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Z.Y. C h e n  I a n d  W.W.  N a w a r *  
Department of Food Science, University of Massachusetts, Amherst, MA 01003 

Phospholipids on Milk Fat 

The effects  of  d ipalmitoylphosphat idylethanolamine 
(DPE) and dipalmitoylphosphatidylcholine (DPC) on milk 
fat oxidation was  examined at 50~ and 95~ under 
various condit ions by monitoring oxygen uptake and 
fa t ty  acid composit ion.  D P E  strongly  inhibited milk fat  
oxidation both at 50~ and 95~ in the absence of water. 
DPC was less effect ive than DPE.  In aqueous systems,  
the reverse was  observed. D P E  accelerated milk fat  ox- 
idation at both 50~ and 95~ DPC accelerated the ox- 
idation at 50~ but inhibited it at 95~ The free amino 
group in D P E  m a y  be responsible for its inhibiting effect 
in the dry system.  The accelerating activity of D P E  in 
the aqueous sy s t em is probably due to  the formation of 
a more  d i spersed  s t r u c t u r e  w i th  be t ter  o x y g e n  
accessibility. 

KEY WORDS: Amino group, antioxidant, milk fat, oxidation, 
phosphatidylcholine, phosphatidylethanolamine, phospholipids, 
prooxidant. 

Phospholipids have been studied as potential antioxidants 
because many crude oils containing them are more stable 
than the refined oils. Addition of milk phospholipids, in 
the amounts  normally present in milk fat, improves the 
oxidative stability of isolated milk fat triacylglycerols (1}. 
Phospholipids are thought  to act synergistically with 
tocopherol and other antioxidants {2,3). Phosphatidyl- 
ethanolamine (PE) and phosphatidylinositol (PI} appear 
to be more effective than phosphatidylcholine (PC} {4}. An- 
tioxidative activities of seed PE added to but terfat  do not 
vary  with the seed sources, indicating tha t  its effect is 
independent of fa t ty  acid moieties of the phospholipid 
molecules (5). However, the synergistic effects of phospho- 
lipids with tocopherol have been disputed, and their an- 
tioxidative effects are attributed to the browning products 
formed during the preheat ing of PE and PC (6). 

On the other  hand, phospholipids containing polyun- 
saturated fa t ty  acids have been claimed to be suscepti- 
ble to lipid oxidation and to cause the deterioration of 
meat  products (7). PE is more easily oxidized than PC {8). 
Tsai and Smith (9) have studied the roles of base and 
phosphoryl  base moieties of phospholipids in the autox- 
idation of a methyl linoleate emulsion, and found that they 
act as both antioxidants and prooxidants, depending on 
pH. We have observed the same antioxidative or proox- 
idative activities in milk fat globule membrane phospho- 
lipids {10). However, the mechanism by which phospho- 
lipids act as both antioxidants and prooxidants is not well 
understood. Our previous s tudy has shown tha t  the free 
amino group in amino acids is part ly responsible for their 
antioxidative activity and tha t  blocking of the amino 
group results in a partial  or complete loss of its protec- 
tive ability (11}. 
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The objective of this s tudy was to examine the effects 
of the saturated dipalmitoylphosphatidylethanolamine 
(DPE} and dipalmitoylphosphatidylcholine (DPC} on the 
oxidation of milk fat under varied conditions. 

MATERIALS AND METHODS 

Preparation of milk fat. The milk fat was prepared from 
fresh milk obtained from the University of Massachusetts 
farm. The milk was pasteurized for 30 min at 63~ and 
the cream was separated by centrifugation and churned. 
The churned cream was then melted at 45~ and cen- 
trifuged. The milk fat  was pipetted and saved in a bottle 
tha t  had been previously washed with deionized water and 
thoroughly dried. 

Measurement of oxygen uptake. The reaction vessel 
described by Bunick (12) was used to monitor oxygen ab- 
sorption. Two hundred milligrams of milk fat containing 
5% of DPE or DPC {purity above 98%; Sigma Chemical 
Co., St. Louis, MO) were loaded into two identical reac- 
tion vessels. In some cases, 300 ~L of distilled water was 
added (DPE and DPC function as emulsifiers}. Oxidation 
was conducted at 50~ and 95~ with constant  stirring. 
The headspace oxygen uptake was measured periodically 
as previously described {11}. 

Fatty acid analysis. Fat ty  acids were methylated and 
analyzed in an H P  5890A gas chromatograph {Hewlett 
Packard, Palo Alto, CA) on a 30 m • 0.32 mm I.D. Supel- 
cowax 10 column (Supelco, Bellefonte, PA). The methyla- 
tion procedure described by Glass was used (13). For quan- 
titation, triheptadecanoin {Sigma Chemical Co.) was used 
as an internal standard. 

Statistics. ANOVA followed by Student 's  t-test was 
used for statist ical  evaluation of difference between 
samples. 

RESULTS AND DISCUSSION 

The results of the headspace oxygen consumption test  at 
50~ are shown in Figure 1. The following features were 
observed: i) In the aqueous system, the sample to which 
DPE was added oxidized faster than the control milk fat, 
indicating tha t  D P E  possesses prooxidant activities; 
ii} in the dry system, the reverse was observed. DPE and 
DPC exhibited protective effects; and iii) DPE was more 
effective than DPC. 

