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quinoline, and employs an alkaline interesterifieation 
catalyst  such as sodium methoxide. 
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The Flavor Problem of Soybean Oil. 
Metallic Content of Soybean Oil 

X. Effects of Processing on 

C. D. EVANS, PATRICIA M. COONEY, HELEN A. MOSER, J. E. HAWLEY, and E. H. MELVIN, 
Northern Regional Research Laboratory) Peoria, Illinois 

I N a previous publicat ion (1) data  were presented, 
showing the serious effect which trace metal  con- 
taminat ion has upon the stabil i ty of soybean oil. 

Spectrographic  analysis showed tha t  pract ical ly all 
soybean oils contained iron and copper in amounts 
which could be definitely detr imental  to the stabil i ty 
of the oil. Since this work was reported we have ex- 
tended our studies and have also included the exami- 
nation of a number  of crude oils. The spectrographic 
method (2) described previously was employed for  the 
iron and copper analysis, and the organoleptic evalu- 
ations were made by  our regular  published procedure 
(3). 

Through the cooperation of several soybean oil proc- 
essors we have been able to examine a great number  
of oil samples taken f rom each of the unit  processes 
employed in the extract ion and refining of soybean 
oil. 

F igure  1 summarizes the data obtained for  com- 
mercial oils and shows the concentrations of iron and 
copper that  were found in refined, deodorized, and 

1One of the  labora tor ies  of the  B u r e a u  of Agr i cu l tu ra l  and I n d u s t r i a l  
Chemis t ry ,  A g r i c u l t u r a l  Resea rch  Admin i s t r a t i on ,  U.  S. D e p a r t m e n t  of 
Agr i cu l tu re .  
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:FIG. 1. I r o n  a n d  c o p p e r  c o n t e n t  o f  c o m m e r c i a l l y  p r o c e s s e d  
edible oils. 

T A B L E  I 

Metal Contents  and  Stability E v a l u a t i o n s  of Soybean Oil 
Sampled  F r o m  Un i t s  of Two Commerc ia l  E x t r a c t o r s  

MetaI Conten t  p . p . m ,  i Stabi l i ty  

Sample  ] r i A . O . M .  �9 
Desc r ip t ion  I r o n  Copper  , 8 H o u r s  F l a v o r  Score 

Ref ined!  C r u d e  Ref ined]  100~ O 4 D a y s  Crude  

Compa ny  :k 

Mi~cella ............. : 2 .70 .088 .16 .002 5.5 8.9 7.2 
Fa l l i ng  film ......... 3.89 .12 .26 .012 1.8 8.5 7.7 
S~:ripper. ............ 5.60 .13 .10 .008 1.9 7.8 6.9 
Control 176E . . . . . . . . . . . .  015 . . . . . . .  006 19.4 8.3 6.1 

Compa ny  B 

5Iiseella ............. ' 3.55 :077 .21 .011 17.8 8.9 7.0 
Iqorizontal  ......... 4.10 .10 .50 .006 11.4 8.9 6.9 
Fa l l i ng  film ........ 4.7(1 .11 .33 .012 16.0 8.5 7.0 
S t r ipper .  ............ 2.10 .11 .28 .009 14.7 8.7 6.9 

a Pe rox ide  va lue  mi] l iequivalents  of peroxide  pe r  kg.  of fa t ,  

crude edible oils. The oils examined included, besides 
soybean oil, cottonseed, corn, safflower, sunflower, and 
sorghum oils. As judged f rom the linlited number  of 
sanlples examined, there appears  to be ]1o difference 
in the nletal contents of these different types of oils. 
This conclusion is fu r the r  substant ia ted by the data 
presented by  O'Connor  et al. (4) for  the crude oils 
of cottonseed, peanut,  rice, okra, and calabash seeds. 

The average iron content for  labora tory-ref ined 
soybean oil has been repor ted  at 0.12 p .p .m . ;  for 
commercial undeodorized oils, 0.19 p .p .m . ;  and for  
deodorized oils, 0.91 p .p .m.  (1).  The iron content 
of crude soybean oils wilt va ry  f rom 2 to 10 p .p .m.  
while samples of badly  contaminated crudes will run  
f rom 10 to 100 p .p .m,  or more. 

