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I, INTRODUOTION

mmmuamw.
in both agrieulture and industzy., The vapld rise of the soybeen
intustey is shown by the following stetisties. In 1924 seed
production was 4,047,000 bushels with « total of 1,788,000 sores
under cultivation. In 1938 the seed profustion was 57,665,000
bushels with o total of 7,780,000 acres under eultivetion. The
average market price dropped from §2.47 in 1924 to $0.76 per
wshel $n 2988, The rise of this infustzy 1o sttriduted to the
dovelopment of the uses to whieh the soybean 1s applicable.

#ith sueh a rapidly growing industry, many probless
arise whioh must be solved to have contimued progress. The progress
made in developing food and industrisl uses for the soybean, the oil,
and the mesl hao been remarikeble, Though extensive work hes been
condusted to develop the industry, the poseibilities eve yet many,

The industriel uses of soybeane are many, with the use
of soybesn ofl in the lesd st presest. Soybesn oil is used sabis-
factorily as o core oil in foundry work. Much has been done in



o1l which oumpares fevorebly with linsesd oil. Remarkable
wvarious indusiriel wses. 3ite valus in the pavduetion of
plasties is acocunted for by the hish protein comtent,
use of meal in plestio production. Ome is by the fsclstion
snd purification of the protein, with the addition of & filler
and en indurating egent. The othor method involves ths use of
whole neal in place of the isvlsted pwotein, with the remsining
progedure being analogous. The use of the whole meal has givem
material, which is vegetable casein, hes uses wod propertics
siuiler to caseln fyom skda milk. Among the uses are glues,
It is the purpose of thia work to study the verious
boen done op this problem, but pertinent data which is
necessary to industry has not yet been compiled end published,



II. LITERATURE REVIEW

Sensrel Mothod of Casein Extraction  A.A. Horvath is the
anthority on soybeans end their industrial uses in the Usited States.
Mach of his information he bas odtaimed from the Chinese chemist,
Sato. The genersl metiod of casein extrection es gives by him and
others 1s as followe:(1)(20)(13)(34) solvent extraction of the oil
is necessary prior to the casein extraction. This leaves s meal
relatively free from oil snd with the casein in an undsmaged state.
The solvents used for casein extraction are generally a basie salt or
alkaline solution, Sodium hydroxide and NagSOy solutions ave the more
common. A wesk alkaline solution and ground mesl are them mixed, with
the casein going imto solution. Separstion of the slurry resultiag
from the mixing is sceomplished by frequent filserings(i®) ar by the
use of o super semtrituge.!2V(33) gegein 10 precipitated from the
solutioa by any reagent capeble of lowering the pH to the isvelsctric
point of oasein, whieh is mear 4.6, However, sulfurous, sulfurie,
Bydrochlorie, and ecetic acids are more sommon.!1®) care mst be
taken in controlling both the pH and temperature during preeipitation
%o secure s curd convenieat to hendle.!l) he whey and curd are
seperated by centrifuging, filtration or settling. To reduce the im-
purities end seid content of the curd, it is first washed with a
slightly alkaline solution, end last with water.'}! Depending on the



use of the casein, it is either dried or prepared in solution
for some definite use. In the case of drying, 1% should be dried
under reduced pressure, at the lowest tempersture possidble and
'asuam.m«usmummfm Spray drying in
Bot air has been found sucoesstul.'®’

Chemigtry of Soybesn Casein Bxtrettion  As established
by Osbora end cepbedd(2®! 1n 1807, nearly all of the protein meserial

of soybeans consists of a globulin *glyeinin,” with smell emounts of
legmelin, proteocse end phaseclinme. The protein materisl is usuelly
reforred to ns "soybesn casein” vhich is the terminology used in this
work. The somposition of the glyetnin ie;'2®) cerbon 58,12 per cent,
hydrogen 6,92 per cent, nitrogen 17,55 per eent, sulfur 0.79 per

cent end oxygen 22.63 per cent,

Globulin proteins sre soluble in 4flute selt and alkaline
sclutions, snd insoluble in water. The glodbulins ere weekly acidie,
thus having e aeutrelising effect on the alkaline selution used in
extreetion. Ceseln from orushed soybeens may be extracted by lesching
with & salt or alkeline solution and aleo water., The leaching of
cenein by water is atiriduted to the ecid potassium phosphete present
1n the bean,(3®) 1% 5o thought thet the glyeimin is present in the
seed in the form of glyeinates of alkaline earths, and also as ab-
sorption products of alkaline earth phosphates, Besause of this



Sato recommends previous leaching with & 0.1 per cent scetiec
aeid solution pricr to casein extraction.!3®) mowever, previous
leaching with a 0.1 per cent ecetic noid solution extrects about
one temth of the total casein present,’’®)

Also comtained in the soybean sre phosphatides, which are
substances consisting of phosphorie aeid, glycerol, higher fatty
acid snd an orgente dase, (8(?) wien soybeane the orgente bases are
eolamine snd choline and the corvesponding phosphatides are lecithia
sné eephalin respestively. Phosphatides ere present ia the bean from
1.6 per sent to S per cont, with 58 per cent of the phosphatides deing
lesithin and 62 per oent sephalin.!®’ when the o1l 1s removed by the
hydrsulie press or expeller method, phosphatides remein in the meel,
but with solvent extraction they are removed with the otl.(3)

Olycizia is very sensitive to oxidetion by eir, especially
in the moist stete. Whem 45 alkaline solution 1t sequives e browaish
coloration, which indicetes decomposition. Sodiws hydroxide of O,1N
results in the liberation of smmonis es well es liberation of onme
Belf the sulfar from the eystine in the form of Hye, (11)

