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NATIONAL COTTONSEED PRODUCTS ASSOCIATION 
C o m p i l a t i o n  o f  t o t a l  p o i n t s  off  f r o m  a c c e p t e d  a v e r a g e  p lus  t o l e r a n c e  a n d  f ina l  off icial  

g r a d e s  on t h e  t h i r t y  s a m p l e s  of  c o t t o n s e e d  c o - o p e r a t i v e  work ,  1933-34. 
P o i n t s  Off f r o m  A c c e p t e d  A v e r a g e  P l u s  T o l e r a n e e - - - - - - - - a  
A m m o n i a  F . F .  Ae. M o i s t u r e  ~ r o r s  R u l e s  T o t a l  

C h e m i s t  Off ic ia l  
N u m b e r  rOll  G r a d e  

I 1.10 0.24 1.10 0.00 0.0O 0.00 2.44 95.12 
2 1.00 0.18 0.40 0,00 0.30 0.40 2.28 95.44 
3 0.30 0.24 0.70 0.00 0.00 0.40 1.64 96.72 
5 0.80 0.10 1.20 0.00 0.00 0.40 2.50 95.00 
6 3.70 0.98 3.40 0.25 0.60 0.00 8.93 82.14 
7 0.70 0.26 1.00 0.05 0.60 0.00 2,61 94.78 
8 2.20 0.38 2.70 0.80 0.00 0.00 6.08 87.84 
9 2,20 0.52 4.20 0.05 0.60 0.40 7.97 84.06 

10 1.30 0.28 1.50 0.10 0.10 0.00 3.28 93.44 
*11 4.40 1.82 3.70 0.00 0.00 0.00 9.92 79.66 

12 3.10 0.46 t .10 0.55 0.20 0.00 5.41 89.18 
13 2.40 0.40 1.10 0.10 O.00 0.00 4.00 92.00 
14 9.60 0.16 0.10 0.30 0.00 0.00 1.16 97.68 
15 2.60 0.50 0.70 0.45 0.00 O.OO 4.25 91.50 
16 1.60 0.86 1.30 0.30 0.OO 0.00 4.06 91.88 
17 2.90 0.28 1.50 0.85 0.50 0.40 6.43 87.14 
18 1.30 0.74 2.70 0.30 0.00 O.O0 5.04 89.92 
19 0.50 0.42 2.30 0.05 0.00 0.00 3.27 93.46 
20 1.40 0.16 0.20 0.15 0.30 0.0O 2.21 95.58 
21 2.60 1.14 1.60 0.15 0.40 0.00 5.89 88.22 
22 0.10 0.50 1.90 0.0O O.O0 0.O0 2.50 95.00 
23 1.80 0.06 0.40 0,05 0.00 O,O0 2.31 95.38 
24 1.20 0.10 1.10 0.00 O,O0 0.00 2.40 95.20 
25 3.10 0.52 0.30 0.00 0.30 0,00 4.72 90.56 
26 2.60 0.58 0.80 0,30 0,10 0.40 4.78 90.44 
27 3.30 0.26 3.80 0.20 0.30 0.0O 7.86 84.28 
28 0.90 1.06 1.30 0.0O 0.00 0.00 3.26 93.48 
29 2.10 0.60 0.60 0,05 0.00 0.00 3.35 93.30 
30 1.30 0.10 2.60 0.05 0.60 0.00 4.65 90.70 
31 0.60 0.36 1.50 0.20 0.00 0.40 3.06 93.88 
32 4.30 0.68 3.10 0.40 0.50 0,40 9.38 81.24 
33 1.30 0.40 1.20 0.15 0.0O 0.40 3.45 93.10 
34 0.70 0.10 0.60 0.00 0.O0 0.00 1.40 97.20 
35 1.10 0.62 2.50 0.00 0.00 0.OO 4.22 91.56 
36 0.60 0.14 O.lO O.OO O,OO O.OO 0.84 98.32 
37 2.20 0.14 1.50 0.10 0,10 0,00 4.04 91.92 
38 3.20 0.26 1.80 0,90 0,30 0.40 6.86 86.2~ 
39 1.20 0.02 1.40 0.50 0.00 0.00 3.12 93.76 
40 1.30 0.02 0,30 0.45 0.50 O,O0 2.57 94.86 
42 0.40 0.14 1.50 0.15 O.00 0.O0 2.19 95.62 
43 2.00 0.76 0.90 1.85 0.00 0.40 5.91 88.18 

