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and heated under  vacuum with a Glas-Col mantle un- 
til the contents of the flasks reached the desired tem- 
peratures  (1.5-2 hr .) .  Rendering in a boiling water  
bath for 2 hr. was used as a control condition. All 
mixtures were filtered under  nitrogen. Added stabil- 
i ty was obtained by the use of high render ing tem- 
peratures  (Table V) ,  bu t  increased color and odor of 
the lard were apparent .  

Bleaching and Deodorizing. I t  was found that 
heated samples with strong odor and color between 
F. A. C. s tandards 2 and 3 were bland and tight- 
colored (F. A. C. less than 1) a f te r  one hour ' s  deo- 
dorization at 200°C. in contact with 1% bleaching 
clay, and subsequent filtration with the addition of 
1% diatomaceous earth. Hea t  stabilized lard  retained 
some degree of stabilization a f te r  this bleaching and 
deodorizing procedure (Table VI ) .  Simultaneous heat 
t reatment  and deodorization gave a bland lard of fa i r  
stabili ty bu t  dark color. 

Discussion 
The foregoing results raise doubts as to the useful- 

ness of some of the patented processes for  stabilizing 
fats by heat treatments.  The keeping quali ty of the 
most stable lard (heat t reated with whey powder) 
af ter  necessary bleaching and deodorizing, although 
considerably greater  than that  of the control mate- 
rial, was appreciably less than that  obtained with 
the commercial antioxidants tested (el. Tables IV 
and VI) .  

Although the direct application of heat t reatment  
to lard stabilization appeared to be impractical,  the 

TABLE VI 

The Effect of Bleaching and Deodorizing on the Stability of 
Hea t  Treated Lard  

I Storage life, 
Treatment days at 60°C. 

No heat treatment, no deodorization ................................... i 
No heat treatment, deodorized one hoar  at  200°C ............. ] 
1% whey powder, heated to 296°C., no deodorization ........ I 
/ %  whey powder, heated to 296°C.. then simultaneously i 

bleached and deodorized one  hour at  200°(3 .................. 
0.5% whey powder, simultaneously heated and 

deodorized one hour at 225°C .......................................... 
0.5% whey powder, simultaneously heated and 

deodorized one hour at 250°(? ......................................... 
0.5% whey powder, simultaneously heated and 

deodorized one hour at 296°C ......................................... 

1 
1 

8o 

8 

1 

6 

11 

observations are of wider interest  since edible fats 
are heated extensively with other materials dur ing 
extract ion or render ing and when used in the prep- 
arat ion of foods. The temperatures  a t ta ined in such 
processes are general ly not as high as the ones reached 
in these experiments,  and the materials usually con- 
tain considerable moisture. However  the tendency for  
the natural  antioxidants in the heated fats to be de- 
stroyed may be offset to some extent  by  stabilization 
resulting from heating in contact with protein and 
(or) carbohydra te  material.  When heating conditions 
are severe this effect could assume greater  importance, 
but  it might be accompanied by  undesirable changes 
in palatabi l i ty  and nutr i t ive value. 

Summary 
The storage life of lard was increased by  heating 

it under  vacuum to 288-296°C. with 0.1 to 0.5% of 
various protein and carbohydra te  materials (dr ied 
whey was the most effective substance used),  bu t  un- 
desirable color and odor were produced in the lard 
by the process, and bleaching and deodorizing to a 
bland, light colored end-product  resulted in a loss of 
most of the added stability. 
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Evaluation of the Twitchell Isooleic Method: Comparison 
With the Infrared Trans-lsooleic Method I 
FRANK L. JACKSON and JOSEPH E. CALLEN, Procter and Gamble Company, Ivorydale, Ohio 

T W I T C H E L L  (1),  in 1921, proposed a lead salt- 
alcohol method for  the separation of solid and 
liquid acids. His method was an impor tant  im- 

provement  over lead salt-ether method first suggested 
by  Gusserow (2) in 1828 and subsequently examined 
by numerous other investigators. Twitchell clearly 
pointed out that  the iodine value of the twice crystal- 
lized solid f a t ty  acid ( S F A )  fract ion represented 
"isooleie acids ,"  a term which broadly  includes all 
the unsatura ted  acids appearing in the solid fa t ty  

Presented at  the spring meeting of the American 0il Chemists' So- 
ciety, Atlanta, Ca., May 1-3, 1950. 

acid fract ion and which is most often applied to the 
unsa tura ted  solid acids of hydrogenated  fats  (3).  
Cooperative investigation of the Twitehell method 
by  a group of A.O.C.S.  collaborators (4) led to its 
adoption as the A.O.C.S.  official method (5) for  de- 
termining solid and liquid unsa tu ra ted  acids and 
incidentally isooleic acids. 

