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Regiospecific Analysis of Triacylglycerols 
Using Allyl Magnesium Bromide 
Claus C. Becker*, Annemette Rosenquist and Gunhild H~lmer 
Department of Biochemistry and Nutrition, Technical University of Denmark, DK-2800 Lyngby, Denmark 

A method for the regiospecific analysis of triacylglyeerols 
(TAG), using the Grignard reagent allyl magnesium brm 
mide (AMB) to partially deacylate TAG, is described. 
1,3-Distearoyl-2~leoyl~lycerol (SOS) and 1,3-dld~anoyl- 
2-pAlmitoyl-glycerol (CPC) were reacted with AMB. From 
the resulting mixture, the four different classes of partial 
acylglycerols and TAG were isolated, and the mole ratios 
between stearic acid and oleic acid, or decanoic acid and 
pslmitic acid, respectively, were determined in each frac- 
tion. Different approaches of calculating the composition 
of the fatty acids in positions sn-l(3) and sn-2 of the original 
TAG were compared. For the sn-2 position, the best esti- 
mate was the direct determination of the fatty acid com- 
position of 2-monoacylglycerol (MAG). Mole percentages 
of stearic acid and decanoic acid in the sn-l(sn-3) positions 
of SOS and CPC, respectively, were most accurately 
estimated from the fatty acid compositions of TAG and 
2-MAG according to the formula: 1.5 X TAG -- 0.5 X 2- 
MAG. Using AMB and the present method of calculation, 
the results obtained were more accurate and showed 
smaller standard deviations than those obtained using 
other common deacylating agents, such as ethyl mag- 
nesium bromide or pancreatic lipase. 
Lipids 28, 147-149 (1993). 

The distribution of fatty acids between the primary and 
secondary positions in triacylglycerols (TAG) can be deter- 
mined either after pancreatic lipase degradation or after 
chemical degradation using a Grignard reagent (1,2). Both 
methods are based on the assumption that partial deacyla- 
tion of TAG leads to representative mixtures of diacylgly- 
cerols (DAG) and monoacylglycerols (MAG), which can be 
characterized by chromatographic analysis. These methods, 
however, have certain limitations. The lipase assay is not 
reliable for TAG which contain significant amounts of short- 
or medium, chain fatty acids (C10 or less) or very long, chain 
polyunsaturated fatty acids (PUFA) (1). Milk fat, for in- 
stance, will not give representative acylglycerols as short- 
and medium-chain fatty acids are more readily hydrolyzed 
by the pancreatic lipase than are long~hain fatty acids (2). 
Some PUFA, on the other hand, have been reported to resist 
hydrolysis by lipase (3-5); therefor~ marine oils should not 
be analyzed by the lipase assay either. 

The reaction of TAG with ethyl magnesium bromide 
(EMB) can be used to obtain representative mixtures of 
DAG (6). However, the MAG are easily isomerized and can- 
not be used for regiospecific analysis of TAG. Therefore the 
mole percentages of the fatty acids in the sn-l(sn-3) and sn-2 
positions are calculated from the composition of TAG and 
1,2(2,3)-DAG. In the present communication it is shown that 
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the more reactive Grignard reagent allyl magnesium bro- 
mide (AMB) yields representative 2-MAG, allowing the com- 
position of the native TAG sn-2 position to be determined 
directly. The composition in the sn-l(sn-3) position can then 
be estimated from the composition of 2-MAG and TAG. The 
estimates obtained using AMB compare favorably to those 
found using EMB as they come closer to the theoretical 
value and have smaller standard deviations. 

MATERIALS AND METHODS 

1,3-Distearoyl-2-oleoyl-sn-glycerol (SOS) (99%+) was pur- 
chased from Sigma Chemical Company (St. Louis, MO). 
1,3-Didecanoyl-2-palmitoyl-sn-glycerol (CPC) was syn- 
thesized according to Redgrave et  al. (7). The structure 
of 1,3-didecanoyl-sn-glycerol was verified by ~H nuclear 
magnetic resonance Silicic acid 60G thin-layer chromatog- 
raphy (TLC) plates (Merck, Darmstadt, Germany) im- 
pregnated with boric acid were used for separation of the 
different acylglycerol species resulting from the action of 
AMB on TAG. The plates were prepared by spraying with 
a 0.4 M aqueous boric acid solution until saturated. Then, 
the plates were dried at room temperature overnight and 
kept in a desiccator over a drying agent. Diethyl ether, 
analytical grade, was redistilled immediately before use  
During distillation, the ether was protected from the 
moisture by a CaC12-tube AMB in diethyl ether (2M) 
was synthesized according to Gilman and McGlumphy (8). 
Methanol and hexane were high-performance liquid chro- 
matography-grade and obtained from Rathburn  
Chemicals (Walkerburn, Scotland). Anhydrous Na2SO4, 
37% HC1 (aq.), and boric acid were purchased from Merck. 
Na2SO4 was dried at 130~ for at least 4 h before use. 
Dichlorofluorescein and tripalmitoylglycerol were from 
Sigma. 

