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S I N C E  the introduction for use in lard  of the anti- 
oxidant  composed of bu ty la ted  hydroxyanisole 
( B H A ) ,  propyl  gallate (PG) ,  and citric acid 

(CA) (1, 2), sporadic cases of bluish discoloration 
have been observed. Usually a blue-black sludge in 
settlings of a tank of lard  or a bluish discoloration of 
the lard  have been reported.  The color has been at- 
t r ibuted  to the interaction of propyl  gallate f rom the 
ant ioxidant  and the contaminat ing iron in the lard. 

Efforts have been made to avoid the development 
of bluish colors in lard  by  eliminating propyl  gallate 
f rom the ant ioxidant  mix ture  2 or by  use of a formu-  
lation supposed to result  in greater  solubility of the 
ant ioxidant  and more efficient chelation of the con- 
taminat ing  iron2 

Recently another  fac tor  in the format ion  of the 
blue color was discovered. A commercial  sample of 
lard  t reated with an ant ioxidant  containing BHA,  
PG, CA, and lecithin, when exposed to daylight  for  
some hours, was found to develop a blue color over 
the entire surface exposed to light. The surface of the 
la rd  protected f rom light remained white. This sug- 
gested tha t  a photochemical activation of the reaction 
occurred and led to a s tudy of some of the factors  
involved in the development of the bluish coloration. 

Color Effects from Iron Contaminatioa 
Three commercial formulat ions were used in tests 

designed to indicate their  color-forming tendencies 
with iron in the lard, their  relative solubilities, and 
their  tendency to fo rm the colored sludges in systems 
involving both the presence of water  and iron. These 
three ant ioxidants  will be refer red  to hereaf ter  as 
A, B, and C. The composition of each is: 

A. B u t y l a t e d  h y d r o x y a n i s o l e ,  p r o p y l  g a l l a t e ,  a n d  c i t r i c  a c i d  
in  p r o p y l e n e  g l y c o l ;  

B.  B u t y l a t e d  h y d r o x y a n i s o l e ,  p r o p y l  g a l l a t e ,  a n d  c i t r i c  a c i d  
i n  p r o p y l e n e  g l y c o l  a n d  m o n o g l y c e r i d e s  m a d e  f r o m  cot-  
t o n s e e d  o i l  ; 

C. B u t y l a t e d  h y d r o x y a n i s o l e ,  p r o p y l  g a l l a t e ,  l e c i t h i n ,  a n d  
c i t r i c  a c i d  i n  co rn  oil. 

The color-forming tendencies of the three antioxi- 
dants were determined by  adding each to lard in the 
recommended quantit ies by  means of ,rigorous me- 
chanical s t i r r ing for  20 minutes. The recommended 
quantit ies are 0.05% A, 0.05% B, and 0.075% C in 
the lard. The iron was added as ferr ic  chloride in 
alcohol to provide a concentration of 5 par ts  per  mil- 
lion in the lard. Colors were determined as Lovibond 
yellow and red immediately af ter  prepara t ion  and 
a f te r  heating at 375~ for  one hour to simulate the 
effect of f ry ing  on tile system. 

The results are shown in Table I. The lards with 
iron contamination were progressively less colored 
f rom ant ioxidant  mixture  A through C just  af ter  
incorporat ion of the antioxidant.  The heating period 

1Journal paper  No. 7a, American 3~eat Ins t i tu te  1~oundation. 
~Nordihydroguaiaretic acid replaced propyl g'allate in one commercial 

formulation. 
aInteraction of lecithin and citric acid has pro~rided a more  fat- 

soluble synergist  in one commercial formulation. 

of one hour at 375~ produced ra ther  marked  color 
changes. The changes were small in the control lard, 
but  the lards containing iron and ant ioxidant  were 
noticeably darker.  At  this point the la rd  containing 
B was least colored and that  with C was most in- 
tensely colored. This indicates that  while C may  
afford the least color product ion in freshly p repared  
lard when iron contaminat ion is present,  i t  does not 
mainta in  its effectiveness under  simulated conditions 
of usage. 

TABLE I 

Color Effects in Ant.ioxidant-Treated Lard  in the Presence of 
Iron Contamination 

Lov?bond Color Values 

Antioxidant 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No antioxidant ............................ 