The Twitchell method has been found  sat isfactory 
for determining saturated solid and total unsa tura ted  
fa t ty  acids and par t ia l ly  sat isfactory for  determining 
the unsa tura ted  solid acids in fats and oils. However  
in order  to unders tand  clearly the chemical na ture  
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of the Twitchell unsatura ted  solid acids and the limi- 
tations of the Twitchell method, a critical evaluation 
using independent  methods is indicated. The need 
for  development of a dependable and completely un- 
derstood method for isooleic acid determination had 
been pointed out by  other investigators including 
Stillman and Andrews (6).  

The inf rared  method for  t rans -s t ruc ture  deter- 
mination was developed largely in the past decade. 
Outside the fat  and oil field various investigators (7, 
8, 9, 10, 11, 12) have made use of the 10.36 g trans- 
double bond absorption band for  analyses. In  the 
fat  and oil field Rao and Dauber t  (13), Binkerd and 
Harwood (14), and Swern et al. (15, 16) have shown 
that  trans-octadecenoic acids have strong absorption 
in the 10.36 Ix region. In addition, Swern and co- 
workers set up a method for  the quanti tat ive deter- 
mination of t rans f a t ty  material  and compared briefly 
results of the Twitchell and in f ra red  methods, with 
striking confirmation of the previously recognized 
fai lure of the Twichell method to detect all the iso- 
oleie acid present. There is still need of a more 
basic unders tanding of this deficiency in the Twitch- 
ell method, explanation of which is the p r imary  aim 
of the present paper. 

Unfor tuna te ly  the term isooleic acid as used by 
various investigators has a somewhat obscure mean- 
ing and may or may not include all solid unsatura ted 
acids. This, in some instances, may result in erucic 
acid being classified as isooleic acid. However in deal- 
ing with the bulk of oils commonly subjected to hy- 
drogenation, namely, cottonseed and soybean oil, the 
term isooleic acids may be given a more specific mean- 
ing. In general the trans-octadecenoic acids, which 
have reported melting points of 44 to 63°C., are the 
t ru ly  solid unsa tura ted  acids. I t  should be mentioned 
that  elaidic acid, long recognized as the most preva- 
lent isooleic acid, melts at 44°C. The cis-octadecenoic 
acids, on the other hand, are low melting (10-30°C.). 
With the exception of oleic acid they are thought  to 
occur in very  limited quantit ies in hydrogenated oils. 

I t  is apparen t  then that  " u n s a t u r a t e d  solid ac ids"  
and trans-isooleic acids are synonymous whereas cis- 
isoo]eic acids are not classed as " u n s a t u r a t e d  solid 
ac ids"  in view of their  low (10-30°C.) melting points. 

Clearly then the superior isooleic method may be 
considered as the one giving the most accurate deter- 
mination of the trans-isooleic acid content. 

Experimental  
Materials. The fa t ty  materials used for standardi- 

zation of the inf rared  method and for  proof of its 
accuracy were careful ly purified by  accepted pro- 

T A B L E  I 

Ana ly t i ca l  Cons tan t s  fo r  S t a n d a r d i z a t i o n  Materials 

Materials 

Oleic Acid . . . . . . . . . . . . . . . . . . . . . . . .  
Methyl  Oleate  . . . . . . . . . . . . . . . . . . .  
Triolein . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E l a i d i c  Acid . . . . . . . . . . . . . . . . . . . .  
Methyl  E l a i d a t e  . . . . . . . . . . . . . . .  
Trielaidin . . . . . . . . . . . . . . . . . . . . . . . .  
Petroselinic Acid . . . . . . . . . . . . .  
P e t r o s e l a i d i c  Acid  . . . . . . . . . . .  
Methy l  P e t r o s e l a i d a t e  ...... 
CSO Methy l  E s t e r s  . . . . . . . . . .  

M e l t i n g  
P o i n t  

5.1 
44 .4  
11.5  
42 .2  
30 .1  
53.2  
19 .9  

Iod ine  
V a l u e  b 

89.3 
85 .7  
85.2  
8 9 . 9  a 
8 5 . 4  a 
85 .1  
88 .0  
89 .0  a 
85.2  a 

114 .2  

Saponif ica-  Acid 
tion Value  e V a l u e  

198 .3  ...... 
190 .3  .~... 

