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F AT is more than a concentrated source of calories 
in the diet. I t  makes other important  nutr i t ional  
contributions, either directly as a vehicle for  

essential nutr ients  or as a sparer  of other essential 
dietary components. I t  has also been amply demon- 
strated that  animal and vegetable fats are equally 
effective in meeting nutri t ional  requirements and 
that  these two types of fat  have the same ranges of 
digestibility. These facts have been discussed with 
support ing l i terature citations in a recent review 
paper  (1).  The results of experimental studies lead- 
mg to the conclusions drawn have been summarized 
in a more extensive review artiele (2). 

In  all the studies covered by the review articles 
cited (1, 2), vegetable fats were compared with ani- 
mal fats in nutri t ional  studies using such indices as 
growth, work capacity, reproduction, lactation, and 
survival in rat ing performance. Some of the vege- 
table fats were hydrogenated under  selective condi- 
tions, as for  margarine manufacture,  and under  non- 
selective conditions, as for  shortening manufacture.  
The p r imary  difference between the two methods of 
hydrogenation is the preferent ial  conversion under  
selective conditions of linoleic acid to oleie and iso- 
oleie acids ra ther  than oleie to stearie acid (3). The 
conditions of hydrogenation employed in making fats 
for  u ~  in margarine or shortening raanufaeture find 
no counterpar t  in the animal organism. The related 
animal fa t  products, but ter  or lard, are natural ly  of 
a lower degree of unsaturat ion than the basic vege- 
table oils prior  to hydrogenation. That  f a t ty  acid 
isomers are produced in the hydrogenation of vege- 
table oils is a well-known fact. I t  is conceivable that  
the effects of these isomers, as minor components of 
the hydrogenated fats, might  have escaped detection 
when the fats as a whole were evaluated in the prior  
nutri t ional studies. 

The present report  presents the results of studies 
designed to determine more critically than hitherto 
at tempted whether or not the fa t ty  acid isomers, 
resulting from the hydrogenation of vegetable oils, 
differ f rom the na tura l ly-occurr ing  fa t ty  acids in 
nutri t ional value. 

Fatty Acid Isomers Produced by Hydrogenation 
The vegetable oils produced in the United States, 

pr ie r  to hydrogenat ion for margarine or shortening 
manufacture,  are essentially mixed triglyeerides of 
stear]c, palmitic, oleic, linoleie, and linotenic acids in 
varying proportions. For  the purpose of the present 
study, concerned with the biological utilization of the 
fa t ty  acids, the C~, saturated fa t ty  acid (pahnitic) 
and the C~s saturated fa t ty  acid (stearic) may be 
regarded as equivalent. No isomers of the saturated 
fa t ty  acid obtain in the commercial hydrogenat ion of 
vegetable oils. Thus, to all intent  and purpose, we 
are concerned with the fate of only three unsatu- 
rated fa t ty  acids in commercial hydrogenations. These 
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are oleie acid (9:10-oetadeeenoie acid), linoleie acid 
(9:10, 12:13-oetadecadienoic acid), and linolenic acid 
(9:10, 12:13, 15:16-oetadeeatrienoie acid). 

The natura l ly-occurr ing  unsaturated fa t ty  acids 
exist pr imari ly  in the cis-form. The juxtaposit ion of 
two double bonds with a single methylene (CH2) 
group intervening, as in linoleie and linolenie acids, 
confers much greater  reactivity that  the presence of 
two more widely separated bonds. The reactivity ra- 
tios for  oleie, linoleic, and tinolenie acids for  hydro- 
genation have been shown to be very  similar to the 
corresponding ratios for  oxidation (4). In each ease 
reactivity is greatly increased, 8 to "]0 times, when the 
second double bond is. separated from the first by  an 
active methylene group, and the latter is doubled 
when a third double bond is associated with two such 
groups (4).  Linoteic and linolenie acids are essential 
f a t ty  acids for  the animal organism, i.e., they cannot 
be synthesized in vivo but  must be furnished pre- 
formed as a component of the ration (1, 2). 

In the hydrogenation of vegetable oils there occurs 
not only a step-wise conversion of the more highly 
unsaturated fa t ty  acids to the saturated fa t ty  acid, 
but  in the course of this addition of hydrogen a,t 
the double bonds 'there are formed in appreciable 
concentrations fa t ty  acid isomers with physieal and 
chemical properties different f rom the naturally-oc- 
curr ing unsatura ted  fa t ty  acid. Conditions of hydro- 
genation will determine in large measure the relative 
quantities of the f a t t y  acid isomers in a fat. Under se- 
lective conditions of hydrogenation (involving higher  
temperatures,  reduced hydrogen pressure, minimM 
agitation, and increased catalyst concentration) there 
occurs preferent ia l  hydrogenat ion of the fa t ty  acids 
containing active methylene groups (linoleie) in pref- 
erence to acids devoid of such groups (oleic). Selec- 
t ivi ty is never absolute but  is relative. I t  is only 
possible to slow down the rate of hydrogenation of 
oleie acid in relation to the hydrogenation of linoleie 
acid. In commercial practices the ratio of reaction 
rates (oleic :linoleie acid) may be decreased from 1:4  
in very non-selective hydrogenations to about 1:50 in 
vmT selective hydrogenations (3).  I t  should there- 
fore follow that  in selective hydrogenations, with 
greater  opportunit ies  provided for the preferent ial  
hydrogenation of the polyunsaturated fa t ty  acids, 
there occurs to a greater  degree the development of 
fa t ty  acid isomers. 

In  Table I are presented illustrative findings by  a 
number  of investigators on the development of iso- 
meric unsatura ted f a t ty  acids during the hydrogen- 
ation of vegetable oils. These isomers originate f rom 
a) the addition of hydrogen at a double bond which 
is not normally saturated by natural  processes, b) 
migration of double bonds with or without the addi- 
tion of hydrogen to certain double bonds, and c) con- 
version of natural  cis- to tra~,s-forms. 

In  the hydrogenation of linolenlc acid the hydro- 
gen added to the middle double bond may amount  to 
as much as 65% of the total (9).  The resulting 9:10, 
15:16-oetadeeadienoie acid is more desirable than nat- 
urat  linoteie acid in a fat  designed to exhibit oxidative 
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stability. There is no active methylene group in the 
linoleic acid isomer, with the result  that  this fa t ty  
acid resembles more closely oleic acid in resistance to 
oxidation. In  soybean oil selectively hydrogenated to 
an iodine value of 70 to 100, the iso-linoleic acid con- 
tent varies f rom 2.5 to 3.5% (3).  

Migration of double bonds is not regarded  as a 
major  factor  in the production of fa t ty  acid isomers 
as a result  of hydrogenation although it is a factor 
which operates to some degree (4). The end-prod- 
ucts of such a change are not static since the double 
bond can migrate fu r the r  in step-wise fashion. At  
least six different trans iso-oleic acids, have been 
shown to occur in par t ia l ly  hydrogenated cottonseed 
or soybean oils (14). Of course, these acids may have 
originated from the hydrogenation of iso-linoleic acids 
as well as from oleic acid itself. 

