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POSIT ION OF" DOUBLE BONDS 
I~zG. 6. Distribution of double bonds produced by different 

hydrogenation catalysts: nickel, 1 ; sulfur-poisoned nickel, 9 ; 
palladium, 10; and lolatinum, 13. Curve numbers refer to run 
numbers in Table I. 

Summary 
Methyl linoleate was hydrogenated to an iodine 

value of about 80 under  various operat ing conditions. 
The temperature ,  rate  of hydrogen dispersion, cata- 
lyst  concentration, and type  of catalyst  were varied. 
The several hydrogenat ion products  were analyzed 
for  content of trans isomers and the positions of the 
residual double bonds. 

The pa t t e rn  of distr ibution of the double bonds was 
similar in most of the hydrogenations.  The greatest  
concentration of double bonds was found in the 10 
position, and the concentrations in the other positions 
decreased as the distance f rom the 10 position in- 
creased. The distr ibution curve tended to be sym- 
metrical,  that  is, approximate ly  the same number  of 
double bonds was found on each side of the 10 posi- 
tion. Operat ing conditions which normal ly  tend to 

increase selectivity and the format ion of trans isomers 
also tended to increase the concentration of double 
bonds at the 10 position. 

Great ly  lowering the t empera tu re  of hydrogena-  
tion produced a different pa t t e rn  of distr ibution of 
the double bonds. With  nickel catalyst  at  110~ the 
greatest  concentrations of residual double bonds were 
found at the 9 and 12 positions. More than  50% of 
the total  double bonds were in these positions. 

The several hydrogenat ion catalysts (nickel, sul- 
fur-poisoned nickel, plat inum, and pal ladium) pro- 
duced the same pa t t e rn  of distr ibution of double 
bonds when used under  identical conditions. Also the 
p la t inum and pa l lad ium produced much higher pro- 
portions of trans isomers than  did the nickel. 
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Evaluating Refined Cottonseed Oils in Storage 
LEWIS A. B A U M A N N ,  Market Organization and Costs Branch, Agricultural Marketing Service, 
U. S. Department of Agriculture, Washington, D. C. 

T 
HIS PROJECT is of value to the vegetable oils indus- 
t r y  and to the Government  in any  marke t ing  
operat ion involving the storage of large quan- 

tities of fats  and oils, par t icu lar ly  cottonseed oil. 
I t  can indicate economies in the type and grade of 
oil best suited for  storage and in the methods used 
as to size and condition of tanks and their  location. 
Improvements  can be indicated in the management  of 
t ank  f a r m  operations and of fats  and oils inventories. 

I n d u s t r y  ra re ly  stores oil for  its own use beyond the 
season's requirements  in view of the lack of knowl- 
edge as to possible deterioration. Dur ing  the ear ly 
1950% however the Government  stored cottonseed oil 
up to two years. Experience with these stocks showed 
deterioration, with a corresponding decrease in mar-  

z Presented  a t  annua l  meeting, American Oil Chemists'  Society, ~[em- 
phis, Tenn.,  Apri l  22, 1958. 

ket value when stored in commercial field tanks avail- 
able at that  time. 

I f  oils can be stored for  longer periods than is now 
pract iced in indus t ry  without  change of quali ty or 
value, a more orderly and efficient market ing  opera- 
tion would be possible. Fu r the rmore  a bet ter  knowl- 
edge as to the storage of oils will contr ibute much t o  
the product ion of oils of bet ter  qual i ty and value. 

Lit t le  informat ion on the subject is available f rom 
industry,  and the judgment  of the members  of indus- 
t ry  does not agree well on the basis of problems which 
have been presented. This has required tha t  a con- 
trolled storage experiment  be set up to obtain the 
data needed to arr ive at the economic considerations 
involved. 

The cost and impract icabi l i ty  of using commercial  
field tanks for  the work suggested the use of 50-55 
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Qual i ty  Test Observat ions  In i t i a l l y  and at  E n d  of  10-Month Storage of Refined Cottonseed Oils a 

D r u m  n u m b e r  ................................... 

Test  for 

Mois tnre  and volat i le  mat ter  ....... 

Free fa t ty  acid ............................. 

Refined color ................................ 

Bleached color ............................ 

Peroxide  value ............................ 

AOM fat  s tabi l i ty  ......................... 

Observa- 
t ion  

I n i t i a l  
Final 

I n i t i a l  
Final 

I n i t i a l  
F i n a l  

I n i t i a l  
F i n a l  

In i t i a l  
F i n a l  

I n i t i a l  
F i n a l  

Types of storage b 

1 2 

B r e a t h e r -  
ins ide  at No 

room tem- brea ther  
pe ra tu re  

p e r c e n t a g e  p e r c e n t a g e  

0.05 0.07 
.10 .I0 

.04 .03 

.02 .05 

A . O . C . S .  d A . O . C . S .  d 

3.8 3.8 
4.0 4.0 

1.2 
1.1 

m e . / k g .  

10 
10 

h a ~ r 8  e 

13 
10 

1.3 
1.1 

m e . / k g .  

11 
13 

h o ~ r s  e 

13 
12 

a Drums  pa in ted  a luminum,  all  exposed to outs ide atmos 
5, sealed for 28-month period.  

b 0 i l  was solvent-extracted and refined in miscella.  
eThe oil in  D r u m  3 is f rom the same source as in  D r u m s  1, 2, and 

s torage  as Dra ins  6, 7, and 8 and is f rom a different  source. 
aA measure  of red  color according to Methods of the Amer ican  Oil 
e Samples were ranc id  one  hour  la ter  than  reported.  

