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ate, Aylward  and Rao (8) found that  with eleostearic 
acid two molecules of hydrogen are added simultane- 
ously. Also, Hildi tch and Pa thak  (9) found that  in 
catalytic hydrogenation two molecules of hydrogen 
are added simultaneously to methyl eleostearate. 

The relative reaction rates and the course of lino- 
lenate reduction in the two experiments are different 
although the temperature,  pressure, catalyst concen- 
tration, and a lot of catalyst are the same. The dif- 
ferences are believed to be caused by uncontrolled 
variat ion in catalyst activity since, as stated under 
Results, the induction periods and reaction rates are 
also different in the two reactions. 

The determination of reaction rates k, and kb, and 
subsequently their ratio (ka/kb), is greatly facili tated 
by the radioactive tracers. Fo r  example, in the hydra-  
zine reduction with tagged linoleate as i l lustrated in 
Fig. 9, when first order kinetics are followed, the slope 
of a semilogarithmic plot of percentage triene v e r s u s  

time gives kb directly and the slope of a similar plot of 
radioactive diene gives kb directly. 

I t  can be shown that  in a system undergoing simple 
consecutive reactions of the type A ~ B > C if 
the inital amounts of the two components are equal 
and if the ratio of reaction rates falls in the range 
between 1 and 3, two opportunities are provided to 
measure the ratio of reaction rates without resort to 
isotopic tracers: Since over a considerable period of 
time component B remains nearly constant in amount, 
the slope of the curve for  the formation of component 
C is indeed the rate of reaction for component B. 

dec d% 
- -  - - -  - kb 

dt dt 

The slope of the initial portion of curve C is the reac- 
tion rate. 

Another  method (7) for  determining the ratio of 
rates without resort  to radioactive tracers is based 

upon stopping the reaction of the equimixture at the 
point of addition of 0.5 mole of He per mole ester or 
the point of crossover of curves C and B. This pro- 
cedure is easy to perform experimentally and is in 
routine use at this laboratory (10). 

A third method for estimating the ratio of rates for 
consecutive reactions has recently been described by 
Ames (11). I t  involves elinfinating the time variable 
f rom the differential equations describing the rates 
and solving the resulting differential equation by 
using the general theory of homogenous differential 
equations. This ratio is obtained in an implicit func- 
tion involving the original linolenate concentration, 
the final linolenate concentration, and the final concen- 
trat ion of linoleate formed from the linolenate. Al- 
though these methods cannot give exact values for 
k,/kb when the oleate shunt  and formation of isolin- 
oleate occur, they give an approximation which is 
valuable for  screening purposes. 
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Hydrogenation 
Hydrogenation 

of Linolenate. V. Procedure 
Catalysts for Selectivity I 

of Evaluating 

H .  J. D U T T O N ,  N o r t h e r n  R e g i o n a l  R e s e a r c h  L a b o r a t o r y ,  2 P e o r i a ,  I l l i n o i s  

Equations for determining the ratio of hydrogenation 
rates for linolenate and linoleate acyl groups are derived 
from kinetic theory. They are based upon the analysis for 
linolenate after absorption of 0.5 mole of hydrogen by an 
equal mixture of linoleate and linolenate. This method finds 
routine application in the evaluation of hydrogenatioD 
catalysts for selectivity. 

T 
o ]EVALUATE hydrogenat ion catalysts for  selec- 
t ivi ty  with respect to ]inolenate and linoleate 
acyl groups has required the development of a 

simple routine procedure for determining the ratio 
of reaction rates. Measurement of this ratio has 
usually involved periodic sampling and analysis, plot- 
t ing the concentration of components against tinle 
or percentage reaction, and obtaining the best fit for 
the experimental  data by  more or less empirically 

1 Presented at spring meeting, American Oil Chemists' Society, Bray 
1-3, 1961, St. Louis, Mo. 

2This is a laboratory of the Northern Utilization Research and 
Development Division, Agricultural Research Service, U. S. Depart- 
meat  of Agriculture. 

adjust ing constants for  specific reaction rate (1).  
Radioactive tracers have been cmpl@ed at this labo- 
ra tory  to s tudy the mechanism of catalytic hydrogena- 
tion and to facilitate the calculation of reaction rates 
(2),  but their use does not simplify experimental 
technique. 

The present procedure, applicable to triglycerides 
or monoesters, involves hydrogenat ing an equal mix- 
ture  of linolenate and linoleate and from the results, 
determining the ratio of reaction rate constants. Com- 
pared to determination of reaction rates on the single 
pure components, this design of experiment mini- 
mizes variations such as concentration and activity 
of catalyst, temperature,  and pressure. In brief, the 
method consists of reducing the equal mixture  of 
linolenate and linoleate (2.5 average double bonds 
per mole) with 0.5 mole of hydrogen (to yield 2.0 
average double bonds per mole) at which point the 
monounsaturated components formed must equal the 
t r iunsatura ted  components remaining. The ratio of 
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reaction rates at this crossover point is related to th,, 
percentage of the monoene or triene components and 
is read from a theoretically established curve. 

