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Commercial  f rying oil samples  were f rac t ionated by  
co lumn  c h r o m a t o g r a p h y  on h y d r a t e d  silicie acid 
according to the  s t andard ized  D G F - I U P A C - A O A C  
method.  The non-polar fract ion was isolated using a 
mix ture  of pet roleum ether:diethyl ether (87:13), while 
the polar fract ion was eluted by diethyl  ether, These 
used frying oil samples  were also f rac t ionated using 
Sep-Pak cartridges.  The non-polar fraction was  eluted 
with 20 ml  of a mixture  of petroleum ether:diethyl ether 
(92:8), while the polar  fract ion was eluted with methanol .  

The pur i ty  of each fract ion was studied by thin layer 
ch romatography  (TLC) and by the Ia t roscan  TLC/F ID  
s y s t e m  using a mix tu re  of hexane:tetrahydrofuran: 
acetic acid (97:3:1) as solvent  system.  

The Sep-Pak and the standardized methods  gave  
s imi l a r  r e su l t s .  Th i s  i nd i ca t e s  t h a t  the  s t a t e  of 
degradation of a f rying oil (detection of polar  compon- 
ents) could be studied using Sep-Pak cartr idges,  which 
is less  t ime- and  so lven t - consuming  t h a n  co lumn 
chromatography.  

Following the work of Guhr  and Waibel (1), the s ta te  of 
degradat ion of a f rying oil is usually es t imated  by  
ch romatography  on a 5% hydra ted  silicic acid column 
(2,3). This s tandardized method allows fract ionation of 
an oil into two fractions, a nonpolar  fraction containing 
the  u n c h a n g e d  t r ig lycer ides  and a polar  f r ac t ion  
including the polymerized and oxidized triglycerides.  
This method gives a good indication of the s ta te  of 
degradat ion of an oil even if the method does not  
separa te  all the altered components  f rom the unchanged 
molecules. This is especially the case for the cyclic f a t ty  
acid monomers ,  which migra te  in bo th  the polar and 
non-polar fract ions (4). However,  this method is time- 
and solvent-consuming. 

Sep -Pak  c a r t r i d g e s  a l r e ady  h a v e  been  used  to  
fract ionate  lipids and other molecules of all types  t5-8) 
as an al ternat ive to column chromatography.  There is no 
need for car t r idge preparat ion,  and 80-90 m g  of oil 
injected on a Sep-Pak (5) can be f ract ionated into a polar  
and non-polar fraction using 20 ml of a mixture  of 
pet roleum ether:diethyl ether {92:8) and 30 ml of MeOH. 

MATERIALS AND METHODS 

Separation of polar and non-polar fractions by column 
chromatography. The fract ionat ion of used frying oils 
collected f rom r e s t a u r a n t s  was carr ied out  by  the 
s tandardized IUPAC-AOAC method (3). However,  it 
was necessary to increase the volume of the mix ture  of 
pet roleum ether:diethyl ether up to 300 ml in order to 
elute the non-polar fract ion completely. The pur i ty  of 
each fraction was checked by TLC. The TLC plates  
(Merck 5721, 0.25 m m  thickness) were developed with a 
mixture  of hexane:diethyl ether:acetic acid (80:20:1), and 
the spots  were detected by  spraying with a solution of 
2'7'  dichlorofluorescein in ethanol. 

Separation of polar and non-polar fractions using 
Sep-Pak cartridges. An appropr ia te  amount  of sample 
(80-90 mg) was  in jec ted  on a S e p - P a k  c a r t r i d g e  
(Waters,  U.S. pa t en t  no. 4,211,658). The non-polar 
fract ion was eluted with 20 or 30 ml of a mixture  of 
pet roleum ether:diethyl ether, while the polar fract ion 
was eluted with 30 ml of methanol.  Each  fraction was 
weighted after  evaporat ion of the solvent in order to 
determine the to ta l  recovery. The amount  of the polar 
fract ion (P} was calculated f rom the amount  of non-polar 
fract ion (NP) determined by  weight  using the equat ion P 
= m - NP where m represents  the amount  of mater ia l  
injected on the column. 

Analyses of polar and non-polar fractions by the 
Iatroscan TLC/FID system. Clean  r o d s  were  
spo t t ed  with about  10 ~g of sample  us ing  a 1 ~l 
micro-pipette as previously described (9,10). The rods 
were developed with a mix ture  of hexane: te t rahydro-  
furan:acetic acid (97:3:1) for 40 min, then dried. The rods 
were scanned (0.24 cm/sec) by  the F I D  in an Ia t roscan  
TH-10 appara tus  (160 ml/min of hydrogen and 2000 
ml/min of air). 

