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a large extent in the indus t ry - -which  circumstance would seem 
to be a reason to consider that  the grade scale corresponding 
to the use of the proposed earth would classify refined oils 
more reliably for  commercial utilization thaaa does the current  
official (Engl ish)  earth. 

In  considering the variat ions in the equivalent dosage found 
on different samples of refined oil, it must  be emphasized tha t  
different kinds of bleaching earths act differently in bleaching 
vegetable oils. The pigment  systems of the oils are not simple, 
and experience has shown that  fu l le r ' s  earths remove various 
pigments  selectively to some extent;  also the selectivity of one 
earth may be quite different f rom that  of another  earth of a 
different type. We therefore have to expect some appreciable 
variat ion in the percentage of one earth necessary to bleach 
different oils, even of the same kind, to the same color as an- 
other earth of a different type--especial ly  one which is f a r  
more active, or fa r  less active. An outs tanding piece of evi- 
dence of this is the circumstance that  a very much smaller equiv- 
alent dosage for  the proposed earth was found applying to 
soybea~ oil than was found for  cottonseed oil. 

Accordingly, in reaching the decision to change the type of 
its official bleaching earth f rom that  of English earth having 
relatively low act ivi ty ,  to a domestic earth comparable  in a 
degree to domestic earths being used in commercial bleaching, 
it should have been understood that  even a fa i r  degree of uni- 
formity  of equivalent dosages between the two earths, when 
compared on different oils, could not necessarily be expected; 
and had such uni formi ty  been set up as a prerequisi te for  
making the change to a domestic na tura l  earth, we believe tha t  
such a requirement should have been sufficient to rule out the 
change in the first place. 

Although somewhat  disappointed at first, a f te r  s tudying the 
mat ter  and tak ing  into consideration the differential selective 
action, the committee considered tha t  the oil-to-oil uni formi ty  

of the proposed ear th  ill relation to the official earth was as 
good as could be expected when comparing two entirely differ- 
ent types of e a r th - - two  which differ in activity as much as do 
these. Once the change is made, i f  it is made, there seems ade- 
quate reason to believe that  the new earth will per form in the 
desired funct ion  as well as the Engl ish  earth. About  the same 
percentage of the refined cottonseed oil made should still be 
graded as bleachable as before, al though a few oils here and 
there, a small percentage of the whole, will undoubtedly grade 
bleaehable wi th  the new earth, when it would have failed to do 
so with the old_ English e a r t h - - a n d  vice  versa .  

In  such cases, if one asks which earth gives the " c o r r e c t "  
indication, the committee believes that  there is jus t  aa much 
reason to favor  the indication of the proposed, more active 
earth than  there is to let the indication of the old (English} 
official earth determine the grade. In  fact,  since the proposed 
earth is f a r  more similar to the earths used by many refiners 
in commercial practice, this should perhaps make it the pre- 
ferred one in cases of conflicts of grade indication. But  it is 
significant to recall that  with only one earth to use, there could 
be no such th ing  as conflict between the two. 

In  this last  connection we might  also consider that  if  the 
indust ry  had been using an official earth similar to  the pro- 
posed earth dur ing the pas t  25-odd years and for  some reason 
it were considered desirable or necessary to change over to a 
" n e w "  official earth similar to the currently-official earth, ex- 
actly the same discrepancies would be encountered, and one 
believes that  such objections as might  lie voiced to making the 
change would probably  be much louder than we are likely to 
hear in the present  instance, if this change is approved---espe- 
cially as it would represent  a considerable depar ture  f rom 
commercial practice. 

EGBE~ FI~,~YER. 
February  12, 1954 

Fatty Acid Contents of 'Certain Processed Foods' 
CONSTANCE WILLARD, R. D. ENGLERT, and L. M. RICHARDS, Stanford Research Institute, 
Stanford, California 

I N recent years the role of fa t  in the diet has been 
found t o ' b e  much more significant than  was pre- 
viously realized. In  part icular ,  such unsa tura ted  

constituents of fa t  as linoleic and araehidonic acids 
have been found to be essential to the health of labo- 
ra tory  animals (5, 6, 11). While there is less evidence 
concerning the role of these fa t ty  acids in human nu- 
trition, a deficiency of these acids in humans  may be 
associated with certain forms of eczema and with 
other symptoms comparable to the first clinical mani- 
festations of essential f a t ty  acid deficiency in animals 
(4, 10). 

