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Abstract 
A rapid method for  p repara t ion  of methyl  

esters of f a t t y  acids in lipids has been accom- 
plished by forming the sulfuric acid complex of 
the lipid in ethyl ether at the temp of a d ry  ice- 
acetone bath. Decomposition of the complex 
with methanol results in direct format ion of 
methyl  esters of the f a t ty  acids. A comparison 
was made of gas liquid chromatography  (GLC) 
analysis of f a t ty  acid composition of several 
fats  using methyl  esters p repared  by this and  
by two other methods. Results of this compari-  
son reveal that  the method is not only rapid  but  
provides complete reaction with no apparen t  
changes in the f a t ty  acids. 

Introduction 

T IlE PR E PA R A T ION of methyl  esters of f a t ty  acids 
for analysis by (GLC) has drawn the at tention 

of many  investigators. Evolut ion of methods proc- 
essed f rom methods for  esterification or interesterifi- 
cation by the more obvious means to more sophisti- 
cated means employing the shortest t ime with least 
modification or loss of product.  Completeness of re- 
action, and sample size are also mat te rs  of great  
concern to investigators working with great  numbers  
of samples f rom biological systems which can be 
sampled only in small volume or mass. 

Two general approaches can be used. The most 
commonly used method involves l iberation and iso- 
lation of f a t t y  acids f rom lipids by saponification, 
acid hydrolysis, or enzymatic hydrolysis. The esters 
of the f a t ty  acids may  then be p repared  by  a var ie ty  
of methods which require acid catalysis of the ester- 
ification reaction. The use of anhydrous  HC1 in 
m e t h a n o l  (16) b o r o n  t r i f l u o r i d e  in a n h y d r o u s  
methanol (9) diazomethane (13) and sulfuric acid 
with methanol (14,2,11,12), have been used with 
vary ing  success. The in-situ esterification, by methan- 
olic HC1, of f a t t y  acids held on a basic ion-exchange 
resin has also met  with success (4). The possibility 
of conjugat ing the double bonds in polyunsatura ted  
f a t t y  acids dur ing saponification has been suggested 
and  a saponification method proposed (1) which 
negates this effect. 

The second approach involves direct format ion 
of esters by interesterification reactions brought  about 
by basic catalysis (6,7,15). 

A number  of objections have been raised to the 
methods in most general use. These va ry  f rom the 
safety hazards involved in working with diazomethane 
to long reaction time, conjugation of double bonds, 
and incomplete reaction. 

The technique and studies described here derive 
f rom an a t t empt  to incorporate the advantages  of 
time-saving, completeness of reaction, and minimum 

1Mi¢tt. Agr. Ex!a. Sta. Pub. No. 3503. 
~Presented at the AOCS meeting in Chicago, 1964. 
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effect on components of a lipid system. They are 
based on the chemical behavior of esters in strong 
sulfuric  acid. 

Hantzsch (3) noted that  most earboxylie acids be- 
have as simple bases in strong sulfuric acid and 
are monoprotonated.  Newman (10) postulated the 
format ion of an aeylium ion R C ~ O  ÷ which occurs 
by a two-stage ionization when earboxylic acids are 
in the presence of s trong sulfuric  acids. H e  noted 
that  t rea tment  of acylium ion-sulfuric acid mixtures  
with alcohols lead to immediate format ion of the ester 
in high yield. Kuhn  and Corwin (5) found tha t  esters 
of alochols with s trongly electron a t t rac t ing  groups, 
e.g. f l-Cl-ethylacetate and many  esters of aromatic  
acids are readily hydrolyzed by dissolution in con- 
centrated sulfuric acid and t rea tment  with water  
or alcohols. Under  these conditions acyl ium ions are 
converted to acids and esters, respectively. I t  ap- 
peared that  if  aeylium ion-sulfuric acid complexes 
could be :formed f rom the f a t t y  acids in l ipid moieties 
the format ion of methyl  esters would be possible. 
This was accomplished at  low temp in solvent systems 
suitable for mainta ining the l ipid in solution at  these 
temps. 

