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Discernment of Relative Retention Values of Triglyceride 
Isomers on Reverse Phase High Performance Liquid 

Chromatography 
Kuninori Kinoshita*,a, Minoru Kimurab, Koretaro Takahashia and Koichi Zamab 
aLaboratory of Food Chemistry, Hokkaido University, Japan, and bTsukishima Food Industry Co., Ltd., Tokyo, Japan 

Discernment of a,fl isomers of triglyceride on reverse 
phase high performance liquid chromatography {HPLC} 
was investigated by the use of a multiple regression 
analysis.  The retention effect of triglyceride molecular 
species was considered to be dependent principally on 
the addition theorem of chemical potential of both 
position a and position ~ (acyl carbon numbers and 
numbers of double bonds in the acyl group), though it 
was observed that  the retention effect of position a is 
somewhat larger than that  of posit ion f~ on HPLC when 
it has the same acyl group combination. 

A mathemat ica l  model for elution of tr iglyceride (TG) on 
reverse phase  high performance liquid ch roma tog raphy  
(HPLC) has been demons t ra ted  by  the authors  (1). The 
multiple regression expression was introduced in order to 
formulate  a concrete form for the predict ion of a relat ive 

retent ion t ime (RRT} of a TG molecular species on 
HPLC.  As it is obvious f rom the concept of multiple 
regression analysis,  theoretically it is possible to discern 
the a,p posit ional isomers of TG. In the previous paper  
{2), the ch roma tog ram of Pa rk  et  al. (3) was used for the 
demonst ra t ion  of this hypothesis .  In this study, the 
hypothes is  was confirmed by  analyzing various kinds of 
TG. 

EXPERIMENTALPROCEDURES 
Linseed oil and olive oil were purchased f rom Wako Pure 
Chemical Industr ies ,  Ltd., Osaka,  Japan.  Cacao bu t te r  
was supplied by  Yunokawa Seiyaku Co., Ltd., Hakodate ,  
H o k k a i d o ,  J a p a n ,  and  p a l m  oil was  supp l ied  b y  
Tsukish ima Food Indus t ry  Co. Ltd., Tokyo,  Japan.  
Walnut  oil and peanut  oil were obtained f rom a commer- 
cial  source.  " O g o n o r i "  IGracilaria verrucosa} was  
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FIG. 1. HPLC chromatogram of triglyceride molecular species mixtures. Conditions: 
instrument, Hitachi 638-50 liquid chromatograph; column, Chemcosorb I-5C18, 4+ X 
300 mm (Chemco Ltd., Osaka, Japan); detector, Shodex RI monitor (Showa Denko Ltd., 
Tokyo); solvent, acetone/acetonitrile (3:2, v/v); flow, 0.5 ml/min; column temp., ambient 
(20-22 C). The last unnumbered peak lacked the reproducibility of RRT and was 
therefore rejected. The other unnumbered peaks contained impurities and were therefore 
rejected. Retention results are shown in Table 1. 

*To whom correspondence should be addressed at the Laboratory 
of Food Chemistry I, Faculty of Fisheries, Hokkaido University, 
3-1-1 Minato-cho, Hakodate 041, Japan. 
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collected at Shinori Coast, Hakodate,  Hokkaido, Japan.  
The total  lipid was ext rac ted  from "Ogonori"  using 
chloroform/methanol (1:2, v/v), and TG from these 
sources  were  pur i f i ed  by  p r e p a r a t i v e  th in  l aye r  
chromatography  (TLC) using n-hexane/diethyl ether  
(4:1, v/v) as developing solvent. 

The purified TG was fract ionated into major peaks 
using HPLC. The condition of HPLC is shown in the 
legend to Figure 1. Peaks on HPLC chromatograms 
were numbered in sequence of elution. The fa t ty  acid 
composition and the total  acyl carbon number of each 
collected dominant  peak were analyzed by gas chroma- 
tography (GC) as previously reported (4). The acyl group 
combination of each peak was determined by inference of 
results obtained by GC (4). 

Each predominant  TG molecular species obtained by 
HPLC was hydrolyzed with pancreatic lipase (Calbio- 
chem, San Diego, California) as described previously (5) 
and by Rhizopus lipase (Rhizopus delemar, Calbiochem, 
San Diego, California) according to the method of Iwai et 
al. (6). The hydrolysate,  i.e. 2-monoglyceride (2-MG), 
was purified by preparat ive TLC with n-hexane/diethyl 
ether (1:1, v/v) as developing solvent. The fa t ty  acid 
residue in 2-MG was determined by  GC. 