Conjugation of double bonds in the fa t ty  acids is 
favored by  the higher temperatures  of hydrogenation. 
Indeed it occurs in the presence of a hydrogenation 
catalyst induced by heat alone (7, 16). The conju- 
gated double bonds are very highly reactive toward 
oxygen; thus elaeostearic acid (9:10, 11:12, 13:14- 
oetadeeatrienoic acid) is more susceptible to oxida- 
tion thaH linolenic acid. The same is t rue  for ease 
of hydrogenation. The conjugated linolenie acid re- 
acts almost spontaneously with hydrogen at a rate 
about 20 times that  of normal linolenic acid (17). 
Thus, in oils hydrogenated for margarine or shorten- 
ing manufacture,  fa t ty  acids with conjugated double 
bonds are formed :initially but  are then hydrogenated 
fnr ther  so that the end-products of the hydrogenation 
are free of such isomers. In lightly hydrogenat ing 
soybean oil, viz., to an iodine value of 115, to obtain 
a superior mayonnaise oil following winterization, ap- 
preciable quantities of fa t ty  a(.ids with conjugated 
double bonds (up to 5%) may be obtained under  
selective conditions of hydrogenation (18) ;  under  
non-selective conditions of hydrogenation oils free of 
conjugated fa t ty  acids are obtainable (19). F a t t y  
acids with conjugated double bonds (conjugated di- 
enes) have been shown to occur in all food fats in 
amounts of f rom 0.1 to 1.0%. The lat ter  value was 
obtained in the analysis of but ter  fa t  (20, 21). 

In  cis-trans isomerization induced to a greater de- 
gree by employing selective conditions of hydrogena- 
tion, substantial concentrations of the tr¢ns-isomers 
remain in the end-product. In oils such as cotton- 
seed, peanut,  or soybean, hydrogenated with normal 
catalysts, the tran.s iso-oleie acid content may be as 
low as 4-5% or as high as 40%, depending upon con- 
ditions of hydrogenat ion (4, 14, 22). The trans iso- 
acids are more resistant to oxidation than the natural  

cis-aeids. An oil high in trans iso-oleic acid content 
contains less of the readily oxidizable natural  linoleie 
acid. The trans iso-oleic acids are of higher melting 
point, than the cis-oleic acids (see Tables I I  and I I I )  
but  about 20 to 25°C. less than that  of stearic acid 
(M.P. of 69.6°C.). These three factors have led to 
the universal adoption of selective conditions in hy- 
drogenating oils for  margarine manufacture.  The 
resulting fat  is resistant to oxidative deterioration, 
"s tands  u p "  well on the table at room temperature,  
and melts readily in the mouth. Under non-selective 
conditions of hydrogenation,  such as used in shorten- 
ing manufacture,  fats  of an equivalent iodine value 
are more susceptible to oxidation, are more plastic at. 
lower temperatures,  bu t  tend to be salvy in the mouth. 
The increased concentration of stearic ra ther  than 
iso-oleie acid interferes with mouthing properties. 

Conjugated ~ Conjugated /Lln°lenic / ~ ~ ~  Linolelo 

Linolenic >, Linoleic- ~ Oleic Iso-Oleic 

Fro .  1. F a t t y  a c id s  f o r m e d  d u r i n g  h y d r o g e n a t i o n  o f  vege -  
t - tb le  oils. 

In Figure  I is shown diagramatically the reactions 
in which the unsatm:'ated fa t ty  acids in an oil partici- 
pate during hydrogenation. Many of the fa t ty  acid 
isomers are intermediates in the development of other 
isomers and of the more-saturated na tu ra l  fa t ty  acids. 
I t  is apparen t  that  at a given time a highly complex 
mixture of f a t ty  acids are present  in a hydrogenated 
oil. Only the start ing oils and the completely hydro- 
genated fa t  comprise relatively simple mixtures of 
the fa t ty  acids. 

Biological Activity of Iso-oleie Acids 
Oleic acid is not an essential fa t ty  acid for the ani- 

mal organism, tIowever it is required as a growth 
factor by a nmnber  of microorganisms. Other micro- 
organisms, such as Lactobacillus ¢rabinosus, are able 
to utilize oleic acid in place of biotin (a member of 

t h e  vitamin B complex) in the medium. Recent pub- 
]ications in this field (23, 24) adequately review this 
subject. 

In the past 15 years there has developed an ex- 
tensive l i terature on the u ~  of microorganisms for 

T A B L E  I 

Il lustrative Findings on Isomeric Unsaturated Fatty Acids Pormed Dur ing  Hydrogenation of Fats 

Cause Changes References 

Addition of hydrogen at a double bond 
which is not normally saturated by nat- 
ural  processes 

Migration of double bonds with or with- 
out addition of hydrogen 

Conversion of cis- to tra.r~.forms 

9:10, 12:13, 15:16 linolenic 

9:10, 12:13 linoleic 

9:10, 12:13, 15:16 linolenie 

9:10, 12:13 linoleic . . . .  

9:10 nleic - -  

9 :] 0 eis-oleic 

-~ 9:10, 15:16 isoqinoleic 

> 12:13 iso-oleic 

10:11, 12:13, 14:15 conjugated linolenic 
[ 8:9, 14:15 iso-linoleie 

..> ~ I0 :11 ,  14:15 iso-linoleie 
| 10:11, 12:13 conjugated tinateic 
[ 12:13, 1 4 : I5  cot]jug~ted linoleic 

) 8:9 and 10:11 and 11:12 iso-otei¢ acids 

> 8:9 and i0 :11  and 11:12 iso-oleie acids 

9:10 trans.oleic (elaidie) 
"~ ( 10:11 trams-oleic 

5-10 

5 

11 
10 
10 
11 
11 
12, 13 

12, 13 

14 
14, 15 
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FIG. 2. Biotin-like activity for ci~-6: 7-(left)  and trans-11: 
12-octadecenoie acids ( r ight) .  The solid curve represents the 
response to grade4 doses of b io t in  when added to the medium 
and incubated with L. arabiztosus for 48 hours. Q,  response to 
graded doses of f a t ty  acids without biotin. O,  response to 
graded doses of fa t ty  acids incubated simultaneously with 
graded doses of biotin at a constant ratio; however the values 
plotted are for  the f a t ty  acids after  subtraction of the activity 
contributed by the biotin moiety a s  determined f rom the bio- 
tin curve. [From Journal  of Biological Cl~emistry (23).] 

revealing the presence of new growth factors in foods, 
for the assay of these factors, and for determining 
the metabolic reactions in which these factors partic- 
ipate. The results of these studies, have been followed 
by animal studies with astonishing agreement in re- 
sults. I t  i s  t rue that  certain microorganisms exhibit 
requirements for  factors not essential to the animal 
organism. Since in such cases the factors are normal 
components of animal tissues, it  has been concluded 
that the animal organism is Able to synthesize these 
factors whereas they must be furnished preformed 
to the microorganism. 

The microorganisms have proved to be especially 
useful in determining metabolite-antimetabolite rela- 
tionships. S t ruc tura l  analogues of vitamins, and the 
metabo]ites have been shown repeatedly to inhibit 
the growth of microorganisms requir ing these fac- 
tors. These inhibitory effects can be negated by  add- 
ing the normal metabolites in adequate concentration. 
An excess of an antimetabotite can be added to negate 
the effects of the metabolite. In  fact, the growth of 
the microorganism can be employed as a means for  
t i t ra t ing metabolite vs. antimetabolite. Confirmation 
of these findings in animal studies has been repeat- 
edly obtained. 