Because these acids are highly unsa tura ted  and 
therefore subject  to possible alteration or destruction 
by  the oxygen of the air, chemicals, or heat, the effects 
of ordinary  processing and cooking of fat-containing 
foods are of significance in human nutrit ion. Most 
fa t  analyses reported in the l i terature have been per- 
formed on unprocessed, raw samples (12). Recently 
however studies of the effect of cooking on the essen- 
tial f a t ty  acids of meats  and poul t ry  (8),  and of 
baked and fr ied foods (7) have been made. In  the 
present  work the f a t ty  acid contents of certain foods 
which had undergone various types of processing are 
reported. The foods studied include meats cured by  
several processes, American and Swiss type of process 
cheeses, and vegetable oils altered by  hydrogenation.  

Samples 
Fresh, representat ive samples of bacon, ham, lunch- 

eon meat, and f rankfur te r s  were obtained directly 

1 This reseaxch was supported in part by the U. S. Department of 
Agriculture through a contract sponsored by the Bureau of Human 
Nutrition and Home Economics. 

f rom a processing plant.  The luncheon meat  and 
f r ankfu r t e r s  contained both pork and beef. 

Samples of Swiss- and American-type processed 
cheese, together  with corresponding samples of 
"cheese raw mate r i a l , "  taken jus t  before addition of 
the emulsifiers to the cheese products, were obtained 
f rom a manufacturer .  

Oleomargarine was purchased over the counter, 
and a sample of bakers '  shortening was obtained f rom 
a distributor.  

General Procedure and Results 
Two sets of data were obtained for each sample 

analyzed : 
I .  A small port ion of fa t  was converted to f a t ty  

acids (see following section), and these were analyzed 
spectrophotometrical ly for  polyunsatura ted  compo- 
nents. 

2. A second port ion of f a t  was. converted to methyl  
esters by methanolysis  except in the case of the cheese 
fats. By use of special techniques the f a t ty  acids of 
the la t ter  were  esterified in tato by conventional 
means Without the conventional pr ior  steam distilla- 
tion of volatile components. In  all cases the total 
methyl  esters were f rac t ionated in one distillation 
without separat ion of sa turated and unsa tura ted  
portions. 

Individual  distillation cuts were combined into 
fract ions represent ing acids having the same number  
of carbon atoms or into transit ion fract ions repre- 
senting acids of two different carbon chain-lengths. 
Each fract ion was then analyzed chemically and 
spectrophotometrical ly to determine both saturated 
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:Pro.  2.  D i s t i l l a t i o n  of m e t h y l  e s t e r s  p r e p a r e d  f r o m  A m e r i -  

c a n  c h e e s e  f a t .  

and unsa tura ted  fa t ty  acid components. Typical  dis- 
tillation curves are i l lustrated in Figures  i and 2. 

Comparison of polyunsatura ted components deter- 
mined on the total  f a t ty  acids (Procedure 1) and in 
the methyl  esters, calculated to the fa t ty  acid basis., 
(Procedure 2) are presented in Table I. The per- 
eentages of total  f a t ty  acids of each chain-length ob- 
tained by  analysis of the methyl  esters (Procedure  2 )  
are presented in Tables I I ,  I I I ,  and I V  for cheeses, 
cured meats, and  hydrogenated oils, respectively. 

The weight pereentage of the f a t ty  acid constitu- 
ents in each food are presented in Table V. 

Methods 

Care was taken to prevent  undue exposure of the 
samples to heat, light, and oxygen of the air. Where- 
ever necessary, procedures were carried out in a ni- 
t rogen atmosphere or in the presence of a solvent 
which provided a protective blanket  of vapor.  

