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Kinetics of Inhibited Oxidation of Lipids in the Presence of 
1-Octadecanol and 1-Palmitoylglycerol 
Vessela D. Kortenska, Nedjalka VI. Yanlshlieva" and VltalU A. Roginskii I 
Institute of Organic Chemistry with Center of Phytochemistry, Bulgarian Academy of Sciences, 1040 Sofia, Bulgaria 

The kinetics of  initiated oxidation of sunflower oil methyl  
esters at 50°C in the presence of  the phenolic inhibitor 
p -methoxyphenol  are investigated.  It  is established that  
addition of  0.1 M 1-octadecanol and of 0.1 M 1-palmitoyl- 
glycerol leads to  a 1.5- or 2 .~fo ld  decrease of the rate con- 
s tant  of  chain terminat ion on the inhibitor, which proves 
the  blocking of  its effect  due to  the  formation of a com- 
plex based on a hydrogen bond. The stronger effect  of  
1-palmitoylglycerol is explained by the presence of two  
hydroxyl  groups in its molecule.  

K E Y  W O R D S :  1-Octadeeanol, 1-palmitoylglycerol, inhibited oxida- 
tion, kinetics, l i p i d s .  

The problem of ensuring a high stability of lipids and lipid- 
containing products  determines the interest in investi- 
gat ing the part icipation of hydroxy components  (partial 
acyl glycerols and fa t ty  alcohols) in lipid autoxidation (1). 
Previous studies have shown tha t  the addition of fa t ty  
alcohols to inhibited lipid systems leads to a decrease in 
the induction period (2), and above a definite concentra- 
tion of the additive the autoxidation proceeds as un- 
inhibited. I t  is supposed tha t  this effect is a result  of the 
formation of a complex based on the hydrogen bond be- 
tween the hydroxy compound (ROH) and the phenol an- 
t ioxidant  (PhOH) (3,4). As is known, the efficiency of the 
antioxidant  is determined by the rate of its reaction with 
the peroxide radical (termination of the chain on the 
inhibitor). 

There are no data  in the li terature concerning the role 
of lipid hydroxy components on the rate constant of chain 
termination. 

The purpose of the present work was to use a model 
s tudy performed in a regime of initiated oxidation in order 
to elucidate whether  the fa t ty  alcohol and the monoacyl- 
glycerol lead to a drop of the rate constant  of this reac- 
tion. Methyl esters of sunflower oil were used as model 
lipid substrate. 

EXPERIMENTAL PROCEDURES 

The methyl  esters of sunflower oil {MESO) were obtained 
according to Christie (5), purified from pro- and antiox- 
idants by column chromatography (6) and stored in an in- 
e r t  atmosphere at -10°C.  

1-Octadecanol (Merck, Darmstadt ,  Germany) was dis- 
tilled under  vacuum, while 1-palmitoylglycerol, 99% 
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(Fluka, Buchs, Switzerland) was used without preliminary 
purification. 

The inhibitor (p-methoxyphenol, p-OMePh) was sub- 
jected to repeated recrystallization, while the initiator 
( a z o b i s i s o b u t y r o n i t r i l ,  A I B N )  a n d  t h e  so lven t  
(chlorobenzene) were purified by s tandard methods (7). 

The fa t ty  acid composition of MESO was determined 
by gas chromatography: Pye Unicam 304 apparatus, 2 m 
glass column, 11% D E G S  on Supelcoport,  temperature 
200oC. 

MESO have the following fa t ty  acid composition in 
wt%: C14:0,2.0%; C16:0,8.8%; C16:1,1.8%; C1s:0,6.8%; 
C18:1,20.2%; Ct8:2,58.6%; C20:0,1.8%. 

The oxidation was carried out in an initiated regime. 
The oxygen absorption kinetics was studied by a high- 
sensit ivity capillary volumeter. The construction of the 
reaction vessel allowed introduction of samples during the 
experiment (8). The volume of the mixture being oxidized 
was 0.1-0.3 cm s. The rate of initiated oxidation (W) was 
determined by the formula equation: 

W = a (dh/dt)/V [1] 

where a is the reaction vessel constant  determined ex- 
perimentally (a -- 2.25 X 10 -7 mol/mm); dh]dt is the ox- 
ygen absorption rate (mm/min), and V, the volume of the 
reaction mixture {cm3). 

The kinetic data  presented in this paper  are mean 
results from five independent  experiments.  

RESULTS AND DISCUSSION 

At sufficiently high oxygen concentrations and constant  
rate of initiation Wi the oxidation process during its ini- 
tial stage can be presented by the following reactions: 

+02, LH 
Initiation --~ LO~ W i 

(2) LO[+ LH--~ LOOH + L" k 2 

(6) LO~ + LO 2 -'~ products k 6 

{7) LO~ + PhOH ~ LOOH + PhO ° k 7 

(8) LO~ + PhO" --~ products k s 

The system of differential equations for the concentration 
of active particles can be writ ten as {9): 

d[LO~]/dt = W i - k 6 [ L O ~ ]  2 - k7[LO~][PhOH ] - ks[LO~][PhO" ] 

[PhO']/dt = k7[LO~][PhOH ] - ks[LO~][PhO" ] 

--d[PhOH]/dt = kT[LO~][PhOH ] 

-d[O2]/dt = k2[LH][LO ~] 
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Taking into account the oxygen absorption rate W o in 
the absence of an inhibitor (Equation 2): 

W o = k2k~ -112 [LH] W 1/2 [2] 

the system of differential equations can be solved as 
follows IEquation 3): 

F = In [(1 + W/Wo)/(1 - W/Wo) ] - Wo/W = (kTW o / k 2 [LH])t + c 

[3] 

where Wo and W are the rates of oxygen absorption in 
the absence and presence of an inhibitor (Ms-l), respec- 
tively, and c is an integral constant.  