With the above as background, investigations were 
conducted to determine the relative biotin-like activ- 
i ty of the positional and stereoisomers of oleie acid as 
demonstrated by the effect on acid production from 
glucose by  Lactoba~illus arabinosus; acid production 
is a sequence to microbiological growth. The details 
of the microbiological assay procedure have been pre- 
sented elsewhere (23). 

Most of the cis- and trans-oetadecenoic acids used 
in this s tudy were prepared by W. Freder ick  Huber  
of the Procter  and Gamble Company. All the cis- 
acids were synthetic, except for cis-6:7 and cis-9: 
10-octadecenoie acids, while all the trans-acids were 
prepared from the corresponding c/s-compounds by 
selenium elaidinization. The method of synthesis and 
the physical properties of these acids: have been re- 
ported by Hu be r  (25). The sample of cis-9:10-octa- 
decenoie acid (oteie) was obtained from the Hormel 
Foundation.  

Typical variations in response by  Lactobacillus 
arabinosus to cis- and trc~s-oetadecenoic acids in the 
medium, with and without added biotin, are graph- 
ically i l lustrated in Figure  2. In Table I I  are listed 

T A B L E  I I  

B i o t i n - L i k e  Ef fec t  of O*is-Octadecenoic Acids  Alone a n d  
W i t h  B i o t i n ;  L .  A r a b i n o s u e  Assay 

B io t i n  E (  
Fa t t  

u i v M e n t  of 
Acid 

F a t t y  Acid  A v e r a g e  
M . P .  F a t t y  Acid I n  P r e s e n c e  

Alone of B i o t i n "  

° C. ~rb~9"m.. p e r  ~t~grm.. p e r  
rag, ~ng. 

c l s - 6 : 7  octadecenoic  .. . . . . . . . . . . . . . .  2 9 . 8  11 .6  12 .4  
e / s -8 :9  oc tadecenoic  .. . . . . . . . . . . . . . .  2 3 . 3  14 .7  13 ,4  
c / s -9 :10  ect ;adecenoie (ole ic) , ,  13 ,0  10,3  10,2 
e / e - l 1 : 1 2  oc tadecenoic  ... . . . . . . . . .  13 ,5  12 .0  11 .4  
e i s - 1 2 : 1 3  oe tadecenoic  ............ 27 .2  10.8  13 .4  

" 5.0 m/~gm, of b io t in  pe r  1 .00  mg. of fa t ty  acid.  

the biotin-like activities of various cis-aeids tested 
alone and with supplementary biotin;  corresponding 
values for  the tra:ns-acids are given in Table I I I .  
Repetitive a~ays  were conducted on each acid, with 
only the average figure reported. 

T A B L E  I I I  

B i o t i n - L i k e  Effec t  of T r a ~ s - O c t a d e e e n o i c  Acids Alone and  
W i t h  B i o t i n ;  L .  A r a b i n o s u s  Assay 

B io t i n  E q u i v a l e n t  of 
1 F a t t y  Acid  

F a t t y  Acid Ave rage  . . . . . . . . . .  
: ~ ' P -  F a t t y  Acid  I n  P r e s e n c e  

] . . . . . . . . . .  1 Alone  of B io t i n  '~ 

°(J. ml~gm,  p,er ml~fr~,  p e r  

t r a n s - 6 : 7  octadecenoic  . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 ,0  ] 0 .4  3 .7  
t r a n s - 7 : 8  octadecenoic  . . . . . . . . . . . . . . . . . . . . . . . . . . .  44 .0  2.7 b 15 .2  
t r c n , s - 8 : 9  oct~decemeic . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 ,9  [ 2 .8  b 9.1 
t ran , s -9 :10  oct~decenoie  ( e l a i d i c )  ... . . . . . . .  4 3 . 5  10 .6  10,1  
t r a n 8  10 :11 -oc t~deceno i e  . . . . . . . . . . . . . . . . . . . . . . .  52 ,3  t 6-1b 11 ,0  
Sre~ns-11:12 oc tadecenoic  ( v a e c e n i c )  ..... 41 .5  2",1 7 ,3  
t re~nv-12:13 oc tadeeeno ie  . . . . . . . . . . . . . . . . . . . . . . .  52 .5  2,7 b 15 ,2  
17-octadecenoic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 .8  0.0 1.8 

a5 .0  mtegm, of b io t in  pe r  1 .00  rag. of f a t ty  acid.  
b , ,Toxic, ,  effect o.n m i c r o o r g a n i s m  no ted ;  the response,  ca lcu la ted  to 

a common dilution~ dec reased  u n i f o r m l y  f rom Vhe lowest  to h ighes t  corn 
cen t ra t ions .  

No great  differences in biotin-like activity were 
noted for  any of the cis-oetadeeenoic acids tested 
although the cis-8:9 acid possessed a statistically 
higher act ivi ty than any of the other acids. The 
responses following the administration of biotin with 
the fa t ty  acids were additive; that  is, the effect of 
the biotin plus the fa t ty  acid, at the various levels 
fed, was equivalent to the sum of the activities of 
the two supplements when administered separately. 
Some synergistic stimulation was observed with the 
cis-12:13-octadecenoic acid and biotin supplement. 

The trans-octadecenoic acids reacted quite differ- 
ently. The trans-9:lO-oetadeecnoic acid (e la id ic)  
possessed the greatest biotin-like effect, equal to that  
of normal oleic acid. F rom position 9, at which the 
unsaturat ion is moving on either side toward the end 
carbon atoms, the biotin-like potency of t h e  tra~s- 
acids decreased in step-like fashion unti l  no or very  
little measurable activity remained. Trans-7:8-, -8:9-, 
-10:11-, and -12:13-octadecenoic acids showed pro- 
gressively increasing " t o x i c "  effects for the micro- 
organism as the dosages increased. Responses calcu- 
lated to a common dilution decreased uniformly from 
lowest to highest concentrations of these trans-aeids. 
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B io t in -L ike  Ac~ivit 

F a i t y  Acids  f r o m  

Coconut  oil. h y d r o g e n a t e d  .......................... 
Coconut  oil .................................................. 
Cot tonseed oil, w in t e r i zed  ........................... 
Ol ive  oil ...................................................... 
Soybean  oil ................................................. 
Butter oil ..................................................... 
/Yiargarine oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S h o r t e n i n g  I e ............................................. 
S h o r t e n i n g  i i  a ............................................ 

T A B L E  I V  

of F a t t y  Acids  Ob ta ined  f r o m  N a t u r a l  a n d  H y d r o g e n a t e d  Oi ls ;  L .  Arc~b ino , sus  Assay  

I o d i n e  
Value Linole ie  

p.er es?~ 
0 
2 

5 2  
7 

6 2  b 
3 
5 
7 
2 

Spectrophoto,metr ic  Ana lys i s  

Oleie S a t u r a t e d  

100 
92 
26 
12 
13 
59 
21 
38 
32 

Bio t in  E qu iva l en t  

An t i c ipa t ed  a 

0.3 
9.3 

115.4 
85.6 

138.5 
40,6 
76.4 
62.8 
61,2 

p e r  c e n t  

0 
6 

22 
81 
25 
37 
74 
55 
66 

m # g m .  p e r  rag.  

0 . 0  
0.7 
5.0 
8.7 
5.5 
4.0 
7.8 
6,1 
6,9 

F o u n d  

m l * g m ,  p e r  *~g. 