Extraction, of Fat. Fa t  was extracted f rom the 
meat  products  and the "cheese raw ma te r i a l s "  by  
blending 100-g. batches of roughly  cut mater ia l  with 
200 ml. chloroform in an Osier blender for  one-min- 
ute periods. The blended mixture  was filtered with 
suction and the filtrate dried over magnesium sulfate. 
Oleomargarine, the only sample requir ing special 
t reatment ,  was heated to boiling with twice its weight 
of chloroform. The chloroform layer was separated 
while hot f rom the emulsified aqueous layer, which 
was re-extracted with two more small portions of hot 
chloroform. The combined chloroform layers  were 

TABLE I 

Compar i son  of P o l y u n s a t u r a t e d  Acids D e t e r m i n e d  on Tota l  F a t t y  Acids  
and  on the  D i s t i l l a t i on  F r a c t i o n s  of the Methyl  Es t e r s  of Food 

F a t s  ( C o n v e r t e d  to the  F a t t y  Acid B a s i s )  
( w e i g h t  p e r c e n t a g e  acids  in to ta l  fa£ty ac ids )  

Bacon 
Tota l  Acids ....... 
D i s t i l l a t i on  
F r a c t i o n s  .......... 

Cheese, America~l 
To ta l  Acids  ....... 
Dist i l l  a t ion 
Fr,,aetions .......... 

Cheese, Swiss  
To ta l  Acids ....... 
D i s t i l l a t i on  
F r a c t i o n s  .......... 

F r a n k f u r t e r s  
Tota l  Acids  ....... 
D i s t i l l a t i on  
F r a c t i o n s  .......... 

H a m  
To ta l  Acids ....... 
D i s t i l l a t ion  
F r a c t i o n s  .......... 

L u n c h e o n  Meat  
To ta l  Acids ....... 
D i s t i l l a t ion  
F~act ions  .......... 

" M F B "  
S h o r t e n i n g  

Tota l  Acids ....... 
D i s t i l l a t ion  
F r a c t i o n s  .......... 

0 1 e o m a r g a r i n e  
Tota l  Acids ....... 
Dis t i l l a t ion  
F2~aetiuns ......... 

D i e n e  

11 .3  

1 0 . o ( 1 )  

L 3 9  

1 .48 

1.43 

1.07 

8 .53  

8,01 

10.2  

9 .62 

7 .40 

7 .55 

5.O6 

4 .74  

14.3 

1 3 . 3 ( 8 )  

Conj. 
D i e n e  

0 ,22 

0 .26 

1 ,58 

1.08 

1,60 

1 .30 

0 .28 

0 .30  

0 .26 

0 .36 

0.47 

0 .43 

0 .17 

0 .23 

0 .47 

0 .47 

Tr ie~ 

0 .56  

0 .57  

0.61 

0 .88  

0 .78  

0 .76  

0 .60  

0 .47 

0 .60  

0 ,72 

0 .51 

0 .19  

0 .04  

0 .07 

0.00 

o.e5  

Conj. 
T r i e n e  

T r a c e  

0 .01  

0,04 

0.01 

0.03  

T r a c e  

T r a c e  

0.01 

0.0O 

0.01 

0.01 

0.01 

Trae~ 

0.01 

0 .06  

0 .02  

Tet-  
r a e n e  

0 .51 

0 ,42 

0,46 

0.18 

0 .40  

0 .13 

0 .40  

0 ,28 

0 .47  

0 .43 

0 .44 

0.42 

0 .00 

T r a c e  

T r a c e  

T r a c e  

0onj. 
Tet- 

r a e n e  

T : a e e  

T r a c e  

0~01 

0 .00  

0 .00  

0 .00  

T r a c e  

T r a c e  

0 .00  

T r a c e  

0 .00  

T r a c e  

O.00 

0 .00 

0 .00  

0 .00  

NOT'E: F igu re s  wh ich  a r~  not  s ign i f ican t  have  been placed in pa ren-  
theses. 

washed with small portions of hot water  and dried 
over magnesimn sulfate. 

Fat and Moisture. Determinations were made on 
all samples in accordance with the appropr ia te  A.O.- 
A.C. methods (2). The bone and rind were removed 
from the ham, and  the easing f rom the luncheon 
meat. The fa t  f rom the "cheese raw mate r i a l "  was 
analyzed;  the results were calculated to the basis of 
the processed cheese, using the percentage of fa t  and 

T A B L E  II 

Composi t ion of F a t t y  Acids  of Cheeses 
( w e i g h t  p e r c e n t a g e  acids  in to ta l  f a t ty  ac ids)  

A m e r i c a n  Cheese Swiss  Cheese 
( P r o c e s s e d )  (P roces sed )  

04 B u t y r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
08 Capro ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C~ Capry l ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Octenoic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clo Capr i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Decenoic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C~z L a u r i e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Dodecenoic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cla Myr i s t i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Te t r adeceno ic  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(hs P a l m i t i e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pa lmi to l e i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cls S tea r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