?45 1.90 0,12 1.80 0.50 0.00 0.40 4.72 89.20 
$46 0.40 0.12 1.50 0.1O 1.40 0.40 3.92 76.48 
A v e r a g e  1.76 0.42 1.53 0.25 0.15 0.11 4.22 91.56 

* B a s e d  on  19 s a m p l e s .  ?On 25 s a m p l e s .  $ 0 n  l0  s a m p l e s .  
T h e r e  a r e  no p e r f e c t  r e c o r d s  on oil, a m m o n i a  a n d  f ree  f a t t y  ac ids .  

Off on on ly  one  s a m p l e  Off on o n l y  two  s a m p l e s  
Oil  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N u m b e r  22 N u m b e r s  2-14 
A m m o n i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N u m b e r s  23-39-40 N u m b e r s  14-34 
F r e e  f a t t y  a c i d s  . . . . . . . . . . . . . . . . . . . . . . . . .  N u m b e r s  2-14-23-36-40 N u m b e r  20 
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C l a s s i f i c a t i o n  of  c o l l a b o r a t o r s  on 
b a s i s  of  s e a s o n  g r a d e s :  

G r a d e  N u m b e r s  T o t a l  
95-100 . . . . .  1-2-3-5-14-20-22-23-24-  

34-36-42 . . . . . . . . . . . .  12 
90- 95 . . . . .  7-10-13-15-16-19-25-26- 

28-29-30-31-33-35-37- 
39-40 . . . . . . . . . . . . . . .  17 

85- 90 . . . . .  8-12-17-18-21-38-43-45. 8 
80- 85 . . . . .  6-9-27-32 . . . . . . . . . . . . . .  4 
Be low 80. .  11-46 . . . . . . . . . . . . . . . . . .  2 
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OF FATS. PART ! 

By William E. Anderson and Harold H. Williams* 
( F R O M  T H E  D E P A R T M E N T  O F  P H Y S I O L O G I C A L  C H E M I S T R Y ,  Y A L E  U N I V E R S I T Y ,  NEV¢ H A V E N ,  C O N N . )  

A discussion of the .biochemical 
aspects of lipids must necessarily 
include the components which re- 
sist the action of alkali--in other 
words, the unsaponifiable material. 
A few years ago Drummond (1) 
remarked : 

"From the standpoint of the bi- 
ochemist, the study of the unsaponi- 
fiable constituents of the natural 
oils and fats is a veritable E1 Do- 
rado for those prepared to under- 
take the very difficult task of at- 
tacking the problems that await so- 
lution in this field of research." 

The diversity of substances pres- 
ent in the unsaponifiable portion of 
the mixture commonly called fats 
is indicated by the presence of hy- 

*Ster l ing Fellow. 1934-35. 

drocarbons, alcohols, carotinoids, 
vitamins, and sterols. Whereas most 
of the animal and vegetable fats 
consist almost entirely of glycerides 
and a small percentage of unsaponi- 
fiaNe matter, the liver oils of some 
sharks contain as high as 90 per 
cent of unsaponifiable lipid. On the 
other hand, Chibnall and Channon 
(2) found the ether extract of the 
leaf cell cytoplasm of spring c~b- 
bage to contain only about 27 per 
cent of fatty acids. 