Equat ion 3 describes the process in the regions of both  
linear and mixed (linear + quadratic) chain terminat ion 
(9). In addition, the determination of k7/k 2 does not  re- 
quire knowledge of initiation rate, induction period and 
absolute antioxidant  concentration. 

The results obtained during initiated oxidation of 
MESO at 50°C are shown in Figure 1, those in the 
presence of 0.1 M 1-0ctadecanol in Figure 2 and of 0.1 M 
1-palmitoylglycerol in Figure 3. From the slope of curve  
3, k7WJk2[LH ] is determined and, hence, kT/k 2 is found. 
The concentration of the substrate being oxidized [LH] 
is in this case equal to tha t  of methyl  linoleate because, 
during the initial stage of MESO oxidation, only linoleate 
moieties are oxidized while the methyl esters of other acids 
present in MESO (~g. saturated, oleic and palmitoleic 
acids) are practically inert  (8,10), i.e. [LH] = 1.5M. 

The following values are obtained for kT/k2: pure lipid 
subs t ra te ,  3.75 X 102; in the  presence  of 0.1 M 
1-octadecanol, k7/k2 = 2.50 X 102, while its value in the 
presence of 0.1 M 1-palmitoylglycerol is 1.65 X 102. The 
value obtained for kT/k2 in the absence of additives coin- 
cides with that  determined for neat methyl linoleate under 
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FIG. 1. Kinetic curves of oxygen absorption during oxidation of 
MESO at 50°C, [A]BN] = 2 X 10 -2 M, ~1) in the absence of an in- 
hibitor and (2) in the presence of 7 × 10 -  M p-OMePh; (3) anamo~ 
phosis of curve (2) in coordinates of Equation 3. 
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FIG. 2. Kinetic curves of oxygen absorption during oxidation of 
MESO in the presence of 0.1 M lmctadecanol at 50oC, [AIBN] 
2 X 10 - z  M, (1) in the absence, and (2) in the presence of 7 X 10 -0  
M p-OMePh; (3) anamorphosis of curve (2) in coordinates of Equa- 
tion 3. 
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FIG. 3. Kinetic curves of oxygen absorption during oxidation of 
MESO in the presence of 0.1 M 1-palmitoylglycerol at 50°C, [AIBN] 
-- 2 X 10 - z  M, (1) in the absence and (2) in the presence of 7 X 10 - °  
M p-OMePh; (3) anamorphosis of curve (2) in coordinates of Equa- 
tion 3. 

the same experimental  conditions {8). The above da ta  
show tha t  the addition of 1-octadecanol and 1-palmitoyl- 
glycerol leads to a 1.5- and 2.3-fold decrease, respectively, 
of the rate constant  of chain termination on the inhibitor. 

The kinetic effect observed proves the blocking of the 
action of the phenolic antioxidant (PhOH) in the presence 
of hydroxy compounds (ROH). This effect may be due to 
their solvating action, Le. formation of a complex based 
on a hydrogen bond [3,4]: 
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PhOH + ROH~- hOH .. ,, 

o::] (7') OH . . . .  + LO~ - '~ LOOH + PhO'= + ROH k~ 

The ac t iv i ty  of the complex is much  lower than  t ha t  of 
the  inhibitor molecules, which do not  par t ic ipate  in the  
complex. This is due to blocking of the active center of 
the inhibitor (4). In  other  words, addit ional energy for 
l iberation of this center f rom the complex is needed to 
enable it  to react  wi th  the peroxide radicals. As a result, 
the concentrat ion of free inhibitor molecules decreases, 
which leads to a decrease in effectiveness of the inhibitor, 
and k'  7 < kT. From the above kinetic scheme for k7 and W'  
(rate of inhibited oxidation in the presence of a hydroxy 
compound}, one obtains  {Equation 4): 

k~ = kT/(1 + Ko[ROH]); W' = k 2 [LH] Wi/f k~[PhOH]o [4] 

where f is the stoichiometric coefficient determining how 
many  radicals perish in an inhibitor molecule; [PhOH]o 
is the initial concentration of the phenolic antioxidant (M). 

The results  obtained confirm the assumpt ion  (2), t ha t  
f a t t y  alcohols and monoacylglycerols  par t ic ipate  in the 
reactions of chain termination on the inhibitor and reduce 
the rate  constant  of this  reaction. The presence of two 

hydroxyl groups in the monoacylglycerol is the reason for 
the more pronounced decrease of the inhibitor 's  effec- 
t iveness compared  to t ha t  of 1-octadecanol. 
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