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tions although, as yet, only crude results have been 
obtained. 

Acknowledgment. The author is indebted to Miss 
D. E. Simpson and P. M. Masley for their assistance 
and interest in portions of this study. 

Summary 

Details of apparatus construction and refinements 
are presented for a micro capillary rise method of 
determining absolute values of surface tension. Ex- 
perimental values of surface tension for benzene, 
n-pentadecane, and methyl laurate are recorded and 
compared with previous literature values. Parachors 
are determined. The method requires a minute amount 
of sample and is simple, quick, precise, and accurate. 
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The Trans Fatty Acids of Margarines and Shortenings 
AHMED FAHMY MABROUK 3 and J. B. BROWN, Departments of Agricultural Biochemistry and 
Physiological Chemistry and The Institute of Nutrition and Food Technology, 
The Ohio State University, Columbus, Ohio 

PRESENT TREND in the American diet is the rapid 
increase in use of shortenings and margarines. 
For example, in 1953 the consumption of mar- 

garine in the United States exceeded that of butter 
for the first time; lard consumption has declined 
along with the increase in use of shortenings. 

Margarines and shortenings can be, and sometimes 
are, formulated by blending natural fats, but cur- 
rently it is almost the universal practice to use hy- 
drogenated fats for this purpose. This use of what 
one might properly call a "synthetic f a t "  as a major 
item in our diet makes the problem of the composition 
of hydrogenated fats important, and more particu- 
larly that of the nature of the unsaturated acids in 
these fats. The unsaturated acids in natural fats are 
ahnost always of the so-called cis configuration, the 
principal exception being vaecenie acid, trans-ll- 
octadecenoic acid, which has been found in small 
amounts in several animal fats (4). Recent work in 
this laboratory (5) has shown that summer butterfat 
contains up to 9.5% trans acids. In contrast to the 
natural fats, hydrogenated fats are known to contain 
large quantities of trans acids, not presently known 
to occur naturally. Another important difference in 
composition between the hydrogenated fats and the 
oils from which they have been made is their content 
of essential fat ty acids. Hydrogenation destroys a 
major part of these acids, thus impairing their nutri- 
tive value in this respect. 

1 From a disser tat ion submitted by A. F. Mabrouk  to The Ohio State 
Univers i ty  in pa r t i a l  fulfillment of the requi rements  for  the Ph .D.  de- 
gree, August ,  1954. 

~Presen ted  a t  the June .  1955, meet ing of the Ins t i tu te  of Food 
Technologists, Columbus, Ohio. 

3 Suppor ted  by a s tudy  leave, Cairo Universi ty,  Giza, :Egypt. Presen t  
address: Facul ty  of Agriculture,  Cairo Universi ty.  

The almost hopelessly complex nature of the mixed 
fat ty acids in hydrogenated fats can best be pointed 
out by citing a few of the numerous investigations of 
the chemistry of hydrogenation of fat ty acids and 
their esters and glycerides, which involves more than 
simple addition of hydrogen to double bonds. Vari- 
ous types of isomerization take place in this process 
so that in partially hydrogenated products there is 
always an increase in the number and types of fat ty 
acids present in the product. Thus Moore (16) 
showed that, in the course Of hydrogenating ethyl 
oleate, the resulting iso-oleic acids consisted of a 
mixture of 8-, 9-, and 10-octadecenoic acids. Likewise 
Hilditch and Vidyarthi (8), Benedict and Daubert 
(3), and others (15, 17) found that partial hydroge- 
nation of oleic acid and its esters resulted in forma- 
tion of numerous positional and geometric isomers of 
oleic acid. The trans 6-, 7-, 8-, 9-, 10-, and ll-octa- 
decenoic acids, described by Huber (9) melt much 
higher than the corresponding cis isomers, and at 
least several of them are responsible for a considera- 
ble part of the desired high melting point of commer- 
cial hydrogenated fats. 