I After heating 
Before heating at  375~ 

14 
4.5 
2.5 
1.5 

R ' Y R 

2.5 ~ - 6.8 
1.4 23 4.5 
0.8 5~ 8.5 
0.2 .5 0.8 

Most of the dark-colored sludges repor ted have 
been found in the bot tom of storage tanks where they 
are int imately associated with moisture. All of these 
sludges gave positive iron tests and were soluble in 
mineral  acids but  insoluble in organic solvents. I t  
has been suggested f requent ly  that  the appearance  
of these sludges is connected with the solubility of 
the ant ioxidant  in the lard  and that  incomplete mix- 
ing will result  in settling out and a greater  tendency 
for sludge format ion to appear.  

At tempts  were made to duplicate sludge forma- 
tion and at the same time to compare solubilities of 
antioxidants and their  relative sludge-forming ten- 
dencies. Because agitat ion was a factor  in mixing, 
ant ioxidant  solubility tests were set up  to a t t a i n  
equil ibrium conditions with a min imum of agitation. 

Solubili ty tests were made by  adding' 0.1 g. and 
1.0 g. of ant ioxidant  to 20 g. of lard in a large test 
tube and allowing them to equilibrate in a water  
ba th  at 65~ Ant ioxidant  A was less soluble than  
B or C. I t  did not form a distinct 2-phase system 
however when equil ibrated at 65~ without agita- 
tion and tested at a level which was 100 times the 
recommended use level. 

In  order to t ry  to develop a sludge these same 
tubes os ant ioxidant  t reated lard were used. A sus- 
pension of iron rust  in 5 nil. of water  was t ransfer red  
to each tube. The tubes were placed in a constant 
t empera ture  room at 37~ and observed at the end 
of one-week and two-week periods. The results are 
shown in Table I I .  The color-forming effects were 
var iable  but  always were associated with the aqueous 
phase or the fa t  water  interface. The relative solu- 
bilities of the antioxidants  in the fa t  had no apparen t  
relation to their  tendency to form the colored prod- 
ucts when both iron rust  and moisture were present  
in the system. I t  appears  probable  then that  under  
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TABLE II 

Miscibi l i ty  and  S l u d g e - F o r m i n g  Character i s t ics  of 
Ant i ex idan ta  in L a r d  

A n t i o x i d a n t  

A 0.1 g . / 20  g. l a r d  

A 1.0 g . / 20  g. l a rd  

B 0.1 g . / 20  g. l a rd  

B 1.0 g . / 2 0  g. l a rd  

C 0.1 g . / 20  g. l a r d  

C 1.0 g . / 2 0  g. l a r d  
, 'Ooamy 

D a r k  

Misc ib i l i ty  
at 65~ 

1 hi 

Clear 

Cloud ~1, 
2 pha 

Clear C1 

Cloud ?1 
1 pha  

Clear CI 
F o a m  F( 
D a r k  D~ 

Clear C1 

2 h r .  

Clear 

ady  
hase 

a r  

udy 
base 

a r  

~my 
ck 

ar 
~my 
rk 

I r o n  r u s t e f f e e t  

1 w e e k  2 w e e k s  

B l u e - g r e e n  
flecks at  bot tom 

Blue-black 

S~,me as 1 
week  

Blue-b lack  at 
l ard -water  in- 
t e r face  a n d  
w a t e r  

Sl. green  so]n. S]. green  soln. 
at bottom 

B l u e - g r e e n  
soln.  at bot tom 

Lt.  b lue  b a n d  
at f a t - w a t e r  
in ter face  

Lt. blue band  
at fa t -water  
in ter face  

Blue-green  
Soln.  at  bot tom 

Lt.  blue baud  
at f a t - w a t e r  
i n t e r f a c e  

Blue-black 
s ludge  at 
bot tom 

the proper conditions a colored sludge may be ob- 
tained regardless of the characteristics of solubility 
and chelating activity of the antioxidants tested2 

Photoactivated Blue Color in Lard 

Since the color observed in lard treated with anti- 
oxidant C and exposed to light was similar to the 
blue color in lard resulting from reaction of propyl 
gallate with iron, it was assumed that this may be 
the cause of the color. Tests were set up to determine 
whether there was a requirement for iron in the sys- 
tem and to determine the antioxidant or antioxidant 
combination responsible. The effect of the state of 
oxidation of the lard also was tested since photoaeti- 
ration could be a factor in the autoxidation of fats. 
All colors were measured in Lovibond units. 