Since the discovery of carotene 
and ergosterol as precursors of vit- 
amin A and D, respectively, we 
recognize that all unsaponifiable 
components may be of the utmost 
biological signifcance. However, 
it is beyond the scope of this dis- 

cussion to deal with each substance 
individually. The unsaponifiable 
lipid is a common constituent of 
protoplasm. The various compo- 
nents of the unsaponifiable fraction, 
however, are not common to all liv- 
ing matter. Some are peculiar to 
the plant, others to the animal king- 
dom; sterols on the other hand, are 
common to plant and animals alike, 
being, respectively, represented by 
phytosterols and cholesterol. This 
discussion will be confined to. some 
of the biochemical aspects of choles- 
terol since this substance is today 
occupying an important place in 
biochemical investigation. 

The ubiquitous occurrence of this 
substance in the structure of the 
animal cell is indicative of its im- 
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portance to living processes. It  is 
an ironic fact that our knowledge 
concerning the actual role of choles- 
terol in vital phenomena is still very 
limited in spite of extensive inves- 
tigation. 

The discovery of cholesterol was 
made by Poulletier de la Salle (3) 
when he extracted it from biliary 
calculi in 1758. It was not until 
1814, however, that its true nature 
as an unsaponifiable lipid was es- 
tablished by Chevreul (3) who 
named it cholesterine. Chemically 
it is characterized by remarkable 
stability. Windaus (4) has shown 
that it is an unsaturated secondary 
alcohol of the formula C~7H460. 

Originally it was believed that 
cholesterol was derived from the 
plant sterols of the food, inasmuch 
as the animal body was considered 
incapable of the high order of 
synthesis required for such com- 
plex compounds. Ingested choles- 
terol is absorbed by the alimentary 
tract, but in this respect the metabo- 
lism of the sterol in herbivora is 
apparently quite different from that 
in carnivora or omnivora. Gardner 
and co-workers (5) have demon- 
strated that in the ox, sheep, horse, 
rabbit and hippopotamus, choles- 
terol is never excreted in the feces 
of healthy animals; cholesterol ex- 
creted in the bile, including that 
which arises from the breakdown 
of red blood cells, is completely re- 
absorbed, demonstrating the so- 
called "cholesterol cycle." Gard- 
ner concludes that this substance is 
strictly conserved in the metabolism 
of herbivora, and any waste in such 
animals must be replaced by syn- 
thesis. 

The early work attempting to 
demonstrate the absorption of plant 
sterols into the animal body and 
their subsequent conversion to 
cholesterol gave inconclusive results. 
Schoenheimer (6) with the aid of 
others was able to show that the 
intestinal wall of a variety of spe- 
cies is impervious to plant sterols 
which, when fed in known amounts, 
are excreted quantitatively in the 
feces; in the tissues they act as 
foreign bodies. Cholesterol, on the 
other hand, is quite readily ab- 
sorbed. 

It  has long been known that toxic 
effects are produced in herbivora 
when they ingest cholesterol, which 
is not a normal constituent of their 
dietary. In 1912, Anitschkow (7) 
produced atherosis--a condition 
similar to human athero-sclerosis-- 
in rabbits by feeding this substance. 
It  is quite conceivable that were 
plant sterols absorbed and convert- 
ed to cholesterol, such toxic actions 

6 6  

would long ago have exterminated 
the herbivora. The absorption stud- 
ies definitely explained this miscon- 
ception. 

Early balance studies suggested 
that the animal cell was able to 
synthesize cholesterol, a fact con- 
firmed later. Schoenheimer and 
others have definitely demonstrated 
that cholesterol is an animal prod- 
uct. They (8) have further shown 
that the body can destroy choles- 
terol. This destruction, together 
with the existing excretory mechan- 
ism, appears to be the means by 
which the carnivora and omnivora 
protect themselves from the toxic 
effects of this substance as com- 
pared to the herbivora. No one 
has ever produced in carnivora and 
omnivora such changes as occur in 
rabbits, by feeding cholesterol. As 
an interesting correlation in the 
evolution of a bodily defense mech- 
anism, it can be pointed out that 
cholesterol is a constant constituent 
of the dietary of the carnivore and 
omnivore, whereas it is foreign to 
that of the herbivore. 