198 .0  198 .0  
1 8 8 . 4  

0 . l  
198 .8  196 .5  

aThese  iodine  va lues  w e r e  ob ta ined  f rom h y d r o g e n  number s .  
h i .  V. T h e o r y :  oc tadeceno ic  ac id  8 9 . 9 ;  me thy l  oc t adecenoa te  8 5 . 6 ;  

t r ioc tadeceno in  86 .1 .  
e S. V .  T h e o r y :  oc tadecenoic  ac id  1 9 8 . 6 ;  methy l  oc t adecenoa te  189 .3 .  

cedures. Analytical  data for  the purified f a t t y  mate- 
rials are given in Table I. 

Lead Salt-Alcohol Isooleic Method. Official method 
Cd 6-38 of the American Oil Chemists'  Society was 
used (5).  

Infrared Spectrometric Trans-Isooleic Method. The 
inf ra red  data were obtained, using a Perk in-Elmer  
Model 12-c spectrometer equipped with a sodium chlo- 
ride prism and a l i thium fluoride shutter.  Determi- 
nations were made, using a fixed slit micrometer  set- 
t ing of .250 mm. and a 0.2 mm. sodium chloride cell. 
F a t t y  materials were examined as 10% solutions in 
carbon tetrachloride.  

Though carbon tetraehloride has a weak band  in 
the region of 10.36 Ix and is not as sat isfactory f rom 
a photometric s tandpoint  as carbon disulfide, quite 
sat isfactory results were obtained with this solvent 
using the " b a s e l i n e "  technique of Wright  (17) and 
of Heigl, Bell, and White (18) for  the measurement  
of optical densities. The disadvantages of the higher 
volatility, inflammability, and disagreeable odor of 
carbon disulfide were thus avoided. In  addition, the 
" b a s e l i n e "  technique makes unnecessary a solvent 
absorption measurement for  each determination. 

An independent  working curve was developed for  
each type of sample encountered,  namely f a t ty  
acids, methyl  esters, and triglycerides. Examinat ion  
of " b a s e l i n e "  optical densities at 10.36 t~ for  pure 
oleic and stearie acids, revealed them to be small 
and equal for  all pract ical  purposes. Thus no correc- 
tion was necessary for  samples containing saturated 
materials. 

Since the absorption coefficients of the pure  trans- 
isomers for  each of the three types of materials, as 
determined by  the " b a s e l i n e "  technique, are not 
identical due to differences in background absorp- 
tion, it follows that  the tr iglycerides and methyl  
esters must be essentially free of fa t ty  acid in order  
to obtain accurate results. An additional interfer-  
ence which has been encountered is absorption at 
10.2 ix caused by  conjugated diene. However  in nor- 
real hydrogenated oils this interference is negligible. 

I t  is recognized that  trans-9-trans-15-1inoleic acid, 
if present, would cause an error  in the estimation of 
trans-isooleic acid. I t  is assumed that  such isolinoleic 

T A B L E  I I  

I n f r a r e d  T r a n s - I s o o l e a t e  Ana lyses  of Syn the t i c  M i x t u r e s  

M a t e r i a l  

Methyl  E l a i d a t e  
Methyl  Petroselaidate 
E l a i d i c  Acid 
Cottonseed Oil Me Esters 
t t y d r o g .  Cot tonseed Oil  E A ' s  
H y d r o g .  Soybean  Oil  F A ' s  

Me E l a i d a t e ~ C S O  Me Esters 

Me P e t r o s e l a i d a t e / C S O  Me Esters 

E l a i d i c  A c i d / H y d r o g .  CSO F A  

E l a i d i c  Ae id /13yd :og .  S B O  F A  

[ To ta l  [ Infrared 
T r a n s -  [ T r a n s - [  . . . . .  

M a t e r i a l  [Mate r ia l [  T r a n s -  I 
Added  Error - - J  Pr°sentl s l°atel - -  

. . . . . . . . . . . .  100  ...... 

. . . . . . . . . . . .  99  ...... 

( I V  '--"i'44 ) :::::: 1 0 0 . 1  :::::: 
!(IV~-~-75.7) i ...... 20 .9  ...... 
( IV-- - -86 .7)  I ...... 33 .5  / ...... 

