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the diene given by the isomerization method. One, 
Penstemon albidus [105], contains sufficient carbonyl, 
hydroxyl ,  and unsaponifiables to explain the anoma- 
lous results obtained. The remainder  present  no ob- 
vious reasons for inapplicabil i ty of the analyses. In  
fact, some oils showing f rom - 2 %  to --5% saturated 
acids may  actually be suitable for the isomerization 
procedure because such results are not necessarily out- 
side acceptable limits of precision of the method. 

Conversely, routine application of the isomerization 
method to unknown oils may give results that  are in- 
correct but  not obviously so. For  example, Picramnia 
pentandra [51] appears to have a reasonable, though 
unusual, composition. However the oil is solid well 
above room temperature,  and the major  component 
has chromatographic characteristics not of the usual 
monoencs but of stearolie acid. About 85% of the 
mixed methyl  esters is probably f rom tar ir ie  acid, 
known to occur in other Picramnia species (2),  but  it 
behaves like stearolie acid in the equipment  used. 

Summary 
Chemical screening of seed oils continues to reveal 

na ture ' s  diversity. This work provides leads to nu- 
merous species which warrant  fu r the r  research to 
investigate their  oil and meal in greater  detail, to 
appraise their  crop potential, and to assess their 
practical value for providing new oilseeds. 
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Direct Conversion of Lipid Components to Their 

Fatty Acid Methyl Esters I 
FRANCIS E. LUDDY, R. A. BARFORD, and R. W. RIEMENSCHNEIDER, 
Eastern Regional Research Laboratory, 2 Philadelphia, Pennsylvania 

T 
ItF~ APPLICATION of gas-liquid chromatography 
(GLC) for analysis of lipids has created the need 
for a convenient, quanti tat ive method for con- 

versi()ll of milligram quantit ies of lipid components 
to their f a t ty  acid methyl esters. Tile nlethyl esters 
are more amenable to G[~C analysis than the fa t ty  
acids or their  highcr-nloleclflar-wcight alkyl esters. 

Transesterification wi th  m e t h a n o l  and  ca ta ly t i c  
amounts of sodium methylate has proved to be a rapid 
and effective method for conversion of glyeerides to 
methyl esters and has been employed for  many years. 
The reaction is substantially complete when a mix- 
ture (1:2 w/v) of glycerides alld methanol (containing 
sodium methylate  in amounts equal to about 1% of 
the weight of the glyceridcs) are refluxed for 30 min. 
The same procedure however does not give complete 
methanolysis of sterol esters and phospholipids. 

Lit t le  has been published on the methanolysis of 
sterol esters and phospholipids. Rollet (6) reported 
some measure of success in the methanolysis of egg 
lecithin when using tin or zinc to prevent  resinifica- 
tion. Shinowara and Brown (7) were able to get good 

1 Presented at the 50th Meeting, Ameri('an 0i l  Chemists' Society, New 
Orleans, La., April 20-22,  1959. 

: E a s t e r n  Utilization Research and Development Division, Agricul- 
tural Research Service, U. S. Department of Agriculture. 

yields of nlcthyl esters frt)ln methanolysis of phos- 
pholipids with 5-10% of d ry  hydrogen chloride as 
catalyst and reaction time of :36 hrs. Stoffel (8) re- 
cently described a micromcthod for methanolysis of 
lipid components with methanol containing 5% of 
d ry  hydrogen chloride and 2 hrs. of reaction time ; the 
methyl  esters were volatilized from the unsaponifiable 
mat ter  and collected. 

This paper  describes the results of fu r the r  investi- 
gation of the use of methoxides in transcstcrification 
of lipids, par t ieular ty  sterol esters and phospholipids. 
Quantitat ive conversion to methyl  esters was obtained 
with excess methanol, which contained many times the 
amount  of sodium or potassium methoxide normally 
used for methano]ysis of glyeerides. A simple chro- 
matographic t reatment  on a silicic acid column was 
found effective in removing free stcrols and other 
unsaponifiable mat ter  f rom the methyl ester product.  

Experimental 
Sources of Samples. The cholesteryl esters (Tables 

I and I i )  were synthesized by the reaction of lard 
fa t ty  acid chlorides with cholesterol as described (2).  
The lipid components (Tables I I I  to VI ) ,  except for  
soybean phospholipids, were obtained as fractions in 
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T A B L E  I 

Effect of A m o u n t  and Concent ra t ion  of Sod ium Metlmxide and  React ion  
Time on Yield of Methyl Es te r s  f rom Cllolesteryl Es te rs  

Expt .  
No. 