B r e a t h e r -  
filled 
only 

one-half 

p e r c e n t a g e  

0.07 
.08 

.03 

.03 

A . O . C . S .  a 

3.8 
4.0 

1.2 
1.1 

m e . / I c g .  

19 
56 

h o u r s  e 

13 
9 

3 e 

B r e a t h e r -  
solvent  

p e r c e n t a g e  

0.05 
.07 

.04 

.03 

A . O . C . S .  d 

4.0 
4.0 

1.2 
1.1 

m e . / k g .  
12 
25 

h o ~ r 8  e 

13 
10 

F rom d i f fe ren t source  

6 

B r e a t h e r -  Brea ther - -  
screw- screw- 
press press 

extracted extracted 

p e r c e n t a g e  p e r e e n t a g ~  

0.20 0.08 
.07 .07 

.04 .07 

.03 .03 

A . O , C . S .  s A . O . C . S .  a 

5.5 5.0 
5.4 4.6 

1.5 1.2 
1.7 1.4 

m e . / k g ,  m e . / k g .  

3 5 
26 24 

h o a r 8  e ~ o ~ r 8  e 

19 19 
10 9 

Breather- 
prepress  
solvent  

extracted 

p e r c e n t a g e  

0.12 
.09 

.05 

.04 

A . O . C . S .  a 

6.2 
6,5 

2.0 
2.9 

m e . / k g .  

2 
3O 

h o u r s  e 

15 
11 

~heric condi t ions  (except D r u m  1),  a t  Beltsvflle,  Md. No data  at  10-month per iod on D r u m  

4 and  also unde r  a different  type of storage. I t  also is unde r  the sanle type of 

Chemists '  Society. 

gal. steel drums. More than 70 drums of cottonseed 
oil are in the experiment,  most of which are stored at 
Be!tsville, Md. Twenty-four  drums of refined oil and 
two drums of crude oil have been in storage since 
June  1955 (four  of these drums containing refined 
oil are stored at New Orleans).  Twenty-eight  drums 
of refined oil and 24 drums of crude oil were added in 
December 1956. E ight  of these drums containing 
refined oil are stored at New Orleans, and eight are 
stored at Albany,  Calif. Drums  of identical oils were 
placed under  various conditions to simulate field tank  
operations, and oil f rom several areas and  processed 
by the different methods were placed under  similar 
storage conditions. Work  on the project  includes com- 
parisons of drums to a field tank  under  commercial 
conditions. 

The present  repor t  covers only the his tory of eight 
drums of refined cottonseed oil, five drums having 
been stored 28 months and three drums 10 months. 
Oils f rom four sources are included, one of which 
has been subjected to various types of storage environ- 
ment. The eight drums of oil were chosen as repre- 
sentative of wide differences in keeping quali ty as has 
been indicated so fa r  in the project  f rom some of the 
tests used to determine fa t  stability. 

All of the eight drums (painted a luminum) are 
stored outside at  Beltsville, Md., and are freely ex- 
posed to atmospheric conditions except No. 1, which 
is stored under  room tempera ture  inside a building. 
The seven drums (not including No. 1) are til ted at 
an angle with asphalt  roofing on the top end to permit  
water  drainage. 

Five of the drums, I through 5, contain the same 
original oil, which was solvent-extracted and refined 
in miscella. These five differ in the type of storage 
in that  No. 1 has a breather,  No. 2 has no breather,  
No. 3 has a breather,  No. 4 has a breather  but  is only 
half  filled, and No. 5 has been sealed dur ing the 
entire storage period. All of these drums had been 
stored for 28 months as of October 1957. 

The other three drums of oil were stored under  the 

same conditions as No. 3, but the oils were processed 
by  two different methods, i.e., No. 6 and No. 7 were 
screw-press extracted, and No. 8 was extracted by 
prepress  solvent. These had been in storage i0 months 
as of October 1957. 

All samples are taken by glass pipet te  at  the center 
of the oil, through the top bung. 

Only the possible decrease in value of the oils as of 
October 1957 is considered at this time. Other eco- 
nomic aspects, such as t ransportat ion,  storage costs, 
costs of different methods of storage, marke t  value 
changes, etc., are not ~ncluded but  will be reported at 
the completion of the controlled storage tests. 

Methods Used in Evaluating the Oils 

Tests Used in Grading Refined Cottonseed Oils. The 
tests as given in the Trading  Rules of the National  
Cottonseed Products  Association (hereaf ter  re fer red  
to as the " R u l e s " )  are used in the project.  The Rules 
list 10 different grades of refined cottonseed oils; how- 
ever only a few of these grades are of concern in the 
report .  Most of the oils in storage were init ially in 
the top grade of pr ime bleachable summer  yellow, 
with none less than  choice summer  yellow. 

The Rules include the following four  analytical  
tests (in accordance with the methods of the Ameri-  
can Oil Chemists '  Society),  which were used in the 
project  and can determine the grade: 

1. Moisture and volatile matter, by A.O.C.S.--Ca 2d-25. 
2. F r e e  f a t t y  a c i d ,  b y  A . O . C . S . - - C a  5g -40 .  
3. R e f i n e d  co lo r ,  b y  A . O . C . S . - - C c  13b -45 .  
4. B l e a c h e d  c o l o r  ( i n  s o m e  g r a d e s  o n l y ) ,  b y  A . O . C . S . - - C d  

8-53 a n d  Ce 13b -45 .  