5 .0  
15 .0  
25 .0  

3 .9  
7.9 

14 .7  
24 .5  

8.8 
1 2 . 5  
18 .2  
2 5 . 0  
33.3 

6.7 
14 .3  
27 ,7  

5.1 5.0 - - 2 . 0  
15.1  14 .8  - - 2 . 0  
25 .1  24 .6  - - 2 . 0  

4 .0  "3.8 ~ 5 . 0  
8,0 7,8 - - 2 . 5  

14 .8  14 .8  0 
24 .6  2 4 , 6  0 

27 .8  2 7 . 8  0 
30 .8  32 .2  -~4.5 
3 5 . 3  35 .7  ~-1.1 
4 0 . 7  39 .8  - - 2 . 2  
47 .2  48 .1  -+-1.9 

38 .0  38 .0  0 
4 3 . 0  4 1 . 9  - - 2 . 6  
51 .9  51 .6  - -  .6 
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acid arises f rom part ia l  hydrogenat ion and isomeriza- 
tion of linolenic acid (19). In  this case par t ia l ly  hy- 
drogenated soybean and cottonseed oils (70-80 I.V.) 
would contain little if  any isolinoleic acid in view 
of the low original linolenic content (6-8% and 0% 
respectively).  

The accuracy of the inf rared  method for  deter- 
mining trans-isooleate material  is indicated by the 
representat ive data in Table II .  The usual variation 
in the inf rared  trans-isooleic results is about _+ 1% 
of the actual isooleate material  present. 

Twitchell Isooleate Determinations 
In  evaluating Twitchell isooleic acid results, it is 

interesting to consider first the individual solubili- 
ties of various lead salts of f a t t y  acids in alcohol. 
These data are shown in Table I I I .  They are not 
conclusive but  suggest that  the Twitchell procedure 
should give fa i r ly  sat isfactory results in the deter- 
mination of trans-aeids. As pointed out by  previous 
investigators (16), petroselinic (Cis-6:7) acid could 
interfere,  but  this is not serious inasmuch as this 
acid would be found in very  low concentration, if at 
all, in ordinary  hydrogenated stocks which are nor- 
mally subjected to Twitehell analyses. 

TABLE I I I  

Twitchell Solubilities of Isooleic and Saturated Acids 

Stearle .............................................. 
Palmitic ............................................ 
Elaidic (9-trans) ............................. 
Petroselaidic (6-trans) .................... 
Petroselinie (6-cis) .......................... 
Vaccenic (Synthetic l l - t r a n s )  ........ 
"Vaceenic" from Tung Oil 

(trans-11 and-12)  ....................... 
17-Octadecenoic ............................... 

M , P .  

° C .  

69.6 
62.9 
44.5 
53.2 
30.1 
44.5 

39.0 
56.1 

Twitchell 
Solubility Recovery 

g . / l  O0 ~nl. v/v 
~ t O H  
.008 99 
02~ 97 

.030 95 

.027 96 

.222 73 

.034 95 

.118 84 

.050 93 

Now that  the Twitchell solubilities of individual 
isooleic acids are known, the next  step is to determine 
the Twitchell recoveries of isooleic acids f rom simple 
mixtures. Perhaps the simplest mixture  is the elaidic- 
oleic acid system. The data of Table IV support  the 
conclusions drawn f rom Table I I I ;  namely, that  the 
Twitchell solubility of elaidic acid is low. However 
it will be noted that  the Twitchell SFA fractions are 
contaminated with about 5% of cis material.  

In  Table IV data of Swern et al. (16), as reported 
in a recent publication, are included. These investi- 
gators reported a decrease in Twitchell values with 
increase in selenium elaidinization time over one hour. 
They assumed this effect to be due to polymerization 
and /o r  hydrogenat ion during the selenium treatment .  

The results of the present  work show no evidence 
for  any reaction, in the selenium treatment,  except 

cis-trans isomerization of the double bond. Distilla- 
tion of the isomerized sample resulted in no change 
in the Twitchell or in f ra red  isooleic values of the 
distillate, and there was no distillation residue. Fu r -  
thermore iodine values of the original and selenium 
treated samples were essentially the same. I t  is evi- 
dent  then that  selenium isomerization under  careful ly  
purified ni trogen does not result  in polymerization or 
hydrogenat ion effects. 

The next  step in evaluation of the Twitchell isooleic 
method is to examine its behavior on known mixtures 
which are more complicated than the elaidic-oleic sys- 
tem just  discussed. The mixtures to be considered are 
trans-ester-cottonseed ester, elaidic acid-hydrogenated 
cottonseed fa t ty  acids, and elaidic acid-hydrogenated 
soybean f a t ty  acids. The data, presented in Table V, 
show the Twitchell procedure to be subject  to ra ther  
large loss errors, especially at low isooleic concentra- 
tions. I t  is noteworthy that  elaidic acid added to hy- 
drogenated oils is recovered in good yield. F igure  1, 
a graphical presentat ion of the Twitchell recovery of 
trans-esters added to unhydrogenated  oils as recorded 
in Table V, indicates: 

a )  A n  i n i t i a l  s o l u b i l i t y  loss of  l e a d  i soo l ea t e ,  f o l l o w e d  b y  a 
T w i t c h e l l  r e c o v e r y  i n c r e a s i n g  in  p r o p o r t i o n  to t h e  a m o u n t  
o f  a d d e d  t r a n s  e s t e r .  