Chel. 
e s t e r s  a 

'rag. 

25.7 
25.7 
25.7 
25.7 
34.7 
27.0 

S o d i l l m  l l l e t h  o x -  
i d e  solution 

A .1 Normal 
m o u n ~ ] _  i t  y 

mls. 

5 0.006 
5 0.06 
5 0.2 
5 0.4 

1 0  0 . 4  
l 0 I 0 . 4  

Ref l l  _ _ _ _ _ ' E h l t e d  f ract ion 

ti .... / Weight"  I Cholc;s- 
_ te rm . _ _ _  

h, rs  rag.  % 

2 6 . 0  61.1 
10.1 ] 3.7 

3 10.8 0.6 
3 / io.5 I o.o 

: j :14.8 / 3.4 
1 :  / 1 1 . 6  q 0.0 

Y M d  
of 

methyl  
esters 

% 
t h e o r y  
none 

83 
94 
92 
9 I  
97 

a Synthet ic  cholesteryl esters of lard f a t t y  acids. 
b Weigh t  ef methyl esters and unchanged  cholesh!ryl esters eluted from 

silicic acid column wi th  300 ml. of pe t ro leum ether con ta in ing  1% ethyl 
ether. 

TA n IA ~1 I I 

Comparison of Iqffectivcness of S(,(lillltl all(I I ' e tass ium 
Melh late on Methanolvsi~ ef Choh,steryl Es te rs  

Expt. Chol. 
N(i, eMers a 

rag. 

t 34.7 
2 30.0 
'3 34.7 
4 27.0 
5 34.7 
6 34.7 
7 34.7 
8 54.0 

Mcthoxido selL. 

_ . N r l l l a | -  
J k l l l  ( ) l l  l |  1, it:, '  

30 
] o 
10 
10 
]0  
10 
10 
10 

0.06 N~I 
0.O6 K 
0.1 Na 
0 . 1  K 
0.2 Na 
0.2 K 
0.4 N~J 

Reflux 
t ime 

h rs, 

1 
1 

1 �89 
�89 
�89 
�89 

:!'lhlte21 f"ac ti~ - Yifi hl 

\V , Ch oh~s- methyl 
, , ~  t, t erel e~t_ez~ 

t he 0 r l l  

I !).R 30.3 64 
1 2 . 7  0 . 7  94 
I . l .O 1 . 0  89 
I 1.4 none  94 
17.1 17.8 79 
I 6 . 8  1 1 . 7  88 
1 4 . 8  3 . 4  91  

0.4 K V:, 23.(t none 96 

* Synthet ic  cholesteryl esters of lard fat ty rids. 
~' Weigh t  of methyl esters and unchanged  (.hoh,sh*ryl esters ehtted fronl 

silicic acid column with 300 ml. of l , q ro l eue l  ether con ta in in~  I %  ethyl 
~ther. 

the silMc acid ehrolnatographic set)aration of total 
lipids of tissues by the method previously described 
(5). The soytleal[ phospholipid was a commercial 
sample of "leeithin," which was purified by precipi- 
tat ing three times with acel;onc from a petroleunl 
ether solution. The lard was a special product  ren- 
dered from pigs fed a high level of safflower oil. 
Sesame oil was U.S.P. grade. 

Methanolysis. Principal  emphasis was given to con- 
ditions which would give complete conversion of cho- 
lesteryl  esters to methyl  esters because these are the 
most  difficult to transesterify.  The general procedure 
for  methanolys is  was as follows. Standard solutions 
of sodium or potassium methoxide in absolute metha- 
nol  were prepared so that aliquots added to small 
samples (10-50  rag.) would provide a suitable work- 
ing vo lume as well  as a large excess of methanol  
and methoxide.  Metallic sodium or potass ium was 
cut into small  bright pieces under petroleum ether 
and added to a known volume of redistil led absolute 
methanol  in amounts  s l ight ly  in excess of that re- 
quired for the desired normality.  (Only  a small  piece 
of sodium or potassium is added at one time because 
of vigorous reaction.) After  the addit ion was com- 
pleted, an aliquot was  t itrated and the calculated 
amount  of methanol  added to adjust  the normality.  
(Precaut ions  should be taken at all t imes to keep 
apparatus,  reagents, solvents, and sample dry and to 
avoid exposure of reagents to atmospheric moisture.)  