In  addition, several addit ional tests which depend 
only on observation are as follows: clari ty a t  tem- 
pera tures  at w]~ich stearine is melted, freedom f rom 
visible foreign matter ,  flavor and odor. Several of 
the grades are distinguished only by " f l avor  and 
odor , "  which can be " swee t  in flavor and odor , "  
" swee t  in flavor and odor other than an ear thy 
odor , "  or "off  in flavor and odor . "  
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Based on tests of some of the refined oils dur ing 
the first year  of the project,  it was ant icipated that  
the Rule which would finally determine the grade 
of the oil would be the one concerning " f l avor  and 
odor , "  and, in view of the subjective nature  of such 
a test, the problem was presented as to what value 
could be placed on an oil even if there was general 
agreement  that  it was "of f  in flavor and odor . "  I t  
was believed that  the opinions of only a few observers, 
such as laboratory  technicians, would not be repre- 
sentative of buyers of oil in the marke t  in determin- 
ing an "of f  flavor and o d o r "  and more especially of 
placing a value on an oil which was graded as "of f  
in flavor and odor ."  Accordingly samples of the 
eight drums of oil reported at this t ime have been 
graded and, in some cases, evaluated by workers in 
those organizations in indus t ry  which have supplied 
all the oils for  the project.  

Tests to Indicate Deterioration of the Oils. I t  is 
well known in indus t ry  that  there are many  factors 
which can affect the capacity of an edible fa t  or 
oil to resist deterioration, both as an intermediate 
product,  such as in the crude or refined state, but, 
more important ,  in the end-product  to the consumer. 
This capaci ty of the fa t  to resist change in flavor 
determines the shelf life of the end-product.  Many  
tests have been devised to determine this " s t a b i l i t y "  
of the fa t  or oil, but  as yet no reliable, objective test 
or group of tests can predetermine the length of t ime 
required for a refined cottonseed oil to reach a point 
of having an "of f  flavor and odor ,"  recognizable by 
most observers, due solely to deterioration under  com- 
mercial storage conditions. 

In  addition to all the tests as required under  the 
Rules to grade the oils, several other tests are being 
used which could possibly indicate any  decrease in 
fa t  stabil i ty because of deterioration in storage. All 
of these tests, al though not a par t  of the Rules, are 
in use by indus t ry  to aid in predetermining the 
shelf life of end-products made f rom edible fats  and 
oils. 

Although it is possible for an oil to deteriorate in 
storage, producing "of f  flavors and odor s"  (which 

did not exist in the oil original ly) ,  without the 
presence of air, or more fundamenta l ly  oxygen, de- 
terioration to rancidi ty  is generally assumed to be 
an oxidative reaction. Based on this assumption, the 
Peroxide Value test (PV)  is used in the project  on 
all refined oils and, as well, in those instances where 
several of the refined oils are bleached and deodorized 
just  pr ior  to other tests. The A.O.C.S. has accepted 
this test tentat ively but  does state, " th i s  method de- 
termines all substances . . . which oxidize potassium 
iodide under  conditions of the test. These are gen- 
erally assumed to be peroxides or other similar prod- 
ucts of fa t  oxidat ion."  The test is given by A.O.C.S. 
under  Cd-8-53. 

The Active Oxygen Method for Fa t  Stabil i ty test 
(A.O.M.) is also used on all refined oils in the project  
as well as on a number  of specified samples of refined 
oils which have been bleached and deodorized. This 
test accelerates the fa t  decomposition by using high 
temperatures  with air  under  pressure in the oil. The 
method with some modifications and fu r the r  stand- 
ardization has been adopted by A.O.C.S. as tentative 
under  Cd-12-57. I t  is suggested that  the end-point be 
determined objectively by  using a specified Peroxide 
Value for the product  under  test. The end-point of 
the test as used in this project  has not been deter- 
mined in accordance with A,O.C.S. End-points  for  
the test in the project  have been reported as one hour 
less than rancidi ty  as determined by  the " b r e a k "  in 
peroxide value dur ing  this last hour, dur ing which 
higher rates of increase of peroxide value occurred 
o v e r  p r e v i o ~ l s  h o u r s .  

The Sehall oven test is also used here but  only on 
all samples of refined oils which had been bleached 
and deodorized. A forced d ra f t  oven at 140~ was 
used with 100 ee. of sample. Inspect ions were made 
every 24 hrs. End-point  was determined by  the rate  
of change of peroxide value f rom the previous 24 
hrs. and by  organoleptic observation. 

The Flavor and Odor of Refined Oils. The three 
tests, AOM, PV, and Sehall, are direct ly concerned 
with the capaci ty of an oil to resist deterioration f rom 
oxidation in the presence of air, and their  use in the 

T A B L E  I I  

Qual i ty  Test Observat ions  In i t i a l l y  and at  E n d  of 28-Month Storage of Refined Cottonseed Oil U n d e r  Different  Types of Storage  a 

D r u m  n u m b e r  

Test for 

/~ois ture  and volat i le  mat te r  ..................... 

Free  fa t ty  acid .......................................... 