Solvents snd Preeipitating jgents  In gemeral, solvents
used for dissolving the casein are either salts, alkalies or basie



salts, Sines precipitetion of the caseln from neutrel salt
solutions requires dislysis, alkalies and dasic sslt are used
move extensively whieh involves the simple prosess of meutralisa-
tion. A table of the sxtresting agents and their velative
quelitien as given by m‘”’ are listed helow,

Reagent Concentration Coloration Plastieisy
of Reagent ¢
NepSOy 0.8 Slightly yellowish white Glass 1
NagPOy 0.3 . . » LA ¢ |
ey 1.0 . brownish ¢ * 112
..‘ L] L4 - - xu
8.0 wite L . J
0.8 Slightly brownish white L i
0.8 Srownish white . ¥
ca( 0.8 white LA
Heg 51 8.0 bt - n
m 10,0 . L ;|
10,0 b L /1
1.0 " L / 1
(MEg )ps0g 8.0 » bl

The plesticity was divided inte six cleasses, Class 1 belag the
boat and Cluss VI the poorest., Alkaline solution which are oo
strong have a hydrolysing setion on the protein., To preveat
oxidetion end decomposition a weak alkaline solution possessing
reducing preperties is recomuended,

Any resgent cspable of lowering the pil mey be used
for precipitating the cesein from alksline solutions. The guality
end physical nature of the casein ourd depends much upon the pre-
cipitating ageat. Below is o Sable of the more generel
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precipiteting ageats and their relstive merita,! )

Tors of Precipitate Class Rewerks

Witess, finest and I Best iz quality
Ughtoss

mmm. 12 Mediun in quality

|

Rod Dense sggregation 111 Isferior guality

Metallie salds of Lenser aggregetion IV Thie oless s w0t

alkaline eartha and more ecompact saitable for the
manufasture of
plastic sslluloid-
like substances

Salts of heavy Heavy snd compact, “

nmetals guiekly settlen

Tormeldshyds Compact, sppears hard B

Precipitate cosgnlated Coagulated o

by hest and alresdy

precipitated by

vericue mesns

Other fastors affecting preeipitstion ere pl, Stemporature,
concentration of the casein solution snd eomeentretion of the
precipitating mﬂﬂ“ﬂl”lﬂ The kigher the Senperature the
more Gense will be the ourd, (18) though too Migh & Seapereture do-
satures the cesein., The fsoelestrie yoint of the cusein hes deen
fousd by most workers o be o pii of 4.6 (8)(3)(12), wt 1% renges to
5il¢tl.0"”’



Rensturigg of She Gaseln  The soybesa ceseln is very
seasitive, being quite sasily denstured by nest.'’*! solvent ex-
trastion of the oil, which i necessary for producing & mesl
sstiefactory for casein produetion, demstures the ocesein oaly
slightly, _mnmm. tesperature and duretion of
mtraetion. 9 Asectropie mixbures of bemsive end metayl alcohol
§ive & bevter protein than beasine alone. '™ Tne time of ex-
traction ahould De as short os possible, the tesperciure as lov as
poasible and meul freed from the solvent at & tcapereture 40 over
125° 7, to give satisfactory casein.'’®) 4150 1t was found thet the
aclvent extraction has less denaturiag offeet oa the dry beans then
wet beals.

The denatured cassin has properties differeat frow those
orucmm‘m ¥ron the ground beans, vaing cousecutive
sxtractions with water, 10 per cent Hall, and 0.2 per ceut NaOR pe-
aspectively, spproximately 80 per cont, 10 per cent sud 50 per cens of
the total nitrogsa cem be extracted, ¥ith dengine sxtracted meal,
29 per osat, 10 per cent and 50 per cent respectively osn be :
extracted. *?) Denstured casels is mich Less soluble ia water thea
is the maturel casein, Loss aitrogen ond more hydrogen and oxyges
is conteined in dematured prodein. The ieeelectrie poiant of the
donatured cesein is sharper, with less HOL being required to reach
the isoeleetrie point, eves with s lowsr {scelectrie point.(11)



Aecompanying the other changes of demeturing are the iacrease
in free amine, cavboxyl, end enol groups, and simmltazeously
becoming poorer in amide nitrogen. Desmination mud hydrasion are
suggested as partial explanstion, sccording to the foliowing
reactions.



was the development of a process for oxtwmating the sesein from

goybesn meal as a means of produing s choap soures of high
The objeat of this ressarchvas Lo dotermine oplisum

conditions, equipment and precedure for the separation of

Plan of Isvestigation
mwmmmmmwmmum

iisted belows~

1. Prepamation of the meal prior to mizing with the

2, Preparetion of the extresting solution; either a dilute

8. Selestion of proper eguijment for mizing and stirring of
the meal and axtresting solutions

4o wwwmmummm
diregt filtaring, super-centrifusing, snd a comdination of sereen~



0. Previpitetion of the essein by addition of en aeid
watil the proper 3 1s remcheld,
€8s Separation of the casoln surd and whey by sotiliag
with subsequant Tiltariag.
¥+ Depiag of the caseln ourd in & vaouun teey drier.
8, Grinding of the drisd cesalin ia the attrition =411,
Ghanges 1o the plen of investisetion were sontingent

Natarialy :
Soybess Mapl, Tw> spesific types of soybesn meal were

wsed for this fovestigstion, Meal A. Meal obbulned Zzoa the
Virginds vardety of soybess, the odl of which had boen extracted
wmmwmmmc*wwwr.
inok, By anslysis, the meal cvnteined 9,66 per cent odl.
#oel By Fiaked, white, 44 per ceut protein meal obtained from the
Saline Flent of the Ford otor Gompany, dslivered to the Chemical
dngineering Departmeat of V.P.3. Mareh 18, 1941, The ofl had been
extrasted using pebroleun ether boiling st 145° ¥, Iy emlysis,
the meal vamtained 1,31 per sent oil,



