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TABLE IV 
Biodegradat ion of an ],somerie Mixture of Stra, ight Chain 

Sulfonates Calculated from GL.C Data 

% Degradat ion  in 24 hr  

Sulfonate Isomer 

Total 

Dodeevl- 
benzene ......... 45 

Decyl- 
))enzene ......... 20 

Octyl- 
benzene ......... 5 

Hexyl- 
benzene ......... 0 

2-Phenyl 

80 

45 

10 

0 

3-Phenyl 

55 

15 

0 

0 

4-Phenvl  5-Phenyl 5- a.nd 
6-Phenyl 

_ 

i 

30 i 
i 

0 :: .... 

bility ()f an alkylbc~zeue sulfonate to bacterial de- 
gradation. Wheu this ,~umber becomes less than ca. 
5 carbon atoms as in 4-phenyl octane and 2 and 3 
phenyl hexane sodium sulfonates, biodegradatiou 
becomes slower. 

Data shown in Table IV summarize the chromato~ 

graphic data in Figure 4, and indicate the relation- 
ship of molecular weight and side chain structure 
to ease of biodegradation. The governing factor in 
this relationship seems to be the length of the alkyl 
carbon chain from the benzene sulfonate group to 
the terminal methyl group. 
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Triglyceride Gas Chromatography as a Means of 

De ec[ing Bu[[erfat Adul[eration ' 
A. KUKSlS and M. :I. McCARTHY, Department of Biochemistry, Queen's University, Kingston, Ontario 

Abstract 
Gas chromatography was used for the separa- 

tion and quantitative estimation of triglycerides 
by carbon number from native and adulterated 
butterfats. When the trig]yceride type composi- 
tion of the native butter was known, adulteration 
with vegetable fat could be detected at the 1%, 
level, and with lard at the 3% level, as these 
adulterants added significantly to only a few of 
the but terfat  triglyceride peaks resulting in a 
noticeable distortion of the chromatographic elu- 
tion pattern of this fat. Due to considerable 
variations observed in the elution patterns with 
butterfats of different origin, the lower limit for 
the detection of adulteration of an unknown 
butter sample with lard or vegetable fat was of 
the order of 5-10%. The ease of detection and 
identification of the adulterant varied with the 
type of fat added. It was demonstrated that mix- 
tures of coconut oil and lard could be .made which 
matched the gas chromatograms of butterfat  
closely and remained undetected even when 
added in relatively large amounts. Despite this, 
the simplicity of the technique and its rapid and 
relatively reliable applicability to the widest 
~,ariety of problems of natural  fat characteriza- 
tion recommends it as one of the methods in 
any fat test or control laboratory. 

Introduction 

weights of sele(~ted synthetic triglyeerides were added 
to weighed quantities of various natural  fats and 
the proportional recoveries of the components meas- 
ured. The results obtained were sufficiently encourag- 
ing to extend these studies to mixtures of natural  
fats, and during the course of this. work it occurred 
to us that triglyceride gas chromatography offered 
great promise as a technique for the detection of 
adulteration of butterfat.  This possibility was ex- 
plored by examining the quantitative variation among 
the various triglyceride types observed in butterfats 
of different origin and the levels at which adultera- 
tion with lard and vegetable fats could be reliably 
detected by means of triglyceride gas chromatography. 

Experimental  
The samples of butter, lard, Yegetable fat, and 

their mixtures used in these studies were obtained 
through the courtesy of Madhu Sahasrabudhe, Food 
and Drug Directorate, Department of National Health 
and Welfare, Ottawa, Canada. The butterfats were 
authentic samples and their physical and chemical 
properties represented the range commonly found 
in this food. The. code and certain chemical constants 
for these four butter samples are given in Table I. 
The vegetable fat was partially hydrogenated cotton- 
seed oil. The fat ty  acid composition of the butterfats 
and the lard and vegetable fat samples are given in 
Table I.[. The fa t ty  acid composition was determined 
by gas chromatography as previously described (2). 
The values give approximate weight composition. 

D UIr QUANTITATIVE studies (1,2) on gas chroma- 
tographic fractionation of natural  triglyceride The triglyceride gas chromatography was performed 

mixtures it became necessary to determine the extent as described by Kuksis and McCarthy (3) except 
to which the individual components were recovered. 
Although under the chosen experimental conditions 
the estimated proportional contributions of the re- 
covered trigtyeeride peaks remained constant., it was 
possible that constant losses might have occurred. 
in  order to guard against, such a possibility, known. 

i V~ork supported by the 5'Iedical Research Council of Canada and 
the Ontario Research Foundat ion,  Canada.  