Observa- 
t ion  

I n i t i a l  
F i n a l  

I n i t i a l  
F i n a l  

1 2 3 5 

Brea ther - -  
ins ide  

at  r o o m  

t empera tu re  

p e r c e n t a g e  

0.05 
.09 

.04 

.03 

A . O . C . S .  ~ 

N o  
brea ther  

p e r c e n t a g e  

0.07 
.07 

.03 

.02 

A . O . C . S .  b 

Brea the r  

p e r c e n t a g e  

0,05 
.07 

.04 

.02 

A . O . C . S .  e 

_ 4 

B r e a t h e r -  
filled 
only 

one-half 
- j  

p e r c e n t a g e  

0.07 
.09 

.03 

.03 

A . O , C . S .  b 

Refined color ............................................. 

Bleached color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Peroxide va lue  .......................................... 

AOM fat  s tabi l i ty  ...................................... 

I n i t i a l  
F i n a l  

I n i t i a l  
F i n a l  

I n i t i a l  
F i n a l  

I n i t i a l  
F i n a l  

3.8 
3.1 

1.2 
1.2 

m e . / k g .  

10 
41 

h o n r 8  e 

13 
9 

3.8 
3.0 

1.3 
1.3 

m e . / k g .  

12 
30 

h o u r s  c 

13 
10 

4.0 
3.1 

1.2 
1.4 

m e . / k g .  

12 
76 

h o ~ r s  e 

13 
6 

3.8 
3.0 

1.2 
1.3 

m e . / k g .  

19 
172 

ho~ara e 

13 
0 

Sealed 
ent i re  
per iod 

p e r c e n t a g e  

0.06 
.07 

.03 

.04 

A . O . C . S .  b 

3.8 
3.1 

1.3 
1.6 

m e . / k g .  

9 
76 

h o u r 8  e 

13 
2 

a Drums  pa in ted  a luminum,  and  all exposed to outside a tmospher ic  condi t ions  (except D r u m  1),  at  Beltsvil le,  Md. Oil was solvent-extracted and 
refined in  miscella. 

bA measure  of red color according to Methods of the Amer ican  Oil Chemists '  Society. 
e Samples were ranc id  one hour  la ter  than  reported.  
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project  is based on the assumption tha t  storage of the 
oils decreases the resistance of the oils to such dete- 
rioration. Not only can " o f f  flavors and odor s"  
develop in the oils dur ing  storage without  oxidation 
but  can be present  in the freshly refined oil. Storage 
of the oils may  or may  not intensify these flavors 
and odors without  oxidation. There are 11o objective 
tests to distinguish flavors and odors that  might  
develop due solely to storage other than  those due to 
possible fa t  decomposition and, in view of the lack 
of experienced graders  judging  the flavor of refined 
oils which have been stored over long periods, a prob- 
lem is presented in determining the value of the 
oils stored over such long periods. The solution be- 
comes a major  objective of this project.  

Effects of 10 Months' Storage on the Oils 

The more impor tan t  tests that  have been made on 
seven of the drums of oil at  the beginning and end 
of the first 10-month period of storage are shown in 
Table 2. One d rum (number  5, sealed for  a 2S-month 
period) was not sampled at the end of 10 months. 
All samples were clear and free f rom visible foreign 
material .  

At  the end of the 10-month period all the oils 
were under  the moisture and volatile mat te r  con- 
tent  requirement  of the Rules for  all grades of re- 
fined cottonseed oils: however Drums 6 and 8 were 
above .10% initially. I t  was indicated that  some 
moisture had settled out f rom these oils dur ing the 
storage. Although it was indicated that  the oils with 
the lower moisture and volatile mat te r  content origi- 
nally showed a tendency to increase dur ing  the storage 
period, changes have not been enough to decrease their  
market  value. 

Free  f a t t y  acid content of all the oils was consid- 
erably under  requirements  of the Rules for the best 
grades, both init ial ly and at the end of the period. 
There were no significant changes dur ing this period 
of storage. 

Changes in refined color of all the oils dur ing the 
first 10 months of storage were not significant f rom a 
market-value standpoint.  At  the beginning and end of 
this time each oil could readily qualify for  top grade 
in refined color and was also under  the l imitat ion of 7.6 
A.O.C.S. units according to the Rules. 

Only one of the oils (number  8) has changed sig- 
nificantly in bleached color dur ing this time, and this 
oil had a higher bleached color than the other oils on 
entering storage. All of the oils init ially were PBSY.  
The oil in number  8 d rum was no longer bleachable 
at the end of the 10-month storage period. This is 
the only instance of a decrease in marke t  value, based 
on analyt ical  tests as required in the Rules. The 
specifications as given for  flavor and odor in the Rules 
are discussed later. 

Although not a pa r t  of the Rules, tests for  per- 
oxide value and AOM fa t  s tabi l i ty  have been made 
on the oils, which also are shown in Table 2. The use 
of these tests in the project  may  give some indication 
of a relationship to the subjective tests under  the 
Rules per ta in ing  to flavor and odor, with par t icular  
reference to " o f f  flavors and odors"  due to deterio- 
rat ion in storage f rom oxidation of the oils. 

When comparing the same original oil held under  
different types of storage, i.e., Drums  1, 2, 4, and 3, 
there are differences in the rate  of increase of the 
peroxide value dur ing  the 10-month period of stor- 

age. Increase in peroxide value of the four  drums 
of oil f rom different sources are more un i form over 
this period, i.e., Drums  3, 6, 7, and 8. 

