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hydraulic cake, according to the mill 
superintendent 's  wish. 

The difference between the mate- 
rial  weighed in and the weight of 
the products accounted for is the 
invisible loss and amounts, for the 
twenty-four  hour period of the test, 
to three hundred seventy-seven 
pounds, or 1.34 per cent of the 
meats run. Taking a figure of 1263 
pounds of meats per ton of clean 
seed, derived from the seed analyses, 
gives a figure of 22.17 tons clean 
seed worked during the twenty-four 
hours. The invisible loss, calcu- 
lated on this more common basis, 
amounts to 0.85 per cent. 

Since the total amount of oil pro- 
duced amounted to 7,060 pounds 
and analysis showed 860 pounds oil 
in the cake and 148 pounds oil in 
the filter press cake, the total oil 
thus accounted for amounted to 
8,068 pounds, or a gain of 119 
pounds over the indicated oil con- 
tent of the original meats. This 
serves to show that experimental  
error, probably largely in sampling 
for analysis and weighing the many 
batches, introduced an experimental  
error that might well have made the 
over all figures show a gain rather 
than a loss. 

I t  is believed that the data ob- 
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tained would be considerably more 
accurate if the test could have been 
run over a much more extended pe- 
riod of time in o rder  to minimize 
possible inequalities of start-up and 
stop times. Furthermore,  the sam- 
ples were, of necessity, taken on one 
day and run the next, and, while 
they were kept in tight cans, mois- 
ture changes must inevitably have 
crept in, especially in the cake sam- 
ples, which were taken hot. 

This test thus indicates that there 
is no more than a negligible amount 
of unaccounted for loss in Expel ler  
operation on cottonseed. 
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Abstract 
A d i s c u s s i o n  of  the  d e s i g n  o f  a n d  re -  

"suits o b t a i n e d  f r o m  a new  type  of c o t t o n  
seed  cooker  w i t h  spec ia l  r e f e r e n c e  to  
i t s  ef fect  on t h e  oi l  p r o d u c e d  b y  t he  
Expe l l e r .  

D U R I N G  the past several years 
a considerable amount of 
work has been done at the 

Universi ty of Tennessee Engineer-  
ing Experiment  Station at Knox-  
ville on the pressure cooking of cot- 
tonseed meats. This work showed 
such great promise that, when the 
opportunity to install an Expel ler  in 
the experimental  setup presented 
itself, it was gladly accepted. 

The Expel ler  used in the work 
was what is known as an Anderson 
Half -Size  Model DUO.  This is a 
working model of the standard 
D U O  machine, but with one-half 
the linear dimensions. I t  is small 
enough for easy workabili ty and 
handling but large enough so that 
its results are directly transferable 
in practice to the larger machines. 
I t  was equipped with an agitated 
"hat box" feeder of sufficient size 
to hold batch lots as they were 
dumped in. 

The setup at Knoxville consists 
of a complete small oil mill. The 
seed is shipped in delinted but not 
hulled, and is handled according to 
standard mill practices until it 
reaches the cooker. Here,  instead 
of an ordinary stack cooker, the new 
pressure cooker, designed by Mr. 
F. W.  Weigel  and built by the T. 

V. A. for the Exper iment  Station, 
is used. The meats from this cooker 
are then pressed, either in a box 
press or in the Expeller.  

I t  would probably be well to say 
a few words about the pressure 
cooker and the characteristics of the 
cooked meats it produces. 

In  appearance it resembles a large 
bucket built of steel plates, thirty- 
three inches in diameter by forty 
inches in length, internal dimen- 
sions, with a cover and resting in a 
horizontal position. There  is a one- 
inch steam jacket completely sur- 
rounding its ends and circumfer- 
ence. Agitat ion is one of the most 
important and best worked out fea- 
tures of the cooker. I t  is supplied 
by a set of opposed helixes oper- 
ating on a shaft turning at about 40 
r.p.m. These helix blades are two 
inches in width and three-quarters 
of an inch thick. They are ma- 
chined, as is the entire interior of 
the shell, to obtain the desired one- 
sixteenth-inch clearance between the 
blades and the shell. Each pair of 
helixes tends to throw the material 
to the center, longitudinally, of the 
cooker, where there is a one-inch 
space between the two sets for ther- 
mometers or other instruments. The 
knives in each set are 180 ~ apart  
and one set is 90 ~ in advance of the 
other. 

