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I N the northeastern sections of 
North Carolina cottonseed are 

bought in the lint or as some ex- 
press i t - - seed  cotton. This prac-  
tice encourages the farmers to sell 
their cotton as early as possible 
after picking and results in an ac- 
cumulation of high moisture seed at 
the mills and gins during the first 
few months of each season. In a 
normal season the moisture content 
of this first run of seed will vary 
from 12% to 15%; but following 
a wet growing season such as 1934, 
the moisture content will vary from 
12% to 25%. 

Both the hydraulic and expeller 
types of mills are used in crushing 
these seed. The usual process is 
followed in the hydraulic mill, that 
is, af ter  hulling the meats are 
ground in a Bauer meats  grinder,  
and pass through standard rolls and 
on to the cooker. In the expeller 
mill no meats gr inder  or rolls are 
used, the meats passing directIy 
from the hullers to the cooker 
where the moisture is reduced to 
around 6% and from the cooker 
the meats are elevated to the heated 
conveyors over the expellers where 
the moisture is further  reduced to 
around 3%. 

From a study of the production 
reports of these two mi!ls, cavering 
several years operations, it was evi- 
dent that the crude oil from the hy- 
draulic mill was of a better grade 
than the expeller oil, when the run 
of seed were comparable. This fact 
is shown by the figures in Table I 
which were taken from an annual 
report  and representing a normal 
season's crush. 

T A B L E  ! 

D i f f e r e n c e  in  q u a l i t y  of c r u d e  oil  f r o m  
t h e  h y d r a u l i c  a n d  e x p e l l e r  mi l l s .  S e a -  
s o n ' s  a v e r a g e .  

H y d r a u l i c  ~ x p e l ! e r  
Mil l  Mi l l  

S e e d :  M o i s t u r e  . . . . . . .  12.75% 13.70% 
A v i a l .  Oi l  . . . .  371 lbs.  369 lbs.  
A m m o n i a  . . .  • 3.72% 3.72% 

C r u d e  Oi l :  F .  F .  A . . . .  2 .50% 2 50% 
R. L o s s  . . .  8.30% 9.30% 
R e d  Color .  7.10 9.10 
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By comparing the quali:y of the 
crude 0il from the two mills in Sep- 
tember, 1934, when working high 
moisture seed it was apparent that 
as the moisture in the seed increased 
the difference in the quality of the 
crude oil from the two types of 
mills increased in favor of the hy- 
draulic mill. The results from a 
test run to determine this differ- 
ence is shown in Table II .  

T A B L E  II 
( T e s t  r u n  O c t o b e r ,  1934) 

D i f f e r e n c e  in  q u a l i t y  of c r u d e  oil  f r o m  
the  h y d r a u l i c  a n d  e x p e l l e r  m i l l s  w h e n  
h i g h  m o i s t u r e  s e e d s  a r e  c r u s h e d .  

H y d r a u l i c  E x p e l l e r  
Mi l l  Mi l l  

S e e d :  M o i s t u r e  . . . . . . . .  19.64% 20.27% 
A v i a l .  Oi l  . . . . . .  305 lbs.  295 lbs.  

A m m o n i a  . . . . . . .  3.00% 3.15% 
F.  F.  A . . . . . . . . . .  3.00% 2.80% 

C r u d e  Oi l :  F .  F .  A . . .  2.80% 4.20% 
R. L o s s  . . . .  10.50% 15.40% 
R e d  Co lo r .  10.60 11.50 

Experiments  were started in the 
laboratory to determine if possible 
the cause of the difference in the 
qual i ty ,  especia l ly  color, of the  
crude oil from the two mills. About  
the time these experiments were 
outlined the food chopper was 

T A B L E  I I I  
T h e  e f f ec t  of  r o l l i n g ,  g r i n d i n g ,  c o o k i n g  

a n d  e x p e l l i n g  c o t t o n s e e d  m e a t s  on  t h e  
co lo r  of t h e  c r u d e  oil.  