TABLE I 
Selected 0hemical  Character is t ics  of Some Commercial But te r fa t s  a 

Code ! Iodine  
no. 

ButterfatButterfat LK ................. 1 36.9 
Butterfat ~:.'::.'.':.'.'::.'::.'." 39.1 38.3 
But te r fa t  ................. 34.8 

Reichert-Meissl 
t2o. 

26.2 
26.8 
29.7 
30.1 

Polenske 
:D.0. 

1.75 
1.95 
2.49 
2.70 

a Constants supplied by Madhu Sahasrabudhe,  Depar tment  of Na- 
tional health and Welfare, Ottawa, Canada.  
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that  lower operating temperatures (indicated in the 
figures) were used. The relative proportions of the 
peaks were estimated from their areas under the 
curves by tr iangulat ion and mechanical integration. 
Three to four replicate determinations were made on 
each sample. A variation of 5-10% in the computed 
proportions of the peak areas was observed on re- 
peated injection of the same material.  

Results and Discussion 
Examination of the Butterfat Samples. Figure  1 

shows the gas liquid chromatographic elution patterns 
obtained for two of the four b u t t e r f a t s a m p l e s  ex- 
amined. To calculate the quanti tat ive contributions 
of the individual triglyceride types, three or four 
separate chromatograms of each but te r fa t  sample 
were made, and the peak areas estimated. Averages 
of these estimates are presented in Table I I I .  From 
this table it is possible to appraise the natura l  varia- 
tion encountered in native butter  samples of differ- 
ing origin. I t  may be noted that  but terfats  K and 
L contain significantly greater proportions of the 
long chain triglycerides than butterfats  M and N. 
These differences can be correlated with the fa t ty  
acid compositions presented in Table II. Both K and 
L contain proportionally more of the 18:0 and 18:1 
fa t ty  acids. (Fi rs t  figure refers to number of carbons; 
second to number of double bonds.) This variation 
is to be kept  in mind when dealing with comparisons 
between summer and winter  butters, as the former 
have been reported (4) to contain significantly 
greater proportions of the longer chain fa t ty  acids. 
The presence of greater amounts of longer chain 
fa t ty  acids in but terfats  K and L is also reflected in 
lower Reichert-Meissl and Polenske numbers (Table 
I ) ,  which measure the steam volatile water soluble 
and the steam volatile water insoluble fa t ty  acids, 
respectively. The chemical constants recorded in 
Table I for all four of these butterfats  are in the 
range accepted for  most legal and regulatory pur- 
poses. Thus the Reichert-Meissl values are close to 
the prescribed range of 27-30, and the Polenski 
values do not exceed 10% of the Reichert-Meissl 
number (5). 

Table I I I  also includes the average values calcu- 
lated for the individual triglyceride types for the 
four butter  samples. The values for the various 
triglyceride peaks in the individual but terfats  may 
differ considerably from the average, and may ex- 
ceed 25% for some of the minor ones. The major 
peaks, however, do n o t  appear to vary by much 
more than 10% from the overall average. In these 
studies only the even carbon number triglycerides 
have been considered, since at present reproducible 
estimates for the odd carbon number triglycerides are 
difficult to obtain. The error introduced in neglect- 
ing these contributions is small, since they add a 
maximum of only about 5% to the adjacent major 
peaks. 

Examination of Selected Samples of Adulterated 
Butterfat. Mixtures of but ter fa t  K with 1, 3, 5, 10, 
and 25% (w/w)  quantities of vegetable oil (par t ia l ly  
hydrogenated) served as examples of but terfa t  adul- 
teration with plant  fats. Figure  1 illustrates the gas 
chromatographic elution pat terns obtained with vege- 
table fat  and lard, a n d  compares them to the butter- 
f a t s  employed in the adulterat ion mixtures. The 
contributions of the individual triglyceride types to 
the total t r iglyeeride mixture  in both lard and vege- 
table f a t  were calculated. These data, averages of 
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T A B L E  11I  
D i s t r i b u t i o n  of T r [g lyce r i ( l e  T y p e s  in  Some B u t t e r f a t s  a n d  L a r d  a.nd Vegeta.ble F a t  ~ 

T r i g l y e e r i d e  B u t t e r f a t s  a n d  a d u l t e r a n t s "  W e i g h t  ( % )  b 

type  B u t t e r f a t  K B ~ t t e r f a t  L B u t t e r f a t  51: B u t t e r f a t  N V e g e t a b l e  fa t  