Since the scrapers curve as 
helixes, they cut into the material 
at an angle of about 45 ~ , not only 
pushing it, but sliding it, and are 
thus self-cleaning. Actually, the 
knives, side walls arid thermometer 

are, at all times, cleaned and pol- 
ished by the action, although, at one 
stage of the cooking, the matei'ial 
has the consistency of half-cooked 
oatmeal. Inasmuch as a two-inch 
layer of meats is wiped from the 
bottom and thrown into the upper 
parts of the cooker 76 to 80 times 
a minute, the effect is that the meats 
are, for all practical purposes, in 
suspension in the cooker. The meats 
are dumped in through a hole, at 
the top, sealed by a screw clamp lid 
on a flange. The meats are re- 
leased af ter  the cooking and pres- 
sure blow-off through a steam- 
piston actuated, hinged, trap, dis- 
charge door. 

Besides the jacket steam inlet 
pipes, the cooker is so equipped as 
to permit controlled entry of steam 
to the batch itself. There is an ad- 
justable bleeder valve to control in- 
terior pressure, set at present for 
fifteen pounds. Durat ion of blow 
off of pressure at the end of the 
cook is controlled by a needle valve. 

The method of operation is as 
follows : 

The charge of rolled meats, us- 
ually from 350 to 500 pounds, is 
dumped in while the agitator shaft  
is rotating and the steam jacket car- 
rying from 125-150 pounds per 
square inch steam pressure. The 
door is then clamped shut. As the 
temperature of the meats rises, 
moisture is given off and a pressure 
is built up. The objective is a con- 
dition, determined to give best re- 
sults by many trial and error  ex- 
periments, of from 15 to 17 pounds 
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internal pressure and 270 ~ F. in- 
ternal temperature.  Thus the steam 
in the cooker is somewhat super- 
heated when Ultimate conditions are 
reached. I f  the meats cooked are 
unusually dry, the proper  pressure 
can not be attained, so, in these cir- 
cumstances, live steam is admitted 
directly to the cooking chamber to 
build the pressure up to the desired 
limits. If the meats are exception- 
ally high in moisture, too great a 
pressure results. This is corrected 
by the use of a bleeder valve with 
an adjustable blow-off point, which 
causes the pressure to be held to the 
desired fifteen pounds. 

The meats are not held at the 
optimum temperature. As soon as 
the thermometer indicates the tem- 
perature has reached 270 ~ F., the 
pressure is released and the meats 
then dropped from the cooker to the 
lower stage. In releasing the pres- 
sure, a bleeder valve is used, since 
the time elapse in pressure release 
determines the final moisture con- 
tent of the meats as dropped to the 
lower stage. I t  has been found that 
the same moisture, between four 
and five per cent, is required both 
for the Expeller  and the press and 
that this is obtained by a bleed off 
period of about one minute. A 
longer blow off period will cause 
dryer  meats and, conversely, a 
shorter period, wetter meats. 

Total  time for the cook runs 
from 14 to 17 minutes, tess than 
one-third the time consumed in or- 
dinary cooking. 

From both a chemical and physi- 
cal aspect, the work of the pressure 
cooker is of considerable interest. 

I t  produces a meats batch of dis- 
tinctly different characteristics from 
that produced by an ordinary stack 
cooker. The batch is entirely uni- 
form due to the excellent agitation 
and control features of the cooker. 
In  form, the material produced is 
a light, fluffy mass, of color, vary- 
ing according to the seed used, from 
the usual yellow-red of ordinary 
cooking to a brilliant red. Oil is 
easily squeezed from it in the hand. 
When  formed into cakes, in the 
hydraulic cake former, it is some- 
what rubbery and oil is easily caused 
to flow even under the light pres- 
sure applied in the device. 