01etc., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i e n e  

Linole ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Con juga ted  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T r i e n e  
Linolonic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Con juga ted  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cos S a t u r a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Monoene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n i e n e  

Con juga ted  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i e n e  

Igon-conJugated . . . . . . . . . . . . . . . . . . . . . . .  
T e t r a e n e  

Araeh idon ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 .72 
1 .76 
1 .18  
0 .01  
2 .32  
0 .10  
2 ,48  
0 .25  

l o . 5 ( 5 )  
o .78 

26 .2  
2 .21  

1 1 . 6 ( 4 )  
3 0 , 6 ( 8 )  

1 .48  
0 .27  

0 .80  
0 .01 
1 .75  
1 .74  

0 .81  

0 .08  

0 .18  

2 .36  
2 .17  
1 .11 

T r a c e  
2 .42 
0 .10 
2 ,49  
0 ,24  

10.8  
0 .88  

25.6  
2 .11  

12.6  
31 .8  

1 .06 
1 .18 

0 .74  
T r a c e  
0 .58 
1.43 

0 .12 

0 .02 

0 .13 

NOTE: F i g u r e s  Which a r e  not  s ign i f i can t  h a v e  been placed in pa ren -  
theses,  



A P R I L  1 9 5 4  W I L L A I C D  E T  AL,  : F A T T Y  A C I D  C O N T E N T S  1 3 3  

TABLE 111 

C'omposition of Fa t ty  Acids of Cured Meats 
(weight  percentage  acids in total  fat,~y acids)  

Acids 

C~2 L a u r i c  ........................ 

C1~ Myris t ie  ..................... 
Tetradecenoic ............. 

C~6 Pa lmi t i c  ..................... 
Pa lmi to le ic  ................. 

Cjs Stear ie  ........................ 
01eic ........................... 
Diene 

Linoleic  .................. 
Conjugated  ............. 

T r iene  
Linolenic  ................ 

G_,o Sa tu ra t ed  ................... 
Monoene ..................... 
Diene  

Non-conjugated  ..... 
Con juga ted  ............ 

Tr iene  
Non-conjugated ...... 
Conjuga ted  ............. 

Tetraene 
Arachidonic  ............ 
Conjuga ted  ............. 

Bacon 

0.10 

1 . 0 3  

21.7 
2.57 

9.72 
50,4 

9.56 
0.10 

0.45 

0.66 
2.59 

0.45 
0.16 

0.12 
0.01 

0.42 
Trace  

Frank-  
fur te rs  

0.10 

1.08 

25.0 
3.34 

11.5 
47.4 

7.73 
0.18 

0.46 

0.28 
2.08 

0.28 
0.12 

0.11 
0.01 

0.28 
Trace 

Luncheon  
H a m  Meat  

0.47 0.22 

1.75 0.72 
0.08 

21 .7 (2 )  25.4 
2.71 3.51 

13 .7 (2)  9 .3 (4)  
4 4 . 4 ( 1 )  48.0 

9.07 7.23 
0.16 0.12 

0.57 0.11 

0.40 1.24 
3.60 2.97 

0.55 0.32 
0.20 0.31 

0.15 0,08 
0.01 0 .0 i  

0.43 0.42 
Trace Trace 

Nee'E: F igu re s  which are not  s ignif icant  have been placed in  paren- 
theses. 

moisture obtained on the finished product.  This pro- 
cedure was followed because separation of fa t  from 
finished processed cheese, containing emulsifiers, re- 
quires chemical t reatment  which may alter the fat. 
In contrast, f a t  may be obtained from "cheese raw 
mater ia l ,"  to which emulsifiers have not yet been 
added, by  simple extraction. The procedure of going 
from cheese raw material  to finished product,  involv- 
ing 5 or 6 minutes '  blending at approximately 65°C., 
was considered not to have any effect on the fat. 

Preparation of Fatty Ac~ids. A portiml of each fat  
solution was str ipped of solvent under  nitrogen with 
the use of reduced pressure. Fa t ty  acids free from 
non-saponifiable materials were prepared from the 
fat  by  the method of Lundberg  (15). Special care 
was taketr to insure quanti tat ive recovery of low mo- 
lecular weight constituents in the case of cheese fats. 