All of the oils decreased in the value of AOM fa t  
s tabil i ty by the end of 10 months  in storage. The 
change was greatest  for  the two oils having the high- 
est A O M  values originally, i.e., Drums  6 and 7. A t  
the end of the period all of the oils were in the range 
of 9-12 hrs. AOM. 

The importance of the changes in both the peroxide 
value and the A O M  fa t  s tabil i ty tests on the oils 
dur ing the periods of storage can be determined only 
when o rganoleptic observations are made for  the de- 
tection of " o f f  flavors and odor s"  result ing f rom oxi- 
dation of the oils because of storage. As of the end 
of the I0-month period, it is however indicated tha t  
no such "o f f  flavors and odor s"  were likely present  
in the oils. 

Effects of 28 Months' Storage on the Oil Held 
Under Different Storage Conditions 

In format ion  on the five drums of oil, originally all 
f rom the same source but  each held under  a different 
type  of storage environment,  is shown in Table I I .  
Changes in tests for  the entire 28-month period are 
shown. 

All of these drums of oil were under  .10% mois- 
ture  and volatile mat te r  at  the end of 28 months 
even though two of the drums had reached .10% 
at the end of 10 months. 

Free  f a t ty  acid content was not significantly dif- 
ferent  at the end of this longer period than  at 10 
months. 

There have been definite decreasess however in re- 
fined color. In  view of the fact  that  refined color 
on the oils was well under  the limits of 7.6 of the 
Rules, this decrease over the storage period is not 
significant f rom a market-value standpoint .  

All of these oils had original low bleached color, 
and even though some increase in bleached color was 
indicated at the end of 28 months, all of these oils 
were still PBSY,  with no decrease in marke t  value 
f rom tests in the Rules. 

There have been decided differences in the increase 
of peroxide value for  the original oil held under  the 
five different types  of storage, as of the e n d  of 28 
months. 

There also have been decided differences in the 
decrease of AOM fa t  stabil i ty for  the five different 
types of storage. The d rum half-filled (number  4) 
has reached an AOM values which, according to the 
methods of the test, should be close to the point  of 
rancidity.  At  the other extreme of AOM value, the 
drums numbered 1 and 2 have decreased only a few 
hours in test f rom the original oil pu t  in storage 28 
months previously. 

Relationship of the AOM Fat  Stabil ity of Refined 
Oils and the Same Oils Deodorized 

Bleaching and deodorizing a refined cottonseed oil 
should, if the oil is not a l ready in a rancid state, 
r id the oil of any  " o f f "  flavors that  may  be present  
f rom its original processing or taken up or intensi- 
fied dur ing  storage. Peroxide value will be great ly  
reduced. Such a second AOM determinat ion on the 
oil could prove to be a bet ter  indicator  of fa t  dete- 
r iorat ion f rom oxidation than  an AOM test on the 
refined oil alone. 
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Summary  of Cooperators '  t~eports in Grading" l~efined Cottonseed Oils from Storage for "Off" F l~vors  a 

VOL. 36 

D r u m  number  

3 ........................................................... 
1 ........................................................... 
6 ........................................................... 
5 ............................................................ 
4 ........................................................... 

7 ........................................................... 
8 ........................................................... 

Type of Method of 
storage extract ion 

No brea ther  Solvent  
Brea ther  Solvent  
B r e a t h e r -  inside Solvent  
Brea ther  Screw press  
Sealed Solvent  
B r e a t h e r -  filled I 

one-half Solvent  
Brea ther  [ Screw press 
Brea ther  I Prepress  

solvent  

Time Cooperators  r epor t ing  "off" fla-7ors 
in 

s torage All :raders b "Qual i f ied"  graders  e 

months  
28 
28 
28 
10 
28 

28 
10 

10 

n u m b e r  
5 
7 

12 
14 
16 

17 
2O 

30 

percentage 
11 
15 
26 
30 
35 

37 
43 

65 

n u m b e r  percentage 
4 13 
6 19 
8 26 
7 23 

ii 35 

11 35 
11 35 

12 39 

a Twelve mills or refineries have supplied oil for the project,  and two laborator ies  have made tests. Workers  in these organiza t ions  have cooper- 
ated in  g r a d i n g  and eva lua t ing  the oils. 

~A total  of 46 reports  were received. 
e Thirty-one of tlae 46 re tmrts  were called "qual i f ied"  g raders  on the basis  tha t  these gra~ders had more experience t han  the others in  tile organo- 

leptie observat ion  of ref ined cottonseed oils. 

A number of the refined oils in the project have 
been bleached and deodorized. A second AOM deter- 
ruination was then made on each of the oils. In  all 
cases the PV was reduced to less than 1.0 by these 
operations. The AOM value on the deodorized oil 
was different from the A 0 M  value on the refined oil. 
There was a good degree of relationship between the 
two AOM values on each oil for all the oils so 
processed. These data are not shown in this report. 
Refiued oils with AOM's  over 8 hrs. showed lesser 
AOM values after deodorization whereas those under 
8 hrs. showed higher AOM values after deodorization. 
The refined oil in drum number 4, having an AOM 
of 0 hr., showed an AOM of 5 hrs. after deodorization. 

The AO3/[ values of the several oils, after deodori- 
zation, are discussed fur ther  in the grading of the oils 
for "off  flavors and odors"  by members of industry. 