Hydraul ic  Mil l  
S a m p l e  S a m p l e  S a m p l e  

No.  1 No.  2 No.  3 
C o o k e d  

R o l l e d  m e a t s  
R a w  m e a t s  (225 F . )  

m e a t s  c h o p p e d  c h o p p e d  
g r o u n d  in  f ine  w i t h  f ine  w i t h  

W i l e y  Mi l l  a s p a t u l a  a s p a t u l a  
M o i s t u r e  . . . .  10.56% 
F, F.  A . . . . . .  4 .94% 7".06% i . 9 6 %  
Colo r  of  e x -  

t r a c t e d  o i l . . 2 0 . 0  R.  20.0 R. 38.0 R. 
Co lo r  of  c r u d e  oil  40.0 R. 

N o t e :  Oil  e x t r a c t e d  w i t h  cold  p e t r o l i c  
e t h e r  a n d  o n e - i n c h  c o l u m n  of oil  u s e d  fo r  
c o l o r  r e a d i n g .  

Expel ler  Mil l  
S a m p l e  No.  1 

adopted as official for grinding cot- 
tonseed meats in making the free 
fatty acid determination in cotton- 
seed and it was noticed that the ex- 
tracted oil from the meats ground 
in the food chopper was darker  in 
color than oil from meats ground 
in either the Wiley and Bauer mill, 
and it was clearly seen that the 
effect of grinding meats in the food 
chopper and the expeller mill was 
simi!ar. This led to the conclusion 
that the quality of oil from the ex- 
peller mill was due to mechanical 
disintegration of the meats. I t  was 
thought before that the increased 
color of the expeller oil was due 
to excessive heating of the meats 
before they enter the expeller. 
Therefore,  it was decided to include 
in the experiment different methods 
of reducing meats in order to de- 
termine the effect on the color of 
the crude oil, also the effect of roll- 
ing and cooking. Samples of mea~ 
and oil were caught from a regular 
run from the two mills. As previ- 
ously stated the meats in the hy- 
draulic mill are ground in the Bauer 
meats gr inder  and in this experi- 
ment the raw meats were ground in 
the Wiley mill for comparison. Re- 
sults of this experiment are shown 
in Table I I I .  

The figures in Table I I I  show 
that there is very little difference 
in the effect of grinding meats in 
the Bauer and Wiley mills on the 
color of the crude oil but there is 
a decided increase in color when 
meats are  ground in the food chop- 
per and the expeller mill. 

I t  was also noticeable throughout 
the past season that the per cent 

R a w  M e a t s  ( m o i s -  
t u r e  10 .86%)  

g r o u n d  in  
F . F . A .  E x t r .  O i l  S a m p l e  No.  2 S a m p l e  No.  3 

C o l o r  C o o k e d  M e a t s  M e a t s  E n t e r i n g  E x p e l l e r s  
W i l e y  Mi l l  . . . . . . . . . . . . . . . . .  2.80% 23.1 R. F.I~.A. C o l o r  F . F . A .  Color  
B a u e r  Mi l l  . . . . . . . . . . . . . . . . .  2.60% 23.2 R.  2.78% 43.0 R.  3.10 P o o r  E x t . - C l o u d y  
F o o d  C h o p p e r  . . . . . . . . . . . . . . .  2.70% 40.0 R .  2.63% C l o u d y  . . .  P o o r  E x t . - C l o u d y  
C r u d e  Oil  . . . . . . . . . . . . . . . . .  3.70% Colo r  d e e p - 2 . 7 4 %  5 6 . 0 R .  2 .80% 5 0 . 0 R .  

e r  t h a n  60.0 
Red .  



a u g u s t ,  1 9 3 5  

f ree  fa t ty  acids in the expe l le r  oil 
were  cons iderab ly  h igher  t h a n  the  
f ree  f a t ty  acids s h o w n  by the  seed 
analyses ,  whi le  the re  was  no  u n -  
usual  d i f ference in the  pe r  cent  of  
f ree  f a t t y  acid~ in the  c rude  oil 
f r o m  the  hyd rau l i c  mill,  i nd ica t ing  
t ha t  expe l l ing  m a y  also cause  an  m -  
crease  in  f ree  f a t t y  acids a n d  re-  
f in ing  loss as well  as color,  espe-  
cial ly w h e n  w o r k i n g  h igh  n lo i s tu re  
seed. 