Css' ..................... 0.9 

(',:.~ ....................... 7.8 
(',aa ........................ 1 :.~.9 
(;5,~ ....................... 13.4 
(;.~ ....................... 8.!~ 
C ~, ....................... 6.5 
(;~.~ . . . . . . . . . . . . . . . . . . . . . . .  5.5 
( '~ . . . . . . . . . . . . . . . . . . . . . . .  6, i 
(.'~ . . . . . . . . . . . . . . . . . . . . . . . .  9.6  
{':~,s . . . . . . . . . . . . . . . . . . . . . .  1 2 . 6  
('a~ ...................... 8.4 
(::~ . . . . . . . . . . . . . . . . . . . . . . .  i 3 . 9  
C:~ . . . . . . . . . . . . . . . . . . . . . . . .  4 
Ca,~ . . . . . . . . . . . . . . . . . . . . . . .  1 0.6 
c~s ....................... / o. 3 
c,~. ................... I o . 1  
c . . . . . . . . . . . . . . . . . . . . .  : : : ]  o.1 

0.9 
9.4 

15.:} 
t :}, 3 

8.2 
5.6 
4.6 
6.2 

t 0 . 9  
12.3 

7.9 
3.2 
1.3 
0.6 
0.4 
0.1 
0.2 

0.6 
6.6 

1..1..5 
] ().~.) 

8 . 5  
6 . 4  
5 . 6  
6 . 8  

1.2.0 
13.1 

9.6 
4.9 
'2..1 
0.7 
0.4 
0.2 
0.2 

O.g 
6 . 6  

11.7 
I1.4 

8.8 
7.o 
6.4 
6.9 

1 1 . 0  
:I 2.2 

9.2 
4.5 
2.0 
0.9 
0 . 4  
o .  L 
o .  l 

A v e r a g e  1 L a r d  

0.8 
7.5 

1 !1 . : ;  
12.2 

8.6 
6.4 
5.5 
6.5 

.t 0.9 
12.5 

8.7 
4.1 
1.7 
0.7 
0.3 
0.1 
0.2 

, 3 . 2  
i 2?,  . 6  

52.0 
i 14.5 

5.1 
1.4 I o .2. 0 . 1  

. . . . . .  

3.2 
61.2 
30.9 

4 . 3  
0.3 
O.l 

. . . . . .  

. . . . . .  

. . . . . .  

" A v e r a g e s  of t h r ee  or f o u r  ind i~ , idua l  e s t ima tes .  
b The  % a r e a  d i s t r i b u t i o n s  a p p r o x i m a t e  those  for  the  w e i z h t  d i s t r i b u t i o n  of s imp le  t . r ig lycer ides  in  the  h y d r o g e n  f l a m e  ionizatior~ de tec tor .  
e The  t r i g l y o e r i d e  type is indieat .e4  by the  to ta l  n u m b e r  of f a t t y  ac id  c a r b o n s .  

four separate determinations, are presented in the 
last two columns of Table .lI_[ and show that  when 
either lard�9 or vegetable fat is added to butter, contri- 
butions are made to only a few triglyceride types. 
The pereentage change may be calculated from the 
chromatograms for the adulteratio~ mixture. The 
upper  part  of Figure 2 illustrates the distortions i~ 
the elution pat terns obtained when but terfa t  K was 
supplemented with lard at the 5 and 25% level. The 
lower part  of Figure 2 shows the effect of adding 
similar amounts of vegetable fat to but terfa t  5I. 
The proportional contributions of the individual tri- 
glyeeride types to the total mixture derived from 
three or four replicate determinations at the various 
levels of supplementation are presented in Tables 
IV and V, together with the anticipated proportional 
recoveries calculated from the gas chromatographic 
data obtained on the butterfats  and the adul terant  
fats separately. 

Tables IV and V reveal that  the presence of the 
adul terat ing fats already ca t  be detected at the 1% 
level. This is because, although the total contribu- 
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tion of the adul terant  is only 1%, in the ease of 
the vegetable fat, e.g., 60% of this cot.~tribution goes 
to the Cs~ peak which makes up only 5.88% of the 
total. This results in an increase of almost 10% in the 
Cn~ peak of the mixture. The ease of lard is sitnilar. 
Here, however, 52% of the added fat goes to the 
Cs,~ peak which makes up 13.9T0 of the total mixture, 
resulting in a 5% increase when the overall supple- 
mentation is at the 1% level. This is actually below 
the level of reproducibili ty usually observed with this 
technique, and the fact that  differences were detected 
in the elution pat tern following this low level of 
supplementation with lard may have been only a 
coincidence. When more than 1% of these fats 
were added, however, the contributions to the Cs.e 
and Cs,, or both peaks, were. readily detectable. 