A weighed sample (10-50  rag.) of lipid was added 
to a small  (25-50 ml.) round-bottom flask, provided 
wi th  a standard taper joint  (19 /38)  and short con- 
denser. The sample was dissolved in 5 ml. of redis- 
ti l led petroleum ether (B.P.  40-55~  A known 
volume of standard methoxide solution was added by 
pipette, and the condenser was  attached for reflux. 
Oxygen-free dry nitrogen was bubbled through the 

mixture slowly by means of a glass capillary intro- 
duced through the condenser, and the mixture was 
refluxed for the periods indicated in Tables I and H. 
To the reaction mixture while still warm 0.5 N meth- 
anol solution of sulfuric acid was added through the 
condenser in slight excess over the amount calculated 
to neutralize the methoxide. The contents were then 
cooled and t ransferred to a 100-ml. separatory funnel ;  
two 15-ml. portions of petroleum ether were used to 
make the transfer.  About 20 m]. of water were then 
added, and the mixture was shaken thoroughly. The 
separated aqueous layer was re-extracted with 20 ml. 
of petroleum ether in a second small separatory funnel. 

The two petroleum ether extraets were combined 
and washed with several 15-ml. portions of water until  
the washings were neutral  to Congo Red paper. The 
solution was then transferred to a suitably small, 
weighed flask, and the solvent was removed by warm- 
ing on a water bath at about 45 ~ with a gentle stream 
of nitrogen directed at the surface of the sohItion. 
Af ter  the solvent was evaporated, the warming under  
nitrogen was continued at abont 70 ~ for 15 to 20 rain. 
in order to evaporate traces of moisture. The product  
consisted of methyl esters, stcrols, and ally other petro- 
leum ether-solid)It unsaponifiahle matter  present in 
the original sample. I f  the transesterifieation was in- 
complete, the product  would also, of course, eontain 
some of the original sample. The flask and eontents 
were cooled and weighed, and the produet was then 
ready for silieic acid column treatment  for isolating 
the Imre methyl esters, as described behlw. 

Acid-catalyzed transesterifieations, aeeording tt /ren- 
d ill(ms reported by Stoffel et al. (8), were also tried on 
eholesteryl esters and phospholipids. The products 
obtained were washed and recovered as described above 
and subjected to the silicic acid column treatment. 

Purification of Methyl Esters by Silicic Acid Chro- 
matography. The methyl ester product  obtained from 
the transesterifieation was fur ther  treated in order to 
isolate the methyl esters free of unsaponifiable or other 
impurities.  Chromatographic adsorption on silieie acid 
was found effective. The silicic acid-filter aid mixture 
(80:20) was standardized in activity by heating 200- 
to 300-g. batches spread in a half-inch layer in a crys- 
tallizing dish at 100~ for 2 hrs. in an oven and theli 
allowed to cool in a desiccator with vent but without 
dry ing  agent. Water  equal to 4% of weight of the 
silicie acid-filter aid was added to the bottom of the 

T A B L E  I I I  

Yields and Iod ine  Values  of Methyl Es te r s  f rom Sterol Es te rs  by 
Methanolys is  and  Saponi f ica t ion-Fat ty  Acid Recovery 

:Methyl esters 
Sterol  esters 

s o u r c e  

P l a s m a  N, h u m a n  

P l a s m a  D, h u m a n  

Liver ,  r abb i t  

/Aver  A, chick 

L i v e r  B, chick 

:Method 

M b 
S e 

Sampl  
wt. 

5 0 . 1  
50.1 

30.3 
30.3 

40.3 
40.3 

46.2 
49.2 

37.3 
38.1 

Yields a Iod ine  
va lues  a 

m g .  % 
2 1 . 4  95 140.7  
21.1 94 143.6  

12.4 91 142.6 
8.9 d 66 143.6  

1.8.1 99 84.8 
17.5 96 85.0 

19.8 95 107.2 
21.2 96 108.2 

15.8 94 102.5 
16.0 93 103.2 

All  yields and  iod ine  values  on methyl  ester basis .  
bMethanolys i s ,  10 ml. O.1 N po tass ium methoxide,  11/2 hrs. reflux, 

chromatographed .  
e Saponif icat ion,  ext ract ion of unsaponif iables ,  and  recovery of f a t ty  

acids. 
a Probable  loss in  hand l ing .  
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Sterol  esters source 

~ lasn la  N, h u m a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P l a s m a  D, h u m a n  ............................................ 