The partial hydrogenation of a dienoic acid, such 
as linoleie acid, or of its esters, results in a still more 
complicated mixture of products including numerous 
octadecenoic acids, (16, 8, 20) both cis and trans, as 
well as various isomers, both positional and geomet- 
ric, of linoleic acid itself. Most of these isolinoleie 
acids have not been identified reliably. Hydrogena- 
tion of the 12,13-double bond to give oleic acid is 
always accompanied by less reaction of the 9,10- 
double bond to give 12-octadecenoic acid (24). (Cf. 
also 1, 6, 14, 20, 22.) 
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The use of soybean oil in making edible hydroge- 
nated fats introduces a still further complication in 
that this oil contains important amounts of linolenic 
acid, the products of partial hydrogenation of which 
must be added to those resulting from oleic and lino- 
leic acids. Thus van der Veen (24) demonstrated the 
formation of two iso-linoleic acids on hydrogenating 
methyl linolenate. Lemon (12) noted that some of 
these isomers had double bonds separated by more 
than one methylene group; these are only slowly con- 
jugated by alkali and hence are not estimated by the 
standard ultraviolet speetrophotometric procedure. 
These findings were substantiated by Bailey and 
Fisher (2), who hydrogenated cottonseed, soybean, 
and linseed oils under selective conditions and found 
9,15-oetadeeadienoic acid among the products and 
were further confirmed with soybean oil by Mattil 
(14), and by Daubert and Filer (6). (Cf. [7].) 
With linseed oil Lemon and Cross (13) concluded 
that hydrogenation is accompanied by a cis to trans 
change in some of the double bonds and that the re- 
sulting iso-linoleic acid has at least one trans double 
bond, a finding that was confirmed by Rebello and 
Daubert (18) by infrared examination. On partial 
hydrogenation of methyl tinolenate Ueno (23) found 
that the 15,16-position hydrogenates first, then the 
9,10-position, while the 12,13-position is the least sus- 
ceptible one. 

The preceding literature has been cited in order to 
point out the complex nature of the component fat ty 
acids in partially hydrogenated fats made from 
cottonseed, peanut, and soybean oils, and others occa- 
sionally used in food technology to prepare mar- 
garines and .'~lorteniugs. These oils contain large 
amounts of oleic and linoleie acids, even as much as 
50% of the latter while soybean oil contains up to 
10% of linolenie acid. Further, the preceding cita- 
tions have been concerned primarily with fundamen- 
tal investigations of hydrogenation of acids, simple 
esters, and glycerides. At the time this work was 
completed, almost no work had been reported on the 
actual composition of commercial margarines and 
shortenings. Consequently objectives of the present 
investigation were to study the nature of the fat ty 
acids in several typical margarines and shortenings 
as manufactured in the United States, to determine 
the trans acid contents of these products, and to 
study the distribution of trans acids in the several 
carbon series. These results were designed to throw 
light on the nature of these most important food 
products. 

Experimental 

Materials. Five specimens of shortenings and six 
of margarines were purchased on the open market. 
The shortenings were analyzed as received; the mar- 
garines were melted, filtered to remove salt and curd, 
and dried under reduced pressure. The origins of the 
several specimens and the sample designations are 
described in Table I. 

Analytical Methods. Iodine values, saponification 
uumbers, saponification equivalents, and ultraviolet 
analyses before and after alkali-isomerization were 
determined according to the Official and Tentative 
Methods of The American Oil Chemists' Society. The 
trans acids were determined both as triglycerides and 
as methyl esters by the infrared-speetrophotometrie 
method described by Shrove et al. (19) and by Swern 
and co-workers (21). It was necessary to develop new 

TABLE I 

Description of Shortenings and Margarines 

Sample Brand I Company Origin of Fat  

Shortenings 

St Crisco Procter and Gamble Vegetable oils 
S~ Spry Lever Brothers Co. Vegetable oils 
Sa Swift 'ning Swift and Company Meat fats and 

vegetable fats a 
Sl Durkee's  Durkee Famous Foods Vegetable fats 
S~ Food Club Topeo Assoc. Inc.  Vegetable fats 

Margarines 

MI 

M:; 

M:, 

M~ 

M~ 
Ms 

All Sweet 

Pa rkay  b 

Good Luck 

D~ :ie 

Nu-Maid 

Pa rkay  b 

Swift and Company 

Kraft, Foods Co. 

Lever Brothers Co. 

Tile Capital City 
Products Co. 

The Miami Margarine 
Co. 