The detection of adulteration of but ter fa t  by lard 
or vegetable fat  at the 1% level, however, may be 
possible only when the triglyceride composition of 
the native but ter fa t  is known. Since in practice this 
would be unlikely, some other reference standard 
would be necessary. I t  is probable that  dependence 
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on certain ranges of natural  variation for all or 
selected triglyceride peaks might provide a suitable 
baseline. If  the average contributions of the various 
triglyeeride types in the four but terfat  samples de- 
scribed here is taken as the baseline, it may be seen 
that adulteration of an unknown butterfat  sample 
with lard or vegetable fat  may be reliably spotted 
only above the 5% level. 

From the above discussion it is obvious that arti- 
ficial triglyceride mixtures might be devised that 
would match the gas chromatographic elution pattern 
of butterfat  perfectly. Simple calculations of the 
type used here and based on the gas chromatographic 
elution pat tern of coconut oil recorded elsewhere (3) 
and the present data for lard, indicate that relatively 
large amounts of an appropriate mixture of lard 
and coconut oil could be added to butterfat  without 
being detected by this means. In view of this, the 
present technique would ahvays require an exami- 
nation of suspected adulterated butterfat  samples 
by other methods whenever negative results were 
obtained. 

The ease of detection of butterfat  adulteration will 
vary with the �9 of adulterant.  Any foreign fat 
that will contribute significantly any fa t ty  elements 
not usually found in butter  should be readily de- 
tected at the 1% or lower level, in  practice this 
method should permit an easy spotting of but terfat  
supplementation with most common fat  products�9 at 
the 10% level, a quanti ty which is often quoted to 
permit marginal profits. When dealing with sophis- 
ticated offenders using carefully balanced proportions 
of lard and coconut or palm kernel oil, the limit of 
detection by this method may be considerably higher, 
and in such cases other methods may have to be 
used. With experience, however, additional relation- 
ships for the characterization of native but terfat  by 
gas chromatography may become obvious and this 
method may then be extended to include also mixed 
coconut oil and lard adulteration. Among these po- 
tential and as yet unexplored approaches, one might 
mention the glyeeride elution patterns obtained for 
selectively oxidized (6) oil samples, and oil samples 
from which the unsaturated tr iglycerides have been 

T A B L E  I V  
Ant ic ipated  and Observed Recoveries  of Var ious  Tr ig lycer ide  Types f rom ]~Iixtures of Bu t t e r  and Vegetable F a t  a 

Tr iglycer ide  
type 

6 5 6  . . . . . . . . . . . . . . . . . . . .  

C 5 4  . . . . . . . . . . . . . . . . . . . .  

C 5 2  . . . . . . . . . . . . . . . . . . . .  

C 5 0  . . . . . . . . . . . . . . . . . . . .  

C 4 s  . . . . . . . . . . . . . . . . . . . .  

C46 .................... 
C4~ .................... 
C 4 2  . . . . . . . . . . . . . . . . . . . .  

B u t t e r f a t  lYE 
plus 1 %  vegetable 

fat 

Ant ic ipated  b 
%~ 

0.6 
7.1 

11.7 
10.8 

8.4 
6.3 
5.6 
6.7 

Cfo .................... f 11.9 
Cas .................... ~( 13.0 
Ca0 .................... I 9.5 
C3~ .................... f 4.9 
C~ .................... I 2.1 
C3o .................... / 0.7 
C - ~ 8  . . . . . . . . . . . . . . . . . . . .  I o 14 
C~o . . . . . . . . . . . . . . . . . . . .  I 0 . 2  
C_~4 .. . . . . . . . . . . . . . . . . .  ', 0.2 

FOs 

~ i 11 

 ~ 
13. 