The present theory of pressure 
cooking is this :* The cotton seed oil 
cell is made up of a core, contain- 
ing oil and protein particles sur- 
rounded by four "skins." The outer 
layer consists of hemi-cellulose; the 

(*It  should be noted tha t ,  while  the  fol- 
lowing  exp lana t ion  is the  accep ted  one, 
i t  h a s  no t  been  proved.  W o r k  is be ing  
done a long  these  l ines  a t  p resen t . )  
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second layer, of calcium pectate;  
the third, of hemi-cellulose again;  
and between the third layer and the  
"core," a membrane analogous to 
the inner membrane of an egg. 

This inner membrane and the cal- 
cium pectate layer are water  soluble 
and the intimate contact with mois- 
ture in the cooker dissolves them. 

When  the cooker is in operation, 
conditions of moisture, temperature,  
and pressure are well suited to hy- 
drolysis reactions. Then, too, there 
is usually enough acid present in 
the seed as free fatty acid to act, to 
some extent, as a catalyzing agent. 
Thus the hemi-cellulose layers are 
thought to be hydrolyzed leaving a 
kind of "strainer" through which 
the oil filters in pressing. The pro- 
tein in the cell coagulates and thus 
does not press out with the oil. This 
protein coagulation is one of the 
most important features of pressure 
cooking. Rolling the meat does not 
affect the oil cell structure as has 
been shown by photomicrographs. 
I t  appears only to expose them to 
the action of cooking, the tremend- 
ously increased surfaces for reac- 
tion probably being the most impor- 
tant contributing factor. 

I t  is possible, but as yet un- 
proved, that pressure cooking of 
meats will have the same detoxicat- 
ing effect as autoclaving of meal. 
Experimental  work to obtain infor-  
mation in this regard is being car-  
ried on at the Universi ty of Ten- 
nessee Agricultural  Experiment  
Station at Knoxville and at Ohio 
Agricultural  Experiment  Station at 
Wooster .  

In the cooking, a small amount of 
black or dark brown, highly ad- 
hesive, glue-like material forms and 
has a tendency to collect at blow off 
points. I t  seems to be made up of 
pentosans and may be isolated and 
further hydrolzed to a material in 
the furfural  group. It is believed 
that this glue is the end product re- 
sulting from the hydrolysis of the 
hemicellulose. I t  must be taken into 
account in valve design. 

In  working with the cooker in 
connection with the Expeller,  four  
questions were uppermost, namely, 
what condition should the feed be 
i n ;  how should the machine be ad- 
jus ted;  what quality oil could be 
produced, and how low could the 
extraction be made. These ques- 
tions were, of course, inter-related, 
a change in conditions in any phase 
usually affecting all others. 

Experimentat ion was, ot neces- 
sity, mostly of a trial and error  na- 
ture. I t  was finally determined that 
best results were obtained by using 
the same feed as was employed for 

o c t o b e r ,  1 9 3 8  

the box press. That  is, the meats 
were rolled to 0.010" or less and 
cooked to 270 ~ F., 15 Ibs. pressure, 
then exhausted for one minute yield- 
ing a feed ~ontaining 4 to 5 per cent 
moisture. This feed was raised to 
a temperature of 230 ~ F. in the tem- 
pering apparatus of the Expel ler  
and pressed, using a standard cot- 
tonseed setting in the machine. A 
most interesting aspect of the press- 
ing was the fact that the tempera- 
ture fell off in a steady curve as the 
material progressed through the 
barrels rather than rising to a maxi-  
mum in the vertical barrel as is the 
case in usual practice. There were 
exceptionally few loots. 

No matter  how red the meats fed 
in, the meal was unusually bright 
and of good quality. 