Theoretical 
The kinetics of consecutive mono-molecular reac- 

tions may be represented as follows: 

A k~ B kb C 
(Triene) H2 > (Diene) He > (Monoene) 

as described by the equations: 
At ----- Aoc -k,t 1) 

k~ 
Bt - -  - -  Ao(e kat - -  e-kbt)-b Bo e-kb t 2) 

t% - -  ka 
Ct = 1 - -  (At + Bt) 3) 

where At, Bt, and Ct are the amounts of A, B, and C 
present at any given time (t) and Ao and Bo are the 
initial amounts. Under this procedure, Ao = Bo = 
0.5, and ka and kb are the specific reaction rates for 
linolenate and linoleate, respectively. The ratio of 

reaction rates (K) is defined as K = k~ 
kb 

The operation of these equations for the ratio of 
reaction rates for K = ka/kb = 2 is illustrated in Fig- 
ure 1, together with published experimental data for 
the hydrogenation of an equal mixture of linolenate 
and linoleate (2). I t  may be seen from these data 
that curves for A and C cross at the point where the 
level of unsaturation is 2.0 double bonds per mole, 
as required by theory. The necessity for the cross- 
over point ( A ~ =  C~) existing at this level of un- 
saturation becomes apparent  by writ ing two simul- 
taneous equations, one accounting for the unsatura- 
tion and the other for composition: 

3 A x + 2 B ~ + C ~ = 2  4) 
A ~ + B x §  5) 

Eliminating B• from tllese simultaneous equations: 
Ax = C~ (Q.E.D.) 6) 

()n eliminating C~, one obtains 
2 Ax + Bx = i 7) 

Substi tuting in equation 7, their equivalents from 
equations i and 2 and substituting for kb its equiva- 
lent ka/K, one obtains the implicit function 

2-K -kt 1-2K 
e k t . - -  -{- e~K-- - -  -- 1 8) a 

2-2K 2-2K 

Three solutions are readily apparent  from this 
equation. For  the specific case of K =- 2 the first term 

-kat 2 

of equation 8) drops out and becomes e ' - ' -  
3" 

Therefore, k t is equal to -0.80994 and A~ is equal to 
Aoe-k, t = 0.5 • 0.4445 = .2222. ~ 22.22%. Similarly, 
for K = 0.5, the second term drops out and A~ is equal 
to 0.333. As K approaches zero, A~ approaches 0.5. 
These three points are used in setting up Figure 2. 
The remaining points establishing the curve were 
obtained by plotting data for values of Ax and Cx vs. 
t for k, ranging from 1 to 50 and by graphically 
determining the cro~over points. These calculations 
for 33 k , ' s  and 11 t periods each were computed by 
the ARS Biometrieal Services, U. S. Department of 
Agriculture. 

Procedure 
An equimixture of linolenate and linoleate is hy- 

a I n  the course of r ev iewing  this  manuscr ip t ,  E. B. Lancas te r  of 
this  laboratory  suggested tha t  e-ka t in  th is  equat ion migh t  be e l iminated 
b.v subs t i tu t ing  its equ iva len t - -2Ax .  Equa t ion  8 then becomes: 

2 - K  1 q- 2K 1 
- - -  A ~ -  (2 Ax) x = l  
1 - K  2 ( l - K )  

Tile three solut ions discussed become readi ly  appa ren t  in this  form. 

K = k ~  
kb 
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Fro. 2. The relationship of the ratio of reaction rates 
k~ 

K = - - t o  the amount of linolenate (A~) at the crossover 
kb 

point. 
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drogenated with 0.5 mole hydrogen per  mole ester. 
Triene, diene, and monoene are determined on the 
hydrogenated esters by gas ehronlatography or other 
analytical  procedures. 4. Since triene (Ax) should 
equal monoene (Cx), any  fai lure to absorb exactly 
0.5 mole will be reflected in a high anmunt of trienc 
and a low amount  of nmnoene, or vice versa, but with 
little change in diene. The average value for nlonoenc 
and triene is therefore used to indicate (Ax) which 

equals A.  + C~ The value of K corresponding to 
2 

*~x is read f rom Figure  2. 
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Discussion 
Since a var ie ty  of equipment  nlay be used to car ry  

out the hydrogenat ion under  m a n y  conditions of 
temperature ,  pressure, s t i r r ing rates, and hydrogen 
dispersion and to determine when 0.5 mole of hy- 
drogen has been absorbed, no a t tempt  is made here 
to specify experimental  procedures. I t  is believed 
tha t  the general experimental  design and method of 
handl ing data proposed should be applicable to a 
var ie ty  of hydrogenat ion techniques. Other analytical  
determinations undoubtedly  will be desired such as 
trans acids by  inf ra red  speetrophotometry,  conjugated 

4 Because res idual  t r iene is essentially unal tered  dur ing  hydrogena-  
tion, the speetrophotometric determinat ion of linolenic acid following 
alkali isomerization appears  valid. 

dieues by ultraviolet  spectrophotometry,  position of 
bond by oxidative cleavage or mass spectroscopy. 

