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ABSTRACT AND SUMMARY 

Fatty acid methyl esters are prepared and analyzed 
by gas liquid chromatography using a simple pro- 
cedure that does not involve evaporation steps or 
drying of the final extract. The esters of  fatty acids 
down to caproate (C6) are recovered quantitatively. 
The long chain fatty acid esters, including the polyun- 
saturated esters, are also recovered quantitatively and 
are at least as stable as esters isolated by conventional 
procedures. Preparation of the esters in methanolic 
reagents is followed by partition of the mixture be- 
tween a small volume of ethylene chloride and a large 
volume of water. The lower halogenated hydrocarbon 
phase contains the methyl  esters ready for analysis, 
and the aqueous phase contains the methanol, cata- 
lysts, and other water-soluble materials. 

INTRODUCTION 

In gas liquid chromatogrphic (GLC) analysis of  fatty 
acids, the methyl esters are usually prepared by acid or 
alkali-catalyzed methanolysis (1,2) of the naturally-occur- 
ring esters, and the free acids are esterified with acidic 
methanol (1). The resultant esters are then extracted into a 
large volume of  a nonpolar solvent, and the extract is then 
dried with a drying agent and reduced in volume by evapo- 
ration with a stream of inert gas. During evaporation, there 
is invariably a loss of the short chain esters. The degree of 
loss is inversely proportional to a function of the chain 
length and directly proportional to a function of the inert 
gas flow, the temperature, and the length of time of the 
evaporation. In addition, when very small amounts of  esters 
are processed, losses caused by surface reactions or adsorp- 
tion to the glassware become significant. Methyl esters of 
fatty acids can also be prepared with excellent recoveries of 
the short chain esters by reaction of the silver salts of the 
acids with methyl iodide (3,4). However, these procedures 
are considerably more complex than the one described in 
this report. 

We have examined an alternate means of isolating the 
methyl  esters, which is more rapid and convenient than 
other procedures. This method yields the concentrated 
esters in a stable medium, results in better recovery of the 
more volatile products, and allows for further concentra- 
tion of the solution when necessary. The means we have 
examined involve addition of a very small volume of a 
halogenated hydrocarbon to the methanolic reaction mix- 
ture and washing out the methanol and catalysts with 
water. Injection of an aliquot of the extract into the GLC 
unit yields excellent elution patterns. Good recoveries of 
the shorter chain esters (acetate and butyrate) and quantita- 
tive recoveries of the longer chain esters are achieved. 
A d h e r e n c e  to predetermined proportions of solvent, 
methanolic reagents, and water allows for prediction of  
recoveries of the shorter chain esters. Thus, it is possible to 
apply correction factors for losses of  those esters. The slight 
solubility of some of the halogenated hydrocarbons in 
water allows for concentration of  the esters by washing out 
the solvent with water. 

EXPERIMENTAL PROCEDURES 

Reagents 
The 0.4 N sodium methoxide in methanol used in these 

studies was prepared from metallic sodium and anhydrous 
methyl alcohol. The 14% boron trifluoride in methanol was 
purchased from Applied Science Laboratories, State Col- 
lege, PA. It was not necessary to redistill any of the solvents 
used. 

I n s t r u m e n t a t i o n  

The GLC analyses were performed on an F-11 Mk II gas 
chromatograph (Perkin-Elmer Corporation, Norwalk, CT) 
with 12-ft x 1/4-in. (3 mm ID) glass columns. One column 
was packed with 10% pretested Silar 10C on 100 to 120 
mesh Gas Chrom Q (Applied Science), and the other 
column contained 10% pretested EGSS-X on 100 to 120 
mesh Gas Chrom P (Applied Science). The injection ports, 
which contained removable glass inserts, were held at 
240 C; the column temperatures are given with the specific 
examples; the carrier gas was nitrogen at 38 ml per min; and 
flame ionization detectors were used. Peak areas were 
measured with an electronic digital integrator (Autolab 
System I, Spectra-Physics, Santa Clara, CA). 

