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I, INTRODUCTION

The 'nited States 1s second only to ifanchuria
in the production of soybeans. One of the most
striking developments in the 'Inited States in re-
cent times is the papid rise of the production of
soybeans from three million bushels in 1907 to
nearly forty million bushels in 1920, This large
yield necessitated outlets other than as stock feed
and so attracted the attention of the oil mills,
which by 1929 begen to be a major factor in the pro-
duction of the crop. In 1926 2,500,000 pounds of
soybean 01l were produced, but in 1935 the crop of
01l was 200,000,000 pounds, There are many uses of
the oll, mainly as foodatuffs as a butter substitute,
cooking o0il, lard subatitute, salad oll, and as a
medieinal o0il., The chief difficulty in the use of
this oil lies in the fact that 1t beco:es rancid soon
after prnduction.

This problem dealsg with the elimination of the

various components of the soybean o0il, causing the

rancidity, by use of the supercentrifuge.
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II. RIVIRW OF LITSRATIRE

Soybean 0ll 18 very ensily refined and deodo-
rized, but on storage it rapidly turng rancid, ace
quiring a flavor described ns grassy., Lewkowitach
ascribes the rancidity to the formation of free
fatty acids in the presence of moisture, with en-
zymeg acting as accelerators for the reaction. In
crude o1l the free fatt& acids range around 0,5%,
indicating conslidepable natural protection against
hydrolysis in the sound beans. Fatty acids are cata-
lysts for the auto=-oxidation of glycerides, greater
molecular weight giving greanter effect. The com=

position of the 01l 1s as followa:

GLYOTRT W3 PTR CENT
Linolenie 2.3
Iinolelc 51.5
Oleic 33.4
Palmitic 6.8
Stearic 4.4
Arachidie 0.7
Lignocerie 0.1

Unsaponifiable 0.6
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Nearly 907 of the fatty acids present are unsaturated
with an i1odine number of about 134,

The refining of the o0il is usually carried out
in five steps: neutralization, washing, bleaching,
winterization, and deodorization. The only part of
this process with which we are concerned though is
the neutralization., Neutralization, as used here,
applies to the separation of the soap stock from the
neutral oil, the soap stock including free fatty
noids, lye, and nearly sll 1lipoids present, In the
ordinary procees this separation is earried out by
first emulsifying the oil at 700 F with 10-140 Be.
sodium hydroxide, and then on continued heat to
around 160° ¥, the soap ¢lote form and smeparate out
after settling for 18«20 hours. This process is also
earried out in a continuous method by the use of
first a small beater and then neutralization by use
of a high speed c¢ontrifugal machine. The oill in

either case should be entirely free of lipoids after

neutralization, the abscence being shown by the "Heate

break" test, which consists of freedom nf soap stock
in the form of floc when a sample of the nil is heated
to 600° T. (2).

The use of the centrifuge is also carried on in
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the removal of phospholipins from the oll., FPhospho-
lipins are substituted fats in which one molecule of
fatty acid ie replaced by a moleculs ~f rhosphoric
acid united with a nitrogen base. Two of these
phospholipins = lecithin and cephalin are found in
soybern 01l and are removed commercially by treating
with steam and then centrifuging. The sane result
i8 nlgo accomplised by emulsification with water

and centrifuging, which aleo gives a gnnd grade of

non=break nil and crude phoapholipinse. (4).




A, Purrnse of Ttudy

The purpase of this ptudy war to deternine the

af act o€ centrifuging upnn snsvbean 01l ag to

learaning of rancidity and innravement of tnste

and guality,

B8, Plan of Tnvestigation

1. acure asmples »f soybean oil.

2. Tnulsify samples and run through centrifuge,

varying the speed an' the glze of ring dam used,

3. “baerve and record the follnwing data on ench

gomnle

f.
b,
c.

é.

9.

Tpeed

"ize »f ring dnpn use?d
Tine nf run

Mza of samrle

tmount of a1l recovered




f. Appearance of 0ll immediately after
recovery
g&. Appearance of oll after settling for
several days
h., Odor
1. Taste
4, Make "Heat-break" test on each sample of oil

recovered

C. Yaterials

1. Tovybean 01l - The 0il used was pressed from

beans of the TO¥IO (glycine hispia) variety,
introduced from Tokio, Japan, 1901, Plants
atout, erect, msturing in about 145 days;
pubescence rray; flowers both purple sand white,
TO to 75 days to flower, pods gray 40 to 50 mm
long, 10 to 12 mm wide, 6 to 7 mnm thick, 2«3
seeded, shattering little; eeed olive jellow,

7 to 8 im long, 6 to 7 mm wide, 5 to 6 mm thick;

hilum pale; germ yellow; oil 18.4 per cent; about
124,000 to the bushel. (3).