Preparation of Methyl Esters of Meat Fats and 
Hydrogenated Oils. The methanolysis procedure of 
Kurz (13 )was  used except that the fat  was in chloro- 
form rather  than ethereal solution. The percentage of 
fat  in an aliquot of the chloroform extract  obtained 
from a sample was determined to insure correct pro- 
portions of the reactants ; free fa t ty  acids in the fat  
solution were determined (they were always negli- 
gible) to ascertain the essential neutral i ty  o f  the so- 
lutions. Final ly  the reaction mixtures obtained were, 
af ter  being worked up, subjected to a second metb- 

T A B L E  1V 

Composit ion of F a t t y  Acids of Hydrogena ted  Oils 
(weight  percentage  acids in  total  fa t ty  acids)  

" M F B "  Oleomargar ine  
Shor t en ing  

0,54 C~4 Myrist ic  ...................................... 

C~ Pa lmi t ic  ...................................... 
Palmitoleic  .................................. 

O~s Stear ic  ........................................ 
01eic ............................................ 
Iso-oleic ...................................... 
Diene  

Linoleic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Iso-lintrleic .............................. 
Con juga ted  .............................. 

Tr iene  
Lino len ie  ................................. 

1.04 

13.8 
0.21 

6.99 
40.2 
20.9 

4.7 
5.41 
0.02 

0.04 

22.0 
2,09 

2.77 
34.1 
17.5 

13.36 
3.66 
0.22 

0.01 
Conjuga ted  ............................. Trace Trace 

C2o Sa tu ra ted  ..................................... 3.25 1.87 
l~onoene ...................................... 1.84 0.94 
lso-monoene ................................ 1.08 0.44 
Dieno 

Non-conjugated ....................... 0.04 0.08 
Iso-diene ................................. 0.28 0.11 
Conjuga ted  .............................. 0.21 0.25 

Tr iene  
Non-conjugated ....................... 0.03 0.04 
Conjuga ted  .............................. 0.01 0.02 

anolysis to conYert traces of unreacted glycerides to 
esters. 

Preparation of Methyl Esters of Cheese Fats. The 
fat, freed from solvent, was converted to fa t ty  acids 
in 50-g. batches by Lundberg ' s  method (15) except 
that sulfuric ra ther  than hydrochloric acid was used 
to liberate the acids af ter  saponification and removal 
of the alcohol. The acids were extracted with ether, 
dried over magnesium sulfate, and the ether removed. 
The acids, in tote, were then esterified with purified 
methanol, using sulfuric acid as the catalyst, and 
worked up by essentially conventional procedures:  
The catalyst was nearly neutralized, most of the meth- 
anol distilled off, and the esters, taken up in ether, 
were washed with water, sodium carbonate, and wa- 
ter  again. The ethereal solution was dried over mag- 
nesium sulfate and str ipped of solvent. Unesterified 
acids were recovered from the alkaline wash, esteri- 
fled, and added to the main product. 

Special care however was taken in this procedure to 
prevent  loss of soluble and volatile low-molecular 
weight components. All aqueous washes were ex- 
haustively extracted with ether, and the extracts 
added to the main solutions; solvents (ether and ex- 
cess methanol) were str ipped using an efficient col- 
umn. Final ly  the aqueous washings were steam-dis- 
tilled, the distillate t i t ra ted with s tandard base, and 
the results calculated as butyr ic  acid. Bet ter  than 
96% yield of esters could thus be obtained. No sepa- 
ration o f  " s a t u r a t e d "  and " u n s a t u r a t e d "  portions 
of the esters was made in any instance. 

T A B L E  V 

Weigh t  Percen tage  F a t t y  Acids in Foods 

Sa tu ra t ed  U n s a t u r a t e d  

Bacon ............................... 
Cheese, American  1 ........... 
Cheese, Swiss 2 ................. 
F r a n k f u r t e r s  .................... 
Ham ................................. 
Luncheon Meat ................ 
" M F B "  Shor t en ing  .......... 
Oleomargar ine  ................. 

