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 ,Phospholipid Composition of Some Plant Oils at 
Different Stages of Refining, Measured by the latroscan- 
Chromarod Method 
L.M. DU PLESSIS and H.E. PRETORIUS, National Food Research Institute, CSIR, 
PO Box 395, Pretoria 0001, Republic of South Africa 

A B S T R A C T  

Although the phospholipid composition of crude plant oils has been 
well studied, not much is known about the effect of the different 
refining processes on the individual phospholipids. This information 
is useful to the manufacturer to optimize the refining process. In 
this study corn, sunflower seed and peanut oils, at different stages 
of refining, were analyzed with the latroscan-chromarod method. 
The total phosphorus content of the samples was also determined 
with a classical method. The latroscan gave results of acceptable 
accuracy for the analysis of cmde oils with phospholipid- 
phosphorus values between 145 and 536 ppm. Ftowever, for oils at 
further stages of refining, with phospholipid-phosphoms values be- 
tween 1 and 10 ppm, less accurate results were obtained. For these 
oils, the latroscan results had to be supported by conventional thin 
layer chromatography. Degummed oils contained phosphatidyl- 
choline (1.1-22 ppm P), phosphatidylethanolamine (1 -2  ppm P), 
phosphatidylinositol (trace-lO ppm P) and phosphatidic acid 
(trace-5 ppm P). Further refined oils contained no phospholipids 
with the exception of two ~mples. Bleached sunflower oil con- 
tained about 1 ppm phosphatidylinositol and bleached peanut oil 
contained ca. 1 ppm phosphatidylethanolamine and 1 ppm phos- 
phatidylcholine. Fully refined edible oils contained no phospho- 
lipids. 

I N T R O D U C T I O N  

Phospholipids occur  in crude p/ant oils at levels ranging 
between 0.1 and 1.8% (1). The composi t ion  and charac- 
teristics of phosphol ipids  in crude oils have been thor- 
oughly studied (1, 2); however,  very little is known about  
the phospholipid compos i t ion  of  oils at d i f ferent  stages of  
refining. Some  phospholipids act as an t ioxidant  synergists 
with the tocophero ls  in plant oils (1, 3, 4), but  the general 
practice is to remove the phosphol ipids  f rom the oils prior 
to neutral izat ion (alkali refining) or steam disti l lat ion 
(physical refining (5). 

Phospholipids cause losses of  neutral oil during neutrali-  
zat ion (6, 7) and their  presence leads to oil discolorat ion 
during deodor iza t ion  and steam disti l lat ion (5). 

The phosphol ipids  are largely removed from the crude 
oils by water  or  acid degumming.  This process reduces the 
phospholipid con ten t  of  sunflower seed oil about  eight 
times, and that  of  soy oil 70 t imes (3). The total  phos- 
phorus con ten t  o f  oils is moni to red  to give a general indica- 
t ion of  phosphol ipid  removal.  

Very little is known  about  the effect  of  degumming and 
the successive refining steps on the individual phospho-  
lipids. The main reason for the lack of  informat ion  is the 
unavailabili ty of  suitably sensitive methods  for phospho- 
lipid analysis in oils. 

High performance  liquid chromatography  offers a 
l imited solution.  Ultraviolet  de tec t ion  at 2 0 0 - 2 1 0  nm 
proved to be useful for quali tat ive evaluat ion in our labora- 
tory (Y. Totani ,  personal communica t ion) ,  but  not  for  
quant i ta t ive  analysis of  phosphol ipids  (8). In this investiga- 
t ion,  the latroscan thin layer rod technique  was used to 
study the phospholipid changes in oils that  underwent  
alkali and physical refining. 

E X P E R I M E N T A L  PROCEDURES 

Instruments and Materials 

The latroscan TII 10 TLC analyzer ME III (Newman- 
l lowel ls  Ass. Ltd., England) was used, coupled to a Hewlet t  
Packard 3390A integrator.  Hydrogen f low rate was 175 
m L / m i n  and air f low rate 1,850 mL/min .  Chromarods  SII 
were used for separations. Merck (Darmstadt)  silica gel 60 
TLC plates (wi thout  f luorescence indicator,  Art. 5721);  
silica gel 60 for column chromatography  (70-230 mesh, 
Art.  7734);  AR grade ch loroform,  methanol ,  acetone and 
glacial acetic acid were used. Tert iary bu ty lhyd roqu inone  
(TBtlQ.) was supplied by Eastman Products  (Kingsport ,  
TN). 