The physiological significance of 
cholesterol is still a mystery. It 
exists in the body in two forms:  
as the free or alcoholic condition, 
and as the ester combined with the 
higher fatty acids. The red blood 
cells and the brain contain l~rac- 
tically no ester cholesterol. Other 
tissues of the body exhibit an en- 
tirely different picture. The blood 
plasma contains 65 to 75 per cent 
of the cholesterol in the ester form. 
Organs such as the white blood 
cells, adrenals, kidneys, heart, and 
liver contain varying proportions, 
from one-tenth to one-half as ester. 
Mueller (9) has suggested the 
probability that the two forms serve 
quite distinct functions. Recent 
work has tended to enhance rather 
than negate this belief. F r  e e 
cholesterol is known to act, at least 
in vivo, as a neutralizing substance 
to a number of different poisons 
such as saDonin, tetanolvsi~, and as 
a hemolytic agent of the pneumo- 
coccus. Keyes (10) suggested that 
cholesterol is antagonistic to leci- 
thin which is a hemolytic agent in 
large quantities. This is impor- 
tant in the light of the high choles- 
terol content of the red corpuscles 
which, according to Bloor (11), are 
active in the formation of lecithin. 
Bloor and MacPherson (12) also 
have found low cholesterol values 
of blood in anemia. Windaus (13) 
has shown the strong inhibitory 
action of cholesterol towards hemo- 
lytic substances such as the unsat- 
urated fatty acids. Cholesterol ex- 
erts a neutralizing and inhibiting 

action of the lipolytic enzymes, and 
thus may help regulate the rate of 
lipid digestion within the cell; it 
aids the other cell lipids in giving 
to cells their power of holding large 
quantities of water without losing 
their peculiar semi-fluid character, 
and without dissolving. This sterot 
also forms a large part of the wool 
fat known as lanolin, and as a con- 
stituent of the sebum of the skin, 
protects the epidermal structures. 

Mueller (14) has shown that the 
cholesterol of the newly laid hen's 
egg is practically all in a free con- 
dition and that during the period 
of incubation this condition obtains 
until about the thirteenth day, from 
which time there is a gradual esteri- 
fication until, at the time of hatch- 
ing, over 40 per cent of the choles- 
terol is present in the form of ester. 
Hanes (15) believes that the choles- 
terol ester ordinarily functions as 
a detoxifying agent in the follow- 
ing way: the lecithin is broken 
down in the latter stages of em- 
bryonic development to furnish 
phosphorus for calcification, and the 
toxic fatty acids thus set free are 
combined with the free cholesterol 
to form harmless cholesterol esters. 
Free cholesterol is a p a r t  of 
Mayer's (16) lipid "61~ment con- 
stant," and remains an essential part 
of the living structure of the pro- 
toplasm along with the phospho- 
lipids and proteins until the death 
of the animal. 

The distribution and occurrence 
of free cholesterol in the body ap- 
parently bears no relation to the fat 
metabolism, whereas the ester frac- 
tion appears to function in this re- 
spect. Heuck and Wacher (17) 
believe it plays an important role 
in fat metabolism since they found 
that cholesterol added to the food 
appeared in the blood stream com- 
bined as esters with fatty acids; 
also that the artifcial enrichment 
of the diet in cholesterol not only 
led to a hypercholesterolemia, but 
to an increase in the fatty acid 
fraction of the blood lipids. Bloor 
(18) has noted a constant relation- 
ship between the total lipids, leci- 
thin, and cholesterol. He has re- 
peatedly suggested that cholesterol 
has some important function in late 
f a t  metabolism. According to 
Shope (19) blood serum from 
calves at birth, before having re- 
ceived colostrum, contains choles- 
terol only in the free form, and 
that in very small quantities. Soon 
after nursing for the first time, 
cholesterol ester appears in the 
blood serum and the total choleste- 
rol begins to increase. 