Liver ,  r abb i t  ..................................................... 

L ive r  A, chick .................................................. 

L i v e r  B, chick .................................................. 

Method 

]%{a 
S b 

]%{ 
S 

]%{ 
s 
]%{ 
s 
]%{ 
s 

1 = 

% 
43.3 
41.8 

44.6 
48.0 

61.3 
62.7 

85.7 
87.5 

81.5 
79.6 

2 = 3- 

% % 
44.9 1,7 
46.8 1.5 

41.3 2.1 
40.3 2.1 

12.7 2.0 
12.3 2.7 

9.0 0.3 
8.8 0,3 

9.2 0.1 
9.4 0.0 

a 1Yfethanolysis, 10 ml. O.1 N po tass ium nmthoxide, 11~ hrs.  reflux chromatographed .  
b Saponif icat ion,  extract ion of unsaponif iables ,  and recovery of fa t ty  acids. 

F a t t y  acid composi t ion 

4 -  5 -  

% % 
5.5 0.4 
5,7 0.5 

6.9 0.7 
6.8 0.7 

1.2 0.4 
1.1 0.5 

1.8 0.7 
1.7 0.7 

1.9 0.8 
2.0 0.8 

6 ~ 

% 
0.4 
0.6 

0.6 
0.5 

0.0 
O.0 

1.9 
1.8 

1.6 
2.3 

Sat.  

% 
3.7 
3.1 

3.7 
1.6 

22.4 
20.7 

0.6 
( - -1 .1)  

4.9 
5.9 

desiccator,  and  the contents  were allowed to equil i-  
bra te  at  least over-night .  The m i x t u r e  was then  t rans-  
fe r red  to a d r y  bott le  wi th  a i r - t igh t  closure and  shaken  
thoroughly .  The co lumn and  method  of pack ing  and  
opera t ion  of the co lumn were the same as descr ibed 
for  separa t ion  of l ip ids  (5) except t ha t  10 g. of the 
adsorben t  were employed for  10- to 50-mg. samples of 
the " c r u d e "  me thy l  esters. The weighed sample  of 
c rude  me thy l  esters was t r a n s f e r r e d  q u a n t i t a t i v e l y  to 
the top of the co lumn with several  small  por t ions  of 
pe t ro leum ether  ( to ta l  10 ml . ) .  Then  300 ml. of petro- 
l eum ether c o n t a i n i n g  1% v/v of e thyl  e ther  were 
added to the s epa ra to ry  funne l ,  and  connec t ions  were 
made for ope ra t ing  the column u n d e r  a cons tan t  
pressure  of n i t rogen .  The flow ra te  t h rough  the 
co lumn was a d j u s t e d  to abou t  225 ml. per  hour ,  and  
the solvent  level above the silicic acid was m a i n t a i n e d  
at  a f a i r ly  cons tan t  level un t i l  all  the solvent  had 
been added. W h e n  at  least 300 ml. of e lna te  were 
obta ined,  all the me thy l  esters had been e l a t ed ;  the 
sterols or other  unsaponi f iab le  ma t t e r  had  been re- 
t a ined  on the column.  I f  desired, the l a t t e r  m a y  be 
removed wi th  more polar  solvents  as descr ibed (5) .  
The solvent  was dis t i l led f rom the me thy l  esters on a 
s team ba th  to a smal l  volume.  This  concen t ra te  was 
then  t r a n s f e r r e d  wi th  several  small  por t ions  of snlvent  
to a small,  weighed tube,  which was d r a w n  to a sha rp  
cone-shape bottom, and  t aken  to dryness  by  w a r m i n g  
u n d e r  a gent le  s t ream of oxygen-free  n i t rogen  u n t i l  
cons tan t  iu  weight.  A n  a l t e rna t ive  t echn ique  would  
be to t r a n s f e r  the concen t ra te  to a small,  weighed 
flask in  s imi la r  m a n n e r ,  remove the solvent  to cons t an t  
weight,  amt  make up  to known  volume wi th  solvent  
so tha t  a l iquots  m a y  be taken  for  analyses.  W i t h  care 
in  the app l i ca t ion  of solvent  and  in solvent  evapora-  
t ion, the smal l  a n m u n t  of ester eau be collected in  the 
smal l  cone, thus  p e r m i t t i n g  conven ien t  use of a micro- 
sy r inge  in  r emov ing  m i n u t e  amoun t s  for  gas- l iquid 
chromatography .  The tube  c o n t a i n i n g  me thy l  ester 
should  be s tored a t  low t e m p e r a t u r e  m~(ter n i t rogen  
u n t i l  all  analyses  are completed.  

