat-processinrg of soybaen: to produce a fiour was new to oilseed
procassers,

Conventional tvasting in atmospheric-pressure stack ccokers or
jacketed converors takes frem 10 to 45 minutes. In contrast, the

same of fect can oo asccomplishsu in a matter of seconds or minutes

(=N

by extrucicu-zociking the rcals under pressure at high temperatures.

Gur experimental extruder mnit is photographed in Figure 3 and a
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flow sheet of -is process is given in Figure 4.
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A seccad nhase of our research program was to develop a simple
Land procesc (1) for making {ull-fat soy flour in oversess villages.

Since skilled labor, electric power, and steam ave nonexistent in



thase remote areas, we had to dsvise equipment that could be hand
operated and @ process 'hat sould be casily learned py unskilled
LaLGTerE--bt ot cush o procus, aust meev vigid specifications

with respect to rutrit:cnal quailty, sanitacion, flavor acceptability,

o mam———

The experimental flours were “ested in many basic food formulas and
faod ccmiaacions iy conperaticr by tae Humar Nutrition Research
Divisicn, ARG, USDA, at Beltsvilie, Maryland. Types of foods prepared
includnd soy be crages for young children, yeast breads. main dishes,
cereal predeers, and baked desserts. Ohjectives in thesze preparations
vore to use the optimum amount of soy flour to gain 2 nutritious
rroduct and to provide pulatalte food resembling those indigenous

to various develeping covnrtries.

Equipment for the village ¢vocess is exceedingly simple. The
toial assembiv is estincted to cost uncey §250. ¥ith tlis 2quipment
six men can produce 3 pounds of sov {lour in an §-hour day. These
3¢ pounas will svpaly half the ‘aily requ-rement of protein for

rore than sinteen nundred aculos,

Composition of Fiours. Typical or average analyses (1) of full-

B e

fat and cefatted soy tlours ave shown in Table 1.



Tuble 1.
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position of Soy Flours
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Fall-tat, %

3.5 41.0
1.5 20.5
3.2 .8

4.5 25,2

[

varies betweer 5% to as much as 10%

ors. 1he flours contadu approximately

valuce: for thess nutritionally

it weat

facd, such ap corn, chedt, apgd Tice,
d the wrace minerale (iven, €oprey,

cobait, zine erc.) are 2lLoe prosenc OF the 50y TloUrs D Vuiooasd

hui approciapie Smelnug. T semparisen whth cooen? PUAIEG . a0

Flouis ave o fairi, pood solves oo Comiox v tas i {0 LAt ed
soybeans contzin & righ 107l Of thoanine (Vitewln b Fyves: Looueh
this amount i. redvces by some Tovss o Ke. srecesting, oo ievel
remaining i floo. s taw Rlnes oested ehan foowest cereals. Other
water -oluble vitoming fontasmed in vaising amowntn omelode tiharlavin,
pyridoxine, pantothen.c acic, Tolic asid, nne oniacd fnositol ane
choline aze prosett as compenents of €he tecithin fracwon (5, Other

ana tocopherclis.

such as carnteane




There is approsimately 0% carbohvdrate present, but comparatively

jittle is Ypewn about Qs compo: 1tion or U5 Ui A 5 Hourle ot energy
tn the bedv, & 1eoeny saeay o) saybean anaars (00 shows that defatted
1
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Toaniea fiavey chen sovbean flours

are heated In Tor AYASI 0o OF maletarn,
fora eneysy valtes o sty Slours ars aagh and compare favorably

(Fignoe 63 with values o0 ali-purpesc wheat fiouds and corn flour,
Vig. o
tull £zt soy Slours excoeed che vaines for defatted flours due to the

Niph caloxrro value Yoo the il eonponent.