Methods 
Preparation of Methyl Esters 

Base-Catalyzed Interesterification Method. The in- 
teresterification procedure described by Smith and 
Jack  (15) was adapted  for the p repara t ion  of methyl  
esters of some fats  and oils. A 3.5 ml port ion of 
neutra l  absolute methanol was added to 1 g of fa t  
in 4 ml of pentane. To this mixture  was added 0.2 
ml 1.0 N K O H  in absolute methanol. The mixture  
was gently swirled and allowed to stand in a dark  
cabinet at  room temp (Ca. 22C) for  48 hr. The 
solution was then  washed once with 20 ml of 0.06 N 
HC1 and three times with 0.02 N HC1 in a 50 ml 
separa tory  funnel. The samples were dried over 
sodium sulfate before they were concentrated a t  room 
temp, to a volume of ] mI in a graduated  12 ml cen- 
t r i fuge tube. 

Saponification and Este*~ification Method. A 200 
mg sample of fa t  or oil was saponified with K O H  
as outlined by  Ast  (1). Methyl esters of the ex- 
t racted free f a t t y  acids were p repared  by the method 
of Hornstein,  et al. (4). Amberl i te  CG 400, 100-200 
mesh was substi tuted for Amberl i te  I R A  400. 

Low Temperature Sulfuric Acid Method. Sulfuric  
acid-methanol p repara t ion  of  m e t h y l  esters .  The  
amount  of 200 mg of fa t  was dissolved in 20 ml of 
peroxide free diethyl ether in a 125 ml Er lenmeyer  
flask. The flask was placed in a d ry  ice-acetone 
bath  and s t i r red by means of a magnet ic  stirrer.  
When the mixture  had cooled to -60C, two ml of 
concentrated sulfuric acid were added f rom a 10 ml 
microburet te  at a rate of 1 ml /min .  The bath  temp 
was allowed to warm to -10C dur ing a 10 min inter- 
val. The ba th  temp was again cooled to -60C; 15 ml 
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T A B L E  I 

F a t t y  Acid Composi t ion  of B u t t e r  Oil  D e t e r m i n e d  by  B a s e  Cata lyzed  
In te res te r i f i ca t ion ,  Saponi f ica t ion  Fol lowed by Es te r i f i ca t ion  a n d  

by  the  Su l fu r i c  Acid Method a,b 

I 
F a t t y  ~ ',1c I Base-Cata lyzed  

~c1~ In t e r e s t  e~ if icat ion 

6 ; 0  2 5 
8 : 0  

1 0 : 0  3.7 
11 :04  0.4 
1 2 : 0  4.3 
14 : B r  ( ? ) e t r a ce  c 
1 4 : 0  12,6 
1 4 : 1  1.6 
1 5 : 0  a 1.1 
1 6 : B r (  ?)~ t r ace  
1 6 : 0  31,3 
1 6 : 1  2,4 
17 ;O 0.8 
1 8 : B r (  ~)~ t r ace  
1 8 : 0  10.8 
1 8 : 1  23.2 
1 8 : 2  2.9 
1 8 : 3  0.9 

T H E  J O U R N A L  O F  T H E  A M E R I C A N  0 I L  C H E I ~ I S T S '  S O C I E T Y  

Saponi f ica t ion  [ Sulfuri_ c _Acid-M(~t!!anol 

• and  . D r y  B o o m  
Es t emf ica tmn  Ice  I~ath Ice  B a t h  I T e m o  

% % % % 
1.2 1 1.4 1,9 2.4 
1.4 1.4 1.5 1.7 
3.4 3.4 3.5 3,3 
0.2 0.3 0.3 I 0.3 
4.0 3.9 4.0 I 4.1 

t r ace  t r ace  t r ace  [ t r ace  
13,1 12.4 12.3 12.2 

1.8 1.7 1.6 1.7 
1.1 1,1 1.1 [ 1.1 

t r ace  t r ace  t r ace  t r ace  
31,3 31.5 31.0 30,7 

2,6 2.5 2.6 2.6 
1.0 0.7 1.0 0,6 

t r ace  t r ace  t r ace  t race  
10.0 10.9 10.9 11.1 
24.9 24.8 24.3 24.5 

2.8 2.9 3.0 2.9 
1.0 1.0 1.0 0.9 

aTemp p r o g r a m m e d  100-210C. 
b e a c h  co lumn r ep re sen t s  an  a v e r a g e  of two  analyses ,  
" N u m b e r  to left  of colon ind ica te s  ca rbon  n u m b e r :  n u m b e r  to the  r i g h t  
ind ica te s  the  n u m b e r  of double bonds.  
a Ident i f ied  by  p lo t t ing  re ten t ion  t i m e  vs.  ca rbon  n u m b e r ,  
e B r :  B r a n c h e d  cha in  compound,  
f T r a c e  = les t h a n  0 , 2 % .  

