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FRACTIONATION OF COMMERCIAL FRYING OILS 

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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3-1-1 Minato-cho, Hakodate 041, Japan. 
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~{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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s u b s t i t u t e d  i n t o  18:1 in t he  T G  molecu le .  Th i s  
corre la t ion was  ascer ta ined  by  reproduc ing  the  experi- 
m e n t  p resen ted  in the  previous  paper  (1,2) us ing  F igure  
1. 

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

Molecular  species of TG were p repared  f rom the  sources 
shown in Table  1 by  collect ing the  co r respond ing  peaks  

of  the  molecular  species us ing  H P L C .  T h o u g h  the  
molecu la r  species  of the  col lec ted  peaks  could  be 
pred ic ted  by  referr ing to  the  prev ious  d a t a  (1,2), por t ions  
of the  f ract ions  were moni to red  by  inference of resul ts  
ob ta ined  by  gas  c h r o m a t o g r a p h y  in order  to  ascer ta in  
the  collected molecular  species. 

The ope ra t ing  condi t ions  of H P L C  were the  same as 
p rev ious ly  repor ted  (1,2) and are shown in Table 2. 

The  collected molecular  species were combined  and 
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FIG. 1. Relat ionship  be tween  re lat ive  retent ion  t ime of a 
molecular species of a triglyceride versus total acyl carbon number 
or number of total double bonds on high performance liquid 
chromatography. This figure was presented in J. Amer. Oil Chem. 
Soc. 61:1226 (1984). 

ix:ol ix ol i 11 ix ll i o1 i o,i i,  11 a. 18:1 , b. 18:1 , c. 18:1 , d. 18:2 , e. 20:4 , f.120:41 , g. 18 , 
118:01 118:11 118:11 118:11 120:41 120:41 122:11 

118:yl 118:yl Ils:yl 118:yl 118:yl Ixs:yl Ix8:yl 
h. 118:01 , i. 118:11, j. 118:21, k. 118:31, I. 118:01, m .  118:2l, n. 116:01. 

118:01 118:11 118:21 118:31 i16:01 116:01 116:01 

(x and y are variables of acyl  carbon number and number of double 
bonds respectively. For example, x can take 16, 18, 20, 22 . . . . .  and y 
can take 1, 2, 3, 4, 5 . . . . .  etc. This matrix model makes it  possible to 
distinguish the binding position of the acyl group, though at 
present the positional isomers are not discerned because of the 
difficulty of the separation of these isomers on high performance 
liquid chromatography.) 
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16:0 18:1 18:1 18:1 

FIG. 2. Correlation between the increase (decrease) in chemical 
potential  and the fat ty  acid residual substitution. 

TABLE 1 

Sources of the Molecular Species of Triglyceride Examined 

Molecular species a Sources 

16:0] 
16:0[, 
16:0[ 

I ls:2 I 
16:01 , 
18:1l 

1 16:0 I 
18:1 , 
18:1 

[ 16:0 I 
16:0 , 
18:1 

16:o I 
18:3~ 
18:31 

1 18:0 I 
18:1] 
18:11 

I lS:11 IlS:21 118:31 
18:1 l, 118:2 I, 118:31 
18:11 118:21 118:31 

16:01 [16:0[ 
16:o I, 118:21 
18:21 118:21 

18:21 118:11 
lS:l  I, 118:fl 
18:11 118:21 

18:0 I 
16:0[ 
18:11 

Standard (Gasukuro Kogyo Inc., 
Tokyo) 

Palm oil (Tsukishima Food 
Industry Co., Ltd., Tokyo) 

Rapeseed oil (Commercial source, 
Hakodate, Japan) 

Cacao butter (Yunokawa Seiyaku 
Co., Ltd., Hakodate, Japan) 

Linseed oil (Wako Pure Chemical 
Industries, Osaka, Japan) 

Lard (Commercial source, 
Hakodate, Japan) 

aBinding position of the fatty acid residue is not discerned here. 
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FIG. 3. Relationship between relative retention time of a molecular 
species of a triglyceride versus total  acyl carbon number or number 
of total double bonds when the fatty  acid residue is substituted. 
Lines from A, to A4 demonstrate the lines of 16:0 - ,  18:1 substitu- 
tion. Lines B, and B~ demonstrate the lines of 16:0 -~ 18:2 substitu- 
tion. Line C1 demonstrates the line of 16:0 ~ 18:3 substitution. 
Lines are: 

[18:01 18:0] [16:0[ [16:01 16:0 [18:1[ 
A,:116:01 --. 18:11 A2:I16:0I ~ 116:01--. 18:11 ~ 118:11 

118:11 18:11 116:01 118:11  118:1 118:11 

116:ol 118:21 ]18:2 I 
A.:116:01 --, 116:01-* 118:11 

118:21 118:11 118:11 

116:01 118:11 
A~: 118:21 --, 118:21 

118:21 118:21 

118:21 118:1] 
B,: 116:01 --- 118:21 

118:11 118:21 

]16:0] 116:01 16:0 18:2 
B,:I16:01 -'-116:0--- 18:2 --- 18:2 I 

116:01 118:2 18:2 18:21 

c,:118:01 --" 116:01 ~ 118:31 ~ 1118:3 
116:01 118:31 118:31 118:31 

Points are: 