0 . 0  
2.0 
9,2 

12.0 
7.7 
9.1 

11.8 
8.2 

10.6 

a See text.  
b i n c l u d i n g  7 %  of l inolenic  acid.  
c Cot tonseed oil s h o r t e n i n g  h y d r o g e n a t e d  u n d e r  non-select ive  cond i t i ens ;  m.p .  ~ 42.8°(J.  
a S a m e  cot tonseed oil ~s  in  S h o r t e n i n g  i bu t  h y d r o g e n a t e d  u n d e r  se lec t ive  condi t ions ;  m . p .  ~ 3 9 . 6 ° C .  

When biotin was given with these acids, the inhibi- 
tory effects of higher concentrations of the aeids were 
not apparent. 

The administration of biotin concurrently with the 
trans-oetadeeenoic acids (except elaidie acid) and 
with 17-oetadecenoic acid revealed a considerable de- 
gree of synergism. Maximum synergistic effects were 
noted with the trans-7:8 and tram'-12:13 acids, both 
of which had exhibited, in the absence of biotin, in- 
hibition of microbiological growth with increasing 
dosage. In fact, the most pronounced synergism be- 
tween the trans-acids and biotin occurred with those 
acids which are most " t ox i c "  when employed in the 
absence of biotin. In Figure 3 are plotted the results 
obtained with the tra~s-aeids. 

t 4  

o, 
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g 
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POSIT ION OF DOUSL, E ~OND IN OCTAOECSNOIC  ACID  

]~TIG. 3. B i o t i n - l i k e  a c t i v i t y  o f  t r a n s - o e t a d e c e n o i c  a c i d s  as 
affected by the position of the double bond 0---0, and 
the activity exhibited by the fatty acids Mone following hie 
tin supplementation, 5.0 m/~gm, per 1.00 rag. of fatty acid 

A study was next conducted of the biotin-like activ- 
ities of the fatty acids obtained from natural and 
hydrogenated oils. These were subjected to spectre- 
photometric assay (26) for the detemnination of fat ty 
acid composition. The assay involves alkali isomeri- 
zation to convert the non-conjugated fatty acids to 
their light-absorbing conjugated forms. Calculations 
of the oleic acid (including the iso-aeids) and satu- 
rated acid contents were made (27). Based upon a 
10.3:5.3:2.6 ratio for the biotin-like activity of oleie 
vs. linoleie vs. linolenic acids (23) and the assump- 
tion that the iso-oleie acids formed during hydrogen- 
genation are as active as natural oleie, calculations 

were made of the anticipated biotin-like activities of 
the mixed fat ty acids derived from the natural and 
hydrogenated oils. The results of this study are sum- 
marized in Table IV. 

In every case the values found for biotin-like activ- 
ity were definitely greater than those anticipated from 
the fat ty acid composition. The percentage deviation 
of the found from the anticipated values in general 
increased as the mixed fat ty acids contained more of 
the saturated fat ty acids. Calculations indicated that 
on the average, for each per cent of saturated fatty 
acid, the blotin-like activity of the mixed fatty acids 
increased by 2.3% over that anticipated from the 
type and amounts of unsaturated fatty acids present. 
This finding of an augmentation of the microbiological 
response by saturated fatty acids, which in themselves 
are inactive (viz., in assays of saturated coconut oil), 
is confirmatory of the findings by others (28). The 
results of the present study have permitted calcu- 
lation of the biotin-like activity of the fatty acids of 
limpid and hydrogenated oils from their fat ty acid 
composition according to the following formula. 

Biotin equivalent, as millimicrograms of biotin per 
rag. of fatty acids equals 

(% elsie X 10 .3 )+ (% linoteic X 5.3) 
X 

100 

(l .00 + 2 . 3  (% saturated fattYl00 a c i d ) )  

The agreenlent between values thus calculated and 
those found was surprisingly good (23), considering 
the precision of the methods employed in determining 
the fatty acid composition of the samples and the 
accuracy of the microbiological assay for estimating 
biotin-like activity. 

The results of the present study indicate that, in 
in the absence of biotin, the tra~s iso-oleic acids, with 
the exception of elaidic acid, are not efficiently uti- 
lized by the microorganism. The addition of biotin 
to the medium is very effective in allowing proper 
utilization of the~  iso-acids. The cis iso-aeids are 
equally effective as oteic acid in promoting growth 
and acid production by  the microorganism in the 
presence or absence of biotin. Biotin might well be 
required for the isomerization of the trans-acids or 
in the enhancement of the absorption of the acid by 
the organism. 

The need for biotin in studies with animals was 
first demonstrated by feeding large amounts of raw 
egg. This effect was shown to be due to a heat-sensi- 
tive protein, avidin, in raw egg white which combines 
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with biotin so firmly as to make it unavailable for  
absorption. Biotin is normal ly  synthesized in the 
digestive t ract  of both animal  and man in more than 
ample quantit ies for  satisfying nutr i t ional  needs. The 
inclusion in the diet of various sulfa drugs in quan- 
t i ty  can inhibit  microbiological synthesis of biotin in 
the intestine. Thus under  only most unusual  condi- 
tions can a need for  biotin be demonstrated (29). 
For  this reason biotin is not regarded as one of the 
B-vitamins essential for  man. 

Even if biotin were an essential vitamin, the studies 
conducted on the natural  and hydrogenated fats  have 
shown that  the iso-oleic acids obtained dur ing  hy- 
drogenation are utilized by  the microorganism as 
effectively as na tura l  oleic acid. Moreover the iso- 
acids formed dur ing hydrogenat ion exhibited no an- 
t imetabolite act ivi ty toward the na tura l  oleic acid 
remaining, nor did the mixed f a t ty  acids derived 
f rom the hydrogenated fats  show any tendency to 
inhibit  growth of the microorganisms at any of the 
dosage levels employed. 

Biological Activity of Fatty Acids with 
Conjugated Double Bonds 

The rap id  conversion of the conjugated triene in 
tung oil, elaeostearic acid, to conjugated diene in the 
organs of the rat,  followed by  a gradual  decline in 
the amount  of both acids, has been repor ted (30). 
Conjugated linoleic acid taken orally by  the hen is 
deposited in the egg yolk lipids as such or in a par-  
tially oxidized form (31). The conjugated isomer of 
linolenic acid, eleostearic acid, also appears  in the 
egg yolk lipids along with large quantit ies of newly 
synthesized conjugated dienoie acid (31). An in- 
crease in the concentration of tetraenoic, pentaenoic, 
and hexaenoie acids in the egg yolk lipids has also 
been repor ted (32). In  these studies on the metabo- 
lism of eleostearic acid, tung oil was fed the animals, 
the oil containing f rom 75 to 95% of the conjugated 
trienoic acid. Two per  cent tung  oil in the ra t ion  of 
the hen produced no obvious adverse effects over the 
test  period of 14 weeks (32). Elaeostearic acid as the 
methyl  ester was  shown to be non-toxic for  the mouse 
in acute and long-term feeding experiments  (33). 
These findings have p rompted  the use of elaeostearic 
acid in t racing normal  fa t  absorption in both the ra t  
and the human (33). 