Cognizance has not been taken in this discussion 
of the inevitable traces of saturates  present. Their  
formation in appreciable amounts  by any  catalyst  
would, of course, vitiate its usefulness for hydrogena- 
tion purposes, as well as introduce errors, or invali- 
date the procedure outlined. Traces of saturates,  
when they occur, are corrected by adding their per- 
ceutage to that  of the oleate in the following manner :  

A~ + C~ + S~ = ~.~. The format ion of diene geometric 
9 

and positional isonlers and their  effect on relative 
rates of hydrogenat ion also have not been considered 
in the present a t t empt  to develop a simple equation. 
Some justification for this omission may  be found in 
the observation that  dur ing the absorption of 0.5 mole 
of hydrogen per  mole of ester by the 50:50 linolenate- 
linoleate mixture,  the max imum proport ion of iso- 
nleric dienes in the mixture  only reaches 10%. 

This procedure has been applied rout inely in this 
laboratory for evaluat ing the selectivity of hydro- 
genation catalysts, and subsequent papers  will de- 
scribe its use. 
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l he Effect of 
Linoleic Acid 

Some Amino Acids on the 
and Its Methyl Ester 1 

Oxidation of 

R. MARCUSE, Swedish Institute for Food Preservation Research, Gothenburg 

Manometric studies of the effect of certain amino acids 
on oxidation (measured as oxygen consumption) of lin- 
oleic acid, as well as the methyl esters of linoleic acid and 
linolenic acid dispersed in water or phosphate buffers at 
pH 7 to pH 5 have shown that 

1. The amino acids tested (except cysteine) have a poten- 
tial antioxidative effect. 

2. The antioxidative capacity of different amino acids 
may be rather different (it is especially pronounced in the 
case of histidine and tryptophane). 

3. Under suitable conditions extremely low amino acid 
concentrations may have rather strong effect. 

4. The antioxidative efficiency is less pronounced than in 
earlier experiments with linoleate at pH>7,  and decreases 
with decreasing pit .  

5. There may be a tendency towards a prooxidative in- 
version with relatively high amino acid concentrations, or 
at low pit .  

6. The antioxidative effect is enhanced and a prooxidative 
effect may be lowered or inverted into an antioxidative one 
by an addition of phosphate, or an emulsifier like Tween. 

7. A strong inhibitory effect is obtained by combined ad- 
dition of phosphate and emulsifier like Tween, together with 
the amino acid. 

8. The antioxidative tendency was stronger in the case 
of methyl linoleate than with linoleie acid, and was also 
stronger with methyl linoleate than with methyl linolenate. 

T 
~ R E  IS an increasing interest  in antioxidative 
.substances occurring in biological mater ia l  and 
m synergistic relationships with regard  to pro- 

tection against  fa t  oxidation in vivo and in food. As 

! Presented at the spring meeting, American Oil Chemists' Society, 
St. Louis, ~/Iissouri, may 1-8 ,  1961. 

the content of so-called p r ima ry  antioxidants  of phe- 
nolic type (e.g. the toeopherols) capable of breaking 
oxidative chain reactions often is very low, the inter- 
est is directed towards substances of other types, 
which nlay occur in biological material  and may  par-  
ticipate, e.g. as synergists, in prevent ing raneidifiea- 
tion. These substances may  react in different ways: 
by render ing prooxidative substances innocuous, or 
by regenerat ing oxidized p r i m a r y  antioxidants.  

Amino acids have been mentioned earlier in the 
l i terature as ant ioxidants  (3,15,17,18,34) and as com- 
ponents of patented ant ioxidant  mixtures  (8,19,38). 
l~u~ there is relat ively little exact knowledge as to 
their  effects. Amino acids are also mentioned as pro- 
oxidants (5,15,40). 

Their  antioxidative effect is generally suggested to 
be of synergistic nature,  i.e., to require the presence 
of a p r ima ry  antioxidant.  Amino acids are usually 
supposed to funct ion by chelating prooxidative metal  
traces. The prooxidative effect of copper traces is 
mainly  due to copper  in free state in the fa t  phase 
(18). In  the presence of amino acids copper com- 
plexes are formed and t ranspor ted  into the water  
phase. In  this way traces of copper may  be rendered 
innocuous as catalysts. I t  has however also been 
shown (39) that  copper bound to amino acids, pep- 
tides, and proteins has a s trong catalyzing effect on 
the oxidation of ascorbie acid and tha t  linoleate oxi- 
dation is aeeelerated by  copper protein complexes 
(46). But  also an inhibit ing action of proteins on the 
pro0xidative effect of metal  traces in fa t  emulsions 