Grading the Refined Oils for 
"Off Flavor and Odor" 

" F l a v o r  and odor"  appear in the grading of all 
refined cottonseed oils, according to the Rules. An 
"off  flavor and odor"  alone can degrade the oil and 
possibly its market value. 

Indus t ry  does not have many occasions to grade 
refined oils for this requirement of the Rules, because 
of the limited number of refined oils changing owner- 
ship and the short storage period of such oils. This 
requirement of the Rules however becomes important  
in the present project, in view not only of "off  
flavors and odors"  present in the refined oils when 
produced but as well of those developing during 
storage either with or without incipient oxidation. I t  
was believed that  in order to grade the refined oils 
for "f lavor  and odor"  only a consensus from a 
number of those in industry  having some experience 
could be relied on and part icularly to place a market 
value on any oil "off  in flavor and odor ."  

The eight oils were submitted to all those organi- 
zations in industry  who have supplied all the oils 
for the project and to those laboratories having a 
direct interest. Table I I I  summarizes the replies to 
the questionnaires concerning the grading of the oils. 
Fif teen out of the 46 persons submitting reports 
stated that  they had had limited experience in grad- 
ing refined cottonseed oils for flavor and felt that  
their opinions were not reliable. Accordingly the re- 
plies were divided so as to exclude these "inexperi-  
enced graders"  from the group classed as "qualified 
graders ."  The percentages of the number of graders 
grading each of the oils " o f f "  were not significantly 

different between all the graders and the "qual i f ied"  
graders. 

Table IV shows the relationship of the number of 
"qual i f ied"  graders, declaring each oil to be " o f f "  
in flavor, to the PV and AOM tests (both the latter, 
on the refined and the deodorized oils). The PV 
indicates little as related to the number of times each 
oil is graded " o f f . "  The AOM value on the refined 
oil also bears little relationship to the number of times 
each oil was graded " o f f . "  There is some relationship 
however between the number of times the oil is graded 
" o f f "  to the AOM value (after deodorization) in the 
cases of the same oil held under various types of stor- 
age, i.e., numbers 2, 3, 1, 4, and 5. This is not true of 
the four oils, i.e., numbers 3, 6, 7, and 8, from different 
sources held under the same type of storage. As an 
example, oil in Drum 8 with the highest AOM value 
both before and after deodorization was judged " o f f "  
more times (39%) than any of the other oils. 

Various descriptions of the flavors of the oils were 
given by the graders not only when the oils were 
graded " o f f "  but also when not so graded. There 
were no relations between oils called "ox id ized"  or 
" r a n c i d "  to the AOM values of the oils. As many 
graders called some oils "ox id i z ed"  and/or  " r a n c i d "  
that had high AOM tests as had low AOM tests. I t  is 
evident that "of f  flavors and odors," according to the 
graders, were present in the oils which could have 
been present originally or had developed or intensi- 
fied with storage, which had little relation to flavors 
from incipient oxidation. 

Evaluat ing  the Refined Oils Graded 
"Off in Flavor and Odor" 

Although the "qual i f ied"  graders (some of these 
were the only ones who would place a market value 
on the " o f f "  oils) stated that oils were " o f f "  varying 
from 13% in one oil to 39% in the extreme case, a few 
stated that a discount should be applied and the dis- 
count when applied usually was quite low. This sum- 
mary  is shown in Table V. 

On an average, this discount was not significant. 
These average discounts vary  from 0.014 to 0.074' 
on a 144' oil and bear no relationships to the num- 
ber of times oils were graded " o f f "  in flavor. 

The most usual discount used when the oil was 
graded " o f f "  was 0.2 of a cent per pound, which is 
about 1.5% of the base price. This amounts to $120 
on a 60,000-pound tankear, but only about 5% of 
the graders would apply a discount. On this basis it 
can be concluded that any of the oils, regardless of 
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D r u m  n u m b e r  

3 ........................................................ 

1 ........................................................ 

7 ........................................................ 

Type of 
s torage 

No brea ther  
Brea ther  
Brea ther  
B r e a t h e r - i n s i d e  
Brea ther - -  filled 

one-half 
Sealed 
Brea the r  
Brea ther  

:IVlethod of 
extract ion 

Solvent  
Solvent  
Screw press  
Solvent  

Solvent  
Solvent  
Screw press 
Prepress  

solvent  

Time 
in  

s torage 

months  
28 
28 
10 
28 

28 
28 
10 

10 

" Q u a l i f i e d "  graders  
r epor t ing  "off" 

in  f lavor  

n ~ m b e r  percentage  
~ 13 

19 
~ ~3 

26 

11 35 
11 35 
11 35 

12 39 

Labora to ry  tests 

:Peroxide 
va lue  

m e . / k g .  
30 
76 
26 
41 

172 
76 
24 

30 

A O ~  fa t  s tabi l i ty  

Refined Af te r  de- 
_ o i l  odorizat ion 

hoarse  I hours  

I lo I 7 
10 9 

9 8 

0 5 
2 6 
9 8 

11 9 

~Twelve mills or refineries have  suppl ied oil for  the project,  and two lasis  tha t  these r ade r s  had  more experience t h a n  the others in the organolep- 
in g r a d i n g  and eva lua t ing  the o i l s .  