RESULTS AND DISCUSSION 

Two solvent sys t ems  were selected for the fract ionat ion 

TABLE 1 

Influence of the Ratio of Petroleum Ether and Diethyl Ether on the 
Amount of Non-Polar Fraction Obtained after fractiouation on 
Sep-Pak Cartridges 

Non-polar Non-polar 
fraction Total fraction 

Sample PE/Et20 a {Sep-Pak)l%) recovery ~%) fcolumn) b 

A 90:10 90.5 94.0 91.8 
92:8 91.2 96.8 
92:8 c 91.5 96.8 
95:5 67.4 94.5 
98:2 70.5 98.4 

B 87:13 79.8 93.2 73.6 
90:10 79.7 91.7 
92:8 76.8 d 96.2 
92:8 c 76.4 96.2 
95:5 59.7 96.0 
98:2 56.7 91.1 

C 90:10 62.1 81.8 55.3 
92:8 63.0 85.8 
92:8 c 60.6 89.3 
95:5 41.6 83.0 
98:2 41.7 82.7 

apE/Et20, petroleura ether:diethyl ether. 
bDetermined using a mixture of PE/Et20, 87:13. 
CDetermined using 20 ml of PE/Et20. 
dAverage of 6 analyses: 76.80 +- 0.15. 
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FIG. 1. Iatroscan analyses of (1) sample B and (2) the polar and (3) 
nort-polar fractions obtained after fractionation on Sep-Pak.Solvent 
system:hexane:tetrahydroluran:acetic acid (97:3:1). 

on Sep-Pak cartr idges.  The non-polar fract ion was 
eluted with a mixture  of petroleum ether:diethyl ether 
(PE/Et~O), such as for the standardized method, while 
the polar fraction was eluted with methanol.  Three 
commercial frying oils (Table 1) with different quantit ies 
of polar material (A,B and C) were selected to s tudy the 
influence of the ratio of PE/Et~O on the amount  and 
puri ty  of the non-polar fraction. One oil was rich in 
non-polar components  (91.8%), one contained a fair 
amount  of polar material (73.6% of non-polar fraction) 
and one was highly deter iorated (55.3% of non-polar 
fraction). The relative quantit ies of PE/Et20 studied 
ranged from 98:2 to 87:13 (solvent sys tem used in the 
standardized method). The fractionation was carried out 
on 80-90 mg of oil using 30 ml of the mixture  of PE/Et~O 
and 30 ml of MeOH to elute the polar fraction. The total  
recovery ranged from 82% for a highly deteriorated oil 
(Table 1) to 98% for a slightly deteriorated sample. The 
amount  of sample left on the Sep-Pak seems to be 
greater  if the oil is highly deteriorated. This was also 
observed for column chromatography i4,11,12). 

A solvent sys tem of PE/Et~O from 98:2 to 95:5 was 
found not  to be polar enough to elute all the non-polar 
fraction if compared with the results found with the 

TABLE 2 

Determination of the Quantity of Polar Material in Commercial 
Frying Oils Using the Standardized Method and Sep-Pak Cartridges 

Column Chromatography a ~ p p ~ b  

Total Total 
S~21e pc (%) Recovery (%) pc (%1 Recovery (%) 

4 A 26.4 97.0 23.2 97.2 
4 B 8.2 97.8 8.8 96.8 

S 44.7 93.9 39.4 89.0 
1 A 34.1 95.5 31.2 92.5 
9 B 15.0 93.2 13.5 94.9 

13 B 25.9 97.0 24.4 95.3 
14 B 16.2 96.7 15.9 97.9 
2 B 11.3 97.8 11.7 97.1 
8 B 20.5 96.6 20.1 95.9 

015211 10.5 97.8 8.6 99.9 

aSolvent system, PE/Et20 (87:13),.Et20. 
bSolvent system, 20 ml PE/Et20 (92:8), 30 ml MeOH. 
cPolar fraction, P = m - NP where m is the amount of material 
injected on the column and NP the amount of non-polar fraction. 

s tandardized method. A solvent sys tem of PE/Et20  
ranging from 92:8 to 87:13 gave results in the same 
range as those found by column chromatography.  

The reproducibili ty of the method was studied using 
80-90 mg of sample B, 30 ml of a mixture  of PE/Et20 
(92:81, which seems to be a suitable solvent sys tem to 
elute the non-polar fraction, and 30 ml of MeOH to elute 
the polar one. The analysis was carried out six times. 
The reproducibility was excellent, with an average of 
76.80% _+ 0.15 {Table 1). A good reproducibility also was 
obtained when using less sample (50 rag), However, 90 
mg can be considered the upper limit because the utiliza- 
tion of more sample (~110 mg) gave a non-polar fraction 
which was contaminated by traces of polar material. 