The fa t ty  acid analysis showed the pat tern  illustrated 
in Figure 2. In the aqueous system the loss of unsaturated 
fa t ty  acids was faster  in the samples containing DPE or 
DPC than in the control. DPE and DPC exhibited pro- 
tective effects in the dry system. However, the inhibiting 
effect of DPE was considerably stronger than that  of 
DPC. 

The effects of DPE and DPC on milk fat oxidation were 
also examined at  95~ {Figs. 3 and 4). As was the case 
at 50~ both oxygen consumption and fat ty acid analysis 
indicate tha t  in the dry system DPE and DPC exhibited 
protection, with the former being much more effective. 
In the aqueous system DPE accelerated the oxidation 
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FIG. 1. Effects  of phospholipids on oxidation of milk fat  at 50~ 
Data are expressed as mean +_ SD for n=3/ t ime point. O, Milk fat; 
e ,  milk fat (aqueous); A, milk fat + DPE; A, milk fat  + DPE 
(aqueous); [3, milk fat  + DPC; I1, milk fat + DPC (aqueous). a, The 
sample with addition of DPE or DPC is significantly different from 
the corresponding control (milk fat only), if p<0.05, b, The sample 
with addition of DPE is significantly different from the correspond- 
ing sample with addition of DPC, if p<0.05. 
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FIG. 2. Effects of phospholipids on change in total unsaturated fatty 
acids of milk fat  at 50~ Data are expressed as mean • SD for 
n--3/t ime point. O, Milk fat; e,  milk fat (aqueous); A, milk fat + 
DPE; A, milk fat -t- D PE (aqueous); [3, milk fat + DPC; R, milk 
fat + DPC (aqueous). a And b are as in Figure 1. 

(Fig. 3), as was also the case at  50~ (Figs. 1 and 2). In  
contrast ,  however, DPC was slightly protect ive at  the 
higher temperature.  

In  the dry state, the milk fat  samples  containing D P E  
remained orange-yellow throughout  the period studied, 
while the control and the sample to which DPC was added 
were colorless. D P E  protected not  only the milk fa t  but  
also the p igments  against  oxidation. 

The fact tha t  D P E  exhibits much  s t ronger  inhibition 
than  DPC suggests  tha t  the free amino group in PE is 
involved in the ant ioxidant  activity, as was shown 
previously with amino acids (11). Tsai and Smith  (9) sug- 
gested tha t  the protonated amino group (NH3 +) ac- 
celerates lipid oxidation while the non-protonated group 
(HN2) inhibits it. According to their hypothesis, the pres- 
ence of a pair  of free electrons on the ni trogen a tom may  
be necessary for the ant ioxidant  act iv i ty  of the p r imary  
amine. 

The exact role of the amino group in p romot ing  or in- 
hibit ing oxidation is still unclear. The possibil i ty tha t  a 
higher level of protonat ion in the aqueous sys tem is re- 
sponsible for the observed accelerating effect m u s t  be 
studied further. I t  may also be possible tha t  the free amino 

group reacts with carbonyl compounds derived from lipid 
oxidation to form Schiff-base reaction products,  which 
may  exhibit  ant ioxidant  effects (6). An al ternat ive mech- 
anism may be related to the ability of DPE to form a more 
dispersed emulsion, allowing be t te r  oxygen accessibility 
in the aqueous sys tem (14). 

Phospholipids can accelerate or inhibit oxidation of milk 
fat  depending on the paramete rs  of oxidation. The phos- 
pholipids used in this work contained only saturated fa t ty  
acid moieties; hence, the accelerating effect of phospho- 
lipids observed here cannot  be a t t r ibu ted  solely to un- 
saturation.  We believe t ha t  this is the first  evidence t ha t  
sa tura ted  D P E  can act as a prooxidant.  The involvement 
of free amino groups in bo th  ant ioxidat ion (e.g., in dry 
systems) and prooxidat ion (e.g., in aqueous systems) is 
evidenced by the fact tha t  DPE exhibited stronger antiox- 
idant, as well as stronger prooxidant activities, when com- 
pared with DPC (Figs. 1 and 3). 
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FIG. 3. Effects of phospholipids on oxidation of milk fat at 95~ 
Data are expressed as mean • SD for n=3/time point. O, Milk fat; 
r  milk fat (aqueous); A, milk fat + DPE; A, milk fat + DPE 
(aqueous); [3, milk fat + DPC; I ,  milk fat Jr DPC (aqueous); a and 
b are as in Figure 1. 
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FIG. 4. Effects of phospholipids on change in total unsaturated fatty 
acids of milk fat at 95~ Data are expressed as mean + SD for 
n=3/time point. O, Milk fat; e ,  milk fat (aqueous); A, milk fat + 
DPE; k,  milk fat + DPE {aqueous); [2, milk fat + DPC; II, milk 
fat + DPC {aqueous), a and b are as in Figure 1. 
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