Filter Cloth. 16 ounve duok filter cloth,
Kraft Towels, Baywest Papor 0o., Green Day, viscunsin,

a laboretory oize s operated by stean with a
maximu dowl speed of 50,000 RePule  Type Tedl-2380-34, Serial
Ho, 8S61AB1S, The Sharples Spesialty Co., Fhiladelphis, Fa.
eleotrioally driven with an adjustable rheostet for epesd comtrol.
The basket was & perforated brass bowl, © inches in diameter and
£-1/8 imobes in depth. No. B~-5407, Intersational Chemieal
Centrifuge, Pisher Soiemtific Oo., Pitteburg, Fe.
construsted sscomiing to Fige 1.

Abtpition MALL. A single dise ettrition mill dvives
by a direot connsoted electric motor. Hill olss No. 1.3,



Robinson Nfg. Co., Muasy, Pa, Electric Motor « Type Pul.,
HPe B, RuPM, 3650, Volts 220-440, Phase 3, The Master
Restrie Cos, Dayton, thio.

- Nggbester. An inexpensive 13 ineh eggboater
purchesed from F.%W. Yoolworth & Co.

Jagwn Toay Drier. 7.7, Stokes Neshine 0o., Fhile-
Gelpbis, Pa. A-6620, 17282834, This is = labovetory sisze
waouus drier, baving four shelves, 24 inches by 16 inodbes, and
an allowable stean pressure within the shelves of 50 pounds per
Bquare inoh gages
Great Weotems Nfg, Co., Loavesworth, Fanses, U.5. Stenderd
Steve Seriss, Nos. 4, 16, 80, 40, 60, 80, and 100. Newark Wire
Cloth Co., Mewsidk, H.J.

i Meter, Colemen Fortedle pii Eeter, Model 8D,
Inet. No. 8081,

Volts, 660 wetts, Pat. No. 1003892, Serial Ne. OB1B2.
B, Sargent & Co., Chicago, Iil.
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liothod of Procedure

cover all the speretions. Detuils which ere pertinent to only one
tun will bo explained in the “Debte and Results.”

Mssl Preparetion. In the imvestigsbtion using the
Newl A as supplied by .0, vweddell, whioh wns composed of lavge,
herd particles, it wes nedessery to grind the meal in the attrition
00ld water ws cirvulated thpough the water jacket of the statione
ary grinding plate. The finonses of grind was sdjusted by verying
the distanse detween the grinding plates, ¥When using the Neal B,
it was Dot necessary to grind, as the meal wns flaked to & thickness
varying from 0,0010 to 0,0012 of sn iseh, Sercen amelyses weve made
using Combs gyratory riddle sud U.S. standand sioves.

Zzepsrstion of Zxtresting Selution. AS & matter of
conveniense, solubiocns of 0.1 grem per milliliter were prepared of
eash Nalfl and NagS0y from which they were diluted to tho desired
w#mm:muma The speod of yotetion
of the stizving yeddles varied from 400 10 420 RP.N., Emeph for
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spesisl yuns in which the spesd of rotation was reduced to

90 R,P.M. by the addition of snother refusing pulley. Faddles,
were made by siitting 1/2 imoh O.D. yubber hoses of various
lenghhs end alipping over the rod at Pight aagles 10 18

(Ses G, Migs 2)» vWhen wsing the finsly ground meal it was
necesssry to firot use the hand sggbeater to break the lumps
of wot dough, which were rether difficult to break,

Hltzetion. s step in the procedure is the dottles
netk of the prosess and veally the main substance of this work,
Thres guernl methods of separcdion ware usel,

1. Tltering the alurwy directly without the
add of settling or filter ald. In this method, Buchner funnels,
748 om,, 11 om., and 15 om., With o veouum of 27 inehes of merewry
prodused by & water aspivetor, were used. As & filter medium,
small basket centrifuge with 18 ounte filter cloth and paper towsle
ing out in the desired shepe were used. Operetion of the centrifuge
veriod in specd from 5400 to 3800 R.P.M.

8. Super-gemtrifugisg of the slurry, Cesoin
slurry was fod to the bottom of the centrifuge bowl with &
hydswulte head of 18 inches, through the lenge job, 1/6 inch
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96,000 RoP.M, Sinee sll solids ccllected in the bowl, the

3+ A combination of sorcening, settling,
and filtering, using a filter aid, Celite No, 545, In all cases
through a No. 38, U.5. stondard sovemn. The sereen was in the
form of o eylinder, 3 inches in diameter end 16 inches long, with
& notal plate soldered to one end. The solution thus obtained was
aliowsd te sebtle efther in test tubes 26 mm. X 250 ma, in the
sase of small samples, or lavge two-liter jerc 12 inehes in
adding filter ald, Celite No. 545, and filtering through e
Bushner funnel with wepdd filter puper as the medium. A precsure
dirference of 37 inshes of mereury wes maintained by o water

olpitated by adding 10 per cent IOL until the corvect il was
obteized. The Colman Jif neter was used in chaining the corvest
i, botwoen 4.2 and 4.6, later it was necessary to only wateh
the presipitation cevefully and et the yoimt where the curd would
presipitate cosrsely and leave a olsar yellow whey the 3l would



Yo 4eé F 0.2, i

presipitated with BOL, being heavier then the whey, settles
readily. Desanting and finel seperstion by filtering through
® Pughmer funnel o the small baskel centrifuge was the pro-
cofure followed, Filter nediuwss were either 1§ cunce Guck,
ropdd filter puper, or peper towsling. Care hed to bo teken
not to operate the besket ceutrifuge st too high » mpesd, or the
ourd wuld press through in the peper or cloth in the fom of a
puste.