J)Thirty-one of the 46 repor ts  were called "qual i f ied"  g raders  on the babora to r i e s ' have  m a d e t e s t s .  ~u in  these organiza t ions  have  cooperated 
tie observat ion  of refined cottonseed o i l s .  

c Samples were r anc id  one hour  la ter  t han  reported. 

the effects of storage or the source of the oil pr ior  to 
storage, has only a small chance of being discounted. 

Fu r the r  storage could change the value of these 
oils, par t icu lar ly  in view of possible rancidi ty  devel- 
oping which should then be more general ly recognized 
as an " o f f "  flavor and could p rompt  discounts more 
often among graders. At  the present  stage of the 
project  it can be concluded that  the marke t  value of 
all the oils has not decreased significantly because of 
the presence of " o f f  flavors and odors ."  

Discussion 
All of the oils were under  0.10% moisture and 

volatile mat te r  content at the end of the two stor- 
age periods;  however two of the drums (held for  
28 months) had reached 0.10% moisture and volatile 
mat te r  at 10 months. Two of the drums, held for  
10 months '  storage only, had moisture and volatile 
mat ter  content above 0.10% at the begi~ming but  had 
decreased below 0.10% at the end of the 10 months. 

There were no significant changes in free f a t t y  acid 
content, either in the oils held for  10 months or in 
those drums held for  28 months. Free  f a t t y  acid was 
low in all the oils at all times in storage. Only one 
oil reached above 0.05% in one sample (0.07%). 

Changes in refined color of all the oils dur ing  the 
first 10 months of storage were not significant. There 
were however definite decreases in refined color be- 
tween 10 and 28 months '  storage for  the same oil held 
under  different types  of storage. In view of the fact  
that  these drums of oil entered storage well under  

the limit of 7.6 A . O . C . S .  units of the Rules of the 
N.C.P.A., these decreases were not significant f rom a 
market-value standpoint .  

With  the exception of one of the oils having a 
bleached color of 2.0 A.0.C.S. units at the beginning 
of the 10-month storage period which increased to 2.9 
A.0.C.S. units at the end of this period, all bleached 
colors were low at  all times dur ing  storage. 

Peroxide value increased in all the drums of oil 
dur ing  storage. There was not much difference in the 
rate  of increase in the three drums of oil f rom dif- 
ferent  sources held for 10 months and as compared to 
the d rum of oil (another source) at the end of 10 
months of the 28-month storage period. All these 
four  drums were held under  the same type of storage. 
There were however distinct differences in the rate of 
increase in peroxide value of the same oil held under  
different types of storage, both at the end of 10 
months and, even more so, a~ the end of 28 months. 

Fa t  s tabil i ty by  the Active Oxygen Method, using 
peroxide value " b r e a k "  as an end-point, was run  on 
all the oils. Although two of the oils had au A 0 M  
value of 19 hrs. on entering storage, the A 0 M  values 
on all the oils ranged froni 9 to 12 hrs. at the end of 
10 months in storage. There were however fa r  greater  
differences in the decrease of AOM value by the end 
of 28 months for the same oil held under  different 
types of storage. The A 0 M  values on these oils at  the 
end of 28 months range f rom 0 to ]0 hrs. (Rancidi ty  
is reported as occurring 1 hr. later.) 

An A 0 M  fa t  stabil i ty test  made af ter  bleaching and 

T s  V 
S u m m a r y  of Cooperators '  l~eports in  E v a l u a t i n g  l~efined Cottonseed Oils f rom Storage, Graded  "Off" in  F lavor  a 

D r u m  nnmber  

1 .............................................. 
4 .............................................. 

7 .............................................. 

Type of 
s torage 

No brea the r  
Brea the r  
Brea ther  
B r e a t h e r -  ins ide  
Brea the r  - filled 

one-half 
Sealed 
Brea ther  
Brea the r  

~Iethod of Time 
extract ion in  

s torage 

months  
28 
28 
10 
28 

28 
28 

Screw press 10 
Prepress  

solvent  I0 

Solvent  
Solvent  
Screw press 
Solvent  

Solvent  
Solvent  

'~Twelve mills or ref ineries  have  suppl ied oil for  the project,  and  two 

"Qual i f ied"  graders  b 

]~eporting "off" 
f lavor  

n u m b e r  

11 
11 
11 

12 

Who would dis- 

percentage  
13 
19 
23 
26 

35 
35 
35 

39 

count  va lue  

,number percentage  
1 3 

6 
1 3 

2 6 
!5 16 
2 6 

4 13 

Average  est imated 
va lue  of oil 

Discount-  I All 
ing  o n l y ~ l  g radersd  

] 
cents  [ cents 
13.8 I 13.99 
13.7 [ 13.98 
t 3 .7  I 13.98 
13.8 / 13.99 

12.9 13.93 
13.6 13.93 
13.8 13.99 

13.7 13.97 

laborator ies  have  made tests. Worke r s  in these organiza t ions  have  cooperated 
in grading" and eva lua t ing  the oils. 

b Thirty-one of the 46 reports  were called "qual i f ied"  graders  on the basis tha t  these graders  had  more experience t han  the others in  the organo- 
leptie observat ion of refined cottonseed oils. 

c Average  va lue  of oil in cents per  pound  based only on graders  who would  discount .  
d Oils not  d iscounted were va lued  at  14 cents per  pound.  