118:01 18:0 ]16:0] ]16:01 ]16:0] ]18:11 116:0] 
1.116:0 I, 2. 18:1 l, 3. 16:0,  4 . ]16:0 ,  5.118:1 I, 6. 18:1, 7. 16:0, 

118:11 18:11 16:0 118:1 118:11 18:1 18:2 

[18:21 118:21 116:01 118:11 118:2J 116:01 
8.[16:0 l, 9. 118:1 ], 10.118:2 I, 11. 118:2 l, 12.118:2 I, 13. 118:3 I, 

118:11 118:11 118:21 118:21 118:21 118:31 

[18:3 [ 
14.118:3 I. 

118:31 

reinjected into HPLC under the same conditions. RRTs 
of the peaks which appeared {identified molecular 
species} were calculated by dividing the retention time of 
each peak by tha t  of triolein. The semilogarithmic plot of 
RRT of each molecular species versus total  acyl carbon 
number and versus total  double bonds was made. 

RESULTS A N D  D I S C U S S I O N  

The RRTs of the molecular species examined are 
tabulated in Table 2. The semilogarithmic plots of these 
RRTs were used in order to generate lines tha t  connect 
the fa t ty  acid residual subst i tuted TG molecular species 
as shown in Figure 3. As illustrated, four parallel lines 
(A,, As, A3 and A4) demonstrate the substi tution of 16:0 
fa t ty  acid residue into 18:1; two parallel lines (B, and B2) 
demonstrate the substi tut ion of 16:0 fa t ty  acid residue 
into 18:2; and one line (C,) demonstrates the substi tution 
of 16:0 fa t ty  acid residue into 18:3 in the TG molecule. 
The distance between (18:1, 18:1, 18:1) and (18:2, 18:2, 
18:2} and the distance between (18:2, 18:2, 18:2) and (18:3, 
18:3, 18:3) were the same in the upper figure in Figure 3. 

Interestingly, the pattern of the lines was the same 
between the carbon number versus RRT plot {upper, 
Fig. 3) and the double bonds versus RRT plot (lower, Fig. 
3), though the slopes of the lines were different between 
these two figures. These correlations held despite 
variations in the analytical condition used by reviewing 

TABLE 2 

Relative Retention Time of the Molecular Species Examined a 

Molecular RRT c Molecular RRT c Molecular RRT c 
species b species b species b 

18:31 224 118:21 763 116:01 
18:3 118:11 116:01 
18:3 118:11 118:11 

16:01 40.1 118:21 84.1 Ii :ol 
18:~ I 116:Ol 118:11 
18:31 118:11 118:1l 

18:21 46.0 116:01 94.0 116:01 
18:21 116:01 116:01 
18:21 118:21 116:01 

18:11 118:11 100.0 I1 :01 
18:21 118:1l 116:01 
18:2 [ 118:1l 118:11 

16:01 65.0 116:01 112.4 
18:21 118:11 
18:21 118:11 

125.0 

129.9 

141.9 

146.8 

aHPLC equipment, Hitachi 638-50; Shodex RI monitor; column, 
LiChrosorb RP-18 (250 × 8 mm; tandem); solvent, acetone/aceton- 
itrile (3:1, v/v); flow, 1.5 ml/min; column temperature, ambient. 
bThe binding position of the fatty acid residue is not discerned 
here. 
CRelative retention Lime when triolein is used as the reference peak. 
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TABLE 3 

Quotation from other Workers' HPLC Chromatograms 

Column Solvent Monitor Sample References 

TG standard 
Palm oil 

Supelcosil L C - 1 8  acetone/acetonitrile RI Olive oil 5, 7 
(250 X 4.6 mm} (63.6:36.4, v/v), 1.0 ml/min Corn oil 

Soybean oil 
Human plasma 

gBondapak C,~ acetonitrile/tetrahydrofuran RI Peanut oil 
(300 X 7.8 mm) (4:1, v/v), 2.0 ml/min Olive oil 

Ham 

Spherisorb $30DS2 acetonitrile/tetr ahydrofur an UV 
(150 X 4.5 ram, tandem) {73:27, v/v), 1.0 ml/min 

Perkin-Elmer HS-3 acetone/acetonitrile RI 
(100 X 4.6 mm} (7:3, v/v), 2.5 ml/min 

Zorbax C,s ODS acetonitrile/methylene chloride FID 
(250 X 4.6 mm, tandem) {7:3 ~ 2:3, v/v, 120 min linear gradient) 

Cacao butter 8 

Standard 
Olive oil 
Palm oil 
Corn oil 
Peanut oil 
Sunflower oil 

Randomized standard 
Cacao butter 
Soybean oil 
Olive oil 

10 

11 

o ther  workers '  c h r o m a t o g r a m s  (Table 3), and  therefore 
m a y  be cons idered  to be i n v a r i a n t  rules  for the  reverse  
phase  h igh pe r fo rmance  l iquid  ch roma tog raph ic  analy-  
sis. 
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