Dryiugs Drying wes done in the yeowm drier et a
veguun of 24 inohes of mereury and B 1bs. per squere inoh pege
stesn yrwesuve. The ceseln was spread in s thin layer, 1/8
inoh in thickness, on a plate glsss which wes placed in the
drier. To prevent the cesein from being hested exccssively,
above 12869 ¥., the glass plate was vaised from the trey by
pleses of shalk, which left & dead oir spase of approximately
1/2 ingh between the hot surfase of the shelf end the glass,

Jpalyels for Total Sollds, For determining the
total oolids in both tho casein solution and whey, roughly
10 gw. of 1iguid were placed in e 50 ml. benker and welghed.



The conbents were thun dried in eu oven et 280° F. to constant
smount of fine end ruollaginous materiel wee prosent in & casein
filsersd tlaough a Bushner with o weighed filter psper. It wes
nasessury to add the filter sid to make filtvetion snd washing of
dried in an oven for 50 mfmmtes at 220° P,, and welghef. The in-
orease in weight of paper amd filter aid 19 the weight of filtereble



All of the work in this investigation was done with

menl wvhioh may be identified by the tiree following soroen
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TABLE 1II
‘, Sample C.

 dadad &

Sereen

| Per cent

we. on Sereen No. 4, - B 1.2

b b * HNo.l$, through No. 4 384. 88.6

. » *  No.20, - ¥o. 16 86, i12.6

. . L “c“y ” m.ﬂ m‘ "o‘

. . bl hc“g - *o“ “p .o,

. = m‘ ¥o .80, * . lb.80 17. :J

LA tom pan, - Ho.80

& .

Extracting Solutios Concemtration, To determize

the concentration of solution t0 use, runs were made with doth
NaCH and NagiOy. With NelH, 20 grems of Semple A were stirred
for 50 minutes with 8500 ml, portions of Halli solution of varying
concentration. A mmall portion of the solution was filtered
through a Buchner fumnel end analyses made for total solids,
Also, snalysis of the whey after precipitating the cansein was
made,



eone, 800 ml, extraet,| Cesein | Casein | They Casein
sel. ml, Solution| wsol.

i hM
0.0 0.0 8.1 5.88 8.00 0.52
0.088 0.50 6.4 3.94 8.00 0.9¢
0,08 1.0 6.8 4.70 8.00 1.70
0.10 2.0 7.8 8.82 S.00 | 2,88
0.20 4.0 2.8 €.04 8,00 3.04
0.30 8.0 10.0 6.58 8.00 5,58
0.40 8.0 10.3 6.70 3,00 3.7
0.50 10.0 10,8 6.78 8.00 .78

4

On plotting these data, coneentration vs. pi, per cenmt
total solide, end per ceat oasein, it will show clearly the
veriation of casein extracted with concentration.

In Fig. 2 these data are plotted,

For determining the effect of NegtOy concentration,
similar yuns were made, using Sample C, 4-16 mesh. Two bhundred
end fifty milliliter portions of Nep30y solution varying in con~
centration were stirred for 50 mimutes with 85 grams of the meel,
Stirring wee done in 400 ml, beskers by paddles 1/2 in, x 1-8/4 in.
rotating at 400 R.P.M. The slurry was then separated by firet de-
canting, Tiltering the decented solution in the basket centrifuge,
and then the sclution removed from the satursted meal residus by
use of the basket centrifugs. Ainalyses were made on the cssein
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solution and on the whey after precipitetion. The pH was con-
trolled with the pH meter,

SABLE ¥V
Effect of Concentration on Casein Coacentration

Wh, ?ﬁ"" ! Totel Total [
Nag8Oy § Cavedn | pi of jsolids in [solids in} Casein ‘
cone, 8Sol, #0l, |easein Sol.| whey Tiel

Eroma, L. kA i i
005 m ‘O. ‘.w ‘Qu ‘09“ ”0‘
0.028 816 8.6 6.88 8.28 .40 50.8
0.08 828 6.65 6.84 .18 .57 88,9
0.10 226 6.75 .82 3.60 5.5¢ 2.8
0.80 228 7.1 .18 8.12 4.18 .1
0.50 7.1
0.40 228 7.2 7.89 3.84 4.29 7.4
0.50 217 7.3 .57 3.2 4.37 $9.0

| IRESRPIRSES. SR i i s

In ealeulating the per cent easein yield, the sverage
of the per cent totsl solids in the whey was used rether then
rely on an individual analysis.
casein solution was used,

These data, concentration of NeyS0y solution vs. pil
of casein solution and per eont yield of casein ars plotted in

Mg, 8.

Alse, the average welght of

Bsde of Solution., The time required for extraction
of casein was initially investigated by making several short
Casein was extracted from the meal
by stirring 50 grems of mesl with 0.3 per cent NeOR for

rans of meal of Sample A.
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different length of time and determining the yleld,

TABLE VI

A more comprobensive investigaticn was mede on #he
solvent extrected meal, Sample €, 4-16 mesh, Ixtractions were
made on 50 gren samples with 500 mi, ”GJWM%W
stirring for varying leagths of $ime, OStirring wasz done by o
paddle 1/2 in, x 1-8/4 in, rotating st 410 R.P.M. in ea 800 ml,
beasker. Separaticn wes carried out by first straiaing the slurry
throngh & 16 mesh screen, shen filtering with the bDasket centsyi-
fuge, mmd finally precipitating sand drying the easein,



TABLE V11
mm of mzmn m u Guou Yield tru

5 9.5 19.0

10 15.8 27.6

15 11.9 23.8

20 16.8 29.0

P 16.6 3.8

60 15.8 1.6
it X i

A plot of the data in Taeble VII as shom in Fig. 4 indicates
that 25 minutes time is sufficient for complete extraction,

Jesperature Effect on Rate of Solution.