9.4 
5.3 
2.4 
0.9 
0.5 
0.2 
0.2 

B u t t e r f a t  Iv[ m Butterfatfat M I 
plus 3 % vegetable plus 5 % vegetable 

fat  

Ant ic ipa ted  F o u n d  Ant ic ipated  I F o u n d  ] Ant ic ipa ted  

0 .7  0 .9  u s  ) o . s  0 .9  
s.2 s.9 9.3 I 9 .3  ~ 2 . o  

12.1 12.3 
10.7 11.6 

8.2 
6.2 
5.4 
6.6 

11.6 
12,7 

9,3 
4.8 
2.1 
0.7 
0.4 
0,2 
0.2 

8.1 
6.6 
5.6 
7.2 

1.1.0 
12,0 

8.8 
4.0 
1.7 
0.8 
0.3 
0.1 
0.2 

12.5 
10.6 

8.1 
6.0 
5.3 
6.5 

11,4 
12.5 

9.1 
4.7 
2.0 
0.7 
0.3 
0 . 2  
0.2 

11.6 
10.8 

7.8 
6.0 

11.3 
12.3 

9.4 
4.5 
2.1 
1.0 
0.5 
0.2 
0.2 

B u t t e r f a t  M 
plus 10 % vegetable 

fa t  

F o u n d  
% 

- - 1 . 0  
11.0 
13.1 
10.2 

7,2 
6.0 
5,2 
6.9 

10.9 
12.2 

8.8 
4.1 
2.0 
0.8 
0,4 
0.1 
0.2 

13.4 
10.2 

7.7 
5.7 
5.1 
6.1 

10,8 
11.8 

8.6 
4,5 
1.9 
0.7 
0,3 
0.1 
0.2 

B u t t e r f a t  M 
plus 25 % vegetable 

fat  

Ant ic ipa ted  
% 

1.3 
20.2 
16.3 

9.2 
6.4 
4.8 
4.2 
5.1 
9.0 
9.8 
7.2 
3.7 
1.6 

F o u n d  
% 

1.1 
18.2 
15.8 

9.1 
6.4 
5.2 
4 . 7  
5.7 
9.5 

10.3 
7.9 
3 . 8  
1.5 

0.6 i 0.7 0.3 0.2 
0.1 0.0 
0.2 0,0 

" Averages of three or four  indiv idual  e s t ima tes .  
b Calculat ions based on the values for vegetable f a t  and bu t t e r f a t  ]~[ recorded in Table I I I -  
c The % area  d is t r ibut ions  approximate  those for  the weight  d is t r ibut ion .  
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B u t t e r f a t  K Bu t t e r f a t  K Bu t t e r f a t  K 
Triglyeer ide plus 3 %  lard plus 5 %  lard plus  25%, lard 

type 

Csu .................... 0.9 
C54 .................... 7.9 
O~ .................... 14.3 
C5o .................... 13.4 
Cds .................... 8.9 
C~ .................... 6.4 
C4~ .................... 5.5 
C~ .................... 6.1 
C4o .................... 9.5 
Cas .................... 12.5 
Cs~ .................... 8.3 
Ca~ .................... 3.8 
C~s .................... 1.4 
Cao .................... 0.6 
C2s .................... 0.3 
C26 .................... 0.1 
C2~ .................... 0.I 