Bloor (20) asserts that the fatty 
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acids combined with cholesterol in 
beef, pig and dog blood are more 
highly unsaturated than those oc- 
curring in the other lipid constit- 
tients of the blood. This same re- 
sult has been demonstrated in the 
blood of lactating cows by Schaibte 
(21);  and Maynard and McCay 
(22) have shown that during lac- 
tation the changes in cholesterol 
parallel those occurring in the other 
blood lipids. The observations of 
Williams and Maynard (23) indi- 
cate that the blood cholesterol 
changes during lactation, aside from 
the influence of the mammary 
gland upon the blood lipid level, re- 
sult from the difference in the level 
of lipid intake rather than from 
the absorption of specific types of 
fats. These changes occur mostly 
in the ester fraction, the free choles- 
terol changing very little, if any. 

Mueller (24) has shown that 
cholesterol is absorbed by the ani- 
mal body from the intestinal tract 
by way of the thoracic duct. Ir- 
respective of whether it is fed in 
the free condition or in the form 
of esters of the higher fatty acids, 
it is always found to occur as a 
mixture of about one part free to 
three or four parts ester by the 
time it reaches the chyle. Changes 
in the plasma cholesterol content of 
both man and animals can be 
brought about by sufficiently pro- 
longed feeding of low or high 
cholesterol containing diets. There 
appears to be no relation between 
the level of plasma cholesterol and 
the amount ingested. The ratio of 
free to ester is frequently observed 
to be disturbed. In the words of 
Gardner (5) : 

"These peculiar changes cannot 
be explained by the influx of choles- 
terol absorbed from the alimentary 
canal, but are evidence of an active 
endogenous metabolism, in which 
cholesterol takes part, during diges- 
tion. Apart from the changes first 
mentioned, the only physiological 
condition in which the value of 
the plasma cholesterol is altered 
markedly is in pregnancy. In this 
condition, from about the twentieth 
week, the free cholesterol increases 
to a maximum which it reaches 
about the thirtieth week, and con- 
currently the ester cholesterol falls 
to a minimum. From this time the 
amount of free cholesterol decreases 
and the ester increases till an al- 
most normal ratio of free and ester 
cholesterol is reached before or near 
parturition." 

From the biochemical standpoint, 
free cholesterol appears to have a 
quite distinct role from that of the 
ester. It seems to function as an 

essential constituent of the living 
structure of protoplasm. T h e  
cholesterol ester apparently acts as 
a transport agent in fat metabolism 
and its formation in certain in- 
stances appears to be the result of 
the detoxifieation of the unsaturat- 
ed fatty acids. Further speculation 
as to the possible role of cholesterol 
in normal metabolism results in a 
chimera. 

Singularly, cholesterol has as 
much interest for the pathologist 
as for the biochemist and physiolo- 
gist. However, its situation in ab- 
normal cellular function is even 
more obscure than in normal 
metabolism. Hypocholesterolemia 
occurs at the height of the fever 
in a variety of febrile and infective 
conditions. It is also reported in 
hyperactive thyroid cases and in 
certain types of anemia. Hyper- 
cholesterolemia occurs in certain 
typs of nephritis (particularly 
where there is diffuse tissue degen- 
eration and edema), and also in hy- 
pothyroidism, biliary stasis, and dia- 
betes. Biliary stasis appears to be 
merely the obstruction of one of 
the three normal pathways of 
cholesterol excretion. In this con- 
nection Whipple's (25) statement 
on the source of bile cholesterol 
may be quoted: 

"It  is suggested by various writ- 
ers that bile cholesterol results from 
the secretion of the biliary tract 
epithelium, from liver parenchyma 
degeneration, from red cell disin- 
tegration, from general tissue wear 
and tear, from food cholesterol, 
from the adrenals, and other glands 
of internal secretion, etc." 