Extractions were made on 50 ga, portions of solvent extracted
meal, Semple C, 4-16 mesh, using 500 ml. of 0,3 per cemt Naegi0s solu-
tion, The mixtures were stirred for a period of 10 mimutes at various
temperatures ranging from 58° F to 128° »,

78 1.8 BEa6

100 13.8 . 27.6

125 13,8 27.0
i ‘

The slight change in ¢asein yield shows that the temperature
has little effect on the rate of solution under these conditions,



BEERS Lol @

..
! Hi : !
- 5 ¥ * {
g B Ty | Al S e 1iiig
S o by w 3 LI 2793
e T 3 ] _l_ ¥ 3 :
| S § R ge vkas 5 :
1 £ i 2 13
Ars. P | " -
ook I
ol £33 i f
SRR S - R SR S5 e e s avs e

§ 1 Fed
s by Al R g . {
= .‘wr e . mf.,;..T‘...).,;l »s,flm., - e
i : EUEE TR e~ ]
: Amraie . v5
$id | i {
. .A I..M. L X~ . ¥ S 4 4 s
ienoa yEa Ry woan s tet ey .= et
: “ ﬂ
| {4

i
§
rolen!
'
I 1
S8e S0 el s Aah AR Sy SR = e
& 1 1
!
o W v v 4 4 ) % st o WML (44100 L ST, i w3t § D18 KT
] I I =k

1ALLY




JEffeot of Particle Sizc oa Bate of Solution. Semples of
solvent extrsoted meal, Semple C, were taken from the different

sieves. Extractions were made on 5O grem semples, usiag 500 ml.
of 0,3 per cent Ne, 30, solution, stirring with a 1/8 ia. x 1-3/4
in, paddle at 400 R.P.M. in 800 ml. beskera. The stirring time
wes for s period of 10 mimutes,

4.4 28.8

These dete indicate that particle size of fleked meal has
no affeot on the rate of solution from mesh 4 to mesh 80,

Effect of Stirring Rete ou Hate of Solutionm, Caseln
mmmmnm«mmuc, 4~16 mosh, with 2850 ml,

of 0.3 per cent Napgily solution were carried cut with verious
rates of stirring. oStirring time was 10 mimutes,



B 2 Ly e

400 Dol

, , 410 5.0
1-1/8* x 1/3" » 410 4.1 16.4

45

-3/e x 1880 ®
Slowly stivwing by band with
e D e i
per mimite

")

A omsein solution wms prepared by stirring 50 grame of solvent
extracted meal, Sample G, 416 mesh, and 500 ml. of 0,5 MagSOy
solution for B0 minutes. Stirring wes done in 600 ml., beakers,
ueing & peddle /2 fn, x 1-5/4 in. votating at 400 R.P.H. The



TABLE I
Per Ceat mtwuw.au.

Less than 16 Kesh,

& 050 At

Time of Altersb.

; Filtersdle
Solide in
—— 50 gme. sol. -
min. %
BESNS
0 0.8501 0.80
10 0.1588 0.81
20 0.1347 Q.27
30 0.1128 0.88
40 0.0082 Q.19
80 0.0877 0.18
&0 0,082% 0.1
% 0.0786 0.16
80 0.0759 0.18
" i encelne

These data dbow the grester portion of settling to veour
in the first 20 minutes with O.27 per ¢ent filtersble s0lids remain-
ing that sdditional sottling is slower with 0,13 per ceat f1lteradble
solids remnining after 60 minates tizme of settliag.

4 plot of the date s made ia Pig. 5.

Bffect of Meal $ige on Seytling Rete of Filteroble Solids.
Teenty~-five gram samples of meal, Ssmple ¢, of differeat sizes were

stirred in & 400 ml. basker by a paddle 1/2 in, 2 1-3/4 ia. at

400 R.P,M. with 850 ml, of 0,0 per cent NapdOy selusion. Stirrzing
was continmed for 30 misutes, at which Sime the slurry was strained
through a 16 mesh soreen and pladed in test tubes, 20 mx, x 200 mm,,
and allowed to settle for 20 minutes. snalyses for the per ceat
filterable solids were made on eath of the samples,
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TaLE X1
Effect of leal Sise on Filtersble Solids ia
i <-—-—-m JOUE I On acter U Kaputed oOvC-sug
r rable
Keald Solids in 60 grams n::::u
mesh Solution 1
BB, +
&-16 0.110¢ .88
18-20 0.16288 0.88
80-40 0.1081 0,40
40-80 0.19860 Q.89

» The datz indicates that the smaller sise meal, mesh 20-60,
produces a casein solution with considerable more filterebls sclide
than does & meel of mesh 4-16,

Jffeet of Stirwing Rate on Per Cent Filtersble golids.
Extrections were made on 25 gram portions of Sample ¢, 4-16 mesh,

by stirring for 20 mimutss ot various retes of egitation in 400 ml.
beskers with 260 ml, of 0.5 per cent NagS0z solution. The slurry
vas soreonsd through a 13 mesh sereen. Anslyses for the per cens
filtersble solids fmmedlstely after sereening and after 20 mimtes
of settling were made.



infivcnce of Stirvine fate en Por Cont Iiitegeble Soliés .
-— T Tilbeswbis Soltls
bl Robolle [ ‘ |