A suitable lard was treated with propyl gallate 
(PG) at 0.003%, with antioxidant A at 0.05%, and 
with antioxidant C at 0.075%. Portions of each lard 
and of the control were treated with ferric chloride 
in alcohol to provide 5 parts per million of ferric 
ion contamination. These samples were irradiated in 
beakers at room temperature for 17 hours with two 
15-watt daylight fluorescent lamps placed about 4 
inches above the top of the lard samples. The colors 
developed are shown in Table III. 

This test revealed the importance of iron contami- 
nation for blue color fomnation since the blue colors 

4At the  s u g g e s t i o n  of th~ r e v i e w e r  tests for  s l u d g e  f o r m a t i o ~  w e r e  
repeated ,  u s i n g  an t iox idant s  at  the r e c o m m e n d e d  u s e  levels  in iron con- 
t a m i n a t e d  l a rd .  An addi t iona l  anLioxidant  m i x t u r e  w a s  tes ted  in w h i c h  
N D G A  w a s  snbs t i tu ted  for  P G .  W h e n  the  anLioxidants  w e r e  ss 
into the  lard,  s ludge  format ion  w a s  not  apparen~  w i t h  a n y  of  t h e  mix-  
tu res .  W h e n  lard w a s  added  to the a n t i o x i d a n t  w i t h o u t  s t irr ing ,  s ludge  
w a s  f o r m e d  in  t h e  a q u e o u s  layer  at  the  bot tom of  each  vesse l  w i t h  all 
the  ant iox idants .  'The s l u d g e  f o r m e d  w i t h  the  m i x t u r e  c o n t a i n i n g  N D G A  
w a s  dark  b r o w n  w h e r e a s  all o ther  s ludges  w e r e  blue-black in color. 
As n o t e d  in  ear l ier  tests ,  so lubi l i ty  of the, ant iox idan$  in fa t  w a s  not  a 
factor  in s l u d g e  format ion .  

T A B L E  ]II 

Lov ibond  Color Values  in  A n t i o x i d a n t - T r e a t e d  L a r d  
A f t e r  17 H r .  I r r a d i a t i o n  

A n t i o x i d a n t  

Lar 'd (control )  .............................. 
L a r d  -[- F e <  .................................. 
P ropy l  gal late  ................................ 
P ropy l  gal late  -t- Fea ..................... 
A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a A-I-  F~ ' .  ........................................ 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C -~- Fe  a ......................................... 

Lov ibond  color va lues  5 ,25  ~' co lumn 

Yellow Red 

l0  1.7 
14 3.6 
10 1.5 
16 4.5 
10 1.7 
16 4.0 
11 1.8 
18 5.0 

B lue  

0.9 
0.9 
0.9 
1.0 
0.9 
1.3 
0.9 
3.5 

measured in all samples without iron were equiva- 
lent. The iron effect on red and yellow color values 
is comparable to that observed previously. A small 
increase in blue values was measured with A in the 
lard and marked increase in blue occurred with C in 
the lard. PG was virtually Without effect. 

Lard at three stages of oxidation was treated with 
each of these antioxidant systems and then subjected 
to fluorescent lamp irradiation for 41 hours at 35~ 
The lards were, respectively, a fresh lard with a per- 
oxide value (PV)  of 3, the same lard with a PV of 5 
after 9 hours' aeration on the A.O.M. apparatus, and 
the same lard with. a PV of 20 after 13 hours' aera- 
tion. The colors were measured, and the samples were 
irradiated for a n  additional 17 hours at 70~ Re- 
sults are shown in Table IV. 

TABLE IV 

Effec t  of  Oxidat ion  S ta te  of L a r d  on P h o t o a c t i v a t e d  Color 
P r o d u c t i o n  in  L a r d  

A n t i o x i d a n t  

P r o p y l  
Gallate  + Fe  b 

A + Fe  b 

C -}- F e  b 

L a r d  41 hr. i rradiat ion  Addi t iona l  17 hr.  
at  3 5 ~  . i rradiat ion  at 70~ 

s a i ) l e a  L o v i b o n d  color L o v i b o n d  color 

16 [ 3.9 [ 1.2 17 4.4 | 1.1 
16 I 4.4 [ 0.8 17 5.0 [ 1.1 
16 [ 4 . 4 ~  17 5.1 ~ 1.0 

i ]1, 
14 [ 3.4 ] 1,9 15 4.4 | 2.5 

2 14 ~ 2,7 I 1.]- 15 4,0 | 2.6 
3 14 / 2.8 I 1.1 15 3 6 ! 2 2 

a L a r d  sample:  1 - - F r e s h  lard,  P V  ~ 3 ; 2- - -aera ted  hrs. ,  P V  ~ 5; 
3 - - a e r a t e d  13 hrs. ,  P V = 2 0 .  

b F e  a d d e d ~  5 p . ~ . m ,  lard .  