of absolute methanol followed by 13 ml of 35% 
methanol ie-KOH were added. The mixture  was re- 
moved f rom the d ry  ice bath  and st irred by means 
of a magnetic s t i r rer  unti l  it reached room temp. 
Phenolpthalein was used to ascertain the presence of 
excess base. The mixture  was quant i ta t ively trans-  
ferred to a 500 ml separa tory  funnel  containing 150 
ml of water. The methyl  esters were extracted once 
with 30 ml of pentane and twice with 15 ml pentane. 
All  samples were dried over anhydrous  sodium sul- 
fate  before they were concentrated to a volume of 
0.2 ml in graduated  12 ml centrifuge tubes. 

But te r  oil, coconut oil and soybean oil samples 
were esterified at room temp and in an ice bath  by 
mainta in ing all of the above conditions with the ex- 
ception of temp. 

Thin-Layer Chromatography: C h r o m a t o g r a p h i c  

A B C D E F 

:FIG. ] .  T L C  o f  b u t t e r  o i l  m e t h y l  e s t e r s  a n d  n o n e s t e r i f i e d  
m a t e r i a l .  S o l v e n t  s y s t e m :  n - h e x a n e  . d i e t h y l  e t h e r  a c e t i c  a c i d  
9 0 : 1 0 : 1  ( v / v / v ) .  I n d i c a t o r :  5 0 %  s u l f u r i c  a c i d  s p r a y  f o ] l o w e d  
b y  c h a r r i n g ,  A : a f t e r  A s t  s a p o n i f i c a t i o n  ; B : s a p o n i f i c a t i o n  
+ t I o r n s t e i n  e s t e r i f i c a t i o n ;  C :  H~SO,  r m e t h a n o l  e s t e r i f i c a t i o n  
a t  r o o m  t e m p ;  D :  H e - S O { - m e t h a n o ]  e s t e r i f i c a t i o n  i n  a n  i c e  
b a t h ;  E :  H ~ - S O { - m e t h a n o l  e s t e r i f i c a t i o n  i n  a d r y  i c e - a c e t o n e  
b a t h ;  F :  u n t r e a t e d  b u t t e r  o i l  + p a l m i t i c  a c i d .  A b b r e v i a t i o n s :  
S F  : s o l v e n t  f r o n t ;  M E  : m e t h y l  e s t e r ;  TG : t r i g l y c e r i d e ;  
F F A  : f r e e  f a t t y  a c i d  ; C : c h o l e s t e r o l  ; 0 : o r i g i n .  
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T A B L E  I I  

F a t t y  Acid Composi t ion  of Coconut  Oil  D e t e r m i n e d  by  B a s e  
Cata lyzed In te res te r i f i ca t ion ,  Saponi f ica t ion  Fol lowed by  

Ester i f ica t ion ,  and  by  the  S u l f u r i c  Acld-Methanol  Method a 

F a t t y  Acid u 

8 : 0  
1 0 : 0  
1 2 : 0  
1 4 ; 0  
1 6 : 0  
1 8 : 0  
1 8 : 1  
18 ;2 

Base  Catalyzed 
In te res t e r l f i ca t ion  a 

% 
8.7 
6.7 

48.7 
17.9 

8.4 
2.3 
6.0 
1.3 

I Su l fu r i c  Acid-Methanoi  d Saponi f ica t ion  
and  I - -  - -  --o~.._. 

Es te r i f i ca t ion  c D r y  I ce  Ice  ~ e m ~  

6.9 I 8.5 8.3 8.6 
5.9 6.6 6.6 6.5 

50.9 49.1 49.2 48.9 
18.2 17.8 17.7 17.8 

8.5 8.5 8.2 8.5 
2.1 2.2 2.5 2,4 
6.2 6,1 6.3 6.0 
1.3 1.3 1.3 1.3 

aTemp,  p r o g r a m m e d  150-210C.  
b N u m b e r  to left  of colon = carbon  n u m b e r ;  n u m b e r  t o  r i g h t  repre-  
sents  n u m b e r  of double bonds,  
CAverage two analyses ,  
aAve rage  of th ree  analyses ,  

plates were p repared  with the Desaga appl icator  by 
making a s lur ry  of 20 g Adsorbosil 1 with 35 ml of 
distilled water-acetone 2 : 1 ( v / v ) .  Four  plates were 
coated and act ivated at 110C for  35 rain: The samples 
were spotted with a 10 ml Hamil ton  syringe and de- 
veloped in an ascending manner  in n-hexanediethyl 
ether-glacial acetic acid 90:10:1 ( v / v / v ) .  The plates 
were sprayed with 5% sulfuric acid followed by 
charr ing to visualize methyl  ester spots and non- 
esterified material .  