Unsetiled 1§

|3

¢t
20 min,

é
!
EEES

0,03 0,54
0ad
08

Rfeet of Zer Ced Filber AIE on Time of Filtmetion,
WMmmwmmmmmu
Seuple 0, 4+16 mesh, with § litors of 0,3 por oot M0, solution,
Stirring wae dome in & s, G1/8 fn, in Qlemeter x ¥-1/2 in. high,
by two peddies, 3/ in. x Se1/2 in. votating ab 400 R0, The
sojution was sereened througie 16 mesh povoen end aliowed to settle
for 30 ninubes in & bobtle 10 inches high. he top © inehes waa
siphoned out without disturbing the sebtlings. ‘malysis of the
solusion showsd 80 grans to conbein 0,105 gvems filtereble zelids,
or 0,208 per esat, Teo Mundved and 126y milli)iter gorbions of
the solution, with she adéition of varfous wmuats of Johns Manville
Celite No. D48, wers filtered throush a 7.5 om. Buchner funnel with
- vapid filter peper as the filter medium. A pressure difference of
27 inohes of merouzy was applied by & water aspivetor,
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A plok of per sent £ilber add ve, filtering tins is sade
e 6 |
: The 1dentiead prosedure as followsd to obtedn the data for
Teble IV, itk the cseyblon of stirring sete, was followsd $0 obban
the follawing date. he apeed of Potation wen changed 60 90 RP.X,
" Anelysis of the solution for per ot filtereble solids gave 0,17

g8z2ss




e

} i

e o LS 34

¥

i
1

+
:
+

me| ¢

Th

v
g 0.

Co!

Fil& i




A

A plot of the deta ia Teble XV, filterisg time
va. per cent filter aid, iz mede in Pig. 7.
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Zoybenn Neal. Meal A used in the prelimimery work
was obteined from bens of the Virginia variety, the ofl of
which had been extrected by flaking, hesting to 128% ¥, and wo.
moving the ofl by pressing to 2,080 1be, per squave inch. Only
in the meal, The meal as 1% comes from ¥his oil pemoving process
15 & coarse material consisting of the smaller flakes sdhering
together to form lavger cskes, Besmuse of the caked mature of
the meal, grinding was necessary, The attrition mill ground the
meal very setisfactorily. The pemetration of the extrmetiag
solution into the leger partioles of meal comtoining s Mgh per-
centage of oi) 15 Mkaly tarelow. Norvath Blates thet mesl with
the cil removed hy presalng gives a poorer casein than Goes the
solvent extrected mesl with a lower oil conbent.

PAffioulty i making soreen snalysis on Semple A
az0se o8 the finely ground mesl would eeko on the soresns, This
may be due W the elestrostiv charge on the perticles or it may
be dus 50 the exoessive smount of oil presest osusing it %o oake,
A oola placed on euch of the scroens helped %o bweak the cuke

formods



oel B was obtained from the Ford Motor Compeny es
it oomes from the solvent extraction jroceos., This meal wes in
o fiaked form similer to catmeal. The thiskness of the flakes
varied from 0,0010 %o 0,0012 of en insh in thickness, Spesifics-
tions of this mesl weve as follows; white, flaked, 44 per cont
tiens for cesein extraction were given in the literature(}S),
thers is need for additional selubility dsta for cssein in the
consernsd enly with the sonsentoation of casein mnd total solids
of the saseln solution and their relation to NaOW consemtration.
Because of the dirfieulty in filtering the eubive slumy, only
snall seples were filtered snd analyses made, o bresk in the
tion to d1ss0lve move suseln por umit of NeOH then st other
conemntretions, Coscemtrations of NaGli greater than 0.3 per
osat affest the por ceat essein in solution very little,
foes Nalki, o move thorough investigabion of the relatics of




Again the breek in the ourve, Fig. 8, appesys at a conceutration
of 0.2 per cent Nag80s; indicating am optimum concentration. It
is to be noted that extraction with distilled water alone gave &
£5.4 por cent casein yield with o meal to water retic of 1 to 10,
present in the beans{10), A casetn solution prepared fyom dts-
tilled water and meal, Sample G, 4~16 mesh, with & water to meal
ratio of 10 to 1 bas a 3 of 6.5, The easein yield increased
rapidly with small inerease in NegSOy concentration up to 0.1 per
gsent, above which the inoreese was more gradual. Whey snalyses
18 not affected by Negly comcentration when in thie low resge
below 06 per cent. For this resson, in ealeulsting the per sent
caseln in the sclution the aversge per cent solids of the whey was
gubtreatod from the per cent total solids of the caselr solubion.
‘ one The initial work on rate of
solution wae done ou the finely ground meal, Sample A, Two runs,
Tadble VI, on Semple A indicate that the rate of solution is
$ime mey oven csuse precipitetion of the casein without sddition

of an acid. From the larger particles of mesl, Ssmple B, 40-80
mesh, the rate of sclubion is much slower, with only & 19 per



oent yield in 50 mimutes. The resson for this probably being
oll conbent which prevested pemetration of the extrecting
solvent,

The Sovestigution using Sample ¢, 4~A0 mesh, and
Hagi0g solution Wwes nore somplete. Verying the time from §
to 60 uixubes gave u sufficiently wide renge to give maximm
m The 2ete of sclubich io yupid during the fizet
ten minubes, with the rate desreasing moticeably after tan
mmmumuwumm::
shoun in ¥Fige 3, Although the yield is moted to bo only 55.8
per oent at She maxbuua, this is explained by the faot that
mmmumwm

3% was found thet with Semples A and B, that the
partiole sise has considerablo influenec ou the rote of solution
of casedn, Nowever, with Sesple O the situstion is Aifferent,
Teble IX shows the results of the rate of sclution from the
Aoterant sises of Jemple C. A would bs wgpected with the
rlaked charester of the meal, there is mc uoticenble differente
in the rebe of solution from mesh size 4 to 60. I &» Likely
that for nesl smaller then 60 mesh the solution rate would bde



groutor as the thickness of flakes, 0.0010 to 0,008 of en
inch snd the dlaneter of the particles passing through a 60