The  fol lowing phospholipid standards were obta ined 
f rom Sigma Chemical  Co. (St. Louis, MO): L-~-phospha- 
tidic acid, sodium salt (PA) no. P9511,  L-~-phosphatidyl-  

JAOCS, vol. 60, no. 7 (July 1983) 



1262 

L.M. DU PLESSIS AND H.E. PRETORIUS 

ethanolamine (PE) no. P3511, L-~-phosphatidylcholine 
(PC) no. P5388, L~-phosphatidyl-dl-glycerol,  ammonium 
salt (PG) no. P0514, phosphatidylinositol  50% pure (PI) no. 
P6636, and cardiolipin, sodium salt (DPG) no. C1649. 

Samples 

Corn, sunflower and peanut oils were supplied by four local 
oil processing companies. Company E conducted a phos- 
phoric/citric acid degumming, caustic refining, bleaching 
and deodorization (5). Companies N and V used water 
degumming followed by caustic refining, bleaching and 
deodorization (5). Company S applied water degumming, 
bleaching, winterizing and physical (steam) refining (5). 

For  the purposes of this paper, the end product  of all 
these processes is described as a fully refined edible oil. 

Methods 

in order to obtain accurate and reproducible results, it is 
important  to comply with the recommended procedures of 
the manufacturers of the latroscan apparatus. Full details 
conerning the handling, cleaning, conditioning and develop- 
ment of the rods are given in "the instruction manual (9). 

A variation of BorgstrOm's method (10) was used for the 
isolation of total phospholipids from plant oils. Glass 
columns (38 cm x 2 cm) fitted with sintered glass outlets 
and 250 mL reservoirs were packed with a suspension of  5 
g silica in chloroform. A 5 - 1 0  g oil sample was mixedwi th  
50 mL chloroform and loaded onto the column. The 
neutral lipids were eluted with 150 mL chloroform, fol- 
lowed by 150 mL methanol to elute the phospholipids. 
One microgram TBHQ was added to the methanol fraction 
to protect  the phospholipids against oxidation. The 
methanol was evaporated below 40 C and the residue 
dissolved in 1 - 1 0  mL chloroform. One /aL samples were 
applied to the chromarods. 

After sample application, a first development was done 
in acetone for 30 min (11). The rods were dried at 60 C 
for 2 min and scanned at rate 4 up to the band of polar 
lipids remaining at the origin of the rod. The rods were then 
placed in an atmosphere of 65% humidity for 10 min, hung 
in the vapor of the Innis (12) mobile phase (chloroform/ 
methanol/water  80:35:3,  v/v/v) for 10 min, and finally 
developed for 1 hr. The rods were dried at 60 C for 3 - 4  
min and scanned fully. In order to calculate the quantities 
of individual phospholipids in the different oils, standard 
solutions ranging from 1 to 10 /lg phospholipid were 
analyzed by latroscan chromatography. A standard curve of 
peak area vs pg phospholipid was obtained for each indi- 
vidual phospholipid.  Each point  on a standard curve repre- 
sents the mean of  1 0 - 2 0  replicate analyses. 

The phosphorus content  (/~g P/g oil) for individual phos- 
pholipid peaks on the chromarods was calculated using the 
formula: 

//g P/g oil = 

area PL x 5 (/ag) x tot  vol (/aL) 
area std x spot vol (/~L) • sample weight (g) 

x PL factor 

where area PL = area of phospholipid peak; tot  vol = 
volume of chloroform used to dissolve phospholipids after 
methanol evaporation; area std = area of 5/ag of the appro- 
priate standard; and PL factor = ratio between molecular 
weight of phospholipid and atomic weight of  phosphorus in 
the molecule. 

To calculate the factor for each phospholipid, the aver- 
age molecular weight of the fat ty acids on the phospho- 
lipids was taken to be 280 (C18H3202) , resulting in the 

factors shown in Table I. 

TABLE I 

PL Factors for Phospholipids 

Phospholipid Mol weight Factor 

PA 696 22.5 
PC 781 25.2 
PE 739 23.8 
PG 770 24.8 

DPG 1448 23.4 
P1 858 27.7 

A phospholipid mixture containing PA, PE, PI and PC 
was isolated from raw peanuts by chloroform/methanol  
(2:1,  v/v) extraction and purified by silica gel chroma- 
tography (13) for recovery studies. Aliquots of the mixture 
in oil-free medium, as well as aliquots dissolved in 10 g re- 
fined sunflower seed oil, were subjected to the complete 
experimental  procedure. Peak areas of the individual phos- 
pholipids of these aliquots were compared to the corres- 
ponding peak areas of the phospholipids in aliquots not 
subjected to all the steps of the method. The same phos- 
pholipid mixture was chromatographed ten times to 
determine the coefficient of variation of the rod chroma- 
tography alone. All samples were also analyzed for total  
phosphorus content by means of an ashing-spectrophoto- 
metric method (16). 