Kraf t  Foods Co, 

Cottonseed and 
soybean oils 

Soybean and 
cottonseed oils 

Soybean and 
cottonseed oils 

Cottonseed and 
soybean oils 

Cottonseed and 
soybean oils 

Soybean and 
cottonseed oils 

a The umque properties of this shortening are due to the fact that  it 
is a blended composition and only slightly, if any, hydrogenated. 

b Two specimens purchased at different times. 

infrared reference values for several pure acids and 
esters in order to standardize the procedure with the 
Beckman IR spectrophotometer used in the present 
investigation. Infrared absorption was measured at 
10.36 ~ in optically pure carbon disulphide. The total 
concentration of the solution was adjusted where pos- 
sible to give solute optical densities corresponding to 
k-values of 0.300 to 0.600. The extinction, k, was cal- 
culated from the following relationship: 

d 
k - -  

cL 
where d is the optical density, c is the concentration 
in grams per liter, and L is the cell thick less in centi- 
meters. The k-values found for the standard com- 
pounds used in this investigation are recorded in 
Table II. 

TABLE I I  
In f ra red  Extinction Coefficient a of Reference Compounds 

Triglyc- ! k Methyl k 
erides Esters 

Tristearin 0.082 t Laura te  0.044 
Triolein 0.106 1 ~'~Iyristate 0.044 
Trielaidin 0.563 Palmitate 0.029 

Stearate 0.034 
Oleate 0.044 b 
Elaidate 0.523 b 

Acids k 

Lauric  0.132 
Myristie 0.117 
P almitic 0.135 
Hexadecenoic 0.178 
Stearic 0.136 
0leic 0.144 ~ 
Elaidic 0.560 

• All k.values at 10.36 g. 
b The extinction coefficient values of oleic acid, methyl oleate, and 

methyl elaidate were determined in this laboratory by R. H.  Backderf. 

Spectrophotometric Examination of Margar ines  
and Shortenings. The several specimens of marga- 
rines and shortenings were examined by ultraviolet 
and infrared spectrophotometry; the results are 
given in Table III.  

With one exception the margarines and shortenings 
in Table I l I  have high iodine values (72.5-84.7) simi- 
lar in fact to olive oil, and contain high percentages 
of trans acids (22.6-41.7%). The high melting points 
and plastic properties of these products are primar- 
ily due to their content of high melting (44-53 ° ) 
trans monounsaturated acids. The exception noted is 
for the blended shortening, $3, which is formulated 
with a minimum of hydrogenation and hence is of 
negligible trans acid content. The analytical values 
for the several classes of fat ty acids in Table 11I are 
determined by empirical speetrophotometric proce- 
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T A B L E  I I I  

Spectrophotolaet r ic  Analys i s  of Shor t en ings  an~l M a r g a r i n e s  

VoL 33 

Sample  

Sl ................................................. 
$2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ......... 
S3 ................................................. 
8 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

:M, ................................................ 
M5 ................................................ 
M6 ................................................ 

Sap. 
No. 

191.4 
196,1 
192.9 
196.3 
193.1 
193.2 
192.3 
192.2 
191.1 
192.3 

Iod.  l 

75.40 [ 
59.40 / 
73.67 / 
72.55 
75.53 
81.36 
78.67 
74.49 
84.77 
80.26 

Sa tu ra ted  

23.7 
16.6 
44.9 
20.0 
21.5 
17.6 
15.2 
20,5 
23.0 
15.5 
15.2 

F a t t y  Acids  % 

Oleie 

63.9 
79.3 
42.5 
74.6 
72.8 
76.9 
75.6 
68.0 
66.3 
71.3 
75.6 

Linoleic  a 

11.8 
3.9 

11.3 
4.4 
4.7 
4.9 
8.1 

10.6 
10.1 
10.8 

8.2 

Lino- 
lenie a 

0.4 
0,0 
0.6 
0.2 
0.2 
0.2 
0.6 
0,5 
0. l  
0.9 
0,5 

Arachi-  
donic a 

0.0 
0.0 
0.5 
0.0 
O.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Diene 
%b 

0.2 
0.2 
0.2 
0.8 
0.8 
0.4 
0.5 
0.4 
0.5 
1.5 
0.5 

k T r a n s  
Value Glyeeride 

10.36 g % e 

0.204 22.7 
0,258 33.4 
9.097 00.4 
0.272 36.6 
0.264 34.9 
0.268 35.5 
0.272 37.]  
0.260 34.8 
0.251 32.9 
0.293 41.7 

.254 33.2 

a Values  for  2-, 3-, and 4-double acids are s ta ted as linoleic, l inolenic,  and  a rach idonic  acids, respectively,  bu t  the method is not  specific for these 
acids. 

h Conjuga ted  tTiene and  te t raene  acids less t h a n  0 ,1%.  
e Es t imated  as t r i e la id in .  

dures and, because of the inherent nature of hydro- 
genated fats, are of strictly limited accuracy. Lino- 
leic acid values, 3.9-11.8%, avg. 7.3, are subject to 
the limitation of the presence of small amounts of 
non- or slowly-conjugatable diene. Linolenic acid 
values range from 0.0-0.9%. Both linoleic and lino- 
lenic acid values include all conjugatable diene and 
triene; in other words, iso-acids are known to be 
present. 