b )  A s h a r p  i n i t i a l  i n c r e a s e  in  t h e  p e r c e n t a g e  r e c o v e r e d  of  t h e  
t o t a l  i soole ic  a c i d s  p r e s e n t ,  f o l l o w e d  b y  a l e v e l l i n g  off  a s  
t h e  c o n c e n t r a t i o n  o f  i soole ie  a c id s  i n c r e a s e .  

Figure  2, which shows the relationship between ela- 
idic acid added to hydrogenated oils and Twitchell 
isooleic acid values, indicates:  

a )  L i t t l e  or  no  i n i t i a l  l e a d  e l a i d a t e  loss t h r o u g h  so lub i l i t y  
in  t h e  a lcohol  so lu t ions .  T h i s  is r e a s o n a b l e  in  v i e w  o f  
t h e  l a r g e  a m o u n t  o f  i soo l ea t e s  a l r e a d y  p r e s e n t  in  t he  
h y d r o g e n a t e d  b a s e s t o c k s .  

.o, 

~so 

~ ~o 

E '0ATE "E ESTERS ! / 
O ME PETROSELAIDATE 050 ME ESTERS 

~s° I 

!,o 
l 

I I I P I .  
5 IO 15 20 25 

PERCENT ADOED TRANS ESTERS 

:FIG. 1. T w i t e h e l l  i soole ic  a c i d  r e c o v e r i e s  f o r  t r a n s : e s t e r -  
c o t t o n s e e d  m e t h y l  e s t e r  m i x t u r e s .  

• TABLE IV 

Twitchell and In f ra red  Analyses of Elaidic/Oleic Acid Mixtures 

Iodine Value Swern (16) 

Material Treatment  

Oleic Acid .. . . . . . . . . . . . . . . . . . . . .  3% Se; 1.5 hrs. at 220°0.  88.8 
Oleic Acid ..................... Same distilled 88.8 
Oleic Acid .. . . . . . . . . . . . . . . . . . . . .  3% Se; 3 hrs. at 220°C. 88.8 
Oleic Acid ..................... Same distilled 88.8 

a Swern et al, used 1 hour heating with selenium. 

Original After 
Treatment  

88.8 
90.1 
89.0 
89.6 

E In f ra red  

Twitchell Trans- ] Trans-Isooleic 
Isooleie Isooleic I in Twitcheli 

I - - T ° t a l  I SFA Fraction 

% 6~i % 65.9 98.1 
64.3 69.1 94.4 
66.8 ~ 70.4 97.4 
64.6 I 71.5 I 95.0 

In f ra red  
Twitehell Trans- 
Iseoleic Isooleic 

% % 
57.8 a 57.3 a 

42.3 67.0 
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T A B L E  V 

Twitchell Isooleic Analyses of Synthetic Mixtures 

Material 

Methyl-Elaidate 
Methyl Petros- 

elaidate 
Elaidic Acid 
Cottonseed Oil 

M e  Esters 
ttydrog. Cottonseed 

Oil F A ' s  
Hydrog. Soybean 

Oil F A ' s  

Me Elaidate/  
C S O  M e  Esters 

M e  Petroselaidate/  
C S O  M e  Esters 

Elaidic Acid/  
Hydrog. C S O  F A  

Elaidic Acid/  
Hydrog. S B O  F A  

Trans- 
Material 

Added 

% 

( I V - - - - - l l 4 )  

( I V - - - - 7 5 . 7 )  

( I V ~ 8 6 , 7 )  

5 . 0  
1 5 . 0  
2 5 . 0  

3 .9  
7 . 9  

1 4 . 7  
2 4 . 5  

8 . 8  
1 2 . 5  
1 8 . 2  
2 5 . 0  

6 .7  
1 4 . 3  
2 7 . 7  

Total 
Trans- 

Material 
Present 

% 
1 0 0  a 

99  a 
1 0 0  a 

.1 a 

2 0 . 9 "  