Selected samples were applied to thin layer plates (TLC) 
and developed in chloroform/methanol /acet ic  acid (62:25: 
8, v/v/v) (15). Phosphate esters were visualized with the 
spray reagent of Dittmer and Lester (16). The limit of 
detect ion for each phospholipid on TLC was obtained by 
visual comparison with standards. 

RESULTS A N D  DISCUSSION 

Calibration curves for phospholipid standards are presented 
in Figure 1. The equations for the different curves are as 
follows: 

3,5 I 

Z 

4~s 

F' - I "7"L / I t t I | I I | 

0 2 4 6 8 I 0  

/J.g Phospho!ipid 

FIG. 1. Response of phospholipid standards. 
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D P G : - - y  =- -19558 + 30797x 
P G : - - y  = 4229 + 43431x 
P A : - - y  =- -38794  + 23237x 
PE: --y = - - 1 7 1 7 4 +  55631x 
P I : - - y =  1943+ 7270x 

P C : - - y =  1 7 2 1 2 + 5 5 8 4 6 x  

R = 0.99711 

R = 0.99996 
R = 0.98997 
R = 0.99906 
R = O.99872 
R = 0.99888 

The observation that PE and PC respond almost iden- 
tically is verified by the results of Takemoto (17). PI has a 
very poor response. The response of compounds in the 
flame ionization detector  is a complex matter  (18) de- 
pending largely on the ratio of carbon and oxygen atoms 
in the molecule (19). 

Recovery figures are given in Table II. The coefficient of 
variation for the chromatography of individual peanut 
phospholipids was found to be: PA 15%; PE 7.6%; PI 10.7% 
and PC 7.1%. The larger variation in the case of PA and PI 

TABLE II 

Percentage Recovery of Phospholipids a 

PA PC PE PI 

? -  ? 

(a! 

(c) 

~ N  
O - -  ca ~rr-w 
�9 �9 r  ~ q "  ro ~ q ' q P  _ . _ N . ~  . . . .  

09 

r 

{d) 

Phospholipid mixture in oil-free medium 
92 93 93 90 

Phospholipid mixture added to 10 g refined oil 
105 89 93 96 

aMean of four replicates. ( e )  

may be at tr ibuted to their smaller and less symmetrical 
peaks (Fig. 2). To improve the accuracy of  the method, 
duplicate column chromatographic isolates of phospho- 
lipids from oil samples were each chromatographed five 
times. 

Chromatograms of corn oil at different stages of refining 
are shown in Figure 2. Typical retention times are: DPG 
0.04; PG 0.10; PA 0.16; PE 0.19; PI 0.23 and PC 0.39. A 
phosphatidylserine standard chromatographed between PI 
and PC. 

Results of the analyses are shown in Table III. In these 
oils the lower limit for reliable determinat ion was found to 
be: 2 ppm phosphatidylethanolamine phosphorus (PE-P) 
and PC-P; 9 ppm PA-P and 7 ppm PI-P. Where lower values 
are reported in Table I l l ,  these values were verified by 
means of  thin layer chromatography (TLC) and the specific 
spray reagent�9 In this way, 0.5 ppm PE-P and PC-P; 2 ppm 
PI-P and 1.5 ppm PA-P could be determined. 

In crude oils, a fair agreement was found between the 
total  phosphorus determined by the latroscan method and 
the spectrophotometr ic  method,  although the former tends 
to give slightly lower results in most cases. For  degummed 
and more refined oils, the difference increased, with the 
chromarod method detecting much less phosphorus than 
the spectrophotometr ic  method.  

Bleached, winterized and deodorized oils contain very 
little, if any, phospholipids. After  bleaching, very low levels 
of  PC, PE and PI were found in sunflower seed oil and pea- 
nut  oil only. 

The difference between the two sets of results suggests 
that  the spectrophotometr ic  method measures non-PL-P, or 
additional PL-P present in compounds not  investigated in 
this study. 

Goh and coworkers (20) also found the total phosphorus 

FIG. 2�9 Chromatograms of corn oil at different stages of refining. 
(a) Crude corn oil; (b) degummed corn oil; (c) bleached corn oil; 
(d) winterized corn oil; (e) fully refined edible corn oil. RT 0.16: 
PA; 0.19: PE; 0.23: Pl; 0.39: PC; 0.44: lyso-PC. 

in palm oil to be considerably higher than the PL-P, and 
at tr ibuted the difference to inorganic phosphates�9 It  is also 
well known that  phytin occurs in seeds (21) and since 
phytoglycolipids have been indicated in corn oil (22), com- 
pounds of this nature may be responsible for the observed 
difference in PL-P and total  P. 

In the oil samples investigated, PG and DPG could not  
be confirmed beyond any doubt.  The separation of PG, 
DPG and PA standards on chromarods is shown in Figure 
3. In most samples exposed to processing, significant peaks 
with the same retention times as PG were observed (Fig. 
2 b - e  and Fig. 3); and in some cases, minor peaks with the 
same retention times as DPG. However, with the aid of 
TLC (Fig. 4), these components  proved not  to be DPG or 
PG. 