Fractional Distillation of Methyl Esters of Selected 
Specimens of a Margarine and a Shortening. One 
specimen each of a margarine and a shortening was 
converted to methyl esters by the usual procedure, 
and the esters were fractionally distilled. Analytical 
data on the original esters and on the resulting frac= 
tions are described in Tables IV and V. 

From Tables IV and V it is quite clear that trans 

T A B L E  I V  

Analys i s  of Methyl  Es t e r  F rac t i ons  of M~ 

Frac.  T r a n s  
No. Es te r s  %~ 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 ................................. 
3 ................................. 
4 ................................. 
5 ................................. 
6 ................................. 
7 ................................. 
8 ................................. 
9 ................................. 

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11 ................................. 
Column hold-up ............ 

Tota l  ......................... 
Po t  res idue  ................... 

~r t .  
g. 

6,15 
123.40 

73.50 
151.00 
146.40 
112.90 
112.90 

87,40 
15,60 
72.80 

6,35 
10,00 

918,40 
17.40 

Mean 
Iod.  :Mol. ~Vt., 
~ral" acids  

5.13 234.2 
10.99 257.6  
73.85 274.5  
95.37 279.5 
98.07 281.8 
97.15 281.9 
93.65 281.5 
88.04 282.8 
85.19 278.8 
75.30 282.1 
68.85 281.2 

Or ig ina l  esters . . . . . . . . . . . . . .  

a Calculated as methyl  elaidate.  

T A B L E  V 

Frac t iona l  Dis t i l la t ion  of :Methyl Es te rs  of S2 and 
I n f r a r e d  E x a m i n a t i o n  of F rac t ions  

k 
10.36 

0.058 
0.168 
0.208 
0.219 
0.221 
0.234 
0.240 
0.245 
0.233 
0.205 
0.148 

0.130 

3.5 
5.4 

30.4 
35.1 
37.4 
37.8 
41.0 
42,2 
43,4 
40,9 
35,3 

36.9 

Frac.  
No. 

1 ................................... 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ................................... 
4 ................................... 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 ................................... 
7 ................................... 
8 ................................... 
Column hold-up ............ 
Po t  res idue  ................... 

Or ig ina l  esters 
Total  ........................ 

Wt.  
g, : 

--i:;o- 
22.70 
48 70 
18 20 

132.70 I 
302.40 ] 

47.95 ] 
71.50 I 
10.75 i 
28,20 

687.80 ] 

Iod.  
Val. 

10.87 
1.52 

85.81 
85.28 
76.30 
65.12 
46,81 
61.37 

74.25 

I Mean k 
Mol. Wt.,  10.36 

I acids 

I- 249.2 0.-%69 
253.1 0.049 
257.1 0,040 
270.7  0.177 
277.8  0.235 
281.9 0.250 
282.5  0 .260 
282.8  0.260 
........ 0 .201 

0,194 

276.3 0.217 

components occur in all fractions except S~-3. There- 
fore both C~6 and C~s trams fat ty acids occur in these 
specimens of margarine and shortening. Trans unsat- 
urated fat ty acid esters show gradual increase in suc- 
ceeding Cls fractions. Thus, with M6, fractions 4-9 
show gradual increases from 35.3% to a maximum of 
43.4% in fraction 9. Ultraviolet analyses of the frac- 
tions 4-11 of M6 are shown in Table VI. 

T A B L E  V I  

Ul t r av io le t  Analys i s  of Es te r  F rac t ions  of M~a 

Frac.  