Direc t  Es ter i f i ca t ion  of  F a t t y  Acids .  Compar i sons  
were made of y ie ld  and  analys is  of methyl  esters 
ob ta ined  by  methano lys i s  wi th  those of f a t t y  acids 
ob ta ined  by  the well-known, t ime-honored  method of 
saponif icat ion,  ex t rac t ion  of unsaponif iables ,  and  re- 
covery of f a t t y  acids. I n  some ins tances  the f a t t y  
acids so ob ta ined  were esterified by  one of two pro- 
cedures  as follows. 

Acid-Catalyzed Esterification. Ten ml. of absolute methanol 
containing either 4% dry HCL or 4% concentrated HsSO, (96%) 
were added to 10- to 100-rag. quantities of fatty acids in a 25- 

ml. round-bottom flask, fitted with standard taper 19/38 joint 
and condenser. The mixture was refluxed for 1 hr., cooled, and 
transferred with three 10-ml. portions of petroleum ether to a 
small separatory funnel. An equal volume of cold water was 
added, and the extraction, washing, and removal of solvent from 
the methyl esters were performed as described for the product 
obtained by methanolysis. 

Reaction with Diazomethane. It  was found convenient to 
carry out the reaction of milligram quantities of fatty acids 
with diazomethane in a sm'~,ll gb~ss tube, 60 ram. x 15 mm. O.D., 
the bottom of which was drawn to a point, thus giving a cone. 
This was advantageous in that the methyl esters settled in the 
cone and could be taken up, without additional handling, with 
syringe needle for gas-liquid chromatographic analysis. Proce- 
dure for making the methyl esters was as follows. About 10 20 
rag. of fatty acids were weighed in the glass tube. An ether 
solution of dlazomethane (usually qlmut 4 ml. containing at 
least 300% excess over theory) was added, and the solution 
w'~.s allowed to stand in the h<)od for I hr., loosely covered with 
an inverted heaker. A slow s/ream of nitrogen was then led 
into the tube to ev:~porate any ether or reagent remaining. The 
methyl esters were then ready for ",nalysis. The ether solution 
of diazomethane was prel)ared from nitrosomethylurea as de- 
scribed in "()rgt,nic Syntheses" (4). 

Methods  of  Ana ly s i s .  The W i j s  method,  as modified 
for  small  samples (5) ,  was used lo de te rmine  iodine  
values,  l )olyunsatnrah~(t  acids were d e t e r m i n e d  b y  a 
spec t rophotometr ic  method (5) ,  a nd  sterols by  the 
method  of fmd( ly  r al. (3) .  Ana lyses  by  gas- l iquid  
c h r o m a t o g r a p h y  were per formed  wi th  a p p a r a t u s ,  col- 
unms,  and  condi t ions  essent ia l ly  the same as r epor ted  
by  H e r b  et al. (1) .  

R e s u l t s  a n d  D i s c u s s i o n  

The da ta  in Table  I show tha t  the a m o u n t  of meth-  
anol  or methanol  so lu t ion  of sodium methoxide  as 
well as the eoncc.ntrat ion of ntethoxide a n d  t ime of 
reac t ion  are i m p o r t a n t  in  the t ranses te r i f i ea t ion  of 
eholesteryl  esters. I n  E x p e r i m e n t s  No. 4 and  No. 6 no 
u n c h a n g e d  eholesteryl  esters were detected in  the 
p r oduc t  which was e ln ted  f rom the silicic acid co lumn  
wi th  300 ml. of the solvent.  I n  this  co lmnn  t rea t -  
m e n t  me thy l  esters a nd  eholesteryl  esters are removed  
toge the r ;  the free sterol a nd  free acids, i f  any,  are 
r e t a ined  on the column.  The l a t t e r  can be removed 
wi th  more polar  solvents.  E x a m i n a t i o n  of this  re- 
t a ined  mate r i a l  in  E x p e r i m e n t  No. 4 showed the pres- 
once of 1.5 rag. of free acid ca lcula ted  as oleic acid 
whereas none was f o u n d  in  E x p e r i m e n t  No. 6. The 
longer  react ion t ime in  E x p e r i m e n t  No. 4 p r o b a b l y  
pe r mi t t e d  t races  of a tmospher ic  mois tu re  to be ab- 
sorbed, which hydro lyzed  a small  a m o u n t  of ester. 