On the chromarods the retention times of the unidenti- 
fied P-containing components  observed by TLC and shown 
in Table III, are unknown. 

Table IV presents a comparison of  the percentage com- 
position of  the phospholipids of  crude corn oil, crude sun- 
flower seed oil and crude peanut oil, determined with the 
Iatroscan-chromarod method, and l i terature-values ( 2 3 -  
26). In general, good agreement was obtained. 
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~ . "  05 
�9 I0 

"16 

FIG. 3. Separation o f  D P G ,  PG and PA standards. R T  0 . 0 5 :  D P G ;  

0.10: PG; 0.16: PA. 

T A B L E  III  

Phospholipid Composi t ion of Oils 

0 

OPG 0 

0 

pGO 

0 

0 O~ 0 

O P. 

1 

o 
0 

�9 �9 0 pl  

@ �9 0 Pc 8 

�9 �9 = �9 �9 �9 = �9 

8 3 4 5 6 7 8 9 

Phosphorus  contaminq components  
Non phosphorus conta in ing  componen ts  

FIG. 4. Thin layer chromatogram of phospholipid standards and 
oil samples. (1) Bleached corn oil; (2) winterized corn oil; (3) stan- 
dards; (4) crude sunflower seed oil; (5) degummed corn oil; (6) fully 
refined edible corn oil; (7) standards; (8) degummed sunflower seed 
oil;  (9) crude peanut  oil; (10) standard. 

latroscan method (ppm P) 

Oil Source PA PE Lyso-PE PI PC Lyso-PC Total 

Spectrophoto- 
metr ic  method  

(ppm P) 

Corn 

Crude 

Degummed 

Bleached 
Winterized 
Refined e 
Bleached 
Refined e 
Refined e 
Refined e 

Sunflower 

(S) 
(E) 
(v) 
(N) 

(S) 
(E) 
(V) 
(N) 
(S) 

(E) 

(v) 
(N) 

Crude (S) 
(E) 

Degummed (S) 
(E) 

Bleached (S) 
Winterized 
Refined e 
Bleached (E) 
Refined e 

Peanut 

Crude (S) 
Degummed 
Bleached 
Refined e 

72 
15 
16 
38 

6 
9 

15 
4 
5 
2.2 

29 
9 

47 
13 
23 
25 
26 

1.5 
2 

+ a  

+ 

+ 

+ 

_ b  
+ 

+ 

+ 

55 205 
38 83 
23 159 
32 125 
37 185 
75 146 
55 159 

6 4 
10 22 

1.6 1.1 
3 2 

+ 361 
+ 145 
+ 245 
+ 209 
- 251 
+ 255 
- 255 
+ 15.5 
+ 39 
- 4.9 
- 5 

- 0 

- 0 

- 0 

- 0 

- -  0 

- 0 

- 0 

28 81 + 59 252 + 420 
TLC d 9.2 + 5.3 15.7 + 30.2 
TLC 1.1 -- 2.5 1.9 - 5.5 

. . . . . .  0 

- -  - -  - 1 - -  - -  1 

. . . . . .  0 

. . . . . .  0 

. . . . . .  0 

. . . . . .  0 

51 63 + 109 313 + 536 
TLC 1 - TLC 2.1 -- 3.1 
TLC 1 -- TLC 1.1 - 2.1 

. . . . . .  0 

375 
124 
296 
233 
310 
263 
238 

31.8 c 
73.6 

9.3 
10.4 

4.4 
4.6 
3.4 
0.9 
4.3 
2.5 
1.3 

452 
77 c 
17.9 
10.1 c 

5.9 
4.8 
4.3 
0.5 
2.5 

543 
35 
24 
27 

+aDetected, not  quantif ied.  
- b N o t  detected.  

cUnidentif ied P-containing components  with TLC. 

dDetected with TLC only. 

eFul ly  refined edible oil. 
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TABLE IV 

Percentage Composition of Phospholipids in Crude Oils 

N-acyl 
Oil PE PE Lyso-PE PG PA PC Lyso-PC PS PI 

Corn 10.2 +a _b 9.8 61.8 + - 18.3 latroscan 
2.9 4.8 + 2.0 15.1 43.4 3.5 1.5 21.1 Weber (23) 

Sunflower seed 19.3 + - 6.7 60 + - 14 latroscan 
19.7 2.2 52 26 Chapman (24) 
23 4 51 22 Shustanova (25) 

Peanut 11.8 + -- 9.5 58.4 + -- 20.3 latroscan 
18 4 44 24 Wagner (26) 

+aDetected. 
-bNot  detected. 
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