The state of oxidation of lard had no enhancing 
effect on color values. There was an apparent bleach- 
illg effect of red and blue as the state of oxidation 
was increased. As noted before, irradiation developed 
the most blue in the lard treated with antioxidant C. 

At this point the chief factor which seemed to 
be different in any of the systems studied was the 
presence or absence of lecithin, which is used in the 
preparation of antioxidant C. Accordingly, lard was 
contaminated with ferric iron at 5 parts per nfillion. 
Portions of the lard were treated with A, B, and PG 
both with and without lecithin and with C which 
contains lecithin as one of its ingredients. The sam- 

T A B L E  V 

Effect  of Lec i th in  on P h o t o a c t i v a t e d  Color in L a r d  

Lov ibond  color va lue  5 .25" co lumn 

A n t i o x i d a n t  

Control  l a rd  

Control  l a rd  

Control  l a rd  

A 

A 

B 

B 

C 

P r o p y l  gal lato 

I r o n  !citb 
added,  dded 
p .p .m.  % 

0 

5 

5 

5 

5 

5 

5 

5 

5 

5 

!citbin 
dded, 
% I I u R rB u 

m 

o ~ , o  1.5 112 lO 2.0 137 

l) 1~-- 1 1 A  2.3 ~1.3 11 :o  I1" . 
o .o l  I 11 I 2.0 ' ~ . 4  t 4  

0 12 I 2.4 1.4 14 

0.01 ] 1 1  ] 2.1 1.4 14 

0 12 I 2.4 1.6 16 

0 20 1 4 . 4  2.0 20 

o.o1~ 14-  3.~-I 2.6 I 1 ;  

Orig ina l  I r r a d i a t e d  

R B 

3.7 1.2 

3:3 1.3 

3.7 1.6 

5.0 4~2~ 

3.8 2.5 

5.3 4 .8~ 

5.9 4.8 

5.1 2.2 

4.7 2.5 :~Fe added  a t  5 pa r t s  p e r  mil l ion  of la rd .  P r o p y l  gal late  
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TABLE VI 

Antioxidant 

Control lard 
Control lard + Te a 

BHA .01% + Ye a 
BHA .01% + Fe a 

PG .003% -{-Fe a 
PG .003% + Fe a 

CA .002% + Fe a 
CA .002% + Fe a 

BHA .01% -k Te a 
PG .003% -~ 

BHA .01% + Fe ~ 
PG .003% + 

BI-IA .01% + 
PG .003% + Fe a 
CA .002% + 

BHA .o1% -~ 
PG ,003% + Fe a 
CA .002% 4- 

] Lovibond color value 5.25"column 
Lecithin [ . . . . .  

added, ] Original | I r radia ted 

I 16 ' 4:5 ~:0 ] :7 2: 

0 I 16 ! 4.5 4.1 I 15 4.4 2.0 
o.ol l ~6 i 3.6 3.o I 1~ 4.2 2.o 

~_~ - ~ - -  5 ~ -  3.~ ~ 5.3 

o.ol i - ~ - - - 2 . s  1.5 2o 7.o 

I 
T e - - 5  p.p.m. 

plea were i r radia ted  for  66 hours at room tempera-  
ture as described previously. The colors before and 
af ter  i r radiat ion are shown in Table V. 

The effects of the presence of lecithin with the other 
ant ioxidant  ingredients and the effects of i rradiat ion 
are demonstrated clearly. P ropy l  gallate apparen t ly  
did not contr ibute to the blue color format ion when 
used alone. Antioxidants  A and B with lecithin added 
to the lard  contr ibuted blue colors a f te r  i r radiat ion 
which were quite comparable  to those provided by  C. 

These results then required one fu r the r  test to 
learn the ingredients contr ibut ing to the photoacti-  
ra ted  blue color in lard. La rd  was contaminated 

with iron as described before. The lard  was t reated 
with BHA,  PG, and CA and with the combinations 
Of these ingredients both with and without  added 
lecithin. The Lovibond color values are shown in 
Table VI. 