The copper content has shown less than a 10-fold 
variation, and most crude oils will have between 0.2 
and 0.5 p .p .m. ,  and the refined oils less than 0.02 
p .p .m.  Because of the high copper content found 
when beans are processed in all-glass equipment,  it 
is believed that  most of the copper is " n a t i v e "  to 
the oil. The native copper is more than likely t ight ly  
complexed, or at least bound in such a manner  that  
it is not free to act as an oxidation catalyst. " N a -  
t i v e "  iron and possibly some of the contaminat ing 
iron nlay be complexed with the phospbatides in 
the crude oil. Our analyses however show consistent 
trends in the contamination with iron, and it is this 
free or freshly added iron tha t  is especially detri- 
mental. The stabil i ty of both crude and refined soy- 
bean oil would be great ly  lowered if most of the iron 
and copper present  in the oil were not eomplexed. 
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Contamination in Commercial Extraction Plants 
The results obtained f rom the examination of the 

products  of two commercial extractors  are shown in 
Table I. The iron content of the oil was found to 
increase constantly as the oil progressed through sep- 
arate  units of the extraction plant.  Copper may have 
increased some, but  the values do not show a consist- 
ent t rend throughout  all operations of the extraction 
process. Labora to ry  refining has removed 95-98% of 
the iron and 92-99% of the copper present  in these 
oils. Labora to ry  refining per formed with careful  cen- 
t r i fugat ion  has consistently given oils with low metal  
contents, and, a lmos t  without  exception, these oils 
have exhibited excellent stability. No evidence was 
obtained in this examination that  the levels of con- 
taminat ion shown here are detr imental  to the quali ty 
of the soybean oil when the crude oils are refined 
within a short time af ter  extraction. The high oxi- 
dative s tabi l i ty  values (i.e., low peroxide values under  
A.O.M. conditions) and the high organoleptic scores 
showed that  these oils were all essentially equal and 
of excellent qual i ty and stability. 

The appa ren t  discrepancy in the iron content of 
the crude oil obtained f rom the s t r ipper  of company 
B is explained as a sampling error. This plant  had 
been shut down for a short  t ime just  pr ior  to the 
taking of the sample, and it is quite likely that  a 
separat ion of the phosphatides occurred and a rep- 
resentat ive sample was not obtained. In  drawing any  
conclusions, one should remember  tha t  a large sam- 
pl ing error  can occur in the sampling of oil f rom com- 
mercial processing equipment.  Large  sampling errors 
are introduced when the samples are collected f rom 
the various units in a mat te r  of a few hours, while 
the actual flow of mater ial  through these units may  
require 24 hours or more. 

Iron and Copper in "Native" Soybean Oil 
To establish the level of what  is termed the " n a -  

t i v e "  concentration of iron and copper in crude soy- 
bean oil, three samples of soybeans were processed 
by  hand and the oil removed in an all-glass Soxhlet 
extractor.  The beans were careful ly cleaned before 
being smashed with a wooden mallet, and, a f ter  the 
first few extractions with hexane, the crushed beans 
were removed f rom the Soxhlet thimble and ground 
in a porcelain mortar .  Sample 4 was ground in a rela- 
t ively new b u r r  mill, but  otherwise it was t reated like 
the other samples. Over 96% of the oil was removed, 
and a crude oil with an acid number  of 0.38 was ob- 
tained. Table I I  shows the iron and copper content of 
these nonmetallic-processed crude oils. Samples 1 and 
2 were obtained f rom the same lot of beans which was 
being processed at the time the commercial extractors  
were sampled. Samples 3 and 4 were f rom a labora- 
tory  lot of Lincoln beans. 