Percent;age 
Mois ture  
in Food 

23.75 
40.39 
42.39 
48.10 
56.25 
57.50 

0.07 s 
14.04 

Percentage  
F a t  in  
Food 4 

~ 5  
30.75 
26.14 
33.05 
2'5.11 
20.37 
99,93 
80.64 

C~.2 

_ _ m  

0.06 
0.72 
0.61 
0.03 
0.11 
0.04 

C14 

0.59 
3.1 
2.7 
0.34 
0.42 
0,14 
0,99 
0.42 

C16 Cls 

5.5 
7.6 3.4 
6.3 3.1 
7.9 3.6 
5.2 :3.3 
4.95 1.82 

13.2 6.67 
17.0 2.14 

C2o and Total  
Ab°~ce I Sa tura te (  

0.37 " 18 .8(2)-  
0.51 17,6 (4)  
0.14 14 .8 (3 )  
O.O9 11 .9 (6 )  
0.09 9 .1 (2 )  
0.24 7 .1 (9)  
3.11 23 .9 (7 )  
1.44 , 21 .0 (0 )  

Monoene 

31.63 
10.37 

9.08 
16.72 
12.23 
10.62 
61.29 
42.47 

Diene Tr iene  Tetraene 

~ - . 8 2  " 0.32 0,24 
0.75 / 0.25 0.05 
0.58 / 0.18 0,03 
2.64 I 0,19 0,09 
2.40 [ 0.16 0.10 
1.55 I 0.03 0.08 

10.19 0.08 ...... 
13.57 0.05 

Total  
Un- 

sa tu ra ted  

88 .0 (1 )  
11 .4 (2 )  

9 . 8 ( 7 )  
19 .6 (4 )  
14 .8 (9 )  
12 .2 (8 )  
71 .5 (6 )  
66 .0 (9 )  

1 In  addi t ion  to acids tabulated,  contains 0 .79% 04, 0 .51% Ca, 0 .34% Cs, and 0 .67% Cto sa tura ted  ,e, cids. 
2 In addi t ion to acids tabulated,  contains 0 .58% 05, 0 .53% C6, 0 ,27% Cs, and 0 .60% Cto sa tura ted  acids. 
3 Assumed. 
4 In conver t ing  fa t ty  acids in fa ts  to fa t ty  acids in foods, the non-saponif iable  mat ter  in  the fa t  w a s  ignored for  purposes of calculat ion,  
NOTE: Figure,s which are not  s ignif icant  have  been placed in parentheses .  
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Distillation of Methyl Esters. Distillations were 
made through a jacketed, electrically-heated column 
with a total condensation, var iable  take-off head. The 
column, constructed of 14-ram. Pyrex  tubing,  was 
packed with single-turn 1/s-inch glass helices for  a 
length of 32 inches. The 500-ml. distilling flask was 
heated by  an oil bath. Bumping  was prevented by  
use of a magnetic stirrer.  

In  most cases 120-g. samples were taken. Distilla- 
tions were carried out at 5.0 ram. until  the end of the 
C~s plateau was reached, when the pressure was low- 
ered to 1 or 2 ram. and distillation continued until  the 
C2o range was attained. About  25 cuts were taken in 
a continuous distillation which usually took some 24 
hours  to complete. 

In  the case of the cheese fa t  methyl  esters 300-g. 
samples were taken to insure sufficiently large 
amounts  of each component for sat isfactory analysis. 
Distillation was s tar ted at atmospheric pressure, and 
the pressure was gradual ly  diminished, being ad- 
justed to 5.0 mm. by  the time the C~ range was 
reached. Sixty-five to 70 cuts were taken in distilla- 
tions lasting 55 to 60 hours. The refract ive index 
was determine& on each cut a f te r  weighing and 
plotted against  total  grams of esters distilled. 

Treatment o.f Distillation Fractions. From consid- 
eration of the distillation curves, individual cuts were 
combined quanti tat ively into 5 or 6 fractions for  each 
sample or~ in the case of the cheese fat  esters, into 12 
or 14 fractions, represent ing acids of the same carbon 
chain length or t ransi t ion fractions containing acids 
of two chain lengths. 

The final f ract ion in each case contained the distil- 
lation residue and was assumed to include all the non- 
saponifiab]e mater ial  originally present  in the ester 
sample. This fract ion was therefore converted to non- 
saponifiab]e-free fa t ty  acids by  Lundbe rg ' s  procedure 
(15). Non-saponifiable ma t t e r  was determined quan- 
t i ta t ively on a sample of the original methyl  esters;  
the amount  in the total charge was calculated and 
subtracted f rom the weight of the residue. 