Po tas s ium methoxide,  as migh t  be expected,  was 
more active t h a n  sodium methoxide  a nd  p roduced  
grea te r  convers ion u n d e r  comparable  condi t ions ,  as 
shown in  Table  I I .  These da ta  obta ined  wi th  syn the t i c  
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eholesteryl esters of lard f a t ty  acids suggest that  the 
conditions in Exper iments  No. 4 and 6 (Table I) 
and Experiments  No. 4 and 8 (Table I I )  would be 
satisfactory for the conversion of small amounts of 
cholesteryl esters of f a t ty  acids to their corresponding 
methyl esters. 

Mcthanolysis of cholesteryl esters, catalyzed with 
dry  tICIJ or H2S04 under  conditions comparable to 
those used by Stoffel (8),  reslflted in yields of methyl 
esters 92-93% of theory, but  the product  contained 
about 4% of Ulw.hange(I (~holcsteryl e, sters. 

Fur ther  work was carried out on eholesteryl es- 
ters isolated from tissue lipids by a chromatographi(, 
method (5). Coral)arisen of yMds,  iodine valnes, and 
fa t ty  acid colnpositions were made on the methyl 
esters obtained by transesterificati(/n under  conditions 
of Exper ln l (n t  No. 4 ( l a b l c  1I) with vahms on fa t ty  
acids (calculated to melhyl ester basis) isolated by 
the more laborious pl'o('edurc of saponification, re- 
moval of unsal)onifiat)les, and extraction of f a t ty  acids. 
These data arc shown in Tables I l l  and lV. I t is 
a l ) l ) a r c l / t  t~l~ll, l h e  y i e l d s  o f  methyl esters by trans- 
esterifieation are fully cOral)arable , if not generally 
the grealer, l~ikewisc n() significant differences in 
composition wel'(~ th,le('~tcd in the (~omparative series. 

TA B LE V 

Yields  and I o d i n e  Viilu(,s of Me lvl E s t e r s  f rom l~hnspholipids l)y 
Methanolys i s  and }y Sa f ,mi i iv l , t i on -Fa t ty  Acid I~eeovery 

Phosphol ip id  source  

P l a s m a  3Vf, hllli)l:Ln . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cells M, h u m a n  .................................. 

l a v e r  L, chick ..................................... 

L ive r ,  r abb i t  ....................................... 

Soybean .............................................. 

Met,t )(1 

M 
S' 

M 
S 

M 
S 

M 
S 

M[ 
S 

M~eth yl e s te r s  

Yiehl~ I o d i n e  
v a | u e  1t 

r n g . / l O 0  
"rag. s a m p l e  

51.2 87.2 
50.0 88.2 

37.9 116.7 
33.5 114.0 

57.0 141.5 
52.3 138.8 

50.0 ]03 .4  
43.6  100.0 

60.4 108.2 
62.8 106.0 

a All y ie lds  and  iodine  va lues  on methyl  ester  basis .  
b Methanolys is ,  10 ml. 0.1 N po ta s s ium methoxide ,  l lA hrs .  re f lux ,  

c h r o m a t o g r a p h e d .  
c Saponif ica t ion ,  ex t rac t ion  of unsaponi f iab les ,  and  r e c o v e r y  of f a t ty  

acids .  

Similar studies were conducted on methanolysis of 
phospholipids, and comparisons were made with yields 
and analysis of the f a t ty  acids obtained f rom portions 
of the same materials which were saponified, the fa t ty  
acids recovered and analyzed. These data (Tables V 
and VI)  show that  the yields of methyl esters were 
generally somewhat greater  by methanolysis, followed 
by silieic acid eohlmn purification. The analysis of 
f a t t y  acid compositions of preparat ions made by either 
procedure were in good agreement. 

The conversion of glyeerides to methyl esters by 
employing excess methanol and catalytic amounts of 
sodium methoxide is known to be readily accomplished. 
For  completeness of this investigation however several 
samples of glyceride fats and oils were subjected to 
the conditions for methanolysis described by Experi-  
ment No. 4 (Table I I ) .  The yields of methyl  esters 
were 96% of the weight of fa t  or oil sample. Almost 
identical yields were obtained by saponification and 
fa t ty  acid recovery when calculated to the methyl  
ester basis. No differences in f a t ty  acid composition 
of the two preparat ions were found. I t  was observed 

that  the methanolysis of glyeeride fats and oils under  
the conditions mentioned proceeded quite rapidly, and 
it seemed probable that  for these fats the time of reac- 
tion could be shortened considerably and complete 
conversion to methyl  esters still obtained. I f  so, the 
method wouhl be more valuable, par t icular ly  for the 
routine analysis of commercial fats and oils by gas- 
liquid chromatography.  