SUMMARY 
Bo th  the  expe l le r  and  hydrau l i c  

types of  mills  a re  used  fo r  c r u s h i n g  
h igh  moi s tu re  seed in the  n o r t h e a s t -  
e rn  sect ion of  N o r t h  Carol ina .  T h e  
qual i ty  of  c rude  oil f r o m  the  hy-  
d rau l ic  mill  is dec idedly  be t t e r  t h a n  
c rude  oil f r o m  the  expe l le r  mill ,  
w h e n  the  seed a re  c o m p a r a b l e  and  
as the  mo i s tu r e  con t en t  of  the  seed 
increases  t h e  d i f fe rence  in qua l i ty  
of  c rude  oil f r o m  the  t w o  types  of  

o i l  & s o a p  

mill is p rogress ive ly  g rea t e r  in 
f avo r  of  the  hydrau l i c  mill. 

T h e  d i s in t eg ra t ion  of co t tonseed  
mea t s  in the" food chopper ,  u sed  for  
the  f ree  f a t ty  acid d e t e r m i n a t i o n  in 
cot tonseed,  a n d  the  expe l l e r  mill  
have  a ve ry  s imi la r  effect on  the  
color of t he  oil. A p p a r e n t l y  the  
effect of  expe l l ing  also causes  a n  
increase  in f ree  f a t t y  acids  and  re-  
f ining loss, especial ly w h e n  w o r k i n g  
h igh  moi s tu re  seed. 
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A B S T R A C T  
i S P E C T I ~ O P H O T O M E T R I C  

analys is  of  125 vegetable  oils, 
111 of  wh ich  a re  f r o m  the  co t ton  
seed, has  been  m a d e  as a r a t iona l  
physical  basis  for  the  d iscuss ion  
a n d  deve lopm en t  of  improved  
m e t h o d s  fo r  the  color g r a d i n g  o f  
oils. T h e  l igh tness  and  c h r o m a -  
t ici ty of  all the  oils, and  t h e i r  
spectra l  t r a n s m i t t a n c e  f r o m  440 to 
720 m~, are  indica ted  in t abu la r  
fo rm.  Cons ide ra t ion  is g iven  to 
some difficulties i n h e r e n t  in  the  
color g r a d i n g  problem,  a r i s ing  
chiefly f r o m  the  i ndependen t  va r i a -  
t ion of the  concen t r a t ions  of  sev- 
eral  d i f fe ren t  p igmen t s  p re sen t  in 
the  oils. Color  g r a d i n g  in t e r m s  of  
the  L o v i b o n d  glass s t a n d a r d s  is 
d iscussed a long  wi th  o the r  ab r idged  
me thods  of co lor imet ry  sugges ted  
by  the  data .  

C O N T E N T S  

I. I n t r o d u c t i o n  
I I .  Source  and  Desc r ip t ion  of  

Oils  
I I I .  Spec t ra l  T r a n s m i t t a n c e  
IV .  Co lo r ime t r i c  P r o p e r t i e s  

]The soectropho~ometrle measurements 
of the oils were made between July 1915 
and July 1920 under the immediate super- 
vision of I. G. Priest with the coJp~ration 
and financial support of the Society of 
Cotton Products Analysts and the Inter- 
state Cotton Seed Crushers Association. 
The author was employed by the above 
societies and detailed to the Eureuu of 
Standards as research associate from 
July, 1915, to July, !916. He was then 
appointed to the bureau staff. Reports 
involving some phases of this work have 
been published by. Priest in the Cotton 
Oil Press, as follows: 3, 86 (1919-20) No. 
3; 3, 37 (1919-20) No. 9; 4, 95 (1920-21) 
No. 3. 

*Publication approved by the Director 
of the National Bureau of Standards of 
the U. S. Department of Commerce. 

V.  Discuss ion  of  D a t a  on Oils  
and  L o v i b o n d  Glasses  

V I .  Some  ab r idged  co lo r -g rad ing  
M e t h o d s  

V I I .  S u m m a r y  and  Conclus ions .  

I .  I N T R O D U C T I O N  

T h e  color of  c r u d e  and  ref ined 
vegetable  oils is a n  i m p o r t a n t  con-  
t r i bu t i ng  fac to r  in the  d e t e r m i n a -  
t ion of  the i r  m a r k e t  value.  F o r  
m a n y  years  the  commerc ia l  color 
g r a d i n g  of  oils has  been  based  en- 
t i rely on  the  L o v i b o n d  sys tem of  
glass s t andards .  M a n y  difficulties 
in the  use of this  sys tem have  
a r i sen  in pract ice,  i nvo lv ing  in- 
h e r e n t  p roper t i e s  of the  sys tem it- 
self  or  as the  resu l t  of  the  me th -  
ods of appl icat ion.  A t t e m p t s  to 
subs t i tu te  co lor imet r ic  me thods  
based on o the r  ma te r i a l  color s t and-  
a rds  have  l ikewise fa i led to p ro -  
vide a sa t i s fac to ry  so lu t ion  to  the  
problem.  