In  the present  investigation studies were conducted 
to determine through other approaches whether or 
not f a t t y  acids with conjugated double bonds were 
nutr i t ional ly  undesirable.  Elaeostearic acid is an iso- 
mer  of linolenic acid, one of the essential f a t ty  acids. 
I f  elaeostearic acid were  an ant imetaboli te  for  the 
essential f a t t y  acids, the 11-12 weeks required for  

depletion of the rats  on a fa t - f ree  diet should be sub- 
stantial ly reduced. The growth of the animals, sub- 
sisting on a rat ion containing both the isomer and 
the essential f a t ty  acid, should improve as the ratio 
of the isomer to normal  metabo]ite decreased. Sorbic 
acid, a C6 f a t ty  acid containing conjugated double 
bonds (2:3, 4:5-hexadienoic acid),  was also included 
in the present  s tudy for evaluation of possible anti- 
metabolite function. 

The basal diet employed in the present  s tudy is 
complete in all nutr ients  with the exception of fa t  
(and the essential f a t ty  acids). ]its composition is 
shown in Table V. The dietary supplements are de- 
scribed in Table VI. 

T A B L E  V 

]~at-F~'ee B a s a l  D i e t  Employed  in P r o d u c i n g  an  Essen t i a l  
F a t t y  Acid  Def ic iency  in  Ra~s 

Componen t  P e r  Cent  V i t a m i n s  a P e r  Kg .  

Case in  ( v i t a m i n - f r e e )  
Cellulose 
Sal t  m i x t u r e  (O-M)  
Sucrose 

20 
4 
4 

72 

aEach r a t  r e ce ived  in add i t ion  p e r  
day about  : 

200 U S P  un i t s  of v i t a m i n  A 
20 U S P  un i t s  of v i t a m i n  D 

2 rag. of a-tocopherol  
in  p ropy lene  glycol solut ion ; dose 
a d m i n i s t e r e d  twice  each week.  

T h i a m i n e  
Ribof lav in  
P y r i d o x i n e  
Ca P a n t o t h e ~ a t e  
M e n a d i o n e  
B io t in  
Fol ic  ac id  
N iac in  
P - a m i n o  benzoic ac id  
Inos i to l  
Choline 
V i t a m i n  BI~ 

36 mg .  
72 mg .  
27 mg.  
67 mg.  

5 mg .  
1 rag. 

10 rag. 
60 rag. 

l g m .  
0.5 gin. 
2.0 gin. 

0.01 mg .  

The test aninlals were male weanling rats. They 
subsisted on the basal and test rations ad libitum; 
20 animals on the basal and  10 animals  on each of 
the test  rations. The la t ter  included the die tary  sup- 
plements (listed in Table VI)  at three different 
levels. The addition of the supplements  was at  the 
expense of the sucrose component  of the ration. The 
studies with the sorbic acid rat ions permi t ted  an eva]- 
uat ion of growth responses of the animals ingesting a 
fat-free diet and containing a single pure  f a t t y  acid 
with conjugated double bonds. The studies with the 
na tura l  and hydrogenated tung  oils permi t ted  an 
evaluation of the growth responses of the animals 
ingesting the same basal ra t ion but  supplemented 
with both conjugated and nonconjugated f a t t y  acids 
in decreasing rat io but  with the apparen t  linoleie 
acid content more or less constant. 

In  Table V I I  are summarized the results of the pres- 
ent investigation. Af t e r  11 weeks on the exper iment  
it became obvious that  there would be no significant 
decrease in depletion time with any  of the diets. In  
fact, at  11 weeks, when depletion had occurred in the 
control group, there were no symptoms indicat ing that  
essential f a t t y  acid depletion had occurred in the 
groups receiving sorbic acid or any of the tung oils. 
All animals were then t rans fe r red  to the control diet 

T A B L E  V I  

Composi t ion of D i e t a r y  Supp lemen t s  C o n t a i n i n g  l~atty Acids  wi th  Con juga t ed  Double  B o n d s  

D i e t a r y  S upp l em en t  

T u n g  oil .......................................... 
rl~lng oil, :hydrogena ted  .................. 
T u n g  oil, h y d r o g e n a t e d  f u r t h e r  ...... 
Sorbic  acid¢ .................................... 

M . P .  

oC." 

4.0 
27.8 
31.6 

133.5 

Iodine Value  [ 

Theore t i ca l  W i j s  p e r  c e n t  

250a I 161 / 87.8 
145b / 94 / 10.4 

87b / 83 I 0.8 
453 I 2o9 ] 0.0 

T r i e n e  Conju-  
g a t e d  Acids  d 

D iene  Conju- 
ga ted  Acids  d 

p e r  verst 

0 . 0  
29.3 

4.7 
100.0 

Ra t io  of 
Linole ic  C o n j u g a t e d  

Acida to Linole ie  

p e r  c:en,t 

4.9 1 8 : ]  
7.9 5 : 1  
5.2 1 : 1  
0.0 [ ¢¢ 

aMethod of Klee  and  B e n h a m  ( 3 4 ) .  
b Calcula ted  f r o m  the  va lue  fo r  t he  na tu ra l  t u n g  oil a n d  the  h y d r o g e n  p r e s s u r e  drop  fol lowing h y d r o g e n a t i o n  ( t e m p e r a t u r e  of 185-195°0 . ,  pres-  

s u r e  of 45 p o u n d s  per  s q u a r e  inch,  nickel  ca ta lys t  in 0 . 1 %  concen t r a t ion ) .  
e CHa--0H---- CH--CH---- C:H--C00H. 
a S p  ec t rophotomet r ic  ana ly s i s  ( 3 5 ) .  
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T A B L E  V I I  

G r o w t h  Response  of R a t s  on a F a t - F r e e  Die t  to Supp lemen t s  of 
F a t t y  Ac ids  wi th  C o n j u g a t e d  Doub le  Bonds  

D i e t  

Sub- 
No,. S upp lem en t  g r o u p  

A 
35 T u n g  oil B 

C 

A 
36 T u n g  oil, B 

hydt  o g e n ~ e d  C 

37 T u n g  oil, A 
h y d r o g e n a t e d  B 
f u r t h e r  C 

A 
38 Sorbic  ac id  B 

C 

39 Fa t - f r ee  Control  

Supple- t 
merit I 
Die  

51 o 35 158 
1~2 t 34 165 
6.0 36 157 

0.6 
3.2 
6.0 

0.6 
1.2 
6.0 

0.5 
1.0 
5.0 

0.0 

A v e r a g e  Body  W N g h t  

A t  A f t e r  Af t e r  ~ A f t e r  
S ~ r t  6 wks .  11 w k s .  19 wks .  

g m ,  g m .  

212 241 
201 254  
172 b 263 

214 260 
226 268 
2 2 4  307 

197 232 
220 270 
254  292 

171 206 
186 221 
183 233 

189 217 

35 172 
36 172 
33 171 

33 149 
36 171 
35 180 

34 146 
34 155 
36 154  

36 154 

aAf te r  11 w e e k s  all an ima l s  subs is ted  on the  f a t - f r ee  basa l  diet  
atone. 

bTh i s  low v a l u e  w a s  due to the  v e r y  low food consumpt ion  by  the  
an i ma l s  d u r i n g  the  two weeks  j u s t  p r e c e d i n g  the  las t  -week on the  6 %  
t u n g  oil diet ;  the  h i g h  level of p o l y u n s a t u r a t e d  f a t t y  acids  in  th is  r a t ion  
w a s  respons ib le  for  a r a n c i d i t y  h a v i n g  developed, The  f r e sh ly  pre- 
p a r e d  r a t i on  fed  d u r i n g  tho e leventh  w e e k  w a s  read i ly  ea ten  ~nd g r o w t h  
resumed .  

to determine the rapidi ty  with which fu r the r  deple- 
tion would be obtained. In  all eases the animals on 
the tung oil diets continued to grow af ter  this change 
in regimen. The response of the animals confirmed 
the speetrophotometrie assays (see Table VI ) ,  indi- 
cating essential f a t ty  acid activity in the tung oil sup- 
plements. The highest average weights in all groups 
were obtained by those animals receiving the 6% fat. 
The next  highest and lowest weight averages were 
found on the 1.2 and 0.6% levels., respectively, in all 
cases. The sorbic acid group was not significantly 
different f rom the control animals at any of the levels. 