Saponification equivalents (or neutral  equival.ents, 
in the case of fatS.;- a:d,]s) were rm~ on all fractions. 
Iodine values (VYijs) wine determined oi, all frac- 
tions except the C4 and C. cuts of the cheese fa t  
methyl  esters. Polyuusa tura ted  components were de- 
termined speetrophotoIaetrically on all cuts contain- 
ing C,s or higher components by  the original method 
of Brice et al. (3) except, that  nitrogen blanket ing 
was lsed dur ing isomerization. "L i qu i d  and solid 
f a t t y  ac ids"  were determined on the hydrogenated 
fats, end f rom these results and the spectrophoto- 
motric date already obtained, iso-diene acids were cal- 
culated by  the method of Lemon (14). 

All determinations were made at least in duplicate. 
Official methods of the American Oil Chemists '  So- 
ciety (1) were used wherever applicable. 

Calculations 
Calculations of f a t ty  acid components f rom the 

ester-fractionation data were  made essentially as de- 
scribed by  Hildi tch (12) for  fractions, up to and in- 
eluding the C~ fractions. In  the fract ions containing 
C,~ or higher components, total  unsaturated material  
obtained by  spectrophotometric analysis and iodine 
value determinations was calculated, and the satu- 
ra ted portion obtained by  difference. 

Acids in the final fraction, both saturated and un- 
saturated,  were calculated as C~o acids, though small 
proport ions of higher molecular  weight  acids were no 
doubt  present  in some instances. All acids over C~8 
are tabulated s imply as "C~o"  acids. In  the case of 
hydrogenated acids it was assumed tha t  " h i g h e r "  un- 
saturates would isomerize in the same manner  as C~s 
mater ial  and that  the ratio of " h i g h e r "  iso-monoene 
acid to " h i g h e r "  iso-diene acid would be the same as 
tha t  of iso-oleic to iso-linoleic acid. 

F inal ly  the s tandard  factor  0.956 was used to con- 
v e r t  the percentages of individual f a t ty  acids to. per- 
centages f a t ty  acids in fa t  except in the case of those 
f rom cheese, where the factor  0.945 was used. 

Discussion 
The various procedures employed in the manufac-  

ture of the samples studied seem to have little effect 
on the essential f a t t y  acid contents except, of course, 
in the case of oils. which have been hydrogenated.  
These samples still contained significant p ropor t ions  
of linoleic acid, plus iso-acids which may  or may not 
function as essential acids (9). 

Also it may  be noted that  even the relatively severe 
conditions of distillation seem to have little effect on 
the polyunsatura ted  components in the distilled com- 
pared  with the non-distilled material .  In  no instance 
was there any significant increase in conjugated ma- 
terial in the distilled esters. This is in agreement with 
a previous s tudy on the effect of heat on fa t ty  esters. 
(16) in which it was shown tha t  the changes effected 
even in the course of prolonged distillation were less 
significant than  the effect of chemical reagents pr ior  
to distillation. 

Milk fa t  has always posed a problem to the analyst,  
not only because of its complexity but  because of the 
volati l i ty and water  solubility of its lower molecular 
weight components when converted to free acids or 
methyl  esters for analysis. The ether extraction of the 
acids mitt removal of the ether pr ior  to esterification 
of tile whc!e sample, as was done in the present work, 
involves less handl ing of the fa t ty  material  in its most 
sensitive form than the usual 4- or 5-hour steam-dis- 
tillation of the f a t ty  acid mixture.  Fur thermore  f a t ty  
acids separated b y  steam contain, besides the nor- 
mally steam-volatile components, traces of oleic and 
presumably  of other acids. When such a mixture is 
f ract ionated and analyzed, calculations are necessar- 
ily somewhat uncer ta in  for  a small proport ion of the 
acids. Although methanolysis, as used on the other 
samples, is undoubtedly the mildest method possible 
for  the prepara t ion of methyl  esters, this process did 
not seem advisable hi the case of the cheese fats be- 
cause of the solubility of the lower molecular weight 
esters in the aqueous washes required. Therefore 
methyl  esters of the total cheese fa t ty  acids were pre- 
pared  by  conventional means. I t  was felt that  frac- 
t ionation of the entire sample in a single distillation 
should provide more reliable results than can be ob- 
tained by usual techniques. 