34 THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY VOL. 36 

deodorization may  prove to be a bet ter  indicator of 
fat deterioration than an AOM test made on the same 
oil as refined. Refined oils with AOM values over 8 
hrs. showed lesser AOM values af ter  deodorization and 
refined oils with AOM values under  8 hrs. showed 
higher AOM values af ter  deodorization. A refined oil 
of zero AOM value had an AOM value of 5 hrs. a f te r  
deodorization. 

Conclusions 
There have been insignificant decreases in marke t  

value of seven out of eight drums of refined cotton- 
seed oil held in storage for  longer periods than are 
general ly used in industry.  Five drums containing 
oil f rom the same source (solvent-extracted and re- 
fined in miseella) had been held for  28 months under  
different types of storage. Three drums containing oil 
f rom different sources (screw-press and prepress-sol- 
vent  extractions) had been held for 10 months under  
the same type of storage. 

All of the oils entered storage as pr ime bleachable 
summer  yellow, but one d rum of oil became unbleach- 
able af ter  the first 10 months of storage. This oil 
however had a bleached color of 2.0 A.O.C.S. units 
originally, which was much higher than  on the other 
oils. 

There had been insignificant changes in free f a t ty  
acid, moisture and volatile matter ,  and refined color 
on all the oils. 

Peroxide values have increased appreciably  in some 
of the oils, and values of fa t  s tabil i ty by the Active 

Oxygen Method have decreased appreciably,  especially 
on some of those oils stored for  28 months. However  
laboratory  tests at the end of the storage periods do 
not indicate that  a point of rancidi ty  has been reached 
on any  of the oils. 

Although the flavor of all the oils was criticized 
quite extensively by most of the 46 members  of indus- 
t ry  who have cooperated in grading  the oils, only 
about a quar ter  to a th i rd  of the graders  would call 
the oils "of f  in flavor and o d o r "  in aceordanee with 
Rules of the National  Cottonseed Products  Associa- 
tion. Fu r the rmore  only a few of these graders  ( f rom 
one to five in the eases of the several oils) would aetu- 
al ly decrease the marke t  value of the oil for  being 
" o f f "  in flavor, and this discount on the average was 
insignificant. 

There were no relationships between the g raders '  
judgments  of the oils for  "of f  flavor and o d o r "  and 
the tests for peroxide value and AOM fa t  stability. 
I n d u s t r y  generally regards  these tests as reliable in- 
dicators of quality. On the basis of these tests the 
oil in the d rum only half-filled has shown the great-  
est deterioration at  the end of the 28-month period 
whereas the oil in the d rum having no breather  has 
shown the least deterioration. 

I t  must  be emphasized that  the informat ion in this 
paper  has been drawn f rom a smaI1 sample. Results 
f rom the larger  number  of test drums of oil now in 
storage may  necessitate modifications in the conclu- 
sions reported. 

[Received June 12, 1958] 

Reaction of Ethylene Oxide or Propylene Oxide with 
Chain Fatty Acids. Mono- and Diester Formation' 

Long- 

A. N. WRIGLEY, F. D. SMITH, and A. J. STIRTON, Eastern Regional Research Laboratory, 2 
Philadelphia, Pennsylvania 

I 
NEXPENSIVE fat-based nonionie detergents and sur- 
face-active agents are readily made by  the reaction 
of ethylene oxide with long chain f a t t y  acids, sueh 

as laurie or stearic acid, under  the influence of an alka- 
line catalyst. 

The reaction, as general ly understood, 

2\ 
RCO2H + nCH2CH~ alkaline 

catalyst  ) RCO (OC2Hd)nOH 

where R C 0 2 H  is the parent  f a t ty  acid and n is the 
average number  of ethenoxy groups, would lead only 
to the format ion of monoesters (14). F rmn  this point  
of view the reaction with ethylene oxide would be 
prefer red  to the esterification reaction, 

RC02H + H ( 0 C 2 H ~ ) n 0 H  > 
RCO (OC_.H4) nOH + H 2 0  

where the possible format ion of diesters 
RCO (0C2H4) nO,,CR is more apparent .  

1 Presented  at the D e l a w a r e  Valley Regional 1Vieeting, ~kmerican 
ChemicM Society, Philadelphia, l~'ebruary 5, 1958. 

2 E a s t e r n  Uti l izat ion Research and Development Division, Agricul- 
tural tCesearch Service, U. S. Department of Agriculture. 

There has been evidence in the case of acetic or 
benzoic acid (1, 15) that  the reaction with ethylene 
oxide is more complex than is represented by the first 
equation. With  respect to the higher f a t t y  acids, 
transesterification (6) or alcoholysis may occur under  
the reaction conditions, according to the equation: 

RCO2 (C2H~O) x~H + RCO (OC2H4) nOH 
high tempera ture  

) RC0(0C2H4)n02CR + 
alkaline catalyst  

H (OC2H4)nOH 

Fur the rmore  a recently published method of analysis 
(7) has shown tha t  water-soluble nonionic surface- 
active agents of the ester type, f rom the reaction of 
ethylene oxide with the higher f a t t y  acids, are in 
real i ty composed of comparable amounts of glycols, 
monoesters, and diesters. 

The monoester may  be expected to be a more val- 
uable detergent  and surface-active agent  than the 
dicster, or than a mixture  of monoester, diester, and 
polyethylene glycol. In  any  event the propert ies  of a 
reasonably pure  monoester p repara t ion  would be of 
interest. As an initial phase in unders tanding  the 