4 
5 
6 
7 
8 
9 

10 
11 

Or ig ina l  
esters 

Itear 
Ack  % 

2A 
OA 
2,4 
7.~ 

14A 
19,1 
32.( 

19.( 

Mono- 
ethenoie 

Acid % 

81.0 
86,1 
87.0 
83.2 
71,7 
72.7 
56.6 

70.9 

Dienoic  Acid 

Conj. Non- 
conj. % % 

0.2 14.3 
0.2 1 5 . 4  

0.2 12.8 
0.2 9.9 
0.3 8.3 
0.6 12.4 
1.9 5.5 
7.7 3.2 

0.5 9,1 

Tr ienoic  Acid 

Conj. Non- 
conj. b % % 

O.0 0.5 
0.0 0.5 
0,0 0.5 
O.O 0.6 
0.0 0.4 
0.0 0.0 
0.0 0.5 

O.0 0.5 

a All f r ac t ions  c~lcutated as C~s esters. 
b NO detectable amounts  of con juga ted  t r ienoic  acids. 

As distillation proceeds (Table VI), the amounts 
of non-conjugated polyunsaturated esters tend to de- 
crease while conjugated octadecadienoate rises. Its 
highest percentage is found in fraction 11, 7.7%. As 
would be expected, the percentage of methyl stearate 
increases gradually in the successive Cts fractions, 
behaving thus like the trans unsaturated esters. 

Further Separation of the Cls Esters of Mt by Low 
Temperature Crystallization. The Isolation o~ a C~s 
Trans Esters Concentrate. A composite C~s ester frac- 
tion, made by combining fractions 4-10 of M~, was 

T A B L E  V I I  

Ul t r av io le t  Analys is  of Crystal l ized F rac t ions  
T r a n s  
Es te r s  %, 

Sa tu ra ted  Octadecadienoate 0ctadeca- 
7.1 Octa- t r i enoa te  
2.5 Fract .  Es te r  decenoate Conj. Nonconj.  Nonconj.  

27.8 . . . . . .  
39.9 F, 0 0  (41,3)  a 8.1 49.6 2.0 
43.0 F2 ~ (56 .8)  a 1.7 / 40.2 1.3 
45.3 Fa ~ 0  83,0 1,6 / 7.4 0.0 
45.7 C2 1~1 98.7 0.0 l 0.2 0.0 
33.8 
31.7 Composi t ion of combined C~s f ract ion,  subjected to Low 

Tempera tu re  Crys ta l l iza t ion  

36,3 I 5.8 I 81.8 [ 0.3 I 11'1 1 0.8 

a Calculated as elaidate. I n  F rac t i ons  1 and 2 the mater ia l  ' is  l ikely 
to be aefu ~llv t r ans  hexadecenoate. 

These values  by difference bu t  in  serious crror  because no t  all 
dienoate has  been  est imated.  
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T A B L E  V I I I  
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101 

F1 
F~ 
Fa 
C:  
P~ 

F rac .  Wt ,  
g. 

13.5 
12.0 

3.9 
40.9  
21.6  

7.8 

°C. 

- -65  b 
- -65  b 
- -60  h 
- -60  a 

0 
O 

I.V. 

152.54 
132.40 

87.65 
84.79 
74.53 
11.35 

Stearate 

0O.O 
0O.0 
00.0 
00.9 
12.9 
86.7 

Octadecenoa te  

22.9 
46.1 
97.2 
99.1 
87.1 
13.3 

Octadeca-  Tran~ 
d ienoa te  % a 

77.1 c 43.8 
53.9 41 .6  

2.8 1 19.0 00"9 29,5  
00"0 90 .6  
00'O 12.3 

T r a n s  % is ca lcula ted  as  Me e la ida te  in  all f r ac t ions .  
b Calcula ted  h e r e  as  b i n a r y  m i x t u r e s  of oc tadecenoate  and  octa~:ecadienoate,  on the  a s s u m p t i o n  tha t  no s t ea r a t e  is p r e s e n t  in  - - 6 0  ° to - -65  ° f i l t rates.  

B u t  u .v .  ana lys i s  g ives  4 9 . 6 %  non-conj ,  a n d  8 . t %  conj.  d ienoa te  a n d  2 %  t r i enoa te .  
d Calcula ted  as a m i x t u r e  of s t ea r a t e  and  octadeeenoate .  

crystallized as shown in Char t  1. Analyt ical  da ta  on 
the resul tant  fract ions are given in Tables V I I  and 
V I I I .  