With the exception of those animals on Diet 35C, 
quant i ty  of food consumption was not significantly 
different between any of the test groups and the con- 
trol  group. During' the two weeks just  preceding the 
last week on Diet 35C the animals consumed very 
little of the rat ion due to the development of a ran- 
cidity. The f resh ly-prepared  ration fed this group 
during the l l t h  week was readily eaten, and growth 
was resumed. 

One might argue that  the growth performance of 
the animals on a diet supplemented with the higher 
levels of tung  oil (a fa t  containing from 5 to 8% of 
apparent  Iinoleie acid) should have been superior to 
the performance of the control animals to a greater  
degree than that  noted. I f  this were true, the growth 
rates of the animals on the progressively hydrogen- 
atcd tung  oil should also have been improved since 
ratio of conjugated to linoleie acid content was strik- 
ingly reduced with hydrogenation. Such differences 
in growth performance, par t icular ly  dur ing the sub- 
sequent feedings on the control diet, were not noted. 
I t  must therefore be concluded that the conjugated 
fa t ty  acids are not antimetabolites for  tile essential 
f a t ty  acids. No hydrogenated fat  prepared for  human 
consmnption would contain the very  high ratios of 
conjugated to linoleic acid noted in the test fats em- 
ployed in this study. The conjugated fa t ty  acids are 
preferent ia l ly  hydrogenated as shown in Table VI. 
The linoleie acids in the tung oils might very  well be 
in large par t  non-conjugated iso-linoleic, a form of 
linoleie acid which has no (or very  little) biological 

activity but  which produces a conjugated acid on 
alkali isomerization. 

I f  it could be demonstrated that  a conjugated fa t ty  
acid is metabolized in the animal body in the same 
manner  as the normal ly-occurr ing saturated fa t ty  
acid, then one would have proof of its complete utili- 
zation for the product ion of energy. The best way to  
approach the solution of this problem is to determine 
to what extent the conjugated f a t t y  acid in question 
contributes to the development and excretion of ke- 
tone bodies in eompari~m with. the normally-occur-  
r ing saturated fa t ty  acid. A ketonuria does not  occur 
normally with the rat  or the human when adequate 
carbohydrate  is present in the diet. However in the 
absence of the la t ter  foodstuff all f a t ty  acids of even 
number  carbon atoms are converted to ketone bodies 
which accumulate and are then excreted as such in 
the urine. These ketone bodies, acetoacetie acid, fl-hy- 
droxybutyr ie  acid, and acetone, represent intermedi- 
ates in the oxidation of fa t ty  acids in vivo and are 
completely metabolized to carbon dioxide and water 
when carbohydrate  is simultaneously metabolized. 

I n  vitro studies with liver tissue have suggested that  
the metabolism of sorbic acid and the naturally-occur- 
ring hexanoic acid, eaproic acid, is qualitatively and 
quanti tat ively similar (36). In  the present investiga- 
tion i'~ vivo experiments were conducted on fasting 
rats to evaluate the ketonuria resulting when equi- 
molecular doses of sorbic and caproic acid were ad- 
ministered as their  sodium salts without or with added 
glucose. For  a more extended discussion of the ra- 
tionale of this experiment, experimental  details, and 
results, the reader is referred to the original publi- 
cation (37) ;  the objectives of that  study were dif- 
ferent  from those presented earlier in this paper. For  
the purpose of the present report  only the per t inent  
high-lights of the original investigation are presented. 

In  Tables V I I I  and IX are summarized the results 
of the ketonuria studies. The results obtained indi- 
cate that the path of metabolism of sorbic acid is 
identical with that  of the corresponding 6-carbon sat- 
ura ted acid, caproie acid. This conclusion is based on 
the fact that, when corresponding' doses of the sodium 
salts of these acids were fed a t  two different levels to 
the fasting rats, the proportion excreted in the urine 
as ketone bodies was approximately the same, i.e., 
within experimental  error. Limited doses of glucose 
were effective in suppressing the ketonurias. Prac- 
tically complete disappearance of ketone bodies from 
the urine was obtained when 1,000 rag. of glucose was 
administered to each rat. 

These results indicate that  the ketonuria observed 
af te r  sorbate administration is identical with that  
produced af ter  the administration of the normally- 
occurring 'fatty acid. Under conditions of normal 
atimentation it  is evident that  the conjugated fa t ty  
acid is completely oxidized to carbon dioxide and 
water, as are the fa t ty  acids normally present in 
unhydrogenated fats. Under such circumstances the 
conjugated fa t ty  acid serves as a source of calories. 

The fndings  reported here are pert inent  to the 
human since there are several facts which point to 
the similarity of ketonuria :in man with that in the 
rat. In the first place, an exogenous source of fa t ty  
acids will increase the degree of ketonuria in both 
species. Secondly, the ketonuria in both the human 
and the ra t  is abolished by concomitant ingestion of 
metabolizable carbohydrate.  Thirdly,  the same sex 
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T A B L E  V I I I  

Ketone Body Exci'e,tion in the Urine of Fasting Female :Rats Fed C~ Fatty Acids Without and 
With Conjugated Double Bonds 

69 

Category 

Ketogenic acid fed: 
Calculated as acetone, ~ g . / l O 0  s q ,  c:a~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Calculated as acid, m g . / t O 0  s q .  c m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 
Average total daily dose fed, m.g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Glucose fed, m , g . / l O 0  s q .  c m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Urinary ketone bodies, " ~ g . / l O O  s q .  etf~, 
2rid day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3rd day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4th day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 i l l  d a y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . .  