The TAG to be analyzed (6.0 to 6.5 mg) was dissolved 
in diethyl ether (5 mL) in a Teflon capped reaction tube 
with magnetic stirring. AMB (200 ~L) was added with a 
pipette that had been flushed with nitrogen; the diethyl 
ether solution became opaque, indicating a spontaneous 
reaction. After one minute, additional diethyl ether (5.0 
mL) was added. Then the organic phase was washed, first 
with an acidic buffer (4.0 mL) prepared by adding 37% 
HC1 (1.0 vol) to a 0.4 M boric acid solution (36 vol) giving 
a final concentration of 0.27 M. This neutralized the 
Mg(OH)2 formed in the reaction mixture upon addition 
of water. Additional washings (2 X 4.0 mL) with a 0.4 M 
boric acid solution removed excess HC1 and remaining 
magnesium salts. The ether phase was dried briefly with 
about 2 g of anhydrous Na=SO4 before being decanted 
and evaporated in vacuo. The acylglycerol mixture was 
redissolved in chloroform (400 ~L). 

The chloroform solution was applied to a boric acid im- 
pregnated TLC plate which was developed in chloro- 
form]acetone (96:4, vol]vol) in a saturated chamber. The 
fractions were visualized by spraying with 2,7-dichloro- 
fluorescein {0.1% wt/vol) in anhydrous ethanol The follow- 
ing bands were observed: 1,3-MAG (Rf -- 0.12); 2-MAG 
(l~ = 0.20); 1,2(2,3)-DAG (Rf = 0.50); 1,3-DAG (Rf = 0.62); 
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tertiary alcohols of the deacylated fatty acids (TA) (Rf = 
0.70}; and TAG (Rf = 0.82}. All bands except TA were 
scraped off. The acylglycerols were extracted from the 
silicic acid with diethyl ether (2 X 2 mL). After brief cen- 
trifugation, the ether was decanted and evaporated under 
a stream of N2. The residue was methylated using the 
alkaline transesterification procedure described by 
Christie (9). The methyl esters from SOS were analyzed 
on a Hewlett-Packard (Palo Alt~ CA) Gas Chromatograph 
HP 5890A, equipped with a flame-ionization detector, us- 
ing a HP 7673A Automatic Sampler. The fused silica col- 
umn (30 m in length and 0.32 mm i.d.} coated with SP2330 
(fiLm thickness 0.25 ~ )  was from Supelco (Bellefonte, PA). 
A helium flow rate of 34 mL/min and a split ratio of 1:20 
were used. The temperature of the oven was initially 
140~ and was increased at a rate of 3.0~ until the 
final temperature (200~ was reached. The methyl esters 
from CPC were analyzed on a Hewlett-Packard Gas 
Chromatograph HP 5830A equipped with a f lame 
ionization detector and a column {2.75 m • 2 mm) con- 
taining 10% SP 2330 on 100/120 Chromosorb WAW 
(on column injection) using an HP 7671A automatic 
sampler. A flow rate of 40 mL heliundmin was employed. 
After the injection of a sampl~ the column was maintain- 
ed at 100~ for 4 min before the temperature was in- 
creased to 220~ at a rate of 8~ In both gas 
chromatographs the detector and the injector were main- 
tained at 250~ 

The composition of the partial acylglycerols was calcu- 
lated based on relative integrated peak area obtained by 
gas chromatography for the pure triacylglycerols. 

RESULTS AND DISCUSSION 

The results of the analyses of the partial acylglycerols ob- 
tained after AMB degradation of SOS and CPC, respec- 
tively, are shown in Table 1. 

For SOS, the stearic acid accounted for more than 98% 
of the total fat ty acids in the 1,3-DAG and only 2.4% of 
the total fat ty acids in the 2-MAG, showing that  a repre  
sentative mixture of partial acylglycerols was obtained. 
In the I(3)-MAG from SOS, oleic acid originating from 
isomerized 2-MAG comprised 6.8% of the fatty acids. The 

presence of stearic acid (54%) in 1,2(2,3)-DAG may cor- 
respondingly be explained by minor isomerization of 1,3- 
DAG. The remaining TAG are still representative as 
shown by the presence of 66.7% stearic acid. 