Far  and away the most important 
aspect of the work was the oil pro- 
duced. Extract ion was good, but 
was not stressed, no particular 
effort being made to adjust  the ma- 
chine for maximum extraction. I t  
was proved that oil remaining in 
cake could be held as low as 4.21 
per  cent on a 4 per cent moisture 
basis, giving a standard of 47, but 
it was thought best to leave work 
on extraction until a time when the 
machine could be operated twenty- 
four hours a day. 

The oil produced in the Expeller  
was not Expeller  oil as it is general- 
ly known. This was true only 
when rolled meats were used. On 
whole meats, the cooker acts only 
as a dryer  and a typical crude, re- 
quiring the "Expel ler"  refining 
process, that is, requiring a greater  
quantity and a stronger concentra- 
tion of caustic as well as longer 
agitation period in the refining test 
than the method known as "hy- 
draulic refining," was produced in 
the machine. 

The oil from rolled meats refined 
with a less quantity of, and a weak- 
er, caustic and produced a firm hard 
soap stock. Apparently,  pressure 
cooking so affects the structure of 
the meats that the Expeller pro- 
duces a crude which does not refine 
as a typical Expeller  oil. I t  seems 
to be an oil having some of the 
characteristics of both the Expel ler  
and hydraulic oils. This fact has 
been attested to by the commercial 
laboratories cooperating in the ex- 
periment who have repeatedly re- 
fined the oil by all possible standard 
methods before deciding that best 
results could be obtained by using 
less caustic than usual Expeller  
practices require. 

This pressure cooker is a definite 
and real development in cottonseed 
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milling. Properly designed, it can 
be used unchanged for box press or 
Expeller operation. Improperly de- 
signed, it is little better than the 
ordinary hydraulic cOoker. It ob- 
viates the necessity of a dryer in an 
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Expeller setup. 
Redesigned. if possible, as a con- 

tinuous operation, it could be used 
with the Expeller as a one-piece 
milling unit ideally adapted to small, 
single-unit work. 

As a batch, or as a continuous 
cooker, it gives results which will 
greatly improve the cottonseed mill 
process, box press and Expeller and 
certainly warrants more research 
and experimental work. 
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Abstract 
Oil  f r o m  D u n f i e l d  s o y b e a n s  ( C o l u m b i a ,  

Mo.,  1936) h a v i n g  a v e r y  low i o d i n e  v a l u e ,  
h a s  b e e n  e x a m i n e d .  C o m p a r i s o n  of t h e  
c o n s t a n t s  of  t h i s  a b n o r m a l  oil  w i t h  n o r -  
m a l  s o y b e a n  oi ls  i n d i c a t e s  no  s i g n i f i c a n t  
d i f f e r e n c e s  e x c e p t  in  i o d i n e  v a l u e  a n d  r e -  
f r a c t i v e  i ndex .  B a s e d  on  t h e  c a l c u l a t e d  
c o m p o s i t i o n  of t h e  u n s a t u r a t e d  ac id s ,  t h e  
a b n o r m a l  oil  a p p e a r s  to  c o n t a i n  a h i g h e r  
p e r c e n t a g e  of  o l e i c  a c i d ,  a n d  a l o w e r  p e r -  
c e n t a g e  of l i n o l e i c  a n d  l i n o l e n i c  a c i d s ,  
t h a n  do n o r m a l  oi ls .  T h e  l o w e r e d  i o d i n e  
v a l u e  does  n o t  a p p e a r  to  be  c o r r e l a t e d  
w i t h  a n y  i n c r e a s e  in  t h e  s t a b i l i t y  of  t h e  
h y d r o g e n a t e d  p r o d u c t .  T h e  a b n o r m a l i t y  
i s  a t t r i b u t e d  to a n  a c c u m u l a t i o n  o f  u n -  
f a v o r a b l e  v a r i e t a l ,  c l i m a t i c ,  a n d  p e d o l o g i -  
c a l  f a c t o r s .  