Average, 4~5 days . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Reduction from control, m y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fasting Rats 

Capr(~ate 1 Sorbate 

7 5  7 5  
1 5 0  1 4 5  
4 8 2  4 5 8  

0 0 

1 7 . 8  12 .1  
2 1 . 9  1 8 . 8  
2 6 . 3  2 5 . 0  
2 9 . 9  2 8 . 8  

2 8 . 1  2 4 . 4  

Glucose-Fed Rats 

Caproate 

7 5  
1 5 0  
4 7 4  

75  

8 ,5  
1 1 . 6  
1 4 , 3  
1 6 . 2  

1 5 , 2  

1 2 . 9  

Sorbate 

7 5  
1 4 5  
4 6 3  

7 5  

3 .3  
5 .0  
9 .8  
6 .8  

8 . 3  

1 6 . 1  

T A B L E  I X  

Ketone Body Excretion in the Urine of Fasting Female Rats  Fed at a Hiigher Dose Level C(~ 
Fatty Acids Without and With Conjugated Double Bonds 

Fasting Rats Glucose-Fed Rats 
Category - - - :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - _ _  . . . .  I i _ _  Cap:[0ate _ _  . . . .  +.orba~e . . . . . . . .  Capr_~ate . . . .  Ii ....... Sorbate 

Ketogenic acid fed: 
i 

Calculated as acetone, m g . / l O 0  s q .  e 'm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 5 0  1 5 0  151) 1 5 0  
Catcnlated as acid, ~ l g , / l O 0  a q .  c m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 3 0 0  2 9 0  3 0 0  2 9 0  
Average total daily dose fed, mff  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 9 0  9 8 3  1 . 1 3 0  9 9 0  

Glucose fed : I 
2 n d - 4 t h  d a y s ,  m g , / l O 0  s q .  en~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0 0 1 0 0  1 0 0  

0 0 1 , 0 0 0  1 , 0 0 0  5th day, m,g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
Urinary ketone bodies, ' r n g . / l O 0  s q .  errs,. I 

2 n d  d a y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .r 3 4 . 5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :::::::::::::::: . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . .  5 5 . t  
day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ".'.'.!'!.iii2; !iii/i2"//!.'i'.'.'/!!2;'2." 74.5' 79 

Average., 2-4 days . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 5 2 . 5  
4 - 5  d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1 . 2  

t/cducLion from control, ~r~g. 
2 -4  d a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . . . . . .  
5 t h  day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 4 . 9  
'39.9 
5 8 , 6  
6 3 , 0  

4 4 . 5  
6 0 . 8  

1 4 . 8  
1 6 . 4  
2 2 , 2  

4 , 5  

1 7 . 8  

3 4 . 7  
7 0 . 0  

9 .4  
2 0 . 0  
2 7 . 8  

4 .9  

1 8 . 7  

2 5 . 8  
5 8 . 1  

difference--a markedly higher level of ketonuria oc- 
curring in women during fasting as contrasted with 
that in men under the same condit ions-- is  exhibited 
also by the rat. And lastly, tbe greater ketolytic 
action of galaetose in comparison to that of glucose 
is. noted with both species. Thus it is evident that 
the identity of the metabolism of the conjugated fatty 
acid (sorbic acid) and the normally-occurring fatty 
acid (caproic acid),  as demonstrated by the experi- 
nlents on rats, must also be true for the human. 

Hydrogenated Fats as a Source of Essential 
Fatty  Acids 

A biological assay procedure was recently described 
( 3 8 )  for the determination of the essential fatty acids 
in oils and fats. This assay method is based upon the 
gain in weight of male rats, previously depleted of 
essential fatty acid stores and now subsisting on the 
stone,fat-free diet (see Table V) but supplemented 
with graded doses of liuoleic acid. Body weight in- 
crease is a linear function of the logarithm of the 
dosage with tinoleic acid as shown in Figure 4. In 
order for the test to be valid it is necessary that the 
substance to be assayed be given at more than one 
level in the range of critical growth response follow- 
ing dosage with the reference material (linoleie acid). 

A number of natural and hydrogenated fats were 
subjected to biological assay for determination of es= 
sential fatty acid content, expressed as tinoleie acid. 
These included a limpid cottonseed oil (rmn-hydro- 
genated),  two butter oils of different iodine values, 
four margarine oils (a hydrogenated cottonseed and 
a hydrogenated soybean oil blend),  and two cotton- 

seed oil shortenings of similar iodine value. The lat- 
ter products were the same used in the microbiological 
studies of iso-oleic acids (see Table IV) ; one shorten- 
ing was hydrogenated under selective, and the other 
under non-selective conditions. All  fats were first 
subjected to spectropbotometrie analyses (26, 27) for 
fatty acid composition in order to establish proper 
feeding levels. The butter oils, margarine oils, and 
shortenings were fed at two levels, namely, 250 and 
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]~m. 4. The average gain in weight of male rats plotted 
against log dose of the daily lin01eate sapplement per rat after 
4, 6, and 8 weeks. [From Journal of Nutrition (38).]  
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T A B L E  X 

The Essent iu l  Fa t ty  Acid Content  of Na tu ra l  and Hydrogena ted  Fees 

Sample Mel t ing  
P o i n t  

l o d i n e  
Value 
(wijs) 

Fatt.y Acid Composit ion a Essent ia l  F. A. Content  b 

.Saturated Oleie Linoleic 
Linoleie 
Refer- 
ence 

Linoleic  
Coconut  
Oil Re,t- 
erence 

°C .  ;e.er c e n t  p e r  c e n t  l~er v e n t  p e r  c e ~ t  p e r  c'e~t 

Cottonseed oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109 .0  2,4.7 21.3 49,5 48.0 ...... 

~ a r g ~ r i n e  oil 
[ .............................................................. .......... 34.2 72.8 19.5 71.2 4.8 2.4 3.0 

I [  ......... ~ .............................................................. 34.1 74.0 18.9 71.1 5.5 2.4 4,3 
I I I  ......................................................................... 33.9 71.8 20.0 71,1 4.4 3.5 5.0 
I V  ........................................................................ 33.9 72.0 20.3 70.'~ 4.9 2.4 4.3 

Bu t t e r  Oil 
I ........................................................................ 34.2 37.5 59.9 32.2 3.1 ~ 1.1 2.3 

I I  ......................................................................... 34.4 44.6 53.0 37 .5  3.8" 1,5 3.6 

Shor t en ing  
Selective ............................................................... 39.6 60.6 30.4 63.0 2.1 1.0 2,5 
Non-se:Ieeti~-e ........................................................ 42.8 59~4 36.3 52.4 6.8 10.2 13.0 

a b a s e d  upon  spectrophotometric analysis  (26, 2 7 ) ;  calculated to a t r ig lycer ide  basis. 
bBased  upon the biological assay;  expressed as the l inoleic ac;d equivalent .  
e I n  addi t ion,  1 .0% l inelenic  and 0 .2% araehidonic  acids present.  These more h ighly  unsa tu r a t ed  fa t ty  acids were t~bsent f:'om the otl ler  oils. 

500 rag. per  r a t  per  day while the cottonseed oil was 
administered at dosages of 25 and 50 mg. per  day. 
The bioassays were carr ied out. for an 8-week period, 
following the 12-week period required to deplete the 
animals. In  order to compensate for  a potential  vari- 
able in the assay, two reference curves were obtained:  
one for  the ra ts  receiving linoleic acid in graded doses 
as the sole supplement  to the fat-free diet, and the 
other for  the rats  receiving not only linoleic acid in 
the same graded doses but  also completely hydrogen- 
ated coconut oil ( fa t  without essential f a t ty  acid ac- 
t ivi ty)  at  the same two levels corresponding to the 
dosage levels in the assays of the solid fats. 

In  Table X are summarized both the results of phys- 
ice-chemical and biological assays for essential f a t ty  
acid content. The results by  the lat ter  assays were ob- 
tained a f te r  interpolat ing the growth responses of the 
test animals  on each of the two reference curves de- 
scribed above. Fo r  a more detailed description of the 
assay techniques and in terpre ta t ion of the data ob- 
tained, the reader  is refer red  to the original article 
(38), 

Several interesting findings were apparen t  f rom the 
present  study. The apparen t ly  higher essential f a t ty  
acid contents of the fa ts  when read against  the lino- 
leic acid-coconut oil reference curve were due to the 
fact  tha t  these reference animals  did not grow as well 
as those receiving only the linoleie acid sapplement.  
The completely hydrogenated coconut oil (no fa t ty  
acid isomers present)  is either toxic to the r a t s  de- 
pleted of essential f a t ty  acids, or the requirement, for 
essential f a t t y  acids for  growth is increased with the 
concomitant ingestion of fat.  These two possibilities 
are under  current  investigation. In  the absence of an 
unequivocal answer both sets of values have been re- 
ported in this paper.  