3 3 . 5  a 

5 .1  
1 5 . 1  
2 5 . 1  

4 . 0  
8 .0  

1 4 . 8  
2 4 . 6  

2 7 . 8  
3 0 . 8  
3 5 . 3  
4 0 . 7  

3 8 . 0  
4 3 . 0  
5 1 . 9  

TwitchelI 

Trans- I 
Isooleie I Error 

Acid 

.~./.~... % 

1 .2  - I - 1 2 0 0  

1 1 . 7  - - 4 4  

1 7 . 8  - - 4 7  

3 . 5  - - 3 1  
1 2 . 4  - - 1 8  
2 1 . 9  - - 1 3  

2 . 6  - - 3 4  
6 . 3  - - 2 0  

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

1 7 . 9  - - 3 6  
2 1 . 7  - - 3 0  
2 6 . 3  - - 2 5  
3 2 . 1  - - 2 1  

2 3 . 0  - - 4 0  
2 8 . 5  - - 3 4  
3 8 . 1  - - 2 7  

R e c o ' , ~ e r y  
of added 

Trans- 
material 

% 

6 9  
8 2  
87  

6 6  
8O 
8 4  
8 9  

82  
9 2  
9 2  
93  

9 6  
9 2  
91  

a Determined by infrared analysis. 

b) A nearly straight-line relationship between Twitchel] per 
cent recovery of total isooleie acids present and elaidic 
acid added. This again indicatSs high recovery of the 
added elaidic acid. 

Isooleic Analyses of Hydrogenated Oils. It has 
been shown that the infrared trans-isooleie metho~l 
is accurate and is not influenced by the trans-double 
bond position. The Twitchell nlethod seems to be 
fairly satisfactory for simple elaidic-oleie acid mix- 
tures. It will also give acceptable results with simple 
trans esters and trans acids added to hydrogenated 
and unhydrogenated CSO and SBO oils. Up until 
now systems containing only one isooleic acid have 
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FIG. 2. Twitchell isooleic acid recoveries for elaidic acid- 
hydrogenated fatty acid mixtures. 

been considered. Comparative analyses on hydro- 
genated oils which contain a probable minimum of 
six different trans-isooleic acids (Table VI)  show the 
Twitchell method to be very inaccurate for such sam- 
ples. It will be noted that for samples of a given 
oil hydrogenated under certain specified conditions, 
Twitchell errors are fairly constant at about - -40%. 
IIowever, with different oils using variable hydrogen- 
ation conditions, Twitchell errors vary from --27 to 
- - 6 0 % .  

Reasons for TwitcheU Error. It was indicated 
previously that all of the known trans-isooleic acids 
of any double bond position are "solid unsaturated 
acids" and should therefore be detected by the 
Twitchell method whereas cis-acids have low melting 
points and should not be included. Furthermore the 
Twitchell method gives fair accuracy with simple 
known trans-acid mixtures but fails with hydrogen- 
ated oils. 

T A B L E  V I  

Isooleic Analyses of Hydrogenated Stocks 

Material I . V .  
Isooleic Twitchell 

Infrared I Twitchell Error 

Laboratory I-Iydrogenated Stocks ( 1 7 0 ° C . ;  . 0 2 %  N i )  

Cottonseed Oil . . . . . . . . . . . . . . . . . . . .  
Cottonseed Oil . . . . . . . . . . . . . . . . . . . .  
Cottonseed Oil . . . . . . . . . . . . . . . . . . . .  
Cottonseed 0i] . . . . . . . . . . . . . . . . . . . .  
Cottonseed O i l  . . . . . . . . . . . . . . . . . . . .  
Cottonseed Oil . . . . . . . . . . . . . . . . . . . .  
Cottonseed Oil Me Esters...  
Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . .  
Olive Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Olive Oil Me Esters . . . . . . . . . . . . .  
Linseed Oil Me Esters . . . . . . . .  

7 5 . 7  
5 6 . 7  
5 6 . 5  
5 0 . 6  
4 6 . 5  
4 0 . 6  
6 3 . 2  
7 6 . 1  
4 1 . 3  
3 5 . 6  

1 0 0 . 0  

% 
2 0 . 9  
3 8 . 3  
3 6 . 1  
3 6 . 9  
3 4 i 2  
3 3 . 9  
2 5 . 4  
2 4 . 4  
2 8 . 3  
3 0 . 1  
4 1 . 5  

% 
1 1 . 7  
2 5 . 4  
2 1 . 9  
2 2 . 2  
1 8 . 5  
1 8 . 0  
1 7 . 7  
1 5 . 5  
1 8 . 2  
2 1 . 5  
2 0 . 5  

% 
- - 4 4  
- - 3 4  
- - 3 9  
- - 4 0  
- - 4 6  
- - 4 7  
- - 3 0  
- - 3 6  
- - 3 6  
- - 2 9  
- - 5 1  

Soybean Oils Hydrogenated at Various Temperatures and Pressures 
Using Numerous Catalysts 

Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . .  8 6 . 7  3 3 . 5  1 7 . 8  - - 4 7  
Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . .  8 0 . 0  7 . 5  3 .3  - - 5 6  
Soybean Oil . . . . . . . . . . . . . . . . . . . . . . .  7 7 . 2  3 8 . 5  2 8 . 1  - - 2 7  
Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . .  7 6 , 1  2 4 . 4  1 5 . 5  - - 3 6  
Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . .  7 3 . 9  1 6 . 8  8 . 0  - - 5 2  
Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . .  5 0 . 7  1 3 . 6  5 .5  - - 6 0  

Comrnercial Hydrogenated Stocks 

Shortening A . . . . . . . . . . . . . . . . . . . . . .  7 5 . 3  3 1 . 5  ] 1 8 . 4  - - 4 2  
Shortening A . . . . . . . . . . . . . . . . . . . . . .  7 5 . 2  3 1 . 5  1 8 . 2  - - 4 2  
Shortening A . . . . . . . . . . . . . . . . . . . . . .  7 4 . 7  3 1 . 6  1 9 . 2  - - 3 9  
Shortening B . . . . . . . . . . . . . . . . . . . . .  7 1 . 1  2 9 . 1  1 7 . 1  - - 4 1  
Shortening B . . . . . . . . . . . . . . . . . . . .  7 2 . 9  3 0 . 1  1 7 . 6  - - 4 2  
Margarine Stock A . . . . . . . . . . . . .  7 1 . 4  3 2 . 5  2 1 . 7  - - 3 3  
Margarine Stock B . . . . . . . . . . . .  7 6 . 0  4 5 . 5  3 6 . 0  - - 2 0  

~,0c 

Do 
BC 

o 

I-- ~'0 

0 BASED ON 1,2g. SFA OF I,V 4 5  
X BASED ON L2g. SFA OF LV. 2,0 

N U M B E R  OF ISOOLEIC ACIDS PRESENT 

~m. 3. Twitehell isooleic recovery vs. number of isooleic 
acids present. 

The explanation for the failure of the Twitchell 
isooleic acid method with hydrogenated oils lies in 
the increasing solubility of lead isooleate salts with 
increase in the number of individual isooleie acids 
present in the oil. Data supporting this point are 
found i n  Table VII  and Figure 3. From the data 
presented~ the following observations may be made: 
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T A B L E  V I I  

Twitchell Isoeleie Determinat ions  on K n o w n  Isooleate  Mixtures  

Fat ty  Acid Mixture 

Elaidic 

Lead Salt  
Solubility 

i g./lO0 ml. 
95% EtOH 

.030 

.047 Ela id ic /Pet rose la id ic  ( 1 : 1  ) 
E la idic/vaccenic  a/ 

Petrose la id lc  (1 : 1 : 1 ) 
Palmit ie  .Sg 
Stearie .2g 

9-trans- .5g l 11 - t ran s- .1 g 
] 2-trans- .2e' 

Oleie 1.0g 
binoleic 0.Sg 
Isooleic Acids fl'om 

Hydrogena ted  CS0 b 
Isooleic  Acids f rom 

Hydrogena ted  SBO 

.109 

.069 
(SFA IV----44) 

.085 

.13 

Twitche l l  l~ecovery 

Calculated 
Actual  (SFA wt. 

1.2g. IV 80 ) 

% % 

95 87 
93 8 l  

85 65 

83 74 

67 70 

70 60 

The lead salt-solubility da ta  for  CSO and  S B 0  a re  low inasmuch  as 
they were  determined by a th i rd  lead salt  crystall ization of a regular" 
Twitchell r un .  The more  soluble lead isooleates were  lost in  th~ first 
two crystall izations.  

aVaccen ic  acid f rom par t ia l ly  hydrogena ted  t ung  oil. 
bHydrogena t ed  CSO and  SBO stocks a re  known to  contain at  least 

6 ~rans-isoeleic acids of different double bond position, based on unre-  
por ted x-ray spectrophotemeter  studies  of dih:~droxy derivatives.  

a )  T h e  s o l u b i l i t y  o f  l e a d  i s o o l e a t e  s a l t s  i n c r e a s e s  i n  a m o r e  
o r  less  r e g u l a r  m a n n e r  as  t h e  n u m b e r  o f  c o m p o n e n t  iso-  
o le ic  a c i d s  i n c r e a s e s .  

b )  T h e  p r e s e n c e  o f  " t u n g  oi l  v a e c e n i c  a c i d , "  w h i c h  is  a 
m i x t u r e  o f  m o s t l y  t r a n s - l l  a n d  -12 a c i d s ,  c a u s e s  a n t i c i -  
p a t e d  l o w  r e c o v e r i e s .  