Heat Treatment and Nudvitional Valoe, Althovgh soy protein has

g high sentent o ¢i+ortial anine aclds, raw sovbeans contain trv/psin
fnahitors awd othev antlavow.h faoners vhat soavice cocking to make
fhe pean ediblc acd noio woetricious for tameprs {7500 e addition,

COOK Ny EET VO the  wy ocwoduol b 2%he . uays, A dssiaves tiavor,

nravides vacd sncli-life, and coptiols cocian othet fuectional

properties sn o hoge ity chserrcies ana dizpersibiliter,

[y}

Re sarty ag (417, cahooae and Mesdcd (8) chowed lhat Dosting
sovbeains anprcund thelr mulvavive suality,  Sunesons otier investigators
cinee thnn hove inpreves methads for heat-rrecting soybeans. vhen
croterly heared, »oy vrotein has excellent nutcitronal valvee with

it limiting anae ool being methecainz.  Put, heating must be

storped short of adverss cffacts uvul wiTitive value and disnersibility.
Sved thoulh 1 s wnll estan isred vhew boll cverheated and undeincated

say proteis wce of dnfarior mulrivive velan (7Y, comparatively iit.le




is known ot the fundumeital nature of the changes Lrought about as

a vesult of lhe heating procets,
Tests in CCRLICH 1s¢ Ludiy fas omedsuring the proper deqree of
hezs treatment in teanting oo protetn Giopersihiainy ipdex (VDT

or nitvoges soiubllity incex (/%Y. apd aease aciivaty.

The =ata (3 10 Tahie D oghew that tne UBLotest fan Lo an effective

guide in achicving a soced Telative proiein efficiency. Toth PDI and

indgine tae degree of undercookivy

grease activity are J0od ndicts for

1ut are less relisble for tectiny the avercooking of flonrs.

Table Z.--Relative utritional Vaiuns of Commercial

Types of Defatted Soy Flour:

Protein Kelative
Dispersibility Protein
Txge Index Efficienc:w

ey £ W A oo (S

-

Negiigihle hen: $(1-95 40-56
Light hewt 70-80 50..60
Moderate heat 35-45 75-.0

Teasted %-20 85-90

Dried skin milk equals 100%,
Urease activity i 2 wide.y usec criterion for indicating the
destruction of sntiticlogical factors. A defatted sey flour showing
an increase in pH over 0.3 woull be suspected of receiving insufficient
heatiag tor yond nutriticn. A product wifth ar increase of .01 ¢¥

less shoula b suspactad of Lefng overhéate! (2

.
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the 1onne test and UST wore wefal cusa prenedurss

for guiding the covking stucies In our Fevelopmen® of the village
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Table 3.--Corpariscp of Eromathynol Sluc Absorptien with Qither Tests

Norall,s Vsel tor Eraliuatins tha Stean Heo ' Tresticat of

Scyteune

Steaning
Period,

My BT
Absuihed”

' o EYabae
Ir {“....;‘]u{ ~

-y e g

5 .58

2.5 4.58

3.0 4.02

1, :
BTE = bremoriymol

’ 1 - . »
TONSL = pdtrocen solunility index.
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Under conditiors of heat and moisture, the f1se epsilor amino
group of lysiue in (roteing can unuevg,e reacticnz with reducing sigars
afnl otrer comacund: 1nat sower tlo- pivticiocical availabllity =F e

lysie. Gho availablo Tezire v 44 v eeoked rull-fat sov flour:

1o * . . ey e ) o Y ) = y
rnaue TR SOV LT AnEens, A L b (N A R N O AR 4 £-%
. -

prol-:n. For ke .itaes riccens Tloove, thic range was K5 to
( N PETRY HYT | S ~3 1,43 > : . 1
L Cese rEugo s seer @ o avaijability of te tntal lvsine,

RS I 4 - N % . " “
“hrich was equal 0 oatout L7 B rore oAt treetaen
I cormeresl rocessang

cans generally

TECUCAs Lorcemirations of cuch vitunins as thianine, a.scin, and

vitatiavin te Tow level o amelnts o7 throe vitamias hefore and
after oy icuder coe.ing an the full-lat sov flour Frocess are

coimrares for twe sarpios in Table Data denonsora s that

n€at tiralment In the sxirwler proc3as de-toeve Dotle of the origind
Yrimin content. fioiec. zml o testing of exi-aded fulls v sov flours
by ra%t roe vodtivoecting, cad i cianical tooftng with arfanre un

- Lo * o » . . « -
to 10 nonths L0 age, shewed that tee -roluct ha gouwd nutri:icaal

yueality.