The teperature effect on rate of solution was fne

vestigatod fyem 88° 7, to 128° . Righer temperetures were not
investigated becmuse sbove 1257 P, the casein is demstured and of
inferior quality. Table IX indicstes that temperature has little
affest on the rete of solution as other variables, time, stirring
rate, meol sige and solution consentration remeined comstant.
The rete of solution is affected $0 & small extent
by sgitation. The run in which the mixture was slowly stirred
with a tablespoon, Tuble X, the yield differed by only 4 per cent
sufficlently to baroly keep the particles in motion ia desired,
the main problem to contend with. The sasples for amlyses in
Table V were obtained by filtering through a Hushner funnel in o
filter flask, with ¢ vasuum of 27 inches of meroury obtained by
a woter aspirator, In onder to obtaln approximately 25 ml. of



solution it was necessary Lo chango filter pupers at least
throo times. The fine and zucilaginous materisl formed &
very effective coating over the paper, lmmedlately hindering
the further passage of filtrete. Regardless of whether or
not the vaouum was applied greduslly or & maximm at the start,
it was never posaible to filter move than 10 ml. of filtrate
thaough one 7.5 eme filter paper before becoming completely
vhen operated at 30,000 R.P.M, and fod through a $1ip 1/@ ineh
in diameter with & hydreulic head of 12 inches, However, the
residue from 100 grems of mea) would £111 the bowl until & hole
of approximately ome inch remained in the center. If the bowl
were allowed to fill more than thie, separation was not complete.
This method will produce results, but the use of a super-centri-
fuge for separating a material conteining 5 to 6 per cent solids
is cumbersome and expensive.

Because tho super-centrifuge is not completely satis~

fastory, effort was directed toward a process of sereening,

meal, Sample O, 4-16 mesh, produces a slurry which is easily



e

sereonsd through a 16 wesh sereen. IHowever, this gives a
casein solution with apgroximately 0.5 per cent filtereble
solids which is vexry difficult to filSer, A mexiwum of 50 ml.
mhﬂMWmmm.ua.v.smm
solids will settle, though the mucilaginows and finer particles
will not settle even ou long stunding. ¥ig. 5, a plot of per
eent filterable solids vs. time of settling indicates that
settling will not produce a ¢ssein solution with less than 0,10
per eont filtersble solids. In o relatively short time, 20
mimites, the partieles will settle to leave a solubion with
approximately 0,35 per cent filterable solids, Depending on
the quality of casein required, the casein solution with 0,26
per cont filterable solids could be precipitated without further
wmﬁmmmmmmmmmmmmwu
$4.2 per cent ocusein. The quality of such casein would be
satisfactory for muny purpeses such ss sizing material,
mmwm:&um»vmmu:mmm
considerable influence on the amount of filterable solids,

Table XII indicates that the larger meal size, 4-16 mesh, produces



the solution obtained from smaller meshed meals, This is
explained by the fact that the fine snd musilagenous materiel
1s held within the lerger particles to & grester extent than
in the finer meterlal, Solution cbtained fvom meal of mesh
4-16 ofter 20 mimites settling contained 0,22 per cent
filterable solids, while solution obtained in an identicsl
manner from nesl of mesh 40-60 and 50-40 eontained 0,40 and
0,59 per ceut filterable solids respestively, is differense
of approximtely 0.8 per cent is importent as will be shown in
relation to the filtering charesteristios of the selution.

e rate of agitetion affects not so muh the rate
of settling as it doee the per cent of filterable solids which
pass Shrough a 16 mosh seveen on seremiing the slurry. Teble XIIZ
shows the initial psr eent of filterable solids to be highor whes
agitstion was vigorous then shem agitetion was gontlo, The
amounts settled out in 20 mimutes settling times were near the
same for all degrees of agitation, but sinse the initial solids
were greater with inereased sgitation it is definitely better
to reduce agitation to a minimm,



i e

Zabe o6 FiMbnion. The cassin solution motused
by firet soreening aud settling was still 2AfPieuli to filter.
e addition of filter eid mede Piltrodion possidle, but et-
coosive quantitics of filter ald ere necessary unlocs the pey
eant £iltecable solids are reduced to below 0.2 por esnt. As
roscenanded by Johs Memville aud Co., Celite ¥o, £40 wes uned,
uﬁummwwmmm,m
laast cus per cent filter add is required, and to get o moximum
reto, 2,0 per oenk filler ald is requived s shown in Fig. 5.
then the filterable solids arc veduced to 0,17 per cont,
optimm spount of L.20 per sanb, Fig. 6. When in the range of
e per oot £ilber add, 16 46 quite feasible thet such a process
ing ehareoteristics of these molubions, yet differing in
£iltarable solide by omly 0s08 per cont,ie e memsure of how



Becosmendations for Future Work. Simse the objest of
using the larger partiocles of meal is to retein the fine eand

muoilaginous material within the particles, there is a possibility
of going one step further with this thought ia mind, A fidbrous
materiel mixed with the dry meal may retain the fine end mucilagi-
acus material within the body of the mixture so that the casein
may bé extracted by a leaching process. A material mich as vheat
or ost straw would not interfere with the n-l residue being used
as & livestock food, which would be a necessary requirement of the
fibrous materiesl chosea.