Regardless of which set of bioassay values is ac- 
cepted, the conclusion remains  tha t  the selectively 
hydrogenated  oils for  margar ine  manufac tu re  were 
somewhat bet ter  sources of the essential f a t ty  acids 
than  the na tura l  bu t te r  oils. 

The most str iking effect noted was. the marked 
var ia t ion in biological potency between shortenings 
hydrogenated  under  selective and under  non-selective 
conditions. The concentration of essential f a t ty  acids 
in the shortening p repared  by non-selective hydro- 
genation was between 10 and 13% as determined by  

biological assay while in the shortening selectively 
hydrogenated to about  the same iodine value it was 
1 to 2.5%. Spectrophotometr ic  analyses indicated a 
possible 3 to I ratio in essential f a t ty  acid content 
in favor  of the non-selectively hydrogenated shorten- 
ing. I t  is appa ren t  that,  in p repa r ing  the lat ter  short- 
ening, isomers of linoleic acid were formed, which are 
biologically active bu t  which do not respond to the 
speetrophotometric method, i.e., double bonds so far  
removed f rom each other tha t  conjugation cannot be 
effected by  the alkali t reatment .  Inasmuch as the 
base oil used in making the shortening was cottonseed 
oil, the iso-linoleie acid with biological act ivi ty must 
have been derived f rom linoleic acid. 

The over-all conclusion to be drawn from this phase 
of the present  s tudy is that  hydrogenated fats  com- 
pare favorably  with a na tura l  fa t  of comparable firm- 
ness in serving as a source of essential f a t ty  acids. 
Hydrogenat ion,  of course, lowers markedly  the essen- 
tial f a t t y  acid content of vegetable oils, but, in the 
course of the hydrogenation,  linoleic acid isomers can 
be formed which exhibit essential f a t ty  acid activity. 

Summary 
A review of the l i terature has shown that  in the 

hydrogenat ion of vegetable oils, positional and ster- 
eoisomers of the unsa tura ted  f a t ty  acids are formed 
in appreciable quanti t ies and that  some isomers are 
intermediates in the development of others as hy- 
drogenation proceeds. Using a microbiological assay 
technique, it was demonstrated tha t  the iso-oleic acids 
formed dur ing hydrogenat ion are not antimetaboli tes 
for  na tura l  oleic acid but  are utilized as. nutrients.  
F a t t y  acids with conjugated double bonds are not 
antimetaboli tes  for  the essential f a t ty  acids bu t  are 
readily metabolized to carbon dioxide and water.  
Hydrogena ted  fa ts  compare favorably  with a na tura l  
fa t  of comparable  firmness in serving as a source of 
essential f a t t y  acids. In  hydrogenat ing vegetable 
oils, isomers of linoleie acid can be formed which 
resist spectrophotometric detection but  exhibit  essen- 
tial f a t ty  acid activity. 
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Tall Oil Studies. ii. Decolorization of Polyethenoxy 
Tallates with Ozone and Hydrogen Peroxide 
J. V. KARABINOS and A. T. BALLUN, Research Laboratories, Blockson Chemical Company, Joliet, Illinois 

D URING a s tudy on the product ion of nonionie 
detergents in this labora tory  by  the condensa- 
tion of ethylene oxide with various grades and 

samples of ta l l  oil (1),  a product  of the paper  pulp 
industry,  the resul tant  products  were contaminated 
with a dark brown coloration sometimes exhibit ing a 
greenish fluorescence. Deeolorization of these prod- 
ucts however could not be effected by  the usual means, 
such as the use of various chemical deeo!orizing agents 
or adsorption with act ivated charcoals or other ad- 
sorbents. I t  was also evident that  tall oils of various 
compositions and origins gave products  which varied 
in the intensity of this contaminant  coloration: in 
general, those tall oils containing a larger  proport ion 
of rosin acid developed substant ia l ly  darker  colors 
and were more difficult to decolorize than those con- 
ta in ing a larger  proport ion of f a t ty  acids. This led us 

t o  suspect tha t  the eotor format ion might  be caused 
by  oxidation of the rosin acid perhydrophenanthrene  
ring to unsa tura ted  quinoid phenanthrene derivatives 
which would be capable of resonance and hence color 
formation.  Since the resonating s t ructures  might be 
decolorized by  peroxidation with a reagent such as 
hydrogen peroxide or by  ozonization, both reagents 
were t r ied  and found successful in removing the color 
f rom the polyethenoxy tallates. The details of the de- 
colorization of the tall oil-ethylene oxide nonionic de- 
tergents  are described herein. 

Exper imenta l  

Preparation of Polyethenoxy Tallates. A three- 
necked flask with s tandard- tapered  ground 'glass 
joints was fitted with a fr i t ted-glass gas inlet tube, a 
thermometer ,  and an outlet tube. The flask was ex- 
ternal ly  heated with a glas-eol mantle,  and provisions 
were made for  convenient weighing of the flask and 
its contents dur ing the actual condensation. Various 
compositions and grades of tall oil (100 g.) (see Table 
I )  were placed in the flask with 0.5 g. of potassium 

carbonate catalyst  and heated to 190°C. with a cur- 
rent  of ni trogen gas flowing through the mixture.  At  
190 ° the passage of ni trogen was discontinued, and 
ethylene oxide gas was bubbled  through the liquid. 
The excess was vented through the outlet tube. The 
tempera ture  generally increased with the heat of the 
reaction and was mainta ined between 170-210°C. 
When a total  weight of 200 g. of ethylene oxide had 
been taken up by the tall oil, the gasification was dis- 
continued, the polyethenoxy tallate was allowed to 
cool to room temperature ,  and the dark-colored fluo- 
rescent product  was deeolorized with hydrogen perox- 
ide and ozone as described below: 

TABLE I 

Preparat ion of po.Iyethenoxy Tallates 

Composition Ratio 
Exp. 
No. 

A ........................ 
g ........................ 
C ......................... 
I) ........................ 

Approx. 
Molecular Weight 

Poly- 
Tall Oil ethenoxy 

Tall a te 

288 t 864 
291 t 873 
293 ~ 879 
300 / 900 

% Trans- 
mission 

( Red 
Filter ) 

48 
47 
38 
24 
4 

Twenty  grams of each sample of potyethenoxy tal- 
late (Table I)  were weighed into a Coleman colorim- 
eter test tube, and the intensity of the color was meas- 
ured on a Coleman electric eolorimeter, Model 8, with 
a red filter No. 8-215, using the null  method with the 
reading for distilled water arbitrari ly set at 100% 
transmission. A transmission value of 90% was con- 
sidered desirable for  adequate decolorization of the 
products.  

Ozone Generator. Ozone was generated in the usual 
manner by passing' oxygen through an air space 
charged with an alternating current potential  of 
15,000 volts, using as an inner electrode a mercury 