To test this, a much larger samlfle than used in 
above experiments was subjected to methanolysis as 
follows. Two-granl samples el' ILS.P. sesame oil and 
5 0  m l .  o f  0 . 2  N methanol solution of t / o t a s s i n l ~ |  moth- 
oxide were refluxed for 5 niin. and 15 rain. and the 
prodlmts were isolated by the gmwral pro('cdl,re al- 
ready de, scribed. The yields of water-white methyl 
esters af ter  the silicic acid (,olmm~ treatment  were 
98% <)f theory for either reaction-time. No free a('i(ls 
were. present in these materials as deterlnine{1 by 
ti tration. Gas-liquid chromalogral)hic analysis showed 
n<> differen(,es in composition of tile two preparat ions 
or <)f lnethyl est<,rs of the same oil preparett by a dif- 
ferent procedure (8). F(/r r('fim'd gly('cridc fats 
and oils of h)w free fa t ty  a(d(1 and mlsaponifiable 
~,ontent, the (:olmnn t reatment  t)robably would be 
m~nccessary. Without cohunn t reatment  but  with 
reagents ready, the time re(llfired to prepare methyl  
(~sters from sesame oil free of solvent aml ready for 
analysis by gas-liquid chromatography was about 30 
,fin. whereas the silicie acid column treatment  includ- 
ing removal of solvent f rom the ehtted fract ion re- 
quires about 2 hrs. However, since several columns 
(,an be ol)erated concurrent ly  for different samples, 
lhe time charged per sample w(mhl be substantially 
reduced. 

The methyl esters prepared by the 5-rain. reflux 
time were distilled without cohlmn at 140 ~ pot tem- 
perature  and 0.1 mm. of pressure, leaving 16 rag. of 
undistilled material  in the flask. This material  was 
analyzed by gas-liquid chromatography and consisted 
of methyl esters of the C18 acids of sesame oil. No 
glycerides were detected by infrared absorption spec- 
tra. I t  is concluded that  the conversion of glyeerides 
to methyl esters was complete in about 5 rain. of 
reflux time. 

Direct esterification of f a t t y  acids with absolute 
methanol and I ICL or II2804 as catalyst, or methyla- 
tion with diazomethane as described, gave quantita- 
tive yields of methyl  esters. No free fa t ty  acids could 
be detected by ti tration. Examinat ion for conjuga- 
tion by ultraviolet  spectroscopy showed only slight 
increases in absorpt ivi ty in the diene and tr iene re- 
gions over that  found in the original samples of f a t t y  
acids. The increase in absorptivi ty for  the acid-cat- 
alyzed esterifieation product  amounted to less than 
0.1% calculated as linoleie and linolenie acids; for 
the product  made by mcthylat ion with diazomethane, 
about 0.2%. 

Summary  

Methyl esters were prepared f rom eholesteryl esters, 
phospholipids, and glycerides in substantially quanti- 
tative yields by methanolysis with large excess of 
sodimn or potassimn methoxide in absolute methanol. 

A silicic acid chromatographic adsorption column 
technique was described, which was effective in sep- 
arat ing methyl esters f rom unsaponifiables such as 
sterols, pigments, etc., and free acids. 

Conditions for complete methanolysis of glyceride 
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Phosphol ip ids  source 

P la sma  M, h u m a n  ............................................ 

Cells M, h u m a n  ................................................ 

L ive r  L. chick ................................................... 

Liver ,  r abb i t  ...................................................... 

Soybean ............................................................. 

Method 

M a 
S h 

M 
S 

S 

M 
S 

M 
S 

1 = 

% 
37.8 
40.6 

22.6 
23.7 

11.0 
9.9 

19.6 
22.6 

14.4 
19.4 

2 = 

% 

11.6 
11.0 

10.0 
9.5 

21.1 
21.4 

29.0 
28.9 

42.8 
41.5 

3 = 

% 

3.1 
3,2 

2,9 
2.8 

2.5 
2.6 

2.1 
2.2 

8.5 
6.7 

Fa t ty  acid composi t ion 

4 = 5 = 

% % 
4.5 1.1 
4.4 0.9 

16.3 2.5 
14.9 2.6 

21.5 2.4 
20.9 2.3 

7.5 1.2 
6.5 1.0 

0.0 0.0 
O.0 0.0 

6 = 

% 
2.0 
1.7 

2.4 
2.8 

2.4 
2.4 

0.8 
0.7 

0.0 
0.0 

Sat. 