Experimental Samples 
A mixture of fatty acid methyl  esters was prepared in 

ethylene chloride (1,2-dichloroethane) by adding the in- 
dividual esters for acetate to laurate and Fat and Oil Refer- 
ence Mix No. 6 (Applied Science) for myristate to lino- 
lenate to yield the concentrations listed in Table I. GLC 
analysis of the prepared mixture on the Silar 10C column 
was performed with a temperature program from 50 C to 
175 C at 3 C per min, and the final temperature was held 
until baseline was reestablished after elution of methyl 
linolenate (C 1 8:3)" 

An aliquot (0.3 ml) of the prepared mixture was an- 
alyzed after evaporation just to dryness with a gentle 
stream of dried and filtered nitrogen at 50 C and redissolv- 
ing in 0.3 ml of ethylene chloride. After removal of a 5-/al 
aliquot for analysis, the evaporation, redissolving, and anal- 
ysis were again performed. 

Another 0.3-ml aliquot of the prepared mixture was 
mixed with 0.3 ml of methanol and shaken vigorously by 
hand for 1 min with 3 ml of water. After centrifugation for 
1 min, a 5-/.tl aliquot was subjected to GLC analysis as 
above. The aqueous phase was removed, and the solvent 
extract was washed with four more 3-ml portions of water 
with centrifugation and GLC analysis after each wash. Re- 
coveries were calculated relative to the methyl  oleate peak 
area and by using the area of each ester peak in the original 
mixture as 100% recovery. The degree of concentration 
resulting from the water washout of the solvent was based 
on the increase of  the methyl  oleate peak area when com- 
pared with the original sample. 

The above experiments were repeated using Freon 113 
(1 ,1 ,2- t r ichloro- l ,2 ,2- t r i f luoroethane)  in place of  the 
ethylene chloride. 

Two studies on the precision of the recoveries of the 
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T A B L E  I 

R e c o v e r y  of  F a t t y  Acid  Methyl  Esters ,  Percen t  a 

VOL. 54 

F a t t y  acid c o n c e n t r a t i o n  E v a p o r a t i o n s  Water  washes  ( e thy l ene  chlor ide)  

C n u m b e r  m g / m l  1 2 1 2 3 4 5 

Water  washes  ( F r e o n  113)  

2 3 4 5 

2 1.0 0 0 35 14 6 3 2 4 
4 1.0 3 0 89 80 67 55 42 71 
6 1.0 38 15 99 100 100 99 97 99 
8 1.0 61 34 100 99 100 100 100 103 

10 1.0 71 55 100 100 100 100 100 104 
12 1.0 76 69 99 99 100 100 100 104 
14 0.2 96  93 101 101 100 100 101 103 
16 3.0 99 99 99 99 100 100 99 100 
16:1 0.3 98 98 98  99 99 99 99 102 
18 1.4 101 101 101 101 101 101 101 100 
18:1 4.1 (100)  (100)  (100)  (100)  (100)  (100)  (100)  (100)  
18:2 0.7 102 102 101 101 102 102 101 101 
18:3  0.3 103 104 102 103 101 103 102 101 

C o n c e n t r a t i o n  f ac to r  1.1 1.3 1.4 1.6 1.7 1.0 

0 0 0 0 
46  31 20 12 
93 91 87 84 

100 100 99 99 
100 101 100 100 
100 101 100 100 
100 102 100 100 
100 98 99 99 
100 101 101 101 
101 102 101 101 

(100)  (100)  (100)  (100)  
101 101 101 102 
101 102 102 103 

1 . 0  1.0 1.0 1.0 

aRecover ies  ca lcu la ted  relat ive to  r e c o v e r y  o f  m e t h y l  o lea te  (18 :1 ) .  

T A B L E  II 

Precision o f  Recover ies  o f  Shor t  Chain F a t t y  Acid Methy l  Esters  

Pe rcen t  r ecove ry ,  x •  s 

Fa t t y  acid 1st Wash 2nd  Wash 3rd Wash 4 t h  Wash 5 th  Wash 
C n u m b e r  n = l l  n = 5  n = 5  n = 5  n = 5  

2 34.'7 • 2 .0 14.2 • 0 .4 5.9 -+ 0.3 2.9 -+ 0.3 1.8 + 0.3 
4 89 .3  • 2.1 80.0 • 1.9 66.5 + 1.7 54.9 + 1.7 42.1 + 1.9 
6 9.0 + 3.0 100.4 + 2.2 99 .7  -+ 2.6 98 .5  • 2 .4 96 .9  + 2.3 
8 100.5 • 1.8 . . . . . . . . . . . .  