It 1o believed that the next step in this work should be
to design end construct s pilot plant from which the various faetors
can be studied to a better advantege than it is possible to @ in
the smell batoh or bucket stage of development., The factors to be
studied are the ratic of meel to solvent, and the number of extractions,
with & more thorough iaveetigation of time of extraction, stirring rete,
settling time and per cent of filter aid required, |

Limitetion of the Investigation. The conclusioms reached
by this investigation are limited by the faet thet oaly oneratio of
meal to extraction solution was used,

Only twe extraction solutions, NeOH and NegS0p were used,

This investigation was further limited to only one ex-
traction from the meal,



L

¥ OOHCLULIONS

1. 4 slurry of finely ground soybesn mesl snd an sle
kaline solution of either HeGH or NagSOy of concentrations
varylang from 0,088 per sent to O.£0 per oent connot be satiee
foetorily separated by filtration through either repid filter
paper or 16 cunce filler cloth, as the fine and sucilaginous
waterial fumedlotely cbokes the filter medium. The meximum
amount of filtrate shrough ons filter paper in o 7.6 om,
Buchner funnel is 10 ml.

Bs Ueparetion of a slurey with a mesl to 0.5 per seat
Hugilg selution retis of 1 to 10, retaining U to 6 per cent
solide, by mesns of & super-sentrifuge fs complete whenm
operated at 30,000 RoPekie end fod through o 1/8 inch diemeter
tip with & hydraulic head of 12 isches,

8, Between the Semperstures of BHEOF, end 12697,
tenperature hos very litile effect on the rate of solution
of cavein In & 0.0 per cent Hapgily solution.

4. 4n extruotiog selution concemtration of 0.2 per ceat
is nesr optisun concemtration for both Napily and NeOl for a
mneal to solution ratie of 1 to 10 with the tenporature runge
from 86° ¥, to 128° ¥,



8, Sxtrection from the flaked, solvent extrested
meal, 4-16 mesd, 13 complebe in from 25 o 30 mimibes with
stireing suffiefent %o ¥eep the psrticles in motion and &
meal 0 MugBoy solution ratio of 1 to 10.
tracted meal, 4-10 wesh, with 0.5 NaghOy solution, 1 to 10
Pailo, 18 readily soreeued through & 16 mesh seresn,

7. A sassin soluticn prepaved from flaked, oslvend
mttanoted moul, 4~16 mach and 0.3 Negddy solution, 1 to 10

8, Sattling of a sasein selution comteining 0.0 por cent
£1lterable solids fur & papiod of B0 mimmtes Will remove the
 f1temble sodsds dom o 0,15 por cent,

9. Piltmtion of the settlod casels solution conteining
0,17 per cent filtareble solids is Aifficult without filber ald,
™o addition of 1.20 por scot filber nid %o e ¢ per cenb cesein
" selution oombeining 0,17 per oemi filbereble solids produces &
shurry whioh will Pilter Bivough & 7.5 ea. Pushnar fuseel with
a pressurs diffavends of 27 laohes of mareury &b & mbe of
250 ml, 4n 48 savonds.



Vi SUBMARY

Goybesn meal is produced abundantly todey as a by-product
ef the soydbean oil industry. The present use of the soybean meal
is mainly es a livestock food. However, the meal contains approxi-
mately 44 per cent of high grade casein, which has commercial
possidilities ss s industrial cesein. This investigation studies
the varicus problem encountered in the process of separsting the
casein from the soybean meel.

Casein is being produced from soybean meal at the present
time, but to a limited extent and with difficulty. The method in
generel use is that of mixing the ground meal with a week, alkeline
solution, separating the slurry, end finally precipitaeting the
casein from solution by the addition of an acid., The difficulty in
this procedure lies maimly in the separation of meal residue and
esgein solution.

ittempts to filter the slurry through mmy type of filter
mediun resulted in rapid choking by s fine and mueilsginous
material. Pressure m&zm to maintain a flow only csused the
liquid to pass through freely without being filtered.

Since separation with a filter medium proved diffimls,
the super-centrifuge was tried. Separstion was complete when
Muuu.m R.P.lM. and at & slow rate of feed. This method



is eoffective, but the use of a super-centrifuge for separating
a material containing a high percentage of solids is very
cumbersome,

Becemuse of this, effort was directed toward developing
e process which could be used sommercially. The meal as it comes
from the 0il extraction process is in the form of flskes, similer
t0 oat meal, The flakes are roughly 0,0010 to 0,0012 of an ineh
in thickness, with 99 per cent passing through a & mesh standard
sereen and 69 per cent remaining on a 20 mesh standard sereen,
Extractions were made from the meal of 4-16 mesh to determine the
time required, and it was found that extraction was nearly complete
in 25 minutes. The various faotors affecting rate of solution;
temperature, stirring rate, particle size were investigated.
Mmmo has very little effect on the rate of solution between
the temperatures of 58° F. and 135° F. It is nesessery to stir the
slurry sufficient to keep the partiecles in motiom, bdbut sdditional
agitation has nﬂh affect on the rate of solution, Particle size
of the fleked meal has little affect on the rate of solution between
meal from mesh 4 to mesh 60,

It was found that the slurry obtained from flaked meal,
4~16 mesh, could be easily sereecned through a 16 mesh sereen, giving
a ecasein solution comtaining epproximstely 0.5 per eent filterable



solids. Allowing the solution o settle will remove some of the
filterable solids, with 80 minutes settling time leaving 0.15
per cent filtersble solids,

The solution obtained by sereening end settling is very
difficult to filter, It wes found thet with & solution containing
0.17 par cent filtersble solids, 0,50 per ceant filter aid is
necessary to mske filtration possible, with 1,25 per ceat imeress-
ing the filtration rate 2.5 times. For a casein solution
- eonteining 0,17 per cemt filterable solids, 1.25 per ceat filter
aid is nesr the optimum emount required,
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