2. Water « The water used for emulsification

was ordinary tap water.




D. Apparatus

The supercentrifuge used was ¢nnstructed by
the Sharples 5Specinlty Company, Type-4l-23-8C=34,
Serial Mumber 3814312, Vaximum bowl speed of
50,000 revolutions per minute. The machine was
get up as shown in figure 1. The bowl, 9 , has a
total weight of 3.13 pounds, and an inner length of
elght inches. The bowl has an nutside dianeter of
1.875 inches and as inside diameter of 1.75 inches.
The bowl rntatas around its center of gravity and
18 suspended from the turbine 25 by neans of a
flexible spindle 18 , Thie suspension of the
bowl enobles the machine to run with a mininum of
power nsnd » minimum of wear. The bowl, when turning
at a speed of 40,000 revolutions per minute, gene-
rates a saparating force of over forty=two
thousand times the force of gravity.

The centrifuge 18 so designed that it may be
operated to separate solids from lijuida, or to
separate liquids of different srecific gravity. The
method of operation is determined by the size of

ring dam 7 used. The ring dam is a small brass

washar which controls the amount of 11quid sllowed
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to enter the upmer cover 22 . The outelide dia-
meter nf the ring dama is 1.4375 inches, but the
dilameter of the inner hole variee from 0.75 to
1.0 inctes. The heavy liguid escapes into the upper
cover while the 'ighter 11iquid escapes into the
lower cover 23 , The 1liquid to be centrifuged
is8 fed to the bowl from a glsse funnel, connected
by = rubhber hose to the feed nozzle., The funnel is
80 arranged that o hend of about two feet 18 main-
tained by the 1liguid to be fed in., Three eizZes of
feed nozzles were avellable, and used according to
the rate of flow desired into the bowl,

A smerll glass bottle, holding about one guart,
was provided for use in emulsifying the oil, and
other aprropinte veseals were provided to colleost

samples,
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E. Yethnd of Procedure

011 -~ The 0il was already pressed from tlie beans,
and had acquired a rancid odor and granssy taste.
Samples of the oll were measured, and emulsified
by shoiing with water.

Centrifuge - The centrifuge was sterted and the
speed gradually inoreased mntil the desired speed was
attained, The feed nozzle was then inserted, and
water fod into the bowl until water begon to es-
cape from the upper spout. The emulsion was then
8lowly poured into the funnel, with continued
shaking so thnt the o0ll and water would hot separate.
The 1lquids coming off at the upper and lnwer spouts
wore caught in vessels until no more oill would cone
from tiie lower spout. The machine was then cut off
and nllowed tn enme to rest, and the 11 uid remaining
in the bowl cnught in a vessel as the bowl stopped
rototing., OSamples were then taken of the precipitate
in the bowl, and the taste and odor of the oll noted

ar” petorded., The machine was then cleaned from oil

for the next run.
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Sanpling ~ 3amples of the oll recovered from

the lower spout were then put under the "Heat-break"

test by heating to 6002 T in the slectric oven, Other
samples of the o1l were then taken and the sbove pro=
cedure rapented at varying speeds and with different
sizes of ring dams in place. J3anples of the oil
obtained under the various ¢cnnditions were placed in
10 ec snmprle bottles 2nd the hnitles atored for

future tests ne to oder, taste, and color,

F. Tabulated Data and Resultls

Table 1 shows the effect of speed and changes
in size of ring dams on the quality and quantity
of o1l recovered.

Table II shows a comparison of the oil
recovered under the various conditlons.