The analyses show an iron content of about  0.80 
p .p .m. ,  which was only 20% of tha t  found in the 

TABLE II 

I r o n  a n d  Copper  Content  of C r u d e  Soybean Oil  
(Al l -Glass  E x t r a c t o r )  

I I r o n  Copper  
Sample  . p . p . m ,  p . p . m .  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 .39 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 .51 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74  .32 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 .40 

commercial samples. The copper analyses show fa i r  
agreement,  bu t  with a slightly higher value for  sam- 
ple No. 2 of the glass-extracted series. This difference 
may  be the result  of a sampling error. The accuracy 
of the spectrochemieal method is too great  to account 
for  this difference. 

A labora tory  refining of a composite sample, made 
f rom the 4 glass-extracted crudes, removed 93% of 
the iron and 97% of the copper f rom the oil. 

A check on the physical analysis of the beans in 
samples 1 and 2 showed tha t  they were good qual- 
i ty beans. Foreign mater ia l  other than  dockage was 
given as 0.4% and 0.7%, respectively. No samples of 
beans were taken dur ing the commercial cleaning or 
flaking, but  it seems logical to assume that  dir t  and 
foreign mater ia l  present  may  also add iron to the 
crude oil. 

Contamination in Refining Operations 
Through the cooperation of three commercial  refin- 

ers, oil samples were obtained at each of the uni t  
operations in the refinery. Sampl ing errors are prob- 
ably  higher in the refinery investigation than  in any  
of the others. In  the case of company C an attempt 
was made to follow the same batch of oil through 
the entire refinery, and samples were collected over a 
period of 30 hours. In  the other two refineries all 
the samples were collected in the course of a few 
hours. 

TABLE III 

Metal Content  of Oils Sampled  at the V a r i o u s  
S tages  of Commerc ia l  Ref in ing  

Company A Company  C Company  D 

Sample  

Crude  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n e g u m m e d  .. . . . . . . . . . . . . . . . . . . . . .  ! 
Refined . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 
W a s h e d  .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 
W a s h e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dried  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B leached  . . . . . . . . . . . . . . . . . . . . . . . . . .  i 
Deodorized  . . . . . . . . . . . . . . . . . . . . . . . .  

Fe Cu 
p . p . m . p . p . m .  

4 .5  0 .40  
2.5 .10 
1 .05 .011 

.15 .002 
.17 .016  
.09 .013 
.29 .023 
.06 .014  

Fe  Cu 
p . p . m . p . p . m .  

4 .9  0.2'4 

.gg .oi; 

.18 .021 

.~ .oi~ 

.11 .010 
.13 .027 

Fe  Cu 
p . p . m . p . p . m .  

2 .6  .14 

.~ .oi~ 
.079  .016  

.050 .005  

.057 .025 
1 .50 .026 

Table I I I  shows the t rend in the metal  contents 
as the crude oil passes through the various refinery 
units. Most of the iron and copper are removed in 
the degumming and refining steps. The bleached oil 
might  be expected to have the lowest metal  content 
because of the nature  of the bleach and the degree of 
filtration employed. Actual ly  little change was found 
in the metal  content a f ter  washing was completed;  
however in one case a ve ry  great  rise in the iron con- 
tent  of the oil occurred dur ing deodorization. Assum- 
ing tha t  the average value for  the washed, dried, and 
bleached oils will give a more correct indication of the 
metal  content of the refined oil, we found that  96 to 
98% of the iron in the crude oil was removed by  
these refineries. The removal of copper, when calcu- 
lated on the same basis, showed a removal  of 96.8, 
80.0, and 89.3% for  the three refineries. 

No metal  contamination resulted f rom the deodori- 
zation in two of the refineries, bu t  the th i rd  showed 
a 24-fold increase in the iron content. No significant 
increase in the copper content was found in any of 
the deodorized samples. This agrees with previous 
findings. 