10 100.4 + 1.1 . . . . . . . . . . . .  

short and medium chain fatty acid esters were performed. 
In one study, a mixture of the esters from acetate (C2) to 
laurate (C 12) in ethylene chloride was analyzed before and 
after a single partition with added methanol and water. The 
partitions and analyses were performed eleven times, as was 
the analysis of the original solution. Chromatography was 
performed on the Silar 10C column with temperature pro- 
gramming, and the peak areas were related to methyl  
laurate (C12). In the second study, the esters from acetate 
(C 2) to caprylate (C8) were analyzed isothermally at 80 C 
before partition and after the second through the fifth 
washes with water. In this second study, the partitions and 
analyses were performed five times each and the peak areas 
were compared with the methyl  octanoate (C8) peak area. 
The results of these two studies are combined in Table II. 

Butter fatty acid methyl  esters were prepared by a pro- 
cedure involving evaporation and by our new procedure not 
involving evaporation. Forty mg of butter oil, obtained by 
centrifuging melted butter, was incubated at 50 C for 1 hr 
with 0.5 ml of 0.4 N sodium methoxide in methanol (2) 
and then for an additional 20 min after adding 0.5 ml of 
14% boron trifluoride in methanol (1). The incubations 
were carried out in a 12-ml screw-capped centrifuge tube 
with a Teflon-lined cap, and the tube was chilled in an ice 
bath before each opening of the tube. One-half of the reac- 
tion mixture was mixed with 0.5 ml of saturated aqueous 
sodium chloride, and the esters were extracted into 5 ml of 
hexane. After drying the hexane over anhydrous sodium 
sulfate, the hexane phase was evaporated just to dryness at 
50 C with a gentle stream of filtered and dried nitrogen. 
The esters were redissolved in 0.5 ml of  ethylene chloride, 
and 5/.tl of the solution was analyzed with the same column 
and temperature program as used with the prepared methyl  
ester mixture. 

The second half of the butter ester reaction mixture was 
mixed briefly with 0.5 ml of ethylene chloride and then 
shaken vigorously by hand for 1 min with 5 ml of water. 

After centrifugation for 1 min, a 5-pl aliquot of the lower 
ethylene chloride phase was analyzed in the same fashion as 
the evaporated sample. 

Fatty acid methyl  esters were prepared from pooled 
human blood serum as follows. The lipids obtained by the 
procedure of  Folch et al. (5) from 2 ml of serum were 
methanolyzed with 2 ml of 0.4 M sodium methoxide in 
methanol for 30 min at 65 C (2). Any free fatty acids in the 
specimen were next methylated by heating for 10 min at 
65 C after the addition of 2 ml of 14% boron trifluoride in 
methanol (1). 

Four ml of saturated aqueous sodium chloride was 
added to half of the methanolic solution of the serum 
methyl  esters, and the esters were extracted into 5 ml of 
hexane. The hexane phase was dried over anhydrous sodi- 
um sulfate and evaporated just to dryness with a gentle 
stream of filtered and dried nitrogen at 50 C. The esters 
were dissolved in 0.3 ml of ethylene chloride and a 5-pl 
aliquot was immediately analyzed on the EGSS-X column 
isothermally at 175 C. After removal of this and subsequent 
samples for analysis, the tube was flushed briefly with a 
gentle stream of filtered and dried nitrogen, stoppered, and 
stored at room temperature. Analyses were repeated after 
1, 4, 7, and 14 days. 

The second half of the methanolic reaction mixture of 
the serum methyl esters was mixed with 0.3 ml of ethylene 
chloride and 3 ml of water. After shaking vigorously by 
hand for 1 min, the sample was centrifuged and a 5-pl 
aliquot of the lower phase was subjected to GLC analysis 
on the EGSS-X column at 175 C. This sample was not 
flushed with nitrogen, and it too was stored at room tem- 
perature. The lower phase was reanalyzed on days 1, 4, 7, 
and 14. 

RESULTS AND DISCUSSION 

Halogenated hydrocarbons were chosen for this study in 
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order to obtain the esters in very small volumes of the 
lower phase in conical centrifuge tubes. This allows the 
analyst to withdraw a large portion of the extract into an 
injection syringe, primed with the same solvent, and to sub- 
ject it to GLC analysis. In this way, good analyses are read- 
ily obtained with microscale lipid specimens when neces- 
sary. An additional advantage is realized in that large sup- 
piles of solvents are not necessary. The economic and safety 
considerations of this fact can be significant in those 
laboratories where large numbers of  analyses are performed. 