He further remarks that: 
"Nobody has as yet suggested 

that it is derived from the wear 
and tear of the cerebral cortex 
under the stress of environmental 
conditions !" 

The diabetic fluctuations of blood 
cholesterol appear to be associated 
with the deranged fat metabolism. 
Blood cholesterol determinations in 
cases of diabetes serve as a valu- 
able prognostic tool in the hands 
of clinicians. The changes occur- 
ring in the blood cholesterol in path- 
ological conditions appear to be the 
effect rather than cause; they oc- 
cur as a result of tissue degenera- 
tion, faulty fat metabolism, and ob- 
struction to an excretory outlet. 

The early work of a number of 
investigators (26, 27, 28) demon- 
strated the production of fatty liv- 
ers in rabbits by feeding cholesterol. 
Recently other groups of workers 
(29, 30. 31, 32) have made similar 
observations using rats and other 
animals. The results of these re- 

searches have apparently opened up 
a new direction of interest in the 
study of cholesterol metabolism. 
The daily ingestion of 100 milli- 
grams or more of cholesterol pro- 
duces fatty livers in the experimen- 
tal animals. The weight of the 
liver is greater in terms of body 
weight, the increased weight be- 
ing due partly at least, if not whol- 
ly, to the increased fat content. The 
excess lipid is composed of neu- 
tral fat and cholesterol esters, the 
phospholipids remaining practical- 
ly unchanged. Best and co-work- 
ers (30) have observed that the 
feeding of small amounts of cho- 
line along with the cholesterol pre- 
vents the liver from becoming fat- 
ty. Choline appears to antagonize 
the deposit of neutral fat and re- 
tards the accumulation of the 
cholesterol esters. Chanutin and 
Ludewig (32) have studied the 
lipid content of other organs, such 
as heart, brain, blood, and kidneys 
after cholesterol ingestion and have 
observed no changes. 

Williams, Anderson, and Men- 
del (33) have studied this prob- 
lem using relatively purified diets. 
The main interest has been in the 
possible role of cholesterol in in- 
termediary fat metabolism. Diets 
rich and poor in fat as devised by 
Anderson and Mendel (34) were 
fed to control groups of rats, 
whereas the same diets to which 1 
per cent of cholesterol was added 
were furnished to experimental an- 
imals. A further control of the ex- 
periments was accomplished by al- 
lowing each rat to ingest the equiv- 
alent of 3,000 calories of the re- 
spective diets. 

Regarding the outcome of these 
experiments, it was observed that 
the lipid content of the livers of 
the control animals was similar o11 
diets either rich or poor in fat; on 
the other hand, when cholesterol 
was added to the ration, the liver 
weights of the rats ingesting the 
high fat diets increased 20 to 30 
per cent in terms of body weight. 
This increase was not evident with 
the low fat diet. Apparently the 
cholesterol was not absorbed. Ad- 
dition of 1 per cent butter oil to 
the carbohydrate ration has in- 
creased the absorption, but still not 
to the extent obtained with the high 
fat diets. A study of the adrenals 
reveals no effect of the cholesterol 
ingestion on their cholesterol con- 
tent. However, the adrenal weights 
were greater in the animals receiv- 
ing the rich fat ration than in those 
receiving the diet poor in fat. 
Moehlig (35) has previously made 
a similar observation. Some evi- 
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dence was obtained that cholesterol 
ingestion increased the ester frac- 
tion of the blood cholesterol, an ob- 
servation in line with the view that 
the esters aid in fat transport. A 
study of the lipid composition of 
the fatty livers reveals a large in- 
crease in neutral fat and a marked 
increase in cholesterol esters;  on 
the other hand, the phospholipid 
content appears unchanged. Iodine 
values of the different lipid frac- 
tions show that cholesterol prob- 
ably exerts a saturating effect upon 
the fatty acids. The only apparent 
conclusion from these data, at pres- 
ent, is that cholesterol is in some 
way concerned with fat metabolism, 
especially where the liver is in- 
volved. 