Table &.--vVitamin Analysis of Lairuced Full-Fat Soy Flours

s R A

Thiaagin, Ritottavin, Niacin, \
soybear Fractions /g bglg pe/s

Original fiakes ¢ 2.9 50
Extruded full-iat £lours
Tes: A 10 3.1 63

Test H S 2.9 47




Results (2) of beth proirin efriciency ratic (rhi. and ret

protein urilloaticr VU altained onoomn feeding
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and ~fatrel ey flour

Table 3. - Buuingical Vaiues of kxtruded Fuil-rat loy ilours by Rat

Eicassay
+ * . i € . 4 * kd 1
rrote.n téficiency Net 2r07~in Utisization (NYU)
) i DAL ARGroIlNAs
Patio (L) | Weeks, Maintenance 10% Protein
Sample Lot 10% Protein level Levetl Level A

¢ ation ] 2 , 3 T o~
Designaction Lyorsy Mo;rxsan%_ Plati TNO Plact

- sy 2 A+ T —na—e - -

A 2,36 AL 62 60 s7
h 2.29 2.44 02 64 57
Casein controi e 3.06 .e- 74 oee

Try shim wiik
control J.u0 cen

.. .

! xpu by carcass analysis at the protein level required for toth

mainten.rce aad at protein le.sl in the diet fa fnameiy, L0 g protein/
p1on P dict,.

“ P, Gyorgy, Philadelphies General Hospital, Philadelph;«, Pa,

7 A. B. 'lorrison, vitamins and hutrition LooTica, vationel iealrh arnd
iclfare, tcod wid Drug Laberatoriz., 'ittawa, Caradn,

4 ) . : P . C : ,
B, Flatt, Nationsl Tnsiitute for Medicds nesenita, tordon, tnglaid,

5 i L D . .
" Cerntral Instituie for nNutrition and Food Kes€archn, Utrecht, The

Netherlands.




Contye:lad fesding tests witn uaniler chicks {(2) drmonatreted

>

that both coumarci 1 ane sxirwis o say flours prowotad pood giowth

and fead conversios wifd ienioy .

Tanje 6 i<ts .o 2n0 cains apa feed coaveruion of 730 <hicks

t

fed to ! weeho in o comuletad Tattesv triar . One jyoup wes feo A
dehulied toscred soolean meal pras sovlean oly JControl).  Another

; y ~ e 3 N . Pl RN Lt 3 Tt
was fed A oc omeruial toccred futioofat soy ey, ael 2 thitd exuiuded

the feedine vaine on o ail goous o, Ut art) Taougad The TESU

ehe commercs il ficur to esseazially the some level as *he ovhay Iwo.

rable 6.--Weight Coins «nd Feed Conversions of Lpi is Fed Diluted Diets

. . ‘ i
Containing Leybenn Proteins Procensed pifferertly

Averaze 2. Jeek uain, o
{Z-+ teehz) Peﬂo/hriw (z 4 hehki,

5

No o Sneple- NC supnle-
Sovbean uourcn Mmentariogg + Methiignire metation + Methiionine

Contrc! drhuiled
soybean (1 meal
+ aoybean oil 262 312 2.48 2.15

Comme:cial full-fat
s0y *lour 244 306 2.60 222

Lxtruces futl-fot o
sGy product 2787 315 2.45 2.19

————— s o o i ——— =

Di.uted Frer colculatad to contein 12.7% prstein, ©,10% matidoninve, ©,195%

)

cystine, 0.0 . lvyme, and 1,00t kcal ef netab-iitible enero/'h,

(R

Betler tian value < htaiped with ~emaer-ral fnli-iat {lcur hut ant better

than contrad meal ar a o tevrl o signifiliance.
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in 1ood, cxvevimente: tuli-fuo Sroure produces by the exorusic

process were sel s to the {riveysiir of Tolwsu o UMUCT where lhey

) ] r . s - K . . RN LI r . . i
wera evanuarcd in Tof o aely o JUIY, F Ten Trloay ) suear ol
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- : R .. L N . N A I - . P—
vitanin. wore “dded e U o sy, wng tae Trooalanaon wes fed
[ PN B B - o~ .