Table I shows the recoveries of the fatty acid methyl 
esters of the prepared mixture after one and two evapora- 
tions and also after each washing of  the halogenated hydro- 
carbon solution with five separate changes of the aqueous 
phase. After a single evaporation, all of the methyl  acetate 
(C2) was lost. Significant losses of the lower methyl esters 
up to myristate (C 14) were noted after one evaporation and 
these losses were even greater after two evaporations. It can 
be seen that the losses are inversely proportional to a func- 
tion of the chain length or the boiling point. Recoveries of 
the longer chain esters, palmitate (C16) to linolenate 
(C1 8:3) were quantitative, within experimental error. 

Losses of the esters in the water-washed solutions were 
significantly lower. No loss of methyl caprylate (C8) or any 
of the longer esters was seen from either of the halogenated 
hydrocarbons after up to five water washes. Indeed, for a 
short chain fatty acid-containing specimen, such as butter, 
after a single water wash, a small correction for loss need 
only be applied to butyrate (C4). 

Ethylene chloride has a significant solubility in water as 
can be seen from the concentration factors given for the 
water-washed ethylene chloride solution of the esters. The 
use of five aliquots of water, each equal to ten volumes of 
the solvent phase, results in nearly a doubling of concentra- 
tion of  the fatty acid esters with no loss of  caprylate (C8) 
or higher fatty acid methyl  esters. Since a very large num- 
ber of fatty acid GLC analyses never report data below 
myfistate, this suggests that water washout of  the halogena- 
ted hydrocarbons can offer a convenient means for concen- 
trating specimens for GLC analysis without corrections 
down to caprylate (C8). 

Washing of the Freon 113 solution with water did not 
concentrate the esters due to Freon 113's extreme insolu- 
bility in water. 

Application of the procedure described in this report to 
the analysis of  the fatty acid content of  a sample of  butter 
yielded the elution pattern shown in Figure 1, and the data 
from this chromatogram are compared in Table III with 
the data obtained when the same methyl  ester preparation 
was subjected to an evaporation step. The differences in the 
normalized peak areas are due to the loss of the short chain 
fatty acids in the evaporation step. 

The stability of  fatty acid methyl  esters, including those 
of the biomedically-important polyunsaturated fatty acids 
is demonstrated in Table IV. In this table are compared the 
analyses of the same mixture of esters obtained from 
pooled human blood serum when those esters were treated 
in a conventional manner (the control), which included 
drying the solvent extract before evaporation and storage 
under dry nitrogen, with the specimen treated by the sim- 
plified procedure described in this report (the experi- 
mental). These data show that the esters in the ethylene 
chloride extract stored under water are at least as stable as 

the dry sample stored under nitrogen. There is a small, but 
statistically significant (p<  0.01 by Student's t-test), dif- 
ference between the analyses for myristate (C 14) in the two 
samples. This is in agreement with the data in Table I where 
it was shown that evaporation results in a small loss of this 
ester while the water wash does not result in a loss. The 
other small differences, e.g., between the values for palmi- 
toleate (C16:1) and the values for linolenate ( C 1 8 : 3 )  a r e  

;16 EtCI 2 ;14 

C12 
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#1 

I I I I 
10 
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C 3.16 
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FIG. 1. Fatty acid methyl esters prepared from butter. Five pl of 
the esters in wet ethylene chloride were chromatographed on the 
Silar-10C column. Temperature program; 50 C to 175 C at 3 C per 
min; 175 C to the end of the analysis. Only the major peaks are 
labeled - see Table III. The residual methanol is from the methyla- 
tion reagents. 

T A B L E  II I  

F a t t y  Acid Me thy l  Esters  Prepared  F r o m  But te r  

N o r m a l i z e d  peak  areas  
F a t t y  acid 
C n u m b e r  E v a p o r a t e d  Wet ex t r ac t  

4 0.0 2.1 
6 0.0 1.8 
8 0.2 1.2 

10 1.5 2.7 
10:1 0.2 0.3 
12 3.0 3.3 
13(i- + a-) a 0.1 0.1 
13 0.2 0.2 
140-  ) 0.2 0.2 
14 12.1 11.6 
1 5 0 0  0.5 0.4 
IS(a-)  + 14:1 0.7 0.7 
15 2.4 2.4 
160-  ) 0.5 0,4 
16 33,9 30.5 
17(i-) 0 .6 0.6 
16:1 + 17(a-) 2.5 2.4 
17 1.0 0.9 
18(i-) 0.0 0.4 
18 11.8 10.7 
18:1 25.3 23.9  
18:2 + 19 2.3 2.3 
19:1 0.2 0.2 
18:3  + 20 0.5 0.4 
18:3  0.4 0.3 

a(i-) = iso-; (a-) = an t e  iso-. 