In summary, we can still state 
that the role of cholesterol in the vi- 
tal process remains a mystery which 
thirty years of research have failed 
to solve. That it has a function in 
cell life can hardly be denied. It  
confronts us from the epidermis to 

the inmost bodily protoplasm ; from 
the cerebral cortex to the pedal ca- 
pillaries. The  renewed activity in 
studying this problem at the pres- 
ent time is a reasonable indication 
that new light will soon be shed on 
the function of this important bio- 
chemical compound. 

B I B L I O G R A P H Y  
(1) D r u m m o n d ,  J. C., Chem,  Ind. Rev. ,  

4, 994 (1926). 
(2) Chibnal l ,  A. C., ~tnd Channon ,  It .  

J. ,  Bioclzem. J. ,  21, 479 (1927). 
(3) Ci ted  b y  Muller,  G. L.,  Medicine ,  

9, 119 (1930). 
(4) W f n d a u s ,  A., .Z. Phys io l .  Chem. ,  

213, 147 (1932-33). 
(5) G a r d n e r ,  ,L A., P roc .  Roy.  Soc. 

Med.,  25, 505 (1932). 
(6) Schoenhe imer ,  R,, Science,  74, 579 

(1931). 
(7) Cited from Cowdry, E. V., Arterio- 

sclerosis, p a g e  283, M a c m i l l a n  Co., N e w  
York ,  1933. 

(8) Schoenhe imer ,  R ,  a n d  Breuseh ,  F . ,  
J .  BioL Chem. ,  103, 439 (1933). 

(9) Mueller ,  J .  H. ,  J .  Biol. Chem. ,  25, 
561 (1916). 

(10) K y e s ,  P. .  Ber l in ,  ki ln.  W o c h s c h r . ,  
23, 886, 918 (1902). 

(11) Bloor, W. R., Phys io l .  R e v ,  2, 92 
(1922). 

(12) Bloor,  W.  R., ~tnd M a c P h e r s o n ,  D. 
J. ,  J .  Biol. Chem. ,  31, 79 (1917). 

(13) W i n d a u s ,  A.. Ber . .  42, 238 (1909). 
(14) Mueller ,  J .  H. ,  J. Biol. Chem. ,  21, 

23 (1915). 
(15) t t a n e s ,  F. M,, J .  Expt l .  Med., 16, 

512 (1912). 

a p r i l ,  1 9 3 5  

(16) Mayer, A., and Schaeffer, G., J. 
physiol, path. gen., 16, 204 (1914). 

(17) Heuck, W., and Wacher, L., 
Biochem. Z., 100, 84 (1919). 

(18) Bloor, W. R., J. Biol. Chem., 25, 
577 (1916); 26, 417 (1916); 46, 7 (1921); 49, 
201 (1921). 

(19) Shope, tL F~, J. Biol. Chem., 80, 
141 (1928). 

(20) Bloor, V¢. R., J. Biol. Chem., 59, 
543 (1924). 

(21) Schaible, P. 5., 3. Biol. Chem., 95, 
79 (1932). 

(22) Maynard, L. A., and McCay, C. 
M., J. Nutrition, 2, 67 (1929); Cornell 
Univ. Bull. 543 (193£), 

(23) ~Tfilliams, I-I. It ,  and Maynard, 
L. A., J. Dairy Sci., 17, 223 (1934). 

(24) Mueller, J. H., J. Biol. Chem., 22, 
1 (1915). 

(25) Whipple, G. H,, Physiol. lacy., 2, 
440 (1922). 

(26) Chalatow, S. S., Virchow's Arch. 
path. Anat., 207, 452 (1912). 