Gas Chromatography: An F and M Scientific Corp. 
Model 500 p rogrammed tempera ture  chromatographic  
uni t  with thermal  detector was used with a 7 f t  x 
0.25 inch 0D coiled column packed with 20% diethy- 
lene glycol succinate polyester and 1% phosphoric 
acid on 80/100 mesh acid-washed Chromosorb W. 
The helium flow rate was 75 ml /min .  The detector 
temp and injection port. t emp were 250C. The col- 
umn temp varied for the fa t  studied. 

Resu l t s  
In  order to evaluate the effectiveness of the low 

temp sulfuric acid method for  p repa r ing  methyl  
esters, a number  of different fats  were analyzed quan- 
t i ta t ively by  GLC for  f a t t y  acid composition. The 
composition of each fa t  was compared with the compo- 
sition result ing f rom prepar ing  methyl  esters by one 
or two other methods. One method was that  of 
Smith and Jack  (15) which involves base-catalyzed 
interesterification. The other combined the rapid  
controlled saponification nlethod of Ast  for  prepar -  
ing f a t ty  acids with the method using HCl -methano l  
on basic ion exchange resins developed by t Iorn-  
stein et al. (4). This permit ted  comparison of some 
widely different methods commonly used in f a t t y  
acid analysis by  GLC. 

But te r  oil was selected in order to test the efficiency 
on a fa t  having shorter  chain f a t ty  acids. The re- 
sults are shown in Table 1. Generally the results 
f rom each method compared quite favorably.  A com- 
parison was also made of temp effect on prepar -  

TABLE III 

F a t t y  Acid  Composi t ion of Soybean  Oil  D e t e r m i n e d  by  B a s e  
Catalyzed In te res te r i f i ca t ion ,  Saponi f ica t ion  Fol lowed by  

Ester i f ica t ion ,  and  by  the  Su l fu r i c  Acid-Methanol  MethodR, b 

~, ~ B a s e  Catalyzed 
F a t t y  A c i d  In te res t e r i f i ca t ion  

16 [ 11.6 
18 3.7 
18 : 1 25.1 
1 8 : 2  50.7 
1 8 : 3  ! 9.0 

Saponi f ica t ion  
and  

Es te r i f i ca t ion  

% 
11.6 

4.2 
?6 .~  
50.1 

7.6 

Su l fu r i c  Acid-Methanol  

D r y  Ice  R o o m  
T e m o  

11.5 11,5 
4 .4  4.2 

25.8 25.7  
50.5 50.6 

8.0 7.9 

a l so the rma l  at 210C.  
bAve rage  of two analyses ,  
cNumber  to left  of colon ind ica tes  carbon  n u m b e r ;  n u m b e r  to r i gh t  
ind ica tes  n u m b e r  of double bonds.  
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TABLE IV 
Fatty Acid Composition of Lard, Tallow, and Corn Oil Determined by Saponification Followed by Esterification and by the 

Sulfuric Acid-Methanol Method 
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Fatty Acid ~ 

14:4 
14:1 
15:0 e 
16:0 
16:1. 
17:0 
18 :Br(  ?)f 
18:0 
18:1 
18:2 
20 
18:3 
20:1 e 
~>20:1 

Larda,e Tallowb,C Corn olD, e 

Saponification Sulfuric Saponification Sulfuric Saponification Sulfuric 
and Acid- and Acid- and Acid- 

Esterification Methanol Esterifieation Methanol Esterification Methanol 

25.0 
2.9 

16.0 
42.0 
10,0 

0.5 
1.6 
0.4 
0.4 

1.5 

24.6 
3,0 

15.0 
43.0 
10.2 

0.6 
1.7 
0.5 
0.6 

3.4 
2.9 

traeeg 
25.4 
11.1 
trace 

1.4 
6.6 

46.0 
2.2 

1.2 

3.5 
3.0 

trace 
26.2 
10.8 

trace 
1.0 
6.~ 

46.5 
1.7 

1.1 

t 

13.1 

1.6 
31.2 
53.4 

0.6 

t 

13.6 

1.8 
31.2 
52.7 

0 .6  

aTemp programmed 175-210C. 
bIsothermal at 205C. 
eAverage of two analyses, 
aNumber to left indicates carbon number;  number  to rigkt indieatesnumber of double bonds. 
~Identified by plotting retention time vs. carbon number.  
f B r ( ? )  -~ branched chain. 
gTrace ~ less than 0,2%.  