A sauple of oil recovered by use of the ;7 1/2
ring dam was rerun through the centrifuge. The
separation on the second run was very poor as most
of the o0il was recovered, but the recovered oil con-

tained a great deal of flocculent precipitate.
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Table # II

Comparison of Separations

TRing Dam:inner Nia,:lleat Break:Appearance

$ Number : of “ing : Test  :after 2 dayg-SQQQraQ;gg

: 7.1/2 : 0,85 : No Ppt, : Slight Tpt, : Good AA%
; 8 : 0,867 § No _Ppt, : : ledlum Ppt, 3 Fair :
;, 8 1/2 : 0.890 : Slight iHeavy Ppt. Poor _;




IV, DIanranToN

rrecipitate. The cloudiness in the oil

immedistely after recovery wasg mostly due to en-
trappred nailr, caught during the rapid whirling o»f
the 0il in the bowl., This cloudiness disappesnred
after several days of settling, and s slicht
flocculent preciritate avrpenred in each of the
gssmples. This precipitate seemad to be »f the
sane nature as that recovered in the bowl, and
therefore probadbly i1s a small portion of the soap
stock thnt had been preciritated yet unremoved
during the rarid nagsage of the oil through thre
bowl, The c¢nlor of the 0il after set ' ling was gome-
wvhat lighter than the color H»f the nrisinnl oi1l,

Mor, The n~dor »f the oll was much inmproved
by ecentrifuging, although the taste of the o1l did
not seem to differ greatly from the original taste.
The preciritate in the hbowl 1in each crse had n very
rancid odor.

5lze of "ateh., A centrifuge of thie type can

not be used on a continuoug basgis ns the bowl Tills
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completely with the precipitated soap stock and pre=~
vents further feeding. The juality of the oil 18

alaso very pnor and the renoval of the snap stock

is very slight as the howl becomes full., The centri-
fuge con be uned very snatiafrctorily though nn a bateh
basis with the size nf the bowl as the limiting
factor,

Ping Nam Size. The ring dem, # 7 1/2, geered to

be the nsorrect nne to nge for this geparntion o8 a
grenter percentnge of th= 01l ‘8 rerenvered, and the
precipitate in the bowl was entirely free from oil,
and less precipitation in ssnples »f thie separa-
tion then in the others. It dnes not neem pro- |
fitable to run the seperated oil through the cen-
trifuge agaln as a vary ponr separation wss ob-
talned, although there seemed to be quite a bit of
goap atoclk in the oil recovered. ’‘lowever, doubt
that 811 of the material precipitated in the sam-~
ple was sonp stock was caused by the fact that samx-
ples nf the »~11l gave only a very slight precipi-
tate under the "lieat-break" test., The odnr and
taste of the o1l Beemed to be no better after the

second run than before. Therefore, 1t seems that

no benefits are obtained by running the oil twice
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through the centrifuge.

Speed. Variations in speed below maximum seem
to have little effect upon the separation except
that the higher speeds seem to precipitate the

soap stock better snd more qulckly in the bowl,

Feeding. The smallest nozzle was used to feed

the emulsion to the bowl, as a better separantion
seened to be effected when the o1l was fed in
more slowly, T“ome dif"ieulty was experienced

though 8 the nozzles tended to clog at tines.
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V. CONCIUSTIONS

The results of this investigntion ind'este

1.

The best separation of soap stock from
the soybean o1l 1s obtained by use of
the # 7 1/2 ring dan.

The best separation of soap stock fronm
the soybean o0i1l is obtained at maxinum
speed.

The rancid odor of the soybean oil 1is
eliminated to a large extent by the
centrifugation of th- oil.,

The maximum yleld of soybean oil is
obtained by separation with the ¥ 7 1/2
ring dan,

The grassy taste of the soybean oil

is only slightly improved by centri=
fugation,

The color of the soybean oil 1s only
8lightly changed by centrifugation.

No additional benefitg are obtained by




8.

10~

passing the soybean oll through the cen=-
trifuge a second time.

A centrifuge of this type can not be run
on a continuous basis, when a separation
of this type 18 being carried out,

It is definitely c¢oncluded, after cen-
trifugation that most of the rancidity
in soybean 01l hnd been removed and that

the 01l was muoh more edible than formerly.
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VI, SIITrARY

Jamples of soybean oll were centrifuged in
a Charples supercentrifuge at apeeds varying from
15,000 to 45,000 revolutions per minute and with
ring dam sizes of # 7 to # 9 in use in order to
determine the effect »f centrifuging upon the
rancidity, odor, color, and taste of the »il,

It was found that most of the rancidity could
be renoved, the taste improved slightly, the color
only slightly changed, and the odor of the soydbean
0ill imprecved very much, Tn general, the juality of
the 01l was mrde much more desirable although thirty-
five per cent of the oill was lost during the prodees

as sonap stock,
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