Refining was completed in the labora tory  for  the 
samples collected af ter  each of the uni t  operations in 
the commercial refineries. The oxidative s tabi l i ty  and 



THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY, FEBRUARY, 1952 63 

T A B L E  I V  

E v a l u a t i o n  of 0 i l s  S a m p l e d  at  t h e  V a r i o u s  Stages  of 
Commerc ia l  R e f i n i n g  

( R e f i n i n g  Completed  in  the  L a b o r a t o r y )  

S a m p l e  

Crude . . . . . . . . . . . . . .  
D e g u m m e d  ....... 
Ref ined  . . . . . . . . . . . .  
W a s h e d  . . . . . . . . . . . .  
W a s h e d  . . . . . . . . . . . .  
D r i e d  . . . . . . . . . . . . . . .  
B l e a c h e d  .......... 
Re-deodorized. .  
De odor i zed  a ..... 

C o m p a n y  A C o m p a n y  C 

A /AO.  Scar~ 
8 H l r s  8 H o u r s  
1 0 0  C 0-4 D a y s  1 0 0 o c  ) - 4 D a y s  

- -  8.3 6 ~ . 3 - J ~  S . 7 ~ 5  
1 7 .1  6 .6  / . . . . . . . . . . . .  
! 7.9  6 .8  / 13  8 .8  5 .7  

1', 8 .6  6 .3  ~ 8 8 ,8  6 . 4  
! 8 .7  6 .5  . . . . . . . . . . . .  

1: 8 .1  6 .2  12  8.8 6 .8  
31 7 .2  4 . 8  4 2  8 .7  6 .1  
7! 4 . 8  4 . 5  53 8 .8  5.3 
6~ 4 . 9  4 . 1  2 8 .0  6 .9  

C o m p a n y  D 

A . O , M . ]  S c o r e  

g 1~ OU r S!: 
100"C." [ 0 - 4  D ~ v s  

10  8 .6  7 . 4  

8 .2  7 .0  ii 
50  7 .9  4 . 7  
80  6 .5  3 .4  
69  5 .0  3 .5  

a E v a l u a t e d  as rece ived.  

the organoleptic evaluation of these oils are shown in 
Table IV. The oxidative stabil ity as measured by the 
A.O.5{.  peroxide values was good through the drying 
stage. After  bleaching however, the oxidative stabil ity 
showed a definite decrease in each ease, as is shown by 
the greatly increased peroxide values. Through the 
use of a metal scavenger, refinery C markedly im- 
proved the stabil ity of the deodorized oil while oil 
from the other refineries showed a distinct decrease in 
stability. Company A used no metal scavenger; com- 
pany D used citric acid, but  its finished oil received a 
low score because of the very high iron content. Citric 
acid is very beneficial, but  it is not able to prevent 
entirely the effects produced by a high level of iron 
contamination.  

Organoleptie evaluations made 'wi th  an 18-member 
taste panel agree remarkably well  with the oxidative 
data. Flavor scores shown are the average of three sep- 
arate evaluations. All  oils through the bleaching stage 
were equal and showed high initial flavor scores and 
storage scores. Initial  flavor scores for the bleached 
samples were Imt significantly different from the scores 
of the washed sample, but the storage scores for the 
bleached samples of companies A and D were inferior 
and significantly lower than the score of the preceding 
stored samples. 

For  comparisons of oils processed under the same 
conditions, part of the commercial ly deodorized oils 
were redeodorized in the laboratory before they were 
submitted for taste panel evaluation. The commercial  
oils were also evaluated as received, by comparing 
each against the other two commercial  oils. A com- 
parison of the data in the last two lines of Table IV  
will  show that the laboratory deodorization improved 
the zero time scores sl ightly for two oils but  did not  
greatly change the storage flavor scores. 

An  examination of the stabil ity and metal contents 
of soybean oil before and after commercial deodoriza- 
tion has given valuable information concerning the 
effect of metals on the stabil ity of edible oils. Labo- 
ratory deodorization has shown that soybean oil can- 
not be deodorized in the presence of 0.1 p .p .m,  of 
added iron without  affecting the initial flavor score. 
The Northern Regional  Research Laboratory taste 
panel will  score a sample containing 0.3 p.p.m,  of 
iron significantly lower than the control. At  levels of 
0.1 p .p .m,  iron the scores will  be lower, but they may  
not be significantly lower. 