By  calculation f rom the iodine value, F, (Table 
V I I I )  contains 22.9% of oetadecenoate and  77.1% 
octadecadienoate. Ultraviolet  analysis shows F~ to 
contain 49.6 and 8.1%, respectively, of nonconju- 
gated and conjugated dienoates, a total  of 57.7%, 
and, in addition, 2% of tr ieue ester. The difference, 
about  20%, m a y  be due to octadeeadienoates which 
will not rea r range  to conjugated diene systems with 
alkali, as, for example, 9,15-oetadecadienoate, and in 
par t  to other esters which require longer periods of 
alkali isomerization such as trans,trans-, cis,tra/ns-, 
and trans,cis-9,12-, and 12,15-octadecadienoate. These 
la t ter  types  are not determined quant i ta t ively  under  
our exper imenta l  conditions. To estimate them it 
would be necessary to isomerize for  60 to 360 rain., 
as suggested by  Jackson et al. (10). This was not 
(tone. Solubil i ty considerations (see discussion later)  
would likewise confirm the assumption tha t  the diene 
acids found in F~ are these several types of geometric 
isomers of octadecadienoates. I t  is to be fu r the r  noted 
that  F~ contains 8% of conjugated diene, which in 
tu rn  will tend to confuse the result  by only par t ly  
showing up in the iodine value. Thus no present ly  
available methods will accurate ly  assess the composi- 
tion of this mixture.  The octadecenoate in F 1 is largely 
methyl  oleate, but  it  m a y  contain other soluble iso- 
mers  of this ester, such as methyl  15-octadeeenoate, 
etc. Trans octadecenoates are not likely to be present  
in appreciable amounts  since these tend to be spar- 
ingly soluble at - -60  °. Most of the trans mater ia l  in 
this f ract ion is likely diene in nature.  Octadeeadi- 
enoate values for  F 2 in Tables V I I  and V I I I  are 
widely different, 41.9 and 53.9%, respectively, for the 
reasons mentioned above. T rans  esters in this frac- 
tion, 51.6%, quite cer ta inly include both monoene 
and  diene esters. Trans components in f ract ion F:~ 
are likely to be pr inc ipa l ly  octadecenoates with the 
double bond beyond the 9-position. 

The - - 6 0  ° crystals, C2, contain about  99% octa- 
decenoate, about  one-third of which is t raus  ester. 
The cis and trans octadecenoates in this f ract ion may  
include m a n y  of the predictable types, including ole- 
ate and elaidate. The highest concentrat ion of trans 
mater ia l  is found in f ract ion F 4. This f ract ion con- 
sists of s tearate  and trans-9-octadecenoate and pos- 
sible cis-octadecenoates of lesser solubility than  oleate. 
Ninety  per  cent of the octadecenoate in this fract ion 
:is trans. The major  component  of C~ is methyl  stea- 
:rate contaminated with trans, and cis-octadecenoates. 
From the da ta  of Tables V I I  and V I I I  it is quite ob- 
vious that  the scheme used in Char t  1 produced a 
fraction, Fd, with the highest (90.6%) concentration 
of trans esters. The advantages  of low tempera ture  

crystall ization in separa t ing the Cls esters into six 
simplified fract ions are borne out by the data  in 
Tables V I I  and V I I I ,  but  each of the simplified frac- 
tions still contains three or usual ly many  more 
components. 

D i s c u s s i o n  

The C1 s f a t t y  acids of most vegetable fa ts  consist 
mainly  of three solubility types,  stearic, oleic, and 
linoleic (and possibly linolenie) acids, which can be 
separated readi ly  by  cooling solutions of these acids 
to - -20  ° and to - -60  ° . Stearic acid comes out at 
- -20  °, oleic acid at - -60  °, and linoleie (and lino- 
lenie) acid remains in solution at - -60  °. Esters  be- 
have similar ly al though they are somewhat more solu- 
ble. I n  hydrogenated  fats  two more types of acids 
exist, namely,  positional and  geometrical  isomers of 
both octadecenoic acids and octadecadienoic acids. 
Trans octadecenoic acids are less soluble than  the 
corresponding cis acids. Thus  the solubility of elaidic 
acid is intermediate between that  of stearic and oleic 
acids. The position of the double bond in the carbon 

CHART 1 
Crystallization of C~8 Ester Fraction of M6 to Produee 

Trans Ester Concentrates 

100 gm. of C~ fraction 
I.V. 92.58; k 0.256; N.E. (acids) 281.2 
Dissolved in 4000 ml. methanol 
Cool to --65 ° (2 hours) 

Crystals Filtrate (F,) 
dissolved in 13.5 g. 
6000 ml. methanol I.V. 152.54 
Cool to --65 ° (2 hrs.) k 0.254 

$ 
Crystals Filtrate (F:) 
dissolved in 12.0 g. 
6000 ml. methanol LV. 132.41 
Cool to --20 ° (2 hrs.) k 0.243 

I 

Crystals 
dissolved m 
4000 ml. methanol 
Cool to 0 ° (2 hrs.) 