The identified reliable peaks of TG molecular species 
tha t  had been selected from various sources were 
combined and reinjected to the HPLC system to obtain 
the most  accurate RRT possible. The eluted material 
c o r r e s p o n d i n g  to peaks  appea r ing  on the  H P L C  
chromatogram was conver ted  to methyl  ester; TG 
molecular species were ascertained (monitored) using 
GC, and the RRTs were calculated. Multiple regression 
analysis was introduced by considering the RRT as 
dependent  variables and by considering the acyl carbon 
number and the number of double bonds of a TG 
molecular species as independent variables. 

RESULTS AND DISCUSSION 

Figure  1 shows the  H P L C  c h r o m a t o g r a m  of the 
combined mixture of the reliable peaks of TG molecular 
species• 

The RRT of each peak on the chromatogram was 
calculated by dividing the retention time of each peak by 
tha t  of triolein (Table 1). By the application of multiple 
r eg ress ion  analys is  to  the  r e t e n t i o n  resul t s ,  the  
following information was obtained: 
• By introducing TG molecular species tha t  consist of 

acyl groups that  have 18 carbons for the multiple 
regression analysis: 

100 X log{RRT) = --12.77043 X D1 -11 .08929 
X D2 -11.02671 X D3 + 234.13057 [1] 

• 100 X log(RRT) = -11 .89857 X (D1 + D3) 
-11 .08929  X D2 + 234.13057 [2] 

TABLE 1 

Retention Results of Figure 1 

No. M S a 100 X log(RRT) Source 

1 Cy Cy Cy 65.822 Standard 
2 C C C 103.065 Standard 
3 Ln Ln Ln 130.174 Linseed oil 
4 La La La 138.365 Standard 
5 L Ln Ln 142.257 Linseed oil 
6 L L Ln 153.422 Walnut oil 
7 O Ln Ln 154.959 Linseed oil 
8 L L L 162.937 Walnut oil 
9 M M M 173.583 Standard 

10 L O L 175.356 Peanut oil 
11 P L L 177.969 Walnut oil 
12 P A P 185.383 "Ogonori" 
13 P L O 190.389 Peanut oil 
14 O O O 200.000 Olive oil 
15 P O O 202.530 Palm oil 
16 P O P 205.295 Cacao butter 
17 P P P 208.450 Standard 
18 P O S 216.674 Cacao butter 

aAbbreviations: MS, molecular species; Cy, caprylic acid; C, capric 
acid; Ln, linolenic acid; La, lauric acid; L, linoleic acid; O, oleic acid; 
M, myristic acid; P, palmitic acid; A, arachidonic acid; S, stearic 
acid. 

position a in expression [2] was -11.89857,  and tha t  
of position fl was -11.08929.  So, ]-11.898571 > 
]-11.08929] was held. This implies tha t  the retent ion 
effect of position a is larger than tha t  of position/~• 
By introducing all of the identified TG molecular 
species shown in Figure 1, the following regression 
expression was obtained: 

100 X log(RRT) = 7.44497 X C1 + 5.09957 
X C2 + 4.75835 X C3 -13 .69358  
× D1 -10 .45701 X D2 -13 .53262 
× D3 -70.45341 [3] 

• ".100 X log(RRT) = 6.10166 X (C1 + C3) 
+ 5.09957 XC2 -13 .61310 X (D1 + D3) 
-10.45701 X D2 -70.45341 [4] 

This regression expression [4] indicates tha t  the 
retention effect of position a is larger than tha t  of 
position/~ on HPLC because the coefficient of C1 + C3 
as well as D1 + D3 is somewhat larger than tha t  of C2 
and D2, respec t ive ly .  The mul t ip le  cor re la t ion  
coefficient was 0.9950 for [2] and 0.9918 for [4]. 
This regression expression, i.e. expression [4], may be 

useful in predicting the RRT of TG molecular species on 
HPLC. This was ascertained by introducing some a,/~ 
positional isomers of TG molecular species, for example, 
when we have: 

was obtained ('. 'Antipodes such as a,a' isomers can be 
considered to have the equivalent chemical potential,  
since a,cr' isomers of TG is a s y m m e t r y  body.  
Therefore, in this study, the coefficients of D 1 and D3 
[number of double bonds in position a and a'] were 
t reated as equal). The partial  regression coefficient of 