Contaminat ion During Deodorization 
The results of an investigation of four commercial 

deodorizers are shown in Table V. These oil samples, 

T A B L E  V 

Compar i son  of Commerc ia l  and Labora tory  
D e o d o r i z a t i o n s  of Soybean  Oil 

(Oil  Obta ined  at B e g i n n i n g  of C r u s h i n g  S e a s o n )  

Metal  Content  

Sample  I Fe  Cu 
I p . p ,m .  1).p.m. 

( 'ommereia l  A ... . . . . . . . . . .  1 . 5 0  , 0 0 7  
Laboratory  . . . . . . . . . . . . . . . . .  ! .25  . 0 0 6  

Commercia l  C .. . . . . . . . . . . .  ~ .33  / ) 1 0  
Laboratory  i .21 . 0 0 6  

I 
( 'ommercia l  D ... . . . . . . . . . .  - -  - -  
Laboratory .  . . . . . . . . . . . . . . . .  i .09  . 0 1 2  
Laboratory  re f ined . . . . .  1 .35  . 0 1 4  

i 
Commerc ia l  E .. . . . . . . . . . . .  i ,2"2 . 0 1 0  
L lboratory  ...] .21 .O10 

A.O.M.  F lavor  Score  

8 H o u r s  
1 0 0 o C .  0 4 D a y s  

7(I 5 .4  4 .1  
16 8 ,0  5 .5  

7 4 . 5  4 ,1  
1 8  8 .8  6 .5  

Los t  - -  - -  
2 5  6 .7  3 .8  

5 8 ,1  7 .3  

4 8 .1  6 .4  
2 6  8 .4  6 .1  

obtained before and after deodorization, were pro- 
duced early in the crushing season of 1949. The sam- 
ples shown in Table VI  were obtained from the same 

T A B L E  V I  

Compari son  of Commerc ia l  a n d  Laboratory  
D e o d o r i z a t i o n s  of S o y b e a n  Oil 

(Oil  Obta ined  at E n d  of C r u s h i n g  S e a s o n )  

I Metal  Content  A.O.M.  F lavor  score  
Sample  t 

Descr ip t ion  I F e  Cu  
p . p . m . p . p . m .  

Commercia l  A ... . . . . . . . . . .  :[ 1 . 2 0  0 . 0 1 2  
Laboratory .  . . . . . . . . . . . . . . . . .  I 0 . 0 9 3  0 . 0 0 7  

Commerc ia l  C .. . . . . . . . . . . .  ] 0 . 6 7  0 . 0 0 9  
Laboratory  . . . . . . . .  [ 0 . 5 7  0 . 0 0 5  

t 
Commerc ia l  D .. . . . . . . . . . . .  ', 0 . 1 8  0 . 0 1 0  
Laboratory .  . . . . . . . . . . . . . . . . .  ] 0 . 0 7 9  0 . 0 2 0  

i 
Commerc ia l  E .. . . . . . . . . . . .  0 . 1 3  0 . 0 1 5  
Laboratory  . , 0 . 0 8  0 . 0 1 1  

S H o u r s  
1 0 0 ~  

6 5 . 0  
3 5 . 0  

8 0 . 0  
1 4 1 . 0  

6 1 . 0  
4 7 . 0  

2 . 4  
5 8 . 0  

0 4 D a y s  

5 .0  4 . 8  
7.1 5 .1  

5 .7  4 .2  
5 .8  3 .5  

6 .5  5 .3  
6 .3  5 .3  

7 .1  6 ,0  
6 .7  4 . 6  

four processors but at the end of the 1949 crushing 
season. The metal contents of these oils agree with the 
data reported previously.  Data (on another deodor- 
izer) are also presented and show a 6-fold increase in 
the iron content of the freshly deodorized oil. The cop- 
per content of these oils was low, and no difference 
was found between commercial  and laboratory de- 
odorized oils. All  the samples were analyzed by code 
numbers, and the agreement achieved in the metal 
analysis was remarkably good. Each pair of samples 
were essentially duplicates, and excellent agreement 
in analysis of copper was shown when copper was 
present in concentrations of only 10 parts in a billion. 