Butter fat  K I 
plus 1 %  lard  

Ant ic ipa ted  b [ F o u n d  F o u n d  %0 % I 
- - ~  0.6 

1~:~ 76 
13.4 

9.2 
6.7 

Ant ie ipa ted  
% 

1.O 
8.3 

15.0 
13.7 13.4 
0.6 s.s 
6.8 6.3 

5 4  
. 5.9 

9.5 9.4 
11.7 12.2 

8.1 8.2 
3.4 3.7 
1.3 1.4 
0.5 0.6 
0.2 0.3 
0.i 0.i 
0.i 0.i 

Ant ic ipa ted  F o u n d  
% % 

1.0 0.9 
8.6 8.3 

15.8 15.5 
1~.5 13.0 

8.7 8,8 
7.0 
6.1 
6.2 
8.9 

Bu t t e r fa t  K ] 
plus 10% lard  I 

Antic ipated I F o u n d  I 

% I %--I 1.1 I o.s I 
9.4 I 8.7 I 

17.7 [ 17.7 ' 
13.5 I 13.4 

5.6 
5.9 
9.9 

11.8 
8.6 
3.8 
1.5 
0.6 
0.i 
0.0 
0.i 

6.2 
5.3 
5.8 
9.2 

12.0 
8.0 
3.7 
1.4 
0.6 
0.3 
0.1 
0A 

11.6 
9.0 
3.4 
1.0 
0.4 
0.I 
0.0 
O.O 

8.5 
6.0 
5.0 
5.5 
8.7 

11.4 
7.6 
3.5 
1.3 
0.6 
0.2 
0.I 
O.l 

8.3 
5.8 
4.7 
5.5 
9.3 

11.4 
8.7 
4.0 
1.3 
0.5 
0.2 
0.0 
0.1 

Ant ic ipa ted  F o u n d  
% % 

1.5 1.5 
11.7 ii.i 
23.4 22.4 
13.7 14.0 

7.9 8.8 
5.2 6.0 
4.2 4.8 
4.6 5.4 
7.2 7.5 
9.5 9.0 
6.3 5.5 
2.9 2.8 
I.i 0.8 
0.5 0.4 
0.2 0.9 
0.1 O.0 
O.1 O.O 

a Averages  of three or four  i n d i v i d u a l  estimates.  
b Calculat ions  based on the values  for la rd  and bu t t e r f a t  K recorded in  Table I i 1 .  

The % area d i s t r ibu t ions  approximate  those for the weight  d i s t r ibu t ion .  

removed (as fa r  as gas chromatography is concerned) 
by some such means as bromination, a l ready success- 
ful ly  exploited in the gas chromatography of f a t ty  
acid methyl  esters (7). 

Whatever  the present  commercial significance of 
bu t t e r fa t  adulteration,  the applicabil i ty of this tech- 
nique to the characterization of most tr iglyceride 
mixtures  is obvious f rom the above examples and 
needs no fu r the r  discussion. Collections of reference 
gas chromatographic  elution pat terns  may  be readily 
made for any well defined na tura l  tr iglyceride mix- 
ture. Though difficulties might  arise in the assign- 
ment  of carbon numbers  to the tr iglyeeride peaks 
obtained when dealing with fa ts  containing significant 
amounts of branched or epoxy and hydroxy  f a t ty  
acids, there seems to be no reason why reproducible 
elutiou pat terns  should not be obtainable. The sire- 

plicity of the technique and its ready applicabi l i ty  
to the widest var ie ty  of problems of na tura l  oil 
characterization reeonlmends it as one of the methods 
of choice in any fa t  test or control laboratory.  
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D r u g  Directorate,  Depar tmen t  of Nat ional  ]:Ioalth and Welfare  and the 
Dai ry  Technology Section of the Depar tment  of Agr icul ture ,  Ottawa,  
Canada. Advice in p r e p a r i n g  this  m a n u s c r i p t  by J. M. R. Beveridge.  
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A Colorimetric Method for Determining 
Free Fatty Acids in Vegetable Oils 
DORIS  B A K E R ,  Market Quality Research Division,  Agricultural Marketing Service, 
U.S.D.A.,  Beltsville, Maryland 

Abstract  

A rapid  method is presented for determining 
free f a t t y  acids in vegetable oils. The method 
utilizes the reaction of f a t ty  acids with cupric 
acetate to fo rm salts whose blue color in benzene 
solution may be measured colorimetrically. When 
65 samples of crude soybean oil were tested by 
this colorimetric method and the results compared 
with the results of t i t rat ion with s tandard  alkali, 
the correlation was 0.992 with a s tandard  devia- 
tion of 0.08% free f a t ty  acid (F .F .A. ) .  

Introduct ion  

F ~ E E  F A T T Y  ACID C O N C E N T g A T I O N  i s  a f a c t o r  in deter- 
mining the condition of crude vegetable oils and 

this concentration is generally determined by t i t ra-  
tion with s tandard  alkali. The amount  of F .F.A.  in 
benzene solution may be determined eolorimetrieally 
by reaction with an aqueous solution of cupric acetate. 
When the two solutions are shaken together, copper 
salts of the f a t t y  acids are formed which are soluble 

in the benzene layer and impar t  a blue color to the 
solution. The intensity of the color is relative to the 
concentration of the F.F.A.  and may be measured by 
a colorimeter or speetrophotometer.  This procedure 
has been adapted  to the determinat ion of fa t  acidity 
in grain (2) and may also be used to determine the 
amount  of F.F.A.  in crude vegetable oils. 

Apparatus and Reagents 
Ordinary  laboratory appara tus  is used, including a 

eolorimeter or spectrophotometer  for  measuring per  
cent t ransmit tance  at 640 m~. Reagents  are benzene 
and 5% cupric acetate solution. A s tandard  solution 
of 0.0188N oleie acid in benzene is used to prepare  
the s tandard  curve for the eolorinleter. 

Procedure 

Weigh 8 g of the crude oil into a flask and dissolve 
in 50 nfl benzene, mixing thoroughly.  Measure 10 ml 
of the benzene-oil solution into a test tube containing 
2 ml 5% cupric acetate solution. Stopper  the tube 