(27) Anitschow, N., and Chalatow, S., 
Centr. allgem. Path., 24, ] (1913). 

(28) Bailey, C. H., J. Exptl. Med., 23, 
69 (1916). 

(29) Blatherwiek. N. R., et al., J. Biol. 
Chem., 103, 93 (1933). 

(30) Best. C. H., Channon, H. &, and 
Ridout, J. I-L, J. Physiol., 81, 409 (1934). 

(31) Okey, ft., J. Biol. Chem., 100, 
lxxv (1933). 

(32) Chanutin, A., and Ludewig, S., J. 
Biol. Chem., 102, 57 (1933). 

(33) Williams, H. H., Anderson, W. E., 
and Mendel, L. B., J. Nutrition, 7, Proc., 
14 (1934). 

(34) Anderson, W. E., and Mendel, L. 
B., J. Biol. Chem., 76, 729 (1928). 

(35) Moehlig, R, C, Endocrinology, 14, 
337 (1930). 

THE METHOD OF 

SCyI UAS O i l  FXIi AC|iCS 
AS DEVELOPED AT THE EDISON INSTITUTE OF TECHNOLOGY* 

By H. JOYCE 
Edison Insfifufe, Dearborn, Michigan 

The Edison Institute of Technol- 
ogy was founded in 1929, by Mr. 
Ford in honor of Thomas A. Edi- 
son. The purpose of the Institute 
is to train students along the lines 
that Edison pursued in his work and 
to give them an opportunity to study 
farm products for industrial possi- 
bilities. 

In Mr. Ford 's  Early American 
Village, in Dearborn, the Edison 
Institute has its research laboratory 
which is large enough for semi- 
plant production; the raw materials 
for carrying out experiments come 
from an experimental farm. The 
students deal with the practical 
problems and some of the products 
of the Institute have been used in 
the Ford car. 

Af te r  working on practically every 
principal farm crop grown in the 
United States we finally chose the 
soybean for  complete development 
because of its versatility. I t  not only 
has a wide use in industry but pos- 

sesses a high nutritional value. It  
is complete enough to sustain life 
for a good length of time. The soy- 
bean is a summer leguminous an- 
nual, the beans resembling navy 
beans in size. The Orient and the 
United States produce 94 per cent 
of the world's crop, 14 per cent be- 
ing grown in the United States. The  
bean contains 17 to 20 per cent oil, 
35 to 40 per cent protein and from 
33 to 35 per cent carbohydrates 
which are digestible. It  is rich in 
minerals and contains vitamin A, 
B, and D and has an alkaline ash. 
The soybean may be grown wher- 
ever corn or cotton is grown, taking 
from 70 to 120 days to mature. 

Af t e r  a series of experiments 
with the soybeans it was found that 
the meal could be utilized in the 
manufacture of plastic material and 
the oil in making enamels for the 
car. The  meal, to be satisfactory 
for use, in the plastic, however, had 
to have an oil content of  2 per cent 

*A paper presented at the eighth fall meeting of the American Oil Chemists Society 

or lower. We decided to develop 
an extractor because the previous 
methods of extraction did not re- 
move the oil to this extent with suf- 
ficient speed and economy. The 
batch system of extracting the oil 
is not continuous, and the time re- 
quired for extraction is excessive. 
The  pressing method is not continu- 
ous and the pressed meal contains 
too high an oil content to warrant 
its use. The expeller method is con- 
tinuous but the meal also contained 
too high an oil content to be used. 

We wanted to build an extractor 
suitable for our needs and one that 
the farmer could afford to buy and 
operate. I t  must be compact, op- 
erate continuously, and would re- 
move 95 to 98 per cent of the oil. 

The work was started in the lab- 
oratory using a small Soxhlet ap- 
paratus and, af ter  observing its ac- 
tion, a large apparatus was built 
that would handle 20 pounds of  
meal. This method of extraction 

in Chicago, October 11, 1934. 
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