c )  T h e  T w i t c h e l l  r e c o v e r i e s  w i t h  t h r e e  a n d  m o r e  i n d i v i d u a l  
i soo l e i c  a c i d s  a p p r o a c h  t h e  s a m e  o r d e r  a s  t h o s e  i n d i c a t e d  
b y  c o m p a r i s o n  o f  T w i t c h e l l  a n d  i n f r a r e d  i soo ie i e  a n a l y s e s  
o n  h y d r o g e n a t e d  s t o c k s .  

d )  T h e  b r o k e n  l i n e s  i n d i c a t e  t h e  a n t i c i p a t e d  T w i t c h e l l  re-  
c o v e r i e s  o f  s ix  c o m p o n e n t  m i x t u r e s .  

Conclusion 
The Twitchell and in f ra red  isooleic methods have 

been compared. Assuming that  all trans-isooleic acids 
are of equal significance as regards influence on short- 
ening plasticity as "sol id  unsa tura ted  acids ,"  the in- 
f ra red  method is superior.  This method has all the 
advantages of speed and accuracy of spectrophoto- 
metric methods. I t  handles simple and complex iso- 
oleate mixtures with equal ease in view of identical 
inf rared  absorption for  t rans-isomers of different 
double bond position. 

The Twitchell method was shown, on close analysis, 
to have fair  accuracy for simple trans-acid mixtures 
but  give very  low values (errors of 35 to 45%) with 
ord inary  hydrogenated oils. The reason for  the fail- 
ure of the Twitchell method apparent ly  lies in the 
increasing lead isooleate solubility with increase in 
the number  of transdsooleic acids. 
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Phenolic Antioxidants for Carotene 
E. M. BICKOFF, Western Regional Research Laboratory/ Albany, California 

w['~HE stabil i ty of carotene has been the subject  of 
_l_ numerous investigations, most of which have been 

concerned with the rate of loss of carotene natu= 
ral ly present or added to food or feed ingredients. 
When antioxidants are incorporated into such sys- 
tems, the in terpre ta t ion of the results is often compli- 
cated by  the possibility of synergistic action of the 
added antioxidants with those na tura l ly  present  in 
the various mater ia ls  comprising the provi tamin A 
carr ier  (or by  pro-oxidant materials which nul l i fy  
the effect of the ant ioxidant) .  The results of studies, 
comparing antioxidant  efficiency in natural  and puri- 
fied systems, indicate that  the effectiveness of added 
antioxidants may be very  different under  various 
conditions of storage (1, 2, 5,9). 

A wide var ie ty  of antioxidants is available for  
study, two of the most important  groups being phe- 
nolic compounds and aromatic amines. The present 
investigation was pr imar i ly  concerned with phenolic 
compounds and included alninophenols. A s tudy of 
the effect of various substi tut ing groups on the anti- 
oxidant efficiency of these compounds was under taken 

B u r e a u  of Agr icu l tu ra l  and  Indus t r i a l  Chemistry, Agr icu l tu ra l  Re- 
search Adminis t ra t ion,  U. S. Depar tmen t  of Agricul ture .  

Repor t  of a s tudy  made u n d e r  the Res.~arch and  Marke t ing  Act of 
1946. 

in order  to obtain a bet ter  unders tanding of the re- 
lationship of ant ioxidant  act ivi ty to structure.  The 
results obtained were expected to be applicable to 
the stabilization of carotene in natural  materials. Fo r  
this work a simplified system comprising a solution 
of pure  crystall ine carotene in relatively iner t  solvent 
was employed. More than 100 phenolic compounds 
were studied. 

Experimental 
Commercial crystalline beta-carotene, repurif ied by  

precipi tat ion f rom chloroform with methyl  alcohol, 
was employed in this study. The substrate used for  
testing the antioxidants was a solution of this caro- 
tene in a highly refined medicinal mineral  oil. The 
antioxidants in a suitable solvent, usually peroxide- 
free ether, were added to this solution and the solvent 
removed by  bubbl ing a stream of nitrogen through 
the mixture.  To facili tate the comparative evaluation 
of the antioxidants,  the compounds were incorporated 
on an equivalent molecular basis ra ther  than on a 
weight basis. Thus, in all cases, the test solution con- 
tained the added ant ioxidant  in the proport ion of one 
molecule of ant ioxidant  to two molecules of carotene. 

Stability Test. The details of the stabili ty test have 
been published previously (11). Briefly, it consists 