For CPC, the 2-MAG was only contaminated with de- 
canoic acid to an extent of 1.2%. The I(3)-MAG, on the 
other hand, contained 7.7% palmitic acid which had 
migrated from the 2-position. As found for SOS, the di- 
glycerides of CPC were slightly less pure 

For other TAG species, such as 1,3-dipalmitoyl-2-oleoyl- 
glycerol and 1,3-didecanoyl-2-stearoyl-glycerol, compar- 
ably low degrees of migration for 2-MAG and 1,2(2,3)-DAG 
were observed (C.C. Becker, unpublished data). 

The objective of a regiospecific analysis is to determine 
the fatty acid composition of positions sn-l(3) and sn-2 
in the original TAG. This can be done by direct determina- 
tion or by calculation based on the composition of the dif- 
ferent acylglycerols, as demonstrated in Tables 2 and 3. 

For both SOS and CPC the most accurate estimate for 
the composition of I(3)-MAG was obtained by the formulm 
1.5 • TAG - 0.5 • 2-MAG. The estimates were 98.8 + 0.7 
percent stearic acid in SOS and 99.4 +_ 1.4 percent de- 
canoic acid in CPC. For the 2-MAG obtained from the 
deacylation of TAG, only a low level of migration had oc- 
curred, and the composition of the 2-position could 
therefore be determined directly. During the synthesis of 
the TAG used in this investigation, a limited isomeriza- 
tion of the intermediate 1,3-DAG may have taken place 
The values calculated for the sn-l(3) positions are therefore 
probably even less than one percent from the true value 
For both I(3)-MAG and 2-MAG it should be noted that  
the procedures giving the best estimates of the fatty acid 
composition in I(3)-MAG and 2-MAG are also the pro- 
cedures with the lowest standard deviation. 

It  is surprising that while the I{3)-MAG resulting from 
the Grignard deacylation is slightly contaminated with 
former 2-MAG, the 2-MAG obtained appears to be almost 
completely representative This could be explained by the 
greater stability of l(3)-monoacylglycerols; thus an 
equilibrium mixture of monoolein in an aqueous system 
consists of about 90% of the 1-isomer and 10% of the 
2-isomer (10). 

When the EMB method is used, the composition of 

TABLE 1 

Fatty Acid Composition (mole% decanoic acid or stearic acid) of the Aeylglycerols 
from 1,3-Distearoyl-2qfleoyl-glycerol (99% -b) {SOS), and 1,3.Didecanoyl-2-pqlmltoyl-glycer~ 
(97% +) (CPC) After Deacylation by the Grignard Reagent Allyl Magnesium Bromide" 
TAG Acylglycerol %18:0 (for sOS) b %18:1 {for SOS) c 

analyzed formed %10:0 (for CPC) ~ %16:0 (for CPC} c 

SOS I(3)-MAG 93.2 +__ 3.8 6.8 
2-MAG 2.4 --. 0.8 97.6 
1,2(2,3)-DAG 53.9 -+ 3.6 46.1 
1,3-DAG 98.3 +-- 1.7 1.7 
TAG 66.7 + 0.4 33.3 

CPC I(3FMAG 92,3 +- 1.4 7.7 
2-MAG 1,2 + 1.3 98.8 
1,2{2,3)-DAG 51.7 + 1.0 48.3 
1,3-DAG 93,8 - 2.1 6,2 
TAG 66.7 + 0.8 33.3 

~Abbreviations: MAG, monoacylglycerols; DAG, diacylglycerols; TAG, triacylglycerols. 
Values are means + SD for four experiments. 

CStandard deviations as given for 18:0 and 10:0. 
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TABLE 2 

Calculation of the Fatty Acid Composition (mol%) of the sn-l(3) 
Positions of 1,3-Distearoyl-2-oleoyl-glycerol (99% +) (SOS), and 
1,3-Didecanoyl-2-palmitoyl-glycerol (97% +) (CPC) from the 
Composition of Other Acylglycerols Obtained by Deacylation 
with Allyl Magnesium Bromide a 

Formulas SOS CPC 
for I(3)-MAQ I(3)-MA~ 
calculation % 18:0a, o %10:0a, o 

I(3)-MAG (from Table 1) 93.2 • 3.8 92.3 • 1.4 
1.5 X TAG - 0.5 X 2-MAG c 98.8 +__ 0.7 99.4 _ 1.4 
2 X 1,2(2,3)-DAG - 2-MAG 105.5 • 7.2 102.1 • 2.4 
1,3-DAG (from Table 1) 98.3 • 1.7 93.8 • 2.1 
3 X T A G -  2 X 
1,2(2,3)-DAG 92.1 • 7.3 96.7 • 3.1 
aAbbreviations: See Table 1. 
bValues are means + SD for four experiments. 
CThe best estimate for the fatty acid composition of the sn-l(sn-3) 
positions of the triacylglycerols. 