I N T H E  course of the investiga- 
tion of the chemical composi- 
tion of soybeans as affected by 

agronomic factors, there was en- 
countered at the U. S. Regional 
Soybean Industrial Products Lab- 
oratory one lot of beans which 
yielded an oil of abnormally low 
iodine number. So far as the authors 
are aware, the iodine number of this 
oil, namely, 101.6, is the lowest ever 
recorded for an American cultivated 
variety of grain-type soybean. 

The beans in question represent a 
Dunfield variety derived from In- 
diana seed and grown in test plots 
at Columbia, Missouri, during 1936. 
It  is evident from the data 3 recorded 
in Table I that except for the iodine 
number of the extracted lipids, the 
beans appear  to be similar in com- 
position to those of the same va- 
riety and source grown at the same 
location during 1937. In view of 
this anomaly it was deemed of  in- 
terest and value to determine, if 
possible, the chemical factors which 

~ P r e s e n t e d  a t  t h e  29 th  a n n u a l  m e e t i n g  
o f  t h e  A m e r i c a n  Oil  C h e m i s t s '  S o c i e t y ,  
N e w  O r l e a n s ,  L a . ,  M a y  12-13, 1938. 

~A c o o p e r a t i v e  o r g a n i z a t i o n  p a r t i c i p a t e d  
in  b y  t h e  B u r e a u s  of  C h e m i s t r y  a n d  Soi l s  
a n d  P l a n t  Indust l~r  of  t h e  U.  S. D e p a r t -  
m e n t  of  A g r i c u l t u r e ,  a n d  t h e  A g r i c u l t u r a l  
E x p e r i m e n t  S t a t i o n s  of t h e  N o r t h  C e n -  
t r a l  S t a t e s  of  I l l ino i s ,  I n d i a n a ,  I o w a ,  K a n -  
s a s ,  M i c h i g a n ,  M i n n e s o t a ,  M i s s o u r i ,  N e -  
b r a s k a ,  N o r t h  D a k o t a ,  Ohio ,  S o u t h  
I~al~ota, a n d  W i s c o n s i n .  

~ E x c e p t  w h e r e  o t h e r w i s e  s t a t e d  m e t h -  
o d s  of a n a l y s i s  w e r e  t h o s e  of  t h e  A s s o -  
c i a t i o n  of Off ic ia l  A g r i c u l t u r a l  C h e m i s t s  
a n d  t h e  A m e r i c a n  Oil  C h e m i s t s '  S o c i e t y .  
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U R B A N A ,  I L L I N O I S  2 
( I n d u s t r i a l  F a r m  P r o d u c t s  R e s e a r c h  D i v i s i o n ,  B u r e a u  of C h e m i s t r y  a n d  

Soils ,  U.  S. D e p a r t m e n t  o f  A g r i c u l t u r e . )  

were responsible for the abnormal  moisture-free beans. Fo r  further 
ity in the iodine number of the oil comparison a sample of oil extracted 
derived from the 1936 crop. from Dunfield soybeans grown at 

T A B L E  I . - - A N A L Y S I S  O F  D U N F I E L D  S O Y B E A N S  G R O W N  A T  C O L U M B I A ,  MO.*  
1936 c r o p  ~ (-------1937 c r o p  

�9 A s  M o i s t u r e  As  M o i s t u r e  
A n a l y s i s  r e c e i v e d  f r e e  

M o i s t u r e ,  p e r  c e n t  . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  5.70 
N i t r o g e n ,  p e r  c e n t  . . . . . . . . . . . . . . . . . . . . . . . . . .  6.42 6.81 
P r o t e i n  ( N  X 6.25),  p e r  c e n t  . . . . . . . . . . . . . . . . .  40.1 42.6 
Ash ,  p e r  c e n t  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.64 4.92 
P o t a s s i u m ,  p e r  c e n t  . . . . . . . . . . . . . . . . . . . . . . . .  1.68 1.78 
P h o s p h o r u s ,  p e r  c e n t  . . . . . . . . . . . . . . . . . . . . . . . .  0.,~85 0.620 
C a l c i u m ,  p e r  c e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.276 0.293 
C r u d e  f iber ,  p e r  c e n t  . . . . . . . . . . . . . . . . . . . . . . . . .  4.78 5.07 
P o l y ~ a e c b a r i d e s  a s  s u c r o s e ,  p e r  c e n t  . . . .  . . , .  6.12 6.49 