The oxidative stability values agree well  with the 
metal analysis, and the effect of using a metal scav- 
enger is shown by the low A.O.M. peroxide values 
obtained in commercial  samples E and C. No metal  
scavengers were employed by company A, and the low 
flavor score and high peroxide values correlated with 
the high iron content. The A.O.M. peroxide values 
from the laboratory all-glass deodorized samples are 
low and approximately  equivalent, but  they are not 
as low as the metal-scavenger treated oils. 

In making organoleptie comparisons laboratory sam- 
ples were compared against laboratory and commer- 
cial against commercial.  These scores are the average 
of three separate evaluations, made by comparing each 
oil against the other three oils in that series. The or- 
ganoleptie scores of the four laboratory deodorized 
oils showed that all oils are equal and of good quality 
and stability. The commercial ly deodorized oils how- 
ever varied in score from 4.5 to 8.1. Yet only with 
oils from company A can the low scores be attributed 
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to the presence of iron. 5fany reasons can be advanced 
for the cause of low flavor scores of which the presence 
of iron is only one. It is known that high scores are 
never obtained in the presence of dissolved and un- 
complexed iron. 

Results of the second sampling of the same four 
commercial  deodorizers are shown in Table VI. The 
copper and iron analysis is somewhat comparable 
with the previous examination, and company A again 
showed a high iron contamination.  The A. 0 .M.  per- 
oxide values were all high except in the single case of 
the salad oil from company E. This low value again 
indicates the importance of a metal scavenger even 
though the iron and copper contents are low and con- 
tamination is nil. Al though flavor scores of sample E 
were superior for both the initial and storage-time 
evaluations, the other flavor scores showed little dif- 
ference. These laboratory samples taken at the end 
of the crushing season were scored much lower than 
those taken at the beginning of the crushing season. 

Quality of Oil from New vs. Old Beans 

The difference in the flavor scores of the two sam- 
plings might indicate a difference between the oil ob- 
tained from fresh beans or beans carried over to the 
end of the crushing season. Many processors hold to 
the opinion that soybean oil obtained early in the sea- 
son is of better quality and of greater stability than 
the oil obtained at the end of the season. In Table 
V I I  are shown results obtained from evaluating oils 

T A B L E  ~ r I I  

Comparison of Quality of Oil Obtained F r o m  Ne w  Beans vs. 
That Obtained at the End of the Crushing Season 

Sample 

Flavor Scores 

0 - T i m e  [ Sig.  4 - D a y  S t o r a g e  I S ig .  

New Old Diff. New Old Diff. 

Commercial Deodorization 

Company A ................ 5 .4  5.1 I .~. 4 .8  5.2 + 
Company C ................ ~ 4.5 6.1 I 3.9 4 .8  + 
Compan,  D ............... 5 .5 5.8 i 2 4 .2  4 .8  + 
Company E ................ 8 .0 7.2 , - -  6 .3  5.8 + 

Laboratory Deodorization 

Company A ................ I 6 . 9 5 . 7 '  * ' 6 . 0 4 . 7  ** 
Company C ................ i 8.1 5.2 [ I ~  6.1 2 .4  ** 
CompanyD . . . . . . . . . . . . . . . .  6.7  5 .8  . ~  5.2 5.1 ~ .  
Company E ................ 8.2' 6.3 6 .5  4.3 

processed from both new and old beans and deodor- 
ized by either commercial  or laboratory methods. For  
oils processed commercially,  no difference could be es- 
tablished in the quality of the oil obtained from new 
or old beans. For  three of the four laboratory de- 
odorized samples, a significant difference was shown, 
and in the fourth the score was higher but not sig- 
nificantly in favor of the new beans. The variabil i ty 
in commercial  processing has a greater effect on the 
quality of the oil than could be demonstrated between 
oils from new and old beans. The variabil ity in qual- 
i ty as evidenced by the flavor scores shown in this 
and previous tables is a result of the variable and 
different deodorization conditions. 