This test sho~,ed that  no one ingredient  or combi- 
nation of ant ioxidant  ingredients, was responsible for  
the photoact ivated blue color in lard. I t  revealed tha t  
lecithin and iron are necessary components for  the 
production of the photoaet ivated blue color in a lard  
system containing BHA,  PG, and CA. 

S u m m a r y  

1. A s tudy has been made of factors caus ing  blue 
colors in ant ioxidant  t reated lards. 

2. The format ion of blue-colored lards or of blue- 
black sludges in lard  storage tanks is due to reaction 
of propyl  gallate in the ant ioxidant  with iron con- 
tamination in the lard. 

3. The solubility of the ant ioxidant  mix ture  in lard  
is not a factor  in the format ion of blue-colored lard. 

4. A new cause of blue-colored lard  has been dis- 
covered. This is a photoact ivated blue color result- 
ing f rom irradiat ion of ant ioxidant  t rea ted  lard. The 
blue color was developed in lard  t reated with BHA,  
propyl  gallate, and citric acid only when lecithin was 
present  and the lard was contaminated with iron. 
The ~tate of oxidation of the lard  did not contribute 
to these colors. 
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Modification of Vegetable Oils. XV. Formation of Isomers 
During Hydrogenation of Methyl Linoleate I 

! 
R. O. FEUGE, E. R. COUSINS, S. P. FORE, E. F. DuPRE, and R. T. O'CONNOR, Southern Regional 
Research Laboratory, 2 New Orleans, Louisiana 

I N the hydrogenat ion of normal  linoleie acid (eis-9, 
cis-12-oetadecadienoie acid) or its esters, ]inoleic 
acid tends to be hydrogenated  to an oleie acid be- 

fore hydrogenat ion to the sa tura ted  or stearic acid 
commences ;~ that  is, the reaction tends to be selective. 
Moore, Richter,  and Van Arsdel  (13) first discovered 
this fact  on determining the composition of hydroge- 
nated cottonseed oils. La te r  investigators (7, 17) con- 
firmed the discovery. Since then numerous  investiga- 
tions of the hydrogenat ion of linoleic acid and its 
esters have been made. Hildi tch and Vidyar th i  (8) 
concluded that  on hydrogenat ion of methyl  linoleate 
no m e t h y l  stearate is produced unti l  90% of the 

i Presented at the 26th Tall meeting of the American Oil Chemists" 
Society, Cincinnati, 0., Oct. 20-22, 1952. 

One of the laboratories of the Bureau of Agricultural and Indus- 
trial Chemistry, Agricultural Research Administration, U. S. Depart- 
ment of Agriculture. 

a The terms linoleic acid, methyl linoleate, etc., will be used in the 
general sense and will refer to any oetadecadienoic acid ~nd its esters 
unless indicateel otherwise. In  a similar manne r  the terms oleic acid, 
methyl oleate, etc., will refer  to any oct~decenoie acid and its esters. 
The term normal will be used in referring to nat~trally-occurring cis-9, 
cis-12-octadecadienoic acid, and cis-9-octadccenoic acid and their esters. 

methyl  linoleate has been t ransformed into methyl  
oleate. Bailey (3),  in an analysis of hydrogenat ion 
data on cottonseed oil, found that  under  very non- 
selective operat ing conditions the. ratio of hydrogena-  
tion rates for  linoleic acid and oleic acid (combined 
as glycerides) is about  4:1. Fo r  very  selective oper- 
ating conditions this ratio is about  50:1. 

I t  is generally believed that  in the hydrogenat ion of 
linoleic acid esters the bond far thest  removed f rom 
the ester linkage tends to be reduced first. Suzuki and 
and Inoue (19) found tha t  hydrogenat ing  1 mole of 
normal  methyl  linoleate with 1 mole of hydrogen pro- 
duced oleates having the double bond in t h e 9 : 1 0  po- 
sition. Similar  experiments  with isolinoleic acid (10) 
also showed tha t  the bond far thest  removed f rom the 
ester linkage was hydrogenated  first. I n  another  in- 
vestigation (15) it was found that  in the hydrogena-  
tion of isomeric oleic acids the highest rate  was ob- 
served when the single bond was far thest  removed 
from the earboxyl  group. 