I t  is also impor tan t  to note  tha t  the elution of 
the non-polar fraction with 20 ml of PE/Et20  (92:8) instead 
of 30 ml gave similar results for samples A and B and a 
slightly smaller amount  of non-polar fraction for sample 
C. The pur i ty  of each fraction obtained from the three 
samples was studied by TLC and Iatroscan. No cross 
contaminat ion was detected by TLC except for the non 
polar fraction of sample C collected with 30 ml of 
PE/Et~O. Thir ty  ml is therefore too large a quant i ty  of 
PE/Et~O for the highly deteriorated samples. A good 
separat ion of the non-polar and polar fractions was 
obtained using a mixture  of hexane:THF:acet ic  acid for 
the Iatroscan analyses (Fig. 1). A good separation is also 
obta ined using a mix ture  of hexane:die thyl  ether: 
acetic acid (97:3:1). No cross contaminat ion could be 
de tec ted  under  these  analyt ical  condit ions for the 
fractions collected with 20 ml of PE/Et~O. However, 
great  care must  be taken for the interpretat ion of the 
Iat roscan analyses. The analysis of the total  sample B 
(26.4% polar fraction} seems to indicate a small response 
factor of the polar material  compared to those of the  
non-polar fraction (Fig. 1). I t  is, therefore, obvious that  
minor contaminat ion of polar material  in the non-polar 
fraction would not be detected. However, it would be 
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possible to detect  minor contaminat ion of non-polar 
mater ia l  in the polar fraction. The F I D  detection limit of 
polar  mater ia l  will be determined by  s tudy ing  the 
response factors  as a function of the quan t i ty  of sample  
spot ted  on the rods. 

Ten used frying oil samples  were studied using the 
s t andard ized  column ch rom a t og raph i c  me thod  and 
Sep-Pak cartr idges.  The non-polar fraction was eluted 
f rom the Sep-Pak car t r idges  with 20 ml of a mixture  of 
PE/Et20  (92:8}. These analytical  conditions were selected 
considering the resul ts  repor ted  in Table 1. The total  
recovery ranged f rom 93.2 to 97.8% for the column 
chromatographic  method and 89.3 to 99.9% for the 
Sep-Pak car t r idges  (Table 2}. The plot  of the amount  of 
the polar fract ion obtained with Sep-Pak car t r idges  (y) 
versus  the amount  obtained by  column ch romatography  
(x) gave  a linear regression, y = 0.86 x + 1.35 with a 
correlation coefficient of 0.996. This indicates t ha t  the 
resu l t s  ob ta ined  us ing  the  Sep-Pak  ca r t r idges  are 
slightly lower than  those f rom column chromatography .  

There is a good correlation between the s tandardized 
DGF,  IUPAC,  AOAC method and fract ionat ion using 
Sep-Pak  car t r idges .  This  method ,  which does not  
require either large quant i t ies  of solvent or t ime to 
prepare  the column, could be a powerful tool for fas t  
d e t e r m i n a t i o n  of t he  s t a t e  of d e g r a d a t i o n  of a 
commercial  frying fat. 
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The matrix  model  that  has been expressed as linear 
relat ionship be tween  the  logar i thm of  the  relat ive  
retention t ime of a molecular species of a triglyceride 
versus  total  acyl carbon number or total  double bonds 
when only one acyl group differs in carbon number or 
number of double bonds was  reviewed. A similar linear 
relationship was  observed when the fat ty  acid residues 
were subst i tuted  in the triglyceride molecule.  This 
re lat ionship  w a s  d e m o n s t r a t e d  by introducing  the 
theory of partition chromatography presented by A.J.P. 
Martin. 

The empirically determined correlation graph  {Fig. 1), 
the mat r ix  model of triglyceride (TG) on high perform- 
ance liquid ch roma t og raphy  (HPLC) presented  pre- 
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18:11 
~{18:1,18:1,18:1) means the same as ] 18:11 ' but the bindingposition 

118:II 
of the acyl group is not discerned in this study. 

viously {1,2}, was reviewed because of the following 
reasons :  T h o u g h  (18:1, 18:1, 18:1)' has  the  s a m e  
equivalent  carbon number  {ECN) as (16:0, 18:1, 18:1), the 
former elutes earlier than  the latter,  as can be observed 
in the ch romatograms  of Kuksis  et al. (3) and of Pauls (4). 
Or, though (16:0, 18:1, 18:1) has the same ECN as {16:0, 
16:0, 18:1), the former elutes earlier than  the latter,  as 
can be observed in the ch romatograms  of many  others 
(5-12). This phenomenon m a y  be a t t r ibu ted  to the 
differences in chemical potent ia l  between 16:0 and 18:1 
residues in the TG molecule. If  the difference in chemical 
potent ia l  between these two f a t t y  acid residues is 
expressed as At~x, A~x is considered to be added every 
t ime the 16:0 residue subs t i tu tes  for 18:1 in the TG 
molecule. Therefore, the linear relat ionship shown in 
F igure  2 should hold. at~x is p ropor t iona l  to the  
logar i thm of the relat ive retent ion t ime (RRT) because 
the rat io of the par t i t ion coefficients (a) of the two 
homologous series exact ly  denote RRT, and according to 
the theory  of Mar t in  (13), log a = a  t~x/R'T should hold 
where R is the gas constant ;  T is the absolute tem- 
pera ture  (1/R.T can be considered cons tant  in mos t  
chromatographic  conditions). So, a linear relat ionship 
should also hold between the increase in log (RRT) and 
the  n u m b e r  of s u b s t i t u t i o n s  of the  16:0 res idue  
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