A direct evaluation of the eight pairs of samples 
was made by the taste panel to determine if there 
were any statistical difference between the commer- 
cial and the laboratory deodorized oils. As shown in 
Table VIII ,  two of the three evaluations made of oils 

T A B L E  VIII 

A Comparison of Commercial vs. Laboratory Deodorization on 
Soybean Oils Obtained Early and at the End of the 

1949 Crushing Season 

Sample Description 
Flavor Score a Flavor Score a 

0 Sig. dif. 4-Day Sig. dif. 

Oxidative 
Stability 
A.O.M.  
8 Hours 
100~ 

0il  From Early Crushings in  1 9 4 9  

Company A ........................ ! 4 .6 
Laborato 'y deod . . . . . . . . . . . . . . .  ! 7.2 

C o m p a n y  C ...................... ! 4 .1 
Laborato "y d:od . . . . . . . . . . . . . . .  I ~.1 

I 

Company D ....................... ! - -  
Laboratory deod . . . . . . . . . . . . . . .  i 6 .4  
L a b .  ref. and deod . . . . . . . . . . . .  8 .1 

i I 
Company E ........................ : 7 .5 
Laboratory deod . . . . . . . . . . . . . . . .  7.6 

** 3.5 
' 5 .8 

** 4.1 
5.1 

L o s t  
** 4 .5  

7.',1 

@ 6.1 
6.0 

+ 

+ 

70 
28  

7 
40  

5 

3.8 
39 

Oil From Late Crushings ill 1 9 4 9  

Company A ........................ 6 .0 
Laboratory deod . . . . . . . . . . . . . . .  7.5 

Company C ........................ 5 .4  
Laboratory deod . . . . . . . . . . . . . . .  6.5 

Company D ....................... 6 .9 
Laboratory deod . . . . . . . . . . . . . . .  5 .4 

Company E ....................... 7 .4  
Laboratory deod . . . . . . . . . . . . . .  6 .3 

+ 

+ 

+ 

+ 

4 .4  
4 .5  

4 .6  
3.8 

4.5 
3.9 

6.2 
4.2 

@ 65 
31 

+ 80 
140  

-~- 62 
4 4  

** 2 .4  
52 

aFlavor scores are from single paired tastings. 

obtained from early erushings and deodorized under 
laboratory conditions gave highly significant results 
in favor of the laboratory deodorization. For  oils ob- 
tained late in the crushing season no difference could 
be established between the two deodorization processes. 

From the data presented in the last two tables it 
might  be concluded that there is a difference in the 
quality of the oil crushed from new and old beans. 
This difference can be demonstrated by organoleptic 
scores or oxidative stabil ity measurements.  The con- 
ditions of commercial  deodorization were sufficiently 
variable to destroy the quality difference found in the 
oil processed from fresh beans. 

Summary  

1. " N a t i v e "  content of iron in erude soybean oil 
was approximately  0.8 p.p.m.,  and the copper content 
was about 0.4 p .p .m.  

2. Commercial extraction increased the iron content 
of crude oil 4- to 8-fold; passage through each of the 
unit  operations increased the iron content. 

3. No significant and consistent increase was noted 
in the copper content at any stage of processing for 
either the beans or the oil. 

4. The contaminat ing iron accumulated during ex- 
traction was not deleterious to the quality or stabil ity 
of the oil when the crude oils were refined promptly  
after extraction. 

5. Refining removed over 95-98% of the iron pres- 
ent. The removal of copper was in the same order of 
magnitude.  

6. The lowest meta l  eontent was observed in the 
washed oils. The iron content of a refined oil can be 
lowered to less than 0.1 p.p.m.  

7. Commercial bleaching lowered the oxidative sta- 
bil ity but not the initial organoleptie flavor score. 

8. Deodorization is the most critical and sometimes 
a very damaging process to the stabil ity and quality 
of soybean 0il. In many  cases the deleterious effect 
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can be a t t r ibuted  to the iron contamination. Observed 
increases in the iron content have been as high as 40- 
fold for this one processing operation. 