For 6 suntas oo oenvidoen fooe T Oomor s ooy y Tt e g

fFroo, animn) orivs s wooe snciudes inocherr diets. ooawth curves fov

- P I3 IR R N T B, A TR PR N R Y%
several of e Doy ara givit G orticipatong (Flaqurs 81 show taawn

S n = W i S

say Flour supported excellent growth and develesment and that these

gains were cumpararle to those ohaerved in babics Ted cow's il

Flavor Tvaluatinr and Dda ive Stabilitv,  Tn conpnnetios with

5, Dl -Far coy flow vers evadvated oo taste
panes 1o asscss 1o v Lharsotersistion, In this wevdv, the floars
were tanted o onoweversye for which ihe flowr was Sinted foroa 108
flour:watey rofio.  Sooping was bvazed onoa i0-20i0t scals witio 30

‘ndicatiny - blapd pooiucl. the pancl reworted that tae stoon,

bitier besnv flaveiz evazacieristic of sovhedns was reriaced beoa

e,

mild nutty flavor.

Table 7 givesr ihe flaver seore for flaves preparad uniss variou,

exporimental _onditions,
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Table 7.--‘ican Sceves Rasad «n Flavor Rarings of Lxperimental

¥lours, Extrudcr Cook.:d

Trectment

LT A U —— i B
Retentioun Time, Yaisture, “lavor Ratm&
. S e DTS2 s v
min. % TouT S 300° F.

0.5 15 3.2 7.3 ¢.8

0.5 20 8.3 8.5 7.8

1.0 25 8.2 i.7? 6.3
1.25 15 7.3 8.2 7.0

1.25 20 8.3 7.5 6.7

2,0 20 8.5 8.0 8.0

} ’ R . . . r
Values have 93% limits ¢iven by + 0.0,

Tenpe:rature was 4 sigadiicant factor in develoring food flavor

and its effrct deponied on e ratenticn time moisture coeibinatlon,

At the shertest :ime, the cifect of termarature vas greater then a.

The crevention ol o7 =flavors ond 2dors shich resuls {rom fat
deteriovdts o in ful'-fat s v frours in of critical ivportance in

copsuney .cceriancs i rhese preducts. In ouv ztudics yoon stability

of extrusion sooked full-fut sov flours devended on two bLasic factors:
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storage. Gas lignid chromatograph studie:
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was cataivoed Dy oan syme VSTem. on Teo

degztivetod cample U oshew L oa low proafiic

samrple A) in comparison with nondeactivaio i osaaples 6owad T A

lU-mesmivor taste pona

odor Jdifferences Sevwean oxidized and acuoricize.

acid {(Frenrs o1, Tre<e flours had grod tiavers atter doveers'

(v igure 10) alzn gave
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Staility of Hidy gsn Flmurs vas also entaiced by opevating the

extrnder 21 sotimwe Lovale of Cerention vime, terperature, anc nisiure.

proserees autusal wiewciidonts, which can Locome inetfective

The ctioiloro eoioet of patural antiedidarts presemd in fuil-
a1 sov Clours wio Cessuilrated by oA storage tost svaiuation in which
an cxtruded ful' fat see flou aw o herane detattea 507 flor with
added fat sevbenn ¢il) weve storcd for 56 jays st 120° F. Apparently,
shere is ap indigepovs antiodidapt factor in fil1-fat flour that 1s
remcved vuon Jefatting sovbean. .

‘The data in 'atle § Ffeo the accelerated test dewonstrate that

full-fat “lovr ratuined good stability, whereas the detatiec flour
plus added fac vecans bighly varcid 45 indicatel by both puroxide

» £ . - .
valus ard C1aso7r tenl,

Table 8.--Accelesated Storage fest for Soy Flours

percxide value, mea/kg, 1207 F,
Storage — .
Hoy Fleur 0 Davs 28 Uays 56 Days

T e I R P

Commercial defatted plus
add-~d Sn)‘)"ff)L‘Z'W ol: 1

(22 4% iat) 2.5 1.6 101

Satruee! tull oot : 2
(229 feu) 1.6 1.6 2.9

4

A e W e S———

-

‘ - - -
Tilavor ratine = 2.7 maguniom tlandress = 10.0.

Flavor rating - 7.0; maxinum blandness = 10.0.
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Fxtruder-cooker used in the pilot
plant of *he “orthern Regional
Research Laboratory 1o process
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