not statistically significant by the same criterion. 
Samples of  serum fatty acid methyl  esters have also been 

subjected to experiments as those just discussed but with 
different halogenated hydrocarbons. Similar results were 
obtained when chloroform, carbon tetrachloride, and Freon 
1 13 were used in place of the ethylene chloride but with 
some limitations. 

The halogenated hydrocarbon to be used will most likely 
be one of personal choice unless certain short chain esters 
are to be measured or if concentration by water washout of  
the solvent is desired. On the Silar 10C column, the elution 
of the solvent could interfere with the analysis of certain 
esters. Esters with elution times near methyl  valerate (Cs) 
could be lost under the ethylene chloride peak. Freon 1 13 
elutes before methyl  formate (C 1 ) and would be the solvent 
of choice in cases where concentration by water washout of 
the solvent is not desired, except that the losses of the short 
chain esters are greater for this solvent. When butter oil 
fatty acid methyl  esters were analyzed by a procedure like 
that described except for the use of Freon 1 13 in place of 
the ethylene chloride, the expected significant losses of the 
shorter chain esters were obvious, but there were no signifi- 
cant peaks under the region of the pattern usually occupied 
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F a t ty  acid 
C n u m b e r  
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TABLE IV 

Recovery and Stability of Methyl Esters 
Prepared from Human Blood Serum Lipids 

Days s tored  

0 1 4 7 14 

Normalized peak area 

Control (dry) 

14:0 0,84 0.89 0.90 0.87 0,89 
16:0 23.49 23.45 23.60 23.71 23.44 
16:1 3,73 3.79 3.65 4.44 4.09 
18:0 7.15 7.14 7.12 7.10 7.80 
18:1 30,45 30.43 30,45 30.22 30.22 
18:2 24.30 24.35 24.37 24.09 23.82 
18:3 0.36 0.36 0.37 0.36 0.37 
18:3 0,86 0.83 0.81 0.50 0.84 
20:3 1.28 1.26 1,27 1.26 1.22 
20:4 7.57 7.53 7,49 7,44 7.32 

Experimental (Wet) 

~ •  

0 .88  • 0 .02 
23 .54  • 0 .12 

3 .74  :t: 0 .33  
7 .26  • 0 .30  

30.35 • 0 .12  
24 .19  • 0 .23  

0 .36  • 0 .00  
0 .77  • 0 .15 
1.26 • 0 .02  
7 .47  • 0 .10  

14:0 0 ,94  0 .99  0 .93  0 .99  0 .96  0 .96  • 0 .03  
16:0 23 ,53  23 .68  23.65 23 .67  23 .46  23 .60  • 0 .10  
16:1 4 .18  4 ,28  4 ,18  4 .27  4.21 4 .22  • 0.05 
18:0 7,05 6.83 7 .06  7.08 7.10 7.02 • 0.11 
18:1 30 ,06  29 .87  29 .96  29 .97  30.01 29.97 • 0 .07  
18:2 2 4 , 2 4  24 .39  24 ,36  24 ,16  24 .27  24 .28  • 0,09 
18:3  0 ,36  0 .35  0.31 0.35 0 .36  0.35 • 0,02 
18:3 0 ,90  0 .89  0 .89  0 ,87  0 .89  0 .89  • 0 .01 
2 0 : 3  1,27 1.25 1.25 1.26 1.27 1.26 • 0 .10  
2 0 : 4  7.51 7 .47  7.45 7.41 7 .46  7 .46  • 0 .04  
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FIG. 2. Positions occupied by halogenated hydrocarbons relative 
to short chain fatty acid methyl esters. Five t~l of a mixture contain- 
ing 10 mg of each of the esters per ml of ethylene chloride was 
chromatographed isothermally at 80 C on the Silar-10C column. 
The horizontal bars indicate the positions and the widths of the 
solvents at 50% full scale on the chart when 5/al of the solvents are 
injected at the same conditions used to obtain the chromatogram, 