Crystals (C,) 
7.8 g. 
I.V. 11.35 
k 0.094 

} 
$ 

Filtrate (Fd) 
21.6 g. 
I.V. 74.53 
k 0.442 

Filtrates 
Cool to --60 ° 
(2 hrs.) 

Crystals (C2) 
40.9 g. 
I.V. 84.79 
k 0.185 

I 
4 

Filtrate (F:~) 
3.9 g. 
I.V. 87.65 
k 0.135 
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chain of octadecenoic acids has a definite effect on the 
melting points and solubility of both cis- and trams- 
acids• For example, recently Kolb and Brown (11) 
showed that as the double bond of a c/s octadeeenoic 
acid is moved away from the carboxyl group, the acid 
becomes somewhat more soluble. Therefore we may 
expect to find cis 12- and 15-octadecenoic acids, such 
as may conceivably be present in partially hydroge- 
nated cottonseed and soybean oils, to be more soluble 
than oleic acid and to appear in the linoleic acid (fil- 
trate) fractions. 

A second double bond in any given fat ty acid fur- 
ther increases its solubility; linoleie acid is about 30 
times as soluble as oleic acid. Rebello and Daubert 
(18), as cited previously, applied more than 30 crys- 
tallizations to obtain all isolinoleic ester fraction 
(95•8% pure) consisting of at least three isomers, the 
8,14-, 9,]5-, and 10,14-octadeeadienoic esters. Conju- 
gated diethenoic esters are less soluble than non-con- 
jugated. Cis,trans- and trans,cis-octadecadienoic acids 
would appear to be an intermediate solubility class 
between cis,cis- (the more soluble) and trans,trans- 
(the less soluble) esters although actual solubility 
data on pure compounds are not available. 

One concluding statement should be made, apprais- 
ing ultraviolet and infrared speetrophotometric meth- 
ods as applied to partially hydrogenated fats and 
oils. Ultraviolet analysis, before alkali isomerization, 
will estimate the small amount of pre-conjugated 
acids in these fats. After alkali isomerization the 
method has decided limitations because of the presence 
of fat ty acids which either do not isomerize or which 
isomerize slowly, or, at least, at rates different from 
those established in the official procedure~ for conju- 
gated systems. Infrared examination for trans acids 
in hydrogenated fats is an extremely useful proce- 
dure, but it also is limited at the moment by the diffi- 
culty of establishing the base line and reference 
values for the numerous cis and trans components in 
these mixtures. Values are somewhat more accu- 
rate for simplified distillation and crystallization 
fractions• 

A final comment is in order. The American people 
are eating nearly three billion pounds of margarines 
and shortenings annually. The average trams acid 
content of these products is about 30%. Thus we are 
consuming nearly a billion pounds of trans fat ty 
acids, by far the largest part of which have been in- 
troduced into these food products by hydrogenation. 
Work is already under way in this laboratory which 
indicates that human body fat contains appreciable 
amounts of trans acids. These are doubtless of die- 
tary origin. I t  is indeed fortunate that at present 
there is no evidence to indicate that these unique 
acids are in any sense deleterious. The principal dis- 
advantage of hydrogenation is that it removes large 
amounts of the essential fat ty acids which are present 
in the natural oils. We are currently investigating 
the problem of actually how much linoleic acid is to 
be found in these important food products. 

Conclusions 
1. Six specimens of margarines and five of short- 

enings have been examined for trans fat ty acids by 

infrared absorption at 10.36 ~. With one exception 
trans components calculated as trielaidin were found 
to range from 22.7-41.7%; the single example is a 
specimen of shortening prepared by blending vege- 
table and animal fats and subjected to minor hydro- 
genation. The iodine values of these materials were 
close to the range found for olive oil; the. high melt- 
ing point of the products is due, principally, to the 
presence of large amounts of trans acids. 