L i p i d s  ( S k e l l y s o l v e  F ) ,  p e r  c e n t  . . . . . . . . . . . . .  20.38 21.61 
I o d i n e  n u m b e r  of l i p i d s  . . . . . . . . . . . . . . . . . . . . .  . . . . .  101.6 

* D a t a  s u p p l i e d  by  t h e  A n a l y t i c a l  S e c t i o n  of t h i s  l a b o r a t o r y .  

r e c e i v e d  f r e e  
5.77 . . . .  
6:02 6.39 

37.6 39.9 
4.27 4.53 
1.58 1.68 
0.556 0.590 
0.196 0.208 
5.00 5..31 
7.32 7.77 

20.70 21.97 
. . . .  123.1 

In order to accomplish this pur- 
pose 22.2 kg. of the dried flaked 
beans were extracted with Skelly- 
solve F, yielding 4.22 kg, of solvent- 
free oil, equivalent to 20.06 percent 
of the moisture-free beans. A por- 
tion of the oil was forwarded to the 
Procter and Gamble Company to 
which the authors are indebted for 
the information concerning its re- 
fining, bleaching and hardening 
properties, while the remainder was 
analyzed in this laboratory. For  
purposes of comparison 5.54 kg. of 
dried (2.87 percent moisture) 
flaked beans, representing the 1937 
Missouri crop, were likewise ex- 
tracted with Skellysolve F. The 
yield of oil in this case amounted to 
5.19 kg., or 20.8 percent of the 

Lafayette, Indiana, was similarly 
examined. 

Results of the examination of the 
three soybean oils are presented in 
Table II .  From these results it is 
seen that, except for the low iodine 
number and refractive index of the 
oil obtained from the 1936 crop 
from Columbia, Missouri, all the 
oilJ appear to be quite similar and 
altogether normal for Dunfield 
beans. I t  is also evident from the 
results recorded in Table I I I  that 
the percentages of saturated and 
unsaturated acids for all three oils 
are quite normal, as is also true of 
the thiocyanogen numbers. Only 
the iodine number of the oil f rom 
the 1936 crop of beans indicates any 
abnormality. 

T A B L E  I I . - - A N A L Y S I S  O F  E X T R A C T E D  O I L  F R O M  D U N F I E L D  S O Y B E A N S  
L a f a y e t t e ,  

C o l u m b i a ,  M i s s o u r i  I n d i a n a  
A n a l y s i s  1936 1937 1937 

I o d i n e  n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  102.9 124.0 127.3 
T h i o c y a n o g e n  n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . .  : . .  78.0 79.6 80.2 
S a p o n i f i c a t i o n  n u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  191.1 193.2 192.1 
A c i d  n u m b e r  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  1.47 0.55 0.85 
D i e n e  n u m b e r  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.2 0.82 0.0 
H y d r o x y l  n u m b e r  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.3 2.6 3.4 
U n s a o o n i f i a b l e ,  p e r  c e n t  . . . . . . . . .  : . . . . . . . . . . . . . . .  0.84 0.70 0.66 
R e f i n i n g  loss ,  p e r  c e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.2 . . . . . . . .  
B r e a k .  p e r  c e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .20  0.04 0.07 
P h o s p h o r u s ,  p e r  c e n t  s . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.040 0.025 0.015 
Color  (1" ce l l )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70Y 4.2R 70Y 5.2R 70Y 3 .5R 
R e f r ~ o t i v e  i ndex ,  n:5/D . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.4700 1.4722 1.4723 
Spec i f i c  g r a v i t y  ~/ :5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.9159 0.9179 0.9182 

4See r e f e r e n c e  (1) .  5See r e f e r e n c e  (2) .  ~See r e f e r e n c e  (3) .  
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