TABLE 3 

Calculation of the Fatty Acid Composition (mol%) of the sn-2 
Positions of 1,3-Distearoyl-2-oleoyl-glyeeral (99% +) (SOS), and 
1,3-Didecanoyl-2-palmitoyl-glycerol (97% -{-) (CPC) from the 
Composition of Other Acylglycerols Obtained by Deacylation 
with Allyl Magnesium Bromide a 

Formulas SOS CPC 
for 2-MAC[ 2-MA~ 
calculation % 18:0 u %10:0 
2-MAG (from Table 1) c 
4 • 1,2(2,3)-DAG - 3 X TAG 
3 • TAG-2  • 1,3-DAG 
3 • TAG-2  X I(3)-MAG 
2 X 1,2(2,3)-DAG - I(3)-MAG 
2 • 1,2(2,3)-DAG - 1,3-DAG 

2.4 • 0.8 1.2 • 1.3 
15.7 • 14.4 6.6 • 4.7 
3.4 +__ 3.7 12.5 • 4.9 

13.7 _ 7.7 15.4 • 3.7 
14.7 __ 8.1 11.0 • 2.5 
9.6 • 7.4 9.5 • 2.5 

aAbbreviations: See Table 1. 
bValues are means • SD for four experiments. 
CThe best estimate for the fatty acid composition of the sn-2 posi- 

tions of the triacylglycerols. 

sn-l(sn-3) and sn-2 is e s t ima ted  f rom the  compos i t ion  of 
TAG and 1,2(2,3)-DAG. The  equa t ions  employed are: 

I(3)-MAG = 3 X TAG - 2 X 1,2(2,3)-DAG [1] 

2-MAG = 4 X 1,2(2,3)-DAG - 3 X TAG (6) [2] 

The  resul ts  ob ta ined  wi th  these equa t ions  are shown in 
Tables 2 and  3. The equa t ions  sugges ted  for the  E M B  
method  showed larger s t andard  deviat ions than  the equa- 
t ions  used  wi th  the  A M B  m e t h o d  due to  larger factors  
and, in the  case of 2-MAG, more  terms.  Fur thermore ,  the  
results  f rom the  A M B  me thod  were closer to  the  theoreti-  
cal value. 

The  possible d iscr iminat ion  between the  p r i m a r y  and  
secondary  posi t ions  in TAG by  the  present  m e t h o d  was  
also examined, us ing  1,2,3-tripalmitoylglycerol. Wi th  7% 
of the  t r ipa lmi t in  degraded,  the  rat io between I(3)-MAG 
and  2-MAG, and  be tween 1,2(2,3FDAG and  1,3-DAG, 

respectively, approached  the  theoret ical  value of 2. This  
means  t h a t  the posit ional  discr iminat ion was of minor  im- 
portance,  a t  least  for palmit ic  acid. However, the  calcula- 
t ions  are based  on mole% of f a t t y  acid in each class of 
acylglycerol, and no t  the  a m o u n t  of these; therefore a cer- 
tain positional discrimination will no t  influence the results 
ob ta ined  wi th  the  present  method.  

The a m o u n t  of A M B  added  is theoret ical ly  enough  to  
deacyla te  all es ter  bonds  of abou t  250 m g  of TAG. T h a t  
only  a minor  p ropor t ion  of the  TAG was deacy la ted  is 
par t ly  due to the  conten t  of azeotropic water  in ether. The 
a m o u n t  of water  should  be minimized as it increases the  
po la r i ty  of the  solvent,  and hence, in principle, the  ra te  
of acyl migrat ion.  Therefore, an  excess of A M B  m u s t  be 
added  to compensa t e  for the  react ion wi th  the  water  pre- 
sent.  This  react ion produces  m a g n e s i u m  sal ts  which fur- 
ther  increases the polar i ty  of the solvent. In  order to mini- 
mize isomerizat ion,  boric acid is added  to  the  wash ing  
solut ions  (11). 

I n  conclusion,  the  me thod  presented  offers a fas t  and  
simple way  to ca r ry  ou t  regiospecific analyses  of triacyl- 
glycerols. Sample  sizes of abou t  6 m g  were used, b u t  
smaller  amoun t s  (2 mg) can also be analyzed.  This makes  
the method  well suited for biological samples. The method  
can be used  for m o s t  fats, inc luding those  for which the  
pancrea t ic  l ipase assay  is unre l iable  The  resul ts  ob- 
ta ined  are also more  accura te  and  have smaller  s t anda rd  
deviat ions than  when E M B  is used. In  our  l abora tory  the  
A M B  me thod  has  proven to be par t icu lar ly  useful for the  
analysis  of triacylglycerols,  such as mar ine  oils, t h a t  con- 
ta in  long-chain p o l y u n s a t u r a t e d  f a t t y  acids and for seed 
oils t h a t  conta in  medium-cha in  f a t t y  acids {Cs-C12). 
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