9. Labora tory  experiments have shown that  the pres- 
ence of 0.3 p.p.m, of iron during deodorization for 3 
hours at 210~ is very detrimental  to the quality and 
stability of soybean oil. Iron at levels of 0.1 p.p.m. 
also lowers the initial flavor score but  not significantly. 

10. Oil from new beans was shown to be signifi- 
cantly higher in quali ty than oil obtained from beans 
crushed at the end of the season. 

11. Variabil i ty in commercial deodorization of oil 
was sufficiently great to prevent  recognition of any 
flavor superiori ty resulting f rom use of fresh beans. 

12. Deodorization is the processing step in which 
improvements most logically could be made on both 
the quality and stability of soybean oil. A reduction 
of the metal contamination and the use of a metal 
scavenger will improve both the quali ty and stability 
of soybean oil. 
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Re-Refining Cottonseed Oil at High Rates of Shear' 
J. G. KROONEN 2 and R. O. FEUGE, Southern Regional Research Laboratory," 
New Orleans, Louisiana 

R E-REFINING,  which is essentially a process for 
removing color bodies f rom an oil, is all impor- 
tant  operation in the production of cottonseed 

oils intended for use in the manufacture  of shorten- 
ing and sometimes for other uses as well. Recent rec- 
ords indicate that  20-40% of the crude cottonseed oil 
produced in some areas is off-grade with respect to 
color under  the t rading rules of the National Cotton- 
seed Products  Association (5). 

Re-refining consists of mixing a small amount of 
an aqueous solution of sodium h y d r o x i d e  with a 
once-refined oil and separating the soapstoek and oil. 
Basically, refining and re-refining are very similar 
processes except for variations in the strength of the 
sodium hydroxide solution used and several other 
details (2, 3), according to the ideas of the operator 
and the equipment available. 

Cavanagh (4) has reported that  crude cottonseed 
oil which has been degummed by the continuous soda 
ash process will yield a lighter-colored oil if it is sub- 
sequently t reated batehwise with a solution of rela- 
t ively concentrated caustic soda while being agitated 
at very  high rates. Although Cavanagh reported data 
with respect to the effect of a number  of variables 
involved in the process, he did not mention other 
equally essential data. For  example, he reported data 
for  the bleach colors of the re-refined oils, bu t  not 
for  the corresponding oils pr ior  to bleaching, and, 
more important,  he reported no data for the refining 
losses. 

The following report  is concerned with the applica- 
tion of high rates of agitation and shear in re-refining 
caustic soda-refined cottonseed oils. and par t icular ly  

with the effects produced by  the systematic variation 
of the factors involved in the process as applied to 
oils of widely divergent origins. These factors are a) 
rate of agitation and shear of the oil-caustic soda mix- 
ture, b) durat ion of agitation and shear, c) temper- 
ature of tile mixture, d) amount of caustic soda used, 
and e) concentration of the caustic soda. The rate of 
agitation and shear is itself a complex variable, bu t  at 
present this variable cannot be resolved into simpler 
conlponents. 

The relative effectiveness of the color removed by  
conventional and high-shear re-refining is compared, 
and data are reported for the comparative refining 
losses by the two methods. 

Apparatus and Test Procedures 
All re-refinings at high rates of agitation and shear 

were made in a one-liter stainless steel beaker, 12.4 
era. inside diameter. Three baffles, consisting of strips 
of stainless steel (1.5 x 15.0 cm.), were attached equi- 

1Presented at the 42nd Annual Meeting of the American Oil Chem- 
ists' Society, New Orleans, La., May 1-3, 1951. 

~Research Fellow, The Coolidge Foundation, New York, N. Y. 
aOne of the laboratories of the Bttreau of Agricultural and Industrial 

Chemistry, Agricultural Research Administration, U. S. Department of 
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FIG. 1. Impe] lc r s  emp]oyed in  h igh-shear  re-refining. 