A s  a ra t iona l  physical  bas is  for  
the  analys is  and  d iscuss ion  of  the  
problem,  and  fo r  the  u l t ima te  es- 
t ab l i shmen t  of  a m o r e  des i rab le  
p rocedure  in color  g rad ing ,  an  ex- 
tens ive  inves t iga t ion  was  u n d e r -  
t aken  of  the  spect ra l  t r a n s m i s s i o n  
and  co lor imet r ic  p rope r t i e s  of  vege-  
table  oils, cover ing  a wide  r ange  
of color  va r i a t i on  in co t tonseed  oils 

~The author acknowledges the assist- 
ance of W. B. Emerson and M. K. 
Frehafer on some of the early speetro- 
photometric work. Throughout the re- 
cent analysis and preparation of data 
(1934-35) he is indebted to H. J. Keegan 
for assistance in computational work 
and to K. S. Gibson, D. B. Judd, and 
G, W. Haupt for much supplementary 
data supplied for the purposes of this 
paper. Th~se data include all spectro- 
Photometric or colorimetrie data on the 
spectrum and the Lovibond glasses. 

f r o m  d i f fe ren t  geograph ica l  sources,  
and  a m o r e  l imi ted r a n g e  of  va r i a -  
t ion in vegetable  oils of  d i f fe ren t  
p lan t  or igin .  

T h e  p r e sen t  p a p e r  gives the  re -  
sul ts  of  this  s t udy  and  a d iscuss ion 
of  some difficulties i n h e r e n t  in  the  
problem.  I n a s m u c h  as the  color  
of  these  oils is a t  p r e sen t  un ive r -  
sally expres sed  in t e r m s  of  Lov i -  
bond  glasses,  th i s  color  sys tem is 
atso ex tens ive ly  employed  in the  
p re sen t  paper  fo r  compar i son  pur -  
poses. 

II.  S O U R C E  A N D  D E S C R I P -  
T I O N  O F  O I L S  

T h e  vegetable  oils inc luded  in th is  
inves t iga t ion  were  gene rous ly  sup-  
plied by  va r ious  m a n u f a c t u r e r s ,  
dealers ,  and  ind iv idua ls  in te res ted  
in the  work  ~. I n f o r m a t i o n  is gen-  
eral ly  unava i l ab le  on deta i ls  of  the  
me thods  of process ing ,  the  chemical  
composi t ion ,  and  the  exact  geo-  
g raph ica l  o r ig in  of these  oils. F o r  
pu re ly  co lor imet r ic  purposes ,  how-- 
ever ,  i t  is bel ieved t h a t  collectively 
they  a re  fa i r ly  r ep re sen t a t i ve  of  the  
m a j o r i t y  of  the  edible vegetable  
oils of  commerce ,  a t  least  of  the  
co t tonseed  oils. Such  oils v a r y  in 
color  f r o m  a l igh t  g r e e n i s h  yel low 

SThe donors include Armour and Com- 
pany, Harris Abattoir (Toronto), Procter 
and Gamble, Peet Bros., Globe Soap Co., 
Refuge Cotton Oil Co., Swift and Co., 
The Fort Worth Laboratories, Southern 
Cotton Oil Co., Corn Products Co., 
Phoenix Cotton Oil Co., Portsmouth Cot- 
ton Oil Co., Gunns Limited (Toronto), 
Capitol Refining Co., Armstrong Packing 
Co., Trinity Cotton Oil Co., American 
Cotton Oil Co., Falkenburg and Co., Em- 
pire Cotton Oil Co., Temple Cotton Oil 
Co., Independent Cotton Oil Co., Sea 
Island Cotton Oil Co., Magic City Oil Co., 
Felix Paquin, T. C. Law, F. N. Smalley, 
David Wesson, and P. S. Tilson. 
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