16:0 16:0 
18:1 {A) 18:2 (B) 
18:2 18:1 

By using the regression expression [4], CA) will become 
100 X Iog(RRT) -- 191.11208, and (B) will become 100 
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× log(RRT) : 194.26817. So (A) should, in theory,  elute 
slightly earlier than {B). As the chemical potential  of 
18:1 is obviously larger than tha t  of 18:2, and, if the 
retention effect of position a is larger than tha t  of 
position fl, CA) should, in theory, elute earlier than (B). 
The resul ts  obta ined indicate t ha t  if the two TG 
molecular species have the same acyl group combina- 
tion, RRT on HPLC is considered to be affected 
somewhat more by the acyl group bound in position a 
than in position/3. 
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• %Evaluation of Some Approaches to Liquified Tallow: 
Stereochemical Consequences of Interesterification 
Philip E. Sonnet, Philip E. Pfeffer and Wil l iam B. Wise 
Eastern Regional Research Center, USDA/ARS, 6OO E. Mermaid Lane, Philadelphia, PA 19118 

Several approaches to  convert ing tal low to a liquid s tate  
at ambient  temperature to facil itate incorporation into 
poultry feed were examined.  Acetone  fract ionation can 
be used in a single step to  produce a f lowable powder and 
an oil (no add i t iona l  semi - so l id  fraction}.  Part ia l  
hydrolyses  and interest i f ications mediated by l ipases of  
Candida rugosa, Rhizopus  delemar and porc ine  
pancreas did not  lead to  l iquefaction. Interesterifica- 
t ion ( tr ioctanoin  -t- g lycerol ,  1,2-acetonide) in the  
presence  of  C. rugosa l ipase  s h o w s  a smal l  but  
s ignif icant sterobias indicating that  there are stereo- 
chemical  consequences  in such processes  that  deserve 
further invest igation.  

There is a renewed interest  in altering the physical 
p r o p e r t i e s  of t a l low so t h a t  i t  m i g h t  be more  
satisfactorily used, as an additive for poultry feed 
(Private communications with D. Gilcrest, president,  
Fa t s  and Prote ins  Foundat ion ,  Inc., Des Plaines, 
Illinois}. Feed grade animal fat, or yellow grease, is 
col lected f rom r e s t a u r a n t s ,  as res idue  f rom food 
preparation. I ts  const i tut ion is therefore bo th  animal 
and vegetable in origin and is quite variable. I t  will 
separate into liquid and semi-solid on standing in much 
the manner  of various grades of tallow. The current  
process of blending yellow grease to produce a feed would 
be be t te r  served if the feedstock to the mills was entirely 
liquid; the semi-solid material  reportedly hampers the 
milling process. Chemical fractionation, or alteration, of 
the yellow grease is one of several al ternatives tha t  could 
accomplish this goal. Because fancy bleached tallow has 
the highest  t i ter,  we felt  tha t  any procedure tha t  
liquefied the tallow would succeed with tallow-contain- 
ing mixtures.  We report  here our results using the 
several possible chemical approaches to liquefaction 
with fancy bleached tallow. 

MATERIALS 

Acetone and acetonitrile were Mallinckrodt Nanograde. 
Tallow was a gift of Chemol Inc., Greenboro, Nor th  
Carolina; corn oil (Mazola) and sunflower oil (Wesson) 
were local purchases; and soy oil was obtained from 
Central Soya, Decatur, Indiana. Tributyrin (Eastman, Roch- 
ester, New York), and tris-heptafluorocamphoratoeuropium, 
or Eu(hfc}3 (Aldrich, Milwaukee, Wisconsin}, were used directly 
as obtained. Trioctanoin (Eastman, Rochester, New York) 
was treated with a small amount of octanoyl chloride and pyri- 
dine to esterify the dioctanoins present and precipitated 
several times from cold alcohol. The acetonide of glycerine was 
synthesized from acetone and glycerol; product bp 51-53 C/0.1 
mm. The lipases used were from Candida rugosa (Enzyme 
Development Corp., New York, New York},Rhizopus delemar 
(Seikagaku Kogyo Co. Ltd., Tokyo, Japan}, and porcine pan- 
reas {Sigma Chemical Co., St. Louis, Missouri). High 
performance liquid chromatography was performed with 
a Perkin Elmer Series 2 pump, a Waters  Associates 
differential refractometer  and an ODS (reverse phase} 
column (4.6 mm × 25 cm). Gas liquid chromatography of 

TABLE 1 

Acetone Fractionation of Tallow 

T a % Solid Melting range T b CP 

25 4.4 54-56 >25 23.5 
20 8.0 50-53 25 16 
15 10.7 49-53 21 13 
4 27.1 35-47 19 9 

aT, T C for crystallization. 
bMinimum T C at which recovered oil remained liquid for 48 hr. 
cp, cloud point. 
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