ing methyl esters by conducting the reactions at three 
t emp~tha t  of the dry ice-acetone bath, ice bath, and 
at ambient temp. While the results shown in Tables 
1, 2 and 3 seemed to show little difference due to 
tenlp reaction, a monitor plate by thin layer chroma- 
tography (TLC), as shown in Figure 1, showed a 
more complete reaction at the lowest reaction temp. 
This was evidenced by complete absence of any spots 
on the plate in the free fat ty acid or triglyeeride 
region whereas these spots appeared in increasing 
intensity as the reaction temp was raised. 

The fat ty acid composition of coconut oil was de- 
termined after preparation of methyl esters by the 
three methods. Results are shown in Table II. This 
provided a study of a relatively saturated fat with 
a broad spectrum of fa t ty  acids. 

The effect of the method on a relatively highly 
unsaturated fat is shown by the results with soybean 
oil noted in Table III. 

The data in Table IV show results of analysis of 
lard, tallow, and corn oil using the low-letup sulfuric 
acid method and the saponification-ion exchange resin 
method for preparation of methyl esters. Wide dif- 
ferences in composition due to method of methyl ester 
preparation were not observed with any of these fats. 

Discussion 
The low-letup sulfuric acid method for preparing 

methyl esters of fat ty acids of lipids offers a num- 
ber of advantages over other methods now commonly 
used. It permits direct eonversion of the fatty acid 
components to methyl esters without need for sa- 
ponification and isolation of the fat ty acids. In this 
respect it resembles base-catalyzed interesterifieation. 
I t  offers another possible advantage here in that the 
acidic medium should not promote any conjugation 
of double bonds. That conjugation of double bonds 
occurs under conditions of base-catalyzed interester- 
ification has not been established but conjugation 
during saponification has been discussed by Ast (1). 

Sphingomyelins are notedly resistant to basic hy- 
drolysis. Lipids having sphingomyelin components 
are less likely to have complete conversion of fat ty 
acid components to methyl esters under conditions 
which involve saponification or which involve base- 
catalyzed interesterifieation. The time required for 
conversion is very short and permits preparation of 
a number of lipid samples for analysis within a rela- 
tively short time. The completeness of reaction is evi- 
denced both by comparison of analyses of a number 
of fats using different methods for methyl ester pre- 

paration prior to GLC and by TLC. 
Initial studies conducted with solutions of fat in 

pentane proved quite satisfactory for liquid fats 
(oils) such as safflower, corn, and soybean oil. How- 
ever, incomplete reactions were commonly observed 
when lard, tallow, and butter oil were used. It  was 
noted that these fats failed to stay in solution at 
the low temp utilized. Substitution of ethyl ether pro- 
vided the solvent requirement to maintain solution 
and permit a complete reaction. This solvent was 
then adopted for all reactions and has proved to be 
satisfactoD - for all lipid systems studied to date. 

It would appear that for many situations where 
absolute precision was not required a close analysis 
could be obtained by reacting at ice-bath temps or 
at ambient temps. It  should be pointed out, however, 
that temp always rises when the sulfuric acid is 
added to the system and this may be a source of 
loss of short chain components when the temp is 
not sufficiently depressed. I t  is believed that tire erratic 
results which were obtained for the butyric acid emn- 
ponents of butter oil were occasioned by losses dur- 
ing the extraction and condensing steps. A real 
advantage for anMysis of short chain components 
it to have methods of methyl ester preparation which 
eliminate these steps as proposed for the method 
using dimethoxy propane (8). 

Occasionally , the GLC trace of esters, prepared 
by other methods from lipids which had been oxi- 
dized to varying degree, showed peaks which did 
not correspond with those for the known components 
of the lipid. It  was observed that these extraneous 
peaks failed to appear when esters were prepared 
by the low-temp sulfuric acid methanolysis. The 
character of the extraneous peaks or the reason for 
their failure to be present when esters were pre- 
pared by this new method has not yet been investi- 
gated. 
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