Summary 
F a t t y  acid constituents of two cheeses, four cured 

meats, and two hydrogenated oils were determined;  
two sets of data. were obtained for  each sample. Un- 
sa turated acids were determined spectrophotomet- 
rieally in the total f a t ty  acids p repared  from each fat,  
and saturated and unsa tura ted  components were de- 
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termined chemically and spcctrophotometrically on 
each fract ion obtained from distilling the methyl es- 
ters prepared from the fats. Close agreement was ob- 
tained between the percentages of unsaturated com- 
ponents f~und in distilled and hoax-distilled samples. 
Methyl esters of cheese fats were prepared without 
prior  distillation of steam-volatile acids; no separa- 
tion of saturated and unsaturated components was 
made on any sample. Fa t t y  acid components were 
also converted to percent  of each fa t ty  acid in each 
food. 
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Fatty Acid Contents of :Several Food Products I 
CONSTANCE WILLARD, R. D. ENGLERT, and L. M. RICHARDS, Stanford Research Institute, 
Stanford, California 

I N connection with a program for  determining the 
fa t ty  acid contents of certain processed foods (1), 
the fats  of  several foods which had undergone only 

relatively mild processing were also analyzed. These 
slightly processed foods were roiled oats, whole white 
corn meal, roasted peanuts, peanut  butter ,  and wal- 
nuts. Also included in the program were Crisco 
shortening and raw peanuts. 

The amount  of each fa t ty  acid constituent in each 
food is reported in Table I as the percentage by  
weight in the food. 

The analytical methods used were essentially those 
previously described (1).  The extracted fats were 
converted to their methyl esters by methanolysis, the 
methyl esters fractionally distilled, and the fractions 
analyzed chemically and spectrophotontetricaUy. 

The handling of these samples differed front that  
of the samples already reported principally in de- 
tails of the distillation procedure. Bumping was pre- 
vented by  means of a fine nitrogen capillary, except 
in the case of the corn oil and walnut oil esters. The 

1 This research was supported in part. by the United States nep~rt- 
meng of Agriculture through a contrac6 sponsored by the Bureau of 
Human  Nutrition and Home Economics. 

distillations, other than these same two samples, were 
carried out intermit tent ly near ly  to the end of the Cls 
plateau. The remaining high-boiling components 
were then (except in the case of corn oil esters) dis- 
tilled through a small vapor take-off column. The ex- 
ceptions noted were treated by the refined procedures 
reported in the previous paper :  a magnetic st irrer  
was utilized to. prevent  bumping, and fract iouat ioa 
was completed in a single continuous distillation. 
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TABLE I 

Fatty Acids in Foods  
(weight percentage) 

Saturated Unsaturated 

Cornlaeal (3.77% Fat)  ........................... 
Crisco (100.0% Fat)  .............................. 
Peanut  Butter  (51.65% Fat,) ................. 
Raw Peanuts  (50.25% Fat)  .................. 
t~oasteut Peanuts  (51.3% Fat)  ............... 
Roiled Oats (5.92% Fat,) ........................ 
Walnuts (66.8% Fat)  ............................ 

Cl6 
Coo and Total 

Cls Above Saturated 

,).33 0.05 0.07 0.4(5)  
0.56 14.1 6.3 1.62 22.5(8)  
0.54 5.34 2.9 4.0 13.2(8)  
0.5 5.9 3.3 5.0 14.7(0) 
0.4 5.9 2.3 2.8 11.4(0)  
0.02 0.76 0.24 0.26 1.2 (8) 
0.29 3.49 ].86 ...... 5.6(4) 

3/Ionoene Die~:le 
Total 

Trien~ Tetraene Unsaturated 

1.39 1.74 0.02 ...... 3 .1(5)  
61.18 11.64 0.20 ...... 73.0(2) 
1.8.8 17.3 . . . . . . . . . . . .  36.1(0)  
17.4 15.94 . . . . . . . . . . . .  33.3(4)  
21.8 15.84 . . . . . . . . . . . .  37.6(4) 

1.88 2.42 0.07 0.011 4 .3(8)  
10.63 38.90 8.66 0 . o ~  58.1(6) 

NOq~F~: Ftigures in parentheses are not significant. 
~Probably due to autoxidation products of linoleni¢ acid (2),  