2. Methyl esters were prepared from one specimen 
each of margarine arid shortening, and the several 
distillation fractions were studied by infrared and 
ultraviolet spectrophotometry. All fractions con- 
tained trans acids, but large amounts were found in 
the C18 fractions. I t  is probable that small amounts 
of trans-hexadecenoic acid occur in these fats. 

3. In order to produce concentrates of trans esters 
and further to study the nature of the trans unsatu- 
rated acids of the Cls series, the combined C18 esters 
of a specimen of margarine were fractionally crystal- 
lized at low temperature. Six simplified fractions 
were thus obtained, and their composition was stud- 
ied from their iodine values and infrared and ultra- 
violet absorptions. One of these fractions contained 
90% of its unsaturated acids as trans acids. 

4. Evidence is presented that the unsaturated fat ty 
acids of a typical margarine, and probably generally 
of margarines and shortenings, are actually an ex- 
tremely complex mixture of many of the theoretically 
possible positional and geometric isomers of the octa- 
decenoic and octadecadienoic acids. When the hydro- 
genated fat is made from an oil containing linolenic 
acid (soybean oil), the mixture is even more complex. 

5. The spectrophotometric method of analysis of 
hydrogenated fats is evaluated and shown to be sub- 
ject to definite limitations. 

R E F E R E N C E S  

1. Bailey, A. E•, " Indus t r i a l  Oil and Fat  Products," 2nd ed., Inter-  
science Publishers Inc., New York (1951) .  

2. Bailey, A. E., and Fisher, G. S., Oil and Soap, $3, 14 (1946) .  
3. Benedict, J. It., and nauber t ,  B. F., J• Am. Chem. Soc., 72, 

4356 (1950).  
Bertram, S. H., Biochem. Z., I97, 433 (1928) 

• Cornwell, D. G., Backderf, 1~. H., Wilson, C. L., and Brown, J. B., 
Arch. Biochem. and Biophys., d6, 364 (1953).  

6. Dauber¢, B. F., and ~iler, L. J• Jr. ,  Oil and Soap, $2, 299 
(1945). 

7. Fisher, G. S., O'Connor, I~. T•, and Dollear, F• G., J'. Am. Oil 
Chemists' Soc., 24, 382 (1947) .  

8. ni ldi tch,  T. P., and Vidyarthi,  N. L., Proc. Roy. Soc. (London),  
A122, 552 563 (1929).  

9. Huber, W. F., J. Am. Chem. Soc., 73, 2730 (1951).  
10. Jackson, J• E•, Pasehke, It. F., Tolberg, Wesley, Boyd, H. M., 

and Wheeler, D. H., J. Am. Oil Chemists' Soc, 29, 229 (1952)• 
11. Kolb, D. K., and Brown, ft. B., J. Am. Oil Chemists '  Soe., 32, 

357 (1955)• 
12• Lemon, I-L W., Can• J• Research, E~2, 191 (1944).  
13. Lemon, /-L W., and Cross, C. K., Can• J. Research, B, 27, 610 

(1949).  
14. Mattil, K• F., Oil and Soap, 22, 213 (1945).  
15. Mazume, T., J. Soe. Chem. Ind., Japan,  31, 470; suppl, binding 

112B (1928).  
16. Moore, C. W., J. Soc. Chem. Ind., 38, 320T (1919)• 
17. Pigulevskii ,  G• V., and Artamonov, P. A., J• Gem Chem. U.S.- 

S.R., 12, 510 (1942) .  
18. Rebello, D., and Daubert,  B. F,, J. An]. Oil Chemists' Soc., 28, 

183 (1951) .  
19• Shreve, 0.  D., Heether, ~ .  t~•, Knight,  ]-L B., and Swern, 

Daniel, Anal. Chem., 22, 1261 (1950).  
20. Suzuki, B•, and Inoue, Y., Proc. Imp. Acad. ( Japan) ,  6, 266 

(193o). 
2I• Swern Daniel, Knight,  H. B•, Shreve, O• D., and Heether, 

~ .  1~., J• Am. Oil Chemists Soe., 27, 17 (1950) .  
22• Tyutyunnikov, B., and Kholodovskaya, I~., Masloboino Zhirovoe 

Delo, No. 5, 53 (1929).  
23. Ueno, S., Fette u. Seifen, 54, 467 (1952).  
24• Veen, I t .  van  der, Chem. Umschau, Fette, 51e, Wachse u. Harze, 

88~ 89 (1931).  

[ R e c e i v e d  S e p t e m b e r  26, 1955]  