b y  e t h y l e n e  ch lor ide .  There fo re ,  analyses  o f  b u t t e r  oil f a t t y  
acid esters us ing eh ty l ene  chlor ide  are sa t i s fac tory  wi th  the  
spec imen  of  b u t t e r  used since there  are no  f a t t y  acid esters  
h i d d e n  by  this  so lvent .  Had ca rbon  t e t r ach lo r ide  b e e n  used,  
any  peak  f rom b u t t e r  a f t e r  f o r m a t e  could  have b e e n  mea-  
sured.  The  use of  d i c h l o r o m e t h a n e  could  have resul ted  in a 
loss of  any  ace ta te  or  p r o p i o n a t e  u n d e r  the  so lvent  peak ,  
and  any  p r o p i o n a t e  and  b u t y r a t e  could  have been  h i d d e n  if  
c h l o r o f o r m  had  been  the  solvent .  The  pos i t ions  occupied  
b y  these  solvents  are d e m o n s t r a t e d  in Figure  2. 

L u d d y  et al. (6)  descr ibed  s imple  and  rapid  p r o c e d u r e s  
for  the  p r e p a r a t i o n  of  shor t ,  m e d i u m ,  and  long chain  f a t t y  
acid m e t h y l  esters f rom a var ie ty  of  fats.  In  the i r  proce-  
dures,  t h e y  recovered  t he  m e t h y l  es ters  b y  add ing  c a r b o n  
disulf ide to  the  m e t h a n o l i c  r eac t i on  m i x t u r e s  and  r e m o v e d  
all the  m e t h a n o l  and  cata lys ts  w i th  a m i x t u r e  of  ca lc ium 

chlor ide  and  silica gel. The  volat i l i ty ,  tox ic i ty ,  unp leasan t  
odor ,  and  fire and  exp los ion  haza rds  of  c a r b o n  disulf ide  are 
d isadvantages  t h a t  are grea t ly  d imin i shed  b y  our  use of  
ha logena ted  h y d r o c a r b o n s .  The  t o x i c i t y  hazard  still re- 
mains  however .  The  f inal  spec imen  in t he  c a r b o n  disulf ide 
is f o u n d  in the  u p p e r  layer  over  the  added  ca lc ium chlor ide  
and  silica gel. This  l imits t he  p r o p o r t i o n  of  t he  f inal  ex t r ac t  
t ha t  can  be w i t h d r a w n  for  GLC analysis.  Our  p rocedu re  
al lows for  m i n a t u r i z a t i o n  to  the  e x t e n t  t h a t  essent ia l ly  all 
t he  spec imen  can be recovered  for  analysis.  Since c a r b o n  
disulfide,  like the  ha logena ted  h y d r o c a r b o n s ,  has  a dens i ty  
grea ter  t h a n  water ,  it can be  used in ou r  p r o c e d u r e ,  and  the  
recoveries  are comparab l e  to  those  f o u n d  wi th  e thy l ene  
chlor ide ,  bu t  we feel t ha t  t he  ha logena t ed  h y d r o c a r b o n s  are 
more  sa t i s fac tory  because  of  the  haza rds  and  d isadvantages  
of  c a r b o n  disulf ide l isted above .  

The  es te r i f i ca t ion  p r o c e d u r e  used in these  s tudies ,  sodi- 
u m  m e t h o x i d e - c a t a l y z e d  me thano ly s i s  of  the  na tu ra l ly -  
occurr ing  esters fo l lowed by  b o r o n  t r i f luor ide -ca ta lyzed  
m e t h y l a t i o n  of  any  free acids,  was chosen  over  e i the r  of  the  
single r eac t ions  because  the  d o u b l e  r eac t i on  is more  com- 
plete  t h a n  the  a lkal ine  r e a c t i o n  and  m o r e  rapid  t h a n  the  
acidic reac t ion .  We find t h a t  cho les te ry l  esters  are m e t h a -  
no lyzed  a b o u t  seven t imes  as rap id ly  and  glyceride esters  
are m e t h a n o l y z e d  over  t w e n t y  t imes  as rap id ly  w i th  sod ium 
m e t h o x i d e  as wi th  b o r o n  t r i f luor ide .  The  a lka l ine  r eac t i on  
mus t  be fo l lowed by  an acidic m e t h y l a t i o n ,  however ,  be- 
cause any  t races  of  wa te r  in the  sys tem will  resu l t  in hy-  
d ro ly t i c  losses of  s t o i c h i o m e t r i c  a m o u n t s  of  esters  as the i r  
sod ium salts. These  losses can be  s ignif icant  w h e n  m i n u t e  
quan t i t i e s  of  esters  are involved.  In add i t ion ,  a n y  free f a t t y  
acids in the  spec imen  will  n o t  be  es ter i f ied  bu t  will  be  lost  
as the i r  sod ium salts wi th  the  sod ium m e t h o x i d e  reagen t  
a lone.  A d d i t i o n  of  m e t h a n o l i c  b o r o n  t r i f luor ide  in excess of  
the  alkal ine reagent  and  r e i n c u b a t i o n  resul ts  in  rapid  
m e t h y l a t i o n  of  t he  free acids.  In th i s  ac id-ca ta lyzed  m e t h y -  
la t ion,  any  t races  of  mois tu re  o n l y  resul t  in ins igni f icant  
losses of  esters due  to the  equ i l ib r ium of  the  r eac t ion .  