% 
39.9 
39.1 

43.3 
43.7 

39.1 
41.5 

40.0 
38.0 

34.3 
32.4 

a )~[ethanolysis, 10 ml. 0.1 N po tass ium methoxide,  1V~ hrs. reflux, ehromatographed.  
b Saponif icat ion,  ext ract ion of unsaponif iables ,  a nd  recovery of fa t ty  acids. 

fats  and oils requir ing only 5 rain. of reflux t ime were 
described. 

Quant i ta t ive  conversion of f a t ty  acids to methyl  
esters was accomplished by direct esterifieation with 
absolute methanol  containing 4% H C L  or H._S()4 
and by  methylat ion with diazomethane. 
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Changes m Iodine Value and Refractive Index of Fatty 
During Alkyd Resin Manufacture and Analysis 

Acids 

P. ]. SECREST and M. K. KAPRIELYAN, Analytical Research Department, 
Sherwin-Williams Company, Chicago, Illinois 

I 
N MANY specifications for a lkyd resins, limits are 

1)laced on the iodine value and ref rac t ive  index 
of the separated f a t ty  acids. Values obtained by 

various laboratories are not always in agreement.  No 
work is known in which changes in iodine value and 
refract ive index of f a t t y  acids dur ing  alkyd resin 
manufac tu re  and analysis haw,. been studied and re- 
ported. This paper  is a repor t  of an investigation 
under taken  to determine tile effects of alkyd resin 
manufac tu re  and analysis upon the iodine value and 
the ref rac t ive  index of f a t ty  acids. 

Exper imenta l  

Materials. One lot each of e.ommercial linseed f a t ty  
acids, soya f a t ty  acids, and low rosin (1%)  tall oil 
f a t ty  acids was selected. All tests and a lkyd resins 
were made with these f a t t y  acids. 

Comparison of ASTM Methods and Federal Test 
Method Standard Number 14l. The iodine value and 
ref ract ive  index of each lot of f a t ty  acids were deter- 
mined according to ASTM method D555-54 (1). A 
sample of each f a t t y  acid was then passed through a 
phthalic anhydr ide  determinat ion and a f a t t y  acid 
separat ion according to ASTM method D1398-56T 
(2). The iodine value and refract ive index of each sep- 
ara ted  acid fract ion were determined by  means of 
ASTM method D555-54 (1). Each determinat ion was 
repeated according to Federa l  Test Method S tandard  
Number  141 (3,4,5,). 

Preparation of AIh:yd lr Alkyd resins were 
i)roeessed in a 2-gal. stainless steel kett le equipped 
with an agitalor.  Each resin was prepared  with an 
input of 52.6 par is  of f a t ty  a(,i(Is, 21.7 l)arts of glyc- 
erol, and 33.1 parts ()t' phthalie anhydride.  All resins 
were solwult-I)r(l('esse(1 in xylol. Approx imate ly  4% 
of xylol, llased (in resin solids, was present  in resins 
a f te r  processing. Two resius were prel)ared with each 
lot of f a t ty  aeids. One of lJlese l'esills was processed 
at 400~ the other resin was processed at  450~ 
Af te r  the processing tenlperature  llad been reached, 
a sanll)le was renlovcd f rom each resin each hour for  
a lleri/ld of 9 hrs. 

A,tlalysis of ALkyd Resins. Pre l imina ry  analyses 
revealed that  changes ill iolline vall.ies and refract ive 
indexes of f a t t y  acids dur ing alkyd resin processing 
were slight. Therefore  only the santllles removed at 
intervals of 2 hrs., 5 hrs., and 9 hrs. were analyzed. 
Each of the samples was saponified, the dipotassium 
salts were removed by filtration, and the f a t ty  acids 
were separated according to ASTM method D1398- 
56T(2) .  Iodine values and refract ive  indexes of the 
separated f a t t y  acids were determined by means of 
ASTM method D555-54. 

Results and Discussion 
Effects of Analysis. The results  obtained by com- 

par ing  ASTM and Federa l  methods of analyses are 
listed in Table I. No significant changes in either 