In t he  p r e p a r a t i o n  of  m e t h y l  esters f rom b u t t e r ,  we used 
a lower  i n c u b a t i o n  t e m p e r a t u r e  (50  C) t h a n  we used w i th  
t he  serum lipids (65 C) in  o rder  to  min imize  losses of  the  
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volatile esters. Because of this lower temperature, longer 
incubation periods were employed to assure completion of 
the reactions. 

To determine whether the concentration of the esters 
influences their recoveries, three specimens over a 16-fold 
range of concentration were analyzed. The first specimen 
contained 1 mg of each of the esters from acetate (C 2) to 
laurate (C 12) per ml of ethylene chloride; the second con- 
tained 4 mg of each ester per ml; and the third contained 
16 mg of each ester per ml. Each specimen was analyzed 
before partition and after adding one volume of methanol 
and ten volumes of water, i.e., one wash, as described ear- 
lier. Methyl laurate was the internal standard in each case. 
Only slight differences in the recoveries of acetate and 
butyrate, and essentially no differences in the recoveries of 
the longer chain esters, were noted. The recovery of  acetate 
was 35%, 34%, and 40% for the 1-, 4-, and 16-rag per ml 
specimens, respectively. Butyrate was recovered 89%, 91%, 
and 97% for the 1-, 4-, and 16-rag per ml specimens, respec- 
tively. 

To test whether temperature has an influence on the 
recoveries, one aliquot of the 1 mg per ml mixture of the 
methyl esters from C2 to C12 was subjected to one water 
wash at room temperature (ca. 22 C) and another aliquot 
was washed at 0 C. Only the acetate recovery was different. 
A t 0  C, the recovery of  acetate was 25%, while at room 
temperature, the acetate recovery was 35%. This suggests 
that the relatively small variations in room temperature in 
different laboratories should not have a significant in- 
fluence on recoveries of the esters. 

The methyl  alcohol from the reagents is nearly com- 
pletely removed by a single water wash as can be seen in 
Figure 1. After the second and subsequent washes, no 
methyl alcohol can be detected on the GLC elution pat- 
terns. 

We have described an approach for preparing fatty acid 
methyl esters for GLC analysis which is more rapid and 
convenient than the procedures that involve evaporation 
steps. In addition, the new technique yields better re- 
coveries of the short chain fatty acid esters than are recov- 
ered when the ester solution is subjected to evaporation. In 
the past, we described procedures without evaporation 

which used extraction of the acids into very small volumes 
of quaternary ammonium hydroxide reagents. Injection of 
the quaternary ammonium slats of the fatty acids into the 
GLC unit yielded the alkylated fatty acids, but in the case 
of  samples containing long chain fatty acids, quantitative 
data could not be obtained on the shorter (<C12) fatty 
acids because of by-products of the flash alkylation of  the 
reagent (7). In a procedure for acetate, in which we used 
propionate as an internal standard (8), the benzyl esters 
were generated in tke instrument. In this case, the major 
by-products of  this reaction eluted both before and after 
the two compounds of interest - essentially limiting the 
process to the measurement of these two compounds. 

We feel that the procedure described in this report 
should be a satisfactory addition to the techniques available 
to investigators interested in fatty acid analysis and should 
be especially useful to those investigators concerned about 
measuring the short and medium chain fatty acids. 
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